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810 A polarlzer and an analyzer have their
axes aligned at 60°. What is the fraction of
the Initial intensity that emerges?

Given
Angle of polanization = 60
. |
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Solution

Now using Malus's law
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811 If  the pgravitational waves have ,
wavelength of 3000 kmy, then find their
frequency assuming it moves with the

speed of light?
Given
Wavelength of GW's = 3000 km = 3 x 100
Speed=c =3 x 108 m s
To Find
Frequency ot GW's =7
Solution:
¢= i\
Ix 1= (3= 109)
=100 Hz
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CHAPTER

ELECTROSTATIC AND

CURRENT ELECTRICITY

STUDENT LEARNING OBJECTIVES

e - o e o e mm e e e e e e e e e e - - o .

iT!s'n- are the learning objectives extracted from the image, presented in a clear, bulleted format:
I Define and caleulate electe field strength [Use F=gI for the torce on a charge i an electric hield Lse
' peav/ad o calealate the tield strenpth of the uniform tield between charged parallel plates)

po  Describe the etivet of a umform clectric held on the motion of charged particles

1o State that, for o pomt outside a spherical conductor, the charge on the sphere may be considered 1o be a
1 point charge atits centre

Lo Explainhow a Faraday cage works [by inducing interal electric tields that work to shueld the mside trom
. the influence of external electric fields)
. . kq,q.
e State and apply Coulomb's law F =~ for the force between two pont charges in free space, [where
I r
I
= J
! dne,

.k
le Use E= —?— for the electric lield strength due to a point charge in tree space.
I r

I
|
|
1
I
]
1
1
1
[
1
I
1
1
I
1
e Use, for a current-carrying conduclor, the expression 1=Anvy, where n 1s the number of charge carners :
' perunitvolume .
: e State and use V=W/Q. .
1o Stateand use D=1V, P=ER and P'=V3/R I
I
: e State and use l{=;:!L f
A ]
1
I
]
1
1
1
I
]
1
1
1
i
L

: ¢ State that the resistance of a ight dependent resistor (LDR) decreases as the light intensity icreases
p o State Kirchhott's st law and describe that it is a consequence of conservation ol harpe
te  State Kirchholf's second law and desenbe that it s a consequence of conservation of eneryy
Ve Use Kirchhoff's laws to solve simple carcuit problems
o State and use the prinaple of the potentiometer as a means of comparing potential ditlerences
p o Explam the use of a galvanometer in null methods
e Explain the use of thernustors and hight-dependent resistors in potential dividers [to provide a potential
! ditference that s dependent on temperature and light inlensity]
: o Explain the internal resistance of sources and its consequences for external arcuits
1 * Explain how inspectors can easily check the reliability of a concrele bridge with carbon tibres as the hibres
(L _Sonductelectnicaty. L e e mmmmm———m—mmm—m— - — =
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. lNTRODUION TO ELECTROSTATICS

\\I‘ul is the smallest amount of free Lh.lrgr
The smallest amount of tree charge discovered is the charge onan electron (¢ ) or a proton (¢*) Its valuc s e=1 6% 10 1
C (Coulomb, the S1umt of charge)

How are larger charges formed?
Charges of larger magnitude are built up onan obpect by adding or removing electrons. Any amount of charge 'q'is

always an integer multiple of 'e’, meaning q=Ne, where N s an integer.

Whal is Llectrostatics?
lextrostaties is the study of phenomena and properties related to electric charges that are at rest (static charges). Whe

charges are i motion, it s called an electric current

Do you know about Charles de Coulomb?

Charles de Coulomb (1736-1800) was a French Physicist who made magor contributions to electrostatics and magnetism
by quantifying the force between electric charges. He also researched material strengths, forces on beams (structural

mochanics). and enonomics (how E-(\Ele can best do work)
n Define Electricity and Electrostatics.

FLECTRICITY:
A physical phenomenon which is used to study the interaction of charges or charged particles is called electricity,

F_\.miplcs:

« Sky lightrung

»  Attracting of paper pieces with comb by rubbing with hairs.
«  Wall Painting

*  Writing by a board marker on board

*  Mamtamng ot human body

TYPES OF ELECTRICITY:

There are two types of electnaity:

1. Electrostatic Electricity

1. Current lectnaty

ELECTROSTATICS: ‘
The word “"FLECTROSTATICS” combined by two words which are electro

Mass can exist without
charge, but Charge
cannot exist without

\

/;lasscs of Fundamental
particles are:

and statics. Neutron: 1,67 x 107 kg,
. Electro means charges Electron. 9.10 % 10 kg
. Stabic means in rest - Proton: 167 % 10% kg
Definition: Charges on Fundamental

The study ot electric charges at rest under the action of electric forces is | pyryicles are:

known has ELECTROSTATICS.” Neutron. No Charge
What is Electric Charge? Electron: <10 % 107 C
In 1752, Benjamin Franklin discovers the electnic charge. Proton:  +16x 10 C

“Charge 15 the intrinsic property of fundamental particles”.
-OR-

“Efficiency or deficiency of electrons is called charge”.

«  Fundamental particles are electrons, protons, neutrons elc ..
e Protons haw Positive charge

o Flectrons Fue Negative charge

«  Neutrons have no charge

I'YPES OF FELECTRIC CHARGE:

Lhere are hwo ty pes which are felowings

1 P{}(:m'nh.ugv

1. Negative charge

Like charges repel

—® 06—

Opposde chasger atiract

00—

v
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Positive Charge: i
|'0,.;|_i\-c charge 1s on protons -

. Its produced by loss of electrons. G
« s denoted by +e. .
ve=+16X10MC .

pasic Laws of Electrostatics:

i Like charges repel each other

i Dislike charges attract each other.

it Charged bodies always attract a neutral body
PROPERTILES OF ELECTRIC CHARGE:
Quantity:

Negative charge:

Negative charge 1s on electrons.
Itis produced by ganing electrons

Itis denoted by - ¢
ce=-16x10"C

Charge is a scalar quantity which is completely deseribe by its magnitude and SI unit

1t has no direction. ie,,
§1 Unit:

« The Sl unit of charge is coulomb,
« ltis represented by C

e 1C=1Ax1sec

« 1C=625x 10" electrons
Dimension: |

The dimension of charge is [AT)
Smallest Charge:

TN

« Charge on electron and proton is the smallest charge in the universe.

« Charge onelectronis-1.6 x 10°C  and
« Charge on protonis +1.6 x 101°C

Qu.lnliz..llion

Charge is quantized; a body can only have (h.u'gc :'m.n[t:pl}r by e.
)

Q=ne (n=1234540,..
Half charge does not exist. (Fraction of charge)
Conservation of charge:
In Isolated system, total charge remains same.

“Charge cannol be created, nor be destroyed but transfer from one body to

another body.

tnaptt 4+ 7!

How to charge the objects:

There are three basic processes to charge’a body:
i By Rubbing or By Friction:

In this process two neutral bodies brought in contact and rub each

other then they charged.
Example
Two Balloons rub by cloth and then repel each other.
Rubbing, of comb with hairs.
ii., By conduction:

In this process a charge body is brought in contact with neutral body and

charge neutral object.

Example:

Charging of capacitor

iii. By Induction:

In this process a charge body s brought near to
a neutral body and charges it

15 C, here 15 is the magnitude of the charge and C s the coulomb, urut of charge.

Nuderal wylewre

Charprd gare

~9¢

~9¢ 29

T Table®d
Material &
Yecuum 1
Asr (atm) 1.0008
Ammonia (kquid) | 22-25
Bakelte 515
Benzens 2284
Germanium 18
Glass 4810
Mca 315
Paraffined paper 2
Plaxglass 340
Rubber 294
Tefon 21
Transformar o TA
Water (disbiled) 785
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9.1 : COULOMB'S LAW
.:. Stale and explain the coulombs law?

COLLOMBS 1 \Ww
I ITSE the bstattempt to the guantitatve measunement of toroe between elactne charges was made Iy a French
tary enaineer Charles Coulomb e deduoad a law known as Coulomb < law

- Res Law s alse callad empinial law i
s Coulembs law ony apphoable on point changes at rest ) 4!
Stement ' '

{he dlaamg toroe of (attrachion and repulaon) between two pomits charge s directly " '

prepartional (o the product of the magtude of charges and inversely proportional

WO e square of the distance between them -~

Explanation: J
Conurder two pomt charges

"and "g. T vlaced at a3 distance “r" from cach other
Pl Toiasnls H— .

fudde of mutual foroe acconding te ccalomb biw i3 mven Iy

X Fig 92
x — n
Combuung ( wl
C x L&
=X — n
Whe
*  Nisconstant of propernonabing which s callad electrostabc constant. s also called coulombs constant
s Fas the electrostatic tonve bebvween two ch arges. it s alwavs line powung torce
* g, Q; arc two point charges
® s the distance between pomnit charges Point charge

Dependence of K:

Its valuy depends upon

“A charge s saud to be point
charge hits size s very small as
compared to the distance from am

;". svsiom of unis | sthy r 'th
3 QUWT C ne
Nature of macdhum between the charses \ N

\
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for free space .
it the mevdium betwoeen two point charges is tree space,

Permittivity
han o “The ability of a medium to allow the
K= Amr, clectric force to pass through it 1s

determined by a faclor known as
permittivity *

Here £ 18 an electnical constant, known as permittvity of free

L 18

Amiy

i

K= 4%] 14xHB5x 10712

£, = Permittivity of free

K =9%10° Nmic-? space
[hus coulomb’s force for tree space s £, =085%x 107" CN'm?
1 182

-

\futual force:

» Fisthe magnitude of mutual forces that act on each of two point charges

o+ The force F always acts along the line jounung the two point charges. Unit ;" qK'

«  Ascolumnis mutual force thus the charge g, and g; exerts equal F =K '-::;-z

snd opposite force on each other. ri

Effect of medium on Coulomb force: b

o If an insulating medium called as dielectric 1s placed between the two charges, m?
then is it experimentally observed that the force is reduced as compared to free K =N cc
space K =Nmic?

o+ The factor by which the force 1s a reduced is called a relative permittivity and is \ /
denoted by £,

Thus the coulomb’s force between two point charges in the presence of dielectric is:

FHM‘ = K"_:?'
1
Freq = —22
TR
i i fud 9\0:) y N _—
Fraea = P (“,E = - \ Relative permitlivity

Faeg ® 1 (Far) “It is ratio between pcrmmmty of
ol gy VBIF medium to the permittivity of free,

Frea = _:'_""

» The value of relative permittivity 1s different dielectric

»  The value of &, 1s always greater than one

« Forair e, 15 1.0000

» The value ol &, is infinity for all metals.

+ Ithas no umt.

+ Itis a dimensionless quantity.

Vector form:

It the force exerts on g; by g, is denoted by

Fy, and that on charge q,due to g; as £y, then,
Fl! o _le

The magrutude of these two forces the same but negative sign

show that they point in opposite direction.

It

[§ 0o you know? P

.

ANan o Graafl § Is an o < @ L

usas & moving bell 1o sccumulate electric charge on & holiow
matal giobe on B top of 8n insulaied column, Creating very Fsgh
voilaga direct current (DC) st low current levels. [t wad imvented
by an Amarican physicsi Robert J. Van de Graflin 1928

The d o chusved in Van de Groaft

can reach 5 megavolts. A tableiop version can
produce of the order of 100,000 volls and can produce enough
anergy o produce a visible spark.
Apuliey drivas an insulling bed by a sharply pointed metal comb
which has been given & positve charge by a power supply
Electrona are removed from e beil leaving it posiively

T3y 15 the unit vector a directed from q, to q;
7yz15 the unit vector directed from gsto g,
Then Coulomb forces are given as;

K = “1' %f’u samvsnasanisen: N wmﬁ-muuwmmmmm
° 12 1pread 10 he dome
Fz =——4%p, iy W mmumnmvmozunmrsmsmmauj
= ang, . touched?
But ST (P

;
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I+ What Is the smallest amount of free charge that has been discovered?
hue sapvallost apnount of Jres charge discovercd 1s the elementary ¢y M

| L2007 C (Hhe magonitade of the chaege on an clocron or prote

[
- which s approamately |

8 Lo e e M

AYan de Goraall generator Is an electiostati prnveator that uses a moving belt o accumulate clectrie charge on a
fullow metal plobue, creating very high voltage DC atlow cuerent levels Towas invented by Robert | Van de Grasff
n 14924 Modern generatars can reach 5 megavolts, and Labil tup versians can produce about 100,600 volts, enough
foi a vistble spark Flecrons are removed from e belt by a charged metal comb, leaving it positively charged A
gmilar combat the top transfers the positive charge to the dome

Why do the hairs it when a VAN DE GRAATT GIENERATOR is touched?

when a person Lou hes & Van de Graall poenerator, ther body becomes charged with the same type of charge
(usually positive) as the dome Since like charges repel, cae h hair strand on the person s head becomes positively
darged and tries wo repel all othor positively charged hau strands, causing them 1o stand on end and spread out
i /e

. 9.2 ELECTRIC FIELD STRENGTH

l!. Define and explain the concept of electric field strength?

p—

9

Fupces are two ty pes

I Conlact furces

W Non-Cantact Jorces

Contact Forces:

e forces which necd 1o contact for transtormation of things from one place to another place
o epsion force

o loctional foree

o Neaction foree

o Airresislance force

Non-Contact Forces:

e forces which no need to contact for transformation of tings from one place to another place
v Gravitational force

o ectrie foree

Newlons Law OR Gravilational Law: Coulomb’s Law

iy mM Tl
F=6—L= = G — F=K—=
re rt r

el about the magnitude and Direction of It tells about the magnitude and Dircction of

Hedlric Field or Field of Vorce:
The place of region around a point charge with in which another charge expernences a force is called electric

field.” :

v Hheongin of electre force still unknown that is why these all forces are basic forces of nature

o According 1o Faraday, iis intrinsic property of nature that an electric ficld exists in space sround the electnic
charge

¢ Adharge produces an electrie field in this space surrounding, it in the form of s sphere

¢ This held s tested only by talking another charge in field
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TEST CHARGE: . .
A test charge s a charge with a magnitude so small that placing, it at a point has a negligible affect on the freld

around the point,

. Test charge s always positive (*ve)
. Denoted by g
. Test charge has very small value

ELECTRIC FIELD STRENGTIL:
“The magnitude of force experienced by a unit positive charge placed at a point in the electric field is calloy
electric held strength or electnc intensity of that point *

-OR-
“Force per Unit test charge 1s called electnic hield intensity”
Mathematically,
r 4
E=-—
s
Explanation:

Consider a charge 4 which produces a field When a charge g, 15 placed in the field, the charge q interacts with ¢,
o produce an electnic lorce
Then electnie held intensity 1s given by,
¥
_ .-
Here F s the force experienced by positive test charge q,,.
The test charge g, should be very small so that it does not disturb the feel to be measured
The strength of field 1s proportional to density of dots
Unit:
Flectnic tield is a force per unit charge is
E=L

E =
E=NC.

So, the SI Unit of Electric field intensity is NC™F

Quantity:

It is vector quantity and its direction is in the direction of force.

Electric intensity due o a point charge:

Consider a point charge q placed in vacuum producing its own electric field

A charge qois placed in the field at a distance ‘r* from Lhe point charge.

Then the force expenence by the charge g, due to charge q, according to A

- 0

roulomb’s force, is given by: A
| I L ‘gg
a
Fig.9.4

nlzs

dne, 1’
Where 715 a vector directed from the pornt charge q to test charge q,.
But Electric intensity at that point, where g, s placed, 1s given by

—_————

m Physics 11 (Subjective, Objective and Conceptual Questions) M7
F—_ . h
[ ..l.—.. But
q

where r1s the unit vector directed from qto g Now putting the value of Fin above equation, electne intensity

0 )
F I ;

LI S B W
q q, 4re, 1 dne 1
This relation shows that electric intensity at a point is inversely pmpnrtmml to square of its distance from the
carge If the pomts charge q 1s placed in some dielectric of dielectric constant €., then

: 1 g -
E'- k. 5

dne e, 1’

This equation shows the vector form of electric ficld intensity which directed from the point charge q to test

‘hargt‘ 9o
The magnitude of electric intensity in vacuum due to pomt charge 1s given by,

flectric field intensity depends on

The electnic field intensity depends on that three factors which are below

L \ugmludu of charge

o Medium

Wi Distance from charge

FLECTRIC FIELD LINES:

“The path followed by a unit positive charge in the electric field s called clectric field line

OR-+

“The imagnary hines on which a unit positive test charge moves in an electnc ficld are called electnic held lines ~

faraday’s Concepl:

+ The electric field lines of force or electric ficld lines were introduced by Michael Faraday

» He states that, Electnic field exast in the form of lines which gives the visual representation of field and terms
as clectric field lines,

+ Flectne field ines give the information about the direction of the electric held

s Electric field Iines give the information about the strength or magnitude of the electric field at different points

TYPICAL TYPES OF ELECTRIC FIELD LINES:

Electric filed lines due to positive point charge:

Consider a positive charge +q and place positive charges cach of magnitude g-at equal distance but at dutterent

Points from charge +q each test charge experiences a repulsive force which is directed outwards as shownin fig

Electric field lines due to +ve charge are radially outward

Electric field lines due to +ve charge are straight

Other test charge will follow straight path in +ve charge electric ficld

Electric field lines due to +ve charge is non-uniform electric ficld

Electric field is strong near change (radius) and weak away form charge

4
-
L = -
v " -~
~ =
’ )
1 ]
qt?'&. I'-.) ..I.?..
v '
\‘ pony - [
-
e _-
D S :(h
-
" v

e A R

-

-

- T
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Electric filed lines due to negative point charge:

The field due o negative charge -7 1s directed inwards because the foree on g
positive test charge gis now of attraction. This is shown in the Fig

e Electric field lines due to -ve charge are radially inward

«  FElectric hield lines due to -ve charge are straight

o  Other test charge will follow straight path in -ve charge clectnc field.

»  FElectnc field hines due to -ve charge is non-uniform electric field

«  Electric field is strong near change (radius) and weak away form charge
Electric filed lines duc to two same point charges:

In case of two identcal point charges of equal magnitudes, the electrie field lines are
o Electric field hnes due to same charges repel each other

o Flectnic field hines are curved due to same charges

s  Another test charge g wall follow curved path in electnc field of snm-} charges

¢ Flectnic field is non-uniform due to same charges.

«  The middle portion has no line which shows a zero field spot or neutral zone where the E (Electric Intensity
15 Jero

Flectric filed lines due to two opposite point charges:

The electne tield hines of two opposite charges of same magnitudes are:

» Electne field lines due to two opposite charges starts from +ve charge and end on -ve charge.

o Electric field lines are curved due to opposite charges

e Another test charge g, will follow curved path in electric field of opposite charges.

Electne field 1s non-uniform due to opposite charges

E (Electric field irtensity) 1s maximum at Centre.

The direction of resultant intensities is tangent to curved path at these points.

me
S
=7

. s @

Electric field st rength:

o  The electric fields lines map also Indicates the strength ot electric field
* The field lines are closer o each other near the charges as a result electric tield
stron g,

“The number o lines per unit area passing perpendicularly through an area Is proportional to the magnitude of
= The field lines are spread out continuously away from the charges as a result
electric held weak

the electnic fie ld "
* Theabov e figs show the two dimensional image (pictures) of field hines however

they are three dimensional and are infinite in number <j
Uniform field: ' m
The electnc fi:ld between two oppositely charged parallel p].‘ll-.'s of capacitor of finite length
1s shown in fig3 In the regions where the field lines are parallel and equally spaced, the same

number of lini2s pass per unit area and therefore field is uniform. '
The field in the muddle is uniform but at the ends, the field lines becomes curved called !
"Fringing Fiel d"

CHARACTER 1STICS OF ELECTRIC FIELD LINES:

1 Electnic fie Id hines start from positive charges and end on negative charges

2 The tangenit to a field at any point gives the direction of the electric field at that point,

("i‘it)-l :
—
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Ihe Ines are closer near the charpe thus the field i strong
[he field s weak away from charge because lines are farther apart

.

No two lines intersect cach other because Ehas only one direction at a given point,

W e

if the lines cross Ecould have more than one directions, it is physically not possible
These lines are imaganary having no physical signilicance

plectric field lines may be straight or curved

They contact longitudinally and expand laterally (sideways)

They can pass casily through a conducting medium

T~

MULTIPLE CHOICE QUESTIONS

£ Elulric I'n-ld atn-n[;th (E) at a point is defined as the f:uce ;tpcrh-mcd by a:
(a) Unit negative charge placed at that point (b) Unit positive charge placed at that point

(c) Any charge placed at that point () Two umt charges placed at that point
nswers (b) Unit positive charge placed at that pomnt

A
Explanation: Electnic field strength s defined as the force per unit positive test charge
. The S1 unit of electric intensity (electric fleld strength) is:
(a) Volt (V) (b) Joule per Coulomb (J/C)
(¢) Newlon per Coulomb (N/C) (<) Coulomb per Newton (C/N)
1 Answer: (¢) Newton per Coulomb (N/C)

| Explanation: Since F=F/q, its unitis Newton per Coulomb
e Electric ficld lines around a positive point charge are directed:

| (a) Radially mward (b) Radually outward (<) Tangential to the charge (d) Parallel to cach other
! Answer: (b) Radially outward

Explanation: A positive test charge would be repelled by a posibve source charge, so the field lines point away from it

A s

le
]
|
[
|
|

i . Where are electric field lines typically drawn closer together?

0
|

1

|

'

|

L]

I

1]

|

'

(a) Where the field is weak (1) Where the field is uniform !

(c) Near the charges where the field is strong (d) Far from the charges |
 Answer: (¢) Near the charges where the Gield is strong, '
| Explanation: The density of electric fleld hines (number of lines per unit area) Is proportional to the magnitude of |
1 the electric field strength '
| o Which of the following statements about clectric field lines Is INCORRECT? |
(a) They oniginate from positive charges and end on negative charges n

(b) No two hines cross cach other |

(c) The tangent to a hield line gives the direction of the electric field i

() They form closed loops !

I ! Answer: () They torm closed loops |
Jtion: Electric field lines do not form closed loops, they start on positive charges and end on negative charges (or |
pend o i) Magionc feld e loom Clemd 00PS, oo J

—— e — — i — - — . — — — i —

 SLO BASED SHORT QUESTIONS & ANSWERS -

- — — - —— e S S e e W e A W —

Mo Define electric field s slrtnglh [m electric in intensity).
| Ans: I ectrie ficld steength at any point is defined as the electrostatic foree experiens ed by a umit positive
test charge placed at that point.

| What is the direction of the electric field lines for a nepative point charge?

The electne field lines for a negative point charge are directed radially inward, tossards the charge because

| A positive test charge would be attracted to it ~ |
How can electric field lines visually represent the strength of an electric field? !
Electrie freld hines visually represent tield strength by there density, swhere the lines ane closer together, the |

_vlectric Dield s stronper, and where they are farther apart, the hield s seabos '

— - — -

B

i
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W

- - - -u-—--—-—--—-—--—-—--—-—.------..-..--.—-—-—-—----—‘-—-ﬂ---.“
| = \\h. can e bwo elestin Tield Bives ever vivss each othe *
" oA N b cdes tre Biebd Bives coamev e crvss cac i other sy avese 10 ey i 10 wendd lu\j'|\ Ut thwe el i gy, W

At that psant Bhoas more tam cne s o whin by is |l|\\ s ally lln'n\\\lllh Phe odis b I I at iy l:'\l'ul

g et v a ansgone dhes
W hat does a unitorm electog tied ook ke bn teams of Gield Hines?

-
Avtoem et el s epresented By parallelamd agualiy spaved elecine teld Hipes ivedicating thay he

|
Preded has the saome maemitnde and i bows at all Pt that tegon I
" . L]

How are Flavton Beld Lines Comstincted (Conceptual)?

.
Foovmualoe ot teld hives smagane placig sinall Pt fest o harges (o) al vations p "'"I“""'“‘dl

i
s s harge Thie dosc e of the |u||uu Tone g Apereneed by oo I test o ||,|||. e ates the iy, |m“|

of the el trn n.llatllnu:um
S e e e

— .

= —
m'lmr electow s and alse discuss their special cases for masinuo, minimuam (us?
———

—— e —

|
L]
|
L]
[ \ins
L]
|
L
i
L]

Fotal numbver of elivine el Tnes passing normally taongel a cortam areais called Tlectiie Fus

OR
Phe sealar o dot product o elctne mtensity £ and the vector area A s called electige us”
e pow brmm .

Tham W re sy e
Viasls P arshane

o s denitind Iy Greek letter @
o Flusos Latmy wond whuch means to Hlow

e s o soalar gquaniity
Mathematically
W= A= EAcND
Fhe electnie tlax depends upon
e Plevtre intensity H
*  surtay Area
T

* onentation of surface
P‘III lluﬂl Mh‘p .

Uit
[ f. 1
@.="NC'' m -
¢, = NmC"! — —

Soom s svstem s unibis NmC Y

EXPLANATION
When we place an clement of area’ A
through ara s dand the s throughoarea Bis 2

Caser 1 (Maxvimum tlux):
When arca A s held perpendicular o the peld Tines having unitorm electrle ) -

tehd of intensaty then electrie thay g, in this case s piven by

and B incthe electrie held, then the thas

@ EA, ;

e = 8 A w EAcosi(e = 0)
W, FAcos )

¥, EFA

Whaere 4 L denotes the area held perpendicalar o tield Tines TS the mas i tus
. = FA
Case: 2 (Munimum flux): i

When area A placed parallel o the frield lines in this case 0o line cross this anea == "
s that tux g, an this case is given Iy - T ®
e Ay, i /.—' S
Pe = B A w EAcosd (0 - a0y e
W = EAcos i
-

U
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where Ay shows that A ds held parallel o the field lines

]‘.llm caset Hus s sero
Case! 1 (Inclined area):
What Ais inclined atan anple twath the Bones then we will take the Prejes tion
of the area w hich s perpendicular to the tield lines
[he area oF projection is this case s equal o Acos @, thus lus g, is given by
W, o EAcost
We A
s e anple between teld Tones and normal o the arca

Vector Area
(s an area whose magnitide is equal o the surface area A of the element but its direction s normal to this

na

;Irmminv an expression for the Electrie Flux through o Surface Enclosing a Charge.

PLECTRIC FLUNTHROUGH A SURFACTE ENCLOSING A CHARGE

Consider a close surface in the torm o a sphere of radins due tooa point charge g atits centre Inoorder to
calonlate the electne flux through whole surface of sphere, we divided this close sueface into o numbser of small

cloments A AN, AN, which are magnitudes of the area of each element I nois very Large then cach

clement would be a tlat element
AA,, respectivoly with direction normal to cach patch

.Jli,. -Ill'l‘ll.l‘ ¥ by tespectively, then

1w “;n('\pl!ndll'l:.'_ veclor areas ane 001.1. i}l\.;
Let the electie mtensities at the centre of vector areas ﬁ;i,,ﬁfi,
Mux is plven by
Hlectrie Flux through area Ay
LR II'-I| ﬁf‘.l
Wy o B A cos o
S !:' and Aare pointing in the same direction, so, @« 0
uy o Eyddycos
* EyAA,
Flectrie Flux through area Ay
Gy .I"J !\.4._.
@y o B AN cos 0
Since Fand A are pointing in the same divection, so, @ =0
y o AN cos 0
Wy~ F.0A,
Flectrie Flux through area Ax
vy -"u ﬂﬂll
iy o LA cos 0
Sinee 1 and A are pomting in the same direction, so, ¢ 0
¢y = A eos 0 (
¢y = A0,

np o so on ' '

Flectric Flux through area Ay
p o

W = by AA,

oy = BaAAcos
Since Eand A are pointing in the same dicection, so, @ = 0

iy o LA cos 0

'L l'.,.ﬁ!‘n
[he mapnitude of electre mtensity £ s same for cach element becaise they
\i'!"""

(LAY R L R T 1

an nluuh»-!.nn trom the contre ol
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E=—23

Amegr?

Thus total flux passing through the closed surface is:
=@ + V2 + Patere

@, =E, BA, + By DA+ ...
O, = EyAA, + EAAy 4
@, = E(BA; +AA; + .
@,

.

=]

~cos0=1

= E( Total area of sphere )

5
Il
l&

L
INDEPENDENT OF SHAPE OF THE SURFACE: .
Now consider a closed surface S enclosing the same sphere with a charge ‘g’ at its centre. The (lux through this
surface S is the same as that through the sphere.
*  Thus flux through a closed surface does not depend upon shape of the closed surface
* Itonly depends upon the medium and the charge enclosed.
* If a surface encloses a positive as well as a negative charge of same magnitude, then net flux through thay
__surface is zero.

94 GAUSS'S LAW

e

————————————————————
.:' State and explain the Gauss’s Law?

<>

GAUSS'S LAW

e Aux through any closed surface is :l- times the total charge enclosed inat
¢ = = (Q)

DERIVATION:

Consider a closed surface in which point charges gy, 92, 43, . quare distributed arbitrary
Each charge will act as an independent source of electric flux

The flux through the surface due to point charge q, is:

¢, =2
1 o

The Mux through the surface due to point charge g; is:
¢, ==
2=

e flux through the surface due to point charge g, Is:
o, =2

Ly

The flux through the surface due to point charge g, is:

{ﬁ" = ?
-]
Thus total electric flux passing through the whole closed surface wall be
Qo=+ D+ Pyt ity
b, =040 42
e =g A b e
d, =;lj(q, +QrHQaFQat. iy )
-
q’r = :L:‘r 1 9
@ = =(Q)
o
E:ly: q=Q
Where Qs the total charge enclosed by closed surface
APPLICATIONS OF GAUSS'S LAW <
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Iy applying Gauss's law we can caleulate the electric it nuity e o different « harge configurations For this
purpose, following steps must be followed
o Draw anamaginary, closed surface which passes through the point at which the electric intensity is to be

. measured This closed surface Is known as “Gausslan Surface” &
o Calculate the electric flux enclosed by the Gaussian surface @, = EA cost)
o Caleulate the electre Mux using Gauss's law o, - ;‘ (0) §
s Compare both electric fluxes to caleulate the electric intensity [is {
GAUSSIAN SURFACE: N
A Gaussian surface is an imaginary closed surface of arbitrary shape which passes through the point where we "
want to calculate clectnic intensity
-OR- {I\

i i A
“A closed surlace in three dimensional spaces such that flux of a vector field 1s calculated At
Gaussian surfaces included: \
o Thesurface of sphere |

o The surface of a torus
o The surface of cube
THE FIELD OF A CHARGED CONDUCTING SPHERY: \
Consider a conducting sphere of radius K containing a charge ¢ we know thot all the
charge Is distributed uniformly over the surface of sphere as shown in Fig. We can
also conclude from the spherical symmetry that the electric field is radial everywhere
and that its magnitude depends only on the distance # from the centre of the sphere.
Thus, the magnitude I is uniform over o spherical surface with any radius 7 concentric
with the spherical conductor. Therefore, we take our Gaussian surface as an imaginary
sphere with radius ¢ greater than the radius R of the conducting sphere
The area of the Gaussian sphere is 4re’, and L is uniform over the sphere, the total
NMux through the whole surface will be
Llectric Mux - py = EA = E % 4nr?
By Gawss's law, total flux is:
Flectric flux = = =

»
Companing both clectric fluxes

E x dnrt =:—'

This equation shows that the field at any point outside the sphere is the same as though the entire charge were concentrated
atils centre. Just outside of the sphere, where r R e,

. 1 i
[o=—x
ine, W
Vector Form ¢
1 [
3 B e —
E ane, W

Where 7 is the direction of the Electric field E

MULTIPLE CHOICE QUESTIONS

s TFleciric flux {-d:] |-I|Eu].'_ll an area is quantitatively defined as: |
1 () The strength of the electric fiekd i
| (1) The number of electric field lines passing through that arca |
[ (<) The dot product of the electric field vector and the area vector )
| () e magnitude of the arca. |
Y Answer: (¢) The dot product of the electric hield vector and the area vector '|
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THE FELCTRIC POTENTIAL
The el e potential energy per umit charge is called el toe potential of that pomt
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t:f = T
Electric Potential Energy- -
"1t 15 the amount of energy stored 1n a charge inside an electne field
Formula
W= AV x g,
\W=gq “-'-‘-I\ - w39
Quannty:
e Absolute potential is scalar quantity
o [t has no direction

ELECTRIC FIELD AS POTENTIAL GRADIENT
(Relation between Electric Intensity and Potential Difference)

The relasonshup between electne intensity (E) and potential difference (AV) for a uruform electne ficld (eg,
between two chargad parallel plates separated by distance ('d’) is
E=-aV/ad (Equaton9.26)

ve sign mdicates that the electric held pownts in the direction of decreasing, potential (1e, from

£ wer potental) [{_oerevinon? P
e The quantn :.'-'f‘ Ad 15 called the potential gradient. It gives the maximum
¢ the rate of change of potental with distance ‘ l I
e Lrusts of E can also be Volts per meter (V/m). which is equivalent to N/C. ! .zl \
1y r=1 loule / (Coulomb = meter)=1 Newton / Coulomb=1 N C-! ﬁrf H' "T'p T
e l—-=—= 1;: = 1: .
= - Cm c An ECG records the “voitage'
Proof belwaen puints on human shin
Y — £ > gererated Uy alecircal procesy in he
The potental difference h\:':\cv."n pownts A and 8 1s given by L enmpeeg bl n
'.'5—'{,=T’- (1) peston providng formaton sbod

Work done in moving r.mc}urgxfrm:tlnﬁl.s

W =F d =g,E d=gEdcosh

W.s =g, Edcos180=gq-Ed(-1)

Wye = —g, Ed : 2)
led opposite to q. £ to keep the ch.lrgt in equilibrium
Futting Li'e\. alue from Eq (2) in Eq. (1),

Explanation: An ECG
(Electrocardiogram)

records  the  vollage
between points on the
human body,
generated by electrical

gk
Vg =Vi= . —Ed processes in the heart
‘ '_“ . This  provides  wital
e 3 information about
When the plates Aand B are Separated by infinitesimally small distance dr then, heart performance
= av
E=z——
ar

_—' 9.6ELECTRONVOLT = S |
n Provethatev = 1.6 x 107'7)?

D

It s the amount

of energy acquired or lost by an electron as il moves through a potential difference of one volt”
lev=16x10""]

Explanation:

Nhen a partcle of charge q moves from a point A with potential V,; to a point B with potential Vg keeping

lectrosate egulibnum, the change in potential energy of the partrSicle is given by

AU = q(Vg - V3) = qAV
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= external force acts on the charge o maimbsin the « quilibrium, this change is P T appears as a change in its

I n

KE A(K £)'= qav

Paint 16 punder!
- e = Chargeonelectran,

g e=16x10"V¢C VYiny s it advsed 1o wear
A(K L) = etV rubber soled snoes while
AV = ]JV ‘ handling electne appliances?
Put '
alK j}] = l‘rr;fl\.f; I 0 —— —
= (167 10°'"C) » (1Volt) c——

(162107 )C 2 V)

= 1.6 101"
The amount of energy 15 equal 1o 1.6 2 107" is called one electron volt and s
denoted by 1V

C-rafer - oiielr i

l N
lev=16x 10"
Electric Potential Energy (EPE)
when a charge 'q moves from point A with potential Vato point b vath potenual Ve
i an electric field, the change inits electne potential energy (AU) is given by
U =q(Ve-Va) = qaV (Iquation 9 27)
1f no external force acts on the charge to mamntain cquilibrium, this change in EP
appears in the form of change in kinetic cnergy
Point to Ponder!
“Why is it advised to wear rubber soled shoes while handling electric appliances?”
Explanation:
Itis advised to wear rubber-soled shoes while handling electrnic apphances because rubber 1s an excellent
electrical insulator This means it does not conduct electricity casily. In case of an acadental electne shock,
the rubber soles provide a barrier between your body and the ground, preventng the electnaty from
flowing Uwrough you to the pround This significantly reduces the nisk of senious injury or electrocution

MULTIPLE CHOICE QUESTIONS

— — — — i — — — — —— - — - —

|* [Ic(irl( potential difference (AV) huwun Iwo points is defined as.
[ (a) The electrie field strength between the points
| (b) The force per umit charge to move a charge between the points
1 {¢) The work done per unit charge to move a charge between the points
| (d) The potential energy of a charge
Y Answer: (¢) The work done per unit charge to move a charge between the points
E:phn.ﬂmn Potential difference is defined as the work done (W) per unit pesitive test charge (Q)in moving it from
llnl pont to another, AV- W/

The SI unit of potential difference is

(a) Joule (]) (b) Coulomb (C)
s Answer: (o) Volt (V)
I E!plan:!inn: One volt s defined as aone |uu|~- of work done per one coulomb of chargye
1 The relationship between electric field intensity (£) and potential difference (AV) in a uniform ficld is
| given by:
! (a) I: = AV=Ad
| Answer: (by | = AV/Ad
! Explanation: For a uniform clectric beld, the magnitude of the freld s the potental diference perunit distance. | =
AV/A The full relationshup is F = =7V

One electron-volt (1 ¢V) s defined as the energy acquired by an election when it is accelerated through f

a potential difference of

_ fd} 1 Jouale

{c) Volt (V)

(b) I = AV/Ad (<) I = Ad/AV AV + Ad

)
|

"

|

L]

|

'

|

[

(d) Ampere (A) |
]

|

Ll

|

()l ]
|

1

|

',
I
1 '
L. () 1 Coulomb fc) 1 Volt

_____________________ - — - —d

:._1] | Ampere
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97 MOTION OF CHARGED PARTICLES IN A UNIFORM

ELECTRIC FIELD

Fries e mnetsom of eharged grarticles in an electric field.
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where
E 15 the electnc intensity of the umiform electric field [*

the charge which placed in electric field

s 9% : ? ]
F 15 the furce ceerted by electric filed P T ' v
If Vis the potent 1l difference hetween the plates and o is the sgpmlmn of (f | E.qw
plates, ther ) e
£z
e
Heree r g

frample of Electron
To underitand 1he effeet of uniform elecine field on the motion of charged particles. let us consider an electron placed

The electrun accelerates towards the pasitive plate due to a force F acting on it

petween the two plate
Forexample, let V- 200V, d - 20cm = 2 <Ifr’ m. the magnitude of E will be
v 20V

Ermz= = 1onove-?

a 2a10°°
Acceleration: The accelerstion for the electron will be given by
F=ma
¥ af
(o a=—= =
" "

The chargz on an electrang = € = 1.6 210" C and mass of electronm =9.1 x 10" kg,
NG

a=- 'Ir':l:f‘nr,-‘_.l,m“ =176 x10"ms?

a= 176 » 10" ms-?
Velacity of electron: If the electron 1s released from the negative plate, the velocity gained by it when it reaches positive
plate can he frund by the third equation of motion
2258 V,? - vf
S=d=2 7 10%

Here mv,=0w=v=?

« Putting the valucs in the above equation

2aS V,’*—vf

27176 210" £2 x 10% - v! = 04
v=2%2176 210" x2 x 107

vi =265 # 10*ms"!

v =4 26x10f =16x10"ms"

For Your Information

Furce on a Charge in a Uniform Electric Field:
The magnitude of the electric force (F) acting on a charge 'q’ in a uniform electric field 'E* 1s: F=qE (Equation 1)
In the case of parallel plates, the electric field is related to the potential difference (V) between the plates and thor
separation (d) by F=V/d So, F=qV/d (Fquation 2)
Mution of a charged in a Uniform Electric Field:
Consider a charge placed between two parallel plates The charge accelerates towards the plate due to the foree aching
nn
From Mewton s second law, Fema S0, ma=qE or asqE/m For an clectron a=ek/m If the clectron is released from the
negative plate (inatal velacity v,=0), its final velocity (vi) after moving through a distance ' (which s 'd’, the separation
betwern plates) can be I'-.und using the third cquation of mohon

25 = yi-v

2ad = vy
Substituls a=eljm
2ick/fmyd = v/
Siner V = kd (for uniform fwid), kd = V
v = 2oV /m
|'2tV

N m
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nﬂisnm the path of charged particle in an clectric field.

PATH OF CHARGED PARTICLE

The path of a charged parucle determined by the electric field in the
region s called an electnic trajectory

« If a charged particle enters an electric field parallel to the field O34 iod &

+ I
lines, its trajectory will be a straight line (acceleraing or Lda I 1. |
decelerating). “ee .

. If

a charged particle enters a uniform  electric  field
perpendicular to the field lines (like an electron entering the
region between parallel plates horzontally), its path will be a
parabola [+ ¢« + + & 4+ + &+ 4+ 4]

5 The honzontal component of the velocity remains constant (no "

“force in that direction) i

The vertical component of the velocity changes (accelerates)

due to the electric force.

This 15 analogous to projectile motion in a gravitational field,
where gravity provides a constant downward force.

O.].. .-‘-'1" ¢ il "

(o)

__ MULTIPLE CHOICE QUESTIONS

T ——- - — i —- - —-—- - — — — — — i — - —

| o A positively charged particle placed in a uniform electric field will experience a force in the direction:

(2) Opposite Lo the clectric ficld
(c) Parallel to the electric field
Answer: (c) Parallel to the clectric field
Explanaiion: The force on a positive charge in an electric field is given by F=qE, so the force vector 1s in the same
direction as the electric hield vector
. The acceleration (a) of a charged particle in a uniform electric field (E) is given by (where q is charge and
m is mass):
(aja=qmk

i (b) Perpendicular to the electric field
]

|

'

|

]

|

1

| Answer: (c) a = qE/m
)

|

)

|

L]

|

1

|

[}

|

]

(d) Depends on the particle’s velocity

(bya=ml/q (ca=qE/m (d)a=FE/qm
Explanation: From Newton's second law, F = ma. Since F = qE, then ma = gF, leading toa = qE/m
. If a negatively charged particle is placed in a uniform electric field, it will accelerate:
(a) In the direction of the electric field (b) Opposite Lo the direction of the clectric field
(c) Perpendicular to the electric field (d) In a circular path
Answer (b) Opposite to the direction of the electric field
xplanation: For a negative charge, the force F=qE will be in the direction opposite to E because 'q 15 negative

. A charged particle projected into a uniform electric field perpendicular to its initial velocity will follow
a path that is:

(a) A straight line
Answer: (b) A parabola
Explanation: The electric force provides a constant acceleration in the direction of the field (or opposite for negative
1 charge), similar to gravitational acceleration on a horizontally projected object, resulting in a parabolic trajectory.
|* In a parallel plate capacitor, the electric field in the central region is:
1 (a) Non-uniform and diverging (b) Non-uniform and converging
| (¢) Uniform and directed from positive to negative plate (d) Zero
! Answer: (¢) Uniform and directed from positive to negative plate
| Explanation: The ficld lines between parallel plates are straight, parallel, and equally spaced, indicating a umform

(b) A parabola () A clrcle (d) An ellipse

icity]

e

|
|
|
|
|
[
|
|
I
[
|
]
|
1
|
l
|
|
[
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__ SLO BASED SHORT QUESTIONS & ANSWERS
_ i ebbdob bl bedapll ded b esdad Mo Lo L
;:—' Describe the motion of a positive charge in a uniform electric field if it starts from rest '
| Ans: A posiive charge starting from rest in a umform electric field will accelerate linearly in the direction of the |
[ clectric ficld, as the force on it is parallel to the ficld :
| How does a uniform electric field affect the kinetic energy of a charged particle moving within it? [
Vaps: A uniform electric field will change the kinetic energy of a charged particle if there 1s a component of the :
| electric force along the direction of motion, as the field does work on the partcle I
i . Describe the path of a charged particle when it enters a uniform electric field perpendicular to its initial i
velocity.

ans:  When a charged particle enters a uniform electric field perpendicular to its imitial velocity, its path will be i
I parabolic, similar to a projectile under gravity, as it expeniences a constant acceleration component ,
i perpendicular to its imtual velocity |
' What is the force on an electron in a uniform electric field? '
| Ans: The force on an electron in a uniform electric Nield is F=(-¢)E, meamng the force s squal in magnitude to |
' ek and directed opposite to the electric freld '
|o What happens to a charged particle that is accelerated by a potential difference in an evacuated tube? |
tans: A charged particle accelerated by a potential difference gamns kinehic energy vqual to ats charge tmes the !
| _ ulg-ﬂm_l difference (KE 3.‘._\l_aluiuls_sﬁt-_(lﬂclt-ﬁcl '1".'“_‘“5’-‘_”"_"%".“2 Enﬁnl:.ﬂ difference 1

RIC FIELD (Faraday Cage)

What is a Faraday Cage? How a Faraday Cage Works:

Lns

FARADAY CAGE

An English scientist Michael Faraday invented a phenomenon (in 1836) now known as a Faraday cage 1tis an
enclosure made of conductive material that blocks external electne fields, protectung ils contents from electncal
influence

How a Faraday Cage Works:

1. Induction of Internal Fields: When an external electric held s |
applied to a hollow conductor (like a Faraday cage), it causes the tree - - 1|
electrons within the conductor to redistribule themselves " .

2 Charge Redistribution: Electrons in the conductor are mobile They —— e
will move in response to the external field untl the electric hield they s i B |
create inside the conductor exactly cancels out the external electric i = Lf
field -

3 Zero Internal Field: Once this charge redistribution reaches

Do you know?

electrostatic equilibrium, there 1s no net electric field inside
the hollow conductor. The internal clectric field becomes zero
i Shielding: This means that anythung inside the Faraday cage is

shielded from the influence of external eclectnic ficlds,

preventing any electrical phenomena from occurnng inside

Example:

® The chassis and bodies of cars protect people inside durning thunderstorms by diverting hghtung
strikes over the metal surface to the ground.

¢  The metal body of a microwave oven acts as a Faraday cage, preventing microwaves from escaping,
and harming the environment

*  When hightning strikes an airplane, electniaty is distributed along its metal trame, keeping passengers
Sate

under  clectrostatc
condiions, any excess charge resides on
the sutface of a conducter, and the

electric held insade a conductor 1s zero

At equilibrium

28 &t @ &
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Explain passage of current in metillle condue
CURRENT FLOW THROUGH FEUALLIC CONDUCTONR

et s discuss the ow ol charees throuphometalhie conducton in twio dillerent sinmtion .
When Battery Is not Connected When Battery s Connected

e When batters is not connected to wmetal conducton, no |« When ends of the wire are connected 16 |llllt‘t;,_.;‘|-
SAectng Neld will be developed msade the metalliv electrie Detid b owill be set up atesery pomt withip (he
conductor wite

vooe A no dheld bsopresenty bree elections will move | o As electrie field s prosent the free electrons will noy
ranaomly be the rate of Now of charge thiongh the
wire s zero

i 1
experignee aforce in the dircction opposite 1o 1 As
result of this force the Tree elections aoquire awmatigy

I the direction of =¥

o lhespeed ol randomily mosving elections depends upon
temperature The selodity of tree electrons at toom =ile
temperature due o their theomal motion Is several | The Torce experienced by the Trec electrons does no
hundred hilometers per sevond produce i net seceleration because of collision with
the atoms, the clectrons acguire an averape velocity of
the order of 107 "'ms " which is called the drif

velociy in the direction of =k

DRIFF VELOCITY:

The average uniform velocity of elections under the influence o an eleciric field s called doft veloony. s of the order
of 10" ' ms !

Steady Current:

A steady current bs established ina wire when a constant potential ditference maintaims across the wire which generate the
necessary electne tield 1 alony: the wire

SOURCE OF CURRENT:

A source which produces a potential diflerence across the ends of a conductor is called o source of current

TYPES OF SOURCES:

Lvery source of current conyerts some nonselectneal energy such as chemical, mechanical, heat or solar energy into elecincal
encrgy There are many ypes of sources of current. A few examples are mentioned below

. Cell; Tt converts chemical energy Into electrical enerpes

. Electric Generator: It converts mechamcal enerpy into electical enerpes
. Ihermo Couples: It convents heat energy into clectrical enerpy

. Solar Cell: Itconverts hight enerpy into electnical encipy

Sources of Curren

Cell Electric Genorator Thermo Couples Solar Cell

I'YPES OF CURRENT:
There are two tvpes of corment
(1) Darect Current (DO

(1) Aliernatimg corrent (D)

e —
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—
pIRECT CURRENT (DC);

if the charges move around a circuit in the same direction a1 all times, the current 15 said to be direct current (D.C)

for example, batterics produce direct current

ALTFRNAT ING CURRENT (AC):

{fthe charyes move first one way and ten the epposite way. changing direction in regular intervals, the current 1s said to be
Jliermating current (AC)

wostly the electric penerators produce A C

Note: The clectricity supplied to our homes, offices, factories et . by power stations s an A.C

9.11 CURRECT THROGII A CONDUCTOR:

——
Derive the expression for the current in a conductor.

L\ng

Copsider a segment of a current-carrying conductor with length ‘L' and cross-sectional area ‘A’ Let 'n’ be the
number of charge carriers per unit volume, and '’ be the charge on cach carrier
he volume of thas sepment s Al
fhe total number of charge carriers in this segment is Ny = nz A=l
The total charge i this sepment is Q = Nyt = nAly,
It these charge carriers move with a drift veloaty v, the ime it takes for all of them to pass through a cross-
section of the conductoris t = L/ vy
[hecurrent () is 1 Q/1
L= (nAlLg)/(L/vy)
= nAqvy (Lquation 9.33)

Ihis cquation relates current o the properties of the charge carriers and the conductor
Define and explain drift velocily

Drift Velocity:

o [lectrons ina conductor move randomly at lugh speeds (around 100 m/s).

o Whenanelectnie field s applied, these electrons experience a net force in the direction opposite to the electnie
field (towards the positive terminal) This causes them toadrift slowly

i that direction, with arraverage speed called drift velocity < L >

o Thedriftvelooty is very small, typically of the order of 1074 m/s. This - 0 o —0
means 1t takes a long ume for an individual electron to travel the —a «—0 !
length ol a wire r “0 g ° JG——O‘_ e

¢ However, the electric tield itself propagates through the conductor at 4, hoaans oI, e - 208
nearly the speed of light, which 1s why current seems to flow almost
instantancously when a switch is turned on

~ MULTIPLE CHOICE QUESTIONS

[ = e e o e e e e e e = e —

o Electric current is defined as the: |
s (a) Flow of charge carners ;
| {b)y Amount of charge per umit ime passing through a cross-section of a conductor |
' () Velocity of charge carriers (d) Force on charge carriers '
| Answer: (b) Amount of charge per unit time passing through a cross-section of a conductor |
1 Explanation: Current (1) is formally defined as the rate of flow of charge (Q) through a cross-sechional area per unit 4
| ime (1) 1-Q/t |
b The S1 unit of electric current is: '
| (a) Coulomb (C) (b) Volt (V) () Ampere (A) (dy Watt (W) |
! Answer: (<) Ampere (A) :
I Explanation: One Ampere s defined as one Coulomb of charge towing, per second (1 A=1C/s) |
\% _ _ Conventional currentisdefined astheflowol: . ___,

¢

-,
L
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- S W S S D S D W D S S W S S S S T EEE W e e e S e D S S RS e . = e -

{a) Electrons from negative o positive {b) Positive charges from positive to negative
(€) Neutral particles () Any charge inany direction

| Answer: (b) Positive charges from positive to negative

* Explanation: Historically, conventional current was defined as the direction a positive charge would (low, from
E higher potential (positive teeminal) to lower potential (negative terminal)

g In a current=carrying conductor, the drift velocity of free electrons Is typically:

L]

|

—

{a) Very high, close to the speed of ight (b) Very slow
(c) Equal to the speed of sound (d) Zero
1 Answer: (b) Very slow
| Explanation: While the electric hield propagates very quickly, individual electrons have a very slow averape dufy
t veloaity due o frequent collisions with atoms in the conductor
|« The expression I=Anvq for current in a conductor relates current to:
{a) Area, number of turns, voltage, charge .
(b) Area, number of charge carniers per unit volume, drift seloaty, charge
{c) Ampere, number of particles, voltage, quantity
(d) Area, number of clectrons, veloaity, quantum i
Answer: (b) Area, number of charge carners per unit volume, drft veloaty, charge
Explanation: In the formula [=Anvy, "A' s cross-sectional arca, '’ 15 ¢ harge carners per umt volume, 'v' 15 dnf
celoaity, and g’ w the charge of cach carmeer

- = — — — — — —

1
i
i
i
i
i
i
i
i
i
]

i
!
i
L

SLO BASED SHORT QUESTIONS & ANSWERS

- — i —— — - — e e o — — — — - — e m—

— — g
1 Define electric current. !
| Ans:  Flectnc currentis the rate of flow of electnic ¢ harge through a cross-section of a conductor Prer wmit tme |
.. What is the difference between electron flow and conventional current? i

| Ans: Electran flow discrnibes the actual movement of negatively charged electrons from the negative lerminal |

[l to the positive terminal, while conventional cureent 15 a historical convention definimng current flow as the 4
| direction a positive charge would move, from the positive termimal to the negative terminal |
‘e What factors determine the current (1) in a conduclor, according to the expression 1=Anvq? '
| Ans: The current (1) 15 determined by the cross-sectional arca (A) of the conductor, the number of charge carriers |
' per unit volume (n). the drift velocity (v) of the charge carriers, and the charge () of cach carrler !
l. Why does it take time for light to switch on after flipping a switch, even thouph electrons move veryl
! slowly? i
! Ans:  While the individual clectrons move very slowly (drift veloaty), the electrie field (which propagates .1[!
I ¥ nearly the speed of ght) 15 established almost instantaneously throughout the circut, pushing clectrons |
i already presentan the filament to hight up the bulb §
|* What is the S1 unit of charge, and what is its value for an electron? |
g Ans:_ _The 3l unitof charge is the Covlomb (C), The charge on an glectronise=—16<100C_ _

Explain Ohm's Law?

aD

OHM'S LAW

*  Thislaw was given by German physicist "George Simon Ohm?”,

¢ Ohm's law gives a relationship between voltage and current

STATEMENT:

e current flaviomng through a conductor i dectly propertional to potential difference aceoss it vand
Limitations of Ohm's law:
Ohm's law 1s only applicable when
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Temperature 1s kept constant
Dimensions (length and arca) of wire are constant
IJhrgic.il state of the conductor is kept constant

\athemat ical form:
.“w Ohm's law can be expressed as,

lacV

1
=g
Ve IR

Hlere,
)~ Resistance

1= Current
Voo Potential Difference

The opposition offered by the atoms of the conductor to the flow of electric current is called resistance
Factor affecting resistance:

Resistance of the conductor depends upon the following factors:

i Nature of the material

i Length of the conductor (R e« 1)

iii. Area of the conductor (R o i)

w. Temperature of the conductor (R« T)

Unit:
The STunit of resistance 1s "Ohm™. 1tis denoted by the symbol “ 17
1 Ohm: The resistance of the conductor is said to be Tohm if a potential difference of 1 volt produces a current ol

1ampere in it

. 1 vl
Mathematically: lohm =
ampre
OHMIC DEVICES NON-OHMIC DEVICES
+ The devices which obey Ohm's law are called [« The devices which do not obey Ohm's law are
Ohmic called Non-Ohmic devices
¢« Tor Ohmic devices, current s directly |« Tor non-ohmic devices current s not directly
proportional to the voltage(l e« V) proportional to voltage ‘
* In this type of devices, resistance remains [ o In this type of devices, resistance does not remain
constant constant
* V-l graph for ohmic devices is straight line e V-l praph for non-ohmic devices 1s not straight
*  Metallic conductors are ohmic like copper, line
silver, pold clc ¢  Semiconductor diode, tungsten filament ¢tc are
non-ohmic
N g of e
N1 aph 4 e ik
R
|

P -'fypf 1 iy

g
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913 RESISTIVITY AND ITS DEPUNDENCE UPON TEMPERATURL

What is the mathematical expression of realstance? Write ila unit nml 1l Whirh I'ml.," ll‘
dependence?
—

——
ap

HESISTIVIRY AND IS DEPENDENCE UFON TEMIPPERA TURY '

It has been coperimentally scon that the pesiatanee of o conduetor fo dieetly gropotional to it foygy,
L and dnversely proguortional to s area ol cross - section” A’

Mathematically,
!,
frw!
A
[}
Nurwr, "o
*
) -
M A I

Where " g b the conatant of proportionality which bo called “Pesihivity or “Specilie eesiatanee” ol the comlue o
Fhe pesistanee of wmeter cubwe ol w material is called Realativity
Unit The S1unit of resistivity o Ohm - meter (fim)

DIFFFRENCE BETWEEN RESISTANCE AND RESISTIVITY!

ESISTANCTH HESINTIVITEY
I I e upposition olfer it the Tlowe ol o ||,n“|- | [ hes pesiatane e of the cubide goetor of s malorial g
carthers by the comdueter s called reaistanee callid pesistivity
A
(T y p=I,
I

I Resistanee is the o haracteristic of patticular veire il Feolstivity is the property of Wi pnterial of wilie b

the webee du e of
i Resistanee |lf-'n-uo|n. upen the nature, dimenslons | i Pesiativity  depn piula upon thee nature  anid

Hengthand width) and temperature of conducton temperature ol conductor, bt ndependent of
dimenslons (leapth and width) of wire

CONDUCTANCT

The reciprocal of resistance s called condue tanee
Mathematically,

Iis denoted Ly €,

.
Conductonee =

n
Unit: The S andt of comduetance bs ol Y, wehidchobs alao bnoven os "™ or “siemen”
CONDUCTIVITY:
1 b recipron al of resistivity b called « ol livity
Mathematically,

I as b pted by “of
1

Unit: The SEanit of r::mlm tvity s ol Y Which s also boown s “mha - om M

DEPENDENCE OF RESISTANCE ONTEMPERATURY

Ihe resistanee of conductor s due 1o e collisions of clections with the atomns of the condudctor. As the
teamperature of the conducton rises, e K1 of the atoms increases aned ey vilwant witly greater .m||llllrul'
Henee the 'mnlmlnﬂtly ol thistr collistona weith free elocbrona alao b reanos, Yt olec trons Dnd 310 more diff ull
to pass theough them Thus the current in thee cheeandt, wehie bds o fo W flose of el beomm, dles peases anl we say
it Hhes postabare e of the condietor Bas boon bne reased

Conductanee = g =

'llru,[
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satthiematically, |
fﬂ; Vo) e I, }lfu-;-f wl iy, s _,,- PO
\
(N, My)et (Mewrim | qop 00 | Gnrrin
T e e e T R Yeak \ |
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o, p, ‘
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iy
Iy abwoes wepuiabionns o b alloed the Fespeeature coelfiedent of slativity
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i

VPSS OF TERMPERATUECOERIe sl O Bt atic
I Poshtive Femperature cocfliclent (P00 ) s cubistane s lias prrositive -
1 mlr--hlillro cowllicient e peana it Wlwir pesislane e jiw poames weith
I peane dn bepgmwerationg
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MULTIPLE CHOICE QUESTIONS

- - - —- - - e e - — — - — —

At (o ) ot bl bbb re i .|,¢‘-hi o e e % els
|l|!|m|.u|h|l| Cbin's Law s Vel o Vot whivre Vb e potenabiad ebiflo g o wied | ops e o
| it tinalitg Fatveron Voand Flor s given 1

(R Fhe 50 vndh of resistancr is
L. tm V(v thy A (4 () Olvin (2 on

il ""i" gy

. Hhm 6 ‘ Ave l.l.‘h L) llldll lru " mmlurlm Ihl toerenl Howedng, Ilu‘raup‘ll Wohs dbrwetly pressprantivinial de the
fa) Posindame thy bengih
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Answer (¢) Ohm () ]

‘ Explanation: The Ohm (£2) 1s the STunit of electnical resistance '
. The resistance of a metallic conductor generally: |

- (a) Decreases as temperature increases (1) Increases as temperature imcreases 1
! (¢) Remains constant with temperature () Depends only on its length |
Answer: (b) Increases as temperature increases 1

; Explanation: For most metallic conductors, increased thermal vibrations of atoms at higher temperatures h”!dul
| the How of electrons, leading to increased resistance a
Ve Resistivity (p) of a material is defined as resistance of a conductor with: |
| (3) Any length and area (b) Unit length and unit arca i
' {c) Unit length and any arca (d) Any length and umt arca y
| Answer (b) Unit length and unit area |
! Explanation: Resistivaty is an intrinsic property of a material, representing the resistance of o T-meter cube of thyy s
| material (R=pL/A) |
'e Which of the following materials typically has a resistance thal decreases as light intensity increases? ¢
! (a) Thermistor (b) Light Dependent Resistor (LDR) |
| (c) Copper wire (d) Nichrome wire :
) O Answer: (b) Light Dependent Resistor (LDR) I
|° Explanation: LDRs are semiconductors whose resistance decreases sigmificantly when exposed :.\;
¢ light due to increased free chargecarmiers. | _ _ __ _ _ __ | NSNS =

A ———— . L ey,
SLO BASED SHORT QUESTIONS & ANSWERS -

|* State Ohm's Law. PPEEESESE . l
1 Answer: Ohm's Law states that for a given conductor al constant temperature, the current tlowmg through it s 4
| direxctiy proportional to the potential difference applied across its ends. |
i

"o Define 1 Ohm (Q).

! Answer: 1 Ohm () 15 defined as the resistanee of a conductor through which a current of 1 Ampere flows w hcna!
| potentul difterence of 1 Voltis applied across its ends |
. What factors determine the resistance of a wire, as given by its resistivity formula? i
| Answer: The resistance (R) of a wire is durectly proportional to its resstivaty (p) and length (L), and nversely |
1 proportional to ils cross-sectional arca (A), given by R=pL/A. '
I« Explain why the resistance of a metallic conductor generally increases with temperature. |
! Answer: As the temperature of a metallic conductor increases, the atoms within its lattice vibrate more vigorously !
'l These increased vibrations cause more frequent collisions with the flowing free electrons, impeding ll'n.'ir!
| movemenlt and thus increasing the material's electrical resistance |
. * What is a Light Dependent Resistor (LDR) and how does its resistance change with light intensity? |
| Answer: A Light Dependent Resistor (LDR) s a seniconductor device whose resistance decreases as the intensity |
1 of hight falling on at increases. This 1s because more Light provides more energy for electrons to break free and o
| become charge carriers |

b oo o o e o e e e i —  — —— —— — e = = — = —— — o — =

9.14 ELECTRICAL POW

What is Electrical Power (P’)? Explain and derive ils relations.

o

ELECTRICAL POWER (P)

Ihe rate at which the battery 1s supplying electrical energy s called power output or electrical power of the
battery -OR-

Ihe rate at which work is done to mamtain the steady currentin a arrcuit is called Electric power
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S NEMATICAL EXPRESSION:

’“;‘ Lowrgy 1ui‘|‘|in|

. W= 2 ajs
flectric power Tune taben ! .
Consider a circuil consisting of a battery E connected in series with a resistance R = 2

o shown in Fig In this circuit the battery is continuously lifting charge uphill
:hw“ﬂh the potential difference V
Using the meaning of potential difterence, the work done in mov ing o charge Q
yp throu gh the potential ditference Vis given by.
work done = AW =V x AQ e “li-
This is the energy supplied by the battery
By putting the \'alluc of m;uln llmn (i) in equation (i)
Flectric power = —— v fo

Time taken

— ALALAAANAN

ar

-ui-

As we know that;

s0, equation (1) becomes;
P=Vxi|

POWER DISSIPATION:
The power supplied by the battery is expended or dissipated in the resistor R this is called Power dissipation
According to law of conservation of energy,
Dissipated power = Electrical power
P=VI
According to ohm's law; =V = IR
Therefore, above equation becomes,

P = (IR)I
P=1R R |
From ohm's law, 1= E
therefore, equation no. iv becomes,
p=(Y) R
R
P =L o =W

R
UNIT: Sl urut of clectric power is watt
ONE WATT: It one ampere current passes through a conductor due to applied potential ditterence of one volt,
then the power would be one watl.

- 915 ELECTROMOTIVE FORCE (EMF) AND POTENTIAL DIFFERENCE

What is Electromotive Force (EMI, E)?

ELECTROMOTIVE FORCE (EMF):

The energy supplied to a unit positive charge by the cell in moving, it from negative o positive electrode mside
the source 1s called electromotive foree (EMFE).

FORMULA:

. _ AW
b~



V72 Chapter 9 [Flectrostatic and Current I.'lettrimﬂ

FXIPLANATION:

When a cource of electrical energy lea cell or baltery is connected across a
resisbance 1, I maintatns a steady carrent through it ;
e coll supplies enerpy wehilchbs veed in the resistance of the circuit. ("‘
Suprperse TAQT charge passes through the circuit inoa time " 8t ° S
Hhis eharge enters the coll at its lower potential end and leaves at its high
rotential end

Hhe source supplios the energy "AW" 1o positive charge 1o move the charge from

lowe potential to the high potential which is given by,
ave
K- -

SOURCEOQF IMI:

I energy supplicd by the cell to the charge corniers comes from the conversion of
chiemical energy into electrical energy
LUNIT

Ity b pested that electromaotive force 19 not a force and we do pot measure it in
Newlon'
;o Aw
a1
Jrrialee

B
Coulmink

I o= Joule Per Coulomb = Volt

S, theunit of TMI bs joule/coulamb
Whiehois also called volt,
I denoted by (v)
INTERNAL RESISTANCE
Phis resistance offered by electrolyle present between two electrodes of a cell 1o
the Mo of fons is called internal resistance of U cell
i denoted by “r®

s delined as “The potential differonce between the terminals of battery or cell when il 1s giving current to an
external circmit i called 1 minal potntial ¢ flerence”

HETATION BETWEEN EMI & POTENTIAL DIFFFRENCE:

Voltmeter measures the potential difference across the external resistance " /°

Fhe coerennt " 17 flowing through the circuit is given by,
'

~ Vel andV = IR

Har

Yy, E=I(f+r)
F o= In v

||! e,

"IR® i the terminal potential difference of the cell when current "1 is flowing in the circuil
1 s the potential difference across the internal resistance of the cell

L=V vir
EXPEANATION OF THE FQUA TION ON THL BASIS OF ENERGY:
E=V,+Ir

¢ Dhe left side of the above equation is the EME of the cell

(Hhim b cgqual to the energy pained by the unit charge as it passes through the cell from negative to positive
teriminal)

* The right side states that *Inr” is energy dissipated into the cell as heat

= I s rest of energy is dissipated into the external resistance i

SPPCTIAL CASES:

Open Circuit:

When awitch ™ 5 7 s apen. o carrent passes through the resistance, so the voltmeter read the EMI as terminal
Jrith mliad el ferenes
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|n1r-ﬂl-‘ll resistance of cell 15 zero.
E =V, +1(0)
E =y,

Jeans

c[o,“tCircuil: _ - .
when switch "S™is closed, current “I"is passing through the resistance, so the termunal potential difference is less
shan the EMF by the factor of "Ir",
W=E-=Ir
W<E
Charging of a Battery: -_
when battery 1s being charged, then the current flows in opposite direction to the current produced by the

pattery.

S0, Vi =E-(—fl")
Vi=E+Ir

<o, the terminal potential difference is greater than the EMF of battery
Vi>E

Consequences of Internal Resistance:

o The terminal potential difference (V) is always less than the EMF (F) when current is drawn from the source

¢ The terminal potential difference equals the EMF only when the current 'l is zero (open circuit)

o When a source is short-circuited (R = 0), the current can become very large (1=E/r), potentally damaging the
SOUTCe

COMPARISON BETWEEN ELECTROMOTIVE FORCE (EMF) AND POTENTIAL DIFFERENCE:

ELECTROMOTIVE FORCE (EMF)

« [Itisagainof energy per unitcharge when charge | «
move through the battery

POTENTIAL DIFFERENCE
Itis a loss of energy per unit charge when charge
move through the resistor.

+ aw AW
» EMI pushes the charge from low potential to the | »  Potential difference pushes the charge from high
high potental. potential to the low potential
¢  EMFis measured in "volt". * Potential difference 1s also measured in "volt”
« [MF is independent of the resistance. * Potential difference depends upon resistance.
o EMF s the cause. + Potental difference is the effect.

MAXIMUM OUTPPUT POWER:
In the circuil as shown, as the current 'I” flow through "R", the charges flows from a point of higher potential to
a point of lower potential, they lose potential encrgy.

If" V" 15 the potential difference across "R" the loss of polential energy per second (power) is "VI™.

The loss of energy per second appears In the other forms of energy and is known as power delivered to "R" by
current "1",

Power delivered to "R ™

Poyy = VI
Pos = (IR)I
So,
Puy = 1PR
As 1= ‘&
S0,
E\? Avoly across the is of 3 coll
Poai =(—) R {3) the emf of the cell on open Creul.
oyl (b) the torminal polental diflerence on a cosed Creoun
PI-IIII - m
As the square of (R +r)? = R? + 1! + 2Rr
Now,
It (R=r) then (R=r)? = R? 4 r% = 2Rr
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Add 4Rr i both mks (R - r] +4Rr = R‘

r¥—2Rr + 4Rr

Now (R=r)+4Rr = R*+r° +2Rr
50 ‘K=r)¥+4Rr=(R+r)?
%)
- el
= (" r) edRr
Cond g for Mavimum Power: m
e = e creastance is equal to the internal resistance of battery) Does a ,""3' cell have interp,
wne o ue power output becomes maximum o
T e Answer: Yes, all real power SOUFe,
| mcluding o dry cell, have inlemy|
2 a2 resistance. This  resistance COmiey
R TE YT from the chemial  provesses
g s Fia matenals within the cell wsely, whicl
wul (01t aaR? . oppose the flow of charge
st ’
Poir = ;_' - {T -
This s the maximum output power delivered to a load resistance
_ MULTIPLE CHOICE QUESTIONS
. Electrical power () consumed b b) a resistor is glwn by allof the l’ollowmg expmﬁslom EXCEPT: 1
(a) I'=IV () P=IFR (c) P=\VY/R (d) P=V/1 :
¢ Answer (L =V I
| Explanation: V/1is resistance (R), not power. The other three are correct formulas for electrical power i
te The electromotive force (EMF) of a baltery is defined as the: '
| (¢) Voltage across its terminals when a current is flowing |
4 () Maximum potential difference it can provide when no current is drawn !
! (<) Encrgy dissipated in its internal resistance (d) Current it can supply. |
, Answer: (b) Mavimum potential difference it can provide when no current is drawn :
Explanation: EMF 15 the work done by the source per unit charge to move charge from its lower potential i its higher !
, potental termimal representing the maximum potential ditference available when the circult is opens (no curcnny [
. The S| unit of electrical power is: .
| (a) Joule (]) (b) Volt (V) (c) Ampere (A) (d) Want (W) ]
b Answer: (d) Watg (W) '
'[ Explanation: One Watt (W) s defined as one Joule per second (1 W=1 ] /s) |
1 The terminal potential difference (V) of a battery is always less than its EMF (E) when: i
$ (a) The battery 1s being charged (L) No current s flowing through the external circuit. |
| (c) Current is being drawn from the baltery () The external resistance is zero |
v Answer () Current is being drawn from the battery 1
| Explanation: When current flows, there's a vollage drop across the battery's internal resistance (Ir), so the terminal |
t potential difference 1s E=Ir, which is less than E !
le The electrical energy consumed by a bulb connected to a battery comes from: |
a (@) The resistance of the bulb (b) The current flowing through the bulb !
! (c) The work done by the battery in moving charge !
| (d) The potental difference across the bulb I
Answer: (<) The work done by the battery in moving charge '

Explanation. The battery does work (energy supplied per unit charge) to push charges through the external circuit,
P gy supplicd pe & P i B
y and 1h|s s energy 1s ron-.umul (n!lqs;palon! as hu.:l and h;,hl} h\' llw lsui'h '

- - —_ —— . — = — = w— —

|
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SLO BASED SHORT QUESTIONS & ANSWERS

i O S T o i a7 e T i e i g WG i S T L e R e S 1
e D.\[im' clectrical power, i §
':\m, Flectncal poser s the rate at which electrical enerpy is supplied by a source or dissipated by a compone nt | )
! C nan electrical chicunt '
I write down the three common formulas for calculating electrical power. !
AW The three common formulas are PV, P<BRoand =V /R |

I wWhat is the electromotive force (EMF) of a source? : k)
tans  Theeluctromotive force (EME) of a source (ke a battery ) is the masimum potential diftercnce itean provads | .
| across is terminals when no corrent s flowing through the extormal circut (e, s hen the arcait s open)
4 I's the energy supphed per unit charge | :
I £ Explain the concepl of internal reslstance of a source. ' : \
‘Aﬂ“- Internal resistance s the opposition to the How of current withu the source tsell (0 withina battery duc | \
I to its electrolvie) 1t causes a voltage drop when cureent flows, meaning the terminal patential difference is s
i liss than the EMIT | i
e Under what condition is the terminal potential difference of a battery equal to its EME? ’

| Ans:  The terminal potential difference of a battery s equal toits EME when no current is flowing through the E

| external arant (e, the arcat s open or the external resistance s mbimite), because there s no voltage drop »

| across the mternal resistance (Ie=0) A....-.-...........—..--.....-......--.-............_....!

—

s

o 916 KIRCHHOFF'S RULES

State and explain Kirchhoff's Rules.

KIRCHHOI'E'S RULES
Asimple electrical arcuit may consist of more than one resistances bul a single voltage sonrce A simple circunt

can be solved by using

. Ohm's Law
. Rules of series and parallel combinations of resistance
When an electrical circuit consists of number of resistances and a number of

electrical voltage sources, then such circuit is called complex network.
. A complex network can be solved by using the “Kirchhoff’s Rules”
There are two types:
) Kirchhoff's 1** Rule and
Kirchholf’s 20 Rule
KIRCHHOFF'S FIRST RULE (KCL):
Statement: “Sum of all the currents mecting at a pomt in the circunt is zero”
Itis also called “Kirchhoff's current law”
Mathematically:
L1 =0"The sum of all the current flowing towards a point is equal to the sum
of all the currents flowing away from the pomt “1” rule
L+lL=1l+1
EXPLANATION:
Consider a ciremt where tour wires meet at a point A as shown in fig, The
currents |y and 1z are Hlowing, towards the point A and current
According, to the convention current flowing lowards a pont 1s taken as
positive and that lowing away from a point A taken as negative
Apply Kirchhoff's 1" rule, we have
o+l + (=) + (=) =0
I+l =Ty=1, =0
. L+lhh=1+]

ll Do you know ! ’l

Thoe node at which potantial is
taken as zero Is called datum
node of reference node

&
, W
§  S—

—— AN —e |,

LN

‘5
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CONVENTION

1 The current flowiny, towards a paintis taken as positive.,
i The current flowang away from a point s laken as negative

LAW O CONSERVATION OF CHARGL:

Kirchhotf's first Lyw 1s also known as Kirchhoff's point rule which venify the las of conservation of charge

I there as ne sink or souree of ¢ harge at the point, then total charge flowing towards the point must be equal o
the total charge flowing away from the pomt

Lh+l,=1,+1,

As we know that 1= "T"
U8 & &
] 1] i ]
TR+ Q) =2(0,+0)

Q+0Q =0,+0Q,
KIRCHHOFF'S SECOND RULE (KVL):
Statement: "1 he algebraic sum of all potential changes (voltage drops and gains) in a closed circuit loop is zerq »
Mathematically: YAV -0 (I-quation 9 48)

Consequence: Kirchholl's second rule is a direct consequence of the conservation of energy. Forany dosed | ;
the total energy pained by a unit charge from sources of EMF must be equal to the total energy lost by that uny
charge as 1t passes through resistors and other components,
“The algebrme sum of vollage changes in a closed circuit or a loop must be equal to zero”
It iy also called “Kirchhoff's Voltage law”
Mathematically:
2‘. V=0 R. E,
FXPLANATION:
Consider a closed aremt as shown in hgure The direction of current 1
tHowing through the circuit depends upon the cell having the greater EME
Suppose Ey s preater thank, (15>>1) so, the current flows in the anti-
cockwise direction
* When a positive charge AQ due to the current 1in the closed arcuit
prasses through the cell Ey from low to high potential, it gains energy,
becavse the work s done on it
The gained encrpy is E;4Q
*  When the current passes through the cell E; it losies energy equal to—E;AQ, because here charge passes from
high potential to low potential.
* In gong through the resist or Ry the charge AQ loses energy equal to—-1R;AQ.
o Similarty, the loss of energy while passing throug h the resistor R, 1s—-1R,AQ
Finally, the charge reaches the negative terminal of the cell Ey from where we started.
According to the law of conservation of energy the total charge in energy of system is zero
50, we can wrile i
EyAQ + (=R, AQ) + (=E;4Q) + (=1R,4Q) =0
AQ (£, — IRy — By —IR}) =0
(£, = IRy —E; = IR;) = 0and AQ = 0
(E| - Hi. . Ez . ’R:) =0
Kirchhoff's 2 eule 15 the manitestation (explanation) of law of conservation of energy.
SIGN CONVENTION FOR KIRCHHOFF'S SECOND RULE:
"When traversing a closed loop:

For an I'MF source (battery): It you travel from the negative terminal to the positive termunal (a voltage
pain), the ENIE s taken as positive (+E) .

It you travel trom the positive teeminal to the nepative terminal (a voltage drop), the EMF is taken as
negative (<)

For a Resistor (R): If vou travel in the same direction as the assumed current (1) (a voltage drop, a8

— 1l
—

L
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current Hlows from high to low potential), the potential change is taken as negative (-1R)
B If you travel my the opposite direction to the assumed current (1) (a voltage g, moving, trom low to
' tugh potential). the potental change is taken as positive (+1R)
plain procedure of solution of circuit problems
procedurcs for Solution of Circuit Problems using Kirchhoff's Rules:
pollowing steps are used to analyze the direct current complex arcuits
1. Draw Circuit Diagram: Draw a clear arcut dhagram
1 Assign Currents: Assume a direction for the current in cach branch [ your assumed direchion is wrong,
the calculated current will be négative
3, Apply KCL: At cach junction, apply Kirchhoff's Current Law (¥ 1=0)

L Apply KVL: For each selected closed loop (chovse enough loops to include all components), apply
Kirchholt's Voltage Law (YAV=0) using the sign conventions
5 Solve Equations: Solve the simultancous vquations obtainad from KCL and KVL to lind the unknown

currents or voltages

BRIDGE

9.17 WHEATSTONE

What is a Wheatstone Bridge? Explain its construction and working,

Ane

WHEATSTONE BRIDGE

Itis an electric circutt that is used to measure the value of an unknown resistance accurately

It was first sugposted by Charles Wheatstone in 1833

CONSTRUCTION:

» The Wheatstone bridge circuit consists of four resistances Ry Ry, Ry annd Ry
connected in such a way so as to form a loop ABCDA as shown i figure

»  Abattery of EMF is connected between points A and€

* A sensitive galvanometer of resistance Ry is connected between pomnts B
and D. .

WORKING:

When the switch § is closed a current will flow through the galvanometer

Weare to determine the condition under which no current will flow through

the galvanometer even after the key is closed.

We consider the loops ABDA. BCDB and ADCA

Weassume anti-clockwise loop currents

* |, through the loop ABDA

* Iy through the loop BCDB

* Iy through the loop ADCA

BALANCED CONDITION:

Adjust the resistances in such a way that galvanometer shows no deflection

This null deflection is known as the principle of Wheatslone bridge.
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LOOP ABDA LOOP ¢ DI S———
By applymg Kirchhoft's 2 rule By applying Kirchhoft's 209 pul o~
LRy = =10, = (= 1)R =0 | By =l = 1R, = (1, = 1 )R = 0 m
According o balanced condhtion According to balanced condition
h=l;=] b=l I
So, cquation {t]ll’ll)llll'\. S0, t quation (i) becomees,
=Ry =0 =1 )R, =0 W, = (- 1)1ty 0
=R, =(1=1,} R, i =1R; = (1 -1,)R, I

By dividing equation (ih) and equation (iv)
=y (= 1y)K,
S (I =1N,
R, R,
i, R,
DETERMINATION OF UNKNOWN RESISTANCE:
v Il one of the resistances say Ry 1s unknown
¥ The other resistances Ity, B, and 1ty of known adjustable values
Y Known resistances Ry, 1, and By are so adjusted that the galvanometer shows no dellection
¥ The unknown resistance R can be determined by,

R, =2 xR,

n
3 Point to ponder! '

Why is a three-pin plug used In domestic electric appliances?
Answer: A three-pin plug 1s used for safety reasons The third (longer) and thicker Fairt 1n ponder!
pin s the carth wire (ground wire) 1 is connected o the metal casing of the Vihy i3 8 thres pin plug used
appliance Incase of a fault where a live wire touches the metal casing, the carth wire 0 oome nincine apphances?
provides a low-resistance path for the cureent Lo flow directly to the ground This
prevents the casing from becoming hive and delivering an electnie shock 1o anyone who touches it Iealso cases
large current o How, tnpping a circont breaker or blowing a fuse, thus disconnecing the power

4 I pong IA VAL |

MULTIPI.E CHOICE QUESTIONS

. Kirchhoff's First Ilulv (Junction Rule or Current Law) is a conse quence of the conserv, |Iirm of:

d (a) Energy (h) Momentum () Charge () Mas

| Answer: (c) Charge

v Explanation: The Junction Rule states that the sum of cureents entermgg a uncion espaals thesom of corrents leaving
|t dhireatly reflecting that charge canmot acomulate or be lost at a jund tion

bra Kirchhoff's Second Rule (Loop Rule or Voltage Law) is a consequence of the conseevation of:

| () Charge () Energy (c) Power (eh) Current

i Answer: (b) Foerpy

) lf![‘l-‘ll‘l-‘lﬂllﬂ: Ihe Loop Rule states that the algebrae sum of potential changes around any closed lewapr in o cpecunt
| 15 zero, which s a statement of energy conservation for charges moving around a ¢ losed path

. Ihe Wheatstone bridge circuit is primarily used to:

| (b) Measure an unknown rosistane
) () Store electncal enerpy

(@) Amphity voltage signals

() Convert AC to DC
| Answer: () Measure an unknown resistane
’ Explanation: 1he Wheatstone by s destgned to precmely measure an unbnow o elecieieal restanee by balancing,

I agamnst koow i resistan e

e e e T —

i

§e According to Kire hlmﬂ'-‘ First Rule, the sum of all currents mecting at a point in the circuit is.
' () € onstant (h) Zero () Mastmum (1) Mo
l ver: (b Zvem
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- — - - — g — p— = g -— — —
- - - - — i —- — — - — o —— —- -

“,F];nallml ”" ”'r tlales II"‘" AL “"‘ Mljjllfﬂh'-fl fouttents enbering are Pt !--';U.-‘:.ﬂ'l'l\--/r.:ll. “ fsl;ru]

of enliring = s ol leaving) g
L In a balsnced Wheatstune brldge, the galvanometer shows !
I fa) Maritnut curren th) Ko dedlec i (aea cureem) |
E (o) s '.Im tuating current (d) A large vultage i
Answiers (1) Mo deflecuon CGeva currenty |
|f;p|.m.||lrm A Wiheatitone bridge s balanced when the potmtisl differenes acrom the galvanometer v zero, 1
“,mj,nylnll" '*'l’g'_”'_"' lh""l_fui__._-________._ _______ T —— . __J

v o o I

SLO BASED SHORT QUESTIONS & ANSWERS

- — i ———— —— - ———— ——— — - —

B = - e — — - —

P State Kirchhoff's First Rule l'jumlum Rule). '
I Anw:  Fane Bhied 0 Frest Pule (funeion Bule) states tat the alpebeare sum of all currents s ting al any junetion l
' fl;rnn”|||‘llrt|!-lll'lf.‘]l'll'l it zera (e, total cuteent entering equals total current beacing) 4
io State Kirchhoff's Second Rule (Loop Rule), !
;ﬁm: Kirchholls Second Bule (Loup fule) states that the algebrar sum of thee changes n potential (voltages) |
¢ around any closed loop i an electeical circont v zero '
|* Why is the Whealstone bridge considered a “null method” fur measuring resistance? |
tAns: It convadered a Cnull method” because it determines the unbiown sesistances by adjusting kagwn !
l resstances unhila null fzer0) defleetion s olrerved on a galvanometern, mdicating a balanced condition and |
| I\l"‘ e fnecasuremnent '
! v Whalt fundamental conservation law is the basis for Klrchhoff's First Rule? !
I Ans:  Kirchhafls Fiest Fule (€ urrent Law) 1s based on the lawe of conservation of electric charpe |
e What fundamental conservation law is the basis for Kirchhoff's Second Rule? '
| Ans.  Kirchhoffs Secomd !(uh-t\fnlm;u Law) is baw d on the law of conservation of energy !

9,18 POTENTIOMETER

e —————————————————————— e e
What is a Potentiometer? What is its Working Principle? Why is it preferced over a Voltmeter?
What are Applications of Potentiometer?

o™

POTENTIOMETENR:

A potentiometer is a simple instrument, which can he used to measure and compare potential differences
accurately without drawing current from the circuit

Principle:

Ihe potentiometer is based on the principle that

If constant current flows through a wire of uniforn cross sectional area, then potential difference beiu'lrru any
two points is directly proportional to its length.(V e 1)

Construction:
A potentiometer consists of a long wire ABan the form of four segments
stretched over a wooden board on which a shiding contact C can shde as

M=-=-=-H====P>
) n A e

(s) lg- r-->l®

‘———1

shown in the fipure

The wire Al Las a resistance 1 while the resistance between A and C can b
varied from 0 1o 12 as the sliding contact Cis moved from A 1o B A battery
of emf iy connected across 1.

Uses Of Potentiometer:

e polentiometer 15 used o measure and  compare potential

differences
U The potentiometer i used as a potentiol divider



O Clapten [ ectiostat i and Cunrent | ln"hml

W The potentiometon s i Gt e sk e cond o o sone
v e potentiometer s i At commpane vk ol B sones
v e potentiometer b o fied e tntermal sesistanee ol e vl o
Inalteny
Potentiometer as a Potential Divider
T battery of PN b vommes tedacross [ an shosan b the Ty

Fhem current Hossing theong i 1, I !
"
IEpesistomce Between pomts A € s, then,
l'u!!'llll-![l!nl|’-||lll'n_ V=
(87} Vv I r= kr
I R

Phaes s € domeved B At 185 varden om0 o 1 and potential diop betswaeen A and © clianges o i)

such arrangement is baoswainas potential divider "

Measurement Of Unknown EMEOF A Sonrce:

Fhe et toomeasire the anknow i emd Tois shoswn i Bgare, the Tis connes el

between the poimts A and € through o palvanometer 'C° . p "

Formeanure the potential 1, the position of € s ao adjasted that the galvanomete g, \
@

shiows o deflocton Upider this comdition, the emd 1, of thecell s Vi = '\"

I
"I ¥ I »
AIIII \ f
Ihn,
o~

Where B denpth of swire from A to

Ard L = otal length of svire AlY

Comparison OF Emf's OF Sources:

I he snethiod foe pneae vk the el ol acell can beeised o ampane e s of bwaor cells
Lot £y b the Balanw mg, Tength ¢ “”""l"'"‘h":“» o i el ol wand By, then,

o
I, &
/
Sammilarly, B be the balancng eogth corresponding o other coll of emi 1y, then,
: A
/ /
I
Dividing these couations, v pel,
I"! "u
Es [

Cen the ratier oo thes cond v cepuad o thee ratio of Hhe balaneing
cAnnot measure accurale

Tengths
otentlal difference and which device Is used for the

Crrddinary voltineler cannol mneanure acoarale Jroats bl dillerenee boase i draves corrent Teomy coronll lor i
working

For acourate measurement of potential, we peed a device whilch has s operating voltage or bhattery such devies
are

(1) Oalloseape (Complex device)

(2)  Phgital voltmeter (€Complex device)

(3)  Parentiometer (simple devige)

M Plhyales HE(Subjective, o jective and Conceptual Questions) (L]

COMIPARISON OF POTENTIOMETER AND VOLTMETER:

= POTENTIOMI TR VOLIMITIR

'.——_Ir mcastires Hhw ko emil very acourately o Jeasires e unkiossn eml .||'|1|mim.nh-|\

s While eastngg eml i |Ilurn not deaw any | o Wihale measacing b it deaws some curient from
vt beom the dy iy gy soniee ol koo el Hhe soiiee ool

While measuring unkoown potential difterenee the
pestabance of voltimetor s high bat tinie
1es based oncdetlection e thod

o While measuning unkiown ke ntal dilterveime | =
e pesds b e ol |mh'||llu||.u-||-| I oniniees Indindie
o Do based oncsero detlectbon methal .
o 0 hasa Wgh sensdtivity o s sensitivity is low,
o A0 b eed o i applications like e LS only wsed tomeasoie et or uikiown potential
meiieent of Internal aesbstance o cell, ditterence
vallbiations o ammeter ad valtmeter,
measienent of theono cil, comparison ol
el 'm el

Yhy Is potentiometer preferred over a Voltmeter

A potentiometer b penerally considercd amore acouate measuring strament thana voltmeter, especially tor
sl ports ntal dhitterences s s becatse o potentivmeter waes anll method, meaning itdias s pocirment from
e et aeder testswhen o Babance s achieved A voltmeter, on the othier hand, deases a sl corent, which
canalter the potential difteren ¢ Bty measured Jeadiong toimaccoracies Anodeal voltmeter woulid uve intinite
peststanee, whilea poteatiometer ettecively has Inbonite seststance af the noll it

9,19 USES OF GALVANOMETER: :

What Is a Galvanometer? What is s role in null Method? Write down null method a
GALVANOMI IR

Agalvanomwter bsan stoament desipned for ditec g and measuomg, sl electne corents T often ised i

il iethiod s i ciecnits

Hole ln Null Methods:

o dnnolboethonds (keosathea Wheatstope Bod e or potentiometes), e palvanometen s ascd tomdicate s zero
deflection

o When the galvanometer shiowes o ddetheston, 0 bk boates thal no carient is Hevs g, theonp ot s llllph-'\
et the el tebe al |lul1-||fl.|['- al Botheenads of e padvamommeter ane the sanme, catabilishung accondition ol b IIIIII- '

o Althoughoa palvanmeter T s o pesistanee, at e nnl seading, i resmbance does nob comns o play
Becamne nocurrent e passing taeong bt s ks sl b ethods very procise

Null Method Applications:
o Wheatstone Beldype:

Measires unknossn resistoanie

Colvanennetor conme ted tween l|l|l|-|'ulnl'- ol apposite sidon
Varbable resistance adpusted st galvanometer shows o detlection (balanced bridye)
Uk s resstance calonlated vsimg, patio ol binown tesisbages
o Potentiometer:
Measures nnknown voltage by comparson witha knoswi referenee voltagg
Codvanommeter and jockey vsed o make contactalong the resistance sae
At nudl peant, potential ditlerence Ietween jockey and wire end vopals unknowin voltage
Jow k ey posihion pives Hhe sk oy volbge measurement
Advantages of CGalvanometer in Noll Method:
L Accurac yi L lnnates e elfect of the galvanonaeters itermal resestance, Teading loomore acourate readings
2 "n'll'-l“t‘liy. I |J|'I|||\-' ‘-l‘llﬂll\«'l',l-l‘ld‘llt'lil dete Hng, viry sl corrents (order ot 10 Do)
Lo Clarbty: Mlodetlection” provides a divectand clear imdication of Babanee, simphity g muk pomt identitic ation
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MULTIPLE CHOICE QUESTIONS

.—-—-—-—-—-—---—n—u—.—--—--‘-‘

-

V. A pulmlluuwlrl h prlm.ulh mml w

| (o) Measure cotrent die tly

' (I Compare potential ditferences or measuie unknown LN s

| (0) Measune resistane () Comvert AC o DO

Y Answer: ()t ompare potentinl difterences or measure unknown PMES

! Eaplanation: Potentiometers are nulbmethod devices wsed for very acoiate meastiements ol potential thlh-w"“.‘

| Al AT sathout deass ing cuerent o the soue

NG Fhe principle ot a potentiometer relies on:

| (a) Uhn's Law

' () The voltage diop along o untform wire betong proportional to its length
| (V) Kirchhotts current law

| (1) The vesistance of o conditor being proportional to its area

| Answvers (B The voltage drop along o unifonm wine being, proportional teats length
Y iaplanation: A potenbiometer works by comparing an unknown potential difterence o a known I‘\‘lt al

: dhitterene actoss a precisely measured Tength of a unitorm resistance wire

|* In ol methods, a galvanometer s used 1o

. () Muasune previse cunrent values

| U1 Detect the presence oF o conrent or zero cutrent

' (o) Prowade a vaniabsde resistamee (D) Amplity voltage

I Ansivers (1) Prele b e presence of g current or 2ems carent

Chaplanation: Ty o methods (e e Wheatstone bridye or potentiometer), the galvanometer budicates when the
et s ceros sappity gt o badanced condition

: An ldeal voltmeter would have:

] (a) Zere resistamoe (1) Indanite resistance

| (0) Vory low resistance () Reststance egpual to the circuit beng, measunsd

o Arswer () Inbimile resisbanoe

| Explanations A ideal voltmeter as mtiite resistance so that it deaws no cueeent trom the et branch it is

oeasunmg thereby oot altenmg the potential ditterence it s meant o measure

[ When a potentiometer is In balance (null deflection), the current drawn from the unknown source is:

() Masimum (1) Minimum but non-zeto () Zero, () Vanable

Answver (o) Zeto s

Explanation: The hey advantage ofa potentiometen is that it measures potential ditterence or EAE when nocurrn)
18 ln iy dleawn from the source, making the measurement highly acourate

' I h .

- — . —— . — — - — — - - — — i — e — e e —

SLO BASED SHORT QUESTIONS & ANSWERS

o —— ey e e e e ey ) SR>
v What is llu- pllm.u\ tunction of a potentiometer? \
| Ans Fhe pramary tunction ot a potentiometen is o acourately compare potential difierences o o measune llw|
' electomaotive toree (EMEY of a cell soathout diase img any carrent from it '
| = Explain the basie principle bebind the working of a potentiometer, |
PAns e potentiometenworks on the ponciple that the potential ditference across any portion of a anstorm wine!
| wareyving aconstantcurrent s dicectly proportional to the Tength ol that portion of e wire p
Yo Why is a galvanometer often used in “null methods® in electrical measurements?

| Ans; A palvanometer i used i null methods” o detect the prosence or absence of a very small carent Whey

I' the palvanometer shows zero detlection (e ol poimnt), it indicates that no current is towing Ihwn;‘."'
" that pact of the covme which s o] tor aconrate measmrements (e, meoa balanced bridge 96
, potentiometen) I
[ What Is an “ldeal voltmeten,” and what is its resistance? :
|

2 |
Ans A adeal voltmetee is a by pothetical voltmeter that would have smtinite resistance, allow g it o messuie d
- LAl L it Al 4l i e Ll U e b 2 e L g S R L et L) o A

[

L) sud - 1
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potential diference across a component without dran g anv current from the crcut branch ]
)

What advantapge does a potentiometer offer over a simple voltmeter for measuring FMF?

A potentiometer otters the advantage of me asuring e EME ol

(\“‘ asounce without dravw ing any current trom '

it (ol method) This avords any voltage drop across the source s mternal resistance, leading to a more |
)
avcuiabe measurement of is trae FAL ompared o a \.ullm. Ler that deaw s some current

& - — e — e — . — e e — -

92.20° THERMISTORS

ﬂ

[HERMISTORS
Mhermistors are heat-sensitive resistors. They are made ol semiconducting, matenals whose resistance changes
‘..-mm.mll\' with temperature

SO THERMISTORS:

1. Negative  Temperature  Coefficient (NTC)
common bpe Their resistance decreases
This s bovause nsing temperature provides more thermal enerpy to
the charpe carners (electrons and holes), enabling them to move more
treely and thus teduang resistance

Posthive |t‘l'l'l]‘\'l'.lll.lh‘ Coetticient  (I"TC)
resishanee INCreases as h't\\‘\c[.ltun‘ MCTCAses
Manufacturing

Phermistors are made by heating, under lugh pressure semconductor
ceramic made trom mintures of metallic oxides of manganese, nickel,
cobalt. copper, iron ete

l'\ (4 Bl
Thermistors:  Nost
a8 lemperature mereases

Phermistors:  Then

(=

Fig ¥34 Themmalon sywmion

Worlm @

Shapes: (1 I
o lhese are pressed into desred shapes and then baked at agh ; I i
lemperature

Fig 8 3% Types of Barmision
o They mav bean the torm ot beads, rods or \\.v-hcrs »

¢ Dilterent tvpes of thermistors are shown in g,

Applications of Thermistors:

¢ Temperature Measurement: Used i thermometers, air condinoners, relngerators, ovens and microwave
ovens. They comvert changes in temperature into electncal signals, wluch can be processed to display
lemperature

¢ lemperature Control (Femperature Compensation): Used in arauts where emperature changes need to
attect electncal pettormance. Examples include osaillators, battery

I I ’{I'

llLlI“lt\:" vitcis and power systems
* Current Limiters (lnvush carrent Iimiting): Used to linut the imtial
flow ot current when o device is Hiest turned on
Thermistors in Voltage Dividers
hermistonrs are stten used as part ot o potential divider circuit to
Provide a voltage output that depends on temperature A
* A thwe temperature changes, the themmistor's resistance changes
* s change i resistance alters the voltage across the thermastor in
the potential divider cirouit
® s vanable voltage can then be ted tooa microscontroller or other control circunt o pertorn actions based
antemperatune lv\..'h suchvas turming on afanoat the temperature s lagh or mggenny a toe alarm

High resistance
of order of kQ)
AANAN
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“ What is a Light Dependent Resistor (LDR) Explain?

[\os]
LIGHT DEPENDENT RESISTOR (LDR)
AlLight Dependent Resistor (LDR), also known as a photoresistor, is a resistor
whose resistance decreases as the intensity of light falling on it increases. High resistance
Working Principle: of order of k()
e LDRs are typically made from semiconductor materials like cadmium o s

sulfide. s Bl—%‘
e In darkness, the semiconductor material has a very high resistance 'T

because there are very few free electrons (charge carriers). 4
e When hght falls on the LDR, the photons provide enough energy to the vz

A

-

LILL trons in the outer orbils of the semiconductor a toms, causing them lo

reak free
. ]'lus increases the number of free charge carners, which in turn increases 1]|'G
the matenal's conductivity and reduces its resistance.
Applications of LDRs:

¢ Light Sensors: Used in automatic lighting systems in homes and streetlights (turning lights ON at dusk, OFF
al dawn)
* _Exposure Control in Cameras: LDRs help adjust the expasure time in cameras based on ambient light.

® Seccurity Systems: Used in burglar alarms and other security appl ",.ﬂmn:. where changes in light intensity
need to trigger an action

e Toys and Novelties: Used in various gadgets that react to light.
LDR in Voltage Dividers
Similar to thermistors, LDRs are commonly used in potential divider circuits to provide a vollage that varies with
light intensity
® Aslightintensity changes, the LDR's resistance changes.
e This changes the voltage drop across the LDR in the potential divider
® This vanable voltage can then be read by a micro-controller or other electronic circuit to perform tasks based
on hght levels (e, turming on outdoor lights®whien it gets dark, or a light-activated switch).
Working as an ON-OFF Switch:
® During Daytime (High Light Intensity):
o The hightintensity on the LDR is high
o The resistance of the LDR decreases significantly
o In the potential divider, if the output is taken across the LDR, the voltage across the LDR will be low
This low vollage can be used to keep the switching device (e.g., a transistor acting as a switch) inan *OFF
state, thus keeping the lights off
e During Nighttime (Low Light Intensity/Darkness):
o The hghtintensity on the LDR is low (or zero)
o The resistance of the LDR increases dramatically (to very high values).

the switching device (turn it "ON"). which in turn switches on the lights

> Inthe potential divider, the voltage across the LDR will be ugh. This high voltage can be used to activate

MI hysics 11 [bubiccuvc, Objective and cUnceplual Questions) 345

This setup .lulmn.:lu.'llly turns lights on when it pels dnrk and turns them off when it gets Light, without human

itervention.

Reliability of a Concrete Bridge with Carbon Fibers

How caninspectors check the reliability of a concrete bridge with carbon fibers?

A concrete bridge embedded with carbon fibors can have its reliability casily

checked by inspectors because the carbon fibers conduct electricity,

Method:

1. Electrical Properties: First, the elccis! =2 propertics of carbon fibers in good
condition are known (their conductivity /resistance).

3 Embedding: During construction, carbon fibers are embedded within the
concrete structure,

3. Measurement: [nspectors can apply small electric currents and measure the
resistance of the carbon fiber network witlun the bndge

& Monitoring Integrity:
o If the concrete develops cracks or structural damage, the carbon fibers within those damaged regrons will

also likely experience stress, elongation, or even breakage
o Such damage to the fibers would change their electrical resistance
o Anmncrease in resistance would indicate that the concrete bridge is deteriorating or that the carbon fibers
themselves are damaged.

5. [Farly Detection: This method allows for the non-destructive detection of internal flaws, such as micro-cracks
or voids, which might not be visible from the outside.

6 Other Methods: Other methods like ultrasound waves can also be used to detect internal flaws and monitor
structural integrity.

Fig .32 Cartion fitrs shests

MULTiPLE CHOICE QUESTIONS

fc " "Carbon fibers are embedded in concrete bridges for mlublilly checks because they:

] (a) Are very strong mechanically (b) Conduct electricity

| (c) Are lightwelght (d) Change color when stressed

! Answer: (b) Conduct clectricity
Explanation: The method described relies on the electrical conductivity of carbon fibers to monitor the structural
integrity of the concrete .

! . If carbon fibers embedded in a concrete bridge conduct electricity, how can inspectors casily check its
| reliability?

' (a) By measuring its temperature (b) By checking for changes in its clectrical resistance

| (c) By observing its color (d) By measuring its weight

! Answer: (b) By checking for changes in its electrical resistance
Exp].‘lnallon Damage (cracks, deterioration) in the concrete can affect the electrical path through the carbon libers,
Icadtnl, to a change in resistance, which can be casily measured
A decrease in the electrical resistance of the carbon fibers in a concrete bridge might indicate:
(a) The bridge 1 strengthening (b) There are no structural 1ssues
(c) A crack is forming, increasing contact
(d) Some form of damage that alters the conductive path
t Answer: (d) Some form of damage that alters the conductive path 1
| Explanation: Changes in redistance (either increase or decrease, depending on the nature of damage and hiber |
! distribution) would signal structural changes. The text Implies that changes in resistance are monilore ol to check !
mll.lblllh While ty pically damage increases resistance by breaking connectlons, complex interactions could lead to :
! other (ha‘ll’\f‘,t s, The core idea is that any change signals an issue |
! The method of using carbon fibers in concrete for reliability checks is analogous to: .
| (a) Using a thermometer to measure lemperature (b) Using, a strain gauge lo measure deformation 1
! '
[oyd )

[
|
i
|
|
|
|
i
i
|

(c) Using a light meter lo measure brightness. (d) Using a pH meter to measure acidity
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BOOK EXERCISE WITH SOLUTION

MULTIPLE CHOICE QUESTIONS

Tick the correct answer.

9.1 Two point charges A and B are separated by
10 m. If the distance between them is
reduced to 5Sm, the force exerted on each:

(@) decreases to half its oniginal value

(B) increases to twice the 'un,;m.\i value

(€] decreases to one quarter of 1ts onginal
value

(d) increases four limes to its original value
Answer: (d) increases four times its ongmal value
(According ta Coulombs Law, Fec1/¢2 If r 15 halved,
r—r/2, then Fx1/(r/2)=21/(3/4)=4/F So. force
becomes 4 times )

92 Which electric charge is possible on a
particle?

(a) 25 10 L (by32x10"C
(c)1.6x10"C (d)602x 10~ C
Answer: (¢) 1.6<10 % C (Thus 1s the elementary charge
‘e All charges must be integer multiples of ‘¢’
32%10°% C s 2o which 1s also possible. However
16210 " C s the most fundamental possible charge

25210 C1s not an integer multiple of 1.621071 C))
93 Which diagram best represents the clectric
field lines around two oppositely charged

particles?
N2\ VAN
H NS

LN
21N
. =
- =8 .=
Answer (d) (This corresponds w the electric held of
an clectric dipole, with hines starting from positive
and ending on nepative)
94 What is the work done on an election by
potential difference of 100 volts?
(a) 1ox101" eV (b) 1.6 x 107 eV
(c) 625 x 10 "7eV (d) 100 eV
Answer; (d) 100 ¢V (Work done = gAV For an
clectron mowving through 100 V, the energy is 100
electron volts, or 100x1 6x10°1"] )
1.5 The potential at a point situated at a distance
of 50 cm from a charge of 50 pC is:
(a) 9% 10! volts (b) 18 x 104 volts
{c) 9 x 10° volts (d) 18 x1(¥ volis
Answer: (c) 9«10 V (Potential V=KkQ/r r=50 cm=05
mQ :"ipc =50« 10
Vo= (927107) » (SO 10+) /05
SO 001D =0x10" V)

9.6 A ball of weight 0.1 N having a charge of
100 4C remained suspended between twg

oppositely charged horizontal  meg)
plates. The electric intensity between the
plates is:

(a)1I0NC! (b)100NC1

{c)1000 N C (dy1ou00 N C!

Answer: (c) 1000 N C !} (For suspension, clectrostay,
force = weight qE=W E=W/q=01 N/(100<10+ ¢,
=0.1/104=1=10 N C'=1000 N C")
97 A piece of wire has resistance of 4 Q. Iy js
doubled on itself so that its length becomes
half but area of cross-section is doubled. [y
resistance now will be:
()80 (byate
(c)2Q (d)1 Q
Answer: (d) 12 (Onginal resistance R=pl./A=4(
New length L'=1./2 New arca A'=2A. New resistance
R'=pL'/ A'=p(L/2)/ (2A)=pL/ (4A)=(1/4)(pL/ A)=(1/4)
R R=(1/4)<42=1Q)
9.8 The current through a conductor is 3.0 A
when it is attached across a potential
difference of 6.0 V. How much power is

used?
(a) 05 W (by20wW
(190w (d)18 W

Answer: (d) 18 W (Power P=VI=(60 V)=(3.0 A)=18

W)

9.9 The algebraic sum of potential changes fora
complete circuil is zero. It is the statement
of:

{a) Ohm's law

(c) Kirchhoif’s first law
(d) Kirchhoff’s second Jaw

Answer (d) (statement of Kirchhoff's second
law)

910  The radius of curvature of the path of a
charged particle in a uniform magnetic field
is directly proportional to:

(a) the particle’s charge

(b) the particle’s momenlum
() the particle’s energy

() the flux density of the field

Answer: (b) the particle’s momentum (In a uniform

magnetic field, the magnetic force provides the

centripetal force: qvB=mvi/r So, r=mv/(qll), mv s

momaentum.)

(b) Gauss's law

——

| M Physics -11(Subjective, Objective and Conceptual Questions) i

sHORT ANSWER QUESTIONS

a1 How does a moving conductor like an
3 seroplane acquire charge as it flies through
the air? Describe briefly.

An airplane has (r;r({u:tm;; body, the charge
acquires by awrplane whale flying through ar
due 1o fricion between the auwplane surface
and the air The molecules of air have loosely
pound electron whuch transfer to bedy
airplane and the plane acquired negatrve
charge This leads to a static electric charge.
which can sometimes be felt as a shock if we

touch the body of airplane Defre—termric
Jalo-p i o |

N S —

Ans

,,r Define electric  intensity and electric
potential.

Answer .

e FElectric ntensity  (Electric  Field

Strength): (Electric mtensity (E) at any
point 15 defined as the electrostatic force
expenenced by a unit positive charge
placed at that pmnD [t is a vector quantity,
measured i Newton per Coulomb (N C /)
or Volits per meter (V m'!)

s Electric Potential (V]LE]ectnc potential at
4 point 15 defined as the work done per
unit positive charge in bnnging a tiny
posihve test charge from infinity (where
patential 1s considered zero) to that point,
without accelerating aL) It 5 a scalar
quantity, measured in Volts (V) or Joules
per Coulomb (J CF)

13 A battery 1s rated at 100 A h (ampere-hour).
How much charge can this batigry supply?
Given: Battery rating = 100 Ampere-hour
(AR) 15 aggnet of electnic cha

S0, Charge
Q=100 A~
(Coulambs), conv,

{‘ convert to SI umit
hours to seconds

’q This battery can supply 3.6210° C of (liarge
% Is electron-volt a unit of potential difference
or energy? Explain.
Ans:  Electron-volt (eV) is a unit of energy
Explanation: It 1s defined as the amount of kinehc
energy pained (or potential energy lost) by a single
tlectron when it accelerates through an clectric
potential difference of one volt

fu.th'mzaﬂy_ erergy (F) o chargr lq) Sa=ps -
by potentis] dfference [AV), 10 Fogil
For an electron with charge e= 16027507 C= =
“t_—v.-7rlr I " -

1 eV o(1 6210 ~Cje(] V=1 ML

-

A'-'r ke 2 relates W potertial

fupdamenta

a.s

Ans:
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Ans:

s P
A copper wire of lengh L Bas revestaner £ [}
is stretched to double of ity lemph Whae
will be the resistance of the new lemzh of
wire?

L e ]

Length of wire = L

Pimustarce of

Leng'h of str
A

Resstance of steeeshed wore =

volame of wir

A=

I
X

=
]
n

o

nd R’

| '.u. k1 Pl Ll B
" ,-I,. ."If“

R =4R
Why does the resistance of a condacior rise
with increase in temperat ure”
The resstance of a condu~tor Mses w0 47

mcTease n temperature becguse of moTeasec
thermal wvibrabons of the otoms wotiun e
conductior's crystal latm The anip= "

resistance of & ndoctor S rect
proportional to the temperatirs 1e
Ri-Re=a Ritand AR = ¢

The resistance ofterid by a

of electric current is due 1o the collseon of frec
ciectrons with the latnce atoms, wheer are 0
thermal vibrabon When temperature of the

conductor nses. th
atoms and the amplitudes of
increases Hence, the (hance of coilsons
between free electrons and
Thus, the resistance of conductor

with the rise 1n temperature

Is the filament resistance lower or higher in
2500 W - 220V light bulb than in a 100 W -
220V bulb?

We know that power dissipated in a ressstor
;'Il.‘.-n h‘._

thermal vidraton of
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\,.'

Pr—

R

~0 R \_l‘-

For the S00-W bulp

Rus (220 V) 500 W 48400 500 -96 8§}

For the 100:-W hulb

Rios (220 V)" 100

W ASA00 10048402

Thus resistance of hight bulb having 500W 1s
lower than the hight bulb having power 100W
Why does resistance of a thermistor changes
as temperature increases?

A thermistor s a heat sensitive resistor Most
thernustors  have  negative  lemperature
coefficient of resistance, 1e, the resistance of
such thermistors decreases when the rise in
temperature  Thermistors  with  positive
temperature coefhicient are also available

In the thermustors, resistance decreases as
temperature increases. This s because
increasing temperature provides more energy
to the charge carriers (clectrons or holes),
enabling them to move more freely and thus
reducing resistance

Which materials can be used to construcl
Faraday’s cage and why?

Faraday cages can be constructed  using
conductive materials

Examples: Metals like copper, aluminum,
sleel, or even conductive mesh or fabric
Reason: The prncple of Faraday cage
demands a matenal that contains a lot of free
clectrons that can move freely to the surface
of the material Only the conductors have free
cleclrons whercas insulators do not contain
free clectron, so we required conductors to
construct Faraday cage.

CONSTRUCTED'RESPONSE

91

Ans:

£ QUESTIONS

Electric lines of force never cross each other,
Why?

Electric lines of force (clectne field lines)
never cross each other because if they did, it
would mean that the electric field at the point
of intersection has more than one direction
simultancously  which is  not  possible
physically E= K;i_.r the relation also shows
single unil vector for single point

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

Ans:

9.3

Ans:

94

Ans:

9.5

Ans:

—
surface,

Yes, the electric field (1) s nru'\'..m]y 201
nside a charged rubber balloon, even if g,
balloon is  spherical and  the charge
distributed uniformly over its surface Thig
a direct consequence of Gauss's Law ap g,
properties of conductors /insulators
According to Gausy's law

i
b “u
Ca
LI
And $=LE.A=0
-»
Since Arl)
o
Hence =0

Flectrostatic force Is 10M times stronger thay
gravitational force, Argue that our palany
should be almost electrically neutral.
Gravity depends on how much stuff (masy)
something has, while the electrostatic force
depends on lts electrical charge. 11 galaxies
had a lot of electrical charge, the huge pushes
or pulls from the electrostatic force would Iy
so strong that they'd rip the galaxy apart The
fact that galaxies don't fly apart tells us they
have very little electrical charge, meaning
they're  almost  electrically  neutral  Thy
gravitational force is mass dependent and the
electrostatic force 1s charge dependent

An uncharged conducting hollow sphere iy
placed in the field of a positive charge ¢,
What will be the net flux through the shell?
The net flux  through  the  uncharged
conducting hollow sphere will be zero,
Explanation: An uncharged metal sphere bs in
an electric field of positive charge “q”, no net
electric flux passes through it This is because
the sphere itself has no overall charge inside
it, and according to Gauss's Law, flux only
passes when there's charge maule a closed
surface. The electric field lines just go in one
side and out the other

D =Quntonnt/ o bt Qo= 50 O, =0/ ¢4=0

A potential difference is applied across the
ends of a copper wire. What is the effect on
the drift velocity of free electrons by:

(i) increasing the potential difference?
(ii)decreasing  the  length  and  the
temperature of the wire?

(i) Increasing the potential difference:
Effect: Increasing the  potential  difference
acrosy the ends of the copper wire will
increase the drift wvelocity of the free
electrons vy ot V

9.6

Ans:

Physics =L {Subjective, Objective and Conceptual Questions) i

Fxplanation: A larger protenbial  ohitle rene s
creates a stronger electoe field (1 AV/L)
inslde the wire: A stronger elocteie field eeeris
a preater electrle foree (I “qb) on the free
electrons, cousing them 1o aceelerate o
effectively between collislons with the Latties
jons This Teads 16 a higher average dofl
velocity I the direction opposite te the
electric field

(i) Decreasing  the
temperature of the wire:
Effect: By decreasing length and temperature
of the wire, iy resistance decreases and hence
collisions of free electrons with the lattice
atom also decrease which causes an e rease
in drift velocity L

length  and  the

[

v ulx-Lu—
BT

Explanation for decrease of length: Willi a

shorter  length for the  same  potential
difference,  the  electric  field  strength
(E=AV/L) dnside  the  wire  increases A

stronger electrle field leads o a groater force
onelectrons and thus a higher drift velooity
Explanation for decreane of lemperature: As
temperature decreases, the thermal vibrations
of the atoms in the copper wire reduce This
means there are fewer and less energeti
collisions between the free electrons and the
vibrating atoms, With fewer obstacles, the
electrons con achieve a higher average dnft
velocity under the influence of the electric
field. (This is why resistance decreases with
decreasing temperature for conductors)
Note: (Cxplanation s for information only,
wou may skip it while memorizing  the
answer)
Why the terminal potentlal difference of a
battery decreases when the current drawn
from It is increased?
We know that eml of a source and the
terminal potential difference bs related as;
E=Vi+lr
or Vi=LE-Ir
where Ir = Potential drop across internal
resistance of the source and called  lost
voltage
When the current drawn from the battery
increases, then lost voltage increases. As a
resull, the terminal  potential  difference
decreases

COMPREHENSIVE QUESTIONS

9. Paplain e electeie pratonitial avad prroye
elecinie ficld intensity s equal e e
negative of petenbial gradient

w2 “ate and veplain Fare hibes i s rules

923 What 15 a Wheatstone bnidge? Feplain o
weeitbing vath e help of a diagram

9A Wihat is a hzint degendent resistor (111
Haoowe can this bee useeed as OFOFF sweite )y frr
highng?

9.5 What s a prtenicnuter? [Jeneribus  4in
wul""lna

SOLVED EXERCISE

w1 Three polnt charges i, 0 and o are lying in
the same plane as shown in Fig Find the
magnitude and direction of the net fore acting
on .

Given:

From hyure,
TR L LVl
T U
TR U /Al

fnoO12m - .
oIS m
To Find:
L
Foreconqidue o g, g - F 7
Solution:

Force on gy due w gy i atractive et it be i s
magnnude is caloulated as

|
Fiy= =—— HL?:
ane, 1,
L3 o f L
910 4_\'1_ /’_l_f.l f:fl_r_l /]

PR
(6.15)
Fig 90N
Force on qy due tn gy is also stiractive Lot it be Foo i
magnitude Is calculated as

Pum i S
Ane, f'a
U [ fsﬂ’_?hi_l_'i .;
(012)

Fu 1250 N
To find the resultant of Fi; and Fi, let us rnake free body
dingram, resolving Fyy into s rectangular components, we
have
H25 M
[UPER S

Faty = Fiy Con 66 = 1250 Cos 60

| yii Fis Sin 60 = 1250 Sin 60
x-component of rewultant force

Fuo= Fia ¢ Funy = 960 + 625
y - component of resultant force

¥ Fynn = 1075 N

1585 N



f{

# }I"_'1!

¥ by s nirty < @iy n

£

‘;

R e

(B &

O L L o N L et
SOl ai RN g Nt of 46
o ihrad i P Find N ol i iwe
JtRingE (he fil ERar g wnere dliernd ey w

reen
P Hind Zover ot fsemve 4 7

(LB

3

1

$i50000

« wlu
TRRE?
¢ tam

£ areatatim
£80 0 8 foine ¥ e sliefrin (il iy oo Tritsmed
of e i ¥ fen of A

F. 3
| W (L /)
ey oy of,.. &

L fie
T &
LT P T
oy
_ (A7 Y
fabimg eijiomia dod
L B
1 ither [ B ] r
Voo
ihIm w

Ven
Ihiede wa tm vt of O 00 EpAtivA ealid ¢owisapemibi ine
o Vebwbion off fee e vighe of bodl e chwrged ilwrs
dnmgaiatoe of £, oo 1o wer Aipod) bl Bivsetioms dre same
T e eme o aed I e g candsl of Mie dped e
PARIrE atios ¢tateapomds (ie (the Iae st dherdin i (Re
T O 2 o T e I i T
Pewmple G0 A it dony #4padinpees an plactiond ve Fiais
L L R A O T (1
Wht i the fiih i avity of (hat it/
Mot of predese 1 0 100 kg anel choege 8 1 47 1t f
G htiet i
f- oy
P
(4t ey "
thooqit
WA gaialel i el istion ais 10 b st
Ry R R L A
Find ths trngevitudi of alasteie Biold intonsivy

YRR i

Wt et (VO
3rim
Hedr  piimptht Mbbepnvce « £3) - 17t
[ Hatwr s n 1ifriimm (W Hets AR v im

I £ i &
Irrfm‘

b 4

Geil it r VLV

Al
(L i Wenlremd . goedil el vy gy
emndeiod ive 8 FE 4o M0 Wattnry A Aoivvim o
st gnid fromm Mw Lt/ it P_‘d-" [rtes at g
He wilidby a5 W (earbos B graivius gieg
Migsn o Aasieom < TN 1 |0 vy omh Aergy o
qGeasfheiwit
Gt
Fm MMessiiph w f.nlrﬂﬂﬂ L R I Wi g d
atrvacint bep e grabun gless (¢ POLLIY P P )
teessnv by prodvise pluts Freraloame o B 2/ ol s
Tt b 1ot s cpmossprih pptos o 40
Vem APV e m N
AN g 'n-w-‘
’
At g the g
VO RAY Ti U4 "a'u R

ENLE N
HEFrv 10 mw
wh A mmzmcm'falu fotte
[

o At Mifavincs il K0t € peiums
Ry ity e eet teg
Aoteriom
W e
A vl
i wht
fradvit,
Ve bhwr
A [V 14 s ity
i hribsitr 'y
e whf e

WU A At WiYE B 8 iofie et aveg T i
I W and batiins & cariine o & B I fow
ks Al Tl A ST G ——
IV m’, emearets (we Arifs sitmity of e
AIRriny o W aves F mad s o an dadivem
ihriwe

I A
Aot wy
A oo
4 1kl

Livrin

v

1 Ak
VR i MRS 2 i b AW Y
TR B [ AN

Py A [P sy S
Ay wetany W A 8 et e
e ovika [Niw A Ao ELH e
e A mam ey & N S
(i ot M shadioby H osmi Fmmon

T e ek
Fipritial Alansierw 7 f r ¥
”* e -

oy A e AE A B py AW A

vt A Bag * ¢

o
v
F
Ty
gr * 7 Tmvian
s w
/ =
v - "y
” ‘e ’ ]
”
y -
YA i i
ol A d
4
".fl" r ,f‘”

WM P e i fudiab i W B S
e BT Pk e e
(e dipw SR A fted e W
[ daatal

oy Tpisssqrsn 4 (PF = o 80y

Fosisbmnrn o S5 P W Ay
€ wtp” s A

VR L
(P& 4
A1 L A o 4
" L

LI
e ¥

g

VN 3
@

s Ly WLET
e 7%
“ by |ty W Ais

il Puw grinit e Aapusinn it (W
topsnintn M ¢ wllois g S a g b
e e e LR
T o, e graeaii ol flle 5 (B 0 Anfisme
st forraid o sl (Vo bt e goisoe A i

Frodbopy

Citmam gty = - 5%
Wrerns wprm ' - "y
Podmatont S aridra « ) « ¥ ]

———
s Sk .
-
x g
T i
-2 ,
= 4
A s

it i i & T Gy avwvemey F
Aol Sawrn & A,
e i e R R S

. r “w

»
)
]

- ™ o -
»
o~
L P
» i -
-~
| N -
- 3 < =y
o - - o
T s A
. i
»
s
AT Sapelicn, . . e . -y

. d
n L it B . - e
T oo Rivpaly W - e L g W
T vl Wiy B LT



oY

Chaptee @ [Electrostatic and Current l:'h'clrlcnﬂ

NUMERICAL 'ROBLEMS

a0 Towo unegqual point charges wepel each other
with a toree of 04 N when they are S0em
apart. Hind the toee which vach charge
exerts on the other when they are (a) 25 ¢m
apart (b) 150 ¢ apart,
Liven:
Let and g e the o I'Lllr.\'\
Ihe tore Between the charge = =04 N
Distance betwoen the charges = 1= 50 ¢m =
00 m
(@ Foroe between the charges = 1 =?
It distane Bebween the charge = ¢ = 25 cm =
s
Selution:
¥ i
o
As all other factors ane constant
ooy &
[LE I AL
nos Y
04 laN
0028
(1) Foree between the charges = |7 =2
It distance between the charge = ¢ = 15 ¢m =
(\B K]
Solution:
F_d
I o
As all other factors are constant
Foooos
04 st
08¢
— N 04 DN
0y
%2 A patticle of charge +20 pC s placed
between two parallel plates, 10 em apart and
having a potential difference of 05 KV
. between them. Caleulate the electrie fleld
between the plates, and the electric force
exerted  on the charged  patticle(Ans. 5
ANCC 100 mN)
Given
Charge on particle = q = 420 pC = +20 x 104 C
Distamce betwoen the plates = Ar = 10 ¢m =
O10m
otental difference between the plates = AV
=Q5kV=0Ssx 100V
To tind
Floctrie Filed botween plates = 7
Flectric Force on charge particle = ?
Solution:

Glven:

Given

—

AV
Ar
C0ss10
010
1=l
Foe20s 10%s 5% 100= 100 = 10 = 100 « 10
= 100 mN
The electron and proton in a hydrogen alom
are separated (on the average) by a distanee
of approximately 53 x 10" m. Find the ragjq
of the electile force and the gravitation,)
force between the electron and proton in thiy
stale,

s 10" NC'=5KNC

Charge on electron = ¢ = -Lo x 101°C
Charge on proton = gz = Lo~ 100 C
Mass of electron = my - =91 < 10 kg
Mass of electron = me = 1673 x 10 by
Separation between electron and proton = ¢
“ 50 10 m

G= 667 x 10" Nmiky ?

K= —-1— =9x 1PN miC?

am,
To Find:

L

I,
Solution:

[T
L A L.
3 Gmym,  Gmm,
rl

L_ 1 ‘l‘\ Qe
I Apes G numg
L)
- 9 100 16x10 " x16x10™"

T EET ST
067 10M g 110 N1 673510
Oxlox16x1.6x10" "

- =
1]

6679 1x1670x10 "

L
E
- =
E . 23010 0.23x 10 "™
£, 101saxi0

“023%10" w2310
After a pleasant showering, a water droplet
of mass 1.2 x 10" kg is located In the air
near the ground. An atmospheric electric
field of magnitude 6.0 x 100 N C'points
vertically downward in the viclnity of the
water  droplet.  The  droplet  remains
suspended at rest in the air. Find the electric
charge on the droplet

Mass of droplet = m = 1.2x 101 kg

m Physics -11{Subjective, Objective and Conceptual Questions) 395

‘r\[""\\llill'”l clectrie field = 1 = 6.0 x 10 NC
I(downward)

o Find
19 Plectric charge on droplet = 7
goluthon

Fo= Iy

LE]

Given

As the dropletis suspended

qb = my,

Q6.0 x 10') = 12X 100 (98)=(11 76/6) x10 1 *
q= 1.96 « [0 Y= 1496« DN C

Since  the electric field  ponts  vertically
downward and the electric force must be
upward o balance gravity, the charge on the
droplet must be negative (because a negative
charge oxpeniences a force opposite o the
electric field direction)

S0, ||“—| Qo=10 M C.

An clectron enters the region of a uniform
electric filed, with vy = 299 x 10¢ ms'and £ =
00 N €1, The horizontal length of the plates
is 10.0 e¢m. Find the acceleration of the
electron while It is in the electric field. How
long will it take Lo pass through the field?

Terminal velocity = vy = v = 299 x 10¢ m s
WElectric field = E =300 N C?

Horlzontal length of plates = S=10cm =01 m
Mass of electron =91 # 10 kg

Charge onelectron = q =16 * 10" C

To Find

Acceleration of electron = a = 7
Time taken to pass the field = t =7

Solution

95

Given

Force on electron = T, = gE
Fe= 1= 10"x300=48>10"N
Acceleration of electron = a = =
m
ag<10"
.‘ - _—Il-
91~ 10
0.53 %< 10™" < 527 % 10" ms'
for the time to pass the electric field
S=yt
01 =209 1001t
t=00M4 x 10+
I=3 4 x108s

A disc of 10 em? area is placed In a vertical
clectric field £= 5 x 108 N CLIf the plane of
the disc makes an angle of 30° with the
horizontal, determine the electric flux
through the dise.

Arcaof disc = A= 10em? = 1 x 10" m?
Electric tield = = 5x 100N C!

Angle dise with horizontal = a = 3

Angle between vector area and electric field
lines = 0 = SAp- 300 =6r

Angle of the plane of the dise with the
horizontal = 30«

The formula for electric flux s @e = EAcos,
where 0 is the angle between the electric field
lines and the normal to  the arca

4aae

If the plane of the disc makes an angle of 300
with the hanzontal, and the electric field s
vertical, then the normal to the disc makes an
angle of 90°-30'=60" with the vertical electric
field

o, =60

To Find

Electric Flux = ¢, = 7

Solution

é. = EA Cos 0
¢ = (5% 10°9)( 1 x 10) Cos 60
$. = 500 (0.5) = 250 N m* C!

(Note: Answer to this question in the text book s

Glven

« 2503 which is according to statement is not correct)
9.6

A circular copper rod is 50 cm long and has 1
cm diameter. Find the resistance across its
ends. What should be the side of square
cross-section of a 50 cm long tungsten rod if
its resistance is the same? [Resistivity of
copper is 1.69 x 104 Q@ m and that bf tungsten
1s5.0x10* Q m.]

Length of copper rod = Le =50 cm = 05 m
Diameter of copper rod = D¢ = 1cm =001 m
Area of cross section of copper rod = A¢

> 2
-,,(.I.).‘.'.) =314 [0_“_‘] =785 = 10% m?
2 2

Resistance of copper rod = Re = Ry =?
Length of tungsten rod = Ly =50 cm = 05 m
Length of square cross section of rod = L= ?
Resistivity of copper = pc = 169 x 10*Q m
Resistivity of tungsten = pr = 5x 10*Q m

Solution

I
[k- —
Pe A,

0.5

. 1.69%10"* —25
% T

=108 =104 Q

Now



