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HTow czm vyou show b\ simple c\penments that thene are two tvpc of eclectric
charges? |

See Questions | _
What is the method of charging bodies by electrostatic induction?

Sce Questions 2

How does electrostatic induction differ trom charging by friction?

Durig the process ol chargimg by friction. we rub a neutral body with another neutial
bodv. But m the process ol u]cdmﬁulic mduction. We charge a conductor without
mak e any contact with the charging body. |

What is gold leaf electroscope? Discuss its working principle with a label diagram.
See Questions 3

‘nuppnw vou have a glass m(l which becomes positively ch: irged when yvou rub it with
wool. Describe how would you charge the electroscope (1) negatiy cly (i) Positively,

Scee Questions o

\With the help of electroscope how vou can find presence of charge on a body.

Scee Ouestrons o
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Describe how you uould determine the nature of the charge on a body by using
electroscope.

See Questions 3

Explain Coulomb’s law of electrostatic and write its mathematical from?
See Questions 4 _

What is meunt by electric field and electric intensity?

See Questions 3

Is electric intensity a vector Quuntlt\" What will be its direction?

See Questions 3 ‘

Find the clectric intensity due to a point charge q.

See Questions 3 '

How would vou define potentml difference between two points? Define ns unit,
See Questions 7

Show that potential difference can be described as energy transfer per unit charge
between the two points.,

See Questions 7

Describe capacitor as an energy strong device?

- See Questions 9

What do you men by the capacitance of a capacitor? Define units of capacitance,
See Questions 8

Derive the formula for the effective” capacitance far a series combination of a
number of capacitors.

See Questions |1

Discuss different types of capacitors.

See Questions 12

What is difference between variable and fixed type capacitor?
See Questions 12 '

Enlist some uses of capacitors.

See Questions 13

Discuss one application of static clectricity..

Sce Questions 14

What are hazards of static electricity?

See Questions 15
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CONCEPTUAL QUESTIONS
An electrified rod attracts pieces of paper. After a while these pieces fly away! Why?
When a glass rod is rubbed with a silk cloth, it is positively charged. This electrified rod
attracts pieces of paper. When the pieces of paper touch the rod, they give up some
clectrons to the glass rod and become positively charged. They are then flown away by
the rod due to foree of repulsion form the positive charge remaining on the rod.

How much negative charge has been removed from a posmvelv charged
electroscope if it has a charge of 7.5 x 10"'C? '

A charge of -75 x 10" C has been removed from a p()blthCly charged electroscope
which has a charge of 7.5 x 107''C.

[n what direction will a positively charged particle move in an electric field?

A positive charge released in an electric field will move along the direction electric field
1.e. from higher potential to the lower potential.

Does each capacitor carry equal charge in series combination? Explain.

As in series combination each capacitor is connected side by side, so each capacitor
carries equal magnitude of charge due to electrostatic induction.

Each capacitor in parallel combination has equal potential difference between its
two plates. Justify the statement. ‘

In a parallel combination of capacitors, two plates of each capacitor are connected o the
positive and negative terminals of a battery between the same two points. Hence potential
difference between two plates of each capacitor is equal i.e equal to the potential
difference of the battery.

Is the presence of charge necessary for the existence of electrostatic potential?

Electrostatic potential is a characteristic of the field charge and independent of the -
existence of test charge

Rubber tires get charged from friction with the road. What is the polarity of the charge?

During the process of rubbing, ¢lectrons form road surface (make of black pitch) are
transferred to rubber tyres to make them negatively charged.

Perhaps vou have scen a gasoline truck trailing a metal chain beneath it. What
purpose does the chain serve?

This metal charging is used of the purpose of earthling. The static charge accumulated on
the body of truck during transportation are discharged to the ground through this metal
chain. This may avoid any chance ot explosion or fire during filling or otherwise.

If a high-voltage power line fell across your car .while you were in the car, why
should you not come out of the car?

Similar to Faraday's cage, inside the car you are safe from the influence of external field.
The charge is evenly distributed on the surface of the car and the clectrie field inside the
car 1- zero. But il we touch the ground. While coming out of the cai, the charge will be
discharged to the ground through our body. Hence it may be fatal.



13.10

Ans.

Q.1

Ans.

Ans.

Q.3

Ans.

Ans.

Explain why. a glass rod can be charged by rubbing when held by hand but an iron
rod cannot be charged by rubbing, if held by hand?

Because glass rod is an insulator, so charge developed on it during rubbing does not flow
to the ground through the hand holding it. However, iron rod is a conductor and charge
developed on it during rubbing can easily flow to the ground through the hand holding it.
For this reason all metal objects used in electrostatic have insulating handles or stands.

Information based Questions and their Answers
Point to Ponder (Page 77)

Why leaves of charged electroscope diverge if we to-uch its disk with a metal rod but
they do not diverge if we touch the disk with a rubber rod?

It we touch the disk of a charged electroscope with a conductor, electrons will flow from
electroscope to the ground or from ground or the electroscope. It depends upon the type
charge on the disk of the electroscope. Due to this transfer of charges, divergence of
leaves will decrease or increase accordingly. As in case of an insulator, there is not any
Tow ot charges (as nsulators are bad conductors) , so there is not any change in the
posttion of leaves ol the electroscope. ‘

Point to Ponder (Page 78)

[n a dry day, if we walk in a carpeted room and then touch some conductor, we will
get a small clectric shock! Can you tell why does it happen?

[t 1s caused by static electric charges accumulated on our body duc to friction while
walking on a carpet.

Quick Quiz (Page 80)
If we double the distance between the two charges. what will be the change in the
force between the charges:

Howe doukic e distance between two charges, foree between them decreases by a factor
|

Gl = accoidimy o Coulomb’™s faw,
4
i .
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[ == = wherer =2
y
By by ‘-l @ }'\(i S .
Iiven, F - satte gf |° —2t2 _—F
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“Point Ponder (Page 81)

v strone celectrie field exists in the vicinity of the “Faraday cage™. Yet the person
mside the cage is not atfected. Can you tell why?

\ P aradas s cnve s an encdosare mde ol a conducting material to block mternal electric
felid~ Tnthie presence af mictnal ciecre field, the electrie charges on the surlace of cage
Are redistributed imosoch e ot electrie field becomes zero mside the interor off

Faraday s cage
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Quick Quiz (Page 85)
is the equivalent capacitance of parallel capacitors larger or smaller than the
capacitance of any individual capacitor in the combination?
I parallel combination of capacitors, equivalent capacitance is the sum of the individual

capacitances. Hence, equivalent capacitance will be larger than the capacitance of any
individual capacitor in the combination.

Quick Quiz (Page 86)

Is the equivalent capacitance of series capacitors larger or smaller than the
capacitance of any individual capacitor in the combination?

[n series combination of capacitors, The equivalent capacitance is equal the sum of the
reciprocal of the individual capacitances. Hence, equivalent capacitance is smaller than
the capacitance of any individual capacitor in the combination.

Point to Ponder (Page 89)

Capacitor blocks d.c current but allows a.c. current to pass through a circuit. How
does this happen? -

D.C.eurrent flows only in one direction. When capacitor connected” 10 any D.C source
(¢.g battery) is tully charged there is no further flow of current in the circuit. [n case of
A.C the polarity of A.C. source changes again aiid again due to which charge polarity on
the plates of capacitor also changes. Due to lhlS reason. A.C. i$ not stopped or blocked
through the circuit.



MULTIPLE CHOICE'QUESTIONS

(1) A Positive electric charge v
(a) attracts other positive charge _ b repels other positive charge
(¢) attracts a neutral charge ' (d) repels a neutral charge

(ii) An object gains excess negative charge after being rubbed against another object
La) neutral (b) negatively charged(c) positively charged (d) either a. b or ¢

(i) ~ Two uncharged objects A and B are rubbed against each other when object B is
placed near a negatively charged object C, the two objects repel each other which of
the following statements is true about object A?
(a) remains unchurgcd@b{bccomes positively charged
(¢) becomes negatively charged (d) unpredictable
(iv)  When you rub a plastic rod against your hair several times and put it near some bits of
paper the pieces of papers are attracted towards it. What does this observation indicates?
-JA)/thc rod and the paper are oppositely charged
(h) the rod acquires a positive charge
(¢) the rod and the paper have the same charges
(d) the rod acquires a negative charge

(v) According to coulomb’s law, what happens to the attraction of two oppositely
charged objects as their distance of separation increases?
(1) increase , (b) decreases
£ remains unchanged ~(d) cannot be determined
(VD) Phe coulomb’s law is valid for the charges which are
L moving and pomt charges (b)y moving and non-point charges
N statonary and point charges (dy stationary and large size charges

(Vil) A\ positive and a negative charge are initially 4 cm apart. When they are moved
closer together so that they are now only | em apart, the force between them is
() tmes smaller than betore ~ (b) 4 times larger than before
(¢S tmes larger than betore oK) 16 times larger than before
(Vi) Five joules of work is needed to shift 10C is'chargo form one place to antoher. The
potential difference between the places is ' : |
NEIRUNRY : () 2\ . (¢) SV : (d) 10V
(i) Two charged spheres are separated by 2mm. Which of the following would produce
the greatest attractive force? : | | :
(@) = Tqand 4 (b)y=Tqgand-4q  (¢)+2qand +2q T+ 2q and -2q
(\) Electric field lines '
() always cross cach other ~ukB) never cross cach other
(¢) cross cach other m the region of strong ficld ' '
(d) cross cach other in the region of weak field
(\i)  Capacitance is defined as : ”
() \V'C TV ()Y QV (d) V/Q
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OPICALMUI.TIPL CHOICE QUESTIONS
3.1 and 13.2 Production of Electric Char

es and Electrostatic Induction

I.  Study of charges at rest is called
(1) Electrostatics (b) Magnetism (¢) Electrochemistry  (d) Electric Current
2. An insulating rod is charged positively by rubbing. This is due to
(1) Deficiency of protons (b) Excess of protons
(¢) Deficiency of electrons (d) Excess of electrons
3. When an insulating rod is charged negatively, this is due to
' (a) Deficiency of protons » (b) Excess of protons
(¢) Deficiency of electrons ' (d) Excess of electrons
4. If we run a plastic comb through hair and then bring it near shell pieces of paper.
The comb .
(a) Attract them (b) repel them (¢)Bothaand b | (d) None of these
S

Electric charges can be produced by rubbing a neutral body with. _ :
(a) Charged body (b) Another neutral body (¢) Both a and b (d) None of these
6. S1 unit of electric charge is

(a) Coulomb (b) Ampere - (¢) Volt - (d) Watt
T A positive charge "
(a) Attract other positive (b) Repel other positive charge
(c) Attract the natural charge , (d) Repels a neutral charge
8. An object gain excess negative charge after being rubbed against another object
(a) Neutral (b) Negative charged (c) positively charge (d) Object
9. A body can be charged by _
(a) Rubbing with another body (b) Conduction
(c) Electrostatic induction (d) All of these
10. Only type charges exist
(a) One (b) Two (c) Three (d) Four

11. When a glass rod is rubbed with a silk cloth, then
(a) Glass rod acquires negative charge while silk acquires positive charge
(b) Glass rod acquires positive charge while silk acquires negative charge
(¢c) Both glass rod and silk acquire negative charge
, (d) Both glass rod and silk acquire positive charge :
L Z If a glass rod is rubbed with a silk cloth, it receives charge by the process of:

(a) Heating (b) Separation of change
(¢) Rubbing (d) electric force
13. Which one of the following statements is correct?

(a) Similar charges attract each other

(b) Similar charges repel cach other

(¢) Similar charges attract and repel each other

() Similar charges hither attract nor repel each other
14. Which one of the following statements is correct?

(1) Opposite charges attract cach other

(h) Opposite charges repel each other

(¢) Opposite charges attract and repel cach other

() Opposite charges neither attract nor repel cach other.
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13.2,13.3 and 13.4 Electroscope ,Coulomb’s Law and Electric Field
Electroscope is an instrument used for

Metals are good conductors of electricity, because they have

(a) Large number of bounded electrons (b) Small number of b()undgd electrons
(¢) Large number of tree electrons (d) Small number of free electrons
Free electrons are |

(a) Tightly bound . (b) Fixed

(¢) Loosely bound ‘ (d) strongly fixed

The number of electrons in one coulomb charge is equal to

(2)6.25 x 10" | (b) 1.6 x 107"

(¢) Zero (d) 6.2 x 10!

Like charges always each other . _

(a) Attract (b) Repel " (¢) Attract and repel  (d) None of these

In the presence of a charged body an insulated inductor develops positive charge at
one end and negative charges at other end, this process is called the '
(a) Electrostatic induction (b) Conduction  (c) Friction (d) All of these

(a) Detecting presence of charge - (b) To detect the type of charges

(¢) To identity conductor and insulator (d) All of these

Force of attraction or repulsion acts between

(a) Two charged bodies (b) Neutral bodies (c) Non charged bodies (d) All of these
Who established fundamental law of electric force between two stationary charged particles?

(a) Planks (b) Faraday _ (c) Quantum (d) Coulomb
According to Coulomb’s law - -
(a) F=K L (b) F= kr"'g (c) F=X9%: (d) F=k 9%
q. . (Q) r- r
K is constant of proportionality given by .
o ' 4 '
(a) K = (b) K = (c) K .l (d) None of these
4z e 4r €,
SI unit of K o L , ‘
(a) Nm~C (b) Nm*C™ (¢) N"m>C"' (d)

The value of K . :

(a) 8.85 x 10" Nm~C™ (b) 9 x 10" Nm*C* (¢) 6.67 x 10" Nm~C™ (d)none of these

A region around the charge in which it exerts electrostatic force on another charge is called
(a) Gravitational field (b) Magnetic field (c) Electric field (d) All of these

SI unit of electric intensity is

(a) Nm'' (b) NC™! (c) Nm™ (d) Nm
The spacing between the field lines shows the

(a) Strength of electric field (b) Direction of electric field
(¢) Bothaandb (d) None of these

Electroscope can be charge by the process

~(a) Magnctism (b) Internal reflection

(¢) Electrostatic induction (d) Electromagnetic tension



LV
LY

34.

36.

37.

38.

39,

40.

41.

42.

The value of Coulomb’s constant K depends upon

(a) The system ot units used

(b) Medium between the charges.

(¢) Quantity of the charges -

(d) The system of units and the medium bctween the charges

If the distance between the two charged bodies is halved, the force between them
becomes

(a) Doubled | ~ (b)Half
(¢) Four times : (d) One half

It the distance between two charges is doubled, the electrlc force between them will
become

(a) Four times - ~ (b) Twice
(¢) Half | (d) One fourth

Electric charge of 1()OpC is 13 m apart from another charge 16. 9pC The force
between them in Newton is

-

(a) 9% 10’ b)009
(c)90 | (d) 9 x
The electric force of repulsion between two electrons at a distance of 1 mis
(a) 1.8 N (b) 1.5 x 10°N
(¢)2.30 x 107N (d) 2.30 x 10-7N

The magnltude of the charge on the electron is
(a) 1.2x 107"°C | (b) 1.6 x 10°°C -
(c)2.6 x 10°C - (d) 1.81 x 107°C

The space around the charge within which other charges are influenced by it is called
(a) electric intensity , (b) Electric field ;
(¢) Electric flux - (d) Electric potential .~

Force experienced by a unit posmvc charge placed at a point in the electric field is
known as

(a) Electric field intensity (b) Magnetic field mtensxty
(c) Electric potential (d) Capacity
The force per unit charge is known as B
(a) Electric flux (b) Electric intensity
(c) Electric potentlal ' (d) Electric volt
SI unit of electric field intensity is .
(a) Coulomb (b) Volt
(c) Newton/coulomb (d) Ampere

Electric field intensity is a vector quantity and its direction is
(a) Perpendicular to the direction of field (b) Opposite to the direction of force

(c) Along the direction of force (d) At a certain angle
The electric intensity at infinite distance from the point charge is
(a) Z.€ro (b) Infinite

(c) | Volt - m! ' (d) Positive
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13.6 and 13.7 Elcctric potential , capacitor and ca meitance

Work done in bringing a umt positive charge from infinity to that paint in an electric
field is called

() potential ditference (b) Resistance

(v) Capacitance | : (d) Electric potential

Electric field is strong when liens are | !

(1) Separated (b) Closer (c¢) Smaller - (d) Larger

at a point in an electric field is equal to amount of work done in
bringing unit positive charge from infinity to that point '
(a) Electric intensity (b) Potential difference (c) Electric potential (d) Volt
Which statement is true about electrlcal potential .

(a) Its SI unit is volt  (b) It is scalar quantity (c) At any point v = Lo (d) all of these

q
In order to store the charge a device is.used which is called |
(a) Potential (b) Capacitor (c) Momentum  (d) Voltage
SI unit of capacitance . _ S
(a) Farad (F) (b) Coulomb (c) Newton (d) Voltage Q
Parallel plate capacitor consist of two metal plates separated by ' :
(a) Metal (b) Insulator - (¢) Conductor y (d) all of these

Which is incorrect for parallel capacitor? ‘
(a) vy =v.=vy=v (1) 0=0+0+0; (c) C,=C+C,+C, (d) 0=0,=0,=0
The work done in moving a unit positive charge form one point to another against
the eclectic field is a measure of |
" (a) Intensity of electric field (b) Resistance between two points
(¢) Capacitance (d) Potential difference between two points
The potential difference between two points is one volt. The amount of work done in
"moving a charge of one coulomb from one point to another is

(a) One erg (b) One Joule

(c) One electron volt | ' (d) one coulomb
Electron volt is the unit of

(a) Potential difference " : (b) Electric energy
(c) Electric current : (d) Capacitance

The electron energy is one electron — volt when lt lS accelerated thlough a potential
difference of '

(a) Onc  ~lt (b) One joule
(c) One Coulomb (d) One erg
Electric potential is a : o
(a) Vector quantity ' _ (b) Scalar quantity
* (¢) Neither scalar nor vector ’ (d) Sometimes scalar and sometimes vector
One electron volt is equal to | '
(a) 1.6 7 10 -"J | (b) 1.6 x 10"
(¢)6.25 » 1077 : (d) 6.25 x 10"
The capacitance C of a capacitor is given by the relation
(a)(C =QV/2 : ' (b)yC=QV

(er =0V (d) C=V/Q



60.

61.

63.

64.

65.

139and 13.10 T
66.

A capacitor is a perfect insulator for

(@) Direct current (b) Alternating current

(¢) Both for the direct and alternating current (d) Electric charge

Which one of the following is correct?.

(2) 1 uF = 10°F (b) 1pE=10"F

(¢) IpF =101 F . (d) All of the above

When capacitors are connected in parallel, their equivalent capacitance is equal to
(a) The product of their individual capacitances

(b) The sum of their individual capacitances

(¢) The product of their individual reciprocal capacitances

(d) The sum of the reciprocals of the individual capacitances ‘

When capacitors are connected in series, their equivalent capacitance is equal to
(a) The product of their individual capacitances ‘

(b) The sum of their individual capacitance

(¢) The sum of the reciprocals of the individual capacitances

(d) The product of their individual reciprocal capacitances '

Three capacitors C;, C; and C; are connected in parallel as in the Fig. Their
equivalent capacitance will be

4

2uF

]LL

R | S
= O

(a) 8uF : (b) 0.8uF

(¢) TuF (d) 16pF

Tick the correct statement

(a) Capacitance decreases in parallel combination

(b) Capacitance decreases in series combination

(c) Capacitance is the same in both combinations’

(d) All of the above

"If 4pF and 2pF capacitors are connected in series, the equivalent capaCltance is

given by .
(a) 6pF (b) zpf_ S
(c) 1.3pF (d) 8Fp |

Two 50uF capacitors are connected in parallel. The equivalent capacitance of the
combination is :

(a) 1k . (b) 100pF

c) S0pk ' d
pes of capacitor and some hazards of-clectricity:
In variable capacitors

(a) Both the sets of plates arc fixed

(h) Both the sets of plates are movcable

(¢) One set of plates is fixed and the other is moveable

() Both the sets of plates are neither fixed not moveable .
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Variable capacitors are used in

(W) R only (b) Television only

() Radie and television (Jd) None ol the above

Arad o uning capaciior is o

(@) Vars ke paratlel plate capacitor (b) Variable cylindrical capacitor
(<) Sphedical capacitor () Tubular capacitor

Which o the following is conumnereial type capacitor

(2) Yubula capacitor : (b) Electrolytic capacitor

(¢) Mimature capacitors - (d) All of the above

The cquivalent capacitance is greater than individual capacitance in
(LﬂSCE'i(‘\' combination : (b) Paralict combination

(¢} Series and paralle! combination -~ (d) All of them

Farad is defined as '

(a) Conlomb/Volt (b) Ampere/Volt

(c) C omwmb/.l(‘nuc -~ (d) Joule/couiomb

Capacitor have different types depending upon ‘

(a) Thew construction (b) Nature of dielectric(c) Both A and B (d) None of above

In variable capacitors, the valve of \zzptsumm‘c can be

(a) Decrease (b) Increased (c) Bothaand B (d) Fixed

In fixed type of capacitors, the value of capacitance

(a) Increase _ (b) Decrease ~(¢) Can not be clmn%d (d) All glven ture

[tis a fixed cap:citor

(a) Paper capacitor  (b) Mica capacitor  (c) Both a and b (d) Capacitors in radio sets

In Mica capacitors the dielectric is | ,

(a) Aluminum foils  (b) Mica . (c) Copper (d) Polythene paper

Capacitors are user! in : -

(a) Tunming Transmitters (b) Receiver (¢) Transistor radio  (d) All of these

Capacitors are used in resonani circuit that tune radios to particular frequency

(a) Iicctrostatic air cleaner (b) Spray paz nting (¢) Car washing (d) None of these

Am)hf ation of electrostatic is _ |

(a) Phat copying (h) Car painting (c) Extracting Dust  (d) All of these
ANIBWIEE

Ans
d
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(H How can we pm([uw R xh.u;,:u ) nvun .ll body? :
Ans: We can produce a charge in neutral body by rubbing it with another ricutral body e.g
plastic rod rub with per or silk,

R
Sitk throad G 4

™
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3 »\[’I autic rod
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(2) What is electrostatics?
Ans: Study of charges at rest is called electrostatics or static electricity.
(3) What is meant by electrostatic induction, for which purpose it is used?

Ans: In the presence of a clm‘rgcd body, an insulated conductor develops positive charge at one
end and negative charge at the other end. This process is called the electrostatic
induction. This method is used for charging body. '

(4 Why is electric charge produced in bodies by friction?

Ans: When we rub two bodies, we provide external force by rubbing. Then the loosely bound
electrons in one body ar¢ transferred to the other body. As electrons carry negative
charge, therefore, a negative charge is developed on the body which gets electrons and
positive charge is developed on that body which looses electrons.

(5) - What is purpose electrostatic used? ’

Ans: Electrostatic i1s used in everyday lives 'which includes photocopying, car painting

i e\tractandLlst ﬁom calets and fmm chmmcys of mdustnal machmely

(6) HOW electroscopp can be charged"

Ans: Electroscope can be charge by the process of LlcCt‘OSlaUC induction. It can 'xlso be chare
by process of conduction. |

(7) Which type of instrument gold leaf electroscupc 15"

Ans:  The gold leaf electroscope is sensitive instrument for dptectmg ChalgtS [t consists of a
brass rod with a brass disk at the top and two thin leaves of gold foil hanging at the
bottom. The rod passes through an insulator that keep the rod in place and also remains
the charges. Charges can move hccly from the disk to leaves thlough the rod. A thin--
aluminum feil is attached on the lower portion of the inside of the jar.

Gold
lonvos

Aluminium g
foll =3 ]

g 1 Uncharped electroscope



(8) How can we detect with electroscope that body is conductor or insulator? _

Ans:  Electroscope can also be used to distinguish between insulator and conductors. 1 ouch lh.e
disk of a charged electroscope with martial under test. If the leaves collapse from their-
diverged position the body would be a good conductor. If thee is no change in the
divergence of the leaves, it will show that the body under test is insulator.

(9) Defined electric field intensity?

Ans:  “The strength of electric field at any point in space is known as electric field intensity”

Formula: |
E=L

q - |
Thus the electric field intensity at any point is defined as the force acting on a unit
positive charge place at that point.

Unit '

[ts ST unit is NC™!

(10) State the Coulomb’s law. : _

Ans: The force of attraction or repulsion between two points charges is directly proportional to
the product of the quantity of charges and inversely proportional to the square of the
distance between them ' | | "

Mathematically:

F=qq,
l
Foc—
-
F=ikd%
" :
Where F is coulomb’s force, qi, q», are charges and K is called coulomb’s constant

(I1)  Who introduce the electric lines of force? :

Ans:  The direction of electric liens filed intensity in an electric field can also he represented by
drawing lines these lines are known as electric lines of force introduced by Michael
Faraday.

(12)  What is meant by point charges? -

Ans: If the distance between two charged bodies is much greater as compared to their size. the
bodies are considered as point charges.

(13)  What will happen to Coulomb’s force, if the distance between two point charges
becomes double? _

Ans:  According to coulomb’s law

foa k q)?z
r
Whenr=2r
, q,9., , ‘
Then F" =k L 1; Or ok (Ji _l,,g
(2r) | dre 4

~ Thus if the distance between two point charges is doubled, the coulomb™s taree hetween

them reduces to one fourth.



(I4)  In which direction Coulomb’s force act between the two char« :s? .

Ans:  The Coulomb’s torces have equal magnitude but always act in ¢ posite directions.

(13) What is SI unit of electric mtensnty |

Ans: Sl unit of electric intensity is NC™.

(16)  Whatis work oft‘harles Coulomb? .

Ans: A French scientist Charles Coulomb (1736 — 1806) in 1785 CXperlmentaHy established

, the fundamentals law ot electric force between 1wo stationary chrged particles.
(17)  What is direction of electric intensity?

Ans:  Electric intensity being a force is a vector quantity. Its dlrectlon is e same as that of the
torce acting on the positive test charge.

(18)  On which factors the value of K depends”

Ans:  The value of the k depends upon the medium between the two charges and the system of
units in w thh F, q and r are mcasuned e, is the pmmttlvny of fru space v

19) What is meant by electric potentlal"
Ans: Electric potential at a point in an electric field is equal to the amount of work done in

bringing a unit positive charge form infinity to that point
Formula:

[ dnit s volt.

(20)  Decfined fared?

Ans: It one Coulomb of charge given to the plates of a capacitor produces a potential ditlercnce
of one volt between the plates of the capacitor then its capacitance would be one farad.

| B= —
1V

(21)  What is meant by Capacitance?

Ans: Capacitance is the ability of the capacitor to store charge. It is glven by the ratio of charge-
and the electric potential as

Formula:

-2
y
Unit: -
S| unit of capacitance is fared (F) fared is a large unit, usually we use a smaller unit

called micro fared ( zF') and pico forced (pF).

(22)  Define potential difference between two points.

Ans: “The potential difference between two points can be defined as the energy supphcd by a
unit charge as it moves from one point to the other.”

(23)  What is electron volt? Also find its energy in joules.

Ans: FElectron volt [eV] is the unit of encrgy used to measure the energy supplied by the
movement of charges. This is a small unit of energy and is often used in atomic md
nuclear physics. It is defined as under:



Definition

“ltis equal®to the amount of energy supplied by an electron as it moves between two
pounts having a potential difference of one volt,”

Mathematically

(24)

Any!

. 09
Charge onan electron=q=1.6x 10" C,

Potential difterence = Vi=-Vg=1V
leV =1.6x10"Cx1V
=1.6x10"]

How does capacitor store charge?

[ +Q amount of charge is transferred to its one plate, due to -
. electrostatic induction it would induce -Q charge on the inner -
surface of other plate. There exists a force of attraction
between the charges +Q stored on the first plate and the

charge -Q induced on the inner surface of other plate.

YYYYYYYY
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A

Due to this force of attraction, the charges are bound with the plate and remain stored for
long periods.

Why charge can not be stored on eapacitor for a-long time?

Charge cannot be stored on a conductor for a long period of time because the stored
charges mutually repel each other due to which they spread on the whole surface of the

conductor and also tend to leak out from there.

(29)
Ans:

Static electricity can be generated by the frictions of the gasoline being pumped into a
vehicle or container. It can also be produced when we get out of the car or remove an
article of clothing static electric charge build up during transport,

What do you know about paper capacitor? | :

Paper capacitor is an example of fixed capacitors. The paper capacitor has a cylindrical
shape. Usually an oiled or greased paper or a thin plastic sheet is used as a dielectric
between two aluminum foils. The papers or plastic sheet is firmly rolled in the form of g
cylinder and is then enclosed into a plastic case.

How the phenomenon of lightening occurs? .

The phenomenon of lightening occurs due to a large quantity of electric charge which builds
up in the heavy thunder clouds. The thunderclouds are charged by friction between the water
molecules in the thunder clouds and the air molecules. When the charge on the thunder
clouds 1s sutficiently high, it car produce positive and negative charges in the air. The huge
amount of negative charge is discharged to the highest object on the ground and can hzu;n
them.

How static charges are dangerous?

[f static charges are allowed to discharge through the arca where there is petrol vapour a
firc can occur. The results are frightening and may be devastating.



(30)

Ans:

RID)

Ans:

(34)
Ans

(33)

Ans:

(37)

Ans:

Whatis difference between variable and fixed capacitors?

Capacutors are either variable or lixed. In variable capacitors the value of capacitance can be
tnereased or decreased. In fixed type capacitors, the value of capacitance cannot be changed.
How clectrolytic capacitor is important?

Ancelectrolytic capacitors in important because it is often used to store large amounts of
charge at relatively law voltages.

Why parallel plate capacitors are not commonly used.

Parallel plate capacitors are not commonly used in most devices because in order to store

enough charger, their size must be Jarge which is not desirable.

~Why it is very dangerous to swim in the open sea, play in an open field or hide

under a tree during a thunderstorm?

Ans :The phenomenon of lightening occurs due to a large quantity of electric charge
which builds up in the heavy thunderclouds. The thunderclouds are charged by friction
between the water molecules in the thunderclouds and the air molecules. When the
charge on the thunderclouds is sur‘ﬁéiently high, it can produce positive and negative
charges in the air. The he amount of negative charge is discharged to the highest object
on the ground and can harm them. - |

This explains why it is very dangerous to swim in the open sea, play in an open field or
hide under a tree during a thunderstorm. '
How is Static electricity a major cause of fires and explosions at many places

Static electricity is a major cause of fires and explosions at many-places. A fire or an
explosion may occur due to excessive build-up of electric charges produced by friction.

What is capacitor and at what principle it work?

Capacitor 1s a device that is used to store charges. [t works on the principle of

electrostatic induction. |

What is the purpose of parallel combination of capacitors?

[f*n" capacitors are combined in parallel, then their equivalent capacitance is given by:
Co=C+Cr+Ci+. + Lo

Gienerally capacitors are connected in parallel combination to increase the value of capacitance.

How can we determine that an electric field is strong or weak in a certain region?

The number of lines of force is related with the strength of the field. 117 in a certain region.

lincs of force are close to cach other, the ficld is strong there. And if lines of force are far

apart from cach other, the ficld is weaker there. Thus by seeing the lines of force, we.can

vet information about the magnitude and direction of electric ficld mtensity.



(41)

Ans:

(42)

Ans:

(43)

Ans:

Enlist tew uses of capacitors.

They are used in:

(1) tuning transmitters (2) receiver and transistor radios

(J) table fans. exhaust 1'uns’ (4) Coolers, air conditioners (5) motors, washing machines
For what purpose electrostatics is used in everyday life? |

Electrostatics 1s used in everyday lives which includes photocopying, car painting,
extracting dust from dirty carpets and from chimneys of industrial machinery.

How automobile manufactures use statics electricity to paint new cars?

The body of car is charged and then the paint is given the opposite charge by charging the
nozzle of the sprayer. Due to mutual repulsion charge particles coming out of the nozzle
torm a fine mist and are evenly distributed on the surface of the object.

How the phenomenon of lightening occurs?

+ The phenomenon of lightening occurs due to a large quantity of electric charge which builds

up in the heavy thunderclouds. The thunderclouds are charged by friction between the water
molecules in the thunderclouds and the air molecules. When the charge on the thunderclouds
is sufficiently high. it can produce positive and negative charges in the air. The huge amount
of negative charge i1s discharged to the highest object on the ground and can harm 1t.

Why lightening conductors are used in tall buildings?

The purpose of the lightening conductor is to provide a steady discharge path tor the
large amount of negative charge in the air to flow form the top of the building t¢ the
earth. In this way. the chances of ]ightening damage due to sudden discharge can be

minimized.

How sta'tic'electricity can be generated?

Static electricity can be gencrated by the friction of the gasoline being pumped into a vehiele
or contamer. It can also be produced when we get out of the car or remove an article of

clothing. Portable dil containers can also build up a static electric charge during transport.
How static charges are dangerous?

[ static charges are allow ed 10 discharge though the areas where there is petrol vapour a
fire can occur. The results are frightening and may be devastating.

Write any two examples of practical application of electrostatic induction?

The applications of clectrostatic induction arc given as under:

i. Secparation of particles from smoke

ii. Flectro pamting



13.1  Production of electric chavges:
Q.1What is electrostatic? How electric charges be produced? Explam it with activities.
Electrostatics:
“Study of charges at rest is called electrostatics or static electricity.”
Production of electric charges:
We can produce electric charge by rubbing a neutral body with anothu neutral body. The
following activates show that we can produce two types of electric charges through the
process of rubbing.
Activity 11 Take a plastic rod. Rub it with fur and suspend it Silk thread-
horizontally by a silk thread (as shown Fig. 1). Now take -
another plastic rod and rub it with fur and bring near to the |

: F
suspended rod s {?
| | % JF

Obser\ ation:
We will observatlon that both the rods will repel each other. It means during the rubbing .
both the rods were charged both rods have same charge.

Activity 2:  Now take a glass rod and rub it with slide and
suspend it horizontally. When we bring the plastic rod
rubbed with fur near to the suspended g,lass rod. as
shown fig. 2.

._Plastic rod

Silk thread

».__Glass rod

Observation:
We observe that both the rods attract each other.

Conclusions: :
» [n the above activity, rods are unlike and their attraction imply that charge on.the tw 0
rods are not ol the same kind but of opposite nature. '
These apposite charges are conventionally called positive and negative charge. During
the process of rubbing negative charge is transferred from one object 1o another object
(rom these activities we conclude that: - |

Conclusion:
I. Charge is a basic property of a material body due to which it attracts or repels another

object.
2> friction produces two different types of charge on different m(ucnml 9such as glass

and plastic).
3. Like charges always repel md] other.
4 Unlike charges always atract cach other.

3 Repulston is the sure test of charge on a body.
13.2 Electrostatic Induction:

().2  What is meant by electrostatic induction? Explain it with the help of experiments or
activities.

Definition: A

I the presence ol a charzed body, an msulated conductor develops positive charge at one end

and negative charge ai the other end. This process is called the LILLIIU\IJIK induction.



Explanation with the help of the activities
Activity L:

£ we bring  charged  plastic rod  near neutral
aluminium rod, both rods attract cach other as shown
m Fig. 13,4, This attraction between the charged and
uncharged rods shows as il both rods have different
charged. But this is not true. Charged. plastic rod
produces displacement  of  positive “and  negative
charges on the neutral aluminium rod which is the
cause of attraction between them. But total charge on

aluminium rod is still zero. It implies that attraction is

Fig. 13.4

not the sure test of charge on a body.

[t also shows that electrostatic induction is another method of charging a body and 1s

described below. ‘
Method of Charging a bodies by electrostatic induction

Consider a metallic sphere placed on an insulated

stand Fig. (13.5a), The sphere is neutral as it carries
equal number of positive and negative charges. Now
bring a negatively charged rubber rod near the

conducting sphere. As shown in Fig. (13.5.b) left part stand
of the sphere that is close to the rod becomes . LY
positively charged while the right part that is away S  Fig.135(a)

form the rod becomes negatively charged. Negative

Rubber Rod ———

charge in the rod repels the negative charge of the
sphere and shifts it to the opposite region of the
sphere that is away form the rod. Thus there is excess
of ppsitive charge in the region of sphere close to the
rod while there is excess of negative charge in the

region of the sphere away form the rod. But as a

whole the sphere is still neutral, sincclno charge has -

been added or subtracted.

Now if we remove the rod away form the sphere, the charged again will spread
uniformly on the whole surface of the sphere,
Now carth the sphere through a conducting wire in the presence ol the rod (Fig. 13.6-a)
The negative charge will flow to the carth an leaves the sphere with net positive charge
Now if we first break the carth connection and then remove the rod form the sphere it

will get positive chaxge permanently (Iig. 13.6-b).



FEaplanation

Q.4

Ans:

When the ends of a copper wire are at different temperatures,
heat energy flows from one end of higher temperature to the
end of lower temperature. The tlow stops when both ends
reach the same wmperature. Water in pipe also flows in a
pipe from high level to low level. Similarly when a conductor
Iy vonnected to a battery, it pushes positive charges to flow
current from high potential to low potential as shown in fig.
The flow of current continues as long as there is a potential difference, Conventional
current produces the same effect as the current flowing from negative Iermma] to the
positive terminal due to tlow of negative charges. '

How we can detect and measure the electric current (14.1)?

W e use ditferent electrical instruments Wthh can detect and measure the current in the circuit.
Galvanometer:

“Galvanometer is a device which is used to detect the presence of electric current in any circuit.”
A\mmeter:

“Ammeter is a device which is used to measure the current in any c1rcu1t
Importance of Galvanometer '
Galvanometer is very sensitive instruments and can detect small current. A current of few

milli amperes is sutficient in it. ldeal galvanometer should have very small resistance to
pass the maximum current in the circuit,

Current

Flow of free electrons

ey

Polarity of galvanometer

W hlk making the connections Dolarlty of the terminals of the galvanometer should be
taken into consideration. Generally the terminal of the galvanometer- with red colour
shows the positive polarity while that of with black colour shows negative polarity.

How Amm ter is formed?

and 14.3 Potential Difference and e.m.

Afte: suitable moditication galvanomuel can converted into an ammeter. A~ suitable but
.small resistance is connected in parallel to the galvanameter, this circuit is called
ammeter. A large current of the range such as 1A or 10 A can be measured by means of
ammeter, like galvanometer ammeter is also connected in series, so that the current
flow g in the circuit also passes through the ammeter.

Battery ) Knife switch

(-] =

Ammeter

Light bulb Electric current

Fig. 14.5: Schematic diagram showing the measurement of current

Define and explain the potential difference (14.2).
Definition:

“Potential dilference across the two cnds of a conductor causes the dissipation of
clectrical energy into other forms of energy as charges flow through the circuit.



Charging the Electroscope by Electrostatic induction:

tlectroscope can be charged by the process of
clectrostatic inducetion. In order to produce positive
charge on the electroscope, bring a negatively
charged body near the disk of the electroscope (Fig.
3-a). Positive charge will appear on the disk of the
electroscope while negative charges will shift to the .
caves. Now connect the disk of electroscope to the
carthed aluminium foil by a conducting wire (Fig.
3-b). Charge of the leaves will flow to the earth

through the wire. Now if we first beak the earth

connection  and then remove . the rod the Charging the electroscope positivelv

clectroscope will be left with positive charge.
Similarly electroscope can be charged negatively
with the help of a positively charged rod.

By Conduction: -

(i1)

Detecting the Type of Charge:

(iii)

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

e —+—
‘ wizesr )
| *'/\+ '
électroscope électroscope

déchargé , chargé +

For the detection of type of charge on a
body, clectroscope is first charged cither
positively or negatively. Suppose the
electroscope is  positively  charged as
explained before. Now in order to detect the
type of charge on a body. Bring the charged
body near the disk of the positively charged
electroscope. If the divergence of the leaves
increases. the body carries positive charge
(Fig. 4-a). On the other hand if the
divergence decreases, the body has negative
charge (g 4-b)

[dentifving conductors and insulators: Fig. 4-b detecting negative charge on body
lectroscope can also be used to distinguish between insulators and conductors. Touch
the disk o a charged clectroscape with material under test. If the leaves collapse from

their diverued position the hody wouid be a good conductor. If there is no chanee in the
diversence of the Teaves, Towill shew that the body under test is an insulator, A



134 Coulomb’s Law: _ :

Q.4 State and explain Coulomb’s law and write its mathematical form.

Introduction: . |
We know that a force of attraction or repulsion acts between two charged bodies. How IS
this force atfected when the quantity of the charge on the two bodies or the distance
between them is changed? In order to find ‘the answers of these question, a French
scientist  charges  coulomb  (1736-1806) in 1785 experimentally established the
fundamental law of electric force bétween two stationary charged particles.

Coulomb’s Law: |

Statement:
~The force of attraction or repulsion between two point charges is directly proportional to
the product of the quantity of charges and inversely proportional to the square of the
distance between them.” |

Mathematically: ‘ .
= o O — L. (1)
1 _
Fof=— .. iumesamonsssom s (ii) q
T | - .
Combining Egs. (i) and (ii) we get _ Y
; | % F
=39 (i) Q‘L‘
o _ ‘
Equation (iii) is known as coulomb’s law. Fig. 1-n attraction between oppsite charges
Where F is the force between the two g
charges and is called the coulomb force, q; | ol
and > are the quantities of two charges and : P it 7
r is the distance between the centre of two ¥ a 4! A

charges (Fig. 1-a-b) K is the constant of

proportionality given by
Fig. 1-b Repulasion between similar charges

K= 1/4n g,
Dependence of value of K ‘ ‘
The value of K depends upon the medium between the two charges and the system of
units in which F, q, and r are measured, &, is the permittivity of free space.
Now if the medium between the two charges is air then the value of K in SI units will be
9 10"Nm>C*.
Final form of Coulomb’s force is
dre, (r)

0

Point Charges: .
Coulomb’s law is true only for point charges whose sizes arc very smallest compared (o
the distance between them. Like other forces, electric forees also obey Newton's third law.



< Electuic Field Aud Electvic Ficld Intensity:
.3 Define electric field and electric intensity also explain electric intensity?

What is meant by electric field and electric intensity? Find the electric intensity due
to point charge
Electric field
Definition:
“The region of space surrounding the charge q in which it_exérts a force on the charge qg
1s known as electric field of the'charge q.”
-OR
“The electric field is a region around a charge in which it exerts electrostatlc force on
another charges.” |
Explanation: :
According to Coulomb’s law if a unit positive charge q, (call it the test charge) is brought
near a charge q (call it the field charge) placed in space, the charge g, will experience a
force. The value of this force would depend upon the distance between the two charges.
[t the charge q, is moved away form q this force would decrease till at a certain distance
the force would practically reducc. to zero. Now the charge q, is out of the influence of
charge q.
Electric Filed Intensity
“The strength of electric ﬁeld at any point in space is known as electric field intensity”
Explanation:
[n order to find the value of electric intensity at a point in the field,  of charge + q, we
place a test charge g, at that point Fig. 13.13. If F is the force actmg on the test charge q,
the electric field intensity would b(. given by

-

9o
Thus the electric field intensity at -afly point is defined as the force acting on a unit
positive charge place at that point.
ST Unit:
* Sl unit of electric intensity is NC”'
If the electric field due to a given arrangement of charges is known at some point, the
force on any particle with charge q placed that point can be calculated by using the
formula '

F=qE oo, (13.5)

Quantity: . |
Electric intensity ‘being a force is a vector quantity. It direction is the same as that of the
force acting on the positive test charge. If the test charge is free to move, it will always
move in the dircction of electric intensity.



Q.0 Whatis meant by electric lines of force? Explain

Flectrie Filed Lines:

Definition:
The direction of electric field mtensity in an electric field can also be rcpn.sunlad by
drawing lines. Thesc lines areknown as electric lines of foree.

Explanation:
Ihese lines were introduced by Michael Faraday. The field lines are imaginary line
around a field charge with an arrow head indicating the direction of force. Field lines
always move away form positive charge but toward negative charge. The spacing
between the field lines shows the strength ot‘clc‘ctric.ﬂeld (Fig 1) |

Lln Uh. hckl ine. /
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Fig. |
Relation of field line with the electric field intensity .
Ficld lines are related to the electic field intensity in anv region of space in the following way
I. The electric field intensity is tangent to the electric field lines at each point (Fig. 2-a).

f‘

pot-t Hddu ' £

Ihc

(Fig. 2-a) ,
2. The number of lines per unit area through a surface perpendicular to the lines is
proportional to the electric field strength ina given region (Fig. 2-b)

!

H *
(Fiw. 2-b)

Eicetrie tield is strone when the ticld fines are close together and weak when the lines

are for apart.
4. No, two teld Hines cross each other,
> and necative pomt charges are shown helow:

[icotric Held Tines for an isolated positive




3.6 Electrostatic Potential:

Q-7 Whatis meant by eleetric potential? Explain
Electric potential: :
Chlectrie potential at a point in an electric field is cqual to the amount of work done 1n

bringing a unit positive charge form infigity to that point.™
Mathematically: /

W s the work done in moving a uni{ positive charge from infinity to a certain point in
“the field, the electrie potential Voat this point would be given by
R
Vzﬂ ............. (13.6)
q

[U nmphies that electrie potental is measured relative to some reference point and like

potential energy we can measure only the change in‘potential between two points.
Quantity: : - -
Llcctric potential 1s a scalar quantity.
Lot '

lUSTunitis volt which is equal to i

Definition of volt: _ :
I one joule of work 1s done against the electric field in bringing one coulomb positive
charge torm imfinity o a point in the electric field then the potential at that point will be
one volt. Or if the potential energy of one coulomb of charge at a pmm mn lhc clectric
licld 1s one joule, the potential of the point will be oné volt.

Potential Difference:
\ body 1n gravitational tield always tends to move form a

point ol higher potential energy to a point of lower “‘_“.'7'"' o

potential energy. Similarly, when a charge is released in a +!

clectrie field. it moves torm a point of higher potential say 4!

A 1o appoint a lower potenual say Bilig. 13.16). If the . ! vy~
potential of point A is Vo and that of pomt B is Vi the - 4]

potential energy of the charge -at these points will be qv, .

and gvrespectively. The change in potential energy of the M l
charee when it moves from point A to B will be equal to

gy =y This energy is utilized in-doing some useful work.

[hus Energy supplied by the charge = gv,-Vi) oo (13.7)

[17q 15 equal to one unite then the potential difference between two points becomes equal

to the energy supphied by the charge. Thus. we define potential difference between two

POInLs as |

Potentind difference:

“The energy supplied by a unit charge as 1t moves form one point to the other in the

direction of the field.”

o Il a positive charge is translerred form a point of lower potential 1o a point of higher
potential i.c.agast the ficld direction, energy would have to be supplied to it.

»  When we release a negative charge inan electrie field. its behaviour will be opposite to
that of posttive charee. A more useful unit for the electrical energy is clectron volt (eV).



Q.8 What is meant by capacitance of the conductor? Explain.
Capacitance:

“The ability of a capacitor to store char}:c is known as capacitance. It is the ratio of
charge and electric potential™.

Explanation:

Unit
Farad
Q.9
OR

Ans:

When we charge a conductor, some work has to be done during the process of
transferring the, charge to the conductor. This raises the potential of the conductor.

Experiments show that the charge Q on the conductor is directly proportional to its
potential V,

QuaV _ .
Or . Q=CV" (1)
C=QV |

Where C is a constant whose value depends upon the size of the conductor. lt s l\no\\ nas
capacitance of the conductor. In Equation [l], if V=1 volt. then Q = C ... the
capacitance of a conductor is equal to the amount of chalge which raises the pOILmldl ol
the conductor by one volt.

The unit of capacitance is known as farad. [t can be detined as:
"It is the capacity of that conductor the potential of which rises by one volt when one
coulomb charge is given to it.”

Describe a capacitor. How does it store charge?

Describe capacitor as an energy storing device?
“The device that 1s used to store electric charge is known as Capacitor™

Construction

[t consists of two thin metal plates, parallel to each other with. o
a very small distance between them. The medium between the :

two plates is air or a shect of some insulator. This medium 1s —

known A plane parallel plate capacitor, has been |

_\h()\\ nmn FlngI‘L‘. Paraliel plate caracitor

Storage of charge on metals

Charge cannot be stored on a conductor for a long pertod ol time because the stored
charges mutually repel cach other due to which they spread on the whole surface of the
conductor and also tend to leak out from there,



2y LTS R o -1 shharoone ) YL .
Process of storing charges on capacitor

L Q amount of charge is transterred to its plate A, due to
clectrostatie induction it would induce -Q charge on the
mner surtace ot the plate B and +Q charge on its outer
plate as shown i the figure. The lines offered between the
plates have been shown. There exists a force of attraction
between the charges ~Q stored on the plate and the charge
-Q mduced on the inner surface of plate B. Due to this
torce of attraction, the charges are bound with the plate and
remain stored for long periods.

Mathematical form

Q.10

OR

Ans:

T QuV

Or Q=CV

ERLREE 2 AL T L AR ad

Due to presence of the charges on the plate, a potential difference V is created between
them which is directly proportional to the charge Q given to the plate ‘A",

Here C s the constant of proportionality, known as the Capac:1tance of the capac1t0r
Combination of Capacitors
How are the capacitors are connected in parallel? Describe the characteristics

features of this combination.

Derive the formula for the effective capacitance for a pamllcl combination of a

number of capacitors.

In this method the left plate of cach capacitor is connectéd o the
positime terminal of battery by a connecting wire. In the same
way the right plate of cach capacitor is connected to negative
terminal of the battery.
Characteristics of parallel combination
I.  Each capacitor connected to a battery of voltage V has the
same potential difference V across it.
eV, =V, =V.=V
2. The charge developed across the plates of cach capacitor
will be different due to different value ot capaciiances.
3. The total charge Q supplied by the battery is divided among
the various capacitors. Hencee
Q=0+ rQ: |
orQ =,V GV EGY
() :
or — =\, +\VH+
‘ v
4. Thus, we can replace the parallel combimation of capacitors
~with one cquivalent capacitor having capacitance C (Fig.
13.19), such that
Cop = Ot G G

[ the case of n capacitors connected in parallel, the

ecauivalent capacitance 1s given by

Fr 13 s Japan! s
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(‘cq = +FC+Coe + L

The equivalent capacitance of a parallel combination of
capacitors is - greater  than any of the individual
capacitances, >

LV 1

Q.11 How are the capacitors are connected in series? Describe the characteristics features
of this combination. | OR |
Derive the formula for the cffective capacitance for a series combination of a
number of capacitors.
AYIE
In this method the capacitors are connected side by side. The A HHH
right plate of one capacitor is connected to the left plate the - & &6
next capacitor as shown in tigure, -
Characteristics of series combination _
L Each capacitor has the sume charge across it IF . -
the battery supplies = Q charge to the left plate of the ——‘H—““'_‘”“_—
capacitor C; due to induction -Q charge is induced on the
right plate of the capacitor and + Q charge on the lefi plate of
the capacitor Cs e,
Q=0Q:=0Q:=0 -
2. The potential difference across each capacitor is different
due to different values of capacitances,

3. The voltage of the battery has been divided among the
various capacitors. Hence '
V=V +V.+V;
0.0.0
¢ € G

4. Thus, we can replace series combination of capacitors wit
one equivalent capacitor having capacitance C eq i.e., _
l ] 1 l ’ - |-a

_— . ) _r
c, ¢ C G |
5.In the case of n capacitors connected in serics. We have L“,}H v
A 1 - % 1.2k
— = t—F—-+ S

c. C C, C, C

2 B4



pes Of Capacitors;
Q.12 Discuss the different types of capacitors.
Pavallel plate capacitors are not commonly used in most devices because in orde |
enough charge their size must be large which is not desirable. A parallel plate capacitor
has a diclectric between its plates and is made of a flexible material that can be rolled into
the shape of a eylinder. In this way, we can increase the area of each plate while the
capacitor can it into a small space. Some other types of capacitors use chemical reactions
to store charge, like tiny batteries. ' |
Types of capacitor: :
Capacitors have different types depending upon their construction and the nature of
diclectric used in them. Capacitors are either variable or fixed. In variable capacitors,
Definition: | '
Fixed capacitor

I 1o store

/
/

-

[ the capacitor is such that its plates are immovable, it is known as a fixed capacitor. s
value does not change.

TYPES OF FIXED CAPACITOR:
o Paper capacitor
o Mica capacitor

Paper capacitors: _
The paper capacitor has a cylindrical shape. Usually an
oiled or greased paper or a thin plastic sheet is used as a
diclectric between two aluminium foils. The paper or

plastic sheet firmly rolled in the form of a cylinder and is - L
~then enclosed into a plastic case,  Fig. 13.22: Paper capacitor
Vlica capacitor: ' | |
Capacitor another example of fixed capacitors. ‘In these Metal foi
capacitors, mica is used as dielectric between the two metal e .
plates (Fig. 13.23-a). For convenience and safety purposes L ¥hes

S ; ; . 2 , ~ s (dienctric)
it is enclosed in a plastic case or in a case of some insulator.

Wires attached to plates project out of the case for making
connections (Fig. 13.23-b).

[ the capacitance is to be increased, large number of plates
is piled up, one over the other with layers of dielectric in
hetween and alternative plates are connected with each
other.

‘Variable capacitor:
In variable type of capacitors some arrangement is made to
change the area of the plates facing cach other (Fig. 13.24). It
is generally a combination of many capacitors with air as
electric. It consists of two scts of plates.




One set remains fixed while the other set can rotate so the distance between  the plites
does not change and they do not touch each other . The common area of the plates of the
two sets which faces cach other, determines the value of capacitance. Thus the
vapacitanee of the capacitor can be increased or deereased by turning the rotatable plates
m or out of the space between the static plates such ulpd&.ll()l arc usually utilized for
wning in radio sets.
AN ELECTROLYTIC

An-celectrolytic capacitor is often used to store Jarge
amounts of charge at relatively low voltages (Fig. 13.25).
[Uconsists o a metal foil in contact with an electrolyte —a
solution that conducts charge by virtue of the motion of Myialtc Foll + oxldr lyor
the 1ons contained In it, , o 13 2 Bt

When a voltage is applied between the foil and the electrolyte, a thin layer of metal onide
tan insulator) is formed on the foil, and this layer serves as the dielectric. Enormous
capacitances can be attained because the dielectric layer is very thin. .
Q.13 Write down few uses of capacitors,
Lses of Capacitors: - :
Capacitors have wide range of applications in different electric al and electronic circuits,
For Tuning some appliance: |
hey arce used for turning transmitters, receivers and transistor radios.
For Home appliance: '
[hey are also used for table fans, celling fans, exhaust fans, fan motors in air
conditioners: coolers. motors washing machines, air conditioners and many other
appliances for their smooth working. |
In electronic circuses:
Capacitors are also used in electronic circuits of computers ete.
To differentiate between Low and high fréquency: |
~ Capacitors can be used 1o differentiate between high frequency and low frequency signal
which make them useful in electronic circuits.
A so filter circuit: | ‘
Capacitors are used in the resonant circuits that tune radios (o particular hu]uunuu.

filter circunit.

Such circuits are
(ecramic:
Capacitors are generally superior to other types and therefore can be used in vast ranges

ol application.



Applications of Elect astatics!
Q.14 Discuss in detail important application of electrostatic.
' OR

Write a note on the foltowing
(a) Electrostatic air cleaner
(b) Spray Painting

Static electricity has an important place in our cveryday lives which include
photocopying, car painting, extracting dust fronm dirty carpets and hom chimneys of
industrial machinery. :
Electrostatic Air Cleaner:
An celectrostatic air cleaner is used in homes to relieve that dlscmr!fort of allergy -
sufterers.
Working of electric static Air cleaner:
Air mined with dust and pollen enters the device across a positively charged mesh screen.
The airborne particles become positively charged when they make contact with the screen.
Then they pass through a second, negatively charged mesh screen. The electrostatic force
ot attraction between the positively charged particles in the air and the negattvely charged
screen cases the particles to precipitate out on the surface of the screen.
Through this process we can removes a very high percentage of’ contaminants form the air stream.
Npray painting
Al nmobllc manutacturers use static electricity to paint new cars,
Working of electrostatic spray painting:
Fhe body of car 1s charged and then the paint is
civen the opposite charge by charging the nozzle of
the sprayer (Fig.13.26) Due to mutual repulsion
charge particles coming out of the nozzle form a
ine mist and are evenly distributed on the surface
ot the object. The charged paint particles are
attracted to the car and stick to the body, just like a
charged balloon sticks to a wall. Once the paint
dries. sticks much better to the car and is smoother

-

1306 onemaln bardn O ka0 TRIAY LA

because 1s the uniformly distributed. ThiS 1S @ very o e ehorsro and s gaiis sonlin cany £ 802
cllective, efficient and economical way of painting
U m)mnhllu on lalm. S(.dlk.
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Q.15 ‘What are the hazards ofsmm electricity? Expl‘nn them.
Fhere are so many hazards of static clectricity. We are discussing only two of them.

(1) Lightening (i1) Fires or Explosions
(1) lLichtening '

The phenomenon of hightening occurs due to a large quantity of electric charge which
burlds up in the heavy thunderclouds. The thunderclouds are charged by friction between
the water molecules in the thunderclouds and the air molecules. When the charge. on the -
thunderclouds is sufficiently high, 1t can proaace positive and negative charges in the air.
[ e he amount of negative charge is discharged to the highest ()h;cu on the ground and
can harm them.



s explains why it is very dangerous to swim in the open sea, play in an open filed or
hide under a tree during a thunderstorm.,

Precaution or prevention:
Lo prevent lightening from damaging tall buildings, lightening conduttors are used. The
purpose ol the lightening conductor is to provide a steady discharge path for the large
amount of negative charge in the air to flow form the top of the building to the Earth. In
this way the chances of lightening damage due to sudden discharge can be minimized.

(i1) Fires or Explosions:
Static electricity is a major cause of fires and ‘explosions at many places. A fire or an
explosion may occur due to excessive build-up of electric charges produced by friction,

Production of static electricity:
Static electricity can be generated by the filction of the gasoline being pumped into a
vehicle or container. It can also be produced when we get out of the car or remove an
article of clothing. Static charge are dangerous. If static charges are allowed to discharge
though the areas where there is petrol vapour a fire can occur.
The results are frightening and may be devastating.
Portable oil containers can build up a static electric charge during transport.
Consequently, when the container is not placed on the ground for filling, its static
clectricity could be discharged and result in a fire when filling bcuns

Precaution or prevention
Precaution or prevention contamers should be placed on the ground during filling and the
nezzle should be kept in contact with the container. Containers should not to be filled
while inside a vehicle,



13.1.1 The charge of how many negatively charged particles would be equal to 1004C . Assume
charue on one negative particle’is 1.6%10 7" C?

Solution: Given that.,
Total Charge Q = 100 nC =100~ 10" C
Charge onan clectrone = 1.6 x 10 ' C

To find: \&x()rncgulh¢ﬂ)'chargcd])uth0511==?

(Calculations: Using the formula

()= ne

¢

O)r n = —)
¢

3y putting the values
10010 "C

n =

[.6-10  (

1o 10" /10"
.0




10 <10
.6

13

l i
= —x10

[.6
§ e l 8 @ < IO
= —x 0" =0.0625x10"
16

n=625x10" Ans

13.1.2 Two point charges ¢, =10uC and ¢. =5uC are placed at a distance of 150 cm. What
will be the Coulomb’s force between them? Also find the direction of the force.
Solution: Given that . :
First point charge = ¢, =10pC = 10x10° =1x107°C
Second point charge = > =5 uC=5% 107°C
. ) 150em
Ptaneer= 30 o & ————= |30
: 1 O0)

Proportionality constunt =k = 9 10" Nm~

To Find ,
(1) Magnitude ot Coulomb's toree B =7
(11) Direction ol Coulomb’s force =7

Calculations: According to Coulomb’s law

By putting the values

9. 10NMC T A0 T CxEx10 °C

(I.Sm)3

9x 10" Nm x10 "x5x10"

2.25m°
B 45710 ° N
IR .
45
= N
225

F=0.2NANs

The direction of coulomb’s force is direction of repulsion



L3113 The force of repulsion between two identical positive charges is 0.8 N, when the charge:

are 0.1 m part. Find the value of each charge.
Solution: Given that,

Force =F =08 N

Distance between the charges r=0.1 m

Proportionality constant = k =9 x 10’ Nm?C™
To Find: Value of each charger = q =7
Calculations: Using Coulomb’s law

SIS

Since the charges are identical, therefore. q; = qa = q, thus

3

F=kL
r_
Or  Fxr'=9x10"Nm’ (= «
R F Lol a
Or g = ‘.X‘I. —
9x10°"NmC -

By putting the values
08N x(uImY

Q- = -
] Ox10° N
0.8x0) 01
- (

.
0 008
YRS}

ENSIT R RV
q= J— e (
\ Y
g =94 10 7 C Ans
13,14 Two charces repel cacl other with a toree of 0.1 N when they are 3em apart. Find the
forces between the same charges when they are 2 em apart.
Solution: Criven that,
Foree F = 0. N
3

i
i

m=20.05m

Distance between the charges r= S em =

100
To Find: Forces between the charge when they are 2 ¢em or 0.02 m apart I =7
Codeatations: Accordmye to coulomb’s Taw.
Y
[ N
; |
booputhinie the values

[ ® ( b ‘ (I (l
o)~ S AT S

(0.05m ] 



0.1x(0.05)" |

Or Qe =
‘ 9x10’
Now torce between the charges
F= }\ ql(]Z

2

By putting the values

(0.)x(005)°C* 1
9x10° (0.02m)’

F=9x10°Nm?C?x

_ (01)<(005)
(0.02)°

F =0.62 N Ans.
13.1.5 The potentlal lat a point in an electric field is 10* V. If a charge of +100uC is brought

from infinity to this pomt What would be the amount of work done on it?
Solution: Given that,
Electric potentlal VvV =10'vV
Charge q =+100 uC=100x 10°C=1x 107 C
To Find: Work done W =72 |
Calculations: Using the formula
W

q
Or W=qV
By putting the values
W 10*Cx10*C
= 1J Ans.
13.1.6 A point Lharge of +2C is transferred from a point at potentla] 100V to a point at potential

50V, what would be the energy supplied by the charge?

Solution: Given that, o
Charge q ' =+2C
Potential at point A Vi, =100V

Potential at point B Vg ». =50V
To Find: Energy supplied by the charge E =72

Calculations
Using the formula
E=q(V, ~ Vg ]
By putling the values
E=2C(100V - 50V)
2 =100 J Ans.



LLLT A capacitor holds 0.06 coulombs of charge when fully charged by a 9 volt battery.
Cualeulate capacitance of the cupafcitof.

Solution: Given that,
( l-m‘;c Q=0.06 C
Voltage V=9V

To Find: Capacitance C =2

Calculations: Using the formula

Q=CV
Or = g
N

By putting the values
o 1.06C
by |
C =667 = 10" F Ans.
L3.1.8 \ capacitor holds 0.03 coulombs of charge when fully charged by a 6 volt battery. How
much voltage would be required for it tq hold 2 coulombs of charge?

Solutions: Given that

Charge = Q=0.03 C

Voltage V=06V
To Find: Voluige to hold 2C of charge V =7
Calculutions: Sinee

0.03C 6V

_ oV
Or [ = ——
{103
l . O
w2V
.03
1200V

y
bl

o= 400V o Ans.



13.1.9 Two capacitors of 6uF and 12uF are cmmedwd in H%S‘Mih“lZV battery, Pind the

equivalent capacitance of the combmat:cm Fmd M cMrga M potcmﬂ? differerice
across each capamtor

Solution: Given that, ° o
Capacitance = Cl=6pF 6 x 10"F ‘
Capacitance = C, = 12 WF = 12 10 6F
Voltage = V = 12 V i

To Find | - o
(1) Equwalent capacnance o K Cg= ?
(i)  Chasge on each capacitor - Q=7

(1)  Potential difference across one capacntor V1 = ‘7 T
Potennal difference across second capac1tor =Vy=7_

Calculations: (i) Since the capacitors are connected in series, therefore, quxvalent capa\.ltance
will be - ' '

By putting the values

1 1,+ I 2+]
C 6puF  12uF  pF

€q

2
Or  Ce= 1

C.q = 4pF Ans. | |
(ii)  Since the capacitor are connected in series, therefore, charge on capacitor will be
Q=CV '
Or Q=4x10%Fx 12V
 Q=48x10°FV

Q=48 uC Ans. |
(iii)  Potential difference across capacitor of capacitance C, will be
Q=CV,
Or . V',= —Q’

G



, 481
Or Yy = L =8V Ans.
ok

Similarly, potential difference across capacitor of capacitance C, will be

Q=0CaV,
()I ‘\”3 = Q
CI
Or V)= O gy Ans
12uF

PLLI0Tow capacitors of capacitances 64F and 12uF are connected in parallel with a 12V
buttery. Find the equivalent capacitance of the combination. Find the charge and the
potential difference across each capacitor.f |

Nelution: Criven that, o
C apacitance = C| = 6uF
Capacitance = C> =12uF
Voltage =V = 12V

To Find
i Eguvalent capacitance Cog=?
¢ harge on one capacitor Qi =7?
( harge on second capacitor = Q, = 2
v Potential difference across each capacitor V. = 92
Calculations: (1) Since the capacitors are connected in parallel, therefore, equivalent capacitance
will be
CUL] =, + Cs
= 6uF + 12uF
C., = I8uF Ans.
(11) C'harge on capacitor O will be
Q =0V

Or Q=06 x 12V
Q) =721C Ans.
(111)  Charge on capacitor Cx will be
() =LV
Qo=12ukF =12V
Dy = 14450 C Ans.

(iv)  Since the capacitors are connected in parallel, therefore, potential difference across each
capacitor will be 12V,



