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Electric ﬁeh;g

Electrostatics:
Electrostatics is a branch of physics which deals with the behavior of @s at rest,
Like charges (both positive or both negative) repe
unlike charges (one positive other negative) attragigch other.
Unit of charge:
S.l unit of charge is coulomb.

Comparison between electric and qravt l force:
e Gravitational force is attractive but electric fortg% n charges may be
C

attractive or repulsive in nature.
e Gravitational force is a long-range force tric force is a short-range

torce

It means that the gravitational force acts over& tances but electric force acts over

short distances.
e Gravitational force is weaker th %IC force.
e Formation of our solar syste a% 0 the gravitational force between sun and
other planets.
e Formation of atoms, m% etC. is due to electric force between oppositely

charged electrons and ns or between oppositely charged ions.
Coulomb’s la

Q.No. 1: State an 'plain Coulomb’s law.
Statement:

“The forc traction or of repulsion between two point charges
i\ Wge€tly proportional to the product of charges and

in ely proportional to the square of distance between them”.
> A

For
F=_1 Q192 re — —>
Qj dneo P2 LV S S &
A

Dexivation: a2 a
Since like charges repel and unlike charges attract each - s
other, therefore, according to Coulomb’s law, the magnitude Fiq r F
of force “F1” with which “+q1” repels “+qz2” when the distance R G’)#
between them is “r”, is given by: Likgzcharqes rg;r)el
F1oc q1Q2 Fioc 1
I"2
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On combining both the proportionalities we get: F) F)
F1oc 102 @_).1 ................. <l
r? q1 r ?2
Fi=K g12g2 Unlike charges attract
r
Where “K” is the constant of proportionality, it's value Note that forces exertad by
depends upon nature of medium present between the | charges on each other s
charges and upon the system of units in which “F”, “q” act along the line joi
and “r’ are measured. their centers angd ar
The value of “K” for vacuum in S.I or M.K.S system is: always equal in Mggnitude
K= 1 but ggm@ tion.
4 meo

Where “eo” is a universal constant, it represents the permittivit e space. Its S.1
value is 8.85x10-'2 C2/N-m?2. Hence. Note@h@Nhn two charges exert
K=_1_=9x1 0% N-m?#/C2. force ird charge, the total or net
47 go Nn at charge is the vector
In other words, Fi=_1  aiq2 m¥f forces that the two charges
4nego I? uld exert individually. Similarly, if
OR F1= 9x10° g192 there are more charges then net force

r2 on any charge will be the vector sum
These equations give us the magnitud (G)rr’e of forces exerted by all the other

“F1” with which +q1 repels +q2 (These equ elp charaes.
to solve numericals). Since “F+1” is a vect %tity, therefore, its direction must be
specified. 4

u

To include its direction in the above f

directed from +q1 to +Q2. Q

A

multiply the right side by a unit vector ri2,

A

= 1 q1Q2 r12
4 1eo r2

Since action and Meagtigh are equal and opposite (Newton’s third law), therefore,
- - - -
force “F2” exerted by “ n “+q1” will be F2 =—F1 . Hence F2is given by:

A

-
v Fo=— 1 q1Q2 r2
$ 4 T Eo r2
Effe medium upon force between charges:

No.2: What happens to force between charges when a medium is

présent between them?
Ans: As compared to vacuum, force between charges decreases by “er” times when
a medium is present between them._, A
Fi=__1 qi1g2 riz
4 1t go I"2
€r
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“* ”

Constant “er” is known as “relative permittivity of the medium?, it is taken
relative to the vacuum. Its value for a given medium is constant and depends upon nature
of the medium. Force between two point charges with a medium of relative permittivity “s”
between them is given by:

A

>
Fi=_ 1 q1g2 r2
4 Teoer r2

— N
Fi=_ 1 Q192 r2
4ne 1r? é
Where € = go &r is the (Total) permittivity of the medium. ‘\

e Forair &=1.0006, hence force between two point charges in gj @’in vacuum will
be practically equal and can be calculated by above equgt@

“* ”

e For water “er” is 80, it means that force between char as compare to vacuum,

decreases by eighty times if they are put in water. \ =
. . Test
Electric field: ~\~ charge G y?
Q.No.1: What is electric field? %( ’

0

Ans: Electric field is said to exist a int at which r
a positive test charge experiences a for e@ectrical nature. (b
OR
“The space around a ch @ody in which Electric field
it attracts or repels other cho‘% called electric field”. due toa
An electric field modifies the sPrce ®round a charge such that positive
other charges experience a forc n they are placed in this space charge

(attraction when they are unlik utksion when they are like). This =
modified space around a chgrge®pody in which it attracts or repels other [[fest charge q 4
charges is called electri f the charge. 7/ E

Ans: An electri of force is an imaginary line drawn in such a q. .
manner that tangégt to ¥is line at a given point gives the direction of (@)

Q.No.2: Whaga e electric lines of force?
(o

electric field at t. —> Electric
|&€triC lines of force show the direction of E at each point. field due to
e lines are continuous, they originate from positive a negative
nd terminate at the negative charge, and are directed charge —q
?\ from positive to negative charge.
3. Electric lines of force are radial and do not intersect each other.

Q 4. Spacing of these lines give a general idea about the strength of the field,
hence where lines of force arg bunched together (closely spaced) E is
strong and where they are farther apart E is weak.

5. Parallel electric lines of force, equally spaced represent a uniform electric
field.
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6. Hence for oppositely charged plates the electric field or in other words
lines of electric force are directed from a positively charged to a
negatively charged plate.

\_/ Note that the te
’\ must be positive fa
1l i .
Same direction, %e small menitude
Less spacing It mus @ small so
Different directions, Strong_.?, u.ntform that it do; n_ot alter tr!e
Different spacing electric field alr existing electric
. ", i ose intensity it is
Non-uniform electric easure.
field. %

Strength of electric field or Electric ensity:
Q.No.3: Define electric intensity at a pgiRt in an electric field.

Also give its S.I unit.
Ans: “Electric intensity or s gth of an electric field at a

orce experienced by the test

point in an electric fiel
charge divided ba agnitude of test charge”.
“Electric intensity @0

“Qo” is the maggl &j%est charge.

Electric intensit vector quantity; its direction is same as the direction of
electric force eXeriehced by a positive test charge.
iMhtensity due to a positively charged body is directed away from
ody. (Because a positively charged body repels positive test charge).
Q ctric intensity due to a negatively charged body is directed towards
he body. (Because a negatively charged body attracts positive test charge).

t of electric intensity:

he S.I unit of electric intensity is N/c (newton per coulomb) or v/im (volt per meter).
Q.No.4: Derive an expression for electric intensity at a point near an
isolated point charge.
Ans: Consider an isolated point charge “+q”. If a positive test charge “+qo” is placed
at distance “r” from it in its electric field, the test charge will experience a repulsive force,
according to the strength of the field at that point.

t is the force per unit charge’.

6
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According to Coulomb’s law the force ?with which “+q” repels the test charge “+qo”
is given by: > A
F=_1 d4qQr
_/_\) 4 71eo r2
“r’ is a unit vector directed away from the field producing charge (i.e. away from point

charge +q). Hence electric intensity _Ig:at a_(_j)istance “r’ from “+q” is given by:

E=_F
q° N
> " >
Hence, E= 1

E)= 1 _q_: @

4 7 eo r2 x@
For a negative point charge “- q”, electric intensity at a poi %& by:

—>
In this case the direction of E will be opposite irection of r (i.e. towards the charge).
Effect of medium upon ric intensity:

Q.No.5: What is the effectqkt resence of a medium upon electric
intensity at a point?

Ans: Electric intensity at t 8ecreases by &r times if a medium is present
between the field producing ¢ and the given point (&r is the relative permittivity of the
medium).

In other words, a tes\ placed at such a point will experience a weaker force as
the electric field has ome=fieak.

Q.No.6: How t (or resultant) electric intensity at a point due to a
distribution o l isolated point charges found?

Ans: If two or more isolated point charges distributed randomly, then the
net (or resggtét lectric intensity at a point due to such a charge distribution will be equal

to the v m of intensity due to individual point charges.
In sucig Ca8e, first of all using the above formula, find the intensity at the given point due
to _t_)chgrge separately. Then considering their directions find their vector sum.

1, E2, Es,....... represent strength of electric fields (or electric intensities) at a
pointdue to charges q1, g2, 93, ...... etc. then the net electric intensity_g at the point is given
by:

> > > -
(E=E1+ Ex+E;s,...... )
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Electric dipole:
Q.No.7: What is an electric dipole?
Ans: An electric dipole is a pair of two equal and opposite charges
“+qg” and“- q” separated by a very small distance “d”.
Electric field produced by an electric dipole at any point is directed from positive to the
negative charge and it has maximum strength along a straight line joining the two charges,

called axis of the dipole.

Q.No.8: What is electric dipofs moment? \\

Ans: Electric dipole moment p is a vector quantity. Its magnitude p is equal @e
S1

[{pst)

product “q d” the magnitude of charge “q” and the distance “d” between the ch
represents the strength of the dipole and is directed from the negative chgr

positive charge “+q".

EzAE1

j.
o
-
-
-
-
-
-

E
By head-tail rule
:I\ \ (Net electric field is
di2 axis of dipole  directed to left i.e.

towards negative charge)

ield due to a dipole at “P”

Elch

\to% dipole at a point perpendicular to its axis:
Q.No.9: Derive a fo a for electric field due to a dipole at a point
perpendicular B itg’ axis?
Ans: Considgr ual and opposite charges “+q” and “—q” forming a dipole, these
charges ar@s ated by a very small distance “d”, as shown in the above diagram.

How line joining a dipole “+q” and “—q” shows its axis. Strength of electric field
jviual charge at a point “P” at an equal distance “r’ from each charge
ual to “E+” and “E2”.

ic intensity “E1” due to positive charge is away and “E2” due to negative charge

is towards the charge. Resolving E1 and E2 into horizontal and vertical components we see
that vertical components E1 Sin 6 and E2 Sin 6 cancel each other (Since they are equal and
opposite to each other, because “q” and “r” for each charge is equal). But horizontal
components E1 Cos 6 and E2 Cos 6 are in the same direction (towards the negative
charge) hence they will add up, net strength of electric field at point P is given by:

E=E1Cos 6+ E2Cos 6 E1=E2=Kq
r2

due t
wi

8
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E=2KqgCos6
r2
In triangle PQR: Cos 6 = d/2
r
E=2Kq d2 =2Kgd=Kgd=_1 qd

rz r 2713 r3 4me 13
(where K= _1_itis called Coulomb’s constant)
4 7 o \\
But q d = P (called electric dipole moment) @.
E=1 P
4 7 eo r3 &
In triangle PQR:  r2=(d/2)2+y2  therefore, r=+ (d/2)? + y?2 ‘\O
Hence E=_1 P

4 meo {(d12)2 + y2 Q)

Distance “d” between the two charges, forming a dipole g, et mall as compared
to “y’ hence it’s higher power terms are negligibly small. Ne% d/2)? we get:

E=_1 P
4 1 eo y 3
“y’ can be taken as equal to “r’ since d/2 is neghgible.
P 5 S (ii)

that the electric field is stronger at a
distance from charges perpendicular to the

Comparing equations (i) and (ii) we qfn
point along the axis of a dipole than at afje
axis.

€ Type of electric field due tqaMRole is used in microwave oven. Food to be heated

is subjected to an alternating e iNfield.
% Due to high electro-negaig’ity shared pair of electrons shifts slightly towards oxygen
atom in a water m%e, ue to which a small negative charge appears at
e

Oxygen end andeg | positive charge at Hydrogen ends. As a result of which
water molecuIYNh ve as a dipole. When electric field is applied to a water

molecule it turn§fto align with the direction of applied field. If an alternating field is
lecules start vibrating/rotating (as it tends to align itself with the

ctric field), thereby rubbing with their neighboring molecules. As a

hich its temperature rises.

wave oven food to be heated is subjected to an alternating field, due to

sence of water molecules in the food, it is heated by the mechanism

escribed above.

tric flux:
Q.No. 1: Define electric flux passing through a surface.
Ans: “Electric flux “Ad” passing through a surface is the scalar

—>
or dot product of electric intensity “E” and vector area

—>
“AA” of the surface”.

9
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— —>
Ad=E . AA

Electric flux is a scalar quantity. The magnitude of electric flux is given by:
A¢=EAACos O _
Where “0” is the angle between the electric intensity E and vector area AA

(When tails of E and AA are joined together). ;

e Physically the electric flux is a measure of number of lines of electN
force passing normally through a surface in an electric field. @
e S.| unit of electric flux is N m?/C. &

—>
Q.No.2: What is vector area “AA” ?

Ans: Area normally is a scalar quantity, but in this case area of a
surface has a directional effect upon the number of lines of force
passing through the surface. Because if the surface makes different
with the electric field then the flux passing through it (i.e. the n

lines passing through it) is different for different angles Henc of the Vector area
surface is taken as a vector. It is called vector area of t rfa e. Its
magnitude is equal to the geometrical area of the and its direction is taken
along the outward drawn normal to the surface.

Q.No.3: Under what condition is flux ing through a surface:

(i) maximum (ii) minimu
Ans: (i) Condition for maximum

If a surface is perpendicular to the electric en ?will be =
parallel to the vector area W so that a bgtween them is “0=0°".

Under this condition maximum numb ines of force will pass —
through it, in other words flux tirough it will be

d

maximum.
Magnitude of maximum@pa sing through a surface is given

by Ad 0°
Ad A\ (Con0°=1) —_
(i) If the surfa rallel to the electric field, then “E” will

be perpendicular to thejector area “AA”, so that “0 = 90°”. Under this E
condition no ling o will pass through the surface, in other 3

words, flux ga ough the surface will zero. This is the %
iRimum flux.

A¢ = E AA Cos 90° _—
Ap=0 (Con 90° =0)

Qﬁc flux through surface of any shape enclosing a charge:
By following these necessary steps electric flux passing through a closed surface of
any geometrically regular or irregular shape can be determined:
Step 1: Divide the given surface into a large number of patches.

10
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The process of dividing the surface into patches should be continued until each patch

obtained must be plane in shape.
Step 2: Détermine the electric flux through each
patch.
—
Let Ad1 = (E . AA)
—_——
Ad2 = (E . AA)2
——>
Ad3z = (E . AA)3
Adn =(E . AA)nbe the flux
through 1st, 2nd 3. n'" patch.
Step 3: Since electric flux is a scalar quantity, therefore, total fl rodgh the given

closed surface will be equal to the sum of flux through all the patche
Hence, total flux “¢” through the surface having n patchei{\ by:

i=1

6= Adn ‘\
n=1_) 3
OR d=Z(E.AA)n %
n=1 i=n
Y isread as sigma i=1to i=n. It means t Q)closed surface has been divided
into “n” patches and to find the total flu %d flux through patches number 1 to patch
number n.

Q.No.4: Derive a formu electric flux through the surface of a

sphere due to a point ch ” at its center.
Ans: Imagine a small pOgftive point charge “+q” located at the center of a sphere of
ux

radius “r". To find the ele rough the surface of a sphere, divide the surface into
large number of small p&c ach of area “AA”. Each patch must be so small thafgt is

practically plane in sh o that the direction of “AA”
comes out to be tQe sdfne at all points on a patch. Since

the point charggis ed at the center, lines of force will
originate fro g’[%ther of the sphere. In other words,

each pat i\b® perpendicular to the electric feild
(i.e. to erice electric flux through each patch will be
maxi nd is giVﬂby:
AA Cos 0° (E and AA are parallel to each other)
=E AA

Since flux is a scalar quantity, therefore, the total flux through the sphere will be
equal to the sum of flux through individual patches.
Total flux through the sphere ¢ = X E AA
But the magnitude of electric intensity at the surface of the sphere due to a point
charge “+q” at its center is given by:

11
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E=_1 q
dme 2
Total flux through the sphere ¢ =X _ 1 g AA
4 T Eo r 2 —_

Since each patch is at equal distance from the point charge “+q” therefore, E is
same for all the patches and can be taken as common in the above summation.

Total flux through the sphere ¢ = q 2.AA \
4 MTéEo I 2 \
But =. AA =4 5 r 2 = Total surface area of the sphere @'
: Total flux through the sphere = _ 1 q 4nr?

@

This formula shows that the electric flux through the surfi& sphere is

6=4q

€o

independent of position of the point charge inside the sphere
Gauss’s law:
According to Gauss’s law:
“Electric flux passing through any closed s face (of any shape) is
t gﬂ

1/co times the total charge enclose that closed surface”.
Hence: o=1 4lo arge enclosed

A\

Electric potentialz\
Q.No. 1: Define pote ifference between two points in an electric

field.
Ans. Potential differeficesRetween two points in an electric field may be defined as:
“The amoih ork done to move a positive
test charge one point to another divided by the

itude of the test charge”.
Note that when work is done

g
?&entlal difference = Work done on a charge it gains electric

Test charge P.E but when work is done by

AV = _AU the charge it looses electric

N :
@) 2“% is the change in potential energy per unit charge”.
otential difference is a scalar quantity.
.No.2: Define S.I unit of potential difference.
Ans. The S.I unit of potential difference is volt.
Potential difference between two points in an electric field is said to be one volt (1V) if one
joule (1J) of work is done to move one coulomb (1 ¢) charge from one point to another.

1 volt =_1 joule
1 coulomb

12
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Potential difference between two points:

Q.No.3: Derive an expression for potential difference between two
points in an electric field.

Ans. If a small charge “+qo” is moved from point “A” to another point “B” against the
direction of electric field then work has to be done on it. Let “Ar” be the displacement of

cha& “qo” from point A to point B, —
and F be the force on charge ‘qo’ in the electric figld, then the
amount of work done (work is the dgpgjuct of F and Ar) is given by —_—
S AW =F . Ar Ar
— —> . . . B *
But F=qo E where E is the eI&:trlc intensity (or strength of electric )
field) throughout displacement Ar. ‘@

— —
AW =qo E . Ar

This work done on ‘qo’ is independent of the path fo

electrical potential energy of the charge. The change in electri

(increase in P.E) of charge “+qo” is equal to the amount of

d, it changes
| energy “AU”
eon it

AU = AW
—>—> — —
But AW=qoE.Ar AU=qoE. Ar
—
: AU =E .Ar
Qo
AU/qo represents the change in potential en per unit charge or the work done per

the two points A and B.

Potential differenge betwe g
electric intensity E and th

WO pdints is alg))the dot or scalar product of
gisplacement Ar.

Note that: Thg la for calculating potential difference between two points is
vali hen the electric field is uniform throughout the
dis ment “Ar”. Electric intensity between two given points may be

ifork only through small displacements, hence this formula can be
; —

d when the displacement Ar is small.

tential:

®Define absolute potential at a point in an electric field.
solute potential at a point in an electric field may be defined as:

Q~% “The amount of work done per unit charge when the

charge is moved from infinity to that point”.

e The point at infinity is outside the electric field. Hence, it will be at zero
potential (no work is done to move a test charge).

Absolute potential at a point in electric field due charge “q” (at distance “r’

(Pl

field producing charge “q”) is given by::

=_1 _aq
4 1 eo r

13

from the
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Potential difference between any two points:

Potential difference between any two points in an electric field can also be
determined by finding the difference in absolute potential at these points.

To find the potential difference between two points 1 and 2 in electric field produced
by a charge “q” let the distance of each point from charge
Potential (absolute potential) at each point will be:

Vi=_ 1  _q and Vo= 1 _q \
4meo I dneo 2 \

Hence the potential difference between these points is given by: @'

(Av=v2-v1=4280{1r2- 1r1 }) Q\O&

This is a general formula for finding potential difference betw, z’y two points in

[{psl)

an electric field produced by a charge “q”.
Q.No.5: Derive a relation between electric ihfensity E and

[{pst) “ ” 13 ”

q” be “r1” and “r2” respectively.

potential difference AV. Karachi Board)
Ans. Potential difference between two_nearby points§n an electric field is given by:
AV =E

—
Where “0” iiihe angle between the directi f ejectric field E amg the direction of
displacement Ar. In this cage 6 = 180°, be Sﬂﬂe displacement Ar is opposite to the
direction of electric field E.

Ar Cos 180°

e AV/Aris cq space rate of variation of potential between the
points. The sp rate of variation or the rate of change of potential

to distance is called “potential gradient’. Hence,

“El@ctric intensity at a point is equal to the

gative potential gradient at that point”.

Th':S i?a o the relation between electric intensity E, potential difference AV and the

=—E Ar

distanc een the points.

The above formula also gives “volt/meter” as the unit of electric intensity.
?? Note that when a charge is moved against an electric field work has to be
Q~ done on it and it gains potential energy but if it moves in the direction of
a field work is done by it and therefore, it loses potential energy.
If a charge is free to move, then the positive charge moves from a point at
higher potential to a point at lower potential, whereas a negative charge moves from a
point at lower potential to a point at higher potential.

14
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Q.No.6: Give a relation between kinetic energy and potential

difference.
Ans. Since ,
Potential difference AV = AW
q
AW = q AV

Where AW is the work done, it is also equal to the change in potential energy
When a charge looses electrical potential energy it gains an equal amount of kinetic
and vice versa. Hence if a charge is allowed to fall through (or accelerated by) a p
difference AV then it loses potential energy given by:

AU =q AV é
At the same time, it will gain an equal amount of kinetic energy, given by: ‘\

AU=%1mv?2
In other words, @

smvi=q AV) s\&@
Electron volt:
Q.No.7: What is electron volt?
Ans. “Electron volt” is the unit of enerqy Iy used in atomic and nuclear

physics. %_
“One electron volt (1ev.) l@ ount of energy
gained by an electron it is accelerated
through a potent erence of 1 volt”.

Hence,

AV =1 volt, % 1.6021x10 ~'° cool.
The kinetic energy galne lectron is given by:
3 V
1 Q16021 x10 ~19x 1
2=1.6021 x10-"19J

1ev. = 1.6021x10-19J )

Simnam?y 1 Mev = 106 ev

@ 1 Bev =102 ev

15
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Section-A Multiple-Choice Questions MCOQs:

Q.No.1: A 2 uC point charge is located at a
distance “d” away from 6 uC point charge,
what is the ratio of F12/F21?

(A)1/3 B)Y3 (C)1 (D) 12
Q.No.2: The minimum charge on an object
cannot be less than:

(A) 1.6x10~"° C.

(C) 9.1x10° C.

(D) No definite value exists
Q.No.3: Two charges are placed at a
certain distance. If the magnitude of each
charge is doubled the force will become:

(A) vath of its original value.

(B) 4 times its original value.

(C) 1/8th of its original value.

(D) 8 times its original value.
Q.No.4: Which of the following can be
deflected while moving in the electric field?

(A) neutron. (B) photon.

(C) electron. (D) (A) and (B)
Q.No.5: The flux through a flat surface of
area “A” in a uniform electric field “E” is
maximum when the surface area is:

(A) Parallelto E  (B) perpendic
(C) placed 45°to E (D) placed g0°

Q.No.6: The product of charg%a
in

(B) 3.2x10-19 C.

small separation “d” between t harges of
ture is

same magnitude and oppgsite i [
known as: N
(A) Electric dip (BY Moment arm.

(C) Electric dip

to another point B. The
ence between B and A is:
(B) 1200 V.
(D)12 V.
.Ig.8: The force between two charges placed
in air is F. If air is replaced by a medium of
relative permittivity ¢ then force is reduced to:
(A)F er (B)YF/e (C)er/F (D)eer
Q.No.9: The negative gradient of potential is:
(A) potential energy. (B) voltage.
(C) electric field intensity. (D) electric flux.

Q.No. 10: The electric flux through a plane
area will be half of its maximum value when area
is held at an angle of ....... With electric field.

(A) 30° (B) 60° (C)45° (D) 90°
Q.No.11: The concept of electric lines of
force was introduced by a famous sci NQ

called: (2006 Karachi Boar:
(A) Newton. (B) Einstéi
(C) Coulomb. (D) F§ada
Q.No. 12: Which of the follgwj nnot be
the unit of electric intensity;W\
(2007 Kqgmgcht Board)
A) N/coulomb. Volt/meter.
C) Joule./ co (D) Joule/coulomb.
Q No 13: TWOL& point charges repel
each other a fotce of 4x10-* N when
placed a ce of 1 meter. If the

dista betWeen them is increased to 2 m,
the f%f repulsion will be:
(2008 Karachi Board)
(A) 1x10™* N. (B) 8x10™* N.

(C) 2x107* N. (D) 4x107* N.
.No. 14: The change in potential energy
per unit charge between the two points in an
electric field is called:

(2009 Karachi Board)
(A) Intensity. (B) Flux.
(C) Potential difference. (D) Permittivity.
Q.No. 15: This is not a scalar quantity:
(2018, 2014 Karachi board)
(A) Electric flux. (B) Electric intensity.
(C) E.M.F. (D) Electric potential.
Q.No. 16:The scalar product of electric
intensity (?and vector area (AT ) is called:
(2019 Karachi Board)
(A) electric flux. (B) electric force.
(C) electric potential.
(D) electric flux density
Q.No. 17: Joule per coulomb is equal to:
(2021, 2014, 2012 Karachi board)
(A) Farad (B) Henry (C) Ampere (D) Volt
Q.No. 18: When a dielectric is placed in an
electric field, it becomes.
(2021 Karachi Board)
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(A) Negatively charged only.
(B) Positively charged.
(C) Polarized (D) Conductive
Q.No. 19: If the separation of two positive
charges is halved then electrostatic force of
repulsion becomes:
(2021,2015, 2007 Karachi Board)
(A) % times. (B) % times.
(C) 2 times. (D)4 times.
Q.No.20: The unit of potential gradient is:
(2023 Karachi Board)
(A) Volt/meter.  (B) Coulomb/meter.
( C) Volt/Ampere. (D) Volt x Ampere.
Q.No.21: The flux thi))ugh an area “A”in a

uniform electric field “E” is maximum when
—

the angle betweenE)and Ais:
(2025 Karachi Board)
(A) 0° (B) 30° (C)60° (D) 90°
Q.No.22: Coulomb’s force in dielectric
medium is less than in vacuum, due to:
(2026 Karachi Board)

(A) lonization. (B) Electric polarizatio
(C) Magnetization. (D) Superposition

Q.No.23: The S.| unit of electric currg%
(2026 Karachi r

(A) Volt. (B) A
(C) Coulomb. (D)

S
$?*
&
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Answers:

(1) (C) 1
A) 1.6x10-"9 C.
) 4 times its original value.
C) electron.
) Parallel to E
) Electric dipole moment.
) 1200 V.
) F/er
) electric field intensity.
) 60°
D) Faraday.
D) Joule/coulomb.
A) 1x10™* N.
C) Potential difference
) Electric intensity.
) electric flux.
) Volt
) Polarized
) 4 times

C
B
B
C

(2) (A
(3) (B
(4) (
(5) (A
(6) (
(7) (
(8) (
(9) (
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)

)
)
)
)
)
)
0)(B
1) (
2) (
3) (A
4) (
5)(B
6) (A
7) (
8) (
9) (
0) (
1) (
2) (
3) (

) 0°
) Electrlc polarization.
)

Ampere. 4
S

S
X

?\
&

o

D

C

; 2
A) Volt/meter.

A)O

B

B
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Numericals:

Q.No. 1: (a) Calculate the value of two
equal charges if they repel one another
with a force of 0.1 N when situated 50 cm
apart in vacuum.

(b) What would be the size of
charges if they were situated in an
insulating liquid whose permittivity is ten
times that of vacuum?

Data:
(a) Charges in vacuum q1=02="?
Force between charges F=0.1N
Distance between charges r =50cm.= 0.5m

(b) Charges in insulating medium q1=q2="?

Permittivity of medium er=10 &o
Solution:

(a) Force between charges in vacuum is given by:
F=kagiqz2 (k=_1_=9x10°Nm?/C? )(q1=q2=q)

I’2 4meo
9?=Fr?=0.1x(0.5)?=2.778x10-12 C?
k 9x10°

q =V2.778x10"'2=1.667x10"° C. OR 1.667

®:<\V/alue of each charge in vacu
1.67x10-5 C. or 1.667 uC.

(b) For an insulating medium (cou
K= k =9x10%=9x1

er 10
Force between chargg

e medium:

=5.271x10-5 C.
OR 5.271 uC.

Qalu'e of each charge in an insulating
m 1s5.271x10-5 C. or 5.271 nuC.
Q.Nd8.2: How far apart must two protons
be if the magnitude of electrostatic force
acting on either one due to the other is
equal to the magnitude of gravitational
force on a proton at Earth’s surface?
(Mass of proton =1.67x10-?" Kg.
charge on proton = 1.6x10-'° C)

Data:
Distance between proton r=?
Mass of proton m = 1.67x107%" Kg.
Charge on proton e =1.6x10-Q C
Electrostatic force on either = Gravita%
force on a proton at earth surface is% (o)
its weight mg.
Solution:

Electrostatic force betweens@é F=Ke2
F =9x10° (1 6x1ﬂ@2‘ 2. 304x10‘28

2.304 Olg&

x10-2 =0.014

1.6366x10-26

. r =v0.014 = 0.119 m.

jSstance between protons is 0.119 m

Wo.3: An electron of charge 1.6x10-1° C

s situated in a uniform electric field of

intensity 1200 volt/cm. Find the force on

it, it’s acceleration and the time it takes to
travel 2 cm. from rest.
(electronic mass = 9.1x107%' kg)

Data:

Charge of electron q
Mass of electron ~ m = 9.1x10731 kg.
Electric intensity E = 1200 volt/cm.

= 1200 x100 V/m. = 12x104 volt/m.
Force on electron F =7
Acceleration of electron a=?
Distance moved S=2cm. =0.02m

Since: graV|tat|onaI force)

67x10727x9.8

=e=1.6x10""° C.

Initial velocity vi=0
Time taken t =7
Solution:

Force on electron is given by:
F=qE=1.6x10""2x12x10*
F =1.92x10-"4 N.

Since: F =ma (Newton’s second law).
1.92x1074=9.1x103" x a

19



Rawala’s new physics notes for XI

a=1.92x10""* = 2.11x107% m/s?2.
9.1x10-31

Since: S=v;t+3$at?
0.02=0+ % x2.11x1076 2
t2= 0.02 =1.8957x1018
1.055x1016

t=+v1.8957x10"™ = 1.3769 x10° s
Q.No.4: An alpha particle (nucleus of helium
atom) has a mass of 6.64x10-?” kg and a charge
of 2e. What are the (a) magnitude and
(b) direction of the electric field that will
balance the gravitational force on the particle.
Data:

Mass of alpha particle m= 6.64x10-2" kg
charge of alpha particle q =2e
= 2x1.6x107"1°C = 3.2x10~"°C
Magnitude and direction of electric field =?

Electric force = gravitational force.
Solution:

Since: Electric force = gravitational force.
qE=mg

q 3.2x10°1°
®:Gravitational force is downward
therefore, electric field must be upw

acting it.
Q.No.5: A proton and

two corners of an equ trlangle of
side length 2.0x10 is the
magnitude of net ele |eld due to

these two partlc
corner?

Data:
Charge Charge of electron = e
Leng h S|de of equilateral triangle

L=2.0x10"%m
of net electric field at third corner E=?
Solution:
Electric field due to electron:

pedduce at the third

E1=ke =9x10%1.6x1071? <>
L2 (2.0x1075)2
E1 = 360 N/C.

(Directed towards

Electron, as shown) +e

E m g =6.64x10"2" x 9.8 = 2.0335x10-'N/C C)
® %

Electric field due to proton:

E2=ke =9x10%1.6x10-"° =360 N/C.
L2 (2.0x1076)2

(Directed away from proton as shown)

Since the charges of
equal magnitude are Q’A @
at the corners of an
equilateral tringle (triangle E
of equal sides), therefore, all electri
will also be equal in magnitude (gg sh®#n in
vector diagram).
Magnitude of net eles\ Id at third

side will also be 360 N/C
Q.No.6: Figure

shows Qpharged particles
on x-axis —q = - 3. - Catx=-3.00m
and q = 3.20x1 x =3.00 m. What
are the (a) nit and (b) direction
(relative tQt :%direction of x-axis) of the net
electric field gfodUced at point P at y=4.00 m?

Data:
Charge q1 =-3.20x10""9 C.
Distance x1=— 3.00 m.(along x-axis)
Charge g2 = 3.20x10-"° C.
Distance x2= 3.00 m. (along x-axis)
Net electric field at point P E =7?
Distance y=4.00 m. (along y-axis)
Solution:
Distance of g1 from P (Pythagoras theorem)
=V () +H(yyP =V (- 37+ 4y
= 9+16 =V25=5m.
Similarly distance of g2 from P = 5 m.
(a) Electric field due to q:
E1= k g1 = 9x10°%3.20x10-"°=1.152x10-"° N/C
52 25
(E1 is directed towards q1 as shown)
Electric field due to qz:
E2= kg2 = 9x10%%3.20x107"9=1.152x10""° N/C
52 25
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(E2 is directed away from gz as shown)

Net electric field (Electric intensity) at
point P will be equal to the resultant of E1
and Ez.

Resolving E1 and E2 E2

into components we see E. Sin 60°
that E1 Sin 60° is E»Cos 60° 6
cancelled by E2 Sin 60°. EiCos6 7.
(E1 Sin 60° and E2 Sin 60° E+/ ¥ sin60°

are equal and opposite)
Hence the net electric field at point P will be:
E = E1 Cos 60° + E2 Cos 60°
(E1Cos 60° and E2 Cos 60° are in the same
direction)
E =1.152x10719x0.5+1.152x10-19x0.5
E = 1.152x10-1° N/C.
Net electric field E is directed along — x-axis.
Q.No. 7: A proton and an electron form two
corners of an equilateral triangle of side
length 5 um. What is the magnitude of net
electric field these two particles produce at
the third corner?
Solution:
See solution of Q.No.5.

measures 3.2 mm on each side. It

immersed in a uniform electri ith
magnitude E = 1800 N/C an Id
lines at an angle of 6 = 335,witfiNa normal

to the surface, as sho%
Normal

Ta tYMrmal to be directed “outward” as
t e surface were one face of a box.
CaMulate the electric flux through the surface.
Data:
Length of each side L = 3.2 mm
=3.2x103m
Area of square A =3.2x1073x3.2x10-3 m?
=1.024x107° m?

Q.No.8: The square surface shown.'a%;,®

(Vector area A is taken along the
outward drawn normal to the surface)
Magnitude of electric field E = 1800 N/C
Angle with the normal = 35°
Angle between E and the normal (or A)

0 = 180-35 = 145°
Electric flux d =7
Solution: \\
Electric flux through the surface is (@, y:
¢=EACos 6

¢ = 1800 x 1.024x10,° 45°
¢=—-1.51x102N n@
Q.No.9: An electron is ljagratéd from the
lower of two large p etal plates
separated by a di h=2cm. The
upper plate has& ential of 2400 V
relative to lower. How long does the
electron e t&reach it?
Data:
%rge on electron e = 1.6x107"°C
s of electron  m =9.1x10-3"kg.
paration of plates S =2 cm.=0.02 m
Potential difference V = 2400 volt.
Time taken t=?

Initial velocity of electron v; =0
Solution:

F=qE and E=V/d
F=qV =1.6x10"2x 2400 = 1.92x10-"*N
d 0.02

But F=ma (second law of motion)
1.92x1074=9.1x103'x a
a=1.92x10""=2.11 x10'6 m/s?.

9.1x10-3"
Therefore, S=v;t+ 3at?

0.02=0+ % 2.11 x10%6 2
t= 0.02 = 1.896x10-"8
1.055 x10'6

t=1.377x10°s

Electron will take 1.377x10° s to
reach the upper plate.
Q.No. 10: Two large parallel plates are 1.5
cm apart and have charges of equal
magnitudes but opposite signs on their facing

surfaces. Take the potential of the negative
plate to be zero. If the potential half way
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between the plates is 5.0 V, What is the electric
field in the region between the plates?
Data:
Separation of plates d=1.5 cm =0.015m
Potential of negative plate V1 =0

Potential half way V2 = 5.0 volts.
Electric field E =?
Solution:
Potential difference AV =V,—V;,
=5-0=5volt

Distance of the point half between the
plates where electric field is required
d =Total separation of plates=0.015=0.0075 m
2 2
Electric field in this region between the
plates can be found by:

AV=Ed OR 5=Ex0.0075
E=_5 =666.67V/m.
0.0075

Q.No.11: Two unequal point charges repel
each other by a force of 10 newtons when
they are 10 cm. apart. Find the force which
they exert on each other when they are 1 cm

(2018 Karachi Bo

Data:
Fio=10 N, d=10cm
Fi=7 when d=1
Q1:—4.25X10_6 C d2
Solution:
F1o = 9)(109 J1.Q92
(0.1)? \
10 = 9x10°

(Distance between charges decreases by 10 times,
therefore, force increases by 10?times Coulomb’s law)

Q1 g2 = 1.1111111x10-" C?
Q1= —4.25x10° C
—4.25x10%x g2 = 1.1111111x10~"
92 =1.1111111x10~""|=- 2.6 14x 10-5C}
—4.25x10°°

But

apart. If the magnitude of one point charge is
—4.25x107% C, find the magnitude of the ot@

€< Magnitude of the other charge is
- 2.614x10-5C.
Q.No. 12: A charged particle of charge 2x
10° C, in an electric field between two
parallel metal plates 4 cm. apart, is acted

upon by a force of 10~“N.
(a) What is the intensity of electric field?

(b) What is potential difference betwe e
plates? (2022 Karachi ?

Data:
g=2x10°C, d=4cm.=0.04 m {= N.
E=? V=?
Solution:
(a) E= F=_10*
q 2x10°

(b) V = E d= 5x10*xO0. /')v £ 2000 volt,
Q.No.13: A pa% arge 3.2x10™"° C
and mass 2. g

is held motionless

between twq h ontal parallel plates

separate . Find the potential

differgmce between the plates.
%023, 16, 09 Karachi Board)
ta:

Mass of particle m = 2.48x107%’kg
Charge of a-particle q=3.2x10"°C
Separation of plates d=5cm=0.05m
Potential difference between plates V = ?
Solution:

Since particle is in equilibrium, therefore,
upward force F = down ward force mg

ButF=qE and E=_V
qV=mg d
d

3.2x107"°_V =2.48x10?"x 9.8
0.05

V = 2.48x107%" x 9.8x 0.05
3.2x107"°

V= _1.2152x10"%

3.2x107"°

|V =3.8x10-7 voit |
€< Potential difference between the plates to
make the particle motionless is 3.8x10 -7 volt.
Q.No. 14: How many electrons should be
removed from each of the two similar
spheres each of 10 gm. so that the e.s.
repulsion be balanced by gravitational
force. (2015,2010, 2006 Karachi Board)
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Data:

Mass of each sphere m = 10 gm = 0.010 kg.
Charge on each electron e =1.6 x10""°C.

No. of electrons to be removed from each
sphere n="2?
Solution:

On removing electrons from spheres
each of them becomes positively charged
and so they repel each other. In this case,

e.s. repulsion = Gravitational force
1 gq =G _mm
4 €o =|'=';'(L =F%
9x10° x q?=6.67x10"""x0.010 x 0.010
9?>=7.41x10"%
q=8.609 x10~"3 Coulomb
‘q’ is the charge on each sphere for which
e.s. repulsion is balanced by gravitational
attraction between the two spheres.

But g=ne

Where ‘n’ is the number of electrons and
‘e’ is the charge on each electron.
n=_q =8.609 x10~"3

e 1.6 x107"°
‘n = 5.38 x106 electrons )

$5.38 x 106 electrons m
removed from each sphere so thake. .9

repulsion between the spheresQ nced

by gravitational force.

Q.No. 15: Calculate thegralue of one of
the two equal chargesﬁ% repel one
another with a force 1N when
situated 10 cm apart M vacuum.

2026 Karachi Board)
n of Q. No. 1 of this

Solution:
chapter.

oF
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ICTOWAUVE OVEM .ccueeeveennnns

Idea:

When a charged particle is subjected to an electric field it
experiences a force. If the charged particle is free to move, then
under the action of this force positively charged particle moves in thﬁ
direction of force and negative particle moves opposite to it. If the
electric field is alternating then the charged particle will vibrate
moving in one direction during a half cycle and in opposite dir &on
during the next half cycle. It’s frequency of vibration is sa Q
frequency of the alternating field. This is the basic idea o
working of a microwave oven is based.

Polarization of water molecule: @
In a water molecule, because of higher elgct%gativity of

oxygen, shared pair of electrons shifts slightl ards oxygen end.
Thus a partial negative charge “-25” appea
i

ygen and a partial
positive charge “+8” on each hydrogen m it a water molecule.
Like partial charge on two hydrogen%s a H20 molecule repel

each other, increasing the bond a tojabout 104.5°. Thus each
water molecule is said to be hig&f % rized.
Logic behind heating:

In a microwave oven ating electric and magnetic fields,
vibrating perpendicular t other, is applied. Water molecules
present in the food st iDsating due to alternating electric field,

their K.E increases_resti{ing in a rise in temperature, thus heating the
food.

In micro a‘e en food is heated by a process called
dielectric he . Main difference between ordinary heating and
dielectricgeaping is that in ordinary heating food is heated from
outside ereas in dielectric heating it is heated inside out. For
ating throughout the body of food a rotating disc is also
in a microwave oven.
microwave oven food to be heated is placed in the middle on

h& rotating disc, it is then subjected to a beam of high powered
Q%onating electromagnetic microwaves, produced by a device called
magnetron.
Food having high water content can be heated quickly, cheaply

nd efficiently.
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