29. Electric Field and Potential

Short Answer

1. Question

The charge on a proton is +1.6 x 1071° C and that on an electron is -1.6 x 10719 C.

Does it mean that the electron has a charge 3.2 x 10719C less than the charge of a
proton?

Answer

No, it does not mean that the electron has a charge 3.2 x 10719C less than the
charge of a proton. Electrons and Protons have same amount of charge just the
nature of charge is different. Electron has negative charge and Proton has positive
charge. If we keep an electron and a proton at a distance apart then attractive force
will be observed as their nature of charge is different.Hence, magnitude of charge of

both electron and a proton is1.6 x 1071° C but nature is opposite.
2. Question

[s there any lower limit to the electric force between two particles placed at a
separation of 1 cm?

Answer

Yes, there is a lower limit to the electric force between two particles.We know that

electric force is given as:p — k(hq?This is Coulomb’s Law. Here, k is a constant .k =
T2

L =9x 109 Nm2C2, qq and q; are the charges of two particles and r is the

41mey
distance between two charges.The smallest possible charge would be that of an

9 x 107 x (1.6 x 10719)?

0.012
~ F =72.3 % 102* NHence, lower limit to the electric force between two

electronr=1 cm = 0.01 mThus,F —

particles placed at a separation of 1 cm would be 2.3x 10724 N.
3. Question

Consider two particles A and B having equal charges and placed at some distance.
The particle A is slightly displaced towards B. Does the force on B increase as soon
as the particle A is displaced? Does the force on the particle An increase as soon as
it is displaced?

Answer

Yes, the force on particle B as well as particle A will increase when particle is A is
displaced towards particle B.By Coulomb’s Law, Electric force is inversely

proportional to the square of the distance between the two charges.F a 1/r2Thus,



when A is displaced towards B, the distance between them decreases and hence the
force on both the particles will increase.

4. Question
Can a gravitational field be added vectorially to an electric field to get a total field?
Answer

No, gravitational field cannot be added vectorially to an electric field to get a total
field. This is because Electric field comprises of influence due to electric charges
whereas gravitational field comprises of influence due to masses of the bodies and
thus, electric field and gravitational field have different dimensions. We can obtain
net Force by adding Gravitational force and electric force.Hence, gravitational field
cannot be added to electric field vectorially.

5. Question
Why does a phonograph-record attract dust particles just after it is cleaned?
Answer

When a phonograph record is cleaned, electric charges are produced on the record
due to induction. This happens as we rub a cloth on the record, friction causes the
induction of charges on the record. This phenomenon is similar to a glass rod being
rubbed by a cloth. Now, these deposited charges on the record attract dust
particles having neutral charge.Hence, a phonograph-record attract dust particles
just after it is cleaned.

6. Question

Does the force on a charge due to another charge depend on the charges present
nearby?

Answer

No, electric force between two charges or on any one of the two charges does not
depends on the charges present nearby.According to Coulomb’s Law,Electric force

1
=9x 10? Nm2C2, qq and q,

. k .
isgivenas: F = @Here, kis a constant and k =
r2 4meE,

are the two charges and r is the distance between two charges. As we see, the force
on one charge depends only on the magnitude of the second charge and vice
versa.Third charge won't affect the force between first two charges.The only thing
that would affect the force on the charge is the net force due to superposition of
all the individual forces.

Hence, the force on a charge due to another charge does not depend on the charges
present nearby.

7. Question

In some old texts it is mentioned that 4 lines of force originate from each unit
positive charge. Comment on the statement in view of the fact that 4 is not an
integer.



Answer

Here 41 is considered as a solid angle. Meaning the lines of force can subtend
radially outward as shown in the figure below:

It does not mean that 41 lines will come

out of a point charge, it means lines of force will move radially outwards from a
positive charge having radial angle of 4.

8. Question
Can two equipotential surfaces cut each other?
Answer

No, two equipotential surfaces cannot cut each other. When two equipotential
surfaces intersect at a point, the potential at that point will have two values which
is not possible. Also, electric field is perpendicular to the equipotential surface,
when two surfaces intersect there will be two directions of the electric field ( one
of each equipotential surface) which is not possible either.Hence, two equipotential
surfaces cannot cut each other.

9. Question

If a charge is placed at rest in an electric field, will its path be along a line of force?
Discuss the situation when the lines of force are straight and when they are cured.

Answer

Yes, when a charge is placed at rest in an electric field its path will be tangential the
line of force. When the lines of forces are straight, the path of the charge would be
in a straight line. When the lines of force are curved, the path of the charge would
be tangential to the curve.

10. Question

Consider the situation shown in figure. What are the signs of q; and q,? If the lines
are drawn in proportion to the charge, what is the ratio q1/q3?

=V =

)



Answer

Lines of force are moving outwards from qy, hence qy is positively charged: +q>.
Lines of force are going into qq, hence q; is negatively charged : -q;.From the

diagram, 18 lines of electric field come out of q, and 6 lines of electric field get into

& 1

: q : : :
qq-Ratio ofq—l = G- 3" 1:3Hence, If the lines are drawn in proportion to the
2

charge then qq:qy=1:3
11. Question

A point charge is taken from a point A to a point B in an electric field. Does the
work done by the electric field depend on the path of the charge?

Answer

No, the work done by the electric field does not depend on the path of the
charge.Work done is given as: W = Potential difference x charge.= (V, - Vg) x

qHere, V5 and Vj is the potential at Points A and B respectively. And q is the

charge.Thus, the position of the charge is important as potential difference will
vary with position and so the work done will change.Hence, when a point is taken
from A to a point B the work done on the charge due to electric field will not
depend on the path.

12. Question

[t is said that the separation between the two charges forming an electric dipole
should be small. Small compared to what?

Answer

The distance between the two charges forming the dipole must be small compared
to the distance between the point of influence and the center of the dipole.

13. Question

The number of electrons in an insulator is of the same order as the number of
electrons in a conductor. What is then the basic difference between a conductor
and an insulator?

Answer

The basic difference between a conductor and an insulator is that conductor has
many free electrons in its outer shell and an insulator has no free electrons. Free
electrons are responsible for conduction of electricity in a material as they are not
bound to the atom and are free to move. Whereas in an insulator electrons are
tightly bound to the atom, thus no free electrons.

14. Question

When a charged comb is brought near a small piece of paper, it attracts the piece.
Does the paper become charged when the comb is brought near it?

Answer



When a charged comb is brought near a small piece of paper, it attracts the piece
because of induction. Induction is the process of redistribution of the charges on
one body due to the presence of a charged body. Similarly, the charges are
distributed on the paper from the comb. Thus when a charged comb is brought near
a piece, the charges at the pointing end of the comb attracts the opposite charge on
the piece of the paper which were introduced due to induction.Whole paper does
not become charged, just the area near the charged comb contains induced
electrons.

Hence When a charged comb is brought near a small piece of paper, it attracts the
piece.

Objective 1

1. Question

Figure shows some of the electric field lines corresponding to an electric field. The
figure suggests that

P
i

A'EA>EB>EC

B.Ep=Eg=E;
C.Ep=Ec>Ep
D.Ep=Ec<Ep
Answer

At any given point in the electric field region, the electric flux (i.e. the number of
field lines per unit area) determines the intensity of the field. The points in the
region where the flux is more are associated with strong electric fields.

For a given area, field lines are dense and equal in number at point A and C.

Therefore, Ep = E¢

And at point B, the field lines are far away which indicates lesser intensity of
electric field at point B than at point A and C.

2. Question

When the separation between two charges is increased, the electric potential
energy of the charges

A. increases

B. decreases



C. remains the same
D. may increase or decrease
Answer

Electric potential energy between two charges Q and Q’ kept at a distance R is
given by:

1 (@@)
"~ 4me R

[f R is increased, then energy may decrease or increase depending on the charges
involved.

=~ The potential energy may increase or decrease.
3. Question

[f a positive charge is shifted from low-potential region to a high-potential region,
the electric potential energy

A. increases

B. decreases

C. remains the same

D. may increase or decrease.
Answer

Electric potential energy of a system of point charges is defined as the work
required in assembling this system of charges by bringing them close together, as in
the system from infinite distance.

As we know,
E=-yV

Electric field flows from high potential to low potential and a positive charge
moves in the direction of electric field. In this process, it loses its energy.

But when a positive charge is moved from low potential to high potential i.e. in the
direction opposite to the electric field, its energy increases as some work needs to
be done to the particle. This work done gets stored as energy in the particle.

4. Question

Two equal positive charges are kept at points A and B. The electric potential at the
points between A and B (excluding these points) is studied while moving from A to
B. The potential

A. continuously increases



B. continuously decreases
C. increases then decreases
D. decrease then increases
Answer

Potential due to a point charge at a distance r is given by:

Rl

4e 1T

A B
® ®

Therefore, at a point very nearby to Aand B,r - 0 .. V- oo
i.e.

At a very nearby point right to A and a very nearby point left to B, potential will
tend to co (maximum possible value) as separation will tend to zero. That means at
a point somewhere in the middle of path AB, the potential will acquire its
minimum value.

Therefore, while moving from A to B, potential will first decrease and then
increase.

5. Question

The electric field at the origin is along the positive x-axis. A small circle is drawn
with the center at the origin cutting the axes at points A, B, C and D having
coordinates («, 0), (0, a), (-, 0), (0, -a) respectively. Out of the points on the
periphery of the circle, the potential is minimum at
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Answer

As the electric field is in +X direction, that is field lines will flow from point C to
point A. And as we already know that field lines flow from high potential to low
potential, that means point A needs to be at a low potential region and point C
needs to be at a high potential region.

Points B and D are equipotential.

The order of potentials is:

Ve > Vg =Vp >V,

Therefore, potential is minimum at A.

6. Question

If a body is charged by rubbing it, its weight
A. remains precisely constant

B. increases slightly

C. decreases slightly

D. may increase slightly or may decrease slightly.
Answer

On charging a body by rubbing it, there are two possibilities to happen: Either the
body acquires a positive charge or a negative charge.

As g=ne (where q is the amount of charge acquired on a body, n is the number of
electrons transferred from or on the body and e is the charge on one electron.)

In case the body acquires a positive charge, there is loss of electrons from that
body, therefore, its mass decreases.

In case the body acquires a negative charge, there is gain of electrons from that
body, therefore, its mass increases.

So, on charging a body, its mass may increase or may decrease slightly.
7. Question

An electric dipole is placed in a uniform electric field. The net electric force on the
dipole

A. is always zero
B. depends on the orientation of the dipole
C. can never be zero

D. depends on the strength of the dipole



Answer
An electric dipole consists of equal and opposite charges placed at some distance.

K 2a =

The dipole moment of this configuration is given as p=q(2a)

When the dipole is kept in an external electric field E, both its charges experience
some force. Let the force on the positive charge(q) and negative charge(-q) be Fp

and Fy respectively.
Therefore, Fp =qE and Fy =-qE.
ILe. Fp =- FN

that is force on the dipole is equal in magnitude but opposite in direction
irrespective of its orientation.

Therefore, force on an electric dipole placed in an electric field is always zero.
8. Question

Consider the situation of figure. The work done in taking a point charge from P to A
is W, from P to Bis Wg and from P to C is W¢.

*p
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AWy <Wg<W¢
B.Wj >Wg>W¢
C.Wy=Wg=W¢
D.None of these

Answer

Since electric field is a conservative field and therefore electric force is also a
conservative force. Therefore, work done will not depend in the path taken.

As for a conservative force field, work done on a charge does not depend on the
path taken by the charge but depends only on the initial and final points. Therefore,
in this situation,

i.e. WA = WB = WC



=~ The work done in taking a point charge from P to all the points A, B and C is the
same.

9. Question

A point charge q is rotated along a circle in the electric field generated by another
point charge Q. The work done by the electric field on the rotating charge in one
complete revolution is

A.zero

B. positive

C. negative

D. zero if the charge Q is at the center and nonzero otherwise.
Answer

If a force F applies on a body and it allows it to move an infinitely small distance d,
then work done is given by dW=F.ds and for a path, integrate it putting lower limits
(starting position) and upper limits (ending position).

Here, in the given question,

since a complete rotation is made i.e. net displacement is zero. i.e. dg = 0

W= j[;F.ds = 0 (for one complete revolution)

i.e. The work done by the electric field on the rotating charge in one complete
revolution is zero.

Objective 11

1. Question

Mark out the correct options.

A. The total charge of the universe is constant.

B. The total positive charge of the universe is constant.

C. The total negative charge of the universe is constant.

D. The total number of charged particles in the universe is constant.
Answer

Option (a) is correct because total charge of the universe is constant. It just gets
transferred from one particle to another.

Option (b) is incorrect as the total positive charge of the universe is not constant. It
is because the positive charges get converted into negative charges and vice-versa.



Option (c) is incorrect as the total negative charge of the universe is not constant.
[t is because the negative charges get converted into positive charges and vice-
versa.

Option (d) is incorrect as in universe, the total number of charged particles is not a
constant as a pair of positive and negative charges appear at the time of pair
production and a pair of positive and negative charge combine to form a neutral
particle at the time of pair annihilation.

2. Question

A point charge is brought in an electric field. The electric field at a nearby point.
A. will increase if the charge is positive

B. will decrease if the charge is negative

C. may increase if the charge is positive.

D. may decrease if the charge is negative.

Answer

Option (c) is correct:

In an electric field, if a positive charge is placed, then the charge itself will generate
some electric field on its own diverging from the point.

At a nearby point Q (towards the direction of external field), the field will increase
as the field lines from the charge will also add to external field lines.

At a nearby point P (away from the direction of external field), the field will
decrease as the field lines from the charge will cancel some of the external field
lines.

Therefore, at a nearby point, field can either increase or decrease.
Option (d) is correct:

In an electric field, if a negative charge is placed, then the charge itself will
generate some electric field on its own converging to the point.

At a nearby point Q (towards the direction of external field), the field will decrease
as the field lines from the charge will cancel some of the external field lines.

At a nearby point P (away from the direction of external field), the field will
increase as the field lines from the charge will add on to the external field lines.



Therefore, at a nearby point, field can either increase or decrease.

3. Question

The electric field and the electric potential at a point are E and V respectively.
A.If E = 0, V must be zero.

B.If V=0, E must be zero.

C.IfE # 0,V cannot be zero

D.If V # 0, E cannot be zero.

Answer

We know that electric field is negative of the space rate of change of electric
potential in a region. i.e.

E=-VV

Option (a) is incorrect as for E =0, V=0 is not the only condition. As we can see
from the above equation, electric field is the negative of vector derivative of V that
means

if V=constant, then also, E=0.

(AS d{constant)

dr D)

Option (b) is incorrect as:

[f at a point, the electric potential is zero, it doesn’t imply electric field to be also
Zero.

Take an example of a dipole where somewhere between the two charges on its axial
line, there exists a point where potential is zero but electric field is always non
zero and directs in the direction from positive charge to negative charge.

Option (c) is incorrect as if E#0, it doesn’'t mandate the potential to be non-zero.
We can take again the example of a dipole where somewhere at a point on its axial
line, there exists a point where E+#0 but V=0. So the statement “If E # 0, V cannot be
zero” is incorrect.

Option (d) is incorrect as:

[fV £ 0 (let's say V= non-zero constant)



Then E=0

Which is contradicted in the given statement.
Thus, none of the options is correct.

4. Question

The electric potential decreases uniformly from 120V to 80V as one moves on the
x-axis from x = -1 cm to x = +1 cm. The electric field at the origin

A. must be equal to 20 Vcm™1
B. may be equal to 20 V cm™1
C. may be greater than 20 V cm™1

D. may be less than 20 V cm™ 1

Answer

v=120v 4 B V=80V A4 @ V=— J- E.dr
(-1,0) (1,0 X

Herealso, AV = [ E.dxand AV = 120 —80 = 40V

Upon solving, we get E = 20 V Jem but it will also depend on the angle that
equipotential surface makes with the X axis.

Therefore, the value of electric field may greater than 20V /cm (if the potential
decreases uniformly) or equal to 20 V/cm (when equipotential surfaces are at right
angles from X axis.)

5. Question

Which of the following quantities do not depend on the choice of zero potential or
zero potential energy?

A. Potential at a point
B. Potential difference between two points

C. Potential energy of a two-charge system



D. Change in potential energy of a two-charge system.
Answer

Option (a) is incorrect because potential at a point depends on our choice of zero
potential. Normally infinity is taken as reference point where potential is assumed
to be zero.

[f choice of zero potential is changed, then the potential at a point will also change.

Option (b) is correct as difference in potential between the two points doesn’t
depend on the choice of zero potential.

Option (c) is incorrect as the potential energy of the two-charge system also
depends on the choice of zero potential in order to calculate the potential at the
point where the two charges are kept.

Option (d) is correct as the change in potential energy of the two-charge system is
independent of our choice of the zero-potential point.

Thus, we conclude that potential difference between two points and change in
potential energy of a two-charge system don’t depend on the choice of zero
potential point.

6. Question

An electric dipole is placed in an electric field generated by a point charge.
A. The net electric force on the dipole must be zero.

B. The net electric force on the dipole may be zero.

C. The torque on the dipole due to the field must be zero.

D. The torque on the dipole due to the field may be zero.

Answer

The field due a point charge is always radial (radially outwards for positive charge
and radially inwards for negative charge). A dipole placed in that electric field will
never feel equal and opposite forces due to the radial nature of the field. Therefore,
option (a) and (b) are incorrect.

Torque on the dipole may be zero in the case when the dipole is placed along the
electric field (as in that only case, F and 3- will be parallel or antiparallel, thus

torque will be zero.)

7. Question

A proton and an electron are placed in a uniform electric field.
A. The electric forces acting on them will be equal.

B. The magnitudes of the forces will be equal.



C. Their accelerations will be equal.

D. The magnitudes of their accelerations will be equal

Answer
» E
Fe ﬂ
>
»
E—>F,
-

Let the force on the electron and proton is Fe (F) and F, (F') respectively.
Then,
F=—eEand F' =¢eE

Option (a) is incorrect as the forces are equal only in magnitude but not in
direction.

Option(b) is correct as magnitude of the forces are equal.

Option (c) is incorrect as the magnitude of accelerations for both particles is not
equal and also the direction is also not the same.

Option (d) is incorrect as the magnitude of acceleration of both will be different as
the masses of both are different.

8. Question

The electric field in a region is directed outward and is proportional to the distance
r from the origin. Taking the electric potential at the origin to be zero,

A. it is uniform in the region

B. it is proportional to r

C. it is proportional to r?
D. it increases as one goes away from the origin
Answer

The field around the origin will be like:
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Where the intensity of the field will increase as we will move away from the charge
placed at origin (as field is proportional to the distance r from the origin.)

Option (a) is incorrect as the field is not uniform in the region (can be perceived by
the given situation and the diagram)
Field is given as:

Eor

E = kr (where k is some positive constant)

Now,

Vz—fE.dl'z J-Ed?'ms 0
V=- J-k?'d?‘

?,2

vV

—k > + ¢ (c is constant of integration)
Option (b) is incorrect since V is not proportional to r.
Option (c) is correct since V is proportional to r.

Option (d) is incorrect. From the expression for V, we can say that the potential

decreases as we move away. Alternatively, the field lines always flow from high
increase inr.

potential to low potential. Therefore, we can say that the potential decreases with
Exercises

1. Question

Find the dimensional formula of €.

Answer

We know that,



1 g,z
dme, 12

Electrostatic force, F, =

Where

€, is the permittivity of vacuum

d1, q is the magnitude of the charges on the charge particles
r is the distance between the two charge particles.

Taking the dimensions,

_ 1 [q.][g-]
[4m][ep] [r2]

Note that Charge = Current x Time. Hence, its dimensional formula is
[Current][Time] = [4][T]

[F.]

Note that 41 is a dimensionless constant. Note that F = ma. Hence,
[F] = [m][a] = [MLT~2].Also, r is just distance or length. Thus, [r] = [L]

. [ATI4T]
IMLT™) =3

Rearranging, we get
[eo] = [M~1L3T*A%]
2. Question

A charge of 1.0 C is placed at the top of your college building and another equal
charge at the top of your house. Take the separation between the two charges to be
2.0 km. Find the force exerted by the charges on each other. How many times of
your weight is this force?

Answer

Given:

q; =g, = 1.0C

Distance between the charges, r = 1.0km = 10°m
Formula used:

By Coulomb’s law, the electric force is given by:

_ 1 q19;
°  4me, 12

Where € is the permittivity of free space



qq and q; are the magnitude of charges
r is the distance of separation between the charges

By Coulomb’s law,

_ 1 919
°  4me, 12

v 9 x 10°NC>m? x 1.0C x 1.0C
e (2 % 103m)2

=2.25x 10°N

Formula used:

The weight of an object is given by

E, =mg

where g is the acceleration due to gravity

and m is the mass of the object.

Let the mass of my body, m be 70 kg.

E, =mg = 70kg x 9.8ms™? = 686N

Thus, dividing the Electrostatic force and the body weight, we get

2.25 X 10°N _
686N

F
E,
The electric force between the two charges is 3.3 times my weight.

3. Question

At what separation should two equal charges, 1.0C each, be placed so that the force
between them equals the weight of a 50 kg person?

Answer

Given:

Mass of the person,m = 50kg

Weight of the person, w = mg = 50kg x 9.8ms™% = 490N
Charges: g, = g, = 1.0C

Formula used:

By Coulomb’s law, the electric force is given by:



_ 1 q19;
°  4me, 12

Where € is the permittivity of free space
q1 and gy are the magnitude of charges

r is the distance of separation between the charges

The magnitude of electric force is given by:

q14-
T2

F,=k
Rearranging, we get

q14>
E

a

r= lk

Note that F, = w = 490N. Substituting all the values, we get

r=

9 x 10°NC—2m? x 1.0C x 1.0C
490N

~ 4.3 x 10°m
4. Question

Two equal charges are placed at a separation of 1.0 m. What should be the
magnitude of the charges so that the force between them equals the weight of a 50
kg person?

Answer
Given:

Mass of the person,m = 50kg

Weight of the person, w = mg = 50kg x 9.8ms™* = 490N

Let the magnitude of charge on both be q.

Here,q, =q,=¢q

Distance of separation, 7 = 1.0m

Formula used:



By Coulomb’s law, the electric force is given by:

‘?1‘?2= 1 q49,
T2 41e, 17

F, =k

e

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges

9°

2

=k

—

Rearranging, we get

_ R
= 7%

Substituting the corresponding values, we get

~ |490N x (1.0m)2
1= 9% 109NC—2m?

~23x107*C
5. Question

Find the electric force between two protons separated by a distance of 1 fermi (1
fermi = 10715 m). The protons are a nucleus remain at a separation of this order.

Answer

Given:
Charge on each proton, q;=q,=1.6x10"19 C

Distance of separation, r = 1 fermim = 10™*°m

Formula used:

By Coulomb’s law, the electric force is given by:



719> 1 q1q;

F.=k =
T2 4me, 12

a

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges

The magnitude of electric force is given by:

14>

E =k

a

9x 10°NC?m?x 1.6 x10719°Cx 1.6 x 107°¢C
B (10-15m)2

~ 230N

6. Question

Two charges 2.0 x 1076 C and 1.0 x 107 C are placed at a separation of 10 cm.
Where should a third charge be placed such that it experiences no net force due to
these charges?

Answer

Given:

Charges: g, = 1.0 x 107°C,q, = 2.0 X 107°C
Distance between the charge is 10 cm

Let the third charge be q. There are three possible scenarios:

Case 1 i
— Fo o Fi
g q qz) > X
Case 2
Fy _ _
=q Ay 4z » X
Fg
Case 3

_Fy
a qz =
Fs



As we can see from the picture, the only possible location for q where net force on
q is zero is between the two charges. Let it be x m away from q, x > 0.

Formula used:

By Coulomb’s law, the electric force is given by:

9192 _ 1 q49;
T2 4me, 17

EF, =k

e

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges

Force on q due to q is given by:

19

Force on q due to q is given by:

429

Fa=k (0.1 — x)2

Now,

0.1
T 1+42

= —0.241 or 0.041



As x > 0. The correct option is 0.041.

Distance from charge q; = 0.1 - 0.041 = 0.059 m
Hence, the charge q should be placed 5.9 cm from q.
7. Question

Suppose the second charge in the previous problem is -1.0 x 107® C. Locate the
position where a third charge will not experience a net force.

Answer

Given:

Charges: q1=-1.0x107 C, q,=2.0x10° C

Case 1 F, qz ;]_]\

% = > X

Fa
cﬂ.EE 2 q_z Fy ri'_i
® =B—=0 > X
Fy
Case 3 qz q1 Fq Fa
L o - N

Let the third charge q be at a distance x cm from q. As the forces must cancel, case

II is not possible. Moreover, for forces to cancel, g must be near the smaller charge.
Hence, only Case I1I is possible.

. 10 em

A & Lian
-

@ (= q X

X Ot

Formula used:
By Coulomb’s law, the electric force is given by:

4192 _ 1 419,
T2 4me, 12

E =k

Where € is the permittivity of free space



k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges

Force on q due to q; is given by:

lg11q
((x— 1[})6?1’1)2

Force on q due to q is given by:

lgz1q

F,=k
z (x cm)?2

X =
V211

= 5.86,34.1

For Case III, x must be greater than 10. Hence, x = 34.14 cm

Thus, q should be placed 34.1 cm from the larger charge on the side of the smaller

charge.

8. Question

Two charged particles are placed at a distance 1.0 cm apart. What is the minimum
possible magnitude of the electric force acting on each charge?

Answer

Given: missing

For the electric force to be minimum, the magnitude of charge on the particles
must be minimum. As both the particles are charged, they must have non-zero

minimum charge.



Hence, they both must carry charge having magnitude of fundamental unit of
charge i.e. 1.6 x 1019 C.

Magnitude of charges, g, = q, = 1.6 x 10°C

Distance between the charged particles,r = 1.0em = 0.01m

Formula used:
By Coulomb’s law, the electric force is given by:

‘?1‘?2= 1 q49,
T2 e, 17

F, =k

e

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges

The magnitude of electric force is:

_ 1 919
°  4me, rZ

9x 10°NC?m?x 1.6 x107°Cx 1.6 x 1071°C

~ 2.3 x 107%4N
(0.01m)2

9. Question

Estimate the number of electrons in 100g of water. How much is the total negative
charge on these electrons?

Answer
Given:
Mass of water, ;m = 100g

Molar mass of water M = 18 gmol~*

100g

Moles of water in 100g of water = ————
18gmol™t

Number of electrons in 1 molecule of water = 2 times one electron each in
hydrogen atom + 8 electrons in oxygen atom = 10 electrons




Formulas used:

The relation between molar mass M, mass of sample m and number of moles of
sample n is given by:

m
n=—
M

1 mol of “something” contains N , number of “something”.

Number of electrons in 1 mol of electrons = 10 electrons x N =
10 electrons x 6.022 x 10**mol™?

Number of electrons in 1 g of water

lg

=10 electrons x N; x —————
18 g mol™?

Number of electrons in 100 g of water

100g

= 10 electrons X 6.022 x 10%°*mol™* x ————
18gmol—1

= 3.34556 x 10%°electrons

~ 3.35 x 10%°electrons

Negative charge on one electron =16 w 1071°C

Total negative charge in 100g of water
=3.34556 x 10> x 1.6 x 107*°C ~ 5.35 x 10°C

10. Question

Suppose all the electrons of 100g water are lumped together to form a negatively
charged particle and all the nuclei are lumped together to form a positively
charged particle. If these two particles are placed 10.0 cm away from each other,
find the force of attraction between them. Compare it with your weight.

Answer
Given:
Mass of water, m = 100g

Molar mass of water M = 18gmol~*

100g

Moles of water in 100g of water = ————
18gmol~t

Number of electrons in 1 molecule of water = 2 times one electron each in
hydrogen atom + 8 electrons in oxygen atom = 10 electrons



Formulas used:

The relation between molar mass M, mass of sample m and number of moles of
sample n is given by:

m

n=
M

1 mol of “something” contains N, number of “something”.

Number of electrons in 1 mol of electrons = 18 electrons x N,=
10 electrons x 6.022 x 10**mol™?

Number of electrons in 100 g of water

100g
18gmol—1

= 10 electrons x 6.022 x 10**mol™* x
= 3.34556 x 10%°electrons

~ 3.35 x 10%%electrons

Negative charge on one electron =16 x 1071°C

Total negative charge = 3.34556 x 10%° x 1.6 x 107'°C ~ 5.35 x 10°C
We have,

Charges: q, = —5.35 x 10°C, g, = 5.35 x 10°C

Distance of separation,» = 10em = 0.1m

Formula used:
By Coulomb's law, the electric force is given by:

4192 _ 1 q49,
r? dme, 17

E, =k

e

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges




The magnitude of electric force is:

k
F, = |‘?1L|‘?1|
.
9 x 10°NC?m? x (5.35 lﬂﬁﬂ')z
B (0.1m)?2

~ 2.67 x 10%°N
Let my mass m be 70 kg.
FE, =mg = 70kg x 9.8ms™? = 686N

F, 2.5?,~»<:u::-zf*wWBMw22
E, 686N

The electric force between the two charges is about 1042 times my weight!
11. Question

Consider a gold nucleus to be a sphere of radius 6.9 fermi in which protons and
neutrons are distributed. Find the force of repulsion between two protons situated
at largest separation. Why do these protons not fly apart under this repulsion?

Answer
Given:

Largest Distance of Separation = Diameter of the nucleus,
d =13.8fermi =13.8x 107**m

Charge on each proton, q, = g, = 1.6 x 1071%¢

Formula used:
By Coulomb’s law, the electric force is given by:

9192 _ 1 419,
T2 4me, 12

E=k

a

Where € is the permittivity of free space
k is the electrostatic constant
q1 and gy are the magnitude of charges

r is the distance of separation between the charges

The electric force is repulsive and is given by:



q19>

dz

9% 10°NC?m? x (1.6 X 107°C)?
N (13.8 x 10-15m)2

F =k

~ 121N

The protons do not fly apart because there is also strong nuclear force which is
attractive and balances the repulsive electric force.

12. Question

Two insulating small spheres are rubbed against each other and placed 1 cm apart.
[f they attract each other with a force of 0.1N, how many electrons were
transferred from one sphere to the other during rubbing?

Answer

Given,

Electric force between the two spheres, F, = 0.1N

Distance between the two spheres,r = 1em = 0.01m

We know that, magnitude of charge on electron, ¢ = 1.6 x 10~1°

Let n electrons be transferred from one sphere to another. Then, charge on one
sphere is +ne and the other is -ne.

=4, =1e

Formula used:
By Coulomb’s law, the electric force is given by:

4192 _ 1 419,
T2 4me, 12

FE=k

a

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges

The magnitude of electric force is given by:



F=k—
2

ne
—
-

r |E,
n=- |—
e |k

0.01m 0.1N
C1.6x10712C_ /9% 10°NC—2mz

~2.0x 10
Hence, about 2.0 % 1011 electrons are transferred.
13. Question

NaCl molecule is bound due to the electric force between the sodium and the
chlorine ions when one electron of sodium is transferred to chlorine. Taking the

separation between the ions to be 2.75 x 1078 cm, find the force of attraction
between them. State the assumptions (if any) that you have made.

Answer

Given:
Charge onNa*ion=g = 1.6 x 107°
Chargeon Cl"ion=—g = —1.6 x 107*°

Distance between the ions, + = 2.75 % 10 %em = 2.75 % 107 1%n

Formula used:
By Coulomb’s law, the electric force is given by:

d192 _ 1 q49,
T? dme, 17

FE=k

a

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges




We assume that the distance between the transferred electron and the sodium
nucleus is the distance between the two ions.

qxq

F=k—s

e

9 x 10°NCZm? x (1.6 x 10719C)?
N (2.75 x 10-10m)2

~ 3.06 x 107°N

14. Question

Find the ratio of the electric and gravitational forces between two protons.
Answer

Given:

Mass of proton,m = 1.67 x 10727

Charge on proton, g = 1.6 x 107*°

Formula used:
By Coulomb’s law, the electric force is given by:

‘?1‘?2= 1 q49,
T2 e, 17

F, =k

e

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges

Formula used:

By Newton’s law of gravitation, the gravitational force is given by:

m,m,
g 72

Where G is the Gravitational constant

m; and m, are the magnitude of charges



r is the distance of separation between the masses

The electric force is given by:

The gravitational force is given by:

%]

.(2)

tey 1
Il
D

-e|§

Dividing (2) by (1), we get
kq?®

F,
F,  Gm?

9 x 10°NC2m? x (1.6 x 10717C)?
© 6.67 X 10-11Nkg—2m2 x (1.67 x 10-27kg)?

A~ 1.23 x 1038

Hence the ratio of electric force to gravitational force between two protons is
about 1.23 x 1036

15. Question

Suppose an attractive nuclear force acts between two protons which may be
written as F = CE‘kX/rZ.

(a) Write down the dimensional formulae and appropriate SI units of C and «.

(b) Suppose that k = 1 fermi~! and that the repulsive electric force between the
protons is just balanced by the attractive nuclear force when the separation is 5
fermi. Find the value of C.

Answer

Given:



e
CE kx

The attractive nuclear force between two protons is, f —

2

(a)The power of e must be dimensionless.

Thus,
[k][r] =1

1 -1
[k] = o [L7]
Hence, SI unit of k is m.
Now,

[Cl[e*]

="

[MLT=?] = [CI1][L7"]

[C] = [ML°T~?]

Let us replace the formula with SI units
_c
- m?

Hence, SI unit of C is Nm?

(b)
Given,

Separation between the protons, r = 5fermi = 5 x 10715 m.

We know that the charge on a protonis q = 1.6 x 10-19¢.

Now,

Formula used:
By Coulomb’s law, the electric force is given by:

9192 _ 1 419,
r? 4me, 12

E, =k

e

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges



r is the distance of separation between the charges

The electric force between the two protons is given by:

b

mhrj
I
;ti
|-Qz

Fe=F,

kq?=Ce’r
k 2

C= qk
e r

9x 10°NC2m?x (1.6 x 1071%)2 ¢

g—1fermi™tx5 fremi

~ 3.4 x 10726 Nm?

16. Question

Three equal charges, 2.0 x 107 C each, are held fixed at the three corners of an
equilateral triangle of side 5 cm. Find the Coulomb force experienced by one of the
charges due to the rest two.

Answer

Given:

Let the force due to charge at corner B, C be Fg, F¢.
Charge at each corner, g = 2.0 x 107°.

Note that the length of side of the triangle is, g = 5cm = 0.05 m.

Formula used:
By Coulomb’s law, the electric force is given by:

719> 1 q1q;

F.=k =
T2 41e, 12

e




Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges

r is the distance of separation between the charges

t |Fgl = |Fcl = F
Fe :
X F costl +-- -+ F cosfl

A

X

8 = 60®

B c
qz

F =15l - Il - %

Putting the values in the above formula, we get

9 x 10°NC2m? x (2.0 x 1078C)?
B (0.05m)z2

~ 14.4N

We can see from the diagram that Fcand Fgcab be resolved into theirs x and y
components.

F..= Fcos60°
F.,=Fsin60®
Fy, . = Fcose0*®
Fp,, = Fsin60°

The y’s are in the same direction and add up but the x’s are in the opposite
direction, hence they cancel out.

Hence,



| etl =F .+ Fé;v = 2F sin60°

|Froe| = 2 % 14.45in(60°) N ~ 24.9N
17. Question

Four equal charges 2.0 x 107 C each are fixed at the four corners of a square of side
5 cm. Find the Coulomb force experienced by one of the charges due to the rest
three.

Answer

Given:

Let the force due to charge at corner B, C and D be Fg, F¢, Fp.
Charge at each corner, qg=20x 10°°.

The side of square is,a = S5cm = 0.05 m.

By Pythagoras theorem,

The length of diagonal = /2 = 0.05/2 m-

C
1’ .-il"._-.' 'q_:_io Eﬁ JF

‘;Il ~9 > P> X
D “V’Jj;uae

Formula used:

By Coulomb’s law, the electric force is given by:

q:9: 1 q.q;

=k =
T2 4me, 17

e

Where € is the permittivity of free space

k is the electrostatic constant

q1 and gy are the magnitude of charges



r is the distance of separation between the charges

- Rq2 9% 10°NC2m? x (2 x 1078C)2 e
p=FKgt= (0.05m)2 b

N quA 9 x 10°NC2m? x (2% 1078C)? _ AN
5= K2l = (0.05m)2 J = 2%
— g 9x10°NC7?m? x (2x 107°C)*

|F;|=k— = =7.2N

2
a’ (0.05yZm)
Resolving F¢ , we get

F, = |F.| cos@ = 7.2Ncos(45°) =

V2

F, = |F| sin® = 7.2Nsin(45°) = =

The net force is:

ant=E+E+E

. 1
F,. =14.4(1+—) i+ /)N~ 19.49(i + N
¢ 23 (I+7) (i+))

We know that

|Free| = |F2 +E?

Hence, the magnitude of net force is

|Froe| & +/19.492 + 19.492N » 27.5N

18. Question

A hydrogen atom contains one proton and one electron. It may be assumed that the
electron revolves in a circle of radius 0.53 angstrom (1 angstrom = 10~1% m and is

abbreviated as A) with the proton at the center. The hydrogen atom is said to be in

the ground sate in this case. Find the magnitude of the electric force between the

proton and the electron of a hydrogen atom in its ground state.



Answer
Given:
Magnitude of charge on both proton and electron, ¢ = 1.6 x 10~1°C

The radius of the circular orbit, ¥ = 0.53 x 10~ 1%n

Y

+'\

-

The radius of the circular orbit is the distance between the electron and the proton.

Formula used:
By Coulomb’s law, the electric force is given by:

_ 1 919
°  4me, rZ

Where € is the permittivity of free space
qq and q; are the magnitude of charges
r is the distance of separation between the charges

(Here, g, = q, =€)

The magnitude of electric force is given by:

1 e?

ey 1?

e

Putting the values in the above formula, we get

(1.6 x 10717C)*?

e -8
X (0.53 x 10-1%m)2 82X 10N

F, =9 x 10°NC?m?

19. Question



Find the speed of the electron in the ground state of a hydrogen atom. The
description of ground state is given in the previous problem.

Answer
Given:

Magnitude of charge on both proton and electron, ¢ = 1.6 x 1071%C
The radius of the circular orbit, r = 0.53 x 107 1%m

Mass of electron, m = 9.11 x 10~3*kg

A2

p'

The radius of the circular orbit is the distance between the electron and the proton.

Formula used:

By Coulomb’s law, the electric force is given by:

_ 1 g9,
®  4me, rZ

Where € is the permittivity of free space
g1 and q; are the magnitude of charges
r is the distance of separation between the charges

(Here, g, = q, =€)

The magnitude of electric force is given by:

1 e?

4mmey 12

e

o (1.6 x 1071°C)*?
(0.53 x 10-1%m)2

F,=9 x 10°NC?m? ~8.2x 1072N



Formula used:
Centripetal force is given by

mu?

c

T

Where m is the mass if the object, v is the speed of the object and r is the radius of
the circular path.

Let F, be the centripetal force on the electron.

3 muv? ..(1)

Now, the electric force acts as centripetal force.
Hence,

F,=F

Substituting (1) and rearranging, we get

Fr
m

v =

Putting the values in the above formula, we get

~ 2.18 X 10° m/s

8.2x 1078N x 0.53x 10-19m
v =
9.11 x 10~31kg

20. Question

Ten positively charged particles are kept fixed on the x-axis at points x = 10 cm, 20
cm 30 cm, ..., 100 cm. The first particle has a charge 1.0 x 1078 C, the second 8 x

1078 C, the third 27 x 1078 C and so on. The tenth particle has a charge 1000 x 1078
C. Find the magnitude of the electric force acting on a 1C charge placed at the
origin.

Answer

Given:



Charge on the it particle q; =1°x 107%C

Distance of i particle from origin, r; = 10icm = 0.1im

Formula used:
By Coulomb’s law, the electric force is given by:

_ 1 q19;
°  4me, 12

Where € is the permittivity of free space
q1 and gy are the magnitude of charges

r is the distance of separation between the charges

Magnitude of force on the 1C charge due to i™particle is given by:
(Here,qq1 =1C x 107% g, = q,andr = 1)

1 1C x107% x g;
' 4me, ()2

Substituting the values, we get

F, = 9000N x i

All the forces are in negative-x direction. Hence, we can simply add them up to get
the magnitude of net force.

10
Fy oo = Z 9000 x i N

i=1

10
Fppot = 9nnnNZ£
i=1

F. = 9000N x 55N = 4.95 x 10°N

x.net =

21. Question

Two charged particles having charge 2.0 x 1078 C each are joined by an insulating
string of length 1m and the system is kept on a smooth horizontal table. Find the
tension in the string.

Answer



Given,

Charge on each particle, g = 2.0 x 1072(C

Distance between the two charges,r = 1m
— X

e T

) — @k

The tension will adjust such that the net force is zero.

Formula used:
By Coulomb’s law, the electric force id given by:

_ 1 g4,
41e, 1?

e

Where € is the permittivity of free space
qq and q; are the magnitude of charges
r is the distance of separation between the charges

(Here, q1 =q2 =q.)

1 g°?

T = F =
? 4me, 12

Putting the values in the above formula, we get

9 x 10°NC?m? x (2 x 1072%()?

=36x 107N
(1m)2

22. Question

Two identical balls, having a charge of 2.00 x 10~/ C and a mass of 100g, are
suspended from a common point by two insulating strings each 50 cm long. The
balls are held at a separation 5.0 cm apart and then released. Find

(a) the electric force on one of the charged balls

(b) the components of the resultant force on it along and perpendicular to the
string



(c) the tension in the string

(d) the acceleration of one of the balls. Answers are to be obtained only for the
instant just after the release.

Answer

Given,

Mass,m = 100g = 0.1kg

Length of strings, 1 = 50cm = 0.5 m

Distance between spheres, r = 5cm = 0.05m
Magnitude of charge on each ball, g = 2 x 1077C

Let the magnitude of Tension be T. Let the magnitude of electric force between the
spheres be F,.

Note that tension will adjust itself so that there is no acceleration along its
direction.

Q7 r=5.0cm -
+ Lt .ufi’ mg sin@

(a)

Formula used:
By Coulomb’s law, the electric force is given by:

_ 1 q49
¢ 4me, 12

Where € is the permittivity of free space

q1 and gy are the magnitude of charges



r is the distance of separation between the charges

(Here, g, = q, =€)

The magnitude of the electric force, F, is given by:

1 g% ..(1)

a = el
dmeg 1

9 x 10°NC2m? x (2 x 1077C)?

F, = = 0.144 N
¢ (0.05m)?

Hence, the electric force is 0.144 N along the line joining the charges and away
from the other charge.

(b)

By trigonometry,

o 12.5cm 0.05

sing = =
50cm

cos 6 = /1 —sin26 ~ 0.99875

Now, along the string, there is component of acceleration. Hence,
Z F, =ma, =m(0) =0

Now, consider the direction perpendicular to the string,

Z F, =F,cos8 —mgsin®

= 0.144N % 0.99875 — 0.1kg x 9.8ms~? x 0.05

= 0.09482 N ~ +0.095N

Hence, the component of net force perpendicular to the string is 0.095N and away
from the other charge (indicated by positive sign)

(c)From the free body diagram,

ZF&,= T—F sinB—mgcosB =20



Rearranging to get the above expression, we get
T=F,sinB+mgcosb
T = 0.144N x 0.05+ 0.1kg x 9.8ms % x 0.99875 ~ 0.986 N

(d)

Applying Newton’s second law along the y-direction,

Z F, = ma,

YF, 0.095N
a, =——~

R = 0.95ms ™2
Yooom 0.1kg

&a,=0
~a=0.95ms?

Thus the acceleration of one of the balls is 0.95ms? perpendicular to the string and
going away from the other charge.

23. Question

Two identical pith balls are charged by rubbing against each other. They are
suspended from a horizontal rod through two strings of length20 cm each, the
separation between the suspension points being 5 cm. In equilibrium, the
separation between the balls is 3 cm. Find the mass of each ball and the tension in

the strings. The charge on each ball has a magnitude 2.0 x 1078 C.
Answer

Given,

Length of strings,| = 20cm = 0.2m

Distance between suspension points, 1’ = 5em = 0.05m
Magnitude of charge on each ball, g = 2 x 1072C

Distance between the two balls, 7 = 3em = 0.03m

Let the mass of each ball be m. Let the magnitude of Tension be T and the electric
force between the balls be F,.

To be in accordance with the fact,»" = ¢, the balls must be attracted to each other.
Hence, they are oppositely charged.



- r' = 5cm >

- 1 em .
+ r = 3cm >
Y
4 [ = 20cm
5]
—
L@
mg
By trigonometry,
in g 1cm 0.05
sinf = =
20cm

cos 8 =41 —sin?@ ~ 0.99875

At equilibrium, all forces must cancel out in accordance with newton’s first law.
Hence,

ZEC=TSEHE—F;=[} (1)

(2)

K

ZF =Tcos8@ —mg=0

Formula used:
By Coulomb’s law, the electric force is given by:

_ 1 q19;
°  4me, 12

Where € is the permittivity of free space



qq and q; are the magnitude of charges
r is the distance of separation between the charges

(Here, g, = q, = e)

The magnitude of the electric force, F,, is given by:

4ie, 12

a

Substituting values in (3), we get

9 x 10°NC™2m? x (2 x 1078C)?

E, = = 0.004 N
¢ (0.03m)?

From equation (1), we get

F,
sinB

0.004N
~0.05

T =

= 0.08N

From equation (2), we get
TcosB
m=
g

_ 0.08N x 0.99875
mE 9.8m/s?

~ 0.008153kg ~ 82¢

Hence, mass of each of the balls is 8.2 grams and Tension in each of the ropes is

0.08N.

24. Question

Two small spheres, each having a mass of 20g, are suspended from a common point
by two insulating strings of length 40 cm each. The spheres are identically charged
and the separation between the balls at equilibrium is found to be 4 cm. find the

charge on each sphere.
Answer

Given,



Mass,m = 20g = 0.02kg
Length of strings, | =40cm = 0.4 m
Distance between spheres, r = 4cm = 0.04m

Let the magnitude of Tension be T. Let the electric force between the spheres be Fe.
Let the magnitude of charge on each pitch ball be q.

By trigonometry,

- 2cm 0.05

sink = = 0.
40ecm

cos B = 41— sin?6 =~ 0.99875

At equilibrium, all forces must cancel out in accordance with newton'’s first law.
Hence,

Z:’*}=P;—TSEHB=D ............................. (1)

ZFF:TCGSB_IIIEZG .............................

Formula used:
By Coulomb’s law, the electric force is given by:

_ 1 g9,
°  4me, 12




Where € is the permittivity of free space

q1 and g are the magnitude of charges

r is the distance of separation between the charges

(Here,q, = q, = e)

The magnitude of the electric force, F, is given by:

2

F =
d1ey 1

a

From (2), we get,

mg  0.02kg x 9.8m/s?
" cosB 0.99875

~ 0.19625 N

From (3) and (1), we get

1 q? .
—=Tsn#A
41e, 12

q* = 4me,Tsin 072

0.19625 N X 0.05 x (0.04m)2
- 9% 102 Nm2C-2

2

q

g ~ 4.17 x 1078C

25. Question

Two identical pith balls, each carrying a charge g, are suspended from a common
point by two strings of equal length £. Find the mass of each ball if the angle

between the strings is 20 in equilibrium.
Answer

Given:

Charges on ball = q

Angle between the balls = 26

Length of the strings =1



Let the magnitude of Tension be T. Let the electric force between the pitch balls be
Fe. Let the mass of each pitch ball be m. The free body diagram is as follows:

11 Lsmb
_J
. v

———

L She

Now, let the distance between the two charges be r.

By trigonometry,
r/2
sin(0) = %

r=2lsing ...(1)

By Coulomb’s law, the electric force id given by:

_ 1 q1q;
®  4me, rZ

Where € is the permittivity of free space

q1 and g are the magnitude of charges

r is the distance of separation between the charges
Here, q1 =q2 = q.

Now, let us find the magnitude of the electric force, Fy, :

_ 1 q-q
°  4me, 12

Substituting eq (1), we get



P 1 qz L (2)
® " 4me, 412sin2(0)

As the system is in equilibrium, all the forces in each direction must sum up to
Zero.

ZF;(=TS£HE} —F =0 -(3)

..(4)
ZF}, =TcosB—mg=20

Substituting (2) in (3), we get

B 1 qz ...[5)
" 4me, 412sin? 0

Substituting (4), we get

TcosB ..(6)
m=
g

Substituting (5) in (6), we get

B g*cot @
"= 16me,gl2sin? 6




26. Question

A particle having a charge of 2.0 x 107 C is placed directly below and at a
separation of 10 cm from the bob of a simple pendulum at rest. The mass of the bob
is 100g. What charge should the bob be given so that the string becomes loose?

Answer

Given:Charge of the particle : q = 2.0 x 10~% CDistance between charged particle
and the bob:r =10 cm=0.1mMass of the bob : m = 100 g = 100 x 103 kg Formula
used:T = mgWhere T is the tension in the string and g is the acceleration due to
gravity.~. T =0.1 x 9.8 . T = 0.98 NNow let the charge on the bob be : 'Now the

electrostatic force between the bob and the particle is given as:

r
F = ( L X (ﬁ))This is the Coulomb’s Law. Where € is the permittivity of
4me, T2
free space and it’s value is : €y = 8.85418782 x 1012 m3 kgl s* A2 q is the charge
of the particle and q’ is the charge of the bob, r is the distance between charged
particle and the bob.Now, in order to have a loose string the tension in the string
should be zero: T=0For tension to be zero, the particle must repel the bob along the
direction of the tension.Also, weight of the bob is in opposite direction to the

T
string.Thus the equation is:T + F =mg.. ( + (4}; W (i_g)) =0.1% 9.8
0

L X 99’ 0.98
" \4xmx 8.85418782 x 10-12 " \p.12/)

0.98 x 4 X w X 8.85418782 x 107 '%x 0.17
aqh = ~q ' =54%x10"°C
2.0 x 10-#
Hence, the charge on the bob should be 5.4 x 1074 C so that the string would

become loose.

27. Question

Two Particles A and B having charges q and 2q respectively are placed on a smooth
table with a separation d. A third particle C is to be clamped on the table in such a
way that the particles A and B remain at rest on the table under electrical forces.
What should be the charge on C and where should it be clamped?

Answer
Given:Charge of the particle A : qCharge of the particle B : 2q

Distance between A and B : dFormula used:We will be using Coulomb’s Law:

1 r
F = (4 % (%)) Where € is the permittivity of free space and it’s value is :
MEg r

€ = 885418782 x 1012 m=3 kg'! s* A2 and F is the electrostatic force between two
charges. And r is the distance between two charges.The diagram below shows the

given conditions: /\ C B Cis the third particle
- - . —~+ .

clamped on the table. Let charge of point C be q'For A and B to remain at rest, the




electrostatic forces from A and B must cancel out each other. Which means
magnitude of force from A to C: F, - should be equal and opposite to the force from

Bto C: F, as Point B has twice the charge of A.Thus the equation of rest is:
Gle— x c 2q
Fie+F.g=0A B Here x is the distance
= d >

between charge A and C.From Coulomb’s Law,
1 qq 1 (qu ) S
F, .= % F % Substituting we get,
ac (4}150 ( x2 )) A5~ ("-I-HED (d)? BWEE

1 qq’ 1 2q* .
L = Since we know that the
(4neox(x2))+ (4HEDX((d)2 0......(1)

magnitudes of Fp and Fg the forces are equal,

1 ! 1 2qq’

() L (2
4me, x2 ame,  \(d — x)?

1 _ 2
2 (d_l)ﬂ

. (d—x)*= c2x=d—-x~2x+x=d

d
(\E + 1) y=d~x = (m)Rationalizing the denominator we get,
v

— 1)dSubstituting value of x in the equation (1) we get,

x=(

1 qq' L (247 _
(4;150 . (V2 - 1)d)2 i (-ﬂmeo § ((d)z)) —°
o1 99’ 1 (27— A
" 47e, ((M,.— ) ame, (d? )_ 0 ((ﬁ — 1)d) a
. 2q 2 2
(2 —1)d - (@) - -(@)x (-1
~q = —qx2(2-2V2+1)-q = —q(4—4V2+1)-q = —q(6 - 4V2)C

Hence, the charge on the C is -q(6-4v2) C and it should be clamped at a distance of
(2-1)d.

r

=0

28. Question

Two identically charged particles are fastened to the two ends of a spring of spring
constant 100 N m~! and natural length 10 cm. The system resets on a smooth

horizontal table. If the charge on each particle is 2.0 x 1078 C, find the extension in
the length of the spring. Assume that the extension is small as compared to the
natural length. Justify this assumption after you solve the problem.

Answer

Given:Natural Length of the spring: 1 = 10cm = 0.1mSpring Constant : K =100 N m~
1Charge on each particle: q = 2.0 x 10~8 CSeparation between two charges =



|Formula used:Let the extension be ‘X’ m.We use Coulomb’s Law:

ey

(k X (qq)) Where F, is the electrostatic force, k is a constant .k = o Ox

10° Nm2C-2 and r is the distance between two charges.Since the electrostatic force
is repulsive in nature, the spring will exert a restoring spring force F,.F= -KxHere, K

is the spring constant and x is the extension.Negative sign is because the restoring
spring force us opposite to the applied force. The system would be in equilibrium
when the Electrostatic force of repulsion between the two charges is equal to the
spring force

Fe+Fp=0- (k X (qq)) Kx = 0- (k X (qq)) kX (qz) — Kx

k qz 9><1n9><(2'ﬂxmg) 3.6 x107° mYes
ATk ST (0.13)x 100 )" *¥ = =020 Tm

the assumptlon is justified. When two similar charges are present at two ends, they
will exert repulsive force on each other. The spring will extend due to its elastic
nature.The repulsive force will have an opposite force called as restoring force in
the spring. This force is directly proportional to the extension of the spring and
depends on the elasticity if the material. If the extension is large compared to the
natural length, then the restoring force would be proportional to the high powers of
the extension.

29. Question

A particle A having a charge of 2.0 x 107 C is held fixed on a horizontal table. A
second charged particle of mass 80g stays in equilibrium on the table at a distance
of 10 cm from the first charge. The coefficient of friction between the table and this
second particle is p = 0.2. Find the range within which the charge of this second
particle may lie.

Answer

Given:Charge of the particle A:qq =2.0 x 10~ C.Mass of the second charged

particle i.e. B:m=80 g=80x10"3 kg.Separation between both the charged particles:r =
10 cm = 0.1 mCoefficient of friction between the table and this second particle: p =

| @

0.2¢, r. Formula used:Let the charge of the particle

<= =

v

B be q;We use Coulomb’s law:F,_, = k x (

QIEE) Where F, is the electrostatic force
T

=9x 102 Nm2C2 and r is the distance

onb dueto A, kis aconstant .k = —
Ten

between two charges.The Friction force is given as:F, = uN= pmgHere, p is the
coefficient of friction, N is the normal reaction of table to the particle. N=mg.It is



given that particle B is at equilibrium with the table,ThusF, = F,.

q19> pXmxgxr?

-3 2

g, = 0.2x80x107%x9.8x (0.1) gy = 8.71 x 10-8 ¢ Hence, the range
9x10°x 2.0 x 10®

within which the charge of the second particle lies is * 8.71x 108 C. Since, charge

can be positive or negative, thus +.

30. Question

A particle A having a charge of 2.0 x 107 C and a mass of 100g is placed at the
bottom of a smooth inclined plane of inclination 30°. Where should another
particle B, having same charge and mass, be placed on the incline so that it may
remain in equilibrium?

Answer

Given:Charge of the particle A and B: q;=q,= q = 2.0 x 10° C.Mass of the particles
A and B: m =100 g =0.1 kg.Inclination of the inclined plain : 8 = 30°
F

5]

Formula used:The particle A and B will exert

MIECOsH
I

electrostatic repulsive forces on each other.This can be given by Coulomb’s Law:We

q1q2
]"2

use Coulomb’s law:F,, = k X ( ) Where F, is the electrostatic force on b due

to A, kis a constant .k = =9x 102 Nm2C2 and r is the distance between two

mEg
charges.Particle B would face a friction force opposite to the rolling force due to

inclination. [t is given as:F= mgsinOFor particle B to remain in equilibrium with the
inclination and particle A. The electrostatic force of repulsion and the friction force

. 4192y 2 k 5
must be equal.Fo =F- [k x ( 2 ) = mgsinf-. r- = (W) X
9 x 10°
~ 12 X (2.0x 1078)%2~r* =0.073m

T 0.1 % 9.8 x sin(30)
~1r =+/0.073 = 0.2701 m Hence, particle b must be place at a distance of

0.2701m from particle A to remain in equilibrium.
31. Question

Two particles A and B, each having a charge Q, are placed a distance d apart. Where
should a particle of charge q be placed on the perpendicular bisector of AB so that
it experiences maximum force? What is the magnitude of this maximum force?

Answer



Given:Charge on particles A and B: q1= qy= QSeparation between A and B : d
2F sinB
- A

F F

F cosf)=

[ cosf!

here X’ is the distance at which particle C of charge

A * B
H
di2
- >
d
‘q’ is place on the perpendicular bisector of AB.Formula used:From the figure we
16 X
Sinf = ——
can find sin® : (d 2 The horizontal components of force cancel each
2)

other.Total vertical component of force is: F'= 2FsinOBWe use Coulomb’s Law:

q19z
F=1k><( 2

=T 9x 102 Nm2C~2 and r is the distance between the two charges.Here r =
o

[1a\2 . ;o qQ X

a -2Substituting we get, F' = 2 X k x X

(2) +x g g (E 5 -
2

) +x2 (2) 447

) Where F is the electrostatic force on b due to A, k is a constant .k

X
~F = 2xkxqQx 7 |Using maxima,
2 z
(&) ++)

»

For maximum force E = (0.Thus,

3
’

2 <o (@ +2) -G ) xae|-o

2 2

d\’ d\’ d\’ d
(E) x* = 3x%- (—) + x*—3x% =0~ (—) —2x% =0~ 7= V2 x
x The magnitude of maximum Force is:




_d_
V2

Flppor = 2kqQ 7 [Hence, the particle C must be placed at a

(&+ %)Y

distance of % from the perpendicular bisector of AB so as to experience a
J

maximum force of magnitude F'y,,,. = 2kqQ

32. Question

Two particles A and B, each carrying a charge Q, are held fixed with a separation d
between them. A particle C having mass m and charge q is kept at the middle point
of the line AB.

() If it is displaced through a distance x perpendicular to AB, what would be the
electric force experienced by it.

(b) Assuming x << d, show that this force is proportional to x.

(c) Under what conditions will the particle C execute simple harmonic motion if it
is released after such a small displacement?

Find the time period of the oscillations if these conditions are satisfied.
Answer
Given:Charge of particles A and B : q = QSeparation between A and B : d(a)

2F sinB
'y

F F

)
F cosf)=

[ cosl?

here ‘X’ is the distance at which

A & = | » B
-— -
d
particle C of mass m and charge ‘q’ is place on the perpendicular bisector of
i X

AB.Formula used:From the figure we can find sin@ :Smﬂ B (d)z The
—_ + IE
2

horizontal components of force cancel each other.Total vertical component of force



is: F’= 2FsinOBWe use Coulomb’s Law:F = k x (‘hgz) Where F is the electrostatic
r

L 9x 102 Nm2C2 and r is the distance

force on b due to A, kis a constant .k = —
! a

Z
between the two charges.Here r = (E) + y2Substituting we get,
2

X
F' =2 Xk X E—Q X =
(3) +x2)  J(&) +x2
2
X
~F' = 2xkxqgQx 7 |F’ is the net electric force experience by

(&) +w)

particle C of charge q.(b)Whenx < d, . ,2 « (E) Thus, X% can be
2

; _ |- F" = 16kqQ x (%)

2
~ F'a xThus, force is proportional to x.(c)The condition for Simple harmonic

Motion of a particle is:F' = mw? xHere, m is the mass of the particle C, w is the
angular frequency.Thus comparing two equations of F’, we get

X
= 16kqQ x (E) = mw?x We know that o = 2?’7 Where t is the Time Period.

neglected.Substituting we get,. F' = 2kqQ x

i 2 mx 4m® X x 23
FE 7 16kqQ x (F) 4%q0
mmd3
| 4kq
Hence time period when the particle is released after a small displacement under
SHMisp — |mm’d®
4kqQ

33. Question

Repeat the previous problem if the particle is displaced through a distance x along
the line AB.

Answer



Given:Charge of particles A and B : q = QSepara

tion between A and B: d

df2 -
A I C 8
° g *
+Q q +Q Here x is the

d

displacement of particle C along AB.Distance between A and Cis:r,. = g +x

Distance between Band Cis: 1y = g — xFormula used:For part (a), we will be

qi1qz

using Coulomb’s Law,F = k x (

to A, kis a constant .k =
ey

two charges.qq=q,=Q.now, the net force acting on C is:F,

> ) Where F is the electrostatic force on B due
=9x 102 Nm2C2 and r is the distance between the

et — FBC'_FAC'

kqQ kq@Q 1
net — 2 =2 " Fnet = 'I“?Q S .z |~ 2
Tse Tac E_I §+I
)\
F.. ka0 (iﬂ)—(i—l)
** 4 net q (%+I)2x (%_I)E
2 2
o n %+d1+x2—%+d1—12 - F,,; = kqQ x .'sz:.r 5
" Free = KAQ ((d)g AY ((g) _'xz)
-

F et is the net electric force experience by particle C of charge q.(b)When

x<<d,x2<«(d/2)?Thus x2 can be neglected.We get,

32kqQx
—

— F ot ax
net — net

2dx
KqQ X~

16

Fnst_

Thus, when x<«d force is proportional to x(c)The condition for Simple harmonic

Motion of a particle is:F'=mw?2xHere, m is the mass of the particle C, w is the
angular frequency.Let F, ot = F'Thus comparing two equations of F, we get

32kqQx
——=
32kqQx 21\ 2 mm?d?
- —qu = m (_H) l‘.‘. Tz = T =
d3 T 8kqQ

when particle is displaced along AB is

_ mmd3
| 8kqQ

me® x We know that ¢ = E_ Where t is the Time Period.
T

mmsd3
8kqQ

Hence time period



34. Question

The electric force experienced by a charge of 1.0 x 107° C is 1.5 x 10~3 N. Find the
magnitude of the electric field at the position of the charge.

Answer

Given:Electric Force exerted by a charge: F = 1.5 x 1073 NCharge: q = 1.0 x 107
CFormula used:Here we use:f = q EWhere, F is the electric force, q is the charge

and E is the electric field at the position of the charge.Substituting we get,
-3
15 x 100®*N= 1.0 X 10°*CXE~E = L5 x 10 N-‘- E =1500NC

1.0 x 10-¢C
-~ E = 1.5 x 103 NC1Hence, the magnitude electric field at the position of the

charge is 1.5x 103 N/C

35. Question

Two particles A and B having charges of +2.00 x 107 C and of -4.00 x 1076 C
respectively are held fixed at a separation of 20.0 cm. Locate the point(s) on the
line AB where (a) electric field is zero (b) the electric potential is zero.

Answer

Given:Charge on particle A: qj = +2x 10°® CCharge on particle B : qg = -4x 10°®

CSeparation between A and B : r = 20.0 cm=0.2mFormula used:Electric Field given

> -9x 109 Nm2C-2. q is the point charge

k :
as:F = _'jHere, k is a constant and k=
T
and r is the distance between two charges.Also,Electric potential is given as:
1

TEg

=9x 102 Nm2C2 q is the point charge and

V = EHere, k is a constant and k=
T

r is the distance between two charges.Now,

TEg

< 20 cm >
Ae + o3 Let there be a point at
- - > {2

distance ‘X’ from A where net electric field is zero.Distance between A and the
point be : rp = x mDistance between B and the point be : rg = (0.2-x) m

kq, kqg 2x 107 4x 107°
Epet =— + = 0~ E, ;= — =10
x2  (0.2—x)?2 net x?2 (0.2 —x)2
2% 107° 4x 107° (2x 107%) x? 0.5 x?

X2 (02—-%)?2 4x 10¢ (02-x2 7~ (02-x)?
X
~\0.5 V0.5 x (0.2 —x) = x- 0.1414 — 0.707x = X
0.1414

0.293
zero at a point 0.4825 m from A along AB.Now,Zero Net potential at the point is

@+@=U_zx1ﬂ-ﬁ 4x107® 2x10™°  4x107°

T02-—x"
-~ 0.1414 =X — 0.707%~ x —

. X = 0.4825 mHence, electric field is

V,

net —

T4 g X B 0.2+ x X 02+ x



2x107° b X 0.1
: = =05 = ~014+ 05x=x-01=15x"xy=—
4x10-¢ 0.2+ x 0.2+ x 1.5

~x=0.0666mOR- 0.1 = 0.5x~ x = 0.2 mHence, potential can be zero at
0.0666 m from A along AB and at 0.2 m from B along AB.

36. Question

A point charge produces an electric field of magnitude 5 N C~1 at a distance of 40
cm from it. What is the magnitude of the charge?

Answer

Given:Electric field due to a point charge: E = 5 N C1Distance between the point
charge and the point at which electric field is produced : r = 40 cm = 0.4 mFormula
used:

1

Electric field is given as:E=kq r2Here, k is a constant and k= — = 9x 10° Nm2C2.
=g
9 x 10° x q 5 x 0.4°
022 17 9x10°
: g = 8.89 x 1011 ¢ Hence, magnitude of the charge is 8.89x 1011 C.

q is the point charge .Substituting we get,5; —

37. Question

A water particle of mass 10.0 mg and having a charge of 1.50 x 107 C stays
suspended in a room. What is the magnitude of electric field in the room? What is
its direction?

Answer

Given:Mass of the water particle : m= 10.0 mg = 10x 10 kgCharge of the particle:

cff
A

q=15x10"°C C) The suspended particle will be under the influence

\J

mg

of gravity.Hence , gravity will act in downward direction as shown in the
figure.Formula used: We know that,F, = qEWhere F is the electrostatic force, q is
the charge and E is the electric field produced by the charge.But, Force due to
gravity : is F;= mgHere, m is the mass of the particle and g is the acceleration due
to gravity.Now, for the particle to stay suspended in the room, the downward
gravitational force must be equal and opposite to the electric force. ~Fo=F

mg 10 X 1075 % 9.8

« qE=mg~ E = — .E=65.33NC!
q 1.5 x 10~




Thus, the magnitude of electric field due to the charged water molecule suspended

in the room is 65.33 NC'1 and it is in upwards direction opposite to the
gravitational force.

38. Question

Three identical charges, each having a value 1.0 x 1078 C, are placed at the corners
of an equilateral triangle of side 20 cm. Find the electric field and potential at the
center of the triangle.

Answer

Given:Value of three identical charges: q = 1.0x 10~8 CSide of the equilateral
1A

“gSIn@+ Ecsinf
h

triangle: 1 = 20cm = 0.2m

From the diagram,

A,B and C are the three vertices having equal charge q.E5,Eg and E.. are the electric

fields at the center of the triangle due to charges A,B and C respectively.h is the
height of the equilateral triangleand r is the distance from the center of the triangle
to it’s all three vertices.

kq

Formula used:Formula for potential at a point is:y = —
r

Where k is a constant and k= =9x 10 Nm2C2 .q is the point charge and r is the

TE,

distance between the centre of the triangle and the vertex.

Since charges are equal at A,B and C:E ,=Ez =E-= EThe Field from B and C are
resolved into horizontal and vertical components as seen from the figure.Here 0 is
30" as every angle of an equilateral triangle is 60° .The horizontal components
balance each other.Therefore net electric field ,E,ot = Ep -(Eg sSin0+Esin®) «Ej o=
E-(EsinB+Esin®) ~E, et = E(1-sin(30)-sin(30) ) ~Epet =E(1-0.5-0.5) ~E et =0Thus,
the electric field at the center of the given equilateral triangle is zero.Now, using

2
Pythagoras theorem to find value of h,j2 _ (E) + p2-h?=0.2%2-0.12

2



~ h = 0.173 mWe know that, in an equilateral triangle; — E w h Thus we get,
3

2
= 5 ¥ 0.173~r=0.1153m

Since Electric field is same for all three points: Vy=Vg=VThe potential at the
centeris:V =V, + Vg + Vo V=3V~ V=3 xk xg

-8
~V =3%9x%x10% x % V = 2341 VHence, potential at the centre of

0.1153
the triangle is 2341 V and Electric field at the center is zero.

39. Question

Positive charge Q is distributed uniformly over a circular ring of radius R. A
particle having a mass m and a negative charge q, is placed on its axis at a distance
x from the centre. Find the force on the particle. Assuming x <<R, find the time
period of oscillation of the particle if it is released from there.

Answer

ChargeatP =g
Charge on the ring=Q

. p
Given:

dicos8  Charge on
dE

the ring: QRadius of the ring : RCharge of the particle at point P : gMass of the
particle : mDistance of P from the centre of the ring: xDistance of P from the
element A : IFormula used:Electric force is given as:F = qE ... (1)Where F is the

electric force, q is the charge and E is the electric field.

Newton’'s Law gives : F = ma.. q = E = kqQx ..... (2)Time period is given as:
m  mR?3
T = 27 é o (3)Where, | is the length. In this case OP=x and a is the

acceleration.

Where F is the electric force, q is the charge and E is the electric field.Consider an
element of charge dQ on the ring at A.Electric field at P due to the element A is

kdEQHere, dE is the electric field due to element A. k= L =9x 107

given as:df =

TEg

NmZ2C-2, dQ is the charge of the element A and 1 is the distance between A and
X

Vvx2+R2

As the ring is symmetric, the electric field at P will be along OP axis: Ecos6

PNow, [2 = v2 + RZ And cosf =



kdQ X kdQx
~ dEcos6 = X ~ dEcosf = ——— Therefore, the net
2 Jx2+R? (x2+ R2)z

kdQx
electric field at P due to the entire ring is:E = J- dEcosg- E = J-—a
(x2+ R2)z

kx kQx

“E= — J- dQ- E = —————3Therefore substituting in equation (1)
(x2 + R2)z (x% + R2)2
kqQx

we get,F = —— 3Here, F is the electric force on the particle due to entire

(x> + R?)Z

charged ring.Now the condition given in the question is x<<R. Thus, x? can be

kqQx i
neglected.F’ = 3. F = kqﬂ Hence using equation (2) and (3) we get,
(R?)z R3
1
X 3 3 2
T=2n Tqox |- T =2m mR Putting the value of ki _ (16“ €gmR )2
\ \ mR3 Qq

1
Hence time period of oscillation of the particle is (M)z
Qg

40. Question

A rod of length L has a total charge Q distribute uniformly along its length. It is
bent in the shape of a semicircle. Find the magnitude of the electric field at the
centre of curvature of the semicircle.

Answer

Given:Length of the rod: LUniformly distributed charge: QWhen the rod is bent

Rdd

into a semicircle, let R be its radius. Here, dO is the

o

E sinB

width of the angular element on the circumference. The displacement of the
element with width d6 is Rd6. Let the displacement of the element be dl.The
Electric field is divided in to horizontal and vertical components. Horizontal

components are cancelled out.Formula Used:We know that: 4 = %Here, Ais the

linear charge density of the rod, Q is the charge of the rod and L is the length of the
rod.for a charge dq of element dl we havedq = A x dIWe know what dl =rd6

Q

~dg = 7 % Rd@ The formula for electric field is: g = k_gHere, k is a constant and
T

> -9x 10% Nm2C2. q is the point charge and r is the distance between the

k=

mEy

charge and the point of influence.here r=R.The net electric field due to vertical



component is:E, . =

J- dEsind dféHere, dE is the electric field due to element dl

having charge dq and the limits of the integral would be from 0 to Tasitisa
T T

. kdq kQ [RdO Q[
semicircle.~. E, _, = J-— E et = TJ- — X Ssmmb- E . = EJ- sinfdo
0

TE RZ
o 0
Q . kQ 2kQ
T Enst - E [_CGSE]D " Enet - LR [ ( 1 1)] Enet - LR
2Q Q

If we substitute value of k we get,~ E, _, = e IR E i = 2e L2
e €

As L=m R.Hence electric field at the centre of the curvature is >—
o

41. Question

A 10 cm long rod carries a charge of +50 pC distributed uniformly along its length.
Find the magnitude of the electric field at a point 10 cm from both the ends of the
rod.

Answer

Given:Length of the rod : L = 10cm = 0.1mCharge on the rod; q = +50 pC= 50x 107©

Here, C is 10 cm = 0.1 m away from both ends of the rod

50 pc 50 uC

0. 1rvw
L

AB.Distance between C and centre of AB : rFormula used:From Pythagoras
Theorem,r?+(L/2)?=(BC)?2

= r=[0.1]%- [0.05]?
%= 7.5x1073
~r=V (7.5x10°3)

~r=0.0866 mNow we know that, Electric field at a point on the perpendicular

2kQ
bisector of a uniformly charged rod is:E = Here, k is a constant and
Y e r(VLZ + 412)

1
4me,

the magnitude of the charge.Substituting we get,

k= =9x 102 Nm2C2 . q is the point charge, L is the length of the rod and Q is



2X9x10°%x50x107°
0.0866 (Jﬂ.lﬂ + 4((}.(}866)2)"'

F =52 % 107 NCc Hence, electric field

at a point 10 cm away from the ends of the rod is 5.2 x 107 NC-1.
42. Question

Consider a uniformly charged ring of radius R. Find the point on the axis where the
electric filed is maximum.

Answer

Given:Charge of the ring: QRadius of the ring :RLet P be the point where electric
field is found.Distance between center of the ring and P is x.

Charge on the ring=Q

P

Charge at pointp=gq

Formula used:We know that electric field at any point on the axis at a distance x
kQx
: : 1
from the center is:E = ———5Where k is a constant and k=
(R2 +x2)2 e
NmZ2C2. Q is the charge of the ring, x is the distance between center of the ring and
point P and R is the radius of the ring.Now for the electric field to be maximum, we

=9x 107

use the maxima property:ﬁ_g — pTaking derivative of E wirt x,

X
dE 3 3 5
—=kQ [(Rg"‘xz)_?—(—x)(}?z+x2)‘§><2x]= 0
dx 3 y)
3 5
~ (RP+x3) 72— (EI)(R‘E +x3)2Zx2x=0
: . (P +x2)72 x—— :
i 24 . 2y5 2vip2 g w2v— (RT+Xx°) 2 X — =3x
~ (RP+x*)2= (3x3)(R*+x?)2 (R7 427
R
~ R4+ ¥2 = 3y2- R? = 242~ x = —Hence Electric field is maximum at x = E,_
\.."'f y 2

on the axis.
43. Question

A wire is bent in the form of a regular hexagon and a total charge q is distributed
uniformly on it. What is the electric field at the center? You many answer this part
without making any numerical calculations.

Answer



Given:Uniformly distributed Charge on the regular hexagon : q

1 2 When a wire is bent in the form of a regular

hexagon having charge q uniformly distributed, each point on the hexagon will
contribute same magnitude of electric field.Say, 6 vertices of the hexagon have
same charge q.Thus they will produce same electric field E at the center.This
electric field gets nullified as same magnitude is acting from both sides.Formula

used:Electric field at a point due to a point charge is given as:f — k_jWhere kisa
T

=9x 102 Nm2C-2. q is the charge and r is the distance between

constant and k=
TE,

the point and the charge.Mathematically:E;=E,From the figure E is the electric
field due to vertex 1 at the center and E is the electric field due to vertex 2 at the
center diametrically opposite to vertex 1.Thus net electric field at center due to 1
and 2 isEpe =E1-Ep = E o = F;—S — % Eqet = 0 Eventually electric field due to
all 6 vertices cancel out each other at the center.Hence, electric field at the center
of the regular hexagon is zero.

44. Question

A circular wire-loop of radius a carries a total charge Q distributed uniformly over
its length. A small length dL of the wire is cut off. Find the electric field at the
center due to the remaining wire.

Answer

Given:Radius of the circular loop : aTotal charge on the wire : QLength of the cut
off wire: dLFormula used:Electric field is given as:f — k_gHere, k is a constant
.

> —9x 109 Nm2C-2. q is the point charge and r is the distance between

and k=
TEg

the charge and the point of influence.Here r=a=radius of the loop. We know that,
electric field at the center of the uniformly charged circular wire

E. o frt Ergma:‘m‘n;; = OWhich means that sum of electric field due to cut off
Q

wire and remaining wire is zero.We know that,j — ~Where A is the linear charge
L

density. Q is the total charge and L is the length of the wire.Charge on the element
dLbe dq:) = d_qr dq = AdL.. dgq = g d1 Here L = 2ma=circumference. Here, a is
dL L
the radius of the loop and L is the Length of the loop.... gg = Q@ d1.Thus, electric
2ma

Q
field due to dL(cutoff wire) at the center is:‘,:_:‘-ﬂmaer1r — @ Evuvors = k Tra dL
a= "' “cuto -



kQdL
" 2ma?

kQdL

cuteff — 2mad SinceEﬂutof;""’ Erema!'m'ng =0.

kQdL

2ma?
circular wire due to remaining wire is E=

0

remaining

-~ E

) Thus, magnitude of electric field at the center of the

remaining — _(
kod

2ma

;’but in opposite direction to that of

the field due to cut off wire.
45. Question

A positive charge q is placed in front of a conducting solid cube at a distance d
from its center. Find the electric field at the center of the cube due to the charges
appearing on its surface.

Answer

Given:Charge placed in front of a solid cube: +gDistance between the charge and

the center of the cube: d # Formula
+q

1

used:Formula for electric field is:p = HHere, k is a constant and k= =9x 10°

1‘3 4meg

NmZ2C2 . q is the point charge and r is the distance between the charge and the
point of influence.Since we have to find electric field at the center of the cubey =

~ E = E E = L Hence, electric field at the center of the cube due to a
dz 41ed*
positive charge at a distance d from the center of cube is E = 41: =
=

46. Question

A pendulum bob of mass 80 mg and carrying a charge of 2 x 108 Cis at rest ina
uniform, horizontal electric field of 20 kVm™1. Find the tension in the thread.

Answer

Given:Mass of the bob: m = 80 mg= 80x 107 kgCharge on the bob: q = 2 x 1078
T cos@

CElectric field : E = 20 kVm™1 = 20x 103 Vm™1. gE Here the

mg

electric field is horizontal.The tension in the string is resolved into two
components:Horizontal component : TsinBVertical component : TcosBAs shown in
the figure.Formula Used:Since electric field acts on the bob having charge q, it
experiences an electric field in horizontal direction.Electric force is given as:F=qEF



is electric force, q is the charge on the bob and E is the horizontal electric field.
This electric force is balanced by the horizontal component of the tension.Tsinf =
gENow the vertical component of tension is balanced by the weight of the

Tsind E -8 3
bob.Tcos8=mgDividing we get,T _4 - tanf — 2 X 107" x20x 10
c

0os6 mg 80 x 106 x 9.8
~tan® = 0.510-~ 8 = tan"2(0.510)~. B = 27.02° Substituting the value of 6, we
can calculate tension in the string... Tcos(27.02) = 80 x 107° x 9.8

7.84x 107

N 0.89

~ T = 8.8 ¥ 10~ *N Hence the tension in the string is 8.8x10"
4N.
47. Question

A particle of mass m and charge q is thrown at a speed u against a uniform electric
field E. How much distance will it travel before coming to momentary rest?

Answer

Given:Mass of the particle: mCharge of the particle: ginitial velocity of the particle
when thrown : uUniform electric field : EFormula used:When a charge q moves in
an uniform electric field E, it experiences an electric force FF=qEBut this particle
is thrown against the electric field, hence the force experience would be
negative.F=-qEAccording to Newton’s Second Law:F=maWhere a is the

acceleration and m is the mass of the body.Thus,q = E = — (ﬁ)We will be using
m m

one of the equations of motion.y? = % + 2asHere, v is the final velocity of the
particle, u is the initial velocity, a is the acceleration and s is the
displacement.Since particle comes to rest, final velocity: v=0Thus,

2
0=1u2— E % g E Xs=1ln§= um units. Hence, the particle will
m m 2qE
uzm
2gE

travel

units before coming to rest.

48. Question

A particle of mass 1g and charge 2.5 x 10~% C is released from rest in an electric
field of 1.2 x 10* N C71.

(a) Find the electric force and the force of gravity acing on this particle. Can one of
these forces be neglected in comparison with the other for approximate analysis?

(b) How long will it take for the particle to travel a distance of 40 cm?
(c) What will be the speed of the particle after travelling this distance?

(d) How much is the work done by the electric force on the particle during this
period?

Answer

Given:Mass of the particle : m= 1g = 10°3 kgCharge of the particle: q = 2.5 x 1074
CElectric Field: E = 1.2 x 10* N C 1Distance travelled : s = 40 cm = 0.4 mlInitial



velocity: u = OFormula used:(a)When a charge q moves in an uniform electric field

E, it experiences an electric force F¢.Fo = qEsubstituting the values we get,
F = 25 % 107* % 1.2 x 10* - Fo =3NForce of gravity would be:ﬁ; =mg

a
Where m is the mass of the particle and g is the acceleration due to gravity.

~Fy = 107 % 9.8~ F,=9.8x 103 NSince the mass of the particle is very low,
force due to gravity can be neglected.(b)From Newton’s Second Law,F=mawhere a

. : . F .
is the acceleration of the body and m is the mass.., g — —acceleration of the

m
o E 3 m
particleis:g = £ — = 3 x 10® —Using one of the equations of motion:
m 1073 52

s =ut + 2 at*Here, s is the distance travelled, u is the initial velocity, t is the

time required to travel s, and a is the acceleration of the particle.Substituting we
0.4

BoL0.4 =0+ 0.5 X 3X 107 X 1727 = = ¢ = (2,67 10-4)z

~t =10.0163 seconds It will take 0.0163 seconds for the particle to travel a

distance of 40 cm.(c)Using another equation of motiony? = 3% + 2asHere v is the

final velocity of the particle,u is the initial velocity of the particle, a is the
acceleration and s is the distance travelled by the particle.Substituting we get,

m
v =0+2x3x10% % 0.4~ v? = 2400~ v = /2400 = 48.9 —After

travelling 40cm the speed of the particle will be 48.9 m/s.(d)We know
that,Work=ForcexDisplacementThus work done by the electric force:W =F x s+ W
=3x04-W=12]

Hence , work of 1.2 ] is being done by the electric force on the particle.

49. Question

A ball of mass 100g and having a charge of 4.9 x 107> C is released from rest in a
region where a horizontal electric field of 2.0 x 10% C NC™1 exists.

(a) Find the resultant force acing on the ball.
(b) What will be the path of the ball?
(c) Where will the ball be at the end of 2s?

Answer

Given:Mass of the ball : m = 100 g = 100x 10-3 kg =0.1 kgCharge on the ball : q = 4.9
x 107> CHorizontal electric field : E= 2.0 x 10* C NC1Initial Velocity of the ball: u



= e o e s e

Here, R is the resultant Force due to

R2= Fe? + Fy?

Fs= mg

gravitational force Fq and electric force F Formula used:(a)Electric force Fe due
to charge q and electric field EisFe =qE~. F, = 49 x 107> x 2.0 x 10*
~F.=0.98N Gravitational force Fg experience due to mass of the ball m and
acceleration due to gravity g is:Fg=mg.. F,=01x98~F,=0.98 NThus we see

that Fe = FgThe Resultant force R can be calculated by:R2=Fe2+Fg2

« R2%= (0.98)2+(0.98)2
~R=v1.9208

~R=1.3859 N Hence the resultant force of 1.3859 N is acting on the ball.(b)We take

tangent of the angle 8 tgng = Opposite side

F
. —tanf = -ZBut Fg=F,. tand = 1
Adjacent side E, & ¢

- 8 = 45° Hence, the path of the ball is along a straight line and inclined at an
angle of 45° with the horizontal electric field.(c)Here, we will be using one of the

equations of motion.g¢ — 3t + 1 at?Here s is the distance covered by the ball, u is
2

the initial velocity of the ball, a is the acceleration of the ball and t is the time
required to cover s.We need to find s at t=2sFirstly ,vertical displacement due to

gravitational force is:a=g-. g = 0 + 0.5 X 9.8 % 22.. s, = 19.6 m. Secondly,

a= %Horizontal displacement due to electric force isig, =0+ % W E W 22

~5=05x% E w 4 ~ § = 19.6 mThus net displacement = (SV2+ shz)l/z.-. Net
0.1
displacement = ((19.6)2+(19.6%))1/2.. Net displacement = 27.71 m

Thus, the ball will be at a distance of 27.71m after 2s

50. Question

The bob of a simple pendulum as a mass of 40g and a positive charge of 4.0 x 107©
C. It makes 20 oscillations in 45s. A vertical electric field pointing upward and the

magnitude 2.5 x 10* N C~1 is switched on. How much time will it now take to
complete 20 oscillations?

Answer

Mass of the bob: m = 40 g = 0.04 kgCharge of the bob: q = 4.0 x 107® COscillations in
t=45s : 20Vertical electric field: E = 2.5 x 10* N C"1.Formula used:Time period of a



simple pendulum is:T = 21 ihere | is the length of the string .Thus, when there is

no electric field, the time period is:T, = 27 EWhen a vertical electric field is

g

applied, the positively charged bob will experience a vertical acceleration due to
electric force. Thus net acceleration of the bob = g-aTime period of the simple

pendulum when vertical electric field applied isiT, = 2m Now,Since a is due

g—a
to electric force, by Newton’'s Second Law and Formula for electric force, we get

-6 4 m
0 F Q'E - 4.0 x 107°x 2.5 x 10 fa— 2_5—Thus g-a=98-25=73

m m’ D.D4

g—a
m/s2Taking ratio we get Tl E
Tz 9.8
—a

T
& —=0.863.T, = — -~ T, = 52 seconds.Hence time required by the bob to
T, 27 0.863

complete 20 oscillations in presence of a vertical electric field is 52 seconds.

51. Question

A block a mass m having a charge q is placed on a smooth horizontal table and is
connected to a wall through an unstressed spring of spring constant k as shown in
figure. A horizontal electric field E parallel to the spring is switched on. Find the

-

k

amplitude of the resulting SHM of the block.
m

Answer

Given:Mass of the block: mCharge of the block: qFormula used:When a charged
body of charge q and mass m is brought under an horizontal electric field E, it will
experience electric force F, in the direction of the field.F,=qEWhen the block is
accelerated due to the electric force, the spring will cause a restoring spring force
in the opposite direction.Spring force is:Fg = -kxWhere, k is the spring constant and

x is the distance the spring is stretched or compressed.Here x is the

E
— qT X = %We used modulus as the
amplitude cannot be negative.Hence, %E is the amplitude of the resulting SHM of the
block.

amplitude.Thus,F, = F . qE = -kx.. ¥ =

52. Question

A block of mass m containing a net positive charge q is placed on a smooth
horizontal table which terminates in a vertical wall as shown in figure. The



distance of the block from the wall is d. A horizontal electric field E towards right
is switched on. Assuming elastic collisions (if any) find the time period of the
resulting oscillatory motion. Is it a simple harmonic motion?

} d i

—-—-h.E

q |

Answer

Given:Mass of the block : mCharge on the block: gDistance between block and the
wall : dHorizontal electric field: EInitial velocity: u=0

Formula used:It is not Simple Harmonic Motion. In SHM the acceleration is
directly proportional to the displacement of the body and in opposite direction of
the displacement. In this case, acceleration is proportional to the displacement but

not in the opposite direction.We know that,F = gE and F =ma- a = EHere, F
m
is the horizontal Electric force, q is the charge of the body and E is the electric

force (horizontal), a is the acceleration and m is the mass of the bodyTo find time
required by the block to collide into the wall can be calculated by laws of motion.

1
s =ut + (E) at*Here s is the displacement; s=d. u is the initial velocity, a is the

acceleration of the block and t is the time required to travel the displacement.

~d=0+ E % qE W 2ot = 2djThis is the time required by the block to

2" m qE
travel d and hit the wall.Since it is assumed to be elastic collision, after collision
with the wall the block will take same time ‘t’ to come back till it’s velocity is

dm

zero.Thus Total time take:TT = 2¢t.. T = 2 Time period of the resulting

oscillatory motionis T = 2 2dm

gE
53. Question

A uniform electric field of 10 N C~1 exists in the vertically downward direction.
Find the increase in the electric potential as one goes up through a height of 50 cm.

Answer

Given:Electric field: E= 10 N C-1Change in Height : dh = 50 cm= 0.5 mFormula
used:Since the electric field exists in vertically downward direction, E becomes
negative as one goes up. E= -10 N C"1Change in potential is :dV = -E.drHere, dV is
change in potential, dr is the distance moved and E is the electric field.In this case
dr=dh.. dV =-(-10)x 0.5 .. dV = 5 VHence, Increase in potential as one goes up by
50cm is 5V.

54. Question



12 J of work has to be done against an existing electric field to take a charge of 0.01
C from A to B. How much is the potential difference Vg - V,?

Answer

Given:Work done against electric field: W= 12 JCharge : q= 0.01 CFormula
used:Work done is given by:W=Potential differencexcharge

~W=(Vg-V, )xqHere, V-V, is the potential difference and q is the charge.

w 12 .
o Vg =V, = E Vg —V, = m Vg—V,=1200 VHence, potential
difference is 1200 V .

55. Question

Two equal charges, 2.0 x 1077 C each, are held fixed at a separation of 20 cm. A
third charge of equal magnitude is placed midway between the two charges. It is
now moved to a point 20 cm from both the charges. How much work is done by the
electric field during the process?

Answer

Given:Magnitude of all three charges: q1=q3=q3=q= 2.0 x 10~7 CSeparation

g 10ecm A 10em ¢

between first two charges: d = 20 cm = 0.2m

L e

[

—_
e

the figure,Distance between charge at A and both the charges:r =10cm= 0.1
mDistance between charge at b and both the charges:r'= 20 cm= 0.2 mFormula

L _9x 109

e K .
used:Potential is given asy = —qure, Here, k is a constant and k= —
r T€a

Nm2C2 . q is the point charge and r is the distance between the charge and the
point of influence.Since A is midway between two point charges, potential at A will
kq v 2x9%x10%x 2.0 x 1077
ro4 0.1

=~ V4 =36000V Now, when charge at A is displaced to B, potential difference is

be due to both the charges:[{‘1 =2 %

created. Potential at B is due to both the charges at 0.2 m equally from B.Potential

. kq 2x9%x10%x%x 2.0 x 1077
at By, =2 x —Vp = % = Vg = 18000 VThus,
Potential difference is:V5-Vg =36000-18000 . V5-Vg - 18000Work done is:W= (V-
Vg) x @~ W = 18000 x 2.0 x 1077 . W = 3.6 x 10°3 JHence, 3.6x 1073 ] of work is

being done by the electric field during whole process.

56. Question



An electric field of 20 N C~1 exists along the x-axis in space. Calculate the potential
difference Vg - V4 where the points A and B are given by,

(a)A=(0,0); B=(4m, 2m)
(b) A = (4m, 2m); B = (6m, 5m)

(c) A =(0,0); B=(6m,5m)Do you find any relation between the answers of parts

(), (b) and (c)?

Answer

Given:Magnitude of Electric field: E = 20 N C™1E is along x-axisFormula used:As
Electric field is along x-axis, potential difference will be along x-direction. Which
means only x co-ordinates will be considered.We know that,dy = —E. dsHere dV

is the change in potential : dV= V-V 4E is the electric field along positive x axis and
ds is the change in displacement.(a)A = (0, 0); B = (4m, 2m) . Vg-V=-20%(4-0) =
-80 V(b)A = (4m, 2m); B = (bm, 5m) .. Vg-V 4= -20%(6-4) = -40 V(c)A = (0,0); B=
(bm, 5m) - Vg-Vp=-20x%(6-0) =-120 V(d)From (a),(b) and (c), we conclude
that:Potential difference of at points A = (0, 0), B = (ém, 5m)= Potential difference
at points A = (0, 0), B = (4m, 2m)+ Potential difference at points A = (4m, 2m), B =
(bm, 5m)

57. Question

Consider the situation of the previous problem. A charge of -2.0 x 10~ C is moved
from the point A to the point B. Find the change in electrical potential energy Ug -

U, for the cases (a), (b) and (c).
Answer

Given:Magnitude of Electric field: E = 20 N C~1Magnitude of charge moved from A
to B =-2.0 x 10~* CFormula used:Change in Electrical potential energy is

All = AV % qure, AU is change in Electrical potential energy, A V is change in
potential and q is the charge displaced.AU = Ug-U, where Uy is electric potential
energy at B and Uy, is electric potential energy at A(a)A = (0, 0); B = (4m, 2m) - Vg-
Va=-20x%(4-0) = -80 VThus Change in Electrical potential energy isUg-Up = (Vg -
Va)xq -~ AU=-80x-2.0x10% .. AU =0.016 J(b)A = (4m, 2m); B = (6m, 5m) - Vg-
Va=-20x%(6-4) = -40 VThus Change in Electrical potential energy isUg-Up = (Vg -
Va)xq -~ AU=-40 x-2.0x 1074 . A U = 0.008 J(c)A = (0, 0); B = (6m, 5m) = Vg-V 5=
-20%(6-0) = -120 VThus Change in Electrical potential energy isUg-Up = (Vg — V)
q-~AU=-120 x -2.0x 10°% . A U = 0.024Hence, for the cases (a),(b) and (c) the

change in electric potential energy when the charge is moved from A to B is 0.016
J,0.008 7], 0.024 ] respectively.

58. Question

TR W [RENN RN P

An electric field ™ exists in the space. If the potential at

the origin is taken to be zero, find the potential at (2m, Zm).



Answer

Given:Electric field: F = 207+ 30? N€~1V(0,0) = OFinal position: # = (27 + 2}’)

Formula used:We know that Electric potential is given as:V = —E.dsWhere ds is
the change in displacement.In vector formyy = —F . jHere, T is the changed
position from origin... ¥ = —( 20T+ 307).(21+ 2))

V= —(20x2+30%x2)~V=—100V
Hence potential at (2m,2m) is -100 V.

59. Question

Anelectric field = ~ *  exists in the space, where A = 10 Vm™2. Take the

potential at (10m, 20m) to be zero. Find the potential at the origin.

Answer

Given:Electric Field: F — 4y7A = 10 Vm™2V(10m,20m) = OFormula used:Change
in potential is:dVV = —E. dxWhere dV is change in potential, E is the electric field
and dx is the change in displacement.F — 10x7In vector form:gy = — F.dx

_ 0 x2 0
~ dV = —10xdxIntegrating we get:ly = —10 J- ydy~-V = —10 [El
10 10

~V =10 x ? — 500 YHere limits 10 to 0 is taken as 10 m is the x co-ordinate

and origin has (0,0)Hence. potential of 500 V exists at the origin.

60. Question

The electric potential existing in space isV(x,y, z) = A (xy + yz + zx).

(a) Write the dimensional formula of A.

(b) Find the expression for the electric field.

(c) If A is 10 SI units, find the magnitude of the electric filed at (1m, 1m, 1m).
Answer

Given:Electric Potential :V(x,y,z) = A (xy + yz + zx).A = 10 SI units.Formula used:
(a)From the given data V(x,y,z) = A (Xy + yz + zx), we can say that Voltage is the

product of A and length?(xy+yz+zx)Volt = Ax m?%., 4 — I’!':’EEWe know that Volt =
m
2 7—1m—3
[2£] where Q= [IT=*].. 4 = METT7) A = (MrA7-37Thus, dimensions
Qr® [L?]
of A are [MJ~1T-3](b)Formula for electric field is:;f = —y, yWhere

8 a a- = d d d -
V=—1+—J+—k- E= — (—* —J+= )
ol Ty T E ( ﬁxt+ﬁy}+ﬂzk Ay + yz + zx))



~ E=

d(xy + yz + d(xy + yz +
(43 yz )., 4 00y + yz + =) 7
dx ay

y (ﬂ[xy + yz + ZX))E)
0z

~ F = —A(y+z2)1—Alx+2z)j— A(x+ y)EHence , expression of electric field
iSE = —A(y + 2)T— A(x + 2)] — A(x + y)k(c)A = 10 Sl units(xyz) =
(1m,1m,1m)Substituting in the expression of E we get:
E=-10(1+1)7—10(1+ 1)j— 10(1+ 1)k~ E = —207 — 20j — 20k
Magnitude of Electric fieldisg = . /(—20)2 4+ (—20)2 + (—20)2~ E = /1200
~E=34.64NC!

Hence, magnitude of Electric field at (1m,1m,1m0 is 34.64 NG,

61. Question

Two charged particles, having equal charges of 2.0 x 1073 C each, are brought from
infinity to within a separation of 10 cm. Find the increase in the electric potential
energy during the process.

Answer

Given:Charge of two particles: q;=q,= 2.0 x 10~ CSeparation between two
charges: r = 10 cm = 0.1 mFormula used:Electric potential energy is given as:

kq.q, 1

Where,k is a constant and k=
r dmey

U= =9x 10 Nm2C2 . q is the point charge

and r is the separation between two charges.When two charges were at infinity, the

separation between them was infiniteThus,;_ = kq1qz, U, = ONow, when the
[}

kq.q;
T
potential energy.Substituting the values we get,
9x10°x 2.0 x 107°x 2.0 x 107
Ur = 0.1
potential energy: A UAl = U — U, AU =36 — 0~ AU = 36 JHence, Electric
potential energy increased by 36 ] during the process.

separation between them was 10 cm;yj, = Where Ug is the final electric

~Ug=36] Now, increase in electric

62. Question

Some equipotential surfaces are shown in figure. What can you say about the
magnitude and the direction of the electric field?

0em

y(cm) 0eml |, 4
10V, 20V, 30V, 40V »
0 M/M 10em,

s R K

KL
20V

(a) (b)



Answer

Given:From figure (a)Angle between equipotential surfaces and the displacement
x:0 = 30°Change in potential : dV = 10 VChange in displacement between two
consecutive equipotential surfaces: dx = 10 cm = 0.1 mFrom figure (b)Increase in
radius from center: dr= 10cm=0.1mFormula used:(a)As we know that the electric
field E is always perpendicular to the equipotential surface

4 E 10V 20V
3(]"”l 30° I
xcm
/ : :’V : e From the above diagram, the
A | |
I I
l—
10 cm

angle between Electric field £ and dx ; 6’ = 90° +30° =120°Change in electric
potential is given as:q|7 — _E_ dx- 10 = —Edxcos(8")

V
~10= —E x 0.1 x cos(120°)~ E = E = 200— Hence the
m

01x05
magnitude of electric field is 200 V/m making an angle of 120° with the x axis.(b)As

we know that the electric field F is always perpendicular to the equipotential
E

surface

Radius increases by: dr= 10 cm = 0.1 mAs F is

10 cm

6OV

30V

20V

perpendicular to the equipotential surface, F and dr would be along same line as
shown in the figure above.Thus angle between F and dr : 6 = 0We know that

: . . k .
potential at a point due to a charge q is given as:y = _there, k is a constant and

7
k= _:E =9x 102 Nm2C2 . q is the point charge and r is radius of that
g
surface.Consider potential at point A where r=0.1 mV, = 60V.. 0 = E
= kq = 60 x 0.1 = 6Electric field is given as:g = k_gSubstituting value of kq we
T

6 : e P
get,F — _ZHence, the magnitude of the electric field is iz and it's direction is
T r

radially outward with decreasing with increasing radii.
63. Question

Consider a circular ring of radius r, uniformly charged with linear charge density A.
Find the electric potential at a point on the axis at a distance x from the center of
the ring. Using this expression for the potential, find the electric field at this point.



Answer

Given:Radius of the circular ring: rLinear charge density : ADistance of a point

from the center of the ring : x

From the diagram we can see that,Point P is at a distance x from the center of the
ring.Point P is at a distance of /2 4 x2 from the surface of the ring: 1" = /-2 1 »2
Circumference of the ring is : L = 2 rFormula used:We can see that, Electric field
as p is resolved into vertical and horizontal components. As the ring is symmetric,
vertical components are cancelled out and horizontal components add.Thus E ;¢

=Ecos0 , where 6 is the angle between x and /2 + y2.We know that,j = QWhere,
L

A is the linear charge density, Q is the Total charge due to whole ring and L is the
circumference of the ring... ¢ = 2mrAPotential at a point due to charge Q is:
1

V = kQHere, k is a constant and k= =9x 109 Nm2C2. q is the point charge.

7! 4me,

k2mrd _ 1 rd
V¥ = ———If we substitute value of k then:y =
"'.ITE"'IE EED \I.'T2+l-2

EZmrd

Hence, Electric potential at a point x from the center of the ring is V = Net

Ve +at
X
Vr? +x?
1 T4 1 X
X X
1 rd . 1 rd
> sHence, Electric field at P is 3
€o(r2 4+ x2)3 €o(r2 4+ x2)3

electric field at P is Ecosb and F = %From the figure:cosd =
r

~ E

nat

vV
- FCQSE:' Enet =

o F

net —

64. Question

An electric field of magnitude 1000 NC™1 is produced between two parallel plates
having a separation of 2.0 cm as shown in figure.

(a) What is the potential difference between the plate?

(b) With what minimum speed should an electron be projected from the lower
plate in the direction of the field so that it may reach the upper plate?

(c) Suppose the electron is projected from the lower plate with the speed
calculated in part (b). The direction of projection makes an angle of 60° with the



field. Find the maximum height reached by the electron.

g

2 cm

L

Given:Magnitude of the electric field : E = 1000 NC~1Separation between the
plates: r = 2 cm = 0.02 mAngle made by the projection with the field : 6 = 60°

Answer

ucosh

2 ﬂ V u 2 M Eormula used:(a)The Potential difference

is:V = -E.rHere, E is the electric field and r is the separation between the plates.V = -
1000 x 0.2 ~ V=-200 = |-200| =200V

Hence, the potential difference between the plates is of 200 V(b)Charge on an

electron: e = -1.6x 10719 CWe know thatF=qE=maWhere F is the electric force, E is
the electric field, m is the mass of the body and a is the acceleration of the

body.Here, g=e of electron. And m = 9.7x 10~31 kg mass of the electron.

_ -19 m
a = ﬁ = 16X 10 X lﬂDD___ a = —1.75 x 10**—Using one of the

m 9.7 x 10-31 s?
equations of motion we get,v2=u?+2asHere, v is the final velocity of the electron=
OHere v is zero as it we have to calculate u when it just reaches the upper plate, u is
the initial velocity of the electron, s is the distance between the plates: s=r and a is
the acceleration of the electrons.-. 0 = 4% — 2 x 1.75x 10* x 0.02

~ut =7 %102, 4 = \f'f? % 1012~ U = 2.64 X 10° EHence, with a minimum
S

speed of 2.64x 10® m/s2 should the electron be projected from the lower plate in
the direction of the field for it to reach the upper plate.(c)As direction of projection
makes an angle 60° with the electric field.Initial velocity is resolved into its cos
component which is along the direction of the electric field as shown in the figure
above.Hence, u'=ucos(60° ), u’ is the resolved initial velocity.Using the same
equation of motion used in (b) we get,. v? = u'? — 2 x a x hWhere h is the
maximum height reached by the electron.

12
~0=1(264x 10°%x05)?— 2x 1.75x 10 x he p = 1.74x10

3.5 x 1014
~ h = 4.97 x 103 m Hence, the maximum height reached by the electron is 4.7x

1073 m.
65. Question

A uniform field of 2.0 NC1 exists in space in x-direction.



(a) Taking the potential at the origin to be zero, write an expression for the
potential at a general point (x, y, z).

(b) At which points, the potential is 25 V?

(c) If the potential at the origin is taken to be 100 V, what will be the expression for
the potential at ta general point?

(d) What will be the potential at the origin if the potential at infinity is taken to be
zero? Is it practical to choose the potential at infinity to be zero?

Answer

Given:(a)Magnitude of Electric field: E = 2.0 NC"1V(0,0,0) = 0 V(b) V=25 V(c)
V(0,0,0) = 100 VFormula used:(a) Electric field exists in x-direction.We know that,
Potential difference is :

V=Vg-V ,=Vg-0=VgHere Vj is the potential at general point (x,y,z) and V, is the

potential at origin = 0.Potential is given aV = -E.rWhere E is the electric field and r

is the position of the point in space.In vector form: E = Exi‘ + Evj‘ + Ez?}

r = xi+ yj + zk Substituting . V = —( E,i+E,j+ EZE). ( Xi+yj+ ziﬁ)

~. V= — E,xHere,y and z components are not considered as electric field is along

x direction... ¥ = —2x VHence expression of potential at a general point (X,y,z) in

space is -2x V.(b)Here, Vg is 25 Vi, — V, = —2x~ 25— 0= —2x

X = ﬁ — —12.5 mHence at x=-12.5 m, potential is 25 V.(c)Now similar to
—2

part (a), here potential at origin is given and we need to find potential at general

point.V(0,0,0) = 100 VUsing formula for potential derived in (a) we get,

Vg —V,= —2x- Vg —100 = —2x~ Vg =100 — 2x~ V(x,y,2) = 100 — 2x V

Hence, potential at general point is 100 — 2x V(d)Let potential at infinity be :

Vo = 0 and x=coPotential at origin is : VyUsing the formula for potential and result

of (a):1, — Vo= —2xV, =V, +2x~V, =0+ 2 x oo~ ¥ = coHence, potential

at origin is infinite.It is not practical to choose potential at infinity to be zero as it

will make potential at origin to be infinite as we derived which will make the

calculations impossible.

66. Question

How much work has to be done in assembling three charged particles at the
-5
20%10 C

vertices of an equilateral triangle as shown in figure?

10 cm
"ol C <8
4.0%10 C 3.0X10 C

Answer



2.0x 103 C

Given: 10 em Chargeat1:qq =4.0 x 107

10 cm

4.0x 105C 3.0x 10°C

1 3
CChargeat 2:qp = 2.0 x 107 CChargeat 3:q3=3.0 x 107 CLet side of the

equilateral triangle be L = 10 cm = 0.1 mFormula used:To assemble the charges at
three vertices electric potential energy is required.Thus, the work done in
assembling these charges is equal to the total electric potential energy used.W =
Uq, +Uy3 + Ug1Here, W is the work done.U;,: Electric Potential energy due to

charges at 1 and 2 having separation 0.1 m.U,3 : Electric Potential energy due to

charges at 2 and 3 having separation 0.1 m.U3q: Electric Potential energy due to

charges at 3 and 1 having separation 0.1 m.Formula for Electric potential energy is:
1

U= @Here, k is a constant and k= =9x 10° Nm2C2, g1 and gy are point

charges and r is the separation between them and U is the electric potential energy
required to moves charges q; and q; apart.Substituting,

MEg

k k k k
W — ‘?Ll‘?u ‘?L?q%r qfql.-.w=z><1D‘1°[4><2+2><3+3><4)
9x10° x 1071%x 26

-~ W = 234 JHence, 234 ] of work is required for

0.1
assembling the charges at the vertices of the equilateral triangle.

67. Question

The kinetic energy of a charged particle decreases by 10 | as it moves from a point
at potential 100V to a point at potential 200V. Find the charge on the particle.

Answer

Given: Change in Kinetic Energy of a charged particle: AE = 10 JPotential difference
:dV =200-100 =100 VWe know that, when energy of a body is changed, work is
being done.Change in kinetic energy = Work DoneThus, Work done : W = 10 JAlso
Work is given as:W = dVx qHere dV is the potential difference and q is the charge of

the particle.Substituting the values: 10 = 100 x q- q = E — 0. 1 cHence the
100
charge on the particle is 0.1 C

68. Question

Two identical particles, each having a charge of 2.0 x 10~% C and mass of 10g, are
kept at a separation of 10 cm and then released. What would be the speeds of the
particles when the separation becomes large?

Answer

Given:Charge on two identical particles: q;=q,= 2.0 x 10~ CMass of the two
particles : mj=my=m = 10 g = 0.01 kgSeparation between the charges:r =10 cm =



0.1 mFormula used:When they are released, the force of repulsion will be acting
on both the particles making them drift apart thereby increasing distance between

kq.q-
T
initial potential energy between the charges )k is a constant and k=

them.Potential Energy at the start will be[,rf where Ujptig) IS the

nitial =

L _ogx 109

Teg
Nm2C2, g1 and gy are point charges and r is the separation between them.Final

Potential energy would be zero as the particles will gain Kinetic energy and the
separation between the charges would approach infinity : Ug,,, = ONow by

conservation of energy:Total Potential energy = Total Kinetic energy

Total kinetic energy is: KF = 1 mlpz + 1 szz =2 % 1 mV*Where, m is the
2 2
mass of the particles and V is the velocity gained by the particles.

k 1 k
. U:'m'ta’a! - Ufinal =K.E. Qqu = 2 X —?Hvz Vﬂ = ﬂ
?x2.0x 1[]"“;2[1%: ZLlZZl"LE —m?
9 x 107 x 2. :
— =~V =+/360000~-V =600m/s
0.01 x0.1
Hence, when the separation becomes large the speed of the particles should be 600
m/s.

V?

69. Question

Two particles have equal masses of 5.0g each and opposite charges of +4.0 x 107> C

and -4.0 x 107 C. They are released from rest with a separation of 1.0 m between
them. Find the speeds of the particles when the separation is reduced to 50 cm.

Answer

Given:Mass of the two particles : my{=my=m = 5.0 g = 0.005 kgCharge on particle 1

:qq = +4.0 x 1075 CCharge on particle 2 : qp =-4.0 x 1075 CSeparation between the
charges : r = 1 mlnitial velocity: v = O0Formula used:Conservation of Energy
is:Uinitial * K-Einitial = Ufinal * K.Efinaywhere, Ujpjtia) and K.Ejpjtja) are the Initial
potential energy and initial kinetic energy respectively .U, and K.E ¢,,,] are the
final potential energy and final Kinetic energy respectively.Now, as initial velocity
is zero : K.Ejjjtiz1 = OFinal Kinetic Energy of both the particles is:

K.Efina = %mll’z + %szz =2 % %mpzAlso, Electric potential energy is

given as;py — kqlquhere k is a constant and k=
.

are point charges and r is the separation between them.For initial situation:r=1

mFor final situation : r = 50 cm = 0.5 m = r/2Substituting in the conservation

1

=9x 10 Nm2C2, q; and g

4mey

kq.q kq.q 1
formula we get. - ;L 2.0= ?} 2,9 ximvz,_ kqi1q;  2kq.q, - mv?
. . :
k
q?qz (1—2) =mVv?
9x 107 %x 4.0 x 107°x 4.0 x 10°° (—1) = 0,008 x V2 V2 = 14.4
1 X = 0.005 XV ¥ = 5.005

~ V = /2880~ V = 53. 66 m/s Hence the velocity of the particles when
separation is reduced to 50 cm is 53.66 m/s



70. Question

A sample of HCI gas is placed in an electric field of 2.5 x 10* N C~1. The dipole

moment of each HCI molecule is 3.4 x 10739 Cm. Find the maximum torque that
can act on a molecule.

Answer

Given:Electric field : E = 2.5 x 10* N C"1Dipole moment of each HCI molecule :P =
3.4 x 10739 cm = 3.4 x 10739 Cm Formula used: Torque acting on a dipole is given
ast = P x FWhere, T is the torque acting on the dipole, P is the dipole moment of

the HCl molecules and E is the electric field.t = PEsinBFor maximum torque 6 =
90°Thus sin(90) =1~ 7 =PE~ 7= 3.4 x 107%%x 2.5 x 10*

~T= 8.5 % 10~2% Nm Hence a maximum of 8.5x 10"26 Nm of torque can act on
a HCl molecule.

71. Question

Two particles A and B, having opposite charges 2.0 x 107® C and -2.0 x 1070 C, are
placed at a separation of 1.0 cm.

(a) Write down the electric dipole moment of this pair.

(b) Calculate the electric field at a point on the axis of the dipole 1.0 m away from
the center.

(c) Calculate the electric field at a point on the perpendicular bisector of the dipole
and 1.0 m sway from the center.

Answer

Given:(a)Charge on particle A : q; = 2.0 x 107 CCharge on particle B: qy =-2.0 x

10~® CMagnitude of both the charges : q = 2.0 x 10~® CSeparation between A and B :
d =1.0 cm = 0.01 m(b)Distance between center and the point on the axis of dipole:
r=1 cm= 0.01 m(c)Distance between center and the point on the perpendicular
bisector of the dipole:r'=1 mFormula used:(a)Electric dipole moment is given as:
p= qEWhere, p is the electric dipole moment, q is the magnitude of the charges at

the end of the dipole and 4 is the vector joining the two charges... p =qd
~p= 20 X 107% % 0.01~ p=2x 108 cm Hence, electric dipole moment
between A and B is 2x 10-8Cm(b)Electric field at a point on the axis of the dipole is:

> —9x 102 NmZ2C2, p is the Electric dipole

k2 :
E = _?‘;pHere k is a constant and k=
r
moment and r is the distance between the point on the axis and it’s

9x 107 x2x2x107® 8 1
(0.0D)3 ~E=3.6x10°NC

Hence, electric field at a distance 1 cm away from the center of the dipole to the
point on it’s axis is 3.6x 108 NC™1.(c)Electric field at a point on the perpendicular

TEy

center.Substituting we get,p —

bisector of the dipole is given as:g — k_‘I;Here, k is a constant and k= hlt_ =9x 107
r' e

NmZ2C2, p is the Electric dipole moment and r’ is the distance between the point on



the perpendicular bisector of the dipole and it’s centerSubstituting we get:

9 -g
E = I x 10" x2x10 ~ E = 180 NCHence, electric field at a point on the

132
perpendicular bisector of the dipole 1 m away from it’s center is 180 NC-1.

72. Question
Three charges are arranged on the vertices of n equilateral triangle as shown in
-q
\

figure. Find the dipole moment of the combination. \

Answer

Given:Distance between two charges :d In

the diagram, the dipole moments ﬁ and E are extended and resolved into the
resultant component p.Formula used:The resultant 3 is given as vector sum of
E and E ﬁ = E + EAS angle between fj and ﬁl is 30°, the value of the
resultant:p = 2p, cos30 As p1=py, the resultant due to 3, and p, is:
p= gpl.ggg[SD)We know that:p=qdWhere p is the dipole moment, q is the
magnitude of charges and d is the distance between the charges forming the

'E]
dipole.Substituting, the resultant dipole moment is:p — Eqd_\,,?: p= qdw@

2
Hence, dipole moment of the combination is qdv'3

73. Question

Find the magnitude of the electric field at the point P in the configuration shown in
figure for d >> a. Take 2qa = p.



F P P
'l' 1 ]’ 1 T T
| I i
| I i
I I 1
| I |
d I d : d |
I | :

‘ i O -

q —a——a— —_——— =
(a) (b) (c)

Answer

Given:(a)Distance between charge and P : d(b)Distance between two charges +q
and -q = 2aDipole moment : p =2qgaFormula used:(a)It’s a direct formula of the

1 _9x

electric field due to a point charge: g 1= gHere, k is a constant and k= p—
Te=a

10° Nm2C2 . q is the point charge and d is the distance between the charge and the
point P(b)For the second configuration too we have a direct formula.Opposite
charges at both ends separated by a distance forms a dipole and electric field at a

point on the perpendicular bisector of the dipole is given as:g, = %Here, p is the
1

TEg
the distance between Point P and the center of the dipole.(c)Figure (c) is made up

=9x 102 Nm2C2,d s

dipole moment and is : p= 2qga and k is a constant and k=

2 .
E:z %F‘
/ \
of combination of system in (a) and (b) / \\ Point P is
d
/ \
/ \
q *q \ *q
./ ~4
A B G
2a

influenced by two dipoles.1.-q and +q (A and B)2. +q and +q (B and C)1. Is the result
of (b) = E»2. Is the result of (a) = E;{Hence net electric field at P in the configuration

(c) would be resultant of Ey and Ez. . = E, + E,= E,, = |E2 + E2

kq\*  (kp\® q% . p? 1
- Ener = \](d_g) + (d_g) B =k E"_ E Enee = Kk E(qzdz +p?)

kK —
net — E A (quz +p2)

o F
Hence, results for (a), (b) and (c) are g ) ? and % J (g%d? + p?) respectively.

3 )

74. Question



Two particles, carrying -q and +q and having equal masses m each, are fixed at the
ends of a light rod of length a to form a dipole. The rod is clamped at an end and is
placed in a uniform electric field E with the axis of the dipole along the electric
field. The rod is slightly tilted and then released. Neglecting gravity find the time
period of small oscillations.

Answer

Given:Magnitude of charge on both the particles: gMass of both the particles:
mElectric field : EThe axis of the dipole is along the electric field.Length of the

[ ———m—— =

dipole: I=a | Formula used:We know that, a

|
-q

a

charge placed in an electric field E will experience electric force.When a dipole
with charge of magnitude q at its ends is suspended under a magnetic field and
having one end clamped (-q), the free end (+q) will experience an electric force and
it will start oscillating.Electric force is given as:F=qEandF = ma .- qE = ma

qE

~. @ = —Where a is the acceleration of the particle, q is the charge on the particle,
m
m is the mass of the particle and E is the electric field.Also, time period for Simple

pendulum is:T = 27 EHere, g=a(acceleration) as we are neglecting

g

_ am
gravity.Substituting we get,T =2n qE~T =2m —EHence, time period of the
e q

m
small oscillations is 27 %.
1|| q

75. Question

Assume that each atom in a copper wire contributes one free electron. Estimate the
number of free electrons in a copper wire having a mass of 6.4 g (take the atomic

weight of copper to be 64 g mol™1).

Answer

Given:Atomic weight of copper =64 g mol-1Mass of copper wire : m = 6.4
gFormula used:We know that,Number of moles in 64 g of copper = 1Thus, number
of moles in 6.4 g of copper = 0.1Also,Number of atoms in one mole=NpHere, N, is

the Avogadro Number : N, = 6.023x 1023 atoms.-No.of atoms in 0.1 mole of
copper=0.1x 6.023x 1023..No.of atoms in 0.1 mole of copper=0.1x 6.023x 10%2]t is
given that each atom contributes one free electron,Therefore in 0.1 mole of copper

6.023 x 1027 atoms will contribute 6,023 x 1072 free electrons.Hence, there
will be 6.023 x 1022 free electron in 6.4 g of copper.



