Answers

Module 1: Electric Charges, Coulomb’s Law

A.LL1 (C)

Statement (1) is incorrect. The charge on any given object can only be increased/decreased by amounts that
are integral multiples of the charge of the electron.

Statement (3) is incorrect. We need to find the algebraic sum of the different charges present as charges can
be positive as well as negative.

Statements (2) and (4) are correct statements. Statement B implies that the total charge of the universe is
always conserved. Statement D tells us about our understanding of the concept of charge.

A.1.1.2 (D)

Any charged object can be regarded as a point charge if its effects are observed at points that are far off from
it. The usual (reasonable) meaning of far off points is points, whose distance from the charged object, is 100
(or more) times the dimensions of the object.

A.1.13 (A)
The concept of an infinite charged object is, in a way, the reverse of the concept of a point charge. We can

(reasonably) think of a charged object as an infinite charged object when the distance of the point of interest,

1

from the charged object, is equal to or less than () of the smallest dimensions of the object.

A.1.14 (D)

The charge, on the electron, is —1.6 x107°C. Thus even if the charge on a (macroscopic) object changes by 1
pC (102 C), it equals the charge of n electrons where n is between10°® to 107. This number is clearly much
more than 1; hence the granular (or quantized) nature of charge gets masked when we talk about the changes
in charge of a macroscopic object.

[Option (B) is incorrect because ‘quarks’, by themselves, do not have an independent physical existence. The
basic elementary unit of charge is still the charge of the electron.]
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A.1.1.5 (A)

This is the process of charging by induction. When the object (to be charged by induction) is earthed, the
same kind of charge (the kind of charge on the charging object) passes on to earth; the opposite kind of
charge is retained by the object being charged (by induction)

A.1.1.6 (B)
As per Coulomb’s law,

1 99"
7> T

21 471'50 r

where » = OP and r is a unit vector along the direction of OP.

1/2
Herer = [(x = 0"+ (v = 0" + (z = 0] " =" +y" + 7

Also ¢ = btz

_lA': x; +y; +le:{ 1 B x£+y]? +le:{
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r \/m . (\/m)z (xz+yz+zz)7

“F = L. (xll\ + y§+ zlA{)

21 Amg ( (xz_l_yz_l_zz)z)

A.1.1.7 (D)

As per the principle of superposition, the total force, on a given charge, equals the vector sum of the forces
exerted on it, individually, by the different charges. We would, therefore, have

F=F1+F2+F3

A.1.1.8 (B)
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q,9
Refer Fig.A.1.1.1, The force, on ¢, due to g, is F L= ﬁ “—along AP and that, due to ¢,, is
o T

_ 1 9,4
Fz - 4me r
along PB

-6 -3

Here |F | = |F,| = 9 x 10" x 221020 = 9 x 10°N

(10x10_2)

Their resultant has a magnitude 2 X 9 X 10° x cos6, ( where

8
cosf = o

.". Magnitude of the resultant force 2 X 9 X 10° x 0.8 N = 14400 N

Its direction is parallel to the X-axis.

Hence F = 144001 N Fig.A.1.1.1
A1.19 (C)
AG =BG = CG =-+(2asin60") = % x 2a x Lo r= %3

Force on the charge at G, due to the charges at B and C, are

1
FB v

2 2
a4 — WL g
~ along GB and F = yee— along GC

They are along directions inclined at 120° to each other.

.. Their resultant has a magnitude

X q22 X q22 01/2 X qz
FBC = 2(41‘[8 _2) + 2(47rs 7) cos120 = 4me 7

0

It is directed along GO, i.e., along — ?

2

. _ 1 q (_ 2
Also force, on the charge at G, due to the charge at A, is F AT T ) ( j )

The total force, on the charge at G, is , therefore,
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A.1.1.10 (A)
Distance AP=BP=CP=DP= a\/2 (Fig.A.1.1.2)

D (+g)

Fig.A.1.1.2

2 2
Rl =Rl = 1Rl =1 = = e
0 (a\/E) 8me a

Force due the charge at B and charge at D are equal and opposite to each other, so they will cancel out
each other.

The resultant force on P is due to charge at A and charge ar C.

F t=FA+FC=2Fn

ne
And 1Al is the unit vector along PA
So, n = cos45°(— i) + sin45°(— j) =— %(i +)
2

Hence, F =— 1 ; + j
net 8\/51'[60&2 ( ])
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Module 2 : Electric Field; Gauss’s Law

A.1.2.1 (C)

The presence of a unit charge (quite a large charge in SI units), or any other finite (small) charge, is likely to
disturb the charge Q. This would make its electric effects (somewhat) different from what they were in the
absence of this test charge in practice, the test charge cannot have a magnitude less than the magnitude of the
charge of the electron (the smallest charge that can be isolated in nature). We, therefore, find it best to define the
electric field just in terms of the mathematical expression of Coulomb’s law, corresponding to the force between
the point charge O and a unit charge.

A122 (A)

Position vector of the origin, w.r.t., the first charge is

r, = (- 2i- 3j- 4k

A= lE D E - W] =B

. S S U SR,
..E1 = —41[60 —29@( 2i 3j 4k)
_ 9x10°

e (- 2i— 3j — 41A<)

Similarly,

r, =(— 3 —43—511)

|r2|=@

. _ooxsx10® [ Lt f
..E2 _—50@( 3i 4j 5k)

- E =E1+E2

Continuous Professional Development



/ Electric Charges and Fields

135 27 180 36 225

0 [(29@ 50\/7) (29\/7 50\/7) (29\/5 50\/7) ]

A.1.2.3 (C)

The field, due to each of the three charges, has a magnitude = ! < =32 _F

41'[60 (( af)%)z 41160 &

2

The situation has been depicted there schematically. The angle between any two fields is 120°. The
= F, and it acts along GA,

which is equal and opposite to F along GD. So, the Net force is zero.

A

B D C

Fig.A.1.2.1
A.1.24 (O)
The charge, on an infinitesimal element of the wire, at the point(x, 0)
dg = (blx|dx)
The field, due to this charge element, at the point (0, a) is
dE =——2kde b""d)’;/z (— xi + aj)

4TE
1 ™ (x2+a2

The field, due to another such element, located at the point (—x, 0)

— L Dlxdx (xl + a])

2 4me (x2+a )3/2
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1 2ab|x|dx ;
ATtE 3/2
™o (x2+a)

The total field, due to these two (symmetrically located) elements, is dE =

x=+L

The total field, due to the whole wire, is E = if[i f

[x]
dx
0 y=—], (xz+az)3/2

ZT“QL(z) f

dx

3
2

=0 (x2+a2)
Put (x2 + az) = z2

2xdx = 2zdz or xdx = zdz

2 2 [2 2
Whenx=0,z=a ,z=a,whenx=L,z =\x +a

_ 4ab§ fZ_ZdZ

4mne 0

_ —4ab’i\ 1

4me 0

V4
a

A.1.2.5 (D)

The Gaussian surface, for any charge distribution, is a surface that satisfies both the conditions listed in
option (D). It is only such a surface that enables one to use Gauss’s theorem for calculating the electric
field due to a given charge distribution.

A.1.2.6 (B)

The flux of the given electric field is non-zero only through the faces ALPO and CBMN of the cube.
Outward flux through the face ALPO

=(c+tbx O)Ii\. (az(— ; )) [since, x = 0 at the origin]
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2
=—ca

Outward flux through the face CBMN

= (c+bx @) (@ (+ 1)

= (ca2 + bag)
-+ Net flux through the cube

= (— caz) + (ca2 + ba3) = ba3

A.1.2.7 (C)

The total charge enclosed by the concentric sphere of radius R, (R, > R), equals the total charge present
on the charged solid sphere.

The charge, present in the spherical shell, contained within spheres of radius » and (» + d 7), is

dq = p(r). (4nr2dr) = ki’ 4mr’dr = 4mkr'dr

-+ Total charge on the whole solid sphere is

R 5
Q= 47kar4dr =%
0

-+ Flux, through the concentric sphere of radius R, (R, > R) is given by

¢_L_411:kR5
T e T Se,

A.1.2.8 (A)

The charge present on the elemental segment between x and (x + dx), is

dq = [A\(0)]dx = [a sin(22-) ]dx
" charge on the first half is

L

2 _ —al _ aL
. = ——[cosm — cos0] = —

L
2

= [a sin (FF)dx = cos(F)
0
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Also charge on the whole wire is

= _Z—C:TL[COSZTT — cos0] =0

L
cos(= )0

L
Q= {a sin(-25)dx = ==

. — La —
.'¢1 - e, a'nd(PZ =0

A.1.2.9 (B)

The charge, within the elemental area, contained in the strip of width d), located at a distance y from
the base side is

dQ =[o(][ady] = kaydy
-+ Total charge on the square sheet is

3

Q=/dQ = kafydy =L
0

“ Flux of the electric field, due to this charged square sheet, through a sphere that completely

3
enclosesis ¢ = ei = ’;’: (It is independent of the value of R)
0 0

A.1.2.10 (B) The equilibrium position of corresponds to condition

Fe
tanf = —
mg

lémne 0azmg

Thus (B) is correct.
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Module 3: Electric Dipole

A.1.3.1 (B)

The electric field (E) and the potential (V), of a dipole, vary with distance (), at a (much) faster rate than the
corresponding quantities for a monopole (a point charge). This is because the dipole is made of two equal and
opposite charges that are only a small distance apart from each other.

For a monopole (a point charge), it is known that E (r)oci2 and V(r)oc%
T

For a dipole, we have E(r)x % and V(r)oci2
T T

A.1.3.2 (D)
While deriving the value of potential where neglected terms of power of % higher than 1.

A.13.3 (B)

A dipole experiences a torque but no net force when kept in a uniform external electric field aligned at a certain
angle with the dipole.However, it experiences a torque as well as a nonzero net force when kept in a (highly)
non-uniform external field.

Hence 7 # 0 and F = 0 in case (i)

and 7 # 0and F # 0 in case (ii)

A.134 (B)

By its very definition, the monopole moment (net charge) has to be zero for all neutral atoms/molecules. Hence
qo = 0 for all neutral atoms/molecules However, p, can be non-zero for some of neutral atoms/molecules. These
are the (asymmetrical) atoms/molecules in which the positions of the centres of their positive and (equal
magnitude) negative charges do not quite coincide. Hence such atoms/molecules can be thought of as being
equivalent to two equal and opposite charges having a slight separation between them. Hence their dipole
moment is non-zero.

Thus p, = 0 for some (asymmetrical) atoms/molecules.

A.13.5 (B)
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(1) the parallel orientation is a position of stable equilibrium. Hence, on a (slight) clockwise/(anticlockwise)
rotation, the resulting torque is anticlockwise/(clockwise) and it tends to bring the dipole back to its position of
stable equilibrium.

(1) The antiparallel orientation 1is a position of wunstable equilibrium. Hence, on a (slight)
clockwise/(anticlockwise) rotation, the resulting torque is also clockwise/(anticlockwise) and it tends to take the
dipole away from its position of unstable equilibrium forwards to its position of stable equilibrium.

A.1.3.6 (D)

We can resolve the dipole moment, p, of the dipole, into an (axial) component p as € and an (equatorial)
component p sin 6. The contribution of the equatorial component (p and 6) to the potential, at point P, is zero
(Fig.A.1.3.1).The contribution of the axial component (p cos 6) at point P, is

Pcosd
~__1 pcosd 0 _
Va= dme 2 —>p
Hence the net potential, at point P, is V ﬁw P sin 6
0 r
Fig.A.1.3.1
A13.7 (A)

For |p X E|= pE,wehave |pEsinf|=pE

~|sind] =1 Hence 8 = % (for first orientation)

The work done in changing the orientation of the dipole from (9 =0 1) to (9 =0 2) is given by
G
2

6
W = [ (pEsing)dé =— pE|cosf|,’ = pE(cos 6, — cosez)
% 1

1

The reference position is 91 = % . Hence the P.E. of the dipole, of orientation 8 , is given by

PE = 'pE(cos% - cose) =— pE cosf

=. The graph between PE and (6) is as shown below (Fig.1.3.2).
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PE. A

' /N
3n/2
0/1-:/2 T:[ \2:71 0>

Fig.A.1.3.2

A.13.8 (A)

We can resolve the dipole moment p , of the dipole, into an (axial) component p cos € and an (equatorial)
component p sin §. The electric field, at P, due to the axial component, is given by

2p cos® 4qga cos®
E = L 3 N1 = 4 3 11
a 4nsor 4n£0r

The electric field, at P, due to the equational component is

A

__ psind "\ _ 2qasind
P ) R )

e
47150 T 47rso r

.. Resultant field at P has a magnitude

2 2 N g
E = Ea+Ee:L3C?9

4me 1
0

Its direction is inclined at an angle a to the direction of E, where tan o = —21% = %ta no

. The direction of E is inclined to the direction of p at an angle [9 + ta n_l(%tane)]

4
p cos
r@ Ee
4;--5 ------ ’ eEa
ﬁp sinf :“:::f;ij .............. >
Fig.A.1.3.3 Fig.A.1.3.4
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A.1.3.9 (O)
At an axial point, distant x from the centre, we have

_ 1 —q 2q —-q | _ g [l _ x=2a+x+2a
Va - 4ne [ x+2a + x + x—2a ] - dme |_ x Y—ad® ] ® ..( 9 Y YICTRTILIILIE g
q ('Q)_ ) 2a *4
__4 [2(x2—4a2)—2x2]= —4Q2qa)a __ _ —4pa ~ P4 N 2a .
4’”50 l x(xz—4az) 4-1I£0 x(xz—4a2) 4n80(x)(x2—4a2) TE 0x3 + £ »
Fig.A.1.3.5

For an equatorial point distant y from the centre,

(=) _qu_ 1 _o2q (23] 1 pa
- /2 | T 4-1T£0|_ y3 - 211'20 y3

4me 0 l y ( 4a2+y2)

A.1.3.10 (D)

We have
__1 ] g4 (=29) q
VP - 4me |_ (r+2a) + r + (T—Za)]
q [r(r—Za)—z(rz—4az)+r(r+2a) __ 8ga" _ 8qd’ (1)2
= Te,| r(r2—4a2) = 2 ~ = (asT >> a,and so(—) -0

SV a (%)

-0
>0
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