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PHYSICS SOLUTIONS

Electrostatics Booklet Exercise #2 (Subjective)

1. By application of Gauss’ Law, the net electrostatic flux associated with a closed surface and the net electrostatic

charge enclosed within it are related by the expression (jA Edg = enc.
B : . 80

Therefore when the position of a charged particle is moved from the geomefric center to some asymmetric point
within the same spherical Gaussian surface, the LHS of the above equation is unchanged, therefore the RHS which
represents the total flux through it remains UNCHANGED.

1 g,
2. From the definition of Electric Potential at a given point, V' = Z [Z— 4 , where g, 7, are the charges and
nE, 1,

respective distances of charges from the given point in the system, the presence of a proton (positively charged)
additionally in a system will INCREASE _the Electric Potential at every point in the vicinity of it.
M

When a proton (of charge +e) is released inside a uniform Electric Field E‘ , the workdone by the constant

electrostatic force F' = ek actingon it is givenby W = JeE.d? = eFs where s is the displacement of the

1
proton and can be shown to be equal to W = 5 mv® where v and m are instantaneous speed and mass of the proton,

by application of Work-Energy theorem. Therefore, the workdone by the Electrostatic Force ( internal conservative
force considering the proton and the uniform Elec field to be a ‘system”) is positive for any given interval.

- 1
Therefore; by definition, the change in Electrostatic Potential Energy AU =—-W, . =— .[eE.d;’ =- E mv’ Or

simply stated the Electrostatic Potential Energy DECREASES.
_M'

3. The electric field at a point on the ‘ Axial’ line for an electric dipole at a distance of ‘r’ from the center of the

I 2p

3 when ris very Jarge compared to the geomeltrical size of the

~

dipole is given by the expression " s ¥
0

dipole. Hence when the distance is doubled, the Electric Field will reduce by a factor of (1/8), therefore the force
F

L
acting on the particle at the new position ©~ — 8

4. (a) Assuming the geometrical size of an electric dipole to be ‘small’, when placed in a non-uniform Electric

- hnd b - = (SE A 5E A (SE ~
filed £ ,the net force acting on it can be showntobe F' = VE.p , where VE = Ex—l + B;— j+ Ek is the

‘gradient’ of the Electric field E‘ and p is the electric dipole moment . Now the above equation can be simplified




to F = ?d; X p for a one-dimensional situation where E and p are both along the same direction (X-axis). This

is the case in the given problem. Let us consider the dipole to be along the Y-axis and it’s bottom to be the origin.

From symmetry, the electric field at any point on the y-axis due to the three charged particles q,,¢,and ¢, will

also be along the Y-axis. To calculate the same consider the following diagram

Y

E ¢/(a-vl
! ,/’P’ T“\\
Wy
4.
<
+q a ‘o a 7 +q
! 29 g

The electric Potential at the point P (0,y) is given by }/ = Therefore the Electric

_l..
47e, \/az+y2 (@a-y)

Filedatp, E=—20 =] 2qy

9
dy  4mey| (@®+y*f" (a-y)
Electric dipole placed at ‘O’

(along the Y-axis) as shown. Now, for a small

Y
p | >
X
24 2P 3,202 4 42 ) 2
The net Force acting on it F=£ﬂ—?—xp= ! 2q(a yj 4 (a y)‘ -q 3 | XD
dy Ame, (a2 + yl)’ (a-y)

also since the ‘position’ of the dipole is y=0, substituting in the above equation,

L[, @) - 2

47, 1 (a2)3 _q(a)3 xp=0

”//%



i.e the total energy

(b) Electrostatic Potential Energyof the system U/ = U an ¥ U — U 0205 +U @+ +a)

being the sum of the Potential energies for all ‘pairs’ of components in the given system.

2 2 2
U=—1— 44,9 1 [o+pq+o]
4re, a2 2a a«[2- 47r£0 a

5. Workdone to remove each of them to infinity is W = AU = 0 — U where U is the Potential Energy of the
system in the given configuration whereas when removed to infinity the PE will be 0.

U= Z 9,9,

47zao 7
—_ ﬁ(—_u—_u—_ul 1 1+—1]+[-_1+—_1+L+L+L+—_1 N L L U I S A
4nsoalllﬁﬁﬁﬁ11ﬁﬁﬁﬁllﬁﬁﬁ

LR EDEF S D DR DGR
0 € Gpooz {4

Note: The above expression can be most simply deduced from the fact that the given cube has 12 sides, 12 face
diagonals and 4 body diagonals (geometrically) and any side chosen has opposite sigh charges at both ends, any face
diagonal chosen has same sign charges and any body diagonal opposite charges (from the charge distribution)

Therefore, {7 =ﬁ 432 [3{%“]]”[%]} W=-U= 4;50 4—31[3 x{l —%}{%ﬂ

6. If the particle is projected with a speed v, the condition for it to penetrate to a point P at » = (R / 2) = 20cms

1
from the center is given by 5 mv? > +q(VP -V, )where V,and V, are the electric potentials at the initial point

of projection A (r>R) and at P, (For minimum value of v take limiting condition in the inequality)

Vs

= (since A is a point ‘external’ to the dielectric shell)
dme, ¥




Whereas for the Point P which is ‘inside’ the shell, potential can be calculated by integrating over differential
spherical shells of radii ‘x” and thickness ‘dx’ (0 < x < R)

1
: I
[}
1
1

The distance OP=(R/2). Now, for a shell with x<(R/2), the potential

_— —L,Where dg= px4m’dx and p = 3Q3 or dq=3—%x2dx
dzs, (R/2) 47R R
Whereas for a shell with (R/2) <x<R, the potential
av = ! gclwhere. dg =2x2dx
drs, x R
x=R/2 x=R
Therefore V), = ! I dq + I ﬁ
dne, 2, (R/2) dmey 5, x
x=R /2 x=R
=V, = 1 g szdx+ 1 2 dex ’
4ng, R° 5 4me, x=R/2
r
I [{ER T
dne, R 3\ 2 2 2
SNSRI
4ne, R 8

1
Therefore from the equation 5 mv® > +q(V,, - VA)



I Qqf1

V= ——
\/27[80 m

[ﬁ'?]

1 1

The Electric Field at the point P will be ZERO (By application of Gauss’s Law and spherical symmetry)

To calculate the Potential at the point ‘P’ as shown, consider differential spherical shells of radii

‘@’ ((R/2) < x < R), potential due to such a shell at P,

‘x* and thickness

‘ dv = : ﬁ ,where dq = px4mxidx and p=——-&——ord =_2i(_zxzdx
3 q 3
dre, x axl B3 R 7R
8
1 x=R
>V, = ﬁi
dre, =2 X
x=R
=V, = ! 24(3 '[ xdx
4me, 7R° 1, 7
1 24Q(1 1 - Eae R W d
=V, = —| = 1 -— o gL A4 T “ﬁg
F 4ng, TR [2[ 2? H b o
= VP = 1 (&]
dne, \ 7R




8. The flux here can be calculated by application of superposition and symmetry in Gauss’s Law, Consider a cubical
Gaussian surface of dimension (21 x 2L x 2L), with the particle +q at the geometrical center as shown

L
4 D A

] - 1 1

, s | )

7 ¥ T ]

1 ! | 1

‘ i ' :

P

3o __'__‘__l___ R 4

| PRI P

SRRl b et---- ik G

| i 1 1

' 1 1 1

] ' ' 1

1 4: =z T

R Loegfmacan ..,

Now, the total flux through the entire cubical Gaussian surface is <J- EdS = Gene_ it the flux through each of the

&
0

sides of dimensions (2 x 2L ) being equal (by symmetry) and therefore equivalent to Ze"c , now further
2

subdividing each side into four symmetrical squares of dimensions ( L X L ), the flux through each again being equal
onc q

1
(by symmetry) and therefore equivalent to — X —~ = ———
6g, 24g,

The total flux associated with a spherical Gaussian surface of radius # = +/ R? +a” as shown in the figure is

Cj EdS = g Now, this flux is distributed symmetrically in 3D, therefore the fraction of it passing through the
&g

shaded disc shown will be proportionate to the solid angle subtended by the disc at the center (where the charge Q is
located). Therefore if this is (1/4™) of the total flux, the solid angle subtended by the portion of the spherical surface




‘sliced’ out by the disc must be 7 (total solid angle for a closed surface being 4 7 steradians). Hence the area of the
portion of the spherical surface

hY
S = 7 (solid angle = —)
v

Therefore from the figure below

Taking an elemental ring of radius #Sin@ and thickness rd@, the area of the sliced portion,

6=Cos™'(alr)
S= J2772Sin6d€ = m?
6=0
3[1—3}=%:>r=2a:>\/a2 +R*=2a
¥

:>R=aw/§




0. For the given situation, in order to minimize the flux, the portion of the rod enclosed within the cubical surface

o _ Q.

has to be minimized which will be for the config shown below giving Flux (j. E .dS" = 2
& &

11. The Electric Field at E at a any point on the axis of the disc shaped hole which is at a distance ‘x’ from the

sheet can be calculated by application of superposition, £ = E; 5 creer — Epy,

g g X g X
= E= - 1- =
2g, 2¢, \/R2 +x° 2&y \/R* + x*

Therefore the potential difference between the two points P (x = R\@ ) and O (x=0) can be calculated from the
relation AV = — IEdF

x=0 *=R

AV = Jg_x_dxz’__ff_,/—Rsz _oR
=il 260 VR +x7 2g, 1=R3 28,

Now, by application of Work Energy to the electron released at P,

eoR

lmv2 =eAV =
2

eoR
V=
V me,

2¢,




® @

D TwsSH = Fwsd + @ Jongy

® Fsindt Ny mgeas s pung -

() Tsind= Fuhd + ©Fcosse®
Nqt FEF = Togy +mF 0lge




13. Consider a section of the rod of differential length ‘dy’ at a distance ‘y” above the surface of the ring. The force
! O .
5 is
4z, (R2 + ))2)3

experienced by this differential element would be dF = dgF , where dg = Adyand E =

the Electric Field due to the charged ring at the location of the diff’ element.

y—o
S F= 1 AQydy _

=0 4re, (R2 +y2)3
l" y—reo
‘SF=_l g0 1

2 2

47[80 \/E +y 40

=>F= AQ

B 4rg,R

\A, 14. Since all the three charges will have to be in equilibrium, the third charge has to be a negative one placed
somewhere between the other two positive charges as shown in the figure below

F, A F, F, C F, F, B F,
<+——@ » 4+—Q@—r———4¢—0—»
+4Q, X “Q* {L-x) +Q

Balancing forces,

2 1 t ]
40 = 400 and 400 90 solving these, — Q'= —%Q and x = %L (distance from +4Q)

Lz xz x2 - (L—x)2




Therefore at equilibrium T= mg + qE : Tension in the string, E is Electric Field)

= "_["i = \/(mg)z + (qE)2 —-%(qE)COSB =mg' where the time period can now be expressed as

=27 —1—= T / mi
t \/; ? \/( g)2+(qE)2—2(mg)(qE)Cos|3

fvenby ¢ =Tan™ qESInp
mg —qECosp

and the angle g is

;‘I"
The force acting on the particle is given by
1 Ox

4ze, (R? + %7 )"

F= -qE where E is the electric field due to the positively charged ring given by £ =

where x is the distance from the center of the ring and the direction of the field is directly away from the center
X 1

99 qQ3x for x<< R

along the axis.
1 o~
dre, (R2 +x? )3’2 Are,

Since the particle is negatively charged, it experiences a force ' =
directed towards the origin (center of the ring). Hence if released from such a position, it will experience an

d*x 1 x
~ 90 {(for x<<R). Comparing with the standard equation of SHM

acceleration @ = — 5~ 3
dt 4dme, m

d*x A7ze,mR’
-@’x, time period T =27 _|—2—
qQ

dr*




In Air e

In Liquid

From these it is evident that if the angle remains the same 15°, B= Buoyant Force = Wt of liquid displaced, F,:

Electrostatic force and k is the dielectric constant for the medium,

£, = (Fe /k) and also for a completely submerged object B = _.Mg_ where p, and p,are
Mg (Mg~ B)

(pm/pl)

densities of the material of the object and the liquid respectively.

)1
L (7755 R e

418./ As is evident from the question, the second particle might be either attracted or repulsed by the first
due to electrostatic forces such that the maximum value of this Electric Force is equal to the limiting

1 gx1.0x107° '
4rg, (0.1

value of static friction F, < umg =

<0.1x80x10x10

= |q| <8.7x1078C . Therefore the charge q can range between ——(8.7>< IO‘B)C and + (8.7 x107

}Z/Let the charge on spheres A and B be ‘+Q each and the distance between them is ‘’

1

7E,

Therefore the electrostatic repulsion F =

2
2 _2x10°N

2

A T T T




Now, when a third sphere C is made to touch C and placed at the mid-point, the charge on A gets
‘shared’ equally between them (they have identical capacitance)

A C ‘ﬂl B
! FB FA '
’ (L/2) ' (L/2)

Therefore, the net force on C,

"dms, (L12) 4ms, (L12)  4me, D

F=F,—F, = 0x(0/2) 1 (@12 1 O, 105y

$
(2041e electric field at any point on the disc at a distance of 'r’ from the center can be calculated from
the formula (E at an equatorial point for an electric dipole)

1 ox2L
B 4ne, (r2 +L2)3/2

the electric flux through a differential ‘ring’ sliced out on the disc of radius ‘r" and thickness ‘dr’ would be

E

with direction as shown in the figure (normal to the plane of the disc). Therefore

dg, = ExdS = L. 20l o X 27rdr = QL—L‘,’/W, therefore the total flux through the
4s, (7> + Lz)3 & (7 + Lz)3

r=R

disc gy =L QU 1 _9_[ ___L_]

Tog % (r2 +17 )3/2 & (r2 + L2) € VR? +L?
r=0
o= e
-Q L L +Q
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