GPLUS EDUCATION

CHAPTER2: ELECTROSTATIC POTENTIAL AND CAPACITANCE

NCERT EXERCISES

2.1 Two charges 5 X 108 C and -3 x 108 C are located 16 cm apart. At
what point(s) on the line joining the two charges is the clectric
potential zero? Take the potential at infinity to be zero.

2.2 A regular hexagon of side 10 cm has a charge 5 pC at each of its

,g'% vertices. Calculate the potential at the centre of the hexagon.
2.3 Two charges 2 uC and -2 nC are placed at points A and B 6 cm
o i DD

(a) Identify an equipq,t;(:g'lkt_'ilﬁlf"‘sﬁurface of the system.
(b) What is the di,rejéfio’h\' of the electric field at every point on this

surface?, (\\’?\1\‘%\5
2.4 A spherical ganﬂ‘hctor of radius 12 cm has a charge of 1.6 x 107’C
a(,.)é distr‘il)\t_;'féa uniformly on its surface. What is the electric field
a'P'\ffinéide the sphere

Od
(\:g(b"\); just outside the sphere

(c) at a point 18 cm from the,.centre of the sphere?

2.5 A parallel plate.cdpacitor with¥air between the plates has a
capacitance of 8 pE (1pF = 107'? F).,What will be the capacitance if
the distance between®the plates is reduced by half. and the space
between them is filled with a substance of dielectric constant 67

2.6 Three capacitors eac]‘;}qf cap'ac‘ivtance 9 pF are connecled in series.

X (a) Whal is the total ‘capacdilance of the combination?
(b) What is the potential difference across ,,qq'ﬁ\}j&capacitor if the
combination is connected to a 120 (_V,;gshpgly?‘

2.7 Three capacitors of capacitances 2 pF,[3 pF ‘and 4 pF are connected
in parallel. ol & ) e
(a) What is the total capacitdﬁé/e\t{f the combination?
- B b
(b) Determine the c})_arge‘;br);each capacitor if the combination is
connected to a, ¥00 V<Supply.
a A - )/
2.8 In a parallel platc\éaf)a'citor with air between the
_Pie G5 ! plates, ecach plate
¥ has an area of 6 > 10° m?” and the distance between the plates is 3lzmn

Calculaté cthe \’capacitance of the capacitor .

C dP © . Il th s 4 .
connected?{o a 100 V supply. what is the charge Orllseca}p;acxtor is
the capacitor? ach plate of

2.9 Explain what would happen il in Lhe capaci
it i i
2.8. a 3 mm thick mica sheet (of dielectric c%nst:,:tg_lvgn m I*?xercise
between the plates. = 6) were inserted

(a) while the voltage supply remained caon
n
(b) after the supply was disconnected. ected.
* 2.10 A 12pF capacilor is connected to a 50v bat
electrostatic energy is stored in the capacitor?

2.11 A 600pF capacitor is charged by a 200v suppl
disconnected from the supply and is COnnect_‘;g“tu is then
uncharged 600 pF capacitor. How much electrostatic cno another
in the process? CrRY is lost

tery. How much
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ADDITIONAL EXERCISES

2.12 A cparge of 8 mC is located at the origin. Cal
tal.nng a small charge of -2 x 10° C from a point P (O,
point Q (0, 4 cm, 0), via a point R (0, 6 cm. 9 cm).

2.13 A cube' of side b has a charge g at each of its vertices. Determine the
potential and electric field due to this charge array at the centre of

culate the work done in
0. 3 cm) to a

the cube.
2.14 Two tiny spheres carrying charges 1.5 uC and 2.5 pC are located 30 cm
X apart. Find the potential and electric field:
o charges. and

(a) at the mid-point of the line joining the tw
(b) at a point 10 cm from thisZmidpoint in a plane norm
line and passing thrqughxfhe mid-point.
2.15 A spherical ducting{&hell of i i
P conducting{shell of inner radius I,
:: _‘J‘/
has a charge Q.ﬂ(g&jﬁ
(a) A char r‘e,-';"a":_i‘s's"’ﬂplaced at the centre of the shell. What is the
the inner and ouler surlaces ol the

5

surface \charge densily on
{,ﬁ:?lgcgll'?

\(\\E; {s"the electric field inside a cavity (with no charge) zero. even ir

Y}'Z.A the shell is not spherical, but has any irregular shape? Explain.

’ of electrostatic field has a

2.16 (a) Show that the normal“component
discontinuity frém one sidezof a charged surface to another
e,

al to the

and outer radius T,

given by <. . "
- O Ry, ==y
(B, —E)-A= — gt

d e I
where M is a unit vector normal to the surface at a point and
o is the surface charge: deénsity at that point. (The direction of
is from side 1 to side 2.) Hence show -LLtibt just outside a
conductor. the electric field is o n/e, - g’f’tﬂ \\;‘a,'!
(b) Show that the tangential cornponc\'h"t":_‘(‘ﬁ‘:.“(:l'“ectrostatic field is
continuous from one side of a gha}ged sturface to another. [Hint:
For (a). use Gauss's law. Forg (b}—;;’x'se\ the lact that work done by
electrostatic field on a -\qlpl'sle_:;g] loop is zero.]
2.17 A long charged cylinder b!?lli'i'lear charged density A4 is surrounded
,X'* by a hollow co—axfiallﬁ,lcgnducting cylinder. What is the electric field in
the space begwt_’eep/t,h'e" two cylinders?
2.18 Ina hydnggéry'zi\gorhf the electron and proton are bound at a distance

of about (0;53 A:
&

(a) Estimate the poLenl.ial ener
zero of the potential energy a

from proton.
k required to free the electron, given

(b) What is the minimum wor
that its kinetic energy in the orbit is half the magnitude of

potential energy obtained in (a)?
to (a) and (b) above if the zero of potential

(c) What are the answers
energy is taken at 1.06 A separation?
electrons of a H, molecule is removed. weE get a
jon H}. In the ground state of an Hj. the two
d by roughly 1.5 A, and the electron is roughly
Determine the potential energy of the system.
he zero of potential energy.
pheres of radii a and b are connected to
is the ratio of €lectric fields al the surfaces
he result obtained to explain why charge
nted ends of a conductor is higher

n

gy of the system in eV, taking the
L infinite separation of the electron

2.19 If one of the two
hydrogen molecular
protons are separate
1 A from each proton.
Specify your choice of L

2.20 Two charged conducling s

K each other by a wire. What
of the two spheres? Use
density on the sharp and poi
than on its flatter portions.
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2.21 Two charges —q and +q are located at points (0, 0. —a) and (0, O, a).

¥ ¥  respectively.
(@) What is the electrostatic potential at the points (O, O. z) and
(x. y. 0) ?
(b) Obtain the dependence of potential on the distance r of a point

from the origin when r/a >> 1.
(¢) How much work is done in moving a small test charge from the
point (5,0.0) to (-7.0.0) along the x-axis? Does the answer

change if the path of the testl charge belween Lhe same points

is not along the x-axis?
an electric quadrupole.

2.22 Figure 2.34 shows a charge array known as
A o For a point on the axis of the guadrupole. obtain the dependence
Its with that

=N
of potential on r for r/a >> (lg‘gnd contrast your resul )
due to an electric dinl,(:\‘:}@ﬁa?an electric monopole (i.e.. a single

charge). (6::} .
A 2
& @ﬁo '
* a
5@3\37 e —c— @ ---------mmcTroemtcsscToos oP
“@‘Cf a -9 -4 q . .
o -

res ;:l'”EféipaciLance of 2 uF in a circuit
1 kV¥A'large number of 1 pF capacitors
[ which can withstand a potential
possible arrangement

2.23 An electrical techﬁ1 ian requi
across a potential differencé.of
are available to him ‘eachio
difference ol not more than 400 V. Suggest a
that requires the miﬁim_gﬁn:n__nurﬁber of capacitors.

What is the area of the platcs‘or a 2 F parallel p‘la‘t‘(‘: capacitor, given
that the separation between the plates is 0\§/cr¥3"1 [You will realise
from your answer why ordinary capaci(tlgrsi’i,i“r)‘e-;jh the range of uF or
less. However, electrolytic capa/q_;,tq;§\,d0 have a much larger

capacitance (0.1 F) because of‘,vé\xy:_/yjir“lute separation between the

conductors.] o 5"::_\'\.. 9 e
S B U

2.25 Oblain the equivalengﬁgapé(j:ni;\'ahce of the network in Fig. 2.35. For a
300 V supply. detcrr?’in_t’: the charge and voltage across each capacitor.
XK \ < 100 pF

\J'
r/j(‘\::‘ ol [
o\

5
G |
C,
200 pF 200 pF
[ | |
* 100 pF e "300 Vv
1|
d

FIGURE 2.35

2.26 T::g Plates of a parallel plate capacitor have an area of 90 cm? each
2% a are separated by 2.5 mm. The capacitor is charged by connecti
it Lo a 400 V supply. =
Eg; {-,low much electrostatic energy is stored by the capacitor?
u»-iew this energy as stored in the electrostatic ficld between
arglvlzlaatfs. an]d 1oblaln the energy per unit volume u. Hence
a relation between i1t and 4 > of
ficld £ bectween the plates. < the magnitude of Seetac
A4 pF capacitor is charged b 20
2.27 2 y a OV supply, It is then disco -
from the supply. and Is connected (o another unchargy nnected
capacnor‘ H_ow ﬂ]'l:ICh electrostaltic cnergy of the first ‘, ged 2 [0 &
Jost in the form of heat and c¢lectromagnetic rndluuon?capac“or is
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Show that the force on each plate of a parallel plate capacitor has a
magnitude equal to (%) QE, where Q is the charge on the capacitor,
and E is the magnitude of electric field between the plates. Explain

the origin of the lactor ‘..
A spherical capacilor consists ol two concentric spherical conductors,

held in position by suitable insulating supports (Fig. 2.36). Show

Charge Q

<= -
“a,,  FIGURE 2:36
. 4 R : . ;
that the capacitance off':gfi spherical capacitor is given by

Cc = AT N N P

n—r ‘“‘*‘Wx‘:f:' -
where r, and r, are thq‘i,}radii of ou ter,,_apc\i) inner spheres,
respectively. £ 20 {{"\,) 9

A spherical capacitor has an inner spﬁei‘e‘:c’)f-’/radius 12 ecm and an
ouler sphere of radius 13 cm. "I:h€>qﬁlfei"‘) sphere is earthed and the
inner sphere is given a cpg{ééj‘}ai_';;@.'S puC. The space between the
concentric spheres is filled  with’ a ligquid of dielectric constant 32.
(a) Determine the- caﬁwél_éit'zihce of the capacilor.

(b) What is the potential of the inner sphere?

(c) Compa:’é; }he capacitance of this capacitor with that of an
islo]'at"\é.d' sphere of radius 12 cm. Explain why the latter is much
smaller.

Answer carefully:

(a) Two large conductling spheres carrying charges Q, and Q, are
brought close 1o each other. Is the magnitude of electrostatic
force between them exactly given by Q, Q,/4ne,r?, where r is
the distance between their centres?

If Coulomb's law involved 1/r° dependence (instead of 1/r?),
would Gauss's law be still truc ?

A small Lest charge is released at rest at a point in an
eleclrostatic ficld conliguration. Will it travel along the field
line passing through that point?

What is the work done by the field of a nucleus in a complete
circular orbit of the electron? Whal il the orbit is elliptical?
We know that electric field is discontinuous across the surface
of a charged conduclor. Is eleclric polential also discontinuous

(b)

(c)

(d)

(e)
there?
(r) What meaning would you give Lo Lthe capaciltance of a single

conductor?
Guess a possible reason why waler has a much greater

diclectric constant (= 80) than say. mica (= ).
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A cylindrical capacitor has two co-axial cylinders of length 15 cm
X and radii 1.5 cm and 1.4 cm. The outer cylinder is earthed and the
inner cylinder is given a charge of 3.5 nC. Determine the capacitance
of the system and the potential of the inner cylinder. Neglect end
effecls (i.e.. bending of field lines at the ends).
2.33 A parallel plate capacitor is to be designed with a voltage rating
"1{/ 1 kV. using a material of dielectric constant 3 and dielectric erengLﬁ
about 107 Vm~'. (Diclectric strength is the maximum clectric ficld a
malerial can tolerate without breakdown. i.e., without starting Lo
conduct electricity through partial ionisation.) For safety. we should
like the field never to exceed. say 10% of the dielectric strength.
What minimum area of the, l’ﬁé@is required to have a capacitance
of 50 pF? {z@;)@‘::- .
2.34 Describe schemalically-fthe equipotential surfaces corresponding to
(a) a constant’€le€lric field in the z-direction.
(b) a field ﬂ‘:i%tuuniforrnly increases in magnitude butl remains in a
(,;}Zéﬁstélnt (say. 2z) direction.
(gfj.),\’:i’ single positive charge at the origin, and
ting of long equally spaced parallel charged

2.32

Utd)” a uniform grid consis

wires in a plane. _g* R pay,
2.35 In a Van de Graaf[',‘typé generatdr'}ii.‘spk}eﬁcal metal shell is to be a

15 x 10° V elecirode. The dielectric strength of the gas surrounding

the electrode is 5 x 107_Vm~'. What is the minimum radius of the
spherical shell required? (You will learn from this exercise why one
cannot build an electrostatic generator using a very small shell
which requires a small*charge”to acquire a high potential.)

A small sphere of radius r; and charge q, is cri_lglos(éd by a spherical
shell of radius r, and charge g,. Show that-if’q, \'_‘ifs)positive. charge
will necessarily flow from the sphere to, the shell (when the two are
connected by a wire) no matier what, Lhé \(_:h%frge q, on Lhe shell is.

>
2.37 Answer Lhe [ollowing: ‘qg {;’,71“/
(a) The top of the atmo$p_}]’f_zr‘cf\\i‘ at about 400 kV with respect to

the surface of Lhﬁt‘:leei;t}}‘,?,;borresponding to an electric field that
decreases withraltitude. Near the surface of the earth, the field
is aboul ,1‘00“\/_1,1171‘1" Why then do we nol get an eleclric shock as
we slep '_o'ui._,_c;‘f’ our house into the open? (Assume the house to
be 4 steel cage so there is no field inside!)

(b) A man fixes outside his house one evening a two metre high
insulating slab carrying on its top a large aluminium sheet of
area 1mZ. Will he get an electric shock if he touches the metal

sheet next morning?
(c) The discharging current in the atmosphere due to the small

conductlivity of air is known io be 1800 A on an average over
the globe. Why then does the atmosphere not discharge itself
completely in due course and become electrically neutral? In
other words. what keeps the atmosphere charged?

(d) What are the forms of energy into which the clectrical cnergy
of the atmosphere is dissipated during a lightning? o
(Hint: The earth has an electric field of about 100 V™ at its
surface in the downward direction. corresponding to a snrlhc‘c

charge density = _10° C m~2. Duec to the slight conductivity of

the atmosphere up to about 50 km (beyond which it is tiﬂml
800 C is pumped cvery second into e

conductor), about + 1
earth as a whole. The earth. however. does not get dischargeq

13 el -~ge
since thunderstorms and liuhllnln;, CCenrring continually g
over the globe pump an equal amount of negative charge on

the earth.)
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