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'12.17 SOLVED NUMERICALS OF BOOK:
Problem: 12.1:

Two unequal point charges repel each other with a force of 0.2 Newtons when
they are 10cm apart. Find the force which each exerts on the other when they are
. (i) lcm apart and (ii) Scm apart,

‘Data: Solution: _ ‘ SRR
e - o 0002
T = 10cm = 0.lm K qiq; = constant () eq(i)> F = —O——
S S T
@r =1lem=00m | T —p 0 Le=2on]
o E= - on - Kaa o (Deq@m F = s
(i) r = 5cm = 0.05m . o0 o i0.0S)'
.o = ? . - -
F= [Kq;q; = 0.002 Nm’] F=08N|

Self Test (1):

4

(i)  What is electric force exerted on each of two 1dentlcal conductorb each with
¢+ charge of 1uC and separated by.1.0cm? [Ans. F=0.9N]
Two positive charges of magnitude ZOpC and/100uC are placed at a distance

- (i)
«+." of 150cm from .each other. Calculate the electric force of repulsion between
them. ' [Ans. F = 8N] '

Problem: 12. 2 '

. Two point charges +1x104C and ~1x107°C are placed at a distance of 40cm from
“¢ach other. A charge of +6x107°C is placed midway between them. What is the

magmtude and dxrectlon of force on it?,
. L

B ———40cm — i
Cey Qs = —i;6x10'5C . _
q = +1x10™C, “ e = -1x107C
Fis . Fas >
| F .
Required:
i (i) Magnitude of force on g3 = ?
. (i)  Direction (_)f force on g3 = ? .
Solution: - ST :
' As Fy3 and Fy; are acting along the same
Y _ Kqq, _ ‘| line, therefore, their resultant force w1ll be
0y Fi; = —s N
r their sum,
F. = 9x10°x1x10* x6x107 F=Fs3+Fys
13 = 5 : o
o (o2) F = 1350+ 1350 .
Fi3 = 1350N ' F = 2700 N| Ans.
Similatly Fy; = 1350N '(ii) Direction of force will be towards the
: T negative charge.
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Self Test (2): _ ‘

Two point charges of + 2 x 107 coul and -2 x 107 coul are placed at a distance
of 40cm from eachother. A charge of + 5 x 107 coul is placed midway between them.
What is the magnitude and direction of the force on it? - : (2012)
(K=9 x 10° Nm%/c?). S
Ans. 4.5 x 10° N towards —ve charggl
Problem: 12.3: : .

Three point charges each of 4puc. are placed at the three corners of a square of
51de 20cm. Find the magnitude of the force on each.

A
F23
c Fi3

ds = 4uc

N

=]

(2]

3
Fay A ' ~ B Fyp
0 q1=4pc 20cm 9= 4pc ‘
Fan | ' Fs2

Required:
(i) Magnitude of force.on g, = ?
(i) Magnitude of fofceon q; =?
(iii) Magnitude of force on q;3 =9

Solution:
7 Fip= Eﬂ%q—z
e ,
F,= 9x10°x 4 x_lO"’ x4x10°

7 (0.2

] Fiy=3.6N

Similarly F» =3.6N -

Fy =3.6N
F3,=3.6N

Determination of length of diognal AC
(ACY" = (ABY + (BCY’

= J(ABY + (BC)?

= \/(2())2 + (20)2'
C = /800 '
B ' AC =28.28cm
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OR» r = 0.28m
Fy- 2%
rh : .
F _9x10°x4x10°x4x10°-
3= - - ,
| (0.28)°
"Fi3=1.8N

Similarly ' F3;=1.8N

(i)  As F,, and F;;are not perpendicular on each other therefore magmtude of their

force will be determined by the Law of parallelogram.
\ r‘—JF +F,’ +2F, F, Cosb

217 31
\/(3 6)" + (1. 8) +2(3.6) (1. S)Cos 45°
o F‘—5036N
"OR  |F'=5.04N | :
(ii) As Fi, and F;, are perpendicular on each other, therefore magmtude of their
' resultant force will be determmcd by the pythaghorus theorem

F'¥ =F,  +F,’ - B |
F=JF, +F, AV ’
F'= (36)’+(362 .

lF”—509N ] Ans.

(iii)) Magnitude of force on q; is the same as-that on q, because they are placed v

- diognally across.

Problem: 12.4:
- Three charges,
Qu=+7x10°C
PR=-4x 10 C and
Q3 =~5x17°Caré placed‘

at the vertices of a‘triangle as shown in the diagram.

- The sides of the tnangle measure 3, 4 and Scm.’ Determme the magmtude and

direction of the force on the charge q;.

Data:
q=+7x10°C
q=-4x10°C
QG =-5%x10°C

(i) Magnitude of force on q; = ?
-(ii) Direction of force on q;, 6 = ?
Solution:

. Kaq,
@M  Fy=—hd
- r ) .
9x10°x4x10*x7x10°
Fy =

(0.03)?
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£, = K% a
o o
9x10°x5x10° x7x10™
F31= B
(0.04)
F31 - 196.875 N

As F,, and F3, are perpendicular on each other, therefore, maomtude of theu‘
resultant force will be determined by the Pythagoras theorem. .

FP=F,>+ Fy?
F=FE + E] ,
CF= 4J(280)' +(196.875)°

F=342.3 N _ ~Ans.

. "=' F”
(ii) 9' tan’ ﬁFz.j-

0= t;n}. (196[875] e

| 280
[6=35.1along AB ]|
0,=90° -0
8, =90°-35.1°. \

[w - 54.9° along AC | ‘Ans.

Problem # 12 5:

. Two small spheres, each havmg a mass of 0.1gm are suspended from the same
“point by silk threéads each of 20cm long. The spheres are given equal charges and they
- are found to repel each other, commg at rest 24cm’ apart. Fmd the charge on each

* sphere.

Data: A
m, =h=m=0.1g | T
w1 x 10°Kg | 20em
L =20cm=0.2m . - L
_ r=24cm=0.24m - { | o
Magnitude of charge on each sphere =? - o
Solution: ' e

. Let us suppose that the magnitude of charge on each sphere be ‘q’ placed ata
' dlstance ‘r’ from each other From coulomb’s law,

2
F= K?
o
.  Fr? ow
Fr?
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Determination of force: ,
_Applying the first condition of equilibrium,

TF = 0
F-TCos® = 0 _
F = TCO$O —moe R )
. “XF, = 0
. TSin6-W =.0
. . W = TSmO e 3)
Dividing eq.(3) by eq.(2), o
S oW TS
~F . TCosb
Xv— = . tan®
F = ¥
L tan® P
OR F = M @)
, et S tan6
Determination of 0: ‘
- Inright angle triangle AABC
Cosf-= BC
; - AC
Cos = 12
ST 20
CosO =" 0.6
0 . =_Cos"(0.6)
0. = 531°.
B T 1x10°x 9.8 -
.(4) => . .& —— 27"
qu ) , tan53.1°
. F = 736x10°N
RS . 7.36x107 x (0.24)*
eq.(1) => =
ca-1) , 1 o ‘/ 9x10°
[q = 6.86x10°C]

Problem # 12.6: _

Two charges of +2x107C and —5x107C are placed at a distance of 50cm from
each othier. Find a point on the line joining the charges at which the electric field is zero.
Solution: - ' , -

Let uis suppose ‘P’ be the point situated at a distance x from-q, where net electric
field is zero. : v :

E], = “K?I
.. X~

' K
EZ = qz
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As Point P lies at the either side of charges, therefore, net electric field at point P
will be the sum of fields of the two charges.

Ey+(=Ey = E
El—Ez = E
’ ) Q2 st E, E,
Kq = Kg, _ i
3 2 1€m == =F == = D= == - = e
X (x+71) ' ' '
K g, - Kgq,
x? (x+1)°
x+0? _ 5
x? 2
X+r ’ 3 5
X 2

TN
be
+
-
N————
N
Il
2
(9}

X
X+r
= 1.58
X
x+r = 1.58x
1.58x—x =
0.58x = Q.5
0.5 v
X = —_— -~
0.58
xk = 0.86 m|
Or x = 86 cm|

A 'distance cannot be a negative number therefore, the pbint where net electric
field is zero lies at 86cm from positive charge and 136cm from negative charge.

Self Test (3):

The accompanying figure shown a charge q; = 1.0uC, 100m from a charge
qz = 2.0puC. At what point on line passing through the two charge is the electric field
zero? . S - :
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Problem# 12.7:

‘What are the electric field and potential at the center of a square whose diognals
are 60cm each when. S
(a) Charges each of 2puc are placed at the four corners.

~(b) Charges of +2uc are placed on the adjacent comers and -4pc on other
adjacent corners, ‘

(a)
qs = 2uc q; = 2ue
£ ' EI
* 60cmY
P
60cm
X A
A
3 E4
Q1 =2pe o q2 = 2uc
Required: ' ' ‘
- At the center of square ‘P’
@ E=79
G v=2 .
Solution: '

(D . As point ‘P’ lies between q; afid ‘q; and also between q and q therefore net
intensity at ‘P* will the difference of their intensities,

E =\ E+E,-E;-E,
As ' E = _KTq
- - r
E - N4, Xe, Kq, Kq,
r- r r- r
K ,
E = F(Q1+Q2“QJ“Q4)
K
E = —2(Z+Z-,Z-l,)
r
[E_= 0] ans.
A% = V1>+V2+V3+V4
Ag Vv = Eq
T
K
v o= T(qx+qz+q3+q4)
9
vV = 93130 (2x10°+2x10%+2x10°+2x 10

2.4x10° Volﬂ Ans.

<
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(b)
qa = —4uc qs = - 4puc
38 2K,
ER\_ = 60cmtE
p
60cm
q:1 = 2uc ' qz=2uc
Required:

At the center of square ‘P’
i E - ?
i) v=2
Solution: _ :
(i) As point ‘P’ lies. between q and qé, therefbre net intenéity at ‘P’ will be the

difference of their intensities.

E =  E.=(E,)
As A<
g~ = Kok
rz‘ 2
‘ ' 9x10°
E = 227 2x10%+4x10°
E .= 1x10"(6x10%

6% 10° Voltym
Similarly net intensity of q; and g4 at the center of square will also be
E' = 6x10°Volym

es]
Il

As E and E'are along the diagonals of square, which are Perpendicular on each
other, therefore their net intensity will be obtained by the pythaghorus theorem.

E = E'+E"

E - JET4E7

E = V/(6x105)2+(6x165)2
E = 85x10°Volt/m| Ans.
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(i) V o= Vi+V,-V,-V,
v = K  Kg, Kq,  Kq,
T - r T r
Vo= %(Ch T -3~ qa)
vV o= .9’(;1309 2x10°+2x10°-4x 10°-4x 107
v 3% 10" (“4 x 10

N Bl

v -1.2x10° Volt]  Ans.

Problem # 12.8:

A particle carrying a charge of 10° C sté'rts from rest in a uniform electric field of
intensity 50vm™', Find the force on the particle and the kinetic energy it acquires when it

has moved Im. ' (2003 P.M)
- Data: ' ’ ' :
’ Q@ = 10°C
-d = Im
E = 50volt/m ’
F =2
: : KE = 7
Solution: _
F = gE
F_ = 10°x50
[F = 5x10°N] Ans:
KE = Work done ‘
K.E = Fd
KE = 5x10%x1
IKE = 5x10%J]% Ans.

 Problem # 12.9: , :

A proton of mass 1.67 x/}0* kg and charge 1.6 x 107'°C is to be held motionless
between two horizontal parallel plates !0cm apart. Find the Voltage required to be’
applied between the plates., (2002 P.E) :

. Data: _ | - _ ‘__
' m_ S Le7x 10TKg - 7—/— - -/
. +e = 16x10MC L IRl
d = 10cm=0.1m o VT | \;V ! |
v o= o - SN
Solution: ‘ ‘ t + -

“ Proton will held motionless between the horizontal plates when
Fg = Weight of Proton
PE = mg
“For Proton g
: eE =

But E

i

)

i

g

Il

<3 ©
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d .
N mgd

e :
v = 1.67x107 x9.8x 0.1

1.6x10"
1.02 x 10" Volt | Ans.

P
il

Self Test (4):

(i) A Proton of mass 1.67 x lOf7 kg and charge 1.0 x 107" C is to be held
motionless between two horizontal parallel plater 60m a port. find the voltage
required to be applied between the plates. (2009)

Ans. [V =6.137 x 107 volt|

(i) Calculate the potential- difference between two plates when they areéeparéted

' by a distance of 0.005m and able to hold on electron motionless between them.
 (m=9.1x10""kg , e=16x10""¢) | a9
Ans. [2.8x 10 wolt] ‘

(iiiy A proton of mass 1.67 x 10%kg and change 1.6 X 107" coul is to be held
motionless between two parallel horizontal plates. Find the distance between
the plates when the potential difference of 6 x,107° volt is applied across the
plates. ‘ (2011)

"Ans. [d = 5.866cm]
Problem # 12.10:

A small spherebf weight 5x 10N is-stispended by a silk thread 50mm long which
is attached to a point on a large charged insulating plane. When a charge of 6x107%C is
placed on the ball the thread makes-an angle of 30° with the vertical. What is the charge

density on the plane? . S (2002 P.M)
. Data: - ' '
W = 5x10°N
qQo = 6x 108 C
9= 90°-30°=60°
ey = 885x 107" CY/N-m’
c =7 :
Solution: .

According to the 2™ condition of gauss’s law

I}
E = . 11
o 8
But E = ——E
B q,
F_ o
q, 2e,
OR s = 2Fe, @) .
qo' _____ =

- W T,=TCos8
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Determination of Force:
According to the 1¥ condition of equilibrium

2 Fy = 0
F—-TCos0 = 0 »
F = TCosB W ememmemeee 3)
‘ Z Fy - 0
TSinb-WwW = 0
_ W =" TSin@ @ e 4)
By Dividing eq.(4) by (3) we get
. W T Sind
F T Cos 8
w = tan@
F
F = w
‘tan ©
-3
F _ 5x10 . .
tan 60°
F = 0.002889 N
L 2 x 0.002889.x,8.85 x 10"
eq.2) = c = ~
6)x 10
[c = 85x107 e/m’ | _Ans.

Problem # 12.11:

How many electrons should be placed on each of the two similar spheres each of
10g so that electrostatic repulsion be balanced by gravitational force? (2010, 2006)

Data: ' Charge on electron, -e _%="1.6 x 107 C.
: Mass of each sphere, = 10g
' m = 0.01Kg
Fa = Fg
Number of elegtrons placed on each sphere = 7
Solution: '

- Let us suppose *n’ be the number of electrons placed on each sphere and ‘q’ be
the total charge on each sphere placed at a distance ‘r’ from each other. Given that.

Fel .= FG"
Kq> _ Gm?
' A

- [Gm°
_ \/6'.67x 10" x (0.01)’

! . 9x10°
qg = 86xl10"C
q
n

= ne
= 4

e
_ 86x10"

1.6x10°"
5.38 x 10° electrons ] Ans.

-|
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Problem # 12.12: L

There is a potential difference of 150 Volts between two conductors of a power
line. A charge of 600C is carried from one conductor to the other. What work is
required? If the time necessary to transport the charge is 1.25sec, how much power is
used? '

Data: | Solution:
vV = 150 Volts W = qoV
Q@ = 600C W = 600x150
W o= ? ' - [wW =""90,000J | Ans.
t- = 1.25sec W
P ? Po=
b — 90000
: 1.25
[P = 72,000 watt| Ans.

‘Problem # 12.13:

A metal Sphere of 100m. “+s.has a charge of 4.25-x 10°C. What is the
Potential when, ' ~ :
(i) atits surface
(i) at is centre _ ,
What is the Potential energy ofa charge - "0'6C at a point 150mm from the
centre of sphere? : -

Data:
q = 425x10°C
qQ . = 25x10°C
Radius of inner surface = 100mm _
: _ OR- = 0.lm - 100mm ,
Radius of outer surface = 150mm » L isomm—bao= 2.5x10%C
OR r, = 015m . . q = 4.25x10°C .

(i) at the inner surface, V="
(i) at the centre, V = 2
(iii) at the outer surface, U =7
Solution: '

(i), : v = -1%1 el 0

9 ) 9 -9

v = 9x10 x4.H5x1_0
- 0.1

v 382.5 Volt | Ans.

(i)  As distance is the same from centre of the sphere to the inner surface as that from
inner surface to the centre of sphere, therefore

Vv = 382.5 Vot
U = 249
I ) ’
9x10° x 425%x10° x 2.5x10°
0.15
637x10%J |  Ans.

]

-

U =

lu

1l
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Problem # 12.14: . :

An electron having an initial speed of 10°m/s is directed from a distance of 1mm
at another electron whose position'is fixed. How close to the stationary electron will
other approach.

Data:

. = 16x10°C

r = Imm=1x10"m

v o= 10ms

m.= 91x10°Kg .

x = 2 I
Solution:

Fd

According to the law of conservation of energyx loss in K.E of electron
(-e2) = gain in potential energy of electron (-¢;).

1 2

7 mv: = Up- Uy (1)
as U = Kgqq,
T
forelectron - q; = qy =,
2
U = Ke
W b
oy 2
eq()=> 1my? = K& Kel
X r

l —
3
<
5
I
7~
o
(Y]
I
|
2z

X r
] . -31 3\2 ‘ 9 -19\2 1 1 J
—x9.1x 107 (1 x 10° = 9x10°x(1.6x 10" | =~ —
2x X X1 x 107) X x (1.6 x ) (x Tx10°
455x10% = 2304x 10 [1—10"j
: X
4.55x10°%
X0 L 00
2.304x10° X
197483 = L _1000
X
1
297483 = -~
. i X
| 1
X =
2974.3

[x__= 0.08034 m] Ans.
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Problem # 12.15:

Find the equivalent capacitance and chargé on each of the capacitor shown in the

diagram. |
Required: A : | | : I C, = 2uF
@ C=7? @) q = ? 1 ’
. . Q@ = 2 3 | o | ] H»‘ C, =IuF
@B = ? : v l I
Solution: ' ‘ 120V

. c, '
Ci = GC+Gs o |_H_. e

Cs = 2+1- :
Cs = 3pF - : [l[
Let C be the equivalent capacitance of C, and C4 connected inl series.
1 _ 1. 1 |@ q=c¢v | S
- C C, .C,,'- q = 1.2'x120 R ‘ ﬁ
! 1 - 1 1 q . = 144pC H
R A
. Cc 23 o I
15
C 6

@]
1
t
B
>
=
n

As C is the equivalent.capacitance of C; and Cs Qonnected in series

1
Ciama | = a
\ = 144uC
| q; = 144pClAns: W g W
A oc,
' ' 144
/V = —_—
T 3
As Cyis the equivalent capacitance of C; and C; connected in parallel.
Vz = V4 and V3 = Y4 ‘
V, = 48V - Vs = 48V '
Q@ = GV, @ = GV;
qzv'——_—b2x48 : a3 =~1x4_8

[5: = 96uClans. [a=_48uC] Ans.
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Find the equivalent capacitance in the given circuit and charge on each capacitor.

_]|€:
c {] (2002 P.M)
I :
1l : _
( C, =6uF
g, C, =2pF
S C, = 4pF.
by

Problem # 12 16:

Two capacitors

of 2uC and SuC are )omed in serivs and a potential difference of

300Volts is applied. Find the charge and potentlal difference for each capacitor.

Required: ,
® a = a (07MTp  pCemhF
G, = ? ] '—{ L <.
@ v. = '
. ’ V2 . ? - VI{ )
Solution: .+ , o 1TV =300\

(i)  Let C be the equivalent capacitance of C, and\Cs, connected in series.

' 1 1 1 :
— = _.+.___

C C, C

1_ 11 Lo
C 28 b

.35

C. 8
L +11-

q = Cv A

q = 1.6x300 :

q = 480uC. -

As C is the equivalent Capacitance of Cl and C,, connected in senes
QT q '
[a;.'="480pC] Ans.

Q2" = q
g2 = 480uC| Ans

.. q

ii A% = 2L

(i) 1 C,

y, = 380
Vi = 240V | Ans.
= 9
vV, = J2
2 C,
8
[V, = 60V | Ans.
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‘ Se_}lf Test (6):

)

Ans.

(i)

Ans.

(i)

[Ce=6.1uF , q; = 9uC]

Two capacitors. of 2uF and 8uF capacitance are connected in series and a
potential difference of 200 volts is applled Find the charge and the potential

dlfference for each capacitor. (1999)
[Vi =40 volt] '

Calculate the equivalent capac1tance and charge on 5uC capacitor as shown in
the figure: ~ (1993)

___’Cz
I

l lc, C, =3uF

| C2 = ZHF

. C, =5uF

< C, = 4pF
<]

Y

Two capacitors of capacitance 3pupF and 6ppF are connected in_ series and the -

- resulting combination is connected across 1000volts; €Compute, .-

(i)  The equivalent capacitance of the combination,
(i)  The total charge on the combination and the charge taken by each capac1tor
(iii) The potential difference across each capac:ltor o (1986)

Ans. [V;= 333.3 volt]
Problem # 12.17:

A capacxtor of 100 PF is charged to-a potennal dxfference of 50volts Its plates are

then connected. in parallel to another capacitor and it is found that the potential
difference between 1ts plates falls to0\35 volts What is the capamtance of the second

capacitor?.
Data: e
C, = T00PF .
v, = ‘Gov
Joined in parallel
V. = 35V
C, = *? B
Solution:
Charge of C, when charged separately.
a = GV
q = 100x50
'\qr = 5000PC
Charge of C, when joined in parallel
q = CV
q = 100x35

q, = 3500PC
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Charge of C, in parallel combination.

Q= q-q
g, = 5000-3500
4 =

1500 PC

Capacitance of C,.

C_q
C = 22 ,
2 » v . R
c, = 1500
: 35

[C2= 4286PF]  Ans.

Self~ Jést (7): |

e

~ Ans.

G~

 Ans.

A capacitor of 200 PF is charged to a potential of 100 volts. Its plates are then
connected in parallel to another capacitor and is found that potential difference
between the plates falls to 60 volts. What is the capacitance of the second
capacitor? : ; ‘ - (1997)
[C:= 133.33 PF) _ ,

A capacitor of 12 pF is charged to a potential difference 100 volt. Its plates are
‘then disconnected from the source and are\\ connected parallel to another
capacitor. The potential difference in this_¢ombination comes down 60 volt.
What is the capacitance of the second capagitor? (2008)
[C: = 8uF] SR .

Problem # 12.18:

Required:

* Find the equivalent capaciténce of the combination shown in the diagram.

LCI =3],LF - rlgs =3“F g I lc“ =3§1[1.
rﬁ‘h U
C,=3p C, =2uF C, =2“FT .

T.r _['Hg

Solution:

. | |
~11IC, =3pF —1IC, =3uF e, =3uF
Equivalent capacitance, C = ? - . I
Let_Cm-bé the equivalent capacitance of C,, C; and C; connected in éeries. _'
1 1 11 ' ‘
C, | C, C, C, ‘ . HC5 i Cq
1 111 : ’ ‘ J_ .
= T —4=—+= C\y= c.== c, _
C, 333 | . T s
: . : I L Y

Cio = IpF N . i —Ic, *
Let C; be the equivalent capacitance of Cq and Cqy co.nn"ec'ted in-parallel.

Cii = CptCy o ‘L ‘jl _J_ 1

Cyy = 1+2 ' C, c,

Ci = 3uF , : , e
11 u T Ha , Ha——o

__Let C,, be the equivalent capacitance of Cs, C;, and Cg4 connected in series. |
R e 6 e 9

I=1 A




PRACTICAL CENTRE (KARACHI)
VISIT US AT: HTTP://WWW.PHYCITY.COM

- Xil-Physics Chapter# 12 Page# 39
1 _ 1 11

@
0o
0
0

i ¥

.

{ 8 . o
1 ¢ ==
(O o S Il
C = lpF | e,

Let Ci3 be the equivalent capacitance of Ci2 and C; connected in parallel.

‘ : y f|s P
Cis = Cp+GC , : J— T
C13 = 1+2 S C, .
Cs = 3pF »

Let C be the equivalent cépécitance of Cg, Ci3 and Cqg conneéted in series.

T
' Ciz Cs CDIC9 -
1 _1.1.1

C 333

Problem # 12.19:

‘ A parallel plate capacitor has plates 30cmx30cm sepaféted by a distance of 2cm. By
how much the capacitance changes if a dielectric slab of the same area but of thickness 1.5 -
is slipped between the plates. The dielectric constantof the material is 2.

Data: .
A = 30cmx 30cm
A = 900cm®=0,09m?
d = 2cm=0.02m
t = 1.5cm=0.015m
€ = 2 ‘
, AC =. ?
Solution:
Capacitance.of-capacitor when air is the medium.
€ SA |
d ’
c . 885x10"x09
; 0.02
C = 39825x10"F

Capacitance of capacitor when dielectric slab of thickness t<d is slipped between
its plates. - - ‘ ' ' h

CcC = € A
d-v+ve, o
o _ . _885x107x0.09

(0.02-0.015)+ 0.015
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o - _1965x10™
©0.005+0.0075

- 7.965x107"

. 0.0125

C = 6372x10™"

AC = C-C

AC = 6372x10"' - 3.9825x10™"
L AC = 2.3895x10"'F | Ans.

Self Test (8):

A parallel plate capacitor has the plates 10cmx10cm separated by a distance -
2.5cm.. It is initially filled with air. What will be the increase in its capacitance
if a dielectric slab of the same area and thickness 2.5cm is placed between the
two plates? . - - (2001)

s. JAC = 354x10"215| |
Problem #12.20: , 2

Three 1 PF capacitors are charged separately to the potential difference of 100,
200 and 300 volts. The capacnors are then joined in parallel. What is the resultant
potential difference? .

Dataq i .
' ¢, = 1PF - ' Vis = 100V
C, = '1PF : - V, = 200V
C3 = - ]PF V3 = 300V
V.= 9 '
Solution: .
Charge of each capacitor when:chatged separately.
qQ = CV,=1x100V=100PC

Q2 = CV,=1x200V=200PC
q: = CiV;&1 x 300V =300 PC
Total charge in parall€) combination.

qQ = g tqtqs
q = 100 + 200 + 300
g~ = 600 PC

- Equivalent capacntance of parallel combination.
C = C+C+C4

C = 1+1+1
C = 3PF
Voltage of parallel combination.
v = ﬂ_f
C
600
3
[ V. =200V ] Ans
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Problem # 12.21:

Compare the capacitances of two identical capacitors with dielectrics inserted as

shown in the diagram. The dielectric constants are K; and K,.

Solution:

Let us suppose a parallel plate capacitor having plates each of area “A” separated by
a distance “d” from each other. Further let us also suppose two dielectric slabs of same size

but’of different material. The dielectric éonstant of slabs are K; and K.

First we suppose that the dielectric slabs are placed horizontally between the
- plates, such that a compound capacitor of two parallel capacitors is formed, as shown

the figure. '

Cl = ) o ™1t

C, =. £
"2 m

/ 2 ////// 77

S o

Let C' be the equivalent capacxtance of a compound capacitor of two parallel
capamtors '

C. = C+G

o - SKA L &KA

a 5 2d 2d

ey S A KKy e ¢))
20 7 :

Nowwe suppose that the dielectric slabs are placed vertically between the plates,

such that a compound capacitor of two series capacitors is formed, as shown in the

-

figure. o . d - —~
C = S KA T 2/ N
| d2 A 7 - N
2e, K A 7 N
Cl — 0 |  %
. d ?
Cz == ED KZA K ' K2
dr2
Je KA F—d/2— ,
G = — - b—dn2—
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Let “C” be the equivalent capacitance of a compound capacitor of two series

capacitors.
1 1 1
— = _.—+-._
" - C G,
1. _ G +C
C” C.C,
FC" — ‘CICZ
C,+C,
2¢, KA 28 KA
cr o=, d . d
2¢, KA N 2¢, KA
‘d ' d -
d
'CI’ _
o = 260{‘; v Kle M N @)
L d K, +K,

Dividing eq. (2) by (1)

2e, A KK,
C' o d XK %K,
T g A -
2d
g S 4——Ki<L— Ans.
c (K, +K,)

Problem # 12.22:

A capacitor 10pF and another of 20uF are connected across batteries of 600V and

1000V respectively, and then disconnected. They are then joined in parallel. What is the
charge on each capacitor?

Data:
| 600V
1000V

i

C, = 10pF | v,
'C; = 20pF v SV,

Joined in ‘parallel.

-

qQ =17
q, =7
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Solution: ' M
| Chargé of each cé.paéitqr when charged separately.
@ = CVi=10x 600 = 6000uC
g = CV,=20x 1000 =20000uC

Total charge in parallel combination.

9 = ataq
q = 6000+ 20000
q = 26000uC

- +Equivalent capacitance of parallel combination.

C ‘=_'C1+CZ
C = 10+20
C = 30uF

Voltage of parallel combination.

V = g
- C
v - 26000
30
V= 866:67V

Charge on each capacitor in parallel combination.

q~="C,V = 10x 866.67

4. = 8666.7 uC | Ans. ' S o

q, €,V =20x 866.67

17333.3uC | Ans.

la,
self Test (9):

Two capacitors of capacitance 4uF and 6uF are charged to the potential
(difference of 300 volts and 400 volts respectively. They are then connected in
~ parallel. ‘What will be the resultant potential difference and charge on each

capacitor? - ' ‘ (1995)

Ans. = 360 volts
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~ Attempt the problem # 12.22 with the difference that the capacitors are joined in
series after being charged as before.

Data:
Cy = 10uF-
G, = 20pF

Joined inrparallel.

@ =7
q = ?
Solution:

Equivalent capacitance of series combination.

R

1 1 1
J— = — 4 —_—
c C C
1 1 1
C 10 20
13
c 20
. C = 6.67uF
Voltage of series combination.
Vo =G +V,
VX = 600+ 1000
V= 1600V

Net charge of series combination.

q9 =

q
q

Il

Cv
6.67 x 1600
10672uC

600V
1000V

i

I

As C is the equivalent capacitance of C, and C, connected in series.

q, =

q

10672uC| Ans.

[a

I

And |q,

10672uC | Ans.
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12.18 EXTRA NUMERICALS:

Q.1 How many excess electrons must be placed on each of the two similar

small spheres placed 3cm apart if the force of repulsion between the

spheres is 107° N (K = 9 x 10’ Nm®/c) (2007)

DATA:
Distance between spheres =1 = 3cm=3x10""m
Eleétrostétic force.= F=10"N
Number of electrons =n =7
SOLUTION:
 According to coulomb’s law _

F=K ql q2 )
rZ

But q;=q>=(q (say)

) 2

F=K L
T

oo B

O =5 7
-19 —-2\2

JUBACEI0 D N P NN KRSV 3 NP el
9x10 4r e, :

, _ 107 x 9x107x10”
¢ =1x1 " c
Taking square root both sides .. we get
(=101 C ———— (1) '
Now ﬁsing: ' -

q=ne

. n=

o o

10—16
" Tex10” [ve=16x10""C]
O0X . .

[n = 625 electrons}
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gAn electron has a spéedj 10°m/sec. Find its energy in electran volt

(M, =9.1x10"kg) |
DATA: ‘
Speed of electron = v = 10° m/sec
Mass of ¢1ectr6n = |

~Energy of electron = 2
SOLUTION:
The total energy of moving
Electron is the Kenetic Energy
E=KE

OR 'E=%mv2'

M.=9.1x10"* kg™

(2004)

= é (9.1x107")(10°)?

E=05X091X10% x 10"
E=4.55x10""J
But
lev=1.6x10""7J

4.55x 107"
- 1.6x187" v

\({A charged particle of 17 nC is placed close to a posmvely charged thin
sheet having surface charge density 2310 coul/m’. Find ‘the magnitude of

- force acting on the charged particle. (€ = 8.85x10° 12 coul/N-m )

GIVEN THAT. v
T oq= 177uc—177x10*5c ,
. o=2x 10’6 coul/m’
. REQUIRED:
F=7
Constant
€,=8.85x 10"2 coul/N-m’

sei}' Test (10):

(2000)
SOLUTION: '

Electric intensity close ‘to a charge
sheet is given by

g=-2_
- 260
E=EFE/ .
Va
_1_:_'
q
F=
2¢

—,a

_17.7x10°x 210
T T2 x885x107°

V(i)' Calculate the force of repulsion on +2x10°C charge, if 1t is placed before a large
vertical plane whose surface charge density is +20x10™ coul/m’.

(€0=28.85x10""? coul’/N-m?)

any [F=236N

(1998)

A thin sheet of posmve charges attracts a light charged sphere havmg a charge

of =5x10°C with a force of 1.695N. If €,=8. 85x10 12" C%/N-m°. Calculate the

D)
_~surface charge density.
an o = 6x10° coul—m}j

(1996)

(lu)/ The surface charge density on a vertlcal metal plate is 2.5 x 10~%c/m?. Find force
experienced by a charge of 2 x 107'? placed infornt close to the sheet. (2013)




