Electric Charges and Fields

SOLUTION

ELECTRIC CHARGES AND FIELDS

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

PHYsICS 1

EXERCISE-I (MHT CET LEVEL)

@ Q8
The path isaparabola, becauseinitial velocity canbe Q.9
resolve into two rectangular components, onealong Q.10

E and other | to E . The former decrease at a Q'Jl-;
constant rate and latter is unaffected. The resultant 8'13
path is therefore parabola. Q. 14
15
g o
Force acting between any two chargesisindependent Qll?
of presence of any other charge. Q. 18
.19
® 2o
—eE=mg Q
Q.21
- 9.1x10*x10 Q.22
E=-T— - 56x10N/C Q.23
@ F, =vF?+F*+2F? cos60  =+/3F
@
Let the side lenght of square be ‘a then potential at
centreOis
—Qr -~
20QL d 2q
k(- k(- k(2
y_KQ) Kk(-a) k(2Q)
a) a a
[ﬁj NENG
=-Q-q+29+2Q=0
= Q+q=0 (Given)
Q=—
Q.25
©)

The charged sphere is a conductor. therefore the field
insideis zero and outside it is proportional to 1/r?
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Thegiven sguare of side L may be considered as one of
the faces of a cube with edge L. Then given charge q
will be considered to be placed at the centre of the cube.
Then according to Gauss's theorem, the magnitude of
the electric flux through the faces (six) of the cubeis
given be

o=

€9

Hence, electric flux through one face of the cube for
the given square will be

1 q
¢'= 6¢ =
(3) Electricfieldinside the uniformly charged

k
spherevarieslinearly, E =??-l’,(f <R),

while outside the sphere, it varies asinverse square




Electric Charges and Fields

Q.28
Q.29
Q.30
Q.31
Q.32
Q.33

Q.1

Q.2

Q3
Q4

k
of distance, E = r—?;(r 2 R) which iscorrectly
represented in option (3).

(3) ¢ = E(ds) cosO = E(2rr?) cos0° = 2nr’E.
(1) For,r<r,,E=0

r=r E= ! Q_f
A’ dne, I,
~ 1 Q,
W <T<Ty E _4neor_2
_ 1 QA_QB
r=r E= 2
B’ dn e, s
B 1 QB_QA
T 4dne, rZ

These values are correctly represent in option (1).
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©)
@
@
©)
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EXERCISE-1l (NEET LEVEL)

(1) Q=ne=10%x16x10" = Q=1.6x10°C=16uC
Electrons are removed, so charewill be positive.

(2) The same force will act on both bodies although
their directionswill be different.

0.9,

9.9 E—K-
2)F =_1% |- FiF=K:1
( ) Fa 47'[80r2 b K47'C80r2 = a’' b
@#Q,+Q,=Q ... 0]
and F= k22 (i)

r2
From (i) and (ii)

Q5

Q.6

Q.7
Q8
Q9

Q.10

FkQ(Q-Q)

r

Q

For Fto be maximum ;_F =0=Q,=Q,= >
1

(2) Suppose in the following figure, equilibrium of

charge B isconsidered. Hencefor it'sequilibrium[F | =

Pl

19 _ 1@ _Q
= Ane, Ax? T 4ngy, X2 T =7
Q\=Q q Fc Q=Q
9@ 00—~
A C B
X1 X2

X

Short Trick : For such type of problem the magnitude
of middle charge can be determined if either of the
extreme chargeisin equilibrium by using thefollowing
formula

2
If chargeAisin equilibriumthen q=-Q, (ﬁj
X

2
If charge B isin equilibriumthen g=-Q, (ﬁ]
X
If thewhole systemisin equilibrium then use either of
the above formula.

1.0.2)
(2 (10009 {
P2

Ca - I

7

P
The given point is at axis of E dipoleand at

equatorial lineof p dipoleso that field at
given point.

@
@
@
©)
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Q.U

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

PHYsICS

@
mg

(2) According tothequestion,eE=mg= E=—2
e

E_ &_M
a=-——
(©)] = am,
@) K = E it dietectric _ 2x10° _
Eith diectric 1x10°

(1) Suppose€lectricfieldiszero at point N inthefigure
then

Q,=25uC E, N E, Q,=36uC
) . o
X1 X2
€ x=11cm =——>
AN E|=[E}

(2) Because E points along the tangent to the lines of
force. If initial velocity is zero, then dueto theforce, it
awaysmovesinthedirection of E. Hencewill aways
move on some lines of force.

F
3) For figuretan 0 =—= =10
(3) For figuretan

2

kg X
x’mg 2/

o X ocg’...(d)

o x¥? o q.(2)

Differentiating eg. (1) w.r.t. time
, dX

dg, . dq
3X° — oc 20— but — j
at oc th at is constant

s0x?(v) oc qReplacefromeq. (2)

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Electric Charges and Fields

mg
(2) For balancemg=eE= E= o

Also m :gnrsd = gxgx(loq)leOOO kg

gxgx(lo”)&loooxlo

= g=3 7 —260N/C

16x10™"

(3) At A and C, electric lines are equally spaced and
densethat’'swhy E, =E_>E,

(4) Flux through surfaceA, ¢, = Ex nR* and ¢, =—E x
R

I \ JE
< -|- c =|=>
A Bl o
> >
Flux through curved surface

C= _[ Eds= _[ Edscos90°=0
. Total flux through cylinder = ¢, + ¢, +¢.=0

BE=c/(2)

(1) Total flux through the cubical surface.

p=to
o
So So
1xq
(1) By Gauss'stheorem.¢_ .= e dueto symmetry
0
> Orece :d)w_be

6
(3) Entering flux =leaving flux

(1) Entering electric flux = Leaving dectric flux

enc)

(2) By using J‘E.ﬁ _1 Q
€

(2) ¢na = gix Qenc = Qenc = (¢2_¢1) 80




Electric Charges and Fields

Q.28 (3) The electric field is due to all charges present
whether inside or outside the given surface. EXERCISE-III (JEE MAIN LEVEL)

Q.29 (3) Ineectricdipole, theflux coming out from positive Q.1 %)
chargeisequa totheflux comingin at negative charge Q2 )
i.e. total charge on sphere = 0. From Gauss law, total
flux passing through the sphere = 0. 023 @ F = ququ
r

F - Kqa, _ 4Kaq, _ 4F

.30 2) According to Gauss's applications. =

Q.31  (3) Using Gauss'slaw. we have
Q4 (3) Attraction is possible between a charged and a

R
FEAA= [ (pv) == [l xdmr %cl netitral object.
=0 00 Ka,g, _ Ka,q,
Qs O F=—"7F%F"=—"3"
- > [ 4nk \RE3) r err;
or Ex4nR=| —
) a+3 1 1
KR@HD) (20cm)? 57
B CY) 4
= rl2:20><20><10 _80x10“
R\ 5
R "(2] r, =8.94x102m
Forr=—— E,=—2/ _
2 € (@+3) Q6
=
: E, -1
Given, Ep 8 /\
R a+l Fo quqzz o quqzz
N E(Z) 1KR@HD () L)
- €— X —> € (30-x) >
€0 (a+3) SEO (a+3) [ } o
Q7 @ 49 <« E-0 > q
1 1
2 2
ora=2. X (30 -x)
x=20cmfrom4q
10cmaway fromq
Q.32  (3) Electricfieldinside aconductor isalways zero.
+4q Q F, q
R kQ Q8 () Awyprg s ———F
Q.33  (3) Electricfield outside of the sphere E,, = = -5 -
()] Charges are placed as shown on lineAC.
kX For net forceon qto be zero, Q must be of —vesign. If
Electricfield insidethe dielectric sphere E;, = —5- F,isforceon g dueot 4q & F,dueto Q
R Then, F, = F, (magnitudewise)
(i)
From (i) and (i), kdgq-q KkQq
or > = 2
r’x 14 i
Ein = Eout X? 2
At3cm, o 49=4Q
20)? or Q=q (inmagnitude)
E =100x 3(103) =120V /m - Q=—q (withsign)
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Q9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

PHYsICS

k
@) Initially, F:% (1)

K thdy
16R2 (2

Finally, 4F =

4kayq, _ 4kgyq, orR= ©
r2 16R? "8
(QF=qE

100

E =50N/C

A —@
@

E.=0

Net

_ G
@ a=—

After timet

_GgE
m
2 4242
KE=lmv2:eq
2 2m

v

(@)W =Frcos0=.. 4=(0.2) E(2) cos60°= .. E=20
N/C.

kgx

(3) At point Pon axis, E = —(R2 L x2)32

~ VR + X
(ER"‘E"_,
VA

F E d—E—O -2
ormaxE, |y - =0=o0rx="r

2kq
. Puttingxin(i)E _ = 3/3R?
Kdq
E
d
\\

Q.16

Q.17
Q.18
Q.19

Q.20

Q.21

Q.22

Q.23
Q.24

Q.25

Q.1
Q2
Q3

Q4

Q.5
Q.6

Q7

Q9
Q.10

Electric Charges and Fields

d
dg =
q R d
Ko 1
E= d —
27R° = Ex R

(1) a& b can't beboth +veor both—ve otherwisefield
would have been zero at their mid point.

b can't be positive even, otherwise the field would
have been in —ve direction to the right of mid point
answer is(1)

(1) By definition

@

3

A =100k . E={+2j+3k
0=E e A

$=100,/3

@

Incoming flux = Outgoing flux

1 ¢=IEd§,=nR2E

(3) Netflux=¢,—¢, = 2*; 0, =& (9,—¢)
@

Since same no of field lines are passing through both
spherical surfaces, so flux has same value for both.

(4)q,=0
$=0

EXERCISE-IV
[0191]
[0206]
[25]

2K

E, y x 1

[05]tae=F ~ 2.y 2 7
X

@
@

If both Assertion & Reason are false
@
@
@
@




Electric Charges and Fields

PREVIOUS YEAR'S

MHT CET

Q14
Q6(3)
Q.11(1)
Q.16

Q.17

Q.18

Q.19

Q.20

Q.2(2
Q.7(3
Q.12(3)

@

Given, chargeon particle, q=3e

Mass, m'=2m

Forceon charged particlein electricfield

F=qE=3eE

.. Acceleration imparted to charged particle,

F 3eE
a=——=—
m' 2m

Q.3(4)
Q.8(4)
Q.13(2)

Q4(2
QI9(Y
Q.14(2)

Q5(1
Q.10(3)
Q.15(3)

Q.21

@
From the principle of superposition, we have
1 Qxq N 1
" 4ne, (djz 47580(d)2

> Q.22

Since, F ,=0

1 QXq:—lXQXQ:>Q=—9
4n80(d]2 e, (d)° 4

2

@ Q.23
Net charge of onedipole=-e+e=0

Net chargeof 8dipoles=8x0=0

.. Net chargeinside cube, g=0

By Gauss'slaw

q
Total flux emerging out from surface = . 0

0
@
The cube is a symmetrical body with 6 faces and the
point chargeisat itscentre, so electric flux linked with
each facewill be

_fwa _ Q

¢ 6 6,
@
Theforceon acharged particleinuniform electricfield
is given by
F=0E = ma=qE

£ Q.24
2 E

m

or

& _&E M M

a, m, eE m,
@
Forceonacharged particleinauniform electricfield E
isgiven by

F=gE=ma
where, aisacceleration of charged particle.
= a:E

m

Fromthird equation of motion

E 20E
vZ=uw+2as=0+2x = y:_q Y
m m

1
-, Kineticenergy of particle, KE = > mv?

= l m(@) = qu
2 m

@

Option (2) is not possible because it is not obeying
the fact that number of lines of force has to be
proportional to magnitude of charge and option (3) is
not possible, because it is violating the fact electric
lines of forces can never intersect.

©)
Between the plates, i.e., in the region Il as shown in
thefigure, electric field isgiven by

+C —O
0] (i) (i)
1 1
EZZ_aO(Gl o,)= ‘. (20)
6, =0, and c,=—c=—V/m

@

Theforce between two chargesin air,

Mut Cer COMPENDIUM



Similarly, force between them in medium of dielectric

constant K

_ 1 99, N
2_4naoK (2 e (i)

From Egs. (i) and (ii), we get
F/F,=K

F,F,=K:1

NEET/AIPMT
Q1 @

Accelerationa=
Fort=0tot=1s,

S=2x6(1f =am .G
Fort=1stot=2s,

S, - 6.1—%x 6(1)7 =3m (i
Fort=2stot=3s,

S, - 0—%x6(1)2 =-3m _iii

Total displacement S=S+S,+S,=3m

3 _
Average velocity = 3" ims™
Total distancetravelled = 9m

9 -1
Average speed = 3 3ms

Qz (@
For hollow conducting sphere
Forr<R,E=0

Kq
Forr>R= E=r—2 s0 E decreases

Q3 @

Electric Charges and Fields

= o 2k
E duetoinfiniteline charge = R

A = charge density
g g, 20 20

E=E +E, + N/C
R R mgR
Q4 (I
Q5 (@
Q6 (@
Itiselectricdipoleat largedistancedectricfield intensity
K
E= = 1+ 3c0s*0
1
S Eoc E
Q7
Electricfieldisalways perpendcular to EPS.
JEE MAIN
Q1 (@
Y
M

For E we use gauss law

E.2re = Qn  PTRYL
€ €
_ pR? N
= 2e,r Putin (i)

PHYsICS




Electric Charges and Fields

Q2

Q.3

Q4

Q5

2

gpR? _ mv
2g,r r

2
ﬁ = lmV2 =K.E.
4e, 2

2
K.E =P

0

@
E gE 4E

mg
gE=mg
_mg _01x10°x9.8
E 4.9x10°
=2x10°C

@
Fo<fm f, Mi>F.

L

Fe=f (Max. friction)

2

kq
LZ

= pmg

L = kg® _ 9x10°x(2x107)?
2 pmg  0.25x10x107°x10
L2=9x16x10*

L =3x4x 102 meter

L=12cm

)

Electric field dueto uniformly charged large surfaceis

E=-2_A. Thisis independent of the distance from
80

the surface.

Thus, E,=E, = zi
80

@

Let R =radius of combined drop
r =radiusof smaller drop
Volumewill remain same

ﬂ7IR3 il1tR3
3 3
R=4r;Q=64q;

qg: chargeof smaller drop
Q: Charge of combined drop

Q
Obigge _ 4nR> _ QT

Ogaie 4mr®  q R?

2

Q aQ
F=gE=q| ——|=——=10N
a q[Aeoj A,

Now, when one plateisremoved.

[NJFe)
[NiPe}

+ 44+
+ 44+
m
o]

£=_Q
2A €,
Feqge=—0 =5
2AE g,
@

q
Total flux through complete spherical surfaceis g .

Mut Cer COMPENDIUM




Electric Charges and Fields

q = E(1++/2
So the flux through curved surface will be g ( )
Theflux through flat surface will be zero. :k_qz(1+ x/i)
Remark : Electric flux through flat surfaceiszero but 2a
no option isgiven, option isavailable for electric flux k 1
passing through curved surface. q E,« _a
2 f 47:8 a’ [ 2
Q8 (@
el Q1 @
(1)° o E
(F = Force between two charges)
F=4k :
K
Fog = 2FC0S30°= 2.F.£ =F/3 = E, =2x g
2 (d/2)°
(F. = Net electrostatic force on one charged ball)
Kq
Foot - V3F _ = E,=8—
FF (v3) °
Remark : Net force on any one of the ball is zero. But 9 6
not option given in options. =d’ = 8x9x10" x8x10
6.4x10*
Q9 ® d=3m
If the electric field isin the positive direction and the
positivechargeistotheleft of that point thenthedlectric Q.12 (4
field will increase. But to theleft of the positive charge u=200m/s,q=40x 10°C
theelectric field would decrease. N
If the dipoleiskept at the point wheretheelectric field E=1x10° =
ismaximum then theforce onit will be zero. m=100mg=0.1kg
1 1 E
Q10 (@ «
% . (v% «——o0—3u v=0
q/2 . » ko2 —————
il F=qE s
o F qE
A Tm
aL a2 11 equation of motion
V2= U2+ 2as So—ur=-2as
E,. = E+V2E W= 2as
« oouw v d'm
24 E ST 2a 20E  2qE
A m
\2E
E,. = E+V2E . (200x 20(3)><0.1 —05m
2x40%x107° x10°
kg _
2d =E
p Ko _ Q13 @

PHYsICS 9



Electric Charges and Fields

[
Lai

d/2 d/2
d

A A
vy

Point charge q will experience maximum force at point
where electric filed due to both charges Q and Q is
maximum.

Sowewill first find expression of eectricfilled and then
wewill use concept of maxima& minima.

Letat point P E, and E, areelectric fields dueto the
charges By symmetry, magnitudes of El and E2 will be

sameLet |E1| = |E2| =E

-_KQ

2
i + X2

4

E E
Esinoc Esinc
oc oc I
Ecosec Ecosx

Clearly net electric filled will be 2 Esinec in vertical
direction.
E,=2Esinc

Sin «c=

Now for E_, to be maximum

d

YE. =0

dX net

~doko—X =g

©

Electric force on a positive charge is along €electric
field and that on negative chargeisopposite ot e ectric
field wherease direction of magnetic force is
perpendicular to both velocity and magnetic field.
Hence statement | is correct and statement Il is
incorrect.

@
Weknow that potential V (X, Y, ) isgiventhen electric
fieldis:

g= V. 0y Vg
X oy OX
LYY,
dx
E-=—6xi
a(1,0,3)
E-=-6iV/m
[49]

Electricfield at surface

10

Mut Cer COMPENDIUM



Q.17

Q.18

_kQ

E=Re

pR 4 s
= =p—1R
E 3eO{Q P3" }

Number of lines per unit area o ‘E‘

Number using proportionality constant = 1

of lines per unit area= ‘E‘

PR
- 3¢,

2x10°

=_ 10°

N
_10° T =45, 100—
3x8.85x 102 *Tc

@

@
Q

>
><¢

F2 qlo F1

>

“mie—— Q
1
1
F2'«—4—F/'
F,<F,

Kg,Q  Kq,Q

=
(@-x)°

net

=F=Fy= (a+x)?

(a2 _ X2)2

:kqu{(a—x) —(@a+x) }

ko,Q—4ax]
et :(a(_)z_—xz)z a>> X

_ —kgQdax _ —4q,Qx 1

a a

= acC. = —(ﬁJX

E

net

()
TE, Ma

4dr g,

_ aQX

(te, @)

3 2 3
T:ZT[\/TCEO ma :\/47: ma’ €,
q,Q qQ

macc.= -
T €, Ma

Q.19

Q.20

X
E= 2¢,

2¢,
p

a X=

E__P .260
2¢, p

@
LetQ=4
Now g is another part then
force between them
K —

e (Q2 q)q

r

a5
max dq

OrQ-2gq=0

For F

vV,=u +at
Vx=ux=2m/s
eE e (8m

u=0 a="""1l"¢

v=u +at=0+8x05=4m/s
y y y

Vy Vy
_ — = —1 | —
tan 0 = v, = 0 =tan Vv

4
= tan?| o

0 =tan (2)

Electric Charges and Fields

s =ut+ T at?
X X X

2
1=2xt+0
t=0.5sec.

—j:Bm/s2

PHYsICS 11




Electric Charges and Fields

Q21 @ q83ne
By Gausslaw F, A
3v2Zem
3cm
A
5uC 3cm o.1e§c Fe
_ kx0.3x 5x107%
! 9x10™
9x10° x1.5x10°® _15
9
9x10°x0.8x10®
F, =

9
Fo=+v225+64 =~/289 =17

43 4R

E.4nr? :po_éhc(éﬁ_ rt J

€g
r? = ol {1—i}
4g, R
E= p_or{l_L}
4e, R

Q2 @
Letq, =g, =q

r 2
® Ol

When Cisplaced in contact with A, chargeon A and C

will beg/2
Now, Cisplaced in contact with B, chargeon B and C
q
a+-
willbe= __2_3
2 4
Now,

30/4

F F,
0 o a— -
r/2 r/2

(KT_ngsq 3Kg? 3F
F=k-F= r2 4 a4

Q23 [17

12 Mut Cer COMPENDIUM




Electrostatic Potential and Capacitance

ELECTROSTATIC POTENTIAL AND CAPACITANCE

Q.1

Q.2

Q3

Q4
Q5
Q.6
Q.7
Q8
Q9

PHYsIcs

EXERCISE-l (MHT CET LEVEL)

@

kx _k(Q-x)
Icm  3cm
X=Q-x=4x=Q

-2
X:g: 4x10
4

Q'=Q-x=3x10°C

C=1x107?

@
Potential at any point inside the sphere =
potential at the surface of the sphere = 10V.

@
Initial potential energy of the system

2 2 2 2
_ 1o o a1 37
47[80 a a a 47'[80 a
2.
0.1
=9x109[3x%}=27x107\]

Let charge at A is moved to mid-point O, Then final
potential energy of thhe system

2 2
Uy = 1 2q La”
4neg| (al2) a

2
1 [q_J — 45x107 J

47[80 a2

:5)(

Woek done=U,—U,=18x 10"J

Also, energy supplied per sec = 1000 J (given)
Timereguired to move one of the mid-point of theline
joining the other two

. 18x10’
~ 1000

—-18x10*s=50h

©)
(1)
1)
©)
(1)
@)

When charge is given to inner cylinder, an electric

Q.10

Q.12
Q.13
Q.14

Q.15

Q.16
Q.17
Q.18
Q.19
Q.20
Q.21
Q.22
Q.23
Q.24

Q.25

field will be in between the cylinders. So there is
potential difference between the cylinders.

@
4
4
@
©)

= OV: V. oV
@E=—1i-—j-—Kk
ox oy oz

~-[(6-8y)i +(-8x~8+62)]+(6y)k]
At(111),E = 2i +10j -6k
:(E):m:\/m: 2./35
~F=gE=2x2/35=4/35

S
@
@
4
S
@
@
©)
)

. e
For aparallel plate capacitor C= T
Cd 1x10°®
As—=
g, 8.85x10
=1.13x10°m?

This corresponds to area of square of side 10.6 km
which shows that one farad is very large unit of
capacitance.

@

C=(L+243)uF=6UF




Electrostatic Potential and Capacitance

Q.26

Q.27
Q.28
Q.30
Q.29
Q.31
Q.32

Q.33

Q.35
Q.36
Q.37
Q.38
Q.39
Q.40
Q.41
Q.42

_--—”_
A—2——1—B
_—"_

@

The effuectivecircuitisshown in figure.

1uF  3uF  9uF
—

—————]—
1uF  3puF  9uF

The capacitance of upper series,
1 111 1

=S ———— 0

C 139 27
2

. C=2uC

. C=3H

@

©)

@

@

©)

(1) C=equivalent capacitance
1 111

SL===+—+—=C=1uF
C 2 3 6

Charge on each capacitor in seriescircuit will be same.

- g=CV =(1x10%)x10=10puC
.. Charge across 3 uF capacitor will be 10uC.
()

©)

@

©)

()

(©)

(©)

©)

()

(©)

(©)

Capacitance of capacitor

(C) =6uF =6x10°F
Initial potential (V;) =10V andfinal potential
(V,)=20v.

Theincreasesin energy (AU)

Q.44

Q.45

_lx(6><106)><[(20)2—(10)2}

=(3x1o-6)><300=9><10-43

S

Initial energy of combined
1 1
U,==CV2+=CV2
1 2 1 2 2
V., +V
Final common potential, V = — 5 )

Final energy of system,

2
u, =2x1C(Mj
2 2
Hence loss of energy
=U,-U,
1 2
=ZC(V1—V2)

@

Fromthefigure.

Q=Q,-Q,=4CV-CV=3CV
:| [FQ=GV =V
N

/,= (2C)(2V) = 4CV

The net charge shared between the two capacitors

Q =Q,~Q,=4CV-CV=3CV

Thetwo capacitorswill have some potentiad, say V'.
The net capacitance of the parallel combination of
the two capacitors
C=C+C,=C+2C+3C

The potential of the capacitors

vV _
Cc 3C
The electrostatic energy of the capacitors

e-love-Laovz-3cv2
2 2 3

system
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Q.46

Q.47
Q.48
Q.49
Q.50
Q.51

Q.52

Q.53

Q.54

PHYsIcs

Electrostatic Potential and Capacitance

©)
Theequilvalent circuitisshowninfigure. V. +V, =100 EXERCISE-II (NEET LEVEL)
and2V, =6V,
Q1 @
3uk B 1uF Since potential inside the hollow sphere is same as
H ® H that on the surface.
3uF 1uF Qz @
" H Potential at the centre O,
|| [l
I Il 1 Q
V=4x— ——
s < N 4ne, a/\/E
\/ [| \/ 10 _ _ _
i Il V1 where Q = —=x107°C anda=8cm=8x102m
%109 3
—wwvw—||—||
| +q +q
20Q 100V A @prrorerreneneees @
On solving above equations, we get i 0
V,=75V,V,=25V V2 !
€ L
D\ﬁq+}) ¢
@
&) 10, 10°
S0 V =5x9x10° x-2— =15001/2 volt
@ 8x10
V2
f\
@ 3 @
4 . . du 1
@ Electrostatic energy density —— = = Ke,E?
\ av 2
QL ‘. d_U ocC E2
© dv
X d Qs @
d KS, Potential at centre O of the square
2
, Q Q
D S 4
Al2e, Ae Ac Ac I o
:( )o: O,CZZK—OngK—O ai%‘\g" i
d d d 2d RERp !
xC 3+K)KAe l
L. Ceq = C'I' 2 —+ = ( ) 0 d """""""" \)
C+¢C, 2d(K+1 Q Q
(.. C, and C, arein series and resultant of these
twoin parallel with C)) 0
V=4 —=—
&) 4ne, (2/42)
o, Work done in shifting (— Q) charge from centre to
@ infinity
15



Electrostatic Potential and Capacitance

42Q*  2Q? o 1, [2ev
W=-QV,_-V,) =QVy=—— = Kineticenergy K=—-mv° =¢eV = v=,|—
QV. Vo) = Qs Anga  me,a =3 - m
Q5 Q10
. 2QV For non-conducting sphere E,, = kQr_ pr
Using VT = v, JQ = "TRT 3,
Va_ [Qu_ a9 _1 QU (@
Vg Qs 4q 2 Potential V any where inside the hollow sphere,

Q6 (1) o 1.9

Potential at the centre of square including the centreisV = 4, R
o -6 Q12 (2
V:4>{9><10 xjgxlo jzgoﬁxlo“v @
AE =2 forr<R )
Work donein bringing acharge (q =50 mC) from oo to 4ne R
centre (O) of thesquareisW =q(V,-V _)=qV, Q
= W =50x10"°x90v/2x10* = 64 J and Vou =5 forr=R ...(ii)
0
- he holl heri hell i
07 (2) In balance condition i.e. potential inside the hollow spherical shell is
vV (4 , constant and outside varies according to v OC}.
= QE=mg= QE:(EM pjg r
Q13 ()
3 Thedlectric potentia V(x, y, z) = 4x?volt
Lol :&:[r_lj Ve
\Y Qz r V1 Now Ez— IA@_V+]5_V+|28_V
ox "oy 0z
Q [ r j 600
=0 2]~ =2 Now &Y _ gx N _oad o
Q, \r/2) 2400 ™ 3y p=
= Q,=Q2 - R
Hence E =-8xi , soat point (1m, 0, 2m)

Q8 @ E=-8 or 8 long negative X-axis.
Work donein displacing chargeof 5 uCfromBto Cis E =-8i volt/metre gnegatv 'S
W =5x10%(V_—V,) where Q14 @

av
A E=—" =V =—xE,
100uC @, dXx
N Q15
40cm ! ™50 cm
S Yo B _sonic
i d 2x10
B/
________________ Cc
wuc \)@/ Q16 (4
-6
V, =9x10°x 00107 _ 9 16y
04 4
-6
and V. :9><109XM:9><106V f— g —>
0.5 5
W=qV =qgEd
So Wzsxlo—ex(gxloe_Exloej:_gJ = 4=0.2xEx (200s60°
5 4 4 =0.2Ex(2x0.5)

Q9 @
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Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

PHYsIcs 17

E=—=20NC"

@ Q.30

\/ 5xV
F:QE:QT:> 5000= 2" =V =10volt

@

Inthedirection of electric field potential decreases.

Q.31
Q.32

€
Potential energy = — pE cosd
When 6 = 0. Potential energy =— pE (minimum)

@
Potential energy of dipoleinéelectricfield U =—PE cos
0; where 0 istheangle between electricfidld and dipole.

@

E:l 2p

3

Are, r
@
i=PxE Q.33
@
V=

@

Potential dueto dipolein general position isgiven by

kpcos6

>—Here 6 =90°
r

k.pcosbr k-(pT)
PP

= V=

@

Electric field inside aconductor is zero.

® Q.34

Electric field near the conductor surface is given by

2 anditis perpendicular to surface.

80
@
o Ke A
d
@
By using V,;,, =n**v
N Viig - (8)° :ﬂ
Vgl 1

4

If the drops are conducting, then

ilnR3 = N(ﬂnr‘"’j
3

3 Q.35

Electrostatic Potential and Capacitance

= R=N»r.Final chargeQ=Nq

Sofinal potential V =9— Ng

R - N1/3r
@

Equivalent C=C +C,

=VXN2/3

@
@)

Thegivencircuitisequivalentto aparallel combination
two identical capacitors

C

C —e B

| |
11
Hence equivalent capacitance between A and B is
o= S BA_ 2ZA

“d d d

@

Given circuit can bedrawn as

8 uF

N
N4

Equivalent capacitance=4 x 8 = 32uF
@

Thegiven circuit can beredrawn asfollows

10pF
| |
11

12uF SuF 8uF

sl

Q
Q 9uF
| |
11

60 V
A B

Equivalent capacitance of thecircuit C,, =4 uF
Chargegiven by thebattery Q= ceqv =4x60=240C
Charge in 5uF capacitor
3 5
(10+5+9)

@

U

x240=50nC




Electrostatic Potential and Capacitance

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

The given arrangement is equivalent to the parallel
combination of three identical capacitors. Hence
3e,A

d

(4) Minimum when connected in series and maximum
when connected in parallel

equivalent capacitance=3C =

(3) Thecircuit can berearranged as

2uF
12uF

!
. B

2uF
[
|
2uF
2uF 1uF 2uF
4 [l Il I'l
@ 4 [ | [ | | B
1 11 1 1+2+1 4
___+_+__ = —_=
cC 212 2 2
C.,=05uF

(2) Chargeflowsto second capacitor until the potential
issamei.e. V/2. So new charge=CV/2

1
@ = c=3%g = C=2pF

Total charge=2x 102x5000=10°C
The new potential when the capacitors are connected
inparallel is

2x107®

I SRy 7YY
(3+6)x10
11,1
3 —=— = = C =2uF
& 3710 15 H

eq

Charge on each capacitor
Q=C,xV=2x100=200uC

= C zqu

1 1,11
g % 13

1
) —=+=+
®) 1 2
8
Total charge Q=CV = EXB =8uC
. ) 8
Potential difference across 2uF capacitor = 2 =4V

8
Total charge Q=CgV =1—3><13=8uC

Q.43

Q.44

Q.45
Q.46

Q.47

Q.48

Q.49

Q.50

8
Potential difference across 2pF capacitor = ' 4v

(3) Given circuit can bereduced asfollows

I n series combination charge on each capacitor remain
same. Sousing Q=CV

=CV,=CV,=3(1200-V )=6(V,—V,)
=1200-V =2V, (wV,=0)

= 3Vp =1200 = Vp =400volt

(4) U =%c:v2 =%x2><10_6 x (50)% = 25x10J

4 U =%cv2 =%x6><10_6 x(100)2 =0.03J

@
1

E
Let E=§C0VO2 then, E, = 2Eand E, =

_ 1x40x10°° x (3000)

(2) Power = 2
t 2x2x107°

=90 kW

2

2 U :(ZD_C; in given case C increases so U will

decrease

C K

(@ In steady state potential difference across
capacitor
V ,=potential

R
R, = 2 \Y
R, +R,

Hence V, depends upon R, and R,

difference across resistance

18

Mut Cer COMPENDIUM



Electrostatic Potential and Capacitance

40uC 20uC
EXERCISE-III (JEE MAIN LEVEL) 3 3
QL @ P
By M.E. conservation betweeninitial & final point :
Ui + Ki = Uf + Kf
. Answeris(4) k(40)(20)
dZ
8; 8 After touching the charge on sphere = 10uC
' , 10uC 10uC
1 1 V, 1
" EmVﬁ =qV, EmVé =4qV =.. V_:%:Z = .
2
V_A 1
Vg 2
Q4 o k(1 (;)2(1 0)
_kQ . 9x10°x15x107° F-F=81
. VC—T S V= (05) =27V. 1" 2
Q5 (@ Q12 (1)
AV =ER
Q6 B AV = 1000x1x102 = 10Volt
PE=q (Vfinal _Vinitial)
PE=gAV PE decreasssif gqis+veincreasesif gis—ve. Q.13  (4)
Q7 " 7 _
PE may increase may decrease depending on sign of > line of force
charges. >
Q8 @ .
K Kgin-1
e- K9 ., Kan-1)
r r
equipotential surface
% “r(n-1)
Angle between both = 90°
Q9 (@
° ° Q14 (O
q:¢ d q;
Seperation increase then Q15 &
K dv
U= % \ Atorigin, E=~"- ==2.5V/em=~250V/m
But . F=forceon2C=gE=2x (-250) N=—500N.
[ [
g, d -q. Q.16 (1)
—k
ifd? then U= —292 ¢ = __1ox—10
d dx
Q10 " Eymy—10(1)-10=-20V/m
1
> mvi=ev v 2V Q17 @
eQu (@
PHysics 19



Electrostatic Potential and Capacitance

Q.18

Q.19

Q.20
Q.21

Q.22

Q.23

Q.24

Q.25

|

+ + + c
Vy =2 Ve = %
+ * AT gt 8 250r2
+ t 4 A B
+ + L |e—r—
+

X
-““\
N
4

GivenV,-V,=5V

2 (r,-r) =5V
280

r,—r= 0.88mm
€

©)

P=qd
1x106x2x102=2x10%
Maximumtorque
t=PE=2x102Nm

@
©)

max PE = position of unstable equilibrium=0=mx.

@

+ vely charged

metal A
plate

The given diagram shows induction on sphere
(metallic) dueto metal plate.

Since distance between plate and —ve charge is less
than that between plate and +ve charge. electric force
acts on object towards plate.

@
Car (A conductor) behaves as electric field shield in
which aperson remains free from shock.

@

Dependson body either conductor or non-conducting.

M
Q=Q,+Q,=150uC

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

q_C_1_ o,
% C, 2 =Q,'=50uC
Q,’=100uC
25uC chargewill flow from smaller to bigger sphere.
@
C=4ne R
R=7 =1x10°%x9x10°=9km
T &y
Q)

Charge/ Current flows from higher to lower potential
or Q/Cratio.

@
_ ke A
T d
where k = dielectric constant of medium between the
plates
A = Area, d = distance between the plates
)
Q, =900uC Q, =2500uC

When the two capacitors are connected together let
the common potential isV.

900 + 2500 = (3 +5)V

V=$:425V

@
1

E="¢F
2

1
22x10710= > 8.8x 10?2

E=7NC?
@
10V
==C=1puF
Co=2uF A9 C,=3,F
/\\ ~~ D
Bosv 20V

Fromjunction law
(V-10)1+(V-20)3+(V +25)2=0
6V =120

V =20Volt

20
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Electrostatic Potential and Capacitance

Q32 () E
1 1 [5 aselectricfield isdueto chargeson asingle plate
Vi1V, _C_:C_:01C2
12 0.1
isto bewritten] ——N= 0.05Nt
M_G 1 2
V, C, 4 Q38 (3
Q33 @ u=Lcv
Toformacomposite of 1000V we need 4 capacitance 2
in series. 1
4 capacitance in series means in each branch = = x4x10°x (1% 10%)?2
capacitance is 2 uF. So 8 branches are needed in 2
parallel. So atotal of 8 x 4 = 32 capacitorsarerequired. =2Joules,
i °0® @
: W=U —U = =CV? —=CV? = = C(402—20°
8 section Total : 32 u-Y 2 T T2 C(40°-20)
W=600C
Q34 1 900
W, = 2 C(502-40% = = C W, =
10V
! 900 w3
10V 0 A 2 '600 4
B -20 20 ov Q40 (2
10V|7q -20 C
20 -20 + 10V __ _
jovl D =20 20 % + -
0 + Z
+ -
Total chargeon plate C=40 uC C = 2uF
z +
Q35 (O - +
Maximum charge on first capacitor 91 = 160uC = 4pF i
20V
Maximum charge on second capacitor d2__ = 1280
uC. Before connection
As capacitorsare connected in series. Hence maximum Q,=2%10=20,Q,=4x20=80
charge they can storeis 160uC. 1 ,. 1 )
= — + — =
Q36 U, > 2(10) > 4(20)%=900J
2uF 3uF 5||.IIF Since connected as shown
/] || 1] After Q , =—20+80
3V PAY v Connection =60
Max charge 6uC 6uC 5uC
Hence maximum charge that the series can with stand V= 5.4 =10Volt
i break d Itage = 31 31 | 1
is5uC. Sobr ownvotage—5><30 =% volt Uf256(10)2:300J
Q37 @ ) e oletes (s iven b Heat generated =—U, + U, = 600.J
Force between the platesis given by Q41 @
GZA or ,_GOA_ZEOA_
2 C=42 7 d =2C.
42 3
F_qE_1x1o-6x105 0 9
2 2
PHysics 21



Electrostatic Potential and Capacitance

Q.43

Q.44

Q.45

Q.46

Q.47

C

|
|
4V

Here, Potential difference onthe capacitor will depend

onemf of batteryi.e., 4V

(1)U,= 5CV2 (given)

1.
Now energy =U’" = EC V2
C=CK

U = %CV2 K =UK

(3) Now, charge remains same on the plates.

Q¥
T (given)

(3) For metal k=
Hencefromformula.

__ SoA
Ceq_d—t+t/k

EoA

S (d-1b)

(e)
(3)V,=Ed="__d=3000
<o

(&}
V;=Ed=—d=1000

(S
= T =3=¢ =3eo=27><10‘12C2/Nm2
€0
DV, o =E 1 ey =4000
4 4000

T 18x10°

€0 KAm

Now, C= N = 7x102pf

dmax

Q.48

Q.49

Q.50

P 102 x107° x 4000
©8.85x107'2x2.8x18x10°

=0.63m?

(2)Initially Cgy = =

C
$0,Q=Cy, V=5 E

e L CKO)  KC
Fnaly Cy= e ek 14K

KCE
1+K
So, change flow throw battery = Q,—Q,

K 1
Aq=CE |77« 72

CE(K - 1)
AG= 21 4K)

$0,Q,=C E=

(2) Charge on 15 pF capacitor A = 1500 uC.
Chargeon capacitor B =100 uC.

When they are connected with diel ectric removed from

A the capacitor.
Capacitance of A now becomes 1 uF.
eoA.15

Ci = d =15C= 15“F,

goA
C-= C=1uF

20
d

1500 1|7 -1500
1

+1 1=
100V 1uF

Q remains constant
Qnet = Ceq x Vcommon
1500+ 100=2V

V =800 Volt

0@
(i)

=i evRe
=025¢?
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Electrostatic Potential and Capacitance

3 4
EXERCISE-IV V=20 X A& }
o 3 3 |3
Q1 [0002) -
Q2 [0 M1 4
Q3 [259 V=-20 5[64+ 27] +§[7]}
Q4 [0006] L
Q5 [-9.6]
06 [52 Q _50 [&}
1 4x9 1 2 c 3
Q.7 [0012] 2><4+9-26-2><(4+9)v 1
¢ TLoFt
6
vV =26X% E =12 Qu (@
Statement-1 isT. Statement-11isT
Q12 ()
0-q C+C Statement-1 isT. Statement-11isT
qg x4 0
Q14 @3
Q15 (@
= Cg Q16
0
N PREVIOUS YEAR'S
. |+Q-q —iqc MHT CET
Q- =g Q1 @
—Q-0) o2 (1
Q3 (@
Q4 (D)
Q5 (@
q Q CoVo 10 o3 Q6 @
AT C+C. T =~ 1n X12= Given, mass of both particle=m
c "o C+CO C+10 charge of particle, A=+q
.. C=30 chargeof particle, B = +4q
Potential difference=V
Q2 22 A Kinetic energy is given by
€
- - -9 1
Q9 [0® P Foae, T g2 v K=Zmy? )
12 4 ) This energy is equal to electrostatic potential energy
8.85x10 " x17.7x107" x 500 isk=VxQ (i)
= 25 (8.85><10_3)2 From Egs. (i) and (ii), we have
1
10716 25x10° PR
= 106 =25uN For particleA,
_1 e
010  [0119]0=CV v = >MVa ....(iii)
4 4 For particle B,
—J.de I x2+ﬂ dx 1 >
V=c 4 :_20_3 3 4qV:EmvB ()
Dividing Eq. (iii) by Eq. (iv), weget
PHysics 23




Electrostatic Potential and Capacitance

Q7

QS8

Q9

Q.10

2 Q.11(4)
1 v Q.16(1)
4 Vg Q.21(2)
Q.26 (1)
L1
N :’/—B =3 Q3L(4)
Q.35

N[

v
Hence, the ratio of their speed _VA =
B

_ﬂ_i[ 20 }_ 40x
=E= ox dx|[x*-4 (x2—4)2

X

10
= E=atx=4um= EV/um

andisalong + vex - direction.

(4) Electric field intensity due to a charged spherical
shell isgiven by

E=—9 —Exl
Ang r r

Electric potential dueto a point chargeisgiven by

4mg, 1 r
. dp —d >
=—=—0/(a"+b)=-2ar
(3) Electricfild, E= — Olt( )
, E(4nr?) =2
By Gauss'stheorem, o
0
= q=-8near’
. Charge density,
dg dg dr 2 1
=— =y — _ (-24ne,ar? | x——
P=ay oy = (2

= p=-06¢g,a
(4) Given,V =2xy + 3zx—yz

. iofi e e Bl
. Electricfidld, E= I I 4
R R . Q.36
=(-2y—-3z)i—(2x-2z)j—(3x-y)k

E.oun =(-2-3)i—(0-1)j-(0-1)k

(0,1,2)

= -5 +j+k

Q12(4 Q13(1) Q4@ Q1503
Q17() Q.18(1) Q.19 Q.20(4)
Q2212 Q23(4) Q242 Q.25()
Q27(2 Q28(1) Q29(1) Q.30(4)
Q32(1) Q33(4) Q34(4)

)

The given situation can be shown as
The capacitance of a parallel plate capacitor is given

by
_ ke A
d

The abovecircuit can be considered to be combination
of two series capacitors as

c

(d+t

Z

The capacitance of a parallel plate capacitor is given
by
_ ke A

d

The abovecircuit can be considered to be combination
of two series capacitors as

—f
G G

C

@
Let X(1,4) be positive plate and Y (2,3) be negative
plates.

24
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L
H‘)
n
4
I
<

The equivalent capacitance is just a parallel
combination of two capacitors, therefore,
€A +@ _ 2e,A

C =
d d d

Now,

Electrostatic Potential and Capacitance

C'=2+2=4uF
Now, C' and remaining two capacitorsarein series, so
their equivalent capacitance,

1 11 1 5

cC 2 2 4 4

. 4 _ 4
= C'orC, ZEHF_EX]'O F

B
1 2
. Energy stored, U = ECABVAB

x(10)° x10°®

=40%10°J=400% 107 J

! S Q.40  (2) Since, two capecitorsarein parallel, so areaof each
X 2 ~X: 3,2\ Y. _
—C V& plate=A/2
Y o—y N
g,A
, , o Also, capacitance, C=——
the equivalent capacitance is just a parallel » Cap ' d
combination of three capacitors. Therefore, A
A €9
gA  EA  gA  FA c =% g Cr=t—
C S S o i S =—t! an 2(d+b
2"q "d d _d 2d (d+b)
-, Equivalent capacitance or capacity of the
Therefore, =2 combinationwill be
erefore, C, 3 A A
g A Ca=CitCo= 20 ¥ 2deh
Q.37  (3) For air capacitor, Coon:18pF 0 (d+b)
When dielectric slab isintroduced between plates and Al 1 | gA|d+b+d
distances in tripled, then "2 |d" (d+b)|” 2 |d(d+D)
Ke A .
Co=—p=720F (i) _ﬁ|:2d+b}
Dividing Eq. (ii) by Eq. (i), we get - 2d[ d+b
K 72 B 1 CC 2
3 K12 Q41  (4)Hest=Energyloss= 5= 1(2: (Vi-V,)
. . . . . 1 2
Q.38 (4) Thegivencircuit diagramisdrawn as Here, V, =100V andV/,=~100V
4pF (-~ ve sign signifies that the capacitor is connected in
I opposite manner)
Loss:lx(zngjxlo6><[100—(—100)]2
D £ B Loss=24x103)=24mJ
4uF Q.42 (4 Given,C=5uF
1 Potential of acapacitor without dielectric,
v-RQ_
C Ag,
Hence, given capacitorsarein parallel combination. Potential of capacitor with dielectric,
o Cog=4+4+4=12uF
Q.39  (4) Since, two capacitorsinthemiddlearein parallel, C'" KAg, K
so their equivalent capacitance,
PHysics 25



Electrostatic Potential and Capacitance

Given, V' =V/8, soon comparing, we get Q1 @
= K=8
Q15 (2
NEET/AIPMT C= 900 pF
A 2 -
Q @ C=900 pF V=100 Volt
o=
Q-0-2, Q-—q+2 N N
4 4 | A
+«—\V—>
3 3
ki=Ql = =
E_kQt (4QJL4QJ
1= 2 2= r2 [ I I >
) 100V C= 900 pF
F 16 V=0
Common potential
Qz (@
v = CV,+CV,
Q3 (@ e G+G
Cx100+Cx0
4 Q@ _ x100+Lx0
Q @ C+C
Q5 ) =50Volt
Electrostatic energy stored
Q6 1
=2x > Cvz=CV?
Q7 (D =900 x 102x 50 50
v=_1t Q =225%10°J
“ne, R =2.25%10%]
1 _ constatnt JEE MAIN
4r e, - Q1 )
Q=same(Given) Q.2 (198)
1
VR ez ®
. Potential ismore on smaller sphere. (Properties of conductor)
Statement-l : True as body of conductor acts as
Q.8 ( 2 ) equipotential surface.
Q=Cv Statement-11 : True, as conductor is equipotential.
Tangential component of electric field should be zero.
aQ —ji= Cd_V =20 prﬂ Therefore electric field should be perpendicular to
dt dt s surface.
=60 pA
For circuit to be completed displacement current Q.4 ©)
should be equal to conduction current. a4 —q
Electricfield between platesE= —
Q9 ) h
Q.10 (2 Vepgd=2"%4
2A €,
Qu (@
\V = G~ Y%
Q1z () 2C
Q13 (O Q5 @

26
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Electrostatic Potential and Capacitance

At equilibrium, their potential will be sameasthey are Equation (1) and (2) to
connected by a conducting wire. Q
Q Qs  KAg,
3.6x107 = 710"
K x30m(107%)? x8.85x 10
K =0.0023x 10°
Given: R =5mmandR,=10mm. K=233
Let at equilibrium, charge on both the spheres be Q,
and Q, respectively. Then, Q38 @
V.=V, Q,=Q
=0Q+2
- 2
Rl RZ U, = Q_
t2c
3&:& U,=U,+U, x44%......(given)
R, R, U,=1.44U,
LQ_R_5_1 Q+2 _ 1 0 @
Q R, 10 2 2C 2C
Now, electric field on surface of spherical conductor is
2
. KQ [%) =1.44
E = — 4.
given by R? Q
KQ, i Q*2_12
E_OR_QR Q
E, KQ Q R} Q+2=12Q
R2 02Q=2
Q=10C
_E _1 (Y _, E_2
"E, 2\5) 7 E 1 Q9  [6]
P ~=» Removed because
Q6 8uF i.,?“\'iym‘ﬁf capacitors are short
|7 = PE BuF
A 11 |
u_RE 12x10%x5x10' 1 ~ ar i
t, PE, - & TN i
2 b2 24x107 x15x10° 6 i|
Hencex =6 Ae I} I} B
24uF 8uF
Q7 (4 : .
Given that Equivalent capacitance
Areaof each plate= 307 cm? or 30x % (1022 m? 24x8 24x8
Didlectric strength E = 3.6 x 107V/m “oass 3 oW
Maximum chargestoredisQ=7x10°C
To avoid the dielectric breakdown Q10 ()
Dielectric strength (E) = E,
(D) /vA
where E electricfield between the plate
(o) .
B, = Ko, (2 - a
{G = %} +«—d—»'
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Electrostatic Potential and Capacitance

Q.u

Q.12

Q.13

=

c=tA
d

When metal sheet of d/2 width is placed inside the

capacitor-

|
AN
|

«—d/2—

dielectric constant for metal — o

o €,A
(tt)
kl k2
C— gA g A
RCIENCIERETE
1 o0
€,A
C'=22 .
)
EA
c \"d) 2 [c 2
C &A 1 |C 1
d
(A)
)
| \ |
[ 71 ]
10uF 10uF 20uF
V)
13v

1 1 1 1 12+8+6 26

C, 10 15 20 120 120

60
C. =—uF
@~ 3t
13x60
= = 60uC
Q 13 u

Charge on each capacitor is same
-+ they arein series.

©)

Q.14

Q.15

Q.16

Q.17

Ac
Coriginal = f_O
c, C,
K=3
A A
@ = K
d2 d2 d2 a2
_Agy  2Ag,

Yde d

C,= KAe, 2KAg, _06Ag, _c
a2 d d

C,& C,areinseries
_ CC, C><3C_£_§_2As0 —Exﬁ
™ Cc+C, C+3C 4 4 d 2 d

3
Cnew = Ecoriginal
3
=—x4=6uF
2 [
(125)

1 CC 2
Energyloss==—222_(V, -V.

ay 2C1+C2( 1-V,)

_ £50>< 50x1072 x107 %

——(100-0) =125n]
2 (50+50)10

(<)
Parallel combination

50 3b b] 15 b
(A)
K,=10 K,=15
1 2 1K C 2
U= KOV U= 5KLClv
1 1
U =—-10CVv? U == 15CVv?
i 2 f 2

AU_U,-U 5 AU 1600-2 100
u U 10 U 10

.. 50% increases

@
Charge Qis0to 5C steadily
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Q.20

Pontential difference V = %

_ 6
=V, =25x10°volt Q.21

Vmax= 2><10_6
Vo Q

{Qissteadily 0V isalsosteedily}

Q18 (1
C=4neg R,
4ne,R R,
R,-R,
C=nC
4ne,RR,
R,-R,

C'=

=n4neg R,

Q.22

Q.19 [6]

I I qllzclvl
=kcv’

AN\

w
(@]
=
1l
©o

|

|
||
2=3cVv

N ’

18V a
due to charge conservation
0, +09,=0,+0",
cv+3cv=cC'v'+3cv’
dev =v'(ke+3c), k=9
4cv = v'(12c)

Electrostatic Potential and Capacitance

@
Ceq=C1+C2+C3+C4=l+2+3+4:10;,LF
q:Cqu:lOp,FXZOZZOOMC

[60]

_ %o kA

t, 300
= = = = —_— 60
K,k 3.4 5
t, t, 05 1
V, = 60volt

€)
In case |, when the switch was closed and dielectric
was not inserted :-

= %(2C)v2: cv?

In case 11, when the switch was open and dielectric
wasinserted :-

2
E,= S50V + L
2 25C

2
=E,= %(5C)V2+%%

=E,= %(50)v2+1—1ocv2

=E,= 2, Leve =By
2 10 10

~E,=Sov?
5

E 5

—_1 =
Now, E "~ 13

‘

2C

{ ' j v sC 5C
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Electrostatic Potential and Capacitance

Q.23  [240] eA
1 2 -d 3
V=—(C V ) C - —t—
2" 4 4k
V=1 (KA +A,)V?  AkeA
2d = (k+3)d
V232x10'3( 5><1><4J & c
2 100x100 =31 Co
[ x4 j(ZO)Z
100x100
_ & 4873X 20% 20 _2a0e,
2 2x10° " 100x100
Q24 (1
C C>KC
7/
%
_ C(KC) _ KC
“ C+KC K+1
one K 40
T K+1
[K =15]
Q25 (1)
K
gd
—>
¢ d ’
£,A
Co: d
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Current Electricity

CURRENT ELECTRICITY

EXERCISE-lI (MHT CET LEVEL)

Q1  (3) R;=60.00Q, shunt resistance, r,=0.02CQ2 \?Vef:gga;—leg
Total resistancein thecircuitis Rg+3 = 63Q Ry =40
Henc, | = 3/63=0.048A Q21
Resistance of the galvanometer converted to an Q.22 )
ammeter is Q.23 @
R.r 600Qx0.01Q Q24 (D
R Gor002)n 0 Q% G
G s ) Q26 (O
Total resistancein thecircuit = 0.02+3 = 3.02Q Q27
Q.2 (4) Number of electrons per kg of silver
_ 6.023x 10%°
108 180V —— 90 o0
Number of electrons per unit volume of silver 200
A
VVVVVY
6.023x10% I
n=————"—x105x10°v, = —
8 neA 450 400 5002
~ 6.023x10° <105 1032016 1073 14x10° 0
i - 180vJ' hak 450
Q.3 (2) Drift velocity T '
sov, oV A '
450
Q.44 Q.5(3 Q.6(2 Q.7(2) Q.8(1)
Q94 Q104 Q114 Q12(3) Q.13 i 180 _ oA
Q142 Q1514 Q16(20 Q1712 Q.18(1 0
Q19(1) ) . Q.28  (4) Thenet resistance of thecircuit is 9Q asshownin
Q.20 (4) Redraw thegiven circuit, thefollowing figures.
R Iy vt 20
PxRx'-":| v 803 803 40 = oy 80F 80F ¥s0
J L [] 20 20 20 20 20
REER ER REER ER I
o . o
C O vy [ | yvvy [ vy |
A N B o= 823 803 9v£ 803 40%
R L - L
U VAVAVAV VAVAVAV AVAVAVAV
20 20 20
3 U
== yyyvyy :: 3Q
R3Z S R3 _EWWT I__L
] T v 340 = v 390
O MWW O T 21
A R/ B T—ww— |-—
20
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Current Electricity

Q.29
Q.30
Q.31
Q.32
Q.33

Q.35
Q.36
Q.37
Q.38
Q.39

Q.40

Q.41

<

8&2<:

<

-[AA ]
AAA

| = V _ 9V
R 9Q
Theflow of current inthecircuitisasfollows.

=1.0A

lampere Kle) 0.5A

L :AVAVAVAV '
20 = 9VJ— 8z 8Qg

2Q
AAAA
VW
30 Y \ A
2 D
803 403
b
AAAA AAAA
vy yvy

20 20 20

2Q  0.25A

B AAAA »
P=VVVy >

AAAA

[0
Q0
AAAA

\A4

>
2 8Q
4»

The current divides into two equal if passes through
two equal resistancesin parallel.
Thus current through 4Q resistor is0.25A.
@
()
()
@
@
@
()
@
@
©)
(O
2

) P=R—eq

(i)

1 _1,1_5+R,

1.1 (SR
R, R 5 B5R 5+R

Substituting the values in equation (i)

eq

)P:3OW

10)*
3OZL3R =10Q2
SR
(5+R)
2 . 4 +2(iy+i,)—3+4i, =16V

Using Kirchhoff's second lawin the closed loop we
have

9—i,—2(i,+i,) =0 ...

Solving equations (i) and (i), weget i, =1.5A and
I, =2A
.. current through 2Q resistor =2+1.5=3.5A

Q.49
Q.50
Q.51
Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

2
4
(1)
4
4
@

(2) The heat produced is given by

23,2
or H= (i]r_
p l
Thus heat (H) isdoubled if both length (¢) and
radius (r) are doubled.

©)
@
@
@

(2) Potential gradient in thefirst case= 5

I
N &
==3)U1
Potential gradient in second case

5{&] !
3 = 3 X = X= 2

@ (1-1)S=1.xG
(10—-1) S=0.81

S=0.090

B
=3 ()

(4) Only number of free electrons is constant, other
factors are temperature dependent.

(4) Fusewire should be such that it meltsimmediatiey
when strong current flows through the

circuit. The sameispossibleif itsmelting pointislow
and resistivity is high.

(2) At Null point
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Q.58

Q.59
Q.60
Q.61
Q.62
Q.63
Q.64
Q.65
Q.66
Q.67
Q.68

PHYsIcs

Current Electricity

EXERCISE-Il (NEET LEVEL)

100 .
W WA Q.1 (2) Density of Cu=9x 10%kg/m? (massof 1 méof Cu)
“+ 6.0 x 102 atomshasamass= 63 x 10° kg
[¢) ol [o () ol [o .. Number of electrons per nt are
6.0x10%
= x9x10°=85x 107
63x10
< > [
52 cm 48 cm i ity =v = ——
Now drift velocity =v, —y
X 10 - L1 =01 x
VA 85x10% x1.6x1071° x 7t x (0.5x107%)?
2 . 10 m/sec
Here ¢, =52 + End correction
=52+1=53cm. Q.2  (4)Incaseof stretching of wireR o I2
¢,=48+Endcorrection=48+2=50cm = If length becomes 3 times so Resistance becomes 9
X 10 timesi.e. R'=9x20=180Q
53 30 Q3 (@ R="E = 07 = px1
53 A “ax107?)?
X =—=10.6Q2 7
5 p=2.2x10%ohm-m.
(3) As the two cells oppose each other hence, the Q.4 @ R 1 = R iz o — [d = diameter of
effective emf in closed circuitis 15-10=5V and net A A° d
resistanceis 1+0.6=1.6Q (because in the closed wire]
circuit theinternal resistance of two cellsarein
series. Q.5 (2) Inthe absenceof externa electric field mean vel ocity
effective emf 5 3KT
Currentinthecircuit, | =——————=— of free electron (V__) isgiven by V. =,/—
urrent in the circui totdl resSance 16 (V.. isg Y Vims
Thepotential difference across voltmeter will be V__x JT.
same astheterminal voltage of either cell. Sincethe
current isdrawn fromthecell of 15V 06 (@ Lengthl =1cm=102m
5
.'.V1=El—lr1=15—Ex0.6=13.1\/ [—
@
(2) E: /
@ N/ 100 cm
(4) lcm
@ _
® Areaof cross-sectionA=1cmx1cm
@ =10*n?
@ /
@ Resistance R = 2 = 3x10°
A
@ |
pl . . - pl R
. R=" ===
Q.7 ()] 3 for first wireand R sa 4 for second
wire.
33



Current Electricity

m | 1 1 1 20x
Q8 (HR=pP, = N ForADE — =-_t-— oR'=
A ne't A R' 2x 10 10+ 2x
Q9  (4R=91x102~9.1kQ.
Q0 (@ 20x .
Ry = 10+ 2% +20-x+20-X .... ()
Significant figures Multiplier
20x
Brown Black Brown o +40=2x
1 0 10" 10+ 2x
o L Solving we get
.. R=10%x10'=100Q x=100
o Putting the value of x = 10Q in equation (i)
Q.11 (4 Thecircuit reducesto We get
w R 20x10 20—-10+20-10
=— +20-10+20—-
B¢ 10+ 2x10
30 30
80
—=26.7Q2
A AW B 3
6
Q15 @WR=R@A+a,t)+R,A+a,t)
9x6 9x6 18
=——-= =—=3.6Q
AB o, +0o
9+6 15 5 =2 14+ 4 2t . .
Q.12  (2) Givencircuitisequivalent to RO( 2 Comparing with
’/,—"‘\‘ OL +(X
A € R=R(l+at) a=—>=*
i . "-. Q16 (2
A "’VW\/“ c = 30 § Q17
) %
30 30
AV AWMV
B B

So the equivalent resistance between points A and B

isequal to R= 613 20,
Q.13  (3) Equivalent resistance 24x12
~ (5+10+15) |(10+20+30) R = oar12)
so, R, = 30x60 =200 Q.18  (4) Thenetwork can beredrawn asfollows
© % 30+60 30 30 30
Q14 (@ A —AWMA—AWN—AMA—e B
:>Req=99.

Q.19 (4) Threeresistancesarein parallel.
1 1 1 1 3

"R R R R R
: . R
Theequivalent resistanceR'= — Q.

3
Q.20 (3) Thegivencircuit can beredrawn asfollows
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20
20 20 20 1Q 20
= WW—WW— W~
20
= Req=5§2.
_ RyR3 _ 4x4 _ %6
Q21 (QR,=R+ R, +R, +R4-2+m +2=6Q. Q.
22 HR —B+R—2+2—§—ZEQ
Q. @R,=73 *R=32=5=230.
Q.23  (2) Thefigurecan bedrawn asfollows
30
50
A 100 8 100 B
10Q
AW
=
AN
106 B A 100 5
=>R,;=5Q
Q24 (3
1Q 10 1Q 10 10 Q.28
A —\WW\ AW AWM B
1 1
Rag =2+==2=-Q,
AB 3 3
Q.25 (3) Potential difference between B and D is zero, it
means Wheatstone bridge is in balanced condition
Q.29

PHYsIcs 35

Current Electricity

P_R
So Q s
21 _18 X=8Q
- 3+ 8X 6 - )
8+ X)
(€)
R R

R R
_ 2R
HenceReq— 3
(3) Thegiven circuit can beredrawn asfollows
A 50 50 B 50 -
2/3v 2/3v 2/3v
[
|I
2v
A 50 s D s0 ©

For identical resistances, potential difference
distributes equally among all. Hence potential

2
difference across each resistanceis 3 V and potential

4
differencebetween Aand Bis §V'

(1) Thegivencircuit can be simplified asfollows

On further solving equivalent resistance R = 15Q

15
Hence current fromthe battery i = 5 =1A.
(4) Equivaent external resistance of the given circuit
R _=40Q
eq
E 10

R+l (4+)

Current given by thecell i =

i 2
Hence, (V,—V)= 2 x(R,—R)= 5(2_4) =-2V.




Current Electricity

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36
Q.37

Q.38

. . L 3
(1) Equivalent resistance of thecircuit R = 5 Q

.V 3
.. Current through the circuit R 3/2

(3) Current through 6Q2 resistance in parallel with 3Q
resistance=0.4 A

Sotota current=0.8+0.4=12A

Potential drop across4Q =1.2x 4=4.8V.

(1) Equivalent resistance of the given network
Ry =75Q.

i Ri(50Q) i

50Q

(4) The equivalent circuits are as shown below

C < <
20 20
A B A B
= EN
2Q 20
D B D D
Clearly, the circuit is a balanced Wheatstone bridge.

So effective resistance between A and B is 2Q.

(2) For no current through galvanometer, we have

E
( L ]X:E:
500+ X

©)
©)

(4) SinceE,(10V) >E,(4V)

So current inthecircuit will be clockwise.
Applying Kirchoff’svoltage law
—1xi+10-4-2%xi-3i=0

( 12 ]X=2:>X:100§2.
500+ X

Q.39

Q.40

Q.41

E E.
a 1Q 1 e 2 20 b
v av
i
3Q

- W/ -
=i=1A(atobviae)
VvV 10-4

. Current = — = ——
R

=1
6 O ampere

(4) Suppose current through different paths of the
circuitisasfollows.

28Q2

54Q

|
L
12v

8V

After applying KVL for loop (1) and loop (2)

1
Weget 28i,=-6-8 = i,=— A

1
54i,=—6-12 =i,=— - A

and 3

L 5
Hence |3:|1+|2:_5A'

(2) Applying Kirchoff’svoltagelaw in the given loop.

p 10 4v i 8V 20 a
4v
i
9]
> MWW
—2i+8-4-1%x9=0 21 +8-4-1xi-9=0 = |
_1
"3

1
Potential difference across PQ = 3 x9=3V.

(2) Thecircuit can besimplified asfollows

B A C
; 30Q
I . )

i3 I3
A A— | D

I

F MW —i—E

40QQ 8oV

Applying KCL at junction A
=i +i, ()
Applying Kirchoff’svoltage law for theloop ABCDA
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—~30i,-40i,+40=0
= —30i,—-40(i, +i,)+40=0
= 7i,+4i,=4

... {ii)

Current Electricity

EXERCISE-IlI (JEE MAIN LEVEL)

Applying Kirchoff’svoltagelaw for theloop ADEFA. Q.1 3
—40i,—40i,+80+40=0 i B 5
= —40i,-40(i, +i,) =—120 Giventhat vy, =v, Vo, =7
= i+2,=3 L (iii) We know that
On solving equation (ii) and (iii) i, =—0.4A | = neAv,
Q.42 (1) According to Kirchhoff’sfirst law = V, « 1 ocizoc 12
Atjunction A, i, =2+2=4A A “2 d
2A
n 1.3A X
- - Vo, _(d/2)? _1
c V,, & 4 Ve
2A . Q2 @
Giventhat|=5m,d=10cm.=0.1m.
At junction B,
AtjunctionC,i =i, —-13=3-13=17amp. Pl _17x10°x5 _ 7,100
A 7x0.095°
43 1i= i - 4
QB M=y 03 @
Energy lossinsidethe source =i%r =(2)2x 2 =8W. pl
Weknow that R = A
Q.44  (4) When thewireisbent in the form of asguare and
connected between M and N as shown in fig. (2), the pda  2p
effective resistance between M and N decreases to X = @ a
onefourth of thevalueinfig. (1). Thecurrent increases
four timestheinitial value according to therelation V y = p_a2 - P lFromR = Pl
= IR. Since H = I2 Rt, the decrease in the value of 8a® 8a A
resistance is more than compensated by the increases - p(2a) _ p
inthevalueof current. Hence heat produced increases. 43° 2a
Percentage lossin energy during the collision = 56%.
X>z>y
2 Q4 @
Q45 (1) P=—; for Ptobemaximum R_ should beless. Giventhatl, =20cm R, =5Q,
Reg « l,=40cm,R, ="
Hence option (1) is correct. During stretching volume of wire is constant
o R 20A=40A'=> A'=A/2
Q.46 1) Potentia gradient = .5 . 5 .~ 1
@ J (R+Ry+1) L WeknowthatRz%I
2 « § \% \
= 15+5+0) 1057, =0005 . R,_ L A _40 A
R, I, A 20 A
047 2
R, =20Q
Q48 (9 Q5
Y p=py(1+aAT)
Q49 (I o is—vefor semi conductor
z:temp Tt  Hencerate of collision T
G 1x0.018 0.018
50 (g S=i =T == =00020 Q6 @
Q &) (i-iy) 10-1 9 ; ;
9 i, =neAV, i,=n(2e) Av/4
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Current Electricity

|—il+i2 = 5
Q.7 @)
T,
T,
6
(5]
I
v _I_1
RET=V7R
tand = 1/R=w + 0
©6,>6,
= R,<R,=T,<T,
. TR
Q8 (h)
_pt
R="A
3.5x102 x50x1072
quuare: (10—2)2
=35 ,1020
2
3.5x107° x2[1x1072]
Rrectangle = (50 x 10_4)
=7x10"°
Q9 (@
1 _10. 10 . 10times
Re R R
Re, =R /100
2R
3
R
R 2R
Q10 @ 3
R
A ’ N\
B
Qu (@
FromV:IR

E
WhenS, isclosed V, = (ﬁj?’R ==

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

. _E _6E _
WhenS, isclosedV, = 7R .6R= 7 =0.85E
When both S, & S, are closed

V,= = x2R= == 06E
37 3R -3

V2>V1>V3

@
All resistances are parallel so potential is same
V=03x20=6V

Il'll'IS_Rl . 20 .15 = . 1 1
3R,

= 03=50, 7R, *(09)

= R,=600Q

@
PR
Ry=2+ 5+ +Ry=9+R,

Vv 10
1= Req =1= 9+Rp =>R,=1Q

if 4Q replace by 2Q resistance then
R —2+E+E+1—9§2
g~ =2 3 -

L

@

In an electric circuit containing a battery, the positive
charge inside the battery may go from the positive

terminal to the negativeterminal

¥
(@V=E-ir,V<E (b)V=E+ir,V>E
(©V=E (dV=E

@ i=2=1Am
_4_ p

V=E+ir=2+1x3=5V
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x=2volt

Q18 @

i/6
2
D3

i/3
i/6 i/3
i/2

i/3 i/6

i/6 E

110)?
@D Rosw = ( 2_5)
R0
In series current passes through both bulb are same
P2.5 = |2 I:z2.5’ PJ.OO: |2 RlOO
P,.>P,duetoR, >R & -+ P,.>25W & P, <100
W (can beverified)
Therefore2.5W bulb will fuse

2
Q'RlOOW:@ =R,5>

Q.19 100 s

Q20 (3

20Q 20
L
L
20Q

20€Q2

2002
AAAA-

10V

20 20
_ (2+3JXZO _ 50x20

eq 110
@+§+20

R _ 100
™ 11

V2 @o? _
R  100/11

Q21 (1)

PHYsIcs 39

Q.22

Q.23

Q.24

Current Electricity

V2 (220)°x300 300 _

P= >
4(220) 4

SW

Req

@

Since,resistancein upper branch of the circuit istwice
the resistance in lower branch. Hence, current there
will be half.

40 i2 6Q
— WWW————AWW—
—3 —
AW =
50 I
Now, P, = (i/2)? (4) (P=i"R)
P,=(i)*(5)
P, 1
o p 5
p= 2 =22 socay
4T 5 Ty TeCs
@
2
_V _pt
H= R At, & R= A
2
HzﬂAt
pl
Ho(:A
!
2
Hocr—
14

Heat is doubled only when', ¢ doubled

)

2i/3
—>— —WW——
| . 3R
>—AMA
i/3
2 2
R 9
P, =Ix3R
h_4
P, 27




Current Electricity

Q.25

Q.26

Q.27

Q.28

Q.29

@

150 i,
AN
200
— MV I
L 600
AW

GiveniXi—OB
75

Now i,=

©)

60 xi 60x0.75x75
75 15

E1+E2

Q.30

3

Case—l ;= Ry +R+2r = 1= Ry+R+2r =Ryt

R+2r=3 ... o
Case-11 Eg=E=15V

Rg+R+E

— =25 ..(d
fromeq (1) and (2)

3r

1
> =0.5 :>r—§Q

I 600
R, =120Q
Net current

_ 120 _19A
T 60+40

SUTTE S
1°727 60 " 120

=2:1

2
I,= 3 x1.2=0.8Amp.

henceReadingV =0.8x60=48V

(©)
Givenfor ammeteri = 103A, R=9Q

T 3Rg+R+

r —_—

Q.1

Q2

for given condition circuit shown like

o
9Q 10mA

MWW\
0.9Q

MWW
i/ O-].Q

A B

01 .
10x103= 10 <= =1Ampere
@

6
Potential gradient x = 1

6l=4=/= E
=4=>(=om
EXERCISE-IV
[0003]
Along zaxis E-dA=0
Along X axis E = cont.
. ¢,=0
fory=0

[E-dA=[30+2)j-da(-})=6[da=-6
fory=1

[E-dA = [3(1+2)j-da(j)=9[da=9

L 0=13€,

[0012]
v =0 at apoint between both charges and to | eft of 2q.

2q

< 9 >
kx2g —3kq
_ — :O

X 5-x
10—-2x=3x
X=2
toleft of 2q,

kx2g 3kq
y T5+y°

0
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10+2y =3y

Current Electricity

y=10 = distance=12m - ﬂ =800
2 05
Q3  [00ag] Q6  [0004]
W, =AU
_ 40
oV = _@_J
,’, ‘\ T =
10 40 X X
' ‘\‘ -|—
Pd. across4Q =4V
Q7  [x]
 kQQ; kQ,Q;
© 003 © 003 Asbridge isbalanced, == or Y = 0
. . sbridgeisbaanc 0 Y or X
9><109>< —5x107°
- [7-5] X 5Q
0.03x1072
=3J and Pea of
2
Q4 [6600] 0 Y
For themesh BCFEB,
40
1 —Q
-42—4—6(V+§j+4:0 should be ~
Making equation and solving we get X = 25Q
A B E
oL J_m, J_4V Q8  [0020]
All the elements of circuit arein parallel arrangement
0oz 1 1 1 1 1 1 1
05 A = XXX —— X — X —
b—@—1 . Ry 40 40 40 40 20" 20
1+0.5
—-8-101-3=0 4.2
=1=-1.1A 40 40
For themesh ABCDA,
Req =50
1 /2D —
—12—41 +2(Ej +E=0 Power =V4/R=20W
. _ Plo
- Tl2+44+1+2=0 Q9  [00QIR=T =100 ...
- E=6.6V=6600mV o Ag
Q5 [0080] i)
V1+V2+V3:120—20(0.5) AOI —A(Zlo)
= V,+V,+V,=110V ...(2) A
Vi oV, oV, ;A:Tf ....... (ii)
Rl R2 R3
(2,)
R= A /2 =400Q
1120V, 2002 Q.10 [0001] More the resistance less will be power
' dissipated.
Also V,+V,=60 = V,=110-60=50V . One should connecte the battery is 6Q2 resistor.
Now V,+V,=90= V,=40V
PHysics 41



Current Electricity

20 4Q 6Q
=11V
Qu (@
Statement | & |1 both correct
Q12 (2
Statement-| isture, Statement-11 false.
Q13 (1
Q14
Q15 (1)
Q.16 (1)
PREVIOUS YEAR'S
MHT CET
Q.1(L Q.2 (3) Q.3(1 Q.4 (2 Q5(D
Q.6 (4 Q.7 (4 Q.8(3) Q.9(D Q.10(H
Q112 Q123 Q133 Q.14(1) Q151
Q.16(Bows)Q.17(2) Q.18(4) Q.19(1) Q.20 (1)
Q21(1) Q23 Q2373 Q24(2 Q.25()
Q263 Q27(1) Q28(4) Q292 Q.30(3
Q31(2 Q32(4 Q33(1) Q34(2 Q.35(1)
Q36(4) Q37(2 Q38(2) Q39(2 0Q40(1)
Q41 (3) Q.42 (4)
Q43 @
At balanced condition
P_S_ 2 _30
Q R 200 300

Q.44

So, it can be balanced again by increasing the
resistance S by 3Q or by increasing Q by 20Q2

(€)

Given, length of wire, AB=L

Resistance of wire, AB = 12r

emf of cell D = ¢, internal resistanceof D=r

emf of cell C= % internal resistance of C=3r

Tota emf

Current in potentiometer wire (i) = Total resistance

i= € _ €

Cr+12r 13
Potential drop across the balance length AJ of
potentiometer wireisV, =i xR |

Q.45

Q.46

Q.47

= V,, =i (resistance per unit length x length AJ)

J(12r
VAJ :I(TXX)

where, X isthe balancelength AJ.

As null point occurs at J, so potential drop across
balance length,

AJ=emf of cel C

2
e 12r €
— XXX =—
13r L 2
e By
2

(4) The current distribution in the circuit is shown
below

I-l, g 50 o

l_

U R P

Applying KVL inloop PQSRP, we get
-51-RI, +12=0-------- 0]

Similary, for loop SRUTS, we get
-1lR+7=0

= | R=7--mmmmme- (ii)

Asper question, | - | =0= 1= ---------- (iii)
Solving Egs. (i), (ii) and (iii), we get

-5l -7+12=0=1=1A

FormEq. (ii),

R=7Q

(3) Given,l, =120cm,|,=100cm
R=10Q,r="?

:(@_ j><10:£><10=2£2
100 100

(3) Balanced condition in meter bridgeisgiven by
P I

Q 100-I
Here, P=20Q
N 2__ I
Q 100-1 0]
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Q.48

Q.49

Q.50

PHYsIcs

When resistances are interchanged, |1 '= | + 20
Q_ I ~ 1+20
20 100-1" 100—(I+20)

Multiplying Egs. (i) and (ii), we get

(i)

— 100 x80—1001 —80I + [2= 12+ 20|
_100x80

=40cm

- I

FromEq. (i), weget
Q=6—O><20=3OQ
40

=10A

max

(3) Given, 1 = 2A, |

Since, shunt resistance, S= IR

(4) Given, (=10m, —=2Q/m

~ |0

= R=2/=2x10=20Q

Emf of cell, e =3V

Seriesresistance, R = 10Q

exR
R+R,

Potential acrosswire,V =IR=

3x20
(20+10) =2V

Potential gradi K—X—E
tential gradient, K = /=10

(1) Given, resistances10 Q and 2.5 Q arein paralld,

1:10><2.5:2Q
10+ 25
Now, 2 Q and 10 Q arein series,
R =10+2=12Q
R and 120 arein paralld,
1 1
= —4 —
R, 12 12

=02V/m

SN

|~

= R, =6Q

Now, R,and 10Q areinseries, R, = 6 + 10=16Q
Now, R, and 16 Q arein parallel

1 1 1 16
—=—+—=>R="—=
R 16 16 2
. Net equivalent resistance across the point A and B

8Q2

Current Electricity

is8Q
NEET/AIPMT
Q1 ©)]
— E H
RIR 0]
E
w=R. g .. (ii)
n
Dividing (ii) by (i),
(n+1)R
10= (1+1) R
n
After solving the equation, n =10
Q2
_re_¢e
I = o
So, | isindependent of n and | is constant.
I
0) —»n
Q3 (@
Q4 (9

Resistancefor ideal voltmeter =
Resistancefor ideal ammeter =0
For I¥ circuit

1 1

=t —

R R, R,

B

V, =10V
In 1™ circuit
1 1 1

=t —
Rgq Ri Ry




Current Electricity

Q5

Q6

Q7
QS8

Q9

Q.10
Q.U
Q.12
Q.13
Q.14
Q.15

(i) 'R

@
Fuse is used as a circuit protector
)
)
@
@
@
©)
@
@
@

Q16 (3
Radiusof wire= 10°
iusof wire= NP
Crosssectional areaA = nr?2 =10 m?
LI A T S AT
A \RJA RA A
_10x10 1A/
= T0x10® =AM
or
E_E/ _ 10x10xm
J=oE= T RA T10x10%xn
= 10°A/m?
Q17 (@
1000
\%
2000
As both resistors are in parallel combination so
potential drop (V) across both are same.
2
P= v =P« 1
R R
A_R_20_2
PR R 10 1
=2:1
Q18 (2
For conductors o is (+)ve
For semiconductors & Insulators a. is (-) ve
Q19 @
E=Pxt =100 x 10%x 3600
=36x10"J
JEE MAIN
Q1L
200
—— WWW—————
20Q
————— WWW—————
15v
1 WWW——
r
15v T

Resistance of P & Q should be approx. equal as it

decreases error in experiment.
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equivalent Circuit

Current Electricity

potentiometer wirein abovetwo casesis 75—50 = 25.

_ 3 @
R, =10Q Q
AAAAAA A=2Q
YYVYYYY B :4Q
C=6Q
. . 22
For Equivalent Resistance = —Q
T5vi W 3
PV g =12 - 200 & 4Q will bein paralel and in serieswith 6Q
R, =10Q2
» SAqA AAA . R = 2>(4 +6
VVYYYY = eq. 244
1 O 7 8 4 22
= E+ 6 = =—+ 6 == —Q
:i |} <
15V, =m2 04
—H————————~—
.__15 25 o
r
1O+5 1225
V=l (Req) 4=10m
1, 1500 A
(10+rJ
r 15 *
10+2 =510 V =10volt
v _10 _
5 10-10 —E—E—lvolt/meter
2 4
E=k/,
r:EXZ:SQ =1x25
4 =25
25
2 -
Q (2 0
¥ L Sox=25V
1, =75cm I,cm Q5 @
—> +—>
| g G
—|>—©J —|>—©j o
€ & yl—Ig
& _ I ——AWW—
e |, S
=(1-1)S=1G
3_75 (Potential difference across galvanometer and shunt
2 1, issame)
l,= 2x75 =50cm
3
The difference in the balancing length of the
PHysics 45



Current Electricity

Current supplied by 5V battery

Ig__s
| S+G _ OV o
{I B 1} (when there is only galvanometer the 250
=
3
Q8 (@
|
current was |. After shunting it becomes:—3 ) B
—— l—w;»—! v
L S S+G=3S= G=2S E 1 E
— = =+ = =
~ 3 S+G =
Y 4
Q.6 [450]
Thermal energy devel oped A
H=i?Rt R
300=22xRx 15
300 2E
e I =—
=R 60 0 n+r,+R -(1)
For | =3A,1=10s,R=5Q Potential difference acrossthe 2™ call isV, , = O then
H=3*x5x10=450J V, _=E-Ir
Q 7 [2] AB 2
' = 2En
@ (r+r,+R)
2Er.
°V3 5Q nL+r,+R
250 =>r+r,+R=2r,
9 4
50 Q @
. . t |
A C Figure of merit = current _ _ s
division n
L 50 Total no. of division=n
503 =sv 250 1, =nk ...(2)
= 3 Total current = |
, G
B —
|
A
= = -
=5V 3 50 3 50 (=) s
> > Now
1,.G=(1-1)s
B G+S
(G+9=15=1=1 (G139 . )
=s5v Z 250 |=(G;S).nK
Q.10 (300)
Qu (@
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Q12 @
Q.14
Q.15
Q.16
<
10q 100 50
&
&
R,,=5Q
Q13 @
5=
L] Q.17
Ig
8:|7_2
.|
IQ
1 _1-9

Current Electricity

I I
L=1O:>—g:i,%l =-2x100=10%
I I 10 I

g

(979
P=Vi
5=25i

5
V,.=iR

(220-25)=%R

R=195x5=975Q

4+r
3_8(4+rn)
2 48+r)

24+3r=16+4r
r=8Q

(48)

J=

$ >

| =
2
=4X106><|:TCR2-7T(EJ }
2
= 4x10° xR x>
4
3
=4x10°x 7 x (4% 103)2x Z=487tA

12
—>|

4mmI O) ( JF1x10°A/m?

I = [ JdA

| = j106><2xsdx
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Current Electricity

Q.18

Q.19

Q.20

Q.21

2r

=10°x 21.x "7]”2

r2
=ax10%|r’-— |=12n
4
x=12

29-Current Electricity

150 R

End correctionfor A=2cm

2+43 _15
57 R
=R=190

@

R=R (1+0AT)

3=R(1+a(30:0))
2=R(1+a(10-0))
3 1+30a

2 1+10a

o= 1 =0.033
30

©

Q.22

Q.23

3V 1-
R, -1BR_I15,
8 8
|:i:§A
E S) a=8
8
(15
R, t=60min R,
MW B AAAY

v2
= =—x60
H=Pxt R

1

AAAY
R,

Same heat produced

2

xt=H

Rnet

t=15min
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Current Electricity

AV __2E
2r+2
When cell are connected in parallel then
E r
E r
45° > [ 20
| Equivalent Emf = E
Diameter=2.4cm . . _r
Radius=1.2cm Equivalent resistance >
¢ =31.4.cm
p=xx107Q-cm i = E
tan 6 = slope = resistance L
R=1Q 2
’ Both currents are equal
R=p—
P’A 2E_ E
= =
RA 1x3.14x(1.2)°x 10" 144x10° 2r+2 : 49
PETT 31.4x10° = 10 x100
s =>r+4=2r+2
p=144 x 107 Qm — =20
=144 10°Qm
Sox=144 Q.26 g
Q.24 (10 ®
500 W 600 W
A 1.5|V AS}\: ° B
L | VVVY
20V
—A\WWY Resistance of volt meter
R,=20 =2000Q
E 15 2000 Q voltmeter
| = R, +R, R szA
) 600 W
Applying KVL A A
V,+15V-IR -V _ =0 500 @
V,+15-5(1)-V, =0,V -V _=-10
Vg =V, =10V M
Q25 (1) Reading of voltmeter will be same asthevoltage drop
When cells are connected in series. across the equivalent of voltmeter and 500 Q
E 400 W 600 Q
E r r
i _
20V
20 . 20
Equivalent EMF=2E 600 + 400
Equivalent resistance = 2r 20
~ 1000
PHysics 49



Current Electricity

using KCL at A junction

_1
" 50 v0—2+v0—4+v0—6=
Reading=iR 1 1 1
. 3V=12
=25 400=8v V,=4Volt
=8 Q29 [4
Q.27 (x=8) o0
DIS)l acement current = 4.425 pA For each copper wirer = iz
Rate of change of voltage = 10° vs* nd
Areaof plate=40cm r 4p0
R=—-—>=R >
8 8nd
+LP- R= 4
- A "~ 2nd?
+ > SnalewireR = 4p(2¢)
—— nglewireR=—;
We know that pt__8pl
q 2nd?  nD?
Id:80;¢E
dt Q30 @@
¢ . — electricflux
¢E:£A:EA
€y
v
==A
Or d
d d b R, 10 2
v (A do. T Th & 7
- 2 _VIA | =g 9% i, R, 5 1
at dt(djjc gt L
AldV i1=§x15mA:10mA
(%)
di at V,—15x5-10x5-15x10=V,
4 V, -V =275V
:>4.425x10*5:8.85x10*12x%x10 noE
Q.31 [19
10 E ol
=1=2x40x—~ = d=80x10m E,ol,
(assumed balanced point at length of wire)
d=8x103
x=8 Ezl_l
Q28 [4 E, |
120 36 m
0—1|—o—/vvwv—'“’° 180 I,
1.80
I, =36 =54cm
0—| '—.—'\/\/\/\/\(—/VU =1 “112
l,—1,=54-36=18cm
0—| }—»wm——.
Q32 (@O
— 8x8
= = =40
By WSB, Req 8+8
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Current Electricity

1= %0 _10n B B
Req 4 —<—A—||——’VVV\, : II—-’VW\
Q33 [0
At null point
4% 60 =Qx40 RN
Now P=(4+x)
(4+X) x20=6x80 -_E+E _2F
A+x=24 n+rn,+R r+r+R
— Potential difference acrosscell of r, resistanceiszero
SO’VAB:O:E_Irl
E=Ir,
Q34 (D
GivencircqitisabalanceV\_/heaIston_ebridge. E- 2E-1, =1+, +R=2r
So, therewill be no current in 5Q) resistance. rn+r+R
6x12 R=r —r
= :4 1 2
ez ¢ o
: : Q37 (2
Ry =4+2=6q For D.C. current
V. 6 R,=3Q1,=4A
Ll =——=—=1A AndforA.C. current — |_ = 4A (Peak valug)
R, 6 2
4A
(Iz)rms:_:\/_ZA
Q35  [20] V2
4v 5000 Ho_ ERt _ (4°@Q _16x3_,
li H2 (Iz)rzmstt (2\/5)2'2 8x2
Q.38  [2400]
A ¢ B s R
30cm  70cm
S_5.6kQ
20 mV 3 7
Given,AB =3m=300cm S= 3 x5.6kQ = 2.4kQ
AC=60cm 7
For null deflection,
Q.39 [13q
& _R
e, R, ~ Im -
4 _T80+R @ —» 1A @izmmz
20x10° 60 b —R=20
300
R P _17x10°x1_17x10° .
Q36 (A A 2x10°® 2
V:IRzlx%xlo’Z:%xlo’ZVolt
=Y 17,402
I 2 C
F=qE
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Current Electricity

17 Q.46 [14
F=16x10"x=-x10?%=1.36x10?* =136x10% , 5
2 Vi 220
Ans- 136 ~ p 100
Q40 (2 200V 200V
By Theory 100 W 60V
O
: . 220 = =
Potential gradient = 0 1 >
e
X = i does not depends on cross sectional area
|
Hence, balancing point will besamex =40cm 2l2'0 v
Q42 (I Ry=Ri+R,
Ll
R1: Y Al (i_}__}
=220°| 100 " 60
3L, L
— — 9p| %
R,=P A1/3J = p(Al] _2202(6+10j
- 600
RZ
R, _ (220016
600
Q43 (4 i ineach bulb
(K, d0  NAB .V _ 220x600 _ 600
= 'NAB Cd T K '= R, (220)°x16 220x16
Power consumed by 100 W
Q.44  (780) P=L°R,
AC 2 2
E= s (Va- Vo) ( 600 ) (220)
220x16 100
20 % 10° 60 N 4% 20
=20 600x 600
300 R+20 7 -
. R=780Q = 16x16x100 = 14.06 watt ~ 14 watt
Q45 (3
Statement | : - 80Q iscutin4 partssoresistanceof Q.47 (2
eachpart =20 Q) if they arein parallel
AQo.Q o) =0 9o« A
1 1 1 1 1 4 ol
— =t —t—F+—=— | |
Ry 20 20 20 20 20 Let length of wirebe*I’
R =50 Areaof wireas‘'A’
Stegttement- 2:2R& 3Rinparald For equwale_nthreIength: 2l & areawill beA
So, thermal energy developed Thermal resistance
' R,=R +R,
2
Y 1 2 | |
E= t Ecx s -
R R Cx,A A OA
E,_2R 2 1 |
T T ap =2:3 - Tt
E, SR Gy O1 O,
Statement | is correct and statement 1 isincorrect.
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26,0,
G - —_—
= 7" 5, +0,
Q48 (2
Equivalent circuit
AMAMA 9
YYYVYY
M 2
YYYVYY
MAMA
YYYVYY
| |
| T
6V
1=8=2a
Q49 (O
Theory based
Q50
/ 1/
Q Q 0
X Y
20
|
W
R, /)
R, /,

When wire is stretched to double of its length, then
resistance becomes 4 times

R,=4R=2R,

3Q
AAMWA

Yy

Current Electricity

PHYsIcs
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