ICON

CHAPTER 3: ELECTRIC CURRENT AND CIRCUITS

Test Your Concepts-I 04
(Based on Current Definition) Hence, q(t)= —i’(;l"‘f]f;
1 ¢& m?
1. (a) Using ——=——, we get — | L2
@ g4ﬂ_-80r2 r & h() U(a+b]
o 1 i =219%10° ms! For aninstant ¢t from the second time interval, we find
- dmey mr - that the fields inside and outside the sphere are inde-

endent, and hence
(b) The time for the electron to revolve around the P

proton once is: g()+q =_¢I_2r
2nr 27(529%10 m) " '
ar 2m(529x m 16
f=—= =152x10""s.
v 219x10° ms™ L(t)= —n‘i—z
. .. . 19
Thf}”:otal chartg'e flow in this time s 160x10°7 C , Finally, as soon as the sphere absorbs the two point
S0 fhe currentis charges g, and g,, the current will stop flowing
I 1.60x107° C through the earthing conductor, and we can write

=1.05x10° A=1.05mA

T 152x107 s I;(4)=0.
2. =4 +5t+6 Thus,
2 fi 7
-0 —+-—=|, t<—,
A=(2cm2)( lm )=2><1l}ﬂim2 v(a b] v
100 cm g
I(t)= —piZ, —<t<-,
(a) 1(1s)=@ :(12t2+5)|r:15:17A b v v
dt |-y b
0, £>—.
I 17 A v
b) J=—=——""—-=8kAm™
) A 2x107 m? "
dq
i 5. (@ I=—
3. 1=4 dt
dt "
1. = jdq:J-Idt
“ 120t
q:qu:det: J (IUUA)sin[ )dt ’ i ’
S
’ = q=J.(3+2t)dt
0

-1 1

q=ic[cos(£]cos 0]=+ we =0.265C
1207 2 120 5

= g=[3t+2] =[15+25]

4. Let us write the condition of the zero potential of the

sphere, and hence, of any point inside it (in particular, = q=40C
its centre) , at any instant of time t . We shall find out g 40
three times intervals: b I= n = 1
b b
1) 1<, @SSt () t2- = I1=10A
v v v v

Denoting the charge of the sphere by (t), we obtain 6. Let n be the number of electrons at distance x. Now,

the following expression for an instant f from the first
time interval:

8,40 o _ dn

a b o E=

dn . . ,
Jp — ncreasein n per unit length
X

on



L]
dn
= —=odx o
n
p d
n
= —=ajdx
n
1y 0 x=0 x=x x=d

= n=ne™

where, n is number of electrons reaching at other
plate per unit time.

The electronic current | _( charge reaching
atopposite plate ) | per unit time

= I=en

= I=ene™

7. Convectional current is the current which is developed
due to the transportation of charge
= I:iitt'anspcn'fecl 20

Test Your Concepts-Il (Based on Resistance,
Resistivity and Ohm's Law)

1. AV=-E/
= dV=-FEdx
AV =-IR=-Ef
A E A A 54 oAl
“dt R pl p dx dx

Current flows in the direction of decreasing voltage.
Energy flows as heat in the direction of decreasing
temperature.

2. dex J’px where y =y, +%x

Face A
Face B
L
Y1 ; Iy
M
L
dx

Hints and Explanations H.199

L
= R:Lloge(yl+ux]
w(y, - 11) L 0

o R=—PL loge(yz]
w(y2-y) 3}
Resistance of original wire,

Pl
R ==—=8Q
1 A, c

Resistance of modified wire,

As volume is constant, V = A/ = constant

/2
ol )
v dal

The fractional charge, S 27 =2(0.1%)=0.2%

/ 2/ 1pf
)= Q S ¥ p( ) p 1_ (8 Q) 40 m
A, 4A 2A 2 (a4
(a) The resistance of a wire is given by E
4 <
L
v

The percentage change in resistance is 0.2%

dR dA
b) Similarly R=p— = —=-2—
(b) Similarly pA R 2

Since cross-sectional area A = 1’

dA_pdr _ dR_ A dr
A Ty R A
If radius is increased by 1%, the resistance is decreased
by 4%. If area is increased by 1%, the resistance is
decreased by 2%. The significance of negative sign is
that change in resistance is opposite to that of radius
and area.
Here please note that calculus can be employed for
small percentage change only.

In electrostatic condition, electric field inside a con-
ductor is zero. But when a current flows through the
conductor electric field is non-zero.

b

(a) R:jgr2

Resistance = —
Axr A

Vv 1 I
b) I=—% and j=—=—
®) R J A 4wt
o Vab Vap
4Ry (1 1) 2
pl——=|r
a b
vab
p(b-a)r?
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Test Your Concepts-lll (Based on Variation of

Resistance with Temperature)

1. Resistance at temperature T is given by

Ry =Ry (1+aT)=R(t)
From the given data,
Ry =Ry[1+ ¢ (0-20°)]
= R, =2(1-20x0.00575)
= R=177Q
Since, T =20+10¢
= R(t)=1.77[1+0.0065(20 +10¢)]
= R(t)=(2+0115t) Q
2. Since Ry =Ry(1+T)
and Ry=Rr(1-0o4T)
From equation (2), we have
Ri=FRy
TR,
Substituting for R; in equation (3) , we have
_Ry(1+ogT)-Ry o
TTOTR (14, T) 14T
3. Since, we have
1 Ll 1

=—+T
Or O 0

O-’T=

So we have L i+ T,
o o
1
and —=—~+T,
0 0
Subtracting, we get

l*l=T1*T2
o 0o
1 o

(aiJ+(T2_ﬂ):1+al(Tz—Tl)

= 0£2=

tures T, and T, , we have
Rl =R0(1+0C0T1)
and R2 = Rﬂ (].+ aDTz)

Ry _ T+aqT,
Ry T+oyTy

=

= %: (14 0Ty )(1+ T, )
2

R
= R—1= (1+aDTI)[1fa0T2+(a0T2)2 f]
2

Let Ry be the resistance at 0 °C . Then at the tempera-

R
= R—1=1+aﬂ(T1—T2)
2
{We have neglected the higher powers of ¢,T, |

From figure, the slope of the straight line is
P2~ P

- Tl
which on rearranging yields

pr=p+m(T,-T))

tan@=m=

m
= P =P1|:1+_(T2T1)]
Ul

where m is the slope from the p—T graph.

Metal 2
p (Aluminium)
A
Metal 1
, (Copper)
P,
» T

If coefficient of linear expansion is «, then the percent-
age change in length is

(i{](100)= (dT )(100)

Coefficient of area / expansion is 2a, so percentage
change in area is

dA
( . ](mo)_(zadr)(mo)

percentage change in resistivity is

(dpJ(100)=(aRdT)(100)
P

where ¢ denotes thermal coefficient of resistance.
All the variables /, A and p are functions of T.
Consequently, R is also a function of T. We find,
therefore,

dR _ d(pﬂ]
AT dT\ A

dR _ (dp  pdl ( 4 )

= S—+pl—| —
dt AdT AdT A
dR P 1

= —=opp—+ol—-—=2aApl
dt R’OA ATt
dR 14

= E:(aﬂa—m)%
dR pl

= = (g a)A
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. d .
where we have written £=aRp from equation

dr dA
dp = agpdT. Similarly — =a/ and — =2aA
p=0oRp imilarly T an T
Thus change in resistance due to temperature change
is given by
dR = (otg — o) RAT

We find that since ¢ is quite small as compared to o,
we have approximately

dR = o RAT

and, therefore, percentage change in R is the same as
that in resistivity.
So, percentage change in Length =0.0017%

percentage change in Area = (.0034%
percentage change in Resistance =0.39%

RSO °Cc = (RI )50 °C + (RZ )5[} °oC

Rsyc =(Ry),, cc(1+a1A9)+(R2) 1+ o,A0)

20 °C(
Rsgoc =600(1+0.001x30)+300(1+0.004x 30)
Rsp o =954 Q
Further, Ry o = Ry o (1+ 0AB)
) ()
o g=BC _ 1900
A8 30

= «=0002 (°<C)™"

Test Your Concepts-IV
(Based on Series and Parallel Combination of
Resistances)

1.

2

/ - pf /
120V=1Rm=1(p—+p—f+p—+p—f]

A A A A
(120 V)
= =
et
Al AZ A3 A4
N i (120 v) =295V

The equivalent circuit is shown for the convenience of
evaluating.

R, =

1
=294 Q
“ ( 1 1 1 )
10Q 5Q 25Q

Hints and Explanations H.201

25V b
10Q J_
a
w2 25V , 200
10Q = 1OQ§SQ§
50 20 Q
oy 100 5Q
a
b
25\/l
= 1003503 3250
100
a
= ey T 312940

n
— o
o o
0 <
294 Q

Applying | =% and AV =IR alternately to every

resistor, real and equivalent. The 12.94 Q resistor is
connected across 25V, so the current through the
battery in every diagram is

I=£= HY =193 A
R 1294Q

This 1.93 A goes through the 2.94 Q equivalent resis-
tor to give a potential difference of

AV=IR=(193A)(294Q)=568V

We see that this potential difference is the same across
ab, the 10 Q resistor, and the 5 Q resistor.
(a) Therefore, AV,, =568V

(b) Since the current through the 20 Q resistor is also
the current through the 25 Q line ab,
I- AV, 568V
Ry, 25Q

=0227 A=227 mA

3. When S isopen, R;, R, and R, are in series with the
battery. So,

6V
=6 kQ (1
107 A @

R +R,+R; =
When § is closed in position 1, the parallel combina-
tion of the two R,’s is in series with R;, R;, and the

battery. So,

CHAPTER 3
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1 6V
R+=R,+Ry=———— =
2T 1ax107A

When S is closed in position 2, R; and R, are in
series with the battery. R; is shorted. Hence,

Rl + R2 = 67\[3

2x107A

From (1) and (3), we get R; =3 kQ
Subtract (2) from (1), we get R, =2 kQ and from (3),
we get R; =1kQ
= R =1kQ,R,=2kQ, R, =3kQ

Denoting the two resistors as x and y, we get

5kQ (2)

=3kQ .03

x+y=690 and i=1-|-l
150 x vy
11 1 (690 -x)+x

= —=—+ =
150 x 690-x x(690-x)

= x2-690x+103 500=0

L 690£(690)° - 414000
2
= x=470Q and y=220Q

I= _20 =5A
5+10+25
(i) 0-(10+5)x5=V,

= Vi=-75V
(i) 0-10x5=V,

= V,=-50V
(i) 0+25x5=V,

= V;=125V
(iv) Vyp=Vy-V,=175V
(v) Vp=V,-V,=-25V and
(i) V=V, -V, =-200V
The simple circuit is as shown in figure which gives
R,p=225Q

15Q 10Q

300 20Q

Two resistances are in parallel. Hence, net resistance

across the battery,

_12x8
12+8

=22 asa
R 48

R

=48Q

10.
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All the four resistances are in parallel. Hence the
equivalent resistance is,

1 11 1 1 15
—= ottt =
R 8 4 6 12 24

=7‘=15A

8
5
V_2
R85

All the three resistances are in parallel. Hence, the
equivalent resistance will be given by,
1 1.1 .1 9

=t —t—=—
R 8 6 12 24

3
v_nu_
R 83

9A

The equivalent circuit is as shown in figure.

4Q
6Q 8Q
Parallel Ci:i> <:j:> Parallel -
4Q 2Q

I
12V

Parallel
4Q 4Q
@ Series - 40
I I
12V 12V
For @: %=2.4Q
6+4
For @: %:1.69
842
R=4(2.4+1.6)=ZQ
4+424+16
I=K=E=6A

R 2
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11. (a) The simplified circuit is as shown in figure,

1 1 1 1 1
— =t —t—+=
Ryy 4 8+6 2+4 4

(b) The 6Q and 4Q resistances are in parallel.
Similarly 8 Q and 2Q resistances are also in
parallel. These two are then in series. Hence,

Ru=(24)+(22) 1

6+4 8+2

12. First find the value of R,; as a function of x and
then for obtaining its maximum value we perform

dR
£=O,weget
dx
(Ryp).. = R,(R;+2R,)(R, +2R,)
ADIMAX " 4R (R, + Ry + R, )+ (R, +2R, )(R, +2R.)
A
Rc Hb
B c
xR, D (1-xR,
R 12
13, Ryp=—2 8012050
R, +r 60+120
4
o V=] e VAB:(—U)120=48V
Rep+R, 40+ 60

14. The rheostat is as shown in figure. Battery should be
connected between A and B and the load between
C and B.

Hints and Explanations H.203

15. Note that both the 5 € resistors are connected to same
points A and B, across which battery is connected.
Therefore each of 5€Q resistors is in parallel arrange-
ment with battery, therefore the current through it,

I=(§)A=4A
5
Series Series
’ /
100Q /109
m
SQ§ 1,_SQ = z
L
10Q 100 E
8 L
.
" (@]
gz G2 Gz g L
G% o2 g% 9% Taov
B

The equivalent resistance between A and B is

1 1 1 11 10
—=—t—t—t—=—
Rq 202075 5 20
Ry =29

Thus the current supplied by battery = ( %)A =10 A

16. It is zero, because the current will follow the path of
least resistance. In fact a path of zero resistance is not
available. Hence I =0.

Test Your Concepts-V (Based on Series and
Parallel Combination of Resistances)

1. (a) Let us split the medium into infinitesimal differ-
ential cylindrical shell elements, of width dr, in
series. The current flow is cylindrically symmet-
ric (L b). The area through which the current
flows across a shell of radius r is A(r)=2zrL.
The length the current flows, passing through a
shell of radius r is dr. So, the resistance of the
shell of radius r is

dR=—-""_ (1)

Since the shells are connected in a series, we get

b
Rasz‘dRzm— ! 1089(2) ..(2)

2nol. 2mol
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2.

(b) Using o(r)= % , we have from equation (1),
r

aR=3 fr(): T zzdLr
arLo(r 2an(@] Lo,
r
0 b
. Rab=JdR= —a o(4)
2rLo,
a

(a) Since each of the terminals is connected by an

insulated wire to each of the remaining 11 termi-
nals by a resistor R, the symmetry shows all the
twelve terminals to be symmetrically equivalent
before any voltage is applied.

However, asymmetry is introduced just at the
point where current enters and also at the point
where the current leaves the circuit. All other ten
points are symmetry points, all at the same poten-
tial. Hence the given network reduces to the fol-
lowing network

Thus if X be the equivalent resistance between
P and Q

lzi+i+.... to 10 terms +%

Hence X =§

The equivalent resistance = % Q=1Q

(b) Proceeding in the same manner as in (a) we find

that the equivalent resistor is given by X where

1 1 1 1
—=—+—+...to (n-2) terms +—
X 2R 2R R

_n—2 1_ n

2R R 2R

1
X

: . 2R
Hence equivalent resistance = —
n

The above symmetry simplification can be done
only if n is even.

Points D and E are symmetrically located with
respect to points A and C. The circuit can be
redrawn as shown in figure.

B

D, E

c
A R

This is a combination of a balanced Wheatstone
bridge which is in parallel with a resistance R.
So, the resistance between B and D (or E) can
be removed to get

11,1 1
Rie R R _R'R
2 2
2R
= RAC:?

With respectto D and E the points A, B and C
all are symmetrically located. Hence, the simpli-
fied equivalent circuit is shown here.

AB,C
R R 2R
= T3ty

Points (A and C) and (D and B) are symmetrically
located with respect to points O and P . Hence, the
circuit can be drawn as shown in figure.

This is a balanced Wheatstone bridge between P and

o)

Hence, Ry canbe removed. And,



Rpo = Bk ZRZ

(ma)A

(24 7)ald
8

5. The simplified circuit is as shown in figure

Rpo =

2Q 2Q

20V

Total resistance of circuit
R=240Q

= I=E=8.33A
24

So, 11=(i](1)=3.33A
10

The desired currentis I’ = % =0833 A

ICON
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(b) Points B, D and M are symmetrical with respect to
points A and C both. Hence, the simple equiva-
lent circuit can be drawn as shown

B,M,D

R R
[
T |
4 R R
« I} o
E
+4
48]
2R
Rnet =5 P
. o
job _3E <
) Rnef ) 2R E
Hence, current through MA (or AM ) = é = %

7. Since points B and D are symmetrically located with
respect to points A and O. So they are at same poten-
tial. The simple circuit can be drawn as shown.

A B
Ry
a = -y
(o) 2
D 2 c B,D

8R
6. (a =—
( ) Rnet 15
pa
M M Here, R, =pa and R, = E
8R
D C = RAO = (L ]la
D  C 242 +1
€ M |
A B o 8R 2 8. (a) Let R,z =x. Then, we can break one chain and
| 4 ] connect a resistance of magnitude x that replaces
L A MMy B the remaining circuit.
E
4 . ) f 1Q
l Ik hl A o LA A
E
Connection removal method L
BV — 203 §x
__E_BE
8R/15 8R B

Hence current through MC is I = SER

Thus, the equivalent circuit remains as shown in
the figure.
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Now, 2 Q and x are in parallel. So, their combined
A
is —
2+x
2x
= Rp=1+—
A 2+x
But R,p is assumed to x. Therefore,
r=1+—
2+x
Solving this equation, we get

x =2€ Hence proved.

2x2
(b) Net resistance of circuit R=1+——=2Q

2+2
| 1Q
— AWy

L 1

2 2
6V 2Q 2Q

= Current through battery I = g =3A

This current is equally distributed in 2Q and
2 Q resistances. Therefore, the desired current is

i or 1.5A.
2

(@) Due to symmetry about the shaded plane, cur-
rent distribution on either side of the plane will
be identical and points E and F will be at same
potential and no current will flow through it,

E
D
C
rxgr
7 "q' 8
:RADZ 3 Er
Zr4—r
3 3

(b) Redrawing the given arrangement for resistance
across AB. Potentials V}, =V;
Ve=Ve

10.
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C

Therefore no current flows through DE and CF .

3
—IrXr

= Ryz= =—r

3
=r+r

Both the ends of the bottom branch are grounded, so
the net potential difference between E and A is zero.
If we traverse from E to A there is a potential drop of
12V across battery, so there must be a potential gain of
12 V in the resistor. Therefore

90
c WY B
2070

S D
803 320
20 o
EFH A
= 12v 60 L

the current in 6 € resistor is | = (%]A =2 A and to
the left. The current in the 9 Q resistor is zero because
there is no potential difference across E and A. The
entire current of the battery goes from E into the zero
resistance path back to A via ground. Please remem-
ber that when ground connections are shown, it is
assumed that all such points are wired to a common
line even if not shown.

. In figure points C(1, 2), D(3, 4, 5) and E(6, 7) are
at same potential. Equivalent circuit can be redrawn as
in figure.
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Hints and Explanations H.207
1) P

The equivalent resistance of this series combination is Let equivalent resistance between A and A’ be

roror_sr R.q and the potential drop across it IR

;
RE =—+4 - =
92 4 4 2 2 F . . . .
rom given circuit the potential difference
12. Points B and C, E and F are at the same potential, so between A and A’ can be determined as follows

the circuit can be redrawn as in figure. I 11

2
= VA*VB=£R+£R+£R
3 3 3
*”” From equivalent circuit V, -V = IR,
B,C EF

™M

Thus we have, IR, = EIR E

Thus the equivalent resistance is 1 Q. 5 =

13. Points B and D have same potential, similarly F Reyq = gR o.
and H have same potential. The equivalent circuit is <
shown in figure. Method 2. In between A and A’, symmetry of E

the circuit indicates that B, C’, D are at equal
potential and similarly B’, C, D". So the cube
may be redrawn as

7R
The equivalent resistance of network is >

14. (a) The potential difference between any two points
is same no matter what path we take to arrive at
the second beginning from first.

The circuit is symmetrical as shown in figure, the where +’ stands for the series
entry point and exit point are identical. Therefore R R R 5 R
=—t+—t—==
at A, a current 3 flows in each branch, similarly 3 6 3 6
atexit point A” each branch must have current —. (b) Once again the circuit is symmetrical. Figure

shows the current distribution at junctions A
and B.The incoming current at D must be equal
I in branches BC and BD’. to outgoing current, similar situation exists at C".
6 Therefore the current in branches CD and C’'D’
are zero or we can say that the points C and D
are equipotential, similarly C" and D" have same

At point B the current divides equally to é and

Similarly current divides equally to ! and ! in
branches C’and D’ respectively.

potential.
The equivalent circuit is reduced to figure.
1/6
B D B
C’
A
. =
113 ’
/3 A
B
Df

D’ 173 A
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3R
Ryp = T

Method 2. In between points 1 and 3,2and 4 are
at the same potential. Current in the wires 2-6
and 4-8 is zero. Potential difference between
2-6 and 4-8 is zero.

(c) Leta current I enter the point A and leave the
point B. Figure shows distribution of current in
the circuit. the circuit is symmetrical, note the cur-
rents at entry and exit points. The wires AC" and
AD have equal resistance and located symmetri-
cally, so they have same current; similar situation
exists with DC and C'D’. From KCL we have

I=1+2I, (1)
For the loop AC’D’BA , applying KVL, we have
-LR-I;R-I,R+I;R=0
= L=2L+]; ..(2)
For the loop C'D’A’B’, applying KVL we have

= 4I,-51;=0 (3
On solving equations (1),(2) and (3), we get
7 1
L =—I,1 =EI and [;=-1
V! 6
Resistors irrelevant from point of view of current
-1
R p R , P28 g I
A A | A c
A ' @ _'B: " I la=15 A
R ¢ R Y 2(p-15) = e
—’VM—-—R‘WV\«— Iy v/3 |
R < R C "H 1,1 ! 12_"3 B
B
! Iz-1
“ N . 3=l
B I, D
'2.'{1 The potential difference across AB=1R = EIR
2R

The potential difference across equivalent resis-
tanceis V =IR,

AAAA
Yvvy

R 2R 7
= IR,=—IR
112
2R
= eq = 1R
i 2
W A ® 5 Method 2: From considerations of symmetry
— = —— alone, points 3 and 6 must be at the same poten-
3R 3h/4 tial, and so must points 4 and 5.
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If two points in a circuit have the same potential,
the currents in the circuit do not change if they are
connected at these points by a wire. There is no

current in the wire because there is no potential 15,

difference between its ends. Points 3 and 6 may
therefore be connected by a wire, and similarly
points 4 and 5 may be connected.

5
8
1 4
a -
6 |, 7
b W 16.
o . AN
2 3

1
=R
1 245
anq
2R =
b
2 | 36
R
1
; 2f

aq 17.
2 =
E ER .
b ¢

Hints and Explanations H.209

Thus the equivalent resistance between a and b is
7
—R
12
Before connecting B with D and C with E,
R, =5R
After connecting B with D and C with E, a balanced
Wheatstone bridge is formed between B and E.
SO, RBE =R
and R}y =3R=0.6R;
ie., the new equivalent resistance in the circuit has
become 0.6 times.

The simplified circuit is as shown in figure.

A 100 B

10Q
MW

50 5Q
10Q

AW
AN
=)
o]

I

5Q 5Q

MY
A 10Q B
50

AA
AAAAL

1003 2100

AA
YV VY

A 50 B
_(25)(5) _25
T (25)+(5) 6
R ¢ R

CHAPTER 3
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A B

Points C, D and E are at same potential. The circuit
can now be redrawn as,
The equivalent resistance between A and B can now

be easily determined as %
18. The extended line AB is a line of symmetry. Hence,
points C and D and also points E and F are at the

same potentials. So, the resistance between them can
be removed from the circuit.

A

A

2Q B 2Q
2Q
2Q

10 1Q

The equivalent resistance between A and B can now

be worked out to be g Q.

19. (a) A thin cylindrical shell of radius r, thickness dr,
and length L contributes resistance

pdt  pdr ( p ]dr
dR == = — |—
A (2mr)L \2zL)r
The resistance of the whole annulus is the series
summation of the contributions of the thin shells:

)
R:Ljﬂziloge[r_b]
2rLJ) v 2nL r

a
Ta

(b) In thlS equaﬁon g = Lloge r_b
I 2rmL

Ty

2nLAV

Iloge[?]

20. (a) Consider the cylinder as composed of thin discs of
width dx connected in series. The resistance of a
disc at a distance x away from the cylinder end is
given by

1 dx xdx

dR = (1)

a(x) A~ Alg,

where A is the cross-section area of the disc and
dx is its width. Since the discs are connected in
series, the total resistance is

f /
!
R:IdR: L JJde: 2t )
’ A({O'OD 3Ac,

(b) From Ohm’s Law, we deduce that the current
flowing across the cylinder is given by

Vo 3AcV,
== .3
R 2 ©
The current density is, therefore
I 30V,
=—=— (4
I=2%0% )

The electric field in the cylinder may be found by
using Ohm’s Law, according to which

J=o(x)E(x)
= E(x)= — =3VD\E )
o(x) 1 2
Oy ﬁ 202
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21. Refer to solution of ILLUSTRATION 24, we get on

7-1
solving R,z = (\/_T]RG

22. Note that points a, h, g and f have same potential,
they are connected by conducting wires without any
circuit elements between them. Similarly points b, ¢,
d and e have same potential. Hence the potential
drop across branch ¢ and f and a and b is same.
The two resistors (6 Q and 4 Q in series) are directly
connected across the terminals of 12 V battery.

The complex circuitry in the middle has no effect on
the potential drop across the upper 10 & branch. If the
current through it is I

+ -
— A ——WMA—

— Vj —ott— V —
12—
Potential drop across R;, V; = IR,
Potential drop across R,, V, =1IR,
Potential drop across branch,
V=V +V,=I(R +R,;)

12
Rk 100
Hence V; =(1.2)(6)=7.2V

V,=(12)(4)=48V

The current [ =

23. Since the polarity of batteries in the lowest horizontal
branch and in the right vertical branch oppose each
other, so the net emf in these branches is zero. So there
is no current anywhere in the circuit.

Test Your Concepts-VI (Based on
Kirchhoff's Laws and Nodal Analysis)
1. Using Kirchhoft’s Rules,
12-(0.01)1, - (0.06)I; =0
10+ (1)1, - (0.06)I, =0
"1

.
-

0.06 Q
0.01Q 1Q Starter
5
12V T T 1ov s
Live Dead

battery  battery

and I] =I2+I3

12-(0.01)1, -(0.07)I;=0

Hints and Explanations H.211

10+(1)1, -(0.06)I1; =0
Solving simultaneously,

I,=0.283 A , downwards in the dead battery
and I3 =171 A, downwards in the starter.
The currents are forward in the live battery and in the
starter, relative to normal starting operation. The cur-
rent is backward in the dead battery, tending to charge
it up.
Let the currents be Iy, I,, and I; as shown.

M
12V 4 g o
Al4 Ll
o E
a Iy <
!2 I
sy 60 v
(a) Il :Iz +I3 ...(1)

Traversing the top loop counter clockwise, we get
12V-(2Q)1;-(4Q)I,=0

= 11=37%13 .(2)

Traversing the bottom loop, we get
8V -(6Q)L,+(2Q)I,=0

4 1
L==+-=I (3
= b 3733 3)
From (1), (2) and (3), we get
I, =909 mA

(b) V,-(0909A)(2Q)=V, = V,-V,=-182V
Using Kirchhoff’s Loop Rule for the closed loop,
+12-21-41=0,s0 [=2 A

V,-V,=+#V-(2A)(4Q)-(0)(10Q)=-4V

|20 4v
a
40
12V—
I
b
100Q

Thus, |AV,|=4V and point a is at the higher
potential.

Let the current through each branch be I, 1,, I as
shown in figure. Applying KCLto O, we get

11+I2+IS=O (].)
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(Vo-13)
R R, R,

-V

So substituting these values of I,, I, and I; in equa-
tion (1), we have

VO i+i+i — ﬁ‘l‘ﬁﬁ'& =0
(£+£+ﬁ]
y (R R R
1 1 1
— 4 —
Rl RZ R3

5. Applying Kirchhoff’s Loop Law in three loops, we
have,

Q 3Q
b
WW—> AWV +

f2—13n "1’1+1'2 Jf1+’3

5Q

For loop abhga 8-2(I,~1)-1(I,)=0 (1)
For loop dhbed -6+1(1;)+3(1;+1;)=0 (2
For loop hgfedh -8 +1(1,)-1(I;)+6+5I3=0 ...(3)
Solving these three equations, we have

1 212 1
I]=EA,I2=—AaHdI3=—OA
77 77 77

Vy-Vy=(L,-L)(2Q) and V; -V = ~(I, +,)(3 Q)

= V-V =(212—10)(2)=@ v
77 77
and ‘VB—VC=—E Vv

77

Using the loop current method.
Three equations are as under

21V 50 Iy 49 b

a c
- 5V
h d
"'3
e
2y 16Q
For loop abgha 21-5I, -6(I; -1,)-1I;=0 (1)

For loop cdgbc -5-8(I, — I )+6(I; ~I,) -4l =0

For loop efgde 2+8(I,~I;)-161;=0 ...(3)
On solving, we get
[[=2A,,=05A and [;=025A
So, current through 1Q and 5Q is I; =2 A
current through 6 Q is [, -1, =15 A
current through 8 Q is I, -I; =025 A
current through 4 Q is I, =05 A and

current through 16 Q is [; =0.25 A

Applying Kirchhoff’s Junction Law at E current in
wire DE is 8 A from D to E. Now further applying
Junction Law at D. The current in 3 Q resistance will
be 3 A towards D.

10 12Vy 20 3V 4024

‘ A I >
'—'VV\J\I_H v I 'V\N\v >
C 5A |aa 8A A B
30 60

Power dissipated in 3 Q resistance
=I’R=(3(3)=27 W
Ve—-Vp: Ve -5x1+12-8x2-3-4x2=V,
= Ve-Vp=5-12+16+3+8
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This is an unbalanced Wheatstone bridge.

a 20 I bl1—f289

C
or] 60 -
A B

40 b e 100
f I=1y I=1y +1, d

Applying Kirchhoff’s Second Law in loops abefa and
bedeb we have,

20, 61, +4(I-1;)=0 (1)
8(I,~1,)+10(I -1, +1,)+6I,=0 .(2)
Solving these two equations we have,
1 I
I] :_BI and Iz__
21 21

For AabcB , we have
V,-2L -8(1 —12)—VE =0

Substituting values of I; and I,,

122
Vap=—-1 .3
8= (3)
According to Thevenin’s Theorem, “any complicated
circuit can be reduced to an equivalent resistance” and
hence the potential difference (across the terminals
for which equivalent resistance has been calculated)
equals the total current (entering the terminal) times
the equivalent resistance. So,
VAB =IRAB ...(4)
Equating equations (3) and (4), we get
122
Ryp=—Q
A48T 5
(@) Equivalent emf of three batteries would be :
CI(E/r) (3/1+2/1+1/1)
(/) (1/1+1/1+1/1)

Further #, r, and r; each are of 1 Q. Therefore,
internal resistance of the equivalent battery will

be % Q as all three are in parallel.
The equivalent circuit is therefore, shown in the

figure.

1
—Q
3 B

MW

A R
AWy

2V
[
!

Since, no current is taken from the battery.
Vyg=2V (From V=E-1Ir)

Hints and Explanations H.213

Further, V, +I;1, - E, =V,
Vg-V,+E 243

= L= 1A
f 1
Similarly, I, _VatVath 242 =0
ty 1
and IS:VB_VA+E3:_2+1:—1A
1 1

(b) 1 is short circuited means resistance of this
branch becomes zero. Making a closed circuit with
a battery and resistance R, applying Kirchhoff’s
Second Law in three loops so formed.

10 3V

3-I-(L+1+13)=0 (1)
1-I;-(L+1,+1;)=0 ..(3)

From equation (2),
L+, +1;=2A
= Substitutingin (1) we get, [, =1A
Substituting in (3), we get I; =-1A
= [L=2A

10. In steady state situation no current will flow through

the capacitor, 2 Q and 3 € are in parallel.
20Q

C 4Q

02 uF

6V 28Q

Therefore, their combined resistance will be
R= 2x3 =12 Q
2+3
Net current through the battery
I= 6
1.2+28
This current will distribute in inverse ratio of their
resistances 2 Q and 3 Q.

=15A

CHAPTER 3
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L_3
I, 2
= 12=(LJ(1.5)=0.9A
3+2

11.  Applying Kirchhoff’s Second Law in Loop ADBA :
2-2L -1, -1-2(L, - 1,)=0 (1)

Similarly applying Kirchhoff’s Second Law in Loop
BDCB
2(-1,)+3-3L,-1,-1=0 ..(2)
Solving in equations (1) and (2) we get,
5 6 1

~ 2 L= and I, -, =-——
1737273 M T T

3V

(a) Potential difference between B and D.

2
Vo-Vya==2(,-1,)=—V
= B~ VD (1 2) 13
6 21
b) V.-=E--ILr-=3-—x3=—
®) Vo =Ee~lrs 13 13

6 19
Viy=Ey+Lry=1+—x1=—V
H="HTIH 13 13

12. Using Kirchhoff’s First Law at junctions 2 and b, we
have found the current in other wires of the circuit on
which currents were not shown.

Now, to calculate the energy stored in the capacitor
we will have to first find the potential difference V,
across it.

V,-3x5-3x1+3x2=V,
= V,-V,=V,=12V
1 1
= U= ECV;!, - E(4><10*” }(12)} 7=0.288 m]
13. Insteady state no current will flow through R; =6 Q.
Potential difference across R, or 4 Q is E; or 6 V.

~. Current through it will be o 1.5 A from right to
left. 4
Because left hand side of this resistance is at higher

potential.
Now, suppose this 1.5 A distributes in I, and I, as
shown.
60 6V
a b*i }——V c
/=0
5uF 4 \
20| 40
d I—'V\N\r-d—e f
2V
4/
g h
3V 3Q

Applying Kirchhoft's Second Law in Loop dghfed :
3-31,-4x15-2[,+2=0

= 11=—%A=4).2A

To find energy stored in capacitor we will have to find
potential difference across it. Or V.
Now, V, -2L;+2=V;
= V,-V;=2[-2=-24V
= V;-V,=24V=V,
Energy stored in capacitor:
U= %CVE,-ZH = %(5)(10“" J(24) =1.44x107]
14. We name currents [}, [, and I; as shown.

30
lp e I
Iy 50 .
10
80 12V
v ]

From Kirchhoft's Current Rule, I; =1, +1,.
Applying Kirchhoft’s Voltage Rule to the loop contain-
ing I, and I,



ICON

12V-(4);-(6),-4V=0

8=(4)I;+(6)I,
Applying Kirchhoft’s Voltage Rule to the loop contain-
ing I and I,,

7(6)[2 -4 V‘l‘(S)Il = O

(8),=4+(6)I,.
Solving the above linear system, we proceed to the
pair of simultaneous equations:

r

and to the single equation 8 =4I, +13.31, —6.67

=27 Y 0846 A

173 Q

Then I, =1.33(0.846 A)-0.667
and I,=I,+I, give [;=846mA, [,=462mA,
I,=131A

All currents are in the directions indicated by the
arrows in the circuit diagram.

Test Your Concepts-VIl (Based on emf,
Internal Resistance and Combination of Cells)

(a) Here E=I(R+7),

so [= E = 126V =248 A
R+r (5Q+0.08Q)

Then, AV=IR=(248 A)(5Q)=124V

L i

(b) Let I; and I, be the currents flowing through the
battery and the headlights, respectively.

Then, I; =1,+35A ,and E-I;r-1,r=0
= E=([,+35A)(0.08Q2)+1,(5Q)=126V
giving 1, =1.93 A
Thus, AV, =(1.93 A)(5Q)=9.65V
Two batteries AB and CD emf’s E and E'(E’>E)

and internal resistances r and r’ respectively are con-
nected in series as shown in the figure.

Hints and Explanations H.215

If I'is the current in the circuit, the total potential drop
in the circuit must be equal to net emf:

I(r+r)=E-E
_E-E
o+t

= ]

The potential difference across terminals of battery
AB is
Vg-V,=Ir+E
Obviously (V3 -V, )>E by Ir, ie.,
(E-E)r
r+r’

(Vg -V,)-E=

when a current is flowing in any battery opposite to its
emf, then terminal voltage is given by
V=E+Ir

Two batteries are connected in series. The effective emf
in the circuit is therefore 2E because both push the
charge in the same direction. Hence emf’s are added.

Net resistance in the circuitis (1, +7,+R)
Therefore, current in the circuit
2E

[=— =
(n+n+R)

M

The potential difference between the terminals of first
battery is (V, —Vp), terminal potential difference is
given by
(Va-Vg)=E-In

where E is the emf of the battery and r, is its internal
resistance. Substituting the value of I, we get

2En, E(RH‘2 -r)
n+n+R (R+n+n)

VA*VB =E-

For (V, —Vy) to be zero, we must have
R = (Tl - rz )

This gives meaningful result only if 1 > r,. Otherwise,
if , >n, then R =r, —r, will produce terminal voltage

across second cell to be zero (V- =0).
The voltage supplied by the charging plant is here con-
stant which is equal to,
V=E+Ir=(90)+(10)(2)
V=110V
Let I; be the current at the end of charging

CHAPTER 3
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Then, V:Ef+1fl‘
V-Ef _ 110-100
ro 2

= If=

In the first case current will be maximum when,
Total external resistance = total internal resistance

R
=2 o =M (D)
m n
nkE
- (2
R (2)
In the second case,
, mE —mE
B mr 2
R+=— R+TR
hn n

e (mE)n? =E( 2mn ]:( 3mn2}1

R(n2+m?) 2R\ n?+m? m* +n

To get 4 V, two cells must be connected in series, and
to get 4 A two cells must be connected in parallel.
Following two arrangements of cells are possible,

Vig=E+IR
= 11=E+ 2R .(2)
Solving (1) and (2), we get,

E=10V and r=05Q
The last cell is a voltage divider that reduces the poten-

tial of the nth point k times as compared with the
(n-1) th point. Hence,

_ un—l _un—l
""R+Ry, ° k
= &=k71
R,

The relation U; = Yin should be true for any cell. For

this reason the resistance of the last cell, of the last two,
of the last three, etc., cells should also be R; . Therefore,

1.1, 1
R; R, Ri+Rg
Ry (R +R
Ry, = 5(Ry 3)=R3 k
R, k-1

which can supply 4 Aat4 V. o Ry:RyiRy=(k=1)7:k:(k=1)
2y 2V
2 A ‘ Test Your Concepts-Vlll (Based on
Galvanometer, Voltmeter and Ammeter)
Ay SRoy 2|_V+_ 4 L AV=Ig =(I-1)R,
Lr, 1,(60Q)
% 4V s e RP: = 8
@ (I-Lg)  (I-1)
G
0.5 mA
2A2A —
60 Q
MW
R
2A
2 A 100 m/-\l

Therefore, to have [=0.1A=100mA when

I, =0.5 mA:
7. Let A, B represent the terminals of the cell. _ (05mA)(60 Q) -0302 Q

. 99.5 mA
A +- r | B
W 2. Consider the circuit diagram, realizing that I, =1 mA.
A 4.- | B For the 25 mA scale, we have (I-1,)S=1G
AW

25Q
I=lg R, R, Ry
= 85=E-3R (1) 4 F—WM——MW——AWA—t 25 mA
T Lifiet o Terminal

Common  Terminal Terminal



ICON

= (24 mA)(R +R,+R;)=(1mA)(25Q)

For the 50 mA scale:
(499 mA)(R; +R,)=(1mA)(25Q+R;)
= 49(R+R,))=25Q+R, (2
For the 100 mA scale:
(99 mA)R,; =(1mA)(25Q+R, +R;)
= 9R;=25Q+R,+R,4 ~(3)
Solving (1), (2) and (3) simultaneously yields
R, =026 Q, R, =0.261 0, R, =0.521 Q
3. AV=IR and for a voltmeter we have V =1,(G+R)
(@) 20V=(1x10" A)(R, +60 Q)
R,=1.994x10* Q=19.94kQ
60Q 20V 50V 100V
(b) 50 V=(1x10" A)(R, +R, +60 Q)
R, =30 kQ
(€ 100V=(1x10" A)(Ry+R, +60 Q)
Ry =50 kQ
4. Forammeter, we have [,r=(05A~1,)(0.22Q)...(1)
= [(r+022Q)=011V
(G
Ig T Yyy

0,5AT_..—’WW—

6-5A—
' g

: Qi)r 2500 Q

——AV =2V —>

>

-

lca

For voltmeter, we have 2 V=1,(r+2500Q)  ...(2)
Solve (1) and (2) simultaneously, we get
I, =0.756 mA and r=145Q

5. (a) Potential difference across R=(Ipes—11)R;

potential difference across voltmeter = LR =
V.. and this is measured potential difference.

meas

The two branches are in parallel.
(Imeas - Il )R = Vmeas
v

= [Imeas_ﬂ)R=Vmeas
R,

Hints and Explanations H.217

= R —= Vmeas

( Imeas - Vmeas )
R,

(b) From the expression for R , we get
1 1 1

meas _

R Vi R,

Vv
If R, > e

v
meas

L < lrmeas. m
RI? Vmeas m
l meas m
= @ —=—=
R Vieas E
:) R = Vmeas <
Imeas I
v

(a) The voltmeter and ammeter branches are in
parallel arrangement. Hence,

Vnens = (1= Lnens )Ry =1

meas

meas meas ( RA +R )

Hence, R, +R= Vineas

V
R= meas _ p
( Imeas ! ]

(b) For wmess 5 R, R = mes

meas meas
The given parameters are

[,=1mA=1x10" A

G=20Q
I=I_, =50x10" A
I
Since, S= as
(I-1Ig)

~ (1x107)(20)
50x107 -1x107

= 5=0408Q

The equivalent resistance of the instrument is
1 1 1 1 1

—_——t—_=— —
Rq G S 20 0408
Req=04Q

Note that shunt resistance is so small in comparison to
the galvanometer resistance that the equivalent resis-
tance is very nearly equal to the shunt resistance.

The maximum current through the galvanometer is
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With a multiplier resistor in series with galvanometer
the potential difference across the entire branch is

nV=IGG+IGR
= nV:(K)G+(K)R
G G
vV
V=V+| =R
- [G]

= R=(n-1)G
Usually n is referred to as multiplication factor, e.g.,
a galvanometer with a range 0 to 1mV is to be con-
verted to a voltmeter of range 0 to 1V.

1V
We have n=——=10’

1mV

The multiplier resistor R = (10 -1)G =999G.
So you can guess how large the multiplier resistor is in
comparison to the galvanometer resistance G.

The currents in the ammeters are proportional to

deflections produced, let & and @, be the propor-
tionality constants.

L =am,
I, = ayn,
The ammeters are in series, hence
L=1
= oyl = O, (1)

In the second arrangement the potential drops across
resistors are equal as they are in parallel arrangement. 13
Resistances of ammeters have been ignored assuming

them to be ideal.

Thus we have [[R; = 1R,
AlSO I{ = a1N1 and Ii = a2N2
= R1a1N1 = RxazNz .. (2)

From equations (1) and (2), eliminating ¢, and a,, we
get

RN, _ RN,
m 1y
R, = Rny N
mN,

4 .
Before the ammeter is connected, I, = R’ and after it
Vv , .
is connected, [ = Rk’ where R, is the resistance of
+

the ammeter. The error is given by

L-1 1 _ R
1+ R R+R,

When R, < R, then the error may be neglected.

11. The sought error is &=

12.

Vo

, where V, is the
0
voltage across the resistance R before the voltmeter is

switched on and V the voltage after it is switched on.

RRy
R+R, ]
where R, is the resistance of the voltmeter. Hence, the
error is

According to Ohm’s Law, V, =IR and V =1 (

R
£= K __R
1+£ R+K
Ry

This is determined only by the ratio between the resis-
tances of the section of the circuit and the voltmeter.
When R; > R, the error may be neglected.

A reduction in the sensitivity n times means that the
galvanometer carries a current I; which is n times
smaller than the current in the remaining circuit before
the branching off, Hence the current I, through the

n-1 .
shunt is (— )I in the remaining circuit. Hence,

n
r _Il N 1
R I, n-1
= r=i5204ﬂ
n_

. Let R, = resistance of ammeter,

R, = combined resistance of ammeter and voltmeter
V = Voltage across voltmeter and

V), = Voltage across ammeter

In the first case current in the circuit,

6

I=—
RZ

(1)

and voltage across voltmeter V =6- voltage across
ammeter

= V=6-V,
= V=6-IR,
V=6—% ..(2)

R
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In the second case reading of ammeter becomes two
times, i.e., the total resistance becomes half while the
resistance of ammeter remains unchanged. Hence,
,_ 6 12
=——=— .-(3)
Ry/2 Ry
and V'=6-(I")R,
yr=p- 2R
Ry
e , vV
Further, it is given that V' = )
R, 1
_ - 3 _—— 1 —
R, R, R, 3

Substituting this value in equation (4), we have
V’=6—(12)(l)
3

= V=2V

14. The two conductors ace and bdf have different poten-
tials, with the result that when the switch S is closed
a current will flow from ¢ to d, while the currents will
flow fromatoc, frome to ¢, fromd to f and from d to b.

a,e b, f
b, f
®
|| |
I I
Earlier Later

So, the closing of switch leads to an increase in the cur-
rent flowing through the ammeter. Please note that the
sections ab and ef of the resistors are shorted.

E 4
15. Netresistance:—=3—§l=85£2
I 0.04
E r
—WW—e—
4\
R
ANV
RV
RR
= Ry+r+—2—=85
R+Ry
o 24340 g5

100+ Ry,

Hints and Explanations H.219

= RV = 400 Q
100R
Further, 0Ok, _ 80 Q
100+ Ry,

Hence, reading of voltmeter =(0.04)(80)=3.2V

Had it been an ideal voltmeter (R, — @), its reading
would had been,

(i)(loo)ﬂ.zas v
100+5
16. (a) Whentheswitchisopen,no current flows through

the branch that contains R; and R, . Hence

E=250V
|
Il

CHAPTER 3

Iy

AW ———— WA —
R R

2 vy

250 1

~10000 40
According to Ohm's Law

1
v, =—(6000)=150 V and
40

V,=(250-150) V=100 V

(b) When the switch is closed the equivalent circuit is
shown.

IE:ZSOV
It

R R,

Since we observe that V; and R, are in parallel
and V, and R, are in parallel and both in series
and also simultaneously we have

Ri(Ry,) Ry(Ry,)

= =24kQ
Ri+Ry, Ry+Ry,

Hence the potential of 250 V must be equally
divided. So, reading of both the voltmeters is

V1=V2=§=125V
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7. (@) RR, _ 50 % 200 100
R+R, 50+200
. . 4.3
Current in the circuit, I = =01A
1+40+2

and voltage across voltmeter =40/ =4V
(R+R,)Ry  52x200

(b) = =4127 Q
R+R,+R, 52+200
S 0.102 A
1+41.27

Reading of voltmeter =41.271=42V

Readingofammeter = ( Ry J(I )=0.08 A

R+R,+Ry

18. V,=(0.005)(20-10")=10"7(20+R)

0.005 Q
A\"A\'VV
20-109A 4
-—p—a—p—@—wwv—b_.
20A 109 A R

= R=7999%0Q

2
19. AR=G-5% - G
G+S G+S

20. 100:(2500”)%
2500+ 1

= r=2016Q

21. Refer figure (a): Current through ammeter,

800 Q

10 Q

1 @

I= netemf 6 B
net resistance 400+ 800+ 10

496x107 A=496mA

Refer figure (b): Combined resistance of 1000 Q
voltmeter and 400 Q resistance is,

_ 1000400 _ ooz 71
1000 + 400
I=L=5.53x10‘3A

(285.71+800)

800 Q
W

F 3
rF

Reading of voltmeter

=V, =I'R=(553x10")(285.71)= 158 V

22, Ammeter Voltmeter
10°0Q &~ 100 &~
AAAA
vy
@ AVAV‘V:‘V
100 Q
Vad

Variable D.C. voltage

23. The usage of voltmeters and ammeters is shown in the
figure.

Test Your Concepts-IX (Based on Heating
Effects and Power Consumption)

1 i:(hl]
R, \3 1

= Rp =0.75Q
R, =(2+075+4)Q=6.75Q

aV_18Y 4

I =—=
battery = R 675 Q
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20Q

AAAA
Yyvy

18V— 3Q 1Q 18V 0.75Q

40 4Q

18V — 26750

Since, P=I’R = P,=(267 A (2Q)
= P=142Win2Q

P,=(267 A (4A)=284WindQ

AV,=(267 A)(2Q)=533V

AV, =(267 A)(4Q)=10.67 V

AV, =18 V- AV, - AV, =2V(=AV; = AV}
(Av,) (2V)

So, Py=-—2l =27 _133Win3Q
R,  3Q

AV, :
P1=( 1)=m=4wmm
R, 1Q

A certain quantity of energy AE,, =P(time) is
required to raise the temperature of the water to
100°C. For the power delivered to the heaters we

(AV)

have P=IAV = where AV is a constant.

Thus comparing coils 1 and 2, we have for the energy
(AV) At (AV) 24t

H=
Rl RZ
= RZ = 2R1 .
(@) When connected in parallel, the coils present
equivalent resistance
R = LT 2R

r~1 1 1 1 13

+— —+——
R, R, R, 2R

(AVY At _(AV) A,

and H=

R, 2R,

3
2At
= A, =—
P3

(b) For the series connection, R =R, +R, =R + 2R, =
(AV) At (AV) A,

R, 3R,
= Al =3At

3R, and

3.

4,

Hints and Explanations H.221

Let the two resistances be x and y.

P P
Thenf R5:x+y:_; and RP:—xy :_P
I xty I
X Y
— MM ——s
X
AV
y

From the first equation, y = %f x and

()
I*—x Pi
+ 5

the second becomes ——+——=*— =
P ) 12
?-x

PP
= xz—(f—;]yﬁ ;4;::0

2
P+ [P -4PP,

Using the quadratic formula, x = —

21
- [p2
P . Fox P - 40D,
Then, y=——x gives y=—zp
I 21
P+, P> -4PP
The two resistances are Tp and
2
P,-[P?-4PP,
21”
(@) AV, =AV,
I,R, =I,R,
R1 I1
!
RQ JI2
= I=p+n=n+ 2R RerR
Ry Ry
= L= iRy and Iz=ﬁ=m—1=1’2
R +R, R, Ri+R,
(b) The power delivered to the pair is

P=1I}R, + 3R, = I}R; + (I~ 1, )’ Ry. For minimum
power let us find I; such that g—lp =0
1

= sTPZZIlRl +2(1-1;)(-1)R, =0
1

CHAPTER 3
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IR,

This is the same condition as that derived in part (a).

5.  For the resistors in series, from KVL we have
Vo—-I(Ry+Ry)=0
Y

[=———
(R +R;)
Req=R1 +R2

— A
1

o

=T y

Equivalent series circuit

The power absorbed by equivalent resistor,

RS=R1+R2
Voo W
R, Ri+R,
2
p=1v=[- "o V,= Ys
R, +R, R +R,
1/07-|— _R1+R2

!I
Equivalent parallel circuit

For a parallel connection the equivalent resistance is
R,R,
TRtk
If 1" be the current in the circuit , then

_Vo _Vo(Ri+Ry)
Rp RiRy

I!

The power absorbed by equivalent resistor is,

R +R R +R
P=rv={ vt |y = A
RiRy

The ratio of the power absorbed in parallel and series
circuit is
VDZ (Rl + R2 ) )
P’ RiR, (Ri+R,)

P Vv? RiR,
(Ri+R,)

P'_(Ri+R) ) R Ry

P RR, R, R,
The ratio is greater than unity. Therefore, power
absorbed in a parallel connection of two resistors is
greater than in a series connection of the same resis-
tors for a given voltage.

>1

(@) Power consumed in resistor 1 is
vioovE o v, E[ V2D? J

P=—= =
' R, [p_ﬁ] pt 4 pt

4

Similarly power consumed in resistor 2 is

v g VviD?
p=—=222

"R, 4 pt
Since D, =2D,
B_Df_si_,
P, D D}
(b) Power consumed in resistor 1 is
/417t
P =R =122 P
A m D
Power consumed in resistor 2 is
41%pr
P, =1"Ry=——L-
: 2T D%

1

P D> D? 1
If D;=2D,,then —-=—L=—=
1 4p; 4

D;

The ratio of resistances at the two temperatures is
given by

Ry  1+200  1+20x0.0055

Ry 1+2000 @y  1+2000x 0.0055

o R _ 9.25%1072
2000

V2 (110)°
At 2000 DC: RZOOD:_:( ) :1219
P 100
At 20 °C: Ry =121x9.25%x107% =112 Q
Current at 20 °C, I, = P10 9.82 A
Vo112
P 1
Current at 2000 °C, Iy === 100 091 A
V110

Thus we can see that at the instant the bulb is turned
on and when temperature of filament is 20 °C, the
current is very large (9.82 A) as compared to current
at 2000 °C (I =091 A)
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(@) When a current is passed through a wire, its tem-
perature rises with time due to heat produced.
Since the fuse wire is exposed to the surroundings
it also loses heat mainly due to radiation, heat
loss depends upon temperature and it increases
as temperature rises. The temperature attains a
steady value when the rate at which heat is pro-
duced in the wire is equal to the rate at which heat
is lost due to radiation. Let the steady tempera-
ture be equal to the melting point of the wire and
I be the current at the melting point. The rate at
which heat is produced in the wire is given by

P=1’R
where R is the resistance of the wire given by

R=LL

m‘2

where p = resistivity, / =length and r = radius of
the wire. Thus

1%pf
p=-£ (1)
r

Now let h be the rate of loss of heat per unit sur-
face area of the wire. The rate of loss of heat from
the wire is
P =2mrtxh .(2)
In the steady state, P=P’. Therefore equating
equations (1) and (2) we have
2

I“pf
—’;:27171'9}1
r
2.3
o= 2Eh ..(3)
p

Thus the current at which the melting point is
reached is independent of the length, ¢ of the
wire, it depends upon the values of r, p and h.
If the two wires have the same value of r, they
are made of the same material (p is the same for
both wires), the rate of loss of heat per unit sur-
face area (1) depends upon the material of the
wire and the melting point which is same for both
the wires, both fuses will melt at the same value
of current, inspite of different lengths.
(b) From equation (3), we have

27%r3h
I=
p
1?27t
= —=—— =constant
roop
L
= 373

Hints and Explanations H.223

2
1

Substituting numerical values 1 =0.1mm, I, =10 A
and I, =20 A, we have

2
Hh= (0.1)(%)3 = (0.1)(2)%

= 1 =0159 mm=0.16 mm

The circuit has asymmetry about line XY, ie, the
current in left and right are not mirror images. Just
imagine the central junction of wires in the form of
two junctions connected by wire ef as shown. Then it
follows from symmetry consideration that there is no
current in the wire ef , thus we can remove it from the
circuit. The resistors of the wires will be proportional
to their lengths.

CHAPTER 3

Ry=Rie=Ry=Ry=r
R
2

The power dissipated in resistor ab is

Rae = Rbe = er = Rdf =

2
Pab=V_
r

By Applying Ohm’s Law to the upper part, we can
determine current through cd ,

Vv
{ an = Vaeb = Vshaded = V}

(sl

The power dissipated in the conductor cd,

@ d
r r 1
ST ) r d
r":? e ‘{.ér ¢ A
r r (8
V2 2 14 IN7
r 2 2 V2| r
a b r
a 1 b
V V
V2
P =I%r=
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Thus the required ratio is

%=(\E+3)Z=11+6\/§

2

10. (a) The currentin the circuit is related to the voltage
across the capacitor as

dv.
[=C—=
dt
C

)

KO

VC

!
Battery
s H

As the capacitor charges up, V- rises toward its
limiting value and its rate of change goes to zero.
Therefore, in order to keep I constant, capaci-
tance, C,should compensate for this drop in

dv, v
d—f (observe that, as time t — e, dtc —0 and

we should have C_, — ). Ignoring the practical
difficulties of maintaining a constant I, asymp-
totically we have a continuous charge flow in the

circuit
d
1=
dt
and V.=V

The battery supplies a constant power since its
emf is constant,

Pp=VI
(b) The capacitor is being continuously charged.

Once the voltage across the capacitor stabilizes at
t — oo, we have

V=Ir+Ve,
= Ve.=V-Ir
The energy stored in the capacitor becomes

1
W=—g.V,
zqw C,o0

= W=%qW(V—Ir)

The rate of change of W with time is

p=UEly W Ly _p
a2 77 dt 2
The rate of dissipation of energy in the resistor r
is B, =1I%,

Therefore the power supplied directly to the
capacitor is

11.

12.

P=P;-P.=1V-Pr=1(V-1Ir),
which is twice as large as that used in charging
the capacitor. So,

P=2P.
The battery supplies twice as much energy to the
capacitor as is stored in the capacitor. The differ-
ence is the work done by the capacitor against the
external agent which is changing the capacitance.
Net emf of the circuit =(10-4) V=6V
Total resistance of the circuit =3 Q

10V 4V
— | ——1
y

l'\r

]
30

net emf 6

= Current in the circuit [= =2A

total resistance :E

(a) Power supplied by 10 V battery
=EI=(10)(2)=20 W

(b) Power consumed by 4 V battery
=El=(4)(2)=8W

(c) Power consumed by 3 Q resistance
=I’R=(2)’(3)=12W

Here we can see that total power supplied by 10 V

battery (i.e., 20 W) = power consumed by 4 V battery

and 3 Q resistance. Which proves that conservation of
energy holds good in electric circuits also.

The 6 Q and 3 Q resistances are in parallel. So their
combined resistance is,

1 1 11
—=—+—=—or R=2Q
R 6 3 2
The equivalent simple circuit can be drawn as shown.

Current in the circuit,

3Q 20Q
l—
v
! 5Q
20V
net emf 20

- total resistance - 3+2+45 -
V=IR=(2)(2)=4V

ie., potential difference across 6 and 3 Q resis-
tances are 4 V. Now,
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Hyqo=Rt=(2)(3)(2)=24]

v o o(4) 1
Hoo=2t= )= ]
v:oo(4(2) 32
Mo=g=73 73

and Hsq=1’Rt=(2)(5)(2)=40]

13. Suppose, we insert the battery with 2 Q resistance.
Then we can take 2 Q as the internal resistance (r) of
the battery and combined resistance of the other two
as the external resistance (R). The circuit in that case
shown in figure.

E—

A

E2
Now power, P=——
R+r

This power will be minimum where R+r is maxi-
mum and we can see that (R+r) will be maximum
when the battery is inserted with 6 £ resistance as
shown in figure.

Net resistance in this case is
2x4 22
244 3
= I= i =15A
22/3

This current will be distributed in 2 Q and 4 Q in the
inverse ratio of their resistances.

6+

h_4

I, 2

L =(i)(1.5)=1A
241

So, P,=(15)6=135W
P, =(05)4=1W
P =(10(2)=2W

Hints and Explanations H.225

14. Applying Kirchhoff’s Laws to the two loops we have,

15.

R 10V
M————1

f1 +1'2‘F

10-LR-6+3I,=0 (1)
6-6(I+1)-31,=0 -.(2)
Solving these two equations we get,
-5
R+2
Power developed in R,
36
(R+2)’
For power to be maximum,
dP
e
= (R+2)°(36)-(36R)(2)(R+2)=0
= R+2-2R=0

= R=2Q
For maximum power from equation (3), we have

P =45W

I

CHAPTER 3

P=IR= R ..(3)

0

(@) At =04 A, voltage across the rod,

Rod
R 6V
2
V=(%] =4V
0.2

= Vy=6-4=2V
Now, IR=Vz=2V

~ R=-2-50
0.4
(b) Psuppliecl =E[=6]
Py =I"R

= Py=6I-IR

Given that, 6] — I’R = 2I°R
= 6-IR=2IR
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= IR=2 (1)
2

I
Further, 6=V +V, 4 =IR+— (2
BT 0.04 @

1
[ [=02V2 =1* =004V, }

Solving equations (1) and (2), we get
R=5Q

V=E-Ir

= 2=26-(1)(r)

= r=06Q

Power generated by battery =VI=2W

and power developed in it by electric forces
=I'r=06W

(a) Bythe 4V battery
AU =(AV)IAt=(4 V)(-0.462 A)120 s = -222]
By the 12 V battery
(12V)(1.31 A)120 s =1.88 k]
(b) By the 8 Q resistor
I2RAt=(0.846 A)*(8 2)120 s =687 ]
By the 5 Q resistor
I’RAt= (0462 A) (5Q)120 s =128]
By the 1 Q resistor
I*RAt=(0.462 A) (1Q)120 s=25.6]
By the 3 Q resistor
I’RAt= (131 A)* (3 Q)120 5= 616]
By the 1Q resistor
PRAF= (131 A)*(10)120 s =205]
(c) —222]J+188kI=166k] from chemical to
electrical

687 J+128]+25.6]+616]+205]=1.66k] from
electrical to internal

Test Your Concepts-X (Based on Wheatstone
Bridge and Potentiometer)

1

(@) Thevalueof E is given by ( E; =1.02 V is the emf
of the standard cell C;)
102823
- 673
(b) The high resistance R keeps the current drawn
from the standard cell within permissible limit
and prevents a large current to flow through the
galvanometer when far away from the balance
point.
(c) At null point no current flows through R, hence
no effect on null point.

=125V

(d) Thenull point depends on the terminal voltage of
C and the emf of C; only, hence no effect.

(¢) The method would not work if the potential
difference across AB due to the driver cell C
became less than the emf of cell C;, because there
would be no null point on the wire.

(i) In this case the potential difference across
AB due to cell C of emf 2V will be less
than 1V . Since the emf of the standard cell
is greater than this value, there will be no null
point on the wire. So, it will not work.

(ii) Similarly, the method would not work if the
emfof C were 1V instead of 2V .

(f) Suppose the emf E to be measured is, say,
I1mV=1x107V, the potential difference across
AB dueto C is 2V, the length AB of the wire
is 100 cm and its resistance per centimetre is A4
(say). Then the balance length will be

L
RJ L wge

1x10° V=P.D. across A] dueto C = current
in the main circuit x resistance of AJ

o Ix107 = /1A,r=ﬂ
1004 100
= A[=005cm

Thus the null point will be very close to A and
there is an extremely large percentage error in its
measurement. To have a large balance length, the
circuit shown in figure is modified by putting a
suitable resistor R’. The balance length will then
be measurable and the percentage error will be
much smaller.

Let E be the emf of the cell C" and r its internal resis-
tance. Let /= AJ be the balance length when switch S

is open. When a resistance R is introduced by closing
the switch, a current begins to flow through the cell
C’ and resistance R . The potential difference between
the terminals of the cell falls and the balance length
decreases to /"= A]” . The internal resistance of the cell
is given by

_E-V

1

where V' is the terminal voltage of C” and I is the
current in the circuit involving C” and R. Also

r

[=—
R
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- (5

E 7
But —=—. Hence
v o r

p_ g _
- r=R(€ .,]=4[76.3 60]:1.19
60

F’

The resistances of the two segments of the wire AD
and DC are in the ratio of their lengths. If R, is the
resistance of Y in melting ice (0 °C), the balance con-
dition of Wheatstone bridge gives
X M

R, A(100-¢) 100~/

where 1 is the resistance per centimetre of wire AC.
Now, /=40 cm and X =4 Q. Substituting these val-
ues, we get Ry=6Q. Let R; be the resistance of Y
when heated to a temperature t =100 °C . When it is
connected in parallel with 100 Q resistor as shown in
figure, the net resistance becomes

, 100R,
"~ R +100

100 Q

C

440 cm->+4|— 60 cm—
|
II

Since the null point remains unchanged, we have

X 40

R" 60

= R'=6Q
100R,
= 6=———
R, +100
= R =638Q

Temperature coefficient of resistance of the coil Y is

q=BiRy _038-6_ (4 0tk

Ryt 6x100
E_052_13_,,
vV 04 10
E =13
E-Ir
= 13Ir=0.3E

Hints and Explanations H.227

= 1.3(i]=0.3E { 1=i}
R+r R+7r
= r=03R=(03)(5)=15Q

Emf of cell = (potential gradient) x (balancing length)

= E=-—""Xxx

1
= 24=-2Byg
10

= VAB:?’V

Consider the loop containing E and applying poten-
tial divider concept, we get

_ RAB
VAB_ERAB+r
e g B
L [+ Rup=(16@m™)(10m)]
16
= r=—
3

Note that as there is no current through the cell and
galvanometer, the battery E, the internal resistance r
and the potentiometer wire AB are in series.

(a) There are no positive and negative terminals on
the galvanometer because only zero deflection is

needed.
(b)
©@
) v D X 12
A J B . C D
|
() AJ=60cm
= B[=40cm

If no deflection is taking place. Then, the
Wheatstone bridge is said to be balanced.

Hence,£=ﬁ
Ry
X 40 2
12760 3

= x=8Q

Slide wire bridge is most sensitive when the resistance
of all the four arms of bridge is same.

Hence, for the resistor B the value of X is the most
accurate answer.

CHAPTER 3
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8. Resistance of x metre length of wire,

X

Rk

L
Resistance R and R; are in parallel, so their effective
resistance,

,_ RR
" R+R,

This is in series with length (L-x) of wire. Resistance
of length (L-x) of wire is

=%(L—x)

Hence, total resistance is given by

, RR
Ry =R +R2=R+;{

+R,
2

So, current in the main circuit is given by

Yo N
Reff RRl +R2
R+R,
Potential difference across the length x is
v=IR =18
R+R,
Lol RRVO ( RR, ]
1 LR, R+R,
R+R,
Vi
o ya— WRE
RR,+RR, + RR,
Loy V,RR, _ V,RR,
" R(Ry+R,)+RR, RyR+RiR,
3
= V=
vle)
R+| 2x | =%(L-x)
v
o po_ VoRx VoRx
RL+ROx(1—f]
L
For R>>R0,wegetvg%

gke open
Since r=| — =" _1|R
“key closed

= r= (@—1)4
40

= r=2Q

/
10. Since r=| 2PN _q IR
fkeyclcsed

= r=(§—1)6
60

= r=(51)6
4

= r=15Q

Test Your Concepts-XI
(Based on RC Circuit)

1. Q(t)=j1dt:1{)r(1—e_%)
0

(@ Q(r)=Ir(1-e")=(0632)Iy

(b) Q(107)=1I,(1-¢7)=(0.99995)1,7

(© Qleo)=I(1-e=)=1I,7

2. (a) The resistance of the dielectric block

pf” A
A oA
A

The capacitance of the capacitor is C = %

Then RC=im—0A=ﬁ
cA d o

the material only.
ke, _ pKe; _ 75%10"°(3.78)8.85x 107"
oC C 14x107

R=179x10" Q

0-4-£lo)-

Q _ 51x107°
RC~ (1300)(2x10°)

-9%107°
=—(196 A _
= I(t)=-(196 )exp|:(l 300)(2“0_9)}

s
—IE “RC

where, I = =196 A

I(f): —61.6 mA

—_— —8x10°
b — Qe RC = (5.1 uC)exp| — o
b) qlt)=Qe % =(51n )EXp{Uaoo)(leo")

=0.235 uC

(c) The magnitude of the maximum current is

I,=196 A

is a characteristic of
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4. u=lc(mz)2 and AV =2
2 C

2
Therefore, U= (22_(3 and when the charge decreases to

half its original value, the stored energy is one-quarter
its original value and so, Uy = %UO .
5. (a) Letus denote the potential at the left junction V;

and at the right V. After a long time, the capaci-
tor is fully charged.

10V

V; =8V because of voltage divider

=V_sa
50
V,=10V-(2A)(1Q)=8V
20
Similarly, V, =| ——— [(10V)=2V
Vo (ZQ+SQ)( )
=0V _1a
10 Q

Ve=(10V)-(8Q)(1A)=2V
Therefore, AV =V, -V;=8-2=6V
(b) Redraw the circuit

90
—AMWW—

"

]
60

R=;=3.6Q

(52) (i)

RC=36x10"°s
t

L
and e K€ =—
10

= t=RClog,10=8.29 us

Hints and Explanations H.229

The total resistance between points b and c is

(2)(3)
2+3
The total capacitance between points d and ¢ is
C=2uF+3 uF=>5uF
The potential difference between point d and e in
this series RC circuit at any time is

R= =12kQ

f

AV:E[l—e RC:|=(120V) 1-e ©

pkq C1=24F

CHAPTER 3

120V

Therefore, the charge on each capacitor between points
d and e is

]
g1=CAV =(2 uF)(120 V)[1-¢ ¢

1000t

= q1=(240,uC)[1—e 6 ]
1000
%=C2(AV)=(3;1F)(120V)|:1_3 6 :|

o
= g;=(360 uC)L1-¢ °©

The current in a charging series RC circuit is given by
f

[=1Ie RC

when the current is halved,

IO =
0 _j, RC
D) 0
!
= l:(a_E
2

Taking the natural logarithms on both sides,
t

log,1-log,2=-—

OB BT Re
On solving for t, we get

t =RClog.2 = 7log,2=0.6937

The charge at time ¢ in a discharging circuit is given
by
t

q= Qo‘f_E = Qe

b
T
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When the charge is halved,

Taking the natural logarithms on both sides, we get

-0.693 = !
T

= t=0.6937

The electric potential energy stored in the capacitor is

107 1,2
U——Q—:—QSBT

2C 2C
_Q

Since U, = 2 is initial potential energy, we have
2
us= UOL’ T
When the potential energy is half its initial value, we
have

Taking natural logarithms of both sides, we get

-0.693 = - 2
T
= t=0347
The potential energy decreases to half its value in half

the time it takes the charge to decrease to half its value.

(a) Rateatwhich energy is dissipated in the resistor is

P(t)=1°R
yo-t Y
= P(t)=[—ﬂe RCJ R
R
2 2

= P(t)=——e KC
R

We fin e total joule heat integrating from
(b) find th 1 joule heat by g g f
t=0tot—e
Vg -2
W=J.P(t)dt=J.?°e RC g
0

_X

_vie(, %)

= W=——
2
2
W=VD—C(—O+1)
2
1 2
= W= CVO

11.

12.

Observation: The resultis independent of R. Therefore,
when a capacitor is charged by a battery with a con-
stant emf, half the energy provided by the battery
is stored in the capacitor and half goes into thermal
energy, independent of resistance; the thermal energy
includes the energy that goes into the internal resis-
tance of the battery.

While charging, the charge flowing through battery =
CV

Work done by battery =(CV, )V, =CV;

Power dissipated in the resistor = %C A

Energy stored in the capacitor = % CVgy

The problem is basically of discharging of CR circuit,
because between the plates of the capacitor, there is
capacitor as well as resistance.

R=1 { R= é}
oA oA
and C= %
d
Time constant, 7. =CR= ke,
o
C
1
I
R
‘NV‘V
Substituting the values, we have
86 %1072
=288 _50q,
74x10
Charge at any time decrease exponentially as
—f/l’c

q=1q¢
Here g, =8.85x10 °C (Charge at time t=0)

Therefore, discharging (leakage) current at time ¢ will
be given by

I=(_%] = o gt/
it )" 1,

or current at t=12 s is

8.85x10°°
1=(598)e-12/5-98 =0.198x10°A=0.198 tA

In SITUATION 1, the capacitor and resistor form a
series RC circuit. Charge at time ¢ is

q=qo(l—eé)
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t
= cv:cvo(l—eﬁ)

t
= 1:(1—0 CR)
o
t

L 5[
1.5

t
S emal
2

Taking natural logarithm on both sides, we have
t=CRlog,2

= t=(10x10°)(0.1x10° )log,2
= t=log.2
= t=0693s

In SITUATION 2, the capacitor is connected in parallel
with the battery. Initially it acts like a short circuit and
will be charged instantaneously. Now,

R 3846 X107 x5
74x107
= RC=6
8.85x10° -
=—¢
6
= [=024 uA

I
{where ¢=2.718 and ¢*=7.39)

The charge on a capacitor at time ¢ is
-]
g=4qo\1-e %

t
= cv:cvo(l—eﬁ)

So, the potential difference at time ¢ is given by

V:VO(l—eié) ()

Let the potential difference V, be attained at time ¢
and Vf attime {1+ T, we have

VF=V0(173_R_IC) ..(2)
( _(1+T) )
Vi=Vpll-e KC )
From equation (2),
t
e KC=V, -V, ..(4)
From equation (3),
(1+T)

e RC =V,-V, .05

14.

20V
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Dividing equation (5) by (4), we get

V(] _ V _[f+T)+L _l
f _p, RC RC_, RC ..(6)
Vﬂive

Now taking logarithm of both sides of equation (6),
we get

T =RC log, {50_:?]
0

When the switch is shifted to position 1, the capacitor
gets charged and the instantaneous charge is

g=05x107)(20)(1-¢74%)
= q:]O(lfe_mw) ucC

CHAPTER 3

500 Q
40V -

1T+

0.5 uF

:

Position 1 (=99 Position 2

T dt
Since time constant, 7= RC

= 1=(500)(05x10")=250 us

1 10°
o 110 00
T 250

At =250 s, we have g=10(1-¢7)=63 uC

40

14.7 \~

0
I(mA) T

—»t

-105f--

When the switch is shifted to position 2 at t =250 us,
applying KVL, we get

Putting R=500Q, C=05uF and % =4000s~', we

get
[
q+20

63 uC

t
=—-4000 J- dt
250 us
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q+20

= log, 3‘ —(4000¢-1)

= q=263¢ Y _20=(263¢ ™ )(2.718)-20
= =715 -20 (2)
Differentiating equations (1) and (2), we get

dg [40#”““ 0<f<250 s

I(inmA)=
dt | -286e7%%  + 250 us

15. Time constant of the circuit,
T=CR=(1O4)( 2OX4O] s=20 104 s
20+40 3

The potential across capacitor will reach to 20 V (or
half its steady state value) after a time,

t:rlogf2:(0.693)x%x104 s=9.24x10""

Current through R, at time ¢ would be,
2 -t
I=—Ie™
370

Here 10=£=ﬂ=3A

“(3)
3
3x10%t 3x10°1
= I=2 % =2 4

9.24x10™
3
(48—1.5x10 t )( 20)dt

t
= H= j[szdt =
0

0

__ % 1 gl 5x924x107! ) ]
1.5x10°

= H=40x10"J=40m]

16. (a) Half of the energy supplied by the battery is

stored in the capacitor and rest half is lost as a

heat. So,
(AH)=%(ZE)2C=2CE2

Alternate Method:

(AH) = jlszt = J(Jﬂe**“v )ZRdt =2CE?
0 0

Here I, =% and 7.=CR
(b) AH=(AH), +(AH),

1
Here (AH), =ECE2

Calculation of (AH),:
Charge transferred from the battery =
Ag=q;—q;=EC
q;=2EC
=
i
+ -
.—| }—1
qi=EC

|—
E E

So, energy supplied by the battery =(Aq)(2E)=2CE?

J=2cp?
2

= AlU= %C[ALEZ _E?

= (AH), =2CE? —%CEZ = %CEZ

— AH=CE?

17. Applying Loop Law to abcda, we get

IR+Eq(q_QD)=0
G \ C

Substituting C, =C, we get

R Co R Co
a b
— W} A
Qo q
+
ET —C ; (Q‘QO)EZC
/
Att=0 d Att=t c
E+2_2_p_y
cC C
RS S
dt cC C dt
q t
~dg 1.[
dt
- J Qo 2‘? R
¢ 0

Solving this, we get

q:i[(EC+QO)(ECQ0)€_§_;:|

1 o
and q—Q0=E|:(EC—QD) (EC-Qy)e © ]
2:

So, I=d—q
dt CR

SE

L (Ec-Q)cC
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L]
Substituting the given values, we have After this V-p will decrease exponentially.
2 Hence, a rough graph is as shown in figure.
( 4 2x10° ) e ST 5
I=| = — ¢ 2x107°x100 v
100 2x107° x100 .

or 1=(0.03¢7") A

In this case, though the capacitors are in series yet the
charges on the capacitors are not equal (even in steady
state).

19. At t=0, charge stored in the capacitor is,
18. From O to A: V =at, where a is a positive constant

q0=EC mM
= V=at= %+ IR Since, the capacity of the capacitor has been decreased {24
1 fold, the charge stored in the capacitor will decrease. [lC2
v Hence, the current in the circuit will flow anticlock- E
N wise, with <
A B [=- d—q I
7 ! dt @)
' — R C/n R q
0 AW I b ¢
YYVy = l__
Differentiating w.r.t. time, we get o Ch
E— Att=0 =E Att=t !
(2
C\ di dt .
a | d
= (&)r=a-1 tr=4)
dt C dt
j‘ " t 2 Applying Loop Law to abcda, we get, E+ IR - Ci’ =0
= |—=|=
2 ({3
-= = | =L |R=E-| 2
Te o dt c)!
t q t
= I=aC(1—e CR) = J. dq;? =%J.dt
i.e., current in the circuit increases exponentially and o E- E‘i‘ 0
hence nt
f S
= =—|1+(n-1)e R
VCD:IRzaCR(l—e CR) - (-1)e
dg E -z
q M _E 1), R
R .| I > =gy
L 20. Charge on capacitor
Y =at :R & P
q=CV (1)
_ « But from Gauss Theorem
ie, Vcp alsoincreases exponentially. = g= KEOJE -dA .(2)
From A onwards: When V = constant (say V), then S
Vo =at Also, I=J.f‘d;l
= I= 43
“ = 1=[of di=oE-id -0)

)
= Vep= HCR(l — iR [ f =oE where o= conductivity}
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Now using (2) and (3), we get

oq 1(CV 1

| A N
KE, p\ KE, p
(4x107)(2x10°)

~(10")(6)(8.85%x107)
= I=15x10° A=15uA

Single Correct Choice Type Questions

1. j=%=nqv

where v is the drift velocity of charge carriers each
with charge g.
Hence, the correct answer is (D).

h
2. h= ry (Just for the sake of knowledge)
T

Charge Circulating

Time for one revolution

¢
e ¢ i me’

I: = =
(Zfrr] Y
= |

=

v me’

Hence, the correct answer is (A).

3. In parallel, current distributes in inverse ratio of
resistance.

9Q 090

| $001A (-0.01A
——e

A 01Q B

001 0.1

1-001 9+09

Solvingwe get, [=1 A

Hence, the correct answer is (C).

4. Q= Q-:J'—’_”Ir = %
n

= "= 1
n
= =y
- Lo log,.
T

Hence, the correct answer is (B).

5. Let us assume that charge flow between the rod and
cylinder be radial. Then at point P at distance r from
centre of rod the current density | is

Further

_py= Pl .
E=pl=2 {--]=0E}

with both ] and E directed radially outwards.
Since

dV =-E dr
= dV =_P_fﬂ
2l r

b b
= jdh_f’_fjﬂ
2rld r

Hence, the correct answer is (B).

Let V' be the voltage of the source and R be the resis-
tance of each bulb. Then, we have

2
R= V? when N bulbs are joined in series across V,

current in each bulb is given by I = % .Power drawn

Vz] v:oop

by each bulb is I2R=( = =
y N2R? N?R N?

Hence, total power drawnis Np=N ( %J = %

Hence, the correct answer is (C).

Whenever a resistance is joined in parallel with the
voltmeter, the total resistance of the circuit decreases
s0 that the current increases and hence ammeter read-
ing also increases. The equivalent resistance across
the voltmeter decreases and hence its reading will
decrease.

M

Hence, the correct answer is (A).

Since the resistivity of a current carrying conductor
carrying charge carriers each of charge g, mass m is
given by
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13.

14.

15.
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where 1 is number density of charge carriers and 7 is
the average relaxation time.
Hence, the correct answer is (B).

16.

Convectional current is the current which is developed
due to the transportation of charge.

qtransporfed

t

Hence, the correct answer is (B).

= I 2Av

This is basically a RC circuit, being charged from a
battery. The resistance (R) of the voltmeter is the
resistance in the circuit. The voltage across R is

V = (Circuit Current ) (Resistance ) =
Reading of the voltmeter (V)

Hence the nature of the V-t curve is the same as that
of the [-t curve.
Hence, the correct answer is (C).

Rl + RZ = COHStaI‘lt
= A(R +Ry)=0
= |AR|=|AR,|
= RlaAT = RZﬁAT

R_B
R, «

—

Hence, the correct answer is (D).

R R e —
716 16

Hence, the correct answer is (C).

2(1.5)
R+2r

= R+2r=3 (1)

17.

18.

Hints and Explanations H.235

From (1) and (2), we get

R="0qr=tq
3 3

Hence, the correct answer is (C).

In steady state the branch containing the capaci-
tor can be omitted and hence current in the circuit is

I_ZV—V
" R+2R
1=V o
3R ﬂﬁ
v R L
1— 2 E
Iy v c ) <
68— ——fF—3 T
UV
5L 4
oy | 2R
For loop 36543

~Ve-V+2V-1(2R)=0
1%
= VC=7V+2V73—R(2R)

= VC=V—%=%

Hence, the correct answer is (C).
G=25Q
I, =(2x10%)(50)
= [,=001A
Since
R=Y G
I
R= . 25
0.01
= R=2500-25
= R=2475Q

Hence, the correct answer is (C).

On short circuiting
[==
R
15
R
= R=05Q
Hence, the correct answer is (A).

3
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19. When Kis open

R
Rnetzs_
2
. E 2E
= == —

1B
2

When K is closed

Rx2R | 4
Rnet=2[ . ]=§R

R+2R

= i—i—E

(5
3
LAt
L 9

Hence, the correct answer is (C).

20. 7Qand 3 Q are in parallel; 6 Q and 4 Q are in parallel

and both in series.
So
7x3 4x6
eq st —
743 446

= Ry=21+24
= Rg=45Q
Hence, the correct answer is (A).

21. Let E be the em.f. and r be the internal resistance of
battery. Then

05= E
2047
= E=10+05r (1)
and 0.8= £
10+
= L£=8+087r ..(2)
From (1) and (2)
2=03r
r=§Qand
3
E=@V
3

Hence, the correct answer is (D).

22, 3

o
=

3z 3
L

<
mo

6
Il
3

>0
o

3,4and 6 Q all in parallel. Hence

1 1 1 1

—_— =t —4—

R, 3 4 6

1 44342
= —_—

Rp 12

4

Hence, the correct answer is (A).

24 02=12
5+r

= 1402r=15
5

= r=—=25Q
2

Hence, the correct answer is (C).

25. In parallel, the potential across all the resistances is the
same.
Hence, the correct answer is (D).

26. Sincel=£= E
R, R+10
2
I=
10+ R

100 ¢cm has a resistance of 10 Q

= 40 cm has a resistance of 11—0 x 40
= R=4Q 00
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27.

28.

29.

30.

So, potential difference across 4 Q is
V' =IR"=10mV

1()112}1:10_2

= 800=10+R

= R=790Q

= V’=[

Hence, the correct answer is (B).

If A is fused, then complete circuit is broken.
Hence, the correct answer is (C).

R,R
Ri+R,=18 and —2-=4
115K
Hence, the correct answer is (C).
If a wire is stretched to n times its original length,
then new resistance is n* times original resistance.

Stretching to make the wire 0.1% longer implies its
new length is

ot, ., _1o01,
100 ° ° 1000 °
1001\
S r Rnew =(_)
© 1000) X

= Y%age increment is

2
[(w) _1}100%
1000

1V
=|:(1+—J —]:|><100%
1000

=[1+_3_—1]x1m)=02%
1000

(Since according to Binomial Theorem
(1+x)" =1+nx

For |x|<<1 or -1<x<1)

Hence, the correct answer is (C).

Since capacitor is a dc blocking element, so no current
flows through the branch containing the capacitor.
However, a voltage drop will exist across this branch.

Rnet = 4 Q

1.2Q

gy 28Q

31

32.

33.

34.

Hints and Explanations H.237

4
= Itntal -

net

Voltage drop across 2.8 Q is V; =(2.8)(1.5)
o V=42V

So, potential across parallel combination of 2 € and
3Qis

V,=6-42=18V
If I, is the currentin 2 Q resistor, then

=15A

L=28_09aA M

2 (+4

Hence, the correct answer is (B). E

Let E= emf of the cell (a8

E 4E <
Vy-Vg=———— x4 Q="

AT Q60 10 L

v

VA*VD=LX6Q=ﬁ
6Q2+4Q 10
E

VB_VD:E

Hence, the correct answer is (C).

NE E
Current in the circuitis [ = —=—
Nr r
The equivalent circuit of one cell is shown in the figure.

- r
A—{F>—w—B
=
Potential difference across the cell equals

£ r=0

Hence, the correct answer is (D).

=22
- 2n/w
o =%
1

Hence, the correct answer is (C).

No current will flow through voltmeter. As it is ideal
(infinite resistance). Current through two batteries
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,_15-13 _ 02

0.2 ]("z)

n+hn

NOW, V = Ez - irz

= 1.45=l.5—(

Solving this equation, we get
T‘l = 31’2

Hence, the correct answer is (B).

dp .
F = —=

a’
Momentum of each charge carrier moving with a drift
velocity v is mv.
Total number of charge carriers in the sample is

N =n(Af), where n is number of charge carriers per
unit volume, A is area of cross-section of the conductor.

Total momentum = p =N (mv) = nAlmo

Further we have v = L

neA
!
= p:nAém(—]
neA
= p:ﬂ[E]I
e
d
SinceF:—p
dt
e
= F=-] '+ s =specific charge = —
S { P B m}
F I
= —=-
f s

Hence, the correct answer is (C).

[, =10mA=0014A, G=1Q, I=1A

/
A g 9 B
-1,y
9
AW
S

Since, V; ~Vp=1,G=(I-1,)$

_ LG _(001Ax1Q) 1

_171{&, T 1A-001A 99

Hence, the correct answer is (C).
Ig =001A,G=1Q, V=10V
Since, V=(G+R)I,

38.

39.

40.

41.

R ‘rg
—MWW——()—
G
— V ——p
o r=Y _ =10V 10-9990
I 0.01 A

§

Hence, the correct answer is (C).

- (N-2)E
~ Nr
r
A= Fo——s B
E /
VB_VA=_IV+E=E_MT
Nr
5 vaA=E(1“]=2’5
N N

Hence, the correct answer is (A).

Consider an element of length dx at a distance x
from the axis of rotation (A.O.R.)

L L
= q:qu:kadx
0 0

AO.R
< dg = kedx
ﬁ::l
= q:%kLz-%
(3)
(%)
im ir

Hence, the correct answer is (C).

For every cell that is wrongly connected, the emf
decreases by 2E,. However, internal resistance does
not depend on direction and therefore remains the
same for all cells.

Hence, the correct answer is (D).

Let x, y and % be the dimensions of the block.

px

Ry =—F—
T
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(]
X 2
p(g) = Rel
= Rpyp=—""""* m
1
- Rinax 9 = RI:RZ:R3::25:325
Rmin

= Ri:Ry:R;:125:15:1

Hence, the correct answer is (C).
42,

4. V,=IR, VB=H(3R]=IR
32

™M
3/2R o
21/3
| 1 @ m
1! ) P
E @ o
. R <
V,-LR-iR=V, I3 3R T
4
5 I o
= Vﬁbe=EIR=1O (1) and Vc=(§)(3R)=IR
R, = (3R)(R) Hence, the correct answer is (D).
(3R+R)
7 _o(E )_ (2.2 )_10
-7 47. r=R| =-1|=5| —=-1|]=—Q
= Ro=7R (v 18 9
ool E Hence, the correct answer is (A).
Roet 48. The filament of the heater attains steady resistance
E 4E when the heater reaches its steady temperature, which
= =705 o3 . . .
7 R 7R is much higher than the room temperature. The resis-
4 tance at room temperature is thus much lower than

the resistance at its steady state. When the heater is

Substituting in Equation (1), we get i _ _
switched on, it draws a larger current than its steady

(5 )( AE ) xR=10 state current. As the filament heats up, its resistance
4/\7R increases and the current falls to its steady state value.
= FE=14V Hence, the correct answer is (D).

Hence, the correct answer is (A). 49. When each element of circuit is multiplied by a factor

k then equivalent resistance also becomes k times.

43. Since Mass = (Density )( Volume) Let the equivalent resistance between A and B be X.

= m=(d)(Ar)
R, kR, k%R, . R,
= A= m A -
id
2 = R
Further since R, s kR, < kR, = 2 +
ﬁ P
R = p— B 'l - —T B
4 %
14
> R= KR, KR, KR,
m M A A A —
()
pid kR, 3 k2R, k3R,
R=—
m .
As all the three wires are made of Cu, so all have same ' P

d and p.
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So, equivalent circuit becomes
E where R-, = pe!t
A Tr
R
X 12R, 3K Reo Px! _ pa
¥g M Z(2RP-aR? 3nR
For k== R, Pt pNI
R, -R,)+R*+R*+6R,R S
- X=( 1 2) 1 2 112 = Rp 2( 1 3 }
2 are| —+—
Pc P

Hence, the correct answer is (C).
Hence, the correct answer is (C).
50. Since the capacitors are identical so they will finally
Q 55. Since the materials are same, the resistivity is

attain a charge 2 each. Now, same. If R, and R, are their resistances, we have

2 2, _ 2 . .
Initial energy of the system = E; = < Rymr; / {1=Rymry /{5, where /; and /, are their
2C respective lengths. Here
) 2]2 /
[Q)Z fy=1ty, 12/ =Ry/R, .
. 2
Final energy of the system = E, =2 \2) | @ If 7 is the balancing length measured from the left of
2C 4C metre bridge, we have
2 _ _f)=
So, heat produced = Loss inenergy =E,-E; = 4Q_C Ri/Ry =t/ (100~ £)=25/75.
Hence, the correct answer is (B). This gives l"1/ n=\75/25= V3
51. Since Ro< ! Hence, the correct answer is (A).
R
= R1=_(ﬂ9) 56. = E =—5
2ma Ry+r 4+1
= [=1A
Voltage across R, is
V=IR,=4V
So, voltage across each capacitoris 2 V.
= Q=CV=3(2)
R < RO = Q=6uC
=—
2n Hence, the correct answer is (B).
. R
Similarly R, = E(Z‘m ) 57. For metre bridge to be balanced
R P 40 2
= Ry=—(27-0) Q 60 3
2= Q 60 3
2
Since, R 4 = — 12 = P=3Q
Ry +R,
( ) When Q is shunted i.e. a resistance of 10 Q is con-
Ryp= w nected in parallel across Q. So net resistance is
an 10Q
Hence, the correct answer is (A). 10+Q°
52. Both the resistances are in parallel. Now the balance point shifts to 50 cm i.e.
1 1 1 P 1

So, —=—+— 100
Rp RCH RNr' (10+Q]
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L]
2 10
3 10+Q
= 20+2Q=30

= Q=5Q and P=§Q

Hence, the correct answer is (A).

Let the equivalent resistance between A and B be X.
If we retain the basic repetitive unit then the remain-
ing circuit is identical to the total circuit and hence will
also possess a resistance X.

2X
Ryp=X=—2_41
AB 24X

A 1
AW

B

2X=(2+X)(X-1)
2X=2X+X?-X-2
X -X-2=0
X2-2X+X-2=0
(X+1)(X-2)=0
X=2Q

Hence, the correct answer is (B).

L L

V 6
lr1‘0tal = Ri = E
-AB
= Itotal =3A

Voltage drop across 2 Q resistoris 3 V.
So, I= 3. 15A
2

Hence, the correct answer is (A).

Let the potential of the battery be V

On connecting in series
RS = Rl + Rz + R3

= RS=V[1+%+%]

62.

63.

64.

65.
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7
4
Since, by definition
=L
Rg
= I= % A
7

Hence, the correct answer is (C).

Since A and B will remain connected in parallel
across the capacitor so, at all the instants they will pro-
duce the same readings.

Hence, the correct answer is (D).

2=1+(0.00125)(T - 300)

130 100000
125

= T-300=800

= T=1100K

CHAPTER 3

Hence, the correct answer is (B).

500

300 &
500

||
II
20V

When we do not connect the voltmeter then potential
across 500 Q resistor is

v, =20 20125V
800

The measure this value of potential difference we con-
nect a voltmeter in parallel across 500 € resistor. Net
resistance of parallel combination is 250 Q and also
voltage drop across both 500 Q and voltmeter is the
same (as both are in parallel). So, voltage drop across
combination is
250

"~ 250+300
So, error in the reading is 12.5-9.1=34V
Hence, the correct answer is (C).

v, x20=9.1V

For potential difference between B and D to be zero
10 _05
54x 1
= x=15Q

Hence, the correct answer is (C).

20=5+x
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Since net resistance is to be found between A and B. So
let a current [ enter at A and then exit at B.

When [ enters at A then by symmetry a current —
must flow in the branch AB from A to B.

. I .
For current I to exit from B, a current g must flow in

the branch AB from A to B. Super-imposing the two,

we conclude that a current (£+ i] must flow in the
branch AB from A to B.
According to Thevenin’s Theorem we have

I 1 I
Itotal Req =VAB =(E+EJRO =€KD
= Ry =&
3

Hence, the correct answer is (C).

Equivalent emf of two batteries E; and E, is
B L
_hon _\2 6
T B
non 2 6
= E=25V
NOW, VAN=E

= (Iy)(Ran)=E

(4:;)(4}(4)(#):2_5

Solving this equation, we get

Hence, the correct answer is (D).

When a resistance is joined in parallel to a voltmeter
the net resistance of parallel combination decreases as
a result of which total resistance of circuit decreases,
hence net current increases. So reading of ammeter
increases. Since net resistance of parallel combination
decreases so reading of voltmeter decreases

R

Hence, the correct answer is (D).

70.

71.

72.

73.

74,

76.

B Charge Circulating
Time to Complete One Revolution

Q

Qo
2r

Hence, the correct answer is (C).

Ret
A
R
RZ A]
10 1
= —=—-
R, 3
= R2:3OQ

= R,.=30+10=40Q

Hence, the correct answer is (A).

The simple circuit is as shown below.

R
Rnet - 3 R . c
= TC = CRnet = C_R | Eﬁg%
3 = V R

t
= q:qo(l—e TC),
where, g, =CV

Hence, the correct answer is (C).

2
Since, P= %’ so the bulb with higher power rating

has lower resistance, and vice versa. When the bulbs are
joined in series, they draw the same current. Since P=I'R,
the bulb with the lower power rating draws more power.
Hence, the correct answer is (C).

Just after the switch is closed C; is short-circuited and
current passes through R; and C; only.
Hence, the correct answer is (B).

Current can flow in a circuit or part of a circuit only
when it has a return path, i.e, it can return to its starting
point. Here, current flowing from PQ cannot return to P.
Hence, the correct answer is (C).

NE E

For series connection, I, =—=—
Nr r

For parallel connection, I, = £ _NE
rIN r

Hence, the correct answer is (D).
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77. In the steady state no current will flow in the branch
containing the capacitor. { R, and C are in parallel }

Hence I =
Ri+R,

However potential across the capacitor will be there
and equals the potential across the resistor R, .

Hence, the correct answer is (D).

78. In a Wheatstone bridge, the deflection in the galva-
nometer does not change whenever the battery and
galvanometer are interchanged.

Hence, the correct answer is (D).

E2r2

(1r+1f2)2

2
79, Eh -
(r+n)

= rl(r2+r22+2 rr2)=r2(r2+r12+2 rrl)
= rlr2 + r1r22 +2rnr = r2r2 + rzrlz +2rn1

= r(n-n)=nn(n-n)

Hence, the correct answer is (B).

80. When we move in the direction of the current in a
uniform conductor, the potential decreases linearly.
When we pass through the cell, from its negative to its
positive terminal, the potential increase by an amount
equal to its potential difference.

This is less than its emf, as there is some potential drop
across its internal resistance when the cell is driving
current.

Hence, the correct answer is (D).

81. RAB = Rf'lC +RCB‘

Line of symmetry
I

Hence, the correct answer is (D).

82.

84.

85.

86.

87.

Hints and Explanations H.243

. .. E
Current in the circuit = = —
R+vr

Potential difference across cell = potential difference

ER
across R is [R=——
R+r

Hence, the correct answer is (C).

t
Since q, = qo(lfe RE )

t
M W R
7 dt RC M
t o
Also g, = qge k¢ b
o | E
= Id = dﬂ = _—%E_E <
dt  RC T
= Ig = —Iﬂ- U
Hence, the correct answer is (C).
By Kirchhoff’s Laws
o
E-—-I-R=0
G
)
C

Hence, the correct answer is (C).

B 4
Rup+R 2+24
010,
4 11
Now, potential difference across wire AB is

20

|

E across a

11 length of 100 cm

across a 1
oy 10

length of ( 20 )
11

= 15 V%@ x1.5ecm=825cm
ength of 20

Hence, the correct answer is (A).
7
The equivalent resistance of the circuit is ER‘ Hence
. 7
the time constant 7= ERC .

Practically, the steady state value is attained after five
time constants
ie, ty=5t=7RC

Hence, the correct answer is (B).



88.

89.

90.

91.

93.

ICON

H.244 JEE Advanced Physics: Electrostatics and Current Electricity

3uF 1uF
e
|_
3uF N 2 uF
1
1uF
|
|I
10V
Vag _(Clpc _3_1
Vee (Clap 6 2
1+2
10
= VAB=3V

100V

Applying loop equation in closed loop we have,
+100-30-35-2R=0
= 2R=3V=V;

VSQ=7X5=35V
o Yoy
VR

Hence, the correct answer is (D).

At t =0 when capacitors are initially uncharged, their
equivalent resistance is zero. Hence, whole current
passes through these capacitors.

Hence, the correct answer is (D).

Since the balancing length is at the mid point, each
wire has a resistance equal to the known resistance
value R.When they are in series, if  is the balancing
length measured from the left, we have resistance R
in the left gap and 2R in the right gap.

R {

Thus —=
2R 1007

= (=333
Hence, the correct answer is (B).

1 1 1 1
—_—— =
Ry 2R 2R R

Hence, the correct answer is (B).

94.

95.

96.

97.

98.

Vv
Slope = 7= Resistance

So, R; >R,
= T,>T,
Hence, the correct answer is (A).

The circuit is a balanced Wheatstone Bridge with net
resistance

_(3R)(6R) _
total — m -
For maximum power
Rinternal =
= 4=2R
= R=2Q

Hence, the correct answer is (B).

Rtntal external

E\+E, 204 51
E-E 36 9

= 9E+9E=51E,

=60E2

60
—(

42

2V

= 42F

= E=—(14)

= El =
Hence, the correct answer is (D).
According to Kirchhoff’s Junction Law
Ico+1Izo+ 140 =10p
R R R R

R

5 J e 5)
[VARVOJ -V
(

= 4(Vy-Vy)=4
= -Vo=10V
Hence, the correct answer is (A).

e.m.f. is the value when no current is withdrawn from
the circuit. So
E=2V

2
Also r=slope = 5" 04Q

Hence, the correct answer is (B).
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Hints and Explanations H.245

o8
99. Let a fictitious battery E be connected across the p(fy)
circuit. = Rmm - 3102
0
112 R 3 R (4=1) - Rmax =9
: Rmin
Hence, the correct answer is (C).
102. Since
_(i )
7
L. y= 1
Loop 23672 ( )X 0 2
~L,R-L,R+2(I-1;)R=0 = reB00 wl
= 3L+L=2I () E
Loop 34563 o R=2-250 <
2
=2(I; -1, )R+(I-1;+1, )R+ [LR=0
(hi=h)R+ (1=l +D) g Hence, the correct answer is (B). L
= 3L +4l,=-I .(2) v
Add (1) and (2), we get 103. Current decreases % times or % times. Therefore,
5, =1 3
I net resistance should become 3 times.
= 12 == 3
5 = R+50=E(295O+50)
and [ 3 Solving we get, R =4450 Q

Hence, the correct answer is (A).
For 127658EI

104. 2R 2R
OR(I1-1,)=R(I-1,+1,)+E=0
I I 1
= E= 2R(13—] R(I3— —) P Q
5 5 5
p=2R, 3R 2R 2R
5 5
7 Hence, the correct answer is (A).
= E=-=IR
5 105. Out of 5 one is wrongly connected i.e. 4 are rightly
Finally, we have connected
E= Itgta Rnet Net EMF = 4E *E = 3E
- Net resistance = 5r
= IR, = ELR Hence, the correct answer is (B).
7 106. I=1I,+I, (1)
= R, =-R=7Q o
5 p=2 )
Hence, the correct answer is (B). nth
Further
pfmax
101. =
Rmﬁx Amm I= E + E_2
h n
3/
[ = =
N R
= [y =Minimum Length Epy +Eyn
= E=—=—=°
R = Pl min n+r

min A .
max Hence, the correct answer is (C).
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107. The circuit reduces to the following

N
N4

Hence, the correct answer is (D).

108. Resistance between diagonal corners of cube

109.

110.

6/ 1 2! 2
> > !
N, 3
|
21'1! "! \rf
| \k2f
» 2!
° R
I o 7

= V17=(V17V5)+(V57V8)+(V87V7)
=V, =2IR,+IR, +2IR,
= V,=5IR,
Also,
Vy, =x(6I)
= x(6I)=5IR,

R
6

Hence, the correct answer is (D).

=

SR 6K _

R =—<% =
total 1 1

Since [ =

total
12
"R
= R=6Q

2

Hence, the correct answer is (C).

In a galvanometer deflection is directly proportional
to the current. So 20 divisions correspond to current
through galvanometer and 30 divisions for current
through shunt.

So, voltage drop a cross galvanometer =20 G

where G is resistance of galvanometer. Since a fall
of 30 divisions is registered when a 12Q shunt

111.

112.

113.

114.

115.

(a resistance) is connected in parallel across a galva-
nometer. Hence voltage drop across shunt = (30)(12)
= 20G=(30)(12)

= G=18Q
Hence, the correct answer is (A).

Since

I =neAv
If N is total number of electrons in the wire then
N =nAl
Momentum possessed by a single electron is muv.
Total Momentum = Nmv
I
= p=(nAr) m
mll

= F

1
s

[4

e
I
= ‘
/

P
!2 i

Hence, the correct answer is (B).

Since Ee/. So, for E,>E, we have {,>/, and
hence null point will be obtained at shorter length i.e.
to left of C.

Hence, the correct answer is (A).

Voltage drop across 50 2 and 30 € (n series) is

V'=(80)(0.1)=8V

Voltage across 20 Q branchisalso 8 V..
So, currentin 20 Q branch is
=S -04A
20
Hence total current in the circuit is 0.5 A.
Also voltage drop across Ris 12-8=4V.

= 4=’[t0talR
= 4=(05)R
= R=8Q

Hence, the correct answer is (B).

Net resistance of the balanced Wheatstone Bridge is
R which is connected in parallel with another resis-
tance of same value.

Hence

R,z =R/2
Hence, the correct answer is (A).
R, =220Q
1 =] A

Reading of ammeter is the current which flows
through 3 branches.

= I

tota
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116.

117.

118.

Hence reading = % A 119.
Hence, the correct answer is (C).
Shunt=0.1Q=5§
Gpet =9.9 Q
I g = 10 mA
1=?
) I gG
Since S=——
[-1,
01 (10x107)(9-9)
T 1-10x107 120.
= 1-107=99x107"
= 1=100x10"
= I=1A
Hence, the correct answer is (C).
_ (28.63)(100)
AT 12863
= R,p=22-26Q
A 9Q 2Q
o A A
100 Q 30Q 20Q
o AWM A
B 6Q 3Q
A 90
o AN 121.
750
100 Q 55 Q
o AW
B 6Q
A
o
100 Q 28.63 Q
O
B
Hence, the correct answer is (C).
122,

Taking the total current as 6, current through
4R is 2I and current through 2R is 4I. Applying
Kirchhoff’s Second Law, we get current through 2R
is 2E/7R..

Hence, the correct answer is (C).

Hints and Explanations H.247

Rtotal = R1 tr
(Since capacitor is a dc blocking element)
VC = VR]

ER, { E }
VC=7 ) =
Ri+r Ri+r

Since
Q= CVC
0= CER,
Ry+r

Hence, the correct answer is (B).

N=24=mn (1)
For current to be MAXIMUM
R R

internal — Yexternal

CHAPTER 3

mr

3

=

= =6

= m=6n ..(2)
Substituting (2) in (1), we get
24=6n’
= n=2
= m=12
Hence, the correct answer is (A).
Initial current, i, = btk
R+n+n

Final current, when second battery is short circuited is

.k
Iy =
R+n
. ... E E,+E
iy > if ——>—1 2
R+rn, R+n+n

= ER+En+Enrn>ER+En+ER+En

= En>E(R+n)

Hence, the correct answer is (B).

Vo =ipR=(10)(10)=100 V

After 2 s, current becomes ith. Therefore, after 1s,
current will remain half also called half-life.

2
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123.

124,

ICON

3

C= =——F
(In2)R  10In2

1
Total heat AH = ECVOZ

1

~ AH=1x (100)*
2 10In2
a0,
In2
Hence, the correct answer is (D).
E +E, 400
E 3
= —=—
E, 1

Hence, the correct answer is (B).

1=
dt
= I=a-2pt

. o
Since at t;=f= 25 I becomes zero. Hence we shall

calculate the heat produced from

o
t=0to t,=—
fy
= H=J12Rdt
0

o
2%

= H=Rj(a—2ﬁt)2dt
0

_ 2+1 ﬁ
= H:Rw
_Gﬁ )
3
= H=R O*a—
_65
3
=R
6

Hence, the correct answer is (D).

125. In position-1, initial maximum current is

=V 10

IDRSZA

126.

127.

At the given time, given current is 1 A of half of the
above value. Hence, at this is instant capacitor is also
charged to half of the final value of 5V.

Now, it is shifted to position-2 wherein steady state it
is again charged to 5V but with opposite polarity.

1
u;=U;=-Cv* {~V=5V}

2

So, total energy supplied by the lower battery is con-
verted into heat. But double charge transfer (from the
normal) takes place from this battery.

= Heat produced =Energy supplied by the battery
= AH=(Aq)V=(2CV)(V)=2CV?

= AH=2x2x10°x(5)°

= AH=100x10"]

= AH=100y]

Hence, the correct answer is (C).

R;+10 _ 50
R, 50
= R +10=R, (1)

Now, when 10 Q is removed, then
R _40
R, 60
R, 2
= —==
R, 3
= RZ=%R1 .(2)

Put (2) in (1), we get
3

= 2R +20=3R,
= R=20Q
Hence, the correct answer is (A).

Resistance between A and B can be removed due to
balanced Wheatstone bridge concept. Now, Rp; and
Rey are in series and they are connected in parallel
with 10 V battery.

10 10
= Iy = =
Rpp+ Ry 242
= IDE=2'5A

Hence, the correct answer is (B).
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Hints and Explanations H.249

o0
128. R, =2 [Net resistance of infinite series] +1 s 27 uC charge flows from Y to X
In parallel net resistance is always less than the small- Hence, the correct answer is (C).
t .H t resist f infinit ies is |
est one. Hence, net resistance of infinite series is less 134, Tnitially, the rate of charging is fast.
than 1 Q. €
Hence, the correct answer is (B).
= 1Q<K ;<30
Hence, the correct answer is (C). 135. al(T)= id_R
R, dT
129. V=iR
= V=R (as i = constant) = (3T2+2T)=id—
- R, dT
2
= V_A (P_z]{%] = dRzRﬂ(3T2+2T)dT mM
B\ 7y )\ Ptg R r - o
= _[dR:RD SITZ dT+2JT dT L
= =
VB R[] 0 0 &
= R=R[1+T2+T%] <
_ B I1 ’ T
2 6 2 Hence, the correct answer is (C). J
Hence, the correct answer is (B). 136. lLet R=at+b
130. 7.=CR Att=10s, R=20Q
c= d AO. " _O.A Att=3oa+b (2)
Ke, Solving these two equations, we get
= kT 1=1.0Qs"
5x8.86x 1072 and b=10Q
Tp=———
€7 74x1072 = R=(t+10)
= Tc=bs Since, i= 2= 10
Hence, the correct answer is (D). R t+10
30
131 r=g[ o1 1324(@—1) 210 and Aq:jm Idt
/s 60
30 10
Hence, the correct answer is (A). = A= J ( — )dt
10 \t+10
X 1
132. Since —=— = Ag=10log,(2)
20 80
Hence, the correct answer is (D).
= X=025Q

137. During charging capacitor and resistance of its wire
are independently connected with the battery.

Hence, the correct answer is (A).

133. From Y to X charge flows to plates 2 and b Hence,
(42 +), =0, (9, +4,), =27 uC e =CR
During discharging capacitor is discharged through
3uF  6uF 9uC  36uC both resistors (in series). Hence,
a b X
A AT 1. =C(2R)=2CR
u
Hence, the correct answer is (C).
1A 1A
= 138. Mean free path is the average distance travelled by
3Q 1A 6Q 3Q |Y 60 the charge carriers between two successive collisions
1 I .
9V Vv = /l=y7T= i
Initial figure Final figure nq

(When switch was open) (When switch is closed) Hence, the correct answer is (B).
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139. The given time is the half-life time of the exponen- For P to be Maximum
tially decreasing equation. So, P
= —=0
t=t, =(In2)7. =(In2)CR,,, dR
2 = R=r
= Ryu= b Hence, the correct answer is (A).
ne| ( 11‘1 2 )c
t
V I
- lmt:Z(lniZ)#s: o 144, il=(ﬁ]e 6CR
(In2)(0.5 uF)
t
So, resistance of ammeter is 2 Q o = [ 14 ] o TR
Hence, the correct answer is (C). 2
140. 9,9 and 9 are in parallel to give 3 Q. ; eﬁi—;
This 3 Q is further in series with the other 3 Q to give = l=—
60 b 2
Hence, the correct answer is (B). We can see that this ratio is increasing with time.

9 Hence, the correct answer is (B).
U1 V,-6-3x2+2-3x3=V;

145. mn=24 (1)
o V-V, =12V For power consumption across the load to be
maximum
Hence, the correct answer is (A). External )_( Total Internal
142, E R Resistance 7| Resistance
nr
= R=—
i z
E 2chy "
E, Ro "
= n=10m
. |E-E]
i= 2
R+R, = 10m*=24
Now, V, -E+E,+iRy =V, = m=\24
_ = m=155 Option-1
= V,-Vy=(E-E)-iR m=1; n=24
- Vﬂ—Vbz(E—ED)|:1— Ry } Since
R+R, nE
. Vﬂ_Vb=R(E—E) R+E
R+R,
= L= 24E Option-2
CR(E-E 17y :
& g=c(v,-v,)= RE=R) 34
R+R, m=2; n=12
Hence, the correct answer is (D). Since
E nE 12
=— = I,= =—
143. [ Zar 2 R+£ 16
2 R m
= P=I"R =Power consumed A 24
across external resistance / = L==
E 32
E*R L
- P= 5 AAAA From above we observe that [, > I,
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146.

147.

149.

150.

151.

Hence n=12, m=2 for the power consumption across
the load to be maximum.
Hence, the correct answer is (B).

In steady state condition, current flows from outer-
most loop.

=2 154
6+2

Now, V=V, o =iR
= Ve=15x6=9V

Hence, the correct answer is (D).

2R

2R

Rz(i)(h):E
2mr T

Now 2Q, 2Q and R are in parallel.
Hence, the correct answer is (A).

E-ir=0
3 _( 3+15 ] (1)=0
1+2+R
Solving this equation, we get
R=3Q

Hence, the correct answer is (C).

R
Y

I
Line of symmetry

Let each resistance be having a value R
= Ryp=Ryc+Rgp
Hence, the correct answer is (B).

At t =0, when capacitor is under charged equivalent
resistance of capacitor =0

152.

154.

156.

157.

Hints and Explanations H.251

In this case, 6  and 3 Q are parallel
(equivalent=2 Q)
= R (1+2)Q=3Q
= Current from battery = % =4 A
= Current through 1 Q resistor
Hence, the correct answer is (B).
Tc=CR=6s
7o =CV =10 uC

¢ n
Now, =qee © =(10 uC)e ¢

= q=(%)2(10#C)

= ¢=(037)"(10 uC)
Hence, the correct answer is (B).

S

0.03 - IG{
G

e =

In parallel, current distributers in inverse ratio of
resistance.

03-1
008-1g_G_ r _,

e
4
Solving this equation, we get
I =0.006 A

Hence, the correct answer is (C).

bl

3y 1Q oy1Q B

Vy-3x2-3-1x4+2-1x6=V;
= VA_VB=17V

Hence, the correct answer is (D).

R
c D
m:, m
A R B A R B

Hence, the correct answer is (D).

CHAPTER 3
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159.

161.

162.

163.

164.

ICON

Vig=5+2=7V
. v

= lo= E =7A
v, uF =6V

= qZpF=CV=12ﬂC

Hence, the correct answer is (B).

H1=H2=LI,-7UI

The only change is by increasing the resistance 7
increase. Hence, process of redistribution of charge
slows down.

Hence, the correct answer is (A).

When K; and K, bothareclosed R, isshort-circuited,
Rnet = (50‘|‘T) Q

When K; is open and K, is closed, current remains

half.

Therefore, net resistance of the circuit becomes two

times.

= (50+7)+R, =2(50+r)

Of the given options, the above equation is satisfied if
r=0 and R, =50Q

Hence, the correct answer is (D).

Practically, the steady state is attained when five time
constants have elapsed. As soon as the key is opened
the peak value of charge also decays in five time con-
stants. Hence pulse period is

5RC +5RC =10RC

q

ol 5RC
Hence, the correct answer is (C).
Potential drop across potentiometer wire

=(02x107)(100)=0.02 V

Now given resistance and potentiometer wire are in
series with given battery. So, potential will drop in
direct ratio of resistance.

002 R
2-002 490
— R=49Q

Hence, the correct answer is (A).

165.

166.

167.

168.

G +44 =140 =10 uC
= qd=7ﬂc

Hence, the correct answer is (B).

Total heat produced AH =H = %CV2

= AH =%(2 uF)(5)’

= AH=25y]

Now, this should distribute in inverse ratio of resis-
tors, as they are in parallel.

Hso R

Hy 5

R
- HSQ:(R+5J

= 10=(Ri+5)(25)

(Total heat)

Solving this equation, we get

{2)

Hence, the correct answer is (C).

AR R
R R R
A R
R R R
R R B

Connection can be removed from centre. 3R and 3R
from two sides of AB are in parallel.
Hence, the correct answer is (B).

l=1_e—f;{r

10

S el
10

. M=E
9

= E:ﬂn(g)
T 9

= t=f€n(10)
9

Hence, the correct answer is (B).
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169. Applying Kirchhoff’s loop law in outermost loop, we

have
3uF
. +||= .
i il
18V T 49 15V
50

10
q 2r
=+

) \

3A 2,L|1F 2.5A

—%+15—2><2.5—g—3><1+18=0

Solving this equation, we get
q=30 uC
Hence, the correct answer is (A).

171. Suppose n(<1) fraction of length is stretched to m

times.
Then, (1-n)/+(nf)m=15¢
= nmm-n=05 (1)
/ /
R=%=(p?) (V = volume)
J4
ﬂz
= R:'D_
v
= Ro/f? (if V = constant)

Now, the second condition is

(1-n)R+(nR)m® = 4R

= um’-n=3 .(2)
Solving these two equations, we get
1
n=—
8

Hence, the correct answer is (B).

172. Total potential of 10V equally distributes between
50 Q and other parallel combination of 100 2 and
voltmeter. Hence, their net resistance should be same.

100xR
100+R

= R =100 Q =resistance of voltmeter

50

Hence, the correct answer is (B).

174.  All these resistors are in parallel.

= R

R
et =—Hr=4Q
3
Hence. the main current

E
=1A

1=

et

175.

Hints and Explanations H.253

Current through either of the resistance is é
1

= —A
3

= v:ﬂz:(%]w):?,v

Hence, the correct answer is (A).

Since capacitors are identical, hence they share equal
amount of charge % .
2 ™M
e "
‘T ac L
, -
(%) <
- 2
= E, =2 2 = % <
U YO TS L
{Due to sharing the new capacitance is 2C}} UV
Heat produced = E; - E( = Q—'%
4C

Hence, the correct answer is (C).

Multiple Correct Choice Type Questions

1

Let us assume that charge flow between the rod and
cylinder be radial. Then at point P at distance r from
centre of rod the current density | is

I

J= 2rrd

Further
pI
E=p]=— v J=0E
Pl 2mrl { J }

with both | and E directed radially outwards.
Since

dV =-E dr
= dV= _pLir

2nl 1

0 [ ; d

> J v =_PL[dr
2nld r
= V=p—110gf(ﬁ)
2/l a
2V
= [=—
lo ( b )
plog, p
Hence, (A) and (B) are correct.
~ R nd v =R
Ry + R, R, + R4
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R,R
= T=C(R1+R0)=C[R1+ﬁ]

= q=q0(1—37%)

t
= q=CVD(1—e f)
f
_CVR [, 7]
Ry +R,
Hence, (B) and (C) are correct.
3. Let E,>E,, then

I= E2 B El
For potential difference across battery 1, apply KVL to
AlB , we get

/4

Vy-E-In-Vz=0
= V,-Vz=E+In (1)

ntr

K{4%=;{+a@+@ﬁ—;ﬁ

n+h

_ Eyry + Eyny

= V-V, ()

nt
For potential difference across battery 2, apply KVL to
A2B, we get
Vyt+ln-E,-Vz=0
= V,-Vy=E,-Ir, ..(3)

E,-E
= VAVB=E2( 2 1]1‘2

n_%zﬁm+gﬁ—gﬂ+aﬁ

htr

(4)

Also, we could have thought of equating equation (1)
and (2), to get
_E-k
Ht
obtained.

1

, which also satisfies the same result

Also, from equation (1), we get that potential differ-
ence across 1 is greater than its emf E .

Now, since the current I flows from the positive plate
to the negative plate inside the battery 2, hence energy
is absorbed by it or in other words the battery will con-
tinuously get the energy supplied by the other battery.
Hence all the statements A, B, C and D are correct.
Hence, (A), (B), (C) and (D) are correct.

In steady state, no current passes through the branches
containing the capacitors. So,

4 41

1:7: =
8+2+10 20 5

A
8Q 1
1 i
ARES
C
v, 32Q
Ci=8uF
B
Loop ABCA
1 1
[—)8(—)2+AV1=0
5 5
1
= AV1=—D=2V
5
A
+,Cy =10 uF
1 =
Ia
5 1D
2Q EA
10Q
B
Loop ABDA
1 1
- = 12-] = [(10)+AV, =0
[5) (5) ?
= AV,=2+04
= AV,=24V

Hence, (B) and (D) are correct.
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Let V}, be the potential at the point D, then
70-Vp=1;x10 Q
Vp=0=1,x20Q
Vp-10=(I,-1,)x30 Q

Solve for I, I, and V,, we get
Vp=40V
L=3A,1,=2A and (;-1;)=1A
P = (3)7(10)+(2)*(20) +(1)*(30)
= P =90+80+30=200 W
= I;:L:(,-1,)=3:2:1and P, =200 W
Hence, (A), (B) and (D) are correct.

Consider a cylindrical element of radius r, thickness
dr. If dR is the resistance of this element then

ar= P
2y dr

Total resistance of the cylinder is given by

1 1 2 i
=J—— |
Rtntal

R~ of

0
1 27{(:;14]
= =—| —
R af\ 4

tota

/
| [ gl
200
= Rtutal =—7
a
- Rtntal — 2?1(12
b (ma?)
2o
R= 7
A

Since E =% (in magnitude)

10.

Hints and Explanations H.255

= E=I(%) {By Ohm’s Law}
2ol
E=T%
A
Hence, (A) and (C) are correct.
E
I=
Ry +Ry
= RA-I-RV:? (].)
V) 0
I
[\
||
E
Since E=V+IR,
~ V=E-IR,<E (2)
Also, V=IR,
Vv
= RV:T ..-(3)

Potential difference across the ammeter is AV, = IR,
= AV,=IR,=E-V (4

So, from (1), (2), (3) and (4), we observe all the options
to be correct.
Hence, (A), (B), (C) and (D) are correct.

Consider the “n " sided polygon, shown below

For the points that face each other like (A, D), (B, E)
and (C, F), we have

Ryiax = Rap = Rgg = R

Resistance for the upper half between A and D is

(5)[ %) = g and that for the lower half between A

n

and D isalso %

SiD
m

F
R
n

S

R
n
R
B n C

These both are in parallel across A and D, hence

CHAPTER 3
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Ryax =Rap = Rgp = Rex =ﬁ=

We shall get the minimum value of resistance between
the adjacent points of the polygon ie., AB, BC, CD,
DE, EF or FA .Between two adjacent points we have
two resistors connected in parallel one having resis-

tance - and other having resistance (7 R
n

n

(E)(nl)(g)

n n -1

So, RM]N=RAD]ACENT= R R =( ]R
POINTS 24(n-1)

n n

Hence, (A) and (C) are correct.

Let the respective resistance of the voltmeter and
ammeter be R, and R,. Then, initially

L __E
initial RV + RA

(1)

Finally, when another resistance of value R, is con-
nected in parallel with the ammeter, then we have

Ifinal = R 0 @
A
Ry +—
% I
New ammeter reading is
|
I
Ifinal — E IE
2 2R, +R, Initially

Initial reading of ammeter was

_E
Ry +R,

initial —

So, we observe that

E__I(_E
2R, +R, "2\ Ry +R,

1
= > E( Liitial )

Initial reading of the voltmeter is

Vinitial = L Ry
Ry + Ry

Final reading of the voltmeter is
_E Ry >V,

N initial
R, +—+
)

final =

Hence, (B) and (D) are correct.

12.

14.

15.

In steady state,
gc =EC and g, =2EC

7c = 2CR of both circuits
At time ¢,

t
dc =EC(1—€IC)

t
qzc =2EC(1*€ fc )

q_c_l

foc 2
Hence, (B), (C) and (D) are correct.

Rearrangement of the circuit as shown gives a balanced
Wheatstone bridge, and no current flows through the
5 Q resistor. It can thus be removed from the circuit
to find the net resistance. When the current in the 5 Q
branch is zero, then AV =0.

Hence, (B) and (D) are correct.

In steady state, no current passes through the branch
that contains a fully charged capacitor, because a fully
charged capacitor is a dc blocking element. Hence the
circuit becomes

For Loop 1284561
-2[,R-IR+E=0
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(]
= 6l,+3I=15 (1)
For Loop 784567
-(I-L)R-IR+E=0
-2IR+LR+E=0
= 3L -6I=-15
I 1
= i731‘=7—5 ..(2)
2 2

Add (1) and (2), we get
(§+6]I1 =]5—E
2 2

3412 30-15

( 2 ]Il: 2

151, =15

L[ =1A

6+3[=15

3[=9

= [I=3A

For Loop 23482
“Ve+1(3)+1,(3)=0

= V-=9+3=12V

L

Hence, (C) and (D) are correct.

Please note that though no current flows through the
branch containing the fully charged capacitor, yet
potential difference across the capacitor will be finite

non zero value given by AV = i%.

16. V= &k V= il V
Ri+Ry+Ry+..... R,

R R
: ]V:—ZV

= W=l—
2 [R1+R2+R3+....

Hence, (A), (B) and (C) are correct.
17. Acceleration of each electron is
eE eV
fl=—=—
m  md
= ' -0%=2ax
2eVx
v= ,’—
md
Since I =neAv

!
and p=en=e——
p veA

Hints and Explanations H.257

md

= =] 3
2eVxA

Hence, (A) and (B) are correct.

18. CASE-1: Net resistance of the circuit is

20.

21.

Ry=600Q R,=600Q

R- (600)(600) +300
600+ 600

R =600 Q
_20_1,

600 5

CHAPTER 3

= I

1
V1:5(300)=60V

CASE-2: Net resistance of circuit is

Ry=600Q R,=600Q

600 Q

E=120V

(300)(600)

300+ 600
= R'=600+200=800 ©
E_120_ 3

R 800 20

Now VZ:[EJ(LOX‘BOOJ:?,W
20 )\ 300+ 600

R’ =600+

5=

Hence, (C) and (D) are correct.

For conductors, the resistance decreases with the
increase in temperature as random motion of the
charge carriers decreases, so o, >0

For semiconductors, the resistance increases with the
decrease in temperature and hence ¢; <0.

Hence, (B) and (C) are correct.

= I=g=1A
9

At Aacurrent of 1 A dividesinto 0.5 Aand 0.5 A.
At B the current of 0.5 A divides into 0.25 A and 0.25 A
Hence, (A) and (D) are correct.
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23.

24,

25.
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See Theory
Hence, (A) and (C) are correct.

The electrical paths AC,D,B and AD,C,B are in

parallel. The resistance of each of them is 10 Q, and
hence the currentis 1 A.

When C,C, and D,D, are joined, the ammeters are in
parallel combination. As they are of a same resistance,
their readings will be equal.

Hence, (B), (C) and (D) are correct.

. pt {
Since R=F-=_—
ince oA
and C=K£DA

&K
= 71=RC=-""
o

Ht

Since q=goe "
ot
= =M K
Leakage current= [ = %

te

= I= 1o eiﬂ
&K
to
ek o
= I=Ie X wherel, -
£,K

Hence, (A), (C) and (D) are correct.

As Cand D are joined, they must be at the same poten-
tial, and may be treated as the same point. This gives
the equivalent resistance as 8 2. When we distribute
current in the network using symmetry,

20Q 5Q
C AVAYA'A'

A D AVA'A'A' B
5Q 20Q

20Q g 5Q Io=14

V,-Vy=V, -V,

28.

29.

20, 3,

= [I,-2I;=1,-—=— which is the current
5 5

flowing from D to C.
Hence, (A), (B) and (C) are correct.

E
[=——
R+r
R
_.\MN_
1A
[
E,r
P=EI
E2
“Rer

So, heat produced per second across the external
circuit is

E(IR)

R+r

and that across the internal circuit is

H=I*R=I(IR)=

E*r
(R+r)
Hence, (A), (B), (C) and (D) are correct.

h=1%=

CIRCUIT A
2R
1
R X
2
_ R(2R+x)
~ 3R+x

= 3Rx+x*=2R*+Rx
= x*+2Rx-2R*=0

_2R+V4R? +8R

= x=
2
-2R+243R
= Yr=—
2
= x=(\/§fl)R
2R
1
Ey
2
CIRCUIT B
y=2R og

y+R
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L]
= y*+Ry=yR+2Ry+2R? = Vi =3Ik,
= y* -2yR-2R*=0 Also,
- y=(\/§+1)R V17=x(61)
Hence, (A), (B), (C) and (D) are correct. = x(6D) =51k
5
31. Since voltmeter is a device connected in parallel across = X= TRD
the circuit, hence
R.R = Vig=(Vi-V5)+(Vs-V5)
_ v
Requivalent - RV + RQ = VIB = 4IRD + 5IR0 o
For Ry <Ry = Vig=9IK, o
= Recluivz’ilent = RG Also VlS - y(lzl) E
{i.e., resistance of the circuit remains unaltered when 4l 2 2 3 a.
a voltmeter of extremely high resistance is applied 19f ] .y <
across the circuit) i 4l 2 ba L
Hence, (A) and (B) are correct. 120 1y v
4l
33. I, =10mA=001A |
g ! o
6 5”7
Va=Vp=(I-1;)(01A)=1,(99) 12
= Ix01=1I,6x10
¢ = (12Dy=9IR,
ly QOQ 0'9,9 ly 92 010 = y=%R0
01Q 09Q 5
A —— | 2
14 1=l Al pa =l . f:_(e'):azﬂ
y (3] 1 9
A B A B Z
0.01 Ax10 5 3
[=——""-1A = x-y=-R--
0.1 y=gh g
Similarly (I"-1,)(0.9)=1,(9.1) o xoy=
12
= 1'(09)= Ig (10) Hence, (A) and (B) are correct.
= J'= 1 A=111mA 35. Let V=220V and R, and R, be the resistances of the
9 25 W and 100 W bulbs.
Hence, (A) and (C) are correct. R R
1 2
34. Resistance between diagonal corners of cube T ', A
= Vip=(Vi-Vs)+(Vs-Vs)+(Vs-V5) — V ——>
= V,,=2IR,+IR, +2IR, 2 2
6 | 21 ) Since, PA:ZSW:R_l and PB=100W=—2
2N 3 2 V2
! = R/= and R, =
a1 1 25 W 100 W
I ” 12 When the bulbs are joined in series then the current is
5 G 6l -V
/ > >

8 2 7 "R +R,



36.

37.

38.
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Power in the 25 W bulb is R,I” and that in the 100 W
bulb is R,

Hence, (A) and (C) are correct.

When X isjoined to Y for along time (charging), the
energy stored in the capacitor is equal to the heat pro-
ducedin R ie, H;.

When X is joined to Z (discharging), the energy
stored in C(=H,) reappears as heat (H,) in R. So,

H, = H,. Also, we observe that energy supplied by the
battery is H = H; + H,.

i

%
"

ZIX

Hence, (A), (C) and (D) are correct.

[= 2E
R+r+r

V1 =0, for terminal potential difference to be zero
across source 1.

r Iy
R
= E-In=0
= - 2En _
R+n+n

= 2n=R+n+n
= R=n-n

V, =0, for terminal potential difference to be zero
across source 2.

= E-In=0
o E- 2En _
R+n+n

= 2n=R+n+n
= R=pn-n
Hence, (A) and (C) are correct.

Let R; and R, be the resistances of the two heaters.
Let, initially, the heat produced be H , then

39.

40.

When used in series,

2
H=| |1 -.(2)
R +R,
When used in parallel
2 2
H=| VLY -0)
Ry K

Using (1), (2) and (3), we get the desired results.
Hence, (B) and (D) are correct.

When steady state is reached no current will flow in
the branch having the capacitor. So

(2)(3)
R =28+ ————
total 2+3
= Rym=4Q
= I=é=].5A
4

1/2
Current in 2 Q resistor = [, =] ——— |1.5
].;/2 + ]./"'3

= I =(§)(1.5)

= L=09A

Potential drop across 2.8 Q is
V=(28)(15)

= V=42V

Hence, (A), (B) and (D) are correct.
15 V battery and 24 V battery form the dominating
combination and hence [ must flow from D to A
through R.
- 24+15-6
R+1+2+1
1= 38
R+4

Since inside the 6 V battery the current is going from
positive terminal to the negative terminal so

VA_VB=6+IT
= 9=6+i
R+4
= R+4=11
= R=7Q

= Vpe=15-3(2)=9V

o1 23)
11
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= Vap=39-3(3)

= VBD - 30 V

Hence, (B) and (C) are correct.
1. vV=v,(1-¢77)

RC
T=—""
2

Vi =§ (asboth R and R are in series)

2%
= V=E(lfe RC)
2

Hence, (C) and (D) are correct.

2
2 H=Y4
R
2
gVt
H
- V2t
Similarly, R, = ?2
2
In series, H = v t
R +R,
f= H(R +R,)

V2
Substituting the values of R, and R,, we get

2
v t=v2t[i+i]

t=t1+t2

In parallel, H =

et Rl RZ
(L
Vit V',
Solving we get, t =
b+t

Hence, (A) and (C) are correct.

dQ

43. I= il 2bt, which decreases linearly with ¢.

I=0 for t=— and rate of charging is d—f So,
2b dt

dl

e
Hence the correct options are (A), (C) and (D)
Hence, (A), (C) and (D) are correct.

-2b

45. The resistance in the middle plays no part in the charg-
ing process of C, as it does not alter either the poten-
tial difference across the RC combination or the cur-
rent through it.

46.

47.

49.

50.

Hints and Explanations H.261

C discharges through R + R in series.
Hence, (A) and (B) are correct.

Q= Qﬂe”l"'” and potential difference across C is pro-
portional to Q .

For the potential difference to fall by 10%, Q must fall
by 10%. So,

Q=09Qy=Qpe "

= L’tl’;r - E
9
t [10]
1 -
= . 0g, 9

1
= tlzrloge(goj

Q=0.1Qy=Qpe "

= 27=10

CHAPTER 3

= %: log,10=2.303

= 1,=23037

Hence, (B) and (C) are correct.

Q=Q(1-¢"")=0.1Q,
= = 09

= M= 10
9

10
= H=rlog, ( ry )
Q=Qy(1-¢™/) =090,
= o= 0.1
= =10

= 1 =rlog,(10)

= (4 +t2)=rloge(%]=2ﬂoge[%)

al‘ld (tz - tl ) = 27.-1083(3)
Hence, (B) and (D) are correct.

By closing S;, net external resistance will decrease. So,
main current will increase.

By closing S,, net emf will remain unchanged but net
internal resistance will decrease. Hence, main current
will increase.

Hence, (A) and (C) are correct.

114=1,(95)
= [=12A
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52.

54.
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Since, E-114=1r

= E-114=12r (1)

Similarly I, =1A

= E-115=1r .(2)
0.1=02r

= r=05Q and E=12V

Hence, (A) and (B) are correct.

10
Co=—uF
s 7#

0=cv=2y14

7

= Q=20uC
Further V. =Q=§=4V
. Q 20
Similarly Vo ===—=10V
imilarly Ve, 2

Hence, (B) and (C) are correct.

At t=0, emf of the circuit = PD across the capacitor

=6V.

—_ 6 —_

"o

Half-life of the circuit
=(In2)7-(In2)CR =(6In2)s.

In half-life time, all values get halved. For example

6

i 2A

i=—=1A
1

= Vlﬂ=iR=1V al’ld
Hence, (A), (B), (C) and (D) are correct.

If switch § is open,
LAl=E,

where, i, = current in upper circuit and A is resis-
tance per unit length of potentiometer wire.

= Null point length, /= f—i

(a) If jockey is shifted towards right, resistance in
upper circuit will increase. So, current i; will
decrease. Hence, ¢ will increase.

(b) If E, isincreased, i, will also increase, So, / will
decrease.

(€ (le<E,

55.

(d) Ifswitchis closed, then null point will be obtained
corresponding to
Va=Ey-in
which is less than E,. Hence, null point length will

decrease.
Hence, (A), (B), (C) and (D) are correct.

Current through A is the main current passing
through the battery. So, this current is more than the
current passing through B. Hence, during charging
more heat is produced in A.

In steady state,

ic=0
and iy =ip
Hence, heat is produced at the same ratein A and B.
Further, in steady state

= U= 1C"VC2 = 1C'ez
2 8

Hence, (A), (B) and (D) are correct.

Reasoning Based Questions

2.

The electrons are in motion which constitute electric
current in a conductor but no. of positive and negative
charges are same.

Hence, the correct answer is (D).

When current flows through a conductor, it always
remains uncharged. Hence no electric field is pro-
duced outside it.

Hence, the correct answer is (A).

Direction of flow of current is from higher potential to
lower potential.
Hence, the correct answer is (D).

Since current arises due to continuous flow of charged
particles. There is no free charge in insulator. Hence no
flow of charges is possible. Therefore current does not
flow through insulators.

Hence, the correct answer is (A).

V=IR
Hence, the correct answer is (D).

Since, in the case of stretching the length n times,
resistance becomes 7 times the original value. So,
Statement 1 is false, however Statement 2 is true.

7
Because R=p—
P2

Hence, the correct answer is (D).
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10.

12.

13.

15.

16.

17.

18.

On increasing temperature of wire, the kinetic energy 19,

of the electrons increases and so they collide more
rapidly with each other as a result of which their drift
velocity decreases and resistivity increases which is
inversely proportional to the conductivity of material.
Hence, the correct answer is (B).

Voltmeter gives terminal potential (V) thought it can
give emf if internal resistance of the cell is zero.
Hence, the correct answer is (D).

I1=

= = m

RR,

_E
R&;]

12=
(R+RV

f1‘| E
|| |
N 17

Hence, the correct answer is (A).

In a simple battery circuit the point at lowest potential
is the negative terminal of battery. The current flows in
the circuit from positive terminal to negative terminal.
Hence, the correct answer is (D).

Internal resistance is always in series with the battery.
Hence, the correct answer is (D).

Vz
"R

Hence, the correct answer is (D).

r

V,-E-Ir=V,
= VA*VB=E+I?'

A E B A EF
-—7—||—’WW—- | —W

20.

21.

« "Ry Ry 22

“m'l 23.

25.

Hints and Explanations H.263

P=I"R

= (EE}mMM=2pﬂ}mm
P I

Hence, the correct answer is (B).

If either the e.m.f. of the driver cell or potential differ-
ence across whole potentiometer wire is lesser than the
em.f. of the experimental cell, then balance point will
not obtained.

Hence, the correct answer is (A).

V =E+Ir when charging of cell take place,ie., V>E
Hence, the correct answer is (D).

The resistance of galvanometer is fixed. In metre
bridge experiments, to protect the galvanometer from
a high current, high resistance is connected to the gal-
vanometer in order to protect it from damage (because
then less current can pass through the galvanometer).
Hence, the correct answer is (C).

CHAPTER 3

R€2 = i[.lx

To get null point at the same position, means /; and
{, are still the same. As temperature increases, value
of unknown resistance increases. To get the same null
point, R must be increased. So Statement-1 is wrong.
Statement-2 is True.

Hence, the correct answer is (D).

Charge on capacitor 4= CE(1- ¢ R )

I:ﬂz E

dt R,

~t/CR

Att=0
E E

_RTq_Rﬂf

= Resistance offered by capacitor is zero.
Hence, the correct answer is (A).

Linked Comprehension Type Questions

Similarly V, -Vz=E-1Ir .
Hence, the correct answer is (A). .

Power used =I°R
Hence, power is consumed and not the current
Hence, the correct answer is (D).

To find the charge per pulse let us integrate the expres-
sion dQ =Idt. Since the current to be constant for the
entire duration of the pulse, so

Qpuse =Ifdt =1At=(250x10A)(200x 10~s)



ICON

H.264 JEE Advanced Physics: Electrostatics and Current Electricity

= Quue=5%x10°C
Dividing this quantity of charge per pulse by the elec-
tronic charge gives the number of electrons per pulse.
So, we have

5x10® C/Pulse
1.6x10™ Clelectron

Electrons per pulse =

3.13x10" electrons/pulse

Hence, the correct answer is (C).
A
Average current is given by Equation, I, :A_?‘

Because the time interval between pulses is 4 ms, and
also we have already calculated the charge per pulse,
so we obtain

Qpuise  5x107° C
" Tar axaets oM
This represents only 0.005% of the peak current,
whichis 250 mA.
Hence, the correct answer is (A).

|

Since, power is defined as the energy delivered per
unit time interval. Thus, the peak power is equal to
the energy delivered by a pulse divided by the pulse
duration.

_ pulse energy
peak T 4

(1)

pulse duration

(3.13%10" electrons/pulse ) (40 MeV/electron)

2x107 s/pulse
( 16x10 1 ])
1 MeV

Also we could have calculated the power directly by
assuming that each electron has zero energy before
being accelerated. Thus, by definition, each electron
must go through a potential difference of 40 MV to
acquire a final energy of 40 MeV. Hence, we have

Ppeak = lrpeak‘}—“/ .- (2)

peak =

= P, =1x10" W=10MW

pea

= P =(250x107 A)(40x10° V)

= Ppeak =10 MW
Hence, the correct answer is (B).

To calculate the average power, we shall make use of
the time interval between pulses rather than the dura-
tion of a pulse. So, the average power is given by

B pulse energy
™ time interval between pulses

(3.13x10" electrons/pulse )(40 MeV/electron ) y
4x107 s/pulse

(1.6 x1073 ]
1 MeV

Otherwise we could have calculated the average
power using the similar formula where we have the
average power given by the relation

P =1 AV=(125x10"°A)(40x10° V)

av av

= P, =500W

av

ao

]=5UOW

Notice that these two calculations agree with each
other and that the average power is much lower than
the peak power.

Hence, the correct answer is (D).

For ammeter 991, =(17Ig )1
= 1=100, ()

[, is the full scale deflection current of the galvanom-
eter ] and the range of ammeter

| 1. 99Q

g
(R
—(G) -
AMA
YWVy
1Q

For the circuit in figure, given in the question

= r=101Q

Hence, the correct answer is (C).
The correct answer is (C).

Hence, the correct answer is (B).
Combined Solution to 6 & 7
For voltmeter, range
V=1,(99+101)
V=200, ..(2)

Also resistance of the voltmeter is Ry, = 99 + 101 =
200 Q. In figure resistance across the terminals of the
battery is given by
2002
200
= Current drawn from the battery,

12
[[=——=401A
2.99

Ri=r+ =299Q
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= Voltmeter reading

12. 72 uC

Hints and Explanations H.265

B¥Q 010

lg

-—»——@—WW——»—-

— | ——

4
ZV=12-1r
5

= %V =12-4.01x1.01

= V=7.96><§=9.95V

9.95
Using (2), I, == =005 A
o8 @) 1 =00

Using (1) range of the ammeter I =100I, =5 A

8. The equivalent circuit is as shown in figure.

| A h

2 83163 316

24VT

B
Net resistance of circuit R =6 Q . Hence,
V. 2

=—=4A
R 6

|

Hence, the correct answer is (B).

o Yaltl,
Hence, the correct answer is (C).
10. Vyg=E-Ir=24-(4)(5)=4V
Hence, the correct answer is (A).

11. When switch S is open circuit is as shown in figure.

108 uC
+1—-
i
+18V ov
+ -_—
54 uC
V,=+18V
and V, =0
= an :]8 V

Hence, the correct answer is (B).

30
_ b
i
Y
18V ov
— A -b—"||
_’;_M_a_+”-_
82 % 48,0

When switch S is closed, a current,
18
6+3

V,-0=3x2=6V
= V,=6V

I= =2 A, flows in the circuit

Hence, the correct answer is (C).

CHAPTER 3

13. Ag=(Aq), ;. =(18-54) uC=-36 uC

and Ag' = (Aq)ﬁﬂF =(72-108) uC=-36 uC
Hence, the correct answer is (A).

14. The correct answer is (C).

15. The correct answer is (B).

16. Hence, the correct answer is (D).

Combined Solution to 14, 15 & 16
Applying Junction Law, we get

I;0=5+3=8A
a 2=A .\YA'A‘A' b
E; E;
gl & I A c
r5A

Applying Kirchhoff’s Loop Law, we have for
Loop ghefg, E; -12-24=0
= E=36V
Loop chedc, -E, +24+30=0
= E =5V
Loop cbage, -2R-E; +E, =0
2

= R =9Q

17. Time constant of circuit is

i b Y



18.

19.

20.
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N 7=18( )(4fr><103)

47 x9x10°
= 7=2x10" s=2Us
Hence, the correct answer is (B).

_t
Since, q = qpe X

2 -6
= q=2x10'6xe 2 =&
e

= q=037x2x10 =0.74 uC
Hence, the correct answer is (D).

t

g=qee R

CR
4
= I=—el=F= (As,e=2.718 and ¢* =7.39)
2 et 7.39
= [=013puA

Hence, the correct answer is (D).

In steady state there is no current in the capacitor, the
equivalent circuit is shown.

Ry =36 Q2

The current [ is given by

Iz(ﬁ]A:lA
36

36 V= §369

The current divides into two parallel branches, as I;
and I,. In parallel branches current divides in inverse
ratio of resistance, thus

11=( %0 JI=O.4A [+ 1=1A)
90+60

90
L=| —— |I=06A {-I1=1A}
2 (90+60)

21.

22,

The capacitor is connected across points 2 and b. From
KVL we have

V, =V, =401, -10I, =20 V
Thus, the voltage across capacitor is 20 V
Hence, the correct answer is (C).

When battery is disconnected, the equivalent circuit is
shown here.

10 4F
100 400 i
! R AMV

80 Q 20Q 100
3

The initial charge on capacitor is
Q =(10%20) uC
= Q=200uC

The time constant of circuit is

The charge on a capacitor, Q as a function of time in a
discharging circuit is given by the relation

t
Q=Qe ¢
t
)
= Q=200¢ ‘3
3t 3t
=200¢ 1000 =200 () C
= Q=200 P\ 1000 ) ¥

Hence, the correct answer is (C).

Voltage, V' across capacitor as a function of time is
L
CV =CVpe RC
f
= V=Vpe RC

t

= V=200e KC
-
I=200e RC
Taking log both sides, we get
t=RC log, 200 = @loge 200
= t=1766.1us
= t=1.766 ms

Hence, the correct answer is (B).
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23. 1,=RC=(15%10° Q)(10x10° F) =155

Hence, the correct answer is (C).

24 7,=(1x10° Q)(10x10° F)=1s
Hence, the correct answer is (B).

25. The battery carries current
10V

—— =200 pA
50%10° Q :

The 100 kQ carries current of magnitude

t
1=1e'f=( 0V

100x10° Q

So the switch carries downward current, I’ given by
f

I =200 uA+(100 uA e 1s

0

t
]e s =100e " uA

= I'=100(2+¢™) A

Hence, the correct answer is (C).

26. Taking loop equation, we get

E-d 4RI=0
Cy

[Cy is the capacitance at £ > 0] ...(1)

—

Iy

[
|l
E

As charge on the capacitor cannot change abruptly,
the current I,, just after the capacitance has been
changed, will be given by

E-D 4R =0
C
f
where g, is charge on capacitor at =0,
g —ECy
RC;

Hence, I =

As gy, =CE
putting the values, we get
_5x10 1

5x50 5
Hence, the correct answer is (A).

{C; =initial capacitance }

0

27. Differentiating equation (1), we get
gAL__Ldg
dat Cpdt

28.

29.

Hints and Explanations H.267

dq
dt
a__ L
TS

1 t
= R[Z=-[2
e

as I=

I(l

b
RCs

(2)

= I=Ie

t

Hence, [=(0.2 A)e (25x107) _ 2 exp(—4000¢) A where
t is in seconds.

Hence, the correct answer is (B).
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Substituting I in equation (1) we get

t

E--L+Ripe " =0
C
f

t
= q=Cf[E+RI,Je Rcf]
t
= q=(5)(10+10€ 2\5><10**)

i
= ¢=(5x107 )(1+e 25410°% )C

= q=5><10_5(1+e"400m)

= g= 50(1+¢74%") uC
Hence, the correct answer is (C).

Power in resistor = I’R
Hence, heat produced in the wire as function of time is
H , given by

t 2t ¢

t L 2p2 L
_I2RPC ( ]
H=J(IZR)dt=I§RJe Rcfdt=OTf e "

0 0

24
IgRZCf (] - rz_R_C’r ]
2

0

= H=+

(0.2><50)2><(5><10_6)[178_8000t] ]
2

H=

= H=(25x10"%)[1-¢%]]

= H=250(1-¢%"") 1]

Hence, the correct answer is (C).



30.

31

32.
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Finally, the capacitors are in parallel and total charge
(=q) distributes between them in direct ratio of
capacity.

C .
= 4, = [ c +2C2 ]qo — in steady state.

But this charge increases exponentially.
Hence, charge on C, atany time ¢ is

t
G %)
qu=( 2o ]1_€ -

C+G,
Initially, C, is uncharged so, whatever is the charge on
C, , itis charge flown through switches.

Hence, the correct answer is (B).

Common potential in steady state when they finally
come in parallel is

Ve Total charge g,

" Total capacity  C;+C,

Total heat dissipated is AH = U, — 1,

2 2
S aH=B L o)
2, 2 G +G,

= AH= @ | GG
26, \ ¢ +¢,

Hence, the correct answer is (A).

Immediately after closing the switch a capacitor
behaves as a short circuit. Figure shows the effective
circuit from the point of view of current.

Figure shows the equivalent circuit, current 1 from
battery is

50

E+10
2

I= =4 A

Nocurrent 10Q

AAAA

|_"'vj-='v YVVY

i 10Ql
2100

p

— 32100
10 Q1 L
10Q 2

—" AR — =

10Q No current

|y

10Q  g5yy s =

AAMA
YYYY

|
10Q 5C|}V

0w

Hence, the correct answer is (B).

33. Along time after closing the switch a capacitor behaves
as an open circuit. The equivalent circuits are shown.
Using Kirchhoft’s Laws, we get

I:EA and 11=§A
33 33

10Q 10Q

10Q 100

AAAA |I

vyyy I

Hence, the correct answer is (C).

34. The 10 uF capacitor is connected across the 20 Q
resistor of figure (see question)
. 500
P.D. across 20 Q resistor =20x [, = 33 Vv

So, charge on 10 uF capacitor is given by



35.

36.
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500 ] 5000
- jJC =
33 33

The 5 uF capacitor is connected in parallel to the
20 Q resistor hence charge on the 5 4F capacitor, is

5% 500 2500
| 220 | uc=222 C
% ( 33 )‘u 3 F

Hence, the correct answer is (C).

qm:(le

Immediately after closing switch S; the capacitor C;
short-circuits the part of circuit to the right of it. So, the
current will flow through the loop ABGHA only, with
a value

V12
R 100

Hence, the correct answer is (C).

I, =1(t=0)= =012 A

Long time after closing the switches the capacitors do

not allow the current to pass through them. So, the

current will now flow in the loop ABCFGHA (with

no capacitor in the branch BG). So, at t — eo, the net

resistance offered to the flow of current is given by

Req =100+50+150 =300 Q

= I=I(E>e)=— == =004 A

R, 300

Hence, the correct answer is (B).

37. C, is connected across points B and G. We traverse

38.

39.

the circuit along BAHGB and apply KVL,
we have

Vg +1001 -12-V; =0
Vy -V =12-1001 =12-(100)(0.04) =8 V

Final voltage across C; is 8 V
Hence, the correct answer is (D).

Capacitor C, is connected across the 150 Q resistor,
hence voltage across C, is

V,=(150)(0.04)=6 V

Hence, the correct answer is (C).
When switch S, is opened, the loop CDEF is a dis-
charging CR circuit. The charge as function of time is

Q= Qof_{é]

> Q=(C2><6)e_(é}
dQ

Current | = —=
dt

{ Q =GV, = E'Cz}

o, %)
RC,

[=-

1

Hints and Explanations H.269

C D
50 Q == C, =50 4F
F E
t
= I_—ée{R_CE]
_t
= 1=,i€ (50x10® )(150)
150 m
st o
= I=-0.04e 3 L
-
= I=0.04exp(%) o
5 <
Hence, the correct answer is (C). I
v
Matrix Match/Column Match Type Questions
A-(q)
B—(s)
C—(p)
D—(r)
A= (s)
B—(q)
C-(q
D—(p)
/ /
Since R=% or Rmz
/ / /
R :Ry:Ry=|— || — | :| —
oo [Al (AJZ(AL
111
Ri:Ry,:Ry=—:—:=—=1:1:6
= Mt 223

Hence (A) — (s)
As V is constant so

locl and Pocl,so Pecl
R R

2 2 1
Hence, I : I, : [; =P : B : Py =| — [:| = || =
P (1)(1)(3]

= 11:I2213=6:6:]

So (B) = (g), (C) = (g)

Since wires are of same material, so
pripyipy=1:1:1

Hence (D) — (p)

A-(q1s)
B—(qs)
C—(p,s)
D—(p,s)
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Since,
7=4,(1-¢7)
So, the charging current is
d
1294 _ 14 ,~/RC
dt R
o =Y e _ R
R
At t=0, we get
vV
I = ICI = E

Hence current is maximum and capacitor acts as a
short circuit.

So, (A) —(q,1,5)

The decay charge is given by

-t/RC

1= o€
Hence, the discharging current is

=-91_ I,e™*¢
dt
= I=Le "%

at t =0, we have
=1, =% (maximum)

Hence, (B) - (q, s)
Now, when the capacitor is fully charged, energy
stored is

U=2cv?
2
2
= U= %C[Vo(lfe_”m)]

= U= %CV&(l—e”’lRC y

Hence, U is an exponential function of t
S0, (C) = (p,s)
Energy dissipated as heat is

dH = I*Rdt

= jdH = J(roe‘ff'RC )\ Rat
0

= H=lcv
2
Hence, (D) - (p, s)

(@
(s)
)

A—
B—
C—
D —(s)
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Let potential of point ¢ is V volts. Then,

L,+1,+I,+I,=0

= (TS

= V=4V

Now current through any wire can be obtained by the
equation,
=4
R

A-(q)
B—(q)
C—(s)
D—(r)
For series combination

R,=R,R,=2rand E ,=2E

Acc to Maximum Power Transfer Theorem
R=2r
4F? 4F*  F* p?
P=| ——— |R=—R=—=—
(R+2r)

4R R
For parallel combination

Enet =E, R =R, Ry ==

2
Acc to Maximum Power Transfer Theorem,
Rext = Rint
r E
|_
r E
}_
R
- R=_
2
= r=2R
2 2
Nowpzﬂizh(ﬁ_z)g
( r ) 4R
R+~
2
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- (p)
- (p)
- (p)
D—>(p)
iy =1, or i is same at both sections.
A <A,

i1
A) C t density = — e —
(A) Current density A5
Resistance _pP 1

© =1=72

length

(D) and (B) E or potential difference per unit length
=(i) (Resistance per unit length)
PD. . 1
=P (,)( E) o —
/ A) A

—(q)
(r)
(t)
D—(p)
As 3Q and 7 Q are in series across 6 V and in series
potential divides in proportion to resistance

So, V, ~v, = XV _3x6_18_, 4y
(R+S) 3+7 10
Hence (A) — (q)
X(V) 2x6
Similarly, V, - Vy=——="—=
Ay AT T (xry) T 244

Hence (B) — (r)

Energy stored in the capacitor will be zero if Vy =V,
So for condition of a balanced wheatstone bridge, we
have

2.3
Y 7

= Y=§Q
3
So(C) = (b)

Also, in steady state no current flows through the
branch containing the capacitor. Hence (D) — (p)

10.

11.

Hints and Explanations H.271

Resistance of bulbs A and B are

P
V2
and R;=-2
p
R, _ V2

When the bulbs are connected in series, current
through them will be same. Hence, potential differ-
ence across them will be proportional to their resis-
tances. Therefore, ratio of potential difference across
them will be equal to ratio of their resistances, K, : Ry
whichis V3 :V;

So, (A) = (p, q)
Power consumed will be

P, =I’R,

CHAPTER 3

and Py =I"R,
Pr_Ry_Vi
B Ry V;

Hence, (B) — (p, q)

If bulbs are connected in parallel, then
LRy =13Rg

L_R Vs
I, R, V?

S0, (C) = (r,5)

and power consumed is given by

VZ
Py _Ry _Ry Vi
B, V2 Ry V
Ry
Hence, (D) = (1, s)
= (s)
B — (1)
C—(p)
D-(q)
= (s)
B —(r)
C—(s)
D—(r)
_ 41 1A (anti-clockwise)
1+1+1

(A) V,=E-ir=4-1x1=3V
(B) Vy=E+ir=1+1x1=2V
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Q) [Py|=Ei-ifr=(4xD-(1(1)=3 W
(D) |Py|=Ei+i*r=(1)(1)+(1*(1)=2W
A—(s)
B-(q)

C—(n)
D - (p)

Symmetry of circuit shows that e and f are at same
potential and ¢ and & are another same potential. So,
this circuit can be redrawn as shown.

AAAA
¥y

Equivalent resistance in the middle line between e and
his

E+R+E=2R
2 2

The total equivalent resistance between e and h is R’
such that

1 1 1 1
—_————t—
R R R 2R
r=2

5

The equivalent resistance between a and b along path
aeb

R 2R R 7R
—t et =
2 5 2 5
The total equivalent resistance between a and b is the

resistance of R and % in parallel.

7R 7R’
Rx— — 7R
- Ry=— 5 -5 _"R
R+B 12R 12

5 5

13.

7R
R,=>
ab 12
So, (A) = (s)

Resistance between b and ¢ can be calculated as
shown. Due to symmetry condition, network can be
folded along the line be. The circuit looks like

Finally it becomes balanced wheatsone bridge, so
R
resistance of 5 between g and e can be neglected.

Equivalent resistance between b and c is the parallel
combination of R and 3R

g,h
R/2 R/2
b 2RI c
3R/2 3R/2
e, f
Rx3R 3R
SO, Rbc = X 3 = 3—
4R 4
So (B)—(q)
L 5R
Similarly, we can get R, = i
So, (C) = (r)
when ¢ and h an shorted, R, =0
So, (D) = (p)
A—(q)
B—(p)
C—()
D—(s)
Apply Kirchhoff’s Law

v=ai12+1 24=v
2 T4



(]
12V
b ;} c
+q —-q
2uF — —— 4uF
-q
a :} d
24V
3
—q=12
4‘f
= g=16puC
Vﬂ‘l'E:Vb
2

= V,-V,=-8V
Similarly V, -V, =-4V

Work done by cell 12 Vis -12x16 =192 uJ
Work done by cell 24 Vis 24 x16 = 384 uJ

Integer/Numerical Answer Type Questions

1. Since, I =ngAv, ,where n is the number of charge car-
riers per unit volume, and is identical to the number of
atoms per unit volume. We assume a contribution of
1 free electron per atom in the relationship above. For
aluminium, which has a molar mass of 27, we know
that Avogadro’s number of atoms, N ,, has a mass of
27 g . Thus, the mass per atom is

vy 7

_ -23 -1
NA —W—449X10 gatom

2.7 gem™

_ density of aluminium _
449107 gatom™

Thus, n

mass per atom
= n=6.02x10" atomscm ™ =6.02x 10 atomsm ™

Therefore,
I 5A

[
= 0,=13x10" ms"
= ©,=130x10"° ms™ =130 ums™

2. R=R. +R,=R[1+0,(T-T))]+R,[1+a,(T-T;)]
0=Re.(T-T))+R,0,(T-Tp)

o
= R =-R,—
e

So, R=R.+R,=-R, 2L +R,
(44

-1
= R,,:R[1—ﬂ]

aC

ngA (602x10% m?)(1.6x10" C)(4x10° m?)
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1
(0.4x103 °C!) ]
(05%1073 °C?)
= R, =550Q and R. = 4440 Q

= R,=10 kQ|:1

The drift velocity is I =nqu,A =nqu, (nr?)

I 1000 A
I 28 3 19 2\ -
A 8.49x10% m > (1.6x10 C)r(10° m) 2
= 7;=2.34x107 ms™ I"|_'|
X A

Since v=—
f T

3

p=t o A0ATm g 108527y o

v 234%107 ms™

R=R)[1+a(T-T)]

1[ R 1[1
= T=Ty+—|—-1 =T0+—[ 0—1]
o Ry ol I

In this case, [ = L
10

o T=Ty+(9)=20°4 2020 °C

o 0.00450 °C™*
Label the currents in the branches as shown in the first
figure. Reduce the circuit by combining the two paral-
lel resistors as shown in the second figure, we get the
resistance in the middle branch as (1.71) R.

R . 2R R . 2R

Fig.. (b)

Apply Kirchhoff’s Loop Rule to both loops in figure (b)
to obtain

(271R)I; +(1.71R) 1, = 250
and (1.71R)I, +(3.71R)I, =500

With R=1000Q, simultaneous solution of these
equations yields
11 = 10 mA

and I, =130 mA
From figure (b), V.-V, = (L +1,)(1.71R)=240 V
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Vo=V, _ 240V _ 60
4R 4000 Q
Finally, Applying Kirchhoff’s Point Rule at point 4 in
figure (a) gives :
[=1,-1;=60 mA-10 mA =+50 mA,

= [=50mA from point a to point e.

Thus, from figure (a), I, =

6. Name the currents as shown in the figure. Then
Iy +1, +1, =I,. Loop equations are
Loop abgha
Loop befgb
Loop cfedc

801, +40+ 36020, =0
4360201, ~ 701, +80 =0

I

al b c
> h

iy

8oV

v 360 V
200 Q § '3

80Qz20Q370Q

h g f e

Eliminate I3 by substitution
400 -100I, - 201, = 200, = 0
440 - 201, - 201, =901, =0
. 3502701, =201, =0
Eliminate I, -
4:30 _7011 _9014 = 0
Eliminate [, =17.5-13.5]; to obtain
430701, =1575+1215I, =0
I =;—3=1Aupward in 200 Q

Now I =4 A upward in 70 Q
I, =3 A upward in 80 Q
I, =8 A downward in 20 Q
and for the 200 Q, AV =IR=(1A)(200 Q)=200 V

7. AVy =L +1)(L-1,)
AV =L+ (DL +(6)L -1 +1,)

oAQ L -1

f—’1+!2

AV = (3)(I-1;)+(5)(I-1, +1,)
Let I=1A, I,=x, and I, =y

10.

Then, the three equations become
AV =2x-y,

= y=2x-AV,
AV, =-4x+6y+5

= AV, =8-8x+5y

Substituting the first into the last two gives
7AV, =8x+5

= 6AV,=2x+8

Solving these simultaneously yields AV,, = % \%

27
AV, 17
Then, R, =—t =17 _
I 1A
= Ry=2a-1+2
17 17
= x=10

(@) RC=(1x10°Q)(5x10° F)=5s
(b) Q=CE=(5x10"C)(30 V)=150 uC

© I(t):j'ie_f‘t_‘::(

30 ) o -10
1x10° | < (1x10°)(5x107)

=406 uA =4 uA

=5 —=1-¢ KC
Q
_09
= 06=1-¢ RC
_09
= ¢ R =1-06=04
0.9
= -—=log,(04)
RC gs
o RC=—2  _(oms=1s
log, (0.4)

The potential difference across the capacitor

t
AV(t)=AVmax(lfe RC)

—(3s)
= 4V=(10 V)[]_—E[R(mxm_ﬁ SQ_I)]]

_(3x10° @)
Therefore, 0.4=1-¢ R

_(3x10° )
= ¢ R

=06
Taking the natural logarithm of both sides,



3x10° Q

=log,(0.6)

3x10° Q

- =+ 5.87x10° Q =587 kQ
log, (0.6)

11. Let the two resistances be x and y.

Then,&:x+y:%:&w;=9ﬂ
" (5A)
X y
—AMA—A—s
X
_}V\I\A‘_
_I\MA,_
y
y=9Q-x
P W
= RP= Xy :—5: 50 2:29
x+y I" (5A)
x(9Q-x) _9Q
r+(9Q-x)
2 -9x+18=0

Factoring the second equation, (x—6)(x-3)=0
= x=6Q

= x=3Q

Then, y=9 Q-x gives y=3 Q

= y=68

The two resistances are found to be 6 €2 and 3 Q

12. (a) First determine the resistance of each light bulb:

2
»_(4V)
R
2 2
R- (av)” _(120V) -0 0
P 60 W

T R

We obtain the equivalent resistance R, of the net-
work of light bulbs by identifying series and parallel
equivalent resistances

1

Reg=Ri+ =240 2+120 Q = 360 Q

Hints and Explanations H.275

The total power dissipated in the 360 Q is

2 2
po AV _(20V) o
Req 360 Q
The current through the network is given by

2
P=I"R,

o = |2 AW T,
R, V360Q 3

The potential difference across R is

AVI:IRlz(%A} (240Q)=80V

The potential difference AV,; across the parallel
combination of R, and R; is

AV23=1R23=(§A][%]=4UV
_+_

240 Q 240 Q

CHAPTER 3

With the switch closed, current exists in a simple
series circuit as shown. The capacitors carry no
current. For R, we have

P=I’R,
P 24 VA
= I=\/R:= V=18.5mA
2 {\[7000 —
A
/
Cy=3uF
! 1=9H
R1=4kQ——|—

Ry=TkQ L
—‘LCQ:B,uF

The potential difference across R, and C, is

AV = IR, =(1.85x1072 A)(4000 %) =741V
The charge on C; is

Q,=C, AV =(3x10% CV)(74.1V) =222 uC
The potential difference across R, and C, is

AV =R, =(1.85x107 A)(7000 Q) =130 V
The charge on C; is

=G, AV=(6><10‘6 %) (130 V) =778 uC
The battery emf is given by

IRy =I(R;+R,)

= IR, =1.85x107(4000+7000) = 204 V
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(b)

14. (a)

(©

In equilibrium, after the switch has been opened
for a long time, no current can flow in the circuit.
The potential difference across each resistor
is zero. The full 204V appears across both
capacitors. The new charge C, is

Q;=C, AV=(6x10"° CV™)(204 V)=1222 uC

Cyp=6uF

Change in the value of charge on Q, is given by
AQy =5 -Q, =1222 uC-778 uC =444 uC

After steady state conditions have been reached,
there is no DC current through the capacitor
Thus, for Ry, we have I =0 (steady state)

12 kQ
-—'vwv—ﬁ
C==104F

15kQ 3 R, Ry3 3 kQ

For the other two resistors, the steady state cur-
rent is simply determined by the 9 V emf across
the 12 kQ and 15 kQ resistors in series

For R, and R,, we have
E 9V
R +R, (12kQ+15kQ)

I(R1+Rl]= =333 #A
(steady state)

After the transient currents have ceased, the
potential difference across C is the same as the
potential difference across R,(=IR,) because
there is no voltage drop across R; . Therefore, the
charge Q on C is

Q=C(AV)g, =C(IR,)=(10 uF)(333 nA)(15 kQ)
= Q=50uC
When the switch is opened, the branch containing
R isno longer a part of the circuit. The capacitor
discharges through (R,+R;) with a time con-

stant of
(R, +R;)C=(15kQ+3kQ)(10 uF)=0.18 s

The initial current I; in this discharge circuit
is determined by the initial potential difference
across the capacitor applied to (R,+R;) in
series. So,

15.

16.

(AV ) _ IR,
(Ry+Ry) (Ry+Ry)

(333 pA)(15kQ)
*7 (15kQ+3kQ)
Thus, when the switch is opened, the current
through R, changes instantaneously from
333 uA (downward) to 278 uA (downward) as
shown in the graph.

0=

=278 uA

Ir(uA)

A

Switch
333 —gopem%d
|
|
278 - ——
I
1 »

Afterwards, it decays according to

EARIE (278 1A )18 (for +.0)

I=1pe
(d) The charge g on the capacitor decays from Q, to

% according to

g=0p H(Ry+Ry )C
Q 4018 5)
= QU /
= 5 - efj.‘"(].lg 5
= log,5= d
180 ms

= t=(018s)(log,5)=290 ms

Since « can vary at different temperatures, so it is
advisable to make a rough estimate

Ry,

= Al=

(190-15)
(45%107)(15)

= T=2612°C
= T=2612+273=2885K

= T-20°C= =2592 °C

Let R, and R be the respective resistances at a given
temperature. The total resistance after a charge AT
becomes

R=R,(1+0.0025 AT)+ R, (1+0.00075 AT) ...(1)
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As 0.001(°C)™" is the temperature coefficient of the
combination, we also have

R=(R,+R,)(1+0.001AT) .(2)
From equations (1) and (2), we get

R, (1+0.0025 AT) + R, (1+0.00075 AT)

= (R, +R, )(1+0.001 AT)

= R, (00015 AT) = R, (0.00025 AT)

Thus we get
5
R, = gRy -(3)
Also, R, + R, =1000 Q2 ..(4)

On solving equations (3) and (4), we get
R,=625Q and R, =375Q
The respective lengths are

L, =i>(625=6.25 km = 6250 m
100
and L =l><375=7.5 km =7500 m
Y50
The power consumed (P) in time f is given by

2
p-Au_V_
dt  R(t)

_(10Y ( ary
2x0.5

= U=(110(1-¢%) ]

According to problem,

U=7644]

1-¢% = 76442 =0.632

(110)

e =0.367

-2tlog, e =log, 0.367

2t=-1

t=05s

t =500 ms

—

U

Ly u by

Hints and Explanations H.277

18. Heat produced in a resistance R in time t is

VZ
H=Pt=—1
R

For coil 1,

VZ
H,=—(15x60) (1)
R]

For coil 2,

VZ
H,=—(30x60) ..(2)
R,

But according to given problem H,=H, =H ie,
5_3
R, R,
= R2 = 2R] cae (3)
(@) When both the coils are used in series, then
2 2
LG
(Ri+Ry) " 3R,
Butashere, H.=H,=H,=H

R,=2R,}

2 2
= V—(15><60)=V—t5
R, 3R,

= t,=(45%60)s =45 min
(b) When both the coils are used in parallel, then

v: ov? 3v?
Hp=H=| —+— |t,=| — |, {* R, =2R
! (RI RZ]P (2R1 p 1 R i

2 2

= ﬂxt =V—><(15><30)
2R, " R

= tp=(10><60)s=10min

19. Resistance of the wire at 300 K is
RO:p_L:p_LZZ:rle[]_szl:ﬁx
A mrt o gv(107)
Resistance at 900 K is
R =R)(1+at)
= R =rx102[1+7.8x10 x(900 - 300)]
= R =5687x107Q

1072 Q

The rate at which the wire radiates energy is
W =P=1I°R, = 5687 x 107 I* watt (1)

The rate at which a black body radiates energy is given
by Stefan’s Law

W=0A, (T*-T})
where A = surface area of the wire = (27r)L,
T=900K,T,=300K and 6=568x10"° Wm~K™

CHAPTER 3




ICON

H.278 JEE Advanced Physics: Electrostatics and Current Electricity

20.

Thus W=568x10"x(22x107 ) x1[ (900)* - (300)* ]
= W=>5.68x12.96 r watt ..(2)
Equating (1) and (2), we get

568 Tx1072 x> =5.68%12.96 7
= [*=129%
= [=36A

(a) Since, a capacitor is an open circuit to DC in steady
state. The effective circuit through which current
will pass initially after closing switch S; is shown.
When steady state is reached the capacitor will not
allow current. Thus there is no current from bat-
tery and hence the reading of voltmeter is zero.

3 uF

(R

20Q

4

(b) Without current the resistors act as conducting
wires, Hence potential difference across capacitor
is12V.

Charge on capacitor, 3 yF, is

Q=(3x12)uC =36 uC

(c) When all the switches are closed, the branch
containing capacitor will not allow current after
steady state is reached. The equivalent circuit
from point of view of current is redrawn. Let the
current in the single loop circuit be I. We begin
at left lower corner and traverse the circuit anti-
clockwise while applying KVL. We get

-200+20-121-12=0

= 1‘:i
32
= I:lA
4
12 Q | 20V
a = b
12V
d 20Q

In the steady state power is consumed only in 12 Q
and 20 Q resistors. All the resistors in a single loop
circuit are in series, thus power consumed is

P=I’R,_= 1 2(32)—2W
=I'Rg=| -

(d)The capacitor is connected between points ¢ and

21. (a)

d. In order to determine the potential difference
across it we begin at point ¢ and traverse along
any path to d, to get

V.-120-12=V,
V.-V, =12+12=3+12=15V
Charge on 2 pF capacitor = (15)x2=30 uC

If there are N resistors of resistance R each, con-
nected in parallel, the net effective R, of such a
combination is given by

1 1 1
—=—+—+...N terms
R, R R
= RE=5
N

Now, this combination is connected to a source of
emf E and internal resistance r. Hence current in
the main circuit would be
E
r+R,

This current will be equally divided between all
the N resistors (so that potential drop across
each resistor is same). Hence power generated in
any single resistor will be

2 2 2
(et
NZ(HE]
N

(200)*(300)  (200)*(300)
= P= =

(200)2(05+@]2_ (200)°(2)°
~ 200

P=R=75W

In the next stage, one of the bulb burns out, ie.,
now only (N-1) resistors are left out. Power
generated by any single resistor can be obtained
by just replacing N by (N -1) in the previous
equation. So, we get

, F R E’R

The relative change f, by definition, is given by

p-p
f:
L po| NeRE
(r(N=1)+R)’
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= f:;_]_

) 2
[-3)
rN+R

Now, (Nr+R)>r, since there are many bulbs

(N =200). Hence, we can approximate,

r = 2r
) (52
rN+R rN+R

Substituting r=05Q, R=300Q and N =200, we
get

f- 2(0.5)
~(05)(200)+300 400

= 10000f =25

=0.0025

22. Suppose, we insert the battery with 2 Q resistance.
Then we can take 2 Q as the internal resistance (r) of
the battery and combined resistance of the other two
as the external resistance (R). The circuit in that case
shown in figure.

2
Now power, P= ——
R+r

This power will be minimum where (R+7) is maxi-
mum and we observe that (R+r) will be maximum
only when the battery is inserted with 6 € resistance
as shown in figure.

I /

11V

Net resistance in this case is

R =642 2
4 2+4 3

=1L 154
2273

This current will be distributed in 2 Q and 4 Q in the
inverse ratio of their resistances.

I, 4
d-"=9
I, 2

23.

24,

Hints and Explanations H.279

Applying Kirchhoff’s Junction Law at E current in
wire DE is 8 A from D to E. Now further applying
Junction Law at D. The current in 3 Q resistance will
be 3 A towards D.

19 12Vh 20 E4QZA

2
¢S [on BA [oa
30 6Q

Power dissipated in 3 Q resistance
=I'R=(3)"(3)=27 W

For path CDEB , we have
Ve—(5)(1)+12-(8)(2)-3-(4)(2) =

= Ve-V3=5-12+16+3+8

= Ve-V=20V

CHAPTER 3

Let R, =resistance of ammeter and R, =combined
resistance of ammeter and voltmeter
In the first case, current in the circuit is given by
6
I=— (1)
Ry

and voltage across voltmeter is given by

6V

V =6 —(voltage across ammeter )

= V=6-IR
= V=6f% .(2)
Ry

In the second case reading of ammeter becomes two
times, i.e., the total resistance becomes half whereas
the resistance of ammeter remains unchanged. Hence,

12
p=t 12 .03
Ryj2 Ry
and V'=6-(I)R,
o vroe- 2R ()
R,

Further, it is given that V'= —
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JIRy 5 3R
Ry Ry

R 1

R, 3

Substituting this value in equation (4), we have

V’=6—(12)(%]

= V=2V

25. Let E be the emf of the battery
In the first case let I be the current in the circuit, then

E=I(R +R,) (1)
In the second case main current increases three times

while current through voltmeter will reduce to é

I 8
Hence, the remaining 3/ -—=— passes through R
as shown in figure. 3

r'y
h
A

v/ 4 v3l A

I 81
Ve-Vp=| = [Ri=| — IR
© " (3]1 [3]
= R,=8R=8(3Q)=240Q
Applying Kirchhoff’s Second Law in loop ABFGA,

E=31(R2)+[§)(R1)=1(3R2+%) (2)

From equations (1) and (2),

R1+R2=3R2+%
= 2R2=&
3
3

= R2=%=§(3Q)=SQ

26. The voltage supplied by the charging plant is here con-
stant which is equal to,

V=E+Ir=(90)+(10)(2)

V=110V

Let I, be the current at the end of charging process.
Then,

V=Ef+1fr

_V-E; 110-100
r 2
= I[;=5A

27. Let us represent the central junction of wires in the
form of two junctions connected by the wire 5-6 as
shown in figure. Then it follows from symmetry that
there is no current through this wire. Therefore, the
central junction can be removed from the initial circuit.
Further,

Ry =Ri3=Ry=Ryy =7

al‘ld RIS =R25 =R36 =R4~5 =L

2
3 4 3 4
6 N 6
5 5
1 21 2

W\

Let V be the voltage between 1 and 2. Then the
amount of heat liberated in conductor 1-2.

V2
Hy=— (1)
' Vv
Current through 3-4, I;_, = ——

r(v2+3)
v
r(V2+3)
h:(ﬁ+3)2:11+6\/§

3-4

2
= Hy,=Lyr=

Comparing with 11x+yv/2x, we get x=1, y=6
28. (a) When theswitchisopen,no current flows through
the branch that contains R; and R,. Hence

E=250V

Iy
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250 1

10000 40
According to Ohm's Law

Vi =i(6000)=150 V and
40

V, =(250-150) V=100 V

(b) When the switch is closed the equivalent circuit is

shown.
E=250V
L
HY

Since we observe that V; and R, are in parallel
and V, and R, are in parallel and both in series
and also simultaneously we have

Ri(Ry,) Ry(Ry,)
R +R, Ry+Ry

=24kQ

Hence the potential of 250 V must be equally
divided. So, reading of both the voltmeters is

V=V,=L-15v
2

29. Let N be the total number of cells required to be
grouped in m rows, each row carrying n cells, then
N =mn
nk mnE NE

We have, [ = = =
R+ mR+nr  mR+nr

m

2N

Sm+ 05N

= 8=
m

= 20m>+2N=Nm (D)

For least value of N, d—N =0,

dm
Differentiating equation (1), we have

4Om+2d—N=md—N+N
dm dm

—
=)
—_

= N=40m { d—N=U}
dm
But N=mn

—
[*5)
=

Solving equations (1), (2) and (3), we get
n=40 and m=4
= N=mn=160

Hints and Explanations H.281

30. Before connecting B with D and C with E,

31

32.

33.

R4 =5R=5(2Q)=10Q

After connecting B with D and C with E, a bal-
anced Wheatstone bridge is formed between B and E.

So, Ry =R

and R;=3R=3(2Q)=6Q

= AR=10-6=4Q

i.e., the new resistance decreases by 4 Q

Points (A and C) and (D and B) are symmetrically
located with respect to points O and P. Hence, the
circuit can be drawn as shown in figure.

P

ry2 ry/2

BC

I3

CHAPTER 3

This is a balanced Wheatstone bridge between P and O
Hence, r; can be removed. And,
n+r
Rpo =+ 4 :

A
Here }‘1 = RPB = RPD = ﬂ

and r,=Ryp=(a)l

(2+7)ar [Zfl/:r] 64 1
Rp = = —=8Q
ro 8 8 A 247 J A
I 1
17 neA  85x10% x1.6x107 x107
= 0;,=0735x10"° ms™
= 1©,=0735 ums™
, / 10
Since, t=—= — year
v;  0.735x107° x 365X 24 x 3600
= =431 year

The equivalent circuit is as shown in figure.

40Q
AAN\'

6Q 8Q
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4Q

_6x4+8x2_
S T 640 842

424+16) _(4)4) _,

ol = 04416 d+4

vV 12
:—:—:6A
R 2

= 40Q

I

34. (a) Current in the circuit,

35.

6+12

net emf

" netresistance 1+2+3
Now, V=0V

V=12V, V; =12-1x3=9V,
Ve=12-3x3=3V
and Vp=12-3x6=-6V
V=0
= V,=12V,V=12-1x1=11,

Ve=12-3x1=9V and V,=12-6x1=6V

Let n cells be wrongly connected in the battery. Let
e.m.f. of each cellbe E and R be the total resistance of
the circuit

(12-n)E-nE=(12-2n)E
When the cells aid the battery, the net e.m.f. is

E =(12-2n)E+2E

So, current in circuit is

11:3:(12_21)E+2E )

When the cells oppose the battery, the net e.m.f. is
E,=(12-2n)E-2E
So, current in circuit is
(12-2n)E-2E
R
Dividing (1) by (2), we get
3 (12-2n)+2

2 (12-2n)-2

JIZ=2=

Solving, we get n=1
Hence one cell of the battery is wrongly connected.

36. Leakage current I is given by

37.

38.

KeyA
cv _( d )V

“Kpe,  Kep

_Av_ (10x107)(6)
“pd (10%)(1x107)
= I=6x10"A
So, #=6

The resistance of a layer of medium of thickness dx at
a distance x from the first plate of capacitor is

plx)dx 1 dx

A oA
Since o varies linearly with distance from the first
plate, so we have

dR =

S

0, -0y A
I
’( d ]x

Hence, total resistance R is given by
d

a=ol+(02;01)x = dR=

The current I is given by

_V_ AV(02_01)=A_V 0,0y

I= - = 7 -2 -1
R o) d o
dlog,[ 22 log,|{ %2
or (2] w2 ]
. (230x10%)(300)(2-1)x 10

(2x107)(2310g12)

= 1=5x10" A=5nA
Resistance of bulb is given by

Vg _ 100100

= =200
Ko P 500
Current in bulb is I:ﬁ=@=5A
Ry, 20

For same power dissipation in bulb, the current in
circuit must be 5 A

When bulb is in a circuit having supply voltage 220V,
the safe resistance of the circuit
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R=2-2_yo
I 5

Hence, required resistance in seties is
R=R'-R;=40-20=20Q

39. The resistance R of fuse wire of length /, cross sec-
tional area A and resistivity p is

Rt
A

Here p=22x10° Qem =22x107° Qm
A=02mm?=02x10° m?=2x10" m?
Since, Q = I’Rt (injoule)

Q=12(%€)t (1)

Again if m is mass of wire, d is its density, ¢ its specific
heat and AT, the rise of temperature, then

Q=mcAT
= Q=(Volumexdensity ) x cx(327 -20)

= Q=(Ardc)(307) .(2)

ARCHIVE: JEE MAIN

1. From Colour Code of Carbon Resistors table, we get
200 € = Red + Black + Brown
Since, Green=>5
= Green+ Black + Brown =500 Q

Hence, the correct answer is (B).

— =" M2 4™
S T
2R, R, 2R
2 4 4
2'37
= Eq=1T11
27272
5 10
~ E.=2=2_33V
Eq % 3
2

Hence, the correct answer is (D).

3. For maximum power consumption in external
resistance

Internal resistance = External resistance

Hints and Explanations H.283
From (1) and (2), we get

_ _2f Pt
(Ald)cx307 =1 (A])t

(A%d)(307)]
= ..(3)
Fp
Here density d=11.34 gem > =11.34x10° kgm?,
current [=20A, p=22x10"° Qem=22x10"° Qm

and specific heat ¢ =0.032 calg™ (°C)”"
= ¢=(0.032)(4200) Jkg(°C) ",

A=02mm’=2x10"7 m?

Substituting given values in (3), we get

CHAPTER 3

2
(2%107) x4.2%10% x 11.34 X 10° % 0.032 x 307

f=
(20)*x 22107

= +=0.0955=95x10"s =95 ms

= R=vr

Hence, the correct answer is (B).

Resistance of potentiometer wire is

R, =400x0.01
= R,=4Q
= I= 3 05A
6
Reading of voltmeter is
VAI = IRA]
=V, =05x50x0.01
= Vy=025V

Hence, the correct answer is (D).

Equivalent resistance of the given circuit is

R, =45+IUX5O=(45+@]Q=@ Q
172" 10450 6 )3
159
S 160 32
3

Hence, the correct answer is (B).
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6. At steady state, current through capacitor is zero.

ZAOB=60°="2
= VC=V] 3
12 i
where, V1=§><VD><% - RI:(%JH(E)
- R =20Q
60 2Q
and Rz—[i] (5_7r]
72V 40% 1003V, Zma) \ 3
T = R,=10Q
5x72x3 1 1 1 6
V, = =20V = =t =
159 -2 Ry 2 10 10
Si =CV,
ince O, =CV, . Reqzég

Hence, the correct answer is (A).

Hence, the correct answer is (A).

. . 10.
Between D and C, the resistance is Ry=509Q ) _0.002 A
R > —G—
Rl = g I=05A -'g
- —
and between E and C, the resistance is (0.5-19S
7R .
R2=? Since, IgRg:(O'B_Ig) 5
1 8 8 = (0.002)(50):(0.5—1'3)5
~ R, R 7R
eq S~ 0.002 x 50 ~02Q
x IR 05
64 Hence, the correct answer is (A).
Hence, the correct answer is (D). .
11. Since p=—r
_ ne’r
V=1,(R+R,) )
9.1x10"
= V=4x10"[5050] = p= x10 > Qm
L VeV 85x10% x(1.6x10%°) x25x10°°
Hence, the correct answer is (B). p= _ 9 % 10(-59+53)
8.5x2.56%25
/
Ro=p7 =30 = p=167x10°Qm
When wire is stretched to twice its original length, Hence, the correct answer is (D).
then 12. mR(T)=a-2-~
R =R, b T
) a, b are constant
= R=(2)(3)=12Q X
. . Ty
We have to find resistance between A and B. = R(T)=Rype 2
Hence, the correct answer is (B).
13 I,=10" A, R=2x10°Q

and V =5volt
Since V=IS(R+G)
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15.

16.
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= 5=10"(2x10°+G)
— G= NEGATIVE

Which is NOT POSSIBLE.
Data Contradictory.
*No given option is correct.

For the given circuit, it is given that
15Q

VAB=2V
2 2 1
=—4—=—
15 10 3

Also [(2r+2)=15+15-V,;

= 2r+2=(3-2)3
1

= r=-Q
2

Hence, the correct answer is (A).

R__ ¢

X 100-¢

X=R(100—ﬁ)

/

For1, X = 00x40 _2000 (o700
60 3

For2, X = 0087 8700 o9
13 13

For3, X = 0X%85 _1970 ¢ _se
15

Ford, X=% _g9

Clearly, we can see that the value of X calculated in
CASE-4 is inconsistent with the other values.
Hence, the correct answer is (D).

Mobility is = de

. E E
and resistivity p=—=—
jooi
5 p=l
p
11x10° xzx(5x107)
5x17x107

17.

18.

19.

Hints and Explanations H.285

= u=10m’v's’!

Hence, the correct answer is (D).

Resistance of infinitesimal element is given by

dR= P
dnx
= R-= de

- 2]
dm)\a b
Hence, the correct answer is (A).

Ry =2R+R+4R+R=8R

2
Since, P=—
eq

1l6x16 _ 1 watt

= R=8Q

Hence, the correct answer is (A).
For R,
Since I, =10~ Amp
= 107°(R;+100)=2V
= R, =1900 Q
For R,,

107 (R, + R, +100)=10 V
= R;+R,+100=10000
= R, =8000Q
For R,,

107 (R, +R, +Ry +100)=20 V
= R +R, +R;+100=20x1000
= R;=10000 Q

Hence, the correct answer is (A).

CHAPTER 3




20.

21.

22,

23.

24,

v ER
R+r

For R—, V=E=15V
For R=0, I=£=1
r

= r=15Q

Hence, the correct answer is (A).

V=1I,(Ry+G)=Gly
Also, (Ip-I, )R, =1G

From (1), we get

From (2), we get
[,G

AT -1

g
= R,R, =G

R I, YV
o R [ &
Re (Io-1,

Hence, the correct answer is (A).

Since A/ = Constant
and R= ,oi
A
AR _Af AA
A

=¥=2><0.5%

—

~| &

AR
= —%=1%
R

Hence, the correct answer is (D).

RV O 5§
VLol
2 7 3 £10%

= R=27x10°+10%

Hence, the correct answer is (C).

Applying Kirchhoff’s Loop Law, we get

20_211 _2(11 +fz)=0
= 20-2i, =10 4i,
Also, 10-4i, -2(i, +1,)=0

10-2i;
4

=12
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26.

27.

From (1) and (2), we get
20 =20, + 24 + 20y

= 20=4i+5-i

= 3i=15

= i=5and i,=0

= Q=i+, =5A

Hence, the correct answer is (B).

I

v, =—
i
neA

15
(9%10%)(1.6x10)(5x10°%)

= v,=208x10" ms™

= 7;=002mms™

Hence, the correct answer is (A).

G O Y Golden

Since G=5, 0=3, Y=4 and Golden =5%
= R=53x10"+5%

= R=(530kQ*5%)

Hence, the correct answer is (D).

1,100Q 500 Q

Since voltmeter is ideal, so

%
11=—=i=0.01A
R, 500

= VB—VC:60011=6V
Since V, -V-=18V
= (Vy-Vp)+(Vp-V)=18V

= V,-V,=12V
12
SO, 11+I2 :_:003 A
400

= [,=003-001=002 A

Ry= -2 =300 0
0.02

Hence, the correct answer is (D).
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1) P

28.

-10V -10V -0V

Ri2200Q Rg 200
h
—

10V 4gy OV 10V—10V

The potentials of various points is shown in figure

after assigning 0 V potential to the junction. So,

32. From colour code table, we get
R(O,R,B)=320 Q

—(-1 1
=0 1 054 and
202 Since R, =80 Q
12=#é‘10)=0;\ R =400
For a Balanced Wheatstone Bridge, we have
Hence, the correct answer is (C). R R
MoK
29. G B R Br R, R,
Resistance =50x10%+1% R, = 320 x40
) 80
P=I"R
, = Ry=160Q=16x10'Q
= 2=(5000)1
1 So, colour for R, is Brown, Blue, Brown
= ——=] i
10000 Hence, the correct answer is (D).
5 =X B R=o
= [=20mA . , 95
Since, R'= 0 x30=2850Q
Hence, the correct answer is (A).
30R,
30 1236 _, = BTk
COM T 046 Y
Hence, the correct answer is (A). = 85+285Ry =30k
£ £ = R, = @
31. For no deflection, I = =— V715
r+12r 13r
= R, =570Q
= Vy=IR —(i)lzr—E :
4p =148 ={ 737 “1ar Hence, the correct answer is (A).

12
So, 1—; potential is developed across L

34, I’R=44 watt

44
- 6
1 unit potential is developed across e~ BL 4x10
( _8) 12¢ Since B yiipateq) at voltage V' is 11 volt
13 ]
So, potential of g is developed VZ 11x11x4x10°°
= e
across a length given by R 44
6
) _(ﬁ)f P=11><11><4><10 x10
A 12e )2 “

13L
RS

Hence, the correct answer is (D).

= P=11x10" watt

= P=11x10" watt
Hence, the correct answer is (A).
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35.

36.

37.

38.

ICON

H.288 JEE Advanced Physics: Electrostatics and Current Electricity

When in series, Ps = RiLN
P +P,

=60 W

Since P, =P, =P
P
= PS = E
= P=120 watt
When in parallel,
Pp=2P=2x120=240 W

Hence, the correct answer is (D).

r_Q
R X
P
.2 (1)
400 X
On interchanging P and Q, we have
Q_P
405 X
= P= QX
405
Substitute in (1), we get
_&x Q
400x405 X
= X =+400x405
= X=4025Q

Hence, the correct answer is (C).

Atnull point, E=V,; = IRy,

where [ = ( Ry

Ryp+Ry ]
Since AB is uniform wire, so if A is resistance per unit
length of AB, then R, =44

o 51:0.5:(ﬁ](4,1)

6
Also, E, =| — |(44)
o [ 4+6 )

E_6

0.5 10
Hence, the correct answer is (C).
Full scale deflection current is

IS =30x0.005=0.15 A
Since y=1,(G+R)

= 15=0.15(20+R)

39.

40.

41.

= R=80Q

Hence, the correct answer is (C).

Since S =3

= Eg=2V
Hence, the correct answer is (C).

For Condition of Balance, we have

R, 40 2
R_4_2 (1)
R, 60 3
R, +1
Now, D10 )
R,

From (1) and (2), we get
R, 2
R +10 3

= R =20Qand R,=30Q

Let resistance to be connected in parallel to
R, +10 ie, 30 Q be R,

then for balance point to shift to the initial situation,
we have

30R
30+R _40
30 60
. 30><R=2O
304R
= 30R=600+20R
= R=60Q

Hence, the correct answer is (A).

Since deflection 6 is proportional to i, so

Qoci
Let R =R
1%
= = =k (1
17 20+R M
1%
iy = 5xRxR55=kx9—; (2)
20+ 202 RY
5+R



From (1) and (2), we get

25 1
220x(5+R)+5R  (220+R)

1 1
45R+220 5x(220+R)
= R=20

Hence, the correct answer is (A).

dR K

PN

42, Since —

dr

:JdRKJ_

= R=2K’
R__2&kJ1 1
R 2k(1-41) 1-v¢
Since R=R’

i _
e

= 2Jr=1

= ﬂ=1=0.25m
4

Hence, the correct answer is (C).

43. V,=5x107

5 10
Ry=-x—=05Q
41777700
1%
= i=--102A
4V R 4V R
F—\WW— —\WW\W—
AMAV
A 50 B A _ J B
cm

Since, i= 4 107
R+5

= R+5=400Q
= R=395Q

Hence, the correct answer is (D).

ICON
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1
P 25 100
25 W 100 W

N

20V

= P=20W

Since Power o< R

= P=4W

Hence, the correct answer is (D).

CHAPTER 3

45, 1‘&,:25><4><10*4

= 1,=107 A

Since V = IS(R+50)

= R=200Q

Hence, the correct answer is (C).

46. AtJunction S, we have

=11+

= I,=I;+04

= 08-04=1;

= I,=04A

At Junction R, we have
L+L =1,

= -03+,=08

= L=11A

At Junction Q, we have
L+, =1+1,

= 04+[,=-03+11

= I, =04A

Hence, the correct answer is (A).

47. Equivalent e.m.f. of parallel batteries
BB 1o

n o n_1 2 37
1 17 =3V

n on 1

E= 1
2



48.
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Equivalent resistance of parallel batteries,
13V 37/3V

1Q 2/3Q
l—JV‘N\r—
12V 20
= i
10Q 10Q
. _2)(1_%
241 3

Now, its equivalent circuit is as drawn.

37

. 7
Current in the circuit, i = —> 37
2

10+ (

—
2
(RS ]

Voltage across the load,
Vioo =ix10=£x10=@=11.56 \%
32 32

Hence, the correct answer is (B).

Let R, (leftslot)and R, (right slot) be two resistances
in two slots of a meter bridge.
Initially / be the balancing length

R 4
Then, = = (1
R, (100-¢) o
Also, R; + R, =1000 Q (2)

On interchanging the resistances, balancing length
becomes (/-10), so

R, 7-10 (-10

R, 100-(/-10) 110/

100-¢ £-10
{110/

= 11000+ /% =210/ = /* -10¢

= 200/ =11000

= [(=55cm

=

(From equation (1))

From equation (1), we get
k_»
R, 45

_5

R

2

= R = %(1000 -R ) (From equation (2))

55 55

= R1+—R1=1UOUX—
45 45

= 100R, =1000 55

= R;=550Q
Hence, the correct answer is (C).

49. For a balanced meter bridge
Y(39.5)=X(100-39.5)

125x395
605

=8.16 Q

When X and Y areinterchangedso ¢, and (100-/,)

will also interchange and hence /, = 60.5 cm.
Hence, the correct answer is (B).

50.

R,;=R+R=2R

Hence, the correct answer is (A).

2
51. Rate of heat developed, P = %

For a given V , we have

pol_A_m’
R pt  pt

p (),
i
2 2 1

4
Since it is given that, /, = ?] and r, =2n,

L1 1.1
P, 42 8

Hence, the correct answer is (A).

52. Current flowing through copper rod is given by

I =neAv,; = pAv, { p=
1
v = p_A
Time taken by charges to travel distanced d is
d_d _pAd

j=—=——-—=
o, (I I
pA

Hence, the correct answer is (A).

ne}
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53. Equivalent circuit is shown in figure. Charging of
capacitor is given by

E R
t

q = Qmax ( 1 —-€ RC«; ) ’ Where qmax = quE

t
= q:CEqE(lt’ RCm ]

Both capacitors will have same charge as they are con-
nected in series.
Hence, the correct answer is (A).

54. Resistance of element at 500 °C is

Volt lied 22
R = oltage applie =—0=11[}Q
Current 2

Since Ry = Ry(1+aAT)
= 110=100(1+ax500)

10
f=—=
100 x 500

Hence, the correct answer is (B).

2x107* eC!

55. In steady state, flow of current through capacitor will

be zero.
E r
1+ C I
A
g
I= E
r+r
Er
r+rn,
1§
= qC=CVC=CEr+r
2

Hence, the correct answer is (C).

56. Using Nodal Analysis method, we observe that the
potential difference across each resistor is zero.

57.

58.

59.

Hints and Explanations H.291

6V , 4V , 2V | 0V
ov | 2v | a2v
19% 1Q 1Q
oav 1 2v 2V

6V k 4V A 2V A oV

So, no current will flow through each resistor.
Hence, the correct answer is (D).

In a balanced Wheatstone bridge, the null point

remains unchanged even if cell and galvanometer are 2
interchanged.
. b
Hence, the correct answer is (B). =
Let equivalent resistance of the infinite network be x . %
Then, equivalent resistance between points A and B T
isalso x .
V
1Q
A
X
B r
1Q
4x
= x=—+2
d+x

= ¥’ -2x-8=0

o 2+/4-4(1)(-8) _ 24436
2 2

+
= x:gztlﬂ

(Since negative value of resistance is not accepted)
9
T4r05
So, reading of A; is 2 A.

Hence, the correct answer is (B).

2A

L

When key is plugged between 2 and 1, then
Vi =iR, =kl, (1)
where k is the potential gradient of wire PQ
When key is plugged between 3 and 1, then
Vy=i(Ry+Ry )=k, .(2)
On dividing equation (2) by equation (1), we get
R fy

R +R, 1,

R__4

:> —
R, (,-1,

Hence, the correct answer is (B).



60.

61.
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For P=4Q, /, =60 cm
P& 803
Q 100-/, 40 2

28
=—P=-0Q
0 3 3

Now, P’=P+R and (] =80 cm

L P46 8
Q 100-¢, 20

= H=4

= R=Z-4==0

Hence, the correct answer is (A).

The given three circuits are equivalent to the following
three simpler circuits.

11Q

- 1a 12| 10 T3V
10 3

Q
172 Q

WS Tav

R
H2=

P, =—=—=18 W and

P,="-=45W

R A e

= P>P>P

Hence, the correct answer is (B).

62.

63.

64.

Resistance of a wire of length / and radius r is given by
pt pl A pvV oV
R ===
A A A A oMt
1

= Roe—
-

4
o K (n
R, \n

According to the problem, we have

{- v=Ar}

R1=1OOQ, l‘1=r, I’2= ,R2=?

P | =

h

2

4
] =16R, =1600 Q

Hence, the correct answer is (D).

Cu is conductor, so with increase in temperature,
resistance will increase.

Si is semiconductor, so with increase in temperature
resistance will decrease.

Hence, the correct answer is (D).

Let the source voltage be V. Then, equivalent resis-
tance of the circuit when r = fR is

eq=R+YXR= LR _(2f+1)R
r+R f+1 (f+1)

= Current in the circuit is

_ vV _V(f+1)

Ry R(2f+1)
Current through the resistance r(= fR) is

I vV

So, heat generated per unit time in the resistor r is

2
H:Igr:V—fz
R(2f+1)

For maximum H , we have ‘;—H =0

VA1 4f 0
R[(zfﬂf (2f+1)3]
= 2f+1-4f=0
= f=%

Hence, the correct answer is (A).
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65.

66.

Here, R(T)=R;[1+a(T-T;)]

At T,=300K, R, =100 Q and

at T=500K, R=120 Q

= 120=100(1+e(200))

= 200a=§—1=1
5 5

= =107 °C"

Temperature of the toaster is raised at constant rate
from 300 K to 500 K is 30 s.

So, increment in the temperature in time f is

(500 -300) ;
30

,

AT =

AT

Total work done during this time in raising the tem-
perature is
t

- J‘Vzdt_ J V7t
CJR(E) IRy (1+0AT)
0 0
T (200 T
= w:_[ il 5 :400j7t
0100(1+10_3><—t] 0(1+—}
3 150

30

= W=4OOx]50[€n(1+LH
150/ |,

= W =6[}000[ﬂn(1+£)— Fnl]:GOOOOFn(E) ]
150 5

= W =60ﬂn(%) k]
Hence, the correct answer is (C).

0;=25x10" ms™, n=8x10% m™

Since, I =neAuv,

= V. neAv,
R

(%)

o, v
p= nev,l

<

= =neAv,

==

Substituting values, we get
p=16x10" Qm

Hence, the correct answer is (D).

67.

68.

69.

Hints and Explanations H.293

Let us redraw the circuit and assign potential at P to
be zero and that at () to be x. Then at the junction Q,
Zl5=0
x-6 x-0 x+9
31 5

(5+15+3) 9
X

=2-Z
15 5

0

= x=iV
23
6V© 9V

Or 71—

10

:

30 ® 50

o y=x=0_3 ,
1 23
= [=013A fromQtoP

Hence, the correct answer is (C).
Given, v, = JE
Since, | =neAuv,

= le+E (1)

Since E= %

= E«<V

So from (1), we get
TV

= PV

Hence, the correct answer is (C).

Current in the circuit, [ = %

N5,
16 8
Reading of the voltmeter is

10V 419
F—WW——y

1

—WW—]
15V 060
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70.

71.

72.
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V=15—%x0.6

= V=15—%=13.1V

Hence, the correct answer is (C).

2Q F D

.
2V
4Q &
% F
T
B

4V
L
v

F
20Q

i
A I
9V 3

Currentin 4 Q is zero.

Start from C and goto D (via B and E), we get
Ve-3+4-V,=0

= V.-Vy=-1V ()

Starting from A and going to C (via B), we get
Vi=9+3-V.=0

= V,-V.=6V ..(2)

Add (1) and (2), we get
V,-V,=5V

Hence, the correct answer is (C).

Total power P is given by
P =(15)(40)+(5)(100)+(5)(80)+(1)(1000)

= P =600+500+400+1000 = 2500 W

Since, P=VI

50,

© 220

= I=EA=11.3A
11

|

So, minimum capacity of main fuse of building must
be 12 A.
Hence, the correct answer is (C).

Assuming that both bulb and the heater have a rating
of 120 V, then

120 x120
bulb = = 240 Q
and Ryeper = 60 Q
6 Q
AW
Heater
120V = 60 W E<d) (240 W)
|

73.

74.

120 120
240+6 246
120 60 _120 1_24

18+6 604240 54 5 54

Decrease in voltage =240 x ( 120 %] =104V
246 54

Initial currentis i=

New currentis i =

So the nearest approximate answer is (D)

Hence, the correct answer is (D).

During discharging of a capacitor, we have V = Voe 7
where 7(=RC) is the time constant of RC circuit. At

t=1, wehave ‘V=E=[}.37V0
e

From the graph, t=0, V; =25V
= V=037x25
= V=925V

This voltage occurs at time that lies between 100 sec
and 500 sec. Hence, time constant 7 of this circuit lies
between 100 sec and 150 sec.

Hence, the correct answer is (C).

25W-220V 100 W-220V

440V

(Rated voltage)’
Rated power

Since R=

So, the resistance of 25 W-220 V bulb is

(220)
25

and resistance of 100 W-200 V bulb is

R, = Q

(220)?
R2 =
100
When these two bulbs are connected in series, the total
resistance is

1 1) (207
R. =R, +R =(220)2(—+_]=_
S 25 100)" 20
So, the current, [ =i02=£
(220 11
20

Potential difference across 25 W bulb is

2
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Potential difference across 100 W bulb is

2 (220)°
X

117 100

Thus the bulb 25 W will be fused, because it can toler-
ate only 220 V while the voltage across itis 352 V.

V,=IR, = =88V

Hence, the correct answer is (B).
. . pl
75. Resistance of wire R = o (1)

On stretching, volume (V) remains constant.
So V=Al

= A:K
/
pl’
= R=7 {From (1)}
= Reo(?
AR 2Af
?=7 {~~ V and p are constants}

Hence, when wire is stretched by 0.1% its resistance
will increase by 0.2%.
Hence, the correct answer is (B).

76. Since, by definition AR = ReAT
For series combination, we have

ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems

1.  For infinite line charge, we have
-t
2mer
Also, we know that

j=oE

~l52)
= j=o|
2mer
But i=jA=j(27rr()
dg . ol
8 inr) =2 (2nre
= - j(27re) zﬂgr@m{’)

okt
£

i=
(Negative sign because i is flowing radially outwards).

dg __oht
dt £

77.

2.

Hints and Explanations H.295

= 2R o AT = Ryoy AT + Ry, AT

L g -lt®
2
For parallel combination, we have
_ RiRy _RiRy
""Ri+R, R,

ARp _ ARy AR, _ AR,

R, R R, R

= O.’PAT = CZlAT + azAT - G‘SAT

= ap=a1+a2_a5

o+
= @p=ogtop | =
o+
- aP:%

Hence, the correct answer is (A).

From the statement given, o= 2.5x107°C™".

The resistance of a wire change from 100 Q to 150 Q
when the temperature is increased from 27 °C to
227 °C.

Hence, the correct answer is (A).

d(Ar)  oir

= —=——
dt €
Adi t

= J._:_Ej‘dt
A £

0

A[)

y) o
log. A, =(_)t

:

I

Since, j=%

. jz(io_a]e—(%d
2mer

Hence, the correct answer is (C).

1 1 1 A A1
_=_+_=(_Af+i)
R Ry Rg Pai Pre
(72-2%) 22|10 1
= BT P R ——
27 10 J10 50x10

4
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Solving we get, 12
R=27 0% 0 P
64

1875

R uQ

Hence, the correct answer is (B). Ry Ry Ry

3. For balanced meter bridge Hence, the correct answer is (D).

X__ ! {where, R=90 Q) 8. The given three circuits R, R, and R, are equivalent to
R (100-7) the following three circuits.
X 40
90 100-40 10
= X=60Q 1Q 10 10
¢ 1Q —3V 10 :é —3V
(100-1¢) 10
AX A1 A7 o
X ¢ 100-¢
AX_01 01
X 40 60 1Q 10Q
= AX=025
So, X=(60£0.25) Q -3V

Hence, the correct answer is (C).

= X=R

AAAA
YYVY

1Q 1Q

—

4. Using the concept of balanced Wheat stone bridge, we
have Rs

Ol
wn| =

X 10 .
(52+1) (48+2)

_10x53

=3V 1203 =3V

<

‘VW'
]l I

X =10.6 Q

Hence, the correct answer is (B).

5. We will require a voltmeter, an ammeter, a test resistor
and a variable battery to verify Ohm'’s law.
Voltmeter which is made by connecting a high resis-
tance with a galvanometer is connected in parallel
with the test resistor.
Further, an ammeter which is formed by connect- Ry
ing a low resistance in parallel with galvanometer is
required to measure the current through test resistor.
Hence, the correct answer is (C).

ot
A P,
R

203 T3V

,_:|DJN
1l
O
=

s
Il

=18 W

I
Il
|
R N e

Independent of L P, =
Hence, the correct answer is (C).

=45W



P>P>P
Hence, the correct answer is (C).
9. R>2Q

= 100-x>x

P R
Applying —=—
ppymgQ S

i— x —pa—100 —x —pi
|

—x + 20 480 - x-»
|y
‘\

X

100 - x
R x+20
2 80-x

Solving equations (1) and (2), we get
R=3Q

Hence, the correct answer is (A).

We have E =
R

10. Time constant =7 =RC , where

o))
GG \d-x N\ x

TG+G ﬂ+@

d-x x
£l
I
|
C=& where x=£th
x+K(d-x) 3
RKAg,

= 1=
E—Vt+K(a‘—£+Vt]
3 3

K=2

where A=1m? and

ICON
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- 3(2Regy ) _ 6Rg,
d-3Vt+6d-2d+6Vt 5d+3Vt

Hence, the correct answer is (A).

11. From Y to X charge flows to plates a and b
(40 +4),=0, (4 +44) ;=27 1C

9uC 36 uC

mM

1A|TA z

- 3Q Y 6Q L

! =

9V o~

Initial figure Initial figure <
(When switch was open) (When switch is closed) E

27 uC charge flows from Y to X

Hence, the correct answer is (C).

12. Current flowing through both the bars is equal.
Now, the heat produced is given by

H=I’Rt
(1)
= H«xR
2
(2 1/2
@) = @=Rﬁ=( / }‘)2 _1 {as Rocloclz}
Hpe Rge  (1/7) r
= Hpc=4H

Hence, the correct answer is (A).
13. 7=CR
7, =(C+G,)(R, + Ry ) =18 us

£ = GG RiR, —§Xg—§us
o+, \R+R, ) 67379

73:(C1+C2)[ Riky ]:(6)(3]=4 us

Ry +R, 3
Hence, the correct answer is (B).
14. S
(-4
ol A
A YT b

Vi =i,G=(i-i,)S

i:(l+%]ig



15.

16.

17.

18.

19.

20.

21.
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Substituting the values, we get
i=100.1 mA
Hence, the correct answer is (A).
W = 0. Therefore, from First Law of Thermodynamics,
AU = AQ =Rt =(1)*(100)(5x60) ] = 30 kJ
Hence, the correct answer is (D).

Current in the respective loop will remain confined in
the loop itself.
Therefore, current through 2 Q resistance =0

Hence, the correct answer is (C).
Given: Ve =3V =3(V-V¢)
Here, V is the applied potential.

3
= V(lfe'mf)=§V
4
1
—f/l'(_‘_
= ¢ == .1
1 (1)

Here, 7o =cR=10 sec

Substituting this value of 7. in equation (1) and solv-
ing for t we get

t=13.86 sec
Hence, the correct answer is (A).
5 4 3
Rpn =—r, =—r and Rpp=—7r
ro =" Rar =1y T

= Rpp is maximum.
Hence, the correct answer is (A).

BC, CD and BA are known resistance.

The unknown resistance is connected between A and
D.

Hence, the correct answer is (C).

t
Charging current, [ = %e RC

E t
Taking log both sides, log [ =log| — |- —
g 108 5 8[ R] RC
When R is doubled, slope of curve increases. Also at
t=0, the current will be less. Graph Q represents the
best.
Hence, the correct answer is (B).

Ammeter is always connected in series and voltmeter
in parallel.
Hence, the correct answer is (A).

22,

23.

24

25.

26.

27.

The ratio % will remain unchanged.

Hence, the correct answer is (A).
P=I'R
Current is same, so PR .

In the first case itis 3r, in second caseitis —r ,in third
3
I | . . . 3r
case it is 3 and in fourth case the net resistance is R

Ry <Ry <Ry <R,
= Py <P <Py<p

Hence, the correct answer is (A).

2R 2R

2R 2R

Hence, the correct answer is (A).

2 2
P=V— S0, R:V—
P
v? v?
R =— and R, =R, = —
17900 M TR T
(250)° (250)*
Now, W, = Ry, W, = SR
R1+R2) (Rl"'RZ)
2 2
and W3=( 50)
RS

WIZWZ'W3=15:25'64
= W, <W, <W,
Hence, the correct answer is (D).

Current I can be independent of Ry only when
Ry, Ry, Ry, Ry and Ry from a balanced Wheatstone
bridge.
Therefore, LR or RiR, = RyR;.

2 Ry
Hence, the correct answer is (C).

2

H=-—t
R

In the first case (wire of length /)

2
chT=(3E)

t ()
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In the second case (wire of length 2/)
(nE)*
2R

{Because doubling the length will simply double the
mass and the resistance of the wire} so, from (1) and (2)

(2m)cAT =

t .(2)

we get,
n* =36
= n=6

Hence, the correct answer is (B).

28. Insteady state the branch containing the capacitor can
be omitted and hence current in the circuit is

-V
"~ R+2R
_v
3R
4 R
11— 2
A v c i
o — i
5L— 4
oy | 2R
For loop 36543

Ve -V+2V-1(2R)=0
14
= VC=7V+2V73—R(2R)

= ‘/C=‘/_g=E
3 3

Hence, the correct answer is (C).

29. Reading of Galvanometer remains same whether S
is opened or closed i.e. no current must be flowing
through this branch. Hence P and Q are in series and
R and G are in series too.

SO, IR = IG
Hence, the correct answer is (A).
I= 2 =1A

9

At A a current of 1 A divides into 0.5 A and 0.5 A.
At B the current of 0.5 A divides into 0.25 Aand 0.25 A

Hence, the correct answer is (D).

30. =

Hints and Explanations H.299

31. i=neAv,

1 1
Drift speed, v; = —— o« —
P 1T A A

Therefore, for non-uniform cross-section (different val-
ues of A ) drift speed will be different at different sec-
tions. Only current (or rate of flow of charge) will be
same.

Hence, the correct answer is (D).

32. Since, the capacitor plates are directly connected to the
battery, it will take no time in charging.

C

Il

Il

R
AW

CHAPTER 3

|4

Hence, the correct answer is (D).

33. The given circuit is that of a Wheatstone bridge.

R R
n\f‘\l’A ‘V’W‘
E| 3R 26R SR
40l
_JV\‘DV\,_
R 4R
C
R 2R
A B
oR 4R
D
I
El4q

The circuit is a balanced one since,

Resistance across AC _ resistance across CB

resistance across AD  resistance across BD

Thus, no current will flow across 6R of the side CD.
The given circuit will now be equivalent to

R 2R

2R 4R

o Tm



34.

35.

36.

37.
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H.300 JEE Advanced Physics: Electrostatics and Current Electricity

For maximum power, net external resistance = Total
internal resistance.

= 2R=4
= R=2Q

Hence, the correct answer is (B).

Resistivity of conductors increases with increase in
temperature because rate of collisions between free
electrons and ions increase with increase of tem-
perature. However, the resistivity of semiconduc-
tors decreases with increase in temperature, because
more and more covalent bonds are broken at higher
temperatures.

Hence, the correct answer is (C).

Cooling increases the resistance of a semiconductor
and decreases the resistance of a conductor.
Hence, the correct answer is (D).

The simplified circuit is shown in the figure.

30Q
oVT 3300
30Q
i
2V L
=,y7 003 600%= T 2003
i
2 1
Therefore, current i=—=—
20 10

Hence, the correct answer is (C).

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

40 j2 6Q

5Q I

N2
Now, P =(i) (4) (P=1R)
2
2
Py=(i)'(5)
o A1
1{1:%:&:2&313"1
5 5

Hence, the correct answer is (B).

Multiple Correct Choice Type Problems

1
St p G 5V3{m

s ﬂ

MW
100 Q

When switch §; is closed, so the equivalent circuit at
t=0 is shown in figure.

|5V 300
|
70Q
ly
100 Q
5
= 11=ﬁ=25mA

At steady state, for S; closed, we have

Ceq=8uF and Q=40 uC

p 804uF 5y

)
Cq

C1 ::10/.”: CS::SOﬂF

Q

So, V(C,)=4volt and V(C,)=V(C,)=05 volt

At steady state potential difference between P and Q
is 4 volt.

Now when switch 5, is closed, then equivalent circuit
is shown in figure.
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Hints and Explanations H.301
1) P

.f

So, the measured value of resistance is

Pr N P
l l V" 50000
R =—=——-=9804Q
% 30Q (measured) I 51
:>
% % 30 Q i 10V Hence, (A) and (B) are correct.
T ;
Q.”
6x2
= Ipp=——=008A
7 151
Hence, (A) and (C) are correct. 2
Maximum coil current is | (1]
I,=2x10 A and coil resistance i k -
c=2x10 and coil resistance is 5V o
R.=100 Just after pressing key, <
So, maximum potential difference across coil is : L
5-250007, =0 VU
Vo =2%107° x10=2x107 volt ,
5-50000i, =0
© f.g {As charge on both capacitors is zero}
= 1§, =02mA and i, =0.1mA
When converted into voltmeter of range 100 mV, then
we have Also, V; +250001, =V,
(10+ Ry )x2x107° =100x 10~ = V-V, =-5V
= R;=49990 Q After a long time, steady state is achieved, so i, and
When converted into an ammeter of range 1 mA, then H=0
we have *
~ = 5-——-=0
G) 40
\—«wf— = ;=200 uC
RS
and 5-22-0
R.x9.98x107 =2x107 Q
= =100 uC
= R=0020 h=T0H
Now, Ohm’s Law setup is shown in the figure. So, V- g—é =V,
980.39Q 0.099 Q = Vy-V,=45V

1000 Q = \ Hence, (A) is correct
[ I\

N v For capacitor 1, q; = 200(1-¢7") uC

Vo
. . . . d‘h 1
If Req is the equivalent resistance of the circuit, then = = 5 e mA
R, =980.48 Q 11
For capacitor 2, g, = 100[1-¢""] uC
_ W q
980.48 = = a1 —e ' mA
dt 10

If V’ be the reading of the voltmeter, then
, V,x50000 VB—%+II><25—VA=O
98048 x 51
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= Ve-V,=5(1-¢")-5¢"=5(1-2¢7) For (C)
1 ‘ig Hc
At £=ln2, VB*VA =5(17])=0 [ 3_1“2=_} ' VYWY
2 ig  Re
So, (B) is correct —AW
PR SR R 1 i R
At t=1, I=Tl+12=—€ 1+—E 1:[1)— AW
5 10 10/e
j R
1 1 : l'l'i'l'A'l'
5 10 10 R
So, (C) is correct h=2+2i=21 + 21, R
After a long time, ¢, = g, = constant For (D)
SO, H=1= 0 flg j-g
Hence, (D) is correct. 7 MWM—WWW
Hence, (A),(B), (C) and (D) are correct. R R
4. When the filament breaks, the temperature of the f *"l";;"k""
filament will be high. Since according to Wein’s Law,
1 I AMAAA
A.m. < —, S0 f ";'?"I
Vo< T { v 1} 2i R
m VoV <o . L. 1,
‘lm 12=lg+21=18+2>( éRC
Hence the filament emits more light at higher band of
. e s Reo 0 Reo
frequencies. = L= 2+ 2+ 2=
Towards the end of life of the bulb, R (resistance) )
increases as temperature increases. Since V = con- 2i, R
2P = 5=h+i{&—5

v
stant, so P= ' So, less power is consumed towards R
= <l as R-< 3

the end of life of bulb.
Hence, (C) and (D) are correct. So, (C) is correct
5. For (A), Hence, (B) and (C) are correct.
R R R, R, 6. Due to symmetry on upper side and lower side, points
g >—AW—WWA—AWWA—WW— P and Q are at same potentials. Similarly, points S

V. =2 R+2iR and T are at same potentials. Therefore, the simple
17 St T St circuit can be drawn as shown below.

For (B), M2Q p 2Q3g2Q

R R iR
A —AWA— A
2’ vy AYYYYY
lg
B Av.l'i'lv.l‘l‘ ! N
1
lg RC

V, =4 R+i R =2i R+2i R +2i,R-i R,

Vy=V;+i (2R-Rc)

12
R RO
= WV,>V as E>RC
12
Hence, 2R > R, 4+4+4

So, (B) is correct = L=L+1;=3A
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L]
= IPQ=O

Potential drop (from left to right) across each resis-
tance is

12
3

4V

= Vi<l 8.

Hence, (A), (B), (C) and (D) are correct.

R, :[6X1'5+2):9+2:Ekg
1"\"75 5 5

I=1=Ex5 mA=E><5=7.5mA
REq 16 2

14

24V =

for potential difference across R;
= V=75x2=15V

for potential difference across R,
= V,=24-15=9V

for power

292 25 6 25

VR VE(15)

Pp Py =—:1—== —=
T RCR, 2 "6 2781 3

Y

Pp =-2=——=54mW 10.

R, 15

If R, and R, are interchanged

| 4

24V

Hints and Explanations H.303

, (2)(15)| 3
R =R1|R2=[— =
2+15 35
V)= R -x24V=3V
R, +R

Now power dissipated in R, is

,_V£2_32

L ——=6mW
R, 15

Hence, (A) and (D) are correct.

At 0K, a semiconductor becomes a perfect insulator.
Therefore, at 0 K, if some potential difference is applied
across an insulator or semiconductor, current is zero.
But a conductor will become a super conductors at
0 K. Therefore, current will be infinite. In reverse bias-
ing at 300 K through a p-n junction diode, a small
finite current flows due to minority charge carriers.
Hence, (A), (B) and (D) are correct.

To increase the range of ammeter a parallel resistance
(called shunt) is required which is given by

i,
s={féf]c
I—Ig

50%10°°
For option (C): S= 100)=1Q
ption (©) {5x103—50x10*”]( )

To change it in voltmeter, a high resistance R is putin
series, where R is given by
vV
R=—-G
s
For option (B):
10

T 50x10°

Hence, (B) and (C) are correct.

-100= 200 k&

t

‘?:%"7E
b
= q=(CVy)e *C

t

I=@=7%€_E
dt RC
%
I(t=0)=--2
(t=0) R

which we observe is independent of the capacitance
and only depends upon resistance.
Hence, the correct answer is (B).

CHAPTER 3
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Integer/Numerical Answer Type Questions 3. g 49900 @
- VVVY U
1L R=2Q 10 —_
—AMA—
8Q i, (G+4990)=V
2Q
603 320
4Q
| = ﬁ((}+4990)=30
65VT 1‘\8‘\,\«
Q
129% %49 = G+4990=@=5000
U = G=10Q
V=V
R=2Q 10 w
S
20Q C—u—»\,w\,—d
6Q 40320 (15-i)}
65VT R N
100 15A a i, — b
120 $40
= z'gG=(1.5—ig)S
fozg | - 10%0“0:[1'5_10600]5
_N'VV\V
60  2n
I = S=——=—
603 20 1494~ 249
. oo, 249 %30
65VT =
‘ 100 1494
12Q 4Q 2490
n=——=5
498
R=20 4, Inseries i—i
— A . y L= 2+R
2F Y
60 2Q = ]1:1'2R:(—] ‘R
| 2+R
65V ] )
In parallel, i =
12 Q 40 05+R
EoV
= ], =i2R=(—] ‘R
R=20Q /
A Since, —-=2.25
I
1A L
$450 _ Ji_405+R)?
B.SVT ] (2+R)
15 2(05+R)
2.V, = Equivalent emf of two batteries in parallel 9= (2+R)
L B 6,3 Solving we get, R=4 Q
- h_1 2 gy 5. Voltage across the capacitors will increase from 0 to
1,1 1.,.1 10V exponentially. The voltage at time t will be
nn 12

given by
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(]
( -t ) Assertion and Reasoning Type Problems
V=10\1-¢"
0l-efC 1 Rly=fp
Here rc = CnetRnet
=(1x10°)(4x10°) = 45 R X
-t
V=10(1—e4) I I>
Substituting V = 4 volt, we have L‘ ’_/
-t -t
4= 10(1—9 4 ) 3

4-06=2 . .
or et =06= 5 To get null point at the same position, means /; and

7, are still the same. As temperature increases, value

of unknown resistance increases. To get the same null

_E_ In3-In5 point, R must be increased. So Statement-1 is wrong.
4 Statement-2 is True.

Taking log both sides we have,

or t=4(In5-In3)=25 Hence, the correct answer is (D).
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