Chapter-17 : Current Electricity
1. (@ IfE beelectric field, then current density j = GE

Also we know that current density j =i

Hence j is different for different area of cross-sections.
When j is different, then E is also different. Thus E is

not constant. The drift velocity v is given by Vg = nie

= different for different j values. Hence only current i
will be constant.

I
2. (@ Va=_—Here,I=54A,n=84x10%, perm’

A=10"m2 e=1.6x10"1°C
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3.

_ 5.4
8.4x10% x1.6x107"° x107®
(@) By stretching, the volume of wire remains constant.
2
Axl=Axl' = m’ Xf:"rjxw
= (=44 10. ®)

Pl _ pAl
A Al4

=0.4mm/s

Vd

Now R=p—£,R =16 R.
A

(© Current, 1= Share

Time
as chargeq=nx 1.6 x 10~ 1° 1. @

_ nx1.6x107"°

1073 amp
1 sec

12.
n=6.25x10". ®
(d Theequivalent circuit is given below :

6Q 13. @

6 Q
The equivalent resistance is given by 14. b

1 1.1 1 3 1

—=—+4—4= == ==
R 6 6 6 6 2
= Req =2Q
(d Equivalentresistance of parallel resistors is always less
than any of the member of the resistance system.

(¢) Short circuit current

1.
iSC=£=>3=—5=>r=0.SQ

r r
() According to Kirchhoff’s first law,
(+ 5A) + (+4A) + (_3A) 44 15. @
+(=5A)+7=0 x 3A
=>I=-1A SA
— ve sign shows that current
is flowing away from x

@ R,;=20Q,Ryp,=60
R=Ry(1+at)
Ry Ro(1+0x20)
Rspp  Ro(l1+0x500)
20 1+20a
60 1+500a

S5A

= 1+5000 =3+600

— 5000 —600 =2 q =2 -1

440 220
1
Ry 1+——x20
Ry 0( 220 J

Rt Ro(l'f'%OXtJ

PHYSICS

I L
1+1
20 1 4 12711 t _15
—= = —=———— = l+—=—
25 .t 5 1+t/220 220 11
220
= t=80°C.
E
I=
R+r
E
V= [+ V=1R]
R+r
E-V
3r=( )R

¢ (Potential gradient) 4 = Sensitivity T
IR
=T

The resistance of metal decreases with decrease of

temperature while for semiconductors, resistance

increases when temperature decreases.

P, =100 W, P,=200W

R Y2 220x220
'7p 100

220x220 2 %110
=—=22x
277200
R, :R,=2:1
The resistance of bulb,
2 2
r=Y_ _ (220
P
The current in bulb when on 110 V line

vV 110

R a4
Power consumed by bulb in 110 V line

—vi 210 110 =25W.
484

=22x22Q

=484 Q

Let unknown resistance be X. Then condition of

20r
Wheatstone's bridge gives — =—-—, where r is
© DOricee BIVES R 7 gor °
resistance of wire per cm.
X R=1Q
WA
AW
P=20r Q= 80r
<« 20cm—> < >
(100 —-20) cm
20 1

L X=—xR=—x1=0.25Q
80 4

4 5 _2

16. () Given: £—1=— and 3

£, 3 )
Since the two wires are connected in parallel, potential
remains same. i.e.,



Hints and Solutions
] |
V = constant.
IR = Constant
. I, R, .
1€, IlRl = IZRZ = E = R_l ..... )

But we know that, R = pX(

SR (YA () A)
=) (5
(6,1,

LZZJL ) (sincearea, A= nr?)
o
I; l

Substitute this value in equation (i) we get, E =3

17. (@) For ohmic resistance V o« i = V = Ri (here
R is constant)

Given : Length of wire (/)=15m

Area (A)=6x 10" m?

Resistance (R) =5Q.

We know that resistance of the wire material

15

6x10~

18.

R=p% =5=px —=25%10"p

= =2x107 Q-m
2.5%x10’

[where p = coefficient of resistivity]

All the lamps have been connected in parallel.

Therefore, each operates at the same voltage 0of 220 V.

19. (0

22
*. Current drawn by each lamp = fg =1A
*. Total current drawn by lamps = 5000 A.
®) £=0
r=
£,
Here, ¢/, =125cm, £,

r=0.5Q2
210><5><60

20. xRQ

=100cm, R=2Q.

H=Px = 15000 cal.

Current through each bulb is same because these are
connected in series.

. vy .
since LR = ?J , resistance of 40 W bulb is more,

21. (o)
22. (@

hence greater heat is produced in the 40 W bulb, it

glows brightest

H=I’Rt

R;=R;[1+ax100]=100 ()

R, =Ry [1+axT]=200 (1D

On dividing we get
200 1+aT
—_—
100 1+100a

= T =400°C

23. (b

_ 140.005T
1+100 x 0.005

24.

25.

26.

27.

28.

29.

207

(@ Here, the factor by which the length is changed is

n=€—=3.
{

The new resistance R' is given by

=R (n?)=5(3)* = 45Q.

(¢) Ifaheater boilsm kg water in time t, and another heater
boils the same water in t,, then both connected in series
will boil the same water in time t, = t, + t, and if in
parallel t = [Use time taken oc Resistance]

Pt +t,y
b)) 50=10[R+r1]
R+r=5Q 10
50=40.R [ I=—=40A}
y=3.75Q 25
2
(d Resistance of heater Ry = v- = 100100 =10Q
P 1000
.". total resistance of circuit =10+ 10xR
10+R
_100+20R
10+R
Current in heater =1.
10+R
_ 100 5 R
~T00+20R “T0+R =R
10+R S+R
.. power P =12 R,
2
62.5 =( R j <10
5+R
- R=5Q
®) Given: €—1=ﬂ=&=l
tp dy py 2
Resistance of the wire,
2
R=P£=P : 5 _40L 1A= =n(9j
A nd/2)  nd? 2
2 2
&=P1€1x d; (pl\(él\(dz\
R, & pts J L J
10 [ 1] [ 1] 2
=|1=1(2
e, 2-(3)(3)0)
10 =1=>R, =10Q
R,
2-15 1
c = =—
© = "%

1
E ,=2-ir= 2—4—0><5—1875V

Eg=15+ir=1.625V
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30.

31.

32.

33.

@ I=neAvy=2x10"x1.6x1071"x10x0.25x1073 5 E YV
8 J,=I"R= xR
=2x1.6%x0.25 =E=O'8A R+% -2
() 125 GivenJ,=225]
- 1~ <429
@ =l YR= [——1]2=0.25x2=0.59 2 2
100
2 _CEY _gop2s—E &
(d Let E and r be the emf and internal resistance of a (2r+R) (R+ r )z
battery respectively. 2
In the first case 4 22
(2r + R)? )2
Current flowing in the circuit I; = R+ 9
Rl +r 5 5
or E=I,(R,+r) S 4R+0.5] =2.25[2+R] [-r=1Q]
E r S~ 2(R+0.5)=152+R)
— —WwWhW— * R=4Q
34. (c) ABD, ACDareinseries. They are connected in parallel
4 1 1 1
Ly L e, -t—==1ie, R=3Q
R 6 6 3
— 35. (¢) i=neAy,
In the second case i 100
E =Vd= RV 19 "
Current flowing in the circuit I = oot neA 107 x1.6x107" x3.14x10
2 -5
or E=L,(R,+r) _100x10"" =0.2x103=2x10*m/s
E r 1.6x3.14
| | YW¥WWv 36. () At A current is distributed and at B currents are
collected. Between A and B, the distribution is
Ly 11, symmetrical. It has been shown in the figure. It appears
that current in AO and OB remains same. At O, current
R, i, returns back without any change. If we detach O
Equating equations. (i) and (ii), we get from AB there will not be any change in distribution.
LR, +0)=LRy+1)=> R+ [[r=LR, +Lr Now, CO & OD will be in series hence its total resistance
LR -LR,=(I,-Ir=(I,-I)r=I,R, -L,R, =2'Q' ' ' '
o LR, -L,R, It is in parallel with CD, so, equivalent resistance
12 - Il _ 2x1 _ 3
(a) Cells connected in series 241 3
R R This equivalent resistance is in series with AC & DB,
W so, total resistance i
2 8 G,
=1 ==+1+1==Q
= 3 3
AN | A,
E Emﬁ 2|E'_N5r g A 4§ O 4 B
Ji=I°R= ( 2FE ]2 R 0 Now EQ is parallel to AB, that is, 2Q, so total
2r+R ist
Cells connected in parallel resistance
R _8/3x2 16/3 16 8
MW e 8/3+2 14/3 14 7
37. (a) The potential difference across 4Q) resistance is given
| Py = T4 by
E V=4xi =4x12=48volt
T | P, So, the potential across 8Q resistance is also 4.8 volt.
| Fww E I
E 2 4.8

Current i, =% e 0.6 amp
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—

38.

39.

40.

41.

42.

43.

(c)

©

@

@

b

©

Current in 2Q resistance i =1, +i,

S 1=12+0.6=1.8 amp

Potential difference across 2Q) resistance
Vpc=1.8x2=3.6volts

P = I’R. Hence d?P = %.Since% =1%.

dP
Hence ? =2%.

P=VZ/R
= R=VZ/P=4x10*/100 = 400 Q.

$=10%/200=0.5x10> =50 Q.

R/S=28

As voltage of appliance remains constant, the amount
of heat produced is given by,

2
e 0

when resistance is reduced by 20%, new resistance
isRR=R-02R=0.8R

V2
H'=——t' ... (i
0.8R ®)
Equating Egs. (i) and (ii), we get
v: V2
_—t=— '
R 0.8R

= t'=0.8t=0.8%x12=9.6 min

6V
| ||
1
i
""""""" Lo
6Q 30)
6V 6V
—Al— —
33 300 | s
L L3
hence R_ = 3/2; 1=-2 —aa
ence R, =3/2; =35
According to the condition of balancing
»_R R=220Q
20 80
Lol
L _h
L, h
10_25
T
107,=2.5x 11
o2
2 10 =2./0m

| m

44. (a) Inseries circuit it is always preferable to use formula
IR, because I throughout is same.
120
6+9
- P=PPR=64x6=384
45. (b) Thecircuit can be simplified as follows :

I

B AVAVAVAV C
, 300
4l
i iy
Ap——WW—]<—D
40Q  40v
4 i2

FL  sww——1E
40Q 30V

Applying KCL at junction A
i3=i;+i, (D)

Applying Kirchoff's voltage law for the loop ABCDA
-30i, -40i;+40=0

=  -30i,-40(i, +i,)+40=0

= T7i+4i,=4 (i)

Applying Kirchoff's voltage law for the loop ADEFA
—40i, +40i; +80+40=0

=  —40i,-40(3i, +i,)=-120

=  i+2i,=3 (i)

On solving eq. (ii) and (iii) i; =—0.4 A

46. (@) “R\ 60
ANV

A B Ae ¢ B

MV
\ / 6Q
nR

The resistance of length 2nR is 12Q. Hence the
resistance of length R is 6Q2. Thus two resistances of
6Q) can be represented as shown in fig. 2.

. . 6x6
.. Equivalent resistance R = ETHE 3Q
47. @ a A‘va b
ij+i,
81 rl Y
f—e—— —AMN—c
L Ll
Yh
el—e WW L d

i r )
Applying Kirclzlhoff ’szrule in looi) abcefa
g, —(i; +i,)R—i; r; =0.
48. (c) Total power consumed by electrical appliances in the
building, P, =2500 W
Watt = Volt x ampere
= 2500=VxI=2500=220] = I=I12A

(Minimum capacity of main fuse)
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49. (c) The current through the resistance R

(75

The potential difference across R

V=IR=( & )R

R+r
I r
— — W
MWW
R €
V:L 174
(1+3)
R
when R=0, V=0, 0
R: w,vzg R

Thus Vincreases as R increases upto certain limit, but
it does not increase further.
50. (¢) The currentupto which bulb of marked 25W -220V, will

%—é Am
not fuse I, = 7 ~ 550 p

W, 100
Similarly, 1,= "= 550 Amp

The current flowing through the circuit

Bl B2
R, I,

440V
[ 40
Ry
Reﬁ'= Rl +R2
) V@0 VR (2207
R 25727 p 100
o 440 ~ 440
- . =
(220 | (220> (302 [ 1.1 }
25 100 25 100
40
- — A
=750 2P
(-2 A)er(= 2 A - 1)
220 220 200
Thus the bulb marked 25W-220 will fuse.
2E

@ "TRiR R,
Fromcell 2) E=V +iRy =0+iR,

PHYSICS
| ]
i
L Wi
L L
ER, ER,
) @
= = 2E XRZ:R=R2—R1
R+R +Ry

The given circuit is an extension of wheatstone bridge,
therefore points P and Q are at the same potential and
point S and T are also at the same potential. Therefore
no current passes through PQ and ST and the circuit
reduces to as shown

/ IZ \
-1
12 po
La
| |
| Iov
12 o, 6x12
h=7 [ R""‘enz]
=3A

L= 3[£}=2A
6+12

As P and Q are equipotential and potential at S'is less

than the potential at P (potential drops across a

resistance as current passes through it), therefore
Ve<Vy

A balanced Wheatstone’ bridge exists between A & B.

R_=R

current through circuit is V/R

current through AFCEB =V/2R

Consider an element part of solid at a distance x from

left end of width dx.

dx
—~— 0
|
I I
. . V .
Resistance of this elemental part is,
R = pd)zc _ poxcjx
ma na
L 2
d L
R= j dR = j F’OLZX - p0_2
o Ta 2na

Current through cylinder i I—X—Vx—z’ta2
urrent through cylinder is, [= = T



Hints and Solutions

| |
. . 2V
Potential drop across elementis,dV=1dR = dex
dv 2V
EX)=—=—
(x) = 12
55. () AtNull point
|
L
X 10Q
™7
T34
Al }‘) B
52 cm 48 cm —>
X _10
b 4
Here ¢| =52+ End correction=52+1=53 cm
£, =48 + End correction =48 +2= 50 cm
X 10 53
56. (a eE=meo)2r
AN
= V=IEdr= < Irdr L
e
0
252
=V =% = A=2
2e
P
57. (@ WW Q
Ry R3 £ 60Q R, $300Q
+
3T R, 2500
- i R5 Z30Q
S R
Net resistance between Q & R=
R =8030 30500
60+30
So, equivalent resistance
o =30, 50-750
50+50
. L 3 1
Currentin the circuitis [=—=—A
75 25

1
Potential drop across R; = 50 ><2—5 =2V

.. Potential difference across PS or QR is same and
given by=3 -2 =1 volt

1
Current across QR = EA

Potential drop across Ry is given by

1 30=06V
50

58.

59.

60.

@

@

©

211

Hence, potential drop across R is
=1-0.6=04V

Ry =Ry [1+oyAt];
In Series, R=R; +R,

Ry =Ry [1+ayA1]

o+
_ R0[2+(0.1+a2)At] = 2R0 |:1+(_1 5 2)Ati|
ap +0y
O, =——=
eq 2
11,1 R
In Parallel , R R R =R0[1+0t1At] R0[1+a2At]
1 1 1

= %(H%Ao ~ Ro(L+ 0gAl) | Ro(l+aph)

2(1- o, Af) = (1= ay At)(1 - a1, AY)

ap +0y
aeq =T
——MAWWW
(Lead) Bulb

[

L
120V
Power of bulb= 60 W (given)

120x120

Vz
Resistance of bulb = =240Q [ P= —}

R
Power of heater = 240W (given)

120x120 _

Resistance of heater = 60Q2

Voltage across bulb before heater is switched on,

v, = 240,120 =117.73 volt
246

Voltage across bulb after heater is switched on,

v, =:—ix120 —106.66 volt

Hence decrease in voltage
V,-V,=117.073 - 106.66 = 10.04 Volt (approximately)

R, +R,=1000 R, R,—1000-R,
= R,=1000-R, @¢

On balancing condition @) 100 -/
Rl(100—l)=(1000—Rl)l (1)

On Interchanging resistance balance point shifts left
by 10 cm



R,=1000 — R, R,

(I-10)  (100—-/+10)
=110 - 1)

On balancing condition
(1000-R)(110-7)=R, (/-10)
or, R (I-10)=(1000-R ) (110-1)
Dividing eqn (i) by (ii)
100-7 ]
I-10  110-/
= (100-H(110-)H=1(I-10)
= 11000-100/-110/+P=P1-10]
= 11000=200/
or,[=55
Putting the value of ‘7’ in eqn (i)

R, (100-55)=(1000-R,) 55
= R, (45)=(1000-R)) 55
= R (9=(1000-R) 11
= 20R, =11000

R, =550KQ

(i)



