n JEE-Physics
| I
CURRENT ELECTRICITY

EXERCISE -I
1. j — Current densit n — Charge densit 3 R 3 R 3
| y g y 9. e R% Z6R R
. | [40
= —nev V, = —
j € d dy nle R
] n, 1
V, =—, —=—=n,=4n 2R
““ne'n, 4 % 1 R R 2R
oo A,y
Vo, Nn,oong = 2R 4R | = 2R 4R
| -
2. = = ey E4Q E4Q
4l nev 161 nev' (i This is balanced wheat stone bridge
nd? U nd? (1l From maximum power transfer theorem
Internal resistance = External resistance
4] Vv
From equation (i) & (i) —==—= V' =4v
q Ve g RXOR i R=R=20
3 v, = AsAT so vl =v >v TU o sReeR TS
- Ane MR 10. P2 initaly, 1=-L
' R T
2envA 3 (&)
= = —(- == Power across P =P =|—|R
4 i = nevA; | (—nevA) 2nevA P, L4R)
: 2V 4V? 2V?
5 Rz&thLz_PLzszzd F|nally,I:3—R,Power Px=9—R,Py=Pz= 9R
AL AL \ m .
. Hence P_ increases, P_ decreases.
d,p — same for all as the material is same for all. X y
Alternative method :
R:R :R = 25 9 1 _ 125 - 15 - 1 Brightness oc i’R when S is closed current drawn
=Ry Ry - Ry = 1 '35 5:15: from battery increases because R decreases. i.e.
current in X increases. So brightness of X increases
2 . .
6 RrRoPLL_pPL" _ p 12 and current in Y decreases. So brightness of Y
AL V decreases.
7. A u?ﬁx u%l%x u%)h B P 82
A vy R A YYYYVYYY 11 P: |2R - (l) R - - R
S0 R (R+r)
T g is constant and (R+ ) increases rapidly Then P
AAAAAAA AMAAAAA
MAMAL Yy
8Q 40 10
_ 12. P=iR=10=P5=>"="=2 ==
Balanced Wheatstone Bridge 5 V2
H N\ 2
1 1 7 36 36 850 i =l _(I) P
—_t—=—=— :—+7=— 4 :>P I 4’ _(I)S
A9t 12736 7 SORe 3 7 2 02 °
P, 1 P 10
8. P5—5:>P4—5,P4:?:20alls
-l- 30 60 2 .l. 20
R Pl p _PL
. 13. 1_A1' 2—A2 AsA <A, soR >R,
V=IR =2 = ()20) =1=75A In series H =Rt Ho«R; H >H,
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V2 1
In parallel H= —t Hoc— ;H <H, _(X) L _( \4 ]g':ﬁ':ﬁ
R R 22. E=|7)x5 &E= —3“2() >
1
14, V=e+il)=>125=c+ S (1) > 12 V £ \/or
(As the battery is a storage battery it is getting 23.  Potential gradient x= (1_0r) (T)
charged) According to question
E ( E )(9r) 5L
. —=|— || =) > r="—7—
15. The correct answer is R = 0 2 10r/\ L 0= 9
In In In 4I\|/ 0.80
" T " 24. Potential gradient
I
16. 1 R=0.80 + J
By X =(L)(ﬂ) =1.5Vm?
L ) . 0.5+45/\ 3
it i if it MVVN—
a 0.80
3
161, -081,=4 .. Here (x) (AC) =3 = AC =E=2m
1.6 1, - 0.8 1, =4 ...(ii) _ _ '
from eq.l, = 1, =5 25. Potential gradient
voltage difference across any of the battery. 12
X= ( ) x4 = 2Vm_1
8+16
v [ '\/(\)/-3£)W_I<—Vb Effective emf of E, and E
| 1 2
a IT1v
V,-1+02x5-V, =0
V.-V, = 0 Volt E, E
1
E=E =¥=_ It
17. V=IR= 02=1(20) /v, +1/r, 20
|, = 0.01A (through the galvanometer)
I, G =(-1i)S= (0.01) (20) = (10 - 0.01)S 101 1
= $=0.020 Q Balancing length AN = (E) (5) =Zm =25cm
\% \%
18. R,=—-G = 910=———-90 2 2 2
i 10 x10 26 p:V_=VAocr—[V—>same]
10 ' R pt
= V = 10 = No. of divisions :ﬁ=100
12 27.  (25W- 220V)
19. 20+ R = — R=100Q
9 0 01> 00 V2 (220)°
P1: R_' Rlz = 1936Q2
12 _ 1 25
20. I=7———=0.1f 0, (100W-220V)
otential difference is equal of EMF of cell. = 12V
i ! P—V—22 R —(220)2-4849
27 R, 727 100
P Q _P__S :
21 57625 'Q 625 0 In Series (I same)
o P P 676 ) H=IRt, H « R so if R >R, then H, > H,
S 676 o s 0 R, is likely to fuse
2 2
From () & (i) o0 =5 28. Pjv?ijA 0
S 625 P
(676) (625) = S°= S = 650Q
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100 2V 1
. VA 10V?A Wi
P =( = o, i HWM'W—W
L — 7) Al aVv/ X
10 I fi] ov (e
[y
10 I
from eq. () & (i) P’ =5-P lav
=V = 20 = (cosnt) cm/s
AP (EP B Pj 1
A 1002 Z,100==x100=11.11% 2 32,
P P 9 34. O
. . . . . 4,56 25,6
29. In parallel combination the equivalent resistance is 78 78
less 'Fhan t_he two ir?dividual registance co.nnected. Points 1, 2, 3......... 8 are of same potential and
and in series combination equivalent resistance is o o . ,
L 1,2,3..... 8' are of same potential.
more than the two individual components.
3R
20 -
8Vv eq = 8
3v 10 E . .
30. At o8 = AW —|HWeB 35. Total length of wire
3V
=90 +90 =180 m ;
2 10v Total resistance of wire
= 180/5 = 12 Q.
E B 10 (-8) nsie ME L gps. _ NxLd 4o
E= ri {2=21 2 =1 volt and TS Ranr T U T 12454nx2 1T
—+— —+- = Total number of cells required = 5
P 2 2
=12 —10 | Therefore A’—'WV\:—I'—'B
r+r, 20 ov
31. Ans. (A)
32. Given circuit can be reduced to
W
AN W
€N
v\%\m = AAAAA
€N EXERCISE -l
MV —||—'v\]f\)/vv—@—
_| 10 o 1. Free-electron density and the total current passing
4|v ® through wire does not depend on 'n'.
Reading of ammeter
-4 A E,r,—E,, 2x3-1x4 2
3+1 2. Beg = r+r,  3+4 7
Reading of voltmeter ro
=3x1=3V
33. | AV 0.2A
T 0.4x50Q
Potential difference across voltmeter,
V=lIr-2

= 2 sintt = 0.2 x 50 X -2 = 2 ncosnt = 10 V
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1v 30
| —vWwa— 7. By applying node analysis at point b
20
AN B
2V Pile)
B W
_3x4 12 . 2/7 1
@ 3+4 7 C 13
2+ 1213
7
2Q
D A B vV v vV V V
Pl o 4 9 R
2 +2 4,2 g1 1
R, R, R, R, 2
2/7V
2R/3
12/7Q 4
1 2 A f 7R
8. = 2R =
V., >V_ =2 (—);V—V =- —
B D 13 D 'B 13 AN / 3 A
From Figure 1 : 11R
2 RAB =
. . 18
V, + 4i-2-V =0, -——-2+4i=0
13 . R, R
9. Forwheat stone Bridge conditionis =1 = —%
i-iA'V-3—3xi R. R
13 e 13
Therefore null point is independent of the battery
21 6 19 voltage
V =—V = + — = = — .
T T TR T
5Q 3Q 5 30 5 50 30 A 10. V=E-ir=>V=-ri+E
Slope of graph 'V' and 'i' gives 'r" intercept of graph
40
3. 8 = 10 50 'V' and 'i' gives E = tan 0 :% =r.
0 Bog 30 40 B1og 11. AV = E + ir and in charging current flows from
. positive terminal to negative terminal.
Req = 14Q = 1 = 2A; V,, = iR = 7 volt
_ . 12. Slope of 'V'vs 'i' graph give internal resistance
4. Both '4Q)" and '6Q' resistors are short circuited - r=50
therefore R__ of the circuit in 2Q is 10 A. a
Intercept gives the value of e.m.f. E = 10 volt
Power ( 9101 vI = 200 watt £
Potential difference across both'A' and 'B' = 0 Maximum currentis i, T 2A
dg 13. Ifnbatteriesareinseriesthanthe circuitcan be made as
5. I=E=2—16t nE  nr
FAWWW—
Power : P = IR = (2 - 16t/R i-NE_E i.e. independentof .
1 nr r
8
Heat produced :det =I(4 —256t* —64t)Rdt
° 14. If n batteries are in parallel than the circuit can be

3 2 1/8
_ (4t_256t 64t \R :Ejomes
L 3 2 6
6. It is the concept of potentiometer.

. nE
made as i =—
p
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|
Eni— 20. R 3/40) 30v
—WWwW—]
r , 30 30V a0
i is directly proportional to n . : 10
1/4Q
15. In parallel combination current gets divided Both 30V are in parallel
therefore parallel combination supports i = i+ i, 13
is 20A in series current remain same therefore the 30-=i—-—i=0=i=30 A
series combination supports i = 10A. 4 4
A 1Q B
16. As power in 2Q is maximum when the current in it [ 21. Assume DE = R Q
is maximum. Current in it will maximum when the EC=RQ 1Q 1Q
value of R, is minimum . . R=0 R, + R,=1Q
V=V, D C

Heat =’RT=(36)(2) = 72 W
17. For Ammeter IgG =( - Ig) R

50x10°x100=5x 10"« (R=R =10
For voltmeter Ig(R +G) =V

=50 pA R + G) = 10V

= R + G = 200 kQ

=R z200kQ

20 20 1

T 200 10

18. i o=
Imln R

min

. 20 20 2
i = =——=—Amp
™R 250 25

max

Potential = iminRPM

:ix75 =7.5V
10

Across potentiometer V =i R

max PM

= i><75=6V
25

19. If em.f of cis greater than the e.m.f. of the 'D’

I =0
So r does not play any role of zero deflection in
galvanometer.
R
HF——AWIW
A - 7B
%,
G

Means balance wheat stone bri&&e

R, +1
P_R 1 R+2
Q S'17 R,

R +1
2 R, +2 '

R,+1=R, +2-R?-2R,

R2+2R, -1=0 =R, = -1+ =R, =2-2

1 N2 -1
22. o BB CA
A 3 i3
™D
[ /> i/64 \i/3
> F
Gise

i/3 i/6

/6 E

So current in FC=0

X
2 3 AVAVAVAVAV‘Y l AVAVAXAVAV Bl
12V r

12

——=1A =1= =
XY 1T = V=1=1x X= X=1Q

When Y shorted

1+r
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24.

25.

26.

27.

12
10=12 -———r
Ir= a+n
= 10+10r = 12 + 12 - 12r

=10r=2 =r=02Q

10=12 -

E,+E, < E,
n+rn+R rn+R"

J(E, + E) (r, + R) < E/(r#r+R)

ER+ER+ER<Ern+ER RE, +E)<Er,
On solving we getE;r, > E(R+r)

If all were in series all of them would have being
getting discharged. But since, 2 are in opposite
polarity, they will be getting charged.

V  (nE-4)
R nR

as (NE-4) as 4 batteries will be cancelled out

= E+(nE_4]R = E +(E—i]: 2(1—3]E
nR n n

V = E+iR getting charged i =

920
10mA
AVAYAVAVAVAV AVAVAVAVAVAV
1k 0.10 l 0.90
A B C
Between A and B
(9+0.9)x10x107° = (-10mA) x 0.1

= 990 mA =1 - 10mA = 1 = 1000 mA = 1A
When S, open (

Assume resistance of AB =R

Resistance of wire per unit length.

R
X= f 10Q
i 4 ey ¢ P
| = R
V, I,
Now in AC
L/2 C
A > B
E R L AI L/2
S xZx==6 I|.|; 0!
R L 2 E
E=12V

When S, closed

28.

29.

30.

K

S 6-1r=5= 6—(i)r=5 =20
10

E R 5L b5E 5x12
V.= = X—X—=—= =5V
1R L 12 12 12

\%
v R=T=slopeT
I
A
p SoR1
P=IR
i RY P
Pol?

Rearranged circuit between A & B is :

o—www—o
B

(due to symmetry)
Total resistance of circuit

1i2.30.0=2-3a
3 3 3

Heat produced in cell

=1 r = (3 x @)zaw

Current in resistance connected directly between

A&B:lx3=1=1.4A
15 5

=lx3——=1.4A)
15
A X R
L ()
‘T’
pdx pdx
ro=r =Ml +x =drR = " =m

2
¢ pdx p 1
R = —_—_—m = — l—_
! IO mrZ (L +x) nrz{ l+€]

R jl pdx _ p 1 1
2ol x? 1+0 1+1
For null point
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&zﬂlez 2

R, 10
2t 1 1.3 2
1+¢ 1+¢ 2 2 1+/¢

1
:>3+3€:4:>€:§m

31.

—IR=12-2RE — |, (4R) = 4R, I + 1,
= E = 20R - 48

EXERCISE -IlI

Match the column

1. For potentiometer short circuit = x /,

x Depends only on primary circuit
(A)  ET =xT = ¢ if secondary circuit remain same
(B) RT= x{ = ¢ Tif secondary circuit remain same
(C)  s.CT=¢Tifx remain same
2. After closing the switch net resistance decreases

therefore there will be increases in the current.
After closing the switch V, becomes zero hence

After short circuiting current in the resistance becomes
zero therefore power become zero.

Comprehension-1
1. Power through fuse
P=1"R=hx2nr¢
h = heat energy lost per unit area per unit time

| = current.

P hx2nre
==l

nr?

(

3

ol :>|0Cr3/2

4)3/2 ~
1 =
2

\%
20kw = 2000=—

n

"

8
r, 1

2. P=VI
20
= V = 200 volt = V < 200 volt
3. At maximum power delivery R =r, so n = 50%

Comprehension-2
1. As potential of 1, 2 and 3 are same potential difference
across them 'zero'.

2 3

N

As 1, 2 and 3 are having same potential therefore
we can draw it.

——AWWW——

AAAAA
YWYy

1,23

Ry=R/3 ;R,=R/3R,=R/3
As point 1,2,3 are equipotential AV = IR,

= AV = 0 therefore | = 0 for R
Comprehension-3

R

23’

R31

12?

1. Current is maximum when resistance in the circuit
is minimum. i.e. when S,,S_,S, are closed because
L V,
then all resistances will be shortcircuited | :?0'
2. After regular closing of switches, total resistance
decreases gradually.
V2 V32 P 7
. Pz 2 P =_0 5 t=—
3 'R 3T, P, 37
7
Comprehension-4
_ E E E,—-E
I -
R, 2 2 1
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J
(R, ) 0.40
I+ I, = 2 I 20V
kz R, v . LR1+R2 )
E | R, o
i |1=(£]2,5=2A:>I2:0.5
T 60
= V = 0.5(7) = 3.5 volt
(1) E (1 1) E
|l =|—| E + =% &l =|—+—|E - =L 12 _
- ! (RJ 2 R, &1, (Rl Rz) 2 R, 2. AV=1IR Ay;lzv
JQ
= L: E =R, = 200 AV, =1V e [B=11V
Rl 6 oV 20
L L 03 AV, = 2V 6V — c=9v
and —+ — = — = R = 400 = 0%
R, R, 4 2 AV__ = 3V
cp 6 D=6V
Now as & =03 = E =03120 =6V 3. By symmetric path method Points E, F and B, C
R, ! are Equipotential = R, = 1Q
Comprehension-5
1. In balancing condition, current in the circuit should be A
zero which happens at ¢=20 cm according to graph.
S 32
(e
2 At balance point € —LV _20 x6=1.2V v
100 100 2% kN
3. At ¢ = 0, applying kirchhoff's 2" law in the circuit | 4. By perpendicular Axis symmetry all points 1, 2, 3
containing cell, e= IR are at same potential therefore junction on this
. 22
line can be redrawn as R, :ﬁR )
where | is the current at £ = 0, & ¢ is the emf of the
€ 1.2
=—=——""—=30Q
cel. =R=1=20x10" X
Comprehension-6 /
1. V=E+ir
50! 12 o040 B
=12 + (0.04) (50) o] J—
=12+2=14V
2. Ans. (A) 5
Loss in power
= i°r = (50)%(.04) = 100 W a3+ 12+ 2
3. Ans. (C) B B _ . ’7 N /3—| 5
Total input - -0 L ' J
- Lossin pOWEf( 2r/3+1/2+ 2t/
= Useful power ([_] 5 5 i dicular Axis.. S .
Input power = 14 (50) = 700 w . y applying perpendicular Axis— Symmetry
Loss in power =100 w, Rate of conversion =
600 watt
EXERCISE -IV A f ; g i 8
A B RAB = ?R
|- 40 10
1. == ——=25A
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By applying perpendicular axis symmetry. Points lying
on the line 'AD' have same potential therefore
Resistance between AB and CD can be removed

e
%

(i) When switch S is open

4A 4A
60 3Q
a b
3Q o0
V-V, = (36 6x4) — (36-3x4) = =12V

.. 36V
Total current through circuit = a 9A

Eb Therefore | = 3A

(i) Chem|cal energy consumed = 3 watt
(i) Rate of energy dissipation = i°R = 0.4 watt
(i) Rate of energy dissipation in resistor

= (E -ir) = 2.6 watt
(iv) The output energy to the source = 2.6 watt

5 | 25

25 25 25 2
|10V J_SV J_ZOV J_SOV

15V t30v f4s5v s5v |20V
oS &8 o= 9§
o -l Yo} -
A Y3A Y9A Y5A

0]
A
Taking point 'A' as reference potential and its
potential to be '0": I =20 A

10.

11.

12.

13.

14.

Power supplied by 20 V cell

=-20x1=-20W
By applying node Analysis
I, \/,
X -V 0
r V1 V1
X+V, x-V, 1 1 V,r, = Vir.
=0 =>X|—+—|=
l’2 I’1 r2 rl r1r2

eZR B eR
(R, +r1)? (R +r)

R R

By taking 'O’ as a reference potential as current through
'4Q)" is zero there should be no potential drop across it

P,=P,=>

R 6 40 6
oA 2A

Z) —
av - 6V

T -]—1010V

(0] (0] (0]
Value of 'R’ for this condition = 1Q

'2R' and ‘R’ are in series therefore R = 2R + R,
and it is in parallel with

RoRr =RRARIR) o
“ (R+2R+R,)

By solving above equation R = (\/g—l)R

In loop ABCDEA 20—4i—2i1—1020
= - 2i~i,=-5 =i =-2i+5
20 i-i-i, D
10V 10V ;iz V.- i
s 20 ‘
20 EE b3
A

B

In loop ABCDFA 20-4i-10-2i=0 = i,=-2i+5
In loop ABCDFGA 20-4i-10-4(i—i-i,) = 0
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15.

16.

17.

18.

Put the values of i, & i,

= 10-4i-4 (1+2i-5+2i-5) =0
o . 25

= 10-4i-20i+40=0 = i = EA

Circuit can be redrawn as

5A 20 D

A B
10A - c

30
3 -V
R,= 5 Q1 "R, =20A
CurrentIn | =1, .+ 11 =15A
(i) i=—2t+i, jdqzj—l_;f—tdwjlodt
0 0
Qz_lo;-o +i0-|—0_ I0;-0
(. t)
—i|l-——
(i) i IOL :
(1-1)

(i) Heat = iRdt [ i= iOLT_)]

—jitz +ji2dt—})§tdt
T T

2 3
= %T?O'F i5To =15,
0
igTo
3
Submission of current at the Node X' is

Heat =

20 x 4

40

x—10+x—0+3(2x—10) o

2 4 2
:>15x—20—60:0:>X=@
15
_AV _[10 3|_
Current = 5 _LSXZ}_ 1A

Potential difference across voltmeter is same as
that of 200Q

19.

20.

21.

22.

23.

-

10
200] 20
V,=|=—=]10=22V
! (300 3 10
5-ir=4=1i=1A
1xR=4V=R=40Q

R, _40 _4  RiR,+10)
R, 60 6 "R, x10

RRR, + 10R, = R 10...(ii)

10
By solving (i) and (i) R, =?Q; R, = 5Q

(i) Current due to primary circuit

1, 10

R, +r 10
AV=1R,, = AV = 9volt

=1 Amp

. _ 9
Potential gradient = 12

9
(Ej (¢) =45 = ¢, = 6m

E, 10 1

. i= — =
() Rey +r+R,, 9+1+10 2

_ 1
AV = iR, = 5 OR = 4.5 volt

. . AV 4.5
Potential gradient x = — = —
L 12

4.5
S.C = Xflz (§]X8=3V

.3
\Y :E—ir,iR:3:>I=§

3
:4.5—(E)r:3:>r:1£2

Power developed in it is maximum when external
resistance = internal resistance.

nr 9n?

=R = =4=n=12
324 /n 324
Applying KVL
20 20
f |G y
EgQ —-—=1Vv

—

7=20 43 (1, +1), 1= 21, + 3 (I, + 1)

2

= 1= 2A, 1= - 1A

Power supplied by E; = a = E|I, = 14W
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2

Power supplied by E, = b = E,I, = -1W

14-1 = 13W

Heat developed will be maximum for the resistor '4'
because (P.D.) will be maximum for the branch
containing '5Q" and '4Q)'

Therefore a + b =
24.

N 3V
—HWW—O g
40 Iy | 40

D, 20 C

1Q

By applying K.V.L
V,-4-9-1 -3-4
16 = +81 + 1 + 12
8l +1 =4V ..

By applying K.V.L. in loop A'B'C'D'A’
-9-1+2(0-1)=0
=3I+ 21 = 9 ...(ii)

By solving (i) and (ii) Current in 2Q resistance is

3.5A.
R R Rrg

26.()1 = [34, Joj(l——jandr =J 27{“ J'Edr}
0 0 0

2 2
=J,2n RE R
2 3

:VB

_; [2nR?) _JA
"( 6 3

R R 2
i) J=jJO(Lj2nrd = 27T [yzgr _ o27R°_ 2JoA
0 R 0 3 3
27. Potential gradient = x = 0.2 E=2\Volt
— —wwWwwW—
E2 = x{, 50
1.5 = (0.2)/,
¢, =7.5m «—300,10M—>
I -2 V=ir =X _12
@) 1=3g. V=ir=x=24 10
x(=S.C E=1.5 \Volt
- 12, 15, 15T gasm
70 10 12
(E \ (1 5)
b) S.C.= 5=1.25
(®) LR +1, 6
S.C. = xt,
1.25 = 0.2 (£,) = £, = 6.25m
EXERCISE -IV B
D C
1 A B
F

E
By symmetry D and F are at same potential and C

4.

and E .
And by symmetry C and E are at same potential.
So we can removed DF and CE

D B:>A¥3/ B= ~"35°
r r
r
A
oL +X
o 30
= AWV
R /3
BEX—><+, >C So—X
1 1 N 1
=5 -
R, (a+x) o (Sa-X)
a5 —X) + 3(a + X)(5a — X) = 2(a + X)

oo+ X)(5a —X)

1 50’ —ax+a’+ax+15a” —3x° +120x

Re, oo+ X)(5a —x)
_afa+Xx)(5a—x) dR,, 0
@ 21a® +12ax-3x*  dx

Req (max) = 112
By applying nodal analysis at note 'B' and 'C'.
(B 7 cd [[IBT <BBICEO

Vo

2R R
R B R | 100
D
R 2R
R R r 100~V
Al
RC R

V-100 2v-100 V-0
+ + =

0
2R R R

300 400
=7V-300=0 =>V,= — and V = ——

7 C
o Va—Ve 100
BC R 7R
I_2oo+3oo_5oo_§(1oo)
7R 7R 7R 7\ R

i.e. times the length of any side.

By path symmetry potential of points A,B,C,D is same.
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R= 1800(5) =600Q

JEE-Physics n
n/2 ar . 8. (0.01)G=0.1R,*R,+R))
P@@Q G = 10 (R, + R,*R,)...{J)
Po—A-o 001 o250
mar 1
& 4 R, R R
ra 01
. :E(EJF;[] =R, =—(n+2)
42 8 (0.01)G = 1(R, + R)...ii)
5. I=l,sin (ﬂ)
T
T/2
As 99 5o Q=2] |Osin(ﬂ]dt=2'°T
dt 5 T b1
Total heat generated
T T
= [PRdt=[I5R sinz(@)dt
0 0 T
R,
IR Ant I2R
= 07'[(1 —cosT)dt = OT(T) By solving Equation (i), (i) and (iii)
’ R, = 0.0278Q ; R, = 0.25Q; R, = 2.5Q
(%) (RT) _QxR GR
27/ U2 8T 9. el
‘ r 2 900
6 R=p— 2
A E 100
R L /Ly ——ww—
dR = [Pof " xdX A
.([ : A Assume 1 division have x ampere When r=10Q
E .

p,L 1 p,L(e —1) =9x ... (i) When r=50Q
Ron(l_E] re 90 +10 +10R /(10 +R) ()
|=X_V°A( e ] E =30x ... (ji)

R poLle-1 90 +10+50R /(50 +R)

(i) divided by (ii)
7. Current with both switches opened is -
(10+R) 100(50+R)+50R _ 9

v 15 1 100(10 +R) +10R (50 +R) 30

—_— ===

R., 450 300

lasing the switch (10+R)(500+15R) 9

After closing the switc 100+ 11R)50+R) _ 30
V. +V,=V .

After solving R = 233.3 Q

1 3

_+V - —

3 Ve > 10 _ S><G; A=99><1=0.99(2

A S+G 100

v, =96%2=% 3(2+ r + 0.99) = 12

. - =2+r1+099 =4
'=T300 =r=1010Q
By kirchoffs first law 12 y
7 1 1 iR i
> 1800 300 1800 * !
2Q

|[R¥G) = V; IS = (H1)G; |, (S +G) = 4IG
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By solving the above equation we get the answers.

EXERCISE -V-A

1. In order to convert an ammeter into a voltmeter, one
has to connect a high resistance in series with it.
3. The emf of the standard cell E o100

The emf of the secondary cell e «30

30E
100

4. I,=1A; G=0.81Q; I=10A
10A 1A 081
A

QAV

AN ———
S

(1,0 1
S= G. S=2x0.81=0.09Q
I—Ig 9

5. On redrawing the circuit between A andAI? we get
I = 3V =1.5A
207
2Q
N )
0N 0N
AFWm————— v E=
II
3v alm
3V
6. For a given volume, the resistance of the wire is
expressed as
__»pt )
" Volume R/
2
R_(%j _am R g
R / R

1

So, the change in resistance of wire will be 300%

7.
. : 6
On redrawing the diagram, we get | = E:A'A
&0
& ey
A KW c VWA B
M AWAWW———
0 =
3Q
ANAAAA,
1.50 1.50 1.50
=
[
|I
Ii 6V
Y
8. Let resistances be R, and R,
R,R,
then S=R, + R, and P = R, +R,
2
P R1R2 R2 R2
(R, [R,)
= L — —J +4=>n_ =4
Rl Rl
- L _4 r1_2:>A1_r12_4
9. Given that R & T3 A, 09
In parallel : 1,R,=I,R,
LR _ 6 A3 41
hence L R, A, I 4°9 3
X Yy
10. _I_ANM7 vvvvv
20cm 80cm
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x_y_x_1 - _E
20 80 'y 4 R+r
E
I If ( )rk>R; I=—
""""" which will be constant
é) 15. The internal resistance of a cell
o (e o (1, )
e I
- ; R yR= 351 2=en
T a a 100-a ! Ve 2 120
16. Kirchoff's first law is based on law of conservation
ax y _50 of charge.Kirchoff's second law is based on law of
2 " 1oo_g a=~vem conservation of energy.
12 Voltage across R=2V 17.  Specific resistance (pg)=2p, ; diameter d,=2d,
Hence, voltage across 500Q=10V lo oo (Resistance)_
_— = of —mmmm8 ™ —=
S0 R (Resistance),
Pofo _Pala  fo _PaAs
"' AY AB AA gA Ps AA
. 2
Z_sz_A(dlaB) (R
10 1 (o Pe(dia,)~ 2 7~
hrough Q=——=— A B
Current through 500 500 _ 50 | A
18. Given that
As 500Q and RQ are in series value of Rigoc = 100Q
Ryc = 200Q
V T=?
R=2-_2 __1000 |
I, 1/50 R 105=R[1+0(100)] ...(i)
R=R,[1+aT]...(iii)
13, =R =R On dividing eq. (2) by eq. (1), we get
! ! R, 1+aT
Ry 1+100a
On solving, we get T=400°C
R
MWW
P R
Current in the circuit =—Rl IR, +R :
potential difference across cell with R, resistance Q S,
Under balanced condition
2E
=E-IR,=E——— xR
2 R.+R, +R 2 P__R _P_R(S:+S,)
But potential difference = 0 Q 5,5, Q 5:5,
S, +5S,
= E =2—E><R2:>R =R,- R,
R, +R, +R
14. Current supplied by the source to the external
resistance
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20.

21.
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5
100 :>5=R0{—}:>R0=4Q
AMAMA- 4
oo 10 1c 20 B
M % MWW
A 22, RD_R _p_3x8_ 5500
5 100 5 20 80 2
———WWWAA—
24. Choosing A as origin,
k l
E = i =
24 Pl p27‘cl’2
. L. (a+b)
On redrawing the circuit, we get pl 1 pl { 1 1}
Vo-V,=— | =dr=—| ——-=
¢ 25. c 8 27 '!: r2 2nl(a+b) a
100 200
> ) Vo Ve =_%E_(aib)}
50 00
b 27. For series combination
“ _ a,Ro; +0,R,,
5V Qs =
. . . ROl + ROZ
It is a balanced Whetstone bridge having R, as _
Ro1 = Rz = Ry (given)
30 x15 _ o, ta,
Reit = 45 =10Q os = 2 o
c 3m For parallel combination
100 1,200 A i 1.1
A B R R, R,
50 o 150 o 1
D = Ry Ro+ayt) Ry(1+a,t)
) ==
5v 5v 1 B 1 N 1
The current delivered by the source is R B
Y 70(1+(X,pt) R0(1+(X,1t) R0(1+(X,2t)
V 5 1 1 -1
Let the resistance of the wire at 0°C is R, also let using binomial expansion N
the temperature coefficient of resistance is a. 2-20t=1-o4t+1-at=a,= % 5 %2
Rso=Ro[1+a(50-0)]....(i) 4 2
20 . 28. R=p— R
Similarly R;,0=R[1+a(100-0)] ...(ii) 8 PA —Roat
On dividing equation (ii) by equation (i), we get AR AR 2A( _
—=—=— = 2[0.1] = 0.2% increase.
Ry _1+1000 6 1+100a R R
Ry 14500 ' 5 14500 29. R:R1+R2+R3+R4:>AR=1§OX100=SQ
:>6+300(X:5+500(X:>1:200(X AR:AR1+AR2+AR3+AR4:20
1
oa=——1/°C .. AR 20
—x100 = 100 =5%
200 For combination R > 200 0
o aci 1 /oc 30. i=02A p=4x10"Qm A=8x10"m’
n replacing o = ——=/ °Ciin equation (i), we get .
PREING % =200 quation (i), we g (_ip_002x4x107
L L “A~ gx107 Comv/m
5=R, |1+555°%0 [= 5 =Ro |1+ 31. Due to greater heating as H = I'R
25W get fused.
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J
s i =05A si,=1-i,=05A
32. L Similarly, potential difference between C and D
Vo=V, =(V, -V - i,(2+2)= 4 - 4i,=4 - 4
602 2400 (0.5)=2V= 8, S i;=0.25A
=\ Therefore, i,=i,-i, = 0.5 - 0.25 =i, = 0.25 A
O/ As there is no change in the reading of galvanometer
< Vi > with switch S open or closed. It implies that bridge
1 is balanced. Current through S is zero and
I =1 1= 1o
60 2 Current | can be independent of R only when R, R,,
= 2400 R., R, and R, form a balanced wheatstone’s bridge.
() R. R
O/ Therefore, - =—3 = RR,=RR,
<€ Vl 2 4 VZ
AAAAA 2
ESOQ In the first case (35) t = msAT..(i) {H =?t}
R = (120)* 2400 When length of the wire is doubled, resistance and mass
bub e both are doubled. Therefore, in the second case .t =
120 2m)sAT ..(ii)
V, = 216 x240 =117.07 Dividing eq. (ii) by (i), we get
(120)° N2
eaer=—=GOQ — =2 = N°=36 = N=6
heat 240 18
120 The circuit can be redrawn as follows

V, === x48 =106.6
54

So change in voltage = V, - V, = 10.4 Volt
33. To increase the range of ammeter, resistance should

be decreased (So additional shunt connected in

parallel) so total resistance to ammeter decreases.

y i-ig

nnnnn

EXERCISE -V-B

Single Choice
1. Net resistance of the circuit is 9Q.
.. current drawn from the battery,

9 .
i= 9 =1A = current through 3Q resistor

3Q A 20 ¢ 20
1A

V. 8Q 40

20 B 20 D 2q

Potential difference between A and B is

V, -V, =9-(3+2) = 4V = 8i,

A

2R 2R 2R 2R
VAVAVA'AV AVAVAVAVA
3R
r ¥ r r r
Fo— 4 AMMA—MM——o0 Q> —oQ
$2rR 2R
2R T 2R 2R 2R
L
4R

2Rr
R+r
Po—¢ MWMWAV————4—00Q => Pe—AMWWW——e0Q

2 2 2 2
SV P
R P 100 60
(250)° .
Now, W, = ""1 and
17 (R, +R,)
2
250 2
W, - (—)Z'RZ and vy, - 250)
(R, +R,) R,

W W, W, = 15:25 :64 = W, <W,<W,
Ammeter is always connected in series and
voltmeter in parallel.

AC
The ratio cB will remain unchanged.

P=i"R Current is same, so P«cR.
In the first case it is 3r, in second case it is (2/3)r, in |l
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10.

11.

12.

13.

14.

15.

16.

JEE-Physics
17. Given circuits can be reduced to
r 3r
case it is 3 & in IV case the net resistance is >
R,<R<R <R, .. P, <P<P, <P, 103 =3V 302 3V
P, :%2: ow P, :373;: 18W
-3 _ 4 3
Reo = 1" Ror = 11 randR, = 11"
" Ryq is maximum 29< i
I p,=3=9w
2 2
BC, CD and BA are known resistance. The unknown
resistance is connected between A and D. V&
18. P Y and 100W > 60W >
. . G). v? v? v? 1 1 1
V,, =1,.G=(i-i)S i= (1+—)Ig 40W = >—>—= >——>——
S S RlOO RGO R40 RlOO RGO R40
N MWW [Note : Although 100 = 60 +40 so at room
(iH,) tempeature
1 V2 v2+v231 l+lAI'bI
= =5 to— icable
—r—a—lr—©—b— R100 Reo R40 RlOO Reo R40 ( PP
g
Substituting the values, we get i=100.1 mA Only at room temperature)
W=0. Therefore, from first law of thermodynamics, _@_
AU= AQ = i?Rt= (1)? (100) (5¢ 60) J = 30 kJ 19. ~
AVAVAVAVAVAV @
Current in the respective loop will remain confined in !
the loop itself. Therefore, current through 2Q resistance |
= 0. Current always flow in closed path. 1\7
H = IRt | — same —(:)— =
A =1
2r _®_ = 1 G, I
, 5 R,
C
«— 12—
«— ) — L L
L2 20, R=E=_P=_P = independent of L
, A Lt t
SoH o« R R = % 0,0 same. Multiple Choice
Y
7.5 amp
=4H
AB L -4 15V 1.5x6
1. |= y oavT l 2KQ R, = -z
9V 12KQ
+x+20—¢80-x—>
R>2Q .. 100-x>X =240 60 _ooA
P 32 8
Applying — = — (A) Current lis 7.5 mA
Q (B) Voltage drop across R is 9 volt
We h 2 X . R _x+20 .
e have R 100 —x () > ~80 _x (i)

Solving eg. (i) and (i) we get R=3Q
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2

P Vi Ry _225x12
P, R~ v2  2x81
(D) After interchanging the two resistor R, and R,

=16

Vv
=7 =22 . 7-35mA
eq (48)
2 2 e 21V
i: V_l R'-2 = (V_lj 24V T
P, R, W\, |
9T f
= |:_:| =9 3V
3 I

Assertion - Reason
1. Ans. D

Subjective Problems

1. (i) There are no positive and negative terminals
on the galvanometer because only zero
deflection is needed.

(il

L]
A J B

(i) AJ=60cm ..BJ=40cm
If no deflection is taking place. Then, the
Wheatstone’s bridge is said to be balanced,

Honce, =20 =40 _2 g
eNCe 12 Ry~ 12 60 3 F

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

o 1(’)

K

Voltmeter

AMAMA

Oy W

4
1'|
Variable DC voltage

Slide wire bridge is most sensitive when the
resistance of all the four arms of bridge is same.
Hence, B is the most accurate answer.

€,1Q £,1Q &,IlQ
— — 1}
1|
e 10
L wW—
R R

2¢ )’ ’ J
JI:( ° ) RandJZ:[ £ ] Ras -+ =2.25
R+2 R+1/2 J,

2 2
o = _—225 2% _R_40
(R+2) 1+2R)
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