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EXERCISE -I

j — Current density n — Charge density

j = —nev, Vg, = —
n;e
n
vy, = ! , === >=n, =4n,
n,e n,
ML S
Ve, n;om
j=—=nev,
4] 161 ‘
e =nev . (i) e =nev . (ii)
41 v
From equation (i) & (i) ——=—= v' =4v

161 v’

Vy = AsAT so vdJr =V, > v,

2envA
i= nevdA; I= env. —(—nevA) =%nevA
RoPLL _pl* pl* plid
AL AL V m
d,p — same for all as the material is same for all.
R :R,: R, = égl— 125:15: 1
2
R-PLL_PL e
AL V
A “?ﬂ%l H%‘(}“ H’ZA%%A
& WYY YT YWY
=100
AAAAAAA AAAAAAA
LAMAAL Yy
8Q 4Q

Balanced Wheatstone Bridge

ps w4t oL 36 g g 36, 850

912736 7 °%wT 7 T Ty
1

V=R =2=0@0)=I=1;A

10.

11.

12.

UNIT # 08
CURRENT ELECTRICITY

. R LR 2
le Rg $OR 3R
TaQ
R
R 2R R ZR
= 2R 4R | = 9R 4R
+ -
E4Q E4Q

This is balanced wheat stone bridge
From maximum power transfer theorem
Internal resistance = External resistance

DOZooooDOommlimdioonotronm
0o0IonOMIoomE= DioomIooms

4= BXOR L RoR-20

~ %7 3R+6R -
V? \%
P = e Initially, 1= R
P P =P = ( j
ower across
X
4v? 2v?

“are PO BT op B TR T g
Hence Px increases, Py decreases.
Alternative method :
Brightness o i’R when S is closed current drawn
from battery increases because Req decreases. i.e.
current in X increases. So brightness of X increases
and current in Y decreases. So brightness of Y
decreases.

0000 R O00s 0OOMIDMICI0ON00IC000o O
I0I06R,, NOIDMNX OMO00Dmo00x O
DDDDDDDHDDU]DDH_DY QoIrmotiomOony Orono
[o0mom

Finally, 1

v\’ ¢’

- I°R = = R

P=I'R (Ej R R +1)°

¢ is constant and (R+ r) increases rapidly Then Py

e (000NN R+ ») OOIOIOOOIOMTPY

10
P=i2R:10=1252i2=?=2 =i= /2
i i z
14=§5 :p4=[§j 4, P= ()5
Bolop=D o 10, I/
] 4 5P, 5 cal/s
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13.

14.

15.

16.

17.

18.

19.

20.

21.

_pt pe

= R:—
AP A

2

Ry As A <A, soR >R,

In series H = I’Rt
2

\Y
I llel H= —t
n paralle R

HoR;H >H,

1
HOCE ;H1<H2

1
V=¢g+ilr) = 125=¢ + 5(1) = =12 V

(As the battery is a storage battery it is getting
charged)

A0 O O Y

The correct answer is R = 0

161 -081,=4..0%

161, -081 =4 .. (i

from eq. (UOIOOOI D) [ =1,=5

voltage difference across any of the battery.

QOO0 0mOmOoIooonan

0.2Q I
v, |F— WV
\VJ
V-1+02 5-V =0
V. -V, =0 Volt
V=R = 0.2=1(20)
Ig = 0.01A (through the galvanometer)
I G=(-1)S= (0.01)(20) = (10 - 0.01)S
= $=0.020Q
Rv ZX—G = 910:%—90
i 10 x10
10
= V = 10 = No. of divisions =O—1=100
20 + R = 1z R=100Q
01
12
I = = O . 1=
4 +2+ If =0,

potential difference is equal of EMF of cell. = 12V
i .

PQ:PS

S 625 Q 625 0

P 676
QP 2.2 (i)
s 676 Q S

22.

23.

24.

25.

26.

27.

676 S
S 625
(676) (625) = S* = S = 650Q

,X] £ ,(Lj ML
E_(f 3 &E |35/ )= =3

From (i) & (ii)

E Or

Potentil gradient QUIDI000) - (£=-)(%)

According to question (JOUUOD)
E E Or 5L
() Hw=e-2

Potential gradient (U000 D000

X = (L) (4—5) =1.5Vm™
05+4.5 3

3
Here (x) (AC) =3 = AC =E

Potential gradient (U000 D000

=2m

~ [ 12
T \8+16

Effective emf of El and E2
€, 00, OI000T00000:00000)

j x4 =2Vm™!

E 2

A —
I, I

m

E= =—volt

E=—o21_
1/r,+1/x, 2

Balancing | h AN = [l) [l) —lm =25cm
alancing lengt BRCYACY S

2 2 2
P:v——V A OC—[\/ —)same]
R pl
(25W- 220V)
A (220)°
P, = R, R, = Sralie 1936Q
(100W-220V)
5 (220)*
P,=% ,R,= =484 Q
z R, 100

In Series (I same)
H=I'Rt, H « R so if R>R, then H, > H,
R, is likely to fuse
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b Vv
28. R
, VA 10V*A
P’ = =
[L _Lj 9Lp i)
10
10
from eq. (i) & (i) P’ = ?P
AP (%OP _Pj 1
—x100 > ——x100=>—x100=11.11%
p p 9
29. In parallel combination the equivalent resistance is

less than the two individual resistance connected
and in series combination equivalent resistance is
more than the two individual components.

8 T
N
R R

20 8V
3v 10 B
30. a—WH —eB EAQ—‘WV\:—!I—“—WV\roB
1Q 3V
|_

2 qov

_ T I 2 2

E= 2 zZ = =1 volt and
1,1 1.1
Lo, 2 2

r=£=1Q . Therefore A°—'VW\I—||_ B

r+r, 2Q o
31. Ans. (A)
32. Given circuit can be reduced to
QorOnoooio0mo
O\
Y
AMAAA ©
o | =
AARA 10
o @
—||—fvvvw—@— av
av
Reading of ammeter (DDUDD] il D:DD:D)
4
= =1
3+1
Reading of voltmeter U0001000 O 00Oy
=3 1=3V

4V
L ~0.4x500
Potential difference across voltmeter,
00O DOmoINOoODnay
V=I-2
= 2 sintt = 0.2 50 x -2 = 2 mcosnt = 10 V
100 2V 100

v ” hi‘ ] OV (let)

33. =0.2A

-

—

a7

=V =20 nt (cosmt) cm/s

34.

8 are of same potential and

8' are of same potential.

......... g U000 OO DImon oo
......... g UIl0OIDooony

3R
-8
Total length of wire (DUDD DUDDDDDDD:D)

=90+90 =180 m ;
Total resistance of wire ([JI I OOCOIIIT)

R

eq

35.

- 180/5 = 12 Q.
Asi- = os- — 2ty
s Rtnr 12+5+nx2 ™

= Total number of cells required = 5

A 0
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Free—electron density and the total current passing

1.

through wire does not depend on 'n'.

O A A A
(000ooICooMDy
_ Eir, -E,y

n + T,
v

_2x3-1x4 2

3+4 7

E

eq

2/7V
12/7Q
1

V, >V, =2 [Ej s V-V,

From Figure 1 :

2

13

2
Vg * 4i2V,70 T2+ 4i= 0

i=£A

AV, =33

v, =2Ly

TR

5Q 3Q

ABQ

106X

B

4Q 2Q 3Q

40 B0
iR = 7 volt

R, =140 =1=2A;V,,

4. Both '4Q)' and '6Q)' resistors are short circuited

therefore Req of the circuit in 2Q is 10 A.
(4 UlT'eqy DINIIIOOTOIDITOIOMOIOOI20 O
JI0ICOIR = 10 A)

Power (UI0) = VI = 200 watt
Potential difference across both 'A' and 'B'

a' Ul DOIOTO0IOINCOOT00= o)

1=99_5 16

dt
Power : P = 'R = (2 - 16t/°R

(4 — 256t% — 64t)Rdt

© 0 |

Heat produced =JPdt =

(

6412
= L4t_

2 )

25613

R
3 6

1/8
R = —joules

0

It is the concept of potentiometer.

(i

By applying node analysis at point b

For wheat stone Bridge condition is R
2
; R, R,
(ODIUOODOONMIOOl =+ = =%y
R, R,
Therefore null point is independent of the battery

voltage.

I T N Y

10. V=E-ir=>V=-i+E

Slope of graph 'V' and 'i' gives 'r' intercept of graph

'V' and 'i' gives E = tan 0 oy
X

(v Oy OO 000Gy Dy Oy 0D 00I0000o

r.)

E [[Z tan 6 =L
X

11.

AV = E + ir and in charging current flows from
positive terminal to negative terminal.

(av = E + ir JUIIOI0I000II 00 o0mimonom
[DIODODIoron
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12.

13.

14.

15.

16.

17.

CAREER INSTITUTE
KOTA (RAJASTHAN

JEE-Physics

Slope of 'V' vs 'i' graph give internal resistance
Lr=5Q0

(v 0 OIOIO000D D0, = 5 @ OIIoomNOo
(0

Intercept gives the value of e.m.f. E = 10 volt

QN0ionooooohmoE Ditdho vor 00ILO
(OrOny

Maximum current is (JJLOUO0CED) & =% = 2A

If n batteries are in series than the circuit can be made

WA
asi=— : F i.e. independent of n.
o % :%
nE e

AW
| W)

If n batteries are in parallel than the circuit can be

(00» DOOON OO0 ODI0000a]

. nE
made as i =—
r

OIOOID; = RE

r

1/

i is directly proportional to n .

In parallel combination current gets divided

therefore parallel combination supports i = i+ i,

is 20A in series current remain same therefore the
series combination supports i = 10A.

(NN

OOmOICOOmIOOmoNaL: = ¢ + 5, OO0000MIO0I0m
[000T00R20a MOMOOIOINIIIODOIOOONOmOD

OMO0O0000IT = 10a 0O0)

As power in 2Q is maximum when the current in it
is maximum. Current in it will maximum when the
value of Req is minimum . .. R=0

OUI0E2o IINDOOOIDOODUNUOoOmooo

i DDDDDHID]DDIDIDDDDD[DDDDDDReq 100000 .. r=0)
Heat =i’RT=(36)(2) = 72 W

For Ammeter IQG =(- Ig) R

18.

19.

20.

21.

50 10° 100 =5 10°
For voltmeter IQ(R + G =V
=50 pA R + G) = 10V

= R + G =200 kQ

=R =200kQ

R=R =10

20 20 1
mno R 200 10

i = 20 :ﬂziAmp

250 25

max

Potential =i R, =L><75 =7.5V
min 10

Across potentiometer V =1 R, = % x75 =6V

If em.f of c is greater than the e.m.f. of the 'D'

[ =0

So r does not play any role of zero deflection in
galvanometer.

o o X A A AT
000I0IOMEO0DINI: = 0
JOib0RooDRnIOIroIoooo: Dooro0ma

U000
]ID R
WA
A - 5] B
%,
G
Y 3/4Q 30V
30
1/4Q
1Q
1/40
Both 30V are in parallel
BO—li—éi:O: i=230A
4 4
1Q
Assume DE = R Q A B
EC= RQ 10 1Q
R, + R=1Q
V =V, D C

Means balance wheat stone brl(]ige

R, +1
P_R 1 R+2
Q S'717 g,
R, +1
2=1—=1_R1
R, +2
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R, +1=R, +2-R? -2R,

R?+2R, -1=0 =R =-1+ o >R, =2-2

CE R, 2-42
—_——= :\/5
ED R, +2-1
22. e BB oM
A V3 S
1D
> i/64 R \i/3
Gi6 F
i/3 i/6
V6 E

So current in FC=0
X ALY B

23 AAAA AAMAA
. VVVVVY

[ VVVVVy I

12V r

12

_— X X=1Q
X+Y+r =

=1A= V=1-1

When Y shorted 1 =
1+r

12
=12 - 10=12-——=
10=12 Ir = (1+r)r
= 10+10 r = 12 + 12 - 12r
=10r=2=r=02Q
E, +E, < E, y
n+r,+R n+R”

24. E, +E) (r, + R) < E/(r,#1,+R)

ER+ER+ER<<Er, + ER; RE +E)<Epr,
On solving we get E;r, > ER + 1))

25. 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.
OIIon OMmOo0eo0miooornNooo b oOn0m
O A
QOIoy

\Y%
V = E+iR getting charged izﬁ =

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

e oo 2
nR n n

26.

27.

28.

9Q
10mA
AvAvAvAvAvA' o AvAvAvAvAvA'
14 0.1Q l 0.9Q
A B C
Between A and B

(9+09 10 10°=(-10mA) 0.1
= 990 mA =1 - 10mA = [ = 1000 mA = 1A
When S, open (U0Is, DIUIO0)]

Assume resistance of AB = R

(00laB OI0OIO= R

Resistance of wire per unit length.

(NN D A

i L w—l
DN}
. Lt 6V ©S,
=R ‘ ,
V, I,
Now in AC N ]:/2 C .
E Al - L/2
E><—XE=6 GL 0}
E
E =12V
When S, closed
- EXRXSL_SE_5x12:5V

1R L 12 12 12

:6—Ilr=5: 6—[%jr:5 = r=2 Q

v R=¥=slopeT
I
A
p So Rt
P =R
1 Rt P%
P oI’
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31.

CAREER INSTITUTE
KOTA (RAJASTHAN

JEE-Physics

Rearranged circuit between A & B is :

(a [ B 0000DDOIIOIOOIDOOMD

o—www—o
B

(due to symmetry)

Total resistance of circuit (LU0 OOIONOT)

T.2.30 1-2-34
33 3

Heat produced in cell (OO0 0000000y

o (Z-a

Current in resistance connected directly between

A&B:lx?,:Z:lAA

15 5
0 B Ol00IOMOMCOOO M onamnom

:lx3=1=1.4A)
15 5
()
2r 4r
=
pdx pdx

r=r +rx=1rl+x)=>dR = nr2:m

¢ pdx p 1
R = _— 1——
! '[Onrf(1+x)2 mz[ 1+e]
Rooflpdx _p| 1 T
z Cefl+x)? w?|l+0 1+1
For null point
&:1—03R1:R2
R, 10

1 1 1 3 2
>l-—=—-""—"9S5—=—

1+¢ 1+¢ 2 2 1+¢

1

:>3+3£=4:€=§m
V, -V, =2(2R) = 4R =24 - (2R)],
=IR=12-2RE -1,4R) = 4R, I +1,= 2

= E = 20R - 48

EXERCISE -III

Match the column

1.

(A)

(B)

(C)

For potentiometer short circuit = x £,

Ul0IimooboonOrooy

x Depends only on primary circuit

A N A Y

EIT =xT = éli« if secondary circuit remain same
O A

Rt = x{ = élT if secondary circuit remain same
O A

S.CtT = IilT if x remain same

OOT000Is.cT = ¢, 00l OO000MD

After closing the switch net resistance decreases
therefore there will be increases in the current.
After closing the switch V, becomes zero hence
V=V,
(o0OMIOIOIDIn oo DI Oon0
(CIOrCoooiimmoodis, Orboinioidonng

000I00E v =v)
Ny

i

After short circuiting current in the resistance

becomes zero therefore power become zero.

QOO Ionomooootommrrioo O momT
JIDIItOICoIoroonono0o;m,

Comprehension-1

1.

Power through fuse (UUOIOIOOZOOIOCOD)
P=IR=h 2mu/
h = heat energy lost per unit area per unit time

QoorbooormLmbOOnooomo Ly

I = current.

Izzhxngnrgocr?’ =1 o p?/2
nr®

(IL]_[&]B/Z_[EJ?)/Z_g

L) \r,) \1/ 1

2

\Y
20k 2000=——
W = 20

= V =200 volt = V < 200 volt

P=VI

At maximum power delivery R = r, so 1 = 50%

(NN
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Comprehension-2

1.

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

(0000, 2 0B UIDDDONNImOoonmiItooro
(0000

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

(000, 2 0003 I00I00MODRIOOIOIOMD Cony
— MWW ————
OF—WW——1,2.3

MWW
R, =R/3 ;R,=R/3 R,=R/3

As point 1,2,3 are equipotential AV =1 R,
(07000000, 2 003 UOROCOOo0m

= AV = 0 therefore I = 0 for R ,, R,,,R

2377731

Comprehension-3

1.

Current is maximum when resistance in the circuit
is minimum. i.e. when S,,S,,S, are closed because

V
then all resistances will be shortcircuited . :EO'

(i i
Ullls,, s,, s, UOIOMODO0O0IHonnonomoed

After regular closing of switches, total resistance
decreases gradually.

(00RIOmootooIbiou DO oo tpoomoomoan
Oy

% V2 P, 7

p =—22 p = 0 -1

"R : 37, R 37
7

Comprehension-4

1.

_ E E E,-E
I1:E1 E2711+12:R_2:>12=R_2_ 1R 2
R, 2 2 1
I+
IO S
E I, R,
TE,

and

:>L=—:R=ZOQ
R, 6 '
1,103
R, R, 4 = K, = 40Q
El
NowasR_=0.33E1=O.3 20 = 6V

Comprehension-5

1.

In balancing condition, current in the circuit should
be zero which happens at (=20 cm according to
graph.
(i
U000 = 20 em COCIOM)

4 20
At balance point e=——V =—-x6=1.2V

100~ 100
(1000Ioiomo

At ¢ = 0, applying kirchhoff's 2™ law in the circuit
containing cell, €= IR

(¢ = o DIUIOo0nomoroiommo
O0MIE, e= IR)

where I is the current at / = 0, & ¢ is the emf of the

€ 1.2
cell > R=—=

= -300
I 40x10°®

(0 ¢ = o OO0 TIOMOMOTTe OODOTOOMIDDOIO0ONO

Comprehension-6

1.

V=E+ir

=12 + (0.04) (50)

=12+2= 14V

Ans. (A)

Loss in power (OO 0Iony
= i’r = (50)%.04) = 100 W

Ans. (C)
Total input (JOIOO0INOII0)
— Loss in power (0I000000G
= Useful power (D]DD]DUD D:UDD),
Input power (LUULOIO0) = 14 (50) = 700 w
Loss in power (DD:DDD DUUDD) =100 w,
Rate of conversion (JIOUOIOMNON) = 600 watt

54

Node-6\E:\Data\ 2014 \Kota\JEE-Advanced \SMP\Phy\Solution\Unit-07 & 08\03-Current Electricity.pé5



Node-6\E:\Data\2014\Kota\JEE-Advanced \SMP\Phy \Solution\Unit-07 & 08\03-Current Electricity.p65

CAREER INSTITUTE
KOTA (RAJASTHAN

JEE-Physics

EXERCISE -1V A

40
[= 10_25A 9.60

el
, [ R,
l_(RIJFR

I - (48j25 2A =1,- 05
60

= V = 0.5(7) = 3.5 volt

12 _
AV = IR v
i
AV, =1V 12v—— (1}11\1
AVy. = 2V v — lc-ov
AV =3 -
Veo v 6 D=6V

By symmetric path method Points E, F and B, C
are Equipotential = R, = 1Q

(00, F 008, ¢ OOIDOTOOIOINO0IR0,

A
N G
A
B‘I»Q’ Q¢

By perpendicular Axis symmetry all points 1, 2, 3
are at same potential therefore junction on this

line can be redrawn as R,, =—R.

(0000, 2, 3 LOIOI00UIDONDODOTONEORIODOD

22

O0omontonomnomiR,, = 3c

Z2R)

1

2r/3+r/2+ 2r/3—|
B
2r/3+ r/2+ 21'/J

s
Yo

By applying perpendicular Axis—- Symmetry

0000000000,

AB 7
By applying perpendicular axis symmetry. Points
lying on the line 'AD' have same potential therefore
Resistance between AB and CD can be removed
R,;= 9Q.

{ioooioorotitoIbonorap doMOOOICIDL oo
[OIolOOiooriifiCOiae OD0Mcp OIODOMOMOON

R~ 90 DN OTOOATON

(i) When switch S is open
(i DDDUS HI0I0m

a3

(36-6 4) - (36-3 4) = -12V
36V

Total t th h circuit = —— =9A
Olal curren rougn circul 4Q

O N )

Ek’ Therefore 1 = 3A

(i) Chemlcal energy consumed = 3 watt
UONOIdONmDy

(ii) Rate of energy dissipation = i’R = 0.4 watt
()

(ii) Rate of energy dissipation in resistor
A A AR A
= (E - ir) = 2.6 watt

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

(NN i)
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25 25 25 25 I 25
|10v J_sv J_zov J_30v

15V 130V %45V
o]

ssv 2V

100

G G
v W

A 3A 9A SA

AO
Taking point 'A' as reference potential and its
potential to be '0' : [ = 20 A

(000rar OII0OOIIOTOIDOCIDIDO0NCODIODOD
00010

Power supplied by 20 V cell

(20 v UOIOONOT0OTOMO00

= -20
By applying node Analysis
()

1=-20W
10.

11.

12. By taking 'O' as a reference potential as current
through '4Q)' is zero there should be no potential

drop across it

(0o UIDOIDUDONUIT 4 0DOI00MIDOO
RN i)

q4 R 6 4 g

[N 2A
20
'|' 10
10V
T
0 0 0
Value of 'R' for this condition = 1Q
(OO0 OOy
'2R" and 'R are in series therefore R = 2R + R
and it is in parallel with

(2R +R,)R)

(R+2R+R,) *

av

13.

R' =R =

eq

(2r' 0 R [OMOO0OIOMIOER = 2R + R, OO0

R I0000000000NE R - 2R+RJIR) _ o)
“ (R+2R+R,) *

By solving above equation R = (\/g —1)R

14. In loop ABCDEA 20-4i-2i -10=0
= - 2i-i=-5 = i=-2i+
20 ii-hbE o
10V 10V ;iz V:il
—
20 10V
In loop ABCDFA 20-4i-10-2i,=0 = i,=-2i+5
In loop ABCDFGA 20-4i-10-4(i-i,-i)) = 0
Put the values of i, & i,
= 10-4i-4 (1+2i-5+2i-5) =0
25
= 10-4i-20i+40=0 = i = EA
15. Circuit can be redrawn as
5A 20 D
A B s5A
10A =
200 10 B
I
L
30
3 -V
Req = EQ; I R., =20 A
Current In 1 =1, +1;1,=15A
16. (i) 1:—Ot+10; J.dqz‘.. 0—dt-i-‘..iod’[
i, T, . i, T,
Q=- 020 +i,T, = 020
)
i i= IOL )

Heat =i’Rdt [ i= iOL_J]

(iii) T,

—jitz +J‘izdt—]9%tdt
T T
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19.

20.

21.
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Submission of current at the Node 'X' is

(Node 'x' UIOIOTOM)

10 0

x—-10 x-0
+
2 4

+3(2x—10) 0
2

= 15x—20—60=0:X=%

Current —ﬂ={10 3}— 1A
R 15 2

Potential difference across voltmeter is same as

that of 200Q2
UD00NIOIo0DoIomO

OIUOoUmy

100Q
v, = [200)10 _20,
300 3
5-ir=4=1i=1A
1 R=4V=R=40Q
R, _ﬂ_i . R/(R, +10)
R, 60 6% "R x10
RR, + 10R, = R, 10...(ii)
10
By solving (i) and (i) R, =?Q; R, = 5Q
(i) Current due to primary circuit
(M A A
1E
i= L =E= 1 Amp
R, . +r 10
AV= 1R, = AV = 9volt
. 9
Potential gradient (]DD_DDDDDUDU) = —
9
12 (() =45 =1( =6m
. E 10 1
W TR, = ==A
wmFr+R,, 9+1+10 2
AV =1iR,, = 5 9R = 4.5 volt
Potential gradient x —£= 4.5
L 12
4.5
S.C =x/, = (12] 8=3V

3
\Y% =E—ir,iR=32i=E

3
=4.5—(§jr=3:r=1§2

I00OII0OIOiz00 ¢ O

200Q

22.

23.

24.

25.

26.()1 =

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

(O00DI0IoIdnotl Qmooooor oo oo oo =
L0000

nr

324 /n
Applying KVL

2
R _4n=12
324

AAAAA
\AAAAS
|
L]
=
<

7=21 +3(I +1) 1= 21, + 3 ( )
=1=2A,1=- 1A

Power supplied by E, = a = E]I, = 14W
Power supplied by E, = b = E]I, = -1W
Therefore a + b = 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)'

(4" DIO0ODONOCIOINIoI 0ol LiMOooo Do tdna
'5Q U1'a¢y D100 L0 ON0O00O 000001000000

Hiooomom,
I A,9'\/ 1Q 3V
HWW—O
A 40 Il I 40 B
D, 20 C
By applying K.V.L
V,-4l-9-1-3-4=V,
16 = +81 + 1 + 12
8l+1 =4V ...()

By applying K.V.L. in loop A'B'C'D'A'
-9-L+2(0-1)=0
=3I+ 21 =9 ..(i)
By solving (i) and (ii) Current in 2Q resistance is
3.5A.

[3d, JOI(I——jZTcrdr ~J,2n B Igdr}

_yon R (21R%) _JeA
0 2 3| 0( 6 )_ 3
R 2
) J :_[JO (Lj 2nrdr = 02TEJ.rzdr do2mR” _ 2d,A
o R 5 3 3
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27. Potential gradient = x = 0.2
E, = x{,
1.5 =(0.2)¢,
£, =7.5m
(a) i—i \Y =X E
¥ Tes VTN T 0
Xf1=S.C. E=1.5Volt
S 2, b, 1T g asm
70 10 12
( E ) [1.5]
b) S.C.= R=|—1|5=1.25
(®) LR—i-rlJ 6
SC. = xt,
1.25=02(£) = (, = 6.25m
EXERCISE -1V B
D C
A
1. B

F

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

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

(O0IIUD UlF DOCOOOIC OTE OOIDOOUIOOODO
000000 Ol U0NDODIODoItomIiomo
00Ipr U ce OI00T0O000)

B4, >C

1 _ 1 3, 1
=R, (a+x) a (5a-x)

_oba—x)+3(a+x)5a - x) - 2(a + x)

a(a + x)(ba —x)

1 50 —oax+0?+oax+150% —3x% +120ax

R, a(a + x)(ba —x)
oo+ x)ba —x) dR,,
R, = 2 2 =0
“a  2lo®+120x —3x dx
_3
Req (max) = 11 a

3.

By applying nodal analysis at note 'B' and 'C'.

(l0Is 0 ¢ 0IDIOD0000IIOIIOD

2R R
R B R J 100
D
R 2R
R R r 100V
Al
R C R

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

0
2R R R
300 400
=>7V-300=0 =>V,= andVCZT
= Va—Ve 100
& R 7R
[_ 200 300 _500 _g(looj
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.

(000, B,c,p DOIOODIDODIONIODO0OD OO0,
/2 ar .

S

mar r

8 4

_ra(m _ra
5] =R

[=1;sin (@j
T

T/2
21, T

As d—q:I so Q:2‘[ Iosin(@)dtz b
dt o T T

Total heat generated

¢ t 27t
= [’Rdt = [ R sin’ (—)dt
0 0 T
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Current with both switches opened is -

A A
vV 15 1

R, 450 300

After closing the switch (UDDDDDDDDDDDDDDUD),
vV, +V,=V

1y-3
3 72 2
e
6 6
. 7 1.5 volt
'T1800
By kirchoffs first law (LJI0I000OI00CI0C0N0)
7 1 1

i = - = ; iR =iR
1800 300 1800 ° i

1
R = 1800(§j =600Q2

(0.01) G = 0.1R*+ R, + R))
G = 10 (R, + R,*R,)...()

0.01 250

0.1
(0.01)G = 1(R, + R))...{ii)

0.01 R,

0.01@ R, R,
R,

By solving Equation (i), (ii) and (iii)
R, = 0.0278Q ; R, = 0.25Q; R, = 2.5Q

R
L]
r 90Q
E 100
—
Assume 1 division have x ampere When r=10Q
E _ 9y ... (i) When r=50Q
90+10+10R /(10 +R)
E
=30% (i
90+10+50R /(50 +R) (i)

10.

(i) divided by (ii)
(10 +R) 100(50 +R) +50R 9

X =
100(10 +R)+10R (50 +R) 30

(10+R)(500+15R) _ 9
(100+11R)(50 +R) 30

After solving R = 233.3 Q

B SxG R :99><1

R, =0.99Q
A S+G 100

32+ r+ 099 =12
=2+r+09 =4
=r=101Q

12

—

20
LRTG) = V; 1S = (IF)G; 1 (S +G) = 4IG

By solving the above equation we get the answers.

EXERCISE -V-A

In order to convert an ammeter into a voltmeter,
one has to connect a high resistance in series with
it.

8 A a0 ] MR

HonO0i0ioooeooiobmnoNobo
The emf of the standard cell E o100

J0OIo0IOrooindiiliE «100

The emf of the secondary cell e 30

0 A A T

E 100 30E

=— = e=—
e 30 100

I=1A; G=0.81Q; I=10A
10A 1A 081
> e AAAY

9
MV
S
s—( I, \G 1
= . S==x0.81=0.09Q
I-1 9
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5.

On redrawing the circuit between A and B we get

A [ls DI0I0INIODITOOOOMOO0IOD

3 30 3Q
I= 3V =1.5A
20
B 30
2Q
30 ANANAA
30 30
VVVVVVVVVVVVVVVVVVVVVVVV B=
it
3V i
3V

For a given volume, the resistance of the wire is
expressed as

0 O
pt*

- Volume

2
R_:(%] _4oReoR
R, \/ R,

=R o (?

=3

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

Ul Oi0ommItitnoollseos OO0

On redrawing the diagram, we get [ = —=4A
aQ
20 1.50
VVVVVVVVVVVVVVVVVVVVVVV B
A C
—— MWW———
30 =

3Q
—————AAAAAAS
1.5Q 1.5Q 1.5Q
—AAAAAA——AAMAA— ————AAAAA——————
=
I
|I
I 6V
|I
6V

10.

12

Let resistances be R, and R,
OI0R, Oir, OIO0OICO

RIRZ
R; +R,

then S = R, + R, and P =

2

R, +R
nZEZM:ﬁJFﬁ
P RR, R, R,

(R R
= k 1 _ == +4=n_ =4
Rl Rl
(4

+2

1 , 2 A rl2 4
Given that Zzg & E=—:>A—2=g=§
In parallel : [,R,=L,R,
, R, (, A, 3 4 1
hence E:R_le_z T—ZX§:§

AAAAAAAAAA

20cm 80cm
X |y x 1
20 80 vy 4

4x y

Now

S a a 100-a !
4x
—= J = a=50cm
a 100-a

Voltage across R=2V

R UIIO00DONOIO00D= 2v
Hence, voltage across 500Q=10V
U000sooq UINOOIOIIUIIOOIOIO0NY = 10V

5000
12-[

Current through 500Q=

10 1
500 50

60
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10 1
5000 UIIOI0O0000000I00I s — 200" 50

As 500Q and RQ are in series value of
00I00s000 U0IRG OOIO0OI0NOO

=100Q

EFR‘
k It

R
A

Current in the circuit (UJO0IO0II) =R +R 4R

potential difference across cell with R, resistance

[i0I0Ir, OiONOOIONO0IOoCOONo

2E
=E-IR,=E-————xR,
R, +R, +R

But potential difference = 0

2E
= E=———xR,=>R=R,- R,
R, +R, +R

Current supplied by the source to the external
resistance

Oi0o0oI0mICoooiCoomonOoodm:
E
R+r

I =

1t (J00) v>>R; 1=E

r

which will be constant(LJ\I 1011000

The internal resistance of a cell

00i0IOrdoomomm

(s (2

Kirchoff's first law is based on law of conservation
of charge.Kirchoff's second law is based on law of
conservation of energy.

[OUOnroIotiOmooooN oI nodoTm
[OooIooooomtiirbUniir Co OO0 00D
0]

Specific resistance (pg)=2p, ; diameter d;=2d,

I ODI  pp=2p, ; I000dg=2d,

gB (Reswtance)B B
Z_? for (Resistance)A -

18.

19.

20.

Puls _

B

Pala Ly _PaBp
AA gA pB AA

Z_B Pa (dla ) 1
EA pB (d1a ) E

Given that

R0 c= 1000

R;c = 200Q

T="

R,00=Ro[1+a(100)] ...(i)

R=R,[1+aT]...(iii)

On dividing eq. (2) by eq. (1), we get
R, 1+aT

R, 1+1000

On solving, we get T=400 C

Q S,

Under balanced condition

Qoo 000y

B =
Q S5, "Q

On redrawing the circuit, we get (D:DDDHUD)

100 20Q
A B
50 o0
D

1
5V
It is a balanced Whetstone bridge having R as

COlooioooroloDioib oMo oe
30x15

Ry == =109
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21.

22.

24.

25.

27.

C 30Q
100 200 —VYWWA——
A B
——AWWW—
0Q 15Q
D i
! !
5V 5V

The current delivered by the source is

JOo0ioo oot o

vV 5
[=—=—=0.5A
R 10
Let the resistance of the wire at 0 C is R, also let
the temperature coefficient of resistance is a.

0To ¢ UIMIOIIooR,, OO Oomominim

U000e O

R.,=R,[1+a(50-0)]....(1)

Similarly R;,=R,[1+a(100-0)] ...(ii)

On dividing equation (ii) by equation (i), we get

R100=1+1000° 6 1+100a

R, 1+50a ° 5 1+50a
— 6+300a =5 +500a = 1 =200a

1
*=200"

1
. a — OC . . .
On replacing 200 / °Cin equation (i), we get

1 1
- 1+——50 5=R |1+—
5R°{ 200 }:' { 4}

:>5=R0[%}:R0=4Q
55 _R

20 80
Choosing A as origin,(A DJUDDUD[DDDDDDDD)

R=22%8 5000

E=pj=
pJ szz
(a+b)
I 1 pl 1 1
V.-V, =— | =dr=—| ——-—
¢ B 2n 7 r? ' 2n[(a+b) a}
pl|1 1 }
V, -V, =——|——
i ¢ 2n[a (a+b)

For series combination (JUIZOUIOIO00OCIOO)

o = o, Ry, +a,R,,
s
Ry + R,
Ro; = Ry, = R, (given)
o, +a,
S 27

28.

29.

30.

31.

32.

For parallel combination (R R )

11 1
R R, R,
1 1 1
= — =
R,, Ril+at) Ry(1+a,t)
1 3 1 . 1
= =
70(1+0cpt) R,1+a,t) R,(1+a,t)

2(1+a )t =1+ o)+ (1+ o)’
using binomial expansion ((JUUIOOIII0)
a, +a,

2-20t=1-ot+1-o,t=>a = 5

- / 2
R—pX =>Ral/l

ﬁ—E—LAE = 2[0.1] = 0.2% i
R R 4 [0.1] 2% increase.

x100 =5Q

R =R, +R,+R,+R, :>AR:1(5)

AR = AR, + AR, + AR, + AR, = 20

200 x100 =5%

AR
For combination R x100 =

i=02A p=4 107Qm A=8 107 m’
X_i_p_ 0.02x4x10™
A 8x107
Due to greater heating as H = I’R

25W get fused.
OIOIDoonoIomnoolH = Pr
O00l2sw 0000000000000

= 0.1 V/m

602
2400
()
N
%

1

A

YVVVY

602

AAAAA

240Q

@

1
AA
v

AN
v

>

<
<
<

2
_ 2208 o400
60

bulb

v, = 120
246

x240=117.07
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(120)° 3. Current I can be independent of R, only when R,
heoter = 520 60Q R,, R,, R, and R, form a balanced wheatstone’s
. R, R
v, :%X48 _106.6 bridge. Therefore, R_;:ﬁ = RR, = RR,
So change in voltage = V, - V, % 10.4 Vol O00R,, R, R, R, O0R, COO00M0000000 000000000
33. To increase the range of ammeter, resistance should Q0 0omo OO0 R, 000000000 Com 00w bm
be decreased (So additional shunt connected in R R
parallel) so total resistance to ammeter decreases. Do R_; =ﬁ:> RR, = RR,
8 W A _ (3E)°
(OOID0IIC00D0ONOINIIO0DMO00000 | 4. In the first case (XTI === t = msAT.9
OO OI000no0om {H v t}
————— )
i When length of the wire is doubled, resistance and
T8 mass both are doubled. Therefore, in the second
""""" case (0NN IC0OOOMOIIOI0II OO0 oo
EXERCISE -V-B . 2
CISE -V oomomn ML - e

Single Choice
Dividing eq. (ii) by (i), we get

1. Net resistance of the circuit is 9Q.
. current drawn from the battery, % -2 — N? = 36 = N=6
QoIOIoooiioa 0O
5. The circuit can be redrawn as follows
- OO omoom O
i= 2 =1A = current through 3Q resistor 2R
9 W Wit—g—o 0> o mir—okn o
30, 20 & 20 ZRiEZRZR o
. a0 L
2R
20 B on D og o4 A oq = P.—m—.a
Potential difference between A and B is WA
a Ol COO0ONO0IOND ) ) ) )
) \%
V, -V, = 9+3+2) = 4V = 8i, 6. P=pmso, R=—0= R = 705& R R, = =&
i, =05A i, =1-i =05A ,
Similarly, potential difference between C and D (250) ‘R
i ] Now, W, = (R +R )2 1 and
0000 0o Oiooonomono 1702
V.-V =(V,-V)-i@2+2=4-4i=4 - 4 250)> 2
(0.51-2V-8i, .1 -025A w, = 20 g g, - (250F
(R; +R,) R,
Therefore, i,=i,-i, = 0.5 - 0.25 =i, = 0.25 A
2. As there is no change in the reading of galvanometer W, W, W, : 15:25 :64 = W1<W2,<W3 .
with switch S open or closed. It implies that bridge 7. Ammeter is always connected n series and
is balanced. Current through S is zero and voltmeter in parallel. (JOIODON000IO0COOI0I00C
I0000s DI0OIONOmom oMo nI0000Inm o HooOmmo o ooeonn o
IOOOONCODIONIIIIO000E | 8. The retio 25 wi remein unchange.
O O00mDooromomo

AC - T
B QIooomoonrom

I = Iy L= 1

63



JEE-Physics

CAREER INSTITUTE

9.

10.

11.

12.

13.

14.

15.

P=i’R

In the first case it is 3r, in second case it is (2/3)r, in

Current is same, so PxR.

3r

r
Il case it is g& in IV case the net resistance is

p=i’R  [[INITIMOIPecR.
O0O0oomon0asy, [0omIiihe /3y, 00moo

DDDDH% v ]DDHHD]DDDDDD:DD:DU:% Jiomem
RIII < RII<RIV<R1 PIll < PII<PIV < Pl

— 5 —
RPQ = Hr, RQR =

11 r and R, =

Hr

. RPQ is maximum

BC, CD and BA are known resistance. The unknown

resistance is connected between A and D.

BC, ¢D Ulpa [IININIIIOMA Do OI0I0IDOM
QoIoo0m
G).
Li= [1 +§) 1g

S

AAMA
wyvyy

al

vV, = i,.G=-i)S

(i)

-

iai© b

g

Substituting the values, we get i=100.1 mA

W=0. Therefore, from first law of thermodynamics,

w=0. J0IIOI0I0I0 DT DIDI0Moo0lo
AU= AQ = i’Rt= (1) (100) (5 60) J = 30 kJ

Current in the respective loop will remain confined
in the loop itself. Therefore, current through 2Q
resistance = 0. Current always flow in closed path.

OOOooim I oinmononIoioioo
Udllzq OI0DOIOOI OO0 doDomon

H = I’Rt [ > same
7y
: o 5
+—L/2—>
+—VL/2—>
SoH « R R = p—gz p,¢ same.
r

SoH R oc — H,. = 4H,,

16.

17.

18.

19.

20.

+x+20—€80-x—>

<+—%—¢—100x—>

o100 - x > x

R>2Q

Applying P = R
Q S

We h 2 X i R _x+20
e have R_—IOO—XN(I) 5 T80 _x"
Solving eq. (i) and (ii) we get R=3Q

Given circuits can be reduced to

(i)

S S
103 -3V %Q 3 =3V
< <> 5
p,-3-ow p,-3- 18w
Y2
203 —3v
p,-3-2w
2 2

W&
P 2? and 100W > 60W >

2 V2
>

Vv? 1 1 1
>— >—>
I2100 R R40 RIOO I%60 R40
[Note : Although (UUI0) 100 = 60 +40 so at
room tempeature (DDDD Qoo g DD)

40W =

60

Vi ovE 11

v —_— = —_—t —1
= = (Applicable
RIOO I'{60 I'{40 RIOO I'{60 I'140 pp

Only at room temperature)

()

I
\Y,
AVAVAVAVAVA' @
T
H=
v
R
-O-= :
-®-= (G
R,

pL pL p
R=P=_P=_F ;
T = independent of L
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Multiple Choice

7.5 amp
\% 4 15V |: 15 X 6:‘
= ] 2 KQ R =
1 [ R., 24V l p 75
OV 12KO
I= —240 60 _ 7.5 mA
32 8
(A) Current (I) Tis 7.5 mA
(B) Voltage drop across R, is 9 volt
R, UII00000D00Z= 9 volt
(C)if\/_f R, _225x1.2 _
P, R, v}  2x81

(D) After interchanging the two resistor R, and R,
[0000R, Olr, OOOMOOICIOICOW

\Y
=g = 24 x7 =35 mA
q 48)
2 2 — 21V
i: V_l R'—2 = (V_lj 24\
P, R, (v,0 Ly, |
9T T
- - v
3
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.

QOooCOnDIhiiDodioIbdDioooo
1 AR R 1

(ii)

B
A dJ B

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

(OmIomoONIotooortoCmothoont
20

X _ Rg, X
Hence, 12 R,,

X _40_2 e
12 60 3 F

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

[MoobOIoUROrPImomItoa Os 0000
OI0UNOonnc Us 0000

€ {Load]
A B

@)
o
o 1(‘)

Ammeter :/ﬁltmeter

am ‘/ Al

LA '

oY W

N 1000

| v
/] 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.

ODIIOOoOIHoin ot oo oo
[OOIooonoomootos Qmoioom o
i

s,lIQ £,1Q €,|1§2
1 | 1
:I
e, 1Q
——wWwW—
R R
2 2
J1=[ 2¢ j Ranszz[ & ) Ras 2L -2.25
R+2 R+1/2 J,
4¢? 4¢’
o2 505 4 __p_ug
(R+2) (1+2R)
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