JEE Advanced Physics 10 Years Topicwise Questions with Solutions

CURRENT ELECTRICITY
The figure shows a circuit having eight resistances of 1  each,
labelled R; to Rg, and two ideal batteries with voltages & = 12 V and R
&a=6V. [JEE(Advanced) 2022]
. . . 2
Which of the following statement(s) is(are) correct?
(A) The magnitude of current flowing through R is 7.2 A4. & R

(B) The magnitude of current flowing through R, is 1.2 4. Rs
(C) The magnitude of current flowing through Rj is 4.8 4.

(D) The magnitude of current flowing through Rs is 2.4 A.

Two resistances R; = X Q and Ry = 1 Q are connected to a wire AB of uniform resistivity, as shown in the
figure. The radius of the wire varies linearly along its axis from 0.2 mm at A to 1 mm at B.
A galvanometer (G) connected to the center of the wire, 50 cm from each end along its axis, shows zero
deflection when A and B are connected to a battery. The value of Xis . [JEE(Advanced) 2022]
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In Circuit-1 and Circuit-2 shown in the figures, R = 1 2, R, =2 Q and R3 =3 Q. P; and P are the power

dissipations in Circuit-1 and Circuit-2 when the switches S; and S; are in open conditions, respectively.

s

Q1 and Q; are the power dissipationsin Circuit-1 and Circuit-2 when the switches S; and S, are in closed

conditions, respectively. [JEE(Advanced) 2022]
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Which of the following statement(s) is(are) correct?

(A) When a voltage source of 6 V is connected across A and B in both circuits, P; < P».

(B) When a constant current source of 2 Amp is connected across A and B in both circuits, P; > P,.
(C) When a voltage source of 6 V is connected across A and B in Circuit-1, Q; > P;.

(D) When a constant current source of 2 Amp is connected across A and B in both circuits, Q> < Q;.
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4. In order to measure the internal resistance r; of a cell of emf E, a meter bridge of wire resistance
Ry =50 Q, a resistance Ry/2, another cell of emf E/2 (internal resistance r) and a galvanometer G are used

in a circuit, as shown in the figure. If the null point is found at 1 =72 cm, then the value of r; = Q.
[JEE(Advanced) 2021]
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5.  Shown in the figure is a semicircular metallic strip that has thickness t and resistivity p . Its inner radius is
R; and outer radius is Ry. If a voltage Vg is applied between its two ends, a current I flows in it. In
addition, it is observed that a transverse voltage AV develops between its inner and outer surfaces due to

purely kinetic effects of moving electrons (ignore any role of the magnetic field due to the current). Then
(figure is schematic and not drawn to scale)- [JEE(Advanced) 2020]

)

(A) 1= Eﬁn (&j
np Ry

(B) the outer surface.is at a higher voltage than the inner surface
(C) the outer surface is at a lower voltage than the inner surface
(D) AV o I?

6. In the balanced condition, the values of the resistances of the four arms of a Wheatstone bridge are shown
in the figure below. The resistance R3 has temperature coefficient 0.0004 °C! If the temperature of Rj is
increased by 100°C, the voltage developed between Sand Twillbe  volt. [JEE(Advanced) 2020]
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Two identical moving coil galvanometer have 10 Q resistance and full scale deflection at 2 pA current.
One of them is converted into a voltmeter of 100 mV full scale reading and the other into an Ammeter of
1 mA full scale current using appropriate resistors. These are then used to measure the voltage and current
in the Ohm's law experiment with R = 1000 Q resistor by using an ideal cell. Which of the following
statement(s) is/are correct ? [JEE(Advanced) 2019]
(A) The measured value of R will be 978 Q <R <982 Q.

(B) The resistance of the Voltmeter will be 100 k2.
(C) The resistance of the Ammeter will be 0.02 Q ( round off to 2™ decimal place)

(D) If the ideal cell is replaced by a cell having internal resistance of 5 Q then the measured value of R
will be more than 1000 Q.

An incandescent bulb has a thin filament of tungsten that is heated to high temperature by passing an
electric current. The hot filament emits black-body radiation. The filament'is observed to break up at
random locations after a sufficiently long time of operation due to non-uniform evaporation of tungsten
from the filament. If the bulb is powered at constant voltage, which of the following statement(s) is(are)
true? [JEE(Advanced) 2016]
(A) The temperature distribution over the filament is uniform

(B) The resistance over small sections of the filament decreases with time

(C) The filament emits more light at higher band of frequencies before it breaks up

(D) The filament consumes less electrical power towards the end of the life of the bulb

Consider two identical galvanometers and two identical resistors with resistance R. If the internal
resistance of the galvanometers Rc < R/2, which of the following statement(s) about any one of the
galvanometers is(are) true ? [JEE(Advanced) 2016]
(A) The maximum voltage range is obtained when all the components are connected in series

(B) The maximum voltage range is obtained when the two resistors and one galvanometer are connected

in series, and the second galvanometer is connected in parallel to the first galvanometer
(C) The maximum current range is obtained when all the components are connected in parallel

(D) The maximum current range is obtained when the two galvanometers are connected in series and the
combination is connected in parallel with both the resistors.
Paragraph for Question No. 10 and 11
Consider an-evacuated cylindrical chamber of height h having rigid conducting plates at the ends and an
insulating curved surface as shown in the figure. A number of spherical balls made of a light weight and
soft material and coated with a conducting material are placed on the bottom plate. The balls have a radius
r << h. Now a high voltage source (HV) is connected across the conducting plates such that the bottom
plate is at +Vj and the top plate at —Vy. Due to their conducting surface, the balls will get charged, will
become equipotential with the plate and are repelled by it. The balls will
eventually collide with the top plate, where the coefficient of restitution can be
taken to be zero due to the soft nature of the material of the balls. The electric
field in the chamber can be considered to be that of a parallel plate capacitor.
Assume that there are no collision between the balls and the interaction

between them is negligible. (Ignore gravity)
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10.

11.

12.

13.

14.

Which of the following statements is correct ? [JEE(Advanced) 2016]
(A) The balls will bounce back to the bottom plate carrying the opposite charge they went up with

(B) the balls will execute simple harmonic motion between the two plates

(C) The balls will bounce back to the bottom plate carrying the same charge they went up with

(D) The balls will stick to the top plate and remain there

The average current in the steady state registered by the ammeter in the circuit will be :

(A) Proportional to Vol/2 (B) Proportional to Vo2 [JEE(Advanced) 2016]
(C) Proportional to the potential Vg (D) Zero

In an aluminum (Al) bar of square cross section, a square hole is drilled and is filled with iron (Fe) as
shown in the figure. The electrical resistivities of Al and Fe are 2.7 x 10® Q mand 1.0 x 107Q m,

respectively. The electrical resistance between the two faces P and Q of the composite bar is :

[JEE(Advanced) 2015]
7mm
2475 1875 1875 2475
A) ——pQ B) —uQ C) —uQ D) ——uQ
()64u ()641Ll ()491Ll ()132“
In the following circuit, the current through the resistor R (= 2Q) is I Amperes. The value of I is
[JEE(Advanced) 2015]
R(=2Q) 1Q
20 8Q
260 £20
= 103
65VT o
Z 120 240

Heater of an electric kettle is made of a wire of length L and diameter d. It takes 4 minutes to raise the
temperature of 0.5 kg water by 40 K. This heater is replaced by a new heater having two wires of the same
material, each of length L and diameter 2d. The way these wires are connected is given in the options.
How much time in minutes will it take to raise the temperature of the same amount of water by 40 K ?

(A) 4 if wires are in parallel (B) 2 if wires are in series [JEE(Advanced) 2014]

(C) 1 if wires are in series (D) 0.5 if wires are in parallel




15.

16.

17.
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Two ideal batteries of emf V; and V; and three resistances R, R, and Rj3 are connected as shown in the

figure. The current in resistance Ry would be zero if :- [JEE(Advanced) 2014]
V] T § R]
R,
Y
=V,
R,
P
(A) V1 = V2 and R] = R2 = R3 (B) V] = Vz and R1 = 2R2 = R3
(C) V] = 2V2 and 2R1 = 2R2 = R3 (D) 2V1 = V2 and 2R1 A R2 w R3

A galvanometer gives full scale deflection with 0.006 A current. By connecting it to a 4990 Q resistance,
. . 2n . .
it can be converted into a voltmeter of range 0 - 30 V. If connected to a %Q resistance, it becomes an

ammeter of range 0 - 1.5 A. The value of n is [JEE(Advanced) 2014]
During an experiment with a metre bridge, the galvanometer shows a null point when the jockey is

pressed at 40.0 cm using a standard resistance of 90 €2, as shown in the figure. The least count of the scale

used in the metre bridge is 1mm. The unknown resistance is :- [JEE(Advanced) 2014]

|
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R 90Q2
L J
40.0 cm

(A)60+0.15 O (B) 135+£0.56 Q
(C)60+0.25Q (D) 135+0.23 Q
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1.

Sol.

Sol.

SOLUTIONS
Ans. (A, B, C,D)

From KCL

i1+ix+i3=0

18-V, 12-Vp 0-Vy _
3/2 112 32
= 18-V +36-3Vp—- V=0

= 54 = 5V

ZES;_V') 18-v'
22V o

1 1

:%+18:3V' =V

5x3 5

lg, == =T7.2A

w
| &

lp, =5 =12A
I =22 _48A
5

2

lp, == =2.4A

U'IH

Ans. (5)
For the balanced Wheatstone bridge
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R1 = 5R2 =50

+

_198 _66,,

3.

Sol.

Sol.

Ans. (A, B, C)
Case (i)

When both switches are open equivalent

resistance in circuit 1

16
-0
11

Equivalent resistance in circuit 2

6

R. =—Q
€11

For voltage source
V2

"R

Pocl
R

P

Re, >Re,
= P> P4 (Option

(A) correct)

For constant current source

P=iR
PxR

= P31 >P;,(Option (B) correct)

Case-ll

When switch is closed

5
R. =—0
T
1
R'. ==Q
C, 2
R'c. <Rc,

For voltage source

1 :
Poc R = Q, > P, (Option (C) correct)

& R'c >R'c

For current source P oc R
Q1 > Q2 (Option (D) also correct)

Ans. (3)
E Ry/25
r
|—W3~E AWM
r
E/2 >E i
) 7 REEVTS)
360




Sol.
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|[—°+0.28R0]=7°
. E
ix0.78R, =
2
__ B Eo
2x0.78R, r1+gRo

ri+15Ry=156Rg
ri=006Ry=0.06x50=3Q
Ans. (A, C, D)

All the elements are in parallel

] J-i_thdX
dr R, PTX

1 t R,
—=—|nl —=%
r np R,

np

Resistance = —R
t/n {ZJ
R

1

Vot In Ry
. R
I=——= (A)
p

(—e E) will-be inward direction in order to

provide centripetal acceleration. Therefore

electric field will be radially outward

Vouter < Vinner ©
mv§ _ oE
r
E- mq\r/dz (I = neAVy =V oc i)
AV =[E.dr
AV o V?

AV o |2

6.  Ans. (0.26 TO 0.28)
Sol. R'3=300(1+aAT)=3120Q

Now
I, 60Q2 P 100Q
S :f 50
3120 = 5000
I _0 and I, -0
372 600
Vs - VT = 312|1 - 500|2
=41.94 -41.67
=0.27V
7. Ans. (A, C)
Sol:
21A
10Q2 Ry

0.1=2x10"° (10 + Ry)

50000
X |y 1000
A >\

Xy

- Ry =49990 Q

1mA 2pA 10Q
> > ﬂ%&%&&

AAAAAR
bAAAAAS

R,

2x10°%10=102Ra .. RA=0.02Q

y 50000 = (x —y) 1000
S 8ly=x

y50000 _ oo

Reading =
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8.

Sol.

Sol.

Ans. (C, D)

Because of non-uniform evaporation at
different section, area of cross-section would
be different at different sections.

Region of highest evaporation rate would have
rapidly reduced area and would become break
up cross-section.

Resistance of the wire as whole increases with
time.

Overall resistance increases hence power
decreases. At break up junction temperature
would be highest, thus light of highest band
frequency would be emitted at those cross-
section.

Ans. (B, C)
R R
‘ | \
'E

Range = ig(2Rc + 2R)

Range = 2ig X Req

. R
= 2ig (ZR +—°j
2

=iy (4R + Rc)
R
Rc <—
€2
2Rc <R =Range in1 < 3igR
Range in 2> 4igR

So (B)
©,
©,
ﬁi_ b
o
s
R

.. R
Range = 2ig + 2ig )

=2ig(1+&J
R

10.

Sol.

11.

Sol.

12.

Sol.

Igx ZRRC

. Re
Range = ig + 4ig R

So (C)

Ans. (A)

Balls placed on +ve plate become positive
charge and move upward due to electric field.
These balls  on colliding with negative plate
become negatively charged and move opposite
to the direction of electric field.

Ans. (B)

! I
o e

1
h==at’> [asu=0]
2
2hm _ .. . 2m
—— =time = time= | —
qE qAV
e-Y
h
<current> = charge _ d M
time  \/2mh?
q o Vo
< 1> o Vg?
Ans. (B)
Aluminium Ferrous

A=(7-2)=45mm’> A=4mm’

p=27x10"°Om p=10""Om
£ =50mm /=50 mm
-8 -7
Rl:2.7><10 xssoQ R2:10 ><530Q
45%10" 4x10
Ry =30 pQ R, = 1250 pQ




13.

6.5V T

14.

Sol.
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R,R,  30x1250

net —
R,+R, 1280
3x125%x5
64
1875
Rt = 64 pnQ
Ans. (1)

R(=20) Enclosed circuit form balanced
wheat stone bridge, So, no current
will flow through 8Q and
equivalent resistance is
3x6 _

) 316 =2Q
6.5V

Enclosed circuit again form balanced

wheat stone bridge. So, no current
will flow through 10 and
equivalent resistance is

6x18 _
g =450

R(=20)
459
Current | = ﬂ =1A
6.5Q
Ans. (B, D)
Resistance of heater 1, R = %
nd
Resistance of heater 2, R, :% R, :%
Series Rnet = 5
2
Power = 2V—
R

o .. 1
= power Is twice, hence time is E

time = % of 4 min =2 min

15.

Sol.

Sol.

R
Rnet = )

Power = 8 times

Parallel

time = Etimes = E>< 4 min =0.5 sec
8 8

Ans. (A, B, D)

Since current through R; is zero

Hence [i = ﬁ}

1 R3

The above equation is satisfied by options
(A, B, D)

30=0.006 (R +g)
R + G =5000
= G=10Q
4G =(1-1g)g
(.006)(10) = (1.494)(S)
o= 10

249

= ..n=5
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17. Ans. (C)
Sol. For meter bridge,
R=X( o)
100/

= 90(Lj= 90(4—0j =600
100/ 60

error in R : (error in = least count)
dR dx d¢ d(100-7¢)
B e
R x ¢ (100-7¢)
Imm 1mm
40cm  60cm
d—R:E:dR:O.ZSQ
60Q 4
R=6+0.25Q

10




