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KTG & Thermodynamics

1. One mole of an ideal gas passes through a process where pressure and volume obey the relation

1(V,Y
P=P, {1 - E(Voj } .Here P and V  are constants. Calculate the change in the temperature of the gas ifits

volume changes from V to 2V .

T AT I D1 b HIel Teb U UshH A JOiRell & FOrAH ST a1 A1er PzP{l—%(%j } A R E |
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A. 2
1| P
sol. IfVleO:PI:PO[l__}:_O
2] 2
1(1 7P,
IfV,=2V,=P,=P|1-=| = ||=| =%
o { 2(4ﬂ (Sj
(1=2¥) ar=[ihB%
nR nR  nR
aT=| L@y, —pv,) = L |Fe¥e TRV
nR nR )| 2 4
— 5PO\IO
4nR
Waves on a String
2. The correct figure that shows, schematically, the wave pattern produced by superposition of two waves of

frequencies 9 Hzand 11 Hz, is :

11 Hz T2 9 Hz 3MgRi @t &1 a3l & SR &l 471 # $14 fF droag a¥ia | 98 2iidm 27
Ya ya

»(s) () 0 :X: L (s)
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ys Y4
3) 0 /\<:>/\:/\<:>/\: > t(s) 4) 0 ><>< » t(s)
1 2 1 2
A. 3
sol.  Beat frequency=|f —f|=11-9=2Hz
Gravitation
3. A spaceship orbits around a planet at a height of 20 km from its surface. Assuming that only gravitational field

of'the planet acts on the spaceship, what will be the number of complete revolutions made by the spaceship in
24 hours around the planet?
[Given: Mass of planet= 8 x 10> kg, Radius of planet =2 x 10° m, Gravitational constant G=6.67 x 10!
Nm*/kg?]
T U8 &1 T8 W 20 km 418 R U STIREAT U8 & URT: Hell H§ g4 81 © | A I IR R T8 1 Joocd 19 &
g1l 2 A1 I §IRT 24 hrs | SR T YR AGBR1 D] H&T BT A1 81
[fean B, U8 &1 &9 = 8 x 102 kg, U8 @1 1 = 2 x 10° m, T fadiad G = 6.67 x 10" Nm¥kg?]
(1) 17 2)13 3)11 49

A. 3

27r GM

sol. T=—,v=,|—
v \ r
3
T =2nr, | —— = 2m, |~

GM GM

3 12
T:2n\/ (202)° x10 o
6.67x107"' x8x10*

T=7812.2s
T ~2.17hr = 11 revolvtions
Kinematics
4. Aplane is inclined at an angle a. = 30° with respect to the horizontal. A particle is projected with a speed u =

2 ms', from the base of the plane, making an angle 6 = 15° with respect to the plane as shown in the figure. The
distance from the base, at which the particle hits the plane is close to : (Take g= 10 ms?)

T e AT A oL = 30° &1 DI I & | U HU1 D 36 T B MR AT u =2 ms™ F Fqa 4§ 0 = 15°
& DI IR TR vaftd far S 2 | 59 fawg, St 01 9Fae W RaT B, 31 31uR | g4 &1 |af+idhe 71 81
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(g2=10 ms2<fif5Tg |)
u 'oc =30°
(1) 18 cm (2)20 cm (3) 14 cm (4)26 cm
A. 2
2usino

sol.  Timeofflight (T) =
gcosf

T (2)(Zsinl5) _ 4 sinlS

gcos30 10 cos30

Range (R)=(2cosl S)T—% gsin 30(T)?

) L,

= (2c0s13)-- 12 -(lxlosmojiw
10 cos30 \ 3 100 cos” 30

:16\/65—0_1620.1952m220 cm

NLM

5. A bullet of mass 20 g has an initial speed of 1 ms™', just before it starts penetrating a mud wall of thickness 20
cm. If the wall offers a mean resistance of 2.5 x 102 N, the speed of the bullet after emerging from the other
side of the wall is close to :
20 cm AICTS &1 FEE &1 AR HawT W S1d Ugel 20 g STAM &1 Tah el &1 a1t 1 ms™' 8 (AR R 2.5 x 102N
1 AT 3FARIY I 2, Il SIAR & AR aRW ¥ 71T 7Tl @l a1t &1 AfTdhe A1 8
(1)0.4 ms™! (2)0.7 ms™! (3)0.3 ms™! (4)0.1 ms™!

A. 2

sol. v?=u?’-2aS

2.5%x1072 | 20
vV=(1)P-Q) —/——— | ==
0"~ 20x107° [100

vi=l-—

2
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2
Rotation
6. The time dependence of the position of a particle of mass m =2 is given by 1(t) =2 ti—3t> 3 . Its angular

momentum, with respect to the origin, at time t=21is :
SR m = 2 & Yeb BVl b1 ReAf, T (1) B SFRIR, () = 2ti—3t | & | 30 YT b1 7 fag b mvied t = 2 WR
DI HT BT
(1) —34(k-1) (2) 48(i+]) (3) 36k (4) —48Kk
A. 4

sol. T =2ti—3t%]

V=—=2i-6t

9
i

F=ma=-12j

f(at t=2)=41-12]
L=m(fxv)=2(4i—12))x (21 —12]) = —48k

Semiconductors

7. The figure represents a voltage regulator circuit using a Zener diode. The breakdown voltage of the Zener
diode is 6 V and the load resistance is, R, =4 kQ. The series resistance of the circuit is R, = 1 k. If the battery

voltage V ; varies from 8 V to 16 V, what are the minimum and maximum values of the current through Zener

diode?

o # SR SrATe ¥ 9 831 eyt (EEeT uRue fawmn 131 & | SR SRS & Wol deed] 6 V a1 dre

gfRIg R, =4 kQ & 130N gk R = 1 kQ B | AR A B1fawa V,, 8 VI 16 V & & ggefell & Tl SR SIS
D1 GRT & ~ATH TAT fYHaH 71 a1 BRI?

AAAA

>
>
—_—r >
V. — b3
B < L

(1)0.5mA; 6 mA (2)0.5mA;85mA (3)1.5mA;85mA (4) 1 mA;8.5mA
A. 2
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Rotation

8.

sol.

A metal coin of mass 5 g and radius 1 cm is fixed to a thin stick AB of negligible mass as shown in the figure.
The system is initially at rest. The constant torque, that will make the system rotate about AB at 25 rotations per

secondin 5 s, is closed to :

5 g SEE AT 1 cm 31 & o1g & Yo Rida Bl U Udiel] 90 S 61 88 AB  RIFTHIR SIreT Sl © |
e ey R 3 ReRraven 4 8 | 39 AB @ URd: 5 s dd 25 gda Ufd Ahvs ol fd I gar & oy fad ga
arreef 1 AfTde A 81T

A
()4.0x10°Nm  (2)7.9x10°Nm  (3)2.0x 10°Nm  (4) 1.6 x 10° Nm
3
W= (1)0 =t
— 25x21=(0)5

o=10n
T =Ia

N r=(§mR2Joc

N Gj (5x107)(10)10%

=2.0x10°Nm

Wave Optics

9.

In a Young’s double slit experiment, the ratio of the slit’s width is 4 : 1. The ratio of the intensity of maxima to

minima, close to the central fringe on the screen, will be :

A & U TSR uimT 3 Refe &1 ArsTedi H131gurd 4 : 1 8 | BbIA R b=l w1 & e i) TR S=aaH e

WANAREAN CI(\IQICIIEm&jQICI BT
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(1) (\/§+1)4:16 (2)4:1 (3)25:9 4)9:1

A. 4

sol. [ =4I
L=1

L., (\/ﬁ_\/ﬂ)z BN

Nuclear Physics

10. Two radioactive substances A and B have decay constants SA and A respectively. Att =0, a sample has the
same number of the two nuclei. The time taken for the ratio of the number of nuclei to become (éjz will be :
S ST ugrdi A 9o B & &1 (s, shHer, SA QAT © | t = 0 UR U T S &l AN I aRIeR HE&T
2 | DT o T BT AT &jzgﬁﬁaﬁwwwﬁw :
(1) -~ 2) - 3) = 4 2

2\ 4\ A A

A. 1

sol. N (att)=Ne™
N(att) = Ne™
= 4it=2
- -3

4n 2

Fluid Mechanics

11. A cubical block of side 0.5 m floats on water with 30% of its volume under water. What is the maximum weight
that can be put on the block without fully submerging it under water? [ Take, density of water = 103 kg/m?]
0.5 m Y[STT SIS T Teh TTHR ST T+ 7 AT 2 Forasy ST 30% e I H a1 2 | 399 [ed & SR 3ffe
T fohaT 91R, Y& B fa1 X1 TRE SR, @ Sl 9l 272 [T 8 : o+l &1 799cd = 10° kg/m’]
(1)30.1kg (2)46.3 kg (3)87.5kg (4)65.4kg

A. 3

sol.  Given (50)* x % x(Hhxg=M_ g ... (1)

Let m mass should be placed

Hence (50 x (1) xg=(M_, tm)g ... (i1)
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equation (i) —equation (i)
= mg=(50Pxg(1-0.3)=125%x0.7x10°g

= m=287.5kg
Geometrical Optics
12. The graph shows how the magnification m produced by a thin lens varies with image distance v. What is the

focal length of the lens used?
& T U1 3 U udiel ofd & ST m BT Ui @1 g0 v & |1 SR W1 B | 59 o & hidhd X1 a1 BIN?

b? b’c a b
(1) P (2) o (3) - 4) -

sol.  Asthe graph between magnification (m) and image distance (v) varies linearly, then

1
Clearly, k, = — and k, = 1 here

f
_ 1 _b
slope of m—v graph ¢
Atomic Structure
13. In Li™, electron in first Bohr orbit is excited to a level by a radiation of wavelength A. When the ion gets

deexcited to the ground state in all possible ways (including intermediateemissions), a total of six spectral lines
are observed. What is the value of A ? (Given: h=6.63 x 102 Js; c=3 x 10 ms™)

Li ** 3 H SIae = ®l SHd! YU d18R Hell I A dRTeed & fAfhRor & U S well § ST o fear S g |
9 U8 AT ] RIATH Syl ST H T FHT TIPT (A ST Bl (HATHR) H 3771 8 Al el 6 Wag el
AT IR SN B A BT A e e ? (g :h=6.63 x 10 Js; ¢ =3 x 108 ms™)

(1)11.4nm (2)12.3nm (3)9.4nm (4)10.8 nm
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A. 4
hc
sol. AE= -
=(13.49)(3)° [1 - L} eV
16
= %nm ~10.8 nm
Friction
14. Two blocks A and B of masses m, = 1 kg and m, = 3 kg are kept on the table as shown in figure. The
coefficient of friction between A and B is 0.2 and between B and the surface of the table is also 0.2. The
maximum force F that can be applied on B horizontally, so that the block A does not slide over the block B is:
[Take g=10 m/s?]
ga m, = 1 kg @ my =3 kg ® &1 I, A 7201 B, B REITAR s #of 1R X1 118 | A 721 B @ 49 gu0y
o6 0.2 Ud B G201 491 & S 01 =901 I[onieh 0.2 & | e B WR o T &fist 9 F &1 s1feraad A4, S ]
A eHI B & W 78l e, 811 : [f&a1 8, g = 10 m/s?]
e
(1)40N (2) 12N (3)16 N (4) 8N
A. 3
F-f
sol. a4 = (M N mj
o= F=(0.2)4x10 :(F—8j
4 4
We have -5 < (0.2)10
= F-8<8
= F<16
Electrostatics
15. In free space, a particle A of charge 1 uC is held fixed at a point P. Another particle B of the same charge and

mass 4 pg is kept at a distance of 1 mm from P. If B is released, then its velocity at a distance of 9 mm from P

is: [Take =9x10° NmzC_Z}

4r e,
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fata 5 wa 1 uC A & U BT A Bl fdvg P IR §¢ 1 2 | ST 3779 T2l 4 pg ST & X HT B BT P |
1 mm R 2 | B 1 8Ie R P 1 9 mm X IR IH! T1fcT T HIF 81T

1

4 e,

=9x10°Nm’C™

R

(1)2.0 x 10° m/s (2)3.0 x 10*m/s (3) 1.5 x 10> m/s (4)1.0m/s
A. Bonus

1uC 1mm
sol. 2 B B
(Fixed) |, _kaq, u. - ka9,
i =

n P!

m,=4 ugram
=4x10" kg

Conservation of energy

kqd, _kqq, 1 -
I'1 I.2

2 21&{11}

m |15 Tt

91012

L
v =40 x 10° m/s = 6.32 x 10* m/s

Fluid Mechanics

16. Water from a tap emerges vertically downwards with an initial speed of 1.0 ms™'. The cross-sectional area of
the tap is 10* m?. Assume that the pressure is constant throughout the stream of water and that the flow is
streamlined. The cross-sectional area of stream, 0.15 m below the tap would be: (Take g= 10 ms™)
T ATeT I U HedieR e B 3R 1.0 ms™! &1 AR T I Feheldl 8 | T & U BIe bl &%hd 1074 m?
g | I 1 g1R1 | S19 BT I T 9819 BT IRRER 1 | 96 F 0.15 m 71 €1R7 B 3TUR BT HT &TH
BT (g = 10 ms2eNfTT)
(1)1 x10° m? (2) 5% 10° m? (3) 5 x 10* m? (4)2 x10° m?

A. 2

sol.  Using Bernoullie’s equation v, = \/vf-Tgh

Equation of continuity
Alvl - AZVZ

(1 em?)(1m/s)=(A,) (\/(1)2 +2><10><1—5j
100

— Az(lncmz)zé

= A,=5x10"m’
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KTG & Thermodynamics

17.

sol.

When heat Q is supplied to a diatomic gas of rigid molecules, at constant volume its temperature increases by

AT. The heat required to produce the same change in temperature, at a constant pressure is:

¢ JURAT aTell e fEUReTIe 3199 1 91d Q SS1 i S71ae= oR &) STeht 2 o S arae 3 AT 1 gfg Bl 2 |
S A9 g B Fra a9 wR Ged B & ford airaedes o1 81

3 2 7 5
(1) EQ (2) EQ 3) gQ (4) EQ
3

Heat supplied at constant volume
Q=nC AT

and heat supplied at constant pressure
Q,=nC AT

C

p

<

o =

—olZ
. a-a(l)

Electrostatics

18.

A simple pendulum of length L is placed between the plates of a parallel plate capacitor having electric field E,
as shown in figure. Its bob has mass m and charge q. The time period of the pendulum is given by:

L o418 & U AR Qleid & FRETIaR Th THTR i AaTRE & 7, foes fAg[a a3 E &, 4 71 8 | 399 dlald
BT SIH m TAT 3T q B | 9 ST BT AR BT :

L

B
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= B
= t=2xn
Sound Waves
19. A source of sound S is moving with a velocity of 50 m/s towards a stationary observer. The observer measures

the frequency of the source as 1000 Hz. What will be the apparent frequency of the source when it is moving
away from the observer after crosssing him? (Take velocity of sound in air is 350 m/s)
To e S S 50 m/s B T I T ReR ST &1 AR 93 8T 8 | S D eaf 31 JAghy 1000 Hz Grg <l 8 |
ST HATT I T H ST Dl UR PR IEH G STl 8 Al Sl gRT G T & B AGIRY bl 719 817
(AT 917 # & @t 71t = 350 m/s)
(1)857Hz (2) 1143 Hz (3)807Hz (4)750Hz

A. 4

ViV,
sol. fapp = fact [ Vv T \/(: J

350+(=50) 350+50

¢ 1000x300
400

f_ ~750Hz

Dual Nature of Radiation & Matter
20.  A2mW laser operates at a wavelength of 500 nm. The number of photons that will be emitted per second is:
[Given Planck’s constanth=6.6 x 1034 Js, speed of light ¢ =3.0 x 108 m/s]
T 2 mW oISR &l TRITeed 500 nm 2 | AN el aret Ui Aehvs BITH] &1 AT 81 :
[f&= &, =t Fradie h = 6.6 x 1073 Js, Uabr=1 &1 =1al ¢ = 3.0 x 10° m/s]
(1)2 x 10'¢ (2) 1.5 x 10'¢ (3)1 x10' (4)5x 10"
A. 4
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hc
sol. E=—
A
Let no. of photons per sec. is N

= N%:2mW

N 2 2x5000%107°
hC  12420x1.6x107"

N=5x10"
Current Electricity
21. Space between two concentric conducting spheres of radii aand b (b > a) is filled with a medium of resistivity

p. The resistance between the two spheres will be:
ol a @b (b > a) & Q1 THG<II ATAD el & §19 b p FRIewdT BT gared W a1 SIrar 2 | 39 Tai &
g ufoRTg &1 A1 8

p(l 1 p(l 1 p(l 1 p(l 1
(1 4n(a bj ) 2n(a bj G) 2n(a+bj ) 4n(a+bj

sol.

R = PN

4mx
R=[dR
_ (Lj [dx
4 )< X :
()
4n)\a b

Elasticity
22. In an experiment, brass and steel wires of length 1 m each with areas of cross section 1 mm? are used. The

wires are connected in series and one end of the combined wire is connected to a rigid support and other end
is subjected to elongation. The stress required to produce a net elongation of 0.2 mm is,

[Given, the Young’s Modulus for steel and brass are, respectively, 120 x 10° N/m? and 60 x 10° N/m?]

T YA 4, didel a1 ITel & &1 AR D1 AN b1 T & 574 Ul 1 Tl 1 m T 3UR BIc Bl &83hal
1 mm? 2 | 399 aRi &1 Sofishd § Sired € T Agad R & T R 31 g W | Sirsd & Td g R a1 Wi S
210.2 mm & ol gig B ford Ufcraet o1 719 8T :
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sol.

EMI
23.

sol.

[faan B, =EIet q2 Uiddt o 391 el omidh, haen: 120 x 10° N/m? T2 60 x 10° N/m?§]

() 1.8x 10°N/m>  (2) 1.2 x 10°N/m>  (3)4.0 x 10° N/m?

Bonus
g Brass steel > F
Corresponding to the stress (o)
cL, oL
- Al = Ly 2
Total elongation ~*net Y Y,

o=Al RO
Y, +Y,

_0.2x107 x| 120x601 109
180

N
=8x10°— (Answer is not matching)
m

A coil of self inductance 10 mH and resistance 0.1 Q2 is connected through a switch to a battery of internal

(4) 0.2 x 10° N/m?

resistance 0.9 Q. After the switch is closed, the time taken for the current to attain 80% of the saturation value

is: [take In5 =1.6]

10 mH TR E 14 0.1 Q URRIE &1 & H8ell $I T Fofl & A1 U6 0.9 Q AaRe URRIg & el 3 Sired 2 |
Eoll DI I HRA & YTA 59 TR H 1RT BT A AJE &RT B 80% B H o7 I 811 : [f[&A15 : InS = 1.6]

(1)0.002 s (2)0.324 s (3)0.103 s
4

Rt
1=Isat(1—eLJ Here R=R, =1=1Q

t
0.81, —1I, (1— e -Olj

= —=I=

ol

=

=4

Il
VR
| —
N—

= 100t=1n5
1
t=——21In5
= 100
=0.016 sec

(4)0.016 s
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13



Matrix JEE (MAIN ONLINE) 2019

MATRIX JEE Academy
Magnetic Field & Force

24, The magnitude of the magnetic field at the center of an equilateral triangular loop of side 1 m which is

carrying a current of 10 Ais: [Take p, =47 x 107 NA™]

1 m YT aTel U FHaTE TR 9erd # 10 A 971 JaTfed Bl 8 | $96 dws IR g1 & & GRHAT0] & 714
BN : [P, = 471 x 107 NA2 &fiforg]
(1) 18 uT )1 uT (3)3 T (4) 9 uT

sol.

d_ixj_(ij
32 (243

I
B, =3[ 12 (sin 60 + sin 60)
4nd

3l
a
4n| —=
(Mj
_ 9kl
2\ ma
_9><2><10’7><10

1
=18uT

Magnetic Field & Force
25. A square loop is carrying a steady current [ and the magnitude of its magnetic dipole moment is m. If this square
loop is changed to a circular loop and it carries the same current, the magnitude of the magnetic dipole moment

of circular loop will be :

T qAIBR gofd H IRT | Ja1fed R UR 596 Jriaid fggd Seel &1 uRATeT m BIdT & | Ife 39 qHTdR g Pl
ArSHR U JelIPpR derd | ulRalid fBar SR ek SEH 981 91R1 YaTed &l Sy A $9 JRTHR a0l & Jrbi
fagga et @1 gfRmror 8

2m 4m m 3m
(1) — 2) — G @ —
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A.

Sol.

2

|
I A V—)@

"
<

2a
2nr=4a = r=(—j
T

[} 2

m = (I) a?
m, = (I) nr?

43’
m,=(I)(r) ( J

2
s

Fluid Mechanics

26.

sol.

A submarine experiences a pressure of 5.05 x 10° Pa ata depth of d, in a sea. When it goes further to a depth
of d,, it experiences a pressure of 8.08 x 10° Pa. Then d, —d, is approximately (density of water = 10° kg/m’
and acceleration due to gravity = 10 ms=)

TS | d, TeRTE R Ueb Ggel 5.05 x 10° Pa 1 ST6 37Hd DRl € | 579 I8 UTgel 3R Texrg d, ) Sl 8,
8.08 x 10° Pa &1 &4 3igwd el &, 79 d, — d, 1 fieea | erm

(fean s : urh &1 g9c@ = 10° kg/m® T1 JHed - @Rl = 10 ms™?) :

(1) 600 m (2) 500 m (3)300m (4)400 m

3

AP=P,— P, =pgAH
3.03 x 10°=10° x 10 x AH
— AH =300m

Elasticity

27.

sol.

The elastic limit of brass is 379 MPa. What should be the minimum diameter of a brass rod if'it is to support a

400 N load without exceeding its elastic limit?

[aN

et &1 TR WA 379 MPa 21 400 N 91 &l fa91 oaRerdn 1 IR fhd 8 A drell Yidd &l s &l
IATH AT RIT B2

(1)0.90 mm (2)1.16 mm (3) 1.00 mm (4)1.36 mm
2

Stress = 4—0? <379%x10°N/m?
nr
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»o 400
T 379%10%w
2r > 1.15mm

Dual Nature of Radiation & Matter

28. Light is incident normally on a completely absorbing surface with an energy flux of 25 Wem 2. If the surface has
an area of 25 cm?, the momentum transferred to the surface in 40 min time duration will be :
T Yt ST IS TR 25 Wem 2 Srolt TaTg (flux) T UehreT ergad JIMafid 81T 2 | IfS IS &1 &5t 25 cm?
2 A1 40 min FHATRTA 9 S UR g7 Ho¥T 3RV (transfer) 81T ;
(1)3.5x10°Ns (2) 6.3 x 10* Ns (3) 5.0 x 107 Ns (4) 1.4 x 10°Ns

A. 3

AE
P=—
sol. C
~ (25%x25)x40x 60 N
3x10° -
=5x 103 N-s
Rotation

™
29. A solid sphere of mass M and radius R is divided into two unequal parts. The first part has a mass of R and

is converted into a uniform disc of radius 2R. The second part is converted into a uniform solid sphere. Let I,
be the moment of inertia of the disc about its axis and I, be the moment of inertia of the new sphere about its

axis. Theratio I /I, is given by :

o M T e R % o G711 o i 4 aer e 2 | % T B e e 1 T 2R

F3roa &1 UepraTe f$%h # aeell STell & | 99 g 8%y 3 Ueb Vb1 SIN Tiell SR STl © | AT 1, f$eh a1

S &1 b IRT: STScd IMTEY & TAT L, T 7ol BT S el b RT: STsed 3TEO] & | 3rgard /1, 81

(1) 140 (2) 185 (3) 285 (4) 65
A. 1
Sphere (Disk)2R Sphere
V= —:rtR3 \ a
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I, =(Mj(2R)Zl=EMRZ - 7
8 2 8
We have
2(M
Izz—(—Jrz i’}ﬂj :M
518 37 PTR
) |-y
SL=——=|—|= 2
508 ) 4 80 L 4
I_1=14><80=140
L ®

Units & Dimensions

30. In the formula X =5YZ?, X and Z have dimensions of capacitance and magnetic field, respectively. What are
the dimensions of Y in ST units ?
I X = 5YZ2H X q1 Z 91 oo, s, enfRan qen graaa &5 € | SI gamg § Y o) fawm o gri?
(1) [M2L7TCA] (2) [M'L7T*A?] (3) [M2L'T*A7] (4) [M7L7T8AY

A. 4

sol. X=5YZ?

Yoc%

2 22
x=c=L_1AT]
E [MLU'T?]
X = [M'L2T*A?]
ZZBZE
IL

Z=[MT?A"]
_[ML?T'A%]
[MT72A71 ]2
Y =[MPL2T3AY
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