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A particle suspended from the ceiling by inextensible
light string is moving along a horizontal circle of
radius 1.5 m as shown in figure. The string traces a
cone of height 2 m. The string breaks and the particle
finally hits the floor (which is xy plane 5.76 m
below the circle) at point P. Find the distance OP.

An explosive of mass 6 kg is projected at 35 m s~

at an angle of 60° with the horizontal. At the top
of its flight it explodes, breaking into two parts,
one of which has twice the mass of the other. The
two fragments land simultaneously. The lighter
fragment lands back at the launch point. (i) Where
does the other fragment land? (ii) What is the

energy of the explosion?

1 i Path of ny

= *-..tag::,__ after explosion
A0 .
O |¢—R2 —ple—RrI2—P

R
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A cylindrical pipe of diameter 1 m is kept on a truck
as shown in figure. If the truck now starts moving
with a constant acceleration of 1 m s~2, the pipe rolls
backward without slipping on the floor of the truck
and finally falls on the road. If the pipe moves a total
length of 4 m on the floor of the truck, what is the
velocity of the pipe in (m s7!) relative to the truck
and relative to ground at the instant it leaves contact
with the truck? (g = 10 m s72).

A glass plate of area A and mass m is hinged along
one of its sides. The speed with which the air should
be blown parallel to its upper surface to hold the

mg
18pA
[The density of air is p]

plate horizontal is x ? Find the value of x.

A wire carrying current i has the configuration
shown in figure.

Two semi-infinite straight sections, each tangent to
the same circle, are connected by a circular arc, of
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(ii)

®

My, -mpy',, M+m  M+m,
Ve = = Vy = 0x

i, m, m,

Time taken by m, to reach the ground
Yo,

’ZH
| i,
b4 g

Distance covered during this time

M+ v M+
d=v', t= e vo,c.ﬂz 2t &
m, 4 m, 2
Coordinate of second fragment,
M
2 o m, 2 m2
6 (35
ZZX sin60° =162 m
The energy of the explosion is
2m M
AE = lmlv +1m;2 h——M2 ] véx
2 2 m,

2X2X6
= (35c0830°)* =5512]

Let a be the acceleration of CM in reference frame
of truck and « be its angular acceleration about an
axis through its CM as shown in figure.

Equations of motion in reference frame of truck are
ma, —f=ma

f (D)

ﬂzao_—
m
2
I ;mﬂz mR

Rolling constraint a = Rat ...(iii)
Solving equations (i), (ii) and (iii), we get
2 2z 2 )
a=—a,=—()=—ms
3" 3
Displacement of CM of cylinder in reference frame
of truck is s = 4m in time ¢ given by
Szlatz Il(%]t‘z or t:‘J]_ZIZ 3s
2 2\3
The linear velocity of the cylinder in reference frame

of truck is

PHYSICS FOR YOU | MAY ‘20

vr:Et:(%JZ 3:ims—l (towards left)
3 V3

Velocity of truck after time t,

vp=ayt= (1)2\4{5 = Z\Em 5! (rightwards)

Hence at the moment the cylinder leaves the truck,
its absolute linear velocity [ground reference frame],

v:Z-JETm e

(rightwards)

Applying Bernoulli’s equation up and down the
_mg
A

e 2mg  [2mgx18
pA pAx18

plate —pv =

6 ﬂ i 2 _ni == 6
18pA 18pA
Magnetic field at O due to wire 1 is, B, = r“R 0
i
and that due to wire 2 is
B ol
2= 471. 1 2T SnR

e

Magnetic field at the

centre due to circular

arc subtending angle 0

at the centre is given by

- Woi B)
B .=—"1—|®
€ 2R [Zn

=0=B +B,_=

0=B=-B

arc

If B
2nR 2R\ 2w
=

&:EE l=E~=:o'E|=2rad
2nR 2R T 27

Net current I =3 + 4\Esinmt

T
[(3+4+2sinwt)? dt

Now I, = 9 =5A

T



1
- »

L S

" A [Ah=R(1-cosh)
; R = R[2sin*(6/2)]
E "" = R[E}ljfl
|B’,'
1
L =[R+ZJG=IDD(1+19><10'6><100J (1)
1 i
Lz:(R—EJezloo[HllxlO ¢ x100) -..(ii)

Subtracting equation (ii) from (i),

0/2=1008 x 1009 =0 =16 x 102=10.16 rad
(RO)O

By geometry of figure, Ah = 50 =8cm

Figure shows three rays 1, 2, 3 incident on plane

face A. We can see that angle of incidence at curved

surface is least for ray 3. If ray 3 reflects at the curved

surface, then all the rays will reflect as their angle of

incidence is greater than angle 6.
Normal

A B
123 =
Hence the required conditionis 0, >0_.. ,
, 132

As sinf .. = ; = 3 &
from geometry of figure, we have, sinf, = TR
So sinn B, >sin0 .

R 2 d |
——>— or —<— Therefore (E) Z'I—
d +R 3 R maximum 2

We will first determine
the deviation produced
by the system. From
the figure, we see that P

n sino = 1’ sin@’,
""""""""" - ":;"R
n
/ I

n' sin@” =1 - sinB®'".
Now, deviation of ray &

=(0'- ) + (0" -0")

In the given figure.

a+90°+0"+90°-0'=180° =06"=0—-0q.

Since angle o is smal, 0', 0", 8" are also small.
no=n'0" and n'0"=0"".

: e n
Solving 8', 0" and 0" in terms of &, 0" = — a,
n
o n—n
0"=—o-o=———a and
n n

o=(n—n")o.
n

o Qe ria—cx+(n—n’)a—( n’ a—u):(n—n’)a
i n

If the source is at a distance a, then
d (distance between virtual sources)
=2ad = 2a(n - n')o.

D = a + b, where b = distance of screen from the
system.

Ma+b) A(1+b/2)
2a(n—n"o a 2(n—n")a

B=

For plane wave o0 — eo.

B Ao 600010~
2(n—n")o. 2(1.52-1.50)% 30X 7 /180
= (0.2864 mm.

10. Let x be the elongation in the spring when it returns

back.

%kx‘é = ;ﬂ—).'cx2 +mg(x+x,)

On solving, we get

kx =—mg * (mg - kx;) = -2mg + kx,
(Ignoring negative sign)

And also lower block will bounce up if
kx > mg = -2mg + kx, > mg

3mg

So, xD=T=>xﬂ:9cm

Monthly Test Drive CLASS XI NSV Sl (2§

1. (¢ 2. (a 3. (o) 4. (d) (a)
6. (a) 7. (d) 8. (a) 9. (a) 10. (d)
11.(b) 12. (b) 13. (c) 14. (¢) 15. (c)
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Two

positively
infinitelylong wires (A, >4,)
are placed parallel to each
other at x = —g and x = +a
as shown in figure. Find the

charged

xXx=-d xXx=a
x — coordinate of a point at
which electric field is zero.
(;‘L|+lz)a b) (ll—lz)a
(}-1_}‘-2) (?\'l+)\'2)
2(A, -4,) (A, +1,)
(c) L2/ (d) L2
: (7*-1 ‘”Lz) ! (‘11 —Ay )a

A parallel plate capacitor is filled by a dielectric
whose relative permittivity varies with the applied
voltage according to the law p, = aV, where
o= 1pervolt. The same (but containingno dielectric)
capacitor charged to a voltage 156 V is connected in
parallel to the first non-linear uncharged capacitor.

Determine the final voltage across the capacitors.
(a) 12V (b) -10V
() -15V (d) -20V

PHYSICS FOR YOU | MAY ‘20

A copper wire of length [ and radius r is nickel
plated till its final radius is 2r. If the resistivity of
the copper and nickle are p, and p,, then find the

equivalent resistance of wire.
3p.+p, | 1 p.+p, | !
(a) [7]—2 (b) (“—“ ST
p.r pn nr PP, r

. { P, P, ]_E? - (pﬁpn]L2
3p.+p, |nr 3p.p, |mr

The maximum intensity in Youngs double slit

experient is I;. Distance between the slits is d = 54,

where A is the wavelength of monochromatic light

used in the experiment. What will be the intensity

of light in front of one of the slits on a screen at a
distance D = 10d?

(@) I
(C) fg:"l4

(b) 2I,
(d) Iy/2
A hydrogen like atom of atomic number Z is in an

excited state of quantum number 2n. It can emit a
maximum energy photon of 204 eV. If it makes a
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(b) : Let coordinates of P are (x, 0).
The distance of point P from wire 1 = (a + x) and
from wire 2 = (a - x) i 5
o El = E2
2kA, = 2k,
" (a+x) B (a—x) G
Mla-x)=Mla +x)
}hlﬂ—hlx:}hzﬂ*'}uzx LEt
(}L] =, J\.g)ﬂ — (7\.1 + }uz)x
= (A, =4,)a
(A, +2,)
(a) : From conservation of charge
CV (C+C) Vs :}CV (C+aV(") Vs
‘Lf}= 12 Vﬁlt

I
egtio= pr o Ni [
Resistance of S LY

copper wire
=Pc% (v A =mrb)
nr

Resistance of nickle wire

Ay = (20 - = 30
!

3mr’

Both wires are connected in parallel. So equivalent
Re, Ry 4 PP, L

R, +Ry ( 3p. +p, ]“72

(d): Path difference Ax =

R

i

RNi = pu

resistance R =

ya'

Here, y = Zt = 5; and D = 10d = 50A

(32

Corresponding phase difference ¢ = =0 L L
A 4 2
I
I=Igc052? =10c052 Elez
2 4 2
(b) : Let ground state energy (in eV) be E,
Then from the given condition
E
E,,-E;=204eVor —-—E =204V
4n
1
= E| —-1|=204eV )
1[4n2 ) ®

PHYSICS FOR YOU | MAY ‘20

11,

and E,, — E, =408 eV
E, E 3

= ———==FE|—-—=|=40.8eV .. (i
4’ n’ E[ 4n2J (&)

From equation (i) and (ii),

1- 12
—4n _5-5n=2

3

ad do  AdE dE
d):In=¢ ——:in# 0 whenever — #0
(d):Ip = 0 0 g *'D dt

This will possible when potential difference across
a capacitor varies.

(d):Speed of charge particle, v= fﬁ =10°ms’
m

A o B cameant
dt dt v
—@Xl{)qi =yt
6.9

(a) : The rod will acquire terminal velocity only when
magnetic force Fy; = BIl due to electromagnetic

induction balances its weight, i.e., Bl = mg, i.e.,

_ 02x98 9.8

0.6x1 3
Now if € is the emf induced in the rod,
0.76 +1.20
EXI=P=P1+P2 S0, € = (—) =06V
(9.8/3)

Now as this € is generated due to motion of rod with
terminal velocity in the magnetic field, i.e.,

e 06 i
€=Bv SO Vp= —= =1lms
H ™™ Bl 0.6x1

(d)

. (b): In case of thin prism 8 = (u -1)A, when two

prisms are combined together,
0=0;+8,=(u-1)A + (n' -1)A’

For producing dispersion without deviation
8=0,ie, (W -1)A"=-(u-1)A or
(1.54-1)
(1.72-1)
So the angle of the other prism is 3° and opposite
to the first.

L]

2
(b):As 1> = vi+ vi = [ﬁtJ + (20)
m
107°° x10°
=| =203 +(20)* = 1600
10”
v=40ms
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1 1 1
B2 () ===
v f u
1 1 3
=———=+—;
10 (=20) 20
20
v=+4—cm
3 20
1
u (-20) 3

The distance between heads of the object and image is
AC=4(BC)* +(ABy’

2 2
s=[20+ 2] +{1-1] - [ em
3 3 9

1 1 11
2 2 i 125
M-z 4 9 18 .o, S8,
A, 1 1 1 1 ¢4 64
32 52 9 25

14. (c) : Relative velocity between either car (1% or 2ndy
and 3" car = u + 30 where u = velocity of 3™ car
Relative displacement = 5 km

Time interval = 4 min

5 1 5x60 i
» u+30="kmmin L= kmh™'=75
= u=45kmh™’
15. (a) : o Nu.atﬂ
™ 4
mgsin®) mgcos® mgsing, mgcosd
A A

Letacceleration in 1% case is @, and that in second case is a,.

1 3 3 2 a, ;
Now, —a,t" =—a;(2t)" = a,=— conlcd)
2 2 2 1( } o) 4
mg sin 0

..(ii)

Clearly, g, = =gsinB

_ mgsinB-umgcos® (i)

a, = =gsinO— g cosO

From (i), (ii) and (iii), we get i = 0.75.
16. (d) : 3t="3x+6; x=3(t-2)

dx

=—=06(f—-2
v % (t-2)
Whenv=0=1t=2s
Att=2s5x=0
17. (b) 18. (a)

@ PHYSICS FOR YOU | MaY ‘20

19. (c) : For m, N cos 0 = mg
For M, Nsin 0 = kx

So, tanﬁzg:ﬁ x= M
mg k
So, potential energy stored in the spring is
1 . (mg tan 0)*
2 2k
1 1 1
20. (a) : —=(u— I)(———}
f R R

1 2 2

—=(1.63-1)| — |=(up-D| —

f (RJ ! (R]
B

1=0.63% L 1.7
=] =0. —_— =) or =],
g R, 09 Ha

A
21. (c) : Infirst case, potential gradient, k = E/I, where E
is the emf of the battery in potentiometer circuit. As per

question

ki E_ 1 E

5 T 5 5 3
In second case, length of potentiometer wire = [+ Y
Potential gradient, k"= i = g S E= E x|l

diz 3 3

Where I’ is the new balancing length
E F 3
—=—xI' = I'=— ""E,=E
5 3l 10 (rE=E)

22. (a) : When a wire of length [ moves with velocity
v, perpendicular to a magnetic field B, the induced emf
is produced. The magnitude of induced emf is given by
|e] = Blv
Given:1=50cm=05m, v=300mmin"' =5ms"
le]=2V.
polel_
lv. 0.5x5

2GM
23. (a) : Escape speed is given by v :J

(.~ h = height of the object from earth’s surface)
Here, h = 3R

2GM JGM f gR
l,.' - - = —
* Y(R+3R) 2R 2

24. (d) : Heat required to melt 1 kg ice at 0°C to water
at 0°Cis
Q= ice Lice = (1kg) (80 cal g™)
= (1000 g) (80 cal g™!) = 8 x 10" cal
Q 8x10*cal

Change in entropy, AS=—=
. = b (273K)

1

=0.8 tesla

=293 cal K!
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From eqn. (i) and (ii)
2A Iznlp v2=3x10"x A

3x10 3x10°
= —= z 3 =159rps
28n%p  V2x12x(3-142)* x 6000

37. (b) : The growth of current in LR circuit is given by
I=I,(-¢"%

where 7 is the time constant, I;; is the maximum value
of a current

Also,t=L/R R

For circuit 1

t, = LIR; I=I[1-¢ V"] v
5 ( Rr)
—I,=I,\1-¢ L
100 % "0
_Rfl_

or e L =07 or

Circuit 1

(ﬁ] =In(0.7) or t :0.36£
E .. R

In circuit 2, resistances are connected in series

RS=2R R R
L L 1y,
fy=—=— & I= Ij(-e"2")
Ry 2R -
sz.R
s e B )
T0p 0= foll-e Circuit 2

_23.*1
e L =07or

B 7% - =036 [%J

In circuit 3, resistances are connected in parallel

R L ZL
. RP:—; T2
2 Rp R
1 It 30
. I=I 1= 3)' —1 =l
“( 100 ° L
_RF} - -
=IG(1—€ ?.L) Circuit 3

R.I'3

= —Riy

e 2L =0.7 or =In(0.7) or 1;=0.36 ZL]
2L R

|
e f3 =2I]., 12-_-51'1 ia f3f>f|:='!‘2

h
38. (a) : Angular momentum, L = i i.e. same for all.

n
39. (d) : The particle will move in «x
a non-uniform helical path with
increasing pitch as shown in figure.
Its time period will be Y

2mm
T=——=2ns x

qB
Changing the view, the particle 0
seems to move in a circular path
in (x-z) plane as shown. Zm

D

PHYSICS FOR YOU | may ‘20

After 1 seconds, the particle will be at point P. Hence x
coordinate will be 0.
For linear motion along y-direction.

2
y(m) =0(r) +-—(n) (n):“? and OP=2m

2
Hence, the coordinates are [U, %—,2]
40. (d) : x = A cos ot, y = A sin (0t + 1/6)
. n . T W
y= Asm[mt + g]z A[smmtcos€+ coswtsin g]

|: 3 . l }
=A| —sinwt+ —coswft
2 2

= %[\jg(l—co.'s.2 ot)’? +coswt] ==
1

Jg[ll— 22)2
A F

; y 4}!2 x°  dxy x?
Squaring both sides, e + B o 3(1— e

2y x
A A

34° . . :
x* + y* —xy=""—, which is equation of an ellipse.
Real depth d
41, (byep= ——P2 L
Apparent depth  x
Due to first liquid, v2 = - or x, = <=
ue to first liquid, % B
And due to the second liquid, n=— or x, = d—
%2
d d
. Total apparent depth = x; + x, = —=+ —
& "
Total apparent depth = i+ N2)
nv2

42, (d):Ifv_}”f_)m'if?“?mif?”?thend—q{

is zero. Hence, potential difference is zero. dt

43. (d)
2(P -P_)
44. (b) : Fyoeeq = Popen +£p"2; V:J sloged __open
2 p
2(4-5%10°—4-0x107) o
= 10° ~ =10ms

45. (c) : Total energy contained in cylinder
1
=u,, Xvolume= ( 5 EnEg ]x (AD
= %x (8.85x1071%) % (50)* % (10 X 10™*) % (0.50)

=5.5x 10712] e
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8. (2)

9. (1):Given: V=V, m(i]
o
Potential energy U= eV

or Uzevolni d—U=eV0(r£J L]
Ty dr r) n

eV,

or |force|=

This force provides the necessary centripetal force.

2
mv- eV eV,
:_0_ or V= _0_ ...(i)
r r M

h
By Bohr’s postulate, mvr = =

27
h

or v= i, .(1i)

2nmr
From (i) and (ii),
nh eV, nh m

=,]— or r= X |—
2mmr m 2nm eV,

& k=

h 1
or r=|— XHn . T,een.
2n \ meV,

10. (6) : For string to be wound around the nail,
vEJSgr = v ,}Sg(l{)—LJ

Now %mvz =mg(10) = v* =2g(10)

J2g.10 > [5¢(10- L)

= 20g>5g(10-L) = 20>50-5L
= 5L>30 = L>6
L

11. (4) : Total internal reflection can happen only when
w(n) < py

min = 6 cML.

0 —Lg Ly
=3 — < Uy = <0 or
Po~ pu—18 10 4n—18 4n—18
18
= 4n-18>0 = n>—=45

The minimum integral value of n satisfying the
inequality is n = 5.

Total mternal reflectlon can happen when light is
gomg from 4™ to the 5 layer or on the upper layer of
4 layer, since s < My

=> Required answer is n = 4.

12. (2) : For photon, E= E or A,= }E (i)

R E
36/

PHYSICS FOR YOU | MAY "20

1
For proton kinetic energy K = Emp vi

or 2mK mov’ or ZmPK:p2

pr
Y
or 2m,K 2( 7\._] , by de Broglie equation
1

K=KE. -energyE

h
or l ...(ii)

J2m K JZm E
From (i) and (ii),
Ay L Vlzm_CJZTxE 1/2

A, ke ZmPE

—&=—X or —==

Ay E h Ay
n=2

13. (d) 14. (a) 15. (c)
Let us start calculating from the given transitions
(column 2)
(i) n=5ton=3
Energy of photon emitted
hu, = Es — E; = 6.68 - 4.87 = 1.81 eV
Wavelength of emitted photon
M _( 12400) A =6850 A

1.81
Since hu; < ¢ (b =2.01eV)
Hence no electron will be emitted, all the energy of
the photon is absorbed by the photocell. So stopping
potential, V; =0

(IID) (i) (R) is correct combination for Q. 14.

(i) n=7ton=>5
Energy of emitted photon,
ho, = E; — Es = 8.85 - 6.68 = 2.17 eV
Wavelength of emitted photon,

12400 x _s714 A
2.17

Maximum kinetic energy of emitted photoelectron
=hu,-0=2.17-2.01=0.16eV

So, stopping potential photon, V, =0.16 V
(ili)n=6ton=3

2:

Energy of emitted
hvy=E, - E;=7.70 - 487 =283 eV
12400
e A 4381 A
2.8
h‘u -
V=2 ® =(2.83-2.01)V=0.82V

e
(ivyn=7ton=4
hv,=E, - E,=885-543=3.42¢eV
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Comprehension Type 30. Column I gives some systems whose moment of
inertia are listed in column II about the shown axis.

A monatomic ideal gas of two moles is taken through a
Match column I with column II.

cyclic process starting from A as shown in figure with

Vg/ V4 = 2. Temperature T, at A is 27 °C Column 1 Column II
(A) 2
(P) 8MR
11
Uniform rod of
mass M and
length R
: : -
27. The temperature at B, Ty is M Q) MR?
(a) 600K (b) 450 K Uniform semicircular 12
(c) 400 K (d) 900 K ring of mass M. Axis
is perpendicular to its
28. The work done during the process A — B is plane.
(a) 1200 R (b) 1500 R
(c) 1600 R (d) 1000 R
. (®) R . 2
Matrix Match Type 0° A (R) 13MR
R
29. A block of mass m is stationary with * Uniform triangular 8
Tn plate of mass M

respect to a rough wedge as shown

in figure. Starting from rest in time ,

work done by various force is given L B (S) MR?
in the columns. Match the column I ‘e 8
with column IL (g = 10 m s~, &

m=1kg,a=2ms'2,t=45).

Uniform disk of initial

Column I Column I1 rr_lassl M from \-\;hicg a
z circular portion of radius
(A) BY gravity (P) 144 ] R is then removed. Axis is
(B) B}T normal reaction (Q) 32] perpendicular to its plane.
C) By fricti R 160
o manews @ @ AoB ¢ D
Y a € I0rces (a} Q R p S
A B G D (b) Q p N R
(a) P Q S R (©) S p R Q
(b) S Q P R d R S Q p
(c) P Q R S
(d) R P S Q ®®

Keys are published in this issue. Search now! ©

SELF CHECK Check your score! If your score is
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2 B[ 1 dV] B dV
et amr? dt 2r dt
As volume of the balloon is decreasing, — is
negative.
B (0.04) .
Eindu-:cd_"lenxu}! x (=100 x 10 )—Zﬂpv

(d): vy = v, cos = ucosd

0 = (v, sin B)* - 2g(H/2) = vi=v3-gH

AJ@—:Jg

From above v = ngH = ’

o u’ sin’ @ e sindiy 2chos 0
2g ""I
2¢gH 2gH %3
or tan’0= gz or tan’0 = &
2gH

1
or tanf = JE or 6=60°

3
(b): In triangle PQX, R 4R

For contact not to be lost at B

mv’
mg cosO - N =

= N=mgcosO - % >0

= v JchosB (1)

From Bto C,AK+ AU=10

[%mvf —%mvz] + mg(R - R cosB) =

= m= Vzl + 2gR(1 - cos0) ...(ii)

From A to B, a = g sinB + pg cos@
= g sin 0 + (tan 0)g cosO
= a=2gsin0O

= Pavi_ 4gsinOR

tan@
= = vé - 4¢R cosB ....(iii)
From Egs (i) and (iii),

v¢ - 4gR cosO < gR cosO or vi < 5gR cosd
4
= vﬁSSgR(g) =4gR = vy <44gR ...(iv)

From Egs (ii) and (iii),
vi + 2gR[1 - cosB] = v - 4gR cosd
= v{=v§-2gR - 2gR cosb
Now to reach at C, v, >0
or vg - 2¢gR - 2gR cosB > 0

= Vg2 J2gR(1+cos0)
18¢R
= v \JZgR(1+4I 5) = vg> g .- (v)

From (iv) and (v) fj

(a) : The two streams strike at the same point on
the ground.

"’ltl = Vztz .(l)
Where v, = velocity of efflux at Q = ,}(2 gh)

and v, = velocity of efflux at P = (f[2g(H —h,)]

t; = time of fall of water stream through Q is

B ’2(H—h1}
4

t, = time of fall of the water stream through
2h,
g

Putting these value in Eq. (i), we get
(H - hy)hy = (H - ho)hy or[H - (hy + hy)[hy — hy] =0
H = h; + h, is irrelevant because the holes are at two

different heights. Therefore, h; = h, or hy/h, =1

P
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