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PART 1: PHYSICS
SECTION-I (Maximum Marks : 18)

1. Consider regular polygons with number of sidesn=3,4, 5 as shown in the figure. The center of mass of all the
polygons is at height h from the ground. They roll on a horizontal surface about the leading vertex without
slipping and sliding as depicted. The maximum increase in height of the locus of the center of mass for each
polygonis A. Then A dependsonnandh as:
fp=k Hjk n"k; Necgtktk dh ikekvk dh B[ ;k n=3,4,50A IHh cgkevk dh Bgfr din vulkfer ry
I hApib ij gh ; feuk QY ffrt ry ij ifrxieh "Wk (leading vertex) d pkjk vij %.tu dj vx1fjr
gk jg gA iR;d cgct d Bgfr din d j[iFk (locus) di Apkb di vikdre of) A gA rc A dh h rFik
h 1] fulkjrk futu e 1 nh &k;xh

-

Sol. e

n/n i R=Maximum
R ! height
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2. Consider an expanding sphere of instantaneous radius R whose total mass remains constant. The expansion is

such that the instantaneous density p remains uniform throughout the volume. The rate of fractional change in

1dp

density (; Ej is constant. The velocity v of any point on the surface of the expanding sphere is proportional

to:

,d 10kjh Xky (expanding sphere) dh FiR{kf.kd (instantaneous) f=T;k R ;0 n0;eku M vpj jor gA 1l

1d
d nkjku bdk rir{kf.kd %uRo p 1j vk;ru e ,dleku jgrk g ,0 vif'kd %uRo dh nj (;d—fj /o]

(constant) gA b1 10kjh xky d 1'B 1 ,d fcln dk ox vfuku d Bekutkrh gkxki
1
(AR B) % (OR? (D)R?*?

B 4mR’
3

Sol. m XpP

In(m)=/n (4?“} +Mn(p)+3/n(R)

pdt R dt

= (d—Rj £ V oC —Rxl(d—pj
dt p.Ldt

VOCR\

hc
3. A photoelectric material having work-function ¢, is illuminated with light of wavelength A {K < ¢_j . The
0

fastest photoelectron has a de Broglie wavelength 2, . A change in wavelength of the incident light by AX results
inachange A)  in A . Then the ratio AA /AL is proportional to

h
1dk’k fo ] r InkFk (photoelectric material) FEN dk dk; Qyu (work-function) ¢, 9] FjXn/; X(k <¢_C] d
1di’k 1 infir fd;k x5k gA nr idk™k byDVku di Mh ckkyh (de Broglie) rjxn/; a, gA vkifrr idk’k
di rjxn/; e Ard ifjoru a, d etu e Ax, dk ifjoru gkrk gA rc Ax/ax dk vuikr Lekuikrh gkxi
(A) A2 /02 (B) A,/ 1 (C) A2/ (D) A /A?

SO]. % = W + WEmax
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p? h’
2m, 2m)\}

c

KE

ey g, (2
A 2m, A

dA,
Ay = _2mekj e
dh  h>x)\?
Wy A
v A’
4. Three vectors P, Q and R are shown in the figure. Let S be any point on the vector R . The distance
between the points P and S is b‘f{‘ . The general relation among vectors P, Q and S is
riu BIfn" p, Q rFk R fp=k Jkjk n'k, x, gA Ifn*k R 1j ,d fcln Sn'ik x;k gA fcUn P o fcln S
d e/; dinji bR| gA B, Q rfik S d Nin'l d e/s Ick gt

N

Y
p L%
R=G_ ¥

P/
S Q
Q
O X

(A) S=(1-b)P+bQ (B) S=(b-1)P+bQ

(C) S=(1-b)P+bQ (D) S=(1-b)P+b’Q
Sol. §=f>+bﬁ:f>+b(é—f>)=f>(1—b)+bé
5. A person measures the depth of a well by measuring the time interval between dropping a stone and receiving

the sound of impact with the bottom of thewell. The errorin his measurement of timeisdT =0.01 seconds and
he measures the depth of the well to be L=20 meters. Take the acceleration due to gravity g= 10 ms and the
velocity of sound is 300 ms™'. Then the fractional error in the measurement, 3L/L, is closest to :

,d 0:Dr ,d ifFj dk d, e fxjir Te; vij d, di ryt e 1%V 1 mRilu /ofu d le; vrijky d
ekiu djd d, di xgjib dk irk yxkrk gA og le:krjky d ekiu e =V s5T=0.01 Id.M ,0 d, df
Xgjko L=20m ekirk gA x -Rokd"k.k Roj.k g=10ms 2,0 /ofu dh xfr 300 ms' nh X;h gA SL/L d
ekiu e fudVre vif*kd =KV (fractional error) gt
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(A) 1% (B) 5% (C) 3% (D)0.2%

| t_\E+L
SOk 5 300

dt= llL*“dL + (L dL)
300

J52
dt=—— L gy 9 g0
25420 300
dL{i}:0.0I
300
dL=>
16
dL 15

AL 100=2x Lsi00=L 219
L 16 20 16

6. A rocket is launched normal to the surface of the Earth, away from the Sun, along the line joining the Sun and
the Earth. The Sun is 3x10° times heavier than the Earth and is at a distance 2.5%10* times larger than the
radius of the Earth. The escape velocity from Earth's gravitational field is v, = 11.2 km s™'. The minimum initial
velocity (v,) required for the rocket to be able to leave the Sun-Earth system is closest to
(Ignore the rotation and revolution of the Earth and the presence ofany other planet)

JkdV Hry d vitkyEcor I'; ,0 1Foh dk €Mu okyh j[kk e I; 1 nj dh rjQ (radially outward from
the direction of the sun) I{kfir fd;k x;k gA 1; 1Foh 1 3 x 105 xuk Hkjh g ,0 f=T;k B 2.5x10*Xuh njh
ij fLFr gA iFoh d x=Rold.k {k d fy, iyk;u xfr 11.2kms gA jidV dk I3 ,0 iFoh fudk;
(Sun-earth system) d x.ZRokd'k.k 1 eDr gku d fy, de 1 de ikjftkd ox (v, dk fudVre etu g
(iFoh o p@h; xfr vkj ifjke.k rFk fd I vi; xg dh miflFfr dh mifk dj)

(A)v.=72kms' (B)v,=22kms"
(C)v,=42kms! (D)v,=62kms"
Sol.
0 v 25x10°R ———> ¥

Given RC;MS =11.2km/s

1 , GmM, GMm

—mv° — - >
2 R 2.5x10°R
’forv=Vc

2 _2GM,  2GM,

. +
R 2.5x10*R

_2GM, 6x10°GM,

2.5x10°R
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GM,

(2+24)

=, / 26iMe =40.4km/sec.

7. A symmetric star shaped conducting wire loop is carrying a steady state current I as shown in the figure. The
distance between the diametrically opposite vertices of the star is 4a. The magnitude of the magnetic field at the

center of the loop is :

tl dbfpf=kr fd sk x5k g] ,d BfEed rkj (symmetric star) d vkdkj d pkyd e vifjofrr /jk 1cg
Joh gA ; ok fol jhr "K'k (diametrically opposite vertices) d Cip njh 4a gA pkyd d.din ij pEcdh; {k=
dk eku gkxk

4a

(A)“—OI6[\/§—1] (B)%6[\/§+1} (c):‘—i{\/?—l] (D)“—J?{z—\/ﬂ

4ma

4ra

Sol.

Total Magnetic Field
at centre = 12 times magnetic field due to one wire

B = 2ol i 600 —sin 3007 = ol 12 V31
4ma 4ma 2 2

N B:;—éx6(\/§—l)

SECTION-II (Maximum Marks : 32)

8. A wheel of radius R and mass M is placed at the bottom of a fixed step of height R as shown in the figure. A
constant force is continuously applied on the surface of the wheel so that it just climbs the step without slipping.
Consider the torque t about an axis normal to the plane of the paper passing through the point Q. Which of the
following options is/are correct?

,d F=T:k R PRk n0;elu M dk ifg;k ,d R Apib oky n< Ikilu (step)d ry ij j[ g (El fpt e
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sk x;k g)A ifg; dk Bkiku ij p<iu el=k d fy, ,d vpj cy ifg; d "B ij Irr dk;jlk gA
dixt d 1"B I vftkyEc fn*lk € (perpendicular to the plane of the paper) fcUn Q 1 tku okyh v{k d Bkiku
cyvik.k Tekfu;A futu e I dkulivdkull dFu g/gh

\\i\\\"\(\\\\

(A) If the force is applied normal to the circumference at point P then 1 is zero

(B) If the force is applied tangentially at point S thent # 0 but the wheel never climbs the step

(C) If the force is applied at point P tangentially then T decreases continuously as the wheel climbs
(D) If the force is applied normal to the circumference at point X then 7 is constant

(A) ;fn fcin P oij ifg; dh ifjfk 1 vitkyEc fn*lk e cy yxk;k €; rc « "U; joxk

B) ;fn fcln S 1j Li'M; cy yxk;k &; rc t=0 g fdr ifg;k Bkiku 1j dtkh ugh p<xk
(C) ;fn fcln P 1j Li'k; cy yxk;k €; rc €1 1fg;k Dkiku 1j p<xk ol © Irr %Vxk
(D) ;fn fcn X 1j ifg; di ifjflk b vitkyEc fn"kk e cy yxk;k €k;] rc < vpj joxk

Sol.  (A)isincorrect

If force is applied normal to surface at point X
t=F R sin 0
Thus 1 depends on 0 and it is not constant

(B) is incorrect
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if force applied tangentially at S
t=FxR=#0

but it will climb as mentioned in question.

F——>P

If force is applied normal to surface at P then line of action of force will pass from Q and thus t=0

(D) is incorrect.

1y

if force is applied at P tangentially the
t=F x 2R = constant

9. Two coherent monochromatic pointsources S, and S, of wavelength A =600 nm are placed symmetrically on
either side of the center of the circle as shown. The sources are separated by a distance d = 1.8 mm. This
arrangement produces interference fringes visible as alternate bright and dark spots on the circumference of the
circle. The angular separation between two consecutive bright spots is AB. Which of the following options is/
are correct?
nk dyklc/k ,do.ki (coherent monochromatic) fcln L=kr S, rfik s, ftudh rjxn/; »=600nmg ,0 olk
d din d nkuk vkj lefer volFik e fLFkr g (EN fp=k e f[lk;k X5k @A Lkkr S, rfik S, d e/; dh
njh d=1.8mm gA bl 0;0LFk Hjk 0;frfdj.k fYUE (interference fringes) ifrort nilr ,0 vnilr fpflk;k
(spots)d =i e ,d olk dh ¥fjf/k ij fn[krh gA A6 nk @ekxr nilr fpflk;k d e/; dk.bh; njh (angular
spearation between two consecutive bright spots) A futu e I dkuli/dkul dFu Igh g/gi

P,

A6

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 7



MatriX Jgg-(Advanced)2017 CODE-0 PHYSICS

MATRIX JEE Academy

(A) The angular separation between two consecutive bright spots decreases as we move from P to P, along
the first quadrant

(B) A dark spot will be formed at the point P,

(C) The total number of fringes produced between P, and P, in the first quadrant is close to 3000

(D) At P, the order of the fringe will be maximum

(A) iFke olkikn e P, 1 P,rd thu e nk @eixr nir fprk ;kd ef; dh dk.kh; njh AVrh g

(B)P, 1j ,d vnilr fcn cuxk

()P, rAk P d e/; d iFke olkikn (first quadrant) € dy djic 3000 fYUt cuxi

(D) P, ij fYUtk dk @e mPpre gkxk

Sol. Py _
--e~l Ax=dsin0

-
s
Q‘[
~

1

1
e - -

1}

\

A =600 nm
atP Ax=0
atP, Ax=1.8mm=n\

Ax 1.8mm

No. maximumwillbe=n = — = =3000
600nm

atP,  Ax=3000A
hence bright fringe will be formed.
atP, 3000 maximais formed.
for 'D' option
Ax =dsinO
dAx =dcos6.do
RA =dcos0.RdO
RA

dcosO
as we move from P toP,
0T cos® L RdOT

Rd6 =

10. A point charge +Q is placed just outside an imaginary hemispherical surface of radius R as shown in the figure.

Which of'the following statement is/are correct ?
huiked fcln vio'k +Q ,d dkYifud wixkyh; i'B feldh 4T:k R g] d chgj j[k g €1k fd fp=
e fn[k;k x;k g)A futu e I dkulivdkul dFu IR; g/gf
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Q 1
(A) The electric flux passing through the curved surface, of the hemisphere is ~ el ﬁ
0

(B) The component of the electric field normal to the flat surface is constant-over the surface

Q
(C) Total flux through the curved and the flat surfaces is .
0

(D) The circumference of the flat surface is an equipotential

1
(A) Vikxkyh; ofdr 1"'B 1 xtju oky fo]r fyDl (electric flux) dk eku _%(l_ﬁj g
B)fo]r {k=k dk Tery 1'B I viikyftcr 4vVd BEF.K I'B 1j vp] joxk
(C)ofdr ,o0 lery 1'B I xtju okyk dy fyDI 82 g
(D) lery i'B dh ifjfk ,d lefotko i'B (equipotential surfac) g

Sol.  (C)

¢ total due to charge Qs = g
80

Q
so ¢ through the curved and flat surface will be less than .

0
(B)
The component of the electric field perpendicular to the flat surface will decrease so we move away from the
centre as the distance increases (magnitude of electric field decreases) as well as the angle between the normal
and electric field will increase.
Hence the component of the electric field normal to the flat surface is not constant.

Aliter :
R
X =
cosO
KQ KQcos’6
E= 2 2
X R
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3
Bl KQ ;25 0
As we move away from centre 6 T cos 0 1 so ELL
(D)
Since the circumference is equidistant from 'Q' it will be equipotential V = E
(A)

Q =2n(1 —cosB) ; 6 =45°

_02.Q_2nl-cosh) Q
4n g, 4n €,

b=

11. Arigid uniform bar AB of length L is slipping from its vertical position on a frictionless floor (as shown in the
figure). At some instant of time, the angle made by the bar with the vertical is 6. Which of the following
statements about its motion is/are correct?

,d LyEckb dk n< nM (rigid bar) AB Viuh m/okikj fLRr | %'k.kghu vutkfer ry (frictionless horizontal
surface) 1] fp=kulkj fQly jgk gA le; d fd I {k.k ij nM Fkjk m/ok/kj 1 cuk;k dk.k 6 gA futu e
I duldkul dru IR; g/gt

(= - ——— r‘ —_——-———)
/7
7/
7/

N
N

(A) Instantaneous torque about the point in contact with the floor is proportional to sin 6

(B) The trajectory of the point A is a parabola

(C) The midpoint of the bar will fall vertically downward

(D) When the bar makes an angle 0 with the vertical, the displacement of its midpoint from the initial position
is proportional to (1 —cos 0)

(A)nM vkj Hrry d L'k fcUn d pkjk rjQ riR{kf.kd cy ;k%.k (Instantaneous torque) sin © d lekuikrt g
(B) fcn Adk 1iFk 1joyf; d (parabolic path) g

(C)nM dk e/; fcln m/ok/kj uhp dh vkj (vertically downward) IXjxk

(D) tc nM m/okkj B o dk.k cukrk g rc nM d e/; fcn dk folRkiu mid vkjfEkd fLRfr B (1 —cos 0)
d lelutkrt g
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Sol. (x,y)

X = —isine
2

y=IcosO
2 2
Y. 4x 1
12 12
Path of Ais ellipse
(B) torque about point of contact

[ .
mg—sin0 =Ila
2
hence torque o< sin 0

(D) Yom = %(1 —cos0)

(C) midpoint will fall vertically downwards

12. A source of constant voltage V is connected to a resistance R and two ideal inductors L, and L, through a

switch S as shown. There is no mutual inductance between the two inductors. The switch S is initially open. At

t=0, the switch is closed and current begins to flow. Which of the following options is/are correct?
nk vin'k 1jd (idealinductor) L, rFik L, Vkj ,d 1frjkk e (resistance) R dk ,d vpy ok¥Vrk v d Lkr
1 ,d flop SHIkTM thrk g (EBK fp=k e fn[ik;k x;k A L, rFik L, d e/; vUsK; ijoRo (mutual
inductance) ugh gA 1kjek e fLop S [kyk gA le; t=0 ij fLop cn fd;k thrk g vkj Mgk cguh TkjEtk

gkrh gA futu e I dkullvdkull dFu IR; g/gt

S O—
o

V L
(A) After a long time, the current through L, will be R L, +2L2

vV L
(B) After a long time, the current through L, will be R L +1L2

(C) The ratio of the currents through L, and L, is fixed at all times (t> 0)

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in
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Sol.

13.

v
(D) Att=0, the current through the resistance R is R

y_L
CRT +L,

(A)nikdky d ckn L, e Tokgr /ikj

Ll

L +L,

\Y%
(B) ni%dky d cin L, e iokfgr Kjk

gkxh

gkxh

(C)L, rik L, e 1okfgr Ak dk vuikr gj le; ¢>0)fu;r jorkg

D)t=0 ij ifrjkk R e iokgr Mjk % g

(A) & (B) After long time current throughR=1= %

and LI =L 1

L _Ly,

I2 Ll

S Lo Ll (L Vv
'L +L, * L,+L, \L+L,JR
D)t=0 1=0

3R
A uniform magnetic field B exists in the region between x =0 and x = > (region 2 in the figure) pointing

normally into the plane of the paper. A particle with charge +Q and momentum p directed along x-axis enters

region 2 from region 1 at point P, (y=-R). Which of the following option(s) is/are correct?

,dleku ptedh; {k=k (uniform magnetic field) B dkxt d ry d viikyEc fn'kk e x =0 rFk x = 37R d

e/; d {k=k (fp=k e region2) e No=k (thk fd fp= e inf*kr g) mifLFkr gA ,d d.k fehdk vko'k +Q
,0 lox pg] og x-v{k d vufn"k {k=k 2 e fcln P, (y=-R) ij 10" djrk gA futu e 1 dkulldiul

dFu IR; g/gt

Region 3

y
Region 1 A Region 2
X X
B
X X
X X
X X
O X X
X X
+Q Pilx x
o——>1
=R, «
x X
3R/2
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(A) When the particle re-enters region 1 through the longest possible path in region 2, the magnitude of the

change in its linear momentum between point P, and the farthest point from y-axisis p / 2

(B)ForB= the particle will enter region 3 through the point P, on x-axis

P
13 QR
2
(C)ForB> 7 3 QR ,
(D) For a fixed B, particles of same charge Q and same velocity v, the distance between the point P, and the

the particle will re-enter region 1

point of re-entry into region 1 is inversely proportional to the mass of the particle

(A)tc d.k Icl ytc IekoiFk d {k=k 2 (region2) I {k=k 1 (region 1) € kUt 10°k djrk g] rc fcln P,
rik y-v{k 1 Icl nj fcin d fy, jf[kd lox d ifjek.ke enyko p/~2 g

(B)B = d fy, d.k {i=t 3 (region 3) & x-v{K i fcln B, I io' djxi

3 QR
2y 1 1 oo it i
(C)B> 30R d fy, d.k {k=k 1 (region 1)@ #ut 10"k djxk

(D) ,d fu;r Bdfy, lelelu vio'k Q ,0 ,d lefuox v oky d.kd fy, fcin P, ,0 {i= 1 (region 1)
e 1ut 10° fcUn dh njh dk vrrj d.kk d n0;eku d 0;Rekuikrh g

Sol. (A)
p
p < T
N | x |ABI=~2p
l :
X X X
, mv
® *o
2mv
d=2R'= o
QB doem
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(©)  R'(1-cosB)=R

R'sin6:3—R
2
sin 0 _i
l1-cos® 2

. 0 0
2sin —cos —
2 2.3

2sin’ 9 2
2
0 2
cot—=— = tan—=—
2 3
2 (ij N 4 9 12
3
= tan O = ===—X—=—
4 5 35 5
9 9
A sin@=—
5
R.(E):LR; RASR_P L8P
13 2 8 OB 13QR
rF B
2P
> — -
3QR
14. The instantaneous voltages at three terminals marked X, Y and Z are given by
riu Vieuyk d fclnvk X, Y rikk z d fy, riR{kf.kd okYVrk (instantaneous voltage) N Xb ¢
V =V, sinot,

) ) 2n .
V, =V, sin | Ot+== and / VK]

An ideal voltmeter is configured to read rms value of the potential difference between its terminals. It is con-
nected between points X and Y and then between Y and Z. The reading(s) of the voltmeter will be

,d vin"k okYVekih (ideal voltmeter) nk fcUnvk d fotkollrj dk vkj ,e , I (root mean square, V™) eku
nrk gA ;g okYVekih fcUn X rFik Y I €Mk tkrk g fQJ Y rFkk z I tkMk tkrk gA bl okYVekin dk ekiu
glxk/gloct

1
(A) V37 = VO\E
MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in 14
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ms 3
(B) Viy = Vo\g

(C) independent of the choice of the two terminals / fd I Ho nk fcUnvk d p;u 1 fulkj ugh djrk
D) Viy =V,
Sol. V=V, =V =(V,),sin(ot+¢,)

2
(V) = \/Vg +V2-2V? cos?n =3V,

(ny )0 3
V. = =, /—V
( Xy )rms /2 2 0

V,,=V, -V, = (Vyz)0 sin(ot+¢,)

(V) = \/Vg +V2-2V] cos%7T =3V,

(Vo) =—=—=4/7V%

yz /rms \/E 2

V,=V -V =(V_),sin(ot+9,)

(V.), = \/VOZ +V2-2V] cos43—n =3V,

(V) = = P,

ms \/E 2

SECTION-III (Maximum Marks : 12)

PARAGRAPH 1
Consider a simple RC circuit as shown in Figure 1.
Process 1: In the circuit the switch S is closed at t = 0 and the capacitor is fully charged to voltage V  (i.e.,
charging continues for time T >>RC). In the process some dissipation (E ) occurs across the resistance R.
The amount of energy finally stored in the fully charged capacitor is E ..

Vo

Process 2: In a different process the voltage is first set to 3

and and maintained for a charging time T>>RC.

2V,
Then the voltage is raised to TO without discharging the capacitor and again maintained for a time T >>RC.

The process is repeated one more time by raising the voltage to V, and the capacitor is charged to the same
final voltage V asin Process 1.

These two processes are depicted in Figure 2.
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15.

Sol.

16.

Sol.

,d K.k RC afjiFk dk nf[k;] €0k fp= 1 e n"k;k x;k gA

ie 1:t=01j flop S}k ifjiFrk 1.k fd;k thrkg ,o D= 1.k =1 I okYVrk v I vkof*kr gk thrk
g (T>>RC le; rd vio'k.k pyrk jgrk g)A bl i@e e ifrjik R d Hjk AN fo] r&Atk {k; (Energy
dissipated), E, okri gA 1.k =1 I viof'kr B/fj=k e Ifpr Atk (stored energy in a charged capacitor)
dk eku E. gA

1%e 2: ,d vyx ide e 1gy % okYVrk dk vkof*kr le; T>>RcC d fy, vujf{kr fd;k tkrk gA

rc fcuk BAfj= vko'k foltu d le; dk T>>RC d fy, vujffir djd okYVrk dk 2;]"
thrk gA okYVrk dk v, rd c<tu d fy, ;9 1@e ,d vkj ckj nkgjksk thrk gA BAfg=k dk vire okYVrk
v, (thkfd ide 1e g) rd vkof'kr fd;k thrk gA

; nk 1@e fp=k 2 e [k, x; gA

rd c<k;k

S Vo Process | N —>
>\ W A
R 2Vy3 + ——!
Process 2 A
v (O— V3T T=RCE
] i
Figure 1 T 2T t

Figure 2

In Process 1, the energy stored in the capacitor E . and heat dissipated across resistance E | are related by:

ide 1 e Mifj= e Mpr Atk E_Vij ifrjlk R Jjk Atk {; E e Ick g

1
(A)E.=E,In2  “.(B)E_=E, (C)E_=2E, (D)E.=7E,
1 2 1 2
E. = ECVO ; E, =V,CV, _ECVO
_ %cvg
- E.=E,

In Process 2, total energy dissipated across the resistance E | is:

i%e 2 d nkjku ifrjkk d Mk dy {; Atk E gt

11 ., 1 .,
1
(C)E, =3 CV? (D) Ey =5CV02
B L(CLJLC(L)CLC_
P33 2 3 9 18
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oy
18

AR AR AN lc(mjz—lc(ﬁjz
2303 3 2 (3 2 3

Al
3 3

=(3— 1 x3]cvg=(3—ljcvg=(12_9jcvg
9 2x9 9 6 9x6

E, =—CV?
D, 18 0
2 2V Y
s vfor oo
=lcvg—lcvo2 [1—%}

= 1.5 CV; = -5 CV, = L cV;
3 18 18 18

Total = (L+L+L] CV;
18 18 18

3[1 1(1
E,=={=CV? |=—| =CV?
b 9[2 0} 3(2 0]

PARAGRAPH 2

One twirls a circular ring (of mass M and radius R) near the tip of one's finger as shown in Figure 1. In the
process the finger never loses contact with the inner rim of the ring. The finger traces out the surface of a cone,
shown by the dotted line. The radius of the path traced out by the point where the ring and the finger is in
contact is . The finger rotates with an angular velocity o,. The rotating ring rolls without slipping on the outside
of'asmaller circle described by the point where the ring and the finger is in contact (Figure 2). The coefficient
of friction between the ring and the finger is p and the acceleration due to gravity is g.

,d ollkdkj oy'; (circular ring) (N0; €ku M rF T2k R) ,d mxyh d ifjr %r2k.ku djrk g (Elk fp 1
e n'lk;k x;k A bl 10e e mxyh oy; d vrfjd 1"'B I Ino Li'k djrh gA mxyh ,d “kd (cone)
d i'B dk vujf[k; iFc dk vulj.k djrh g €1 db feinfdr j[k 3k n*i:k 2k gA mxyh ,0 oy
d Li'k feUn d vujffk; 1Fk dh f=T;k r gA mxyh dk.kh; ox o, 1 %.ku dj joi gA oy; r f=T;k oky
olk d cigjh i'B ij fQlyu jfgr %.ku (rolls without slipping) djrk gA €k fp=k 2 e oy; ,0 mxyh d
Li'k feUn Fhjk n™kk;k x5k gA oy; ,0 mxyh d e/; %'k.k X.kkd (coefficient of friction) p, ,0 X ZRof;
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Roj.k g gA

........

Figure 1 Figure 2

17. The total kinetic energy of the ring is :
oy; di dy xfrt Atk g

(A) Mo (R-1)°  (B) %Moaé (R-r)°  (C) MoiR?

Sol.  Bonus
18. The minimum value of ®, below which the ring will drop down is:

U;ure o, ftld de gkr gh oy; fxj tk;xk og g

(A) w/zu (B) ‘/2u (©) ,/ Rr)

f=uN N

0

mo’(R—r) € r >

D

Sol.

N=mu? (R -r) sin6 + mg cosO
f=puN=pumu?(R —r) sinb + pmg cosd =mg sind

0 - gsin®—pgcos0

u(R—r)sin 6
0= gsin0 oo 8
u(R—r)sin® u(R-r)
_ g
n(R-r1)

(D) Mo} (R 1)

(D) u(R—r)
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