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A uniform disc of radius R and mass
velocity w,, is carefully lowered onto

surface with coefficient of friction u
disc comes at rest.
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spheres of a stationary rnigid dumbbell as shown in Fig. The mass of each sphere equals m/2, and the
distance between them is /. Disregarding the size of the spheres, find the proper angular momentum

~ \"\ll\ EAN N T &3 ATN NS VTR O NARALTTRENY O NATRRRATRATR S ¥R AIREF “TRAN. W72 SN

M of the dumbbell after the collision, 1.¢. the angular momentum n the reference frame moving
translationally and hixed to the dumbbell's centre of inertia.

-8
- B

o— ’?ll..z

]
Ans. M = 5 fmv,
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minmimum linear speed should a sphere of radius r be set rolling on the horizontal part so that 1t

compietely goes round the circle on the cylindrnical part
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angular velocity of the ball at the moment 1t breaks off the sphere. The initial velocity of the ball 1s
neghgible.

Ans. o = \"I(u;(R vr) /17"
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which two Light threads are wound symmetrically. Find the tension of each thread in the process ol

% A &% TE EYT WT 2P > LI W NSRS TR AT 7S LA A A B EAE LB B = = L2 B EE R 8 Ba s W7 FEREANE S T PR RPRAERAEYY Ty T AT =5 "5 53 EAR T ..T EE TR AL
“

motion. 1he friction in the axle of the upper cylinder 1s assumed to be absent.

SRR
Ans. 1T = l“mg




horizontal. The free end of the thread 1s attached to the wall as shown in Fig. The mass of the spool 1s
m = 200 g, its moment of inertia relative toits own axis £/ =0.45 g . m-, the radius of the wound thread
layer r = 3.0 cm. Find the acceleration of the spool axis.

Ans. w=osin /(1 + I/mr?) = 1.42 m/s-

b




A STHALE SPHCTC A U6 THAESS I ana radius | l‘ll\ WILHOUL SHPPHHEZ HHSIUGC 4 14l S0 HEACU NCHnspnciicdal
bowl of radius R (>> r) as shown 1n figure. If the sphere starts from rest at the top point of the
hemisphere find the normal force exerted by the small sphere on the hemisphere when 1t 1s at the
bottom B of the hemisphere.

U P2 Ml A F1 249 m a 53990 r 71 72 =F39891 R (>> ) 7o a@ v 92 o g 9
# < fa freat Sgaal 2| <1a e, @ % I=904 fag | faagmEen 3 nfq gy 3 39 9« # 32
B W Ug=dl & a1 39 991 B2 M 3, Al YT 1 791 AfYer= 9@ 2 -

A

10 17/ 5 ]

(A) —-mg (B) — mg (C) 7 mg (D) < mg

| . )

Ans. (B)
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between disc and plank to prevent shipping. A force F 1s apphied at the centre of the disc. Friction 1s
absent between plank and ground.

m T=9E U9 R 550 a& 9@l J6E SSWE aTE U% T8 W T §E © | 9%al UF a6 & ard (HHe

F1 %4 & &7 9gia 9du 8| 9%d & F¢ W US 96 F = e & \./

Accelerabon of the pl;mk 1S
g% I =N &

I.
[A) ~—
2m

Ans. ()

Force ot incuon between the disc and the plank 1s
Tl Ud T8 & 4" WU 79 2

(A) < (B)

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




A ring of radwus R 18 rolling purely on the outer surface of a pipe of radius 4R. At some mnstant, the

center of the ring has a constant speed = v. Then

fr=m R arell U% gorg 5= 4R @ iy 1 9gd 9de W 9SG ¥4 9 e @ ¢ | 0y g9eg F 5=

%1 f79a =@ v %1 74 9EY &1 9ag % 9% ° frgg gem # fag 1 & @

(A) The acceleration of the point on the ring which is in contact with the surface of the pipe 1s 4v-/5R

(B) The acceleration of the point on the ring which 1s in contact with the surface of the pipe i1s 3v/5R

(C) The acceleration of the point on the rning which 1s farthest from the center of the pipe, at the given
moment is 6v-/5R

(D) The acceleration of the point on the ring which 1s farthest from the center of the pipe, at the given
moment is 3v-/5R

Ans. (A, (O)
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A Straignt rod ol fength L 1s reieased on a ncuaoniess honzontal roor m a veruacal positaon. As 1l

DDDDDDDD

talls + ships, the distance of a point on the rod from the lower end, which follows a quarter circular

lOCUS 1S ;-

frgerd a4 fiee 71 39 = ot 1 92 W a3 fag %61 <0 3@ F1fsa = & v 99 g+ 9 1fa

U L & &1 {9 98 F1 99vRied Afds w9 W Sy foafa 9 fauaasn 9 9 s ') 9%

HFIAI T
(A) L/2 (B) L/4 (C) L/S (D) None

Ans. (B)

ATDB.uno
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of static friction between the cylinder and both surfaces 1s 0.500. In terms of F _, find the maximum

force P that can be applied that does not cause the cylinder to rotate.
faa 8 F 91 a/el §9€Y 964 9 U S5 96 Jq9Eg ®9 § &@a1 g2 @ mn 81 3@ a9 '
391 9% Haal & 94 Hfas 999 o 1 9 0.500 B F #9281 § Sfywan g6 P 1 9E 3 24

25

Ans. (3'%) F:
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masses of 16kg and 4 kg as shown 1n figure.Find the value of the unknown mass m.
AT ER 35UHE B2 HqeF & US WA H 16 kg 9914 kg & 21 F1d 2549H1 511 U A4 25494 m

%1 Hdfea &1 = 81 313E 23999 m #1919 FJ1d Fiie |

{

\

Y

ATDB.uno



ANs.

d 8 VUV RE LIRTLTRTRAE SATRIOIODND VU0 & SN TR T Y HII0NNTE LTS NS TV W AT YYD v "ltll\.‘ WAAL AR VT T NI R
.~ .

6.0 cm. It 1s placed on a slotted incline, where friction 1s sufficient to prevent shding. A block of mass
4.5 kg 1s suspended from a cord wound around the bobbin and passing through the slot under the
incline. If the bobbin 1s 1n static equilibrium, what 1s the angle of tilt of the incline?

U 3 kg F f5a1 8 5 om 570 %1 UF 219 9604 991 6 cm 550 9161 91 @2 7)1 383 70-96 & U 9
T T T &2 7§ S Ta-a9 & o A o e @ B Al feret dfaw s g g
- &1 FH1a SV FN 87

30




ANs.

A thin uniform straight rod of mass 2 kg and length 1 m 1s free to rotate about 1ts upper end when al
rest. It recerves an impulsive blow of 10 Ns at its lowest point, normal to 1ts length as shown in figure.

Find the Kinetic energy of rod just after impact.
U Ydell 99%Y HIH 92 F1 249 2 kg 9 &2 | m 81 9% fauuasy 8 2 a9 3194 390 9 & 9y

HUH % {63 @da ¥ 9% o & oEaq 39 9 (9 #1 9 ER 10 N-s &1 UF 3E0g 969

i

/S J




WL CRISUS AN AU D TOUCHL Caval onsd d SMIVUWIL 1 ll‘:ll”C. '\ l(’PL' ll‘;.'llll'\' WO UL A D PUHCU LU ll
at 2 m/s". Find the friction force between A and B 1if slipping 1s absent

AN THANAIBETTR EF TR F W FACIAWNTE TH FEFL AN @ 2130 2 /s’ 3 94
A Iz I TarA g aa 2 @ A 9 B % 99 & 91 999 J &1 911 71| S

" )\
// ' "'{
X I( x A‘/ °R
’
n/ e
8 e
‘ 2kg
2 m/s’

Ans. 2N
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The dumbbell 1s set spinning with angular speed », on a surface with a small fnction coefficient p . If
Ko,/
2ug
1 39 A & HIE T o, F F9 U PONF . Gl FaE W TR FIE1 A6 2| R =T 99
- Ko,/

2ug

dumbbell stops in time t =- where K 1s a constant, then find the value of K.

t g & Aa1 &, el K v faars 2, @ K &1 919 73| Sifeu )

=N

* 11

Ans. 2
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A SOlid sphere o mass m and radius K 1S placed on a Smooth hornzontal surface. A sudaden dDlow 1S

given honzontally to the sphere at a height h = 4R/S5 above the centre line. If 1 1S the impulse of the
blow then find
(a) the mimmimum time after which the highest point B will touch the ground

(b) the displacement of the centre of mass during this internal.

Zea9E m d 3991 R %1 u& 319 e, U a1 4fas 9ae 9 @ 230 81 e #3606 e a3
h= 4R/S F91E W U& &fas a1 fogn v 21 3 39 v3= +1 san | 91 9 Jd i

(a) 98 A4 F9F TS99 9vEr 39F1 I=9a9 9= B 9Uae F1 299 F07

(b) 39 HHATAUA | ToAHM &4 I [aeqr94 |

nRm R
Ans. (a)t= * (b) s

q
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Its Kinetic energy 1s :-

”~

UF M THHA & @@ 969 ®1 Aaics o9 R § 9@l 5990 2R 21 9% v 99 4 7% W 8| THH




A SPOOT OF HINCT TaGiud IN 4l OUICT Tauiud O0N 1ad a THOHNCT OF HOCTUa = VIV dDOUTL all alxidd passing

through 1ts geometric centre, where M 1s the mass of the spool. A thread wound on the inner surface
of the spool 1s pulled honzontally with a constant force = Mg. Find the acceleration of the point on the
thread which 1s being pulled assuming that the spool rolls purely on the tloor.
UF f@sg® IFdl &l Jmfr?r:r?m R & aeg 5= R’H?H’WWT?H’TEWWHW 7%
% Y THFH Tecd AN MR? 2, 52T M Shdl &1 3399F T | 39 Thdl &1 JaTE Sde J 99 gU 9
%1 F9d 9 Mg | 8fas w9 1 fa=n 5 81 32 9Hd 20 & 9=dt &9 92 913 &heAt ifd +3dl € 39 9
7 frgq 31 &< &1 = 9@ Fir9d 99 @r=n 7 911

Ans. 16 m/s*




e — — - e W e - - O -

-v-'--—-v--- =  E R T T s ST TS = - e e S L B s e T ST e - _— = - - . S
» “

to form a ngid, equilateral tnangular body of side /. This body 1s placed on a horizon:al frictionless
table (x-y plane) and 1s hinged to 1t at the point A, so that 1t can move without friction about the

vertical axis through A (see figure). The body is set into rotational motion on the table about A with
a constant angular velocity m

(a) Find the magnitude of the horizontal force exerted by the hinge on the body.

(b) At ime T, when the side BC 1s parallel to the x-axis, a force F 1s apphied on B along BC (as
shown).Obtain the x-component and the y-component of the force exerted by the hinge on the body,
immediately aftertime T HTT-JEE" 2001)

B®

AAFN A, BAC UGS F ZHEA m 2| a9 2399E] 1 UF 79 a1 HATe1 5@ 981 & ol el
AT € Al ( T W U §¢ JHAg e f9g 99 91 | 3@ 38 fove 8 s afas 99 299 (x
y 76) W @ fa<g A 1 Fiafed F1 7 s € afs 98 5 A 3 5 Jret 33 519 3 9f: fam ado
# 7fa +1 9% (29 f593) | favz 1 295 T A & g9fta: fFraa Foffg a0 o 3 993 7fa $92 s &
(a) T9vZ W Fie® g & 73 Afas |9 F1 9 J3|d S |

(b) T ¥94 W, 914 Y BC, x #1% & T0i 88l U% 741 F, B W BC & 33few & s %) (a3 4

feam s19En) T 999 % q%-4 994 e 91 316 50 & T4 96 & x 9 y 928 J1d &0 |

'.
Ans. (a) 3 mio (b) (F ). 1 (F ). = {3 mior
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by a force F as shown. If there 1s suthicient friction between cylinder & floor so that the cylinder 1s
able to roll without shipping, find the maximum angular acceleration that the cylinder can have (without
cylinder leaving contact with surface).

el M 7599 d r 590 % 211 9674 %1 Jag W @92 T & g% W 3@ F g 9an 339
AR fa=n 5 71 3fE 9619 9 B9 & 98 a1 99 fTemE @ fF 999 99 59 |2 959 81 991 964
qag | & T8 2 8 @ 999 F1 AfuFHay Fr &= FHan 8 gEHa g2

1J

J

Ans. a_

"J




S8 SLHAEE SPHCTC UL THADS T AU TAauius 1T 1D ICICAS0U TTOURE 10OL1 at 2% aliU 1OULIS Withous Sz Oon i
curved surface to point B where 1t leaves the surtace with a honzontal velocity. Knowmg thata = 1.3
m& b= 1.2 m, determine;

4P
(a) the speed of the sphere as it strikes the ground at C \_/
(b) the corresponding distance ¢ |
U% m 349F 9 r 35 & 212 Ma F1 &< A 3 fauaEssn | 2021 9 ¢ 991 98 UF 9519 Gdg |
e A BIFE TN e RI T IR F F Aaa I Og IS eI T a= 1.5 m 3
b= 1.2 m?%d JFd FIfad .
(a) 90Aa W fa= C W 2504 999 e F1 956 |
(b) 3774 T ¢

:
.‘.-"”"--_." ". *
; !;I
] v’

\




A sphere 1s placed rotating with its centre mmtially at rest in a comer as shown n figure (a) & (b).

f

Coefhicient of fnction between all surfaces and the sphere is 1/3. Find the ratio of the fnctional force —*
'h
by ground n situations (a) & (b).

== (a) 991 (b) 8 Yei¥d FH1 ° Ml &1 < I 1§ fuaras 9 8 991 el 99 @1 8 | 991 a8 991 T

: . . : . £ o e . / :
% W U U 1/3 1 (a) 949 (b) Feafadi § s g s a9 1 3T -
P dTTON
[ ¢ ] [ 3]
0 10)
. ¢ ) .
(A) | (B) 0 (C) 5 (D) none

Ans. (B)




In the given higure a uniform wheel of radius 30cm rests agamnst a ngid rectangular block 15cem high

' he wheel weighs 1000 N. The minimum pull 7 through the center which will turn the wheel over

the block 1s :-
yafera o3 | 30cm 5= aen v I9EY 9fed | Sem 39 UF 58 AGaER =4la & Jel @ 531 2
qfEd #1917 1000 N ¥ 39% &= W a1 =709 9 P & fa=n sie @ifs 9 39 = E &1 91 1

| LU

l)

sOcm

]<‘\!ll i ‘

(A) 5003 N (B) 100043 N (C) 1000 N (D) 4004/

Ans. (A)




A circular disc of radius R rolls without shipping on a rough horizontal surface. At the instant shown
its linear velocity 1s V, linear acceleration a, angular velocity @ and angular acceleration a. Four
poimnts A, B, C and D lie on its circumference such that the diameter AC 1s vertical & BD honzontal
then choose the CORRECT option(s).

¥ R el U IAR S96dl Gred dfas Jag W a9 frea dqewdl 21 389 &9 3596 @ an Vv,
@Y @0 a, BTG A7 o 91 HIVF &0 o T 3901 914 W T91 @< A, B, C 991 D 39 931 fa9q
¢ f& = AC S|y 991 BD & 21 981 %979/F971 &1 94 :-

e
(.U
(A) V, =V +(Ro) (B)V_=V + R
| [ « - 13 J o) :
(C) a, =\(a-Ra) +(o'R) (D) a, = \/(u +ro’'R) +(Ra)

Ans. (A.B.C.D)




A Small sphere A ol mass m and radius r rolls without shipping mnside a large nxed hemispherical
bowl of radius R (>> r) as shown n figure. If the sphere starts from rest at the top point of the
hemisphere find the normal force exerted by the small sphere on the hemisphere when 1t 1s at the

bottom B of the hemisphere. \./

UF B A A F1 2349 m 4 550 ¢ 81 72 393 R (> ) 7= 9@ v 72 fon ggmearsn =93

& <1 fa FFaa sl 81 51 e, 9id & =304 fa< A e a i sy fFE 9e & 2@
B 9 YEAdl & dl 39 &9 B2 Ml g, Wiel G SG1 71 AfWera F6 2

10)

-

(A)

mg ~~ mg (34 1 (D) —mg
| ' h

Ans. (B)
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. 1h

1s at height 2R from ground, where R 1s radius of disc.
(A) The magnitude of the angular momentum of the disc about B 1s thrice that about A.
(B) The angular momentum of the disc about A 1s anticlockwise.

(C) The angular momentum of the disc about B 1s clockwise

(D) The angular momentum of the disc about A 1s equal to that about B.

B :
| J | '

UF GHEY FEdl U Aias gae W e @l ¢ | fwa ffvsa gm w, B 9o fag a9 A 9= 3 2R
FEE W T TR R I9Fd wi en A

(A) B & |MA% I&dl & HI0iTg Tan &1 9o, A 1 39 forn 2

(B) A & |94 IHdl &1 HU1g Fa7 a9rEad e g 2

(C) B & 1A% Il &1 ®virg gan 2fgorad fen 9 8

(D) A & HU% IHhdl &1 HIVG a7 B & a0a7 8

" Ans. (AB.O)
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'he apex hies at the ongin and the base 1s parallel to X-axis
f99 8 M 2=39F 9491 L 3R &8 aiell U SHiGae FAasn @2 &1 290041 741 2 | $6&1 9 1)

00° 1 ¥ qefa=< 91 7 991 3R, X-H4 & T4 | \_/

'he moment of inertia of the plate about the z-axis 1s :-
z-31%9 % HNY 2 F Frd A B

ML- ML- ~ ML? .
(A) T (B) > (C) ( (D) none of these
) |

(C)
The moment of inertia of the plate about the x-axas 15 :-
X-34 F TG S F T AT 8
ML M1 2 o
(A) (B) ()
: ‘ 24
(A)

The moment of inertia of the plate about 1ts base parallel to the x-axis 1s :-
x-AY & TH=E THH NN F JUY @2 F ASed A9 8

- ML? ML-  ML- |
(A) (B) (D) none of these
18 36 24

(C)
The moment of inertia of the plate about the y-axis 1s :-
y-AY F ANY T2 F ASed A9 2

ML* ML ML

(A) (B) - (C) (D) none of these
6 8 24




A unitform rod of length L rests against a smooth roller as shown in figure. Find the friction coethi-
cient between the ground and the lower end 1if the mmimum angle that the rod can make with the

horizontal 1s 9.

l,(_'us; Osint®

(A) , ,
2h - Lcos“0sin 6

e 21.cosOsin” 0
() == e
2h - Lecos“0sin 0

Ans. (D)

|.cosBsinb

(B) B
2h - lL.cos“ Osin O

L('ns()sin’:l)
(L)) = —————
2h - Lcos”“Osin B
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two 1dentical discs each of mass m and radius 2r to a cylinder of mass m and radius r as shown in the

f1gure.

Centroidal \

- ' —

O . 5 - s 1O / ‘
(A) —mr”- (B) —mr* (C) —mr*© (D) —mr”
2 2 2 2

Ans. (A)
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CINA TNOMCnt OF INcita O d SO DCTTHSPHCTC O6 THASS V1 5NOWH 1 HEUrc, Dot L ig"™

an axis AA° passing through 1ts centre of mass. ¥ e~
| [ ) .
AR T R
1() : o( | ‘ . '-,\ .\.'
( .‘\’ — s\"R 1 | | ‘ a\
320 l | |
- (- |11 J
320) .
\ \J/ bV
- i
) =2 MR A
©) 320 b
D | MR
(D)
20

Ans. (L)




\ A

{) {) N {) ‘[), {)
s ] s | —mls | —mls |
A\ W W W

(B)

Forces will be such that door will be 1n rotational as well as translational equilibrium
A homogeneous cubical brick hies mouonless on a rough inchined surface. The hali
which applies greater pressure on the plane s ;

(A) left hall (B) right hall

(C) both applies equal pressure (D) the answer depend upon coelficien

UF HUEY SATEN 32, JIE! Faqd W Maeia seed) 1 73 ¥ 1 39 32 H SEE A9 9 7 U

ST/
(A) 1 AT 9 (B) =1 Zven W
(C) 2171 9= 3| &0 B (D) F& o o 9 AT S '
RDOO74

(A)

To balance torque due to Incuon, normal force will be more n left half of the block

A uniform 2 kg cylinder rests on a laboratory cart as shown. The coefficient of static fnction between the
cylinder and the cart 1s 0.5, If the cyhinder 1s 4 cm in diameter and 10 ¢cm in height, which of the following
IS closest to the maximum acceleration of the cart such that cylinder neither shps nor tups over”?

UF 2 kg A %1 GHEY 9074 UF M W G067 @ 520 T 999 991 M) & 96 Hfas 99 F
O 0.5 %1 32 T 1306 4 om 9 398 10 cm B @ 3 1@ 992 0@ e 39S g mE w5 afs
s w1 § | @ fEas & 8m 2




A uniform disc ol mass M = 25U Kg and radius K = 0.20m 1s mounied on an axie supported on lixed
rictionless bearings. A lhight cord wrapped around the rim is pulled with a force SN. On the same
system of pulley and string, instead of pulling 1t down, a body of weight SN is suspended. If the first
process 1s termed A and the second B, the tangential acceleration of point P will be

(A) equal 1n the processes A and B. (B¥) greater in process A than in B.
(C) greater in process B than in A. (D) independent of the two processes.
M M

SN N

( Pull '
T a1 [ (s




- - l - v - W W - ™ s T W - ™ W™ ™ - ™ W™ - e = - . - =

- - - e - - - o = - W e - ™ W —— . W r - — —

0 rotate about the stationary axis AA'. A string wrapped o axis of the top 1s
pulled 1n such a manner as to maintain a constant tension of 5.57N . If the string does not slip while

it 1s unwound from the peg. what 1s the angular speed of the top after 80.0cm of string has been
pulled oftf the peg.

A

(A) 30 rad/s (B) 142 rad/s (C) 149 rad/s (D) 120 rad/s

Ans. (C)

Sol. Work done by force
W=FS=5.57x0.8
W =4456)

W = l- [y

-~

. = 149 rad/sec




An equilateral tnangle ABC formed from a uniform wire has two small identical
beads mitially located at A. The tnangle 1s set rotating about the vertical axis l
AQ. Then the beads are released from rest ssmultaneously and allowed to shde / \
down, one along AB and the other along AC as shown. Neglecting frictional
effects, the quantities that are conserved as the beads shide down, are Z

-
.

(A) Angular velocity and total energy (Kinetic and potential)

(B) Total angular momentum and total energy B
(C) Angular velocity and moment of inertia about the axis of rotation. [ll'l’-.“:lli 2000)
(D) Total angular momentum and moment of inertia about the axis of rotation.

UF HHaE FYs ABC U% §9F a1 | 741 g3 1| {59 W 21 212 s 99F

T W § A W g 31 s+ 3 31w AO 3 ufta: ol a9 A l
¢ | f9598 v s W19 fauaas | g9d 24 © 50 0% 9991 AB & 3ie9 b N

U4 580 AC % ey fRgen 3% &a 8 | 69 Y91El %1 570 Jid 80 94

(A) FIUIG a7 3R FHa Fa (Tas A1 Feafas =)
(B) Fel HIUTE Fa7 3R FHed Fal 0

(C) 999 315 & Tra4 FHIog A7 37 FSed 390
(D) 999 HY F TY FHed HI01G a7 3R TScd A0

-
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elastic. About which of the points will the angular momentum of disc be conserved.
(A) only the Point of collision

(B) Any point on the normal to the wall drawn from the point of collision.
(C) The angular momentum 1s not conserved about any point,

(D) The angular momentum 1s conserved about all the points in space

Ans. (B)

ATDB.uno
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AT L SOAPCU U UTHTOT T TOO O1 TOGAl ICNZUT 21 15 TTeC 10 TOLALC 11 a vertcal Pranc apout a noriZontal
axis at P as shown in the higure. T'he bar 1s released from rest. Neglect air and contact friction. The
angular velocity at the instant it has rotated through 90" and reached the dotted position shown 18

U L ATHA a9 e g 2/ arel FHEY Yad! 98 A FSEnn 79 | 4fas Ay F A fag P W
HUH A % e @maa 21 92 ‘nhﬂmvnnmﬂw’nmammm‘;ﬂwmmuﬂw
() mmwmmfa‘ﬁwﬁaﬁwmn 34 49 BE FH1 HIVG 77 B

po—L.
]
----------- 3"\_/
Og fsg
(A) zero (B¥) \ 5/ (C) \ - (D) none

Ans. (B)
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points on the body are shown in following higures. Which one of the following physical situation
cannot be possible’

U oo a1 32 9% 39 @4 & aa | 8 fd 31 ) 5 o a5q w 5= 2 a0+ am 51 93
| 29 T 8 e 9 g waEt difas e 9va S8 g a8 2

Ans. ()




wound over them. One end of each thread 1s fixed to the same ceithing. They are imtially held at rest
with their axis hornizontal and parallel to each other, at same height above ground. If the cylinders
are released simultaneously with strings taut then the correct statement 1s :

(A) S will reach ground earlier than T

(B) T will reach ground earlier than S

(C) Both will reach ground together

(D) For small height S will reach earlier and for large height T will reach earlier.

Iy ry v/

.\"» !
Solid / / hollow

cylinder cylinder

U AW 991 §914 94 559 919 U 311 9614 S 991 UF @rad 96909 T 9 U gden 1 foean
fer2l 230 % | eds o7 &1 UF T50 2a | 991 230 71 39 | 9UaE | 5 398 W UH-H & FHAH
famraeen § 2 a91 391 319 &fas 21 3 S& F1 wFEg 9121 93 a9 a1 gl 4 72 © @ 1)
(A) S, T &1 g1 H 9del 92 98t g o |

(B) T, S &1 &1 § 9Uda 91 Y&l 9ea |

(C) 1 9Tdel 91 Uy g A |

(D) 31E9 F41E &4 W S 791 31fy= F9%E 21 W T 98t 9249 |




A uniform solid sphere of radius r 1s rolling on a smooth horizontal surface with velocity v and
angular velocity o= (v = @r ) . The sphere collides with a sharp edge on the wall as shown in figure.
The coethicient of Inction between the sphere and the edge p =1/5. Just after the collision the
angular velocity of the sphere becomes equal to zero. The linear velocity of the sphere just after the

collision 18 equal to

edge

(1)) ==

) == :
&

(A)V (B)

‘V
-
-

Ans. (A)
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Ans. (A)ST(B) R(C) PR1T (D) PO
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changes in vanous parameters of systems immediately alter the events taking place in column-|
Column-l Column-Ii

(A) Joker is standing on revolving (P) Linear momentum remains conserved
platform and batman throws the
ball and joker catches the ball while
It was moving hortzontally

Joker, ball and platform 1s system
Joker throws the ball horizontally (Q) Mechanical energy 1s conserved
and perpendicular 1o his motion while

standing on the revolving platform

N\
'6

Joker, ball and platform 1s system

Joker jumps honzontally towards (R) Mechamcal energy increases
right from the cart which 1s

maoving at speed v on smooth

horizontal Hoor

N |

smooth

Joker and cart 1s the system
(D) Joker drops himsell vertically (5) Mechamcal energy decreases
from the moving cart with

no horzontal veloaity relative

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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when 1t encounters a step of height 0.4 R. Find the angular velocity immediately after inelastic
impact with the rough step.

1)

(A) —

—~
]

Ans. (A)

ATDB.uno
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uniform disc of mass M has a thin
string wrapped several times around its
circumference. The string is fixed at one
end and the disc 1s released. Determine the

magnitude of the downward acceleration of

the mass as it falls. (A3 o = 2F/3

——— v Al -y

ATDB.uno
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A stepped disc of mass m 1nner and
outer radius » and R respectively 1s
placed on a smooth horizontal surface.
It 1s wrapped by a thread which 18
pulled by a horizontal force £ [f the
radius of gyration of the disc is &, ﬁgd:
(i) the acceleration of CM of the disC
(ii) the angular acceleration of the disc.




A cylinder of mass 15 kg and radius R is to be raised onto a

R .
It shown in figure. A rope

horizontal step of height 4 =

1s wrapped around the cylinder and pulled horizontally

with force F. Assuming the cylinder does not slip on the

step, find the minimum force F (in N) Necessary to raise the
cylinder.
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A uniform sohlid sphere of radius R is rolling without sliding

on a horizontal surface with a velocity v,. It collides with 4
obstacle of height 4 (< R) inelastically. Find the angular specd

of the sphere just after the collision.

DRI O B ey % #aee & o o T

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



A uniform rod of mass m and length 7 1s placed in gravity free space and linear impulse Ji1s given to
the rod at a distance x = /4 from centre "C" and perpendicular to the rod. Point A 1s at a distance /
3 from centre as shown in the figure. Then find

(1) Speed of centre of rod

(111) Speed of upper end of rod

hc.
i
>

¢

i

(11) Speed of point A

(1v) Speed of lower end of rod

ZAHA m A9 FETE ¢ A6 THEHE 9 &1 TEcaiged 99 3 @1 71 8| 98 & oEaq a9 %2 C 3
X = /4O RBZ F @ 37E7 ) veHE Fnam 2 fag A AR #2939
(1) 98 % &% & 914

(111) BT & S5 92 &1 971

J

Ans. (1) — (i1) zero (ii1) — (iv)

m

2m

S J

2m

(11) T A &1 914
(iv) 38 &% 9« 9 =1 9=

Y

~




A uniform rod of length /1s given an impulse at rnight angle to its length as shown. Find the distance

of instantaneous centre of rotation from the centre of the rod
UF [ T H GHEY 9T T IES TR § oEad MAaEn U AE g 9T 2 9% % e 8

AreedioTeR JUTH g 1 L F1d SIS |

ATDB.uno



A solid sphere is set into motion on a rough horizontal N
surface with a linear speed v in the forward direction @
and an angular speed v/R in the anticlockwise direction N
as shown in figure (10-E16). Find the linear speed of the

sphere (a) when it stops rotating and (b) when shipping

finally ceases and pure rolling starts.

Figure 10-E16

A solid sphere rolling on a rough horizontal surface with
a linear speed v collides elastically with a fixed, smooth,

vertical wall. Find the speed of the sphere after it has
started pure rolling in the backward direction.




DDDDDDDD
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A solid sphere ol mass U oU Kg 1s Kepl ont a horzontal
surface. The coefficient of static friction between the
surfaces in contact is 2/7. What maxamum force can be

applied at the highest point in the horizontal direction
so that the sphere does not slip on the surface ?

ATDB.uno
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A DOHOW Spliele 01 I'aldlus 1 1eS 06 a sinooun 1o e

surface. It is pulled by a horizontal force  acting
tangentially from the highest point. Find the distance

travelled by the sphere during the time it makes one
full rotation.

ATDB.uno
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A thin sphericai snell 1lying on a rougn norizontal suriace

1s hit by a cue in such a way that the line of action
passes through the centre of the shell. As a result, the

shell starts moving with a linear speed v without any
initial angular velocity. Find the linear speed of the shell

after it starts pure rolling on the surface.

ATDB.uno
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A unitorm wheel of radius £ 18 set 1nto rotation about

its axis at an angular speed ®. This rotating wheel 1is
now placed on a rough horizontal surface with its axis

horizontal. Because of friction at the contact, the wheel

accelerates forward and its rotation decelerates till the
wheel starts pure rolling on the surface. Find the linear

speed of the wheel after it starts pure rolling.

A T UDD.UMNCG
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Figure (10-E14) shows a uh track, a portion of which
18 in the form of a cylinder of radius K. With what
minimum linear speed should a sphere of radius r be

set rolling on the horizontal part so that it completely
goes round the circle on the cylindrical part.

.3

Figure 10-E14
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A hollow sphere 1S released rom the top of an inchined

plane of inclination 6. (a) What should be the minimum
coefficient of friction between the sphere and the plane

to prevent sliding 7 (b) Find the kinetic energy of the
ball as it moves down a length { on the incline if the
friction coefficient is half the value calculated in part (a).

ATDB.uno
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A sphere starts rolling down an tncline of inchination 8.
Find the speed of its centre when it has covered a

distance /.

ATDB.uno
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A SHlall spleiical Uall 15 Teicastu MUl @ PUILIL aL o
height 2 on a rough track shown in figure (10-E13).
Assuming that it does not ship anywhere, find its linear
speed when it rolls on the horizontal part of the track.

rk_-
n
l ~

Figure 10-E13

A small disc is set rolling with a speed v on the

horizontal part of the track of the previous problem from
right to left. To what height will it climb up the curved




A cylinder rolls on a horizontal plane surface. If the
speed of the centre 18 25 m/s, what is the speed of the

highest point ?

ATDB.uno
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Quesnéu)

A uniform rod 4B of length L and mass m 1s

held vertically on smooth horizontal surface. At 7= 0, 1t 1s

shghtly disturbed so that 1t starts slipping on the smooth

surface. Find the angular velocity ® and velocity v_of center

of mass when rod makes an angle 0 with the honizontal.

ATDB.uno

"'l 2(1-smn0)gl cosO

\’ | +3cos” 6 )
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QUESTION )

A cube of side length @ moves on smooth
horizontal surface (see fig.). At pomt P, 1t colhdes
inelastically with a small obstacle. As a result 1t starts

rotating about 1t. Find the minimum velocity v that should
be imparted to the block so that 1t topples over.

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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QUESTION )

A sphere of mass m and radius r 1s released from rest at point

A on a track in vertical plane. The track 1s rough enough

to support rolling between A and B and from B onwards 1t

1s smooth. The maximum height attained by sphere from

ground on 1its journey from B onwards 1s

ATDB.uno

Ans. (b)
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A uniform cylinder of mass M and radius R 1s to be pulled
over a step of height @ (¢ < R) by applying a force F at 1ts
centre O perpendicular to the plane through the axes of the
cylinder on the edge of the step (see figure). The minimum

value of F required 1s

Ans. (a)



QUESTION )

In the given figure a ball strikes a rod
elastically and rod 1s hinged at point A. Then
which of the statement(s) 1s/are correct for the

collision?

| | | 7
(a) Linear momentum of system (ball +rod) —»

1S conserved O

(b) Angular momentum of system about
hinged point 4 1s conserved

(c) Imitial KE of the system 1s equal to final KE of the
system

(d) Linear momentum of ball 1s conserved.

Ans. (b, ¢)
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A particle falls freely near the surface of the earth. Consider
a fixed point O (not vertically below the particle) on the
ground.

(a) Angular momentum of the particle about O 1s increasing

(b) Torque of the gravitational force on the particle about
0 1s decreasing

(c) The moment of nertia of the particle about O 1s
decreasing

(d) The angular velocity of the particle about O 1s
Increasing

Ans. (a, c, d)

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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QUESTION

A ring rolls without slipping on the ground. Its centre C
moves with a constant speed w. P 1s any point on the ring.
T'he speed of P with respect to the ground 1s v.

(a) 0<v<2u
(b) v=uwu, 1t CP 1s horizontal
(¢) v=u, 1t CP makes an angle of 30° with the horizontal

and P 1s below the horizontal level ot €

(d) v= \/iu 1t CP 1s horizontal

Ans. (a,c, d)
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QUESTION )

Consider a sphere of mass “m’ radius "R’ doing pure rolling

motion on a rough surface having velocity vy as shown in

the figure. It makes an elastic impact with the smooth wall

and moves back and starts pure rolling after some time again.

(a) Change in angular momentum about “O’ 1n the entire
motion equals 2mv, R in magnitude.

(b)) Moment of impulse provided by wall durng impact
about O equals 2Zmv, R 1n magnitude

: , , | p
(c) Final velocity of ball will be =y,

.

(d) Final velocity of ball will be —=v,

.

Ans. (a, b, d)
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QUESTION )

Comprehension (Q. 9 to 11): A uniform disc of mass ‘'m  and
radius R 1s free to rotate in horizontal plane about a vertical
smooth fixed axis passing through 1ts centre. T'here 1s a smooth
groove along the diameter of the disc and two small balls of mass
m

-~ each are placed n 1t on either side of the centre of the disc as

.-

shown 1n figure. The disc 1s given initial angular velocity o, and

released.
9. The angular speed of the disc when the balls reach the end
of the disc 1s

(1) | 2(9) (1)
(@) — (C) 2 (d) —
) 4

-
%

»
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QUESTION )

Comprehension (Q. 9 to 11): A uniform disc of mass ‘'m  and
radius R 1s free to rotate in horizontal plane about a vertical
smooth fixed axis passing through 1ts centre. |here 1s a smooth
groove along the diameter of the disc and two small balls of mass

m . , . g .
- each are placed n 1t on either side of the centre of the disc as

shown 1n figure. The disc 1s given imtial angular velocity o, and

released.
10. The speed of each ball relative to ground just after they leave
the disc 1S :
Ry,

(d) \ﬁ
2Rm,

)

-

(C)

Ans. (C)
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QUESTION )

Comprehension (Q. 9 to 11): A uniform disc of mass ‘'m  and
radius R 1s free to rotate in horizontal plane about a vertical
smooth fixed axis passing through 1ts centre. |here 1s a smooth
groove along the diameter of the disc and two small balls of mass
m . , . g .

- each are placed n 1t on either side of the centre of the disc as

shown 1n figure. The disc 1s given imtial angular velocity o, and

released.

11. The net work done by forces exerted by disc on one of the
ball for the duration ball remains on the disc 1s

Y Y

2mR~wmy;

Y

(a)

Y 9

mR~ oy, mR~

(C) |
6 O

Ans. (d)
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" QUESTION 3

Comprehension (Q. 12 to 14): A uniform disc of mass M and
radius R mitially stands vertically on the right end of a horizontal

plank of mass M and length L, as shown in the figure.

I'he plank rests on smooth horizontal floor and friction

between disc and plank 1s sufficiently high such that disc rolls on

F

plank without shipping. I'he plank 1s pulled to right with a constant .
smooth horizontal floor
P = / —————

horizontal force of magnitude F

12. Th magnitude of acceleration of plank 1s-

F . F 3F
(a) — (b) — (C) (d)
SM 4 M 2M 4M

Ans. (d)



QUESTION |
Comprehension (Q. 12 to 14): A uniform disc of mass M and

radius R mitially stands vertically on the right end of a horizontal

plank of mass M and length L, as shown in the figure.

I'he plank rests on smooth horizontal floor and friction

between disc and plank 1s sufficiently high such that disc rolls on

F

plank without shpping. ['he plank 1s pulled to right with a constant .
smooth horizontal floor
D = l —————

horizontal force of magnitude F
13. The magnitude of angular acceleration of the disc 1s:
F F

@) —— [y a—

4MR SMR

F 3F
(C) (d)
2MR 2MR

Ans. (c)
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QUESTION )

Comprehension (Q. 12 to 14): A uniform disc of mass M and
radius R mitially stands vertically on the right end of a horizontal

plank of mass M and length L, as shown in the figure.

I'he plank rests on smooth horizontal floor and friction

between disc and plank 1s sufficiently high such that disc rolls on e e
plank without shpping. ['he plank 1s pulled to right with a constant .
| \ , | | smooth horizontal floor
horizontal force of magnitude F. - [ ———

14. The distance travelled by centre of disc from 1ts initial
position till the left end of plank comes vertically below the
centre of disc 1S

L L

(a) (b) —
4

2
L.
X

(C) (d) L
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