Circular Motion ﬂ_

Il Exercise-1 |
= Marked Questions can be used as Revision Questions.
» faffed v e A U B
PART - | : SUBJECTIVE QUESTIONS
1T - | : fAYII® U9 (SUBJECTIVE QUESTIONS)

Subjective Easy, only learning value problems
Section (A) : Kinematics of circular motion

Section (A):qﬁ’l'q I d i

A-1.  Figure shows a circular path taken by a particle. If the instantaneous velocity of the particle is
vV = (2m /s) i - (2 m/s) j Through which quadrant is the particle moving when it is travelling (a)
clockwise and (b) counter clockwise around the circle?

o % v B B T BT qABR U ST T B | AR BT BT AERNS 9T v = (2m/s) | — (2 m/s) ],
2 @1 fow aguier § &9 99 W (a) SfEomad den (b) aTEd W @1 B P

Ans. (a) first (b) third. (a) 92 (b) Jeirg
Sol. Givenfemr® v = 2i -2j

3

,2]
(a) when moves in clockwise (ST9 Sfafomad AT ©)

i
N,

v

Ans. : First quadrant 929 Ui

(b) When moves in counter clockwise — STd amTad T 3 |

e
pS

Ans. : Third quadrant  JdTg d1g
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Circular Motion ﬂ—

A-2.=

Ans.

Sol.

Ans.
Sol.

Ans.
Sol.

Ans.

Find the ratio of angular speeds of minute hand and hour hand of a watch and also find the angular
speed of the second's hand in a watch.

oSl B fAFe 9 g9 $1 g B DY @Al BT AU A DI | Fbvs B Gs DI DIV =l Al 91d
N |

12:1, % rad/sec. feTT/AHTS

Mminute = 2n = 2n rad/sec. fST/AHTS
60 x60 3600

o B 2n
12x60x60  12x3600
Ominute - ®hour = 12 11 Ans.

rad/sec. I STT/AHTS

Mhour =

Wsecond = z—g rad/sec. = % rad/sec Ans.

A wheel is subjected to uniform angular acceleration about its axis. Initially its angular velocity is zero.
In the first 2 seconds, it rotates through an angle 61. In the next 2 seconds, it rotates through an
additional angle 62. find the ratio of 62/61 .

TEh Uy Bl Th FHE BIUNG @RUT W U e B URT GHIIT SN B, SH YRS HroNI A I B |
TUH 2 AHUE § T§ 01 DIV H FAT 2| 3T 2 Ho H I 02 BV | AR FAT 8 | U 02/01 HT A AT
BT |

3:1

Given f&aT 8 wo = 0, a = const fadi® |

0 = wot + %oc te

for first two seconds  U2H &l HHUS & forg
01=0+ % ax(2)? = 2a

for next two seconds  3TTel &1 HHUS & foly

2= 05~ 02 = @ (42~ o (2 = 6a

02/01=3:1 Ans.

If the equation for the angular displacement of a particle moving on a circular path is given by
(6) =2t3 + 0.5, where 0 is in radians and t in seconds, then find the angular velocity of the particle after
2 seconds from its start.

IR 9 TR A $R I8 DU b UG ORI BT FHIDHRY (0) = 2t + 0.5 § & fbar San 8 Izl 0
AT § t 9HTS AFG H 2 Al 39D IRM W 2 AHUS YA Y HT DIV I S DIFIQ ?

24 rad/sec 24 feTH/AHTS

Givenfdam g 6 =23+ 0.5

(x)=@=6’[2
dt
at t=2sec. WX

o =6 x (2)2 =24 rad/sec. Ans.

The length of second’s hand in a watch is 1 cm. Find the magnitude of change in velocity of its tip in
15 seconds. Also find out the magnitude of average acceleration during this interval

Th TS H ABTS B JS B s 1 9 2| 15 Wahve F 3@ RR B 9 # uRadw &1 uREmr @
PINTT | 39 AR | A @Rl BT GRATT W 31 BT ?

% cm/sec, ﬂcm/sz % I /ABTS 38\/?5 I /AHhrs?
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Circular Motion ﬂ_

Sol.

Givenfear 8 /=R=1cm , t=15Second

V=V
iv2=v
A\7 = \72 - \71
AV =2V
V= oR
V= ﬂ><1 - cmi/sec.
60 30
AV = & cm/sec.
30
a= ﬂ = n\ﬁ cm/sec2. Ans.
At 30x15

Section (B) : Radial and Tangential acceleration

Section (B): i QEI w3t X @R

B-1.

Ans.
Sol.

B-2.

Ans.

Sol.

A particle moves uniformly in a circle of radius 25 cm at two revolution per second. Find the
acceleration of the particle in m/s? .

e U1 25 WA 1 & g H ] U U AHUS B GAM &% 9 gAH 8T © | Y Bl @xl J/A2 AFD
H 9rd B |

4n2

R=0.25m, o=2rev./sec. = 4n rad/sec. (at=0)

ac = o?R

= (4m)2 x 0.25

=4m2 m/s?. Ans.

A car is moving with speed 30 m/sec on a circular path of radius 500 m. lts speed is increasing at the
rate of 2 m/sec2. What is the acceleration of the car at that moment?

500 #I. a1 & qATBR U W UH HR 30 Hl/Ho &I ATl | THM 2 | SHDI a1 2 HI/A2 Bl &R A 98
B €, 59 & BR BT @R fba-r B ?

{—‘1581m/ sech

Given fear a7 8 V=30m/s,R=500m,(;—\tl =2 m/s2.
» 2

C—V_—m—g m/2
R 500 5

a1=d—v =2 m/s?
dt

/\
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Circular Motion

/\

B-3.= A particle moves in a circle of radius 1.0 cm at a speed given by v= 2.0 t where v is in cm/s and t in

Ans :

Sol.

seconds.

1.0 cm 901 & AR U9 W TP $U1 v =2.0t a1 | R AT &, &l v Adlo /Ho # Torm t dvs # B

ar

(a) Find the radial acceleration of the particle at t = 1s.
t=19pvs W FU & T TR S0 HIT |

(b) Find the tangential acceleration att = 1s
t=1dAHvS W H & W @I TROT S DI |

(c) Find the magnitude of the acceleration at t = 1s.
t=19Pv8 W HU & @RV B GRATT ST PR |

(a) 4.0 cm/s?, (b) 2.0 cm/s2, (c) /20 cm/s?
R=10cm,V=20t
att=1sec ¥ =V =2.0 cm/sec.

V2

ac = — =4 cm/sec?.
R

at= d_v = 2.0 cm/sec?.
dt

- JaZ+a? = V4¥+22

= 2«/5 cm/sec?. Ans.

Section (C) : Circular Motion in Horizontal plane
Section (C) : &iftroT ot # ﬁ'ﬂ I

A small sphere of mass 200 gm is attached to an inextensible string of length 130 cm whose upper end
is fixed to the ceiling. The sphere is made to describe a horizontal circle of radius 50 cm. Calculate the

C-1.

Ans.

Sol.

time period of this conical pendulum and the tension in the string. (z% = 10)

Bd 9 deHrl T 130 WHlo T JAfdd SRl & gaX R W 200 UM S&FHH b1 Bl Tl dchHr
T g1 M B 50 ¥ e & afds ga | wfa FRar) SRt 8 | 39 9§ s (Conical pendulum) &

JAMATHIA UG SR H TG @Y 0T BN | (72 = 10)

Z\E sec., % N (with 72 = 10) (2 = 10 #IY)
m=200g=0.2kg , g =m?m/s?
77

Time period 3Tad &l = 2n !ecose =2n f \/7 Ans.

Tension d-1d = mg O 2x7° = —N Ans.

cos®  12/13 6

/\
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Circular Motion ﬂ_

C-2.= A motorcyclist wants to drive on the vertical surface of wooden ‘well’ of radius 5 m, in horizontal plane

Ans.

Sol.

C-3.

Ans.
Sol.

C-4.

Ans :

Sol.

with speed of 55 m/s. Find the minimum value of coefficient of friction between the tyres and the wall
of the well . (take g = 10 m/s?)

T Hiex WTEfhel areid, 5 Hlo four aret el & qU B Std Adg W, 55 /o Aret W Aferst der #
Arex¥Tgfhdl AT ST & | HY B AR AR TRRI & 41 999 Ol BT <LAaH AW A g | (R

g =10 m/s?)
2
5
mv? .

N=T given fr & r=5m ,v=5J5 m/s
for no slipping fhde™ 9 89 & fog f > mg

Hmin N =mg

Hmin = % = \r/_%

5x10 2

in= ——— = — Ans.
BTN S

A mass is kept on a horizontal frictionless surface. It is attached to a string and rotates about a fixed
centre at an angular velocity wo. If the length of the string and angular velocity are doubled, find the
tension in the string which was initially To .

TP ST, BNUTE &fcSl Tl UR YW1 2| g8 U S A Sl 831 & AR Sisdd b= & URM: o IO
97 W gH V8l | e SR B s 9 DIV 9 &1 Y PR QA SR, A SR H TG b1 AN S0
T | gd § I To oM |

8To

o =w,!="

ot = 2w , £ = 2/

Ti = mwo2lo = To

Tt =m(2w0)? (20) = 8To  Ans.

A ceiling fan has a diameter (of the circle through the outer edges of the three blades) of 120 cm and
rpm 1500 at full speed. Consider a particle of mass 1g sticking at the outer end of a blade. What is the
net force on it, when the fan runs at full speed ? Who exerts this force on the particle ? How much force
does the particle exert on the blade in the plane of motion ?

TH Bd b U P AN (A Ggfsdl & a9 BRI ¥ 999 Tl g B1) 120 cm B 91 sHaT Jffedad
1 1500 FFpR 9l e 8 | AFIe $9a] UgS! & d1e (bR IR 1g S ST $UT 70d Sl 8| o9
g1 SIS ATl | FH 8T Bl Al B R I Tl AAHAH g b BN ? HU W I§ IA [haa
PR M ? TGS W A & T § B b 9 TR ?

2 2
1577 _ 148N, 19 _q48N.
10
o= 27N = M rad/sec
60
d

r=§=600m=0.6m
m=1g=10%kg
=14.8 Ans.

2 2
F = mo?r =10_3x(m) < 0.6= 10T

60 10

This force is exerted by blade of fan and equal force is exerted by particle on blade in same magnitude
but opposite in direction.

TE 96 UW B @Sl gRT ARNT B | HU gRT UGRA R A uReAr &1 Aedd e § g o
SR |
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Circular Motion ﬂ_

Section (D) : Radius of curvature
Section (D) : Ishanl f3redn

D-1.

Ans :

Sol.

D-2w

Ans :

Sol.

A ball is projected with initial speed u and making an angle 6 with the vertical. Consider a small part of
the trajectory near the highest position and take it approximately to be a circular arc. What is the radius
of this circle? This radius is called the radius of curvature of the curve at the point.

UH g B Htd F 0 BT W YRS ol u A geifda fhar 7ar ® | Seaaw Rafd § ua & sred wiT &

T gABR A A9 A | 59 g @1 o & BR ? I8 o 9% & 89 g R asmar e
FEAN T |
u? sin® 0

g

in
u usin @

0

A (vi)2 _ u®sin0 Ans.
a; g9

A particle is projected with initial speed u and at an angle 6 with horizontal. What is the radius of
curvature of the parabola traced out by the projectile at a point where the particle velocity makes an
angle 6/2 with the horizontal?

TS H Afasl § 0 DIV W URMIS a1 u F Yefda fHar T g1 W@ B9 B 99 &fasr d 6/2 Bivr
I B, 39 g R yAW gRI 99 B T I H ashar e |®

u? cos? 0
gcos®(0/2)

\

u cosO = v cos 6/2
ucos®
cos0/2

2 2 2
aL =g cos /2 :R:V—=w Ans.
a, gcos’6/2

Section (E) : Circular motion in vertical plane %t T ¥ gy I

E-1.

Sol.

A weightless thread can support tension upto 30 N. A stone of mass 0.5 kg is tied to it and is revolved
in a circular path of radius 2 m in a vertical plane. If g = 10 m/s2, find the maximum angular velocity of
the stone.
Th WREM SN 30 N T91d 989 &R |dhdl 3| 599 0.5 fHul. S=@F &1 TR digax Swad § 2 #l.
o & gueR U W gART Sl B | Al g = 10 {/A2 8, A1 YRR BT 3BT BIvig I FId B |
Ans. 5rad/s eTAATHTS
Tension is maximum in circular motion in vertical plane at lowest position.
I ad § g T @ freas Rafa # sifdreaa a-ma g 2
At lowest position fr=raw Rerfa #
Tmax — mg = mw?R

= 30-05%x10=05w? x 2

5 25

®? = = o = 5rad/sec. Ans.
0.5x2
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Circular Motion ﬂ_

E-2.

Ans.
Sol.

Ans.
Sol.

A simple pendulum oscillates in a vertical plane. When it passes through the mean position, the tension
in the string is 3 times the weight of the pendulum bob. What is the maximum angular displacement of
the pendulum of the string with respect to the downward vertical.

TP AR Al Hed dol A Qe PR V81 8, od I8 A1y Reafd & Jorar 8 99 &A1 4§99 dlddd & 9R

B A TA B | ATAD B SR BT Hed A DY A= | profiy e a1 1w A9 fhan B |
90°

Tension at lowest point  f#=7¥ fa=g w T-1@ = 3 mg

Therefore velocity at lowest point 31 fretad fag @ a7

sz mv2

T—mg=7 = 3mg—mg=7

= v =,/29¢

velocity at maximum displacement is zero.
From energy conservation

Jrfdrema faRema W 97 I B
Foll ARET |

% mv2 = mg/(1 — cos6)
= cos06=0 = 0 =90° Ans.

A small body of mass m hangs at one end of a string of length a, the other end of which is fixed. It is
given a horizontal velocity u at its lowest position so that the string would just becomes slack, when it
makes an angle of 60° with the upward drawn vertical line. Find the tension in the string at point of
projection.

a =TS B I B TS RR F Th m SFAM $l Bl fUve des @ &, e g1 R srsaa 21 five
P! e fosg R &S 9 u 39 TR &A1 S & b Ul S&d @1 9 60° & PV UR IR Sl U
ST B | e g W SR # a9 F1d i |

2
When string become slack apply equation for centripetal force.

59 SN ol Ug Wil 2, A1 iy g &I FHIBRI o+ IR

2
- mg cos 60° = V= /% ..... (i)
a 2

apply energy conservation il HR&0T YJad B UR

% mu? = % mv? + mga(1 + cos0) ...(ii)
from equation (i) & (ii)

FHHROT (i) T (i) |

U= j@
2

apply equation for centripetal force at lowest position.
fraw Rafd R ifa=a a1 & I v o

mu?

T-mg=—-
a

put the value of u and we get
U BT J19 @ TR YT 81 |
T =9mg/2
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Circular Motion ﬂ_

E-4.

Ans.
Sol.

A body attached to a string of length ¢ describes a vertical circle such that it is just able to cross the
highest point. Find the minimum velocity at the bottom of the circle.

(TS B SN | 94l g3 I W g Bl 39 UPR W Bl § [P I8 WY g B I UR dRA H
ABA B Ol & | g @ Iad favg R =gAdH 99 S DI |
ey

At higest point C Szaa¥ fadg C w®
c

2
T+mg=m—\£C

but aifed T > 0

mva

-mg>0

= VC>\/Q_€
Ve min = (Jg¢

Using energy conservation between C & A

CdAD HEg SHoil HREVT BI SUANT Bl gy |
mg(2/) + %mVCZ= %mv;\2 = mg (2¢) = — mva2— —mg/

= VA =4/5g¢ (min)

Section (F) : Motion of a vehicle, Centrifugal force and rotation of earth

Section (F): A8 I T, ATD=IT dc1 TAT Yt &1 O

F-1.

Ans.
Sol.

When the road is dry and coefficient of friction is p, the maximum speed of a car in a circular path is 10

w

ms-'. If the road becomes wet and coefficient of friction become 5 what is the maximum speed

permitted?
T9 Ash Al Bl SR HYY YUNB p Bl A BR D qBR U9 W AHaH 9 10 ms. 5| IR F$P

Mefl &1 SR 3R T qorich %ﬁm%lwa@wwwﬁﬁ:ﬁﬁ?
5V2 ms-t
For safe driving G Hal & AT Vimax = \Jurg

10= Jurg

for wet road et Is& & fow v = ;%rg =% -5 v2m/s Ans.

/\
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Circular Motion ﬂ_

F-2»=

Find the maximum speed at which a car can turn round a curve of 30 m radius on a level road if the
coefficient of friction between the tyres and the road is 0.4 [g = 10 m/s?]
PR S TR T4 ISP & ALY U 0P 0.4 B | PR B g8 AP arel Fd DIforg orad fb I8 |qaaa

H$dh W 30 Ho = & g7 § YR g9 | | [g = 10 m/s?)

Ans. \/1 20 m/s

Sol.

F-3.

Ans.

Sol.

F-4.

Ans.
Sol.

F-5.

Ans.

Sol.

Maximum safe speed @ifirra T ol = \Jurg = V0.4x30x10 = 120 m/s Ans.

A train has to negotiate a curve of radius 400 m. By how much height should the outer rail be raised
with respect to inner rail for a speed of 48 km/hr ? The distance between the rails is 1 m : _
Th ¢ DI 400 AL Froan arel 9 R gEAT 2| 48 fHHL/Hver &) A & for iaRe uedl &1 gotn H
918 YeX) Bl fba1 o ST A1fed? yeRAl & 4 & g 1 41 8|
2
—m
45
v = 48 km/hr = 40/3 m/s.
For safe turn without friction ~ ENURfza gfera gaa & fog
2
tan= — = h
rg X

2 (40/3)> 2
ivenfear 8 x~/¢=1m h=v—=( =—m Ans.
v X - 'g _ 400x10 ~ 45

A road surrounds a circular playing field having radius of 10 m. If a vehical goes around it at an average
speed of 18 km/hr, find proper angle of banking for the road. If the road is horizontal (no banking), what
should be the minimum friction coefficient so that a scooter going at 18 km/hr does not skid.
U gl Wel #eM ! 53 10m 8, @& IR 3R 9@ ¢ | AR o a1 18 km/hr &) iad a1t |
39 WR FA & Al ASD b [0 SUYed dbl BIv S BRI | AT WS &ifasT © (dfba L), w1 oriep
B gATH A1 b 81 ARy |, /A 18 km/hr A1l 1 WIfcrefiel ¥hex 81 et |
tan-(1/4) , 1/4
Proper angle of banking §& &1 Sugax HIvT
2 2
tano= - O 1 (~+ 18 km/hr = 5 m/s)
rg 10x10 4
0 = tan™’ % Ans.
minimum coefficient of friction for no banking ¥+ ! Ui 3 =9 GV YoTich

_v_ 6?1
T rg 10x10 4
’

4

p=— Ans.

A circular road of radius 1000 m has banking angle 45°. Find the maximum safe speed of a car having
mass 2000 kg, if the coefficient of friction between tyre and road is 0.5.
1000 m a1 &1 g F$P BT db BV 45° 8 | 2000 fHu1. @@= &1 SR & oy sif¥eaq gRied

A BT AM AT BT | (FH R SR & §ra g9 o 0.5 B)
1003 m/s

. tan6+p 1+0.5
Maximum safe s eeda@ww@aw: max = |gr| ———— | = [1000x10 | ————
Ximd P Ymax = 49 (1—utan6j \/ * (1—0.5><1]

=100 ﬁ m/s Ans.

/\
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Circular Motion ﬂ_

F-6._

Sol.

F-7.

Ans :

Ans :

Sol.

In the figure shown a lift goes downwards with a constant retardation. An observer in the lift observers a
conical pendulum in the lift, revolving in a horizontal circle with time period 2 seconds. The distance
between the centre of the circle and the point of suspension is 2.0 m. Find the retardation of the lift in
m/s?. Use n®=10and g =10 m/s?

fou g oy 4 forde Fgd wed ¥ R @ iR 7 &R I8 2| TP UeTd Ol folde & <R ©, 2 APHUS
AMA—PTel Tl SRSt I § FIHPR BIC I8 DIl UTgeH (TFTHR Aleid) DI <@dl 8 | 9 & b= YaAq
freraid fdg @ a0 g1 2.0 m 2| forde &1 Haa (m/s? ¥) = BTG | SUAM H of n2 = 10 3R g = 10

m/s?

T on \/ecose =2n\/ h
Jeft. Jeff.

gef,=g+a;T=2 putI@T W = gef=20 =>g+a=20 = a=10m/s2

Ans. Retardation #S9 =10 m/s?

Ans. 10 m/s?

A turn of radius 20 m is banked for the vehicles going at a speed of 36 km/h. If the coefficient of static
friction between the road and the tyre is 0.4, what are the possible speeds of a vehicle so that it neither
slips down nor skids up ?

36 km/h a1 & wIfcrefier aresi & ford 4fdd f6d T vwr Ale @ 55w 20 m B | IR eRRI dun 9eF @
9= WP w8 e B A 0.4 T, T A8 DI e & AFd q19 1 Bl Gbd © [ ared 9 Al g SR
T8 SW B AR A e |

Between /53—0 x% = 14.7 km/h and 54 km/hr

%0 x% — 14.7 km/h 921 54 km/hr & 9

v = 36 km/hr = 10 m/s
vZ  10x10 1

tan6 = — = =
Rg 20x10 2

1—utand
Vmin= |Rg tanb-u | _ 20x10(0.5-0.4)
1+utan6 (1+0.5x0.4)

= M = @ x E km/hr Ans.
\f 1.2 \j3 5

Vimax = Rg{mj _15m/s=54km/hr  Ans.
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Circular Motion ﬂ_

PART - Il : ONLY ONE OPTION CORRECT TYPE

AT - Il : B9 U 98) fdhed UBR (ONLY ONE OPTION CORRECT TYPE)

Single Choice Objective, straight concept/formula oriented
Section (A) : Kinematics of circular motion gl Ifcran!

A-1.

Sol.

Sol.

A-3.=

Sol.

Two racing cars of masses m1 and mz are moving in circles of radii r and 2r respectively and their
angular speeds are equal. The ratio of the time taken by cars to complete one revolution is :

3 R S G@HE mi d me B, H9: r 70 2r B & g9 7 wfoela 71 s dofi =l /9 e g |
9 BRI §RT U YRHAT YOI A H & GHI BT JJUa 811 2

(A) m1 : me (B)1:2 (C*)1:1 (D) m1 : 2m2
Speed AT v = @

2nr
Vo= ——

t
o= 2L (i)

r t
= o = -..(ii

2r

From eq. (i) and (ii)
ﬂ — t_2 =1= t_2

A wheel is at rest. Its angular velocity increases uniformly with time and becomes 80 radian per second
after 5 second. The total angular displacement is :

(A) 800 rad (B) 400 rad (C*) 200 rad (D) 100 rad

U ufean faRmHERen | 8| 96T BV O 99T & 1Y YHEHE ®U 9 dgdl ® SR 5 9HUs uvErq 80

ST Ufd Hahvs B ST B | SHS Ho DIV R 8 —

(A) 800 T (B) 400 3= (C*) 200 XfeTH (D) 100 f&T=
o = 80 rad/sec, t =5 sec, mo=0
0="

If o constant, then afe o frad &

0= (M] t= (802+0j 5=200rad Ans.

2

A particle moves along a circle of radius (@j m with tangential acceleration of constant magnitude. If
T

the speed of the particle is 80 m/s at the end of the second revolution after motion has begun, the
tangential acceleration is:

Q‘cBEb‘UT(@jﬁ.ﬁwiﬁﬁiﬁﬁﬁﬂﬁﬂﬁwiﬁwmwiﬁwuﬁwqaﬁlﬁ
T
UR™ HR & UTAN] 2 FFaR G PR o W AP a1 80 /W, B Wil & | el W @R BT AN ®© -

(A) 160 T m/s? (B) 40 © m/s? (C*) 40 m/s? (D) 640 1 m/s?
r= 20 m, a: = constant fFIdi®

Y
n = 2nd revolution TERT O
v =80 m/s
wo =0, o = v__8 = 4gn rad/sec

r 20/w

0=2nx2=4x

/\
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Circular Motion

Sol.

from 39 equation eI FAHIHROT A

®? = 0o + 200

= (4m)2 =02+ 2 x o x (4m)
o = 2r rad/s?
20
at=or =21 x — =40 m/s? Ans.
T

During the circular motion with constant speed :
a9 o =i 1fa & forg

(A) Both velocity and acceleration are constant

I AT TR | T =S 2

(B) velocity is constant but the acceleration changes
71 frad e 2, fg @xor aRakfa g & |

(C) acceleration is constant but the velocity changes
Ro1 fad REd © fbeg 9 gRkafda e 2 |

(D*) velocity and acceleration both change

I TG @ROT i1 & gRafid 81 2 |

Speed = constant

In uniform circular motion, velocity and acceleration are constant in magnitude but direction is changes.

Therefore velocity and acceleration both change.
I = s

fa ot | g<ig TG #, 9 9 @®or & gREm fRd w'd €, W feRn et ' B | or: 9 9 &R0

a1 gRadeid 81 © |

Section (B) : Radial and Tangential acceleration
Section (B) : oY Td ¥l Y& @ Ul

Two particles P and Q are located at distances rp and rq respectively from the axis of a rotating disc

B-1.

Sol.

B-2.

Sol.

such thatrp>raq:
a1 Y1 P gd Q {1 gl =rahell & 38T | A 1p d
(A) Both P and Q have the same acceleration  (B)
(C*) P has greater acceleration than Q (D)
(A) Pa QGMI &1 @O FHE 811 | (B)
(C*) P &1 @RUI Q ¥ 31f¥& & | (D)
Angular velocity of every particle of disc is same
b D ISP BT Bl BIUNT I FH B |

ap = w?rp , Aq = ®rq

fp>rq = ap > aa Ans.

ra gl TR 39 YPR Red & fbre>rodl ?
Both P and Q do not have any acceleration
Q has greater acceleration than P
PIQSHl # & @R F&1 8 |

Q& RO P A A 8rm |

Let ar and a: represent radial and tangential acceleration. The motion of a particle may be circular if :

A fF ar Td a B qen et Y @) @ o
(A)ar=0,at=0 (Byar=0,at=0
(A)ar=0,at=0 (B)ar=0,at=0
For circular motion of particle ar not equal to zero, at

(CHar=0,at=0
(CYar=0,at=0

HIA B | HU DI A IA B @R 7, AfR—

(D) none of these
(D) T & ®IE T

may or may not be zero (ar = V2/r)

BT B G T B Y a A 2 T a I AT I HB A1 81 Gl 2 | (ar = v2/ 1)

/\
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Circular Motion ﬂ_

B-3.= A patrticle is going with constant speed along a uniform helical and spiral path separately as shown in

Sol.

B-4.

Sol.

figure (in case (a), verticle acceleration of particle is negligible)
T $Y FIa a1 @ RIETgaR e Grsergdl  dftaadr gl R iRl & — (Refa (a) #
Fealer e #§ B HT @R 0GB | )

—> @
(a) (b)

(A) The velocity of the particle is constant in both cases

T Rerfadi § &1 &1 9971 79 2|

(B) The magnitude of acceleration of the particle is constant in both cases

T Rafodl § &1 & @R &1 gRFwT a2

(C*) The magnitude of accleration is constant in (a) and decreasing in (b)
Rerftr (a) # @xor &1 gRHAToT g qen Rerfa (b) # o &1 B |

(D) The magnitude of accleration is decreasing continuously in both the cases
T Rl § &1 & RO &1 gRAWT FRR HH 2 IET 2 |

2
ac = T radius is constant in case (a) and increase in case (b). So that magnitude of acceleration is

constant in case (a) and decrease in case (b).

V2

ac= —, UIH Ul (a) § foa 9d g @ gaxor (b) § gfEAN B | (@ ©@ROT I GRATT YHR9 (a) H
r

fgd g yaxv (b) § gedr B |

If the radii of circular paths of two particles of same masses are in the ratio of 1 : 2, then in order to

have same centripetal force, their speeds should be in the ratio of :
I FAF SGHM dTed & BT & gRIBR UAl DI IRl @1 U 1 : 2 8, A §HE A= 99 &

forg g @Tt BT AU BN —

(A)1:4 (B)4:1 (C)1:2 (D) V2 : 1
2 2
FC1=FCZ = w =%
g r2
AR L R - Ans.
2 o 2

Section (C) : Circular Motion in Horizontal plane

Section (C): Aafaot aa # Q?fm fa

C-1.

Sol.

A stone of mass of 16 kg is attached to a string 144 m long and is whirled in a horizontal smooth
surface. The maximum tension the string can withstand is 16 N. The maximum speed of revolution of
the stone without breaking it, will be :

144 /1. =1 RN A TH 16 6 S0@M & TR Bl 9" IR e &fs 99§ garn S 2 1 SR @l
JHfHTH TG T &9l 16 N ed 8 | SN & 91 T2, @R & URpHu Bl AfdHad a1 & —

(A) 20 ms-! (B) 16 ms-! (C) 14 ms-" (D*) 12 ms~"
r=144m, m =16 kg, Tmax = 16 N
mv2

T mv°
r
vo [T6_ [16x144 o s Ans.
\m =\ 18

/\
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Circular Motion ﬂ_

C-2.

Sol.

C-3.n

Sol.

C-4.

Sol.

C-5.=

Sol.

On horizontal smooth surface a mass of 2 kg is whirled in a horizontal circle by means of a string at an
initial angular speed of 5 revolutions per minute. Keeping the radius constant the tension in the string is
doubled. The new angular speed is nearly:

(A) 14 rpm (B) 10 rpm (C) 2.25 rpm (D*) 7 rpm

e e &fds 9 R SN @ werar 9 2 feun. s@me b &fds g9 4 garRn S § | 59l IRMS
B T 5 gap:/fe 21 B g @ex SR 9@ &1 A R R T B A1 T
Bi—

(A) 14 a5 /foee (B) 10 =a®: /e (C)2.25 gamr/faAie (D*) 7 @@y /faeie

T = me?r

=T =2T =mmi?r

o1 = \/5 o= \/E x5 = ﬁz?rev/minAns.

A particle is kept fixed on a uniformly rotating turn-table As seen from the ground , the particle goes in
a circle, its speed is 10 cm/s and acceleration is 10 cm/s2.The particle is now shifted to a new position
to make the radius half of the original value.The new values of the speed and acceleration will be

TH A ®U W O T R @ gl A9 IR m SIAM BT UH HU ReR @ g 2| M A S
R, HY JABR U R AN Q@S Sl 2, 9@ I 10 cm/s T1 @R 10 cm/s2 & | H01 1 faenfua
IRS 3AD! g1 BT A9 ol F5a1 BT e B &1 A © | 9D T AT qAT @ROT B A B —

(A) 20 cm/s, 20 cm/s?2  (B*) 5 cm/s, 5 cm/s? (C) 40 cm/s, 10 cm/s? (D) 40 cm/s,40 cm/s?
Uniformly rotating turn table means angular velocity is constant. New radius is half of the original value.

FHEY Yofd ASl B AWMU Sy 97 a8 | T8 FBroar arfBe 41 31 ol 2 |
=r/2 and 9 o = constant f*Idi®

vV =or =or/2=v/2=5cm/s Ans.
a’ = w?r = @’r/2 = a/2 = 5 cm/s? Ans.

A coin placed on a rotating turntable just slips if it is placed at a distance of 16 cm from the centre. If the
angular velocity of the turntable is doubled, it will just slip at a distance of

U $R &l G goll 391 & &= A 16 cm §X W1 831 U R4adl S fhae o Rerfay # @ | afs goff
S BT DIUY I I BR a1 SR A1 I8 e gt R b e @1 Refa & g —

(A)1cm (B) 2cm (C*) 4 cm (D) 8 cm

For just slip = umg = mw?r

here o is double then radius is 1/4th

3% e @ fog = umg = me?r

I o N PR & 1Y, a1 Brear 1/40 gl

r=4cm Ans.

A rod of length L is hinged at one end and it is rotated with a constant angular velocity in a horizontal
plane . Let T+ and T2 be the tensions at the points L/4 and 3L/4 away from the hinged end.

L =TS & Th B8 Uh RR W fhafed axa dfow aa # faa s 9 @ gffa o s 21 3 &
frafea fag & /4 den 3L/4 gRAT R a-ma T d=nm T2 8 —

AN Ti>Te

B) T2 > T1

C)T

) The relatlon between T+ and T2 depends on whether the rod rotates clockwise or anticlockwise

Ti AN T2 & 7e GHY 39 R R ST 6 o IIEomadd’ sieran arred] gk &R & & |

3L/4
_—

L/4

(
(
(
(D

— mmlL
27 2
& IR
Ti—-T2= M l0g L
2 2
Ti1>Te A

/\
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Circular Motion ﬂ_

Section (D) : Radius of curvature
Section (D) : Ishanl f3redn

D-1.

Sol.

D-2.

Sol.

A stone is projected with speed u and angle of projection is 6. Find radius of curvature att = 0.
TP TR U AT ¥, O UeToT PHror R u&fda fvar Sirar 211 t = 0 9= ashal 31 S ST |

2 2 2 2 2 ain2

u“cos“ 6 u . u u®sin“ 0
A) ———— B) — (C) (D) —

g gsin6 gcoso g

Att=0
aL =g cos 6,

2 2
R=Y __U

a, gcoso

A particle of mass m is moving with constant velocity v on smooth horizontal surface. A constant force
F starts acting on particle perpendicular to velocity v. Radius of curvature after force F start acting is
SIAM m Bl Tb HUT 1Fd 97 v A RIe & wag ® el 81 v fFd 99 F, 9 R AT v B

I I IR BT & | 9 F & N @ 918 ashal 941 B
2 2 2

mv mv mv , ,
A — B C D) none of these A B3 Al
() F ®) Fcos6 ©) Fsin6 ) & :
Force is perpendicularto v a1 v & orddq 2 |
2 2
a=F ~ R=1 ~ R=""  ans
m a, F

Section (E) : Circular motion in vertical plane S do | qﬁl‘& I :

E-1.

Sol.

A car is going on an overbridge of radius R, maintaining a constant speed. As the car is descending on
the overbridge from point B to C, the normal force on it :

Th R RS & gl R f¥d 9@ 9 S %@ © 9d R o W fdg BAC $ AR A9 Al 2| Al
59 W AT T

(A) increase (B*) decreases

(C) remains constant (D) first increases then decreases.
(A) 9 | (B*) & |

(C) foraa z&m | (D) U8t 97 R T |

Let the car looses the contact at angle 6 with vertical

AT St F 0 BIVT R BR U I TIPS Bledl &

mv mv
mgcos 6 — N =—— = N=mgcos 06— —
g R g R

During descending on overbridge 6 is incerese. So cos 0 is decrease therefore normal reaction is
decrease.

Jd ¥ SOR1 @ IRF 0 9edl 2, o cos O Hedl © Al e ufifhan 9 wear 2

/\
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Circular Motion ﬂ_

E-2.

Sol.

E-3.

Sol.

E-4.n

In a circus, stuntman rides a motorbike in a circular track of radius R in the vertical plane. The minimum
speed at highest point of track will be :

AHH H TP AMSH R 1 & F&d g 3 Alex A1sfdbd gl & | 99 & Y g R gAaq o sef—
(A) 2gR (B) 2gR (C) \39R (D*) JoR

For circular motion in vertical plane normal reaction is minimum at highest point and it is zero, minimum
speed of motorbike is -

I g A # Seaad g W, sifer ufifshan 9o <gAaw () BT 2 | Hiek isihd @ gAqq ard
Bfl-

mg:m—V = V= ﬂ/gR Ans.

A particle is moving in a vertical circle. The tensions in the string when passing through two positions at
angles 30° and 60° from downward vertical are T1 and T2 respectively. Then

UH U Htd g § FA I8 o | FEiER A bl feem | 30° JAT 60° & PV W IRFAT H TG HHIL:
Tiaa T8 @

(A T1=Tz2 (B) T2> T

(CYT1>T2

(D) Tension in the string always remains the same

SR H d99 Aed FHE X8 |

2
— ... (from centripetal force 3T~ Ia )

T-mgcos 0= mv

from energy conservation. Sofi &0l |

% mu? = %va + mgr (1 — cos 0) (here u is speed at lowest point) (I8l u FF=Tas fag W =1
?)
from (1) and (2)  HIHRU (1) T (2) &
2
T= . + 3mg cos 6 — 2mg

for 0=302&602 & fou = T+ > T2 Ans.

A bucket is whirled in a vertical circle with a string attached to it. The water in bucket does not fall down
even when the bucket is inverted at the top of its path. In this position choose most appropiate option if
v is the speed at the top.

TP diec] Bl A A THBR Fed g § AR S 2 | U B WY g W At Il 8 Al w5, R 9@
Iree] BT U A T8 R 2| 39 Rfa 3 921 fdved &1 =99 -1 | I oY fog R a1 v B |

2 2
(A) mg LA (B) mg is greater thaanV
2 2
(C*) mg is not greater than % (D) mg is not less than %
mv? mv?
(A)mg=T (B)mg,Tém%|
2 2
(C*) mg, %@f wyTeT E R | (D) mg, %émﬂ%‘i%ﬂ

/\
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Circular Motion ﬂ_

Sol.

For water does not fall at topmost point of path that means at topmost point N should be greater than or
equal to zero.

U B Feaad g R O & A1 IR & oy N = e s99 31feisp 8191 =nfey |

for N=0 & formg, mg=ﬂ

and @7 forN>0® g, mg <
so that mg is not greater than ——

2
Sﬁ:mg,mTvﬁaG’TTzﬁ?fl

Section (F) : Motion of a vehicle, Centrifugal force and rotation of earth

Section (F) : a8 &I 7Ifl, AUD=IT ga1 TAT YA BT PO

F-1.= A train A runs from east to west and another train B of the same mass runs from west to east at the

Sol.

Sol.

same speed with respect to earth along the equator. Normal force by the track on train A is N1 and that
on train B is Nz:

fayaa v R, ¢ A qd 9 ufRFH Pl R JAT FAE SIHM I ¢ B UREH ¥ Ud &I IR gedl & AuE
T gt | el 81 Ue) §RT 29 A WX 3ifier gaf N @211 ¢ BT No® —

(A*) N1 > N2

(B) N1 < N2

(C) Ni= N2

(D) the information is insufficient to find the relation between N1 and No.

N1 T N2 & e §F ad $e & ford S 18 I I g |

When train A moves form east to west

59 ¢ AYd 9§ Uf¥ed @I SRl 2 |

m(v + oR)?
mg — Ny = MV EOR)”
g 1 R
2
= N1 =mg — M
R
N1 = F4
When train B moves from west to east 9 ¢4 B, ¥\ & qd &I IIRA 7 |
m(v — oR)? m(v — oR)?
“Np= MVZOR)S N = e =R
mg 2 R 2 g R
N2 = F2
Fi>F2 Ans.

If the apparent weight of the bodies at the equator is to be zero, then the earth should rotate with
angular velocity

PR fIyaa Y@ R gl &1 9l WR I 8 A1 gl &l fw drofia 9 | gHen 8rm —

(A" \E rad/sec (B) ;% rad/sec (C) f% rad/sec (D) :—g rad/sec
mg=mo?R, o= \/g
R
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Circular Motion ﬂ_

PART - lll : MATCH THE COLUMN
HIT - Il : DI DI FAfd BT (MATCH THE COLUMN )

1= Each situation in column I gives graph of a particle moving in circular path. The variables ®,06 and t
represent angular speed (at any time t) , angular displacement (in time t) and time respectively. Column
I gives certain resulting interpretation. Match the graphs in column I with statements in column II and
indicate your answer by darkening appropriate bubbles in the 4 x 4 matrix given in the OMR.
-1H &1 g R 91 1 gl 71T 61 A% 941 2 | T8l TR 0,0 TAT t HHA: HIOT a1 (fHh |9 t
UR), DI fARQITIA (T t H) T WA BT W 2 | WHA-11H Ho aRom & ey Ry 1 28| -1 8
& T IRE P TS G HUA (FT-11) § GAfAd DI T 30 IR B OMR H & T8 4 x 4 @Y

Afead # I gAgal B TERT BR AT |

Column-I Column-II
Y -1 wH-1I
(O]
0
(A) o - 6graph (p) Angular acceleration of particle is uniform

BT BT BT TR THHA ¢ |

L

- 6 graph (g) Angular acceleration of particle is non-uniform

BT BT DIV @R T ¢ |

- tgraph (r) Angular acceleration of particle is directly proportional to t.

HU HT HIUNG RO, ' Dd NS FAATH B |

- t* graph (s) Angular acceleration of particle is directly proportional to 6

HU FHT HIONT RO, 0P WY FAURN B |
Ans. (A)gs (B)p (C)p (D)ar
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Circular Motion ﬂ_

Sol.

2.m

(Tough) From graph (a) = ®=k0  where k is positive constant

angular acceleration = mj—g =ko x k = k0

.. angular acceleration is non uniform and directly proportionalto 6. .. (A)q, s
From graph (b) = o? =k0 . Differentiating both sides with respect to 6.
20 do =k or ® do =5 Hence angular acceleration is uniform. .. (B) p
do a2
From graph (c) = o =kt
angular acceleration = c(jj_(: =k Hence angular acceleration is uniform = (C) p
From graph (d) = o = ki?
angular acceleration = C:j—(: = 2kt Hence angular acceleration is non uniform and directly
proportional to t.
(D) a,r _
UF (a)d = o=ko STET k U@ o Tedd Hadid g |

WW:mj—g =kO x k = k20
. IO @ROT A B 3R I8 0@ Y wurgurl 2 .. (A) g, s

% (b)d = o? =k . AN TG 0 AU JqHAT B TR

20 3—g=k or I m(;—(é):; Jra: it @Ror yeeHE 21 . (B) p

qH (C)d = o = kt

WW:i—?:k 3ra: Sy RO THHAE ® = (C) p

T () = o=k

WW:Z—?=2M 3 BIofi RO AN B R W t B WY {2 |
(D) a,r

A particle is moving with speed v = 2t2 on the circumference of circle of radius R. Match the quantities
given in column-I with corresponding results in column-II (9.2_M_Bank_Circu) Made Sushil Rajpurohit 2008

Column-I Column-II
(A) Magnitude of tangential acceleration of particle (p) decreases with time.
(B) Magnitude of Centripetal acceleration of particle (g) increases with time
(C) Magnitude of angular speed of particle (r) remains constant
with respect to centre of circle
(D) Angle between the total acceleration vector (s) depends on the value of radius R

and centripetal acceleration vector of particle
T B g bl URMY TR A v =212 F TG B BT 2| g Bl Fea R | w1 H & g ARE B
-1 # ot & gafera sRY |

w1 - 1 w-11
(A) T & RGN @ROT BT GRAT (p) A9 & W1 T € |
(B) 1 & AMBIT @R $T IRAT (q) §99 & A1 Fedl ¢ |
(C) Bl &I DI AT (01 B D= B ATUE) (r) e e ® |
BT YRATT
(D) &Y & G @RV AT TAT AMBET (s) e R wH wR R &var 2 |

TR AfRY B A PHIU
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Circular Motion / ﬂ—

Ans: (A)q (B)g,s (C) q,s (D)p,s
Sol. v=21
Tangential acceleration a: = 4t

_ 4
R

2
. . \'
Centripetal acceleration ac = "

at
e
v 4t : 1 a 4R R
Angularspeed = — =—, @ a  tan@= Lt =——=—
guiarsp R R a, 4t*
Sol. v=2t
et I @ROT a = 4t

vZ o 4tt

aﬁfﬁv—gﬁuwapﬁ:—

Fofra AT o = % = 2L 0 tan @ = 2t =@:E
R R’ ¥ | a, 4t
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Circular Motion

Il Exercise-2

. Marked Questions can be used as Revision Questions.

= fifed we Sevm A uwE B

PART -1 : ONLY ONE OPTION CORRECT TYPE

AT -1: $dd Tb Hal fdbey TaR (SINGLE CORRECT QUESTIONS)

SECTION (A) : KINEMATICS OF CIRCULAR MOTION
SECTION (A) : T<I1g 7Ifd &1 7Ifcran!

Three point particles P, Q, R move in a circle of radius 'r' with different but constant speeds. They start
moving at t = 0 from their initial positions as shown in the figure. The angular velocities (in rad/sec) of P,

Qand R are 5, 27 & 3 7 respectively, in the same sense. The time at which they all meet is:
9 fdgad &1 P,Q, RUS r o & g # 7 Ry 790 =@mell 9 I sRd 81 d t=0 R f=Im 4
yeiRfa S RS Reftal | 1fd &1 yR™ wxd 81 P, Q9 R & PIviy 9 (R$T1/IAdvs #H) HHem:

1=

Sol.

2.

5m, 21 d 37 G o3 # ¥ | fhdy TR 91 9 fed B

Q
P 5 R
(A) 2/3 sec (B) 1/6 sec (C) 1/2 sec
wap = 21 — 51 = — 3w rad/s
oRrP = 31 — 51t = — 21 rad/s
Time when Q particle reaches at P = t1 = 7;_/2 = % sec.
T
. /2 1
HHY W9 B Q, P WR UgHdl & =ti= 5= = o sec.
T
5r/2 5
tol= = — SecC.
3n 6
9n/2 3
t3 = = — secC.
3n 2
Time where R particle reaches at P. t1 = 2L = % sec.
T
A 519 Y R, P WX Ugadl © t1=21=%sec.
UL
3n 3
tb= — = — sec.
2n 2

Common time to reaches at P is %sec. Ans.

PWR uga &1 WIS T %sec. Ans.

(D*) 3/2 sec

The kinetic energy K of a particle moving along a circle of radius R depends on the distance covered s
as K = as? where a is a positive constant. The total force acting on the particle is :

R & 99 W Iad §Y &0 & el Soil K, & T & T ¢ s W fRar K= as? & IaR g,

el a U gcAd  ReR(® & | HU W & & FA 9 o—

2 2

1/2
(A) 2a % (B*) 2as [1 + %J (C) 2as

2
(D) 2aR~
S

/\
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Circular Motion ﬂ_

Sol.

Sol.

K= 1 mv2 = as? = V2 = 2as
2 m
vZ  2as?

ac= — =
R mR

dv 2as
a=VvV—= —
ds m

2 172
2as? 2as\?  2as s?
a= + | —— - — 1 + —
mR m m R?

2 1/2
Total force gl 91 = ma = 2as (1+%J Ans.

A spot light S rotates in a horizontal plane with a constant angular velocity of 0.1 rad/s. The spot of light

P moves along the wall at a distance 3 m. What is the velocity of the spot P when 6 = 4502
% wWic dise S, faa o 971 0.1 XMST+/9. & 1Y &fas dd | gl 8| @ise wWie P, 3 /.

Rerd AR & orgfaer 7T =T 21 519 6 = 45° A1 Wi P &1 97 fhan & —
P

wall

3m Il
&
S (spot light)
(A*) 0.6 m/s (B) 0.5 m/s (C) 0.4 m/s (D) 0.3 m/s
fee P
U ee/ - % 9076
: 7 vsin®
3m H //3 (upper view)
o 0 e
W, sin®
&
S (spot light)
o= Yo BEENE = v=(_0—r=.3—(;J = V=LX32=O.6m/s Ans.
r r sind  sin0 (1/42)

SECTION (B) : RADIAL AND TANGENTIAL ACCELERATION
SECTION (B) : oI 79 wust ¥&g waxvl

4,

Sol.

The velocity and acceleration vectors of a particle undergoing circular motion arev = 2i m/s and
a =2 + 4] m/s? respectively at an instant of time. The radius of the circle is

T Y R I BT BT RN THT W AT R @R BEE Vo= 2i m/s AR 8= 20 + 4] m/s2¥| i
gy @1 e gl —
(A*) 1m (B) 2m (C) 3m (D) 4m
It can be observed that component of acceleration perpendicular to velocity is
I B I RU P UCh § —
ac =4 m/s?

/\
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Circular Motion ﬂ_

5xn

Sol.

6.

A particle moves with deceleration along the circle of radius R so that at any moment of time its
tangential and normal accelerations are equal in magnitude. At the initial moment t = 0 the speed of the
particle equals vo, then :

R & g9 W & &Y Afqd T wxal § fora fodl 9 @99 oo & forg @l iR sifiasfaa @on
BT gRATT IRIER B | IR RAMT H t=0 TR BT & a1l vo & al

(i) the speed of the particle as a function of the distance covered s will be

BT B AT TI BN TS G s B BaAd D wY H B |

(A*)v=voe ¥R (B)yv=voesR (C)v=voehs (D) v = vo efi's

(i) the total acceleration of the particle as function of velocity.

HU BT FA RO, I P BT B w9 H BT |

2 2 2 2
v v 2v 2\/5 v
A%)Ya= 42— Bla= — Cla=—- Dla= —"——
(A)a= 2 B)a= — (C)a=" (D) -
(i) deceleration of particles & &1 A
dv| | av| 2
dt ds| R
dv v dv ds
ds R % R
Integrating both side 19 Uell &1 FHIGEH BRI TR
v tds s
\"
v lR = ~[loov], = ¢
Vo 0
v = Vo e SR Ans.
(i) lat] = ac

2
a=\Eac=*\EVE Ans.

A particle A moves along a circle of radius R = 50 cm so that its radius vector r relative to the fixed point
O (Figure) rotates with the constant angular velocity ® = 0.40 rad/s. Then modulus v of the velocity of
the particle, and the modulus a of its total acceleration will be

T B A, R =50 941 o & gd WR REGER 39 @18 T $Ral @ & Sedq fdg O & Ane Bl
|few r Fa S 91 @ = 0.40 NSTF/H. & 121 FHAT © | B & 97 DI GRAY v Tl FA @R a D
gR¥ToT & HIE BT ?

A

y

o

(A)v=0.4m/s,a=0.4 m/s? (B)v=0.32m/s,a=0.32 m/s?
(C)v=0.32m/s,a=0.4 m/s? (D*)v=0.4m/s,a=0.32 m/s?
(A)v=0.44/4,a=0.4 Ha2 (B) v =0.32 #I/4, a = 0.32 #Hi/a2
(C)v=0.32%/4,a=0.4 H/2 (D*) v =0.4 9/4, a = 0.32 #/A2

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow | e e300 558 5555 | CIN : UB0B02RI2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Circular Motion
Sol.

Refline

df  2da
=20 = — = — =2x0.4=0.8rad/s
p= 2o at ~ dt )
vac = or = 0.8 x % =0.4m/s
ac = o?r = (0.8)? % =0.32 m/s?
2

a=ac=0.32m/s (at=10)

SECTION (C) : CIRCULAR MOTION IN HORIZONTAL PLANE

SECTION ©: &fs 9o # gwig Tfa

A boy whirls a stone in a horizontal circle 1.8 m above the ground by means of a string with radius 1.2
m. It breaks and stone flies off horizontally, striking the ground 9.1 m (horizontal range) away. The
centripetal acceleration during the circular motion was nearly: (use g = 9.8 m/s2)

Th AeHl 1.2 Hl. Wl SR &I WA I T YR Bl o | 1.8 #I. SR &Sl ga § gAWT ©§ | TeR

A SR g Wil 2 IR TR &ft fawn # Ss wR 9.1 Wl @R wmm) )
T & IR MBI @R () b= o — (g = 9.8 m/s? <)

SHIF ¥ THRIal 21 g

(A) 94 m/s? (B) 141 m/s2 (C*) 188 m/s? (D) 282 m/s2
(A ) 94 1 /4.2 (B) 141 #1/54.2 (C*) 188 #1./44.2 (D) 282 ¥ /312
"""" R=1.2m"
Sol. 1.8m ~\“
T T Tana ]
9.1m

The time taken to fall on ground A W R ¥ &M T9I = /% = f%

velocity at time of string breaks SR ged & FHI T

_ dls.tance EAl N V=91 98
time |5y 36
2
Centripetal acceleration 3ify&=g @Ror = A 91x9.1x98 _ = 187.856 = 188 m/s? Ans.
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Circular Motion ﬂ_

8.

Sol.

A large mass M hangs stationary at the end of a light string that passes through a smooth fixed ring to a
small mass m that moves around in a horizontal circular path. If / is the length of the string from m to
the top end of the tube and 6 is angle between this part and vertical part of the string as shown in the
figure, then time taken by m to complete one circle is equal to

Th R A M Bl IR A ReR w4 4 dcad @ & a1 IR &1 ol (-1 Rl Sreaq a3 4

TORA & 915 BIC @A M A 91 8, o 89 W 9 § gA W 21 IR mA <T@ & I R T$

Al B T /SR IR B 9 AN qAT TR D HEER 9N D 99 dior 0 7, (REgER) @ m gR
U IFBR o H o)l T F9I BT A9 BT

3

B) 2 n| " C2x/-"C D)2
gcoso g Msin6

)
<

For M to be stationary

M Rerrawen § g8F—a forg

T = Mg e (1)
Also for mass m,
m & forw
Tcosb=mg ...(2)
2
Tsino=—""_ (3
¢ sin®

dividing (3) by (2)
(3) # (2) BT |TT T WR

2
tanG:V—_:v= fg : . Sin®
g ¢ sin® cos0

2n R _ 2n [ sin®

v
g—g.sine
cos0

Time period 3fTad &Td =

From (1) and (2) cos 6 = %
JHHIT (1) R (2) A

then time period 3Td: 3Tad &I = 27 /6—:\;
g
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Circular Motion ﬂ—

9.

Sol.

10.

Sol.

Three identical particles are joined together by a thread as shown in figure. All the three particles are
moving on a smooth horizontal plane about point O. If the speed of the outermost particle is vo, then the
ratio of tensions in the three sections of the string is :(Assume that the string remains straight)

A U 9 SO RETER T R ¥ 9 8 2 | Ml B fdg O B ARl TR% e i 99 R gH
RE 2| AR FEW qUER dTel B B1 A vo BI, Al GF B A 9ET W A B AU BT (KR B gA™
{efr =1fo0)

0 A B C
Y4 l l
(A)3:5:7 (By3:4:5 (C)7:11:6 (D*)6:5:3
o = const., for all three particles  fradi®, a4t d=1 woif & forg
T, T, _ T
A B C

v
= ——
37
Tc=mae? 3¢
Te— Tc = ma?2/
Te =5 mw?/
Ta—Ts =mw?/
Ta =6 ma?/
Tc:Te:Ta::3:5:6 Ans.

A Toy cart attached to the end of an unstretched string of length a, when revolved moves on a smooth
horizontal table in a circle of radius 2a with a time period T. Now the toy cart is speeded up until it
moves in a circle of radius 3a with a period T'. If Hook’s law holds then (Assume no friction) :

Tq a TS @l O R g3 SR 9 3¢ g3 Rad M 31 &fos e A9 W garn o @ @ afis
g @ A 2a UG AEcdId T UK Bl © | 9 Rl Ml B @, &fds ga #1 B 3a &R
AEIdHIA T' B9 0P derll i © | i §b Pl 99 AN &1 © (S901 T0g 8) di—

! = 3 * ' = ﬁ ’: E ’:
(A)T—\/;T (B)T—[ZJT C)T (ZJT DO)T=T

F=kx,Ti=ka=mo?2a = o= ,;L
2m

Time period MaddIA = 2% _ o FTm =T

®
T2 = 2ka = mw?3a = ® = f&
3m

Time period 3T HTel =2n‘/?;_r: =T
T = {QJT Ans.

2
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Circular Motion ﬂ_

SECTION (D) : RADIUS OF CURVATURE
SECTION (D) : sl f3r<ar

11.

Sol.

12.=

A stone of mass 1 kg tied to a light inextensible string of length L = g m, whirling in a circular path in a

vertical plane. The ratio of maximum tension in the string to the minimum tension in the string is 4, If g
is taken to be 10 m/s?, the speed of the stone at the highest point of the circle is :

11%7«5113@1%17{%1?@?@L=g1ﬁ.aﬂ%ﬁaﬁﬁaﬁqeﬁrﬁmﬂwwﬁaﬂﬁquwgﬂmm

2| SN H SIf¥ead d9 iR YAaW 9 B U 4 2| Ife g BT A 10 /A2 A1 IR A g B
i fag o geer & arat Bl —

(A*) 10 m/s (B) 5\/§ m/s (©) 10\/'3_;m/s (D) 20 m/s
(A*) 10 #i /9. (B)5 J2 N/ (C) 10 V3 H /3. (D) 20 /.
Maximum tension in string at lowest SR # 2ifwad d@ fFF=aq fag ™ 8/
2
Tmax = Mvip + Mg (1)

minimum tension in string at heighest point. 3z ﬁlﬁ R SR EGEIC

2
Tonin = % —mg (2

from energy conservation oIl HR&UT A
%mvfp = 2mgL + %mvﬁp .-.(3)
from (1) & (3) (1)@ (3) &
Tinax = Emvﬁp +5mg ..(4)
from (2) & (4) (2T (4) &

2
MVpp
T +5 mg

4= omax _ L = 3mvZp = 9 mgL

= VHp = ,/3gL =10 m/s Ans.

A small frictionless block slides with velocity 0.5\/g_r on the horizontal surface as shown in the Figure.

The block leaves the surface at point C. The angle 0 in the Figure is :

T% BICT gYORMET eal Afie §aE W REgER 97 0.5,/gr @ e 21 [eat g C W waE @
Blg adl & | 3 § 31 08 :

(A) cos™ (4/9) (B*) cos™(3/4) (C) cos™(1/2) (D) none of the above
ST PIg T |
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Circular Motion ﬂ_

Sol.

13.

Sol.

14.x

Given a1 ¥ ve=0.5 \for

Assume block leave the contact at C, N =0
AT sife C TR FUd Brsdi &, N=0
2

% =mg cos 0 e (1)

from energy conservation ol & % mve® + mgr (1 —cos 0) = — mvc? ........... (2)

from equation (1) and (2). FHI&HRUT (1) T (2) &

1 1

1
—m | —gr mgr(1—cos0)=— mgrcos0
5 (4gj+ gr( ) > Mg
= cose:g
.3
= 9=cos1Z Ans.

A sphere of mass m is suspended by a thread of length ‘¢’ is oscillating in a vertical plane, the angular
amplitude being 6o. What is the tension in the thread when it makes an angle 6 with the vertical during
oscillations ? If the thread can support a maximum tension of 2 mg, then what can be the maximum
angular amplitude of oscillation of the sphere without breaking the rope?

M STHE & el I [ AHE D U F ACHIBR Feddd H alel HRATIl Sl 8, $9b] By ATH 0 © |
e & AR O] OFT $Ed | 0 DI §49161 &, a9 SHH a-1d fba= arm 2 IS g f¥Had 2 mg R
a8 B Fhdl & dl Tl ® Qle Bl AfHaH A a1 8l Foban fb &Fm < -8 ?

(A*) 3 mg cosO — 2mg cosfo , 6o = 60° (B) 3 mg cosO + 2mg cos0o,, 0o = 60°

(C) 2mg cos® — 3mg cosbo , B0 = 30° (D) 2mg cos6 + 3mg cosbo,, 6o = 30°

Apply Newton'’s law at angle 8 6 ®IUT TR ged &1 199 T H1 W

2
T-mg cos ="V (1)
apply energy conservation from 8oto 0 0o ¥ 0 & Heg ISl WRETT A

mg ¢ (cos 6 — cos 6o) = % mv? ..(2)
From (1) and (2) (1) 3R (2) ¥

T = 3mg cos 6 — 2mg cos 6o .-(3)
Trmax=2mg (put in equation (3)) FHIHRT (3) H WA W
= 6o = 60° Ans.

The figure shows the velocity and acceleration of a point like body at the initial moment of its motion.
The acceleration vector of the body remains constant. The minimum radius of curvature of trajectory of
the body is

A e O soE @1 T & IRMS 8o & 99 J1 @Rl S T B | AR} a)] A1 (Mg seHm)

@R |fee Fa B 8 @ 9K b Y B AGH Il a1 g

/50=1 50° V,=8m/s

a=2m/s’

(A) 2 meter (B) 4 meter (C*) 8 meter (D) 16 meter.
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Circular Motion ﬂ_

Sol.  The acceleration vector shall change the component of velocity uj along the acceleration vector.
TR AT B AR 97 BT HTh Uy TR IS gRT uRafid &rdr 2 |
V2
r=—
an

Radius of curvature rmin means v is minimum and an is maximum. This is at point P when component of
velocity parallel to acceleration vector becomes zero, that is uj = 0.

v ATH AT an AOHdH & oIy gAaq asal BT rn R YT P fAg WR 8, 99 @ROT Afew &
AR O $T °ged P & | AT
u =0

u, = 8cos30°
P

u, = 8sin30°
a=2m/s’  =4m/s

a=2m/s’ | u =4m/s

2
L 8 meter.
2

=
o [So

R:

SECTION (E) : CIRCULAR MOTION IN VERTICAL PLANE &t d # gaiig 7If :

15. A particle is projected horizontally from the top of a tower with a velocity vo. If v be its velocity at any
instant, then the radius of curvature of the path of the particle at that instant is directly proportional to:

TP H B G9R & N | afet fRem & 997 vo | ®d1 SIren 2 | afe fB) &0 39T 97 v 8L, @ 39 &
R HU D U DI gshall ISAT (S8 W SH &V Y &) 7 B FHAGURI B |

(A*) V3 (B) v2 (C)v (D) 1/v
A DY
0 VV
SOI' asin® v, V\g cos 0 4
bg

As we know : 9191 fh 89 SIMd ® |
2
ac= — (centripetal acceleration) (3 ®-=<T @RI )

R
fRrmeR) From f N
rom figure ;gsin6= — = R=
( ) y g R gsin®
2
= g. %0 _ Y (since df¥ sin0i= L) Ravd
v R v
16._ A racing car moves along circular track of radius b. The car starts from rest and its speed increases at a

constant rate a. Let the angle between the velocity and the acceleration be 6 at time t. Then (cos ) is :
UH S drell R b o & gameR 9 WR T SRl 8 | PR RM A I IH Bl 8 JA $HD! ared
o R o gl B M ¢ GHY TR 9 91 RVl & 4 HIor 08, @ (cos 0) B :

b . b
2 ) ——=
(o) (6% + a2t P

(A) 0 (B) at?/b (€)
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Circular Motion ﬂ—
Sol.

at

o B b
\/az . 204t x/b2 + o’

b2

cos6 =

PART - 1l : SINGLE AND DOUBLE VALUE INTEGER TYPE
AR - 1l : el Y9 fg—quli® A9 SR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

SECTION (A) : KINEMATICS OF CIRCULAR MOTION
SECTION (A) : I<i1 7 &1 TIfcrant

1. A solid body rotates with deceleration about a stationary axis with an angular deceleration B o Jo
where @ is its angular velocity. If at the initial moment of time its angular velocity was equal to o, then
the mean angular velocity of the body averaged over the whole time of rotation till it comes to rest is

—0 where n is.

TH 31 %G U ReR 317 & uRa: Afkd 21 g¢ S A< B o o & A & 7, T o B I 7|
I IR H $HBT DIV I o B Al YOI & QX FHI & QIR ofd qP b I8 fARMAERT WA 37

ST, A% T SiEd o 1 20 ¥ &ef n g
n

Ans. 3
d 0 T
Sol. B:-ocf - L . ko= j—‘” J.—kdt:>2m0 — KT
dt Jo
g 0
J.(D dt 3/2
<> = O -2 -2
3 k {2“’“)"] °
K

Ans. <o>=mo/3
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Circular Motion ﬂ_

SECTION (B) : RADIAL AND TANGENTIAL ACCELERATION
SECTION (B) : i Ta @t Y& «Rol

2.»

Ans.
Sol.

Ans.

A particle moves clockwise in a circle of radius 1 m with centre at (x, y) = (1m, 0). It starts at rest at the

origin at time t = 0. Its speed increases at the constant rate of (g} m/s2. If the net acceleration att = 2

sec is g (1+Nn2) then what is the value of N ?

TS HU g IR IfomEdt I wR I B, e e 1L ik v (x, y) = (17, 0) R B I® |99

t=0WR qa g | T UR™ F=a1 2| T@H AA [gj AP fFag R 9 9 W 21 IR t=2sec

Wqﬁumﬁc—clwg (1+Nn2) 2@ N &1 |99 F7 8rm ?

N=4
R=1m,7
t_d—v =T mys2

dt 2
att=09, u=0, =0
oc=ﬁ=£rad/s2

R 2

v=u+att=0+g x2 =t m/s

2
T v
at= 3 m/s?, ac= — = m2 m/s?

r
2
a=a?+a? = ,f%ﬂc“ = g\/1+4n2 m/s2  HenceN=4 Ans.

Two particles A and B move anticlockwise with the same speed v in a circle of radius R and are
diametrically opposite to each other. At t = 0, A is imparted a tangential acceleration of constant

2
magnitude at = 2752VR . If the time in which A collides with B is?\ln—R, the angle traced by A during this

2
time is i , its angular velocity is 17v and radial acceleration at the time of collision is 289 v .
N2 N3R 5RN4
Then calculate the value of N1 + N2 + N3 + Na.
T HU AR BHAN a1 v A1 R B9 & g9 W IMmEd fd dRd g IRER A W@ 1 t=0

2
WAﬁWWWWWW&:ZEVR g fhar oear 81 IfT 1 Al B Th §

T

W?\T—RﬁéﬁsﬂWWﬁAmmﬁﬁmwﬁw%%maﬁﬂﬂaéﬂ%HWW
1V 2 3

2
& 99y iy RO Zgng 2 @9 Nt + N2+ N3+ Ny BT 919 19 B |
4

N =22
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Circular Motion ﬂ_

2
Sol. ®o(rel) = O, Orel = T, Clrel = 72—\/2
5 nR

Orel = @o(rel) t+ % Olrel t2

2
T = 0 + l 72—\/2 t2

2 25 R
t= SR Sec. Hence N1 =6
6V
5:R 1 72 v (5aRY
Angle traced by A, A frefid @1, 0= — | — )
g y & R 6V ' 225 «R2 |6V
=5—n+n=un Hence N2 = 6
6 6
. 72 v® (57R
angular velocit BT 9T t =B, .
g y ®=00+a R 25 nRz 6V
=l+ﬂ=ﬂ Hence N3 =5
R 5R 5R

2 2

ac=o?R = Ly R=289 v Hence N2 =5
5R 25 R

N1+ N2+N3+ Na=N =22

SECTION (C) : CIRCULAR MOTION IN HORIZONTAL PLANE

SECTION ©: &fs aa # gwig

A block of mass m = 1kg moves on a horizontal circle against the wall of a cylindrical room of radius R

N m. The floor of the room on which the block moves is smooth but the friction coefficient between
the wall and the block is p= 1. The block is given an initial speed vo.
If speed at a instant is v = 2m/s then calculate resultant acceleration of block in m/s? at that instant

R=2\/§mﬁlvma%wéaﬂwzﬁq%aﬁéﬁawwwm=1kga€a¢n¢raﬂﬁvs@rﬁa?ﬁwwwﬁ
axal 7| o e R § g8 fve g9 3@ 8, S9@1 Bef gy fR9 R, fheg fvs qen daR & wem w¥or =
1.2 fivs &1 RS a1l vo UaTH @l 7S B |
fy fHft &1 R At v=2m/s B 9 S &V WR <dfb & GRUIH @ROT B IO B (m/s2H) |

Ans  2m/s?

Sol. |

2
The normal reaction by wall on the block is N = ——

2

TR gRT =i IR AW gfafhar s« N=%

umv2

The friction force on the block by the wall is f = uN = R

pmv?

R gRT i W 9997 g f=pN =
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Circular Motion ﬂ_

5.»

Ans.

Sol.

The tangential acceleration of the block = % = S

o f Wa
B BT INET TR = — = ——
m R
2 2 v
Net acceleration @ef @RI = \/at2+ac = \/p +1 x | — | =2 m/sec?

R

A car goes on a horizontal circular road of radius R = V27 meter, the speed increasing at a constant

rate dd_\t/ = a = 1 m/s?, starting from rest. The friction coefficient between the road and the tyre is

p = 0.2. Find the time at which the car will skid.
WR:@WW@W%WWWWW@WW% =a=1m/s2®

9d & ¥ 9edl g8 o1 ¥ TRl & | ¥S® 91 TRR & 78 Nl e p= 0.2 2| 98 T A1d BRI
o ® aR fhaa SR |

3
Net force on car = frictional force f
BR R PHol go = T4 o f

4
f=m /az +# (where m is mass of the car) ~ ........ (1) (SEf m PR BT TTHT B) ..., (1)
For skidding to just occur g™ & forg
f=uN =pmg ....(2)

From (1) and (2) (1) @erm (2) &
v = (R — a2}

\)
v=u+at=t= — =3 sec
u

SECTION (D) : RADIUS OF CURVATURE
SECTION (D) : 9spell f3roam

6.=

Ans.

A small body of mass m = 0.5 kg is allowed to slide on an inclined frictionless track from rest position
as shown in the figure. (g = 10 m/s?)

m = 0.5 kg & &1 o Bicl Uvs (& ey Taqa ), fRmEwen 9 5 4 ¥y ogar fhae

IR &l = | (g = 10 m/s?)
A

If h is double of that minimum height reduired to complete the loop successfully, calculate resultant
force on the block at position H in newton

s five &1 gfom 7 gof & & oy amaegs <Eaw S’ @1 g a3 h 9 Bigl 9 a1 Rafa H
H fivs W o drel ROl 9 &1 A Fed H 1A DI |
Fnet=30

h
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Circular Motion ﬂ_

Sol. (i) for complete the loop minimum velocity at lowest pointis v = JSgr

@ P PR B forg e g W =gAem 3 v = ([Bgr
from energy conservation 3Gl TRETT |

% mv2 = mgh %m(JSgr ’=mgh= h= g r Ans.
(ii) h is double then velocity at h position is

h g1 8 @9 h Rerfd w31 8 -
mg2h —mg 2r = % mv2 (from energy conservation) (Sl A& )
Normal reaction at highest point. (S=aa fawg W sifier gfdfbar ge)
FrR=N+mg= @

r

Fr=6 mg Ans.

7.» A nail is located at a certain distance vertically below the point of suspension of a simple pendulum.
The pendulum bob is released from the position where the string makes an angle of 60° from the

vertical. Calculate the value of x if distance of the nail from the point of suspension is % such that the

bob will just perform revolution with the nail as centre. Assume the length of pendulum to be 1m.
UH R dldd & o i 9 3 SHwfer e &) 3R §8 & W U6 did RId 2| dldd $I S4

ﬁaﬁﬁmw%wwﬁ@ﬁmﬁaowﬂwaﬂﬁﬁ%laﬁaﬁaaﬁﬁwﬁv—gﬁaﬁ%sﬂ

YPR & b Mddd Hid & URG: D= AFGR Sld YUl FdhI BRI 8l d9 X Bl AN A BRI | A ARA
e @ s 1m 2 |

Ans. x=8

60°
r

nail
Sol.
velocity at lowest point g fag = a7

mg/ (1 — cos 609) = %va (from energy conservation) (il HRETTT H)

for completing the loop. @ I &=+ & fely
v=5g(¢-r) = Jﬁ(

r= i m Ans.
5
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Circular Motion ﬂ—

8.

Ans.
Sol.

A smooth semicircular wire-track of radius R is fixed in a vertical plane shown in fig. One end of a
massless spring of natural length (3R/4) is attached to the lower point O of the wire track. A small ring
of mass m, which can slide on the track, is attached to the other end of the spring. The ring is held
stationary at point P such that the spring makes an angle of 60° with the vertical. The spring constant K
= mg/R. Consider the instant when the ring is released, If the tangential acceleration of the ring is
X~/39 y mg
8 8

RATgaR FwEer da@ 4 Rod R = & e EgdadR dR & 9y W (3R/4) AF =8 Bl
gaE BT @1 b )1 dR & faa A5 O | ST 8| U m S991 &1 Bl Bedl Sl fb dR W
et wapan 2, RO & SR RIY A 1 831 2 | Been P fasg ik Rer 8 Jon 39 Rerfd R Seaier |
60° BT PIvT gATch B | RS BT g1 Fradis K= mg/R & | 19 Beel &1 BIST ol & a1 39 Rfd w®

Il ool BT W XET TR XBSQ%HWWﬁmmi%ﬂ#x+yWWWWI

and the normal reaction is then calculate value of x +y.

Q
3

rin
,An9

603 P

@]
X+y=28
CP = CO = Radius of circle (R) g @1 s

o 7
ZCOP = £ZCPO =60°

2/ OCP is also 602
ZOCPH160°% |

Therefore, AOCP is an equilateral triangle.
3rd: AOCP |HaTg st 2 |

Hence 31c:, OP =R

Natural length of spring is 3R/4.

&7 ®1 urha oFas 3R/4

.. Extension in the spring

- R # gaR
P
603
o
X=R—3—=E
4 "4
= Spring force YT e, F = kx = mg|(R)_ mg
R 4 4

The free body diagram of the ring will be a shown.

/\
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Circular Motion ﬂ_

T H1 gaa %] vy fAfds 2|

Here T , F = kx =%
and @ N = Normal reaction 31f%er gfdfshar s«

Tangential acceleration ar = The ring will move towards the x-axis just after the release. So, net force
along x-axis :

T @R a, = I A B WR x-378 B R AR R | 37 x & B AR FA g A
Fy = F sin 602 + mg sin 60° = (ﬂ)ﬁ +mg [ﬁ]

4 ) 2 2

Fx = % mg

8
v

B0y
60°
60°
o]
a, mg

Therefore, tangential acceleration of the ring.
I IT BT FRRGR TROT

ar =ax = F—X = ﬂ g
m 8
ar = _5fg hence x =5

Normal Reaction N : Net force along y-axis on the ring just after the release will be zero.
e ufifbar 9 N : y-o1e1 & I 90 R | 90 Gad I B SIP yzar I 8T |
Fy=0
N + F cos 602 = mg cos 60°

mg mg (1
N = 602 —F 602= —= — —= | —
mg cos cos 5 4 [2j
i Ay
2 8
N=38£ Hencey =3

Two particles A and B each of mass m are connected by a massless string. A is placed on the rough
table. The string passes over a small, smooth peg. B is left from a position making an £0 with the

vertical. If the minimum coefficient of friction between A and the table is pmin = 3 — N cos 6 so that A
does not slip during the motion of mass B. Then calculate the value of N

A S M B & B A G B THEFEET IR W G B B A GRS o9 W @l B | IR R

Jorm BT Ll ¥ oAl 8| HU B P FeaieR ¥ L0 P97 g9 g3 Rafd & gaa fdan siman & afe &1 A
AT STA & dra FATH °YIT ONH pmin = 3 — N cos 6 & R & Ho1 B &1 i & SR H0T A 78l
ferei 9@ N &1 A &1d &R |
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Circular Motion ﬂ_

Ans:
Sol.

10.

Ans :

Sol.

N=2

Block B rotate in vertical plane. Tension is maximum in string at lowest position. When block B at lowest
position and block A does not slide that means block A not slide at any position of B.

At lowest position _
< B e dd § goal g | Feaa Refa § S # aiffieaq a9 8, o9 <dfe B feaw Rerfa & &
IR dfe A =1 et i B @ el it Rafa & forg <t A 781 e |

= Refa @R
2 2
T—mg= mT":» T=mg+m7v ()

From energy conservation — Ioff G&T |
mg/(1 — cos 0) = % mv2  ..(2)

from equation (1) and (2)  F#HI®HRUT (1) 9 (2) |
T =mg +2mg (1 — cos 0)

=3mg — 2mg cos 6

for no slipping. fhde™ 9 &89 & forg

T = umg = 3mg — 2mg cos 0

umin = 3 — 2 cos 6 Ans.

A particle moves along the plane trajectory y (x) with velocity v whose modulus is constant. Find the
curvature radius of the trajectory at that point x = 0, if the trajectory has the form of a parabola y =
lx2.

10

T U1 FAAA U y (x) B AR v I et gk 7799 8, 9 Tfd Sxar 21 95 x = 0 ® 91 & g

aﬁwﬁwaﬁaﬁaﬁwqu@my=lx2gﬁ

10
R=5
Parabola y = ax? is shown. It is clear from diagram that at x = 0 velocity is along x-axis and constant an
is along y-axis. So,

WY y = ax2 fFAgAR 8 x = 0 R o § W & & 97 x-31&1 & rgfey & qon FFdis an, y—oel &
e B |

y

d?y
an= —
dt?
d_y =2 d—X = 2aVx
dt dt
d?y dx d?x
—2 =2av — =2av? —
dt? dt C e )
an = 2av?
v 1
C2av?  2a
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Circular Motion

11.

Ans.
Sol.

/\

A particle of mass m is suspended by string of length ¢ from a fixed rigid support. A sufficient horizontal
velocity vo = \/39_6 is imparted to it suddenly. Calculate the angle (in degree) made by the string with
the vertical when the acceleration of the particle is inclined to the string by 45°.

m ST BT U1, ( TR DI SR D FEIAT A Th ReR AMER ¥ FSHIT T & 39 B [AMdG A

f&em % vo = \f3g¢ I TR farAT ST B | 9 BT BT @ROT S | 45° BT W FHT A & A SN §RT

Fed | R T pror (Al #) s SR
o =90°

0= =
4
¢} at
tan45°= 4+ = at=ac
aC
2
= gsina= — (1)
>
{ /1 v="?
(—( cos o
J3gr
Using energy conservation
ol ARETT A
% m 39/ — % mv2 =mg ¢ (1 —cos a)
= mv? = 3mg/ — 2mg/ + 2mg/ cos o

mv? = mg/ + 2mg/ CoS o
By eg. (1) and (2)
sina=1+2cosa
= o = 90°

SECTION (F) : MOTION OF A VEHICLE, CENTRIFUGAL FORCE AND ROTATION OF EARTH

SECTION (F): G181 &1 IR, B9 §c1 a1 Gedl &I Foia

12.

Sol.

A uniform metallic chain in a form of circular loop of mass m = 3 kg with a length ¢ = 1 m rotates at the
rate of n = 5 revolutions per second. Find the tension T (in Newton) in the chain.

m = 3kg SFAT TAT £ = 1m THIE DI FABY Hfcdd SIoiR gl od & w9 H n =5 Fadh Ul JHvs

R P BT B | SR F @ T (YT H) o |

o
[®!

S C‘"' P

Ans. T=m/n2 =75N

dme’R

dme?R = 2T sin d?G

/\
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Circular Motion ﬂ_

Ans.
Sol.

14.

Ans :

= [% Rdej «?R = Tdo

T= % w?R? ()

But Ix=g o = 27N
¢ =2nR
T =m/n?

A 4 kg block is attached to a vertical rod by means of two strings of equal length. When the system
rotates uniformly about the axis of the rod, the strings are extended as shown in figure. If tension in
upper and lower chords are 200 newton and 10x newton respectively and angular velocity of particle is

\/gthan calculate value of x +y.

4 T seg|E &1 fUvs q1 FHF oIS @l SIRAI &) [l ¥ U 9t B | 9l 831 © | 99 I8
TS DI IE & URG: UHEHH wU W HUH FRAT 8 A1 SIRAT o H SR JFAR a9 W & | AR JFu

awﬁﬂ?«ﬁ@mﬁiﬁaﬂmm:200?@?6%10x?@?%awwmzﬁrvﬁuéﬂ\/g%,?ﬁx+yam
HE B |

................

x=15,y=35,x +y =50 Ans.
Centripetal acceleration 31 &g @RI

ma?r =T1 cos O + T2 cos 6 e (1)

apply Newton law in vertical direction ~3edfeen # =g &1 9 &= W
Tisin@=mg+T2sin6 ... (2)

given f&am 8 m =4 kg, T1=20kgf =200 N, r = 3m

cos 6 = g,sin@: 4
5 5

Putin equation (2) &R (2) § U B3 W YT BN

T2=150 N = 10x Ans.

f35
0= ,|—
2

A simple pendulum is suspended from the ceiling of a car taking a turn of radius 10 m at a speed of 36
km/h. Find the angle (in degree) made by the string of the pendulum with the vertical if this angle does
not change during the turn. Take g = 10 m/s2.

36 km/h @1 =1 | 10 m 3501 & gAPR Ale W) FH B U SR B Bd A TP Aldd AcHAT T & |
I A o1 & IRM Aldd B SR BT FEaler | o1 gRafia 8 g1 8 @1 o1 &1 749 30 7 7@
BT | feam T & g =10 m/s2,

450

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 39
Educating for better tomorrow | e e300 558 5555 | CIN : UB0B02RI2007PLC024029 ADVPM -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Circular Motion
Sol. V=10m/s

= 0 = tan™!

PART - lll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

AT -1l : U g1 U 9§ qAp 3 fdhed UPHRONE OR MORE THAN ONE OPTION

CORRECT TYPE)

SECTION (A) : KINEMATICS OF CIRCULAR MOTION
SECTION (A) : I 7Ifet @1 TIfrant

SECTION (B) : RADIAL AND TANGENTIAL ACCELERATION
SECTION B) : T va w3t I @l

A stone is projected from level ground at t = 0 sec such that its horizontal and vertical components of
initial velocity are 10 m/s and 20 m/s respectively. Then the instant of time at which magnitude of
tangential and magnitude of normal components of acceleration of stone are same is : (neglect air

resistance) g = 10 m/s2.

Th TR Bl 98T t = 0 sec W ERIAA I YT fhar Sram 8 92 Y890 & 999 99 & Afas o Feaier
Tch HAM: 10 m/s AT 20 m/s & O 98 FHI T BN ofd TR & XY & WIRWR o e Tch

gRATT H ERIER B | g = 10 m/s2. (841 & ©NU Bl 0 HH)
(A) %sec (B*) 1 sec

Sol.  Tangential acceleration = at =
Normal acceleration = an = g cos6

T3t YR @R = a; = gsind
AT TR = an = g coso
at = an

gsind=gcosd = 0=45°
= Vy = Vx

Uy—gt= Ux

20— (10)t=10

t=1 sec.

During downward motion
T B W®E AT B IRE
at = an

Vy = — Vx
20-10t=-10=1=3 sec.

(D) 4 sec.
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Circular Motion ﬂ_
SECTION (C) : CIRCULAR MOTION IN HORIZONTAL PLANE
SECTION © : &fvs a@ 9 g=ig wfa

A heavy particle is tied to the end A of a string of length 1.6 m. Its other end O is fixed. It revolves as a
conical pendulum with the string making 60° with the vertical. Then (g = 9.8 m/s?)

TH AR HU1.6 m TN B TR B UE R A W OSTST ofrar ¥ qen gaxt Rt O (RerR) B a8 uw

YHAHR ATdrd  (conical pendulum) @ TRE gUM WA wxal ¥, 9@ HE@iER | PIoT 60° 7, T
(g =9.8 m/s?)

(A*) its period of revolution is 47TE sec. (SH® YuiAdTd 47n dHvs B ()

(B*) the tension in the string is double the weight of the particle
IR # TG BT B IR BT GIAT B |

(C*) the speed of the particle = 2.8\/3 m/s
HU P A = 2.84/3 m/s BN |

(D*) the centripetal acceleration of the particle is 9.8V/3 m/s2.
FUT BT ABET @R 9.8V3 m/s2 & |

T cos 60°
A

T sin 60°
Sol.

mg
T3  m? )
5 (€\/§/2) ........
% =mg (2)

Hence T =2 mg , So (B) holds
ara: T=2mg,(B)W&‘T%I
From (1) & (2) V2 =3 g//2
MaE)ave= 3g£/2
3 x9.8 x1.6

2

V =2.8 3 m/s. So (C) hold
V=28 3 m/s.am: (C) w2
(3g¢/2)
= V2 = =3 xg=9.843 m/s?
a /r (éﬁ/Z) «E g «Fms
(D) holds (D) =& 2|

2w _ 2 aje J3/2
v JB g ¢ /2
t=4n/7 . (A) holds.
(A I8 R

V=
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Circular Motion ﬂ_

3.

Sol.

A car of mass M is travelling on a horizontal circular path of radius r. At an instant its speed is v and
tangential accelerationis a :
r o @ gareR &fdS ug R M geEE @) Ud BR TR 21 AT eor R sHa e v aur el
T @R a® -
(A) The acceleration of the car is towards the centre of the path
PR BT @R, U B b= D IR 3 |

2

(B*) The magnitude of the frictional force on the car is greater than %
2
FR TR o & g7 91 1 gRAer T o ¥
r

(C*) The friction coefficient between the ground and the car is not less than a/g.
PR TG SHIHE & 7T g9 ONH B A9 a/g H FH T8 © |

2
(D) The friction coefficient between the ground and the car is pu = tan-' \rl_g

2
HR Td SHIF B AT GO ONH u:tan—1\:—g%|

dv

a= —
ST

=a
7z
2
.. Vv 2
friction force on car B WX Y g1 = m [—J +a
r

2
which is greater than <t f& % d Af¥F B

(v2 /r)2 vl
9

therefore it is not less than % for safe turn.

Hmin =

aﬁ:u%ﬁﬁéagﬂma%m%qﬁwﬁﬁl

SECTION (D) : RADIUS OF CURVATURE
SECTION (D) : dshdl

4,

A machine, in an amusement park, consists of a cage at the end of one arm, hinged at O. The cage
revolves along a vertical circle of radius r (ABCDEFGH) about its hinge O, at constant linear speed v =.

\/g_rThe cage is so attached that the man of weight ‘w’ standing on a weighing machine, inside the
cage, is always vertical. Then which of the following is/are correct

HARSE Ui ¥ b #RIF & Yol & T X W fUSRT 8 don g1 RRT O R drdfdd 2 | fUsRT r Bren
@ Ted o (ABCDEFGH) # O @& uRa: fora Y& ot v = \Jgr & oo 21 fioR &1 36 yar Sier T

TP wYR &1 ed fioR © 3R T YR A99 WR WM SieR B8l & o 94 § 9 S99/ dEd
T 2|
E

P N
Fy-- oD
+
."
G>“< 3 r ’>.<C

He -8
A

/\
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Circular Motion

Sol.

5.»

Sol.

(A) the reading of his weight on the machine is the same at all positions

7% RUfd # 799 W IS IR &1 UIgHTH AAA BT |

(B*) the weight reading at A is greater than the weight reading at E by 2 w.

AR 79 BT Uredi®, E R 709 & Urghie | 2 w STl 819 |
(C*) the weight reading at G = w

G R 99 &1 Uredid = w

(D*) the ratio of the weight reading at Eto thatat A=0

E 3R AT ¥R UIgdid &l U I &R |

(E*) the ratio of the weight reading at A to that at C = 2.

A 3R C R YR UIgaATH, Pl AU 2 BT |

Speed of cage fioR @ =1e = \fgr = const. Fradi®

Normal reaction at (weight reading)  37f¥er= Ufdfshar 9a1 (WR UrGdI®)
mV2
NA - mg = T
Na = 2mg = 2w Ans.
Weight readingatG& C =mg=w  Ans.
GdC W YR UlGdie =mg=w  Ans.
weight reading at E

EWR 4R UediH

2
mv

mg—-Ne= —
;

Ne=0 Ans.

A car is moving with constant speed on a road as shown in figure. The normal reaction by the road on

the car is Na, Ns and Nc when it is at the points A, B and C respectively.

AR As® W Uh SR F¥d a1 | WhRiia 21 59 I8 fagsi A, B @ C R &l 8 @l &R W

Tsh gNI ARG 1o ufafehar ge1 A% Na, N @21 N & a9 —

A B
c
(A) Na=Ns (B*) Na > Ns (C) Na < N8 (D*) Nc > Na
For normal reaction at points A and B.  fa=gaii A 211 B WR 3if%er ufdifshan a1 & feorw
mv?
mg-N=—
r
2
N=mg- mv_
r
= Na > NB and normal reaction at C is Nc =mg, soNc >Na>Ns  Ans.
= Na > Ns dern fdg C wR fffer ufdfshar @ Nc = mg, 37d: Nc > Na>Ne  Ans.

/\
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Circular Motion ﬂ_

SECTION (E) : CIRCULAR MOTION IN VERTICAL PLANE &t Td # gaitg 7If :
SECTION (F) : MOTION OF A VEHICLE, CENTRIFUGAL FORCE AND ROTATION OF EARTH

SECTION(F) ;189 D TN, ATDHIT ge1 AT g BT oA

Sol.

Assuming the motion of Earth around the Sun as a circular orbit with a constant speed of 30 km/s.
AT f5 gedl 30 km/s @1 79T =1 9 G & TRI AR JABR U U IRHAT IRA § —

(A*) The average velocity of the earth during a period of 1 year is zero
TP Y & IR gedl H1 3iFd I A © |

(B) The average speed of the earth during a period of 1 year is zero.
TP ¥ & IR gedl 31 a1 P T

(C) The average acceleration during first 6 monts of the year is zero

9§ & YUE 6 AR & IR Md TR T B |

(D*) The instantaneous acceleration of the earth points towards the Sun.
ged) &1 AREIOTh @Rl A B AR SR B B

(A) During a period of 1 year displacement is equal to zero, so that average velocity is equal to zero.

(B) During a period of one year distance travel is not equal to zero. So that average speed is not equal
to zero.

(C) During a period of first 6 month of the year change in velocity not equal to zero. So that average
acceleration is not equal to zero.

(D) In uniform circular motion instantaneous acceleration is act towards centre of circular path.

(A) T& 99 & SR IR 3 B, 3fc: Sird 99 I B |

(B) Td a4 H I g3 I el B, A A Al LI el Bl |

(C)Td a¥ # Yo 6 HIE & SR 97 URacH I &1 8, 1d: 3NAd @O P T8l 87 |
(D) e g=ia TIfd & drcefre @Ror o< U & o5 @ IR fharehiar 8 B |

A car of mass m attempts to go on the circular road of radius r, which is banked for a speed of
36 km/hr. The friction coefficient between the tyre and the road is negligible.

36 km/hr Tal & ford §fda r s @1 g3lT TP W m SFHH B BR AT A BT YA B © | TSP
TAT TRRI & WA W] UG A0 B —

(A) The car cannot make a turn without skidding.

FR fhaet I =& g9 ol B

(B*) If the car turns at a speed less than 36 km/hr, it will slip down

afe SR 36 km/hr, § HF A1 A gH A1 I8 A1 DI 3R Berd|

2
(C) If the car turns at the constant speed of 36 km/hr, the force by the road on the car is equal to %

mv

gfe R @1l 36 km/hr @ g, @ TSP §RT BR TR M1 T g —— & aRER 2 |

(D*) If the car turns at the correct speed of 36 km/hr, the force by the road on the car is greater than mg
2
as well as greater than mTv .

uf%:wamakm/hr,maqq,eﬁma%gmwwwmgaafaasgmw-mgﬂmﬁ
NfH B |

/\
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Circular Motion ﬂ_

Sol.

Sol.

When speed of car is 36 km/hr, car can make a turn without skidding. If speed is less than 36 km/hr
than tendency of slipping is downward so it will slip down. If speed is greater than 36 km/hr than
tendency of slipping upward so it will slip up.

If the car’s turn at correct speed 36 km/hr

W9 HR @ A1 36 km/hr, B, A FR 91 fhae g9 @@ 2| I @ 36 km/hr A HH ® A1 39D A1
1 MR e & yafy g 8, o - fhea S 8 1 IR a1at 36 km/hr 9 3% B A1 sH W B
IR e @l gafiy g 8 o/ SR & iR fhgertl | afd &R S1F 36 km/hr a1e W= ¥H o

ar N cos 6 = mg

mv2

Nsin®=——
r
2 I'nV2
N =_|(mg)° + —~ Ans.

A particle is attached to an end of a rigid rod. The other end of the rod is hinged and the rod rotates
always remaining horizontal. It's angular speed is increasing at constant rate. The mass of the particle

is 'm'. The force exerted by the rod on the particle is F, then :

3¢ TS B UP (BN TR TP a%g DI 981 ST 2 | G fHIR Bl fFeAfhd o= B &1 gART o & foaw
I BHN &faSl 991 2 qAT DI A1 {7190 &% | B gl Rz | a%g Pl SFAM 'm' €, TS D §RI IR
WId F 7, ol —

(A*) F>mg

(B) F is constant (F f=ad ®)

(C*) The angle between F and horizontal plane decreases. (F @211 &fisi ddg @ i &1 BIor Tedr ?)

(D*) The angle between F and the rod decreases. (F de1 B & €9 &1 BV Tedl 2)

F= {2 +F2+(mg)? >mg

d| V|
dt

Now when the angular speed of the rod is
increasing at const. rate the resultant force

will be more inclined towards f .

Hence the angle between F and horizontal plane decreases so as with the rod due to increases in
f = ma?r only.

SI9 B Bl BN I F1gd IR J 9gaT ¥ @ R 1 | B R s g |
arc: f e T 9 & Weg BT HAM | B B W HIor ff g ®ifd f = mer § I & & B

(Af® as = constant G . F; = constant @)

A particle starting form rest at the highest point slides down the outside of a smooth vertical circular
track of radius 0.3 m. When it leaves the track its vertical fall is h and the linear velocity is v. The angle
made by the radius at that position of the particle with the vertical is 6. Now consider the following
observation : (g = 10 m/s?)

(I) h=0.1 mand cos 6 =2/3. (Il) h=0.2 m and cos6 = 1/3. (Ill) v = \E m/s~'. (IV) After leaving the
circular track the particle will describe a parabolic path. Therefore,

(A*) (I) and (III) both are correct (B*) only (II) is incorrect

(C) only (III) is correct (D*) (1V) is correct

/\
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Circular Motion ﬂ_

Ans.

Sol.

10.

TH B Sed fag R R s@wen 9 0.3 m 5w & fes $wleR qaeR 9o & 9'R ™ @ 3R
e UR™ HRal 81 919 39 UY ¥ BISd g, a1 34 Wl SaE h ® 91 3" 9 v g | S@hR 9 30
& S Refy w Broar grr g9 w1 divr 0 2 | 39 = delt R faeR #IRe ) (g = 10 m/s?)

(D h=0.1 mdencos 6 =2/3. (II) h =0.2 m @2 cosO = 1/3. (Il) v = 2 m/sT. (IV) @ AP
Y P BIe & 91§ (P IRJard 9 YR &

saferg,
(A) (D) 7 (1) == @& & (B) @aer (1) el &
(C) @aa (1) |8 2 | (D) (IV) &2 & |
(ABD)
0.3
0.2|@

v =29(2R—h) lfh=0.1
= /2.10(0.5) =10

cos0=—

v,/29(0.6-0.2) lfh=0.2
= J2-10-(0.4) =2\2m/s

cos0O =

W

W=

(a) and (d) are correct.

A particle moves along a horizontal circle such that the radial force acting on it is directly proportional to
square of time. Then choose the correct option :

T HUI AlfcrSl g1 § 39 TBR A A PR I8 8 b 59 IR HRIRG Fohy 9o (radial force) @I & @ &
AT FAUH ¥ @ AL Apew gihw —

(A) tangential force acting on it is directly proportional to time

(B*) power developed by total force is directly proportional to time

(C*) average power developed by the total force over first t second from rest is directly proportional to
time

(D*) angle between total force and radial force decreases with time

(A) 39 W BRI WX IE 91 FHY B FAARN B |

(B*) B 91 §RT UG &I T8 G b T & FATIUR B |

(C*) Bt 91 ERT UM &I 7T 3\d Ui ARG 9§ UR™ $_d g 99I t G §9I & FARUH 8 |

(D*) o 9 denn A 9o (radial force) &9 IV WHI & A1 TS |

/\
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Circular Motion ﬂ_

Sol. an = kt?
2

Vo ke
R
v= VKR
ar= C(jd_\t/ =vKkR constant foadi®
tang = Lo 1
a, t2
p=Fiv
oc t
<p> < t.

PART - IV : COMPREHENSION

HIT - IV : 3J25S (COMPREHENSION)

Comprehension # 1
ITHT # 1

A particle undergoes uniform circular motion. The velocity and angular velocity of the particle at an
instant of time is V=3 i+4j m/sand =x i+6] rad/sec.
TF HUI YHEAM g T BRal 2 | Bl &0 IR B BT I JAT HIONT AT B V=3 i +4] m/s T

®=X i+6jrad/sec? |

1. The value of x in rad/s is
X &1 A T/ JAhvs | & —
(A) 8 (B*) -8 (C) 6 (D) can't be calculated
gR&ed el fhar S ddhal
2. The radius of circle in metres is
g @ e Wex § ® -
(A" 1/2m (B) 1 m (C)2m (D) can't be calculated

3. The acceleration of particle at the given instant is
fad T &9 R U BT @RI B —

(A*) —50k (B) —42k (C) 2i +3j (D) 50k
Sol. 1to 3.

The angular velocity and linear velocity are mutually perpendicular
"V - ®=3x+24=0 ordl x=-8

. . v 5 1
The radius of circler = — = — = — meter

o 10 2

The acceleration of particle undergoing uniform circular motion is

a=0xV = (-8 i+6 )x(3 i+4 j) =-50 Kk
BIofr 977 o Y 9 IRER A 2 |

V-® =3x+24=0 or X=—8

o 10 2
Tep HHM g T H BT Bl @Rl

a=0xV = (-8 i+6 ))x(3 i+4 ]
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Circular Motion ﬂ_

Comprehension # 2 =

4.

Sol.

5.n

Sol.

6.=

A small block of mass m is projected horizontally from the top of the smooth and fixed hemisphere of
radius r with speed u as shown. For values of u > uo, (Uo = \/g_r) it does not slide on the hemisphere.
[i.e. leaves the surface at the top itself ] _
SHA m BT b BIeT edl r B35 & b e td Rer gg arglal @ oY 4 afos fsnm d u ara |
foraTgaR vl fra Sar ¥ 1 ST SIER u 2 uo, (Uo =+fgr ) WM @ forT I srE el W TE e 21
(@rfq el & i R & Hag & B I B )
LN

(0]
For u = 2 uo, it lands at point P on ground. Find OP.
U=2uo, @ folg I8 e |ae W fdg P R fRar 8, OP &1d &1 -

2 (B)2r (C) 4r (D%) 242

muj

mg=—— = U0=\/g_r

r

Now, along vertical 39, S&@feR fo=n & MR ;

1 2 2r
r=—gt = t= |—
29

Along horizontal &ft & 3rfasr ; OP = 2uot = 2J2 ¢

For u = uo/3, find the height from the ground at which it leaves the hemisphere.
u=uo/3, d oIy I8 4§ I8 a1k o1 PRI T TR I8 ITH1 AG Tt DI B ol © -

19r 19r 10r 10r
A — B*) — C) — D) —
(A) 5 (B (©) - (D) —
As at B it leaves the hemisphere,

FIfh, B AR I8 AG el Bl BI$ Il & |

2

r r
mvZ=mgh ... (1)

By energy conservation between A and B
A AR B Aeg ol wREw |

2
mgr + lm Y% =mgh + lmv2
2 3 2

19r
Put uo and mv? h= —
° 27

Uo 3R mv2 &1 AIF 3@ R
Find its net acceleration at the instant it leaves the hemisphere.

g [ehl R &7 gl B BISdl ¥ I9 $HHI Hel @xV R 8 -
(A) g/4 (B) g/2 (Cg (D) g3

/\
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Circular Motion ﬂ_

Sol.

2
As FfF ac = VT =g cosh

at =gsind
anet =@
Alternate Solution : I%feas &
when block leave only the force left is mg.

STd TP AEM BT BIS a1 8 09 Had mg I I8 © |

anet = g.

Comprehension # 3 =

7

Sol.

8.»n

A bus is moving with a constant acceleration a = 3g/4 towards right. In the bus, a ball is tied with a rope
of length ¢ _and is rotated in vertical circle as shown.

TP 99 a = 3g/4 90 RO 9§ TR WS A PR B 2| 99 H TP g G/ dHI D IR A G T,
TR Ta # AR geig 1y R @ 2|

@ &

At what value of angle 6, tension in the rope will be minimum

BV OB fHA A TR IR H TG YT B |

(A) 6= 37° (B*) 6 =53° (C) 6 =30° (D) 6=290°
A

[3mg/4 45

0
mg

0
g

Ger

Tension would be minimum when it (tension) is along g
T, AT ERN 4, A (T9) G P SR 2 |

_mg _4
3 3
=m

4 )

tan 0 = 0 =532.

At above mentioned position, find the minimum possible speed Vmin during whole path to complete the
circular motion :

SWiad Rafy w, w7 ol 9y & SRM <AGH T A Vinin A0 B0 o1 gl 1fq gof 81 @@ —
5g¢
(A) B o ® 2o (C" J5at (D) Jor

2 2

/\
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Circular Motion / ﬂ—
Sol.

A
[3mg/4 45

0
mg
U

>
>

MQ.r
’ 5¢
Vimin = “Mgeﬁ = (%g =@ .

9% For above value of Vmin find maximum tension in the string during circular motion.
Viin & IWRIFd 99 & g g 10 & aRE A1 H s1fedbad a9 ad a1 |
117 1_5m 17

_ * D) —
2Omg (0)2 g ()2mg

(A) 6 mg (B)

Sol. Tmax = 6 Mgeft  (Qeft = %g )

_ 15,
_2 g
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Circular Motion

N
J

. Marked Questions can be used as Revision Questions.

= Fifed e Seem arFg ueE 2

* Marked Questions may have more than one correct option.

* fafeed ue o 9 e 9E Aed I U= 2|

PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)

I - 1 : JEE (ADVANCED) / IT-JEE (U5 auf) & gy

1= A ball of mass (m) 0.5 kg is attached to the end of a string having length (L) 0.5 m. The ball is rotated
on a horizontal circular path about vertical axis. The maximum tension that the string can bear is 324 N.

The maximum possible value of angular velocity of ball (in radian/s) is :

05 m =g (L) @ SN & T&h RR W 0.5 kg S99 (m) @1 g G 2| I8 i afoe—aa #
FeR—3 & gRA: el UM W FAGI 2| SN H S Wb dren Jif¥dad aard 324 N | g H

NfermaH FRIIfAd PV 97 (radian/s H) BT |

Sol.

mg
T sin® = m Lsin® o?
324 =0.5x 0.5 x @?

, 324
0w =
0.5x0.5
f 324
W=
0.5x0.5
18

o= —— =36 rad/sec.
0.5

Sol. (D) -

T sin® = m Lsin® o?

[JEE 2011, 3/160, —1]

(D*) 36
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Circular Motion ﬂ_
324 =0.5x0.5x 0?
34
~ 0.5x0.5
324
0.5x0.5

o= E = 36 rad/sec.
0.5

o2

2. Two identical discs of same radius R are rotating about their axes in opposite directions with the same
constant angular speed o. The disc are in the same horizontal plane.At time t = 0 , the points P and Q
are facing each other as shown in the figure. The relative speed between the two points P and Q is v..
as function of times best represented by
A o R arell a1 gddd f$%b o gl R T A 9 ReR 31y A1 o 9 f[{uda fen 4 gH
IR @A AT Tad 2 ¥ t=0 R g P 3R Q o7 & SR agaR s —amA 2 |
fag P oiR fag Q &1 amifdie a1ad v B TF DI (T) H S© | 99 v $ G99 & 91 gRadd &1
frd w § wataq quid g ? [IT-JEE-2012, Paper-2; 3/66, —1]

Ans. (A)

Sol.

V cos vV cos6

vr = |2 v sin 0)| = |2v sin )]
v,

N |
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Circular Motion

.=

Sol.

/\

A wire, which passes through the hole is a small bead, is bent in the form of quarter of a circle. The wire
is fixed vertically on ground as shown in the figure. The bead is released from near the top of the wire
and it slides along the wire without friction. As the bead moves from A to B, the force it applies on the

wire is

TP IR S TP BIC Al @ 7 A Red fow 9 [oRd B, B tE IgAfe g9 & Igwd Ael T 2| AR
B YA R T aa J Rerd feam = g o o |7 q9in w2 AR B AR 3 S0 R A Brel Al
2, o9 98 IR & o/gfew fam foelt oo & WRaar © | 919 Akl AR B O® TRl 8, 9 $9d §RI AR

TR o dTell 91 ©
A

S

™ B
) always radially outwards
) always radially inwards
) radially outwards initially and radially inwards later
*) radially inwards initially and radially outwards later.

) &ren =g faem W afeqEh (radially outwards)
B) gHen sy o =aH«dl (radially inwards)
C) yrR™ #H 3oy fazm 4 sfeqwl acuen oy faun 4 sy
D*) ™1 ¥ 3o famm 4 s deauwarq Bew fQen 7 afzgE
Ans. (D)

A
B
C
D
A

(
(
(
(
(
(
(
(

Using conservation of energy : mgR (1- cos) = % mv?

I‘T'IV2

Radial force Equation: mgcos6 — N = ru
mv?2

= N = mgcos6 — R ° mg (3 cos6-—2)

N (Normal on bead by wire)

Vv

Normal act radially outward on bead if cos6 > %

Normal radially inward on bead if cos 6 < %

. Normal on ring is opposite to reaction on bead.

[JEE (Advanced)-2014, 3/60, —1]
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Circular Motion ﬂ_

HINDI: St GReoT | : mgR (1- cos6) = %mv2

2 2
g 91 IR mgcos — N = %: N = mgcos6 — % =mg (3 cos6-2)

N (Normal on bead by wire)

'

ﬁﬁwaﬁwﬁwwaﬁaﬂ?sﬁmaﬁ{cose>§

ﬁﬁwaﬁmﬁmwaﬁsﬁ?maﬁ:cosk%
A W gfdAfhar o ) e ® w8

PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)
AT - 1l : JEE (MAIN) / AIEEE (Bl a8f) & e

1. A point P moves in counter-clockwise direction on a circular path as shown in the figure. The movement
of ‘P’ is such that it sweeps out a length s = t3 + 5, where s is in metres and t is in seconds. The radius
of the path is 20 m. The acceleration of ‘P’ when t = 2 s is nearly. [AIEEE - 2010, 4/144]

T g P Us gxiig U WR arrad fqen H foRlier & o 5 o | Swiin T g | P @ i) 9 UeR
g 98 TR s=13+5 U 8, el sHICX H & 3R tqPUvS 4§ | U &) a1 20m 2| &9 t=2s,
9 ‘P’ BT @RI I B

(1) 13 m/s? (2) 12 m/s? (3) 7.2 m/s? (4%) 14 m/s?
Sol. S=t¥+5
Linear speed of the particle

B Bl NHE AT
v=§=3’[2
dt

att=2sW v=(3x2°)m/s=12m/s
Linear acceleration 3™ @01

al=— =6t
dt

att=2s, W ai=12m/s?
The centripetal acceleration &= @RoT

2 2
ar= ~ = 122 m/s2=7.2 m/s?
R 20
Bnet A= (a2 +ag =V12°+72% _ 14 m/s2
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Circular Motion ﬂ_

2.

Sol.

3

Ans.
Sol.

Ans.

For a particle in uniform circular motion, the acceleration a ata point P (R, 6) on the circle of radius R
is (Here 6 is measured from the x-axis) [AIEEE - 2010, 4/144]
THEAH gAg TR BR R v B Iy, Brew R$ g9 w Red g P (R, 0) & g wror @ R
(TEt 0, x-31&7 | AIUT AT B)

2 2 2 2

(1)_V_0059f +V_ sin9] (2)—V—sin97 + v COSO]
R R R R
2 2 2 2
Vv S \ . ~ AR AR

3 - — 0i— —sind 4) —i + —

(3% cos 0 i Rst ()RI+RJ

2 2
ac=—V— cos 0 i Ve sin® j
R R

Two cars of masses m1 and mz are moving in circles of radii ri and rz, respectively. Their speeds are
such that they make complete circles in the same time t. The ratio of their centripetal acceleration is :
THAE M1 Yd mz2 Bl &l BN HA: BN 11 Qd r2 @ ol H RIS © | 37901 del 59 UBR © &b d
T FHAH 9Tt A FRO g B A AR B | 3D AT TROT Bl AT B

[AIEEE 2012 ; 4/120, —1]
(1) miri:marz (2) m1 :m2 (3)ri:re (4)1:1
(3)
They have same o.
centripetal acceleration = w?r

a; o

a 002F2 P
BT o T B |
BT RO = w?r

a1 _ 0)2r1 _ I’1

a 2 (,02 r2 r2

A particle is moving with a uniform speed in a circular orbit of radius R in a central force inversely
proportional to the nt" power of R. If the period of rotation of the particle is T, then :

(1*) Ta Rn+1)2 (2) Ta R2 (3) Ta R¥2For any n. (4) TaRZ"

Uh HU R B0 & U gaeR 9 R 6l U Siwg 9 W1 {6 R &1 n 4 910 & JYSHATURI 8, &
AT gAT B | AT HOT BT 37Madt Had T &I, T [JEE (Main) 2018; 4/120, —1]
(1*) To R(+1)2 (2) Ta R™2

(3) Ta R¥2 (n & fret ot 71 & forg) (4) TaR? "

(1)
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Circular Motion
Sol.  F-—X _moR
Rﬂ
s 1 2n o
R ®
5. A particle is moving in a circular path of radius a under the action of an attractive potential U = — %
Its total energy is : [JEE (Main) 2018; 4/120, —1]
3k k k
1*) zero 2) ——— 3) — 4) —
(1) @) -52 8) ~ 4) 52

Sol.

WwﬁmﬂwmwﬁﬂaU=—;7$ﬁmhﬁvma$wﬁwwﬁaaw%waﬁiga

FHoft Brfi—
3
1) = 2) 2%
(1) T (2) 53
__K
2r2
__Qu __(_5[_ED __K
Toadr oL 3))
K mv? , K
== = mve = —
r r r
K.E. = lmv2= iz
2 2r
E=PE. +KE.=0

A smooth wire of length 2xr is bent into a circle and kept in a vertical plane. A bead can slide smoothly
on the wire. When the circle is rotating with angular speed ®» about the vertical diameter AB, as shown
in figure, the bead is at rest with respect to the circular ring at position P as shown. Then the value of ®w?

is equal to :

[JEE (Main) 2019; 4/120, —1]

2nr ANTS & Udh ENU IR AR DI I SNIGR HEAER FHdA H @ 2| & 9@ (bead) 39 IR W
fPae 8| 99 B U HEiER 38 AB & URd: RETHIR SIoa 91 o 9 g91-1 a1 8 df 9 & e

AR AR g P iR Rer urel o 8 | o? &1 /19 81T

Do
A
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Circular Motion
Sol.

I

I

:
0 = 30°

N sin30° = mooZ%

N cos30® = mg
2
tan302 = Q)_F ®2 = ﬁ
29 \3r
7. A spring mass system (mass m, spring constant k and natural length ¢) rests in equilibrium on a

horizontal disc. The free end of the spring is fixed at the centre of the disc. If the disc together with
spring mass system, rotates about it's axis with an angular velocity o, (k>> m®?) the relative change in
the length of the spring is best given by the option :
T HHF SFHE (spring mass) e (FHE m, H ReRi® k IR Uidhfae o= /) dgford Jrawen
H4 te Afdel fS%p IR @ g3 2| BAMI B Tlell R &P & d= WR qdlg | IR 3@ W 31 39
HAF SIAN S & Fedl 39 e D aRI AR o, (k>> me?) DT 971 § AR S a1 (S que
AT B TS | dGeld B ford Il fddhed qd9S 8 ?

2

(1) 2 T

3l k
Ans.
Sol.

[JEE (Main) 2020
2mw? m

o @ = @)

ma? (%o + X) = kx

2
(z_oﬂj: k2 ‘o éomwz
X mo K—mo
K >> mo?
2
So, X isequalto M2 g X MO g qrrew @
o /o k

, 09 January; 4/100, —1]
(,02
k

Resonance”®
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Circular Motion ﬂ_

Il High Level Problems (HLP)

SUBJECTI VE QUESTIONS
faSAITI% Y99 (SUBJECTIVE QUESTIONS)

1. A particles of mass m is attached at one end of a light, inextensible string of length ¢ whose other end is

fixed at the point C. At the lowest point the particle is given minimum velocity to complete the circular
path in the vertical plane. As it moves in the circular path the tension in the string changes with 6. 0 is
defined in the figure. As 6 varies from ‘0’ to ‘2%’ (i.e. the particle completes one revolution) plot the
variation of tension ‘T’ against ‘0’.
SEAE M BT Th BV TP Bobl, NAAT / T8 H SN & Tdh (R ¥ 91 & Roraar g1 w1 fag C
wR Rd 2| = i ™ U1 &1 FeaieR dd § R 9 qof &1 & oy <Eaw 99 e S 2
SRI—I] I8 PR U H I $RAT 8, SRKI § d91d DU 0 P Gl gRafia s 2 | 0 RErgar aRafd
21 99 0 I W 20 (A PUT UH URFAT GR1 HRal 2 [) b uRafid gl 8 a a9 T F ‘0 P |
gRad™ &1 IRG I3 |

6mg
Ans.

of T 2n ‘31: 0

Sol. By Newton’s law at B
BW <4 & 8 ¥

2
T-mgcos 6= mTV
By energy conservation b/w A and B
AT Bd #Eg SHoll ARel |
mg/? (1 — cos0) + % mv? = % m (5¢49)

T
6mg

of T 2:7[ E’:n' 0
mv2 = m 5/g — 2mg/ (1 — cos0)
T=mgcosbd +m5g-2mg (1 — cosb)
=3 mg + 3 mg coso
=3mg (1 + cos0) = 6 mg cos?(6/2)
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Circular Motion ﬂ_

2.

Sol.

A person stands on a spring balance at the equator. (a) By what percentage is the balance reading less
than his true weight ? (b) If the speed of earth’s rotation is increased by such an amount that the
balance reading is half the true weight, what will be the length of the day in this case ?

faggd Y@ R R AR el R T Afdd @1 gl ¢ | (a) ol 9 ar<ifad 4R &1 fhan gfirerd
P UIedd SRR ? (b) AR gl & TN @1 a1 H1 AF 5a1 de1 faa I 6 Jon &1 uredid 9
RS IR BI A1 I8 SR A 39 RAfd 4§ o7 @ s@fd fba= e-ft 2

2
[Ans : (a) ng x 100 = 0.34% , (b) 21 /? = 2.0 hour]

(a) at equator HHE WX
T+ mo? R =mg.
2
o AT _ oR
T g
_ [ 4n®x6400 %1000
(24 x 60 x 60)% x9.8

Jx100 =0.34 % Ans.

b)T = % (1)
T+me?R =mg ....(2)
from (1) and (2) =ixv (1) @ (2) &

oR =g2 =  o=,/|L
2R

T=2—n=2n§=2hr Ans.
® \Ig

A track consists of two circular parts ABC and CDE of equal radius 100 m and joined smoothly as
shown in fig. Each part subtends a right angle at its centre. A cycle weighing 100 kg together with the
rider travels at a constant speed of 18 km/h on the track. (a) Find the normal contact force by the road
on the cycle when it is at B and D. (b) Find the force of friction exerted by the track on the tyres when
the cycle is at B, C and D. (c) Find the normal force between the road and the cycle just, before and just
after the cycle crosses C. (d) What should be the minimum friction coefficient between the road and the
tyre, which will ensure that the cyclist can move with constant speed ? Take g = 10m/s2.

S 6 form | yefRia & = & f6 100 m & w99 591 & <1 gareR 9mi ABC @211 CDE &1 Sirsdr
TP U 91 T 2 | AP AN s IR FHBIV ARSI HRal & | TP Alsfbel el FaR dfed 9= 100
kg g, 39 92 W 18 km/h @1 a0 a1t 9§ Ifd &R W& € (a) 99 AiEfbd BID R B, 09 39 W ISP B
ERI AT D a1 d diforg | (b) B, CAAT D R ASH & §RI ARIGA & TR UR Tl T
YU 9 S DINIY | (c) Arsfbd & C 5 @ UR &R & g Usel A1 Jid UZar Alsfdbd d1 Ash
T AT JAfT=aq 9 A1 DI | (d) ATsfhel T FSh & AL G UM BT =AGH A1 el

g1 anfey, R agfea fFoaa ara & a1fd &= 9@ ? (g = 10m/s?)

AL

Ans : (a) 975N, 1025 N,  (b) 0,707N, 0, (c) 682N, 732N, (d ) 1.037
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Circular Motion ﬂ_

Sol.

Constant speed fFd 9l = 18 km/hr = 5m/sec.
m =100 kg, r=100 m
2 2
mv® 100x5 _o5
100
Ng =975 N Ans.

2

a’[DtI’\’ND—mg=ﬂ = Np=1025N Ans.
r

(b) at B & D friction force act is zero.
Bd D W PRI =4 g I BN

(a) atBW mg—-Ns =

1

atC®® =f=mgsin45=100x 10 (v v = constant fradi®)

2
=707 N Ans.
(c) for BC part
BC ¥ & forw
2
mg cos 45 — Nac = mT" —  Nec=682N
for CD part
CD 9T & forg
2
Necp — mg cos 45 = % —  Neo=732N

(d) f<uN e %
position where its maximum and N is minimum which is in part BC at C position.
Rerfa S8 R I8 1ffeaw & 3R N =gAaH 8, 98 BC 9rT § C Rifa o 2rft |
1 (o)
> —mosinds® - o5 074 037 Ans. (in di)

- 682
mgcos45°— myv 68

A ring of radius R is placed such that it lies in a vertical plane. The ring is fixed. A bead of mass m is
constrained to move along the ring without any friction. One end of the spring is connected with the
mass m and other end is rigidly fixed with the topmost point of the ring. Initially the spring is in un-
extended position and the bead is at a vertical distance R from the lowermost point of the ring. The
bead is now released from rest.

T&H R 391 @1 a0 @ HEaieR I 9 I8 1 & | 9od ReR IJARAT H § | m SFHH BT Uh 9D I

3 g H 91 g9 & Q0 SR Fohar ¢ | BT &1 b [/R-1 790 ¥ 71 g1 -1 9o & A1 SeaaH
farg el ae@ ReR 8, &1 Siie1 Sl 81 9R™ 4 B SfeaiRa 8 den #9a1 ded & freem fig 4
TR RS W & | 3F 790 $1 favM & Bisl i 2 |

(a) What should be the value of spring constant K such that the bead is just able to reach bottom of the
ring.

K R fraeie &1 /19 @1 81 d1fd 79l aoid & o g R uga 9 |

(b)The tangential and centripetal accelerations of the bead at initial and bottommost
position for the same value of spring constant K.

Ko sl 99 & oy 79ia & Tel &g o B @Ro1, aRf®a den faw fag Rafa & fog @
B |

Fixed ring

@K=—"9 __  (b)atintialinstantai= g, ac= 0

R (3-22)

at bottommost positionat=0ac =0
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Circular Motion ﬂ_

Sol.

Sol.

Ans.
Sol.

(a) Applying conservation of energy between initial and final position is
Loss in gravitational P.E. of the bead of mass m = gain in spring P. E.

mgR = K (2R - V2 R)?
2

mg

r Ke ——————
° R (3-22)
(b)At t=0
a=g
ac=0
at lowest point
ar=0
ac=0
The centripetal acceleration of bead at the initial and final position is zero because its speed at both
position is zero.
The tangential acceleration of the bead at initial position is g.
The tangential acceleration of the bead at lower most position is zero.

(a) TRf™TEH qen ifvaw Rfd @& #eg Sort wverm A9 o )
mqwﬂlﬂ?ﬁHﬂcba%gwq“lqﬁaﬁlﬁwﬁﬁaﬂﬁ = & #1 P.E. H gfg

mgR =2 K (2R - V2 R
2

mg
R (3-2V2)
(b) t=0W

a=g

ac=0

g fag w

at=0

ac=0

RS qAT SAfwE R R 990 &1 A=t R T & R ifd aibl Rl R a1 33 2 |
RS R R 798 &1 weRET @xvr g ® |

a9 ReIfd iR 79 &1 weRET @R I B |

a1 K=

Wheel A of radius ra = 10cm is coupled by a belt C to another wheel of radius rs = 25 cm as in the
figure. The belt does not slip. At time t = 0 wheel A increases it's angular speed from rest at a uniform

rate of /2 rad/sec? Find the time in which wheel B attains a speed of 100 rpm (wheel are fixed).

ra = 10cm 31 &1 Us ufedn A, rs = 25 cm 351 & 39 Uf2d | dec C @l werdl 9 REgar giad

forar ST 81 doc e &l 21 t = 0 IR UfRAT 7/2 rad/sec? & Th FHIN ATt faRTHERen I 3!
Frofig a1 &1 9grar & | {5 g5 uffan B,100 rpm &) aret W1 &) o | (UfRar Rer (fixed) B)

c
Q
50/3 sec.

Since belt is not slipping, speed at rim of A and B is same
Tfdh doc fhaerh &1 8 AT B3l R R a1 9949 ©

WAlA = ®BI'B

oa =100 x 25 =250 rpm = 250 x 2n rad/sec. = 25m rad/sec.
10 60 3
o = oo + ot
257
—-0
t= -3 = @sec.
/2 3
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Circular Motion ﬂ_
6. A rod AB is moving on a fixed circle of radius R with constant velocity ‘v’ as shown in figure. P is the

point of intersection of the rod and the circle. At an instant the rod is at a distance x = ? from centre

of the circle. The velocity of the rod is perpendicular to the rod and the rod is always parallel to the
diameter CD.

fATgaR T B AB, R Froan & ReRr g R Fgd 9w ‘v & I @R RE 2| g7 91 B Bl e
1‘%@P%|ﬁﬂﬁm€gﬁzﬁzﬁr—dﬁwaﬁqﬁx=%%lwwaﬂwzﬁm%HWWWCD

P AR ¢ |
IA
c o
} '
D1

(a) Find the speed of point of intersection P.
wicresed fag P &1 a1 S &l |

(b) Find the angular speed of point of intersection P with respect to centre of the circle.

freded fdwg P @1 91 & = & A& $IUY ard A BN |

5 Vp 5V
Ans. (a) Ve 1 Vv (b) ® R R
Sol. (a)
As a rod AB moves, the point ‘P’ will always lie on the circle.
... its velocity will be along the circle as shown by Ve’ in the figure.
If the point P has to lie on the rod ‘AB’ also then it should have
component in X’ direction as ‘V’.
Yy A

Vpsin® =V Vp =V cosec 0
here cosO = e l . @ = §
R R 5 5
sinb = cosec 0 =
Vp = > \Y ...Ans.

. REgER s9@ 90 Ve g9 @ ogfew BN At g P v ‘AB’ R Rerd g a1 swa x famm A
T V' BT ARy |
y

C

P v
e\:vp
¢]
Q
|
D

Vpsino =V = Vp =V cosec 0
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Circular Motion ﬂ_
x 1 3R 3

Jglcosh= — = — . — = =
R R 5 5
sinb = i .. cosec 0 = é
5 4
Vp = é \Y ...Ans.
4
Sol. (b) 0= o 3V
R 4R

ALTERNATIVE SOLUTION : 3&feus &
Sol. (a) Let ‘P’ have coqrdinate (X,-y)

AP B fAdEnE (%, y)
x=Rcos 6,y =R sin 6.

Vx = e =—Rsin 0 LY, = oo __V
dt  Rsin®
AT and VY=RC039@ =R cos 0| - V, =—Vcot0
dt R sin6
Vp = \/Vf +VZ = JV2 +V2cot29 =V cosec 0 ...Ans.
Sol. (b) oot o B
R 4R
7. A chain of mass m forming a circle of radius R is slipped on a smooth round cone with half-angle 6.

Find the tension of the chain if it rotates with a constant angular velocity o about a vertical axis
coinciding with the symmetry axis of the cone.

m TEAF Pl UP ek Sl R odm & g< b1 FEior $xal 8, VP A|DIV O el U (e 2| & aRi
IR ¥ fhad & §| SRk H 9@ §1d BRI AR IE HEER e & G g e 9 o § g b
FAMT 8 b AT YOI Bl B |

[Ans : T = (cotd + @*R/g) mg/2n]
Sol. TakingasmallelementatD D W U& BICI 3add oivl U

N sin® = dmg

_ dmg
~ sin@
2T sind — N cos0 = dma?R
2T sind = dm(w?R + g cotd)

N

But & is very small, sind & Ife & 98 BIST § o1 sind &
2T 8 = md¢ (o?R + g cot0)
R
or( 9L} - MAC 2R 4 g coto)
2R 2nR
2
T= @((’)—R+cotej.
2n| ¢
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Circular Motion ﬂ—

8.

Sol.

A small sphere of mass m suspended by a thread is first taken aside so that the thread forms the right
angle with the vertical and then released, then :

m STAM & BIC el B 91 9 GigH ACHAT T B | SHD! Ugel U IR g1 fawenfia fean siran 2
5 g Sed § AHGI g9l § R s v A o g, d-

(i) Find the total acceleration of the sphere and the thread tension as a function of 6, (the
angle of deflection of the thread from the vertical)

MA H FHol RO A IR § TAME, 6 & Hold & w9 § FA BFN| (0 = 91 §RI $Hed A q71
T[T BT

Ans.  gy1+3cos?0 , T =3mg cos 0

(if) Find the angle 6 between the thread and the vertical at the moment when the total acceleration
vector of the sphere is directed horizontally

T4 gl @R Aiew AR f&=n #8191 9 Td S & #ed Bl § BT /A S DI |

1
Ans. cosb=—
NG
(iii)Find the thread tension at the moment when the vertical component of the sphere’s velocity
is maximum

ST M @ o7 B HHTER gch AfAHTH 81 g H q919 A1 DI |
Ans. mg\/§

' Vv
atf angle 0 ®IU WX ai =g sin O
from centripetal acceleration TG @RI |

2
T-mgcos 0= % (1)

From energy conservation : 511 <&l |

0 + mg/ cos 6 = % mve = V= .j29€cose (2

from (1) & (2) (Ma@)a
T =3mg cos 6
ac =2g cos 6

a=\a?+a? =g \1+3cos?6

(i) Vertical component of sphere velocity is maximum when acceleration in vertical is zero that
means net force in vertical direction is zero.

Ml & 97 H1 SHUCH IMUHAT 81 o S& @xY I BN, i S fIzm # gt 91 A

BT
Net force in vertical at 0 angle 0 v W I e § gt 9
T cos 6 =mg
T- M9 (3)
cos0
and tension also from equation FHIHRUT ¥ TG
T =3mgcos 6 ee(4)
from (3) & (4) &
mg 1
3mgcos 0= —— = cos = —
J cos6 3
T=mg 3 Ans.
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Circular Motion ﬂ_

Sol.

10.

(iii) Total acceleration is directed along horizontal that means averticai = 0
g @R &fost fen 9 7, A averticar = 0
1
cos b= — Ans.

NG

Find the magnitude and direction of the force acting on the particle of mass m during its motion in the
plane xy according to the law x = a sin ®t, y = bcos ®t , where a, b and ® are constants.

Xy Td H mETAE @ 9 Pl A B SR B9 IR 99 x = a sint, y = beost (W&l a,b 3R o adi® )
P AR T Tl I BT GRATT R e T B |

[Ans : F =-ma?7 , where T is the radius vector of the particle relative to the origin of coordinates;
F= mm%/xz +y? ]
[Ans :: F =—me?r, @l 7, qd g & frdeis @& ame a1 o o 9w 2

F=mao?|x*+y? ]

F=ma or ?:m(éx+éy) (- az=0)
X = a sin ot
Vx = ] = aw cos (ot)
dt
d?x .
ax = © ao? sin(ot)
Vy = ((ji_}t/ =— b esin(wt)
d?y
ay = pre3 =—b »? cos(mt)

So 31 F =m(—aw? sineti —bw? cos ot j)
F = —-mo?(asinoti + bcos et j)
F = —mae?(xi + y ])
|F| = mmza/xz +y?
direction f&em tana = % = gcot(mt) (from x-axis) (x-31eT )

or I1 [(xf+y])] is position vector of the particle in corrdinate system. Because of negative sign force is
opposite to it and always acting towards the orzon.

[(xi +])] s frer & o0 o Rafd wfde 2 | s g @ SRV 9ot 9@ fAuda fRem § » e

|39 ol fIg o R HrRd T |

A chain of length * is placed on a smooth spherical surface of radius R with one of its ends fixed at the
top of the sphere. What will be the acceleration a of each element of the chain when its upper end is

released? It is assumed that the length of the chain ¢ < %nR

(X1 B TP ok, R FFrodn o1 e el |ds R ! g8 § a1 396l U R Ml & Hu [as
TR 2| SR & UAb NGIG BT @)U a T I O/ 39 HURI RN BT BIST Sdl 8 | I8 q1Y b Sioik

P =g L < %TCR
[Ans :a=[1-cos(//R)] Rg/’]
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Circular Motion

Sol.

Net tangential force acting on the element due to gravity is
T6cd & PRV GAd U BRIG el W2 W I

dmgsind g

Total external force on chain along the length is

SOiR IR oS & e qol d1ed 9

F= Idmgsine
//R m
F= j Mysine R do
¢
0
//R
a= F_9R j sin® do
m ¢
0
gR /R
a= 7[—0039]0
a= il 1-cos £
4 R
11. A point moves in the plane so that its tangential acceleration ®, = a, and its normal acceleration wn=
bt*, where a and b are positive constants , and t is time. At the moment t = 0, the point was at rest. Find
how the curvature radius R of the point’s trajectory and the total acceleration © depend on the distance
covered s.
TP fog dd | T HRal @ RNad $9d1 TRNE™ @R o = a, 721 $9P] AMb=Ig @R on= bt* &
SRl a 91 b g9IcHd adie & q1 t 99d 2| t= 0 999 WR a5 favmeRen & o1 | 9y & fd5 &1 gan
Broan &R el @RI © B, T DI Mg QW S D A R A B |
[Ans : R = a3/ 2bs, o = a1+ (4bs?/a®)? |
Sol. w=a
So, 31 v = at = +/2as
2 242 2
also, qen 0)N=V—,bt4=g,t2=a—
R R bR
and JATbt* = 2as
2 2
b8 | _2as
bR R
3
R- 2
2bs
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Circular Motion ﬂ_

12.

Ans :
Sol.

13.

Ans :

14.

[Ans

A block of mass m is kept on a horizontal ruler. The friction coefficient between the ruler and the block
is u= 0.5. The ruler is fixed at one end and the block is at a distance L =1 m from the fixed end. The
ruler is rotated about the fixed end in the horizontal plane through the fixed end. If the angular speed of
the ruler is uniformly increased from zero at a constant angular acceleration o = 3 rad/sec?. Find the
angular speed at which block will slip. (g = 10m/s?)

T &S 9l R m SEE BT U fUvs @l gAT © | US! do1 fUvs & Hed uyor ol p=0.5 2 | 9gl Pl
Th AR IR PraAfbd fHar T 2 don 59 R 9 <l @ @ L =1m 8| 781 31 Pidafbad X & aRka:
&S a9 # gArn o B AR uE 3 oy A I A FEd S @R o= 3 rad/sec? § UHEAN
9 F gerdl 9 a1 f5a S ard R favs e S| (g = 10m/s2)

2 rad/sec.

Angular velocity increase with constant angular acceleration o

BN 9, o dofia @R o | gfgae B

2
a
(0]
a

C
ac= oL, at =

a= Ja +a? ,} 2L +(aL)? (1)
for just slipping di& e & ﬁm = ma=pumg

= a=ug e (2)
form (1) & (2)  S¥HI@x (1) 3 (2) ¥

hg = (L) + (oL)?

5 1/4
o= {[urgj —0c2] Ans.

o = 2 rad/sec.

A particle moves along the plane trajectory y (x) with velocity v whose modulus is constant. Find the
acceleration of the particle at the point x = 0 and the curvature radius of the trajectory at that point if the
trajectory has the form

(a) of a parabola y = ax2.

(b) of an ellipse (x/a)2 + (y/b)2 = 1; a and b are constants here.

wwﬁﬂfﬁaaﬁwy @aﬁﬁﬂaﬂvﬁm%wwmﬁﬁlﬁﬁx—owwm
Wamwaﬂﬁnf%l—maﬁaﬂmlﬁ

() T P FHIBROT IRATy = ax2 & |

(b) gt @1 FHHRT e (x/a)2 + (y/b)2 =18 ; 58t a a2 b faa 7|

(a)m=2av2,n=2ia; (b) o=bv?/a% R=2%/b]

A particle moves in the plane xy with velocity v=a i +bx j, where i and | are the unit vectors of the

x and y axes and a and b are constants. At the initial moment of time the particle was located
at the point x = y = 0. Find:

(a) the equation of the particle's trajectory y (x);

(b) the curvature radius of trajectory as a function of x.

Th BV xy T H AT v=ai +bx| A el 8, W& | qn | BE x AUy AT B AR b Wy ¥
Td adel b Id B | URMPYE &7 IR HU1 fasg x =y = 0 R Rera B | o1 BRI

(@) BT & T B FHIGIOT y (X);

(b) U @Y ahar AT x B Bl b ©U H |

- (@) y = (b/2a)y?, (b) R = V2/ on = V2/Jo? — 02 = (a/b) [1 + (xb/a)?]*? ]

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 10
Educating for better tomorrow I e o500 558 5555 | CIN : UB0B02RI2007PLC024029 ADVPM -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Circular Motion

15.

Ans.

Sol.

/\

A simple pendulum is vibrating with an angular amplitude of 90° as shown in the given figure. For what

value of a, is the acceleration directed?

B

(i) vertically upwards
(i) horizontally
(iii) vertically downwards

TP TR Al HIofid am 90° | fF # Iy ¥R el R @ © |

a® &g a9 & fou arur I 2

Bloiiiiiii R

(i) SEER FW B AR
(i) &foror feem &
(iii) SeateR S B IR

(i) 02, (ii) cos~" (:%;j,an)gog

(i

(iif)

At a=02 W

A

mg

2

Anet = Vﬁ T

acceleration is vertically up
TR W B 3R

At o =90%is at B

o=90%° X B

mg
Acceleration is vertically down.

TR FHEgieR A B AR
Horizontally &forst #

R cos o

v2/R

tan o =

gsina

. v
= gsina.tana=—
R

Using energy conservation :

/\
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Circular Motion ﬂ_

16.

ol GRefur |

%mv2 =mgRcosa (2)

A car moving at a speed of 36 km/hr is taking a turn on a circular road of radius 50 m. A small wooden
plate is kept on the seat with its plane perpendicular to the radius of the circular road (figure). A small
block of mass 100g is kept on the seat which rests against the plate. The friction coefficient between

the block and the plateis p = % = 0.58.

36 km/hr @1 a1 4 TfRliel Tb BR, 50 m oA &1 JAHR F8$ W sl © | S0 A W TP ADS!
P! wIc 39 UPR W s © b ©Ic BT Id, JWiIF Asdb DI (9U1 & =g ¢ | e W 100g &9 B

W@ﬁm@g@%ﬁ%@‘dﬂ%‘ﬂgﬁ%l(ﬁlﬁ)‘ﬁ?ﬁ%@lﬁiﬁiﬁﬁ‘wWWp:%:OE&
g

(a) Find the normal contact force exerted by the plate on the block.
I §RT &iid R AT 71 Iferaaq 9e1 S HIforg |
(b) The plate is slowly turned so that the angle between the normal to the plate and the radius of

the road slowly increases. Find the angle at which the block will just start sliding on the plate.

<Ie Bl GR—¥R 39 YHR AR Il & b ©Ic & IfWer d Ash $I 51 & 7eg PIvT 6
R 9ed1 B | DI FT 98 A9 T SR s ol e ©ic R Rawa1 g o= < |

mvi/R
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Circular Motion ﬂ_

17.

Ans.

Sol.

2

N = m?" cos 0 ()
for just slipping S1® e @ forg
2
uN = % sine .. 2)
from egn (1) & (2) IHlo (1)d(2) &
1 1
tan=p= —==—o =1.724 6 =30° Ans.
M= To58 -

A hemispherical bowl! of radius r = 0.1m is rotating about its axis (which is vertical) with an angular
velocity o. A particle of mass 10-2kg on the frictionless inner surface of the bowl is also rotating with the
same . the particle is at a height h from the bottom of the bowl. (a) Obtain the relation between h and
®. What is the minimum value of ® needed in order to have a nonzero value of h. (b) It is desired to
measure ‘g’ using this setup by measuring h accurately. Assuming that r and o are known precisely

and that the least count in the measurement of h is 10-* m. What is minimum error g in the measured
value of g.[g = 9.8m/s?]

r=0.1 9. 550 &1 T FENASHR el o DIV I7 & 1 sH0! el (S f6 Fed 8) & uRka: ga =
2| T 1 By IR AARe |ag W 1072 fHI g@mE &1 w9 Ff QT H o ST A S e gA @
2P A b U § hHAE R 2| (@) h U@ 0@ 989 G4 WG I | h & R 79 & o o
F gAdq A4 fhae 81 A1fey ? (b) 39 AR H h BT A YEAT A AUSY 89 g BT AN A BIAT
=Ted & | A Sl b r Ud o Yhad YT I S 8 AR h d A9 4§ feuadid 104 4. 21 g A T
AN W gAaH Ffe Ag faei 2 ? (g = 9.8 Hi/3?)

(@) 72 rad/s (b)-9.8 x 103 m/s?
(a) 7V2 R/ A%0 (b) 9.8 x 103 m/s?

Nsin® = mw’R

Ncos6 =mg
2
tan 6 = ﬂ
g
2
- R _oR o eog-n ... (1)
r—h g
@  h>0 = =250
()
=N o> \Jg/r = j%—? = \Jo8 = 72 rad/second Ans.

b)  g=0*(r-h)
Ag__Ah 107

g h h

maximum value of his 0.1 so that Ag = — =-98x10°m/s?2  Ans.

g><‘|0_4
h

-4
hmaﬂwwm%s‘ﬂmm:—%=—9.8x10—3m/32 Ans.

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow I e o500 558 5555 | CIN : UB0B02RI2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Circular Motion

/\

18.

A block is placed inside a horizontal hollow cylinder. The cylinder is rotating with constant angular
speed one revolution per second about its axis. The angular position of the block at which it begins to
slide is 30° below the horizontal level passing through the center. Find the radius of the cylinder if the
coefficient of friction is 0.6. What should be the minimum constant angular speed of the cylinder so that

the block reaches the highest point of the cylinder ?

Uh @i B WIS SR 99 H @1 T 5| 999 Ul JHF b URG: U gdhR U Adbvs dl ad
BT It | gA BT & | b b A Yo dTel Afasl g 9 A B AR 30° BT R B gRe
PR <l B | I T NG 0.6 & A1 IO B B w1d SR | 99 @ <gAad Frea eef T e

g1 a5 < 9o7 & W 9% uga 99 ?

Ans. 0.24m, 8.9rad/sec SRR VAED

K7 N

L
Ao

mg sin302
mg cos30°

N-mgsin30°=me?R ... (1)
mgcos 30°=puyN L. 2)
o = 2n rad/s

_\/.?_,mg =p M9 | me’R = g(\ﬁ—u) =R

2 2 2
R=9 (8-w 32_“) R= 28 (¥3-06 (\/?_’2_0'6 =0.24m Ans.
20 2(2n)

For minimum angular velocity, normal sould be zero at heighest point

A9 HrefiE a1 & forg, STaad fag W= sifiers ufafshen =1 8Ft =nf2g |

mo® R = mg

o= \/E = ﬁ = 6.4 rad/second
R \}0.24

Also, condition for which block will not slip on cylinder is

T Y e e <iie dod =) 81 e, &

N — mg cos6 = mw?R

N = mg cos0 + mw?R

frmax = uN = p(mg cosO + mn?R)
For the block does not slip over cylinder,

Afh & Jo9 TR 8] haey =)

mg sinB < frmax
mg sind < u mg cosO + p mw?R

o> 98ind-mgcosb - \/%(sine—pcose)

uR n

block will not shift anywhere if o is greater than maximum possible value of RHS which is

«if wal A ufeenfid 8 9aar 21 I o, RHS & 3ifedd @#yd 99 4 3% 28| RHS &1 9149 8

0> %(1+u2)”2 ;.  ©>8.9rad/sec. ; omin = 8.9 rad/sec .
u

/\

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhala

®
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029

war Road, Kota (Raj.) — 324005
ADVPM - 14



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Circular Motion ﬂ_

19.

Sol.

20.

A table with smooth horizontal surface is fixed in a cabin that rotates with a uniform angular velocity o in
a circular path of radius R (figure). A smooth groove AB of length L(< < R) is made on the surface of the

table .The groove makes an angle 9 with the radius OA of the circle in which the cabin rotates. A small
particle is kept at the point A in the groove and is released to move along AB. Find the time taken by
the particle to reach the point B.

fRAER & »f99 R fow & gaaR 9 R e G9H BE 9 o ¥ POl FR @ 2, 39 Bfed A
et |dag @ T I ¢ MYR W T 8 2| <9 @ |ag § L T8 (L< < R) &1 o @@ AB
T T B | B @ geirg g $) o OA | FE @i 0 pivr g 21 @ A fig A W Us BIad
FU TGHR AB B faw I & ford ga R fewn S g1 #0191 g B 9% ugH W AW 9HI 914

HRY |
C:Z_f)\; ______ _____A%

2L

’Rcos0

Centripetal acceleration at A = o?R
acceleration along AB = »?R cos 0
Time taken to reach the point B

A R JIMH=T @RI = o?R

AB & 3rfa¥ @RI = o?R cos 0

B fog d& ugad # feran w1 w9

L=0+ % (@? R cos 0)t2 (L << R)

t= #22—L Ans.
»“Rcos0

A smooth rod PQ is rotated in a horizontal plane about its mid point M which is h = 0.1 m vertically
below a fixed point A at a constant angular velocity 14 rad/s. A light elastic string of natural length 0.1
m requiring 1.47 N/cm has one end fixed at A and its other end attached to a ring of mass m = 0.3 kg
which is free to slide along the rod. When the ring is stationary relative to rod, then find inclination of
string with vertical, tension in string, force exerted by ring on the rod. (g = 9.8 m/s?)

% e B PQ, 39 w9 fasg M & uRa: faa sefig a1 14 877,/9. & w1 8fcst a1 & gl 2
fag Mt ReR fdg A h=0.1 A SeaieR I 8 | Vb UARY Td scdbl SR foa] wrapfaed owrg 0.1
Hrex qon 9a FIdie 1.47 Re/AH &, ST Th X1 A TR 987 g371 © 3R s9a X R ¥ m = 0.3 fan
S P P dAT S| s o | I B & Mg A AH 2| 99 Jold, B B A Rer g @l

SR F1 HH A YA, SN H T4, oI §RI B UR AT T I HAIA: AT IS | —(g = 9.8 m/s?)
A

[Ans :

ht
P Io) Q
147

Ans.cos©=3/5,T=98N,N =§=2.94N
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Circular Motion ﬂ_

Sol.

21,

Ans.
Sol.

22,

Ans.
Sol.

777174

0.1

m
jm—14 rad/s

T=kx =147 (0.1 sec 6—-0.1)

Tsin0=ma?r

= 147(0.1 sec 0 — 0.1)sin 6 = 0.3 x (14)2 (0.1 tan 0)
1-cos06=04

= cosG:% = 0 = 53¢

T =147 (0.1sec53-0.1) =9.8 N
N=Tcosd—mg=9.8x % -03x9.8 =294 N
N=294N Ans.

A mass m1 lies on fixed, smooth cylinder. An ideal cord attached to m1 passes over the cylinder and is
connected to mass mz as shown in the figure.

S my, T ReR TaH e 49 R 1 83M © | T AT SR DI my SFFH ¥ AISPR dod TR
@ g TN IR M2 SEE 9 RIEgER sl Sl B |

Find the value of 6 in degree (shown in diagram) for which the system is in equilibrium if m1 = \/Ekg
and mz =1 kg

emm%ﬁﬁaﬁmﬁ(m)wmﬁmwm@ﬂﬁﬁuﬁm1=\/§kgasq1mz=1kg|

m, S iﬂng is in contact m _\fjﬁ o

1 — N

R \
N Om,
D =

45
The system is in equilibrium when
m1 gsin® = mag

4 m
or sing = —=
my

In above question if mi1 =5 kg, mz2 = 4kg . The system is released from rest when 6 = 30°. Find the

value of N if the magnitude of acceleration of mass m1 just after the system is released is g m/s2 .

IWRIFd Ued § I my = 5 kg, mz = 4kg &1 31 6 = 30° W fRM 4 BIeT oIl 8| Mo & Bisd @&

WA & My B @R wW%m/ﬁ.%aﬁNmmle

15
Let the tangential acceleration of m1 be a.
. Mmz2g —mig sind = (M1 + m2) a
40-25 15 5
a= =— m/s
9 9
the normal acceleration of m1 is zero.
speed of m1 is zero.

The magnitude of acceleration of m1 =1?5 m/s? .
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Circular Motion ﬂ_
Sol. (a) e ArgERen H &
m1 gsin® = mzg

a1 sine=ﬁ
m;
(b) AMT My BT TIRE @R 4§
s mz2g —mig sind = (M1 +mz) a
40-25 15
a= = — m/s?
9 9
m1 BT AMBIY @O YI &1 - m1 P! a1 YA © |

mﬁﬁﬁ?‘ﬂﬁW:?m/sz.

23.»  Two identical rings which can slide along the rod are kept near the mid point of a smooth rod of length

2/( ¢ =1 m) The rod is rotated with constant angular velocity @ = 3 radian/ sec about vertical axis
passing through its centre. The rod is at height h=5 m from the ground. Find the distance (in meter)
between the points on the ground where the rings will fall after leaving the rods.

T YHEAE dofd, Sl BS @ a3 had Adhdl &, 39D 2/( £ =1 m) T8 dlell e s & 4 a5
D U Y@ 2| BE Bl 39 AT fIvg W ok dTell SEAfER 31 & 6ueE o = 3 radian/ sec & T
B I 9§ gAR & | B Bl oW A $aig h=5m | 9 R I9 Ml 453l & dra ol g3 (|iex
H) qaEY 98 W dd B H 87 8lx R |

k_).w=constant ')’m:ﬁpﬁ
i (i
! i : II i - - fi i
h h
i nirmriTm

Ans.: 10 m
Sol.  Time take by ring to fall on ground. 9@ &1 SHIF d& RRA # oM 97

B

g

, Yy
1‘(,\),
e: @—)V%x
‘ z

from centripetal force BT a1 |

5 dv
Mm?X =ma=mv —
dx
5 dv
X =V —
dx

distance of one ring from centeris &= W TH IAT DI G
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Circular Motion ﬂ_

24,

Ans.

Sol.

= «fyZ +(x+ 6)2

distance between the point on the ground where the rings will fall after leaving the rods.

S Bled & 91K Jo & MM R R ara g & e @

= 2ny2 +(x+ €)2

where S&f x=y = of I%

A table with smooth horizontal surface is placed in a cabin which moves in a circle of a large radius R
(figure). A smooth pulley of small radius is fastened to the table. Two masses m and 2m placed on the
table are connected through a string over the pulley. Initially the masses are held by a person with the
string along the outward radius and then the system is released from rest (with respect to the cabin).

Find the value of i where a is the magnitude of the initial acceleration of the masses as seen from
ma

the cabin and ‘T’ is the tension in the string.

FRIATIR & Sfdd 98 9! 3oa1 R el 99 § I 3% I8 8, 394 Afael gd e+l |as arel <ad @
g 2| US 3rey Prour A1 g R RRA 29a & g g2 21 AR A 2R ToR W@ Uh SN @ 93 g
31 SEM m T 2m 9l TR W U 2| TP Al U™ H Il SIAMI Bl GhsdHR ReRmawen # (Hfad
$ WUE) 39 UPR Gl & (b SN, 51 & srgfaw e @ IR &l 8, $9D UTAK 98 Mo Bl Jad

Wéﬁ%liﬁﬁﬂﬁﬁ&ﬂéﬁﬁﬁﬂﬁ&ﬂﬁﬁﬁﬁﬁﬁaﬁ?ﬂ@ﬁﬁm‘T’gi?hmlazmﬁﬁgiﬁ
DI |

m1
m2
4
m, —m o°R
a=—2 "1 °R= ——
m, + My
2mim 4
T="—"2 @R=— me?R
m, +m, 3

/\
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