Circular Motion

o&—
) 4

HINTS & SOLUTIONS
TOPIC : CIRCULAR MOTION

EXERCISE # 1
SECTION (A)
21, 2mr,
1. Speed v1 = t ve= ot
Y 2 Yo _2n © 1

w=" U5 w=" ' 5 wizw2 > Y2 =1 Ans.
2. w =80 rad/sec,t=5sec, wo=0

6="7

If o constant, then a

=5 (%)
o=\ 2 Ji=\ 2 J5-200rad Ans.

3. Speed = constant
In uniform circular motion, velocity and acceleration are constant in magnitude but direction is change.
Therefore velocity and acceleration both change.

1

5. V=wr=V=30x2nx 2 =30n
orx 120rad
7. w=2nxf= 60 sec. _ 4n rad/sec.
2n
8. Use=w= T
10. Minute hand of a clock rotates through an angle of 2rin 60 minutes i. e. 3600 sec
20 T

~ Angular velocity w = 3600 = 1800 raq/s

2 2r
11. Wsecond = T - 60 rad/sec.
2r
v=wr= 80 x0.06 m/s =2r mm/s Ans.
A=Vi-V 2 v=2¥21 mmis Ans.

1 AV=V-V,_ V—(-V) _ oy
V.

[AV] = 2v = 2 x 100 km/hr = 200 km/hr. Ans
_totalo_
13. Warg = <w> = total time

&——

2
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Circular Motion

2n/3+27/3 ﬂ
= 2+1 = 9 rad/sec.

1 1
0= 2 at2 aswo=0= 2 x4 x 42=32rad

2

14,
w=at=4x4=16rad/sec.
1
15. 8=uwot+ 2 at?
w=wo+at=1+15x2=4rad/sec.
16. Angular velocity of particle is,
2r 1
w=T orwx T
It simply implies that w does not depend on mass of the body and radius of the circle.
o T
. Wy — T
but time period is given same, i.e., T1 = T2
O 1
Hence, ®2 =1
18. For a particle moving in a circle with constant angular speed, velocity vector is always tangent to the
circle and the acceleration vector always points towards the centre of circle or is always point towards
the centre of circle or is always along radius of the circle. Since, tangential vector is perpendicular to
radial vector, therefore, velocity vector will be perpendicular to the acceleration vector. But in no case
acceleration vector is tangent to the circle
19. When a force of constant magnitude acts on velocity of particle perpendicularly, then there is no change
in the kinetic energy of particle. Hence, kinetic energy remains constant.
1 2
0=aoyt+—at
20. Using relation 2
1 2
0, =—(0)(2) =2u
1=2(®)02) (i) (As @0 =0t=2sec
Now using same equation for t = 4 sec, wo =0
1
0,+0, =—a(4)? = 8a
2 ....(ii)
0
“2_3
From (i) and (i), 1 = 2* and %> = 6 . 01
de d .3 2
ow=—=—(2t" +0.5) =6t
21. ot dt' ) att=2s, ©=06x(2) =24radis
22. In non-uniform circular motion particle possess both centripetal as well as tangential acceleration.
SECTION (B)
1. Angular velocity of every particle of disc is same
ar = warp, ag = warg
T Ip>rQ > ar>aog Ans.
2. For circular motion of particle ar not equal to zero, at may or may not be zero.
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No.of revolutions 25

3. Time period = time = 14 =1.79 sec. Now angular speed
2r  2x3.14
w= T = 179 =351 rad/sec. Now magnitude of acceleration is given by
a=w?l=(3.51)2x 80 =985.6 cm/sec? = 996 cm/sec?
4, In a circular motion
2 2
% a (Vz] (2\&}
a= T a _ V1 = Vi =4
5. In circular motion, necessary centripetal force to the man is provided by effective weight of man.
Thus,
99
2
mx9g=mrw2=mrx4n2n2  or n= V4rTr
9%x10
. 4x(3.14)* x5
Given, r=5m = n= =0.675rev/s
6. Rate of change of momentum is force which is in radial direction in unifom circular motion, so ans. (c)
v
7. ac= I , Radiusis constant in case (a) and increase in case (b). So that magnitude of acceleration is
constant in case (a) and decrease in case (b).
8. a=a
v
a= T
a’.
Tedeam
F1 — (
F_mv? (BRJ 9 mv?
9. R = 2 =4 R F
1_ 9
F-F (—1}400 §x100
Force increased= F  x100 = =4 =125%
11. There is no relation between centripetal and tangential acceleration. Centripetal acceleration is must for
circular motion but tangential acceleration may be zero.
mv;  mvj Voo n
12. Fci1 = Fcz = o= T = vo N2 - V2 Ans.
13. T = mw?r
= T1=2T = mwi?r
w1=‘/§w=‘/§x5= V0 - 7 rev/min Ans.
14. In uniform circular motion tangential acceleration remains zero but magnitude of radial acceleration
remains constant.

2
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SECTION (C)

2.

3. T= 1 = 1 = 8N
5. wlr=ar= w?=9.8/20 x 102, w =7 rad/s
2
%)
6. p=mv,&F=mvir=>F=m m Ir = F = p%mr
2
< kom? \/?
7. F= r r=1r m So, independent to r
9. Here : Mass of car m = 500 kg
Radius r =50 m
36x5
Speed of car v = 36 km/hr = 18 =10mis
2
mu2  500x (10)
The centripetal force is givenby F= = 50 = 1000 N
mv?  mv
10. Fci1 = Fce = = kR
oo n1
v2 2\ 22 Ans.
12. NcosB = mw?.r ....(i)
Nsin® = mg (i)
03 3
tang= 0.4 = 4 from (i) & (ii)
\_—/0!
0.3m
mg
mg g 10x4 100 10
tand = mﬂ)z.r = (.1)2 — r.tano - 04 X3 - \/5 = w = \/g red/sec
13. w = const., for all three particles
v
w= 3¢
TA TB TC
o—_
A B C
Tc=mw? 3/
Te— Tc = mw?2/
Te =5 mw?¢
Ta—Ts = mw?/
Ta =6 mw?/
Tc:Te:Ta:3:5:6 Ans.

Centripetal force is constant in magnitude that means speed is constant and due to change in direction

velocity is variable.

mv?  0.5x(4)

2
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T_9n fcosH
14.  h=/cos® g
h
/o
16. When train A moves form east to west
m(v + oR)? m(v + oR)?
mg — N1 = R = Ni=mg — R
N1 = F1 When train B moves from west to east
m(v - oR)? m(v - oR)?
mg — N2 = R = N2 =mg — R
N2 =F2
F1>F2 Ans.
S
17.  Vv=72kmh=72x 18 =20 m/s
v2 400

a= " = 80 =50

5 1 {l}
tang= 9 =10-2 = 6 =tan1\?

18. Cen't‘(_i.pital force provided by friction umg > T

Vzn"r h-.‘.':
f
19. In uniform circular motion resultant horizontal force on the car must be towards the centre of circular path.
F
20. Maximum retardation a = pug
For apply brakes sharply minimum distance require to stop.
V2
0=v2-2ugs = s= 2ug For taking turn minimum radius is
v v
ug = r, = r= Hg ,

here r is twice of s
so apply brakes sharply is safe for driver.
21. T = mw?./

&—

2
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23.

NOTE :

24,

25.
26.

27.

To=mwo?.lo
T1=m (2wo) 2.(2/0)

;

e = 8'M W02lo
T1=8To
Since, speed is constant throughout the motion, so it is a uniform circular motion.
Therefore, its radial acceleration

2 2
(27[“]2 47_[2”2 1X4XTC X4(22)
2 44
azrw?=r t =rx = ( ) =2 m/s?
This acceleration is directed along radius of circle.
v
1. In uniform circular motion dt =o0.
Thus, aa=0and a = ar = rw?
dv -
2. In accelerated circular motion dt s positive i.e. s along  or tangential acceleration of
v
particle is parallel to velocity ¥ because Y =rw € and @ = dt &
av
3. In decelerated circular motion dt js negative and hence, tangential acceleration is anti-parallel
to velocity V.
Using the relation
sz mv2
rr =pR, R=mg I =pmg or v2 = urg or v2=0.6 x 150 x 10
> v=30m/s

Due to centrifugal force.

Tangential force (Ft) of the bead will be given by the normal reaction (N) , while centripetal force (Fc) is
provided by friction (fr). The bead starts sliding when the centripetal force is just equal to the limiting
friction.
Therefore Fi=ma=malL=N
~ Limiting value of friction (ff)max = pN =pmal .......... Q)
Angular velocity attimetisw =at

Centripetal force at time t will be

Fe=mLw? =mLo?? ... (2)

Equating equations (1) and (2), we get

K K
t= \E For t>'% | Fc>(f)max Ii.e.the bead starts sliding.
In the figure Ft is perpendicular to the paper inwards &

T sin@ = m Lsin® w?
71774

mg

324 324 18

324=05%x05x w2 = 2= 05x05 5  =-V05x05 o - 05 36 ad/sec.

SECTION (D)

2
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1. Force is perpendicular to v
ﬁ mv?
R=9. = R= F Ans.
2. Att=0,t=0
aL =(gcos 6,
V2 U2

R = a — gcos®

3. It can be observed that component of acceleration perpendicular to velocity is
2
vioo@2p
ac=4m/s?. radius= % = 4 =1 metre.

* As we know :
v2
Ac = R (centripetal acceleration)
v2 vg VP vy
Fromfigure;gsine:ﬁ = g.T:E (Since;sinelzv) > Rav?
SECTION (E)
1. at lowest point
mv?
T-mg= T
T
l mg
mv?
T=mg+ T
2. Let the car looses the contact at angle 6 with vertical
mv?
mgcos6-N= R = N=mgcose—- R
During ascending on overbridge 6 is decrease. So cos 6 is increase therefore normal reaction is increase.
3. For circular motion in vertical plane normal reaction is minimum at highest point and it is zero, minimum
speed of motorbike is -
mv?
mg = R = V= 9R Ans.

2
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2

2

myv
4, T-mgcoso= T (1)
(from centripetal force) from energy conservation.
i1
2mu2 2 = mv2+ mgr (1 - cos 6) (here u is speed at lowest point) from (1) and (2)
2
mu
T= T +3mgcos6-2mg for6=30°&60° = T1>T2 Ans.
5. Normal reaction at highest point.
mv? mv?
mg-N= T = N=mg- T
Ra > Rs = Na > Ng Ans.
7. V=V5kg _ J5x6.4x10 - 45 _4x24=06mis =102 mis
9. T - mg = mrw?
3.7 Xg —5g = mrw?
f3.7 -g-0.5¢ fg(3.2)
0.5x4  —y= 2 =4radisec
12. T - mg = mrw?
mv?
3mg-mg= R
mv?
2mg = R v2 = 2gR
%m\f2 =mgR(1- cos0)
cos6=0 =A06=90°
13. For just slip = pmg = mw?r
here w is double then radius is 1/4"
r=21cm Ans.
r 2
B fE =
14. mrw2 = /mg, w= V'Vl T=2nr 9- 10 o x2 V10 =4 g
15. Let v be the speed of B at lowermost position, the speed of A at lowermost position is 2v.
From conservation of energy
1 1 /2
2 m(2v)2+ 2mv2=mg (2¢) + mgl. Solvingwe getv= "2 gr.
16. When a string fixed with a nail, moves along a vertical circle, then the minimum horizontal velocity at the
lowest point of circle is given by u =V 519 _ 5x0.25x9.8 _ 35 g
17. Energy conservation between
point A & B
(KEE. +P.E)a= (K.E.+ P.E.)e
Q U=0
1
0+0= 2 mv2-mgR
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18. ()
1 1
(iand 0+ 2 mu2=mg2/+ 2 mv2
m m
(i) Ti—T2= L w2-v®)+2mg= £ (4g0)+2mg
Ti—T2=6mg.
1
19. mgh = 2 mv2 2gh = v2
V2 >5¢gR 2gh >5Rh
S
h> 2R
20. Particle will leave the surface at cos 6 = 2/3
2 5R
Height from bottam H = R cose +R = 3 R+ R= 3
5x42 5x 21
= 3 3 =35cm
_u2 +mg
!
T mv? mg 1 1
21. To- 1 2 muz- 2mv2=2mg/
f’l IT:\\‘\
oo J
\\\‘- FE;,,
= u
mg
> uw—-v2=4g/ = u=4gl+vz2 = 4v2—-4gl=u?+ g/
>al /3x‘|0E
4v2—A4gl =49l + v+ gl = 3v2=9 g/ = v= Vgt = 3 =10mis
22. Maximum kinetic energy of swing should be equal to difference in potential energies to conserve energy.
From energy conservation
1
2 my2 max = Mg (Hz2 — H1)
Here, Hi = minimum height of swing from earth's surface = 0.75 m
Hz maximum height of swing from earth's surface = 2m
1
2 mv2 max = mg (2 - 0.75) or Vimax = ¥2x10x1.25 _ V25 _ 5 pyq

2
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23. Key Idea : When stone reaches a position where string is horizontal, it attains the energy partially as
kinetic and partially as potential.
When stone is at its lowest position, it has only kinetic energy, given by
1
k= 2 mu?2 At the horizontal position, it has energy
1
E=U+K= 2 mu?2+mg/ According to conservation of energy,
u
1 1 1 1
K=E = 2 mu2= 2 mu?+ mg/ or 2 mu2= 2 mu?-mg/
u!
/
fo] L
/
u
2 —
or u'?=u?-2g/ or u= VY 2gt .. ()
So, the magnitude of change in velocity
— — 12 2 " o — 12 2 2 U2 - gE
|AU|=|U|=\/U +u“ +2u'ucos90 |Au|=\"u +u =\J ( )[fromEq.(l)]
-
> >
Au u'
24. For circular motion in vertical plane normal reaction is minimum at highest point and it is zero, minimum
speed of motorbike is -
sz
V= aR Ans.
+ N=0
25.
at loose contact N =0
sz
mgcos 6= R ....(1) from energy conservation
1
mgR(1 — cos 8) = 2 myv2 ...(2) from (1) & (2)
2 V5
cos @ = 3 = sihng= 3

2
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g

tangential acceleration = g sin 6 = 3  Ans.

26. (1) Difference in kinetic energy = 2M8r =2x1x10x1=20J

27. Since the block rises to the same heights in all the four cases, from conservation of energy, speed of the
block at highest point will be same in all four cases. Say it is Vo.
mV;
Equation of motion willbe & N+ mg= R
mV;
or N= R _—mg
N+mg
R (the radius of curvature) in first case is minimum. Therefore, normal reaction N will be maximum in first
case.
28. Net acceleration @ of the bob in position B has two components.

A

a,
-

0] @ = radial acceleration (towards BA)

-

(i) a = tangential acceLeration (perpendicular to BA)
Therefore, direction of 2 is correctly shown in option (C).

SECTION (F)

1. Here required centripetal force provide by friction force. Due to lack of sufficient centripetal force car
thrown out of the road in taking a turn.

vZooh bv?
3. tano= 9 =b 5p= RO
fs
4, mg=mw?R,w= R
2
vio_h o, _ frgh _ [50x15x98 g 57/
5. 9 Iﬁ I 10
2
tanB:V— tanQ:D
6. We know that Rg and b

b
Hence © RI o Rg

&—

2
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The maximum velocity for a banked road with friction,

vZ=gr h+tan v2 —9.8x1000x| 22 +1
1—-ptan® 1-0.5x1)_, v=172m/s

For critical condition at the highest point

o= JoR T_—_2nJ_ 2x3.14.,/4/9.8

= =4 sec.
vZ 20x20
tang= RY = 20x10
tan® =2
06 =tan™!
EXERCISE-2
1 2352 s |22
K:a52=>~a52—2mv2 = =v sv= m
dv 2a 2a 2a |2a
a, = [ v, [22 a, =s,|— ,]
dt - dt m =
v2
a—s—:>ma = 2as — _ [F2 L g2
= ! m ! = mac= M Fret = JFC +F¢ So we get Ans No (2)
Fc = mk2 rt2
v
ac=krz=r = v = krt
dv
at = dt =kr _
Ft = mkr = P=F.v ( Fe vV =0)
P=F vV omkrxkt =mkar2t Ans

Givenve = 0.5 \/g_r
Assume block leave the contactat C, N =0

mva
' =mgcos6 e (1)
1 1
from energy conservation 2 mvg?+ mgr (1 —cos 8) = 2 mve ........... (2)
from equation (1) and (2).
t (3] 1 3 3
2m +mgr(l-cos8)= 2 mgrcos6 =coso= 4 = 8= 4 cos! Ans.
20
r= T m, a=constant
n=2nd revolutlon
v =80m/s
v 80

wo=0,wr= T = 20/7 = 4gnrad/sec. 6 = 2n x 2 = 4n from 3 equation
w?=we®+200 = (4n)2= 0%+ 2 x a x (4n) > a = 2n rad/s?

20

ar=ar=2nx T =40m/s? Ans.

2
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3L/4
s
L/4 % o' %
T
6. ® !
ML
Ti—-To= 2 w2 2
T1>T2 Ans.
2 2

7. By using equation® ~ 0 2a0

2
(‘”—OJ —of-2a(2mn) o-3 o5
2 > 44nx36 (n=36) .()

Now let fan completes total n’ revolution from the starting to come to rest

2
' Mg

0= mg —20(27n") - :

o 00 4x4nx36 _ o

4am Substituting the value of a from equation (i)

- 2
4 3wy Revolution number of rotation = 48 — 36 = 12
8. T'a:|T||a|cosB:0
either | T|=0 or |la|=0 or 6 =90°
2
vz =0
a= T - for whole motion there is velocity.
So T=0,
mv? my?2
T=0 for T+mg= ¢ = T= I —-mg
2 B FTV0N
; o
~.-- *
u
1 1 mu?
mg2/+ 2 mV2= 2mu? = VZ=uz-4¢gl = T= ¢ _s5mg
T=0 or T<0
u<.5gl
Vo9 ()
9. T'a=|T||a|cose ~
6 = 0° at lowest point. So Ta_ | T||a]z=0 for every value of u
10.  "V=|T[|Vicose _
6 = 90° every time. So, TV 2 0 for every value of u.
11. By energy conservation,
1 1
2 muz= 2 mv2+mg/(1l - cosh)
SgL
= V2=U2-2g (L — L cose) = 4 =5gL-2gL (1 - cos8)

2
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5l
2
ot
5=20-8+ 8 cos6
7 3%
cosp=- 8 = 4 <o<n
1 mv? K mv? 1 k
12.  KE=2mv2 - F= R cF=rP =1 2 mv2 = 2r
k k K K K 1
. IFdr _[[r_zJ dr == A A
Potential energy U = = .Totalenergy=U+K= I 2r = 2rgq -2r
EXERCISE # 3
PART -1
1. Centripetal acceleration
2r\? 2 Y
(_’T] [ "] x5x1072
ac= wir= T - \02n = 5 m/s? tangential acceleration is zero as constant speed so
[~ 2 2
acceleration = V3¢ T3t =5 pmps2
v? V2
R =1
2. For banking tan 6 = RY tan 45 = 90x10 V =30 m/s
3. For smooth driving maximum speed of car v then
2
mve
R HsMJ N v =Ry
mv,’ 3 2mv; 3 4mv’
4. Fe= F (1/2) r S0, v1 = 2v>
5. Xx=45m2nt, y =4 cos (2nt)
Squiring and adding X2 +y2 =42 > R=4 > Circular motion
V=wR=(2n) (4) =8n So, Ans. is (2)
6. To complete the vertical loop, the minimum speed required at the lowest point = JggR_ So, ansis (1)
7. Wai = KE 1
1
(may)(s) = 2 mv?
(10 x 10%)(ar) (4t x 6.4 x 1072) =8 x 10 > ar= 0.1 m/s m/s. Ans. will be (2)
8. For maximum speed the tendency of body is to slip up the incline
Vi  tanf+p [tan9+p}
Hence RO = T-utanod O Vimax = 1-ptand
Al
9.
V2 V2
ac= T = 15c0s30° = 22 > V2 =32.73 = V=5.7m/sec Ans.
T

2
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mv2

Net force T= £

11.

Velocity of the block at the lowest position = V 2gh to just complete the vertical circle :

D
R_ % Es)

v2gh =y5gr h= 2 2 o h= 4
12. In vertical circular motion, tension in wire will be maximum at lower most point, so the wire is most likely

to break at lower most point.
13. To keep the block stationary

N
pn=0.1
uN =mg
mg  10x10
N= H = 01 =1000
mv? NR 10001
Block is rotating about its axis - N= R = v=¥m = 10 = 10 red /sec
Vo
14. Particle attains velocity vo after nth round w=T
2
z () =
C 2
w2= Do +200 = (wo =0, - particle initially at rest) = r =2q(2nn) = a= 4mnr
PART -1l

1. S=t3+5

Linear speed of the particle

s
v= dt —3patt=2s = v=3x2%)m/s =12 m/s
dv
Linear acceleration a1 = 9t =61t att=2s, => a1 =12 m/s?
2 22
%
=  an a2 g2 2 2
The centripetal acceleration az= R = 20 m/s2=7.2 m/s?: aner= V31 782 = V12°47.2° = 14 pys2
Y
X

2.

2
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v? V2
ac=— R cosoi- R sino |
3. They have same w.

Centripetal acceleration = w?r
2
a on _h

2
8y _ 0l 2

F_E_m(DZR

4
(,0201 1 E n+1

Rn_1: W T= © So TaR 2

‘/_\.\7[ ki) 1

5. =2vsin 2 =2vsin30°=2x10x 2 =10 m/s
t- ™

6. 20

2
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