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Circular Motion

SOLUTIONS

Exercise-1I (Conceptual Questions) 8. oA
A
4 4
1 ac= 7 = - = vi=-—
r r r
2
= v=—
\/; 3
2m 10. @:@zw =6t2+0
Momentum p = mv = T dt dt
r
‘ q Att=2 o =24 rad/s.
1 1 = = Oir =
2. Uniform mo‘tlon ar=0and ac = o?r =vo 11. WD = F.d cos 90° = 0
So acceleration ac = ve 12. At constant angular velocity, angular
3. ®=— = const. v v accelerationi.e, o =0
t ~
- Uniform circular motion 13. -mvi
- Magnitude of velocity is v v R
constant but the direction of velocity change mvi
7 n —n) =
4. r=12cm ; n=—— =0.07 rev./sec | Ap|—‘(pf b, )‘ =2mv
100 sy
. ve r‘o
® =21n V = ®r = 271nr 14. Acceleration = - = - =rm?
1
22 - - -
V:2x—xlx12=5.28cm/sec. r=50cm m—Znn—anE
7 100 ,
~ 5.3 cm/sec. acceleration = S0x4n =493 cm/s?
5. o=2nn=2nx2=4nrad/sec 15 _
* O
a; = 0 (because ® = const.) AC
anet =ac = ®° r = 167* x 0.25 = 477
\%
6. v
. 100
v v 16. Angular velocity (o) = 2nn = 27 x
7. T=mar, =10.47 rad/sec
2 n? 27 2
for constantr = T—2 = ) = N 17. T = —, For particle of mass M, Ty = il
T, (Df nf © ®,
2n
2 : i
E _m _ n; =25 %2 For particle of mass m, T, = o
T (5)2 . 2
since T1 =T»
= nz=7rpm 2n_2n e _q
0‘)1 (DZ (’02
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18.

19.

20.
21.

22,

23.
24,

25.

26.
27.

28.

31.

32.

_ 27 on
"~ 60x60 1800

2
a=,al+a’= (2)2+% =2.7m/s?

6=90°,WD=0
v=or=2nx3x0.1=1.88m/s

) rad/sec.

2 2
c= V_:& = 35_5 m/SZ
r 0.1
2
T="Y _14355-355N
r

Distance s = 2(27nr) = 80m
by v2 = u2 + 2ars
B v:—u? B (80)* -0

aT
25 2(80)

a, =40m/s’

v=ro=v=05x70=35m/s

centripetal acc.ac = w?r=n2x 1 =12 m/s?
(towards the center)
0o =2nn=2nx 10 =20n rad/sec

o=0
t=120 sec
o =0+ at

0=20m+ax120
a=-= rad/s?

a=oaR
In uniform speed angular acceleration (o) =0

2 2 2
F, = myv Fy= m(3v) _ 9mv _3F,
(3r) 3r
T =mo?r
2 Tmax 100
o> =

™" mr 100107 x0.1
=  Omax=100rad/sec
Fc = mw?r =m (2n n)2r

Angular frequency n = constant

F
Fc < r SO & =£
E r
= FCz =2FCl =2F

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

2
Fe = mv :0.5><4><4 — 20N
r 0.4
@V
Anticlockwise Clockwise ¥V

Centripetal force always toward centre.
In uniform circular motion.

magnitude of v = constant

so a=0;a=#0

oy W

= mro? Tmax =10 N

At Balancing point Tmax = Fop = 10 = mrw?
®? =400
= o=20rad/sec.

Fgravitation = Fcentripetal

Feen = mrow?
=6x1024x 1.5x108x 103 % 4 x 10-14
=36 x 1021 N
2 2
pomv :500><(10) ~1000 N
r
2
FC:mv
r
. mv? m(2v)
FC: ; :—( ) :4FC (r':r)

r r
Lack of centripetal forces causes overturning.

b
)

VZ

h
b R
h

tanezsinezh
b
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44. 49. At highest point minimum possible value of
tension is zero.
2
50. T="Y 4 mg cosO Vo
r /
as 0 increases cos0 l‘\
TcosO=mg and v N
Tsin 0 =mro’ both decreases
ro? ** v maximum at lowest
tan0 =
g point
45. Tension at 6 displacement . T maximum at lowest point
2
T=mgcos0+ 51. (D:\/T—mg:\/30—0.5><10 = 5rad/sec
mr 0.5%x2
at extreme position v =0 52. For looping the loop minimum velocity at top
T = mg cosO pointv = /gL
(at extreme position) time taken by particle
1 2h 2% 2L L
46. h=/(-/cos60°=/(-(x= t=|—= =2,/
2 8 8 g
=10/2 < L
/ . horizontal range x = vt = /gL x2 |- = 2L
by law of conservation of g
mechanical ener 2
&Y 53. T=2_ . mg cos6
1muzzlmvz+mgh * [/sin60° r
2 2 S as 0 increases cos0 and
2oz 2 Y v v both decreases hence
Viswim cgo for 6 = 60°,
\/71 T will be lessi.e., T1 > T>
v=,/(3-10x==2m/s 2
2 v 3gr
54. a,=—= 26T
1 r r
47. O+mgh=EmV2+0 ac=3g
= =./3gr
V2 = ZgL @ VO \/5 v
= v=4/2g8L
2
T=mg+ mv
v, =4/5gr
m
T =mg+ —x2gL
L 5. T =m +mv2—m + B 5er =6m
T =3mg © e TTB S Mg Xoer=5oms
2
mv Tmin = O
48. T=——-mg Ty~ Ton = 6mg Vo= Jer
2 6mg = 2g
= <) 1x10=6N 1 0
m= 5 kg
v=.,/5gr
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56. Accto COME at point P
KE of stone = PE
gained by stone.

1
Em(5)2=m><10><h

h= 2—5 =1.25m
20

57. N:mg+m

______
- S\

58. %m(SRg) =mgh

h=R
2

Rzth =2cm
5

59. Atposition B tension is maximum ;
2

T=mg+ mv
r

mv
r
mg
2
60. v =mg
r
o V=4/gr
mv’
61. T-mg=
r
2
) 52 9= 0.2v
- v=5m/s

62.

1.

0’ GPE

mg/(1—cos0) = %mv2

Exercise-II (Previous Years Questions)
(Fc)neavier = (Fc)iighter
2mv’  m(nv)’
(r/2)  r
= n¢=4-—n=2
By using work-energy theorem, W=AKE

1,
(ma¢) (4nR) L mv’ Emv
= nR) = — =a =" 7
- 2 “" 4mmR
-4
ar= 8x10 =0.1m/s?
4%3.14x10x107° x6.4x107*
OR
1
“mv’=KE = l[i},z =8x 104
21000
>v2=16x102=>v=4x10-1=04m/s
Now,
vZ=uZ+ 2as (s =4nR)

= 16 =0%+2a, 4x 22, 04
100 7

16 7x100

X =0.1 m/s?
100 8x22x6.4

— at =

4.  When minimum speed of body is /5gR , then

no matter from where it enters the loop, it
will complete full vertical loop.

2 +tan©
5 V—:tan(¢+9): tand+tan® _[ p ttan
Rg 1-tan¢tan® |1-p tanO

W, +tan0 _
= v= |[Rg| —=— — s=tan
v \/ gL_MS tanﬁ} (1 )

OR
Check by dimensions.

2
. . \%
6.  Centripetal acceleration = Y =acos30°

= v=+/aRcos30° =1/15x2.5x§ =5.7m/s
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7. T=coswtx+sinoty 13. 6=(2mn), w0 =0, 0 =Vo/r
Vv =-0sin ot X+0cosot y a:(ﬂz—@ﬁ __ WV /ry-0_ Vv
. 2 A g A 20 2(27n) 4nnr?
a=-’cosotX—o’sinoty
S eF—0 4 Ao _(1200-360)(2n)
At 60x14

velocity is perpendicular to r.
o = 2nrad/s?

2

= a=-0'(r)

acceleration is directed towards the origin. 15. T-mg= mv
8. Net force on the particle in uniform circular r
motion is centripetal force, which is provided m(7gr)
by the tension in string. = T-mg= r
9. T 1 ical circl A
o complete a vertical circle, speed at . T=8mg
should be v, — /5gR = 5ng 17.
1 g
using energy conservation mgh = Emvi
h-lYva_15gD_5D
2g 2g2 4
D . :
(R = —) Along the axis of rotation
’ <o |ig s
10. fi=pN =umrw? i - Ks=ma
L
fs = mg [~ fL= mamax
Asf,<f, fs 4 W Mg = Mdmax
= mg < pmrm? ?—VN Amax= g
= o> /E e =0.15(10)
Hr =1.5m/s?
n = — .
= Omo =10 rad/s , —t 19. Direction of velocity and centripetal
mv i
11. T-mgcos6= R ' acceleration changes continuously so v is not
constantand & is not a constant.
20. Fp=mag
m
T will be maximum when 0 = 0°, Fep = mo?r
When mass is at lowest point. T = me?
12 TA = TB = moT
- 2n_2n Now speed becomes "2’
O, O T' =m(2w)2r
0, T' =4 mw?r
= —=1:1
0y T' =4T
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21.

22,

23.

In uniform circular motion direction of
velocity and acceleration keeps on changing

T = mw?r
T oc ®2
T

2
2_| %
Tl 0‘)1
AT (o,
= —=| =2
T |10

= 02=20rpm

21 21
O="— x="t
T T

o 1
— == =const.
X t

.. 1 minute

Exercise-III (Analytical Questions)

\%

dn

\%

a; : tangential acceleration
an : Normal acceleration
dt = 0

VZ

anz0;a,= —
r

For (A) Vi =V’ - 2gl = 9gl - 2g( = 7g(

= v, =478/

For (B) V2 =v; -2g(2¢)=5g/
= v, =4/5g(

A 2
For (C) T<—I T, = m;,B =7mg

mg
\2 2
For (D) <_$T T.+mg= MY
T 14
= T.=4mg
As Vy2=V.2 - 2gh where h = 2r
V]—[2 = VLZ - 4gr

Now, Vi, = 2Vy (given)

o Vi = /% &Vi=2Vy=2 /%

2
Th = Tonin = —0H —mgzg
r 3
2 19
TL:TmaX: m+mg: —mg
r 3

As v = 2t and let radius of circular path is r
then

dv
ar= a 2
_vi o4t
T
Therefore,

|2 .2
a=,Jal+a’

4
a= 4+162t
V r

.. (B) and (D) are correct.
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