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Circular motion
Circular motion on a smooth horizontal surface

Example 1

A particle of mass 0.8kg is attached to one end of a light inextensible string of length 1.2m. The
other end is fixed to a point P on a smooth horizontal table. The particle is set moving in a circular
path. If the speed of the particle is 16ms™;

(i) Determine the tension in the string and the reaction on the table
(ii) If the string snaps when the tension in the string exceed 100N, find the greatest angular
velocity at which the particle can travel.

R R=0.8gN =0.8x9.8 = 7.4N
0) (ii) T = mw’r
100=0.8 x w’x 1.2
0.80N w =10.21rads™
(i) T=F= m:z = 08X16% 176 667N
Example 2

A ball is tied on an elastic sting of natural length 30m to a fixed point on a smooth horizontal table
upon which a ball is describing a circle around a point at a constant speed. If the modulus of
elasticity of the string is 100times the weight of the ball and the number of revolution per minute is
20. Show that extension in the string is approximately 4.7m

R A 100mg
e=——e
30

v (1))

Eqgn. (i) and (ii)

2
mgN 10:%€= m(gn) (30 +e)
T=F=muw’r 98 x 3e = 4m2(30 + e)
- —onf(20) = 2 - 4m%x 30
w =2nf 2n(60) 37 andr=30+e e= = 4.6532m =~ 4.7m
2
T=m(§r[) B0+ €) e, (i)
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Motion in a vertical plane
Particle in fourth quadrant

Consider a body of mass m attached to a string (light rod) of length L and whirled in a vertical circle
with a constant speed v. if there is no air resistance to the motion, then the net force towards the
centre is the centripetal force. Tension in the string acts in the same way as the reaction R

D v’ = u’ - 2g(L —Lcosb)
u” - 2g(L -Lcos180) > 0
- ¢ u>>2g(L +L)
LE E‘ZOSBT 5 e U* > 4gL e (iv)
Ahum/s ° gcos Put (ii) into (i)
9 T = m[u?-2g(L-Lcos6)] + mgcost
my? L

At equilibrium at B: T- mgcos6 =

T = m[u?-2g(L—Lcos)|+mgLcos6
a L
2

T = %(u2 —2gL + 3gLcosh) ..... (v)

But v’ = u” + 2as ' o
If the particle attached to a string, it can

a=-g,s=h=L-Lcos® complete circle when T >0 and 6 = 180°

VZ:UZ_Zg(L—LCOSG) ......... (II) T :%(uZ _sz + 3gLCO$9)
when the particle comes momentarily to %(uz —2gL +3gLcos8) >0

rest at some point A, thenv=0 m
T (u? — 2gL + 3gLcos180) >0
0 = u’ - 2g(L —Lcosb)
(u? —2gL —3gL) >0

If the particle is attached to a rod, it can it

can complete circle when v > 0 and 8= 180°
Example 3

A particle P of mass 5kg is suspended from a fixed point O by light inextensible string of length 1m.
The particle is projected from its lowest position at A, with horizontal speed of 4ms™. When the
angle AOB = 60°, find

(a) SpeedatP (b) the tension in the string at P
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5(§x42 +9.8x0)

5(5x4%+9.8x0) =5(5x 42+ 9.8 (1 - cos60)

5(§x42 +9.8xh)

(@)
v=2.49ms™
O™l
L Loost vm/s e
E . B T = -t mgcos6
5]
A um/s gcost 5(2.49)?
g T = — + 5 x 9.8cos60 =55.5N

T.M.E, = T.M.E,
Example 4

A light rod of length 2m is pivoted at one end O and has a particle of mass 8kg attached at the
other end. The rod is held vertically with the particle at A, directly below O and the particle is
given an initial speed ums™; find

(a) Find an expression in terms of u and 0 for the speed of the particle when at B where angle
AOB =6
(b) Restriction on u2 if the particle to perform complete oscillation

D
v=4/uz —2gL(1 — cos)
If the particle to perform complete oscillation
0 C v>0and 6 = 180°
O™T
ol vm/s 0° = u® — 2g(L —Lcosb)
E B
h 2
= Nmgcose u”—2g(L —Lcos180)> 0
9 u?>2g(L+L)
At B: v’ = u’ + 2as u> 4gl
a=-g,s=h=L-LcosO W>4x9.8x2
v? = u”> - 2g(L —Lcosb) W2>78.4

Example 5

A particle P of mass 8kg is suspended from a fixed point O by an inextensible string of length 2m. the
particle is projected from its lowest position A with an initial speed ums™. Find

(a) An expression in terms of u and 0 for the tension in the string when the particle is at B
where angle AOB=0

(b) Restriction on u2 if the particle is to perform complete oscillation
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C
O™l

L Loost vm/s

E H eB

A um/s gcosd

9
At equilibrium at B:
2
T - mgcosB = %
mv? .

T = - + mgcoso ............ (i)

vZ =u?+2ah
a=-g,s=h=L-LcosO

v? = u? — 2g(L —Lcosb)

v=y/uz —2gL(1 — cosb).....

Put (ii) into (i)

Particle in first quadrant

(i)

_ m[u?-2g(L—Lcosh)]
- L

T + mgcos6

__ m[u?-2g(L-Lcos®)]+mgLcos®
- L

T

T == (u? - 2gL + 3gLcost)

for the particle attached to circle when T>0
and 6 = 180°

T = %(u2 —2gL + 3gLcos6)
%(uz —2gL + 3gLcos6) >0
%(uz — 2gL + 3gLcos180) >0
(u®* —2gL—3gL)>0

u? > 5gL

u?>5x9.8x2

u? > 98

Consider a body of mass m rolled from the top of a sphere of radius L. The normal reaction R acts

outwards

At equilibrium at C

2
mgcosB — R = %
’UZ

R = mgcosb - T e (i)

Example 6.

v2=u’+2ah
a=g,s=h=_L-LcosB

v? = u” + 2g(L —Lcosh) ....... (ii)
Putting (ii) into (i)

m[u?+2g(L—Lcos0)]
L

R = mgcosh -

mgLcos8—mu?-2mgL+2mgLcost
L

R =

R= %(3gLCOS@ —2gL — u?)........(iii)

A particle of mass 5kg is slightly disturbed from rest on the top of a smooth hemisphere, radius 4m
and centre O, resting with its plane face on horizontal ground.

(a) Show that the particle leaves the surface of hemisphere at point C, where the angle between

the radius OC and the upward vertical is cos™ 3
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(b) Find the speed at C

Dum/s

R
h=L-Lcos @
LcosB
L ecos © vm/s
T mg
0
At equilibrium at C
mv?
mgcosO — R = -
mv? .
R = mgcosO ST s (i)

v2=u’+2ah
u=0,a=g,s=h=_L-LcosB
v? = 2g(L —Lcosh) ....... (ii)
Putting (ii) into (i)

m[2g(L -Lcos0)]

R = mgcosB - .

Thank you

Dr. Bbosa Science
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__3mgLcos6—-2mgL
o L

R
When the particle leaves the surface of the
sphereR=0

__3mgLcos6—-2mgL
- L

0

3cosB =2

1

wilnN

0 =cos™
From eqn. (ii)

v? = 2g(L —LcosB) = 2g(L —L x %)
V'=2gL=2x98x4=261333

v=5.1121ms"



