Further Mechanics 2 SolutionBank

Circular motion 1D

1l a Let the speed of the particle at the lowest point be
v m s, and the tension in the rod be TN.

At the lowest point the particle has fallen a distance 0.5 m,
4 so the P.E. lost =0.6xgx0.5

and the K.E. gained = %x 0.6xV°

LOBXQXQSZ%x06xW

06g

vi=g,v~3.13ms™

b At the lowest point, the force towards the centre of the circle

2
—T-06g = 066;

=T =0.69 +%=1.8g ~17.6N

2 a y Let the speed of the particle at the lowest point be v m s,
and the tension in the rod be TN.

At the lowest point the particle has fallen a distance
0.6 m, so the P.E. lost =0.4x g x0.6,

and the K.E. gained = %x 0.4xV?

LOAxngGzleAxW
vms 2

Vi =2xgx0.6=1.2¢g, v~3.43ms*

04g

b At the lowest point, the force towards the centre of the circle

2
~T-04g= 064;

. T-04g +%:2g ~19.6N
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Let the speed of the particle at the lowest point be vim s,
and the tension in the rod be TN.

At the lowest point the particle has fallen a distance
0.3c0s60° +0.3=0.45m, so the

P.E. lost =0.4x g x0.45,and the

K.E.gained = %x 0.4xV?

- 0.4xgx0.45= %XOAXVZ

Y

04¢ v =2xgx0.45=0.9g,v~2.97ms™

b At the lowest point, the force towards the centre of the circle

2
_T_04g = 0.4v
0.3
T =04g+24099 50 157N

4a Let the speed of the particle when the rod is horizontal be

v m s, and the tension in the rod be TN.

At the horizontal point the particle has fallen a distance
0.5c0s60" =0.25m, so the

P.E. lost = 0.6 x g x0.25,and the

K.E.gained = %><0.6><v2

O.6><g><0.25=%><0.6><v2

V2 =2xgx0.25=05g, v~ 22ims™

b At the horizontal point, the force towards the centre of the circle
_0.6v°
0.5
T 0.6x0.5¢
0.5

=T

=0.6g =5.88N
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5 a 4 Let the speed of the bead at the highest point be
v m s, and the tension in the wire be TN.

At the highest point the bead has risen a distance
1.4 m, so the

P.E. gained = 0.5x g x1.4,and the

K.E. lost = %xO.leOZ —%><0.5><v2

10ms™! 0.5xgxl.4:%x0.5x(100—vz)

Y 100-v? =2xgx1.4=2.8g, v~852ms™
05¢g

b The reaction is towards the centre of the

circle.
0.5(100-2.8
R+0.59 = ( g)
0.7
.5(100-2.
R=05( 00 89)—0.5g
0.7
=46.928...
=46.9N

6 a When the angle between AB and the vertical is € the particle has speed v ms™

P.E. gained=mgh =0.5x g x.7(1—cos 6)
Loss in K.E.Zmu? —=mv? === (u® -v?)
2 2 2
Energy is conserved
0.5gx0.7(1—cos8) = %(uz —v2)
2
Hence, v* =u’-1.4g(1-cos6)

=>V= \/uz —1.4g(1-cosd)

b If the particle is to reach the top of the circle then we require v>0 when 8 =180".
= u? ~1.4g(1-c0s180) >0
cos180" =-1
But sou® >1.4gx2
=u>./2.8¢g
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Take the lowest point of the circle as the zero level
for potential energy.

At the lowest level the particle has

K.E.:%><1.5><u2 =0.75u°J and P.E.=0J

When the rod is at angle @to the vertical the particle has

K.E.= %xl.vaz =0.75v*Jand
Y P.E.=1.5xgx2(1-co0s8)]

Energy is conserved
. 0.75u% = 0.75v* + 3g(L—cos 0)
Resolving towards the centre of the circle:

2 2
T-1.5gcosf = m;/ = 1'52V , sosubstituting for v*

gives

T=15g cosé'+%(u2 —~4g+4gcosb)

2

=4.Sgcose+3%—39

b If the particle is to reach to top of the circle then we require T > 0 when ¢ =180".

3u?® 3u?

= —4.5¢ +T—39 >0,T>7.59, u?>10g, u > /10g

Impulse = change in momentum, so if the initial
speed of the bead is u m s~ then

| =0.05u, u =20l.

Take the lowest point of the circle as the zero level
for potential energy.

At the lowest level the particle has

K.E.= %><o.05><u2 =0.025x 4001 =101%Jand
P.E.=0J

At the highest level the particle has K.E.= 0 (since
we are told that the bead if just reaches the top) and
it has risen 1.5 m so it has

P.E.=0.05xgx15=0.075g
Energy isconserved, .. 101> =0.075g,
— 12 =0.0075g, | ~0.27
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8 b Let the lowest point of the circle be the zero level for potential energy.
At the lowest level the particle has

K.E.=%x0.05><u2 =0.025%x4001% =1012J
PE.=0J

When the rod is at angle arctan% to the vertical the particle has K.E. =0J

as greatest speed is zero,

P.E.=0.05x(gx 0.75{1+ cos(tan‘1 %)}

=0.06759J
Energy is conserved
1017 =0.0675 g
=1=0.2571...

| =0.26

Impulse = change in momentum, so if the initial
speed of the speed is u m s then

I =0.05u, u=20l.

Take the lowest point of the circle as the zero level for
potential energy.

At the lowest level the particle has

KE.= %X0.0E)X u® =0.025x 40017 =10I°J

andP.E.=0J

If the bead just reaches the top of the circle then this is

Y
the point at which the tension in the string becomes

0.05
& zero. If the speed of the bead at this point is v m s
then
2 2
0.05g= ™" _ 00V 2754
r 0.75

The bead has risen 1.5 m so it has
P.E.=0.05xgx1.5=0.075¢g

Energy is conserved, so

101> =0.075g +%x0.05><0.759 =0.09375g, | =0.30
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9 b Let the lowest point of the circle be the zero level for potential energy.
At the lowest level the particle has

K.E. =%><0.05><u2 =0.025x 40017 =101%J

P.E.=01J

When the bead just reaches the point where AB is at angle arctan% to the vertical the tension in
the string becomes zero. If the speed of the bead at this point is vms™ then

0.05g cos(tan‘1 %) _mv? _0.05v*

r 075
V2=075xgx%=06g

0.75+0.6=1.35m
gainin P.E.=0.05xgx1.35=0.0675¢

Energy is conserved

The bead has risen 1
—101? =0.06759 +§XO'05XO'69 =0.0825¢

= 1=0.2843...
1 =0.28

¢ The particle will continue in a parabolic arc (projectile motion) in the negative x direction, initially
increasing in y before decreasing in y.

10a Let the speed of the particle at the lowest point be

v m s, and the tension in the rod be TN.

Take the starting level as the zero level for potential
energy, the particle starts with

P.E.=0and K.E.=0.

At the lowest level,
P.E.=-0.8xgx2=-1.69

K.E.:%xmxv2 :%><0.8V2 =0.4v?

0.8 g Conservation of energy
= -1.69+04v? =0, Vv2=4g
V~6.26ms™

2
Force towards the centre of the circle =T —-0.8g = mv__ 0'8;49 =1.69
r

T =2.4g ~235N
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10b Lettension in the rod be T N and the speed of the particle at the point when
0= tan‘lg be vms™

Take the starting level as the zero level for potential energy, the parcel starts with
P.E.=-0.8xgx1.6=-1.28¢

K.E.= %x mx v? =%><0.8V2 =0.4v?
Conservation of energy
= —1.28g +0.4v>* =0

vZ =3.2¢

v=5.6ms™*

Force towards the centre of the circle,
2

T -0.8gcosd = mv

_08x329 ) 50

T =1.28g9+0.89 x%

~1.8816
~18.8N (3sf.)

11a 8 m s Let the speed of the particle when the string is
horizontal be vm s

Take the lowest point as the zero level for potential
energy, the particle starts with

P.E.=0.5xgx3and K.E. =%><o.5><82

When the string is horizontal,

05¢g P.E.=0.5xgx1.5 and K.E.=%x0.5xv2

Energy is conserved

V2

=1.59+16 =0.75¢g +Z

v? = 4(0.75g +16), v~ 9.66ms™

b The only force with a vertical component is the weight.

Acceleration =g m s
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1l1c Let the speed of the particle at the lowest point be

v m s, and the tension in the rod be TN.

Take the lowest point as the zero level for potential
energy, the particle starts with

P.E.=0.5xgx3and K.E. = %x0.5x82

When the string is vertical,

P.E.=0 and K.E. =%><0.5><v2

05g Energy is conserved
V2
=159 +16=T v~1l.1ms™*

2
T-05g= 15;’ . T ~458N

o

12 At the lowest point let P.E.=0 J.

The K.E. at the lowest point is

%x4x6.52 ~84.5].

When AB is at angle &to the vertical, the tension in
the rod is T, and the particle has speed v m s

Particle has risen (1—cosé),so

P.E.=4xgx(l-cosé#)Jand

4g K.E.=%><4><V2=2V2

Energy is conserved = 84.5= 2v® + 4g(1—cos6),
v? =42.25-2g(1—cos )

Force towards the centre of the circle

2 — —
T _4gcosf= m;/ _ 4(42.25 Zf(l cosf))
.. T=4gcosf#+169-8g(l—cosd)=169+12g cosd—-8g =0when
cosg=297189 _ 477 givingo ~140.4°
129

i.e. 8 ~ 39.6"to the upward vertical and
v2=4225-2g(l-cosd)=75...,v~2.74ms™
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13 Let the speed at the lowest point be u m s, and the
speed at the highest point be v m s
The gain in P.E. in moving from the lowest point to the
highest is 2mgr.
: .1, 1,
The loss in K.E. is =mu”® —=mv
2 2
Energy is conserved
. 2mgr ~ L —Emvz, v =u®—4gr
2 2
2
At the lowest point 3T —mg = mu
r
. . mv?
At the highest point T + mg = e
Substituting for T and vZ in the first of these two equations:
2 2 2 2
3(m(u 4qr) —mgj—mg _mu 13(u 4qr) _ag _u’
r r r r
2u® )
- =169, u” =8gr,u= ~/89r
P . v
l4a vyms™ Let the speed at the lowest point be > ms—, and

the speed at the highest point be v m s

The gain in P.E. in moving from the lowest point to the
highest is 2mgr.

2
The loss in K.E. is %m(%\/) —lmv2

2

Energy is conserved

2
-.2mgr =1m><gi—£mv2 = mv?

2 2 4 2 8
mg
V2 =16gr V= ,169r
5 5
2 16gr
b Atthe highest point, T +mg = AL L 16?9 T = 11219
r r
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15a With OP horizontal, the particle has

P.E.=0andK.E. =%mv2 = %mgr.

P When OP is 6" below the horizontal, the tension in
the string is T and the speed of the particle is v.

. The particle has
\grmso
P.E.=-mgrsin@ and K.E. = % mv?

Energy is conserved
1 . 1

. =mgr =—mgrsin @+ =mv?
2 g g 2

V2 =gr(l+2sing)

Resolving towards O:

v2

T-mgsing = m
r

_ mgr(1+2sin0)
r
T =mg(+3sinf)N

b When T =2mg N, 2mg = mg(1+3sin 8), sin9=%,6z19.5"

16a AtpointS: G.P.E.=0.4xgx3.8=1.52g
K.EE.=0
At point P: G.P.E.=0.4x gx4sin&
=1.6gsinéd
K.E.= %><0.4><v2 =0.2v?
By conservation of energy:
1.52g =1.6gsin &+ 0.2v*
= 0.2v* =1.52g -1.6gsin &
=Vv®=7.60-8gsind

=v=,/7.69-8gsind
b Vertical height above O, 3.8 m.

¢ In reality there will be frictional forces acting on the handle so the height will be less than 3.8 m.
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