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A smooth sphere of mass 0.5 kg bounces on a fixed horizontal surface. Just before the bounce the
sphere has velocity 9.2 ms™! at 40° to the horizontal, and immediately after the bounce it has velocity
7.6ms™} at 6° to the horizontal (see diagram).
(i) Find 6. {2]
(ii) State the direction of the impulse on the sphere during the bounce, and find its magnitude. [3]

A particle P of mass m moves along a straight line, and O is a fixed point on the line. When P is at a

distance x from O, the only force on P has magnitude kx* and acts towards O. The particle is at rest
when x = a.

(i) Find the speed of P in terms of k, m, x and a. 5]
(ii) Hence find the speed of P when it reaches O. [2]
A light elastic string has natural length 3.2 m and modulus of elasticity 792 N. One end is attached to
a fixed point O and the other end is attached to a particle of mass Skg. The particle is released from
rest in a position 4.0 m vertically below O. Air resistance may be neglected.

(i) Find the acceleration of the particle immediately after it is released. (4]
(ii) Find the speed of the particle at the instant when the string becomes slack. (4]
A particle P of mass m is attached to a fixed point O by a light inextensible string of length a, and is
moving in a vertical circle with centre O and radius a. Air resistance may be neglected. When P is at
the highest point of the circle, the tension in the string is 2mg.

(i) Find the speed of P when it is at the highest point. (3]

(ii) Find the tension in the string when OP makes an angle of 60° with the downward vertical.  [5]
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Two uniform smooth spheres A and B, of equal radius, have masses 3 kg and 2 kg respectively. They
are moving on a horizontal surface, and they collide. Immediately before the collision, A is moving
along the line of centres with speed 19ms™!, and B is moving with speed 10ms™! at an angle a to
the line of centres, where sina = g (see diagram). The coefficient of restitution between the spheres
is 0.4. Find the speed and the direction of motion of each sphere after the collision. (9]

A ladder AB, of length 3.6 m and mass 15 kg, rests in equilibrium at 40° to the horizontal. Its upper
end B is in contact with a smooth vertical wall, and its lower end A is in contact with the rough
horizontal top surface of a cubical block. The ladder is modelled as a uniform rod lying in a vertical
plane perpendicular to the wall (see diagram).

(i) Find the normal reaction and the frictional force acting on the ladder at A, and hence show
that the coefficient of friction between the ladder and the block is at least 0.596 (correct to
3 significant figures). (51

The block has mass M kg and sides of length 0.6 m, and rests on rough horizontal ground. Two of the
vertical faces of the block are perpendicular to the wall, and A is in contact with the mid-point of the
top surface. The block is on the point of toppling about X (see diagram).

(ii) Find the value of M. (41

(iii) Find the least possible value of the coefficient of friction between the block and the ground. [2]
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021 ms™!

0.008 m
E
0.16 m
Fig. 1

Fig. 2

A light spring, with natural length 0.16 m and modulus of elasticity 3.92 N, lies in a vertical line with
its lower end on the ground. A small stone, of mass 0.02 kg, falls along the same vertical line and when
it first makes contact with the spring its speed is 0.21 m s~! (see Fig. 1). The stone continues to move
in the vertical line, and remains in contact with the spring until the spring regains its natural length.
When the stone is at the point E, the spring is compressed by 0.008 m (see Fig. 2). Air resistance may
be neglected.

(i) Verify that, when the stone is at E, its acceleration is zero. 2]

At a time ¢ seconds after the stone first passes through E, the stone is x metres below E.

2

(ii) Show that, while the stone is still in contact with the spring, %;sz = —-1225x. 3]
(iii) Show that the maximum value of x is 0.01. [3]
(iv) Find the length of time for which the stone is in contact with the spring. (4]
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1 i component of velocity preserved ...
j S 7-6cosf =9-2cos40°
0=22-0° (3s.f) 2]
i
Impulse is in the j direction (normal to surface) and ...
[Impulse| = 0-5(7 - 6sin21-9796...) — 0-5(~9-2sin40°)
=4-3790...
=4-38 Ns (3 s.f.)
3]
2 mi = ka’
dv
V—= m L
dz
fvdv: 7%fx3dx
="t + A
z=a,v=0 gives A=k
so speed = /£~ <a4 - x4>
[5]
when P reaches O (z = 0) speed = az\/% 9]
3 at the release ...
N2(1) 2Zx0-8—5x9-8=5a
a=29-8
so the initial acceleration is 29.8 ms? (upwards) [4]
when the string becomes slack, by conservation of energy ...
gain in K.E. = loss in E.P.E. - gain in G.P.E.
Ixbhxv’ =ix®2x(0.8 -5x9-8x0-8
v* =16
speed = 4 ms™ [4]




N2(]) mg + 2mg = mv% v’ = 3ga
mg speed = |/3ga
2mg [3]
/g} energy ....
LS 609 102 1 3 3
\/V | 3 MU _2m< ga)erg(za)
! v’ = 6ga
lmg |
| N2 (radially) T —mgcos60° =" (6ga%
T =18mg
: [5]
i u v
after the collision ... vi=1) Ve =g
%
momentum 3u+2v =45
s u=>5 v=15
restitution —u+v=10
velocity of A = 5 ms™ to the right, velocity of B = 17 ms” at 28.1° above line of centres
[9]
F_p
<t+—— M(B) F(3-6sin40°)+147(1-8sin50°) —147(3-6sin50°) = 0
F =87-5938...
N J7147 87-5938./
» F <uR = > 147 = 0-59587...
4 pw>0-596 3 s.f. (show) 5
85.59..
147 M(X) 87-5938...x0-6 — 147x0-3 — 9-8M x0-3=0
C X/ M =2-8762...=2-88 (3s.f)
[4]
T C=147+4+9-8M =175-18....
V!),S M

so for block/ground interaction ....

,u'287'5938'%75_18_.20'500 (3 s.f)




=

N2(1) 0-02%=0-196 — 22 x 0- 008 = 0

i.e. acceleration is zero at F [2]

<« - —————

When the stone is  below E (and still in contact with the spring) ....

N2(]) 0024 = 0-196 — 2 x (0- 008 + z)
#=9-8—(9-8+12251)
¥ = 1225z (show) 3]

Hence we have SHM and a solution in the form
x = asin (35t) where t is the time after first passing E.

Using v = o’ <a2 — xQ) yields ...

0-21° = 35" (a® —(70-008)) = a=0-01 (3s.f)

Loses contact with the spring when

z = "0-008
0-01sin (35¢) = ~0-008
sin (35t) = 0-8
t=0-063265...

so the stone remains in contact with the spring for 0.0633 s (3 s.f.)




