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A spacecraft of mass 300 kg is moving at 250 m s~} in a straight line. An asteroid hits the spacecraft,
and applies to the spacecraft an impulse of magnitude 60 000 N's in a direction making an angle of 40°
with the initial direction of motion of the spacecraft (see diagram). Find the angle between the final
velocity and the initial velocity of the spacecraft. [5]

A simple pendulum consists of a particle connected to a fixed point by a light inextensible string
of length 0.8 m. The pendulum makes small oscillations in a vertical plane. Air resistance may be
neglected.

(i) Prove that the motion is approximately simple harmonic, and find the period of oscillation. [5]

(ii) The pendulum is released from rest with the string making an angle of 0.05 radians with the
vertical. Find the angle between the string and the vertical 0.64 seconds after it is released. [3]
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Before collision After collision

Two uniform smooth spheres A and B, of equal radius, are moving on a horizontal surface when they
collide. Immediately before the collision, A has velocity 8 ms™! at 30° to the line of centres, and B has
velocity 2 ms™! perpendicular to the line of centres. Immediately after the collision, A and B move in
perpendicular directions, each making an angle of 45° with the line of centres (see diagram).

(i) Find the coefficient of restitution between the two spheres. [5]

(ii) Given that the mass of B is 5kg, find the mass of A. [3]
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A fixed sphere, with centre O and radius a, has a smooth surface. A particle P of mass m is released
from rest at a point A on the surface of the sphere, where OA makes an angle of %n with the upward
vertical. At an instant during the subsequent motion, P is still on the surface of the sphere, OP makes
an angle 6 with the upward vertical, and the speed of P is v (see diagram). Air resistance may be
neglected.

(i) Show that v* = ag(1 — 2 cos 6). [2]
(ii) Find, in terms of m, g and 8, the normal reaction between P and the surface. [4]
(iii) Find the value of cos 8 when P leaves the surface of the sphere. 2]

B C

Two uniform rods AB and BC, each of length 1.2 m and mass 8 kg, are freely jointed to each other
at B, and AB is freely hinged to a fixed point at A. They are held in equilibrium, with AB at an angle
of 60° to the horizontal, and BC horizontal, by a light string attached to C (see diagram).

(1) Find the vertical and horizontal components of the force acting on AB at B. [6]

(ii) Find the angle which the string makes with the horizontal. [3]

[Questions 6 and 7 are printed overleaf.]
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A sack of ballast of mass 15kg is dropped from a descending balloon. At time ¢ seconds after it is

dropped, the downwards velocity of the sack is vms™. The only forces acting on the sack are its

weight and air resistance 4.2v newtons.
. dv
(i) Show that pri 0.28(35 -v). [3]

(ii) Given that the initial velocity of the sack is 8 m s~! downwards, find its speed 5 seconds after it
is dropped. v (71
A light elastic string has natural length 1.8 m and modulus of elasticity 12.6 N.

(i) The string is stretched to a length of 2.5 m. Find the tension in the string and the elastic potential
energy stored in the string. 3]

This string is now used to connect a small bead B to a fixed point A. The bead slides without resistance
on a fixed vertical wire, and the point A is 1.5 m from the wire. The bead is in equilibrium when the
length of the string is 2.5 m (see diagram).

(ii) Show that the mass of the bead is 0.4 kg. [3]

The bead is now pulled down the wire to a position where the length of the string is 3 m, and it is
released from rest in this position.

(iii) Use conservation of energy to find the speed of the bead when it passes through the equilibrium
position. [6]
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1 Final velocity
j 60000sin 40 =300y Bl
l x y =128.6
- - T 60000 cos40 =300(x — 250) MIALl
X=403.2
0=tan"' L=17.7° [DMIA1  |Accept 162°
X
5
OR
300\11-
$cooe Correct momentum (or velocity)
Zﬁ\ 40o° Bl triangle
>— AT
75600
By cos rule, 300v, =127000 (v, =423) MI1A1
Bysinerule, 9=17.7° DMIAL| A O
OR
v=250sin40 (=160.7) B1
w
40° 60000 =300(w — 250cos40) MI1AI
- w=391.5
Vv 9=40—tan'Y=177° DMIAI Accept 162°
W
2 (i) Transverse acceleration is 0.8 6 Bl Accept I, | as alternatives to 0.8
Hence —mgsin® =m(0.86) M1
OR %m(0.89')2 —mg(0.8cosf) =K Bl Energy equation
m(0.8)>6 6 + mg(0.8sin§) & = 0 M1 Differentiating energy equation
0 =———sind
8
Since @ is small, sinf@ =6 M1
G~-29=-12250 Al
0.8
. . 2z 4 . 0.8
Approx SHM with period =27 =180s Bl Accept direct use of 27—
J12.25 5 9.8
Accept %7[ and 1.8
(i) | #=0.05co0s3.5t MI1A1ft | Accept X =0.04cos3.5t
When t=0.64, 6=-0.0310
String makes angle 0.0310 rad with the vertical Al cao Accept —0.031
3
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3 (i) |Final velocities
= 1 = Bl
v W v=28sin30 (=4)
w=2 B1
v w o .
. Ml Restitution along line of centres
A B8 W+ V = e(8c0s 30) Al
e=0.866 Al cao Accept 0.867 and \3/2
(i) M1 Conservation of momentum
—mv + 5w =m(8cos30) Al
m=0.915kg Al cao
4 (i) |By conservation of energy,
%mvz :mg(acos%ﬂ—acosﬁ) Ml
vi = ag(2cos%72 —2cos8)
v? =ag(l — 2cos ) Al (ag)
(i) .
v2 Bl Radial Acceleration is —
mg cosd — R = m—— MIALI a
a
mg cos@ — R =mg(l — 2cos )
R=mg(3cosd —1) Al
(iii) |Leaves surface when R =0 M1
cosf =1 Al
5(i)
T
H
T—(- &
) C
184+
Moments about C for BC
8x98x06—-V x12=0 M1 Or other method for finding V
V =392N Al
Moments about A for AB M1 Moments equation involving H
H x1.2s8in60 -V x1.2c0s60 —8%x9.8x0.6cos60=0 | Al
Ml Complete method for finding H
H=453N Al cao
(ii) Tsind +V =784 Ml Finding vertical component of T
Tsind =39.2
Tcosfd=H =453
tan @ = 392 M1
45.3
0 =40.9° Al cao
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6 (i) dv
dv =9.8-0.28v
dt
W 02835 -v) Al (ag)
dt
ii
i | ! dv=[0.28dt M1 or Y1 0.28v=9.8 and use of
35-v dt
IF ¢"** or v=CF + PI
—In(35-v)=0.28t +C A2 Give A1* if one minor error
Or e"**ly =35¢"% + A
or v=Ae " 435
v=8 when t=0 = C=-1n27 M1 Using initial condition to find constant
—In(35-v)=0.28t —In27 Al ft depAl* (or as above with A=-27)
When t=5, In35-v)=In27-14 M1 Solving to obtain a value of v
v=283ms" Al cao by using exponentiation
7(i) .. 12,6 Ml Use of extension 0.7
Tension is T x0.7=49 N Al
. 126 )
Energy is - x 3 x0.7°=1.7151] Al Accept 1.71 and 1.72
(i) | Tcos@=mg M1
where sinﬁz%:O.G, cosd=0.8 B1
49%x0.8=mx9.8
m=0.4kg Al (ag)
(iii) M1 Calculation of vertical distance
Gain in PE is 0.4x9.8(\/32 _1.5% —4/2.52 —1.52) Al
=0.4x9.8(2.598 - 2)
=2.344
12.6 Ml Calculation of EE in starting position
Loss of EE is %x 8 x1.22 —1.715 (=3.325) Al ft ft incorrect energy from part (i)
%x 0.4v% +2.344 =3.325 M1 Equation involving KE, PE, EE
v=221ms™" Al cao




