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A particle moves from the point 4 with position vector (3i — j + 3k) m to the point B with
position vector (i — 2j — 4k) m under the action of the force (2i — 3j — k) N. Find the work
done by the force.

(C))

A particle P moves in the x-y plane so that its position vector r metres at time ¢ seconds
satisfies the differential equation

d’r .
P 4r = -3¢j.

When 7= 0, the particle is at the origin and is moving with velocity (2i +j) ms™!.

Find r in terms of .
(10)

A rocket propels itself by its engine ejecting burnt fuel. Initially the rocket has total mass M,
of which a mass kM, k <1, is fuel. The rocket is at rest when its engine is started. The burnt
fuel is ejected with constant speed c, relative to the rocket, in a direction opposite to that of
the rocket’s motion.

Assuming that there are no external forces, find the speed of the rocket when all its fuel has
been burnt.

)

Two forces Fi = (3j + k) N and F» = (4i + j — k) N act on a rigid body.

The force Fi acts at the point with position vector (2i — j + 3k) m and the force F, acts at the
point with position vector (—3i + 2k) m.

The two forces are equivalent to a single force R acting at the point with position vector
(i + 2j + k) m together with a couple of moment G.

Find,
(@) R,

(2)
b)) G.

4)

A third force F3 is now added to the system. The force F; acts at the point with position vector
(2i — k) m and the three forces F1, F2> and F3 are equivalent to a couple.

(¢) Find the magnitude of the couple.
(6)
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A uniform rod PQ, of mass m and length 2a, is made to rotate in a vertical plane with constant

angular speed (g) about a fixed smooth horizontal axis through the end P of the rod.

a

Show that, when the rod is inclined at an angle 6 to the downward vertical, the magnitude of
the force exerted on the axis by the rod is 2mg| cos (1 6) |.

®

A uniform rod AB of mass 4m is free to rotate in a vertical plane about a fixed smooth
horizontal axis, L, through 4. The rod is hanging vertically at rest when it is struck at its end B
by a particle of mass m. The particle is moving with speed u, in a direction which is horizontal
and perpendicular to L, and after striking the rod it rebounds in the opposite direction with
speed v. The coefficient of restitution between the particle and the rod is 1.

Show that u = 7v.
@)

Prove, using integration, that the moment of inertia of a uniform solid right circular cone, of

) ) .. 3
mass M and base radius a, about its axis is BMaz‘

[You may assume, without proof, that the moment of inertia of a uniform circular disc, of
mass m and radius r, about an axis through its centre and perpendicular to its plane is 1 mr?.]

(10)
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A pendulum consists of a uniform rod PQ, of mass 3m and length 2a, which is rigidly fixed at
its end Q to the centre of a uniform circular disc of mass m and radius a. The rod is
perpendicular to the plane of the disc. The pendulum is free to rotate about a fixed smooth
horizontal axis L which passes through the end P of the rod and is perpendicular to the rod.

(a) Show that the moment of inertia of the pendulum about L is ? ma.
)

The pendulum is released from rest in the position where PO makes an angle « with the
downward vertical. At time 7, PQ makes an angle 6 with the downward vertical.
(b) Show that the angular speed, @, of the pendulum satisfies

_ 40g(cos O —cos a)
33a '

0'2

(C))
(c) Hence, or otherwise, find the angular acceleration of the pendulum.

(&)

Given that @ = 2~ and that PQ has length 8 m,
20 33

(d) find, to 3 significant figures, an approximate value for the angular speed of the pendulum
0.2 s after it has been released from rest.

(C))

TOTAL FOR PAPER: 75 MARKS
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EDEXCEL MECHANICS M5 (6681) — JUNE 2011 FINAL MARK SCHEME

Number Scheme Merke
1. AB=(i—2j—4k)—Gi—j+3k) = (-2i—j—7K) Ml Al
(2i-3j-Kk).(-2i—j—7Kk)=—4+3+7=61 M1 Al
4
2. m*—4=0=>m=2o0r-2 Ml
CFisr=Ae” +Be™ Al
PI try
r =Ce'
8= Ce' Bl
&= Ce'
Ce' —4Ce' = -3¢'j M1
C=j Al
GSisr=Ae” +Be™ +je' Al
v=2Ae" —2Be* +je' M1
t=0,r=0,v=2i+]j M1
0=A+B+j
2i+j=2A-2B+]j Al
i=A-B
A=S(i-jB=—1(i+))
2 2
r= l(i—j)e” —1(i+ e +je' Al
2 2
10
3. (m+om)(v+0v)+(—=om)(v—c)=mv MI1A2
mov+com =0
Vv M(1-k) dm
J’dv=—c j = MIALI
0 M m
V=dlnmly,_,, Al
1
V—cln[l_kj Al
7
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FINAL MARK SCHEME

Question

Number Scheme Marks
4.
(a) R =(Gj+k)+4i+j—k) M1
=(4i+4j) (N) Al
(2)
(b) (i+2j+Kk)x(4i+4j)+G=(2i—j+3Kk)x(3j+k)+(-3i+2k)x(4i+j-k) |Ml
(—4i+4j—4K)+G = (~10i—2j+6k) +(~2i+5j—3K) A2
G =(-8i-j+7k) (Nm) Al
4)
(©) F, =—R =(-4i-4j) Bl
G =(2i—Kk)x(—4i—4j)+(-12i+3j+3Kk) M1 Al
=(-16i+7j-5k) Al
G| =(~16) +7>+(-5)’ Mi
=+/330 (Nm) Al (6)
12
5.
Y
VP\ X
ak A o
mg
0
&0 Bl
X —mgsin 0 = ma@¥=0) M1 Al
X =mgsinf
Y—mgcosﬁzmaﬂ%zmagzmg M1 Al
a
Y =mg(1+cos8)
R= mg\/(l+cos 0)* +sin’ 0 M1
=mg+/2(1+cosb)
=mgy/2.2cos’ (£ 0) DM1
= 2mg|cos(% 9)| * Al
8
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?\llﬁiggp Scheme Marks
6.
A
1) u
L
B
v
1,
1, ==4ml Bl
3
CAM: mul :§4mlza)—mvl M1 Al
3u=4lw—-3v
NIL: u= owl+v M1 Al
eliminating w/ DM1
u="7Tv* Al
7
7. r=2 MIAl
h
Sm=rnr’dx.p M1
X, 3IM
=m(—) ox.
( h ) r’h
3h—]\34x25x Al
sl =%5m r’ MIAIl
13M . rx,,
=———x0x(—
2 ( h )
2
— 3MZ 5x Al (DM1)
2h
3IMrFE
1= X" dx M1
2k’ !
27 s
_ 3M’; X Al
2|5,
2
_ 3IMr Al
10
10
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Question
Number Scheme Marks
8.
(a) ma’ 17ma’ MI1A1l
IDISC = +m(2 )2 =
4 4
2
Loy = 3m(2a) Amd’ Bl
3
17ma* 33ma’ M1 Al
IPENDULUM = +4ma’ =
)
b 2
®) 3mga(cos @ —cosa)+mg.2a(cosd —cosar) = % 33:7:(1 & MI1A2
40g(cos@—cos) iy Al
33a
4
© 2 208 o & MIA1
33a
& —zo—gsine Al
33a
3
@ For small 6, e _20_g9 1.e. SHM Ml
33a
w:\/ZOg _ 208 _, Al
33a 33x3%
0 =acoswt M1
& _awsin ot M1
= —7£sin1.4
20
Me 1.08 rad s (3SF) Al
(5
17
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