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A small bead is threaded on a smooth, straight horizontal wire which passes through the point
A(-3, 1) and the point B(2, 5) in the x-y plane. The bead moves under the action of a
horizontal force F of magnitude 8.5 N whose line of action is parallel to the line with
equation 15x — 8y + 4 = 0. The unit on both the x and y axes has length one metre. Find the
work done by F as it moves the bead from A4 to B.

®

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

dr . i
—+r=fa+e ]
dt

When ¢ = 0 the particle is at the point with position vector (i + j) m.

Find r in terms of .

®

Three forces F1, F2 and F; act on a rigid body at the points with position vectors ri, r2 and r3
respectively.

Fi=Qi+3j-k)Nandr =(@i+j—2K)m,
Fo=(i-4j-2Kk)Nandr,=(3i—j— k) m,
F3=(-3i+j+3k)Nandrs=(i—2j + k) m.

Show that the system is equivalent to a couple and find the magnitude of the vector moment
of this couple.

®
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A spacecraft is travelling in a straight line in deep space where all external forces can be
assumed to be negligible. The spacecraft decelerates by ejecting fuel at a constant speed &
relative to the spacecraft, in the direction of motion of the spacecraft. At time ¢, the spacecraft
has speed v and mass m.

(a) Show, from first principles, that while the spacecraft is ejecting fuel,

d_k_,
dm m
5)
At time ¢ = 0, the spacecraft has speed U and mass M.
(b) Find the mass of the spacecraft when it comes to rest.
(6)

2 . .o, .
Given that m = Me™® , where a is a positive constant, and that the spacecraft comes to rest at
p P
time t =T,

(¢) find, in terms of U and T only, the distance travelled by the spacecraft in decelerating
from speed U to rest.

()

A uniform rod 4B, of mass m and length 2a, is free to rotate in a vertical plane about a fixed
smooth horizontal axis L. The axis L is perpendicular to the rod and passes through the

point P of the rod, where AP = %a.

(a) Find the moment of inertia of the rod about L.

3
The rod is held at rest with B vertically above P and is slightly displaced.

(b) Find the angular speed of the rod when PB makes an angle 8 with the upward vertical.
(C))

(¢) Find the magnitude of the angular acceleration of the rod when PB makes an angle 6
with the upward vertical.

(&)

(d) Find, in terms of g and a only, the angular speed of the rod when the force acting on the
rod at P is perpendicular to the rod.

(©))
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6. (a) Prove, using integration, that the moment of inertia of a uniform circular disc, of mass m
and radius a, about an axis through the centre of the disc and perpendicular to the plane

of the disc is %maz.

(©))

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

Figure 1

A uniform plane shape S of mass M is formed by removing a uniform circular disc with
centre O and radius a from a uniform circular disc with centre O and radius 2a, as shown in
Figure 1. The shape S is free to rotate about a fixed smooth axis L, which passes through O
and lies in the plane of the shape.

(b) Show that the moment of inertia of S about L is %Ma2 .
(C))
The shape S is at rest in a horizontal plane and is free to rotate about the axis L. A particle of

mass M falls vertically and strikes S at the point 4, where O4 = %a and OA is perpendicular

to L. The particle adheres to S at 4. Immediately before the particle strikes S the speed of the
particle is u.

(¢) Find, in terms of M and u, the loss in kinetic energy due to the impact.

®

TOTAL FOR PAPER: 75 MARKS
END
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Question Scheme Marks
Number
1.
F=A(x8i£15)) M1 Al
A(8 +15%)=8.5" MEAL
F=2(8i+15))
AB = (5i +4)) Bl
. . M1
Work done = 5 (8i+15j) Al 3
=50()
Notes

First M1 for A(£8i+15])

First A1 for correct expression

Second M1 for (8% +15%)=8.5” from previous incorrect vector
Second Al for A=+

Third A1 for correct F

B1 for correct AB

Third M1 for their F.AB
Fourth A1 for 50 (J). (-50 is A0)




Question Scheme Marks
Number
2. _Jae
[F=e" =e MI Al
d G -
—(re’)=te'll+
dt( ) J
re' =J.teti+j dt MI
re' =(te' —e")i+tj+C M1 A2
t=0,r=i+j=C=2i+]j Ml
t t tyi 3 P
re =(te —e )i+t)+2i+] Al
r=t-Di+te'j+Qi+je" N
=(t—1+2e)i+(t+1)e’j 9
Notes

First M1 for IF

First Al for ¢'

Second M1 see scheme

Third M1 for attempt to integrate (must include parts)
A2 for a correct integral

Fourth M1 for use of limits

Al for a correct C

Al for answer (any equivalent form)




Question
Number

Scheme

Marks

3.

Qi +3j—K) +(i- 4j-2K) +(3i+j+3K) =0

(+j-2K)x 2i+3j-K) +@i-j-Kx(i-4j-2K)+(@{-2j+k) x (3i+]j+
3K)

(allow Y Fxr)
=  (5i-3j+k) + (-2i+ 5j-11k) + (-7i- 6] - 5k)
= (4i- 4j-15K)

J(4) +(—4)* +(-15)
V257 Nm (2 SF or better)

M1 Al

MI

A3

Al

Ml

Al

Notes

First M1 for >F,

First Al for =0
Second M1 for X r xF orX Fxr
A3 -1e.e.0.0. (-1 per cross product)

Al +(—4i-

4j-15K)

Third M1 for |G| = \/(_4)2 + (_4)2 + (_15)2
Al for V257 or 2sf or better.




Question Scheme Marks
Number
4. (a) (M+SM)(V+6V)+(=om)(V+k)=mv
mv +vom + mov—vom—kém = mv ML A2
mov—-kédm= 0
ﬂ_£= DM1 Al
dm m (5)
(b) dm Ml
dv= k| —
Jav=k]— N
v=k Inm+C
v=Um=M=C=U-klnM M1
v=k Inm+U —-kInM
V=U+kln[ﬂj Al
M
V=0=>m= Me ¥ M1 Al (6)
(c) . —at? _ 2
m=Me ™ =v=U—-kat MI
s=Ut—1kat’(+D)
Att=T, s=UT —1kaT’ ML Al
Att=T,v=0=kaT*=U M1
s=UT —4UT =3UT
M1 Al (6)

17




Notes

4.(a) First M1 for momentum equation (correct number of terms, excluding any 6mov terms)
A2 for a correct equation -1 e.e.
Second M1, dependent on first M1, for simplifying and dividing by momand taking limits
Third A1 for PRINTED ANSWER

4.(b)  First M1 for separating and integrating
First A1 correct expression (without C)
Second M1 for using limits
Second Al for a correct v (seen or implied)
Third M1 for putting v = 0 and solving for m
Third A1 for correct answer

4(c). First M1 for obtaining v =U — kat*(method)
Second M1 for integrating wrt time
First A1 for a correct expression for s (without D)
Third M1 for using v=0 att =T to obtain U = kaT* (method)
Fourth M1 for obtaining S in terms of U and T
Second Al for correct answer




Question Scheme Marks
Number
5.(a)
I, =1ma’+ma)
42 M1 Al
=5yMma
(b) Al (3)
14ma’d’* = mgla(l-cosb)
' 39(1—cos6) M1 Al Al
© N
Al 4)
mgiasind=4+ma’éd M1 Al
3gsin® P
4a Al 3)
(d) —_ = 1 .2‘ =
mgcosf - X=m3ad;X=0 ML AL Al
o= 3g(1—cos8)
2a
eliminating cosé and solving,
DM1
b=
a Al (5)
15
Notes
5.(a) M1 for use of parallel axes rule

5.(b)

5.(c)

5.(d)

First A1 for correct expression
Second Al for answer

M1 for energy equation
First A1 for KE terms
Second Al for PE terms
Third A1 for answer

M1 for moments about axis (or differentiate energy equation)
First A1l for a correct equation
Second Al for answer

First M1 for resolving along the rod
First A1 for forces incl. X =10
Second A1 for mass x accln

Second M1, dependent on first M1, for eliminating cos @ and solving for &

Third A1 for correct answer




Question Scheme Marks
Number
6.(a)
m  2mxox
omQ 27zx5x7[a2 = e M1 Al
3
S0 2mx25x
Al
2mé o,
| —?'([X dx M1
(b) =§ma2 PRINTED Al (5)
4M M
1TV may 1 2
=3Ma’
21=%Ma*> (perp axes rule) M1
| =3Ma’ PRINTED Al (4)
5 Ma2 32\, = a
($Ma’ + M () o = Mu(e) M1 Al Al
(©) =34 Al
— 1 2 _1(s 2 322 | /3u\2
KE loss =} Mu’ —1(§ Ma’ + M (32)* ) () M1 A2 ft
_5Mu’
=8 Al (8)

17




Notes

6.(a) First M1 for area element
First A1 for a correct Om
Second A1 for a correct Ol

Second M1 for using mass per unit area and integrating with correct limits
Third A1 for the PRINTED ANSWER

6.(b) M1 for use of difference of MI (difference in the masses must be M)
Al for correct expression without mass per unit area
M1 for use of MI about diameter (in formula book)
Al for the PRINTED ANSWER
N.B. The two M marks may be earned in either order

6.(c) First M1 for conservation of angular momentum equation
First A1 for LHS on scheme
Second A1 for RHS on scheme
Third A1 for a correct @ (or possibly V)
Second M1 for a difference in KE (must have found an @)
(omission of MI of particle is missing term so MO0)
Fourth and fifth A2 ft on their @
Sixth Al for a correct positive answer




