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[In this question, i and j are perpendicular unit vectors in a horizontal plane.]

A bead P of mass 0.4 kg is threaded on a smooth straight horizontal wire. The wire lies along
the line with vector equation r = (i + 2j) + A(=2i + 3j). The bead is initially at rest at the point
A with position vector (—i + 5j) m. A constant horizontal force (0.5i + j) N acts on P and
moves it along the wire to the point B. At B the speed of Pis 5m s

Find the position vector of B.
(Total 7 marks)

A particle P is moving in a plane. At time ¢ seconds the position vector of P is r metres and

the velocity of P is v m s!. When ¢ = 7 P is instantaneously at rest at the point with

position vector (i — j) m.
Given that r satisfies the differential equation

d’r .
— +4r=3sin?)i,
i ( )
find v in terms of ¢.
(Total 13 marks)

Three forces Fi, F> and F3 act on a rigid body at the points with position vectors ri, rz and r3
respectively, where

Fi=Qj-KN F=@(+KN F;=(@i+j)N
rn=@j-km rn=Qi+km r=Ci+j+km

The system of the three forces is equivalent to a single force R acting through the point with
position vector (i — j + k) m, together with a couple of moment G.

(a) Find R.
2
(b) Find G.
®
(Total 11 marks)
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4. Find, using integration, the moment of inertia of a uniform cylindrical shell of radius 7,
height 4 and mass M, about a diameter of one end.

(Total 10 marks)
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Figure 1

A uniform piece of wire ABC, of mass 2m and length 4a, is bent into two straight equal
portions, AB and BC, which are at right angles to each other, as shown in Figure 1. The wire
rotates freely in a vertical plane about a fixed smooth horizontal axis L which passes through
A and is perpendicular to the plane of the wire.

20ma’

(a) Show that the moment of inertia of the wire about L is

©)

(b) By writing down an equation of rotational motion for the wire as it rotates about L, find
the period of small oscillations of the wire about its position of stable equilibrium.

®
(Total 11 marks)
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A firework rocket, excluding its fuel, has mass mo kg. The rocket moves vertically upwards
by ejecting burnt fuel vertically downwards with constant speed u m s, u > 24.5, relative to
the rocket. The rocket starts from rest on the ground at time 7 = 0. At time # seconds, ¢ < 2, the
speed of the rocket is v m s! and the mass of the rocket including its fuel is mo(5 — 27) kg. It
is assumed that air resistance is negligible and the acceleration due to gravity is constant.

(a) Show that, for # <2,

dv  2u
dr 5-2t
(6)
(b) Find the speed of the rocket at the instant when all of its fuel has been burnt.
(6)

(Total 12 marks)

A uniform square lamina PORS, of mass m and side 2a, is free to rotate about a fixed smooth
horizontal axis which passes through P and Q. The lamina hangs at rest in a vertical plane
with SR below PQ and is given a horizontal impulse of magnitude J at the midpoint of SR.
The impulse is perpendicular to SR.

(a) Find the initial angular speed of the lamina.
3
(b) Find the magnitude of the angular deceleration of the lamina at the instant when the
lamina has turned through % radians.
3

(c) Find the magnitude of the component of the force exerted on the lamina by the axis, in a
direction perpendicular to the lamina, at the instant when the lamina has turned through

7 radians.
6
(€))
(Total 11 marks)
TOTAL FOR PAPER: 75 MARKS
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Question
Number

Scheme

Marks

1.

Let pv of B = ai + bj

(0.5i+j).((a +1)i+(b- 5)j) =%x0.4x52 M1 Al
a=1-2/;b=2+3/ Bl
solving for a and b M1
pvof B=(-6i+12.5j) m Al
OR
(0.5i+j).(-2/i+3/ j):%x0.4x52 MI1IAl
-/ +3/ =5 M1 Al
5
/ =3 B1
R O/ neln:
pv of B =(-i+5j) +§(-21+3J) M1
=(-6i+12.5j) m Al
Alternative using forces and acceleration
Resolving along the wire: (0.5i + j).%(— 2i+3j)=0.4a M1
S, Al
Vi3
VV=ul+2as: 5°=2 %s M1
513 Al
— =y
2
S el . . B1
AB=E(- 2i+3j) =(-5i+7.5j)
M1
pvof B=(-i+5j) +(-5i+7.5j)
= (- 6i +12.5j) Al
Notes

First M1 for attempt at using work-energy principle, with usual rules

First Al for a correct unprocessed equation

Second M1 for producing an equation in aand b (seen or implied)

Second A1 for a correct equation

Blfora=1-2/ andb=2+3/ seenorimplied
Third M1 for solving for aand b

Third Al for correct answer (must be a vector)




Alt

First M1 for resolving along the wire, with usual rules

First Al for a correct acceleration seen or implied

Second M1 for a complete method, using suvat or calculus, to find the distance
along the wire

Second Al for a correct distance

B1 for AB = (-5i + 7.5j) seen or implied

Third M1 for finding the answer

Third Al for correct answer (must be a vector)




Question Scheme Marks
Number
2
/*+4=0 M1
) Al
r =Acos2¢+Bsin2¢
Pl: r =csinz +dcost Bl
r¢=ccost- dsint Mi
r@&=- csin¢ - dcost Al
- esint- dcost +4(esinz +dcost )° 3sint i Ml
c=i;d=0 M1
GSisr=Acos2¢+Bsin2¢ +isint Al
Whent:le,rZi-jID A:j Ml Al
v =-2Asin2t+2Bcos2t +icos¢t Ml
When:=2,v=0p B=0 Al
r =isins + jcos2t
Al

v =icost- 2jsin2¢

13

Notes

First M1 for auxiliary equation

First Al for correct CF (condone omission of r =)

B1 for correct Pl (they may realise d = 0 which is fine) (condone
omission of r =)

Second M1 for differentiating their PI

Second A1 for correct 2" derivative

Third M1 for substituting into the DE

Fourth M1 for equating coeffs of sint and cos t and finding ¢ and d
Third Al for correct GS with r =

Fifth M1 for using conditions to find A

Fourth Al for A=j

Sixth M1 for differentiating r to give v

Fifth Al forB=0

Sixth Al for v = icost — 2jsin2t




Question Scheme Marks
Number
3(a)
R=(2j- k) +(i+Kk) +(i+j) =(2i + 3j)N M1 Al (2)
3(b) Moments about O:
(4j- K)x(2j- k)+ (i+Kk)x(i+k)+ @i+ j+Kk)x(i+j) Ml
= - 2i + - j + -itj+2k A3
= (-3i+2k)
(i- j+k) X (2i+3j)+G=(-3i+2k) M1 A2 ft
Al
(-3i+2j+5k)+G = (-3i+2k)
G = (-2j- 3k) Nm Al (9)
11
3(b) Alt | Moments about (1, -1, 1):
(-i+5j- 2k)” (2j- K)+(i+j)" (i+k)+(2i+2j) (i+]) M1A2
= -i-j- 2k + i-j-k + 0 A3
= -2j-3k
Comparing the 2 systems:
0 +G = (-2j- 3k) Nm MLALTE
G=(-2j- 3k)Nm Al 9)
Notes
M1 for adding the 3 forces together
3(a) Al for (2i + 3j)
3(b) First M1 consistent use of r X F, with correct no. of terms
First A3 for 3 correct vector products, -1 for each incorrect product (A1A1AO0)
Second M1 for comparing the rotational effect of the 2 systems about O, to give an
equation:  Their SrXF =G+ (i- j+k)  theirR
with correct terms (MO if term missing)
Second A2 ft, for the equation ft on their R and their Sr X F, but no products
need to be evaluated.
Sixth A1 for a correct equation with all products evaluated
Seventh A1l for the answer. Units not needed.
3(b) Alt | First M1 consistent use of Sr X F, with correct no. of terms, with r relative to

(1, -1,1)

First A2 for correct terms, -1 each incorrect vector

First A3 for 3 correct vector products, -1 for each incorrect product

Second M1 for comparing the rotational effect of the 2 systems about (1, -1, 1),to
give an equation: 0 + G =their Sr X F

Sixth A1, ft on their Sr X F, for a correct equation

Seventh A1 for the answer. Units not needed.




Question Scheme Marks
Number
4. dA=2prdx M1
M
dm = 2prdx.
m = 2prdx 2o M1 A1(r)
Mdx
(==5)
1
= dmr?
2 mr Bl
dl = 1a’mr2 + dmx?
2 M1 Al
) Aéffx (r* +2x°) Al
h
— M 2 2
I—}[E(r +2x°) dx DM
_Mr 3
—E[(r x+3ix ]O AL
= M(3r2 +2h%) Al
6 10

Notes

First M1 for area of hoop (element)

Second M1 for finding the mass of their element by multiplying by the
mass per unit area (or by a calculated r)

First Al for a correct mass per unit area (appropriate r)
First B1 for correct MI about diameter of hoop

Third M1 for use of parallel axes

Second A1 for correct in terms of dm

Third Al for correct Ml in terms of x

Fourth DM1 dependent on third M1 for integrating
Fourth Al for a correct expression with correct limits
Fifth Al for a correct answer in any form

N.B. The first 8 marks are available for misreads of solid cylinder
or cylindrical shell with end(s).




Question Scheme Marks
Number
5
@) I, = ima2 +Ema2 +m(a® +(2a)*) Ml Al
3 3 PRINTED ANSWER
- 2_30ma2 Al 3)
(0) (O, (oo [T o eyt V1AL
"a)TMo) TS T
AG = %\/12 +3 = %JE
M(A), ng%\/msin(JZ- 2—::)ma2 q M1 Al Al
- 3g\/ﬁqz g, for small g M1
20a
DM1 Al
r=2p Za:;/ﬁ
g ®
11
Notes
5@ | First M1 for a complete method to find MI with correct no. of terms
First A1 for a correct expression
Second Al for a correct PRINTED ANSWER.
MO for 4/3ma* + 4/3ma* + m(2a)*
5(b) | First M1 for attempt to find both coordinates of the CM

First Al for correct position (They could find this by inspection)
Second M1 for moments about A, with correct no. of terms, and usual
rules, in particular the RHS must be dimensionally correct.

Second and third A marks for a correct general equation with & the
angle between AG and the vertical, Al for each side.

Third M1 for use of small angle approximation and putting into SHM
form. N.B. Not available if € is not the angle between AG and the
vertical

Fourth DM1, dependent on third M1, for 2r

w
Fourth Al for a correct answer in any form




Question Scheme Marks
Number
6(a) - mgat = (m+dm)(v+av) + (- dm)(v- u)- my M1 A2
- mgadt = mav +udm
g2y udm
870 m di
m=m,(5- 2t)P Z—TZ-ZmO B1
98- — 2 (-2m ):@
T omg(5- 20" T de M1
24__98=%"" prinTED AL (6)
(5- 2r) dt
(b) v=-uln(5- 2t)- 9.8¢(+C) M1 Al
t=0,y=0b C=ulnb M1
v=u|n(5_ 2t)- 9.8¢ Al
my, =my(5- 2t)P t=2 M1
v=uIn5-19.6 (ms™) Al (6)
12
Notes
6(a) First M1 for a general impulse-momentum equation (correct
number of terms, excluding any dmadv terms)
First A2 for a correct equation
B1 for m=m(5- 2t)p (L_r;a =-2m,
Third M1 for substituting for dm/d¢ to produce an equation in v
and ¢ only.
Third Al for PRINTED ANSWER (need 9.8 not g)
6(b) First M1 for separating the variables and integrating

First Al for a correct solution (without C)

Second M1 for using conditions (or lower limits)
Second Al for a correct particular solution in t

Third M1 for putting m = mp and solving for t.

Use of t = 2 can imply this M mark

Third Al for correct answer (allow 2g instead of 19.6)




Question
Number

Scheme

Marks

7(a)

J.2a=ima2W
3

3J
2ma

M1 Al

Al )

(b)

mgasin30° = - %mazd

.._%
4=35.

M1 Al

Al 3)

(©)

X - mgcos60° = maq

M1 Al Al

M1

Al (5

11

Notes

7(a)

First M1 for moment of impulse = Gain in Angular Momentum
with all terms dimensionally correct

First A1 for a correct equation

Second Al for correct answer

7(b)

First M1 for taking moments about the axis with all terms
dimensionally correct

First A1 for a correct equation (g need not be substituted)
Second Al for a correct positive answer

Alternative:

First M1 for differentiating an energy equation with all terms
dimensionally correct

First A1 for a correct equation

Second A1l for a correct positive answer

7(c)

First M1 for resolving perpendicular to the lamina, with correct no. of
terms, with all terms dimensionally correct

First and Second A1’s for a correct equation (g need not be
substituted)

Second M1 for substituting for (must be dimensionally correct) g
Third A1l for answer




