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The rudder on a ship is modelled as a uniform plane lamina having the same shape as the
region R which is enclosed between the curve with equation y = 2x — x> and the x-axis.

(a) Show that the area of Ris % .
“4)

(b) Find the coordinates of the centre of mass of the lamina.

©))

An open container C is modelled as a thin uniform hollow cylinder of radius /# and height 4
with a base but no lid. The centre of the base is O.

(a) Show that the distance of the centre of mass of C from O'is { 4.

©))

The container is filled with uniform liquid. Given that the mass of the container is M and the
mass of the liquid is M,

(b) find the distance of the centre of mass of the filled container from O.

©))

A spacecraft S of mass m moves in a straight line towards the centre of the earth. The earth is
modelled as a fixed sphere of radius R. When S is at a distance x from the centre of the earth,
the force exerted by the earth on S is directed towards the centre of the earth and has

magnitude iz , where £ is a constant.
X
(a) Show that k = mgR>.
2

Given that § starts from rest when its distance from the centre of the earth is 2R, and that air
resistance can be ignored,

(b) find the speed of S as it crashes into the surface of the earth.
(7)

A light inextensible string of length / has one end attached to a fixed point 4. The other end is
attached to a particle P of mass m. The particle moves with constant speed v in a horizontal
circle with the string taut. The centre of the circle is vertically below 4 and the radius of the
circle is r.

Show that
gr? = VA2 = r2).
9
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A particle P moves on the x-axis with simple harmonic motion about the origin O as centre.
When P is a distance 0.04 m from O, its speed is 0.2 ms' and the magnitude of its
acceleration is 1 m s2.

(a) Find the period of the motion.

(&)
The amplitude of the motion is a metres.
Find
(b) the value of a,

(&)
(c) the total time, within one complete oscillation, for which the distance OP is greater than

1a metres.
(6

A particle P is free to move on the smooth inner surface of a fixed thin hollow sphere of
internal radius a and centre O. The particle passes through the lowest point of the spherical
surface with speed U. The particle loses contact with the surface when OP is inclined at an
angle a to the upward vertical.

(a) Show that U*= ag(2 + 3 cos a).
@)

The particle has speed W as it passes through the level of O. Given that cos a = %,
(b) show that
W2 =ag\3.
)
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Figure 1

P

A light elastic string, of natural length 3/ and modulus of elasticity 4, has its ends attached to
two points 4 and B, where AB = 3/ and 4B is horizontal. A particle P of mass m is attached to

the mid-point of the string. Given that P rests in equilibrium at a distance 2/ below 4B, as
shown in Figure 1,

(@) show that 1= 12" |

®

The particle is pulled vertically downwards from its equilibrium position until the total length
of the elastic string is 7.8/. The particle is released from rest.

(b) Show that P comes to instantaneous rest on the line 4AB.

(6)
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Number Scheme Marks
1. (a) A—_[O (2x-x7)dx MI Al
ST
:[xz_X_} Al
18 4
A=|x*-2| =4-2=2 % cso | Al 4
(b) x=1 (by symmetry) B1
4__1 2 _ 2 2
gy—aj. dx=— (2x—x ) dx Ml
=l (4x2 4x3+x4)dx Al
14 , x°
21 3 5
4_ 1[4, £ 8
—y=—|—-x"+=—| =—
3723 50, 15
_—Exé—z accept exact equivalents | Al Q)
Y1574 s P 1
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Question

Number Scheme Marks
2. (a) Base Cylinder Container
Mass ratios  7h* 27h? 3zh’ Ratioof1:2:3 | Bl
h
= 0 b v B1
Y > Y
2., = 2 h
3nh™xy=2rh XE M1 Al
Leading to y= %h * cso | Al Q)
(b) Liquid Container Total
Mass ratios M M 2M Ratioof 1:1:2 | Bl
soohh "
y 5 3 y
M xy =M x—+M x— M1 Al
o h Al Q)
12
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Question

Number Scheme Marks
3. (a) At surface
%=mg = k=mgR> * cso | M1 A1l (2)
mgR*
(b) N2L mi = — fz
2 d(1 R*
Q:_g]z or —| = =—g2 M1
dx X dx\ 2 X
1
J.vdv:—gRZJ.dex or —? ——gRZJ.—zdx Ml
X X
2
L8 (0 Al
2 b
gR
x:2R,v=0 = CZ_? M1 Al
2
V2:2gR —gR
X
2
At x=R, V2:2g]§€ —-gR Ml
v:\/(gR) Al ™
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Question

Number Scheme Marks
4.
M1 Al
M1 Al
or equivalent | p1 A1
Eliminating T Ml
Eliminating & Ml

CSO

Al ©)
[9]




Question

Number Scheme Marks
5. (a) i=-0’x = 1=0’x004 (= 0=5) MI Al
T:%’” awrt 13 A1 (3)
b) V' =0'(a’-x") = 02°=5(a’-0.04) ft their @ | M1 Alft
a= \2/—52 accept exact equivalents or awrt 0.057 | Al A3
(c¢) Using x =acoswt
%a = a cos wt ft their @ [ | M1 Alft
5=2
3
=X Al
15
f=4t=‘1‘_’5’ awrt 0.84 L M1 A1 (5)
[11]
Alternative to (c)
Using x = asin ot
%a =asin wt ft their w —| M1 Alft
st=2
6
=X Al
30
, 4r L
T =T —4t=—= awrt 0.84 M1 Al (5)




Question

Number Scheme Marks
6.
/4
U
1
(a) Energy Em(U2 —vz):mga(1+cosa) M1 Al=Al
mv’
d (T +) mgcosa = MI Al
a
Leaves circle when 7 =0
2 — —
gcosa = U’ ~2ga=2gacosa Eliminating v Ml
a
Leading to U?=ag(2+3cosa) * cSO Al (7
(b) Using conservation of energy from the lowest point of the surface
1
Em(UZ—WZ)zmga M1 Al=Al
W?=U’-2ag
Using cosoc—L W?=a (2+ij—2a M1
NEL g2+ 5 ) 2ae
=ag+3 * Cso Al 5)
[12]

Alternatives for (b) are given on the next page.




Question

Number Scheme Marks
6. Alternative to part (b) using conservation of energy from the point where P
loses contact with surface.
(Vz =agcosa =&j
\3
1
Energy Em(W2 —V2):mgacosoc M1 Al
1 1 1
—m| W ——ag |=mgax— Al
2 ( NER j E
Leading to W?=ag\3 % CsO M1 Al (5)
Alternative to part (b) using projectile motion from the point where P
loses contact with surface.
V?=agcosa = 84
\3
2 12 a2
\s W, =V"sin"a+2gacosa
1 1 1 843
=—uag|l-— |[+2gax—=——a Ml Al
NE ( 3) T
“— V.=Vcosa Al
W2:%2+K2:87\Bag+%ag\/3x§:ag\/3 E 3 SO M1 A1 (5




Question

Number Scheme Marks
7. (a)
AP =A((150)" +(21)’ =251 Ml Al
cosa =i Bl
5
A(2.51-1.51
Hooke’s Law T= Q = %] M1 Al
1.5/ 3
) 2T cosa =mg ( 25%] Ml Al
3 5 3 8
15mg
A :7 k cso | Al (9)
(b) A 1.51 B
h=~((3.91) ~(1.51)) =3.61 MI Al
2.41)"
Energy lmv2+mg><h=2><15mg><( ) ft their # | M1 Alft=Al
2 16  2x1.5/
Leading to v=0 %k cso | Al (6)

[15]




