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A wheel is rotating freely with angular speed 25 rad s! about a fixed axis through its centre. The
moment of inertia of the wheel about the axis is 0.65kgm?. A couple of constant moment is applied
to the wheel, and in the next 5 seconds the wheel rotates through 180 radians.
(i) Find the angular acceleration of the wheel. [2]
(ii) Find the moment of the couple about the axis. [2]

The region enclosed by the curve y = y/x for 0 < x < 9, the x-axis and the line x = 9 is occupied by a
uniform lamina. Find the coordinates of the centre of mass of this lamina. [7]

LA,

B

A lamina has mass 1.5 kg. Two perpendicular lines AB and CD in the lamina intersect at the point X.
The centre of mass, G, of the lamina lies on AB, and XG = 0.2 m (see diagram). The moment of
inertia of the lamina about AB is 0.02kg m?, and the moment of inertia of the lamina about CD is
0.12kg m?. The lamina is free to rotate in a vertical plane about a fixed horizontal axis perpendicular
to the lamina and passing through X.

(i) The lamina makes small oscillations as a compound pendulum. Find the approximate period of
these oscillations. 3]

(ii) The lamina starts at rest with G vertically below X. A couple of constant moment 3.2 N m about

the axis is now applied to the lamina. Find the angular speed of the lamina when XG is first
horizontal. [4]

A boat A has constant velocity 12 m s~ in the direction with bearing 110°. A boat B, which is initially
250 m due south of A, moves with constant speed 6 ms~" in the direction which takes it as close as
possible to A.

(i) Find the bearing of the direction in which B moves. [4]

(ii) Find the shortest distance between A and B in the subsequent motion. [4]
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In this question, a and k are positive constants.

The region enclosed by the curve y = ae @ for O € x < ka, the x-axis, the y-axis and the line x = ka
is rotated through 2x radians about the x-axis to form a uniform solid of mass m. Show that the

moment of inertia of this solid about the x-axis is tma*(1 +e™*). [8]

A uniform circular disc, of mass m and radius a, has centre C. The disc can rotate freely in a vertical
plane about a fixed horizontal axis through the point A on the disc, where CA = %a. The disc is
released from rest in the position with CA horizontal. When the disc has rotated through an angle 9,

2 2]
(i) show that the angular acceleration of the disc is g;:i, [4]
a

(ii) find the angular speed of the disc, [3]

(iii) find the components, parallel and perpendicular to CA, of the force acting on the disc at the axis.

[6]

B

A light rod AB of length 2a can rotate freely in a vertical plane about a fixed horizontal axis through A.
A particle of mass m is attached to the rod at B. A fixed smooth ring R lies in the same vertical plane
as the rod, where AR = a and AR makes an angle %n above the horizontal. A light elastic string, of
natural length a and modulus of elasticity mg /2, passes through the ring R; one end is fixed to A and
the other end is fixed to B. The rod makes an angle 8 below the horizontal, where —%n <0< %n: (see
diagram).

(i) Use the cosine rule to show that RB* = a2(5 - (2V2)cos 0 + (2+/2) sin 6). [2]

(ii) Show that 8 = O is a position of stable equilibrium. [6]

d*e
(iii) Show that Fro —k sin 6, expressing the constant k in terms of a and g, and hence write down

the approximate period of small oscillations about the equilibrium position 8 = 0. [5]
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L) [6=op+tar’®, 180=25x5+1ax25 M1
a=4.4rads™ Al
(ii) |Moment =/a =0.65x 4.4 Ml
=286 Nm Al ft
2 9 379
Area—J\/;dx :[%ﬂ} =18 B1
0 0
9 3 5 9
Ixydx Jox dx {Sx L 97.2 B1 For%xiz
~- 972
el
18
~2 =54 Ml
? 9
Byzdxz —;-xdx =[lx2 ]0 =20.25 Al
0
_ 2025 B1 For ¢x* (or 3y*-3y")
y=2
18
=2=1.125
Ml
Al
3(@{) {7/=002+0.12=0.14 B1
. g I 0.14
Period s 2”J mgh _2”\/1.5x9.sx0.2 Ml
=1.37s
Al
(i) |WD by coupleis 3.2x1z B1
32x 17 =15%x9.8x02 + 1 (0.14)0? ,IZ[llft For WD =PE +KE
w=546rads™!
Al
4 (i)
Mi Relative velocity perpendicular
10 v,
Al . -
6 Correct velocity triangle
cosf=— Ml
12
8 =60°
Bearing of B’s velocity is 110 -60 = 050° | A1
4
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(ii) |As viewed from B:
Considering relative
i 250w displacement
Relative velocity on bearing
8 140°
Shortest distance is 250sin 40 M1
=161m Al
4
5 ka - _ax L \2
m=PIW2dx=PﬂJ a’e “ dx M1 Integral of[e ;)
0
(when finding mass or volume)
ek 2 2
=pr| —yae “ For Ie "dxz—%ae a
0 Al
_1 31— e 2
21’0” ¢ E ©) For mass or volume
I=|-pry dx Al
Iz Integral of »*
oo Ml
= % an a'e @ dx
0 Correct integral expression
T b S " Al ft (in terms of x)
1 1 a _1 -
=3pﬂ{—7ae :I =gpra(l-¢)
0
_%maz(l—e_‘”‘) Al
- 1- e~2k
_gmal(-eyiee )y o2k Dependent on previous MIMI
= e 2 =gma-(1+e ™) Mi
Intermediate step not required,
Al (ag) |provided no wrong working seen
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(/ TN
(e
i«.’b > l C !
mg //
N e
= %maz +m(La)? Ml Using parallel axes rule
=gma’ Al
Lacos@)=1Ila=(3ma’
mg(yacosf)=rla=(yma’)a M1 Or differentiating the energy
o = 280080 equation
3a Al (ag)
4
M1 Using 1/
11w = mg(Lasing) Al
_ [4gsind
w= \’_ 3a Al \
B1 For radial acc’n of Cis (4 a)w’
R—mgsim9=m(%a)a)2 M1 + R+ mgsind=mra® or kmaw®
R= -;-mg sin @ Al ) (with
numerical k)
Bl For transverse acc’n of C is
mgcosf — S = m($a)a Ml (za)a
S =2mg coso Al as above
6| Direction must be clear
Equations involving horizontal
and vertical components can
earn BIMIBIMI
OR sEa)=1I;a M1 Must use /;
S(%a)=(%ma2)a Al
S =2mgcos8 Al
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T({) | RB? =a% + (2a)? - 2(a)(2a)cos(8 + %7:)
=5q° —4a2(c050cosi—7r—sin @sin ) Mi
= a*(5-2J2cos 0+ 22 sin 0
. ’ Al (ag)
(ii) V = —mg(2asind) + mg2  RB? M1 Considering PE and EE
24q Al
= %w/Z—mga —2mgacos@
3—’;— =2mgasin 6
v Mi
When 6=0, w0 0, hence equilibrium
2 Al Correctly shown
—5 =2mgacosf
dg
42 M1 or other method for max / min
When 6=0, 5 =2mga >0, hence stable
Al Correctly shown
(ili) |KE is +m(2q46) B1
%\Emga—ngacost9+2ma29'2 =K Mi
Differentiating w.r.t. 7,
2mgasin 00+ 4ma*06 =0
) M1
§=-Lsino
2a Al Requires fully correct working
OR (mgcos8 —Tsing)(2a) = 16 , Where or mgcosd—Tsing = m(2aé)
= mg\/E(RB) and sin ¢ _ sin(6 + %”) M2
a a RB
o g .
0=-2L¢ing A2 . .
2" Give Al if just one minor error
. g 2a
Period is 2”\/; B1 ft ft provided that & is in terms of a

and g only
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