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(a)

(b)

2

(i) Write down the dimensions of force. [1]

The period, ¢, of a vibrating wire depends on its tension, F, its length, /, and its mass per unit
length, o.

(ii) Assuming that the relationship is of the form ¢ = kF“IPo7, where k is a dimensionless
constant, use dimensional analysis to determine the values of «, §and y. [6]

Two lengths are cut from a reel of uniform wire. The first has length 1.2 m, and it vibrates
under a tension of 90 N. The second has length 2.0 m, and it vibrates with the same period as
the first wire.
(iii) Find the tension in the second wire. (You may assume that changing the tension does not
significantly change the mass per unit length.) (4]
The midpoint M of a vibrating wire is moving in simple harmonic motion in a straight line,
with amplitude 0.018 m and period 0.01s.
(i) Find the maximum speed of M. [3]

(ii) Find the distance of M from the centre of the motion when its speed is 8 ms!. (4]
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2 (a) Amoon of mass 7.5 x 1022kg moves round a planet in a circular path of radius 3.8 x 108 m,
completing one orbit in a time of 2.4 x 10%s. Find the force acting on the moon. [4]

(b) Fig. 2 shows a fixed solid sphere with centre O and radius 4 m. Its surface is smooth. The point
A on the surface of the sphere is 3.5 m vertically above the level of O. A particle P of mass
0.2 kg is placed on the surface at A and is released from rest. In the subsequent motion, when
OP makes an angle 6 with the horizontal and P is still on the surface of the sphere, the speed
of Pis vms~! and the normal reaction acting on P is RN.

A

Fig. 2

(i) Express v in terms of 6. [3]

(i) Show that R = 5.88 sin 6 — 3.43. (4]
(iii) Find the radial and tangential components of the acceleration of P when 6 = 40°.  [4]

(iv) Find the value of 6 at the instant when P leaves the surface of the sphere. [3]
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A light elastic rope has natural length 15 m. One end of the rope is attached to a fixed point O and
the other end is attached to a small rock of mass 12 kg.

When the rock is hanging in equilibrium vertically below O, the length of the rope is 15.8 m.
(i) Show that the modulus of elasticity of the rope is 2205 N. [2]

The rock is pulled down to the point 20 m vertically below O, and is released from rest in this
position. It moves upwards, and comes to rest instantaneously, with the rope slack, at the point A.

(i) Find the acceleration of the rock immediately after it is released. [3]

(iii) Use an energy method to find the distance OA. [5]

At time ¢ seconds after release, the rope is still taut and the displacement of the rock below the
equilibrium position is x metres.

2

d
(iv) Show that d—; = —12.25x. [4]

(v) Write down an expression for x in terms of ¢, and hence find the time between releasing the

rock and the rope becoming slack. [4]

The region between the curve y = 4 — x2 and the x-axis, from x = 0 to x = 2, is occupied by a
uniform lamina. The units of the axes are metres.

(i) Show that the coordinates of the centre of mass of this lamina are (0.75,1.6). [9]

This lamina and another exactly like it are attached to a uniform rod PQ, of mass 12 kg and length
8 m, to form a rigid body as shown in Fig. 4. Each lamina has mass 6.5kg. The ends of the rod are
at P(—4,0) and Q(4,0) . The rigid body lies entirely in the (x, y) plane.

Y A

4m

P 4m O 2m 2m  Q X
Fig. 4
(ii) Find the coordinates of the centre of mass of the rigid body. [5]

The rigid body is freely suspended from the point A(2,4) and hangs in equilibrium.

(iii) Find the angle that PQ makes with the horizontal. [4]
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Mark Scheme

1@)@G | MLT? Bl Allow kgms™
) 1
(i) B1 For mL*
(T)=(MLT?)* (L) (ML) M1
Powersof M: a+y=0
of L atp-r=0 M2 For three equations
of T: -2a=1 Give M1 for one equation
a=-3, f=1, y=3 A2 Give A1 for one correct
6
(i) | kr L 67 = kR, o7 M1
1
Fioh=Fz2l Al Equation relating F,, F,, I, 1,
OR F“” is constant M1
F is proportional to 12 Al or equivalent
2.0
F, =90 x 172 M1
=250 (N) Al
4
b)D) | 27 _ g0 a1
w
w=200x
Maximum speed is Aw = 0.018 x 2007 M1
_ -1
=113 (ms™) Al Accept 3.67
3
(i) | Using v? = w?(A? — x?) M1
82 - (2007)2(0.018% - x?) 'IZ\/Ill Substituting values
x=0.0127 (m) AL
4
OR v=3.67c0s(2007t) =8 M1
when 2007t =0.785 Al Condone the use of degrees in
(t=0.001249) this part
x =0.018sin(2007 t) = 0.0185in(0.785) M1
=0.0127 Al
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2 (a) 2z -6 27 x 3.8x10°
= =2.618x10 _EEXOORY (2
0= ( ) B1 or v YT (=994.8)
2
Acceleration a=re? (or )
r M1
=2.604x1073
Force is ma=7.5x10% x 2.604 x107
=1.95x10% (N) M1 MO for F —mg =ma etc
Al Accept 1.9x10% or 2.0x10%
4
Change in PE is mg(3.5 - 4sin 6) Bl or as separate terms
(b)(1) |By conservation of energy
Lmv? =mg(3.5 - 4sin 0) M1
2 -
V' =68.6-78.4sin0 Al Accept 7g —8gsing
3
(i) _ v2
0.2x9.3sng - R=0.2x— M1 Radial equation of motion (3
terms)
1.965in 0 — R = 0.05(68.6 — 78.4sin 6) M1 o _
R — 5.88sin 0 — 3.43 Al Substituting from part (i)
El
4| Correctly obtained
(iii) |When ¢=40°, v*=1821 M1 or 0.2gsin40 - R=ma
2
. . Vo 5
Radial acceleration is T_4.55 (ms™) Al Accept 4.5 or 4.6
Tangential acceleration is 9.8cos40 i M1 MO for a=mgcos40 etc
=751 (ms™
(ms™) Al
4
(iv) | Leaves surface when R=0 M1
sing = 343
~ 5.88 M1
=351 Alcao |Accept 36°, 0.62 rad




3(i)

Ea x0.8=12x9.8
15

M1
A =2205 (N) E1
2
(i1) | 2205 M1 Equation of motion including
a=51.45 (ms?)
Al
3|Accept 51 or 52
(iii) Loss of EE is & x 2205 , c2 (=1837.5) M1 Calculating elastic energy
215 Al
By conservation of energy M1 Equation involving EE and PE
12x9.8xh=1837.5 F1
h=15.625
OA=20-h=4.375 (m) Al
5
OR 12x9.8x5+1x12xv? =18375 M1 Equation involving EE, PE and
v2 =208.25 KE
0=208.25-2x9.8x H F1
H =10.625
OA=15-H =4.375 (m) Al
iv 2205 A
(iv) T=—15 (0.8+x) B1 0rT=T(Xo+X)
M1 Equation of motion with three
2
12 9.8—%[5)5(0.8+ X) :12% terms i 2
Al or mg—T(X0+X)=mdt—2
g — _12.25x provided that mg = £ X, appears
dt
E1l somewhere
4| Correctly obtained
No marks for just writing
2205 d’x . .
- 2" x=12-2= or just usin
5 ae : g
the formula o? = -
ml
If x is clearly measured
upwards, treat as a mis-read
v) M1 For cos(v12.25t) or sin(y12.25t)
X =4.2c0s(3.5t) Al
Rope becomes slack when x=-0.8
4.2 cos(3.5t) =-0.8 M1
t=0.504 (s) Al Accept 0.50 or 0.51




4 (i)

2 2
16
jydx:J(4—x2)dx =[4x—%x3] (=?) B1
0 0
2
.[xydx:j x(4 — x%) dx
0 M1
SGIREI NI
_ 4 Al
=1
3
=075 M1
El Correctly obtained
2
'[%yzdx=f%(16—8x2+x4)dx M1
0
2 128
=[8x—%x3+% 5]0 ( E) Al
S e
OR J.yxdyzj yy4-ydy
0
) M1 Valid method of integration
3 5 3 574
= —2y(4-Vy)2 -4 (4— V)2 Al > >
{ VA=) —5(-y) L or | —2(4-y)2 +2(4-y)?
0
___________ e
V=15 M1
3
=16 .
El Correctly obtained
9 SR If % is omitted, marks for y
are M1AOMOEO
(i) | ; _12x0+65x0.75+65x2.75 M1 For 6.5x0.75+6.5x 2.75
12+65+65 M1 Using (3 m)x =3 mx
:%2091
25 Al
_ 12x0+65x16+65x1.6 ) ~
y= o M1 Using (3 m)y =3 my
_208 g
Al
5
(iii) M1 For CM vertically below A
M1 For trig in a triangle containing
ang - 2091 (= 1.09 ) 6, or finding the gradient of AG
4-0832 = 3168 Al Correct expression for tang or
tan(90 — 6)
f=190 Al Accept 0.33 rad






