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1 (a) (i) Write down the dimensions of the following quantities.
Velocity
Acceleration
Force

Density (which is mass per unit volume)
Pressure (which is force per unit area) [5]

For a fluid with constant density p, the velocity v, pressure P and height 4 at points on a
streamline are related by Bernoulli’s equation

P+ %pv2 + pgh = constant,
where g is the acceleration due to gravity.

(ii) Show that the left-hand side of Bernoulli’s equation is dimensionally consistent. (4]

(b) In a wave tank, a float is performing simple harmonic motion with period 3.49 s in a vertical
line. The height of the float above the bottom of the tank is 2z m at a time #s. When 7 = 0, the
height has its maximum value. The value of 4 varies between 1.6 and 2.2.

(i) Sketch a graph showing how & varies with 7. [2]
(ii) Express & in terms of ¢. (4]
(iii) Find the magnitude and direction of the acceleration of the float when 7 = 1.7. [3]
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2 A fixed hollow sphere with centre O has an inside radius of 2.7 m. A particle P of mass 0.4 kg
moves on the smooth inside surface of the sphere.

At first, P is moving in a horizontal circle with constant speed, and OP makes a constant angle of
60° with the vertical (see Fig. 2.1).

Fig. 2.1

(i) Find the normal reaction acting on P. [2]
(ii) Find the speed of P. [4]

The particle P is now placed at the lowest point of the sphere and is given an initial horizontal
speed of 9 m s~!. It then moves in part of a vertical circle. When OP makes an angle 6 with the
upward vertical and P is still in contact with the sphere, the speed of P is vm s~! and the normal
reaction acting on P is RN (see Fig. 2.2).

(iii) Find v? in terms of 6. [3]
(iv) Show that R = 4.16 — 11.76 cos 6. [5]
(v) Find the speed of P at the instant when it leaves the surface of the sphere. [4]
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3 Alight elastic string has natural length 1.2 m and stiffness 637 Nm!.

(i) The string is stretched to a length of 1.3 m. Find the tension in the string and the elastic energy
stored in the string. [3]

One end of this string is attached to a fixed point A. The other end is attached to a heavy ring R
which is free to move along a smooth vertical wire. The shortest distance from A to the wire is 1.2m
(see Fig. 3).

Fig. 3

The ring is in equilibrium when the length of the string AR is 1.3 m.

(ii) Show that the mass of the ring is 2.5kg. [4]

The ring is given an initial speed ums~! vertically downwards from its equilibrium position. It first
comes to rest, instantaneously, in the position where the length of AR is 1.5 m.

(iii) Find u. [7]

(iv) Determine whether the ring will rise above the level of A. (4]
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4  (a) The region bounded by the curve y = x3 for 0 < x < 2, the x-axis and the line x = 2, is
occupied by a uniform lamina. Find the coordinates of the centre of mass of this lamina. [8]

(b) The region bounded by the circular arc y=+v4— ¥ forl<x< 2, the x-axis and the line
x = 1, is rotated through 27 radians about the x-axis to form a uniform solid of revolution, as
shown in Fig. 4.1.

Fig. 4.1

(i) Show that the x-coordinate of the centre of mass of this solid of revolution is 1.35. [6]

This solid is placed on a rough horizontal surface, with its flat face in a vertical plane. It is
held in equilibrium by a light horizontal string attached to its highest point and perpendicular
to its flat face, as shown in Fig. 4.2.

Fig. 4.2

(i) Find the least possible coefficient of friction between the solid and the horizontal surface.

[4]
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4763 Mark Scheme June 2007
1(@)() | [ Velocity ] =L T B1 (Deduct 1 mark if answers given as
-1 -2 -2
[ Acceleration ] =L T Bl ms~, ms ™, kgms™ efc)
[ Force] =MLT™ Bl
[ Density ] =ML 23
[ Pressure ] =M L' T B1
5
(i) [[p]=ML'T?
[% pvi]1=(ML>)LT™)? M1 Finding dimensions of 2nd or 3rd
ML T2 Al term
[pghl=(ML)LT?)L)=ML"'T7 Al
All 3 terms have the same dimensions El Allow e.g. ‘Equation is
4 | dimensionally consistent’
following correct work
(b)(i)
N
221 Ml For a ‘cos’ curve (starting at the
highest point)
(-6 1
Al Approx correct values marked on
2| both axes
o +— >
349 i
(i) .o 2m
Period " 3.49 M1 ,
=18 Accept ——
¢ Al YT
Ml For i =c+acos/sin with either
=1(1.6+22) or a=+(22-1.6
h=19+0.3cosl.8¢ F1 ¢=2( ) =5l )
4
(iif) | When %2 =1.7, float is 0.2 m below centre
Acceleration is @’x=1.8%x0.2 MIA1 Award M1 if there is at most one
=0.648 ms ™ upwards Al cao |error
3

(1.8¢=2.30, t=1.28)

Acceleration 4 =—-0.3x1.8% cos1.8¢ M1

=-03x1.8% x(-2) Al
=0.648 ms™ upwards Al cao
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2 (i) | Rcos60=0.4x9.8 M1 Resolving vertically
Normal reaction is 7.84 N Al (e.g. Rsin60=mg is M1AO
2 R=mgcos60 is MO )
(i) Ml Horizontal equation of motion
2 2
2 M1 Acceleration ~— (MO for v_)
Rsin60=0.4x — Al r 2.7
2.7s1in 60
Speed is 6.3 ms™ Al cao
4
OR Ml Horizontal equation of motion
Rsin 60 = 0.4 x (2.7 sin 60)w” Al or R=04x27x "
o =2.694
v=(2.7sin 60)w Ml For v=ro (MO for v=2.7w)
Speed is 6.3 ms™ Al cao
(iii) | By conservation of energy, Ml Equation involving KE and PE
1x04x(9% =v?)=0.4x9.8x (2.7 +2.7cos 6) Al
81-v% =52.92+52.92cos 0
v =28.08 — 52.92cos @ Al Any (reasonable) correct form
3| e.g v’ =81-52.92(1+cosb)
(iv) V2 Ml Radial equation with 3 terms
R+0.4><9.8cos6’=0.4><; Al
0.4 . Ml Substituting expression for v?
R+ 3.92005:925(28.08—52.920059) Al
R+3.92cosf =4.16 —7.84cos@ SRIE 0 is tak he d 4
R=4.16—11.76c0s 0 RI. Hlsta.entot e downwar
El vertical, maximum marks are:
5| MIAOAO in (iii)
MI1AIMIAIEQ in (iv)
(v) |Leaves surface when R =0 Ml
cosd = 416 Al
11.76
222808 -52.92x 10 (=936
L T T (=9.36) Ml Dependent on previous M1
. sz
. 4 or using mg cosf = ——
Speed is 3.06 ms A1l cao ’
4
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3 (i) |Tensionis 637x0.1=63.7N B1
Energy is $-x 637 x 0.12 M1
=3.185] Al
(if) |Let & be angle between RA and vertical
cosf=-2 (0=674°) Bl
T cos® =mg Ml Resolving vertically
63.7x%:mx9.8 Al
Mass of ring is 2.5 kg El
(iii) Ml Considering PE
Loss of PE is 2.5x9.8 x (0.9 —0.5) Al or PE at start and finish
Ml Award M1 if not more than one
error
EE at lowest point is %x 637 x0.3% (=28.665) Al
By conservation of energy, Ml Equation involving KE, PE and EE
25%x9.8x04+1x25u> =1x637x03%-3.185 |F]
9.8 +1.25u” = 25.48
u® =12.544
u=3.54 Al cao
(iv) |From lowest point to level of A,
Loss of EE is 28.665 Ml EE at ‘start’ and at level of A
Gain in PE is 2.5x9.8x 0.9 =22.05 M1 PE at ‘start’ and at level of A
(For M2 it must be the same ‘start”)
Ml Comparing EE and PE (or
equivalent,
Since 28.665 > 22.05, e.g Lmu® +3.185=mgx0.5+1m?)
Ring will rise above level of A Al cao Fully correct derivation

SR If 637 is used as modulus,
maximum marks are:

(i) BOM1AO

(i) BIMIAIEO
(iii)) MIAIM1AIMI1F1AO
(iv) MIM1IMI1AO
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4 (a) 2 2
. 3 4
Area is Lx dx =[%x ]0=4 Bl
2
jxydx :J xtdx Ml
0
2
=[x =64 Al
_ 64
=—=1.6
= Al
2
J%yz de = | $x°dx M1 Condone omission of 1
0
26
[Lx ]0 _o Al
1.2
_ pydx
Nk v
[yax
16
=%=7 Al Accept 2.3 from correct working
(b)(i) ) 2 & may be omitted throughout
Volume is Jﬂyzdx =J 7(4—x*)dx MI
1
:7r[4x——x3 ]?:%ﬁ Al For 2
2
Jﬂxyzdx = | zx(4-x%)dx Ml
1
:72[2x2—%x4 ]f—%;r Al For%
2
- jﬂxy dx M1
Iﬁyz dx
727
=4 = -135 El Must be fully correct
2z 20
B Height of solid is /=23 Bl .
(i) Th=mgx0.35 %/[11 Taking moments
F=T=0.10lmg, R=mg
Least coefficient of friction is % =0.101 Al Must be fully correct

(e.g- AOif m =37 is used)

66




Report on the Units taken in June 2007

4763; Mechanics 3

General Comments

The standard of work on this paper was very high. Most candidates found it to be a
straightforward test of the topics, and there were many excellent scripts; about half the
candidates scored 60 marks or more (out of 72). There were some weaker candidates, but very
few scored less than 30 marks, and almost all appeared to have sufficient time to complete all
that they could do. Circular motion was the only topic which seemed to cause significant
difficulties for a large number of candidates.

Comments on Individual Questions

1 This question, on dimensional analysis and simple harmonic motion, was the best
answered question, with an average mark of about 16 (out of 18).

(a)(i)
(a)(ii)

(b))

(b)(i)

(b)iii)

Almost every candidate gave the dimensions correctly.

The great majority of candidates found the dimensions of each term correctly,
although some did not explain how their working had demonstrated the required
result. A simple statement that the equation is consistent was sufficient to earn the
final mark, but ideally some reference to all terms having the same dimensions
should be made.

The graph showing the variation of the depth was usually drawn correctly,
although there was sometimes no indication of scale on the time axis.

The equation for h was found correctly by about half the candidates. The value of
[Jwas usually calculated correctly from the period, but the amplitude was
sometimes 0.6 instead of 0.3, and the central value 1.9 was quite often omitted.

Most candidates used @’x to find the magnitude of the acceleration, but x was
very often taken to be 1.7 instead of 0.2. Other methods, such as differentiating
the equation for h from part (b)(ii), were even more prone to errors. The direction
was often given wrongly, and sometimes omitted.

2 This question, on circular motion, was the worst answered question, with an average
mark of about 13; but even so about 30% of the candidates did score full marks. The
horizontal circle (parts (i) and (ii)) caused more problems than the vertical circle.

(i)

(ii)

(iif)

(iv)

(v)

Although this was answered correctly by most candidates, a very common error
was resolving parallel to PO (R=mgcos60 ) instead of vertically (Rcos60=mg).

Most attempted to use v*/r for the acceleration, but a very common error was to
take the radius to be 2.7 instead of2.7sin 60, and some did not consider the
horizontal component of the normal reaction.

This was quite well answered, although some candidates did not realise that they
only needed to use conservation of energy.

Most candidates were able to set up the radial equation of motion and obtain the
given result. A fairly common error was omission of the component of the weight.

Most candidates understood that P leaves the surface when R=0, although some
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were unable to follow this with a correct calculation of the speed.

3  This question, on elasticity, was generally well understood, and the average mark was
about 15.

(i)
(ii)

(iii)

(iv)

Almost every candidate found the tension and the energy correctly.

The great majority of candidates realised that they should resolve vertically to find
the mass of the ring.

Almost all candidates realised that they should consider energy, but very many
failed to take sufficient care over the details. Common errors included the
miscalculation (or omission) of the change in gravitational potential energy,
forgetting about the initial elastic energy in the string, and sign errors in the energy
equation.

Some assumed that the ring moves with simple harmonic motion, but the majority
of candidates who attempted this part continued to consider energy, either from
the lowest point or from the initial position. The most successful, and simplest,
approach was to show that the ring has positive kinetic energy when it reaches
the level of A; those who tried to find the highest point reached usually forgot that
the string would become stretched again.

The methods required in this question, on centres of mass, were very well understood,

apart from the last part. The average mark was about 14.

(@)

Most candidates found the centre of mass of the lamina correctly.

Most candidates obtained the centre of mass of the solid of revolution correctly.
Although most candidates realised that they should take moments, there were not
many completely correct solutions to this part. Common errors were

miscalculating the height of the solid, and especially taking the moment of the
weight about the point of contact to be mgx1.35 instead of mgx0.35.
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