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A brass pendulum consists of a rod AB freely hinged at the end A with a sphere at the end B, as
shown in Fig. 1.
A

Fig. 1

When oscillating, the total energy, E, of the pendulum is given by the equation

= %Iw2 — mgh cosB6,

where @ is the angular speed, m is the mass of the pendulum, 4 is the distance of the centre of mass
of the pendulum from A, 0 is the angle the pendulum makes with the downward vertical and / is a
quantity known as the moment of inertia of the pendulum.

(i) Use this equation to deduce the dimensions of I. [4]

It is suggested that the period, T, of the pendulum is given by T = kI%(mg)’h’ where k is a
dimensionless constant.

(ii) Use dimensional analysis to find «, 3 and y. [5]

For a particular pendulum, the equation of motion can be shown to be
6+ 9sine = 0.
(iii) Show that, for small 6, the motion is approximately simple harmonic. [2]

The time, ¢ seconds, is recorded from an instant when the pendulum is observed to be at an angle
of 0.025 radians to the vertical and moving away from the vertical. The amplitude of the
oscillations is observed to be 0.05 radians.

(iv) Find 6 in terms of # and hence find the value of ¢ when the pendulum first passes through the
vertical. (4]
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A railway engine of mass 50 tonnes travels at 30ms~! along a section of horizontal track around a
circular bend of radius 500 m.

() Calculate the lateral (sideways) force exerted on the rails by the engine, indicating clearly
where you use Newton’s second and third laws. (4]

Subsequently, for safety reasons, it is decided that the lateral force on the rails should not exceed
50 000 N. One way to ensure this is to impose a speed limit of Vim s71 so that at this speed the
force is S0 000 N.

(ii) Calculate V. (2]

Another way to restrict the force on the rails and allow the engine to travel at 30 ms™! is to bank
the track at an angle 6 to the horizontal. This is shown in Fig. 2, where AB is a line of greatest

slope.

Centre of circle B

Fig. 2

(iii) When the engine travels at this speed, find, in terms of 6, the component of acceleration in the
direction BA. Hence, or otherwise, show that the lateral force, TN, is given by

T = 90000 cosg — 490 000 sind. (5]

(iv) Express T in the formR cos(8 + a). Hence calculate 6 when T = 50 000. [4]

Turn over for Questions 3 and 4.
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A light elastic string AB, of natural length 0.8 m and modulus 5 N, is attached at A to a ceiling
which is 2.4 m above the floor. A small ball of mass 0.2kg is attached to the other end B and hangs

in equilibrium.
(i) Calculate the length of the string. [3]

(ii) The ball is pulled down until it touches the floor with AB vertical and it is then released from
rest. Calculate the speed at which it hits the ceiling. [4]

A second light elastic string of modulus 5 N and natural length /; m, where I, <24,is attached to
the ball at B and to the floor vertically below A. The ball is held at rest on the floor with AB vertical

and it is then released.

(iii) Find the range of values of /; for which the ball will still hit the ceiling. (8]

A uniform lamina is in the shape of a triangle OAB, where O is the origin and A and B have
coordinates (b, h) and (b, 0) respectively, as shown in Fig. 4.

yﬂ

A(b, h)

0! B(b,0) x
Fig. 4

(1) Find the equation of the line through O and A. Hence show by integration that the y-coordinate

of the centre of mass of the lamina is —;—h.

Write down the x-coordinate of the centre of mass. [6]

A second triangular lamina, OBC, has vertices at O, B and the point C with coordinates (c, h)
where 0 < ¢ < b.

(ii) Show that the centre of mass of OBC is at the point (% b+ ), %h). [5]

A uniform triangular prism with cross-section OBC is placed on a rough plane inclined at 30° to
the horizontal. The cross-section OBC is vertical with OB along a line of greatest slope and B

higher than O.

(iii) Find, in terms of b and A, the range of values of ¢ for which the prism will topple. Deduce that
the prism will not topple if & < bV3. (4]
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1) [E)(=[mghcos8])= ML*T Bl stated or used correctly
[@]=T" Bl stated or used correctly
[]=[E)/[0?] MI
= ML? Al from equation
[4
(i)  T=mML)*MLTHP L M1 substitute dimensions (must be shown)
a+f=0 M1 compare indices for one dimension
20+ B +y =0 M1 compare indices for all dimensions
-2 =1
B= —% Al one correct
a=1y =——;— Al all correct
if no comparison then M1 for substituting,
A2 for one correct, A2 for all correct
[5
(iii) @ small =sinf =80 Bl
=6 ~ -9 = SHM El must conclude SHM
[2
(iv) 0 =0.05sin(3t+¢€) M1 or equivalent (accept non-zero value for €)
0.025=0.05sing => g =47 M1 calculate &
6 =0.05sin(3¢+4x) or 6 =0.05cos(3r -4 7) Al
_ _5
0=0=>3+tn=n=>t=3n B1
[ 4
2(i) 302 M1 use of v/r
N2L towards centre: Force on engine = 50000 — Al identify as N2L
500
Al all correct
N3L: Force on rails = Force on engine = 90000 B1 identify both forces and use of N3L
[ 4
(i) y? o2
50000 = 50000— M1  N2L with v/r
500
=V =10y5~224ms™" Al
I 2
(iii) . 2
component of acceleration = %cose Bl
) 302 B1 resultant force down bank
T +50000g sin6 = 50000%“:059 M1 N2L with component of acceleration
Al comrect equation (not 7= ...)
T =90000cos@ —490000sin 6 El  must follow from correct N2L equation
Alternative:
, 302
T cosO + Rsin8 = 50000—— B1
500
RcosO =T'sin0 +50000g B!
eliminate R M1
T =90000cos8 —490000sin 0 1
[5
(V) R =/90000% + 4900007 ~ 498200 BI
a = tan~' (490000/90000) ~ 79.59 M1
Rcos(@ +a)=50000=0 +a = cos™'(50000/ R) = 84.24 M1 solving
=0 ~4.65° Al
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3(i) 0.2g=5x/0.8 M1 use of Hooke’s law
x=0.3136 Al
length = 1.11(36) m Al
[3
(i) 5x1.6° M1 use of energy
-}0.2v2+0.2gx2.4= %03 Al EPE term
' Al correct equation
=v=~574ms” Al
[ 4
(iii) : , 5(2.4-1, ) M1 attempt EPE in terms of /
570.2v" +0.2gx2.4+ 2l = Al correct EPE in terms of /,
! M1 energy equation (everything considered)
Al all correct
V20> 7 M1 use of vV >0 (accept =) ’
l,z —6.1184/,+5.76<0 Al equation or inequality (or multiple)
=1.162</, £4.956 M1 solving quadratic
[,>1.162 Al inequality must be justified by algebra or
explanation
[8
e
W .k, BI
%bhj? = I)b% (%x)zdx B1 formula stated or used correctly
E ] 1,2 M1 substitute and integrate RHS
2 bz shb M1 use correct limits and divide by area
y=3 El
x=21 2 2p Bl
I 6
(ii)  shear = mass distribution from x-axis unchanged M1  or calculation
= ; = l h El
1 L bhix = % ch- %C + -;—(b ~oh-(c +%(b -c)) MI1 reasonable at'tempt at x
Al correct equation
x -;—b +1ic El
[
(iii)
B
(o]
topples < a > 60° B1 (accept=)
(¢ > 0 = aacute) so topples <> tana > ﬁ M1 (accept=)
o 3" in B eoe< h b Al inec}ualit}' must be justified by algebra or
L b +1c NE) explanation
asc>0, h<\/§b:>c>i—b:>doesnottopple El
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2609 Mechanics 3

General Comments

Several centres expressed concern about the difficulty and length of this paper and many
candidates clearly found the latter parts of the paper hard. These points were accepted and
allowance was made when setting the grade boundaries. It is also greatly regretted that
question 2(iv) required a technique from P3 which is not assumed knowledge for the paper.
Again, allowance was made when setting the grade boundaries and, in addition, the work on
this part of every candidate was reviewed.

Comments on Individual Questions
Question 1 (Dimensions and simple harmonic motion)

The dimensions parts of this question were often well answered, except that many
candidates did not know the dimensions of angular speed. A surprising number of
candidates did not know how to use the small angle approximation to deduce the simple
harmonic motion equation for the pendulum. Many candidates tried to use the solution of the
equation in the form @ = acoswt , contrary to the given initial conditions.

(YML% (i) a=3.8=y=-1; (iv) 9=0.05sin(B8t+}z)t=Fx

Question 2 (Circular motion)

In the first part, the calculation using Newton's second law was usually correct, but many
candidates did not identify the use of the law as requested. Many candidates were unable to
recall Newton’s third law correctly, and even those who did often did not make it clear how it
was used in this calculation. The calculation of maximum speed was usually correct. When
finding the expression for T, candidates who used the suggestion in the question to use the
component of acceleration often gave short and clear solutions. Those who preferred to
work horizontally and vertically often produced longer but good solutions, although some
omitted the lateral force from their vertical equation. However, many candidates provided
insufficient working to justify where their result came from. Many solutions began T = ...,
without any justification for the terms or signs in the expression given. When showing a
given result, candidates are best advised to set up their Newton’s second law equation in the
form ‘resultant force equals mass multiplied by acceleration’.

()90 000 N;  (i)22.4ms™";  (iv)4.65°

Question 3 (Elastic strings)

Most candidates were able to calculate the length of the string accurately. Many candidates
were able to calculate the velocity using energy, but some omitted the gravitational potential
energy. Some candidates split the motion into stages and tried to use methods other than
energy. These attempts always took longer and were rarely correct. In the last part, many
candidates recognised the need to use energy, but most were unable to set up an accurate
energy equation.

() 1.11m; (i)5.74ms™; (i) £, >1.162
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Question 4 (Centre of mass)
Candidates generally were able to use integration to find the required result in the first part of
the question. Some were able accurately to use this result or an aiternative method to

calculate the centre of mass in the second part. Few candidates were able correctly to
identify when the prism toppled.

L h
(i) X = 3b; (iii) c<$-b
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