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(i) Write down the dimensions of velocity, acceleration and force. . [2]

(ii) Use the definitions of work, kinetic energy and change in gravitational potential energy to
show that these quantities have the same dimensions. [3]

. o .. YAx . .
The tension in a stretched wire is given by T = 7 where A is the cross-sectional area of the
0
wire, [ is the natural length of the wire, x is the extension and Y is a quantity called Young’s

modulus which depends on the material from which the wire is made.
(iii) Determine the dimensions of Young’s modulus. [3]

The energy stored in the stretched wire is given by the equation
B
E=cY® (é) x7
)

where ¢ is a dimensionless constant.

(iv) Use dimensional analysis to determine the value of  and to find a relationship between f and .
[4]

(v) Use the standard formulae for tension and energy in terms of stiffness and extension to
determine the values of B, ¥ and the constant c. [3]
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2 A weighing machine is being designed. It consists of a square platform of mass 2.5kg supported
by a number of identical springs each of stiffness 25 000 N m™, which are attached to a fixed

horizontal base as shown in Fig. 2.

Throughout this question assume that the platform remains horizontal.

Fig. 2
Initially the designer uses four springs and the system is in equilibrium.

(i) Calculate the compression in each spring before any object is placed on the platform. [2]

A child of mass 30kg is standing on the platform, which is at rest.

(i) Calculate the compression in each of the four springs. 2]

(iii) Calculate the minimum number of additional springs required to reduce the compression to -
less than 0.002m. (4]

The 30 kg child is standing on the platform supported by four springs as in the original design. The
child’s father lifts her off quickly, allowing the platform to oscillate freely in a vertical direction.

(iv) The displacement of the platform below the equilibrium position at time ¢ seconds is y metres.
Write down the equation of motion for the platform. Hence show that the platform performs

simple harmonic motion of period ; 007: s. Calculate the maximum speed of the platform. [7]
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3 Fig. 3.1 shows a conical pendulum. A light inextensible chain AB of léngth 2m is fixed at the
end A and a small object of mass m kg is attached at the end B. The object is rotating in a
horizontal circle with constant angular speed wrad s~l. The chain makes an angle o with the

vertical throughout the motion.

Fig. 3.1
(i) The tension in the chain is TN. Express T in terms of m and o, and show that

cosa = 5572— ' [6]

A children’s fairground ride is modelled as a rigid horizontal bar OA of length 2 metres and the
chain AB from part (i). The end O of the bar is fixed to an axle rotating with constant angular speed
wrad s~1. The chain makes an angle § with the vertical, as shown in Fig. 3.2. The object of mass

mkg is attached at B as before.

O 2m A

>S5
Fig. 3.2
(i) Write down the vertical and radial equations for the motion of the object. [4]
(iii) Use your equations in part (ii) to calculate the angular speed when = 30°. ' [3]

(iv) Show that if the ride rotates at 0.7 rads™1, then B satisfies the equation

10tanB—sinf= 1. [2]
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A uniform solid hemisphere of radius r is formed by rotating the region in the first quadrant within
the curve x2 + y2 = r2 through 27 radians about the x-axis, as shown in Fig. 4.1.

Fig. 4.1

(i) Find, by integration, the volume of the hemisphere and show that the centre of mass of the
hemisphere has coordinates (37, 0). [6] .

A hemisphere of radius kr (where 0 < k < 1) is removed from a hemisphere of radius r to leave a
uniform hemispherical shell of constant thickness, as shown in cross-section in Fig. 4.2.

Fig. 4.2

4 (1-1
(ii) Show that the x-coordinate of the centre of mass of the shell is %r[l P J [4]

(iii) By writing k = 1 — £ where £ s small, show that 1 — k3 = 3¢ Find a similar expression for 1 — k*.
Hence, or otherwise, show that the centre of mass of a hemispherical shell of negligible
thickness is at the midpoint of the axis of symmetry of the shell. [51
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1(i) [velocity] = LT [acceleration] =LT~ Bl
[force] = MLT™ Bl
] 2
(i) [work done] =[F.d]=MLT?L=ML*T? Bl Must be shown, not just stated
[KE] = [% mv*] = M(LT")? = ML*T? Bl
[GPE] = [mgh] =M.LT2L = MLT? Bl
I 3
(i) y = % M1 rearranging
[Y]=I"L M1 substitute dimensions
L
=ML'T? Al cao
l 3
(iv) MLT?=(ML'T?)*L°IY M1 substitute dimensions
a= Al
~1+8+y=2 M1 equating powers of L
p+y=3 Al cao
[4
V) T=kx=k=1% M1 use tension to relate Y to kor 4
E=1he*= %% x2 M1 use energy to deduce at least two of B, y, ¢
>p=1y=2,¢c=% Al [3
2(i) 4(25000x)=2.5g M1 use of Hooke’s law
x =0.000245 m Al cao
l 2
(i) 4(25000x) = 32.5g M1 use of Hooke’s law with new mass
x=0.003 185 m Al cao
I 2
(iii) ~(25 000x) = 32.5¢ M1 equilibrium equation involving » (or equivalent)
x<002=>n>6.37 M1 solving
Al 637
= min. number of extra springs is 3 Al  cao
[ 4
(iv) 25y=25g—-4x25000(y+0.000245) M1 N2L
M1 linear expression in y for force in spring
M1 a weight term
. Al all correct with consistent signs -
= y=—40000y = SHM E1l must be all correct
period = 27/200 = n/100 El
amp. = 0.003185 — 0.000245 = 0.00294
max. speed = 0.00294x200 =0.588 m s~ Bl cao
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30) Tcosa=mg B1
Tsina = mre* M1 N2L with radial acceleration
T'sin @ = m(2sin @)o’ M1 eliminate 7
T =2mo’ Al
I T
cosg="8__& M1 eliminate
T 20° El
I 6
(i) r=2+2sinf Bi
Tcos B =mg Bl
T'sin f = mro* M1 N2L with mre® and component of tension
=m(2+2sin B)w’ Al may be awarded later
[4
(i) g=30°> _Jzi T=mg, 1T =3mw’ M1 substitute angle
S o= £ ) M1 eliminate 7 and use reasonable attempt at »
o=137rads™ Al cao
I 3
i i i M1 eliminate 7 and ct
(V) tang= *-(2+2sin B) eliminate 7" and use correct
®=0.7=>10tan f—sin =1 El
2
40 o _Lr” (r* ~x*)dx = [rzx—- L xs](’) M1 use of formula and attempt to integrate
= %711‘3 Al
Vi = J'O’ 2e(r? — x?)dx M1 use of formula and attempt to integrate
= ﬂ‘_‘;rzxz -1 x“]o Al
1t
f = 4 = ‘:ir El
%‘717'3 8
¥y =0 by symmetry El
[6
() _ 3rzm’-lkr 2n() M1 Xmx/Em or moments
x= 2 2 n(kry Al pumerator
3 3 M1 denominator
. 1
=il ;
[4
(i) (1-¢g) =1-3¢+3-¢&° M1 binomial expansion
1-k*~1-(1-36) =3¢ El
1-k*=1-(1-46+6& -4 +&*)~ 4¢ Al
¥=2 ,(:::; )z i :;_z_) M1 substituting
=1r El must be all correct
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Report on the Units taken — June 2002
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General Comments

This was found to be an accessible paper with many candidates scoring well. There was a good level of understanding
of the standard techniques, with the notable exception of showing that the motion of a system is simple harmonic. Some
candidates lost marks through careless reading by solving the mechanics problems but omitting to give all the details
asked for (for example the additional number of springs in question 2, the expression for tension in question 3 and the
volume in question 4).

Comments on Individual Questions

Q.1

Q.2

Q3

Q4

Despite sloppy notation from some candidates (including overuse of square brackets such a [M][L][T]™ by a few
candidates), most candidates were able to answer the majority of this question successfully. However the last
part of the question was possibly the least well done in the whole paper. The serious attempts at this part
generally tried to relate the formula for energy to the earlier dimensional work but few used the tension (in spite
of the instruction given) and fully correct solutions were not common.

(i) LT, LT2 MLT? (iii) ML7'T? (iv) 1,B+y=3, (v) 1,2, %

Most candidates calculated the compressions correctly. Most candidates made a reasonable attempt at calculating
the number of springs, however two common errors were to use the wrong weight and giving the total number of
springs rather than the number of additional springs as requested. A minority of candidates were able to
demonstrate SHM clearly but many others did not even attempt to use a Newton’s second law equation. Of those
who did start from an equation of motion, many omitted the weight and/or confused the displacement with the
extension.

(i) 0.000245m, (i) 0.003185m, (iii) 7, (iv) 9.24 x 105,

This question proved to be a good source of marks for many candidates. A common error was to fail to get the
correct expression for radius in one or both of the two different cases. Another common slip was to omit the
requested expression for tension in the first part of the question. Some candidates were unable to resolve
correctly (some even managing to get a horizontal component of weight). Some candidates did not realise that
for an ‘equation of motion’ a Newton’s second law equation was required, instead giving a relationship between
acceleration and velocity or angular speed.

@) V3T=mg, ST=3mw", (iii) 137,

The calculation of the centre of mass of the hemisphere was often well done, although some candidates omitted
to explicitly calculate the volume as requested. Some also did not give a satisfactory explanation of the stated
y-coordinate of the centre of mass - an appeal to symmetry was all that was required. The calculation of the
centre of mass of the shell in part (ii) was often done well, but many candidates engaged in lengthy integration
which was at best unnecessary but more often was incorrect. It was quite sufficient to replace r by kr in the
results already established and then combine the results using moments. Of those who adopted the correct
approach, many were successful but a common error was to use &7* rather than (kr)’. The last part of the question
was often done well, although some candidates seemed unsure what was required. In particular, showing the
given approximation was sometimes lacking in detail or based on incorrect statements.

@) %7113, (iii) 4e.
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