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2 .
An experiment consists of stretching a length of wire and fixing its ends. The wire is then plucked
to produce transverse vibrations. The frequency of these vibrations, f, is modelled by the equation
f=kPYIBzY
where P is the tension in the wire, [ is the length of the stretched wire, z is the mass per unit length
of the stretched wire and k is a dimensionless constant.

(i) Given that the dimensions of frequency are T, use dimensional analysis to show that o = %,

p=-1and y=—%. (5]
Two pieces of wire, A and B, used in the experiment both have modulus of elasticity 500 N.

(ii) Piece A has natural length 0.9 m and stretched length 0.945 m. Calculate the tension in the
1 {2]

WwIire.

(iii) Piece B is stretched to a length of 0.81 m. The tension in the wire is 40 N. Calculate the
natural length of the wire. (4]

(iv) In their unstretched state, the two wires had the same mass per unit length. In the experiment,
wires A and B produce frequencies f, and f; respectively. Calculate the ratio f,,: f;. 4]
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A pendulum consists of a light rod, AB, of length 0.8 m with a small brass sphere of mass 0.5 kg
attached at the end B. The end A is freely pivoted so that the pendulum can move in a vertical
plane. Initially the pendulum is held slightly displaced from the vertical and released from rest. The
angle the pendulum makes with the vertical after ¢ seconds is denoted by 6 radians, as shown in Fig. 2.

A

B
" sphere

Fig. 2

(i) Draw a diagram to show the forces acting on the sphere after it has been released. 2]

(i) Write down the equation of motion for the sphere in the tangential direction. Show that, if o
is small, it satisfies approximately the simple harmonic motion equation

6=-12.250. (51
The pendulum is released with 6=0.1.
(iii) Write down the amplitude and period of the motion. 21
(iv) Calculate the time at which @is first equal to 0.05. [3]

(v) Calculate the positive value of 6 for which the magaitude of the angular velocity of the
pendulum is half of its maximum value. (3]
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4

Fig 3.1 shows a uniform lamina OAB in the shape of the region betwecn‘€hc curve y = kx% , the x-axis
and the line x = 1, where k is a positive constant.

Y4
k- B

Fig. 3.1
(i) Show, by integration, that the coordinates of the centre of mass of the lamina are '(g, k). 9]

The lamina is suspended from the vertex A and hangs in equilibrium as shown in Fig. 3.2. The
angle that AB makes with the vertical is denoted by 6.

A

Fig. 3.2

(ii) Find tan@in terms of k. [2]

(iii) Calculate the value of k for which O is at the same horizontal level as B. [4]
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A car of mass 600 kg comes to a bend in a road. While travelling rourid the bend, the car moves in
an arc of a horizontal circle of radius 40 m. As the car travels round the bend there is a frictional
force perpendicular to the direction of motion. The forces acting on the car in the direction of
motion may be neglected.

The road surface is horizontal, as shown in Fig. 4.1.

centre of arc

Fig. 4.1

(i) Calculate the frictional force on the car when it travels round the bend at a speed of 15 ms™1. [3]
The coefficient of friction between the car and the road is 0.8.

(ii) Calculate the maximum speed at which the car can travel round the bend without slipping
sideways. 3]

The road is to be redeveloped and is to be banked at an angle 6 to the horizontal, as shown in Fig. 4.2
The coefficient of friction is still 0.8.

Fig. 4.2

The car is driven round the bend at the maximum safe speed, i.e. the speed at which it is on the
point of slipping up the slope.

(iii) In the case where 6= 4°, write down the vertical equilibrium equation and calculate the normal
reaction between the road and the car. Calculate the maximum safe speed of the car in this
case. (5]

(iv) Calculate the value of 6 which would give a maximum safe speed of 25 ms™. (4]
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1. (1)

(i)

(iii)

(iv)

2. (i)
(i)

(iii)

(iv)

5509 MEI Mechanics 3

T!= (MLT'z)aLﬁ(ML-I)T
O0=a+y
0=a+B-vy
-1=-2a

a=7, B=-1,7=-%

_ 500%0.045
T'=""53

=25N

40 = 500(01.31-10)
40/ = 405 - 500/,
lo=0.75

AGONOREON

_( ) 0.945 \ "1 ( 0.9m/0.945
0.81 0.75m/0.81

=(0.668 so ratio 0.668:1 or 1:1.497

Tension, weight

0.5.0.80 = —-0.5gsin@

6=-1225sin8
sinf~0=0=-12.250

T=—2— =4 (= 1.795)

60=0.1cos3.5¢
005 0.1cos3.5¢
=55 21 =0.299

max. ang vel. =0.1x3.5=0.35
(035) —3.52(0.12 - )2
[or§=23 o r = X = 1496]

J3

0= 50 = 0.0866

Markscheme (final version)

M1 Al

M1  two equations
M1  third equation
El

M1 Hooke's law
Al

M1 Al equation

Ml  solving
Al

M1  using formula for f; or f3

M1  attempt ratio
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M1+~ 0.75/0.81 or 0.9/0.945 or equivalent seen

Al  orany equivalent form

B1 B1 no spurious forces

M1 N2L
Al LHS
Al RHS
MI1 El

B1
Bl

Bl

Ml 0 =0.05 and solve

Al

M]
Ml

Al




3.30)

(ii)

(11i)

4. (i)

(i)

(iii)

(iv)
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2, 271
_ 2k
- 7
i=3
2% (l1f;.2)\2
R =507(kx2) dx
I2x* 1
=|: 8 ]0
k2
&
Y=16
A -2
) tana_ S5k
16
e o 35k
A
< <AQOB=¢
A = tanf=% =%
_.*_s_
g O

600.152
=40
=3375N

R=600g
F = yR = 0.8.600g
0.8.600g = 492~

v=177ms"

Rcos4° - 0.8Rsin4° = 600g
R=6244N .
Rsin4° +0.8Rcos4° = S5~

v=19.0ms"

Rcos 8- 0.8Rsinf = 600g

Rsin@+0.8Rcosf= -6—9%’%5-3

sinf+0.8cosd _ 25%
cos8-0.8sinf — 40g

892 sin@=311.4 cosé@
tan@= 0.349
6 =192°

Markscheme (final version)

MI1 Al
Ml
MI1

M1
El

Ml
Ml

El

M1
Al

Ml
Al

Ml Al

M1
M1
Al

Ml
M1
Al

M1
Al

M1

Al
Al

Ml
M1
Mi

Al

using | xy

divide by area (for either co-ordinate)

using | _é_yz

attempt at angle in terms of &

N2L
acceleration

N2L

vertical equation with cpt of R

R 2
radial equation with friction and 5

(must resolve at least one term)

vertical equation (attempt all terms)
radial equation (attempt all terms)
eliminate R and attempt to solve
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Examiner’s Report



Mechanics 3 (5509)
General Comments

The responses to this paper often showed a reasonable level of competence in mechanics. However
there were common weaknesses shown in maintaining accuracy in calculations. A number of
candidates also seemed unfamiliar with some standard topics, such as the simple pendulum and
motion on a banked track. Again, candidates must be reminded to show sufficient working to justify
answers given in the question.

Comments on Individual Questions
Question 1 (Elastic wire)

This was generally the best answered question with many high marks. The first part was usually
answered very well, although a few candidates gave no equations and just stated the given answers
without any real justification. The second and third parts were generally done well. The calculation of
the ratio in the last part often caused problems. The most common error by far was to assume the
mass per unit length was the same in the stretched state, contrary to the given information.

(i) 25N, (iii) 0.75m, (iv) 0.668:1.
Question 2 (Simple pendulum)

The force diagram was usually done well, but few candidates were able to use it to write down a
correct Newton's second law equation. Equations often involved the tension or the wrong component
of weight. Few candidates used the correct acceleration, and some wrote down equations for a conical
pendulum. However, many candidates were then able to use the given equation to make progress with
the remaining parts of the question. These were often done well, however some candidates were
unable to correctly identify the amplitude and the expression for & was often given as a sine rather
than cosine function. In the last part of the question, some candidates were unable to calculate the
maximum angular velocity, and others confused this with the symbol @ used in the standard SHM
equation.

(iii) 0.1, 1.80s, (iv) 0.299s, (v) 0.0866.
Question 3 (Centre of mass)

Some candidates could make little progress with the calculation of the centre of mass as they did not
know the correct formulae to use — indeed some used the volume of revolution formula. However
many knew the formula for the x-coordinate. The y-coordinate caused more problems with fewer
knowing the formula. The calculation of tand was often hampered by assuming that it was merely the
ratio of the coordinates given in (i). Those who drew diagrams were often more successful in
identifying the relevant lengths, although the ratio was sometimes calculated the wrong way or
hampered by poor manipulation of fractions. The last part of the question was often wrong as
candidates commonly assumed that 8 was 45°.

(i) 553, (iiD) \/35.




Question 4 (Circular motion)

The first two parts of this question were generally well done. The last two parts were generally done
poorly. The attempts were hampered by poor diagrams and poor equations of motion. Candidates
often omitted forces and/or failed to resolve correctly.

(i) 3375 N, (ii) 17.7ms™, (iii) 19.0 ms™, (iv) 19.2°.



