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given for using a correct method, even if your answer is wrong.

» Give your final answers to a degree of accuracy that is appropriate to the context.

+ The acceleration due to gravity is denoted by g m s~2. When a numerical value is
needed use g = 9.8 unless a different value is specified in the question.
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1 A horizontal, rectangular plot of land measuring 25 m by 20 m aligned within a Cartesian axis

system (x, y) with the origin at point O is shown below. Surveyors have placed four marker stakes

on the plot at points A (5,20), B (25,15), C (0,5) and D (25, 5). Coordinates are given in metres.

Two straight marker ropes join the stakes A and D and the stakes B and C. The point at which
these ropes cross has coordinates (X, ¥).

y
A (5, 20)

B (25, 15)
X, Y) Not to scale

C (0, 5) D (25, 5)

6’ X

(a) Show that X and Y satisfy the following linear simultaneous equations.
3X+4Y=95

2X-5Y=-25
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(b) Express these equations in matrix notation.

(¢) Use an inverse matrix method to calculate the values X and Y.
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2 The diagram below shows a simple hoist arrangement for supporting a freely hanging mass of
M kg. The hoist includes a rigid jib, PA, which can freely rotate about a pivot at point P. The mass
M, is attached to A by means of an inextensible cable. Another inextensible cable, ABC, attached

to the jib at A, passes over a securely mounted frictionless pulley at B and extends to C where a
freely hanging counter-balance mass of M, kg is attached. You can assume that the masses of the
jib and cables can be neglected.

Point D is on the same horizontal level as P and vertically below B, such that DP is I m and DB is
4m. The length of the jib, PA, is 2m, the angle APD is 4 and the angle BAP is a.

Not to scale

4m

(a) By taking moments about P for the equilibrium of the jib, PA, calculate the ratio M, : M that will
allow the jib to remain in equilibrium in a horizontal position with € equal to 180°. The forces in
two cables attached to A and the thrust along PA cause the jib to be in equilibrium.
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(b) Calculate the distance between points P and B.

........................................................................................................................................................ [1]
For parts (¢), (d) and (e) of this question 8 =120°.
(c) Show that length AB is approximately 3.024 m.
........................................................................................................................................................ [3]
(d) Calculate angle .
........................................................................................................................................................ [3]

(e) By taking moments about P for the equilibrium of the jib, PA, calculate the value of M, that will
allow the jib to remain supported when M| = 50.
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(a) A body travelling round a circular path with a radius of #m has a constant linear speed of vms ™'
and a constant angular speed of wrads ™! (radians per second).

Express v in terms 7 and @.

For the rest of this question you should assume that the Earth is a perfect sphere with a radius r, of
6371 km. You should also assume that the Earth makes one complete revolution about its axis in
24 hours as shown below.

! 24 hours

(b) A low orbit satellite travelling in a circular path with a constant linear speed at a height of 700 km
above the Earth requires 100 minutes to make a complete orbit.

Calculate the linear speed of this satellite.

........................................................................................................................................................ 2]
(¢) A GPS satellite travelling in a circular path with a linear speed of 14000 km per hour makes a
complete orbit about the Earth in 12 hours.
Calculate the satellite’s height above the Earth.
........................................................................................................................................................ [3]
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(d) Gravitational acceleration towards the centre of the Earth diminishes as the height above the
Earth’s surface increases. At a height of 2km above the Earth’s surface, gravitational acceleration,
g, km 572, can be approximated by

S r. ¥
g,~gx10 (n+h>’
where g = 9.8 and r, = 6371.

For a satellite moving in a circular path at a height of #km above the Earth with a linear speed of
vkms™!, the acceleration, akms 2, towards the centre of the Earth is given by

2
\4

a= },-e_l_h .

A geostationary satellite follows a circular path and remains directly above a fixed point on the
Earth’s equator. The gravitational acceleration of the satellite is equal to the acceleration towards
the centre of the Earth, thatis g, = a.

For a geostationary satellite show that

2
hz().lxj/g(%) — 7.,

where @ is the angular speed of both the satellite and the Earth about its axis.
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4  The passive impedances, Z Q, of a resistor and an inductor connected to an alternating input
voltage with a frequency of @ radians per second are given below.

Resistor: Zp=R where R Q is resistance
Inductor: Z, = wlj where L H is inductance
where j= —1.

When these components are connected in parallel the total passive impedance, Z, satisfies the
relationship

1 _1 .1
Z_ZR+ZL'

(a) When the alternating voltage has a frequency of 50 Hz, show that @ = 314.16.

........................................................................................................................................................ [1]
(b) Show that
_ RwL (wL + Rj)
T ((1)L)2+ R2
........................................................................................................................................................ [4]
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(¢) Given that R=5and L = 6x1073, express Z, in the form a + bj where a and b are real values.

........................................................................................................................................................ (4]
(d) Represent Z, on an Argand diagram.

........................................................................................................................................................ [2]
(e) Express Z in the form r(cos6 + j sinf), where r is a real value and 6 is an angle in degrees.

........................................................................................................................................................ [2]
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10

The diagram below shows a mass, spring and damper mechanism supported in a vertical plane.
The mechanism shown is situated at rest with the centre of the mass aligned with the origin of a
y-axis.

Of--------- Mass

When the mass is lifted above the origin and allowed to fall it will pass the origin and then
oscillate about the position where y = 0 with ever decreasing amplitude. The position of the centre
of the mass, y, at time ¢ after the mass is released is given by

y=e 21 (4 cos2t + B sin2t), for t > 0,
where 4 and B are constants.

By differentiation find a formula for the speed of the mass at time ¢.

The mass is lifted to the position where y = 1. When ¢ = 0 the mass is released from rest.

Use this information to calculate the values of 4 and B.
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(¢) Using the equation for y given above together with the values for 4 and B you found in part (b),
show that

d d
dt); +4d—);+8y=0.

(d) Calculate the furthest distance the centre of the mass will fall below the y origin after it is
released.

damped.
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6  The diagram below shows a symmetrical, ceremonial arch constructed on top of two equally high
support plinths, A and B. The plinths are mounted on horizontal ground and the points where the
arch rests on the plinths are 6 m apart.

Not to scale

. xXm
0 6
The shape of the arch is aligned within a Cartesian coordinate system (x, y) and modelled by the
equation
d
2= I = for 0< x <6,

where xm is the horizontal distance from left side of plinth A and ym is the height of the arch
above ground level. The maximum height of the arch above ground level is 10 m.

(a) Determine the equation of the arch in the form y = f(x).
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(b) Calculate the height of each of the two plinths.

........................................................................................................................................................ [2]
(c) Calculate the two values of x for which the arch is 5m above the ground.
You may use the substitution X = e * 3.
DISEANCE 1 ettt sttt et a et e h bbbt sbeeneeaeen
DISTANCE 2 ..ottt ettt e h e h e bt s h bt bt e e h bt e b e sabe e bt e et e b e satean
[S]
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7
(a) Show that

xsinax , cosax
/xcosaxdx= p + p +C

A hollow cylindrical support for a sunshade together with part of the pole is shown below. The
support is filled with water.

The support, which is made of plastic, has a flat base and an outside radius of R mm as shown
in the side elevation view below. The side elevation also shows Cartesian axes » and /4, with the
origin at the centre of the base of the support.

N,

The support has a height of #mm at a distance of »mm from its centre. The value of / is given by
h=Hcos<%>, for —R<r<R,

where H and A4 are constants, both measured in millimetres.
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Ignoring the space in the support occupied by the pole and the thickness of the plastic, the
maximum volume of water in the support, ' mm?, is given by

V=27Tf0Rrhdr=27fo0chos<%>dr.

(b) Calculate ¥ when R =150, H =120 and 4 =150. Give your answer in litres.

For this calculation you are advised to set your calculator in radian mode. One cubic metre is
equivalent to 1000 litres.

END OF QUESTION PAPER
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EXTRA ANSWER SPACE

If you need extra space use this lined page. You must write the question numbers clearly in the margin.

OCR

Oxford Cambridge and RSA

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact The OCR Copyright Team, The Triangle Building, Shaftesbury Road, Cambridge CB2 8EA.
OCR is part of Cambridge University Press & Assessment, which is itself a department of the University of Cambridge.

C305/2501

© OCR 2025



