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1	 A pen is at a point B on a flatbed plotter. The point B is defined by the position vector  
3i + 2j relative to an origin O, where i and j are perpendicular unit vectors. The pen is then 
moved through three sequential steps defined by direction vectors

−4i + j,            3i − 3j,            and            2i – j            respectively.

The pen ends at point E.

(i)	 Calculate the final location of the pen, point E, giving your answer as a position vector 
relative to the origin O.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

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

(ii)	 Mark points B and E on the grid below and draw labelled arrows to show the movements 
of the pen.

[3]

O
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(iii)	 Calculate the direct distance between points B and E.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [2]
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2	 An isosceles triangle, shown below, has two equal sides of fixed length a. The height of the 
triangle, h, varies as the angle at the apex, θ, varies.

(i)	 Use calculus to show that the area of the triangle is maximised when

      
 .

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [5]

A diagram of a roof-supporting truss made of straight, rigid members is shown below.

The length of members HE, HG and GE are 4 m, 4 m and 1.25 m respectively. The structure 
is symmetrical about the centre line, AH, and is arranged in such a way that the area of the 
triangle in the centre, FHG, is maximised.
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(ii)	 State the distance AH.

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [1]

(iii)	 Calculate angle EHG giving your answer correct to the nearest degree.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

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

(iv)	 Calculate angle HGE giving your answer correct to the nearest degree.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

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

(v)	 Calculate the total width of the truss, BC.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [4]
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3	 The lever, shown below, has loads L1 and L2 on one side of the fulcrum and a load L3 on the 
other side of the fulcrum.

The distance between the fulcrum and L1 is d1 m, the distance between the fulcrum and  
L2 is d2 m and the distance between fulcrum and L3 is d3 m. Load L1 has a mass of m1 kg, load 
L2 has a mass of m2 kg and load L3 has a mass of 10 kg. The lever has uniform mass which is 
centred at the fulcrum.

When d1 = 3, d2 = 2 and d3 = 1.45 m the lever is in perfect balance.  

When d1 = 1, d2 = 5 and d3 = 1.35 m the lever is also in perfect balance. 

(i)	 Use the information above to formulate two linear simultaneous equations in unknown 
masses m1 and m2. 

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [4]

(ii)	 Express these equations in matrix notation.

[2]

L1

d1

d2 d3

L2 L3
m1 kg m2 kg 10 kg
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(iii)	 Use matrix methods to calculate the values of m1 and m2.

[5]
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4	 A ‘555 timer’ integrated circuit can be configured to produce a stabilised square waveform 
oscillating with a frequency, f, of up to 500 kHz. Once configured the output voltage 
continually alternates between high and low states. The time, TH s, that the output remains high 
and the time, TL s, that the output remains low are controlled by two resistors, with values  
R1 Ω and R2 Ω and a capacitor with value C F. These are shown below within a simple 555 
oscillator circuit.

For circuits of this type:

TH = ln(2) × (R1 + R2) × C  and  TL = ln(2) × R2 × C.

The period of oscillation, T s, is given by T = TH + TL.

The frequency of oscillation, f Hz, is given by 1f T= .

(i)	 A circuit of the type shown above is constructed with R1 = 1000, R2 = 2000 and  
C = 10–5.  

Calculate the frequency of oscillation, f.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [3]
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(ii)	 Another circuit of the type shown on page 8 is to be constructed so that it oscillates at a 
frequency of 0.5 Hz, with C = 10– 4 and TH = 1.2. 

Calculate the values of R1 and R2 correct to three significant figures.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [4]

For this type of circuit the duty cycle, DC %, is defined as:

where TH and T are defined in terms of R1, R2 and C as shown immediately below the circuit on 
page 8.

(iii)	 Show that 
2

100.DC R R
R R
1 2

1 2 #=
+

+] g

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

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

(iv)	 Assuming that R1 + R220 use the result in part (iii) to determine the theoretical maximum 
and minimum values of DC.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

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

100,DC T
TH #=
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5	 For this question use the relationship 
d

da t
v

= ,

where 	 a is acceleration, 
	 v is speed,
	 t is time.

A passenger lift in a tall building starts from rest at the top floor and descends without stopping 
to the ground floor in 50 seconds. During its descent the acceleration of the lift, a m s−2, is 
modelled by the equation

a = 0.003t 
2 – 0.2t + 2.5,

where t s is the time from the start of its descent.

(i)	 Calculate the speed of the lift, v m s−1, when t = 10.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [4]

(ii)	 Calculate the maximum speed reached by the lift during its descent.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [4]
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(iii)	 Draw a graph of v against t for (0G tG50) on the grid below. 

												            [3]
(iv)	 For this part of the question you are given the following information.

The distance s travelled by the lift in a period from t0 to t1 is given by

Using this information calculate the total distance travelled by the lift during its descent.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [4]

d .s v t
t

t
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6	 For a communications system the impulse response, h(t ), and its frequency response, H( f ), are 
related by the integral 

where                , t s is time and f  Hz is frequency.

For a particular communications system h(t) is defined as

h(t) = e−t for tH0,

h(t) = 0 for t10.

(i)	 Show that H
1 j2

1f f=
+ r

^ h

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [5]

Now consider the case when f = 0.5.

(ii)	 Express H(0.5) in the form a + jb where a and b are real values correct to three decimal 
places.

[4]

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

H h e ,f t dtj2 ft
=

3

3
r-

-
^ ]h g#

j 1= -
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.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

(iii)	 Plot H(0.5) on an Argand diagram.

[1]

(iv)	 Express H(0.5) in the form r (cos θ + j sin θ) giving values for r and θ.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

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



14

© OCR 2023

7	 The variation in sea level each day affects the amount of electrical energy that can be generated 
using tidal energy. The tidal range is defined as the difference between high sea water level 
and low sea water level, and this varies due to the gravitational effect of the Moon. You should 
assume that the Moon’s orbit round the Earth is circular, and that the Moon moves through  
2π radians in a lunar month of 30 days. The tidal range, h m, at a particular place is modelled 
by the formula

h = 4 (cos2 θ  + 1)

where θ is the angle through which the Moon has moved around the Earth from the start of a 
lunar month.

(i)	 Calculate, in radians, the angle the Moon moves through in the first 5 days of a lunar 
month.

.................................................................................................................................................

...........................................................................................................................................  [1]

(ii)	 The average value, y , of a function y = f(x) over the interval a x bG G  is given by

Calculate the average tidal range in the first 5 days of the lunar month.

You may use cos
2

1
cos 2 1A A2

= +^ ] g h .

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

...........................................................................................................................................  [5]

1
f d .y b a x x

a

b
= - ] g#
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A tidal lagoon is an area of sea enclosed by a wall. The wall contains underwater turbines that 
generate electrical energy when water passes through them as the tide rises and falls. Water 
passes through the turbines four times each day, and each time the electrical energy generated, 
E MW h, is approximated by the formula

E = 
2

1 Aρgh2 × 
3600

10
6-

,

where  	 A m2 is the surface area of lagoon,
			   ρ kg m−3 is the density of sea water, 
			   g m s−2 is acceleration due to gravity,
			   h m is the tidal range.

You are given that ρ = 1025.

The surface area of a proposed lagoon is 11.5 × 106
 m2. 

On a particular day the tidal range is 5.3 m.

(iii)	 Estimate the total electrical energy that would be generated on that day.

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

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

(iv)	 Give reasons why the actual energy generated may be significantly different from the 
energy calculated in part (iii). 

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

.................................................................................................................................................

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

END OF QUESTION PAPER
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