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• Use black ink. HB pencil may be used for graphs and diagrams only.
• Answer all the questions.
• Write your answer to each question in the space provided in the Printed Answer 

Booklet. If additional space is required, you should use the lined page(s) at the end of 
the Printed Answer Booklet. The question number(s) must be clearly shown.

• You are permitted to use a scientific or graphical calculator in this paper.
• Final answers should be given to a degree of accuracy appropriate to the context.

INFORMATION
• The total mark for this paper is 75.
• The marks for each question are shown in brackets [ ].
• You are advised that an answer may receive no marks unless you show sufficient detail 

of the working to indicate that a correct method is used. You should communicate your 
method with correct reasoning.

• The Printed Answer Booklet consists of 16 pages. The Question Paper consists of 
8 pages.

You must have:
• Printed Answer Booklet
• Insert

You may use:
• a scientific or graphical calculator
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Formulae A Level Mathematics B (MEI) (H640)
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Differentiation
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Differentiation from first principles

0
limx h

x h x
f

f f
=

+ -
"h

l^ ^ ^h h h
Integration

ln
x
x
x x c

f
f

d f= +
lc

e
dd ^
^ ^h
h h
x x x n x c1

1f f d f
n n 1
=
+

+
+

l; ^ a ^ a ^h hk hk
Integration by parts u x

v x uv v x
u xd

d d d
d d= -; ;

Small angle approximations

sin .i i , cos 1 2
1 2.i i- , tan .i i  where i is measured in radians
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Trigonometric identities
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Numerical methods
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Sample variance
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Standard deviation, s variance=

The binomial distribution
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Mean of X is np

Hypothesis testing for the mean of a Normal distribution
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Percentage points of the Normal distribution

p 10 5 2 1

z 1.645 1.960 2.326 2.576
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Kinematics

Motion in a straight line Motion in two dimensions
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1 2= +  s u at t2

1 2= +

s u v t2
1= +^ h  s u v t2

1= +^ h
v u as22 2= +  
s vt at2

1 2= -  s v at t2
1 2= -

PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



/

PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



+*•

=zu+s×)3-3Cl+Éi+6µµµ1+S×)-21nlHS×\tµypµgµgµpg÷€9

,

PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com



= I. 718 . .
.

I 1.72

-

•

§

PhysicsAndMathsTutor.com



Oxford Cambridge and RSA

Turn over
OCR is an exempt Charity

*
7
7
9
0
9
0
0
3
7
4
*

© OCR 2019 [603/1002/9] 
DC (KS/SW) 174423/3

INFORMATION
• This Insert contains the article for Section B.
• This document consists of 4 pages. 

INSTRUCTION TO EXAMS OFFICER/INVIGILATOR
• Do not send this Insert for marking; it should be retained in the centre or recycled.

Please contact OCR Copyright should you wish to re-use this document.

Friday 14 June 2019 – Afternoon 
A Level Mathematics B (MEI)
H640/03 Pure Mathematics and Comprehension

Insert
Time allowed: 2 hours 

PhysicsAndMathsTutor.com



2

H640/03/I Jun19© OCR 2019

  Modelling a tube

Products such as toothpaste and hand cream are often sold in tubes which have a circular 
cross-section at the end which has the opening for the product to be dispensed. The other end of 
the tube is closed and is a straight line. The front view and side view of such a tube are shown in 
Fig. C1. The circular end will be defined to be the bottom end of the tube and the straight line end 
will be defined to be the top end.

Front view Side view

 Fig. C1

There is no simple formula for the volume of a tube of this shape, but a good approximation can be 
derived using mathematical modelling.

The cross-section at the bottom of the tube is a circle; the cross-section at the top is a straight line. 
Observation of tubes suggests that they are made by starting with a cylinder and closing one end by 
bringing the sides together in a straight line. This means that the tube will have a volume smaller 
than the cylinder that was used when making it. If the base radius of the tube is r, the height is h 
and the volume is V then

V r h21 r .

Modelling assumptions

The following table lists the modelling assumptions which will be made, together with some 
comments justifying each of them.

Modelling assumption Comments

The perimeter of the cross-section of the 
tube is constant all the way up.

This follows from starting with a cylinder to 
make the tube.

The nozzle at the bottom of the tube and the 
cap will be ignored.

Experience suggests that the nozzle and cap are 
not filled with the product when the tube is first 
opened so their volumes are not relevant.

The front width of the tube increases at a 
constant rate from the bottom end to the top 
end.

Observation suggests that this is a good 
approximation.

The side width of the tube decreases at a 
constant rate from the bottom end to the top 
end.

This situation is shown in Fig. C2; observation 
suggests that this is a close approximation for 
tubes of typical sizes.

5

10

15

PhysicsAndMathsTutor.com



3

H640/03/I Jun19© OCR 2019

Modelling the cross-section
 

y

x
O r

h
Taking the y-axis as the axis of symmetry of the tube and 
looking at the tube from the side, as shown in Fig. C2, 
means that the side width of the tube is 2x at height y. 

When ,y x r0= =  and when ,y h x 0= = .

Assuming that the relationship between x and y is linear 
means that the side width decreases at a constant rate as y 
increases; this leads to ry hx hr+ = .

The cross-section at the bottom of the tube is a circle, as 
shown in Fig. C3.1; at the top of the tube, the cross-section 
is a line, as shown in Fig. C3.3. 
 Fig. C2

r

l

2x rr

 Fig. C3.1 Fig. C3.2 Fig. C3.3

The exact ‘oval’ shape of the cross-section at intermediate points is not easy to determine, so a 
simple approximation for the shape is used.

When the width of the tube is 2x, the cross-section will be modelled as a rectangle with semicircular 
ends, as shown in Fig. C3.2. The radius of the semicircular ends is x. To ensure that the total 
perimeter of the cross-section is a constant, the length, l, of the rectangular part of the cross-section 
is given by ( )l r xr= - . It can be shown that this ensures that the front width of the tube increases 
at a constant rate as y increases, as required by the modelling assumptions.

Calculating the volume

Finding the area of the cross-section shown in Fig. C3.2 and using ry hx hr+ =  gives the 

cross-sectional area in terms of y as ( )
h
r h y2

2
2 2r - . 

Imagine slicing the tube into thin horizontal slices, with cross-section as shown in Fig. C3.2 and 

thickness dy. The volume of the tube is given by ( ) ;
h

h y yr
h
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for the tube, this can be written as ( )
h
r h y y

h
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Taking the limit as y 0"d  and evaluating the resulting integral gives V r h3
2 2r= . This is less than 

the volume of the cylinder, ,r h2r  as expected.

20

25

30

35

40

PhysicsAndMathsTutor.com



4

H640/03/I Jun19© OCR 2019

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 the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a 
department of the University of Cambridge.

PhysicsAndMathsTutor.com




