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Section A (36 marks)

3x+2

1 Express —
P x(x2+1)

in partial fractions. [6]

2

1
2  Show that (1 +2x)3 =1+ %x —=x"+ ..., and find the next term in the expansion.

Ol

State the set of values of x for which the expansion is valid. [6]

3 Vectorsaand b are givenbya=2i+j—kand b =4i-2j+Kk.

Find constants A and pu such that Aa + ub = 4j — 3k. [5]
4  Prove thatcotff —cota = M [3]
sin o sin 3
5 (i) Write down normal vectors to the planes 2x —y+z=2and x—z = 1.
Hence find the acute angle between the planes. [4]

(ii) Write down a vector equation of the line through (2, 0, 1) perpendicular to the plane 2x —y + z =2.

Find the point of intersection of this line with the plane. [4]
6 (i) Express cos 0 + /3 sin 6 in the form R cos(6 — o), where R > 0 and « is acute, expressing o in
terms of 7. [4]

(ii) Write down the derivative of tan 6.

177:
3 1 de—\/g
(cos O +v3sin0)>2 4~

Hence show that J [4]

0
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Section B (36 marks)
7  Scientists can estimate the time elapsed since an animal died by measuring its body temperature.

(i) Assuming the temperature goes down at a constant rate of 1.5 degrees Fahrenheit per hour,
estimate how long it will take for the temperature to drop

(A) from 98 °F to 89 °F,
(B) from 98 °F to 80 °F. [2]

In practice, rate of temperature loss is not likely to be constant. A better model is provided by Newton’s
law of cooling, which states that the temperature 6 in degrees Fahrenheit ¢ hours after death is given
by the differential equation

de
5 = k(6-8)).

where 6, °F is the air temperature and & is a constant.

(ii) Show by integration that the solution of this equation is 6 = 6, + Ae™ where A is a constant.

[5]
The value of 6 is 50, and the initial value of 6 is 98. The initial rate of temperature loss is 1.5 °F
per hour.
(iii) Find A, and show that k = 0.031 25. [4]

(iv) Use this model to calculate how long it will take for the temperature to drop
(A) from 98 °F to 89 °F,
(B) from 98 °F to 80 °F. [S]

(v) Comment on the results obtained in parts (i) and (iv). [1]

[Question 8 is printed overleaf.]

© OCR 2009 4754A Jan09 Turn over



PMT

4

8 Fig. 8 illustrates a hot air balloon on its side. The balloon is modelled by the volume of revolution
about the x-axis of the curve with parametric equations

x=2+2sinf, y=2cosf+sin20, (0<06<2nm).

The curve crosses the x-axis at the point A (4, 0). B and C are maximum and minimum points on the
curve. Units on the axes are metres.

Fig. 8
o o dy .
(i) Find A in terms of 6. [4]
.s . dy 1 .
(ii) Verify that v 0 when 6 = T, and find the exact coordinates of B.
Hence find the maximum width BC of the balloon. [5]
(iii) (A) Show thaty = xcos 6.
(B) Find sin 6 in terms of x and show that cos? 0 = x — %xz.
(C) Hence show that the cartesian equation of the curve is y2 =x - ix“. [7]
(iv) Find the volume of the balloon. [3]
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For
Examiner’s
1  Show how the value d = 8 on line 32 is obtained. [2] Use
2 Using the information given on lines 38 and 39, derive equation (1). [3]

3  Onlines 43 and 44 it is suggested that the volume of fuel in the tank in Figs. 2.1 and 2.2 could
be calculated using the values of £ and 6.

Calculate the volume of fuel in the case where 2 =5 and 0 = 30°. [31
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For
Examiner's
4 A fuel tank in the shape of a cuboid is shown below. Use
50 cm
S
80 cm

It is partly filled with fuel and inclined at an angle to the horizontal. The side view is shown
below.

Calculate the volume, in litres, of fuel in the tank. [31
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5 (i) Explain clearly how the equation on line 72 can be simplified to give the quadratic equation
on line 74. [1]

(ii) In line 76 only one root of the quadratic equation is given. Find the other root and explain
why it is not relevant in the context of this problem. [3]

6  On line 90 it is stated that if H = A = 10 then equation (4) gives a volume of 37.5 litres. Use
equations (3) and (4) to show how this volume is derived. [3]

For
Examiners
Use
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