Question 1

i) = ax’ + by + 180+ 9
where a and » arc constants
Given that (v = 3

3y is a factor of £(x)
(a) show that
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Question 2
In this question you must show all stages of your working.
Solutions relving entirely on calculator technology are not acceptable.
Figure 4
Figure 4 shows a design for a feeding trough.
The trough is modelled as a hollow. semicircular cylinder of radis rem and length fem.
The trough will be made from sheet metal of negligible thickness.
Given that the capacity of the trough will be 90000 Tem
(a) show that the total area, 4 cm, of sheet metal required to make the trough 1s
given by
1800007
A= —— +7r
#
(4
(by Use caleulus to find the radius of the trough for which 4 15 a minimum.
4
(¢) Show that the radius found in part (b) gives the mimmum value of 4.
(2)
Given that the sheet metal costs £30 per square metre
(d) calculate the minimum cost of sheet metal required to make one trough.
(2)
(¢) State one assumption you have made in caleulating your answer to part {(d).
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Question 3
In this question you must show all stages of your working,
Solutions relying entirely on caleulator technology are not acceptable.
The growth of a particular tree 1s monitored over a period of time.
The hetght, & metres. of this tree. ¢ years afler it was planted. is modelled by
the equation
hi=31 - de”
where 4 and & are positive constants.
Given that
» exactly 10 years after 1t was planted. the height of the tree was 6m
= exactly 20 vears after 1t was planted. the height of the tree was 11m
(a) find a complete equation for & in terms of £. giving the valuc of each of 4 and &k
to 3 sigmificant fgures.
(4)
Use the equation of the model to answer parts (b), (¢) and (d).
According to the model. there is a imit to the height to which this tree can grow.
(b1 Deduce this limit.
(1)
{¢) {1} Find the mmtial height of the tree.
(11} Hence explain whether this is a suitable model for the early growth of the tree.
{2)
oo de _ .
{dy {1} Find T giving your answer i stmplest form.
’ (2
(1) Hence find the value of 7 for which the height of the tree is increasing at a rate
of 30cm per vear. .
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Figure 5

Figure 5 shows the plan view of the design for a swimming pool.

The pool is modelled as a quarter of a circle joined to two equal sized rectangles

as shown.

Given that

+ the gquarter circle has radius x metres

» the rectangles cach have length ¥ metres and width 1 metres
+  the total surface arca of the swimming pool is 100m”

{a) show that, according to the model, the perimeter P metres of the swimming pool is

given by

200
P=dx+ e
X
(5)
(b) Use caleulus to find the value of x for which P has a stationary value.
4
(c) Prove, by further caleulus, that this value of x gives a minimum value for P
2)
Access to the pool is by side 45 shown in Figure 5.
Given that 48 must be at least one metre,
(d) determine, according to the model, whether the swimming pool with the minimum
pernimeter would be suitable.
(2)
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Question 5

A curve has equation

o e wd Ky 2 &
¥==x —4X + 3

(PSR ]
B3|~

Lody L .
(a) Find -— writing your answer in simplest form.
dx o

(b) Hence find the range of values of x for which ) is decreasing.
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Question 6

- A company makes drinks containers out of metal.

The containers are modelled as closed cyhinders with base radius » em and height iem and
- o~ - - ~ - kS
the capactty of each container is 355¢m

The metal used

¢ for the circular base and the curved side costs 0.04 pence/em®
+  for the circular top costs 0.09 pence/cm”

Both metals used are of neghgible thickness.

{a) Show that the total cost, € pence. of the metal for one container is given by

, 284
C=0.13mr" + ——
m

4

{b) Use calculus to find the value of r for which ¢ IS 4 minimum, giving vour answer to

3 significant figures.
(4)
. A S ; X
icy Using 33 prove that the cost is minimised for the value of 7 found in part {b}
Al

(2)

(d) Hence find the minimum value of ¢ giving your answer to the nearest integer.
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Question 7

P2, 10)

\\
\ /

NS

- ¥

Figure 1

Figure 1 shows part of the curve with equation v = 3v° -

2]

The point P(2. 10) lies on the curve.

(a) Find the gradient of the tangent to the curve at P,

(2)
The point O with x coordinate 2 = /i also lies on the curve.
(b) Find the gradient of the line PQ, giving your answer in terms of / in simplest form.

3)

(¢) Explain briefly the relationship between part (b) and the answer to part (a).
d (1) i
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Question 8

The curve C has equation y = f(x) where

fx) =ax’ + 15x° - 39x + b
and « and b are constants.

Given
-

the point (2, 10) lies on C

* the gradient of the curve at (2. 10) is -3
(a) (1) show that the valuc of ¢ is -2

(i1} find the value of A.

(b) Hence show that € has no stationary points.

(c) Write f(x) in the form (x — 4)Q(x) where Q(x) is a quadratic expression to be found.
(2)
(d) Hence deduce the coordinates of the points of intersection of the curve with equation

v = f(0.2x)
and the coordinate axes,

(0\) 1[(;(5 :a~13+ 5>t~ + b

(2)
'p(i) = 3ox” 30 - 29
. _
‘f@) =10 q@Y + l5(’1)l~861(aj b =|o
x4+ 60 -T€ +b =l
.( 4 SOk + b = “;)g @
. = y
’C l@) = ~3' 95(ay +30 CZ> - 24 = -3
2 +66 ~39 = -3
‘ [dan = -~ ,
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Question 9

A curve has equation

p=3xt+ — 42 x>0
¥

(a) Find, in simplest form & ' z ¥ o
€ “and, ms es m, — — ) o
| l dx Y= 37 b a7

(3)
(b) Hence find the exact range of values of x for which the curve is increasing.
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Question 10

Prove. from first principles, that the derivative of X' is 3x
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) _ ¢ 3+ 3L h o+ B+ -

,F 1 ®K) = ‘\fv) —C(CQ\* \’\B - ";(K)

DO y
h—=20 "
: . 3
= \\v\/\ ’D'L3 ¥ ?)Xiz\q ¥ E)le\l o l/\’5 e
WS o ) W
/ ’
= Jim %*Ll 2 h +W L GY
=Y
5.
= g’jv V
—4

elijahmaths.com



