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Questions
Question T8_Q1

7. Giventhatk € 77
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(a) show that j
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(b) show that J

(3x — k)

y (2x — k)

dx is independent of £,

dx is inversely proportional to £.
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Question T8_Q2

10. The height above ground, A/ metres, of a passenger on a roller coaster can be modelled by
the differential equation

di _ H cos(0.25)
dt 40

where £ 1s the time, in seconds, from the start of the ride.
Given that the passenger is 5m above the ground at the start of the ride,

(a) show that H = 5¢%1sin(0.23)
)

(b) State the maximum height of the passenger above the ground.
1)
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(Total for Question 10 is 8 marks)




Question T8 Q3

13. Show that

2
j2x\/x+2dx:%(2+\/5)
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Question T8_Q4

10. A spherical mint of radius 3 mm is placed in the mouth and sucked.
Four minutes later, the radius of the mint is 3 mm.

In a simple model, the rate of decrease of the radius of the mint is inversely proportional
to the square of the radius.

Using this model and all the information given,

(a) find an equation linking the radius of the mint and the time.
(You should define the variables that you use.)

)

(b) Hence find the total time taken for the mint to completely dissolve. Give your
answer in minutes and seconds to the nearest second.

2

(¢) Suggest a limitation of the model.
(1
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Question T8_Q5

13.

Ple,e)

3] \E

Figure 2
Figure 2 shows a sketch of part of the curve C with equation y = xlnx, x > 0
The line { is the normal to C at the point P(e, ¢)
The region R, shown shaded in Figure 2, is bounded by the curve C, the line / and the x-axis.

Show that the exact area of R is Ae? + B where 4 and B are rational numbers to be found.
(10)
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Question T8_Q6

8.

=V

Figure 2
Figure 2 shows a sketch of part of the curve with equation y =x(x + 2)(x — 4).
The region R, shown shaded in Figure 2 is bounded by the curve and the negative x-axis.

.2
(a) Show that the exact arca of R is ?O

4)
The region R, also shown shaded in Figure 2 is bounded by the curve, the positive x-axis
and the line with equation x = b, where b is a positive constant and 0 < b < 4
Given that the area of R, is equal to the area of R,
(b) verify that b satisfies the equation
(b+2) (36" —200+20)=0
C)
The roots of the equation 35° — 205 + 20 = 0 are 1.225 and 5.442 to 3 decimal places.
The value of b is therefore 1.225 to 3 decimal places.
(¢} Explain, with the aid of a diagram, the significance of the root 5.442
(2)
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Question T8_Q7
13. The curve C with equation

p—3x

y=—r— xeRx#-3x=#2
2x—g)x+3)

. 1 :
where p and ¢ are constants, passes through the point (3, —J and has two vertical asymptotes
with equations x =2 and x = -3 2

(a) (1) Explain why you can deduce that ¢ = 4

(i) Show that p =15
(3)

v A

L 4

Figure 4

Figure 4 shows a sketch of part of the curve C. The region R, shown shaded in Figure 4,
is bounded by the curve C, the x-axis and the line with equation x =3

(b) Show that the exact value of the area of R is @In2 + hIn3, where a and b are rational
constants to be found.

8
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Question T8_Q8

S.
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9] 4 ox 9 e
Figure 3

Figure 3 shows a sketch of the curve with equation y = Jx
The point P(x, v) lies on the curve.
The rectangle, shown shaded on Figure 3, has height y and width ox.

Calculate

3
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Question T8 Q9

14. (a) Use the substitution u =4 — Vi to show that

d
J- —= = 8In|4 — V|- 2Jh + k

4

=

where £ is a constant

(6)
A team of scientists is studying a species of slow growing tree.

The rate of change in height of a tree in this species is modelled by the differential equation

% . £0.25 (4 _ _\/;,)

dt 20

where / is the height in metres and ¢ is the time, measured in years, after the tree is planted.

(b) Find, according to the model, the range in heights of trees in this species.

(2)
One of these trees is one metre high when it is first planted.
According to the model,

(c) calculate the time this tree would take to reach a height of 12 metres, giving your
answer to 3 significant figures.

(N




Question 14 continued




Question 14 continued




Question 14 continued




Question T8 Q10

10. (a) Use the substitution x =#" + 1 to show that

Im 3dx _Igﬁw
=B+ -1) J,u(3+20)

where p and g are positive constants to be found.

4)
(b) Hence, using algebraic integration, show that
J-10 3 dx "
=Ina
(=13 + 2x 1)
where « is a rational constant to be found.
(6)




Question 10 continued




Question 10 continued




Question 10 continued




Question T8 Q11
14. A large spherical balloon is deflating.

At time # seconds the balloon has radius rcm and volume Vem’
The volume of the balloon is modelled as decreasing at a constant rate.

(a) Using this model, show that

where £ is a positive constant.

3)
Given that
e the initial radius of the balloon is 40cm
e after 5 seconds the radius of the balloon is 20 cm
e the volume of the balloon continues to decrease at a constant rate until the
balloon is empty
(b) solve the differential equation to find a complete equation linking » and .
()

(¢) Find the limitation on the values of ¢ for which the equation in part (b) is valid.

(2)
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Question T8 Q12
6. (a) Given that

2 J—
x° + 8x 35Ax+B+ C
x+2 x+2

xeR xz -2

find the values of the constants 4, B and C

3)
(b) Hence, using algebraic integration, find the exact value of
"Y' +8x-3
_[ LGP
o xXt2
giving your answer in the form « + bIn2 where a and b are integers to be found.
4)




Question 6 continued




Question 6 continued




Question 6 continued




Question T8 Q13
8. A curve C has equation y = f(x)

Given that
e f'(x)=6x*+ ax— 23 where g is a constant
e the yintercept of Cis —12
e (x+4) isa factor of f(x)

find, in simplest form, f (x)

(6)
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Question T8 Q14

12.
VA
R
0 X

Figure 3

The curve shown in Figure 3 has parametric equations
. - 71.
x==6sIn{ ¥ =15sIn2¢t 0<r< ¢

2
The region R, shown shaded in Figure 3, is bounded by the curve and the x-axis.

ISR

(a) (i) Show that the area of R is given by J 60sinzcos? ¢ dr

0

&)
(i1) Hence show, by algebraic integration, that the area of R is exactly 20
3)
VA
Mz N\ N
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Figure 4

Part of the curve is used to model the profile of a small dam, shown shaded in Figure 4.
Using the model and given that

e xandy are in metres

the vertical wall of the dam is 4.2 metres high
L

there is a horizontal walkway of width MN along the top of the dam
(b) calculate the width of the walkway.

(3
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Question T8 Q15

12. (a) Use the substitution # =1 ++/x to show that

16 q 13
J‘ x dx—J. 2(u—1) "
0 1+\/E P u

where p and ¢ are constants to be found.

3)
(b) Hence show that
16 X
dx=4-BIns
,.‘ , 1++x n
where 4 and B are constants to be found.
Q)]
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Question T8 Q16

14.

« &m

v

Figure 5

Water flows at a constant rate into a large tank.

The tank is a cuboid, with all sides of negligible thickness.

The base of the tank measures 8 m by 3m and the height of the tank is 5m.
There is a tap at a point T at the bottom of the tank, as shown in Figure 5.

At time ¢ minutes after the tap has been opened
+ the depth of water in the tank is /# metres
« water is flowing into the tank at a constant rate of 0.48 m* per minute

« water is modelled as leaving the tank through the tap at a rate of 0.12m’ per minute

(a) Show that, according to the model,

dh
1200 — =24 — 5h
dr

(4)
Given that when the tap was opened, the depth of water in the tank was 2m,
(b) show that, according to the model,
h=A4+Be™
where 4, B and & are constants to be found.
(6)
Given that the tap remains open,
(¢) determine, according to the model, whether the tank will ever become full, giving a
reason for your answer.
(2)
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