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1. (a) Given that f(z) = sin(x), show that 4]

() = lim KM) sin(z) + 52 o ()

(b) Hence prove that f'(x) = cos(z). 2]

Total: 6
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2. A toy soldier is connected to a parachute.
The soldier is thrown into the air from ground level.

The height, in metres, of the soldier above the ground can be modelled by the equation

where H is height of the soldier above the ground and ¢ is the time since the soldier was thrown.

(a) Show that [4]
dH  8(1—21)

At 3+ 1)2
(b) Using the differentiated function, explain whether the soldier was increasing or decreasing 2]

in height after 2 seconds.
(c) Find the exact time when the soldier reaches a maximum height. 2]

Total: 8
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3. A curve has the equation 6]

y = In(3z) — e .

Show that the equation of the tangent at the point with an z-coordinate of 1 is

e +2 e +3
y:( - >x—( - )+1n(3).

[
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4. Given that = = sec(4y), find

dy .
(a) I, terms of y. 2]
(b) Show that 3]
dy k

dz zvx? —1
where k is a constant which should be found.

Total: 5
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5. A curve C has equation 4% = 2zy for x > 0. 5]

d
Find the exact value of d_y at the point C' with coordinates (2,4).
x
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6. A curve has parametric equations
r =cos(2t), and y =sin(t), —r<t<m.

d
(a) Find an expression for ﬁ in terms of t. 3]

Leave your answer as a single trigonometric ratio.

5
(b) Find an equation of the normal to the curve at the point A where ¢t = —%. 5]

Total: 8
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7. The curve C has equation y = 2 + 622 — 122 + 6.
(a) Show that C' is concave on the interval [—5, —3]. 3]
(b) Find the coordinates of the point of inflection. 3]
Total: 6
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8. In a rainforest, the area covered by trees, F', has been measured every year since 1990.
It was found that the rate of loss of trees is proportional to the remaining area covered by trees.

Write down a differential equation relating F' to ¢, where ¢ is the numbers of years since 1990.

www.CasperYC.club Last updated: January 11, 2026 E""'i



9MAO Unit Test Pure — 8 Differentiation Page 9 of 9

4
9. The volume of a sphere V cm? is related to its radius  cm by the formula V = §7r7“3. 4]

The surface area of the sphere is also related to the radius by the formula S = 4772

S
1 is — = —12, find the rate of decrease

Given that the rate of decrease in surface area, in cm?s~ T

of volume —.

dt
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