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QUESTION ONE

(a) Differentiate y=+/3x-2.

You do not need to simplify your answer.

(b) Find the rate of change of the function f(¢) = #*¢* when ¢ = 1.5.

You must use calculus and show any derivatives that you need to find when solving this problem.
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(c) The graph shows the curve y=———
(x+1)

7 » along with the tangent to the curve drawn atx = 1.
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A second tangent to this curve is drawn which is parallel to the first tangent shown in the diagram.

Find the x-coordinate of the point where this second tangent touches the curve.

You must use calculus and show any derivatives that you need to find when solving this problem.
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(d) The diagram below shows a tangent passing through the point P (p, ¢) which lies on the circle
with parametric equations x =4 cos @ and y = 4sin6.

P (p,q)

Show that the equation of the tangent line is px + gy = p* + ¢°.
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(e) The graph of y = x(x — 2m)?* where m > 0, is shown. y
The total shaded area between the curve and the x-axis i
am*

fromx=0tox=2mis givenby A=

A right-angled triangle is now constructed with one

— 2 < S
vertex at (0,0) and another on the curve y = x (x — 2m)?, 5 x
as shown below. ‘

Show that the maximum area of such a triangle is % of the total shaded area.

You must use calculus and show any derivatives that you need to find when solving this problem.

You do not have to prove that the area you have found is a maximum.

Calculus 91578, 2023



QUESTION TWO

2
X

(a) Differentiate f(x)= .
coSX

You do not need to simplify your answer.

(b) Find the gradient of the tangent to the curve y = cot(2x) at the point where x = %

You must use calculus and show any derivatives that you need to find when solving this problem.
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x2+2x

(c) Acurve is defined by the equation f(x)=

Find the x-value(s) of any point(s) on the curve where the tangent to the curve is parallel to the
X-axis.

You must use calculus and show any derivatives that you need to find when solving this problem.

(d) Find the x-value(s) of any points of inflection on the graph of the function f(x) = 3x*In(x).

You can assume that your point(s) found are actually point(s) of inflection.

You must use calculus and show any derivatives that you need to find when solving this problem.
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A police helicopter is flying above a straight horizontal section of motorway chasing a speeding
car.

The helicopter is flying at a constant speed of 72 m s™! and at a constant height of 400 metres
above the ground. The helicopter is attempting to catch up with the car.

When the direct distance from the helicopter to the car is 2500 metres, the angle of depression, &,
between the horizontal and the line of sight from the helicopter to the car is increasing at a rate of
0.002 rad s™'.

Helicopter

A
1
1
1
1
1
1
1
1

400 metres

v Road Car

Adapted from: https://animalia-life.club/qa/pictures/police-helicopter-drawing, https://www.freepik.com/premium-vector/car-
sedan-suv-drawing-outlines-converted-objects 17981778.htm

Calculate the speed of the car at this instant.

You must use calculus and show any derivatives that you need to find when solving this problem.
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QUESTION THREE

a) Differentiate y = In(x*> —x* + 1).
(a) y

You do not need to simplify your answer.

(b) The graph below shows the function y = f(x).

N
'
v
=

0 9/ 8 7 6 5 4 3 2 1

For the function above:

(1)  Find the value(s) of x where f(x) is continuous but not differentiable.

(1)  Find the value(s) of x where f’(x) = 0 and /" (x) < 0 are both true.

(ii1) What is the value of lim6 f(x)?
x—

State clearly if the value does not exist.
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. . . . . 1 2
(d) Find the co-ordinates of any stationary points on the graph of the function f(x)=—-— —
identifying their nature. rox

You must use calculus and show any derivatives that you need to find when solving this problem.
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A power line hangs between two poles.

The equation of the curve y = f(x) that models the shape of the
power line can be found by solving the differential equation:

X X

. L . . al 4. ~a

Use differentiation to verify that the function y = 5 e’ +e ¢

satisfies the above differential equation, where a is a positive
constant.

Source: www.thelocalelectrician.com.
au/power-lines-power-pole-who-is-
responsible/
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Extra space if required.
Write the question number(s) if applicable.

QUESTION

NUMBER
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Extra space if required.
Write the question number(s) if applicable.

QUESTION

NUMBER
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Extra space if required.
Write the question number(s) if applicable.
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