
DIFFERENTIATION & APPLICATIONS (Q 6 & 7, PAPER 1)

1999

6 (a) Differentiate

(b) Find from first principles the derivative of sin x with respect to x.

(c) Let f x xe xax( ) , ,= ∈− R  a constant and a > 0.
Show that f (x) has a local maximum and express the coordinates of this local
maximum point in terms of a.
Find, in terms of a, the coordinates of the point at which the second derivative of f (x)
is zero.

( )3 4 5− x  with respect to x.

SOLUTION
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6 (b)
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To find the turning points set dy
dx

= 0  and solve for x.

6 (c)

Local Maximum: 
d y
dx

2

2 0
⎛

⎝
⎜

⎞

⎠
⎟ <

TP

Local Minimum: 
d y
dx

2

2 0
⎛

⎝
⎜

⎞

⎠
⎟ >

TP

.......  12

y f x xe
dy
dx

x ae e

dy
dx

axe e

dy
dx

ax

ax ax

ax ax

= =

⇒ = − +

⇒ = − +

∴

−

− −

− −

( )

( ) ( )1

== −

= ⇒ − =

−

−

e ax

dy
dx

e ax

ax

ax

( )

( )

1

0 1 0

e
e

ax

ax

−

−

=

⇒ =

0
0ln ln

This has no solutions as
the ln 0 does not exist.
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is the only turning point.

You need to find out if it is a maximum or minimum.
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7 (a) Find the derivative of x2 1+ .

(b) (i) Let x t t t= − sin cos  and y t t= < <4 0 2cos , .π

Show that 
dy
dx t

= −
2

sin
.

(ii) Find the slope of the tangent to the curve
x y x2 2 1− − =  at the point (2, 1).

(c) Let f x x kx x( ) ,= + − ∈3 2 4 R  and k > 0.
Show that the coordinates of the local minimum and local maximum of f (x) are
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Find
(i) the range of values of k for which f (x) = 0 has three real roots
(ii) the value of k for which f (x) = 0 has three roots, two of which are equal.
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7 (b) (i)
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7 (b) (ii)
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7 (c)
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To find the turning points set
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dx

= 0  and solve for x.
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7 (c) (i)
In order for 3 real roots to exist, the local maximum and minimum must be on opposite sides
of the x-axis. This allows the curve to cut the x-axis 3 times.
The local minimum (0, –4) is below the x-axis. This means the local maximum must be
above the x-axis.
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7 (c) (ii)
For 2 roots to be equal, the local maximum must be on the x-axis.
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