
620 Topic 6: Calculus

Short questions

 Find 
d
d

yd
x

 for each of the following:

 (a) y x x2 arcsin
 (b) x yy 4 2

 [7 marks]

 Diff erentiate f x( ) = ( )x−arccos( . [4 marks]

 Find the exact value of the gradient of the curve with equation 

y
x

=
−
1

4 2
 when x = 1

2
.
 

[5 marks]

 Find the equation of the normal to the curve with equation 
4 3 562 2 3y y3 =  at the point (–5, 2). [7 marks]

 Given that y xarctan( )x  fi nd 
d
d

2

2

y
x

.
 

[5 marks]

 Find the gradient of the curve with equation 4 52i x y y  

at the point 
π π
6 3

,⎛
⎝
⎛⎛ ⎞

⎠
⎞⎞. [6 marks]

 Th e graph of y x kx−e  has a stationary point when x = 2
5

. 
Find the value of k. [4 marks]

 A curve has equation f x
a

b
a b

cx
( )x =

+ −e
, ,a ≠ , 0b >b c .

 (a) Show that ′′ ( ) = −( )
+( )

− −(
−

f x′′ ( ac b
b

cx cx

cx

2

3
e e(cx

e
.

 (b) Find the coordinates of the point on the curve where ′′ ( ) =f x′′ ( 0.
 (c) Show that this is a point of infl exion. [8 marks]
 (© IB Organization 2003)

 Find the coordinates of stationary points on the curve with equation 

(y − 2)2 ex = 4x. [7 marks]

1.

2.

3.

4.

5.

6.

7.

8.

9.
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 18 Further differentiation methods 621

Long questions

 A curve has equation y
x

x
=

2

1 2−
.

        Write down the equation of the vertical asymptote of the curve.

         Use diff erentiation to fi nd the coordinates of stationary points on the 
curve.

        Determine the nature of the stationary points.

        Sketch the graph of y
x

x
=

2

1 2−
.
 

[15 marks]

2. Th e function f is defi ned by f x
x

x
( ) =

2

2
, for x > 0.

    (i) Show that f x
x x

x
′ ( )x = 2 2x x

2

2 l
.

  (ii)  Obtain an expression for f x″ )x , simplifying your answer as far as 
possible.

       (i) Find the exact value of x satisfying the equation f x′ ( )x = 0.
  (ii) Show that this value gives a maximum value for f x)x .

        Find the x-coordinates of the two points of infl exion on the graph of f.  
 [12 marks]

 (© IB Organization 2003)
3. Let f x x( )x = arccos( )1 9− 2  for 0

1
3

< <x .

        Show that f x
x

′ ( )x = 3
1 9− 2

.

        Show that f x″( )x > 0  for all x ∈] , [
1
3

.

         Let g x kx( ) = arccos( ). If g x pf′ ′pf( )x = − ( )x  for 0
1
3

< <x , fi nd 
the values of p and k. [12 marks]

4. A curve is given by the implicit equation x xy yx2 2y 12xyxxyx = .

        Find the coordinates of the stationary points on the curve.

        Show that at the stationary points, x y
y

x
( )2 2y

y) =
2

2

d
d

.

        Hence determine the nature of the stationary points. [16 marks]

5. If f x x( ) = sec , 0 ≤ ≤x π the inverse function is f x x( )x = arcsec .

        Write down the domain of arcsec x.

        Sketch the graph of y xarcsec .

        Show that the derivative of sec x  is sec tanx xtan .

             Find the derivative of arcsec x with respect to x, justifying 
carefully the sign of your answer. [12 marks]

1.

(a)       

(b)       

(c)       
(d)       

(a)          

(b)       

(c)       

(a)       

(b)       

(c)       

(a)       

(b)       
(c)       

(a)       

(b)       

(c)       

(d)       
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894 Answers

(b) (i) 
2

4 2+ x
 (ii) 

10
25 4 2+ x

(c) (i) arcsin x
x

x
+

−1 2

 (ii) 2
1

2

2
x x

x
x

arcco −
−

(d) (i) 
2

1 2
x

( )12x

 (ii) 
−

( )−

2

1− ( 2

x

2. − 3
35

4. 
d
d

yd
x

x
x

= −
+ ⎛

⎝
⎛⎛ ⎞

⎠
⎞⎞1 12

2

tan

5. (a) arcsin x
x

x
+

−1 2

(b) x x x carcsin + − +1 2
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Short questions

1. (a) 2
1

2

2
x x

x
x

arcsin +
−  

(b) 
e

e

y

yy x8

2. 2

1 2

x

( )1 2x−1

3. 16
225

4. y x= +x
14
9

88
9

5. 
2

2

( )1 3 4−

( )1 4+

6. −
1
7

7. 5
2

8. (b) − ln ,
b
c

a
b2

9. 1
2 2

1
2 2

, , ,
e
e

e
e

⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

Long questions

1. (a) x =
1
2

 (b) 0 0 1 1, ,0 ,( ) ( )
(c) 0 0,( ) local min  1 1,( ) local max

(d) 

(1, −1)

x

y

x = 1
2

y = −x
2

0

2. (a) (ii) 
ln l2 4 2 2

2

2 2( ) +ln4 2x x− 4
x

(b) (i) 
2
2ln

 (c) 
22

2
±
ln

3. (c) k p 1p =p

4. (a) 2 4 2 4, ,4 ,( ) −2( )
(c) 2 4,( )local max; −( )2, l)4− ocal min

5. (a) x x≥ ≤ 1≤x −,  
(b) 

x

y

y = π
2

π

−1 1

(d) 
1

12x x −

 Chapter 19

Exercise 19A

1. (a) (i) c( )x + +5  (ii) 1
6

6 c( )2x 2 +

(b) (i) 1
32

8 c( )4 5x 5 +  (ii) 2
1
8

1
4

x c1+⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

+

(c) (i) − −⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠
⎞⎞
⎠⎠

+
8
7

3
1
2

7

x c⎞
⎠⎟
⎞⎞
⎠⎠

+  (ii) − ( )− +
1
9

9 c) +

(d) (i) 
1
3

3
2 c2( )2 1x 1 +  (ii) − ( ) +

4
5

−
7
4 c) +4

(e) (i) 4 2
3

3
4

+⎛
⎝
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

+
x

c  (ii) 2 1( )4 3− +− c) +
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