
  The School For Excellence 2018          Mathematical Methods – Examination Questions          Page 1 

 

Instructions 

• Answer all questions in the spaces provided. 
 

• In all questions where a numerical answer is required, an exact value must be given 
unless otherwise specified. 

 

• In questions where more than one mark is available, appropriate working must be 
shown. 

 

• Unless otherwise indicated, the diagrams in this book are not drawn to scale. 
 

 
 
QUESTION 1 

a. Solve 02 24  xxx . 
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Let xxxxf  24 2)( . 

 

b. Show that )1()1(  ff . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. The curve xxxxf  24 2)(  has two points that share a common tangent. Find the 

 equation of this tangent. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 + 2 + 2 = 6 marks 
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QUESTION 2 

a. Find values of the constants a  and b  such that  
x

x

e

bxax
ex

dx

d
3

2
32 


. 

 

 

 

 
 

 

 

 

 

 

 

 

 

b. If 
1

1
)(

2

2






x

x
xf  , find )2(  f .  

 

 

 

 
 

 

 

 

 

 

 

 

 

3 + 3 = 6 marks  
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QUESTION 3 

a. If     xexxxf  222
 show that  

xe

x
xf

2

 . 

 

 

 

 

 

 

 

 
 

b. Use calculus to find the coordinates of the stationary point(s). 
 

 

 

 

 

 

 

 
 

c. Use the sign of the first derivative to determine the nature of the stationary point(s). 
 
 

 

 

 

2 + 1 + 1 = 4 marks 
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QUESTION 4 

a. Show that the derivative of 
x

x2cos
 is equal to 

2

2coscossin2

x

xxxx 
. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

b. Hence show that the curve 
x

x
y

2cos
  has stationary points at )0 ,(a , where 

 
2

)12( 


n
a  and Jn . 
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c. Show that the curve 
x

x
y

2cos
  also has stationary points with x-coordinates given by 

 the solutions to the equation 1)tan(2 xx . 

 

 

 

 

 

 

 

                                                                                                                    2 + 2 + 1 = 5 marks 
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QUESTION 5 

The line 1
2


x
y  is normal to the curve 14  bxy . Find the exact value of b . 

 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

                                                                                                                                     4 marks 
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QUESTION 6 

Let RRf :   be a continuous function with the following properties: 

 

02for   0)(

0 and  2for    0)(

0)0()2(

4)0(

0)1()2(











xxf

xxxf

ff

f

ff

 

 

a. Sketch a possible graph of f  on the set of axes below. 

 
 

 
 

 

b. Write the equation describing f  in the form )()( 2 cxbxa   where cba ,,  represent 

 real number constants. 
 

 

 

 

 
2 + 2 = 4 marks  
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QUESTION 7 

The graph of the function   Rf  5,4:   is shown below.  

 
 

x

f(x)

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

-4

-3

-2

-1

0

1

2

3

4

 
 
 

On the set of axes below, sketch the graph of the derived function  xf  . Do not attempt to 

find the exact value of f   at 4x  or 5x . 

 
 

x

f '(x)

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

-4

-3

-2

-1

0

1

2

3

4

 
 

 
2 marks 
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QUESTION 8 

Sketch the graph of 
2

1

x
y

x



 labelling the coordinates of the axial intercepts and stationary 

points, and the equations of any asymptotes. 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

___________________________________________________________________________ 
 

                                                                                                                                     4 marks 
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QUESTION 9 

A truck has a top speed of 75 /km hr , and, when travelling at /x km hr , it consumes 

1 1600

50
x

x

 
 

 
 litres per km.  

 

a.    If the truck is to make a trip of 200km , and the price of fuel is 15 cents per litre, show  

    that the cost of the fuel for the trip is given by 
1600

0.6c x
x

 
  

 
 where C  is the cost in  

   dollars. 
 

 

 

 

 

 
 

b.   If the driver is paid $30 per hour, what is the most economical speed? 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

1 + 4 = 5 marks  
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QUESTION 1 
 

a. 
3( 2 1) 0x x x    

 

  
2( 1)( 1) 0x x x x      

 

  0x             or           ( 1) 0x              or           
2( 1) 0x x    

 

  0x              1x         
2 4

2

b b ac
x

a

  
  

  Therefore:  
2

51
  ,1  ,0


x . 

 

b. xxxxf  24 2)(  

 

  144)(' 3  xxxf  

 

  11)1(4)1(4)1(' 3 f  

 

  11)1(4)1(4)1(' 3 f  

 
c. If the tangent is common to both points then the gradient to the curve has the same 
 value at both points. 
 

  Part (b) suggests that the x-coordinates of the two points might be 1x  and 1x . 

 

  When 1x :  
 

 21)1(2)1()1( 24  fy  

 

Equation of tangent at )2 ,1(  :  
 

1 1( )y y m x x    

  ( 2) 1( 1)y x       

1y x     

 

  When 1x :  
 

 0)1()1(2)1()1( 24  fy  

 

  Equation of tangent at )0 ,1( :  
 

1 1( )y y m x x    

1( [ 1]) 1y x x         

 

f(x)

x

1 

1 

2 

2 

– 1 

– 1 

– 2 

– 2 

1 

1 

2 

2 

3 

3 

– 1 

– 1 

– 2 

– 2 

– 3 

– 3 
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QUESTION 2 
 

(a)    
xexy 32   

         Using the Product Rule: )()( 2332 x
dx

d
ee

dx

d
x

dx

dy xx  
    M1 

                                                     xeex xx 23 332  
     A1 

                                                     )23( 23 xxe x  
 

            
xe

xx
3

2 23 
  and so 3a    and 2b      A( 

2

1
2 )

  

(b)   
1

1
)(

2

2






x

x
xf  

 

        Using the Quotient Rule: 
22

22

)1(

2)1(2)1(
)(






x

xxxx
xf     M1 

                                                          
22

22

)1(

)11(2






x

xxx
 

       
22 )1(

4






x

x
      A1 

        Therefore,
9

8
)2( f           H1 
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QUESTION 3 
 

a.      xexxxf  222

 
 

   )22()22( 2   xxeexxf xx
        M1 

       )2222( 2   xxxe x
 

       
xex  2
         

       
xe

x2

           A1 

 

b. Stationary points occur when   0 xf . 

0
2


xe

x
 

0 x  

  20 f  

The coordinates of the stationary point are )2,0( .     A1 

  

c.  

0x  

 

0x  

 

0x  

 

 

eg.  
1

1
1




e
f  

 

  0 xf  

 

  00 f  

 

eg.  
2

4
2

e
f   

 

    0 xf  

 

 
  
 
 
 
 
 
 

  The point )2,0(  is a stationary point of inflexion.     A1 
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QUESTION 4 
 

a.  Let 
v

u
y   where xu 2cos  and xv  .   

 

 Then 1
dx

dv
. 

 

 To find 
dx

du
 use the Chain Rule:  

 

 Let xw cos  so that 
2wu  . 

 

 Then w
dw

du
2  and x

dx

dw
sin . 

 

 Then xxxw
dx

dw

dw

du

dx

du
sincos2)sin)(2(  . 

 
 From the Quotient Rule: 
 

 
2v

dx

dv
u

dx

du
v

dx

dy



2

2

2

2 coscossin2)1)((cos)sincos2)((

x

xxxx

x

xxxx 



 . 

 

b.  To find x -coordinate of stationary points solve 0
dx

dy
: 

 

 
2

2coscossin2

x

xxxx

dx

dy 
 0

)cossin2(cos
2





x

xxxx
 

  
 Use the null factor theorem: 
 

 0cos  x       or      0cossin2  xxx . 

 

 Solve for x : 0cos x   
 

      
2

)12( 


n
x  where Jn . 

 

 Solve for y : 0cos x  
 

     0
)12(

)0(2 2





n

y  

 

c.  0cossin2  xxx  
 

 xxx cossin2   
 

 1
cos

sin
2 

x

x
x  

 

 1tan2  xx  
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QUESTION 5 

Let the point where 1
2


x
y  is normal to 14  bxy  have coordinates )  ,( 11 yx . 

Gradient of normal to curve at )  ,( 11 yx : 

 

3
tangen 4bx

dx

dy
m t   

 

Therefore 
3

1tangen 4bxm t   at )  ,( 11 yx . 

 

tangent

normaltangentnormal

1
1 

m
mmm 

3
14

1

bx
mnormal    (1) 

Gradient of line: 
2

1
m .       (2) 

Equate equations (1) and (2):  12
2

1

4

1 3
13

1

 bx
bx

 

 12
3

1  bx    (3) 

 

Since the point )  ,( 11 yx  lies on both the line and the curve, it follows that 

       1
2

1
1 

x
y      (4) 

        1
4

11  bxy      (5) 

 
Equate equations (4) and (5): 
 

04211
2

1
4

1
4

1
1  xbxbx

x
  (6) 

 

From equation (3) it follows that 1
4

12 xbx  . 

Substitute 1
4

12 xbx   into equation (6):  204 111  xxx  

Substitute 21 x  into equation (4):   01 y . 

Substitute 21 x  and 01 y  into equation (5): 
16

1
1)2(0 4  bb  
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QUESTION 6 
 
a.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. Model: )1()2( 2  xxay  

 

 The 
2)2( x  comes from there being an x-intercept and also a turning point at 2x . 

 The )1( x  comes from there being an x-intercept at 1x . 

 

 As :4)0( f  

 

  Substitute )4,0(   into the model:  

 

 
1

)10()20(4 2





a

a
 

 

 Therefore:   21  b  ,a  and  1c . 

 
 

 

Shape   M1 
Turning points  
and axes intercepts M1 
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QUESTION 7 
 

Gradient of line 5.0
3

5.1


run

rise
. 

Draw tangents at 4x  and 2x , select 2 points that lie on each tangent and calculate 

the corresponding gradients. 

 

At 4x , 2m . 

 

At 2x , 1m . 

 

As a stationary point exists at 0x  for )(xf , the graph of )(' xf  will cut the X axis  

at 0x . 
 

 

x

f '(x)

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

-4

-3

-2

-1

0

1

2

3

4

 
 
 

Note:  Gradients are undefined at the end points of a domain.  
   Therefore, use open circles at the end points. 
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QUESTION 8 
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QUESTION 9 
 
a. 

         
b. 

 
 

 
 

 
 
 


