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QUESTION 1  Answer is D 
 

From the graph, ] 0 ,(x  for .0y  
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QUESTION 2  Answer is C 
 

  nxmxPxxxf  )1()()3)(1(  

 

Let 1x  : nmP  )11()1()31)(11(10   

    10n     

 

Let 3x :  nmP  )13()3()33)(13(2   

                     nm  42    

    1042  m   

    3m  

 
 
QUESTION 3  Answer is E 
 

The equations could be written as:  ( 2) 3y a x     and 
2 2

a b
y x     

 

Linear equations will have a unique solution if the gradients are not equal.  
 

Equating the gradients:  ( 2)
2

a
a       if 4a   .  

 

A unique solution will exist if \{ 4}a R   and b  can take any value.   

 
 
QUESTION 4 Answer is C 
 

 
 

The maximum value on the graph occurs at 
24


x  and so going any further to the left 

would cause the function to not be 1-to-1. Hence the largest value of a  is 
24


.  
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QUESTION 5  Answer is A 
 

xxxg 4)( 3   

Dilation by a factor of 2 from the y-axis:  x
xxx

xg 2
82

4
2

)(
33

1 
















  

Reflection in the y-axis: 
 

  x
x

x
x

xg 2
8

2
8

)(
33

2 


  

Translation of 2 units in the negative direction of the x -axis: 
 

 22
8

2
)(

3

3 


 x
x

xg  

Hence 
 

8

2
24)(

3



x

xxf . 

 
 

QUESTION 6  Answer is E 
 

The minimum turning point for the graph of 
32 )3()2(  xxy   

occurs at  108,0  . Therefore, if anything greater than 108  is  

added to the equation there would only be one x-intercept. 
 

Hence 108 p  and so 108p . 

 

Also, if 0p  , the maximum turning point  0,2  and stationary  

point of inflection  3,0  will be translated down under the x -axis. 

 

Hence 0p   and 108p    satisfy. 

 
 
QUESTION 7  Answer is C 
 

Consider each function in the functional equation )()()( yfxfyxf  : 

 

Option A: )(log)( xxf e  

 

L.H.S. log ( )e x y   

R.H.S. log ( ) log ( )e ex y .  L.H.S.   R.H.S. 

 

Option B:
 1)(  xexf  

 

L.H.S.
 1x y

e
 

  

R.H.S.
     1 1 2x y x y

e e e
   

   . L.H.S.   R.H.S. 

 

Option C: 
xexf )(  

 

L.H.S. 
 x y

e
 

  

R.H.S.
 x yx ye e e

     .  L.H.S. = R.H.S  
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QUESTION 8 Answer is D 

3( ) ( ) 3f x x g x x   

3 2'( ) '( ) 3 ( ) 3f x x g x x g x    

3 2'(3) (3) '(3) 3(3) (3) 3f g g    

'(3) (27)(2) (27)( 1) 3f      

'(3) 54 27 3 24f      

 
 
QUESTION 9  Answer is D 
 

Average rate of change = 27
24

660

24

)2()4(









 ff
 

 
 

QUESTION 10      Answer is E 
 

The graph of )(xfy   has a stationary point of inflection at 1x  and a local minimum at 

6x   so B, C and D are incorrect. A is incorrect as it requires the inclusion at 6x  . 

The answer is E.  
 
 
QUESTION 11 Answer is B 
 

13 23 3 2 32 log (2 1)
2 1 2 1 2 2 1 2

edx dx dx x c
x x x

             
      
 

     

 

 
1

1

3 3
log (2 1)

2 1 2

k
k

edx x
x

 
   

 
   

 
1

3log 53
log (2 1)

2 2

k e
e x    

 
3log 53

log (2 1) log 1
2 2

e
e ek     

3 3
log (2 1) log 5

2 2
e ek    

2 1 5k     

3k    
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QUESTION 12 Answer is D 
 

     
3 3 3

1 1 1

4 ( ) 3 4 ( ) 3f x x dx f x dx x dx
  

      

 

                            
33 2

1 1

2 2 ( ) 3
2

x
f x dx

 

 
   

 
  

 

                            
1

3

9 1
2 2 ( ) 3

2 2
f x dx


 

    
 

  

 

                            2( 5) 3 4     
 

                           10 12 2      

 
 

QUESTION 13 Answer is B 
 

As ( log ) 1 loge e

d
x x x

dx
   then  1 log loge ex dx x x c    

 

   1 log loge edx x dx x x c     

 log loge ex x dx x x c    

 log loge ex dx x x x c    

 
 
QUESTION 14  Answer is A  
 

   
2 1

2

0 0

4 2 1Area x dx x dx      

         
3

4
    

 
3 4

3

 
  square units. 

 
 

QUESTION 15 Answer is A 
 

The probability that they are all blue is 
6

3

7

4

8

5
 . 

 

The probability that they are all red is 
6

1

7

2

8

3
 . 

The probability that they are all the same colour 
60 6 11

8 7 6 56


 

 
. 

 

So the probability that they are NOT all the same colour is 
11

1
56


45

56
 . 
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QUESTION 16  Answer is D 
 
Using simultaneous equations for the sum of the  

probabilities and the mean, ( ) 2.5E X   gives the  

values 0.1m   and 0.5n  . 

 

 2( ) 4 2 9 (25 0.1)E X m m n       

           8 9 2.5m m n     

           5.299  nm  

           7.9   

 

Variance  
2 2( ) [ ( )]E X E X   

                
25.29.7   

                65.1  

 
 
QUESTION 17  Answer is C 
 

Binomial: 10, 0.7n p    
 

Let X   number that gain entry within 6 minutes 
 

Pr( 8) 0.3827828X     

Pr( 9) 0.1210608X    
 

 
 

 

Pr 9 8
Pr 9 | 8

Pr 8

enter enter
enter enter

enter


 


  

 

         
 
 

Pr 9

Pr 8

enter

enter



 

 

         
0.12106.....

0.316265
0.38278.....

   

 
 
QUESTION 18  Answer is D 
 

50   and 2    

 

Required probability is Pr( 42) Pr( 54)X X     

 

When 42X   then 4Z    
When 54X   then 2Z   

 

So the probability is: )2Pr()4Pr(  ZZ    
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QUESTION 19 Answer is A 

1

5
z






  and 2

8
z






  

 

Pr( 5) 0.15X     
 

1

5
Pr 0.15z





 
  

 
 therefore, 1 1.03643z     

 

Pr( 8) 0.70X    
 

2

8
Pr 0.70z





 
  

 
 therefore, 2 0.524401z    

 

5
1.03643






   

1.03643 5         Equation 1 

 

8
0.524401






  

0.524401 8       Equation 2 

 
Equation 1 – Equation 2: 
 

1.56083 3    

1.92205    

 

Substitute 1.92205   into Equation 1: 6.99208    

 
 
QUESTION 20  Answer is C 
 

0.45p    

A 95% confidence interval gives 1.96z    

0.01M    

^ ^

2

1p p

M Z
n



 
 

    

 0.45 1 0.45
0.01 1.96

n


  

9507.96n    

Therefore, 9508 people need to be surveyed. 
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Marking Legend: 
 

• 
1

A 4
2

 
  

 
 means four answer half-marks rounded down to the next integer.  

Rounding occurs at the end of a part of a question.  
 

• M1 = 1 Method mark.    
 

• A1 = 1 Answer mark (it must be this or its equivalent).   
 

• H1 = 1 consequential mark (His/Her mark…correct answer from incorrect statement  
or slip, arithmetic slip preventing an A mark). 

 

 
QUESTION 1 (18 marks) 
          

a.   1 60,2S N       

  Pr 58 0.0786X              A1 

 
b.  (i)   

    2 ,S Bi n p        

   Giving 
5

36,
6

n p           A2 

 (ii)  

 Pr 30 36 0.6067X               A1 

 

 (iii)  2

5
,
6

S Bi n
 
 
 

          M1 

 
 

   

Pr 2 0.99

1 Pr 0 Pr 1 0.99

X

X X

 

      

 

 

 Solve    Pr 0 Pr 1 0.01X X     
 

 

0 1 1

0 1

5 1 5 1
0.01

6 6 6 6

n n

n nC C



       
        

       
            M1 
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 Gives 4.31n    

 Maximum number of walks is 5 . 

 

           A1 
 

c.  (i)     
3 9

2

0 3

0.1 ( 3) 0.1 1dt a t dt               M1 

 

   Giving  72 0.9 1a      
 

   
1

720
a             M1 

          

      
 

 (ii)   
3 9

2

0 3

1
( ) 0.1 ( 3) 0.1 4.8

720
E X t dt t t dt

 
     

 
         A1 
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d.  (i)   ˆ 0.55E P p   

 

   
 

   

 

1 0.55 1 0.55ˆ
100

ˆ 0.0497

p p
sd P

n

sd P

 
 

 

             1M   1A 

 

    
 

 

 (ii)   100,0.55X Bi             1M 

 

Pr( 60) Pr( 61) 0.1343X X               1A 

 

 
 

 

 (iii)   20.55,0.0497...Y N            1M 

 Pr( 60)X   = 0.157           1A 

    

 
 

e.  From part b (i) 2

5
,
6

S Bi n
 
 
 

 

 

   5ˆ
6

E P p      

  
 

5 5
1

1 6 6ˆ 0.02635
200

p p
sd P

n

 
              1M 
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 95% CI =  1.96 1.96X        

 95% CI  1.96 , 1.96     
5 5

1.96 0.02635, 1.96 0.02635
6 6

 
     
 

 

 

 CI  0.781687....,0.884979...   

 CI =  0.78,0.88          1A   

   

       
 

 OR USING STATISTICS ON CAS: CI  0.78,0.89   

 

  = 167 
 

   
 

 OR IF USED  = 166 
 

 OR IF USED 
5

200.
6
  CI  0.78,0.88  
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QUESTION 2 (18 marks) 
 

a.  (i)  
2(0) 3h                 1A 

 

 (ii)  ( ) 3h             1A  

 

  
 

 (iii)    : ( ) 0t h t   is in the second section when  
7

4
t


 .       1A 

 

       only 1 root found 
 

           
 

b.  (i)  Yes because all points exist for 0 6t  . In particular, the two sections  

    of the graph meet at the point  ,3 .        2A 

 

 (ii)  Cusp at  ,3 , Differentiable for    0, ,6t            1A 
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c.                
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.5 marks for each of the following: X intercept, Y intercept, coordinates of the 
endpoint, point of contact, maximum stationary point, shape. Round down to the 
nearest integer. 
 

d.  (i)  
 

       1A 
 

 (ii)  Area =   
3 3

2

0 0

( ) 3h t dt t dt     

    
 

3
3

0

3
3

t
t

 
  
  

        1M 

 

    
   

3 3
3 0

9 0
3 3

     
      
   
   

  

    
 

3 33
9

3 3

 
                1M 

 ,3  

7
, 0

4

 
 
 

 

 20, 3   

 6, 3sin(12) 3  

5
, 6

4

 
 
 
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(iii)  Six equal width strips, width of each strip 0.5 units. 
 

   Let  
2

( ) 3f t t     

   Left endpoint approximation =      
1 1 3 5

0 1 2
2 2 2 2

f f f f f f
      

          
      

   

               1M 

    
 
   Left endpoint approximation = 21.922        1A 
 
   This approximation overestimates the area found in part (ii) because this section  
    of the graph is concave up so each rectangle overestimates the area. 
 

e.  (i)  For 
 

 

2
3,0

( )
3sin 2 3, 6

t t
h t

t t

 



    
 

  

 

 

    

   For a continuous function: Average value  
6

0

1
( )

6 0
f t dt

         1M 

 

          = $476,000  to nearest $1000     1A 
 

    
 

  



 

  The School For Excellence 2018        Units 3 & 4 Mathematical Methods – Written Examination 2         Page 15 

(ii)  Equation of horizontal line in graphs: 3y    

 

        

 

 Equation of horizontal line in graphs: 3y    

 

 Solve ( ) 3h t  :  

 

 Gives the section: 6 4.7124 1.2876   

 1.2876 proportion of 6 months          1M 
 
 Answer = 21.46% 
 To nearest % = 21%           1A 
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QUESTION 3 (11 marks) 
 

 
5

( ) sin
3

v t a t c



 

   
 

  with ( )v t  in /km hr , t  in hours and ,a  , c are real constants. 

 

a. Range =  0,120 , giving amplitude = 60. 
 

 Period = 
2 6

5 5

3




  so for the graph to rise from 0v   to 120v   with less than one  

  cycle, the graph must be reflected over the t-axis giving 60a   .       1M

  

 Vertical translation will be 60 giving 60c  , so 0c a         1M 

 

b.   
5

( ) 60sin 60
3

v t t



 

    
 

 

 

 Find   such that (0) 0v   

 

 

5
0 60sin 60

3

5
sin 1

3

5

3 2





 

 
   

 

 
  

 

 

 

 

 Giving 
3

10
   as required           1M 

We now have 
5 3

( ) 60sin 60
3 10

v t t
  

     
  
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c.  
5 3

( ) 60sin 60
3 10

x t t dt
   

      
   

                 1M 

 

     
3 5 3

60 cos 60
5 3 10

t t c




  
      

  
 

 

     
36 5 3

cos 60
3 10

t t c




  
     

  
         1M 

 

0, 0t x   gives: 

 

   

36 5 3
0 cos

3 10

36
0 cos 0

2

c

c c









  
   

  

 
     

 

 

So 
36 5 3

( ) cos 60
3 10

x t t t




  
    

  
              1A 

 
Or from CAS giving a correct but different form: 
 

 
 

d. 

   using displacement graph 
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    or using velocity graph   2A 
 
 Geoff has travelled 24.3 km halfway through his one hour trip.      1A 
   

e.  Solve ( ) 100v t   

 

 Maximum is at 0.6t    

 Gives by symmetry: 2 (0.6 0.4394)           1M 

            0.3212 hour. 

 
 To the nearest minute: 19 minutes          1A 
 

  
 
 

 

y = 100    
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QUESTION 4 (13 marks) 
 

Let  : 14,1 , ( ) 3log (2 ) 2eg R g x x       
 

a.  (i)  
3

'( )
2

g x
x

 


            1A 

 

   Solve '( ) 0g x   for stationary point(s) gives no solution.     1A 

 

    
 

 (ii)  From the graph the maximum point is at the endpoint at 1x  .    1A 

                
b.  (i)  
 

     
 
 

   Endpoints =  14, 12log (2) 2e    and  1,2      
  

   x-intercept 

2

3 2,0e
 
  
 

                  

   y-intercept  0, 3log (2) 2e          2A 
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(ii)   Endpoints =  14, 12log (2) 2e    and  1,2  

 

   Gradient = 
12log (2) 2 2 12log (2) 4log (2)

14 1 15 5
e e e   

 
  

 

 

   Equation of line:  
4log (2)

2 ( 1)
5

ey x    

 

      
4log (2) 4log (2)

2
5 5

e ey x          1A 

 

    
 
 

c.    
1

14

4log (2) 4log (2)
2 3log (2 ) 2

5 5
e e

eArea x x dx


 
       

 
  

 

  

1

14

4log (2) 4log (2)
3log (2 )

5 5
e e

eArea x x dx


 
    

 
                           1M 

 

  
225.7009 25.7Area units                           1A  
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d.  (i)  The coordinates on the ( )g x graph that illustrate the mean value theorem.  

      

 
 

These connect at the points   M  14, 12log (2) 2e    and N  1,2  

From part b (ii) gradient MN straight = 
4log (2)

5
e         1M 

Equation MN curved: ( ) 3log (2 ) 2eg x x     

3
'( )

2
g x

x
  


 

 

Equate 
4log (2) 3

5 2
e

x
 


          1M 

to get 
15

2
4ln(2)

x


   

Coordinates on MN curved = 
15 15

2, 3ln 2
4ln(2) 4ln(2)

  
    

  
        1A 
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 (ii)  At  
15

2
4ln(2)

x


    

 

   Equation of tangent: 0.554 1.174y x         1A 

 

     
 

            1A
      

 
 
 
 
 
 

 
 

  


