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SECTION 1 
 

Instructions for Section 1 
 

Answer all questions in pencil on the answer sheet provided for multiple – choice questions. 
Choose the response that is correct for the question. 
A correct answer scores1, an incorrect answer scores 0. 
Marks will not be deducted for incorrect answers. 
No marks will be given if more than one answer is completed for any question. 
 
Question 1 
The equation of the normal to the curve with equation 2xy =  at x = 2 is  
 
A. 44 −=− yx  
B. 184 =− yx  
C. 184 =+ yx  
D. 124 =+ yx  
E. 184 =− yx  
 
Question 2 
The equation 02 234 =++ xaxx , where a is a real constant, will have one unique real solution if 
 
A. 22−=a  or 22=a  
B. 2222 <<− a  
C. 2222 ≤≤− a  
D. 22−<a  or 22>a  
E. 22−≤a  or 22≥a  
 
Question 3 
If )cos()( xxf =  then 
 

A. 








<
=
>−

=′

0)(cos when )sin(
0)(cos when undefined

0)(cos when )sin(
)(

xx
x

xx
xf  

B. Rxxxf ∈−=′ for  )sin()(  

C. 








<
=

>−
=′

0)(cos when )sin(
0)(cos when 0

0)(cos when )sin(
)(

xx
x

xx
xf  

D. Rxxxf ∈=′ for  )sin()(  

E. 






>
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=′

0)(cos when )sin(
0)(cos when undefined

0)(cos when )sin(
)(

xx
x

xx
xf  

 
 

SECTION 1 - continued 
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Question 4 
For Rx∈ , there are no stationary points on the curve of f with equation 
 
A. xxxf 4)( 3 −=  
B. xxxf 4)( 3 −= + 2 
C. )2(4)2()( 3 −−−= xxxf  
D. xxxf 4)( 4 +=   
E. )2(4)2()( 3 −+−= xxxf  
 
Question 5 
Given λ  is a parameter, the solutions to 3105 −= xy  and 61020 =− yx  can be described by 
 

A. 








∈λ





 λ

+λ Z:,
10

35  

B. 








∈λ





 λ

+λ R:,
10

35  

C. 








∈λ





 +λ
λ Z:

10
35,  

D. 








∈λ





 +λ
λ R:

10
35,  

E. 








∈λ





 +λ
λ +R:

10
35,  

 
Question 6 
The equation of the image of the curve 32 += xey  under the transformation described by the matrix 








 −
02
30

  is 

 

A. 3
3

log −
−

=
xy e  

B. 1)2(log
3
1

+−= xy e  

C. 34

3
1 +−= xey  

D. 3
3

log −





 −=

xy e , x < 0 

E. 
2
3

3
log −






 −=

xy e , x < 0 

 
 
 
 

SECTION 1 – continued 
TURN OVER 
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Question 7 
The graph of the inverse function of g where )21(log31)( xxg e −+=  has 
 
A. an asymptote with equation 1=x  and an x-axis intercept at 1 

B. an asymptote with equation 
2
1

=y  and an x-axis intercept at 









−

−
3
1

1
2
1 e  

C. an asymptote with equation 
2
1

=x  and an x-axis intercept at 









−

−
3
1

1
2
1 e  

D. an asymptote with equation 
2
1

=y  and a y-axis intercept at 









−

−
3
1

1
2
1 e  

 
E. an asymptote with equation 1=y  and a y-axis intercept at 1 
 
Question 8 
If baxxf +=)(  and axbxg −=)( , where a and b are positive real constants then the maximal 
domain of the derivative of gf +  is 
 
A. R 

B. 



−

a
b

a
b  ,  

C. 





−

a
b

a
b  ,  

D. 



−

b
a

b
a  ,  

E. 





−

b
a

b
a  ,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SECTION 1 - continued 
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Question 9 
The graph of ( ) bnta +cos  is shown.  

                      
The values of a, n and b respectively, could be 
 
A.   6, 10 and 1−  
B.   6− , π5  and 1−  
C.   3, π10  and 2 

D.   3− , 
5
π  and 2 

E.   3− , π5  and 2 
 
 
Question 10 

Initially a tank contains 3000 litres of water. If water starts to leak out of the tank at a rate of 3
2

t  litres 
per minute, the tank will be empty in 
 

A. 5
2

1050×  minutes 
B. 164 317 minutes 

C. 5
2

2050×  minutes 
D. 166 minutes 
E. 30000 30  minutes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SECTION 1 – continued 
TURN OVER 
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Question 11 

Using the Linear Approximation formula )()()( xfhxfhxf ′+≈+ , where 
x

xf 1)( = , the 

approximate value of 
9.120

1  can be found by evaluating 

 

A. 
( )2

3

12120
1

121
1

+  

B. 
121
1

 

C. 
( )2

3

12120
1

121
1

−   

D. 
( )2

1

12120
1

121
1

−  

E.    
( )2

3

12120
1

120
1

+  

 
Question 12 

The average rate of change of the function with rule ( ) ( )ttf tan2=  over the interval 





3
,0 π

 is 

A. ( )2log6
eπ

 

B. 
π

36
 

C. ( )2log2 e  

D. 
π

36
−  

E. 
3

6
π

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SECTION 1 - continued 
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Question 13 

The area enclosed by the graphs of f and g where ( ) ( )xxf sin=  and ( )
2

1
+

=
x

xg , over the domain 

[ ]π,0∈x , is best approximated by 
 

A. ( )∫ 







+
−

938.2

425.0 2
1sin dx

x
x  

B. ( )∫ 





 −

+

938.2

425.0
sin

2
1 dxx

x
 

C. ( )∫ 





 −

+

142.3

0
sin

2
1 dxx

x
 

D. ( )∫ 







+
−

142.3

0 2
1sin dx

x
x  

E. ( )∫ 







+
−

541.2

171.1 2
1sin dx

x
x  

 
Question 14 

If ( ) 6)(
5

1

=∫ dxxf  then ( )∫ +
5

1

3)(2 dxxf  equals 

A. 9 
B. 15 
C. 18 
D. 24 
E. 36 
 
Question 15 
The random variable, X, has the following probability distribution. 
 

x 0 1 2 3 4 

( )xX =Pr  
2
p  p 3p 2p  22 p  

 
( )XE , the expected value of X, is closest to 

 
A. 0.59 
B. 1.59 
C. 1.80 
D. 2.00 
E. 3.00 

 
 
 
 
 
 
 

SECTION 1 – continued 
TURN OVER 
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Question 16 
The probability density function of the continuous random variable, X, is 

( ) ( )




 ≤≤−=

elsewhere0

204
16
3 2 xxxf . 

If ( ) 4.0Pr => aX , then the value of a, correct to four decimal places is 
 
A. 0.2960 
B. 0.4530 
C. 0.5470 
D. 0.7040 
E. 0.8514 
 
Question 17 
In a particular population the probability a person has blue eyes is 0.36. A group of 8 people are 
selected from this population. It is known that less than 5 of the 8 have blue eyes. Correct to four 
decimal places, the probability that exactly 3 have blue eyes is 
 
A. 0.2890 
B. 0.3181 
C. 0.4922 
D. 0.5069 
E. 0.5417 
 
Question 18 
The continuous random variable, X, has a normal distribution with a mean 10 and standard deviation 
2. The value of a such that ( ) 7.0Pr => aX , correct to three decimal places, is 
 
A. 1.000 
B. 7.244 
C. 8.317 
D. 8.951 
E. 11.049 
 
Question 19 
A continuous random variable, X, has a normal distribution with a mean of 40 and standard deviation 
σ . Given ( ) 8413.055Pr =<X , the value of σ  is closest to 
 
A. 1 
B. 15 
C. 16.7781 
D. 95 
E. 95.001 

 
 
 
 
 
 
 

SECTION 1 - continued 
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Question 20 
The life span of a particular laser light bulb is a continuous random variable, X, with a probability 
distribution function given by  

                                                    ( )
















≤<−

≤≤

=

elsewhere0

600500
000 30
1

50
1

5000
000 150

1

xx

xx

xf . 

 
The expected life span of a laser light bulb can be found by evaluating 
 

A. 
2

000 3050000 150

500

0

600

500

22

∫ ∫ 







−+








dxxxdxx

 

B. ∫ ∫ 







−+







500

0

600

500.001

22

000 3050000 150
dxxxdxx

 

C. ∫ ∫ 





 −+







500

0

600

500

2

000 3050000 150
dxxxdxx

 

D. ( )dxxf∫
600

0

)(  

E. ( )dxxxf∫−
0

600

)(  

 
Question 21 
For two events, A and B, ( ) pBA =∩Pr , ( ) pBA 2Pr =∩′  and ( ) qA =′Pr . ( )BA ′∩Pr  is 
 
A. p21−  

B. 
q

pq
−
−−

1
1  

C. qp −−1  

D. 
q

p
−1

 

E. pq 2−  
 
 
 
 
 
 
 
 

SECTION 1 – continued 
TURN OVER 
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Question 22 
An inverted right circular cone, as shown below, has a radius equal to half its height. 

 

                                

h

r

 
The rate at which the volume changes with respect to the height is given by 

A.   34 hπ  

B.   
12

3hπ  

C.   
4

3 2hπ  

D.   
4

2hπ  

E.   212 hπ  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF SECTION 1 



2012 MAV Mathematical Methods Exam 2 Page 11 

 

©The Mathematical Association of Victoria, 2012 

SECTION 2 
 

Instructions for Section 2 
 

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 channel is to be built as part of an irrigation system to bring water to a large agricultural area. 
In the diagram, PQRS represents the cross-section of the channel. 

PQ and RS are inclined at an angle of x radians to the base of the channel, QR, and 
2

0 π
<< x . 

The sum of the distances RSQRPQ  and ,  is 20 metres. h metres is the vertical height of the channel 
where 100 << h . 

x x

P

Q R

S

hh

 
 
a. i. Express the length, PQ, in terms of h and x. 
 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
            

 ii. Hence, show ( )






−=

x
hQR

sin
102 . 

 
______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                 1 + 1 = 2 marks 

SECTION 2 – Question 1 – continued 
TURN OVER 
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b.    i. Find the length of PS in terms of h, ( )xsin  and ( )xtan . 
 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
            

ii. Hence show that the area, A, of the cross section PQRS is given by  

( ) ( )x
h

x
hhA

tansin
220

22

+−= . 

 
______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
           

 iii. If 5=h  metres, write the area of the cross section PQRS in function notation. 
 

______________________________________________________________________________
          2 + 2 + 1 = 5 marks 

c. Show that the maximum area of this cross section occurs when 
3
π

=x . You are not 

required to justify the nature of the stationary points. 
 
______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                  2 marks  

 

SECTION 2 – Question 1 – continued 
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d.    i. Using the formula from b. ii., find the maximum area of the cross section, in terms of h. 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                   

ii. Find the value of h, in metres, that will give the maximum cross sectional area. State the 
    maximum cross sectional area in square metres. Give answers correct to one decimal place. 

 
______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

        ______________________________________________________________________________
                 1 + 3 = 4 marks 

Total 13 marks 
 

 

 

 

 

 

 

 

 

 

SECTION 2  - continued 
TURN OVER 
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Question 2 
 
Hannah has found that the number of calls she receives on her mobile phone over a two hour period is 
a random variable, X. The probability distribution of X is given by the following formula. 
 

( ) ( ) { }







=×

=
==

elsewhere0
5,4,3,2,17.03.0

0
Pr x

xk
xX x  

 
a.    i. Show that the value of k, correct to three decimal places, is 418.0 . 

   (Use 418.0=k  for the remainder of the question.) 
 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                   

 ii. Find ( )3Pr ≤X , correct to three decimal places. 
 
______________________________________________________________________________ 

______________________________________________________________________________
                 2 + 2 = 4 marks 

 
b. Find, correct to 2 decimal places 
  i. ( )XE , the expected value of X. 
 

______________________________________________________________________________ 

______________________________________________________________________________
            

  ii. ( )XSD , the standard deviation of X. 
 

______________________________________________________________________________ 

______________________________________________________________________________
                 1 + 2 = 3 marks 

 

SECTION 2 – Question 2 - continued 
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Hannah determines that the number of minutes, Y, she uses her mobile phone in a randomly chosen 
month is normally distributed with mean of 120 minutes and standard deviation of 7 minutes. 
 
c. i. Find the probability that Hannah spends between 90 and 130 minutes using her mobile phone 
           on any month, correct to four decimal places. 
 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 
            

 
ii. The probability of Hannah spending more than a minutes on her mobile phone is 1.0 .Find the    
    value of a correct to the nearest minute. 

 
______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 
            
 

iii. Show that the probability Hannah spends more than 126 minutes on her mobile phone in any 
     month, given that she has spent between 90 minutes and 130 minutes during that month is     
     0.1290 correct to four decimal places. 

 
______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
           1 + 1 + 2 = 4 marks 

 
 
 
 
 
 
 
 
 
 

SECTION 2 – Question 2 - continued 
TURN OVER 
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Hannah rents her mobile phone with calls charged at $1.25 per minute and a fixed charge of $34 per 
month. 
d. Given C, the monthly cost of the mobile phone, is a random variable with a normal distribution, 

find 
 i. ( )CE , the mean of C. 
 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
            

        ii. Find ( )CVar , the variance of C and hence, ( )CSD , the standard deviation of C. 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
           

 
iii. Calculate the 95% confidence interval for Hannah’s monthly phone costs.  

 
______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
           

 
iv. Find the probability that in any two consecutive months the cost of using the mobile phone 
     exceeds $200. Give the answer correct to four decimal places. 
 
______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                 1 + 2 + 2 + 2 = 7 marks 

Total 18 marks 

 

 

SECTION 2  - continued 
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Question 3 

Consider .1)2()(  where,2] ,(: 2 +−=→−∞ xxfRf  

a.    Find 1−f . 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                  3 marks 

The area bounded by the curves of f  and 1−f  is 
3

1155 −  units2 . 

b.    Write down the definite integral which when evaluated will give this area.  
 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                  2 marks 

Working Space 

 

 

 

 

 
 
 
 
 
 
 
 

SECTION 2 – Question 3 - continued 
TURN OVER 
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Consider the family of functions 1)2()(  where,] ,(: 2 +−=→−∞ xxfRaf kk  and a is a real constant 
and Zk∈ . 

c.     For any one set of graphs of 1 and −
kk ff , how many possible solutions are there to 1−= kk ff  ? 

        ______________________________________________________________________________ 

______________________________________________________________________________ 
             2 marks 

The area bounded by the curves f and 1−f  between 1=x  and 
2

55 −
=x forms the cross sectional 

area, in m2, of a prism of height 2 m. 

d.    Find the volume of the prism in m3. 

        ______________________________________________________________________________ 

 ______________________________________________________________________________ 
             1 mark 

The prism is filled with water. Water starts to leak out of this prism at a rate of )1(log2 +te  cm3/min. 

e.     How long will it take for the prism to empty? Give your answer to the nearest minute. 
 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                  4 marks 

Total 12 marks 

 

 

 

SECTION 2  - continued 
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Question 4 

To ascertain the suitability for a bike race, Tasmania Jones rode his bike along a straight road that 
joins the towns of Yamba, Strathton and Coram. He started at Strathton at 9.00 am and travelled 
towards Yamba but as the road surface was unsafe he turned around and rode back to Strathton and 
then to Coram and stopped. 

 

            Yamba      Strathton                            Coram 

 

The velocity, v km/h of the bike at time t hours is given by 30)4(
5

14)( 2 +−−= ttv . 

a.  Sketch the graph of v for ]421
7
5 ,0[ +∈t  on the set of axes below. Label the axial intercepts and  

     turning points with the exact values of their coordinates. 
 

 

 

 

 

 

 

 

 

 

 

2 marks 

b.    Find Tasmania’s position, x km, from Strathton in terms of t.  

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                  2 marks 

SECTION 2 – Question 4 - continued 
TURN OVER 
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Hence or otherwise answer the following questions. 

c.     i. How far did Tasmania ride towards Yamba before he turned around? Give your answer to the 
           nearest metre. 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
            

      ii. At what time did he get back to Strathton? Give your answer to the nearest minute. 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                    

      iii. How far is Coram from Strathton? Give your answer in kilometres correct to the nearest  
            kilometre. 
 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
            

iv. What was Tasmania’s average velocity for when he was travelling directly from Strathton to  
 Coram? Give your answer in km/h correct to one decimal place. 

 
______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
                 2 + 1 + 2 + 2 = 7 marks 

 
 
 
 
 
 
 

SECTION 2 – Question 4 - continued 
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Tasmania decides that the race is going to be from Strathton to Coram and that there should be two 
checkpoints along the route. The checkpoints will evenly divide the distance between Strathton and 
Coram. 
. 
d.     At what times did Tasmania pass the location of the checkpoints on his initial ride? Give your  
        answer to the nearest minute. 
 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________
              4 marks 

Total 15 marks 
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Mathematical Methods (CAS)
Formulas

Mensuration

area of a trapezium: 1
2
a b h+( )  volume of a pyramid: 

1
3
Ah

curved surface area of a cylinder: 2   rh volume of a sphere: 
4
3

3r

volume of a cylinder:  r 2h area of a triangle: 
1
2
bc Asin

volume of a cone: 1
3

2r h

Calculus
d
dx

x nxn n( )= -1

  
x dx

n
x c nn n=

+
+ ≠ −+∫

1
1

11 ,

d
dx
e aeax ax( )=   e dx a e cax ax= +∫

1

d
dx

x xelog ( )( )= 1
  

1
x dx x ce= +∫ log

d
dx

ax a axsin( ) cos( )( )=    
sin( ) cos( )ax dx a ax c= − +∫

1

d
dx

ax a axcos( )( ) -=  sin( )   
cos( ) sin( )ax dx a ax c= +∫

1

d
dx

ax a
ax

a axtan( )
( )

( ) ==
cos

 sec ( )2
2  

product rule: d
dx
uv u dv

dx
v du
dx

( )= +  quotient rule: 
d
dx

u
v

v du
dx

u dv
dx

v
⎛
⎝
⎜

⎞
⎠
⎟ =

−

2

chain rule: dy
dx

dy
du
du
dx

=  approximation: f x h f x h f x+( ) ≈ ( ) + ′( )

Probability
Pr(A) = 1 – Pr(A ) Pr(A  B) = Pr(A) + Pr(B) – Pr(A  B)

Pr(A|B) = 
Pr

Pr
A B
B
∩( )
( )  transition matrices:  Sn = Tn  S0

mean:  μ = E(X) variance:  var(X) =  2 = E((X – μ)2) = E(X2) – μ2

probability distribution mean variance

discrete Pr(X = x) = p(x) μ =  x p(x)  2 =  (x – μ)2 p(x)

continuous Pr(a < X < b) = f x dx
a

b
( ) μ =

−∞

∞
∫ x f x dx( ) σ μ2 2= −

−∞

∞
∫ ( ) ( )x f x dx
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