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SECTION 1 
Question 1 

The graph with the equation  is translated 3 units down and then reflected in the x-axis. 
The resulting graph has the equation 

3xy =

A.  33 += xy

B.  33 −−= xy

C.   3 3y x= − +

D.   33 −= xy

E.  3)3( −−= xy

Answer is C 

Worked solution 

• Translating 3 units down produces  33 −= xy
• Reflecting in the x-axis gives  3)3( 33 +−=−−= xxy

 
Question 2 

The range of the function  is 2)(,)4,1[: 2 −=→− xxfRf

A.   )14,1[−
B.   ]14,1(−
C.  [ 2, 14)−

D.  )14,2(−
E. R  

Answer is C 

Worked solution 

• The turning point is at  which is the lowest point in the range. So, the range is 
. 

)2,0( −
)14,2[−
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Question 3 

The range of the function 3)cos(2)(,: +−−=→ πxxfRRf  is 

A.   ]3,2[−
B.  [1,5]
C.  ]1,5[ −−

D.  ]3,0[
E. ]3,[ π−  

Answer is B 

Worked solution 
• The centre point of the graph is 3 and the amplitude is 2 so the graph moves up and 

down 2 units from 3.  
 
Question 4 

The largest set of real values of t for which tt 42 >−  is 

A.  
5
2

>t  

B.  
3
2

−>t  

C. 
5
2

3
2

>
−

< tort  

D. 2
5

t <  

E. 2
5
2

<< t  

Answer is D 

Worked solution 

• Look at the problem graphically and find where the graph of 21 −= xy  is above the 

graph of . Intersection occurs at xy 42 = 5
2

=x , and the graph of  is above the graph 

of  for values of 

1y

2y x  less than 
5
2 . 
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Question 5 
Part of the graph of the function f is shown below. 

 
 
 
 y

x
a b

c

 
 
 
 
 
 
 
 
 
 
 
 
 
The total area bounded by the curve of )(xfy =  and the x-axis over the interval  is 
given by 

),( ca

A.  ∫
c

a
dxxf )(

B.  ( )
a

c
f x dx∫  

C.  ∫−
a

c
dxxf )(

D.  ∫∫ −
c

b

b

a
dxxfdxxf )()(

E.  ∫ ∫+
b

a

c

b
dxxfdxxf )()(

Answer is B 

Worked solution 
• The entire area is below the x-axis so there is no need to split the area up. Be careful – 

the integral from a to c would give a negative value, and an area cannot be negative, 
hence the terminals are swapped over. 
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Question 6 

The function f has the rule 12log)( −= xxf e .  The maximal domain of f is 

A.  ),1( ∞−

B.  ),
2
1( ∞  

C. ),1( ∞  

D. 1\
2

R ⎧ ⎫
⎨ ⎬
⎩ ⎭

 

E. +R  

Answer is D 

Worked solution 

• Look at the graph of this function – note that there is an asymptote at 
2
1

=x . 

 
Question 7 
A bag contains three red and six blue balls. Three balls are drawn one at a time from the bag 
without replacement. The probability that at least one is red is 

A.  
28
15  

B. 
21
5  

C.  16
21

 

D. 
28
5  

E. 
84
83  

Answer is C 

Worked solution 

• 

21
16

7
4

8
5

9
61

)Pr(1)Pr(

=××−=

−= rednoredoneleastat
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Question 8 

The function with the rule ,),[: Raf →∞ 3
2

xy = , will have an inverse function if 

A.  1<a
B.  1−>a
C.   0a >
D.  1−<a
E.  0<a

Answer is C 

Worked solution 
• To have an inverse function, the original function must be one-to-one, and the domain 

for  gives a one-to-one function. 0>a
 
Question 9 

The graph of the function  is obtained from the graph of  by  5)2( −−= +xey xey =

A. a reflection in the x-axis, a translation by 2 units up and a translation 5 units down. 
B. a reflection in the x-axis, a translation by 5 units right and a translation 2 units left. 
C. a reflection in the y-axis, a translation by 5 units right and a translation 2 units down. 
D. a reflection in the x-axis and  a dilation by a factor of 5 from the x-axis. 
E. a reflection in the x-axis, a translation by 2 units left and a translation 5 units 

down.  

Answer is E 

Worked solutions 

Reflection in the x-axis produces , a translation 2 units left gives , and a 
translation 5 units down results in . 

xey −= 2+−= xey
5)2( −−= +xey
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Question 10 

If bay
x

−= 32  then x is equal to 

A. 3log ( )
2a

y b+  

B. )
2

(log3 by
a

−  

C. by
a +

2
log3  

D. )
2

(log
3
1 by

a
+  

E. )
2

2(log
3
1 by

a
+  

Answer is A 

Worked solution 

)
3

(log3

3
)

2
(log

2

2

3

3

byxso

xby

aby

aby

a

a

x

x

+
=

=
+

=
+

=+

 

 
Question 11 
A fair coin is tossed 20 times. The probability, correct to four decimal places, of getting fewer 
than 12 heads is 

A. 0.1201 
B. 0.8684 
C. 0.7483 
D. 0.1316 
E. 0.2517 

Answer is C 

Worked solution 

Use a binomial distribution with 5.0,20 == pn  to find )12Pr( <X  or use the calculator 
function binomcdf (20, 0.5, 11). 
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Question 12 

The function  has the rule Rf →∞),5(:
5
12)(

−
+

=
x
xxf . The rule for the inverse function is 

A.  1 11( ) 5
2

f x
x

− = +
−

 

B. 5
2

11)(1 −
+

=−

x
xf  

C. 2
5

11)(1 −
+

=−

x
xf  

D. 2
5

1)(1 −
+

=−

x
xf  

E. 
2

115)(1

+
−=−

x
xf  

Answer is A 

Worked solution 

Re-express y to get 
5

112
5
12

−
+=

−
+

=
xx

xy . Interchange x and y to get  

2
115

2
115

5
112

5
112

−
+=

−
=−

−
=−

−
+=

x
y

x
y

y
x

y
x

 

 
Question 13 

If  for all , then k equals kxx e=4 Rx∈

A.  4

B. log 4e  

C.  xe 4log

D. 4
e

 

E.   x4

Answer is B 

Worked solution 

4logtherefore4 e
k ke == . 
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Question 14 

A function  is such that: RRf →:

0)( =′ xf  at 3and2 =−= xx  
32and2for0)( <<−−<>′ xxxf  

3for0)( ><′ xxf  
 
Which one of the following is true? 

A. The graph has a local maximum turning point at 2−=x . 
B. The graph has a stationary point of inflection at 2x = − . 
C. The graph has a local minimum at 2−=x . 
D. The graph has a local minimum at 3=x . 
E. The graph has a stationary point of inflection at 3=x . 

Answer is B 

Worked solution 

A sketch of the details shows a stationary point of inflection at 2−=x and a maximum turning 
point at . 3=x
 
Question 15 

If 2)0(and3)0(),(4)( −==′−=′ gfxgxxf , then  is given by )(xf

A.   1)(4)( +−= xgxxf

B.  5)(4)( −−= xgxxf

C.  2( ) 2 ( ) 1f x x g x= − +

D.   5)(2)( 2 −−= xgxxf

E.  )(4)( xgxxf ′−=

Answer is C 

Worked solution 

Antidifferentiate to get   cxgxxf ++= )(2)( 2

3)0()0(3)0( =+−=⇒= cgff  

1
32

=
=++

c
c

 

1)(2)( 2 +−=⇒ xgxxf  
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Question 16 

The derivative of xex
x
42
)3cos(

−
  with respect to x is 

A. 4

3sin(3 )
2 4 x

x
e

−
−

 

B. 
4 4

2 4 8

cos(3 )(2 4 ) 3(2 )sin(3 )
4 4

x x

x x

x e x e x
x xe e

− − −
− +

 

C. 
4 4

2 8

3(2 )sin(3 ) cos(3 )(2 4 )
4

x x

x

x e x x e
x e

− − − −
+

 

D. 
4 4

2 4 8

3(2 )sin(3 ) cos(3 )(2 4 )
4 4

x x

x x

x e x x e
x xe e

− − − −
− +

 

E. 
4 4

2 4 8

(2 )cos(3 ) sin(3 )(2 4 )
4 4

x x

x x

x e x x e
x xe e

− − −
− +

 

Answer is D 

Worked solution 
Use the quotient rule to differentiate: 

)44(
)42)(3cos()3sin()2(3

)2(
)42)(3cos()3sin(3)2(

;
2

)3cos(

842

44

24

44

24

xx

xx

x

xx

x

exex
exxex

ex
exxex

dx
dy

v
vuuv

dx
dy

v
u

ex
xy

+−
−−−−

=

−
−−−×−

=

′−′
==

−
=

 

 
Question 17 

If )(log xy e= , then the rate of change of y with respect to x at 10, <<= kkx , is 

A.  1
k

 

B. 1
k

−  

C.  loge k−

D.  loge k

E.  ke

Answer is B 

Worked solution 

For the region  the graph of 10 << x xxy ee log)(log −==  and so 
xdx

dy 1−
= , and for 

, 10, <<= kkx
kdx

dy 1−
= . 
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Question 18 

If  be a differentiable function, then for all RRf →: Rx∈ , the derivative of  with 
respect to x is equal to  

)( 4xef

A.   )(4 4 xfe x ′

B.  )(4 xfe x ′

C.  )( 4xef ′

D. 4 44 (x xe )f e′  

E.  )( 44 xx efe ′

Answer is D 

Worked solution 

Use the chain rule. The derivative of  ))(( xgf = )())(( xgxgf ′′ . Differentiating  gives 
 and differentiating the function f gives 

xe4

xe44 f ′ . 
 
Question 19 

An antiderivative of  is 333 ++ xe x

A.   369 3 ++ xe x

B. 3 21 3 3
3

xe x+ + x

3

 

C.  3 23 3xe x+ +

D. 3 21 3 3
3 2

xe x+ + x  

E.  33 3xe +

Answer is D 
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Question 20 
A continuous random variable X has a probability density function given by 

 
2
1)( =xf  for 53 << x  

The graph of f is shown below. 

 
 
 y

x1 2 3 4 5 6 

0.5 

 
 
 
 
 
 
 
 
 
 
The mean of X is  

A.  0.25
B.  0.5
C.  3
D.  4
E.  5

Answer is D  

Worked solution 
Because of the symmetry of the distribution, the median and the mean are the same. 
 

SECTION 1 – continued 
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Question 21 
A probability density function is given by 

  )22(
8
1)( xxf +=  kx <<0for  

The value of k is 

A. 1 
B. 2 
C. 4 
D. 8 
E. 12  

Answer is B 

Worked solution 
To be a probability density function the area under the curve must equal 1. The shape under 
the curve is a trapezium, so the area is: 

     

0since,2
0)2)(4(
820

1
8

)2(

)
8

)22(
8
2(

2
1

)(
2
1area

2

>=
=−+
−+=⇒

=
+

=

+
+=

+=

kk
kk

kk

kk

kk

hba

 

 
Question 22 
The masses of ‘55 gram’ chocolate bars are normally distributed with a mean of 55.1 g and a 
standard deviation of 0.15 g. It would be expected that about two-thirds of the chocolate bars 
produced would be between 

A. 54.65 g and 55.55 g 
B. 55.10 g and 55.40 g 
C. 54.95 g and 55.25 g 
D. 54.80 g and 55.40 g 
E. 51.10 g and 55.55 g 

Answer is C 

Worked solution 
About two-thirds of the population lie within one standard deviation of the mean, and 
55.1 = 54.95g to 55.25g. 15.0±

 
 

END OF SECTION 1 
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SECTION 2 
Question 1 
Speak-Easy is a mobile phone service provider, with more than two million customers, and 
has two mobile phone plans, the Quickchat Plan and the Gasbagger Plan. 

70% of customers have the Quickchat plan and 30% of customers have the Gasbagger Plan. 

1a. If 12 Speak-Easy customers are selected at random 

1a i. what is the probability, correct to four decimal places, that exactly nine customers are 
on the Quickchat plan? 

Worked solution 
Use a calculator program or inbuilt facility such as binompdf(12, 0.7, 9) to calculate  

2397.0)9Pr(
)7.0,12(~

==
==

X
pnBiX

 

 
Mark allocation 

• 1 mark for recognising and stating the correct distribution and parameters 
• 1 mark for getting the correct answer 

 
1a. ii. how many customers would be expected to be on the Quickchat plan? 

Worked solution 

Expected value 4.8)( == npXE  
 
Mark allocation 

• 1 mark for getting the correct answer. 
 
Tips 

• Do not round the answer off – the answer is 8.4 not 8. 
 

2 + 1 = 3 marks 
 
1b. The sales manager for Speak-Easy has calculated that the monthly time in hours used by 

Quickchat customers is a random variable with the probability density function given by 

⎩
⎨
⎧

≤
>

=
−

0for0
0for04.0

)(
04.0

t
te

tf
t
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1b. i. What percentage, correct to the nearest per cent, of Quickchat customers use more 
than 20 hours in a month? 

Worked solution 

%45
44933.0

55067.01

04.01

04.0)20Pr(

20

0

04.

20

04.

=
=

−=

−=

=>

∫

∫

−

∞
−

dte

dtet

t

t

 

This question can be handled with a graphics calculator, using either a program or the integral 
facility. Because the question is worth 2 marks, a working step needs to be given. 
 
Mark allocation 

• 1 mark for setting up an integral 
• 1 mark for getting the correct answer 

 
1b. ii. What is the probability, correct to three decimal places, that a randomly chosen 

Quickchat customer uses more than 30 hours per month, given that the customer uses 
more than 20 hours per month? 

Worked solution 

670.0
44933.0
30119.0

)20Pr(
)30Pr(
)20Pr(

)2030Pr()2030Pr(

=

=

>
>

=

>
>∩>

=>>

t
t
t

tttt

 

 
Mark allocation 

• 1 mark for recognising conditional probability and for having a fraction involving 
0.44933 on the denominator 

• 1 mark for getting the correct answer 
 

SECTION 2 – continued 
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1b. iii. Find the mean number of hours used in a month by a randomly selected Quickchat 
customer. 

Worked solution 

mean  hours2504.0
0

04.0 == ∫
∞

− dtet t

 
Tip 

• This question can be handled with a graphics calculator, using either a program or the 
integral facility. Because the question is worth 2 marks, a working step needs to be 
given. 

 
Mark allocation 

• 1 mark for stating the integral 
• 1 mark for getting the correct answer 

 
1b. iv. Find the median number of hours, correct to 2 decimal places, used in a month by a 

randomly selected Quickchat customer. 

Worked solution 

The median m is such that  5.0)(
0

=∫
m

dttf

The best way to tackle this question is to use a graphics calculator. 
 
Set up equations for y1 and y2 as follows: 

5.0
),0,),(int(

2

1

=
=

y
xxxffy

 

and find the point of intersection. 
 
This gives hours. 33.17=m
 
Alternatively, the integral can be used as follows: 

[ ]

hours33.17
2
1

2
1

2
104.0

04.0

0
04.0

0

04.0

=

=

=−

=

−

−

−∫

m

e

e

dte

m

mt

m t

 

 
Mark allocation 

• 1 mark for evidence of some relevant method that involves finding an integral = 0.5 
• 1 mark for getting the correct answer. 

 
2 + 2 + 2 + 2 = 8 marks 
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1c. To try to increase profits, Speak-easy is conducting a marketing campaign to persuade 
customers to switch to the more profitable Gasbagger mobile phone plan. The 
marketing manager estimates that each month 30% of customers on the Quickchat plan 
will switch to the Gasbagger plan, and 5% of the customers on the Gasbagger plan will 
switch to the Quickchat plan. No existing customers of Speak-Easy are estimated to 
stop using Speak-Easy. 

According to the estimates, after two months, what proportion of the present customers 
will be on the Quickchat plan (correct to two decimal places)? 

Worked solution 
This question can be tackled using either matrices (not really part of a mathematical methods 
course) or a tree diagram. 
 
Using matrices: 

⎥
⎦

⎤
⎢
⎣

⎡
=⎥

⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
6217.0
3783.0

3.0
7.0

95.03.0
05.07.0 2

 

 
Using a tree diagram, with G indicating the Gasbagger plan and Q indicating the Quickchat 
plan, we get: 
 
 0.7

0.3

0.05

0.95

0.7

0.3

0.05

0.95

0.7

0.3

0.05

0.95

Q

G

Q

Q

G

G

Q

G

Q

G

G

G

Q

Q

0.343

0.0105

0.0105

0.01425

0.7

0.3

 
 
 
 
 
 
 
 
 
 
 
 
 
The total probability of Q as a final outcome 378.001425.00105.00105.0343.0 =+++= = 
37.83% 

3 marks 
 
Mark allocation 

• 1 mark for drawing tree diagram with eight outcomes 
• 1 mark for determining four probabilities associated with switching to Quickchat 
• 1 mark for getting the correct answer of 37.83% 

 
Total 14 marks 

SECTION 2 – continued 
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Question 2 
Consider the function . 2)2()(,: 3 +−=→ xxxfRRf
2a. If , where a and b are constants, use calculus to find the values 

of a and b. 

2)2)(()( −+=′ xbaxxf

Worked solution 
Using the product rule gives  
 

)24()2(
)23()2(
)2()2(3)(

2

2

32

−−=

−+−=

−+−=′

xx
xxx
xxxxf

 

 
so  2,4 −== ba

2 marks 
 
Mark allocation 

• 1 mark for evidence of use of the product rule 
• 1 mark for getting the correct answer 

 

2b. The coordinates of the stationary points of the graph of )(xfy = are  and )2,(u )
16
5,(v . 

Find the values of u and v. 

Worked solution 
To find stationary points, let  0)24()2(0)( 2 =−−⇒=′ xxxf

   
2
1,2 ==⇒ xx  

   
16
5,

2
1atand2,2at ==== yxyx  

   so 
2
1and2 == vu  

2 marks 
 
Mark allocation 

• 1 mark for getting u correct 
• 1 mark for getting v correct 
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2c. Find the values of x for which 0)( ≤′ xf . 

Solution 

Looking at the graph of  gives )(xf 2or
2
1

=≤ xx  

2 marks 
 

Mark allocation 
• 1 mark for each one of the two intervals that is given correctly 

 
2d. Find the real values of k for which both solutions to the equation  are 

positive. 
2)( =+ kxf

Solution 
Look at a graph of the function – both solutions are positive when the graph is moved any 
distance to the right. To move right, 0<k . 

1 mark 
 
Mark allocation 

• 1 mark for answer . 0<k
 
The function f(x) can also be written as . 28126)( 234 +−+−= xxxxxf

2e. Use calculus to find the area bounded by the graph of 2)( −= xfy  and the x-axis. 

Worked solution 
Be careful here as the area cannot be negative – it is best to use absolute value signs around 
the calculation. 

 

unitssquare6.1
10
16

2
8

3
12

4
6

5

8126Area

2

0

2345

2

0

234

==

⎥
⎦

⎤
⎢
⎣

⎡
−+−=

−+−= ∫

xxxx

dxxxxx

 

3 marks 
 
Mark allocation 

• 1 mark for setting up the integral 
• 1 mark for getting the correct anti-derivative 
• 1 mark for getting the correct answer 

 

SECTION 2 – continued 
Copyright ©Insight Publications 2007 



20 

2f. i. Describe a sequence of transformations which maps the graph of  on to the 
graph of . 

)(xfy =
2)2( −= xfy

 
Worked solution 

Dilation by a factor of 
2
1  in x-direction (or from the y-axis), then translation of 2 units down. 

Mark allocation 
• 1 mark for dilation specified correctly 
• 1 mark for translation specified correctly 

 
2f. ii.  Find the x-axis intercepts of the graph of 2)2( −= xfy . 

Worked solution 

The two intercepts of  can be found by looking at the x-intercepts of )0,1()0,0( 2)( −= xfy  
and halving. 

 
Mark allocation 

• 1 mark for getting coordinates for both intercepts correct 
 
2f. iii. Use the answers to 2e., 2fi. and 2fii. above to write down the area of the region 

bounded by the graph of 2)2( −= xfy and the x-axis, correct to two decimal places. 

Worked solution 
The area should be calculated as: 

2e.questioninfoundarea
2
1area ×=  

To get any marks it is necessary to have this statement or other evidence of halving the 
answer to question 2e. If the area is calculated by using an integral, then zero marks are 
awarded. 

unitssquare80.06.1
2
1

=×=  

 
Mark allocation 

• 1 mark for getting the correct answer 
2 + 1 + 1 = 4 marks 
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2g. Find the real values of p for which the equation pxf =− 2)2(  has exactly four 
solutions. 

Worked solution 

Draw the graph of 2)2( −= xfy  as follows: 

 
 y

x1  2  

2  

4  

(0.5,1.6875)

 
 
 
 
 
 
 
 
 
 
 
A horizontal line drawn through the graph will intersect the graph at 4 points in the interval 
from  to the  coordinate of the turning point. 0=y y

So, . )6875.1,0(∈p

2 marks 
 
Mark allocation 

• 1 mark for finding the turning point 
• 1 mark for getting the correct interval 

Total 16 marks 
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Question 3 
A ball is dropped from a height of 5 metres and bounces continuously in a regular motion for 

the next 
5

8π  seconds. The height of the ball above the ground is given by 

)5cos(5)( ttH =   
where H is the height in metres and t is the time in seconds after the ball is dropped. 
 

The graph of the motion as modelled by the equation )5cos(5)( ttH =  for ]
5

8,0[ π
∈t  is 

shown below. 

 
 

t4π
5

8π
5

H(t)

5

10 
 
 
 
 
 
 
 
 
 
 
 
 
 
3a. Find when the ball first hits the ground. 

Worked solution 

Look at the graph and divide the first section of the graph from ]
5

4,0[ π  by 8 to get 
10
π . So the 

ball hits the ground at 
10
π  seconds. 

1 mark 
 
Mark allocation 

• 1 mark for getting the correct answer 
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3b. Find when the ball first rebounds to maximum height. 

Worked solution 

The ball reaches maximum height 
10
π  seconds further on from the first bounce point –so this 

occurs at 
10
π +

10
π =

5
π  seconds. 

1 mark 
 
Mark allocation 

• 1 mark for getting the correct answer 
 

Realistically, the ball cannot rebound to its previous height. Instead, the rebound height on 
each bounce will diminish with each bounce. It is found that the height of a ball released from 
a height of 5 metres can be more accurately modelled by the equation 

)5cos(5)( 8.0 tetH t−=  
 
3c.  Find the first time, correct to 2 decimal places, when the ball is exactly 3 metres above 

the ground.  

Worked solution 
Use a graphics calculator to find the point of intersection between the lines 

)5cos(5 8.0
1 xey x−=  and . 32 =y

Intersection occurs when t = 0.16 seconds. 

1 mark 
 
Mark allocation 

• 1 mark for getting the correct answer 
 
Tip 

• You should be careful to have the correct window setting and to ensure the mode is in 
radians. 

 
3d. How many times during the motion as described by the model is the ball exactly at a 

height of 2 metres above the ground? 

Worked solution 

Using a graphics calculator, find the intersections of the graph )5cos(5 8.0
1 xey x−=  with the 

line  and find the number of times an intersection occurs – be careful to have the 
correct domain sketched. 

22 =y

It can be seen that the graph of y1 intersects the line  at 3 points. 2y

1 mark 
 
Mark allocation 

• 1 mark for getting the correct answer 
 

SECTION 2 – continued 
Copyright ©Insight Publications 2007 



24 

3e. i. Find an expression for 
dt

dH for values of t such that 
1010
3π

<< t π . 

Worked solution 

For the interval ]
10

,
10

[ 3π
∈t π  the graph behaves like  so )5cos(5)( 8.0 tetH t−−=

dt
dH  can be 

found using the product rule and chain rule to give 

 

)5sin(25)5cos(4 8.08.0 tete
dt

tt −− +=  dH

 
ark allocation 

H(t) can be written as )5cos(5)( 8.0 tetH t−−=  

M

• 1 mark for knowing that 
• 1 mark for evidence of use of the chain and product rules 

• 1 mark for getting the correct formula for 
dt

dH  

 

e. ii. Find 3
5

for π
=t

dt

lution 

dH . Give your answer correct to two decimal places. 

Worked so

Using a calculator, let )5cos(51 xey = 8.0 x−  and use the calculator menu to find 
5

at π
=x

dx
dy . 

This gives −=
dx
dy 2.42. 

 
ark allocation 

etting the correct answer 
 

e. iii. Using your answer to ei., write down an equation the solution of which gives the 
 t 

Worked

The maximum rebound height occurs when 

M
• 1 mark for g

3
value of t when the ball has rebounded fully from each bounce. Find this value of
for the first rebound, correct to two decimal places. Also find, according to the 
model, the height of the first full rebound, correct to two decimal places. 

 solution 

0=
dt

dH , so let 

This gives  
0)5sin(25)5cos(4 8.08.0 =+ −− tete tt  

06.3)(,60.0

))
25
4(tan(

5
1

5)
25
4(tan

)5tan(
25

4
)5sin(25)5cos(

1

1

8.08

==

=−

=−

=
−

−=

−

−

tHt

t

t

t

tet tt

π

π  

4 .0−e −
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Mark a

• 0)5sin(25)5 8.0 =+ − tet t  
• 
• 

 
Tip 

•  calculator. There is no requirement to 
find it algebraically, it is just necessary to state that 0)5sin(25)5cos(4 8.08.0 =+ −− tete tt . 

3 + 1 + 3 = 7 marks 
 

3f. T nufactures the balls can modify the elastic component of the balls 
and produce balls that bounce back to different rebound heights according to the model  

llocation 

1 mark for stating that cos(4 8.0−e t

1 mark for finding 60.0=t  
1 mark for finding 06.3)( =tH  

The solution can be found from the graphics

 

 he company that ma

0for)5cos(5)( >= − atetH at  

F
b

orked solution 

The graph in this interval behaves like )5cos(5)( tetH at−−= . 

Lettin

ind the exact value of t that gives the time when a ball rebounds fully after the first 
ounce. 

W

g 0=
dt

dH  gives: 

))(tan(1
255

5)

25)5cos(5

t

ta

tetae atat −−

−=

=

−=

π

 

3 marks 
 
Mark allocation 

• 1 mark for obtaining the correct derivative and setting it equal to 0 
• 1 mark for obtaining an equation involving tan 
• 1 mark for getting the correct answer 

 

)5sin(

55

))5(tan(1 1 ta− =−π

25
5(tan 1−−π

)5tan(
25
5 ta

=
−

1 a−
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3g. A etres. Find, 
correct to 3 decimal places, the smallest value of a for a ball to be considered flat.  

Worked  solution 

When 

  ball is considered flat if the first full rebound height is less than 2 m

))
5

(tan(
5
1 1 at −−= π , this gives ))

5
(tancos(5)( 1)

5

)
5

(tan

5
(

1

aetH

a

a −−−
−−=

−

π
π

  

(There is no need to try to simplify this equation.) 

We want 2)( <tH , so set ))
5

(tancos(5 1)
5

)
5

(tan

5
(

1

1

xey

x

x −−−
−−=

−

π
π

 and 22 =y , and find when 

21 yy <  by finding the point of intersection with a graphics calculator. 

Intersection occurs at x = 1.532, so the smallest value of a is 1.532. 

3 marks 
 
Mark allocation 

• 1 mark for finding the correct expression for H(t) 
• 1 mark for setting 2)( <tH  
• 1 mark for getting the correct answer 

Total 17 marks 
 
Question 4 
Two street lights A and B, of power 40 units and 320 units respectively, are placed 20 metres 
apart. The intensity of light illumination, I units, along the straight road between the two 
lights is given by  

22 )20(
32040)(

xx
xI

−
+= ,  

where x is the distance in metres from light A. 

4a. What is the intensity of light illumination at a point 5 metres from light B? Express the 
answer correct to 2 decimal places. 

Worked solution 

5 metres from B means 15 metres from A, so 15=x . 

This gives 98.12
5

320
15
40

22 =+=I  

1 mark 
 
Mark allocation 

• 1 mark for getting the correct answer 
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4b. The graphs of 21
40
x

y =  and 22 )20(
320

x
y

−
=  are shown below. On the same set of axes, 

ph of I for 200sketch the gra << x . 

Worked so

 

 
 

3 marks 
 
Mark a

• 1 mark for getting the correct shape of the graph 
k for labelling asymptotes at x = 0 and x = 20 

ination intensity is more than 18 units? Express your answer 
l places. 

=1y

lution 
 

y 
 
 
 
 
 
 

 
 
 

llocation 

• 1 mar
• 1 mark for showing the new graph above both existing graphs 

 
4c. Diana stands on the straight road between lights A and B. Where should she stand to 

ensure that the light illum
correct to two decima

Worked solution 
Use a graphics calculator to find the point of intersection between the graph of 

22 )20(
32040

xx −
+  and the line 182 =y . 

The required region is ]20,76.15[]53.1,0[x
road within the required region. 

∪∈ . Diana can stand anywhere along the straight 

2 marks 
 
Mark allocation 

• 1 mark for each one of the 2 intervals that is given correctly 
 

x2 4 6 8 10 12 14 16 18 20

asymptote at x=20

asymptote at x=0

SECTION 2 – continued 
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END OF WORKED SOLUTIONS 
 
 

2007 

lumina tensity. 

Work

4d. Use calculus to e exac straight road between the two lights that has 
the least light il tion in

ed solution 

 find th t point on the 

3

3

2

)20
640

3

3

2

22

(
8

)20(64080

)20(32040
)20(

xx

x
dx
dy

xx
xx

−
+

−
=

−+−=

−+=

−

−

−−

 

Least illum sity occurs when 

32040y +=

x−

0

ination inten 0=
dx
dy . 

Setting 0
dx
dy  gives: =

Ax frommetres
3

=

5 mark

x 203 =
xx )20(2 −=

 x
xx

xx

20

)
)20(80640

)20(
64080

3

33

33

−=

−

s 
 

=

x 20(8 3 −=

Mark allocation 

• 1 mark for attempting to find 
dx
dy  

• 1 mark for correctly finding 
dx
dy  

• 1 mark for setting 0=
dx

 dy

• 1 mark for solving the resulting equation 
• 1 mark for getting the correct answer 

 
Total: 11 marks 

 

 
Copyright © Insight Publications 


	2007
	MATHEMATICAL METHODS
	Written examination 2


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


