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FURTHER MATHEMATICS
SOLUTIONS: Trial Exam 2014

Written Examination 1

SECTION A: Core--Data analysis

1. A 2. E 3. C 4. D S.
6. B 7. E 8. B 9. D 10.
11. E 12. C 13. B

SECTION B: MODULES
Module 1: Number Patterns
1. D 2. D 3. A 4. D 5.

6. B 7. B 8. C 9. D

Module 2: Geometry and trigonometry

1. D 2. C 3. B 4. A S.
6. A 7. C 8. D 9.

Module 3: Graphs and relations
1. A 2. B 3. B 4. D 5.

6. A 7. B 8. D 9. C

Module 4: Business-related mathematics

1. A 2. D 3. D 4. D S.
6. B 7. C 8. D 9. D

Module 5: Networks and decision mathematics

1. B 2. A 3. C 4. D S.
6. E 7. E 8. B 9. C

Module 6: Matrices
1. D 2. B 3. E 4. B 5.

6. A 7. D 8. E 9. D
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Worked solutions--Core: Data analysis
Question 1
2,2,m, 6,9 11,11,14,n, 21

10 ordered data values are listed.
5 values in lower half, so 3" value is Q, =m and 5 values in upper half, so 8" value is 0,=14

IQR = Q3 - Q1
=14-m
Answer A
Question 2
- 2
n
10 = 2+424+4m+6+9+11+11+14+n+21
10
100=76+m+n
2d=m+n
m can only have values from 2 to 6
If n = 14 then m =10 (not possible)
If n =15 then m =9 (not possible)
If n = 16 then m = 8 (not possible)
If n =17 then m = 7 (not possible)
If n = 18 then m =6. This option satisfies all the constraints.
Answer E
Question 3
When the mean value is below the median then the data is negatively skewed
Answer C

Question 4

Note: Histograms display univariate data
Time series plots and scatterplots display two numerical variables,

Back to back stem-plots display one numerical variable and one categorical variable with two
levels only.

Bivariate data is given with one numerical variable (time in hours) and one categorical variable (exam

performance with 3 levels). This can be displayed with parallel boxplots.
Answer D
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Question 5

x—x 825-75
Z: = =

2.5
s 3
Question 6
_5, _08x6 _ 16
S, 3
c=y-mx
=70-1.6x75
=-50
D=1.6s-50
Question 7

Consider each statement

Answer E

Answer B

A.  The point (90, 31.4) is situated below the regression line so the residual is negative — True

B.  The slope of —0.66 means that there is a decrease of 0.66 kg/cm® of pressure for every increase

in 1 cm® volume- True

C.  The regression line sits above the data point (70, 40.5). This means that the line over-predicts

the pressure with a volume of 70cm’. — True

The volume of 80 cm’ is within the data set so this is interpolation — True

E. (-0.9745)> =89.8% of the variation in pressure is explained by the variation in volume — False

Note: A change in one variable does not cause the other variable to change.

Question 8

Answer E

The shape of the scatterplot suggests that the data can be linearised by compressing the x-scale or
compressing the y-scale. This is achieved by applying logarithmic or reciprocal transformations to

either axis.
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Question 9

4
3.5

3 N
2.5

Percentage
Errors

P R R R

0.5

L1111 }/'.. 44

Week
Divide the 9 points in three groups.
The median point in the left group (x,,y,)=(2,3.3)
The median point in the right group (x,,y,)=(8,0.6)
ye—y, 3.3-0.6

m= = =-045
Xp—X; 2-8

Althernatively

Enter data in the calculator and find the equation of the three median line.

¢ Edit [Calc] SetGraph o Stat Calculation
) i one~Varisble — [TEETT > yeqwed Line

i Two-Variable e —— y=a+x+h

Regressior Linear Reg ‘ a =—0.45

Test MedMed Line b =4,2166667

N —

Question 10

Seasonal variation with an increasing trend
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Question 11

Quarter 1 2 3 4 5 6 7 8 10 11 12
- — <\-—\\
Number oflife =\ -5 ) 12< s /12| o | 1s )20 14 | 21 | 24
saving incidents <
15+412+9+15  12+9+15+20
4 4
12. 14
Find the average of the values 12.75 and 14 to achieve the centre 1275+14
Answer E
Question 12
Summer Autumn Winter Spring
1 1 1.20
Seasonal indices sum is 4. This means that for 2013 summer S.I. = 0.8
For seasonal indices to be the same they must all equal 1
This means summer must increase by 0.2
. increased value
%increase = ———— x 100%
original value
= 02 x100%
0.8
=25%
Answer C
Question 13
Deseasonalised sales=4.24 x quarter number+1601.29
=4.24x27+1601.29
=1715.77
Seasonal value=1715.77x0.72 =1235.3544
Answer B
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Question 4

Using similar triangles

\
\

Answer A

Question 5
Total Surface area = Hemisphere + Circular Base

Note : diameter = 4 cm , therefore the radius =2 cm

TSA =27r® + mr?
=377’
=37(2)°
=3 x4
=127

Answer B

Question 6

Arearatiois a’:b*=1:4

Length ratiois a:b=1:2
The diameter of the original paperweight is 4 cm
original : enlarged
1:2
4:x
so the diameter is twice as large 8 cm

Answer A
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Question 7
The profile of the hill from P to Q is shown where PQ = 150 m

Q

150 m
90 m

From the contours, the vertical distance = 120 — 30 =90 m
To determine slope

Find horizontal distance, x, using Pythagoras first.

x =150 -90°

=120
Slope — @ = 2 = E
run 120 4
Question 8

1 cm on the map is equivalent to 1000 cm in real life

te. 1 cm = 1000cm = 10 metres

To represent the horizontal distance of 120 metres (found in Question 7)

map(cm) : real(m)
1:10
x:120

x =12 cm on the map
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Question 9

>
<« 600 m

First find x using the sine rule and the triangle labelled ABC

600 X
sin(4.5°) sin(9.5°)

. 600xsin(9.5")
sin(4.5°)

To find the height of the bridge, labelled y, use the right angle triangle ACD

And the trigonometric ratios SOH, CAH, TOA

sin(14°) =

= <

y=xxsin(14°)

_ 600 xsin(9.5°)xsin(14°)
Y sin(4.5°)

Answer B
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Module 3: Graphs and relations

Question 1

Using the points ( 0, 3) and (6, 0)

The y intercept is at 3 so the equation is

1
=——x+3
Y 2

13

Doubling the equation gives 2y =-x+6 and rearranging gives 2y+x=06

Question 2

Let x = cost of one movie and y = cost of one CD

Answer A

Equations are

83| |

Jdx
Jdx

;]Iﬂimp] E‘y

v [u

3x+4y=19
10x+2y=35 [

Solving finds that

0

one movie = $3

one CD = $2.50

So Marks spends 2x3+2x25=511

Question 3
Water added = 60-20=40 litres

Adds 4 litres per minute

Time = % =10 minutes
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3x+4y=19
10x+2y=35

XY

L

{x=3,y=2.5}

Answer B

Answer B
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Question 4

Two points are (30, 60) and (45, 0)

0-60

= -4
45-30

m

To find y-intercept sub m = -4 and point (30, 60 ) in

y=mx+c
60=-4x30+c
c=180

Equation is V =180 -4«

Answer D
Question 5
A. The highest petrol price is $1.55 per litre so A is false
B. Petrol price decreased in quarters 1, 2, 4, 7, 8, and 12. A total of six quarters, so B is false
C. The petrol prices changed as according to the following
Quarter | Change in cents per litre

1 -10

2 -5

3 ¥15 The highest change occurred in

the seventh quarter, so C is false

4 -10

5 +30

6 +15

7 -35

8 -15

9 +15

10 +5

11 +10

12 -20
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D. Intial point (0, 120) and at the fifth month (5, 140)

The average change = % = 4cents per litre , so D is correct
E. The lowest price was $1.00 and the highest price is $1.55. The difference is 55 cents, so E is
incorrect.
Answer D
Question 6
y=kx % where k = gradient of the line
k=%=18 so Equation is y=i—§ subx =3
Answer A
Question 7
At least twice as many apples as bananas
Set up a table of values to help you
Apples (x) Bananas (y)
2 or more 1
4 or more 2
6 or more 3
8 or more 4
This means that x =2y
Answer B
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Question 8

A(13,28)

B(5,20)
C(25,16)

Method 1: Using boundary points

The boundary line AB with gradient m = 1 contains the integer points
(5, 20), (6, 21), (7, 22), (8, 23), (9, 24), (10, 25), (11, 26), (12, 27) and (13, 28)

The boundary line BC with gradient m = -1/5 contains the integer points
(5, 20), (10, 19), (15, 18), (20, 17) and (25, 16)

The boundary line AC with gradient m = -1 contains the integer points
(13,28), (14, 27), (15, 26), (16, 25), (17, 24), (18, 23), (19, 22), (20, 21) ,(21, 20), (22, 19), (23, 18)
(24, 17) and (26, 16)

The points (10, 19) and (12, 27) are on boundary lines BC and AB respectively so they are in the
feasible region.

The point (15, 21) lies between the two boundary points (15, 18) and (15, 26) so this is within the
feasible region.

The point (16, 26) lies above the boundary point of (16, 25) at AC so this point is not in the feasible
region

The point (20, 20) lies between the two boundary points (20, 17 ) and (20, 21) so this is also within
the feasible region.

Method 2 : Using Inequalities

The feasible region is below the lines AC and AB and above the line BC

Inequality 1: x+y=41
Inequality 2 : x—y=-15 16 +26 <41 ie. 42 <41is not true
Inequality 3: 0.2x+y =21

The point (16, 26) does not satisfy inequality 1. All other points satisfy the three inequalities.

Answer D
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Question 9

The extreme points in the feasible region are at A

Method 1: By substitution

17

(13,28), B (5, 20) and C (25, 16)

Substitute each of the listed objective functions to determine where A is a maximum

Objective Function A (13, 28) B (5, 20) C (25, 16)
A M=10x45y 1 3041402270 | 50+ 100 =150 250 + 80 = 330
B.  M=10x-35y 130-140=-10 | 50-100=- 50 250 - 80 = 170
C. M =5x+10y 65 + 280= 345 25+ 280 =305 125 +160 = 285
D. M =5x+5y 65 +140 =205 25+100=125 125 + 80 = 205
E. M =5y-10x 140 -130=10 100 - 50 =150 80—-250=-170

Method 2: Sliding line technique

The gradient of the objective function must be between gradient of line AB and the gradient of the

line ACie. -1<m<1

A. M =10x+5y y= —% + % ..m=-2 gradient is not in range
B. M =10x -5y = % - % s.m=2 gradient is not in range
C. M =5x+10y y=—i+M '.m=—l
10 10 2
5 M Lo . .
D. M =5x+5y = S t5 -.m=-1 gradient is not in range (on the line)
E. M =5y-10x = % +% -.m=2 gradient is not in range
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Module 6: Matrices
Question 1

AB=[ a+d+g b+e+h c+f+i]

therefore adds the columns of matrix B

Answer D
Question 2
By multiplication
x 241 2| | x+4 2x+2 | | 8 10
3y 2 1 3+2y 6+y=8 7 8
x+4=8=x=4
6+y=8=y=2
Therefore x =2y
Answer B

Question 3

Since E can be added to C, E must be a 3 x 2 matrix.

OptionA: AxDxB dimensions (3x4)x(4x3)x(2x3) is undefined
Option B: CxBxA dimensions (3x2)x(2x3)x(3x4) produces a 3 x4 matrix
Option C: BxAxC dimensions (2x3)x(3x4)x(3x2) is undefined
Option D: BxAxD dimensions (2x3)x(3x4)x(4x3) produces a 2 x 3matrix
Option E: AxDxC dimensions (3x4)x(4x3)x(3x2) produces a 3x 2 matrix

Answer E
Question 4

-1
Since Ax| 2 2 |=| 1 O | whichis the identity matrix, A = 250 |3
1 3 0 1 1 3 -1 2
Answer B
Question 5
Aisoforder 2x2,Bisoforder 3x1,Cisoforder 2x3,Dis of order 1 x2
Product matrices that are defined (with order in brackets) are
AC(2x3), BD(3x2), CB(2x1), DA(1x2), DC(1x3)
Answer B
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Question 6
Let I = 10
0 1
AB=5 1 0
0 1
A=5 1 0 B!
1
A=5B"
=21y
5 5
Answer A
Question 7
The transition matrix 7 = 04 0.2
06 0.8
For a steady state raise 7 to a high power e.g. T = 025 0.25
0.75 0.75
Therefore a 75% chance of travelling by bus
Answer D
Question 8
A, B and C can be seen to be correct from inspection of the transition matrix.
100 138
TestD T*| 100 |=| 63 | rounded off so D is correct
100 99
100 111
TestE T| 100 |=| 87 | therefore 111 go by bus not 90
100 102
Answer E
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Question 9

R 08 04 65 4
2= X -
02 06 10 8
_| 52
11
R 08 04 52 4
3= x -
) 02 06 11 8

= [ 2 ] so 42 attend extra dance rehearsals in week 3

9

Answer D
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