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Directions to students

Detach this formula sheet during reading time.

This formula sheet is provided for your reference.


FURMATH EX 1&2					2
Further Mathematics Formulas
Core: Data analysis


standardised score:			

least squares line:			
residual value:				residual value = actual value – predicted value


seasonal index:			

Module 1: Number patterns

arithmetic series:						

geometric series:			


infinite geometric series:		

Module 2: Geometry and trigonometry

area of a triangle:			


Heron’s formula:				


circumference of a circle:		


area of a circle:			


volume of a sphere:				

surface area of a sphere:			


volume of a cone:			

volume of a cylinder:			

volume of a prism:			area of base  height

volume of a pyramid:			area of base  height


FURMATH EX 1&2					3


Pythagoras’ theorem:				


sine rule:				


cosine rule:				

Module 3: Graphs and relations

Straight line graphs


gradient (slope):			


equation:						

						
Module 4: Business-related mathematics

simple interest:			


compound interest:			


hire purchase:				effective rate of interest  


annuities:				

Module 5: Networks and decision mathematics


Euler’s formula:			


Module 6: Matrices


determinant of a 2  2 matrix:		



inverse of a 2  2 matrix:		

END OF FORMULA SHEET
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Core: Data analysis

Question 1
A survey looked at the number of minutes patients had to wait, beyond their appointment time, to be seen at The Good Smile dental surgery and the White Teeth dental surgery.  The results are shown in the stem and leaf below.


	Good Smile
	White Teeth

	9
	7
	5
	5
	4
	3
	3
	3
	0
	5
	7
	7
	x  
	9
	9
	9

	6
	2
	1
	1
	0
	0
	0
	0
	1
	2
	3
	4
	4
	6
	8
	

	
	
	3
	2
	1
	1
	1
	0
	2
	1
	2
	2
	3
	8
	
	

	
	
	
	
	
	
	9
	5
	3
	0
	2
	2
	3
	5
	7
	8

	
	
	
	
	
	
	
	4
	4
	
	
	
	
	
	
	


  												 	



a.	What is the median waiting time, in minutes, for the Good Smile dental surgery?

	____________________________________________________________________


									1 mark

b.	What is the range for the waiting time, in minutes, at the White Teeth dental surgery?

____________________________________________________________________
									1 mark


c.	What is the interquartile range, in minutes, for the waiting time at the Good Smile dental surgery?

	____________________________________________________________________

____________________________________________________________________
									1 mark








Core: Data analysis

Question 1 (continued)

d.	Are there any outliers in the data for the Good Smile dental surgery?  Show working to support your answer.


____________________________________________________________________

____________________________________________________________________
									1 mark

e.	The mean waiting time for the White Teeth dental surgery is 19.8 minutes.  What is the missing waiting time, x?

	____________________________________________________________________


									1 mark

f.	What is the mean and standard deviation, in minutes, for the waiting times at the Good Smile dental surgery?  Give your answers to one decimal place 


Mean__________________________________________________________________

StandardDeviation________________________________________________________
									1 mark

g.	Discuss the spread of waiting times for the two dental surgeries.  Support your comments with relevant statistics.


	____________________________________________________________________

	____________________________________________________________________

	____________________________________________________________________

	____________________________________________________________________


									2 marks

Core: Data analysis

Question 2 
The All Brite dental surgery keeps records of the number of cavities their patients have in a particular year and the number of times they flossed their teeth in the week prior to their first appointment of the year.  The table below shows these results.

	Gender
	Number Cavities
	Number Flosses

	F
	1
	5

	F
	0
	7

	F
	0
	9

	F
	1
	7

	F
	2
	6

	F
	3
	5

	F
	5
	1

	F
	0
	5

	F
	2
	4

	F
	1
	8

	F
	3
	4

	F
	6
	1

	F
	1
	10

	F
	0
	11

	F
	2
	7

	M
	0
	12

	M
	3
	2

	M
	4
	7

	M
	8
	0

	M
	1
	6

	M
	1
	13

	M
	2
	3

	M
	3
	8

	M
	11
	1

	M
	3
	0

	M
	9
	3

	M
	5
	2

	M
	4
	2

	M
	7
	0

	M
	4
	1













Core: Data analysis

Question 2 (continued) 

a.	Complete the equation of the least squares regression line.  Give all values to one decimal place.  
                                                                    ×

	Number of cavities  =                      +                           × Number of flosses  
									1 mark
b.	Describe the correlation between the number of flosses and the number of cavities.
     	

	____________________________________________________________________
	____________________________________________________________________
	____________________________________________________________________
1 mark
c.	Complete the following sentence giving values to the nearest whole number.
             ×
             ×

The data indicates that on average                               % of the variation in    
             ×

 is explained by the variation in 

				3 marks

d.	In terms of the variables, Number of Cavities and Number of Flosses, what does the gradient of the regression line show? 

1 mark











Core: Data analysis

Question 2 (continued) 

e.	These dentists consider that people with at least 2 cavities have not flossed sufficiently.  Use this information to complete the following percentage frequency table. Give answers to one decimal place.

	
	
	Gender

	Flossing
	Female
	Male

	Sufficient
	
	

	Insufficient
	
	



1 mark

Total  = 15 marks








End of Core: Data analysis

				


Module 1: Number patterns and applications


If you choose this module, all questions are to be answered.


Question 1
Sam buys stamps for her collection.  The number of stamps in her stamp collection at the end of the last three years is given in the table below.

	Year
	2011
	2012
	2013

	Number of Stamps
	30
	90
	270



If the number of stamps continues to increase in this way
			 
a. 	How many stamps will she have at the end of 2014?
						
	____________________________________________________________________
											1 mark

b. 	How many stamps did she buy in 2015?

	
	___________________________________________________________________
1 mark

c.	How many stamps will Sam have at the end of 2020?

	___________________________________________________________________

	___________________________________________________________________
1 mark


d.	At the beginning of 2016, Sam decides to buy no more stamps and to reduce her stamp collection by selling 60% of her stamps each year. What is the minimum number of years it will take for her to have less than 50 stamps left?

	___________________________________________________________________

	___________________________________________________________________
	___________________________________________________________________

											2 marks



Module 1: Number patterns and applications

Question 2 

a. 	At the end of 2013, John also has 270 stamps in his collection.  He decides to buy 500 stamps each year.  How many stamps will he have at the end of 2020?


	____________________________________________________________________
	____________________________________________________________________
1 mark

b.	John wants to buy the same number of stamps each year. How many stamps would he have to buy each year if he wanted to have 4190 stamps by the end of 2020?

	____________________________________________________________________
	____________________________________________________________________
1 mark





























Module 1: Number patterns and applications

Question 3

The number of stamps in Alex’s collection at the beginning of each year is given in the table below.


	Year
	2011
	2012
	2013
	2014
	2015

	Number of Stamps
	30
	40
	55
	75
	100




a.	How many stamps will Alex have in his collection at the beginning of 2016? 

	____________________________________________________________________
1 mark

b.	How many stamps will he buy during 2020?

	____________________________________________________________________
	____________________________________________________________________
	
1 mark


c.	How many stamps will be in his collection at the beginning of 2020?

	____________________________________________________________________
	____________________________________________________________________
2 marks


Module 1: Number patterns and applications

Question 4

Martha has 2100 stamps.  She decides to increase her stamp collection by 15% each year.


a.	The size of her collection in 5 years time can be calculated using the equation  
 	The values of p and q are

	p___________________________________________________________________
	q___________________________________________________________________
2 marks

Martha decides that each year after she buys these stamps she will immediately sell 150 of her least favourite stamps.



b.	Write a difference equation to show how many stamps, , she will have at the end of 
the  nth year.

	____________________________________________________________________
1 mark

c.	How many stamps will she have at the end of 3 years? Give your answer to the nearest whole number.

	____________________________________________________________________
1 mark

d.	How many years will it take her to have at least 5000 stamps?

	____________________________________________________________________
	____________________________________________________________________
1 mark


Total  = 15 marks

End of Module 1:  Number patterns and applications





Module 2:  Geometry and trigonometry


If you choose this module, all questions are to be answered.


Question 1


a












Redthorne is a city, which is in the shape of a rectangular hexagon.  If the perimeter of the city of Redthorne is 50.4 km

a.	What is the length of each side of this city?  

	____________________________________________________________________
1 mark
b.	What is the size of angle a?
	

            ____________________________________________________________________
1 mark


Module 2:  Geometry and trigonometry

Question 2 

A large triangular park is to be set up in the city of Redthorne.  The three corner points of this triangular park, A, B and C are such that B is 2.5 km directly south of A, and C is 2 km on a bearing of 3000T from B. 



a.	Draw a diagram to show this information.
 
	




1 mark	

b.	What is the size of the acute angle ABC?
 
	____________________________________________________________________
	
1 mark	
c.	What is the area of the park?  
Give your answer to two decimal places.
 
	____________________________________________________________________
	____________________________________________________________________
	____________________________________________________________________
1 mark	






Module 2:  Geometry and trigonometry
Question 2 (continued) 

d.	What is the length of AC?  
Give your answer to two decimal places.
 
	____________________________________________________________________
	____________________________________________________________________
	____________________________________________________________________
1 mark	
e.	What is the true bearing of C from A?
Give your answer to the nearest degree.
 
	____________________________________________________________________
	____________________________________________________________________
1 mark	




Module 2:  Geometry and trigonometry

Question 3 
30 m
17.5 m
A
B
50 m


















The above observatory is to be built in the park.  It consists of a cylinder surmounted by a hemisphere.  The diameter of the cylindrical part of the observatory is 30 m and the height of the cylindrical part of the observatory is 17.5 m. 

a.	What is the height of the observatory?

	____________________________________________________________________
1 mark

b.	The outside of the observatory, excluding the base, is to be painted.  What is the area to be painted?
	Give your answer to the nearest square metre.
	____________________________________________________________________
	____________________________________________________________________
1 mark	








Module 2:  Geometry and trigonometry

Question 3 (continued) 

c.	Adam stands at point A, 50 m from the base of the observatory, looking up to the top of the observatory.  What is the angle of elevation to the top of the observatory?  
Give your answer to the nearest degree.

	____________________________________________________________________
____________________________________________________________________
1 mark	

d.	Bella stands at B on the opposite side of the observatory to Adam.  A bird on top of the observatory sees Bella at an angle of depression of 150.  How far is Bella from Adam?
Give your answer to the nearest metre.

	____________________________________________________________________
____________________________________________________________________
	____________________________________________________________________
	____________________________________________________________________
1 mark	

Module 2:  Geometry and trigonometry

Question 4

The architect built a scale model of the observatory with a length ratio 1:100 before she actually constructed the observatory in the park.											
a.	What was the radius of the base of the observatory on this scale model?

	____________________________________________________________________
											1 mark

b.	What was the volume of the observatory that was built in the park? Give your answer to one decimal place.

____________________________________________________________________
	____________________________________________________________________
1 mark
c.	What was the volume of the scale model?
Give your answer in cubic metres to two decimal places.

	____________________________________________________________________
1 mark
d.	What is the surface area of the model excluding the base that has to be painted?
Give your answer in square metres to one decimal place.

____________________________________________________________________
1 mark


Total 15 marks





End of Module 2:  Geometry and trigonometry


Module 3:  Graphs and relations


If you choose this module, all questions are to be answered.


Question 1

1
2
3
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8
40
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160
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240
280
320
Time (hours)
Distance (km)
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The above graph shows the distance travelled and the time taken for Adam and Bess when they participated in a car rally.


a. 	How long did Bess take to complete the journey? 

____________________________________________________________________
1 mark

b.	What was the total distance that Adam travelled?

	____________________________________________________________________
1 mark







Module 3:  Graphs and relations

Question 1 (continued)

c.	Who travelled faster on the way home and by how much?

	____________________________________________________________________
	____________________________________________________________________
2 marks

d.	How long after Bess left home did she and Adam meet for the second time?
	Give your answer to the nearest minute.

	____________________________________________________________________
	____________________________________________________________________
2 marks



Module 3:  Graphs and relations

Question 2
To enter the rally, each contestant has to pay $50.  The organisers of the rally have to pay costs of $450 plus an extra $5 per entrant.

a.	If there are q entrants, write an expression in terms of q to show how much the organisers have to pay. 

	____________________________________________________________________
1 mark


b.	What is the profit if there are 40 entrants?


	____________________________________________________________________
1 mark


c.	What is the minimum number of entrants required so that the rally will make a profit?


	____________________________________________________________________
1 mark
























Module 3:  Graphs and relations

Question 3

A manufacturer makes two types of brakes: friction pumping and electromagnetic.

Each friction pumping brake takes 5 hours to cast and cut, 6 hours to weld and shape and 2 hours to assemble in the vehicle. 
Each electromagnetic brake takes 1 hour to cast and cut, 6 hours to weld and shape and 4 hours to assemble in the vehicle.  

The company can only spend 30 man-hours casting and cutting, 60 man-hours welding and shaping and 32 man-hours assembling per day.  

The profit on a friction pumping break is $300 and on an electromagnetic brake it is $400. 
 


a. 	If x friction pumping brakes and y electromagnetic brakes are fitted each day, then what is the constraint for casting and cutting?

	____________________________________________________________________

1 mark



























Module 3:  Graphs and relations

Question 3 (continued)


b.	On the graph below, add the line of this constraint to the lines of the other constraints shown on the graph.


2
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2
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x
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1 mark




Module 3:  Graphs and relations

Question 3 (continued)

c.	Shade the required area on the graph.

1 mark


d.	Write down an equation that will give the daily profit, P, for the company.


_____________________________________________________________________
1 mark


e.	How many of each type of brake should the company make to maximize its profit?


_____________________________________________________________________
____________________________________________________________________
	____________________________________________________________________
	____________________________________________________________________
1 mark

f.	What is the maximum daily profit?


_____________________________________________________________________
1 mark


Total  = 15 marks




End of Module 3: Graphs and relations






Module 4:  Business-related mathematics


If you choose this module, all questions are to be answered.


Question 1

	Taxable Income
	Tax on this Income

	0 - $18,200
	nil

	$18,201 - $37,000
	19 cents for each $1 over $18,200

	$36,001 - $80,000
	$3,572 plus 32.5 cents for each $1 over $37,000

	$80,001 - $180,000
	$17,547 plus 37cents for each $1 over $80,000

	$180,001 and over.
	$x plus 45 cents for each $1 over $180,000



Use the above tax scale table to answer the following questions about Lucy who has a taxable income of $78,000 per year. 


a.	How much tax does she pay each year.

	________________________________________________________________
1 mark


b.	If Lucy’s taxable income rises by 5% because of an increase in her salary, what will her taxable income now be?

	____________________________________________________________________
1 mark


c.	How much extra will Lucy now pay in tax?

	____________________________________________________________________
1 mark

d.	What is the value of x in the tax scale table above? 

	____________________________________________________________________	
1 mark





Module 4:  Business-related mathematics 

Question 2 

Lucy bought a $3000 sound system on hire purchase.  She paid a deposit of $300 and agreed to pay the remainder in 15 monthly instalments at a flat interest rate of 10% per annum. 


a.	How much interest did Lucy pay?

	____________________________________________________________________
1 mark
b.	What was the total price that Lucy paid for the sound system?

	____________________________________________________________________
1 mark
c.	How much did she have to repay each month?

____________________________________________________________________
1 mark
Question 3

When Lucy’s pay reached $85,000 she invested 12½% of it in a special investment account that paid 3% per annum compounding yearly. The next year she invested 1% of her pay in the same special account, and then left all the money in the account for a further 10 years.  At the end of this time she took the money out of the account. 

a.	How much money would Lucy have in this account after one year?  Give your answer to the nearest dollar. 

	____________________________________________________________________
1 mark

b.	How much money will she have in this account after two years?  Give your answer to the nearest dollar. 
 

	____________________________________________________________________
1 mark

c.	How much money will she get when she takes the money out of the account.  Give your answer to the nearest dollar. 

	____________________________________________________________________
1 mark



Module 4:  Business-related mathematics	

Question 3 (continued)

d.	How much interest will she have earned over the 12 years?  Give your answer to the nearest dollar.

	____________________________________________________________________
1 mark


Question 4
Lucy’s friend, Rose, earns the same salary as Lucy.  When they both earn $85,000 Rose puts $1500 into her investment account at the beginning of each year for 12 years.  A graph of the amount of money in Rose’s account for the 3 successive years after she puts her first $1500 in the account is shown below.
3075
4650
6225
Year
Amount of Money in Investment Account ($)











4
3
2





a.	How much interest does Rose earn each year?

	____________________________________________________________________
1 mark

b.	What is her percentage interest rate?
	
	___________________________________________________________________
1 mark









Module 4:  Business-related mathematics	

Question 4 (continued)

c.	How much money will Rose have in her account just after she puts her 12th deposit in the bank? 

	____________________________________________________________________
	____________________________________________________________________
1 mark

d.	In what year of saving will Rose’s account first hold more than Lucy’s?

	____________________________________________________________________
	____________________________________________________________________
1 mark



Total  = 15 marks


















End of Module 4:  Business-related mathematics

Module 5:  Networks and decision mathematics


If you choose this module, all questions are to be answered.


Question 1

James, Ken, Lara, Miriam and Nova participate in a weekend sporting competition.  Based on their results over several weeks, the following dominance matrix, D, has been drawn up to help to decide the winner.


 


a.	The graph below represents some of this information.  Complete the graph to show the one piece of missing information.
J
K
L
M
N











	




1mark

b.	Which two people tie for second place? 

	____________________________________________________________________
	1 mark



Module 5:  Networks and decision mathematics

Question 1 (continued)

c.	Construct a matrix, X, for the 2 step dominance.



 


1 mark

d.	Who are the first three place getters in correct order?


____________________________________________________________________
	1 mark


Module 5:  Networks and decision mathematics

Question 2

James, Ken, Lara, Miriam and Nova work for a car repair company. Here they have to accomplish such tasks as checking, repairing, washing, claying and waxing.  The times in minutes that each person takes on average to complete the tasks is listed in the table below. 

	
	
	Checking
	Repairing
	Washing
	Claying
	Waxing

	James
	40
	41
	24
	45
	15

	Ken
	37
	43
	18
	45
	18

	Lara
	16
	44
	20
	42
	20

	Miriam
	33
	27
	33
	38
	27

	Nova
	19
	29
	22
	30
	21



The owner of the company wants to allocate the various jobs to these five people based on accomplishing all tasks in the minimum amount of time. 

									
a.	Complete the first step of the Hungarian algorithm in the table below.

	
	Checking
	Repairing
	Washing
	Claying
	Waxing

	James
	25
	26
	9
	30
	0

	Ken
	
	
	
	
	

	Lara
	0
	28
	4
	26
	4

	Miriam
	6
	0
	6
	11
	0

	Nova
	0
	10
	3
	11
	2



											1 mark

b.	Complete the second step of the Hungarian algorithm in the table below.

	
	Checking
	Repairing
	Washing
	Claying
	Waxing

	James
	25
	26
	
	19
	0

	Ken
	
	
	
	
	

	Lara
	0
	28
	
	15
	4

	Miriam
	6
	0
	
	0
	0

	Nova
	0
	10
	
	0
	2



											1 mark


Module 5:  Networks and decision mathematics

Question 2 (continued)

c.	Allocate a person to each job.

	Job
	Person

	Checking
	

	Repairing
	

	Washing
	

	Claying
	

	Waxing
	



1 mark


d. 	What is the total minimum time taken for all the jobs to be completed?


__________________________________________________________________
											1 mark







Module 5:  Networks and decision mathematics

Question 3

J
K
L
M
N











The above network shows the roads joining the 5 towns, Jamestown, Kensyth, Laraville, Mirianvale and Novaton where James, Ken, Lara, Miriam and Nova live respectively.  


a.	Set up the adjacency matrix for this network







											1 mark


b.	What is the sum of the vertices of this network?


___________________________________________________________________
											1 mark

 

c.	The five friends want to travel along every road once for a five-day walkathon.  At which towns could they start and finish in order to do this?



___________________________________________________________________
											1 mark





Module 5:  Networks and decision mathematics

Question 3 (continued)

d.	The council wants to build an extra road or roads so that future five-day walkathons can begin and end at Jamestown with the walkers using each road just once.  What is the minimum number of roads that would need to be built and between which towns?

___________________________________________________________________
											1 mark


Question 4

A new workshop is to be built at the car repair workplace of the five friends.  Below is a network for the project, together with the time in days for each activity in the project.

C, 14


	H, 18
J, 24
G, 36
A, 12

Finish
Start

I, 15
E, 28

K, 23
B, 20

F, 22
D, 16




a.	What is the slack time for activity F?


	___________________________________________________________________
											1 mark




Module 5:  Networks and decision mathematics

Question 4  (continued)

b.	Extra workers are brought in to speed up activity G, which results in activity G now taking 26 days. The cost for the extra workers is  $2,000 per day.  How much extra will the project cost?

___________________________________________________________________
											1 mark


c.	If the cost of the work was originally estimated to be $10,000 per day, how much money will be saved by bringing in the extra workers for activity G?  

___________________________________________________________________
											1 mark

[bookmark: _GoBack]



Total  = 15 marks












End of Module 5:  Networks and decision mathematics






Module 6:  Matrices


If you choose this module, all questions are to be answered.


Question 1

Farmers from four country towns, Yay, Dew, Wye and Bass play competition football.  In the first half of the season, Yay beat Dew, Dew beat Wye and Bass, Bass beat Wye and Yay and Wye and Yay drew. 

a.	If the scores are 4 for a win, 2 for a draw and 0 for a loss, explain why the following matrix, which shows some of the results, has zeros on the diagonal. 
	



____________________________________________________________________
	____________________________________________________________________
1 mark


b. 	Complete the above matrix to show all the results.
1 mark


c.	How many games were played in the first half of the season?

____________________________________________________________________
1 mark








Module 6:  Matrices

Question 1 (continued) 

d.	What does the sum of the elements in each row of the above matrix represent?


____________________________________________________________________
1 mark

e.	In the second half of the season the results were the same except that Wye beat Yay and Bass and Dew, and Bass beat Dew.  Complete the following matrix for the whole season.





1 mark



f.	Who was the overall winner for the season?


____________________________________________________________________
1 mark


Module 6:  Matrices

Question 2 

One of the farmers grows grapes and peaches and sends them to three different outlets for sale.  The number of kilograms of each fruit sent to each of the outlets is given in the table below.

	
	Fruit

	Outlet
	Grapes
	Peaches

	Dallyworth
	2700
	2200

	Foley
	1600
	2700

	Loscano
	2000
	3900



a.	Write a 3  × 2 matrix, X, which shows the number of kilograms of each fruit sent to each of the three outlets.









1 mark

b.	The profit the farmer makes on a kilogram of grapes is $4.50 and his profit on a kilogram of peaches is $6.80.  Write a column matrix, Y, to show the profit per kilogram of each fruit.

	




1 mark


c.	What is the order of matrix, Y?
	 
____________________________________________________________________
1 mark




Module 6:  Matrices

Question 2 (continued)

d.	Find the matrix XY.











1 mark



e.	What was the total profit made by the farmer on the sale of these two fruits? 


____________________________________________________________________
1 mark


Module 6:  Matrices

Question 3

Each year, the number of people shopping at the three outlets changes, according to the following matrix.


 


a. 	Complete the transition diagram below that describes what is happening at the three outlets. 









Foley










Dallyworth

Loscano





1 mark












Module 6:  Matrices

Question 3 (continued)

b. 	The number of shoppers in 2013 at each of the outlets, Dallyworth, Foley and Loscano was 28,000, 34,000, and 41,000 respectively.  How many people would be expected to shop at Foley in 2014? 

____________________________________________________________________
1 mark



c. 	How many people would you expect to shop at Loscano in 2016?


____________________________________________________________________
1 mark


d. 	In the long term how many people would you expect to shop at Dallyworth?


____________________________________________________________________
1 mark








Total  = 15 marks

End of Module 6:  Matrices
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