Mathematical Investigations
We are learning to investigate problems

We are learning to look for patterns and generalise

We are developing multiplicative thinking

Exercise 1 – Crossroads

Equipment needed are rulers or long straight sticks.

You are to investigate the number of intersections or crossroads that are made when a number of roads are made to intersect. Use the metre rulers or sticks as your roads. Lay them across each other so that each new road crosses all others and record the number of crossroads that are made each time you add a new road. The diagram shows three cross roads when three sticks are laid across each other.  



Build your crossroads and record the results in a table like this.

	Roads
	Intersections

	1
	0

	2
	

	3
	3

	4
	

	
	

	
	


(a) How many crossroads are made when five roads intersect?

(b) How many crossroads are made when six roads intersect?

(c) Explain your pattern.

(d) How many crossroads are made when 20 roads intersect?

(e) How many crossroads are made when 101 roads intersect?

(f) What is the rule for n roads?

Is it better to travel though an intersection quickly or slowly?
Exercise 2 – Different Coins

Equipment needed is a selection of 10c, 20c, 50c, $1 and $2 coins. These can be plastic or drawn on card as required.



How many amounts can be made using just a 10c, a 20c and a 50 cent coin?

Complete

We can make 30c (20+10), 60c (50+10), ______, ______, ______, ______, and 10c.

Investigate how many amounts can be made using a selection of different coins and record your results in a table like this. 

	Number of different coins
	Coins used


	Amounts made
	Number of amounts

	1
	10c
	10, 
	1

	2
	50c, 20c
	50, 70, 20
	3

	3
	
	
	

	4
	
	
	

	5
	
	
	31

	
	
	
	

	
	
	
	


(a) How many amounts can you make using 9 different coins?

(b) How many using 20 different coins?

(c) Explain any patterns you see.

Write a rule for predicting how many amounts can be made for lots of n coins.

Why do you think your rule works?

SECRET CLUE…..add 1 to all the numbers in the “Number of amounts”.

Exercise 3 – Blaise Pascal and his Triangle.

You might need a calculator, a highlighter pencil and if you have a computer with a spreadsheet programme you might be able to use that. 

Instructions

Complete the grid below. Look carefully and leave the        gaps.

	
	Row Total

	
	
	1
	
	1

	
	1
	
	1
	
	2

	
	1
	
	2
	
	1
	
	4

	
	1
	
	3
	
	3
	
	1
	
	

	
	1
	
	4
	
	6
	
	
	
	
	
	

	
	1
	
	5
	
	
	
	
	
	
	
	
	
	

	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


You could try and do this if you have a computer and a spreadsheet programme but it is quite hard because of the gaps. It can be done starting in the cell A1 but that problem is left for you to explore if you are interested.

What do you see?

Find the following patterns and shade them using a highlighter.

a.
1 
2 
3 
4  
5
…

b.
1  
3  
6  
10  
15  

….

by adding numbers you should be able to find

c. 
1
2
4
8
16
32
…

d.
1
4
10
20
…

by being imaginative you might see

e.
11
11x11

11x11x11
11x11x11x11 

Pascal’s Triangle is a very famous and well used pattern of numbers. Look for more information and write down anything you discover about Pascal.

	Who was Blaise Pascal?


Exercise 4 – Triangular Based Pyramids

Equipment needed are many marbles. Marbles are best because each layer fits nicely on top in the gaps. The bottom layer will need to be secured with plasticine or rulers. 

You are to investigate the number of marbles needed to make a pyramid on a triangular base. Make a grid of marbles as in the diagram and push them into plasticine or use some other ingenious way to prevent them rolling away. On this layer place the other layers.


The base will look a bit like this.

Now count the number of marbles you used.

Repeat your pyramid building with bases of different sizes and make a table of your results.

	Base side
	Total number of marbles
	Pattern

	1 
	1
	1

	2 
	4
	1 + (1+2)

	3 
	
	1 + (1+2) + ( 1+2+3) 

	4 
	
	

	5 
	
	

	6 
	
	

	
	
	

	
	
	


(a) How many marbles are needed for a pyramid of base 7?

(b) How many for a pyramid of base 10?

(c) Can you find the pattern in Pascal’s Triangle?

(d) How many layers are there in a triangular pyramid that uses 35 balls?

(e) How many layers are there in a triangular pyramid that uses 56 balls?

(f) How many layers are there in a triangular pyramid that uses 165 balls?

(g) How many for a base of size n? (Warning…this is quite difficult!)

An estimate for the n formula for the number of balls needed is “one half of the number of balls in the base times the number of layers”. Is this estimate useful?

	


Exercise 5 – The Balls on the Brass Monkey

Equipment needed are many marble. Marbles are better because each layer fits nicely on top in the gaps. The bottom layer will need to be secured with plasticine or rulers. 

You are to investigate the number of marbles needed to make a pyramid on a square base. Make a 4x4 grid of marbles and push them into plasticine or use some other ingenious way to prevent them rolling away. On this layer place a 3x3 layer of marbles and then 2x2 and finally 1x1 or just 1 marble at the very top.


The base will look a bit like this.

Now count the number of marbles you used.

Repeat your pyramid building with square bases of different sizes and make a table of your results.

	Base side
	Total number of marbles
	Explanation

	1 x 1
	1
	1x1

	2 x 2
	5
	1x1 + 2x2

	3 x 3
	
	

	4 x 4
	
	

	5 x 5
	
	

	6 x 6
	
	

	
	
	


(a) How many marbles are needed for a pyramid of base 7x7?
(b) How many for a pyramid of base 10x10?
(c) How many for a base of size n? (Secret Clue…n x n x n)

The answer to (c) is the formula for adding the first n square numbers. Good luck!

Why is the title “The Balls on the Brass Monkey”? It comes from the days of cannon balls and sailing ships. In the old sailing ship days the sailors had piles of cannon balls stacked beside the cannons. The ships rocked around a lot and when they fired all the cannons on one side (broadside) the ship rolled wildly. The cannon balls were held securely by a brass plate called a “monkey”. In very cold weather the brass would shrink more and the balls would fall off. Hence the expression “it is cold enough to freeze the balls off a brass monkey”. Find a picture of a “brass monkey”.

Exercise 6 – Investigate Zero! No Unity Here!

You need some paper, a pencil

You might need a calculator.

Which of the answers to these calculations ends in a zero? 

1)
2 x 5

(2)
2 x 7 x 5
(3)
5 x 7 x 2 x 2

4)
13 x 7 x 5 x 5 x 2
(5)
13 x 5 x 2
(6)
2 x 7 x 17x 5

7)
13 x 17 x 5 x 2
(8)
12 x 15
(9)
3 x 2 x 5 x 7 x 13

10)
2 x 2 x 2 x 2 x 5
(11)
65 x 2 
(12)
130 x 5 x 2

13)
22 x 3 x 5 x 3 
(14)
7 x 22  x 57 x 5
(15)
40x 23
16)
52 x 22 
(17)
36 x 125
(18)
13 x 2 x 25

19)
200 x 52
(20)
19 x 5 x 22
(21)
5 x 59 x 22
22)
0 x 4 x 8 x 7
(23)
53 x 27
(24)
75 x 222

25)
555 x 222
(26)
75 x 2
(27)
175 x 2

28)
525 x 22
(29)
1 x 2 x 3 x 4 x 5 
(30)
5 x 4 x 3 x 2 x 1 

(a) List all the factors of 10.   Factors = {                                                               }.

(b) List all the factors of 100. Factors = {                                                               }.

(c) List all the factors of 1000. Factors = {                                                               }.

(d) What pattern did you notice in the problems 1 to 30 above?

(e) Write ten problems that have an answer that end in zero.

(f) Find two numbers that multiply and have the answer of 1000

(g) Find two numbers that multiply and have the answer 1,000,000

	The Trick is….




Exercise 7 • Powers of powers of powers

You will definitely need a calculator.

You will need a lot of multilink blocks.

What to do

Make a model of the problem if you have enough blocks.

Complete the sheet and be prepared to explain an answer.

Make a model with the multilink blocks of 

1. 2x2



2. 2 x 2 x 2


3.  2 x 2 x 2 x 2 

Make a model with the multilink blocks of 

4. 22



5. 23



6. 24

Make a model with the multilink blocks of 

4. (22)2



5. (22)3



6. (22)4

How many blocks in 

7. 2x2



8. 2 x 2 x 2


9.  2 x 2 x 2 x 2 

How many blocks in 

10. 22



11. 23



12. 24

How many blocks in 

13. (22)2



14. (22)3



15. (22)4

Which of these could be sensibly modelled?

16. (23)4



17. (25)7



18. (28)9

Which looks bigger    234  or 423 ?    Which is bigger?
Exercise 9 – Divisibility Rules!

You will need a calculator.

We often need to know without actually doing the division problem whether or not a number will divide into another number evenly or with no remainder.

For example the number 187236 is divisible by the number 9. In fact it does not matter how those digits are scrambled they will be divisible by 9. Try it!

632781
267318
718623
123678
876321
817263
312876

	The rule for 9 is …




	Write 5 numbers that are divisible by 9




Now investigate the multiples of these digits and try and write a rule that will tell you the divisibility secret. Some are easy…and some are hard…but they all have rules.

	Thinking Space


 (a) The number 5

My rule is

(b) The number 10

My rule is

(c) The number 3

My rule is 

(d) The number 4

My rule is 

(e) The number 8

My rule is 

(f) The number 6

My rule is

(g) The number 2

My rule is

Exercise 9 –A Diagonal Problem

You will need a ruler and a pencil.

How many diagonals are there in a polygon with 20 sides? What is the general rule for the polygon with n sides?

These are the two questions you are going to investigate.

A diagonal line joins two corners (or vertices) of a polygon that are not next (or adjacent) to one another.

In a triangle there are no diagonals.

In a quadrilateral (4 sides) there are two diagonals.

Draw a pentagon (5 sided) and all the diagonals and add the numbers to the table. 

Continue the pattern for hexagon, heptagon, octagon, nonogon, decagon and 11-gon, 12-gon.

	Name
	Number of sides
	Number of Diagonals

	triangle or trilateral
	3
	0

	quadrilateral
	4
	2

	pentagon
	5
	

	hexagon
	
	

	heptagon
	
	

	octagon
	8
	

	nonogon
	
	

	decagon
	
	

	
	
	

	
	
	


Now to find the rule to predict the number of diagonals in any polygon.

Secret handshake clue! Everyone in a room of people shakes hands with everyone else in the room just once. How many handshakes happen? (You shaking hands with me is the same as me shaking hands with you so you will need to divide by two somewhere.

The answer to this problem is the same as the one above with a slight modification.

	My Rule is 


What is the correct name for a 100 sided polygon? How many diagonals does it have?

Exercise 10 –A Timely Problem

You will need a few pipe cleaners and a pencil to record your answer.

Task 1

Use a pipe cleaner and divide the numbers on the clock face so the two parts add to the same number.







Task 2

Use two pipe cleaners and divide the numbers into three parts on the clock face so they add to the same number.

Task 3

Now divide the numbers on the clock face into 6 parts so they add to the same number.

Task 4

How many times does the minute hand overtake the hour hand in one 12 hour period?

Task 5

The hands on a clock are together at Noon. When, exactly, are they next together?

Teacher Notes
These exercises, activities and games are designed for students to use independently or in small groups to develop understanding of number properties and how numbers behave. Some involve investigation (Mikes Investigation Sheet link) and may become longer and more involved tasks with consequent recording/reporting. Typically an exercise is a 10 to 15 minute activity but some are major long term events! Returning to find out more in these problems should be encouraged to develop perseverence. These are all worthy activities for students to report back to the class.

Number Framework Domain and Stage:

Multiplication and Division – Advanced Additive to Advanced Proportional

Mathematics in the NZ Curriculum reference:

Number Level 3, 4, 5

Numeracy project Book Reference:

These exercises and activities follow from typical teaching episodes based on ideas and theory in the Numeracy Project Book 3. 

Materials:


• metre rulers or sticks

• multilink blocks, lots of


• marbles and plasticine


• construction equipment or similar


• coins, any set of 5 or 6 different coins

Prior Knowledge: students should be able to:


• recall multiplication basic facts

• understand the array model of multiplication and apply it


• use CAS calculator to find equations from patterns

During these activities students will meet:


• square numbers


• triangular numbers


• multiplying by 10


• Pascals triangle


• polygon names and diagonals


• combinations, algebraic thinking

Teacher Directed Lesson Ideas

These notes suggest ideas, questions and approaches when working with students.

Exercise 1 • Crossroads

Explore the meaning of intersection for a crossroad and rulers for roads and other ways of representing these ideas. Do the sticks have to be straight? (No but it is easier if they are straight and long.) Show how to build the table to 3 allowing students to continue as needed. 

The main idea here is every road added must cross all others before so the 4th road crosses 3 others and so on. This creates the pattern 1, 1+2, 1+2+3, … which is of course the triangular numbers 0, 1, 3, 6, 10, … with the general term n(n-1)/2 because it starts from zero.

Additive thinkers will see the pattern of add 1, add 2, add 3, add 4 etc and may even explain it is “because each new road must cross all the others”. Ask “Is there another way?” to move them to think multiplicatively.

Multiplicative thinkers may see the cross link of “number” x “number before” halved = n(n-1)/2 which is the sum formula for whole numbers. Formalisation of the formula in algebraic terms is not important, yet, but explaining the formula in their own way is very important. 

A curious answer to the last question is “the least time you spend in an intersection the less the chance of hitting anyone” which implies go as fast as you can. This is practised in all uncontrolled intersections throughout the world, especially Bankok and Tokyo! 

Exercise 2 • Different Coins

Allow students to make the combinations with smaller numbers of coins encouraging them to record their results in a table. Look for a pattern and explain what you see. They may need help to see the two to the power of n rule. This is another application of Pascals Triangle of adding a new coin which interacts with all others. The rule is 2n -1. So for 9 coins the answer is 2 to the power of 9 less 1 = 512-1=511.

Any set of different coins is all that is needed. The coins have been updated to the 2006 issue of new coins in NZ.

Exercise 3 • Blaise Pascal and his Triangle

This is a very important investigation with many applications in different branches of mathematics. Being able to make the triangle and to see and explain some of the patterns is essential. The counting numbers are easy to see and explain. The triangular numbers (sum of the counting numbers) 1, 3, 6, 10 etc are easy to spot and can be explained. The power series is easy to see but hard to explain. The sum of the sum of the counting numbers which is the sum of the triangular numbers is there illustrating the additive nature of Pascals Triangle. The power of 11 are in disguise but are explained as the expansion of (10+1)^n with some imagination! There are other patterns many easy and more hard. 

Explore other starting numbers and rules. Multiply, double, add and square etc. instead. Encourage creative thinking and inventing new magic triangle of numbers. Blaise Pascal was a very famous French mathematician of the C17th and there is a lot of information about him on the WWW.

Exercise 4 • Triangular Based Pyriamids

The triangular based pyriamid is excellent to model the magic of the counting numbers. Adding the counting numbers makes the triangular numbers which turn up in this problem. Beware that the general term can be a quite complicated formula.

Exercise 5 • The Balls of the Brass Monkey

This is a simple excercise to start but a very hard one to finish. The patterns are easy and the nxn square needs the sum of the first n square number of balls. The formula is quite difficult to discover.

Sum of first n sqaure numbers is n(n+1)(2n+1)/6. The WWW is a good place to seek a picture of a brass monkey. 

Exercise 6 • No Unity Here!

The title is a cryptic clue meaning the unit column is always zero. Every problem here ends in zero because 2x5 = 10 and multiplying by 10 or zero always gives this result. This is a good place to revise the placevalue system using the rods or base blocks or beans in canisters or lollypop sticks in groups of ten. Revise factors, multiples, factor trees and prime numbers.

Exercise 7 • Powers of Powers of Powers

Use the multilink blocks to restablish and revise 2x2x2. Let students make models of these problems to reinforce the multiplying effect of powers. This is multidimensional thinking. This is developing very powerful thinking (with no pun intended). This is the thinking we need to develop; groups of groups of groups and to see how they all interrelate at the same time. This is proportional thinking. 

Exercise 8 • Divisibity Rules!

This is a very important investigation that exposes knowledge about number properties. It is common for these properties to arise in mathematical quiz evenings. Some of the rules are obvious and some obscure. The discussion is the important event.

DIVISIBILITY RULES

  An integer, N, is a multiple of b if b can be evenly divided into N.

  If N is a multiple of b, then N is divisible by b.

  If N is a multiple of b, then b is a factor of N: N = b · a

Divisibility Rule for 1: 1 is a factor of every number, and every number is a factor of itself.

Divisibility Rule for 2: 2 is a factor of every even number.

Divisibility Rule for 3: If the sum of the individual digits of a number is a multiple of 3, then N is also a multiple of 3

Divisibility Rule for 4: If the last two digits of a number are a multiple of 4, then the entire number is a multiple of 4. (This rule is used for numbers that have at least three digits.)

Divisibility Rule for 5: 5 is a factor of every number that ends in either 5 or 0; in other words, the

ones digit is either 0 or 5.

Divisibility Rule for 6: If a number is a multiple of both 2 and 3, then it is also a multiple of 6.

Divisibility Rule for 7: If a number, N, is a multiple of 7, then another multiple of 7 can be found by

(i) subtracting the ones digit from N,

(ii) dividing the result by 10, and

(iii) subtracting, from that result, twice the original ones digit.

Divisibility Rule for 8: If the last three digits of a number is a multiple of 8, then the entire number is a multiple of 8. (This rule is used for numbers that have at least four digits.)

Divisibility Rule for 9: If the sum of the individual digits is a multiple of 9, then the original number is also a multiple of 9 (and 9 is a factor of that original number).

Divisibility Rule for 10: 10 is a factor of every number that ends in 0. 10 is a factor of every number

that has both 2 and 5 as factors.

Divisibility Rule for 11: In a number, N, if the difference of the sum of the even place digits and the

sum of the odd place digits is 0 or a multiple of 11, then N is a multiple of 11.

It would be an interesting investigation to answer why these rules work. The rule for 6 is quite logical and perhaps as logical will lead to many prime numbers. Therule for 7 is bizarre and the rule for 11 worth looking at carefully.

Exercise 9 • A Diagonal Problem

This is a difficult investigation because the numbers in the pattern do not have an obvious pattern. The secret is to see the “ahha” that each corner joins every other corner once. Dividing by two just as in the handshake problem gets rid of all the doubles. Subtracting the outside edges leaves all the diagonals. The rule is n(n-1)/2 –n = n(n-3)/2. 

Perhaps the learning in this problem is that modifying the problem leads to the answer. Knowing what to modify is quite difficult. This idea of “solve a similar problem first” in problem solving is quite powerful to have up one’s sleeve. 

Exercise 10 • A Timely Problem

The numbers on a clock add to 6x13 = 78. The factors of 6 are 1, 2, 3 and 6 so we can group them accordingly. This should be an easy problem. Task 1 line joins 9:30 to 3:30, Task 2 the first line joins 10:30 and 2:30; the second 8:30 to 4:30. The last is left to you.

The minute hand overtakes the hour hand 11 times. The next time the hands are together is 1 eleventh of the way around or 1:05:27. 

This is a clock arithmetic problem. Tasks 1, 2 and 3 are quite additive and relatively easy. Task 4 and Task 5 require more complex thinking. 

Practice exercises 

Exercise 1

Roads
Intersections

1 0

2 1

3 3

4 6

5 10

6 15

(a) 10


(b) 15



(c) Each road must cross all others before it. 

(d) (20x19)/2 = 190
(e) (101x100)/2 = 5050
(f) n(n-1)/2 or in words

It is of course better to travel through intersections slowly and very carefully to minimise collision damage. The “round-a-bout” is a wonderful invention because it makes drivers slow down resulting in almost fatal injury free collisions even though there are more of them.

Exercise 2

Number 
Coins Used
Amounts


Number of Amounts

1

10c

10c



1

2

50, 20

50, 70, 20


3

3

10, 20, 50
10, 20, 50, 30, 60, 70, 80
7

4

10, 20, 50 $1
…



15

5

10, 20, 50, $1, $2



31

and so on.

(a) 29 -1 

(b) 220-1 

(c) Various. 

Rule is the number of amounts is 2n -1

This works because each coin is combined with all others hence doubling the choices.

Exercise 3

The completion of the triangle is left as an exercise as it is straight forward.

The computer spreadsheet is formed by 

1
1
1
1


1
=A2+B1

1

1

and FILLING the formula as far RIGHT and as far DOWN as you have ones. Worth doing.

(a) 2nd diagonal

(b) 3rd diagonal

(c) row totals

(d) 4th diagonal

(e) Reading the rows as numbers

Exercise 4

Base

Total

Explanation

1

1

1

2

4

1 + (1+2)

3

10

1 + (1+2) + (1+2+3)

4

20

1 + (1+2) + (1+2+3) + (1+2+3+4)

5

35

6

56

7

84

(a) 84

(b) 220

(c) 4th diagonal

(d) 5

(e) 6

(f) 9

(g) xxxx

The estimate is quite useful for small pyramids. Can you find a better one.

Exercise 5

Base 
Number
Explanation

1
1

1x1

2
5

1x1 + 2x2

3
14

1x1 + 2x2 + 3x3

4
30

 1x1 + 2x2 + 3x3 + 4x4

5
55

1x1 + 2x2 + 3x3 +4x4 +5x5

(a) 140

(b)  385

(c) n(n+1)(2n+1)/6

Exercise 6

(a) F10 = {1,2,5,10}

(b) F100 = {1,2,4,5,10,20,25,50,100}

(c) F1000 = {1,2,4,5, 8, 10,20,25,50,100, 125, 200, 250, 500, 1000}

(d) All end in a zero. All have 2x5 or zero in the factors.

(e) Various

(f) 8 x 125 or 23 x 53
(g) 26 x 56  or 64 x 15625

The trick is to make a factor tree

Exercise 7

7) 4


8) 8


9) 16


10) 4


11) 8


12) 16

13) 16


14) 64


15) 256

16) 4096 Maybe
17) Never, 34, 359, 738,368 blocks
18) Never never! 

4 to the 23rd power is the biggest by a long way. Why? Listen to student answers.

Exercise 8

The rules in the notes are repeated here.

DIVISIBILITY RULES

  An integer, N, is a multiple of b if b can be evenly divided into N.

  If N is a multiple of b, then N is divisible by b.

  If N is a multiple of b, then b is a factor of N: N = b · a

Divisibility Rule for 1: 1 is a factor of every number, and every number is a factor of itself.

Divisibility Rule for 2: 2 is a factor of every even number.

Divisibility Rule for 3: If the sum of the individual digits of a number is a multiple of 3, then N is also a multiple of 3

Divisibility Rule for 4: If the last two digits of a number are a multiple of 4, then the entire number is a multiple of 4. (This rule is used for numbers that have at least three digits.)

Divisibility Rule for 5: 5 is a factor of every number that ends in either 5 or 0; in other words, the

ones digit is either 0 or 5.

Divisibility Rule for 6: If a number is a multiple of both 2 and 3, then it is also a multiple of 6.

Divisibility Rule for 7: If a number, N, is a multiple of 7, then another multiple of 7 can be found by

(i) subtracting the ones digit from N,

(ii) dividing the result by 10, and

(iii) subtracting, from that result, twice the original ones digit.

Divisibility Rule for 8: If the last three digits of a number is a multiple of 8, then the entire number is a multiple of 8. (This rule is used for numbers that have at least four digits.)

Divisibility Rule for 9: If the sum of the individual digits is a multiple of 9, then the original number is also a multiple of 9 (and 9 is a factor of that original number).

Divisibility Rule for 10: 10 is a factor of every number that ends in 0. 10 is a factor of every number

that has both 2 and 5 as factors.

Divisibility Rule for 11: In a number, N, if the difference of the sum of the even place digits and the

sum of the odd place digits is 0 or a multiple of 11, then N is a multiple of 11.

Exercise 9

Name 

Sides

Diagonals

Triangle
3

0

Quadrilateral
4

2



Pentagon
5

5

Hexagon
6

9

Heptagon
7

14

Octagon
8

20

Nonogon
9

27

Decagon
10

35

The general rule for n-sides is n(n-1)/2 –n = n(n-3)/2.

The handshake solution is of course n(n-1)/2 from which the sides n is subtracted.

A 100-gon is possibly called a centagon or maybe a deca-decagon and will have 4950 diagonals.

Exercise 10

Task 1

Diagonally between the 9, 10 and the 3, 4. Why? 

Task 2

Diagonally between the 10, 11 and the 2,3; the 9,8 and the 4,5. Why?

Task 3

Diagonally between the 8, 7 and 5,6 and every oppostie pair above. Why?

Task 4

Exactly and precisely 11 times. Why?

Task 5

One eleventh of the way around the clock. This is almost a third of a second more than 1:05:27 and it is quite tricky to convert 12/11 into hrs mins and secs. 
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