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Timetable and Assignment Submission

Timetable — Tutorials

]

N ON N\

5
6 (Feedback)

Timetable — Homework Assignments

Tutorial 1
Tutorial 2
Tutorial 3
Tutorial 4

Tutorial 5

Assignment Submission — Lateness and Plagiarism

Submission after midnight on 9" August 10 marks deducted
Some plagiarism 10 marks deducted
Moderate plagiarism 20 marks deducted
Extreme plagiarism Automatic fail
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The Brilliant Club KS4 Programme — Pupil Feedback Report

Grade

st 70+
2:1 60-69
2:2 50-59
3 40-49
Working towards a pass 0-39
Did not submit DNS

Lateness

Performing to an excellent standard at A-level
Performing to a good standard at A-level
Performing to an excellent standard at GCSE
Performing to a good standard at GCSE
Performing below a good standard at GCSE
No assignment received by The Brilliant Club

Any lateness

Plagiarism

10 marks deducted

Some plagiarism
Moderate plagiarism
Extreme plagiarism

10 marks deducted
20 marks deducted
Automatic fail

Name of PhD Tutor

Title of Assignment

Name of Pupil

Name of School

ORIGINAL MARK /100

DEDUCTED MARKS

If marks have been deducted (e.g. late submission, plagiarism) the PhD tutor should give an explanation in this section:

FINAL MARK / 100

FINAL GRADE

Learning Feedback Comment 1 -

What you did in relation to this Key Learning Priority

How you could improve in the future

Learning Feedback Comment 2 -

What you did in relation to this Key Learning Priority

How you could improve in the future

Learning Feedback Comment 3 -

What you did in relation to this Key Learning Priority

How you could improve in the future

Resilience

Comment

How you showed learning resilience during the course

How you could build learning resilience in the future
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One of the greatest strengths of mathematics is the way in which it allows us to take real world problems
and express them using numbers and algelbra. However, not all problems we might want to investigate can
be solved using exact methods or formulae. Equations that arise from all different walks of science — from
physics all the way to biology — are often complex and difficult to solve and, more often than not, exact
solutions do not exist at all!

Nevertheless, astrophysicists can still predict the motion of the stars, meteorologists can still model
weather patterns, and economists can still track and predict the stock markets. The key to this conundrum
lies in a field of mathematics called numerical analysis. This involves methods of finding approximate
solutions to equations, rather than exact solutions, and this course aims to introduce some of its core
concepts.

Most numerical approximations are derived by using some sort of algorithm — a sort of mathematical
recipe telling you how to solve a problem. These algorithms are often step-by-step processes involving
simple mathematical calculations, which we can get a computer to perform much faster than a human
brain could. During this course we will learn about a number of numerical methods for solving equations,
and we will learn how to write computer programmes in the programming language, Python, to apply
these methods.
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Mark Scheme Table

Subject knowledge

Critical thinking

Written communication

Knowledge and
Understanding

Research and
Evidence

Developing an
Argument

Structure and
Presentation

1st(70-100)
All content included
is relevant to the
general topic and
to the specific
question/title
Good
understanding of
all the relevant
topics.
Scientific terms are
defined and used
accurately

throughout
Clear justification

on how the content
included is related
to the specific
issues that are the
focus of the
assignment

2:1(60-69)
Most of the content
included is relevant
to the generall
topic and to the
specific
guestion/title
Good
understanding of
most the relevant
topics
Scientific terms
are used
accurately but not

always clearly
defined.

Adeguate
justification on how
the content
included is related
to the specific
issues that are the
focus of the
assignment

2:2 (50-59)
Some of the
content included is
relevant to the
general topic and
to the specific
question/title
Good
understanding on
some of the
relevant topics but
occasional
confusion on
others.

Scientific terms are
used mostly
accurately with
occasional
confusion and
often not defined.
Some justification
on how the content
included is related
to the specific
issues that are the
focus of the
assignment

Use evidence/
calculations to
support claims/
assertions/ ideas,

consistently clearly
and convincingly

Use evidence/
calculations to
support claims/
assertions/ ideas,
mostly clearly and
convincingly

Use evidence/
calculations to
support claims/
assertions/ ideas,
at times clearly and
convincingly

Argument/ proof
exceptionally well-

Argument/ proof
clear and well-

Argument/ proof
clear but not well-

developed and developed and developed
well-justified position justified
ldeas are ldeas are ldeas are

presented in
paragraphs and
arranged in a
logical structure
that is appropriate
for the assignment
All calculations
formulas and
methods dre mostly
structured, clear to
follow and correct
Tables and graphs
are effectively
constructed,
including
appropriate
headings, units and
scales

presented in
paragraphs and
arranged in a
structure thatis
mostly
appropriate for
the assignment
Calculations,
formulas and
methods are
mostly structured,
clear to follow and
correct

Most tables and

graphs are well
constructed

presented in
paragraphs and
arranged in a
structure
Calculations,
formulas and
methods are not
always structured,
clear to follow
and correct
Some tables and
graphs are well
constructed but
contain some
errors

Page |
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Language and

Style

No spelling,
grammar or
punctuation errors
Units and
significant figures
are presented
accurately
throughout
Accurate and
consistent use of
technical language

and vocabulary

o Minimal spelling,

grammar or
punctuation errors
Units and
significant figures
are presented
accurately
throughout

Some attempts of

using technical

language and
vocab alary, but

not always
accurate

Some spelling,
grammar or
punctuation errors
Units and
significant figures
are presented
accurately
throughout with
some errors

Use of simple
language and

vocabulary
effectively but

struggles to use
technical language
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Tutorial 1 — Algorithms and Flowcharts

What is the Purpose of Tutorial 1?

e Understand that not all mathematical problems can be solved using algebraic manipulations
e Understand the difference between analytical and numerical methods
e Introduce the idea of an algorithm as a set of instructions to complete a task

Definition In a sentence
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Presentation — Maths and Computers

At University you will often need to take notes based on presentations or lectures in your department.
Practise taking notes while you watch the introductory presentation: there will be a quiz at the end!
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Activity: Introduction to Algorithms
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Representing Algorithms: Flowcharts

Shape Name Behaviour

“ . Indicates the start/end of a
Terminator

flowchart

Process Process or action Gives an instruction to follow

}

NO
Asks a yes/no question.
Decision Afterwards, follow the arrow
according to the answer
YES

Choose favourite
subject

=

- -

Choose different
subject
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A Simple Sandwich Algorithm

Page | 12




Homework 1

Question 1

With breakfast out of the way, Dr Ripley is thinking about his lunch. On his kitchen counter are a loaf of
bread, butter, a packet of sliced cheese and a jar of Branston pickle. Write an algorithm for making some
sandwiches for his lunch, making sure to consider the qualities a good algorithm should embody. You can
write the algorithm as a list of instructions, or as a flowchart.

Question 2

Read the following flowchart, and write down the output when the starting value is N = 24. Try it for some
other starting values. What does the flowchart do? How could you make it more efficient?

Calculate the remainder
of N +x
Increase x by 1

NO

Output x

l YES

Output x

Replace N with
N +x
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Tutorial 2 — Roots of Equations

What is the Purpose of Tutorial 2?

e Understand how to find or estimate roots of equations graphically
e Learn how to use the trial and error method to estimate roots of equations

Definition In a sentence
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Getting to the Root of the Problem

| throw a ball straight up into the air from a height of 3m, with a velocity of 14m/s. The height h of the ball at
a time t is given by the equation

h =3 + 14t — 5t?

At what time does the ball hit the ground?

A Picture Tells a Thousand Words...

h =34 14t — 5t

Graphical solution
t=23

-0.5 / 0 05 1 15 2 25 ‘ i ’ 35 4

1) Thereis a second solution to the equation above that we can see graphically. What value of t does
it give? Substitute the value in to the equation to prove it is a root. Why might we want to ignore
this root?

Example 1

a. The otherrootist =

b. Whent=.....

2) Find roots of the following equations graphically, and prove they are correct by substituting into the
equation. Use the table on the next page to show your working:
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Ql. y=x*—x—2

Q2. y=2x*—-5x+3

T |

Q4. y=x"-2x*-x3+6x—-4

Ql. y=x*—x—-2

Q2. y=2x*-5x+3
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Q3. y=x°—2x+x? Q4. y=x5-2x*—x3+6x—4

Estimating Roots: Trial and Error

In the ball example above, an approximation was made to make the equations easier to solve. In reality,
the equation should be:

h =3+ 14t — 4.905t2

How does this affect our prediction for when the ball hits the ground?

14

Root lies somewhere in here...
but where?

=05 0 05 1 15 2 25 3\ 35
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Example 2

Fill in the table below to approximate the root of the equation h = 3 + 14t — 4.905t? using the method of
trial and error. How can | ensure my answer is correct to two decimal places? Can you think of a systematic
way of choosing the next guess each time?

Guess:
Time t

h too big or

— _ 2
h =3+ 14t —4.905t t00 small?

Step

1 3 0.86 Too big

2 3.2 -2.43 Too small

10

Example 3

1) I'have a sphere of radius 0.3m floating in a pool of water. The depth that it is submerged, d, is a root
of the equation

y =d3?—0.9d? + 0.0648
If my tolerance for this problem is 0.001 this means that | need to find a value of d that ensures

—0.001 < y < 0.001. Below is a table of trial-and-error data for this problem. At which step should
the algorithm have stopped? Is this different to if | wanted the correct answer to 2 decimal places?

Step D(:’e ‘:)etff';i y =d3 —0.9d2 + 0.0648 };‘gosrkr’]ig”g’

1 0.2 0.0368 Too big

2 0.4 -0.0152 Too small
3 0.37 -0.0078 Too small
4 0.35 -0.0026 Too small
S 0.33 0.0027 Too big

6 0.34 0.00001 Too big

7 0.344 -0.0010 Too small
8 0.342 -0.0005 Too small
Q 0.341 -0.0002 Too small
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The depth submerged is d =..... i

This is found after ........ steps by using the stopping criterion —0.001 < y < 0.001.
This is found after ... steps by using the stopping criterion "solution correct to two decimal places”.

a) Draw a flowchart for the trial and error method. If you came up with a systematic way of choosing
guesses, include that in your flowchart.
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Question 1

By using graphical methods find the roots of the following equations and prove they are roots by

substitution.

Hint: You should plot graphs of the equations using www.geogebra.org.

a) 5x2—-16x+3=0

b) x3—4x%2+5x—2=0

c) 2x°+5x*4+4x3—-8x2—-16x—12=0

d 2*—x—-1=0

Question 2

For a sphere made from a different material, the equation for the depth submerged becomes

Use the method of trial and error to find the solution within a tolerance of 0.01. How many more steps do
you need to find the solution within a tolerance of 0.001? How many steps do you take to find the answer

to 2 decimal places?

d®—0.9d*+0.0216 =0

Hint: Plot a graph of the equation to help pick your initial guesses.

Guess:

S

y =d3 —0.9d% + 0.0216

y too big or
too small?

1

2

10

Question 3

Explain why the trial and error method is not a good algorithm mathematically.

Hint: Think albout the criteria for a good algorithm that we came up with from Tutorial 1
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Tutorial 3 — Fixed-Point Iteration

What is the Purpose of Tutorial 3?

e Use the fixed-point iteration method to solve mathematical problems
e Understand iterative processes and how they can be notated mathematically
e Represent fixed-point iteration graphically using cobwelb diagrams

Definition In a sentence
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Fixed-Point Iteration

The next mathematical algorithm we will look at is called fixed-point iteration (or functional iteration).
This is similar to trial and error since we start with an initial guess and then improve this guess step-by-
step. However, fixed-point iteration gives us a method for finding each subsequent approximation, rather
than just making guesses.

Example 1

We can represent our first example using a flowchart. The following gives us a method for solving
x? — 4x — 8 = 0 to one decimal place of accuracy:

Calculate

11 |
y=1+

y

Replace x with the
value of y

NO

Output latest y value
as our answer

Example 1
Solve the equation x? — 4x — 8 = 0 using the iterative formula
11
X1 =1+ X, -3

starting with the initial condition x, = —2. Find the solution to 2 decimal places of accuracy and quote
intermediate results to 3 decimal places.

Pro Tip:

If you are using a calculator, you can speed up these calculations by using the ANS button to re-use
calculator output quickly!
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Same as previous
n Xn value to two
decimal places?

0 Xo = —2 n/a
1 =1+ LI
= Xo—3
2 =1+ LI
*2 = x1—3_
3

Deriving Iteration Formulae

Example 3
Using our subscript notation, the iteration formula from Example 1can be written as
11
Xy =1+ X, -3

By removing the subscripts and re-arranging, show that this does give us a solution to the quadratic
equation x2 —4x — 8 = 0.

Why does it work? Cobweb Diagrams

There is a really neat visual representation for why these methods work, using so-called cobweb
diagrams.

[}
Y
y=x
& >
-2
X
=2
11

Point of y=p+_13
intersection \
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We then draw our cobweb as follows:
1. Find the initial condition, x,, on the x-axis
2. Draw a vertical line from x, to the line y =14+ 11/(x — 3)
3. Continue the line horizontally until it meets y = x
4. Continue the line vertically until it meetsy = 14+ 11/(x — 3)
5. Repeat steps 3 and 4

, 11
Point of ' y="4t+-"3

When Numerical Methods Fail — Divergence!

Sketch the cobweb diagrams for the following graphs. Which diverge and which converge? Is there a
pattern to the results you get? [Hint: think about the gradient of f(x) at the intersection point]

Xpi1 = €0S(3x,), xo = 0.4 Xp1=1—2x3 x=0.6

A

—I-2
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Xpi1 =1 —x+xY/2, xg=0.1

Xpi1 = (x—3)3/8, xo = 1.3

Xp+1 = Sin(x/2) +x, x9=0.2

A A
y 1 —y2
0:5 \/ ‘L
*o—>
0!5 1
X
Xpt1 =VXx+1, x5=0.7 Xp+1 = Sin(x/2), xo = 1.5
A A
y y
' 2
2

—=N

Xpi1 =x3—1,x9=1.3
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| get a spiral pattern when...

| get a staircase pattern when...

The cobweb diagrams converge when...

The cobweb diagrams diverge when...

_%o

=N
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Homework 3

We will show that there candidate methods for fixed-point iteration are not unique, and that some choices
may fail.

Question 1

Show that the iterative methods
X, +5 3(x,)%>—5
Xn+1 = Xt 1 and Xn+1 = T

are both candidate methods to solve the equation x? — 5 = 0.

Question 2

Below are plots of y = x and y = (x + 5)/(x + 1) (left) and y = (3x% — 5)/2x (right). Sketch the cobweb
diagrams for the initial condition x, = 2.6. One should converge, and one should diverge.
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For the convergent method, fill in the table and deduce the value of V5 to 3 decimal places.

Same as previous Same as previous
n Xn value to three Xp value to three
decimal places? decimal places?
0 Xy = 2.6 n/a
1
2
3
4
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Tutorial 4 — Hello world! Programming in Python

)
.
. N
'\i-"
>
N N s e
o |
\\\\. ¢ -
ﬂ...\\”?\\\\\‘
"y .7..-;«?\\\»\
aAEBREEL

S.ommbr )

What is the Purpose of Tutorial 4?

e Understand how to print outputs and how to perform numerical operations in Python.
e Understand how to define variables, and about different data types.
e Understand flow control processes including i £. . .else. .. statements and while loops.

Definition In a sentence
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Talking to Computers: Programming Languages

So far we have learned about how to represent algorithms using flowcharts, and we have learned our first
numerical algorithm for solving mathematical problems. In this tutorial we will learn how to talk to our
computers and find ways of getting them to solve numerical problems much faster than we could!

In order to give our computers instructions we will need to learn a programming language i.e. a formal set
of rules that we can use to give our computers instructions in a way that they can understand. There are
many different programming languages in use today, but today we will be reviewing Python. This is one of

the most popular programming languages worldwide, being used by companies such as Wikipedia,
Google, NASA and Reddlit.

Part 1: Hello, World!

Try typing the following into the main window of Thonny and save the programme to your user area. Then
hit the "Run current script” button:

1 print (“Hello, world!”)
Congratulations! You have just written a computer programme! We can use the print () statement to get
our programme to output information to us, specifically the information surrounded by quotation marks.
The information inside the quotation marks is called a string and is a specific data type in Python, but
more on that later.

We can also use print () to output numbers, and output combinations of strings and numbers, as in the
following example. Different pieces of output are separated by commas.

1 print (“Hello, world!”, “The year is”, 2018)
Note that we don't use quotation marks for numbers, only for strings.

Task: Modify the code above to print out your own name, and how old you are.

Part 2: Python as a Calculator

We can also use Python to calculate numbers using all sorts of different mathematical operations. For
example, try typing the following:

1 print (3+5)

This piece of code tells Python that we want to add 5 to 3 and then output the result using the print ()
command. We could similarly perform other numerical operations:

Task: Complete the following table by working out what the missing numerical operations do in Python.

Operation Example Meaning
+ 245 =17 Addition
- 3-2 =1 Subtraction
* 5%4 = 20 Multiplication
/ 7/2 = 3.5 Division
* % gxkp =
// 21//5 =
< 21%5 =

abs () | abs(-3) =
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Part 3: Defining Variables in Python

So far we have seen how Python can output information, and how it can perform numerical calculations.
However, if we want to use it to run algorithms (such as the fixed-point iteration we saw last tutorial) we
need to know how to let Python name and store information. It does this by using variables, just as we do
in algebra. See what the following piece of code does:

a=23

b=4

print ("a+tb =", a+b)
print ("a*b =", a*b)
print ("a**b =", a**b)

g s w N

When we write this, we define variables a and b and assign to them the values of 23 and 4. We can then
perform numerical operations on them just as we did with explicit numbers in the previous example.

We can also define new variables in terms of existing variables. For example:

1 a=23

2 b=4

3 c=a+tb

4 print ("atb =", <)

We can define multiple variables on a single line of code if we separate each definition with a semi-colon.
The following code does exactly the same as the previous example.

1 a=23; b=4,; c=a+tb
2 print ("atb =", <)

Finally, we can also swap the values of variables:

1 a=11; b=-2
2 print (a,b)
3 a,b = b,a

4 print (a,b)

Task: For a triangle with side lengths a, b and ¢, one equation for the area A of the triangle is

A= s(s—a)(s—b)(s—c)

where s is defined by s = (a + b + ¢) /2. Write a programme to calculate the area of a triangle with side
lengthsa =5, b = 6 and ¢ = 7 by filling in the blanks below. Hint: You can calculate a square root by using a
power of 0.5.

1 a= ; b= ; c=

2

3 s=

4

5 Area=

6

7 print (“The area of my triangle is”, Area)

Part 4: Defining Functions

We can define functions in Python to take certain input data and produce outputs. For example, we could
have solved the Task at the end of Part 3 by defining a function to calculate the area given the values of a,
b and c. If we were writing a piece of code where we had to evaluate the areas of different triangles a lot
then this would save us a lot of timel!

Consider the function below, which takes two numbers, multiplies them together and then subtracts a third
number:
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def newFunction(a,b,c):
result = a*b - ¢
return result

print (newFunction (1,2, 3))
print (newFunction (4,7,11))

o Ui WIN

We always start a function definition with the def statement, followed by the name of our new function, a
list of variables that it will depend on, and a colon. Any lines of code to do with how our function is defined
should then appear indented below this line, which we can type in using the Tab key. Finally, a function
must end with a return statement, which tells Python what the output of our function should be.

Note that any variables defined within a function definition cannot be used outside of that function. They
are called local variables. In the example above we defined a variable called result which we wanted to
output. If we tried to use this variable outside of the function definition we would get an error!

1 def newFunction(a,b,c): This piece of code should produce
2 result = a*b - ¢ an error message, because the

3 return result <: variable result is local to the

4 _ function newFunction ()

5 print (result)

Task: Re-write the triangle area programme from Example 3 using a function definition. The function should
take the side lengths a, b and ¢ as inputs, and output the area. After your function definition, have your
programme output the areas of the triangles with side lengthsa =4,b=5,c=6;a=5,b =6,c =7 and
a=20b=24c=28

Part 5: Booleans and Comparisons

The final data type we will look at are called Booleans, which can take the values True or False. Booleans
appear when we need to make comparisons between pieces of data. For example, if | were to write the
following piece of code | would obtain the output False because 23 is greater than 14:

1 x=23; y=14
2 print (x<y)

There are multiple different comparisons we can use in Python. Below is a table containing the most useful
comparisons.

Comparison True Meaning: true if...
Example
> 53 > 14 Greater than: true if the left-hand value is greater than
the right-hand value.
< 5 < 18 Less than: true if the left-hand value is less than the
right-hand value.
>— 53 = 14 Greater than or equal to: true either if the left-hand value
is greater than the right-hand value, or equal to it.
_ 5 <= o Less than or equal to: true either if the left-hand value is
less than the right-hand value, or equal to it.
__ 13 —= 13 Equal to: true if the left-hand value is exactly equal to
the right-hand value.
| — 8 1= 7 Not equal to: true if the left-hand value is different to the
: right-hand value.

Part 6:if. . .else... Statements

In the final two Parts for this tutorial we will look at flow control processes. These are ways of setting and
controlling specific conditions under which some code is run and some code isn't.

The first example we will look at is the if statement. An if statement begins by checking for a specified
condition. If that condition is true then it runs the piece of code within it. If the condition is not true then the
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programme skips to the next piece of code that it can run. 1 £ statements are the programing equivalent of
the diamond-shaped if boxes on our flowcharts from Tutorial 1.

Consider the following programme, which outputs a sentence if the variable is a positive number:

x=14
print ("The input number is", x)
if x>0:
print ("This is a positive number")
print ("Aren't numbers cool?")

a s w N

When we set x=14 in the first line and run the programme, all three print () statements should be output.
If we changed the variable to x=-2.5 then only the first and last print () statements would be output.
Note the structure of the 1 f statement: we write i£, followed by a comparison, followed by a colon. If the
comparison is true, then the indented block of code runs. Otherwise we go to the next non-indented block
of code.

Let's modify the code above so that it outputs a statement for any value of the variable. We can do this
using an else statement. An else statement is used to run a piece of code when the comparison in the 1 £
statement is false:

x==23.7
print ("The input number is", x)
if x>0:

print ("This is a positive number")
else:

print (“This is a negative number”)
print ("Aren't numbers cool?")

oUW N

What happens if we input x=0 into our code? The comparison in the i £ statement will be false, because
x=0 is certainly not greater than zero. However, our programme isn't exactly correct as written above,
because x=0 isn't a negative number either. We can rectify this by nesting i£. . .else. .. statements
within each other:

1 x=0

2 print ("The input number is", x)

3 if x>0:

4 print ("This is a positive number")

5 else:

6 if x<0:

7 print (“This is a negative number”)

8 else:

9 print (“"This number is neither negative nor positive”)
10 print ("Aren't numbers cool?")

Task: In the game FizzBuzz, numbers are called out in turn. If the number is a multiple of 3 we shout "Fizz!"
instead of saying the number, and if the number is a multiple of 5 we shout "Buzz!" instead. If the number if
a multiple of 3 and a multiple of 5 we shout "FizzBuzz!". For example, the first 15 numbers would be:

1, 2, Fizz!, 4, Buzz!, Fizz!, 7, 8, Fizz!, Buzz!, M, Fizz!, 13, 14, FizzBuzz!, ...
Write a piece of code that takes any number and outputs either the numlber, "Fizz!", "Buzz!" or "FizzBuzz!"

according to the rules of the game.
Hint: we can test whether a number is divisible by another number using the remainder operator (“%").

Part 7: While Loops and Assignment Operators

The other flow control process we will look at is the while loop. Similarly to an i £ statement, this runs a
piece of code only if a certain comparison is true. However, the difference is that the while loop runs this
code over and over again until the comparison becomes false.

What does the following piece of code do?
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1 N=1

2 while N<10:

3 print ("Counting:”, N)
4 N+=1

We start by defining a variable N=1. Since 1is less than 10 the code in the while loop runs and we print the
line “Counting: 1”.The final line in the while loop tells the programme to take our value of N and
increase it by 1. This gives us the value N=2, which is still less than 10, and so the loop continues. After the
line “Counting: 97 isoutput, N is increased to 10 and the while loop terminates since the comparison
condition becomes false.

Aside: The line N+=1 is an example of an assignment operator. This takes a variable and assigns it a new
value according to some rule (the example we saw above adds 1to the variable). N+=1 is essentially a
shorthand way of writing N=N+1. There are assignment operators for all of the mathematical operations we
looked at in Example 2.

Assignment | Example Meaning
= x=4 Assigns the value 4
+= x+=2 Increases x by 2. Same as x=x+2
—= x-= Decreases x by 7. Same as x=x-7
* = x*=3 Multiplies x by 3. Same as x=x*3
/= x/=10 Divides x by 10. Same as x=x/10

Warning: If you are not careful then a while loop may never stop (or terminate)! To prevent this we can
used a break command. For example, suppose we made the following typo in our code above:

N =1

while N > 0:
print ("Counting:”, N)
N += 1

DS w N

Here the while loop will run forever because the while condition is never made false. To avoid problems
like this we should always make sure to add in a break command to stop things getting out of control:

1 N =1

2 while N > O:

3 print ("Counting:”, N)
4 N+=1

5 if N > 100:

6

break

The last two lines force the while loop to terminate if the condition of the i £. . .else. .. statement
becomes true. The example above forces the code to terminate if it runs for more than 100 steps.

Task: Write two programmes to output a list of numbers, starting from 100 and decreasing by 7 each time.
The list should only contain positive numbers.

a) The first programme should use a carefully chosen while condition

b) The second programme should use a break command
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Use your newly developed Python skills to solve the following mathematical problems:

Question 1

Take a look at the following code. Can you work out what it will do before running it? How many outputs
will there be? What are they? Do you recognise these numbers?

1 nl=0; n2=1
2 terms = 10; N=1
3
4 while N<=terms:
5 print ("Term”, N, “is”, nl)
6 n3 = nl+n2
7 nl,n2 = n2,n3
8 N+=1
Question 2

a) Below is a part of a programme using fixed-point iteration to solve the equation
x2 + 4x — 1 = 0 using the fixed-point iteration method. Fill in the blanks appropriately.

Hint: Remember the abs () function from Part 2 of this tutorial, and think about the output based
stopping criteria from Tutorial 2.

def f£(x):
result = (x+1)/ (x+5)
return result

x = 12; N =0
while :
print ("Step”, N, “: x=", x)
X:

P ©O©Oo Jo Ul W

0 if N > 200:
1 break

b) Write up and run the code to find the solution to 3 decimal places. What stopping criteria do |
require to ensure this?

Challenge: Question 3

Write a piece of code to carry out the prime factorisation algorithm from Homework 1. Use it to calculate
the prime factors of 304980.

Hint: You willneed to use if. . .else. .. statements and while loops.
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Tutorial 5 —The Bisection Method

What is the Purpose of Tutorial 5?
e Learn the Bisection Method for finding roots of equations
e Understand the importance of initial conditions in numerical methods, and explain how good initial

guesses can be picked
e Understand how the Bisection Method can be written using Python, and produce a working piece of

code to output solutions

Definition In a sentence
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Trial and Error for Computers: The Bisection Method

density p radius R

water

level

depth d

The Problem: Floating Spheres

The trial and error method from Tutorial 2 gave us a
way of finding approximate solutions to equations, but
the algorithm was very vague in how more accurate
guesses should be picked. The fixed-point iteration
method from Tutorial 3 gave us a more concrete
algorithm for finding solutions to equations, but the
method was not always guaranteed to converge.

In this tutorial we will introduce the bisection method.
This is a step-by-step process similar to trial and error,
except we have a well-defined and unambiguous
method for picking more accurate approximations for
our answer. What's more, this method is almost always
guaranteed to converge to a solution, provided our
initial guess is good enough, and it is very easy to see
when the method does not converge.

f(d) = d® —3Rd% + 4pR3 = 0

Details of the Method
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fla) >0

00

In this example, if we start
with the interval [0.1,0.5] we
see there must be a root
inside because f(0.1) > 0,
but f£(0.5) < 0.

b=0.5 The midpoint is M = 0.3, and
f(M) > 0. This means the
root must lie in the interval
[M,b] = [0.3,0.5].

“la=0.1

—0.04

f(b) <0

We would calculate our next
approximation by checking
the new midpoint, M = 0.4,
and continue from there...

Task: Complete the table below to show how you would use the bisection method to find the root of the
equation f(d) = d® — 0.9d? + 0.0648. Find the root correct to two decimal places. How do the number of
steps compare to when the equation was solved using trial and error in Tutorial 2: Example 3 (page 21)?

Step a b f(@ O B ':"?f f:iz; | fon

1 0.1 0.5 Positive Negative 0.3 Positive

2 0.3 0.5 Positive Negative

Bisection in Python

We are now ready to write a computer programme to perform the bisection method for us! Below is a
piece of code to run the bisection method algorithm for a larger, denser sphere with R = 0.5 and p = 0.7.
Annotate the code to explain what each line is doing, using what we have learned in the previous Tutorial.
In particular, identify:

o Where in the code are initial conditions set o What stopping criteria does the algorithm
up? use?

o  Where and how is f(d) defined? e Why is the break command necessary?

e How does the algorithm know if e.g. f(a) e How do we know there should always be
and f(M) have the same signs? aroot in the interval [0,2R]?
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When you are done, write and run the programme to find the depth at which the sphere with R = 0.5 and

p = 0.7 floats at.

# Python code to run the Bisection Method

R = 0.5; rho = 0.7;

def F(d):
result = d**3 - 3*R*d**2 + 4*rho*R**3

return result

M= (a + b)/2; £ M= F(M)
tolerance = 10** (-4)
N =1

while abs (f M) > tolerance:
if £ a*f b >= 0:

print ("Error: no root found in interval")

break
else:
print (M)
if £ M*f b < O:
a, b=M, Db
else:
a, b=a, M
N += 1
f a=F(a); £ b=F(b)
M= (a+Db)/2; £fM=F(M)
print (M)

print ("Root is", M, "in", N, "steps")

print ("Function value is", f M)

The sphere floats at a depth of ..., m.
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Final Assignment

You will need access to a computer and to your bisection method code for this assignment. If you are
having problems getting your bisection method programme to work, get in touch with Dr Ripley to ask for

help.

Part 1

Question 1

Read the following flowchart. What is the output when | input the list of numbers 12, 3, 9, 72, 11? Describe in

words what the flowchart is doing [2 marks].

SetX=0
Setn = first
number on list

SetX=n

NO

Output X

Setn = next
number on list
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Question 2

Look at the following graph of the function y = x3 + 2x — 4. Give two numbers that bracket the root of the
equation x3 + 2x — 4 = 0. Use trial and error to find the root to two decimal places. Present your working in
a table [5 marks].

Y
15
1
0.5
] X #
0.5 1 15
-05
Question 3
| want to use an iterative method to solve the equation x? — 2 = 0. Show that the method
2
x =2-
nl Xp + 2

is a candidate for solving the equation. Hence find the value of V2 to 2 decimal places using fixed-point
iteration. Present your working using a table [5 marks].

Question 4
Another candidate method to solve x? — 2 = 0 is the following:
2
Xp — 2
Complete the following cobweb diagram for this method, starting from the initial condition x, = 1.4. What
shape cobweb diagram do you get? Explain whether the method converges or diverges using the
completed diagram [4 marks].

Xpp1 = —2—
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0.5

0.5

en
=]
=]
n

Question 5
Below is a computer programme that uses fixed-point iteration to solve the equation x3 + 5x — 5 = 0 using
the method
5—x3
Xn+1 =
There are some errors in the code. Identify the errors are and explain how they could be fixed [4 marks].

1 def f(x):
2 result = (5-x)**3/5
3 return result
4
5 x =0.75; N =0
6
7 while abs (x-f(x)) > 10**(-5):
8 print ("Step”, N, “: x=", Xx)
9 x += f(x)
10 N += 1
il if N < 200:
12 break
Question 6

Write a Python programme to work out whether a given year is a leap year or not, using the following rules:
e If avyearis divisible by 100 then it is called a century year.
e Any year that is divisible by 4 and is not a century year is a leap year.
e Acentury yearis only aleap year if it is divisible by 400.
Test your code on the following years: 1993, 2000, 2016 and 3000. You should sulbbmit the text file containing
your programme to Dr Ripley [5 marks].
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Part 2: The Bisection Method

Question 1
Modify the bisection method programme from the tutorial to find the positive root of the equation
x% — 6x* + 66x% — 666 = 0
You should a submit a text file containing your programme to Dr Ripley, and choose a stopping criterion to
find the correct answer to 4 decimal places.

Which initial conditions did you pick, and why? Include a graph to support your reasoning [6 marks].

Question 2

The bisection method is known as a robust algorithm: as long as we pick a suitable interval to begin with,
the method will always converge to a solution. However, there are instances where our choice of initial
interval can cause the algorithm to fail.

For the three examples below try to explain why the bisection method doesn't work. Plot graphs to support
your reasoning [6 marks].

1. f(x) = x>+ x? -2, initial conditionsa =0, b = 0.5

2. f(x) =x?-2x+1,initial conditionsa =0, b = 1.5

3. f(x) =2x3—11x% + 19x — 10, initial conditionsa = 1.5, b = 3
Question 3

For each of the examples in Question 2, can you pick better initial conditions to allow the programme to
find a root? If you cannot, can you explain why [4 marks]?

Question 4

| wish to test more floating spheres, as in Tutorial 5. Use the bisection method code from the tutorial to find
the submerged depth of different spheres for the following radii and densities (spheres 1and 2 were done in
tutorials). Record your answers correct to three decimal places [6 marks].

Sphere Number Sphere r?zdius (cm) Relctividensity Submergedddepth (cm)
1 03 0.6 0.340
2 0.5 0.7 0.637
3 0.1 0.1
4 0.4 0.9
5 05 0.2
6 0.2 0.4

The spheres are to be used in swimming pools to mark cordoned off areas. Any sphere that floats at a
depth greater than its radius is unsuitable for the task. Which of the spheres are not rejected? Of the
suitable spheres, decide which sphere should be used by the pool and explain your reasoning [3 marks].
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STOP

LISTEN

YOU’RE GETTING

FEEDBACK

What is the Purpose of Tutorial 6?

To receive feedback on final assignments.

To share examples of best practice with the other pupils in your group.

To write targets for improvement in school lessons.

To reflect on the programme including what was enjoyed and what was challenging.

Final assignment feedback

What | did well... What | could have improved on...
[ ] [ ]
[ ] [}
[ ] [}

My target for future work is...

Page



Reflecting on Uni Pathways

What did you most enjoy about Uni Pathways?

What did you find challenging about the programme? How did you overcome these challenges?
[ ] [ ]
[ ] [ ]



When you get to university, you will need to include references in the assignments that you write, so we
would like you to start getting into the habit of referencing in your Brilliant Club assignment. This is really
important, because it will help you to avoid plagiarism. Plagiarism is when you take someone else’s work or
ideas and pass them off as your own. Whether plagiarism is deliberate or accidental, the consequences
can be severe. In order to avoid losing marks in your final assignment, or even failing, you must be careful to
reference your sources correctly.

What is a reference?

A reference is just a note in your assignment which says if you have referred to or been influenced by
another source such as book, website or article. For example, if you use the internet to research a
particular subject, and you want to include a specific piece of information from this website, you will need
to reference it.

Why should | reference?
Referencing is important in your work for the following reasons:

It gives credit to the authors of any sources you have referred to or been influenced by.
It supports the arguments you make in your assignments.

It demonstrates the variety of sources you have used.

It helps to prevent you losing marks, or failing, due to plagiarism.

When should | use a reference?
You should use a reference when you:

e Quote directly from another source.
e Summarise or rephrase another piece of work.
e Include a specific statistic or fact from a source.

How do | reference?

There are a number of different ways of referencing, and these often vary depending on what subject you
are studying. The most important to thing is to be consistent. This means that you need to stick to the
same system throughout your whole assignment. Here is a basic system of referencing that you can use,
which consists of the following two parts:

1. A marker in your assignment: After you have used a reference in your assignment (you have read
something and included it in your work as a quote, or re-written it your own words) you should mark
this is in your text with a number, e.g. [1]. The next time you use a reference you should use the next
number, e.g. [2].

2. Bibliography: This is just a list of the references you have used in your assignment. In the
bibliography, you list your references by the numbers you have used, and include as much
information as you have about the reference. The list below gives what should be included for
different sources.

a. Websites — Author (if possible), title of the web page, website address, [date you accessed
it, in square brackets].

E.g. Dan Snow, 'How did so many soldiers survive the trenches?’,
http://www.bbc.co.uk/guides/z3kgjxs#zg2dtfr [11 July 2014].

b. Books — Author, date published, title of book (in italics), pages where the information came
from.

E.g. S. Dubner and S. Levitt, (2006) Freakonomics, 7-9.

c. Articles — Author, ‘'title of the article’ (with quotation marks), where the article comes from
(newspaper, journal etc.), date of the article.

E.g. Maev Kennedy, 'The lights to go out across the UK to mark First World War's centenary/,
Guardian, 10 July 2014,
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VLE username

VLE password

Please remember the following key details...

e You are able log into the VLE either through the link on our website (www.thebrilliantclub.org) or
going directly to the VLE site at (https://portal.thebrilliantclub.org/sign-in).

e Please update your profile with your full name and email address- this will allow you to retrieve
forgotten passwords or usernames

e |If you forget your log-in details you can request them to be emailed to you by clicking the link on
the VLE home page. (If you are still having problems you can email: schools@thebrilliantclub.org)

What is the VLE?

The VLE is a virtual learning environment for all pupils on Uni Pathways it is used for:
- messaging your tutor
- submitting homework
- submitting your final assignment
- accessing resources for your tutorials
- finding out more information about university and careers

How should | use the VLE?

The VLE is a professional academic environment in which pupils are able to message their PhD Tutor. Here
are a few things to consider:

- Ensure you keep a professional tone in the messages you send to your tutors.

- Ensure you always reply to your tutors in a timely manner.

- Thank your tutor for the effort they are putting in to give you your feedback etc.

- Submit all homework to your tutor on time.

IMPORTANT: Final assignment

e When you submit your final assignment, please remember that you need to do so through the ‘My
Activities’ tab and not as an attachment to a message.
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