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MatLab is a powerful graphical calculator.
Its built-in functions and libraries can be 
used for complicated calculations on large 
data sets.
The results is visualized in the form of 
graphs and plots.
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Outline

Basic Calculations in MATLAB
MATLAB as a calculator
Creating variables
Locating data in MATLAB
Inspecting contents of variables
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Creating arrays
Creating vectors
Creating matrices

Manipulating arrays
Indexing into arrays
The colon (:) operator

Computing with arrays
Matrix operations
Eigenvalue analysis
Array operations

Visualizing mathematical functions

PART 1 - Fundamentals of MATLAB

Writing your function in MATLAB
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Outline

Projects
Graphical User Interface: Building a calculator
Under-dumped string-mass system 
Gaussian fit to a given data set (on command line and by using Fitting Toolbox)
Quadrupole scan analysis for emittance measurement
Fourier filtering???
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PART 2 - Hands-on Practice Session
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PART I
FUNDAMENTALS of MATLAB
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Basic Calculations in MATLAB

MATLAB as a calculator
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ρ =
1 +

√
(5− i)
2

z = eρ

a = |3 + 4i|

x = sin(3t +
π

2
)

t = 0.2
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Basic Calculations in MATLAB

MATLAB has many built-in functions.
Information on MATLAB programming and the built-in functions can be found in 
the MATLAB documentation.
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Mathematical functions
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Mathematical functions
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Basic Calculations in MATLAB
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Mathematical functions
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Basic Calculations in MATLAB
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Mathematical functions



HPFBU2011 / Eğlencelik Konu: MatLab Ö.Mete

Basic Calculations in MATLAB
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Data Containers

MATLAB variables are data containers
All variables are arrays
Variables come in different sizes mxnxp ...
Variables come in different types double, 
single, cell, ...

In MATLAB, fundamental data type is matrix.
Even scalar variables are treated as 1x1 arrays.
Different data types are available for data storage for different architectures. 
The default numerical data type is double.

Nota Bene:
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Basic Calculations in MATLAB
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Creating Variables

lumi_CLIC = 5.9e34

Variable Name

Assign Operator

Value

θ =
π

2

y = 2 + isin(θ)
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Basic Calculations in MATLAB
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Creating Variables

Exercise 02 - Creating variables in MATLAB

A variable is a container for the data in 
MATLAB. True or false?

 True
 False

That’s right!

In MATLAB, data can be placed in 
areas like containers, also 
referred to as variables.

Once created, the name of a 
variable is used as a tag, 

allowing access and manipulation 
of the data assigned to it.



HPFBU2011 / Eğlencelik Konu: MatLab Ö.Mete

Basic Calculations in MATLAB
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Creating Variables

Exercise 02 - Creating variables in MATLAB

Which of the following are legitimate ways 
of assigning data to a variable?

 a) a = b = 1
 b) 8*x + 2 = y
 c) temp_variable = (a + 1)/2

 a) a = b = 1
 b) 8*x + 2 = y
 c) temp_variable = (a + 1)/2

That’s right!
The right-hand-side of the equals 

sign can be a value, another variable 
or the result of a calculation.

Also, multiple assignments are not 
allowed in a single command.

Please try them in the MATLAB command line!
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Basic Calculations in MATLAB
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Accessing Data in MATLAB

click on 
a variable 
within the 
workspace
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Basic Calculations in MATLAB
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Accessing Data in MATLAB
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Basic Calculations in MATLAB
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Creating Vectors
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Basic Calculations in MATLAB
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Creating Matrices
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Basic Calculations in MATLAB

20

Exercise 03 - Creating arrays in MATLAB

Creating Arrays

Create the array below in MATLAB:

x = [2 4 6 8]

Complete the command to suppress 
the command line output when the 
vector t is created. 

>> t = 0 : 0.1 : 100

Create this matrix:

I =




1 0 0
0 1 0
0 0 1




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Basic Calculations in MATLAB
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Manipulating Arrays

Indexing

>> A = [1 2 3 ; 4 5 6 ; 7 8 9]

>> k = A(2,3)
>> block1 = A(2, [1 2])

Colon operator
>> block2 = A(2, 1:2)
>> row2 = A(2,:)

Concatenating matrices
>> B = [A;A]

Transposing
>> Atrans = A’
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Basic Calculations in MATLAB
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Exercise 04 - Creating arrays in MATLAB

Which of the following can be achieved in MATLAB 
using colon operator?

 a) Indexing into a whole row or column of an array
 b) Indexing regularly spaced elements in an array
 c) Specifying a ternary conditional expression
 d) Creating an evenly spaced row vector

 a) Indexing into a whole row or column of an array
 b) Indexing regularly spaced elements in an array
 c) Specifying a ternary conditional expression
 d) Creating an evenly spaced row vector

The colon operator can be used to 
create an evenly spaced vector, and 
to index multiple values in an array.
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Basic Calculations in MATLAB
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Matrix Operations

MATLAB considers operands as matrices. (regular matrix algebra is valid)
However multiplication with a scalar is a special case. 
For multiplication of two matrices the inner dimensions must agree.
During addition/subtraction both matrices must have the same dimensions.
For addition/subtraction with a scalar, the scalar expansion is automatically performed.
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Basic Calculations in MATLAB
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System of Linear Equations

x1 + x2 − x3 = 0
2x1 + x2 + x3 = 1

x1 − x3 = −1




1 1 −1
2 1 1
1 0 −1








x1

x2

x3



 =




0
1
−1





Ax = b

We have a set of linear equations and we want to find out the ....   of this system.

{ { {
A x b
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Basic Calculations in MATLAB

25

System of Linear Equations
How we calculate this by using MATLAB?

x1 + x2 − x3 = 0
2x1 + x2 + x3 = 1

x1 − x3 = −1




1 1 −1
2 1 1
1 0 −1








x1

x2

x3



 =




0
1
−1





Ax = b
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Basic Calculations in MATLAB
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Eigenvalue Analysis

Eigenvalue decomposition is a type of matrix operation that can be carried out to determine the 
eigenvalues and the eigenvectors of a matrix.

Obtain the characteristic polynomial by 
extending the characteristic equation. 

Obtain the coefficients of the characteristic 
polynomial by using “poly” function.

The eigenvalues can be computed by obtaining the roots of 
the function.

(
2 −1
1 3

)

det(A− λI) = 0

cnλn + ... + c2λ
2 + c1λ + c0 = 0

One can also use the “eig” function in MATLAB, which 
returns the eigenvalues and the eigenvectors of a matrix.
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Eigenvalue Analysis

Eigenvalue decomposition is a type of matrix operation that can be carried out to determine the 
eigenvalues and the eigenvectors of a matrix.

Obtain the characteristic polynomial by 
extending the characteristic equation. 

Obtain the coefficients of the characteristic 
polynomial by using “poly” function.

The eigenvalues can be computed by obtaining the roots of 
the function.

(
2 −1
1 3

)

det(A− λI) = 0

cnλn + ... + c2λ
2 + c1λ + c0 = 0

One can also use the “eig” function in MATLAB, which 
returns the eigenvalues and the eigenvectors of a matrix.

Basic Calculations in MATLAB
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One can visualize the vector field of the system 
represented by A, and plot the space which is spanned by 
its eigenvectors.
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Basic Calculations in MATLAB
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Array Operations

Operands have to be in the same size and shape.
The array operators operate element by element.
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Array Operations

Operands have to be in the same size and shape.
The array operators operate element by element.
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Basic Calculations in MATLAB
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Array Operations

Operands have to be in the same size and shape.
The array operators operate element by element.
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Basic Calculations in MATLAB
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Exercise 05 - Match the expected outcome to the operators used.
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Displacement of an under-damped spring-mass system.
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Basic Calculations in MATLAB

Visualizing the Mathematical Functions

x(t) = x0e
−ξωnt

(
ξ√

(1− ξ2)
sinωdt + cosωdt

)

ξ = 0.1
ωn = 10

ωd = ωn

√
1− ξ2

x0 = 10

Given:

Plot the following function for t=0 to 5 s.



HPFBU2011 / Eğlencelik Konu: MatLab Ö.Mete33

Basic Calculations in MATLAB

Visualizing the Mathematical Functions
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Basic Calculations in MATLAB

Visualizing the Mathematical Functions

We will play with this 
function in Part II
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Basic Calculations in MATLAB

Writing your function in MATLAB

We can write a function in order to perform specific jobs in MATLAB.
It makes our life easier.
One function - One Task!
Let’s repeat the previous exercise by using functions...

Instead writing the all 
commands and assignments by 
hand into the command line, 
we can gather them all inside 
a “.m” file.
We can relate them with a 
function.
Functions are called by their 
attributes.
Their outputs can be assigned 
to variables
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Basic Calculations in MATLAB

Writing your function in MATLAB

Write a program;
that calls the function “damped_oscillator” recursively for different z values,
and draws the x-t plots on the same figure.
Therefore, one could monitor the behavior of the system for different z values. 

Preparation for PART II  (HOMEWORK :)
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PART II
HANDS-ON PRACTICE SESSION
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Outline

Projects

Graphical User Interface: Building a calculator
Under-dumped string-mass system 
Gaussian fit to a given data set (on command line and by using Fitting Toolbox)
Quadrupole scan analysis for emittance measurement
Fourier filtering???
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PART 2 - Hands-on Practice Session
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Let’s create a GUI that does basic mathematical calculations, interactively.
Call the MATLAB GUI builder by typing “guide” in the command window,
or  from MATLAB start menu as shown:
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Choose one of the templates of the GUI builder.
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Add 8 “Edit Text” objects on the GUI panel to form our input boxes.
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Add 4 “static text” objects on the panel to indicate the mathematical operators.
You can edit each text box by using the “String” property from the “Inspector”. 
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Add “equals” signs and 4 additional “static text” boxes to display the results of 
the calculations. 
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Some make-up for your panel :) 
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Hands-on Practice Session

Graphical User Interface: Building a Calculator
The script for the GUI will be automatically generated when we save our project.
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Hands-on Practice Session

Graphical User Interface: Building a Calculator
First, we will edit the “callback” functions of the objects.
Repeat the same for all edit box callback functions that will be used for the data entry.
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Hands-on Practice Session

Graphical User Interface: Building a Calculator
Edit the callback function for the “Calculate” “pushbutton” object.
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Hands-on Practice Session

Graphical User Interface: Building a Calculator
Call your GUI by using its name in the command window.
And, try a few calculations!
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Outline

Projects
Graphical User Interface: Building a calculator

Under-dumped string-mass system 
Gaussian fit to a given data set (on command line and by using Fitting Toolbox)
Quadrupole scan analysis for emittance measurement
Fourier filtering???
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PART 2 - Hands-on Practice Session
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Hands-on Practice Session

Under-damped Spring-Mass System
...continued.
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Hands-on Practice Session

Under-damped Spring-Mass System
Visualization of the behavior of the system...

movie!
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Outline

Projects
Graphical User Interface: Building a calculator
Under-dumped string-mass system 

Gaussian fit to a given data set (on command line 
and by using Fitting Toolbox)
Quadrupole scan analysis for emittance measurement
Fourier filtering???
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PART 2 - Hands-on Practice Session
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Hands-on Practice Session

Gaussian fit to a given data set by using MATLAB

Load a data set into the MATLAB workspace.
Visualize the data set to be fit.
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Hands-on Practice Session

Gaussian fit to a given data set by using MATLAB

Load a data set into the MATLAB workspace.
Visualize the data set to be fit.
How is the “fit” built-in function used in MATLAB? Please search within the documentation.

Determine the initial fit parameters 
for the fit.
Find the background to be subtracted 
before the fit (in this case zeroth 
order polynomial).
Fit the data to a Gaussian curve.
Extract the fit parameters.
Plot the data and the Gaussian fit 
curve on top of each other.
Transform your fitting script into a 
MATLAB function. Use the x and y 
data as the function arguments. 
Function should return the mean and 
1sigma of the distribution as well as 
the  Chi^2 value.
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Outline

Projects
Graphical User Interface: Building a calculator
Under-dumped string-mass system 
Gaussian fit to a given data set (on command line and by using Fitting Toolbox)

Quadrupole scan analysis for emittance measurement
Fourier filtering???
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PART 2 - Hands-on Practice Session
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Hands-on Practice Session

Quadrupole scan analysis for emittance measurement
From the diagnostics 

lecture...
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Hands-on Practice Session

Quadrupole scan analysis for emittance measurement
σ11 = βε
σ12 = αε
σ22 = γε

For a system of a quadrupole + drift the transfer matrix:

M = MDMQF =
(

1 l
0 1

) (
1 0
1

f(k) 1

)
=

(
l

f(k) + 1 l
1

f(k) 1

) (
C(k) S(k)
C ′(k) S′(k)

)

C(k) =
l

f(k)
+ 1

S(k) = l

Second order polynomial with respect to (1/f + 1).

σ1,11 = CA(k)2σ11 − 2CA(k)SA(k)σ12 + SA(k)2σ22

σ1,11 = (
l

f(k)
+ 1)2σ11 − 2(

l

f(k)
+ 1)lσ12 + l2σ22
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Hands-on Practice Session

Quadrupole scan analysis for emittance measurement
Second order polynomial with respect to (1/f + 1).

Fit parameters (a,b,c):
a = σ11

b = 2lσ12

c = l2σ22

σ11 = βε
σ12 = αε
σ22 = γε

Remember:

ε2 = σ11σ22 − σ2
12

and,

WA = (
l

f(k)
+ 1)2σ11 − 2(

l

f(k)
+ 1)lσ12 + l2σ22
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PART III
EXTRAS
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one step further

how to make your plots visually more representable? :)
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one step further

MATLAB toolboxes: plots, statistics, image processing, signal processing 
neural network...
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Importing c++ codes into matlab

62

one step further
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Object-oriented programming in MATLAB

63

one step further


