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LESSON PLAN 1
INTRODUCTION TO MATLAB

Name: Chinyen Chuo
Content Area: Algebra 2, Precalculus, and Calculus
Grade Level: 9 - 12
Title: Matrix Applications

Next Generation Sunshine State Standards:

• MA.912.D.8.1 - Use matrices to organize and store data. Perform matrix operations (addition,
subtraction, scalar multiplication, multiplication).

• MA.912.D.8.2 - Use matrix operations to solve problems.

• MA.912.D.8.3 - Use row-reduction techniques to solve problems.

• MA.912.D.8.4 - Find the inverse of a matrix and use the inverse to solve problems with and
without the use of technology.

• MA.912.D.8.5 - Use determinants of 2 x 2 and 3 x 3 matrices as well as higher order matrices
with and without the use of technology.

• MA.912.D.9.3 - Use vectors to model and solve application problems.

Common Core State Standard Mathematics:

• MACC.912.N-VM.6.(+) - Use matrices to represent and manipulate data.

• MACC.912.N-VM.7.(+) - Multiply matrices by scalars to produce new matrices.

• MACC.912.N-VM.8.(+) - Add, subtract, and multiply matrices of appropriate dimensions.

• MACC.912.N-VM.9.(+) - Understand that, unlike multiplication of numbers, matrix multi-
plication for square matrices is not a commutative operation, but still satisfies the associative
and distributive properties.

• MACC.912.N-VM.10.(+) - Understand that the zero and identity matrices play a role in
matrix addition and multiplication similar to the role of 0 and 1 in the real numbers. The
determinant of a square matrix is nonzero if and only if the matrix has a multiplicative inverse.

• MACC.912.N-VM.11.(+) - Multiply a vector (regarded as a matrix with one column) by a ma-
trix of suitable dimensions to produce another vector. Work with matrices as transformations
of vectors.

• MACC.912.N-VM.12.(+) - Work with 2 2 matrices as transformations of the plane, and
interpret the absolute value of the determinant in terms of area.

Unit: Matrix Applications - Computer Graphics and Cryptography

Learning Goal: Student will be able to understand the fundamental ideas of matrix applications
in computer graphics and cryptography.
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Objectives:

- Student will be able to understand basic programming design in MATLAB

- Student will be able to perform basic arithmetic comuptations using MATLAB.

- Student will be able to perform matrix operations using MATLAB.

- Student will be able to run small MATLAB programs to obtain results of transformed graphics
and explain the underlying fundamental concepts.

- Student will be able to perform matrix operations using MATLAB to en-code and de-code
messages, and explain the fundamental ideas of computer graphics using matrix transforma-
tions.

- Student will be able to write a mathematics paper explaining concepts, properties, and ap-
plications of matrices.

Materials:

- Computer or laptop with internet connection

- Computer software MATLAB, TI calculators, other technology software such as MS Excel,
Graphmatica, Graph, etc.

- Tutorial: MATLAB for BEGINNERS (In the High School Classroom) by Chinyen Chuo

- Tutorial 1: Getting Started with MATLAB by Edward Neuman [2]

- Tutorial 2: Getting Started with MATLAB by Edward Neuman [3]

Prior Knowledge:

- Basic graphing skills using graphing calculators or computer programs

- Basic computational skills

- Basic knowledge of matrices and vectors

Procedures: (Time needed - Four 49-minute periods, or ongoing as needed.)

Day 1-2: Use the Tutorial, MATLAB for BEGINNERS - in the High School Classroom, and have
students follow directions on the tutorial, type in codes and check for output.

Day 3-4: Let students choose one of the two explorations: Computer Graphics or Crytography for
applications. Either have students write a small MATLAB program that will help them to obtain
answers and results for the explorations or give them the programs included in the Appendices.
Have students trace the code and explain the meanings and purposes of each line, and then modify
the codes to suit they needs for new images or their own coded messages.

If time permits, have students write an expository essay using correct mathematical language
that shows their understanding and discoveries of the mathematical concepts applied in Computer
Graphics and Cryptography.

Evaluation: Tutorial practices and explorations (Computer Graphics and Cryptography).
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MATLAB
Tutorial & Practice

1 INTRODUCTION

The purpose of this tutorial is to provide a concise material and practice for high school students
to gain a basic understanding of MATLAB.

When you open MATLAB, you should see the MATLAB Desktop, and within it, you may see the
following windows

• Command Window - the main part and you should see the symbol ">>", which is called a
prompt. Commands are entered here.

• Current Folder - where a new file is saved. This also shows the files that are in the current
folder.

• Workspace - lists all variables in the currently active workspace in alphabetical order.

• Command History - shows all commands entered.

• Details - shows the details of a file.

1.1 Helpful Commands

- These commands are used in the Command Window.

Command Desription Example Result
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demo opens the Help browser and shows
some features of MATLAB

help explains any command help exp exp(X) is the

exponential of

the elements of

X, e to the X.

help help explains how help works

lookfor searches through the help for a spe-
cific word or phrase

; suppresses output >>x = 6*5; >>

clear removes all variable from workspace

clear variablename clears a specific variable clear x If 2 was assigned to
x, now it no longer
exists

clc clears command window

ctrl+c stops a running MATLAB process

x=2 assigns 2 to the variable x

who shows variables that have been de-
fined

whos shows variables that have been de-
fined in this Command Window

format sets output format format short Scaled fixed point
format with 5 digits

rand generates random numbers from 0
to 1

rand ans = 0.8147

1.2 Arithmetic Operators

Use MATLAB to find answers and fill in the blanks.

MATLAB Operator Math Operation Example Result

+ Addition 3+5 ANS: ans=8

- Subtraction 3-5 ANS: ans=-2

* Multiplication 3*5 ANS: ans=15

/ Division (Divided by) 3/5 ANS: ans=0.6000

\ Division (Divided into) 3\5 ANS: ans=1.6667

^ Power 3^5 ANS: ans=243

- MATLAB follows the order of operations:
( ) parentheses
^ exponentiation
- negation
*, /, \ multiplication and division
+,- addition and subtraction
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1.3 Constants

Use MATLAB to find answers and fill in the blanks.

MATLAB Command Description Example Output

pi π pi+1 ANS: 4.1416

i
√
−1 i+1 ANS: 1.0000 + 1.0000i

j
√
−1 1+j ANS: 1.0000 + 1.0000i

inf ∞ ANS:

-inf −∞ ANS:

NaN Not a number 0/0 ANS: ans = NaN

1.4 Build-in-Functions

Use MATLAB to find answers and fill in the blanks.

MATLAB Command Description Example Output

help elfun shows a list of the elementary
math functions

pi+1 ANS: 4.1416

sin sine of argument in radians sin(pi) ANS: 1.2246e-16

sind sine of an argument in de-
grees

sind(180) ANS: 0

asin inverse sine asin(1) ANS: 1.5708

asind inverse sine results in degrees sind(1) ANS: 90

exp exponential exp(1) ANS: 2.7183

log natural logarithm log(exp(pi)) ANS: 3.1416

log10 common logarithm (base 10) log10(10) ANS: and = 1

log2 logarithm of base 2 log2(1/2) ANS: ans = -1

sqrt square root sqrt(4) ANS: ans = 2

nthroot(x,n) real n-th root of real numbers nthroot(8, 3) = 3
√

8 ANS: ans = 2

abs absolute value abs(-4) ANS: ans = 4

floor round toward negative infinity floor(-0.001) ANS: ans = -1

ceil round toward positive infinity ceil(0.01) ANS: ans = 1

round round toward the nearest in-
teger

round(3.55) ANS: ans = 4

rem remainder after division rem(12,4) ANS: ans = 3

1.5 Practice

1. For each of the following, think about
what the results would be, and then
type them in to MATLAB to verify your

answers:

A) 2^4-1 ANS: 15
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B) 2^(4-1) ANS: 8

C) 4/5 ANS: 0.8

D) 4\5 ANS: 1.25

E) 2*9+6/3 ANS: 20

F) 7--8 ANS: 15

2. What is the result of rand(10)?
ran*10? And rand*20?
ANS: rand(10) generates a 10 by 10 matrix of real

numbers from 0 to 10
ran*10 generates one real number from 0 to
10
rand*20 generates one real number from 0 to
20

3. What is the result of the following code?

>> low=2;

>> high=6;

>> round(rand*(high-low)+low)

ANS: A random integer in the range from 2 to 6

4. Write a code that generates an integer
in the range from 0 to 60.
ANS: round(rand*60)

5. Write a code to assign 4 to
x, suppress the output; divide
3 by

√
2 + x; state the output.

ANS: x=4; 3/sqrt(2+x)

Output: x=1.2247

6. For the following code, describe what
each line does and state the output:

1. >> x=5;

2. >> y=4;

3. >> z=1;

4. >> y-x;

5. >> w=2/x+5*y*z

ANS: 20.4000

7. Given the code:

>> x=5;

>> X=6;

>> x

What is the output? Is MATLAB case
sensitive?
ANS: x=5. Yes, MATLAB is case sensitive.

8. Solve using MATLAB: Assign the val-
ues of 2 and 4 to the variables x and y,
respectively, then compute the value of
z = 5x+ 2y.
ANS: z=18

9. Perform the following and determine
the result for the code:

A) Clear all variables ANS: clear

B) Clear the Command Window
ANS: clc

C) >> %X=5;

>> x=2;

>> X

ANS: Undefined function or variable ’X’

10. Use the help feature to find the com-
mand for computing the value of 6!.
ANS: factorial(6)=720

11. Create a script file and write a generic
code for computing distance between
any two points (x1, y1) and (x2, y2).
Then use the code to find the distances
between the points:

A) (3, 4) and (−5, 2) ANS: 8.2462

B) (5, 0) and (−3,−6) ANS: 10

ANS:

12. What is atan(1)? What does the out-
put represent?

ANS: atan(1)=arctan(1) =
π

4
. The result is

an angle in radians

13. What is tan(pi/2)? What is
tand(pi/2)?
ANS: 1.6331e+016. This is equivalent to ∞

tand(pi/2) = 0.0274. This is the same

as tan
(
π
2

)◦
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14. What is log2(0)? Is the output cor-
rect? Why or why not?
ANS: ans = -inf. This is incorrect since

log2 0 is undefined.

15. What is the output of exp(1)? What
is the equivalent mathematical expres-
sion?
ANS: ans = 2.7183. This is the same as e1
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2 MATRICES AND VECTORS

In mathematics, a vector is defined as a quan-
tity that has both magnitude and direction,
such as velocity. Matrix is defined as a rect-
angular array of numbers. The size (order) of
a matrix is generally denoted by r × c, that
is row by column. Furthermore, a matrix of
size 1 × n can be called a row vector and a
matrix of m × 1 a column vector. A matrix
of one element is called a scalar of size 1× 1.

Following are examples of matrices:

1. [2] - a scalar

2. [1 4] - a row vector

3.

 2
3
4

 - a column vector

4.

[
1 3 4
5 6 7

]
- a 2× 3 matrix

MATLAB is specially designed as a tool for
doing numerical computations with matrices
and vectors that are used to store sets of val-
ues of the same type. MATLAB stands for
Matrix Laboratory.

2.1 Creating Row and Column Vec-
tors

Note that this is the same as creating a one-
dimensional array, or a matrix of size 1×n or
m× 1.

• Three direct ways of creating row vec-
tors:

1. >> v=[1 2 3 4]

v =

1 2 3 4

2. >> v=[1,2,3,4]

v =

1 2 3 4

3. w=1:4

w =

1 2 3 4

• A column vector:

>> u=[1;2;3;4]

u =

1

2

3

4

This is a 4 × 1 vector assigned to the
variable u .

2.2 Creating m× n Matrices

• A 3× 4 matrix:

a=[1 2 3 4; 5 6 7 8; 0 3 2 1]

a =

1 2 3 4

5 6 7 8

0 3 2 1

• You may also enter each row on a sep-
arate line to keep track of number of
entries in a matrix:

>> b=[1 2 3 4;

2 4 3 1;

8 9 0 1]

b =

1 2 3 4

2 4 3 1

8 9 0 1

Note that b is defined as the matrix
above. If you type b in the Com-
mand Window, you should get a ma-
trix output as the one above. You may
also get the variable output from the
Workspace.
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2.3 Using the Colon Operator and
‘linspace’ Function

• Creating a vector with all integers from
1 to 8 in steps of 2:

>> v2=1:2:8

v2 =

1 3 5 7

• Creating a vector with three values
evenly spaced between 1 and 10:

>> v3=linspace(1,10,3)

v3 =

1.0000 5.5000 10.0000

2.4 Referring to Elements

• Referring to an entry in a row or column
vector:

>> v2=1:2:8

v2 =

1 3 5 7

>> v2(3)

ans =

5

• Referring to an entry in a matrix:

>> b=[1 2 3 4;

2 4 3 1;

8 9 0 1]

b =

1 2 3 4

2 4 3 1

8 9 0 1

>> b(3,2)

ans =

9

• Referring to a row or column of ele-
ments:

>> b=[1:3; 3:5]

b = %matrix b

1 2 3

3 4 5

>> b(1,:) %all elements in the first row

ans =

1 2 3

>> b(:,2) %all elements in the second column

ans =

2

4

2.5 Modifying Matrix Elements &
Creating New Matrices

• Concatenating two vectors:

>> a=zeros(2)

a =

0 0

0 0

>> b=ones(2,3)

b =

1 1 1

1 1 1

>> newvec=[a,b]

%combining two vectors as one

newvec =

0 0 1 1 1

0 0 1 1 1
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2.6 Dimensions

• Using build-in function ‘size’:

>> A=[1:3; 4:6]

A =

1 2 3

4 5 6

>> A=[1:3; 4:6]’ %transpose matrix A

A =

1 4

2 5

3 6

>> size(A)

ans =

3 2 %size: 3X2

>> [r c]=size(A)

r =

3 %row = 3

c =

2 %column = 2

• Empty vectors:

>> B=[]

B =

[]

>> size(B)

ans =

0 0 %size = 0

2.7 Matrix Calculations

• Adding / subtracting Matrices: A+B or
A-B

>> a=[1 3 5 7; 6 2 -1 4]

a =

1 3 5 7

6 2 -1 4

>> b=[3: 6; -9 4 0 2]

b =

3 4 5 6

-9 4 0 2

>> c=a+b

c =

4 7 10 13

-3 6 -1 6

• Multiplying two matrices:

>> a=[1 2; 3 4]

a =

1 2

3 4

>> b=[3: 6; -9 4 0 2]

b =

3 4 5 6

-9 4 0 2

>> c=a*b

c =

-15 12 5 10

-27 28 15 26

Use your calculator, do the math, and
verify the answer.

• Multiplying two matrices element by el-
ement:

>> a=[1 3 5 7; 6 2 -1 4]

a =

1 3 5 7

6 2 -1 4

>> b=[3: 6; -9 4 0 2]
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b =

3 4 5 6

-9 4 0 2

>> c=a.*b %(notice the dot after a)

c =

3 12 25 42

-54 8 0 8

Note: In order for this operation to
work, the size of the matrices must be
the same.

• Two different divisions of matrices:

>> a=[1 2; 3 4]

a =

1 2

3 4

>> b=[3 -2; 5 8]

b =

3 -2

5 8

>> a/b

ans =

-0.0588 0.2353

0.1176 0.5294

>> a./b

ans =

0.3333 -1.0000

0.6000 0.5000

Note:

– In MATLAB , a/b is equivalent to
a× b−1, where b−1 is the inverse of
b

– a./b - This is an array division
and it divides every element of a

by elements of corresponding posi-
tion in b

2.8 Summary of Array and Matrix
Operations

MATLAB Operation / Comments

a/b Matrix right division.
This is equivalent to a*inv(b)

a\b Matrix left division.
Matrix division is defined by
inv(a)*b, where inv(a) is the in-
verse of matrix a.

a.^b Array exponentiation.
Element-by-element exponen-

tiation of a and b: a
bi,j
i,j , or

a(i,j)^b(i,j). Both arrays must
of the same shape, or one of them
must be a scalar.

a./b Array right division.
Element-by-element division of a

and b: a(i,j)/b(i,j). Both ar-
rays must of the same shape, or one
of them must be a scalar.

a.\b Array left division.
Element-by-element division of a

and b, but b in the numerator
b(i,j)/a(i,j). Both arrays must
of the same shape, or one of them
must be a scalar.

2.9 Practice

1. Consider the following sequence of
statements and expressions. First con-
jecture the output of each statement or
expression, and then type them in to
MATLAB to verify your answers.

A) a=[1:4; 2 10 3 5]

B) a(1,4)

C) a(:, 4)

D) a(4)

E) size(a)

F) numel(a)

G) reshape(a, 1, numel(a))

H) vec=a(1,:)

I) vec(2)

J) vec(3) = []

13



K) vec(5) = 8

L) vec = [vec 9]

2. Use the linspace function to create a
matrix of five evenly spaced values from
5 to 20. (Hint: Use help to find the
syntax code).

3. A) Create a matrix A of size 1 ×
4 that stores angle measures
10, 15, 70, and 90 in degrees.

B) Create an empty matrix called
radians.

C) Convert all the entries in A to ra-
dians measures and store them in
the matrix radian.

D) Create a 4 matrix call table that
stores all angle values in degrees
from matrix A and in radians
from matrix radian in 2 columns.
(Hint: Use transpose)

ANS:

Practice 2.9

1. A) a=[1:4; 2 10 3 5] - This generates
a 2× 4 matrix.

B) a(1,4)- This refers to the entry a1,4
Hence, output is 4

C) a(:, 4) - Output: all entries in the
4th column

D) a(4) - Output: 10

E) size(a) - Output: 2 4

F) numel(a) - Output: 8, total number
of elements

G) reshape(a, 1, numel(8)) -
Output:1 2 2 10 3 3 4 5

H) vec=a(1,:) - Assigns first row of en-
tries to variable vec; output: 1 2 3

4

I) vec(2) - Output: 2

J) vec(3) = [] - This takes away 3rd
column in vector vec; hence output:
ans = 1 2 4

K) vec(5) = 8 - This assigns 8 to the
fifth entry in vector vec; output: ans

= 1 2 4 0 8. Since entry 4 did not
exist, a 0 is assigned to that entry.

L) vec = [vec 9] - This concatenates 9
to the vector vec; output: vec = 1 2

4 0 8 9

2. linspace(5,20,5)

Output:
ans = 5.0000 8.7500 12.5000 16.2500

20.0000

3. A) >> A=[10 15 70 90]

B) >> radian=[]

C) >> radian=A.*pi/180

radian =

0.1745 0.2618 1.2217 1.5708

D) >> table=[A’, radian’]

tale =

10.0000 0.1745

15.0000 0.2618

70.0000 1.2217

90.0000 1.5708
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Appendices

Appendix A - Exploration #1: Computer Graphics [7]
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Appendix B - Exploration #2: Matrices and Cryptography [8]
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Appendix C - MATLAB source file: dot2dot.m

%%% Exploration #1: Computer Graphics

%%% Filename: dot2dot.m

%%% This program plots and connects points to form an image

%%%

%x=rand(10,1)

%y=repmat(var(x),length(x),1)

x=[-6 -6 -7 0 7 6 6 -3 -3 0 0 -6];

y=[-7 2 1 8 1 2 -7 -7 -2 -2 -7 -7];

%plot(x,y,’Marker’,’o’)

plot(x,y,’Marker’,’s’)

%plot(x,y,’Marker’,’diamond’)

A=[x;y]
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Appendix D - MATLAB source file: dot2dot2.m

%%% Exploration #1: Computer Graphics

%%% Transforms a graphic

%%% Filename: dot2dot2.m

%%%

%x=rand(10,1)

%y=repmat(var(x),length(x),1)

x=[-6 -6 -7 0 7 6 6 -3 -3 0 0 -6];

y=[-7 2 1 8 1 2 -7 -7 -2 -2 -7 -7];

%plot(x,y,’Marker’,’o’)

plot(x,y,’Marker’,’s’)

%plot(x,y,’Marker’,’diamond’)

A=[x;y]

B=[1 0; 1 -1]

C=B*A

d=C(1,:)

e=C(2,:)

plot(d,e,’Marker’,’s’)
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Appendix E - MATLAB source file: encode.m

%%% Encode & decode messages

%%%

%%% B=’ABCDEFGHIJKLMNOPQRSTUVWXYZ’;

message = ’MEET YOU SATURDAY AT NOON’;

n = length(message)

if rem(n, 2) ~= 0

n = n+1

message = strcat(message, ’.’)

length(message)

end

message_v = double(message)

message_m = reshape(message_v, n/2, 2);

key = [1 -2 ; 3 -4]

inv(key)

encoded = message_m * key;

encoded_v = reshape (encoded, 1, n)

code = encoded_v;

n = length(code)

if rem(n,2) ~= 0

n = n+1

code = [code, 0]

end

code_m = reshape (code, n/2, 2);

decoded = code_m * inv(key);

decoded_v = int8(reshape (decoded, 1, n));

char(decoded_v)
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