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LEZIONE1

We’ve been studying math functions for long time but now we want to introduce math concept of functions in English to get two results :

· The first one is to assess your ideas about it

· The second one to improve your second language also by learning mathematical terms
Work in pairs

Read the following text, underline the words you don’t know, discuss with your teacher. (20 min.)

Functions as Relationships
In the most simplest sense functions are relationships. The world is full of relationships. How good you are at a task- playing video games, dancing, or playing basketball- depends on how much time and effort you spend at doing it. How far you run depends on how fast you run and how long you run at that speed. Buying new shoes depends on your parents having money. Your parents having money depends on their having a job. Your parents having a job depends on how well they do their job and on how well the company is doing financially. Your grade in school depends on how hard you work at school. How hard you work at school depends on your attitude toward school. 

Mathematicians and scientists try to discover relationships in nature to understand how things work and make our lives better. Understanding the relationship between petrol, air, and fire is what makes a cargo. Understanding the relationship between heat and bacteria allows us to understand when  food is not good. Understanding that electrons flow from a positive pole to a negative pole allows us to have c.d. players, telephones, and televisions.

On the worksheet below, write down at least ten relationships that exist in the real world. Look for connections. What effect has one on the other? How does one depend on the other? Example, getting rid of a headache depends on taking aspirin. In other words, getting rid of a headache is a function of taking aspirin. It could also be viewed in terms of cause and effect. Rain depends on low barometric pressure. In other words, rain is a function of low barometric pressure. When the barometric pressure drops (cause) it rains (effect).

Complete now the table with Cause and Effect (10 min.)
	Desired Result (Effect)
	Depends On (Cause)

	1. getting rid of headache
	1. aspirin

	2. rain
	2. low barometric pressure

	3.win the match
	3.how much time and effort you spend and doing it

	4.buy shoes
	4.parents have money

	5.work hard at school
	5.the attitude toward school

	6.electrons move from – to + pole
	6.to have cd, telephones, TV

	7.makes car go
	7.relation ship between petrol, air and fire

	8.pass the exames
	8.study for ECDL

	9.
	9.

	10.
	10.


Compare the results altogether.

The teacher rewrite a new table on the board with the more significant relationships (10 min)
Work in pairs
Read the following text, underline the words you don’t know, then discuss altogether with your teacher. (10 min.)

Functions as Machines

Another way to understand a function is as a machine. A machine has an input and an output. There is a relationship that exists between the input and output. The output depends on the input. The machine receives the input and transforms it into the output. For example, a toaster is a machine. When bread is input in the machine the output is toast. A washing machine is a machine. When dirty clothes are input into the machine the output is clean clothes. An oven is a machine. When raw meat is input into the machine the output is cooked meat. Some machines are complex. The human body, for example, is the most complex and sophisticated machine known. Think of the myriad of physical, emotional, mental, social, and spiritual inputs needed to have healthy persons.
On the worksheet below list at least ten machines along with their inputs and outputs (10 min)

	Input
	Machine
	Output

	1. bread
	1. toaster
	1. toast

	2. dirty clothes
	2. washing machine
	2. clean clothes

	3. row meat
	3. Oven
	3. roast

	4. water
	4. freezer
	4. ice

	5. wheat
	5. mill
	5. flow

	6. wood
	6. fire place
	6. heat

	7. people
	7. love
	7. family

	 8. question
	8. brain
	8. answer

	9. raw material
	9. factory
	9. final product

	10. actors
	10. video camera
	10. film


LEZIONE 2

The teacher write on the board the most interesting pupil’s results
The teacher gives to the student the cards of the first lesson’s tables to revise it.

(10 min)
This part of the lesson is useful for forming groups of three
Read the following text, underline the words you don’t know, discuss with your teacher. (5 min.)

Functions as Equations

Functions can also be expressed using math symbols. If x is the input and y is the output, then the value of y depends on the value of x. The relationship between x and y is determined by the machine, which is also known as the rule or equation. The machine changes or transforms x into y. Therefore, y is a function of x. 

The table below illustrates the function y = x/2.

	Input (x)
	Machine (Equation)
	Output (y)
	Relationship [ordered pair: (x,y)]

	6
	6/2
	3
	(6,3)

	10
	10/2
	5
	(10,5)

	14
	14/2
	7
	(14,7)


Notice that the machine transforms whatever the value of x is to y by cutting the value of x in half. What is the value of y when x is 50 or 100? The rule makes extending this pattern easy.

Do you remember the math functions we studied last year?
I’ll give you their English terms and their input and you write the equation, the output and the ordered pair (5 min):

	
	Input (x)
	Machine (Equation)
	Output (y)
	Relationship [ordered pair: (x,y)]

	Linear function 
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	Quadratic function 
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	Polinomial function
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	Rational funtion
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	Exponential function
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	Logarithmic function
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LEZIONE3

* N.B. assieme alle fotocopie di questa lezione viene dato il WORKSHEET OF MATH SYMBOLS
Functions definitions and main ideas

The teacher gives these concepts: 

A function is a special kind of relation that pairs each element of one set with exactly one element of another set. A function, like a relation, has a domain, a range, and a rule. The rule is the explanation of exactly how elements of the first set correspond with the elements of the second set. A function is defined by its rule; some texts actually make no distinction between the rule of a function and the function itself. If you know the rule of the function you determine the domain and the range of a function.

Symbolically, a function can be illustrated with a simple drawing. Below in the figure are the sets A and B. The points in each set are the elements of the sets. The function f is shown on the left, and the relation g is shown on the right.

[image: image13.png]



Figure 3.1: On the left, the function f associates the elements of the domain with exactly one element of the range. On the right, the relation g is not a function because it associates the same element of the domain to more than one element of the range. 

After the speaking the student have the following activity

Fill in the following gaps:

A function is a special kind of ______________ that pairs each element of one ___________with exactly one element of another set.

A function, like a relation, has a ________, a __________, and a _________.

The rule is the explanation of exactly how elements of the first set correspond with the elements of the second set.

A function is defined by its _________

 If you know the __________ of the function you determine the _________ and  the range of a function.

The teacher continues the lesson writing the terms and the rules on the board:

As you can see, certain elements of A are assigned to more than one element of B in the relation g. The function f assigns each element of A only one element of B. 

Functions are generally denoted by a single letter. The domain of a function is the set of all inputs for which the function assigns an output. The range of a function is the set of all outputs of the function. The inputs, or elements of the domain, are called the independent variable of the function, and the outputs are the dependent variable. This is because the outputs of the functions depend on the inputs. If an element is input into a function, and no output can be assigned, then the function is undefined for that element. Such an element is not in the domain of the function. 

Let's examine a simple function in what is called "function notation": y = f (x) = 2x. The name of the function is f. The independent variable is x, and the dependent variable is y. The rule of the function is y = 2x. 

f (x), or y, is the value of the function at x. f (x) is read "f of x." If for a given input x there

exists an output y that satisfies the rule, then f is defined at x. If there exists no output y that satisfies the rule for a given input x, then the function is undefined at x. The domain is the set of all x for which the function is defined. The range is the set of all y that could be taken by the function for some input value of x. 

function notation y = f (x) = 2x

name of the function is f.

independent variable is x

dependent variable is y

f is defined at x when or a given input x there  exists an output y that satisfies the rule

the function is undefined at x when there exists no output y that satisfies the rule 

In the example above, f (x) = 2x. From this we know that the domain of f will consist of any number that can be doubled, which is the set of real numbers. The range will consist of these numbers doubled, which is also the set of real numbers. 

The following exemples are given as handouts to the students: they read the text in pairs and underline the unknown words:

Examples

Many real-life situations can be modeled by a function or by several functions. Take the opening of a new shop for example. A lot of money is required to build a store, decorate it, and stock it with merchandise. All of this money must be spent before the store opens for business. If the business is successful, the store's income will exceed its expenses daily, and eventually the store will make back all of the money needed to start it and make an overall profit. Let the initial expenses of the store equal $40,000, and for simplicity's sake, let the daily profit of the store equal $200.

The net profit of the store can be easily modeled by a simple function. Let the function be called p. Let the independent variable x be the number of days the store is open, and let the dependent variable y be the net profit of the store. Then y = p(x) = - 40, 000 + 200x.

For a better comprension of the text, the teacher write some questions on the board and the student give the answers.

QUESTIONS

	What is the situation?
	The opening of a new shop

	What is necessary?
	A lot of money to build the store and to stock it with merchandise

	What is the aim of the director?
	The store’s income should exceeded the daily expenses

	What is the data of the problem?
	Initial expences $40,000; daily profit $200

	What is the independent variable of the problem?
	Let y be the net profit of the store

	What is the function witch model the problem?
	The net profit: y = p(x) = - 40, 000 + 200x



The graph of the function looks like this: 
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Figure 3.2: The net profit of a store is modeled by a function. 

Because the independent variable x is the number of days that the store has been open, the domain of the function is the natural numbers (integers ≥ 0). The range of the function is real numbers . This is because with this over-simplified model, the profits are increasing at a constant rate. Theoretically, the profits increase by the minute, so at a given moment in time, the net profit could be any real number greater than -40, 000. With a model like this, it becomes easy to predict when the store will make back its initial investment and begin to make a net profit: after 200 days. 

****

When a relation is graphed, there is an easy way to verify whether it is a function. It is a convention in math to designate x the independent variable, and designate y the dependent variable. Thus, for every x in the domain of the function, there must only be one corresponding y in the graph. The vertical line test shows us this. If a vertical line can be placed in the graph such that it intersects with the graph of a relation more than once, that relation is not a function. The graph of a function does not intersect with any vertical line more than once. 

Work in pairs

For each graph explain if the rule is a function or not performing the vertical line test.

Write the explanation on the side: 
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Figure 3.3: The function y = | x| for -3≤x≤3. 
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Figure 3.4: The function y = x2 - 4. 
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Figure 3..5: The function y = 3x - 3. 

Homework

Problems 

Problem 2.1: Decide whether the graph below is a function. 
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Problem 2.2: Decide whether the graph below is a function. 
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Problem 2.3: Decide whether the graph below is a function. 
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Match the following:

A: What is the domain and range of the function f (x) = [image: image21.png]


? 

B: What is the domain and range of the function f (x) = [image: image22.png]


? 

C: Is the following a function: y = ±x? 

D: Is the following a function: y = | x|? 

E: What is the domain and range of the function f(x) = x2+4
F: What is the domain and range of the function f(X)=2x
G: What is the domain and range of the function f(x)=log2x
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4- No, it’s only a relation.

5- The domain all 
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7- The domain is 
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LEZIONE4

Handouts at the end of the lesson

At the beginning the teacher summarizes with students the ideas of the previous lesson, then goes on to the new one.

Types of Functions  (50min)

In this section, we'll briefly cover a few of the most relevant and important classifications of functions. 

The teacher speaks and graphs on the board

Even and Odd Functions 
Every function can either be classified as an even function, an odd function, or neither. Even functions have the characteristic that f (x) = f (- x). They are symmetrical with respect to the y-axis. A line segment joining the points f (x) and f (- x) will be perfectly horizontal.

Odd functions have the characteristic that f (x) = - f (- x). They are symmetrical with respect to the origin. A line segment joining the points f (x) and - f (- x) always contains the origin. Many functions are neither even nor odd. 

Some of the most common even functions are y = k, where k is a constant, y = x2. Some of the most common odd functions are y = x3 

Some functions that are neither even nor odd include y = x - 2, y = [image: image33.png]
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Figure 4.1: The function on the left is even; the function on the right is odd. Note the different types of symmetry. 
Piecewise Functions 
A piecewise function is a function which is defined by different rules depending on the value of the independent variable. The following piecewise function is graphed below: y = [image: image35.png]


for x≤ 0, y = x for 0 < x < 2, and y = 2 for x≥2. 
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Figure 4.2: A piecewise function is governed by different rules depending on the value of the independent variable. 
Homework

Problem 3.1: Are there any functions that are both odd and even? 

Problem 3.2: Is the function f (x) = 4x  even, odd, or neither? 

Problem 3.4: Is the function f (x) = x - 5 even, odd, or neither? 

Problem 3.5: A piecewise function is defined this way: f (x) = - x for x < 0, f (x) = x2 for 0≤x≤3, f (x) = 3x for x > 3. Graph it.

LEZIONE 5

Whether the inverse is a function depends on the original function f. If f is a one-to-one function, then its inverse is also a function. A one-to-one function is a function for which each element of the range corresponds to exactly one element of the domain. Therefore if a function is not a one-to- one function, but many to one, its inverse is not a function. The horizontal line test shows us that if a horizontal line can be placed in a graph such that it intersects the graph of a function more than once, that function is not one-to-one, and its inverse is therefore not a function. 

Inverse functions are important in solving equations. Sometimes the solution y to a function is known, but the input for that solution x is not known. In situations like these, the inverse of the function can be used to find x. 

Finding the inverse of a one-one function

One way to find the inverse of a one-one function is to write 
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. The inverse function is then usually defined in terms of 
[image: image40.wmf]x

to give 
[image: image41.wmf](

)

x

f

1

-

. The domain of 
[image: image42.wmf]1

-

f

is the range of 
[image: image43.wmf]f

.

Work in groups of four
The teacher gives the following cards to the students so  they can order them:

	Start by writing 
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	Rearrange to find x
	Then 
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	Multiply out the brackets

	Collect the x terms on one side of the equation
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	It is usual to express
	So 
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	The denominator cannot be allowed to be zero so 1 is not in the domain of 
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	The inverse of the inverse function is the reflection of the original graph in the line y=x. this is true for any inverse function but the same scale must be used on both axes or the effect is distorted.


The teacher maps the following graphs on the board presenting the distinctive characteristics of each, then he gives the cards containing the graphs and the description of their properties :

THE MODULUS FUNCTION

The notation 
[image: image54.wmf]x

 is used to stand for the modulus of 
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	It follows that the graph of 
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Homework

Problem 3.5: What is the inverse of the function y = 3x - 2, and is it a function? 

Problem 3.6: What is the inverse of the function y = [image: image98.png]


, and is it a function? 

The students must matched the captions with graphs they have already mapped with DERIVE and observed during a laboratory.
MORE GRAPHS OF POLYNOMIAL FUNCTIONS
Work in pairs:

The graph of a cubic function 
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Match the equation with each graph

	a- 
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Complete the sentences:
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	Notice that if a>0, the graphs always go up from bottom left, if a<0, the graphs always come down from top left.




The graph of 
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if the function can be factorised as 
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, it will cross the x-axis at p, q,r. if any two of p, q, r, are the same then the x-axis will be a tangent to the curve at the point.
	The graph of 
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	The graphs of 
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	For higher powers of 
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TRANSFORMING GRAPHS
The students must matched the captions with graphs they have already mapped with DERIVE and observed during a laboratory.

	We have compared the graph of
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With the graph of
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values are affected by a constant factor a, in this case a=2,1/2,-1

	
	
	The zeros (x intercepts) are not affected by the constant factor a


EXAMPLE
Given 
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 such that the zeros are 1,3,-4 and the 
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 intercepts is -6, uniquely define the equation of 
[image: image126.wmf](

)

x

P


· Requirement: find the constant factor a
Solution:

Write the equation 
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 with the zeros converted to the factors
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Substitute the given point 
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 into the equation and solve for a

Remember 
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Finally, rewrite the equation and verify the answer is correct:
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	Known function
	New function
	Transformation
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	Translation through a units parallel to 
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	Translation through a units parallel to 
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	One way stretch with scale factor 
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 parallel to the 
[image: image143.wmf]y

 axis
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	One way stretch with scale factor 1/
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 parallel to the 
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EXAMPLE
The diagram shows the graph of a function 
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	Use the same axis to show:

1. 
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HOMEWORK

PROBLEM 1
Graph 
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, compare the two functions and verify that they only have points in common.

PROBLEM 2

Compare the graph of the functions given by 
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 thakes the values 1,2,-3

PROBLEM 3

Illustrate the graphs and write a brief paragraph describing their similarities and differences .

PROBLEM 4

Find a polynomial function with zeros of 1,-2 and 4 that goes trough 
[image: image159.wmf](
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VERIFICA DI MATEMATICA

	MODULO ANALISI MATEMATICA
U.D. RELATIONS AND FUNCTIONS

CLILL ACTIVITY


	ALUNNO

                _______________


ANSWER THE FOLLOWING QUESTIONS IN ENGLISH IF YOU CAN, OTHERWISE IN ITALIAN. 

1) Consider the sets 
[image: image160.wmf]}

{

7

,

5

,

3

,

2

,

1

=

X

 and 
[image: image161.wmf]}

{

.

30

,

26

,

10

,

5

,

4

,

3

=

Y

 A relation between X and Y can be defined by the rule 
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a) Which are the corresponding ordered pairs?____________________

b) The domain of the relation is the set _____________________

c) The range of the relation is the set ______________________

2)- Can you explain the difference between a generic relation and a function?

You can find the answer testing these graphs with vertical lines: one corresponds to a relation the other to a function.
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3)-Observe the graphs of these two functions with the horizontal line test.

a) What is the characteristic of each one? Sign the terms below them.

b) Which of the two has the inverse function?

c) Find the inverse of the function 
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4) What are the characteristic names of these functions? (fill the gaps)

	1)                  ___________________________________
	2)           ____________________________________
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The first one is symmetrical with respect to _______________________

The second one is symmetrical with respect to_____________________

Match the two equations to the graphs, verifying the characteristic property:

a) 
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b) 
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5)- Find for each of the following functions the domain

	1)    
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	2)   
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	3)    
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	4)    
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	6)    
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6) Sketch the graphs of the piecewise function defined below:
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WORKSHEET OF MATH SYMBOLS

	Symbol
	What it is
	How it is read
	How it is used
	Sample expression

	+
	Addition sign
	... plus ...
	Sum of a few values
	3 + 5 = 8

	*
	Multiplication sign
	... times ...
	Product of two values
	3 x 5 = 15
¬(A * B) = ¬A + ¬B

	x
	Multiplication sign
	... times ...
	Product of two values
	3 x 5 = 15

	·
	Multiplication sign
	... times ...
	Product of two values
	3 · 5 = 15

	-
	Subtraction sign

Minus sign
	... minus

Negative...
	Difference of two values

negative number
	3 - 5 = -2

	x
	Cross product sign
	... cross ...
	Product of two sets
	A x B

	^
	Carat
	... to the power of ...
	exponent
	2 ^ 5 = 32

	[image: image185.png]



	surd
	... root of ...
	Algebraic expressions
	z = [image: image186.png]


(x + y)

	[image: image187.png]



	square root symbol
	The square root of ...
	Algebraic expressions
	[image: image188.png]




	...
	Continuation sign
	... and so on up to
... and so on indefinitely
	Extension of sequence
	S = {1, 2, 3, ...}

	/
	Slash
	... divided by ..

... over ...
	Division
	3/4 = 0.75

	÷
	Division sign
	... divided by ...
	Division
	3 ÷ 4 = 0.75

	[image: image189.png]



	Percent symbol
	... percent ...
	Proportion
	0.032 = 3.2 [image: image190.png]




	[image: image191.png]Y00




	Per mil symbol
	... per mil ...
	Proportion
	0.032 = 32 [image: image192.png]Y00





	:
	Colon


	... such that ...
... it is true that ...
	Symbol  used in defining a set
	S = {x : x < 3}

	|
	Vertical line
	......it is true that ...
	Symbol used in defining a set
	S = {x | x < 3}

	[image: image193.jpg]



	lemniscate
	... infinity
... increases without limit
	Limit
	

	( )
	Parentheses
	...quantity...
...list...
...set of coordinates...
...open interval
	Denotes a set of coordinates,
or an open interval
	(x,y,z)

(3,5)

	[ ]
	Square brackets
	... the quantity ...
... the closed interval ...
	Denotes a quantity or a
closed interval
	w + [(x + y) + z]
[3,5]

	( ]
	Hybrid brackets
	... the half-open interval ...
	Denotes a
half-open interval
	(3,5]

	[  )
	Hybrid brackets
	... the half-open interval ...
	Denotes a
half-open interval
	[3,5)

	{ }
	Curly brackets
	... the quantity ...
... the set ...
	Denotes a quantity or a set
	E = {2, 4, 6, 8, ...}

	=
	Equal sign
	... equals ...
	Indicates two values
are the same
	-(-5) = 5

2z2 + 4z - 6 = 0

	[image: image194.png]



	Inequality sign
	... is not equal to ...
	Indicates two values
are different
	x [image: image195.png]


y

	<
	Inequality sign
	... is less than ...
	Indicates value on left
is smaller than
value on right
	3 < 5
x < y

	[image: image196.jpg]



	Inequality sign
	... is less than or equal to ..

	Indicates value on left
is smaller than or equal to
value on right
	x [image: image197.jpg]


y

	>
	Inequality sign
	... is greater than ...
	Indicates value on left
is larger than
value on right
	5 > 3
x > y

	[image: image198.jpg]



	Inequality sign
	... is greater than or equal to ...
	Indicates value on left
is larger than or equal to
value on right
	x [image: image199.jpg]


y

	| |
	absolute value sign
	The absolute value of ...
	Distance of value from
origin in number line,
plane, or space
	| -3 | = 3

	y=Loga x
	logarithm function
or logarithmic function
	the logarithm of x to the base a is…
	the power or exponent to which
the base must be raised
in order to produce the number.
	Log10100=2

	[image: image200.jpg]



	Existential quantifier
	For some .
There exists a(n) ...
	Logical statements
	[image: image201.jpg]


x : x > 4 and x < 5

	[image: image202.jpg]



	Universal quantifier
	For all ...
For every ...
	Logical statements
	[image: image203.jpg]


x : x < 0 or x > -1

	[image: image204.jpg]



	logical implication
symbol
	... implies ...

If ... then ...
	Logical statements
	A [image: image205.jpg]


B

	[image: image206.jpg]



	logical equivalence
symbol
	... is logically equivalent to ..
... if and only if ..
	Logical statements
	A [image: image207.jpg]


B

	[image: image208.png]



	Element-of

symbol
	... is an element of

	Sets
	a [image: image209.png]


A

	[image: image210.png]



	Not-element-of

symbol
	... is not an element of
a set ...
	Sets
	b [image: image211.png]


A

	[image: image212.jpg]



	Subset symbol
	... is a subset of ...
	Sets
	A [image: image213.jpg]


B

	[image: image214.jpg]



	Proper subset symbol
	... is a proper subset of ...
	Sets
	A [image: image215.jpg]


B

	[image: image216.jpg]



	Union symbol
	... union ...
	Sets
	A [image: image217.jpg]


B = B [image: image218.jpg]


A

	[image: image219.jpg]



	Intersection symbol
	... intersect .

... intersected with ...
	Sets
	A [image: image220.jpg]


B = B [image: image221.jpg]


A

	[image: image222.png]



	Null symbol
	The null set
The empty set
	Sets
	[image: image223.png]


= { }

	[image: image224.png]


, N
	bold N
	The set of natural numbers
	Number theory

Set theory
	[image: image225.png]


= {0, 1, 2, 3, ...}
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, Z
	bold Z
	The set of integers
	Number theory

Set theory
	[image: image227.png]


= {0, 1, -1, 2, -2, 3, -3, ...}
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, Q
	bold Q
	The set of rational numbers
	Number theory

Set theory
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= {a/b | a and b are in [image: image230.png]


}

	[image: image231.png]


, R
	bold R
	The set of real numbers
	Number theory

Set theory
	What is the cardinality of [image: image232.png]
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