Math 4 Honors						Name__________________________________
Lesson 1-2: Composition of Functions			Date _______________________________

Learning Goals:
· I can use the definitions and important properties of arithmetic operations on functions.
· I can combine functions by arithmetic operations.
· I can understand function composition and construct rules for composite functions from rules of the component functions.

I. Algebraic Maintenance:  Combining functions using arithmetic operations

                    Given :  

Evaluate or find a simplified algebraic rule for each combination of  f and g:

***Recall:    means .

						






								State the domain in interval notation:   _____________

						






								State the domain in interval notation:   _____________

						






								State the domain in interval notation:   _____________

						


	

	

								State the domain in interval notation:   _____________
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II.  Up to this point in your mathematical career, you have combined functions by using the arithmetic 
      operations.  In this next section, you will learn of another method to combine functions.
[image: ]





































Explain how the figure above illustrates the idea of composite functions.
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Based on the shoe-size scenario:
	
· 

Size x shoes in the United States correspond to sizeshoes in Italy, where. 

· Size n shoes in Italy correspond to size f(n) in Britain.


When Italian shoes and British shoes are the same size,   Explain why.








Size shoes in Italy correspond to size shoes in Britain.  Explain why.






Since the x in the expressionrepresents a U.S. shoe size, we can find the British shoes size that corresponds to a U.S. size x as follows:
[image: ]





What does the phrase “Usingas an input” mean?









Explain the algebraic steps that were taken to simplifyto the expression 
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Explain how the above graphic illustrates function composition.





[image: ]
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Explain, in your own words, the process for finding .






[image: ]












	


	Explain, in your own words, the process for finding.  Also explain how finding 

differs from finding.










Example 1 shows that, in general, and

Explain what the above statement means about function composition.  Use mathematical vocabulary.
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Homework:	Use what you have learned to practice function composition.


1.			

a.	Find 	.						




b.	Find .			






c.	Find.			
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2.	

	a.	Find .




b.	Find .





c.	Find .






3.	Do you think the fact that composition of functions is never commutative?     
	Consider this:

[image: ]		Given	                                      .        Find 
	





		How are related?


		Find another pair of functions that have the same relationship.










4.	Find two functions andthat compose to give , where and 








5.	Find two functions andthat compose to give , where and 
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6.   














7.	














8.  Find the inverse of each function.  Then prove by composition that that the inverse function is correct.

a. 
 







b. 
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flg(x)) = f(2x +24) =5 - (2x + 24) — 14 Using g(x) as an input
=x+12- 14 x—2.
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This gives a formula for h: h(x) = x — 2. Thus a shoe size of 4 in the United
States corresponds to a shoe size of h(4) = 4 — 2, or 2, in Britain. The function
h is called the composition of fand g and is denoted fo g (read “the composi-
tion of fand g,” “fcomposed with g” or “fcircle g”).

Composition of Functions

The composite function fo g the composition of,
as

(fo8)(x) = f(g(x))-

We can visualize the composition of functions as follows.

A composition machine for f(g(x))

or (fog)x)




image10.png
Example 1

Given f(x) = 3xand g(x) = 1 + x*

a) Find (fe g)(5)and (g f)(5).
b) Find (fe g)(x) and (ge f) (x).

Solution Consider each function separately:
flx)=3x This function multiplies each input by 3.
and

g(x) =1+ x2  This function adds 1 o the square of each input.




image11.png
a) To find (fo g)(5), we first find g(5) by substituting in the formyl, for
Square 5 and add 1, to get 26. We then use 26 as an input for f:
(fo8)(5) = f(g(8) = f(1 + 5% Using g(x) = 1+
=f(26)=3-26=78. Using f(x) =
To find (g = f)(5), we first find f(5) by substituting into the fOrmuja for
Multiply 5 by 3, to get 15. We then use 15 as an input for g: I
(g=f)(5) = g(f(5)) = g(3-5)  Notethatf(5)=3-5=15.
=g(15) =1+ 152 = 1 + 225 = 226.
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b) We find (f° g) (x) by substituting g(x) for x in the equation for f(x):

(foR)(®) =flgx) = f(1 +x*)  Usingglx) =1+x*

=3(1+x%) =3+3x%  Using f(x) = 3x. These parenthe.
ses indicate multiplication.

To find (g © f) (x), we substitute f(x) for x in the equation for g(x):
(gof)(x) = g(f(x)) =g(3x)  Substituting 3x for f(x)
=1+ @0f=1+092

As a check, note that (gef)(5) =1+9-52=1+9-25=226, as ex.
pected from part (a) above.

Example 1 shows that, in general, (f g)(5) # (g° f)(5) and (f° g)(x) »
(g°NH ).
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Example 2

Given f(x) = Vxand g(x)
Solution
(fe@)(®) =flgx) =flx—H=Va—1
(e = g(fx) = g(Va) = Vz — 1

x = 1,find (f° g)(x) and (g° f) (x).

In fields ranging from chemistry to geology and economics, one needs to
recognize how a function can be regarded as the composition of two “simpler”
functions. This is sometimes called decomposition.
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Example 3

If h(x) = (7x + 3)? find f(x) and g(x) such that h(x) = (f* g) (x).
Solution To find h(x), we can think of first forming 7x + 3 and then squar-
ing. This suggests that g(x) = 7x + 3 and f(x) = x% We check by forming the
composition:

h(x) = (f°8)(x) = f(g(x)

= f(7x + 3) = (7x + 3%

This is probably the most “obvious” answer to the question. There can be other
less obvious answers. For example, if

f&) =17




image19.png
and
g(x)=7x+4,
then

h(x) = (fo8)(x) = f(g(x)) = f(7x + 4)
=(Tx+4 -1 = (7x + 3%
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and 7(f) = i
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Composite Functions

In the real world, functions frequently occur in which some quantity depends
on a variable that, in turn, depends on another variable. For instance, a firm’s
profits may depend on the number of items the firm produces, which may in
turn depend on the number of employees hired. Functions like this are called
composite functions.

For example, the function g that gives a correspondence between womens
shoe sizes in the United States and those in Italy is given by g(x) = 2x + 24,
where x is the U.S. size and g(x) is the Italian size. Thus a U.S. size 4 corre-
sponds to a shoe size of g(4) = 2 - 4 + 24, or 32, in Ttaly.

There is also a function that gives a correspondence between womenls
shoe sizes in Italy and those in Britain. This particular function is given by
f(x) = Lx — 14, where x s the Italian size and f(x) is the corresponding British
Size, Thus an Italian size 32 corresponds to a British size f(32) =} - 32 — 14,
or2.

It seems reasonable to conclude that a shoe size of 4 in the United States
corresponds to a size of 2 in Britain and that some function / describes this
correspondence. Can we find a formula for 12 If we look at the following tables,
‘we might guess that such a formula s (x) = x — 2, and that is indeed correct.
But, for more complicated formulas, we would need to use algebra.
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find ()()()and()()().

Then determine the domain for each.
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