Math 111

10-4-06
Lab #4:  Combining Functions

Due Monday 10/9/06, 9am
There are several common ways to combine two functions to create a new function -- we can add, subtract, multiply, divide, and compose functions.  But what properties does the combination inherit from its component functions?  For example, if you combine two linear functions, is the result always a linear function?  What about combinations of two 

quadratic functions?  How do the x-intercepts of the component functions affect the graph of the combination?

I.  Combining linear functions.

Example 1.  Let 
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[image: image2.wmf])

(

x

g

= -2*x + 10.  Using Maple, it is easy to explore the combinations 
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.  Begin by defining the rules for f and g, and examining their plots.

> f:=x->4*x-2; g:=x->-2*x+10;
> plot(f(x),x=-5..7);
> plot(g(x),x=-5..7);
Predict -- what is the shape of the graph of 
[image: image8.wmf]g

f

+

, 
[image: image9.wmf]g

f

-

, 
[image: image10.wmf]g

f

*

, 
[image: image11.wmf]g

f

/

,  
[image: image12.wmf]g

f

o

?  Do you think they will all be linear?

Use Maple to check.

> plot(f(x)+g(x),x=-5..5);
> plot(f(x)-g(x),x=-5..5);
> plot(f(x)*g(x),x=-1..6,-20..50);
> plot(f(x)/g(x),x=-2..10,-60..60);
> plot(f(g(x)),x=-2..10);
Based on one example, it seems that if f and g are linear, then so are
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.  We can see why this is so 

by looking at the formulas for these three combinations:

> f(x) + g(x);
> f(x) - g(x);
> f(g(x));
To see why
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 is a parabola, consider its formula:

> f(x)*g(x); expand(%);
PROBLEM #1:  Let 
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 = -2*x + 10 as above.  Plot together: 
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.  Use a viewing window which shows the x-intercepts of f and g clearly.  Remember, the syntax for plotting these three functions together looks like

> plot({f(x),g(x),f(x)*g(x)},x=xmin..xmax,y=ymin..ymax);

The x-intercept of f is ________ and the x-intercept of g is ___________ .  The 

x-intercepts of 
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 are _________ and __________ .

PROBLEM #2:  Let 
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 = -2*x + 10 as above.  Plot together: 
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.  Use a viewing window which shows the x-intercepts of f and g clearly.  

The x-intercept of f is ________ and the x-intercept of g is ___________ .  How do these x-intercepts for f and g relate to the graph of f/g?

PROBLEM #3:  (pencil and paper)  Let f and g be linear functions; say 
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 = c*x + d.  Fill in the blanks:  

slope of  
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II.  Combining quadratic functions.

Consider 
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 = 3x^2 - 5x  - 20, and g(x) = -2x^2 + 10x  + 15. 

> f:=x->3*x^2 - 5*x - 20; g:=x->-2*x^2 + 10*x + 15;
> plot(f);
> plot(g);
Predict -- what is the shape of the graph of 
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?   Do you think they will all be parabolas?

Use Maple to check.

> plot(f(x)+g(x),x=-7..3);
> plot(f(x)-g(x),x=-3..6);
> plot(f(x)*g(x),x=-5..8,-600..600);
> plot(f(x)/g(x),x=-10..10,-15..15);
> plot(f(g(x)),x=-4..8,0..5000);
To understand why the graphs look as they do, examine the rules:

> f(x)+g(x);
> f(x)-g(x);
> f(x)*g(x); expand(%);
> f(x)/g(x); 
> f(g(x)); expand(%);
Conclusion:  If f and g are quadratic, then typically, so are 
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 will always be 4th degree polynomials, and 
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 will be a rational function (ratio of two polynomials).

PROBLEM #4:  Consider 
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= -2x^2 + 10x  + 15 as above.  Plot all together:  
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.  Use a viewing window which shows all the x-intercepts of f and g clearly.  

Question:  How do the x-intercepts of f*g compare with the x-intercepts of the component functions f and g?

PROBLEM #5:  Consider 
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 = -2 x ^2 + 10 x  + 15 as above.  Plot all together:  
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.  Use a viewing window which shows all the x-intercepts of f and g clearly.  

Question:  How do the x-intercepts of f and g affect the graph of 
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PROBLEM #6:  Make up your own examples of quadratic functions f and g so that neither function has any x-intercepts.  
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Now have Maple draw the graphs of 
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 (one at a time).  How many x-intercepts does each of these functions have?  _________  Explain why:
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