Lab 10: Integration in Maple

Goals

1.  Students will use Maple to integrate functions. 

2.  Students will define a function using the Fundamental Theorem of Calculus and investigate its properties using Maple.

Discussion

Maple has the ability to evaluate indefinite and definite integrals using the Int command.  In this lab we will use Int to find formulas for antiderivatives and to calculate both exact and approximate values of definite integrals. 

Integration 
The Int command can be used to find indefinite and definite integrals.  To evaluate the indefinite integral [image: image1.wmf]d
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, use the Int command as follows.

> Int(x^3/sqrt(x^2+9),x);

[image: image2.wmf]d

ó

õ

ô

ô

ô

ô

ô

x

3

 + 

x

2

9

x


> value(%);
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Note:  Maple does not add the constant "c" after it finds an indefinite integral (a.k.a. antiderivative).  However, you should add the constant in your final answer.  Also observe, in the example below, that the upper case "I" in Int can be replaced with a lower case "i" so that Maple directly evaluates the integral, and thus bypasses the need to use the value command.

> int(x^3/sqrt(x^2+9),x);
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Next, we give an example of how to evaluate the definite integral [image: image5.wmf]d
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> Int((tan(x))^5*sec(x),x=0..Pi/3);
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> value(%);
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Note:  Without the use of Maple, we do not currently know how to perform the integration in the last two examples.

Finally, some functions do not have antiderivatives that can be written using elementary formulas.  For example, no elementary antiderivatives exist for [image: image8.wmf] = 
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.  But we can still approximate the value of a definite integral involving these kinds of functions using Maple.  In the next example, the evalf command is employed in conjunction with Int to evaluate [image: image10.wmf]d
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> Int(exp(-x^2),x = -1 .. 3);
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> evalf(%);
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The Fundamental Theorem of Calculus

One part of the Fundamental Theorem asserts that [image: image13.wmf]¶
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  (where f is continuous on [a, b] and x is in [a, b]).  Said another way, the rate of change of a definite integral with respect to a variable upper limit is precisely the value of the integrand evaluated at the upper limit. 

As previously discussed, some functions do not have antiderivatives that can be written using elementary formulas.  For instance, the antiderivative of the function [image: image15.wmf] = 
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 cannot be represented using a nice algebraic formula.  But that doesn't mean an antiderivative doesn't exist.  In fact, as we already know, the antiderivative of 
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 (which is not an algebraic function).  We can use the above Fundamental Theorem to define the antiderivative of any function f so long as f is continuous on the interval in question. So, for example, an alternate way to define the antiderivative of [image: image18.wmf] = 
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 for x > 0 (Note that F is a function of x, not t.  Remember that the definite integral is not a function of its variable of integration.)  Let's say we want to find [image: image20.wmf](
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 .  In the following example, we use 100 subintervals to estimate the value of the integral.  

> with(student):
> leftbox(1/t, t=1..2,100, color=blue);
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> leftsum(1/t,t=1..2,100);
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> evalf(%);
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We can also evaluate F to a high degree of accuracy using Maple.  First we define F as a function in Maple and then evaluate this function at the desired values.

> F:=x->int(1/t,t = 1 .. x);
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> F(2.0);F(3.5);F(50.0);
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Note that our original estimation of [image: image30.wmf](
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 using one hundred subintervals was only accurate to two places past the decimal.

Believe it or not, it turns out that [image: image31.wmf] = 
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 at the same values used in the above example yields exactly the same answers.  

> ln(2.0);ln(3.5);ln(50.0);
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Lab Assignment 10

Start the lab by putting your name on the first line.  WRITE DOWN THE INSTRUCTION FOR EACH QUESTION AND ANSWER ALL QUESTIONS

COMPLETELY IF YOU WANT FULL CREDIT!!!. When you complete the lab, hand in a printout of it and circle your answers.

Be careful to use the asterisk when multiplying.
1.
Evaluate the following integrals:

      a)  [image: image36.wmf]d
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2.
The Fresnel function is defined as [image: image39.wmf] = 
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a)
Define the Fresnel function as a function in Maple.  Use int to find decimal 



approximations for S(10.0), S(1000.0), and S(10000.0) using Maple.  What 



number does S(x) appear to approach as x gets bigger? (Note:  If you do not 



include the decimal point, Maple will not evaluate the function numerically.)


b)
Use Maple to find [image: image40.wmf]¶
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 (Since you defined S(x) as a function in Maple, you'll 



want to use "D(S)" to find the derivative).  Does your answer agree with the 



Fundamental Theorem? (Hint: it had better agree.)


c)
Plot [image: image41.wmf] = 
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 and S(x) together on the interval [0,5] .  Graphically, does it appear that [image: image42.wmf](
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d)
Does the Fresnel function have a horizontal asymptote?  Verify your answer using 



the limit command.  (Hint:  The answer that you obtained at the end of part (a) 



should 
agree with what you get using the limit command.)


e)
For which x-values does the graph of  S(x) have horizontal tangents?  (Hint: it 



would probably be easiest to do this one by hand.)

 
f)
Use the graph of the Fresnel function found in part (c) to solve the equation                    



S(x) = 0.3 correct to one place past the decimal. 


g)
Use the fsolve command to solve the equation in part (f). 
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