MA 598 50 SP 03 Computer Lab 2:  Exploring the Real Numbers
Part I:  Exploring repeating decimals.

Open Maple.  Check out the answers you had for problems 2bc, 4bc, and 6a from the homework from section 3.1.  To have Maple give you 1/9999 to 30 decimal places, for example, type “evalf(1/9999,30);” and press enter.  DON’T FORGET the semicolon!  Print out your results and hand them in with this lab.
Part II:  The golden ratio.

We will explore the golden ratio numerically, algebraically, and geometrically.  Geometrically, the golden ratio is the ratio of two sides of a rectangle such that, if a square the length of the smaller side is cut from the rectangle, the remaining rectangle has the same proportions.

Astonishingly, the Fibonacci sequence gives a way to calculate the golden ratio.  Recall that the Fibonacci sequence is 1, 1, 2, 3, 5, 8, 13, …, and is given by the relationship (if fn stands for the nth element of the sequence) fn+2 = fn + fn+1.

1. Open Excel, and in A1, type “n”; in B1, type “fn”; and in C1, type “ratios”.  Then, put 1 in A2, 2 in A3, and use the fill handle to fill column A at least down to 30.  Next, put 1 in both B2 and B3, and in B4, type “=B2+B3”, enter.  Now go up to B4, and, highlighting just that cell, drag the fill handle down as far as you’ve filled A.  For column C, in C3 type “=B3/B2”, enter, and as with B, drag this down as far as you’ve filled A.
Look at the numbers in column C (which are the ratios of successive Fibonacci numbers)?  They are neither strictly increasing nor strictly decreasing.  However, if you look at just those with even “n”, you should see that they are strictly _____________; and if you look at those with just odd “n”, you should see that they are strictly ____________.

How do all the odd ratios compare with all the even ratios?

What number do both lists appear to be approaching?

2. We’ll next look at this sequence using calculus, and in particular, limits.  We’re interested in what the ratio of a later one to the one just before it is approaching.  Let’s call that limit L; that is, 
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.  Using the fact that  fn+2 = fn + fn+1,  let’s divide both sides by fn+1. 
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.  Now, let’s take the limit, as  
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).  So we get the relation 
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Solve this equation two ways:  first, multiply both sides by L, bring everything to the left side of the equation, and use the quadratic formula.  You get ______________________, which numerically turns into _______________.  One answer you can reject immediately:  why?

Alternatively, use Maple.  To solve an equation f(a) = 0, you type in “solve(f(a) = 0,a);”.  What do you get?  

How do these answers compare with the number column C appeared to approach?

3. Looking at the rectangle above, call the length of the longer side “a” and of the shorter side 1 (we can make either one our unit).  Then the length of the piece of the longer side of the rectangle after the shorter side has been subtracted from it is ____.  Since the new, smaller rectangle has the same proportions as the original (that is, they’re “similar”), you can form a proportion equation relating the ratios of larger to smaller for the sides of the rectangles.  

Do so:
Next, simplify that equation.  You should get a quadratic equation.  What do you notice about it?

Part III:  e
e is the basis of the natural logarithm.  It is the exponential function which has two particularly nice properties:  first, it is its own derivative; second, its slope at  x = 0 is 1.  There are two ways to find a numerical value for e.  
1. One is to use Taylor series, which are infinite series representing functions.  The Taylor series for ex is
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Using Maple to do the calculations (“evalf(1+1/1! + 1/2!);”, for example) fill in the table on the next page approximating e.  To do this, what value of x do you substitute in? _______  Note that you’re calculating the sum of the first n terms of this series, not just the nth term, at each stage.

	n
	nth term (1/n!)
	sum of first n terms

	0
	
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	


2. The second way to find e is using limits:  
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.  This limit comes from finding how much you’ll have in an account with rate of interest x (as a decimal) if that interest is compounded n times per year, after one year if you put in one dollar.  So, letting x = 1, 
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.  Again, let’s use Maple to approximate e.  Here, you’re substituting the value of n into the formula 
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	10
	

	100
	

	1000
	

	10000
	

	100,000
	

	1,000,000
	

	10,000,000
	


Which method seems to approximate e more quickly?              Why?
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