Welcome to 92.142!

Go around with names:

Say your name

Describe your academic and non-academic interests

Say why you signed up for the course

Say a little about your math background (esp. calculus)

Talk about your best and worst math experiences

Say your name again

For tomorrow, read Appendix B.  (Note: You may skip Solution 1 of Example 5; you are not responsible for understanding or being able to apply the “creative anti-telescoping” method.)
For Friday, view the on-line video description of course logistics (I’ll be posting this later today and sending you all the link).
Also for Friday, read the course web-page http://jamespropp.org/142/, which answers common questions like “Can we use calculators on the exams?”
NOW SOME MATH:

A sequence (don’t call it a series – that means something else!) is a function whose domain is the set of positive integers (sometimes the set of non-negative integers).  We could write a sequence as


f(1), f(2), f(3), …

but it’s customary to use notation like


a1, a2, a3, …

You can’t take the derivative of a sequence, but you can do something nearly as useful: take differences.

That is, to study a sequence

a1, a2, a3, …

we often study the “difference sequence”
a2 – a1, a3 – a2, a4 – a3, …

An important tool is

The Constant Sequence Principle: If all the differences 

a2 – a1, a3 – a2, a4 – a3, … are 0, then the sequence a1, a2, a3, … is constant (i.e., all the terms are the same).
(This should remind you of something we learned about in Honors Calc I:

..?..

..?..

The “Constant Function Principle”, aka Theorem 4.2.5: If the derivative of a function is 0 everywhere, then the function is constant.)

Another way of stating the Constant Sequence Principle is, if an+1 = an for all n, then there exists a constant C such that an = C for all n (namely, C = a1).

Let’s use the Constant Sequence Principle to prove that for every positive integer n, the sum 1 + 2 + 3 + … + n is equal to n(n+1)/2:

Let an = (1 + 2 + 3 + … + n) – n(n+1)/2.

We want to show that an is 0.

Let’s begin by showing that an is constant.

We’ll do this by showing that an – an–1 is 0 for every n ( 2 (and by invoking the Constant Sequence Principle).

What is an – an–1?

..?..

..?..

It’s (1 + 2 + 3 + … + (n–1) + n) – n(n+1)/2 

minus (1 + 2 + 3 + … + (n–1)) – (n–1)n/2,

which we can rewrite as

(1 + 2 + 3 + … + n) – (1 + 2 + 3 + … + (n–1))

minus n(n+1)/2 – (n–1)n/2.

What’s (1 + 2 + 3 + … + (n–1) + n) 
minus  (1 + 2 + 3 + … + (n–1))?

..?..

..?..

n.

What’s n(n+1)/2 minus (n–1)n/2?

..?..

..?..

(n2+n)/2 – (n2–n)/2 = 2n/2 = n.

So, what is an – an–1?

..?..

..?..

Zero.

We’ve shown that an – an–1 is always 0, so by the Constant Sequence Principle, the sequence a1, a2, a3, … is constant.

How can we finish the job of showing that an is 0 for all n?

..?..

..?..

Evaluate an for one particular value of n (any n will do), and check that it’s 0.

What’s the simplest n to use?

..?..

..?..

Try n = 1: a1 = (1) – (1)(2)/2 = 0.
Having shown that a1 = 0 and that all differences an – an–1 are 0, we deduce that an = 0 for all n, which lets us conclude that 

1 + 2 + 3 + … + n = n(n+1)/2.

Appendix B gives us a different way to prove things like this; read it tonight and see which way you like better.
