Math Notes, Friday August 25
Combinations with Repetition

1) Taco Bell has the following menu items: tacos, nachos bell grande, Steak Burrito, quesadillas, crunch wrap supreme, gorditas (6 total items)

You need to buy 15 items, which can be represented by this formula:

x1 + x2 + x3 + x4 + x5+ x6 = 15

you can alternatively picture this in your head, a set of 15 bags, with a line in between where one item stops and the next item begins, like so

T  T   T | T |T T T T ||T T T T T T| T 

The lines can be placed any where, and there need to be five of them to separate the bags into six categories. For example, the arrangement above represents 3 tacos, 1 nachos bell grande, 4 steak burritos, 0 quesadillas, 6 crunch wrap supremes and 1 gordita.

Thus, the number of ways to arrange these 15 T's and 5 |'s is the same as the number of ways to buy the 15 items. (For each arrangement of letters you get a unique order and vice versa.)

This makes a total of symbols to arrange any way we’d like. They can be arranged in  20 C 5  or  20 C  15  different ways. 

2) If you need at least two quesadillas, simply pick them first and leave the other 18 item up to chance 

the equation would look as follows: x1 + x2 + x3 + x4 + x5 + x6 = 18

the total number of combinations is 18 C 5

3) If they only have five quesadillas left

Method 1: choose quesadillas separately, add together the total combination with all the numbers of quesadillas up to and including 5. 

19 C 4 (0 ques)+ 18 C 4 (1 ques) +   17 C 4 (2 ques) +  16 C 4 (3 ques) +   15 C 4 (4 ques) +  14 C 4 (5 ques)

Method 2: 

20 C 5  (total combinations) -  14 C 5 (total combinations with more than 5 quesadillas)

And now for something completely different:

1+ 3i

1- 2i     … how?
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1 + 3i
 x     1+ 2i   =   1+5i+6i^2     =      -5+5i    =  -1 + i
1- 2i  
        1+2i            1+4                     5
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De Moivre’s Theorem: (cis θ)n = cis (nθ)

We will prove that this holds for positive integers n, using induction on n:

Base case: LHS = (cis θ)1 = cis θ, 
RHS =  cis ((1)θ) = cis (nθ).
Inductive hypothesis: Assume for an arbitrary positive integer n=k that (cis θ)k = cis (kθ).

Inductive step: Prove for n=k+1 that (cis θ)k+1 = cis ((k+1)θ).

(cis θ)k+1 = (cis θ)k(cos θ + isinθ)

              = (cos kθ + isin kθ)(cos θ + isinθ)

              = cos kθcosθ – sin kθsinθ + isinθcos kθ + icosθsin kθ

              = cos(kθ + θ) + i(sin(θ + kθ))

              = cis ((k+1) θ)
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