   F. Factorials, Factoring, and Fun!

1. Memorize how to factor “the sum and difference of two cubes”.
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2. Factorials



a) 0! = 1



b) Permutations of 5 things (distinct) taken 3 at a time (order matters).



Think of 3 slots _ _ _ Now there are 5 possible choices for the 1st slot.



For each one of those five, there are 4 possible choices left for the 2nd.



For each of those four, there are 3 possible choices left for the 3rd slot.
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Permutations of 7 objects taken 7 at a time is just 7!/0! or 7! ways.



c) Combinations of 5 objects (distinct) grouped 3 at a time.



Think of 5 x 4 x 3 = 60 permutations (orders) but each group of 3 objects



taken 3 at a time has 3!=3 x 2 x 1=6 different orders. Divide 5!/2! by 3! 
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So there are 60 ways to order 5 objects taken 3 at a time. There are 10 ways to group (or combine) 5 objects taken 3 at a time. There are 3! (6 permutations) 

3 objects can be ordered taken 3 at a time.


3. The Binomial Theorem and Pascal’s Triangle

 
1

=1


 There’s a pattern to (a+b)2, (a+b)3, (a+b)4,...

      
        1   1       
=2


 By the way if there’s a negative sign, just alternate the signs 1   2   1

=4


(a+b)3=a3+3a2b+3ab2+b3 and (a-b)3=a3-3a2b+3ab2-b3
   1   3   3   1

=8


Does Pascal’s Triangle have anything to do with all this?
1   4    6    4   1
=16


Yes siree, Bob. (a+b)5=a5+... (You complete the line.)    1   5   10   10  5   1
=32










   1   6  15   20  15  6  1
=64
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ex/ What is the 4th term of the expansion of (a+b)5? This occurs when r=3.

Use Pascal’s Triangle to find the coefficient of 10 to get 10a2b3  or  use the 

combination value of 
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 to obtain the same coefficient.


ex/ Find the probability of exactly 2 heads and 3 tails in 5 tosses of a coin.



10(1/2)2(1/2)3=10/32=.313 or 31.3%


ex/ Find the probability of rolling a ‘1 or 2’ exactly 3 times in 5 rolls of a die.



10(2/3)2(1/3)3=40/243=.165 or 16.5%

   4. Factoring
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a) over the eals     ex/ 333

b) over the Complex numbers     ex/ 333

c) 'add and subtract' trick     ex/ 

                                        

       2

    

xxx

xxixi

xxyy

xxyyxy

-=+-

+=+-

++

=++-

¡

(

)

(

)

(

)

(

)

2

2

22

2222

                                        

   

                                        

       

xyxy

xyxyxyxy

=+-

=+++-



d) solving inequalities      ex/  
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(You have 1 minute. Go!)
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5. Tests for Divisibility
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Thm/ The number ...is divisible by 4 iff

 the last two digits are divisible by 4.
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Thm/ A number is divisible by 9 (or 3) i

ff the sum of its digits is divisible by

 9 (or 3).

   Proof:  ...(99...91)...(91)

                            (99...9)...9
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G. Base-n systems

a) Binary (2) vs Hexadecimal (16) bases


b) Simple operations with different base systems


c) Alien Finger Multiplication (Ryono-Mitzenmacher Theorem)


d) Abacus and finger arithmetic


e) Trachtenberg Speed System of Mathematics
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