Notation and Notions - Problems-1
1. What’s wrong with this proof that 1=2?


Let x=y

Given


x=x


Reflexive Property of Equality


x+x=x+y

Addition Property of Equality


2x=x+y

Substitution Property of Equality (since x+x=2x)


2x-2y=(x+y)-2y
Subtraction Property of Equality


2x-2y=(x+y)+-2y
Definition of Subtraction (addition of the additive inverse)


2x-2y=x+(y+-2y)
Associative Property of Equality


2x-2y=x+-y

Substitution Property of Equality


2x-2y=x-y

Definition of Subtraction


2(x-y)=(x-y)

Distributive Property of ‘x’ over ‘+’


2=1 qed

Division Property of Equality

   (or was this an exercise to review our axioms!?)

2. Prove De Morgan’s Rules. Verify using Venn Diagrams.
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3. Prove ABCABAC

4. Prove using a truth table to show equ

ivalence that pqpq

5. Expand (ab),(),. How many mixed terms

 are there

in the expansion of (...)?

6. Lemma (a theor
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     Prove:     

7. Use the Math Induction Principle to p

rove the Binomial Theorem,

              a+b      (use the Lemma of
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8. Prove:  is divisible by      (hint: t

o -add and subtract xy)

9. Prove DeMoivre's Theorem that ()

     Recall cossin

10. A man wants to average 100 m
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ph for 2 laps. If he averages 50 mph for

 the 1st

lap, what speed must he average for the 

2nd lap?

11. Tony Gwynn and Ichiro Suzuki are bot

h batting .400 with one game to play.

They both have the same num

ber of hits and 'at bats' (official plat

e appearances).

On the last day of the season Ichiro goe

s 7 for 8 (7 hits in 8 at bats). Tony Gw

ynn

only goes 9 for 12 (9 hits in 12 at bats

). (Okay, they both pl

ayed in double headers!)

Who wins the batting title and worse, wh

y?
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12. Prove  123...

(1)(21)

13.Prove   123...

6
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14. Prove   123...

2

15. Prove   ...
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16. Prove   132435...(2)
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17. Prove   135...(21)
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18. Prove   123234...(1)(2)
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19. Prove   124...221

(1)

20. Prove   ...
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21. Prove the divisibility rule for 5, u

sing 'a'...

22.  appears to be divisible by 7 if 5 i

s divisible by 7. Investigate.
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   Notation and Notions - Solutions-1

1. Okay, I got carried away with trying to use every property I could think of!

Oh yeah, the error is that in using the Division Property of =, you can’t divide by zero

and x=y means ‘x-y’ was zero.

2.

A

  B
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 is the complement of the shaded region.
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 is the unshaded region. Everything outside 





              of A joined with everything outside of B.

Okay, this isn’t a proof. We’d have to go back to the definitions of union and 
intersection and complement (and I’m getting tired of all this typing!).
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3. To be in the set on the left, xA  (xB

  xC).

This means either "xA and xB"  "xA and x

C", but this means

 "xAB"  "xAC" which means x(AB)(AC)  
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So we’ve shown that if x is in the set on the left side of the equation, it’s in the set on the right. The argument is ‘reversible’ so if x is in the set on the right, then x is in the set on the left, so the two sets are equal. qed
4.  
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5. Mixed terms are combinations of n obj

ects, 2 at a time. 
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6. Lemma/  C CC  

(1)...(2)(1)...(1)

     Proof:  CC

(1)!!

()(1)...(2)(1)...(2)(1)
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7. Binomial Theorem:       natural numbe

rs, 

(i) Certainly this statement is true for

 n=1 since 

(ii) Let's assume the statement is true 

for n=k. Our 'inducti
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  ()......

Let's multiply both sides by () so that 

we have the left side for n1

The right side will be a mess 
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as we will multiply by 'x' and then by '

y' and then add!

()...... 
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Adding this all up!  (1)...()...

Use the lemma proved above to get:   ...

...
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Hence we’ve shown that if the statement is true for n=k, then it is true for n=k+1
Therefore by the Math Induction Principle, the statement is true for all natural numbers.
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8. (i) 'x-y' is a factor and hence divid

es x for n1 since they're equal.

    (ii) Assume truth for n=k, ie, 'x-y'

 is a factor of xy.

(Show true for n=k+1. That is, show 'x-y

' is a factor of x

y

-=

-

k+1

11

11

y.)

So if we use the hint and add and subtra

ct to   

Now if we group these just right, we get

...     
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Notice 'x-y' is a factor in the 2nd term

 and is a factor of () by our hypothesis

.

Therefore 'x-y' is a factor of   which p

roves (ii) and therefore the 

kkkkk

kk

kk

xxyyxyxy

xy

xy

++

++

-+-=-

-

-

statement.


9. Another math induction proof!
10. If you do the math, you’ll find that it’s impossible to average 100 mph after lap #1.

11. Ichiro went 7/8 but so did Tony Gwynn, so they’re tied. Now Tony Gwynn got 4 more at bats and went 2 for 4 which is .500 which raised his average a bit higher. 

12-20 are more math induction problems. I wonder who first figured out those results?

21, 22 deal with more divisibility. There are a lot of rules. We should collect them?
   



Notice that the


last two columns


are the same. Hence


those two statements are equivalent. qed.
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