Puzzling Place Value
INTRODUCTION:
Basically I want to explain why is AB algebraically express as 10a+b. Imagine that AB was 67, A would be 6 and B would be 7. But because A is in the tenths columns, it´s not really 6, it´s 60 ( so we say it´s ten times bigger, 10a). 
Moreover ABC expressed algebraically would be 100a+10b+c. Now A is in the hundreds column and it is multiplied by 100 instead than 10.

PROBLEM 1:
A positive 2-digit integer AB is four times the sum of its digits. Prove that there are exactly 4 such numbers AB.
So I convert it into an algebraic equation:  10a+b=4a+4b so… 2a=b
Therefore, 5b0. Because b is 1,2,3 or 4; a must be double: 2,4,6 and 8.
In conclusion AB can be either 21, 42, 63 or 84.

PROBLEM 2:
Show that there is only one set of values A,B and C that satisfies ABC+AB+C=300.
Firstly, I convert it into an algebraic equation: 110a+11b+2c= 300
We start by tackling with the a value. If a=1 it would be too small for the 11b+c to complete the equation. On the other hand, if a=3 it would go beyond the 300 and negative variables are not permitted. So a must be 2.
Then we simplify the equation to 11b+2c=80. We know that 2c is even, but 11b can be either even or odd. Because an even number plus a odd numbers gives you an odd result, 11b must be even. To get a fairly close answer I guessed that b=6 and therefore to complete the equation c must be 7. 

PROBLEM 3:
Choose a two-digit number with two different digits (e.g.47) and form its reversal (i.e. 74). Now, subtract the sum of the digits from each of these numbers, and then add the two results. Show that you always obtain a multiple of 9.
Firstly I converted AB and BA into two separated expressions 10a+b and 10b+a. Then it says to subtract the sum of the digits from each of these numbers, so…
10a+b-a-b=9a and 10b+a-b-a= 9b . In conclusion 9a+9b will always be a multiple of 9. This is because if you factorise that to 9(a+b), you can see that whatever a+b is, it will be multiplied by 9 so it will become a multiple of 9 because 9 will be one of it´s factors.

PROBLEM 4:
Choose three different digits and form the six two-digit numbers that use two of the three digits. Add these six possibilities and divide this total by the sum of the three digits. Show that you always obtain 22.
A   B   C   are the three possible digits, if you add the 6 possible pairs you will get a big expression: 10a+b+10a+c+10b+a+10b+c+10c+a+10c+b which is 22(a+b+c). This will be a multiple of 22 because when you multiply a+b+c with 22, 22 will become a factor of this product and therefore the outcome will be a multiple of 22.

PROBLEM 5:
Choose three different digits A,B and C, with A>B>C (e.g. 8,6 and 3 ). Work out the differences between the two-digit numbers you can make and their reverses (e.g.
86−68;63−36;83−38), then add these three results. Show that you always obtain a multiple of 18.
A   B   C   are the three possible digits and we are going to make three pairs in which the letter that is multiplied is two times the a and once the b because of the inequality. Furthermore we take away from them it´s reverses. That would be …

(10a+c)-(10c+a)=9a-9c
(10b+c)-(10c+b)=9b-9c                 Which is all together: 18a-18c                      
(10a+b)-(10b+a)=9a-9b       

In conclusion 18a-18c will always be a multiple of 18. This is because if you factorise that to18(a-c), you can see that whatever a-c is, it will be multiplied by 18 so it will become a multiple of 18 because 18 will be one of it´s factors.

PROBLEM 6:
For any three digits A,B and C, show that there is only set of values that satisfies ABC=AB+BC+CA.
As always I converted it and simplified into an equation: 89a-b-10c=0 
In this question I used more my logic than my maths. Firstly, I deduced that a could only be 1 because if it was two it would be to big the number for 10c+b to add up to (as long as the numbers must be between 1 and 9). Then I separated 89 into 80 and 9 and then wrote two equations to solve 10c=80 and b=9, so finally I got the only possible solution, a=1   b=9    c=8.

PROBLEM 7:
Find examples that fit the rule: AB+CD=DC+BA, without any of the four digits being the same (e.g.97+24=42+79). What general rule must apply? Why?
Firstly I transformed it into an equation: 9a-9b+9c-9d, then I simplified it into a+c=b+d. This will always work because the first equation is the same as the last one, just in a different form ( more simplified). Is like the quadratic equation, ax^2+bx+c is the same as the quadratic equation, just that it´s rearranged to leave the x alone. Well here it´s the same but putting each letter only once. 


[bookmark: _GoBack]Thank you for reading this and I hope it was a good explanation.  
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