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FOILing and factoring are not just for polynomials. Have a look at these two interesting applications.
No letters! No variables!

Question.

Without using a calculator and without multiplying the conventional way, what is 1062?

Solution.

So,

106

×106

is not allowed. What now? Well, can we think of a way (say, related to the title of this article) that we can maybe
break up 106 so that it’s easy to multiply in our heads? Take a moment to notice that 106 is really 100 + 6. And
that 1062 could be thought of as (100 + 6)2. So,

1062 = (100 + 6)2

1062 = (100 + 6)(100 + 6)

Now, when we FOIL something like (x + 6)2, we know what the steps are. And we should always keep in mind
that x will be a value - a number - at some point. So, if we say that x = 100 in this case, can we not proceed with
FOILing and calculate 1062 similarly? Let’s have a look.

1062 = (100 + 6)(100 + 6)

= 100 · 100 + 600 + 600 + 36 (basic result of FOIL)

= 10000 + 1200 + 36

= 11236

Look how easy that was! After we FOILed, we could add those numbers in our heads quite easily. See if you can
apply this technique next time you are asked to square a number. This same technique is also extensible to higher
powers like cubes and higher. Try some out!

Done.
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Question.

What is the largest prime factor of 212 − 1?

Solution.

This one is nearly impossible to do quickly using conventional means. Not unless we spot a trick, that is. Now,
every good Algebra II student knows that, when asked to solve x2 − 1 = 0, we:

x2 − 1 = 0

(x+ 1)(x− 1) = 0

and we set each of those factors equal to zero, and we get x = ±1. This sort of looks like our problem, but not
exactly. We have a twelfth degree expression here! Well. That same good Algebra II student also recalls the rules
of exponents. They know that (x2)3 = x2·3 = x6 and so-on. The question is, can we ”rephrase” x12 in terms of
something squared? We sure can.

212 = (26)2

so we can say:

212 − 1 = (26)2 − 1

and then we can factor using the difference of squares pattern:

212 − 1 = (26)2 − 1

= (26 + 1)(26 − 1)

OK, we know that 26 = 64, so two factors of 212 − 1 are 65 and 63. Now all we have to do is find the prime
factorizations of 65 and 63 to figure out with which the largest prime factor lies.

The prime factorization of 63 is: 63 = 32 · 7.

The prime factorization of 65 is: 65 = 5 · 13.

So, we can easily see that the largest prime factor of 212 − 1 is 13. Recall that when doing prime factorizations
using the ”tree” method, we usually have to come up with two factors of the number in question and then keep
breaking down every leaf of the tree into prime factors until there is no more factoring we can do. With a number
like 212− 1, how the heck would we do that initial step? It turns out that 212− 1 = 4095, so we could have started
with 5, but still, it would have taken a while. Also, the −1 really fouled things up; for, if we were asked about 212

alone, the answer would have been 2. (That darn −1.) With this factoring method, not only were both factors
- 63 and 65 - easy to calculate, but the prime factorizations each proceeded rather quickly. Do try this method
with other numbers and other powers. It’s a cool trick!

Done.
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Reporting errors and giving feedback

I am so pleased that you have downloaded this study guide and have considered the techniques herein. To that
end, I am the only writer and the only editor of these things, so if you find an error in the text or calculations,
please email me and tell me about it! I am committed to prompt changes when something is inaccurate. I also
really appreciate it when someone takes a moment to tell me how I’m doing with these sorts of things, so please
do so, if you feel inclined.

My email address is: phil.petrocelli@gmail.com.

Please visit https://mymathteacheristerrible.com for other study guides. Please tell others about it.

Please donate

I write these study guides with interest in good outcomes for math students and to be a part of the solution. If
you would consider donating a few dollars to me so that these can remain free to everyone who wants them, please
visit my PayPal and pay what you feel this is worth to you. Every little bit helps.

My PayPal URL is: https://paypal.me/philpetrocelli.

Thank you so much.
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