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Base Systems
As we learned yesterday, our modern number systems use the idea of place value so
that the same ten symbols can be used over and over again, but they will mean
different things in different positions. A 3 at the far right of a number just means 3, but move it one place
over and it becomes a 30, move it over again and it becomes 300. The idea is that each place I move over to
the right, the digit becomes worth ten times as much. We choose 10 because our biggest digit is 9; when we
add 1 to 9 another place is required.

The simple rule for finding the value of a place is this: count how many places you are to the left of the 1's
place, and raise 10 to that power. For this reason, we say that our number system is base 10.

There is no particular reason to pick 10 as our base. I imagine we did it because we have 10 fingers.
Computers use a base of 2, a number system called "binary;" this is because a computer only has one finger
for each of its digits. This means that the place values are 1, 2, 4, 8, 16, 32, and so on. So, if the number
1101 is stored in a computer, there is a 1 in the "1's place", a 0 in the "2's place", a 1 in the "4's place", and
a 1 in the "8's place", representing the number we call 13.

If I wanted to turn, say, 10 into a binary number, I could just note that it is equal to 8 + 2, or 1010 in binary.
In general, to convert a number into another base, find the largest place value that is less than the number,
and subtract that off as many times as you can to form the first digit; then repeat for the second digit.

. 1 Convert the following into base 10.

a) 11101 (base 2)

b) 101 (base 3)

c) 34 (base 8)

d) 209 (base 8)

. 2 Convert the following into the requested base:

a) 39 into base 2

b) 45 into base 2

c) 12 into base 8

d) 100 into base 8



Addition and subtraction in any base work the same way that they do in base 10. Just
remember that the value of a one in the column to the left depends on the base.

So, for example, the two problems to the right are done in base 8. In the addition problem,
I first added 5 and 6 to get 11; this means that I should carry an 8, adding 1 to the next
column and leaving 3 left in the ones column. In the subtraction problem, I started out
having to take away 6 from 5, so I borrowed 8 from the next column, changing the
problem to subtracting 6 from 13.

. 3 Perform the following mathematical operations in the bases indicated.

a) 11001 + 100101 (in base 2)

b) 100000 - 111 (in base 2)

c) 7654 + 432 (in base 8)

d) 2073 - 1175 (in base 8)

e) Challenge: 1101 × 101 (in base 2)


