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Page 14 of 14

Numbers in Different Bases ; Addition & Subtraction in Different Bases
	Place-Value System: Different Bases
Goal: Be : Our familiar Hindu-Arabic system can be used to represent numbers in several different bases.  You should be able to apply what you've learned from the Babylonian number system to be able to convert numbers between different bases & our familiar, base-10 system.

	Our number system is called a base 10 system.  Notice that the value of each place can be expressed as 10 raised to an exponent (which then gets multiplied by the number in that place).

So 312 means:

This Place(
3

1

2

Is Worth(
1,000

+

100

+

10

+

1

Is Worth(
("Base 10")


[image: image1.wmf]3

10


+


[image: image2.wmf]2

10


+


[image: image3.wmf]1

10


+


[image: image4.wmf]0

10


For this number, we've got:
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We could just as easily have used a different base system.  For example, in the base 8 number system (also known as octal), each place has a value that's a power of 8.  Since we're writing these numbers out using our standard numerals, we need a way to both visually and verbally tell people that we're working in a different base.  Visually, we'll write the base, in words, below-and-to-the-right of the number.  So we'd write:

466eight
Verbally, we should actually say each number out loud, then follow it with "base eight".  So you'd say "four, one, zero, base eight"  (You would NOT say "4 hundred and ten, base eight", since that would be confusing)

So how do we figure out what the  base 10 value of 410eight  is?  We write the number in expanded form, then do the math to simplify it into a base 10 number:
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For this number, we've got:
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(Note that when we're working in base 10, we usually leave off the ten part, but in this case, it might be more clear to include it, just to make it clear that we're back in base 10)

	1)  Given the following number, write it in expanded form, then use that expanded form to figure out what the number is in base 10.  

213eight
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	2)  Given the following number, write it in expanded form, then use that expanded form to figure out what the number is in base 10.  

789eight
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Note that you might find it more convenient to do this work like so:

7 *  _______   + 8 *  _______   + 9 *  _______  =

 _______   +  _______   + _______    = 

________________ten
You're welcome to use either method (or even some other method), assuming that you make your work clear.


	3)  Given the following number, write it in expanded form, then use that expanded form to figure out what the number is in base 10.  

Notice that we've changed from base 8 to base 6

546six
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	4)  Given the following number, write it in expanded form, then use that expanded form to figure out what the number is in base 10.  

Notice that we've changed to base 5
123five
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	5)  Given the following number, translate from base 10 into base 8.  This works almost exactly the same as the method for converting from our Hindu-Arabic, base-10 numbers, in the Babylonian, base-60 numbers.  The major difference is that since we're translating into base 8, you'll divide the number by something that's a power of eight.
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Show your work here:

Write out your answer in expanded form (in base 10)


	6)  Given the following number, translate from base 10 into base 8.  This works almost exactly the same as the method for converting from our Hindu-Arabic, base-10 numbers, in the Babylonian, base-60 numbers.  The major difference is that since we're translating into base 8, you'll divide the number by something that's a power of eight.
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Show your work here:

Write out your answer in expanded form (in base 10)


	7)  Given the following number, translate from base 10 into base 8.  This works almost exactly the same as the method for converting from our Hindu-Arabic, base-10 numbers, in the Babylonian, base-60 numbers.  The major difference is that since we're translating into base 8, you'll divide the number by something that's a power of eight.

123ten
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Show your work here:

Write out your answer in expanded form (in base 10)


	8)  Given the following number, translate from base 10 into base 8.  This works almost exactly the same as the method for converting from our Hindu-Arabic, base-10 numbers, in the Babylonian, base-60 numbers.  The major difference is that since we're translating into base 8, you'll divide the number by something that's a power of eight.

610ten
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Show your work here:

Write out your answer in expanded form (in base 10)


	Addition in Different Bases
Goal: Be able to add two numbers, even if those numbers are written in a different base.

	
Let's say that you've got two numbers, and they're both in a base other than 10.  For example:

743 eight   and    253eight

We'd like to add them together, without having to first translate them into base ten, and then translate them back into base eight.  


How would we do that?  Well, it's remarkably similar to how we'd add something in our normal, familiar, base ten system.  In order to better illustrate this, we'll add our base-eight numbers, and simultaneously add two base-ten numbers: 125 ten and 891ten

We start by arranging the numbers one above the other, with the digits lining up in columns, like so:

Base-Eight Addition

Base-Ten Addition

7

4

3 eight
2

5

3 eight
1
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5ten
8
9

1ten

Next, we add each column, starting with the right-most column, and moving to the left.  So after adding up the right-most column, we've got:

Base-Eight Addition

Base-Ten Addition
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3 eight
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3 eight
???

???

6eight
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5ten
8
9

1ten
???

???

6ten

Next, we move over a column, and add the number in it up.  The only complication is that 4 + 5 is 9, which is larger than our base (eight).  This is a problem in the same way that 9+2 will be a problem in our base-ten addition: 9+2 is 11, but that's equal to or larger than 10, so we'll have to carry a ten over, and keep what remains (once you remove 10 from 11, you've got 1 left).  Similarly, with our base-eight number, when we get 4 + 5 = 9, since 9 is equal to or larger than 8, we take out an eight, carry it to the left, and keep the remainder in the current column:
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 Next , we add everything in the final column.  Notice how we need to carry, again, and so we end up creating a new column to hold the extra number.
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Base-Ten Addition
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And finally,

Base-Eight Addition

Base-Ten Addition
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Thus, we see that 125 ten +  891ten equals 1016ten, and in the same way, we can find that 743 eight   + 253eight equals 1216eight.
Remember that if you were adding numbers in a another base (such as base 4), you'd carry whenever a column adds up to 4 or more.

Also keep in mind that we're only going to add two numbers if they're in the same base – you'd never add 123five and 123six, for example.


	9)  Add the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


123eight
+
321eight



	10)  Add the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


421eight
+
171eight



	11)  Add the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


421eight
+
161eight



	12)  Add the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


445eight
+
333eight



	13)  Add the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


421six
+
141six



	14)  Add the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


143221five

+
123411five



	Subtraction in Different Bases
Goal: Be able to subtract  two numbers, even if those numbers are written in a different base.

	
Let's say that you've got two numbers, and they're both in a base other than 10.  For example:

743 eight   and    653eight

We'd like to subtract the second one from the first, without having to first translate them into base ten, and then translate them back into base eight.  


How would we do that?  Well, it's remarkably similar to how we'd add something in our normal, familiar, base ten system.  In order to better illustrate this, we'll subtract our base-eight numbers, and simultaneously subtract two base-ten numbers: 325 ten and 291ten

We start by arranging the numbers one above the other, with the digits lining up in columns, like so:

Base-Eight Subtraction

Base-Ten Subtraction

7

4

3 eight
6

5

3 eight
3

2

5ten
2

9

1ten

Next, we add each column, starting with the right-most column, and moving to the left.  So after adding up the right-most column, we've got:

Base-Eight Subtraction

Base-Ten Subtraction

7

4

3 eight
6

5

3 eight
???

???

0eight
3

2

5ten
2

9

1ten
???

???

4ten

Next, we move over a column, and add the number in it up.  The only complication is that 

4 - 5 is -1, which we can't do.  This is a problem in the same way that 2-9 will be a problem in our base-ten addition: since 2 is smaller than 9, we'll have to borrow a ten from the column to the left, and reduce what's in that column by 1.  Similarly, with our base-eight number, we'll  take out an eight out of the column to the left (we'll borrow it), and temporarily place that into the current column.

Base-Eight Subtraction

Base-Ten Subtraction

7      6
4+8=12

3 eight
6

5

3 eight
???

7
0eight

3     2
2+10=12

5ten
2

9

1ten
???

3
4ten

 Next , we subtract everything in the final column.  

Base-Eight Subtraction

Base-Ten Subtraction

6 

4

3 eight
6

5

3 eight
0
7
0eight

2 

2

5ten
2

9

1ten
0

3
4ten

Notice how we end up with 0 in this column, so we end up leaving that blank in our final answer.

Thus, we see that 325 ten - 291ten equals 34ten, and in the same way, we can find that
743 eight   - 653eight equals 70eight.

Remember that if you were adding numbers in a another base (such as base 4), you'd borrow a number equal to the base when you borrow.

Also keep in mind that we're only going to subtract two numbers if they're in the same base – you'd never subtract 123five and 123six, for example.

Also make sure to remember that the ORDER in which you subtract things matters:

743 eight   - 653eight is not the same as  653eight - 743eight.


	15)  Subtract the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


445eight
-
333eight



	16)  Subtract the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


421eight
-
141eight



	17)  Subtract the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


421six
-
141six



	18)  Subtract the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


535nine
-
371nine



	19)  Subtract the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


152six
-
141six



	20)  Subtract  the following numbers, in the specified base.  DO NOT convert them to base ten at any points during this process.  Make sure that you show all your work, and that you clearly line up your numbers into columns.


143221five

-
123411five
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