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Number Systems
	An Additive Number System: Egyptian Hieroglyphics
Goal: Be able to use Egyptian Hieroglyphics to represent numbers

	
The Egyptian number system is an additive number system, meaning that each numeral represents a certain number of things, regardless of where that numeral is.  In the table below, you can see that "one" is represented by 
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, and "ten" is represented by
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 .  To represent "eleven" in an additive system, you just write both of those together.  Thus, both   
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  and  
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mean the same thing: eleven.

The only 'twist' to this is that we want to want to represent numbers using as few numerals as possible.  For example, while we could write seventeen out using 17 separate copies of the numeral for "one", but it would be better to write it out using the "ten" numeral, and then 7 of the "one" numerals:
Egyptian System:
Hindu-Arabic Numeral:

Egyptian Hieroglyphic:

Description:

1


[image: image7.png]



Stroke / Sticks
10
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Heel Bone

100
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Scroll

1,000
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Lotus Flower

10,000


[image: image11.png]



Pointing Finger

100,000
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Fish

1,000,000
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Surprised Person



	1)  Write the following number using Egyptian number system:

5:




	2)  Write the following number using Egyptian number system:

15:



	3)  Write the following number using Egyptian number system:

115:



	4)  Write the following number using Egyptian number system:

291:



	5)  Given the following number, represented using the Egyptian number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12")
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	6)  Given the following number, represented using the Egyptian number system, translate this into our familiar Hindu-Arabic form
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Hint: It would be an excellent to write out your work, so that it can be easily checked.  

I.e., ____ + _____ + _____ + _____ + ___​_ + _____


	7)  Given the following number, represented using the Egyptian number system, translate this into our familiar Hindu-Arabic form:
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	8)  Given the following number, represented using the Egyptian number system, translate this into our familiar Hindu-Arabic form:
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	9)  Is the following Egyptian number 'valid', according to the rules set forth on the first page?
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	10)  Is the following Egyptian number 'valid', according to the rules set forth on the first page?
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	An Additive Number System: Egyptian Hieroglyphics: Addition, Subtraction
Goal: Be able to use add or subtract numbers represented by Egyptian Hieroglyphics

	Since numbers are represented in the Egyptian number system by grouping together, it's not surprising that you add Egyptian numbers by simply putting all the numerals together in a single group.  So adding 14 and 17 in the Egyptian system looks like this:
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+
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The only complication is that we want to represent numbers using the fewest numeral possible, so if we can 'trade up', we do. In this case, we can trade up 10 of the strokes/sticks for a heel bone, yielding our final answer:
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Generally, when adding, you should re-draw all the symbols together in a group, with the smallest symbols (in this case, the strokes/sticks) written on the far right.  'Trade up' all the ones into an extra ten.  Then see if you can 'trade up' your tens into a one-hundred, etc.

	Likewise, if we're subtracting one number from another, we can 'trade down' in order to get more of a smaller unit.  So subtracting 7 from 31 looks like:
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Since we only have a single heel bone in 31, we first 'trade down' one heel bone for ten more strokes/sticks:
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Check your work by translating each number into Hindu-Arabic so in this example, you'd translate the first number into 31, the second into 7, and then you'd separately translate the Egyptian number you got into 24.  You can then check your work by calculating 31 – 7 = 24, which is correct.

While your instructor isn't certain of this, he believes that in the Egyptian number system, you're only allowed to subtract a smaller number from a larger one.  In other words, the Egyptians don't have a way to represent negative numbers, and so you're simply not allowed to do subtraction that would result in a negative number.  This may or may not actually be true.


	11)  Given the following Egyptian numbers, add or subtract them as indicated.  Make sure you remember to trade up/trade down, as needed.  Check your work by translating these into Hindu-Arabic.
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	12)  Given the following Egyptian numbers, add or subtract them as indicated.  Make sure you remember to trade up/trade down, as needed.  Check your work by translating these into Hindu-Arabic.
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	13)  Given the following Egyptian numbers, add or subtract them as indicated.  Make sure you remember to trade up/trade down, as needed.  Check your work by translating these into Hindu-Arabic.
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	14)  Given the following Egyptian numbers, add or subtract them as indicated.  Make sure you remember to trade up/trade down, as needed.  Check your work by translating these into Hindu-Arabic.
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	15)  Given the following Egyptian numbers, add or subtract them as indicated.  Make sure you remember to trade up/trade down, as needed.  Check your work by translating these into Hindu-Arabic.
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	16)  Given the following Egyptian numbers, add or subtract them as indicated.  Make sure you remember to trade up/trade down, as needed.  Check your work by translating these into Hindu-Arabic.
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	17)  Given the following Egyptian numbers, add or subtract them as indicated.  Make sure you remember to trade up/trade down, as needed.  Check your work by translating these into Hindu-Arabic.
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	18)  Given the following Egyptian numbers, add or subtract them as indicated.  Make sure you remember to trade up/trade down, as needed.  Check your work by translating these into Hindu-Arabic.
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	19)  Given the following Egyptian numbers, add or subtract them as indicated.  Make sure you remember to trade up/trade down, as needed.  Check your work by translating these into Hindu-Arabic.
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	A (Mostly) Additive Number System: Roman Numerals
Goal: Be : Be able to use Roman numerals to represent numbers

	Roman System:
Hindu-Arabic Numeral:

Roman Numeral:

Can be repeated:
Can be subtracted from another number:
Can be subtracted from:
1

I

Up to 3 times

Yes

V, X
5

V

ONLY ONCE

No

10

X

Up to 3 times

Yes
L, C
50

L

ONLY ONCE
No
100

C

Up to 3 times

Yes
D, M
500

D

ONLY ONCE
No
1,000

M

Up to 3 times

No
Romans used certain numerals to represent numbers, which are listed in the table above. The Roman number system is mostly additive: The number MLX means 10 + 50 + 1,000, or 1,510
However, there's a couple of details to keep in mind:

1) As listed in the above table, you're not allowed to repeat any numeral more than 3 times.  Some numerals you're not allowed to repeat at all (the ones listed above as "ONLY ONCE")


2) Roman numerals that are meant to be added together are always written with the largest numeral on the far left: MLX shouldn't be written XLM, or even LXM.  


3) If a smaller number does occur to the left of a larger number, then you should subtract that smaller number from the larger one.  So if you wrote XL, it would mean (50-10) = 40

If the 'out of order' numerals are part of a larger number, than that result is added to the overall number:

MXL is 1,000 + (50-10) = 1,000 + 40 = 1,040


4) You're not allowed to subtract a smaller number from a larger, if the larger is more than two rows below the smaller number.  I.e., you can say IV, or IX, but not IL


	20)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

IV


	21)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

VI



	22)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

VIII


	23)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

VIIII



	24)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

DCL



	25)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

VXX


	26)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

DCXL


	27)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

DXII


	28)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

CXXIIX


	29)  Given the following number, represented using the Roman number system, translate this into our familiar Hindu-Arabic form (i.e., translate this to something like "12"). 

If the number isn't a legal Roman number, explain why:

CXXVIII



	30)  Write the following number using Roman number system:

128


	31)  Write the following number using Roman number system:

7



	32)  Write the following number using Roman number system:

8



	33)  Write the following number using Roman number system:

1,293



	34)  Write the following number using Roman number system:

42



	Place-Value System: Hindu-Arabic
Goal: Be : Be able to write numbers in 'expanded form', to demonstrate the value of each position

	In our familiar Hindu-Arabic number system, we only have ten numerals: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9

We build up larger, more complex numbers by saying that the numeral translates into different numbers based on the numeral's place within the number.

For example, in the number 312, the number means 3 times 100, plus 1 times 10, plus 2 times 1:

Because each place is worth 10 times what the previous place, this is sometimes referred to as a "base 10 system".   We can visualize this like so:

This Place(
3

1

2

Is Worth(
100,000

10,000

1,000

100

10

1

Is Worth(
("Base 10")
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In order to emphasize this point, we can take a 'normal' number, and write it out as the sum of each digit of the number, multiplied by it's place value.
So we could write 312 out as:

(3 x 102) + (1 x 101) + (2 x 100)
This is also known as expanded form.  
Conversely, you can simplify something written in expanded form by first doing all the exponents, then the multiplication, then the addition, in order to produce a single number.


	35)  Given the following number, write it in expanded form:
21


	36)  Given the following number, write it in expanded form:

71,398



	37)  Given the following number, write it in expanded form:

1,071,398



	38)  Given the following number, write it in expanded form:

12,000,021



	39)  Given the following number, simplify it into a single number:

(5 x 102) + (3 x 101) + (7 x 100)



	40)  Given the following number, simplify it into a single number:

(7 x 102) + (0 x 101) + (7 x 100)



	41)  Given the following number, simplify it into a single number:

(3 x 102) + (3 x 101) 



First Number
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