Egyptian Multiplication

Beginners Circle 10/15/2017
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Ancient Egyptians had an interesting method for multiplying two numbers. Suppose that
you 'have to multiply two numbers (e.g., 23 and 18). The basic operation for them was
multiplying a number by 2. They reduced all other multiplication problems to it. Here is
how they would start multiplying 23 by 18 (in modern notation):

23 18 ® Rows used

1 18 =1-18 v

2 36 =2-18 v
23-18: 4 72 =4-18 v

8 144 =28-18

16 288 =16-18 v

Here is what they did to complete the multiplication

1. Below the first number (in this case, 23), they would write all of the powers of 2 that
are smaller or equal to the number. In the example above, these powers of 2 arel, 2, 4,

8, and 16.

9 In the second column, they would keep doubling the second number (in this case, 18).
This produces the list 18, 36, 72, 144, and 288.

3. After that, they would represent the first number as the sum of the powers of 2 (so that

each of the powers of 2 is used at most once).
For example, if the first number is 23, they would find

23=16+4+2+1

rows where these powers of 2 are present in the left

After that, they would mark those
he second, the third, and the fifth rows are marked).

column. (In our example, the first, t

Finally, all there is to do at this point is to add the marked numbers in the second column:

1 8

3 6

7T 2

+ 2 8 8
4 1 4

Thus, the result of the multiplication is 414.

In modern notation, we can rewrite the Egyptian Multiplication algorithm in the following

way:

23-18:(1+2+4+16)-18=1-18+2-18+4-18+16-18
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We will now use Egyptian Multiplication to multiply 13 by 22. Write all powers of two
h row going down to fill the right-side

. less than 13 in the first column and double eac

column.
2z favs Ve
b22 5 12N o
Y > 22N

13200 8
SR 4 87 -4 22 o
2 he =82 S

(b) Represent 13 as a sum of powers of 2.

3= 8+ +4

(c) Finish the Egyptian Multiplication to find 13 times 22.

ax ()
€7  (4-3)
£t ()
atéb

(d) When performing your Egyptian Multiplication did you start with the highest or
lowest power of 27
We shont with The highet pouen 65 fwo o ensune that Hhe ﬂCPnucn"n'lwhn
o 13 a m&m%?om aj;_ hoﬁwﬂu‘a‘l’#%hnwu.
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2. E)iplain how each number in the second column is obtained from the number in the first
column.

E.g. How do you get

o 88 from 4 and 227 .
Y 30&; wh £3 '!A,,P Fromes. T)w), whea we muu--p% a5 B} 4, ve oblain 8¢

e 176 from 8 and 227
Q-Laoa ;‘n]‘-p h‘ ej‘bkf'-lqhﬂt-\. 71..15/ H“C«\ we WWa D.). by dl'éh‘!',WL pL‘)I'nlk 176,

3. Using what you noticed in question 2 do the following:

(a) Rewrite each term in the sum: 18 4+ 36 + 72 + 144 as a product of 18 and a power of 2.
For example,

144 =8-18
e18= 192"z 5.4
e 36 = w‘ll = |§.]
e 72= 18> I5-H
e 288= lg.;_” a [3. ]L
! & %% ) i . “ = ga
(b) Finish the expression on the right side: 2 1a *
I-/Lﬁ
5 18+36+72+288=68-])+(18-2)+Uf.q) +(|f.u,)

" (c) What do you notice? Can you simplify this expression by factoring out 187
Inu#.‘cc.'md' 18 s a tommon /,,;{M, 18-(1+2+Y4 +15 )
’nmt/ﬂ,‘[ tan f-u‘m out 1f. The

‘5"”‘,01‘/-3 3. 3
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4. Multiply the following numbers using Egyptian Multiplication:

(a) 13 x 41

132 BrY+4

*
8 41 .041)

1LY
+3 a8

s 33
 ——

(4-41)
(-1)

(b) 41 x 13

’-{l:;).+— 34-1

4|,

loH
+|-{lL

——

533

———

41 13
-—1 13
& &b
4 S
g Jou
b 208 = 13
In Hib

13

1

L
|

41 = 1-4)
8L 22 MR -
oM =4. v

£ 329 9.4 -

= )13

=z a3
:.L‘- |3
=§13

=3R

1. Given two numbers, which one (smaller or larger) will you use as the first number in
Egyptian Multiplication? Why? Give an example to justify your answer.

Enmpb. 1: ”_"_é@
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U39 .38
X 76 = ?-Je
Y 1%z 4.39
1 4 30‘1:3.57
b 6o Z:2n.38
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_I werld e e smollen rovloe

it bewmse |

-+ We wn wnite jt-&nf’““"“ B

o tat sne smmallen on ¢;wL-f-o e
da‘ny!- numben, in é,.\,{. wbormvr.

s The numbe e{ Ferms atnwul-ui
Wl'Hn Ln!nlf—‘\g kﬁ,‘,\;;’ v bea dau'h
A) A e, ﬁ e Pou.'u i{wo ..auu 5:.

Aews

-.-ﬂu's !.«JJ ‘J'D !Mﬂ now> .)u.aL
e ths Joum fenms o add,

Nete: i e dwo numbers ae fle ame,

then fhe andn ot whith the # iy used
dses not matben.
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2. Explain in your own words how Egyptian Multiplication works.

Si‘:p: ) (neate. Huo wlemns

out oll fe pevess udJqu
o than Gl b h;md»f{h,two aveben

1) L&tp dwbcd; ) }"J BWhe gu.om-} tolamn

“) RﬂPNK'hL M /h-y)- nvwmbn o fle .Sum1a‘l¢,pam %,’)‘, tut eacds 1}&_

Powers ove. oo of mat Ance.

§) Mink fle. Rows whee he poern f; o proent o e fiut whovmn.

biven hwo nvmbens, E?yf.t."n Moldiplienhon
Wonjes bg bnmka'za down one ﬁ e

two vmbens inte B Sum %’ fk./owcu 054;
Mlplging each of te Forms of fie. som b
e second nvmben, unel fun .
$ummfva Pe neuih 4{ e molfplicodon

o oblaimn T answen.

b.) Adel e numbes t he seond, olovmn ag-hc mmbked. rows. 7

3. With a partner, have a race to see who can multiply numbers faster. One of.'you must
use Egyptian Multiplication and the other must use regular, long multiplication. Race
6 times alternating the type of multiplication you do. Show your work below:

(a) 25 x 31
BLERIEY IV

(b) 38 x 45
3‘;-1.31*- Y+2

(c) 12 x 63
22 £
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(d) 17 x 52
(7= (é+1

531

+ 52
284

—
—

(e) 112 x 85
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T ——
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(f) 256 x 50
D232+ X144 2
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