'NUMBER BASES: PART II

BEGINNERS 05/10/2015

:} When the bases are powers of each other, we can convert numbers from one base to
! another by breaking them apart.

Example 1. What is 312, in base 27

(1) Expand 312, by writing it in terms of powers of 4:
312y = 3 x4%+ | x4t 2 x4°

(2) Write each term from the expression above in base 2:

(a) & x4

= 43 (in base 10)

= A X2 Lx2' 0 x24 0 x2+_ox2i4_Ox2

(b) 4 x4!

= 4 (in base 10)
= 0 x2%4 1 x2%4 U x214 ©Ox2°

(c) 2 x4°

— 7. (in base 10)

= Ax2'+ 0 x2°

. Copyright ©2008-2011 Olga Radko/Los Angeles Math Circle/UCLA Department of Mathematics .
§ 1




LAMC handout

(3) Add all of the terms above to get your final answer:
312 = B x4%4+ ) x4'+ 2 x4°
= Ix254 L x2t Ox23pA x224 x2'p x20

= 41041 0 (in base 2)
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Example 2. What is 73; in base 27

(1) Expand 734 by writing it in terms of powers of 2:
73g =] x84+ 3 x8"

(2) Write each term from the expression above in base 2:

(a) /xsgt
= 96 (in base 10)
:__’j_,x25+_il:_><24—|—£><23+£x22+£_x21+£);x29
(b) > xg
= = {in base 10)

ti}_x22+_ﬁx21+_ﬁ?ﬁ“x2”

(3) Add all of the terms above to get your final answer:
735 =] x84+ % x8°

=_| x2%0 \ x244 ] x2%4 0 x2%4 | x2'4 | x2°

= o1} (in base 2)
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(1) Using the method above, convert 21, to base 2.
2y = 2 x Y+ [y d]
= F

AR

(2) Using the method above, convert 2715 to base 2.

270 5 28 B I FT
TS ST
= 0f 4y %4 2"

=9041 41007

L

+ 2%y y2”

(3) Using the method above, convert 68, to base 3.

634‘; = (:i» X q - 3 %{{??9
- B5Y g

- e ?)AD = 72X ,33 + ':2 X,

B

= 2097
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(4) Suppose you are given a number written in base 4. Describe in your own words
how you would get the digits in base 2 from the digits written in base 4. Do you notice
any patterns that would make the process faster?

dana e, {0
fowvest e s -4 wrardes Ao lod 4,
Convert “Yhe o R (AN nadses, b0 Wbeeep 2.

. I _
ek by ek Tlhae &hﬁ-*ix%*z: A el Mt \aase 7L

(5) Can you use this pattern to quickly convert BAD,4 to base 27

BADS = (2)(A100]

= [2084] (10407 a101],

Q009907041 o1

g ‘o
(opverg endr damitin

}Dﬁt&ﬁ, e e laerme 2

(6) How about CAF E\4 to base 47 (Ilint: Remember that 16 = 4%)
CAVEy = [0 Cr el
L2ea022]] 23]

= B2 DR

(7) Can you use this pattern to do the opposite and convert 33000031, to base 16?
(Hint: Remember that 16 = 42)

5 :
(2)0)To0Y 21y = (607 (01 (D)
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(8) In question (4), you described how to convert numbers from a higher base to a
lower base that are powers of each other. Can we reverse the process you described
in the question (4) above to convert from a lower base to a higher base? Suppose you
are given a number written in base 2. Describe in your own words how you would get
the digits in base 4 from the digits written in base 2.

vrprsirmnp

e - - ) =] &k
mm{_hﬂ VA oA C 3@ Al “» Uh emne, 2 4o equilzebiant
A o -

P I 2
&L%i"ﬁc-j D oune. i«% :

(9) Can you use this method to convert a number written in base 125 to base 5? Why
or why not? (Hint: Remember that 125 — 5°%)

e -

(10) Can you use this method to convert a number written in base 5 to base 2? Why
or why not?

5 end L o wet ‘PD\NW g L;"‘% eovclt ot gy,




