WARM-UP: SURFACE AREAS & VOLUMES

BEGINNERS 05/03/2015

(1) Fach individual cube below has a side length of 1 cm.

(a) What are the volumes of solids A, B, and C?
IA . /)’ 1 b (e 3 z 2,'3; 210 iy £ Q.@ S e =
() How much bigger is the volume of solid B than AY
8 B v a4

(¢) How much bigger is the volume of solid C than A7

2 Rivass

(d) If solid D is made with a side length of 8 ¢m, how much bigger is the volume of
solid I compared to B?

3J/ 2.0 Lg/ 2 ”)’ = YT L LU Bees
(e) What are the surface areas of solids A, B, and C?

Ao 600" b oo™ 1 g 6(27) = 2ot OF 6(2%) = ByYom™
(f) How much bigger is the surface area of solid B than A?

l’f r}‘“"}l I
(g) How much bigger is the surface area of solid C than A7
G A es

(h) If solid D is made with a side length of 18 cm, how much bigger is the surface
area of solid D when compared to C?

(0 8%) @yt (f e b Hmes

)

i

6 (%)

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




NUMBER BASES

BEGINNERS 05/03/2015

The numcral system we use in everyday life is hase ten. This means that we use ten digits:
0,1,2,3,4,5,6,7,8,9
and that the Valué of a digit depends on its position. in a number. For example,
2015 =210 +0-10% + 1- 10" + 5 - 10°
However, numbers can be written in any number base n > 2.

e Base n uses digits 0,1,2,...,n — 1.
o Ifn > 10, letters are used instead of digits starting with the digit representing 10.
(1) Fill the table below.

|Number/Base] 2 [ 3 [ 4 | 7 8 | 16
0 O 0 ] 0 O O
1 \ | 1 \ % I
2 {0 g3 2. 2 7. el
3 il |0 g
4 oo | i |0 H “ H -
0 10 Y 1 H & 5 5
6 o | 2o 12 A b 2
7 1y Zy P O g i
8 1000 | 22 2.0 I 10 8
9 1001 T 2 | 1 4

10 10101 1Oy 7.h 1Y |72 Ji
11 (RN FO b 9.7 Y 13 £,
12 iy oo 1O 70 T {4 I
13 Ly b1 2 I 5 [
14 o | Tz %7 29 te E
15 AR 2 I3 P
16 t0ooa | . JOO 2.7 20 10
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{(2) Consider the table on the previous page.
(a) Write n in basc n for any n:
y
1O
(b) Write n? in base n for any n:
oL
{¢) Write n?® in base n for any n:
40000000 . .
(3) Fill out the table helow.

eI A

Number/Base | 2 | 3 [ 4 8 9 16 |
e 22 Adodde | 244 b 2 6 24 P2
38 pol40 | oo s Y 2 (2
54 oo 20O %2 {4 Lo e
100 No0WBO | 10 2ol o fir 12
232 JII0Y 000 22 1) 22O 350 3 i
|- 1000 Niip 1000l 1ptOw) L o e 12
2015 notiy 2o w2y 1ns iy 33 P

There are two ways to go to any base from base 10:
(A) The Greedy Algorithm: determines notation from left to right.

e Find the highest power of the base that fits into the given number (can fit more than
oncel)

e Subtract this power from the number. You can subtract this power as many times
as it fits,

e Repeat with the new number.

Example: What is 197 in base 97
292 =162, 197 — 162 = 35, 35 < 92, 2 is the left-most digit
3.9 =27, 35— 27 =28, 8 < 9%, 3 is the next digit
8-9% = 8, 8 is the right-most digit
1974y = 238,

(B) The Division Algorithm: determines notation from right to left.

e Divide the number by the base and find the remainder.
e Divide the quotient by the base and find the remainder.
e Repeat until you can no longer divide the quotient by the base.

Example: What is 1974 in base 97
197: 9 = 21 Remainder 8, 8 is the right-most digit
21 : 9 = 2 Remainder 3, 3 is the next digit
2: 9 =0 Remainder 2, 2 is the left-most digit
19719 == 2389
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(1) Solve the following problems using the greedy algorithm:

(a) What is 2715 in base 27

] b = 20 DNt = ] ?Q

=, T
R 2 -2 = 3
W= 2 34 2o

Lo

b2 ” 1% A

(b) What is 1214y in base 3?7
Q= 24 21~ &l = “0
VA ST Uo -2 F o |
oL 12e g =y

) g
ERE LI

1=2°
(c) What is 2844 in base 87
TN
T x8 =

l’i ){ gﬂh

UMy s o6
Yw i o L

(d) What is 299, in base 127

2% 127 e g iuy - K8

12% % H =t ¥ =1

ik W - ‘{
beosne vt Sl prer  Jo-

(e} What is 342;9 in base 77
Lx "= 6x Mg = TY
A S A
Lx1° = 6K\ b

1 o, 1o,

A Sy

28{{ - ‘:Z;; Trer e % J'"f
26 - 2N = Wy

TN VMRS puk oo (.

So, L.0E.

342 ~2 94 = gy G
\J[ Eim_ L.{ 9w (f" {;‘

" F - 4. &
G lo & 1O 2
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(2) Solve the following problems using the division algorithm:
{a) What is 5719 in base 47

570 W R4
et = SR
Tz oAR a

o, 22,

(b) What is 2754 in base 77
2HE Y = BG f
o= BRMH

5¢7 = O0RD Co, BM2.

{c) What is 14349 in base 87

Yz .8 = 17 £ 2
N8 = 2 &
A S )

(d) What is 34216 in base 97
27 04 = BR R O

2%3:9 F HE2

e e DRy

(e} What is 4325 in base 157
Y29 t3y8 = 23 £ 12 |2 Vs O

[ *
A8 vie = 4 R5 RCTR T
Nsig = o 4 D

(3) Which method do you prefer? Explain.
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When converting mimbers w1th base greater than 10, we must remembor that lettels are

used instead of digits.
{A) Consider the conversion between base 16 and base 10,

Example: What is 1FDA 4 in base 10?7
1FDAs=1-16%+15.16% +13 - 16' + 10 - 16°
1FDAjg=1-4096 + 15- 256 + 13- 16 + 10
1F DA = 81544

{1) Computer the following powers of 16.

(a) 160 = |4
(b) 162 = iié} {s
() 16°= “o0qé

A

(d) 16*= (655721

(2) Convert the following numbers between base 16 and base 10:

(a) What is 1984, in base 167
YAFY 2l = oM RO
oM vt = 2y Veode & e lase 14
e = QR

"o
(b) What is 4813y in base 167
M3 18 = oo £ o
FO0 6 = 18 e o
816 = LR % 7. G A 2D
Actb = 0 g 4 4

{c) What is 19844 in base 107

R TR S U E S CRE S PR
- Lo ﬂg; Lot Y2 PSR S O Y

o ki D ﬁ é" “ ? ’,j\ {\}!&2 ~% if‘} é{ A \{ o
(d) What is 17EC 4 in base 107

o
LA

R Pt A R VR T eI

= MOy TR 256 1 gynb 4 12

W0 a 6 4 My 2 vl = iy
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