Powers of 2

Powers of 3 Powers of 5

Squares

Cubes

2°=1 3%= 5%=1 1%=1 13=1
2'=2 3'= 5'=5 2°=4 2°=8
2%=4 3°=9 5°=25 3°=9 3°=27
2°=8 3°=27 |5°=125 |4’=16 4°=64
2%=16 3"=81 [5%=625 |5°=25 5°=125
2°=32 3°=243 [5°=3125 |6°=36 6°=216
2°=64 3°=729 7°=49 7°=343
2'=128 |3'=2187 8’ =64 8°=1512
2°=256 |3°=6561 9°=81 9°=729
2°=512 10°=100 |10°= 1000
2'°= 1024 11=121 |11°=1331
2''=2048 12°=144 [12°=1728
22 = 4096 13=169 |13°=2197
21°=8192 14°=196 |14°=2744
21 = 15%=225 [15°=3375
16,384
21 = 16°=256 |16°=3375
32,768
210 = ] 17=289 |17°=4913
65,536 earn these

squares, 182=324 |18%=5832
2% = cubes 19%=361 |19°=6859
16,777,216 & powers!
232 = 20°=400 |20°=8000

4,294,967,296

Laws of indices

10+- L,
10*

10° =10x10x10=1,000

—_1
~ 10,000

10% x10° =10°"° =10" =10,000,000

2
11 =10°x10° =107 = -1

10° +10° =
(103 )4 —10%* =102
104 = (104 )% = 102 =100 roots or ‘surds’

310® = (10®)' =10° =1,000,000

powers

meaning of negative powers

power add

5 — = Tooo | Power subtract

power multiply

(o) =b"
1

b =~
bX

bX % by — bX+y

n 1
X=X"<—_|

Generalize the laws
of indices for any
numbers b,X,y

—— n mustbe>0
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multiply grid for 1 : 20. Rule = cube.
Number of elements obeying rule = 12 (3%)

multiply grid for 1 : 20. Rule = square.
Number of elements obeying rule = 42 (10.5%)

multiply grid for 1 : 8000. Rule = cube highlighted

Number of elements obeying rule = 3154 (0.0049281%)

multiply grid for 1 : 8000. Rule = square highlighted

Number of elements obeying rule = 44872 (0.070112%)

i

BT . J? A +

20 | 40 | 60 | B0 {100|120|140|160|180|200|220 240 260|280|300 320 340 360|380 400 20 #ll ‘al) 60 | 80 m120 140|160 (180|200 220|240 260 (280|300 (320|340
19 | 38 | 57 | 76 | 95 |114(133|1562|171|190(209 | 228|247 | 266 (285 | 304|323 | 342(361(380 19|19 ,’38 57 | 76/| 95 | 114|133 |152 (171|190 (209 | 228|247 | 266 285 304|323 | 342 k114380
18 | 36 | 54 | 72 | 90 |108(126|144|162|180(198 234(262|270|288|306 | 324 | 342|360 18|18 54 ?2 90 |108|126| | |162|180|198|216 234|252 |270|288 306 360
17 | 34 | 51 | 68 | 85 |102(119|136|153|170(187 |204|221|238 (255 272|289 306 [323 (340 17 '1?"‘ 34 |51 CIB 86 |102|119 (136 (153 | 170|187 [204 | 221|238|265 (272 306|323 [340
16 |32 (48 80 | 96 |112|128 (144 160|176 | 192 208 |224|240 | 256 272 288|304 320 16 32 |48 E 80 | 96 |112|128 160|176|192/208 | 224|240 272(288|304|320
16 | 30 | 45 | 60 | 75 | 90 (105/120|135|150(165 | 180|1956|210(225 240|255 270|285 (300 15 1# 30 45’;’ 60 | 75 | 90/{105 120|135|150|165(180 /195|210 240|255 (270 285|300
14 | 28 |42 | 656 | 70 | 84 | 98 |112|126|140(154 |168|182|196 (210 | 224|238 | 262|266 (280 14 1; 28 4:2’ 66 | 70 | 84 | 98 |112|126(140|154 (168|182 210|224 |238|252|266 280
13 |26 |39 | 52 | 65 | 78 [ 91 |104|117|130(143 | 156|169 182(195 208|221 234|247 (260 13 ' 78 | 91 104|117 | 130|143 (156 182|196 |208|221|234 | 247|260
12 |24 | 36 |48 | 60 | 72 [ B4 | 96 |108|120(132 144|156 |168(180 192|204 228|240 12 72 | 84 | 96 |108|120(132 156 168|180 (192|204 |216|228 240
11|22 | 33 |44 | 65 | 66 | 77 | 88 | 99 |110(121|132|143|164(165 176|187 198|209 (220 11 66 |77 | 88 | 99 132|143 |154 (165|176 187 | 198 209|220
10 |20 | 30 |40 | 50 | 60 | 70 | 80 | 90 |100(110|120|130|140(150|160|170| 180|190 (200 10 “ 60 |70 | 80 120|130 |140(150| 160|170 180 190|200
9 |18 36 |45 | 54 | 63 | 72 | 81 | 90 | 99 |108|117 (126|135|144|153 162|171|180 9 64 | 63 99 |108|117 |126 (136 163(162(171/180
16 | 24 | 32 | 40 | 48 | 56 E 72 | 80 | 88 | 96 (104|112|120 128136 144|152|160 8 48 | 56 80 | 88 (96 |104|112{120|128|136| _ 1152|160
7 |14 (21|28 35|42 |49 |56 |63 (70|77 |84 |91 (98 |105|112|{119|126| 133|140 7 42 63 |70 | 77 | 84 | 91 | 98 (105(112{119|126 133|140
6 |12 18 |24 |30 (36 |42 |48 |64 (60 |66 |72 |78 ( 84 | 90 | 96 [102|108| 114|120 6|6 | 66 72 78 | 84 90 | 96 {102|108| 114|120
5 |10 (15|20 |25 |30 | 35 |40 |45 (50 | 55 |60 |65 (70 |75 | 80 | 85 | 90 | 95 |100 5 5580’ 65|70 |75 [80 |85 |90 |95 m
Zﬂ 12|16 ({20 | 24 |28 | 32 | 36 | 40 | 44 | 48 | 52 | 56 | 60 68 |72 |76 | 80 4 44 |48 | 62 | 56 | 60 TN 68 | 72 76 | 80
3|6 (9 |12|15(18 |21 |24 30|33 |36 |39 (4245 48 | 51|54 |57 |60 3 33 E_as,- 42 (45 |48 | 51|54 |57 |60
24|86 10|12 (14 |16 |18 |20 (22 | 24 |26 |28 | 30 | 32 | 34 |36 | 38 |40 2| B 22|24 |26 |28 |30 |32 |34 BT 38 |40
n 2|3 H 5|6 (7 9 (10 (111213 |14 |15 |16 |17 |18 |19 |20 1 s W5 6|7 ) [ 11|12 |13 [14 | 15 K[ E? 18 |19 | 20
12 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 12 3 45 6 7 8 9 10111213 14 1516 17 18 19 20

SQUARES, CUBES ...

©O|h| R 0|3,

243

DN
h\,oolao%,

NV IN(O NP (WINR=R|IO3

16 256 | 1,024
25 |125| 625 |3125
36 (216 1,296 | 7,776
49 |343| 2,401
64 |512| 4,09

9 | 81 |729| 6,561

10 {100/1,000| 10,000

11 {121 1,331

12 {144 (1,728

13 |169|2197

14 {196|2,744

15 |225/3.375

16 |2564.09

17 | 2894913

18 | 324 5,832

19 [361 6,859

20 (400 8,000
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multiply grid for 1 : 20. Rule = square.
Number of elements obeying rule = 42 (10.5%)

202040 [0 20 Mm 140|160 180 200 220 [240 [260 [280 300 [320 340 360 {380 1]
81 00 19|18 |38 | 57 | 76/| 95 |114[133|152[171{ 190|200 228247 | 266|285 304|323 342 LRl 380

90? 18118 |23 54 | 72 | 90 [108|126|, [ |162|180[ 198|216 234 |252|270|288 306 71342360
17|17 | 34 | 51 ss 85 | 102|119]136 153|170 187 204 221|238 265 272 - |306 323|340

96 (112|128 160176192 (208|224 (240 272|288)304|320
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=
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90,/105120(135|150| 165|180 (195|210 240|255 |270/285|300
84 | 98 |112|126|140|154|168 182 210|224 |238|252|266 (280

_'78 91 |104/117|130|143 156 | | |182|195|208|221|234 247|260

6400

N
'S
=

L
e
-3
&
o
o
=

50 | 72 | 84 | 96 (108|120 132 156|168 |180|192(204 |216|228|240
66 |77 | 88 | 99 132|143 |154(165(176| 187|198 209|220
60 |70 | 80 | 90 120|130(140(150(160|170|180 (190|200
54 | 63 99 |108|117 126136 1563/162(171|180

4900

70°

110

4;4
- N W
BEe
R 2R
4« Bl
= e
B|R & |8
&18|8&

-
o
=
=3
(3

[ S
g
-
=1
3

©

B
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80 | 88 [ 96 [104(112}120(128(136| _ |152[160
63 | 70 | 77 | 84 | 91| 98 [105(112{119(126 (133|140
60 | 66 |72 | 78 [ 84 | 50 | 96 102 108|114|120
50|55 | 6065|7075 808590 asm
40|44 | 48 | 52 | 56 | 60 ﬂ_,ss- 72|76 80

30 |33 Ejﬂﬂ’ﬁ 48 | 51 | 54 | 57 | 60

20|22 |24 26 28 |30 |32 | 34 [T 38 |40
10] 1112 [13 [ 14|15 KON 17 |18 [ 19 |20

4 5 6 7 8 9 10111213 14 1516 17 18 19 20

8 24/ 32 | 40 | 48
21 42

3600

2500

50°

- N W A~ OO N

multiply grid for 1 : 8000. Rule = square highlighted
Number of elements obeying rule = 44872 (0.070112%)

FAe

1600
40°

900

30°

400

20°

100

Y2

squares

FHE
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multiply grid for 1 : 20. Rule = cube.
Number of elements obeying rule = 12 (3%)

20|20 |40 | 60 | 80 (100|120|140|160|180(200|220|240|260(280|300|320 340 (360|380 400
970299 19|19 |38 | 57 | 76 | 95 |114|133|152|171|190|209|228 | 247 | 266|285 | 304 323 |342(361 380

99 18|18 | 36 | 54 | 72 | 90 |108|126(144 (162 180|198 234(252|270|288 306 (324|342|360
17 |17 | 34 | 51 | 68 | 85 |102(119(136|153|170(187 |204|221|238|255 | 272|289 (306|323 340
16|16 | 32 | 48 E 80 | 96 |112/128|144 (160|176 | 192|208 (224|240 |256 |272 (288|304 |320

512000 551368 592704 636056 681472 704969 15|15 | 30 | 45 | 60 [ 75 | 90 |105| 120|135 150|165 |180|195|210|225 240 255|270 (285 300

80° 7 82° 7 84° 86° I 88° 89°
14|14 | 28 | 42 |56 | 70 | 84 | 98 (112|126|140|154|168|182|196|210|224 238|252|266|280

13|13 | 26 |39 | 52 | 65 | 78 | 91 (104|117 |130(143 156|169 182|195 | 208|221|234|247 | 260
12|12 |24 |36 |48 | 60 | 72 | 84 | 96 (108|120|132|144 |156|168| 180|192 204 228|240

343000 373248 405224 438976 | 456533 | 474552 | 493039 11| 11|22 |33 |44 | 55 | 66 | 77 | 88 | 99 [110]121|132/143| 154|165 176|187 | 198| 209|220

3 3 3 3 —_— 3
70 72 74 76 77 78 79 10|10 |20 | 30 (40 |50 | 60 | 70 | 80 | 90 |100(110|120 130 140|150 | 160|170 180 (190|200

729000 778688 | 804357 | 830584 884736 941192
90° 92° 93° 94° 96° 98°

of 9 |18 [Pifl 36 (45 | 54 [63 | 72 |81 | 90 | 29 |108[117126(135| 144|153 |162[ 171|180
5122=g° g R 16 24 [32 |40 | a8 ssﬂra 20 | 88 | 96 |104[112[120|122 136|144 152|160

216000 | 226981 | 238328 262144 287496 | 300763 | 314432 | 328509 7|7 (14|21 (28|35 | 42 |49 |56 |63 (70 |77 | 84 | 91 |98 105 112|119]126 133|140
60° 61° 62° 64° 66° 68° 69 6|6 (12|18 |24 |30 |36 |42 | 48 | 54 | 60 |66 | 72 | 78 | 84 | 90 | 96 [102[108[ 114|120
5|6 (10|15 (20 25|30 |35 | 40|45 |50 |55 6065|7075 |80 |es5 90|95 100

43“12 16 |20 [ 24 [ 28| 32 [ 36 [ 40 [ 44 [ 48 [ 52 | 56 euss 72|76 |80

125000 140608 157464 175616 195112 | 205379 3|3 |6 |9 [12(15/18 (21|24 il 30 (33 | 36 |39 |42 (45 | 48 | 51|54 | 57 |60
52° 54° 56° 58° 59° 2/2|a|s 10 |12 (14 |16 |18 (20 (22 | 24 |26 |28 (30 | 32 (34 |36 38 |40

1234567 9 (101112 |13 |14 (15 |16 |17 [18 |19 |20

12 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20

343%=7°
110592
48° 49°

74088
42°

85184 97336
44 46°

multiply grid for 1 : 8000. Rule = cube highlighted
Number of elements obeying rule = 3154 (0.0049281%)

216°=6°

32768
32°

39304
34°

46656
36°

54872
38°

10648
22°

13824
24°

17576
26°

21952
28°

1728

12°

2744

14°

64°=4°

4096

16°

5832

18°

8%=2°

64

42

216

512
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More mathematical powers!

NA1 2 3 4 5 6 7 8
NA2 4 9 16 25 36 49 64
NA3 8 27 64 125 216 343 512
NA4 16 81 256 625 1,296 2,401 4,096
NAS 32 243 1,024 3,125 7,776 16,807 32,768
N6 64 729 4,096 15,625 46,656 117,649 262,144
NA7 128 2,187 16,384 78,125 279,936 823,543 2,097,152
NA8 256 6,561 65,536 390,625 1,679,616 5,764,801 16,777,216
NA1 9 11 12 13 14 15 16
NA2 81 121 144 169 196 225 256
NA3 729 1,331 1,728 2,197 2,744 3,375 4,096
NA4 6,561 14,641 20,736 28,561 38,416 50,625 65,536
NAS 59,049 161,051 248,832 371,293 537,824 759,375 1,048,576
NG 531,441 1,771,561 2,985,984 4,826,809 7,529,536 11,390,625 16,777,216
NA7 4,782,969 19,487,171 35,831,808 62,748,517 105,413,504 170,859,375 268,435,456
NA8 | 43,046,721| 214,358,881 429,981,696] 815,730,721| 1,475,789,056| 2,562,890,625| 4,294,967,296
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