MN\Wa\'l N /2 ®
Iman Mlyanjl & Marium Usn A\ustr;htl\slimlc College Kewdale, WA, Year 7/‘ > ,' —

The Cartesian Spiral is @ number plane that shows consecutive postive integers that aré

dded in a clockwise spiral with the first number 1 at the origin (0, (). The number
' (0,1) and number 3 is at (1, 7). See the diagram below:

A




Below, the positive integers are continued up to number 167. While some ranébm’ﬁaﬂems exist
within the spiral, the one that is most fascinating is the position of the square numbers which
forms the main basis of exploring this clockwise spiral. The odd square numbers are highlighted

in grey while the even square numbers are highlighted in blue.
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IF we observe the Cartesian Spiral, notice that the odd square number ire
located in the second quadrant in a perfectly diagonal pattern moving upwards.
The odd square numbers are ascending in the North-West direction starting at

number 1. oy
TABLE 1
0dd Square il Position on
Number e Cartesian Plane
1 1 (0,0)
o= A9 ] 9 1
bt 25 (22
I 19 (-3,3)
g 81 (-4,4)
4 12§
: Eilen *

~ Looking at the values in the above table, a rule can be obtained for the location ofdny
" odd square number. For example, we can easily locate 625, an odd square number

 where n = 25 since 252 = 620. Substituting n = 25 in the rule gives us (-12,12)




/[ ocated in the fourth quadrant in a perfectly diagonal pattern, moving
05 downwards. The odd square numbers are ascending in the South-Fast direction
oM the diagonal starting at the top left at number (4 the first even square
number).

TABLE ?

Even Square Vilue Position on
Number Cartesian Plane

2 4 (1,0)
§ 16 -1
! 36 (3,-2)
64 @4 -3)
(5, -4)

(ﬁ

n
2’1_3)

A\ Looking at the values in the above table, a rule can be obtained fo i\ ocation o
“\‘ any even square number. For example, we can easly locate 324, an even square
7 iember where n = 18 since 182 = 324 Substituting n = 18 in the '




IS THERE A METHOD WHERE WE CAN CONFIDENTLY. AND
ACCURATELY PREDICT WHERE EXACTLY ANY POSITIVE TNTEGER
WILL LIE ON THE CARTESIAN SPIRAL?

BCFORE WE ANSWER THE QUESTION ABOVE, LET US FIND OUT:
HOW DOLS THE SPIRAL GONTINUE ONCE WE LOCATE A SQUARE NUMBER?

First let's consider the continuing pattern of odd square numbers.
Let's lock in number 7, an 0dd Square Number (n = 3 since 32 = 9)

TABLE 3
Value of n | Square number obtained | Pattern on the qrid to reach the next
(0dd) (nd) odd square number
3 7 TUP, 3 RIGHT, 4 DOWN, 4 LEFT, 4 UP
> 25 TUP, 5 RIGHT, 6 DOWN, 6 LEFT, 6 UP
I 4 TUP, 7 RIGHT, 8 DOWN, & LEFT, 8 UP
: TUP, 1 RIGHT, {1} DOWN, )

: ” LEFT, (o) 0




SQUARE NUMBLRS.

LET’S LOCK IN NUMBER 4. AN EVEN SQUARE NUMBER (N =2 . '~
SINCE 27 = 1)

TABLE 4

Value of n | Square number obtained | Pattern on the grid to reach the next
(Even) (n2) even square number

2 ! TDOWN, 2 LEFT 3 UP 3 RIGHT, 3
DOWN

4 1 TDOWN, 4 LEFT 5 UP 5 RIGHT 5
DOWN

TDOWN, 6 LEFT 7UP. 7 RIGHT 7
6 3 DOWN

TDOWN, n LEFT, (n+1) UP, (n+1) RIGHT,
(n+1) DOWN




Square
Value of n | (umber Pattern
(0dd) | obtained (n2)

Going down up to maximum two units, the
3 7 square number keeps decreasing by 1 (to give

8 and /)

boing down up to maximum four units, the

N 1o square number keeps decreasing by T (24, 23,
12 and 21)

boing down up to maximum six units, the

| I 49 square number keeps decreasing by T (48, £
46, 45,44, 43)

Go down up to maximum (n - 1) units, the
N square number keeps decreasing by Tup torn|.
- 1 entries) '




Value of n

(Even)

Square number

obtained (n)

Pattern

One unit directly below: Square number increases by 1

(4+1=9)
Up to one unit maximum vertically above: square number
decreases by 1

(4-1=3)

~One-unit.directly-below: - Square-number-increases-by- 1|

16

(16+1=11)
Up to three units maximum directly above: square number

decreases by 1 to give (15, 14, 1)

One unit directly below: Square number increases by 1

(36+1=31)

t Up to five units maximum directly above: square number
decreases by 1 to give (35, 34, 33, 32, 31)
One unit directly below: square number increases by n + 1
Ty Up to {n =1 units" maximum directly above: umber

decreases by 1to qive (15, 14, 13) decrease by 1(up to n - 1

entries)

'®
oG o

See Diagram 2
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Lk Us Tent B Qul

WHERL WOULD THEKUMBER 384 BL FOUND ON THE CAR [SU\N NUMBER PLANE?

182'= 324 (n = 18)
02=-3%10=19)
1-n n-1

384 is closer to 36T We can use the rule in Table 1 to see where 36T s located. Using the rule =) where n =

19 we get (-7,9)
From 361 to 384 we have to travel 23 units. Then referring to Table 3, the travel pattem for n = 17 is: \

Y, 1 0P
4 Coordinates will change to (-7, 10) [Here we find the number 362
’ 19 RIGHT
)/ Coordinates will change to (10, 10) [Here we find the number 37]

20 DOWN {but we only have to move 3 DOWN as we have already travelled 20 units]
S0, 3 DOWNS will get us to (10, 7).

HENCE THE NUMBER 384 1S LOCATED AT (10, 7)

Another Example:

Where would the number 307 be found on the Cartesian number plane?
| let us use 182 = 324 (n = 1)

| We can‘use the rule in Table 2 to see where 324 is located. Using the rule ((n)/2,1- (n)/2) where n = T8'we qet (7, -8). Use th
_ pattetn movement from an even square number as described in Table 6, the numbers descend in a directly upward direction up
\ to 17 units,

\\ We only need 15 movements to go from 324 to 307. The coordinates will then change to /

(7,-8+15 = (3,
HENCE THE NUMBER 309 IS LOCATED AT (9, 7)

P o2
d ‘f‘./:)

The Cartesian Clockwise Spiral is a highly interesting array of numbers that |§ us predict where
numbers will be-located fing the number pattern of where the Wumbers are located.
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