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The Koch snowflake

1. Using an imitial side Ilength of 1, create a table that shows the values
of N,,I, ,P, and A, for n=0, 1, 2 and 3. Use exact values in your results.

Explain the relationship between successive terms in the table for each
quantity N,,I,, P, and 4,.
Let Nn=the length of sides.

When the n values are 0, 1, 2, and3, the number of sides will be;

number of
n
sides
0 3
1 12
2 48
3 192

£s coming of new triangle each side, the number of side increase. Each of one side
will be separated into 4. Therefore the function to find the number of sides will be
[N,=4N, 1. Don’t forget the first triangle’s number of side is 3.

Let In= the length of single side
When the n values are 0, 1, 2, and3, the length of sides will be;

n length of side

1 1/3

2 1/9
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‘ 3 1/27

£s coming of new triangle each side, the length of a single side will be decrease
because it will be separated 3 part of it. In other words, each of side will be

separated 1/3 each time. Therefore the function of to find the length of a single side

will be [In =%1H 1. First, the length of a single side is 1.

Let Pn=the length of the perimeter
When the n values are 0, 1, 2, and3, the length of the perimeter will be;

n length of the perimeter
0 3
1 4
2
16/3
3
64/9

The length of perimeter can represent a function what is [P, =N, x/ ] because

perimeter means the total length of the figure. The first perimeter of triangle is 3.

Let £n=the area of the snowflake
When the n values are 0, 1, 2, and3, the length of the perimeter will be;

n | area of the
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snowflake

0| 3/4

11 J3/3

2| 03/7

3| 9%+3/28

This is not constant to increase their area because the area of coming triangle will
be decreasing according to increase the number of n. So, it needs to find how to

change the area of coming triangle.

The area of triangles will be found as using the Pythagorean Theorem [ 4> =56 +c?].

a’=b +c?
1 =(1/2)% +¢?
3 =17 =(1/2)’
c*=3/4
1/2 c=+3/2
_] “"
Therefore the area of first triangle will be
Y
—x1x—
_ g
4

The second triangle is able to find as calculate of the coming triangle’s area add to
the first triangle which indicated
@. So, area of coming triangle will
be
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a*=b +c’

1/3)* =(1/6)* +¢?
c?=(01/3)"-(1/6)*
c?=3/%
c=3/J% =3/6

ALrea of one of the coming triangle is

b= ﬁxlxl
6 6 2

_ B
ki)

Thus the total area of second figure will be

jor A xR §+£ X 3
4 %

_ B4
4

43 _ 3
L 3

)

The coming triangle’s area has characteristic which is 1/9 of the first triangle.

@x9=0

§><9=®
k)

Bog  (o=%B]
4 4

Therefore, the coming triangle’s area will be 1/9 of the first triangle.

Moreover, the triangle can be

separated into 9. The one of the small

area of triangle will equal with coming
triangle’s areas. That’s why the coming

triangle’s area will be 1/9 of the first
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triangle area.
It is considerable that can say others area of coming triangle due to the same theory.

1.
So the function of 4 will be [ 4, =4y X (5) XN, +4,,]

1
A, % (5)" = the area of coming triangle.

N, _, = the number of coming triangles.

A, , =the area of figure which was found before of it.

n—

2. Using a GDC or a suitable graphing software package, create graphs of the four
sets of values plotted against the value of n. Provide separate printed output for

each graph.

The relationship between n and the number of side

N,
250
192
w 200 ,
5
o=
& 150
e
g
2 100
5 48
A B0 ! 13
(0] ¢_ + T T 1
0 05 1 15 2 25 3 35
n

The relationship between n and the number of a single side
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=
(=N

length of a single side
W o
S o

The relationship between n and the length of perimeter

length of perimeter

O = W e O3 =1 e
\-

The relationship between n and area of snowflake
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0.8

0.7
0.6 33 ———

o — _____.-"*-__
0.4
0.3
0.2
0.1

04,5 /243

I

v

-

Area of snowflake

3. For each of the graphs above, develop a statement in terms of n that generalizes
the behavior shown in its graph. Explain how you arrived at your
generalizations. ‘)’erify that your generalizations apply consistently to the sets of
values produced in the table.

I got these functions below which have already indicated the reasons.

[Nn= 4Nn71]

=17 ]
3

(P, =N, x1,]

1
[An=AO><(§)”><Nn_1+An N

These functions are fit with graphs which had already done no2.

[Nn:4Nn—l]

Due to the n increase, the number of side also increases because each time the one
side will be separated into 4.

Now we check that function is correct or not.
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It has to be the same values in table below.

number of
n
sides
0 3
1 12
2 48
3 192
[Nn: 4Nn—1]
N,=4X3=12
N,=4X12=48
N,=4X48=192

Therefore, this function is correct.
1
[11’1 :gln% ]
Due to the n increase, the number of side decreases because a single side will be
separated each time, so the length of a single side has to decrease.

Now, check the functions.

n length of side
0 1
1 1/3
2 1/9
3 1/27
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[, :lx1= 1
3 3

Lt
339
I 1 _1

[3 =X —=—
39 7%

So, this function is correct either.

[p,=N,x1,]
Due to increase the value of n, the length of the perimeter also increases because of
the number of sides are increasing.

Now, check the function

n length of the perimeter
0 3
1 4
2
16/3
3
64/9
[P =N, x1]
P,=1X3=3
1
Pl =12X —=4
3
P, =48X 1_6
9 3
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1
P =192

Thus, this function is correct as well.

&
9

1
[A4,=4,x Q) XN+ 4,

Due to value of n increase, the area also increases because it keeps expanding. The
changing of area is going to a little because of the area of coming triangle is smaller
and smaller.

Now, check the function.

area of the

snowflake

0| +3/4

11 V373

2| 03/7

3| 93/28

[A,,=A0><(é)"xN +A4 ]

n-1 n—-1

431 333 933
| =— %X (=) x3+—= —+—=—
4 9 4 ¥ R 3

3 k1! k1! kY1 i
4 V31 0DV3 83 W V3 _ 1B V3 %3
=Y (Y B+ = + = =
4 9 i 26 26 26 28
The function is correct as well.

Azzfx(;)zxn+ﬁ_nﬁ+m V3_mV3_1043

4. Investigate what happens at n=4. Use your conjectures from step3 to obtains
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forN,,I,,P, and A,.Now draw a large diagram of one “side” (that is, one side
of the original triangle that has been transformed) of the fractal at stage 4 and
clearly verify your predictions.

[N,=4N,.]

n

N,=4N,=4x192=768

1
(ln==7,1
3
1, 1 1_1
Y373y 8
[P, =N, x/]
1_ %
P, =N, xI[,=768x —= —_
4 4 by gl 7

[A4, =4, x %)" XN, +4,,]

A4‘F()XN A= EZ_GI %zsﬁ &ﬁeﬁ;mﬁ:%ﬁ

Diagram of one of side when n=4.




5. Calculate values for N, I, P, and A.. You need not verify these answers.
[N,=4N, ]

n-1

Ny=4N,=4x(4N,)=12288

Hn =%1”4 ]

1.1 1 1 1 1
li==l==—x(=l,)=—x—=—
37 3 (3 +) 3728 B

[P, =N, xI,]

P, =N, x1,=768 x

‘H‘Qi

L
]
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+4,,]

n—1

[A,,=A0><($)"><N

A6=‘fx(;)6xN5+A5=M+AS
B V3
[Aszﬁx(l)st4+A3:R\/§+82,\/§: \/7:’& \/5]
4 9 23% 28 % 53]

A:m\/§+m\/§:5@7 3
5 o o B

6. Write down successive values of 4, in term of 4,. What pattern emerges?

[An =4, % (l)” x N + A ] have been proved. However, the value of Ao can’t get
0 9 n-1 n—1

from this function because of N _and A_l does not exist in this report. Thus find

another characteristic as transform the function, the values of 1, 2, 3, and 4.
NI
4, =4, X(g) XN, + 4,

1
A2:on(g)szl+AO><(;)'><NO+AO

1 1 1
A, = on(§)3 x N, + on(g)szﬁon(g)l x N, + 4,
1
A, :on($)4XN3+ on(é)stz‘*‘ on($)2xN1+A0X(§)] XN, + 4,

These function can be more simply thus

1
4 :A0K§)1XN0+1]

1 1
4, = 140[(5)2 x N, + (5)1 x Ny +1]
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1 1 1
A4, = AOK§)3 XN, + (5)2 x N, +(§)1 XN, +1]

1., 1.5 1., I

Ay = A=) xN;+ (=) XN, + (=) XN, + (=) xN, +1]
9 9 9 9

It is obvious that the function has characteristic thus it can define.

1.,
Let Fn = (5) X Nn—l

A =A4,(1+F)

A, =A,(1+F, +F))

A, =A(1+F +F, +F,)

A, =40+F+F,+F,+F)
Therefore the value of A, will be

A,, =A0(sumof F ~F)

7. Explain what happens to the perimeter and area as n gets very large. What

conclusion can you make about the area as n —o? Comment on your results.

The perimeter and area will be infinite. By the solution of area of figure could
represent [ 4, = Ay (sum of F; ~ F)))]. That means when value of n is infinite, area

also infinite as well. Therefore, the value of perimeter and area of snowflake are

infinite when the n value is infinite either.



