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Proposed problem Generalization of proposed problem

Shown below (from left to right) are graphs of r = sin(46/3) Let r = sin(m#/n), where n > 0 is an odd integer, m > n is an even integer, m and n are relatively prime.

and 7 = sin(60/5), where every other adjacent region (starting » Graph is symmetric about every line which passes through the
2m

from the outside) is shaded black. Find the total shaded area pole and self-intersections of the curve.
,/ (kL)

for any such graph r =sin(k + 1)8/k , where k > 0 is an odd
» Consider sectors from ~—5—= to 5—%7 where k=1, ...,n.
/ The total shaded area is equal to 5 and obtained by formula:

integer and 6 ranges from 0 to 2km. [1] |2]

‘\\w P(m,n) =2m f:(—mkﬂ Z sin’ <m_9) do

» Petal is symmetric about every line which passes through the pole
and petal’s peak, y = tg (<n+2k>ﬂ) x, where £k =0,1,2, ....

(k—1)m n
| k=1 2m

After integration and summation we have:

m(—=1)"*t — 2nsin(nr) — 2n(cos(nm) + 1)tg (55) + )

P(m,n) =2m

8m
Since n is an integer, it follows that sin(nm) = 0, while cos(nm) = —1 since n is an odd integer.
About rhodonea curve Thus we have:
| (s

Rhodonea curve is a sinusoid specified by either the cosine or

sine functions with no phase angle that is plotted in polar : : : .
coordinates. What if m is an odd integer™

Let r = sin(mf/n), where n and m > n are relatively prime,

. Let r = sin(m#/n), where n > 0 and m > n are relatively prime, odd integers.
non-zero integeres.
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Graph of rhodonea curve is composed of petals.

Petal is the shape formed by the graph of a half-cycle of the
sinusoid.
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» Graph is symmetric about every line which passes through the
» A cycle is a portion of a sinusoid that is one period T' = 2nw/m pole and self-intersections of the curve.
long and consists of a positive halt-cycle, the continuous set of

points, T/2 = nw/m.

» Petal is symmetric about every line which passes through the pole
(n+4k)m . B
x, where je K =10,1,2, ....

2m
(n—2k—2)m | (n—2k)m
2m

2m

and petal’s peak, y = tg (
» For an even integer m, the curve will be rose-shaped with 2m
petals. For an odd integer m, the curve will be rose-shaped with

m petals.
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petal about the pole by %T radians. _

n—3

to , where £ =0, ..., =5=.

» (Consider sectors from

. L , , The total shaded area is obtained by formula:
Consider the petal which is symmetric about the line

y = tg ($=) 2. All other petals are given by rotation of this

_nT_?’ (ngzk)ﬂ 0 1 QL g
_ k m . 2 n-l f2m 9
Solution P(m,n) =m ];)(—1) [nék% sin (7) do + (—1) 2 /() sin (7) do

After integration and summation we have:

m {2 (z’”“n sin (%) + ntg (%) + 7r) — N, COS (’”’7”) sec (%) + n cos (2% — ”%) sec (%)}

P(m,n) =
N m
\’ After applying trigonometric identities we have:
- -
P(m,n) = - g(z) il
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» Graph is symmetric about every line which passes through the
pole and self-intersections of the curve.

What if n is an even integer?

Let r = (sinmf/n), where n > 0 is an even integer, m > n and n are relatively prime. Hence m is an odd
mteger.

» Petal is symmetric about every line which passes through the

pole and petal’s peak, y = tg (gﬁ;ﬂ;) x, where [ =0,1,2, ....

, (I-1)m [
» Consider sectors from ShE]) to 2Th+1)

» Graph is symmetric about every line which passes through
the pole and self-intersections of the curve.

,where [ =1,...,n.

» Petal is symmetric about every line which passes through
the pole and petal’s peak, y = tg (W;gf)ﬂ) x, where
k=20,1,2,..

» Consider sectors from

The total shaded area is equal to 5 and obtained by formula:
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<k2_%)7r to g—g,b, where k=1, ..., n.

The total shaded area is obtained by formula:

Pk +1,k) =2k +1)

l:

After integration and summation we have:

2(k+1)

k

- 2m mo
P(m,n) =2m Z(—l)k sin? [ — ) db
(=D — ok sin(kr) — 2k(cos(km) + Dte (&) + (k—L)m n
Plk+1,k)= =) (k) I (cos(km) + Dte (5%) . k=1 2m i
Since k is an integer, it follows that sin(k7) = 0, while
cos(km) = —1 since k is an odd integer. After integration and summation we have:
Thus we have: . 1) 4 om ) 1)tg (£)
_ 1) —1) + + +Dtg (&
Plk+1,k) = o) P(m.n) - 2m7r(( ) )+ 2nsin(nm) + 2n(cos(nw) + 1)tg o)

8m
Since n is an integer, it follows that sin(nm) = 0, while cos(nm) = 1 since n is an even integer.

s e heve
-
P(m,n) = ntg (—) .

2n
1. https://dresden.academic.wlu.edu/studentresearch /
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We thank Luka Podrug for his help in preparing the poster. P(m,n) tends to 4 as n tends to infinity, whenever P(m,n) is not a constant.
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