Perimeter of an Ellipse L. Julyk

Formula of the ellipse in rectangular coordinates with center at origin and solve for y

2 2 2
e y(z,a,b)=bq[1-" with semiaxis a (major) and b (minor)
a b a
b)? .. .
e(a,b)=4/1- (—) Eccentricity of ellipse
a
Formula for the length of a curved line . with numericaladerivative
d 2 d 2 d 2
ds=\dz® +dy® =\|14+|—vy| dxz => s=4 1+|—y| dz sTectD(a,b)::zlo 1+ —y(:c,a,b) dx
dz dx N dx
. . . . . 0 0
with symbolic derived derivative a
d —(b- . 2
_y(m,a,b)ﬁ(b—m) Srect(a’b)::4' 1+ bim dz
dz 2 mz 2 m2
a” Al ——+1 a 1——
a2 a2
in terms of eccentricity 0 a

e e ]

1+

=3

with = variable transformation :
2
2
let =2 i7'=l dr=a-dr => 5.,,.(a,b)=4-a L-c(a,b) -7 dr
a dz a - \/1_7_2
0
Using Mathcad complete elliptic integral of the second kind where m=e(a,b)2
: B
1—-m-7° 2 2
ellipticE(m): dr= 1—m-sin(9) deo => sE(a,b) ::4-a-ellipticE<e(a,b) )
1—72 0
0
a:=30 b:=15 e(a,b)—>ﬁ e(a,b)2—>i
2 4
Create a range along major axis to plot ellipse z:=—a,—0.99a..a
A
,  y(z,a,b)
36 9 12 15 18 21 24 27 o
—y(a:,a,b)
x
Alternate method - transform to polar coordinates z=a-cos(0) y=b-sin(6)
2 - 2
('r cos(@)) +(1‘ sz;@(e)) —1 => re a-b _ b
2 2 2
“ \/b2 cos (0) +a2-sin(9) \/1—62 cos (6)
b
b,0):=
T‘(a/7 9 ) \/ 2 2 9::071”71_
1—e(a,b) cos(G) 25
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90

r(a,b,@)

180

—r(a,b,e)

6
2 2 2 2
ds=1\dz* +dy® dm:im-de dy:iy-de ds:\/ iar:-cl9 + iy-d(9 =\/ i:c + iy de
de de de de de de
d d d d
—x=—a-cos(0)=—(a-sin (6 —y=—-w>b-sin(0)=b-cos(O
©oa=ncos(O)=—(awsin(0)  <y=—besin(0) =b-cos(0)
2 (b)? 2 b b
ds:\/(a-sin(@))2+(b-cos(9))2-d9=a- sin(6) + —) -cos(0) -d6 but e= 1-— => —2=1—e2
a a a
ds:a-\/sin(e)2 +<l—e2>-(cos(9))2 cdé=a-\V1-¢’ -COS(Q)Z -do
% with change in variable 6
s=4-a~J\/1—e(a,b)20003(9)2 de let 9=%—<p dé =—dyp 6=0 => <p=% 9=% => =0

0

cos (6) = cos (%_ cp) = cos (%) +cos () + sin (%] sin(g)=sin(i)

™
2

0 2

dt9=—‘[\/1—e(a,b)2 -sin(<p)2 (ig(::J\/l—e(a,b)2 -sin(c,a)2 dp =ellipticE <e(a,b)2)

b
2

J\/l—e(a,b)2-cos(9)2

0

™
2

2 2

spolm.(a,b)::4-a-J\/l—e(a,b) -sin(p) de

numerical solutions

s a,b)=145.326723332463 s, (a,b) =145.32672333447 o
reetn(@,0) rect (@) good approximations

a,b)=145.326723334493  s,.,, ,(a,b)=145.326723334482 to 7 decimals

'S'rectfe (

Spolar (@, ) = 145.326723308215 good approximation to 12 decimals

symbolic solutions

... (3) float assumed
sg(a,b) — 120 ellipticE [~ | —— 145.32672330821518436 exact
loat loat . . .
Srect (@5 b) L 145.33 Srect (@5 D) L 145.33 good approximation to 2 decimals

float float
Srect e (@, b) — 145.32672330821518436 S, - (a,b) —— 145.32672330821518436 exact

float
Spolar (@, b) — 145.32672330821518436 exact
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clear (r)  for circle of radius r=a=b

STECU.(’I‘,T)—>2-T-7T SE(Ta"')_’2'T'7T SPolaT(T”r)_)2°T°7T

Srect_D(TaT) — || if _‘(TZOV_(z'T')ZO)VTSO

- =

Srect_e (7“ ) r) — 8- \/r_2 -atan [

else
Srect (T,7) = || if =(r>0v—(2-7)>0)Vr<0 Hundefined
\ 207y r?
else
” undefined
r:i=1 smct('r,r) — 2.7 smctie(r,r) — 27T Srecth({r97’.) 2.

g:=0,0.01..1  Eccentricity of ellipse

@:=30 B(e)=a-Vi-e’ Spotar (@,0(0)) — 2.7 Spotar (@, 0(1)) —4
a a
A
6.5
6.25
6
5.75
5.5
5:25 Spolar (a ) b (6))
) a
1.75
1.5
1.25
1
0 (lil (]12 (]13 (lil (]15 (li(j (]17 (lix‘i (]1!) i g
(&

Vs V3
Spolar (CL ,b [T)) 3\ float Spolar (a b (T)]
— 4. ellipticE (Z) —— 4.8442241102738394787 =4.84422411027384
a a
3 1) float 3
Spolar [a b (\/T]] — 145.32672330821518436 Spolar | @ s b g =145.326723308215
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