This solves the differential equation.

ineoi= Cl ear ["d obal ™ %" ]
A (X+y[x]y'[x])
X

DSol ve[(x"2+y[x]’\2)"(3/2) == . YIXI, x]

11\/—4A2+x6+4x4C[1] +4x2C[1]12 }
x2+2C[1] '

out[181]= {{y[x] -

Ji\/—4A2+x6+4x4C[1} +4x2C[1)2 }}
x2+2C[1]

[yxi-

Determining the constant ¢ assuming that y = O if x is the equatorial radius a.

\/4A2-x6—4x4c-4x202
n1s2= Y [X_1 := :
x2+2c¢C

Sol ve[y[a] == 0, c]
~a’-2A

oo {fo - =22 (o la I

Taking the first solution for ¢c because otherwise positive terms becoming negative.

Cl ear ["A obal ™ %" ]
-a®-2A
2a

C =

\/4A2—x6—4x4c—4x202

FuIISierIify[ -
Xc+2C¢C

Assunptions - {A>0, a >0, El enent [Xx, Real s] }]

\/—(a—x) (a+X) (a4x2— (—2A+ax2)2)

a’s+2A-ax?

Testing the solution against known equatorial and polar radius ae and ap
assuming that b =y (0) yields the polar radius.

inj190)= Cl ear ["d obal ™ %" ]
g=6.67x10"-11; T=3600x24; w=2Pi /T; m=5.976 x10724; A=gm/ w2,
V=10832x10"21; r = (3V/ (4Pi))"(1/3); ae =6.3782x10"6; ap = 6. 3568 x 10" 6;

\/—(a—x) (a+Xx) (a4x2— (—2A+ax2)2)

y[x_, a_]:= ; b=y[0, ae];
a’+2 A-ax?

ae -ap
ae-b

out[194]= 21 400.
out(1951= 10 960.
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nts7= rho=m/V;, f =15Pi / (4gT*2rho);
r (1+f /3)
r (1-2f/3)

oufiss= 6. 16772 x 107

oufis9= 5. 13416 x 107

Calculating the volume yields an equatorial radius a for any rotation period T, for
instance T = 3 hours.

iniz241= Cl ear [" A obal ™ %" ]

\/—(a—x) (a+Xx) (a4x2— (—2A+ax2)2)
yIx_1:= ;
at+2A-ax?
Integrate[y[x]"2, {X, -a, a}, Assunptions -» {a >0, A>0, El enent [X, Real s]}]

3
6 A% ArcTanh|[, [ —*— |
a®+.
‘YralA+

Jat+2aA

3 (a3+2A)

2a? |-a

out[226]=

nzssi- g = 6. 67 x 107 -11; T=3600x3; w=2Pi /T, m=5.976 x10"24; A=gm/ w'2;
V=1.0832x10721; r = (3V/ (4Pi))" (1/3);

3
6A2ArcTanh[1' :ZA ]
‘ralA+ -

2a?|-a
\a*+2aA
sol = Fi ndRoot [V = Pi C {3 1]
3 (a®+2A)
a=a/. sol
b =y[0]
a-b

oufzssl= 7. 00674 x 108

outzso)= 6. 11383 x 108
out2z60]= 892 908.
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This is a test if the equilibrium of all forces is zero for all - a < x < a. As can be
seen, this is the case.

nee1l= R[X_] :=Sgrt [Xx*2+y[x]1"2]; S[X_]:=-gmy[x]/R[x]1"3{y"' [x], -1};
G[x_1:=-gm/R[X]"3 {X, Y[X]1};, Z[X_]:=wr2 {x, 0};
Pl ot [{S[x] + G[x] +Z[X]1}, {X, -a, a}, PlotStyle » Red, Pl ot Range -» Al | ]

6.x10715
4.x10715 -

‘ } I {

Il
[

out[262]= I “‘” I ‘ , l,|h|,|| | ,I’I““lx\
‘} e 1k

il 'WWW |

—4.x107%5 |-
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Finally a plot of the curve (blue) for T = 3 days, the red curve is an ellipse (is
slightly different).

inz63)= Curve = Pl ot [{y[Xx], -y[X]}, {X, -a, a}, PlotStyle - Blue];

El lipse =ParanetricPlot [{aCos[p], bSin[p]l}, {p, 0, 2Pi }, PlotStyl e » Red];
Show[Curve, Ellipse, AspectRati o - Automatic]

out[265]=




