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Inertia Tensor for Equilateral Triangle s W
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e Principal Axes X,Y,Z

e Tricks
— Lay out axes along symmetry axes
— Plane masses should be onz =0

— Memorize elements
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Problem 9.26 Wy
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9.26 »» In Section 9.8, we used a method of successive aproximations to find the orbit of an object
that is dropped from rest, correct to first order in the earth’s angular velocity £2. Show in the same way
that if an object 1s thrown with initial velocity v, from a point O on the earth’s surface at colatitude &,
then to first order in €2 its orbit is

X = Vyol + 2(vy,0080 — v, 81D 0)t? + %Qgt?’sinfl
Y = Uyt — (v, cO8 6)t? — (9.73)
z=v,t — 1gf* + Q(v,,sin O,

« Zeroeth approximation V| 2
X=0 P ® X
j=0
L=—(

—

Q=Q(singy+coso?)
Oy
Z(t) =z, +Vp,t —gt?/2 Q=—2F __ sec”
~ Vol 7O (24)(3600)
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First Approximation —
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* Include Coriolis force

X=Fe, /M

y=F ,/m

I=—0+F,,/m

. X y Z X y 4

Frc;;”:ZQ Ve oV, V, |=2Qv,, V,, V,—0t
0 sin@d cosd 0 sin@d coséd

X =20(v,,c0560— (v, — gt)sin )
j =2Q(-v,, coso)
Z=—-g+2Q(v,,sino)
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Result

» Integrate twice and put the origin at # = 0 location

X =V, + ZQ(vyo cos Ot —(vzot —gt?/ 2)sin 9)

Y =V, —2Q(V,, COSOt)

2=V, — gt +2Q(v,,sin o)

x:v(,xthQ(vyo Cos @ -V , sin 9)t2 +Qgt’sind/3
Y = Vg,t —Q(V,, COSO)t
Z=Vy,t—gt*/2+Q(v,,sin )t
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Equations on Orbits
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« Ellipse in polar coordinates

C
1+ ecos(¢p — &)

r(¢) =

« Aphelion and Perihelion distance

C C

r I [

maX:l+g min :1+g

e Semimajor axis, sesmiminor ellipse, and focus dimensions

4= —" " and d = ae.

I J1—¢€2'
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Halley’s comet, named for the English astronomer Edmund Halley (1656
1742), follows a very eccentric orbit with € = 0.967. At closest approach (the
perihelion) the comet 1s 0.59 AU from the sun, fairly close to the orbit of
Mercury. (The AU or astronomical unit is the mean distance of the earth from
the sun, about 1.5 x 10® km.) What is the comet’s greatest distance from the

sun, that is, the distance of the aphelion?

Halley Comet Example

r ¢ 1+& 1.967

max __

r 1-g£ ¢ 0.033

min

0.59 AU =35 AU
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