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Conservation of energy

» If there is no friction, energy is conserved
E = Ekinetic + Epotential

» Kinetic energy

» Potential energy
F = _VEpotential

> Gravity

gmM
r

Epotential —
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» Forces

Gmima gmimeo
Fio=——"—"=5€12, Fau=—-——"3¢€,

(w2 — 1) (z2 — 1)

Gmims gmims
Fig=———"-€3, Fun=—-——"""—5€31,

(w3 — 1) (z3 — 21)

gmaomsg Gmams
Fys = ———5e3, Fpo=——"" €3 .

(z3 — x2) (3 — x2)

where ej2 is the unit vector from mq to ms.
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» Potential energy

oU
Fy = Fo1 + F31 = _879011 ;

oU .
Fy = F30 + Fip = _879021 ;

ou .
F3 = Fi3+ Fyy = _879531'

» Careful with the direction of the unit vector.
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» Object at the distance

» 27 from planet 1
» x5 from planet 2

L =21+ 22
» Equal forces
gm mq gm mo
2 T2
» Solution
T Vi L, V2 L.

= — Ty == ——m
/M1 + /M2 2 /M1 + /Mg
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» Kinetic Energy

1
E= imv2

» Calculate elementary energy

1
dE = §dmv2 = %dr (rw)?

where A = m/L is the lineic mass.

» Total kinetic energy

L 2 L 273 L2072
E:/ dE:)\w/ r2d7“:)\i—:m d
0 2 J 2 3 6
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» Energy

E = EKinet'ic + EPotential — lm,v2 . gmM

2 d

» Conservation of energy

1 1 gm1m2
0+0—0=-mvy + —movs — ——=
+ 2mlvl + 2m2v2 Ryt Ry

> Conservation of momentum
0 =m1vi1+move = Miv] = Movy

» Solution

B 2G B 26
TNy )Ry + Ro) © 27 "M i + m2)(Ry + Ra)

Dr Jean Charpin MA4414



» Conservation of energy

Ebefore _ Eafter

» Kinetic energy
1sz—EmUQ—i-1 2 —=V? =% 402
5 QML T 51y =V T V3

» Conservation of momentum
V=vi+v2

» Two options
» Reciprocal of Pythagorean theorem
» Vector analysis
V=vi+vy = V2=(V1 +V2)2
— V2:V12+V22+2V1'V2
— V1:'Vg = 0
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Question 6 Part 1

» Expression for w

» Position
(2(t). y(1)) = (dcos (wt), dsin (w1))
» Acceleration
(apy ay) = (—dw? cos (wt), —dw? sin (wt))

» Force

F = <— gZLZM cos (wt), — gZLZM sin (wt)>
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Question 6 Part 2

» Newton's second law

» Substitute

—dmw? cos (wt) = — 7;2 cos (wt)
—dmw? sin (wt) = — 7 sin (wt)

» Relationship

[GM | a3 .

» Answer 682 days (real orbit=687 days according to Wikipedia)
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» Energy
E = EKinetic + EPotential — 1m1}2 . gmM
2 d
» Conservation of energy
1 gmM
2 2
- —0== _
5" 5 MY 7
» Relationship
2GM
U=\ TR
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