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Kinetic and potential energy

» Kinetic energy for a single particle
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» Kinetic energy for two particles
1 1 p2 p2
KE = —myi? + —mgis = —— + 2
ML M = o T o,
» Potential energy gravity
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Potential energy spring
1
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» Force
OPE
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Lagrangian and Hamiltonian

» Lagrangian
L=KE(z,t)— PE(z,1)

» Lagrangian equations for each z;
d (OL\ 0L
dt (91'1 N 8.711

L =KE(z,p) + PE(z,p)

» Hamiltonian

» Hamiltonian equations
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» Forces
Fio = —Fy = 72 5 U12
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» Hamiltonian
H = p% + p% + p?& o AU . ymims _ Ymams
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» Hamiltonian equations
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» Momentum

P =p1+p2+p3 =miT1 + mata + Mmata

» Closed system p =0
» Lagrangian

1 1
L= ~mid? + “mai? + ~mai? + A2 VTS YM2ms
2 2 2 o — X1 r3 — I1 xr3 — T2
» Lagrangian equations
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> Energies
2 2 2
KE = P~ + Dy + b3
2m1 2m2 2m3
1 9 1 2
PE = 5]{3(1‘2 e L) + 5]{:(1'3 — T9 — L)
» Hamiltonian
2 2 2
H b1 + P> + D3
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» Hamiltonian equations

oH
T1= 5 = I1= L
Op1 m1
oH
To= S— = Ig= P2
Opa ma
OH
3= H— == d3= P
Ops m3
OH
P1 By y4l (2 — 71 )
. OH .
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Z2
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» Momentum
p = p1 + p2 +p3 = mit1 + mode + m3x3

» Closed system p =0
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» Energies

1 1
KE = smil + 5myil  PE = % (2 — 21 — L)

» Lagrangian

1 1
L=KE—PE = Smiif + ;maif - g (22 — z1 — L)?

» Lagrangian equations

d (0L oL .
( >— = m1d; = p(re—2x1 — L)

dt \0ir) 0wy
d(OL) _ oL = mads = —p(ra —x1 — L)
dt 8.%"2 _81‘2 2%2 = TR !
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» Energies

1 1 G
KE = Smiif + Smei  PE= _omme

2 Tro — I1

» Lagrangian

1 1 G
L=KE— PE = ~mi? + ~mgi? 4 — M2
2 2 Tro9 — X1
» Lagrangian equations
d (0L oL . Grmyms
@t (ax) B e
d (0L oL .. Grmyms
dt (3952) T O T Twewy
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» Note g = —9.8

» Energies
2 2
2m1 QMQ
1 1
PE = k(o1 - L)+ k(w2 — a1 — L)
1

+§kz (D —x9 — L)2 — M1gT1 — M2grs
» Hamiltonian

H = KE+PE

2 2
V4 Do 1 2 1 2
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S + S +5 (71 )+ 5 (xo — 11 )
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» Hamiltonian equations

OH
i,'l = — == i?l = pfl
op1 mi
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Op2 ma
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