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[#]—Differentials samples

[El—Lagrangians

Ad hoc function for the

square of the ﬁ(r#):: [ rdot ::d(r#) p# =0 ] dSymbol:="a"
magnitude of r' for p#€ rdot
2
b [2F
p#:=p# + [ PYs
p#

Clear(a, g, 6,6',06"'")=1

Lagrangian Dynamics

Simple pendulum Constants da:=0 om:=0 8g:=0 y
N
Gen Coords 96:=6"'.9t 98':=06"'"'.9t +
. o\
Position r::[a-sin(e) —a-cos(e)]
Lagrangian L::l.m.a(r)—m-gm
2 2
Equations of motion o(L, e a(L, 6 .sin (6
eq:=<9isol i-d (' )— (' ),e":_g ()
ot 00" ELE a
Clear(k, m, x, X, X)=1
Harmonic Oscillator Constants 8k:=0 om:= 0 N k
Gen Coords 9x:=x.0t dX:=X.0t 0
R —
Position X
i 2
Lagrangian L::l-m-f}(x)—l-k-x
Equations of motion 1 a(L, x)] o(L, x) x-k
eq:=<qisol|—.d d - L k|=q—
Ix Ix m

Clear(a, m,m,qg,06,0', 0", x, X, xl]zl

Pendulum with Constants da:=0 om, =0 om, :=0 9g:=0
Horizontal support
Gen Coords 96:=6"'-0t 96':=0''.9t
6X1 ::Xl-at 8}'(1 ::Xl.at
Position e x +a-sin(6)
rl T ]’_‘2 o

—a-cos(0)



1 1
Lagrangian L::E'ml'ﬁ(rl]‘FE'mz-f}[rz]—mz-g-rz2

Equations of motion

‘ 1 3[L, Xl] 3[L, Xl] a.mz-[—sin(e).e'2+cos(e)-6"]
isol |—.d - — . X
eqi= ot 8X1 6Xl _ ml _|_m2
iso1| L o(L, 0")| a(x, e),e” _Sin(e)-g—|—cos(9)-xl
ot 96" 26 2
Clear(cx, m, g, ¢, ', 0'"', r, L, ]’_‘")21
Particle in a Cone Constants da:=0 9om:=0 9g:=0 I
Gen Coords 9d¢:=¢'-0dt dp':=@''.at -1
opi=p' .ot op'i=p''. ot “"i
i \\/E‘-’
Position r:=[p-cos () p-sin(g) p-cot (a) | :
Lagrangian L::%-m-ﬂ(r)—m-g-z
Equations of motion
q isol id 6(L,(p')]_3(L,(p),(p”
ot PIoN a0
eq: =
isol i-d oL p )]_a(L, p), p"] o:=45 deg
ot op' ap

(=sin(¢)-(cos(9)-p' —p-sin(p)-9')+cos()-(sin(e)-p' +p-cos(p)-9')+p-¢')-p’

2
eq =< P
_(p'-[—sin((p]-(cos(cp)-p'—p-sin((p)-cp']—|-cos(cp)-(sin(cp]-p'+p-cos(<p)-(p'))
2 2 2
cos (¢) +sin(¢@) +cot(a)
For small angles _2-9'-p'
EouR sin(a) 0 p2
ure =
q pleq, COS(a) 1 (P’ o
1+ cot (a)
Clear(all azlmll m2l gl ell e'll e"1, 92, 9"2]=1
Double Pendulum Constants om =0 om,:==0 3g:=0 A
) — _ y X, X.
a1:_0 6a2:_0 .l 2
0 II .
Gen Coords 96 :=6' -9t 96' :=0'' .4t o — m, :
. ity
20,:=0',.0t 06',:=0"', .0t e m
Position

al-sin[el] al-sin[el]+a2-sin(62]
T, = T, =

1 1 2

—a -cos(el] —a -cos[el]—a -cos(ez]



Lagrangian

Equations of motion

For small angles

Hoop rolling without
sliding down an
inclined plane

Restrictions

Position

Lagrangian

Equations of motion

Pendulum whose support
rotates with constant
angular speed

Position

Lagrangian

Equations of motion

For zero angular speed,
we recover the simple
pendulum

1 1
L::E-ml-f}[rl]+5-m2-8[r2]—ml-g-rl2—m2-g-r22
oL, ©' oL, ©
isol i-d [ i 1] — ( i 1], o'’
ot 28", 28, 1
eq:=-<
1
. 1 6[L, 6 2] a[L, 92]
isol|—.d — , 0"
ot 86" 86 2
2 2
m2-a2-9"2
sin(a) 0 al'[m1+m2]
EquRep | eq, = .
cos(a) 1 a,-6"",
- a

2

Clear(m, a, R, o, g, X, X, X):l

Constants dm:=0 9da:=0 9g:=0

0%
OR:=0 oo:=0 /
Gen Coords 9dx:=x-9t 9% :=%.9t
o .— X Non sliding condition.
TR
X

L::%‘m-ﬁ(x)+%-m-R2-9'2—m-g-(a—x)'5in(°‘)

a(L, x)
B X !

%

i.d[a(g;{x)

2

={_g~sin(0()

eq::{isol
Clear (oa, da, om, 9R, g, 6, 6', 6'")=1

Constants om:=0 9da:=0 9g:=0

y
OR:=0 ow:=0
Gen Coords 96:=06"'.9t 96':=06"''. 9t /

R-cos(w-t)+a-sin(0)

= R-sin(w-t)—a-cos (0)

1
i==.m-3 —m-qg-
L > (r) m-g-r,

1

Y A CR AN B A )
ot

90" 90

’ell

eq::{isol

eq={_ —(.)2-R~(cos(ort)-cos(9)—|—sin(w-t)~sin(9)]+g‘sin(9)

B g-sin(0)

EquRep (eq, o, O)={ =

. ’ - - - - P



Clear(m, a, k, g, 6,6',08"")=1

Pendulum whose support Constants om:=0 9a:=0 98g:=0
rotates with constant

angular speed Gen Coords 06:=6"'-.46t 96':=0"'"'.9t
Position r::[p-cos(e] —p-sin(e)]
Lagrangian 2

grang L::l-m-é}(r)—m-g-y—l-k-(p—a)

2 2

Equations of motion '

a eqF{isol R o(L, 8')]_2(L, 9),6"

ot 20" 26

2
)

|-free

eq:{(—sin(e)-(—p-sin(e)~e'+cos(e)-p')+cos(e)~(p-cos(e)-9'+sin(e)~p')+9'-p)~p'

For small angles sin(a) 0
EquRep | eq,
cos(a) 1

Alvaro



