
u s e

?

gravitation al field (No air resistance)

In cartesian coordinates

V = - m g z

I m i ,  5 = 0



19.3

Find the accelection of the system it a light cand.

T = I M X + E N X

V = - m y x

5 0 =

b) it? if cand weighs in.
mass/ lergth = m'/l

L m X + E X + 9 X ( m - 3 3 4 )

2  ( m r s )



= m r

o r

1 0

d e

hr = 1
h g  = r
h p = r s i n e

i  Q r = m h r a r  =  F o h n

;  Qu =mh ag = Fo ho



9. ?X'
Lagrangian Mechanics Cont.

0

The plane Starts to incline
a t  r a t e  w =  c o n s t a n t

motion of partileO=0@t=0,Find

d t

JL
??

= m x '

i m i '

=mxwe-mgsnut

2 0

t h e

=mx'W"-mg sinat

s o l u t i o n  i s  o f  t h e  f o r

X'-WX'=-gschut

pluggit in initial condition

? xo=atb ?
a = +  g

4w

16=72-22

so the motion equation is

good



9 . 9 show that Lagrange's method antomat.
ically yields equation,,

Use I = i (x-wy) +3(y+wx) and
i rotating entitstern.

L = T - V

+ Q x

1 = 0

i - V x  +  Q *

l e t  Q x = 0

-wy -2jw-wx = Ex

A (34) 3Y =0



9.19 Write Hamitania Turetions I'amonical es, for...

sindle Atroud

= T  -  V

So
H ( Px, x) = -  m i g x - m . g  ( l - x )

= -mig + meg=-Px



9.19 simple Pendulum

92 = r 0

V=-ngr (1-0s0)

S 0

L = Eur'ö'+ mgr (1-aso)

2 m m

- p o

Do

= P a
m i



9190 projectile inunitorm gravitational field.

V = mg z

L =

P×= ==* Py: my

- =-Pm
dpr

-  P x  = 0

- Py = 0

nge=-pt

7 =*



9191 sphrical pandohn.
-

I t

b u t  r e d e f i n e V = o  p o i n t

V  =

L =  T - V =

= m i

+791043)-mgr(1-cost)

+

Pa = mr°0 Pe = misinoy

= ingr (1-000)

Igle

= - P r
=  r

= OV
_ m g r s i t  = - P o

0 = - 7 4 = 4
Ami's'o



WEE 10/80

THE LAGRANGIAN AND HAMILTONIAN FOR ELECTROMAGNETIC FORCES

AND/OR NONINERTIAL COORDINATES

If the forces are electromagnetic forces on charged particles, then
mr  =  qE +  qüx  B.  These fo rces  are  no t  conserva t ive ,  in  genera l .

Similarly, if the coordinate system is noninertial, the vector equation
of motion contains non-conservative "fictitious" force terms, so that
m r  =  F  -  m Ã

Since the forces are not conservative, there are no simple, scalar

potentials which can be used to eliminate the forces entirely from Lagrange's
equations. However, it turns out that we can use a combination of scalar

and vector potentials in both problems to eliminate the forces, writing the

Lagrangian in terms of these potentials alone.
In the electromagnetic case, we can write

= - 8 - 2 7 a n d  B  = 7 x Ã ,

where Ã = Ä(F,t) is the vector potential,  and @ = d (F,t) is the scalar

potent ial .

We can use rectangular coordinates to explore the equations of motion,
since Lagrange's equations are independent of coordinates--so we do the

easiest coordinate system, but the result will be valid in any coordinates.

ax;-  - IT =mi; =F; = gE; +q(7x3);
?

= -  g
?? ; - + +91481747111

#*(EXA) = 7(TA) -  (7.7)Á, where 7 operates

only on A in the first teren on the right.

JAi
axy

Now dAi= dA: 2A: x;ax;

= -  g ? ?  - ?
2x;

J A i

J A j  .
a x i

J A :
dx;



S o  i f  w e  l e t  L  = T  -

d t 2 x ;

? ? ;

9? q% -Á, we have

= 0

? ? ;

=#: 2=87-65-193+94-7-18-572-7

2 m + ?9 = ? + 9? = ?.
I n  t h e  c a s e  o f  a  n o n i n e r t i a l  c o o r d i n a t e  s y s t e m ,  a g a i n  u s i n g  r e c t a n -

gular coordinates for simplicity, we have

=  m x ;  =  F i - m  A o i  -  2 m  ( W x F ) ;  -  m ( w x r ) :
d t

Let F. =- 2X. + Fi, where Ft is not conservative.
2?;

- 2m (i x7): -m (wx7) ;

The Coriolis term makes is look like an analog of & in

the electromagnetic case. So we look for a vector potential
which satisfies is = 7*Ä. Since iS = ilt), we easily find
Ã = ?2x7.

So we try LT-V-mr. A.-=m7-(2x13x7)) + mü.ix7

a L
This gives ? laxi =  F :,. as desired.

So ip is the momentum relative to coordinates which are not rotating.

fince i = -no x7 H=505-1=163

2 m

? H= (1p-müx?)} +V+mr. 7, +1m7-15x(3x7)) = T+Veft


