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the only purpose of this rather
tedious exercise is to realize the
importance of a

covarianttreatment

in physics, like the Lagrangian
farralose

Exercise 2 Double pardeferen
-

The Lagrangian is

↳= (m, +mz) 1,8, +1as+ mel, (28,(((d.-Pz)
+M, +m2) gedit me glecobe

the equations of motion am be

obtained noticing thatwe
have

two generalized coordinates p, and dz.
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Exercise 3
-

---I- I

I ...I
-

We chooseyas a generalized modinate.
the weight of a sequent of length of rope is
F =Mgx So U=-/Fdy - r =MgX2.--

2

white the weightof L-1 is balanced
outby vencal reaction force of

fleetable.

rat for the bintic energy friction
is 0.

So T =Izmir =IMr M;
T =
=Mh; I all the rope moors

with the same velocity!
Z

M94then 1 == Mh22+-
2
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M4y-MgX = 0

y -w =0 w=
-xCH =

A cah(wt) +Bsinh (wt)

Y(0) =0 x(0) =1

- A =l I B =0

soh(4)-



rastthe u =
-
kX
2

-
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1 =T -u =1mx+ kx2-

-

2

*Y=mix =-

i =wX w
=xb

x =Acnt+B sinct

A*B autreniered by inciteal

x(0) & X(0)



ercise5

1)The Lagrangian is additive.
For two systems ARB farapartso the
do not interact 1 -x =(A +1B

2) E-L equations do not charge
if the Lagrangion is multiplied
by a constant.

3) A Lagrangia is onlydefied
up
to an additive total tieme

derivation of a function of coordinates
and time.



Erise6
Assume x =0 when t =0 then C =0

If t =to when X =a

Then a =At2 +B to

And B
=(- Ata)

So XC
=

At2
+(E- Ata)t

Action is

s =)
ta

↳x, x,pelt =I +Fx) et
0

=mt3/ma-FAt+ Fata
2

2s
=0 mini run of action
-

8 A

↳AtF-* A =Em
6

x(t) =5++ (e) t



Hercise
You only have to calculate

x =rcad dx =dr u- rsind de
y =rsind dy = arsing + wubdd
7 =z dz =d7

Mx2 + ds2=Mrc4 +rsdd-zrinbader
do

+or sindtr"cidde + 2isParyard
-di? +rdd

So a+dy2 +dz2=etrrd+ d72_e
= 2

an e =
+ri+ 22

Similarly itis ease to prove
with x= rcofino, y=rsind sint,z =rnO

all=dr+r*do+ rcinda, etc.
-


