SOME PHYSICS
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ABSTRACT. Here are some physics lectures.

CONTENTS

1. Mechanicd

OULOIND aW

Eé LC-circuif

|2_3 RLC-circuif

Most files are here:
http://integraali.com/stuff/

Date: December 4, 2017.

QU O W W NN NN


http://integraali.com/stuff/

2 JUHA-MATTI HUUSKO

1. MECHANICS

1.1. Newtonian mechanics. Analyze the forces.

1.2. Lagrangian. Write
L=T-U,
where 7' is the kinetic energy and U is the potential energy. Then use the equation

d(ory _oL
dt \ 94 ) 0Oq

1.3. Hamiltonian mechanics. Write

for each variable q.

H = total energy.

For each variable q,, search the generalized momenta p, by setting

_OH
Pa= 5o
Then use the equations
. 0H
Qo = 0.
. OH
Pa = — 940

1.4. Examples of Hamiltonian mechanics. The Hamiltonian of a mass m in
a string of length [ is
2 1

H = mg— + —mi?.
mg 5L + zmm
Let 3
=—H=mz
b= %
and substitute it to the equation to obtain
x? 1
H=mg— + —p*.
"I T o
We use the equations
oH 1 )
rT = — = — =
dp m?
and
. OH g
mi=p=——=—m-x
b ox [
to obtain the set of equations
1
T=—p
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We obtain

i+%x:0

2. ELECTRONICS

2.1. Coulomb’s law. The matter consists of atoms and atoms consist of a posi-
tively charged nucleus and negatively charged electrons. Electron has a charge

e =1.6022 x 107 C.

All other charges in nature are multiples of e: a charge () may be written (Q = ne
for some integer n.
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2.2. LC-circuit.

C
| |
|
0000
L
A Newtonian solution
The charge in the capacitor is
Q=CUgc.
The voltage in the capacitor is caused by the inductor
Uo=—LI
We obtain
QL ri- 0,
C
which yields
. 1
I+—Q=0
+ LCQ )
that is,
. 1
—Q =0.
O+ 760Q

We write this as
Q + w(2] = 07 Wo =

1
VLC
A Lagrangian solution
The energies of the capacitor and inductor are

1 1
Eo=—0% E;,=-LI
C 20@7 L 2

The charge () is a coordinate with derivative I. Thus F¢ represents the potential
energy and Ey, the kinetic energy. Thus the Lagrangian

1 . 1
L=T-U=E; — Es=-L0O*— —Q°.
U L c 2@ QCQ

d (OL\ 0L
%)%

d (OL\ d /. - . 0L 1
E(&9:3#u®=u%7@=—5Q

We will apply

to obtain

This yields
.. 1
—0=0
as before.
A Hamiltonian solution
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The total energy of the system is
1. 1
H=_-LQ*+ —Q~.
5 Q"+ 5 CQ

We have a coordinate (). The generalized momentum is

P= a—}.] = LQ.
oQ
We can write H as
1 1
H=_—P+ Q"
art TacY
We obtain the first order equations
. OH 1
= — = —P
@ oP L
oOH 1
oQ C

These may be combined to a second order equation by differentiating the first

equation to obtain
.1 1 1 1
d=17=1(-c9) =1

as before.

2.3. RLC-circuit.

C
| |
|
14 R
I,
L
A Newtonian solution
Similarly as before
Uo+Up=—LI.
We obtain
Q .
— +RI=-L1I
ot !

which yields
. R. 1
Qr 7@t e?="

A Hamiltonian solution
The total energy of the system is

1. 1
H=-LQ?+ —Q>.
p L+ 550
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We choose the variable () and obtain the momentum

H .
oQ
Hence
H=1p iy Lo
2L 207 "
We obtain the first order equations
. oH 1
= —_——— —P
@ orP L
oH
oQ
The resistor will cause a loss
FR - _RQa
which we add to the derivative of the momentum
. 1 )
P=——0 — RQ.
ZQ - RQ
We obtain ) ) R
s5_lp_ 1., R,
Q 7 LCQ LQ’
that is,

. R. 1
Q+EQ+EQ:O’

as in the Newtonian solution.

2.4. Chemistry. You can make nitroglyserin or trinitroglyserin as follows:

H

H—C——O0H + 3HONO,

H—C——OH

H—C——O0H

H

The reaction for this is

H
H C O
H C O
H C O
H

CgH5[OH]3 + 3HN03 - CgH5[ONOQ]3 + 3HQO

NO,

NO,

NO,

+ 3H,0

DEPARTMENT OF PHYSICS AND MATHEMATICS, UNIVERSITY OF EASTERN FINLAND,

P.O. Box 111, FI-80101 JoeENsuU, FINLAND
E-mail address: juha-matti.huusko@uef.fi



	1. Mechanics
	1.1. Newtonian mechanics
	1.2. Lagrangian
	1.3. Hamiltonian mechanics
	1.4. Examples of Hamiltonian mechanics

	2. Electronics
	2.1. Coulomb's law
	2.2. LC-circuit
	2.3. RLC-circuit
	2.4. Chemistry


