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Definitions for a single particle A

m:mA

r = I’A

:VA

= aa
Work

r2
W:/ ma-dr — W:A%mv2
r

Impulse
t2

| = madt — | =Amv
1

Conservation of Energy

r2
AE:A%va—/ ma-dr — AE=0 — E =const
r

Conservation of Momentum

2
AM =Amv — madt — AM =0 — M = const

t1

Principle of Least Action

103 103
§ [ imvidt+ [ ma-Srdt=0
1 1



Definitions for a single biparticle AB

m=myng

r :I'A—rB

V:VA_VB

a=ay—3as
Work

r2
W:/ ma-dr — W:A%mv2
r

Impulse
t2

| = madt — | =Amv
1

Conservation of Energy

r2
AE:A%va—/ ma-dr — AE=0 — E =const
r

Conservation of Momentum

2
AM =Amv — madt — AM =0 — M = const

t1

Principle of Least Action

103 103
§ [ imvidt+ [ ma-Srdt=0
1 1



Definitions for a single particle A (vectar)

m= mA
U=--- 0r(ra) or (va) or (a,) or ---
u = du/dt
i = d?u /dt?
Work

~Up )
W:/ mii-du — W=A1mu?
uz

Impulse
153 .
| = muadt — | =Amu
fa

Conservation of Energy

uz
AE:A%muz—/ mi-du — AE=0 — E =const
ua

Conservation of Momentum

t2
AM =Amu — midt — AM =0 — M =const
t1

Principle of Least Action

103 . to
§ [ imuldt+ [ mi-Sudt=0
1 11



Definitions for a single biparticle AB (vectar)

m=myng
Uu=--- or (rA—rB) or (VA—VB) or (aA_aB) or ---
u = du/dt
il = d?u /dt?
Work

~Up )
W:/ mii-du — W=A1mu?
uz

Impulse
153 .
| = muadt — | =Amu
5]

Conservation of Energy

uz
AE:A%muz—/ mi-du — AE=0 — E =const
ua

Conservation of Momentum

t2
AM =Amu — midt — AM =0 — M =const
t1

Principle of Least Action

103 . to
§ [ imuldt+ [ mi-Sudt=0
1 11



Appendix

If we consider a single particle of massthen

a—a=0
ma—ma=_0
(ma—ma)-or =0

103 to
§ [ 3mvidt+ [ ma-érdt=0

1 1

d (8%mv2> 8%mv2_ or

— . =ma--——
dt \ 90 J0k IOk

Equation (3) is the D’'Alembert’s Principle.

Equation (4) is the Hamilton'’s Principle.

Equations (5) are the Euler-Lagrange Equations.

D’Alembert’s Principle

In equation (3) ifa=F/mthen
(F—ma)-6r=0

(1)

(2)

3)

(4)

(5)



Hamilton’s Principle
In equation (4) ifa= F/mthen

103 103
§ [ 3mvidt+ [ F-8rdt=0
1 1
If —8V =F-&r and sincel = 2mv? then
2
5[ (T-V)dt=0

t1

SinceL =T —V then
t:
5[ Ldt=0

t1

Euler-Lagrange Equations

In equations (5) ik=F/mandQx = F - dr/dagk then

d (93mv? 8%mv2_Q
dt\ o4 | da

If —9V /dgk = QcanddV /ddk = 0 and sincdl = 3 mv? then

g d(T-V) _8(T—V) 0
dt I 0k o
SinceL =T —V then

d(oLy oL _g
dt\da/ Jdak




Appendix Il

= or (my) or ---
=-.- or (mmg) or
u=--- or (ra) or (vy) or (as) or
U=--- 0or (ra—rg) Or (Va—Vg) Or (8, —as) Or
u = du/dt
(i = d?u /dt?

Conservation of ScalarU

AU::(A%Mﬂ—iATkUdu>/&)

AU=0

U = const

Conservation of VectorU
. 2
AU:(Nm_/’mm>mm
t1
AU =0

U = const



