Dynamics
Chapter 1. Introduction

There are three postulates of mechanics.

im

1. Consarvation of Mass: m =—

|body is fixed

2. Bdanceof Linear Momentum: F =G.

3. Baanceof Angular Momentum: M° =H° .

Any of above formulas can be proved as follows:
a.  Linear momentum:

dm=rdV L
G=gdm=y rdv @]
Linearr momentl;mof system of dv
particles:

G=amr, /

b. Angular momentum:
H=g (r0dv=gr’ rdv
note: I' isavector relative to afixed point o.
Angular momentum of system of particles:
H'=ar’ (mr)=amr’'r
C. R&wlta:tlforce: B

E = oy bdv + gdA
r 1r

note b=-ge, body force per unit mass
t contact force per unit area
Resultant force of system of particles:
E=aF

i=1
d. Resultant moment:
M’ =g’ bdV+¢  tdA
r Ir
Resultant moment of system of particles:
M°=ar"F
i=1
The three behaviors of mechanics are independent. For example, baance of linear momentum does
not imply baance of angular momentum, except in the case of asingle particle.



(r" mr)=H

The postulates apply to the body or system of particles as awhole as well asto any arbitrary subset of

the body or system of particles. It isussful to decompose the motion into one of trandation of the
center of mass and rotation about the center of mass.
1. Trandation of the center mass.

() Continuum.
G=¢y rav
. _ d R . . ..
Q—ad rdv =gy rav

Pogtion of center mass. I =

F=mr,
(i) System of particles.

G:Eémr :én_m'r. :ménmr :mr.'.
- dt o - i=1 - mia - -

2. Rotation about the center mass.
() Continuum.

Center Mass



=dr (r,+0)" (r,+ O)av
= [ Tt 0+0 r,+0” O)av
= (& dV)r, " 1,1, (o OdV)+ (&r OdV) 1+ 3lr O O)av
note : ¢y O dv =gy Odv =0
mr, = ¢y erV =or (r,+O)dV =mr_+¢r Odv
c‘)rdVr:m | |

=, 1+ or 87 0)av

note :H = (r & O)av
:dM5+QwaV+d@;§pwwA
=l b V+ddA}+{dro b]dv+do t]dA}

=1, E+M

(i)  Sysemof paticles,

.0 d& ,

H =— r’r.

ooTgamk b
=4[mr r+mr, 1]
:é_mLi L]
=§1n[mf r+mr,r]



=4 m(,+0) (,+0)
={r, mr}+H{amo, " r}+{r,” amo}+{amod O}

note: A mO =4 m6, =0

5 o
m,=amr,=am(,+0)=m,+4mo
- i=1 i=1 - i=1
=r,” mr,+am0," O
- T 2
=r,  F+H
note:H=4 m0d." 6
=
M'=41 E=4(,+0) E
=r,” AF.+40 F
St EAM



