
Chapter 5 
Dynamics of Many-

particle System



In this chapter we will extend application of 
dynamic laws from a single particle to a system 
of particles (质点系).

• the tendency of motion of the system rather 
than individual pieces — particles. 

Concept of center of mass

• the system with variable mass — open system

• collision

• fluid motion

• symmetry and conservation*



5.1 Center of mass and C-frame
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For continuous distribution of mass
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one-body potential
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where Ui is single-body potential corresponding 
to external force on ith particle.
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Dick Fosbury using the "Fosbury Flop," a then-unorthodox 
head-first, back-to-the-bar method of high jumping, at the 
Mexico City Games. He cleared 7 feet 41/4 inches (2.24 
meters ) for a gold medal and a world record on October 20, 
1968 .



Gold medal winner Ethel Catherwood of 
Canada scissors over the bar at the 1928 
Summer Olympics. Her winning result 
was 1.59 m. 



*5.2 System of variable mass
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In dt , when dropped on the conveyer belt, 
dm is accelerated along it from zero to 
velocity v.  The average acceleration is        
(v – 0)/dt. During accelerating, sand slides a 
distance:  
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Assignment: 5.1, 5.2, *5.3

http://www.physics.harvard.edu/academics/
undergrad/problems.html



5.3 Collisions

• a close encounter

• a process during which two particles (systems)
exchange their momentum and energy

with short range force and 
clear-cut duration

• a process of interaction with impulsive force

Possible definitions of collision:
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Coulomb scattering is a special topic.
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potential energy or
internal energy0Q elastic collision

0Q exoergic (exothermic)  reaction, 
fusion, fission, explosion
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(2) transfer 21 mm 
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)(0 if TTQ   sepapp vv inelastic collisions

Define the coefficient of restitution e through
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ballistic pendulum
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Example 5.6
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Reaction energy is
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L-frame and C-frame
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In C-frame
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Conservation of momentum
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Assignment :5.6, 5.11



banana kick



Roberto Carlos’ banana free kick

Brazil vs France

Le Tournoi, Lyons, 3 June, 1997, 22nd Minute 
of the Match

This is probably one of the best free kicks ever 
recorded.



According to L Euler ('oy ler rhymes with toiler ) 

we can study instead the distributions of 
density and velocity in the space the fluid 
situates and their variation with time: 

),(   ),,( tt rvvr  

5.4 Fluid motion

Fluid is a continuum.
We may image it is composed of fluid 
elements —fluid particles. Their motion could 
be described as for other many-particle system

This method is deserved to J L Lagrange
( luh 'grah(n)zh ).



steady             or    nonsteady

irrotational rotational

without                   with source and/or sink 

incompressible      compressible

nonviscous viscous

(tide, turbulent)

(whirlpool)

Fluid could be

We take the simplest model.
ideal fluid :   incompressible fluid without 
viscosity 



Richard Feynman :   Turbulence is "the most 
important unsolved problem of classical physics." 

Laminar and Turbulent Flows

The plume from this candle 
flame goes from laminar to 
turbulent.

Features of a turbulence:

Irregularity

Diffusivity

Rotationality

Dissipation



tvAmtvAm  22221111     , 

constant
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t

m

222111 vAvA   constantAv

Streamline & tube of flow

equation of continuity
Av = constant

(steady)

(without source and sink)

(incompressible)



Work-energy relation
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2
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we have Bernoulli’s equation

valid along streamline or tube of flow
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• static equilibrium constant   zgp 

constant 
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1 2  vp • z = constant

g
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d

d*Euler equation
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z
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d

d
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Application: Venturi meter

So Venturi meter can be used to measure v 
by calibrating h.

hgphgp aA  )  ( Hg 

static(for U-tube)

aavAv 
(continuity)

22

2

1

2

1
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(horizontal)



Application: Magnus effect





Assignment:*5.12, 5.13

Application: airfoil; or hydrofoil & hovercraft

Lift

Drag



Lift 升力 Drag  阻力 Thrust  推力



vT ----true wind velocity
vB ----boat velocity
vA ----apparent wind velocity

Wind forces acting on a 
sailboat sail (L and D) and 
being transmitted to the boat 
(FR—propelling the boat 
forward—and FLAT—pushing 
the boat sideways), while 
close-hauled, are both 
components of total 
aerodynamic force (FT).Forces on sails



The rising smoke from a 
cigarette is at first in laminar 
flow (smooth column), but it 
soon becomes the turbulent 
flow as its speed increases.

The Reynolds number which 
is defined as

can be used to predict this 
transition.


vL

Re



*5.5 Symmetries & Conservation laws

Symmetry : physical law is invariant under 
some operation or transformation.

For example, Newton’s laws are invariant 
under Galilean transformation.

Symmetric transformation is closely related 
to indistinguishability or unmeasurableness
and conservation laws.



Noether’s theorem reads:
•A continuous symmetry property of the 
Lagrangian density leads to a conservation 
condition.

We may roughly say: 
•A continuous symmetry property of the 
system leads to a conservation condition.

The converse is not true.

Table 5-1 shows symmetric operation and 
corresponding conservation.



Charge conservation will be mentioned 
in§15.1; 

Conservation of momentum, energy, and 
angular momentum appear in mechanics;

In§26.5 we will discuss left-right symmetry 
in biological molecules.

Other part will mainly be discussed in §30.3 
and §30.5.



Different reasoning(in general and theoretical 
physics):

Usually we discuss conservation laws from 
equation of motion and then state symmetry. 

In theoretical physics, reasoning is different, 
taking symmetry as starting point.

Transformation could be continuous or discrete, 
dependent or independent on space and time.

gauge transform



By 1905 people had realized profound 
symmetry in Maxwell’s equations (§20.2). 

Einstein thought in 1907, “why couldn’t we 
reverse this procedure? Why couldn’t we 
start from symmetry and derive equations
that are consistent with these symmetries and 
derive experiments which would be in 
agreement with those equations?”.



Yang-Mills’ non-Abelian gauge symmetry 
theory is a model in this aspect. This theory 
suits electroweak interaction and strong 
interaction between quarks.

Parallels between Yang-Mills theories and 
general theory of relativity were first pointed 
out by Utiyama.
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