CONSERVATION PRINCIPLES OF MATERIAL POINT

Main simplification of dynamics - particle as material point
Motion of particle in space determined by velocity vector in time

Primary concept of dynamics: MOMENTUM of body

p=m-o=m dr
dt
For translatory motion of particle:
change of particle position under influence of other particle(s) or system
via force(s)
D m-o do _
dp _ d(m-o) _mdo 5

F = —=m
dt dt dt
Motion of particle - localized transport of:
- momentum
- angular momentum
- energy

determined by the respective conservation principles.



CONSERVATION PRINCIPLE OF MOMENTUM

Motion of particle determined by velocity vector in time

When no force is acting on body, or all the forces acting are balanced

th
e O(t)=const

- case of isolated particle: First Dynamics Principle - NEWTON’S | LAW

If no net external force acts on a particle

n ext n int
>F +XF =0

i=1 j i=1 j

a total momentum of particle remains constant -
principle of conservation of momentum

n
Bt = Tp; =const
i=1



CONSERVATION PRINCIPLE OF MOMENTUM

EXAMPLE 1.
e [solated system: cart and dropped brick
Cart Dropped Brick
Mass (kg) 1.0 Mass (kg) 20
Vel. (cm/s) 60.0 Vel. {cm/s) 0.0
Mom. {kE cm /s) 50.0 Mom. {kE cm /fz) 0

- before brick dropping: M. -0# 0
- after brick dropping: |\/|C 'Uc=(Mc +MB)’Ur
Resultant velocity of system: M. -

v, =
(Mc +Mg)



CONSERVATION PRINCIPLE OF MOMENTUM

EXAMPLE 2:

e |solated system: man on a boat

- boat and man in rest - steady state
pt=(mg+my)-v=0

- man jumping (escaping) from a boat

pt =mg-vg—my -vy =0

Resultant effect: motion of boat and man in opposite direction -
Third Dynamics Principle — Newton’s Ill Law



CONSERVATION PRINCIPLE OF MOMENTUM

EXAMPLE 3:

¢ Fully inelastic ,,collision” of two fishes

The mass of the big fish is 4X the mass of the little fish. The mass of the big fish is 4X the mass of the little fish.
Speed of Small Fish = 5 km/hr Speed of Big Fish = 5km/hr

= o

Before swallow:
Big fish: mgg -vgr=10 Small fish:  mgg -Vgg# 0

After swallow:
Joined system (small fish inside big fish):

mgg -0 r(0)+ Mgg - g = (Mg + Mg ) - U,



CONSERVATION PRINCIPLE OF MOMENTUM

EXAMPLE 4:

e Fully inelastic collisions: car and track

Car Truck Car Truck
mass (kg) 1000 mass (kg 3000 mass (kgh 1000 mass (kg
wel. (m/s) 200 wel. (m/s) -200 wel. (m/s) 200 wel. (m/s)
mom. (kgm/s) | 20000 mom. (kg m/s) | -60 000 mom. (kg m/s) | 20000 mom. (kg m/5)

~ LEPL
O
= o T T T o I T = T T T I o T

Before collision:
Car: me -vc# 0 Track: my -o7(—)#0
After collision:

Joined system: M -Ve—M7 -V7=—(Mg + M7 )- VL,



CONSERVATION PRINCIPLE OF MOMENTUM

EXAMPLE 5:

e Fully inelastic collisions of two cars at side crash

Elue Car Red Car
mass (kg) 1000 mass (kg) 1000
wvel. (m/s) 200, East wvel. (m/s) 10,0, North
mom. (kg m/s) 20 000, East mom. (kgm/s) [ 10000, North

Before collision:
Blue car: mpgc -vgc# 0 Red car: Mpc -Vpe# 0

After collision:

joined system _
J Y Mg VgctMpe U= (Mge + Mg ) - v,



CONSERVATION PRINCIPLE OF ANGULAR MOMENTUM

ANGULAR MOMENTUM

Appear at rotary motion of particle

—

L=m-rxo=rxp

Under influence of torque (moment of force) - v
force applied on particle with respect to A
axis of rotation of reference system —
change of angular momentum of particle

f=FxFoixP_1
dt

When no torque is acting on body angular momentum of particle remains
constant

il P)——

—_

L =r x p=const

Principle of conservation of angular momentum



CONSERVATION PRINCIPLE OF ANGULAR MOMENTUM

EXAMPLE 1:
e Planar motion of planet in Solar System

Constancy
of angular momentum of particle

Costancy
of sweep velocity during motion on orbit

r x U = const

Il Kepler’s law



CONSERVATION PRINCIPLE OF MECHANICAL ENERGY

Forms of mechanical energy of particle:

- Kinetic energy
Energy of particle in motion - mechanical work done by force F(s)
at distance ds

dv 2ds 1 2

W = jF ds = jma ds = mjﬂ:lu mjudu—imu =E,

For isolated system: total kinetic energy constant

- Potential energy
Energy of particle determined by its position in space (field) —
mechanical work required to change a position

For gravitation:

S S S h
W=[F-ds=[m-g-ds=m-g[ds=m-g[dh=m-g-h=E,
o (0] o

o



CONSERVATION OF MOMENTUM AND ENERGY

EXAMPLE 1:

e Fully elastic collisions: car and track

Car Car Truck
mass (kg 1000 mass (kg) 1000 mass (kg) 3000
vel. (m/s) 200 vel. (m/s) 200 vel. (m/s) 200
mom. (kg m/s) | 20000 mom. (kg m/fs) | 20000 mom. (kg m/fs) | -60000
Before collision:
Car: meg -vc# 0 Track: my -v7#0

After collision:
M¢ -Veo+Mr -O11=—M¢g -V + My - VT

Kinetic energy after collision:
1 2 1 2 1 2 1 2
—zmc U1 +—2mT *UT1 ——sz U2 +—2m7- *UT2



CONSERVATION OF MOMENTUM AND ENERGY

EXAMPLE 2:

*Balls on threads (Newton’s pendulum)
(Fully elastic collisions)

At collision:
momentum of right ball < momentum of left ball

Mpp -VR=M| B - V| B
kinetic energy of right ball < kinetic energy of left ball

1 2 1 2
EmRB *URB = EmLB V1B

Principle of conservation of mechanical energy



CONSERVATION PRINCIPLE OF MECHANICAL ENERGY

For isolated system: total mechanical energy is constant

Ey + E, =const

EXAMPLE 1:
e Mathematical pendulum

......................
.......................................

.......................................

............................................

............................................

.....................................

Potential energy degpendgs on

Ep=m.g.h

N | Kinetic enérgy depends on

v=.2g-h

During a motion: exchange of forms of energy according to the condition

E,+Eg =m-g-h+%m-u

2 _ const



CONSERVATION PRINCIPLE OF MECHANICAL ENERGY

EXAMPLE 2:

e Free falling of ball from bent Pisa tower
(air resistance neglected)

At top: potential energy (max)
Ep = m- g . h
At bottom: kinetic energy (max)

1 2
E,=—_m-
k=7 v

During a motion: exchange of forms of energy
according to the condition

E,+Eg =m-g-h+%m-uz

Resultant velocity v=./2¢-h

Typical behaviour for field of conservative forces

= const




CONSERVATION PRINCIPLE OF MECHANICAL ENERGY

EXAMPLE 3:

e Car descent from slope

At top: potential energy (max)

Ep=m.g.h

At bottom: kinetic energy (max)

L
E,=—m-.
k=7 v

During a motion: exchange of forms of energy according to the condition

2

E,+Eg =mogoh+%m~u = const

Typical behaviour for field of conservative forces



CONSERVATION PRINCIPLE OF MECHANICAL ENERGY

EXAMPLE 4:

e Car motion on slope

TME

EE PE

Height=40m  Speed = 80 m/s

Starting kinetic energy at the top E,,=_—m-v;
Starting potential energy at the top E.=m-g-h,
During a motion: exchange of forms of energy according to the condition
1 2 1 2
m-g-h, +Em-u1 =m-g-h, +Em-u2 = const

Typical behaviour for field of conservative forces



CONSERVATION PRINCIPLE OF MECHANICAL ENERGY

EXAMPLE 5:
e Car motion on sequential loops

Potential energy depends on h Ep =m-g-h
Kinetic energy depends on v=./2g-h

During a motion: exchange of forms of energy according to

1 2

E,+Eg =mogoh+5mou = const

Typical behaviour for field of conservative forces



