Energy

Readings: Chapter 10



Free-Fall motion
v

Vi, — Vi, =20(Y, — Yy )

1

Y - 1,
ny + 0y = EViy + gY.

2
This is the conservation law for free fall
motion: the quantity

1,
Evy+gy

has the same value before and after the

-t

motion.
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Free-Fall Motion
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Conservation law: the quantity
s gy
2

has the same value betore and after the

motion.



y Frictionless surface: acceleration

a=(gsina
Motion with constant acceleration:
VZ —v?=2as
S — Yi __ Ys
SINx
2 2 - i yf
Vi =V =20SIina— =20y, —20)
SINx
Conservation law: the quantity 1, 1,
1 —Vi+0Y; =V +0Y,
2 2 2
EV + gy

has the same value before and after the

motion. 4
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Conservation law: the quantity

T - 1

~v’+
5 gy

has the same value at the initial and the
final points

In all cases the velocity at the
final point is the same
(FRICTIONLESS MOTION)
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Conservation law: %VZ +gy or %mv2 + mqy

K =—mv“ Kinetic Energy —energy of motion

Ug = mgy Gravitational Potential Energy — energy of position

E = K +Ug Mechanical Energy

mech

Conservation law of mechanical energy (Without friction):

E = K +U = constant

mech

2
The units of energy is Joule: J = kgm_2
S



Energy

TE

E:K+.{,w(g

Total energy line K. - K and U change as the

I

: particle moves from y, to y,,

[ Uy but their sum is always E.
U |

I

|

Potential energy_
curve
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The particle is projected
upward. Energy 1s entirely
kinetic,
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The particle has gained

potential energy, lost
Kinetic energy.

Energy

Turning point

The energy is entirely

potential at the turning
point.
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The particle gains kinetic
energy and loses potential
energy as it falls,



Zero of potential energy

® Ki+Ug,i,1=Kf,1+Ug,f,1

K;+U 2= Kf,2+Ug,f,2

I g
Kf,1 =K, +(Ug,i,1_Ug,f,1)
Kf,2 =K, +(Ug,i,2_Ug,f,2)

AUg,l = (Ug,i,z _Ug,f,z) = mg(yi,z - yf,Z) B
= mg(yi,l - Yf,1) = (Ug,i,l _Ug,f,l) - AUQ’Z

Only the change of potential energy has the physical meaning
9



Y

Before: y, = 5.0 m ! 9.1

Find: v, Kf =5 My

1 -1 5
Emvl =EmV0 + mgyo

v, = V2 +2gy, =+/4+100 ~10.2m /s
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Restoring Force: Hooke’s Law

The spring’s
restoring force
exactly balances
the weight of

L
the block.
A *,
] Displacement i .
Agi= L, .

. f*-q-
The relaxed “*A block of mass m
spring has E stretches the spring

. o .

length L . to length L.

Hooke's Law: g =—KAS

T

spring constant
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Restoring Force: Hooke’s Law

(- n;j'\ﬂm\m Unstretched

(F,), <0 ’\\,% Stretched

:_."ﬁ.h' = ()
(F), =0 mm,—iy Compressed
A5 <0
I |I &
0 5,
(Fy),

The sign of (F ) is
always opposite the
sign of As.

As

(F,), = —kAs

F, =—kAs

The sign of arestoring force is
always opposite to the sign of
displacement
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Restoring Force: Elastic Potential Energy

), =0 MAVW Unstretched
|
|
|
%), <0 NN Stretched
:_."ﬁ.h =0
(F,), =0 r“"“l_i> Compressed
A5 <0
I |I &
0 s
7y,

The sign of (F ) is
always opposite the
sign of As.

As

{F.;.;‘:-}lr - _;\'&ﬂ

F, =—kAs

U, = %k(As)z

The elastic potential energy is
always positive
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Restoring Force: Elastic Potential Energy

The compressed spring
stores energy.

U, = %k(As)z

k S m
- Vi
| K+U, =§mv2 +§k(As)2 = constant

S,
I .

The ball gains

kinetic energy.

s f
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Restoring Force: Elastic Potential Energy U. = =Kk(As)
2

v=0
T T T "N
.L‘I : X . tﬂ

lH’u U-:n

The mass is released
from rest. The energy is
entirely potential,

\ g
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The particle has gainged This 15 the point of The particle loses Kinetic
kinetic energy as the spring maximum speed. The energy as it compresses
losgs potential encrey. enerey is entirely kinetic, the spring,

1 1
K+U, = > mv’ + > k(As)’ = constant 15



Law of Conservation of Mechanical Energy

1
K+U, +U, = Emv2 + mgy+%k(As)2 = constant

4.0 m

\300
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i : lf-vi.r) 1 (Fi.'r) 2 { :

Before

MV o =MyVig o = _(mlvfx,l - mlvix,l)
The forces
during the "
collision are an T S
action/reaction ,”~ e —
[?:lil‘. ’ / \ mlvix,l + m2Vix,2 - mlv fx,1 + mZV fx,2
ﬁl on | ﬁl on 2
During —
@ pix,l + pix,2 - pfx,l + pfx,2
0py | ) 0, pix,total = pfx,total
_ After . The law of conservation of momentum
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Perfectly Elastic Collisions

During the collision the kinetic energy will be transformed into elastic
energy and then elastic energy will transformed back into kinetic
energy

Perfectly Elastic Collision: Mechanical Energy is Conserved (no
Internal friction)

Perfectly inelastic collision:

A collision in which the two objects stick together and move with a
common final velocity — NO CONSERVATION OF MECHANICAL
ENERGY 18




Perfectly Elastic Collisions

Conservation of Momentum and Conservation of Energy

Isolated system

Ny
Ny
[}
......
Ny
Ny
[ ]

1l 2 1 o 1 o 1 05

MV MV =MV, ¢ +-MpVg
2 2 2 2

Now we have enough equations to find the final velocities.
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Example:

A,l B,i
—_— 1,
S MAVa;
2 )
.VA,f . Vg ¢
Vas
Ve 1

Vg ¢ is always positive, V, ; can be positive (if

negative (if M, <Mgy)

m, + Mg

A
m, + Mg

m,>mg) or
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