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Announcements

o 2" term exam next Wednesday, Oct. 24

— Covers from Ch. 4.1 to what we cover Monday, Oct.
22 (Ch 8 or9)

— Time: 1 -2:20pm in class
— Location: SH103
« Quiz results

— Average: 3.9/8
* Equivalent to 49/100

— Top score: 8/8
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Abstract

UOmne of the most important but also challenging problems i modern phyvsics is to understand
properties of matter under extreme conditions of density and pressure. These properties are|
reflected in what is known as the nuclear equation of state, which is the relationship between
pressure and density (and some other state variables). The equation of state plavs a kev role in
ouwr understanding of numerous phenomena here on Earth, such as the dynamics of heavvy-ion
collisions, and also processes and objects with aswophysical significance. such as supernova
explosions and neuwtron stars. In neutron star cores, it also provides a direct link between the
strong mteracton physics and general relatvity within which models of neutron stars are
constructed and their properties smdied. After briefly reviewing our previous work on the
equation of state of dense matter, I will focus on ouwr most recent resulis on its applications to
properties and structure of both static and (rapidly) rotating neutron stars, and constraiming

possible time variations of the gravitational constant G

Refreshments will be served in the Phyvsics Librarv at 2:30 nm




Gravitational Potential Energy

The potential energy given to an object by the gravitational field
in the system of Earth due to the object’s height from the surface

When an object is falling, the gravitational force, Mg, performs the work,
on the object, increasing the object’s Rinetic energy. So the potential energy

»

i g

Ug:Fg

of an object at a height vy, which is the potential to do work is expressed as

Y = ‘Ifg“ﬂcosé?: ‘Ifg“ﬂ =mgy U, = mgy

¥ The work done on the object by Wg =U. -U,
the gravitational force as the
¥ brick drops from y; to y, is: =Mgy; —mgy; =-AU g

What

does | Work by the gravitational force as the brick drops from y. to y;

this mean? || s the negative change of the system’s potential energy
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=» Potential energy was lost in order for the

graV|tat|onaI force to increase the brick’s kinetic energy.
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Conservative and Non-conservative Forces

The work done on an object by the gravitational force does not
depend on the object’s path in the absence of a retardation force.

When directly falls, the work done on the object by the gravitation force is Wg — mgh

When sliding down the hill ~ Wg = Fgineiine X1 =mg sin & x|

of length £ the work is _ mg= mgh

How about if we lengthen the incline by a Still the same M _ mgh‘
factor of 2, keeping the height the same?? | amount of work® g

So the work done by the gravitational force on an object is independent of the path of
the object’s movements. It only depends on the difference of the object’s initial and
final position in the direction of the force.

Forces like gravitational and | 1. If the work performed by the force does not depend on the path.

elastic forces are called the 2. If the work performed on a closed path is 0.
conservative force

Total mechanical energy is conserved!! ‘EM = KEI +PEi :KEf —I—F)Ef ‘
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Conservative Forces and Potential Energy

The work done on an object by a conservative force is W = Xt E dx —
equal to the decrease in the potential energy of the system ~ ¢ L X =—AU

What does this The work done by a conservative force is equal to the negative
statement tell you? change of the potential energy associated with that force.

Only the changes in potential energy of a system is physically meaningful!!

We can rewrite the above equation _ [
in terms of the potential energy U AU = Uf Ui o J‘Xi dex

So the potential energy associated X
with a conservative force atany ~ U; (X) = —I_ Fax+U,
given position becomes &

Potential energy
function

Since U. is a constant, it only shifts the resulting
Ux) by a constant amount. One can always
change the initial potential so that U, can be 0.

What can you tell from the
potential energy function above?
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Example for Potential Energy

A bowler drops bowling ball of mass 7kg on his toe. Choosing the floor level as y=0, estimate
the total work done on the ball by the gravitational force as the ball falls on the toe.

i‘} Let's assume the top of the toe is 0.03m from the floor and the hand
W was 0.5m above the floor.
» ;;,)4 U, =mgy, =7x9.8x0.5=343] U, =mgy, =7x9.8x0.03=2.06]

@éﬁ\}, W, =-AU = —(U, -U,)=32.24] =30

b) Perform the same calculation using the top of the bowler’s head as the origin.

What has to change? [ First we must re-compute the positions of the ball in his hand and on his toe.

Assuming the bowler’s height is 1.8m, the ball's original position is =1.3m, and the toe is at -1.77m.

U, =mgy, = 7x9.8x(-1.3)=-89.2] U, =mgy, = 7x9.8x(-1.77)=-121.4]
W, =—AU =—(U, -U, ) =32.2] =30J
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Elastic Potential Energy

Potential energy given to an object by a spring or an object with
elasticity in the system that consists of an object and the spring.

The force spring exerts on an object when it is E ——kx
. =

Hooke’s Law

distorted from its equilibrium by a distance x is

The worRk performed on the W, = Ixf (- kx lix :[_ 1, XZT
object by the spring is " 2

1., 1 1, 1
=Tk +-k¢ ==k@—=k
IR =k ok

¥

%;

1.2
The potential energy of this system is U, = 5 KX

The work done on the object by the
spring depends only on the initial and
final position of the distorted spring.

What do you see from

the above equations?

S
—x—

f(/[//ierg el:ge d‘l([you see tﬁlS trgnd? T/ie gm’()itationa[potentia[energy, Ug

. (b)
So what does this tell you about the elastic force? | A conservative force!!!
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Conservation of Mechanical Energy

Total mechanical energy is the sum of Rinetic and potential energies

E=K-+U

Let's consider a brick of ~ What is the brick s potential energy?

mass m at the height #

f from the ground U, = mgh
h g

A

The brick gains speed By how much?
,

What does constant in any isolated system of objects that

Principle of mechanical energy conservation
Wednesday, Oct. 17, 2007
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What happens to the energy as X
” the brick falls to the ground? AU :Uf _Ui = _-Li dex

:gt

1 1
So what?  The brick s Rinetic energy increased K = mv’ =5 mg°t’
*L And?  The lost potential energy is converted to Rinetic energy!!
The total mechanical energy of a system remains E _ Ef

' 2 interacts only through conservative forces: _
this mean’ Ki_|_§}|i_|(f_|_§!|f
9




Example

A ball of mass m at rest is dropped from the height # above the ground. a) Neglecting air
resistance determine the speed of the ball when it is at the height y above the ground.

PE  JKE Using the K+U=K+J 0+mgh = 1 mv?® + mgy
ﬂ mgh 0  mv?2 principlg of 1 2
mg mechanical = — _
4 energy 2 mv mg (h y)
conservation
_,ﬁ@ mgy mv22 mv2/2 S V= \/Zg(h B y)
b) Determine the speed of the ball at yf it had initial speed v, at the
time of the release at the original height #.
)
Again using the K +U. =K, +U,
0 principle of mechanical
= .
energy conservation Lz +mgh =Lm +may
but with non-zero initial 2
kinetic energy!! 1
et energy “m(vi -v?)=mg(h-y)
This result look very similar to a kinematic
expression, doesn't it? Which one is it? . Vf — \/ V-2 + 2g(h _ y)
— * |
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Example

A ball of mass m s attached to a light cord of length L, making up a pendulum. The ball is
released from rest when the cord makes an angle 6, with the vertical, and the pivoting point
P is frictionless. Find the speed of the ball when it is at the lowest point, B.

Compute the potential energy h= L-Lcosé, =L(1—COS HA)

at the maximum height, £. _ mah
Remember where the 0 is. Ui =mgh = mgL (1_ COS ‘9A)

Using the principle of | [K Ui =K +U;

mechanical energy — 1
conservation 0+mgh = mglL (1_ cos 0, ) =M

2

mv2/2

vZ=2gL(1-cos@,) |-.v=42gL{1-cosb,

)

b) Determine tension T at the point B.

2 2
Using Newton's 2" law ZFr = T-mg= ma, = m VT = m VT f—— |'
: : ross check the result in
31]‘ mot:]c;?i arldlrecalllng 2 V2 29L (1 _cos O ) a simple situation. What
€ centripetal = T=mg+m— =m g+—| = m[g + A j happens when the initial
acceleration of a circular L L L angle 6,is0? T = mg
motion

—m 9L+29L(L1_C059A) ~.T =mg(3—2cosb, )
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Work Done by Non-conservative Forces

Mechanical energy of a system is not conserved when any one of the
forces in the system is a non-conservative (dissipative) force.

Two kinds of non-conservative forces:

Applied forces: Forces that are external to the system. These forces can
take away or add energy to the system. So the mechanical energy of the

system is no longer conserved.

If you were to hit a free falling ball, the force you apply to W, +W, =AK] V\é =AU
the ball is external to the system of ball and the Earth.
Therefore, you add Rinetic energy to the ball-Earth system. \/\4Ou = V\éqoli o = AK+AU

Kinetic Friction: Internal non-conservative f d
force that causes irreversible transformation of fnctlon AKfncilon o

energy. The friction force causes the Rinetic and = Ef —E — AK AU =—f.d
— . = =—1

potential energy to transfer to internal energy
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Example of Non-Conservative Force

A skier starts from rest at the top of frictionless hill whose vertical height is 20.0m and the
inclination angle is 20°. Determine how far the skier can get on the snow at the bottom of the
hill with a coefficient of kinetic friction between the ski and the snow is 0.210.

Don't we need to
know the mass?

2
Compute the speed at the bottom of ME = mgh = E mv
the hill, using the mechanical energy

conservation on the hill before friction | V=+/2gh
starts working at the bottom V=2x9.8x20.0 =19.8m/s

e=zo{ The change of kinetic energy is the same as the work done by the kinetic friction.

What does this mean in this problem?

Since we are interested in the distance the skier can get to
before stopping, the friction must do as much work as the

AK = K, — K,
SinceK; =0 —Ki
fk

. K. i —mv ?

:ukmg ,ukmg
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— fk d available kinetic energy to take it all away.
kD kK= K' Well, it turns out we don’t need to know the mass.
n = m
’u K ’u K g What does this mean?
v? (19.8Y o
No matter how heavy the skier is he will get as far as

2pg  2x0210x9.80 anyone else has gotten starting from the same height.
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