PHYS 1441 - Section 002
Lecture #14

Monday, Oct. 25, 2010
Dr. Jaehoon Yu

»  Work — Kinetic Energy Theorem Revisited
«  Work and Energy Involving Kinetic Friction
*  Potential Energy

»  Gravitational Potential Energy

«  Elastic Potential Energy

«  Mechanical Energy Conservation

Today’s homework is homework #8, due 10pm, Tuesday, Nov. 2!!
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| Announcements
Quiz #3

— Class average: 6.6/10

* Equivalent to 66/100

* Previous quizzes: 53/100 and 56/100
— Top score: 10

2"d non-comprehensive term exam
— Date: Wednesday, Nov. 3
— Time: 1-2:20pm in class
— Covers: CH3.5 - CH6.7

— There will be a review in class Monday, Nov. 1
* Bring your own problems to solve

Mid-term grade discussion this \WWednesday

— Dr. Yu’s office, CPB342
« A-F:12:45-1:15
« F-N:1:15-1:50
« N-Y:1:50-2:20

Colloquium this week
— On the subject of renewable energy
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Physics Department
The University of Texas at Arlington

COLLOQUIUM

First-principles design of functional materials for
energy applications

Su-Huai Wei

Theoretical AMdaterials Science Group,
National Renewable Energy Laboratory, Golden, Colorado, USA
F:00 prm Wednesday October 27, 2010 room 101 SH

Abstract:

Materials design using first-principles technigues is one the ultimate goals in computational
materials science. Due to the recent advancement in first-principles electronic structure theory
and computing power, it is now possible to perform Anowledge-based computational design of
materials with unigue optical, electrical, or magnetic properties that are tuned to specific energy
related applications. This vital tool, therefore, has the great potential to accelerate scientific
discovery of energy materials. In this talk, selective works from my group will be discussed to
illustrate how computational methods can be used to design functional materials. Some of the
examples include (1) absorber materials through cation mutation for solar cells, (ii) bipolarly
dopable transparent conducting oxides (TCO) for optoelectronic devices, (1i1) filled tetrahedron
nitride alloys for solid state lighting applications, (iv) low band gap oxides for
photoelecirochemical hydrogen production through water splitting, (v) hydrogen storage material
with enhanced o-s interactions, and (vi) inorganic material for hybrid organic photovoltaic
applications.

Refreshments will be served at 3:30p.m. in the Physics Library




Reminder: Special Project

Using the fact that g=9.80m/s? on the Earth’s
surface, find the average density of the Earth.

— Use the following information only
+ The gravitational constant G = 6.67 x 107" N - m*/ kg”
+ The radius of the Earth R, = 6.37 x10°km

20 point extra credit
Due: This Wednesday, Oct. 27

You must show your OWN, detailed work to
obtain any credit!!
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Work-Kinetic Energy Theorem
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Initial kinetic

energy = %mvoz

Final kinetic
energy = %mvf2

When a net external force by the jet engine does work on and
object, the kinetic energy of the object changes according to

2 2
W=KE —KE =-mv, —-mv
0 2 f 2 o)
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Ex. Deep Space 1

The mass of the space probe is 474-kg and its initial velocity is 275 m/s. If
a 56.0-mN force acts on the probe parallel through a displacement of
2.42x10°m, what is its final speed?

lml

F
e ) ——

S

[(2 F)COSH:|S — lmVZ —_ lmvz Solve for v;
2 f 2 0 :::

v, = \/vj +2(Y Feosf)s/m = \/(275 m/s)” +2(5.60 x 10°N)cos0°(2.42 x 10°m) /474

v, =805m/s
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Ex. Satellite Motion and Work By the Gravity

A satellite is moving about the earth in a

circular orbit and an elliptical orbit. For EETTT

these two orbits, determine whether the
kinetic energy of the satellite changes X Yo,
during the motion. f) - W §
For a circular orbit No change!  Why not? V ]
Gravitational force is the only external

force but it is perpendicular to the e S
displacement. So no work.

§
. g . <
For an elliptical orbit Changes! Why? /,,,—_:s::/_ -
Gravitational force is the only external A
force but its angle with respect to the (\ D i
displacement varies. So it performs work. *«_ {
\\\\“‘ . ’__'A'.:.//
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Work and Energy Involving Kinetic Friction

 What do you think the work looks like if there is friction?
— Static friction does not matter! Why'? It isn’t there when the object is moving.
— Then which friction matters? | Kinetic Friction

Friction force &, works on the object to slow down
Tf—n The work on the object by the friction F is
— —
V; v — _
d /s W, =F,dcos(180)= —F,d AKE=CFd

The negative sign means that the work is done on the friction!! ]?

The final kinetic energy of an object, taking into account its initial kinetic
energy, friction force and other source of work, is

KE,=KE+Y W ~F,d <SSt LS
B,
t=0, KE, Friction, t=T, KE;
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Ex. Downhill Skiing

A 58kg skier is coasting down a 25°
slope. AKkinetic frictional force of
magnitude £, =70N opposes her motion.
At the top of the slope, the skier’s
speed is v,=3.6m/s. Ignoring air
resistance, determine the speed v; at
the point that is displaced 57m downhill.

What are the forces in this motion?
Gravitational force: F;  Normal force: Fy  Kinetic frictional force: f,

What are the X and Y component of the net force in this motion?
Y component ZFy = F, +F, =—mgcos25 + F, =0
From this we obtain - f, =mg c0825 = 58-9.8-c0s25 =515N

70
What is the coefficient of kinetic friction? 7 = u.F, j u, = I]*:k = >y =0.14

N
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Ex. Now with the X component

\i 5 -
\1 RS of s TS~
e - mg cos 25° 1 // B
\ 1 y; e +.x
.,
25° - }/

e

(er) () Free-body diagram for the skier

X component ZFx = ng—fk = mgsin25 — f, = (58-9.8-sin25° —70):17ON: ma

Total work by
this force

F k-kineti 1 1
oS W = KE,~KE ) KE = im=wekE=w+tmi

2 2 . . 2
Soning for v, 2 = 2W +mv, L [2WAmyy  [2:9700+58 (3.6) —19ms
! m / m 58

W= F.)s{mgsin25 - f,)-s = (58:9.8-5in25" ~70)-57 = 9700/

What is her acceleration? ZFx — ma g = ZFx _170 _ 2.93m]s”
m

58
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Example of Work Under Friction

A 6.0kg block initially at rest is pulled to East along a horizontal surface with coefficient
of kinetic friction m,=0.15 by a constant horizontal force of 12N. Find the speed of the
block after it has moved 3.0m.

Work done by the force Fis

0.=0 e = |F Hd‘cos@- 12x3.0c0s0=36(J)
| 4=3.0m g W = ﬁk d= 1lcos@ = ,ukmg”d cos@
Work done by friction F¢ls | =0.15x 6.0 9.8 x3.0c0s180 = —26(J)

Thus the total workis | W =W, +W, =36-26=10(J)

Using work-kinetic energy theorem and the fact that initial speed is 0, we obtain

1 olving the equation

W=W,+W, =—mv, JiEIe S% /2W /2X1 =1.8m/s
2 for v, we obtain
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Potential Energy

Energy associated with a system of objects =¥ Stored energy which has the
potential or the possibility to work or to convert to Rinetic energy

In order to describe potential energy, U,

What does this mean? .
a system must be defined.

The concept of potential energy can only be used under the
special class of forces called the conservative force which E, = KE+PE=KE, + PE,

results in the principle of conservation of mechanical eneryy.

What are other forms of energies in the universe?

Mechanical Energy  Chemical Energy Biological Energy
Electromagnetic Energy  Nuclear Energy Thermal Energy

These different types of energies are stored in the universe in many different forms!!!

If one takes into account ALL forms of energy, the total energy in the entire

universe is conserved. It just transforms from one form to another. 12
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Gravitational Potential Energy

This potential energy is given to an object by the gravitational field in the
system of Earth by virtue of the object’s height from an arbitrary zero level

When an object is falling, the gravitational force, Mg, performs the work,

The work done on the object by
the gravitational force as the
brick drops from y, to yy is:

on the object, increasing the object’s Rinetic enerygy. So the potential eneryy
of an object at a height y,the potential to do worR, is expressed as

PE =ﬁg Ly = ‘ﬁg“ﬂcos@ = ‘ﬁg“j}‘ =mgh PE=mgh

W,= PE - PE,
=mgh —mgh, = -APE

(sinceAPE = PE, - PE, )

I What does || Work by the gravitational force as the brick drops from y;to y;
this mean? || is the negative change of the system’s potential energy

=» Potential energy was spent in order for the
Monday, Oct. 25, 2010 gravitational force to increase the brick’s kinetic energy.
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Ex. A Gymnast on a Trampoline

The gymnast leaves the trampoline at an initial height of 1.20 m and reaches
a maximum height of 4.80 m before falling back down. What was the initial
speed of the gymnast?

vy =0 m/s
a

()
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Ex. Continued
From the work-kinetic energy theorem W = % WIV? o % mvj

y=0mh

2 Work done by the gravitational force

| W raviey = ME (ho —h f)

Since at the maximum height, the
final speed is 0. Using work-KE
‘UO theorem, we obtain

T/ 7'_\;‘& ’ﬁg (ho - hf ): _%’74"2
"f\/ \/ Voz\/—Zg(hO—hf)

LV, = \/—2 (9.80m/s* )(1.20 m—4.80 m) =8.40m/s
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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.

E}l 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=343J U, = mgy, =7x9.8x0.03 =2.06J

L ié\}\ w,=—AU =—-(U,-U,)=32.24 =30J

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(-13)=-89.2J U, =mgy, =7x9.8x(-1.77)=-121.4J

W, =—-AU =—(U, -U,)=322J =30J
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