PHY 113 A General Physics |
9-9:50 AM MWF Olin 101

Plan for Lecture 12:

Chapter 7 -- The notion of work

1. Kinetic energy and the Work-Kinetic

energy theorem

2. Potential energy and work;
conservative forces
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Department of Physics

WFU Physics Colloquium
TITLE: The Physics of the Modern Trumpet
SPEAKER: Professer Thomas Moore,

Department of Physics,
Rollins College

TIME: Wednesday September 26, 2012 at 4:00 PM
PLACE: Room 101 Olin Physical Laboratory

Refreshments will be served at 3:30 PM in the Olin Lounge. All
interested persons are cordially invited to attend.

ABSTRACT

The modern trumpet has developed over the past 500 years into a highly specialized
instrument that takes advantage of some very subtie physics. This presentation will Include
an overview of the physics of the trumpet, a discussion of the variables in trumpet design
and the results of some new research ino how small vibralions of the metal affect the
sound
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WFU Physics Public Lecture

TITLE: Trumpet Lessons: The physics of the modern trumpet and
what it can teach us about art and science

SPEAKER: Dr. Thomas Moore,

Department of Physics,
Roliins College

TIME: Wednesday September 26, 2012 at 7:00 PM
PLACE: Room 101 Olin Physical Laboratory

ABSTRACT

The modern trumpet is the result of a centuries-long process of rial and error. Since it was
not designed using established scientific theories, an understanding of haw the trumpet
actually works has lagged far behind its development. This presentation will explain the
science behind how trumpets are designed and what makes them sound as they do. Some
myths about what makes a good trumpet will be investigated, and the relationship between
the scientist and artist will be discussed.

O Moors is the Archibald Granvile Bush Professar of Science at Rollins Collage in Winter Park, FL. He samed
his PD st the Institute for Optics at the Unmersity of Rochester. He also sered i the U.S, Army for twenty-one
yoars in many capacties, among them commanding 3 combal arms unit, senving as 3 research scientis! at
Lawrence Livermore National Laboratory, and teaching physics at the U.S. Mitary Academy at West Point. His
current research in musical acoustics facuses on the physics of the piano and brass instruments, and his
research interests include a variety of oiher instruments.
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Tutorial sessions in Olin 101

- G + Sundays 5:00-7:00 PM -- Jiajie Xiac

« Syllabus and homework assignments * Mondays 5:00-7:00 PM -- Jiajie Xiao

* Lecture Notes + Tuesdays 5:00-7:00 PM -- Stephen Baker
 For registered students * Wednesdays 5:00-7:00 PM -- Stephen Baker

« Thursdays 5:00-7:00 PM -- Loah Stevens
« Fridays 5:00-7:00 PM -- Loah Stevens

Note: Because of the special lecture, the tutorial

this evening will be moved to Olin 104 after 6:30 PM.




Back to work:
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A man must lift a refrigerator of weight mg to a
height h to get it to the truck.

3

iclicker exercise:
For which method does the man do more work:
A. Vertically lifting the refrigerator at constant
speed to height h?
B. Moving the refrigerator up the ramp of length
L at constant speed with h=L sin 6.

Multiple forces on block moving from x; to x;
n Fe
0

mg
Xi X¢
Assume Fpsind <<mg
Work of gravity? 0

Work of Fp? Fp cOS 0 (X¢-X;)
Work of f,? =mN (X-X)=—p(Mg- Fp sin 6) (x-x;)
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iclicker exercise:
Which of the following statements about friction
forces are true.
A. Friction forces always do positive work.
B. Friction forces always do negative work.
C. Friction forces can do either positive or
negative work.
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Why is work a useful concept?
Consider Newton’s second law:

Fow=Ma =D Fg,-dr=ma-dr

r r r
JthotaI dr—jma dr—jml dr—f dldldt—_fmf vdt
n I N dt dt M

\

-1 2 2
Wtotal_/zmvf /vai

w_/

Kinetic energy (joules)
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Introduction of the notion of Kinetic energy
Some more details:
Consider Newton’s second law:

Fiota =M & > Frotal - dr=ma-dr

" dv Y odvdr, U
Fiy -dr=[ma-dr=[m—-dr=[m—-—dt= m— vdt
I total I ,I dt I dt dt tI dt

jm— vdt = jmdv V= jd( mv- v)f%mvﬁ—%mvf

PW, =2 mvZ-%my?
J

K|net|c energy (joules)
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Kinetic energy: K =% mv?
units: (kg) (m/s)? = (kg m/s?) m
\_W_/

N m  =joules

Work — kinetic energy relation:

Wtotal = Kf_ Ki
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Kinetic Energy-Work theorem
f 1 1
Wi—»f = _[ Ftotal -dr = _mV$ Y mViZ
i 2 2
Example: A ball of mass 10 kg, initially at rest falls a

height of 5m. What is its final velocity?

0 v. =0 i

Wi =mgh=%mV$ _%”)/ h

v, =+/2gh = /(2)(9.8)(5m) =9.899m /s Vv, =7@ f
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A block, initially at rest at a
height h, slides down a
frictionless incline. What is
its final velocity?

Example

h=0.5m

0
Wi—»f = mgh :%mV? _%

v, =+/2gh =/(2)(9.8)(0.5m) =3.13m/s
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Example A mass m initially at rest and
attached to a spring compressed a
distance x=-|x;|, slides on a
frictionless surface. What is the
velocity of the mass when x=0 ?

X

I
| |
fe—x—

I

Wi, =1kxi2=£mvi _% °
2 2
k

Vi =q%
m

For m=0.5kg k=5N/m x, =0.2m

v, = /0—55(0.2):0.63m/s
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Special case of “conservative” forces
=2conservative €= non-dissipative

For non - dissipative forces F, it is possible to write
f

W, = [F-dr=-(U(r,)-u(r)

Example of gravity near surface of Earth :
f

Wi, = J.F'dr = _mg(Yf - yi): _(mgyf _mgyi)

= U(r;) =mgy; and U (r;)=mgy,

k
JTPRTTIFTRTETRT
VS

Example of spring force:
f X
W, EJ'F-dr :—jk xdx:—(%kxf —%kxf)

=U(r;) =1k and U(r)=1k¢
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iclicker exercise:
Why would you want to write the work as the
difference between two “potential” energies?
A. Normal people wouldn’t.
B. It shows a lack of imagination.
C. It shows that the work depends only on the
initial and final displacements, not on the
details of the path.

Define potential energy function :

U(F)E—_F[Fdr

Notethat F, = —Z—U
X
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Work-Kinetic Energy Theorem for
conservative forces:

Or:

%mv? +U(r, )= % mv? +U(r;)=E (constant)

Energy diagrams 1 1
gy clag EzfmszrEkx2

v 1 L
U = gkt . Note: when X =X, :

v=0, E=1 ke,
Note: whenx=0:

U@©0)=0, +mv’ =1 kx,,

“Xmax 0 Xmax
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Example: Model potential energy function U(x)
representing the attraction of two atoms

U0~y

| (10710 m)
6

—10
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