January 28, 2011 Physics 121 Prof. E. F. Redish

B Theme Music: Van Morrison
Checkin’ it out
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1/28/11 "Oh, if only it were so simple. "



Fundamental Principle
of Sense-Making 1n Physics

B Most of the physics we learn
in this class 1s simple
(and makes good sense).

B Secing that the physics 1s simple
(and makes sense)
can be extremely difficult.
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Dimensional Analysis

B [dentify the kinds of measurements needed to

construct a number describing some physical
object: M (mass), L (length), T (time)

B Only quantities with the same dimensions can be
added or equated. (Why?)

B Units express the particular arbitrary choice used
to assign a number to each type of measurement.

Significant Figures

B We take sig figs seriously here. You lose credit
on exams for too many!
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Estimation Problems

B This semestel / have posted a reading on

will contain 4 10w to do estimation problems
B In these kind @ our BB Site together with
a sample solved problem.

— only want al—cacorror vowroeor o orprrrrovre o
(“about how big 1s ...”)

— will learn how to quantify our everyday experiences

B Estimation 1s not “guessing” or “remembering”.

— You are not supposed to look up detailed numbers.
You are supposed to figure out how you can get them.

— If you only give your best guess and don’t tell

why you think you know you won’t get full credit!

The 1ssue 1s providing believable evidence.
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Estimation:
Some numbers I will expect you to know

B Numbers
— number of UG students at UMd ~ 25,000 2.5x 10*
— number of people in MD ~ 4-5 million 4.5x 10°
— number of people in USA ~300 million  3.0x 108
— number of people in world ~ 6 billion 6.5x 10°

B Distances

— distance across DC ~10 miles

— distance across USA ~3000 miles
— distance around the world ~24,000 miles
— radius of the earth =2/t x 10" m
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Sample Problem

B How much pizza?

B http:// www.physics.umd.edu/perg/abp/TPProbs/Problems/G/G16.htm
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Content Summary

B Principles of Motion: The Newtonian Synthesis
— Description of Motion (Kinematics)
— Causes of Motion: Newton’s Laws (Dynamics)
— Forces
B Extension and Analysis of Principles of Motion
— Center of Mass
— Momentum and Impulse
— Energy and Work
— Rotational Motion
B Applications of Principles of Motion
— Properties of Fluids: Pressure
— Heat and Temperature: Thermal Energy
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Knowledege Games:  gfimx

Sense Making

B We should more than just “know” a result 1n
physics — 1t should make sense to us.

B If you can see a result as making sense, you
will find 1t much easier to remember
accurately.

— Memory 1s not like a photograph.
It 1s highly compressed.

— When you recall it, 1t 1s “reconstituted” using
stock elements — and may mix together distinct
memories.
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Description of Motion

B Coordinate systems
W Vectors
B Velocity and Acceleration

ATy AV
V)= @)=+

m Constructing graphs
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Knowledge Games:
Seeking Consistency
B Building scientific knowledge

1s not a collection of independent
facts.

m Every “fact” has implications.
B Everything has to fit together.

;S
m This provides a safety net that ‘1%’ }
allows you to check whether

you have remembered your “facts™
(or better, used your principles) correctly.
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Sample Problem

o

The position of a small
radio-controlled toy is
measured by a sonic ranger.
When the motion detector 1s
turned on (at 7 = 0), the car
1s moving to the left and
slows down at a uniform
rate.

Which graph could provide
a correct graph of the
position, velocity, and
acceleration of the car?
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Knowledge Games:
Choosing Foothold Ideas

B As we gather our experiences
and data on a topic, we propose
general principles that correlate
and make sense of our observations.

B We then assume they are true and
see what they imply. If those implications
don’t pan out (agree with observation),
we may have to go back and modify them.

B As we improve them, they become the “fixed
posts” that hold up our safety net — the principles
we can always trust and come back to.
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Causes of Motion: Newton’s LLaws

B NO0: Objects only respond to forces on themselves,
at the time those forces are exerted.

B N1: Objects change their velocity (perhaps = 0)
only 1f they are acted on by unbalanced forces.

B N2: Each object responds to the forces it feels by
changing 1ts velocity according to = ng[/
3=
m

B N3: When two objects touch, they exert equal and
opposite forces on each other. = =
FA%B - FB%A
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Kinds of forces

B There are 2 classes of forces
— Touching

»Normal — N (perpendicular to surface
and pressing in)

»Tension — T  (pulling out of the surface)

»Friction —f  (parallel to surface —
opposing sliding)

— Non-touching

»Gravity — W

»Electric — F¢lec

»Magnetic — F"
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Properties of Forces

B Normal — adjust to oppose compression (like a spring)

B 7Tension —t. force vs. t. scalar,
analysis of the chain

B [riction — opposes sliding

T =k Al

of surfaces over one another

kinetic

Upg S U

max
fAeB S fAeB

static
AB

= 12°N, _, notsliding

__ ., kinetic
fAeB_:uAB N

A sliding

B Gravity — towards the center of the earth,

proportional to mass
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Sample Problem

m Friction 1s doing what?

m http://www.physics.umd.edu/perg/abp/TPProbs/Problems/D/D18.htm
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Momentum and Impulse

B We can rewrite a=F"*"/m to focus on what
a moving object "carries".

B Define momentum and impulse
p=mv 1 =F™ At
B Rewrite N2
I =Ap
B In a system, 1f the external forces cancel, the
total momentum of the system 1s conserved.
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Energy and Work

B We can rewrite N2 to focus on the part of the
forces that change the object's speed.

B Define Kinetic Energy and Work
KE = %mv® Work=F"™.AF

B Rewrite N2 by taking the dot product with the
displacement (to select part of force acting along
the motion)

Alsmv2 )= F™ . AT
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Potential Energy

B For some kinds of forces (gravity, springs) the
work done by that force can be brought to the
other side and treated as a kind of energy.
{Conservative forces}

B For some kinds of forces (friction, air resistance)
you can't do this. {Non-conservative forces}

AlBpm?+U)=F% - AF

non—cons

U,=mgh U, =1k(Al)

Jor
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Conservation Equations

B Momentum
n'll\_ilI + m2\72| — rnl\_il]c + m2\72f
A(ml\_il) =-A (m2\72 )
B Energy
smvi +U (F) =3mvi +U (T;)

Al mv? +U(F))=0
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Sample Problem

B What’s conserved?

B http:// www.physics.umd.edu/perg/abp/TPProbs/Problems/P&E/
P&E27.htm

~— lair track
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Center of Mass

m Extend our considerations from point objects
to extended rigid objects.

B Identify CM of object. |
=M
B An object's CM respond to forces as 1f all the
forces were applied to that point.

B An object's orientation around 1ts CM has to
be described by extensions of Newton's laws.
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Rotational Motion

6 (radians)

B Description of rotations
. . A6
(kinematics) »  (0)= Ar
AW
(@) =——
A0 = Aas (radians) At
R
— V . °
®=7  <«—— mRelation to linear measures
da
o=—
R
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Circular motion

B Uniform circular motion
— Radial acceleration

— Centripetal force
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Rotation of Objects

m Moment of Inertia | = Z m;r;’
i
m Torque 7T = |§><|E

m Conditions for Statics [ net — 0
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Vector Products

B Dot Product (a scalar)

— Picks out the pieces of two vectors
in the same direction and multiplies them.

—_

A-B=ABcosd =AB,+AB,

B Cross Product (a vector)

— Picks out the pieces of two vectors
in perpendicular directions
and multiplies them

AxB|= ABsing = AB, - A B,
AxB A
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Useful for
finding
Torque. (Why?)




Static Properties of fluids

W Pressure
F = pA
B Pressure under gravity
(incompressible fluid)

P =Pyt Pauig 90
B Principles

— Archimedes’ principle
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Dynamic Properties of Fluid Flow

B Incompressible fluid:
conservation of flow.

Av = constant

B Constant flow

through a pipe
(HP e q.) Drag force
Flow in — < Flow out
Pressure force  Pressure force
8 T ‘LL L upstream downstream
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Heat and Temperature

B Temperature:

a measure of thermal energy density

— 0-th Law of Thermodynamics

B Heat energy transfer Q =-Q,

temperature change,
no phase change

between objects Q = CAT = mcAT /
Q=mL
m, N Wl \ phase change,
T T no temperature change
Q
m, A 4 m,
T, "| T,
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Heat Flow

B Fourier’s Law

Hot reservoir Cold reservoir

AT =T, —T;
® = heat flow (energy/sec) aly |, | alk
AT = ZP ?

Z=——
k A

Iy>1¢
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