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November 7, 2013 Physics 131 Prof. E. F. Redish

B Theme Music: Duke Ellington
Take the A Train

mCartoon: Bill Amend FoxTrot
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Tension:
The Spring

B A spring changes its length in response to pulls (or
pushes) from opposite directions.

B A simple idealized model is Hooke’s Law

T =kAL

This 1s a useful model of any system that is stable
and has restoring forces when small displacements
are made.
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11/7/13 Physics 131 2

Prof. E. F. Redish

11/7/13



Phys 131

Foothold ideas:
Resistive forces

B Resistive forces are contact forces acting between
two touching surfaces that are parallel to the surface

and tend to oppose the surfaces from sliding over
each other.

m How they behave depends on the interacting materials.
B There are three types:

— Friction (solid-solid: independent of velocity)
— Viscosity (solid-fluid: or fluid-fluid: proportion to velocity)
— Drag (solid-fluid: proportional to the square of velocity)
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Foothold ideas:
Friction

B Friction is our name for the interaction between
two touching surfaces that is parallel to the surface.

m [t acts to oppose the relative motion of the surfaces.
That is, it acts as if the two surfaces stick together a bit.

® Normal forces adjust themselves in response to external
forces. So does friction — up to a point.
Static Sliding

max __ ,,Static _,  Jkanetic kinetic static
Joss ST =M Nag  fiop =M Niop " <y

m Friction can oppose motion or cause it.
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Foothold 1deas:
Viscosity

B Viscosity is a resistive force that an object
feels when it moves through a fluid as a
result of the fluid sticking to the object’s
surface. This layer of fluid tries to slide over
the next layer of fluid and the friction
between the speeds that layer up and so on.

B The result is a force proportional to the
velocity of the object.

rviscous _ =
Fwﬂuid%object =-6 n-tu Robject 4
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Foothold ideas:
Drag force

B The drag (“Newtonian drag”) is a resistive
force felt by an object moving through a
fluid. It arises because the object is pushing
fluid in front of it, bringing it up to the same
speed it’s going.

W The result is a force proportional to the
density of the fluid, the area of the object,
and the square of the object’s velocity.

Fires =Cd,. A, V

fluid—object fluid” “object
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Foothold Ideas: Gravity

m Every object (near the surface of the earth) feels a

downward pull proportional to its mass: Yy ject A
WE_)m = mg causes W?

where g is referred to as the gravitational field,

B This is a pForce even though nothing touching the
object is responsible for it.

B The gravitational field has the same magnitude for all
objects irrespective of their motion and at all points.

B The gravitational field always points down.
: U OANA]
m Itis measured tobe g = 9.8 N/kg instead of

11/713 Physics 131 m/s2?

Model: Charge
A hidden property of matter

m Matter is made up of two kinds of electric :
matter (positive and negative) that have equal
magnitude and that cancel when they are
together and hide matter’ s electrical nature.

B Matter with an equal balance is called neutral.
m Like charges repel, unlike charges attract.

B The algebraic sum of postive and negative
charges is a constant (i.e, N,- N_ = const.)
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Conductors and Insulators

m Insulators

— In some matter, the charges they contain are bound and
cannot move around freely.

— Excess charge put onto this kind of matter
tends to just sit there.
m Conductors

— In some matter, charges in it can move around
throughout the object.

— Excess charge put onto this kind of matter
redistributes itself or flows off
(if there is a conducting path to ground).
m Unbalanced charges attract neutral matter
(polarization)
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Foothold idea:
Coulomb’ s Law

m All objects attract each other with a force
whose magnitude is given by

F_,=-F,, =<12;
=0 T 0-q 2 q0

qu

W /- is put in to make the units come out right.

k.=9x10" N-m*/C?
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Vectors with trig —
by components
A=Ai+Aj
=(Acos(0))i +(Asin(0)) j
B sin(¢)} ” B= B";+By}
X = (~Bsin(¢))i +(Bcos(9)) ]
B cos(¢) A+B=?
BN
5 A sin(0)
A cos(8) X
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Foothold ideas:
Fields

B A field is a concept we use to describe anything that varies
in space. It is a set of values assigned to each point in space
(e.g., temperature or wind speed).

B A force field is an idea we use for non-touching forces.
It puts a force vector at each point in space,
summarizing the effect of all objects that would
exert a force on a particular object placed at that point.

B A gravitational, electric, or magnetic field is a force field
with something (a “coupling strength”) divided out so the
field no longer depends on what test object is used.

. Feingonm = Fingong Field is the value at a position
= E= in space “ r“ assuming
m 4q that the force is measured

11/7/13 Physics 131 by placing the object at r.
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Foothold ideas:
Electric Forces and Fields

B When we focus our attention on the electric force on a
particular charge (a test charge) we see the force it feels

factors into the magnitude of its charge times a factor that
depends on position (and the other charges).
FEnet _ keqoq; A 4 k909, 4 k-q0q; kcdody »
® 2 l-o 2 1250 2 BaoT-" 3 INso
Tor T2 Tos Ton
r~Enet __ =
Fqn % qOE(r())
= kcq keq keq keq
I oL 8k b c13 » c9n 2
E(ro)_ 2 rl—>0+ 2 r2—>0+ 2 ’3—>0+'" 2 rN—)O
Tox To2 To3 Ton
11/7/13 Physics 131 13

Momentum: Definition

m We define momentum:

p=my
B This is a way of defining
“the amount of motion” an object has.

m Our “delta” form of N2 becomes

F = mA—‘7 = mad
which we can rewrite as At
Fnet — A(m‘_;) — Aﬁ
At At
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The Impulse-Momentum Theorem

i/
B Newton 2 a m
— rnet
m Putin definition ofa 20— F
dt m
m Multiply up by At mAv = F™ At
m Define Impulse 7 7 net F net At

m Combine to get —
- net
Impulse-Momentum A]? =.7

Theorem
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Momentum Conservation: 1

m [f two objects, A and B, interact with each
other and with other (“external”) objects,

T S (P
Bythe IMT o oo,
, AV, =(F& +F, )AL
m Adding: my AVy = 1)
m, AV, +my AV, = [Fj’“ +Fy +(Fyp + Fy, ):|At

N rd
] \\‘\—975 T
e Other
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Momentum Conservation: 2

B So: If two objects interact with each other
in such a way that the external forces on the
pair cancel, then momentum is conserved.

Alm v, +m,v,)=0
my, +myvs=m v, +myv]
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Foothold principles:
Randomness

B Matter is made of of molecules in constant motion %
and interaction. This motion moves stuff around.

m If the distribution of a chemical is non-uniform,
the randomness of molecular motion will tend to
result in molecules moving from
more dense regions to less.

m This is not directed but is an emergent
phenomenon arising from the combination of
random motion and non-uniform concentration.
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Foothold ideas:
Random walk in 1D
W As a result of random motion, . :
an initially localized distribution will IH [ e
spread out, getting wider and wider. T
This phenomenon is called diffusion il =
m The width of the distribution I Numberofstops
will grow like Al ==
i
(aF)=20 =
m D is called the diffusion constantand
has dimensionality [D] = L%/T 19
Foothold 1deas:
Random walk in 2D

m The density of walkers
decreases uniformly as
you get farther from the
source.

m The width of the peak
grows with the square
root of time.
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Foothold i1deas:
Kinetic Theory I

B We model the gas as lots of tiny little hard spheres far #
apart (compared to their size) and moving very fast.

B The motions are in all directions and change directions
very rapidly. A model saying that on the average the total
momentum is 0 (and stays 0 by momentum conservation)
1s a good one.

B Because there are some many particles and the collisions
so sensitive to initial conditions, we can’t predict the
motion of individual particles for long.

m Dilute gases satisfy the Ideal Gas Law, pV =n,,, RT
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Foothold 1deas:
Kinetic Theory II

m Newton’ s laws tell us that motion continues forever
unless something unbalanced tries to stop it, yet we
observe motion always dies away.

m Our model of matter as lots of little particles in
continual motion lets us “hide” the energy of motion
that has “died away” at the macro level
in the internal incoherent motion.

B The model unifies the idea of heat and temperature
with our ideas of motion of macroscopic objects.
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The Ideal Gas Law
s PV =m0, RT
"’"“:N% R=Kk,N,
fam | PV =\Nk§
p=nmv. | Sk, T=3my
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