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YOUR MOMMA THINKS
SQUARE ROOTS
ARE VEGETABLES.

OH, YEAH? YOUR

MOMMA THINKS

POLYGONS TURN
INTO FROGS.

WELL, YOUR MOMMA
COULDN'T INTEGRATE A
NESTED TRIGC FUNCTION,
EVEN F YoU LET HER
USE A COMPUTER.

J

TRASH
| 8EFoRE /O, MAN, THAT
| TESTS. [ LAST ONE HURT.

BoYS, I SAID SORRY, MiSS
NO TALKING _ O'MALLEY.
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Physics 131

Basic Principles of Motion

Prof. Redish

Description of motion

<> ArF  vector displacement

At time it took to do it

(@) Av  change in velocity
a =
At time it took to do it

Laws that control motion

Newton 0:
An object responds to the forces it feels
when it feels them.

Newton 1:
An object that feels a net force of 0

keeps moving with the same velocity
(which may = 0).

Newton 2:

An object that is acted upon by other
objects changes its velocity according
to the rule

N B FARE’f

Newton 3:
When two objects interact the forces
they exert on each other are equal and

opposite.

—.'_\'pe —_ -!_\'pe
i, A—=B T F, B—A

Forces

Forces: how objects interact with each
other to try to change each other's
velocity.

Notation convention.

F type of force
(object causing force )—(object feeling force)

Types of forces

Spring, Normal, Tension Force N, T
T =kAL

Friction Force f

fSuN

Weight Force W
W =mg

Electric Force

FE - qu

q—0Q 2
gQ

Using them in problems

1. What objects are you interested in
looking at the motion (or lack of
motion) of?

2. What other objects interact with
those objects?
(A System Schema might help)

3. For each object, isolate the object
and see what forces act on it.
(A Free Body Diagram might help)

4. Write a Newton's second law
equation for each of the objects you are
considering.

5. Put in what you know about each of
the forces.

Your resulting equations tell you about
relations among the various variables
of interest in the problem.

6. Decide what you know and what you
want to find out.

7. See if your equations will let you
determine the answers.



Foothold ideas:
Resistive forces

* 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.

 There are three types:
— Friction (independent of velocity)

— Viscosity (proportion to velocity)
— Drag (proportional to the square of velocity)



Foothold Ideas:
Friction

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

* |t acts to oppose the relative motion of the surfaces.
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 tatic kinetic kinetic static
fae < fatg = = Upg N g fase =Has Nag Upg = Upg

 Friction Is independent of velocity and only depends
on how hard the two surfaces are being squeezed

together.
* Friction can oppose motion or cause It.
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Foothold Ideas: Gravity

+ Every object (near the surface of the earth) feels a  #

downward pull proportional to its mass: - Eyymsps oot |

WE%m = mg
where g Is referred to as the gravitational field.

e This Is a Force even though nothing touching the
object is responsible for it.

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

e The gravitational field always points down.
Why N/kg

e Itismeasuredtobe g=9.8 N/kg instead of
11/13/15 5 m/s??




Response to Gravity: Free Fall

« After an object has been released,

— If 1t Is dense enough so the forces
from the air can be ignored

— If nothing else Is touching it
the only force acting on It is gravity.

* The force of gravity Is proportional
to the mass.

a:ﬁnet/: E%n/ mcy
m
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Model: Charge
A hidden property of matter

o Matter i1s 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.

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

e The algebraic sum of postive and negative
charges i1s a constant (i.e, N,- N_ = const.)
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Electric forces:
Foothold ideas (basic)

 There are two kinds of charges: + and -.
e Charges of the same type repel each other.
 Charges of different types attract each other.

 The force between charges gets stronger as
they get closer, weaker as they get farther
away.

 The electric force satisfies Newton'’s 3" |aw.
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Quantifying Charge

* Need an operational definition.
e Charge is a new kind of quantity
(toM, L, T, add Q).

e Choose our scale:
A small object has a charge of 1 C ( =1 Coulomb)
If two identical such charges held at a distance of
1 m exert forces of 9 x 10° N on each other.

* [This corresponds to choosing the constant
ke =9 x 10° N-m?/C? ]
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Review of \ectors
(2-dimensional coordinates)

* \We have 2 directions to specify. We must
— Choose a reference point (origin)

— Pick 2 perpendicular axes (x and y)
— Choose a scale

* \We specify our x and y directions by
drawing little arrows of unit length in their

Vo S o N

positive direction. j |

e A force vector |s written
F=Fi+Fj=F,F)
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Adding Vectors: Methods

e There are 3 mathematical
ways to add vectors

A A A
j > > >
head parallelogram add components

to tail rule (may use trig)
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Foothold 1dea:
Coulomb’ s Law

 Point charges attract each other
with a force whose magnitude Is given by

P =—F, =d2;
—Q O—q .2 g0

e
* ke IS put in to make the units come out right.

k.=9%10° N-m*/C’
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Adding forces for many charges!

F=F +F +F +F

q 179 0, —q 03 —q Q4 %C]

= _keqQ o keqQ, o keqQs o keqQ,

b, = —=Llr + C22r2+ C23r3+ C24r4+...

h ) £ Fy

where
r, = distance from Q, to ¢ r, = direction from Q, to g (mag. 1, no units!)
r, = distance from Q, to g r, = direction from Q, to ¢ (mag. 1, no units!)
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Foothold ideas:

Momentum
* \We define the momentum of an object, A:

Pa=Mm,v,

e This Is a way of defining
“the amount of motion” an object has.

 Our “delta” form of N2 becomes N
rnet v
: : <FA >: My AA
which we can rewrite as !

B} A(m,v 5
<F£et> — (mAVA) ApA

=mA<ﬁA>

At At
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Foothold i1dea:

The Impulse-Momentum Theorem

N Jﬁﬁnet
Newton 2 a. = A/
A m,

Putin definitionofa  gv, F™

dt m,

Multiply up by At
Define Impulse

Combine to get

Impulse-Momentum

Theorem for any > g onet
object A Ap A tjA

Physics 131
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Foothold 1dea:
Momentum Conservation: 1

* |If two objects, A and B, interact with each
other and with other (“external”) objects,
By the IMT

— ext

M, AV, =(Fy" + Fg_0)At

. m. AV, = (F* +F, _)At
° Addlng: B B ( B AeB)

m, AV, +m, AV, = [17";” +E +(Fp+

A(m, v, +m,v,)=F At
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Foothold 1dea:
Momentum Conservation: 2

o So: If two objects interact with each other
In such a way that the external forces on the palr
cancel, then their momentum is conserved.

A(m, v, +m.V, )=0

Physics 131




Foothold principles:
Randomness

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

« Alarge molecule, small organelle, or even a bit
of dust or pollen in the air is continually bombarded
from all sides by moving molecules of water or air.

 On the average, they are hit equally from all sides —
but since they are not that much bigger than the
bombarding molecules sometimes more hit them
from one side than the other. The values fluctuate
around the averages and these fluctuating
Imbalances produce a jiggling motion (“Brownian
motion”)

-¥
L2
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Foothold principles:
Diffusion

e |f the distribution of a chemical is non-uniform, 2
the fluctuations in how its molecules are being
struck by the molecules of the fluid it is in will
tend to result in the chemical moving from
more dense regions to less.

 This diffusion is not directed but is an
emergent phenomenon arising from the
combination of random motion and non-
uniform concentration.
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Foothold principles:
Fick’s first Law

 |If a set of molecules is not distributed uniformly in '
1D (there is a concentration gradient) there will
be an effective flow of those molecules according
to ;__pdn

dx (orin 3D) J =—DVn
1

* In a gas, the diffusion constant D is given by NE Av
* |n a liguid, the diffusion constant is given by D = kT
67TUR
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Foothold principles:

Fick’s second Law

The average square displacement of a random 3§
walking molecule in a thermal bath after a time t is*
given in 3D by Fick’s second law:

(Ar?)=(Ax?)+(Ay* ) +(AZ” ) = 6 DA

The radius of a small blob of chemical in a liquid
will grow at this rate.

The displacement, Ar=\/@ , only grows like JA?.
For larger organisms, this is too slow and is the
reason transport systems for air and blood have
evolved.
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Kinds of Matter

 Classify objects by how they deform.

— Solid: don’ t change shape if you leave them alone
or push on them (not too hard!)

— Gel: look solid if you don’ t touch them but are
“squishy” and change shape easily
(jello, butter, clay,...)

— Liquid: Have no shape of their own. Flow to fill
a container but have constant volume.

— Gas: Have neither shape nor volume
but fill any container.

— LOTS MORE!
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Foothold ideas
Properties of solids

e Density p=%
e Stretch and squeeze:

F=kAL

o= % (stress) 8=A%0 (strain)

E= % (Young's modulus)

k=E2

0

compression

e Breaking stress
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Foothold ideas:
Gases — Kinetic Theory |

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

* 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 O by momentum conservation) Is a
good one.

» Because there are so many particles and the collisions
so sensitive to initial conditions, we can’t predict the motion

of individual particles for long — but emergent macroscopic
averages are very stable.

» Dilute gases satisfy the Ideal Gas Law, pV=n,,.RT
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The ldeal Gas Law

Chemist’ s _
form P V o /’:l molesig\T
N, = Ni R=kyN,
Physicist’s _\ /
form pV — NkBT
p=nmy’ Sk, T =3my

11/13/15
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Foothold 1deas: Pressure 1

e In a gas the molecules are moving very fast
In all directions. On the average
the momentum cancels out.

 |f you put in a wall keeping the gas on only
one side, only the momentum in one direction

acts on the wall (N1, N2, N3), creating a
force.

* In a non-flowing gas, the force/area is a
constant, the pressure. It is proportional to
the number of molecules and their mv?2.:
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Foothold ideas:
Gases — Kinetic Theory Il

o Newton’s laws tell us that motion continues forever
unless something unbalanced tries to stop It, yet we

observe motion always dies away.

e 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.

* The model unifies the idea of heat and temperature
with our ideas of motion of macroscopic objects.
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Foothold ideas:
Liquids
 In a liquid the molecules are close enoug,..
that their mutual (short ranged) attractions
hold them together (e.g. H-bonding In
H,0).
« Aliquid maintains its volume but changes

Its shape easily in response to small
forces.

 The relation of p, V, and T in a liquid Is
WAY more complicated than in a gas.
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Foothold 1deas: Pressure 2

A constrained fluid has an internal pressure
—like an internal force at every point in all directions
(Pressure has no direction.)

At a boundary or wall, the pressure creates a force
perpendicular to the wall. F = pA

The pressure In a fluid increases with depth. A
p = P, + pga
The pressure in a fluid is the same on any

horizontal plane no matter what the shape
or openings of the container.

11/13/15 Physics 131 29



Foothold ideas:
Buoyancy y

« Archimedes’ principle:
When an object is immersed in a fluid
(in gravity), the result of the fluid’s
pressure variation with depth is an
upward force on the object equal to
the weight of the water that would
have been there if the object were not.

e As aresult, an object less dense than the fluid will
float, one denser than the fluid will sink.

* An object less dense than the fluid floats with a
fraction of its volume under the fluid equal to P
object

pﬂuid
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Foothold ideas: |

% &

Surface tension =

* Due to the intermolecular interactions
holding a liguid together, the surface of a &
liguid experiences a tension.

 The pull across any line in the surface of
the liquid is proportional to the length of
the line.

F

surface tension
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Laplace Bubble Law

What forces

Now consider )
act on 1t?

Consider a bubble its top half

T _ 1A 2N _ 2
F;lir pressure inside—top half — 2 pA T 7]7(277:7” ) _ ﬂpl" Force from pressure

! Inside (up) must cancel
F otvotnafsiopnar = Y L =Y (2mr)=2myr oull of surface tension

2,}, from the bottom half
p=— (down)
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