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* Quiz 2

* Building Newton’s Laws
* What'’s a force?

* The conceptual ideas
behind Newton’s Laws
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Why bother to build?

* Why do | bother to build Newton’s Laws
from experience rather than just give them
to you?

Causing Motion

« How do we get something to move?

’mmmonamme‘

» Crucial question: What happens
to a moving object if nothing acts on it?
(or if everything acting on it cancels?)
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One more icon:
Shopping for Ideas

* What we need to do here
is consider some different
possibilities and evaluate them
to see how well they work for us.
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s
Alternative Laws of Motion ﬁi
« Redish’ s Law (from block on table)
T =Ax
« Newton’ s Law (from ball on hard floor)

T =Av
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Newton’ s law of motion

» As a result of taps

T =Av
« Between taps

Ax =v At
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Is “tap” the right concept?

* Is a “tap” (.7) the right concept?
* |s it really something the hammer

gives to the ball?
Or does the “tap” also depend on the ball?

» Consider multiple bowling balls ganged
together with long bolts.

o 00 000
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Impulse

» We expect (and would find if we actually did
the experiment) that the effect of a given “hit”
with a hammer produces a smaller effect (less
Av) for more bowling balls.

« We therefore replace the “tap” by an
“impulse” — something delivered by the
hammer to the object.

P

771 < number of bowling balls

«— delivered by hammer to object
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Newton’ s 29 Law

Av =</%1

Ax = vAt
 Where

- .7 is the “impulse” (something delivered
to the object by another object touching it)
—m is the “mass” (a property of the object
that says how many bowling balls
it is equivalent to)
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A More Familiar Form

« If the object that is causing the change of
velocity by touching our object doesnt “tap” it
but touches it continually, it’ s more
convenient to extract a time by writing

7 = FAt

» then we get
dv _F

F — =
Av=|—|A
I 74

Ax A @—v
= VAl dt
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Technical term alert:
What’ s a Force?

« The “F” in the last slide is an expression of the
idea:
— When two objects touch they do something to each
other that tends to change the other’ s velocity.
« Although the technical term for this is “force” it is
different from the common speech idea of force.
— Itis an interaction between two objects.

— It only occurs via contact or by the non-touching
examples of gravity, electricity, and magnetism.

» Until we are accustomed to this new term we will
refer to “physical-force” (pForce).
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Measuring pForces

« We need some way of quantifying
pForces.

» To do that, we need to find a physical
system that changes when it exerts
a pForce in a way we already know
how to measure.

» Springs change their length
when they exert a pForce
and we know how to measure length.
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Springs

* If you pull on a spring from both sides it
changes its length.

: T =ks
4_WOT—> (“s” = stretch

or squeeze)

« Let’ s create a “standard” spring
that when it stretches a certain
length it produces a given
acceleration on a particular mass.
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Why F rather than .77
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Conceptual ideas underlying
Newton’s Laws 1-3

1. Objects respond only to influences acting upon

them at the instant that those influences act.
(Object egotism)

. All outside effects on an object being equal, the

object maintains its velocity (including direction).
The velocity could be zero, which would mean
the object is at rest. (Inertia)

. Every change in velocity an object experiences

is caused by the object interacting with some
other object — forces. (Interactions)

17

Conceptual ideas underlying
Newton’s Laws 4-6

4. If there are a lot of different objects that are

interacting with the object we are
considering, the overall result is the same as
if we add up all the forces as vectors and
produce a single effective force -- the net
force. (Superposition)

. When one object exerts a force on another,

that force is shared over all parts of the
structure of the object. (Mass)

. Whenever two objects interact, they exert

forces on each other. (Reciprocity)
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