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Topics

m Estimation

m Modeling the world
m Math In science

m Units and dimensions
m Scaling
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Foothold 1deas:

Dimensional and unit analysis

We label the kinds of measurement that go
Into assigning a number to a quantity like this:

X] =L means “x is a length”

t] =T means “t is a time”

m]=M means “m is a mass”

v] =L/T means “you get v by dividing

a length by a time

Models allow us to think about how numbers fit together.
A first check on any model: dimensional analysis

Only quantities of the same type may be equated
(or added) otherwise an equality for one person would not hold for
another. Equating quantities of different dimensions yields nonsense.
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A dollar and a penny

m A student makes the following argument:
"I can prove a dollar equals a penny.
Since a dime (10 cents) is one-tenth
of a dollar, | can write:

10¢=0.1% Stuck?

m Square both sides of the equation. Try it with
Since squares of equals are equal, 10cm = 0.1 m

100 ¢ =0.01 $.

m Sincel00¢=1%$and0.01$=1¢
it follows that 1$=1 ¢."

m \What's wrong with the argument?




A

© Mmoo ®

A student measures distance x to be 5 meters
and area A to be 25 ft2. Discuss with
neighbors which of the following are true;

7] = [A] then vote
C[X4] =

. [5x] =A

x?=[A]

X2 = A

All of the above
Some of the above
None of the above
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Modeling In Physics

m Many of the models we use In intro physics are highly
simplified (*“toy models”) to let us focus on just a few
properties.

— Point masses
— Rigid bodies
— Perfect springs

m These models let us first get a clear understanding of
the physics. Then, more complex systems can be
treated by building around that understanding.
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Outline

m Chapter 2: Kinematics: Modeling Motion
» Coordinates
» Graphs
» Vectors
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Cat television

m \When we do science, we don’t try
to solve the entire universe at once.

m \We restrict our considerations to a limited set
of data and try to understand it. Only when we
get it do we try to expand further to more
situations.

m This is like looking out a window
onto a small segment of the world.
Since cats like to do this, we could call the
process “choosing a channel on cat television.”
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The Main Question

(for this term, at least)

m Start by choosing a big question
and then refining Iit:

How do things move?

Why choose this?

-concepts of measurement, rate of change, and
force are basic - set frame for what are
appropriate terms to use to think about motion.

-ties to everyday experience so can use
and learn to build/refine intuition
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Foothold 1deas

m \We may choose to use an idea
for a while — as a “foothold,”
to see how It works, and perhaps
reject it later in favor of
a replacement or refinement.

m These ideas become the basic principles
we will use to reason — the “stakes in the
ground” of our safety net.
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Foothold i1deas:
Measuring “where”

m |n order to specify where something is
we need a coordinate system. This includes:
1. Picking an origin
2. Picking perpendicular directions
3. Choosing a measurement scale
m Each point in space is specified by three numbers:

(X, Y, z), and a position vector— an arrow showing
the displacement from the origin to that position.

m Vectors add like successive displacements or
algebraically by A=Aji+A B=B,i+B,]

A+B=(A + Bx)f+(Ay+By)j
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Coordinates In space

To specify the position of something we need a coordinate system.

0 The coordinate system includes: 7
— Picking an origin
— Picking perpendicular directions
for the axes of the coordinate system .
J
=

— Choosing a measurement scale

A
7

Q Each point in space in then specified by two

numbers: the x and y coordinates. These can

be positive or negative
(3 numbers in three dimensions)

L
\
\
\
1

“unit” arrows set the
measurement scale

a We can draw a position vector— an arrow drawn showing the

displacement from the origin to that nositinn 4
Why is there no mention of a third

dimension if all physical objects in the
world are not 2D but actually 3D?




2-dimensional coordinates

* We specify the direction and unjt lengths of the
two coordinate axes by writing] and J

* A position a djstance x from the origin
IS written as XI

» Note that If x Is negative, It means a vector
pointing in the direction opposite to j

 Vectors add algebraically:

r=Xxi+yj

To move from start to end of
vector I you need to take

x steps in the idirection and  [would it be accurate to liken a vector

y steps in the Idirection to a line segment with a direction?
|




Coordinates/vectors - Reading questions

How exactly does a suppressed zero work and in what senses will it be
useful/important?**

Can you give an example when a scientist used a suppressed zero to
present misleading information?

Why is the convention for there to only be the arrowhead at the positive
end, and why are we taught to put the arrowhead at both ends in primary
school?**

How do you depict the additional axis in a 3D spatial coordinate
system?**

Does the horizontal axis always represent the length of distance
traveled?**
Does time always go to the horizontal axis? **

Will we ever do curves in 3D as it would be more realistic?



Employment Level
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Vector - Reading questions/comments

Good Summary: For our purposes involving physical
systems, we will simplify the idea to two spatial coordinates
for now. This is the idea behind a typical graph in which a
position is given by the 2 coordinates (X,y), where the first
coordinate lies along the x-axis, and the second on the y-axis.
We can think of these coordinates as the distance from our
origin (which must remain fixed in order for the graph to be
valid). Furthermore, the position that the aggregate of the
coordinates describes can be considered a sort of
displacement from the origin.



Summaries/Qns that are inadegquate

| didn't quite understand this page as the others!!!!

Try to figure out whether it is the MATH on this page, the
CONCEPTS, or e.g. the WORDING, or something else.

| did not have any questions regarding this page. It is very
well written.



Foothold 1deas:
Measuring “when”

m Time — If we’re to describe something moving
we need to tell when it is where it Is.

m Time is a coordinate just like position
— We need an origin (when we choose t = 0)
— a direction (usually times later than O are +)
— a scale (seconds, years, millennia)

m Note the difference between

— clock reading, t This is like the difference
— atime interval, At between position and
length!
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Graphing Position

m Describe where something is in terms of
Its coordinate at a given time.

Set up Coordinates

Choose origin
Choose axes
Choose scale
Set scales on graph
Take data from video
Construct different graphs
Fit the graphs with
math functions
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Reading questions

m If in the first graph, we only have information for the x-axis
and the y-axis, how do we get the information for time In
the second graph where we're only tracking the x values?
Or was the information already available, but not
represented in the first graph?
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Run Logger Pro (No data)

Physics 131
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On which side of the x-y graph .
Is the Initial time (t = 0)? —
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2. On the right.

3. There Is not enough
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I s i to decide.

o 4. | have no clue.
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Run Logger Pro (with data)

Physics 131
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Sketch what you think x-t an
plots would look like.
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