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Key Topics & Concepts (re Today)

— Basic introduction/overview of kinematics

Some relevant underlying concepts of the day...

> Coordinate systems (chiefly 1-D); Units & standards

> Position (x) vs. velocity (v) vs. acceleration (a) & associated calculus notions

> Different representations of above values (e.g., graphical, algebraic, etc..)

> Notion of a particle (re “modeling”)



Mechanics
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- Gotta know your units/jargon. PRACTICE!

Wolfson
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Units

> Deep idea at play here (e.g., different ways of categorizing “stuff”)

> Which of these are obviously tied to “energy” in some way?

Wolfson



Starting point (re “branches” of physics)

Question: What is
“modern physics”? Is
there an “old physics”?

Wolfson



Mechanics 2 “Change”

» Where is the cannonball?
“When” matters too, right?

> Let’s just consider 1-D for now
(e.g., height of the cannonball;
we’ll come back to 2-D in ch.3)

> Consider three basic quantities:
« Position [m]

- Speed or velocity [m/s]

« Acceleration [m/s?]

> These are all inter-related via how things are changing with time




ANS
They will meet at ~1 PM approx. 240 miles
from Chicago (near Cleveland?)

Knight



Visualizing

= There is a LOT going
on here. Take some time
to stop and reflect....

Wolfson



— Gravity works in a consistent “downward” fashion (and is typically treated
within the context of problems involving “constant acceleration”

Aside: What causes gravity? (we’ll chiefly return to this next lecture & beyond)

Knight



Aside: What causes gravity?

Two black holes collide and form a ripple in spacetime (= Gravitational Waves)

https://www.ligo.caltech.edu/



Integration: Mathematics & Physics

> Elements of calculus are going to start (nicely/naturally) coming into play....

Wolfson



Mechanics & Calculus

—> Consider making At smaller and
smaller, eventually hitting a “limit”

Wolfson



Mechanics & Calculus

- A deep/sophisticated idea
underlies what is going on here....

Wolfson



Acceleration

Derivative
(re time)

Velocity

Derivative
(re time)

Position
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The door swings both ways.....

Acceleration

N

Integrate
(re time)

Velocity

Integrate
(re time)

Position

NOTE: Numerically, integration
is typically much easier than
differentiation

Derivative
(re time)

Derivative
(re time)

- Sometimes integration is
called “anti-differentiation”



Note: Implicitly buried in the “model” here is the notion that we treat the ball
like a “particle” (or better yet, a point). That is, we don’t worry about its
rotation, the moment of intertia, etc... Further, note that we also make other
(implicit) simplifications, such as neglecting friction, etc...

- Generally helpful to consider what (stated & unstated)
simplifying assumptions are being made....

Knight



ANS

Question: Why is acceleration
only non-zero on the downward
incline?

Knight









Ex. - Velocity vs Speed



Ex. - Velocity vs Speed

ANS
a & b only (why?)

— Think carefully about what implicit assumptions are built-in to things...
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—> Either way you go (forward or
backward), there is a nice geometric
representation

Knight
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Question: Would a “rea

|H

ANS

a. a&ec

b. b (going up!)
C.

elevator actually do this? Unlikely....

Knight



Equations of motion

Question: Where do these formulae (which are useful for solving problems!) come from?

- Let’s derive them!

Wolfson



— Convince yourself that these are two sides of the same coin!



-2 “Initial
conditions” (ICs)
matter

Knight
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ANS

a.x(2)=-2m

b. (left)

c. (below; NOTE: “motion diagram” = jargon)

Knight



Ex. - Velocity vs Speed

Knight



Ex. - Velocity vs Speed

ANS
a. v(1)=12 ms, v(2)=14 m/s
b. v(1)=-8 m/s, v(2)=-6 m/s

> Speed is how fast something is moving. Velocity is how fast AND in what
direction.

> In 1-D, it’s relatively simple: the sign carries the information (re velocity)

> In 2-D (and higher), a bit more sophistication is required (= vectors)

Knight



Forces and all that....

Newton’s 2" Law (const. mass)

- Forces are telling you something about
how something else changes (or in some
cases, not change)!

Wolfson



Summary

Don’t be afraid to think
“outside the box”

Start getting (really)
comfortable w/ #s

Mechanics,
gravity,
calculus, etc....

Integrate
(re time)

Velocity

Integrate
(re time)

Position

Acceleration

Derivative
(re time)

Derivative
(re time)

Take your time though....

Two sides
of the
same coin!



Ex. (now you need to go the other “way”!)

Knight



Wolfson Prob. (ch.2)

36. You’re driving at speed v, when you spot a stationary moose on the
road, a distance d ahead. Find an expression for the magnitude of
the acceleration you need if you’re to stop before hitting the moose.



Ex. - Wolfson Prob. (ch.2)



Ex. - Wolfson Prob. (ch.1)

22. A year is very nearly 7 X 10 s. By what percentage is this figure
in error?



SOL



Ex. - Wolfson Prob. (ch.1)

51. The semiconductor chip at the heart of a personal computer is a
square 4 mm on a side and contains 10'° electronic components.
(a) What’s the size of each component, assuming they’re square?
(b) If a calculation requires that electrical impulses traverse 10*
components on the chip, each a million times, how many such
calculations can the computer perform each second? (Hint: The
maximum speed of an electrical impulse 1s about two-thirds the
speed of light.)



