Lecture 2

accelerated motion, momentum, and force



housekeeping

Remember:
MasteringPhysics! Facebook Group!

Homework posted Saturday!

Manuscript:

chapters 2, Tools, and Motion are up at
http://www.chipbrock.org/details/#headl234

Remember

Did | mention the syllabus and LECTURES/READINGS/
HOMEWORK tabs?? http://www.chipbrock.org/

stats:
22 F 37S,23J 14 S

quarks, spacetime, & the big bang
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http://www.chipbrock.org/details/#head1234
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3 kinds of graphs

Space Diagrams v

Spacetime Diagrams
X OV Y

a third one... ﬂ
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@ Space Diagram

take snapshots of Starting Point:
something moving and X1 and yi o N
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we’ll use funchous,..vemember v = vt +b
“y=max+b"7 r = 0.5t + 1.75
X L
2
Speed - 3/2
3
Ax
Distance over time o s o o o o o
t1 t2 time
N\ To — X1 ANG s

to —t; At

Velocity is the change of distance in time:

“v” for “velocity” A
stay tuned V= ——
(stay tuned) A7




kinds of motion

N time:

"uniform motion”
""accelerated motion”

"uniformly accelerated motion”



many times

we deal with constant acceleration



not all acceleration

IS constant It often varies in time.

U

sprinter

speed: units of yards per 1/60th of a second

Forward Speed - Max Accel, Max Speed

022
.

X: 320, ¥: 0.2

for modeling of acceleration in
Madden NFL11

time: units of 1/60th of a second Historically: constant acceleration
: 00 a0 was understood first.

Time




acceleration

_ Az
At

In the same sense that v

Acceleration is the change of velocity in time:

_Av
At

a

also a geometvical

. . sprinter
mtevpretation as o slope:

Velocity increases? Acceleration...Velocity decreases? Deceleration



constant acceleration

IS special

accelevation is also Hhe slope
of this,..it's comstamt

If. Acceleration is constant,

. . _ U1 T U2
then we deal In the average: Then the average velocity= v =

2
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To get to speed, it needs to start from
rest...and accelerate.

my favorite
alrplane

Need a force.

Airbus 330-300

A330-300 Copenhagen-Chicago Part 2 Takeoff After some time, it reaches "v1" and "vR"

mmmpetersen o Subscribe 99 videos «

The runway is 6,000 feet.
Assume a constant acceleration.

What is the average speed to vR?
What is the actual speed at vR?

& Lke ®  + Addto~  Share P 56,735 il

R — e ———_
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Logged in as: Chip Brock (brock) Admin % Update Profile (') Log Out

Quarks, Spacetime and the Big Bang Search Q

Wiki Recent Changes Media Manager Sitemap

You are here: HOME » video_lessons

video_lessons
Table of Contents

Lessons

Lesson 1
Motion

Motion (along with momentum and energy) is one of the building blocks to our treatment of Einstein's Special Theory of Relativity.

= Vriwill iinAdaretand hnw valanitis ralatae tn dietanra and tima

https://gstbb.pa.msu.edu/dokuwiki/doku.php?id=video lessons

B R R E————————————=—====——,——m
lesson videos (about 130 minutes)

section/video approximate viewing time complete before class number:
% 1.1 constant velocity 39 min (covered first day) 2
% 1.2 units and vectors 29 min (covered first day) 2
% 1.3 constantly accelerated motion 16 min (covered first day) 2
% 1.4 Galileo's analysis of falling motion = 30 min 2
% 1.5 projectile motion 23 min 2
examples
TBA
extras

& vector addition and subtraction 19 min
% light-years 15 min

% airbus 330 300 speed at V1 7 min

e EEEEE——————————ww
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https://qstbb.pa.msu.edu/dokuwiki/doku.php?id=video_lessons

buzz words

In Physics
"kinematics'" describes motion

"dynamics" describes the cause of motion (forces)
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the equations of constant acceleration

_U—UO
t— 1

a

to typically set to 0

a =

¢
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that’s 1t

for any circumstance of constant acceleration
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Galileo Galilel

1564-1642
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our first

Galileo Galilel

mathematician, natural scientist, astronomer

trouble-maker

18



how do things move?

Aristotle’s insistence:

except for a planet, sun, or the moon...or by something falling:
natural motion

Galileo’s contention: moving objects have ax "quality”
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insplred by

a simple pendulum

B And:
period depends only
on length (and Q)
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Galileo asserted that if no force acts on something, it goes for ever....

So of course this is called "Newton’s First Law."”
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Galileo’s Big Scores

gravity

objects fall at a constant acceleration

all objects .
distance: d = —at?
2
speed: v = at
projectiles
2 motions
astronomy

lots...which we'll cover later
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hilis ah-ha moment

measuring time was hard
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strobe shows increasing distance with time

near the Earth

extrapolating to vertical fall...

From his ramp, Galileo’s finding says, the 1
distance traveled is: T = §at2
An old argument that then...gravity induces a
constant acceleration,
% Gravity near the Earth is a special acceleration!
little "g" is the symbol used for 1,
the gravitational acceleration near L = 5975

the surface of the Earth.

g=9.8 m/s? =32 ft/s’

e —
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Aristotle has left the building

Galileo concluded that gravitation is

https://www.youtube.com/watch?v=E43-CfukEgs
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fruit

how fast just before
the apple hits the
grOUHd?

m/s

- GHIJKLMNOPQRsT]
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vectors

reviewed in manuscript chapter 2

and in the video corresponding to lesson 1
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vectors

encode both magnitude and direction

0 1 2 3 4 ft, mi,m, km, furlongs, light years, ...

# m a g n It u d e .ocde;r;’ﬂf’,f,f,',""o”QRST’-'”’f‘-‘?“ -~
—> I ] VS, OISy pois Y WXy 28
X or X direction N gl ey

For distances: magnitude = distance
For velocities: magnitude = speed
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see the

AIr'TOWS.

everywhere
you go

| | | |
0 20 40 60 80 mph
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our vectors

so far:

Displacement, Velocity, Acceleration

deceleration is a vector that points the opposite of the velocity
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what
goes up..

position:

AR

velocity:

force:

latest t4 > t3 > tT > t2 > tl earliest
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projectiles

Galileo was really smart about this.
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Galileo did something else

He started Physics

not true...there were others doing recognizably scientific
experiments - William Gilbert in Britain, for example

His Platonism. That was key.
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Isaac Newton

1643-1727

35



da’man.

|Isaac Newton

mathematician, physicist, alchemist

politician, administrator, religious heretic/zealot
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Newton = mechanics

iImpenetrable book:

PHILOSOPHIAE NATURALIS PRINCIPIA MATHEMATICA

aka: “The Principia”

Definitions, Axioms (Laws), Propositions, Lemmas (assumptions),
Corollaries and Scholia (notes)

37



the big Mo’

First, relevant definitions:

mass: "The quantity of matter is the measure of the
same, arising from its density and bulk conjointly..."

not very satisfying...

"quantity of motion": "The quantity of motion is the
measure of the same, arising from the velocity and
guantity of matter conjointly...”

In modern terms:

momentum = mass times velocity p = muv
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Jo, m U
momentum:

English: slugs-ft/s

metric: kg-m/s

mass:

English: slugs

metric: kilogram,kg

velocity:

English: ft/sec

metric: meters/sec = m/s



momentum

the "quality" that moving objects have

40



motion 1s not for free

you have to push it

41



make So, apply a force for some period of time:

something

move~’ A B

We'll just use arrows for force, F.

a force
ﬁ
More F, more speed
If acts for

a) a shorttime...0f  Ce—— means Atsmall
b) along time e means At large

which makes the box go faster, at B?



compare

If same F acts for same At
...say 100 pounds for 1 minute:

a) Wagon faster at B?
b) Beetle faster at B?

Sure. The size - or better, the MASS of the object matters.

FAt = mu
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resistance to™motion

IS Inertia FAf \w

44



fix force &
time

FAt is fixed, say 100 pound-seconds...
Then...since FAt — MV

1)

shared between m and v

FAL=N1-.

or

FAt=

45



fix mass and
velocity

TNV — 1; X A\t

or

mo= AT
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fancier

initial and final "states”

final — initial\ = the change
FAt =\ mv — mgvg = Amu
remember?

I'll use the little “0” subscript to
mean “initial”

This quantity is the “impulse”

Controlling Impulse governs superior athletic
accomplishment!

“sweet spot”

“good contact”
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change the momentum?

whack it.
D = MU

With Newton’s definition:

" .
AR )
SN N

F oy \\*

)

FAt = mv — moug = Amu
FAt=p—po = Ap

rearrange: F = % — A(mv)

At At

better known as: “Newton’s Second Law”
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F

~ Ap  A(mv)

At At

suppose the mass doesn’t change?

usually called
“Newton’s Second Law”

A(mv) = m(Av)

- mA(v)
= At
F = ma

—

49



about force:

If a body €Xperiences a force, it accelerates.

it can go faster, or slower... (accelerates or decelerates)

Ifabody IS accelerating, then a force IS
being applied toit.

If an applied fOrce is removed, the object will
continue to move in a straight line at a
constant velocity.

50



you have an 1ntuitive

feel for force.

English system: pounds, [bs

a

Metric system: Newtons, N

English system: slugs

Metric system: kilograms, kg

English system: ft/s?
Metric system: m/s? So: 1N=1 kg m/52
51



