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“ribing Motion



® [t was right there
yesterday...today,
it's all the way over
here

e \What are the
Important
' parameters? Time
and place

® How are they
related? Change Ir
place occurs during
some interval of

Camera 10 Camera 10

. ‘ time

MANC20098 7 MANC20098 7/




e Relative means

"with respect
toll

e Displacement:
change In
location
compared to
something
specific

e Point of
reference might
be at rest or
also In motion

IT"s ALL

RELATIVE



YOU SET YOUR CAR KEYS ON THE KITCHEN TABLE.
WHEN YOU COME BACK LATER, THEY ARE IN A
DIFFERENT LOCATION. WHAT S THE DISPLACEMENT?

A) O ft
B) 3 ft
C) 4 ft
D) 5 ft
F) 7 ft




l.ET’S SAY YOU SLID THE KEYS
FROM POINT A TO B 1O (-

e Displacement of
keys still = 5ft

e They still end up 5
ft away from where
they started

e Distance traveled
by the keys = / ft

e Distance not
necessarily equal
to displacement!
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ECTION 2.2

SEEEEER

H/7//FAAMES

102°C
95°C
83°C

235°C

Mring Motion




SPEED

e How fast = distance divided by time: v = d/t

e Ratio! d/t compares how far and how long

e Time in denominator means "rate of change”

WARP SPEED CHART

Standard orbit ~ Warp 7 —~ Warp 8 —~ Warp 9
Werp 1 ~ Warp 8.2 Warp 9.6
Warp 2 t m::E
~Warp 3 ?—1 U.s.s.
-~ Warp 4 NCC-1701-A Warp 10 —
~Warp § Maximum speed
~ Warp 6
Maximum speed
U.8.5. ENTERPRISE Warp 9.9999 -
NCC-1701-D Warp 9.99
Warp ’.9]
| TN T———— —
APPROXIMATE TIME TO TRAVEL
Earth to Across To nearby Across one Across To nearby
Moon Sol system  stor sector FEDERATION gelaxy
SPEED Kilometers x 400,000 12 million 5 20 10,000 2,000,000
per hour lightspeed kilometers kilometers  light-years light-years light-years light-years NOTES
Standard orbit 9600 less than 42 hours 142 yoars 658,335 years 2 million years 1.12 billion years 223.33 billion years Synchronous orbit around
0.00001 Class-M planet
Full impulse* 270 million 0286 5.38 seconds 44 hours 20 years 80 years 400,000 years 8,000,000 years Normal maximum impulise speed
Warp factor 1 1078 miillion 1 1.34 seconds 11 hours 5 years 20 years 100,000 years 2,000,000 years Warp one = speed of light
Warp factor 2 11 billion 10 0.13 seconds 1 hours 8 momhs 3 years 9.921 years 198,425 years
Warp factor 3 42 billion 3» 0.03 seconds 17 minutes 2 months 1 year 2568 yeors $1.360 years
Warp factor 4 109 billion 102 0.013237 seconds 7 minutes 18 days 2 months 984 years 19,686 years
Warp factor 230 bitlion ral) 0.006291 seconds 3 minutes 9 days 1 month 468 yoars 9.357 years Old cruising speed
Warp factor 6 423 billion 392 0.003426 seconds 2 minutes S days 19 days 255 years 5,096 years New normal cruising speed
Warp factor 7 707 billion 656 0.002049 seconds 1minutes 3 days 11 days 152 years 3,048 years
Warp factor 8 1103 trillion 1,024 0001313 seconds 39 seconds 2 days 7 doys 98 yoars 1,953 years
Warp factor 9 163 trillion 1516 0.000886 seconds 26 seconds 1 day 5 days 66 years 1319 years
Warp factor 8.2 1.78 trillion 1,649 0.000815 seconds 24 seconds 1 day 4 days 61 years 1,213 years Oid normal maximum speed
Warp factor 9.6 206 trillion 1,909 0.000704 seconds 21 seconds 23 hours 4 doys 52 years 1,048 yoars Maximum rated speed, can be
maintained for 12 hours
Warp factor 9.9 329 trillion 3,053 0.000440 seconds 13 seconds 14 hours 2 days 33 years 655 years Auto-shutdown of engines
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' mean the same thing




AVERAGE SPEED

Distance (m)

e An object might
travel at a
constant speed
for the entire

5

time

ov =d/t ignores

any speeding

up or slowing

down (or even

N W ~

stopping)
e \When you say

"distance = rate

—A

X time," you are

assuming

OO

either constant

speed or

1

.

Time (sec)

3

4

5

6

[ average speed



e This really is different than speed!

VEL()CITY v = Ax/At (The equation tells you!)

o Veetor.velocity has two parts: :

SR Magnitude and direction

> . Speed is the magnitude (how fast)

sl g2 - @ To be complete you also must
| specify the direction of the
motion




A) must also be zero.
[F YOUR AVERAGE VELOCITY ~ 0 Mustalsobezer

IS ZERO, THEN YOUR
AVERAGE SPEED

B) cannot be zero.

C) might be zero. Or it might
not. It’'s complicated.




WHICH CAR IS ACCELERATING?

30 km/hr 60 km/hr
T, @ A)Only A.
B)Only B.
o C)Only C.
D)Both A
60 km/hr 30 kvhr and C.
L)) E)ALL of




ACCELERATION

® Also a vector, also a rate of change: a = Av/At
e Positive acceleration: speeding up

e Negative acceleration: slowing down

15

e
-

U1

Velocity, v (m/s)

1

10 15 20 25
Time, ¢ (s)



Even If your .
speedometer doesn’'t change, youT\
car might still be accelerating.



e Object with a
constant
speed can still
be
accelerating!

e Constant
velocity means
both speed
and direction
remain
constant

‘\ e Change
direction
means new
velocity vector—
which means
acceleration
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Horizontal Motion on Land



ARISTOTLE: SO WRONG it ot
Scientific Method
Asour SoMuen s
explanations

supported by
observations

FORCES YOU ARE

KEEF

FORCES MAKE
THINGS STOP OR
CHANGE THEIR

DIRECTION! INERTIA
KEEFPS THINGS
MOVING!

THIN

e Unfortunately,
living 2300 or so
years ago limited
his ability to
observe many
things

e [ncorrectly
concluded that an
object will only
remain in motion if
constantly
subjective to some
motive force



GALILEO: NoT JusT ALL ABOUT THE TELESCOPES

eActually made some very important contributions to kinematics
eUsed experimentation to get this— +close to Newton's laws of motion

eCorrectly concluded that force was necessary to change motion (a



oy ;



TRUE OR Two objects dropped from the same
height will fall at the same rate,
regardless of thelr masses.

teoria di Aristotele teoria di Galileo




THERE GOES GALILEO,
DrorprinG THINGS OFF
TOWERS AGAIN...

e Demonstrated that the speed of a
falling object doesn't depend on its
weight

e Yes, but...yes, there's a lot more to it,
but start with round balls of the
same size/different weight

e [f you measure your distances and
times carefully, you can actually
develop a working definition of
acceleration

® He was able to measure the
acceleration due to the earth's gravity l"l'.
(note that metric system did not exist

yet, so no, he did not come up with
9.8 m/s2) teoria di Galileo




FORCES

/-
Uy

e Another
vector! Yay for
vectors!

e Magnitude: |
ow hard are | H
you pushing &% ’
(or pulling)?
® Direction:
Which way are
you pushing
(or pulling)?




ADD THESE

FORCES!

A) F1+F2=20N (+x)
B) F1+F2=20N (+y)
C) F1+F2=28N (+x)
D) F1+F2=28N (+y)
E) Fi+F2=40N (+x)
F) F1+F2=40N (+y)

1= 20N

= 20N




FUNDAMENTAL FORCES

The Sun and the planets all orbit SEET ;
a shared center of mass : . E

.......
3 .
.........
................

- o
.....
..
.....................

Gravity forms stars, planets, and moons, and forces these objects to spin on

an axis and move along an orbital path. The planets appear to be orbiting

the center of the Sun, but the Sun and planets all orbit a shared center of mass.
Planets with enough mass can develop orbiting moons or rings of debris.

\Weak Nuclear Force

@

Converting protons into neutrons

When two protons collide and fuse, a disruption in the weak nuclear force emits a
positron and neutrino, which converts one of the positively charged proton to a
neutrally charged Nuetron. Without the weak nuclear force converting protons into
nuetrons, certain complex nuclei cannot form.

Electromagnetic Force

Forming atoms and molecules

The electromagnetic force pulls negatively charged electrons into bound orbits around
positively charged nuclei to form atoms and molecules. As a gas cools, electrons will
find their way into the presence of atomic nuclei. Larger nuclei with a greater positve
charge pull in more electrons until atoms and molecules have a balance of charges.

Strong Nuclear Force

*’*-}»

Binding protons in atomic nuclei

Positively charged particles naturally repel each other, it takes an extreme amount
of force to hold protons together. The strong nuclear force overcomes the
repulsion between protons to hold together atomic nuclei. Without the strong
nuclear force, complex nuclei cannot form.



Three Laws
of Motion



In the absence of a net force,

, ,
a body at rest remains at rest, and NE C c I ()N S

a body in motion remains in motion
indefinitely along the same straight line.

2 First LLAw

e 'Every object retains its
state of rest or its state of
uniform straight-line
motion unless acted upon
by an unbalanced force."

e Inertia Law: Inertia is an

ﬁ object's tendency to keep
- doing whatever it's doing

measure of Its inertia:
more mass = more
resistance to change



NE ON , S e presence of a nIc: force, "»-
t J&t cxpcrlcnccs J

lutlu ll‘lon

SECOND LAw

o F = ma: If you push it,
it goes. (push = F it =
M, 80€S = a)

e Or: the harder you
oush an object, the
more you change the
motion (speeding up or
slowing down)

e Or: the more massive
an object, the more
force needed to move it




You APPLY A TON How to punch a cake

really hard:
FORCE TO A 5KG OBJECT. N\ /7
ITS ACCELERATION IS o (4
A) O m/s?
Punch i’r‘wH-h Punch it

B) 1 m / S2 Sog?;g*zrg ) faster.

C) 2 m/s?

D) 5 m/s?

E) 10 m/s?

L Tew

F) 5 O m / 82 Force =MASS x acceleration Force = mass x (CCEleration



e Not the same thing! w = mg

Q(/ EIGHT e Mass m = amount of matter, measured in kg

e Weight w = force on object due to gravity,
measured in Newtons

AND MASS e Constant ¢ =9.8m/s2 (Earth's gravity, or the

acceleration due to Earth's mass)

- Mass and Weight

Mass = 10 kg Mass = 10 kg Mass = 10 kg
Weigh scales = 10 kg Weigh scales = 1.6 kg Weigh scales = 0 kg
Weight = 98 N | Weight = 16 N Weight =0 N -




Newton's 3rd Law

For every force, there is NE \X/ I ON / S
an cqual and opposite force.
T HIRD AW

e "Whenever two objects
Interact, the force
exerted on one object Is
equal In size and
opposite in direction to
the force exerted on the
other object.”

<
L. =
=

. -

e fForces must always exist
"» Inpairs! This is a very
. orofound idea.
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e For every action, equal/
| opposite reaction

>



TINY (THE ELEPHANT) APPLIES TOON  A) Absolutely
ON
OF FORCE TO |IKE (THE DUDE IN THE

B) Maybe
wiG). How MUCH FORCE DOES IKE 50 N
E |
APPLY TO TINY? ©) bxactly
Reaction force Action force D) At least a

million N!
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A) Same force, same acceleration!
WHO )

B) Tiny clearly weighs more, so more acceleration!

ACCELERATES C) Ike is less massive, so he will experience
N greater acceleration.
MORE AS A RESULT" D) Seriously, why are they even on skateboards?!?
Reaction force Action force
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SECTION 2.7
Viomentum



MomenTUM Is A VECTOR

0

e Magnitude = mass x speed \

e Direction = same direction as
velocity vector, direction of motion



True or false: The same car
A CAR TRAVELING NORTH HAS traveling at the same speed,

27.000 KG-M/S OF MOMENTUM. but headed south, will have
‘ -27,000 kg-m/s of momentum.




% IMPULSE- ~ *fat=ma

mvi + FAT = mvs

M()MENTUM e mvi: An object exists,

W
"
»
“ and It has some state of
e | HEOREM
o e FAt: Something happens
o
1)
1)
o

the the object; it

motion
Y,

: e mvs. As a result, the
» object now has a new
® state of motion
o
o ® .
e 0 “go ;,'
) ) )
) PN o
()

) (&)



e "The total momentum of a group of interacting
objects remains the same in the absence of

(CONSERVATION sl oes

e System momentum is conserved: objects
might swap (A gains, B loses), but total will

M not increase or decrease
OF OMENTUM e Why is this important? Because it lets us look

at collisions! Also, the whole Newton #3 thing.

/49
1\4«
Mercedes-Benz | Safety




AUTOMOBILE A HAS INITIAL MOMENTUM
PA = (+10 KG-M/S). AUTO B HAS INITIAL. MOMENTUM
PR = (—15 KG-M/S). BEFORE ANY COLLISION OCCURS,
WHAT IS THE TOTAL SYSTEM MOMENTUM P?

A)p = -25kg-m/s
B)p =-10 kg-m/s

C)p = -5 kg'm/s g A\ s
D)p = 0 kg-m/s ,_,v .
E)p = +5 kg-m/s * - —
FYp = +10 kg:m/s & .

G)p = +25 kg-m/s




AUTOMOBILE A HAS INITIAL MOMENTUM
PA = (+10 KG-M/S). AUTO B HAS INITIAL. MOMENTUM
PB = (=15 KG-M/S). AFTER A COLLISION OCCURS,
WHAT IS THE TOTAL SYSTEM MOMENTUM P?

A)p = -25kg-m/s
B)p =-10 kg-m/s

C)p = -5 kg'm/s g A\ s
D)p = 0 kg-m/s ,_,v .
E)p = +5 kg-m/s * - —
FYp = +10 kg:m/s & .

G)p = +25 kg-m/s




A)Nothing; it was +10
kg-m/s before the BECAUSE OF THE COLLISION,

collision, and i1t will

be exactly the same WHAT HAPPENS TO THE
alter.
B)Something; Car B MOMENTUM OF CAR A?

will transfer some
momentum to Car A.
The individual
momentum of each
will change, but the
total stays constant.

C)Everything. Car A will
absorb all of Car B’s
momentum. [t will, In
fact, absorb all of
the momentum of
every single thing it |
touches. Car A is @
dangerous. Don’t be
like Car A.
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ewton's Law of Gravitation

NAS/

Compilation

D



|'HE FORCE OF
GRAVITY

A)is exclusively
attractive.

B)Is exclusively
repulsive.

C)might either

attract or repel,
It depends on
now the force
IS applied.

D)is simply a
suggestion for
cats.




T'HE FORCE OF GRAVITY

Force F (arbitrary units)

Y N emm b ~ e Force is always attractive;
w ~’  mass pulls mass, never
\ pushes it away
1 e Directly proportional to
mass: 2x the mass, 2%
the force
1\ ® [nverse—square of
\ distance: 2x the distance,
e A only 4 the force

Distance r (arbitrary units)



I'HE FORCE OF GRAVITY BETWEEN MASSES 7711 AND 7712
1S 20N. Ir YOU DOUBLE m1 (LEAVING 712 ALONE), THE
NEW FORCE BETWEEN THE MASSES WILL BE

S ,, ALK R RERixD |
B) 10N .
C) 15N

D) 20N
E) 40N
F) SON

—




I'HE FORCE OF GRAVITY BETWEEN MASSES 711 AND m2 1S 20N. IF
YOU MOVE mM; CLOSER TO 712, CUTTING THE DISTANCE BETWEEN
THE MASSES IN HALF (7= Y2r;), THE NEW FORCE WILL BE

—— A) SN
~ BROOKLYN SUPERHERD
¥  SUPPLYCO. _ ¥ B) 10N

1
000000 > % U.S.A

= (1 .

o bey

on..-o" C) 1 5N

Due oavun D) 20N

L e
= o
ey, ), s :;wf"
' . v
',.‘: A CRAVITON 1§ A HYPOTHETICAL EKLEMENTARE g ~ 9’
u1r
* $cragg PAKTICLE THAT MEDIATES THX FORCE OF CRAVIER S o a
p * el THE MEWIEE | QUANTUM FILLD THEORY =1 ‘__‘:o:‘ =
* oy CRAVI RANK w "~
' ViTox ' { AND, AS A SECOS o g
N
% 2y T HAVE | 1 y WO ‘r:_‘. o

.
i Sy ‘F_ ......

llllllllllllllllllll
WINEsTI NTACT $

t F
-
-
" . .
Y nyATELY .
¥ INJESTED, CONTACT A FHYSICIAN DIOUEDIATE ;
N
Wi > ' N s N
....
AT Yeles C1te - ™~
‘ ) A %
. -
.

2rEIFF
75 F

ey
LT
A
»
o =
Wi ¢
ke ¥
T
" e
5.'.

\ON
Sivany TR et | CUGA



oG =6.67x10-11 N-m2/kg?
BIG GD G = universal constant

e g = 9.81 m/s? = specific to Earth

LITTLE G e Moon: g = 1.62 m/s?

e Mars: g=3.71 m/s?

How much would the average person weigh on each planet?

28.4kg 75kg 189.8kg 67.9kg
(62.6lb) (165Ib) (418Ib) (149.71b)

Venus

Mars
XXX
Mercury A Earth

67.9kg 28.4kg 79.9kg 85.5kg
(149.7Ib)  (62.6lb) (1761b) (188.51b)

W IT



EIGHTLESSNESS

e Apparent weightlessness: gravity never
gets switched off

® Free-fall produces the sensation of
weightlessness, but objects are not truly
free from the force of gravity




