





THE FIRST
CONCEPT WE WANT

To UNDERSTAND 15
MOTION : BirDS FLYING,
PLANETS WHIRLING, TREES
FALLING. ALL THE UNWERSE
15 IN MOTION!!

WERE 16 & GTRMGWT-LINE
Cpgz\ti?:e MPARKED OFF W\TH

I6TANCES IN T
YORWARD PDIRECTION AND"E
NEGATWE PISTANCES IN THE
REVERSE DIRECTION-




LEVS WhATcH MY FELLow dsTRonhbT RINGO AS
WE DRIVES A CAR OM THIS COURSE. THE (AR 15
MOVING WITH CONSTANT SPEep. THEW IT
COVERS -THE SAME DISTANCE 1w EACH INTERVA L
OF TIME, NND WE WRITE®

d=v-t

PETER AFTER
1 SEX. 2 SEC - AR e

msTANCE @ EQUALS SPEED V
TiMEs TIME L. (P THE SPEED
1$ 10 METERS/SEC - THEN

IN EACH SECOND RINGO
TRANELS 10 METERS.

IN TWO SECONDS HE

(GoE5 20 METERS,
N THREE SECONDS
20 METERSG, IN
ONE MINUTE
b0D METERS

METER TWoO
WOURA, [ MAKE
k ¥UT STOP...

DND v ONE
Hour (3600 9)
Ue GOES

200 5 » 10 M5 = b000 M =

26 xM.



LT e e

IN AN DRDINARY TRIP, YO ARE ALWAYS
4PEEDING UP AND SLOWING DOWN * YouRr
GPEED 16 NOT CONSTANT. THEN WHAT

BAPRENS To THE EQUNTION d=v-t 7 F
V 16 CUpNGING, WHICH VALUE OF V
DO Yo USE?

TS 1§ CMRNLE
Too CoN- ) MuST BE PN
lLLYSION.~

t You CouLD SOLVE THE
EQUN'?; WR Vv To GET
a v= ‘4’1 ] %0
\ 7 FINAL ODOMETER _ INITIAL CDOMETER
( \ ‘ v = READING — READING

T ELAPSED TIME

Tis Gves e AVERAGE sreep Vor
THE TRIP. \T TOOK THE oLD NXTURAL
THiL0SOPHERS M LONG TIME

To REALIZE THAT AN =

OBJECT ALS0 HAS AW d
INSTANTANEQUS . )
SREED, A SPEED AT ) _ A
EACH MONENT. - ) ==\

TRAT & THE NUMGER
Your SPEEDOMETER
MEASURES.




PHYSILISTS HAVE FOUND THAT THE
PIRECTION 0F MOTION 15 AS |[MPORTANT
A6 THE SPEED: THEY USE THE WORD

To REPRESENT BOTH SPEED MND DIRECTION.

(" w60 TeMELS IN THE NEGATWE DIRECTON, B4 BACKING UP |
OR TURNING hROUND, WE SAY THAT HE HAS NEGATIVE

VELOUTY.
THIS EXPLAINS WHY

| WAVE NEGATIVE WUMBERS
ON MY SPEEDOMETER!

YOU CAN THINK OF VELOCITY AS A ARROW POINTING IN THE DIRECTION
OF MOTION, WITH 1T$ LENGTH PROPORTIONAL TO THE SPEED. ]

N

MORE GENERALLY, I®
RINGO DRIVES N pYY
DIRECTION, WE REPRESENT
Wis VELoQitY 8Y AN
ARROW — FOR EXAMPLE,
V=32 m/sec AT
28° EAST OF NORTH.




WE DEFINE ACCELERATION AS
THE CHANGE N VELOC\TY
PER UNIT TIME:

a- CHANGE Y
t

THIS 15 SIMILAR TO THE
VEFIN\TION OF SPEED,MS
THE CHANGE v DISTANCE

PER UNIT TIME.

LETS RIDE WOTH RINGo AGAIN. WS CAR WhS A LINEAR
ZPECDOMETER , WITH NEGKTWE READINGS EOR BALKING UP —
A “VELOCOTTOMETER." THEN ACCELERATION VS NOTHING BUT THE

VELOCITY OF TUE INDICATOR NEEDLE !

*USING THE
UNITS OF
VELOUTY READ
OFF THE
VELOUTOMETER



gun )

\E THE VELOC\TY 15 CHANGING
—IJO 0 10 20 "|° RAPIDLY, WE HNE A Bi6
ACCELERATION.
==l
1€ THE VELOLITY JHANGES
1o o 106 20 3|0[. 5LOWLY, Acceu?kooN
15 SMALL.
AND 1F RINGO MAINTNS A
-0 1o Yo 20 3°$ STEADY SPEED, WIS

- e} MCELERTION 15 ZERO.
- _/

NOW WATCH AS RINGO
MCCELERRTES SMOOTHLY
FROM O To 50 km/hn.

IN B 4EC. THE SPEEDOMETER
INDICATOR MOVES WATH

CONSTANT SPEED, <o
kere ACCELERATION
I$ A CONSTANT,

AND WE CALCULATE:

FINAL SPEED — INITIAL 4PEED 50 KM /u

= ELAPSED TIME - 5%

— G0 KM[n 1 focom 2

= Boly (e o) =278 mi
THESE TWO FACTORS ARE :
BOT To 1 — NoTE TUAT THE UNITS 0f
We }l*u%)ou ALCCOT&GM To ACCELERRKTION ARE M]4* —
CONVERT WOURS To SECONDS METERS PER SECOND PER
AD METERS To K/LOMETERS . SECoNp !



DI YOU NOTICE ANOTHER EFFECT
WHEN RINGO WAS ACCELERATING ?
WHENEVER THE CAR ACCELERATED
FORWARD, RINGO wAS PUSHED
BACK INTO K16 SEAT:

A AN NN Y

R R AT AR AR AR Y

IN GENERAL,

3

Tt
"ot

" .. ‘.__”'.V‘ o
PR AR R AFT TN SRS

. -.‘q__,._o;‘:

Aol

MVST BE
£ voWN HERE
SoMEWHERE...

AL

THE CaR SLOWS DowN, AND RiNGO
FEELS Ao FORCE PUSHING Him

FORWPR

IN. THiS BRAKING, 0R DECEL

S TURTION, THE'sveeDoueté%m"
INDICATOR MOVES To THE LEFT—
1.E-) [TS VELOATY 15 NEGATIVE-

S0 THE CAR HAS NEGKTIE
S‘C)ﬁﬁ:-ERAT(ON WHEN T Slow$

tvmBLe




Dlp NOTICE “TRAT THE B
ACCELERNTION 15 OPPOSITE To The
DIRECTION OF THE FORCE You VEEL?

THE CAR HAS NEGATIVE ACCELERA-
TION 1F IT 1S SLOWING DOWN
FROM A Poo\TVE VELOCITY, OR
IF IT% SPEEPING LP N Tie
NEGATIVE DIRECTION.

EITHER WAY THE YT
SPEEDOMETER
IS MOVING TO

THE LEFT! -

WE CAN USE THE ACCELERATION
FORCES T0 MAKE AN INDICATOR
OF ACCELERATION — AN
ACCELEROMETER. we SimeLy
SUGPEND A MASS BY A STRING
FROM RINGO's ROLL BAR.

P

WHEN WE ACCELERATES FORWARD,
THE MA%S SWINGS BACK To AN
ANGLE FroM THE VERTICAL .

WITH NEGATIVE ACZELERATION,
THE MA%% MOVES o b FORUKED
6LE.

THE MA%% MOVES IN A DIRECTION
OPPOSATE TO THE ACCELERPTION,
AND TUE ANGLE EVEN GIVES A
MERSURE OF THE ACCELERATION.

a:gtan.A

(wuAT's ¢
' SEE moaw ")




HERE {5 ANOTHER \
ACCELERATION SITUATION: ==
RINGO DRIVES AT A © e

CONSTANT SPEED OF 20 KM/uk =
AROUND k CIRCULAR TRACK.

ALTHOUGH TRE SPEEDOMETER ISN'T
CHANGING, RINGO FEELS A FORCE
PUSHING BIM TO THE OUTSIDE OF THE
CURVE, NID THE ACCELERDMETER
RANGS O THE OUTSIDE OF THE

UERE THE “SPEED OF THE SPEEPOMETER™
TEST FaILS. EVEN THOUGH RINGO'S
a’étif dsN‘T }C;\Auemeéamc
CITY S — BechsE 115
DIRECTION 16 CHANGING kS KE K
TRNELS AROUND ..

«-« AND WE UAVE A ACCELERRTION

PERPENDICULAR To Tue
MOTION, OPPOSITE TO THE
FORCES HE FEELS. THE
[ ACCELEROMETER MEASURES
v  THE ACCELERATION
CORRECTLY. SO: WHER
AN OBJECT MOVES W A
CIRCLE, WAYTH CONSTANT
5PgeD, 115 ACCELEROTION
& Towako THE CENTER

OF THE CIRCLEE .
\_ Y,




MCCELERPTION 16 NOT AN EASY CONCEPT,
BUT IT (4 A BASIC ONE IN PHRYSICS.

MOST MOTIONS IN THE WORLD
AGE NOT APLE | THE STEED peelnvertal
MNP DIRECTION ARE ALWAYM
CHANGING. N OTHER WORDY, {V v
THey ARE ACCELERATING ¥ a9
pes /
» s /;/ SPEED CONGTANT, ]
T =D e PIRECTION CRANGING

SPEED
Mp
PIRECTIOW
CRANGING

VELOUITY |5 GNEN BY THE EASIC
EGUATION

vedi

VELOCITY |4 THE RATE OF CHANGE
OF DIGTANCE. ACCCLERATION (S
THE RATE OF (KANGE OfF VELOCITY.
EVEN ACCELERATION CAN BE
CHANGNG !




BUT IN BEGINNING PHYSICS,
WE USUALLY STICK TO

CONSTANT ACCELERATION
SITURTIONS.

4UPPOSE YoU START FROM
REST MND UNDERGO CONGTANT
MCCELERPTION & FOR A
PERIOD OF TiMe t. HOW
FAR DO You 60 IN THIS
TIME 2

% o@—-.-rqaﬁ

t=0 v=at
V=0

WELL, YOUR
INITIAL SPEED
A4 |6 ZERO, AND
IT INCREASED
UNIFORMLY.
. 7 To v=at
IN TIME ©. %0 YOUWR
AVERAGE SPEED DURING
THIS INTERVAL WhAS:

{
- -z-u't

.. O+at
vmmes" h

3

THEN THE DISTANCE TRAVELED
d 15 THe NERNGE SPEED
TIMES Time £, OR

d = -’z-at't
- 2
d=lat

FOR EXAMPLE, SUPPOSE RINGO
ACCELERMTES FROM O T0 50 %o
NG 6EC. LET'S SEE HOW

FAR Ug GoLs, TS PROBLEM
HAS TWO STEPS. FIRST, WE

MUST FIND THE ACCELERATION.
Thi& WE ALREADY DID On PAGE B,
FINDING @ = 2.78m [sec, 5O

d= lat?
= 127862 )-(5s)"

= 24.7 verers



FALLING

16 ANOTHER COMMON
KIND OF MOTION-

yoT
NOAIN'

TRY DROPPING |
GOMETHING,
T Boox, )
YOr EXAMPLE! /
PID |T MOVE |
AT CONSTANT
40607 T
PROBABLY
UAPPENED
40 BT, Mo
COuLpN't TELL.

GALILED FIGURED OUT A WA TO
SLOW DOWN THE FALLING MOTiON,
50 |7 CouLD BE STUDIED PT
LEVSURE. {15 APPARATUS2 AN
INCLINED PLANE.

GALILED ROLLED MANY OBJECTS
DOWN [NCLINED PLANES, USING
W5 OWN PULSE DS A CLOCK.

How Do WE KNOW
TUAT ROLLING
DOWN A sLOPE (4
Like FALLING,
ONLY SloweRr?
AU, THERE 15
GALILED'S GENWSY
0 UE TILTs
Te PLANE
STEEPER AND
5TeEPER, THE
MOTION BECOMES
FREC PALLT~

GALILED FDUND TUAT TE
e AN
{NCR T
4QUARE OF Tig ELAPSED
TiMg —FITTING THE

EQETLY SPEAKING, TG ARGUMENT |9 VALID
ONLY foR FRKTIONLESS SLIDNG ORIBLTS.




bALILED ALS0 WONDERED HOW MN
OBJELT'S RATE OF FALLING 16

KNOWS* TUAT A BRICK FALLS FASTER
TuaN k FEATHER.

BT GALILEO'S EXPERIMENTS
PRODUCED A SURPRISE :

PFFECTED BY 1T5 MASS. "EVERIO  NEGLECTING PIR RESISTANCE,

A FEKTUER HAS A LOT OF MIR
RESISTANCE, AND NORMALLY
FLUTTERS SLOWLY, BUT (v A
VACUUM, AS ON THE MOON, 1T
PROPS LiKE A BRIKK.

FROM (PREFUL MEASUREMENT, WE
HAVE PETERMINED THiS RATE OF
ACCELERATION: NEAR THE SURFACE
OF THE EARTH, ALL OBJECTS FALL
WITH A CONSTANT ACCELERATION
EQUM To

32 ft /sec?
=9.8 e

(NELLECTING AR RESISTANCE).

WE CAN DUPLICATE THE EXPERI-
MENT UERE ON EPRTH, INSIDE
K CONTMNER WiTH -THE AIR
PuMPED

(naoenrarLy, BINISTEIN

[1879-1955] RersoNeD THAT BECAUSE
ALL 0BlECTS MOVE THE SAME W

A GRAVITATIONAL FIELD, GRpvITY
MusT BE M PROPERTY OF
SPACE AP TIME RATHER
THAN of THE OBAECTS THEMSELVES,

R

>
ey




Go MAKE THIS MORE CONCRETE,
LET's DROP N BLOCK OF |T
(CONCRETE, THAT 15) FROM
THi5 ROOFTOP.

THIS 1S MOTION \\TH )
CONGTANT ACCELERATION g

50 VELOCITY INCREASES
PROPORTIONALLY To TIME-

\ 9-'t
AFTER ONE SECOND OF
FALLING, 1T 15 GOING
(0 mic2 )-(1s) =98

MNTER Z SECONDS, ITS
SPEED 15

(98 wiez Y2 ) =19.bmk

ETC.-
HOW FAR DOES IT < M d
FALL IN TIME £ ? 0 0 )
APPLY OUR FORMULA NEAREEE 13 m
2
d= -12-91‘. ;n 1| 98 wis 49w
I
AFTER ONE SECOND, IT ]
WAS FALLEN i 2 19.6 w/s 19.b m
' 2
3 (9.8 M/ )-(1) I |
= 49 meters g:
3 | 294 ms 41w
AETER 2 SECONDS, al
THE DISTANCE 15 1]
2 |
'Ii(qg m/s )(‘2 S) gﬂ
=19,b metevs. % 4 | 392w 184w




WATCH
AS | THROW
THI6 ROCK
VERTICALU? INTO
THEe AIRT

(@w LETS SEND A BALL UP GALILEQ'S "6RAVITY DILUTION™ DEVICE: \
THE BALL STARTS FAST, SLOWs DOWN 51075

MOMENTRRILY, AND ROUS BMCK DOWN,
FASTER NND FASTER.

WHBTS THE VELOUITY AT
THE TOF 7 ZERo,

k MOMENTARILY. )

pUT WipT's TvE ACCELERATION
AT THE ToP? NoT ZERD! THE
ACCELERNTION 15 (ONSTANT
THROUGHOUT THE WHOLE

MOTION - THE ACCELERATION
5LOW5> THE BALL DOWN A6 |T
ROLLS W Mp SPEEDS (T P

Mo 1T RoLLS POWN. SIMILARLY,
THE ROCK THROWN WTO THE
AR PLWhYG Lo ACCELERATION

g POWNWARD.

NEGLECTING

\7



i o CHAPTER 2 0 k

(N ORDER TO UNDERSTAND 5 ; B
THE MOON'S MOTIoN, AND .. _
ALL THE OTHER MOTION _ % 72

AROUND U5, WE FIRST psK = 22) -

Tog QUESTION: WHAT Do \:/ P

—

0BJECTS PO WHEN .
NO FoReE 16 AcTinG: P

FOR CENTURIE?,
UYL, SLEPT IN
THE SHAVOW OF

ARISTONEE

(384-322 B.C.).
MRUTOTLE BELIEVED THAT
THE “NATURAL" MOTION
oF CECESTIAL 0Bdects
(Mooy, 5TARS) WAS
CIRCULAR, WHILE
ERRESTRIAL 0gJects
(APPLES, RoCkS, You) TEND
“NATURALLY" To



NOTICE THAT IF THE MCON NATURALLY
MOVES M p QIRCLE, WE DON'T
NEED ANY GRANITY To EXPLAIN
1T$ MOTION.

NS FoR EARTM OBJECTS,
ARISTOTLE THOUGHT TMAT AFTER
FALLING, THEY COME Tg REST,
UNLESS SOME FORCE PuSHES
THEM SIDEWAYS.

- \\\\\ ter [0} ,'

AND WE INSTINCTIVELY AGREE WITH
WM! tT pOES SEEM THAT A FoRCE
15 NEEDED To MAINTRIN MOToN,

LIKE A MoToR FRoPELwa A CAR.

\T ToOK THE Genius of
GALILEO To (LAIM THAT

[ORRORGE

15 NEEDED TO Keep
AN OBJECT IN

AEIQ F'ORM
A @Eﬁfﬂ
MOIONE

WHEN TE ENGINE 15 CUT OfF,
The CAR GRAoum.Ly .Roles.!
Tou A wooo HALT...

CWFF o
CLANK  pueeT

¢ TINK %”"ék




GALILEY'S RRAINSTORM 6)
WAS To 4EE THAT FORCES @

CHANGE THE MOTION &
OF 0BJECTS. LEPT

ALONE, TRINGS WOULLD
TRAVEL IN A STRAIGHT
LING FORENER. \T (S
THE FORCE OF FRICTION
TUAT SLOWS THEM DolN.

Oﬁ“ﬁ‘ﬁﬁﬁs
STofPer |
MR(STOTLE!

WE CAN CONVINCE OURSELVES OF THI% \DEA WITH A 4MPLE
APPARATUS CONGISTING OF A FLEXIBLE RUBBER MAT:

GIVE Me
LVCY.- 2

A RolLLING BhLL
TEMDS To REAU
TUE SAME
WEIGUT ON THE
OTHER 41bE ..
ANp [F THERE
INERE NO OTHER
40k, \T WowLp
ROLL ON FOREVER,
{F ot YoR
FRICT(ON:




16ANC m (tém |7z7) SUMMARIZED GALILEOY
wen A5 NEWTON'S FIRST LAW:

a5t Q‘é N%%Jﬁ_cr :«\‘_rkaAsr
WEPR 3 ~ 0 T
ye! 7 & @15 REST- AN OBJECT
HeAR E°) R sk IN MOTION TENDS
o [ T CONTINUE (N
A MOTION AT
LI\ CONSTMT SPEED
Q4 _. IV & STRAIGHT
/ i, LINE -
/p ﬂhba wag'
p 7 (e ALSo SMo: “IE ¢

OF GINNTS," MEANING

‘ y HAVE SEEPR FAR, \T (5

| \: BECADSE | HAVE

i \ ” $ToOD ON TUE SHOULDERS
\ / GALILED oF (OURSE...)

IN THE TERMNOLOGY WE DEVELOPED IR CUAPTER ORE,
We WoULD SPY THAT WHEN THERE ARE NO FORCES,

DBJETE MOVE Witk CONSTANT VELOCITY.

ZIp ;
—_————————— -

2|




THE PROPERTY OF 0BJIECTS THAT

MAKES THEM “TEND' To OBEY

NEWTON'S FIRST LAW, WE CALL
o NERTIA §

RESISTANCE TO CHANGES IN
MOTION.-

WHATEVER “EeT"
15, I'M 1N LT

THE AMoUNT OF INERTIA A Body
UAS 1S, MEASUREY BY 1TS
MASS. MASSVE THINGS HAVE
LOTS OF INERTIA, MEANING
THAT A LARGE FORCE |& REQUIRED
To (AANGE THEIR MOTION.

cMALL
LOERTIA

WE SMD PREVIOUSLY THAT (WHEN
RINGO RIDES N K (AR THAT
ACCELERATES, HE FEELS FORCES.

THESE ARE THE FORCES THE
CAR HAS To EXERT ON RINGO
To OVERCOME Hi$ INERTIA
AND ACCELERATE HIM.

MR- NEWTON WILL SUMMAR(ZE

/ BeEAKER ONE.NINE:
fORCE ONERCOMES
INERT(A AND

PRODUCES ACCELERATN.
Do You READ?

22




NEWTgN PUT Tii¢ RELATIONSHIP AMONG FORCE, MASS, AND
ACCELERNTION INTO MATHEMATICAL FORM WITH NEWTON'S

SECOND LAW:

F=ma

THE NORE
FORCE ON
AN OBJECT,
THE MORE
\T ACCELERATES.
BUT THE
MORE
MASSIVE

IT 15,

THE MCRE

It Resists
NCCELERATION.




NoW LETY LooK AT TuE
MOON AGAIN. 1T GOES

IN A CIRCLE AROUND
THE EARTH, OR NEARLY
90. A9 WE UMVE SEDN,
THING? TUAT MOVE IN A
C\RCLE ARE ACCELERATING.
TUEREFORE, \T HAS A
FORCE ACTING ON T

IT MUST BE TUAT

THE EARTH 19

PULLING ON

THE MOON.

WE KNOW TUAT THE EPRTH Tue SMME FoRce, GRAVITY,
PULLS ON OBJECTS NEMR 5 ACTS ON THE MOON, PULLING
IT6 SURENCE, CAUSING ;T AWM TROM THE STRAIGHT
THEM TO ACELERPTE ¢ LINE IT WOULD HAVE TAKeN

POWNWARD- ;W\ THE ABZANCE OF GRNTTY,




WHEN RELEMSED

IV MID-AIR AN ASTTe)
PPPLE WOULD MY PR
HAVE REMANED

AT REST (115

“NATURAL* MOTION)

IF NOT PoR THE

ErFecT oF

GRAITY MAKING

IT FALL.

CIMILARUA, IN THe ABSENCE OF GRAITY (oR ORER FORCES), ThE MooD
WouLD CoNTINVE ALoNo A STRMEMT LINE AT UNFFORM SPEED.
BUT GRMITY DOES PULL \T, ACCELERATING TUE MOON

TowhRp Tue EARTH. THE MOON 1$ FALLING —
FALLING AWAY FRoM (T5 NATURAL "meA IL.A\LNE:IRN@HT-
LINE MOTION.

IN ONE 6%" THE MOON ‘-----*
FALS NBOUT | mwm AWy
FRoM Kk STRMGHUT-LING €
PATH

IN ONE SEC., A8 APPLE
TALLS 49w NEPR @ _I_
THE EARTH'S SURFACE,

THE Moo PoesdT FALL
Ao MUK PS THE
APPLE, Bechuse THE
EARTUS GRAVITY 15
WEAER OuT THERE,
LFN( Rom TUE EARTU.

25



5TOP FOR A MOMENT AND CONSIDER WHAT NEWTON
ACCOMPLISHED. THE MOTION OF TRE APPLE AND THE MODN
OBEY THE SAME LAWS. WEAVENLY BoDIES BEHAVE NO

DIFFERENTLY FROM EARTHLY ONES. NEWTON'S LAWS ARE—

NEY! M
KTTRACTED TO

EVERYTHING!

LAWS SUCH AS...




TWO MASSES

THE MASSES AND INVERSEL
PROVORTIOMAL TO THE 4

THE SRAWITATIONAL- FORCE RETWEEN
M NDmM |5

PROPORTIONN. TO THE PRODUCT OF

ARE OF

THE DISTANCE ¥* BETWEEN TreM .

EVERYTHING IN THE
UNIVERSE ATIRACTS
EVERYTHING ELSEY THE
BARTH ATTRACTS THE
MOON, THE MOON ATTRATS
T EARTH, You ATTRACT

0F COURSE, IF TRE
MASSES ARE PS SMALL
A Yours AND MiINE,
TuE FORCE 1S SMALL.

SrionoeR MEASUR-
NOW?. ABLY.-

TAKT NUMBER @ 1N THE FORMULA 15 A
CONSTANT” OF NATURE THAT tWDICATES
HOW STRONG THE GRAVITATIONAL FORCE
15. Yo MAEMSVURE G, You WOULD HME
To PERFORM AN EXPERIMENT To MENSURE
TeE NCTRACTON BETWERN Two KNOWW




GRAVITY GETS WEAKER WITH DISTANCE * WE SAW THAT THE
DISTANT MOON FALLS SLOWER THAN AN EARTABOUND APPLE -
aNoTHeR EFFECT oF THIS INVERSE:SQUARE LAW 15 THe
TIDE, Tve TWICE-DALY RISE RN FALL oF 0CEAN WATER.

THe WHTER DIRECTLY UNDER THE MOON 15 CLOSER To THE
MOON THM THE CENTER OF THE EBRTH 1S... SO THE MOON?

GRAVITY PULLS HARDER ON THE WATER, AND THE WATER
VUEAPS UP" UNDER THE MOON. ANP 5WNCE THE CENTER
oF THE CARTH (¢ CLO%ER To THE MOON THAN THE WATER
ON THE OPPOSITE 4IDE OF THE EARTH, THE MOON

PULLS THE ERRTH AWRY TROM THAT WATER, SO\T
HEAPS LP Too!

THIS WATER S PULLED
MORE STRONGLY THAN
THE EARTH THE EARTH 16 POLLED
MORE STRONGLY THAN

THIS WATER

AANANT—-  THE TI0ES OCCUR FECM

]

j
e ATy s WEAKER
" WITH DISTANCE.-

m

2%




AND THC EARTH. THEN THE SUN AND MOON TOGETHER
PROpPUCE EXTRA-HloKt ANp EXteh-LOW TiDES. THESE ARe
THe Twice -MoNTULY 4PRING TIDES. *

THE SUN ALSO CPUSES TIDES N THE SAME WhY
BUT LESS 40, BECAUSE OF THE SUN'S GREATER
DISTANCE. AT FULL MOON AND NEW MOON EACH
MONTH, THE SUN [5 IN LINE WiTH THE MOOM

} FuLL MooN: [
WATER

Moon

©

EARTH

I

: ’ NEW Moon F=

AT FIRST QUARTER AND LAST QQUARTER, THE SUN AND
MOON ARE AT RIGUT ANGLES. THE SUN'S TIDE IS
SUBTRACTED FROM THE MOON'S, AND THE VARIATION (b TIDES

b LESS. THEsE ARE THe NEAP TIDES.

FIRST QUARTER [~ ] [T Quanrer F
— \\ ~ @ \\ \
< ~
% ’/ @ ’—/
© @ g
//[\ I //.
= S (ot vesane!!)

o ——

1l

* These KAVE NOTHING To Do WITH THE SPRING SEASON.
29




NOW LET'S THINK ABOUT GRMITY'S
EFFECTS ON THINGS NENE THE EARTH,
You, FOR EXAMRLE. THE
GRINITATIONM. FORCE ON You

> JouR WEIGHT .

You WouLd WEIGH LESS 1F-

Yol WENT ON A DiET | | THE ERRTH HAD

AND LOST MASS. LESS MASS (OR
You WERE ON THE

‘MOON).

NOW You JUMP OF¢ THE Rook — WHAT

ATWMELE&;ZO?! ot “EWNOWBHNER
i THe 6RAV

FORCE OK You: He 6RAVITATIONAC

FRom NEWTON'S FROM UNIVERSAL
SECOND LAW: GRMVITATION -
= =G
F = mg F=-6 o

TE—
SETTING THESE EQUAL, WE FIMD -

mg=G°-%'—,’f’, %0 6:6-’%

You WERE FARTHER
FROM THE BARTH,
up ON Tue ROOF, You
ACTUALLY WEIGH
SLIOATLY LESS.

Tes LAST —\
FORMULA SHowS
B How g 1S RELATED
B4 o THE FUNDAMENTAL
B (oNsTANT G AVp THE
B EARTHS MBSS AND
ehDIUS. NOTE THAT W,
YOUR MAS%, CMCeLs
OVT. Qoesw T ‘
DEREND ON JouR MA_S_%




("TuE FORCE THE EARTH EXERTS ™\
MASS .M 15 THE
oNnNou W =mg ANTITY' oF
SUoWS THE DISTINCTION NTTER IN AN
BETWEEN OBJECT. MASS
WEGHT MEASURES
MD$$ (1) How MucH GRMITY
" T EXERTS ON
MA OTHER OBJECTS
AND (2) HOw MuCH
IT RESISTS
MCE LER NT(ON )
ow Mucit
INERTIA (T HAS.
L D

WElohT, W, 15 THE
AMOUNT OF
ORMITRTIONAL PULL
ON THE OBJECT
WEIGHT VARIES
ACCORDING TO
WHERE You MRE:
IN DEEP SPACE, )
YOUR (WEIGHT MIGHT B
ge ZEeRo, BUT
YouR MASS IS TiE
SAME INHEREVER
You GO!



WE EVEM MEASURE
WEIGHT AND MASH

IN DIFFERENT ONITS.
W THE METRIC SYSTEM,

" KILOGRAM

15 THE
UNIT OF MASS,
WHILE THE

NEWTON -

THE UNIT OF
WEIGHT. A PERSON
"MASSING %0 Kg

NAS & WEIGHT

W=mg
=(50%)0.8m/s)
= 400 NewTons

CONFUSING? LISTEN TO
THi5 . IN THE ENGLISH
SYSTEM, THE UNIT OF

WHILE THE UNIT OF
MASS 1S THE §

A PERSON INEIGRING

Force 15 THE [FOURID,

100 POUNDS KRS A MASS

r"_
IT 19 TEGINICALLY INCORRECT TO SMJ THAT SOMETHING * )
50 kg - WEIGHT 19 $TATED IN ONITS OF FORCE, New-rohv(st.l o

KT LAST,

N UNIT T
M BEAUT?IFOI‘.(

(o)

%1



