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) @@@W@R ONE =
Woriey, =& @

THE FIRST
CONCEPT W WANT
To UNDERSTAND 15
MOTION : BiRDS FLYING,
PLANETS WHIRLING, TREES
FALLING. ALL THE UNIERSE
15 IN MOoTION !

AGRE, TEBRE, AWRHET. 7

BMNBTITWBHE —ITHAZIEED:
YRt B .

HERE 16 & STRMEAT- LINE
COURSE MARKED OFF W\TH

B SemE B POSITIVE DISTANCES IN THE
BEAREADES, OB roRWARD DIRECTION AND
BREMESONEEFAE. S8 NEGATIVE PISTANCES IN THE

BhidsRPRnEERNE. REVERSE DIRECTION. P




LET'S WATCH MY FELLow ASTRONMOT RINGO AS
WE DRIVES A CAR ON THIS (OURSE. THE (AR 15
MNING WITH CONSTANT SPeep. THEN IT
COVERS THE SAME DISTANCE v EACH INTERVAL
OF TIME, WD WE WRITE:
A BRMEBERNFTNABEMEB, XUMBEESRECHKBE
SHERRBBLTH, ERBEHRETH, B, EHOBH0E

MEIHEENE, RNITRIXET:

d=v-t
& AFTER AFTER
?‘Jef 2 SEC 4%ec. - ETC
| Fp2BE WE W2 B £

prsTANCE A EQUALS SPEED V
TIMES TIME €. |F THE SPEED
i 10 METERS/SEC -, THEN

IN EACH SECOND RINGO
TRAVELS 10 METERS.

IN TWO SECONDS HE
GOES 20 METERS,
N THREE SECONDS
20 METERS, IN
ONE MINUTE
b0O METERS

AFTER Two
WOURA, | MAKe
k Pt ST0OP...

EEISTFEEVE KT, WREZLION/H, B4, GEVIIAKBESR
HITTHI0%, ME2F oo MRS B & 77203, E3Metie At B a7 H30%,
E170 A S 6 Al T H600HK



AND N ONE
HoUR (3600 9)
UE GOES

ScRniTEH:

w1403 (3600% ) A1t

2500 5 % 10 Mfs = 35,000 4 =

IN AN ORDINARY TRIP, YO ARE ALWAYS
$PEEDING UP AND SLOWING DOWN * YOUR
SPEED 1S NOT CONSTANT. THEN WHAT
PAPRENS To THE EQUATION d=v-t 2 IF
V 15 GAPNGING, WHICH VALUE OF V
PO YoW USE?

Yyou CouLD SOLVE THE
EQURATION YOR Vv To GET
v = d/b , 40

FINAL ODOMETER  INITIAL ODOMETER
v = READING =  READING

ELAPSED TIME

ROJA A LA RBE
v=d/t Bk,

vzi—‘z$1>‘(%<ﬁité©%%2#§§i - ME Y

175203 i6)

BEERLTRY, R2R2034
1880 : RHEERRBEN. BR
TAHRA=VHZEANT WRVHEKE

01T B B0R?

2ERE, RiZ

THIS 1§ CuNNbDE
MuST BE AN

ILLUSIoN. -

VEW®T | | BB
ST |




Tuis 6ves e AVERAGE sreep wor
THE TRIP. \T TOOK THE OLD NKTURAL
THILOSOPHERS M LONG TIME
TO REALIZE THAT AN
OBJECT ALSO HAS AN

INSTANTANEOQUS
SREED, A SPEED AT
EACH MOMENT.
THAT (& THE NUMER
YoUR SPEEDOMETER
MEASURES.

XHMBEITTRAOTFNRE, SREAKEXRETREIOABRIBRENURE
AREEE, - THRETHRNHERE, CERRBVELHERZRTOHHME.

PHYSILISTS HAVE FOUND THAT THE

DIRECTION OF MOTION 15 AS |[MPORTANT
AS THE 4PEED. THEY USE THE WORD

To REPRESENT BOTH $PEED AND DIRECTION.
HWRERER, WREDHSANEDHRERHE

S

2, M “BE" XT@kBleIETEEFLR,



IF RINGp TRAVELS IN THE NEGATWE DIRECTION, BY BACKING LP ]

OR TURNING pROUND, WE SAY THAT HE HAS NEGATIVE

VELOCITY. ‘
WRHBEESBRAERSBE, KN
RiR eI EE R A,
XTKBBAM ARG BRA
LR R Gk

THIS EXPLAING WHY
| WAVE NEGATIVE NUMBERS

ON MY SPEEDOMETER!

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

BRIRRREBESTTD A ROE L, MAKESEREANIKEL. J

g

MORE GENERALLY, I€

RINGO DRIVES IN ANY

DIRECTION, WE REPRESENT /
o

His VELOC\TY BY AN

ARROW — FOR EXAMPLE, {

V=32 wm/sec AT
28° EAST OF NORTH. ﬁw)r

-

I |

B —®itt, WRNBABCNELBEIESBEL, HNBVIT LD — Tk
Rte)RE—tbto: v=32%/%, FBILBER28",



~

( WHEN AN OBJECT's VELOAO\TY
CHANGES, WE SAY THAT IT

o 72 W9 <A pE R &
FHEF

:

WE DERINE ACCELERATION
THE CHANGE N VELO(\TY
PER UN\T TIME:

d _ CHaNGE vV

t

THIS 15 SIMILAR TO THE
DEFIN\TION OF SPEED, AS

PER UNIT TIME.

THE CHANGE v DISTANCE

WR—THHHRERETER, &M

FECMET .

ACCELERATION
IS THE SPegp

RO EREEXHEE
o3 o) M RENE T :

AS

Vehk LT &
t
ATEXENRFRED
EX, BRIt o) ATTREE
BT,




LETS RIDE WOTH RINGo AGAIN. WS CAR WAS A LINEAR

SPEEDOMETER , WITH NEGKTWE READINGS FOR BACKING UP —

A "VELOCQITOMETER." THEN ACCELERATION \S NOTHING BUT THE

VELOCITY OF TUE INDICATOR NEEDLE ¥
LHMBRIOKB—RER, XR, tHELEHE - TEMRER, WREXEE

EEEINEHRH AY, BLECHERT -~ TREER. Hod, EHNREERREER

L BAHNEE *

*USING THE
UNITS OF
VELOCITY READ
OFF THE
VELOOTOMETER

*EHBDEBRAERERNHL W

)
3| é \F THE VELOC\TY 15 CHANGING
-0 _lo 10 2{0 %0 RAPIDLY, WE HNE A BIG
ACCELERATION.
wrmmmedp t0REE TR, NERBEHA.
IF THE VELOLITY (HANGEL
o lo o do ol  sows, AcceLgRMTION
15 SMALL.
* WREEZHE, I0RER).
_Z, AND IF RINGO MAINTAINS A
-0 o o 2o 3o STEADY SPEED, HIS

B Y AcoeRnton is zeRo

WRMBHEERFTAE, &Y
REHZF, )




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

IN 5 SEC. THE SPEEDOMETER
INDICATOR MOVES WITH

CONSTANT SPEEP, s
teRe ACCELERATION
IS A CONSTANT,

AND WE CALCULATE:

MIEW0RHIBEHREESH A K0 DNEBS0F K/ )3, BREZRNISHARAKER
BEBDNH, BLEXMEEME—TBH, ZBNITAE L.

FINAL SPEED — IN(TIAL $PEED 50 KM /d
= ELAPSED TIME 54

= My (L) )= 278 mie

554 2600 5 { KM
BT D 1 R NoTE TMAT THE UNITS 0f
WE INTRODUCE THEM To ACCELGRAT’ON ARE M 6 —
CONVERT RouRs To SECONDS METERS PER SECOND PER
AND METERS To K/LOMETERS. SECoND |

a— BRABERE-MWBRE  50F K//)09
£2 [h o3 i) o 5%
50F #/:) 03 14) 0% 1000 2
= = 2.78 \/

55 (aeoos )Xy )= 278K/%

XATOIFHEF1, FMs TENEED P &L H/B?
AEMRBATEBNGFELAT, B KEHES]

KBEBHAF K.
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Pl ‘g?u NOTICE ANOTHEREE:T;TE,g?
WHEN RINGO WAS ACCEL ?
WHENEVER THE CAR ACCELERATED IN GENERAL,

FORWARD, RINGO WAS PUSHED o
BACK INTO His SEAT- 95z F@R{ S
/
185134 it B Bl 5 A8 hoEod & 4& Bl
s ReE

e
L 7

BBM—THRET QBEIERE A,

-
PR IS T S
L e AL G AV,

SRS X%

ol

mBHeHEeBIEQEL,

93T RN TAS AN R W

inson
AR LS

\ v
| _ SR o
S Q fy 5 M E R

P AN s

EELS A FORCE PV
FORWARD . RC SHING H/m
ERE, MBOIBRRA-—THES

RiEAOR.,
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S\TURTION, THE SPEEDOMETER

1.E-) [T6 VELOATY 1S NEGATIVE-
EHxRyEXBHRREMES,

Red.

1[0 0

‘-_

IN THi5 BRAKING, OR PECELERATION

XRGRERD, TCHBDREER

So THE CAR HAS NEGRTIVE

CCEL
INDICATOR MOVES To THE LEFT— gow“ ERATION WHEN T SLo$

Pk, BEmES, EHNOEE

R

DID You NOTICE “THAT THE

BRAEZHETBINERESKRZ I
HHEBRWORT

-

THE CAR HAS NEGATIVE ACCELERA-

TION IF L
ACCELERATION 15 OPPOSITE ToThe || FROM A ToiThe VELGcITY, OR
DIRECTION OF THE FORCE You Fegl?

IF 1T SPEEDING UP IN T
NEGATIVE DIRECTION. e

BEMEARBRE, XBMARAER
hoked, EHNNERER G,

IS MOVING To
THE LEFT!
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