oCHAPTER 9o

EERG

15ARC NEWTON ALMOST .
4INGLE - UANDEDLY INVENTED
THE SC[ENCE OF MECHANICS,

BUT THERE 15 ONG CONCEPT
He WissD: ENERGY.

From: The Cartoon Guide To Physics, Larry Gonick and Art
Hoffman,HarperCollins Publishers, New York, 1990.
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ENERGY COMES IN
MBNY FORMS, BUT
THE BASIC DEF(NITION
16 IN TERMS OF

WOBK.

GE ALL WAVE A CONCEPT OF WORK, BUT [N PRYSICS, THE j
DEFINITION 15 VERY PRECISE: WE SAY THAT WORK (¢ DONE -
WHEN A FORCE B MOVES A BopY THROUGM A DIsSTANCE d.

\WORK 16 DEFINED ps EOREE TIMES PISTANCE.

N0 WONDER
| PVO[DED
THE LOATH -
SoME pEA!

\T's ALMOST
Too TANTUL

IN TIS DEANITION,
ONLY THE FORCE N Ti€
DIRECTION OF MOTION
CoUNTs. |F | RULL A
WAGON KT AN PNGLE,

DMLY THe HOR(ZONTAL R WA oG
Sl 2 g s d
DOES AW WORK: g 8T

7



o h WNTRESS
CARRIES A TRAY
NROUND, HER
SUAPORT ToR(E DOEy
No WoRK,

BECAUSE \T V¥
PEPPENDICULARL
To TRE

MOTION .

A
A BALLON A
STRING AT
(CGTANT SCEED, MohIb
NO WORK 15 DONE - THC [Mwhip v
FORCE (S ALWhYs PERECAD CoLAL To

Sie (TANEENTAL) Velodry OF  TkE

BAL . (BUT \ Do HAVE To Do

SOME \NORK To S€T 1T WKRUND

N THE FRST PLACE.)

Tuts SUONS, INCIDENTALLY,
THAT, INGOFAR AS THE
MOON'S  ORBIT 15 CIRCULAR,
THe EARTH TOES NO WORK

S0 _Muck ON THE MOON!l THe

perohiS0 o) GRAVITATIONAL FORCE 15 -
PERPENDICUAR TO THE
MOTION .
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EME@ @ i ‘ \9 DEFINED AS THE CAPMITY

To To WORK. THE RELEASE OF ENERGY DUEs WORK —
MP DoiNG WORK ON SOMETUING APDS ENERGY To IT,
450 — ENERGY ANV WORK ARE ACTUALLY EQUIVALENT
CONCEPTS, AND WE WRITE *

4 P

rm Tue ENGLISH
SYFTEM, TME UNIT
OF ENERGM 15 TUE
FoOT -POUND
(FEET % POUNDS),
AND N THE METRIC
A)oTEM 1T'9 THE

NEWTON - METER,

WHICH 15 AL5O CALLED

™ JOULE.

50 ONE JOULE = THE ABILITY TO EXERT A FORCE OF
oNg NEWTON OVER A DISTANCE OF oNe METER.

You TELL e\ ABOUT THE w
JouLe — I'M GONG TO TRY
LOUNDING PRET...

5°I 4DT




KINETIC & PoTENTIAL ENERGY

5UPPOSE | THROW Nk BALL.
| Do WORK GETTING THE
BALL MOVING: | EXERT A
FORCE P OVER A DISTAMCE
d. THE BML THEw WAS
AQUIRED SOME ENERGH,
Tue ENEREH OF MOTION, OR
ENERGY-

b SIMPLE MATHREMATICAL
DERIVATION* 4005 THAT

KE = Imv?

AERE M 19 THE BALL'S MASS, AND V 15 1Ts VELOC\TY.

(ON THE OTHER HAND, SUPPOSE
| LIFT RINGO To A HEIGHT h,
RS | EXIRT A FORCE W =
RINGO'S WEIGHT OVER A
DISTANCE h, | D0 WORK

W°h = M h RINGD BN'T
MoOVING AT THE END, BUT HE
STILL WAS AN pppep ENERGY
OF mgh, JUST BECAUSE OF
WHERE DE 15 [v THE CHRTHS
CRANITATIONK- FELD. TS
ENERGY 16 QALLED WIS

BROTENTIACEES
LP’E E m9h

% hSgUMe F CONSTANT- F=iha., S0 KE > Fod = mad. 8uT 4. 4ot so
KE= Lm(at)'. BUT V=at, so KE=Lmyv*.
b




POTENTIML ENEREY

1> POTENTIAL

BECAVSE IT CM Come
BE GOTTEN ON'
BACK AS "REAL"

KINETIC ENERGY.

ALL 1 HAE TO

Do 16 LET

RINGO FALLL R

{
0 ; 5

A5 HE FALLS FASTER AND FPSTER, His POTENTIAL ENERGY
16 GRADUALLY CONVERTED INTO KINETIC ENERGY. BT WE
BOTOM, JUST BEFORE [MPACT, HiI5 POTENTAL ENERGY 15
ZERO, AND Hi5 ORIGINAL POTENTIAL ENERGY HAS BEDME
ENTIRELY KINET(C. THAT 15,

Tmvi=
> mv —mgh

FROM THIS You CAN SotVE f0R V, His VELOAITY UfoN
IMPACT. v ='\/§E‘ :




THG LAST EQUN-{T‘d %.m\l"' - mth 53 AN EXAM?LE (0]

o QENEERVAmEN o6 ENEREY .,

w

W {1 nS The CONCEPT OF ENERGY WAS
< DEVELOPED, PHYSICISTS GRADUALLY
REMLIZED THUAT ENERGY, LIKE
MoMENTUM, 15 CONSERVED.

M
UNWERSAL
Lhw!

(THe CONFUSING PART WK THAT ENERGY, UNHIKE MOMENTUM.
NPPEARS IN MANY DISGUISES, 500 kS HEAT, AS (Vg'cL SeE. )

UERE'S AN APPLICATION OF ENERGY COMSERVATION. IF V, 16 THE
INT(AL SPEED OF TWS ROLLER COMSTER, WE Chyt COMPUTE

\1S SPEED AT ANY POINT, JUST FROM KiOWING
How FAR IT UAS DESCENDED! LET h BE
THE DISTANCE DESCENDED, AND V, 15 FINAL
VELoUTY. THEN:

-

NCTAL ENERGY =kmytemaly §  EMVe = 3o + Wgh , 50
FINAL ENERGY = Liy2 ~ -
o veVVTr2dh

TWESE ARS BQUAL, 8Y
CONSERVATION OF CNERAY.

%



( CONSERVATION OF ENERGH TELLS US THAT THE ToTAL ENERGY
OF THE SYSTEM DOES NOT CHMNGE — BUT THE ENERGY MAY

BE CONVERTED INTO QTHER
FORMS . WHAT HAPPENS TO
RINGO's ENEREM WHEN HE

léuTs THE FLOOR NgNw
0T} TRE KINETIC AND
POTENTIAL ENERGIE: = % wiese o
QR GoNe'! - | i

LET's Look AT THE |[MPACT ITSELF. SOME OF THE ENERGY 19
CONVERTED |NTo ${oXUINTDo SOME GOBS INTO DISTORTING
THE FLOOR —AND DisTORTING RINGO, TOR THAT MATTER.

AND SoME, EVEN MosT, Goes INTo [RIFYT. RiNeo AWD
THE FLOOR ARE BOTH A LITTLE WARMER AFTER THE
COLLIS(ON. THE IMPACT JIGGLES THER MOLECULES — AWD
HEAT 1S NOTHING BUT THE KINETIC ENERGY OF BILLIONS
OF MoLECULES I




[

{.

mmo‘us FORMS OF ENERGY e L
CHMNGE INTO EACH OTHER y ) 7D RuB
CONSTANTLY. IN THE SCIENCE

CONVENTING

R ER ALY AATNCS I 4
WE LEARN THAT 1T [5 EASY

To CONVERT KINETIC ENERGY . 7%

[NTo WEAT, BuT MUH HARDER
To CoNVERT WehT INTD
KINGTIC ENERGY.-

4

CPR ENGINES CONVERT
HEAT INTo MOVEMENT,
BUT NOT EFRCIENTLY -
YouR CAR Neeos A

CooL(NG SYSTEM, AND

Mocs MENT B5C hoES -
BUT ENERGY 15 ALWKYS COWSERuED — W OTHER WORDS :

92

WORK PRODUCED
+

MEAT COMING OUT

HEAT
GOING =
N




WHEN | LIFT RINGO, |
PUT ENERGY INTO wiM-
WHERE DIP THAT ENERGY
CoMe FROM?

S

mliin

LD
) |1f,

T
i

!

I !‘,lﬂ‘

\'T's MUSCULAR ENERGY,

WHICH [N TURN \S
RELEASED CHEMKAL

ENERGY CMUSED BY FOOD
OXIDIZING (N MY BopY -

CHEMICAL ENERGY 15 A
FORM OF POTENTIAL
ENERGY, OWING TO THE
POSITIONS bF ELECTRONS
IN MOLECULES ™ ELECTRICAL
FPIELDS -

THE CHEMICAL ENERGY

CAME FROM A PLANT
TUAT | ATE.('M A ‘
VEGETARINN)

THE PLANT CONVERTED
THE RADIANT ENERGY OF
SUNLIGRT [NTo CHEMICAL
ENERLY Vik PHOTOSYN-
THESS -

AND THE SUN$ HYDROGEN
NUCLE( WERE CREATED

FRoM THE ENEREY OF
THE CREATION EVENT OF
THE UNWERSE, THE

BIGEANG

/f/: :
/,//«,

THE SUNLIGHT CAME
FROM NUCLEPR FUSION

IN THE SUN.
. \ \ ‘ | 1 !.

b Eyp THe ENERGY MOVING
THE CARTOONIST'S PEN
?NANTBE Taﬁcw BACK

s WAY To THe
BIG BANG I






