o CHAPTER 90

ENERGH

1SARC NEWTON PLMOST
LINGLE - HANDEDLY INVENTED

THE 4CENCE OF MECHAWICS,
BUT THERE 15 ONE CONCEPT
He MisseD: ENERGY.
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ENERGY COMES IN
MANY FORMS, BUT
THE BASIC DEF(NITION
15 IN TERMS OF

WORK.

N0 WONDER
1 pVOipED
THE LOATH-

ﬂe ALL UAVE A CONCEPT OF WORK, BUT N PHY4IC4, THE
DEFINITION 15 VERY PRECISE: WE SAY THAT WORK (¢ powE
WHEN A FORCE B MOVES A BoDY THROLVGH A pisTanCE .

\WORK 16 DEFINED As EOREE TIMES PISTANCE.

TS ALMoST

IN TEiS DERNITION,
ONLY THE FORCE IN Tie
DIRECTION OF MOTION
CoUNTG. |F | RULL A
WAGON BT AN ANGLE,

ONLY THe HORIZONTAL FW ok DoNE ¥
PART OF THE PULL bisTANCE d
DOES AN WORK. Z—'F, BFd:
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F | WheL
A BALLOM A
STRING AT

COMSTANT SPEED, MOAIN

NO WORK 1S DONE- THC (WA v
FORCE (S ALWhYS PERPEND lCULA TO S
e (TRNGENTAL) Velolry OF THE

BAL. (BUT | DO HAVE To Do

SOME  WORK To 82T 1T WirRUND

N THE FRST PLACE.)

S0 MUCH
PCTioN, SO
LITT(E WoRK

WHEN N WAITRESS b

CARRIES A TRAY

NROUND, HER

SURRORT foR(E DOEy

NO ORK,

BECAUSE \T ¥
PERPENDICULARL
To ™E

This SHONS, INCIDENTALLY,
TUNT, INSOFAR AS THE
MOONS ORBIT 15 CIRCULAR,
THe EARTH DOES ND WORK
ON THE MOON! The
CEDICAR B e
(Cuc
WO, TP THe

=y




EME @ i] % DEFINED AS THE CAPMITY

To o WORK. THE RELEASE OF ENERGY DOES WORK —
AP DoING WORK ON SOMETUNG APDS ENERGY To IT.
40 — ENERGY ANP WORK ARE ACTUALLY EQUIVALENT
CONCEPTS, AND WE WRITE *

%W%%%

NS

ﬂN TUE ENGLISK
SYZTEM, TUE UNIT
OF ENERGY 15 TUE
FOOT - POUND
(FEET % POUNDS ),
AND N THE METRIC
SY5TEM 1T'9 THE

NEWTON-METER,

[ WHiCH 15 Albo CALLED

™ JOULE.

50 ONE JOULE = THE ABILITY TO EXBRT A FORCE oF
o NEWTON OVER A DISTANGE OF one METER.

You TELL 'EM ABOVT THE
JouLe — (' GONG To TRY
FOUNDING FoET...
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RINETIC & POTENTIAL ENER6Y

SUPPOSE | THROW A BALL.
| Do WORK GETTING THE
BALL MOVING: | EXERT A
FORCE P OVER A DISTANCE
d. THE BAL THew WAS
MQUIRED SOME ENEREH,
Tue ENEREH OF MOTION, OR
ENERGY-

b SIMPLE MATHEMATICAL-
DERIVATION* oS THAT

KOEo = 'i"‘“v2

AERE M 19 THE BALL'S MASS, NND V 1$1TS VELOQ\TY.

("on THE OTHER HAND, SUPROSE
| LIFT RINGO To A HEIGHT h.
AS | EXERT A FORCE W =
RINGO'S WEIGHT OVER A
DISTANGE h, | DO WORK

W-h = mgh RINGO T
MOVING AT Tue END, BUT HE
STILL UAS AN AppRp ENERGY
OF mgh, JUST BECAUSG OF
WHERE g 15 v THE EPRIMS
CRWITATIONM. FieLp. TWS

ENCR&Y 15 QALLED WIS

VR
\ RE = mgh

% MSSUME B CONSTANT- F=ma, 50 KE > Fd = mad. BUT d=11a£", >
kE= %m,(a.t)t. BUT V=at, %o KE-‘--','_MV",
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POTENTIAL ENERGY

1 POTENTIAL o5
BECAUSE IT (AN (comg
BE GOTTEN ON!'
BACK AS "REAL”

KINETIC ENERGY.

ALL 1 HNE TO

po 6 LET

PlN@o FLLL : e S

A5 HE FALLS FASTER AND FPSTER, His POTENTIAL ENERGY
16 GRAPUALLY CONVERTED INTO KINETIC ENERGY. AT WE
BOTOM, JUST BEFORE [MPACT, WIS POTENTIAL ENERGY 15

ZERD, AND HI5 ORIGINAL POTENTIAL ENERGY HAS BEQOME

ENTIRELY  KINETIC. THAT 15,

%mv"=m9h @(:D "H{f (

FROM THIS Yoo CAN SolvE PR V, His VELOITY UPON
IMPACT. v =Vz?h_' :

Do Zau
3 LUdY KAS
A GADISTC




THIG LAST EQUN—\T‘d -'imv"' = mqh/ 6 AN EXAMPLE OF

& QENGERVAHEN oF BNERGY %
W & s THE CONCEPT OF ENERGY WAS w
DEVELOPED, PHYSICISTS GRAOUALLY
Lhw

REALIZED TUAT ENERGY, LIKE

MOMGNTUM, 15 CONSERVED.
(THE CONFUSING PART WAS THAT ENERGY, UNLIKE MOMENTUM.,
MOPEARS IN MANY DISGUSES, S0Ck kS HEAT, AS (Ne'LL See. )

UERES AN APPLICATION OF ENERGY CONSERVATION. 1F W, 16 THE
INITIAL SPEeD OF TWS ROLLER COASTER, WE Chy CoMeuTE
\TS SPEED AT ANY POINT, JUST FRoM KNOWNG
Joo, HOW FAR IT HAS DESCENDED! LET h BE
THE DISTANCE DESCENDED, AND V, (15 FINAL
VELOUTY. THEN:

NCTIAL ENERGY =imy2emgh ©  £MVe = Lmio +mgh, , 50
FINAL ENERGY = L2 = '

THESE MRS EQUAL, BY L V=V 2gh
CONSERVATION OF ENERSY. -
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T SeRYNTON OF ENGRGY TELLS US THAT THE TOTAL ENERGY \
OF THE SUSTEM DOBS NOT CHMNGE — BUT THE ENERGY MAY

BE CONVERTED |NTo OTHER

FORMS . WHAT HAPPENS TO ﬁﬁu%m
RINGO's ENEREM WHEN HE
NTS THE FLODR 2 NOW

BOTi THE KINETIC AND
POTENTIAL ENERGIEA % WHERE Dn;
| MRE GoNg ! ST Y 6o

_

LET's LOOK AT THE |MPACT ITSELF. SOME OF THE ENERGY 1S
CONVERTED NTo S$oVTN[D» SOME GOBE INTO DISTORTING
THE FLOOR —AND DISTORTING RINGO, TOR THAT MKTIER.
AND SOME, EVEN MoST, foes NTo [R{FAY. RiNeo AND
THE FLOOR ARE BOTH A LITTLE WARMER AFTER THE
COLLISION. THE IMPACT JIGGLES THER MOLECUUE —AND

HEAT 1S NOTHING BUT THp KKINETIC ENERGY OFf BiLLioNS
OF MOLECULES I




ﬁmoua FORMS OF ENERGY RuB,
CHANGE INTO ERCH OTHER ’ 7 rug

CONGTANTLY. IN THE SCIENCE
CONVERTING

AT E AR VANCS I -
WE LEARN TRAT 1T 15 EASY
To CONVERT KINETIC ENERGY
[NTo WEAT, BuT MUCH HARDER
To CoNVERT {ehT INTD

KINGTIC ENERGY.
= o
DEVICE FOR OON"F%T(N’
L WEKT (NTo MOVEMENT

\

CAR ENGINES CONVERT
HEAT (NTo MOVEMENT,
BUT NOU EFACIENTLY -
YouR CAR NEED5 A

CoOLING SYSTEM, AND
Moce WERT EsCpeEs -
BUT ENEREY 15 ALwNYS COWSERUED — M OTHER WORDS :

uar  (WORK PROVUCED

BOING = +
N WEAT COMING OUT
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WHEN | LIFT RINGO, !

PUT ENERGY INTO wiM-
WHERE DIP THAT ENERGY
CoMe FROM

RS
Ml

D) :’I’H J

OXIDIZING (¥ MY BoDY-

'r's MUSCULAR ENERGY,
WHICH IN TURN \S
RELEASED CHEMKAL
ENERGY CAUSED BY FOOP

CHEMICAL ENERGY VS A
FORM OF POTENT 118
ENEREY, oWING TO THE
POSATIONS b ELECTRONS
N MOLEC.ULES’ ELECTRICM
PIELDS -

THE CHEMICAL ENERGY
CAME FROM A PLANT
TUNT | ATE. (M A \
VEGETARINY-)

THE PLANT CONVERTED
THE RADIANT ENERSY OF
SUNLIGRT [NTo CHEMICAL
ENERAA Vik PHOTOS4N-
THESS -

AND “TRE SUN'$ HYDROGEN
NUCLE( WERE (REATED
FROM THE ENEReY OF
THE CREATION EVENT OF
THE UNwese, THE

SRR

L/
AINTIE

THE SUNLIGKT CAME
FROM NUCLEPR FUSION
IN THE SUN.

ByEN THE ENERGY MOVING
THE CARTOONIST'S PEN
CAN BE TRACED BACK
IV Tiwis WAY To THE
Bi& BANG I




