WORK AND ENERBY

MOST PHYSIcAL PHENONENA PRE NUCH TOO CONPLICATED TO BE ANALYZED
IV DETRIL, THINK OF THE ELECTRONAGNENIC INTERACTIONS BETWEEN
THE ELECTRONS v THE NOLECULES AT THE SUVRFACE oF YouR BANDS

AVD THOSE In THE NETAL oF YovR STALLED CAR AS Yoo TRY TO

PUSH 1T DownN THE ROAD,

FORTUNATELY | PHYSICS HIYS DEVISED CONCEPTS Anp PRINCIPLES THAT
CENERALLY NAKE 1T UNNECESSARY T UnDERSTAND ALL OF THESE
DETAILS 1o oRDER To FREDICT  * wwAT mAPPENS . " worl”

AND " ENERGY " ARE Two SVCH CONCEPTS AND THE " CONSERVATION

OF ENERsy " 1S SveH A PRINCIPLE,

TWESE ALSO PRoVIDE FINE OPPORTUMITIES T0 SEE How SUCH THNGS
AS LINITS oF RIENBMON Suns LIE., INTEGRALS ) AND THE

CHA RULE ConE VP "o LIFE™  (so 10 SPEAK ),

PUSH or YouoR STALLED CAR AND NOVE IT Down THE STREET Ao
You Do “woRK " o THE CAR. BUT IF THE BREBK 1S on) AND YouR
CAR DoES NOT7 nove , THEN (ALTHOLGH Yov nNNY WEAR YOULRSELF oUT J

you Do No “woRK ! wWE Now NAKE TS NORE PRECISE



3.
IF A CONSTANT FORCE OF NAGNMITUDE F 15 PPPLIED IV THE DIRECTION

oF MoTION of AN OBIECT AND IF , RS A RESOLT, THE OBJECT NovES

A DISTANCE o, THEN THE wopx W DonNE onN THE OBJIECT 1S,

BY DEFINITION
W= Fd .
UNITS D)STANCE FORCE N__ﬂ_?__'_{
NETER NEWTN JOULE (NEWTON. NETFR)
CENTINETER DYNE ERC ( DYNE -CENTINEYER )
Foo7T PounD FoeT - PoLND

USUALLY, FORCES APPLIED TO OBJECTS MRE NOT CONSTANT, E.8., STRETCHING
A SPRWWG ( T™E NoReE 17 1S STIIE!‘&IJED' THE GREATER THE FOMCE
REQUIRED TO CONTINVE STRETCLHNG IT ),

\—w
b 4

EQUILIBRIVN STRETCHED

HOOKE'S LAW ¢ ANY SPRING HAS A SPRING consTANT R suen meT,

WHEN STRETCHED (O CONPRESSED ) X ONITS BEYOND T3 NOTURAL

LENGTH , THE SPRING PULLS BBCK wiry A FoRcE oF NAGENITUDE

F = Ftx) :»Qx

THIS IS THE FORCE THAT NLST BE APPLIED T» STRETCH THE SPRIG To X



How Do You DEFINE [consute THE WORK DONE BY A VARIABLE FORCE

CALONG A STRAIGHT LINE, wHicH WE NPKE INTo THE %-AxS ) ¢

. T oY T 1T
% b

Lo

- el

FiX) s NAGNITUDE ofF APPLIED FORCE AT X

STANDARD OPERATING PROCEDURE : OVER P SOALL SUBINTERVAL THE FORCE

15 APPROXINATELY ComwsTANT S0 wE CAN APPROXINATE THE WORK ovER
USE LoTS OF SNALLER AND

THIS SLUBINTERVAL wiTH " wa= Fd " .
SNALLER SUBINTERUALS AND THXE THE LT,

¥ & A LA ¢
X X, X, Xq. X,
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b
W o= S Fn&)Jx
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EXPNPLE : A SPRING EXERTS A FORCE oF SN WHEN STRETCHED 1nm
BEYOND ITS NOTURAL LENGTY. FIND THE SPRING COnSTANT ANO THEN

CONPUTE THE woRkKx DONE T STRETCH THE SPRING <1 BEYOND 1TS

f«mmm, (NBTURAL LENGTH )

o

NATURAL LENGTH

xA- Hx1S

ch)-‘--ﬁx
5 :rFr:81 = b:5

Fex) = Sx
W = S Fexddx = S Sxe 2 -;X] : 10J
o o L4

USVALLY THINGS AREN'T So SINPLE (NO " HookE'S LAw " ) AvD ONE NUST
FIND ouvT WHAT INTEGRAL TO EVALUATE BY ACTLALLY Doinvg THE RIENHNN
Sun APPREXINBTION

EXANPLES :

1. P CYLINDRICAL TANK oF RADWS 10 FT pnvo HEIGHT 36 FT s
FILLED WITH WATER Yo A DEPTH oF 1S FT, How nNuew woRk 1

REQUIRED T PLNP ALL of THE WATER OUT oF THE TOP OF THE

rAanvkg ¢
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THE FORCE EXERTED nusST OVERCONE THE WEIGHT oF THE WRTER

WEIGHT DENSITY of WATER : ¢2.4 Ib]F° | of

9810 N/n3

ERCH " LEVEL" NUST BE LIFTED A DIFFERENT DISTONCE

W; = wWoRK REQUIRED Tv LIFT THE WRTER BETWEEN X, Awo X,

ouT of TWE TANK

[
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x  (WBICHT oF THE WATER BETWEEN X;_, AND X, ) (X, )=
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s 3w X"L; s Q‘/ac)ppo-;r FT-LB

1. A ComchlL TANK OF RADIS 10 FT AVND HNEIGHT 3O0FT 18
FILLED wiTH WATER TO A DEPTH oF 15 FT. How Much worRk IS

REQUIRED To PLNP ALL of THE WRTER ovT OF THE TOP OF

me Towx !
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WORK REQUIPED TO LIFT THE WATER BETWEEN

3

X;., AWD X, ouT oF THE TBNK

*
(WEIGHT OF THE WATER BETWEEN X  AnD X; ) (X; D=

114
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SINILAR TRIANGLES .

K
X 2
R0
’
*«
]
R. = SX'.

* 2 e 24T x5
W; 2 e )m ($X; )X )X )z o X)) ox.



n N

G247 x 3
~ - ——ammest x. ) AX'
W % Z W. = .Z_‘-': 9 ; )
151 ‘-
n 3
W : lin P é%ﬂcx;«)ox..
nAx OX, >0 1T
30 3 cayw 4%
. S QAT dx - % X /
9 ¢ (7

5

: 1,340 FT-LB

Now wE TURN To ANOTHER why ofF LooxING AT woRrK AT GIVES

SONE INTUITION ABoVT cOAT 1T NEANS

N X ®

OBJECT NoVES Fion x=a To X= b vrvosR me ivFLoEncE oF #

VARIABLE FORCE Fiex)

Suprose X 15 TINnE Ao
X=Xty , X, s £ 5K,

az xd,)
b= xdt, )
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W = S Ft.x)Jx
a

Now Nonce AT

tD
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d=Xek)

du = x't)di

=4, Su=xt,):a
- Z, = wu= X )=b
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W = S Fixotry x ‘b rdit
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Now USE NEWTON'S SEoMD LAW (F=m A):

Foxebr)s mX )

2, ,
W = \ mx )X k) dit
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CHANGE v KINETIC ENERGY
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a, 2
z mar - o
w= g FINAL 2 T ivimes

w : NETIC ENER - ERG
(HWETIC 6Y) aL LKINETIC EN r)w”m_

LET'S TAKE THIS ONE STEP FURTHER pnD ASSUNE THWE FORCE Fix)

BAS P POTENTIAL FUNCTION ch), I.E., TMT

ch): - a—{

( THE NINUS S1EN 1S CONVENTIONAL 1IN PHYSICS ),

EXPNPLE : HOooKE's LAwW

Fuex) = “x
. _dv
= T dx
wHERE

A
vex) = - F&x

THEN
b b
b
W : S Fuxddx =-S Vidy = - Voo | oz Veay-Vib)
%
b a ol

= CHMANGE IN
POTENTIOL ENEREY

s T R - (P TIAL ENE
W ( POTENTIAL ENERGY )mmm. (POTENTIAL Rc-y)n» AL



EQUATING THESE TwoO EXPRESSIONS FOR W GIVES

2 2
- - -L J -
Viad - Vib) = 2 "Yenn a ‘u:NlTlﬂL

2 (A

L .« oL

I mae * Viomee 2 7™ Yawa * Vewas

(KINETIC ENERGY) + (POTENTIAL ENERGY) -
wInaL INITIA L

ER6
(RINETIC BNE?GY)F’M‘L + (POTEWTIAL EN b4 )me.

oR

s 2R6
¢ TOTAL E”E“Y).mnm. tToTAL ENER Y)F AL

THE ToTBL ENERGY 1S UNCHANGED, I.E., CONSERVED

THIS 1S ONE IVSTANCE oF A VERY POWERFUL PRUINCIPLE IV PHYSICS

CALLED

CONSERVATION oF ENERGY
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