Potential Energy

¥ So far: Considered all forces equal, calculate work done by
net force only => Change in kinetic energy.

b Analogy: PureCashEconomy

¥ But: Some forces seem to be able to OstoreO the work for
you (when they do negative work) a@give backO the
same amount (when they do positive work).

b Analogy:BankAccount.You pay moneyin (endingup with less
cash)- themoneyis storedfor you - you canwithdrawit again(get
cashback)

¥ These forces are callédconservati@ (they conserve your

work/moneyfor you)
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Potential Energy - Example

Car moving up ramp: Weight does negative work
AW(weight) = +,¢iqn AS SINE) = -MgAS sing) = -mgAh

Depends only on initial and final position
Can be retrieved as positive work on the way back down

Two ways to describe it:

1) No net work done on car

on way up Foul
2) Pulling force does positive
work that is stored as gravitational
potential energ\U = -AW(weight)

Normal
L
X




Total Mechanical Energy

¥ Dimension: Same as Work
Unit: Nm =J (Joule)  Symbol:E=K.E. +U
1) Specify all external » forces actingon asystem
2) Multiply displacementin the direction of the neixternalforcewith that
force:
AWgy =F Ax +F Ay +F Az =
F-As=F,As =F As;=F As cosp
3) Set equal to change in total energy:
AE =",v2 -Mp2 + AU =AW,
AU = 'VVint

") We consider all non-conservative forces as external, plus all forces that @evdon
to include in the system.



Example: Gravitational Potential Energy

¥ . Motion in vertical (y-) direction only:

—>

AU =-W,,,, =-F,., -AS=—-(-mg)Ay

¥ External force: Lift mass m from heightto heighty ;
(without increasing velocity) => Work gets stored as
gravitational potential energyU =mg (y; -y;)= mg Ay

¥ Free fall (no external force): Total energy conserved,
change in kinetic energy compensated by change in
potential energpK.E. ="/,v? = -mg Ay

¥ Example: Throw baseball up with 20 m/s (accelerate over
0.5m). Maximum height? Force needed?

") Herethe systemconsistsof Earthplusobject!
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Gravitational Potential Energy |

Important point: Potential energy ha® absolute zero (like kinetic energy
does- in agivenreferencdrame!).

Depends on choice afeference point: You decide where you want/ to
be O.

Call that pointh =0 .

Define potential energy a& =mgh .

=> Total energye ="/, v? + mgh .

Choice arbitrary - other choice means constant offset in definitioh ahdE

No observabledepends on that choice! All that counts are differendés
BUT: you must specify reference point when quotth@ndU !



Gravitational Potential Energy llI

¥ Arbitrary motion in gravitational field:
b Startagainwith referenceoint (x,y 4,z o)

b Calculatework AW ,,, doneby gravitationalforce while moving
to (x,y,z): (Displacemenits (AXx, Ay, Az) = (X-x 3, Y-Vo, ZZ )
" Wyray = Fgray#' s =mg" §

=$mgj#(" xi +"yj+" zk) =$mgd'y
b GravitationalPotentialEnergygivenby
U=-AW =mg Ay =mgh

grav

¥ Depends only on heiglat above reference point

¥ Always the same when you get to same point, independent
of how you got there (definition of conservative force).



Work on a pendulum

¥ Slowly pushinga pendulumbob sideways:

Y.
X
v
WEFE)=mgR((1-cod); W, =0
¥ Letting go:

W(gray) =m g R (1-co9) =W,
M/, v2 (bottom) =m g R (1 - coD)

- an Example

E F, = F, - Tsin®
E F, =-mg+ Tcos6
T =mg/cosb

F, = mgtan6
S=0R; ds, = Rcos6do



Pendulum example cdut

¥ Work doneby me:
W (F ;) =mgR (1 - co9)
Work doneby gravity:
F W (grav) = -mgR (1 - co9)

y S * W, =0=>AK.E.=0
¥ NewinterpretationWork doneby gravity is

X storedasPotentialEnergy:
AU = -W (grav) =
mgR (1 - co)

¥ AK.E.+ AU = AE change in total mechanical energy
=>AE =AW (F)) = AW (non-grav.)



Pendulum cortd.

Ontheway down:No other(non-grav.) force=> Total Energy
conservedAE =0)AE =AK.E.+ AU =0 => AK.E.="/,v? = -AU
= -(0 -mgR(1 - co®))
Important points:
b Minus sign: negative work doneincreases the potential energy(tting
cash into accout

b Potential energy is stored isystem (pendulum and gravitatiomjallet
and bank accoupt

b Total energy changes through work done by foregternal to system
(push,cash influy

P System must b8eakproo(conserve work): return to initial condition ->
same potential energy (conservative forces)



Elastic Potential Energy

¥ Sofar: Consideresdystemobject- gravitationalfield;
Potentialenergy= - gravitationalinternalwork (insidesystem)

¥ Now: Considersystemcart- spring;Potentialenergy= - internalwork
doneby spring
b Call x = Qunstretchegbosition of spring
Force exerted by spring, = -kx
Work done by springAW = -k /2 (x? - x;%)

Potential energy stored in spring-cart system:
U=-AW = k/2 (x - x,?) wherex, is the point where we declaté to be

U=0.
xqo=0 =>U =k /2 x?(convenient,not unique)
Note: U > O stretchecand compressed

VAURV)
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Elastic Potential Energy cduit

No other(non-elasticYorce=>

Total EnergyconservedAE = 0)

AE =AK.E. +AU =0 => A"/,v? = -AU
Example: Oscillation

Non-elastidorce present>

AE =AK.E. +AU =AW =>

AM,v2 = -AU + AW
Elasticandgravitationalforce present>
E=KE. +Ugy+ Uy, =

M, v2 + kl2 x2+ mgh .
(severabankaccounty

Note: Elasticforcesareconservativébecauseavork doneonly depends
oninitial andfinal position.



Total Mechanical Energy
- Final Version

1) Specify all forcesactingonanobject

2) Separate out altonservative forces(Work donedepend®nly on
initial andfinal position).Incorporateheminto the system of the
objectaspotentialenergylU

3) Add all external forces actingon thesystem(= all otherforces),call
the resulinet (external)forceQ

4) Multiply displacementin thedirectionof thenetforce with that force:
AW, . =F - As=F As cosp (More precisely:Calculateintegral | F-ds)

ext

5) Setequalto changean total energy:
AE =",v2 -M,v2 + AU =AW,

ext

6) AU = -AW, . ; A™,v2 = -AU + AW,

Int ?

ExamplesPumpkinfalling on spring-loadeglatform (without andwith
air resistance)bungegump



Important Points

Potential Energy depends only on position <=> work done
by conservative force on a closed path is zero

Absolute value of potential (and therefore total) energy
depends on reference point

If U depends on only, then for a small change in
positionAx we have

AU =-F,Ax =>F, =-AU [ Ax

Limit for Ax-> 0: F,=-dU [/ dx

Similar for general case:

F.=——; F,=——; F, =——
T ox Yooy R



Important Points cor

¥ Energy diagram (see figure 7-24):
b Minimum of U = stable equilibrium

b Maximumvalueof U reachable i¢/ .= E
(turning points,potentialwell)

b Maximum ofU (x): Unstableequilibrium
b U(x) = const.(oversomedistancex): Indifferentequilibrium

¥ Energy concept is useful: Calculate change in velocity
without knowing Force as F(t)

¥ Energy concept is fundamental: Energy is conserved!



