
6 B | Kinetic and Potential Energy

When a cannon ball hits the wall,
the wall compresses and cracks apart

Stuck
Before Contacte

After

Work done by ball on wall is
W = Fave d

? The initill state of the ball flyting through

the air has "energy" which will get
converted to work. Then the work enig
gets converted to thermal snagy ...

Conseratin of enogy:
motion ? work ? thermal (heat)

? Motion energy is called Kinetic Energ

KEsinal -KE initial = Work performed
Work ? thermal (Heat) of balli wall



A car is speeding @ V, and the engine
delivers work to speed the car to v2
What was the wark delived by the engine?

(c)
?  V i  w o r k ?  V 2

speed up
? ? ? ? ? ?

(«i) V7 = Vi° +2ad Kinematies
* m

? mv}  = mv.  +  Zamd ÷  2

F =  ma

? mvg 2 mvi
2 = Fave c

== Westal
KEs - KEi = Wperfamed

where KE = 2mV2

Ene rgy  -
Work Formula .

we call this energy
Kinetic (motio) Energy

? We verise this further into the chapter to include

Potential energy,



Work-Enegy Principle

A E  =  E s  -  E ,  o r Er -  E,  ,  etc.
""change of " selta E

A pitcher throws a base ball into hurricane
winds. The wind face slows the ball land may even

reveses its motion)

if ? Vi = 98 mph = 43.81 m/S

? Vf = 96 mph = 42.92 m/5~
? d = 17.0m
? m = 0.145 kg

Q: What is the dray fore on the ball dre the wis?
( i )

Fd Vi -  > (+)

(??)

(in)
Fd

d

F1 = = 0.33 N

( ic )  Ef  E;  =  Wwind / Fid ih tha
Same direch

? mv, - 2 mv, = Fj. d, 0=0°

? (0. 145729) (42.9297) - ?10.145)(43,81)

17.0 m
+ 65 done by Wind

W2 = F(4) = (-0.33\17) = - 65 on ball
Drag is to the left, opposes motion of ball



8 Potential Energy
In GA we studied a hiker hanling a backpack
up an incline. The work the hiker performed
ended up using mly the Height difference, and
not the inclination of the ramp.

Shalla

H

stéep"
W= mg H

? Now conside a mass at an altitude f H
above the ground. If that mass is
dropped it will speed up and strike the ground

with a final velocity Potential do pertam
work, 00V. = 0 work (release ))

K E

? Gravitational PE.

PE = mgH |

? Likewise
Chemical Potatioenegy ???????? BAN

-Befire A f t e r
P o s s e s s  P o t e n t a l  ?  K E , =  2 K E :

1=1



Possesses
E l e c t r o s t a t i c  ? E .

6 -

(e)

? Nuclear P.E. ? .  n

4-238 Th Th

Possesses Nuclear potantial enge

An empty roller coaster cart is lifted to
a height of 40m. If it starts fom rest
what is its speed when the track runs along thre
ground momentarily?

- V. =0 , PE. = mgH, 0 KE

(ic)

Recall

Chp t
2

?? ??? = ?? ???

ng H =  - m v2

V+ = V 2gH

v7 = v° - 2?? 5 -
AKE = Work

( i v )

Vf = V
2(9.81/-Y 40 m)

= 28m/s = 62. 62.6mph

0 r



Conseration of mechanical enegy No Friction

If only frictionless forces are involved, in a
closed systen the net energy remains constant.

conservative farel
0? particles in abox

EKE+ EPE = EToT mechanical energy = fixed.

? not - closel: 7
CB u t

thìs 2 0 0
is closed

Energy is best used when we need init ial strial

results and we dire not concerned with the

t r a n s i e m t  C i L b e t w e n )  s t a t e s  .

D  !



Consider a more complicated Rollercaster

Find the KEandPE
at each station

0,0 and E
m o t o r

? Note that w/o friction enegy is conserved so EToTal
@ D is equal to ETor,@ 2 and @ 3 the same.

PETKE = ETOT let m= 100kg H,= 40m, H=30

Worl
? ????,=PE,#KE, v, = 0

? E, = mgH. *Emx
É. = (100hg)( 9.8m/2)(40 m) = 39, 200 5

E, = E2 KE
39,200 = mg H2 + & mv?
39, 200 = 100k4)(9.5145 (30 m) ? Couls) (V2)}

2
3 9 ,  2 0 0

39, 200 29,400 J +  ! 9,800 J - 29,400
9,800J

ETOT PE. KE

speed V2 = 2KE/m12KE/m = V2 ( 98005/100 kg = 14m/s

6  E 3  =  E r  =  E ,  =  3 9 , 2 0 0  J ? V= 0m/s
392005= P ? 3 > v= 14m/s

?3 =
39,200 5 = 1(100kg) V3 28 m/s 28 m/s - 28m/s

V3 = 1 2(39,2005)
V3 = 28m/s al KE, No PE.



spr ing PE
F

PEs = 0

X=0

equ i l ib r im
?  x

W = a r e a

PE, = max
compressit

PE = 2 RA2 = ? x (kx)

W5 = kx2

0

In between :
max stretch

Lamplitude
KE = 2 mv2

? Time plot:

I f  w e  s t a r t

from positinA
with no ini t ia l
v e l o c i t y .

S t i b n e



EXt A bowling ball is crapped from height 'h"
on to a rubber pad that is supported from below
by a spring. Find the springs max displacemat, Y.
Data: m. 2.60 kg, let h= 55cm, let k= 1590%

Y = want
- PE, =0 , PEg =0 (y =0 )

, (-)

? strategy: PE, = KEz
KE2 = PE, = spring theight

EToT = PEge, + KEe, +PE,Se = PES

choices :

E, Elot less wark

mgh =kY = mg Y

=kY* - mgY - mgh ) *2
? 0 = kY 2mg Y - 2mgh

1590 26"9. 8 055m2.6 98.

0 = 1590Y -50.964-28.03

= PE+KE PE

Y = - (-50.96) = 50.96 -4.150
* - 28?0

2?1590

V = - 0.18 m, t0.149

Y= 15  cm be low
t h e  e q u i l i b r i u m



S o u r c e  o f  a l l e n e g y
stars

gravity

Big Bang

Zonin to a star:
? they age and

the core expands

H, He gas
, C, O, Fe

Remnants
dust of

elements

... periodie
table

BigStars

2nd geneation star

Suprnore

graving

(again)

i n

syst
Nuclear
Reactor magnels

gen
Hot waty

P E .

? gravitational PE.
? nuclear PE

? chemical nach? elecatey strinach
capacitors

Ear th

Solar
system

, 2 3 8

Transformer
240v

1200

40000 ?

eledricity

? KE any mass
that moves.
? Thermal (radiation)

? magnetic
enegg

? Flow of eletrons

Fân



Adding in Nin- Conserative fores (friction)
Dissapative forces

? Scenario: V; =0 max. velocity

frictionless

115 @ comes to a rest

??=0 1  ? ? ? ?  ? V+ = 0

<?? 70
Friction does work on the block

1?2: mechanied energy is consered
2-3: Dissapation energy is transtormed to heat.

? Modified consevation if enagy statement:

"The total energy of a system is neither incrased

nor decredeed ih any process:
The Law of Conseration of Energy

Waterfallon river Temp To, Vo, PE.
/ systen

Eo = EI

I PE speede flow

? loss of heat dow How shishity
- final speed

V,

Heat
geneated

Heat

l o s t  t o
ground

Ez= E, tWork due
to trictin

PE +KE, +W, = PE, +KE,
i n i t i a l work = final



We release an ice block on a hill of 12

height 5m. The coefficietof Kenetic frizhn a
the hill is negligable. But when the block hits
The horizontel dint, we have Mn = 0. 2 friction.

Q: How far does the block slide on the level ground?

MR = 0 ?? = 0. 2
( i )

V3 = 0 @ rest

(?i)

( i v )

d

E, + Ws = E3
I taking every out of E, We <0

mgh + O - Ff ? d = 0 + 0

mgh = Ffe
ragh = [ag uk 3d

d = 1/1k

d = 5m m/0.2

= 5/10
=  5 %

d  =  2 5  m



Power

Power is the rate of which enrgy is produced

or consumed per unit time.

Pave
Work=
time

= enezy transfered
time of transfer

13

[ P ]  =  I  =  W a t t
Hair Dryer 1 converts electricity do heat Kinetic energy,

1000 J/s of heat
1000W
appliance

A 60 kg runner climbs an embankment in 4.05

The vertical height changes by 4.5 m
cal what is the powe expended by

4 . 5 the runner. No KEchange it

they manh taih
speed.t

= (60 kg (4.8m/s)4.5m)
4,0 s

=  6 6 1 . 5 5 / s or 660 W

So his body is giving of 660w of heat loss.



Powe in  uSCS

A E = Ft -  lb
A t sec

But the traditional units are horsepower:
§ how much energy per time can one horse provides

(cont.) 746W = 1hp
(b) of previous example

Total energ in J = P. t = (660% (4.05)

= 2600J total energy needed to climb

(Es convut runne's pour consumpte to hp.

(660 w) 746 W) = 0.9hp

So the runner is puttiy out % of a horse?



1 5

W e  c a n  r e c o n f i g u r e s  P o w e r :  C o n d i d a  F r i c t i o n d
W o r k .

1Work FAd
=  F

A t A t
Ad

t )  =  F - V

Pare = Fare V

A race car running @ 2 max speed of 220mph

Consumes 750 hp. What are the total frictional fried.

(0) Fang Farive @ max speed of 220 mph

(ic) ? Fdog = Farine
750 hp ( 746W)

hp
220 mi/hr 11609.3 mmi 1(36005)

Farag = 5690 M
= 1278 ebs ? ton of fares


