Chapter 8 — Potential energy and conservation of energy

Potential energy  Energy of configuration
Work and potential energy
Conservative / Non-conservative forces

. Determining potential energy values:

- Gravitational potential energy
- Elastic potential energy

V. Conservation of mechanical energy
VI. External work and thermal energy
VII. External forces and internal energy changes

VIIl. Power

|. Potential energy

Energy associated with the arrangement of a system of objects that exert
forces on one another. _
Units: J
Examples:

- Gravitational potential energy: associated with the state of separation
between objects which can attract one another via the gravitational force.

- Elastic potential energy: associated with the state of
compression/extension of an elastic object.

Positive

Il. Work and potential energy ork done work done
y the
gravitational|

If tomato rises  gravitational force transfers energy “ i
tomato’s kinetic energy “ " the gravitational potential
energy of the tomato-Earth system.

If tomato falls down  gravitational force transfers energy
[ " the gravitational potential energy “ 0" the tomato’s
kinetic energy.




Also valid for elastic potential energy

Spring compression

does -W on block energy
transfer from kinetic energy of the block to
potential elastic energy of the spring.

Spring extension

does +W on block
. energy transfer from potential energy
of the spring to kinetic energy of the
block.

General:
- System of two or more objects.

- A force acts between a particle in the system and the rest of the system.

- When system configuration changes  force does work on the object
(W,) transferring energy between KE of the object and some other form of
energy of the system.

- When the configuration change is reversed  force reverses the energy
transfer, doing W,.

[1l. Conservative / Nonconservative forces

-If W,;=W, always conservative force.

Examples: Gravitational force and spring force  associated potential
energies.

-IfW,; W, nonconservative force.

Examples: Drag force, frictional force KE transferred into thermal
energy. Non-reversible process.

- Thermal energy: Energy associated with the random movement of atoms
and molecules. This is not a potential energy.




W= F(xdx=-DU

DU =- (- mg)dy=mdy]}’ =mg(y; - %) =mgDy

U; =0, y;=0® U(y)=mgy  Reference configuration
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Reference configuration

U, =0, x =0® U(x)=%kx2




DK +DU =0® (K,- K;)+(U,-U;)=0® K, +U, =K, +U,

=-DU
y
L x
DE,,..=DK +DU =0
K, +U, =K, +U,
DU(X)=-W =-F(X)Dx® F(x)=- w (1D motior)
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Remember!

F- f,=ma
V2 =V5 +2ad® a=05(v*- v§)/d

Fef,=on (- )@ Fd- fd = m¥ - ()@ Fd = my - mi + fd

W=Fd=DK + f,d

W = Fd = DE oo+ fid

DE, = fid

W =Fd = DE,.. + DE,




W =DE= DEmec+ DEth + DEint

DEmec+ DEth + DEint =0

1) Run

2) Jump/Ascent

3) Descent




WF,ext =LK = F(Cosi )d
Non- isolated systen® DK +DU =W ,, = Fd cos/

— Change in system’s mechanical energy
DE,,..= Fd cog by an external force

vZ=Vi+2a,d (05M)
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61.

N =mgcos30 =85m

N f, = mN = (04)(85m) = 34m
A- C® Only conservatie forcesDE,..=0
o/ ® K,+U, =Ke +Ug
mg

%m\/f\=%mv§+mgt3® Vv, =5m/s

The kinetic energy in C turns into thermal and potential energy  Block stops.
K. = 05m¢ =124m
K. =mgy+ f,d ® 124m=mg(dsin30 ) + 34md® d = 149 meters
d>L = 075m® BlockreachesB

Isolatedsysten® DE=0=DE,+DU +DE, ® K. +U. =K ;+U; + f,L
124m= 05m + mg(y, - V.) + mmgLcos30 = 05mv; + mgLsin30 + mmgLcos30
124m= 05m\} + 367m+ 25m® v, = 35m/s

129.

(8) DEec=0® Ky +U =K;+U;  (b) Foey=mag =T - mg

—0r — 2
Ko =0 U,=0 mVTB=T-mg®T=m%V§+9

_1 -
mgL-Em\é® Vo =4/20L U, +Ky=Up +K,

1, 1

© v, =0 Em\é—-mguimvﬁ@
W:DE:uEmec+uEth £29L+gL=}V§® Vg =2\/a T =5mg
DE,, = f,d 2 2

The difference in heights or in gravitational potential energies between the positions
C (reached by the ball when there is friction) and D during the frictionless movement
Is going to be the loss of mechanical energy which goes into thermal energy.

(¢) DEy, =-mgL
(d) The difference in height between B and D is 2L. The total loss of mechanical energy

(which all goes into thermal energy) is:
DE, e = - 2mgL
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101.

(a) DE,.,=0® K, +U, =K, +U, (b) K, =94.1

2K
U, (ground)=0; K, =0 (© Kfzgm\/f®vf:1 L =767m/s
m
U, =mgh= (3.2kg)(9.8m/ s*)(3m) =94.1J

130.
— o5 eV 2p]50-2m) —a14m/s P=fw=(-576N)(314m/s) =- 18W
s ev Pmotor = 181N
f, = mN=mF = (032)(180N) =57.6N
Powerdissipatedy friction = Powersupplied motor
82.

Isolated systen® DE =0® 0=DE, .+ DE,
I]Eth =- DEmec mg
(&) x=01m Graph: K; =203, U; =3J

Eneq = K; =30J Enect =K¢ +U; =230
DE,..=23)-30J=-7J® DE;, =7J

(0) Xy ® V=0® K =0® x=021Im
Emec =Ki =300 Eg =U; =14
DE, ;=14 - 30 =- 16] ® DE,, =16J




B1.
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