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Topics for todays class

Energy relations for conservative systems of particles

1. Conservative, non-conservative and workless forces

2. Potential energy of a conservative force

3. Work-Power-PE-KE relation for a conservative system of particles

4. Applications
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4.2.3: Example: Calculating the potential energy of e,

gravity (between planets) \/' [~ o/ma/ﬁ_.
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4.2.4: Example: The potential energy of two
neighboring Cheerios floating in milk is
where E,.L, are constants

Find a formula for the force acting between them Fo 7774 /& - — /’ M
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4.2.5: Table of potential energies for common forces

Tvpe of force Force vector Potential energy
"’g

Gravity acting on a particle I S I .
near earths surface F=-mgj U=mg i X

r

F

r ﬁ”
Grawvitational force exerted on GMm GMn
mass m by mass M at the F=- 3T U=- /
origin ! r

Iz
Force exerted by a spring with ] : . J "”';’:' O
stiffness & and unstretched F=—k(r—£0)£ L‘=_k{r—[0 )~ T G’W F
length L r 2
0 i
%
Force acting between two F= o0, U= 0.0, 0, e T2
charged particles - 4er ' - 4zer 3!
-
1
Force exerted by one molecule .
of anoble gas (e.g. He, Ar, _ _ =
etc) on another (Lennard Jones Elfal raV e (a2 (a® ,..@’/F
potential). a is the equilibrium =12—{{=| —-|—=1| |- El|—| —2|—| _,..-'i"
al\r) r)o\r \r) \r) =

spacng between molecules,
and E is the energy of the
bond.
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4.2.7: Example: The pendulum is stationary in its upright configuration.
Following a small disturbance it falls over. Calculate the magnitudes of the

velocity and acceleration of the mass when it reaches its lowest point.
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4.2.8: Example: A spring has the force-length relation shown. , _E'
(a) Find a formula for its potential energy u*.JI r
(b) Amass m>kdy/g is suspended from the spring. Find the @
value of extension x in the static equilibrium configuration = ; st X
(c) The mass released from rest with x=0. Find the maximum — J:
value of x and the acceleration of the mass at this instant. b‘ﬂ"" ' ’ @
k F F
bo—\AAﬂ—n_.@

X
@ U= Fdr Frokoud)i |
> U= [Tk Ceroo) dx =t U = blx™ + kol X
o

(b)Y SHaher =

/:5-'—' ﬂ’l\g = )G&(X-H?{o) EMﬂ

m
= -x—:@——do 3
3




ccy Syrtem - earth +$/bn'i77 + 1map

T, + U, =Tr:; + U,

(0) To=0 U :“'?7'730{0

ndl
-
nsesrva 761/'16) no ext ﬁrz:es I @A g

d .
) J,I"

(
(13 7,=0 U =~-mg (Dotx) +L hx" +RolpX )

=> -myg //aé,t;/) + }g/(% +dl |
!

D
Twice S?Laﬁ‘c
Aeflect on
s
émﬂ
k oo




Spring Drop Experiment

Prediction
Coiled sprin Spring stiffness: 3.5 N/m
h =22 Szm 9 Predicted Spring length at zero force 6.5cm
T ' to be equal Total mass 142.8 grams
33 5cm a=g—kd,/m=0.84g

Static equilibrium
h = 56cm

|

33cm

|

Max deflection
h =89cm
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Acceleration (g)




4.2.8: Example: A dynamic climbing rope has a force-elongation
relation that can be approximated by F=Fys'?
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(a) Find a formula for the potential energy of a rope with length L

(b) A climber with mass m is tethered by a rope with length L. The
climber falls a distance h before the rope begins to stretch, and
is brought to rest as the rope stretches. Show that the
fractional change in length of the rope ¢ is related to the fall
factor f=h/L by

(c) Find the value of F, necessary to pass the UIAA standard
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