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What about energy and energy transfer?

Define energy density (energy per unit length) as sum of kinetic and
potential energy density. These are stored in the motion and
stretchiness of the rope and are different at different points on the

rope.

/ tension
1 81//(x,t)j2 1 (81//(x,t)j2
Wi(x,t) =— +—T
Total(zflerng \2 ‘u( at y \2 ax y

density KE density PE density



—

/
/ Ay
4 POTENTIAL ENERGY
Ax Force X extension

2
zzzszmz/ﬂ:sz(H{A—"’} ]
Ax

sl sfi2])

1| Ay ’
{—Ax = I: :| Ax Extension




4€/ "

Ax

1(dyY
PE:T(K—Ax)zfo2

2
ke=1 Ax(a—‘/’j

1 (w1 3l/f(x,t)j2
W(x’”‘z”( o j+2f( ox

CZ[(p@nY 8w(x,t)j2_
W(x’t)_Zv_( ot )+ ( ox |

rope

generic



W(x,t)=£ (0"1//(x t)) + v’ &ljg(x t)j
X

AR ANA
VARV VAR\

1
0

Group exercises (8): This is a traveling/standing wave. Find
KE, PE atr=0T7,0.257,0.5T, 0.75T.

Traveling wave 1s moving right; standing wave 1s momentarily
at rest.
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Traveling wave: KE & PE density are equal to each other at any
given place and time, and vary from place to place at a given time,

and from time to time at a given place. Energy propagates in
direction of phase velocity.
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Standing wave : KE & PE density are different from each other at
any given place and time, and vary from place to place at a given

time, and from time to time at a given place. No energy
propagation, but oscillation to and fro (see Maple sheet).



Further consideration:

Homework: Calculate average power transferred to traveling wave
Homework: (extra credit) consider reflection and transmission
Independent study: Incorporate damping
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ENERGY - REVIEW

How is energy stored in a rope? In other systems?

Kinetic energy density, potential energy density

Total energy density

Energy transfer

Mathematical representations of the above as space & time
functions

Not much focus on mathematical representation of damped
systems, but interested students should study this
independently
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