


stored in the system of springs is given below where x4y and zp, are the equilibrium
lengths of each free spring.

1 1
E = §I€A(IL'A — IL'A,O)Q + §I€B(1‘B — 1‘370)2

If the length of spring A is x4 and then the length of spring B is L — x 4. The equilibrium
state of the system is the one with the lowest energy. This is equivalent to calculating

dE )
i |z=2, and solving for ;.

1 1
E= §kA(l'A - IL'A,O)2 + §I€B(L — XA — IL‘B,O)2
dE
m|xA:xf =0= k‘A(IL'f - IL‘A’O) - kB(L — Ty — xB,O)
(kA + kB)$f == k'A$A,0 + k‘B(L - l'B,O)
_ katao+kp(L —xpy)
(kA—l-kB)

Note that there is an upper and lower bound on the equilibrium position,z;. Mathemat-
ically, 0 < xy < L. However, each spring has a finite volume and compressibility so the
limits on ;s are closer together in a better approximation.
. . . d
The force on a spring is given by F' = =2 = k(z — xo).
FA = —k‘A(IL'f — xA,O)

karap+kp(L —xpp)

Fy=—k —
A A( (kA+kB) l'A,O)
P _kakp(L — 240 —2Bo)
4 ka+ kg
and
FB = —kB(L — :Uf — a:Byo)
kAl‘A0+kB(L—l'BO)
Fg=—kg(L — ’ — —
B B( (kA+kB) xB,o)
o kakp(L — x40 — xpyo)
B ko + kg

Note that the forces on springs A and B are equal in magnitude but opposite in direction.
We could have found x; using this definition of equilibrium. The mathematics that result
are exactly the same.

Now substitution of the final and initial positions into the energy expressions will yield
the change in internal energy for each spring.

AEy = FEayp—Eay
1 1
AEA = 5/@4(33}0 - JZA,U)2 + 5]@4(:@ — :UA70)2

katao+kp(L —xpy)
(/47,4 + kB)

- xA,o)Q - (% - $A,0)2

1
AEA - 5]?714 (



and

AFEp = FEpjy— Ep;

1 1
ABp = Skp(L—xp — o)’ + Sku(L — 2 — 2,)°
1 kazao+ k(L — xpp) 2 2
AEp = kg |(L — : = - L—wi—
n=gks | (a + ko) ool B )

Note that in general the change in internal energy of spring A is different from that for
spring B. The total change in internal energy of the system of springs is not positive.



