PHSX 221L Coefficent of Restitution key

For all collisions the momentum is conserved (assuming both colliding objects are in the system
and there is no net external force on the system). Here we consider the collision between object A
and object B. The primed quantities refer to after the collision, unprimed before.

A head-on collision is one-dimensional and allows us to drop the vectors.

! !
mava + mpvg = mav’y + mpuy (1)

For perfectly elastic collisions the kinetic energy is also conserved.

1 1 1
§mAvfl + §va]23 = §mAv'Z + §m3v% (2)
Multiplying equation 2 by 2 gives
mavy + mpvp = mAv’i + va% (3)

We are told that my4 = mp so we drop subscripts on the m’s; in fact, now the m’s all cancel. Now
equations 1 and 3 become
vA+vg =V +vp (4)

and
vi+og =0+’ (5)

We are also told that vg = 0, which leaves equations 4 and 5 as
0 = oy + vl (6)

and

A= g

Solving this system of two equations for the unknowns v’y and v gives

and

which is as expected. And ¢ = 1.



This is derived in more general terms in Unwersity Physics by Crummet and Western, page 236.
They derive some “working equations” in terms of ¢ and M where M = mpg/m 4.

UA—I-MUB = U21+MU/B (10)
e(va—vp) = (vg — v}4) (11)

Students are asked in problem 36 on page 245 to solve for the final velocities, yielding
1 — Me M(1+¢)
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AT T AT T (12)
1+4+e¢ M —¢
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VBT T AT T B (13)

It is easy to use equations 12 and 13 to verify results 8 and 9 for a head-on perfectly elastic collision
(e = 1) between objects of equal mass (M = 1) with vg = 0.

Now suppose € = 0.8 (and everything else is as in the previous example).

1 —-0.8 0.2
= ""vx=0.1 14
A= v VA (14)

140.8 1.8
Vg 1 UA:7UA:0.9UA (15)
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