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FIGURE 7-14 Two small objects
of masses m,,_and my, (a) before
the collision and (b) after the
collision.

Relative speeds {one dimension rHi."_\‘_.l

m Elastic Collisions in One Dimension

We now apply the conservation laws for momentum and Kinetic energy to an
elastic collision between two small objects that collide head-on, so all the
motion is along a line. Let us assume that the two objects are moving with
velocities v, and vy along the x axis before the collision, Fig. 7-14a. After the
collision, their velocities are vy and vy, Fig. 7-14b. For any v > 0, the object is
moving to the right (increasing x), whereas for » < 0, the object is moving to
the left (toward decreasing values of x).
From conservation of momentum, we have

Ma vy + Mgty = Mia Uy + Mg Uy.
Because the collision is assumed to be elastic, kinetic energy is also conserved:
Imavh + dmyvd = tma vl + tmgop.

We have two equations, so we can solve for two unknowns. If we know the masses
and velocities before the collision, then we can solve these two equations for the
velocities after the collision, v}y and v . We derive a helpful result by rewriting
the momentum equation as

my(v, — V) = my(v — vg), (i)
and we rewrite the kinetic energy equation as
ma(vi = vi) = mg(vi — vh).
Noting that algebraically (a — b)(a + b) = a* — b°. we write this last equation as
ma(va — vi)(va + Vi) = mp(vh — vs)(vg + vg). (i)
We divide Eq. (ii) by Eq. (i), and (assuming v, # v, and vy # vy) obtain
vy + vy = v + vy
We can rewrite this equation as
Uy — Uy = Vg — Uy
or
vy — v = —(v}y — vp). [head-on elastic collision] (7-7)

This is an interesting result: it tells us that for any elastic head-on collision, the
relative speed of the two objects after the collision has the same magnitude (but
opposite direction) as before the collision, no matter what the masses are.

Equation 7-7 was derived from conservation of Kinetic energy for elastic
collisions, and can be used in place of it. Because the v's are not squared in
Eq. 7-7, it is simpler to use in calculations than the conservation of kinetic
energy equation (Eq. 7-6) directly.

Pool or billiards. Billiard ball A of mass m moving with
speed v collides head-on with ball B of equal mass at rest (v = 0). What are
the speeds of the two balls after the collision, assuming it is elastic?
APPROACH There are two unknowns, v’y and vy, so we need two indepen-
dent equations. We focus on the time interval from just before the collision
until just after. No net external force acts on our system of two balls (img and
the normal force cancel), so momentum is conserved. Conservation of kinetic
energy applies as well because the collision is elastic,
SOLUTION Given v, = v and vy = 0, and m, = my = m, then conserva-
tion of momentum gives

mo = mv'y + mog
or, since the m’s cancel out,

v = vy + vy

We have two unknowns (¢, and vy) and need a second equation, which could
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