.4_A ballistic pendulum
red into a 1200 g wood block hanging from a
ing. The bullet embeds itself into the block, and

,you,ieamed m Chapter 9 that momentum :is conserved in an
_ inelastic collision. After the collision is over, the block swings
- out as a pendulum. The sum of the kinetic and gravitational

potential energy does not change as the block swings to its
: Iargest angle
; VISUAL!!E FIGURE .10.13 is a pictorial representation in which
we've' identified before-and-after quantities for both the collision
and the swing.

m:u‘nsk 10.13 A ballistic pendulum is used to measure the
- speed of a bullet

(v(,,)w 0 m/s

Co)hsmn/Momentum

: Fmd (vm),, e Swing/Energy

SOLVE Thﬁ momentum conservation equatlon P =
the inelastic colhsmn gives'

P, applied to

o myy ‘+A MB)Vxx"‘ mw (Vow + mp(Vo)p

The wood block is initially at rest, with (vu,,)w =0, so the bullet’s
velocity is
( ) = mw + mB
Vox)s = g Vix

where vy, is the velocity of the block + bullet immediately after
the collision, as the pendulum begins to swing: If we can deter-
mine vy, from an analysis of the swing, then we will be able to cal-
culate the speed of the bullet. Tyrning our attention to the swing,
the energy equation K¢ + Uy = K+ Uy ‘1s

1 o
'2‘(mw + mp)vi + (mw + mp)gy,
1, ,
= E(mw + mp)y” + (my + mp)gy;

We used the total mass (my + my) of the block and embedded
bullet, but notice that it cancels out.-We also dropped the x-
subscript on v, because for energy calculations we need only
speed, not velocity. The speed is zero at the top of the swing
(v, = 0), and we’ve defined the y-axis such that y;, = 0 m. Thus

Vi= oV 28%

The initial speed is found simply from the maximum height of the
swing. You can see from the geometry of Figure 10.13 that

y, = L — Lcos@ = L(1.—cosf) = 0351 m

With this, the initial velocity of the pendulum, immediately after
the collision, is

vie = v = V2gy, = V2(9.80 m/s)(0.351 m). = 2.62 m/s

Having found vy, from an energy analysis of the swing, we can
now calculate that the speed of the bullet was -

) = my + mp _1.210kg

Gods = Vi = G010 kg

X 2.62 mfs = 320 m/s

Assess It would have been very difficult to solve this problem
using Newton’s laws, but it yielded to a stralghtforward analysis
based on the concepts of momentum and en&rgy :



