
Ballistic Pendulum

‣ Use two different methods to find the launch speed of a 
“gun”

‣ Conservation of momentum + conservation of energy

‣ Projectile motion

Experiment 8 Ballistic Pendulum

Analysis:

1. Compute the average value of the recoil angle ! = !max " !0.

2. Find the change in height of the center of mass ( )!cos1"=
cmcm
Rh .

3. Calculate the recoil velocity cmR ghV 2=  being sure to use three significant figures for g;

g=981 cm/s
2
.

4. Calculate the initial velocity of the steel ball R
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.  Express this quantity as a

value plus or minus its uncertainty, thus: V0 ± _ V0.

5. Now remove the pendulum and fire the ball horizontally. (Find an appropriate place to shoot

the ball, making sure it does not hit anyone.) Observe where the ball hits the floor. By

measuring the horizontal distance (range) of the projectile, you can determine its initial

velocity. This gives you an independent check on the velocity V0 with which the ball is fired

by the cannon.

6. The range is given by

x = V0 t

where V0 is the initial velocity of the ball and  t is the time of flight. The time of flight can be

determined from the fact that the distance the ball falls vertically is given by

y = _gt
2
.
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Experiment 8 Ballistic Pendulum

Conservation of linear momentum

(Before and immediately after the collision)

Conservation of energy

(During the swing of the pendulum arm)
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recoil velocity cmr ghV 2=

Procedure:

1. Remove the pendulum from the stand by unscrewing the pivot axle.  Weigh and record the
masses of the pendulum M

p and the steel ball M
b
.

2. With the ball latched in the catcher, balance the pendulum on a ruler or pencil to locate the
center of mass.  Measure and record as R

cm
, the distance from the pivot axis to the center of

mass.

3. Reattach the pendulum to the stand.  Check that it swings freely.  With the pendulum hanging

vertically, move the angle pointer to just contact the pendulum arm.  Record this angle as 
0
! .

4. With the pendulum latched at 90°, insert the steel ball and use the ramrod to cock the spring

to its middle or maximum range position.  Let the pendulum hang vertically and move the

angle pointer to 
0
! .  While holding the base firmly against the table fire the cannon by

pulling up on the trigger.  Write down the maximum angle recorded by the angle indicator.

5. Repeat this process five times to check the reproducibility of the apparatus.  Be sure to cock

the cannon to the same setting each time.  To minimize drag on the pendulum set the angle

indicator initially to about 5° below the maximum recoil angle.  Record the maximum recoil

angle, !max, for each shot.

Mp+MbMp Vr

Vo

Mb

Mp+Mb Vr

hcm

center of

mass


