BALLISTIC PENDULUM
1. Object: 

The muzzle velocity of the projectile launcher is determined by shooting the ball into the pendulum and observing the angle to which the pendulum swings. 

2. Equipment: 

Launcher, steel balls, Mass balance, ballistic pendulum, meter stick.

A. 3. Theory:
B. [image: image1.wmf]2

p

MV

2

1

[image: image7.bmp]Ballistic Pendulum:

[image: image8.bmp]The potential energy of the pendulum at the 

top of its swing:




U = Mghcm     (1)

Where M is the combined mass of pendulum 

and ball,  g is the acceleration of gravity, and hcm is 

the change in height.   





hcm = Rcm(1- cos)




(2)

where Rcm is the distance from the pivot point to the center of mass of the system (pendulum + ball). Thus,
 


U = Mg Rcm(1- cos)



(3)

This potential energy equal to the kinetic energy of the pendulum immediately after the collision:





K = 
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(4)

The momentum of the pendulum after the collision is just Pp = MVp , which we subtitute into Eq. (4) to obtain:
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(5)

This momentum equal to the momentum of the ball (Pb) before the collision:




Pb = mVb 





(6)

Setting Eqs. (5), (6) equal to each other and replacing K with our known potential energy gives us:




Vb = 
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B. determination of Vb using projectile motion:
The vertical distance the ball drops in

Time t is given by:




Y = 
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(8)

The initial velocity of the ball can 

be determined by measuring the

horizontal and vertical distances.

The time of flight is:
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and then the initial velocity can be measured by:



Vb = 
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4. Procedure and Analysis:

A. determination of Vb using the pendulum:

· Find the position of the center of mass of the system (pendulum + ball) by balancing the pendulum on the edge of a ruler or similar object (for example you can use you finger). Record the distance from the pivot to the balance point as Rcm.

· Measure the mass M of the system (pendulum + ball). Measure the mass m of the ball and record these values.

· Latch the pendulum at 90( so it is out of the way, then load the projectile launcher to the high range position. Allow the pendulum to hang freely, and move the angle indicator to zero degrees.

· Fire the launcher, and record the angle reached by the pendulum. Repeat several times.

B. determination of Vb using projectile motion:
· Adjust the angle of the projectile Launcher to zero degrees so the ball will be shot off horizontally.

· Fire about ten shots and at each time locate where the ball hits the ground. Fill your data in a table. 

· Measure the vertical distance and determine the time of flight.

· Find the average of the ten distances and determine the initial velocity of the ball Vb.

· Compare with part A. Comments. 
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