The ballistic pendulum.
A ballistic pendulum is sometimes used in laboratories to measure the speed of fast moving objects like a bullet. It works on the principle that combines the law of conservation of momentum and the conservation energy as the kinetic energy of the moving object converts into an increase in gravitational potential energy of the combined projectile and the block that it hits.

This is shown in the diagram below
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 To solve any problem the calculation needs to be taken in two stages. The initial collision between the projectile and the block will be inelastic but momentum will be conserved. This allows us to find the momentum [and thus velocity] of the combined projectile and block after the collision.
Calculations:

Projectile is m1, block is m2.

Vf = Velocity of block and projectile as they move off together
Vi = initial velocity of projectile

h = height the combined block rises after combining.
Momentum, before
=
momentum after
m1 Vi


=
(m1 + m2) Vf  
Rearranging gives 

Vi = [(m1 + m2)/  m1  ]   Vf
But this requires that we know V​f to identify Vi.

At the moment we do not have enough information.
To do this we need to look at the KE to GPE energy conversion.

KE of block and projectile = GPE gained by combined block rising

½ m V​​2  = m g h
Substituting our masses and velocities in

½ (m1 + m2) (Vf)​​2  = (m1 + m2) g h

The kinetic energy of block and bullet immediately after impact is converted into the gain in potential energy of the block and bullet (measured at the highest point). 

But why are we looking at the KE of the block and bullet immediately after impact? Well it’s easier and as a consequence of the law of conservation of energy it is exactly the same as the KE of the bullet just before it hit the pendulum

re-arranging to get  Vf ​=

Vf ​= √(2 g h) 

Question:

A 10g mass is thrown into a ball of plastercine of 200g that hangs on a thread. The mass joins to the plastercine and they both rise 45cm vertically from the rest point on the plastercine. How fast was the mass travelling?
Solution:

Vf ​
= √(2 g h) 

      
= √(2 * 9.81* 0.45)

= 2.97 ms-1
Vi 
= [(m1 + m2)/  m1  ]   Vf
Vi 
= [(0.01 + 0.20)/  0.01  ]  * 2.97

=  62.37 ms-1
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Projectile has kinetic energy
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At top of swing kinetic energy from projectile has converted into the increase in potential energy as object rises height h
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