Momentum Conservation

OBJECTIVE:

To compare impulses and forces exerted on objects in an explosion.

THEORY:


When a resultant force acts on an object, the object is accelerated, according to F = ma. Since we know that acceleration is the rate of change of velocity (a = Δv/Δt), we can write

F = ma =mΔv/Δt
or

FΔt = mΔv
If the mass remains constant, mΔv = Δ(mv), and we have

F(t = ((mv)
The product of an object's mass and its velocity (mv) is known as the momentum, a vector quantity. The product of the resultant force and the time interval during which it acts (F(t) is known as the impulse. The relationship above thus states that the change in an object's momentum is equal to the applied impulse.

In addition, momentum is similar to mass and charge in that it is a conserved quantity.  As such, the sum of the momenta of a system of objects prior to a collision is equal to the sum of the momenta after a collision.  The mathematical relationship for conservation of momentum is most simply represented by the relationship:





Σpbefore = Σpafter

(Hint: you will need to apply this principle to both analyze your data and answer one of the analysis questions.)  Interestingly, while momentum is conserved during all collisions, the same is not necessarily true for kinetic energy.  The primary reason that kinetic energy is not conserved is because non-conservative forces produce heat thereby increasing the system’s internal energy.  Collisions where losses of kinetic energy occur are called inelastic collisions.  Collisions that result in no or little loss of kinetic energy are called elastic collisions.  The Collision that occurs  between two billiard balls is a good approximation of an elastic collision.  A collision between two vehicles where one coalesces (combines) with another is considered to be completely inelastic. 
APPARATUS:


Explosion carts, string, load, meter sticks, balance.
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PROCEDURE:
1. The spring is compressed and the carts are placed together. The plunger can be released by a trigger, and the explosion causes the carts to fly apart. We shall use a trick to determine their comparative velocities. The carts are attached by a length of string that is slack before the explosion. The carts fly apart and move until the string is pulled tight; they are then abruptly stopped. Since the two carts (represented by subscripts 1 and 2) move for the same length of time, the distances they travel (d1 and d2) away from their starting points must be in the same ratio as their speeds (v1 and v2), or

v1/v2 = d1/d2
Knowing the masses of the carts, we can calculate the ratio of their momenta after the explosion has occurred.

2. Mark the starting position of one cart with a piece of masking tape on the table top.

3. With another piece of masking tape, mark the position the cart reaches after the explosion. You will want to repeat this several times to make sure that you have marked the correct distance.
4. Place the two carts together in the starting position and mark the original position of the second cart.

5. By placing the first in its final position and pulling the string tight, you can locate the final position of the second cart. You can now measure the distance each cart travels.

6. Repeat this experiment for a variety of combinations of masses of the carts.
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ANALYSIS:

1. Compute the ratio of the momenta of the carts.

2. What do the momentum ratios suggest about the comparative magnitudes of the momenta of the carts after the explosion?

3. Make a general statement about the total momentum of the combination before the explosion and after the explosion.  Consider the state of motion after the plunger has finished pushing the carts apart, and before the string becomes taught causing the carts to halt their motion.  The final velocity is not zero.
4. Use your knowledge on impulse and compare the times (t) during which the spring pushed on the carts during the explosion, i.e. what factor(s) affect the amount of time with which the plunger is in contact with either cart?
ERROR ANALYSIS & CONCLUSION:

