CHAPTER 7 NOTES - IMPULSE AND MOMENTUM
Impulse is the concept we use to describe the effect of a force acting on an object for a finite amount of time. It is defined as the product of the force and the time interval over which it acts. The equation for the calculation of impulse is:

J = FaveΔt

Where J is the magnitude of the impulse, Fave is the magnitude of the average force and Δt is the time over which the force acts. J is a vector with the same direction as the force.

We must use the average force since the magnitude of the force can vary during the time interval when it is applied.

In the graphic below, the force applied by a bat on a ball is plotted on the Y axis against the corresponding time on the X axis. During the time of contact, the force rises to a maximum value, then rapidly falls to zero as the ball leaves the bat.
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Example

Find the impulse applied to a 0.35 kg vollyball if its velocity changes from + 4.0 m/s to -21 m/s in .1 second when it is spiked.

Impulse is a measure of the change in linear momentum of the object affected by the force.

Linear momentum is defined as the product of mass and velocity of an object. Linear momentum is a vector that has the same direction as the velocity of the object. The magnitude of the linear momentum of an object depends directly on the mass and speed of the object.

The equation used to calculate linear momentum is:

P = MV
where P is linear momentum, M is the mass of the object and V is the velocity. The SI unit for linear momentum is the kilogram meter per second, or a unit of mass times a unit of speed. 

The relationship between impulse and momentum comes from Newton's second law.

F = MA

F = M(Vf - Vo)/Δt

F = (MVf - MVo)Δt

FΔt = MVf  - MVo

This equation is called the Impulse - Momentum Theorem and states that the impulse equals the change in momentum.

Very often it is not possible to determine the force acting on an object, especially if the time interval is very short. In these cases if the initial and final masses and velocities can be measured and the time of contact determined, the average force can be found.
Example

A golfer gives a ball a velocity of +38.0 m/s. The mass of the ball is 0.045 kg and the time of impact is 0.00300 s. Find the change in momentum of the ball. Determine the average force applied to the ball.

The principle of conservation of momentum comes from the Impulse - Momentum Theorem. We will consider two point masses that collide with each other and look at their momenta before and after the collision.
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The drawings illustrate the changes in velocity and forces acting during the collision.

The forces that the two objects exert on each other during the collision are called internal forces because they are exerted by objects within the two particle system. Gravity is an external force in this situation since the earth is not part of the two particle system. 

The impulse-momentum theorem can be applied to each of the two particles.

Particle 1 

(m1g + F12)Δt = m1vf1 - m1vo1
Particle 2

(m2g + F21)Δt = m2vf2 - m2vo2

This states that the impulse exerted on each particle equals the change in momentum of each particle. F12 and F21 are the internal forces each particle exerts on the other  and m1g and 
m2g are the external forces exerted by gravity.
If we add these equations we get:

(m1g + m2g + F12 + F21)Δt = (m1vf1 + m2vf2) - (m1vo1 + m2vo2)

(external)
       (internal)

  total final
     total initial







  momentum          momentum

Since the internal forces are equal and opposite, they add to produce zero. So the equation becomes:

(m1g + m2g)Δt = (m1vf1 + m2vf2) - (m1vo1 + m2vo2)

In words, the total impulse generated by the external force of gravity equals the change in total momentum of the system. Although this discussion was limited to the use of gravity as an external force, it can be shown that any external force produces the same result. So the equation becomes:
Jtot = Pf - Po
where Jtot is the total external impulse, Pf is the total final momentum, and Po is the total initial momentum. Remember this is a vector equation since J and P are vector quantities.

Example
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A golf ball strikes a hard floor at an angle of 30° with respect to the normal and rebounds at the same angle. The mass of the ball is 0.047 kg and its speed is 45 m/s just before and after striking the floor. Find the impulse applied to the ball by the floor.

If Jtot = 0, then we say that we are working with an isolated system. We only must consider interactions between particles within the system. The equation becomes:

Pf = Po
                       m1vf1 + m2vf2 = m1vo1 + m2vo2
Once again, this is a vector equation since all of the velocities  have both magnitude and direction. This leads to the principle of conservation of linear momentum which states:

The total linear momentum of an isolated system(no net external force) remains constant.

The total linear momentum remains constant even if the kinetic energy of the system changes.
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If two skaters initially at rest push each other, they both will begin to move. The kinetic energy of the system has changed due to work done by internal forces. The total momentum of the system, however must remain equal to zero. We can ignore gravity in this case since there is no work done by gravity. We are also ignoring friction.

Example

A cannon with a mass of 5800 kg is bolted to the earth so that its recoil is negligible. The cannon fires an 85 kg shell horizontally with an initial velocity of +551 m/s. The cannon is then unbolted and friction eliminated. Find the velocity of an identical shell fired by this loose cannon if the energy from the burning gunpowder does not change.

During a collision, kinetic energy may be converted to another form such as heat or used to permanently  deform one or both of the objects involved. This type of collision is called an inelastic collision and conservation of energy within the system does not apply.

Collisions in which no kinetic energy is converted into another form are said to be elastic. The conservation of energy 

equation can then be applied to the system.
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Example
A 60.0 kg person runs with a horizontal velocity of + 3.80 m/s and jumps into a 12.0 kg sled initially at rest. If friction is negligible, find the velocity of the sled and person as they move away. If the person and sled coast 30.0 m before coming to rest, find the coefficient of friction between the sled and the ground.

A ballistic pendulum is a device which can be used in momentum experiments. It consists of a receiver which catches a projectile and then swings up to a height that depends on the initial momentum of the projectile. The momentum of the projectile before the collision equals the momentum of the projectile and the pendulum after the collision. This device can be used to measure the speed of a bullet.
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Example

A 2.50 g bullet traveling at 425 m/sec strikes the wooden block of a ballistic pendulum becoming embedded in it. The mass of the block is 215 g. Find the speed of the combination just after the collision. How high does it rise?

So far we have discussed collisions in one dimension. Velocities are either positive or negative and no angles are involved. Studying collisions in two dimensions requires that we consider

Motion along both the X and Y axes. 

The laws of vector addition and conservation of momentum can be applied the same way as before. We simply conserve momentum along X and along Y independently.
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The center of mass of a system is a point that represents the average location for the total mass of a system. The position of the center of mass of a system of particles is found by adding the products of the individual masses and their positions and then dividing this sum by the total mass of the system.
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The equation is:

xcm = m1x1 + m2x2
        m1 + m2

Example
The earth and moon are separated by a center to center distance of 3.85 x 108 m. If the mass of the earth is 5.98 x 1024 kg and the mass of the moon is 7.35 x 1022 kg, find the center of mass relative to the center of the earth.

The velocity of the center of mass can also be determined by substituting Vcm for xcm, V1 for x1 and V2 for x2.
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