Chapter 6

Momentum & Collisions

6.1 Momentum & Impulse

· Momentum describes an object’s motion.

· For linear momentum:

· p = m v

· momentum = mass x velocity

· Vector!

· SI unit = kg m/s

· The faster you move, the more momentum you have.

· A small object would have to have a large velocity to have the same momentum as a large object traveling at a low velocity.

Sample Problem # 1

· A 2250 kg pickup has a velocity of 25 m/s to the east.  What is the momentum of the truck?

· p = mv = (2250kg)(25m/s)

· p = 5.6 x 104 kg m/s to the east

· A change in momentum takes force and time.

· ex. trying to stop a tennis ball & a bowling ball moving at the same velocity

· impulse-momentum theorem

· Ft = p = mvf - mvi
· force x time = change in momentum

· A small force acting for a long time can produce the same change in momentum as a large force acting for a short time.

· ex. importance of follow-through, idea behind the air bag, pain involved in car crash!

Sample Problem # 2

· A 1400 kg car moving westward with a velocity of 15 m/s collides with a utility pole and is brought to rest in 0.30 s.  Find the magnitude of the force exerted on the car during the collision.

· Stopping times & distances depend on the impulse-momentum theorem.

· ex. safe following distance

Sample Problem # 3

· A 2250 kg car traveling to the west slows down uniformly from 20.0 m/s to 5.00 m/s.  How long does it take the car to decelerate if the force on the car is 8450 N to the east?  How far does the car travel during the deceleration?

6.2 Conservation of p

· The total momentum of all objects interacting with one another remains constant regardless of the nature of the forces between the objects.

· p1i + p2i = p1f + p2f

· m1v1i + m2v2i = m1v1f + m2v2f
· This relationship is true for all interactions between isolated objects.

· Momentum is conserved in collisions ignoring friction!
· Momentum is also conserved for objects pushing away from each other beginning at rest.

· ex. skaters, you jumping away from the earth

Sample Problem #4 

· A 76 kg boater, initially at rest in a stationary 45 kg boat, steps out of the boat & onto the dock.  If the boater moves out of the boat with a velocity of 2.5 m/s to the right, what is the final velocity of the boat?

· Newton’s third law leads to conservation of momentum.

· Forces in real collisions are not constant.

6.3 Elastic & inelastic collisions

· Perfectly inelastic collisions – when two objects collide & move together as one mass.

· ex. meteorite hitting Earth

· The final mass is equal to the combined mass of the two objects & they move with the same velocity.

· m1v1i + m2v2i = (m1+ m2) vf
· Pay attention to signs that indicate direction!
Sample Problem # 5

· A 1850 kg luxury sedan stopped at a traffic light is struck from the rear by a compact car with a mass of 975 kg.  The cars stick!  If the compact car was moving at a velocity of 22.0 m/s to the north before, what is the velocity of the entangled mass after the collision?

· In an inelastic collision, the total KE does not remain constant when the objects collide & stick together. Some of the KE is converted into sound & internal energy as the objects deform.

Sample Problem # 6

· Two clay balls collide head-on in a perfectly inelastic collision. The first ball has a mass of 0.500 kg & an initial velocity of 4.00 m/s to the right.  The mass of the second ball is 0.250 kg, & has a n initial velocity of 3.00 /s to the left.  What is the final velocity after the collision? What is the decrease in KE?

· In an elastic collision, two objects collide & return to their original shapes with no change in total kinetic energy.  After the collision, the two objects move separately.  Both the total momentum & the total KE remain constant.

· Most collisions are neither elastic nor perfectly inelastic, but for problems, we will consider them as elastic or perfectly inelastic.

· KE is conserved in elastic collisions.

· p1i + p2i = P1f + p2f

· KE1i + KE2i = KE1f + KE2f

Sample Problem #7 

· A 0.015 kg marble moving to the right at 0.225 m/s makes an elastic head-on collision with a 0.030 kg marble moving to the left at 0.180 m/s.  After the collision, the smaller marble moves to the left at 0.315 m/s.  What is the velocity of the 0.030 kg marble after the collision?

