Ch 7 — Translational Momentum
So far we've shown that =» a force causes a change in velocity
e This ! v happened over a relatively long period of time

e This resulted in a small, constant acceleration

Now, throw a ball against the wall
e \What forces acted on the ball while it was in contact with the wall?

e How long does Fa act on the ball?

Let's say v, = (15*%)? and it rebounds with the same speed, but in the opposite
direction: ¥, =(~15%)i

AV =7, =, = (=157%)i —(15%)i =-30%i
Divide this change in velocity by a very short amount of time (At) and the

resulting acceleration is very large.
=>» but the ball only accelerates for the time the ball is in contact with the wall

(while Fyan is applied to the ball)
Impulse = FAt =J

Another look at Newton’s 2™ Law:
FnEI ==-mMmaa=Mm—=mMn -— =—
dt At At

for
constant
a

Define: p = mv =momentum (translational)

F, = Ap for a constant force
At
| dp . . : .
F = o if the force is not constant over the time period At

net



1. A 50 g piece of clay moving at 80 m/s hits a stone, at rest, and sticks to it.

What is the change in the momentum of the piece of clay?

Mass = 50g = 0.050kg
v, = (807%)i
v, =0

Ap = mAV = m(5, — 7, ) = (0.050kg) (0 — 807%,) = (~4kg-)i

2. Estimate the force on a 145 gram baseball which is traveling at 50 MPH to
the right, hits a bat, stays in contact with it for 0.1 second, and 'rebounds'

to the left at 50 MPH . Express the result in newtons and in pounds.

Mass = 145g =0.145kg
¥, = (50mph)i = (22.37%)i

¥, = (~50mph)i =(-22.3%)i

At =0.1s
£ - Ap _ mAV _ (0.145kg)(—22.375—22.3%)i _ —6.46kgi"; _ (—64.6N)f
At At 0.1s 0.1s

Convert N to Ib: 1 N =0.225 Ib F, =(-14.6lb)i



Drop a bowling ball onto a hard, flat surface like the floor.

When the ball is in contact with the floor, the FBD looks like:

Ffoor > mg for the ball to bounce.

The time that the ball and floor are in contact: At is very short.

Sfloor

Impulse = J = FAr = Ap when the force is constant.

Now, instead, drop the bowling ball onto a thick, plush mattress (imagine the

mattress is just like an array of springs)
The force in a spring changes as you compress the spring: ermg =—kx

This is an example of the force changing during the impulse, for this we need a

different way to calculate the impulse (or change in momentum)

Area of rectangle = FAt = J for that short interval

of time.

Add up all the rectangle’s areas:

D F(t)At = FAt, + F AL, + FAL, +...+ F AL,

—> <«
At

Make At very small (let At — 0) and then add all the rectangles:
— — tf —

J=lim 3 F(1)Ar = ;[F(t)dt

Let’s say the force changes in time according to:

F(t)=-0.4£+1.2¢> 0.6t +0.1 N



L 04, 12, 06, 0.1\
then: J = _[(—0.4t3 +1.2¢* = 0.6t +O.1)dt = Py
4 3 2 1

J=(-0.16; +0.41; 0.3} + 0.1t ) - (-0.1z +0.41, — 031 +0.11, )

Let's say 7, =0 and ¢, =0.5s

j= (—0.1(0.5s)4 +0.4(0.55)’ —0.3(0.55)° +o.1(0.5s)) = 0.019kg -/



