Physics 121.
Lecture 14.
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February 1 (my father’s birthday):
the flood of 1953.
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In 1953, my father was in the army and was
sent to rescue people and rebuild dikes.
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20 days after the flood: plans were developed.
De Delta Werken were completed in 1997.
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An example:
Oosterscheldekering, 9 km long.
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After constructing the pillars, flood the
construction area and pick up the pillars.
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Laying a carpet.
Putting down pillars.
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The project was completed in 1997, 44 years
after the flood of 1953.
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Physics 121.
Lecture 14.

e
* Course Information

* Quiz

* Topics to be discussed today:

« Conservation of linear momentum and one-dimensional collisions (a
brief review)

* Two-dimensional collisions (elastic and inelastic)
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Course Information.
—— e ——1

» Homework set # 5 is due on Saturday morning, March 21, at
8.30 am.

* Exam # 2 will take place on Tuesday March 24 between

8 am and 9.20 am in Hubble. Extra office hours on Sunday
and Monday will be announced via email.
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Quiz.

eLet’s practice what we
learned (and read).
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Linear momentum (a quick review).
= = |

* The product of the mass and velocity of an object is called
the linear momentum p of that object.

*In the case of an extended object, we find the total linear
momentum by adding the linear momenta of all of its
components:

4 - - -
Prot =2Pi =Zmivi =Mvcy
T 7
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Linear momentum (a quick review).
_— =

* The change in the linear momentum of the system can now
be calculated:

dB,,  db., Z N Z* P
d_ct = M#= Ma,,, = ma; = Fi = Foetext
7 7

* This relations shows us that if there are no external forces,
the total linear momentum of the system will be constant
(independent of time).
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Linear momentum (a quick review).

Systems with variable mass.
P ————
« The first Rocket equation:

tvrockcl
RUy = Marocket ;
A\F,

where
* R=-dM/dt is the rate of fuel consumption.
« Ub = -u where u is the (positive) velocity of the exhaust
gasses relative to the rocket.

thrust

Fg=Mg
This equation can be used to determine the rate of fuel
consumption required for a specific acceleration. _aM
« The second rocket equation:
W, '
vf—vi+ulnﬂ Veases
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Collisions (a quick review).
The collision force.

* During a collision, a strong force is
exerted on the colliding objects for a [ Yo
short period of time. -

« The collision force is usually much
stronger then any external force.

* The result of the collision force is a
change in the linear momentum of —
the colliding objects.

 The change in the momentum of one

of the objects is equal to &
g
By tr £
pr-pi= [ ap = [ Foa : .
2 & 0 Time, 1

* This change is the collision imrulse. . X
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. Vs
system must be conserved if there @
are no external forces acting on -
the system.
« Collisions are usually divided
into two groups: :
« Elastic collisions: kinetic energy 5
is conserved. =
« Inelastic  collisions:  kinetic
energy is NOT conserved. 0 Time. £
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Elastic and inelastic collisions
(a quick review).

« If we consider both colliding 2@
object, then the collision force
becomes an internal force, and

the total linear momentum of the

16

or all of the initial kinetic energy E
may be converted into potential e
energy (for example, the potential L .
energy associated with 0 Time, ¢
deformation).
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Collisions (a quick review).

« Kinetic energy does not need to
be conserved during the time
period that the collision force is
acting on the system. The kinetic
energy may even become 0 for a

short period of time.
During the time period that the

collision force is non-zero, some

17

* The solution for the final velocity of

mass m is:
by M2 ino
1f my+my, 1 w0 iz '
—> Ven

®
* The solution for the final velocity of
mass mj is: vt —»

Vaf = =k (v — vif) = —y;
2f ms 1i 1f my+my 1i
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Elastic collisions in one dimension.
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Inelastic collisions in one dimension

(a quick review).

|

« In inelastic collisions, kinetic energy
is not conserved.

* A special type of inelastic collisions
are  the completely inelastic
collisions, where the two objects
stick together after the collision. efore “—.7

« Conservation of linear momentum in
a completely inelastic collision
requires that ater 497

e m2

myvy; = (my+ma)vy -

my
Vf =
et my
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Collisions in two or three dimensions.
P ————
« Collisions in two or three
dimensions are approached in the N
2
same way as collisions in one pete 0 ~— @~
y collision 1/
dimension. Vi
@[,@
collision -
« The x, y, and z components of the rd
linear momentum must be P’z/
conserved if there are no external After @
. collision
forces acting on the system. ‘ (m)
(m)
"/
 The collisions can be elastic or
inelastic.
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Collisions in two dimensions.

Elastic Collisions.
P ——)

e
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* Since paying attention for 1
hour and 15 minutes is hard
when the topic is physics,
let’s take a 3 minute 39
second intermission.

* You can:
» Stretch out.
* Talk to your neighbors.
* Ask me a quick question.
* Enjoy the fantastic music.

Frank L. H. Wolfs

3 Minute 39 Second Intermission.
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*« A 20-kg body is moving in the
direction of the positive x-axis with a
speed of 200 m/s when, owing to an
internal explosion, it breaks into three
parts. One part, whose mass is 10 kg,
moves away from the point of
explosion with a speed of 100 m/s
along the positive y-axis. A second
fragment, with a mass of 4 kg, moves
along the negative x-axis with a speed
of 500 m/s.

» What is the speed of the third (6 kg)
fragment ?
« How much energy was released in the
explosion (ignore gravity)?
Frank L. H. Wolfs

Collisions in two or three dimensions.
Example problem.
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« Since there are no external forces,
linear momentum must thus be
conserved.

« Conservation of linear
momentum along the x axis

requires
MV = m3vzcosfz — myvy
« Conservation of linear
momentum along the y axis

requires

0 = mqvy — m3vssinf3
Frank L. H. Wolfs

Collisions in two or three dimensions.
Example problem.
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Collisions in two or three dimensions.

Example problem.
= = |

* What do we know:
* Speed and direction of mass
* Speed and direction of m
* Speed and direction of mass 2

yeaxis yeaxis

+ What do we need to know: Before v e
* Speed and direction of mass 3
M v i
. . g T
 Since we have two equations v e MN\V,

with two unknown, we can find

the speed and direction of mass 3.

* Once we know the speed of mass
3, we can calculate the amount of
energy released.
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Collisions in two or three dimensions.
Example problem.

« Our two equations can be rewritten as

mgzvzcosfz = MV + myv,

mav3sinfz = mqvy .
« We can solve this equation by squaring v
each equation and adding them:

(m3v3)? = (MV + mavp)? + (mqvq)?

* This equation tells us that v; =
1,014 m/s.
« The energy release is 3.23 MJ.
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Collisions.
Laboratory and Center-of-Mass Frames.

Laboratory System Center-of-Mass System
m o s n " [
-— . —_—
— 1, =0
+ uy
(@) Initial condition (b) Initial condition

m

my
(¢) Final condition () Final condition
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Outcome of collisions not uniquely defined.

my my

"y % my my A‘/

Frank L. H. Wolfs

v S
If the mass of particle 1 is equal to the
mass of particle 2, the two masses will
always move at right angles with respect

to each other after the scattering.

my
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Conceptual Questions.

e Let’s

Frank L. H. Wolfs

learned (and read).

practice what we
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https://www.youtube.com/watch?v=xrGAQCq9BMU

Done for today!
Next week: rotational motion.

Cassini Closes in on Saturn Credit: NASA
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