Review: A system having two potential energies and friction

A 2000-kg (19,600-N) elevator with ' B i i
broken cables 1n a test rig 1s falling at
4.00 m/s when 1t contacts a cushioning
spring at the bottom of the shaft. The I

spring 1s intended to stop the elevator,

2000 k h.
compressing 2.0 m as i1t does so. During .y .. g e
the motion a safety clamp applies a ?i’ift-|®---
constant 17,000-N frictional force to the 2.00m
clevator. What 1s the necessary force ———P&t—@ ~ =7
constant k for the spring? =
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Review: A system having two potential energies and friction
U, = Uy + Uy =0

grav e

S + . .
. f=17000N y Y y Friction K + b\\"‘ Woter = K9\+ U, K. =0
, =

K, = %mvf = %(2000 kg)(4.0 m/s)? = 16,000 ]

b ke Wother = Wy = Fd = —(17,000 N) (2.0 m) = -34,000 ]
v = Uy = 0
4.00 mfs

1
U, = mgy, +5ky3

y1 =0

N mgy, = (2000 kg)(9.8 m/s?)(—2.0 m) =-39,200 J

16,000 + 0 + (-34,000) = 0 + (-39,200) +~ k(—2.0 m)?

16,000 J + (=34,000 J) — (39,200 ))]

2 = 1.06 x 10* N/m
(=2.00 m)

=2
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Momentum, Impulse, and Collisions

* To learn the meaning of the momentum of a
particle and how an impulse causes 1t to change

* To learn how to use the conservation of
momentum

* To learn how to solve problems involving
collisions

* To learn the definition of the center of mass of a
system and what determines how 1t moves
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Rediscover Newton’s 2md [aw
* Newton’s 2 Jaw: ﬁ‘m =SF =mad
F =md=mdv/dt =d(mv)/ dt

n

* Acceleration: g =dv /dt
* mv is called “momentum”: p = mv

L

Newton’s second law . N Ap
in terms of momentum: S ﬁ _ dp pp— ... equals the rate of change E F =—
The net external force dt of the particle’s momentum. At

acting on a particle ...

* A new vector: It depends on the mass and velocity of an object.

* The terms momentum and linear momentum will be used
interchangeably 1n the text.
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[Linear Momentum

e Linear momentum: p = mv
* What 1s the direction of momentum?

e Its direction 1s the same as the direction of
the velocity

* Momentum can be expressed 1n 1ts
components

Px = MUy, Py = My, p; = MU,

* The SI units of momentum are kg. m/s.

O

Momentum p is a vector quantity;
a particle’s momentum has the same
direction as its velocity v.
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Example: Calculate the change 1n momentum

A teddy bear and a ball are both dropped vertically downward with speed v and hit the ground.
The teddy bear stops after hitting the ground, while the ball bounces back upward with the same
speed v. Q: What 1s the change in momentum for the teddy bear and for the bouncing ball?

Momentum change: Ap = p, — p; = mv, — mv; = m(v, — V) i beiore (@)
For the teddy bear Ap = m[0 — (—v)] = mv j j“ l”
For the bouncing ball Ap = m|v — (—v)] = 2mv
L} g
More generally, in 2D or 3D space, we have to consider the l_ j et
vector nature of momentum. .
(a) (b)
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Momentum 1S a vector

* Use vector addition to add momenta
A system of two
particles with
momenta in
different directions

.

P=p,+p,+=mD, +mul, +---

* Components of the momenta are also conserved.

P = pax + ppx T .
1 ‘ 1 What 1s the total momenta?

Instead, use vector addition: P = . T . P
. B S pa+pp =18+ 24 = 427
. P, = pa; + pp; +
You CANNOT find the magnitude of the total
<RIGHT! momentum by adding the magnitudes of the
individual momenta!
e \N/
P:|5A+I‘,’B| P=p, +pg=42kg-m/s <4WRONG
= 30kg-m/satf = 37° 7N
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Impulse

. AP . ) )
ZF=A—t Ap=FAt=F(t,—t,)=] = ] = Ap

* The impulse of a force 1s the product of the force and the time interval during which it acts.

Impulge Of a Constant ............................... ;.-. -------- C‘Onstant net external force
b C s ¥

net external force = = EF(&_“) =2F A,,.'t Time interval over which
Kttt ——— “teenet external force acts

: : . F

On a graph of £F_ versus time, the impulse is equal to = 1

the area under the curve, as shown 1n Figure below.

FO T
The effect of impulse is changing the momentum of W
an object. t
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Impulse-Momentum Theorem

 The theorem states that the impulse acting on a system 1s equal to the change
in the momentum of the system

-_—

J =Ap = mvy —mv; = pr — p;
Component form
Jx = Prx — Pix = MVUfyx — MVjy

Jy =Py — Diy = Mgy — MUy,
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A ball (mass 0.40 kg) 1s initially moving to the left at 30 m/s.

Example: After hitting the wall, the ball is moving to the right at 20 m/s.
What 1s the impulse of the net force on the ball?

Vix ==30 m/s

f =Ap = maf — m; Before < @) m= o040 kg
/, X
N After :
Ap = (0.4 kg) * [+20 m/s — (-30 m/s)] - Vax =+ 20m)s

= (0.4 kg) * (+50 m/s) = 20 kg * m/s
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Compare momentum and kinetic energy

* Changes in momentum depend on the
time over which the net force acts, but ‘}
changes in kinetic energy depend on the

Net force ZIE’>

< £

_)
Displacement s in time At

distance over which the net force acts. | i

¥ Kinetic energy gained )

f FA At = Ap = mvf muv;

Momentum gained by ball = ZF Az [§
1 1

W=J:2F;_dr W =K, — K, = AK = mv;=_m
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Impulse and Average Force

* For a constant force, the impulse 1s equal to the area under the r,
curve, as shown in Figure below.

N

josein =peg j22//m
At ,

0 T
Q: How about a varying force? How to calculate the impulse = Theareaunder the curve of net force versus

time equa]s the impulse ot the net force:

and how to find out the force? . /
. . * A]Ld =J, = JZF.dt
Impulse of a general e Upper limit = final time : :
net external force ---..... - 2 S5 Time inteeral of Y We can also calculate the
T — gral o : e )
(either constant = / 2Fdt net external force - lmpqm by o plaung -
or varying) I varying net force with an
e Lower limit = initial time average net force:
(F..) Area = J,
411 n av/x [ ] o
We can define “Average force . - EYCRYOSR
12 — : ﬁ — Ap f
ZF dt J F;W (t — t ) —_— avg - L 5
- d At k—1, = 1, —>
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E l , Aball (mass 0.40 kg) 1s mitially moving to the left at 30 m/s. After
XAMPIC. yitting the wall, the ball is moving to the right at 20 m/s. The
collision takes 2.0 s. What is the average force on the ball during

its collision with the wall?
Vix =-30 rf\/s

N Before
< m= 040 k
ﬁ _ Ap @) i )
avg — At 7
After :v F 20w
N 2x= T A0m/s

rson Education, Inc.

J = Ap = mvy — my;

-

J = Ap = (0.4 kg) * [+20 m/s — (-30 m/s)] = (0.4 kg) * (+50 m/s) = 20 kg *» m/s

5 _Ap _ 20kgem/s

avg — At 2's = 10N
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Example: Impulse and average force in 2D

A soccer ball has a mass of 0.4 kg. Initially 1t 1s moving to the left at 20 m/s, but then 1t 1s
kicked. After the kick 1t 1s moving at 45° upward and to the right with speed 30 m/s. Find
the impulse of the net force and the average net force, assuming a collision time A7 = 0.01 s.

—_—

v, = 30 mfs Fav.g T At

Q: Which quantity do we need to find first?

—
(a) Before-and-after diagram Ap
y — —

/\?50 m = 0.40 kg
%)-___ul_z_zo m/s@ BEFORE We need to find Ap

In 2D, we need to find Ap,. and Ap,,

—,;J So, we need to find mAv, and mAv,
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Example: Impulse and average force in 2D

A soccer ball has a mass of 0.4 kg. Initially 1t 1s moving to the left at 20 m/s, but then 1t 1s
kicked. After the kick 1t 1s moving at 45° upward and to the right with speed 30 m/s. Find
the impulse of the net force and the average net force, assuming a collision time A7 = 0.01 s.

(a) Before-and-after diagram Vg = —20 IIl/S Uly — () Uging cos 45° = sin 45° = 0.707
h
2 —gf Vop =V, = (30m/s)(0.707) = 21.2m/s
- ATER Jr = P —Diz=m (U2w - 'le)
R gt (oo m=040kg — (0.40kg)[21.2m/s — (—20m/s)] = 16.5kg - m/s
0_“1;1_:_20 m/sg BEFORE Jy = Dy — Py = m(vyy — vyy)

— (0.40kg)(21.2m/s — 0) = 8.5kg - m/s

J J
__________ ) =22 _1650N (F.) =Y —850N
(Fav ). At (Fav), At

o, EF, = (1650N +(850N)* = 1.9 x 10*° N 0 — arctan
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Total Momentum of Colliding Balls

Start from 1impulse-momentum theorem Before collision

L ) ?h ?‘.J..f C '
Félm - njlvlf - H?ﬂ’lf F;.?.ﬂr = ?"21!2,.1" - ”121?21' 1y 1y
Newton’s 3" law  F, Ar=-F,At Afier collision

Yy O ( )ﬁr
S R

S

myv; , —mvy, = —(1m,v, . —m,v,;)

my vy + MUy = MV1f + MyVyy

Looks familiar??
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Conservation of Momentum

* The total momentum before the collision equals the total momentum after the

collision:
mqVqi + MoVy; = mlvlf + mzvzf

* Require: External forces (such as the normal force and gravity) act on the system 1s
Zero.

FretAt = AP = Pr — Py, Free = 0, then Ap = 0
* Or the system 1s 1solated system: no external force.

* Conservation of momentum: If the vector sum of the external forces on a system i1s
zero, the total momentum of the system is constant.
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Types of Collisions

e Elastic collisions: billiard ball.

Both momentum and kinetic energy are conserved

* Inelastic collisions: Kinetic energy 1s not conserved

* Completely inelastic: collision occur when the objects

stick together

Most collisions fall between elastic and completely

inelastic collisions.
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Completely Inelastic Collisions

* When two objects stick together after the collision, Before collision
they have undergone a completely inelastic collision
y g pletely . — =
* Conservation of momentum (external net force = 0) : .
myVy; + MaV2i = (my +my) vy A
vf — M1 Y1 T M2 Vai After collision
m4q + mo Oo_>

* Kinetic energy 1s NOT conserved. s Y
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Two objects with different masses collide and stick to each other.
Compared to before the collision, the system of two objects after

the collision has

(A). the same total momentum and the same total kinetic energy.

Example:

(E}the same total momentum but less total kinetic energy.
(C). less total momentum but the same total kinetic energy.

(D). less total momentum and less total kinetic energy.

(E). not enough information given to decide
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E 1 , A 10-g bullet with a speed of 402 m/s is fired on a 2-kg duck sitting
Xamp € onanice lake. Ignore friction.

Find the final speed of the duck and bullet in m/s?

Q: If we consider this as a collision problem, which type of collision? Elastic or inelastic?

Total 1inelastic.

MmqVy; + MyUy; = (My+my) vy

(0.01 kg)(402 m/s) + (2 kg)(0) = (0.01 kg + 2 kg)7;

Ve =2m/s
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Before collision

Elastic Collisions " s,
Q- g

* Conservation of momentum and kinetic energy. m — 4 my

— _ (a)
MV T MV =Myt myVyr == m(v;;—v,)=myvy—vy) R
After collision

1 1 Vv A
ymﬂ’fi + %mzvzzi = 7/m1v12f +£m2v22f q—”o O—’»
—> X

* A simpler equation can be use in place of kinetic energy. (b)

m1(7712i—v12f) = m, (ng_vzzi) My V1f)(771i + 771f) = WUZf + ;)

Vi T V= Vor TV, Vig=Vor— - (Vii= Vai) MV T MYy, = MV T MyVse

Momentum is vector: Be sure to have the correct sign.
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