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Chapter 9  p.247
Linear Momentum and Collisions

Ed.9 Linear Momentum

.. Fall 2022 Discussion ch9: 3, 4,11, 14, 18, 19, 33, 44, 71, 80,81
5 lecs. and Collisions

Problem Solution

Problem9-3.

At one instant, a 17.5-kg sled is moving over a horizontal surface of snow
at 3.50 m/s. After 8.75 s has elapsed, the sled stops.

Use a momentum approach to find the average friction force acting on
the sled while it was moving.

- -

— -
FAt=Ap=m(vy—vi)

=17.5(0-3.5)i =61.25i kg.m/s

e —61.25 __70N
8.75

A 3.00-kg particle has a velocity of
(3.0i-4.0]) m/s. Before
(a) Find its x and y components of momentum. 4 500 /s
(b) Find the magnitude and direction of its - -
momentum. " 5_""
P.=mv_=3x3=9kg.m/s Adter

P,=mv, =3x(-4)=—-12kg.m/s

p=yp2+p’ =9 +(-12)" = 15kg.m/s

an 9 =22 =9 = tan'(-12/9)=-53.1°,307’
J
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Problem 9-11.

Two blocks of masses m and 3m are placed on a frictionless, horizontal
surface. A light spring is attached to the more massive block, and the
blocks are pushed together with the spring between them (Fig. P9.9). A
cord initially holding the blocks together is burned; after that happens,
the block of mass 3m moves to the right with a speed of 2.00 m/s.

(a) What is the velocity of the block of mass m?

(b) Find the system’s original elastic potential energy, taking
m=0.350 kg.

(c) Is the original energy in the spring or in the cord?

(d) Explain your answer to part (c).

(e) Is the momentum of the system conserved in the bursting-apart

process?

Explain how that is possible considering

(f) If there are large forces acting and

(g) there is no motion beforehand and plenty of motion afterward?

(@) Pric + P2ix = P1p + P2

=>m(0)+3m(0)=mv,, +3m(2)=0 =v,,=-6.0m/s

(b) Ei=Ef
1 2 1 2 1 2 1 2 2
:>Us=5kx =5mv1+5(3m)v2=3(0.35)[6 +3x2°]=84J

(c) Itisinthe spring.

(d) cord stores no energy, it is non-stretchable

(e) yes.

(f) Large forces acting in short time, but impulses produces equal but
opposite change in momenta.
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(g) Both momentum changes from zero (no motion) when cord exists to
the maximum possible values

G R ER An estimated force—time FN) Fow = 18000 N

curve for a baseball struck by a bat is shown f”::ﬂ )
in Figure P9.13. From this curve, determine -
(a) the magnitude of the impulse delivered 5 000

to the ball and (b) the average force exerted 01 5 ms)
on the ball. Figure P9.13
(a) Impulse:

1
| = jdet = Area of the triangle = 3(1.5>< 107°)(18000) = 13.50N.s

— Ap | 13.5
(b) F="P="~ — =9000 N
At At 1.5x10

Problem 9-14. Review.

height of 1.75 m, it bounces off a concrete
floor and rebounds to a height of 1.50 m. (a)
Determine the magnitude and direction of the
impulse delivered to the ball by the floor. (b)
Estimate the time the ball is in contact with
the floor and use this estimate to calculate the
average force the floor exerts on the ball.

After a 0.300-kg rubber ball is dropped from a 1.75m i
R

v

Sfloor

1
mgh=5mv2 v=\2gh=\2x10%1.75=5.92 m/s

v'=\/2gh' =\ 2x10%1.5=5.48 m/s

I 2(1.75
h=5gt2 =t,= (-7 _ 5926

4
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=>t'= /M =0.548s, At=0.044s
8

- -

I=FAt=Ap=m(v,—vi)

- -

- > - -
I=Ap=p;—p;=m(vy—vi)
=0.3[5.48—(—5.92)]j=0.3x11.40 j kg.m/s

- - -
I=Ap=Favg°At

%
Ap 342

- A
= Fav = = = 68.4 ] N
*= 4 0.05’7 /

Problem 9-18

A tennis player receives a shot with the ball (0.060 0 kg) traveling

horizontally at 50.0 m/s and returns the shot with the ball traveling
horizontally at 40.0 m/s in the opposite direction. (a) What is the impulse
delivered to the ball by the tennis racquet? (b) What work does the
racquet do on the ball?

(a) Impulse: T:A;:;f—;i :m(:f—;i) (let vi in the —x direction)
—0.060 (40—(-50))i =540 i N.s

(b)W = AK =§><0.060(402 —502) = _270J

Problem 9-19 .

4
The magnitude of the net force exerted in the x 5 b
direction on a 2.50-kg particle varies in time as 2
shown in Figure P9.19. Find (a) the impulse of the J

force over the 5.00-s time interval, (b) The final
Figure P9.19
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velocity the particle attains if it is originally at rest. (c) Its final velocity if

its original velocity is 2.00 i m/s, and
(d) The average force exerted on the particle for the time interval
between 0 and 5.00 s.

S —
(a) I = I ( Z F )avgdt = area under the force-time graph
f

= %[5+1][4]=12 N.s
(b) I =Ap=Pp,—Pp;=m(V—0)=2.5

A

v'=i=£=4.8lc m/s
2.5 2.5

() T=12i=2.5(¥—(=2i)) ¥ =—-= o 2.8i m/s

- 2 — 121 A
(d) I =F At :>F=Tl=2.4iN

Problem 9-30. N

As shown in Figure P9.26, a bullet of mass m and Iy |

speed v passes completely through a pendulum M-~ .

v V/2

bob of mass M. The bullet emerges with a speed
Figure P9.30

of v/2. The pendulum bob is suspended by a stiff
rod (not a string) of length /, and negligible mass. What is the minimum
value of v such that the pendulum bob will barely swing through a
complete vertical circle?

_2mMV

v
Momentum : mv=m5—|—MV =V
m

1 4M./gl
Energy: EMvzzMg(Zl) :>V:2\/a :>v:—\/g_
m
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el IR E N Two blocks

are free to slide along the o m,
frictionless, wooden track T
shown in Figure P9.33. The =
block of mass m; =5.00 kg SN
is released from the
position shown, at height Figure P9.33

h=5.00 m above the flat

part of the track.

Protruding from its front end is the north pole of a strong magnet, which
repels the north pole of an identical magnet embedded in the back end
of the block of mass mz = 10.0 kg, initially at rest. The two blocks never
touch. Calculate the maximum height to which m; rises after the elastic
collision.

My

1
mgh = Emvf v,=+J2gh, =v/2x10x5=10 m/s
myv; +m,v, =mv;+m,v,
= 5x10+m,(0)=5v;+10v, = 50=>5v;+10Vv,
(v,-v,)=(v,-v]) =Vv,=10+V;

5v,=50-10(10+V,)=50—100—10V!
15v;=-50 —>v;=-3.33m/s

333
2x10

=0.554 m

1
mgh=5mv32 h,

Problem 9-44

The mass of the blue puck in Figure P9.44 is A
20.0% greater than the mass of the green (e LR
puck. Before colliding, the pucks approach m;.ﬁ}i‘?
each other with momenta of equal »
magnitudes and opposite directions, and the Figure P9.44
green puck has an initial speed of 10.0 m/s.
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Find the speeds the pucks have after the collision if half the kinetic

energy of the system becomes internal energy during the collision.

mg=mg+.2m; =1.2mg

p; :5:” +ﬁ2[ :Or :> vaGi _1'2vaBi :0
.10
— Vg = Me¥ei _ == _g.33 m/s
1.2m; 1.2

But since I3, =I3f =Py + Py =0
mvge =1.2mvp,

1 1 1
K. =5m6(10)2 +E(1.2m3)(8.33)2 :Em-183

1 1 , 1 5. 1,1
Ki=—K =>[-m.v. " +—(1.2m )(v, ) ]=—(—m_-183
=5k 5 MeVer 2( 6 )(Vg) 2(2 c183)
vg +1.2vy =91.7, mve, =1.2mv

1.2°vg +1.2vg =91.7

[91.7
2.64vg; =91.7 = vy = ﬁ:5.89m/sz

Problem 9-45.

Four objects are situated along the y axis as follows: e
a 2.00-kg object is at +3.00 m, a 3.00-kg object is at ke
+2.50 m, a 2.50-kg object is at the origin, and a 4.00- 3?‘ 5 sm
kg object is at - 0.500 m. Where is the center of mass
of these objects? Ve %
2.5kg @_0.5
4kg
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2 x3+3x25+25x0+4x(-0.5) 11.5

Yem =1.0m
2+3+2.5+4 11.5
2 xX0+3x0+2.5x0+4x(0) 0
Xcm: = :0m
2+3+25+4 11.5
r =xcmf+ycm]'=0f+1]' m

Problem 9-71

A 1.25-kg wooden block rests on a table over a
large hole as in Figure P9.71. A 5.00-g bullet =
with an initial velocity v; is fired upward into
the bottom of the block and remains in the N 1‘*

block after the collision. The block and bullet Figure P9.71

Problems 71 and 72.

rise to a maximum height of 22.0 cm. (a)

Describe how you would find the initial velocity of the bullet using ideas
you have learned in this chapter. (b) Calculate the initial velocity of the

bullet from the information provided.
(m, + mz)Vjr

(a) Pconservation: myyv, =(m, +m2)Vf =V, = -
1

1
E conservation: E(m1+m2) V7 =(m;+m,)gh =V;=./2gh

(b) v, _(mi+m;) oon :%x«/mxo.zm —526.5 m/s
m, :

Problem 9-81.

A bullet of mass m is fired into a block of

mass M initially at rest at the edge of a ’ .

frictionless table of height h (Fig. T i
P9.81).The bullet remains in the block, ——d—
and after impact the block lands a Figure P9.81 Problems 81 and 82,

distance d from the bottom of the table.
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Determine the initial speed of the bullet.

1 2
y=—gt? =>t= |2
2 g
X
V’:—:i
t t
M +
mv+0=(M+m)V' =v = m %
m

o1 T R0 ) A 5.00-g bullet moving

with an initial speed of v, =400m/s is

fired into and passes through a 1.00-kg

block as shown in Figure P 9.73. The

block, initially at rest on a frictionless, Figure P9.89

horizontal surface, is connected to a spring with force constant 900 N/m.
The block moves d = 5.00 cm to the right after impact before being
brought to rest by the spring. Find (a) the speed at which the bullet
emerges from the block and (b) the amount of initial kinetic energy of
the bullet that is converted into internal energy in the bullet—block

system during the collision.

(a) Vl.=03-3$b~a 3wl Aligt) v.=400m/ s

,
y, V=0 1V
j 4
. >[5
AS puny @ pal dualia Yl 1 IDI T 1
d l }m“

mv;,+MV, =mv, + MV,
(0.005)x400+0=(0.005)v; +1xV;

b e dualia ) £ oA 03 M depo (B9 1V, Gl g dllily ) Giluss sl

9
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Ljida aag A4S al) Lgibla J garid cuiSu Waic o ddlun uadl (o) i v
5 kb (il g M ) peadlly ¢ (il B
(K1 +Ugp) = (K, +U,;)

1 1 900x%(0.05)?
“MVZ ==k :>v3f=\/ (0.05)" _ 300,05 = 1.5m/s
2 2 1
0.005x400+0=0.005v, +1xV,
2-15
V, = =100m/s
T 0.005

(b) Kpyypiet )f ~Kpuitet ),-,,,-t,-a, =(Kp, +U;;)

1
5(0.005)(1002 —400° ) =0.0025%(1—16)x10* =375

Two automobiles of equal mass approach an @‘
intersection. One vehicle is traveling with i
speed 13.0 m/s toward the east, and the

Mot /

e, "

other is traveling north with speed vy;. Vi T
13.0m I om

Neither driver sees the other. The vehicles f— 55.0° 4y (East)

THRTTTY =

collide in the intersection and stick together,

leaving parallel skid marks at an angle of 55.0°

north of east. The speed limit for both roads is 35 mi/h, and the driver of
the northward-moving vehicle claims he was within the speed limit
when the collision occurred. Is he telling the truth? Explain your
reasoning.

Pi=Ps: Mx(13)=2M-v,cos55

10
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v,; =13tan (55)=18.6 m/h

v, = 18.6x22%0 _41.6 mi/h
1609

No, he lies v, =41.6 mi/h > 35 mi/h

Problem 9-51

A 2.00-kg particle has a velocity (2.07 - 3.0 j) m/s, and a 3.00-kg particle
has a velocity (1.0 +6.0 j) m/s. Find

(a) the velocity of the center of mass and
(b) the total momentum of the system.

N 1 . 1 2 4 ’-‘ %
v :—Zm.vI.:E[Z(Z.OI-3.0])+3(1.0/+6.0j):|

)
—14i+24im/s

e d d a a a A
(b) P =MV =5(1.4i+2.4j ):7.0/' +12.0] kg.m/s

Problem 9-55

A ball of mass 0.200 kg with a velocity of 1.50 i m/s meets a ball of mass

0.300 kg with a velocity of - 0.400 i m/s in a head-on, elastic collision.
(a) Find their velocities after the collision.

(b) Find the velocity of their center of mass before and after the collision.
(a) 1D-collision in x-direction:

0.2x1.5+0.3(~0.4)=0.2v; +0.3v, 0.18=0.2v,; +0.3v,

11
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Relative velocity eq.: v, =V, =—(V;; —Vy)

0.18=0.2v, +0.3(1.9+v;;) = 0.5v, =—0.39
=V =—0.78 m/s, vy=112m/s

(b) before:

%

N N N —>
Vem :015[0.2><(1.5)i +0.3><(—0.4i)}=0.36 i m/s = vcm (after)

12




