Assignment #9

Chapter 9 Questions:

9.20 Momentum is conserved in such decays. In cases (a) and (c), the two momentum are in opposite
directions, so it is quite possible for the two momenta to sum (using vector addition) to zero, since the
total momentum of the particle initially at rest before decay is zero. In case (b), the two momentum
vectors can not sum to zero, so there must exist athird particle, at least, in the decay so that the three
momentua can vector sum to zero. The scenario in (b) was observed in the  decay of radioactive nuclei
and led to the prediction in the early 1930’s of a new particle called the neutrino, which was eventually
detected directly in the 1950's.

9.21 The momentum of the gum is not conserved because there is an external force acting on it (the force of
thewall.) The momentum of the gum is transferred to the composite gum-wall system. Since the mass
of the gum-wall system is effectively infinite compared with the mass of the gum, the gum-wall system
has zero speed.

Chapter 9 Problems:

9.31
a) Since the particles stick together after the collision, the collision is completely inelastic.

b}  Use the coordinate system shown helow.
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c¢]  The total momentum before the collision is the vector sum of the momenta of the particles before the
collision.

Boval bofore = By + Py = m(1.00 m/s )i+ 2m ([1_00 m /s ) cos 30.0°1 — (1.00 m/s ) sin 30.0*3)
=m(2.73 m/s ﬁ —m(L00 m/s Jj
d) Let ¥ be the velocity of the composite particle after the collision. The total momentum before and
after the collizion is conserved, so

Protal before = Drotal afier == (273 m/s )i —m(1.00m/s)j = 3m¥ = ¥ = (0.910m/s)i— (0.333 m/5)j.

e] The speed 1s

v =¥ =+/(0910m/=2 )2 + (0333 m/s)2 = 0960 m/s.
t) Let ¢ be the angle between iand ¥. Then

ie¥ =i |¥|cos¢ = 0.910m/s = 1(0.969 m/s)cosdp = cosd = 0.030 = ¢ = 20.1°.



g] The change in the kinetic energy of the system is
AKE = KE; — KE; = %QSmJ(D.%Q m/s )* — (é m(1.00 m/s)* + %2??2[1.00 mfsjz) = (—0.09 J/kg jm.

0.36  Let the system be the cart together with all the rain that falls into it.

a) Sinece all the external forces [gravity, for example) involved are in the vertical direction, the total
momentum of the system in the horizontal direction is conserved.

b) Let i be in the direction the cart is moving, and let m be the mass of the rain that falls into the cart.
Before the rain falls into the cart, the velocity of the rain in the i direction is zero. Afterwards, 1t 1s the
same as the cart’s hence

ﬁhnriznmal before — I_jhorimma.] after
= (400 kg)(10.0 m/s )i4 m(0 m/s)i = (400 kg )(8.00 m/s )i+ m(8.00 m/s )i
= m=100kg.

0.38
a) The table does not move since there is no frictional torce hetween the block and the table surface.

b)  When the block and bullet system falls off the table it hecomes a projectile. We'll first use the range and
height of the flight, along with the equations for motion with a constant acceleration, to find the horizontal
speed Vgystem at which the system left the table. We'll then use this together with conservation of momentum
to find the speed vhyjer of the bullet just hefore impact.

Letj point straight up, let i point in the direction of the horizontal component of velocity, and choose
the origin directly below the point at which the block and bullet leave the table.

= direction o
y direction

E’r(fj = Vgo + 22t = Veystem -
2

z(t) = o + veolt + azE = Vgysteml.

vy (t) = vyo + ayt = —gt.
2 2
yl:r) = U + 1.‘ny + Cﬂyg =0.750m — g?

On impact with the floor, the y coordinate is zere, so we may use this in the y(f) equation to find the time
timpact. Of impact.

2
impact

¢
Om =0.750m — _Q'T = fimpact = 0.391 &,
The = coordinate on impact is 2.50 m, so from the x(#) equation,

2.50m = vgperem0.391s = voyetem = 6309 m/s.

So, the completely inelastic collision of the bullet with the block of wood results in a composite particle
traveling at speed voygrem = 6.309 m/s.

Mow let mpuler and mpleae be the masses of the bullet and block. The momentum of the bullet-block
system is conserved before and after the collision, so

f:;t,cpt.a] befare — I_jt.m-al. after = rn’bLl]lEt.tlbLl]]Et.i = (?71131.1[]&1. + ?'l'lb]oclc:'trs:.'stetni

o _  Mbullet + Mblock | (00100 kg +3.00 kg \ e 3
= Ubullet = (W) Vgystem = ( 00100 ke 6.39m/s =1.92 = 10° m/s.




0.40

a) phoose a coordinate syvstem with i pointed in the direction of the sports car’s initial velocity vector,
and j in the direction of the truck’s. Let the origin he at the point of impact.

b} and

c) Let v be the speed of the smashed car-truck system immediately after the collision, and let v., be the
initial speed of the car. The total momentum of the system 1s conserved immediately before and after the
collision, so

f’t.otal befare — I_it.ota] after
— (1.50 % 10° kg ) teard + (3.00 % 10° kg )(25.0 m/s)j = (4.50 = 10° kg ) (v cos 70.0°1 + v sin 70.0%))
Two vectors are equal to each other if and only if their respective components are the same, so
(1.50 x 10% kg Jvear = (4.50 x 10° kg Jveos T0.0°  and  (3.00 x 107 kg )(25.0 m/s ) = {4.50 x 10° kg Jusin 70.0°.

(3.00 % 10° kg )(25.0m /s )
(4.50 = 102 kg ) sin 70.0°

Solve the second equation for v =

to find

=17.7 m/s. Now use this in the first equation

- (4.50 > 10° kg )veos 70.0° _ (4.50 x 10 kg }{17.7 m/s ) cos 70.0°
A 1.50 = 10° kg B 1.50 = 10° kg

=182m/s.

9.47
a) Use the conservation of momentum of the svstem of two particles before and after the collision. The

3.50 kg particle is at rest after the collision. Let ¥ be the velocity of the 5.00 kg particle after the collision.
Then

— —

Protal before = Protal after
= (3.50 kg ){4.00 m/s )14 (5.00 kg )(1.50 m/s)j] = (3.50 kg )0 m/s + (5.00 kg )¥
— ¥=(2.80m/s)i+ (1.50m/s)j.

b) To see if the collision is elastic or inelastic, compare the kinetic energy of the system of two particles
before and after the collision. Before the collision

KEbofore = %(3.50 kg )(4.00 m/s)? + %(5.00 kg )(1.50 m/s)? = 33.6 J.

After the collision the speed of the 3.50 kg mass is zero, and the speed of the 5.00 kg mass is

v=1+/(280m/s)2 4+ (1.50m/s )2 = 3.18 m/=.
So, after the collision

KEfer = =(3.50 kg ) (0 m/s )2 + %(a.oo kg)(3.18 m/s)? =25.317.

bo] =

The kinetic energy of the system of colliding particles is conserved in elastic collisions. Since KEaper <
EEtefore. the collision is inelastic.

9.49 Use the CWE theorem to find the speed v of m the instant before 1t collides with M. Take the initial
position to be where m is released and the final position to be where it is about to collide with M. Choose a
coordinate system with origin at the bottom of the inclined plane, j pointing up, and i pointing horizontally
to the right.



Since the slide is frictionless, there is no work done by the foree of kinetic friction while m slides down
the plane. There is work done by the force of kinetic friction along the rough, horizontal ground. Along the
straight section of horizontal rough ground of length 0.20 m, the normal force is equal in magnitude to that
of the weight of m. The force of kinetic friction 1s constant here, so its work 1s

Whiction = }:k o AT = frAreos 180° = (upmg)(0.20m )(—1) = (—0.20 m Jpegmg.

This is the Wienconservative 10 the CWE theorem. The initial height of n21s 3 = (2.0 m ) sin 30°. Se, applying
the CWE theorem,

(—0.20 m )ptximg = Wioneonservative = A(KE + PE) = (KE¢ + PEy) — (KE; + PE;)

mu? , o

= (T +DJ) — (07 +mg(2.0 m)=in307)
mu? . ane . mUE mg(2.0m)
=5 - mg(2.0 m)sin30° = 5~ 5 .

Solve for v, and substitute the values for pp and g.

v=14/g(20m) —2(0.20 m )jizg = ‘/(9.81 m/s* )(2.0m) —2(0.20 m }(0.25)(9.81 m/s* ) = 4.4 m/s.

Now let the system be m and M. Conserve the total momentum of the system hefore and atter the collision.
The particles stick together after the collision since it is completely inelastic. Let ' be their commaon speed
after the collision. Then

_ M v 44m/s

— . ’
P =p = mv=(m+Mh' = =——-1=—"
total before total after m o 025 111I.|"S

—1=17.

9.54 Choose a coordinate system with origin on the ground and j pointing up.

a) Apply the CWE theorem to the falling mass M. Take the initial position to be the point of release and
the final position to be just before impact with the floor. There are no nonconservative acting on the falling
hall, so the CWE theorem becomes

1
07 = Whonconservative = A(KE + PE) = (KE¢ + PEy) — (KE; + PE,) = (—_-m-z L0 J) — (0T + Mgh)

2
= v =4/2gh.

Since the ball rebounds from the floor with as much kinetic energy as it had just before impact, the initial
upward speed of the ball is also

v =+/2gh.

This result is independent of the mass M, so the speed of the small ball is also v = ,/2gh just before impact.
b)  The velocity of the small ball with respect to the large ball is

Vamall large = Vamall ground + Voround large
= Vamall ground — Vlarge ground

= —t-‘j— vj = —21—‘3.
Hence the speed of the small ball as seen by the large ball just hefore their collision is

Qv = 2+/2gh.



¢] The elastic collision of the small ball with the large one is like a BB pellet colliding with a howling ball:
the small ball's rebound speed is the same as its incident speed — 2v = 2,/9gh.

d) Use the relative velocity addition equation again. The wvelocity of the small ball with respect to the
ground 1s

Vamall ground = Vemall large + Vlarge ground

= 2u) + ) = 3uj.
The speed i= the magnitude of the velocity, so
Usmall ground = Jv =3y Qgh-

e]  Apply the CWE theorem to the rising small ball. Take the initial position to be just after it eollides
with the large ball and the final position where it ceases to rise.

0J = Wionconservative = A(KE + PE) = (EE; + PEy) — (KE; + PE;) = (0 J + mguyy) — (ém(Strjz +0 J)

P _ (V)

= 0h.
2g 2

9.57 The position vector of the center of mass is

_ ST _ Tl F meele + mals
- Sy iy + iz 4 ma
_(2.50kg )(0 m )+ (3.00 kg )(0.400 m )j 4 (1.50 kg )[(—0.600 m )i 4 (0.400 m )j]
- 250 kg +3.00 kg + 1.50 kg
(0,900 kg-m )i+ (1.80 kg-m)j)
N 7.00 kg N

Fou

(—0.120 m )i+ (0.257 m )j.

9.60 Choose a coordinate system with origin at the center of the large circle, 1 pointing to the right, and
J pointing up in Figure P.60.

The surface mass density o of the plate is constant and is equal to the mass of the plate divided by its
area.

m dm

- Z2 7 3rRe
I (E)

Use the method of “judicious subtraction.” View the given plate as a complete cireular plate of radius R,

which we'll call plate 1, that has had a second plate, plate 2 of radius —, cut away from it. Let m; be the

2
mass of plate 1 and m2 the mass of plate 2. Then

n

my =orh?= % and Mg = OT (g) =

The center of mass of plate 1 is

rp=0m

The center of mass of plate 2 is
I
z= 3l



Therefore the center of mass of the given plate 1s

dm - ! Ri
Foug — T —meTy 3 32 _ _E;
my — Mo ﬂ _ E
3 3

0.64

a) All forces in the horizontal direction on the student-canoe system are internal forees. The total force
component in the horizontal direction is zero. Hence the total momentum of the system i1s conserved. The
momentum is initially zero and so remains zero. Hence, the center of mass of the system remains stationary.

b] Choose a coordinate system with origin where the stern (back) of the cance was before the student
began to run, and i in the direction that the student runs. Keep the coordinate system stationary with
respect to the water.

Let Trappe = Teanoel be the position vector of the center of mass of the canoe, and let T ygont = Tapudent 1
be that of the student. Let meoanse = 20.0 kg, and mgpydens = 80.0 kg be their masses. Then the position
vector for the center of mass of the student-cance system is

?nlfcanne + ﬂzst.udemi:studem _ [\QUO kg;]:rcanoei + (800 l':gJ:;'::E.T,Lu:lern.i
Meance + Metudent 20.0kg + 80.0 kg

Fau = = (0.200%c anoe + 0.8002 st ndent )i

Differentiate this last expression with respect to f.

d
7 Teanoe + 0.800

d %
E:C student | 1.

. d .
NoW —Tiance = Ur canoes the velocity component of the cance, and —& . gent = Vs students the velocity

dt dt
. . d_, .
component of the student. Also, the center of mass of the system is stationary, so Er@,{ =0 m/s.

d
(1) Lo = (0.200

Therefore (1) becomes
0m/s = (0.2000, canoe + 08000, L4 uder )i-

Because our reference frame is stationary with respect to the water, both of these velocity components are
with respect to the water. So the last equation implies

(QJ ?'ILT Canoe wWater = _4‘001"2‘ ST.'L'IdE‘th. water-
Now use this equation in the relative velocity addition equation. In component form, we have
Uz student water = Uz student canoe + Uz cance water = .0 m/s — 4.000; student water
= 5000 sudent water = 3.0 111.4“.5 = Uz student water = 0G0 m-,r"'S .
S0, Uz student water = U.60 m/s. Use this result in equation (2) to find

Uz cance water = —4.00{0.60m/s )= —-2.4m/s.

9.69

a) Let 1 be in the direction of motion. The one-dimensional collision is completely nelastic. Conserve
the total momentum before and after the collision (noting in this case that the momentum only has an
r-component):

Pr total before = Pr total after

= (120 x 10¥ kg)(2.0m/s) = (120 x 10° kg + 10 x 10° kg ) v, = v. = 18m/s.

The final speed is 1.8 m/s.



bj The change in the kinetic energy is

AIE — KE- _ KE (130 x 108 kg )(1.8m/s)? (120 = 10% kg)(2.0m/s )?
AlE = ki — By = -
2 2

=21x10°T —24x10° = 03 = 10°] = -3 = 104 J.

¢) The velocity of the center of mass is unchanged in the collision. Since the cars couple together, the
velocity (and speed) of the center of mass is the same as that of the coupled system, which is 1.8 m/s.



