Colliding Cars.

Part A

First, find the magnitude of v_vec, that is, the speed v of thecawainit after the collision.
Hint A.1

Conservation of momentum

Recall that conservation of linear momentum may be expressed as a vector equation,

\vec{p}_{\rm initial}=\vec{p} {\rm final}.

Each vector component of linear momentum is conserved separately.

Part A.2

x and y components of momentum

The momentum of the twoar system immediately after the collision may be written as
\vec{p}=p_x\hat{x}+p_w\hat{y}, where the x and y directions are the eastward and northward
directions, respectively.

Find p_xand p_y
Express the two components, separated by a comma, interms of m_1, m_2,v_1andv_2.
ANSWER:

p_X,p_y = m_1*v_1 m_2*_2

Hint A.3
A vector and its components

Recall that the square of the magnitude of a vector is given by the Pythagorean formula:

pr2=p_x"2+p_y~"2.
Part A.4
Velocity and momentum
Find v, the magnitude of the final velocity.
Express v in terms of the magnitude of the final momentum p and the masses m_1 and m_2.
ANSWER:
v= p/(m.21l+m_2)

Express v in terms of m_1, m_2, and the cars' initial speeds v_1 and v_2.
ANSWER:
v = sgrt((m_1*v_1)"2+ (m_2*v_2)"2)/(m_Im_2)

Part B
Find the tangent of the angle theta.
Express your answer in terms of the momenta of the two cars, p_1 and p_2.
ANSWER:

\tan(theta) = p_2/p_1

m_2*v_2/(m_1*v_1)

Part C

Suppose that after the collisidtan\theta=1; in otkr words, theta is 4%¢irc. This means that before the
collision:

ANSWER:

The magnitudes of the momenta of the cars were equal.
The masses of the cars were equal.
The velocities of the cars wereugzd,

Elastic Collision in 1D

Part A

This collision is elastic. What quantities, if any, are conserved in this collision?
Hint A.1

What to think about



If no net external force acts on a system of colliding objects, then the total momentum of thesystem i
conserved. This holds for both elastic and inelastic collisions. In an elastic collistorKE &
Momentum are conserved.

Part B

What is the final speed u_f of block 1?

Hint B.1

How to approach the problem

The first step in solving most collision problems is to apply conservation of momentum. This is done by writing
a vector equation that captures the fact that the initial and the final momenta of the system are equal. In
this problem, because the collision is elastic, kinetic energy is also conserved. This yields a second
equation, this one capturing the fact that the initial and the final kinetic energies of the system are equal.
The result is two equations (conservation @imentum and conservation of energy) and two unknowns
(u_fand v_f). Use algebra to solve the equations and find the unknowns.

Part B.2

Apply conservation of momentum

Conservation of momentum states that the total momentum before the collision idheabtal momentum
after the collision\vec{p_f}=\vec{p_i}. Use this equation to find an expression for m_2v_f.

PartB.2.a

Find the final momentum of the system

The magnitude of the initial momentum of this system (consisting of the two blocks} equal to m_1u_i.
Find an expression for the magnitude of the final momentum, p_f, of this system. Note that since
m_1>m_2, both objects will move in the positive direction after the collision.

Express p_finterms of m_1, m_2, u_f, and v_f.

ANSWER:

p_f = m_1*_f+m_2*v_f

Express m_2v_finterms of m_1, u_i, and u_f.
ANSWER:
m_2v f = m_1*(u_ku_f)

Part B.3

Apply conservation of energy

Conservation of energy states that the total kinetic energy before the collision is eqadbtaltkinetic energy
after the collision: K_f=K_i. Use this equation to find an expression for m_2v_f*2.

Part B.3.a

Find the final kinetic energy of the system

The initial kinetic energy K_i of the system\feac{1}{2}m_1u_i"*2. Find an expression fdhe system's final
kinetic energy K_f.

Express K_fintermsofm_1, m_2,u_f,and v_f.

ANSWER:

K_f = (1/2)*m_1*u_f"2+(1/2)*m_2*v_fr2

Express m_2v_f*2 in terms of m_1, u_i, and u_f.
ANSWER:
m_2v _fA2 = m_1*(u_ir2-u_f"2)

Note that thissquation can be written in the following form, which will be useful for doing the algebra later on:

m_2v_fA2 =m_1(u_t u_f)(u_i + u_f).

Part B.4

Putting it together

Now that you have obtained an equation from each of the two conservation lawsvatosef energy and
conservation of momentum), it becomes a matter of algebra to solve for u_f in terms of u_i, m_1, and
m_2. If you find the algebra tricky, start by manipulating the two equations to find an expression for
v_finterms of u_iand u_f.

Hint B.4.a

Detailed help with the math



In the equations derived from both conservation laws, the term m-d.(§) appears (you will need to factor the
difference of squares to see this term in the equation derived from conservation of energy). Use the
conservation of momentum equation to famdexpression for m_1(uui f), and then substitute this
expression into the conservation of energy equation. Finally, solve for v_f.

Your answer should depend only on u_i and u_f.

ANSWER:

v f= uituf

Substitute the expression you just fodadv_f into the conservation of momentum equation and solve for u_f.
Express u_finterms of m_1, m_2, and u_i.
ANSWER:

uf = u_i*(m_1-m_2)/((m_1+m_2)

Part C
What is the final speed v_f of block 2?
Hint C.1
Using the result from the previeyart
If you solved the previous part, you already have an expression for u_f in terms of m_1, m_2, and u_i. If you
subsitute this expression into the conservation of momentum equation, you can solve for v_f.
Express v_finterms of m_1, m_2, and u_i.
ANSWER:
v_f = ui*(2*m_1)/(m_1+m2)

Center of mass for Earfloon-Sun system:

Part A

Calculate the location x_cm of the center of mass of the Béotn system. Use a coordinate system in which
the center of the Earth is at x=0 and the Mododsited in the positive x direction.

Hint A.1

Calculating the center of mass

The general equation for the center of mass x_cm for a system of two particles of masses m_1 and m_2 is

x_{\rm cm}=\frac{m_1x_1+m_2x_2H{m_1+m_2},
where x_1 and x_2 are the locations of the particles in the given coordinate system.

While the Earth and Moon are very large bodies, treating them as patrticles is reasonable in this problem, because
the distance between them is much greater than théiir rad
Part A.2
Find the coordinates of the Earth and Moon
Taking the center of the Earth as the origin of your coordinate system, what is the x coordinate of the Moon
x_m?
Express your answer in kilometers to three significant figures.
ANSWER:
x_m = r_Orbit
\rm km
Express your answer in kilometers to three significant figures.
ANSWER:
m_Moon*r_Orbit/(m_Moon+m_Earth)

Part B
Where is the center of mass of the Edvthon system?

The radius of the Earth is 63%8n km and the radius dhe Moon is 173%rm km. Select one of the answers
below:
Choose the correct description of the location of the center of mass of theévieanttsystem.

As you can see, the center of mass for the Bedhn system actually lies within the radius of the Earth. For this
reason, saying that the Moon orbits the Earth is often a good approximation, though in fact, both the



Earth and the Moon orbit that powith a period of 28 days. The Moon makes large orbits around the
center of mass of the Earlloon system, whereas the center of the Earth makes small orbits.

Part C

Calculate the location of the center of mass of the Bddbn-Sun system during a full Moon. A full Moon
occurs when the Earth, Moon, and Sun are lined up as shown in the figure. Use a coordinate system in
which the center of the sun is at x=0 and thetEand Moon both lie along the positive x direction.

Hint C.1

Calculating the center of mass

The general equation for the center of mass x_cm for a system of thee particles of masses m_1, m_2,and m_3is

x_{\rm cm}=\frac{m_1x_1+m_2x_2+m_3x_3{m_1+m_2+n3},
where x_1, x_2, and x_3 refer to the distances to each of the three particles from the origin.
Express your answer in kilometers to three significant figures.
ANSWER:
Xx_cm = (m_Moon*(r_Orbit+r_OrbitSun)+m_Earth*r_OrbitSun)/(m_Moon+m_Earth+m)Su
\rm km
The equatorial radius of the Sun is 695,000 km. As you can see, the center of mass for theE2utitMoon
system is well within the Sun. However, if you were to find the center of mass of the-Bupiter
system, you would find that isislightly above the surface of the Sun at 780)0®0km from the
center of the Sun. A distant alien civilization would not be able to see Jupiter directly, because it is far
too faint, but they would be able to see the Sun move back and forth aseitl dhigitcenter of mass
with Jupiter. Because the sun is "wobbling," alien scientists would be able to infer that there was a
planet around the Sun. This is one of the methods that human scientists are using to identify planets
around other sta.

8.30. IDENTIFY: There is no net external force on the system of the two otters and the momentum of the
system is conserved. The mechanical energy equals the kinetic energy, wKiehdisv? for each
object.

SET UP: LfetA be the 7.50 kgtter andB be the 5.75 kg otter. After the collision their combined
velocity is v, . Let +x be to the right, sv,, =!5.00nVs and v, =+6.00m/s. Solve forv,, .

EXECUTE: (@) P, =P,. myv, +mv, =(m,+m)v, .

MV, T MV (7.50kg)(! 5.00m/s) + (5.79(+6.00nVs)
m, +m, 7.50 kg+5.75kg

V. = =10.226n/s.

2x

(b) K, =2m,Vvi +imv2 =1(7.50kg)(5.00m/s)” +4(5.75kg)(6.00m/s)* =197.2J.

2
K, =1(m, +m,)v: = 1(13.25kg)(0.226m/s)* = 0.338J.
'K =K," K ="197J. 197 J of mechanical energy is dissipated.

8.45. IDENTIFY: Eqgs. 8.24 and 8.25 algpwith objectA being the neutron.
SET UP: Let +x be the direction of the initial momentum of the neutron. The mass of a neutron is

m =1.0u.

_'m!Im%  10u! 20u
A2x _ﬁm + VAIX - 1 O +2 O VA]X
L, t M, & Ou Ou

after the collision is onthird its initial speed.

EXECUTE: (a) Vv =!lv, /3.0. The speed of the neutron

(b) K, =2mV2 =1m (v, /3.07 = 9—10Kl.

- r1g 119 1
c) After n collisions,v,, =—2o V, . y4—p =——,503.0' =59,000. nlog3.0=10g59,000
© T H#3 08 A #3 08 59,000 "od g

and n=10.



8.102.

8.114.

EVALUATE : Since the cllision is elastic, in each collision the kinetic energy lost by the neutron
equals the kinetic energy gained by the deuteron.

IDENTIFY: Conservation ok andy components of momentum applies to the collision. At the highest
point of the trajectoryhe vertical component of the velocity of the projectile is zero.
SET UP: Let +y be upward andxbe horizontal and to the right. Let the two fragments badB,

each with masen. For the projectile before the explosion and the fragments after thesiexpla, =0
v a, =! 9.80M/s’.
EXeEcUTE: (a) vj = vjy +2a (y! y,) with v, =0 gives that the maximum height of the projectile is

Vo, _, ([80.0m/ssin60.G)*
2a,  2(19.80m/s%)

y

h=1 =244.9m. Just before the explosion the projkcts moving to

the right with horizontal velocitw, =v, =V, c0s60.0° = 40.0m/s. After the explosiorv, =0 since

fragmentA falls vertically. Conservation of momentum applied to the explosion gives
(2m)(40.0m/s) = mv, and v, =80.0nV/s. FragmenB has zero initial vertical velocity so

_ 2(244.9m)
-9.80M/s’

fragment travels horizontally a distan&.0 m/s)(7.07 s) =566 m . It also tok the projectile 7.07 s to

travel from launch to maximum height and during this time it travels a horizontal distance of
([80.0nVs]cos60.G)(7.07s) = 283m. The second fragment land83 m + 566 m =849 m from the

firing point.
(b) For the explosionk, = £(20.0kg)(40.0m/s)* =1.60! 10* J.

K, =1(10.0kg)(80.0m/s)* = 3.20! 10" J. The energy released in the explosiod 80x 10* J.

yly, =v,t +§ayt2 gives a time of fall oft = \/—i—h =\/ =7.07s. During this time the

EVALUATE : The kinetic energy of the projectile just after it is launched.#0! 10* J. We can

calculate the speed of each fragment just before it strikes the ground and verify that the total kinetic
energy of the fragments just before they sttheground is5.40! 10* J+1.60! 10* J=8.00! 10* J.
FragmentA has speed 69.3 m/s just before it strikes the ground, and hence has kinetic energy

2.40! 10" J. FragmenB has speed/(S0.0 m/s)? + (69.3nvs)®> =105.8m/s just before it strikes the

ground, and hace has kinetic energy.60! 10* J. Also, the center of mass of the system has the same
VZ
horizontal rangeR = E"s’ n(2! ;) =565m that the projectile would have had if no explosion had

occurred. One fragment lands Bt 2 so the other, equal mass fragment lands at a dis@R¢é
from the launch point.

cm

IDENTIFY: X = ﬁjxdm andy = ﬁ! ydm At the upper surface of the platg? + x* = a°.

SeT UP: Tofind x_ , divide the plate into thin strips parallel to §rexis, as shown in Fig. 8.114a. To
find 'y, , divide the plate into thin strips parallel to thaxis as shown in Fig. 8.114b. The plassh

volume onehalf that of a circular disk, sW =1/ a’ and M =1!" 4.

EXECUTE: In Fig.114a each strip has lengsh=va’ - x*. x_ = ﬁ | xdm where
]
dm=/tydx=/tva®" x’dx X = '—Nt#a xva?" x*dx =0, since the integrand is an odd function of
a

Xx. x, =0 because of symmetry. In Fig.114b each strip has leRgth 2\/a* — y*. y_ = ﬁ! ydm



It a
where dm= 2/ txdy = 2/t/a’ " y’dy. y, = %%y\/az " y%dy . The integral can be evaluated using

u=a?! y?, du=—-2ydy. This substitution gives

_20tH 1& 0y 20180 _F2URCEH 2 & 4a
Yoo = 80 20 M3 TP s (e T

4 ) . .
EVALUATE : e 0.424. y_isless thara/2, as expected, since the plate becomes widgr as
T

cm

decreases.
y
el NG
L
y
v X
2x |

@ (b)
Figure 8.114

Flywheel KinematicsPart A

Find the time t_1 it takes to accelerate the flywheel to omega_1 if the angular acceleration is alpha.
Hint A.1

A linear analogy

The relationship between velocity and time for an object undergoing constant lineart@ecclermgiven by

v(t) =v_0 + a(it_0),

where v_0 is initial velocity at time t_0, t is time, and a is linear acceleration. An analogous formula for the
angular velocity omega applies when the angular acceleration alpha is constant.

Hint A.2

Angular vebcity as a function of time

The relationship between angular velocity and time for an object undergoing constant angular accleration is

\omega(t) 2omega_0 + {t_O)alpha.
This formula applies for initial angular velocity omega_0 at initial time t=1t_0.
Express your answer in terms of omega_1 and alpha.
ANSWER:
t 1 = omega_1/alpha

Part B

Find the angle theta_1 through which the flywheel will have turned dthisgime it takes for it to accelerate
from rest up to angular velocity omega_1.

Hint B.1

A linear analogy

The relationship between velocity v(t) and displacement x(t) for an object undergoing constant linear accleration
a is given by

v(t)"2 = v_0"2 +2a(x(tyx_0).

An analogous formula for angular velocity omega(t) applies when the angular acceleration alpha is constant.

Hint B.2

Angular velocity as a function of displacement

For an object undergoing constant angular acceleration alpha, the relatioetsteen angular velocity omega(t)
and angular displacement theta(t) is

\omega(t)*2 2omega_0"2 +\alphaftheta(t}\theta_0),
where omega_0 is the angular velocity at the initial time t = 0, and theta_0 the initial angular displacement.
Express yourm@swer in terms of some or all of the following: omega_1, alpha, and t_1.



ANSWER:

theta_1 = (omega_172)/(2*alpha)
0.5*alpha*(t_1"2)

0.5*t_1*omega_1

Part C

Assume that the motor has accelerated the wheel up to an angular velocity omehanbular acceleration

Hint C.1

alphain time t_1. At this point, the motor is turned off and a brake is applied that decelerates the wheel
with a constant angular acceleration®&lpha. Find t_2, the time it will take the wheel to stop after
the brake is ap@d (that is, the time for the wheel to reach zero angular velocity).

How to approach the problem
Solve this part using the same technique that you used for Part A. Just keep in mind that the initial conditions

have changed (in this case, the wheel is initially spinning) and that the angular acceleration is different.

Express your answer in terms ofis® or all of the following: omega_1, alpha, and t_1.

ANSWER:
t 2 = omega_1/(5*alpha)
t 1/5
s
9.31. IDENTIFY andSeT Up:! Use Eq.(9.15) to relate to a_, and! F =mé to relatea , to F_. Use
Eq.(9.13) to relat¢ andv, wherev is the tangential speed.
Execute:! (@) a,, =ro® andF_=ma_ =nr!?
h_"_/_z% —"M% =229
Fo. Y & Pa23evimng
(b) v=r!
v .
v, @ _640revimin _,
v, @ 423 ev/min
(c)v=r!
o = (640 rev/min) L min | 2 rad =67.0rad/s
60s )\ 1lrev
Thenv=r! =(0.235m)(67.0 ed/s) =15.7 m/s.
a_, =r! *=(0.235m)(67.0 ed/s)* =1060m/s’
2
oy L 10O _ 5 4= 1089
g 9.80m/s
EvALUATE :! In parts (a) and (b), since a ratio is used the units cancel and there is no need to convert
o torad/s. In part (ci and a_, are calculated frond , and! must be in rad/s.
9.60. IDENTIFY:! Apply the parallelaxis theorem.

: M. -
SeT Ul InEq(9.19), | =7, L and d=(L/2! h).
2
Execute:!! I,=M NN N V) L TE T Wy Sy V] LT |
12 2 12 4 3

which is the same as found in Example 9.11.
EVALUATE ;! Example 9.11 shows that this result gives the expeetdt forh=0, h= L and
h=L/2.

Rolling Hollow Sphere.

Part A
Find the magnitude of the acceleration a_cm of the center of mass of the spherical shell.



Hint A.1

How to approach the problem

First, draw a diagram of the system, including all forces acting®spghere. Assume that the positive

x direction points downward along the slope and the positive y direction points upward normal to the
slope, making the positive z direction out of the screen. The angular speed and angular acceleration of
the sphericallsell are negative (clockwise) around the z axis. Using this coordinate system, determine
the components of all forces in the x and y directions, and set up the corresponding Newtonian
equations for the translational and rotational motions of the shetie $iere is no slipping, use both
equations to calculate the acceleration by solving the angular motion equation for the frictional force in
terms of the translational acceleration and then substituting into the translational motion equation.
Hint A.2

Translational motion in the x direction

In the x direction, the only forces that are acting on the spherical shell are the frictional force, pointing
up the slope, and the component of the weight that points down the slope. Be careful to use the correct
trigonometric function (sine or cosine) when finding the x component of the weight of the shell.

Hint A.3

Torgue on the spherical shell

Since the only force acting away from the center of the spherical shell is the friction, this will cause the
angular accelration of the sphere by creating a torquéai=fR, where R is the radius of the spherical
shell.

Hint A.4

Moment of inertia

The moment of inertia of a spherical shell isflac{2}{3}mR"{2}, where R is the radius of the

spherical shell.

Hint A.5

Rdation between the translational and angular accelerations

Since the spherical shell rolls down the slope without slipping, the translational and rotational speeds of
the shell must cancel each other at the surface of the slope, givimm\crfi}=R\omega, where R is

the radius of the spherical shell. If the detiva is taken with respect to time, it becomes evident that
a_{\rm cm}=R\alpha.

Take the fredall acceleration to be g = 9.80 m/s"2.

ANSWER:
acm = 3/5*g*sin(theta)
{\rm m/s*{2}}
Part B
Find the magnitude of the frictional force actingtba spherical shell.
Hint B.1

How to approach the problem
As in Part A, you should first draw a diagram of the system, including all forces acting on the sphere.
Assume that the positive x direction points downward along the slope and that the padiitaaign
points upward normal to the slope, making the positive z direction out of the screen. The angular speed
and angular acceleration of the spherical shell are negative (clockwise) around the z axis. Using this
coordinate system, determine the comgrats of all forces in the x and y directions, and set up the
corresponding Newtonian equations for the translational and rotational motions of the shell. Since there
is no slipping, use both equations together to calculate the acceleration by sohdngutee motion
equation for the translational acceleration in terms of the frictional force, and then substituting into the
translational motion equation.
Take the fredall acceleration to be g = 9.80 m/s"2.
ANSWER:

f = 2/5*m*g*sin(theta)

\rm{N}
The frictional force keeps the spherical shell stuck to the surface of the slope, so that there is no
slipping as it rolls down. If there were no friction, the shell would simply slide down the slope, as a
rectangular box might do on an inclined (fidnless) surface.
Part C
Find the minimum coefficient of friction mu needed to prevent the spherical shell from slipping as it
rolls down the slope.
Hint C.1
How to approach the problem



Since the frictional force was calculated in the previous psetthie equation relating the frictional
force to the normal force. Be careful about the trigopnometric functions used to solve for the coefficient
of friction.
ANSWER:
mu = 2/5*tan(thed)

Merry -go-round. IDENTIFY andSET Up:! Use Egs.(9.3) and (9.5). As long Ag>0, ! , increases. At the

10.29.

10.52.

when! =0, !, is atits maximum positive value and then starts to decrease Whbecomes

negative.
I(t)="t #$t% | =0.400rad/s?, ! =0.0120rad/s’
043
ExecuTe:! (a) ! (t):d—:m:#fﬂs:’,ﬂ/ﬁ2
z dt dt
" d#$3%%)
b) I (t)=—2=—""2"0) o4
(b) 1. dt dt

(c) Just plug in & chug away!
!,(t)="#3%t % / (58) = 0.4rad/s# 3(0.120ad/s’)(59)? = #0.5radls
(d)
5s
"y 5s
PO gy g o5 5

;I =20 9 =0.7rad/ s
a t 5s

IDENTIFY:! Apply # !/ =1"_and constant angular acceleration equations to the motion of the wheel.
SETUP:! 1rev=2! rad. 7 rad/s= 30 rev/min.

Execute:! (a) / =1", 21%.
((1/2)(1.50 kg)(o.100m)2)(1200 rev/min)# ©_radf S &
/= e ¥50rev/min =0.377N) m
(600 rev/min)(Z.S s)
(b)! "t= : = 25.0rev = 157 &d.
& 60 gmin

(© W =1"#=(0377 N$m)(157 rad) =59.2J .

2
1 1 # L H# radls &
=Z|1%2=Z= 2 _ =
() K=21 2((1/2)(1.5kg)(0.100rr) )%guoo@//mm)g',—%mw/min(( 59.2J.

the same as in part (c).

IDENTIFY:! Apply Eq.(10.33), wheré =wr .
SET UP:! 1day=86,400s. 1yr=3.156! 10’ s . The earth has mad¥l =5.97! 10* kg and radius
R=6.38! 10° m . For a uniformsphere and an axis through its cenieF,%MRz.

EXECUTE:! (a) 7= laQ = (2/5)MR2Q. Using! =21 angq = rrd
86,400 ¢ (26,000y)(3.156x 10" dly)

and the mass and radius of the earth from Appendix#5.4N" m.
EVALUATE :! If the torque is applied by the sun=1.5! 10" mand F, =3.6" 10" N .




10.69. IDENTIFY:! Apply | Iécxt = mélcm to the motion of the center ofass and applyf !, =1_ " to the
rotation about the center of mass.
SETUP! | = 2(% MRZ) = MR?. The moment arm fofF is b.

ExecuTe:! The tension is related to the acceleration of thggyby (2m)g! T = (2m)a, and to the
argular acceleration bffb=1/ = %. Dividing the second equation liand adding to the first to

2m g 2 I =g 2
@m+1/b?) ~2+(R/b)?" 2b+ R?/b
substitution into either of the two equations:
) 2 % (R/by? 2mg
T=02m)(g! a)=(2 1 ——— =2 = .

EvaLuaTE:! a! Owhenb! 0.Asb! R, a! 2g/3.

eliminateT yields a=g . The tension is found by

10.79. IDeNTIFY:! Apply conservation of energy to the motion of the ball. Once the ball leaves the track the
ball moves in projectile motion.

SeT Up:!' The ball hasl = %mRZ; the silver dollar had =1 mR?. For the projectile motion takey
downward, soa, =0and a = +g.

Execute:! (a) The kinetic energy of the ball when it leaves the track (when it is still rolling without
slipping) is (7/10)mv? and this must be the work done by gravity,= mgh, so v =+/10gh/7. The bal

is in the air for a time = /2y/g, s0X =Vt =+/20hy/7.

(b) The answer does not dependgso the result should be the same on the moon.
(c) The presence of rolling friction would decrease the distance.

(e) For the dollar coin, modeled as a uniform digc= (3/4)mv?, and 2 x = /8hy/3.
EvVALUATE :! The sphere travels a little farther horizontally, because its moment of inertia is a smaller

fraction of MR? than for the disk. The result is independent of the mass and radius of the object but it
does depend on how that mass &rithuted within the object.



