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Bonus Problem B.1 What is the name of the geometric figure inside Jennifer’s

Magic Fight Ball. You may make an observation if you wish, but you may not
X\ take it apart.
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where k,, is the radius of gyration of the body about its center of mass. In this case the
point O is the instantaneous center of rotation of the body just after impact. O’ is called
the center of percussion about O. The two points are related in the same way as the ces-
ters of oscillation, defined previously in our analysis of the physical pendulum {Equa-:
tion 8.4,13).

Anvone who has plaved baseball knows that if the ball hits the bat in just the righe:
spot there will be no “sting” on impact. This “right spot” is just the center of percussios
about the point at which the bat is held.
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PROBLEMS
8.1  Find the center of mass of each of the following: T
(a) A thin wire bent into the form of a three-sided, block-shaped *| |" with each seg-
ment of equal length b
(b) A quadrant of a uniform circular lamina of radius b
535
(¢) The area bounded by parabolay = x2/b and the line y = b
(d) The volume bounded by paraboloid of revolution z = (x2 + y2)/b and the N
plane z = b & 16
(e) A solid uniform right circular cone of height b
8.2  The linear dcnsity of a thin rod is given by p = ¢x, where ¢ is a constant and x is the
L distance measured from one end. If the rod is of length b, find the center of mass. -
8.3 A soliduiform sphere of radius @ has a spherical cavity of radius a/2 centered at a L
point a/2 from the center of the sphere. Find the center of mass.
8.4  Find the moments of inertia of each of the objects in Problem 8.1 about their S\Inmae
tryv axes. s
8.5  Find the moment of inertia of the sphere in Problem 8.3 about an axis passing throog i
the center of the sphere and the center of the cavity.
8.6  Show that the moment of inertia of a solid uniform octant of a sphere of radius a is
{2/5)ma* about an axis along one of the straight edges. (Note: This is the same for-
mula as that for a solid sphere of the same radius.)
8.7  Show that the moments of inertia of a solid uniform rectangular parallelepiped. el-
liptic cvlinder, and ellipsoid are, respectively, (m/3) a2 + b2). im/4)a? + b2}, and .

(m/5)a? + b?), where m is the mass, and 2¢ and 2b are the principal diameters of e

- solid at right angles to the axis of rotation, the axis being through the center in each &
8.8  Show that the period of a physical pendulum is equal to 27 (d/g) V2, where d is the dis!
tance between the point of suspension O and the center of oscillation O,

8.9 (a) Anidealized simple pendulum consists of a particle of mass M suspended by a
— massless rod of length a. Assume that an actual simple pendulum consists of a thee
rod of mass in attached to a spherical bob of mass M — . If the radius of the sp

cal bob is equal to b, and the length of the thin rod is equal to @ = b, calculate @

ratio of the period of the actual simple pendulm to the idealized simple one.
(b) Calculate a value for this ratio if m = 10 gM=1kga=127Tmandb =5em

8.10 The period of a physical pendulumis 2s. (Such a pendulum is called a “seconds™ pege
culum.* The mass of the pendulum is M, and its center of mass is 1 m below the ams
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of oscillation. A particle of mass wiis attached to the bottoni of the pvmln]mu 1.5m
below the asis. in line with the conter of gravity: It is then found that the pendidim
“loses™ time at the rate of 20 s 'dav. Find the vatio ol mtoM

A cireular hoop of radius a swings as a phyvsical pendulmn abonta point on the cirenn-
ference. Find the period of oscillation for stnall amplitnde i the ais of rotution is

{a) Normal to the plane of the hoop
(b) In the planc of the hoop

A unifori solid ball has a fesw s of light string wound aromnd it I the end ot the
string is held steadv and the Dall iy allowed to fall wnder gravity, what is the acecleration
of the center of the ball? s Assume the string venains vertical.

Two people are holding the ends of a nnitorm plank of Tength Fand nass e Show that if
one person suddenly lets go. the load supported by the other person suddenlv drops frow
mg/2 10 mer 4. Show also that the initial downward acceleration of the frec endis - g

A uniform solid ball contains w hollow spherical cavity at its center, the radins ot the cav-
itv being & the radins of the ball Show that the acceleration ol the ball rolling down
rongh inclined plane is just 95,101 of that of w nniform sold ball with no cavity. Note
This snggests a method for nondestructive testing.

Two weights of s my and ni; are tied to the ends ot a light mextensible cord, The
cord passes over a rongh prdley of radins « and moment of mertinc L Find the aecelera
tions of the weights. assuming iy > e, and ignoring friction in the awde of the pullev
A uniform right-cireular evlinder of rading o is halanced on the top of a pertecth vough
fixed evlinder of radins bih > a.. the axes of the two evlinders being parallel 1 the bal-
ance is slighthv disturbed. show that the rolling evlinder leaves the fixed one whe the
line of centers makes an angle with the vertical of cos # 47

A uniform ladder leans against @ simooth verticabwall 1 the Hoor is also stootl and
the initial anele between the foor and the ladderis 0,0 show that the Tdder in sliding
down. will lose contact with the wall when the angle between the floor and the kedder
issin 'i3sing,

At Cape Canaveral a Saturn V' rocket standls inn a vertical position ready for Lanch Un-
fortunately. betore firing. a slight disturbance causes the rocket to fall over. Find the
horizontal and vertical cornponents of the reaction on the launch pad as functions of
the angle 6 between the rocket and the vertical at any iustant. Show trom this that the
rocket will tend to slide backward for 8 < cos 112/3 and (onvurd for 6 > cos 273
{ Assume the rocket to be a thin uniform rod.

A ball is initiallv projected. without rotation. at a speed v, up arough inclined plane ot
inclination 8 and coefficient of sliding friction w, - Find the position of the ballas wfune-
tion of time. and determine the position of the ball when pure rolling begins. Assuine
that u; is greater than # tun 6,

A billiard ball of radius a is initially spinning abouta horizontal axis with angndarspeedw,
and with zero forward speed. 1f the coefficient of sliding friction between the balland
the billiard table is g, . find the distance the ball travels belore slipping ceuses to ocenr.
Figure PS.21 illustrates two dises of radii ¢ and Ionnted inside o fved, iomovable
circular track of radius ¢, such that ¢ = « = 2b. The central disc A is monnted to a
drive axle at point O. Disc B is sandwiched between dise A wnd track Cand can ol

]
without slipping when disc A is driven by an externallv applied torgue throvain it drive
axle. Initialh; the svstem is at rest such that the dushed lines denoting the spatial orien-
tation of discs A and B line up horizontallv in the figure. A constant torgue Kis applied

for a time ¢, through the drive axle causing dise A to rotate. such that at tine the
‘ g
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Figure P8.21

dashed line denoting its spatial orientation makes an angle a with the horizontal.
Disc B rolls between the track and disc A, and its orientation is denoted by the dashed
line making and angle B with the direction toward O. Calculate the final angular spes
of the two discs. @, and wy,.

8.22 A thin uniform plank of length /lies at rest on a horizontal sheet of ice. If the plank = *
viven a kick at one end in a direction normal to the plank, show that the plank will bew
¢in to rotate about a point located a distance [/6 from the center.

8.23  Show that the edge cushions of a billiard table should be at a height of 7/10 of the g
ameter of the billiard ball in order that no reaction occurs between the table surface
and the ball when the ball strikes the cushion.

8.24 A ballistic pendulum is made of a long plank of length [ and mass m. It is free to swmg:
about one end O and is initially at rest in a vertical position. A bullet of mass m’ is
horizontally into the pendulum at a distance I below O. the bullet coming to rest =
plank. If the resulting amplitude of oscillation of the pendulum is 6, find the speed
the hullet.

8.25 Two uniform rods AB and BC of equal mass m and equal length [ are smoothh jom
at B. The svstem is initiallv at rest on a smooth horizontal surface, the points A, B,
C Iving in a straight line. If an impulse P is applied at A at right angles to the rod. fnl
the witial motion of the svstem. (Hint: Isolate the rods.)

COMPUTER PROBLEMS

C 8.1 The table shown here displavs the density of a 10-solar inass star versus radial
fromt its core. The densities are given as log,, p/p,.. where p is the density at the 8
tance rand p_is the core density of the star. The distances are given as fractions of

the star's radius 1 r/R, 1. where Ry is equal to 4 solar radii.
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