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Some changes to Lab 28 2

© For Activities 3b and 3d do NOT make a video of your own. Go to
the course webpage here or enter the address below.

https://facultystaff.richmond.edu/~ggilfoyl/genphys.html

@ Then under General Physics | (Physics 131) navigate to General
Physics | links and then to the item Videos for Activities 3.b and
3.d in Momentum Conservation and Center-of-Mass.

© There will be links for the videos for Activities 3b and 3d. Analyze
these.

Jerry Gilfoyle A Star Is Born! 2 /44


https://facultystaff.richmond.edu/~ggilfoyl/genphys.html
https://facultystaff.richmond.edu/~ggilfoyl/genphys.html
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Center-of-Mass Motion - Equal Massses
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Center-of-Mass Motion - Different Massses
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Center-of-Mass Motion - Different Massses
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Center-of-Mass Motion - Different Massses
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nter-of-Mass Motion - Di

rent Massses
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Center-of-Mass 9
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Center-of-Mass 10

Trajectory of an extended object
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Center-of-Mass 11

Trajectory of an extended object
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Center-of-Mass
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A Star Is Born! 16

The photograph below shows a cloud of molecules called Bernard 68 (B68). It is located
about 300 light-years (2.8 x 10*® km) away from us in the constellation Ophiuchus and
is about 1.6 trillion kilometers across. It is made of molecules like CS, N2H, Hp, and
CO and is slowly rotating (w = 9.4 x 107 rad/s). The internal gravitational attraction

of B68 may make the molecular cloud collapse far enough so it will ignite the nuclear
fires and B68 will begin to shine.
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A Star Is Born 17

The molecular cloud B68 in the constellation Ophiuchus is rotating with an angular
speed w = 9.4 x 107 '* rad/s. The gravitational attraction among the atoms in the
cloud may make it collapse until the core is hot enough to ignite nuclear reactions and
B68 will begin to shine. If the final properties of B68 are the same as our Sun, i.e., the
same mass and size, then what will be its final angular velocity and period? Assume the
lost mass carries away very little angular momentum. Compare this with the angular
velocity of the Sun. Is your result reasonable? Why or why not?

Mpgeg = 6.04 x 10%° kg Iges = 2.7 x 10%* kg — km*  Ms,, = 1.989 x 10%° kg
Rsun = 6.96 x 10° km  Tsy, =25.4 d
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Rotational Quantities
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Linear — Rotational Quantities

Linear
Quantity

Rotational
Connection Quantity
s=rf 0=2
vr=rw  w=-*T = %
ar = ra n:a{:%
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How Fast Will the Star Spin?

The pulsar in the Crab nebula has a period To = 0.033 s and this period has been
observed to be increasing by AT = 1.26 x 107° s each year. Assuming constant angular
acceleration what is the expression for the angular displacement of the pulsar? What are

the values of the parameters in that expression? What is the torque exerted on the
pulsar?

@)

ﬁ g - & me = 3.4 x 10%° kg
re =25x10° m
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A Pulsar pal
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Linear — Rotational Quantities
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Torque - Rotational Equivalent of Force
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Torque on a Point Particle

Consider a point particle at a fixed dis-
tance from the origin (attached by the
famed massless rod or a string) that
moves in a circle.
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Torque - Rotating a Rigid Body (a door)
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Torque - Rotating a Rigid Body (a door)
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of Inertia

TABLE 1 of Inertia of | Rigid Objects

With Different Geometries

Hoop or thin ﬁ Hollow cylinder §
cylindrical shell [ e =
: R

Ten = MR

Solid cylinder :'\ﬁ Rectangular plate f\’
or disk

v dish T
Ton = i M(a® 1)

o= ; MR

Long thin rod = \$ Longthin @ \$

with rotation axis rod with

through center rotation axis
through end

1
Tee= M

ML

3

Thin spherical
shell

) é MR
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Linear — Rotational Quantities
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Torque - Rotational Force

The shield door at a neutron test fa-
cility at Lawrence Livermore Labora-
tory is possibly the world's heaviest
hinged door. It has a mass m =
44,000 kg, a rotational inertia about
a vertical axis through its hinges of
| = 8.7 x 10* kg — m?, and a (front)
face width of w = 2.4 m. A steady
force I:_a =73 N, applied at its outer
edge and perpendicular to the plane
of the door, can move it from rest
through an angle 8 = 90° in At =
75 5. What is the torque exerted by
the friction in the hinges?
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of Inertia
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Rotational Form of F = m3 in lab 33

M ROTATI-2
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Which One Wins? 34

A wooden disk and a metal ring have the same mass m and radius r, start from rest,
and roll down identical inclined planes (see figure). Which one wins?

U4

— \
,,,,,,,,,, \U?"
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Rolling Down an Incline
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Rolling Down an Incline - 1
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Rolling Down an Incline - 2
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Rolling Down an Incline - 3
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Which One Wins? 41

A wooden disk and a metal ring have the same mass m and radius r, start
from rest, and roll down identical inclined planes (see figure). Which one
wins?
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Linear — Rotational Quantities
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A Star Is Born 44

The molecular cloud B68 in the constellation Ophiuchus is rotating with an angular
speed w = 9.4 x 107 '* rad/s. The gravitational attraction among the atoms in the
cloud may make it collapse until the core is hot enough to ignite nuclear reactions and
B68 will begin to shine. If the final properties of B68 are the same as our Sun, i.e., the
same mass and size, then what will be its final angular velocity and period? Assume the
lost mass carries away very little angular momentum. Compare this with the angular
velocity of the Sun. Is your result reasonable? Why or why not?

Mpgeg = 6.04 x 10%° kg Iges = 2.7 x 10%* kg — km*  Ms,, = 1.989 x 10%° kg
Rsun = 6.96 x 10° km  Tsy, =25.4 d
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The Shape It's In 45

The plot below shows the ‘obscuration’ in the angular area around B68 based on
measurements of background stars. The light in the center is 10** dimmer than outside
the edge of the cloud. To make life simple we will treat the mass distribution of B68 as
three, rigid, uniform spheres that lie along the axis shown in the figure and rotate with
w=9.4 x 107" rad/s. The spheres do NOT rotate independently of the rest of the
cloud. The origin is at the center of the central lobe. What is the moment of inertia of
the cloud?

300 -

Lobe Radius (km) Mass (kg)

central | Re =1.0 x 102 | m. = 6.0 x 10%
inner R =2.0x 10" | mj = 4.6 x 10%
outer Ro =17 x 10" | m, =2.9 x 10%®

Arcsec

origin - inner | i = 1.4 x 10% km

cloud center 100 - J
origin - outer | I, =2.0X% 10" km

cloud center

ok 4
| 1
0 100 200 300
Arcsec

Map of the Obscuration in the Dark Cloud B68

=
SO PR Photo 296/%9 (2uly 1999) ©European Southern Observatory |+
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Angular Momentum
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Angular Momentum
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Linear — Rotational Quantities
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Conservation of Momentum From Fgy = —F45

Fap = —Fpa
mA3A = —m533
dvy dvg
mpg—— = —mgp——
Adt Bt
dmA\7A . deVB
dt dt
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Angular Momentum Conservation
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Angular Momentum Conservation
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of Inertia
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A Star Is Born 53

The molecular cloud B68 in the constellation Ophiuchus is rotating with an angular
speed w = 9.4 x 107 '* rad/s. The gravitational attraction among the atoms in the
cloud may make it collapse until the core is hot enough to ignite nuclear reactions and
B68 will begin to shine. If the final properties of B68 are the same as our Sun, i.e., the
same mass and size, then what will be its final angular velocity and period? Assume the
lost mass carries away very little angular momentum. Compare this with the angular
velocity of the Sun. Is your result reasonable? Why or why not?

Mpgeg = 6.04 x 10%° kg Iges = 2.7 x 10%* kg — km*  Ms,, = 1.989 x 10%° kg
Rsun = 6.96 x 10° km  Tsy, =25.4 d
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https://www.iflscience.com/space/outstanding-time-lapse-stellar-explosion-hubble/
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Newton's 2nd Law for Rotation, 2019
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Nature volume 575, pages 147-150, Nov 6 (2019)

Ref. ©, e-p scattering
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