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Announcements

« Planetarium extra credit sheets

— Tape ONLY one corner of the ticket stub on a sheet with your
name and ID on it

| must be able to see the initial of the start lecturer of the show
— Bring it by the beginning of the class Monday, May 2

* Colloquium today at 4pm in Sh101
— Our own Dr. Musielak
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Physics Department
The University of Texas at Arlington

COLLOQUIUM

QUANTUM DARK MATTER

Dr. Zdzislaw Musielak

Department of Phyvsics
The University of Texas at Arfington
F200 pm Wednesday Aprifl 20, 201§ room 07 SF

A bstract:

Astronomical obscrvations show that most of the mass in the Universe 1s 1in the
form of Dark Mattcer. Understanding the orngin and naturce of Dark Matter 1s onc of
the most urgent and challenging problems of modern scicnce. Its solution will
reqguire new itdeas that arce likely 1o revolutionize physics,. astrophysics, and other
natural scrences. Standard proposals 1o explain Dark Martter that arc bascd upon
unification of the fundamental forces. new forces and new particles 1in the standard
modcl will be bricily reviewed. A special emphasis will be given to the so-called
gquantum { ‘fuzxy ) Dark Matter and a scarch for necw fundameoental cquations of
prhysics that may describe Dark Matter.

Refreshmemts will be served at 2:30p.m in the Physics Library



Rotational Kinetic Energy

What do you think the kinetic energy of a rigid object

that is undergoing a circular motion is?

o 1 1
Kinetic energy of a masslet, m, K,=—=my; =—mr’w’

> moving at a tangential speed, v, is
Since a rigid body is a collection of masslets, the total kinetic energy of the

rigid object is 1 1
_ 2.2 _ 2 1.2
KR:ZKZ- —Emew =7 Z’Wi
i i i

:

2
Since moment of Inertia, I, is definedas = Zmi’”,-

l

1

The above expression is simplifiedas K, = —] W’
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Kinetic Energy of a Rolling Sphere

Yem

Since vy, =RW

What is the speed of the
CM in terms of known

quantities and how do you
find this out?
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®
“o KE=KE

Let’s consider a sphere with radius R
rolling down the hill without slipping.
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Since the kinetic energy at the bottom of the hill must
be equal to the potential energy at the top of the hill
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2(R2 +M)VCM—Mgh

2gh

V =
CM
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Ex. 10 — 16: Rolling Kinetic Energy

For solid sphere as shown in the figure, calculate the linear speed of the CM at the
bottom of the hill and the magnitude of linear acceleration of the CM. Solve this problem
using Newton’s second law, the dynamic method.

What are the forces involved in this motion?

f : g Gravitational Force, Frictional Force, Normal Force
h Newton’s second law applied to the CM gives
A X zFx = Mgsin@ - f =Ma.,,
ZFy =n—MgcosO =
Since the forces Mg and n go through the CM, their moment arm is 0 =fR=1.,«x
and do not contribute to torque, while the static friction fcauses torque Teu™ M
We know that We | £t SMRZ acy \ =2 Ma,,
? obtain R R | R
I, = gMR2 R 5
Substituting in Mesin® = 7 Ma,, dey=>gsind
a., =Ro dynamic equations 5 7
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Work, Power, and Energy in Rotation

Let's consider the motion of a rigid body with a single external
force Fexerting on the point P, moving the object by As.

The work done by the force #as the object rotates through
the infinitesimal distance As=rA8 is

AW=F-As = (Fsing)rA0

What is #sind?  The tangential component of the force .

What is the work done by Zero, because it is perpendicular to the
radial component Fcos¢? displacement.

Since the magnitude of torque is r#sing, AW = (l”F Sin(P)AQ =TA6

AW A How was the power
P === =0 Gefined in i on?
At v efined in linear motion”

The rotational work done by an external force ZT: [ I( Aa)) :> Y A0 = loAw

The rate of work, or power, becomes

equals the change in rotational Kinetic energy. At

The work put in by the external force then AW = jwf lodo = %Ia); - %wa
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Angular Momentum of a Particle

If you grab onto a pole while running, your body will rotate about the pole, gaining
angular momentum. We've used the linear momentum to solve physical problems
with linear motions, the angular momentum will do the same for rotational motions.

z

fl=r><p

m

What else do you learn?

y

Let's consider a point-like object ( particle) with mass m located
at the vector location rand moving with linear velocity v

The angular momentum £ of this - —
particle relative to the origin O is L=rxX H

What is the unit and dimension of angular momentum?  kg-m’/s [MLT™]

Note that £ depends on origin O. Why?  Because rchanges
The direction of L is +z.

Since pis mv, the magnitude of £ becomes L = mvrsing = mr’singv/r = Io

What do you learn from this?  If the direction of linear velocity points to the origin of
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rotation, the particle does not have any angular momentum.

If the linear velocity is perpendicular to position vector, the
@article moves exactly the same way as a point on a rim.
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Angular Momentum and Torque_

Can you remember how net force exerting on a particle ;; dp
and the change of its linear momentum are related? 2 — E

Total external forces exerting on a particle is the same as the change of its linear momentum.

The same analogy works in rotational motion between torque and angular momentum.

Net torque acting on the particle is Z T =7r X Z F =, x ap

dt
Za o
7 d (r' > ) - - — I -
ot DG 5 ) e
L—I'Xp dt dt S dt dt
/
o) - >y Why does this work? Because vis parallel to
' the linear momentum
o P
X | Thus the torque-angular - dL
momentum relationship dt

The net torque acting on a particle is the same as the time rate change of its angular momentum
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Angular Momentum of a System of Particles

The total angular momentum of a system of particles about some point
Is the vector sum of the angular momenta of the individual particles

Since the individual angular momentum can change, the total
angular momentum of the system can change.

Both internal and external forces can provide torque to individual particles. However,
the internal forces do not generate net torque due to Newton’s third law.

Let’s consider a two particle ~ Since these forces are the action and reaction forces with
system where the two exert  directions lie on the line connecting the two particles, the
forces on each other. vector sum of the torque from these two becomes 0.

—

Thus the time rate change of the angular momentum of a . dl
system of particles is equal to only the net external torque Z Ty = —
acting on the system dt
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Ex.11 =1 for Angular Momentum

A particle of mass m is moving on the xy plane in a circular path of radius r and linear
velocity v about the origin O. Find the magnitude and the direction of the angular
momentum with respect to O.

y Using the definition of angular momentum

L =rXp=prxmv=mrXxXv
Since both the vectors, r and v, are on x-y plane and

0 X using right-hand rule, the direction of the angular
g momentum vector is +z (coming out of the screen)

mrXv|=mrvsing =mrvsin90” =mry

The magnitude of the angular momentum is ‘L‘ =

So the angular momentum vector can be expressed as z _ mrv/;

Find the angular momentum in terms of angular velocity .

Using the relationship between linear and angular speed
Z = mrvk = mr*wk = mrza — ]5
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Angular Momentum of a Rotating Rigid Body

‘4 Let’s consider a rigid body rotating about a fixed axis
Each particle of the object rotates in the xy plane about the z-axis

L=rxp at the same angular speed, w
0 - >y Magnitude of the angular momentum of a particle of mass m,
r
e b about origin O is mvr, L =mrv, = m.r.za)
X \ Summing over all particle’s angular momentum about z axis
ZL Z an r.za)) What do L. = (m” )a) =lw
you see? i
Since Iis constant for a rigid body dL, — 7 dw = o als angular
dt dt acceleration
Thus the torque-angular momentum 2 T = sz Y
relationship becomes o dt

The net external torque acting on a rigid body rotating about a fixed axis is equal to the moment of

inertia about that axis multiplied by the object’s angular acceleration with respect to that axis.
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Example for Rigid Body Angular Momentum

Arigid rod of mass ¢ and length [is pivoted without friction at its center. Two particles of mass
m, and m, are attached to either end of the rod. The combination rotates on a vertical plane
with an angular speed of w. Find an expression for the magnitude of the angular momentum.

4 The moment of inertia of this system is

y
/\mz [ =1+, +1, :iMlz+ lmll2+lm212
12 4 4

‘A 1\
/ ) 9) "8 (1 wl® (1
/ 0] X =Z(§M+ml+m2) LIIG)ZT(EM‘FI’I’ZI-FMZ)
TI Find an expression for the magnitude of the angular acceleration of the
m, g system when the rod makes an angle 6 with the horizon.
If m, = m,, no angular First compute the 7, =m,g ! cos@ 1,=-m,g icosé?
momentum because the net net external torque 2 2
torque is 0. I =141, = glcongml —m,)

If 6=+/—1/2, at equilibrium

so no angular momentum. ;(m1 —m,)glcos® 2 (m, —m,)cosO g

Thus (X o — zfext = 12 1 1 l
7 L Ry V4 —M+m +m j
becomes 1443001, spring: 4 (3 o +m2j (3 1T
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