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Announcements

Quiz #5

— Beginning of the class, Wednesday, Nov. 17
— Covers: Ch. 6.5 — what we finish next Monday, Nov. 15

 Term exam results

— Class Average: 46/102
* Equivalent to 45/100
« Exam 1 average: 49/100
* Very consistent!

— Top score: 94/102
Thanksgiving Wednesday

— We will not have the class on Wednesday, Nov. 24

Colloquium today
— Dr. Picraux on nano-wires
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UT Arlington Department of Physics

and the College of Science present:

Physics Colloquium

Svynthesis and Properties of Ge, Si, and Ge/Si
Heterostructured Nanowires

Dr. S. Tom Picraux

Center for Integrated Nanotechnologies Los Alamos National Laboratory

4 p.m. Wednesday, November 10, 2010
Science Hall Room 101

Refreshments will be served in the Physics Lounge (SH 108) at 3:30 p.m.

Samuel ‘Tom’ Picraux, Ph.D., Chief Scientist -
Center for Integrated Nanotechnologies, Los
Alamos _National Laborato LANL Samuel
“Tom™ Picraux is chief scientist of the Center for
Integrated Nanotechnologies
(CINT) at Los Alamos National
Laboratory in New Mexico.
Tom?’s primary role at LANL in-
volves both serving as 2a member
of the management team for
CINT, a national DOE Nanoscale
Science Research Center jointly
managed by LANL and Sandia
National Laboratories, and as
leader of a research effort in
nanoscale electronic materials with an emphasis
in semiconducting nanowires. LANL’'s general
function is multidisciplinary research for super-
computing, renewable energy, nanotechnology,
and national security. His previous employment
experience includes work at the Sandia National
Laboratories (SNL) as a director of physical and
chemical sciences and at Arizona State University
as Executive Director for Materials Research and
Professor.

Abstract:

Semiconducting nanowires promise a wide variety of poten-
tial applications, including novel electronic and energy har-
vesting devices. Vapor-liquid-solid (VLS) nanowire growth
enables unique semiconducting structures with a signifi-
cant range of control over, size, composition and electrical
doping.’ At small diameters both nanowire materials
growth and properties are affected. Results for Ge size-
dependent growth rates and the resulting thermodynami-
cally-limited minimum diameters achievable will be dis-
cussed. A unique aspect of the VLS growth is the formation
of axial and radial (core/shell) heterogeneous structures
which can’t be easily obtained by conventional 2D strained
layer growth. Since nanowires are not laterally confined,
this allows new materials combinations and large strains to
be incorporated into the structures, providing a new ap-
proach to band structure engineering. Recent advances for
Ge and GersSi axial and coresshell heterostructured
nanowires will be presented, including record performance
FET and tunneling FET devices. In the concluding part | will
discuss current interest in Si nanowires for energy applica-
tions.



Reminder: Special Project

1. Aball of mass 9 at rest is dropped from the height # above
the ground onto a spring on the ground, whose spring
constant is £, Neglecting air resistance and assuming that
the spring is in its equilibrium, express, in terms of the
quantities given in this problem and the gravitational
acceleration g, the distance x of which the spring is pressed
down when the ball completely loses its energy. (10 points)

2. Find the xabove if the ball’s initial speed is v. (10 points)
3. Due for the project is Wednesday, Nov. 17.

4. You must show the detail of your OWN work in order to
obtain any credit.
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Reminder: Special Project |I

A ball of mass m is attached to a light cord of length L,

:“Zf making up a pendulum. The ball is released from rest
4 when the cord makes an angle 8, with the vertical, and
h{ @ the pivoting point P is frictionless.
B g

A) Find the speed of the ball when it is at the lowest
point, B, in terms of the quantities given above.

B) Determine the tension T at point B in terms of the
quantities given above.

Each of these problem is 10 point. The due date is
Wednesday, Nov. 17.
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Linear Momentum
The principle of energy conservation can be used to solve problems that
are harder to solve just using Newton’s laws. It is used to describe
motion of an object or a system of objects.

A new concept of linear momentum can also be used to solve physical problems,
especially the problems involving collisions of objects.

Linear momentum of an object whose massism [ =
and is moving at the velocity of v is defined as pP =my

: 1. Momentum is a vector quantity.
What Pan you tell from this n 2. The heavier the object the higher the momentum
definition about momentum 3. The higher the velocity the higher the momentum
4. Itsunitis kg.m/s
What else can use see from the The change of momentum in a given time interval

definition? Do you see force? m(—¥,) AV

At At At At
AT S 1441-002, Fall 2010 Dr. Jaehoon
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Impulse and Linear Momentum
Net force causes change of momentum =» E _ A_ﬁ j‘> AB = 7 A

Newton’s second law At

The quantity impulse is defined as

the change of momentum J=Ap=p,—p;= mv,—my

Effect of the force F acting on an object over the time
interval A t=tyt,is equal to the change of the momentum
of the object caused by that force. Impulse is the degree of

which an external force changes an object’s momentum.

So what do you
think an impulse is?

The above statement is called the impulse-momentum theorem and is equivalent to Newton's second law.

What are the Defining a time-averaged force | | Impulse can be rewritten || If force is constant
dimension and

unit of Impulse? s 1 - N —_ — —

What is the F=— z FAt _

direction of an At p : J — FAt J = FAt

impulse vector?
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*, Impulse
Q Force

fo If Time
< At >
()

> There are many situations when the force on an
Q object is not constant.
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Ex. A Well-Hit Ball

A baseball (m=0.14kg) has an initial velocity of vy=-38m/s as it approaches a bat. We
have chosen the direction of approach as the negative direction. The bat applies an
average force F that is much larger than the weight of the ball, and the ball departs
from the bat with a final velocity of v=+58m/s. (a) determine the impulse applied to the

ball by the bat. (b) Assuming that the time of contact is At=1.6x10s, find the average
force exerted on the ball by the bat.

What are the forces involved in this motion? The force by the bat and the force by the gravity.
Since the force by the bat is much greater than the weight, we ignore the ball's weight.

(a) Using the impulse- = Ap = mv, —mv,

momentum theorem = 0.14x58—0.14x(—38)=+13.4kg - m/s

(b)Since the impulse is known and the time during which the contact occurs are
know, we can compute the average force exerted on the ball during the contact

L = = J  +134
_ FAs :> F="l= = +8400N
/ At 1.6x10°

How large is|,z3| _ . _ = 8400

o eroe ‘W = mg=0.14-9.8=1.37N ::>F ‘W‘ 6131‘W‘
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Example 7.6 for Impulse

(a) Calculate the impulse experienced when a 70 kg person lands on firm ground
after jumping from a height of 3.0 m. Then estimate the average force exerted on
the person’s feet by the ground, if the landing is (b) stiff-legged and (c) with bent
legs. In the former case, assume the body moves 1.0cm during the impact, and in
the second case, when the legs are bent, about 50 cm.

We don'’t know the force. How do we do this?
Obtain velocity of the person before striking the ground.

v="7.7Tm/s KE=—APE %mvzz —mg(y—yi): mgy,
Solving the above for velocity v, we obtain
v=2gy, =v2:9.8:3="7.7m/s

v=0  Then as the person strikes the ground, the
momentum becomes 0 quickly giving the impulse

l‘l ﬂl

=—70kg-7.7m/ s j=—-540 j N- s
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Example 7.6 cont'd

In coming to rest, the body decelerates from 7.7m/s to Om/s in a distance d=1.0cm=0.01m.
O+v, 7.7

The average speed during this period Is Vv = =3.8m/s
2
0.01
The time period the collision lasts is Ar = d = "o 2.6x107s
v 3.8m/s
Since the magnitude of impulse is ‘J = ‘FAt‘ = 540N - s

The average force on the feetduring & _ J _ 540 __—2.1x10°N
this landing is At 2.6x107
How large is this average force? ~ Weight = 70kg-9.8m/ s> = 6.9x10° N

F=21x10°N =304x6.9x10°N = 304xWeight

If landed in stiff legged, the feet must sustain 300 times the body weight. The person will

likely break his leg. d 0.50m
. At= — = =0.13s
For bent legged landing: v 38m/s 540
F=_""—"=41x10°’N =5.9Weight
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Linear Momentum and Forces
Z }_;’w _ A_ﬁ What can we learn from this force-momentum
At

relationship?

«  The rate of the change of particle’s momentum is the same as
the net force exerted on it.

«  When the net force is 0, the particle’s linear momentum is a
constant as a function of time.

. If a particle is isolated, the particle experiences no net force.
Therefore its momentum does not change and is conserved.

Something else we can do The relationship can be used to study
with this relationship. What the case where the mass changes as a
do you think it is? function of time.

_>_A}_9’ :A(Wl\_/)) Am _ A_\_}
Can you think of a 2F A At T A Y

few cases like this?

&7 Vlotion of a meteorite Motion of a rocket

W)




Conservation of Linear Momentum in a Two
Particle System

Consider an isolated system with two particles that do not have any
external forces exerting on it. What is the impact of Newton’s 3 Law?

If particle#1 exerts force on particle #2, there must be a reaction force that
the particle #2 exerts on #1. Both the forces are internal forces, and the
net force in the entire SYSTEM is still 0.

Now how would the momenta Let say that the particle #1 has momentum
of these particles look like? p, and #2 has p, at some point of time.
Using momentum- o Ap S Ap
F =1L F = 12
force relationship A ana 2 Af

d since net - - - _Ap, A
And since net force EF _ P4 R

Fa~= :A(ﬁz+ﬁ1) =0
of this system is 0 A A N

— —

‘Tﬁerefore p, + p, = const The total linear momentum of the system is conserved!!!

Wednesday, Nov. 10,
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Linear Momentum Conservation

m1 Vl mz V2
Initial —— s T—
\\I/ Dt Dy = My +myy,
oMV~ - my v’
Final ——— — — —-—

p1f+p2f_ I’}’ZV +mv

- p1i+p2i:p1f+p2f15
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More on Conservation of Linear Momentum In
a Two Body System

From the previous slide weve learned that the total

momentum of the system is conserved if no external Z p=p,+ p, =cons A
forces are exerted on the system.

As in the case of energy conservation, this means
that the total vector sum of all momenta in the

system is the same before and after any interactions

What does this mean?

Mathematically this statement can be written as | D,; + Py, = D, s 23 f

szz: prf ZPin Zny ZPZ,-: szf

system System system system system system
This can be generalized into Whenever two or more particles in an
conservation of linear momentum in | | isolated system interact, the total
many particle systems. momentum of the system remains constant.
Wednesday, Nov. 10, {20 S 1441-002, Fall 2010 Dr. Jaehoon 16

AP
f':,’" * )

2010 Yu




