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Announcements

« Midterm Exam

In class Wednesday, March. 8

Covers from CH1.1 through what we learn March 6 plus the math refresherin
the appendices

Please do NOT miss the exam! You will get an F if you miss it.

BYOF: You may bring a one 8.5x11.5 sheet (front and back) of handwritten
formulae and values of constants for the exam

* No derivations, word definitions or solutions of any problems!

* No additional formulae or values of constants will be provided!

* Homework #3
— End of chapter problems on CH4: 5, 14,17, 21, 23 and 45
— Due: Monday, March 6

* Colloquium today
— Dr. Peter Brown from TAM
— Quadruple extra credit colloquium: Wed. April 19, Dr. Nigel Lockyer, the

Wendesday, Mar. 1, 2017

Fermilab Director!
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Physics Department
The University of Texas at Arlington

COILTOOUIUM

Calibrating Exploding Stars to
Measure the Universe

Peter Brown
Texas ASKEM Unaiversity

Wednesday March 1. 2017

4:00 Room 103 Science Hall
Abstract

Type Ia supermnovae are one kind of "standard candle™ used to measure
distances and the expansion rate of the universe. With the hundreds or
thousands of supermovae used in current analyses, the systematic errors nNoOw
dominate over the statistical errors. Many of these systematics are poorly
understood but are expected to have strong signatures at ultraviolet
wavelengths. I am using the Swift Gamma-Ray Burst Explorer and Hubble
Space Telescope to observe supermovae in the ultraviolet. I will show
constraints on progenitor systems and extinction derived from Swift
ultraviolet observations. I will also discuss the effects expected from
metallicity, asymmetry. and explosion differences. and how ultraviolet
observations can improve the use of type Ia supernovae as cosmological
probes

Refreshments will be served at 3:30 p.mn. in the Physics Library



The Atomic Models of Thomson and Rutherford

+  Without seeing it, 19t century scientists believed atoms
have structure.

* Pieces of evidence that scientists had in 1900 to indicate
that the atom was not a fundamental unit

 There are simply too many kinds of atoms (~70 known at
that time), belonging to a distinct chemical element
—  Too many to be fundamental!!

»  Atoms and electromagnetic phenomena seem to be
intimately related

+ The issue of valence =» Why certain elements combine
with some elements but not with others?
— |Is there a characteristicinternal atomic structure?

+  The discoveries of radioactivity, X rays, and the electron
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Thomson’s Atomic Model
* Thomson's “plum-pudding” model

» Atoms are electrically neutral and have electrons in them

« Atoms must have an equal amount of positive chargesin it to
balance electron negative charges

S0 how about positive charges spread uniformly throughout a
sphere the size of the atom with the newly discovered
“‘negative” electrons embedded ina uniform background.

* Thomson thought when the atom was heated the electrons
could vibrate about their equilibrium positions and thus
produce electromagnetic radiation.
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Experiments of Geiger and Marsden

Rutherford, Geiger, and Marsden
conceived a new technique for
investigating the structure of
matter by scattering a particle oft ., ...
atoms. ]

Geiger showed that many NS
particles were scattered from thin levcen
gold-leaf targets at backward Microscope

angles greater than 90°.
Time to do some calculations!

a-particle source

o
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Ex 4.1: Maximum Scattering Angle

Geiger and Marsden (1909) observed backward-scattered (6>=90°) o particles when a beam

of energetic o particles was directed at a piece of gold foil as thin as 6.0x10-’m. Assuming an
o particle scatters from an electronin the foil, what is the maximum scattering angle?

L S | AP | G
Uy = v,=0 Uy =V v, = 2v
o — . © — -~ >
M, m, M, m,
Before After

« The maximum scattering angle corresponds to the maximum momentum change

 Using the momentum conservation and the KE conservation for an elastic collision,
the maximum momentum change of the « particle is in a head-on collision
Mava M, va+m Ve

1 1 |:>Apa M ve—M, va—m Ve =Ap, . =2my,
EMavazsz +2m2

P, (final)
« Determine @by letting Ap,. be perpendicular to the direction of motion. /T%

A ) 5 ; A 7, (initial)
o =P _ ZMVe 2 _ ) 7510 rad = 0.016°
pO( mOCVO( mOC
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Multiple Scattering from Electrons

* [fan o particle were scattered by many electrons, then N electrons
results in <0>,.,, ~ YN*0

* The number of atoms across a thin gold layer of 6 x 107" m:

1 [
NL“;‘Z” = N 4100aaro M0lecules/ mol ) X . L p( s - j
cm ¢ g —molecular —weight\ g cm

:6.02X1023(molecules). Imol .(19.3 g3)
mol 197¢ cm

atoms
3

02 molec?les _50%10%

cm m
+  Assume the distance between atoms is d = (5.9 x 10 )_1/ '=26%107(m)
-7
andthereare ,,_ _6x10"m _ 2300 (atoms)

=59x%1

- 26%x10"m
Thisgives () =+2300(0.016")=0.8"

total
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Rutherford’s Atomic Model

» <0>,,,~0.8779=6.8° even If the & particle scattered
from all 79 electrons in each atom of gold

Y

» The experimental results were inconsistent with
Thomson'’s atomic model.

« Rutherford proposed that an atom has a positively
charged core (nucleus) surrounded by negatively
charged electrons.
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Assumptions of Rutherford Scattering

1. The scatterer is so massive that it does not recoll
significantly; therefore the initial and final KE of
the o particle are practically equal.

2. The target is so thin that only a single scattering
OCCuUrs.

3. The bombarding particle and target scatterer are
so small that they may be treated as point masses
with electrical charges.

4. Only the Coulomb force is effective.
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Rutherford Scattering

Scattering experiments help us study matter too
small to be observed directly by measuring the
angular distributions of the scattered particles

What is the force acting in this scattering?

There is a relationship between the impact
parameter b and the scattering angle 0.

qb O

When b is small, o ,

o0 ______:\_ ___\4’_/39____,/_’_/ ________
r gets small. NS
Coulomb force gets large. e
8 can be large and the particle can be repelled backward.
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The Relationship Between the Impact Parameter b and the
Scattering Angle

_____ y 04
Particles 4
3 \
) T 2 \—fAb Tmin (particle 4)
1 .

Scatterer

The relationship between the impact parameter b and scattering angle 0:
Particles with small impact parameters approach the nucleus most closely

(rmin) @nd scatter to the largest angles. Particles within a certain range of
impact parameters b will be scattered within the window A®6.
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Rutherford Scattering
 What are the quantities that can affect the scattering?
— What was the force again?

2
» The Coulomb force F = 1 ZlZZZe r
— The charge of the incoming particle (Z,e) drme, 1

— The charge of the target particle (Z,e)
— The minimum distance the projectile approaches the target (r)

» Using the fact that this is a totally elastic scattering

under a central force, we know that

. . — — —N
— Linear momentumis conserved p, = p, +p
- KEisconserved 1,2 =1, 41,
l2 o 2 af 2 n
— Angular momentumis conserved mr’@ = mv, b

+ From this, impact parameter »=_22_cot” = 222 _coi2

4me,mv’, 8ne,KE, 2
13
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Rutherford Scattering - probability

* Any particle inside the circle of area mby? will be similarly scattered.

Scattering
nucleus

« The cross section = 7b?is related to the probability for a particle being scattered by

> 2
a nucleus. nirth? = nnt( Z,Z,e C0t9] t: target thickness

8re,KE, 2 n: atomic number density

« The fraction of the incident particles scattered is
e target area exposed by scatterers

total target area

_ PN, Nt atoms

M . " em’
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* The number of scattering nucleiperunitarea nr
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Rutherford Scattering Equation

* |n an actual experiment, a detector is positioned from 6 to 6+
d 6O that corresponds to incident particles between b and b + db.

» The number of particles scattered into the the angular coverage
perunit area is ol 2 Y 272
N(Q) = Nt | € 2 2Z-1 Z42

16 \ 4me, ) r’K*sin*(60/2)
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The Important Points
. The scattering is proportional to the square of the
atomic numbers of both the incident particle (Z,)
and the target scatterer (Z,).

. The number of scattered particles is inversely

proportional to the square of the kinetic energy

of the incident partic
3. Fora scattering ang

e.
e 0, the scattering is

proportional to 4" power of sin(6/2).

. The Scattering is proportional to the target

thickness for thin targets.
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