Discovering the Subatomic World - 02

. TOPHAT The “join code” is 08724

To participate in the cell phone polling,

Text to (315) 636 -0905 the four digit code for each
question followed by the response.

- Which of the following best describes you?
a.) math teacher

sics teacher

¢ teacher (not-physics)

e.) other
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Minicoursé Outline
1.) The electron

2.) The atomic nucleus

3.) and Beyond!
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Our Approach

- How do we know what we know?

More experimental than theoretical

Somewhat hist_orical
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Things we know about the atomic
nucleus

'1.) The nucleus is small
2.) The nucleus is massive
3.) the nucleus is positively charged

e nucleus contains protons

an
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Victor Weisskopf — Oil drops on water

o [ mm? oil drop

> 3 m? oil film

~Jolume/area = 0.3 nm = 3x10"19m

* thickness of an atom 0.3 nm
isskopf, Knowledge and Wonder, 1979
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Models of Atoms:
a.) Thompson’s “Plum Puddmg model

Positively charged
- “blob” of matter.
(pudding)
ve” sprinkled throughout,
like raisins in a

Ernest Rutherford —
“Can we examine the posmve charge‘?”

* Radioactive elements (Radon) emit |
positively charged alpha particles (“He ions)

» Positive charges repel other positive charges

» Gold foil —
able -1 um or 10,000 atoms thick
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’ Microscope

Fluorescent
" screen

17

. tp:/ihyperphysics.phy-astr.gsu.edu/hbase/rutsca.himl
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Geiger and Marsden’s Experiment (1910)

Expect: slight

i  deviations
/——-—>

5
>

Experimyent: chance of recoil is ~10-4
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Ernest Rutherford (G & M’s adV1sor)

“It was qulte the most
incredible event that
ever happened to me
1n my life. If was as
mcredible as i1f you
15" shellata

hitp://kds. brkannica.com/elementary/at-19567 7/Ernest-Rutherford-was-a-
b a Ck an d central-figure-in-the-study-of

11

* Most of atom s mass is
concentrated in a
dense, small “nucleus”

https://en.wikipedia.org/wiki/File:Stylised_Lithium_Atom.svg
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http://phet.colorado.edu/en/si
mulation/rutherford-
ttering
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Rutherford Scattering Formula

umber of projectiles scattered per
t.area into ring at 6

is\the target-to-detector distance
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TOP HAT

For a particular Rutherford scattering
experiment, 3144 alpha particles scatter
into a detector placed at 30°. How many

cattered into an identical detector
160° ?

Ans: 15
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Derivation/Digression

S

Images hpired by Thornton and Rex, Modern Physics, 4® ed. Brooks Cole .
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All of these will
scatter at an angle
greater than &
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/]

Image froty Thorrifon and Re

Modem Physics, 4® ed. Brooks Cole

= experimental points
for silver

i

theory for Z = 60

i

theory for Z = 47

\\ \.. i st e i v ' 20
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logig An

® = experimental poings
for sitver

e theory for £ a 47

=144 ¢eV -nm
Discove 4”80 , 21 -

- «If K, is large enough,
it can breach the

..;.......:::'_f.f.'.'.'.'.'i‘ - Rutherford’s formula
Y. faiIS-

Discovering the Subatomic World 22




Discovering the Subatomic World - 02

T IO

e,
4

*Scattesd irtencity ot 60° Uelatve Uity 0

’ Sl b b n ol o
E i 10'15 20 25 3068600 40" »45_»

a-particieenergy (Mov) -

.- Figure 3,41 The breakdown of the Rulherford oring formula; When' the -
-Incldent & parlice. gels close eriough to the target Pb. nucleus: so that: thaycan
. Interact through the nuclear forca (In 2ddition 16 ujomb forca that acls whén: -
.they are far apart) the Ruitherford formula no longer holds, ‘The'point at which this:
reakdown occurs gives a measure of the size of th nucleus: ‘Adapted from a
of & particle soattering by R. M. Elsbarg and'C. . Porter, Aev. Mod. Phys. 23

3, 1801961).

Limitations If K , is large enough,
o it can breach the
- @ nucleus. In that case

...... B ’ Rutherford’s formula
fails.

*Used to determine nuclear radius!
= —2-m ava = -
dre, d_,

min

62

=144¢eV -nm
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K = e Zl (Zz)
dre, d_.
_ e Z(Z)
" dzge, K
RN
\dmin =(1.44¢eV - nm) 2(826)
27x10°eV
\\\D dmin = 8.8 % 10_6 nm

Moral: Geigér and Marsden
experiment agrees with
Rutherford’s Model:

Dense, positive nucleus at center of
the atom

bagmeter of an atom < 3x1071m

r of a nucleus< 10x10~®m
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Radius of atomic nuclei

Discovering the Subatomic World 27

Q
%,

Alpha tracks in a cloud chamber
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Observation — mass of nucleus (A)
is just about twice atomic number

(Z)
Possible (wrong) model for Helium 4:

‘ 4 protons and 2 €’s

Discovering the Subatomic World 29

Recall deBroglie
Wavelength

For an e- confined in a few fm, kinetic
energy is hundreds of MeV

~ (relativistic calculation!)

No mechanism for such large energies

other considerations (spin, nuclear

Discovering the Subatomic World 30
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1932 — James Chadwick
“discovers” the neutron

http:/Avww.

* E and B fields have no
(um.. little) effect on the
‘neutron ’

Discovering the Subatomic World 31

H Neutrons

-/
< Polonium

Berylli
[™e._ (o source) eryiim
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=)
l—l Neutrons rotons

A -
/ lonization Y
‘i“ Polonium Bery"ium Chamber
[Te (o source) : Paraffin

1932 \\Urene and Frederic Curie-Joliot
measurey S\ MeV protons

Discovering the Subatomic World 33
Protons 4
R — He + Be produces
g BN } uncharged radiation
\ lonization |

Chamber
Polonium Berylium
(o sSource) Paraffin

Could it be a gamma ray?
* The gamma ray could Compton scatter
' rotons from the paraffin

. ch.a gamma ray would have to be
in energy — too much energy

Discovering the Subatomic World 34
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Nourons P1O1MS Chadwick assumed

_‘[., | Tl neutral particles with
g I } mass near mass of a
fonization
Polonium Beryllium Chamber p rOton
(« source) Parafiin

Elastic scattering (nearly head-on)

- @ @
3
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Elastic scattering (nearly head-on)

TOP HAT

For this head-on elastic collision between
objects of the same mass...

a) KEgreen> Kefed '

KE,. . L <KE,.,;

green

KE of n~ KE of p
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Mass-energy is conserved...

2 2 2 2
K,+myc” +myc” =K. +mc”+K, +mc

x-component of momentum is conserved...

/

paxzpr-}-an.‘.

m,, can beNdetermined

Discovering the Subatomic World

Feb., 1932 — “The Possible
Existence of a Neutron”

May, 1932 — “The Existence
of a Neutron”

38
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Nuclear Structure and Properties

Atomic Nuclei
— collection of protons and neutrons
- nucleons

Z — atomic number
number of protons

N — neutron number

Discovering the Subatomic Womuia s

Isotopes
—nuclei with same Z and different 4 and N

example 161 C 162 C 163 C

Discovering the Subatomic World 40
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Why is the nucleus bound-at all?

31, =1.90 x10™ 5 m

“He
Coulomb repulsion of the protons:
1 e’
| Ame, 1’
(9 x10°N = J(l 6x10"Cf I =64 N
(1.9x10m)

\\ \stcovermg the Subatomic World 41

‘Why is the nucleus bound at all?
' 64 N doesn’t sound so big...

4

Gravitational attraction of the
protons:

[6 67 101 N j(1.67x10“27kg)2
kg®) 1.9x105m)

=515x107¥N

Discovering the Subatomic World 42
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Why is the nucleus bound at all?
F repulsion is HUGE!

electric

“‘He . '
New force needed to bind nucleons

Strong Nuclear Force

Discovering the Subatomic World
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Four Fundamental Forces

5% i B

ntauri.info/fundamental_forces.html
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/1

/

THERE. ARE. FOUR
FONDAVENTAL FORCES
BETJEEN PARTICLES:
() GRAATE JHICH
OBEYS THIS INVERSE
GRUARE. LAW:

(5ot

% .
W

@ FLECTROVAGNETINY
WHICH 0BEYS 7715
INVERSE-SQUARE LAW:

Fnd‘n. = ke %q{‘

AND BLSO
WALy
}

ALSO WHAT?
\_;:

(B TE SmoNG NILERR
FRE, \MiCH ?eevs; ...

...\JEU? UMM.».

.».IT HoLDS PROTONS AND
NEUTRONS TOSETHER.

/

I SEE,

\f

N

IS STRONG.

1D () TIE £IAK RRLE IT

[PonBLE VIOMBLE] RADIORCIVE

DECAY (Homste MUMBIE]
THATS NOT A SENTENCE,
YOU JUST SAID ‘RADIO~

~AND THOSE ARE THE
PR FOMAMEYTAL
FORCES!

\% |

http://imgs.xkcd.com/comics/fundamental_forces.png
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Strong Nuclear Force

* Strong at short distances
* Negligible above atomic distances
* Only affects some particles (not €°)

Discovering the Subatomic World
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Radioactivity
Discovered by Henri Becquerel (1896)

Spontaneous emission of radiation by
atomic nuclei

Three types of radioactivity
Alpha(o)  Beta (B) Gamma (7)

exnuclei.

esore’ts High E

positron (&) photons

Discovering the Subatomic World 48
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Photographic
plate

Radioactive
source

. 49

© 2005 Beooks/Cols « Thumson

Shielding
o — stopped by a few sheets of paper

B — stopped by a few mm of Aluminum

v — stopped by cm of lead

Discovering the Subatomic World : 50
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Alpha (o)

A A-4 4
/ 1

Parent Daughter

nuclei ~  nuclei

ications — smoke detectors,
pasemakers, Mars exploration...

Discovering the Subatomic World g 51

‘Beta (B)

A 4 - =
X >, Y +e +v

26
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4y 4 - =
;X 2 Y +e +y

~ Anti-neutrino

7]

A A n
X >, Y +e +/‘V

Neutrino
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Gamma (y)

ﬁX*—aﬁXﬂ(

Applications —Sterilizing by irradiation,
CT scans, ...
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Nuclear decay rate

Number of
Decay radioactive
constant nuclei in a

sample
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N is decreasing

\\ \Discoven'ng the Subatomic World 56
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Decay rate (Activity) | NN“)
R= N = N,Ae ™™
dt

R=Re™| ¥

. . . ©2005 Brocks/Cols « Thomson
Discovering the Subatomic World
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Half-life (T, ,)

[N,

— AT,
, | — Noe 1/2
12

2 — e"f‘/lTl/z

- " In2

NTIM :T
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(®) TOP HAT |

The mean life of a particular isotope is 84 Ar.
The initial activity of this isotope at # = 0 is
68 uCi. How many nuclei will decay in the
time interval from ¢, = 3 hrto t, = 9 hr?

1Ci =3.7x10"decays/ sec

5.06 e+10
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+ Thoemen
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BN

Discovering the Subatomic World
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