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Add the puppies.

T hraw in
the intern.

After years of experimentation, scientists remain dubious about
whether there really IS such a thing as the Cute Particle.


http://www.freethunk.net/nickkim/nickkim.php

Length scales " s

Glucose
molecule

Cytoplasm

Ribosomes
Nucleoid (DNA)

Plasma membrane

Cell wall

10_8 m 10_7 m

Capsule

Antibody Virus

Flagellum 10_6 m

Bacterium




Cell Diagram
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Nuclear membrane
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Where respiration takes
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Gamma-ray emissions

~ X-ray emissions

- 50,000 lightyears
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The size of an atom

nucleus
neutron

=

electron

Earth diameter
= 12,756km

Marble diameter =

3.6cm
3 Atomic diameter is
1.2756 x10’ about 1 Angstrom
_2 ~ 4.4)(1025 - 10—10m .
3.6x10
-2
Volume of Earth in marbles 3.6x10

4.7 x10%

22

1x107%

There are as many Number of atoms in a marble

atoms in a marble as an
Earth made of marbles!
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Mostly
empty
space!

Atomic mass and density

nucleus

m. =9.109x10*'kg
m, =1.673x10*'kg
m =1.675x10"kg

neutron

=

electron

1.673x10?'Kg
57T X (% x107" )3
Anders Angstrom D= 3,200 kgm3

1814-1874

Yo,

Pocer ©1,000kgm™

Y

107"0m
This is one Angstrém
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Higgs boson discovered
at CERN in July 2012

All particles are within
the Higgs field.
Interactions with it confer
mass to certain particles.

Peter Higgs
1929-



When particles such as protons collide,
a plethora of other particles (i.e.
hadrons or leptons) are formed.

The trajectories of these particles
can be used to infer the mass and
charge of these particles

At CERN, particles (such as
protons) are collided at very high
energies. The high energies are
achieved via acceleration using
electric fields. Enormous*
voltages are used!

Magnetic fields are used to

steer the particle beams in the
circular beamlines

* 1012 yolts




The Standard Model of
Particle Physics

Fermions are
particles with half-
integer spin

They obey the Pauli
Exclusion Principle

Matter

Quarks (spin 1/2)

Name | Flavour | Mass Charge (e)
(GeV/c?)

up u ~ 0.35 +2/3
down d mq & my, -1/3
charm c 1.5 +2/3
strange s 0.5 -1/3
top t 174(45) +2/3
bottom b 4.5 -1/3

Hadrons (made from quarks)

Mesons (quark +
anti-quark pair)

Integer spin

Leptons
Spin half
Lepton | Charge | Mass Mean life (s)
(MeV/c?)
Ve 0 < 15eV/c? | stable
vy 0 < 0.17 stable
B 0 < 18.2 stable Baryons
e +1 | 0.511° stable (three quarks)
[ +1 | 105.658° | 2.197 x 10~ Half-integer spin
T +1 | 1777.0(£3) | 290.0(£12) x 10715

proton = uud
neutron = udd

Mesons are also
Bosons as they have integer
spin. They don’t have to obey the
Pauli Exclusion Principle

Interactions between particles proceed via exchange of Gauge Bosons
e.g. photon, W*, W-, Z°, gluon, graviton(?)




mass —
charge —

spin -

=2.3 MeV/c?

2/3 u

12
up
=4.8 MeV/c?
-1/3 d
112
down

0.511 MeV/c?

@&

1/2

electron

<22 eV/c?
D
1/2 e

electron
neutrino

=1.275 GeV/c?

2/3 C

1/2

charm

=95 MeV/c?

-1/3 S

12

strange
105.7 MeV/c?
-1
1/2 ]'1
muon

<0.17 MeV/c?
D
112 H

muon
neutrino

=173.07 GeV/c?
2/3 t
1/2
top

=4,18 GeV/c?
-1/3 b
1/2

bottom

1.777 GeV/c?

1

1/2 [

tau

<15.5 MeV/c?
D
1/2 T

tau
neutrino

@

gluon

@

photon

91.2 GeV/c?
0

1

¢

Z boson

80.4 GeV/c?
£1

1

=

W boson

=126 GeV/c?
 H
0

Higgs
boson



leptons

K’u\

quarks

photon

Higgs boson

Standard model
interaction map weak bosons



A weighty puss indeed....

Forces

@“&;He
g-ﬁ# o°

Ql 'Y» - Electrical forces
Bl bind atoms together

to form molecules.

The strong and weak
forces bind the particles
together within the atomic
nucleus

Gravity acts
on all mass

Magnetic Lines
of Force

. - J Y N v“

;- Groups of atoms
Current Flow . .
result in the macroscopic

Mag nlet|sm 'S the glectncal force forces we experience (i.e. friction)
resulting from moving charge



Explaining Chemistry

Atomic Atomic N 2

Number Weight*

\ ¥ @ Cl

Metals like Na tend

1.01 s
ymbol to lose electrons.
|~ . J_HJ__L_LJ_ _____ IR IR
V' :Eg—get:{i“ke Cl 35 25 2p T a3 s
Name electrnngs | Losing 1 electron Gaining 1 electron
; drops Na back fills the stable 3s3p
Hydrogen to a stable 2s2p octet like the noble
1s' octet like the gas argon.
E|ectron / noble gﬂﬁ Neon.
Configuration** Sodium Chiorine
11 electrons 17 electrons
Dm|tr| Mendeleev Covalent radius 0.154 nm Covalent radius 0.098 nm
1834-1907 Hydrogen Atom

Wolfgang Pauli
6 protons (o) 1900 — 1958

+ 6 neutrons
]

Q electron ‘;5/

@ proton ﬁ
o neutron
Carbon atom ’23/(

»




Group
1

Periodic Table of the Elements

18

la 0
Period T4 101 ' Alkali Metals . Lanthanide Series ciomic Alomic 4.00
= Number Weight'
1 H 2 I Aiaiine Earth Metals [ Actinide Series 13 14 15 16 17 H e
Hydrogen . 1.01 Helium
1o lla Transition Metals r Halogens 1 —symbol Illa IVa Va Vlia Vila s
6.94 ' H 5 1081|6 12.01|7 14.01| 8 16.00 19.00 20.18
= Non-metals Inert Gases Name_|
2 L I Hydrogen B C N 0 F N e
Lithium llium ’ Other Metals 1s! Boron Carbon Nitrogen Oxygen Fluorine Neon
15725 187287 Electron 2257 15725%p? 1528%p° 1s2287p* 15257p* 1525
22.99 Configuration** 280915 309741 3207 ﬁ 35.45 39.95
Sodium gnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
[Nej3s' [Ne]3s? ” Ib IVb Vb Vlb VI Ib < VI I Ib > Ib I I b [Nej3sip’ [Neja: [NeJ3sip* [NeJ3sip* [NeJ3stp* [NeJ3sp*
39.10 21 4496|292 4787|223 5094|2924 5200(25 5494(2@ 5585(27 589328 586929 635530 6539 33 7492|134  78.96 | h 79.90 | 36  83.80
4 | K Sc| Ti |V |Cr Mn|Fe|Co| Ni |Cu|Zn As | Se | Br | Kr
Potassium lcium Scandium Titanium i i Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
[Arl4s’ [Arjas? [Arj3d's? [Arj3d4s? [Ar)3d%4s? [Ar)3d%4s’ [ArJ3d"4s? [Arj3d*4s? [ArJ3d74s? [Arjad*as? [Arj3d"e4s' [Ar]3d"4s? [Arj3d " as7p' [Arj3d*4s’p? [Arj3d"eas?p® [Ar]3d"4s?p* [Ar)3d"4sp* [Arj3d"*4s?p?
7 8547 39 8891[40 9122 92.91 95.94 (43 (98) 101.07 102.91 106.42 |47 107.87 12.41 1 1.76 | 52 12760 |53 126.90 (54 131.29
Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Antimony Tellurium lodine Xenon
[Krj5s' [Krj5s® [Kr}4d'5s? [Krjdd?5s? [Krjad‘ss’ [Krjdd®5s' [Krjdd®5s? [Krj4d'5s' [Krj4d'5s' [Krjdd' [Krj4d"5s' [Krjad"*ss? [Krj4d 557" [Krj4d 55 [Krj4d °5s°p* [Kridd"*5s%p*
. 132.91 72 1784973 180.95|74 183.84 |75 186.21|7@ 190.23 |77 19222|78 195.08|79 196.97 (8( 200.59 85 (210) | 86 (222)
Cesium Barium ‘ Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Bismuth Polonium Astatine Radon
[XeJ6s' [XeJ6s? [Xe}4f 5765 [XeJ4f“5d°6s* [XeJaf“5d‘6s* [XeJ4f“5d°6s? [Xe}4f“5d6s* [XeJ4f*5d76s* [Xe}4f5d6s' [Xe}4f*5d"6s' [Xe}4f*5d"%6s* [Xelf“5d 6sp' | [XeMf5d"6s7p’ | [Xeaf“5d6s’p’ | [XeJdf“5d"%6spt | [Xeaf“5d'"6s’p* | [Xel4f5d"%6s’p°
4 (223) 104 (265|105 (268)|106 (271 (107 (2700|4108 (277)|109 (276)(110 (281)|4141 (280)|112 (285) £ 118 (294)
Francium ium Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium i i Copernicium Flerovium Ununoctium
[Rnj7s' [Rnj7s* [Rn}51 64775 [Rn]5f“6d°7s* [RnJ5f“6d‘7s? [RnJ5f“6d°7s? [RnJ5f146d°7s* [Rn]5f46477s? [Rn}5f*6°7s' [Rnj5f16d°7s* [Rn]5f“6d"°7s* [Rn]5f“6d"°757p* [Rnj51“6d'“7s7p* | [Rn]5f*6d"7s7p®
Aa -soiid ¢
Aa _Gas G Holmium Erbium Ytterbium Lutetium
[Xelaf6s® p(ewswssf [XeJaf"6s? [XeJaf“6s? [Xe]Ai“Gs’ [Xe]Af“Sd‘Ss’
Aa -Liquid :
g Synthetically [p) HJ] Am _C k Cf @ m cd] @ [r
@ = Prepared Actinium Thorium Protactinium Uranium Curium Fermium

[Rnj6d'7s?

[Rnj6d?7s*

[RnJ5F6d'7s?

[Rn]5P6d'7s?

[Rn]516d'7s?

[RnJ5F7s*

[RnJ5f'7s?

[Rn]5f6d'7s?

[Rnj5f7s?

[Rn]SFWs'

[Rn]si“7s7

[Rn57s*

[RnJ5f°7s*

[RnJsf7s*

|Rn151"7s27p

* Based on Carbon-12. (###) represents most
stable or most stable expected isotope.

** Some electron configurations are based on
theoretical expected arrangements.
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Each different type of
atom is called a Carbon 12 has;c Carbon 6
nuclide 12.01

e 6 protons

6 electrons
Atomic number (2) * 6 neutrons

= number of
protons. This
defines an element

The number of
neutrons defines an
iIsotope of an

Symbol element
Element _
name The atomic mass
Atomic (A) is approximately Iron 56 has:
number the number of
Atomic | Protons + the * 26 protons
mass number of neutrons » 26 electrons
but not exactly.... « 30 neutrons

Binding energy/



Alpha decay

—

radium-226 nucleus
(parent nucleus)

p = proton
n = neutron ( )

N

Beta decay

iodine-131 nucleus

decay
radon-222 nucleus helium-4 nucleus
(daughter nucleus) (alpha particle)
decay products
antineutrino
.
decay _ ==
\\\ —
®
xenon-131 nucleus electron
(beta particle)

decay products



log : O(half life /s) for isotopes

Relative decay rate of Carbon 14

180 ] 15 |
Time taken for ; Zo | half lives
160 I halfa Sample to o] § \\ <>
decay i £
140 i 10§M \
g N
120} [

L 5 0 1 2 3 4 5 6
time /years x 10*

100+ . _____________ |

The decay of atomic nuclei
IS a random process

0
o

Pt - The decay rate is

F oy proportional to the number

40! F ] of radioactive elements in a
e ey _5 Sam p|e

0)
o

Number of neutrons (A-Z)

20/ gl _

0 50 100 10

Atomic number Z




Antoine Henri
Becquerel
1852-1908
Spontaneous
radioactivity

in Uranium salts

Marie Curie
1867-1934

Theory of radioactivity
Isolation of isotopes

180

160

140

RN
N
()

100

oo
o

o)
o

Number of neutrons (A-Z)

N
o

20

0 50 100
Atomic number Z

Decay mode of nuclides

Stable
ol

B+
B_

other




electrons Good

to pass
through ~ metals water

them ~ especially:  human body
silver earth

copper
aluminium

~Atom

Poor

Good

Conductoré thermal
when hot = carbon conductors

insulator

W h e n C O I d \ : . o b o P e B diaP e o
- Semiconductors

electron

~ silicon germanium

nucleus: Electrons ~ plastics glass
tightly held by e.g: -~

m
atoms, but PV dry air

can be
transferred by polythene

rubbing Perspex ~




0,0°0.0 0%
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Metal aloms Sea of delocalised electrons

Plastic wire
insulator

Metals are good conductors as electrons
can move easily within them

Insulators (such as plastics) are often polymers
formed from a network of covalent bonds. It is

much harder to extract electrons from them!

The electrons experience a force of attraction from

both nuclei. This negative - positive - negative Copper wire.
attraction holds the two particles together . .
metallic bonding

of atoms so a
good electrical
e:’ "‘*_;e (and heat)

conductor

Electron cloud
(Megafive)

This attraction is called a chemical bond
one pair of electrons constitutes ONE bond




Nonpolar covalent bond

Bonding electrons shared
equally between two atom:s.
No charges on atoms.

(b) (c)
o+
Polar covalent bond lonic bond
Bonding electrons shared Complete transfer of one or more
unequally between two atoms. valence electrons.

Partial charges on atomes. Full charges on resulting ions.



Ballocns and Static Electricity (1.16)
File Help

Charge Display

"1 Show no charges

(") Show charge differences
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balloons_en.jar

‘Walking a can’ with a charged polythene rod

Placing the negatively charged
rod near a metal can will cause
the lightly held electrons on it
to be repelled, leaving a net
positive charge.

The positively charged can will
therefore roll towards the
negatively charged rod.

Rubbing a polythene
rod transfers
electrons

to it. Polythene is an
insulator so the
charge remains on
the surface (rather
than flowing to
ground if it were a
conductor).



Walking a can.MOV

Unit of charge

‘The SIunit of charge is the coulomb (C). It is equal to the charge on about

6 million million million electrons, although it is not defined in this way. One
coulomb is a relatively large quantity of charge, and it is often more convenient
to measure charge in microcoulombs:

1 microcoulomb (uC) = 106C (one millionth of a coulomb)

The charge on a rubbed polythene rod is, typically, only about 0.005 uC.
Charge on the electron is -e

e=1.602x10"C

1 amp means 1 coloumb of
charges flows per second

Q charge
— t | current Charles-Augustin de Coulomb
t time 1736-1806




| £ John Travoltage (1.09)
File Help



travoltage_en.jar

terminals
electrons

filament

When switch is OFF
(open), gap stops
electron flow

—_— |, —

l
1 amp means 1 coloumb of |
charges flows per second

A reading reading A
2A 2A
1
electron

flow



copper nail

lemon k

LED bulb

zinc nail



*German School Teacher

Georg Ohm*
1789-1854



ohms-law_en.jar

component in the loop, otherwise charge

V ‘ | The same current must flow through every
|
‘ would be created or |ost!

R Apply Ohm’s law to
1 —
: V — I R entire series loop. R is
the total resistance
- V,=1R
Apply Ohm'’s law to
V . I R each resistor in turn
2 2
V . V V The applied voltage V must be divided across the
— V1 + 2 resistors, since this relates to the total energy
supplied per unit charge moved

e IR=1IR + IR,
.. R — Rl + R2 so series resistors add




I R Apply Ohm'’s law to
entire circuit. R is the

total resistance

L — Apply Ohm’s law to
V=1LR

each resistor in turn.
1 @ Same electric field across
|, V — I R each loop, so same
R 2" "2 voltage dropped across
I 2 the resistors

Current is assumed to be
@- contained within the I — I I 5

=
<
|

\

circuit, hence: 1

IR=V /R +V /R, 1

Kirchoff

Therefore:

so parallel resistor loop

— |
— |
R R1 R2 resistance reciprocals add




Newton’s law of universal gravitation

states that the gravitational field strength at a
distance R from a spherical object is proportional to
the mass contained within a sphere of radius R
centred on the object and inversely proportional to R?

g= GM G =6.67 x 1011 m3 kg1s2
R2
s, T If a planet has uniform density p M = %72' R® o,
s G
— 6 . 0=—=27R? P e
Rmoon 1.737 X:2|.O m g R2 3 p iRearth — 6371)(106 m :
=1.63ms’ | |
gmoon p— g = iﬂGpR igearth = 981mS ? :
P = 3359 kgm3 3 ! 3 |
.. p=5511kgm~
R =1.737x10°m
Groon =1.63Ms? |
- p=3350kgm® |

Isaac Newton
1643-1727




Isaac Newton

(1642-1727) developed

a mathematical model of
Gravity which predicted the
elliptical orbits proposed by
Kepler

Planet and Solar

osf  / e &

\\ .
05} \ N -
\ L

Sun
Mercury
Venus
Earth
Mars

masses \ s
& 1 L /
Force of . GMM o) —
gravity B r? 4 05 o 05 1
113 1 Semi-major
G =6.67x10"m’kg"s 2a < axis
M
a(l — 5‘2 ) Polar Semi-
F = equafcion minor GMM
1+ecos@ ofelipse ais N\, | r F=—r:
2b| | 0 * I

Eccentricity of
ellipse

2 4r® 3
= a
GM+M,)

Orbital
period P




z /AU

Gravity sim: M,/M,, = 0.2. t = 0.43 years.

10

Gravity sim: M1,"I\/’I2 =02.t=279years.
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Gravity.wmv

Topics to reflect on:

Length scales. Size of an atomic nucleus, atom, molecule, virus, bacteria, cell,
human, county, country, Earth, Star, Solar System, Galaxy, Universe!

Atoms, electrons, neutrons, protons, quarks ...
Forces: Nuclear (strong, weak), Electrical, Gravity
Periodic table. Atomic numbers. Radioactivity
Electrical forces, charge and electricity

Effects of gravity and orbits

Depending on your course, we may
not cover all of these. Review the
topics you did meet. If you have time
to spare, read on!



