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Physics Masterclass

Creating a world-leading nuclear physics programme that empowers
teachers, schools, young people, and the nuclear physics research
community.
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Rutherford Model e ©
The Structure of the Atom o
We now understand atoms to be made of protons (positively charged particles), neutrons Qo @ Electror
(neutral particles) and electrons (negatively charged particles). The protons and neutrons @ revvon
are at the centre of the atom in the nucleus, and the electrons surround the nucleus. e
The idea of the atom originated in Ancient Greece, where philosophers named the smallest building blocks of matter (=] © Frown
atoms. They believed that these were indivisible, solid particles and that differences in atomic shape and size gave rise Most of the mass of an atom is concentrated in its nucleus: protons and neutrons make up
to the different properties of matter. e most of the atomic mass. The mass of an electron is so tiny that it is often considered to Q
be insignificant )
Modern atomic theory then began in the early 1800s with chemist and physicist John Dalton. His idea of atoms was e o

very similar to that of the ancient Greeks - tiny, solid balls that could not be broken down into anything simpler.
However, as experiments advanced, our understanding of the atom also developed.

Following the discovery of the negative electron, and knowing that atoms were neutral overall, JJ Thompson proposed ®
the Plum Pudding atomic model. This saw the atom as a positively charged ‘pudding’, with negative electrons
embedded as ‘plums’ throughout. This model of the atom was disproved by an experiment completed by physicists

Rutherford, Geiger, and Marsden. Snden Eo T & Uﬂqerford chﬂ'enng
In the video below, Kayleigh Gates and Abby-Rhian Powell from the University of Glasgow explain more about the which was later disproved by

famous Rutherford experiment, and how the same technique of scattering is still used in cutting-edge experiments Rutherford's experiment Use the PHET interactive simulat Rutherford Scattering to investigate

today. 200, CC BY:54 4., via Wikimedia the plum pudding and Rutherford models of the atom:

Commons

1. Start by looking at the plum pudding model of the atom. What do you
notice ahout the path of the alpha particles through the atom? Is this what
was observed in Rutherford's experiment? Rutherford Atom

@ Scattering Expétiments and the Structure of the Atom () 3 2. Now look at Rulherfort!s model of the atom. What de you notice about the
= Watch Later  Share paths of the alpha particles in this case? You can change between a single

nucleus and muttiple atems using the icons in the top right corner of the
screen.

3. What do you ntice about the alpha particle's behaviour if you vary the
number of protons in the nucleus?

4. What do you notice about the alpha particle's behaviour if you vary the
number of neutrons in the nucleus?

Loginto

Fhysics and answer the question:
= Scattering and the Structure of the Atom
Watch on (€8 Youlube

Y l\yaics}fo'u work, Uk qut

Don't forget to log in to Isaac Physics!
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MUPSTRTRY A LR e Hove state o nuclear molecules Watch Later  Share Watch Later  Share

10-'¢ seconds is to 1 second what
‘ 1 second is to 300 million years ‘ ‘

‘ ‘ , Highjpertctning Tritium breeding
Materials
and fuel cycle

Lifetime: 10 seconds

120*
| 2

|
Supercgnduchng (o == ' Robotics in
magnetic

. ‘ # confinement | ” | fusion
o :
°Be v

Watch on 3 YouTube Watchon 3 Youlube
sW ow? (4] » @ What today’s nuclear physics contributes to tomorrow’s nuclear medicine (Y »
This is the full form ... Watch Later  Share WatchLater  Share
: : : From imaging to therapy _— L: '|
5 Check out this article in o
For imaging For treatment F o -

Symmetry magazine if
« Need an emission that can leave the + Need an ionizing particle that will

; - v you want to see'‘what body - y ray deposit a lot of energy > a & B
8 : s t rent sections of « Should not be harmful to the body * Energy es the depth of
W uation mean! & »High enough energy penetral h mm (B, full tumour)

to nm (q, few cells)

7
»No other competing decay
o « Co-emission of y rays

/ enables monitoring

Watch on (£8YouTube

Watch on (88 YouTube g b ©
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LEGO Chart Scatterer : 9 Garfima Ray Detection

Particle Zoo VR Headsets
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I'd call it...

Because...
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e 30,000+ young people and
members of public

e 56,000+ views online

e 375+ UGs, PGs, and
researchers trained

e 390+ teachers engaged

e 20+ partnerships with the
nuclear physics community
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Independent consulting, 1. Does Binding Blocks inspire, and
based on masterclass contribute to students wanting to
participation, feedback, study physics in the future?
and focus groups 2. Does Binding Blocks play an

Inspiring the Next Generation effective partin teaChmg .the
about Nuclear Physics concepts of nuclear physics and

Using The Binding Blocks Programme

developing confidence to talk
about the subject?

3. Does Binding Blocks help to
change people’s views on nuclear
physics?

An Independent Evaluation by Paul Rhodes Consulting
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Has the Nuclear Physics Masterclass made you more
or less likely to go to university?

T0%

64%

“I've found the masterclass to be a
thoroughly enjoyable experience...

Assuming this reflects some of the
ways of teaching at university, | am
more eager than ever to pursue it.”

6%

0%

40%

30%

20%

10%

2%

More likely Mo change Less likely

0%

W Pre-16 MWPost-16
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Before Masterclass — .
: “The inspiring course offering really
e 9 ”:] 10 Wanted togoto made me re-evaluate my options to
university consider studying physics.”
e 5/% wanted to study
physics

“The masterclass course as a whole

really made me find my love for physics
After Masterclass that I lost a while ago, and now | truly

e 65% were more likely to enjoy physics more than ever.”
take physics
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Students Teachers
e 9/% enjoyed taking partin e 100% rated 4 or 5
the masterclasses e 94 % curriculum relevant
e 93%rated4 or Soutof 5 e 92% likely or very likely to
recommend

Diversity of participants
“[The masterclass] gave me

e 48% female e |
opportunities to improve my subject

e 43% from ethnic minorities | inowledge and, consequently, the
quality of my teaching.”
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The Extent to Which Minds were Changed on Nuclear
Physics (2022)

50% 4804

oo 40% 36 510 10 419 “Before attending, | was under the
presumption that anyone who studied

30% Nuclear Physics is most likely going to
end up working in a nuclear power

o . plant, which is definitely not the case.”

- Hm —

6% 5%
A great deal Some A little Mot at all Megatively
chanlged my
Views
m2020 m2022 WOverall
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Work in partnership and
engage with training:
e Videos and online

activities e
e Physical resources s
e Webinars
e Online forum
e Mentoring
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Previous STFC summer schools
e 2019 STFC NP

e 2022 STFC NP

o 2023 STFC Astronomy

STFC Nuclear Physics Summer
School

e Durham University, August 2024
e Provide training to researchers
e Two 90-minute sessions on PE




=g;l
ik Binding
# | Blocks

aEm .II Bu ng]

physics-bindingblocks@york.ac.uk
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