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Let’s Agree on Notation

𝒁𝒁
𝑨𝑨𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵±𝒒𝒒

A – Atomic mass 
(number of nucleons)

Z – Atomic number 
(number of protons)

q – Charge (zero if 
not an ion)

𝟓𝟓
𝟏𝟏𝟏𝟏𝑩𝑩 + 𝟏𝟏

𝟏𝟏𝒏𝒏 → 𝟑𝟑
𝟕𝟕𝑳𝑳𝑳𝑳 + 𝟐𝟐

𝟒𝟒𝑯𝑯𝑵𝑵 + 𝑸𝑸

is the same as…

𝟏𝟏𝟏𝟏𝑩𝑩 𝒏𝒏,𝜶𝜶 𝟕𝟕𝑳𝑳𝑳𝑳
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An Aside: Boron Neutron 
Capture Therapy (BNCT)

© Sumitomo Heavy Industries, Ltd. All rights reserved. This content 
is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use.
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Explaining BNCT

• Why 30MeV
• Look up (p,n) cross sections on JANIS

• Why beryllium?
• Think about nuclear reactions

• How does the boron only get into cancer cells?
• Think about the “blood/brain barrier”

• Why was boron selected for the therapy?
• Think about range and energy loss of radiation



22.01 – Intro to Ionizing Radiation Mass and Stability, Slide 5

Reading the KAERI Table

© INSPIRE. All rights reserved. This content is excluded 
from our Creative Commons license. For more information, 
see https://ocw.mit.edu/help/faq-fair-use.
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Explaining Terms

• Atomic mass

• Excess mass

• Binding energy

1 AMU = 931.49 MeV

1 amu 1.660540 x 10-27 kg 1.000 u 931.49 MeV/c2

neutron 1.674929 x 10-27 kg 1.008664 u 939.57 MeV/c2

proton 1.672623 x 10-27 kg 1.007276 u 938.28 MeV/c2

electron 9.109390 x 10-31 kg 0.00054858 u 0.511 MeV/c2

∆= 𝑴𝑴−𝑨𝑨 What does “excess mass” really mean?
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Let’s Try Some Examples

Calculate the binding energy of:

32S

33S

48S
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Nuclear Reaction Energies

𝟓𝟓
𝟏𝟏𝟏𝟏𝑩𝑩 + 𝟏𝟏

𝟏𝟏𝒏𝒏 → 𝟑𝟑
𝟕𝟕𝑳𝑳𝑳𝑳 + 𝟐𝟐

𝟒𝟒𝑯𝑯𝑵𝑵 + 𝑸𝑸Let’s look at
BNCT again…

How do we find Q?

Conserve mass and energy, of course!

Method 1

Use masses

Method 2

Kinetic energies

Method 3

Binding energies
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Binding Energy Curve 
http://ictwiki.iitk.ernet.in/wiki/index.php/The_LDM_a

nd_Semi-empirical_Mass_formula 

© Monika Patial & Dr. A.K. Jain. License CC BY-NC-ND. This content is excluded from our
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.
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Binding Energy Curve 
http://ictwiki.iitk.ernet.in/wiki/index.php/The_LDM_a

nd_Semi-empirical_Mass_formula 
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Binding Energy Curve 
http://ictwiki.iitk.ernet.in/wiki/index.php/The_LDM_a

nd_Semi-empirical_Mass_formula 
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The Liquid Drop Mass Formula

Also called the “semi-empirical mass formula”

Derive and explain on the board
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Semi-Empirical Mass Formula
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Stability Trends 
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The Number of Stable Isotopes for each Element or Proton Number Z

Image by MIT OpenCourseWare.



22.01 – Intro to Ionizing Radiation Mass and Stability, Slide 15

Stability Trends 
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Neutron Number, N
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Stability Trends
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Mass Parabolas – Plotting Stability
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An Island of Stability?
Y. T. Oganessian, K. P. Rikaczewski. Physics Today, 32-38 (Aug. 2015).

Figures © AIP Publishing LLC. All rights reserved. This content 
is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use.
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An Island of Stability?

How are superheavy elements synthesized?

Y. T. Oganessian, K. P. Rikaczewski. Physics Today, 32-38 (Aug. 2015).

© AIP Publishing LLC. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use.
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An Island of Stability?

How are superheavy elements detected?

Y. T. Oganessian, K. P. Rikaczewski. Physics Today, 32-38 (Aug. 2015).

© AIP Publishing LLC. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use.
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