
1

Radiation / Radioactivity / Radioactive Decay

Radioactive Particles  /  Common Isotopes 

Counting

History – Discovery of X-rays / Radioactivity  /  Nuclear atom

Radioactive Decay – particles, half-life and equations

Radioactivity – the Nuclear atom  / trip to the “Particle Zoo”

Nuclear Energy   - fission and fusion

Hackert – CH370

Common Radio isotopes  / C Isotopes – C-12 / C-13 / C-14

C-14 and radiocarbon dating

Counting:  Film  /  Geiger Counter  /  LSC  /  PI

Terms:  Radioactivity  /  Exposure  /  Dose

Goals for this unit:

Early History of the Nuclear Atom

Radioactive Decay – know common forms of decay

Balance decay reactions

Nuclear Energy – fission rxns. vs. fusion

C-14 dating  - Half-life and equations

Counting:  Understand the basis (+/-) of 

Film  vs.  Geiger Counter  vs.  LSC   vs.  PI

Terms:  Radioactivity  /  Exposure  /  Dose

Sept. 1895  - Marconi  (radio waves / wireless)

Nov. 8, 1895  - Rontgen  (discovery of X-rays)

Feb. 24, 1896 – Becquerel  (U luminesce”)

(Feb. 26, 27  - cloudy days)

(Mar. 1  - “radioactivity”)

1897 - JJ Thomson  (discovery of electrons)

1898 – Pierre & Marie Curie  (Po, Ra) 

1898 – Rutherford  (a and b radiation)

1902 – Rutherford (disintegration of elements)

1911 – Rutherford (Au foil exp.  /  nuclear atom)

1912 – von Laue  (X-rays as waves)

1920 – Rutherford (predicts neutron)
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I  =  I   eo

- l t Rutherford – quantitative 

measurements
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Protons and Neutrons are both made up of 

Quarks.  In the Quark Model the only difference 

between a Proton and a Neutron is that an “up”

Quark has been replaced by a “down” Quark.
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http://www.ps.uci.edu/~superk/particles.html

The electron neutrino (a lepton) was postulated in 1930 by Fermi to avoid a 

violation of conservation of energy and momentum during beta decay.  It was 

not experimentally observed until 1953. It is thought that neutrinos left over 

from the Big Bang are the most abundant particles in the universe.  Solar 

neutrino flux is estimated at 5,000,000 /cm2/s. With no charge and almost no 

mass, the mean free path of a neutrino in matter is about 22 light years in 

lead!!!!  “Solar neutrinos shine down on us during the day, and shine up on us 

during the night.”

http://www.ps.uci.edu/~superk/particles.html
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8:15 am / August 6, 1945

“Little Boy” – 130 lbs U-235
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Nuclear Fusion  - Hydrogen Bomb Characteristics of Biologically Significant Isotopes

I  =  I   eo

- l t
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Common Isotopes of Carbon

Relative abundance of these 

isotopes in atmospheric CO2

C12 - 98.89 % 

C13 - 1.11 % 

C14 - 0.0000000001 %

1.  What is a “half-life”

2.  Where does carbon-14 come from?

3. How is radiocarbon dating done?

What assumptions must we make?

C-14 Dating What is a “half-life”?

A/A   = exp(-kt)o
So, when half of the sample is gone:

A/A   = ½   or  A   /A = 2

ln(2) = k * Half-life 

Half-life = ln(2)/k = 0.693/k

o o
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Carbon-14 Decay

Half-life of C-14 is ~5730 years

Where does carbon-14 come from?

As long as an animal / human is alive, 

the percentage of C14 present in his 

body is the same as that in the 

atmosphere. This is because the food 

that we eat ultimately comes from 

plants. And carbon present in plants is 

produced from atmospheric CO2 during 

photosynthesis. 

However when a plant / animal / 

human dies, intake of carbon ceases. 

C12 and C13 being stable remains, but 

C14 decays. Thus by measuring the 

amount of C14 left, the age of a fossil is 

computed. This computation is based 

on the assumption that the amount of 

C14 present in the atmosphere has 

remained constant.

http://nobelprize.org/nobel_prizes/chemistry/laureates/1960/libby-lecture.html

http://nobelprize.org/nobel_prizes/chemistry/laureates/1960/libby-lecture.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1960/libby-lecture.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1960/libby-lecture.html
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Complications

The simplified approach described above does not tell the whole 
story, There are two principal sources of error:

1. The original half-life of carbon-14 measured by Libby has not 

withstood the test of time.  The currently accepted half-life of this 
nucleus is 5730 years, Libby's measurement of 5668 years is still 

used (for consistency) in calculations.
(can correct for this with math)

2.  Over time, the abundance of carbon-14 in the atmosphere has 

undergone variations.  These result directly from fluctuations in the 
flux of cosmic rays, burning of fossil fuels and atmospheric testing of 
nuclear bombs in the period following WWII.

????????

Solution:

Measure C14/C12 ratio in samples of

KNOWN ages. 

Plot ratios v. age, use these for calibration.

Allow for uncertainties in all measured

C14/C12 ratios.
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Forensic  Uses

Radiocarbon Dating of the Human Eye Lens Crystallines 

Reveal Proteins without Carbon Turnover throughout Life

Niels Lynnerup1*, Henrik Kjeldsen2, Steffen Heegaard3, 

Christina Jacobsen1, Jan Heinemeier2 2008

Lens crystallines are special proteins in the eye lens. Because the epithelial 

basement membrane (lens capsule) completely encloses the lens, 

desquamation of aging cells is impossible, and due to the complete absence 

of blood vessels or transport of metabolites in this area, there is no 

subsequent remodelling of these fibers, nor removal of degraded lens fibers. 

Human tissue ultimately derives its 14C content from the atmospheric carbon 

dioxide. The 14C content of the lens proteins thus reflects the atmospheric 

content of 14C when the lens crystallines were formed. Precise radiocarbon 

dating is made possible by comparing the 14C content of the lens 

crystallines to the so-called bomb pulse, i.e. a plot of the atmospheric 14C 

content since the Second World War, when there was a significant increase 

due to nuclear-bomb testing. Since the change in concentration is 

significant even on a yearly basis this allows very accurate dating.

Counting  Radioactivity

1) Film

2) Geiger Counter

3) Liquid Scintillation Counters

4) PhosphorImager

Efficiency of counting:  It is relatively easy to detect gamma 

rays emitted from isotopes such as 125I with LSC, so efficiencies are 

usually over 90%.  With 3H, the efficiency of counting is much lower, 

often about 40%.

Errors in counting: Poisson distribution 

Counting errors and the Poisson distribution

The decay of a population of radioactive atoms is random, and therefore subject to a sampling 

error. For example, the radioactive atoms in a tube containing 1000 cpm of radioactivity won't 

give off exactly 1000 counts in every minute. There will be more counts in some minutes and 

fewer in others, with the distribution of counts following a Poisson distribution. This variability is 

intrinsic to radioactive decay and cannot be reduced by more careful experimental controls.  

So long as the number of counts, C, is greater than about 50 you can calculate the confidence 

interval using this approximate equation:

The Poisson distribution explains the advantages of counting your samples for a longer 

time. For example, the table below shows the confidence interval for 100 cpm counted for 

various times. When you count for longer times, the confidence interval will be narrower.

1 minute 10 minutes 100 minutes

Counts per 

minute (cpm)

100 100 100

Total counts 100 1000 10000

95% CI of counts 81.4 to 121.6 938 to 1062 9804 to 

10196

95% CI of cpm 81.4 to 121.6 93.8 to 106.2 98.0 to 

102.0
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Hans Geiger worked as a lab tech for Rutherford for 5 years counting 

subatomic particles in a dark room using a screen and a microscope!

Geiger moved from England to teach in Germany in 1907 and quickly he 

perfected an automatic way to count these particles (tic tic tic tic ….).

Liquid Scintillation Counting
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Photomultiplier Tubes

PhosphorImager
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Since nuclear radiation affects people, we must be able to measure 

radioactivity. We also need to relate the amount of radiation received by the 

body to its physiological effects. Two terms used to relate the amount of 

radiation received by the body are exposure and dose. 

Radioactivity

Original unit - amt of radioactivity was the curie (Ci) - activity of one gram of radium-226. 

Today 1 curie = 3.7 10+10 radioactive decays per second [exactly]. 

International System of Units (SI) the becquerel (Bq) has replaced the curie, where

1 becquerel = 1 radioactive decay per second = 2.703 10-11 Ci.

The magnitude of radiation exposures is specified in terms of the radiation dose.

Exposure:

Roentgen - It is the amount of radiation required to liberate positive and negative charges 

of one esu of charge in 1 cm*3 at STP.  This corresponds to the generation of approximately

2.08×109 ion pairs.

Dose: There are two important categories of dose:

1. Rad: radiation absorbed dose, also known as the physical dose, defined by the amount of 

energy deposited in a unit mass in human tissue. The original unit is the rad [100 erg/g]; it is 

now being widely replaced by the SI unit, the gray (Gy) [1 J/kg], where 1 gray = 100 rad.

2. Rem: The Roentgen equivalent in man or biological dose or dose equivalent, expressed 

in units of rem or, in the SI system, sievert (Sv). This dose reflects the fact that the biological 

damage caused by a particle depends not only on the total energy deposited but also on the 

rate of energy loss per unit distance traversed by the particle (or "linear energy 

transfer"). (Q ~ 1 for gamma or beta; ~ 5 protons; ~ 20 for alpha particles.)

1 Sv = 100 rem. 1 rem is the average dose received in 3 years of exposure to natural 

radiation. 

Although a dose of just 25 rems causes some detectable changes in 

blood, doses to near 100 rems usually have no immediate harmful 

effects. Doses above 100 rems cause the first signs of radiation sickness 

including:

nausea 

vomiting 

headache 

some loss of white blood cells 

Doses of 300 rems or more cause temporary hair loss, but also severe 

loss of white blood cells, which are the body's main defense against 

infection, makes radiation victims highly vulnerable to disease. Radiation 

also reduces production of blood platelets, which aid blood clotting, so 

victims of radiation sickness are also vulnerable to hemorrhaging. 

Half of all people exposed to 450 rems die, and doses of 800 rems or 

more are always fatal. Besides the symptoms mentioned above, these 

people also suffer from fever and diarrhea. As of yet, there is no effective 

treatment--so death occurs within two to fourteen days.

600 R = 100% dead 

within 2 wks

400 R = 50% die 

within 2 weeks

200 R = radiation 

sickness (hair loss)

50 R = no fatalities


