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Sept. 1895  -  Marconi  (radio waves / wireless) 

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

Feb. 24, 1896 ï Becquerel  (U luminesceò) 

 (Feb. 26, 27  -  cloudy days) 

 (Mar. 1  -  ñradioactivityò) 

1897 - JJ Thomson  (discovery of electrons) 

1898 ï Pierre & Marie Curie  (Po, Ra)  

1898 ï Rutherford  (a and b radiation) 

1902 ï Rutherford (disintegration of elements) 

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

1912 ï von Laue  (X-rays as waves) 

1920 ï Rutherford (predicts neutron) 
1913 Braggs ï 1st crystal structure 
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 - l t Rutherford ï quantitative 

measurements 





Nuclear Wall Chart ï Lawrence Berkeley Natl. Laboratory 
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What is a ñhalf-lifeò? 

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 



Characteristics of Biologically Significant Isotopes 

I  =  I   e o 

 - l t 







Matter particles 

Everything around us is made of matter particles in two basic types called quarks 

and leptons. All stable matter in the Universe is made from first generation 

particles; the 'up quarkó, 'down quarkó, electron, e-neutrino. Neutrinos are 

electrically neutral with very little mass. 
 

Forces and carrier particles 

There are four fundamental forces at work in the Universe: the strong force, the 

weak force, the electromagnetic force, and the gravitational force. They work over 

different ranges and have different strengths. Gravity is the weakest but it has an 

infinite range. The weak and strong forces are effective only over a very short 

range and dominate only at the level of subatomic particles.  

 

 

 

   Generation 

1st 

 

2nd 

 

3rd 

The Standard Model  

In the Standard Model of particles and forces, everything in the Universe is made 

from twelve basic building blocks called fundamental particles, governed by 

four fundamental forces.  



Protons and Neutrons (Hadrons) are both made up of 

Quarks.  In the Quark Model the only difference 

between a Proton and a Neutron is that an ñupò Quark 

has been replaced by a ñdownò Quark. 





Higgs Boson Particle  -   
     July 4, 2012 ï Announcement of experimental evidence for the Higgs Particle! 

http://bcove.me/v34o1pf6 

http://www.squidoo.com/higgs-boson-for-dummies 

What exactly is the 

Higgs field? 

A theoretical, invisible 

energy field that 

stretches throughout the 

universe. It clings to 

fundamental particles 

wherever they are, 

dragging on them and 

making them heavy. 

 

http://vimeo.com/41038445 
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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 



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 é.). 

(+halogen) 







Liquid Scintillation Counting 





Photomultiplier Tubes 



PhosphorImager 









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 ñhalf-lifeò 

 

2.  Where does carbon-14 come from? 

 

3. How is radiocarbon dating done? 

    What assumptions must we make? 

C-14 Dating 



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. 

 



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. 

 





Nuclear Wall Chart ï Lawrence Berkeley Natl. Laboratory 

Mass defect  =  sum of mass of nucleons  -  mass of nucleus 

                          Binding energy =  Dm x c2 
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U-235 (~0.7% abundance) is the only fissile isotope that is found in significant 

quantity in nature.. The fission of one atom of U-235 generates ~200 MeV = 3.2 × 

10ī11 J or over 80 x 10(+12) J/kg    (1 eV is 96.5 kJ/mole) 





Nuclear Fusion  -  Hydrogen Bomb 

D Energy =  Dm x c2 







8:15 am / August 6, 1945 

ñLittle Boyò ï 130 lbs U-235 


