
Radiation / Radioactivity / Radioactive Decay

Radioactive Particles  /  Counting

History – Discovery of X-rays / Radioactivity  /  

Nuclear atom

Radioactive Decay – particles, half-life and equations

Common Biological Isotopes

Terms:  Radioactivity  /  Exposure  /  Dose

Counting:  Film  /  Geiger Counter  /  LSC  /  PI

Hackert – CH370







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  (α and β 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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Characteristic X-rays arise from electronic transitions
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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Quark has been replaced by a “down” Quark.







Characteristics of Biologically Significant Isotopes
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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. 



600 R = 100% dead 
within 2 wks

400 R = 50% die 
within 2 weeks

200 R = radiation 
sickness (hair loss)

50 R = no fatalities



Counting  Radioactivity

1) Film

2) Geiger Counter

3) Liquid Scintillation Counters

4) PhosphorImager



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





Photomultiplier Tubes



PhosphorImager






