
RADIOACTIVITY AND TH E ATOM 
 
The discovery of radioactivity "began" with the production of tubes containing low pressure gases by 
Geisser and Crookes. High electric fields on these gases produced invisible rays or particles which were 
known as cathode rays (they originated from the cathode). The movement of these rays caused the lower 
pressure gases to glow (Neon lights work this way). Experiments with cathode ray tubes revealed that they  
 

1. Produced shadows (therefore travelled in straight 
lines) 

2. Caused a wheel to rotate (therefore they had inertia) 
3. Were deflected by a magnetic field a certain way 

(they had a negative charge).  
 
Later, cathode rays were identified as high-speed electrons. 
Cathode ray tubes used to be at the " heart of the operation" 
of televisions. The diagram at the right is an image of a cathode ray tube.  
 
W. Röntgen discovered that cathode ray tubes also 
emitted a mysterious form of invisible radiation 
which he called x-rays. (These were later found to 
be short wavelength electromagnetic radiation).  
 

 
 
H. Becquerel observed that some materials naturally produced radiation; he discovered natural 
radioactivity 
 
M. Curie isolated specific radioactive elements (Radium and Polonium) in addition she 
observed that radioactivity originated in the nucleus. 
 
E. Rutherford observed that radioactive materials produced either 
 

1) 𝛽 (negatively charged) radiation 
2) 𝛼 (positively charged) radiation 

 
β radiation was later found to be electrons emitted from the nucleus. Rutherford later proved that alpha 
particles were actually ionized helium nuclei (again emitted from the nucleus). Later 
Villard observed a third type of radiation which we now refer to as gamma radiation. 
We now know that gamma rays are a form of high energy electromagnetic radiation. 
 
A comparison of the 3 types of radiation  

Properties alpha (𝜶) beta (𝜷) gamma (𝜸) 

Charge (relative) +2 -1 0 
Mass (relative) 8000 1 0 
Ability to travel through air 10 cm 10 m 100m 
Ability to ionize atoms (harmfulness) high moderate low 

 
 

 Marie Curie 



The Atom  
 

Recall from previous science classes and/or SCH3U that the atom consists of a “cloud” of electrons orbiting                                                                                                               

a very small nucleus (roughly 1 × 10−14 m in diameter). As you have seen the nucleus is made up of two 
types of particles; positively charged protons and uncharged neutrons. Together, protons and neutrons are 
referred to as nucleons. Since the number of protons (given the symbol Z) determines an element's 
chemical identity, it is known as the atomic number. The number of nucleons in an atom is known as the 
mass number and is symbolized by A. Thus, we have 𝑨 = 𝒁 + 𝑵, where N is the neutron number.  
 
 
Henry Moseley used x-rays to investigate the atom and observed that the charge of the nucleus increased 
by one going from one element to the next. This reorganized Mendeleev's periodic table into an easier to 
understand form. 

 
F. Soddy observed that the radioactive decay of Uranium produced a product which was chemically 

identical to Thorium, but it had drastically different radioactive properties. He later discovered 40-50 pairs 
or groups of elements each pair or group had 

the same chemical properties but different 
radioactive properties, he called these elements 

isotopes (radioactive isotopes are often 
referred to as radioisotopes). The term 
radioactive indicates that the nucleus is not 

stable but, after some period, it will decay 
(more about this later).  

 
Recall: Isotopes are elements that have 

different N but the same Z. This is seen by 
different values of A.  

 
 Later, non-radioactive isotopes were 

discovered using a device called a mass 
spectrometer developed by P. Aston. This 
device separated nuclei according to both 

their mass and charge by deflecting them 
with a magnetic field. 
 

Rutherford fired alpha particles at nitrogen 
atoms with the hope of determining the source of the charge of the nucleus. In doing so he observed two 

distinct particles being emitted 
 

1. A hydrogen nucleus; which he named proton as it was the nucleus of the first element. 
2. An oxygen atom; this was the first time one element had been changed into another - a process 

known as artificial transmutation 

 
Scientists were looking for a particle which would change a nucleus' mass but not affect its chemical 
properties. The neutron was first suggested in 1922 but was not discovered until 1934 by J. Chadwick. 


