UNIVERSITY OF TRINIDAD AND TOBAGO

PHYS 110U – Physics


Lesson 11: Radioactivity
·  Lecture objectives
1) Describe Marie Curie’s work in the field of radioactivity.

2) Recall the nature of the three types of emissions from radioactive substances

3) Describe experiments to compare the ranges of α, β and γ emissions in a cloud chamber 

4) Describe the appearance of the tracks of radioactive emissions in a cloud chamber

5) Predict the effects of magnetic and electric fields on the motion of α, β particles and γ rays

6) Represent and interpret nuclear reactions in the standard form

.
____________________________________________________________________
11.1 Radioactivity
Radioactivity refers to the particles which are emitted from nuclei as a result of nuclear instability. Because the nucleus experiences the intense conflict between the two strongest forces in nature, it should not be surprising that there are many nuclear isotopes which are unstable and emit some kind of radiation. The most common types of radiation are called alpha, beta, and gamma radiation, but there are several other varieties of radioactive decay.

Radioactive decay rates are normally stated in terms of their half-lives, and the half-life of a given nuclear species is related to its radiation risk. The different types of radioactivity lead to different decay paths which transmute the nuclei into other chemical elements. Examining the amounts of the decay products makes possible radioactive dating.

11.2 Discovery of Radioactivity

Radioactivity was discovered by A. H. Becquerel in 1896. The radiation was classified by E. Rutherford as alpha, beta, and gamma rays according to their ability to penetrate matter and ionize air.

11.3 Marie Curie’s work in the field of radioactivity
Marie Curie was one of the early workers in the field of radioactivity. Among other things, she found that:

· The element thorium was active than uranium;

· Natural radioactivity was not affected by either changes of conditions or by chemical combination ( in other words, the `activity` of a radioactive element remained unchanged when it formed bonds);

· The mineral pitchblende caused a greater blackening of photographic plates than expected - a fact which caused her to wonder whether the mineral contained radioactive elements other than uranium and thorium.

Other workers then found that other elements were also radioactive. Radioactivity was then recognised as a widespread phenomenon. There were found to be three types of radiation: (- particles, (- particles and (- particles.
11.4 Types of radiation
11.4.1 ( - particles
Composed of two protons and two neutrons, the alpha particle is a nucleus of the element helium. Because of its very large mass (more than 7000 times the mass of the beta particle) and its charge, it has a very short range. It is not suitable for radiation therapy since its range is less than a tenth of a millimeter inside the body. Its main radiation hazard comes when it is ingested into the body; it has great destructive power within its short range. In contact with fast-growing membranes and living cells, it is positioned for maximum damage
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11.4.2 (- particles
These were deflected in a magnetic field but in the direction opposite to that of (- particles. (- particles were later shown to be fast moving electrons.
11.4.3 (- particles.
This radiation being uncharged, was not affected by electric or magnetic fields. It was thought to be wave-like in nature. From the figures shown below.
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                                (a)                                                                    (b)                                                      

Figures showing the effect of (a) magnetic field and (b) electric field on radioactive emissions.

Note that:
· These are composite diagrams. It is not possible to investigate all three radiations at the same time.
· Because of their smaller mass, (- particles are deflected more than  ( - particles by both magnetic and electric fields.
· The behaviour of radioactive emissions in electric fields can be explained on the basis that like charges repel and unlike charges attract.
· The direction of deflection of ( and (-particles in magnetic fields can be predicted using Fleming’s left-hand rule.
11.5 Comparing the properties of (, ( and ( - radiation
	Properties 
	( - particles
	( - particles
	( - particles

	Identity
	Helium nuclei
	Fast-moving electrons
	Electromagnetic radiation of high frequency

	Charge
	++
	-1
	none

	Mass compared with a proton
	4
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	none

	Can it affect a photographic plate?
	yes
	yes
	yes

	Does it cause fluorescence?
	yes
	yes
	yes

	It is stopped by
	5 cm of air or a sheet of paper
	A few mm of aluminum
	Several cm of lead

	Penetrating power (relative)
	1
	100
	10 000

	Ionising power
(relative)
	10 000 strong
	100 moderate
	1 weak

	Path through matter
	straight
	bent
	straight

	Is it deflected by a magnetic field?
	Yes
	Yes
	no

	Is it deflected by an electric field?
	yes
	yes
	no


Points to note:

· (-particles produce ions by knocking electrons from atoms with which they interact.
· At the end of its path each (-particles absorb two electrons and become a neutral helium atom.
· ( - particles cause less ionization than (-particles.

· ( - radiation does not produce ions directly.
11.6 Radioactive decay
________________________________________________________________________
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