
Date: June 7/99

Course: sph 4a1

Unit: nuclear physics

Lesson 1: Title: discovering new rays

Apparatus needed: neon tube, power supply,  various low pressure demo tubes, vacuum tube

Bellwork: measuring pressure. Units: Pa (1 Pa = 1 N/m2); 1 atm = 101.3 kPa.
(they should already have reviewed the Bohr model of the atom at the beginning of the electricity unit)

Lesson:

http://www.dbhs.wvusd.k12.ca.us/Disc-of-Electron-History.html

In 1855 a German glassblower named Heinrich Geissler invented a vacuum pump that reached extremely low pressures. 100 years later, this led to the development of the TV and the computer!

In the 19th century, scientists were investigating what happens when electricity is passed through low pressure gases. They had already made tubes of neon and other gases glow (although this was not yet commercially used).
DIAGRAM (glass tube, cathode, anode, high V)
DEMO. neon tube

When the pressure got lower and lower, the patterns changed; until below 1.3 Pa there was not enough gas to glow, instead the glass tube glowed or fluoresced. The negative electrode was emitting invisible rays which they called cathode rays.

DEMO. different types of tubes
These tubes were used to investigate and identify properties of cathode rays. {Maltese cross (> straight line, paddle wheel (> momentum (particles?), magnetic and electric deflection (> -ve particles}

Properties: (5 lines - copy from page 650)
From these investigations, J.J. Thompson deduced that these particles are found in every atom. He called them electrons.

Applications:

Cathode rays are beams of electrons.

They are the principle behind CRTs -- in TVs, computer monitors, and vacuum tubes.  

DEMO vacuum tube

Thermionic emission: when the cathode is heated, electrons can leave it easily (fits with the particle theory of matter) just like vapour molecules evaporate from a hot liquid. Make a glass tube with cathode, anode, grid screen, heater ( remove air (> vacuum tube. Vacuum tubes can be used as switches or amplifiers just like transistors. They were used to build the first computers and radios and are still used in many radar systems.

In 1895 William Röntgen, noticed that a fluorescent screen (ZnS?) was glowing even when it was placed several meters from a working cathode ray tube.  When he placed his hand in front of the screen he saw a faint shadow of the bones in his hand!! Exciting! WOW!!! He put other materials in front of the screen and it kept glowing! His photographic paper, carefully wrapped in thick black paper, was all exposed too!  He called these mysterious rays that went right through matter X-rays (also called Röntgen rays).

DIAGRAM of tube (original: p655, modern: p656)
DEMO: old CRT and magnet. Special electron screen vacuum tube.
Properties: (7 lines - copy from page 656)

Applications:

X-ray photographs: medical; airport security; quality control 

** electromagnetic waves -- like light, except that they can’t be focused -- go right through everything


Date: June 1999

Course: sph 4a1

Unit: nuclear physics

Lesson 1b: Title: New Rays (cont)

Apparatus needed: something radioactive?? smoke detector

Lesson:

In 1896 Henri Bequerel set down some uranium ore on some photopgraphic paper on his table (see page 658 for the full story). To his surprise the paper was exposed. This means that the uranium ore was emitting some kind of ray that went though paper.  This kind of radiation was probably not X-rays as it was produced in a different way.

A few months later, Marie Curie started grinding up uranium ores to separate different elements to find out which ones produced the radioactiviy.  She discovered Polonium  which was 300 X more radioactive than uranium and radium (900X). She and her husband suffered terrible radiation burns on her hands. (fatigue, poor health, although radium was found to kill cancer cells)

Properties: some radiation was not deflected by magnetic field, some was deflected in one direction and some in the other direction. (there must be three types of rays coming off. Call them alpha ((), beta ((), and gamma (() rays. (see diagram p660)

Properties:  copy from p 660 (add an arrow showing increasing mass)

Go over them: 

( = He+2 (nucleus of He atom) = 2 protons + 2 neutrons

( = e( high energy electrons (faster than cathode rays) --> produced by nucleus

( = high energy photons (more energetic than X-rays)

Homework: p 667 # 2, 3, 4, 6, 

Evaluation: 

