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Henri Becquerel was interested in phosphorescence.  He had some crystals which contained uranium, and they glowed in the dark.  He carried out a series of experiments. Each experiment gave him ideas for more experiments.  He found some of his results very surprising indeed.

Experiment 1 – February 24,1896

‘I took two crystals of potassium uranium sulphate.  I left them in the sunlight for several hours.  Then I placed them, with a coin, on top of a photographic plate.  My prediction was that the plate would be blackened by the light from the glowing salts.  The coin would block the light from part of the plate.’

‘When I developed the plate, I could see the outline of the crystals and the shadow of the coin.  My prediction has been proved correct.’

‘I was worried that perhaps chemicals from the uranium crystals had been affecting the plate.  Accordingly, I repeated the experiment, this time with a thin sheet of paper between the crystals and the plate to prevent chemical contamination.  When I developed the plate, I saw the same effect as before.’

Experiment 2 – February 26 – 27, 1896

‘I wanted to repeat my experiment with the uranium salts.  I set the crystals on fresh photographic plates by the window, but it was a dull day.  No sunshine.  I put the plate away, and tried again the next day.  Still no sunshine.’

‘On March 1, I decided to develop these plates, expecting to find the images very feeble.  On the contrary, the plates were blackened with great intensity.’

‘This made me think that the crystals might be able to affect the plates without exposure to sunlight.  Perhaps the action could take place even in darkness.  This gave me an idea for another experiment.’

     Becquerel was a careful experimenter.  He thought about how to design each experiment, and what the results told him.

Try to answer the following questions that pertain to his Experiments.

Questions:

For Becquerel’s 1st Experiment:

1. Why did Becquerel leave his crystals in the sunlight for several hours?

2. Why did he put a coin under one of the crystals?

3. Why did he repeat the experiment with a thin sheet of paper under the crystals?

For Experiment # 2:

4. Luck played a part in Becquerel’s discovery of radioactivity.  He was lucky that the sun didn’t shine brightly for several days.  Why did he think that his photographic plates would show little blackening?

5. Becquerel’s plates had in fact showed intense blackening.  Why did this happen?

Experiment 3 -   March 1, 1896
‘I took several photographic plates and several crystals of uranium salts.  I placed one crystal directly on a photographic plate; a second with a sheet of glass between it and the plate; a third I placed on a thin aluminum sheet on top of the plate.

‘I then placed all three in the dark for several hours.  When I developed the plates, I found the following results:

1. The first plate where the crystal was in direct contact with the plate, showed strong blackening.

2. The second plate showed slightly weaker blackening.

3. The third plate showed blackening which was much weaker, but nevertheless very clear.

‘I am now convinced that uranium salts produce invisible radiation, even when they have been kept in the dark.  They do not need to be exposed to sunlight to produce this effect.’

Experiments 4 & 5 – March 9, 1896
‘I have kept uranium crystals in the dark for 160 hours.   There is no sign of any decrease in the intensity of the radiation which they produce.’

‘I have discovered that the radiation from uranium salts can have an electric effect. It can remove charge from a body which I have previously charged with static electricity.

Becquerel’s Report, May 18, 1896
‘At first, I thought that uranium salts were of interest because they showed phosphorescence.  Then I discovered that they gave out radiation even when they had not been placed in sunlight.’

‘In my most recent experiments, I have looked at uranium salts which do not show phosphorescence.  These are equally capable of blackening photographic plates.’

‘I have now looked at many substances containing uranium.  It does not matter whether they are in the form of crystals, melted, or dissolved in water, they have the same effect.’

‘I have thus been led to think that the effect is a consequence of the presence of the element uranium in these compounds.  I was led to predict that the pure metal uranium would have an even stronger effect than any of its compounds;  my latest experiment, using powdered uranium metal, confirms this expectation.’

‘I name this effect “ invisible phosphorescence”.’

For Experiment # 3:

6. Becquerel guessed that his crystals were giving out invisible rays, even when they hadn’t been exposed to sunlight.  He thought they might be similar to x-rays.  How did his knowledge on X-rays help him to design his third experiment?

7. What effect did the thin aluminum sheet have on the rays coming from the crystals?

8. Why was it surprising to find that the uranium crystals kept on giving out radiation at the same rate, even after 160 hours – nearly a week - in the dark?

9. Why did Becquerel think that pure uranium metal would give our more radiation than the crystals of uranium salts?

10. Was his prediction correct?

Becquerel was not the only scientist to work with uranium.  In the United States, Sylvanus P. Thomson noticed that uranium salts blackened photographic plates.  In Scotland, Lord Kelvin reported that uranium salts blackened photographic plates.  In Scotland, Lord Kelvin reported that Uranium could discharge static electricity.  He gave a talk about this in Edinburgh on the evening of March 1, 1896.  At exactly the same time, Becquerel was giving his first report on the subject to his colleagues in Paris.

However, neither Thompson nor Kelvin carried out such a systematic study as Becquerel, and he is given the credit for the discovery of radioactivity.
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Marie Curie and Radioactivity



Marie Curie is certainly the most famous female scientist of the 20th century and her life has been well documented.  Curie was born Manya Sklodowska in Poland, the daughter of a physics master, and in 1891 she traveled to Paris to study science at the Sorbonne.  In 1894 she met Pierre Curie, a physicist at the School of Physics and Chemistry and well known for his work on magnetism, and they were married the following year.  

In 1895, Marie Curie was able to obtain a position in the laboratory at the School of Physics, and after the birth of her first daughter, Irene, Curie began searching for a suitable doctoral subject.  Following Henri Becquerel’s discovery of radiation from potassium uranyl sulfate, she decided to investigate the radiation of uranium.  Her study found that the intensity of radiation was proportional to the amount or uranium examined and that radiation was not affected by temperature, the amount of light or the type of uranium compound under study.  These results convinced Curie that radiation was an atomic property, so she tested every other known element and found that thorium was also radioactive.


Curie examined materials which contained uranium and thorium and discovered that the radiation was stronger than predicted by the relative amounts of thorium and uranium present.  This observation led her to the conclusion that a powerful new radioactive element must be contained in the minerals.


In collaboration with her husband Pierre, Marie began a search for the new element by examining pitchblende, a mineral more radioactive than the pure uranium oxide extracted from it.  For four years the Curies worked arduously to isolate one gram of radium from eight tons of pitchblende ore.  Their search resulted in the discovery of two new radioactive elements, radium and polonium. 


As a consequence of their work on radioactivity, the Curies were awarded the Nobel Prize in Physics in 1903 (sharing the award with Henri Becquerel).  After the sudden death of Pierre Curie in a road accident in 1906, Marie Curie was asked to replace him in his chair at the Sorbonne.  She continued her research into radioactivity and was awarded her second Nobel Prize in 1911, this time in Chemistry, in recognition for her work in radium and polonium.  Marie died of pernicious anemia, caused by years of exposure to radium, in 1934.

_______

Source:  Physics Education, Vol. 31. No. 2, March, 1999

Excerpts from Marie Curie – A Life

Marie Curie began her work on radioactive substances in the only place she could find; not a proper laboratory, but an unused storage space with rickety tables and no proper heating.


She started by trying to find out how much radiation uranium gave off, using a sensitive measuring instrument made by Pierre.  She decided to see if other minerals gave off this radiation, and if they did to measure it.


Most elements, including copper and gold did not give off radiation, but on the 17th of February, 1898, she tried a sample of pitchblende, the mineral from which uranium was obtained.  To her amazement, it gave off far more radiation than pure uranium.


She checked all her instruments and repeated her measurements, but there was no doubt.  She realized that there was another element in the pitchblende besides uranium, and this element gave off even more radiation.

  
There must be a whole family of elements like uranium, and Marie used a new word to describe them – radioactive.

Marie worked long hours to find and extract a tiny quantity of this substance from a huge pile of pitchblende.


Sometimes, she and Pierre would walk to their laboratory in the evening just to look at their wonderful elements, glowing palely in the darkness.


In 1903, Marie, Pierre and Becquerel won the Nobel Prize for Physics.  At first, the prize was to be offered to Becquerel and Pierre only, but a famous Swedish scientist who knew that the discoveries were as much Marie’s as Pierre’s intervened.  Marie became the first woman Nobel Prize winner.  Marie however was not able to attend the ceremony because she was unwell.  



Antoine-Henri Becquerel(1852 – 1908) was born and educated in Paris. His grandfather, father, and son were also physicists, all of them in turn professors at the Paris Museum of Natural History.  Like his grandfather and father, Becquerel specialized in fluorescence and phosphorescence, phenomena in which a substance absorbs light at one frequency, and reemits it at another, lower frequency.


In 1895, Roentgen had detected x-rays by the fluorescence they cause in an appropriate material.  When he learned of this early in 1896, Becquerel wondered whether the reverse process might not occur, with intense light stimulating a fluorescent material to give off x-rays.  He placed a uranium salt on a photographic plate covered with black paper, exposed the arrangement to the sun, and indeed, found the plate fogged when he had developed it.  Becquerel then tried to repeat the experiment, but clouds obscured the sun for several days.  He developed the plates anyway expecting them to be clear, but to his surprise, they were just as fogged as before.  In a short time, he had identified the source of penetrating radiation as the uranium in the fluorescent salt.  He was also able to show that the radiation ionized gases and that part of it consisted of fast charged particles.


Although Becquerel’s discovery was accidental, he realized its importance at once and explored various aspects of the radioactivity of uranium for the rest of his life.  He received the Nobel Prize in physics in 1903.


Source:  Physics Education











Henri Becquerel (a French Physicist) thought that x-rays might result from exposing phosphorescent materials to sunlight.  In 1896 he investigated this by wrapping a photographic plate in black paper to keep out ordinary light.  He intended to expose a sample of potassium uranyl sulphate to sunlight and then place the sample on top of the covered photographic plate.


As there was no sunlight for several days, he stored both the sample and the photographic plate in the same drawer.  After several days without sunlight, he decided to develop the photographic plate anyway.  To his surprise he found that there was an outline of the sample on the plate.   He concluded that the uranium salt was sending out radiation that could pass through the black paper even without exposure to sunlight.  It was this radiation that was affecting the photographic plate.


Further experiments showed that a similar effect happened with all uranium compounds.  The effect on the photographic plate depended only on the quantity of the uranium that was present.  Other experiments showed that the radiation did not appear to change in intensity or nature with time.  With these experiments Becquerel had, of course, discovered radioactivity.  The radiation that was produced by uranium ores was found to be unaffected by ordinary physical and chemical changes, such as temperature or the presence of other atoms in a compound.  Becquerel even found that even after three years, a uranium sample continued to emit radiation spontaneously.


Source: Storen and Martine. PHYSICS FOR SENIOR STUDENTS
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  Roentgen’s chance discovery of x-rays sent much of the scientific community into a flurry of activity.  Henri Becquerel, in France, returned to his father’s earlier work on fluorescent substances.  These absorb and re-emit light, as does the pale green paint on the hands of a watch.  The emission of x-rays had been related to the glowing region of the Crookes tube, and Becquerel wondered whether his glowing materials might also send out X-rays.  As fate would have it, he began to work with his father’s compounds, potassium uranyl sulfate – a uranium salt.  He exposed the salt to sunlight, and it actually did emit radiation that could penetrate the heavy paper wrapping on a photographic plate and fog the film.


 	On a sunless day in the winter of 1896, Becquerel placed the fluorescent compound atop a wrapped film plate as usual, but this time, he put it aside in the darkness of a drawer to wait for clearer skies.  A few days later, almost as an afterthought, he developed the plate: there amazingly, was the blackened outline of the piece of uranium salt!  Prior exposure to light was apparently quite unnecessary – the radiation was emitted without it, without the fluorescence.  By accident, he had discovered what Madame Curie would later name radioactivity, the property of certain substances to give out, all by themselves, penetrating radiation.


	Becquerel studied the radiation and reported several of its properties (a few of them erroneously), including that it could discharge a charged electroscope, as could X-rays.  By 1897, he turned to other things.  Unlike X-rays, these new emanations couldn’t produce those exciting pictures of bones, and they were generally greeted with indifference.  This limbo of neglect lasted for about a year and a half until the problem was taken by a promising young student at the Sorbonne in search of a Ph. D. problem.  


From:  Hecht PHYSICS











The Curies: Lives Devoted to Research


��Working in the Becquerel lab, Marie Curie and her husband, Pierre, began what became a life long study of radioactivity. It took fresh and open minds, along with much dedicated work, for these scientists to establish the properties of radioactive matter. Marie Curie wrote, "The subject seemed to us very attractive and all the more so because the question was entirely new and nothing yet had been written upon it." 


Becquerel had already noted that uranium emanations could turn air into a conductor of electricity. Using sensitive instruments invented by Pierre Curie and his brother, Pierre and Marie Curie measured the ability of � HYPERLINK "http://www.accessexcellence.org/AE/AEC/CC/radio_slides.html" \l "radiation" �emanations from various elements� to induce conductivity. On February 17, 1898, the Curies tested an ore of uranium, pitchblende, for its ability to turn air into a conductor of electricity. The Curies found that the pitchblende produced a current 300 times stronger than that produced by pure uranium. They tested and recalibrated their instruments, and yet they still found the same puzzling results. The Curies reasoned that a very active unknown substance in addition to the uranium must exist within the pitchblende. In the title of a paper describing this hypothesized element (which they named polonium after Marie's native Poland), they introduced the new term: "radio-active." 


After much grueling work, the Curies were able to extract enough polonium and another radioactive element, radium, to establish the chemical properties of these elements. Marie Curie, with her husband and continuing after his death, established the first quantitative standards by which the rate of radioactive emission of charged particles from elements could be measured and compared. In addition, she found that there was a decrease in the rate of radioactive emissions over time and that this decrease could be calculated and predicted. But perhaps Marie Curie's greatest and most unique achievement was her realization that radiation is an atomic property of matter rather than a separate independent emanation.





 Source: The Discovery Of Radioactivity: The Dawn of the Nuclear Age


              Fran Slowiczek, Ed.D and Pamela M. Peters, Ph.D.











Ernest Rutherford and the Atom 


In 1911, Rutherford conducted a series of experiments in which he bombarded a piece of gold foil with positively charged � HYPERLINK "http://www.accessexcellence.org/AE/AEC/CC/radio_slides.html" \l "radioactivity" �(alpha) particles� emitted by radioactive material. Most of the particles passed through the foil undisturbed, suggesting that the foil was made up mostly of empty space rather than of a sheet of solid atoms. Some alpha particles, however, "bounced back," indicating the presence of solid matter. Atomic particles, Rutherford's work showed, consisted primarily of empty space surrounding a well-defined central core called a nucleus. 


In a long and distinguished career, Rutherford laid the groundwork for the determination of atomic structure. In addition to defining the planetary model of the atom, he showed that radioactive elements undergo a process of decay over time. And, in experiments which involved what newspapers of his day called "splitting the atom," Rutherford was the first to artificially transmute one element into another--unleashing the incredible power of the atom which would eventually be harnessed for both beneficial and destructive purposes. 





Source: � HYPERLINK "http://www.accessexcellence.org/AE/AEC/CC/radioactivity" ��http://www.accessexcellence.org/AE/AEC/CC/radioactivity�











Ernest Rutherford studied the nature of the radiation.  He found one radiation that was easily absorbed (he called this type of radiation alpha (()- rays) and another type of radiation that was more penetrating (this was called beta (()-rays).


A third type of radiation was also discovered, which became known as gamma (() rays.  This type of radiation was shown to be even more penetrating than either the (-rays or the (-rays.





It can be shown that the power of penetration is inversely proportional to the power of ionization.  Thus, a (-ray, which is very penetrating, causes much less ionization than an (-ray, which has a poor penetrating power.  It is now known that (-rays from any source have a low penetrating power as they expend their energy rapidly in causing intense ionization, while (-rays require many centimeters of lead for their complete absorption, but cause little ionization.


The passage of (-, (- and (-rays through magnetic fields was also studied.  It was found that (-rays were deflected in the same manner as positively-charged particles, (-rays were deflected in the same manner as negatively-charged electrons while (-rays were undeflected by magnetic fields. Thus it was concluded that the (-rays and (-rays were actually streams of particles (positive and negative respectively), while (-rays were uncharged.


Remember that a force acts on a charged particle when it moves across either a magnetic or an electric field.  By using a method of crossed electric and magnetic fields Becquerel was able to show that the charge to mass ratio for (-particles is the same as the ratio that Thomson obtained for electrons.  Hence it was concluded that (-particles were electrons.


Rutherford, by using techniques similar to those employed by Thomson, was able to determine the charge to mass ratio for (-particles.  Prior to Rutherford’s measurement, it was known that the charge on an alpha particle was positive, and equal in magnitude to twice the electronic charge.  The charge to mass ratio measurement enabled the (-particle mass to be determined as four times that of a proton.  Further experiments in which (-particles were collected in an evacuated space enabled the particles to be identified as the nuclei of helium atoms.


Gamma (()-rays were shown to be part of the electromagnetic spectrum.  In fact (-ray photons are much more energetic than the photons of visible light.  For example, a (-ray photon of wavelength 1.0 x 10-3 nm has an energy of 1.2 X 106 eV (or 1.2 MeV), while a photon of red light has an energy of only 2 eV.


Source: Physics by Storen and Martine 











Ernest Rutherford is considered the father of nuclear physics. Indeed, it could be said that Rutherford invented the very language to describe the theoretical concepts of the atom and the phenomenon of radioactivity. Particles named and characterized by him include the alpha particle, beta particle and proton. 


Even the neutron, discovered by James Chadwick, owes its name to Rutherford. The exponential equation used to calculate the decay of radioactive substances was first employed for that purpose by Rutherford and he was the first to elucidate the related concepts of the half-life and decay constant. With Frederick Soddy at McGill University, Rutherford showed that elements such as uranium and thorium became different elements (i.e., transmuted) through the process of radioactive decay. At the time, such an incredible idea was not to be mentioned in polite company: it belonged to the realm of alchemy, not science. 





“Ernest Rutherford and Frederick Soddy, showed that, in radioactivity, the emission of radiation is accompanied by a spontaneous transformation of one chemical element into another.”





For this work, Rutherford won the 1908 Nobel Prize in chemistry. In 1909, now at the University of Manchester, Rutherford was bombarding a thin gold foil with alpha particles when he noticed that although almost all of them went through the gold, one in eight thousand would "bounce" (i.e., scatter) back. The amazed Rutherford commented that it was "as if you fired a 15-inch naval shell at a piece of tissue paper and the shell came right back and hit you." 


From this simple observation, Rutherford concluded that the atom's mass must be concentrated in a small positively-charged nucleus while the electrons inhabit the farthest reaches of the atom. Although this planetary model of the atom has been greatly refined over the years, it remains as valid today as when it was originally formulated by Rutherford. 


In 1919, Rutherford returned to Cambridge to become director of the Cavendish laboratory where he had previously done his graduate work under J.J. Thomson. It was here that he made his final major achievement, the artificial alteration of nuclear and atomic structure. By bombarding nitrogen with alpha particles, Rutherford demonstrated the production of a different element, oxygen. "Playing with marbles" is what he called; the newspapers reported that Rutherford had "split the atom." 


Source: http://www. 
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