HOW TO TAKE X-RAY PICTURE

http://www.celnav.de/hv/hv7.htm

DANGER: X-rays are a form of ionizing radiation and can cause in the long run severe tissue damage and cancer if not handled properly. I do not recommend that you attempt to replicate the following experiment. So, the following descriptions are given for the purpose of information only. I do not encourage ANYBODY to conduct experiments like those shown below, and I do not assume liability for any damage resulting from such experiments. People working with high voltage and X-rays should have a solid background in physics and electronics and should know what they are doing. Never attempt to X-Ray body parts unless you are a qualified radiologist!
Take a picture with a camera
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The film holder may be replaced by a sandwich of black paper (or aluminum foil), a fluorescent screen, and a transparent shield (preferably lead glass). The object is between the black paper and the X-ray tube. The X-rays passing through the object penetrate the black paper and create a visible image on the fluorescent screen. The black paper blocks visible light emitted by the tube filament and improves image contrast. This is necessary because the fluorescent screen (coated plastic foil) is not entirely opaque. The visible image on the fluorescent screen is recorded by the camera which is behind a lead glass plate. The latter protects the camera from X-rays penetrating the fluorescent screen. Otherwise, the CCD sensor would produce a very noisy image. 
The following image documents successful attempt. The camera was a Canon EOS 110D D200 with a 18-55 mm zoom lens. The distance between the back of the camera and the fluorescent screen was 40 cm. This is the shortest focusing distance with this lens in the 55 mm position. The autofocus was turned off since it does not work accurately under these conditions. The distance between X-ray tube and object was 50 cm. The lead glass plate is 300x300x8mm with Pb content >0.24mmPb/mm. 
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Here is the a test shot, a picture of the FLUKE Radiation Detector 451P Pressurized Ion Chamber Camera settings: 160 ASA 3 sec (autoexposure turned off).
Take a picture with intensifying cassette

Like many things in this world intensifying cassettes come in many flavors. Blue, Green, Rapid, Ultra Rapid, Normal. 'Ultra Rapid' screens will give you the brightest images, and thus shortest exposure times. This is not without its downfalls though. In order to appear bright, the crystals in these screens must be very large; large enough that the resulting image is a bit blurry. 

The cassettes have to be used the correct way up to avoid artifacts in the image. The cassette shown has a label on the other side which reads 'tube side'. The cassette is light tight and held shut by the sliding catches on the right hand side. When the catches are released, it hinges open like a book.
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This is a GREEN 400 speed screen which is twice as bright as a 200 speed or four times as bright as a 100 speed. That means it will glow brightly with less radiation than would be required for lower rated screens. Intensifier Screens are plastic sheets similar in thickness to cardstock but made of plastic impregnated with special rare earth materials (yellow-Yttrium, blue-Tungstate).
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The film has to be loaded in a darkroom, but once the cassette is closed it can be exposed to daylight. This makes it much easier to handle.
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	The images may be recorded on standard black and white photographic paper like this


	A box of 9cm x 12cm Agfa X-Ray film is shown. Each box contains 100 sheets. It tends to produce better contrast than standard photographic paper and also has the advantage of being on a transparent backing which allows it to be exposed by both enhancement screens.




Agfa Structurix X-ray film is intended to be used with a special developer chemical, but standard black and white photo paper developer works well. 
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	You may also used it with a standard red safe-light with no obvious fogging. You may develope it for 2 minutes using Ilford Multigrade paper developer (basic) diluted 1+9 with water. You had to fix it for 3 minutes using Ilford Rapid Fixer also diluted 1+9 with water.




Note 1. X-ray Intensifying Screens
X-ray and other photographic films are sensitive to the direct action of the x-rays, but the photographic effect can be increased very appreciably, and exposure time can be decreased by the use of an intensifying screen in contact with each side of the film. These may be:

a) Metal foil screens: the intensification is due to the emission of electrons under the action of X-ray absorption, so the intensification increases with the atomic number by electron action according to the cross section of the photoelectric effect:
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Z dependence: 

See:http://oftankonyv.reak.bme.hu/tiki-index.php?page=Physical+processes+important+for+radiation+detection 
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Energy dipendence:
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Althought it would be advantageous to use a metal with as hight an atomic number as possible, other consideration as cost and malleability usually restrict the choise to lead foil. The thickness of lead screen is usually between 0,02-0,15 mm. Under the excitation of x-rays of short wavelength and gamma rays, lead is a good emitter of electrons, which expose the sensitive film, thus increasing the total photographic effect.
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With medium-energy x-rays, thin metal screens will produce an intensification factor between 2 and 5, that is the exposure for a choosen film density can be reduced by this factor. Another important result of the use of front metal screens is the reduction of the amount of scattered radiation reaching the film.  The thickness of back lead foil is usually between 0,02-0,15 mm.

b) Salt foil screen. Another form of intensifying screen consists of a powdered fluorescent chemical-for example, calcium tungstate, mixed with a suitable binder and coated on cardboard or plastic. Its action depends on the fact that it converts some of the x-ray energy into light, to which the film is very sensitive. 
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Salt screen are rarely used in industrial radiography, because they produce a considerable loss of detail compared with radiographs taken with metal screen. Salt screens are extensively used in medical radiography, chiefly because their intensification factore (x30-x100) permits a large reduction in the dose of radiation to the patient. The poor definition obtained with salt screens is attributed to the scattering of light in the fluorescent layer. 

By the way, X-ray films are commonly coated with emulsion on both sides of the support (to double the chance of exposure and therefore decrease the dose) --the superposition of the radiographic images of the two emulsion layers doubles the density and hence greatly increases the speed at which the X-Ray image is formed (halving the dose to the patient). X-ray films coated on one side only (single-coated films) are available for use when the superposed images in two emulsions might cause confusion - when a very detailed image of an area is required.

Note 2. Optical density
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Graph Optical Density-Exposure (log)
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An important property of x-ray film is how the film optical density (O.D.) varies depending on the amount of exposure a certain area of the film received. The O.D. determines the shades of gray in the image. A plot of the O.D. versus (logarithm) radiation exposure to film is known as the Hurter and Driffield (H&D) curve; this graph is a plot of film O.D. (amount of light transmitted) vs. radiation exposure (common or base 10 logarithm of radiation exposure). The curve indicates the level of grayness a certain region of the film will have. The greater the difference in gray levels (or difference in film O.D.) the greater the contrast (ease of visually differentiating two different regions on the film). Industrial radiography on conventional film covers a density range from 0 to 4, a difference corresponding with a factor 10,000.

The H&D curve also sets the allowed range of radiation exposures the screen-film requires for an acceptable image. Too low of an exposure will result in an image that is light in gray values and will also exhibit excessive noise (or quantum mottle). This region of the H&D curve is referred to as the toe of the curve. Too high an exposure results in images being too dark and is near the shoulder of the H&D curve. For films exposed near either the toe or shoulder region on the H&D curve, the resulting image contrast will also be poor compared to images with the exposure values in the linear region of the curve.

Following exposure of the film to visible light, an image is not yet "visible". An invisible image, called a latent image exists, which represents the absorbed light energy that interacted with the film. Obtaining a visible picture requires chemical processing of the image in a film processor (development stage). Following development an image is now visible on the film (and to maintain handling and storage the film undergoes fixing then drying, which then completes the processing cycle).
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