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CLOUD CHAMBER

1. Purpose
The cloud chamber, first used in 1912, is a useful instrument for detecting ionizing radiation.  It is based on the discovery that ions act as condensation sites in a supersaturated vapor.  Thus the path of, say, an (- or (-particle appears as a thin track of fog.  The appearance of the track depends on the particle.  Heavy, slow particles such as (-particles produce broad, dense, straight line tracks with an occasional sharp, small angle bend especially near the end of the track.  (-particles produce narrow, beaded, tortuous tracks, while fast electrons produce narrow, beaded, straight tracks.   (-radiation makes itself evident by the secondary electrons released from air molecules by the photoelectric effect.  These electrons tend to produce weak, crooked tracks.  Whether a particle has a positive or negative charge may be determined by noting which way the track curves in the presence of a magnetic field.
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Fig. 1 Range-energy curve for (-particles

As an (- or (-particle moves through a cloud chamber, it gradually loses kinetic energy as it continues to ionize gas molecules along its track.  Eventually it will have lost all its energy and the track terminates.  The length of a track can be used to determine the original energy of the particle.  Fig. 1 is a "Range-energy curve" for (-particles.

The instrument to be used is a "diffusion cloud chamber" in which a vertical temperature gradient is established in methanol vapor.  The vapor, diffusing downwards towards a cooled horizontal plate, reaches a supersaturated state in a horizontal layer just above the plate.  This layer is then in a suitable state for detecting radiation.

Fig. 2 View of disassembled cloud chamber
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Fig. 2 View of disassenbled cloud chanber




2. Procedure
The components of the cloud chamber are shown in Fig. 2.  Prepare one or two blocks of dry ice and place them on the spring platform (1).  Place the chamber (B) on the base (A).  Using a level, check that the surface of the black tray is horizontal.  Adjust if necessary with some sheets of paper placed under the base (A).  Pour approximately 50 ml of

methanol into the tray so that the bottom is covered to a depth of 1 to 2 mm.  Place one of the disk magnets in the center of the tray with its north pole uppermost.  Rest the (-source needle with the eye end about 2 cm from the center of the magnet towards the drain-tube side of the chamber.  Also arrange the eye so that it is slightly higher than the upper surface of the magnet.  Place the frame and wire electrode (3 & 5) into the chamber and replace the lid (C).  Connect the electrode to the output terminals in the illuminating device.  (The purpose of this electrode is to sweep ions out of the chamber after the tracks have been formed to make way for new tracks.)  Pour another 20 ml of methanol into the aperture (8) and close the aperture with a stopper.  Arrange the illuminating device as shown in Fig. 3 making the distance a approximately 10 cm.  To avoid misting of the observation window, pour on a layer of water to completely cover it.
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After about 10 minutes, (-particle tracks from the end of the needle should be well developed.  You will also observe many tracks not associated with the needle.  These are due primarily to cosmic rays.  Estimate the average length of the tracks and, from Fig. 1, the energy of the (-particles.  Use the gaussmeter with the second magnet to determine the magnetic induction just above it.  Calculate the radius of curvature of the path of an (-particle having the estimated energy passing through such a field.  Determine also the direction the particles will be deflected as they pass over the magnet in the cloud chamber.  Note whether such deflection is observable.

Disconnect the high voltage leads from the illuminating device and carefully remove the chamber lid (C) (Remember the water!)  Replace the (- with the (-source needle, replace the lid and high voltage leads and wait for the chamber to come to equilibrium.  Note the appearance of the tracks and the effect of the magnet.  Finally replace the (-source needle with the (-source (disk) and again note the appearance of the tracks.

3. calculations

Estimate the average length of (-particles from the needle source and from this path and the bend radius and the measured magnetic field, calculate the energy.  

How does the appearance differ for the three different particle types?
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