The Cloud Chamber 

Required Materials: 


Chamber (dish or plastic container)



Crystallizing dishes, glass beakers, Petri dishes glued together, plastic beakers, plastic boxes, etc.  The topes can be glass plates, plastic wrap, and Petri dish parts.  Crystallizing dishes with glass covers seem to work the best.


Black paper


Scissors


Isopropyl alcohol

Thin stem pipet

Vaseline or vacuum grease 

Dry ice

Weighing dish

Heavy weight or ring stand base

Thorium source (piece of a lantern mantle)



One of the best sources is a one-half inch square of “Coleman” type lantern mantle.  It is quite radioactive producing a copious number of alpha particles.  Coleman lantern mantles are no longer radioactive, but some of the other brands still contain radioactive thorium.  (Flinn Scientific sells radioactive lantern mantles.)

Flashlight

Ring stand with a clamp to fit the flashlight 

Small piece of plastic wrap

Procedure:

1. Position a cloud chamber on a piece of black paper and trace around the bottom of the dish.  Cut out the black paper circle roughly three millimeters (1/8”) smaller than the tracing.  Place the circle in the dish and trim as necessary so that the circle lays flat inside the dish.  Cut a strip of black paper with the same width as the height of the dish and place it against the inside of the dish.  It can overlap itself.

2.  Using a thin stem pipet, squeeze isopropyl alcohol onto the top of the paper along the sides of the dish to saturate the paper with the alcohol.  Roll the chamber to completely wet all of the paper surfaces with alcohol.  Be certain that the sides an bottom are thoroughly saturated with alcohol.  An unsaturated system will not produce trails.  Using your finer, coat the rim of the dish with a thi8ch beak of heavy grease such as Vaseline of vacuuum grease.  Position the radioactive source in the middle fo the dish and seal it by pressing a glass place or Petri dish member firmly against the rim..  Always handle the chamber cover by the edges to avoid smudging the chamber cover which would scatter light and reduce your visibility of the tracks in the cloud chamber.

3.  Add a chunk of dry ice the size of a racket ball (2”) to a large weighing or other plastic dish.  Carefully break it into small pieces with a weight.  Cover the dry ice with a piece of paper towel and using a weight, crush the chunks into a fine powder.  Spread the dry ice evenly over the bottom of the weighing dish to produce a flat surface.  CAUTION:  Never touch the dry ice with your hands, pick it up with a insulated glove or paper towel.

4. Place the crystallizing dish in the center of the dry ice and clamp a flashlight to the ring stand about 8 inches from the top of the dish.  Turn on the flashlight and adjust the beam so that it is centered on the radioactive source and observe.  After several minutes, tracks from the various emissions should be seen in the chamber.

5. When the cloud chamber appears to be working properly, adjust the height of the flash light to give the most visible tracks.  You may want to start with the lamp close to the top of the chamber and move the flash light farther away as the conditions within the chamber improve.

6. Make a drawing of your view of the cloud chamber in your notebook.  Include a description of your observations in your notes.

Describe and draw each of the different types of track which you observe.  Include at least the following observations in your description; the thickness of the track, do they travel the same distance or do they die immediately, are they produced in an area of the chamber where they could not possibly be produced by the thorium source, do they fork or change direction abruptly, the frequency of each different type of track, and are the emanations emitted randomly or is there a predictable pattern.

When it doesn’t work, check the following:


The chamber is sealed.


The system is not saturated with vapor.  



To saturate the system with vapor, flood the paper with alcohol leaving small puddle s in the bottom of the chamber and wait,.  The cloud chamber should be working in less than fifteen minutes.


Improper lighting.



Initially, hold the flashlight close to the chamber to give an intense light on the radioactive source.  As the system begins to work properly, raise the flashlight to illuminate more of the chamber.  The light is probably the most important parameter in a working cloud chamber.


The lantern mantle is not radioactive.

How does this work? 

Because there is so much alcohol, the chamber is saturated with alcohol vapor (the gaseous form of alcohol). The dry ice keeps the bottom very cold, while the top is at room temperature. The high temperature at the top means that the alcohol in the felt produces much vapor, which falls downwards. 

The low temperature at the bottom means that once the vapor has fallen, it is supercooled. That is, it is vapor form, but at a temperature at which vapor normally can't exist. It as if you had made steam at 95 C. 

Since the vapor is at a temperature where it normally can't exist, it will very easily condense into liquid form. When an electrically charged cosmic ray comes along, it ionizes the vapor--that is, tears away the electrons in some of the gas atoms along its path. This leaves these atoms positively charged (since it removed electrons, which have negative charge). Other, nearby atoms are attracted to this ionized atom. This is enough to start the condensation process. So you see little droplets forming along the path the. 

For more information, including information on each of the tracks:

http://w4.lns.cornell.edu/~adf4/cloud.html 

