HOW TO BUILD A DIFFUSION CLOUD CHAMBER

Objectives:  to observe cosmic rays.


         to identify muons and observe their decay.


         to observe the behavior of charged particles.

CAUTIONS:


Dry Ice temperature is extremely cold at -109.3°F or -78.5°C. Always handle Dry Ice with care and wear protective cloth or leather gloves whenever touching it.  If touched briefly it is harmless, but prolonged contact with the skin will freeze cells and cause injury similar to a burn.  

Open doors and allow adequate ventilation so that the concentration of CO2 does not increase to dangerous levels.
Isopropyl alcohol is highly flammable.  Use no open flames.  Use an exhaust fan. 

MATERIALS:

plastic animal habitat (40cm x 20cm x 20cm) (Petco) ($15.00)

black aluminum or iron food defrosting plate (kitchen supply) larger than the habitat

cotton or felt 

Elmer’s glue

100% isopropyl alcohol (96% will do)

dry ice (15 lbs)

cardboard box to fit the bottom of the habitat snuggly (priceless)

vacuum grease (about $15.00 from MSC  http://www1.mscdirect.com/cgi/nnsrhm)

desk lamp

duck tape

PROCEDURE:

1. Turn the habitat upside down and glue the cotton or felt inside the top of the habitat.  Set aside for 30 minutes.

2. Construct a box from the cardboard: 25cm x 45cm x 10cm.  

3. Cut the dry ice so that it will lie in the box covering the bottom and have a flat continuous top.

4. Place the iron plate on top of the dry ice and push it down to make the ice level and get a good contact.  This contact is the second biggest key to success.

5. Place a generous bead of vacuum grease around the bottom edge of the habitat.

6. Soak the cotton or felt with 100% isopropyl alcohol.

7. Carefully place the habitat on the black iron plate; press down to seal.  This seal is the first biggest key to success.  The habitat must be airtight.

8. Wait about 15 minutes to allow the unit to cool.

9. Turn on the desk lamp and turn off the room lights.

HOW IT WORKS:

Alcohol evaporates from the cotton or felt at the top of the chamber due to the temperature gradient in the container.  The vapor falls, is cooled and condenses right above the iron plate.  The alcohol be comes super saturated above the plates.  Cosmic rays ionize the supersaturated mist causing condensation, which is seen as a fuzzy white line.  Be sure that your light is placed to illuminate the bottom of the chamber.  You should see tracks every second after some time.
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WHAT YOU WILL SEE:

“Most of the time you will just see straight tracks, but sometimes you will also recognize a track that bends off. Then most likely the muon decayed into an electron which track is still visible and a neutrino (maybe two), which can't be detected this way. Or in other cases, you may see a track, which duplicates. Then the incoming muon hit an electron of an atom, which is now producing a new track in your chamber. In the third case, you may see a zigzag track - this is multiple scattering of a low energy muon, which bounced off of one atom to the next.” http://www.cosmicrays.org/muon-cloud-chamber.php
TROUBLE SHOOTING:   copied from http://w4.lns.cornell.edu/~adf4/cloud.html
Like any experiment, you may find yourself with difficulties. Here are a few common ones and their solutions. 

· "I don't see anything!". Solution: Be sure the light is well placed. Make sure the dry ice is neatly packed and in good contact with the metal plate. Try adding some alcohol. 

· "I only see mist, and no tracks". Solution: Wait. It takes about 15 minutes for the chamber to get to the right temperature. 

· "I waited 15 minutes, and still nothing!". Solution: Be sure the light is well placed and shining into the chamber. Check that the chamber is airtight. 

· "It's airtight, and there's good light". Solution: if you see only a very thick mist, try opening the chamber, letting some escape, and then starting over. If nothing works, try a new container, which is a little shorter or taller. 

· "I see big clouds at the edges of the chamber." Solution: This probably means you have an air leak. Be sure that the chamber is tightly sealed. 
