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Bubble Chamber ~ Project    Name: ___________ 

Inquiry Question 

CERN - Conseil Européen pour la Recherche Nucléaire (European 
Organization for Nuclear Research), is a European research 
organization that operates the largest particle physics laboratory in 
the world.  It's primary goal – understanding the building blocks of 
our universe. 

 

Modern physics has primarily become the study of quantum mechanics and particle physics.  Particle 
accelerators such as CERN "smash" fundamental particles together and examine the shrapnel of the 
collisions using a simple and effective method involving a Bubble chamber.  The short-lived particles 
resulting from these collisions leave visible trails through these chambers that allow physicists to 
determine the fundamental properties of these particles.  
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Instructions 

Using a pencil, answer the following questions.  The lab is marked based on clarity of responses, 
completeness, neatness, and accuracy. Do your best! Please ensure that any data measured (or 
recorded) includes the appropriate number of significant digits (only one uncertain digit). 

This activity is divided into three sections: 

• Core – this first section explores only the basic “core” ideas involved in understanding.  
Students must demonstrate a sound understand with all of their answers in this section 
BEFORE attempting the next section. 

• Mastery – Your instructor will NOT review this section if the Core section above shows any 
misconceptions.  In this section students will make predictions and apply the concepts and 
ideas learned above.  For complete mastery it is expected that data collection and scientific 
procedures will be as accurate as possible.  All work shown should be clear with any units 
included.  Answers should be rounded off to the correct number of significant figures based on 
the data collected. 

• Ace – Once again, your instructor will only look at this section provided he/she is confident 
that the above Mastery criteria has been met.  In this section students will demonstrate a deeper 
understanding of the concepts through error analysis, experimental design etc.  Physics 
concepts from other units already covered will often be required here. 

This Project will be graded according to this Marking Rubric (link). 

 

 

Your task is to research how a bubble chamber is constructed and then to apply the laws of 
electromagnetism and circular motion to describe the characteristics of four particles that have left a trail 
in a mock bubble chamber photo.   

While there are many good sites explaining how these bubble chambers work and can be interpreted, one 
particularly good site can be found at the link below to get you started: 

http://teachers.web.cern.ch/teachers/archiv/HST2005/bubble_chambers/BCwebsite/index.htm 

Part 1: Core  
 
How does a Bubble chamber work? 
Answer the following questions in the form of a short essay.  Keep it simple and ensure that all points 
below are covered: 

http://teachers.web.cern.ch/teachers/archiv/HST2005/bubble_chambers/BCwebsite/index.htm
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1. What is the purpose of a Bubble chamber?  What is it used for? 
______________________________________________________________________________
______________________________________________________________________________ 

2. Some chemistry: The simplified diagram on the upper right shows that the particles enter the 
chamber from the left hand side.  The chamber is filled with liquid hydrogen and/or helium.  Just 
before the particles enter the chamber, the piston (labelled) is lowered. What happens to the 
pressure of the liquid?  
______________________________________________________________________________
______________________________________________________________________________ 
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3. After the piston is lowered, the liquid is said to be superheated.  This means that it is right at the 
point where it would boil with any additional input of energy.  Discuss how this state allows us to 
create "bubbles" or "trails" when the particles enter the liquid. 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 

4. The coils in the diagram represent a cross-section of a solenoid that surrounds the liquid.  Once 
turned on, this solenoid (coils) generates a magnetic field (B-field) directed upwards as shown.  
DIRECTLY on the diagram (upper left).  Using the right hand rule, label the directions of the 
currents on both the right and left side coils shown. 

5. If we look at the chamber of liquid from the top, we will see the particles entering create curved 
or spiral paths as shown below: 

 
a. From this view the magnetic field created by the solenoid will be out of the page.  Label this 

external B-field with an array of vectors directly onto the image above. 
b. Using your right hand rule, identify at least one positive particle trail, and one negative 

charge trial.  Label these two choices clearly onto the above diagram. 
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6. In the box below create a free-body diagram for a positive particle travelling through this 
magnetic field.  What is the shape of the path a charged particle would follow in a uniform B-
field? _____________ .  Then determine the equation of motion. 

Free-Body-Diagram: 
 
 
 
 
 
 
 
 
 
 
Equation of motion  (in terms of m, q, v, r, B and any constants necessary) 
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Part 2: Mastery 
 

1. Under ideal conditions, a charged particle will travel in a perfect circle.  Examine the shapes of 
the actual paths in the image above in Core.  Can you hypothesize why these particles follow this 
path instead of a circle? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 

2. Examine your equation of motion (determined in Core above).  Solve the equation for radius, r 
(i.e. isolate r). 

Isolate r: 
 
 
 
 
 
 
 

 
7. Examine the equation above.  What happens to the radius of the circle if 

a. The velocity of the particle increases? ______________________ 
b. The polarity of the charge (sign) changes? ___________________ 
c. The magnetic field decreases? _________________ 

8. What does is mean if a particle does not curve inside the chamber? 
______________________________________________________________________________
______________________________________________________________________________ 

9. What is bremsstrahlung and why does this cause some particles to spiral inside the chamber?  
(research) 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
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Part 3: Ace 
Interpret the Bubble chamber picture below 

 

• The simulated Bubble chamber picture above shows four unknown particles created as a 
result of a collision between two particles following circular paths. 

• The magnetic field, B, is represented by the dots on the page (out of the page).   
 
Re-Write the equation of motion that represents to four, charged particles above.  Solve your 
equation for r.  You may include the following variables in your formula:  m, r, v, q, B and any 
fundamental constants. (from Core above) 
 

Equation of Motion 
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Using the picture above complete the table below that fully describes the nature of the four 
particles.  Use the following constraints: 

• You may assume that the magnetic field is constant for all. 
• Particles D and C were used as a controls and are both Alpha particles (Helium Nuclei) 
• A and D move at the same speed, v1.  
• Particle A has a charge of  ±2e 
• vC is five times that of vB 
• Particle B has a charge of  ±e 
• Note that the diagram is scaled. Each of the magnetic field dots are 10 cm away from 

adjacent dots. 
 
Justify your decisions with your equation of motion above. 
 

Path Charge (explain) Relative mass Relative Velocity 
A   

 
 
 
 
 
 
 

 

B   
 
 
 
 
 
 
 

 

C   
 
 
 
 
 
 
 

 

D  
 

 
 
 
 
 
 
 
 

 

 
 


