Bubble Chamber Lesson 1

Introduction for the teacher:  This lesson begins with a photo of an bubble chamber interaction. One incoming K- beam strikes an electron first, then a proton. The second passes through with no interactions.  Students will begin by simply describing what they see in the photo.  Then, using a classical physics analogy – the trajectory of cannonballs – students will begin to apply basics physics principles tell the story of the photograph.  Finally, the lesson introduces the basic concepts of particle physics experiments (beam-target-result) and of the bubble chamber.  The students then begin to tell the story on a subatomic level.  The lesson suggests a series of guided questions about the interaction, some key points to cover, and some exercises to build understanding.  This lesson, together with lesson 2 will provide a basis for understanding more complex interactions in the bubble chamber.

The interaction:
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Prior knowledge required:  eV unit of energy, conservation of momentum, energy, charge, 

F = qvB, centripetal force.

Objectives:

Students explain the basic physics principles and concepts that apply to bubble chamber interactions – conservation of energy, momentum and charge.

Students qualitatively explain the two basic collision interactions in a bubble chamber:  incoming beam and electron and incoming beam with proton.

Suggested lesson introduction:  

Students see a projection or drawing of the photo showing two parallel particle beams.  One beam passes through the bubble chamber with no visible interaction; the second beam shows the telltale curl of an electron interaction followed by a short branch in the opposite direction indicating a proton interaction.

An introduction to the lesson might begin:  “With pictures like these, physicists are uncovering the most fundamental properties of matter.  Our objective today is to use basic physics principles to explain the story that this picture tells.” 

Teaching strategy:

1. Looking at the picture

Ask students to describe what they see looking at the lines as a piece of art. The following types of questions may guide them:

How many lines?

How would they describe the lines – do they travel straight through?

Which line has more “interest” and why?

What do they see happen along that line?

Does the original line continue through?  What happens to it?

Do the lines convey any sense of motion?  Balance? 

2. What can a picture show?

Now, let’s give the picture some context.  Imagine that the lines represent the paths taken by cannonballs during a recent battle (imagine also that it is 1700 and this information will allow the kingdom to develop advanced cannon technology).  You are given the data to study.  You must study the data carefully to determine everything the picture might tell us about the flight of the cannonballs.  

You might also ask – “What do we mean by ‘carefully’?  Emphasize that every mark on the photo must be considered to be meaningful.

Some guiding questions:


Possible responses:

How many cannonballs were fired?

Two

What can we know about the incoming 
Mass, velocity, kinetic energy, 

cannonballs?
momentum.

What happens to the one on the left?

It flies straight through; strikes nothing.

Do they curve?



Yes.

Why do they curve?



There must be a force acting on them.

[explore what force may act on the cannonballs]

What happens to the second cannonball?
It hits something.

Explore the two interactions – have students note that there are differences, that the path of the oncoming cannonball does not appear to change at the first one, but does at the second.

Verify that the second cannonball veers left but continues on.

Examine the curvature of all the lines.

Now – students tell a story about what happened to each cannonball (if they have not already done so).

Ask students what physics principles/concepts might be applied to understand what is happening? (if they have not already done so).

It may be possible to note that energy and momentum are conserved.  However, there are more lines created as the cannonball flies through the picture.  What else is/is not conserved?

3. Uncovering some particle physics

This picture actually shows an experiment performed to analyze the properties of fundamental particles.  

Ask students what is meant by fundamental particles – we hope to get at least protons, neutrons and electrons.  These experiments uncovered numerous other “fundamental” particles, some revealing a substructure of protons and neutrons.

Key points:

In particle physics experiments, beams of particles with known characteristics are fired at a target, physicists then can analyze what happens – not entirely unlike our cannonball study.

This photo shows a stream of negatively charged particles known as Kaons being fired into a chamber filled with liquid hydrogen called a bubble chamber.

Without concerning ourselves about how – in a bubble chamber, moving charged particles interact with the hydrogen atoms, causing it to boil and create a stream of bubbles indicating the path of the charged particle.  Any charged particle moving through the chamber will leave a bubble trail.  This trail can be photographed and analyzed.

4. What does this picture show?

What we know about the beam:

kaons – charge is negative

me = ½ mp
E = 4.2 GeV


v = c

The target:

Hydrogen consists of 1 proton and 1 electron

me = 1/2000 mp

Discuss overall impressions – 

1 beam passes straight through, the other hits some objects.  What can be hit?  How can the beam pass straight through?

Discuss structure of the target:  rn = 10-5 total radius.

Beams curve – what can make a moving charge curve?  A magnetic field perhaps?

Aha!  And can we tell whether a charge is + or – from the curve?

Conclusion:  left curves are negative and right curves are positive.

5. The story of the collisions

First collision – what can we tell?

Possible discussion points:

The collision must be with either a proton or an electron – which is it?

Students may infer that it is much less massive than the beam from the path – the students may also see that since the particle curves left, it must be negative. 

What happens to the proton in Hydrogen atom that is struck?

What affect does the collision have on path of the K- ? 

Second collision

Possible discussion points:

What evidence is there that this collision is between the K- and a proton?

Are students convinced that the K- continues from the first interaction?

Which of the ongoing trails is the K- and which is the proton?  

What affect does the interaction have on the motion of each particle?

What does the path of each particle tell us about the characteristics of each particle and about the collision?

Wrap up – tell, in plain language the story of the picture.  What do we see in the record?  What physics principles will you apply?

Sample Exercises

1. Look at each collision in the picture we analyzed – what quantities must be conserved?

2. How many hydrogen atoms can fit in a distance of 1 cm?  (the diameter of an H atom is approximately 10 –8 cm)

3. Explain how it is possible for a beam to hit a target as tiny as a proton.

4. How much time does it take for the beam to travel 1 cm in the bubble chamber?

5. What is the direction of the B field in this photo (hint: into the page or out? Use RHR except UK, then use LHR)
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