INDIRECT MEASUREMENT ACTIVITIES
  Evelyn Restivo     Global ECHS 
Teacher Information 
ENGAGEMENT:

Ask students how they would measure round objects.

Ask students to name/find in the room/bring from home small round objects that can be measured using the methods they discussed.

Put all of the objects or the list in a central location and ask students to arrange them from smallest to largest size/diameter just by looking at them.

Ask students to predict the actual diameters in centimeters.

EXPLORATION I:

Ask students to decide on a method they could use to check the actual diameters.
How would you measure the size/diameter if the objects were much smaller?  

How could you measure the size of a poppy, mustard and/or some other small seed or object?

Let students discuss methods of how to measure these seeds that are very small and can not be measured accurately using a direct measurement method. 

Provide small seeds (poppy or mustard) or small silicon beads or some other small objects and allow the students to try their methods of measurement. 

If students have trouble with the measurement methods remind them how difficult it would be to measure the height of one piece of paper but if you measure an entire ream (package = 144 sheets) and divide by the total number of sheets in the ream you will have the height of one sheet. 
From this it is hoped that students would decide that if you line up 10-20 seeds and measure the length and then divide by the total number of seeds measured they will have the actual measured value of the diameter of the seed. 
STUDENT ACTIVITIES
EXPLORATION II:


How can you determine the shape of an object that can’t be seen?

Procedure: 


1. Obtain a pie plate with unknown shapes underneath. At no time during the lab are you allowed to look at the shapes underneath the pie plate.

2. Place the pie plate shapes side down on the table. Be sure that the edge of the pie plate is high enough off the table for a marble to roll under the plate and strike the object. 

3. Roll a marble under the pie plate and notice the angle at which it returns from underneath.


4.  Draw a pie shaped data table on unlined paper and record the position where each marble is started for each roll, the number of the roll and draw a line for the angles as they come out from under the pie plate for the return of each marble.  


5. Roll the marbles a minimum of 25 times so that you have a somewhat accurate idea of the shape of the object. 

6. When your group has decided the shape raise your hand and the instructor will remove your pie plate and shape.

7. On your unlined paper draw in the shape from the lines you have drawn for angles of the marbles.  

8.  Compare your shape to each of the other groups and place the information in a table to compare and contrast the shapes for all of the groups. Explain the accuracy of the class data.

9. Explain how using different sizes of marbles would allow more details in the shapes.

10. Explain how complicated shapes might show more interesting results.

TEACHER INFORMATION:
EXPLANATION:
In physics when objects are very small or very large, they must be measured indirectly.  Ernest Rutherford using his gold foil experiment discovered that the very small atom deflected particles because it had an even smaller dense nucleus.  Since it is not possible to use your naked eye to view nuclear particles, an indirect method is used.  One method is to use small round objects such as marbles or stainless steel ball bearings to represent target nuclear particles.  The marbles or ball bearings can be placed in a confined space and another marble or ball bearing can be used as a probe and rolled down a ramp into the space to see if it will hit/collide with one or any of the others.  This provides a way to visualize a collision of a target nuclear particle by a probe and to study the path of the particles that are deflected by the strike.  Physicists use particle accelerators like the Large Hadron Collider and the ATLAS detector to view collision images on a computer.  Since it is not possible for us to use nuclear particles to show this process we must use objects that are visible and able to be handled, using these larger particles it is possible to model nuclear particle collisions and determine the particle diameter measurement indirectly.

STUDENT ACTIVITY
ELABORATION I:

NUCLEAR REACTIONS GROUP LAB

 HALF LIFE ANALOG


PURPOSE: 











To provide a representation to help in the understanding of half-life and radioactive decay.

MATERIALS: plastic container with lid, “M & M’s”, graph paper, ruler and pencil

PROCEDURE:










1. Make a data chart on unlined paper with sections for shake number, pieces removed, pieces remaining and total pieces.


2. Place the “M & M’s” in the plastic container and secure the lid. Gently shake the container for 20 seconds by rolling it over and back. Open the container and remove all the pieces with the “M” showing. Place the pieces on a clean paper towel; do not put them back into the container.  Count these pieces and record the number.  


3. Repeat step 2 until one or no pieces remain in the container. Record the number removed after each shake.


4. Add all of the pieces removed to find the “Total Pieces” and subtract to find the “Pieces Remaining” after each shake.


5. Graph the “Pieces Remaining” versus the “Number of Shakes” and draw a smooth line that best fits the plot points. Explain the significance of the line formed on the graph.


6. Calculate the percent of remaining “M & M’s” removed after each shake. Explain any trends that appear in the calculated values.


7. Define half-life and explain how each shake represents a “half-life” for the “M & M’s.”


8. Compose a general statement from the lab data to explain radioactive decay. 

9. Compare and contrast the licorice half-life with the “M & M’s” half-life.


10. Share and consume or dispose of the half-life particles, put your container away and staple your lab report to the back of this lab sheet. 

EXPLORATION II:

NUCLEAR REACTIONS INDIVIDUAL LAB 
LICORICE HALF-LIFE SIMULATION

PURPOSE:












To illustrate basic concepts of half-life decay and determine absolute dating techniques.

MATERIALS: Licorice sticks or whips, graph paper, scissors or other cutting device, ruler and pencil

PROCEDURE:

1. Select a piece of licorice, which is somewhat equal in length to the vertical axis of the graph paper. Place the licorice so that one end is at zero on the vertical axis and label the other end 100 percent.


2. Determine a suitable length of time to illustrate radioactive decay. (for example, allow 100 seconds of real time to represent 100 years of scale time) Set up time units along the horizontal axis.


3. At your first time interval after zero cut the licorice in half, place one half aside for later and place the remaining half on the graph and label it as 50 percent on the vertical axis. This represents the analogy the licorice is “decaying.” 


4. At the next time interval cut the remaining licorice half in half, placing it on the graph paper and labeling the percentage value it represents. 


5. Continue cutting the licorice in half and marking the percentage values until you are unable to cut any smaller pieces or until no licorice remain. Indicate on the graph where you feel accuracy is becoming questionable.


6. Connect all points with a best-fit line.


7. Obtain three random lengths of licorice, marking each length in a different color on your graph. For each piece, determine the amount of time needed to result in that amount of licorice remaining and label it on your graph.


8. Explain what you observed as you were cutting and marking the licorice on your graph. Explain what your graph shows and how this represents half-life decay.


9. Using your data on the random licorice lengths, write a discussion to explain effective half-life time spans. 
10. Using your data on the random licorice lengths, describe how to interpret intervals not equal to specific fractions.

Consume or dispose of the licorice, staple your lab report to the back of this lab sheet.
EXPLORATION III:

RUTHERFORD’S GOLD FOIL SIMULATION 
INTRODUCTION: In 1911, Ernest Rutherford discovered that the atom is mostly space with a small massive center. Rutherford’s original experiment used a very thin piece of accurately measured gold foil placed in front of a fluorescent screen. A device placed on the other side of the foil produced a stream of protons. When the protons struck the screen, a small part of the screen would glow. If a proton came close to the nucleus, the positive charge in the nucleus would repel the proton. Most of the protons would pass through the foil without being greatly affected by the nucleus. This indirect method to measure the area of holes is similar to Rutherford’s method of measuring the size of the nucleus.
PROCEDURE: 1. Place a ring clamp at the top of three ring stands. Arrange the ring stands on the floor with the ring clamps to the inside so that a card stock circle, approximately 60 cm in diameter with five equal sized holes cut in it of approximately 6 cm in diameter, will balance so all of the holes are unobstructed. 2. Obtain a small baggie of colored soda straws that have been cut into 1-2 cm pieces.  3. Place a chair 2 meters from the circle, sit down in the chair and throw the straw pieces one at a time at the circle.  4. Group members will take turns throwing straw pieces, picking up straw pieces, and recording hits and misses on a data chart. 5. If a piece of straw goes directly through one of the holes, count it as a “hit.” If a piece of straw strikes the circle before going through it counts as a “miss.”  If a piece of straw misses the circle it does not count at all.  Continue throwing straw pieces until there are at least 30 hits or until the end of the lab period. The greater number of hits and misses, the greater the chance for significant results. Be sure to record both hits and misses. 6. Calculate the total area of the holes by following this formula: Area of holes/Area of circle = hits/misses or Area of holes = hits/hits + misses X Area of circle.  Place all calculations on the data chart.  7. Divide by five to get the experimental area of one hole. Measure the diameter of a hole and use this measurement to determine the actual area and compare this number with the experimental area. The area of a circle is equal to the radius times the radius times pi. Using this formula, the area of the circle would be 60 cm X 60 cm X 3.14. The area of the measured hole can be calculated from the radius in the same way. 8. Summarize your findings, explain why a high number of hits are not really important in this experiment and compare your lab results to Rutherford’s Gold Foil Experiment. 
ENHANCEMENT ACTIVITY I:
PURPOSE: To model nuclear particle collisions, observe nuclear scattering and determine particle size by indirect measurement.

MATERIALS: 12 marbles or stainless steel ball bearings, 2 one-meter long barriers (ramps, tracks, or meter sticks), “v” shaped ramp or ruler with elevation block and a meter stick

PROCEDURE:


1. Place the barriers parallel to each other 50 cm apart on the floor so that one end of each barrier touches the same wall or something that will stop the roll.


2. Measure 20 cm from the wall into the space between the barriers and line up 11 marbles or ball bearings, as targets, starting with one at the barrier, then spaced at 5 cm intervals with the last one at the opposite barrier.  The pathway will represent the inside of the detector and the spaced marbles or ball bearings represent the target nuclear particles.  From the percentage of rolls that lead to collisions, you will be able to determine the size of the target nuclear particles.


3. Roll the remaining marble or ball bearing which represents the projected nuclear particle down a 30 to 50 cm “v” shaped ramp supported by a 10 cm block placed at a centered (25 cm) starting point aimed toward the target area from a central release point that is at the open end of the barriers not touching the wall.  If a rolling probe hits a target it counts as one hit, if a probe hits two targets it still counts as one hit.  If a shooter does not hit a target, it is counted as a miss for the total number of trials.  If a shooter goes outside of the measured space the trial does not count in the total.  Record your number of hits, number of misses, and total number of trials on a data chart on unlined paper.  In order for your experimental results to become statistically significant, you will need a minimum of 100 trials.


4. After completion of data collection calculate the size of the target nuclear particle showing all calculations.  Place all predicted values and calculated values for the diameter of the target nuclear particle, and the measured diameter on your data chart.


5. Analyze your results and compare them for the calculated diameter from the indirect measurement of the target nuclear particle to the direct measurement.  Calculate the percentage difference in the two measurements.

PROBLEM DISCUSSION: When the shooter rolls toward a target nuclear particle, there is a certain probability of a hit between the shooter (S) and the target nuclear particle (TNP).  The probability (P) of a hit is the ratio of the path width required for a hit to the width of the target area (W).  The path width is equal to two S radii (2R) plus the diameter (2r) of the TNP.  The probability (P) that a shooter (S) will hit a lone target nuclear particle (TNP) in the target area is found by dividing the path width by the width of the target area.

P  =    path width--
=
2R + 2r    =       2(R + r)
target width

     W

        w

Where R = the radius of the target nuclear particle (TNP)

And r = the radius of the shooter (S)

And R + r = the distance between the centers of a shooter (S) and a target nuclear particle (TNP) that are touching

And W = the width of the target area

If the number or target particles is increased to N, the probability of a hit is increased by a factor of N.  This is only true when N is small enough that the probability of multiple collisions is also small.  This means that the probability that a shooter (S) will hit one of the N widely spaced target nuclear particles (TNP) is

P  =  2N (R + r)
W

From this equation, you can show that a hit can also be determined experimentally by the ratio of the total number of  hits to the total number of trials.

P  =    # hits
# trials

This provides two ways to calculate the probability of a hit.  These two equations may be equated if the radii of the shooter and target nuclear particle are equal because R plus r is then equal to the diameter (R + r = d) for any equal sized objects used.  When you combine the two equations for probability, you get the one that will be used to solve for the diameter of the target nuclear particles from your experimental data.

EVALUATION:

Summarize the data collected from your lab activity and write a reflection about what you learned.  What conclusions can be drawn about the accuracy and process of indirect measurement from this experiment?  With your group discuss changes you might make to improve the results of this experiment?  Explain how the accuracy of your experimental results might change with different equipment.  How is this information useful in your understanding of indirect measurement used in particle physics?
ENHANECEMENT II: GELATIN FIELDS FOREVER HIGGS

Purpose: 

To provide a simulation technique to represent how Higgs particles might move and react with each other in a Higgs Field.

Materials: 

Stopwatch

Small bowl or round container of pre-made very thick, clear, light colored gelatin 

Aluminum pie or cake pan

Marble glued to a straw, wooden dowel or pencil

Several small O shaped cereal (“Cheerios”) pieces glued to a straw, dowel or pencil

Paper towels

Background information:

In 1966 Peter Higgs proposed that the universe was full of Higgs Fields. Disturbances in this field are seen as particles travel through it causing a change in the motion within the field. From a quantum point of view the field can be stirred or moved only in distinct units.  The smallest possible disturbance is due to a Higgs Particle, or more precisely, a Higgs Boson. The field consists of numerous Higgs Bosons that act like a kind of cosmic molasses that fills all of space. As an electron or neutrino move through this space they have to wade through these Higgs particles that cling to them as they go, causing a drag that appears to increase mass. This simulation technique uses the thick gelatin to act as the bosons that make up the Higgs Field. The marble represents an electron as it moves through the field and the O cereal represents a neutrino. 

Procedure:

1. Place the aluminum pan on a table or level surface and invert the container of thick gelatin so that the gelatin comes out of the container and falls on the aluminum pan. 

2. Take the marble on the straw/dowel/pencil and push it through the gelatin while another person times how long it takes from the entrance into the gelatin to the halfway point. The marble pusher should also notice the force and resistance required to move the marble. Record the time and the observation in a data table.

3. Remove the marble carefully by reversing the direction and pulling the marble from the gelatin.

4. Repeat this procedure, steps 2 and 3, with the O shaped cereal starting from the opposite side of the gelatin.

5. Repeat this procedure 2 more times for the marble and then for the O shaped cereal. Record all data and calculate the average time for both simulations.

Summarize your findings.

LHC PROJECT ASSIGNMENT

Part I:   Assigned date: DUE date:
(individual, with a partner or with a team of 4)

Your task is to develop an interactive physical HIGGS activity that could be used as an engagement assignment in the first 10-20 minutes of a class period.  The HIGGS activity should be able to be done with a group of 18-24 students in the classroom to visually and physically explain how Higgs particles (boson, electron, and neutrino) move and react with each other.  You must write out the specific rules for the activity, what or how the students will portray Higgs bosons, an electron or a neutrino, or all 3.  Your activity must include all background information about Higgs Particles in an easy to read and use format, rules and guidelines for participation in the activity, specific goals for learning with the activity and a scoring rubric.  Grades will be determined by the class when they participate in the activity. 

· Some information may be found at: http://www.particleadventure.org 

Part II:   Assigned date:
DUE  date:

(Individual) 

The Compact Muon Solenoid Times is a news letter designed to inform the international members of CERN about new and upcoming events associated with the Large Hadron Collider.  

· For your reference the latest edition of the CMS Times is now available at:

· http://cern.ch/cms/CMSTimes.html  

· Archive of all editions can be found at:

· http://cern.ch/cms/Resources/archive.html 

Your task is to design a news letter with a series of short articles in the style of the CMS Times to help explain the similarities and differences between the reactions that occurred and are occurring in our Universe and the experiments to study the first millionth of a second at the LHC.

 Part III:  Assigned date: DUE date: (Individual, with a partner, or with a team of 3) 

CERN: The Large Hadron Collider 

Your task is to make a miniature, three dimensional, detailed model of one of the detectors designed to study what the universe was like when it was less than a millionth of a second old.   A research report will be due along with your model to provide detail and explain how the detector was built and how it will be used.   


Some information may be found at: http://lhc.web.cern.ch/lhc/
