Catch a Cosmic Ray Program – Instructions for Teachers

Greetings! Thanks for your interest. The outline below details all the options and activities that go with the “Catch a Cosmic Ray” program. By participating, you are not committing yourself and your students to all of these, but the structure and order of components in this program are designed to effectively teach your students about cosmic rays.
1. Initial setup

a. Arrange a date to bring your class to NSCL (see How to take a tour of NSCL.pdf)
b. If you need assistance with your travel costs, talk with Zach in advance

c. Look over CACR documents

i. Three CACR powerpoint files that go before and after the NSCL visit
ii. three sets of experiment instructions for students: ALTITUDE, ANGLE and SHIELDING

iii. Consider whether you want to make any changes or have any questions

d. Resources for preparation
i. More about Cosmic Ray experiments at NSCL: http://meetings.nscl.msu.edu/pan/PAN2006/Cosmic_Ray.html
ii. NASA’s introduction to Cosmic Rays: http://helios.gsfc.nasa.gov/cosmic.html
iii. A general list of links to Cosmic Ray experiments worldwide:   http://www.mpi-hd.mpg.de/hfm/CosmicRay/CosmicRaySites.html
iv. Contact Zach Constan with your questions (constan@nscl.msu.edu)
2. Day One – in your classroom, prepare to visit NSCL. Could be the day before your visit, or not.
a. Do a quick pre-test using the CACR – Pre test.ppt slideshow. 

i. Have students answer each question by a show of hands

ii. Record number of votes for each answer on the CACR Answer sheet.doc
b. Present the slideshow CACR - Introduction to Cosmic Rays.ppt to your class
i. Several slides have notes included to give you more detail

ii. This show will introduce your students to the history, nature and research of cosmic rays

c. If you have time and interest (or in lieu of the Introduction to Cosmic Rays), show the “Nucleus Factory” DVD, a 25-minute documentary on NSCL
d. Arrange that every student has a lab partner to work with when he/she arrives at NSCL

3. Day Two – visit NSCL

a. Tour (90 minutes) – your class will receive a behind-the-scenes look at our lab
b. Lecture on Cosmic Rays (30 minutes)

i. A faculty member speaks with your class about current cosmic ray research
ii. This segment is dependent on the availability of faculty, time constraints, and whether you were able to show the CACR – Introduction to Cosmic Rays.ppt slideshow to your class. If they have not seen the slideshow, Zach will likely present it here.
c. Instructions on how to use the Cosmic Ray Detector (CRD) (15 minutes)

i. Zach will demonstrate the operation of our homemade CRDs

ii. They are very fragile, so your students will be encouraged to take care

iii. Zach will describe the methods by which students will take measurements
d. Lunch (45 minutes) – this part could vary in time, place, etc. depending on your needs
e. Conduct Experiment (60-90 minutes) – each pair of lab partners will:
i. Choose their experiment (availability depends on the number of students present)

ii. Receive a CRD (possibly shared with another pair of partners) and other equipment
iii. Create hypothesis, make predictions, test CRD, collect data
iv. Work together to analyze the data, calculate error, and consider whether their predictions were correct (if time allows… this can be done in classroom)
4. Day Three – in your classroom, after NSCL visit. Best if done the day after your visit.
a. Data analysis (if unfinished at NSCL)
b. Groups that did same experiment get together and compare results, then answers to questions. If results are different, try to establish why (method, sources of error?), and defend your answers.

c. Perform a post-test using the CACR – Post test.ppt slideshow
i. Again, record students’ answers on the CACR Answer sheet.doc
ii. For each question, you might ask for a volunteer to justify his or her answer (for bonus points?), or simply go on to reveal the answer on the slideshow.
5. Assessment
a. Each student could write a 1-pg report explaining their experiment and results to a friend; this acts as assessment.

i. Describe what they did

ii. Explain what they found

b. Please send the results on your CACR Answer sheet.doc to Zach via email (constan@nscl.msu.edu) or fax (517-353-5967), along with any other quantitative or qualitative evaluation of the program and student impact you may have.
c. If your students agree, please mail or fax copies of some of their experiment worksheets to: Zach Constan, 1 Cyclotron, Michigan State University, East Lansing, MI  48824

6. Michigan standards met by this project: see next page
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Address:
NSCL / CYCLOTRON LABORATORY

Michigan State University 

East Lansing, MI 48824-1321, USA  

           www.nscl.msu.edu/outreach 
Outreach program:

“Catch a Cosmic Ray”
Michigan Content Standards met:

PHYSICS/CHEMISTRY

Michigan Standard P/C1:  

INQUIRY, REFLECTION, AND SCIENTIFIC PRINCIPLES
P/C1.1
Scientific Inquiry

P/C1.1A 
Generate new questions that can be investigated in the laboratory or field.

· Students will investigate the effect of shielding, altitude, or angle on the number of cosmic rays that hit the detector.

P/C1.1B 
Evaluate the uncertainties or validity of scientific conclusions using an understanding of sources of measurement error, the challenges of controlling variables, accuracy of data analysis, logic of argument, logic of experimental design, and/or the dependence on underlying assumptions.

· Students will learn that human and systematic errors affect how data should be read.  Students will use the error in their count rate to find if there is a significant difference between their measurements.

· Students will note any other source of error that could have affected their measurements.

P/C1.1C 
Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an instrument that measures the desired quantity – time interval, count – with the appropriate level of precision).

· Students will use a cosmic ray detector to record the number of cosmic rays that pass through it during a given time interval.  

· Students will use stopwatch to record their time intervals, and a protractor if measuring the angle of the detector to the ground.

P/C.1.1E
Describe a reason for a given conclusion using evidence from an investigation.

· When students return to the classroom they will get together with groups that performed the same investigations to compare data.

· Students will defend their conclusions based upon the evidence that they have acquired during their experiment.


P/C.1.1g
Based on empirical evidence, explain and critique the reasoning used to draw a scientific conclusion or explanation.

· After noting their sources of error, students will describe how they would conduct their experiment again in the future. 

P/C.1.1i 
Distinguish between scientific explanations that are regarded as current scientific consensus and the emerging questions that active researchers investigate.

· In an introduction to their experiment, students learn how scientists came to discover the nature of cosmic rays and also learn the kinds of experiments performed today by researchers in an attempt to learn more about where they come from.

P/C1.2  Scientific Reflection and Social Implications

P/C1.2A 
Critique whether or not specific questions can be answered through scientific investigations.

· Students examine their sources of error to determine if the data they collected is sufficient enough to come up with a solid conclusion.

P/C1.2C 
Develop an understanding of a scientific concept by accessing information from multiple sources. Evaluate the scientific accuracy and significance of the information.

· Students learn about the history of discoveries made by scientists to find out about the nature of cosmic rays

· Students then conduct their own experiment to test different hypothesis about cosmic rays and evaluate their data by measuring with error.

P/C1.2D 
Evaluate scientific explanations in a peer review process or discussion format.

· After students acquire information from their experiment, students are able to return to the classroom and analyze their findings with other groups who performed the same experiment.

· Students note the patterns they found and determine possible explanations they have about their findings.

P1.2E 
Evaluate the future career and occupational prospects of science fields.

· Students learn that nuclear scientists study rare isotopes to understand more about their size, shape, structure and stability.  
_1266325981

