SolidWorks Lesson Template for Teachers to Contribute
Cover Sheet for Exemplary Lessons/Units Project

Faculty Member Name:  Bruce Hamren  
Date: August 16, 2006
School District: The Athenian School, Danville, CA
Teacher’s School email address:  bhamren@athenian .org
Title of Lesson/Unit:  Comparing the Size of the Hydrogen Atom’s Nucleus to its Orbital
Science, Technology, Engineering and Math) STEM Concepts Addressed: 
This exercise will assist students in visualizing how little of the space occupied by an atom actually contains matter.  This exercise will create a scaled model of the hydrogen atom with which students can zoom from an external view of the s-orbital down to the nucleus.  It should be noted that SolidWorks does not use measurements that accommodate the dimensions of an atom.  (The s-orbital diameter of a hydrogen atom is on the order of 10-10meters and the proton which forms the nucleus has a diameter on the order of 10-15meters.) However if assigned units are ignored, the breadth of magnitudes in measurement that SolidWorks does provide will allow a scaled model of the atom to be viewed.
An added interest is made possible by using the data provided at the end of this document to construct a model of the gold atom.  This would particularly useful as a demonstration tool when discussing “Rutherford’s Gold Foil” experiment.  Alternatively, as suggested in the second website listed below, it would be interesting to adapt this tool to create models comparing the gold atom to that of Pluto’s orbit around the sun.
Length of instruction period:  45 minutes 
How many periods needed to implement lesson unit: 1
Grade Level(s) for use:  9 and 10
Objectives:

1. To provide conceptual physics and general chemistry students with a visual perspective of the size of an atom as compared to its nucleus.
Materials: SolidWorks Work Station
Procedures: 
1. Open a new document and select the part icon.
2. In the feature manager design tree select the front plane.
3. In the toolbar select the features icon then select revolve boss/base.

4. Select the circle tool in the sketch tool bar.

5. Draw a circle with its center at the origin in the graphics area.

6. Select the centerline tool in on the sketch toolbar and create a vertical centerline within the circle so that its end-points are coincident with the top and bottom of the circle along the Y-axis. 
7. Select smart dimension on the toolbar, right click on perimeter of the circle and set the diameter to 100mm. Click on the ok icon.
8. Exit the sketch.

9. In the revolve dialog box set the angle of rotation to 360 degrees, select the centerline (line 1) as the axis of revolution, open the selected contours box and right click on the right side of the circle in the graphics area. Select ok.
10. The feature manager design tree will appear. Within the design tree a box with the word “Revolve1” will be highlighted next to the revolve boss icon.  Replace “Revolve1” with the work “nucleus” to identify this part and then hit enter. (Note: The nucleus is not to scale at this point. It is important to exaggerate the nucleus relative to the atomic diameter so that you will be able to see well enough to navigate in the graphics area. The nucleus will be scaled appropriately later in this exercise.)

11. Select the front plane in the design tree.
12. Select the revolve boss/base tool.

13. Select the front plane in the view toolbar.

14. Select the center point arc in the sketch toolbar.

15. Left click on the origin in the graphics area and draw a 180 degree arc outside of the sphere, beginning and ending on the y axis; so that a semicircle begins on the axis above the sphere and ends on the axis below it. Draw a second 180 degree arc just inside of the first arc, again using the Y-axis as you beginning and end points.
16. Select the line tool and draw two lines that connect the end points of the two arcs by left clicking on the dots located on their respective end points. This will form an enclosed double-lined arc.
17. In the view tool bar select the zoom to area tool in the view tool box, left click next to the area you wish to enlarge and drag the pointer to select the region. The right click anywhere in the graphics area and left click on the zoom to area button to turn it off.
18. Select the smart dimension tool and set one of the lines connecting the two arcs to 1mm.  
19. Again select zoom to fit.

20. Next using the smart dimension tool set the radius of the outer arc to 60mm and select ok.

21. Select exit sketch in the tool bar.

22. In the revolve dialogue box set the axis of the revolution to 330 degrees and select one of the short vertical lines joining the two arcs as the axis of revolution. Select the zoom to area tool in the view tool box and enlarge one of the vertical lines connecting the two arcs. Left click on the enlarged vertical line to select is as the axis of revolution. Next click on the arrow on the selected contours box and right click on the space between the two arcs to select this face. 

23. Select ok.

24. In the feature manager design tree next to the second revolve boss icon, enter “orbital” to identify this feature of your atomic model.

25. Select zoom to fit.

26. Toggle on the right and left arrow keys ((  () on the keyboard to orient the opening in the outer sphere so that you can see the “nucleus” inside of your model of the atom.
27. Right click on the outer sphere (“the orbital”) and select appearance and then color.
28. In the dialogue box select a color (blue) to represent the orbital and in the optical properties box set transparency to 0.60. Select ok.
29. In the graphics area, right click on the inner sphere (“the nucleus”) and again choose appearance, then color and select a color (black).  Alternatively, you may wish to select texture and then select an interesting texture within this feature (Example: Appearance ( texture (metal ( polished ( chrome 2).

30. Select ok.

31. In the view toolbar select shaded without edges.

32. Next you will scale this model of the hydrogen atom so that the diameter of the orbital is approximately proportional to the nucleus.

33. In the feature manager design tree, expand the nucleus by left clicking on the plus (+) symbol next to it.  Rename the sketch icon (entitled sketch1) by left clicking on the name, pausing and left clicking a second time. Replace the name with “atomic diameter” and hit enter.
34. Next expand the orbital and rename its sketch icon to “orbital radius” and hit enter.
35. Left click on the Insert drop-down tab above the toolbar and select design table.
36. Click on the ok icon at the top of the dialogue box.

37. An excel spread sheet will appear within the graphics area and a dialogue box will appear over it. Within this box select D1@Atomic Diameter and D2@ Orbital Radius.  This selects the 100mm atomic diameter and the 60mm orbital radius and inserts them automatically into the excel spread sheet…which is your design table.
38. In cell 4A, under “default”, enter the words “Hydrogen Atom”. (You may wish to expand this cell’s width to make the words fit by double-clicking the line between the cell identifiers A and B at the top of the spread sheet.)

39. At this point you need to do a little calculating in order to rescale your model of the atom to approximate the hydrogen atom.  The diameter of the hydrogen atom is on the order of 10-15m and the diameter of the hydrogen atom’s s-orbital is on the order of 10-10m. So the atomic diameter is 100,000 times larger than that of the nucleus.  If we set the diameter of the nucleus to a value of 1 and the radius of the orbital to a value of 50,000 the resulting atom should be to scale.
40. In cell 4B, under the column entitled “D1@Atomic Diameter” enter the value 1. This assigns a new diameter to your hydrogen atom.

41. In cell 4C enter the value 50000. (Again you may wish to expand this cell’s width by double clicking at the top of this column on the line between cells C and D.)

42. Next left click anywhere in the graphics area. A dialogue box will appear, informing you that the hydrogen atom configuration has been made. Click on the ok button.

43. Click on the configuration manager tab next to the feature manager design tree.

44. In the tree below double click on “hydrogen atom”.

45. Your new model of the hydrogen atom will appear in the graphics area.

46. Select zoom to fit in the view toolbar.

47. Select zoom in-out tool in the view toolbar.

48. While holding down the left mouse button move your mouse up and down to zoom into and out of your model of the atom.
Assessment: NA
Resources Used: 
Hydrogen Atom Dimensions: Newton BBS Telnet Services operated by DOE Science Education: Ask a Scientist (http://www.newton.dep.anl.gov/askasci/chem00/chem00452.htm)
Gold Atom and Solar System Dimensions: 
(http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/nucuni.html)
Data for Scale Model of Atom
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Nuclear density = 2 « 10'7 kg/m?
Density of solid gold = 19.32 gm/cm®
Atomic mass = 196.97 amu (1 mol
Tamu=1.66 % 1027 kg
Avagadro's number = 6.02 x 102 stoms/mole
Calculated atomic radius =13 x 107% m
Calculated nuclear radius =75 x 1075 m

B. SOLAR SYSTEM
Radius of Sun = 432,000 miles = 695,000 km
Radius of Earth = 3963 miles = 6376 km
Sun-Earth distance = 93 x 10° miles = 150 x 105 km
Sun-Pluto distance =3666 « 10° miles = 5900 & 10° km
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Copyrighted Materials:  NA

What materials did you employ from published sources? See internet sites listed in resources section.
