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Physics 111 Fall 2013 Day 3


Physics 111: Tuesday, April 7, 2015 Day 3

(Note: Moon: waning gibbous  90%, not visible during class)

 Tuesday: Transit: 3:26 am, sets: 8:35 am; Rises: 11:13 pm; Wednesday: transit 4:16 am, set’s 9:15 am
Before class: Invite any who have seen the moon during the past week to add their observations to the board 

Put out bucket for collecting homework not submitted online.

9:30-9:50
Sharing Moon observations, answering questions, identifying patterns

9:50-10:00
Reviewing resources, powerful ideas about light, ray diagrams, and scientific explanations

10:00-10:20 
Exploring Light and Shadow Phenomena III 

(Go on a field trip to roof if sunny - one of peer instructors needs to stay in 275 as it cannot be locked; if not sunny, peer instructors pull down shades on windows)

(bring pinhole envelopes, meter sticks, cameras, pencils; 

also bring shadow plot for each group if not done previous week);

(if not sunny, use lamps without shades inside)

10:20-10:45
Using mathematics to estimate a quantity of interest: 




If sunny: how big is the sun?




If not sunny: how represent pinhole phenomena mathematically? 




(inside with light bulb, movable pinholes, wax screens)




Then how big is the sun?

10:45-11:00
Reporting findings 

11:00-11:20
Making connections to Oregon’s science standards (Next Generation Science Standards)



http://www.ode.state.or.us/search/page/?id=1577
11:20-11:30
Reviewing/Writing

11:30-11:50
Reflecting

Materials:
For moon conversation: whiteboard, marker, eraser



For each group on field trip:

Envelope with pinhole materials: cardboard with Al cutout with pinhole, cardboard screen with white paper attached, pencil, meter stick, camera; also shadow plot materials (folder, paperclip gnomen) if not made the previous week

In class: for each group: second white board, marker, eraser

If not sunny: lamp without lampshade, cardboard holder with wax paper cutout, cardboard holder with Al foil in pinhole, meter stick, ruler

Extra journal pages if needed

Computer projector for Oregon state science standards http://www.ode.state.or.us/search/page/?id=1577 http://www.nextgenscience.org/next-generation-science-standards
9:30-9:50
Sharing Moon Observations, Answering Questions, Identifying Patterns, Making Predictions


Small groups: discuss eclipse if saw it.


Each small group: share sky journals: what have you seen since last Thursday? 




What question did you have about the Moon?  




What did you find out?  




Record findings on white board



Small groups present questions and findings to whole group



Whole group:
•

What patterns have we been seeing in these observations? 




(have small groups discuss and report to whole group one pattern)

•

What evidence do you have to support those claims? 




(shape of moon was getting bigger?  





(ask for support with dates, drawings from journals)





(from what side? Right); 




(now starting to get smaller?  





(ask for support with dates, drawings from journals)





(on what side? Right)

•

How describe shape? 




(more than half lit on right, then fully lit on Saturday, 




 now more than half lit on left)





(ask for support with dates, drawings from journals)

•

 Anyone know the names of those shapes? 




(waxing gibbous, full, waning gibbous); 

•

How has the angle formed by pointing arms at Sun and Moon been changing? 



(if noticed: obtuse getting bigger, straight, now obtuse getting smaller)





(ask for support with dates, drawings from journals)


(if not noticed yet: encourage to try to see the Sun and Moon together and start watching how this angle formed by pointing at both changes)

•

What do you predict will happen next? 




(might predict immediately starting over as ‘not lit’; 




or getting gradually less and less lit, on what side?   Right)




Why predict that?

ª

What predict about the angle formed by pointing at the Sun and Moon? 




(if noticed: may predict still obtuse but getting smaller)




Why predict that?




(if not noticed: encourage starting to watch how this angle changes)

*
 LOOK for the Moon in the early morning as soon as get up, until about 9 am
9:50-10:00
Reviewing Resources, Powerful Ideas about Light, Scientific Explanations
Resource: young children’s pictures of the sun with straight rays leaving in all directions; own experiences learning about light; these are resources for developing and understanding powerful ideas and drawing ray diagrams
Powerful Ideas (conceptual model for light)

(These are inferences based on observations; they are expressed as claims that are supported by evidence from our explorations)
Light travels outward in all directions from a light source


(evidence to support this claim? 


light dispersed on screen from clear bulb with vertical filament)

(refinement from preschool drawings of sun: 


light rays leave any point on the source in all directions)


Light travels in straight lines



(straight means without bending, can be at an angle to the horizontal)
(evidence: meter stick forms a model of light rays from light bulb by edge of barrier to edge of shadow on the screen)



(confirmed by use in explaining pinhole phenomena)



Light bounces off objects (or emerges from translucent material) in many directions

(evidence: everyone can see someone’s nose; can see pinhole projection from a variety of positions)


For someone to see something, light has to get to the person’s eyes

(evidence: (thought experiment, can not see objects in a room with no light source)(interesting issue: how does one ‘see’ a shadow?)



Scientific Explanations


In explaining pinhole phenomena:

•

Sketch the situation

•

State the relevant powerful ideas (our conceptual model of light)

•
Draw careful ray diagram to represent what is happening to the light rays.  

Draw continuous rays as they move from the source through the pinhole to the screen and then to the observer’s eye.  

Include arrows to indicate direction of travel. 

Use a ruler. 

Ok to make a circle to indicate pinhole but keep inside of the circle clear to indicate the pinhole is open.

•

Use powerful ideas to explain the phenomenon:



Light rays leave a source in all directions and move in straight lines:

Some of the rays from the top of the light bulb leave the bulb in the direction of the pinhole, travel straight through the pinhole toward the bottom of the screen, and form a projection of the top of the light bulb near the bottom of the screen.

Some of the rays from the bottom of the light bulb leave the bulb in the direction of the pinhole, travel straight through the pinhole toward the top of the screen, and form a projection of the bottom of the light bulb near the top of the screen.


Some of the rays from the middle of the light bulb leave the bulb in the direction of the pinhole, travel straight through the pinhole toward the middle of the screen, and form a projection of the middle of the light bulb near the middle of the screen.

•
Light rays can travel through the wax paper. (Wax paper is translucent). 

•
Light rays leave a point in the wax paper in many directions.  


Some of the rays travel straight in the direction toward the observer’s eye. (What happens within the eye is not included in this explanation).

10:00-10:20
Exploring Pinhole Phenomena II (Outside if sunny)

Go up to the roof if sunny to ‘study the Sun’ in a variety of ways (also take shadow plot materials if no sunny days the previous week.)

•
We are going to use our knowledge of pinhole phenomena to estimate something we can not touch directly:  How is big the Sun?  

•
We can use pinhole phenomena to estimate the Sun’s diameter 

(which we call its Length, to avoid confusion with D for distance from the Sun to Earth)

•
DO NOT LOOK DIRECTLY AT THE SUN!

Give each small group an envelope with pinhole materials (cardboard with aluminum cutout with pinhole, cardboard screen with white paper, pencil), meter stick, pencil, camera

Each group: 
One holds pinhole in frame high so that Sun shines through pinhole onto screen; 



one holds screen so that projection of Sun falls on screen; 



both hold meter stick so pinhole is about one meter away from screen; 



one uses pencil to draw projection on the screen;



peer instructor uses someone’s cell phone to take a picture of the setup; 



cell phone owner emails photo to group members  



(if no cell phone available, use digital camera, download photo to computer,



 and email to group members)
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10:20-10:45
Using Mathematics to Estimate a Quantity of Interest: How Big is the Sun? 

When inside, each group measures the diameter of the circle, its length l, representing the projection of the Sun.  

•
What is the length, l, of the diameter of your circle?

Ask for a ball park figure, this is an estimate, there is a lot variability in how precisely the meter stick is held between the pinhole and the screen; close enough is l = about 1 centimeter.


(Note script lower case l is formed by clicking on Xingkai SC font, size 16 (near end of list of Roman fonts before Asian fonts)).

Suggest small groups draw ray diagrams for this situation on their large whiteboards.

•
How can you represent this situation with a ray diagram?



(Wait; let them do this together)


After the groups have an acceptable ray diagram:

•
How can you use this ray diagram to describe this situation mathematically?

(Wait; let them talk about this for awhile)
•
What do you know about the geometry of similar triangles?
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SUN 




           


PROJECTION 

                 Distance D of sun from pinhole

   distance d of projection










         from pinhole

(note: not drawn to scale; L should be parallel to l; A,B,C,D,E should be nearer to their vertices)

Draw the middle, horizontal, line that is perpendicular to projection and Sun, this line represents the distance D from Sun to pinhole and from pinhole to screen.

•
Which triangles are similar? Why?


Triangles are similar if corresponding angles are equal


If define length L = AB, pinhole is at C, and define length l = DE, then:



vertically opposite angles are equal (angle ACB = angle DCE), 



sides L, l are drawn parallel, so, then angle ABC = angle CDE  



and angle BAC = angle CED
•
How can you use the geometry of similar triangles to relate the diameter (Length L) of the Sun to the length of its projection l, and their distances D and d from the pinhole?



(wait; let them talk about this for awhile)

•
If triangles are similar, corresponding lengths are proportional.

Therefore ratios of length (diameter) of Sun to Sun’s distance to pinhole is equal to length (diameter) of projection to projection’s distance to pinhole:



     Diameter (length L) of Sun     =         diameter (length l) of projection          


Distance D of Sun from pinhole
 distance d of projection from pinhole
•
How represent this algebraically? 

(note:  use L for Length instead of D for Diameter to avoid confusion with D for distance from the pinhole; also use L instead of H for height to avoid confusion with the ‘height’ of the triangles being the distances from the pinhole)


Ls/Ds  = lp/dp



(Also   D/d = L/l and  d/D = l/L   These versions indicate the ‘scale’ factor relating the large triangle to the small triangle;  D/d,= L/l relates how much bigger the big triangle is compared to the small triangle; d/D = l/L relates how much smaller the small triangle is compared to the big triangle )
•
How solve for unknown in words?


Diameter of Sun L  =   (Distance D of Sun from pinhole) (length l of projection)





                               (distance d of projection from pinhole)

•
How solve for the unknown in symbols?




      Ls           = Ds (lp/dp)    





(avoid using x to represent multiplication; use parentheses instead)

Substitute values:



Ls =  (about 100,000,000 miles) (about 1 cm) =  about 1,000,000 miles





  (about 100 cm)

•
What are the different ways we have represented this situation? 

Informal sketch; photo; ray diagram; explanation of pinhole phenomena in words; statement of geometric principle for similar triangles in words; expression of this principle in equal ratios in words; expression of this principle of equal ratios algebraically; solution for quantity of interest algebraically; solution numerically

If it is not sunny outside:
Do a version with lamps in classroom to develop a mathematical relationship among the quantities: length of the light bulb, length of projection, distance of light bulb to pinhole, distance from pinhole to projection.

Use lamps without lamp shades, Al foil in cardboard frames with hole in foil, wax paper screens in cardboard frame.  Turn out room lights.  Turn on lamps.  Each group holds Al foil in frame up near bulb.  Holds wax paper screen in frame up until see projection:

Bulb          AL foil with pinhole        Wax paper screen

•
Play with these materials to get a sense for how the size of the projection varies with the position of the pinhole and the position of the screen.

•
One way to make the numbers easy is to place AL foil with the pinhole about 50 cm from the bulb and place the wax paper screen about 10 cm from the foil.

Measure the length l of the projection; measure the length L of the bulb.

Note the distance D from bulb to pinhole, distance d from pinhole to screen.

Make a table to record these data.

•
Then try another placement of the screen. Predict the length l of the projection.  Measure it and record the data in the table.

•
How can the relationship among these quantities be represented mathematically?

Decide on symbols to represent the relevant quantities.  For example:


L – length of light bulb      

l = length of projection


D = distance of bulb to pinhole
d – distance from pinhole to screen
What mathematics can you use to describe this situation mathematically?


(Wait; let them talk about this for awhile)

•
One way to represent this situation is to draw a ray diagram. 

(Small groups draw ray diagrams for this situation on their large whiteboards.)

•
Identify L, D, l, d on the ray diagram.

•
How are these quantities related geometrically?



(wait; let them talk about this for a while)
•
What do you know about the geometry of similar triangles?

•
Which are the triangles that look similar?  Name the vertices of these triangles.

(For example, AB for length of light bulb, C for pinhole, DE for length of projection on screen)

•
Why is triangle ACB similar to triangle DCE?


(triangles are similar if corresponding angles are equal)

Why is angle ACB = angle DCE? (they are vertically opposite angles)

Why is angle ABC = angle CDE?  (AB is drawn parallel to DE, Angle ABC and CDE are alternate angles between two parallel lines)

Why is angle BAC = angle CED?  (alternate angles between 2 || lines

•
What seems to be the mathematical relationship among the quantities?  


(some version of  L/D = l/d)

If the triangles are similar, then corresponding lengths are proportional:


L/D = l/d     (Also   D/d = L/l and  d/D = l/L  )

•
Now use this mathematical representation of pinhole phenomena to answer a question:  How big is the Sun?

(Demonstrate how we would use the AL foil, wax paper holders, and a meter stick on a sunny day to obtain and measure a projection of the Sun when the two holders are held apart by the meter stick.  

•
Here are some ‘screens’ with projections of the Sun from an earlier class.  


How long is l, the diameter of the projection of the Sun on the screen?

•
If the distance from the pinhole to the screen d = about 1 meter, the distance of the Sun from the pinhole D is given as about 100,000,000 miles and the length of the projection l is measured to be about 1 centimeter, how big is L, the diameter of the Sun?

Have small groups work this out on a second whiteboard.

10:45-11:00
Small group presentations of their whiteboards (if sunny, show development of mathematical representation of pinhole phenomena and estimate of L, diameter of the Sun;  If not sunny: show whiteboard 1: their development of L/D = l/d through their exploration with the foil and wax paper holders and lamp and then show whiteboard 2,  use of this relationship and provision of a ‘screen’ with projection of the Sun from an earlier class and estimate of the diameter of the Sun.

If time:

11:00-11:15
Making connections to state of Oregon’s new science standards


(use computer projector)

•
Here is the Oregon State Department of Education website announcing the decision to adopt the Next Generation Science Standards (NGSS) for the state’s science standards: 
http://www.ode.state.or.us/news/announcements/announcement.aspx?=9699

Click on the link to the new standards (or go to: http://www.nextgenscience.org/next-generation-science-standards ). 

•
These standards are complex.  


There are three aspects: disciplinary core ideas, science and engineering practices, and cross cutting concepts.

*
There is a the long list of NGSS appendices on the left.  


Let’s look at Appendix F in the list on the left of  http://www.nextgenscience.org/next-generation-science-standards:  Science and Engineering Practices. 


Here they are:

1. Asking questions (for science) and defining problems (for engineering)

2. Developing and using models

3. Planning and carrying out investigations

4. Analyzing and interpreting data

5. Using mathematics and computational thinking

6. Constructing explanations (for science) and designing solutions (for engineering)

7. Engaging in argument from evidence

8. Obtaining, evaluating, and communicating information

•
What aspects of these have you experienced in our exploration of the nature of light so far?


(small groups discuss, if time, each reports on at least one practice)

11:15-11:30
Reviewing/Writing  


Draw Figure 3a (ray diagram), 


Insert photo or draw Figure 3b (how to use pinhole holder, screen holder, meter stick to align with sun and sketch projection of Sun on screen); 


Complete Table 3a (values for d, l, D, L )


Check boxes in Table 3b (NGSS Scientific and Engineering Practices)


Read directions for Lab Report 3

	Table 3a

Mathematical Representation of Pinhole Phenomena

	Quantities
	Symbols
	Values with Units
	Comments

	distance from pinhole to screen
	d
	About 1 meter = 100 cm
	Designed procedure

	length (diameter) of projection
	l

	About 1 cm
	Measured result

	Distance from Sun to pinhole
	D


	100,000,000 miles
	Information provided 
(a rounded estimate, actual value is about 93,000,000 miles)

	Length (diameter) of Sun
	L
	1,000,000 miles
	Calculated estimated answer

Ratio 1/100 of l/d makes this easy, L/D must also be 1/100 so if D = 100,000,000 miles, L must = 1,000,000 miles


Check relevant boxes:

	Table 3b

Science and Engineering Practices (NGSS, 2013)



	Practices
	Exploring light and shadows
	Exploring pinhole phenomena

	1. Asking questions (for science) and defining problems (for engineering  
	
	

	2. Developing and using models


	
	

	3. Planning and carrying out investigations


	
	

	4. Analyzing and interpreting data


	
	

	5. Using mathematics and computational thinking


	
	

	6. Constructing explanations (for science) and designing solutions (for engineering)


	
	

	7. Engaging in argument from evidence


	
	

	8. Obtaining, evaluating, and communicating information


	
	


Ask any questions about what to do.  Lab Report 3 due midnight Wednesday

11:30-11:50
Reflecting: What did you learn about light phenomena today?  

What are you still wondering about light?
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