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2015 Physics 111 Day 13


Physics 111 Day 13 Plan
(Bolded segments are relevant to introducing the unit on climate change)

As students enter:  
Change partners




Return midterms, children’s books

   9:30 - 9:45
Enjoying the Children’s Books



Commenting on the midterm

   9:45 – 9:55
Meaning of ‘Models’ and ‘Modeling’
   9:55-10:15
Developing Two Explanatory Models for Day and Night

10:15-10:25
Documenting Initial Knowledge about Greenhouse Effect

10:25-11:20   Considering the Influence of Light and Thermal Phenomena on Global Climate

11:20-11:30
Reviewing/Writing

11:30-11:50
Reflecting

Equipment:
For review of models:




Lamp, barrier, whiteboard, meter stick 




Basketball to model shadows




(for reminding about model of light moving in straight lines)




Cups for hot/cold water mixing to model transfer of energy




Cup of sand, cup of water to model what happens at the beach



For explanatory models of day and night: 




Lamp; globe of Earth



For global climate:




Diagnostic question about Greenhouse Effect: 




2 containers, 2 thermometers, 2 lamps, 2 moist towels, one cover




regular thermometers 




Computer projector, Connector to MAC computer, Extension cord, 

9:30 - 9:45
Enjoying the Children’s Books (omitted here)


Commenting on the Midterm (omitted here)
9:45 – 9:55
Discussing “Models” and “Modeling”


What does it mean to “model” something?

Physical models:  Toy car, 

Meter stick we used to model a ray of light moving from bulb, past barrier, to edge of shadow on first day of class to infer light rays move in straight lines; 

Mixing hot and cold water to model what happens when hot objects transfer energy to cold objects; 

Cup of sand, cup of water to model what happens at the beach

Conceptual models: set of powerful ideas  (light)(thermal phenomena)



Visual models:  sketches, ray diagrams; temperature vs time graphs, 



reflectivity vs time (while shining on different materials) graphs;



 sea breeze diagrams, drawings of moon phases

Explanatory models: use of conceptual model to explain particular phenomenon such as pinhole camera’s upside down image; 

why metal, wood, Styrofoam blocks feel different even when same temperature; sea breezes and clouds at beach


Mathematical models:  L/D = l/d, mh cw ∆th = mc cw ∆tc


Computer models: weather forecasting



Modeling = developing a model



To propose a way of thinking, develop arguments based on evidence to support claims; debate and modify claims and arguments.

9:55-10:15
Developing Two Explanatory Models for Day and Night  (omitted here)
10:15-11:20
Considering Influence of Light and Thermal Phenomena on Global Climate 

10:15-10:25
Documenting Initial Knowledge about Global Climate:


Diagnostic Question about Greenhouse Effect

Part 1:
Greenhouse Effect 

10:25-10:35)
Resource for thinking about greenhouse effect:  

What happens if leave car with windows closed in summer sun?

car gets really hot inside if the windows are closed and sun shines on the car.


Making Model of greenhouse effect  

Put moist towel in bottom of two plastic containers


Check thermometers that they are both at the same room temperature


Put thermometers in each container


Cover top of one container with glass plate or clear plastic wrap


Place lamps with same watt light bulbs, same position over each container


What predict will happen?


Check thermometers after 15-30 minutes

Part 2:
Considering models for light we have been using:  
(10:35-10:45) We have been representing light as a ray traveling in a straight line.



Physical model: a Ray of Light:  like a meter stick when talking about shadows



This has been a helpful model for explaining:



 
upside down projection in pinhole cameras




way light is reflected from mirrors




way light is refracted when moves from one medium to another, 




way rainbows get made.



An associated model is that light is like a stream of particles (called photons).

We can think of light as being something like a particle, like a basketball bouncing off a wall with angle of incidence = angle of reflection;   (do this!)



Physical model for a particle of light:  basketball bouncing off a wall 


Considering an alternative model for light


Now we are going to shift to thinking about light in a different way.  



Sometimes you may have seen light represented by a wavy line.  

In this model, it is helpful to think of light as being like a wave and this is represented by a wavy line (still moving in a straight direction).  



Waves have properties: 



Wavelength:  distance between crests (or troughs) for one cycle

[image: image1.png]



http://www.ssc.education.ed.ac.uk/bsl/physics/wavelength.html


amplitude:  height of wave from midpoint

frequency:  number of cycles per second

speed



Physical model: Water waves

In this model, visible light is considered to be part of the electromagnetic spectrum 
(red, orange, yellow, green, blue, violet) with red having larger wavelength (about 700 nanometers) than violet (about 400 nanometers).  These are the colors our eyes can detect.  

The electromagnetic spectrum also includes: 


bigger waves (infrared, microwaves, radio waves (very big, up to 100 km) 


smaller waves (ultra violet, x-rays, gamma rays down to 10 (-6) nm.  




   (nano meter = 10-9 m)


See electromagnetic spectrum at: 

 http://science-edu.larc.nasa.gov/EDDOCS/Wavelengths_for_Colors.html
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Also: http://missionscience.nasa.gov/ems/01_intro.html
We have talked about various properties of materials:



Density, thermal conductivity, specific heat, reflectivity

Part 3:   Another property of materials: emissivity 

(10:45-11:00)  (INCLUDES 7 MIN VIDEO)



Hot sand, and other hot objects EMIT ENERGY



Called “infra red radiation” 



Part of electromagnetic spectrum





(We can not see infra red; 

we can see the visible spectrum;

red/orange/yellow/ green/blue/violet

OMIT

Table: http://www.monarchserver.com/TableofEmissivity.pdf
	
	 Dry sand
	Water

	Density
	1.6 gram/cubic centimeter
	1.0 gram/cubic centimeter

	Thermal Conductivity
	0.15-0.25 units
	0.58 units

	Specific heat
	0.2 calorie/(gram °C)
	1.00 calorie/(gram °Celsius)

	Reflectivity
	What did you obtain in class?
	What did you obtain in class?

	Emissivity (compared to black body = 1)
	0.76 
	0.67





Also asphalt:  0.93; wood  0.80-0.90; polished silver  0.01

WATCH:
(7 min video)

Dr. Michelle Thaller: More Than Your Eyes Can See  (6:45 min)




NASA's Spitzer Space Telescope

http://www.youtube.com/watch?v=2--0q0XlQJ0

Look at ourselves!  (thermal energy camera on computer)  (If time)




Go to Applications, Photo Booth, Thermal)


Energy transfer occurs through a variety of processes. Review the various processes for transferring energy that we have discussed: 
radiation from the Sun to Earth across a vacuum in space, 
reflection, absorption, or transmission of light 

emission: infrared radiation emitted from materials such as hot sand and even ourselves, 
conduction by direct contact such as a hand touching a metal plate, air above hot sand

convection by movement of fluids such as warm air rising, sea breezes, the jet stream, or warm or cool ocean currents flowing (Gulf stream), 

changes of state such as ice melting, liquid water freezing, liquid water evaporating, vapor condensing


The Earth’s energy budget is the flow of incoming and outgoing energy. For stable conditions, incoming energy should = outgoing energy


Problem if budget is not balanced, if incoming energy is greater than outgoing energy: Things get hotter!   For information about the Earth’s energy budget, see: http://earthobservatory.nasa.gov/Features/EnergyBalance/page4.php .

For more details about climate and earth’s energy budget, see:

http://earthobservatory.nasa.gov/Features/EnergyBalance/?src=features-fromthearchives
Continuation of Part 1:

((11:00-11:05)Greenhouse Effect


Resource for thinking about greenhouse effect:  

how hot a car gets inside if the windows are closed and sun shines on the car.

Revisit Demonstration:  

two plastic containers, two thermometers, paper towels, plastic wrap, lamp

put moist paper towel in bottom of each container, put thermometers in containers so can read temperature, cover top of one container, shine light on both containers equally, wait (how long?) check temperatures.



Visible light can move through glass but infrared cannot



Light energy absorbed by car seats is re-emitted as infrared and is reflected back from the glass windows so energy stays in the car.

Part 3:
Developing Explanation of Greenhouse Effect

(11:05-11:20)


Visible light shines on earth and can be absorbed and re-emitted as infra red radiation.  



If there are clouds (with water vapor) or greenhouse gases,  some of the infra red light rays do not escape into space but are absorbed and re-emitted in direction back to Earth.  



This warms the Earth.  



Note that presence of clouds is increased if have warm moist air that rises.  



Also if have gases such as carbon dioxide, methane, water vapor in the air.

https://www.ipcc.ch/publications_and_data/ar4/wg1/en/faq-1-3.html
(ipcc frequently asked questions: what is the greenhouse effect?)



Summary: What powerful ideas have we developed relevant to global climate?


Visible light can be represented as a wave and is part of a broad spectrum of such waves.    (from authority: textbooks, internet)
http://missionscience.nasa.gov/ems/01_intro.html
Hot objects emit energy as infrared radiation. (from authority: movies, internet)

Materials differ in whether visible light and infrared radiation can pass through the material or are blocked 


(from authority: textbooks, movies, internet)


Energy transfer occurs through a variety of processes. (radiation from the Sun, reflection, absorption, or transmission of light, emission of infrared radiation, conduction by direct contact, convection in fluids, and changes of state.)
The Earth’s energy budget is the flow of incoming and outgoing energy
Draw diagram on board:
Green house effect: visible light radiation from the sun shines on earth


some reflected back to space, 
some passes through the atmosphere to land, 

reflected or absorbed by land, 

absorbed energy gets emitted as infrared radiation, 

some infrared passes through atmosphere back to space

some infrared absorbed and reemitted back to space

some absorbed and re-emitted back to earth by clouds and other gases such as methane, carbon dioxide, water vapor; 

warms the atmosphere (why we can exist here); 

but if too much ‘greenhouse’ gas, Earth warms more.

(from authority: textbooks, movies, internet)
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http://www.grida.no/graphicslib/detail/greenhouse-effect_156e
http://www.grida.no/publications/vg/climate/page/3058.aspx
From: Climate graphics: http://www.grida.no/graphicslib/collection/vital-climate-graphics?p=2
United Nations Environment Program (UNEP)

11:20-11:30 
Reviewing/Writing

11:30-11:50
Reflecting
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