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The Electromagnetic Spectrum

· This lesson will be implemented during a unit I currently teach on “Atomic Structure and Spectroscopy”.

· In-Class Handout:  Bohr Model of the Atom (Planetary Model)  [~ attached]         In the middle of the front side, there are two questions on the Electromagnetic Spectrum:

· Prior to the first question, “Identify seven forms of radiant energy that are a part of the electromagnetic spectrum”, I will briefly discuss with the class the concepts of radiant energy and electromagnetic waves.  I will then proceed to ask if they know of any forms of radiant energy on the EM spectrum.  If only a few or no responses are generated from this question, I will then give them hints such as:

· You have a suspected fracture, the doctor will use ________ to determine if it is indeed a break.  [x-rays]

· Used to “warm up” left-over food to eat at home ________ [microwaves]

· Causes sunburn and with prolonged exposure, skin cancer ________ [ultraviolet]

· Long distance communications – “Z104” ________  [radiowaves]

· I will then put up the overhead transparency on the EM spectrum [attached] and ask  students to copy down in order from low frequency (ν) / long wavelength (λ) to high frequency (ν)  / short wavelength (λ), the seven forms of radiant energy on the EM spectrum.  I will briefly discuss concepts of wavelength, frequency, and energy once they have copied these forms down.

· Prior to the second question, “ Identify seven colors of light that are part of the visible light portion of the electromagnetic spectrum”, I will ask students if they know what these colors are.  Invariably at least one student from an 11th grade chemistry class will remember “ROYGBIV”.  I will emphasize to students that ROYGBIV is the correct order for the colors listed from low frequency (ν) / long wavelength (λ) to high frequency (ν)  / short wavelength (λ).  I will also point out the narrowness of the visible light portion of the EM spectrum compared to the entire spectrum and other parts of the spectrum.

The in-class handout and discussion, just explained on page one,  is all that I have done with regard to the electromagnetic spectrum during the past several years in the college preparatory chemistry course at Baraboo High School.  What follows are my plans for improvements on this lesson using the CIMSS web resources on Satellite Meteorology.

· Incorporate an assignment in which each student must access “The Electromagnetic Spectrum” Module of the CIMSS website on Satellite Meteorology:              http://cimss.ssec.wisc.edu/satmet/  

· Students will be required to read the module, use the applet, and answer the “conceptual” questions given at the end of the module.  I also will require some additional questions on the EM spectrum on this assignment and offer an “Extra Credit” opportunity for students who take the time to do one more module.  Please refer to the attached “Electromagnetic Spectrum Assignment”.

· Incorporate a “Home Lab” in which each student will investigate the effect of a microwave oven on heating up an empty microwaveable container versus a microwaveable container containing one cup of water.  Besides conducting the experiment, students will also be asked to explain their results using the Internet as a reference.  Ultimately, they will gain an understanding of how a microwaves work to heat up food ~ an application of the electromagnetic spectrum.  Please refer to the attached “Microwave Oven Home Lab”.

Additional Ideas

1) I plan to use the CD/CIMSS website as a resource for students who express an interest in Meteorology as a career.  I survey students at the beginning of each school year and remind them of workshops/opportunities throughout the school year in science-related careers.  The last three modules on “Weather Forecasting”, “Wild Weather”, and “Monitoring the Global Environment” would be especially worthwhile for a high school student interested in a career in meteorology to complete.

2) During a Lesson on “Wave-Particle Duality”, I plan to incorporate information from page 2 of the “The Electromagnetic Spectrum” module copied below.

“When radiation is measured using very sensitive instruments at extremely low light levels it is observed that the energy does not arrive continuously in waves, but rather in small, finite amounts. This is the particle view of radiation. Particles of light are called photons. Radiation can also be thought of as a collection of photons, tiny but discrete packets of energy traveling at the speed of light. Low-energy photons, like radio photons, tend to behave more like waves, while higher energy photons (i.e. X-rays) behave more like particles. So even though X-rays and Gamma rays are part of the electromagnetic spectrum, scientists generally refer to them by describing their energies rather than their wavelengths.”

I always begin this particular lesson with two questions:  


- Is light a wave or a particle?


- Is the electron a wave or a particle?

The answers are revealed, not immediately but gradually, as I explain wave-particle duality theory beginning with Einstein’s Photoelectric Effect, moving on to 

de Broglie’s hypothesis that all moving matter can have wave-like characteristics, discussing Newtonian vs. Quantum Mechanics, and concluding with a brief introduction to the Schrodinger Wave Model of the Atom (i.e. The Electron Cloud Model).

The aforementioned paragraph from “The Electromagnetic Spectrum” module can be read while referring to a diagram of the electromagnetic spectrum.  This can serve as a further means of explaining the scientific reasoning which underlies “Wave-Particle Duality”, a concept which is abstract and difficult for high school chemistry students to comprehend.   

Chemistry                          Electromagnetic Spectrum Assignment                Name ______________

The assessment questions given below must be answered by reading / completing the on-line module given at the web address listed.

Electromagnetic Spectrum Assessment Questions 

(Please see on-line module at http://cimss.ssec.wisc.edu/satmet/modules/spectrum/index.html)

1) How can moving a car up or back a few meters make a difference to radio reception? 

2) Arrange the following in order of increasing energy: 

Visible radiation, Gamma Rays, X-Rays, Radio waves.

3) Radiation theory starts with the fundamental law that…
4) What is Kirchhoff’s Law? 

5) Name the 3 main spectral channels (and wavelengths) that satellite radiometers report data from: include the wavelengths.

6) Radiant Energy is conserved when it passes through the atmosphere but it can change form. What are the three main physical processes that take place when radiant energy interacts with an object? 

Additional Required Questions  [Answers to some of these questions will require you to seek information from other websites on the Internet]

7) Identify one use for each of the seven forms of radiant energy that are part of the

      electromagnetic spectrum.

radiowaves -



microwaves -




infrared –

visible light -



ultraviolet -




x-rays –

gamma rays –

8) Why does the distribution of the wavelength (in microns) of emitted radiation plotted versus the

      amount of radiant energy emitted at a given wavelength vary so differently when comparing the

      earth to the sun?  (Hint: Refer to page 4 in the module that has the applet on energy curves)

9)  a)  What is the approximate entire range of the electromagnetic spectrum in micrometers as given in

           the diagram on page 1 of the module?

      b)  What is the range of visible light (i.e. electromagnetic waves that our eyes can detect) in

            micrometers as given on page 1 of the module?

10)  Define “electromagnetic waves”.

11)  How fast do electromagnetic waves travel?

Extra Credit

Complete one of the following modules on the http://cimss.ssec.wisc.edu/satmet website.  

7)  Weather Forecasting           or           8)  Wild Weather

Answer the following questions regarding your work on this extra credit module.

1)  How much time did it take you to complete the module?  (Not graded – just for my information)

2)  In your opinion, what was the most interesting aspect of the module?

3)  What new information did you learn as a result of completing this module?
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Complete the seven assessment questions for the module you chose to complete in the space given below.  Use another piece of paper if necessary.
