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Lesson Name: Electromagnetic Waves & Submarine Antennas  

Number of minutes in the Lesson: 45  

 

Intended Audience: Grade School/Middle School/High School   
 

Content Standards (NGSS):  

Elementary School (K-5), PS-4 Waves: Light and Sound.  1- Waves: Light and Sound; 4-Waves; K-2 and 3-5 

Engineering Design 

Middle School, MS PS-4-1, 2, 3; Waves and Electromagnetism. A- Wave Properties; B- EM Radiation; C- IT 

and Instrumentation 

High School, HS PS-4-1, 2, 3, 4, 5; Waves and Electromagnetism. A- Wave Properties; B-EM Radiation; C-IT 

and Instrumentation 

Pre-Visit Materials/Activities: Elementary knowledge of light and sound. 
Students who demonstrate understanding can already:  
1-PS4-1. Plan and conduct investigations to provide evidence that vibrating materials can make sound and that sound can make materials vibrate. 

1-PS4-2. Make observations to construct an evidence-based account that objects in darkness can be seen only when illuminated. 

1-PS4-3. Plan and conduct investigations to determine the effect of placing objects made with different materials in the path of a beam of light.  Examples of 
materials could include those that are transparent (clear plastic), translucent (wax paper), opaque (cardboard), and reflective (a mirror). 

1-PS4-4. Use tools and materials to design and build a device that uses light or sound to solve the problem of communicating over a distance.* Examples of 
devices could include a light source to send signals, paper cup and string “telephones,” and a pattern of drum beats. 

 
4-PS4-1. Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to move. Examples of models 

could include diagrams, analogies, and physical models using wire to illustrate wavelength and amplitude of waves. 

4-PS4-3. Generate and compare multiple solutions that use patterns to transfer information. Examples of solutions could include drums sending coded information 
through sound waves, using a grid of 1’s and 0’s representing black and white to send information about a picture, and using Morse code to send text. 

 

Set up Before the Lesson Begins: Tour of Submarine Force Museum, or be ready to conduct a virtual tour online at 

http://www.ussnautilus.org/virtualTour/index.shtml .  This could be done as a homework assignment.  Then be ready to introduce the 

basic types of electromagnetic energy in class.  It is more than visible light, but a whole range of wavelengths and frequencies, all 

moving at the speed of light: Radio, Microwave, Infrared, Visible, Ultraviolet, X-ray, Gamma Ray. 

 

Content Objective(s):  Differentiate between Sound Waves and Electromagnetic Waves of Different Types, relative to use on 

a submarine. 

 

Language Objective(s): Describe sound and light waves in pictures, words, and mathematical form, including sine waves, 

frequency, wavelength, amplitude, and wave speed.
 

 

Differentiation: Think about: 
 

Students with special needs How will you differentiate this lesson for special education and gifted students. 

 

 Regular education students:  Think about how you would differentiate the lesson for all students on all levels. 

 

 

 

 

 

http://www.ussnautilus.org/virtualTour/index.shtml
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Sheltered Instruction Observation Protocol (SIOP) Strategies for ELL and regular Ed Students:  
Identify the S.I.O.P features that support English Learners and all learners including thorough and accurate explanations on how they 

will assist English Learners. Identify Sheltered Instruction strategies throughout the lesson.  

 Preparation 

 Building Background 

 Comprehensible Input 

 Strategies 

 Interaction 

 Practice/Application 

 Lesson Delivery and Review/Assessment 

 

 

 

Initiation:   Review the general types of electromagnetic waves, and  

         Wave length equals peak to peak distance of the oscillating wave, and 

         Frequency is the number of waves per second passing a point, and 

                     All forms of light have names, and are all electromagnetic waves, and 

                     The speed of light = wave length times frequency, is constant for a given medium 

                         (such as outer space, in air, in water, or in other transparent materials) 

 
 

Lesson Development: 

Performance Tasks: 

 

1. How can humans detect electromagnetic waves? Sound waves? 

 

2. How do submarines detect electromagnetic waves? Sound waves? 
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Teaching and Learning Strategy: 

View the “sail” of the submarine USS Nautilus (SSN 571) 

 

 

 

 

Do any of the raised masts look like they can detect electromagnetic waves? 

 

Do any masts look like they can make electromagnetic waves? 
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View the panel by Nautilus, copied below: 

 

Masts that only detect EM waves: 4, 5, 7, 10 

Masts that only generate EM waves: 14 

Mast the detect and generate EM waves: 3, 6, 8, 9, 11, 13 

Masts that do not detect/generate EM waves: 1, 2, 12, 15, 16, 17 

(NOTE: the bell 15 and whistle 17 generate sound waves) 
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Monitoring and Adjusting: 

1. Describe which masts need the human eye to detect the EM wave inside the 

submarine? 

2. What do all the masts and antennas have in common, regarding visible light? 

3. Do you think any Nautilus masts detect infrared, ultra-violet, x-rays or gamma rays? 

4. Do you think today’s submarines can detect infrared and ultra-violet rays? Why? 

5. Are there detectors that can detect x-rays and gamma rays?  Why? Where could these 

rays come from? 

6. Why does the submarine sail look black?  Why are the masts painted gray with black 

spots? 

 

Assessment: Draw a submarine sail for a newer submarine, and the types of masts and 

antennas it should have for the 21
st
 Century. 

 

Closure: How do you use electromagnetic and sound waves in your daily life?  Are you at all 

like a submarine? 
 

 

Key Vocabulary: Sine wave, amplitude, frequency, wavelength, electromagnetic, radio, microwave, 

infrared, visible, ultraviolet, x-ray, gamma ray, photon, speed of light, sound vibration, speed of sound, 

camouflage. 

 

Extension: Discuss mast and antenna differences on Los 

Angeles, Seawolf, and Virginia class submarines (photonics mast 

instead of periscope, high data rate antenna for satellite comms, 

floating wire antennas to stay fully submerged and remain in 

radio communication).  See also the USS Nautilus OIC lesson 

Power Point on Submarine Communications.  It is available from 

the Submarine Force Museum’s Education Specialist, and is 

included as a 12 page handout at the end of his lesson plan.  

 
 

Materials: Museum visit, or virtual tour on-line at 

http://www.ussnautilus.org/virtualTour/index.shtml plus 

whiteboards/large paper and markers/pencils/pens. 

 

Resources: 
http://www.ussnautilus.org/education/stemlessonplans.shtml  
 

 

 

 

 

 

 

 

 

http://www.ussnautilus.org/virtualTour/index.shtml
http://www.ussnautilus.org/education/stemlessonplans.shtml
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Monitoring and Adjusting: (Possible Answers) 
 

7. Describe which masts need the human eye to detect the EM wave inside the 

submarine?  Periscopes (masts 10 and 11) use lenses and mirrors to reflect EM waves 

from outside, through the periscope to the submariner’s eye. 
 

8. What do all the masts and antennas have in common, regarding visible light? Each 

reflects the visible light of the color you see, and absorbs the other colors. 
 

 

9. Do you think any Nautilus masts detect infrared, ultra-violet, x-rays or gamma rays?  

Some probably do for seeing at night or detecting radio waves from shore, ships, planes 

and satellites. 
 

10. Do you think today’s submarines can detect infrared and ultra-violet rays? Why?  

Modern technology has probably progressed beyond visible light detection only, for 

improved submarine capability. 
 

 

11. Are there detectors that can detect x-rays and gamma rays?  Why? Where could these 

rays come from?  Yes, in the event there is a source of radiation that could harm the 

crew.  The radiation could come from the cosmic radiation of outer space, from a 

casualty to the ship’s nuclear propulsion plant, airborne contamination from outside the 

ship which is ventilating into the ship, illegal testing of nuclear materials, a “dirty-bomb” 
made-up from a mixture of explosives and radioactive material, or hostile use of nuclear 

weapons. 
  

12. Why does the submarine sail look black?  Why are the masts painted gray with black 

spots? The sail is black, because the type of paint used absorbs all the colors with no 

reflections. The masts are painted gray and black to reduce detection by breaking-up the 

solid colors—known as camouflage.  

 

Assessment: Draw a submarine sail for a newer submarine, and the types of masts and 

antennas it should have for the 21
st
 Century. (See page 5 for a current sail configuration). 

 

Closure: How do you use electromagnetic and sound waves in your daily life?  Are you at all 

like a submarine? Simple answer: eyes and ears.  Eyes detect visible electromagnetic waves, 

and your ears and central nervous system detect sound waves and vibrations, converting 
mechanical motion of these vibrations to electrical impulses into your brain. 
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