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MATERIALS:•flashlight•aluminum foil•clear, plastic food containers•chalk•chalkboard eraser•water•overhead projector•magnifying glasses of varying circumferences•straws•newspaper picture• index card•scissors•tape•plastic wrap clear•plastic glasses•pencil•paper

ITV SERIES:Dr. Dad’s Ph3:  Optics
LEARNING OBJECTIVES:The students will be able to
❖define the term refraction
❖explain what happens when light passesthrough materials of different densities
❖describe what happens when light passesthrough a lens
❖predict how lenses are used on someinstruments
VOCABULARYrefractionlensconvex lensfocal point

OVERVIEW:
This lesson focuses on the concept of refraction - the bending of light.  Simple experiments using
common objects will be employed by students to reinforce the phenomena of refraction through
observation and hands-on activities.
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BACKGROUND:People first thought light was something thattraveled from the eyes to an object and then backagain.  If the rays from the eyes were blocked thenthe object could not be seen.  During the 1600’speople began to understand light through thework of different scientists.  Sir Isaac Newtondiscovered that white light is made up of manycolors and theorized that light consists of tinyparticles that travel in straight lines.  About thissame time Christian Huygens, a Dutch physicist,theorized that light consists of waves.  Today thenature of light is still debated; but the quantumtheory, which was advanced by Max Planck in1900 and assumes that light has both particle andwave aspects, is most widely accepted.
Light travels in straight lines, but its directionchanges when it passes from a medium of onedensity to another.  The bending of light as it passesobliquely from one media to another is known asrefraction.  The apparent “twinkling” of stars (starsactually do not twinkle)  is due to the bending ofstarlight as it passes though the different shiftinglayers of hot and cold air in the atmosphere.
Lenses are useful because they are effective light-benders.  They are designed to refract light accord-ing to the purpose of the optical device in whichthey are used.  The first lens used by man was theone he has in his own eye.  The use of this lens hasbeen extended with the aid of many others.Lenses in eyeglasses correct deficiencies in oureyes. Lenses in telescopes extend our view intospace.  Lenses in microscopes allow us to viewminute matter.  Lenses in cameras help us recordthe present for the future.
There are two main types of simple lenses.  Con-vex (or converging) lenses are thicker in themiddle than at the edges.  Concave (or diverging)lenses are thinner in the middle than at the edges.

PRE-VIEWING ACTIVITIES:Have students put a straw in a glass half-filled withwater.  Hold the straw straight up, then move itfrom side-to-side while observing through the sideof the glass.  Rest the straw on the lip of the glass.Sketch what is observed on a piece of paper.
Ask:  Have you ever seen this occur anywhere else?(swimming pool - diving for coins; aquarium;fishing; dipping for crawfish).
FOCUS FOR VIEWING:As the video is viewed students should look andlisten for an explanation to the question:  Whydoes the straw appear to be broken?
VIEWING ACTIVITIES:Begin Begin Begin Begin Begin video. Pause Pause Pause Pause Pause  when Kim says:  “Wow!Cool!  When the light hits the water it bendsdown.” Review what was shown and what Kimsaid.  Generate discussion on how this conceptcould explain why the straw appears to be broken.Write the explanation under the sketch that thestudents made: when light hits the water it bendscausing the straw to appear to be broken.  Tellstudents this bending of light is called refraction.Stop Stop Stop Stop Stop the video to conduct a hands-on activity.
Working in groups of three, allow students toinvestigate refraction.  Give each group of flash-light, the illumination end of which is covered withaluminum foil which has a small slit; a plastic trayof water; chalk; and 2 chalkboard erasers.  Rub theerasers with chalk.  Tap them together gently (tosimulate the fog in the experiment so the light willbe easier to see). Shine the light into the containerstraight down and at varying angles.
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Students should note that the light beam does notbend when light enters water straight on.  How-ever, when light enters at an angle it bends, and itbends different amounts depending on the angle.
Pose the question: "How else can light be bent?"(Allow time for discussion.)  Let’s continue thevideo to find out.
Resume Resume Resume Resume Resume viewing the video.  Pause Pause Pause Pause Pause when Dr. Dadsays: "This is a wider glass and the curve on it isjust a little bit flatter."  Then say: "Let’s investigatelenses." (Stop Stop Stop Stop Stop the video for another hands-onactivity.)
Still in groups of three, hand out 2 magnifyingglasses of different sizes per group.  Re-define alens as curved glass which bends light.  Explainthat a magnifying glass is a type of lens because itis curved glass which bends light.
Direct the students to determine the focal point oftheir magnifying glasses using the flashlight as thelight source.  Have students sketch and label theirfindings.  Discuss how different size lenses havedifferent focal pints.
With magnifying glasses and a piece of whitepaper, have students stand near a wall.
Opposite that wall, position an overhead projector.Using the overhead as a light source, (sunlightstreaming through a window serves the samepurpose) have two students hold the white paperagainst the wall, while the third moves the lensback and forth until a sharp image of the overhead(or window) is seen on the paper.  The point atwhich the image is in focus is the focal point.
Students may take turns and try both magnifyingglasses.  Differences in focal point should benoticed.  Looking at the image carefully, studentsshould notice that it is upside down.  The convex
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lens bends the light and causes it to form a small,inverted image.
Tell the students that the eye lens is a transparentdisk, convex on both sides and about 1/3 of aninch in diameter.  Its shape can be changed by theaction of muscles attached to it.  When the lens isthin and flat, it can focus on faraway objects.When it is fatter and rounder, it is adapted forcloser vision.  In some people the lens loses someof its ability to change its shape, and eyeglasses orcontact lens are required to change the focal pointfor a clear image.
Resume Resume Resume Resume Resume viewing the video.  Stop Stop Stop Stop Stop when Dr. Jongsays, “Now we’ve got what prescription you need.”Ask students how many of them have gonethrough a similar eye exam.
POST-VIEWING ACTIVITIES:Review sketches of recorded activities.  Adddefinition: (1) refraction (bending of light as itpasses from one object to another)  (2) lens (a curvedglass which bends light)  (3) convex lens (a lenswhich is thicker in the middle than at the edges)(4) focal point  (the point at which bent lightrays meet.)
Brainstorm to think of other objects besides youreyes which use lenses (ex: camera, telescope,microscope.)  Record objects named.  Add tothis list as your unit on light progresses.
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ACTION PLAN:Have the students make a magnifying lens.
Give each student an index card, scissors, tape, anewspaper picture, and clear plastic wrap.  Cut ahole about the size of a dime in the index card.Cover the hole with plastic wrap.  Stretch the wrapas smooth as you can and tape it down.
Put the index card on the newspaper.  With thestraw from your first activity, put one or two dropsof water on the plastic wrap.  Look at the newspa-per picture.  What do you notice?  The picture ismade up of tiny dots.
Raise the “lens.” What do you notice?  Invite anophthalmologist to class to explain how an eyefunctions.
EXTENSIONS:TECHNOLOGY:Build a simple telescope.  For the body of thetelescope, make two cardboard or poster boardtubes.  One tube must fit snugly inside the other.Attach a magnifying glass to the open end of eachtube with tape or glue. Look through the telescopeand slide the tubes in or out until the object you areviewing comes into focus.
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MATH:Make a graph based on experimental data compar-ing the length of the focal point to the amount alens curves.  Fill five glasses (or jars) of varyingcircumferences half full of water.  Measure andrecord the circumference of each glass.  Rest aflashlight on a book one inch high.  Place thesmallest glass one inch from the flashlight.  Turn onthe flashlight.  Using a ruler measure the distancefrom the glass to the focal point.  Record thatdistance next to its circumference measurement.Follow the same procedure for each glass.  Oncedata collection is completed, translate it into a baror line graph.
LANGUAGE ARTS:Compile a list of men and women who contributedto advancements in optics.  Have students researchand report on their lives or read a biography aboutthat famous person and give a book report.
SOCIAL STUDIES:Research the lives of men and women who contrib-uted to the advancement of optics.  Recognize thecountry of birth or discovery by labeling a worldmap with the person’s name, discovery, and year ofdiscovery.


