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Replicated X-ray Mirror

The reflective tube is an x-ray telescope mirror made as a shell cast from a
mold called a mandrel. The cylindrical mandrel is carefully shaped and polished
until it has the proper optical surface. Then gold, followed by nickel, is
electroplated onto the mandrel. The electroplated metal then comes off the
mandrel and the shell formed is a high-precision mirror on the inside. The
mandrel can be used again to replicate many mirrors with the same shape.

The x-ray mirrors in the Chandra Observatory are made of glass. Metal
mirrors replicated from a mandrel are much lighter and cheaper than glass, so
they are desirable for space applications. The Marshall Space Flight Center
(MSFC) is advancing replicated optics technology.

Shown in the picture are students Colton Guthrie and Laquita Hurt, with
MSFC optical physicist Vince Huegele.
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Chandra X-Ray
Observatory

X rays are a high-energy wavelength
in the electromagnetic spectrum. Many
stars, supernova, quasars and galaxies
emit x rays, so observing these objects
in that wavelength will reveal much
about them.

The Chandra Observatory (formerly
called the Advanced X-ray Astrophysics
Facility-AXAF) the world’s most
powerful x-ray telescope, was launched
on July 23, 1999, to view x-ray sources
from space. Astronomers must have
this observatory in space because the
Earth’s atmosphere absorbs and blocks
celestial x-ray radiation from reaching
the ground.

Chandra flies 200 times higher
than the Hubble Space Telescope and
its orbit takes it one-third of the way to
the Moon. The cylindrical glass mirrors
in the Chandra are the largest of their
kind and the smoothest ever created.
Chandra and its upper stage was the
heaviest payload ever launched on
the Shuttle.

The Chandra design and
development program was managed by
MSFC. The observatory’s telescope was
tested and certified at the MSFC X-
Ray Calibration Facility.

iv Optics: An Educator’s Guide With Activities in Science and Mathematics
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NASA Projects, MSFC, Optics The Hubble Space
' Telescope

A new era in astronomy began as The Hubble telescope uses a
Shuttle astronauts released the Cassegrain reflector system that has a
Hubble Space Telescope into orbit on hyperbolic-shaped mirror. The design
April 26, 1990. With its vantage point  is optimized for focusing the visible
above Earth’s atmosphere Hubble has  spectrum. The development and
shown the birth and death of stars, assembly of the Hubble was directed
colliding galaxies, stellar plumes, gas by MSFC.
rings, nebula clouds, comet impacts on
Jupiter, and storms on Saturn, all with
greater clarity and brightness than
humans have ever seen before. Hubble
is fulfilling its mission to collect
knowledge and discover a new
perspective of the universe.
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Investigating Laser Light Craft

The futuristic idea of a small laser-
propelled spacecraft like the model
shown here is being studied at MSFC.

The laser on the ground fires up
under the specially shaped craft. The
focused infrared laser beam is
absorbed by the air inside the engine,
creating a laser supported detonation.
The high-pressure, high-temperature
plasma created by the laser absorption
cools and expands out the rear of the
vehicle producing the thrust which
propels the lightcraft into the sky.
MSFC is fabricating lightcraft bodies,
developing
beam directors,
and
investigating
improved
vehicle and
laser concepts.

Improving Observatory Alignment

The Hobby-Eberly telescope (HET)
near Ft. Davis, Texas, is a 9-meter
diameter telescope tailored for
spectroscopy. It has a special mirror
with 91 segments and features an
innovative, low-cost tracking system.

MSFC is designing a mirror Segment

Alignment Maintenance System on
the HET to improve the mirror
performance.

Next Generation Space Telescope

The next space telescopes larger
than Hubble will have to be made with
special lightweight mirrors. MSFC is
testing new materials and assembly
techniques to make giant reflectors
that will fold up for launch and then
open in space. These telescopes will be

big enough to allow scientists to
see Earth-like planets
around other stars.

Vi Optics: An Educator’s Guide With Activities in Science and Mathematics
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Besides working with the large
space observatories Hubble and
Chandra, the MSFC optics group has
done design, assembly or testing on the
following projects.

Space Station Windows

The windows in the Space Station
are for the crew to view external
operations. MSFC designed the frames
for the windows and tested the
transmission quality of the glass.

Composite Infrared Spectrometer
(CIRS) for the Cassini Saturn

instrument. Cassini was launched on
October 6, 1997, and will arrive at
Saturn on July 1, 2004.

Soft X-Ray Imager (SXI)

SXI is designed to obtain a
continuous sequence of corona x-ray
images from the Sun to monitor solar
activity for its effects on the Earth’s
upper atmosphere. It uses a Wolter
grazing incidence mirror similar to the
type in Chandra. SXI was assembled
and tested at MSFC and will be
launched as part of a Geostationary
Operational Environmental Satellite
(GOES) weather satellite.

Lightning Imaging System (LIS)

The LIS is a space-based instrument
used to detect the distribution and
variability of lightning on Earth. The
measurements are being used to study
storm convection

Spacecraft and global
precipitation. LIS
The CIRS is a set of interferometers was made at
designed to measure infrared MSFC and
emissions from atmospheres, rings, launched on
and surfaces to November 28,
determine their 1997, in a weather
compositions and satellite.
temperatures.
MSFC made and _ _
tested the mirrors
for the CIRS
Optics: An Educators Guide With Activities in Science and Mathematics EG-2000-10-64-MSFC vii



Classroom Activities

This material has been developed to provide a guide to hands-on experiences
in science and mathematics. The activity plans are written to be used by the
students in groups of two to four people in a lab-type setting.

Each lab session should begin with a brief discussion of the theory section of
each lesson plan. The teacher should feel free to adjust the information and
activities to meet the needs of the students. For the very young student, the
teacher may want to lead the experience activity and adapt the questions.

Pat Armstrong

Activities for Grades K-4

Activity 1:
Activity 2:
Activity 7:
Activity 10:
Activity 11:
Activity 12:
Activity 13:

Reflection of Light With a Plane (Flat) Mirror
Reflection of Light With Two Plane Mirrors
Exploring Diffraction With a Spectroscope
Light and Color-Color Spinners

Light and Color-Filters

Light and Color-Hidden Messages

Simple Magnifiers

Activities for Grades 5-8

Activity 1:
Activity 2:
Activity 3:
Activity 5:
Activity 6:
Activity 7:
Activity 10:
Activity 12:
Activity 13:

Reflection of Light With a Plane (Flat) Mirror
Reflection of Light Withe Two Plane Mirrors

Reflection of Light With Two Plane Mirrors-Double Sided

Making a Periscope

Constructing a Spectroscope

Exploring Diffraction with a Spectroscope
Light and Color-Color Spinners

Light and Color-Hidden Messages

Simple Magnifiers

Activities for Grades 9-12

Activity 4:
Activity 5:
Activity 8:
Activity 9:
Activity 14:
Activity 15:
Activity 16:
Activity 17:
Activity 18:

Making a Kaleidoscope

Making a Periscope

Diffraction of Light by Very Small Apertures
Discovering Color With a Prism

Focusing Light With a Lens

Building a Telescope

Building a Microscope

Interference Fringes

Polarization of Light

viii
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National Mathematics Standards

Activity/Lesson Communication Computation/Estimation
Problem Solving Connection Measurement

3. Reflection/Double Mirrors | | O | |
4. Making a Kaleidoscope O | | O O

7. Constructing a Spectroscope

8. Exploring Diffraction

11. Discovering Color/Prism ] VI [l O [l
12. Fabrication of a Prism O ] O O ]

15.  Hidden Messages O | O M O
16.

Simple Magnifiers

19.  Building a Microscope O | | O O

20.  Construction of a Micoscope

EG-2000-10-64-MSFC

Optics: An Educator’s Guide With Activities in Science and Mathematics

2



Introduction to Light and Color

Introduction to Light

Light is a form of radiant energy
or energy that travels in waves. Since
Greek times, scientists have debated
the nature of light. Physicists now
recognize that light sometimes
behaves like waves and, at other times,
like particles. When moving from place
to place, light acts like a system of
waves. In empty space, light has a
fixed speed and the wavelength can be
measured. In the past 300 years,
scientists have improved the way they
measure the speed of light, and they
have determined that it travels at
nearly 299,792 kilometers, or 186,281
miles, per second.

When we talk about light, we usually
mean any radiation that we can see.
These wavelengths range from about
16/1,000,000 of an inch
to 32/1,000,000 of an inch. There are
other kinds of radiation such as
ultraviolet light and infrared light, but
their wavelengths are shorter
or longer than the visible light
wavelengths.

When light hits some form of
matter, it behaves in different ways.
When it strikes an opaque object, it
makes a shadow, but light does bend
around obstacles. The bending of light
around edges or around small slits is
called diffraction and makes patterns
of bands or fringes.

All light can be traced to certain
energy sources, like the Sun, an
electric bulb, or a match, but most
of what hits the eye is reflected light.
When light strikes some materials,
it is bounced off or reflected. If the
material is not opaque, the light goes
through it at a slower speed, and it
is bent or refracted. Some light is
absorbed into the material and
changed into other forms of energy,
usually heat energy. The light waves
make the electrons in the materials
vibrate and this kinetic energy or
movement energy makes heat. Friction
of the moving electrons makes heat.

Optics: An Educator’s Guide With Activities in Science and Mathematics
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Introduction to Color

Color is a part of the electro-
magnetic spectrum and has always
existed, but the first explanation of
color was provided by Sir Isaac
Newton in 1666.

Newton passed a narrow beam of
sunlight through a prism located in
a dark room. Of course all the visible
spectrum (red, orange, yellow, green,
blue, indigo, and violet) was displayed
on the white screen. People already
knew that light passed through a
prism would show a rainbow or visible
spectrum, but Newton’s experiments
showed that different colors are bent
through different angles. Newton also
thought all colors can be found in
white light, so he passed the light
through a second prism. All the visible
colors changed back to white light.

Light is the only source of color.
The color of an object is seen because
the object merely reflects, absorbs, and
transmits one or more colors that
make up light. The endless variety of
color is caused by the interrelationship
of three elements: Light, the source of
color; the material and its response to
color; and the eye, the perceiver of color.

Colors made by combining blue,
yellow, and red light are called
additive; and they are formed by
adding varying degrees of intensity
and amounts of these three colors.
These primary colors of light are
called cyan (blue-green), yellow, and
magenta (blue-red).

Pigment color found in paint, dyes,
or ink is formed by pigment molecules
present in flowers, trees, and animals.
The color is made by absorbing, or
subtracting, certain parts of the
spectrum and reflecting or transmitting
the parts that remain. Each pigment
molecule seems to have its own
distinct characteristic way of reflecting,
absorbing, or transmitting certain
wavelengths. Natural and manmade
colors all follow the same natural laws.

4 Optics: An Educator’s Guide With Activities in Science and Mathematics
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Introduction to Mirrors and Lenses

Introduction to Mirrors

As we look around the room, we
see most objects by the light that is
diffusely reflected from them.

Diffuse reflection of light takes
place when the surface of the object
is not smooth. The reflected rays from
a diffusely reflecting surface leave the
surface in many different directions.

Object

< When the surface is smooth, such
as the surface of glass or a mirror,
then it can be easily demonstrated
how reflected rays always obey the
law of reflection as illustrated below.

Optics: An Educator’s Guide With Activities in Science and Mathematics EG-2000-10-64-MSFC 5




Law of Reflection

The angle of incidence is equal to
the angle of reflection.

The Image Formed by

Smooth
Reflecting
Surface

i = Angle of Incidence
r = Angle of Reflection
r=i

(See Glossary,
page 63.)

Reflection in a Flat Mirror

Every object we see has many rays
of light coming from it either by
reflection or because it is a light
source such as a light bulb, the Sun,

a star, etc. Each point on that object
is a source of light rays. In the
illustration below, the tip of the arrow
is used as an example of a point on th
object from which rays of light would
be coming. As the rays from the object

are reflected by the mirror, the
reflected rays appear to come from the
image located behind the mirror at a
distance equal to the object's distance
from the mirror. The image is called a
virtual image since the rays do not
actually pass through or come from
the image; they just appear to come
from the image as illustrated below.

e

-
-~
-~
-~

Image of Object
/ (Virtual Image)

6 Optics: An Educators Guide With Act
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The Image Formed by a
Concave Mirror

A concave mirror that is part of a
ball or hollow sphere (that is, it has
a circular cross section) is a spherical
mirror. The focal length is approximately
one-half the radius of curvature. A ray
that is both parallel and very close to
the optical axis will be reflected by the
mirror so that it will cross the optical
axis at the “paraxial focal point.” The
paraxial focal point is located a
distance of one-half the radius of
curvature from the point on the mirror
where the optical axis intersects the
mirror. The word “paraxial” comes from
the Greek “para” or “par” meaning “at
the side of, or beside, and axial.” Thus
paraxial means beside the axis.

Another ray that is parallel to the
optical axis, but not close to the axis,
will be reflected by the mirror so that
it crosses the optical axis, not at the
paraxial focus, but a small distance

Pras
-

closer to the mirror. This difference in
the axis cross-over points is called
spherical aberration.

If the mirror has a cross section
that is a parabola instead of a circle,
all of the rays that are parallel to the
optical axis will cross at the same
point. Thus, a paraboloidal mirror does
not produce spherical aberration. This
is why the astronomical telescope
known as the Newtonian (invented by
Isaac Newton) uses a paraboloidal
primary mirror.

For demonstration purposes in
the classroom, it works out that we can
make the approximation that spherical
mirrors behave almost like paraboloidal
mirrors and determine that the focal
length of a spherical mirror is about
one-half the radius of curvature of
the mirror.

—— Concave
Mirror
Radius of
Circle
[ ¢ R A
Object " ¢/ “~~_ Optical
Axis
Optics: An Educator’s Guide With Activities in Science and Mathematics EG-2000-10-64-MSFC 7



In the case where the object is
located between the focal point and
the mirror, such that the object
distance is less than the focal length
of the mirror, a virtual, upright, and
enlarged image is obtained. This is
the case when looking at yourself in
a concave “make-up” mirror, which is
described below.

A ray (1) appearing to come from
the focal point strikes the mirror and
is reflected parallel to the optical axis.
A ray (2) parallel to the optical axis is
reflected by the mirror so that it goes
through the focal point. A ray (3) striking
the mirror at the optical axis is reflected
so that the angle of reflection is equal
to the angle of incidence.

The ray diagram below uses three
reflected rays to illustrate how the
image can appear to be enlarged and
upright. The image formed is a virtual
image.

The Image Formed by a
Convex Mirror

The image formed by a convex
mirror is virtual, upright, and smaller
than the object. This is illustrated by
the ray diagram on the following page.
The diagram depicts the three rays
that are discussed in the following
paragraph.

A ray (1) parallel to the optical axis
is reflected as if it came from the focal
point (f). A ray (2) directed toward the
focal point is reflected parallel to the
optical axis. A ray (3) striking the
mirror at the optical axis is reflected
at an angle equal to the angle of
incidence.

Concave Mirror

- Image:

Optical

AXxis

8 Optics: An Educator’s Guide With Activities in Science and Mathematics
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Convex Mirror

-~~~
TS -
., —

-

Optical 4_________/7 ............
AXis

P
.
.
.
.
.
.

Introduction to Lenses

A simple lens is a piece of glass or
plastic having two polished surfaces
that each form part of a sphere or ball.
One of the surfaces must be curved,;
the other surface may be curved or

flat. An example of a simple lens would A lens thicker in the center than
be obtained if a piece of a glass ball at the edge is called a converging or
were sliced off as shown in the positive lens. A lens thinner at the
following illustration. center than at the edge is called

a diverging or negative lens. In the

illustration shown, lenses 1, 2, and 3
Lens Glass Ball  gre converging or positive lenses.
Lenses 4 and 5 are diverging or
negative lenses.

e

1) (2) (3) (4) (5)
The piece of the ball sliced off
would be a lens with a spherical side
and a flat side. Lenses can be made

in a variety of shapes for various
applications. Some examples of lens
shapes are illustrated here.

Optics: An Educator’s Guide With Activities in Science and Mathematics EG-2000-10-64-MSFC 9




The Image Formed by a
Converging Lens

Ray #1

\

f Optical

Ray #2

When using a thin lens, that is, the
thickness at the center of the lens is
not too great, a thin lens mathematical
approximation can be used. This
approximation assumes the bending of
light occurs in one plane inside the
lens.

A ray of light coming from a very
distant object, such that the ray is
parallel to the optical axis, will be bent
by refraction at the two surfaces of the
lens and will cross the optical axis at
the focal point (f) of the lens, as seen
in the illustration below. A ray passing
through the center of the lens will
pass through the lens undeviated.

Object (1)

- 2)”

=N

AXis

Length

The size and location of an image
formed by a lens can be found by using
the information from these two rays
which is shown in the illustration below.

The following illustration depicts
two rays, which are defined in the
following text. A ray (1) parallel to
the optical axis passes through the
focal point (f). A ray (2) passing
through the center of the lens is
undeviated.

The image is real, smaller than the
object, and upside down. If a piece of
paper is placed at the image location,
a real image can be seen on the paper.
An example of this is taking a picture
with a camera, where the photographic
film is located at the image position.

10 Optics: An Educator’s Guide With Activities in Science and Mathematics
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A Simple Magnifier

When the object lies between the
lens and the focal point, a virtual,
upright, and enlarged image is obtained,
as seen in the illustration below.

Three rays are included in the
illustration. Following are descriptions
of these rays. A ray (1) leaving the
object parallel to the optical axis will
bend at the lens and go through the
focal point (f). A ray (2) leaving the
object going through the center of
the lens will be undeviated. A ray
(3) leaving the object as if it came
from the front focal point of the lens
will bend at the lens and travel in a
line parallel to the optical axis.

~~~~~

Optical A f

After passing through the lens, the
three rays described above will appear
to come from an enlarged and upright
image. Any other ray leaving the tip of
the object will appear to come from
the tip of the image after passing
through the lens. The three rays used
in the illustration below were chosen
because their paths are always known.
Two rays are actually enough to locate
the image, while the third ray is used
for an additional check of the location
of the image.

Axis /

Virtual
Image

Optics: An Educator’s Guide With Activities in Science and Mathematics
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@ Level: Grades (K-4), (5-8)
Activity: 1

Reflection of Light With a
Plane (Flat) Mirror—Trace a Star

Objective Theory
The student will experiment with Flat mirrors are also called plane
reflection by using a plane mirror. mirrors. Light rays that fall upon a

surface are called incident rays. The
angle at which light strikes a plane
Science and Mathematics Standards mirror from an object is called the
?{ angle of incidence. The angle at which
light is reflected from the mirror is

called the angle of reflection.

Science Standards

M Science as Inquiry _

M Physical Science Materials
Mathematics Standards @

[0 Problem Solving

M Communication ¢ 2 blocks of wood 8 inches long

[ Connection ¢ 1 piece of cardboard 8 inches x 5

O Computation/Estimation inches

v Measurement * 1 mirror tile (1 foot square backed

with heavy cardboard sealed on the
edges with thick tape)

¢ thick tape (duct tape)

® heavy cardboard

* tracing patterns (on page 15)

* pencil

* paper, white

Optics: An Educator’s Guide With Activities in Science and Mathematics EG-2000-10-64-MSFC 13




Procedures 3. Place the cardboard horizontally

-3 across the top of the two wooden
S blocks. Place a paper tracing
. pattern on the flat surface between
1. Stand the mirror at 90 degrees to the two blocks of wood.

the surface of the table.

4. Place your finger or pencil at the

2. Stand the two wooden blocks on starting point on the pattern.

the ends. Position them parallel to
each side of the mirror and 10 5,

) ; Look only in the mirror and trace the
inches from the face of the mirror.

star pattern found on page 5. Now
trace the swirl pattern also on page 5.

12" x 12" Mirror Tile

Reflection in Mirror

Cardboard

Wooden
Blocks
(2 Places)

Tracing
Pattern

14 Optics: An Educator’s Guide With Activities in Science and Mathematics EG-2000-10-64-MSFC




Tracing Pattern #1

Tracing Pattern #2

Start
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o~

Observations, Data, and Conclusions Where did the hand in the mirror

seem to be located when you looked
in the mirror?

1. What did you learn after tracing 5. Is it harder to trace a pattern with
the two patterns? your finger or with a pencil? Why?

2. What information did your eyes 6. What characteristic of light did you
give you? learn about when you did this activity?

3. What information did your brain or 7 After completing these questions, draw
body give you? some designs of your own. Exchange
your designs with another student
and trace their designs.

Design Page
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@ Level: Grades (K-4), (5-8)

Activity: 2

Reflection of Light With Two Plane
Mirrors—Double Mirrors Placed at a

90-Degree Angle

Objective

S

The student will experiment with
reflections of two plane mirrors placed
at a 90-degree angle to see what will
be reflected.

Science and Mathematics Standards

i

Science Standards
Science as Inquiry
Physical Science

I

Mathematics Standards
Problem Solving
Communication
Connection
Computation/Estimation
Measurement

ROORO

Theory

.

When you place two plane mirrors
at a 90-degree angle, the image of the
first mirror is reflected in the second
mirror so that the reversed mirror image
is reversed again, and you see a true
image. (See Glossary, page 73.) The
placement of images in the mirror will
vary with the distance of the person or
object in front of the mirror.

Materials

o=

¢ 1 protractor

¢ 2 plane mirror tiles 12 inches square
(These mirrors should be backed
with heavy cardboard and sealed
around the edges with thick tape.
The mirrors should then be taped
together to form two to four hinges.
You now have framed mirrors that
can stand alone.)

¢ cardboard

* tape

Optics: An Educator’s Guide With Activities in Science and Mathematics
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Procedures Observations, Data, and Conclusions
Am B
C g D

1. Place the mirrors at a 90-degree angle. =~ 1. What did you observe during this
activity?

2. Place yourself in front of the mirrors.
2. What information did your eyes
3. Look into the mirror and follow the give you?
instructions. All instructions should
be followed while looking into the
mirror, not at your body.

3. Why was this activity difficult?

4. What characteristic of light did this

A. Raise the right hand that you activity use or demonstrate?
see in the mirror.
B. Turn your head to the left.
C. Touch your right ear with your
left hand.
D. Look into the mirror and wink
your left eye.
E. Raise both hands with your
palms facing the mirror.

E Touch one little finger to the Mirrors
thumb on the other hand.
G. Bring both hands together ¢

until your fingers touch.

H. Raise the left hand with the
palm facing the mirror and the
right hand with the palm turned
away from the mirror.

I. Touch your right shoulder with
your left hand.

J. Choose a partner and give five

instructions of your own. Protractor Tape
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@ Level: Grades (5-8)

Activity: 3

Reflection of Light With Two Plane
Mirrors—Double Mirrors Placed at a

Number of Angles

Objective

S

The student will experiment with
reflections of two plane mirrors placed
at different angles.

Science and Mathematics Standards

i

Science Standards
M Science as Inquiry
M Physical Science

Mathematics Standards
M Problem Solving
M Communication
[J Connection
M Computation/Estimation
M Measurement

Theory

.

As the angle between two mirrors
is increased and decreased, the number
of reflected images increases and
decreases. At some angles, you will
see all complete images. At other
angles, you will see some complete
images and some parts of images.
There is also a relationship between
the size of the angles and the number
of edges of the mirrors that are visible.
Placement of the images in the mirrors
depends on the distance from the
surfaces of the two mirrors.

Materials

o~

¢ 1 protractor

¢ 2 plane mirror tiles 12 inches square
(These mirrors should be backed
with heavy cardboard and sealed
around the edges with thick tape.
The mirrors should then be taped
together to form two to four hinges.
You now have framed mirrors that
can stand alone.)

¢ cardboard

* tape
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Procedures Observations, Data, and Conclusions
Am B
C g D

1. Place the protractor on a table and 1. Make your observations as you

stand the two mirrors on top of it complete the table on the following
at a 90-degree angle. The mirrors page. (Refer to question No. 4 below.)
should be placed so that you can

readily measure the angle as you 2. At what degrees or angles do you
open and close the mirrors. seem to see whole images and no

partial images?
2. Place the mirrors at a 90-degree

angle. How many mirrors do you 3. How does the number of degrees

see? How many complete images do seem to be related to the number

you see? How many parts of images of mirrors that you count?

do you see? Record your observations

in the chart on page 21. 4. Using the following formula,

compute each angle measured and

3. Change the mirrors to a 10-degree compare your answers to what you

angle and count the whole images see in the mirror. Because you are

and the parts of images that you using simple materials, your

see. Repeat step 2. observations may differ slightly

with the computations.
4. Continue to change the degrees of

the angle from 0 through 180 Number of images observed in

degrees and repeat step 2. mirror equals 360 degrees divided
by angle indicated on the

HINT: When you look into the mirrors, protractor.

place your face between the two
mirrors or as close to the edges as
possible. Keep your face perpendicular
to the space or hinge between the two
mirrors.

Example: 360° + 90° = 4 images

Perform the math computations
and complete the table in question
No. 1 above.

Mifrors "::::::::::;;7 5. Are the number of observed images

and the computed math answers the
same? Why or why not?

Protractor Tape
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Number of Number of
Mirrors Images Computations
Observed Observed
10°

20°
30°
40°
50°
60°
70°
80°
90°
100°
110°
120°
130°
140°
150°
160°
170°
180°

‘Llﬁ:,) A
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Math Computations:

72
)
2]
)
=
D
=
-
o
=
=
-
=
-
@,
=
2f
—
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@ Level: Grades (9-12)

Activity: 4

Making a Kaleidoscope

Objective

S

The student will experiment with
multiple reflections in mirrors.

Science and Mathematics Standards

i

Science Standards
M Science as Inquiry
M Physical Science

Mathematics Standards
1 Problem Solving
M Communication
M Connection
1 Computation/Estimation
[0 Measurement

Theory

.

When three rectangular mirrors
that are the same size are arranged
in an equilateral triangle (See Glossary,
page 73), rays of light from an object
form multiple images due to reflections
from the mirrors. The equilateral triangle
formed by the mirrors has three equal
angles of 60 degrees, and the sides have
equal lengths.

Materials

o=

¢ 3 flat rectangular mirrors of equal size

* rubber bands

* Transparent tape

¢ small items to put in the
kaleidoscope (glitter, confetti, ect.)

* a piece of white cardboard

* resealable bag
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Procedures

1. Place the three mirrors together as
shown, using the long side of each
mirror. Put a few pieces of tape on
the backs of the mirrors to hold
them together.

2. Put two of the rubber bands around
them to hold them securely together.

3. Use this simple kaleidoscope to do
the following activities.

A. Hold the kaleidoscope in your hand
and look through it at objects
around the room.

B. Hold the kaleidoscope above the
white cardboard and look down
inside it. Put some object such as a
coin, or the small pieces of colored
paper in the resealable bag (keep
them in the bag) on the white
cardboard inside the kaleidoscope.
Observe the images reflected in the
mirrors.

Observations, Data, and Conclusions

o=~

1. How many images did you see?

2. Did the images appear to be the
same size as the object?

3. How were the objects oriented with
respect to the reflected images?

\/ Rubber
Bands

Mirrors \

N

Small
Objects
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Junior Home Scientist Project

Construction of a Large
Kaleidoscope Using PV/C Pipe

(Adult Supervision Is Required
at All Times)

Materials

¢ 1 piece of PVC pipe 10 centimeters
(about 4 inches) in diameter and
about 16 inches long

12-inch mirror tile

hack saw with fine blade

1 glass cutter

sandpaper

flat black spray paint

white glue

epoxy glue

cardboard

foam rubber used for packing and
shipping

scissors or utility knife

thick leather gloves

red, blue, or yellow paint (optional)
contact paper (optional)

Procedures

1. Buy or cut to size the 16-inch
length of PVC pipe. Sand the edges
and corners of the pipe until they
are smooth.

N

Use the flat black paint and spray
the inside of the pipe. Leave the
paint to dry overnight. Later, paint
the outside of the pipe any color or
design that you desire. Contact
paper could also be used.

3. While wearing leather gloves, cut
the 12-inch square mirror tile into
3-inch strips. Sand the edges of the
mirrors.

4. Position the three strips of glass
close to one end of the PVC pipe.
Place the mirrors to form three
60-degree angles.

5. Use the epoxy to glue the mirrors
inside the pipe. Pack foam behind
each mirror to provide stability.

6. Cut a circular piece of cardboard to
fit the inside diameter of the pipe.
Cut a l-inch hole in the middle of
the cardboard.
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7. Position this circular cardboard
piece into the end of the PVC pipe
and glue it with white glue to form
the eye piece of the kaleidoscope.

8. Now cut another circular cardboard
piece to fit the opposite end of the
pipe. In the center of the cardboard
cut a triangle with three 60-degree
angles.

9. Match this triangular opening with
the opening formed by the three

mirrors and use the white glue to Cardboard endpiece |

glue the cardboard into place. PVC pipe 4 inches

in diameter and
about 16 inches long

Variations:

It is also possible to make a
kaleidoscope using two mirrors
positioned at a 20-degree angle. You
may fill in the third side with a piece
of mirror tile. Experiment with

Three mirror tiles
glued at 60° angles

various angles of the mirrors and Cardboard endpiece _

s Cardboard eyepiece

locations of the eyepiece holes.

Kaleidoscopes made with smaller PVC pipe 4 inches
. . in diameter and
angles are more interesting. about 16 inches long ~____

Foam rubber
packing

Cardboard endpiece

Two mirror tiles glued
at 20° angles
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@ Level: Grades (5-8), (9-12)
Activity: 5

Making a Periscope

Objective Theory
The student will experiment with a A periscope is an optical instrument
simple periscope to see how it reflects light. ~ that uses a system of prisms, lenses, or

mirrors to reflect images through a
tube. Light from a distant object strikes
Science and Mathematics Standards the top mirror and is then reflected at
P an angle of 90 degrees down the
periscope tube. At the bottom of the

periscope, the light strikes another

Science Standards mirror and is then reflected into the
[ Science as Inquiry viewer’s eye. This simple periscope uses
M Physical Science only flat mirrors as compared to the
periscopes used on submarines, which
Mathematics Standards are usually a complex optical system
0 Problem Solving using both lenses and mirrors.

¥ Communication
M Connection

M Computation/Estimation
M Measurement W
¢ 2 flat mirrors
* a cardboard tube with openings on
each end

* wooden supports
* tape

Materials
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Procedures Observations, Data, and Conclusions

Am B
C e D

Insert both flat mirrors into the 1. Draw a diagram of the path a ray
periscope viewing tube as shown. The of light follows as it travels from an
mirrors must be facing each other. object, through the periscope, and
When the mirrors are inserted into your eye.
correctly each mirror will be resting
on the wooden supports. As each 2. Do you think the periscope would
mirror is inserted, place a small piece work if the mirrors were at some
of Scotch tape over the mirror slots on angle other than 45 degrees?

the outside of the viewing tube. Hold
the periscope so the mirrors are resting
on the wooden supports, then look
through it.

NOTE: The mirrors will fall out if you
turn your periscope upside down.

|— 2" | — 3" — | — 2" | — 33—

P % 7N

Object

<] / \ S :
! 1
' |
! 1
45° 45° 1—1————'
v
Cut-out square
of cardboard

Junior Home Scientist

=

A periscope can easily be made
from materials that you can find at
home. The drawing above gives you an
example to use. Mirrors of any size
will do, as long as they are flat.
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@ Level: Grades (5-8)

Activity: 6

Constructing a Spectroscope

Objective

S

With adult supervision the student
will construct a simple spectroscope.

Science and Mathematics Standards

i

Science Standards
Science as Inquiry
Physical Science

AN

Mathematics Standards
Problem Solving
Communication
Connection
Computation/Estimation
Measurement

ONKNKNO

Theory

o

All elements or pure substances, such
as gold, silver, neon, or hydrogen, give off
a set of wavelengths of light when they
are heated. Scientists can study the light
given off by stars and other objects in
space or heated substances here on
Earth and identify the kinds of elements
that are present. In fact, the element
helium, which is a very light gas, was
discovered by studying the spectral lines
of the Sun. Later, helium was found here
on Earth. Scientists who study light use
very complicated spectroscopes to
observe and measure wavelengths given
off by light sources.

2

¢ 1 cardboard box with lid

¢ sharp knife or blade

* 1 double-edged razor blade

® SCisSsors

* black marker

* tape

* 1 manila file folder

e commercially purchased diffraction
grating (plastic material with 13440
grooves per square inch). (See List of
Catalogs, page 83.)

Materials
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Procedures

Cm D
1. Make or adapt a box that is about 10 _«Lid
inches long, 6 inches wide, and 2 I e
inches deep. The box must have a ~oror Blade “@‘
tlght hd anila Paper ole 1" x " -
YI 1/2!- xP1 o Hole 12 2
2. Use a black marker and color the g‘rf;rt?:;i"”}@@/ﬂ
inside of the box and lid. Hole N
1"x 1"
3. Choose one end of the box and
measure 1/4 inch from the corner.
WITH ADULT HELP OR
SUPER}Y IISION, eut out a I-inch 9. WITH ADULT SUPERVISION,
square hole. break the razor blade into two
. . . pieces along the long hole in the
4. Nexi; le a 11;126,06 (})lfdlffractlon blade. Place the sharp edges of the
grating 1-1/2 inches square. blade together to form a long
lit.
5. Cut a frame of manila paper for the HALtow =4
diffraction gr atlrilg. ’Il‘geibsulle 1/ 10. Mount the razor blade slit so that
meisurements S ((i)u X de - the long slit is parallel to the lines
1nches square, and 1nside of the diffraction grating.
measurements for the hole in the
frame should be 1 inch square. 11. WITH ADULT SUPERVISION,
) i ) center the slit in the double-edge
6. Fram.e ’Fhe'dlffractlon grating and razor blade over the opening in the
tape}llt inside ﬁhle box to cover the large manila rectangular frame.
l-inch square hole cut in step No. 3, T . f the bl in ol
with lines of the diffraction ape pieces of the blade in place.
grating vertical. 12. Tape the framed razor blade to the
7. Directly opposite the diffraction outside of the box on the end
: ite fi the diffracti ting.
grating on the other end of the box, OPposite trom the Citlraction grating
measurefilrlld tr)nark gzl/lilCh i‘ofm the 13. Place the lid securely on the box.
corner of the box an inch from . . .
Find a light source. Aim the razor
g}ggﬁg{){%ygg IC_I f?t}ﬁi {_Hfl];‘}l: OR blade at the light and look through
u -1 . X .
’ the diffract ting.
high and 1/2-inch wide. € ditiraction gralng
14. Observe the emission spectrum
8. Cut a rectangle of manila paper 1-1/2 itted by the light
inches by 2 inches. In the center of ernittec by the Light sotree.
the manila rectangle, cut a small
rectangular hole 3/4-inch high and
1/4-inch wide.
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@ Level: Grades (K-4), (5-8)
Activity: 7

Exploring Diffraction
With a Spectroscope

Objective  gives off the same group of wavelengths.

This group is called the emission
spectrum of the element.

The student will be able to see In the visible Wavelengths of the
what happens to light when it passes  electromagnetic spectrum, red, with the
through a spectroscope. longest wavelength, is diffracted most; and

violet, with the shortest wavelength, is
Science and Mathematics Standards  diffracted least. Because each color is

P diffracted a different amount, each color

bends at a different angle. The result is
a separation of white light into the seven
major colors of the spectrum or rainbow:
A good way to remember these colors in
order is the name Roy G. Biv. Each letter
begins the name of a color: red, orange,
yellow, green, blue, indigo, and violet.
(Reference Electromagnetic Spectrum
page 34.)

Science Standards
(1 Science as Inquiry
M Physical Science

Mathematics Standards
1 Problem Solving
M Communication
M Connection
1 Computation/Estimation

M Measurement
Theory @
@’ * spectroscope (one spectroscope for

four students)
A spectroscope is a device that can be ¢ light sources (sunlight,

Materials

used to look at the group of wavelengths incandescent, fluorescent, cadmium,
of light given off by an element. All sodium, neon, mercury, helium, etc.)
elements give off a limited number of (See List of Catalogs, page 83.)
wavelengths when they are heated and e diffraction grating

changed into gas. Each element always * compact disc
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R O Y G B I \%

Red Orange Yellow  Green Blue Indigo Violet

(Students should color these boxes with their crayons.)

Procedures 3. When you look at the different light

sources through the spectroscope,
observe the stripes of color. Do they
Use a spectroscope and look at fade or blend into each other?

different kinds of light. View bulbs Describe the bands of color.
with different gases inside.

4. Does each light source produce the
same group of colors or spectrum?

Observations, Data, and Conclusions
5. Each group of colors for each different
light source is called the emission
spectrum for that source. How are the

1. Observe each source of light. Explain spectra or groups of colors alike?
what you see. Different?

2. Observe the colors. Start with the 6. Why are the groups of color for each

first color on the left and list them light source different?
in the table in the order that you
see them.

Light Source ‘ Colors
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Additional Activities

"

White light can be separated into
all seven major colors of the complete
spectrum or rainbow by using a
diffraction grating or a prism. The
diffraction grating separates light into
colors as the light passes through the
many fine slits of the grating. This is a
transmission grating. There are also
reflection gratings. A reflection grating
is a shiny surface having many fine
grooves. A compact disc makes a good
reflection grating.

Diffraction Grating

L
4\ :> A :> gI] Diffracted
L h Light
\ t
The prism separates light into
colors because each color passes
through the prism at a different speed
and angle. The angles of reflection of
the light, upon entering and leaving

the prism, vary with the wavelength or
color of the light.

ght Red

Wwhite L

Violet
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The Electromagnetic
Spectrum

For hundreds of years, scientists believed
that light energy was made up of tiny
particles which they called “corpuscles.” In the
16005, researchers observed that light energy
also had many characteristics of waves.
Modern scientists know that all energy is
both particles, which they now call photons,
and waves.

Photons travel in electromagnetic
waves. These waves travel at different
frequencies, but all travel at the speed of
light. The electromagnetic spectrum is
the range of wave frequencies from low
frequencies (below visible light) to high
frequencies (above visible light). (See
figure below.)

The radio wave category includes radio and
television waves. These low-frequency waves
bounce off many materials.

Microwaves pass through some materials
but are absorbed by others. In a microwave
oven, the energy passes through the glass
and is absorbed by the moisture in the food.
The food cooks, but the glass container is
not affected.

Like other wavelengths, infrared or heat
waves are more readily absorbed by some
materials than by others. Dark materials
absorb infrared waves while light materials
reflect them. The Sun emits infrared waves,
heating the Earth and making plant and
animal life possible.

Visible light waves are the very
smallest part of the spectrum and are the
only frequencies visible to the human eye.
Colors are different within this category,
ranging from the red wavelengths, which
are just above the invisible infrared, to
violet. Most of the Sun’s energy is emitted
as visible light.

The Sun also emits many ultraviolet
waves. High-frequency ultraviolet
wavelengths from the Sun cause sunburn.

X rays can penetrate muscle and tissue
but are blocked by bone, making medical and
dental x-ray photographs possible.

Gamma-ray waves, the highest frequency
waves, are more powerful than x rays and are
used to kill cancerous cells.

The atmosphere protects Earth from
dangerous ultraviolet, x-ray, and gamma-
ray radiation.

The Electromagnetic Spectrum

1 km lcm 12cm 10%em  10%em 10~%cm 108 cm
| | | | ) ‘ ‘
| . | | |
£
\\ ‘ /
& (0 : g ' Y .
B —3
Microwave Visible S
Ultrawolet amma ray
Infrared X ray
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@ Level: Grades {9-12)

Activity: 8

Diffraction of Light by
Very Small Apertures

Objective

S

The student will observe that when
light passes through a small hole, it no
longer travels in a straight line. The
observed light pattern illustrates the
wave behavior of light. The student will
determine what light pattern is created
by light passing through each
diffraction screen.

Science and Mathematics Standards

o=

Science Standards
M Science as Inquiry
M Physical Science

Mathematics Standards
[0 Problem Solving
M Communication
[ Connection
[ Computation/Estimation
[J Measurement

Theory

.

When light passes through a small
hole or a narrow slit, the light waves
spread out. The hole or slit must be
extremely small for the effect of this
spreading to be seen. Each point of the
hole or slit acts like a source of a
spherical wave. At certain angles, the
spherical waves from all the points
will be in phase and will add to form
a bright spot. At other angles the
waves will be out of phase and will
cancel to form a dark spot. The pattern
of light and dark is called the diffraction
pattern. The diffraction pattern
depends on the shape of the aperture