More Than 101 Ways to Use a Laser

Pressthe Belile &) Mg [lemenls

[ . e -

Fofr Ha e a2 om oracdeiie 8k

2RISR ey R
L T P

Pinpoint distance.

Communicate. audio or video Pasiion and level objects,

Rl

o I _.--""‘-—.____
T “'-\.__ .-hﬁ@
. B —— i e e - Higkak,

w

. - T

Monitor purity,




1. Scattering, Beam Visibility in Air

Shake chalk dust in the laser beam path, The beam is invisible in

a dust free room but the particles scatter the light enabling us to
“see” it. This demonstration is most effective in a completely darkened
raom. Although chalk dust is very effective, it can harm computers
and other electronic apparatus in a science classroom. You can
substitute most aerosol sprays and fog from cold-mist hurmidifiers.
But avoid hair sprays and similar materials which can clog the
lungs.
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2. Scattering, Crystal Imperfection

In a darkened room, direct a laser beam through an ice cube.
The light is scattered when the beam encounters impearfections in
the crystaline structure of the ice.
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3. Scattering, Rayleigh Effect

Mix a few drops of silver or gold nitrate in a florence flask filled with
water. Polarize the laser beam by placing polarcid film over the
front of the laser and aim the beam down into the neck of the flask,
Lsing a laser power meter, observe tha changes in the intensity of
the scattered, polarized light when the meter is moved in a 360
degres circle around the flask,
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4. Scattering, Size of Particles

Use the same set up as the Rayleigh Effect above. Substitute a few
drops of milk for the nitrate. Since the particles of milk are larger

than the wavelength of the laser light, they produce a more compli-
cated scattering pattern than that produced by the Rayleigh Effect.

5. Scattering, Monitoring Fluid Purity

Shine the laser beam through a flat-sided glass container filled with
a transparent gas or liquid. Place a laser powsr meter on the other
side of the container. Place a small opaque object and a larger
converging lens in front of the meter detector. This will block the
direct beam and focus any scattered light into the detector, As

increased amounts of collcidal particles are placed in the container,
additional light will be scattered from the main beam. High readings
on the power meter indicate high pollution,
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6. Color, Monochromaticity of Laser Light

Form a narrow beam of white light by letting sunlight pass betweaen
two razor blacdas, Allow this beam to pass through the prism.

A spectrum of colors will appear. Do the same with neon lasar light.
Since there are no prominent wavelengths other than red, the laser
light cannot be divided into colors. (Te be precise, it must be stated
that most lasers are not truly monochromatic, Metrologic lasers, for
instance, produce several closely related wavelengths)
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7. Color, Absorption of White Light

Colar filters absorb certain wavelengths, while allowing light of
other wavelengths 1o pass relatively uneffected, Hold filters of
various colors in front of your eyves and view objects in the room
inot laser beams). Objects appear dark or black (“absence of light”)
when their color is absorbed.

B. Color, Absorption of Laser Light

Filters can act as selective absorbers of light, A filter will transmit
some colors and absorb others, Most green filters are strong
absorbers of red laser light. Some colors are transmitted and
others absorbed. Try some experiments using colored cellophanes
or colared plastics.,
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9. Color, Quantum Energy of Red Light

Shine ultraviclet light on a zing plate attached to an electroscope
that has been given a residual negative charge. Compare the
respanse with that of a demonstration in which the red laser beam
is used as the light source. The electroscope discharges immediatety
with the application of the dim ultraviclst light, but the intense red
light of the laser beam does not have sufficient energy to overcome
the work function of the zinc and the electroscope will not discharge.
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10. Color, Coefficient of Absorption

The thicker the filter, the greater the absorption. Find a homoge-
naously colored glass that has sevaral thicknesses, Shine a laser
beam through each of the thicknesses and record the poser output
using a laser power meter. Plot the power cutput versus the thick-
ness. The poser outpul should vary in an exponential mannear.

For details, refer to the Beer-Lambert Law.

Eep piLrel-

(AseR _; u N

Lsing inexpensive color filters, it is relatively easy 1o separate the
red laser light from the other wavelangths of “white" light, Consider
the bar code scanner used in supermarkets. Only a tiny portion of
the original laser beam is reflected from the symibol on the package
back 10 the photodetactor. This small amaount of light is separated
from ambiant light with a red colar filter, The red light passes through
the filter. Tha red light passes through the filter and i3 bright to the
detector, but the background is dark.

11. Color, Reflection from Opagque Surfaces

Opague materials selectively reflect different colors, Show this by
expanding the width of the laser beam to about one inch with a
diverging lens, Hold paper of various colors within the beam.
Chserve how some raflect the light better than others, Consider
protlems of a designer wha must plan bar code symbols for
gracery packages. If the bars are to be printed with black ink,
thie background color of the package must appear bright whean
llurminated with red laser light.
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12. Reflection, Specular Versus Diffuse

Ohjects such as mirrors provide specular reflections, That is, they
change the direction of the beam without scattaring ar diffusing the
light. Rough objects pravide diffuse reflections that scatter the ligint.
Shine the laser at various objects, and plot the refllection strength
¥g, angle., Sea how an aspirin reflects nearly 100% of the light over
a large angle,
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13. Reflection, Internal Reflections

shine the baam inte a tank of water and observe that the light

will be reflacted not only when the beam enters the walsr, bul
alsa when the beam is leaving from a different side of the tank.
Reflections that tend to keep the laser beam inside of the madium
ares kniown as internal reflections. The intensity of these reflections
vary with the angle of incidence as the beam attempts to leave the
medium. Seeif you can obsarve a secondary spot that a laser will
generate off to the side of tha main beam. This unwanted spaot is
caused by reflections inside the glass of the laser's front mirror
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14. Reflection, Law of Reflection

The Law of Reflection states that the angle of incidence is equal to
the angle of reflection and that the incident ray, normal, and reflected
ray all lig in the same plana. Aim the laser toward a distant mirror,
Adljust the mirrar 50 that the baam returns (o the laser apearture.
Move the lasar two meters to the right of the original position.
Slightly elevate the laser while aiming it at the same spot on the
mirrcr. Determing the relationship between the distance that the
lagser was elevated and the distance that the reflected beam is
depressad,

15. Reflection, Corner Prisms

A carner prism can be made by cutting off a corner of a box and
aluing mirrars to the three inner surfaces of the corner, Hold a flat
mirror about 5 meters from the laser and try to reflect the beam
back into the laser aperture. See how much easier this can be
done with & carner reflector. The American astronauts put corner
reflectors on the maoon. Mow timed laser pulses from the earth can
e returmed to their origin whenaver it is nacessary 10 make precise
moan-earth distance measurameants.
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16. Reflection, The Colors of the Rainbow

Direct a low-power laser into a glass cylinder filled with watar, Add
two ar threa draps of milk or powdered cream to the watar to make
the beam visible. By maving tha cylinder slowly across the laser
beam, the internal reflections and refractions will be visible. The
intensity of the emerging beam will vary as the angle of incidence
between the laser beam and the cylinder is changed. The angles
between the incident and emerging beam can be measured using
long distance technigues and a laser. Measurements can be related
to Sir Isaac Newton's explanation of the “Causes of Colors in the
Rainbow” (See Metrologics “Experiments Using a Helium-Meaon
Laser” for Newton's explanation,)
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17. Reflection, Critical Angle

Position a laser so that the beam enters the side of a fish tank and
emerges from the top. Fill the tank with water and a few drops of
milk to make the beam visible. Then decrease the angle that the
laser beam in the water makes with the surface until it no longar
emerges but is totally reflected back into the tank, When this first
occurs, the angle between the laser beam and the normal to the
surface is called the critical angle of water. To find the index of
refraction of water, take the reciprocal of the sing of the critical
angel.
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18. Internal Reflections in a Water Jet

When a laser beam is traveling inside a stream of water, internal
reflections at the edges of the jet can prevent the baam from
leaving the water. This happens whenaver the angle of incidance
between the laser beam and the normal to the water surface is
greater than tha critical angle for water {48°).

Punch or drill a 5 mm hole near the bottom of an empty 1 litar,
clear plastic, soda bottle. Aim the beam of a laser so it goes into
the bottle and out the hole. Fll the bottle with water. When the
water emerges from the hole, the laser beam will follow the water
jet as it arcs downward. This illustrates the internal reflactions that

take place in a fiber optics cable.
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19. Critical Angle, Minimum Radius of Curvature of Light Pipes
As the radius of the bed of a fiber optic light pipe is made smaller,
light begins to escape from the sides of the fiber. Determine the
minimurn radius of curvature for a length of fiber optics or other
light guide,

20. Index of Refraction, Liquids

Hold a circular protractor in a vertical position and submerge half of
it in a large beaker of liquid. Aim the laser so the beam just grazes
the front surface of the protractor and passes through its center.
Measure the angles of incidence and refraction. Calculate the indax
of refraction of the liquid using the relationship n = sin i'sin
Repeat for different angles of incidence and for different liquids.
Water, alcohol, and glycerin are suitable for this exercise.
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21. Index of Refraction, Liguid with Varying Optical Density

If the optical density of a liquid or a gas varies, a light beam will
bend gradually as it is transmitted through the fluid. This can be
observed by partially filling a fish tank with clear water and adding
several lumps or cubes of sugar solution that is dense at the
bottom and gradually becomes less dense toward the surface.

Aim the laser beam horizontally into the side of the tank and
observe how the beam gradually bends as the index of diffraction
of the sugar solution increases. (See American Journal of Physics,
July 18972, p. 913}
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22. Index of Refraction, Glass

When light travels from air to glass, there is a change of speed and
the beam will bend, or refract, at the interface when it entars the
glass. Measure the angle (i) between the incident laser beam and
the normal to the glass surface. Also measure the angle (1) between
the bent beam inside the glass and the same normal. If we assume
that the index of refraction of air equals 1, the index of refraction of
the glass can then be calculated using Snells Law:

ngSini=n, _sinr
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23. Index of Refraction, Prism

When a laser beam is transmitted through a triangular prism, the
beam will be refractad twice and emerge along a path that deviates
from its original direction of propagation. By rotating the prism, the
angle deviation can be made larger or smaller. The smallest angle
that can be obtained is called the minimum angle of deviation for
the particular prism. By measuring the apex angle of the prism and
the minimum angle of deviation, the index of refraction of the prism

may be calculatad:
sin 1/2 (A +8)

sin 1/2 A

Graater precision can be abtained by allowing the beam to cross
a room so that small changes in angle will be greatly exaggerated
because of distance.

24, Variable Index of Refraction, Schlieren Effect

Flace the flame of a Bunsen, or propane, burmer in an expanded
laser bearm and observe the image of the flame on a nearby
screen. The heated air and rising convection currents cause
variations in thae index of refraction of the air. This produces
moving shadows on the screen, known as Schlieran,
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25, Index of Refraction, Gas

Arrange a Mechelson interferometer with a front surface mirror at
ane of the arms and a gas chamber mirrar combination at the other
arm. The light from the laser is split inte two beams forming a right
angle, After reflection by the mirrors, the beams are superimposead,
interfere with each other, and form a series of light and dark fringes
on a screen. Use a vacuum pump to evacuate the air in the cham-
ber and then allow air or other gas to return slowly. Air reduces the
speed of light and effectively increases the beam path in the gas
chamber, Each time the path increases by one wave length, a fringe
can be seen to shift on the screen, The index of refraction of air
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jor any other gas in the chamber) can be determined by using the
relatianship:
n= (2L + ni)/2L
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26. Laser Characteristics, Beam Diameter

A laser beam seems larger ina dark room than in a bright one.

As aresult, the spot size cannat be measured Dy eye and rular,

By convention, the beam diameter is determined by measuring
between the 1/e intensity points, A knife edge (or razor blade)
mounted an a calibrated translation stage may be used 10 measure
beam diameter, Read the full beam power with a laser power mater.
Move the knife edge into the beam until the power drops to 80
percent of full power. Mote the micrometer reading of the stage.
Then mave the knife edge further into the beam until the power
drops to 10 percent of full power. Note the micrometer reading.
The difference between the two readings divided by 65 is equal

1o the beam diametear.
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27. Laser Characteristics, Beam Divergence

Divergence, the angle at which the beam expands, is usually
measurad in miliradians and expressed as the full angle, 26.
Divergence should be measured savaral meters from the laser
because the function is non-linear close 10 the laser aperiure,

To find the divergence in radians, divide the beam diameater by the
distance. {g.g,, 1.5 cm diameter divided by a 1,000 cm distance
equals 1.5 milliradians))
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28. Laser Characteristics, Polarization

Helium-nean lasers that do not have Brewster windows at their
ends amit light that is randomly polarized, At a given instant, such
polarization may be described by two ellipses, each at right angles
ta the other. Over a pericd of time, the resultant elipse wil change
in orientation and refative magnitude, while maintaining a constant
power. Meithar power maters nor the human eve can detect thase
changes in polarization. But if a polarizing filker is placed in front of
the laser power meter, the filter will favor one polarzation comooanent
and bleck the ather. The power readings will vary in response o
the changes in relative power between two pelanzation components,
This effect is best abserved while & short laser is warming uo
T
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29, Optics, Multiple Beams

A 5ingle laser beam can be split into a number of lager beams

by diracting it through several microscope slides. Tape the sides
tooether on one end. One the other end, wedge a small piece of
cardboard botwean each slide and then tape the slides together.

30. Optics, Cylindrical Lens

A glass stirring rod servas as an mexpensive cylindrical lens. 11
will spread the beam out so that it forms a ling of light rather than
a round spot, This tachnigue is used in sawmills to provide a
guideling for cutting lumber,

31. Optics, Ray Paths

g2 & laser 1 study geametric optics. s ntense beam indicates
ray paths clearly To make tha laser beam visibla to a large group,
swaep a white card along the beam path, Angle the card foward

the viewers, In a container of water, add drops of milk to view the
lasear Deam.

32. Geometric Optics, Lens Focal Length

Use two lasers or divide the beam of a single laser into two paralle
components. Pass the beams throwugh & lens and determing the
distance beyond the lens at which the beams converge. Allermatively,
expand and colimale the beam using a beam shaping 1elescope.
Ohsarve tha cane of light as it is focused by the lens under exami-
nation, Use the technigues in Mo, 31 to make the beam visibla,
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33. Optics, Beam Waist

Wave optics demonstrations of the laser beam waist can be
parfarmed by passing the light thraugh a telescops or a pair of
lenses so thal it focuses at a distance. Wave a card along the
eam path and notice haw the beam radius narrows as the beam
waist approaches, The eam will be symmeirical on each side of

thie baam waist. —
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J4. Beam Shaping, Magnification

Pair several differant lenses to make beam shaping telescopes of
savaral magnifications.
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35. Beam Shaping, Lens Focal Lengths
The focal length of a compound lens made of wwo simple lensaes
may be pradicted if we know the focal lengths of each lens and the
distznos botwaen them. I known values for these parametars are
substituted in the lens makers formuola, the combined focal length
of the lwo lenses may be predicled. If either of the twa lenses is
divergent, use a negative facal length for this lens when substituting
the value in tha formula. If tha calculated answer comes aut with a
negative numbaear for the combingd focal length, it indicates that the
lens system has & virtual rather than a real focus. Check the aceu-
racy of vour predictions by pulling the lens system in a calimated
[aser oam.
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36. Beam Collimation

Although 2 laser peam is essentially paralel and does not diverge
sigrificantly, over a dislance of several hundren meters the amount
af spreading becormes significant. To minimize adverse elfects of
this spreading, colimale the beam, This is done by first spreading
the beam wilh & diverging lens and then making the edgas of the
beam parslel with a converging lens. By adusting the distance
betwenn the two lenses, the beam can be colimaled s2 it remains
at a constanl widih of akout 2 omoover distances of several

kromelers,

37. Beam Shaping, Depth of Field & Beam Waist Diameter

TEMzo maode lasers have beams Ihal converge 1o a minimum
raclius, called the neam waisl, and then expand, Callimation is
maintainad for a short distance in the beam waist that may be
called the depth of fold. Ezch end of the depth of finld has a
clametar that is 14 bmes that of the beam waist. Boyond the end
goint, the bean begins o diverge and iz no longer colimaled. I the
pEam waist s narroes the depth of field will be shorl. IF the beam
waist iz broadern, the deplb of field will ba longar These values are

o

1
LASER. BEAN
i

38. Diffraction, Knife Edge

The laser ofers convincing prool that ight astually bends, o s
diffracted, around small otjects, Demonstrate knife cdge dilfracton
by pointing the laser at a screen, such as a sheet of glossy while
paper, approximalely three metars awsy. Slide the edge of a new
razor part wity into the laser beam and obsorve the inmarference
patterns on the screen. Close obsarvation wil show thal there s no
charp shadow of he edge of the razor blades on the screen, Dut
instead there is a diffraction pattern consisting of a serias of light
ana dark fringes parallel 1o the edoe of the razoer blade, Make a
graph of the nlensily varistions of those ngas by moving a pho-
bometer acress the screen while recording the intensity variations.
Compare this gragh with the thearetical palterns that can be tound
ir s tetbock on anlics,
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349. Diffraction, Narrow Slit

Lzing the same selup as for the knife edge diffraclion, insert a
second razor blade into the other side of the laser beam so that
the edge diffraction patterns prodused by the two razor blades are
suporimposed. Observe the efiects as the two razor bladas are
nroughl closer and closer together to form a narraw shit, Ooserve
the vanabions in the intensity of the fnnges and the gistance
between hem as the razor blades are brought claser ogetner,

ZALOR. BLADE

LT

40, Diffraction, Variable Slit

fWake an inexpenzive variable il using a vernier caliper and a double
edge razor Dlade. Bend the tlade untl it snaps along the center
and breals into two halves. Glue or tape each halt fo a jaw of a
carmier caliper as shown n ke diagram balow, Am a laser baam &
lhe gap batwean the blades and observe the single st diffraction
pattern on & distant soreen. I the wicth of the st is known, he
wiavelengtn of laser beam can be determined. Alternatehs by using
a lasar bheam of known wavelength, the width of the gap belween
trie jaws can be measured with & high precision,

4. Diffraction, Double slit

Whean the laser beam s sent through two narrow parallel siits,
each slit produces an identical ditfraction pattern. f the slits are
clase fagether, he diffraction patterns averlap and a phenomenon
called doutde slit interferance ocours.

Irwestigate the charactenstic diffraction and interference patlerns
as the width and spacing of two slits are vaned, Precision doutls
alits far this mvestigation can oe found an the Comel diffraciion sht
plate or the Metrologic diffraction slids mosaic furnishea with the
lascr Optics Lab ki Make a sketch of a typcal diffraction pattern
arid explore the inensity of illummeatian at vancus locations tha
Lsing & phatometer.
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42. Diffraction, Multiple Slit

When laser light is transmitted through a series of narrow parallel
slits that are spaced close together, each slit produces a diffraction
pattern which overlaps the patterns produced by the others. If the
slits are evenly spaced, a pattern that is very similar to that of the
double slit diffraction results, but the additional light caming from
the multiple slits produces a much brighter pattern (Ses
Metralogics Expenments Using A Helium-Neon Laser)
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43. Diffraction, Small Holes

Diffraction of a laser beam by a small hole is due to the interference
of diffracticn fringes from the edgeas of the hole causing interference
in the overlap area.

Make pinhaoles in a square of aluminum foil using a sharp neadle.
For better pinholes, pull a sheet of fresh carbaon paper through a
gap between a tesla spark coil and a ground plate,

When the laser beam goes through the hole, a bullseye airy disc
pattern will appear on a distant screen. [If the hole is good, the
pattern will be parfectly round,

Experimant making the pinholas smaller. The smaller the hole, the
larger the bullseye. Calculate the size of your pinhole by measuring
the radius of the Airy disc in the bullseye pattern, Appropriate
formulas for this calculation are given in the Matrologic book,
Experiments Using a Helium-Neon Laser, and in many Optics text-
books. The same technique can be usad 1o measure the diameter
of a blood cell. (Ses Mo, 80
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44. Diffraction, Reflections from a Ruler

Diffraction may be cbserved by reflections from a steel machinist's
ruler or an ardinary plastic ruler with fine black markings spaced at
millimeter or sixteenths of an inch intervals. Mount the ruler in the
laser beam path as shown, The beam should just graze the ruler
sa that it illuminates approximately three centimeaters of the scale,
Place a screen about two meters away from the laser so that the
diffraction pattern from the ruler may be cbserved. The pattern will
consist of alternate light and dark areas spaced at regular intervals.
Small adjustments of the ruler with respect to the laser beam may
be necessary to sharpen the pattern. Place a diverging lens in the
laser beam at the end of the ruler so that fine details of the diffrac-
tion pattern may be cbserved on the screen. When this has been
dong, move the ruler slightly while watching the screen. Try to
explain why the diffracticn patterns change the way they do.

45, Interference, Thin Film

When two sheets of flat glass are separated by a thin film of air,
multiple reflections of light cecur at the air-glass interfaces. If the
thickness of the film is adjusted so that it is ¥ the wavelength of the
incoming light (or odd multiples of £ wavelength). mast of the light
will nat be transmitted, although air and glass are transparant,
Shine a laser beam through the air wedge supplied in the
Metrologic Laser Optics Lab kit Enlarge the beam using a diverging
lens and view the resulling interference patlerns on a screen. Vary
the thickness of the air film edge by squeezing the glass plates
together at various places around the edge. Ohserve changes in
the pattern on the screen as the glass is squeezed,
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46. Interference, Multiple Internal Reflections in Glass

When a laser beam is transmitted through a flat glass plate, some
light is transmitted and some is internally reflectad in the glass.
As the reflected light subsequently emerges from beth sides of
the microscope slide at intervals along the surfaces, interference
accurs among the multiple beams of coherant light. Interference
patterns may be abtained by placing the microscope slide in the
beam, as shown in the diagram, so that it is almaost parallel to the
beam. Try to explain why one of the patterns is the reverse of the
other.

47, Interference, Window Glass

Shine a laser on a piece of glass and allow the reflectad light to
cross a darkened room. An interferance pattern will be cbserved
an the far wall. The fewer and more paraliel the interference bars,
the maore uniform the glass thickness,



48. Interference, Heat Expansion

Touch a soldering iron to the piece of window glass used in the
last exercise. & localized distortion of the interference patterns will
appear as the glass expands after being heated with the tip of the
saldaring iron.

HEATED RRERA

49, Interference, Evaporation of Alcohol

Flace a lens within a laser beam and project the enlargad image
anto & viewing screen. Place a drop of alcohol on the lens and
allow the alcohaol o evaporate, As the evaporation proceads,
changing interference patterns will be observed on the screen.

50, Interference, Michelson Interferometer

Dimensional differences less than ¥ wavelength wide can be
observed using an interfercmeter made with a beam splitter, two
mirrors, and lens. The beam splitter divides the beam and sends
itin two separate directions, Two mirrors return and combina the
light, When the light waves combing, they overlap and interfere
with each other. When enlarged through a lens and projected on a
screen, the canceling effect can be seen as alternate light and dark
bands or interference fringes. Observe how the fringes shift when
& person coughs or shouts into the apparatus, The beam splitter,
front surface mirrors, lens and magnetic holders for the optics
components are included in the Metrologic Laser Optics Kit.
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5. Interference, Changes in Volume

Minute changes in volume during heating or cooling can be
observed in the classroom. For example, if one af the mirrors in the
above experiment is heated with a hair dryer, the fringes will shift.
Commercial uses of interferometry include distance, contour, thick-
ness, and flatness measurements; inspection of optical material;
determination of the indax of refraction of glasses and gases; and
examination of dynamic changes in wind tunnels. These applica-
tions are espeacially usaful in student research projects.

52. Interference, Lloyd's Mirror

Llaye's mirrar is a classic optics experiment and was first described
in 1834, Place a converging lens about 10 em in frant of a diverging
lens. Shine laser into both. Place a screen about three meters from
the laser and adjust the position of the two lenses so that the
smallest possible spot can be seen on the screen. Lay a microscope
slide between the two lenses, Carefully raize the slide until the laser
beam just grazes its upper surface. A second spot will appear an
tha screen, about one inch above the first. Remove the converging
lens without disturbing the other apparatus. With this lens remaoved,
the cones of light coming from the direct and reflected sources par-
tially overlap, forming an interference pattern on the screen.
Calculate the wavelength of the laser light using the formula for
double slit diffraction. Further details to perform this experiment
can be found in the Metrologic book, Expeniments Using Helium-
Maan Lasar.
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53. Modulation, Morse Code Communication

Aim a laser beam at a distant solar-cell photodetector which is
connected to the microphone input of an audio amplifier. Whenever
the laser beam is interrupted, the amplifier-speaker will produce a
loud click. Make a Marse code “dot” by passing vour index finger
through the laser beam. Make a "dash” by spreading out four
fingers on your hand and passing them through the bearn at a
unifarm rate.
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54, Modulation, Voice Communication

Plug a microphons into a modulated laser. Talking into the microphons
alters the laser tube current and the beam brightness vanes according
to speech patterns, When the light from the beam reaches a distant
photodetector, the alectronic wavetorms that are produced can be
amplified to reproduce the ariginal sounds, :

The Metrologic Speed of Light/Laser Video Kit contains an appropriate
photodetector, amplifier and speaker for this particular application.
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55. Modulation, Video Transmission

Cannect the output of a TV cameara or video recorder Lo the video
jack at the back of @ modulated laser. The video signals will vary
thi intensity of the laser eam. Set up a distant video receiver
pwide-bandwidth phototransistor and video amplifier) t©o receive the
modulated laser beam and operale a black and white or a color T
maonitor to produce the images. Full resclution cannat be attained
using a helium-neon laser becauss its bandwidth (about 0.6 MHz)
i smaller than that of a TV signal (4.2 MHz). However, a solid-state
YLD laser is meore than adeguate for the purpose,
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56. Speed of Light, Modulation Method

Use a modulated laser to measure the speed of ight across a foot
ball field and hack. St up a distant mirror at the far end of the field
and partially insert & small mirror into the beam path near the laser
to isolate a small pereentage of the light, Direct the reflected light
tram each mirror into a separate  photodetector placed near the
laser. If the photwdatactors are connected 1o an oscillescope and
an rf signal genarator iz used to modulate the laser, the resultant
of two waveforms will be displayed on the oscilloscone soren.
Because of the time delay lo send the ight cuver the long leg, the
twio photodetector inputs will be slightly out of phase. The phase
difference belween tha two waveforms can be measured and
equated 1o the difference in travel time of the two beams, The
speed of light can be calculated using this time and the distance.
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57. Holography, Observing Holograms

Im & darkened room, expand a8 laser beam with a diverging lens,
Hold a hologram in the laser beam path and allow the laser light to
enler your evas, Search for the holographic image within an angle
of 20 1o 40 degrees to the right or left of the lasaer but DO NOT
stare directly into the laser,
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58. Holography, Making White Light Reflection Holograms

Cut a small piece of non-AH {anti-hale) halographic film into a two-
inch sguara, Place the film between two pieces of glass. Hold the
glass together using two ordinary binder clips, Use a diverging lens
to expand a laser beam. Dirsct the beam through the film onlo an
object placed directly behind the film. The halogram is formed
between the reference beam coming fram the lagar, and the object
pream. coming form the object. Reflection holograms can be viewsad
in whita light (See Metrologic's book Holography Using a Helium-
Meon Laser written by D Tung Jeong for details).
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59. Holography, Cylindrical Holograms

A 360-degree view of an image can be obtained by strapping a
hologram inside a glass cylinder, emulsion side inward. VWrap a
piece of film, emulsion side inward, inside a cylinder. Use a diverging
lanz to expand a laser beam. Shine the beam into tha wp of the
cylinder and observe the image through the glass sides
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E0. Holography, Transmission Holograms

The best depth of field and sense of perspective is obtained

wilh trangmission holograms. A recommended setup to make one
raguires the splithing of a laser beam. Allow one beam 10 go directly
to the film. Direct the second beam at the object, and than to the
film. This type of hologram can only be seen using lasser ight,
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&1, Holography, Multiple Channel

Mare than one picture can be stored on holographic film. & simple
meathod is to make the first exposure, then change the angle of the
film plate and make a second exposurg using a second object,
Two separate piciures can be seen by tilting the film plate. (See
Holography Using a Helium-Neon Lasar for further details )
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62. Holography, Holographic Interferometry

Holography is widely used in industry to observe minute changes
in materials, The technique invvolves making two exposures of the
same object; between exposures, the object is moved or changed.
The resulting hologram shows the object covered by light and dark
intarferance fringes, which indicate a 1/4 wavelength change, For
example, shoot a C-clamp, tightan it slighthy, and shoot again.
Interference fringas will show where the clamp is under the greatest
stress (See Holography Using a Helium-Neon Laser, by Dr. Tung
Jeong).

63. Applications, Pipe Laying

MWast major sewer and starm drain pipe installations are aligned
using helium-necn lasaers, A laser beam is aimed down the center
of a pipe. As each successive pipe is connected, a round disc with
a center hale is placed over the end of the pipe. The pipe is moved
slightly until the laser beam shines through the central hale. This
pravides fast and accurate alignment and cost-efficient drainage.
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64. Applications, Optical Lever

Attach a mirror to an object. Aim a laser beam at the mirror
and allow the reflected beam to fall on a distant screen. Any
small movements or changes in the object will cause a large
displacement of the red dot on the viewing screen.
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65. Applications, Optical Galvanometer

Wind 20 turns of insulated wire around a screwdriver handle.
Remove the screwdriver and tape the coils together. Attach two
thin strands of wira 1o the ends of the coil. Using a small piece of
cellulose or double-face tape, fasten the coil 1o a thin mirror.
Suspend the coil and mirror between the poles of a horseshoe
magnet. Aim a laser at the mirrar and cbserve its reflection on a
distant wall. Do not stare at the laser beam or its bright reflaction.
Apply a small current to the coil and the mirrar will twist, resulting
in a laser beam deflection. Using the appropriate shunts and multi-
pliers, calibrate the galvanometer to read amperes and volts. An
ammeter or valtmeater may be wsed for comparison.
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66. Applications, Pulse Indicator

Ise adhesive tape to fasten a small mirror to vour wrist directly
owver the point where the pulse is found, Aim a laser at the mirror
and observe its reflection an a wall. Even when holding your wrist
steady on a table, small movements in the mirror dua 1o your pulse
will e observed as large deflections on the wall

67. Applications, Laser Art

Many laser lighting effects are created by sending laser light
through transparent materials, such as reticulated plastics that are
used as diffusers in fluorescent ceiling lights. The fing mesh cloth
used in silk screen printing produces interesting symmetrical
arrangements of dots of light., Low cost diffraction grating can be
used to split the beam into dots arranged in a single straight line.
For slowly changing patterns, aim the laser beam through transparent
liquids, such as ail and water in a shallow glass container.,




68. Applications, Inspecting Wobble or Height

Expand a laser beam to a diameter larger than the anticipated
change in wobble or height. Direct the laser beam across the edge
of an object, and then into a lens that will focus the beam to the
photocel of a laser power meter. The power at the detactor will
vary depending on how much of the beam is obstructed by
movement of the objact.
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69. Applications, Measurement, Wire Diameter

Laser light diffraction is being used in industry to measure the
thickness of fing wire. Direct a laser beam at a filameant, such as a
hurman hair. Measure the spacing between the light and dark areas
of the diffraction pattern and calculate the diameter of the hair using
the standard diffraction formula.
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70. Applications, Foucault Knife Edge Test

The Foucault knife edge test is a standard technique used in the
optics industry to test the quality of lenses and curved mirrors. Use
twio lenses to collimate a laser beam. Place the lens to be tested in
the beam path. Insert a razor blade at the focal paint of the lens
being tested and view the results on a screen. If the lens is perfect,
the spot on the screen will darken unifarmly as the razor blade cuts
the beam.
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7. Applications, Spatial Filter

A spatial filter cleans a laser beam by removing oplical noise. Direct
a laser beam at a converging lens, and then centar a pinhole at the
apex of the cone of light produced by the lens. The pinhole should
be large enough to let the primary beam pass through easily, but
small encugh to block any stray light. [Suitable pinholes can be
made by folding several thicknesses of aluminum fioil, laying them
on a piece of glass, and puncturing them with a pin, The best pin-
heles are found in the middle folds) It is critical that the pinhole be
placed at the pracise focal point, This requires adjusting the pinhale
in three directions, along the X, ¥ and Z axes. Most of the optical
noise will be blocked by the material surrounding the pinhole.

72. Applications, Rangefinding

Use two lasers (or use only one laser with a beam splitter and a
mirrar) to generate two laser beams that are separated by at l2ast
50 cm. Leave one of the lasers fixed, and rotate the other laser so
that the beams intersect an distant objects. Use triangulation
trigonometry or a tape measure to calibrate the rolation angles that
are required to target objects in terms of their distances from the
lasers.

73. Applications, Wheel Alignment

Maunt a mirror in the center of a wheel so its surface is perpendicular
io a laser beam. Rotate the wheel and observe the reflected light
on a distant wall, If the wheel or shaft is out of alignment, the
reflected light forms a circle. If the wheel or shaft is properly
alighned, the reflected light comes o a point.
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T4, Applications, Laser Oscilloscope

Using the principles of optical amplification, Lissajous patterns can
be projected on a distant wall and the principles of an osciloscope
can be demonstrated. Mount two 3-inch radio speakers in a frame



as shown in the diagram. Glue one end of a short wooden dowel
to the canter of each speaker. Glue the other end of the dowel to a
thin strip cut from a plastic ruler; attach the free ends of the plastic
gtrips to the frame. Cement a small mirrar over the area where the
plastic strips intersect. Aim the laser at the mirror and observe its
reflection on a distant wall, Do not stare directly at the beam or its
bright reflection. Connect an audio oscillater to speaker 1 and
another 1o speaker 2. Adjust the oscillator frequaencies o produce a
wariety of large Lissajous patterns on the wall. Horizontal deflections
af the beam are produced by speaker 1. Vertical deflactions of the
beam are produced by speaker 2,
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75. Applications, Detect Flaws

Shine a laser bgam an a surface to detect flaws and scratches in a
material. Scattering of the light will coccur where a flaw or scratch is
present.

76. Applications, Lissajous Patterns

Among the most wall-known laser lighting effects are Lissajous
figures, a swirling pattern of interwoven circles which have become
almost a trademark of laser lighl shows, These intricate patterns
can be created easily Mount small mirrors on the rotor shafts of
two variable speed motors. Position each mirrar at a slight angle
50 that when the shaft rotates, a small circle is reflected. Placa the
laser and the two motor/mirror assemblies so that the laser beam
followes a Z-shaped path, from the laser to ang mirror, to the second
mirror, and then toa wall or screen. IF the speed of each mator can
be adjusted independantly, a great variety of Lissajous pattarns can
e created.
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77. Applications, Wave Guides

A look into the future shows small, solid state lasers producing on
aptical signal which will be carried milas by a fiber optics wave
guide. Low loss wave guides will be a necessity to produce an
effective laser communication system. To make a low loss wave
guide, fill some quartz tubing with purified trichloethylene. Losses
less that 20 dB/km have been reported using this liguid core wave
guide, although losses of mare than 1.2000 dB/km are usually
found with comventional glass fibers. Try making your own wave
guides and measure the losses with the aid of a laser powear mater.

78. Applications, Measurement by Scanning

Mount & mirror or & many-sided prism on a motar that rotates at a
constant speed. Direct the laser at the mirror and place a photode-
tactar in the reflected beam. As the motor rotates the mirror at a
known rate, the reflected Deam scans tha taroet and its width can
be measured by the time that the detector is activated. Laser bar
code scanners measura the widths of the bars on bar code
symbols to the thousandth of an inch.
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79. Applications, Opthalmology

When an enlarged laser beam is aimed at & wall, the illuminated
dred appears to have small spats or grains. This granular appearance
is caused by a complex interferance pattern produced by the
coherant light as the lens of cur eve focuseas it on the retina.
Expand a laser beam with a lens and projact it an a wall or scraen.
Mave your head slowly fram side to side while observing the spot.
If you are farsighted or your eyesight is normal, the spaots will move
in the same direction as vour head, If you are nearsighted, the
spots will appear o maove in a direction oppasite from that of your
head, In nearsighted persons, the eye tends to focus the pattern a
short distance in front of the retina. Therefore, parallax caused by
the head movement resulis in an apparent motion of the spots in
tha opposile direction,

80. Application, Measure Blood Cell Diameter

Llsa the Airy disc principle in Mo, 42 to measure tha diameter of

a blood cell. Flace a drop of blood on a clean microscope slide.
Gently spread the sample across the slide using the edge of a
second slide, being careful not to crush the red blood cells or
destray their circular symmetry, Place the slide within a laser beam,
then move the slide around until a good set of diffraction rings is
chserved on a screen, Measure the distance from the cells o
screen and the diameter of the first fringe. Calculate the diameter of
the Blood cell using the technigque reported by Dr. James E. Parks
of Western Kentucky University Details can be found in Metrologic's
book Expeariments with & Helium-Neon Laser.




&1. Applications, Doppler Effect

The Doppler effect is a well-known phenomenon by which wave
frequency is changed by a moving object. Use a Michelson interfer-
pmeter setup. Superimpose the two rellected beams on a Speed of
Light Kit. Move one of the front surface mirrors back and forth
slowdy. This will produce an audible tane from the loud speaker
becausze the wavelength of light is changed. Rapid movements,
however, produce freguency changes that are supersonic and
canndgt be heard.,
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82. Applications, Calibrating a Diffraction Grating

Shrinking or expansion of the film or other ditfraction grating media
can change the line spacing of a diffraction grating. Always check
the calibration of a new diffraction grating with the aid of a helium-
necn laser as follows:

1. Align the beam of a helium-neon laser so it turns right angles
with the surface of a distant screan,

2 Tape the diffraction grating over the laser aperture. Observe the
central maximum spot and spots from other arders that appear
on the screen.

3, Calculate d (the distance between diffraction grating lines) using
the equation A = d sin Q.

where: A is 6332 X 10° meter and
@ is the angle between the central maximum
and the first arder maximum

83. Applications, Measuring Wavelength of a VLD Laser

The wavelength of a VLD laser can be anywhere from 680 to 680
nm depending on the geomelry and tempearature of the individual
laser chip, To find its precise wavelangth:

1. Calibrata a diffraction grating using the procedure givan in the
itern abowve,

2, Align the bearn of the VLD laser so it forms right angles with the
surtace of a distant scraen.

2. Tape the calibrated diffraction grating owver the laser aperture.
Obhsearve the central maximum spot and the first order spots that
appear on the screen.

2, Find the wavelength using the equation X = d sing

84. Applications, Leveling Optical Benches

Because the bright red beam of a helium-neon laser can indicate
the light path, it can be used to align lenses and other optical
companents. Ses Metrologic's Experiments Using a Helium-Neon
Laser for instructions on leveling optical benches and centering
lenses hased on procedures contributed by Martin Charin of
mMonros Caommunity College.
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85. Measuring the Speed of Light, Mechanical

One method o measure the speed of light along a short path of
travel (about 30 meters) is to use a rotating mirrore If the mirrar is
rolating at about 500 revolutions per second, a beam traveling
about 40 meters will be displaced about 4 mm when measurad on
a screen. Use lenses in the optical systern 1o facus the laser beam
on a viewing screen for precise measuraments.

Dietails can be found in Metrologic's Experiments Lising a Halium-
Mean Laser. Dick Pontineg, of Hamline University, reports measure-
ments having less than 3% error using various distances from

20 to B0 meters,
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86. Physical Optics, Fraunhofer Diffraction

Form a collimated laser beam aboul 1 inch in diameter. Place
trensparencies of test patterns within this beam. Flace a converging
lens one focal length beyond the transparency and and a viewing
screan one focal length beyond the lens. The Faunhofer diffraction
pattern obsaerved on the screen will look like the object. For details
sae Physical Optics Experiments Using a Helium-Necn Laser
written by Arthur Eisencraft and published by Metrologic

oBIECT

ScReEN

87. Physical Optics, Filtering Fraunhofer Diffraction Patterns

Follow instructions in Mo, 84, except remove the screen, The focal
point where the screen was located is the diffraction plane. Beyond
the diffraction plane, add another lens 1o collimats the light and 1o
project it 1o a screen. Place various masks or filters al the diffraction
plana and chserve the portions of the patterns thal are transmitted

to the scraen.
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8B. Physical Optics, Spatial Frequency

Place a variable diameter iris at the diffraction plans described

in Mo 85, An increase in the size of the iris permits maore of the
diffraction pattern to contribule 1o the image. Experiment with
varicus object transparencies and discover that widely spaced
lines are encoded near the center af the iris, while tightly spaced
lines are encoded far from the center. As the irs is opened, higher
spatial frequencies are transmitted, adding detail to the image.
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B8. Physical Optics, Image Noise Suppression

Follow the instructions in Mo, 84, A mask similar o the one ilustrated
here will help suppress horizontal information.
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90, Physical Optics, Image Enhancement

Follow the instructions in Mo, 84, A continuous tane, photographic
image can be recoverad fram a halftone dotted image by placing a
small aparture at the diffraction plane,

91, Physical Optics, Multiple Channel Infoermation Storage

Fhaotograph a picture or image modulated by horizontal lines,
Expose it again with an image modulated by vertical lines, The
double exposure now stores two images. Either of the images can
be retrisved by viewing the composite using the appropriate mask

at the diffraction plane.

92. Physical Optics, Fourier Transforms

The diffraction patterns observed using Melrologic's Physical
Optics lab are axamples of Fourier analysis of the slit or ather
functions. The masks in the lab compute and display the Fouriar
transform at the speed of light.
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93. Polarization, Angle of Beam Splitter

Flace a glass microscope slide in the laser beam at an angle so that
the beam will be reflected 10 degrees from normal. Chserve vanations
in the intensity of the ransmitted and reflected beam overa 1 to 2
minute period. Repeat by rotating the slide in 10 degree steps until the
slide has been rotated 90 degrees. At what angles are the fluctuations
in intensity prominent? Are these angles related to Brewsler’s angle?
The fluctuations ocour Decause the beam splitter serves as a polarizer
at certain angles. Beam splitters reflecting at small angles, such as

10 and 20 degrees, will not serve as polarizers. This experiment is
best performed while the laser is warming up. After the warm-up
period the laser's polarization takes longer 1o changa,

94, Practical Applications, Burglar Alarm

& laser may be aimed through a window to the outdoors and then
reflacted as desired by a series of mirmors to form an invisible fence
that ends in a photodetector. Whenever the beam is broken the
detector signal operates any conventional burglar alarm siren or
commurication device.

95. Practical Application, Tennis Racket Performance

Secure a tennis racket to a table using a heavy vise ar C-clamp.
Place a ball on the racket and aim a laser beam so it just grazes
the top of the ball as shown in the diagram. A photodector con-
necled 1o an oscilloscope produces a trace which can show the
initial velocity, kallstring contact time, and the rebound velocity.

For further infarmation, see “Physics of the Tennis Racket” in the
June 1579 issue of the American Journal of Physics.

Contributed by Howard Brody, University of Pennsylvania,
Fhiladelphia, Pennsylvania
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96. Practical Application, Bar Code Reading

Bar code data on grocery products can be decoded because
the bar code reflects laser light in a distinctive pattern from tha
contrasting bars and spaces. The reflectad light is received by a
photodetactor and the signals are converted into digital data that
can be processed by a computer.

The Universal Products Code (UPC) shown on the diagram balow
starts with four long bars to initiate the reading sequence, the

number 2800 which is the manufacturer's identification, 0933

which is the number of the praduct, and four long bars to end the
sequence. The long bars at the beginning and end differ slightly in
their width and spacing. This tells the computer to make an auto-
matic correction if the bar cods is read from the reverse direction,
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97. Practical Applications, Targetting

& narrow, collimated laser beam can pinpoint targets and help align
apparatus in a very short time, One classic example is the "Monkey
and Huntar" demanstration. A laser is aimed through a blowpipea
gun at a monkey target suspended from the ceiling. After the
alignment, the “Hunter” operates the blowpipe, sending a missile
towards the target. At the same instant an electromagnet releases
the monkey Since both the missile and the monkey fall with the
same acceleration, the missile does not miss the target.

1/

88. Practical Applications, Counting

Everything from freeway traffic to items on a corweyor ling can be
counted as they break a laser beam set up between a laser and

a photodetector. An electronic caloulator can be modified to record
a count each time the beam is broken, This technique can also be
used with ardinary light, but the laser is preferred because its
narrow beam does not require focusing and red filter minimizes
interference from ambient white light sources.
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99, Practical Applications, Laser Pointer

Use the red laser beam as a pointer for slide shows or lectures in
which you want to call attention to areas on maps, charts, or
photographs. The laser produces a small bright spot that can be
clearly seen on a brightly iluminated projection screen. Furthermore,
the beam does not have to be refocused each time the distance
from the leciurer fo the screen changes.
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100. Practical Applications, Planetarium Pointer

Use the Metrologic VLD laser ML268 to point out stars, constellations
and other featuras that are projected on a planetarium dome. Its
major advantage over a flashlight arrow pointer is that the narrow
red beam is easily seen on the planetarium dome, but its bright -
ness does not overpower and obscure nearty slars,
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104. Practical Applications, Microprojector

Shine the laser at the substage mirror and remove the eyepiece of
a microscope to use it as a microprojector. A screen placed at the
focal plane of the objective lens will produce an enlarged image of
the specimen an the stage so it can be viewed by several people
simultaneously.

102. Practical Applications, Measuring the Curvature of the Earth

Set the laser on a tripod a short distance above the ice on a large
frozen lake. Collimate and aim the beam harizontally over the ice
with the aid of an accurate bubble level. Several kilomsters away
set up a lelescope to intercept the laser beam. Because of the
curvature of the earth, the height of the telescope above the ice
will be greater than that of the laser. By measuring the distance
over the ice (sea No. 72) and by measuring the difference in height
between the laser and the lelescope, the size of the earth can be
calculated. If there is no ice, try it using boats on a day when the
water is mirror calm.




103. Practical Applications, Artificial Rabbit

This last application is a bit frivolous but it usually works and might
possioly ba useful to someone. On a dull day or after the sun has
set, aim yvour laser out the window so it makes a small spot on the
grass or bushas outside, If the beam is moved about, most dogs
will run as fast as they can trying to catch the spot.
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104. Demonstration, Laser Beats

T visualize the phenomena of beats and intensify the sound for

a large audience, use the setup shown in the diagram below. The
tuning forks have polished prongs and are mounted on resonance
boxes. Adjust the frequencies of the tuning forks with sliding
weights so the difference is 10 Hz or less. The reflected beam can
be displayed on a screen, generate waveforms on an oscilloscope,
or can be detected and amplified to be heard in a large lecture
room,

Contributed by Ellis . Moll, Conrad Weisner High School,
Robesonia, Pennsylvania,
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105. Demonstration, Conservation of Angular Momentum

Glue a tiny mirror chip o the side of a stopwatch. Balance the
stopwatch on top of an inverted watch glass placed on the table,
Aim a laser bearmn at the stopwatch mirrar so its reflection produces
a small spot on a screen about 2 meters away, When the watch is
running, a streak of light is seen an the screen. Its length is propar-
tional to the angular displacement of the watch. It is also possible
to compute the frequency of ascillation (5 Hz), the period, the
angular velocity, and the angular momentum using the setup
shown below

Contributed by Arthur B, Quinton, University of Massachusetis,
Boston, Massachusetts,
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FUN IDEAS USING A LASER
By Herbert H. Gottliet, Physics Teachar

The ideas prasented here are guaranteed to have little or no
educational value. But they might provide some lighthearted
entertainment and possioly motivate student interast in the mare
sarious topics that are scheduled for the day's lesson.

1. Laser Disintegrator

Sat two styrofoam coffes cups on the lecture table and pour about
80 ml of water into each. Exposea one of the cups to a laser beam
for exactly five seconds and then invert both cups. Water will spill
aut of the unexposed cup as expected but nothing comeas out of
the other cup. Apparently, water is disintegrated by laser electrolysis.
{If difficulty is experienced when practicing this demonstration, put
a dry sponge into one of the cups and try again,)
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2. Laser X-Ray

Aim a lasar beam s0 it strikes the side of a frosted incandescent
larmp bult. An *X-ray” of the lamp filament and its supporting
wires will appear on the opposite side of the bulb, It is easy to tall
whether or not the filament is broken. Using this technigue, it is
also possible 10 make a detailled examination of the filaments
hidden inside each end of a fluorescent lamp.

3. Maonster Maovies

Flace a small bug on a platform inside an inverted food container
made of frosted plastic. Aim a laser so it lluminates the bug
through the container. A projection of the bug will not only appear
an the far side of the container, but the shadow will keep changing
in size as the bug moves around inside.




4. Grasping a Laser Image

Stick a small mirror to the cone of a speaker that is cannected to
either an audio oscillator or the earphone jack of a tape recorder,
With the apparatus playing, aim a laser beam at the mirror and
catch its reflection on the palm of your hand instead of projecting
it on a screen.

5. Laser Guitar

To play this laser guitar, shine a laser beam through the center and
pluck the middle prong. We guarantee that the sound will be unlike
any that you have ever heard before,

Assemibly is easy but it might be difficult to find all of the parts in
viour local hardware store. . especially the three nuts that secure the
prongs to the mobius frame.

Perhaps you can entice some students to build one for the local
science fair,
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6. Laser Beam Saw

Aim a laser beam at a solar cell that is connected to the micra-
phone jack of an audio amplifier. Bun the teeth of a pocket comb
through the laser beam and listen to the sound produced. If the
motion of the comb is rapid, a sound familiar to that of sawing
wood is produced. Try cutting the laser beam in two places about
15 cm apart. Then pick up the sawed laser beam from the tabls
[a red soda straw) and pass it around the room for everyone to

acdmire.
7

4

7. Laser Light Show

Tape a small, lightweight mirror to a speaker cone that is connected
o the output of a radic or tape deck. Shine a laser beam at the
mirror, reflecting it onto a wall. The beam will dance arcund on the
wall in a pattern set by the music.

Lightweight, front-surface mirrors are included in the Metralogic
“Laser Optics Lab”
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