j.S JumpStart EK3-13 Magic Glasses

Science Kits

Assembly Instructions and Experiments

GOALS

1 Understand how polarizing filters work.
T Understand how refraction contributes to the illusions.

THINGS YOU WILL NEED

Eyepiece fixtures Coin box
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1.Glasses frame
2.Comic character
3.Magic window
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PREPARATION

Cut the plastic parts from the frame. Use a
nail clipper to trim off the excess plastic from the
connectors, making sure not to cut portions of
the actual piece. Discard the scraps.

How To ASSEMBLE

EK3-13 Magic Glasses

1 Remove the cardboard parts.

o)

Glasses frame

Magic window

&

Comic character

Panda

Peel off the protective t/

Attach the two
eyepieces to the
glasses frame, making
sure to line up the
filters with the
eyeholes.

.

Insert an eyepiece
fixture into the frame as
shown to secure the filter.
Repeat these steps to
assemble the other
eyepiece.

Peel off the protective
covers from the

remaining polarizing \“/ i
filter, and place the filter

on the back of the magic

window over a square )

hole. Secure the filter Transparenttape

with transparent tape. Fold the magic window in half
with the filter on the inside.

covers from both sides of a
polarizing filter, and place

the filter in an eyepiece

Attach pieces of double-

sided tape to the back of the

two eyepieces as shown, and

peel off the cover from the tape. dD

A Peel off the protective 50

covers from the transparent DO

plastic slice. Choose your
favorite transparent stickers Soﬂ

and attach them to the

plastic slice.

frame as shown.
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EXPERIMENTS

1. Magic glasses

Polarizing filter
Polarizing filters Transparent  of the magic
of the glasses  plastic slice  window
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Put on the glasses.
Hold up the plastic
slice with one hand,
and use your other
hand to hold the
magic window
behind it. You will

see thatthe Color Colors Polarized  Unpolarized
transparent stickers are now colored. Rotate the observed<— have <= white <= white light
magic window to see the colors change. different light

polarizations

Theory

Light can be thought of as waves with the oscillation perpendicular to the direction of travel. Polarization
describes how the oscillation is tilted. Light is often unpolarized; that is, it has a mix of polarizations. One
example of unpolarized light is sunlight.

White light is the combination of all the colors of the visible light spectrum. When unpolarized white light strikes
the polarizing filter of the magic window, white light of a certain polarization is predominantly let through. The
polarized white light then passes through the transparent stickers, causing different colors to have different
polarizations. The polarizing filters of the glasses again allow light of a certain polarization to predominantly
pass through, resulting in the color observed.

2. The disappearing comic character

Place a polarizing filter of Magle window Rotate the magic window and observe the change
the glasses over the comic ! in the comic character from above.

character. Place the wy Eyepiece
polarizing filter of the magic ‘
window over the eyepiece, |

with the filters lined up
. Comic
é{ character

Theory

A polarizing filter lets through all light with the same polarization as the filter,

blocks all light polarized at 90 degrees, and lets through some light at the e

polarization angles between. When the two filters are aligned at the same angle, = 4 @
all the light from the character passes through. When the filter of the magic Light @ Light t@{
window is rotated, only some of the light passes through. When the magic

window is rotated 90 degrees, no light passes through and the character
disappears.
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3. The appearing comic character

Place the transparent cup on top of )
the comic character. ‘

Place the transparent ball in the cup. (
Observe the character from above. )

Pour enough water into the cup to Water

immerse the ball. Observe the
character from above.

Theory

Refraction is the change
of direction of a light ray
when it passes from one
medium to another. The

EK3-13 Magic Glasses
light bends less when the

UAN AN
D fi i )
refractive indexes of the

media are closer to each other. When the transparent
ball is in the cup, light passes from the ball to air, and
is bent to the degree where the image is focused in
front of your retina. The character therefore looks
blurry. When water is added, light passes from the ball
to water to air, and is bent to a lesser degree so that
the image is focused on your retina. The character can
now be seen clearly.

4. The transforming bear

Place the panda in the transparent bag.

-

Attach the transparent bear sticker to the bag,
making sure the bear sticker overlaps the panda

exactly.
> .!
Place the transparent bag in the transparent cup, Theory Panda is hidden

and pour enough water into the cup to immerse the
bears. When viewed from above, the panda has
turned into a polar bear. When viewed from the side of
the cup, the panda still looks the same.

Water

View from
above

from above

v

Total internal reflection
occurs when light strikes a
medium boundary at an
angle such that all the light
is reflected back. A pocket
of air exists between the
bag and the panda inside.
Light from the panda is
refracted at the air-water
boundary such that it strikes the water-air boundary at
the surface with total internal reflection. On the other
hand, light from the bear sticker passes through, so
the bear looks like a polar bear when viewed from
above. Since light from the panda passes through the
side of the cup, the bear looks like a panda when
viewed from the side.

Polar bear
is seen from
above
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5. Coin trick

Cover the coin box with the lid,
making sure the slot on the box and
the slot on the lid are aligned.

Place the coin in the coin box.

Turn the coin box on its side as
shown. Insert the key through the
slots in the box so that it sticks out
from the other side.

Turn the coin box upright again
and remove the lid. The coin
inside is still in good shape.

Theory

There is a gap between the coin box and the lid. When the box is turned on its side, the
coin slips into the gap and falls, leaving the slots clear. The key can then be inserted
freely. When the box is turned upright again, the coin slides back into its hole. (Note:
Do not hold the box too tightly.)

NOTES

Keep the polarizing filters clean. Gently wipe off any fingerprints.

CAUTION

T To avoid the risk of choking, do not T Throw away all plastic scraps.
swallow any parts
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