



































Home experiment

Home experiment

528  Interference and Diffraction

9.33 Eye-pupil size and mental activity. If someone shows you a picture of a
good-looking individual of the opposite sex, your eye-pupil diameter may increase by
as much as 30%, according to Eckhard H. Hess, Scientific American p. 46 (April, 1965).
This large a change is very easy to detect in your own pupil by using a pinhole in a
piece of aluminum foil that covers one eye, with a bright source illuminating the pin-
hole, as discussed in Sec. 9.7. Perhaps by just thinking, you can vary your pupil size,
depending on what you think about. Have someone read to you. (Concentrate on
listening, not on the pupil size.)

9.34 Diffraction by an opaque obstacle. This experiment works well with a white
point source consisting of a 6-volt “camper’” flashlight with lens removed and reflector
covered by dark cloth. (The filament size is about 4 mm.) The source should be at
least three meters from the obstacle, so that you get a decent “cohérent plane wave”
over an obstacle the size of a pin. The detecting “screen” is a microscope slide on
which is stuck a layer of Scotch translucent magic mending tape. Make the shadow
of the object fall on the screen with the screen held a foot in front of your face (or
whatever distance you find comfortable for looking at the screen). Your eye should
be almost in line with the light source and the image on the screen so as to take
advantage of the large intensity scattered at small angles (about the forward direction)
from the translucent screen. Aside from looking at the beautiful fringes, one purpose
of the experiment is to explore (crudely) the concept of the “length of the shadow,”
Ly, given by LoA = D?, where D is the width of the obstacle. Among other things,
look at a pin (if the pin width is 4 mm, then Ly = 50 cm for visible light) and a
human hair (yours). [Mine has width about 7 mm. This gives Lo = 4 cm.]

First consider the pin. Place the screen 5 or 6 meters downstream from the pin.
The diffraction image should then be large enough so that you do not need a magni-
fying glass. It may help to jiggle the screen slightly, so as to wash out the effect of
the irregularities of the magic mending tape. Notice the famous bright spot at the
center of the “shadow” of the pinhead and the bright line at the center of the pin
shaft. Is the bright spot or line brighter or dimmer than the bright screen itself (at a
point well outside the image)? Next examine the image of the pin with the screen at
a distance of only 5 cm downstream from the pin. (You will need a magnifying glass,
unless you have very good eyes.) Notice that the shadow is a nice solid black, with
no bright spot in the center. That is because you are much closer than Lo. At the
edges it shows fringes, as is expected from our discussion in Sec. 9.6.

Next consider the human hair. Put the screen immediately behind the hair (i.e.,
about 1 mm downstream). Look at the shadow with a magnifying glass. It should
be nice and black, since L is small compared with Lo. Now go to a distance of a few
centimeters. You should see nice fringes. Go to 5 or 6 meters downstream. This is
several hundred times L. According to our discussion, the shadow should be practi-
cally “healed” and the image of the hair very difficult to see against the background
of light from the source. Your eyes are very sensitive detectors of constrast, and you
will see something. Look at other things, knife-edges, holes in aluminum foil, etc.
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