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Problems and Home Experiments 527

Home experiment 9 .2 8 Mail ing-tube spec tromete r- Fra unh ofe r lines . Usc a mailing tube l ! to
2 ft long. Moun t your diffracti on gratin g on one end . Moun t a single slit 0 11 the
other en d. Th e slit is best mad e with two single-edged ra zor blades . Glue or tape
one blade per mane ntly in place; stick the othe r on wi th nonharde ning putty (glazing
co mpound, obtainable in any hard ware store), so tha t you can easily adjust it (narrower
for better resolution, wide r for more light ). Look at the specl ra menti oned in Home
Exp. 9.25.

Prob lem : Should you be able to resolve the sodium doublet (wavelengths 5890 and
5896 A) with this spec tro meter?

Am. No-the line separa tion give n by this grating is just abou t eq ual to the image
width due to diffraction in th e pu pil of your eye.

Can )'ou resolve it by using a longer mailing tube?'
Ans . No. Th ere are two ways to improve the resolution . On e is to get a grating

with smalle r line spac ing d. The other is to increase the nu mbe r of lines that are
used , i.e ., to increase the width D of gra ting used. With the desig n above, D is the
width of yOUT pup il, abo ut 2 mm. If you add a telescope with an objec tive lens of
diameter 2 em, and if all th e rays that en te r the objecti ve lens ge t thr ough the pup il
of your eye , then w'tth the diffraction gra ting at the objec tive lens, your angular
resolution, 'A/ D. is improved tenfold.

With this Simple spec tro mete r you can see th e Fraunh ofer lines in the spec trum of
the sun. C o outside on a sun ny day. La y a pile of half a dozen sheets of white
paper on the ground (more tha n one so that it is as "while as possible"). Look at the
sunlit paper with your spect rometer. Use a coat or blanket to cover your head to
keep out stray light ; otherwise you will have difficulty seeing the first-order spectnun.
Also, use the edge of the tube to "hi de" the blindingly bright zeroth-order light . Ad­
just the slit to about j mm. Look for three or four or five dark lines crossing the con­
tinuous spect ru m of th e su n. If you don' t see anything, keep trying- adjust the slit
width for comfortable intensity. Another technique is to cover th e slit with several
layers of waxed paper , use a very narrow slit. and look at the sky near th e sun , vary­
ing the intensity by how close you come to pointing the spec trometer at the sun.

Th e dark Fraunh ofer lines you see are absor ption lines. Atoms in the relatively
cool oute r gas mantle of the sun ar e driven by the continuous spect ru m e mitted by
the hot sun. Those frequ en cies that correspond to natur al resonances of th e atoms
excite the atoms. Thi s takes energy out of the contin uous spec tru m at th e resonan t
frequency. Th e outer gas is actuall y opaque at those freq uencies, so th at the spec­
trum has corresponding "b lack lines" at colors where the sunlight has been co mpletely
absorbed. The easiest lines to see are some closely spaced lines in th e yellow-green
due to iron, calcium, and magnesium ; the H line in the blue-green due to hydrogen;
and several closely spaced lines in the blue du e to hydr ocarb ons-similar to the
emission lines you see with a gas flame. Th e sodium D line is also presen t , bu t hard
to see (for me at least). To see where to look for it, look at the sodium emission line
by throwin g salt on a gas Dame. That is the color th at is "missing" in the F raunhofer
spec trum. (See the color plate foUowin g p. 528.)

9 .29 Diffra ct ion of wat er waves. Illuminate a bathtub from above with an
incand escen t lamp that has a small fila ment in a clear enve lope, so as to get sharp
shadows. Ge ner ate traveling wave s tha t are "s traight waves" -the two-dimensional
analog of plan e waves-by jiggling a floating stick or board placed across the end of
th e tub . F10at a coffee cup as an opaque obstacle. Estima te the distance downstream
at which the "shadow" of the cup is " healed:' Supp ose t ha t you did n't know the
diame ter of the cup. Determine this diame ter (approximately) experimen tally by
multiplying th e " healing length : ' Lo, by the wavelength of the wate r waves, A, and
taking the squar e root. ( \Ve assume you know where tha t formul a comes from. See
Sec . 9.6.) This is one way of 6ndin g the diameter of nucl ei-by measuring their dif­
fraction "c ross section: ' (Note: It is rathe r difficult to measur e the wavelength of the
water wa ves with th e cru de technique we suggest It is easier to shake the stick at a
rep rodu cible tempo (as fast as you can ) and then measure th e frequency. The wave­
len gth can then be obtained from th e dispe rsion relation for water waves, as tabulated
in Sec. 4.2.) How does yOUT cross-section measurement of th e cup diame ter compare
with a direct measur ement of it?

9 .30 How wide is a " pla ne wave " fro m a distant poin t source ? we have often
said that the traveling wave from a distant point source is 'like" a plane wave over a
" limited region " tran sverse to the line of Sight from the point source to th e field point.
How limited is th e region? Suppose the source is at distance L and we wish to con­
sider a circular plane region of radius R transverse to the line of sight from the source.
How large can R be so that the phase at the cen te r of the circle and that at the edge
of the circle differ by less th an 6.cp radians?

r1ns . The phase a t the ce nter of the circle is ahead of tha t at the edge (the ce nte r is
closer to the sour ce) by an am oun t acp = 11R2/ U . Thu s th e phase is " the same"
over the entire plane of the circle to the extent that the ar ea of the circle is small
compared with U .

9 .31 The world' s largest pa rabolic radio antenna at presen t, at the National Radio
Astronomy Observatory, Gree n Bank, west Virginia, is a para boloid dish 300 ft in

diameter . 'what is its angula r resolution in radians and in minutes of arc (the uni ts

used by astro nomers) for the famous z l -cm radiation of hydr ogen?
Ans. A point source will look like a volley ball at a distance of 300 ft .

9 ,32 Telescope " e xit pupil. " Suppose you have a Simple telescope consisting of
an objective lens an d an eyepiece. Th e angul ar magnification is It /h , where h and
[z are the focal lengths of the objective and eyepiece lenses, respecti vely. Show that
not all of th e rays from a distan t objec t which stri ke a very large diameter objective
lens ge t into your eye and that in fact th e "useful diam eter" of th e objec tive lens is

about It /h times the diam eter of your eye pup il. Thus, in an eight-power telesco pe,
if the exit beam is a parall el beam of width 4 mm (twice as wide as the pupil of your
eye, so that your eye need not be perf ectly Lined up and also so that off-axis poin ts in

the field of view deliver all th eir light), the objective lens should be 32 mm in

diam eter . A larger dia meter is a waste of objective lens.
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9.33 Eye-pup il s ize and me nta l ac tivity . If someone shows you a picture of a
good-loo king individual of the opposite sex, yom eye-pup il dia meter may increase by

as much as 30%, according to Eckhard H. Hess, SCientific Am erican p. 46 (April, 1965).
This large a change is very easy to dete ct in your own pu pil by using a pinhole in a
piece of aluminum foil that covers one eye, wi th a brigh t source illuminating the pin­
bole, as discussed in Sec. 9.7. Perh aps by just thinking, you can vary your pupil size,
dep ending on wha t you thin k ab out. Have someone read to you. (Concentra te on
listening. not on the pupil size .}

9.34 Diffraction by an opaque obstacle. This expe riment works well with a white
point source consisting of a 6-volt " campe r" flashlight with lens removed and reflector
covered by dark cloth. (The filament size is about t mm.) Th e source should be at
least thr ee meters from the obstacle, so tha t you get a decent "coherent plane wave"
over an obstacle the size of a pin . TIle detecting " screen" is a microscope slide on
which is stuc k 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 distan ce you find comfor tab le for looking at the screen). Your eye should
be almost in line with the light source an d the image on the screen so as to take
adv antage of the lar ge inten sity scattered at small angles (about the forward direction)
from the translucent screen. Aside from looking at the bea utiful fringes, one putpJse
of th e experiment is to explore (crudely) the concept of the "length of the shadow,"
Lo, given by LoA :::::: D2, where D is the width of the obstacle . Among othe r thin gs,
look at a pin (if the pin width is -t mm, then Lo :::: 50 ern for visible light) and a
hum an hair (yours). [Mine has width about -itr mm. This gives Lo:::::. t cm.]

F irst conside r the pin. Place the screen 5 or 6 meters downstrea m from the pin.
Th e diffraction image should then be large enough so that you do not need a magni­
fying glass. It may belp to jiggle the screen slightly, so as to wash out the effect of
the irregularities of the magic mendin g tape. Notice the famous bright spo t at the
cen ter 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 ern 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 brigh t spot in th e center. Th at 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 conside r the human hair. Put the scree n immedia tely behin d the hair (Le.,
about 1 mm downstr eam). Look at the shadow wi th a magnifying glass. It should
be nice and black, since L is small compared with 4. Now go to a distance of a few
centimeters. You should see nice fringes. Go to 5 or 6 meters downstream. This is

several hun dred times 1..0. According to our discussion, the shadow should be practi­
cally "healed" and the image of the hair very difficult to see against the backgronnd
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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