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A procedure for using o transmissdon gruting te ald la the adjostment of & Mighelaon inter-
ferometer for white light fringes is dessribed. A theoretion] nualysis of the {ringe formation
seen ity the gratiig spectrum is given and seme wuys in which the pliensamesni: can be used in o

= student ahoratiry are disonssed,

IRTRODUCTION

It iz well known that the pdjustment of o
Michelson Interferomieter for observation of white
Hght fringes ean be n tedious process. Several
procedures for loeating the zero path difference
neceszary for bringing white light fringes into
view hove been deseribed in textbooks on opties'—?
and in journn! articles* Most of these employ a
monothromatic light source to locate appeoxi-
mately the zero path differcnce condition and
then a revy =low motion of the interferometer
mirrar to bring the white light fringes into view.
Two difficulties arize in this procedure: (1) preat
care must be taken in moving the mirror to aveid
misstng the fringes as they traverse the field of
view, and {2} the direction in which the mirror
should be moved is not easily determined. These
difficulties often cause much wasted time in find-
ing the proper setiing.

A less tediouz method for locating white light
fringes, suggested to one of the puthors (Tubbs)
a number of vears ago by Robert Rowe? elimi-
nates the two difficulties discussed above. This
method utilizes o trinsmission grating for locat-
ing the white lzht fringes when they do not
appoar in the field of the interferometer. While
viewing the fringes in the spectrum of the gmt-
ing, one ean yuickly center the fringe pattern in
thee interferometer field, thus making the final
adjustment for zero path difference o relatively
gimple and rapid process.
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An article by Kahl and Sleator* describes this
method and gives s thorough amalysis of the
fringe formation. To understand the theoreticsl
analyziz given by Knhi und Sleater, however, one
needs o more extensive background in optical
theory than that possessod by most teachers.
Thus, it seems worthwhile to present here o
simplified analysis developed independently by
one of the puthors of this paper (Bell) and to
point out the ussfulness of both the method and
the theory to teachers employing Michelzon inter-
ferometers in undergradunte student laboratories.

Firat wo will describe a procedure for using
the gmiing to adjust an interferometer, and then
we will present the simplified theoretical analysis
of white light fringe formation in the gmting
spectrume Finnlly we will discuss ways in which
this interceting interferenee phenomenon ean be
brought to the sttention of students in under-
graduate apties lnboratories.

I. FROCEDURE

A faidy course transmission grating (e.g., 7300
lines por inch) is most suitable for this apphed-
tion. The procedure for finding white light fringes
with the aid of the grating is as follows, First,
the mirrors are set for approximately equal paths
by measuring with s millimeter scale and nd-
fustad to bo perpendieular by observing the
images of o common pin, as described by Jenkins
and White! One mirrur is then rotated very
slightly sbout o vertiral axis so that vertical
localized fringes will be produced. If & mono-
chromatic source i3 aviilable, it can be used at
this point to sdjust the mirror for well aligned
vertical fringes, but o satisfactory adjustment con
be made with onlv white light by slightly dis-
plecing one image of the pin in a horizontal
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direction. A monochromatio light souree ean olso
be cmploved to make the path Jengtlis appros-
umately equal by sdjusting the movible nifror
for minimum ecurvature of the monochromatic
fringes o+ deseribed by Jenking and White !

The mterfosometer fleld, Tluminated with white
light, iz mow viewed through the grating held
befare the eye with the rulings in the vertieal
direction. A continuous spectrum s ebiserved in
varions arders on either side of the zero order,
and as adjustments of the movable mirror are
made, a sol of dark fringes will come into view
in one of the outer orders. Further adjustment of
the movable mirror is made in such a direction
os to move the fringes, which appear on only
one side, toward the gero arder. When the frimges
have been moved into zero order, the grating
is removed and the white light fringes ore scen
in the ficld of the interferometer,

II. THEORY

The very obvious fringes which appear in oue
of the grting orders dre not the same as the
dark bands, Edser-Butler bands, which can be
seen through a prizm spectroscope. Sueh bands
eat be seen in ull arders of the gmting spectrom,
though much more faintly, and sre due to di
structive interference for ondy one eolor, as dis-
cussed in Jenkins nnd White! The fringes used
for adjusting the interferomoter, however, are
“white light™ fringes produced in the following
way.

When the two puth lengths of an interferomeler
differ by more than o few wavelengths of visible
light, white light fringes will not be seen in the
field of the interferometer because the over
lapping of many colors washes outl the fringes,
When the exit beams of the interferometer pass
through the grating, however, they are diffracted
and, because of their nngular separation, traverse
different paths for essentially the same angle of
observation. For some particular order on one
side of the central image, the angle of vimving
can produce 4 path difference bevond the grating
which oqualizes the tetal paths for the two light
beams traversing different legs of the inter-
ferometer.

This iz best understood by referring 1o Fig, 1.
In this figure the rea] mirrar Af: has been re-
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Fra, 1. Produetion of whiite fight fringes by Aliahelan
interferometer and diffraction gealbng.

placed by its virtunl image, A7, formed by re-
flection in the beam splitter (not <hown), A
point P on the extended white light source pro-
duces two virtus! imoges Jy and 1. behind the
bwo mirrors, If the mirrors are separated at the
points of reflection by a distanee & (Lo, the path
lengtha in the two legs of the inteeferemeter
differ by a distance s for the rays shown), then
the virtunl imuges will Le separated in the longi-
tudinal direction by a distance 24, If the mirms
are not perpendicular, the images will alen he
separated Iaterally and the reflected besms will
have an sngular sepuration of 2. whete ¢ is
the angle between My and M. For the special
case shown in Fig. 1, where the tay from the
souree £ is perpendicular to My, the two re-
flected rays will appear to come from a contmon
point P which lics on 3/, and the wave fronts
will be out of phase for most wavelengtli= boenuse
of a path differsnee of approximately 2z, assum-
ing ¢ 15 small. Ditchburn® shows that, at & Fxed
location on the pating, the refleeted my pair
from any peint on the extended source will have
the same path difference o the mx pair from
any other point on the source, If & is greater than
a few wavelengths, o white light fringes will be
seen when the ficld of the interferometer is viewed
directly. However, if L, the path difference
ereated at the grating, just compensates for the
ongingl path difference, 21, then the twa waves
as seen through the grating will he in plase and
will interfere over a wide mnge of wavelengths.
It 35 this interference which produses the fringe
pattern at only one value of # and hence in anly
one arder of the grating.
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The quantitative  ooodition whigh must be
aatisfied in order to prodoce the “white light"
fringes geen with the geating sn easily be derived
To equalize the total path lengths, it s frst
nevessary that

Lo=2s. (1)

The separation of the two rays st the grating
is [)+2¢, where ¢ is the small angle, measured in
radinns, between 1y and AL, and D s the dis-
tanee from the mirrers of the interferometer to
the grating. Thus, the path difference Lis given by

L= {2D¢) gitf =2« (2}

where & is the angle at which the light is viewed
pfter being diffracted by the pmting Fineally,
the angle @ is telited to the wavelength of the
light, &, nnd the grting spacing, g, by the usual
grating formln

a £ = (3}

wheren = the order number. Combining Faz (2)
and (3) yields

8= gk /a (4]
ar
ath=ns/ . 8l

Thiz formuls prediets that the eeader of the “white
light" fringe pattern will be seen in the mith
arder contered o the color given by & when
i, & 0, and & have values which satisly Eq, (5).
The dangle ¢ can be messured by counting the
number of monochromatie frnges neross o mens-
ured portion of the feld, and the ather purameters
can be mensured ditectly. When measored values
for the parameters are substituted into Fq. (3],
it corvectly predicts the loeation of the localized
[ringes,

L. APPLICATIONS

The use of o grating with the Michelson inter-
ferometer not ouly provides a practical method
for finding the white Tight fringes but alss intro-
dusez students to an interésting phenoinenon
which theyr ecan wnderstond with only an ele-

mentary background in physieal opties. In our
oplivs Inboratory at Hurvey Muld College we
provide the studenis with an inexpeosive trans-
mission grating {(Welch 381580 when they [irst
begin to use the Alichel=on mtevierometer, and
we oittline for them the way in which it con bae
used to ndjust the interferometer for zero path
difforence. The students then have very Lttle
difficulty in making the proper setting. and some
become guite intrigued with the phenomenen of
saeing fringes in the spertrum of the gmting.
Heoguso they have only an imtroduciors under-
stonding of interferometers ot this point, they
eannot develop an origifal explanation of the
griting fringes, but they do often fingd for them-
solves smme of the foctars which determine the
loeation of the fringe pattern as it is 2een through
the grating, For example, they find that changing
the mirror angle not only spreads the fringes
but alsa causes the pattern to shift to a different
order.

After they have gone as far as they ean in
making experimentsl obzervations of white light
fringes, we give thase who ave interested an
explonation bazed on the theory presented in
Bac. II of this paper. Theyr huve no trouble in
following the analv=lz ond ave wsually  ouite
plensed to find thoat their basic understanding
of the interferometer and of the diffroction prat-
ing are sufficient for explaining the fringes. Some
alsi enjoy #eeing how the Tringe-location van-
ables which they discoversd enter into the equa-
tions of the theory, By this time thee are fomiline
with adjustments of the interferumeter and are
well prepored to usze the instrument for wive-
length determinations, precise distanve mensure-
mients, small wavelength difference meas=urenents,
and index of refroction studies,
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