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PART |

MICHELSON grPT I CS

The Afomic Lz-oratories M-4 Interferometer is febricated with Michelson Qotics,
with Fabrj-Fz2rot Qotics, or with a combinaticn of both. The Michelson front
surface mirrors and beam splitfer and +the Fabry-Fsrot mirrors musT be treated with
the utmost rsspect. They are never to be Touched withouT wearing cloves,and Then
only sparincly. DusT may be cleaned from the mirrors by means of The camel's hair

brush which is shipped with each instrument. Other maiter may te rsmoved, if
absolutely nscessary, with @ sofT cloth or piece 2f lens paper brushed ever so
[ ightly ageinsT the surface. When the inferfercmeter is stored. iT should be
covered a7 ail Times with The plastic bags. If iz also & goocd icesa To keep Ths

lens covers over the optics when they arz notT in use.

eromegter is ordersd wiTh onl,; cne set of cpiics, the oTher sgetv
ny fufurs dets and easily installed by ramoving The masking

When the -4 lnter
T 2

rferometer chassic and carriage and inserting Tne scraws in The
T
€

may be orderzc a
Tape on The inTe
indicatss nol
irregardisss

ne folleowing unpacking insfrucTions &pply To The infTertercmetar
type ot cptics.

Unoackinc: <ently rsmove the cardboard insert which

place, being exTremely careful not T3 rudb cr push it &cazinsT The cptiics while 1ifTing
it out. Plece The interfercmeter on a level surfzcs and remove The plastic caver,

as well as the lens covers. Remcve The Tape which holds The carriege in pleace.

holds The inTerfercmeter in

Liaht Source: The M-4 Interfercmeter will operats wifth any standard mercury or
sodium |ighT source, including Aicmic Laboratoriss' own monocnrcmatic mercury |ight
source. To operate the sourcs, insert lamp, either one or both of The twe diffuser
plates, and, if desired, the dgresn Wratten filter. |[f used.with the Michelson
Optics, the 1ight source should be positioned s shewn in the photcgreph. The

| ight should enter the beam splitter at a2 43° zngle. DANGER: ULTRAVIQLET RAYS CAN
SEVERELY DAMAGE THE EYE. THE DIFFUSER PLATZS
ABSORB THESE RAYS: [F THEY SHCULD BE REMQVED
OR BROKEN, THE EXPOSED LAMP BECCMES EXTREMELY
DANGERQUS:

Ad justment: Move the carriage until mirror number 2 is approximately the same
distance from the beam splitter as the fixed mirror number |. This distance is
generally about 12.5 cm., but it should be checked with a ruler. |If should be
measured from the coated side (leff side) of the beam splitter in each case.
Now tighten the carriage lock screw to hold the carriage firmly in place. Turn
on the light source, which is in the position previously described. The nextT

step is to bring the mirrors into exact perpendicularity. The adjustment can be
accomplished as follows:




Turn on +he iighT source ard observe the focusing pin* which is
situated between The {ight source and the beam splitfer. Two images of the pin
will be seen, one coming f-cm the reflection at the front surface of the beam
splitter, the ofher {rom thz reflection at its back surface.

Line up fhe vertical positions of the focusing pin. This can te done
tv means of vhe adjusting screw of mirror number . The adjusting screw of

mirror number 2 will line up The focusing pin horizontally. When only one
image of The pin is achieved, fringes should appesr. To best observe these
fringes, look sfrzighT into the tack mirror from the front of the interterometer.
|T takes z liTtle nractice to obTain the fringes. As stated prsviously,
tefore vouching the adjusting screws, make certain that the two mirrors are
equally distant from The team soll.Ter dhen the fringes 7irst appezr They can
be sharaened by very caret:l and minute adjusiment of the screws. i the '
&d justmen+t is &ccompliished in & room with a great dezl of vibraTion or on an
unstezdy table, The fringes will soon disappezr. '
Of+ven on!: very Tain 2rd blurred fringes will be sesn in the becinning.
A gcod Technique is 7o line them up vertical ly or horizontally (see below) by

gd justing one mirror. Then by cenfering in with the other mirror, the fringe
curvature will be increased until finally the center appears. Be sure while
mak in¢ these adjustments That the mirror is moved in the directicn of The
fringe's decreassd radius of curvature.

Line fringes Decrease radius Finally--
up vertically of curvature the bull's-eye

MA INTENANCE: Every six months remove carriage and wipe sT2el ways with clean
rag containing a few drops of three-in-one oil. Ways must be spotlessly clean
and free of dust, dirt, or rust for efficient operation.

EXPERIMENT |: Determinetion of the Wave Lenath of Monochromatic Liaht.

Procedure: ‘Use Atomic Laboratories' Mercury Light Source, with a Wratten
Number 74 filter or equivalent. Once a good pattern of fringes has been
obtained, take a reading of the micrometer head. By turning the head, the
carriage can be moved slowly in either direction. Count the fringes as

they pass by the focusing pin or as they app€ar or disappear in the bull's-
eye. For satisfactory precision, count at least one hundred fringes. After
counting them off, take a new reading of the micrometer head. From the
number of fringes passed over, An, and the distance traversed by the mirror,
we may determine the wave length of the monochromatic 1ight by means of

* The focusing pin is removable
from the carriage.



+the formule:
2(dy = dp) = N
~e distarce Travelled by The mirror in centimeters is given &y
(dy - dz) = 0.10 (Dy - 02) X K
where (D, - D5) is the change of the micrcmetar reading in millimeters and
K is tThe retic of carriage movement To micrometsr screw rzading. For the

M-4 |ntertercmever K = 0.020

Whence: A = 200.10)(D=0)K

cm.
An

. “ i
The _corrscT veiue for the wavelength of green mercury |ignt is 5450.74C A
! [

. g

(1 A=1 x 1073 em). You mey wish to use this corractT value of The wave-
lengTh To obTzin a more exzct value for K, since there ars some variztions
in manufacturing conditions of the instrument.

=

Discussion: An Inferfercmetar is generally defined as an optical instrument
which precducss interferencs patterns by the division of one beam of light info
one or mcre parts. These parts fravel different paths and are then uitimately
brought tcgether to yield Theinterference effects. The resultant patterns
depend on the cptical paths traversed by the sasveral beams. Conseguently,

tThe Interferometer determines differances in optical paths. Since the optical
path is the product cfrefractive index w by path length d, it is clear fhat

if the severa! beams traverss media of the same u, 2 measure of the path
length & is given. Conversely, if the path lengths d are equal (or at leasT
constant) fthen The refractive index is determined. Thus, The Interferometer
may be used To measure any of these three quantities: (1) Geometrical path
lengTh, (2) Cptical path length, (3) Refractive index.

Determination of optical path length is of imporfance in fechnical
applications. Measurement of indices of refraction will be the subject of
experiments numbers 4 and 3. In this experiment, however, we have been
concerned with geometrical path length.

if the difference between the separations of the fwo full-silvered
mirrors from tThe half-silvered one (beam splitter) is d, then the difference of
geometricai path length for the two central (normal) rays is 2d, because the
distance d is traversed once in each directicn. Consaquentiy, the condition for
constructive inferference for the central rays is:

2d = n\

Where N is the wave length of the light and n is an integer. Actually because
of the difference between internal and external reflecticons at silvered surfaces
a phase reversal of one of the rays may result, in which case the above
condition would be appropriate to destructive interference, and that for
constructive interference would be: )

2d = (n + [/2)N



Sirce we measure fringe shiffts here, which condition 2pplies is of no consequence
and the formula which is applicable is:

2 (dI - 4,) = Min

2

Where (d, - dz) is the distance the carriage is moved To cause the zppearance
or disappearance of &n fringes at The cznver.

Using the cal ibration given gtove and the readings of the micrometer
head (zefore and affer carriege mcticn) The wave lengTh is determined by use

ot the zbove formula, by substituting The zppropriate values of (d, - d2)
and An into ift.

EXFEZ IMENT 2: Measurement of Sodium Toublist Separstion.

Procsdurs: The sodium doublet consists of two ye!lew spectral lines, having
weveiengths of 5890 end 3396 A, The 3230 A line is twice as infense as the
5CCE A line ‘

Use @ sodium | ight sourcs (=.z. Zenco Numter £7300) to esfablish &
straignt line fringe petvern. fegrs zr-g now Two sevs of fringe patvems
formed, one for each |ine of the doutlst. Loosen The carriage lock scrsw and
move The carriage by hand and observe ThaT the yelleow fringes pass alfernately

T

frem 2 condition of high contrast fo cne cf almost ccmpiete disappearance.
Tnis latter condition occurs when one set of fringes is half way betwesen the
other set. Fix the carriage &t one of the conditions of most complete
disappearance by Tightening The carriege lock scrsw and read the micrometer
head. By tfurning the micrcmeter head, move to The next condition of most
complete disappearance and read the nead a2gain. Repeat. Calculate the
average distance d between conditions of disappearance. We can now czlculate
the difference in wavelencths of these two lines as tollows:

AT fne first micrcmeter reading:
Zdl = ml;\-] =~(m‘ +n + !/2) }\.2

Whers N| is greater Than Ap. The term on the right hand side indicates that
the order of the shorter wavelength fringe differs from that of the longer
wavelength fringe systsm by an odd haitf integer. This is true since the
condiTion of disappearance of the fringe system occurs when one system is
Just halfway between fthe ofher. For the second reading, we have:

2 dy mzkl = (my + n + 3/2) KZ

By subtraction we obtain:
_ MM
Np - kz

2(d5 - ¢))

Since M| and N5 are approximately equal, we then obtain:

o 42
xi-xz_‘&._x/zzj



Where N\ is The average wavelengTh, and d = d, - d = 0.10 (D5=0,)K.

2 l

e average wavelengcth can be measursd by repeating Experiment |

using fthe Scdium lamp as the |ight source.

EXPERIMEMT 2: (Qbservation of White Lianht Frinces.

Frocedurs: [n order to ctserve fringes wi th 2 source of white lighT, iT is
best To acjusT The InfertercmeTer to obtain the so-called loce!lized fringes.
This is cdene by adjusting one of vhe mirrors sitightly so as to destreoy The
cond ition cf exact perpendicularity. The fringe patiern now will consist of
curved, herizontal or verTicst siripes. Next, & position of nezrly zgro path
length is sezrched for. This pcsition is characterized by the fact that the
striped npaTtern will beccme most nearly straight when the condition is
achieved.

AT This point an extended white |ight source may be subsfitufted for

The mencchirometic source, and & very slow motion of the carriage will bring
the white light fringes into view. White fringes are especially important in
the Miche!son [nterferomeTar in That they give @ precise indication of the
position of zero optical path length differencs.

An ordinary, frosted, incandescent lamp or even bright sunlight will

serve very well as the |ight source for this experiment. The lemp cen be
placed behind The monochromatic |ight and turned on in the beginning of the
experiment. When zero path lengTh is obtained, simply fturn off the mono-

chromatic |ighT.

Another means of obtzining zero peth length is
to construct & "T" by separeting @ diffuser plate with _. ]

cardboard or black peper (see drawing). Place @ mono-
chromatic lighT source on one side, 2 white |ight source

on the other, and furn both of them on. With this method _—
it is not necessary to obtain localized fringes. Once —
any fringes nave been obtained--they will appear in the —_—

left side of the mirror--loosen carriage lock screw and
move carriage slowly by hend until the right side of the
mirror flashes briefly with color. Tighten carriage lock screw. Search
either way from this direction, and the white light fringes, which have the
appearance ot small spectra, will be finally located.

Discussion: Only a few white light fringes are observed. This is accounted
for when we recall that white light consists of all wave lengths of visible
light. Apar+ from- the cenfrai fringe, the various interference pafterns (for
different wave lengths) will overlap. A colored fringe is violet on the

side nearer to the central fringe and red on the other.

EXPERIMENT 4: Index of Refraction of a Transoarent Solid.

Procedure: For the purpcse of performing this experiment it will be necessary
To construct a sample holder which is capable of positioning the sample
accurately between the beam splitter and the fixed mirror (mirror number 1).



The holder must be czazdle of giving @ slow rotation of the sample, Through a

measureat le angle.

When the holder has been attached to the Interfarcmeter and with the
samgle posiTioned norma! to the beam, the instrument is aligned *o produce
circular monochrcmetic fringes. When this has been &chigved, rotefe ihe sample
threugh an angle sufficient to produce a shift of a few hundred fringes.
the number of fringes. The index of refracticn of the sample is then given

by the formula:

A (ux) = AAn

where A(ux) is the increase in optical path produced by the rotation.

Count

For a given angle of rotation 6, fringe shift &n, and wave length A\, 1

is evaluated 2s follows:

0
Refarring to the diagram:
Qptical path before rotation =u AR + BC 9
Optical path after rotation =y AD + DE
Angle of rotation = 8
_ 1 A
AD = T sace
1.
—_ 9
AB =t 9
DE = CE tanb 0
_ e \_ _
CE = AD sin (9 -¢) = T seco sin( B-¢ )
DE = t sece sin{ 9- o) tané
8C =+ sece -t v
G
Léﬂ= ut seco+ 1t sece sin(9 - ) tan6 -pt - T sec = t

sec ® tang sin(g ~-¢) = (tang - tand) sinb

AN, .t.(p.- sinesino).,. (] -~ cos8 -1 )
2 cos ¢

¢ and Gare related by sinf8 = u so
sin¢
]
t [ p-p sin28| +1(l - cos®-pu) = Mn
} -1 sin . 2
p2



Nl%ﬁ = T‘;z - 5in% + (1l - cos9 -p) ‘

1'2 (p,z - sinzs) =(%)2 + fz (p.z - c0529+ | 4+ 2ucos® - 2u - 2coss)
+ AtAn{p +cos 8- 1)

: ) 5
Meglecting tha TermGﬁ%ﬂ) (bacausa it is very small) and simplifying gives

MO
po=SF - 2 ) (| - cos8)
T(l - cosg) -NAR
2
Any transparent material available in suitable shape and size will be
satisfactory. One must bear in mind that index of refraction depends on wava

length and that, theresfora, differant results will be cbtained for differant colors
of light. ) \

EXPERIMENT 5: ndex of Rafraction of as

Procedure: fFor this experiment iv is necessary to construct a ges cell with
plane, flat fransparent surfazcass ncrmal to the beam direction. The cell must be
capable of being evacuatad. [T must also be possible to infroduce the gas sample
at a known temperature and pressurae. |t is, of gourse, nacessary to introduce

the sample sufficiently slowly that the fringe shift can be determined. The index
of refraction of the gas is then given by

2(p - 1)t =xaAn

where T is the geometrical path length through the cell. Here the quantity
depends on the pressure and tsmperature of the gas eccording to the Lorentz-
Lorenz Law.

A simple gas call has besn described by T. G. Bullen in Am. J. Phys. 27,
520 (1959). The following dascription is from his article:

A cell can be readily constructed from a piece of brass tubing about 4 cm
in diameter and 6 to 7 em long. The ends of the tubing should be turnad frue in a
lathe and a side tube attachad for pumping. Thin plate glass squares, carafully
cleanad with alcohol, are than fitted to the ands with Tackiwax (Central Scientific
Co., Catalog No. 11444), The cell is placed in the uncompensated arm of the
inter farometar and attached to z ballast bofttle of about five-liters capacity,
fitted with a stop cock for admitting air and for connection to a vacuum pump. On
punping down the system the fringe pattern alters in a staccato fashion, very rapidly
at tirst and then more slowly as vacuum is attained., Leaks can be detected if the
pattern is observed to alter when pumping is complete. By admitting air Slowly
through the stop-cock it is possible to count the fringe displacament from vacuum
to atmospheric pressure., For gasas other than air the determination can be made by
admitting the gas via the stop-cock, The ballast bottle permits fine control of the
rate of ftrings displacement without the use of a needle valve. For air, a displaece-
ment of about 60 fringes is obtained for a 6-cm cell; reasonable accuracy for the
refractive indices of gases can be attained.

EXPERIMEMT 6: Qatermining Thicknass of Thin Transparent films of Ocganic or

lnorqanic Materials.

-7=



A method of determining the thickness of such films is outlined here.
’ This method will sarva to determine: (I|) Refractive index, if thickness is known;
and (2) Thickness, if refractive index is known.

Procadura:
i. Set up the Interferometer as shown below. First the instrument is

adjusted o show white light fringes in left half of the field and showing the black
band (see Fig. I next page).

C f}

1 T
|

R
|

24— — 4
Wfﬂt@ o —

Niceomeree Seeew/ — —

2. Set up a telescope for viewing the bands. The reticule usad in the
ocular should be ruled so that there zra= about 20 divisions fto either side of
center. The micrometer screw is usad fo bring the center of the black band to
the center line of the reticule. Fig. I shows this condition minus the image of

the raticule. Substituted, in the drawing, for the canter line of the reticule
is the symbol, &>.

3. 1f now the film to be measured is placed somewhere in optical path
#1 of the instrument and positionad so as to appear in part of the white fringe
ares as shown in Fig. II, it will be noticed that the white light fringes have
disappeared in the portion of light path that now passes through the fiim. This
is due to the foct That the film has caused the optical path #| to appear longer
due to the refractive index of the film. To return the black band so it shows
in the file, the optical path #2 must be lengthened.

-8-



4., The micrometer screw is slowly turned toward higher readings so
that the carriage moves farther frcm the beam spli-Ter.

While this is done a caraful count must be made of tha Hg light fringes,
one by one, as thay pass any given fixad position until the black band is visible
through the film and in its original horizontal position as in Fig. III

WHT Hg. WHT: e

————— |

//'\
14 L gj—fa\_r
S;: 2

5. To determine the thickness, the formula given in Experiment 5 is
used as foliows:

/
\

t =Mairdn
2 - 1)
where T = Thickness
An = Number of fringes passed over

index of refraction of the filq material
Wave length of Hg light = 5460A

air

-9-



For example, supposs &An = .5, then

|
o
=
'

+ = 10 x 5460 = 54,600 A = 5.46 micron = .00546 mm.
2x .5
6. In measursment of very thin films where the displacement is less

than one fringe (see Fig. V) measure as follows:
Dy = 1/4D,
and DZ corresponds to 1/2 wave length peth difference (&n = 1/2). Therefore

on = (/4 x 1/2 =1/8

Agzin, assuming u = |.5, The thickness is given as betores by
t = 1/8 x 5460 = 532 A
2x .5

EXPEZ IMENT 7: Determiration of Wave Lenath Differences fur the Balmer Lines
of Evdrogen and Deutarium.

Proczdure: For This experiment a2 Heavy Water Balmer Tube |ight source is
used with the M~4 Interfisrometer. A Number |6 Wratten filter or equivalent
is necessary for cbsarvetion of the red Balmer |ines,and a Number 45 Wratten
filter or equivalent is necessary for observation of The blue Balmer lines

w ithout interfersnce frcm the other |ines of the Balmer series. A cylindrical
lens of about 2.5 inches focal length (or about |5 diopters) placed approxi-
mately 2 inches from The Balmer tube is helpful in providing more uniform
illumination to the field viewed in the inferferometer. A diffuser plate
(grcund glass or waxed peper) and the appropriate filter are located between
the cylindrical lens arc¢ the interferometer.

With the Number |5 Wratten filfer or equivalent in place, obtain a
good paftern of fringes. The wavelength of the red Balmer |ine may be
determined using the prccedure of Experiment |.

Loosen the carriage lock screw. Now, with the bull's eye in view,
place a thumb on each side of the interferometer base,and index and middle
fingers on each side of the carriage. Very gently push the carriage until
the bull's eye disappears. Place a centimeter scale on top of the beam
solitter and the compensator. Measure the distance between the index marks
in the top cenfer of the beam splitter and compensator frames. E£stimate
distances to O.! millimeters. Again gently push the carriage. The bull's
eye will reappear and then again disappear. Measure the distance between
index marks. Repeat this procedure for five to ten successive disappearances
of the bull's eye. In reducing the data only the initial and final measure-
ments are used. However, a reasonable uniformity of the differences between
infermediate measurements ensures that a disappearance of the bull's eye has
not been missed in moving the interferometer carriage.

-10-



Betwesn successive disappearances of the bull's eye, we heve moved
the carriage one more wavelength for the shorter wavelength line than for
the longer wave length line.

2(dp=d|) = Nj&n = NZ(An + 1)

Where (dz'dl) is the distancs the carriage is moved between succsssive
disappearancss of the bull's sye. However,

N KZ + O

Thus, Ny = OAn\

20dg=d ) = AR\,

ON
Since A| is approximately egual To kz, we nave:
o= A2
2(d2-d|)

An example of data taken and its reduction is given below.

N = 2(dp=d1) = 4 x 1072 (Dp=D;) = 4 x 1073(17.23 - 12.28) = 6.6 x 1075 cm.

An On 300
Disappearance Distance between Distance Between
of Bull's Eve Index Marks (cm) Disanpearances
0 7.85-
| 7.96 C. 11
2 8.08 0.12
3 8.20 0.12
4 8.32 0.12
5 8.45 0.13
6 8.57 0.12
7 8.69 0.12
8 8.80 0.1!1
9 8.92 0.12
do=d; = 1.07 = 0.119
9
M = A2 = (6.6 x 10092 = .83 x 1078 cm.
2(dy=d)) 0.238

More accurate values for the red |ines are:

N = 6563 Angstrom Units for Hx and &\ = 1.79 Angstrom Units.



With the Mumber 45 Wratien filter or equivalent in plece, the
experiment may be performed for fthe tlue Balmer line. An example of data
+aken and its reduction is given belcw.

N = 2(do-d,) = 4 x 1072 (D2-D,) = 4 x 1073(15.53-11.90) = 4.9 x 1072 em.

An An 300
Disappearance Distance between Distance Betwesn
of bull's eve Incex Marks (cm) Diszpoearances
0 2.03
f .13 0. 10
2 3.22 0.09%
3 g.31 0.C¢
4 g.40 Q.09
5 .49 Q.09
dz-d( = 0.458/5 = 0.0%2
o = 22 = (4.9 x 10°93% = 1.31 x 1078 cn.
2(d»=d ) Q. 184
2 -1
More zccurate values for the blue lines are:
N = 486! Angstrom Units for HE and & = .33 Angstrom Units.

Discussion: According to the Bonr Theory, the wavelength of a spectrum fine
can te expressed by The formula:

| _ 2220e®7%[ 1 -]
A ch? ”12 2

Where is wavelength

is the mass of the electron

is the charge of the electron

is the charge of the atomic nucleus

is the velocity of light

is Planck's constant

ny is the quantum numoer of the initial state
ny is the quantum number of the fina! state.

O NO® 3 ¥

The Rydberg constant R = anme4/ch3 so that

1 =RzZ2[1 - _1
pN nlé nzz

However, the electron does not rotate about a stationary nucleus but instead,
both the electron and the nucleus rotate about the center of mass of the
system. Thus the mass of the electron m shouid be replaced by the reduced

-]17-



mass m where M [s the mass of the nucleus.
I +m
M

For the nucleus of hydrogen M = 1837 m and for the nucleus of deuterium
M = 3674 m. Thus the Rydberg constant is slightly different for deuterium
than fcr hydrogen. For hydrcgen R = 109677.759. For deuterium R = {09707.387.

For a nucleus of infinite mass R = 109737.424.
In The Bonhr theory formule above Z = for hydrogen and deuterium.
For the Balmer series n, = 2. The red line Hy corresponds to np = 3 and the

blue line Hg corresponds to n, = 4.
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