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MICHELSON QPT 1 CS

The Atomic Lzboratories M-4 Interferometer is febricated with Michelson Qptics,
with Fabrj-F=rat Qptics, or with a comginaticn cf both. The Micnhelson front
surface mirrers and beam splitter and +he Fabry-Fzrot mirrors musT be treated witi
the utmost resoect. They are never to be Touched witnouT wearing Cloves,and then
only sparincly. Dust may be cleaned from The mirrors by means of The cemel's hair

brush which is shipped with each instrument. Ofher matter may be rsmoved, if
absolutely nscessary, with & sofT cloth or piece =f lens paper brushed ever <o
lightly ageinsT The surface. When the interfercmeter is stored. iT should be
covered zt ail times with the plastic bag. |IT is g!so & goocd icza To keep Thse

lens covers over the optics whnen they arz noT in use.

When the -4 Interierometer is ordersd wivTh onl, cne s&T o7 cotvics, The oTher sev

T any futurs dets and easily instzlled by ramoving the masking
Terfercmeter chassic and carriage &nd inserting The scraws in The
s. Tne follewing unpacking instrucTions &pply To The inferfercmeTar
T The type of optics.
Unoackinc: <ently remove the cardboard insert which holds the inferfercmeter in
olace, being sxTramely careful not v5 rub cr pusn iT ggeainsT The cpTics while lifTing
it out. Plece tThe interfercmeter on 2 level surfzce and remove the plastic cover,
as well as ihe lens covers. Remcve the tape which holds the carriezge in place.

o -

Liaht Source: The M-4 Interfercmeter will operats with any standard mercury or

sod ium iight source, including ATcmic Laboratorizs' own monochrcmatic mercury |ight
source. To operate the sourcz, insert lamo, either one or beth of The fwe diffuser
plates, angd, if desired, the gresn Wratten {ilter. |f usad.with The Michelson

Optics, the light source should be positioned s shewn in the photcgrzon. The

| ight should enter the beam splitter at a 45° ancie. DANGER: ULTRAYIOLET RAYS CAN
SEVERELY DAMAGE THE EYE. THE DIFFUSER PLATZS
ABSORB THESE RAYS: IF THEY SHCULD BE REMCVED
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 1. This distance is
generally ebout 12.5 cm., but it should be checked with a ruler. I should be
measured from the coated side (left 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 next
step is to bring the mirrors into exact perpendicularity. The &djustment can be
accomplished as follows:




Turn on T

he |ighT sourcs ard observe the focusing pin* which is
s ituated between The {(ignT source and the beam splitfer. Two images of the pin
will be sesen, one ccming frem Tn reflection at the front surface of the beam
o

splitter, the other from ths reflection av its back surface.

Line up The vertical positions of the focusing pin. This can ts done
tv means of The adjusting screw of mirror number |. Tne adjusting screw of
mirror number 2 will line up The focusing pin horizonta!ly. When only one
imege of The pin is achieved, fringes should appezr. To best observe thess
fringes, look strzighT ints the tack mirror from the front of the interfesrometer.

|T takes z {iTtle nractice tc obTain the fringes. As staved prsviocusly,
tefore touching +he adjusTing screws, make certain that The two mirrors ars
equally distant from The hezm all.Ter When the fringes 7irst appezr They can
be sharpened by very carsi:l and minute adjusiment of the screws. ¥ the
gd justment Is &c c;npiishe: in & room with 2 great dez! of vibration or on an
unstezdy table, The fringes will soon disappezr. '

Often onl- very Thin ard blurred fringes will be seésn in the beginning.
A gcod Technique is To line them up vertical ly or horizontally (see below) by
gd justing one mirror. Then by cenfering in with the ofher mirror, the fringe
curvature will be incrsased until finally The center appears. Be sure while
mak i ng thess adjustiments that the mirror is moved in the dirscticn of ihe

fringe's decreased redius of curvature.

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

MAINTENANCE: 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 [: Determination 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 appear or disappear in the bull's-
eye. For satisfactory precision, count at least one hundred fringes. After
counting them off, take 2 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 |ight by means of

* The focusing pin is removable
from the carriage.



+he formule:
2(dy = dp) = Mon
Tne distance Travelled by The mirror in centimeters is given by

(dl - dz) = 0. 10 (D-{ - Dz) x K

where (D, - D5) is the change of the micrcmever reading in miliimevers and
K is The ratic of carriage movement To micrometsr screw rzading. For the
M=4 Intertercmever K = 0.020
whence: M= 2(0.10)(Dy-25)K

~ cm. ]

o

Tne correcT vaiue for the wzvelength of green mercury |igh+ is 5450.74C A
(I A=1 x 1073 cm). You may wish to use this correct value of The wave-
length To obTzin & more exzcT value for K, since there ars some verigfTions
in manutfecturing conditions of the - instrument.

Discussion: An Interfercometer is generally defined as an optical instrument
which preducses interferencs nafterns by the division of one beam of light info
one or mcre parvs. These partys travel different paths and zre then uitimately
brought ftcgether to yield Theinterferance effects. The resultant patterns
depend on the cptical paths traversed by the several beams. Conseguently,

the Interferometer determines differances in optical paths. Since the optical
gath is the product cfrefractive index u by path length d, it is clear that

if the severzl beams traverss media of the same 1, 2 measure of the path
length & is given. Conversely, if the path lengths d are equal (or at leas™
constent) then The refractive index is determined. Thus, The lInterferometar
may be used To measure any of these three quentities: (1) Geometrical path
length, (2) Cptical path length, (3) Refractive index.

Determination of optical path length is of importance in technical
applicaticons. Measurement of indices of refraction will be the subject of
experiments numbers 4 and 5. In this experiment, however, we have- been

concerned with gecmetrical path length.

if the difference between the separations of the +wo full-silvered
mirrors from The half-silvered one (beam splitter) is d, then the differernce of
geometrical path length for the two central (normal) rays is 2d, becazuse the
distance d is fraversed once in each direction. Consaquentiy, the condition for
constructive interference for the central rays is:

2d = n\

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

2d = (n + [/2)\



Sirce we meacure fringe shifts here, which condition 2pplies is of no consequence
and +the formula which is applicable is:

2 (dI - d,) = Mn

2)

Where (4, - dz) is the distance +he carriage is moved to cause the zppearance
or disappearafice of &n fringes at the cznver.

Using the calibration given ztove and the readings of the micrometer
head (before and after carriege meticon) the wave lengTh is detarmined by use
of the zbove formula, by subsTituting The zpproprizte values of (d, - d2)
and An into it.

EXEEZ [MENT Measursment of Sodium Toublet Separaticn.

Procsdurs: The sodium doublet consists of two ye!low spectral lines, having
aeveiengThs of 5890 end 35396 A. The 3250 A line is twice as intense as the
BEZCE A line ' :

move The carriege by hand and obs
frem 2 condition of high contrast cre ¢t almost ccmpiete disappezrance.
Tnis latter condition occurs when ore s¢
other set. Fix the carriage a+ one of the conditions of most complete
disappearance by Tightening the carriage lock scraw and read the micrometer
head. By turning the micrometer heed, move to the next conditicn of most
ccmp lete disappearance and read the nead again. Repeat. Calculate the
averzge distance d between conditions of disappearance. We can now calculate
the difference in wavelencths of these two lines as follows:

Use a sodium light sourcz {=.2. Zenco Numcer~ 27300) to establish 2
straignt line fringe pattern. fers zrs now two seTs of fringe patierns
formed, one for each |ine of The doutl!set. Loosen The carriage lock screw and

erve that the yellow fringes pass alternately
To

of fringes is half way between the

-1
® -+ O
o

T fne first micrometer reading:
2dy = m A =(m; +n + 1/2) Ao

Wnere N| is greater than Ny. The term on the right hand side indicates that
tne order of the shorTer wavelength fringe differs from that of the longer
wavelength fringe system by an odd haltf integer. This is true since the
condition of disappearance of the fringe system occurs when one system is
just haltway between the ofher. For the second reading, we have:
2dy = mzkl = (my + n + 3/2) Ao

By subtraction we obtain:
- MR2

Ny - kz

20d, - d))

Since | and N, are approximately equal, we then obtain:

o 42
Ao Ay = N = AS/2d



B

Whers N is The agverage wevélencTh, and d = d2 - dl = 0.10 (D5=3;)K.

The average wavelencth can be measursd by repeating Experiment |
using The Scdium lamp as the light source.

EXPERIMENT 2: Observation of White Light Frinces.

Frocedurs: [n order to obsarve fringes wi th 2 source of white light, iT is
best™ 7o adjusT The intertercmeTer fo cbtain The so-called localized fringes.
This is decne by adjusting one o7 the mirrors siightly so as to desiroy The
condition cf exact perpendicularity. The fringe pattern now will consist of
curved, hcrizontal or verTiczi siripes. Next, & position of nezrly zero path
lengTh is searched for. This pcsition is characterized by the fact that the
striped navtern will beccme mosT nearly strazight when the condivion is
achieved.

AT this point an axtended white |ight source may be subsfituted for
+he moncchromatic source, and & very slow motion of The carriage will bring
the whive light fringes into view. White fringes are especially imporTtant in
the Miche!son [nterferometTer in That they give @ precise indication of the
positien of zeroc optical peth length difference.

An ordinary, frosted, incandescent lemp or even bright suniight will
serve very well as the [ ight source for this experiment. The lemp can be
placed behind The monochromatic |ight and turned on in the beginning of the

exper iment. When zero path length is obtained, simply turn off the mono-
chromatic |ight.

Another means of obtzining zero path length is

—

cardboard or black paper (see drawing). Place & mono-

to construct & "T" by separaetTing a diffuser plate with _. ]
chromatic {ighT source on one side, 2 white |ight source

——

on the other, and turn both of them on. With this method -
it is nof necsssary to obtain localized fringes. Once —
any fringes have been obtained--they will appear in the —_—

left side of The mirror--locosen carriage lock screw and
move carrizge slowly by hand until the right side of the
mirror flashes briefly with coler. Tighten carriage lock screw. Search
either way from this direction, and the white light fringes, which have the
appearance of 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. Aperv from the central fringe, the various interference patterns (for
different wave lengths) will overlap. A colored fringe is viclet on the

side nearsr to the centrazl fringe and red on the other.

EXPER IMENT 4: Index of Refraction of a Transparent Solid.

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



The hclder must be cz:zdls of giving @ s!ow rotation of *the sample, Through &
measureakle angle.

When tne holder has been attached o the Interfarcmeter and with the
seamgle positioned normz! to the beam, the instrument is aligned to produce
circular monochrcmeTic fringes. When this has been achieved, rotete ihe sample
Threough a2n angle sufficient to produce a shift of a2 few nhundred fringes. Count
the number of fringes. The index of refracticn of fthe semple is then Civen
by +he formula:

A (ux) = \An
where & (ux) is Tthe increase in optical path produced by the rotfation.

For a given angle of rotation 6, fringe shift 4n, and wave length N, p
is evaluated z2s follows:

0
Refarring to the diagram:
Cptical path before rotafion =y, A8 + BC 9
Optical path affer rotvation *p.;5.+ DE
Angle of rotation = ¢
1 A
a2 T sace

Rl & 3|
"
-+

O e

EE tané

i'"/
I

E = AD sin (3 -¢) =1 sece sin( B-¢ )

DE =1 secd sin( 9- ) tand

BC =+ sece -t v
G

L%ﬂ.= pt secd + T secesin(9 - ¢) tané -pt - + secd - 1

sec$ tang sin(g - ¢ ) = {(tand - tand) sind

NAY 1 .t.(p.- SineSir\@).;. (! -~ coss -t )
2 cos¢

¢ and 6 are related by sinf = p so
sing
}
1 E-Esinze +1(l - cos® ~-p) = Man
Il -1 sin . 2
p2



hl%ﬂ = TA;Z - 5in® + #(1 - c2s9 -un) 1

1'2 (p,z - sinze) =(%)2 + fz (p.z - c0529+ | 4+ 2ucos® - 24 - 2cosg)
+ AtAnl{p +cos 8 - 1)

o . 2 e L
Meglecting tha TermGﬁ%ﬂ) (bacouse it is very small) and simplifying gives

AN
=(ft - 2 ) (1 - cos8)

K
t(l - cosg) -\AN
2
Any transparent material available in suitable shape and size will be
satisfectory. One must bear in mind that index of refraction depends on wava

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

EXPERIMENT 5: ndex of Rafraction of as

Procedure: for this experiment i+ is necessary to construct a ges cell with
plane, flat ftransparent surfacss ncrmal to the beam direction. The cell must be
capable of being evacuated. It must 2lso be possible to introduce the gas sample
at a known temperature and pressura. |t is, of course, nacessary to introduce

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

2(p - 1)t =xan

where t is the geometrical path length through the cell. Here the quantity p
depends on the pressure end tzmperature of the gas according 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 dasscription 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 cm long. The ends of the tubing should be furnad true in a
lathe and a side tube attachad for pumping. Thin plate glass squares, carafully
cleanad with alcohol, are then fittad to the ands with Tackiwax (Central Scientific
Co., Catalog No. |1444), The cell is placed in the uncompensated arm of the
interfarometar and attached to z ballast bottle of about five-liters capacity,
fitted with a stop cock for admitting air and for connection to a vacuum pump. On
pumping down the system the fringe pattern alfers in a staccato fashion, very rapidly
at first and then more slowly &s vacuum is attained., Leaks can be detected if the
pattern is observed fo 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 gases other than air the determination can be made by
admitting the gas via the stop-cock., The balliast bottle permits fine control of the
rate of fringe displacement without the use of a neadle valve. For air, a displace-
ment ot about 60 fringes is obtained for a2 6-cm cell; reasonable accuracy for the
refractive indices of gases can be attaihed.

EXPERIMENT 6: armi icknz2 £ i 2 ilm anic or
lnorqanic Materials,

-7=



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

1

Frocadure:

\
'

i. Set up the |nterferometer as shown below. First the instrument is
adjusted 7o show white light fringes in left half of the field and showing the black
band (see Fig. I next page).

———— ‘msegm——— D

Gtmand
—— -

Wi Eé) 4f27 TT-

, 4 U>

'U]/Sample
- () -
A e

Niceomeree Scoew/ — -

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

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

3. If 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 from the beam spli-ver.

while this is done a caraful count must be mads 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 Mg WHT:  Hg.

e

n e
—

‘5*5-227' :;:;;;;: P—————

WHT Hg
//,f" —
{
]ZT (i___' O,
1
N
{

5. To detarmine the thickness, the formula given in Experiment 5 is
used as follows:

t =Mairl"
24 - 1)
where + Thickness
An

Number of fringes passed over
Index of refraction of the film material
air = Wave length of Hg light = 5460A

9-



10, w = 1.5, then

For example, suppos:s &n

+ = 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:
D) = l/4D2
and DZ corresponds to /2 wave length path difference (&n = 1/2). Therefore

An= /4 x 1/2=1/8

Agzin, essuming u = |.5, The thickness is given as betors by
t = 1/8 x 5460 = 582 A
2 x .5

EXPESIMENT 7: Determinztion of Wave Lenath Differences fur the Balmer Lines
of Evdrogen and Deuterium.

Procsdure: For This experiment 2 Heavy Water Balmer Tube |ight source is
used with the M-4 Inferizsrometer. A Number (6 Wratten filter or equivalent
is necessary for cbservetion of The red Balmer |ines,and a Number 45 Wratten
filTer or equivalent is necessary for observation of the blue Balmer lines
without 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 +he Balmer tube is helpful in providing more uniform
illumination to the field viewed in the interferometer. A diffuser plate
(grcund glass or waxed seper) and the appropriate filter are located between
the cylindrical lens arc the interferometer.

With the Numcer |5 Wratten filter or equivalent in place, obfain a
good pattern 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
spliftter and the compensator. Measure the distance between the index marks
in the top center of the beam splifter and compensator frames. Estimate
distances fo 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.

-{0-



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

2(dp=d|) = Mj&n = Np(&n + 1)

Where (d2-d|) is the distancs the carriage is moved between successsive
disappearances of the bull's eye. However,

M kz + LA

ThUS, 1\2 = AnON

ON
Since N| is a2pproximately egual To xz, we nave:

M = 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 An 300
Disappearance Distance between Distence Between
of Bull's Eve Index Marks (cm) Disanpearances
0 7.85-
| 7.96 .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 .12
8 8.80 0.11
9 8.92 0.12
do=d| = 1.07 = 0. 119
9
M = A2 = (6.6 x 10092 = 1.83 x 1078 cm.
2(d2-d|) 0.238

More accurate values for the red lines are:

N = 6563 Angstrom Units for HX and &\ = |.79 Angstrom Units.



With the Mumber 45 Wratten filter or equivalent in place, the
experiment may be performed for the tlue Balmer line. An example of data
teken and its reduction is given helow.

N = 2(dp=d,) = 4 x 1073 (D2-D,) = 4 x 1073(15.538-11.90) = 4.9 x 1072 cm.

An An 500
Disappearance Distance between Distance Betwesn
of bull's eve lncdex Marks (cm) Diszppearances
0 2.03
f .13 0. 10
2 3.22 0.09%
3 g.31 0.0¢
4 g.40 0.09
5 2.49 0.0%
dz-dl = 0.45/5 = 0.0%2
o = 22 = (4.9 x 107532 = 1.31 x 1072 cn.
2(d2-d|) Q. &4
More zccurate values for the blue lines are:
N = 486! Angstrom Units for HE and &\ = 1.33 Angstrom Unifs.

Discussion: According to the Bohr Theory, the wavelength of 2 spectrum fine
can ke expressed by The formula:

o 2aZmet7f 1 -

!
N ch” nl2 n22

Where is waveiength

is the mass of the electron

is the charge of the electron

is the charge of the a2fomic nucleus

is the velocity of |ight

is Planck's constant

ny is the quanfum number of the initial state
nz is the quantum number of the final state.

To N0 3P

The Rydberg constant R = 2:t2me4'/ch3 so that

1 =RZ2[1 - ]

?\- 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 should be replaced by the reduced

-] 2=



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

For the nucleus of hydrogen M = [837 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 = 109707.387.

For a nucleus of infinite mass R = 109737.424.
in the Bohr theory formuiz 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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