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ASSEMBLY: If The Fabry-Perot QOptics are orderad with the M=-4 |nterferometer,
unpacking and assembly instructions are the same as tor the Hiche!lyn Opties
(see page |). If the Fabry=-Ferot Optics or the Michelson Optics are ordered
later, they may be easily insiallad by removing The masking tape. Then the
optical frames can be attached with scraws to the dril led and tapped holes.

Under no condjtions should tThe Fabry-Peret mirrors ever be fouched with
any#ing but & soft brush=-such as the camel's hair brush, which is ineluded
with each order-- or l[ans paper. Any cleaning fluid of any kind will sarious-
Iy decrease the reflectiviiy of The mirrors @nd may possibly necessitate re-
coat ng.

LIGHT SGURCF: Both mercury and sodium light scurces wi|l be needed for Fabry-
Perot experiments. The Afomic Laboratories' Marcury Light Source is quite
sat isfactory. For Fabry-Perot experiments it is positicned as shown below.

TELESCOPE: A 6 To |10 power telescope which can focus at infinity is desirabla
for performance of The following expariments. I+ is helpful, but noi essential,
That the: telescope be provided with a refTicle.



ADJUSTMENT: Loosen the carrlage lock screw and adjust the carriage until
the Fabry-Perot mirrors are about | millimeter apart. Large distances
between mirrors makes ad justment more difficult. Mow Tighten the carriage
lock screw,

The next step is To bring The mircor mounted on The base info exact paral lel ism
with the mirror mounted an the carriage. This adjustmant can ke accompl ished
as fol lows.

Turn on tha |lght source amd observe multiple reflections In the mlirrors.

The initial steps in adjustment are accompl ished more easily without the
Talescope in place. A black card having & pinhole in the center placed be-
twean the diffuser plate and the Fabry-Parot is sometimes helpful in abserving
the muitiple reflectians.

Bring the multiple reflections into coincidence by appropriate turning of the
two adjusting screws. The orientafion of the base-mounted plate ™ adjusted
about the horizontal axis by the center adjusting screw, and about the ver-
Tlcal axis by The adjusting screw on the right side. If furning of the side
adjusting screw is not adequate to bring the multiple images into coincidence,
the Allen head screw next to the side adjusting screw may need adjusiment.

When coincidence of the multiple imeges is obtained, remove the black pin-
hole card. A set of circular fringes should be visible, Precise adjustment
for parallelism of the plates is now accomplished. |f by moving the eve up
and down the circular fringes appear to shrifnk and expand, a slight adjustment
at the center adjusting screw is necessary. If by moving the eye from side
to side The circular fringes appear to shrink and expand, a slight adjustment
of the side adjusting screw is necessary. These adjustments should be con-
tinued until the shrinking and expanding of the circular fringe pattern is
mininized and symmetrical about the center.

DISCUSSION:  In the Michelson Interferometer, the incoming |ight Is split
into two beams, each of which fravels a different path before they are
brought together to interfere. In the Fabry-Perot interferometer, the
incaming |ight is split into many beams--the multiple reflections cbserved
as the plates were being adjusted. The fringes become sharper as the number
of reflections increases. The number of reflections increases as the coating
on the mirrors (plates) becomes 1hicker and |less transparent. In this
instrument, fhe number of interfering -beams is between |0 and 20, making the
width of the fringes about 1/10 to |/20 the distance betwsen successive
fringes. (In the Michelson interferometer, the fringes are just one-half

as wide as the distance between fringes.) Wave length measuremernts are
Therefore much more accurate when made using & Fabry-Perot interferometer.

In most frequent practice, the two mirrors (usually called plates) are
separated by fixed spacers in an arrangement called an etalon.

EXPERIMENT 1: Measurement of Sodium Doublet Separation.

Procedure: The sodium doublet consists of two spectral lines in the yellow
having wave lengths of 5890 and 5898 Angstrom Units. The 5890 A line is
twice as intense as the 5896 K line.
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Use a sodium |ight source (for example Cenco Cat. No. 87300) +o establish a
fringe patftern. When a good fringe pattern has been obtained, Turn the
micromeler head until the rings due To the weaker |ine (The less inTense

rings) are halfway between the brighter rings. Take a reading of the micromefar
head, WNow turn The micrometer head toward larger reading values until the
weaker rings coincide with the stronger ones and then separate until the
weaker rings are again hal|fway betwean the rings due to the stronger |ine,

Taka a new reading of the micrometer head. The formula for the fringe

system of a Fabry—-Ferotl Inferferameter is:

mh = 2t ‘cos @

Whera: m is the ordaer of interference.

h is the wave length of tThe |ight.

It is the index of refraction of the medium between the mirrors.
t is the separation between the mirrors.

# is the angle measured from the normal to the mirrors.

With air for the medium between the mirrors, we have p ® [, At the center of
fhe fringe patiern cos 8 = |. Qur eqguation becomes:
mh = 2t

For our first reading we hawe:

2ty = mh = (m| + n + 1/2) Ay
Where &, Is greater than h_,. The last term on the right=-hand side means that
The 'order of the shorter wave length ring system must difter ftrom that of the
longer wave length ring system by &n odd half infeger. This is so because
the ring _patterns have been adjusted to fall midway between each other.
For our second reading we have:

Zfz - Tzhl = {m2 + 3+ 3/2) LZ

(Note that if we had started with the plates in contact with each ofther, the
quant ity n would not have appeared in the two equations immediately preceding.)

By subtraction we obtain:
2ty — Ty )= {mz = mydhy = {mz - m, 4 13 hz
(my =m) O =Xg) =X

2
M =

Al e Mo
M o= Ao

Since h| and ho are spproximately equal, we then obtain:

kz
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The separation (f, - *,) is evaluated as in the case of the Michelson
interferomater as:

t, =t =0.10 (D, - D)) K

Where (D; = D)) is the change of the micrometer reading as read in millimeters,
and K is the ratio of carriage movement to micrometer reading.

K = 0.020
Lo a =
sa: (t3 = t) = 2.0% 10~ (D, - D).
Finally, the doublet separation is given by:
M = 52 om. = . 2.47 R
0.4(0, - 0)) (0, - D))
2 >
Py i cm. = 86.8 A
iix [1:}"3"“]2 = D[} ':DZ =: D'|]

The procedure just described assumes that the viewing telescope is not fitted
with a reticle. |f the telescope is fitfted with a refticle, then it is no long-
er essential thalt the wesker fringe pattern be precisely centered in the strong-
er fringe pattern. This will be discussed in greater detail below.

By use of the method described above, where the fringe pattern due to the
weaker |ine has been displaced one order with respect to the fringe pattern
due to the sironger line by turning the micrometer head, the following data
were obtained.

Dy (in.) D Cin.) Ay =N (A)
25.50 1. 18 6.06
19. 90 5.40 5.98
22.52 8. 06 6. 00

Table |

Combining these results we obtain an average value for hg = hF of 6.01 A

When a telescope having a graduated reticle is used, a more precise determin-
ation of the difference in wave length between the members of the sodium doub-
let may be cbtained. A reticle containing 5 to 10 millimeters graduated in
tenths of a millimeter is preferable. A reticle containing 0.2 to 0.4 inches
graduated in 0Q.005 inches would be adegquste.

One side of the fringe pattern is cbserved by the telescope. This is accom-
plished by moving the telescope so that there is a slight angle between the
axls of the telescope and the normal to the Fabry-Perot plates.
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With both weak and strong fringe patterns resolved from each other, and
with the fringe pafferns as sharp as fine adjustment of the adjusting screws
Will permit, measure radislly from the center of the pattern the posiftion
at least some ten fringes, starting several fringes from the center of the
pattern. Affter measuring the fringes, locate the first fringe measured to
be sure the fringe pattern has not altered while the measuremenis were
being made. Thermal equilibrium and absence of vibration are necessary
for obtaining stable fringe patterns. Read the micrometer. Turn the
micrometer head some {itteen to twenty—five revolutions toward higher

read ings while watching the fringes. The weak and strong fringe patterns
will first merge and then 2gain be resclved.

Again measure the posilion of &l |eas! Ten fringes cutward starting several
fringes from fha center of The pattern. Check the [ocation of The first
fringe measured to defermine stabi| ity of The pattern. Again read the micro-
medear,

Analysis of the data is accompl shed by use of the "Off-Cantre 'Reduct ion
Method" described on pages 135 and 134 of High Resolution Spectroscopy by
5. Tolansky, Fitman Publishing Corporation, 947,

At the center of a fringe system (cos@ = |} we have Mo = 2t. Fora
circular fringe not in the center of the pattern we have mk = 2t cosd,
Thus m = m_ cosé@ where 8 is the angular radius of a ring of order of
interference p. The order of interference of the p th ring in the system
ism=m, =~ p (with a Febry-Perot |nterferomefer the highest order of in-
terference is st the center of fthe fringe pattern).

{ : 2
To a close approximation m = m, cosf can be written.m = m, - m, g

for the esmall angles under consideration. The angular radivs (in radians)
for the p th ring is therefore & =f§ﬂ. Thus, in proceeding ocutward from
the center of a fringe pattern fhe siccessive circular fringes close up in

accordance with a parabel ic formula since the squares of the radii are in
arifthmetic progression.

If Solly = &, ; Sz = As , efe.

il Wl = ete, (Ses Fiaure 2 on
iz 5 an » page 20)

l'Ilh'E

5253 - &25 ¥ 535#‘ = &55 ¥ elCs.

then to & reasonably close approximetion the fraction of an order dm between the

strong and weask line is given by
283

dm = 289 = = vaa
(Biw + 225) ~ Yoy + Bg)

for the initial

Thus & series of independent values of dm is obtained and sufficient wvalues
lead o & good average. A diagrom of the appearance of the fringe pattern

micromefer reading



and how the A's are obtained appears below.
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in Figure 2 members of the fringe pattern due to the stronger |ine of the sod-
ium doublet have been designated by the |letter 5, and those due to the weaker
line by the letter W, From the measuremants taken of the fringe pattern at
the initial micrometer reading, the fs (&), &3, efc.) will represent the dis-
tance from & strong fringe to the next weak fringe outward from the center of
the pattern. From the measurements taken at the fipal micrometer reading, the
b will represent The disiance from a weak ffinga To ihe pext sirong fringe
outward from the center oi the pattern.

The formula for The difference in wave length is:

2 dng = (=dml)_ 22 dmg + dm;
2dt 2 x 2 x 1072 (D¢ = D;)

& = N

where Ok and A are in centimeters and Dy and D; are the final and initial
micrometer readings in millimeters. X\ is approximately 5.89 x 1072 cm.
The initial value of the fractional order dm; is indicated as negative in
the formula above because it has been measured in the opposite sense from
the final value, dm..

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

O; = 7.77 millimeters

W= .50

s, = 2.15 T Al = 1.05

Wy = 2.55 by by, = 1.00
5, = 3.15 o A, = 0.95

Wz = 3.0 = Az = 0.90
s, = 4.05 B, = 0.85

i fy = 0.30 ) .
Wy = 4.3 Ay = 0.80
55 - 4-8’5

=20=



0g.80  0.70 0.60

Ry =65 Ley hes ool
Df = 19.60 mil]imefers
s = 1.5
'Nl = |.I5ﬂ &15;0’135
A = 0.40
S, = 2.00 Ay = 0.85
Wo = Z.45 = 0,80
2_250 A = 0.35 f2s
sy = 2 2 By, = 0.75
wx = 3.20 : A, =0.70
’ = 0.30 s
5= 3,50 85 =0 by = 0.70
w4 = 3.90
0.80 0.70 0.80
dms = = e [k o
e T T Y T T ki
M= (5.89)% x 10710 0.450 + 0.377
2x 2x 1072 (19.60 - 7.77)
. -5 0.827

Bﬁ.ﬁ x |0 I1.83

6.06 x 1078 cm.

6.06 Angstrem Units with a probable error of
0. 16 Angstrom Units.

1l

Discussion: The sodium doublet spectral |ines are,a result of the alectronic
transitions 325/, — 3P, (h 5896) and 3%5) /5= 3°P3/5 (A 5890). The wave length

difference is an indication of the difference in energy betwsen the electronic
states having the electron spin angular momentum &l igned antiparallel (A 5896)
and parallel (A 5890) with the electron orbital angular momentum around the
nuc feus.

Av = ¢

Where v is frequency in cycles per second and c is the velocity of |ight.
Therefore:

[ &)
Ay = -£§1E»

The energy difference between the twe electronic levels is:

ﬂE:hﬂv:-%ﬂu
1
Where =t 7 1o~27 erg — second Is Planck's constant.
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The zccepted value of M for The sodium doublel s 5.928 A which may be
compared with the experiment quoted above. Using the value & = 5.96 x (079
cm. , the above formula for AE gives the result:
A = 6:62 x 10727 » 3 % 1010 « 5. 06 x 1078
(5.89% x 10719 x 1.6 x 10712

2,13 % 1072 ev.

EAPERIMENT 2: Observation of Hyperfine Structure in the Mercury Green Line.

Frocedure: For fhis experiment a |low pressure Mercury vapor lamp such as the
Atomic Laboratories' Mercury Light Source should be used. A No. 74 Wratten
filter or equivalent is placed between Interferometer and diffuser plate in
order To permit observation of the mercury green |line, AS5461, without
interference from the other lines of the Mercury spectrum. Due to the
faintnass of the lines tc be observed, cne of the two diffuser plates on

the Atomic Laboratories Mercury Light Scurce may be removed to enhance the
infensity of the fringes. However, care should be taken to prevent direct
exposure of the eye to the exposed lamp In the |ight source.

When good fringes have been obtained, place the telescope in a position
such that the adjusting screws of {he Fabry-Perot are accessible while
the fringes are under observation, fthrough the teléscope, Since frindes
are m?ch more convenient|ly obtalned with a sﬁacing of about | mm h&?w;en
+he mirrors, and observation of the mercury hypertfine structure requires
considerably increased spacing between the mirrors, this increase in

spacing must be careful |y accomplished in order not to lose the fringe
pattern,

First locsen the carriage lock screw. Then, with 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 away in order to increase the
distance beiween the mirrors. (The carriage is moved by hand to achieve a
sufficient|y |large separation.) Meanwhile carefully ocbserve the fringe
pattern for loss of sharpness of the fringes. When the fringes have become
blurred, cease pushing and use the adjusting screws to restare sharpness to
fhe fringes. Using this procedure, the spacing between the mirrors can be
increased from one-half to one millimeter at a time.

As the spacing between the mirrors is gradual |y fhcredsed, a faint fringe
will appear to move outward from each bright fringe and a vet fainter fringe
will appear to move inward from each bright fringe. This effect will first
become spparent when the spacing between the mirrors is about 3 millimeters.
When the spacing between The mirrors is some 9 millimeters, each faint fringe
will appear to have moved about one-fourth of the distance beftween bright
fringes. When the spacing between the mirrors is some |0 millimeters, the
faint fringes will appear to overlap sbout hal fway between bright fringes.
when the spacing between mirrors 5 some 20 millimeters, the faint fringes
will appear fto have become superimposed on the bright fringe once removed
from the bright fringe from which they started.

At mirror spacings of about 5, 10 and 1S millimeters, make estimates of the

location of the faint fringes with respect fo the bright fringes. At these
pesitions accurate|y measure the separation between the mirrers., This can be

_22._



