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I DTRODUCTIOI 

Spectrometers utilising prisms or gratings have been in use 

for a number of 7ears. IDterf'erarneters such as the Fabry-Perot 

and Michelson are often considered as being extreme]Jr delicate 

and specialized instruments, not the kind of ins-trument one would 

choose tor routine observation of spectra. Recently, however, 

special properties of the Fab17-Perot have been recognized and a 

very useful and. versatile spectrometer designed, which puts the 

Fabr,r-Perot ahead of other spectrometers in ~ respects. 

The Fabry-Perot was invented in the nineteenth century, and 

used almost imlllediat]Jr in wavelength measurements and standardi

zation of the meter. The Fabry-Perot interferometer has also 

been used a great deal for hJperfine structure studies. It has 

always been recognized as being a useful instrument because of 

its properties of being able to convert directly' frca wavelength 

of light to a standard. len&th and the fact that its theoretical 

resolution has no limit. The Fabey-Perot is a multiple beam 

apparatus that splits the beam up by' successive renections 

between two plates, at eacb reflection allowing some of the beams 

to pass through, thu making ma.t17 beams interfere. The result is 

that the interference fringes are very sharp. 

The method b7 which a Fab17-Perot has been and still is often 

used to measure wavelengths and study' fine structure: is what will 
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be called here,~ the photographic method. In this method an objec

tive lens focuses the Fabry-Perot fringes, which are at infinit,-, 

onto a photographic plate. \When looking at a monochromatic source 

the image consists of a n'UJII.ber of concentric circles which beecae 

closer together as one proceeds from the center. The Fabry-Perot 

is often crossed with a prism or grating spectrometer, because the 

free spectral range is small, when something other than a nearly' 

monochromatic source is being used. These fringe patterns are 

quite difficult to anal1se but for maQf 7ears it was the best 

method to get such high resolution, and it is still used. 

'fhe photoelectric method of recording Fabry-Perot fringes was 

developed by Jaequinot and Dufour (1949) • The method used is to 

replace the photographic emulsion at tne focus of the objective 

lens with a diaphragm that allows a portion of the pattern to go 

through, be collected bT a lens and be focused on a photanultiplier 

tube. If operated in this manner it is possible, by changing the 

optical path length between the plates, to make the instrument 

scan its pass bands linear]Jr with time over a wavelength~ or wave

number} interval; thus it is comparable to other spectrometers. 

The recorded output is the spectrum, unlike the photographic 

method where considerable anal1sis is required to get a spectrum. 

Other advantages of ·a Fabry-Perot spectrcaeter compared to a 

photographic Fabry-Perot are discussed be1ow. A spectrum. can be 

obtained in a shorter period due to higher sensitivity of the 
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photcmultiplier which is especia.lly" important in aurora because 

of the short life of some forms that have interesting spectral 

characteristics. The developing of plates and subsequent reduc

tion to intensities by m.icrophotcmeter tracings is eliminated, 

which is verr important. This means the non linearities in 

emulsions are overeane, the time required to get data is reduced, 

and there is an increase in accuracy due to direct photoelectric 

methods. The objective lens does not have to be of high quality 

since onl.Jr near-axial rays are used, and a high f/number to get 

high speed is not required (in fact at high resolution a lens of 

long focal length is advantageous). 

An important advantage that &n7 spectrometer has over a 

spectrograph is that it is possible to see the results as the 

observations are being taken, and thus observing time can be used 

more efficientl.T. If rapidJ.¥ moving sources are being studied 

perhaps a photographic method has some advantages, but if the 

spectrum is changing rapidlJ' this advantage is lost. 

The great advantage in light gathering power for a given 

resolving power for a Fabr,y-Perot spectraaeter, over priaa and 

grating spectrometers, is clearly pointed out b7. Jacquinot (1954). 

He ccapares instruments of the same effective area and resolving 

power and finds the grating spectrometer alW&y's will have greater 

light gathering power than a prisa spectrometer, and a Fabr.y-Perot 

spectrCJileter will have as much as 30 to 400 times the light gather-



- 4 -

ing power as a grating spectrcaeter. This shows why the Fabr.r

Perot can be superior even for low resolution where good light 

gathering power may be important. A Fabry-Perot has further 

advantages over a grating spectrograph in that one set of plates 

can be used for &nT wavelength region in which they will transmit, 

and the resolution can be adjusted to arrr value. This is not 

true for a grating spectrograph since a particular grating is 

designed to be most efficient in one spectral region and. at one 

resolution. ·This is lfh7 the Fabry-Perot spectrcaeter is a ver:r 

versatile instrument. 

In upper atmospheric observations until very recently", the 

Fabr.r-Perot has been limited to measuring wavelengths. The 

classic exaaples using the photographic method are the exact 

measurement of wavelength of the auroral green line by Babcock 

(1923), and the confirmation of the sodium D lines in the twilight 

by- Bernard (1938). Others were the study of both 5577A and 6300! 

by Vegard (1937) and a studl' of all of these by Dufay, Cabannes 

and Gauzi t (1942). 

Babcock (1923) realized that the Fabry-Perot could be used 

for temperature measurement even though it was not known at the 

time what was producing the OJcy"gen 55771 auroral and night air

glow green line. The method of obtaining temperature is called 

the Doppler method. The pro!Ue of the spectral line is a pure 

Gaussian and results from the Doppler shift arising from the 
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the atoms randaa motion in thermal equilibrium. The half-width 

a, and absolute temperature T are related by a = 7.16 .I lo-7 cJ M 
where <r is the wavenumber or the line in em-1, and H is the 

molecular weight. To give good results when using the Doppler 

method a line should have narrow natural half-wid.th, due to 

internal structure and transition probability. To fill the second 

need a forbidden transition is best because of its long t~e in 

the excited state. Another important consequence of the forbidden 

transition is that the atoms spend a sufficiently long time in the 

excited state to ensure that they will reach thermal equilibrium.. 

The QXTgen 5577A [or] fills these requirements since it is for

bidden, having life time of about 0.7 seconds in the upper state, 

and. is not known to have &IQ" internal structure that would broaden 

the line compared to the Doppler width. Another iaportant require

ment ia that it be bright enough so that enough luminosity can be 

obtained to use high resolution. The ~gen green line is one of 

the most prominent features in the aurora. Babcock assigned an 

upper limit to the half-width of the green line of 0.035 A. 

Vegard (1937) tried to get a temperature for the OJC7gen red line 

(6300A), but could not obtain enough resolution with the luminosity 

required. 

Because of this there was a time lapse of almost twent7 )"ears 

where the idea of getting temperatures by this method was given 

up. With the advent of dielectric multilayers, the absorption 
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in the reflecting layers was greatly reduced and interest was 

again aroused. Wark and Stone (1955), Wark (1956), (1960), and 

Cabannes and Duray (1955), (1956&), (1956b), resumed photographic 

work on the aurora and night airgl.ow using a Fabey-Perot, and 

found it .U possible to obtain temperatures in this way. 

When the Fabry-Perot interferometer was investigated by 

Jacquinot (1954) interest was aroused in this method and same 

Doppler temperatures were tried again. The reason for the diffi

culty experienced by these mai31' observers is the high resolution 

required. Using the half-width obtained by Babcock (1923), and 

assuming the instrument would need a passband at least as narrow, 

the minimum resolution required becomes 5577A = 2.4 X: 105. How-
tr.'0'23i 

ever1 with the increase in sensitivity of photomultipliers and of 

course dielectric layers, it was thought worth while to try to 

get Doppler temperatures. Armstrong (1956), (1959) used a Fabr,y-

Perot spectrograph to try and measure the Doppler temperature of 

the 5577A line in night airglow and a bit of aurora and he obtained 

some preliminary results. Karandikar (1956), (1959) has an instru

ment capable of measuring Doppler temperatures, but at the time of 

writing his results are not known since he had not the opportunity 

to observe aurora until recently. 

It is considered that Doppler half-width measurements of the 

auroral green line, 5577~would. give the most reliable speetro-

scopic temperatures of those available, since the interpretation 
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is beyond question. The other methods of obtaining temperatUres 

are vibration and rotation. Vibrational temperatures are not 
. 0 

ver,y reliable because, for temperatures below 1000 K the excit-

ation process dominates and larg~ determines the population of 

the upper states, rather than temperature. Rotational tempera

tures give reasonable values but the interpretation depends upon 

the excitation process. Thus Doppler teaperatures should be the 

best and the ~gen green line should give ver,y reliable results. 

The reason that more t.nperatures have not been obtained b,y the 

Doppler methCKi is that high resolution is required that cuts down 

the intensity since the product ot luminosity and resolution is a 

constant for spectraaeters. 

Because of the obvious suitability for auroral studies, it 

seaaed desirable to build a Fabr,y-Perot spectraaeter at the 

University of Saskatchewan. Of the possible studies, the most 

worth while appeared to be a high resolution instrument that would 

be capable of observing aurora for the o~gen green line with 

Doppler temperatures in mind and 'Which would be easil.y' convertable 

to other studies. Other observers have had little chance to 

observe aurora 'Where the gain in intensity over night airglow is 

great. A pair of 4 inch diameter quartz plates were ordered from. 

Hilger and Watts before the author undertook this thesis. They 

arrived in the winter of 1959 and this study was begun in the 

spring. t.fNs A Fabry-Perot interferometer was to be built with 
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the first purpose in mind to stu~ the auroral green line for 

temperatures. 

The next chapter consists of same theor,y required for sub

sequent chapters but it is not intended to be compl.ete. Next in 

Chapter ni a full description of the apparatus is given. This 

is aescribed in detail in most parts because the design is thought 

to be original and appears very satisfactory. In Chapter IV the 

contours of the pl.ates are determined. This is important because 

of the great effect the defects of the pl.ates have on the way in 

which the plates are to be used and on the end result. The next 

chapter contains some results on auroral observations which are of 

a preliminary nature, but thought to be worth while. The final 

chapter ie 'the ClllAGUitaas that givesan estimate of the value of 

the results and a few ideas on what may be done next with the 

four-inch Fabr.y-Perot interferometer. • 
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II THEORY 

2.1 Introduction 

In this chapter, enough theory w1ll be given to explain the 

calculations in the folloldng chapters. The el•entary theory 

'1JB.7 be folllld. in Jenkins and White (1950), but a much more extensive 

treatment is in Chabbal 1 s (195.3) paper. The notation used will 

be Chabbal's except for a few cases. A definition of S)'abols used 

is collected in Table 2.1. 
t 

Refe~ng to Figure 2.1 a brief description of the apparatus 

will be given. The plates are made of high quali t;r quarts ca.re

ful.ly polished flat and haTe partial.l1' reflecting coatings on the 

faces that are adjacent to each other. A single ra:.r from the 

source B at the angle i to the optical axis will be followed 

through the interferGmeter. This ray, soae ot which passes through 

the first plateJ is reflected between the plates, each tiae allowiDg 

a portion to continue on through the second plate, fol'lliDg a buadle 

of ra;rs. These rays which are still all at the salle angle i 

interfere more or less depending upom the phase shift between 

adjacent r~s. These r~s because the,y are all parallel appear to 

cam.e from. intinit;r, so the objective lens focuses them all at one 

spot on the focal plane. It is easi.JJ seen that since the phase 

change depends upon the angle i, the fringes will be circular, and 

concentric about the optioal axis. If a photographic method were 
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TABLE 2.1 

A. - Airy function: a - half-width of A. 

tl - absorption in reflecting l~ers 

B - source function: b - half-width of B 

D - defect function: d - half-width of D 

E - etalon function: e - half-width of E 

F - aperture function: t - half-width of F 

1 - angle of ~ from normal of plates 

L - luminosity 

m - order of interference, a., if cos 1 is negligible 

lllk- aillikaiser (l/1000 wavenumber ( cm-1)) 

I - finesse: HR - reflection, ND - defect, HE - etalon 

n - index of refraction 

R - reflectivity of plates 

!! - resolution 

S - surface area of platea 

t - distance between plates (spacing) 

W- instrumental profile: w- half-width of W 

I - registered function: y - half-width of I 

Ll.d'"- separation between orders 

e- angle subtended by aperture fran objective lens 

<r- wavenlllJlber of spectral line, ~ - peak wavenumber 

~ - phase shift 

~ absor~ion coefficient 
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to be used., as has been done for JI&DT years, a photographic plate 

would be put at· this focal plane to record the interference 

fringes. 

2.2 Air,r Function 

The function of tranaaission of the plates for a given phase 

change ~ is derived in Jenkins and White (1950), and is called 

the Airy function. This is plotted in Figure 2.2, with the trans

Jilission as a function of <r , the wavenumber (f). fl can be put 

in tem.a of tr as shown belOWJ 

I+ pSI, 
Ai%7 function : .1: 

1 
. ... ~ 

where p is a constant 1 lrlhich ill the ease of the abry-Perot ia 

equal to ~, R 'being the renectivity of the plates. ~ ia 
{1-RJ 

the phase shift between adjacent beams as seen tram Figure 2.1 

and is given by ~ = 4 7T n t(cos 1)o-. The variables in this 

formula are the refractive index between the plates n, the distance 

between the plates t, the angle of incidence 1, and the wavenumber tr 

ot the spectral line being studied. The order of interference m, 

can be defined as 'betni -/;, , the nlllllber of caaplete phase 

shifts, thus m ~ 2 n t(cos i)tr • If we let (!( be the wavenumber 

at the peak of the Ai%7 function then this corresponds tom. and 

we can write .DJ... : 2 n t cos 1. If we keep everything on the 
rr;· 

right of the equation constant, then as we go from <r.- to rr 

llhich is a small aaount off the peak, m must also change to m.,. f 

lilhere I is a fraction of an order, thus we can 8&7'1 
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::: and € == .a:z._ ( q-- cr,) 
<:r,· cr (J(· 

It this fractiGll&l. order m + € correspollds to j .,- then 

- = 2 n t cos i 2 rrtr:: .m.:t;.,{ 2 1Td" = 2.,.,. m -1- 2 rr e 
tr 

80 sin ff .= sin 1T m COS ff t + COS TT m sin 17 I = sin 7T C 

Substituting for f and squaring gives 

sin
2 f== sin~(U- <lj·B 

Replacing 41.. by 2 n t cos 1 and substituting in the formula 
di' 

for the Airy function gives; 

A:: I 
1- (I~~J' s/na{!fTn t: (cas<")(~- r.)] 

In the ease of photoelectric scanning 1 is usuall.7 very small ( 1n 

our case~ 0.17°) and the final form of the formula is 

1'1 # 1-~ $,;,f2nnt: ( <r-<t<)] 

which puts A in terms of <r as was required. 

Ill this thesis, the symbol -A<r will be reserved tor the 

separation between passbands and is found by letting ~ increase 

by 2 TT and finding the corresponding change in tr • Using 

{6 = 4TT n t (a-- c17·) 

and differentiating keeping n and t constant gives 

~ 9 = 4 TT n t..Acr.:: 2 11 · 

lienee .A a-= ___;___ 
Znt · 

It the Airy function is set equal to ! then the width of the 

function at halt-height, called the halt-width a, can be found.. 

This 1a given by a ::- (J-~ cc = ~ , llhere Jf R is a constant 
rr R NR 

depending only on the reflectivity of the plates. It is called 
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the reflective finesse and is a ver,y ~portant concept since it 

onlY depends upon the reflectivity of the plates and not their 

separation. If there is absorption in the reflecting lqers, the 

Airy function is multiplied 'by' a constant ~a= (1- 4)"", where 
1-R a is the aJ'sorption coefficient and R the refieetivity. La is 

like a scaling factor that lowers the peak transaission but leaves 

the Shape of the curve unaltered. 

2.S Scanniq 

A.a long as n and t are constant, there is an absolute scale 

for A. plotted against <r • If however, either n or t is varied 

the whole array of passband& can be made to slide along the t:r 

scale, thus the instnaent can be made to scan its pass bands over 

a wavenumber internl. This makes possible a photoelectric 

interferaaetric apectraaeter since a small portion of the fringe 

pattern can be allowed to pass through an aperture ud strike the 

cathode of a photoaultiplier tube. This aeans that the outp11.t 

frca the amplifier and chart recorder wUl be a spectl'\8 of the 

source, modified. by the instnaent. 

Since the Fabry-Perot fringes are circular, obvious]¥ a 

circular diaphraga concentric ~th the fringes should be used, 

otherwise light would be lost at no gain in resolution. The 
ht:)S 

siBLplest circular diaphragm 4:8 a hole, or aperture, at the center 

of the pattern which includes the angle 1 from 0 to a . 
It A has maximum. transmission at 1:: 0, then the order m. 
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must be integral and it can be written as m0 .:::: 2 n t tr where m0 

is used since the cosine ter.a can be neglected when 1 is small. 

cc.re 
There a:e then, only two W&Y'S to vary cr , by V&I7ing n or t. If 

n is varied, then by differentiating mb = 2 n t cr the correspond-

ing chana• in <r can be found.. 

0:::; 2 d n t a-+ 2 n t d<r giving dtJ ::.- pq-. 
11 <r 

This means that d n ::: constant X d <r as lo:ng as v> d. n and 

t::r > > d. o-. Hence the W&TentDI.ber interval covered depends directlY 

upon the change in refractive index and is independent of the 

plate spacing. 

If t is varied the equation becaaes after differentiating 

0:::. 2 n d to-+ 2 n t dcr 

giTiDg --
For a given spacing d t == constant X d q- as long as t ;> > d t 

and d" > / d <r • However, the spacing is important in this case 

because for a given d t the wavenumber scan is inverselY proper-

tional. to the spacing. Another interesting way to look at this 

difference in the two methods is to let the order m ~ chaqe (an 

integral n•ber of times if desired) with constant <r, and hence 

see how~ passbands can be covered with a given Change inn or 

t. Differentiating m0 = 2 n t q- first with respect to n ve 

have dm.0 = 2 dn t a- which shows that the number of orders gone 

through is directly propertional to the spacing, as it of course 

must be since the vavenllllber interval is independent of the 
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spacing. Then differentiating with respect to t w have, 

dra.o = 2 n dt <r since n and o- are constant, this shows that the 

nUlll.ber ot orders that one can go through when scanning by this 

method depends d1rectl1' upon dt, and is independent of the spacing. 

Thus at low order when t is 8ID&ll, to scan over a large 

wavelength interval ebangiq t b7 mechanical scanning would be 

the best, since ~ tr corresponding to a change of one order is 

large. At high order the refractive index scanning method. appears 

the beat 1;o scan over a large wavelength interval. It is possible 

with the apparatus described in the next section using Freon-12 as 

the gas for refractive i11dex scanning to scan over about 60 orders 

with the spacing t :: l em. It has been found possible onl3" to 

scan over a few orders using mechanical scanning (by varrill8 t) as 

the plates can not be kept in adjustment when moved verr tar. 

However at low order, if t = 0.17 mm, then using the same refrac

tive indu change as above it would be possible to scan over <mlT 

one order and mechanical scanning would. be preferable. There is 

thus a point below vhich mechanical scanning is best and above 

which refractive index scanning is the best. This point is around 

t == l 11111. Since the refractive index method is technically the 

easiest espeeiall1 for plates of large area it may be worth while 

to use refractive index sea.natng even when the spacing is small, 

by making the instrument capable of withstanding high pressure 

changes. 
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2.4 Defects 

What is required as the end result ie the spectrum of the 

source. If the instrmaent had a passband infinitely fine, of 

course the output of the machine would be the same as the input. 

But even if this were possible, no light could get through. The 

instrument tends to broaden the source function B and we ean call 

the broadening function, the instruaental profile W. Up to now 

we have assumed that the Airr function was the only function 

making up the instrumental profUe and in this case WE! .1. However, 

there are other factors and the next one to consider is the defects 

of the plates. 

The defects are caused b.r curvatures in the plates, roughness 

lett after pol.iahing, and the fact that the plates Ja8.1' not be in 

adjustment. An analytical function representiRg the defects in 

the plates can be set up as follows. It is assumed that the plates 

are made up of a large number of infinitesimal etalons that have a 

spacing t 1 that varies above and below the mean value t. A. value 

of v , denoted as cr 1 , can be associated w1 th this t 1 by using 

the formula m0 = 2 n crt. This cr 1 is slightly' different from. 

the o- denoted by the pure Air.r function, dependiDg upon how much 

t• T&ries fr<a the t which was ass•ed for the perfect plates. 

The defects then broaden the Aiey function since for each value of 

(T in the perfect ease there is a range of values of q- 1 that 

transmit in proportion to the area of the plates at the spacing t' • 
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We call D( <1" 1 ) the defect function and make it equal to the 

area of the portion of the plates that has spacing fr. t t to 

t • .,. dt' lllhich is aaaociated with (F' to t:r ' + .d cr' • Thus for 

an;y value of <:T 1 , D( (T •) giTes the el•ent of area associated. 

with an el•ent ot wavenllll.ber ci <r • around fT • • If the defect 
I 

function is s'tm111.8d over all t:r it wUl of course giTe the total 

area o! the plates &;,; _ / 01"' 

S : ,) D (<r •) d(f" 1• 

<f'.:-0 
To obtain a faction for the iaperfect Fabry-Perot plates, 

the Air.r function at the wavenaber fr • is multiplied. b.r D( cr 1 ) 

which giTes the effectiTe area for that waTen•ber t:T •, suaaed 

over all <T 1 and di Tided by the total area of the plates to 

normalise it again. This function will be called the Etalon 

function and can be written _.A::? 

B (o- IF()"' d /A [<o--<Ji·)- cr •]n ( t:T •) d cr•. 
(7'': 0 

AD integral of this tn>e is the convolution of two functiou and 

11&7 be written as Af D. Thus the etalon function E is the con

volution of A and D d.i Tided by the total area of the plates. An 

important property of this kind of product, like C = A~ B, is 

that the Fourier transfor-m of C is equal to the product of the 

transforms of A and B. The halfwidths of these functions, denoted 

by lower case letters, combine in different manners d.ependi:q upon 

the function, and are written as c = a(t)b. That is, the con.volu-

tion of a function A of halt-width a with.~.& f1mction B of half-
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width b results in a function C 'Which has hal.t-width c. 

A finesse ND can be assigned to the defect function. It was 

noted in the paragraph on scanning that ·a given variation in t 

results in a certain change in ord~r, independent of the spacing 

t. Th11s a aall. change in t, t-t• corresponding to .the half-width 

d of the defect function, will always be the aam.e fraction of the 

change in t required to change the order by one unit. Thus d will 

alwqs be a given fraction of A cr and hence a finesse N p = ~ 
can be defined which is a constant for given plates. It follows 

that the etalon function also has a finesse li~ defined. as ~ : ~ 
e 

where • is the half-width of the etalon function. The half-width 

and finesse tend to lose their meaning if the function being , . 
considered is not sym,ttrical, as is possible for the defect func-

tion and etalon function. It is possible to have a defect function 

not BY¥tr1cal (as will be shown in Chapter IV) but since the 

value fort is the mean value of t• (weighted according to area), 

"" D tends in general to be nearly ~ttrioal. 

2.5 Detector Function 

The instrumental passband, represented ao far by the etalon 

function B, is further broadened because the aperture has a finite 

size. This effect can be represented by' the detector function F, 

that depends upon the angle e subteaded bT the aperture from. the 

objective lens. This function, unlike the A117 function and 

liefect function, has Width f independent of plate spacing t. 
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Because of this a true finesse can not be assigned to it, but it 

is. saaetiaes useful to thiuk of a finesse H;: =- ~which is valid 
f 

onl.y" for a given plate. spacing, since most work 11 done with a 

constant spacing t. F thus depends upon the focal length of the 

objective lens and the diameter of the aperture. 

The transmission of F is then a rectangular function when 

plotted against i since it transmits 100% fran i: 0 to 1 -= e 

and zero for i;>S. The width of t can be related to <r in the 

following unner. t = £'cr (a wavenuaber interval) ao if~ a- can 

be put in terms of 9 then F can be wsed as a function of rr like 

the Airy function and C#efect function. 

Differentiate 1\,:. 2 n t a-cos i, keeping m, n, and t constant. 

giving 

0 = 2 n t d t:r cos i - 2 n t <r sin i di 

fiJr == Sir, ,: d.t./. 
o- cos ,· 

Now using approximations cos i :: l, sin i = i and t:r=~ constant 

(which are all very good in the case of high resolution such as 

0 
the instrument being regarded here where 6 ~.17 , and cr is 

-I r. / -1) 17,900 ca c011.pared to ocr .__, 0.1 em , integrate • 

..Ljr:J; = /6 , .. t~~,· 
q- r o 

giving t5 cr-= _!i2. 2 hence / = c:r ~ 7.. 

tr z 2 
or in terms of the solid angle ..a. subtended by the aperture frca 

the objective lena f = _n.. v · 
Z11' 

The convolution of F withE can be performed giving W::: BJI F. 

W is called the instrumental pro!Ue with v its half-width. It ia 
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this function that operates on B to give I, the recorded function. 

This is again a convolution, represented by B ~ W = I. This can 

all be broken down again in reverse o:rd.er as shown bT I::::. B ~ W = 
BJI. E 4 F-= B~ A I D f F. These products are COB1B1Utative and 

associatiTe, hence Bf {E~F) = B~E#F=:sF/EIB etc. The 

half-widths can also be broken down in a siDlllar :m&~mer. 

T-::: b{/J w = b (f)e(f)f~ b$ a @d$ t • t(8 d@ b (f) a. 

2.6 Analrsis of Recorded Function I 

In order to find. B from Y, the function W must be known. It 

the functions A and D {or E) and F are kno.n then their Fo~ier 

transfol'DlS can be found and thus the FourJ{ier transform of W will 

be known. .._ W ia constant except for the fact that D changes 

v.ith temperature, and most important, with adjustment. W::·e&a:;also 

be aeasured exper1menta.ll7 bJr observing a known spectra B1 , 

before and atter the unkn0101 spectrum. 

In aaae cases the halt -v.tdth of the source is all that is 

required, for 1nstuce 1n t•perature m.easura1ents where it is 

assUiled that the source profUe B is pure Gaussian. If b is known, 

then b.Y uaiDg b -:=- 7.16 X 10 ?,-Ji!i , T may be found. The 1118JlD8r 

in which the halt-widths combine is aiven by Chabbal {1953), but 

scme are quite siaple and will be discussed here. It two A117 

.functions are ccabined that haTe half-widths at and a,c , the 

result a~:;; a1~ a?.. is given sim.plJ" by a 3 = a,+ a~ • It two 

Gaussian (G) functioas of half-widths g 1 and i z cca.bine, the 
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resulting halt-width is given b,y g~ .:;. g'j- + g; • If two rec

tangular ructions with widths f 1 and f '2. cQ'Jlbine the result is a 

triangular function if' f 1 :: f' 2 with half-width f s ; f 1.;. f'.z 1 

and if f 1 ;? f 2. the result is a trapezoidal function with half

width ; ~ t1 • Thus it can be seen that the Airy function tends 

to broaden a given function the most, the Gaussian ftmction next 

and the rectangular function the least. The other cases such as 

A~ G, A¥ F, G ¥ A, G f F are dealt with in Chabbal1 s paper and 

graphs are drawn that enable one to find the third half -width in 

c =- a @ b when two are known. 

2.7 Luminosity and Resolution 

The lUJBinosity L is defined as the JD&X1DnDn light flux received 

by the photCIIlultiplier through the .aperture, assumiDg the instru.

ment is anaJ.Tsing a single spectral line. It is thus the height 

of the record.ed. function Y. The resolution 18 defined. aa j"= B 
'When the interferometer is anaJ.Teing a line with half-width 

infinitelY narrow. 

The lainosity can be written L = B S .n... ~where B is the 

source brightness, S the surface area of tb.e plates and 4 the 

solid angle accepted by the plates, 't being the transmission at 

the peak of the passband. From Section 2. 5 it was founci that 

f :: ...n... o, Substituting for -11- in the .formula for L gives 
7Tr 

L=-BS2TT_f~ 
~ 

The resolving power is rou.gh:b' equal to fJ although it vill be 
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lower of course, but this difference can be absorbed into ~ • 

This then gins L= 8 8171:' and hence tor a given aource 

LX! ,s constant. 

It is found that with given plates and reflectivity so that 

H!f and Hp are fixed 1: can be maximized by picking the proper 

t, which seems reasonable since it would be wasteful to have t 

much larger or smaller than e. Hence, to keep t the proper value 

as the plate spacing is changed, to change the reaol.ution, the 

tines•• »,c = 71a kept coastant (br ft17iag t) and nearl7 the 

same value as N E, which stays constant since it is a true finesse. 

To increase the resolution, then, what m.ust be done is move the 

plates fmher apart keeping the same finesses, and then ! will 

increase at the expense of L. With different :N ,.e and I p (obtained. 

by different reflection or different areas of the plates utUized.) 

and the proper IF , 7: will have changed so that L X ! will again 

be a constant tor this set of values for the finesses, but the 

constant may be larger than before. For example it may he possible 

to black out a part of the plates that is contributing a lot to 

the wideniBg of the defect function such that the increase in 

resolution will more than make up tor the loss in lUI'linosit7. 

As a general rule the A117 function should be sligb.tJ.T 

narrower than the defect function since it broadens the line more, 

and the width t of the detector should be made such that t -:!: e, 

the half-width of the etalon function. In a particular case this 
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depends upon the problem being studied and the actual Shape ot 

the defect function. It is also advisable to work with the plates 

as faro apart as possible to get the required resolution without 

danger of overlapping of orders. In this oase I ~and ND don't 

have to be TeJ!7 large, and the quality of the plates is not as 

iaportant. If however, high resolution is required and the 

source being atudied has complicated atructure, the plates can't 

be too tar apart, or ~ cr w1J.l be emaller than the structure being 

&D&l.ysed, and then to get the required resolution B R and H o•uat 

be high. The instruaent will not give as high a value tor L X ! 

as is the case llhen the plates· are farther apart and. N£ decreased. 

This can be overcome if the Fabry-Perot is preceded by" a mono-

. chrcaator that is capable of cutting out the other passbands that 

are not wanted. This uy be in the form of a prism, or grating 

spectrograph or another Fabry-Perot. It is interesting to note 

that if either a grating spectrograph or Fabr.y-Perot is put in 

the same chamber as the main Fabr.r-Perot, they can all be scanned 

at the same tiae by" using refractive index scanning, as once they 

are adjusted no complicated scanning mechaniSII. is required to 

make both instru111ents scan at the same rate. See Hershberg ud 

Iadesh (1958). 
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III ~ OF.lPPAB.fttJS 

3.1 Introduction 

An assembled drawing ot the apparatus is given in Figure 3.1. 

Each caaponent will be described in detail in the following 

sections; here, onl7 a general description will be given. 

Starting on the inside there are the Fabr,r-Perot plates 

made partiaJ.l7 reflecting on the faces adjacent to each other. 

The plates are kept separated and parallel to each other by the 

spacer and adjusting mechanism on the plate holder. The tel"Dl: 

etalon has been reserved for the complete assembly' of the plates, 

the spacer, the plate holder and the adjusting mechanism. The 

et&lon llUst be very stable so the plates will stay in adjustment. 

The etalon is mounted in the pressure cell which serves as a 

Chaaber in which the p~ssure and hence the index of retraction 

can be changed. The pressure cell is wound with heating coils so 

that the whole system inside can be temperature regulated. In 

order to orient the etalon so that its optical axis is vertical 

and in line with the axis of the objective lens, the whole pressure 

cell must be moveable. This is acccaplished by havin.g the pressure 

cell rest on a platform which in turn rests on three screws that 

go through the base plate. 'l'hus the pressure cell and hence the 

etalon can be tilted. · The horizontal position is determined by 

three adjusting screws mounted on the platfoxm that touch the side 

of the pressure cell. 
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A- aluminum pressure vessel 

B- windows 

c- 0 rings 
D - cover plate 

E- steel plate holder 
F- Fabry- Perot plates ( 4" Oial 

G- I em. spacer (invar)(3) 
H- 114• steel ball 
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FIGURE 3.lb 

SCdle 

I - position screws ( 6) 
J - pres sure ring 

K- pressure rod (3} 
L- leaf spring (3) 

M- coil spring (3) 

N- pressure nut (3} 

0- poly styrenP support (3) 

P- pressure inlet 
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Mounted on the same platform as the pressure cell are the 

valves and orifice that regulate the pressure in the cell. The t

valves are electricjaJ.ly' operated so can be run autanatical.ly' by' 

the mercur.r manaaeter which makes contact at the highest and 

lowest pressures required controlling a relay which in turn 

controls the valves. 

The objective lens is mounted in the base plate to make sure 

its axis is parallel and concentric with the apparatus. The tube 

which acts as a light tight connector between the lens and the 

aperture and detector is screwed solidly to the base plate. The 

base plate is spring mounted on the dexion stand and also serves 

as one end of a light shield that surrounds the pressure cell. 

The whole apparatus 1 including electronics; is in the North 

Penthouse of the Physics BuUding. There was an 8 inch diaaeter 

hole cut in the roof with a cover so that a movable mirror can 

be placed on top to bring in the desired light. The distance 

between the instrument and the roof is 10 inches and it is about 

one inch off the floor • 

.3.2 The Etalon 

The Fabr.y-Perot plates had been obtained before the author 

.undertook the project as they must be ordered about a year in 

advance of when they are required. The plates are 4 inches in 

diameter, 0.91 inches thick, and lfhen they were received had a 

semi-reflecting aluminum coating on their flat surfaces. ShortlY 
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after, they were coated with a nine layer zinc sultide and cryolite 

dielectric for testing purposes as ~ be discussed in Chapter IV. 

The plates aust be held in a fixed position with respect to 

each other, so that the adjacent faces are parallel and a given 

distance apart. There are JDallT va7s one could visualise spacing 

them but the simplest method seem.s to be satisfactory, that is, to 

put a spacer between them and hold them against it. 

How, the orientation of the plates must be considered. If 

there is going to be much auxiliary equipaent such as pri8Dl or 

grating monochromator& precefjfding the Fabry-Perot, then perhaps 

there ma.y be reason for standing the plates on edge so the optical 

axis would be horizontal. Since the primary purpose of the instru

ment is to look at the sky, it is easiest to get the required 

light in if it is mounted vertically. 

The plates £re resting one above the other with the spacer 

in between and because they are horizontal there is no pressure 

required to hold them. in}.place. There are positioning screws in 

the etalon which prevent the plates fr01111 sliding around when lift

iq them. out of the instrmaent but they apply no forces on the 

plate as the7 are just touching. 

The spacer is second in order of importance only to the quartz 
,:;;>' 

plates themselves. This is so because if the plates are not 

parallel it is useless to have good quality plates. The spacer is 

usuall.y made of either quartz or 1nvar because of their low 
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f 
coel,ilcient of expansion. Since quartz spacers are expensive to 

bUT, and it is difficult to know in advance what spacing will be 

required, it seemed wo3hwhUe to make a simple spacer using invar. 

A suitable spacing distance t, had to be determined. The 

plates had not yet been tested, as a spacer is required tor testing, 

so two values tor Be, the finesse of the etalon, were chosen, 25 

and 50. Since the auroral green line ( 5 577 A) was going to be the 

first thing studied, the instrumental half-width would have to be 

the same order of magnitude or narrower than the half-width of the 

green line which is approxim.ateJ.T .05 CDl·/ • Two values were 
e ~I 

assumed for the half-widthl\of the etalon function ;, namely", .05 em 

-I and .01 era • 

From the theoey we have~q; .L J e= ~ which defines t :r _j_ • 
2-t AI£ 2eNc 

The values of t and~r using the various ecabinations ot e and N£ 

given in Table .3 .1 allow us to chose a spacing for the plates. 

TABI..E .3.1 

l's:,. e( em·') t(cm.) ~r (cai1) 

25 .os 0.4 1.25 

25 .01 2.0 0.25 

50 .05 0.2 2.5 

50 .01 1.0 o.s 
The value t = 1 em was chosen because it seemed to give 

-I 
enough distance between orders ,.or-0. 5 em , and e would probabl.J" 

lie between .01 and .02 for Nl! being 50 and 25 respectively which 
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should give enough resolution. 

It is not feasible to make a spacer so accurate that once 

CrOUBd to the proper length it would keep the plates in adjustment 

and give the same results if removed and then replaced. There is 

obviously" need tor sc:ae means of adjusting the plates once thq 

are ass•bled with the spacer between them. This is done by having 

only three B1ll&ll points of contact where the plate touches the 

spacer. Pressure on the top plate above the point of contact 

com.presses the spacer slightly' allowing adjustments to the para.l-

lelism to be made. The pairs of contact points where the projec

tions on the spacer touch the upper and lower plates, are spaced 
t1 

120 apart and each pair is parallel to the optical axis of the 

plates. In other words, one is directly above the other. 

The spacer that was designed and made is shown in Figure 3.2. 

Meissner (1941) states that an area of contact of 1 to 1.5 mm 

square is satisfactor,y for the d~ensions of the projections. The 

onl.T invar on hand was i inch diameter tubing with 1/16 inch wall 

thickness. The fact that it was thick walled tubing made it 

possible to mount it off center in a lathe so that a projection 

.05 inches in diameter could be turned out. This gives an area of 

1.27 square mm which would agree with that given above. The 

length of the projection was calculated using Young's modulus. ~ 

ass\lJD.ing ! pound 4re a reasonable force to app}Jr to cc:apress the 

spacer one half wavelength of sodium light (one order), the length 
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of the projection becomes 0.05 inches. The plates weigh over a 

pound each themselves, which means they should be in good contact. 

tlence the adjustment will be smooth. Each spacer had a slot 

milled in it perpendicular to the center line of the projections 

so that they could be soldered in a brass ring w1 th a separation 
tl 

of 120 • Brass was used because it was avaUable, and the spacer 

was designed so that if there was a.rq change in dimension in the 

brass due to temperature it could be hardly transmitted to the 

actual spacing distance between the projections. The whole etalon 

being inside a temperature controlled cell further ensures the 

stabUity of the spacing distance. 

There are two schools of thought on how spacers should be 

ground. One is that the spacer should be optically flat at the 

surface of contact as described b,y Meissner (1941) and the other 

is that the projections should be rounded as for examPle Wright 

and Curtis (1931). It was first attempted to grind the spacers 

flat. This was done by grinding one projection on plate glass 

'WhUe the other two rode on oU also on the plate. They- were 

rough groUJld untU they were the same length as tar as could be 

aseertained with a micrometer. A more accurate measurement or the 

relative lengths of the three spacers is done by putting the 

plates and spacer in the holder and counting the change in order 

of the Fabry-Perot rings as the eye is moved from. one spacer to 

the other. U for example when moving from. spacer number 1 to 



- 35 -

number 2, the Fabry-Perot rings grow in diameter and four rings 

appear, and when moving from l to 3 two new rings appear, then 

number 2 is four orders {1.2 microns) high, and number .3 is two 

orders (0.6 microns) high, with respect to number 1. This is the 

wa.y the spacer appeared When tried the first t~e after rough 

grinding which means it is easy to get fringes to appear when the 

spacer is made while checking carefully with a micrometer. When, 

however, the spacers were to be ground more closely it was verr 

difficult to get reproducible results. When using quartz spacers 

as described by Meissner (1941.) they are ground optieal.ly flat and 

tested b,y looking at the localized fringes where the spacer contacts 

the plate. Invar does not polish as nicely as quartz and fringes 

could not be seen to ~e sure they were 1n good contact with the 

plates. Thus in an ordinary roan where dust invariably settles on 

the plates and spacer, and hence changes the spacing, it is diffi

cult to get reproducible results. If rounded projections were 

used it would seem the chance of getting good contact with the 

plates would be much greater. 

When it was realized that grinding by hand with fine grinding 

compound to get a nice finish was too slow, a small polisher was 

made out of an old timing motor. Crocus cloth mounted on a cork 

disc worked quickly yet left a smooth finish. The spacer was 

moved around when polishing so as to get a rounded surface. It 

was possible to remove about one order from the spacer when 

polished for one second on each end. The end result was that the 
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three spacers were the same length to less than one order (about 

0.3 microns). This last bit is easily adjustable b,y light spring 

pressure on the plates as discussed in the next section on the 

holder and complete etalon. 

The spacers have been ver.y satisfactor.r since the etalon will 

stay 1n adjustment for a week (it has never been given a chance to 

go longer) when in the temperature controlled cell. 

The etalon, Figure 3 • .3, was designed with spacers up to 4 ca 
WI 

in mind. All that has to be done to accompdate a new spacer is to 

make a different set of pressure rods and perhaps new positioning 

screws. Another thing that helped to determine the size of the 

holder was the fact that since the refractive index method of 

scanning is being used it is necessar.r to allow space_.· for the 

gas to flow between the plates. J. minimum distance of 1 inch 

between parts through which the gas must flow was imposed to keep 

turbulence and pressure gradients to a min~. 

The bottom plate is in solid contact with the three ball 

bearings which sit in conical recesses in the bottom of the holder. 

The positioning screws do not support it at all. What must be 

done then to adjust the parallelism of the plates is to compress 

one or two of the spacers slightly. The force is applied bym.eans 

of the adjusting nut which compresses the coll spring. The coil 

spring can be replaced by one stiffer or weaker depending upon how 

much force is required for adjusting. The leaf spring acts as a 
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FIGURE 3.3 

See Also FIGURE 3.lb 
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lever to transmit the force to the pressure rod. It is verr 

important to have the ball bearings, the spacers and the pressure 

rods all in line so no torques on the plates are developed which 

would twist the plate as well as cspress the spacer. Hence the 

pressure ring aligns the pressure rods so that the force is in the 

required place. Since the bottom plate is very steat\yj the force 

is transmitted from the pressure ring through the top plate to the 

spacer which is compressed the desired amount, bringing the plates 

in adjustment. 

The holder was machined tram a bar of 1.3% nickel steel 

(SPS - 245 similar to SAE - 3140). This steel is in a state which 

should hold creep to a minimum.. It was rough turned to 1/16 inch 

oversize in all dimensions and then stress relieved in an electric 

oven. (l) After cooling it was turned dolft'l to the required size 

taking small outs so that it would still be in a stress relieved 

state. 

An accessory that had to be m.ade to ensure safe handling of 

the plates was the plate carrier shown in Figure 3.4. This has 

three stainless steel legs that can be rotated and locked in two 

positions b,y means of the long nuts which are threaded to the legs. 

(l) The turning was done by J. Roney in the shop of the 
Department of Mechanical Engineering, U of s. It was stress 
relieved for 4 hours at 350 ° C, and cooled overnight 1n an oven 
supplied by Dr. R. L. Eager of the Chemistry Department, U of s. 
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This permits the feet to be positioned up,der a plate making it 

possible to lift it. When the plates have to be cleaned.~ in order 

to coat them with dielectric multilayers, they have to be handled 

a great deal and immersed in acids (nitric for removing the 

dielectric) and bases (sodium hydroxide tor removing aluminum) as 

well as soapy water and alcohol. Stainless steel seemed to be 

the proper material for the legs, and rather than tr:r to glue 

saae soft material that could stand the rougb treatment onto the 

feet, they were carefully polished smooth, and round so they couJ.d 

not scratch the plates. The reason the feet have to be thin is 

because the distance between the brass ring of the 1-em. spacer 

and the plate is about 1/8 of an inch making it even more difficult 

to find a suitable soft covering. 

The assembly of the etalon is done 1n the following manner. 

The ball bearings are put in their conical holes. The bottom 

plate is carefully lowered in with the plate carrier which is then 

removed and the plate positioned with the three positioning screws. 

The spacer is lowered in with wire hooks and positioned. The top 

plate is then lowered in with the carrier. It is advisable to 

cheek the adjustment at this point because if there is aqy dust 

under the spacer, the top plate and then the spacer if necessary 

can be easil7 removed. To be adjusted easily the spacers should 

be wtthin one order of each other. If they are not quite, this 

can be remedied by moving the appropriate spacers onto the 
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dielectric from the clear spot. In this manner very close adjust-

ment can be realized before apply'ing an;y pressure. The reason 

that one spacer can be moved onto the dielectric and not the others 

is that the clear spots caused b,y the holders that hold the plates 

0 
in the evaporating chamber are not exactly 120 apart. One must 

always remember to make sure that the spacer is directly above 

the ball bearing. There is now another reason for having a round 

spacer rather than opticallr flat at the contact point because 

flat ones would not be contacting the plate as they should if they 

were part way up the dielectric. The pressure ring is then lowered 

in with the rounded spots over the spacers. The lea£ springs are 

put on and then a heavy handle 'Which fits over the adjusting studs 

is put on using the adjusting screws. This allows the etalon to 

be carefully lowered into the pressure cell. The handle is raoved 

and the coil springs, adjusting nuts and finally the pressure rods 

are put in place. 

3.3 Pressure Cell and Temperature Controller 

The purpose of the pressure cell is to support the etalon, 

to allow a change in pressure of the gas surrounding the plates 

to be made, and to provide a temperature controlled enviromnent 

for the etalon. Because of its large size as shown by Figure .3.5 

and the need for good heat conduction, cast alum.inum was used. 

A mininnna clearance of 1 inch between the etalon and the cell 

was adhered to in order to make roam !or the free passage of gas 



t • 
7 2 

- 42 - . 

t-------- 9"-t----- - ------t 

II I 
t----+--- - 7 --- -----1 

110 11 Ring grooves 

FIGURE 3·5 
See Also 

FIGURES 3·1 a 3 ·12 



- 43 -

in the cell. The etalon rests upon three lucite blocks that keep 

it on center but do not permit much heat conduction. There is 

thus no metallic contact tram the cell to the etalon. This is 

desired so that the temperature variations of the cell will be 

reduced in mapitude in the etalon. The lid rests upon a rubber 

gasket and is held down with 12 wing-nuts on 3/8 inch studs that 

are threaded into the casting. Coarse thread studs were used. 

throughout 'When threaded. into the aluminum because the al'Uilina 

does not wear well. 

The lid, made of i inch steel plate, has a 4 inch diameter 

hole in the center tor the light to pass through and is machined. 

tor an •o• ring so that a window JI1&T be sealed to it. The bottODl 

ot the casting has a similar •o• ring groove cut in it tor the 

lower window. The •o• ring grooves are cut so that when the •on 

ring is c0111pressed properl7 the glass window will be 1/16 inch 

from the metal, which makes it possible to get the proper compres

sion without clamping the glass to the metal. There is another 

•o• ring but no 11011 ring groove under the retainer ring to cushion 

the glass. The force is applied b.y the 3/8 inch steel retainer 

ring which is the same both top and bottom.. There are 12 t inch 

coarse thread studs in the alumin\Uil in the bottom to hold. the 

retainer ring, and .ft inch fine thread bolt~ threaded into the 

steel cover plate, with copper washers underneath the heads for 

a vaeuua seal, to hold the retainer ring at the top. 
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The windows were made from standard i inch plate glass and 

are 5 inches in diameter. From information obtained from Libby 

Owens Ford Glass Compaqy the modulus of rupture of plate glass is 

6,500 psi. Corning gives the modulus of rupture for wrex as 

10,000 psi. 
:l 

The for.mula P 3•3 M t 
s AS was used (fraa LibbT Owens Ford) 

'Nhere P == pressure is psi, M -::: modulus of rupture, t = thickness, 

A , area and S = safety factor. Assuming P ~ 14.7 psi, M = 6,500, 
2 

t =~inch and A= ~ square inches, this gives S ~ 5.7. This 
4-

satety factor is ha~ large enough. Libb,y Owens Ford suggest a 

value between 5 and. 10. If 3/8 inch glass were used then S = 12.6 

whieh is better, so if the cell were to be used at pressures up 

to one atmosphere as a regular thing, 3/8 inches thick would be 

best. However, using high resolution it is onl.y neeessar;y to go 

over at most 10 am. Hg which is a reasonable pressure range. 

The cell was bored and. tapped for 3/8 ineh pipe thread. so 

that a 3/8 inch pipe to i inch refrigeration fitting could be 

used to bring in the gas. The complete pressure cell was tested. 

under water and was foUD.d to leak like a sei ve. The air was 

going through the one inch tlaick alUilinum casting. The inside 

of the casting was painted using glyptol and then put under 

pressure to force the paint into the holes and also see where the 

holes were. This vas dried using a heat lamp and repeated. enough 

times so that nearl;r all the holes were filled. .The apparatus 
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holds the pressure well enough nov. The outside was also painted 

with clear airplane dope as a safety measure and as insulation tor 

the windings. The complete assembly was tested at 30 psi. 

A :mechanism that would allow the instrwnent to be adjusted 

tram outside the pressure cell was considered but rejected as 

unnecessary with the one centimeter spacers as they stay in good 

adjustment. Later however, when testing at lov order it was 

found ~possible to remove the lid, adjust it, and then put the 

lid back without affecting the adjustment. It was necessary to 

design a mechanism that could be used to turn the adjusting nuts 

from the outside. 

Figure 3. 6 shows the modifications carried out. The adjust

ing nuts were replaced b,y larger ones that had slots in which the 

fork of the adjusting rod fit. These slots were made extra large 

so that once the adjustment is made the forks can be turned such 

that they do not touch the etalon. The ; inch diameter steel 

adjusting rods have an •o• ring groove cut in them that seals in 

the ; inch diameter reamed hole in the i inch thick lid. The 

nuts on top are removable so that when the pin above the lid is 

removed the whole rod can be pulled out. These outside adjusters 

are very useful and are valuable even when using the one centi

meter spacers, as the adjustment can be made more exactl7 when 

the lid is bolted down and no more jarring will take place. The 

sheet aluminum. box surrounding the cell has a hole in the top 
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large enough so that the adjusters can be reached when the whole 

instrument is assembled. There are no leaks that could be detec-

ted from. the 11011 ring seals in the adjusters so they appear verr 

satisfactorr. 

The apparatus had to be temperature controlled, especially 

when the original idea was to have it outdoors. The pressure cell 

was wound with four separate eoUs of wire so that they could be 

hooked up in different combinations from parallel which gives 413 

watts, to series lrlhich gives 26 watts. Nichrane wire having 

resistance of 1.3 ohms/foot was used and when operated on 110 V 

A C vas drawing nearly one amp of current per coil. For detecting 

the temperature the pressure cell was wrapped with Balco Resistance 

Wire which is 23.6 ohms/foot. 1,000 ohms were required making 18 

turns which were split up into three separate coils. The tempera-

ture sensing coUs were wrapped close to the heating coils to 

minimize the overshoot caused by slow heat travel. 

The temperature control seems to be good as the heating 

current is turned on and off every four minutes or less, when 

operating at 26 watts in a heated roan with the instrument 15 

h 
degrees Es,renheit above room temperature. The important thing 

however, is that the plates stay in adjustment. 

The electronics are built around a Honeywell Moduflow control 

unit. This was used as shown in Figure 3. 'J. The terminals 

indicated as being in Moduflow are in the control unit which is 
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mounted on the back of the control panel. There is a main power 

switch together with pilot light, a red light (to indicate when 

the heating current is on), and temperature control rheostat 

mounted on the front of the control panel. An 8 terminal Jones 

plug and 8 wire cable is shared with the pressure regulator, 

described in the next section, vhich goes tol:the main terminal 

block mounted on the back of the base plate of the instrument. 

Another te~inal block is provided for connecting the heaters in 

the desired configuration to get the proper wattage. 

3.4 Pressure B,ystem and Scanning 

In a spectrometer one would like a linear change of wavelength 

with time so that the chart recorder, which runs linear with tiae, 

could be eas~ calibrated. It was shown in the theor,y that re-

fraeti ve index scanning would be desirable when working at high 

order, so we shall be concerned only with this method. 

Differentiating m. # = 2 n crt keeping the order m,and the 

plate separation t constant, gives dcr ~- ~~~. Since both q- >:> drr 
(/"" 11 

(cr= 17,900 and dfr =. 1) and n .>) d n (n= 1.0011 and d n ~ .0007) 

when scanning over a few orders, to a very good approximation, 

d cr = a d n where a = constant. 

For constant temperature ra - l = b p where b :. constant and 

p = pressure, thus d n ~ + b d p. Combining w1 th the above gives 

d ~ = constant "X d p. Thus what is required to give a linear 

change in a with time is a linear change in pressure with time. 
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There are JD&Il1" different methods for obtaining a linear Yar

iation in pressure. Jmaeff (1959) describes a few methods based on 

serYaD.eehanias. These are sound in principle but are quite can-

plica ted.. A simpler method suggested by Bank (1954) was tried. 

This depends upon having high speed flow of gas through a small 

orifice. Rank found that the mass of gas flowing through a amall 

orifice, if at sonic velocities, is nearlT constan~ and independent 

of back pressure in the cy-linder to which it flows. If there is 

.B.1 r1 f_T constant mass flow to a vessel of volume V, then p = M 
11 

and dp = ~ 

if T is a constant. Thus if1J: =constant, then j7 :.constant. 

The orifices were made by letting wrex capillary tubing 

contract wb.Ue heating a small length to the softening point. This 

aethod is ve1'7 satisfactory and fine orifices can be made easily, 

except a few had to be made before getting one the desired size. 

The cross section of a good tube would be similar to Figure ,3.8. 

~----------~--------------~ 
FIGURE 3.8 

A ty-pical example is a tube with inside diameter of orifice 

0.22 DDD. (II 7 tube). With this tube in the apparatus r:r changes 

by one wavenumber in 12 seconds. Tube II 5 with inside diameter 

about 0.1 mm changes <:1'" one wavenUIIlber in about 60 seconds. The 

ratio of the area is about 5 and the ratio of their speecls also 

about 5. The reason for the approximate nature of the diameter is 

because they were measured by" looking down the tube with a long 
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focus microscope and the exact minimum diameter was not assured 

since same of the fine orifices are sligbtl7 curved. The length 

of orifice may also be ~portant as same tubes that have a gradual 

slope to a small constriction do not seem to be as linear as the 

ones with quick change to a small constriction. 

The tubes were tested using air for the high pressure and 
p 

discharged into a vessel equi~d with a manometer. They were 

thought to be satisfactor.r but much better tests were possible 

once the apparatus was ass•bled. A graph cd~:order against time 

is shown in Figure 3. 9. This graph was made using the results 

obtained when running over a large pressure range at higb order 

which goes through a large number of orders. 

Since m.: 2 n t r the change in the order m.should be 

linear with n and hence with time. The change in order over the 

scan is found easily because the line used was monochromatic 

(Kr 5570 A) and the peaks denote the orders. The top curve which 

is the actual measured values of order against time is ver.r 

straight for the first 24 orders which corresponds to an absolute 

pressure change in the vessel from. 0 to 58 em Hg. The other 

( -&i-) curve is plotted using the formula 111 c: b 1 - e 'Which is 

the curve obtained ~en a vessel of constant pressure is flowing 

into a vessel of constant volume through a theoretical sub-sonic 

orifice that has the same initial slope for order plotted against 

time and the same pressure on the high side. The actual curTe is 



- t:;? -



- 53 -

much more linear than the theoretical and indicates that sonic or 

near sonic flow is achieved. When operating over a small region 

of a few orders as is usually done it is easily seen that it will 

be very linear. 

It was found in the preliminary tests with air that a pressure 

of 60 psi or more would be required to get linear flow. A curve 

of rate of change of pressure in the vessel at atmospheric was 

plotted against high pressure to the orifice and found to be 

linear frCID. 10 psi to 60 psi, the rate of change of pressure 

increasing four times over this pressure range. This means the 

high pressure must be constant to get constant mass flow. 

University compressed air line pressure was found to var,y 

from 60 to 80 psi and was also quite dirty so was not considered 

"be7ond the testing stage. Another source of high pressure gas is 

bottled gases. It they are liquif'ied and have the proper vapour 

pressure at roam temperature ~ kind of regulating can be dispensed 

with since the only changes in pressure are due to temperature, 

which are relatively slow. An important advantage of using a gas 

other than air is that its refractive index n, may be larger. 

This means that since d t:r = Constant X d n and d n = Constant d. p, 

the pressure change for a given d ~ can be less using a higher 

refractive index. The International Critical Tables give some 

indices of refraction and others can be calculated appraximat~ 

using a form of the Claus1us-Mosott1 formula as given by 
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Glasstone (1940) [R):: ~·-/)fit 
• 11-&+2) 1 'Where R is determined for 

each gas qy consideration of the components and bonds in the 

molecule. M is the molecular weight and/' the density. For a 

4 
perfect gasT is a constant, 2.24 X 10 em /p and the formula 

can be written n :t = 1 + 3 R • Let us take tor example Freon-12 
~t;J-1< 

(difluarodichloramethaneJ. The R value tor C:Cl is 6.57 and C:F is 

1.60, thus the total R is 2 X 6.57 r 2 X 1.60 which gives 16.34. 

This value ot R gives n = 1.0011 Which means if one used Freon-12 

instead of air (n = 1.00028) it should be possible to. scan through 

about four tiaes the wavelength interval using the same pressure 

range. 

Freon-12 was chosen because it has a Tapor pressure at room 

teaperature of about 70 psi, and is available comm.ercial.ly in a 

pure form since it is used in refrigeration. If one tries to get 

a higher index of refraction the vapor pressure is usuall1 less 

so Freon-12 seems to be a happy choice. Propane or Butane would 

also be useful, having the pressure and refractive index 11im.ilar 

to Freon-12, but they are not locally available in a pure form. 

The way in which the gas pressure is utilized is to let in 

same gas through the orifice until the desired pressure is reached, 

bring down to atll.ospheric (or vacuum if a larser range is required) 

and then repeat. The graph of pressure against time should be a 

sawtooth function with a slow linear rise and a fast drop. The 

final torm of the gas handling system is shown in Figure 3.10. 
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The high pressure is brought to the inlet valve with ! inch 

copper tubing. When a scan is required the valve is opened 

electrically and the gas flows through the orifice raising the 

pressure and the mercury in the manometer until the desired 

pressure is reached. There is a contact (a) in the m.ercur.r 

column that operates a relay to open the outlet valve and close 

the inlet valve when the mercury touches it (see Figure 3.11). 

The valves stay 1n this position until the mercur.r .falls below 

another contact (b) which then operates the relay to open the 

inlet and close the outlet valve. This keeps repeating until the 

mai+witch is opened. WheneYer the switch is closed the system 

is in the pressure rising state since the other state is realised 

only when the mercury touches the top contact. The system works 

well, except, the mercur.r gets dirty from sparking. If a lower 

voltage and a more sensitive relay were used or one stage of 

electronics, it would probablT be more satisfactor,y. Another 
,... 

!novation that might be useful would be a sy-stem such that it 

takes a pulse from a push but ton to open the high pressure valve, 

then the aystem. would go through one cycle and wait. to be started 

again. This would be useful for long seans. 

All the fittings and tubing for the apparatus are standard 

refrigeration ! and i inch flare fittings modified to take •o• 
rings as described b.f Hodder (1958). These fittings ~en modified 

o~ require hand tignteniag and are ver,y satiafactor.r for this 



- 57 -

application where the pressure does not exceed 100 psi or get 

less than a few DJDL Hg. When it is required to sean over a larger 

wavelength interval than is possible using pressure onl.3, a vacuum 

pump can be connected to the discharge line and a larger manometer 

used. In this way it is possible to scan over about 140 cm Hg 

corresponding to 88 orders at one centimeter spacing which is 

34.4 em-' or 10.6 A at 5570 A. Ot course this means that it can 

scan over 10.6 A at aqy plate separation as is explained in 

Chapter II. 

3.5 Objective Lens and Aperture 

The objective lens is required to focus the Fabry-Perot 

fringes, which are at infinity, onto the focal plane where the 

aperture is located.. 

Let the :minimum diameter of aperture used be 1/8 inch (about 

3.2 mm) since if it were much smaller there might be troublec.··· in 

aligning the instrument and edge effects could become important. 

If one centimeter is assumed for the spacing between the plates 

then .Jtlfr =- 0.5 em/ :: 500 mk. A finesse of the aperture can be 

defined. as BF :: ~ where t is the width of the rectangular 
f 

aperture function. This is not a true finesse, since t is a 

constant depending on the angle Q subtended. b;y the aperture at 

the objeatiTe lens, by f=<£..!Z"- as is shown in Chapter II, but it 

2 ~-~ is a useful concept ~en the plate sp~ng is not being changed. 

Since the line to be studied will be around 50 mk wide a reasonable 
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halt-width t, of the aperture function would be 25 mk which givea 

M ,:- ::: 20. HaviDg said that the diameter d of the aperture is 

1/8 inch and t-= 25 mk, we have defined the focal length F of the 

lens. Using f :: JZ:...!Z.' and e =- d , we obtain F = d ,-;;:-= 96 em. z 2F z12t. 
T.he lens purChased was a coated achromatic telescope objective 

with diameter 4 5/16 inches and measured focal length 105.8 •· 

The aperture (or exploratory diaphragm. as 1 t is saetiJBes 

called) is at the focal plane or the lens and is adjusted in size 

b7 removing and replacing it with the required one. Three 

apertures were made, with ~ inch, 3/16 inch and l/8 inch diameter 

reamed holes so that t can be found accurate]Jr. The values of t, 

9 and N;- are given in the Table ,3.2 below for the lens described 

and spacing t = 0. 9949 em. 

TABLE 3.2 

Aperture (in) e (radians) f (mk) HF 

1/4 3.0 X 10-1 80.8 6.22 

.3/16 2.25 X 10- 1 
50.5 9.95 

1/8 
... 1 

24.85 1.50 X 10 20.2 

The lens need not have a large clear field as would be necessary 

it photographing the rings, since only' near axial rqs are used, 

the angle B tor the # inch aperture being ttrlb" 0.17 degrees. 

The platform which holds the aperture, Fis-re 3wl2, can be 
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moVed horizontally in two directions at rigbt angles to each other 
is 

by means of screws. ThisAnecessaey to make sure the center of the 

fringe pattern falls on the center of the aperture. The coarse 

adjustment as mentioned before is made b7 tUting the etalon which 

is done bT tilting the whole pressure chamber. This leaves only 

very amall adjustments to be made at the aperture. The whole 

platform is removable and can be replaced in the same position 

becaue it is on a 3 point kinematic mount • 

.3.6 The Detector and Electronics 

The detector lens Should gather all the light that goes 

through the etalon and aperture and focus it onto the cathode of 

the photc:multiplier tube. If the image of the plates, formed by 

the objective lens, is focused onto the cathode of the photo-

multiplier qy the detector lens, then all of the light that goes 

through the plates in the solid angle subtended b,y the detector 

lens from the plates will go to the cathode. Then all that is 

required is that the lens be large enoU&h to include all the light 

that goes through the aperture and have a focal length such that 

the ~ge of the plates on the cathode is of the required size. 

A detector including lens, E.M.I. 9502 A photomultiplier tube 

in an insulated box, along with the refrigeration unit and pre

amplifier was loaned by Dr. D.M. Bunten of the Peysics Department, 

U. ot S. The detector lens is not the proper one to make an image 

ot the plates fill the cathode, since its toeal length is too 
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short, but it does not lose aD7 light. The detector seems to be 

ver,y satisfaetor,y. 

The preamplifier is essentially that described b,y Hunten (1953). 

The output stage is a OSN7 twin-triode connected in parallel as a 

cathode follower. There is a tiJae constant feeding the 6SH7 to 

reduce noise and an attenuator to feed the Varian Recorder. 

The Varian G-10 chart Recorder has a sensitivity of 10 
,.,.,;,.,uf~ 

millivolts fULl scale, and two chart speeds, 2 inches/seef:Hl4 and 
H1/nC<I-t! 

l2 inches/.aeeOftd. The output stage, the time constant, zero 

adjust and output attenuator are m.omted on the co11trol pu.el. 

The 300 plus and minus is supplied by a PhUbrick R-lOOB D.C. 

power suppJJ and the negative high voltage by' a John fiuke 402 K 

high voltage supply that is variable from 500 to 1,500 volts. 

3.7 General Mounting 

The apparatus stands Yertical. because the plates are hori-

zontal. The Korth penthouse being only' 76 iaches from tleor to 

roof is almost id.eal as the overall height of the apparatus is 65 

inches so this leaves roca for one inch at the bottom and ten 

inches at the top. {See Figure 3.1#). This allows one to get his 

head aboTe the apparatus to adjust the etalon and ;yet is not so 

tar tram the roof that it requires a long light shield and large 

hole to briDg in the light. The hole in the roof is 8 inches in 

diameter and is :fitted with a galvanized chilmey and cover. 

As mentioned before, everything is m.ounted fraa the base 
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plate which is * inch thick aluminum.. The square tube that holds 

the aperture and detector is made of 1/8 inch thick aluminum with 

t inch brass in the corners, since it must be quite rigid to 

hold the aperture steady' with respect to the etalon. The box 

surrounding the pressure cell is made from aluminum sheet, and 

the top and two sides are easi.J3 removable. 

The idea behind the mounting was to have the 'Whole instrument 

as separate from the building as possible to cut out vibrations 

which can be seen lllhen transmitted to the etalon. This is 

especially ~rtant because of the board floor of the penthouse 

which is not as solid as the rest of the bullding. The whole 

apparatus then is hung from the base plate which in turn rests on 

four damped coil springs (Barry Mounts) which are resting on the 

ciexion cross bars. Thus the instrument does not touch the build.-

ing except through the springs ~d the copper tubes that are for 

the pressure system, but as these tubes are t inch and quite l011g 

they are not capable of transmitting much force. Dexion was used 

for the supporti:ng stand because of its ease of handling and its 

strength. It does not need to be solid as the apparatus is on 

springs ~. A ver.r useful thing about dexion is that if a 

new detector of a different length were put on, the cross bars 

could be easily raised or lowered thus makiJ18 it e&87 for the ,.. 
apparatus to acc~te it. A mirror with geared sights on it 

D 
was made to look at &117 aurora up to about 45 , which is set on 
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the roof ~en observing. 

The control and power supp11es are rack mo'Ul'lted .close to the 

instrument with two eight wire cables leading to it, one for the 

heating and pressure controls and the other for the preamplifier. 

The Varian Recorder is on a shelf of the rack mounting at a 

convenient height. The refrigerator is behind the apparatus 

close to the detector. 



- 65-

D THE BEAL ETALON 

4.1 Introduction 

It was noted in the theory that the recorded function Y can 

be broken dowa into the source function B, and the instrlllental 

profUe W. Thus to get B from Y, W must be known, and sinee 

W = A+ D .f. F it C&l'1 be studied by stuQ-ing A., D and F. · The 

detector function F is rectangular and eas~ determined so that 

leaves A, the Airy function and D the defect function. The Airy 

function and. detect function make up the etalon function E. 

The method used to atud1' E and D was that described b.f 

Chabbal (1958). The instnment is operated at low order; (1) 

that is t is small and hence ~ tr is large. This is done to 

make all half-widths in Y::: B *'f. A.~ D ~F negligible cepared to 

A and D. The halt-widths may be estimated as followe. For a 

spacing of t == 0 • .3 liDl, 4!lfT.: l/2t ~ 16.67 cm-1 • For nine-layer 

coatings NR = 180 and so a = 92.7 mk. Using a 1/8 inch aperture 

f ::r 20.2 mk and for the krypton b :: 50 mk. Thus if ND = .30, 

d .=- 555 mk which is much larger than all the other halt-widths, 

which are negligible except for a. Two methods were ued to 

study the etalon function and defect function and ther are 

(1) The 0 • .3 mm quartz spacers were made by E.C. Turgeon 
ao also gave assistance while taking results at low order. 
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discussed in Sections 4.3 and 4.4. 

4.2 Defect Function 

The defect function D is defined by dS.::: D d t:r where dS is 

the effective area at the spacing t • such that c:r 1 satisfies the 

equation a.: 2 n t • o-1 as discussed. in Chapter II. This c&l1 be 

derived tor a simple case so perhaps a better insight into D can 

be obtained if it is done here. 

The case of curvature of the plates is quite common so tor 

sim.plicit7 it will be assumed that one plate is spheri~ 

curved and the other is flat. Referring to Figure 4.1, dS is the 

surface el•ent of revolution given br 

dS = 2 7TR dt 1 

Differentiating 
I 

gives d cr• = 5!:. dt 1 

-t' 
which to a very good approximation is 

I 

dcr' .= o:::- dt' 

D· dS so by substitution D !":z1T Rt dt/ 
"""ild-' (/A c I 

Integrating over the ~ole sur~ee gives rs rjf'--f-
s == .J dS :;- 2 rr 11 dt • = 2 n R ~ t 

~:: 0 t-';(-!f 
"L 

Substituting for 217' R in D gives 

D= ~ tort-Jee t'z-&h. 
cr t:c z. ~ 

D is thus a constant over the ranae ~ t and hence is a rectangular 

function. The halt-width in terms of <r is d= _p: .(t. lienee D is 
~ 

gi van by D == -t-S for o, · - cr_ k Z. tr 1 < cr; · ~ a= dC and zero 
a-Jf: -c z -6- 4 
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everywhere else. It 1a eaail.T seen that S -= j D( IT' ) d cr' • 
cr'.: tJ 

The other common defect results from the roughness left 

after polishing. It is assumed that any curvature is small com-

pared to the roughness. A mean value of T is chosen and it is 

assumed that the roughness is equivalent to having a large number 

of etalons of spacing t• and elemental area dS with the spacing 

t' randanly distributed about the mean value t. A value of r ' 

is then associated with each spacing t • by using m 0 .. 2 n t' a-t • 

The defect function D defined always by dS: D( cr') d cr' is 

Gaussian in shape as might be expected. In the real etalon the 

defect function is a combination of curvatures (not necessarily 

spherical) and roughness. 

The plates thus have a topography which can be described in 

part by contour lines. These contours are lines of constant 

spacing t and can be found in the following manner. Collimated 

monochromatic light is passed through the plates as shown in 

Figure 4.2. This is s~ply done if the light source is placed 

below the aperture since the objective lens will collimate the 

light. The angle the l~ght makes with the axis of the plates is 

essentially zero and the wavenumber is known, hence the formula 

m0 = 2 n t• o' can be used. The only light that passes through 

the plates is in the areas Where the equation is satisfied, and 

hence for only a certain value of t•. The light ccming through 

the plates is allowed to fall on parchment paper or a photographic 
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plate which allows one to observe which areas are transmitting. 

The line between light and dark will denote a value of t and 

hence be a contour. In order to get more contours the refractive 

index is changed so that a different t is required to aatisf;r 

the equation. 

Four photographs were taken to observe the contours and are 

shown in Figure 4 • .3. The outside edge between light and dark 

was d.rawn for each photograph in Figure 4.4 and the contour 

heights compared to the first are given in Table 4.1. The minus 

signs indicate that the plates are concave. 

TABLE 4.1 

Curve Contour Contour 
Jiumber Height (Order /100) Height (Angstroms) 

l g 0 

2 -2.06 -60.6 

.3 -4.40 -1.30 

4 -7.35 -216 

If everything ( ~, b and f) was or negligible half -width 

compared to d, and if there was no roughness, the light area 

would only be a fine line showing the contour. However, since 

the other half-widths are not negligible, especial.l;r a, and 

there are polishing defects there is a broad area that transmits 



.Itt 
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#3 

FIGURE 4.3 
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FIGURE 4·4 

FIGURE 4·5 
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light • The mottled effect on this area is due to the larger 

polishing defects. Sodium light was used to observe the contours 

because of the high intensity- required. This accounts for the 

second light area appearing tn the fourth photograph since the 

two sodium lines happen to be close together at this spacing, 

t = O.)mm. The ! inch diaJneter aperture was used also because 

of the intensit;y of light required. If a fine line like krypton 

5570 A an.d the 1/8 inch aperture were used more detail would be 

visible. 

4.3 The Etalon Function 

The method used to observe the etalon function is to operate 

the instrument at low order. .A spacing of t = 0.3 mm was used 

and a 9 la;yer dielectric of sine sulfide and cryolite was used on 

the plates. As show.n in the introductioa, this gives tor 

A o- = 16.67 Clll-1, a = 92.7 mk, krypton b <50 mk and t ~ 20.2 mk. 

The graph aho'Wll iD Figure 4.6 is a t;ypical example of Y the 

recorded function when under these conditions. Utilizing Graphs 

V 4 and V 5 fran Chabbal1s (195.3) paper the contribution of the 

various half-widths to ;y can be ascertained. The finesae ot the 

recorded function Y is 33 so since 4 er:: 16.67 em-1, T = 505 mk. 

Y is almost exactlY a Gaussian function so this can be used when 

calculating half-widths. Using the graphs mentioned above and 

equation y :::: b{l}w, w becomes 503 mk as cca.pared with ;o; mk for 

y. The ama1l effect of b (50 mk) is easi]Jr seen. The detector 
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fun~tion F is so small ( f = 20.2 mk) that it ~n be neglected. 

Thus since B and F in Y = B Jl. E Jl. F can be neglected, it can be 

said to a good approximation that Y : E. d can be obtained from 

a~d-= e assuming a= 92.5 mk and becomes 447 mk, or ND = 37.4. 

The etalon function is thus easily obtained by' simply operating 

at low order, and running the instrument over a , large wavenlaber 

interval. 

4.4 The Effects of Adjustment 

All of the forgoing has assumed that the plates are in 

adjustment, without saying what best adjustment is. The adjust

ment is closly linked with the defect function. For example, if 

the plates are perfectly flat and parallel the defect function 

is a Dirac delta function with area equal to that of the plates. 

If however, the plates are put out of adjustment then the defect 

function beeoaes a rectangular function of the same area as 

before. The adjustment of the plates great]J affects the etalon 

function. A criterion for good adjustment could then be to make 

the etalon function as narrow as possible. The effect of bad 

adjustment can be seen by refering to Figures 4. 5 and 4. 7. 

Figure 4.5 shows the contours drawn on parcnment when the plates 

are not as well adjusted as when the photographs were taken for 

Figure 4.3. The contour heights are given in Table 4.2. There 

~ have been other effects such as poor temperature equilibrium 

since the etal.on must be in the temperature controlled cell for 
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a day to ensure good. equllibrium. 

TABLE 4.2 

Curve Contour Height Contoar Height 
Number (Order /100) (Angstroms) 

1 0 0 

2 - 2 • .35 - 69 

.3 - 4.12 -121 

4 - 5.59 -164 

5 - 7.05 -208 

6 - 8.52 -251 

7 -10.0 -294 

It can be seen from the contours that if the left hand side were 

raised the contours would become more circular. Thus, the wa:r 

in which to obtain the best adjustment is to make the illlmlinated 

area on the parebment the greatest when observing the defects. 

If a polythene film is used instead of parchment, both the Fabr.r-

Perot rings and the contours JII8Y' be seen which is a great aid in 

adjusting the plates. At high order the defects cannot be eas~ 

seen so the method used is to keep the Fabr,y-Perot rings the same 

diameter for moving the eye over the greatest area of the plates, 

rather than just at the spacers. 

For Figure 4. 7, which is the output Y, the plates were 
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purposef'ull1 put out of adjustment to see w.bat would happen to 

the etalon function. This was done when 7 layers were on the 

plates, so the central curve is when the plates are in adjustment. 

The next highest curve was made when one spacer was compressed 

0.042 orders. This was done by checking the diameter of the 

Fabey-Perot rings while in adjustment, changing the refractive 

index the required amount and bringing onl.y one spacer the same 

as it was before. A similar procedure was followed tor the 

lowest curve, the one spacer being compressed 0.091 orders. 

The results show that when put out of adjustment the etalon 

function tends to become rectangular -which gives a defect similar 

to curvature (Chabbal (1953)). It is also seen that there is no 

"' reason to expect the etalon function to be exactly ~etrical. 

The peak of the curve is of' course lowered because the defects 

just change the spectral distribution, not the total light :f'lux 

in one order. The two peaks cannot be explained, as unfortunately' 

the instrument was not put out of adjustment wen using nine 

layers where the defects are easily observable. However, it 

appears that when put out of adjustment the plates have the 

equivalent of two major areas slightly separated from each other 

so that first one trana.its and then the other. 

4.5. The Effects of Masking 

It can be seen from the contours of Figures 4.3 and 4.4 

that the plates a.re concave. It should then be possible to 
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narrow the et&l.on function by using a smaller area of the plates, 

since the defect function will be smaller. One day the output 

function appeared as shown b.y the outside curve of Figure 4.8. 

The bump on the front of the curve must be made by defects , 
/tit 

since the onl.T other function (Airy) is ~etrical. It should, 

by masking t~e correct part of the plates, be possible to make 

the bump disappear. The central one inch diameter of the plates 

was masked and the large solid curve of Figure 4.9 resulted, 

which has no bump on the leading edge. Next the plates were 

masked except for a one inch diameter hole at the center and the 

low solid curve of Figure 4.9 resulted. When these two are 

added together the,y should result in the curve obtained in Figure 

4.8 with no masking. The dotted curve in Figure 4. 9 is the 

result, not exactly the same as in Figure 4.8, but near~ so. 

It may be concluded that the hollow in the center of the plates 

caused the lump on the front of the recorded cUM"e. The same 

can be done to the back of the curve by masking out the outside 

edge of the plates. This was done and the back edge of the 

etalon function was reduced as would be expected. 

It a small portion of the plates is used the defects Should 

be caused by the roughness left atter poliShing, since the curv

ature should be small. A good portion of the plates was selected 

and a one half inch diameter hole lett, the rest of the plates 

being masked. The resulting curve , shown as the narrow one in 
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Figure 4.8, has a finesse NE ::: 53. Since t \~0.3 mm was used 

y ~ e = 315 mk. The Airy function can be taken off this in the 

manner used before by using e = a~d, and this leaves the defect 

function with a half-width of 254 mk and ND = 65.5. Thus the 

defects due to polishing are much less than the defects due to 

curvature. 

4. 6 Maximizing L X ! 

It was stated in the theory that the product of luminosity 

and resolution can be maximized by using the proper reflectivity 

to suit the value of the defect function. As dielectric multi-

layers are being used there are only step-wise changes in NR 

allowed. Using zinc sulfide and cryolite as the dielectric the 

finesses are given by Chabbal (1953) as 9 l~er - 180, 7 l~er -

60 and 5 layer - 23. The nine layer coatings on the plates, 

which were ·used for measuring defects and the first results are 

obviously too highly reflecting, since the defects are at best 

around ND = 35. For good L X.!! one should have NR ~ ND. The 

only spacer available at the present time is a 1 em spacer for 

high order, so it seemed reasonable to pick the reflectivity 

that would still give the required resolution at this spacing. 

It turns out that seven layers are satisfactory at a spacing of 

1 ern and better at 2 em or 3 em of course. However five l~ers 
a.,d 

are not satisfactory until a 3 em spacer is used a& there may be 

danger from overlapping at this spacing at this lower finesse. 
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The calculations were made assuming the auroral green line has a 

half-width of b = 60 mk and the ratio of b/r = o.s and b/y =- 0.9. 

The ratio b/y gives an idea of how closely' the recorded function 

will resemble the source. As b/y approaches 1, the recorded 

function approaches the source function and the luminosity re

ceived b.r the photamult1pl1er decreases. It was thought that 

b/r ;;:;. o.s was satisfacto17 and b/y = 0.9 would be valuable if' it 

could be attained. With seven l~ers it is possible to get 

b/y = o.s with 1 em spacer and b/y =- 0.9 with a 2 em spacer. 

The plates were vacuum evaporated with seven layers of zinc 

sulfide and magnesium fluoride. This combination was used in 

place of zinc sulfide and. cryolite because it is found when 

making interference filters the paaaband is larger when using 

magnesium fluoride in place of ceyolite, which indicates a 

aaller reflectivity. The resulting etalon function has half

width 816 mk and finesse of 20.2 and a tracing done at low order 

is shown in Figure 4.10. A Ge.uasian was plotted with the eame 

half-width and found to fit e.xeeptionall.y well except for the 

foot of the curve on the left side. It was not expected to be 

as Gaussian as the nine layer etalon function since the Airy 

function has a larger role. Assuming that the defects are 

Gaussian and combined with an Air.v function the value of a and 

5a can be found. Since a e> d '::: e and e ::. 816 mk, and assuming 

ID = 30 and 35, the values of a and HR become a = 456 mk, 
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•a =- .36.5 for lin = 30; and a == 520, HR =- 32 if Nn = 35. It 

would have been valuable it R could have been aeasured indepentl.T 

tor both the seven and nine layers to see how closely they come 

to the results given by ChabDal (1953). It thus appears that the 

value of .NR is about correct now, but since it is lower than 

NR = 60 for seven layers of zinc sulfide and cryolite it appears 

that perhaps t = 2 em, for high order, would. be better. 

The change in the Airy function when changing from. nine to 

seven l~ers can be further illustrated. The inside dotted 

curve in Figure 4.10 is the recorded function when the plates 

are masked except for the central one inch. It is seen that 

this curve is nearly the same size as that for the whole etalon 

which is in contrast to the two curves shown in Figure 4.S for 

nine layers. This means then that the Airy function is broad 

enough that very little gain in resolution is made by decreasing 

the area of the plates in contrast to the great gain in resolu

tion made by masking at nine layers. 

4. 7 The Instrumental Profile 

The instrumental profile W is of great importance since it 

must be known to obtain B from. I. In the following sections the 

etalon function has been studied and this is broadened by F, the 

detector function, to give W. It was found that the etalon 

function wnen in good adjustment was ver.r close to Gaussian tor 

both nine and seven layers on the plates. Thus it is easy to 
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calculate the value of w from fG> e = w utilizing the cunea V4 

and V5 br Chabbal (1953). If it is assumed for nine layers 

HE -= 35 and the 1 em spacer is used. e = 14.4 mk: and since 

t = 20.2 mk (1/8 inch aperture), w = 21.9. For seven layers it 

BE= 20 and 1 em spacer is used then e = 25.2 mk and f =- 20.2, 

w = 30.1. These and other values will be used in Chapter V. 

The instruaental profile W can also be obtained if a know.n 

spectrum is observed. A narrow aymetrical line such as the 

Mercur.y 198 green line is ver.r useful for this since its shape 

is known. Y = B ¥ W may be used as Y and B are lmown; thus W 

can be found b7 Fourier transforms. The half-width w from. 

y = b (i) w can also be obtained. This method is ver.r good since 

the instrument does not have to be altered in any way from 

observing the unknown spectrum to the known spectrum, except for 

perhaps changing a filter. 

The fact that the etalon function is very dependent upon 

the defects, including adjustment1 is very important. This m.ean.s 

of course that the instrumental profile is also dependent upon 

the defects and it JDaY' change in shape and even become asym

metrical as was seen when the etalon was not well adjusted. 

The result of this variability in the etalon function is 

that the resolution should be higher than would be necessary if 

the instrument had a constant stable etalon function. This can 

be overcome by making periodic records or the known line during 
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an evenings observation. However, if the instrumental half-width 

is narrow enough compared to the source it does not matter, within 

a certain limit of error, whether the instrwaental profile is 

rectangular, Gaussian, Airy or even a bit &S1'JIDB.etrical. 
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V RESULTS 

5.1 Introduction 

Most of the results were taken before the plates had been 

observed at low order. Thus there .as no idea of .nat the 

instrumental profile would be. A standard source Kr 5570A was 

used to obtain the instrumental profUe. There were good results 

obtained on May .31st, June .3rd and J\lil' 5th, 1960 with nine 

layers on the plates and sane more results using seven layers on 

July 12th and 13th, 1960. 

At the t~e of observation with nine layers on the plates, 

there was little hope of getting any results from aurora becauae 

of the low transmission. But since at that time there happened 

to be aurora the instrument was tried. When results were obtained 

it was suprising, even though auroral intensity of 1 to 2 was 

required. The results also shoved that the plates were satis

factor,y even before they had been observed at low order. 

In Chapter IV it is seen that the etalon function appeared 

to be Gaussian, for both the nine and seven lqer results. This 

fact was used for the calculations to follow. The proper method 

to use is to take Fourier transforms of the recorded function, 

when using the standard. source, and the transform of the standard 

source function to obtain the etalon function. This etalon 

function is then used on the auroral recorded function to obtain 

the auroral profile. This method vas not possible as the source 
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function Kr 5570 A was not known. The method used, then, was to 

consider only half-widths of the tmportant functions. 

A value of the half-width of the krypton line was found by' 

using the etalon function from Chapter IV. The assumptions made 

were that the best value of finesse Which the etalon can have is 
(e.: 14· i"""i) (e ::2. tJ-.z,..,~) 
3511for nine iayers and 20 ,tor seven layers, and that a record of 

the krypton was obtained with these values of NE. This record 

was found b.Y picktng the best value of Ny (the finesse of the 

recorded function Y) for the kr,ypton from all those obtained. 

From b (i) e (i) f :::: y, and using the curves V 4 and V 5 given 

by Chabbal (1953), a value of b (f;J e can be found from this best 

value for y, since f is lmown and b (l) e is Gaussian. Using 

b2 t e2 ::::: (b c±:)e)2, which is valid for Gaussian functions, and the 

value of e given above, ~· (for k:r:ypton) can be found. For nine 

layers the best result for NYk of kr.rpton was 11.9 giving 

Y'k == 42.7 mk. This gives a value for ~, the half-width of 

kr.fpton, of 37.5 mk. In the seven layer results the best value 

of NYk was ll.O with yk .::. 45.8 mk. The result for seven layers 

is bJ.t ::: 35.3 mk. These two values of bk were averaged and the 

value ~ = 36.0 mk was used for the following calculations. · 

There is now enough information to calculate a temperature 
tJf f'e 

for auroral records. The half-widthAetalon function, e, is 

required and can be found if a scan has been obtained using the 

krypton source. Usually the krypton recorded function Yk does 
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not change much frCII'l one set to the next so the mean value of 

Nyk for these two sets can be used for all the aurora between 

th•. From this HYk' yk is found which gives yk:: bkt) e(t)t. 

Since bk and f are known, e can be found. It is then assumed 

that this is the same e that is operating on the auroral profile. 

The finesse of the auroral recorded function Hya and y a are 

measured and the effect of t removed to give ~(t) e. Using the e 

obtained above, b4.1s known (since b2+- e2::: (b <V e)2 fer Gaussian 

functions). Once b is found a temperature can be easily calcu

lated from b = 7.16 X lo-7 <r -r:;; which simplifies to 

T = 9.76 X lo-2 qt, 'Where ba is given in millikaisers, for the 

auroral green line. 

5.2 Observations 

When observing 7 the instrument was allowed to scan over 

three or more orders per pressure change, or c.ycle, and the 

observation position was not changed during this time. If the 

curves looked similar it was assumed that the fluctuations in · 

intensity were not rapid enough to be harmful and these results 

were used. The finesses for the similar curves were averaged 

together and the result used as By~ A list of results is given 

in Table 5.1 in order of increasing temperature. A value for 

NYk that was used for the kz7pton and Hya for the aurora is 

given so that the temperatures can be recalculated if a better 

value of the half-width of krypton is found at a later date. 
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TABLE 5.1 

T °K Auroral Humber of •rk NY4 
Type Layers 

:.t 222 arc 9 7.20 6.45 . 

:.t 28.3 arc 9 9.26 7·45 

288 arc 9 9.00 7.28 

.314 arc 9 9.00 7.07 

.342 arc 9 9.26 7.00 

:A: 344 diffuse 7 11.00 7.66 

.346 arc 9 9.00 6.95 

348 arc 9 9.00 6.94 

352 arc 9 . 7.20 5.84 

366 glow 9 7.20 5.77 

.396 arc 9 9.00 6.54 

406 arc 9 8.27 6.21 

408 diffuse arc 7 J.L.QO!l 7.10 

continued next page 
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,420 
410 

* 422 

424 

441 

450 

452 

465 

474 

487 

54l 

* 570 

:t 702 

- 92 -

TABLE 5.1 
(continued) 

Auroral Number of 
Type Layers 

glow 7 

arc 9 

diffuse 7 

ra;ys & glow 7 

glow & mixture 9 

arc 9 

band 9 

are or glow 7 

arc .9 

glow 7 

glow 7 

glow 7 

glow & mixture 9 

:l see Table ;.2 

I 
Yfr Nnz 

7.20 5.57' 
8.91 6.45 

11.00 7.10 

9.96 6.74 

8.27 6.08 

9.00 6.81 

8.27 6.00 

9.96 6.47 

8.91 6.10 

9.96 6.39 

9.96 6.06 

9.96 ;.96 

8.27 5.14 
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From Table 5.1 the large temperature range covered can be 

seen. It is not easy to assign a limit of error to the values 

but a maximum possible and minim'Wil possible temperature can be 

assigned in the following manner. Obviousl;r, if it is assumed 

that NE:: oO , that is, the etalon function E = 0 and the instru

mental profile W is equal to F, the detector function, then 

nearq all the recorded line lfidth will be due to the auroral 

line since F is small. This will give a maximum possible value 

of ba and also T. To obtain the minimum possible value it is 

assumed that the krypton line is temperature broadened only, and 

is at room. temperature. This will make e large and hence ba and 

T small. The 'bt assumed to be 36 mk: gives a temperature of the 

keypton, if it is pure Doppler broadened, of 663 OX: so if a 

temperature of .300 OX is assumed ~ becomes 24.5 mk. Using 

these two extreme cases some sample temperatures, marked with a 

star in Table 5.1, were calculated and shown in Table 5.2. 

In the first column the measured values of the half-width 

ot the auroral recorded function are given. In the next col~ 

the values of e used in the calculations are listed. The third 

column contains the values ba obtained from the combination of 

bet@ e after the effect of ~he detector function is removed. In 

the temperature column the minimum possible, calculated, and 

maximum possible temperatures are given and in the last cQlumn 

b/T, which is a measure of the adequacy of the resolving power, 



- 94 ... 

Ta mk elllk ba mk T'ic b/y 

min 78.2 6;.6 39.8 154 .510 

j; 60.0 47.8 222 .61; 

max 0 76.fl 575 .980 

min 67.6 46.4 47.0 215 .695 

:A: 38.0 54.0 283 .799 

max 0 66.0 425 .976 

min 6;.7 36.3 52.8 272 .806 

j; 25.2 58.6 344 .894 

max 0 64.1 400 .976 

min 72.0 36.3 60.3 354 .839 

i: 25.2 65.8 422 .915 

max 0 70.5 487 .979 

min 84.5 41.9 71.7 503 .848 

j: 32.4 76.; 570 .905 

max 0 81.4 674 .964 

min 98.2 53.5 so.; 630 .821 

j: 46.6 84.6 702 .863 

max 0 96.8 910 .986 

i: see Table 5.1 
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is tabulated. 

The range between maximum and minimum values assigned in 

Table 5.2 vary between 400 °K and 1.3.3 °K. This large range is 

to be expected because of the·method used in the calculations. 

In Figure 5.1 an exact cow of two traces is shown including 

noise. They were made within 5 minutes of each other. The 

solid narrow curves were JD.ade from. an arc in the south and had a 

temperature of 406 ~ given in the table. The shorter broken 

curves were made when observing in the east, looking at a m.1xture 

of rays and bands and the temperature is 702 OX:. The effect of 

the difference in width would be more obvious i.t the two sets of 

curves were normalized to the same height. It would be difficult 

to normalize the noise so they were shown so that the half-widths· 

would be at about the same place. Each of these sets has a third 

curve which is similar to the first two and all three curves were 

averaged in each case to give the value of' NYa for the temperature 

calculation. It is important that the curves are not overlapping 

so that the zero level is not raised and it can be eas~ seen 

that the orders are .tar enough apart to make overlapping negli

gible. The.noise level is about average or pe~haps greater than 

average. 

When observing with nine lqers the chart speed wa~ 12 inches/ 

minute and the distance between orders appro.xill.ately 5 inches. 

One order was scanned over in 2; seconds and the important part 
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of the curve in leas than ten seconds. T.he instrument could be 

described then as rapid-scanning. At seven l~ers a finer 

orifice and hence slower scanning speed was used in an att•pt 

to observe night airglow, 5577A. This reduced the scanning time 

to about 1.6 minutes/order. This may account for the fact that 

the highest and lowest temperatures were observed with nine 

lqers, since the temperature is not time averaged as much. 

The aurora abserved with nine lqers m.ust be bright because 

of the large absorrtion. This aurora is usua1}1" associated w1 th 

low fonas which mq account for the pred.cainant]Jr low t•peratures 

for nine layers. There were a few results taken on May 31st when 

it was late in the morning twilight, using a good interference 

filter to cut out the white light, no stars being visible but the 

aurora still faintly" visible. The temperature of 352 OX: in 

Table ; .1 is one of these and the temperature is just about 

average. The majority of aurora seen with seven lqers was verr 

faint since the brighter forms appeared to be too fast moving 

tor the slower scanning rate. This ma.y account tor the higher 

temperatures obtained because these forms are generally thought 

to be of greater altitude. 

Recordings were obtained using seven layers when no aurora 

was visible but they were quite noisy so no temperature could be 

obtained. There may not have been as low intensity as night air

glow however, because there was aurora visible earlier 1n the 
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evening. Using a slower scanning rate and long time constant to 

cut down the noise it should be possible to get usable results 

on night airglow 5577A. 

5.3 Discussion of Results 

The results obtained in the previous section range fraa 

222 °K to 702 °K with the average at 411 ox. There are three 

temperatures between 222 ox and 300 ox, eight temperatures 

between .300 °K and 400 OX:, twelve temperatures between 400 OK 

and 500 OK, and three temperatures over ;oo OK. 

These results can be compared to temperatures obtained qy 

other workers with Fabry-Perot interferaaeters. Wark (1960) 

obtained no auroral results but :tor night airglow he found a mean 

t•perature of 184 °K. This can not be compared to any results 

obtained here, since no airglov was observed. His observations 

of the OJcy"gen 63001 line showed average temperatures of 710 OX: 

for twilight, 730 ox for aurora and 980 OK for airglow. These 

may be caapared more favourablY with the high results obtained 

here, since the altitude is thought to be higher tor forms such 

as glows and rays •. · Wark suggests heights of around 210 k8l tor 

the 63001 anission. 

Armstrong (1959) obtained temperatures in the range 180 °K 

to 235 OK tor the night airglow 5577A with the most probable 

value at 190 ~. For aurora, Armstrong's results ccmpare very 

favourably with the ones obtained here, being in. the range 
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310 °K to 540 °K. Since more results were obtained here it is 

not odd that they should cover a larger temperature range. The 

much greater scanning speed used here may also account for more 

variation in temperatures. 

When the results are compared with rotational temperatures 

obtained fran the 3914A N; band (Shepherd 1953, and Shepherd 

and Hunt en 1954), they are seen to be much different. In general 

the temperatures are higher; average of 4ll °K caapared to a mean 

of 252 °K for N~ rotational temperatures, and cover a larger 

range; 222 °K to 702 OK caapared to 173 °K to 440 °K. Neverthe

less this difference has been shown to be real. 

There are saae possible explainations for this difference 

in the two methods. One is that the high temperatures were 

nearly all from !ain't forms which m.a.,y be from higher aurora. 

There were no faint forms observed by Shepherd. 

Another contributing factor to the discrepancy between 

3914! and 5577A results could be the larger field of view, 3° in 

the vertical direction, for the scanning spectrometer used. by 

Shepherd and. Hunten, which would tend to average out the temp

eratures. The field of view for the instrument described here 

is about 0.17 ° for the total angle at the apex of the cone 

which includes the field of view. 

The distribution of x{ and 0 are different in the atmos

phere. The concentration of 0 is increasing at auroral heights 
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and it is believed that the N2+ is decreasing, hence the 5577A 

temperatures mq originate fran higher altitudes. There is 

still a slight possibility that the excitation of N2+, since it 

is not forbidden, gives it a temperature which is not the same 

as the Doppler temperature. 

It would be very useful to carry on simultaneous, and 

closely coordinated, observations for both the 5577! and the 

39141 temperatures to check for correlation in for.m, height, 

and seasonal variations. This ~ be possible with the new 

machine built by E. Rawson at the university here recently since 

it has a narrow field of view. 

These temperatures are intended to be preliminaey and when 

a mercur,y 198 lamp is used in conjunction with the recording of 

aurora it should be possible to obtain an actual auroral profile 

and see whether it is Gaussian or not. However, the results 

given in Table 5.1 are thought to give real temperatures, pro-

. bablT better than ~thin the broad margin of error assigned in 

Table 5.2. 

5.4 Discussion of the Instrument 

From the experience gained in observing, there are some 

improvements that could be made to make the instrument more use

ful and more versatile. 

If it were possible to choose the scanning rate desired, a 

fast rate could be used for high intensity fast moving forms, 
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since a large time constant is not necessar.y to cut out noise. 

Then if less intense forn1s were seen the scanning rate could be 

decreased and the t~e constant increased until night airglow 

could be observed. This could be simply done by having a mani• 

fold of perhaps three orifices with valves on the high pressure 

side which would enable one to choose the proper orifice for the 

desired scanning rate. The resolution is already variable within 

limits by changing the aperture which changes F. Thus if ver.y 

bright forms occur a high scanning rate with corresponding high 

resolution could be used. 

The Varian recorder limits the scanning rate now because of 

the pen rise-time of 1 second, so if a higher scanning rate than 

25 seconds per order is to be used, a different recorder would 

have to be employed. 

It would be interesting to see how fast the pressure could 

be changed without turbulence becaning important. If it were 

possible to scan at a fast rate (a second or less per order) an 

oscilloscope could be used to observe the profiles, and when a 

good profile was obtained, it could be photographed. The 

horizontal plates could be driven by a pressure transducer so 

that the wavenumber scale would be easily obtained. 

One thing that limited the value of the results obtained 

was the fact that the exact point of observation was not known. 

A mirror system should be built so that it could be easily 
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pointed anywhere in the sky, and the direction of observation 

· accuratly known. If this were done it could be stated what part 

of the auroral form was being observed, not just the whole form. 

If lenses were available to put in front of the instrument, its 

field of view could be changed to any value desired which m~ 

be useful when observing rapidly moving forms that can perhaps 

be averaged. 

It is suggested that a new spacer be made of 2 or perhaps 

3 em spacing. There are two reasons. The first is that if 

higher resolution can be used on bright forms it would be 

difficult to obtain this with the one centimeter spacing. The 

other reason comes about from the adjustment of the etalon. It 

is noticed that the seven l~er results are in general at higher 

resolution than the nine l~er results. This is thought to be 

due in part to the greater knowledge of the importance of 

adjustment after the defects were observed as described in 

Chapter IV and also the adjusting mechanism made after the nine 

layer results. 

Since the etalon function is of less importance at larger 

spacing it seems reasonable that the adjusting should not be as 

critical. However, since the fringes are broader this advantagE 

~ be nulified. 

The adjusting is important and it would be valuable if the 

recorded function could be observed while adjusting since what 
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appears best to the eye when observing the plates mq not give 

the desired instrumental profile. For example, it ~ be 

possible to adjust for maximum area in adjustment but yet come 

out with an aQ'llllletrical instrumental profile. This would be 

easy if a fast scan and oscilloscope could be emplO)"ed. 

However, even with no improvements to the instrument it is 

at least as good as was hoped. for when it was designed, and 

should be a useful instrument tor ~ other studies. 
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VI CONCLUSION 

A Fabr,--Perot speetraneter was buUt and appears to be verr 

aatisfactor.y for auroral observations. It has enough sensitivity 

to be able to use the resolution required to obtain Doppler 

temperatures from the auroral green line. A much more extensive 

stu~ should be made since actual temperatures have been obtained. 

The temperatures obtained range fran 222 °K to 720 °K, a 

m.ueh larger range than previously' obtained vi th this method and 

in general much higher than the rotational temperature of the 

3914A N
2 

band. It would be valuable to tr.r and correlate these 

temperatures with simultaneous 3914A N; temperatures. 

The Fabr.y-Perot spectrometer lends itself well to a s~ul

taneous stuqy of the ~gen 55771 and 6300A lines, where a 

comparison of temperatures could be obtained. The instrument 

can be converted from one line to the other simply by changing 

an interference filter. At lower resolution the instrument, 

because of its high light gathering power, should be useful tor 

observing the less intense emissions. 
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