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GEORGETOWN COLLEGE OBSERVATORY
CNG SAG

The tape input for the E 101 and the ovtout for the tape on the Tsle-
ecordex, beth of which are designed to eliminate the sources of srror and
the waste of time in transferring the readings of the Telecordex to the
keyboard of the EH 10] electronic computer, are facilities which should make
possible the greatest amount of accurate results with the least time and
fatigue.

It is felt that with these advantagesmuch of the spectrosconic data
still not analyzed at. Georgetown car be made available to the scientific'
world and new data obtained and reduced at a rate hitaerte not anticipateds

Therefore, Georgetown University,. through its Department of Astronony
and with the assistance of its Department of Physics, requests funds for
the following:

(1) Part-time salary for one Ph.Ds Assistant Professor (2 yrs.} $8000.00:

(2) Partetime salary for one Ph.D. research director. (2 yrs.) 500.000

(3) For three research assistants at $1800.00 per yr. (2-yre.) 10800.00

(4) Type 294 Telereadex with lenses and plate hoider 14000.00

(5) Flexowriter to punch tape from Telecordex 2475200

(6) Adapting of Flexowriter to Telecordex by Telecomputing
Corporation 1500.00

(7; Paper tape input reader by Burroughs Corporation 3765.00
$45540.00

Yours respectfully,
oe

Ait
Francis Hey'
Director

Sos



GEORGETOWN UNIVERSITY

Washington 7, D.%.

OFFICE OF THE PRESIDENT July 1, 1957.

Office of the Director
Programs for Fhysice and Astronomy
National Science Foundation
Washington 25, D.C.

Dear Sirs
wf

The proposal submitted herewith has been prepared by Matthew
Thekaekara, S.J., who has just completed his doctorate at The Johns
Hopkins University and has been assigned to the Physics and Astro=
nomy Departments of Georgetown University. The equipment describedin the proposal has been assembled over the past six years by the
Director, Francis J. Heyden, S.J. and Dr. Carl Kiess of the National
Bureau of Standards.

With the addition of the Reverend Matthew Thekaekara, Father
Heyden hopes to see. much more work done with the spectrographs than
he has been able to do with the limited time available to him in the
past few years.

The special additions to the computing and measuring equipmentrequested in this proposal are beyond the reach of either the Physicsox Astronomy Department in the foreseeable future. Yet, the additionof these pieces will greatly speed up the research work and at the
same time make it less fatiguing to the members of the Physics and
Astronomy Departments who will work in spectroscopy.

Yours very sincerely,

Very Rev. Edward B. Bunn, S.J.
Director



A PROPOSAL FOR AND DESCRIPTION OF

SPECTROSCOPIC PROJECTS AT THE GEORGETOWN OBSERVATORY

The spectroscopic work of the Georgetown Observatory has recently been

expanded on a considerable scale thanks to the addition of some highly ex-

pensive, but very necessary, pieces of equipment. Improvements in the ex-

perimental and data processing techniques have gone hand in hand with addi-

tion to the observatory staff of several physicistea fully conversant with

the significance of spectroscopy in physics and astrophysics and familiar

with the techniques of the new instrumente.

The projects in spectroscopy on which the Observatory is currently en~

gaged include the following (1) the spectra of titanium, hafnium, zireo-
n

nium and yttrium, the spectrum of chlorine in chlorides of different

metals, (3) faint iron lines in the solar spectrum, (4) hydrocarbon lamp

spectrum and its comparison with the solar spectrum, (5) mapping of the

solar spectrum, (6) interferometric measurements of certain lines in the

solar epeotrum (7) the spectra of Satum and Venus, (8) study of the lines

from the newly discovered preionized levels in xenon and krypton.

Several of these projects are auxiliary to the extensive spectroscopic
work being done at the National Bureau of Standards, Washington, D.C. and

have in fact been endorsed by two successive directors of NBS, Lyman Briggs

and E. U. Condon, It would not be necessary to set forth here in detail
the aims, scope and importance of this aspect of the work of the Georgetown

"Observatory. in the course of some previous correspondence regarding these

projects, Dr. ©, C. Kiess, physicist st the NBS, wrote, "They are an out-

growth of our work at the NBS to which we cannot at present devote either

time or personnel. But the results expected from them are of great import=

ance and are urgently needed for our main work on the Tables of Atomic En-



ergy Levels, the revised Rowland and the Multiplet Table of astrophysical

interest." For adiitionsl information reference may be made to Dr. ©. ¢.

Kiess or Dr, G. M. Sitterly.
The source of light for several of these projects is a new type of

electrodeless lamp developed at the NBS by Corliss, Bozman and Westfeil!,
the first two of whom are graduate students in the Department of Astronomy

at Georgetown. The lamp contains a small amount of a metal halide, e.g.,
iron chloride or titanium chloride. A noble gas at a pressure of a few

mm Hg is needed to initiate the discharge. The lamp burns steadily in an

oscillating field of about 2000. ne/sec which is supplied by a Raytheon

oscillator.
The spectrum emitted by the lamp consists of a mixture of those of

the halogen, of the noble gas and of the metal. The exposures in juxtapo~

sition of two different halogens of the same metal permit one to identify.

easily the lines due to metal.

The special advantages of these lamps are that they give a very

bright are spectrum of the metal, that they operate for a long time stea=

dily and at almost constant intensity, and, above all, that their spectra

are uncontaminated by the band spectrum of the oxide which is a serious

inconvenience of the arc in air between metal electrodes, In TiO, for

example, there are several strong bands in the region 4500 to 8000 A

which previously had prevented a complete mapping of the Ti I spectrum.

Some preliminary work done at the Georgetown Observatory on titanium has

been reported by A. K. Wardakee" who measured 113 new lines of Ti I in

the range 5600 to 5900 A. They were classified as due to transitions

1 Corliss, Bozman and Westfall, J. Opt. Soc. Am. 43, 398 (1953)
2 a, Ko Wardekee, J. Opt. Soc. Am. 45, 354 (1955).



between the energy levels found by H. N. Russell and tabulated by ¢. E.
Moore in Atomic Mnergy Levels, Vol I. The work done thus far indicates
that the whole photographic region of Ti I should be carefully analyzed.

'The mapping of the solar spectrum is a project on which consider-
able work has been done at the Georgetown Observatory. The entire pho~

tographic region of the solar spectrum was covered with triplicate sets
of plates. Nearly 200 sets of plates have been taken and all of them

carry the iron are comparison spectrum. The plates have now to be mea-

sured and enlarged photographs of the plates have to be prepared for
publication.

The spectrographic equipment of the Georgetown Observatory includes

the following items 3 (1) Two Wadsworth mounting spectrographs with con=

cave gratings, one a six-inch Rowland grating with 20,000 lines per

inch, and the other a five-inch Cale grating with 30,000 lines per inch,
(2) Various accessories for excitation of different kinds of spectra
and for iron standards, and a vacuum system for the making of discharge
tubes, (3) Two heliostats for astrophysical work, (4) Three comparators,
all of which are high precision instruments measuring correctly to a mi-

cron. The largest of these is specially suited for interferometric work

since distances along both the x- and y= axes can be measured with the
same accuracy, (5) An analog-digital converter (Telecordex) for automatic

recording of the comparator settings, (6) An electronic digital computer

(Electrodata), Model E 102, for calculation of plate constants, wave=

lengths and wavenumbers. The other small items which might be needed in
the course of any spectroscopic project can be either easily obtained or
be made in the workshops of the physics department or astronony depart-
ment.

The telecordax costing $12,000 and the E 102 computer $40,000 have

been added quite recently, Assistance is nwo being sought for two more



additional items, namely, a telereadex, which would eliminate the task of

making comparator settings with the aid of a microsoope, and a punched tape

output and input assembly, which would transfer data directly from the tele-
cordex to the computer. The cost of these items will be about $22,000.

With these adlitions wavelength measurements will become almost completely

automatic, a much higher degree of accuracy than has hitherto been possible
will be ensured and the time spent in gathering and processing data can be

reduced to 5 per cent of what it was previously.
Most of the basic work in spectroscopy is that of wavelength measure-

ment. It ia weil known that many of the spectra, especially the more com~

plex ones, are quite unsatisfactorily presented in existing literature. The

earlier measurements were made at a time when the demand for accuracy was

not as great as it is today, New mathods of producing spectra have revealed

the possibility of making significant additions to spectroscopic literature.
Complete and reliable information about different spectra is needed not

only for spectroscopists whether in physics or astrophysics but also for
workers in many allied fields like physical chenistry and in various

branches of technology and industry for whom spectroscopy is an important

tool of research, When hundreds or thousands of lines are involved the nec

essary measurements and all the subsequent calculations constitute a tedious

and time-consuming task. That few are willing to undertake such drudgery

is a great handicap to future progress in the field and impedes the work of

others, who are not directly interested in spectroscopy but need the data

for other purposes. Hence it is that any attempt to lighten the burden of
data compilation mst be welcomed, and where new techniques ensuring speed

and accuracy are available, maximym use should be made of then.

Hitherto the Georgetown Observatory had employed the conventional

techniques of wavelength measurements The plate is viewed through a micro=-



scope and the microscope is moved until the center of a line coincides with

she crosshair of the eyepiece. The position of the microscope is read on

the head scale and the pitch seale and the value is written down on paper.

Apart from the time required for these operations, considerable strain is
involved in the continual readjustment of the eye to different distances

and different degrees of illumination. With the telecordex to record the

comparator settings the observer can keep his eys on the microscope eye~

piece and positions will be typed out as fast as the lines can be made.

The telecordex is a dual indicating and recording device which stores elec~

trie pulses. Magnetic reading heads are attached to the horizontal and

vertical screws of the comparator and electric pulses are generated each

time the microscpé travelsa thousandth of a millimeter. The number of

pulses which represents the position of the microscope is available for

reading at any time the "Readout" button is pressed.

Indicator lamps display the total number of counts. An automatic

electric typewriter prints the information in tabular form on a continuous

roll of paper. The circuits are arranged so that the counts are subtracted

when the microscope. moves backwards and added when it goes forward, There

are two independent counters for the x- and y- axes movements of the mix

croscope, and stepper switches to number the "readouts" in succession, On

the front panel of the telecordex there are 16 selector switches for manual

introduction of other information about the line, such as its intensity,
whether it is diffuse or 4 blend, or pertains to the iron comparison spec=

trum, ets.

The positions of the lines being known, the next step in the conven~

tional method is to determine the plate factor from the positions of two

known lines and to calculate the approximate values of wavelengths for all
measured positions according to the linear dispersion formulas

+f {&~ x).A



This is done with a desk caloulator. A calibration curve for the plate is
drawn using known wavelengths, and the wavelengths of the unknown lines are

obtained by adding the residual corrections which are often very lerge.
Greater accuracy and considerable saving of time can be obtained by using

the electronic computer instead of the desk calculator. Four known wave-

lengths and their positions are supplied to the computer which then solves

a 4x4 matrix in about one minute and 20 seconds. The constants a, b, ec and

dof the matrix are thus known from che computer. The next step is to cal-
culate the wavelengthhz for each value of x, using an equation of the

fourth powers

y= & + DE + ox + ax',
The following are sample values of the a = 4138.369451

b = 1.80933465; c 0.0003529811 d = 0,00000029038. For each plate there

would be over a thousand lines, each x having six significant figures. A

problem of this complexity plainly cannot be attempted on a desk calcula=

tor. The residual corrections in this case being very small the wave~

lengths can be determined with greater accuracy. The computer types out

automatically x and,. The conventional way of determining the wavenumber,

making due correction for the dispersion of air, is by using Kayser's well

known table of wavenumbers. This also is a tedious operation which can be

eliminated by programming the computer for an accurate dispersion formula,

Electrodata Model 102 has a magnetic drum memory of 220 words of 12 digits
each. Full use can be made of this storage facility when new lines have

to be classified or new energy levels have to be found. Thus it is obvi-=

ous that a computer with the speed, accuracy and all-purpose adaptability
of the E 102 can facilitate each successive step in the processing of ob-

servational data.

(Rev.) Matthew P, Thekaekara, S.J., PhoD.
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@Piorosan FOR GRANT Ti ATID FRON THE NATIONAL SCIENCE FOUNDATION

NAME AND ADDRESS OF INSTITUTION: Georgetown University, Washington, 7, D.C»

NAMES OF PRINCIPAL INVECTIGATORS Reve Francis J. Heyden,S.d. of Georgetown University
Dr. Francis A. Jenkins, Prof. of Physics, Ue of California.

OF PROPOSED 2USEARCH: Analysis of Molecular Spectra

This proposal is supplementary to one made by

Dre Francis A. Jenkins and Dr. John Ge 2hillips of the University of California for

research on the analysissef molecular spectra. For a description of the research, reference

is to be mace to the asplication made by Dr. Jehkins and Dre Phillips.
Dr. Jenkins in the course of a visit to Washi sgtoNyDeCe

in the fal. of 1957 discussed with the spectroscopy croups of Georgetown College Observatory

a plan whereby his group would cooperate in tue analysis of molecular spectra to be

u..dertaken at the University O+ California. The original suggestion was that an application

ON OF TE iCSEHOPOSE

be made from the University of California for a grant from the NSF and that in that

aplication would te incluced also the salaries of two partetine assistants who would be

employed at Georgetown for measurenent of the plates and computationof wave-numbers. The

original proposal was later modified at the request of the Dean of the Graduate Division

oF the University fo California since salaries for persons not working in Berkeley may

not be included in a grant to the University of Californias

Dr. Jencins in a letter of June 17,1958 to the first principe!.

investigator named above ( Francis J. Heyden) suggested that a request be mace to the

National Science Foundation b; Georgetown University for a separate grant to cover the

salaries of the student assistants who will work here. The portions of the original proposal

referring to tie cooperation of Georgetown with the project and the items in the budget

for this purpose were accordingly deleted from the proposal submitted by Dr.

_
and Dre Phillips. The cooperation of our spectroscopic group will be limited to the

Q@casurencat of the plates and for comautation of wavelengths and weve-numbers.

PROCEDUSE: The plates will be taken on the Berkeley campus and «ill be shipped to

Georcetown for measurement and reductions Georgetovn has a few excellent measuring and
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@ and computational devices. They are being used for geodetic and astrog..,

as well as for two spectroscopic projects: the spectrum of Ti I and Faint Lines in

the solar spectrum. One OL the three meusuring ongines is fitted with magnetic reading

heads which generate electric pulees each time the comparator screw travels 1/1000 mie

An analog digital converter ( the Telecordex ) which is a cual indicating and + ding

device stores the electric pulses, and whenever the read-out button is pressed an:

electric typewriter prints out the information on a continuuos roll of paper. Modification

to Mt a card punch or paper tape punch is not difficult for the Telecordex which has

an outlet for these componentse

Time on the Telecordex is readily available since the aacizine

speeds up the normal measuring process b, almosta factor of ten. It is proposed that

Georgetown employ two graduate students, during the school year and full tine

during the summer period to make me: .surements and reductions for Dr. programe

Tn connection with the otner spectroscopic srojects, the bE lol

computer at Georgetown has already becn orogramned for the reduction of wavelengths,

calculation of wave-numbers according to the Edlein dispersion formula and for sorting

out energy levelse Since tine on tue com uter is now eatly in demand for other projects

at the Observatory, and further since the TE 701 computer at Berkeley will be available

for the Pinal stages of thc analysis, it is ex»ected that Georretown's cooperation with

the prograx for Molecular Spectra will be mainly that of measurenent of plates.

6. FACILITIES: For greater understanding of the project being undertaken at Berkeley and

for better possible cooperation in every detail, students at Georgetowm who will work

on this project will be familiar with the following equipments

a) Two Wadforth mounting spectrographs wth convave gratings, one @

six inch Rowland grating with 20,000 lines per inch and the otacr a six inch Gale

grating with 30,000 lines per inche

b) Various accessories for excitation of different kinds of spectra.

8) Three comparators, all of which are high orecision instruments

measuring to a micron. The largest of these with a 20 centineter travel is especially



¢
pere three

@ * suited for interferometric work since it is equally accurate in 8x" and "y",

d) An analogue digital converter (Telecordex) for automatic

™

@ recording of comparator settinga. The large comparator and the Telecordex wil'

be the instruments used for the present project/

e) An electronic digital computer (Electrodata) for wavelenght and

wave=number reduction.

Arrangements are being made for two more additional items,

namely, a Telereadex which will not nly eliminate the need for conparator settings

with the aid of a microscope but will also anable the observer to secfaint lines on pro-

jection which camot be seen with transmitted light, and a punched tape output and

input assembly which will transfer data directly to the E101 computer and, eliminate

the source of error in transribing directly from ty2ed copy to the key board or the

E 101. The Telereadex is charged to the main spectroscopic project at Georgetown ap roved

by a NSF grant.

Joint supervisors of the project are

Francis J.Heyden,SeJ. Director of Ge orgetown Collere Observatory

who will take charge of the so k to be done at Georgetown.

Francis A. Jenkina, Professor of Physics of the University of © aliforni

who will direct the projec t at Berkeley and assign specific portions of it to Georretow.

Matthew Thekaekara 5.J,. Assistant Research Physicist, whO will

directly supervise the work of tie two students (His salary is not charged to the present

project.) He has been responsible at Georgetown for developing tue programs for thé

E 101 computer for deriving the wavelenghts and wavelnumbers from the readings off the

macing

measuring comparatorso

Carl C. Kiess (Bureau of Standards,retired) Director of spectroscopic

research projects at Georgetown. Dr. Kiess was instrumental in starting ail of the

spectroscopic research at Georgetown while still at the Bureau of Standards.

@ W. F, Meggers(Bureau of Standards, retired after October 1958) will
join the staff of Georgetown and be available for consultation in con nection with

problems concerned with this project.
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,t Graduate students in Physics and Astronomy to do the routine varts

of tue work; to be employed part time during the shool year and full time during thc

@ summer months.

8. BUDGET: The proposed budget covers thre. periodss The items given here are those originally
entered by Dr. Jenicins and Dr. Phillips in their first draft of the project and deleted

in the final proposal. First Yearo Second Year Third Year

Two Research Assistants $ 5000.00 5000.00 *; 5000.00

Overhead for maintenance
of equipment ee-750 200 750200

& 5750.00

Grand total eescceseescces § 17,250200

So CONTRIBUTIONS OF GLORGETOEN UNIV RSITY8

Salbies of Francis J. Heyden, Matthew Thekaekara, Carl Kiess, We Megcers

Computer time onnthe E 101 and measuring

requested over.ce..d is asied to sartly cover the saintenance on the Telecocex and

Telcreade:: machiness

Submitted by francis J. heyden,Sede
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Spectroscopic Projects with Electrodata Digital Computer, Model 102

The branch of physics known as spectroscopy had its origin in the cele-brated experiment. of Six Isaac Newton who showed that the white light of the
sun is in reality a mixture of different colors and that a prism can spreadit out into a spectrum as in a rainbow. Nearly two centuries later another
English scientist, Young, showed that light propagates iteelf as waves, mich.

the same manner as ripples on the surface of water. The distance betweensugcessive crests is. called a wavelength. Blue or violet light has shorter
than red or yellow light. Atoms and molecules can be made to emittheir ow specific wavelengths. A familiar example is the neon advertisingsign. The composite light emitted by a gas discharge tube can be spread outinto its component wavelengths by means of a spectrograph. These wavelengthsregister themselves on a photographic plate as narrow lines parallel to cachother in order of increasing waveLengths, A given atom may anit several bon=dreds or several thousands of lines according to the complexity of the atom.

The wavelengths are related in a simple manner to the energy changeswhich take place within an atom vhen the light is emitted. Dividing the ve-locity of light by the wavelength one gets the frequency or the number ofbrations per second, The frequency is of the order of a quadrillion (1015).per second. Einstein discovered the famous relation B = hry which statesthet the energy given ovt aa light radiation by a single atom due to itatransition from one energy state to another is the product of the frequencyand a universal physical constant known as Planck's constant, h.

In the realm of the physical sciences the most accurate measurements arethose in spectroscopy. Nowhere else are instruments constructed with such
rigorous precision; nowhere else are observations made with such elaborate .

care. wavelengths are infinitesimally.smalls the wavelength of the yellowlines of sodium is. about 6000 A, The unit A, called the Angstrom unit, is ahundred=miliionth of a centimeter. Though so small, wavelengths can be méas=ured with an accuracy of one part in 50 million. Francis M. Grimaldi,italian Jesuit.of the L7th century, showed that gratings have the same pro-perty as prisms of dispersing Light into ita component colors, Gratings are

spectrographs of today are grating instruments and some of the finest: erateings ever made are those ruled by Rowland of The Johns Hopkins University,Baltimore, Maryland. 'The large spectrograph of the Georgetown Observatory isfitted with an original Rowlend grating. It has a six-inch wide concave res,flecting surface w th 20,,000 dines per inch.

made by ruling a lerge number of fine lines on silvered glass. . The best

Spectroscopy has an important role in physics and astronomy, It hasbeen said half-humorously but very truthfully that trying to learn about the.atom or molecule through spectroscopy is like trying to learn all about the.
piano by dropping millions of pianos down several flights of stairs and lis-
tening to the sound they maice when they crash. Spectrum Lines are the mes-
sengers which come to us from within the atom. They bring us abundant, veryuseful and highly precise information about the immer structure of atoms andabout the laws which hold them together, 'The Light which reaches the earthfrom the sun and the atars when analyzed by a spectrograph reveals the con=stitution of these distant bodies. Photographing the spectrum is only asmall part of the work of a spectroscopist, The relative positions of the
hundreds ef lines which appear on a photographic plate are measured with an
accurecy of one thousandth of a millimeter, The task of writing down on pa-per the positions of these lines has in recent years been considerably light-



ened by the electronic register, "Telecordex", which types out automatically
the positions of the lines, The time taken up in neasuring has thus been re-
duced to one-tenth of what it had been formerly since the information supplied
by the large measuring engine of the Georgetown Observatory is typed ous at
high speed by a telecordex.

What still remains to be done is the most tedious and time consuming part
of a spectroscopist's work. It is here that a computer with the speed, accue
racy and all-purpose adaptability of the E 102 comes to be extremely useful in
an observatory where prosessing abundané data of varied kinds forms so large a
part of the research program. Wavelengths have to be calculated from the po-sitions of the lines. This has hitherto been done with a desk calculator, but
with some sacrifice of accuracy and at considerable expense of time. A new
technique has been devised for wavelength calculation which ensures high
racy but would be far too laborious for a desk caleulator, Four known wave=
lengths and their measured positions are supplied to the computer which then
solves a four-by-four matrix in ebout 1 minute and 40 seconds. The constants
a, by c, and d of the mtrix are thus mown from the computer. The next stepfor the computer is to calculate the wavelength A for each vaLue of the posi-tion x given by the telecordex, using an equation of the fourth power,

& + bx + ex2 + dx3,

Sample values of a, b, « and d ara a = 4138.36945 b = 1,80933465;
c = 0.0003529; d » 0.00000029368. For seach plate there would be a thousand
vaines of x, each having six significant figures, A problem of tais kind can=
not evidently be attempted by a desk calculator for which a first power equa-tion of the form A= a + bx represents the maximum possible accuracy and er-
rors will have to be corrected by a calibration curve. A furthar stage in the
caiculation is finding for each wavelength the corresponding wavenumber,
which is the reciprocal of the wavelength making due correction for the re-
fraction of the air. The usual practice ie to use Kayser's wall-known tables
of wavenumbers. But the computer can be made to type out the wavenumbers a-
long with the wavelengths using an accurate dispersion formula.

The following are some of the projects in spectroscopy in which the
Georgetown Observatory is interested (1) Rydrocarbon spectrum and its com=
parison with the spectrum of the sun; (2) Spestrum of chiorine in chlorides
of different metals; (3) Spectra of titanium, zirconium, hafnium and yttrium
(4) Faint iron lines in the solar spectrum; (5) Mapping of the solar spec-
trum; (6) Interferometric measurements on solar lines; (7) Spectra of Saturn
and Venus; {8) Newly dissovered lines from the preionized levels in xenon and
krypton. Work on some of these was temporarily discontinued due to the great
amount of time and labor involved in reducing the data, These projests are
auxiliary to projects on which the National Bureau of Stendards in Washing=-
ton, D.C. is currently engaged and are of considerable importanse for our un=
derstanding of the physical world and for supplying workers in allied fields
with reliable standards. With a steff of physicists and astronomers now at
the Georgetown Observatory fully trained in techniques of spectroscopy and
familiar wth programming for the T 102 computer, it is expected that several
large spectroscopic projects can now be undertaken.

(Rev.) Matthew P. Thekaekara, S.J., Ph.D.
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GEORGETOWN UNIVERSITY, LEPARTMENT OF ASTRONOMY

WASHINGTON 7, D.C.

4A, PROPOSAL FOR GRANT-IN AID FROM THE NATIONAL SCIENCE FOUNDATION

- NAME AND ADDRESS OF THE INSTITUTION: Georgetown University, Washington 7, D.C.
- NAMES OF THE PRINCIPAL INVESTIGATORS:

De. Carl ¢. Kiess

Dr. Willian F. Meggers

3 - TITLE OF THE PROPOSED RESEARCH: investigations of the sun's spectrum compris~
ing the following: (4) identification of faint Framhofer lines due oe iron and

titanium; (ii) observation and analysis of the spectrum of neutrel titanium in the
ultra-violet and in the longer regions ordinarily masked by oxide bands in are

spectra; (a44) precision measurement of solar wavelengths by -interferometric

@ methods.

4 - PRESENT STATUS OF THE RESEARCH PROJECT.

This proposal will continue and extend by the above principal investigators
the research authorized by the National Scienre Foundation under N.S.F. grant 5217

to Georgetowm University. Under the above grant the following work has been done.

(i) The spectrum of Ti I has been measured in the range 3100 - 2100 A on

spectrograms obtained with the large quartz-prism spectrograph of the National
Bureau of Standards. These measurements have been made with very high reciprocal
dispersions ranging from 0.8 to 0.3 A per mm, and yield wavelengths of high pre-
cision for about 720 lines. Of these 283 are new additions to the lists of Ti I
lines, 153 are given in Russell's list and the remainder belong to Ti II or to
various impurities such as Fe, V, Si, and Al. 53 of the new lines have been classi-
fied as combinations between known levels. Six new odd levels have been established

in cambination with known levels account for about 25 unidentified faint solar
lines. The measurements were made with a telecordex, as deseribed in the previous



2

© propogal. The average positions of the lines were fed into @ Burroughs BE LOL

computer and calibration of the plates was carried oub accurately by the method

of least squares. This computer offers certain advantages over the giant elec-

tronic camputers, such as low initial cost, considerably lower expense of main-

tenance, and saving in time owing to its system of decentralized computing. With

it the wavenumbers of the lines, corrected for clispersion of air according to

Edlen's formula, and the recurring constent differences between related lines are

automatically derived. & paper by M. Fheknekara, describing these techniques snd

results wes presented at the Ammusl Meeting of the Optical Society of America,

October 1958. A copy of thet paner accompanies the present propcsal.

(ii) To increase the accuracy of calculated term-combinations it has been

found desirable to re evaluste the Ti i terme determined from interferometer

measurements by Kiess, about 30 years ago. This has meant changing them from the

older formula of Megers and Peters for the dispersion of air, to the more recent

and more accurate one of Edlen. 'This calculation would have been a formidable

task had it not been possible to perform it with the E 101 computer. Two papers

bearing on this phase of the project are in preparation, one by M. Thekaekara and

C. Wilson dealing with the new resulte for Ti x and their analysis, the other by

Cc. @. Kiesa and M. Thekeekara dealing with revision of the Ti J terms.

(431) The grating spectrograph which will be used in the rolar work has

been reconstructed during the summer months so as to increase ite Plexibility sand

adaptability for leboratory sources as well as celestial sources. This set-up

will accomodate either of two coneave gratinge of 22 ft. redius of curvature, one

ruled with 15 000 lines per inch by R.W. Wood and the other ruled with 30 000

lines per inch by H.C. Gele at the University of Chicago with the machine now

being operated by Bausch and Lomb.
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(iv) Dr. Yera Rubin is now engaged in examining the solar epectrogrens

taken several years ago by Pr. Heyden and Br. Zalubas with the grating

ruled with 20 000 limes per inch. The vegion which is being measured et present

covers the wavelength range 5950 61450 A. It is ambicipated that_this region

will be read and reduced within tvo mouths and that a 633 number of

"new" lines will be recorded. Following this the regione 457140 - 5000 A and

3300 - 4100 A will be investigated similarly. The object of this Investigation

is to check the faint lines egeinst those published originally by Rowland end

given in the Revision of Rowland's Table issued by the Carnegie Tnstitution of

Washington in 1928.

5 - PROPOSED RESEARCH FOR THE TMREDIATE FIRE.
The aim of the research vork listed in this project is to supply chemical

identifications for the faint soler lines that will be listed in the new table of

@scrar wavelengths now in preparation by Mrs. Charlotte Moore et the National

Bureau This work was undertaken for and at the request
International Astronomical Union. At present nearly 7 000 out of a total of

26 000 solar lines are still unidentified. The question has been raiged as to

whether all of these lines are genuine or whether seme ave apurious. To give an

anever it is proposed te meke an intercomparison of sealer spectra obtained with

high-dispersion gratings ruled with different engines. Available fer such an

investigation are Rowland's original list besed on spectrograms taken with his

earlier gratings, and the Utrecht Atlas derived frou gretings made at Mount Wilson

Observatory with the Rowland 20 000 lne per inch grating. It is our intention to

supplement this material. with a set of spectrograms taken with the Gale grating

rentioned above. Faint lines that appear on all or several different spectrograms

are to be accepted as real; those appearing on one spectrogram are to be rejected.



Tor the ef the lines aecevrate wavelengths are necessary.

Por a greet part of thé solar spectrum such dete are availabie trom the inter-

fercmeter measurements made more than 30 years ago by Burns, Moggers and. Riess

et the Allegheny Observatory and by H.D. Babecek at Mount Wilson. Bul this work

hes never been finished owing to the use of gless optical accessories in the

experimentel set-up. We prepose to bridge the remaining esp im the scalar

epectrum, between 3500 end 3000 A, by measuring selected lines in this ultra-

violet region with Fabry-Perot interferometers.

Such observations wlll furnish valuable evideace for ancther problem of

great scientific importance. Einstein has deduced, from his relativity theory,

the canelusion that spectrum lines preduced in a gravitetional field will be

shifted toward longer wavelengths by a calculable amount from the positions as

measured in the laboratory. fhe interfercemetric measurements at Allegheny and

'Mount Wilson do indeed show that the scler lines are shifted, but in a way not

envisioned by the theory. 'he atroager lines are shifted by emounks greater than

that postulated by the theary, and the fainter limes by emounts leas thea the

theoretical. It is obvious that the longverd shift of soler lines is the resuitent

of more than one effect. Furthermore it has been feud, at the University of

Oxford, England, that lines formed at the sun's lish, that is, in atmospkeric

leyers high ebove the photasphere, are ahifted by still greater emounts. Of these

earlier cheervations seme {Allegheny} vere made in integrated sunlight, and others

(Mount: Wilson) im light from the center of the disk. The Oxford observations are

few in monber less then two dozen. We propose to aake an extensive set of cbser-

votions im light from the center of the disk end from the lish so as to supply en

abundance of data for a statistical discussion of the problem of shifted wavelangths.

Our work on T4 I during the past few months has convinced us that many of

the unknown feint colar limes are due to this element. The lnes which we have



measured in the range 3100 to 276367 A are mostly due to trensitions fron Hl vOry

high levels of Ti I to the very low levels. We heve prepared e tentative list of
new levels. If they are real, many lines invalving these levels and others in
the middle of the energy level diagram should be coserved in the longer wavelensth

region. The realier meesurerents given in literature were incomplete because of
the oxide bands. The electredeless discharge give a very bright spectrua
of high purity. The vacuum equipment for producing these Lamps bes been set up

during the pest six months and ell our new lamps are being unde with it. Prelini-
nary studies which have been made in limited ranges of the photographic region
show thet the wavelength list of Ti I can be considerably augmented and hence also
the list of energy levels. &nong the solar l nes listed in Rewland's Table nearly
1100 are due to titanium, which is a larger nusber than due to any other elenent

except iron. It would seem that a very large mumber of the still unclessified
lines are due to titaniwa, siace iron, the other very abundant clement BBS & Bpec-
trum which 1s considersbly beter known then the spectrum of titanium. Hence the

new levels which we hope to find in titanium are likely to help considerably for
@ complete analysis of the solar spectrum.

Our computation of the energy levels from the interferometric measurements

of C. C. Giess revealed some significant gaps in the data. Most of the lines
measured by Kiess are due to transitions within the triplet eystem of levels. Only

very few of the lines involving the quintet and singlet systems have been measured.

Even more significant is thet only four intersyatem lines ere available in the

interferometric list. Thus the term values of the quintet and singlet levels and

their relative separation from the triples levels are known to a less degree of

accuracy then the triplet levels. Hence more interferometric meesurementse on Ti T

are needed.

We think we are in an advantegeous position for imterfercmetric work since
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our measuring engine has the telecordex attachesent for both the x- and y-axres
and our FE 101 computer presents the special features of simplicity in progran-
ming ami speed in computing.

65 - FACILITIES

The following pieces of equipment ere available for the present project.
(1) Wadsworth spectrograph in the basement of the Observatory, wth a

Rowland greting, 20 000 lines per inch.

(11) Wadsworth spectrograph with @ Gele grating, 30 000 lines per inch,
more sensitive then the older instrument in the ultraviolet. It is housed in a
seperate building and has been redesigned recently te give a greater flexibility.

(iii) Various accessories for excitation of different kinds of spectra.
(iv) hree comparators a of which are high precision instruments

measuring to a micron.

(v) An analog digital converter (felecordex) for automatic recording of
comparator settings.

(vi) An electronic digital coxputer (Burroughs E 101) for reduction of
wavelengths and wavenumbers and for analysis of spectra.

(vii) Telereadex specially suitable for faint lines in the aoler spectra.
(viii) A punched tape input and output assembly to transfer date directly

from the telacoriex to the computer. Arrangement to install this unit is beirg
trade »

(ix) Interferoneters for which we are making a request in the present pro-
posal. For interferometric work which we undertook at the Georgetown Observatory
from time to time the Rational Bureau of Standards used kindly to ann us one of
their interferometers. This arrangement is not possible any more since ow inter
ferometric work under the present program will be extended over a long time. Hence

® we are including in the budget of the present proposal the cost of two pairs of



interferometer plates.
the plates are to be supplied by Gaertmer. pairs of plates of Ceomins

fused silicn (super quartz), 2 3/8" ad ter 5/6" thickzess, with a tolerance of
one-hundredth of a fringe for one plate and one of a fringe foxy the other
will have to be purchased; the accseseries fer tesmerature control, ete., Will be
made in our warkshop

The priveinal investigeters for the gmgeent ggosect
WF. Meggers. Te. Riess vko has been a mexher of the Georgetcua University faculty
Since 1950 has personally supervised the designing and layout of our spectroscopic
instruments. At present he is teaching one course in the graduate of

Astronomy. Dr. Meggers will bring to the project his vast experience in the field
of spectroscopy. A bibliegrephy of the publicaticns of Dr. Kiess and Dr. Meggers

contains well over 200 titles. The main contributions which refer directly to
the present proposal are in The Publications of the Allegheny Ooservatory, Vol VI.
pp. 13 - 45, 105 - tui, (1929).

Directly engsged on this research preject will be M. Thekaekara and Vera

Rubin. M. Thekaekare joined the steff of the Gecrgetom Observatory in dune 1957

and hes since dene considerable work in developing the automatic techniques in
epectroscopy. Previously he had spent five yeare with the spectroscopy group under

Dr. G.H. Dieke at Johns Hopkins University. Wis work on the spectrum of Xe I and

and Er I formed the subject cf two Spectroseapie Reports of Johns Hopkins University.
Two reports on the work dome during the past year are soon to be published from the

Georgetowsa Qoservatory.

Mrs. Vera Rubin tho ecmoleted her dooterate at Grorgetcum three years ago

had previously been working as a research associate on the Observatory's solar

@ eclipse progrem. She has published recently four papers on the enalysis of
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photo-electric light curves obtained from a total eclipse of the sun. Presently
she is engaged on the project of measuring the faint lines of the solar spectrum.

In addition, five graduate students, Harvey Banks Jr., William Bozman,

Arthur Hook, John Giuliani and George Coyne, are engaged in studies of titanium
and yttrium which are complementary to the solar project. We are proposing that

George Coyne be made a research assistant.
8 - BUDGET First Year Second Year

(1) Punds to cover part-time WF. Meggers,c.c. Kiess, i. Thekaekera , Vo Rubin $12,000.00 $12 ,000.00

(11)Pert-time salary for Research Assistant G. Coyne ¥ 1,800.00 1,800.00,
(144) Overhead for maintenance, equipment, etc. 15% 2,070.00 2,070.00

(1v) time and photographic plates 500.00 500.00

(v) Two pairs of interferometer plates ani accessories 2,000.00

Yearly total $18,370.00 $16,370.00
Grand total $34,740.00

9 ~ CONTRIBUTIONS FROM THE GEORGETOWN UNIVERSITY

Maintenance of the spectrographs ani of the equipment for producing spectra
will be the ility of the Observatory. Several graduate students and a
few senior undergraduates who have expressed interest in getting trained in spec-

troscopy will be doing limited projects connected with the research program.
20 © SIGHATURES

Principal Investigators

Carl Cc.

P.



r Department Head

SCS

Rev. Francis J. Heyden,S.J.

Treasurer and Contract Administrator

Rev. Joseph F. Cohslan,S.J.
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PERCENTAGE OF TIME DEVOTED TO RESEARCH IN SPECTROSCOPY

Francis J. Heyden, S.J. - 33.3 %

Dr. Carl C. Kiess.- 33.3 %
Dr . Matthew Thekaekara. - 12.0 %
Dr . Vera Rubin. - 25.0%
Dr. Harvey W. Banks. - 50.0 %

Mr. Whiting Willauer. - 100.0 %
Two Graduate Assistants, - 160.0 %

The graduate assistants will work twenty hours per week

during the school year, receiving $ 2,500 each.
it should be nected that much more than the time indicated

above wll be spent on each project .





STATEMENT

1. Brief Summary The research program in atomic and molecular spectroscopy is en

extension of the work which we have been doing during the past five years in the de-

partments of physics and astronomy. We propose to develop further, the techniques of

gas discharges, of semi-automatic methods of data reduction, and of interferometric
nethods of precision measurement.

'Two students have been enrolled under the program and they have started

work at the beginning of the fall semester . Office space has been made available
for them in the physics department. While taking the basic courses in physics
which are required of every graduate student in the department, they also spend a

certain part of their time working alongside the more advanced students who are en-

gaged on projects in spectroscopy. As soon as they gain sufficient fawiliarity
with the equipment they will start on their own individual projects.

é. Expansion of faculty and facilities Several major changes in teaching sched-

ales, vere made, so that more time is available for research for each faculty
member No faculty member teaches more than two courses according to our present

schedule.

Dr. Ralph S. Henderson bas rejoined the faculty as a full time member.

Mr. Edward J. Finn has also rejoined the faculty. Both of then had been on a year's
leave. In place of Dr. Leroy Furlong, Asst. Prof., and Mr. Donald EB. McCarthy, in-

structor, who resigned last year, the department has made tyo new appointments,

Dre Eéward M. Corson, Professor and Dr. Misri L. Vatsia, Asst. Professor.

Faculty members directly involved in the spectroscopy program are
Fr. Matthew P. Thekaekara, program director, and Dr. Misri Le Vatsia. Dre Vatsia's
special field is experimental spectroscopy. Fr. Thekaekara's teaching schedule has

been reduced to half so that he can devote more time to this program. A new course

entitled Advanced Spectroscopy Laboratory has been introduced this fall and is
taught by Fr. Thekaekara. This course is of special interest to students enrolled

in this program.
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Funds comaitted for the establishment of the program include the

folloving:

Faculty
Direct salary Rev. M. P. Thekaekara, 307 of time $ 3,000.00

Depreciation Costs of equipment allocated to this
progres $ 2,620.00

Time on two Burroughs S 101 computers 780.00
G,400.00

No funds have been committed from this program for the time which

Dr. M. L. Vatsla contributes to it and his whole salary is from Usiversity funds.

Under depreciation costs of equipment, and time on two Burroughs Computers, the

anovnts committed form only a small part of the actual cost to the departments

of physics and astronony.

3. Changes in the original Plan There have been no changes in the original

plan as set forth in the proposal which vas approved last year.

h. Expansion of the Progrem Two additional fellowships sre highly desirable.

Available space and facilities easily permit the addition of more than two, per-

haps of four or six.
fhe physics department will move to the new Science Building in June 1962.

About ten thousand square feet of space in the new building will be available either

directly or indirectly for projects in spectroscopy.

These very substantial additions to our facilities are entirely outside

the regular budget of the physics department or of any specific program, and will
be provided from funds raised by the University Development Office.

There is provision in the departmental budget for the addition of two

more faculty members. More of the time of Associate Professor Thekaekera and Asst.

Prof.Vateia will be released for the research program in atomic aad molecular

spectroscopy.

5. Student Enrollment The student enrollment figures given below Include both the

departments of physics and astronomy. Many of the pieces of equipment used in the
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progrem of atomic and molecular spectroscopy are located in the Observatory and

have been developed by the astronomy department. The basic training in spectros-
copy is given mainly through courses offered in the physics department. Students
of both physics and astronomy departments are engaged in spectroscopy projects.
Hence it would seen that figures including both departments are relevent to the

present proposal.

The enroliment in the fall. semester of 1961 are for the first year 22,
second year 18, third year 22. Of our students, nearly half the number are part
time, and the rest full-time.

The anticipated enrollment for fall semester 1962 is about 15 full-time
and 10 part-time in these two departments.

The number of degrees given in dune 1961 was: 4 Master's, 0 Doctoral in
Physics; 1 Master's, 3 Doctoral in Astronomy; 87 Master's 26 Doctoral in all de-
partments of the graduate school.

6. Financial Aid for Students There are six teaching assistantships in the

physics department and one in the astronomy department. The amount is $1,800 for
first year, $2,100 for second year and $2,400 for third year. Of the seven teach-

ing assistants, three are in the spectroscopy program.

Three of our graduate students hold the National Science Foundation Co-

operdtive Fellowships, and of these one student is doing research in spectroscopy.
Three other greduate students engaged in this program are partially supported by

research assistantships, from government sources other than Title IV.

T. Institutional Support The Georgetown University development plens include

more intensified research in different branches of the physical sciences. Hence

the University is constructing the new Science Building. Some preliminary plans

have been drawn up also for a separate new building for astronomy.



Spectroscopic research is likely to become our strongest field in physics
and astronomy, partly because of the century-old tradition of the Georgetown Col-

lege Observatory and partly because of our close association with the Spectroscopy
Division of the National Bureau of Standards.

Faculty members in both physics and astronomy are exploring the possibili-
ties for more outside support from private foundations so that we might increase the

number of our full-time students.

The University has authorized a substantial increase in the Physics depart-
ment budget, so that the spectroscopy program may be adequately supported. The ex-

penses involved in starting the new course, "Advanced Spectroscopy Lab" are covered

solely by the University.
The new Science Building is straining the resources of the University to

the utmost. The University cannot give much beyond the shell of the building. Re-

sources must be found elsewhere for what keeps a research program going - competent

students and faculty men, and adequate equipment.

The present proposal is one to ensure us more of competent students for
the spectroscopy project.

8. Spectroscop in the Washington Area Georgetown is the only university in the

area which has facilities for any extensive program in spectroscopy. No other uni-

versity has an observatory attached to it. The Georgetown Observatory, which dates

back to 1841 is well-equipped for astrophysical and spectroscopic research.

There are indeed in the area a very large number of research laboratories

maintained by the government. The work they achieve and the training they give to

their workers, though of indisputably high caliber, are nonetheless of a very dif-
ferent type from what an educational institution and a university atmosphere can

achieve.

Many of these government laboratories need trained workers in all fields
of basic physics research, in particular in atomic and molecular spectroscopy.



Hence the program we propose lis a very essential complement to the research

installations of the Federal Goverment.

9. Development of Graduate Work Detailed plens for development of graduate

work at Georgetown were drawn up when the new Science Building was first planned.

Basic to these plans was the realization that the various fields of research

are closely related. Hence it is that one large building close to the Medical

Center was thought of. Rev. Edward B. Bunn, President of the University, was

responsible for these plans and he worked in close cooperation with scientists

representing each of the active fields of research. Development of spectroscopy

is essential to the plan, since it is a field common to physics and astronomy,

and has applications in chemistry and chemo-medicine.


