


keyboard of E: 101 electronic comp o are facilitie fﬂACu 3Hgv*u ma*m
possible thc greatest amount of accurate results with the least time and
fatigues

It is felt ith these tag ) £ the *nactraceaui
still not analszai a osrgeuoﬁn can be' mgﬂ, available %o the
world a&d new data obtained and reduced at a.rate hitherto not a?VTBl?EQQQ‘

rgetown University,: through its D }&wtﬂcnt of Astronomy
- of its Department of Physics, reguests funds for

(1) » 2 salary for one Ph.D. Assistant Professor (2 yrs.) $8000.00

(2) Part-time salary for one Ph.D:- reésearch director (2 yrs.) 500000
(3) For three research ascistants at $1800.00 per yre (2-yrs.) 10800.00
(4}‘Type 29A'Te1ereadez with lenses and plate holder 14000.00
(5) Flexowriter to punch tape from Telecordex 2475.00
(6) Adapting of Flexowriter to Telecordex by Telecompubing

Corporation 1500.00
(7} Paper tape input reader by Burroughs Corporation 376500

$45540500°

Yours yery respectfully,

Francis &+ Heyden, S.J
Director




GEORGETOWN UNIVERSITY

Washington 7, D.C,

OFFICE OF THE PRESIDENT July 1, 1957

Office of the Director

Frograms for Physice and Astronomy
National Science Foundation
Washington 25, D.C.

Jear Sirs

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 described
in 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
Buresu 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 becn able to do with the limited time available to him in the
past few years.

The special additions to the computing and measuring equipment
requested in this proposal are beyond the reach of either the Physics
or Astronomy Department in the foreseeable future. Yet, the addition
of 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. Bumn, 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 physicists fully conversant with
the significance of gpectrnscopy in physics and astrophysics and familiar
with the techniques of the new instruments.

The projects in speotroscopy on which the Observatory is currently en-
gaged include the followings (1) the spectra of titanium, hafnium, zirco-
5ium and yttrium; (2) the spectrum of chlorine in chlorides of different
metals, (3) faint iron lines in the solar spectrum, (4) hydroscarbon lamp
spectrum and its comparison with the solar spectrum, (5) mapping of the

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

solar spectrum (7) the spectra of Saturn 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 :’:‘otamd.a.rda?2 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
'Observatoryo In the course of some previous correspondence regarding these
projects;, Dr. C, 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 adiitional information reference may be made to Dr, 0. C.
Kiess or Dr, C. 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 Westfalllg
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 He is needed to initiate the discharge. The lamp burns steadily in an
oscillating field of about 2000 mc/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-
gition of two different balogens of the same metal permit one to iﬁentify
easily the lines due to metal.

The special advantages of these lamps are that they give a very
bright arc spectrum of the metel, that they operate for a long tims stea-

dily end at almdst constant inxensityg 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. W’a.rdakee2 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, K. Wardakee, J. Opt. Soc. Am. 45, 354 (1955).




between the energy levels found by H. N. Russell and tabulated by C. E,
Moore in Atomic Energy 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 arc 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: (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 Gale 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 largeat 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 comverter (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 astronomy depart-
ment.

The telecordex 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 microscope, 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 adJitions 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 is well known that many of the spectra, especially the more com-
plex ones, are quite unsatisfactorily presented in existing literaturs. The
earlier measurements were made ai a time when the demand for accuracy was
not as great as it is today. New methods of producing speotra 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 chemistry 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-
egsary measurements and all the subsequent calculations constitute a tedious
and time-gconsuming 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 must be welcomed, and where new techniques ensuring speed

and accuracy are available, maximum use should be made of them.
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 conincides with
she crosshair of the eyepiece. The position of the microscope is read on
the head scale and the pitch scale and the value is written down on paper.
Apart from the time required for these operations, considerable sirain 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 eye on the microscope eye-
piece and positionb will be typed out as fast as the lines can be made.

The telecordex is a dual indicating and recording device which stores elec-
tric pulses. Magnetic reading heads are attached to the horizontal and

vertical screws of the comparator and electric pulses are generated each

time the microscpe travels a thousandth of a millimeter. The number of

pulses which repreaents 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_pripts the information in tabular form on a continuous
roll of paper. The_dircﬁits are arranged so that the counts are subtracted
when the microscoﬁgAmowés backwards and added when it goes forward., There
are two independent counters for the x- and y- exes movements of the mi-
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 diffpse or a blend, or pertains to the iron comparison spec=
trum, ete,

The positions of the iines 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 gecording to the linear dispersion formulas

Aa}o-&f(xnxo)o




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 large.
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
e 4x4 matrix in about one minute and 20 seconds. The constants a;, b, ¢ and
d of the matrix are thus known from che computer. The next step is to cal-
culate the wavelength i for each value of x, using an equation of the
fourth powers:

7i= 8 + bx + e + Ao,

The following are sample values of the constants: a = 4138,.36945;

b = 1.80933465; ¢ = 0.0003529813 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 alsc is a tedious operation which can be
eliminated by programming the computer for an accurate dispersion formula,
Flectrodata Model 102 has a magnetic drum memory of 220 words of 12 digits
each. Full use can be made of this storsge 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., Ph.D.




GEORGETOYN URIVERSITY
DEPARTNENT OF AST:0i:0MY
WASIHI‘EGTON; s DeCo
 PLOPOSAL FO: GRANT Tii ATD FROK THE NATIONAL SCIENCE FOUND:ATION
BAME ;AND ADDRESS OF INSTITUTIOK: Georgetown University, Washington, 7, D.C.

NARLS OF PRINCIPAL INVEETIGATORS: Reve Francis J. HeydenyS.Jd. of Georgetown University
Dr. Francis A. Jenkins, Prof. of Physics, U. of California.

TITL. OF PROPOSED RSEARCHs Analysis of Molecular Spectra

3 This proposal is supplementary to one made by

Dr. Francis A. Jenkins and Dr. John Ge. Phillips of the University of California for
researcih on the unalysissof molecular spectra. For a description of the research, reference
is 10 be mace to the application made by Dre Jehkins and Dr. Phillipse

Dr. Jenkins in the course of a visit to Washisugton,D.Ce
in the fall o 1957 discussed with the spectroscopy groups of Georgetown College Observatory
a plan viereby his group would cooperate in tue analysis of molecular spectra to be
u.dertaken at the University of California. The original suggestion vwas that an applicution
would be made from the Wniversity of California for a grant from the NSF and that in that
ap:lication would te incluced also the salaries of tuvo part-~time assistants who would be
employed at Georgetown for measurement of the plates and computationof wave-numbers. The
original proposal was later m.dified at the request of the Dean of the Graduate Division
ol the University fo California since salaries for persons not working in Berkeley may
not be included in a grant to the University of California.

Dr. Jeniins in a letter of June 17,1958 to the first principsl
investigator named above ( Francis J. leyden) suggested thet a request be made to the
National Science Ffoundation by Georgetown University for a separate grant to cover the
salaries of the student assistante who will work here. The portions of the original proposal
referring to tiae cooperation of Georgetown with the project and the items in the budget

for this purpose were accordingly deleted from the proposal sutmitted by Dr. Jen:ins

_ and Dr. Phillips. The cooperation of our spectroscopic group will be limlted to the

‘neasuremont of the plates and for computation of wavelengths and wave-numbers.

PROCLDUI.Ls The platez will be taken on the Berkeley campus and vill be shipped to

Georgetown for measurement and reductione Georgetovn has & few excellent measuring and
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’ and computational deﬁces. They are being used for peodetic and astrogew,
as well as for two spectroscopic projects: the spectrum of T1 I and Faint Lines in
the solar spectrum. One ol the three meusuring cngines is fitted with mapgnetic reading
heads which generate electric pulses each time the comjarator screw travels 1/1000 mm.
An analog digital converter ( the Telecordex ) vwhich is a cdual indicating and - .comding
device stores the electric pulses, and whenever the read-out bution is pressed an
electric typewriter prints out the information on a continuuos roll of papers. Modification
to fit a card punch or paper tape punch is not difficult for the Telecordex which has
an outlet for these components.

Time on tae Telecordex is readily available since the machine
speeds up the normal measuring >rocess b, almosta factor ol ten. It is proposed that
Georgetown employ two graduate students, part-tie &uring the school year and full tinme
during the summer period to make me..surements and reductions for Dr. Jeniin's program.

Tn connection with the other spyectroscopic »rojects, the L 101
computer at Georgetown has already becn srogramned for the reduction of waveleagths,
calculation of wave=numbers according to the fdlein dispersion formula and f{or sorting
out energy levels. Since time on tue com uter is now ;ireatly in dcmand for other projects
at the Observatory, and further since the IH1 701 computer at Berkeley will be available
for the final stages of thc analysis, it is exjected that Georzetown'’s cooperation with
the prograx for Molecular Specira will be mainly that of measurement of platcse
FACILITIES: For greater understanding of the project being undertaken at Berizeley and
for bettor possible cooperation in every dctail, students at Georgectown who will work
on this project will be familiar with thc following ecuipments

a) Two tadfiorth mounting spectrographs with coneave gratings, one a
six inch Rowland grating with 20,000 lines per inch and thc otacr a six inch Gale

grating with 30,000 lines per inch.

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

8) Three comparators, all of which are high srecision insiruments
measuring to a micron. The largest of these with a 20 centizeter travel is especially




"suited for interferometric work since it is equally accurate in "x% and ¥yi,
d) An analogue digital converter (Telecordex) for automatic
. recording of comparator settings. The large comperator anc the Telecordex wil’ k
be the instruments used for the presemt project/
e) An electronic digital computer (ilectrodata) for wavelenght and
wave-number reduction. |
Arrangements are being made for two more additional items,
namely, a Telereadex wiiich will not nly eliminate the need for making comparator settings
with the aid of a microscope but will also cnable the observer to secfaint lines on pro-
jection which camnot be seen with transmitted light, and a punched tape output and
input assembly which will transfer data directly to the E10L computer and eliminate
the source of error in +trunsribing directly from tyjed copy to the ey boara of the

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

by a NSF grant.

.%Personnel: Joint supervisors of the projects are

Francis J.Heyden,S.J. Director of Ge orgetown College Observatory
who will take charge of the wo k to be done at Georgetown.
Francis A, Jenkins, Professor of Physics of the University of C aliformi:
who will direct the projec t at Berkeley and assign specific portions of it to Georpgetow:.
Matthew Thekaekara S.J.. Assigtant 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 ile programs for tud
E 101 computer for deriving the wavelenghts and wavelnumbers from the readings ofI the

megsuring comparators.

Carl C. Kiess (Bureau of Standards,retired) Director of spectroscopic
research projéct.s at Georgetown. Dr. Kiess was instrumental ih starting all of the
spectroscopic research at Georgetown while still at the Bureau of Standards.

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

problems concerned with this project.




Graduate students in Physics and Astronomy to do tac routine .arts
of tue works to be employed part time during the shool year and full time during the
‘ summer months.
8. BUDGET: The proposed budget covers thre. periodss The items given herc are tiose originally
entered by Dr. Jenkins and Dr. Phi#llips in their first draft of the project and deleted

in the final proposal.
First Yeare. Second Year Third Year

Two Research Assistants 3 5000.00 3 5000.00 & 5000.,00

Overhead for maintenance
of equioment 75000 75000 75000

ze&rlyytotal e.oo--.oo.-...é} 5750000
Grand total PeP00000G8SO0 D $ 17’250000

9. CONTRIBUTIORS OF GIORGETOUN UNIV: BSITY:
Sal*ies of Francis J. Heyden, Matthcw Thekaekara, Carl Kiess, W. leggers

Computer tiuze onnthe E 101 and measuring ecui:acate

.I‘he requested overie..d is asized to partly cover tiaec maintenance on the Teleco.dex and

Telcoreade:: machines.

Submitted by Francis J. Heyden,;Sede
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. Spectroscopic Projects with Electrodats Digitel Computer, Model 102

The branch of physics known as .spectroscopy had its origin in the cele-
brated experiment of Sir Isaac Newton who showed that the white dight of the
sun is in reality a mixture of different colors and that a prism can gpread
it out into a spectrum as in a vainbow. Nearly two centuries later another
English scientist, Young, showed that light propagates itself as waves, much.
il the same manner as ripples on the surface of water. The distance between

cessive cresis is called a wavelength, Blue or violet light has shorter
gelength than red or yellow light. Atoms and molscules can be made to emit
- their own specific wevelengths, A familiar example is the neon advertising
sign. The composite light emitted by a gas discharge tube can be spread out
into its component wavelengths by means of a spectrograph, These wavelengths
register themselves on a photographic plate as narrow lines parallel %o each
other in order of increasing wavelengths. A given atom may emit several hun-
dreds or several thousands of lines according to the complexity of the atom.

The wavelengths are related in a simple manner to the energy changes
which take place within an atom when the light is emitted. Dividing the ve-
locity of light by the wavelength one gets the frequency or the number of vi-
brations per second. The frequency is of the order of a quadrillion (1015)
per second. Einstein discovered the famous relation E = hy which states
that the energy given ouf as light radiation by a single atom due %o its
transition from one energy state o another is the product of the frequericy

and a universal physical comstant known as Planck's constant, b,

In the realm of the physical sciences the most sccurate measuremenis are
those in spectroscopy. Nowhers else are instruments comstructed with such
rigorous precisiony nowhere else are observations made with such elaborats ..
care. wavelengths are infinitesimally small; the wavelength of the yellow
lines of sodium is aboui 6000 A, The unit A, called the Angstrom unit, is &
hundred-millionth of a centimeter. Though so small, wavelengths can be megs=-
ured with an accuracy of one part in 50 million, Francis M, Grimeldi, an
Itelian Jesuit of the 17th century, showed that gretings have the sams pro-
perty as prisms of dispersing light into its component colors, Gratings are
made by ruling a large number of fine lines on silvered glass, - The best
spectrographs of today are grating instruments and some of the finest grat- .
ings ever made are those ruled by Rowland of The Johns Hopkins University,

Baltimore, Maryland, The large spectrograrh of the Georgetown Observatory is

fitted with an original Rowland grating. It has a six-inch wide concave ‘re=
fleoting surface with 20,000 lines per inch. -

Spectroscopy has an important role in physics and astronomy, It has
been said half-lumorously but very truthfully that trying to learn about the
atom or molecule through spectroscopy is 1like trying to learn all about the
piano by dropping millions of planos down several flights of stairs and lis-
tening to the sound they make when they crash. Spectrum lines are the mes=
sengers which come to us from within the atom. They bring us abundant, very
useful and highly precise information about the inmer structure of atoms end
about the laws which hold them together, The light which reaches the earth
from the sun and the stars when analyzed by a spectrograph reveals the con~
stitution of these distant bodies. Photographing the spectrum is only a
smell part of the work of a spectroscopist., The relative positions of the
hundreds of lines which appear on a photographic plate are measured with an
accuracy 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 limes. The time taken up in measuring 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 out 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, scou-
racy and all-purpose adaptability of the E 102 comes to be extremely useful in
an observatory where processing abundant data of varied kinds forms so large 2
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 accu-
racy but would be far too laborious for a desk calculator., 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 o, and 4 of the matrix are thus known from the computer. The next step
for 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 powez,

A= 2 + bx + ox2 + dxJ,

Sample values of a, b, ¢ and 4 are a = 4138.36945; b = 1.80933465;

¢ = 0,0003529; d = 0,00000029368., For each plate there would be a thousand
values of x; each having six significant figures. A problem of tais kind can-
not evidently be atiempted by a desk calculator for which & first power equa-
tion of the form 3= a + bx represents the maximum possible accuracy and er-
rors will have to be corrected by a calibration curve, A further stage in the
calculation ie 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 is to use Kagyser's well-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) Hydrocarbon spectrum and its com-
parison with the spestrum of the sun; (2) Spestrum of chlorine 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 dus to the great
amount of time and labor involved in reducing the data, These projects are
auxiliary to projects on whigh the National Bureau of Standards in Washing-
ton, D.C. is currently engaged and are of considerable importance 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 CGeorgetown Observatory fully trained in techniques of spectroscopy and
familiar with programming for the B 102 computer, it is expected that several
large spectroscopic projects can now be undertaken,

(Rev.) Matthew P. Thekaekara, S.J., Fh.D.




GEORGETOWN UNIVERSITY, LEPARTMENT OF ASTRONOMY

WASHINGTON 7, D.C.
A PROPOSAL FOR GRANT-IN ATD FROM THE NATIONAL SCIENCE FOUNDATION

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

Dr. Carl C. Kiess

Dr. Willism F. Meggers
3 - TITLE OF THE PROPOSED RESEARCH: Investigations of the sun's spectrum compris-~
ing the following: (1) identification of faint Fraunhofer lines due to iron and
titanium; (ii) observation and analysis of the spectrum of neutral titanium in the
ultra-violet and in the longer regions ordinarily masked by oxide bande in are
spectra; (iii) precision meesurement of solar wavelengths by interferometric

‘ methods .

L - PRESENT STATUS OF THE RESEARCH PROJECT.

This proposal will continue and extend by the above principal investigators

the research authorized by the National Science Foundation under N.S.F. grant 5217
to Georgetowm University. Under the above grant the following work has been done.
(1) The spectrum of Ti I has been messured in the range 3100 - 2100 A on
spectrograms obtained with the large quartz-prism spectrograph of the Naticnal
Bureau of Standards. These measurements have been made with very high reciprocal
dispersioné ranging from 0.8 t9 0.3 A per mm, and yileld 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 remsinder belong to Ti II or to
various impurities such as Fe, V, Si, and Al. 53 of the new lines have been clasgi-
fied as combinations between known levels. Six new odd levels heve been established
.whieh in combination with known levels aceount for about 25 unidentified faint solar

lines. The measurements were mzde with & telecordex » 88 described in the previous




. proposal. The average positions of the lines were fed into 2 Burroughs E 101

camputer and calibration of the plates was carried out accurately by the method
of least squares. This computer offers certain advantages over the giant elec-
tronic camputers, such as low initisl cost, considerably lower expense of main-
tenance, and saving in time owing to its sistem of decentralized computing. With
it the wavemunbers of the lines, corrected for dispersion of air according to
Edlen's formula, and the recurring constant differences between related lines ar
automatically deri';reda A paper by M. Thekaekara, describing these techniques snd
results was presented at the Annuzl Meeting of the QOptical Soclety of America,
October 1958. A copy of that paper accompanies the present propcsal.

(i1) To increamse the accuracy of calculated term-combinations it has been
found desirsble to re evaluste the Ti I terms determined from interferometer
measurenents by Kless, sbout 30 years sgo. This has meant changing them from the
older formula of Meggers and Peters for the dispersiom 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 pepers
bearing on this phase of the project are in preparation, one by M. Thekaekars and
C. Wilson dealing with the new results for Ti I and their analysis, the other by
C. C. Kiess and M. Thekaeckara dealing with revision of the Ti I terms.

{(ii1) The grating spectrograph which will be used in the solar work has
been reconstructed during the summer months so as to increase its Flexibility and
adaptability for laboratory sources as well as celestial sources. This set-up
will accomodate either of two concave gratings of 21 ft. radius 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.G. Gale at the University of Chicago with the machine now

being operated by Bausch and Lomb.
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‘ . {iv) Dr. Vera Rubin is now engeged in examining the solar spectrograms

taken several years ago by Fr. jeyden and Dr. Zalubas with the Rowlend grating
ruled with 20 000 limes per inch. %The vegion which is being measured &t present
covers the wavelength ramge 5950 6450 A. It is anticipated thai_this regiom
vill be read and reduced within two momths and that a significant mmber of
"new" lines will be recorded. Following this the reglous 470 - 5000 A and
3300 - 4100 A will be investigated similarly. The cbject of this investigation
is to check the faint lines ggainst those published originally by Rowlard exnd
given in the Revision of Rowlend's Tsble issued by the Carnegle Institution of
Washington in 1928.
5 - PROPOSED RESEARCH FOR ‘EBE MEDIATE FUTURE,
The aim of the research work listed in this project is ‘o supply chemical
jdentifications for the faint solar lines that will be listed in the mew table of
@:screr vevelenging now in preperation by Mrs. Charlotte boore at the National
Burean of Stendards. This work was undertaken for and ab the request of the
Internationsl Astroncmical Union. At present nearly 7 000 cut of a total of
26 000 solar lines are still unidentified. The question has been raised as to
vhether all of these lines are gemuine or whether scme ere spurious. To give an
answer it is proposed to meke en intercomparison of saler spectra cbtained with
high-dispersion gratings ruled with different engines. Avallable for such an
investigation are Rowland's original list based on spectrograms taken with his
earlier gratings, and the Utrecht Atlas derived from gratings made et Mount Wilson
Observatory with the Rowland 20 000 line per inch grating. It is our imtention to
supplement this material with a set of spectrogrems taken with the Gale grating
mentioned above. Faint lines that sppear on all or several differsnt spectrograms

are to be accepted as real; those appsaring om one spectrogram ere to be rejected.

&




TFor the identifications of the lines accurcie wavelengihe are lecessary.
Por a greut part of thé solar spectrum such data are availsble from the inber-
fercmeter mesasuvements made more than 30 years ago by Burns, Moggers and Kisss

at the Allegheny CObservatory and by H.D. Babeock at Mount Wilscn. But this work
| hes never been finished owing to the use of gless optical accessories in the
experimentsl eset-up. We now propose to bridge the remaining gap in the sclar
gpectrum, between 3500 axd 3000 4, by messwring selected lines in this uitra-
viclet region with Fabry-Perct interferometers.

Such observations will furnish valusble evidence for ancther problem of
great scientific importence. Einstein has deduced, from his relativity theory,
the ccmcluéion that spectrum lines produced in a gravitetional field will be
shifted toward longer wavelengths by a calculable apount from the pesitions as
mepsured in the lsboratory. The interferometric pessurements at Allegheny and
Mount Wilsom do indeed show that the soler lines are shifted, but in & way not
envisioned by the theory. 7he stromger lines are shifted by smounts greater than
that postulsted by the theory, end the fainter lives by smounts less thei the
theoretical. Tt is obvious that the longwerd shift of solar lines is the resultant
of more than one effect. Purthermore 1t has been found, at the University of
Oxford, Englend, that lines formed st the sun's lisb, that is, in stmospheric
layers high sbove the photosphere, are shifted by still greater smounts. OF these
earlier cheervabions some {Allegheny) were made in integrated sunlight, and obthers
(Mount Wilsea) in light from the center of the disk. The Oxford observatioms are
few in mwmber, less them two dozen. We propose to make an extensive set ¢f cobser-
vetions in light from the center of the disk and from the lizb s0 as %o supply an
sbundance of data for a statistical discussion of the problem of shifted vavelangths.

Our work on T4 T Auring the past few months bas comvinced us that meny of

theunknwnfaintsolarlmesmdmtotmmm. The lines which we have




measuwred in the range 3100 to 2100 4 are mostly due to tremsitions from the very
high levels of Ti I to the very low levels. We have prepared e tentative list of
new levels. If they are real, meny lines involving these levels and others in

the middle of the epergy level diagram should be cbserved in the longer wavelength
region. 7The realier messurepents given in litsreture were incomplete because of
the oxide bands. The electrcdeless discharge lamps give a very bright spectrum

of high purity. The vacuum equipment for producing these lsmps bas been set up
during the past six months and ell our new lamps are being mede with it. Prelimi-
nary studles which have been made im limited ranges of the photographic region
sbow thet the wavelength list of Ti I can be considersbly augmented and hence alsc
the list of ewergy levels. Among the scler lines listed in Rowland's Tsble nearly
1100 ave due to titanium, which is & larger mmber than due to any other element
except irom. It would seem thet a very large muber of the still unclassified
lines are due to titeniwm, since iron, the other very ebundant element, has & spec-
trum vhich is considersbly belter known than the spectrum of titanjum. Hence the
nev levels which we hope to find im titanivm are likely to help considersbly for

a camplete analysis of the solsr spectrum.

Cur computation of the energy levels from the interfercmetric measurements

of C. C. Gless revealed some significent gaps in the data. Most of the lines -~
measured by Riess are due to “ransitions within the triplet system of levels. Only
very few of the lines melviag the quintet and singlet systems have been measured.
Even more significant is thet only four intersystem lines are avallsble in the
interferometrie list. Thus the term values of the quinte:& and singlet levels and
their relative separation from the triplet levels are konown %o & less degree of
accuracy then the triplet lévels. Hence more interfercmetric meesuremsuts on T I
are needed.

We think we are in an sdvantegeous position for interfercmetric work since




our measuring engine has the telecordex attachement for both the x- snd y-axes
and our E 101 computer presemts the special features of simplicity in Drogram-
ming and speed in computing.

6 - PACILITIES

The following pieces of equipment ere available for the present project.

(1) wadsworth spectrograph in the basement of the Observatory, with a
Rowland grating, 20 000 lines per inch.

(i) Wadsworth spectrograph with a Gale grating, 30 000 lines per inch,
more sensitive then the older instrument in the ultraviolet. It is housed in &
seperate building and hes been redesigned recently to give a greater flexibility.

(111) Various accessories for excitation of different kinds of spectra.

(iv) Three comparators all of which ave high precision instruments
measuring to a micron.

(v) An anslog digital comverter (Telecordex) for sutomatic recording of
comparator settings.

(vi) An electronic digital computer (Burroughs B 101) for reduction of
wavelengths and wavemmbers and for analysis of spectra.

(vii) Telereadex specially suiteble for faint lines in the solar spectra.

(viii) A punched tepe input and output assembly to tremsfer date directly
from the telecardex to the camputer. Arrangement %o install this unit is beirg
made .

(ix) Interfercmeters for which we are making a request in the present pro-

posal. For interferametric work which we undertock at the Georgetowm Cbservatory
frmtinetotimthemtiomlmmanofsmndudsmdkinﬂytolmnsmeat
their interferometers. This arrangement is not possible any more since owr inter
remﬁicwkmrwemtmﬂnbemamralmtm. Hence
wemincludinginthebuﬂgetdthepresentpropualthecosﬁcftwopﬂrsof




interferometer plates.

The plates are to be suppled by Gaeritner. Two pairs of plates of Coxning
fused silica (super quartz), 2 3/8" dlameter, 5/68" thickuess, with & tolerance of
one-hundredth of a fringe for one plate and cme fiftieth of 2 frin ge for the other
vill have to be purchased; the accessories for tesperature control s €%C., will be
made in our woltkshop.

T - PERSGHNEL

The privecipal investigetors for the prosent project are £.C. ¥Xiess and
W.F. Meggers. Dr. Kiess vho bas been a member of the Georgetown University facullty
since 1950 hes persomslly supervised the designing and layout of owr spectroscopic
instruments. At present he is teaching one courge in the graduate school of
Astronomy. In. Meggers will bring to the project his vast experience in the field
of spectroscopy. A bibliogrephy of the publications of Dr. Kiess and Dr. Meggers
contains well over 200 titles. The main contributions which refer directly to
the present proposal are in The Publicstions of the MAllegheny Observatory, Vol VI,
Pp. 13 - 45, 105 - 1, (1z29).

1 ave and Vera
Rubin. Thekaskore joined the staff of the Georgetown Observatory im Jﬁm 3957
snd has since done cousidersble work in developing the automatic technigues in
spectroscopy. Previously he had spent five years with the spectroscopy group under
Pr. G.H. Dieke et Johns Hopkine University. His work on the spectrum of Xe I and
and Br I formed the subject of two Spectrosecapic Reperts of Johns Hopkims University.
Two reports cn the work dome durimg the past year are soom %o be published from the
Georgetown (bservatory.

Mrs. Vera Rubin who completed her doctorate at Gecrgetown three years ago
had previously been working as a research associste on the Cbservatory's solar

. eclipse progrom. She has published recently four pepers on the analysis of
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photo-electric light curves cbtained from a total eclipse of the sun. Presently
she is engaged on the project of measuring the faint lines of the solar spectrum.

In sddition, five graduate students, Harvey Bauks Jr., Willism Bozmen,

Arthur Hock, John Giulieni and George Coyne, are engaged in studies of titanium
and yttrium which are complementary to the sclar project. We are proposing that
George Coyne be made a research sssistant.

8 - BUDGET? First Year Second Year

(1) Punds to cover part-time salaries of W.F. Meggers,
CCc. Kie”’ u. W; VQ Rllbiﬂ m,wo.m $12,000.w

(11)Part-time salary for Research Assistent G. Coyne Y 1,800.00 1,800.00,
(1i1) Overhead for meintenance, equipment, ete. 15§ 2,070.00 2,070.00
(iv) Coamputer time and photogrephic plates 500.00 500.00
(v) Two pairs of imterfercmeter plates and accessories 2,000.00

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

9 - CONTRIBUTIONS FROM THE GEORGETOWN UNIVERSITY
Maintensuce of the spectrographs and of the equipment for producing spectra

will be the responsibility of the Observatory. Several graduste students end a
few senior undergraduates who have expressed interest in getting trained in spec-
troscopy will be doing limited projects connected with the research program.
10 - SIGHATURES:

Principal Investigators




Department Head

Rev., Francis J. Heyden,S.J.

Treasurer and Contract Administrator

Rev. Joseph F. Cohalan,S.J.

























PERCEN?

GE OF TIME DEVOTED TO RE RCH IN SF TROSCOPY

Py,
Dr.

Francis J. Heyden, S.J. -

Carl C. Kiess. -

Matthew Thekaekara, -

Vera Rubin. -

Harvey W. Banks. -

Whiting Willauer. - 100.0 %

wo Graduate Assistants., - 100.0 %

during

above will

The graduate assistants will work twenty hours per week

the school year, receiving $ 2, 500 ea

o

It should be noted that much re than the time indicated

be spent on each project .







STATEMENT

1. Brief Summary The research érog:am in atomic and molecular spectroscopy ies en
extenéién ofvihe work which we have been doing during the past five years in the de-
paftments of physics and astronomy. We propose to develop'furthsr the techniques of
gés discharges, of semi-automatic methods of data reduction, and of interferometric
ﬁgthgds of precision measuremeht.

. lTwo students have been enrolled under the program agd they have started
work at the beginning of the fall semester. O0ffice space has been made availsble
for them in the physics depértmezxt° While tak;ng the basic courses in physics
which are required of every.graduate student in the department, they also spend a
certaiﬁ part of their time work;ng alongside the more advanced studenté who are en=-
gaged on projects in spectrqscopﬁ. As soon as they gain sufficient familiarity

with the equipment they will start on their own individual projects.

2. Expansion of faculty and facilities -Several major changes in teaching sched-
ules ﬁere made, so that more time.is available for research fpr each faculty
member. No faculty mewber teaches more then two courses according to our present
éghedﬁle. |

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

Mr. Edward J. Finn has also rejoined the faculty. Both of them had been on a year's

leave. In place of Dr. Leroy Furlong, Asst. Prof., and Mr. Dorald E. McCarthy, In-

structor, who resigned last year, the department has mede two new appointments,
Dr. Edward 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 L. Vatsia. Dr. Vatsia's

specigl field is experimental spectroscopy. Fr. Thekaekara's teeching schedule has
been reduced to half so that he can devote more time to thie program. A new course
entitled Advapced Spectroscopy Laboratory has been introduced‘this fall and is

tavght by Fr. Thekaekara. This course is of s?ecial interest to students enrolled

in this program.




.

Funds committed for the establishment of the program include the
following:
Faculty
Direct selary Rev. M. P. Thekaekara, 30% of time $ 3,000.00

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

Time on two Burroughs E 101 computers : E80°00
$ 6,400.00
Yo funds have been committed from this program for the time which
‘Dr. M. L. Vatsia contributes to it and his wvhole salary is from University funds.
Under depreciation costs of equipment, and time on two Burroughs Computers, the
amounts committed form only a smell paxt of the actual cost to the departments

of physice and astronomy.

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

plan as set forth in the proposal which was epproved last year.

b. Expansion of the Program Two additional fellowships are highly desirable.

Available space and facllities easily permit the addition of more than two, per-
haps of four or six.

The 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 avallable either
directly or indirectly for projects in spectroscopy.

These very substantial additions to ocur facilities are entirely outside
the regular budget of the physics departmeat or of any specific program, and will
be provided from funds raised by the University Development Office.

. There is provision in the deparitmental budget for the addition of two
more faculty members. More of the time of Associate Professor Thekaekasra and Asst.
Prof.Vatsia will be released for the research program in atomic and molecular

spectroscopy.

5. Btudent 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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program 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 meinly through courses offered in the physics department. Students
of both physics and astronomy departments are engaged in spectroscopy projects.
Hence it would seem that figures including both departuents are relevent to the
present proposal.

The enrollment 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 sbout 15 full-time
and 10 part-time in these two departments.

The number of degrees given in June 1961 was: I Master's, O Poctoral in
Physics; 1 Master’s, 3 Doctoral in Astronomy; 87 Master's 26 Doctoral ip all de-

partuents 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
Pirst 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-
operative Fellowships, and of these one student is doing research in spectroécopyo
Three other greduvate students engeged in this program are partially supported by

research assistantships, from government sources other than Title iV.

T. Institutional Support The Ceorgetown University development plans include

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

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

have been drawn up also for a separate new building for astronomy.
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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
pumber 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 Spectrosecopy Lab" are covered

solely by the Uriversity.

The new Science Building is straining the resources of the University to
the utmost. The University canmot give much beyond the shell of the building. Re-
sources must be found elsewbere for what keeps a research program going - competent
students and facully men, and adequate equipment.

The present proposal is one to ensure us more of competent students for

the spectroscopy project.

8. Spectroscopy 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 astréphysical and spectroscopic research.

There are indeed in the area a very large number of research lsboratories
maintained by the govermment. 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 imstitution 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.
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Hence the program we propose'is a very essential complement to the research

installations of the Federal CGovernment.

9. Development of Craduate Work Detailed plans 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. Bumn, 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 =ssential to the plan, since it is a field common to physics and astronomy,

and has'applications in chemlstry and chemo-medicine.




