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1. BRIEF SUMMARY

The research program im atomic and molecular spectroscopy is an
extension of the work which we have been doing during the past four
years in the departments of physics and astronomy. We have already
developed geveral semi-automatic techniques for rapid reduction of
spectroscopic data. With three newly acquired pieces of equipment,
the telecordex, telereadex and E 101 Computer, many time-saving features
have been introduced. FElectrodeless discharge tubes provide efficient
leboratory sources. The relative advantages of these sources, compared
to conventional arc and spark discharges, have beea demonstrated by our
work as by that of several other investigators. The techniques of mak-
ing such tubes have still to be perfected. Several spectra of astro-
physical interest need to be studied. A great deal of work still needs
to be done in connection with the accurete determination of energy levels.
The semi-automatic techniques in interferometry vwhich we have devised per-
mit such work to be accomplished rapidly, economically and with sufficiently
high degree of precision. The vastly improved facilities of the new science
building to be opened in 1962, will permit us to attempt these problems. The
problems in which we are interested are of & basic nature. These are problems
vwhich will give to the graduate students familiarity with many different types
of imstruments end with many different aspects of physical theory.
our work has been in the visible and photographic region of the spec
Facllities which ve bave acquired recently or will be getting in the neaxr
future will permit us to study the ultraviolet and infrared region. OQur
spectroscopic studies in the physics department will be closely related %o
and will benefit considerably the research work carried on at the George-
town College Observatory om the atmospheres of the Planets and in cur
laboratories of biophysics and physical chemistry.

2. FRESENT PROGRAM AND FACILITIES

Research Opportunities.

~ Our greduate course offerings are such that the students can approach
their experimental work with an adequate knowledge of the Physical theory.
The courses specially suited to the progrem are:




Geometrical and Physical Optics: A study of the fundamental
principies of geometrical and physical optics; diffraction, inter-
ference, reflection, dispersion, polarization, double refraction snd
crystal optics. Experiments on the gbove subjects and use of the
Michelson interferometer, the spectroscope, the cemera, and various
other optical instruments.

Quantum Mechanics: This course treats the Schroedinger wave equation
and its application to the energy levels of simple systems and to
collision theory; the Heisenberg matrix formulation; and the applica-
tion of approximate methods to atomic and molecular problems. The
Dira€ electron.

Atomic Structure and Spectra: A brief discussion of the history and
instruments of spectroscopy, alkali spectra and penetrating orbits,
the alkaline earths, electron spin and multiplet structure, &
quantization, Pauli principle, the periodic system of the eleue
spectral intensities, anomalous terms, perturbation, pre-ionization,
comparisons of types of coupling, hyperfine structure, electron affin-
ity end width of spectral linmes.

Molecular structure and gpectra: Rotational, vibrational, and electromic
structure of diatomic molecules. Rotational and vibrational structure of
polystomic molecules.

Other graduate courses which are offered in the department of physics
are: Classical Mechanics, Electromagretic Theory, Advanced Thermodynamics,
Statistical Mechanics, Relativity, Nuclesr Physics, Experimental Nuclear
Physics, Theory of the Solid State, Advanced Optics.

For our experimental work the following pieces of equipment are
availeble:

i A VWadsworth spectrogreph in the basement of the Observatory,
with an original Rowland grating, 20 000 lines pexr inch.

ii Another Wadsworth spectrograph with a Gale grating, 30 €00
lines per inch. I% is housed in a separate building and is
specially designed and equipped with a heliostat for astro-
physical work.

Various accessc¥i®s for the excitation of different types of
spectra, including raytheon and klystron oscillators.

Three comparators all of which are high precision instruments
neasuring to a micron.

An analog digitel converter (Telecordex) for automatic record-
ing of comparator settings.

& telereadex for projection of plate images on & screen, suitable
for more precise estimate of intensity and for detection of the
fainter lines.




Two electronic dig bers fﬁuf roughs F 1) for rapid

reduction of wavelengths and Wave numberg and r analysis of
spectra.

An interferometer of very high quality.

A Littrow spectrogreph specielly suited for the ultraviole?
region.

An infrered spectrograph.

Various other accessories will be added as the need arises.
£ adequate' space has been for long a major handicap. But, since ther
is adequate space in the new building we can permit a lerger number of
students to profit by the research cpgs it
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In addition there are severel in closely related Pields of Physics,
biophysics, chemical physice and astroncmy on the research staff of
the physical sciences group of the graduate school and of the George-
town Medical Center. The sérvices of all these men are avallable for
consultation snd guidance,

Spectroscopy is likely to become our strongest field, partly
because of the century old tradition of the Georgetown College Observa-
tory, and partly because of our cloge assocliation with the Spectroscopy
Division of the Wational Bureasu of Standards.

Cur staff has grown considerably during the rast five years, siry
the inception of the Fa.D. program. Dagic Research is the major aim of
the Few Science Building. Its expanded facilities will naturally call
for additions to the instructional and regearch staff of the Physi
department,

Library, Laboratqgg and Other Facilities

Our library boldings arxe Tully adequate for research purgos
physics librery is located in two large rooms in the basement of
Building. The 8stronomy library on the Observatory Hill is also - g
equipped with jourmalsé G’ monographs of astrophysical interssgt. In
the ner” building 000 square feet of floor area is allotted to library.

Our laboratory facilities will lmprove considerably during the
two years. The main drawback at present is lack of sufficlent spac
will soon be remedied.

Graduate Enrollment.

In Physics and sllied fields during the period 1957-60, the number
of graduate students enrolled were as shown below:

Physics Astronomy Chemistry Mathematics

1959-60 31 32 18

1958-59 30 ' ' 19

1957-58 25 3 12

1956-57 30 ‘ 6
Our enrollment is not s true indication of the demand for regsearch oppor-
tunities which exists among science workers and science students in the -
Washington metropolitan area. We have to imcrease our facilities toc meet
adequately these demands .

The Nugber of Degrees Conferred.

In the four branches, Physics, Astronomy, Chemistry and Mathemstics
the oumber of degrees conferred were:




i 3 8
Masﬁer»& Doctor’s

Phys. Ast. Chem. Math. Phy: Astr:. Chenm.

6
6
8

15

The majority of these degrees Was conferred in chemistry. The mathemetics
department vas recognized last year for grenting doctor's degrees. The Fh.D.
program in physics 1s still in the process of development. Four Fh.D. degrees
will be given in physics in the next year or two. There are fifteen graduate
students at present actively engaged in spectroscopy. Their fields of resear
cover & wide spectrum of problems, stomic snd molecular spectra, photographic
snd infre-red regions, laboratory sources snd atmospheres of the sum and the
planets, experimental and theoretical work.

s,

cb

Financiel Aid for Students

In the ﬁpectrgscopy division the available financial eid is altogether
inadequate. This is the mein reason for our making the present aepplication.
Five teaching assistantships are available in the department of phy 8. One
of these teaching assistents ia doing research in spectroscopy. 4
grant of $6000 a year supports & Ph.D. candidate working on mojao*
ture. A National Sciemce Foundation fellowship supports another.
receive partial support from the university through government contx
at the observatory. The mejority of our students work with governmenta.
scientific agencies in the avea and have to be content with grsduate "owk
in the evenings or over week-ends.

Regerding financial aid to graduate students from university sources,
cllcwiﬁg “tatemﬁm* 1m the Self Evalua ion Report of the Georgetown
1990 1s unrth @uoting' “Téllgwn

come of the Graduan@ Sﬂhogl in t he ne&ghLerhood Of some onc huférad héi

ehirty-five thousand dollars. This largesse ie made poseible only

\Arough the Anmual Alumni Giving Fund. It is pot Justzfie@ by George=-
wn's total finenciel position.” (Self Evaluation Report for the
ddle States Association, Vol. III, p. Lk).

Lumni of the Graduate School

The Pha.D. program in astronomy is relatively older and several of
our gradvates have distinguished themselves in teaching and regearch.,
Mention may be made of three of our alumni. Dr. R. Zalubas, who taugk

s veers and is & research physicist at the National Bureau
sandards recently completed an amalysis of the spectrum of Thorium I,
unique exsmple of the richest spectrum,one of 1h000 lines, all measured

by one persom. Dr. Vera Rubin who is on the teaching faculty of George-
town has made a voluminous contributiom to the gw¢ctr0%uonmc literature




on iron. Dr. John P. Hagen, who took & Fh.D. in radio-astronomy and
taught for several years in the same Ffield here, has won national
recognition as former Chief of the Vanguard Earth Satellite program,
and is now in charge of ome of the main divisions of the National
Aeronautics and Space Administration.

A guestionmaire was sent last year to all students who receilved
graduate degrees from Georgetown between 1937 and 1959. Repliee vere
received from 412, about 38 per cent. OFf these, 233, about 57 per ;
are now teaching or have taught since leaving Georgetown.
taught do not afford any signiflicant evidence se to whether the yhys
greduates prefer teaching more or less than students In other fields.

3. EXPANSION OF TEE FPRESENT PROGRAM

Course Offerings.

- An expanded program in spectroscopy would require a few additlonal
course offerings. Among the courses which have been planfed and which
will be taught when there are enough numbery of sufficiently advanced
students, are the following: Quemtum Electrodynamics, Group Theory,
Advanced Topics in Astrophysics, Advencéd Spectroscopy Iab.

Additional enrollment.

Our present facilities will permit tem more full-time research
studente in spectroscopy in the academic year 1961-62.

Additions to the Faculty

The number, in full-time squivalents, of new staff appointments under
this progrem will be one each at the professor’s level and at the assistant
professor’s level. This does not mean, however, that the new fao ,
members will devote thelr time exclusively to graduste students.
ing assignments in college and graduste school will be distributed
more time will be available to all our research men in spectroscopy £
mentoring dissertations and for comsultation in allied fields in other
departments and in the medical echool.

Additicns to the Physical Plant

Within eighteen months the new Science and Basic Research bullding
will be ready for occupancy. The building which has been described as
one having the most modern functional design will house all major research
activities in the physical sciences. Except for the corridors, movabl
partitions will be used to meet the changing needs of each research team.
A total of 1k 170 square feet of floor space has been allotted to graduate
research in physics and another 20 368 square feet to undergraduste work
in 2ll fields. About 25% of this space will be available directly or
indirectly for the projects in spectroscopy. The areas at present occupled
by the physice department will revert to the main university llbraxr
The physics departmental library will be transferred to the new bui
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These very substantiel sdditions to our facilities are entirely
outside the regular budget >f the physics department and will be provided
for from funds raised by the University Development Office.

It is of the utmost importance thst along with these substantial
additions and improvements in the physical plant, the department provide
Por itself an adegquate complement of research staff and graduate students
t> beneflt vy them. The present application has been drawn up with this
objective in view

University Approval

The Title IV Coordinator who reviewed thisg application is the Dean
of the Graduate School. The program has the full approval and support
of the University Administration and the application bears the signature
of the authorized official.

Past Efforts and Planning

All previous efforts to expand the spectroscopy progrem had been
made through the department of astronomy. The Physics Department had
beavy responsibilities towards the undergraduate students, amd with
the severe limitations on space and manpover it could not plan fc
any rapid expansion.

The Future of the Program

Georgetown plang to continue ite spectroscopy program because this
program has grown out of a long tradition. Spectroscopy is ome of very
few branches of physical sciences where Jesuit scientists have made a
glgnificant contribution. The grating as an instrument for dispersing
light was first conceived by a Jesuit, CGrimaldl; and snother, Seechi,
discovered the spectral classification of stars. If with the waning of
outside support the basic aspects of spectroscopic research tend to be
de-emphasized, much of the research progrem will still continue because
it is a necessity for several other fields such as astrophysics, bio-
physics and physical chemistry to which Ceorgetown scientists are
heavily committed. The start which we are now making will have borne
satisfactory results.

Contribution to College Teaching.

Teaching is a Jesuit tradition with four centuries of kunown achieve-
ment. Georgetown is and will continue to be very strong at the college
level. Teaching here has been all along far stronger then research.
Basic research in general provides more teachers than applied research.

Spectroscopy in Washington Area

Georgetown is the only university in the area which has facilities
any extensive progrem in spectroscopy. There are indeed in Washington
a Vi*'niry a very large number of ressarch leboratories maintained by
jovernment. The work they achieve and the training they give to the
tiou gh of indisputably high calibre, are nonetheless, of a very
%t type from what an educational imstitution and a university

osphere can achleve.
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Details of the Progranm

The faculty members who are particularly interested in the spectros-
copy program amnd helped 0 develop it are Carl C. Kiess and M.P. Theksekara.,

r. Kiegs brings to this program almost half a century of unegualled
experience and uniformly rich productivity. He is & physicist who has
gained world reﬂognlt on for helping to make spectroscopy "the mas
of the universe." is published paperg include sixty titles many

are the first analysis ever attempted of highly complex spectra and a

hundred more titles in collaboration with others. Our present knowledge

of the energy levels of several of the elements is due to the picneering
work of Dr. Kiess. He is now retired from the National Bureau \1 Standards,
and is currently &angeﬂ on an extensive program for the study of the @taog»
pheres of the planets.

Fr. M. P. Thekaekera did his earlier graduate work at the University
of Madras. He vas chairran of the department of physics at a Jesuit
college in Indin when Johns Hopkine University selected him for z re-
search position.. He tock his Ph.D. in experimental spectroscopy at
Johns Hopkins &nd was the only student of the department to be elected
to Phi Beta Kappa in his year of graduation. He later joined Gecrgetown
University where he is now Acting Chairman of the Physics Department. HBis
work in spectiroscopy has been reported in monographs published by Johng
Hopking University and Georgetown College Observatory amd in srticles in
the Paysical Review, Journal of the Optical Society of America and Astro-
physical Journal.

OQur spectroscopy program will have the sble assistance of Dr. Charles
L. Beckel wh¢se specialty is theoretical molecular spectroscopy and of
Mr. Donald E. McCarthy who has done significant work in experimental
infra-red spectroscopy.

Our spactroscopic work will be mainly experimental, but we will
algo be intrrested in the theory of molecular structure in so far as
is a complement to our experimental study and help to suggest new lines
of investigation. The fields in which we will be interestéd have been
briefly stated in the summary at the beginning of this program descrip-
tion. -

We are at present mainly concerned with the spectrum of titanium.
Titenium after iron is the element respongible for the largest number
of lines of the golar gpectrum. OFf the 26 000 known solar lines 7000
are still unclessified. A more complete description of the spectrum
of titenium will, it is hoped, help identify these lines. We have
meagured nearly 10 000 lines oftitanium in the ramge 2000 to 10 000 A.
An IBM 705 computer was used to predict the 9000 possible lines among
the known 370 levels of Ti I. A computer progrsm has been developed
to determine new energy levels from known wave numbers of lines. Some
of our preliminary work on the revision of energy levels has already
been published. A technique has been developed for rapid reduction of
data from interferometric plates, and it has been used successfully in
2 limited wavelength range.
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Our semi-automatic methods are being used also for the analysis of
the spectra of yttrium and zirconium, and of the molecular bands ocbserved
with some of our yttrium tubes. t a later stage we will also be interested
in the spectrum of haffnium and other elements and in the spectra of all
these elements in the higher stages of ionization.

We have algo begun an extensive survey of faint lines in the solar
spectrum. In & limited wevelength range 6000 A to 7500 A we have measured
nearly 6000 lines; of these over 2000 are "new” lines, not listed previ-
ously.

OQur research work under the expanded program will naturally continue
along the lines we have pursued hitherto. We expect to proceed at a much
quicker pace and gain in depth and coverage. Techuiques of producing
spectra and of analysing them will be improved. Each new spectrum will
call for its own special technigues.

The present. rapid development of the program is due primarily %o the
fact that the physics department is soon to move into the new sc snce build-
ing. The university is now in a position to meet the ever growing
in the Washington area for more sclence education and at a higher
The Office of University Development whichk so ably conceived the n
ing and mede 1t possible can give only the shell, the framework. The body
and the substance of research will have to come from the faculty and the
greduate students. For these a university like Georgetown which is y
tax-sgupported nor heavily endowed needs the assistance of outgide
This present application is an attempt to seek such assistance.
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STATEMENT
Brief Summsry. The research program in atomic and wolecuisr spectrescopy
i2 en extemsion of the work which we have been doing ds
in the departments of physics and astronomy. We propese to de
techaniques of gas dischazges, of eemimaut@mﬁzia wmethods of
f interferometric mothods of precision messursment.

Two students wevye enxolled under the program and sta; work at the

begizning of the Fall semester 1961k, Durimg the fivst vear thay took the basic

gourses in physice which are required of every gradusts studemt in the Jepariment,
but they aiso spemt & certain part of their time working alongside the more
advanced students vho are engagsd on prejects im spectipssopy. MNov they are in
their sscond year and are starting om their own imdividual projec:

2o éggaag on of faculty and facilities. Seversl msjor changes in tesching

schedules were made, so that more time is availabie for raseasch for each faculcy
wember. No faculty member tsaches more tham two coursss acroxding to our present
scheduia,

Dr. Raiph S. Henderson rvejoined the facuity as & [ull time member im
1961, My, Edwazd J. Finn alsc vejoined the feculty. Both ef them had been on &
year®s leavs éagiﬁg 1960-61. 1Ia September 1961 the department made two new
appointments, Dr. Edwaxd M. Corson, Professer and Dy, Misvri L. Vateia, Assist-
ant Professor.

Faculty membexs directly imvolved im the swectzascopy progrem ave Fr,
Matthew P. Thekaekara, program director, and Dr, Misri L. Vatsia. Lz, Vatsia®s
special f£ield is &xpeximental spestyescopy. Fr. Thekaskera®s teaching schedule
has beem reduced to half so that he cam devete more time to this progrem. A
new course entitlad, AdvancelSpgets py laboratery, was imtroduced im Septem-~
ber 196 and is taught by Fr. Theksekara. This course ;é of special interest

to studapts envolled in this pregram.
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Theze is provisicn in the Depe
twe move faculty wmembars. DMore of the time of
ga and Assistant Professer V

in atomic and molecular spectwoscopy.

e :ﬁf@%%ﬁ“%ﬁc The student enrolliment figuwes given low inciude

lgpartments of Physics and Astzo 7o Mamy picces of equip-
in spectroscopy are located at Che
the Astrenomy Department. Tha basi
 mainly through courses offered
h Physics and Astronomy Departmants ave ¢ 2d in 8 YOSCOpY pYO-
Hienea it would se¢m that figures inmcluding both ments are rele-
to the pressnt pyoposal.
The snyoliment in the Fall seme
17, thizd year 22,
£ims and the vest full time. The = cipated enrolliment
the Fall semester 1983 is $VY: pil time ¢ paztotize in these two
Depaztmant
 sumbey of degrees given im Jume 1962 was: 3 ters, 2 Doctoral,
n Physics; 2 Masteps, Z Doctozal, im Astromcay: Maptarz, 30 Deoctoral im
rtwmants of the Gzaduate Scheel.

s, Resetongy G e R At an b =
LHezrs age © L8 g E8sintanisnips and

the Physics Deparxtusnt., Thera are aiso several
1 teaching assistaatship in g smy Departe
went, The smswmt is: $1800 for firvst year, $2100 for second ysar and
$2400 Zor the thivrd yser. Of the 7 teaching assistspts,
srescepy program. Thres of our graduste st
foundation Cooperstive Fellowshipe, and of these, ome student is doinmg ze-

..

in spactrescepy. Thrae ether graduste students sp :d im this pro

2
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sources other tham Title IV.

The devalcpment piams of the University imclude
more intepsified vesearch im ail bramches of the physical sciences. Hemee
the mew Sciemce Building vas comstructed. Preliminaxy plans have been dvawm
up for & mew building for Astromemy.

Spectreacepic reseaxch is likely to becoma cur strongest field im
Physics and Astzooomy, partly because ef the century-eid tzadition of the
Observatery and partly because of our clese assccistien with the spectres-
copy divisiem of ths National Bureau ef Stamdswis. Faculty members im
beth Physice and Astronomy aze exploring the possibiliities for wove outside
support from privete foundaticms so that we might imcrease the aumber of our
full time students. The University has authorized a substamntial increase in
the . hysics Department budget, o that ths spectroscepy progrsm way be sde-
quately supperted. The expanscs inwived in startiag ths new coursse,
“Advenced Spectrosgopy Lab” aze cowszed sclely by the Umivewsity.

Ths Bew Sctence Buildimg has bsen & heavy stzain on the yesouzces of
the University. The University coammot give much &eymﬂ the bave shelil of the
building. Rescurces must bs foumd eleswhevs for what keeps 2 yessaxch program
going - competent students and faculty men and adequate equipment.

Tha present proposal is ome to insure us woye of coupetent students
for the spactrescopy preject.

Geoggetown i the oniy Umiwersity
in the avee which has fegilitiss for any extemsive pregrvam in spectyoscopy.
The Gasorgetown Obserwatory, vhich dates back to 1841, is wsil equipped fer
astzophysical and spsctroscopic »esaarch.

Theve are, indsed, in the avea a wery ioxge sumber of rzesearch iabora-
tories maintainad by the Governmamt. The wsrk they ecohisve and the tesimisg
they give to their workers, though of imdisputably high caliber, sye memathes
fees of a vary diffesent type Iwem what an cducstiomsi imstitutionm and o

steapphere san achiswn,
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The program wa propose is a very esssmiial cemplement ko the vessazch
installations of the Federal Government,

A new ssction of the Optical Seciety of America, the Natiomal Capitail
Section, was staxted im March 1962, and the Physics Departmsnt of Gesrxgetown
University was the hest for the fizst tup organisational mestings of the
sgction. Dy, Thekashaxs iz the Vice-Presidemt of the Natigmal Capital Sectiom.
9. Dswvelgpment of Cysduate Woxk. Detailed plenz for devalopmemt of graduate
work at Georgetowm weye drewa up when the new Science Building was first
planned., Basic %o these plens was the zeciization that the vazious figlds
of research ave closely relatsed. Henmce it is that ems largs buildirg close
te the medical cemter was thought of, Very Revevend Edwawd B, Bumn, Presi-
dant of the University, was vaspsmsible for these piams, and he worked in
close cooperation with the scientists wepresanting sach of the asctive fields
sof weseazch. Dewelopment of spectroscopy is esssntizl to the plan since it
is a field commen to Physics and Astvongmy, sud hes spplications im Chemistzy
and Chems-medicine.

Teaching @t 2 high levsl is & long-standing tzadition at Geozgetown.
A large percemtags of our gvaduate studemts choose teaching as 2 carser.

This is true mo less im the sciemces then inm the humanities.  Spectroscopy
vhich requizes 2 bread-bass trziniag im both clapesical and wodern Phy'sic;;

is a field woze likely Ro yisld competent tmachers for cellsges then mamy

of ¢he so-called glamouw fislds of Physics, which hawve imsediete applications

in &ndusizy, aﬁd hence cam attwagt pilentifel wveseszch susport. Several de-

partmants is the University sre engaged im teacher-tysining programs. Pare

ticsiay mantion szght be made of ths In-Sexvice Institute im Physics for
high school teachers and the Summer Conferzace or “"Recent Advences im
Astre-Geophysics” fexr college professers (Loth wundew é&e directism of D,
Thekaekaya, the program dizecter of this sppliceticn), and the Summer Com-
forence on the mew methods of high schwol methematics. All these progzems
uader the spomsership of the Netiemel Scismee Moundation have beom held




gvery year fox pericde wavying frem tup te fiwe ysaws.

We beliewe that an sdditionsl grast of tun f

necassary fer capryimg eut smccessfully the pregeam

exlay spectyesgopy few which the Umiversity has

guhatantial centribution.

owmic and mplie-




