
NATIONAL RADIO ASTRONOMY OBSERVATORY
Charlottesville, Virginia

Quarterly Report

April 1, 1972 - June 30, 1972

RESEARCH PROGRAMS

140-foot Telescope

Scheduled observing

Scheduled maintenance and equipment changes
Time lost due to: equipment failure

power

weather

interference

The following line observations were conducted.

Observer

J. Ball (Harvard), K. Bechis (MIT),
W. Wilson (Aerospace Corp.), and
P. Schwartz (NRL)

D. Dickinson (Smithsonian) and

E. Chaisson (Harvard)

G. Knapp (Maryland) and F. Kerr
(Maryland)

E. Chaisson (Harvard) and L. Goad
(Harvard)

P. Baker

B. Zuckerman (Maryland) and B. Turner

R. Rubin (Illinois)

Program

Monitor of 18-cm OH emission from 36

infrared stars.

Attempt to detect far infrared sources
in the 18-cm OH line.

Search for weak 18-cm OH emission in the
direction of several globular clusters
to determine OH to dust ratios.

Search at 18-cm wavelength for H, He,
and C in a neutral region along the line
of sight toward K3-50.

Search at 18-cm wavelength for H157a re-
combination line emission from a high
velocity hydrogen gas cloud impact region.

Search at 17.5-cm wavelength for inter-

stellar sodium.

Search for the following molecules:
1) NH 2 CN (cyanamide) at 1580 MHz, 2)
CH 2 N OH (formoxime) at 1779 MHz, 3)
CH2 CHNC (vinyl isocyanide) at 1552 MHz,

and 4) HN CO (isocyanic acid) at 1604 MHz.

Hours

1133.25
1050.75

19.50
0.50
6.25
0.00

,a 6-i 8/



Observer

M. Goss (Max-Planck-Institut fur

Radioastronomie, Bonn, Germany) and

E. Churchwell (Max-Planck-Institut

fUr Radioastronomie, Bonn, W. Germany)

H. Tovmassian (Byurakan Astrophysical

Observatory, Armenia), L. Doherty
(National Research Council, Canada)

and B. Balick

G. Verschuur

R. Benson (Illinois), H. Tigelaar
(Illinois), W. Flygare (Illinois) and

B. Turner

R. Giovanelli (Indiana), T. Cram,

and G. Verschuur

R. Davies (Jodrell Bank) and D. Buhl

G. Knapp (Maryland) and G. Verschuur

F. Kerr (Maryland), W. Rose (Maryland),
and G. Knapp (Maryland)

Program

Detailed study at 3-cm wavelength of the

region of the Norma-Scutum Arm (Q = 30°
0)

in the H85a-recombination line.

Observations of 3-cm recombination lines
of H, He and C in Orion A.

Observations of 21-cm high velocity hy-

drogen profiles at selected galactic longi-
tudes and latitudes to test a model of

high velocity clouds.

Search for the following molecules:

1) C2 H5 CN (ethyl cyanide) at 1437 MHz,
2) CH 2 CHCN (vinyl cyanide) at 1371.84
MHz, and 3) CH 2 CH2 CCH 2 (methylene cyclo-

propane) at 1431.99 MHz.

Measurements at 21-cm wavelength of ve-

locity dispersions of high-velocity clouds.

Observations of high-velocity cloud A

at the 21-cm line of neutral hydrogen.

Mapping at 21-cm wavelength of cold

hydrogen emission clouds.

Search for 21-cm neutral hydrogen from
globular clusters.

The following continuum observations were conducted.

N. Vandenberg (Maryland), W. Erickson
(Maryland), T. Clark (NASA-Goddard),
G. Downs (JPL), and P. Reichley (JPL)

D. Shaffer (Caltech), M. Cohen
(Caltech), J. Broderick (NAIC), D.
Jauncey (Cornell), B. Clark and K.
Kellermann

D. Shaffer (Caltech), A. Moffet
(Caltech), M. Cohen (Caltech), A.
Maxwell (Harvard), D. Harris (Harvard)
and K. Kellermann

Observations at 2.3 GHz using the NASA-

Goldstone 210-foot telescope and the
NRAO 140-foot telescope to monitor the
motions and apparent positions of pulsars.

Three station VLB at 7850 MHz using the

Haystack 120-foot telescope, the NASA-

Goldstone 210-foot telescope, and the

NRAO 140-foot telescope.

Three-station VLB at 2.8 cm to monitor

source intensity and motion changes using
the Harvard Fort Davis 85-foot telescope,

the Caltech Owens Valley 130-foot tele-

scope and the NRAO 140-foot telescope.



Observer

B. Burke (MIT), G. Papadopolous (MIT),
S. Knowles (NRL), K. Johnston (NRL),
and J. Moran (Smithsonian)

Prog ram

Water-vapor line observations at 22 GHz
using the Haystack 120-foot telescope,

the NRL 85-foot telescope at Maryland
Point and the NRAO 140-foot telescope.

During this quarter the 140-foot telescope was removed from operation to
replace the mechanical pilot drive and readout system with an H316 computer, to re-
place the old control console with a more flexible and useful one, to overhaul

various telescope hydraulic units, and to adjust the telescope surface panels. At

the end of the quarter, the telescope is again in operation.

Interferometer Hours

Scheduled observing
Scheduled maintenance and equipment changes
Time lost due to: equipment failure

power
weather
interference

1978.25
205.50

8.75
1.25
0.75
0.00

The following continuum observations were conducted at 2695 and 8085 MHz
unless specifically noted.

Observer Program

B. Balick

B. Balick and R. Hjellming

D. De Young and D. Hogg

W. Zaumen (MIT), S. Rappaport (MIT),

J. Spencer (MIT), and C. Canizarias
(MIT)

B. Burke (MIT) and J. Spencer (MIT)

Observations in an attempt to detect Of-

type stars.

Partial synthesis of several 10 minute

arc regions near the galactic center to

study spectra, polarization and identi-
fication of sources and to search for
possible time variations.

Observations to measure the time variations
in the complex sources Vir A, Cyg A, and

Cas A.

Observations to measure to a high degree

of accuracy the positions and intensity

variations with time of X-ray sources.

Measurements of the emission from H II

regions in the galaxies M31 and M33 and

detailed studies of other regions in

M31.



Observer

F. Briggs (Cornell) and F. Drake

(Cornell)

J. Wardle (Brandeis)

K. Johnson (Arizona) and K. Kellermann

P. Kronberg (Toronto, Canada)

C. Wade and R. Hjellming

R. Hjellming, C. Wade, and E. Webster

B. Burke (MIT), J. Spencer (MIT),
and G. Murthy (MIT)

E. Olsen (JPL)

R. Sramek

H. Tovmassian (Byurakan Astrophysical

Observatory, Armenia) and R. Sramek

J. Wardle and R. Sramek

J. Basart (Iowa State), G. Wrixon

(Bell Laboratories) and D. Buhl

Observations at 8085 MHz of the major
satellites and thermal features of Jupiter

and at 20 cm observations of Jupiter and

Neptune.

Monitor of variable sources for polari-

zation and intensity.

Monitor of 30 sources for variations in

flux density.

Observations at 8085 MHz to measure the

polarization structure of extragalactic

radio sources.

Monitor of the slow decline of Nova Del-
phini 1967 and Nova Serpentis 1970 and

a search for radio emission from new

novae.

Monitor for variability Algol, Sco X-l,

novae and other binary stars.

Monitor the emission from Sco X-l.

Structure and polarization studies of

Jupiter.

Studies of the radio cores in normal el-

liptical galaxies.

An attempt to detect nonthermal radio

emission from Markarian galaxies of

the M82 type.

Linear polarization observations of el-

liptical galaxies.

Observations at 1410 MHz to measure the

polar heating of Venus.

The following very long baseline observations were conducted.

P. Hemenway (Virginia), A. Moffet

(Caltech), M. Cohen (Caltech), D.
Muhlman (Caltech), W. Cannon (Caltech),
B. Clark, R. Sramek, and K. Kellermann

Four-telescope experiment at 1410 MHz

using two NRAO 85-foot telescopes and

two Owens Valley Radio Observatory 90-

foot telescopes to collect astrometric

Program



Observer

P. Hemenway et als., continued

M. Ewing (Caltech), A. Moffet (Caltech),
W. Cannon (Caltech), G. Papadopolous
(MIT), and P. Crane (MIT)

300-foot Telescope

Scheduled observing
Scheduled maintenance and equipment changes
Time lost due to: equipment failure

power

weather

interference

The following line observations were conducted.

Observer

G. Verschuur and W. Burton

R. Giovanelli (Indiana), T. Cram,

and G. Verschuur

P. Baker

C. Gordon (Hampshire College),
K. Gordon (Hampshire College), and

J. Lockman (Massachusetts)

and geodetic data and to do the prelimin-

ary work to measure the general relativity

theory light bending effect.

Observations at 1410 MHz to measure pul-

sar proper motion and parallax using

the Caltech Owens Valley 130-foot and

two 90-foot telescopes and the three NRAO

85-foot telescopes.

Hours

2050.50
133.50

50.50
0.25

5.25

3.25

Program

Measurements of 21-cm neutral hydrogen

for all 300-foot visible galactic longi-
tudes at several galactic latitudes.

Mapping of 20 high velocity clouds for

detailed structure at the 21-cm line

of neutral hydrogen.

Investigation of the relationship of the
neutral hydrogen distribution at 21 cm

to the galactic 40-cm nonthermal radio

emission in areas of the galaxy as
follows: 1) an intermediate latitude
region with considerable structure, 2)

an intermediate latitude region with

high-velocity gas flows; and 3) a region
passing through the galactic plane.

Survey at 385 MHz of strong H II regions

to detect low-frequency recombination

lines.

Program



The following continuum observations were conducted.

Observer Program

I. Pauliny-Toth (Max-Planck-Institut
fur Radioastronomie, Bonn, W. Germany),
M. Davis, and K. Kellermann

R. Sramek

F. Owen (Texas)

N. Sarma (Tata Institute, India)

H. Tovmassian (Byurakan Astrophysical

Observatory, Armenia)

Observations at 6-cm wavelength to ex-

tend the "fast" and "deep" 6-cm source
surveys, whose specific objections are:

1) to determine the number flux density

relations at 6 cm and compare them with

those at longer wavelengths, 2) to de-

termine the manner in which the spectral

index distribution varies with wave-

length and intensity, and 3) to obtain

a 6-cm finding list comparable to the

3C and 4C catalogs.

Survey of normal galaxies at 6-cm

wavelength.

Observations of Abell clusters of galaxies

at 20-cm wavelength.

Measurements at 20-cm and 40-cm wave-

length of the flux densities of approxi-
mately 24 sources observed with the

Ooty radio telescope in India at 92-

cm wavelength.

Observations at 20-cm wavelength of AE

Capricorni (which has an optical simi-

larity to BL Lac) to test whether its
radio characteristics are similar to

BL Lac.

The following pulsar observations were conducted.

R. Manchester (Massachusetts)

D. Backer

Continuation of pulsar polarization and

timing measurements over the frequency
range of 250-500 MHz.

Investigation of pulsar sub-pulse

phenomena over the frequency range
250-500 MHz.

In addition to the above, D. Wilkinson (Princeton) and E. Groth (Princeton)

searched for short time scale pulsations or bursts in extragalactic sources to
find and measure dispersion due to intergalactic ionized hydrogen over the frequency
range 250-500 MHz.



36-foot Telescope

Scheduled observing
Scheduled maintenance and equipment changes
Scheduled tests and calibration
Time lost due to: telescope and receiver failure

digital system failure

power

weather
interference

1926.00
258.00

152.25

50.75

30.25

3.25
45.25

0.00

During this quarter a new spectral-line receiver covering 33-50 GHz was
placed into routine operation. Aerospace Corporation successfully used a new 115-
GHz receiver with the NRAO spectral-line system. Tests of the proposed Cassegrain

system were made using up to an 800 pound front-end box; no degradation of the
antenna efficiency was found at 3.5 mm, and installation will proceed this summer.

Observer Program

D. Buhl and L. Snyder (Virginia)

R. Gammon and C. Gottlieb (Harvard)

C. Gottlieb (Harvard)

R. Rubin (Illinois) and T. Cram

A. Penzias (Bell Labs), R. Wilson
(Bell Labs), K. Jefferts (Bell Labs),
P. Solomon (Minnesota), H. Liszt
(Princeton), and N. Scoville
(Minnesota)

P. Solomon (Minnesota), K. Jefferts
(Bell ...Labs), A. Penzias (Bell Labs),
and R. Wilson (Bell Labs)

W. Wilson (Aerospace), P. Schwartz

(NRL), and E. Epstein (Aerospace)

B. Zuckerman (Maryland), P. Palmer
(Chicago), B. Turner, and M. Morris
(Chicago)

Mapping and high-resolution spectra of

HCN and X-ogen; search for new molecules
at 70-100 GHz.

Search for isotopically substituted
carbon dioxide, ethane, and acetylene at
68-88 GHz.

Search for aminoacetonitrile at 88-90 GHz.

Search for hydroxylamine and formamide

at 65-100 GHz.

Study of carbon monoxide, formaldehyde,
and carbon monosulfide and their iso-

topes, in the galactic center and in
dark clouds.

Study of methyl cyanide and carbonyl

sulfide, and search for more polyatomic
and ring molecules at 73-112 GHz.

Study of hydrogen cyanide emission in

carbon stars at 88 GHz.

Study of carbon monosulfide and search
for deuterated water and hydrogen

cyanide and other molecules at 79-115

GHz.

Hours



8

Observer

B. Zuckerman (Maryland), P. Palmer

(Chicago), B. Turner, and M. Morris
(Chicago)

P. Palmer (Chicago), M. Morris (Chicago),
B. Zuckerman (Maryland), and B. Turner

M. Morris (Chicago), P. Palmer (Chicago),
B. Turner, and B. Zuckerman (Maryland)

W. Wilson (Aerospace), E. Epstein

(Aerospace), P. Schwartz (NRL), and
W. Fogarty (Arizona)

W. Wilson (Aerospace), E. Epstein
(Aerospace), P. Schwartz (NRL), and
W. Fogarty (Arizona)

F. Shimabukuro (Aerospace)

H. Weaver (California), D. Williams
(California), W. Wilson (Aerospace),
E. Epstein (Aerospace), and P.
Schwartz (NRL)

H. Tovmassian (Byurakan Astrophysical

Observatory, Armenia)

W. Dent (Massachusetts) and R. Hobbs

(NASA-Goddard)

A. Barrett (MIT), P. Myers (MIT), and
R. Martin (MIT)

M. Morris (Chicago), P. Palmer

(Chicago), B. Zuckerman (Maryland),
and B. Turner

R. Hobbs (NASA-Goddard), B. Zuckerman
(Maryland), and S. Knowles (NRL)

R. Benson (Illinois), H. Tigelaar
(Illinois), W. Flygare (Illinois), and
B. Turner

Program

Search for CH3 SiH 3 and SiH 3CN at 87-99 GHz.

Study of hydrogen cyanide, X-ogen, and

other molecules in IR stars at 85-95

GHz.

Search for new sources of cyanoacetylene

at 73 and 82 GHz.

Search for carbon monoxide and cyanogen

emission in late M-type stars at 110-116
GHz.

Survey of carbon monoxide emission in

various types of galactic sources.

Search for solar recombination lines at

109-115 GHz.

Study of galactic spiral arm structure

in the carbon monoxide line.

Search for millimeter-wave emission from
Markarian galaxies at 31 GHz.

Monitoring of variable sources for ac-

curate time variation curves at 31
and 85 GHz.

Observations of methyl alcohol in H II
regions and IR stars at 48 GHz.

Study of carbon monosulfide and cyano-

acetylene; search for new molecules at

44-50 GHz.

Search for SiN and Si0 at 43 GHz.

Search for hydroxylamine, isocyanic
acid, dimethylamine and others at 44-50
GHz.
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Observer

R. Gammon and B. Turner

M. Simon (SUNY-Stony Brook) and M. N.

Simon (SUNY-Stony Brook)

Program

Search for magnesium oxide, methinophos-

phide, ethyl alcohol, and other molecules

at 34-43 GHz.

Search for pyrimidine and pyridine at

45 GHz.

ELECTRONICS DIVISION--EQUIPMENT DEVELOPMENT

During the past quarter the manpower assignments within

vision have been divided among the following programs:

Cooled 2-cm Receiver
Cooled Mixer Development

0.5-1 GHz Receiver

45-foot Telescope Equipment
Interference Protection

Very Long Baseline Interferometer

Cooled 21-cm Receiver

Millimeter-Wave Development

140-foot Control System

Antenna Development
Advanced Correlator Development

Visitor Support and Routine Maintenance

the Electronics Di-

5%
9%

6%

10%

2%

6%

9%

9%

10%
3%
3%

28%

During this quarter the 21-cm cooled paramp receiver has

140-foot telescope. The initial measurements indicate that the-

is about 500 K. The 15-GHz cooled paramp has been delivered to
this quarter. The 0.5-1 GHz receiver may be delayed due to the
formance of the paramps delivered this quarter.

been tested on the
system temperature
NRAO at the end of
unsatisfactory per-

The Laser antenna measuring instrument

to be capable of measuring distances up to 60
Work is continuing on the electronics for the
the interferometer.

has been completed and has been shown

meters with an accuracy of + 0.1 mm.

new 45-foot telescope addition to

Work has started on a multifrequency front-end covering 2, 6, 18 and 21 cm

for the 140-foot telescope. This receiver may also be a pre-prototype for the VLA.

ENGINEERING DIVISION

In the second quarter of 1972, the Engineering Division has been concentrat-

ing its time on the following major items.

1. Preparation of design studies for expansion of the Charlottesville

office.
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2. Review of design and manufacturing progress of the 45-foot antenna. In-

spection of manufacturer's work.

3. Procurement of transport trailer for the 45-foot antenna.

4. Preparation of design studies, schedules and construction plans, speci-
fications and invitations to proposers for various segments of the VLA project.

5. Progress reviews of prototype panel fabrication for 65-meter antenna

project.

6. Design review of transport system for the VLA project.

COMPUTER DIVISION

Hardware: The disk memories for the DDP 116 on-line computers at Green Bank

were delivered during this quarter. The graphics CRT on the IBM 360/50 has suf-
ficient usefulness that a more modern replacement has been ordered to give an
eight-fold speedup of plotting, plus hitherto unavailable hard copy capability.

Software: At the 36-foot telescope further improvements and expansions

were made in the "FORTH" programs on both DDP 116 (pointing) and H316 spectral-
line processor) computers. At Green Bank the 140-foot real-time program, totally

revised to work on two linked processors, the new H316 (pointing) and the old
DDP 116 (data taking), is now operating in a preliminary form. At the interferometer

several improvements have been made in the existing software. For the 300-foot
telescope, special versions of the real-time program requested by outside users
are under development. A special translator, which will run on the Green Bank
IBM 1130 and produce code for the DDP 116's, is in final checkout. In Charlottes-
ville, the IBM systems work has included improvements in the accounting and timing
algorithms, the CRT-driving programs, and a reorganization of the method of daily
cleanup of disk space in order to better utilize the recent IBM 2319 disk addition.
Various personnel have also contributed to revisions of the IBM 360 assembler and

simulator for DDP 116's and to methods of utilizing PERT or CPM programs for
management of large projects, such as the VLA.

ANTENNA DESIGN STUDIES

VLA

The NSF budget for FY 1973, which contains the initial funding for the VLA,

has not yet been acted upon by Congress. Site acquisition procedures have been

started.

65-Meter Telescope

See Appendix C.
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SUMMER STUDENT PROGRAM

Twenty-eight students are participating in our student program this summer.
They were selected from the 165 applications received from 74 different colleges

and universities. Five students are based in Green Bank, two in Tucson, and

twenty-one in Charlottesville. These students will spend at least eleven weeks at
the Observatory as research assistants to the scientific staff and in the Elec-
tronics and Computer Divisions of the Observatory.

A full lecture series, 26 in total, will be given by the staff on various

topics in radio astronomy and instrumentation. Students are encouraged to attend

the regular NRAO colloquia and seminars. With the exception of those based in
Tucson, the students will assist in our public education program in Green Bank

as tour guides for the tourists who visit there at a rate of more than 1200 per

week.

The NRAO student program was started in 1959 with ten students participating.

Since that time 341 students have participated in the program. Several students
have returned as Ph.D. thesis students, while others have later joined our staff
as full-time employees.

Following is a list of the 1972 summer students, their academic year just
completed, their college and their hometown.

Graduate Students

Name Year School Hometown

Bania, Thomas M.

Camana, Peter C.

Cherry, Michael L.

Gibson, David
Hansen, Stanley

Lockman, Jay
Maas, Stephen

Peterson, Steven
Stickney, Philip

Wey, Changlin A.

Undergraduate Students

Bechis, Dennis J.

Bonnell, Mary P.

Chandler, John F.
Chesley, Duncan M.
Chin, Francis
Diadiuk, Vicky

Edward, Susan
Fisher, Vernon

1

1
1
2
2
2
1

1
1
1

U. of Virginia

Ohio State

U. of Chicago

U. of Virginia

U. of Massachusetts

U. of Massachusetts
U. of Pennsylvania

Cornell
U. of Arizona
U. of Michigan

3
3
3
3
4
4
3
4

Harvard

Dartmouth

MIT

Dartmouth

U. of Toronto

MIT

Wellesley

West Virginia U.

Glen Rock, N. J.

Pennsburg, Pa.

Philadelphia, Pa.

Charlottesville, Va.

St. Joseph, Mo.
Norwood, Pa.
Drexel Hill, Pa.

Cedar Rapids, Iowa
Tucson, Ariz.
Taipei, Taiwan

Dorchester, Ma.
Summit, N. J.

Willmington, Dela.

Pownal, Ma.
Hong-Kong
Mexicco, D.F. Mex.

Alexandria, Va.

Meyersdale, Pa.
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Name Year

Gandet, Thomas
Grayson, Daniel

Jorgensen, Gary

Kennett, Rosemary

Lapedes, Alan
Lucagnani, Linda
Pettersson, Lars
True, Michael

Yeung, Patrick

Zook, Alma

PERSONNEL

Appointments

Gottlieb, Carl A.
Napier, Peter J.
Marymor, Julius
Wardle, John F. C.

*Fejes, Istvan

Gordon, Kurtiss J.

School

Kansas
U. of Chicago
Seton Hall Univ.
Nottingham U., England
U. of Virginia
Wellesley
Chalmers
Indiana
Princeton
Pomona

Visiting Asst. Scientist
Research Associate

Contracts Manager

Visiting Asst. Scientist

Jr. Research Associate

Visiting Asst. Scientist

Hometown

Lawrence, Kan.
St. Charles, Ill.

Colonia, N. J.

Sutton, Surrey

Princeton, N. J.

Key West, Fla.

Goteborg, Sweden

South Bend, Ind.

Hong Kong

Monterey Park, Calif.

April 17, 1972
April 18, 1972
May 15, 1972
June 1, 1972
June 2, 1972

June 7, 1972

*Part-time

Terminations

Davis, Michael M.

Gottlieb, Carl A.

Brosche, Peter

Cutitta, Ignatius F.

Assistant Scientist
Visiting Asst. Scientist

Visiting Asst. Scientist

Purchasing Manager

June 16, 1972
June 16, 1972
June 30, 1972
June 30, 1972
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Appendix A

OBSERVATORY COLLOQUIA

The NRAO colloquium program for the past fiscal year is outlined below.
Speakers are usually invited by our scientific staff and generally talk on topics
of current interest in radio astronomy or closely allied fields. The Astronomy

Department of the University of Virginia also invites speakers to participate in

their own colloquium series. These series are announced jointly and are well at-

tended by our staff, university physicists and astronomers and by students. The

outside speakers listed below visited the NRAO in our colloquium series.

Name Institution Date

R. S. Booth
W. N. Brouw

C. E. Heiles

N. H. Dieter

J. Heidmann
Y. L. Chow

J. E. Felten

N. J. Wolff
H. von Wurmb

J. H. Taylor

P. S. Conti

V. Radhakrishnan

G. R. Knapp
S. E. Strom

G. T. Wrixon
S. Mitton

W. J. Welch
H. van der Laan

R. D. Davies

F. J. Gardner

A. Yahil

R. B. Tully
K. W. Riegel

G. Wynn-Williams

Jodrell Bank

Leiden Observatory and

Westerbork Observatory

University of California, Berkeley

University of California, Berkeley
Observatoire de Paris

University of Waterloo

University of Arizona

University of Minnesota

University of South Florida
University of Massachusetts
Joint Institute for Laboratory

Astrophysics and Department

of Physics and Geophysics,
University of Colorado

Raman Research Institute

University of Maryland
State University of New York,

Stony Brook
Bell Telephone Laboratories

Mullard Radio Astronomy Observatory
University of California, Berkeley
Sterrewacht te Leiden
Nuffield Radio Astronomy Laboratory

Max-Planck-Institut-fir Radio-

astronomie

Institute for Advanced Studies

University of Maryland
University of California, Los Angeles
California Institute of Technology

July 8, 1971

August 5, 1972

September 2, 1971
September 9, 1971
October 7, 1971
October 12, 1971
December 9, 1971
December 20, 1971

January 13, 1972

February 3, 1972
February 17, 1972

February 23, 1972
February 24, 1972
March 16, 1972

March 23, 1972
April 6, 1972
May 15, 1972

May 19, 1972

May 23, 1972
May 25, 1972

June 1, 1972

June 8, 1972

June 22, 1972

June 29, 1972

w .w v .r .r --
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Appendix B

A list of Observatory reprints issued since June 30, 1971.

No. Title Author Reference

Series A

201 Observations of a Rotating Neutral
Hydrogen Cloud

202 OH Emission from Interstellar HI

Clouds

203 Comments on the Excitation and
Abundance of Interstellar SiO,

Based on a Search at 87 GHz

204 A Continuum Map of M17 at A 1.94 cm
and its Restored Brightness
Distribution

205 The Fine Structure of Cygnus A

206 Observations of Intermediate-
Velocity Clouds and a Model for
Their Existence

207 From Radio Astronomy Towards
Astrochemistry

208 Anomalous OH Emission from New
Types of Galactic Objects

209 An Initial Search for the Inter-

stellar Formyl Radical, HCO,
and for HC 1 3 0+

G. L. Verschuur

G. L. Verschuur

D. F. Dickinson
C. A. Gottlieb

M. A. Gordon

T. B. Williams

G. K. Miley
C. M. Wade

G. L. Verschuur

D. Buhl

L. E. Snyder

B. E. Turner

K.

A.
R.
M.
P.

210 HI Clouds with Spin Temperatures

Less than 250 K

211 The Millimeter-Wavelength Spectra

of Extragalactic Radio Sources

212 Radio Observations of Selected

HII Regions

B. Jefferts

A. Penzias
W. Wilson
Kutner
Thaddeus

G. L. Verschuur

G. R. Knapp

K. I. Kellermann

I.I.K. Pauliny-Toth

H. J. Wendker

Astron. J., 76, 105-

109, 1971

Astrophys. Letters,

7, 217 -220, 1971

Astrophys. Letters,

7, 205-207, 1971.

Astron. & Astrophys.,

12, 120-125, 1971

Astrophys. Letters,

8, 11-15, 1971

Astron. J., 76,

317-321, 1971

Technol Rev., 73,
54-62, 1971

Astrophys. Letters,

8, 73-77, 1971

Astrophys. Letters,

8, 43-44, 1971

Astron. J., 76,

403-408, 1971

Astrophys. Letters,

8, 153-160, 1971

Astron. & Astrophys.,

13, 65-70, 1971
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Appendix B, continued

No. Title Author Reference

213 The Polarization of Strong Radio

Sources at 9.5 mm Wavelength

214 A Parametric Amplifier for 46 GHz

215 Short-Term Stability of the Crab
Pulsar
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APPENDIX C

A 65-METER RADIO TELESCOPE FOR MILLIMETER WAVES

J. W. Findlay

We have recently finished the first stage
Df the design of a new, large, fully-steerable
radio telescope. It is to be 65 m, 213 ft in
liameter, and it is intended to work down to
3hort millimeter wavelengths. By we I mean a

lesign group from the Observatory; I will not
List all the members, but the main work has
Deen in the hands of Dr. von Hoerner, W. G.
iorne, W. Y. Wong, C. Yang, and V. Herrero.

Jtto Heine from California has worked very
3losely with the group as a consultant. The

last 2-1/2 years work has grown out of an

earlier design study made for a 300-ft telescope.

Ne realized that the success of the 36-ft tele-
scope on Kitt Peak made it necessary for us to

try to get a good instrument capable of working
Sown to about 3.5 mm. We therefore set our-
selves the task of designing the telescope to

the following specifications:

Dish diameter : 65 m (213 ft)

Mounting : Altitude- Azimuth

Sky Cover Complete--but no tracking
inside a small zone near zenith

*RMS surface accuracy : 0.22 mm (0.009 inches)

*Short wavelength limit 3.5 mm (86 GHz)

*Tracking accuracy 3 arc seconds RMS

Slew rates (both axes) 200 per minute

Optics Prime focus f/D = 0.43
Cassegrain--subreflector diameter

3.7 m (12 feet)

Instrument cabins : Behind prime focus; behind

Cassegrain focus

Equipment room Rotates in azimuth

*This performance is only possible under benign

environmental conditions.

--continued, next page--
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These specifications, of course, are
remarkable in that we are suggesting that a
large telescope can be built to work in the
open air at a wavelength of 3.5 mm. For
reference one might remember that the original
design specification for the 140-ft telescope
was that it should work at 3 cm, though, of
course, it has in fact been successfully used
at wavelengths as short as about 1 cm. To go
to this short wavelength limit requires that
we understand the structural deflections of
the telescope and that these are so managed
that they do not impair the performance of the
instrument. The principle of homology which
Dr. von Hoerner first stated allows us to do
this. What we have done is to design the
structure that supports the reflector in such
Sway that as the dish is tilted, although
the structure bends, the surface remains para-
bolic in shape. The focal length of the para-
bola may change somewhat and so may the direc-
tion of its axis. These two effects need not
impair the performance of the instrument.

But in addition to the use of homology
for managing the gravitational deflections
of the telescope, it is essential that we
understand how the instrument will be affected
by the wind and temperature on the site where
it will eventually work. This is more a matter
of analysis and understanding than of design,
although we have tried in the design to reduce
as much as we can the effects of wind in de-
stroying both the pointing accuracy and the
surface accuracy of the telescope, and also
the effects of temperature, and particularly
temperature differences, in distorting the
telescope structure. We believe that the
telescope we have designed will operate at
its short wavelength limit on clear nights
when the wind is below about 18 mph. When the
sun shines on the telescope, we expect the
resulting temperature differences to degrade
its performance so that it may only work at
wavelengths longer than 1 cm. Thus, the
telescope will always be a large, valuable
radio telescope, but it will only do its
best and most precise work under nighttime
conditions when the wind is not blowing too
hard.

The Scientific Uses of the Telescope

Despite the work done with the 36-ft, the
wavelength region below 1 or 2 cm has been only

studied in a very preliminary way. The main
task of the new telescope would be to explore
the properties of many radio sources in this
region of the spectrum. Of course, one of
the most obvious tasks that one can see at
present is to extend the observations of
spectral lines, particularly the spectral
lines coming from more complicated molecules,
to a large number of sources and almost
certainly to a large number of new lines.
Already about 40 spectral lines of many
molecules have been observed between the
frequency range of 20 GHz up to 115 GHz.
Quite conservative estimates suggest that
many more lines of those molecules already
observed and many lines of new molecules will
be found in this frequency range.

The astronomical interests in these
lines are great. But so, also, is the hope of
finding more complex organic molecules which
are often popularly referred to as indicators
of the way in which life has formed in our
own galaxy. Of course, in addition to the
line studies, all radio observations in the
continuum need to be made in much greater
depth and detail in this new spectral region.
Quasars show their greatest variability at
very short wavelengths. The new radio stars
which have been detected with the Green Bank
interferometer will be observed and others
may be found in the millimeter-wave part of
the spectrum. The study of the sun, the
moon, and the planets is all a region where
a large millimeter-wave telescope can be
expected to make new discoveries. The tele-
scope can also be thought of as one end of
possible interferometer or VLB experiments.
And, of course, by the time it is built,
radio astronomy will have almost certainly
turned up new problems, the details of which
we cannot at present-see.

The Design of the Telescope

We have already said that the telescope
will incorporate the principles of homology
in its structural design. Although this
sounds as though it might lead to an unusual
sort of structure, the two diagrams (Figures
1 and 2, page 5) show as outline drawings,
that the 65-m telescope in concept does not
appear to be very different to other large
radio telescopes. It is a wheel and track

-- continued, next page--



AZIMUTH AXIS

74' 74'

246'
MEAN DIAMETER OF AZIMUTH TURNTABLE

Outline drawings of the telescope shown pointing to the zenith
and to the horizon. (The trucks do run on the azimuth rails;
it so happens that both these views look either end-on or side-
on to the rectangular telescope base.)

design where the dish is supported on a tower
which in turn rotates in azimuth on wheels
rolling on railway track. This basic design
is one where it is fairly easy to obtain the
necessary stiffness and strength for the sup-
porting structure at not too great a cost.
Although it is obvious to emphasize the impor-
tance of the perfection of the reflector sur-
face of a large telescope, it is also necessary
to be sure that not only the telescope surface
is good, but that the whole instrument can be
pointed accurately enough to meet the demands
placed on it.

The half-power beam width of this tele-
scope at 3.5 mm wavelength will be about 15
seconds of arc. It is therefore necessary
to be able to point the instrument so that we
know where the radio beam is in the sky to an
accuracy of about 3 seconds of arc. Many
factors enter into the solution of this point-
ing problem, and here we will refer only to one
which leads to a rather novel aspect of the
new telescope. Normally, the direction in

which radio telescopes are pointed is found by

mounting precise encoders on the axes of
rotation of the instrument. It is more
desirable to measure where a telescope is
pointing by making angular position measure-
ments at the point where the azimuth and
elevation .axes intersect. In the present
instrument we plan to mount a stable refer-
ence platform at this axis intersection and
to measure the elevation and azimuth feed
directions with respect to this platform.
These measurements will be made with very
precise but essentially conventional en-
coders. The trick is, of course, to main-
tain such a reference platform stable in
position in space. This we plan to do by

essentially locking the platform position
onto the direction of light beams trans-
mitted from a number of stable autocolli-
mators mounted on the ground around the

telescope. (See Figure 3, page 6.)
The indications on these autocollimators,

the light from each of which is reflected

back from a seven-sided mirror on the refer-
--continued, next page--
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ence platform, will be used to control, by

servo loops, the orientation of the platform

to remain fixed in space. Tests of this sys-

tem were run at Green Bank about a year ago

by using a single autocollimator and a simu-

lated mirror system mounted on the deck of the

140-foot telescope, and these measurements

showed that the system would work to a pre-

cision of about 1 arc second.

M-0h

Figure 4a.

The principle of the stable reference plat-

form. The platform is at 0, where elevation

and azimuth axes intersect. M is a 7-sided

mirror and CC are 2 of 7 autocollimators.

M is lQcked onto the light beams LL, and

the elevation and azimuth angles and a

are measured with respect to M.

Now let us turn to the problems of the

reflector surface itself. Two main diffi-

culties have to be overcome. First, a method

has to be found by which surface plates can

be manufactured to a smoothness of about 2.5

thousandths of an inch. The second difficult

task is to devise a means by which such surface

plates can be mounted and adjusted on the sur-

face of the final telescope so that the total

surface error still lies at about 9 thousandths

of an inch. These two problems are so important

that two solutions have been found for each of

the problems. Dr. von Hoerner developed at

Green Bank the first method by which the plates

could be made to the required accuracy. The

photographs (Figure 4a and 4b, next column)

--continued, next page--

Figure 4b.

Two photographs of the von Hoerner

surface plate, designed, built, and

tested at Green Bank. (The arms in

one picture belong to S. Smith.)
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Upper Rib
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4 CORNER POINTS FOR EXTERNAL ADJUSTMENT ON TELESCOPE

36 SCREWS FOR INTERNAL ADJUSTMENT IN FACTORY

48 INTERMEDIATE POINTS FOR ADDITIONAL MEASUREMENTS

Figure 5 The von Hoerner surface plate.
The sheet aluminum skin, originally flat,
is pulled against the rib structure by
36 adjustment screws which are finally
cemented to lock them.

and diagram (Figure 5, above) show one of the
surface plates made at Green Bank which, after
many modifications, has been tested and proved
not only to have the required surface accuracy
but to maintain it even after a man has walked
backwards and forwards over the reflector sur-
face. The second method by which the plates
night be made has been developed by the Philco-
E'ord Corporation and essentially makes each
plate first by making an aluminum casting which
produces in rough form both the surface plate
and its supporting backup structure. Next,
this casting is machined on a numerically con-
trolled machine to the required surface
accuracy. We believe both these methods will
Work, and the one finally to be used will be
3hosen when the final design of the telescope
Ls complete.

To measure the surface plates on the tele-
scope, the use is suggested first of a high-
juality steel tape to measure the distance to
i target point on the surface and then, second,
bo measure the angular position of this target
1sing the known angle by which a quartz penta-

prism reflects a ray of light. This method

is different in detail from the one presently
used for the 140-ft telescope but in principle
it is essentially the same.

A second possible method for measuring
the surface is to rely entirely on range
measurements. To prove that such a method
would work, a distance measuring equipment
has been developed at Green Bank which can
measure distances up to 60 meters to an
accuracy of better than 0.1 millimeters.
This instrument has been the work of John
Payne and, in a prototype form, it has been
quite extensively tested. Such an instrument
could be used to set the surface of the 65-m
telescope by making two range measurements,
both starting from the dish vertex; one going
directly to a target and the other going to
the target position via a reflector placed
near the telescope focal point. This tech-
nique is very attractive because it is
capable of being completely automated. The
reading time for a single target could be
only a few seconds and very many targets
could be measured and the measurements
recorded in.digital form in a relatively
short time.

Estimates of Cost

There are, of course, two main reasons
for carrying out a quite detailed design
study of this kind. The first is to deter-
mine that the instrument that is being
designed can be built and will in fact per-
form as well as the design suggests. The
second, and very important result of such a
study, is to say what it would cost to build
the telescope. Therefore, in making cost
estimates we have used a variety of sources
of information and have done our best to
check one against the other and all against
our own estimates. We will not give the
details of the cost estimate here, but only
the final result. We believe that the cost
of the telescope complete on a reasonable
site, but not including the costs of radio-
meters and electronics used for observation,
would be in 1972 dollars about $9.4 million.

We have also estimated that such a new
telescope would need a staff associated with
it of about 26 people, and that if it came
into use in the Observatory it would require

-- continued, next page--
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about half a million dollars more in operating
funds per year to keep it going. It might be
worth noting that when we say "operating funds"
we do not include the additional cost which
would be required to provide it with the up-
to-date electronics through the years and that
this sum might be as high as a further quarter
of a million dollars annually. We have also
estimated that from the time at which we knew
we were going to be funded for such a telescope
to the time when it first started observations
would be about three years.

Telescope Sites

The site on which such a telescope would
be built has not been decided. However, it
does seem clear, although perhaps unfortunate,
that such a telescope should not be built on
the Green Bank site. This fact arises almost
entirely from the need for a clear atmosphere,
as free from clouds as possible, for as large
a part of the year as possible. Green Bank
has on the average, measured over many years,
about 80 cloud-free days per year. Good sites
in the southwest of the United States can run
as high as 260 cloud-free days per year. This
shows that such a telescope, to be free from
clouds, should be located somewhere in the
southwest. A second important atmospheric
factor is that for millimeter-wave observations
the atmosphere should be as dry as possible.
Again, although there are some very dry and
very cold nights in Green Bank, on the average
low water vapor in the atmosphere can be found
for a much larger part of the year if one
searches for high sites in the arid southwest.

Many sites have been surveyed and studies
made of them for this telescope. And although
no decisions have been arrived at, a very
possible location would be to associate it

with the Very Large Array on the site near

Socorro in New Mexico.

Conclusion

The work of this design group has now
been written into a report, and this report
is going for its final printing. We hope
that it will be possible fairly soon, to get
the necessary funding for a telescope of
this kind, but we can even now look ahead
already far enough into the way in which funds

can come from the Federal Government via the
Science Foundation, and it seems clear that
there must be a waiting period of at least
two years before we could make the first
move in building this telescope.


