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FOR EWORD

These published works provide a window to the Company'..

capabilities and they are a testimony to our concern for

transfer of useful information to the world's scientific and

engineering community.

All items listed are available in the libraries -books on

shelves and journal articles collected in the compendium

entitled "AlMSC Authors in Print: 1970." Some titles

published prior to 1970 are also listed; these were not

received in the Technical Information Center in time for

listing last year.

Reprints of journal articles normally are available directly

from the authors thereof.

S. W. Burriss. President
Lockheed Missiles & Space Company
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PHYSICAL SCIENCES

The Physical Sciences Labou-atory conducts basic and applied research in nuclear
physics, space physics, astronlomy, atomic physics. electronics and electro-opt ics.
Nuclear physic. activities are directed toward understanding the properties of nuclei,
their energy levels, lifetimes, an! reaction cross sections. The areas of interest
for space physics research extend Irom the upper atmospherc outward and include
the ionosphere, the magnetosphere. the interplanetary medium, and finally the inter-
stellar region of deep space. In all these areas :a vigorous experimental program
using rockets and satellites is being carried out. The current interests in :atmic
physics are such basic properties of atoms ,nd molecules as the energies of the
excited states, the probabilities of transitions belween levels, and the cross sections
for excitation either by photons or by collisions with other particles. Both theoretical
and experimental work on these topics are being accomplished. In electronics and
electro-optics, new and improved methods of obtaining, analyzing, and transmitting
information are devised. A major effort is devoted to developing the electronic and
optical concepts suitable for wideband laser communication s'stems. The health of
the research program in the Physical Sciences Liboratory in 1970 is demonstrated
by the following list of publications.



1. ACTON, L. W. (with R. C. Catura, J. L. Cuihane, and P. C. Fisher), "X-Ray
Line Emission From Scorpius X-I," Astrophys. J. 161, L175-L179.

2. _ (with R. C. Catura, P. C. Fisher, and T. Roethig), "X-Ray Photome-
try of MI ," Publications of the Astronomical Society of the Pacific 82,
653 -659.

See i2.

3. ANDERSON. E. E. (with J. L. Weaver), "Demountable Excitation Unit for
Cathodoluminescent Spectroscopy," Applied Spectroscopy 24, 91 -94.

4. (with W. P. Cox and J, 11. Anderson, Jr.), "Ultrasonic Aluminum
Wire Bonding for Microelectronic Applications." IEEE Annual Symposium
on Tle.liabilitv. pp. 228-236.

5. BAKKE. J. C. (with J. B. Reagan. W. L. Imhof, J. D. Matthews.and R. D.
Reed). "A lligh-SensitivityN Particle Spectrometer for the Measurement of
Polar-Cap-Absorption Events." Trans. IEEE Nue. Sci. NS 17. 91-96.

See 42.

6. BATTISTA. A -J.. "A Simple. High Performance Linear Gate for Nuclear
Physics Applications," Nucl. Instru. Methods 80. 172-174.

7. BfECKEIR. .J. A (with R. E. McDonald and A. R. Poletti), "Angular-Correlation
Study ,of Na 2 3 Using the Mg 2 4 (t,<vY) Na 2 3 Reaction." Phys. Rev. C 2.
961 -974.

8. (with R. E.. McDonald, L. F. Chase, and D. Kohler),"Low-Lying
Level" in Na2 5 .'" Phys. Rev. 1I9. 1784-1791 (1969).

9. (%ith T. R. Fisher, A. D. W. Jones and T. T. Bardin), "Properties of
the 5, 256-MeV State in Si 2-: Evidence for a Rotational Band With
Kr ý 7/2 -*." Phys. Rev. Letters 24. 772-775.

See 31. 32. 3,S.

10. BUCIIANAN. R. A. (with K. A. Wickersheim), "Position of the Energy Levels
of Trivalent Rare -Earth Activatoi Ions Relative to the Electronic Energy
Bands of Lanthanum Oxysulfide: A New Picture of Excitation and Relaxation,"
Appl. Phys. Letters 17, 184-187,

CAHILL. R. W. See 44. 45.

II. CARROLL, G A., "The Spar Telescope of Lockheed Solar Observatory."
Sky and Telescope 40. 10-13.

12. CATURA. . C. (with L. WV. Acton and P. C. Fisher). "Localization of Solar

X-ray Emission at L ,;rgies Above 4 keV," Nature 227, 55-56.

See 1. 2.
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CHALMERS, R. A. See 52.

13. CHAPPELL. C. R. (with R. K. Burton and C. T. Russell), "The Alfven Velocity
in the Magnetosphere and Its Relationship to ELF Emissions," J. Geophys.
Res., Spnvr Physics 75, 5582-5586.

14. (with K. K. Harris and G. W. Sharp). "The Morphology of the Bulge
Region of the Plasmasphere." J. of Geophys. Res., Space Phys. 75.
3848-3861.

15. __ (with K. K. Harris and G. W. Sharp). "The Reaction of the Plasmapause
to Varying Magnetic Activity," Particles and Fields in the Magnetosphere,
pp. 148-153.

16. __ (with K. K. Harris and G. W. Sharp), "A Study of the Influence of
Magnetic Activity on the Location of the Plasmapause as Measured by OGO 5,"
J. Geophys. Res., Space Phys. 75, 50-56.

See 23.

CHASE. L. F..Jr. See 8. 52.

17. CHOW, K. K. (with 11. L. Comstock and W. B. Leonard), "1.5 GHz Bandwidth
Light Modulator." IEEE J. Quantum Elec. QE-5. 61 q-619 (1969)

18. CLADIS, J. B. (with G. T. Davidson, W. E. Francis, R. K. Jaggi. G. H. Nakano,
and S. L. Ossakow), "Redistribution of Trapped 55-MeV Protons by Starfish
Nuclear Explosion." J. Geophys. Res. , Space Phys. 75, 57-68.

COMSTOCK, R. L. See 17.

CULHANE. J. L. See 1.

DAVIDSON, G. T. See IS.

FISHER, P. C. See 1, 2, 12.

19. FISIIER, T. R. (with D. C. Healey, J. S. McCarthy, and D. Parks). "Experi-
mental Observation of a "Spin-Spin Effect In the Neutron Total Cross Section
of 5 9 Co," Phys. Rev. Letters 25, 117-119.

See 9.

FRANCIS. W. E. See 18.

GAINES, E. E. See 27.

20. GRIFFITH. W. C. (with D. Bershader), "Report on the Seventh International
Shozk Tube Symposium," J. Fluid Mech. 39. 727 -734 (1969).

21. HANclE, H. V. (with C. S. Tsai), "Experimental Investigation of the Resolution
Capability of Microwave Ultrasonic -Beam Visualization Techniques U Alng
Bragg Diffraction of a Laser Beam "'J. Acoust. Soc. Am. 48,1110-1118.

22. __ (with W. I Dobrov), "Microwave Acoustic Simulaion of Airborne
Hadar Ground lEchoes," IEEE Trans. Microwave Theory and Tech.MTT-17k. 96;3-96;7 (1969).

23. HARRIS, K. K. (with G. W. Sharp and C. R. Chappell), "Observations of the
Plasmapause from OGO 5," J. Geophys. Rvs..Space Phys. 75, 219-224.

S,-e 14. 15, 1G. 34, 41.
3



24. HERRMANN. G. F. (with R. M. Hill and D. E. Kaplan), "Instability and Echo-
Pulse Amplification in a Ferrimagnetic Spin System in an Inhomogeneous
Field," Phys. Rev. B 2,2587-2696.

25. __ (with R. M. Hill and D. E. Kaplan), "Spin-Wave Instability
in Nonuniform Fields and the Generation of Amplified Echoes," J Appl.
Phys. 41, 925-926.

See 26.

26. HILL, R. M. (with D. E. Kaplan, G. F. Herrmann and S. K. Ichild), "Anti-
ferromagnetic Echoes in CsMnF 3 ," J. Appl. Phys. 41, 929-931.

See 24, 25.

ICHIKI. S. K. See 26.
27. IMHOF, W. L. (with E. E. Gaines and J. B. Reagan), "High-Resolution Studies

of Electrons 25 keV to 2.7 MeV Precipating at High Latitudes," J. Geophys.
Res.. Space Phys. 75, 776-782.

See 5. 43.

28. JOHNSON, H. M., "Non-solar Gan'ma and X-ray Astronomy: Optical Observa-
tions, " International Astronomical Union Symposium No. 37., pp. 151-161.

29. __ (with R. H. Rubin), "Observation and Classification of the Nebula
YM 29," A strophys. J. 163, 151-153 (Jan 1971).

30. __ "The Sky Near the Brightest X-ray Source in Scorpius. 11," Astro-
phys. J. 160, 193-197.

JOHNSON, R. G. See 47.
31. JONES, A. D. W. (with J. A. Becker, R. E. McDonald, and A. R. Poletti),

"Beta Decay of Na 25 and A12 9 ,"' Phys. Rev. C 1, 1000-1008.

32. (with J. A Becker and R. E. McDonald), "Study of the Low-Lying
Excited States of A12 9 II: A127 (t, Py) Al 29 and Si 3 0 (t, 0Y) A12 9 Angular Ccr-
relation Investigation," Phys. Rev. 187, 1388-1397 (1969).

See 9.

KAPLAN, D. E. See 24, 25, 26.

33. KNUDSEN, W. C., '"Tropical Ultraviolet Nightglow from Oxygen ion-Ion Neutral-
ization," J. Geophys. Res., Space Phyts 75. 3862-3866.

34. __ (with G. W. Sharp and K. K. Harris). "Underside Morphology of the
F2-ionospheric Layer," J. Atmos. Terres. Phys. 32. 1183-1190.

KOHLER. D. See 8, 38, 52.

35. KULANDER. J. L., "A Comparison of Electron Impact Ionization Rates for N and
0 Ions," J. Quant. Spectrosc. Radiat. Trans. 10, 299-303.

LEONARD, W. B. See 17.

MATTHEWS, J. D. See 5, 42.
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36. McCORMAC, B. M., "Graduate Education Troubles," Am. Geophys. U. 51,
522-524.

37. _ ed., Particles and Fields In the Magnetosphere, D. Reidel

Publishing Co., 453 pp.
Mc DONALD, R. E. See 7, 8, 31, 32. 38.
NAKANO, G.H. See 18.

38. NIGHTINGALE, R. W. (with J. A. Becker, R. E. McDonald, and D. Kohler),
",018(t,ply)02 0 Angular Correlation," Phys. Rev. C 1. 893 -895.

39. NOBLES, R. A. (with E. B. Hughes and C. J. Wolfson), "Empirical Response
Functions for a Neutron Multiplicity Monitor." J. of Geophys. Res., Space
Phys. 74, 6459-6470 (1969)

See 55.

40. OSSAKOW, S. L. (with E. Ozizmir and C. H. Su), "Comments on Nonlinear
Interaction of Electromagnetic Waves in a Cold Magnetized Plasma,"
Phys. Fluids 13, 1420-1422.

41. _ (with G. W. Sharp, and K. K. Harris), "Spectrometer Observations in
the Region Near the Bow Shock on March 12, 1968," J. Geophys. Res.,
Space Phys. 75, 6024-6036.

See 18.

RAMSEY, H. E. See 49.

42. REAGAN, J. B. (with R. D. Reed, J. C. Bakke, and J. D. Matthews), "A Data-
Handling System for Large-Scale Space Radiation Experiments," Nuclear
Electronics Symposium, pp. 225-229 (1969).

43. _ (with W. L. Imhof, "Observations on the East-West Asymmetry of
Protons Trapped at Low Altitudes," COSPAR Twelfth Plenary Meeting,
pp. 853-860 (1969).

See 5, 27.

44. RILEY, J. F. (with R. W. Cahill), "Absorption Spectrum of the Ozone Precursor,"
J. Chem. Phys. 52, 3297-3298.

45. _ (with R. W. Cahill), "Emission Observed In The Pulse Radiolysis of
Gaseous Nitrogen," Rad. Res, 43, 255.

ROETHIG, T. See 2.
46. SEARS, R. D., "Low-Latitude Ionospheric High-Frequency Doppler Dispersion

Study." Radio Se. 5, 1147-1152.
SHARP, G. W. See 14, 15, 16, 23, 34, 41

47. SHARP. R. D. (with E. G. Shelley. R. G. Johnson and G. Paschmann), "Pre-
liminary Results of a Low-Energy Particle Survey at Synchronous Altitude,"
J. Gr~ophys. Res., Space Phys. 75, 6092-6101.

SHELLEY, E. G. See 47.
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48. SMITH, S. F. (with D. C. Martin and G. A. Chapman), 'The Lockheed-

Aerospace Eclipse Expedition," Nature 226, 1138-1139.

49. (with H. E. Ramsey and B. N. Nolan), Solar Filtergrams of the Lock-
heed Solar Observatory, Rapid Blue Print Co. 80 pp.

50. VARNEY. R. N., "Longitudinal Diffusion Coefficients Misnamed," Phys. Rev.
Letters 24, 843-844.

51. __ "Monatomic and Diatomic Ions in Oxygen." Phys. Rev. A 2. 370-378.

52. VAUGHN, F. J. (with R. A. Chalmers, D. Kohler, and L. F. Chase. Jr.),
"Cross Sections for the 7Be (pY)8 B Reaction," Phys. Rev. C 2. 1657-1665,

53. WALT, M., "Radial Diffusion of Trapped Particles," Particles and Fields in the
Magnetosphere, pp. 410-415.

54. WARD, R. B. (with F. L. Strubel),"Precision Earth-to-Satellite Range Measure-
ments Using Delay-Lock Techniques," Trans. IEEE Instr. Mess. IM-_19,
118-124.

WEAVER, J. L. See 3.

56. WOLFSON, C. J. (with R. A. Nobles), "Brief Reports, Threshold Rigidity Change
During the Magnetic Storm of March 23-24, 1969," J. Geophys. Res., Space
Physics 75, 5553-5558.

See 39.

6



ENGINEERING SCIENCES

Research within the Engineering Sciences Laboratory covers such fields of endeavor as
thermophysics, fluid mechanics, solid and analytical mechanics, mathematics, astro-
dynamics, and underwater acoustics. Thermal energy transfer, cryogenics, thermal
conti-1l, and space environmental effects on space vehicles are subjects of immediate
concern of thermophysics. Fluid mechanics research is (. iented toward exploring the
physics of planetary reentry as well as inveqtigating the characteristics of disturbed
airflow environment around hypervelocity vehicles. The extreme constraints of relia-
bility and weightsaving imposed upon aerospace vehicles make it imperative that the
analytical prediction of their mechanical response, such as stresses, deformations,
and failure mode, be as realistic as possible. Solid and analytical mechanics solve
these problems through research in both their theoretical and experimental phases.
Current research in mathematics at LMSC covers statistics, numerical analysis, and
differential equlations. The astrodynamics research deals with flight performance,
navigation, guidance, and the development of new tools and techniques for solving astro-
dynamical problems. The following list of open-literature publications may be taken
as a measure of the depth of research conducted by the Engineering Sciences Laboratory.



56. ALMROTH, B. 0. (with L. H. Sobel and A. R. Hunter), "An Experimental
Investigation of the Buckling of Toroidal Shells," J. AIAA 7, 2185-2186 (1969).

57. (with A. B. Burns and E. V. Pittner), "Design Criteria for Axially
Loaded Cylindrical Shells," J. Space. Rock. 7, 714-720; also in AIAA-ASME
Structures, Structural Dynamics and Materials Conference Proceedings.
pp. 173-184.

See 61. 87.

58. BANDEL, H. W. (with A. D. MacDonald), "Microwave Breakdown in Air Plus
H2 0," J. Appl. Phys. 41, 2903-2905.

59. (with A. D. MacDonald), "Transition from Free to Ambipolar Diffusion,"
International Conference on Phenomena in Ionized Gases, p. 427 (1969).

60. BLAKE, L. H., "Approximate Transport Calculations for High-Temperature Air,"
J. AIAA 8, pp. 1698-1701.

See 68.

61. BROGAN, F. (with B. 0. Almroth), "Buckling of Cylinders with Cutouts," J. AIAA 8,
pp. 236 -240.

BURNS, A. B. See 57.

62. BUSHNELL, D , "An-lysis of Buckling and Vibration of Ring-Stiffened, Segmented
Shells of Revolution," Int. J. Solids Structures 6, pp. 157-181.

63. "Analysis of Ring-Stiffened Shells of Revolution Under Combined Thermal
and Mechanical Loading," AIAA-ASME Structures, Structural Dynamics and
Materials Conferunce Proceedings, pp. 196-210.

64. (with S. C. Batterman), "Asymptotic Analysis for Axisymmetric
Buckling of Axially Compressed Short Cylinders With Free Edges," J. Appl.
Mech. 36, pp. 329-330 (1969).

65. 1_"Buckling and Vibration of Ring-StiffenedSegmented Shells of Revolution:
Numerical Results," Pressure Vessel Technology Conference, pp. 255-268
(1969).

66. __ "Computer Analysis of Complex Shell Structures," J. Space. Rock. 7,
pp. 439-445.

67. "Nonlinear Analysis for Axisymnetric Elastic Stresses in Ring-Stiffened,
Segmented Shells of Revolution." AIAA-ASME Tenth Structures, Structural
Dynamics and Materials Conference Proceedings, pp. 104-113 (1969).

68. CIIOU, Y. S. (with L. H. Blake), "Energy-Momentum Coupling in Radiating
Shock Layers About a Blunt Body, " J. AIAA 8, 1680- 1686.

CUFF, K. F. See 89, 90.

b9. CUNNINGTON, G. R. (with C. L. Tien), "A Study of Heat-Transfer Processes In
Multilayer Insulations," Progress in Astronautics and Aeronautics, Vol. 23,
pp. 111-126.
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70. DICKSON, R. J. (with L. M. Perko), "Bounded Quadratic Systems In the Plane,"
J. Different. Eq. 7, 251-273.

71. DOBROV, W. I. (with E. R. Washwell), "CO 2 Laser Pumnping by a dc-Tesla Coil
Combination," J. Appl. Opt. 9, p. 1485.2

See 22.

72. FORSBERG, K. J., "Exact Solution for Natural Frequencies of Ring-Stiffened
Cylinders,"A IAA-ASM E Tenth Structures, Structural Dynamics and Materials
Conference Proceedings, pp. 18-30 (1969).

73. GEERS, T. L,, "Response of an Elastic Cylindrical Shell to a Transverse Acoustic
Shock Wave in a Light Fluid Medium," J. Acoust. Soc. Am. 48, pp. 692-701.

GREENSBERG, S. A. See 79.

HARTOG, J. J. See 77.

HAWKINS, S. R. See 90.

74. HOOKER, W. W., "A Set of r Dynamical Attitude Equations for an Arbitrary
n-Body Satellite Having r Rotational Degrees o: Freedom," J. AIAA 8,
pp. 1205-1207.

75. HUNTER, A. R., "Photoclasto-Plastic Analysis of Notched-bar Configuration
Subjected to Bending," Exptl. Mech. 10, pp. 281-287.

See 56.

76. KHABBAZ, G. B., "Comparison of Mechanical Coupling Factor by Two Methods,"
J. Acoust. Soc. Am. 47, pp. 392-393.

77. KNOLLMAN, G. C. (with J. J. Eiartog), "Local Field of an Acoustic Source in a

Submarine Canyon," J. Acoust. Soc. Am. 48, 729-738.

78. MARLOW, W. C., "Approximate Lasing Condition," J. Appl. Phys. 41, 4'19- 4022.

79. McCARGO, M. (with S. A. Greenberg and N. J. Douglas), "Radiation-Induced
Absorption Bands in Spacecraft Thermal Control Coating Pigments, Progress
in Astronautics and Aeronautics, Vol. 23, pp. 189-218.

MURRAY, D. 0. See 152.

80. MUSAL. H, M., Jr. , "Electrostatic Probe and Electronic Circuit for Low-
Temperature Plasma Measurements," J. Appl. Phys. 41, 2605-ýG09.

81. (with P. D. Thomas and M. Vinokur),"Radar Doppler Spectra of
Turbulent Ionized Wakes," IEEE Trans. Aero. Elect.'Sys. AES-6, 252-254.

NAKANO, II. If. See 85.

82. NICKELL, E. II., "Weight Considerations for Deep Submersibles," Marine Tech.
7, 196-204.

83. PARKS, J. K., "An Acousto-Optic Receiver and Fast Spectrum Analyzer for
Electromagnetic Signals in the VhIF-UIIF Range," IEEE Trans. Commun.
Tech. CO__-17, 686-700 (1969).
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84. ROLLING, R. E. (with K. N. Marshall), "Scale Modeling of a Multilayer Insulated
Spacecraft for Use in a Preliminary Design Study," Progress in Astronautics and
Aeronautics, Vol. 23, pp. 437-460.

85. SALOP, A. (with H. H. Nakano), "Total Electron Scattering Cross Section In 02
and Ne," J. Phys. Rev. A 2, 127-131.

86. SAMUELSON, L. A., "Creep Duckling of a Cylindrical Shell Under Non-Uniform
External Loads," Int. J. Solids Struct. 6, 91 -116.

87. SMITH, S. (with B. 0. Almroth), "An Experimental Investigation of Plastic Flow
Under Biaxial Stress," Exptl. Mech. 10, 217-224.

SOBEL, L. H. See 56.

88. TETENBAUM, S. J. (with S. A. Rosenthal and W. H. Watson), "Millimeter Wave
Propagation Through Ablated Dielectric Windows," Symposium on Electro-
magnetic Windows, pp. 181-186.

THOMAS, P. D. See 81.

VINOKUR, M. See 81.

89. WASHWELL, E. R. (with K. F. Cuff), "High-Speed Electrooptic Spectral Scanning,"
J. Appl. Opt. 9, 1911- 1919.

90. (with S. R. Hawkins and K. F. Cuff), "The Nernst Detector: Fast Thermal
Radiation Detection, ", J. Appl. Phys. Letters 17, 164-166.

See 71.

WEAVER, J. L. See 3.

91. WOOD, A. D., "Flash Burst Operation of an Electronic Stroboscope, 1, Rev. Sci.
Inst. 41, 1091-1092.
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MATERIALS SCIENCES

The efforts of the Materials Sciences Laboratory are concentrated in three areas -

metallurgy, composite materials, and chemistry. The significant engineering proper-
ties of materials depend uniquely upon their structure. Physical properties of metals,
alloys, and composite materials are strongly influenced by the interactions of impuri-
ties, crystalline imperfections, substructure, and interfaces. Since the interrelation-
ship between structure and properties is basic to metals and composite materials, the
Materials Sctences Laboratory undertakes investigations that are concerned with phase
equilibria and transformations, diffusion kinetics, plastic deformation, fracture phe-
nomena, and surface effects on mechanical properties. The Chemistry Laboratory
activities comprise organic chemistry ranging from synthesis of new polymers and
adhesives to kinetic studies and hot atom chemistry, surface chemistry dealing with
solid-gas and solid-liquid interface reactions, and general chemistry. The following
open literature publications indicate the extent of the research conducted in the
Materials Sciences Laboratory.

ii



ADAMS, G. B. See 136.

92. BAILIN, L. J. (with M. E. Sibert)," New Developments In Refractory Pigments
for White Thermal Control Coatings,"Thermodynamlcs and Thermophysics
of Space F]jgh,, pp. 191-209.

93. BRADSHAW, W. G. (with M. J. Mitchell), "Scanning Electron Microscopy and
Structure of Chemically Vapor Infiltrated Carbon-Carbon Composites,"
Scanning Electron Microscope Symposium, pp. 369-376,

CROOKS, D. D. See 132.

94. CROSSLEY, F. A., "Kinetics of TI 3 Al Grain Boundary Precipitation in Ti-Al
Binary and Ti AI-X Ternary Alloys and Correlation with Mechanical
Properties." Metal. Trans. 1. 1921-1929.

95. CROSSMAN, F W. (with A. E. Vidoz, C. G. Ryder and J. L. Camahort).
"Mechanical Properties of Nitrided Boron-Aluminum Composites." J. Compos.
Mat. 4, 264-272.

See 101.

96. DeRUNTZ, J. A., Jr., "End Effect Bending Stresses in Cables " J. Appl. Mech.
91, 750- 756 (1969)

97. IZU. Y. D. (with R. R. Johnson and M. D. Mazenko),"Graphite/Organie Com-
posites in Structural Spacecraft Panels, "Western Space Congress,
pp. 958-972.

KINDER, W. C. See 132.

98. LAVENDEL, H. W. (with G. C. Kuczynski), "Effect of Dispersed Oxide Parti-
cles Upon Sintering of Metallic Compacts," Int. J. Powder Metal. 5. 19-26
(1969).

99. ROTHWELL, W S., "Analysis of Asymptotic Small-Angle X-Ray Scattering
Curves." J. Appi. Phys. 41_. 459-4469.

100. __ (with T. A. Dolton), "Permeability-Strength Relationships in Porous
Materials," J. AIAA 8. 740-746.

SIBERT, M. E. See 92.

101. VTDOZ,. A. E. (with F W. Crossman). "Mechanical Properties of Nitrided
Boron-Aluminum Composites," J. Compos. Mail. 4. 264 -272.

See 95.
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INFORMATION SCIENCES

Research efforts of the Information Sciences Laboratory are concentrated inthree areas:
information retrieval, artificial intelligence and picture processing, and interactive
systems. The basic laboratory tool in use is the IBM 360/40 computer with large,
random access peripheral storage, a variety of input/output devices, and associated
software. Input/output devices include both local and remote CRT displays for man-
machine communication, and a program-controlled film reader which can be used to
convert pictorial and graphic information into machine-readable form.

The focal point of research in information retrieval is the DIALOG system, an inter-
active retrieval system. Experiments in information systems and models, including
management reporting and control systems, library retrieval systems, and business
simulation are performed.

The artificial intelligence and picture processing programs are concerned with pictorial
and graphical data processing, decision techniques, and automated means for dealing
with sensor data. The goal of these research progr, ms is to develop new techniques
and to apply them in the automatic screening and man-machine processing of photo-
graphic and sensor data.

Finally, the research in interactive systems concerns methods by which a person may
interact directly with a computer to describe a problem and to quidc the computer
toward an acceptable solution. The ALERT system, a general-purpose on-line data
nunagement and information retrieval system, is the main vehicle for this research.

The following list of open-literature publications may be taken as a measure of the
scope of research conducted by the Information Sciences Laboratory.

13$
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102. EARL, L. L., "Experiments in Automatic Extracting and Indexing," Inform.
Stor. Retr. 6, 313-334.

103. FISCHLER, M. A., "Machine Perception and Description of Pictorial Data,"
Proceedings of the International Conference on Artificial Language,
pp. 629-639. (1969).

104. __ (with A. Reiter), "Variable Topology Random Access Memory Organi-
zation," AFIPS Conference Proceedings, Vol. 34, pp. 381-391 (1969).

Mac DONALD, A. D. See 58.

105. ROBISON, H. R., "Computer-Detectable Semantics Structures ," Inform. Stor.
Retr. 6, 273-288.
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ENGINEERING

Current and next gt neration missiles and spacecraft present engineering problems
which draw consist itly upon the following technologies: aerodynamics and thermo-
dynamics, bioteche ,,logy, guidance and control, imaging and optics. information
processing, power and propulsion, structures, and vehicle design and testing. The
greater part of LMSC Engineering activity involves these technologies as they apply
to missiles, spacecraft, and deep submersibles. Efforts are directed mainly to
selected areas associated with the specific systems to be operated.

Parallel tothe main concentrationof system-oriented activity is a necessary effort
in advanced technology which seeks to translate research findings or engineering
innovations into practical techniques for missiles, spacecraft, and diversified ap-
plications. The 1970 contributions tothe open literature reflectthis scope of engi-
neering activity and concentration of emphasis.
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106. ANDERSON, R. H., "14-16 Micron Horizon Sensors for Spinning Satellites,"
SPIE 14th Annual Technical Symposium Proceedings, Vol. 2, pp. 85-91
(1969).

107. AU, R. H. C., "Nucleating Mechanism for Spall in Aluminum," J. AIAA 8.
1171 -1173.

108. BANAS, R. P (with T. A. Dolton, S. J. Houston.and R. G. Wilson), "Lifting
Entry Venicle Thermal Protection Review," Thermodynamics and Thermo-
p•h-,;ics of Space Flight Symposium, pp. 239-276.

109. BERGER. W. (with E. Willner), 'Development of Space Vehicle Propellant
Tankage From the New 2021 Aluminum Alloy," AIAA-ASME Structures,
Structural Dynamics and Materials Conference, pp. 75-80.

110. BLAIP, W. C., "Human Factors in Deep Submersibles," Marine Technology
SocietyAnnual Conference and Exposition, pp. 619 -628.

Ill. BLAIS, R. A., "True Reliability Versus Inspection Efficiency," IEEE Trans.
Reliab. 18, 201-203 (1969).

112. BOWMAN, W. A., "Atmospheric Density Models for Reentry Heating and
Trajectory Applications," National Conference on Aerospace Meteorology,
pp. 280-286.

See 209.

113. BROWN, A. E. (with F. F. Stucki, M. Friedman, H. Rosenblum, S. R. Sherman,
11. N. Uhley and J. T. Wilson), "Automatic Surveillance of Heart Rate and
Rhythm and T Wave Contour: The Concept of Automatic Monitoring of Large
Numbers of Patients," Am. J. Cardiology 26: 375-379.

114. BROWN. F. J.. Coordinate Geometry for Computer Graphics. Western
Periodicals Co. 230 pp. (1969).

115. BURGOON, J. R.. "Fundamentals of Electrical Shield Design," Insulation/
Circuits 16, 47-52.

116. BUTTREY, D. E., "Transition Probabilities for the 02 Schumann-Runge Bands
From Shock-Tube Emission Studies," J. Quant. Spectrose. Radiat. Trans.
9, 1527-1541 (1969).

117. BYXBEE. -1. C. (with D. R. Lott). "Thermal Heliotrope: A Passive Sun-
tracker." Aerospace Mechanisms Symposium. pp. 127 -133.

118. CHANG. C. S.. "A Hybrid Computer Controlled Structural Dynamics Test
System," Instrumentation in the Aerospace Industry. Vol. 15..
pp. 114-121 (1969).

119. CNUDDE. G. M., "UHF Transmitters Design and Production Data," J. Telem.
5, 25-30 (April/May).
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120. COIIAN, 11. cd. (with 11. M. Satterlec), Thermodynamics and Thermophysics
of Space Flight, Proceedings of a Symposium Held at Palo Alto. Western
Periodicals Co., 276 pp.

121. COLEBANK, J. M. (with G. W. Schultz). "Fourth Generation Computer Con-
cepts Applied ATE." Automatic Support Systems Symposium for Advanced
Maintainability, pp. 53-60 (1969).

COX, W. P. See 4.

122. CUNNINGHAM, L. F., "On the Computation of the Spherical Harmonic Terms
Needed During the Numerical Integration of the Orbital Motion of an Arti-
ficial Sat(llite." Celes. Mech. 2, 207-217.

123. De BROCK, S. C., "Agena Propulsion System Flight Performance Prediction."
J. Space. Rock. 7, 529-532.

124. De MANDEL, R. E., "Optimum Filters for Deriving Winds From FPS-16
Radar/Jimsphere Measurements," National Conference on Aerospace
Meteorology. pp. 136--143.

DOLTON. T. A. See 100, 108.

125. DYLEWSKI, T. J., "Criteria for Selecting Curves for Fitting to Data,"
J. AIAA 8, 1411-1415.

126. EKERN, W. F., 'Two Hundred Fifty Watt Radioisotope Thermoelectric Gene-
rator With Capability for Controlled Intact Reentry," Intersociety Energy
Conversion Engineering Conference. pp. 200-209 (1968).

127. ERICSSON, L. E., "a-Effects are Negligible in Hypersonic Unsteady Aero-
dynamics - Fact or Fiction ? ," 19th International Astronautical Congress.
Vol. 3: Propulsion. Re-Entry Physics, pp. 547-561.

128. __ (with J. P. Reding). "Dynamic Stability Problems Associated with
Flare Stabilizers and Flap Controls," J. Space. 7, 132-137.

129. __ "Effect of Boundary-Layer Transition on Vehicle Dynamics
J. Space. 6, 1404-1409 (1969).

130. __ "Loads Induced by Terminal-Shock Boundary-Layer Interactii w,,
Cone-Cylinder Bodies," J. Space. Rock. 7, 1106-1112.

131. __ "Universal Scaling Laws for Nose Bluntness Effects on Hypersonic
Unsteady Aerodynamics." J. AIAA 7, 2222-2227 (1969).

See 183.

132. FENN, R. W. Jr., (withD. D. Crooks, W. C. Kinder, andB. M. Lempriere),
"Torsion Testing for Shear Modulus of Thin Orthotropic Sheet," J. AIAA
7. 2341 -2342 (1969).

133. FRENCH. K. E., "Dimensionless Products of Parachute Inflation." J Space.
Rock. 6, 1199-1200 (1969).

134. GERMERAAD. D. P.. "Impact of Aerospace Technology on Future Ocean
Systems." Space Congress. pp. 6-65- 6-82.

135, GOLDWATER, I. T. (with J. D. Hansen), "Automatic Shock Spectrum Synthesis
and Analysis." Institute of Environmental Sciences Proceedings. pp.407 -411.
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136. GREENOUGH, B. M. (with G. B. Adams nd W. J. Conner,) "Low-Temperature
Natural Gas Fuel Cell Battery," Advances in Chemist r, No. 90,
pp. 426-440 (1969).

137. HALE, D. V. (with G. D. Reny and E. H. Hyde), "A Guarded Electrical Cylin-
drical Calorimeter for Measuring Thermal Conductivity of Multilayer
Insulation," Advances In Cryogenic Engineering, pp. 324-331.

HANSEN. J. D. See 135.

138. HARRIS, W. P., "Quality and Aerospace Software," Qual. Prog. 3. 4:i.

139. HAUBEN, L. A., "Thermal Design of Diffraction-Limited 3-Meter-Diameter
and 2-Meter-Diameter Space Optics Systems," Thermodynamics and
Thermophysics of Space Fiight Symposium. pp. 61-81.

140. HERZL. G. G. ed. "Aerospace Mechanisms -General Applications,"

(1969).

141. __ ed. , Bearings and Suspensions (1969).

142. "__ "Designing for Space," Mach. Design 42, 123-130.

143. __ Passive Gravity-Gradient Libration Dampers, (1969).

144. (with M. F. Buehler), "Proceedings of the Fourth Aerospace Mechan-
isms §Ymposium."

145. __ "Spacecraft Booms: Present and Future," Aerospace Mechanisms
Symposium, pp. 55-72.

146. Tubular Spacecraft Booms (Extenditle. Reel Stored). (1969).

HOULE, J. F. See 155.

HOUSTEN, S. J. See 108.

147. HUNTER, M. W. , fl, "Accessible Regions Beyond the Solar System," Advances
in the Astronautical Sciences, Vol. 26. pp. 293 -317 (1969).

148. INDERBITZEN, A. L., "Marine Geotechnique - What Is It?' Oceanology 5,
19-21.

149. __ (with A. J. Carsola and D. L. Everhart). "The Submarine Phosphate
Deposits Off Southern California," Offshore Technoloy• Conference.
pp. 287-304.

150. JANOUSEK, J. A., "The Use of Mockups in the Design of a Deep Submergence

Rescue Vehicle," Hum. Fact. 12, 63-68.

JOHNSON, R. R. See 97.

KAY. S. See 213.

151. KINCAID. W. K. Jr. , (with S. Swidenstein), " Simulation Suggests How to Cope
With Novel Visual Environment of Space," Space Aero. 53, 57-62.

152. KNOLLMAN, G. C. F, "ield Fluctuations in a Random Continuum Containing a
Spherical Object Inclusion," J. Appl. Phys. 41. 113-119.
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153. KNOPF, P. W. (with D. 0. Murray), "Empirical Thermal Performance of
Embossed-Crinkled Aluminized Film Multilayer Insulation With Joints,"
Thermodynamics and Thermop~hysics of Space Flight Symposium,
pp. 211-219.

154. KNUDSEN, J. F., "Metal Bridging Under Planar Oxide," IEEE Annual Sym-
posium on Reliability, pp. 237-242.

155. KOENIG, W. A. (with J. F. Houle), "Large Multimission Satellites, or Supply-

ing the Missing Links," Western Space Congress. pp. 492-499.

KOOKER, D. E. See 184.

156. KORTUM, R. L. (with F. Hrman, C. D. Kuglin and J. P. Van Dyke), "New
Studies of the Energy Band Structure of Tetrahedrally Bonded Semiconduc-
tors and Semimetals," Metallurgical Society Conferences, pp. 19-42 (1968).

157. KRAFT, J. A .. "Status of Human Factors and Biotechnology in 1968-1969,"
Hum. Fact. 12, 113-151.

158. KRIVO. S. J. , "Mesoscale Structure of the Vertical Component of the Wind."
National Conference on Aerospace Meteorology, pp. 349-354.

159. KROP, M. A., "Launch Vehicle Design Integration," Western Space Congress,
pp. 258-270.

160. KURAL, M H. (with G. W. Reed, Jr and L. A. Riedinger), "Evaluation of
the Potential Structural Performance of Composites." Symposium on Naval
Structural Mechanics, pp. 481-525.

161. LAGERWERFF, J M. (with R. S. Luce), "Artifact Suppression in Indirect
Blood Pressure Measurements." Aero. Med. 41. 1157-1161.

162. __ (with J. S Ogle). "Shock Hazard Protection in the Laboratory and In
Flight," Aero. Med. 40, 1307-1311 (1969).

LEBACH, J. L. See 180.

163. LEIMBACH, K. R (with D. McDonald), "Free Vibration of Two-Dimensional
Frameworks," J. Struc Div.. ASCE 96, 267-289.

LOTT, D. R. See 117.

164. LOUZADER, J. C. (with R. M. Bridges), "Integration as Applied to Undersea
Cable Systems ," Marine Technology Society Annual Conference and
Exposition, pp. 397 -411.

LUCE, R. S. See 161.

165. Mac DONALD, B. A., "On-Line Defect/Failure Data System," Qual. Prog. 3,
44-47.

166. MALY, R. E., "A Digital Data Acquisition and Control System for Acoustic
Testing of Large Aerospace Vehicles," Instrumentation in the Aerospace
Industry. Vol. 15. pp. 256-263 (1969).

MAZENKO, D. M. See 97.
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167. Mc CORMACK, F., "Process Specifications," Mach. Design 42, 96-100.

168. Mc DONALD, D., "A Problem in the Free Vibration of Stiffened Cylindrical
Shells," J. AIAA 8. 252-258.

See 163.

169. Me DONALD, J. C., "Normalized Hardness Test Data for Aged AI-Cu Alloys,"
Trans. ASM 62, 1020-1022.

170. _____ "Precipitation Phenomena in the Beta Phase of Mg-Li-Al Alloys of
Low Aluminum Content," J. Inst. Metals 97, 353 -362 (1969).

171. Mc KAY, R. M., Sr., "Automated Manufacturing Begins at Lockheed-Sunnyvale,"
(Part I). Westn. Mach. & Steel World 61, pp. 28-32.

172. __ "Automated Manufacturing Begins at Lockheed-Sunnyvale," Westn.
Mach. & Steel World 61, pp. 30-35.

173. __ "Lockheed's 'Total Manufacturing Control System' Described to
Industrial Engineers." Westn. Mach. & Steel World 60, (1969).

174. MENNING, M. D. (with W. W. Hollister), "Periodic Swing-By Orbits Between
Earth and Venus." J. Space. Rock. 7, 1193-1199.

175. MICHIELSEN, H. F. (with E. D. Webb). "Station Keeping of Stationary Satel-

lites Made Simple." Western Space Congress, pp. 704-727.

176. MOSS. J., "Confidentiality and Identity." Socio-Econ. Plan. Set. 4, 17-25.

177. NICKELL, E. H., "Weight Considerations for Deep Submersibles," Marine
Tech. 7, 196-204

OGLE, J. S. See 162.

178. OWENS, W. L., Jr., "A Flow-Control Valve Without Moving Parts," Aerospace
Mechanisms Sym posium, pp. 115-120.

179. __ "Transient Temperature Distribution In a Flat Plate and Cylinder
With Periodic Joulian Heating," Heat Transfer and Fluid Mechanics Insti-
tute Proceedings. pp 294-310.

180. PARSONS, S. 0. (with J L. Lebach), " The Standardization of Human Factors
Data." Human Factors 12. 55-62.

181. PITTNET1. E. V. (with N J. Hoff), "Creep Buckling of Simply Supported
Moderately Thin Circular Cylindrical Shells," Acta Mechanica 8. 116-125
(19c9).

See 57.

182. PLANK, P. P. (with M. G. Childers and K. A. Wilhelm),"Test Evaluation of
a 2500 Degree F Structural Component," AIAA-ASME Tenth Structures,
Structural Dynamics and Matcrials Conference, pp. 353-361 (1969).

183. PRICE. D. A. (with L. E. Ericsson). "A New Treatment of Roll-Pitch Coupl-
ing for Ballistic Re-Entry Vehicles," J. AIAA 8. 1608-1615.

184. PROZAN, R. J. (with D. E. Kooker). "The Error Minimization Technique With
Application to a Transonic Nozzle Solution." J. Fluid Mech. 43,269-277.
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REDING, J. 0. See 128.

REED, G. W., Jr. See 160.

RENY, G. D. See 137.

185. ROSENBERG, M. A., "Buoyancy Materials for Deep Submergence Applications,"
Ocean. Int. 5, 30-32.

ROSENTHAL, J. A. See 88.

186. RYNEWICZ, J. F.. "Corrosion Control for the Deep Submergence Rescue
Vehicle," Marine Technology Society Annual Conference and Exposition,
pp. 1247-1263.

187. T__ 'The Submersible Deep Quest - a Step Forward in Offshore Technology,"

Offshore Technology Conference, pp. 527-534.

SATTERLEE, H. M. See 120.

188. SCOTT, E. D., "Double-Gimbaled Reaction Wheel Control System," Western
Space Congress. pp. 339-351.

189. SEDLACEK, W. C. (with R. W. Hough), "The Demand for Information Transfer
Services in 1990," Western Space Congress, pp. 279-288.

190. STEINBACH, D. L., "Designing with IC Voltage Regulators," Ham Radio Mag.
3, 22-27.

191. __ "Digital Instruments You Can Build, Part 1," Elect. World 84, 28-31.

192. __ "Digital Instruments, Part 2," Elect. World 84, 47-50.

193. __ "Digital Instruments, Part 3-Digital Integrated Circuits," Elect.
World 84, 50-53.

194. __ "Digital Instruments, Part 4 ' Elect. World 84, 41-45.

STRUBEL, F. L. See 54.

STUCKI, F F. See 113.

SWIDENSTEIN, S. See 151.

195. TANG, S., "Note on Acceleration Stress in a Rotating Disk," Int. J. Mech.
Sci. 12, 205-207.

196. "Plane Waves in a Solid Undergoing Creep Deformation," Recent
Advances in Engineering Science. Vol. 5. Pt. 2., pp, 151 -167.

197. __ "Steady State Creep in Laminated Beams," J. Compos. Matl. 4,
138-143.

198. "Thermal Stresses in Temperature -Dependent Anisotropic Hollow
Cylinders." C.A.S.I. Trans. 3, 72-76.

199. TENERELLI, D. J.. "A Pilot Study of Non-Destructive Testing of Thin-Walled
Cylinders Under Axial Compression," Westcrn Spacc Congress,
pp. 313-320.

200. TENNY, E. C., Jr.. "A Method for Computing Corrugated Skin Absorptance,"The~rmo..tdna~mics and Thcrinoph%,sics of Sp~a(_celliLt , vp•u__- tp -3
T hv SvMPSium. pp. 1-13.
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201. TIERNEZY. W. L., "Combined Environment Space Simulation in the 1970's,"
SAMPE Procecdings, Vol. 15: Materials and Processes for the 70's,
pp. 361-371 (1969).

202. UBER. G. T., "Information Systems for Diagnostic Radiology," Radiol. Set.
1. 47-67.

203. VARNER, M. 0.. "Exhaust System for a Large Circular Chem-Milling Tank,"
Envir. Cont. & Safe. Mgmt. 139.

204. VIGGIANO. A. A.. "Data Transmitter Coupling Methods: DC Versus AC,"
International TelemeterinngConference. pp. 113-122 (1969).

WEBB. E. D. See 175.

205. WENZEL, J. G., "Emerging Capabilities in Underwater Work Systems."
Progress Into the Sea Symposium. pp. 209-230.

206. WHITMORE, W. F "Logistics as a Target System (11)," J. Defense Res. 2B

179-190.

WILLNER. E. See 109.

207. WILEON. D. E .. "Tunable Low-Cost LC Oscillator Has Excellent Stability,"
Elect. Des. 20. 65-67.

WILSON. R. G, See 108.

208. WONG, IH. Y.. "Control Sweep Polarity by Command," EDN 15, 68-69.

WONG. L. See 139.

209. WOOD, J. L. (with W. A. Bowman), "Cape Kennedy Peak Wind Profile Proba-
bilities for Levels From 10 to 150 Meters," National Conference on Aero-
space Meteorology. pp. 213-220.

210. WORKMAN, D. R. . "Calibration of Piezoelectric Accelerometer Reference
Systems by Function Separation." Institute of Environmental Sciences
Proceedings pp. 386-395.

211. WORTHINGTON, R.K.R., "Navigation of Deep Submersibles in Close Search."
Svymposium on Manned Deep Submergence Vehicles. pp. 253-259 (1969).

212. WRENN. B. G. (with J. Mayers), "Nonlinear Beam Vibration with Variable
Axial Boundary Restraint," J. AIAA 8, 1718-1720.

213, YOSHIKAWA, Yukio (with S. Kay), "Thermal Analysis of the 14-foot Deployable
Parabolic Antenna," Thermodynamics and Thermophysics of Space Flight
Symposium, pp. 121-132.
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MISCELLANY

Under this heading are grouped those publications which, althougii they deal with
essential managerial and nontechnical aspects of the Res-aarch & Development
Division, do not fit into the categories used for technical tit'es.
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214. BURRISS, S. W., "Reliability Pays Off... Even Though it Adds to Costs."
Quality Assurance 8, 34- 37 (1969).

215. LARKIN, K. T. ," Coupling of Science to Technology," National Conference on
the Administration of Research, pp. 81-88 (1969).

216. PETTIT, G. B., "Are You Managing Your Future?", Manage.22, 49-51.

217. YAKEL, R. G., "Cycie Inventory Audit," Management Accounting 51 29-33.
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STATISTICAL SUMMARY

During 1970, LMSC authors deposited 217 published contributions in the Technical
Information Center. Severalworks were publishedprior to 1970 but were never depos-
ited heretofore; these are listed. On the other hand, 1970 imprints not received as
this booklet goes to press will be listed in next year's brochure.

These publications are statistically summarized here in these categories: publishing

medium, funding source, and initiating organization.

Category 1970 1969 1968 1967 1966 1965

Publishing Medium
Journals or Society Transactions 140 223 197 202 181 239
Symposium or Conference Pro-

ceedings 57 58 74 71 19 54
Chapters in Books 11 34 24 17 32 34
Books 9 5 6 6 5 4

Total 217 320 301 296 237 331

Funding Source
IR/ID* 30 48 46 48 49 65
Contract 39 62 55 44 37 56
1R/ID and Contract 17 18 16 32 22 28
Not Stated 131 192 184 172 129 182

Total 217 320 301 296 237 331

Initiating Organization
President's Office 1 0 0 0 0 1
Information Processing 1 3 7 5 5 8
Administration 1 1 1 1 1 1
Financial Operations 1 4 3 2 2 3
Operations Services 5 3 6 11 1 5
R&DD 137 266 241 230 211 292
SSD 54 28 29 33 13 13
MSD 17 15 14 14 4 8

Total 217 320 301 296 237 331

*IR/F - Independent Research/Independent Development Programs sponsored by
Lockheed.
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