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FOREWORD 

This brochure is intended to depict the present status of the technical 

activities of Nortronics-Huntsville as of the date indicated. It is based on 

all currently available information. It is subject to periodic revision as 

additional pertinent information becomes available. 
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SECTION I 

INTRODUCTION & BACKGROUND 

1.1 NOIiTHROP CORPORATION 

Northrop Corporat ion was founded i n  1939 and, dur ing  t h e  28 yea r s  of i t s  

e x i s t e n c e ,  has  experienced a  s teady  growth. A t  t h e  p re sen t  t ime,  t he  Corporat ion 

employs over  20,000 personnel  wi th  over  5,000,000 square f e e t  of engineer ing  and 

r e sea rch  f a c i l i t i e s .  The company i s  organized a s  a  line-managed co rpora t ion ,  

designed t o  provide an  advantageous combination of s t r e n g t h  and f l e x i b i l i t y  

a long  wi th  sharp  d e l i n e a t i o n  of a u t h o r i t y  and r e s p o n s i b i l i t y .  The top  manage- 

ment of t h e  Corporat ion i s  t h e  Of f i ce  of t h e  P re s iden t ,  which c o n s i s t s  of  

M r .  Thomas V. Jones ,  Pres ident  and Chief Executive O f f i c e r .  The Of f i ce  of 

t h e  P r e s i d e n t ,  two Senior  Vice-Presidents ,  and t h e i r  corpora te  s t a f f  o f f i c e r s  

comprise t h e  Corporate  Headquarters.  The ope ra t ions  of  t h e  company a r e  executed 

by t h e  l i n e  d i v i s i o n s  a s  shown i n  Figure 1-1 under t h e  d i r e c t i o n  o f  t h e i r  

r e spec t ive  General Managers. The General Managers, a s  Corporate  Vice-pres idents ,  

p a r t i c i p a t e  i n  t h e  formulat ion of  p o l i c i e s  and p lans  of  t he  Corporat ion and i n  

t h e  e x p l o i t a t i o n  o f  i t s  r e sou rces ,  wherever loca ted ,  f o r  t h e  most e f f e c t i v e  

d ischarge  of  i t s  c o n t r a c t u a l  commitments. 

1.2 NORTRONICS-HUNTSVI LLE 

Nort ronics -Huntsv i l le ,  under t h e  d i r e c t i o n  of John A. Barclay,  was es tab-  

l i s h e d  i n  November 1962 a s  an advanced space research  and technology department 

o f  Northrop Corporat ion.  A c h a r t  d e p i c t i n g  the  cu r r en t  Nor t ronics -Huntsv i l le  

o rgan iza t ion  i s  presented i n  Figure 1-2. P r i o r  t o  h i s  r e t i r emen t ,  Major 

General John A. Barclay was Deputy Commanding General of  t h e  U. S. Army 

Ordnance M i s s i l e  Command a t  Redstone Arsenal ,  Alabama. He was Commanding General 

of  t h e  Army B a l l i s t i c  M i s s i l e  Agency dur ing  t h e  development of  t h e  J u p i t e r  and 

Persh ing  M i s s i l e s  and the  i n i t i a t i o n  of t h e  Saturn boos t e r  program. 

The Nortronics-Huntsvi l le  management, r e sea rch ,  and engineer ing  f a c i l i t i e s  

a r e  housed i n  a  40,000 square f o o t ,  two-story bu i ld ing  a t  6025 Technology 

Drive i n  t h e  H u n t s v i l l e  Research Park. Nor t ronics -Huntsv i l le  has  access  t o  t h e  
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r e sou rces  of t h e  parent  corpora t ion  a s  needed. These resources  i nc lude  a man- 

power pool of over  20,000 employees; aerospace engineer ing  f a c i l i t i e s  o f  over  

5,000,000 square f e e t ;  and a corpora te  h i s t o r y  of 28 years  experience i n  des ign ,  

development, and product ion o f  aerospace v e h i c l e s ,  subsystems, components, and 

support  equipment, i nc lud ing  many important r e sea rch ,  a n a l y s i s ,  and systems pro- 

j e c t s .  
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SECTION I1 

TE CHNI CA L ORGAN1 ZAT ION 

2.1 GENERAL DESCRIPTION 

The overall technical activities of Nortronics-Huntsville are coordinated 

through Dr. Steve S. Hu, Technical Director. These technical activities or 

operations are conducted through five technical sections. Each section is 

composed of Groups and/or Branches which encompass the diversified disciplines 

comprising the technical capabilities of Nortronics-Huntsville. These overall 

technical activities or operations are carried out by more than 250 engineers, 

scientists, mathematicians, and supporting personnel. The technical interests 

of these personnel cover the spectrum of scientific endeavor and are represented 

by degrees in mathematics, physics, chemistry, physiology, geology, and most 

branches of engineering. The majority of the senior staff hold Ph.D. and M.S. 

degrees in science and engineering. The remaining personnel are technical 

supporting staff, most of whom hold B.S. degrees. The senior staff has an 

average of over - ten years experience in research and development work. 

2 .2 SUPE RVI SORY AND STAFF PE RSONNEL 

TECHNICAL DIRECTOR 

Dr. S. S. Hu 

SECTION DIRECTORS : 

Sciences Section 

Systems Section 

Operations Section 

Dynamics Analysis Section 

Astrodynamics Section 

W. G. Eaton 

D. M. Hananock 

W. G. Bennett 

M. A. Sloan 

W. A. Klabunde 

GROUP CHIEF: 

Integrated Life Support Group T. W. Holt 
(As a part of Operations Section) 



BRANCH CHIEFS : 

Sciences Sec t ion  

Aero-Thennodynamics Branch F. B. Tatom 

Space Environment Branch J .  T. S t an ley  

Mathematics-Physics Branch J .  F. Andrus 

Systems Sec t ion  

Systems Engineering Branch 0. 0. Ohlsson 

Mission Analysis  Branch P. R. Odom 

Design and Development Branch D .  M.  Hammock (Acting) 

Space Systems Branch D . R. Spence 

Weapons Systems Branch D .  M .  Hammock (Acting) 

Operat ions Sec t ion  

F a c i l i t i e s  Operat ions Branch H.  S. Ryan 

P rope l l an t  Tes t  Branch M. L. Es s i ck  (Supervisor)  

Dynamics Analysis  Sect ion 

Contro 1 Dynamics Branch F. L. Echols  

S t r u c t u r a l  Dynamics Branch C .  M .  Pearson 

Guidance and F l i g h t  
Performance Branch I .  E. Smith 

Astrodynamics Sec t ion  

F l i g h t  Mechanics Branch D .  R. Raney 

F l i g h t  Evalua t ion  Branch W. A .  Klabunde (Acting) 

T r a j e c t o r y  and O r b i t a l  
Analysis  Branch W. A .  Klabunde (Acting) 

RESEARCH PLANNING COMMITTEE : (Ph.D . & Ph .D . Candidates)  

D r .  S. S .  Hu D r .  G. M.  Jones  

D r .  W .  R. G a r r e t t  

D r .  W .  J .  Gray 

D r .  D .  W .  Lyons 

D r .  J .  F. Andrus 

D r .  K. Seo 

D r .  G.  E. Baird 

D r .  A. F. DlSouza 

D r .  M. Y. Su 

D r .  J .  D.  Alexander 

D r .  S. C. Zien 

D r .  J .  C.  Williams 

D r .  C .  P. Bhal la  

D r .  R. S. Kavipurapu 

D r .  G.  A. P e t i t t  



RESEARCH PLANNING COMMITTEE: (Ph.D. & Ph.D. Candidates) (Concluded) 

D r .  W. H. Purcel l  D r .  B. L. Cline 

D r .  J. C. Yu D r .  T. F. Hung 

D r .  J. G. Goree D r .  W. F.  Powers 

D r .  J. D. Mahlmann 

M r .  H. R. Rosner 

M r .  S. V .  Paranjape 

M r .  D.  0. Barnett 

D r .  R. L. King 

M r .  R. S i lber  

M r .  C. K .  Chou 

M r .  R. V. S. Yalamanchili 

2.3 SECTION DESCRIPTIONS 

2.3.1 Sciences Section 

The Sciences Section, under the  di rect ion of M r .  W. G. Eaton, i s  organized 

i n to  three  s c i e n t i f i c  and engineering branches. 

1. Aero /Thermodynamics 

2. Mathematics-Physics 

3. Space Environments. 

Perform research, analys is ,  and engineering in :  Aerodynamics, f l u i d  

mechanics, thermodynamics, heat  t r ans f e r ,  gas dynamics, astrophysics,  space 

radia t ion,  planetary atmospheres, geophysics, mathematical analys is ,  s c i e n t i f i c  

programming methods, and applied physics. 

2.3.2 Systems Section 

The Systems Section, under the  d i rec t ion  of M r .  D .  M. Hammock, i s  

organized i n to  f i ve  branches: 

1. Systems Engineering 

2. Mission Analysis 

3 .  Design and Development 

4 .  Space Systems 

5. Weapons Systems 

Perform systems engineering, development, and program management i n  

areas  of space systems, subsystem design and development, experiment development, 

weapon systems, conduct operations analyses pert inent t o  system and program de- 

f i n i t i on .  

2- 4 



2.3 .3  Operat ions Sec t ion  

The Opera t ions  Sec t ion  i s  d iv ided  i n t o  t h r e e  branches and one group: 

1. MSFC F a c i l i t i e s  Operat ions 

2 .  MSFC Technica l  Documentation 

3 .  Prope l l an t  Tes t  Support 

4. I n t e g r a t e d  L i f e  Support. 

Provide Engineering Support t o  : 

Aero-Astrodynamics Laboratory Systems O f f i c e  

a Aero-Astrodynamics Laboratory Crossed-Beam P r o j e c t  

Operat ing and Maintain: 

MSFC Wind Tunnel F a c i l i t i e s  

LRC I n t e g r a t e d  L i f e  Support and P rope l l an t  Tes t  F a c i l i t i e s .  

2 .3 .4  Dynamics Analys is  Sec t ion  

The s e c t i o n  i s  divided i n t o  t h r e e  branches: 

1. Cont ro l  Dynamics 

2. S t r u c t u r a l  Dynamics 

3 .  Guidance and F l i g h t  Performance. 

Conduct r e sea rch ,  a n a l y s i s ,  and performance s t u d i e s  of  dynamical systems 

i n  t h e  a r e a s  of  c o n t r o l  dynamics, guidance and f l i g h t  performance, and s t r u c t u r a l  

dynamics . 

2.3.5 Astrodynamics Sec t ion  

The Astrodynamics Sec t ion  c o n s i s t s  of t h r e e  branches: 

1. F l i g h t  Mechanics 

2 .  F l i g h t  Evalua t ion  

3 .  T r a j e c t o r y  and O r b i t a l  Analysis  

Conduct research  and a n a l y s i s  i n  f l i g h t  t r a j e c t o r y  op t imiza t ion ,  shaping 

techniques ,  p l a n e t a r y  e n t r y  dynamics and low t h r u s t  t r a j e c t o r y  mechanics,  a s  

w e l l  a s  perform i n v e s t i g a t i o n s  of p r e f l i g h t  and post  f l i g h t  t r a j e c t o r i e s ,  of 

Sa turn  type  v e h i c l e s  and conduct s t u d i e s  involv ing  t r a c k i n g  networks, o r b i t  

de te rmina t ion  and l i f e t i m e  c h a r a c t e r i s t i c s .  

2- 5 
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SECTION I11 

PROGRAMS AND PROJECTS 

The Technical Sections of Nortronics-Huntsville are currently engaged in 

or have completed numerous technical support and research contracts. These 

efforts, for the National Aeronautics and Space Administration and the Army 

Missile Command, are briefly described in the following paragraphs. 

NAS8-5233 - Studies in Dynamics, Flight Mechanics, and 
Astrophysics (215163 to 12/31/63) 

This contract, for the Aero-Astrodynamics Laboratory, Marshall Space 

Flight Center, involved studies to determine parameters required for 

design criteria to be used in the development of large Saturn-type 

vehicles. Analytical investigations were conducted in Astrodynamics 

and Celestial Mechanics, Dynamics and Vehicle Performance, and 

Astrophysics. 

NAS8-9203 - Oscillograph Bay Group (12/21/63 to 5/4/64) 
Under this contract, Northrop designed and fabricated a data record- 

ing system consisting of two 50- channe 1 recording o sci 1 lographs and 

associated signal conditioning, power supplies, and controls. The 

system includes calibration and monitoring equipment and is capable 

of recording up to 100 instrumentation data channels simultaneously. 

NAS8- 11096 - MOLAB Evaluation Method (811163 to 6130165) 
This study established a model for use in evaluating MOLAB design 

concepts. The technique used has wide applicability for various 

design concepts. Parameters considered were: development risk, 

reliability, maintainability, crew safety, cost, design simplicity, 

lunar terrain negotiability, performance efficiency, and weight. 

The parameters were considered for the storage, deployment, dormant, 

and operational phases of the mission. Analyses were also performed 

fo'r lunar shelters, scientific instrument investigations, and small 

manned lunar surface vehicles in the form of a Lunar Surface Scientific 

Module (LSSM) . 



NAS8-11111 - Mission Support Serv ices  (9/9/63 t o  4130165) 

Th i s  c o n t r a c t ,  which represented  an ex tens ion  and enlargement of  

NAS8-5233, involved suppor t ing  research  t o  t h e  Aero-Astrodynamics 

Laboratory. I n  a d d i t i o n  t o  t h e  a r e a s  descr ibed  i n  t h e  above con- 

t r a c t ,  research  e f f o r t s  i n  support  o f  t h e  Aerodynamics Div i s ion ,  t h e  

Systems Concepts Planning Of f i ce ,  and t h e  Aero-Astrophysics Of f i ce  

were provided. 

NAS8- 11552 - Por t ab le  Acoust ic  Monitoring System (PAMS) (10/2/63 

Under t h i s  c o n t r a c t ,  Northrop designed,  developed, and f a b r i c a t e d  an 

a c o u s t i c  d a t a  ga ther ing  system. The system i s  used t o  measure sound 

p re s su re  l e v e l s  generated by Sa turn  f i r s t - s t a g e  v e h i c l e s .  Up t o  

50 remote measuring s t a t i o n s ,  a t  r a d i i  up t o  25 mi l e s  from t h e  t e s t  

v e h i c l e ,  con t ro l l ed  by a c e n t r a l  s t a t i o n  through two-way command 

and t e l eme te r  r ad io  l i n k s ,  c o n s t i t u t e  t h e  system. 

NAS8-11573 - FM f o r  F i e l d  Acoust ic  Monitor ing S t a t i o n  (LAMS) 

(12/9/63 t o  7/9/64) 

Th i s  engineer ing  and manufacturing c o n t r a c t  requi red  t h e  des ign  and 

f a b r i c a t i o n  of remote, pole-mounted a c o u s t i c  d a t a  u n i t s .  This  system, 

a l s o  designed t o  ga the r  sound pressure  da ta ,used  wire  l i n e s  r a t h e r  

t han  R.F. f o r  t ransmiss ion  of  te lemet ry  and command. T e s t  s e t s  t o  

f a c i l i t a t e  maintenance of t h e  pole-mounted s t a t i o n s  were a l s o  designed. 

NAS8-11171 - Aerodynamic F a c i l i t i e s  Operat ion,  Marsha l l  Space F l i g h t  

Center  (2119164 t o  3/13/65) 

Under t h i s  c o n t r a c t ,  Northrop personnel  opera ted  and maintained ae ro /  

thermodynamic t e s t  f a c i l i t i e s .  The e f f o r t  included t e s t  engineer ing ,  

development of ins t rumenta t ion  and c o n t r o l  systems, t e c h n i c a l  photo- 

graphy, t h e  a c q u i s i t i o n  and automatic  r educ t ion  of  t e s t  d a t a ,  and 

r edes ign  and modi f ica t ion  of components and systems a s soc i a t ed  wi th  

wind tunne l s ,  j e t  s imula t ion  f a c i l i t i e s ,  a shock tunne l ,  and a base  

h e a t i n g  f a c i l i t y .  



NAS8- 11197 - Structural Analysis Criteria (3 128164 to 5/23/65) 
Under this contract, Northrop/Huntsville provided technically trained 

personnel to the Chairman of the Strength Analysis Panel, NASA Struc- 

tures Criteria Subcommittee to aid in the development, preparation, 

writing, and editing of structural analysis criteria documents. The 

end results of this effort were the establishment of a uniform set 

of strength analysis methods and procedures to adequately guide stress 

analysts and structural designers. These documents provide tools for 

maintenance of overall structural efficiency and integrity when 

independently designed stages and spacecraft are integrated into 

complete vehicle structural systems. 

a NAS8- 11221 - Analytical Study and Mathematical Research for Develop- 
ment and Implementation of the Path-Adaptive Guidance 

Mode (5120164 to 6/19/66) 

This contract, for the Aero-Astrodynamics Laboratory, MSFC, originally 

consisted of two assignments. The first assignment involved providing 

analytical research aimed at increasing the efficiency of the path- 

adaptive guidance concept. Emphasis was placed on solving analytical 

problems arising from efforts to enlarge the class of missions to 

which adaptive guidance might be applied. 

As a second assignment, which represented an extension and expansion, 

Northrop/Huntsville investigated the flight phase from orbit to a 

target point in the vicinity of the lunar sphere of influence using 

the iterative guidance scheme and the associated analytic cutoff 

surface. Points considered included error analysis to prove or 

disprove the adequacy of the scheme. Scheme behavior in response to 

thrust and center of gravity misalignments, sensitivity to noise, 

scheme stability, and time lags between data acquisition and command 

generation were also investigated. 

NAS8-11255 - Longitudinal Vibrations of Large Booster Rockets 
(5125164 to 11/20/65) 

Northrop/Huntsville, in accordance with this contract for the Aero- 

Astrodynamics Laboratory, conducted an investigation of longitudinal 



v i b r a t i o n  of  l a r g e  boos ter  rocke t s  a s  a genera l  paramet r ic  s tudy  i n  

o r d e r  t o  provide a s o l i d  foundat ion f o r  t h e  understanding of  t h e  

fundamental concepts  involved. A c l a s s i c a l  v i b r a t i o n  a n a l y s i s  of  

long-uniform c y l i n d r i c a l  s h e l l s  which a r e  s u b j e c t  t o  p e r i o d i c  

t ime-varying t h r u s t  was conducted. P a r a l l e l i n g  t h e  c y l i n d r i c a l  s h e l l  

a n a l y s i s ,  a uniform beam a n a l y s i s  was completed. Various composite 

c y l i n d r i c a l  s t r u c t u r e s  and stepped-beam analyses  were undertaken 

upon completion o f  t h e  c y l i n d r i c a l  she 11 and uniform beam analyses .  

NAS8- 11385 - Study E f f e c t s  of Engine I g n i t i o n  on A i r  Flow Over Vehicle  

(6129164 t o  1/28/65) 

Nor throp/Huntsv i l le  e f f o r t s  under t h i s  c o n t r a c t  wi th  t h e  S t r u c t u r e s  

D iv i s ion  of  t h e  Propulsion and Vehicle  Engineering Laboratory r e s u l t e d  

i n  t h e  development of  a computer program which p r e d i c t s  t h e  su r f ace  

a i r  flow around the  Sa turn  I B  v e h i c l e  du r ing  t h e  i g n i t i o n  and engine- 

burning hold-down sequence. By means of  t h e  developed technique ,  t h e  

change i n  speed and d i r e c t i o n  of t h e  h o r i z o n t a l  su r f ace  wind p r o f i l e  

i s  c a l c u l a t e d  a t  h e i g h t s  of 100, 200, and 300 f e e t  above ground l e v e l .  

NAS8- 11431 - Guidance System E r r o r  Study (6/25/64 t o  5/23/65) 

The o b j e c t i v e s  of  t h e  r e sea rch  e f f o r t s  conducted under t h i s  c o n t r a c t  

f o r  t h e  As t r ion ic s  Laboratory were t o  determine a scheme which would 

y i e l d  t h e  e f f e c t  of guidance and c o n t r o l  hardware e r r o r s  on space 

v e h i c l e  performance, and t o  d e f i n e  e x p l i c i t l y  t h e  phys i ca l  s i g n i f i c a n c e  

of  t h e  e r r o r  model and t h e  r e s u l t s  y ie lded  f o r  comparison w i t h  t h e  

r e s u l t s  ob ta ined  from o t h e r  e r r o r  models. 

DA-01-021-AMC-11481(Z) - I n e r t i a l  Guidance Research (10/7/64 t o  9/5/65) 

T h i s  c o n t r a c t ,  f o r  t h e  Guidance and Cont ro l  Laboratory,  U. S. Army 

M i s s i l e  Command, involved t h e  eva lua t ion  o f  s e v e r a l  t y p i c a l  v e h i c l e  

guidance schemes t o  determine t h e  f e a s i b i l i t y  of  t h e i r  a p p l i c a t i o n  

over  a broad range spectrum. The s tudy  u t i l i z e d  modified and new 

computer programs t o  analyze t r a j e c t o r y  and impact e r r o r  da t a .  

NAS8-11499 - SULINAC (114165 t o  6130165) 

This  c o n t r a c t ,  f o r  t h e  As t r ion ic s  Laboratory, MSFC, involved a 

f e a s i b i l i t y  s tudy  and a n a l y s i s  d i r e c t e d  toward d e f i n i t i o n  o f  a c o n t r o l  



system f o r  use wi th  a v e r t i c a l  Super Linear  Acce lera tor  (SULINAC) 

c u r r e n t l y  under development. The device has  been designed wi th  t h e  

c a p a b i l i t y  of  providing any d i s c r e t e  a c c e l e r a t i o n  l e v e l  from 10- t o  

100-g's.  

DA-01-021-AMC-11953(Z) - Advanced Systems Laboratory Support 

(3/17/65 t o  2/25/66) 

Nor throp/Huntsv i l le  provided t e c h n i c a l  support  s e r v i c e s  t o  t h e  Systems 

Eva lua t ion  and Aerodynamic Branches of t h e  Advanced Systems Laboratory,  

U. S. Army M i s s i l e  Command, under t h i s  c o n t r a c t .  S p e c i f i c  t a s k s  

included a n a l y s i s  of  d rag  and b a l l i s t i c  c o e f f i c i e n t  d a t a  of  va r ious  

m i s s i l e  con f igu ra t ions ,  and t h e  p re sen ta t ion  of  wind tunne l  t e s t  d a t a  

i n  a form app l i cab le  f o r  i npu t  t o  an  ana log  o r  d i g i t a l  computer. 

D e t a i l  design of wind tunne l  models a l s o  was accomplished. 

NASW-1165 - Ana ly t i ca l  Research i n  Guidance Theory (4120165 t o  7/10/66) 

Nor throp/Huntsv i l le  continued t h e  e f f o r t s  t o  develop more r e l i a b l e  

guidance func t ions  and methods under t h i s  c o n t r a c t  w i th  t h e  Na t iona l  

Aeronaut ics  and Space Adminis t ra t ion ,  Washington, D.C. Inc luded  i n  

t h e s e  e f f o r t s  were s t u d i e s  t o  develop a n a l y t i c a l  methods f o r  d i r e c t  

s o l u t i o n  of  two-point-boundary-value problems. I n  p a r t i c u l a r ,  s o l u t i o n s  

f o r  space - f l i gh t  guidance func t ions  f o r  immediate and f u t u r e  miss ions  

were inves t iga t ed .  A s  an a d d i t i o n a l  p a r t  o f  t h i s  c o n t r a c t ,  t h e  

development was continued of a p p l i c a t i o n  procedures f o r  t h e  L i s t  

Process ing  Computer Languages f o r  symbolic c a l c u l a t i o n s .  

NAS8-11440 - Development and Improvement of  t h e  AMTRAN Programming 

System (6129165 t o  1/19/68) 

Th i s  c o n t r a c t  wi th  t h e  Research P r o j e c t s  Laboratory was f o r  develop- 

ment o f  t h e  AMTRAN programming system. AMTRAN i s  intended f o r  use  by 

nominal ly t r a i n e d  s c i e n t i s t s  o r  engineers ;  i t s  language i s  q u i t e  

simple and c l o s e l y  resembles t h a t  of  o rd ina ry  mathematics. An 

unusual f e a t u r e  i s  i t s  o r i e n t a t i o n  toward func t iona l  mathematical 

o p e r a t i o n s ,  accomplished by automatic  a r r a y  a r i t h m e t i c .  The AMTRAN 

language i s  t o  be implemented i n  a t ime-sharing environment w i th  remote 

t e rmina l s  loca ted  where des i r ed .  Programming from t h e s e  consoles  i s  



accomplished wi th  a  t ypewr i t e r  and a r r a y  of pushbuttons t o  c a l l  major 

subrout ines .  Answers can be obta ined  g r a p h i c a l l y  on a  p l o t t e r ,  a  

cathode-ray scope, o r  a  p r i n t e r .  

NAS8-20082 - Aero-Astrodynamics Laboratory Miszion Support,  

Marsha l l  Space F l i g h t  Center  (3116165 t o  d a t e )  

Nor t ronics -Huntsv i l le ,  i s  p r e s e n t l y  t h e  prime t e c h n i c a l  c o n t r a c t o r  

f o r  t h e  Aero-Astrodynamics Laboratory of t h e  Marsha l l  Space F l i g h t  

Center .  Northrop personnel a r e  ca r ry ing  out  ana lyses  and s t u d i e s  

i n  aerodynamics, f l u i d  mechanics, t r a j e c t o r y  op t imiza t ion ,  o r b i t a l  

mechanics, v e h i c l e  f a i l u r e  mode de termina t ion ,  s t r u c t u r a l  dynamics, 

f l i g h t  performance, system and mission a n a l y s i s ,  aerospace environ- 

ments,  and ope ra t ions  a n a l y s i s  i n  a d d i t i o n  t o  providing f a c i l i t y  

ope ra t ion  and t e c h n i c a l  documentation support .  

NAS8-20183 - Simultaneous Solu t ion  of  S e t s  of  Nonlinear Algebra ic  

Equat ions (6128165 t o  9/24/66) 

Th i s  s tudy ,  f o r  t h e  Aero-Astrodynamics Laboratory,  Marshal l  Space 

F l i g h t  Center ,  was concerned wi th  t h e  simultaneous s o l u t i o n  of s e t s  

of non l inea r  a l g e b r a i c  equat ions .  The p a r t i c u l a r  equat ions  under 

cons ide ra t ion  were c h a r a c t e r i s t i c  of f i l t e r  c i r c u i t  a n a l y s i s  problems. 

The unknowns i n  t h e  equat ions represented  elements i n  an e l e c t r i c a l  

c i r c u i t  ( r e s i s t o r s ,  i nduc to r s ,  and capac i to r s ) .  Because of t h e  

phys i ca l  n a t u r e  of  such elements ,  on ly  r e a l  p o s i t i v e  r o o t s  t o  t h e  

equat ions  were des i r ed .  The problem was f u r t h e r  r e s t r i c t e d  by con- 

s i d e r i n g  only  those  roo t s  whose magnitude f e l l  w i t h i n  a  prescr ibed  

range corresponding t o  t h e  a v a i l a b l e  range of va lues  f o r  t h e  

app ropr i a t e  c i r c u i t  element . 
a NAS8-20200 - Flow Coef f i c i en t s  f o r  F l a t  P l a t e  O u t l e t s  (6129165 t o  d a t e )  

Th i s  c o n t r a c t ,  wi th  t h e  Aero-Astrodynamics Laboratory, Marsha l l  

Space F l i g h t  Center ,  involves t he  planning and conduct ing of a  wind 

tunne l  t e s t  program t o  eva lua t e  t he  f l a t  p l a t e  o u t l e t  flow c o e f f i c i e n t  

having very  narrow, exhaust s l o t s ,  low j e t - t o - e x t e r n a l  mass flow r a t i o ,  

and va r ious  boundary l aye r  th icknesses .  The work r e q u i r e s  determina- 

t i o n  of t h e  optimum combination of  f a c i l i t i e s  and ins t rumenta t ion  



necessary  t o  accomplish t h e  t e s t  program a s  w e l l  a s  d e f i n i t i o n  of a  

d e t a i l e d  t e s t  p lan  and t e s t  model. 

NAS8-20211 - Study of Resul tant  Thrus t  Vector C h a r a c t e r i s t i c s  f o r  

Engine C lus t e r s  Inc luding  A l l  Tolerances (6/29/65 t o  

9 128 166) 

Th i s  s tudy,  f o r  t h e  As t r ion ic s  Laboratory, Marshal l  Space F l i g h t  

Center ,  requi red  d e f i n i t i o n  of a  gene ra l  s o l u t i o n  f o r  determining 

t h e  magnitude and loca t ion  of t he  r e s u l t a n t  t h r u s t  v e c t o r  and a  

moment about t h i s  vec to r .  The r e s u l t a n t  t h r u s t  vec to r  was def ined  

wi th  r e spec t  t o  a  f i xed  coordinate  system loca ted  i n  t he  t h r u s t  

frame and conta in ing  i t s  cen te r  l i n e .  A l l  t o l e r ances  a f f e c t i n g  t h e  

t h r u s t  vec to r  l oca t ion  were considered a s  we l l  a s  o t h e r  p e r t i n e n t  

f a c t o r s ,  such a s  number and loca t ion  of engines ,  e t c .  

NAS8-20537 - Lunar D r i l l  (7/16/65 t o  9/30/66) 

The Lunar D r i l l  Program c o n s i s t s  o f :  ( a )  t h e  design of a  f l i g h t  

weight deep subsurface lunar  d r i l l  capable of t ak ing  co res  t o  depths 

of  100 f e e t ;  (b)  t h e  design and f a b r i c a t i o n  of an engineer ing  model 

of  t h i s  d r i l l ;  and ( c )  t e s t  of t he  engineer ing  model d r i l l  i n  

s imulated lunar  environmental condi t ions  and a t  a  s e l e c t e d  e a r t h  

s i t e .  I n  a d d i t i o n ,  t h e  program encompasses t he  p repa ra t ion  of a  

resources  plan which de f ines  how t h e  d r i l l  system i s  t o  be developed 

t o  t h e  f l i g h t  weight con f igu ra t ion ,  and t h e  t ime,  manpower, f a c i l i t i e s ,  

m a t e r i a l s ,  and o t h e r  c o s t s  a s soc i a t ed  wi th  the  development. 

The f l i g h t  weight lunar  d r i l l  system i s  t o  weigh 200 pounds o r  

l e s s ,  and d r i l l  t o  depths of 100 f e e t  o r  g r e a t e r  i n  d ry ,  s o l i d  rock 

m a t e r i a l s  such a s  b a s a l t ,  g r a n i t e ,  o r  sandstone. The d r i l l  i s  t o  

t a k e  continuous cores  a t  f i ve - foo t  i n t e r v a l s  o r  l e s s .  Add i t i ona l ly ,  

t h e  d r i l l  i s  t o  be compatible wi th  a s t r o n a u t  ope ra t ion  on t h e  lunar  

su r f ace  and i s  t o  be mounted on Apollo Appl ica t ions  Program payloads 

such a s  t h e  MOLAB o r  t h e  WM/Shelter. The d r i  11 system i s  t o  r e q u i r e  

no more than 5 kw of e l e c t r i c a l  power from t h e  Apollo Appl ica t ions  

Program payload t o  which it i s  mounted. The environmental c o n s t r a i n t s  



on t h e  lunar  d r i l l  a r e  those  imposed by ope ra t ion  i n  t h e  lunar  

environment a t  ambient temperatures  of  from -2500 t o  + 250°F and 

a pressure  es t imated  a t  10-l4 t o r r .  

e NAS8-20116 - Lunar Dust Removal/Prevention Techniaues 

(3/8/66 t o  6/7/67) 

Th i s  s tudy ,  f o r  t h e  Propulsion and Vehicle  Engineering Laboratory, 

Marsha l l  Space F l i g h t  Center ,  was concerned wi th  the  removal and pre- 

ven t ion  of  dus t  accumulations on r a d i a t o r s  loca ted  on t h e  luna r  

su r f ace .  A l a y e r  of  d u s t ,  caused by t h e  movement of men and 

v e h i c l e s  i n  t he  v i c i n i t y  o f  a r a d i a t o r ,  may seve re ly  degrade 

r a d i a t o r  performance. The degree of  such degradat ion was i n v e s t i g a t e d ,  

and methods of  removing o r  prevent ing accumulations of dus t  were es tab-  

li shed. 

NAS8-20409 - Study of Numerical So lu t ion  of  Spec ia l  Flow Problems 

Related t o  Saturn-Type Vehicles  (6/20/66 t o  9/20/67) 

Northrop developed numerical techniques and computer programs f o r  

so lv ing  t h e  e n t i r e  flow f i e l d  about Saturn-type bodies  a t  zero angle  

of  a t t a c k .  The s o l u t i o n  i s  f o r  an i d e a l ,  i n v i s c i d ,  supersonic  f r e e  

stream. Shock waves a r e  t r e a t e d  a s  d i s c r e t e  d i s c o n t i n u i t i e s .  The 

program inc ludes  c a p a b i l i t i e s  f o r  so lv ing  both blunt-  and sharp-nosed 

body flow. I n  a d d i t i o n ,  c a p a b i l i t y  f o r  s o l u t i o n  of flow about a 

frustum wi th  a s lope  too  g rea t  t o  support  supersonic  flow i s  included.  

A sepa ra t e  program f o r  t h e  blunt-body s o l u t i o n  was prepared.  

NAS12-500 - Ana ly t i ca l  Research i n  Guidance Theory (9/15/66 t o  d a t e )  

The o b j e c t i v e  of t h i s  s tudy  c o n t r a c t  was t o  explore  methods f o r  

determining a n a l y t i c a l  express ions  f o r  opt imal  space f l i g h t  guidance 

func t ions .  The guidance problems were formulated i n  terms of t h e  

c a l c u l u s  of  v a r i a t i o n s  and d i r e c t  approaches t o  t h e i r  s o l u t i o n s  were 

sought.  The r e s u l t i n g  guidance func t ions  a r e  of  t h e  Path-Adaptive 

type  and a r e  cons iderably  more accu ra t e  and f l e x i b l e  than  t h e  

c u r r e n t l y  employed approximation. 

The main guidance problems s tud ied  were: (1) Optimal Ascent t o  

C i r c u l a r  O r b i t ,  (2)  Optimal Transformation from C i r c u l a r  Orb i t  t o  



E l l i p s e ,  and (3)  I n t e r c e p t i o n  of a  Vehicle  i n  C i r c u l a r  Orb i t  i n  

M inimurn T ime . 
An important  phase of  t hese  s t u d i e s  was t h e  a p p l i c a t i o n  of  symbol 

manipula t ing  computer languages f o r  t h e  automation of r o u t i n e  

mathematical manipulat ions.  

NAS8-21027 - Path-Adaptive Guidance Mode (9/30/66 t o  d a t e )  

A f t e r  NASA's acceptance of  t h e  path-adapt ive guidance concept f o r  

a l l  Sa turn  and Saturn-Apollo miss ions ,  t h e  i n i t i a l  c o n t r a c t  was 

extended. Under t h e  extended c o n t r a c t  Nor t ronics -Huntsv i l le  i s  

i n v e s t i g a t i n g  t h e  a p p l i c a t i o n  of t h i s  guidance concept t o  va r ious  

miss ions .  Among t h e s e  a r e  e a r t h - o r b i t a l  rendezvous, l una r  deboost ,  

and d i r e c t  a scen t  rendezvous miss ions .  Also, ex tens ive  hardware 

e r r o r  ana lyses  a r e  being performed. 

NAS8-20820 - Lunar D r i l l  (2/12/67 t o  d a t e )  

The Lunar D r i l l  Program c o n s i s t s  of :  (a )  t h e  des ign  of a  f l i g h t  

weight deep subsurface lunar  d r i l l  capable of  t ak ing  co res  t o  

depths of 100 f e e t ;  (b) t h e  design and f a b r i c a t i o n  of an engineer-  

i n g  model of t h i s  d r i l l ;  and ( c )  t e s t  o f  t h e  engineer ing  model 

d r i l l  i n  simulated lunar  environmental cond i t i ons  and a t  a  s e l e c t e d  

e a r t h  s i t e .  I n  a d d i t i o n ,  t h e  program encompasses t h e  p repa ra t ion  

of  a  resources  p lan  which de f ines  how t h e  d r i l l  system i s  t o  be 

developed t o  t h e  f l i g h t  weight con f igu ra t ion ,  and t h e  t ime,  manpower, 

f a c i l i t i e s ,  m a t e r i a l s ,  and o t h e r  c o s t s  a s soc i a t ed  wi th  t h e  develop- 

ment. 

NAS1-6888 - Prope l l an t  Tes t ing ,  Langley Research Center ,  (12/17/66 

t o  d a t e )  

Th i s  con t r ac t  involves  t h e  product ion of s o l i d  p rope l l an t  f u e l s  and 

t h e  ob ta in ing  of t e s t  d a t a  i n  support  o f  numerous c u r r e n t  and 

a n t i c i p a t e d  research  programs i n  t h e  f i e l d  of  so l i d  p rope l l an t  rocke t ry .  

Addi t iona l  e f f o r t s  inc lude  t h e  product ion of hardware components f o r  

NASA f l i g h t  r e sea rch  v e h i c l e s  and t h e  conducting of p r e f l i g h t  

q u a l i f i c a t i o n  t e s t  programs. 



NAS1-7399 - I n t e g r a t e d  L i f e  Support System, Langley Research Cen te r ,  

(6115167 t o  d a t e )  

Under t h i s  c o n t r a c t  Northrop personnel  a r e  provid ing  support  o f  

va r ious  engineer ing ,  b i o l o g i c a l ,  and chemical programs a s s o c i a t e d  

wi th  t h e  o v e r a l l  opera t ion  of t h e  I n t e g r a t e d  L i f e  Support System 

(ILSS) a t  Langley Research Center .  Addi t iona l  e f f o r t s  a r e  r equ i r ed  

i n  support  of programs involv ing  i n v e s t i g a t i o n s  wi th  r e spec t  t o  

p re s su re  s u i t s ,  lunar  g r a v i t y  s imu la to r s ,  vacuum chambers, m a t e r i a l s  

i n v e s t i g a t i o n s ,  and r e l a t e d  space-oriented p r o j e c t s .  

NAS1-7703 - 55-Foot Vacuum Cyl inder ,  Langley Research Center ,  (8/16/67 

Under t h i s  con t r ac t  with Langley Research Center ,  Northrop personnel  

performed s t u d i e s  t o  provide d e t a i l e d  d e f i n i t i o n  of  p r e f e r e n t i a l  

modes of ope ra t ion  and equipment requirements f o r  pro jec ted  human 

f a c t o r s  research  programs i n  t h e  Langley 55-foot  Vacuum Cyl inder .  

The e f f o r t s  included d e f i n i t i o n  of  proposed usage of  f a c i l i t y  

components and i d e n t i f i c a t i o n  o f  needs and func t ions  of a d d i t i o n a l  

components and/or  equipment which might be r equ i r ed  t o  conf igure  

t h e  f a c i l i t y  f o r  intended research  programs. 
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4.1 TECHNICAL REPORTS 

No. - T i t l e  Author 

Bas ic  Governing Equat ions i n  T r a j e c t o r y  D r .  S. S. Hu 
Optimizat ion & Space Guidance by Vari- 
a t i o n a l  Calcu lus  

Sa tu rn  V Guidance Equat ions f o r  Boost D r .  S. Hu 
To T r a n s i t  

An A n a l y t i c a l  Approach t o  Polynomial D r .  S. Hu 
Gufdance Funct ions  f o r  Optimal Space 
F 1 i g h t  

Date  - 
7/1/63 

Progress  on Lunar F l i g h t  Analysis  Lunar F l i g h t  8/10/63 
Analys i s  Study Team- 
Astrodynamics & Space 
Group 

Progress  Report on Mathematical Research M. L. Thompson 8/10/63 
i n  Optimal S a t e l l i t e  I n s e r t i o n  

Progress  Report on Plane Change S tud ie s  T r a j e c t o r y  Analysis  9/6/63 
by COV Techniques Study Team-Astro- 

dynamics Group 

Progress  Report on Mathema,tical Research M. L. Thompson & 12/20/63 
on Optimal S a t e l l i t e  I n s e r t i o n  Astrodynamics Space 

Guidance Group 

Tors iona l  Pendulum Analogy f o r  Quar te r  - & J. Ryan, J'. Walls ,  2/21/64 
Eighth-Sectored Cy l ind r i ca l  Tanks Subjec t  J'. Mooney 
t o  Rolf O s c i l l a t i o n  

Slosh Handbook - Progress  Report J. Ryan, 5. Walls,  2/21/64 
J. Mooney 

The LISP 1.5 - A System f o r  Symbolic M. L. Thompson, 1/20/64 
Computation wi th  D i g i t a l  Computer P. L. Clem 

A T e n t a t i v e  D r a f t  of a Pre l iminary  D r .  S. Hu, 2/19/64 
Progress  Report on Appl ica t ion  of D. L. Cooper, 
I t e x a t  ive  Guidance Mode t o  Lunar V. A. Dauro, 
Orb Fe and Rendezvous Missi ons E. J. Holmbeck, 

R .  R. Ke i th ,  
J. F. Mart in ,  
D r .  R. L. Plunke t t ,  
D. Raney 



No. T i t l e  Author Date 

13  P rope l l an t  Expenditures Duri.ng Optimized E. J. Holmbeck 2/64 
Boost t o  I n j e c t i o n  f o r  Various Ea r th  t o  
Mars T r a j e c t o r i e s  

14  Liquid Natura l  Frequencies  of a  Tank wi th  J. Mooney, J. Walls, 4/6/64 
P a r t i a l l y  Submerged Sec tor  Walls J. Ryan 

15  Progress  Report No. 2 on Appl ica t ion  of D r .  S. Hu, 5/15/64 
I t e r a t i v e  Guidance Mode t o  Lunar Orbi t  D r .  R. L. P lunke t t ,  
and Rendezvous Missions C. E. Beeson, 

D. Cooper, V. Dauro, 
E. J. Holmbeck,D. Raney, 
R. R. Kei th ,  J. Mar t in ,  

Network Synthes is  and a  Method t o  Define J. Wilcox, S. Tung, 5/19/64 
a  T rans fe r  Funct ion from Prescr ibed  Phase- K. White 
Magnitude C h a r a c t e r i s t i c s  
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Dauro, Keith, 
Mant 1 e r  

Addendum t o  I~Formulation and Develop- 
ment of Necessary Conditions on t h e  
Solut ions of Several Optimum Orbit  
Transfer  Problems" 

Addendum t o  "An Analysis and Method 
of Numerical Solut ion of an 
Advanced Problem i n  Tra j ec tory  
Optimizationlt 

A Presenta t ion  of Studies Related 
t o  Reentry and Low-Thrust Tra jec tory  
Optimization 

Raney , 
Way 

Preliminary Analysis of a Mars 
Voyager Planetary  Vehicle Concept 
f o r  Adaption t o  a Venus Orbiter- 
Lander Mission 

Odom, H i l l ,  
Luca s 

Stanley Environment Design C r i t e r i a  
from 90 Krn Above Ear th ' s  Surface 
t o  Mars 

Williams Generation of  Operational Tra jec tory  
Guidance Prese t t ings  

A S t r e s s  Analysis of a Fla t  P la te  
Model f o r  Determining Discharge 
Coeff ic ients  of  an A i r  J e t  Discharging 
Transverse t o  a Free Stream 

H i  11 i a r d  

Henderson Tracking Capabi l i ty  Surmnary 

Temperature His tory  of a Semi- 
I n f i n i t e  Fin 

Thomas 

Sunrmary Report of Saturn I B / V  Venting 
Analysis 

Walters , 
Rader 

Study of S-IVB/Voyager Vehicle 
and Shroud Separat ion Tra jec to r i e s  

Echols , 
Ma yeam 

Users Guide and Deck Description f o r  
Northrop IIVariabl e Mixture Ratio" 
Tra jec tory  Optimization Computer 
Program 

Ke s smann 



No. T i t l e  - Author Date - 
6/22 167 16 In f l i gh t  Venting Analyses f o r  the  

S-I1 and S-IVB In te r s tage  of the  Apollo- 
Saturn V Vehicle Trajector ies  503 
and 504 

Walters, 
Glasgow , 
Rader 

Special Test Section (14-1nch TWT) 
Test Duration Studies 

Paranjape 

Pre-Test Report f o r  Q-Ball Calibrat ion 
Test i n  t he  MSFC 14-Inch 
Trisonic Wind Tunnel 

Waldrop, 
Lanning 

Preliminary Evaluation of the  
Piecewise Correlat ion Program 
fo r  Non-Stationary Data 

Bradford, 
Hinds 

User's Guide and Deck Description 
fo r  Northrop Multistage Trajectory 
Optimization Computer Program 

Ke s smann 

Data Reduction Procedures f o r  Pressure 
Data from a 4-Percent Saturn V Model 
i n  the  AEDC 16-Foot Transonic Wind 
Tunne 1 

Waldrop 

Mid-Course Velocity Correction fo r  
In jec t ion  Bias f o r  a Mars Mission 

Sprouse , 
ICeith 

Revised S t a t i c  Aerodynamic Char- 
a c t e r i s t i c s  of  t h e  Aborted Apollo- 
Saturn V Vehicle 

Glasgow 

Pre-Test Report f o r  November 1967 Wind 
Tunnel Test i n  AEDC 16-Foot Transonic 
Wind Tunnel 

Waldrop , 
Glasgow 

Gravity Simulation Workbench Inter im 
Sta tus  Report 

Ross 

Sta tus  Report of Automatic F i l t e r  
Design Study 

Thorb j omsen 

Lucas , 
Comfort, 
Bonham 

Application of Tunnel Detection 
Methods t o  I n s t a l l a t i o n  Defense 

Keith Supplement t o  Preliminary Saturn 
S-IB/S-IVB Performance Analysis 

Bradford, 
Hett inger , 
Stewart 

Analysis of Saturn V Actuator 
Malfunctions a t  Lift-Off 

A Technique f o r  Compressing Data from 
Long-Duration Missions of the  Apo 110 
Applications Program Type 

4 3 1  

Purcel l ,  
Jones 



T i t l e  Author 

P red ic t ion  of Mar t ian  Surface 
Temperature 

Tatom, 
Deshpande , 
Hung 

Revised S t a t i c  Aerodynamic C h a r a c t e r i s t i c s  Glasgow 
of t he  Aborted Apollo-Saturn I B  Vehicle  

D i g i t a l  Simulat ion Program f o r  
S-IVB Stage Response 

Odum 

ODYSSEY I - Aeronomy and Aerodynamic Youngblood, 
Measurements i n  t h e  Thermosphere 



4.3 INTERNAL NOTES 

No. 

1 Patched Conic Solution of Earth-Moon 
Transit Trip Times for Various Earth 
Centered Conic Injection Energy Levels 

November Progress Report on Automatic 
Controls 

Author 

E. A. Smith 

Date - 
10115164 

F. L. Echols, 12/18/64 
H. J. Mayeaux, Jr., 
J. E. Rasch, 
D. W. Sutherlin, 
M. A. Sloan, Jr. 

Inertial Guidance Study Progress Report E. Clark, L. Morrow, 1/19/65 
!! 1 D. Raney, P. Rhodes, 

P. Roberts, B. Seagren, 
M. Sloan 

Frediction of the Thermal Environment of F. B. Tatom 
the Moon 

December Progress Report for Automatic F. L. Echols, 1/20/65 
Controls Unit H. J. Mayeaux, Jr., 

J. E. Rasch, 
D. W. Sutherlin, 
M. A. Sloan, Jr. 

January Progress Report for Automatic 
Controls Unit 

Bending Moment Calculations 

Computer Program Explanation of the 
Matrix Input Data Program (ACP03A) 

F. L a  Echols, 2/22/65 
H. J. Mayeaux, Jr., 
J. E. Rasch, 
M. A. Sloan, Jr., 
D. W. Sutherlin 

F. L. Echols, 2/25/65 
H. J. Mayeaux, Jr., 
J. E. Rasch, 
M. A. Sloan, Jr., 
D. W. Sutherlin 

F. L. Echols, 3/9/65 
H. J. Ma~.eaux, Jr., 
J. E. Rasch, 
M. A. Sloan, Jr., 
D. W. Sutherlin 



No. Title Author 

9 Computer Program Explanation of the F. L. Echols, 
Aerodynamic Coeffkient Program - H. J. Mayeaux, Jr., 
Automatic Controls Unit J. E. Rasch, 

M. A. Sloan, Jr., 
D. W. Sutherlin 

10 Preliminary Data from Inertial Guidance E. Clark, 
Research Contract DA-01-021-AMC-11481(Z) L. Morrow, D. Raney, 

P. Rhodes, 
P. Roberts, 
B. Seagren, 
M. Sloan 

11 February Progress Report - Automatic 
Controls Unit 

F. L. Echols, 
H. J. Mayeaux, Jr., 
J. E. Rasch, 
M. A. Sloan, Jr., 
D. W. Sutherlin 

12 Computer Program Explanation of the Matrix F. L. Echols, 
Expansion Program (ACP05A) H. J. Mayeaux, Jr., 

J. E. Rasch, 
M. A. Sloan, Jr., 
D. W. Sutherlin 

13 Computer Program Explanation of the Sensor F. L. Echols, 
Transfer Program (ACP06A) H. J. Mayeaux, Jr., 

J. E. Rasch, 
M. A. Sloan, Jr., 
D. W. Sutherlin 

14 Proposed Experimental Physics Program G. A. Petitt, 
G. Sharp 

15 March Progress Report-Automatic Controls F. L. Echols, 
Unit H. J. Mayeaux, Jr., 

J. E. Rasch, 
M. A. Sloan, Jr., 
D. W. Sutherlin 

16 Proposal for Company Sponsored Experi- F. B. Tatom 
mental Research in Thermo-Engineering 

17 Proposed Physics Laboratory for NSL/ Dr. G. A. Petitt, 
Huntsville G. Sharp 

Date - 
3/18/65 



No. T i t l e  Author Date - 
5/20/65 18 Proposal f o r  t h e  Study of t h e  E f f e c t  of  

a Vibra tory  Environment on Heat Transfer  
and F lu id  Dynamics 

B. L. C l ine  

20 Computer Program Explanat ion of t h e  
Frequency Response Program (ACP07A) - 
Automatic Cont ro ls  Un i t  

F. L. Echols ,  
H. J. Mayeaux, Jr., 
J. E.  Rasch, 
M. A. Sloan,  Jr., 
D. W. S u t h e r i i n  

2 1 Computer Program Explanat ion of t h e  
Root-Locus Program (ACP08A) 

F. L. Echols ,  
H.  J .  Mayeaux, Jr., 
J. E.  Rasch, 
M. A. Sloan,  Jr., 
D. W. S u t h e r l i n  

2 2 In t roduc t ion  t o  S t a t i s t i c s  and 
Corre la t ion  Techniques 

D r .  S. R. Kavipurapu 

23 An Approximate Evalua t ion  of  S t r a i n  
Nonl inear i ty  Due t o  Rota t ion  E f f e c t s  
on a Long, Simply Supported, Uniformly 
Loaded Beam 

P. R. Odom 

2 4 Computer Program Explanat ion of t h e  Rig id  
Body Gain Ca lcu l a t i on  Program ( A c P ~ ~ A )  

F. L. Echols ,  
H. J. Mayeaux, Jr., 
J. E. Rasch, 
M. A. Sloan,  Jr., 
D. W. S u t h e r l i n  

F. M. Loveless ,  
G. L. Maddox 

25 V i s i b i l i t y  Analys i s  of Sa tu rn  IB/Apollo 
i n  Low Polar  Orb i t s  

2 6 Survey of t h e  T h e m o e l a s t i c  Analys i s  of 
P l a t e s  

P. R. Odom 

27 SA-201 Data Processing and Display Study 

2 8 Confonnsl Mapping: Theory and Some of 
I ts  Appl ica t ions  

E.  R. Basurto 

2 9 Resul t s  of Aerodynamic Analys i s  of  t h e  
Saturn V LOR Vehic le  f o r  Vehic le  Emergency 
Detect ion System S t u d i e s  

R. K. E l l i s o n  

30 Resu l t s  of t h e  Determinat ion of Abort 
Apollo-Saturn I B  Load D i s t r i b u t i o n s  



T i t l e  

31 Resul t s  of t h e  Detemf.2ation of Aerodynamic W. Z e i t f u s s  
C h a r a c t e r i s t i c s  of t h e  Sa turn  V LOR Vehicle  
f o r  Range Sa fe ty  

3 2 Cislunar  Pegasus V i s i b i l i t y  and Accuracy F. M. Loveless ,  
Study f o r  3 and % Lunar Pe r iod ic  Orb i t s  G. L. Maddox 

3 3 Descript ion and Analys is  of Computer W. R. Waldrop, 
Program to Calcu la t e  Forces and Moments W. Z e i t f u s s  
on An I s o l a t e d  M i s s i l e  F in  i n  a  Non- 
Uniform Flow F i e l d  

Time-Keeping Systems L. C. Al len  

ComputatLo~ Scheme f o r  t h e  Response of T. N. Lee, 
Vibratfon of a C i r c u l a r  Cyliqdrf  c a l  G. C. Kao, 
E l a s t i c  Tank, P a r t i a l l y  F i l l e d  wi th  J. G. Goree, 
An Inconlpressib le F l u i d ,  Undergoing An C. M. Pearson 
Axial Acce lera t ion  Composed of a  Uniform 
and a Pe r iod ic  Component 

Earth-Moon Lfne of Site.  Communication Time B. G. Brown, 
J. V. B u t l e r  

L i t e r a t u r e  Survey on I,ow-Thrust Earth-Moon R. H. Hansen 
F l i g h t  Mechanics 

Analysis  and Cor re l a t ion  of  Sa turn  V/LOR R. K. E l l i s o n  
Vehicle  Body Alone Ta i l -Ba r re l  Data from 
Wind Tunnel Tes t  F-58 

Addendun t o  I n  Flight Venting Analysis  f o r  W. P. Walters  
t h e  Saturr; I1 and Sa tc rn  2VB I n t e r s t a g e  
of t h e  Sa turn  V Vehic le  

A Matrix S o l u t i o n  f o r  Uibrab.ion of  a C. S. Kang, 
Se r i e s  of Shell. Structures Subjected T. N. Lee, 
t o  Random E x c i t a t i o n  G. C. Kao, 

C. M. Pearson 

41 An Approwi.rnwte Reentry Corr idor  Analysis  D. Raney, 
C. P. Liu 

42 Derlvathon of t h e  "I'rransversality Condition M. L. Thompson 
f o r  Opt tmdZ Txarlsf e r  Belween Orb i t s  

43 The Cerierat ion of PreB irninary Launch R. Re Kei th ,  Jr. 
Vehicle 1)Espersion Data f o r  t h e  AS-208 E. A. Smith, 
Spacecraf t-. Er ro r  Analysis  R. W. Sprouse, 

L. H. Wang 

Date 
7 

8/ 23/65 



No. Title Author 

44 A Presentation of Major Studies Hu, Cooper, 
Conducted Under the Iterative Hall, Keith, 
Guidance Mode Contract Kessmann, Kopp, 

Metzger , Smith, 
S prouse, Wang 

45 Quarterly Report on Filter Transfer 
Function Synthesis Study 

J -  A. Bishop, 
F. L. Echols 

46 A Sunanary Manual for Users of the IBM 1130 T. J. Thomas 
Computer 

47 A Derivation of a Relationship 
Between Two Point Product Mean 
Values of K and Covariance of Two 
Fluctuations in Steady Isotropic 
Turbulence 

48 Sununary of Presentation of Impedance 
Prediction Techniques 

Howard Yen 

Pearson, Lee, 
Couchois , 
Memille 

49 A Study of the Mu-Mesic Atom C. K. Chou 

50 A Study of the IGM Gravity Prediction Smith, Sprouse , 
Method Wang, Keith 

51 Properties of a Martian Atmosphere Hsu , Deshpande 

52 Literature Survey on the Propagation 
of Laser Beams in the Atmosphere 

Hayes 

53 Thermodynamic and Meteorological Con- Mahlman , 
siderations in the Establishment of a Deshpande 
Martian Surface and Atmospheric Model 

54  Aerodynamic Forces on Orbital Vehicles Waldrop 

5 5 Investigation of the Maximum Expected Rader 
Error in Discharge Coefficient as a 
Result of a Two-Percent Error in Pressure and 
Temperature Readings 

56 Single-Impulse AV Requirements for 
Planetary Capture 

Stewart 

57 Capture Coefficient Determinations of Youngb lood 
Directed (Molecular ~eam) and Random 
Fluxes of Gaseous Carbon Dioxide 
and Water Vapor on a Cryogenically cooled 

' 

Crystal 

58 On the Determination of Minimum Impulses Leung, Kot 
Velocity Increments for Mars Orbital 
Launch Window Problem 

Date - 
9/66 



No. - 
59 

T i t l e  

A Mathematical Technique f o r  Correcting 
Experimental Data Influenced by 
Other Data Near the  Measurement Point 

Pod Concept f o r  Rear Hemisphere 
Protect ion 

A Sununary Manual f o r  Users of t h e  IEPl 
1130 Computer 

An Analytical  Approach t o  the  O r b i t a l  
Launch Window Problem 

Aerodynamic Considerations f o r  a Gravity 
Simulation Workbench 

Preliminary E l a s t i c  Response Analysis 
of t h e  Apollo Telescope Mount 

Wall Coo l ing  E f f e c t s  i n  the  Marshall 
Space Fl ight  Center Low Density 
Wind Tunnel 

Predict ion of t h e  Martian Subsolar 
Point i n  Terms of Ear th  Time 

Aerodynamic Drag Balances and Comments 
on the  F e a s i b i l i t y  of a Support Free 
Drag Balance 

Author 

Schroeder 

Thomas 

Leung 

Barne t t , 
Rader 

Arama yo, 
Bloom, Pearson, 
Akers, Ga i s se r t ,  
Hereford 

W i  1 liams 

Tatom, 
Hooie, 
Deshpande 

Youngblood, 
Williams 

Date - 
9 / 6 7  



SECTION V 

STAFF & QUALIFICATIONS 

5 . 1  DEGREE & CAPABILITY DISTRIBUTION 

5 . 2  ADVANCED DEGREE TECHNICAL PERSONNEL ( Ph. D s 

a n d  Ph.  D. c a n d i d a t e s )  



5.1 DEGREE & CAPABILITY DISTRIBUTION 
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5.2 ADVANCED DEGREE TECHNICAL PERSONNEL 

(Ph.D.fs and Ph.D. Candidates) 



D r .  S. S. Hu, Technical  D i rec to r ,  ~ o r t r o n i c s / H u n t s v i l l e ,  , i s  supe rv i s ing  

a l l  research  and a n a l y s i s  p r o j e c t s  a s  we l l  a s  pe r sona l ly  p a r t i c i p a t i n g  i n  

severa l  space programs inc luding  space f l i g h t  mechanics, space op t imiza t ion  

guidance theory ,  non-equilibrium hypersonic flow f i e l d  a n a l y s i s ,  and space  

recovery hea t ing  ana lys i s .  

P r i o r  t o  jo in ing  Northrop i n  1960, D r .  Hu had been a c t i v e  i n  aerospace  

r e sea rch  and engineering f o r  over  f i f t e e n  years .  He was a s s o c i a t e d  w i t h  J P L  

of t h e  C a l i f o r n i a  I n s t i t u t e  of Technology, Rocketdyne of North America, 

Aerojet-General,  Lockheed Propuls ion  Company, RCA, United A i r c r a f t ,  and 

General E l e c t r i c .  With t h e s e  f i rms ,  he worked on problems of p ropu l s ion  gas 

dynamics inc luding  n o n - e q u i l i b r i m  mult i -phase flow op t imiza t ion ,  r e e n t r y  and 

aerodynamic hea t ing ,  t h r u s t  v e c t o r  c o n t r o l ,  space recovery,  meteoro logica l  

phenomena, space environment, rocke t  nozz le  design and aerospace  des ign  con- 

c e p t s  and s t r e s s  ana lys i s .  

D r .  Hu i s  p r e s e n t l y  a  f u l l  p ro fe s so r  of Aerospace Engineering on a  pa r t - t ime  

b a s i s  a t  t h e  Un ive r s i t y  of Alabama. He i s  i n  charge of pos t -graduate  r e sea rch  

i n  t h e  a r ea  of space f l i g h t  mechanics, a s  we l l  a s  t eaches  a  four -course  s e r i e s  

on t h e  pos t -graduate  l e v e l  i n  Astrodynamics: 

Astrodynamicg I: Fundamentals of bas i c  dynamics, aerodynamics, 

p ropuls ion  dynamics, space environments, space phys i c s ,  and space 

dynamics; Aatrodynamics 11: Orb i t a l  mechanics, n-body problems, 

and space p e r t u r b a t i o n s ;  Astrodynamics 111 : .Atmospheric f l i g h t s ,  

low t h r u s t  f l i g h t s ,  r e e n t r y  dynamics, and thermodynamics; As t ro-  

dynamics I V :  Theories  of nav iga t ion ,  guidance, c o n t r o l ,  opt imiza-  

t i o n ,  and e r r o r  ana lys i s .  

P r io r  t o  December 1963, D r .  Hu taught  a s  p ro fe s so r  i n  t h e  graduate  schools  of 

many u n i v e r s i t i e s ,  inc luding  t h e  Univers i ty  of Arizona, t h e  Un ive r s i t y  of 

Southern C a l i f o r n i a ,  and Auburn Univers i ty  i n  Alabama. Sub jec t s  taught  

included subsonic,  supersonic,  and hypersonic aerodynamics; rocke t  and 

nuc lea r  propuls ion;  nuc lear  engineering;  mechanical v i b r a t i o n ;  hea t  t r a n s f e r ;  

and h e l i c o p t e r  engineering.  D r .  Hu organized and managed a  500-employee a i r c r a f t  



piston engine, and a i r  compressor plant during 1944-1949, and successful ly  pro- 

duced and delivered 1000 un i t s  of A-26 a t t ack  bomber af t - fuselages  and 40,000 

uni ts  of portable 4-cylinder compressors. 

D r .  Hu holds a degree of Sc.D. with t op  honor from Massachusetts I n s t i t u t e  of 

Technology. He was a rec ipient  of ffSalisbury Prizen and was e lected a !!General 

Motors Research Fellowl! f o r  h i s  s t r a i gh t  UAn r a t i ng  and outstanding s cho l a s t i c  

achievement a t  M.1 .T . 
I n  August 1965, D r .  Hu received a Ce r t i f i c a t e  of Merit from top Northrop Manage- 

ment for  h i s  dynamic leadership i n  developing the  technical  capab i l i ty  a t  Northrop 

Space Laboratories/Huntsville. I n  September 1965, D r .  Hu was e lec ted  Chairman 

of the  American Astronautical  Society, Southeastern Section,  d i r ec t i ng  t he  

Societyts  professional  a c t i v i t i e s  i n  e ight  southeastern s t a t e s .  He was e lected 

National Vice-President of the  American Astronautical  Society i n  May 1967. 

D r .  Hu has published numerous papers and repor ts  i n  t he  f i e l d  of aerospace 

research and engineering. H i s  recent papers include URapid Generation of On- 

Board Guidance Command Signals through Analytical  Solution of Two-Point Boundary 

Value Problems f f  presented a t  A I M  Annual Symposium, 1966 ; !!On Cross-Beam Moni- 

toring of Atmospheric Winds and Turbulence with Two Orbit ing Telescopesff,  NASA 

Technical Memo. X-53538, 1966; won-Board Optimal and Homing Guidance Signals 

t o  Distant Ce l e s t i a l  Bodiesff , Proceedings of AAS Symposium, 1967. D r .  He i s  t he  

edi tor  of IfAmerican Astronautical  Science and Technology Ser ies  196711 and i s  

the author of ffFlight  Mechanics and Guidance/Contro 1 Theory,n 1967. 

D r .  Shih-Cheng Zien, a  Senior Engineer i n  the Sciences Section, i s  cur ren t ly  

involved i n  the  analys is  of aerodynamic force of the  Saturn V, and flow coef f ic ien t  

for  f l a t  p la te  o u t l e t s  discharging t ransverse  t o  an external  stream. He i s  

primarily concerned with t he  aerodynamic problems, such as  t he  ca lcu la t ing  formulas 

fo r  the normal force coef f i c ien t s  of Saturn V a t  very large angles of a t t ack ,  

the in teract ion of incident  shock with boundary layers ,  and t he  r e l a t i ons  of 

vent-jet  with the  free-stream. D r .  Z i en f s  experience a l so  includes research 

a c t i v i t i e s  and teaching i n  the  University of Alabama Aerospace Engineering 

.Department, and consult ing work with Hayes Aircraf t  Corporation of Birmingham, 

Alabama. While he was a research fellow, D r .  Zien was able t o  a t tend advanced 

aerodynamic, s t r uc tu r a l ,  and mathematical courses a t  California I n s t i t u t e  of 

Technology i n  Pasadena, California.  



D r .  J. F. Andrus, Branch Chief o f  Mathematics-Physics Branch, i s  c u r r e n t l y  

p a r t i c i p a t i n g  i n  research  programs i n  appl ied  mathematics, numerical  

ana lys i s ,  computer techniques,and t h e i r  a p p l i c a t i o n s  t o  space f l i g h t  guidance 

and s imulat ion.  

D r .  J. C.  Williams, a Member of t h e  Technical S t a f f  of  t h e  Sciences 

Sec t ion ,  i s  c u r r e n t l y  p a r t i c i p a t i n g  i n  complex r e sea rch  and a n a l y t i c a l  

problems i n  aerothemodjmamics.  D r .  Wil l iams is  a l s o  a P ro fe s so r  i n  t h e  

Department of Mechanical Engineering a t  North Carol ina S t a t e  Univers i ty .  

He has over  15 yea r s  of  t h e o r e t i c a l  and appl ied  experience i n  aerothermo- 

dynamics, boundary l a y e r  theory,  hea t  t r a n s f e r ,  o r b i t a l  mechanics, plasma 

hea t ing  and propuls ion ,  experimental aerodynamics, and f l u i d  mechanics. 

D r .  C. P. Bhal la ,  a Member of t h e  Senior Technical  S t a f f  of  t h e  

Scfences Sec t ion ,  has  t h i r t e e n  yea r s  of experience a s  a p h y s i c i s t .  He i s  

c u r r e n t l y  involved i n  t h e  new c a l c u l a t i o n a l  methods a p p l i c a b l e  t o  nuc lea r  

r e a c t o r  design. H i s  r e s p o n s i b i l i t i e s  a l s o  inc lude  t h e  r e s e a r c h  of  9-meson 

i n t e r a c t i o n s  w i t h  t h e  space v e h i c l e  and t h e  r e l a t e d  r a d i a t i o n  e f f e c t s  on 

e l e c t r o n i c  components. He a l s o  i s  an Assoc ia t e  Professor  of Physics  a t  t h e  

Univers i ty  of Alabama Research I n s t i t u t e ,  Hun t sv i l l e ,  Alabama. P r i o r  t o  h i s  

a s s o c i a t i o n  w i t h  Northrop and t h e  Univers i ty  of Alabama, he was a s e n i o r  

s c i e n t i s t  w i t h  t h e  Atomic Power Divis ion of Westinghouse Corporat ion.  While 

employed by Westinghouse, D r ,  Bhal la  a l s o  served a s  a consu l t an t  f o r  Union 

Carbide a t  t h e  Oak Ridge Nat iona l  Labora tor ies ,  and f o r  t h e  Nat iona l  Bureau 

of Standards.  

D r .  K. Seo, a Member of t h e  Technical  S t a f f  o fNor t ron ic s -Hun t sv i l l e  

i s  p r e s e n t l y  ass igned  t o  t h e  Astrodynamics Sect ion.  D r .  Seo i s  

Assoc ia t e  Professor  of Mathematics a t  Clemson Univers i ty  and i s  teaching  

courses  i n  elementary and advanced p r o b a b i l i t y  theory.  P r i o r  t o  h i s  a s soc i a -  

t i o n  wi th  Clemson, D r .  Seo was Assoc ia te  P ro fe s so r  ~f mathematical s t a t i s t i c s  

a t  Colorado S t a t e  Univers i ty  f o r  fou r  years.  He taught  courses  i n  mathematical 

programming, dynamic programming, l i n e a r  a lgeb ra ,  and s t a t i s t i c a l  d e c i s i o n  

theory. 



D r .  G. E. Baird,  a  Member of t h e  Technical  S t a f f  of  t h e  Sciences 

Sect ion,  has  f i v e  yea r s  of experience a s  a  p h y s i c i s t .  He i s  c u r r e n t l y  involved 

i n  a  s tudy of t h e  mathematical op t imiza t ion  theory  employing t h e  c a l c u l u s  of 

v a r i a t i o n s  w i t h  s p e c i a l  emphasis on a p p l i c a t i o n s  t o  two-stage rocke t  t r a j e c -  

t o r i e s ,  and i n  r e s e a r c h  i n  mathematical phys ics  and communication theory.  He 

has done r e s e a r c h  i n  t h e o r e t i c a l  phys i c s  a t  Rice and Duke U n i v e r s i t i e s ,  and 

has  taught  a t  both of t h e s e  i n s t i t u t i o n s .  

D r .  S. R. Kavipurapu, a  Member of t h e  Technical S t a f f  of  t h e  Sciences 

Sect ion,  has  seven yea r s  of  experience i n  nuc lear  engineering and phys ics .  He 

i s  c u r r e n t l y  engaged i n  t h e  dynamic s t a b i l i t y  a n a l y s i s  of l a r g e  f l e x i b l e  boos t e r s  

and i n  t h e  a n a l y s i s  and conceptual  design of c o n t r o l  systems f o r  space  boos ters .  

He i s  a l s o  engaged i n  t h e  problems of neutron t r a n s p o r t  theory. D r .  Kavipurapu 

taught  phys ics  a t  Pennsylvania S t a t e  Universi ty .  He a l s o  taught  analog computer 

technique courses  a s  a p p l i c a b l e  t o  nuc lear  con t ro l  theory  a t  t h e  Un ive r s i t y  of 

Flor ida.  H i s  experience has included work wi th  t h e  Atomic Energy Establ ishment ,  

Trombay, Ind ia ,  and i n  t h e  I G Y  Radio Astronomy Program a t  Hyderabad, India .  He 

a l s o  p a r t i c i p a t e d  i n  a  s tudy of Random Noise Techniques a t  t h e  Un ive r s i t y  of 

Florida. 

D r .  G. A. P e t i t t ,  a  Member of t h e  Technical S t a f f  of  t h e  Sciences 

Sec t ion ,  i s  d i r e c t i n g  a  group conducting a n  experimental program i n  which t h e  

Mossbauer e f f e c t  i s  used t o  s tudy t h e  magnetic and e l e c t r i c a l  p r o p e r t i e s  of  

m a t e r i a l s  and t h e  dynamics of  c r y s t a l  l a t t i c e s .  I n  a d d i t i o n ,  he i s  s tudying  

techniques f o r  so lv ing  mixed boundary va lue  problems of t h e  type  which occu r s  

when op t imiza t ion  theory  i s  app l i ed  t o  t r a j e c t o r y  c a l c u l a t i o n ,  and he i s  in-  

volved i n  a  s tudy  of t h e  nonl inear  phenomena governing t h e  dynamics of charged 

p a r t i c l e s  i n  a plasma. He was a Research A s s i s t a n t  dur ing  h i s  g radua te  c a r e e r ,  

and performed experiments i n  Neutron S c a t t e r i n g  w i t h  t h e  Duke Un ive r s i t y  4MeV 

Van de  Graaff a c c e l e r a t o r  and i t s  . a s soc i a t ed  fftfme-of-f l i g h t f f  system. He 

a s s i s t e d  i n  t h e  design and cons t ruc t ion  of e l e c t r o n i c  equipment f o r  t h e  time- 

o f - f l i g h t  system and s h i e l d i n g  equipment. He is  an  A s s i s t a n t  P ro fe s so r  of 

Physics a t  Georgia S t a t e  College, 



D r .  W. H. Pu rce l l  i s  p r e s e n t l y  us ing  t h e  c a l c u l u s  of v a r i a t i o n s  technique  i n  

o r b i t  op t imiza t ion  i n  t h e  Physical  Research and Mathematics Branch of  t h e  

Sciences Sect ion.  He i s  a l s o  A s s i s t a n t  P ro fe s so r  o f  Mathematics 

a t  Georgia I n s t i t u t e  of Technology and i s  w r i t i n g  a paper on a dynamic program 

which uses Lagrange m u l t i p l i e r  techntques. P r i o r  t o  h i s  teaching ,  D r .  P u r c e l l  

was assoc ia ted  w i t h  General Dynamics where he was engaged i n  dynamic computer 

programmi ng. 

D r .  W.  R. G a r r e t t ,  - a Member of t h e  Technical S t a f f  of t h e  Sciences 

Section, i s  p r e s e n t l y  engaged i n  t h e  formulat ion of a u-meson r e s e a r c h  s tudy  

t o  be conducted a t  NSLIHuntsville. He i s  an  A s s i s t a n t  Professor  of  Physics  a t  

t h e  Univesi ty  of Alabama, Hun t sv i l l e  Center,  D r .  G a r r e t t  i s  c u r r e n t l y  conduct ing 

research  i n  low energy atomic e l e c t r o n  s c a t t e r i n g ;  nega t ive  ion  formula t ion  and 

photo-detachment c r o s s  s e c t i o n s ;  atomic p o l a r i z a b i l i t i e s  i n  ground and e x c i t e d  

s t a t e s ;  and d i e l e c t r i c  p r o p e r t i e s  of high-temperature gases  a t  t h e  IJniversi ty  

of Alabama. He previous ly  taught  Physics  a t  t h e  main campus of t h e  Un ive r s i t y  

of Alabama. 

D r .  W. J. Gray, a Member of t h e  Technical S t a f f  of  t h e  Sciences 

Section, is  p re sen t ly  s tudying  t h e  a p p l i c a t i o n s  of t h e  LISP technique  t o  computer 

programming. D r .  Gray t eaches  graduate  and s e n i o r  l e v e l  cou r ses  i n  advanced 

mathematics, topology, and computer techniques  a t  t h e  Un ive r s i t y  of  Alabama. 

Pr ior  t o  teaching,  D r .  Gray was a s soc i a t ed  w i t h  t h e  Amy B a l l i s t i c  M i s s i l e  

Agency where he conducted experimental aerodynamic t e s t s  and eva lua ted  t h e  

r e s u l t i n g  t e s t  data .  

D r .  D. W. Lyons, a Member of t h e  Technical Staff of t h e  Dynamics Analys is  

Sect ion,  i s  p re sen t ly  engaged i n  t h e  dynamic s t a b i l i t y  a n a l y s i s  of l a r g e  f l e x i b l e  

and rigid-body boosters .  D r .  Lyons is  also A s s i s t a n t  Professor  of Mechanical 

Engineering a t  Clemson Enivers l ty .  He has  served a s  a consu l t an t  t o  t h e  Langan 

Corporation and has been a s s o c i a t e d  wi th  t h e  Boeing Company a s  a c o n t r o l s  

engineer i n  t h e  Guidance, Navigation, and Control  Seet ion,  Aerospace Divis ion.  

H e  taught  s en io r  and graduate  l e v e l  courses  a t  Georgia T n s t i t u t e  of Technology. 





D r .  W. F. Powers, i s  a Member of t h e  Technical S t a f f  i n  t h e  Sciences Sec t ion  

of Nortronics-Huntsville.  D r .  Powers s p e c i a l i z e s  i n  app l i ed  mathematics 

and opt imizat ion theory f o r  space f l i g h t  dynamics and guidance. D r .  Powers 

received h i s  Ph.D. from t h e  Un ive r s i t y  of Texas and worked wi th  t h e  Aero- 

Astrodynamics Laboratory of Marshal l  Space F l i g h t  Center ,  NASA, f o r  t h e  

period from 1963 t o  1966. 

D r .  J.C.M. Yu, a Member of t h e  Technical  S t a f f  i n  t h e  Astrodynamics Sec t ion ,  

i s  engaged i n  a t h e o r e t i c a l  a n a l y s i s  of t h e  a t t i t u d e  motion of a r i g i d  body 

due t o  var ious  d i s tu rb ing  moments. He i s  a l s o  a s s o c i a t e d  wi th  t h e  Department 

of Mechanical Engineering a t  Auburn Univers i ty .  D r .  Y u f s  v a r i e d  experience 

includes m a t e r i a l  s t r eng th ,  s t a t i c s ,  s t r e s s  a n a l y s i s ,  p a r t i c l e  dynamics, 

and research  i n  nonl inear  mechanics. 

D r .  A. F. DfSouza, a Member of t h e  Technical S t a f f  i n  t h e  Dynamics Analys is  

Sect ion,  has  been most r e c e n t l y  involved i n  a s tudy of l ea rn ing  c o n t r o l  

systems f o r  p o t e n t i a l  a p p l i c a t i o n  t o  boos ter  controL D r .  DrSouza i s  a l s o  

an Ass i s t an t  Professor  of Mechanical and Aerospace Engineering a t  t h e  I l l i n o i s  

I n s t i t u t e  of Technology. H i s  experience inc ludes  work i n  l i n e a r  and non l inea r  

con t ro l  systems, s t a t i s t i c a l  design,  and optimal and adap t ive  c o n t r o l  systems. 

D r .  M. Y. Su i s  a Member of t h e  Technical  S t a f f  i n  t h e  Operat ions Sec t ion .  

He i s  c u r r e n t l y  concerned wi th  s t a t i s t i c a l  a n a l y s i s  of t h e  crossed-beam 

remote sensing technique. D r .  S u f s  major f i e l d  of i n t e r e s t  is i n  a p p l i c a t i o n  

of s t a t i s t i c a l  theory  t o  p r e d i c t i o n  of tu rbulence  i n  t h e  atmosphere. He 

has a l s o  worked on t h e  a p p l i c a t i o n  of s t a t i s t i c a l  t echniques  t o  t h e  a n a l y s i s  

of subsonic,  supersonic,  and hypersonic flows p a s t  parabolo ids  of r evo lu t ion .  

D r .  I?. T. Hung, a Member of t h e  Technical  S t a f f  i n  t h e  Sciences Sec t ion ,  

i s  engaged i n  a s tudy us ing  r a d i a t i o n  a n a l y s i s  f o r  p r e d i c t i o n  of t h e  temperature 

of landing v e h i c l e s  r e s t i n g  on t h e  luna r  sur face .  He r e c e n t l y  completed an 

a n a l y s i s  of techniques  a p p l i c a b l e  t o  t h e  p r e d i c t i o n  of Martian su r f ace  tempera- 

t u r e s  which considered both r a d i a t i o n  and convection e f f e c t s .  



D r .  J. D. Alexander i s  a  Member of t h e  Technical S t a f f  i n  t h e  Astrodynamics 

Section. He i s  c u r r e n t l y  involved i n  s t u d i e s  of v e h i c l e  f l i g h t  dynamics, 

t r a j e c t o r y  opt imiza t ion ,  and advanced m i s s i l e  systems. He has  made major 

cont r ibu t ions  t o  company-funded s t u d i e s  of methods of c o n t r o l l i n g  exhaust 

emissions r e l a t e d  t o  t h e  n a t i o n a l  a i r  p o l l u t i o n  problems. D r .  Alexander 

has  made s i g n i f i c a n t  con t r ibu t ions  t o  t h e  s tudy of s o i l  e ros ion  by landing 

rockets ,  developed opt imiza t ion  equat ions  f o r  aerodynamically c o n t r o l l e d  

in t e rcep t ion  m i s s i l e s ,  and conducted i n v e s t i g a t i o n s  of ma t t e r  under cond i t i ons  

of high temperature and p re s su re  induced by v a r i o u s  n u c l e a r  weapon conf igu ra t ions .  

D r .  J. D. Mahlmann, a  Member of t h e  Technical S t a f f  i n  t h e  Sciences Sec t ion ,  

has  most r e c e n t l y  been involved i n  t h e  development of a p p l i c a t i o n  techniques  

f o r  t he  crossed-beam atmospheric sensing technique. H i s  experience inc ludes  

work on t h e  dynamics of t h e  p o l a r  n i g h t  vo r t ex  breakdown and i t s  p o s s i b l e  

r e l a t i o n s h i p  t o  t h e  observed seasonal  o s c i l l a t i o n s  i n  v e r t i c a l  d e b r i s  

t r a n s p o r t  out  of t h e  s t r a to sphe re .  

M r .  S. V. Paranjape,  a Ph.D. candidate  i n  Mechanical and Aerospace Engineering,  

i s  an Engineer  of f l u i d  dynamics f o r  t h e  Operat ions Sec t ion .  H i s  

a s soc i a t ions  wi th  Argonne Nat iona l  Laboratory and Union Carbide Corporat ion gave 

him experience i n  t h e  measurement of  c h a r a c t e r i s t i c s  of  plasmas and t h e  thermal 

c h a r a c t e r i s t i c s  of  p l a s t i c  m a t e r i a l s .  He has  taught  a t  I l l i n o i s  I n s t i t u t e  of 

Technology, Penn S t a t e ,  and Madras I n s t i t u t e  of Technology. He i s  p r e s e n t l y  

engaged i n  t h e  t h e o r e t i c a l  a n a l y s i s  of non l inea r  l i f t  due t o  c ross - f low components 

i n  ax isymnet r ic  bodies  moving a t  h igh  angles  of a t t a c k .  S p e c i f i c a l l y ,  he i s  

developing methods f o r  p re s su re  d i s t r i b u t i o n  about such bodies  and t h e  a n a l y s i s  

of t he  f i e l d  of v e i o c i t y  i n  cross-f lows.  

M r .  H. R. Rosner, a PR.D, candida te  i n  Physics ,  i s  a Member of  t h e  Technical S t a f f  

of t h e  Sciences Sect ion.  He i s  c u r r e n t l y  a c t i v e  i n  t h e  completion of  

h i s  doc to ra l  program at. Kansas S t a t e  Universi ty .  He has n ine  yea r s  o f  experience 

a s  a  p h y s i c i s t  and engineer ,  and has been a s soc i a t ed  wi th  t h e  Republic Avia t ion  

Corporation at Mineola, New Ysrk, and under c o n t r a c t  t o  t h e  A f r  Force Spec ia l  



Weapons Center ,  Albuquerque, New Mexico. H i s  work included a n a l y t i c a l  s t u d i e s  

of  Argus l a y e r  formation and r a d i a t i o n ,  of v a r i o u s  t ypes  of  plasma r a d i a t i o n  

e f f e c t s  connected w i t h  t h e  expansion of nuclear  bomb d e b r i s ,  surveys  o f  t h e  

o r b i t a l  and r ig id-body dynamics of dumbbell and N h b u s  s a t e l l i t e s ,  and r e s e a r c h  

i n  quantum mechanics and f i e l d  theory.  

M r .  D. 0. Barne t t ,  a  Ph.D. candida te  i n  Mechanical Engineer ing,  i s  c u r r e n t l y  

p a r t i c i p a t i n g  i n  t h e  des ign  of a p lug  nozz le  f o r  use i n  t h e  experimental  phase 

of  t h e  Crossed-Beam Atmospheric Measurement p r o j e c t .  H e  i s  a l s o  p a r t i c i p a t i n g  

i n  t h e  f l u i d  dynamics phase of a  p re l iminary  des ign  s tudy of  a  "zero-gM workbench 

f o r  t h e  Apollo program. M r .  Barne t t  has over  seven y e a r s  exper ience  i n  t h e  f i e l d s  

o f  aerothermodynamics, f l u i d  mechanics, hea t  t r a n s f  e r ,  p ropu l s ion ,  and expe r i -  

mental  aerodynamics. 

M r .  R. S i l b e r ,  a  Ph.D. cand ida t e  i n  Mathematics, is  a Member o f  t h e  Technical  

S t a f f  o f  t h e  Sciences Sec t ion .  H e  i s  c u r r e n t l y  working on c a l c u l u s  o f  

v a r i a t i o n s  a p p l i c a t i o n s  and t h e  development of adap t ive  guidance schemes. He is  

conduct ing an  in-house course  i n  theory  and t h e  a p p l i c a t i o n  of t h e  c a l c u l u s  of  

v a r i a t i o n s  and i s  engaged i n  t h e  s tudy  of  t h e  a p p l i c a t i o n  of t h e  i t e r a t i v e  guidance 

mode t o  space v e h i c l e  t r a j e c t o r i e s .  H e  i s  a l s o  an Assoc i a t e  P ro fe s so r  o f  

Mathematics a t  Clemson Univers i ty .  P r i o r  t o  j o in ing  Northrop, M r .  S i l b e r  t augh t  

mathematics  a t  Southern I l l i n o i s  Un ive r s i t y  wh i l e  engaged i n  h i s  d o c t o r a l  s t ud i e s .  

Prev ious ly ,  he was employed by NASA a t  Marshal l  Space F l i g h t  Center  where he was 

involved i n  t r a j e c t o r y  op t imiza t ion  and guidance theory  s tud i e s .  

M r .  C. K. Chou, a  Ph.D. cand ida t e  i n  Physics ,  i s  an Engineer of plasma phys i c s  

i n  t h e  Sc iences  Sect ion.  He i s  c u r r e n t l y  engaged i n  d o c t o r a l  s t u d i e s  

a t  Columbia Univers i ty .  H e  was prev ious ly  involved i n  a s tudy  of non l inea r  

equa t ions  governing t h e  dynamics of c o l l i s i o n l e s s  plasmas. M r .  Chou has  taught  

courses  i n  phys i c s ,  chemistry,  app l i ed  mechanics, and advanced mathematics a t  

Columbia Univers i ty .  H e  a l s o  worked i n  Columbiafs Nevis Cyclotron Lzboratory,  

conducting r e s e a r c h  i n  slow neut ron ,  resonance r e a c t i o n ,  and nucleon nuc leus  

s c a t t e r i n g .  



Mr. R.V.S. Yalamanchili, a Senior Engineer i n  t h e  Sciences Section,  i s  a 

doctoral candidate i n  mechanical engineering a t  t h e  Univers i ty  of Alabama. 

H i s  most recent work has been an ana lys i s  of mixing and combustion i n  

exhaust plumes. The ana lys i s  included approaches such a s  f i n i t e  r a t e  

chemistry, equil ibrium chemistry, and frozen flow cases. H i s  previous 

work a t  Northrop has  included ana lys i s  of t h e  induced flow f i e l d  and normal 

aerodynamic loading on an Apollo/Saturn V vehic le  during l i f t - o f f ,  and an 

analys is  of t h e  e f f e c t  of t h e  in te rac t ion  of rocket  exhaust flow impinging 

on the  lunar surface. 
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6.1 PLANNED EXPEliIMENTAL AND COMPI!TER FACTLITIES/HUNTSVILLE 

Present plans are for Northrop/Huntsville to establish the necessary 

experimental and computer facilities to assist and verify present and futare 

theoretical and analytical studies. These facilities will include: 

Engineering Group : Aerodynamics Laboratory (including hypersonic 

aerodynamics and real gas effects) 

Electroriics Laboratory 

Thermodynamics Laboratory 

Gasdynamics Labors-tory (including Magnetc- 

hydrodynamics) 

Thermochemical Kinetics Laboratory 

Material Laboratory 

Science Group: 

Computer Group: 

Nuclear and Solid State Physics ( F a r  t i a ? l y  0 p e X ' a t ~ ~ j n . :  1 

Plasma Physics 

Space Physics 

Aerophysics 

Planetary Physics 

Laser Physics 

Analog Computers 

Digital Computers ( I B M  1130 currently i n  l?se> 

The experimental facilities will b e  on a limited scale and are ~ u t  

intended for conducting extensive experimental work as such. Large-szale 

experimental and computational assignments will be carried out ~hrough the 

regular research facilities of Northrop Corporation in California. 



6.2 MAP SHCNING NORTHROP FACILITIES/HUNTSVILLE 



NORTHROP 

REDSTONE ARSENAL 



1.3 AERIAL VIEW OF NORTHROP COMPLEX/HAWTHORNE 





6 . 4  OTHER NORTHROP FACILITIES 

The ~ o r t h r o ~  f a c i l i t i e s  i n  Hawthorne., C a l i f o r n i a  perform a broad 

spectrum of experimental r e sea rch  and development t e s t i n g  i n  support  of 

company product a reas .  These f a c i l i t i e s  a r e  opera ted ,  maintained,  and supported 

by personnel under one c e n t r a l  o rgan iza t ion ,  provid ing  coord ina ted  and expedi- 

t i o u s  conduce of t e s t  programs from t h e i r  i ncep t ion  through t h e  numerous des ign ,  

cons t ruc t ion ,  and t e s t  phases,  t o  t h e  completion of t h e  f i n a l  d a t a  r e p o r t .  Th i s  

organiza t ion  o r i g i n a t e s  and executes  experimental r e s e a r c h  p r o j e c t s  and main- 

t a i n s  a high degree of o p e r a t i o n a l  e f f i c i e n c y  of t h e  t e s t  f a c i l i t i e s .  The 

NorthropIHawthorne complex inc ludes  t h e  fol lowing f a c i l i t i e s :  

e Nuclear Measurements F a c i l i t y  - Operat ional  s i n c e  1957, t h i s  f a c i l i t y  

is  supplied w i t h  t h e  f i n e s t  a v a i l a b l e  equipment t o  conduct i nves t iga -  

t i o n s  i n  r a d i a t i o n  d e t e c t i o n ,  s p e c t r a l  a n a l y s i s ,  a c t i v a t i o n  a n a l y s i s ,  

and r a d i o t r a c e r  techniques,  

0 Reactor Radiat ion Laboratory - Housing t h e  Northrop Reactor ,  which 

employs a TRIGA advanced Mark F s t a i n l e s s  s t e e l  core ,  t h i s  f a c i l i t y  

i s  unique among privately-owned r e a c t o r  f a c i l i t i e s  i n  t h a t  t h e  r e a c t o r  

is capable of both pu l s ing  and s t e a d y - s t a t e  opera t ion .  

Space Simulat ion Equipment - A s  a r e s u l t  of ex t ens ive  work i n  t h e  

a r e a s  of space environment s imula t ion ,  s e a l a n t  i n v e s t i g a t i o n s ,  m a t e r i a l  

p r o p e r t i e s ,  and thermal r a d i a t i o n  c h a r a c t e r i s t i c s ,  Northrop/Hawthorne 

has acquired o r  developed t h e  equipment r equ i r ed  t o  conduct compre- 

hensive s t u d i e s  i n  t h e s e  a reas .  Included i n  t h i s  equipment a r e  two 

18-inch diameter b e l l  j a r  vacuum systems; a metal  vacuum chamber w i t h  

i n t e r n a l  dimensions of 2.5-feet diameter by 5 - f ee t  high: a meta l  

vacuum chamber w i t h  i n t e r n a l  dimensions of 5- fee t  diameter  by 7 - f ee t  

long: and a small  v e r s a t i l e  vacuum system employing a c l a y  abso rp t ion  

roughing pump and an i a n  pump. 

Ma te r i a l s  Prepara t ion  and Evaluat ion Equipment - A p a r t i a l  l i s t i n g  

of t h e  more s i g n i f i c a n t  equipment a v a i l a b l e  f o r  s t u d i e s  i n  t h e s e  

a r e a s  includes:  Rubber m i l l  and ca lendar :  Aging ovens and annea l ing  



furnaces; Leak de tec t ion  devices;  Hydraulic .presses;  Low temperature 

t e s t  chamber; Surface prepara t ion  equipment; Perkin-Elmer spect ro-  

photometer; Dynamic modulus apparatus; and a Gier-Kunkle i n t e g r a t i n g  

sphere spectrophotometer, 

There a r e  o the r  extensive f a c i l i t i e s  a v a i l a b l e  f o r  use i n  a n a l y t i c a l  

determinations, t e s t i n g ,  'specimen preparat ion and fabr i ca t ion ,  and support ing 

services within the  Corporation. These f a c i l i t i e s  include: 

e Norelco X-ray Diffractometer 

Jarrell-Ash Emission Snectronranh 

Gas Chromatograph 

e Lei tz  Dilatometer 

Instron Tensi le  Tes te r  

e Light Gas Gun Hypervelocity F a c i l i t y  

o Planetary Physics and Chemistry Laboratory - Equipment includes:  

Transis- tronics Kiloton. Hydropress (Modal 3) ; Brown ~ u a l - s c a l e  

Recorder and Temperature Control System; Moseley X-Y Recorder; 

Leeds and Northrop Two-Pen S t r i p  Chart Recorder; Hewlett-Packard 

Test Osc i l l a to r ;  Hewlett-Packard Single-Beam Oscil loscope;  

Tecktronic Dual-Beam Oscilloscope; Lindberg 3000°F Muffle Furnace; 

Rock Crusher and Pulver izer ;  Abbe Refractometer; Diamond Lapping 

and Sawing Equipment; Kinney KC-46 Vacuum Pump; Petrographic Micro- 

scope; and a Nuclear Magnetic Resonance spectrometer. 

e Plasma Physics Laboratory - This f a c i l i t y  i s  f u l l y  equipped t o  

perform extensive experiments on plasma flow research. Major items 

of equipment a v a i l a b l e  a r e :  Three f u l l y  instrumented vacuum tanks,  

an a r c  chamber which can be operated above o r  below atmospheric 

pressure,  two vacuum pumps wi th  a combined capaci ty  of 17,000 cubic 

f e e t  per  minute, t h r u s t  s tands capable of measuring fo rces  from 0 t o  

20 pounds i n  e i t h e r  d i rec t ion ,  and s i x  plasma genera tors  cons i s t ing  

of four water-cooled jees  and two rad io  frequency plasma generators .  

e Computation Laboratory - This f a c i l i t y  provides support t o  a l l  

Northrop a c t i v i t i e s  through t h e  opera t ion  of complete computer 

f a c i l i t i e s  including an IBM 7094 d i g i t a l  computer. 



Palos Verdes E lec t ron i c  F a c i l i t i e s :  These f a c i l i t i e s  p rovide  suppor t  t o  

a l l  Northrop a c t i v i t i e s  i n  t h e  a r e a s  of e l e c t r o n i c s ,  guidance systems, c o n t r o l  

systems, guidance subsystems, and on-board computers, a s  w e l l  a s  r e l a t e d  

t h e o r e t i c a l  r e s e a r c h  and a n a l y s i s  i n  "guidance & c o n t r o l u  a p p l i c a b l e  t o  marine,  

aero- ,  and astro-systems and opera t ions .  

Boston Area P rec i s ion  Product and Navigational-Guidance Ana lys i s  

F a c i l i t i e s :  These f a c i l i t i e s  a r e  equipped t o  perform extremely h igh  p r e c i s i o n  

product ion of nav iga t iona l  equipment such a s  i n e r t i a l  gyro s enso r s  a s  w e l l  a s  

t h e  product ion and assembly of a l l  types  of nav iga t ion  and guidance subsystems 

f o r  a l l  types  of modern t r a n s p o r t a t i o n  and communication systems. 


