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I . INTRODUCTION

The formation of a Continuum Mechan ics Center (CMC ) at the
Ballistic Research Laboratory (BRL) to study, evaluate, and develop large
hydrodynamics , solid mechanics , particle transport , and heat transfer
computer codes presented an excellent opportunity to simultaneously
generate a data base containing information on systems of partial

V 
differential equations and their solutions.

A questionnaire (Appendix I) was developed and sent to a number of
BRL scientists soliciting information regarding codes of interest. The
response furnished data on 20 codes and led to the formation of a data

- 

‘- - base from which significant information can be derived.

CREATABASE, a commercial data base analysis system marketed by -
Daniel Analytical Services Corporation (pj~N~LYT) of Houston, Texas , was
used to store data for retrieval. CREATABASE is a relational 2 ’3  dat a
base system written in FORTRAN , which runs on the UNIVAC 1100 series
computers .

Queries are made using English-like statements and may be made in a
batch or interactive processing mode . The output for each mode is slightly
different . CREATABASE affords little in the way of report generation; that
is , formatted output . CREATABASE does , however , offer the user the capa-
bility of outputting all or any part of the data on an auxiliary file which
the user can then process in any fashion desired, including report formats.

Sixty-two descriptors form the total domain of the current data base.
It offers the user an accessible and easily used tool for ascertaining
characteristics and capabilities of certain computer codes at BRL . Infor-
mation such as the code ’s applications, numerical method, spatial
geometry , equation(s) of state and reports dealing with the code and its
performance, as well as 32 other items , are included in the data base. How-
ever , specifi c data about solutions of equations such as subroutine names
in which various processes occur , the actual equations solved , or anomalies
of systems of equations in a particular code do not now constitute a part
of the data base. Although this information should be available in a
user ’s manual , a more accessible information source is desirable. As the
data base develops such items will  be considered as possiblities for in- -clusion . -

2 Codd , E.F . ,  “A Relational Model of Data for Large Shared Data Banks,”
Communications of the Association for Computing Machinery, 13, No. 6,

V J~~e 1970.
-‘ ~ Date , C.J., An introduction to Data Base Systems, Addison-Wesley,

NY , 1976 .
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Adding new information on codes already in the data base and
cataloging other codes are a cont inuing part of the CMC ’s activities .
In addit ion, new commands to allow easier querying are being added to
the CREATABASE system .

II .  THE CREATABAS E SYSTEM

CREATABASE is a relat iona l data base analysis system ; that is , all
of the data which forms the data base exists in tabular form . The
column s are formally called descriptors (domains or sets in relational
terms) and contain all of the states which comprise that descriptor.
For example , a descriptor might be MAXIMUM SPATIAL DIMENSIONAL ITY and
contain as states ONE DIMENSIONA L , TWO DIMENSIONAL, AND ThREE DIMENSIONAL .
Rows are formally called records (n-tuples or relations) and are formed
by selecting one of the possible states from each descriptor. See
Figure 1 as an example of an inpu t record (note that two successive comma s

V 
indicate there is no data for that ent ry) .

CREATABASE is a compiler , written in FORTRAN, that takes statements
written in an English-like language, interprets them and executes them.

V 

- The program is very compact requiring only 21,000 words of storage , yet
is u~du1ar consisting of 42 subroutines.

• 

V 

There are 56 commands in CREATABASE which fall into seven command
• categories (see Figure 2). Since an explanat ion for each command appears

elsewhere (see Reference 1) the commands will not be discussed in great
detai l here . It should be noted, however, that a data base can be

V 
created and queried with as few as four commands .

CREATABASE does not have an extensive report generation capability.
It does indicate how many hits or matches have occurred and what per-
centage of the data base the number of hits represent . This statistical
information can be used for designing further queries and to check the
validity of the data base itself.

In addition , CREATA BASE does allow any or all of the data in the data
base to be c~ & put onto a file for further processing during that execution
or at a later time. This selective retrieval of data for future use is a
most usefu l tool for scientific processing . Several independent programs
exist to assist the user in reformatting data for his special applications.
The user then has great control over the subsequent handling of his data
in addition to the capabilities provided by the system itself. The user
may interface his data with graphics, simulation, statistical, or reports V

generation packages. The user may also interface CREATABASE with other
data base management packages, for example, using CREATABASE for the pur-
pose of collecting and refining data and the other packages for elegant
output forms.

_________  - 
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Figure 2. The CREATABASE Commands and Command Categories
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The following describes briefly how a CREATABASE data base is
assembled and queried.

The user determines his own descriptor names which may be up to
126 characters long. Descriptors are used to represent both numeric and
alphanumeric data but a descriptor may only represent one type of data.
A numeric descriptor may represent a range of numbers and carry additional
identifying information (a label). An alphanumeric descriptor may be in
either of two forms ; it may represent a series of states all of which are
predetermined (coded descriptors), or it may represent an open ended
series of states (name descriptors). Coded descriptors are preferable
for alphanumeric data as they require fewer computer storage cells.

Once the descriptors have been defined , data are input using one of
three forms . The first and most common is card input. Inpu t in this

V fashion is in free format and may be accomplished in a batch or inter- -
active processing mode . The second input mode uses a formatted file
whereby the user indicates the number of characters in the input string .
The third input mode uses a CREATABASE file which is in a highly coded ,
densely packed format . A CREATABASE file generally is used when the
user wishes to operate on a subfile which he has previously created
(output) on another execution , or earlier in the current execution .

Once the data has been input it may be examined using general and
printout commands shown in Figure 2. If there are errors, these may be
corrected using the modification or subset binary file commands. One
might correct the data base by reentering the entire data base as well .

Aft er the dat a are corrected , the data base is ready to be queried .
V Queries are accomplished using general , selective retrieval , subset binary

fi le, and printout commands (see Figure 2). At the heart of the querying
commands are the two printout commands PRINT and HOW MANY . Commands from
the other query categories allow manipulations of the data so that the
specific queries may be answered by the PRINT and HOW MANY commands. In V

addition, output may be generated using the subset binary file commands.

CREATABASE has full Boolean logic capability (“and ” , “or” and “not”)
which can be used with the modification, selective retrieval, subset
binary file, and printout commands. Using Boolean logic one may retrieve -

any -datum contained in the data base. -

The general form of the output commands is a descriptor list (the -
desired output) followed by a Boolean expression. A Boolean expression
is a concat enation of quantifiers using the Boolean operators “and” , “or”
and “not” . A quantifier has the form descriptor name , followed by a
descriptor value (state) .

9
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Samples of CREATABASE queries and the resulting output are shown
in Section V.

In addition to Reference 1, an annotated guid&’ and two samples of
CRE ATABASE runs5 are most helpful for using and understanding the CREATA-
BASE commands and their interactions. The cited references, while
forming a complete set of CREATABASE system documents, are terse and make -
the use of the system seem more complicated than it is. Of course,

V 
quite complex interactions can be obtained through the use of CREATABASE
and the UNIVAC EXEC 8 operating system. Such interactions, while
noted, will not be discussed here.

III. THE CONTINUUM MECHANICS CENTER DATA BASE

Data for the CMC data base was gathered using the questionnaire
shown in Appendix I. Questionnaires were sent to a number of BRL
scientists who supplied data which were then used to define the descriptors
(state names) for the data base. Sixty-two descriptors (see Figure 3)
were used to describe the data. The data base was designed so that each
record of data provided information for one code. The descriptors are
divided into several broad categories: those dealing with (i) the type of
problems treated by the code; for example, descriptors 8, 9 , 10, 15, 16, 17,
18, 24, 28, 29, 31, 32, 34, 36, 37, (ii) the characteristics of the code;
for example , descriptors 1, 2 , 5, 6 , 7 , fl, 12, 13, 14, 19, 20, 21, 22, 23, 

V

25 , 26 , 27 , 30, 33, 35, 38, 39, 40 , and (iii) people and reports connected
with the -code; for example, descriptors, 3, 4, 41-62.

Queries are often initially made on certain descriptors to determine
which code(s) can perform a desired type of calculation. Subsequent
queries can then be made to obtain more detailed information concerning
these codes . (For an example set of queries , see Section V).  Furthermore ,
other data bases can be generated from the current data base; for example,
if the data base becomes very large, one consisting only of reports deal-
ing with the codes may become desirable.

The data base which is stored in 35,000 words on the UNIVAC 1108
computer currently contains data for 20 codes (see Appendix II). Although -
there are now only 20 records in the data base signi f icant information

“ Daniel Analytical Services Corporation, “Primer” for “The CREATABASE -
Module” of An Integrated Data Base Analysis System : Level U-4A,”
Houston , TX , August 1976.

~ Daniel Analytical Services Corporation , “An Illustrative Check Deck for
“The CREATABASE Module” of An Integrated Data Base Analysis System :
Level U-4A ,” Houst on , TX , August 1976. -
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3. P R I M A RY  APP LL CA T I)N
9. SECON CAR Y APPL ICATION
10. T E RT I A RY  APPL ICAT ION
11. MESH T YPE
12. GENERAL NUMERICAL METHOD
13. PANTItULA R NUMERICAL METHOL)

V 14. ORDE R OF SCHL~~F.
15. MAX I M I.j M S P A T I A L  D IM ENS IO NAL ITY

V 

16. S PATI ML  G EO M ET RY
• 17. UNSTEADY CALCU LATION V

18. CONSERVAT ION ,TRA~~SP OR T EQUATIONS SOLVED
19. VAH IAELES COMPUTEJ FROM CONSERVATION/TRANSPORT EQUATIONS
20. EQUATiON OF STATE 1
21. EQUAT iON OF STAtE 2
22. EQ UAT ION OF STATE 3

V 23. EQUATiON OF STATE £4
24.  bOUNDARY CONLJITIONS
25. MAXIMUM (,RIO SIZE
26. TYPE (F REZONlNL~
27. EX PA NLa IIV~G G R I D
28. MA I E R 1 A L  RESPOI’ IS(
29. E L A S T I C  P L A S T i C  SJ L ID
30. NUMBER OF M A T I N I A L S
31. INTERF ACE CA PAtU L ITY  47.  REPO RT T IT LE  3
32. T Y P E  CF  FLOW F L O 4  48. R E PO R T AUTHOR S 3
33. SHOC~c TREAT MENT 49, REPORT TITLE- 4
34. TYPE OF RA DIATIO N TRA 1~SPOHT 

50. REPORT AUTHORS 4
35. TYPE OF ENIRbY ULPOSITION 51. REPORT TITLE 5
36. TYPE CF CHEM ICAL RE-ACTIONS 52. RE.PORT AUTHORS ~
37. TYPE OF ATOM IC REACTlUN~ 53. REPORT TITLE b
38. EXTENT OF GRAPHICS CAPABILITY 514• REPORT AUTHORS 6 

V

39. SPECiAL. FEATU RES 55. REPORT TITLE 7

* 
40. LiMITAT IONS 56. REPORT AUTHORS 7 V

41. U~v LL OGEAH L L USERS V 57. REPORT TITLE B
42. NUMBER OF REPORTS SB. REPORT AUTHORS
43. REPORT TITLE i 59. REPORT TITLE 9
‘44, REPORT AUTHORS 1 60. REPORT AUTHORS 9
+5. RLPOr~T TITLE 2 61. REPORT T ITLE it)

V ‘36. REPORT AUTHORS 2 62. REPORT AUTHORS 10

Figure 3. The Sixty-Two Descriptors Used for the Continuum Mechanics
Center Data Base
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can be extracted (see Section V). Future plans include expanding the data
base to include more codes and more reports. However, this data base will
not become a bibliography for different hydrocodes .

IV. USING ThE DATA BASE

The data base is operational on the UNIVAC 1108 computer at
Edgewood . As such , it runs under the EXEC 8 operating system. This
section will provide the user the means to sign onto the computer , in-
voke the CREATABASE system, and gain access to the data base. It is highly V

-
- - recommended that users copy the data base files onto their own files be-

fore using the system . If this is impractical, the user must not invoke
any commands which would modify the data base; that is, the user must
not use any of the definition, modification, or compilation commands. V

The following describes BATCH mode operation. To sign onto the
computer the command in card column 1 is:

@ RUN IDENTIFICATION , ACCOUNT NUMBER , CMCLIB , TIME , PAGES O~ OUTPUT. 
-

The user must make arrangements for obtaining an account number. CP4CLIB
is the project name for the CMC CRE ATABASE data base. The next instruction
(card column 1) is:

@M ISD*CAB.CAB CMDIC 1.D , CMCMP1.C . *

The MISD*CAB .CAB invokes the CREATABASE system ; CMDIC1.D is the file
V containing the descriptor attributes (logical unit 9; see Reference 1) and

CMCMP 1.C is the file containing the compressed data (logical unit 12) .

At this time control passes from the UNIVAC EXEC 8 operati ng system
to CREATABASE. You are ready to query the data base using any of the
permissible command categories : general , selective retrieval , subset
binary, or printout. A familiarity with the CREATABASE syst em is helpful

V to minimize the time spent in designing queries and auxiliary output V

(using the subset binary file operations). CREATABASE commands are free -

form ; that is, there are no card column restrictions as to where commands
can be placed. The normal CREATABAS E separator is the comma and the normal
command terminator is the asterisk. Not all CREATABASE commands need a
terminator; however , the user is unburdened by using a terminator on all
commands . The user has the option of changing the separator and terminator
if he so desires .

* If files cii~ic1 or Ci~~~ i are not available do an @AsG, A filename
for either or both missing files.

12
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When one has finished his CREATABASE operat ions , control is given
back to the UNIVAC sys tem with the following command (card column 1): 

-
8 FIN

k

This command will provide time and cost information to the user.

If the user wishes to quer y CREATABASE us ing the interac tive mode,
several additional commands are necessary. First, the user must dial up
and be given access to the computer. Next, before using the RUN statement,

• the user must identify himself using a site identification. Site identi-
fications are easily obtained and are well marked on hard wired terminals.

- - After the site ID has been entered and the computer has acknowledged it,
the procedure is as described above. At the conclusion of the terminal
execution, after the @FIN command has been issued, the user must issue
an @@TERM and wait for the terminal or modem light to go out.

Additional aids for the user are the commands CNTRL Z to erase the
last character typed if a mistake was made and @@X TIO to interrupt out-
put when a query is producing too much output. Greater knowledge of the
~xmc 8 operating system and CREATABASE only enhances the skill of the
user and enables him to do more complicated operations. However, the
information presented here is sufficient to query the data base.

V. SAMPLE QUERIES AND OUTPUTS

This section will show several typical queries and the instructions
used prior to the queries so that the user has the proper information
for querying at his disposal. A complete list of the 62 descriptors in
the C?.~ data base can be obtained by using the following command:

>SHORT DICTIONARY STRUCTURE*
SHORT DICTIONARY STRUCTURE*

Notice that the command is echoed back to the user which accounts for
the repeated line of output. The output of this command is given in
Figure 3. The individual states of any descriptor can easily be deter-
mined; for example, the states of the descriptors GENERAL NUMERICAL
METHOD , MAXIMU M SPATIAL DIMENSIONALITY ,- SPATIAL GEOMETRY and TYPE
OF FLUID FLOW, are obtained by the following command :

>DESCRIPTOR SEQUENCE 12, 15, 16, 32*
DESCRIPTOR SEQUENCE 12, 15, 16, 32*

>DICTIONARY STRUCTURE*
V DICTIONARY STRUCTURE*

13
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The DESCRIPTOR SEQUENCE command used in conj unction with DICTIONARY
STRUCTURE command restricts output of the DICTIONARY STRUCTURE command
to just those descriptors whose sequence numbers appear in the former.
The DICTIONARY STRUCTURE COP.t4AND prints the name and complete speci-
fication of the requested descriptors. The output of these commands
is:

12. GENERAL NUMERICAL METHOD
OPTION CODE NUMBER OF CHARACTERS IN LONGEST STATE 32

V CODE NAME
1 FINITE DIFFERENCE
2 FINITE ELEMENT

V 3 MONTE CARLO
4 FINITE DIFFERENCE/FINITE ELEMENT

15. MAXIP4JM SPATIAL DIMENSIONALIT Y
OPTION CODE NUMBER OF CHARACTERS IN LONGEST STATE 17

CODE NAME
1 ONE DIMENSIONAL
2 TWO DIMENSIONAL

V 3 ThREE DIMENS IONAL
I
’ - 16. SPATIAL GEOMETRY

OPTION CODE NUMBER OF CHARACTERS IN LONGEST STATE 33

CODE NAME
1 RECTANGULAR
2 CYLINDRICAL
3 SPHERICAL V

4 RECTANGULAR/CYLINDRICAL
5 RECTANGU LAR/SPHERICAL
6 CYLINDRICAL/SPHERICAL
7 RECTANGU LAR/CYLINDRICAL/SPHERICAL
8 SPECIAL TREANENT

32. TYPE OF FLUID FLOW

V 
OPTION CODE NUMBER OF CHARACTERS IN LONGEST STATE 23

CODE NAME
1 INVISCID COMPRESSIBLE
2 VISCID COMPRESSIBLE
3 INVISCID INCOMPRESSIBLE V

4 VISCID INCOMPRESSIBLE
5 NONE

14
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The user can now make an intelligent query as to number of codes in
the data base which use a finite difference method and which calculate

V two dimensional cylindrical inviscid compressible flows.

> HOW MANY HAVE GENERAL NUMERICAL METHOD ,FINITE DIFFERENCE AND
HOW MANY HAVE GENERAL NUMERICAL METhOD ,FINITE DIFFERENCE AND

>MAXI?4JM SPATIAL DIMENSIONALITY ,TWO DIMENSIONAL AND
MAXIMUM SPATIAL DIMENSIONALIT Y ,TWO DIMENSIONAL AND

>TYPE OF FLUID FLOW,INVISCID COMPRESSIBLE AND
TYPE OF FLUID FLOW ,INVISC ID COMPRESSIBLE AND

>SPATIAL GEOMETRY,CYLINDRICAL*
SPATIAL GEOMETRY ,CYLINDRICAL*

The response for this query is:

ISOLATIONS TOTAL PERCENTAGE
V 2 20 10.00

Notice that the number of hits , the total number of data base items
and the percentage of hits to total items is always displayed.

Now wishing to see the code names for the two codes satisfying the
above query we ask:

>PRINT CODE NAME FOR WITH HOLD*
PRINT CODE NAME FOR WITh HOLD*

The HOLD instruction is used so that the long Boolean expression need
not be repeated. The result of this query is: V

BLAST
LASXPT

ISOLATIONS TOTAL PERCENTAGE
2 20 10.00

Finally, wishing to see more information about the codes BLAST and
LASXPT , we issue the fo llowing sequenc e of command s:

>INDENT 0*
INDENT 0*

)PRIN T 1,2 ,3,4 ,5,7 ,8,20 ,24 ,25 ,34 ,41,42 ,43,44 FOR WITH 1,BLAST OR
PRINT 1,2 ,3,4 ,5 ,7,8,20 ,24 ,25 ,34,41,42 ,43,44 FOR WITH 1,BLAST OR

>l ,LASXPT*
1,LASXPT*

is
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The INDENT 0 command instructs the syst em to indent zero spaces
(no inden tation) between outputs . The PRINT command illustrates that
the numeric value of a descriptor may be used in place of its name. The
resu lt s of these instruct ions are :

BLAST
UNSTEADY/2D/EULERIAN/SINGLE MATERIAL/FINITE DIFFERENCE/COMPRESSIBLE FLUID
CALCULATION OF MUZZLE BLAST FLOW FIELDS/TP-4l55 PICATINNY ARSENAL/AD881 V

523/DEC 1970
T D T A Y L O R
FORTRAN
OPERATIONAL/EASY TO RUN

V MUZZLE BLAST CALCULATIONS
PERFECT GAS LAW
REFLECTIVE/FREE-SLIP
70 by 70 - 

-

NONE
C K Z O L T A N I

1
EVALUATION OF THE COMPUTE R CODE BLAST DORF HELP AND HEMP FOR SUITABILITY

OF UNDEREXPANDED JET F LOW CALCULATION BRL 1659
C K ZOLTANI
LASXPT
NONEQUI LI BRIUM/RADIATION-HYDRODYNAI4ICS/ANDSPHERIC TRANSPORT AND RESPONSE/
PLASMA CHEMISTRY! LASER PLASMA/LASER TARGET
THE BR L NONEQU IL IBR I IJM LASER PLASMA-TARGET INTERACTION CODE/BRL DRAFT REPORT
JOSEPH LACETERA
FORTRAN

V OPERAT IONAL/COMPLICATE D TO RUN
LASER PLASMA INTERACTIONS
PERFECT GAS LAW V

TRANSMITFIVE/MOVING
50 BY 5
NONEQUILIBRIUM
JOSEPH LACETE RA/CONTINUIJM MECHANICS CENTER/BRL/APG MD/301 278 4353
2

LASXPT 1 PLASMA INTERACTI ONS/BRL DRAFT REPORT
JOSEPH LACETERA

V 
V ISOLATIONS TOTAL PERCENTAGE -

2 20 10.00

These examples have been constructed as an illustrative group and are
V not meant to be complete or portray all of the capabilities of the system .

For example , the revers e numerica l and alphabetical sor ting capabi lit ies
have not been shown .

16
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VI. DISCUSSION

This report deals with the CP4C ’s computer code data base which uses
CREATABASE, a relational data base analysis system. Besides describing
the data base, the manner in which it is accesse d and queried is also
explained and corresponding examples are given .

CMC personne l are no t only the designers of the data base but also
are its primary users. Care and maintenance of the data base is one of

• the C!~C’s functions. In addition to ensuring correctness of the current
data, the center will add new data as it becomes available. Such data
is not limited to that defined by the current 62 descriptors since new

V 
descriptors will be added as required. No attempt will be made to make
the data base a complete reference system for all codes. However, the
CMC will consider and catalog not only the most promising, but also the -~
most used codes.

In addition to the data base itself, the CREATABASE system must
undergo change and not remain a static inflexible tool. One area in
which CREATABASE can be improved is that of subtabling. The amalgama-
tion of like descr iptor s (for example, authors) into a single descriptor -
wi ll allow for eas ier query ing and new rel ations to be formed . For V

instance, the output of a query involving an author may produce his co-
authors for a single reference or all his co-authors for all his published
works. Furthermore, short queries involving a single amalgamated
descriptor are preferable to long descriptor lists or Boolean expressions.
Finally, the amalgamated descriptor will alleviate some of the need for
handling subset binary files through the fortuitous production of infor-
mation. Another area in which CREATABASE can be improved involves
limited alphanumeric searching for name descriptors. Such a change would
not only extend the textual capabilities of CREATABASE but free the user
from entering artificial data for several types of applications and/or
exactly specifying a descriptor state in the Boolean expression. The
form for this extension should also provide for a range of values rather
than a specific state. Other improvements of CREATABASE are possible;
however, the two items listed above will make this system even better.

Finally, the use of this data base is encouraged as an information
retrieval sys tem. Furthermore , comments and suggestions on its structure
and contents are welcome.

ACKNOWLEDGEMENT

The authors wish to thank Daniel Analytical Services Corporation for
permission to publish Figure 2. 

V

17

_ _ _ _ _ _ _  _____
- — ~~V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - V 

V VVV
~;V V_~~~,~~~~~ V_V ~

T__ T~~
_ V V ~~~~_ - 

~TT V - -
- 

•~~~VV ~~~~J V V -



- - -

F

APPENDIX I. QUESTIONNAIRE USED TO GAThER DATA
BASE DATA

1~

- • :~
-

-

- - 
4 

V - -



QUI8TIONII&LRf

1. The nsa. of the coda (acro nym plus its .eanin ~) is ________________________________

2. List the fallovt~~ thfor~atias on th. user ’s menual:

Author(s)_________________________________________________________________________

Address of Author .___________________________________________________________________

Title ___________________________________________________________________________

Report Number___________________ -
- 

- 
Date of Public-atLas 

______________

3. Cod. is operational on the following cosputers*

CDC 7600 UNIVAC 1108 ULE$C _________________________

4. The foUoving psople are knowledgeable in the code ’s use:

~; - ~
- I

5. Primary application of the code i~ V

Second application of th, code is ________________________________________________

Tertia ry application of the code is ____________________________________________

V - - 6. Thu type of mesh used is

Eulerian Lagrengien Eulerian & Lagrangian unknown .

7 • The cod. uses the following general numsrical .ethod :

finite difference finite eleneut Monte Carlo ____________________.

8. The code uses the following parti cular numerical method:

character istics Lax—We ndroff random walk Galerkia aultips.ss integral

9. The order of the numerical schem. is
I

- 
______________ not applicable . unknown .

10. The code performs unsteady calculation: yes no.

11. The cod. can treat the fo1lo~ing spatial geomatry (iss):

rectangular cylindrical sphertcal.

21 
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12. The code can treat the following spatial diaensionality:

one two three .

13. List the variables computed dir sctly from the transport equat ions .

L 14. The cod. can use the following equations of stats:

Tillotson perfec t gas law BRLGRAY .TWL CHARTD PUP ?

13. The code can apply the following type s of boundary conditions :

reflective transaittive non—slip free—slip moving free surface

16. The maximum grid size for the code is ________________ by 
___________________

. V

17. The code has the following typ, of resoning capability:

automatic manual none unknown 
_________

18. The code does the following type of radiation transport

equilibrium non—eq uilibrium none unknown .

19. The code does the following type of ener gy deposition : V

time—independent time—dependent none unknown 
_________

20. Th, code does the following type of chemical reactions :

equilibrium non—equilibrium none unkno wn

21. The cods does the following type of atomic reactions :

equilibriu m non—equilibrium 
- 

none unknown 
_________

22. The cod. calculates material response: yes no.

23. Th. code treats solids as an elastic plastic :

yes no not applicable unknown .

22
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24. The code has an interface capability :

yes no not appl icab le unknown .

23. The cods can hand le ______(number of) different mater ials .

26. The code treats the following types of fluid flow:

invis cid compressible viscous compressible inviscid incompressible

viscous incompre ssible none unknown .

27. Th. code treats shocks by the following method :

artificial viscosity shock fitting

none not app licable . 
V

V 

V

28. The cods solves the following equations :

conservation of mass conser vation of momentum conser vation of energy

k Iolt~~~nn’s .quation ________________ 
_______________________.

29. The cods is wr itten in the following computer language(s) :

FORTRAN ALGOL APL •

30. The code has the following special features :

strength option tracer particles combustion option eliplines -

31. The following rep orts contain information relating to the code itself or
the cods’s performance. For such reports give author(s) , report number (s) ,
and title(s) or key words. The total description per report should be less
than 120 cherLcters including blanks.

1.

2.

3.

4. 
-

5.

6.
7.

8.

23
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32. Describe the salient featur e. of the code in less than 120 characters ; for -

example,

V 
HELP: unsteady , 2D, Eulerian , multi—materia l , finite difference , integral

formulati on , solid and compressible fluid applicatio ns .

K
33. Please list any pertinent computer cods properti es omitted and any other c~~~.nt ..

r V j

c i

~
.

V V

i t

24

- 4
V
~ - - V 

— - 
V 

- - -

— ~
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

— V ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ -~~~~ - -



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ---- :---‘- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ -~~ V • ~~ - -

V
r 

_ _ _ _

APPENDIX II .  ThE DATA BASE

25

—-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  V V V V - V -.- V --

:
a

v

i 
I I

ti I

c z s~ u~~ .. — u ~.
~~ z~~ w —  a,— = l.i* — .~~A. .., , & . 0 r ’

~~= Ø ~~ O Z  ‘0~~ — *0  .J 7
a x  — w  u — 0j  ~~ % a m  — _ mi~ I. ’• — 4 v , - —  u wuD  e —

V 2 4  ~z — z  •-w~~ z 4 — J O w u  sa  w w w w l  5. 4 S- ~— .z ~~ e4.J ..a 4 a a. ~x Q .w4a . ,m pwa . a 4 2 , m m . v iZ .— Z ? ?~~~a.I , J . m n . J . I ?) ~~~- ) r4 Z O ,  • 1  ‘. j — w  o c a s  a a € — x w x S w o z  a a • a j m  o awi . l  u a e o o  0 0 4 .~~t 0 4 0 ~ 0 — a a a a a a • t
a. ~1 a.a ~~ m — a ‘ a a. a~ .a a.. a., ai a.a a a I • ia. ~ I - ~~ ~ a.. a 3 u Y V U U V ua? a ,  S a. S • • a a • a S

~~~~~~~~~~~~~~~



— V— ~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~a.

Wa
0-I
a.. a.,
0 4—‘I
~ p. V

a.’5—

L ~
j 

S J ~
~~~~~~ ~~~~r V a a g a . JJS , , . J V a.a arouS pa..~~a r , a a . W  .a a. a W ~~~._ Y W ~~~4 u E o . a a , . a , , a I a a . a a a a , a ,

~~~~~~~~~~~~~~ : :~~~~~~~~~~~~~~~~ t~~ :~

28

- - - - —  _~~_ _____ 
- 

V 
_~~VV



~~~~~~~~~~~~~~~~~~~~~~ -~~~~~

L

a - UU . 0 5 .
5 4 0. U

a-U 4V 4 0  40  — SV 2 2 —5 4  5.1— 0 s~ a—a. UP— .4 — U a.. C
r ~~~a ~~ — 4 4

*4  IsO — S 4 0
4*  4 4  5 U 0
2 5  US 0 U — .~- a 2 5. I- 2 .1 2
0 _ a  U1- U .â 4 2 0

V 2 ‘.0 0 a a n
2 0 4 4  2 U ’ .  5

I -  0 2  6 O w  1- 0 w s
1-a.. - 2  as a a z

5 0 x l.. S ‘. 0 —V 
- I C  1-55 U U 2 2 — —a 2 _ a  22 15 1 0 0 — U
I 0 0 0( )  04 U — 0 U C— z ~~ — — las a- a a

- —~~ - — ‘- a- 2 4 — S U
< C UU S  (05 _a 0 ~S a- U I-

S. — x  . .auaaO (0.1 P5 a — 2 1- 2
~~~ = V  ~J~~~~ X X Q ~ 2 — 0 2 0 2 —- C 1 J U U S  U 5 .2 02 0  —

~~ ~~~~~~~~~~~~~~ 00  — P 0 2  5. .0’ .  I-- — a  az~~?* 2 .-. .J le.U2 0 UW 4 4  4 4W *
T~~~~~2 V a 4  U f t  4 00*  4 ha 4 1 1 1- 4 1  4 4 4 4 4 5 4
~~~0U  a-U — 6 2 .J .J ‘. .J 5.a—~~~Z O 0  0 1 - U  I SUV U
— ..- 2 . 4 . -  i .a. 0 ~~~~~~~ w 0 £*. ..~~~~~~ — _S I- 4 1 4 #

- 2 ? .I 0 . J*W 4  ~~~0 .‘J aps a C 0 a . I S O X Z  X W U  JUl- ha
4 4 . D w a~ 54  — ‘.4  5 U 0 2 0 2 0 0  0 2 0  5.0 U

— 2 4  2 4 4 4  — Z  2w 1 - 4 5  1- — .-~~~~~~~~~~J .J 0 0 . 1 4*2 0 0  U 40 a-. J 0 .J 0. .J J .J1-J  aJa . J
J 2 0. .5 . 1 - . J4 — V S  P5 1- 1 -  — 5  5. .J U. a0 0

‘I —~~~x : a*a -  ~~ w a-  — 0  41 -ud 4 0. U d 2 0 0 0 w 3 O Z  a- a s.
I ?.. 0~~~~.Z a - . 4 S 4 1- 4 P - 4’ - 0Z  U— 0 4  lo s- a I 0 — . S a Q O s - C s Q .  5 . e s .I 0 ‘.J~~~ X w U 4 U~~~~~~4~ — (OVl . . P5 2 0 w  ~~ up.. a . a U U — w  U 4 W 4 W

~.2... 5~~~ w U 5 4 W _ aZ 4 6 0_ I S 2 Z W - J u I C  P 5 5 a 5 5 p 0 P 4 p 7 4 2 a - 5 , . 5 5 4 5 , p a p , , a , s , a , a a a a4 o = 0 0 0 5 . a a , 0 s a s a s - w o U w x a u S o e . U o  U Z e Q s c o s0 0 0  a Q a Q , I a I , , a a a a s , a a a ,
P V — a. .. a • — a., a. • a. a- U — u a n flu a . — fl — — — V — — WI P — p 7 P V S J S .J S a • p I • 4 4 I a a I a a

29



7 

TT T T ~~~~~- ~
‘

V 

-

2 4

4 B1.
21-a m  . V

—a-
04
X e

V -

5,4
I - *0ha_ a

U V

S
- 45

- 4 —a
-

a-a- p. -

1*~~~V 0 0_ a
S - V 4 0

- - %wIJ -
* ha -
02 0  

V
V 3 _ N  -

a.. a.. m
— — o x- 3*0a-.1- 0 4

* a ha
U,-’. U

V = 4 %  4

O W a  U
a-Ia-n

V 1- 2 2  4 ‘a
~~~

0U F ha
2 ) —  5.

—
V 0~~~ 2 .1 ha a-

0%  3 4 5
a - a m  S U — V a-
* l.a O — a-

ha S

4 ~a - s .  0 Z~~~ 1 ~~~~ Ia - O~~~ Z0. . X 4 0  ap P 4 5 4  a- JQ. ~~~~~~~~ 
4

5 1 2 04  U 4~~.

30

- ~~~ -
V 1~•~~~’~.

• V

— j



~-.S V S V 
VVV ~~~~~~~~~~~~~~~~~

U
V 1-Va

a-- -V - 4
S

% 1

S

a - I-

I,
4

0ra.. * 5~ 
V

-‘a. ‘ ~~
I,
0 2 a-
S a- a.
2 ha a.. ha
a. a a
-. 3 ha
U _t a- •-I

45 4 m
— P 4 5_

0 a-a
2 45 45

V I J: 5) — S
U 4 1 0

S U 5 6
0 I Ua- ha ha
O S S

~ b
. J V L I Y V _ a k P l - 1 -  I _ a p 4 r h a a ..a .u s  ~ a a a p o w  a a-~~ .~~~ a -3~~~a-~~ a v s w v  p a .  a a a a a a a a I I I  I P l C

~~~~~~~~~~~~~~~~~~ : :?~~.:aB ?;~~~~ Z?~~a - . —  !~ : : : : : : : : : :

31

V ~V V~~~~VV - 
~~~~~~ ~~

- ~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~ 
- -

)1.

V ~~~~~~~~~~~~~
•• • 

‘V~~~~ _  V V



_______________ ~—~~~-—---------- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—— :
~~~ 

-: VV~ S ~~~~ ~V - V -

:
1
, h a

I

-

~~~~~~~~~~~~~~~ 1 ~~1

d 

UI
~~~~~~~ 8

0 a - Z V* . 1 . a -  r s .  a-~~ U — h a  a.a1- 4 s pa. a- p Pd
a-U s a - - .  h a —  4~~~ 5 45(01.. JOI.a 50 haha

4 5 . j a o j .., a-I~~~~~~_ a p~~~ s Ø _ a 5 z~~~ 4 a  a s s .  .5 a - _ a  p s .t 1 . l I $ l  • * — 4 v1  P S  5 1 1 1 1 1  ‘ ‘ P u p a  a .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ i~0 : : : : ::~~~~~:: u :

V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V V~~~~~~ V V_ —

-~~ ~~~~~~~~~— _ _ _



r 
~~~~~~~~~ V V V I1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~ - - - _ _ _

a.

“~~~~~~~~ 

I
~~~~~ S * 4 a- 0
a- ’ .  a, I U I * C 2
2._ a U •. 1- a- *
.1* 2 U .J S a- IC .1 5
13 3 4 ‘. V % 5 4 U

4 2 ha U WI 5. ‘a U S —o 0 4 — a. U 4 5 4 1a g o  O lOs  ha a a - _ a  a

~I ~~~~~~~~~~~ ~! f~ 
- I I

t 4 ._ a  f.. ~~ B
4 4 3  0 * _ a U .  2 W a -  Id 5. 0 U 0 * *25a..XU.
0 4  - 5 ~~~ * 3 3 4 J  4 _ a  a a-s — 45 6 5
a O  — 0 2 - J O — w a -  . 0  — a-I - — a- 5 2  4 4

~~~0V ’ . Z  - . 3* _ a p P  — 0 4 5  II ~ 5. _a 45
a . -* x 4 u a - a . a a . . Ih a O  2 5. ~~ * 5 4 U 4 1 _ a
2 u Z 0 2 4 4 U 2  4 l -  had  0 a 4 2 * 0 6 ( 0 5 W
— 3  . - a - P 5 3~~~~~g — _ a  hIa- ha ha ‘a ‘a ‘a w  a-a. - a-
“ 4 h a 1 5 ’ a I Y ’ J 4 4 5 V& aW L I V a a a I I IT  a s s a a — a  a~~~ J a .  a O a w  a a . a~~~a.u I b m Ø ,  a a a a a a a a a l a

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

33

-~~~~~~~~~~~ 
- 

V ~~
V

V a - .  
V



r ~~ “S-_S. — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V_ 55_ V 
VT

I

— .1 •
S.

I

~
~00  5 WI .J S

P - O  p. a- I- U 2 5
2 4  5 a. 0 3 0 5 4 5
o o 1- . ~ a..a 45 a.. a- —

55 4 a- * 0
5_ 5  2 ha ha hI 0 5
XI- C 2 45 2 5 5
0 3 5 1  * hi 2 0 0 5
0 . 0 4  a- 0 4 P hIW I a 0  5a. 5 ‘ - h a  2 1 -
a a * a a- — I a- V

V * 04  0 U a- 4 ~ I4 _ a m — 5 .  — 0 5- 5*  P
a -s  a- 8 5 _ a  0 4 5  2

4 ’) * ha 0 3 5 w 2  4 5
5- U’ .  V 5. 2 a- 2 5. ha 2 4 a .
4 P5 0 5. U ha S 5- 1500
5 0 4  4 55 2 5. ha U — a..
l a - h a  S 3 0 5. 0 P o a -  a-a-
4 2 4 5  2 J 1.. 0 ‘. S
4 0 2  4 • S 1- S *24 4 I a .  *0  U d ha 5 1 -  %a ha — - I a- 2 5

V p 5 3 a -  .10451- 4 II - — a.i5’ .  ~~~f ‘ . U W I  . J a - 2 6  ~ ~~* a- a - _ a 4  2 a-
• ~~•. -am ~~~~ ~~~~~~~ ~~ w u

0_a’ . P 5 5 . 5 5  2 _ a  a- ’a  I .52
5 w *  0* 1*  U 0)- 40 ‘a ha S 4 a.. I
4 5 * —  a-p.a a*  .1 — u  3*  0 a . -s  a* e  a* r
~~~~~~~~ z ’ . sx  a .0’. O W a  5 2 4 5’.
a Q a- 3 _ a  *0 4 2 4  0*  C V U ,  .415 1 . 1 . 1 -  1.
4 0 5 1  _ C O  U..4 ‘a* U U 0 5 .  0 5 3’ .  a ._ a s . J 0 J s
— 2 2.1 2 -~~24  lI * Si. — .W 0 O 2~ .X . 1 Uu5)

V 4 0  o o a - O  1*3  5 0  .J S O  S a - S g  V P W l - W a5 Z % l - X O a . 4 .-’ 5 .0  0 45 45 .  0 52  S *0*  5 5 - 5 . 5 - 4 5 - 4
. . 0 5 . I a . t a - _ aa -  5. V 4 *0 0. — —  — 2 — 4  a - ’ a a - ’ a _ a w O *
0 5 0 0 5 5 - C h a d  4 h a O  W *  34 4 _ a I  .4 .4S U SS O W O SSI a - I l — a-  5 5  a- a  ‘as. a -*  ‘ a w 5 .W 0 . hiS ‘a 55 4 a-W 0 P _ a . r U W S a I a - * P , 4 u . a_a~~~~a a a p~ p a a W I a - . V a 2 * 0 s * ’ ) V W P a . I . O S I S S S S h aa I i  a a a b l u l s .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
,
~~~w~ ::~~:::::::::

I 
_ _ _ _ _ _ _ _ _ _  

_ _

-



-- -~ ~-~~--- -— ~~~~~~ ~~~~ 

5,a
a - •
U’-

* 5 5
ha.

V 

. 

. 

-
I 

. 

-

V

2 3 $
4 _ a ’ .  

V

60 2  a-U
ha

- V a sa -  -
L O S  w

.1 4 h Z
* ha

O X  2 —
00 0  0Z U_  —
* .1 5-

o — U
4 — a z IC
O S’ .
5*) .a -u 0  a-. a~3 4  .1 5

_a a- -a
J a n  ‘a 5. 0

• 4 0 a- F us a.a sa-
~~~ .. ~~ S. U 5-
u*a . -  o ,, ~, ~a.a8w ~~~

~‘a P h i  5 - 5 5 4  ~~~ _a a- .— 2
Q U a- 5*  hI 05. *U  ha hi ha S a-

• 2 h a 5  a - w a  -.a ..aa o - 1.’) 2 5

~ ! ~
~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~ 
V

35

_ _  

-
-

-

- V t
.

4 . _n ~~~~~~~~~~ — 
~~~~~TT~’ -  

— 

~~~~~~~~~~~~~~



— ‘VI ~V~S.V — —~~~~- _ a - _~~S._S~~~5 - - V-

V ~V 
VV ~~ V -

~~~~

-•-i-VV
VV

~~

a-.
5.
Sa-
5,

I § -

5
, 1

t •

-a-- - .
h a 5 -  a-

3 5  -V 4 a-.-
a- ’.

I;
h I i

I ~~OLr~~~~~L ~ ~~~~~ B~~. U w W ~~~t a -r i  ,
- 3 0 4.1 a - 4~~2O*  5 2 .4 I  ‘. * .4 ‘aS.a - 3 a 0 0  na.- w ow

~~~~~~ ‘ .Wa 5..J a-i 0 X ’a  ha I 45~~~~4 5 45~~~~~~ s a .  ga-
._J s z w  3 _ a z 5*  5a.O — 0 5 - S  5 - 0  4 4 0 0 4 0 4 5  40$ hi

( - J 0 0 0  * 5 . Z  U. (0 ‘ .4 — a- U 0 0 4 55 2 2  55
- C a X *  * a _ a a  z _ a  a - m a o  a- ~ 

.~ — 1 .0  l-
_a .4 0 0. 4 5* 2 00  h a4  * ha  a - a  S a-ID . 4 5 . 4_ a  .15.5

V - a — _ a  2 o — _a a - u*  — Lu  PS a-  5. 5 . _ a W  —~~ ~_ a 3 S X a 1 5 a - a  — .~~ a- —— S_ U  4 4 5. 5 .U* 3 0 3 3  3 0 4  a-
- . O S 0 .g a - a Z 1 - 5 5 a - * a - O L  0 5 W  55 .4 4 4 4 0 0  0 4 5 .  U
V h a a -  4 U4 ~~~ha a W I  ~ a- 3S~ Shi V

36 

• 

V

I -V  ~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~ ~~~~~~~~~~ 

V~~~~~~~~~~~~~ - V - _ V V~~~ VVV

•

VV -__

5-.

— -~~~-~~~~~-~~~~~~~ 
a- 

—



S
p.
S

‘ V

5- - - U. 5.
50 U 51 

V
U’.3 2 5 0
~i 2 a- —
0 5 1 3  - .4 I— a- as 3 4 &
V a _aU 0 V
(0 5) 5
Us 5- I_i U
5 . _ I  0 .1 5-4
0 . 5- 0  .1 4~ a-
IC. ha &a. — —0*0  .1 5 2
U — 5 5)
‘. IC * 4 15
0 5 5 0  .5 5 —
u p. .— - 5 • 4
25.. 4 W V  4 -
003  5- -.I S
0 2 5  * 5.4 0 5
U. P-i 2 a-a
— a - a s  hi 0 a -
040  PP 1

a __i * a..
05 .0 a1 • 4 U. 0 a-
a-U 2 0 0
15 _a  5. 4 a- U.
* * 5- 5. 2 2 0— a- a- I. 0 0 U
U .U Z  lb 1 WI — 4  0
‘. 4 w  5 S. US a- 2
.4*2  ha 0. — w  * O W
4a-. .  — a. x a-.

W I .  .1 5..-’ 3 U .
50 *  ‘.15 * a- 1 5-
w o o  i s  I 4 2 3
a- U 31d UI •0 5 0 0
4 _a a-2  ‘a a-
2*.. 5 2 w  w o o  a.

50  4 5*  ha U. 5 - _ a
o -~ xa a-. — a- .Ia- p_a

4 0 5  .4 ~~~d ~~a- WI ~

1 
ç

~~~~~~~~~

V ; g j

1

~~~ I V

4 1 . 4 4  *4  0 a. WI~~ — _ a 4 _a U U U_ a  U 4 5 5 2  4 % & 2Z 2a-a - a ’ .  4 _ I a -  C C  a _ a  a - p a s o  p
~~ — * — *2*  U S* 0 C

5- 4 04  2 20 0  0 3  4’.  45 -.5 _a 0 .-a _a La- a- — u _ a l - a - a .
0 5 S 2  — W O *  $ p P  5 - 1 . 5 4  a- .-. 5. .I s a a - .aa-
* S d* U l - U I . J f l h a l -  — z V a - U ,  U 5. 0 5. 5 00  UT 2 3*
w w a . & W P * _a * U . X a- 4 a - O~~ U h i ha ha) -  C ~ a. a w 5.Pd 4 a -.~~W 0~~4d, a - 4  a - U 5 W $  hi~~~~~51 a- V a 5 U . J  .450 a - 0  ha I. la_a Ua- 3 U

4 5 O — I 4 a _ a I w oa-  p s S o u l o Z I S Oa ,  P S  a - _ a  a. a- a p a a a s . a . ay _ a v a a a a a a p p a a . a a l

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ th

37

- - : - . 

-



- - ~~~~~~~~~~~~~~~ _~~~•Va-a- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ V~~~~~ V~~~ VVVVV _ V V a-~~~~5 •~ VS.~•V_ ~ ~~~~~~~~~~ ____________

V I I

ii- V 
!~I-i0i:ll1-.i III I Ii I! i: I I k - 

-

~

( ‘

- 
38

L 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



—- -_-—--— - VS ~-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

a-

U -

4- —
‘is
0 2

2 4 0

5155
‘-‘ 5. 55,

*0 .  h a l  k
L a  S

t a.. V
V 32  - usa -V as 2

54
4’.  5-5a. U 0

8* 2~~
• 

I
I

5 — . 4 2 2 4_a ~P1~~l u_a 5 - 5 )  3*  — 103 z  — 0*—a . ,  .I~~~3 2 -am l~ .4 4
0 2 2  U 55 0 . 3 p b  9 a- 3  P J L  a - a

IC M0 I - Z h a  S. 2 us 0.
ha~~~s 4 l - 1 -’aU~~~,- * i._a d ii a.! Sa. a 2 a--i

. 5 1 5~~~~~~~~~~~~~~~~~~~~~~~~~~0 5 Ul l 1

39

V ~~~V • i • ~~~~~~

-j



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~VV _S~~~~~~ V S.”SS.V ~ ~~~~~~~~~V _ V~~~~~~~ S.~ VSS~~~~~~ 

V V S ~V~~~ ~~~~~~ -V~ V- V~~~~~ VS. ~~~~~~~~~~~~~~~~~~~~~~~~

5• 
V

j _aU (0 5

V U . S_ I  S. 0 — S
F 5-0 4 5- a-V . 4 1 -’ )  a * a- u
2 4 4 4  55 55 5 2 -

‘V U  • 5 4  * h i  C
C ; ,  V - 5- 5 4  * 4 ha S *I. • 2 4*  2 2 0 . 51

44 U. ui
5. ‘ . a a -  S U. I
I~V u_S  5. 0 C 0 0I- -~ U5-~~ 4 ha U a_a

S a l )  5 0. Z 0.
ha * 0 U. *5 5 50 a- S — 0 2- hi 5 5 -  55

U . 1 0*  0 U C U
U.’. C p. * 5 5 4 5 0 4 0 5
- a ~~a. 0 51 .4o a u 2 — a a- lb • 0

.12 ha a. 0 a - N I C N O PF Ia - 5ad .1 5 0 (0 0 0 5 1 0 5 10 5 1 2 5 1
V a - W I - a  C. 5 5. 5-

.0U hi S S.
Z k ’ M  55 — 4 UIU IU4Ua_a U... 9 4 . 5 54 4 5 -

4 0 5 5. U 0 .*_ I*  *0*
~

.5-  u ha ‘. a o s _ i s a -  —4 2 44 a- S I _ a  4 1*0*o .5.  5- 05 -  4 * ha U_ I _ I 6 J 5 _ a
a - 2 .  — ‘.ab 5- - 4 .1 a- ~~ 6 * 0
4 4 . 4  2 2 5  — 0 U U 0 0 4 0

3 31_a 2 5- 5. 2 U U 0 . W a* U  ha
a x -  S. 5 - 2  3 hi a. C 5 X 5 5 . 5 W I

— U P a- ha 2 Z h i  0 5 5 2 4 . 1 * dl..
V 5 - _ I h a  .4 0 ‘0 4 4 S. 4 2  2 W 2 5 2

_a — p _ a  a w 5. 49_ a s  ..2 a - S I  .4 0 4  haS.  5- .4
T 2 5 - 3  42  * Ia- 5- ’ .  — 1 2 0 0 4 0 5 50 * 0
5..!— 5 ) 4 55 3  U ‘.0 4.4 5 0  0 WI ‘a * .550  5 ,0 ( 0 2 5
2 * 4  a- Ua - - a  — a la -  U a -0  .,~- o u I 3 .4 . 4 4
a - a _ I  C O - U . -  2 5) ’ .  .4 - P-N 01- .4 *2 0  _ a , 3* D D.3 0
- a X~~ 5 a - 0 * —  0 41.) S. - — 0. 50  2 0 2* 2 0 2
4 0 5  5 O U Z  ha 2 L U  (0 4)-  4 4 5  a- I — — I  O* — * h .* 2 *V ~~a - 0 . 3  UI.! — — 2 5 5 0  50 pa-a ‘ . a- ’ .  I_a a- * 

- -
i d a. D U F Ft 4 Z .1 .4 l~~I- - a 2  2 044  - 4*) -  0 4.4 5.0 2 0  ha

~
p a* 1- 00. * 1-  0 .-. . 8*  *0  4 ( 0  a- 0 P d U .  ~~U_ I U 5 D U I- U

... . C  * a . o~~~Z S Z U  U .4 .4  S b  5 .— 5 a-.V * 2 * Z a - . 2 C . 2
S.~~~ _ aa. 0’.  20 — a- 4 5 -  .1 a - 5 —  5 - 0 1 0 2 . 1 3 . 1
3 2  _ I T U  ase — 1  0 _ I  2 5 5  ‘.0 0 3 5 .4 1  0.- a .-. -aa-( 5 1 . 4*  u * *z a -  a.. 45 * — a. ,  ‘ .4 00  U _ a  2 01 *0 U a . U 5 0 U

V ‘.3 )  ~. Z U 4  2 2 _ a  5 - 5- 4 5 1 0  5 - 1 5  * UI 6 5  W I 4 V C W I  S
1- l a .  00 0  a-~~~30  03  4 S . Q W  5- S. 2 0 %  2 * 2O 0 2 S .  0 2*  — 110 5 - 5 - 5 1 5 5 -  5- U U 35-15 4 5 0 5 5 5 0 5
a * ** u a - C — a u — U a -  -.2 6 5 - 5 - Q U  0 4 4_ I  U 0 WPS $- O 4 . . 4 a- 1 5*
u_ z s s* o a - l S a - d 1 - D 4  0 0 5 0  0 0*  VI a.. P 5 - 2  4 U_ a S h I U h a * h a

3 a - 0 .  a - U 4 S . U P O U S .a-  * 5 _ a  Ia .  .103 ~~W W W l - W S c  5 5 5 - W a - 5 _ a a - U a -
i S _ a s &_a o * P * _ I P S 4 0 0 V 2 P _ I _ I C  a s s  z ‘ P 5 5 5 5- a .  w r V 4 h .  • _ I 5 4 5 h . V a s W I a  a a p a p a . p . a
_ o 4 5 ._ D

~~~~~~~~~~~
0 W N E*~ a5 9-a a- ). 

~~~~~~~~~~~ :u:::

40 



r~ 
V~~V~V_ •~5V~5-5-a-~a-•5- V V ~ V_V V _ VVV V - -  — — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -~~ V~~~V VV V

5-
8

5,•p.
0
ha a-V OS.
ha~~ 

V
.4

V I 0 1 1 .
V 0 1

5 1 5p.
a o a
2 5
a.. a.
C . .
*4  -

~~5 U S
50. 

V

h a h a
1.-’

4 *
a.-S.
5,
*0  -
‘5(0

u_ - I
.44
02
— C 5-
555-  5-
04  2
5l.l *
0.5s- - 

V

05.  5u
- I  U~~

0.4 I1.
a.a . 5
0* 1

-I
5- 2  C 

V
25. 1 0 —

- -; ‘ . 5-  U 
V 5

U ha
0 2
2 0

V h a _ a l  ~.J  U
XII Z lb ..
ha 50 5-
a - W I  0
U S I a. 25 .  .4

‘01- 0
3 5 0  5-, .-a Pb

• 0.4 144 5 U
I.. 4-0 30 5,
a - O a -  a - _ a  5- *— a s  0 I
25- 0 05- 5 0.-. 0~ 5 5.

~ I ~ L I ~H 
-

V

5 0*4  U . S  55 4_ I  ~l si . pj a- a.
5 ._ IS - .20 1 U  2 a- ’ . a b’a a- a- hi

2 0*  I_a * 1- 0 .5 5-
00 3 2  ..S. 4 2 4 5 - 5 - 5 - 4  a- 1.0 .4 a. .j — J

• 

4

I

V 41

a- 
—



- ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -V~~V - ~~~ _ _ _

‘IV U

2 1 5
05 --a

- 

. 

V

I! V 

II

0 5 1  -

.4 4 5.
4( 5 0 a- a -
6 2  2 0(0~~~ 4 ha P_ a
0 5-_I 55a - * _ J  UV -

‘ . 04  a-aZ0 5 . 4  00
0 0  4
55. 1-U

r a_a ha 253 1  *2V - a—U. 3a ._aa- mm
*35 3 0  0510 UsI _ a _a .45.5-3 - 05 -

C I  2
4 4*  41-

‘W IU a- 0  *5- Z a.I_ I 2  Pb - C _ a* f l_ a  s Sir — —. ._a
5) - U  2 55 4
0 5 - 4 -0 1.1 haa - —  S. .10p 
4 4 4 5  1 U>4 0 1  3 .-a -p I_ I l_ a  5- a- V— u _ a- 2 2 5a - 5 - 5 ,  C ha - *5-. 4) -  — 1 5. 51
3 UV F  5- 0 ha hi 3
5 0  4 2 5- .4 4 4
‘.2 C S. - — 45 ha
4*  0 a- a-, a- a~~ - 00

I
4 6_ I  S U ha .4 * 1 Pal S a-al a.4.13 ha 0. U * 55 40  S . ’ .W. 4 0 .  lb 2 * U. 4 5 0  * 0 5 53 0 5 Ui 0 0 *5  150 0 00 5 0

0 IV 5 — 4 5  a— _a - - ia-a- 4 — S a- ‘02  0 a - SS ha 0 2 4 0  ‘ .1- 2 * S.a -3
5 2*  0 2 U. 0* — 4.16 5 . _ i  U 02 ’ .5.05 — U — 5 . _ I  a. 2 5- a —5 5 0  — 23  1.3 * 0 -.5- ~~

a.a : a

— 4 5 5 - S w —a l a a _ I P , r 4 , , 5 0 2 a _ I p a a a s  l I 5 ) s n a W I 5 - a - W a - V I p C~~~Z . a p a p p p p , . a a . . a p a a , , ,
•-aia.I 02 . a a O - . P : a d . 1 Oa - a a a , o .O a h a p . , , h i 24 0 0 0 0 , a .o  a 5 a a a , I p l a , a l a e a , a a .
• -. a a , a — p a u-u a. p a. a- w 1- a. a — a a a — • a a — p — — • P P P I #0 ~ a. a a a a a a . a u a . P .  • • I a I I S

42

____ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—



F ~~

—

~~~~~~~~~~~

- - — 
-

- V~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~

.4 ’  L E E
I 

k: 
~hJ~IE1 L F~• .4 0 2 2* 5 . 5- 0  6 5 - 32 0*  U 0(5  U0 VI II. * 5. U U U

V — 1 - 5 - C U P S .  aM I O  a- PS) _ I I  .4 hi u.’a a.IUhiO
— • 5 5 14 V. j 2 4  a . J P a - Ua ’ U VZ  I_ I a- I l P ~a- * P  ~a 5 a 5 s 5 - a - z a - 3 p P 4  a * s ~~~ ..a ,  i a  a p a  a a p I P P a a P a a

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~HU U U U

— I

43

- V - - 0

— P



V -
_~~~~~~~~~~~~~~~~

V
~ 

- 
- 

~~~~~~~~~~~~~~~~~~ 
‘ “ - ‘ “ ~~~~~~~~~ _~~~~~pr— 

-~~~~~~ 
~~~~~~~~~~~~~~~~~~~ 

V V~VVS~ _ VV 
-

V f

I -

I

— - -

I

V 0a- 
V

-I 3.13 
5-U_ s

S. 
2a. - 0 0 .5.5• 
55 *

35  
50 S.I .445 
6 5I U.5-  (5 5- 5 I-I Pb 
* IC52 — 5 5 I• 01- U Ui 0

V a - a  2 5-V.. 
-

U W fl J I:1 NJ-s~ 4 ’ . * a - 5 5  .aa 0 5 . 4  a- 5 - 4 5  a - ’ .  43 > _ I 0~~~5 II.? IX  0 55 S. 0 C 5. s- ~
5 - 0 4  — 4 _I~~~~~ ~~~~ 55*  — * w U_ P  U 0 5 V_I2 a Z5 O 5~~~~~~. 4 _ I a- ge > Pal 0 5- nasa -  

~~3 a -_ Iu2 0W  03  * 0 a-.  0 .4 4b S4 a . 2 S . — e 0 . 1  4 .4 4 ( 5  5- SI. 1-4  5.0 5. 505. hi 04 a-u  I_i U— S. VS  S U0 3 5 .4 5*_ a  0 2 5 s .  0* a.i 065 ‘ 0 5 -  C 4~~ (5 V
V ~~ 5- a -h iS o I a’a s a .  a- 5, _I U _  .4 04.5 ha V ’ 0 h a P _ ahl ha4 x . 4 4 . 1 4 # _ $ _a 5 P b 4 _ 5 4 4 .f l p . I  P a _ i S a  a~~ 2 1 5 5 5 5 15 5 5- a . p 5 - p p . 4 1 1 5 0 0 5  

~~~~~~~~~~~~~~~~~~~~~~~~~~ • 5 9 9 ~~~~3 0 S5 . . - ..-.:3~~~~~ l ~ ‘a o a p~~~~ a won a ada _ a a a l i S 0 00 0 a- a -  a 0 a a a a a p p  a a P P I P I I P I pa s — vs p.- aos a -r sw a. .. a — s Z p a  a .. p a a- ~ a U.... 4 P 54  SkI SI a a. a i  3 I a I I I I P a I a I a I I P I p a

IS 

a

44

________________________ -- V •- 
- 

- 

V a -
-

-
V -V 15 

• 5 . - VV 
~~
‘-- 



-~~~ ~~V -~~~ ~~~~~~~~~~~~~~~~ V V V ~~ ~~~~~~~~~~~~~ ~~~~~~~~~~

E

L

r 
V

0 5 - l a -  a * a-0 . 4  - V U S*5 - 4  0 0 0  (0F 4 04  44 S .1 *I’ S O S  a-a- S C  . 40  .1V .4 S. 5 II — 4V . 4 5  5 1 .5 — 5- ,  w •~ z si *

III V 

r

S n-. ’. — S. 51 a- 5 - 4 5 1*
V - .4515 .  — a- a- 4 51 5.14.4161 5 . 6  WI 2 - 5 0*  4 * 1 05 -Ca -

P~. ha W5 5 0  20 (5 0 - a- UP_a 2 0 5 . 30 32 W .  ~ a a * 5 . 0 1 - I3. 5 2 2  ha S. a- h a02  . 1 5 1  h a 3 5 5 33. 1-55 0 5 55 ha 0 4* 1- * ._a5 0.0 ha 55 C 4 3 a  U .4 O S U S  V
. 153  a-I- a- C 4 5 1- 3  hI Pal 0 S .X ’ .50  * _ a a s  . 4 5 . 4  5 5- 2 4 5a - _ I  1 - 5  ‘0.. *2  5 S. .4 II. 25 ) -. 5. 5 0 4  43 70 0 S. 2*  4 . 10 0  424 1 *0  Ii 0 4 0  3 ha UI - 0 2 3Pa Id’ .  .I U. Iha 5.5- Ui 4 .4 5 .5 - S ...a 3Q S.. .14 11* 2 .1 5- 5- 1 -00  . a P b U a - m a - — a -

- 5 12( 5  4 3  Pa. — ~~w 0 2 4 4  3 . 2 0  P S JU P b  ab2 4*  5 Zas. a- W I — 50 4.1 5) 0 4 4 4 . 4 2 4 2 0 2
* 11-a Ia- 4 11- 5 5 — 50 ‘0 55SI * U .* 1 1 015 1- 02 - a O 5 .  — * a-.. .i .1 s :— , _ Ia .U.OP. IU.SIa .V 5 . 5 0 2 2 — U  P 4 5 0 0 _ a  ~ 05  5. 0. — a -  24 4 * 4 0 5 . —  2 I.IUQ 4 2 1 -  4 5. 5 S a l_ a d  s.dUU(0 4 s 0*~~PI 45- I... OJ 5.5- * 4 2 6 .-aS 2 V U~~~~~ ..1 . V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
V ~~~~~~~ :~~~~~~~~~: : ~~~~~~~~ ~~~~~~~~~~~~ 2~~~ P~~~ 5 •  : : : : :

4S

a-



‘a. ___  -__ 
---- 

-~~~~~~

Sp.

¼ !

V -- - 4). 5 - 4 4  a-

I

- .- 
- 

H

~LIk h~I~ 
V

V 3 p _ I 5 - ’ . _ 3  50 5 - 1 -SI.. a - W I  5 .0 ‘0 0 .4 0 4
- 4*1.5 4 0 5 -  1U  5 5 1 -a - U  U 05. 0 0 U 50

- _ a a _ a 4 2 5 5 5 * a -  5a-0 0* h a - a 0 W  ha)- pip.. I a- 2 s- 3 S .  P~~~5 4 5 1  ha a. V~~~~J U. 4 4 0  50I 0 0 0 U 5 .  ha
. ( 0 5 .~~~ 5_ I 6 l* I P4 5 9  a b I J I P P I . _  40  I PU. P (0 — 5 - 5 - 2 1 5 2 4  a P 3 . * a a  p a a a p .  I I I  a s  a a p a  a s

~~~~~~~~~~~~~~~~~~~~~~~~~~~ : ‘ ~~~~
-
~ ~ 1 1 : : : : : : H : U U: t : u

~5

~

T .  V~~~~~ V 

V V



- a-— _5_-••~ 
a-S~~a-a-a-~~~~ - SV V - V 

V~~a-

- D!STR!W~ION LIST

No. of No.of
Copies Organization Copies Organization

12 C’ .nII.r 1 Coamander
I Defense Docia.ntation Center US Army Missile Research and
- 

- 
ATTh: DDC-TCA Develo~*ent CounandCameron Station Ar1Th DRDMI-R
Alexandria, VA 22314 Redstone Arsenal, AL 35809

I 1 Cc ander 1 Ccunander
- 

- 
US Army Materiel Dsv•lc~~ant US Army Tank Aut~~ot iv.

and Readiness ~~~~~~ DeveloF.snt Cc vtd
AiTh: DRCII(A-ST AT1N: DRDTA-RWL

I 5001 Eisenhower Avenue Warren, MI 48090 V

- Alexandria, VA 22333 V
- 1 Ccuiander

1 Commander US Army Mobility Equipment
US Army Materiel Development Research ~ Development Caunand

and Readiness C~~~ nd ATIN: DR9(E-RZT
ATIN: DRO4S-I, Dr. R.P . Ub.Ug Tech Docu Can, Bldg 315
5001 Eisenhower Avenue Fort Belvoir, VA 22060
Alexandria, VA 22333

1 Co ander
a- 1 Ci~~ ander US Army Ariu ent Materiel

US Army Materiel Development Readiness Command
I and Readiness Co and Rock Island, IL 61202
I ATIN: DRCt4S-T

Mr. J. Cianf lone 1 Co ander
- 5001 Eisenhower Avenue US Army Armament Research and

Alexandria, VA 22333 Development command
- AT!N DRDAR-TD

1 Commander Dover, N.J 07801
US Army Avia~-ion Research

V and Development Command 1 Commander
V ATTN: DRSAV-E US Army Armament Research and

12th and Spruce Streets Development C masand
St. Louis, MO 63166 ATIN: DRDAR-SCF, Mr. S. Goodman

V 
- Philadelphia , PA 19137

1 Director
US Army Air Mobility Research 2 Counander

and Development Laboratory US Army White Sands Missile
I Mes Research Center Range

Moffett Field, CA 94035 ATIN: STEWS- Dr. Fields
I 

Dr. Graves
2 C~~ ander White Sands Missile Range, NMV 

US Army Electronics C~~ .iid 88002
AT1~N: DRSEL-RD

V DRCPM.-TDS
Fort )4oiaouth, NIT 07703

47



_ _ _- V V

I
DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization

1 commander 1 Gulf Universities Research
US Army Harry Diamond Labs Consortium
ATIN: DRXDO-T! ATTW : Dr. J. Sharp
2800 Powder Mill Road 16821 Buccaneer Lane, - 

V

Adelphi, MD 20783 Suite 206
Clear Lake City

2 Co ander Houston,TX 77058
PATRIOT Project Office
AlIN: Mr. R. Epps, Jr. 1 ItT Research Institute V -

V I4DSCON Research Park Engineering Mechanics Division
)Bintsvill., AL 35807 ATTN: l’fr. ‘. Barbarek

10 West 35th Street
~ 

Director Chicago, IL 60616
US Army TRADOC Syst s Analysis

Activity 1 Operating Syst s Inc.
ATIN: ATAA-SA AflN: Dr. C. Montgomery

Ma, Goode, Mr. Peter. 21031 Ventura Boulevard
- 

- Mr. Salizar Woodland Hills, CA 91364
Mr. De Saint Germaine

• - White Sands Missile Range, NM 1 Performance Development Corp.
88002 ATFN: Mr. L. J. Cohen

32 Scotch Road
3 Director Trenton, NJ 08628

US Army Concepts Analysis Agency
ATTh: Mr. Bayse, Ma, Mord 1 Pritsker and Associates, Inc.

Ms. Teensy ATIW: Dr. A. Pritsker
8120 Woodmont Avenue 1710 South Street
Bethesda, MD 20014 Lafayette, IN 47904

1 Cemmander
Naval Weapons Center Aberdeen Proving Ground
ATIN: Mr. RD. Hawkins

Systoms Dr.’ Dept Marine Corps La Ofc
China Lake, CA 93555 Dir, USAMSAA

ArrN: Dr. Sperrazza
1 Office of Technology Dr. Streilen

Assessment V Dr. Atsinger
US Congress Mrs. Taylor
ATTN: Mr. Coates Mia Itten
Washington, DC 20510 Mr. 8am

Ma, Bannon
2 Daniel Analytical Services, Inc. Mr. Meki

ATI’N: Mr. Miller - Cdi, USATEC(14
Mr. Graham ATrN: Mr. Goldstine

16821 Buccaneer Lane, Suit• 202 Ma. Barnhart
Clear Like City
Houston, TX 77058 

48

_______ 
1



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V  -~~~~~~~

V DISTRIBUTION LIST I
- Abirds n Proving Ground (Cont.) —

Cdr/Dir, Chunical Systams Lab -

V ATTN: DRDM4~E, Ma; Goldberg
DRDAR-CLJ-E, Mr. C. Adams

-

~~~~~~~ I

49 

-

- V ~ V~~__


