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SECTION 1 - INTRODUCTION

1.1 BACKGROUND

Computer Seiences Corporation (CSC) and a number of agencies and other
companies are engaged in a multiyear effort entitled the Integrated Nuclear Com-

munications Assessment (INCA) Program. At a review briefing of this program, a

question related to the general INCA problem was posed which required a rapid answer,

The question was whether the approximately equal apportionment of transoceanic
trunking for U, S, command and control circuits among submarine cable, commercial
satellites, and military satellites is the best apportionment from the standpoint of
survivability. In short, what is the "best" transoceanic trunking medium "mix"” It

was deemed of sufficient urgency to merit a separate concentrated effort,

Integrated Nuclear Communications Assessment (INCA), Transatlantic Trunk

Utilization, Final Report (Top Secret), Computer Sciences Corporation (CSC), June
1978 is the result of this effort,
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SECTION 2 - DATA BASE STRUCTURE AND ANALYSIS PROGRAMS

2.1 INTRODUCTION

In this scction, the various software components which were used in the study
analysis are described, Basieally, there is a data base, or asscts file, and the
associated utility programs to expedite modification of the data. There are also
network analysis programs which examine the networks described by the given file
(which may represent a degraded situation) and provide connectivity and routing

information.
2.2 'I‘(\'I‘.-\L@);\'l‘:\ BASE

2.2.1 Data Base

A data base describing transatlantic communications was created to aid in the
performance of the task analyses, This data base is on the IBM 370 155 computer at
DCEC in Reston, Virginia, and is maintained by the TOTA I,®dnm base management
system, In accordance with DCA data base naming conventions, it is called RFBTA 1
(Reston Batch Transatlantic base number 1). The actual accurate data base exists only
on the classified system. An unclassified facsimile exists on the unclassified system

to aid in program development,

This data base was designed as a model of the communications network, The
network consists of four types of components: circuits, trunks, links, and sites, Four
master files have been created to contain the elements of these components. Two
ariable-entry files provide cross-reference among the elements of the master files,
This enables analysis programs to determine such things as the trunks that a circuit
traverses, the trunks which traverse a given link, or the links which emanate from a

given site, The relationship among the files are shown in Figure 2-1,

A description of each file is given below, The DCA conventions for naming

circuits, trunks, links, and sites are given in DCA circular 310-65-1,
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2.2,.2 Circuit Data File (RMCT)

Records in this file deseribe individual cireuits in the communications network,

Fach record contains the Command Communications Service Designator (CCSD), a

-

status flag, restoration priority, type of routing, circuit multiplexing indicator,

originating site and facility, and terminating site and facility.

These records contain a linkage to the circuit-trunk-site variable file (RVCT),
which indicates all trunks the circuit traverses, and the end sites of these trunks,
Users can obtain the more detailed data about all links and sites traversed by following

the RMTR linkages to the RVTL file, if needed.

b 2.2.3 Trunk Data File (RMTR)

- =t

Records in this file describe individual trunks, Fach record contains the DCA ‘

- : . : ’ |
{ trunk identifier, a status flag, restoration category, capacity, bandwidth, number of '
channels available, originating site and facility, and terminating site and facility.
These records also contain linkages to the circuit-trunk-site variable file (RVCT)

and the trunk-link-site variable file (RVTL). This facilitates retrieval of all circuits

using a given trunk, and all links and sites which a trunk traverses,

| 2.2.4 Link Data File (RMLK)

These rocords describe cach link in the communication network, Fach record

contains a DCA link identifier, status flag, transmission medium code, and site and

facility designation for the link end points,

These records are linked to the trunk-link-site variable file (RVTL). This

enables users to determine all trunks which use a given link,

2.2.5 Site Data File (RMSI)

These records desceribe each node in the network, Each record contains a DCA

site abbreviation, a status flag, state or country of location, and coordinates of the 3
site. 3
3
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These records are linked to the RVTL and to the RVTC, There are two linkages

to RVTL, so a trunk may be traced either forward or backward,

2.2.6 Circuit - Site - Trunk File (RVCT)

These records crtois-reference the circuit, site, and trunk files, Fach record
contains a circuit identifier (CCSD), a trunk identifier, the abbreviation of the site at
which the trunk originates, and the site at which the trunk terminates. Thus, there is
a separate record on RVCT for each trunk which a circuit traverses, Fach record is
linked to the corresponding records in the three master files by a chain of RVCT records,
Thus, cach RMCT record is linked to a chain of RVCT records which describe all trunks
and sites the circuit traverses, Fach RMTR record is linked to a chain of RVCT records
which describes which civcuits traverse that trunk, and each site is linked to a chain

which describes which civcuits and trunks emanate from that site,

2.2, 7 Trunk - Site - Link File (RVTL)

RVTL records cross-reference the trunk, site, and link files. Fach record
contains a trunk identifier, a link identifier, the location at which the link originates,
and the location at which the link terminates, Fach trunk is linked to a chain giving all
the sites and links which the trunk traverses, Each RMLK record is linked to a chain
listing all trunks which use that link, Fach site is linked to two chains, one giving all
links which originate at that site, and anothe r giving all links which terminate at that

site.

Implicit in the foregeing is the fact that there is a two-level hierarchical description
of all circuits, Fach circuit is described in terms of the trunks it traverses, Fach
trunk is described in terms of the link it traverses, However, circuits arve not dirvectly

described in terms of links traversed,




SECTION 3 - ANALYSIS PROGRAMS

3.1 EMP INTERPOLATION AND LOOKUP PROGRAM

This paragraph contains a description of the EMP interpolation and lookup

program.

Paragraph 3,1.1 provides a summary of the main FORTRAN program, includ-

ing requirements, constraints, and general design,

Paragraph 3,1.2 provides a déscription of the two FORTRAN subroutines

used by the main program,

3.1.1 Program Description

3.1.1,1 Requirements

Given a list of nuclear events and a list of targets, this program will calcu-

late various EMP field strength parameters for each target-event combination,
3.1.1.2 Constraints

1. Height of burst may only be 50, 100, 250, or 400 kilometers.

[ &)

Yield may only be 1.25 or 5.00 megatons.

3. Latitude of each event should be between 30 and 60 degrees. Values

outside this range may be used, but the results will be distorted .

-
.

Program dimension statements are set to handle a maximum of 25

events and a maximum of 200 targets.
3.1.1.3 Inputs

There are two data sets read by the main routine: the event data and the

target data.
3.1.1.3.1 Event Data Input

The event data set consists of one record containing the number of events,

followed by a record for each event.

RS D Yo




For the first record, the number appears in positions 1 through 3. Figure 3-1

shows the format for each event record.

1123 ¢ 5 s |2 [T s ] ufuafvs[ve]ss |16 frrfrafrafaofrfaaasf2eas |26 2| 28|28 30] 3 | j

LATITUDE LONGITUDE

-TIC 3
YIELD MAGNETIC ] ‘1

DEVIATION
DEG| MIN | SEC DEG | MIN | SEC

Figure 3-1. Event Data Input Format

Magnetic deviation is the angle between true north and magnetic north in degrees

at the event location. (Minus if magnetic north is east of true north. )

3.1.1.3.2 Target Data Input

The target data set consists of a record containing the number of targets,

followed by a record for each target.

For the first record, the number appears in positions 1 through 3. Figure 3-2

shows the format for each target record.

T2 3] es]s] 18] 0]nn]rz]rs]te]rs[rs]rr{r]rs]a0

LATITUDE LONGITUDE

iD [
NO. [l oec | min| sec |VsJ Dec | Min| sec iy

Figure 3-2. Target Data Input Format
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D No. is a three-digit identification number for each target,

Latitude is entered in degrees, minutes, and seconds, followed by a letter N
or S denoting north or south,

Longttude is entered in degrees, minutes, and seconds, followed by a letter F or
W denoting east or west,

In the batch version of this program, event and target data are entered on cards
and read from FORTRAN unit 6.

In the time share operation (TSO) version, event and target data are first enteved

into separate data files and then allocated to FORTRAN units 11 and 10, respectively.

3.1.1.4 Output

Output from the program consists of a veport written to FORTRAN unit 6, In

the bateh version of the program, this goes to the line printer, In the TSO version,

this goes to the terminal used, Figure 3-3 shows a sample output report,

TG €V YIELDU HET= <“VENT  EVERNTYT TARGET TARGEY TARGET TARGEY TARGET TOTAL
GHT L AT, “CNGe LAT, L ONGe CISTe ANG(T) ANG(M) FeSe

L e e e s mL L s B mat e m e ® wms e @ - e oae, .- -~ e

I 3 1425 Coe 45400 2000 50639  ~Tel6 9 AsTi  AB2E 52,25 16e28
2 3 1.25 40ue 45,00 2eC0 S2437 Ce22 B3Ce79 8439 15439 16453
I 1 1529 SU0e  $8.00 BIDD &8, BS — TTTE TEISBE €71 31,70 17.47
3 2 LeRS 400 4100 TR WUO 44,063 TCaT78 4210198 B8lead2 9032 2012
4 1 1e2% 400e 84,00 61400 38e81 7687 881,63 251,85 274485 958
T4 2 1425 800s 81400  7Ce00 38481 76487 634,56 249,66 264066 P2elc
S 1 129 €00 1400 BT CT 3B 98 TE. B0 TECE, N2 281,92 2T 92 .82
S 2 (.25 4C0e At TCeOD 38498 7648, 5970606 2509 7 @t Sel7 22488

Figure 3-3. Sample Output

EV is the event sequence number,
TG is the target identification number.

Target angle (T) is the bearing angle from event o target clockwise with
respect to true north,

il e i o i
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Target angle (M) is the bearing angle from event to target clockwise with
respect to magnetic north.

Total F.S. is the total EMP field strength in kilovolts per meter,
3,1.1,5 Information Processing
The program can be divided into four major sections:

1. Reading the event data

2, Reading the target data

3. Computing the EMP effects
4, Printing the results,

3.1.1,5.1 Reading the Event Data

Coordinates given in degrees, minutes, seconds, and E/W or N/S are
converted to positive or negative degrees and fractional degrees. These are

converted to radians as required by FORTRAN trigonometric functions.

An angular range to the horizon from each event is computed to determine the

maximum range of effect, (See Figure 3 -4, )
Finally, the deviation angle from true north to magnetic north is calculated.
3.1.1,5,2 Reading the Target Data

Coordinates given in positive or negative degrees and fraction of degrees are

converted to radians and stored.
3.1.1,5.3 Computing the EMP Effects

Major computations in this appendix pertain to determining the range and
bearing from each event to target, If the target is over the horizon from an event,
no effect is assumed. (See Figure 3 -5 for an explanation of range and bearing calcu-

lations,

The great circle distance P P, is given by considering the spherical triangle

made by P, P, and the pole N,

34
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HOB Hcight of Burst
REA Radius of the Earth
ANGH Angle to Horizon

Figure 3 ~4.
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pos

L.et the radius of the earth - 1.

Then the length PN along the moridian is

90 -
PN = I (_O_F_) G

2 90

and

P N
0

o[y

90 -f
(.___Q) i
90 :

and the angle
PNP =m -m
0 0

Then the length PoP along the great civele is given by ¢, where

cos ¢ cos bcos atsinb sina cos (m, - m)

and the angle subtended at the earth's center by P, and P is ¢ radians,

(3-1)

The great circele through P and P o cuts the carth into two hemispheres, E P

is perpendicular to Pl’o and is in the plane formed by the great circle, The azimu-

thal bearing of the line of sight EP to the geographic north is the angle the great

circle makes to the geographic north at P . 1If this bearing angle is B

sin B sin C

: (3-2)
sin b sin ¢
where
C = m -m
(3]
and ¢ was given previously .
. . [ 90 -f
sin (m) = m) S == ( oy
. - . .
sin B = - e (3=3)
sin ¢
3=7
{
r—————— o BNy




Thus, the procedure is to find ¢ using Equation 3-1; and then use the value of ¢ to find B,

the azimuthal bearing angle from Equation 3 =3, The range is simple angle C in

radians times the radius of the carth,
Next, the bearing angle from true north is calculated by determining the

quadrant of the bearving angle, (See Figure 3-6,)

Quadrant Correction
1 ANGR - ANGR
11 ANGR = 27 - ANGR
1l ANGR ~ m+ ANGR
AN ANGR - m- ANGR
(I (h
TLONSELON TLON <€ ELON
TLAT 2 ELAT TLAT > ELAT
ann (V)
TLON >ELON TLON S FLON
TLAT<C ELAT TLAT S ELAT

ELAT  Event latitude

ELON Event longitude

TLAT Target Latitude

TLON  Target Longitude

S —

Figure 3-6, Defining Bearing Angle Quadrant
The bearing angle THETA is corvected for measurements velative to 10 1 and
45 N. Subroutine INTERP is called to retrieve and interpolate the EMP values,
3.1,1,.5,4 Printing the Results
Figure 3-3 shows a sample printout, A page restore and headings arve printed
every 35 lines,
The only EMP value printed is total field strength, The other values are avail=

able in array V if they should be required in the futurve,

o
J=8




3,1.1,.6 Data Organization

Variable Name

Usage

A

AD

AM

ANG

ANGL1
ANGH (25)
ANGM (25)
AS

B

D

DIS

ELAT (25)
ELATR (25)
ELON (25)
ELONR (25)
HOB (25)
1D (200)

IE

IEVU

1S
ITARU

Angular distance from event to North Pole

Portion of event latitude in degrees

Portion of event latitude in minutes

Bearing angle in degrees

Bearing angle in degrees to magnetic north

Angle to horizon from cach event

Magnetic correction angle from event to magnetic north
Portion of event latitude in seconds

Angular distance from target to North Pole

Angle at center of earth to event and target locations
Surface distance in kilometers between event and target
Event latitudes in degrees

Event latitudes in radians

Event longitudes in degrees

Event longitudes in radians

Event heights of burst in kilometers

Target identification codes

Constant of 1HE

Event data set unit number

( 5 for batch version, 10 for TSO version)

Constant of 1HS

Targets data set unit number

( 5 for batch version, 11 for TSO version)

Loop index used for events

Loop index used for targets

Loop index

Event latitude code '""N" or "S"

Event longitude code "E'" or "W"

3-9




Variable Name Usage
NEV Number of events
NTAR Number of targets
OD Portion of event longitude in degrees
OM Portion of event longitude in minutes
0s Portion of event longitude in seconds
PONP Angle at North Pole between event and target
PI m3.14159265
P12 /-
RAD Factor to convert degrees to radians
REA Radius of the earth in kilometers
THETA Bearing angle used in data retrieval call
TLAT (200) Target latitude in degrees
TLATR (200) Target latitude in radians
TLON (200) Target longitude in degrees
TLONR (200) Target longitude in radians
V (10) Retrieved EMP data values
w Factor to convert radians to degrees
YIELD (25) Event yield in megatons

3.1.1,7 Routines Used
Subroutine INTERP - See Section 3.1,2.1,
The following FORTRAN library functions are used:

SIN - Sine

COS - Cosine

ARSIN - Inverse sine
ARCOS - Inverse cosine

MOD - Modulus remainder function

3-10




3.1.1.8 Order of Program Deck Including JCL Cards (f or DCEC Computer Facility,

Reston, Virginia)

EMP2 Job (1763, R720, 60, 120), 'RXN50, U, SAUNDERS'
STEP 1 EXEC FORTGCLG, PARM/ FORT = 'SOURCE'
//FORT, SYSIN DD*
- PROGRAM CARDS -
/‘
//GO. FTO9F001 DD DSNAME ~ M1763, EMPDAT, DISP SHR
//GO, SYSIN DD *
= EVENT DATA CARDS -
= TARGET DATA CARDS -
/‘
//

3.1.1.9 Detailed Flow Chart

See Figure 3-7.

3.1.2 Subroutine Description

3.1.2.1 Subroutine INTERP

w
.

—
|8

2.1.1 Purpose

To permit retrieval of EMP values for a latitude other than 30, 45, or 60

degrees, by a linear interpolation between known values for 30, 45, and 60 degrees.
3.1.2.1.2 Calling Sequence

DIMENSION V' (10)

CALL INTERP (SSL., SY, SH, SR

y ST, \)
3.1,2,1.3 Detailed Description

Subroutine INTERP is capable of retrieving EMP values for ETOTAL, EVERT,

ENORTH, EEAST, POYNTING, POLAR, ANGARR, RISETIME, PEAKWIDTH, and

3-11
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Figure 3-7. Main Program == Detailed Flow Chart
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TAIL.

base.

Search parameters YIELD and HOB must be exact values present in the data

Search parameters BLAT, R, and THETA need not be exact values present

in the data base. Retrieved EMP values will be linearly interpolated from the

surrounding values of BLAT, R, and THETA that are in the data base file. See

Paragraph 3.1, 2.1.3.3 for interpolation details.

3.1.2.1.3.1 Inputs

3.1

%

Calling Parametcrs

SSL Search latitude value, Should be between 30 and 60 degrees, 1f

<30, then 30 will be assumed, 1f >60, then 60 will be assumed,

SY Scarch vield value, Must be 1,25 or 5,00 megatons,

SH Scarch height of burst value, Must be 50, 100, 250, or 400 kilometers,
SR Search distance in kilometers from event to target

ST Search THETA angle in degrees, Bearing from event to target

clockwise from true north,

.1.3.2 Outputs

Returned Parameter

h's A 10-word real array which will contain the EMP values for
ETOTAL, EVERT, ENORTH, EEAST, POYNTING, POLAR,
ANGARR, RISETIME, PEAKWIDTH, and TAIL, in that order,
These values will be linearly interpolated for BLAT, R, and THETA
from actual values in the data base,

Printed Messages:

Certain warning messages may be printed by subroutine INTERP,

“Latitude below 30 degrees, Values computed for 30 degrees, "

"Latitude above 60 degrees, Values computed for 60 degrees, "

Note: R and THETA have already been calculated using actual latitude and
longitude coordinates, These changes affect only the retrieved data

base values,




3.1.2.1.3.3 Processing
Retrieval.

Retrieval is done by calling subroutine SEARCH. See Paragraph 3.1.2.2.

1 Interpolation.

If the calling parameter SSL (SEARCH LATITUDE) takes a value of

30, 45, or 60 (or <30 or >60),only one call to subroutine SEARCH is made
and no interpolation is necessary, If SSL is >30 and <45 or >45 and < 60,
two calls to subroutine SEARCH are made, The ten EMP data values are

linearly interpolated from the two sets of values returned by subroutine

: ‘ SEARCH,
3.1,2,1.4 Data Organization
s
Variable Name Usage

I Do loop index .

K Do loop index,
Y SH, SR, SSL, ST, SY Input parameters,
i SL (2) The actual two latitudes used to call subroutine SEARCH,
‘ ; V (10) Output parameter, Also used for the first set of EMP
1 values from SEARCH,

VY (10) Second set of EMP values from SEARCH,

XLINT Interpolation ratio,

{‘ 3.1.2.1.5 Limitations

Search values for yield and height of burst may only take on certain values as

described in Paragraph 3.1.2.1.3.1.
3.1.2.1.6 Routines Used

SEARCH subroutine to retrieve data base values.
3.1.2.1.7 Detailed Flow Chart

See Figure 3-8.

3-15




Figure 3-8, Subroutine INTERP -~ Detailed Flow Chart
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Figure 3 =8, Subroutine INTERP == Detailed Flow Chart (cont'd)
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3.1.2.2.1

Subroutine Search

Purpose

To retrieve EMP values from the data base file when certain search

parameter v

alues are known,

3.1,2,2,2 Calling Sequence

Dimension VAL (10)

.

Call SEARCH (SL, SY, SH, SR, ST, VAL)

3.1.2,2,3 1

Subroutine SEARCH is capable of retrieving EMP values for ETOTAL, EVERT,

ENORTH, EEAST, POYNTING, POLAR, ANGARR, RISETIME, PEAKWIDTH, and

TAIL,

in the data b

and THETA need not be exact values present in the data base,

values will be linearly interpolated from the four surrounding values of R and THETA

Yetailed Description

ase, See paragraph 3,1

that are in the data base file,

3.1.2.2,3.1

Inputs

Calling Parameters

SL

SY

SEARCH latitude value,

SEARCH yield value,

SEARCH height of burst value,

Kilometers,

RIS B
e—emet),

Must be 30, 45

1 for details,

SEARCH parameters BLAT, YIELD, and HOB must be exact values present

, or 60 degrees,

Must be 1,25 or 5,00 megatons,

Must be 50, 100, 250, or 500

SEARCH distance in Kilometers from event to target,

SEARCH THETA angle in degrees,

clockwise from true north,

3=18

SEARCH parameters R

Retrieved EMP

Bearing from cvent to target



Data Base File:

The data base file is read from FORTRAN unit 9.

consists of the following fields:

NAME
IRUN

BLAT
YIELD

HOB

R

THETA

ETOTAL

EVERT

ENORTH

EEAST

POYNTING

POLAR

(14)

(F5.
(F5.:

FORMAT

1)

5. 1)

'6.1)

5. 1)

(I5.

(6.

1)

1)

DESCRIPION

Each 80-character record

Sequence humber from 1 to 129

Burst latitude (degrees)
Burst yield (MT)

Height of burst (km} i

Ground range (km) of line of sight at surface, measured

from burst epicenter on surface

Azimuthal bearing (degrees) of lire of sight, clockwise

from geographic north
Peak total electric field (as a fraction of 60 kV/m)

Peak vertical electric field (as a fraction of 60 kV/m)

positive upward

Peak north electric ficld (as a fraction of 60 kV/m)

positive northward

Peak east electric field (as a fraction of 60 kV ‘m)

positive eastward

Time-integrated poynting vector of the free-field
clectrie field (i.e., no ground reflection considered)

(joules per square m>ter)

Polirization angle (degrees) of the electric field,
defined as the angle the electric field is rotated
counterclockwise from the horizontal, (This is not
the angle between the eleetric field vector and its
normal projection of the ground,)
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i NAME _

F ANGARR
!

RISETIME

PEARKWIDTH

IAIL

VAL

FORMAT

(F1.1)

(F4. 1)

(F5.1)

(F6. 1)

3.1.2.2.3.2 Outputs

Returned Parameter:

Printed Messages:

"R is out of Range"

DESCRIPTION

Angle of arrival (degrees) of the line of sight m>asu red
at its intersection with the ground (i.e., angle between

the line of sight and the horizontal)

10 to 907 rise time of the amplitude of the total clectric

field (ns)

907 ta 907 shoulder width of the amplitude of the total

electrice field (ns)

907 to 109 delay time of the amplitude of the total

electric lield (ns)

A 10-word real array which will contain the EMP values for
ETOTAL, EVERT, ENORTH, EFAST, POYNTING, POLAR,
ANGARR, RISETIME, PEAKWIDTH, and TAIL in that order.
These values will be linearly interpolated for R and THETA

from actual values in the data base.

Certain errvor messages may be printed by subroutine SEARCH.
"SEARCH DATA OUT OIF RANGE"

See Paragraph 3.1.2.2.3.1 for the requirements placed on search data values.

Value given for R is greater than the largest R for which a reading is

present in the data base.
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3
{ B.1.2.2.3.3 Processing
§ 3
i
Retrieval

The data base file is a random access file. Each record may be read direetly
without having to sequentially read all previous records.  The record numHher where

appropriate data can be found can be calculated by knowing the lavout of the file. |

The file consists of 3096 records which can be thought of as 24 groups of 1249

| records. Table 3-1 shows the values for YIELD, BLAT, and HOB for cach group.

; The 129 records in each group consist of a single record of measurement data for -
: , THETA 0 and R 0, followed by eight measurements taken at each of 16 THETA !
.
91 angles (0°, 22.5°, 45°, 67.5°, 90°, 112.5°, 135°, 157.5°, 180°, 202.5°, 226°, 247.5°, J
270°, 292, 5°, 315°, and 337.5°). }
| : A record number (variable name J9) is calculated based on the search data ; 1
' values.  PFirst, YIELD value determines which half of the file the desived record will
| he in. So, if YIELD 1.25, 49 is set to 1. If YIELD 5.0, J9 is set of 1549 (the '.
| first record in the second halh.
|
Next, the HOB value determines the quarter of the selected half of the file
1" HOB = THEN J9 - J9 4
| H0 Al
100 38
l 250 e
100 1161

Next, the BLAT value determines the thivd of the selected cighth of the file

Al o

1F BLAT THEN J9 09 ¢
| 30 0
45 129
(i 208
[ At this point, the group of 129 records which contain the appropriate data has been
determined.
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|

Table 3-1,

Values for YIELD, HOB, and BLAT

for Each Group

]
Group YIELD | HOB BLAT
s a8 B8 s6 |
2 1.25 50 45
3 1.25 50 60
4 1.25 100 30
5 1.25 100 15
6 1.25 100 60
5 1.25 | 250 30
8 1.25 260 45
9 1.256 2560 60
10 1.25 400 30
11 1.25 | 400 45
12 1.25 100 60
13 5.00 50 30
14 5.00 50 45
15 5. 00 50 60
16 5.00 | 100 30
17 5. 00 100 45
18 5. 00 | 100 60
19 5.00 | 250 30
20 5.00 250 45
21 5.00 | 250 : 60
22 5.00 ; 100 : 30
23 5. 00 1 100 15 ‘
R 5.00 ‘ 100 GO 4
| J
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H‘ The specified THETA angle value divides this group into 16 subgroups

of 8 or 9 records each. Since the R values stored in the data base follow no fixed

sequence, these 8 or 9 records must be sequentially scanned to find two records~-one
with an R value less than or equal to the search R value, and another with an R value

greater than the search R value.

As a special case, a search R value between zero and the first measured R value

for the given THETA value must use the R = 0, THETA = record as the lower record i

e

regardless of the given THETA value.

The sequential search is done twice: once for a THETA value lower than or equal
to the search THETA value, and again for the next higher THETA value. Note that ;
THETA = 0° is considered to be the next higher value from THETA - 337.5°. ‘

Four records have thus been read, and the final results can be interpolated

from them.

Dok ':«4‘.&.1- v

Interpolation: ’

Figure 3-9 shows the interpolation procedure. Point S is defined by
the search R and THETA values. Points 1, 2, 3, and 4 are the points about point S
that actually contain values in the data base. ]

EVENT 1

Figure 3-9. Interpolation Procedure
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p =

Values for points 1 and 3 arve linearly interpolated on THETA to produce values
for point 5. Values at points 2 and 4 are also linearly interpolated on THETA to produce
values for point 6.  Finally, the values for points 5 and 6 are linearly interpolated on R

to produce the values for point S,

o

J.1.2.2.4 Data Organization

Variable

Name Usage
BLAT() Array of latitude values read from data base records
HOB(H) Array of height of burst values read from data base

records

1 Do loop index
TRUN(S) Array of run number values read from data base records
1T(5) Array of THETA angle value indices in range 0 to 15

which define THETA angle values around the search
THETA value.
J 0 if current group has 8 records

)
1 if current group has 9 records (THETA 0y

J9 Number of current data base record being read
N Do loop index
1.0 Number of first data base record in 129 record
group
M Upper limitof search LOOP, Namher or records in this

group (N or )

N Do foop index
R(5 Array of R values read from fata base records
RINT Interpolation ratio for R values

3=




THETA(S)
TINT
V(10,5)
VAL0)
YIELD (5)

3.1.2.2.5 Limi

This subroutine will run only in a FORTRAN which supports a random or direct
file access procedure. It could be modified to use sequential access, however, run
time and CPU time would be greatly increased.

3.1.2.2,6 Routines Used

IFIX

3.1.2.2.7 Detailed Flow Chart

See Figure 3-10

Input parameters. See Paragraph 3.1.2,2.3.1.

Temporary variables corresponding to values at

points 5 and 6 in Figure 3-9

Array of THETA values read from data base records
Interpolation ratio for THETA values

Array of EMP measurement values read from data base
Output array. Sce Paragraph 3.1.2.2.3.2.

Array of yield values read from data base.

tations

FORTRAN function to convert real to integer.




Fig'ur(‘ 3 ‘10-

Subroutine SEARCH -- Detailed Flow Chart
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CALL SEARCH

Mo

CALL SEARCH

:‘

INTERPOLATION
HATI
SStSLI) 9%

B

INTERPOLATE
THE RESULTS

Figure 3-10. Subroutine SEARCH -- Detailed Flow Chart (Cont'd)
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3.1.2.2.8 Program Listing

o

M

OO0

(slol g

100

20
101

30
102

EMP BLAST EFFECTS PROGRAM

EVENT DATA

DIMENSION ELAT(2S) ¢ELON(ZS) b L ATRI(2H) oELONR(2S) o YTIELD(2H) «HOB (25)
DIMENSION ANGH (25) s ANGM(25)

TARGET DATA

DIMENSION TLAT(200) «TLON(2O00) « TLATR(-0UQ) « TLONKI(Z200) «1D(200)
DIMENSION V(10)

DATA 1S/1HS/e 1E/Z1HE/

DATA TEVU/S/e [TARU/ZS/

LINCNT = 0

P1=3.14159¢265

P12=P1/2.

RAD=,017453

W=57.095779

RADTUS OF EARTH IN KILOMETERS

REA=6375,.6675

READ THE tEVENT DATA

READ(TEVU«100) NEV

FORMAT (13)

DO 20 U = 1eNEV
READ(TEVUCIN1)AD e AMeASoLA«ODeUMeO“aL Qe YIELD () «HOB(J) « ANGM ()
CONVERT DEGREESs MINUTESe SECUN.S TO FRACTIONAL DEGREES
FLAT(J) = AD+ (AM/60,)+(AS/3600.)

FLON(Y) = 0D+ (UM/60,)+(0S/3600)
IF (LACEQLIS) ELAT (Y)Y = =ELAT(J)
IF (LOGEQGJIE) ELON(Y) = =ELON(J)
CONVERT TO RAUIANS
ELATR(J) = ELAT(J)®*PRAD
FLONR (J) = ELUNC(J)®*RAD
COMPUTE ANGLE TO THE HORIZON FOK THIS BEVENT
FSTABLISHES THE EFFECTIVE RANGH Or THIS EVENT
ANGH € )) = ARCOS(REA/Z(REA+ROB(J)))
CONTINUE
FORMAT (3F 2P0 0A]l 6t e alFP e aAl aFSeletcaeFSel)

READ THE TARGET UATA

READ(TTARUS100N) NTAR

DO 30 K = 1«NTAR
READ(ITARULI0Z) TOD(K) «ADeAMeASeLA«ONeOM40OSHLD
TLAT(K) = AD+ (AM/60,)+(AS/3600.)
TLON(K) = 0L+ (OM/60,) ¢ (0S/736004.)
IF (LAFQeIS) TLAT(K) ~TLAT(K)
IF (LOEQ.IE) TLON(K) =TLON(K)
CONVERT TO RAUDIANS
TLATR(K) = TLAT(K)®RAD
TLONR(K) = TLONI(K)®RAD

CONTINUE

FORMAT (T3¢l Xe3FPe0eAlaFa,0elFPa0enl)
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€
€ COMPUTE EMP EFFECTS FOR EACH TARGET
C
DO 90 K = 14NTAR
C COMPUTE EFFECT OF EACH EVENT UN TrIS TAKOET
DO 80 J = leNtV
£ TARGET ANGLE
A B = PI2=TLATK(K)
A = PI2=-ELATR(J)
PONP = ABS(TLONR(K)=ELGNR(J))
D = ARCOS(COS(B)®#COS(A)+SIN(B)*SIN(A)=*COS(PONP)) 3
e 1F OVER HORIZONs THEN NO EFFECT ; 3
IF (DsGF JANGHI(J)) GO TO 80 b
DIS = REA%®U
ANGR = ARSIN(SIN(PONP)®SIN(B)/SIN(D))
G
€ DEFINE QUADRANT OF TARGET
C
} IF (TLONR(K) «GTLELONR(J)) GO TG 40
IF (TLATRI(K) «GTLFLATR(J)) GO Tu 60
[
» C FOURTH QUAORANT
ANGR = P]=-ANGR g
GO TO A0
€
40 IF (TLATR(K) .GELELATR(J)) GO Tu S0
C
c THIRD QUADRANT
ANGR = PI+ANGR
GO TO KO
€
| € SECOND QUADRANT
S0 ANGF = PI2-ANGR
C
€ FIRST QUADRANT
60 CONTINUE
€
C CONVERT ANGLE TO OEGRFEES
: ANG = ANGR W
1 C
& RETRIEVE AND INTEPPOLAlf THE B~ VALUES
C e
THETA = ANG+ANGM(J)~2.
CALL INTERP(ELAT(J) oYIELO(Y) oHUB(J) «UISeTHETAWY)
C
3
C ADJUST TOTALe VERTe NORTHe AN<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>