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ABSTRACT

The MAGIC computer slmulatlon generates target descriptlon data
consist ing of i tern-by- i tem l lst ings of the targetrs components and air-
spaces encountered by a large number of parallel rays emanatlng from any
desired attack angle. A combinator ial  geometry technique, whlch def lnes
the locations and shapes of the various physical regions Ln terms of the
intersect ions and unions of the volumes contalned in a set of  s imple
bodies, is used to represent compl-ex target structures. A gr id cel l

Pattern is superimposed over the surface of the target and paral lel  rays
are randomly located in each gr id cel l .

This User Manual contains:

(1 )  A  de ta i led  descr ip t ion  o f  the  lnput  var iab les
required to execute the program

(2)  A  descr ip t ion  o f  rhe  ou tpu t

(3 )  A  sample  prob lem.
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ST'}S{ARY

The MAGIC couputer sinul-ation generatas targt descriptioo data with the

detail and completeness requj-red for rnrLnerability studies. A coffiinatorial

geonetry technique is used in the simulatlon to represetrt a complex target

itto"tor.. A large ngder of paralIel rays, randomly located in grid ce11s'

are traced through the target structure to prodr.ne iten-by-item l-istings of

the componencs and air spaces.

CoITBINATORIAL GEoMETRY TECIINTQUE

The basic tectrnique for a geometry description consists of definiag the

locations and shapes of the target physical regioos (wa11, equipment, etc.)

utilizing the intersections and unions of the vsfrrmss of twelve sinple body

shapes. A special operator notation uses the symbols (+), (-), and (on) to

deslrlbe the intersections and unions. These symbols are used by the progr:rm

to construct tables r.lsed in the ray-tracing portion of the Program.

GEOMETRICAL DESCRIPTION

The user specifles the type and Location of each body used to describe

the target; and identifies physical regions in terms of these bodies. Each

region ls assigned an identlfication code for use with vulnerabil-ity analyses.

A three-dimensional coordinate system is established in relation to the

target, which is enclosed by a rectangular parallelepiped. A grid plane is

establ-ished according to the attack angle desired, and para11eJ. rays' starL-

ing randomly from each grid cell, ard traced through the target.

INPUT

In the normal operating mode, target description data is input by cards.

A portion of the routine converts the data to the form required for ray-

tracing. The i.nput data is ctrecked; if errors are detected, messages are

prioted out. Error-free target description data may then be stored orl mag-

netlc tape and input in this form on subsequent production mode operations.

OUTPIIT

The basi.c output is the results of the ray-tracing comPutations. A l-ist-

ing is obtained, for each grid ce11-, of the l-ine-of-sight thiekness for each

geometrlcal region traversed, the obliqulty of the ray with resPect to the

not'nal of the first surface of each region encountered, and the normal

distance through eaeh region.

vaL
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OPTT${AL R(X'TINE

Three optional routines are available to the user: special ray tracing
used for target data drecklng; reglm voltrne caleulatlone; and cmputl.ng
target presented area.

PROGRATUING

The siuulatlon, whieh is progranmed uslng FORTRAII, requlres a large-
seale dtgttal comPuter. Ttre sinulation Le cuirently operairqrat on both the
@C-6600 and BRL-BRLESC eomputers.

vil-l
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SECTION I

INTRODUCTION

The lfAGfC computer simuJ.ation generates target descriptlon data with
the detail and completeness requlred for vulnerability studies. The target
descrlptlon data consl,sts of lten-by-Lten listlngs of the components and
air spaces encountered by a large nunber of parallel rays emanatlng from
any attack angJ-e and passing through any type of target.

A comblnatorial- geometry technlque ls used to represent a complex
three-dimensional target structure, such as a tank, in te:ms of sums,
dl f ferences, and intersect ions of relat ively simple bodies. The input
for such a descrlption consists of the geometric location and dinensions
of the simple bodies followed by a region definition tabLe consisting of
a ser ies of equat ions def inlng each reglon in tet ls of the simpLe bodies.
In addition to the geometric description, a coded nr:mber is assigned to
each region to identify its function.

The computer routine superimposes a grtd cel-1 pattern over the surface
of the target, as viewed from the attack angle deslred, randomLy locating
parallel rays in each grld ceLL. The computer traces each ray through the
target; and each target item encountered ls listed sequentially and identified
as to ray locat ion ln the gr id,  target ldent i f icat ion, l ine-of-sight thlck-
ness'  normal thickness, angle of obl lqul ty,  ident i f icat ion of the air  space
fo11-owing the target, and llne-of-slght dlstance through the air space.

COMBINATORIAL GEOMETRY TECHNIQUE

The combinatorial geometry technlque has been developed to produce a
model that ls both accurate and sultable for a ray-tracing analysls
Program. The basic technique for a geometry description requires defining
the locations and shapes of the various physical regions (wal-J-, equipment,
etc.), util i-zing the intersections and unions of the volumes of twelve
sirnpl-e bodies. Ttre geometric bodies are as fol_lonrs:

(1) Reetangular paralleleplpied

(2) Box

(3) sphere

(4) Rlght clrcul-ar cylinder

(5) Right el l ipt lcal  cyt inder

O
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(6) Truncated rlght angle cone

(7) El l ipsold

(8) Rlght angle wedge

(9) Arbltrary convex polyhedron of four, flve, or six sides

(10) Truncated eJ-llptlc cone

(11) Arbitrary surface

(12) Torus

A specl"al operator notation uses the symbols (+), (-), and (OR) to
describe the intersections and unions. These synboLs are used by the pro-
gram to construct tables used in the ray-tracing portion of the problen.
If a body appears ln a reglon descrlptLon lrlth a (*) operator, the region
being described is wholly contalned ln the body. If a body appears in a
region descrlption with a (-) operator, the reglon beLng descrlbed Ls
wholly outside the body. A reglon nay be described in ter:ms of several
subregions lunped together by (OR) statenents.

The technique of descrLbing a physical region is best il-lustrated by
examples. Inagine a nallet consisting of two cylinders. CalI the mallet
head solid nunber I and the handle soLid nurnber 2.

The two cylinders nay be physically positioned and l-ogically described
in several ways. One way is to consider the handl-e and head as separate
regions, as shown in Figure 1. The region descriptlon is region I = I and
region 2 = 2-L.

LTd, 2

Soltd 1

FIG. 1. Mal-let wlth Handle and Head as Separate Reglons
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Another way ls to thtnk of the handLe extending lnto the head, as

shown in Figure 2. A loglcal method of describlng thie rnalLet is regLon I -

1-2 and region 2 = 2, indlcatlng that the mal-let head contains a cylLndrlcal
hole into which the handle ls fttted.

Solld 1
SoLid 2

FIG. 2. MalLet wl-th Handle Extendlng Into the llead

Now consider a description of a mallet physically similar to that in

Figure 2 but whose handle consists of two types of material, one outside

the naLlet head and the other inside the head, as shom in Figure 3.

A logical- way to describe this is region L = L-2, region 2 = 2-L, and

region 3 = L*2.

Solid 2
Sol ld  1 

-

FIG. 3. MalLet with llandle Consisting of Two Types of Materials
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A fourth way le to lump the nallet head and handle lnto one region,
considerlng them to be lLke naterlals, as shown ln Flgure 4. The descrlp-
tion then ls reglon 1 = (oR) I (oR) 2. This means that a polnt Ln reglon I
may be Ln either soltd 1 or solld 2.

Solid 1 --->

FIc. 4. Mallet with Head and llandLe of Like Materials

A rule of construction inposes the additional restriction that region
descriptions include negation (-) of buttressing surfaces not othenuise
necessary to the Loglcal description of the reglon. That is, if points on
the surface of body 2 are conmon to parts of the surface of body 3, as
shown in Figure 5, the description of region 200 is 2gg = (+2) (-3).
Region 300 is defined as 300 = (+3) (-2).

,-SoLId 
2

Reglon
300

Region

FIG.  5 . Buttressing Surfaces
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GBOMETRICAL DESCRIPTION

The user of the program must speclfy the geometrical degcrlption by
establlshing two tables. The firet tabll desciibes the type and locatlon
of the set of bodles to be used. The second table tdentllles the physical
region ln terms of these bodies. The computer program converts these tabl-es
into the fotm requlred for ray traclng. tlote wltti aLl the space nust be
divlded into regfons, and no point r"y u. r.n more than one reglon.

Coordinate System

The geometrlc flgures used to deflne the target are located relative toone another by the use of a three-dl.mensional cooidinate system superimposed
on available engineerl'ng drawings. A readlly identlfiabl-e reference point
shouLd be desl'gnated from whlch the three-dlmensional coordinate system caneaslly be constructed. on armored vehicles such as tanks, the intersection
of the turret datum lLne and the center lLnes of the turret forms a natural
reference polnt for the coordlnate system orlgin as illustrated by the slm-pllfied tank tn Figure E.

once the coordlnate system ls establlshed, the target ls lnclosed in anenvironnent consisting of rectangular parallelepipeds (ilppts). The Rpprs aresolid geometrtc figuree used for gross subdlvistons of the target environment.,
whlch consLsts of the aLr surro,tnJtng and the ground under the rarget.

lbelve RPPrs are used for the nucLear analysis of targets, as shotm inFlgure 7, but only one Rpp is requlred f;r;;;;"ntlonar. rarget anal_yses.
Twelve RPPrs should be considered for all target descriptiois so as to
standardize the target descrlptlons for ,rse noith either conventional- or
nuclear analyses.

Identtficatlon Codes

- Each regton is assLgned an identlflcatlon code for use with conventlonal
vulnerabillty and MAGrc programs. A three-dlgit code is assigned to each
component of the target, such as armor, gutr tube; and a wo-dlgit code is
assigned to each space' such as inside air, outslde air. a geieral division
of identiflcation codes night be as shorrn in Table l. A coufonent described
using more than one regLon wil-1 have its rD assigned to each region.

Grld

All the rays that are traced through the target geomet]-y originate in
the grid plane, whlch 1s a plane divided into equal sluares taLLed grid cells
and oriented so that a ray passed perpendiculariy fron the center of the plane
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TABLE 1. Identlflcatlon Codes

Conponent Codes

ID Codes

001-099

100-199

200-299

300-399

400-499

s00-599

500-699

700-799

800-899

900-998

999

*ID Code 50L is reser:ved for the
' track edge is hi t .

Type of Component

InternaL components

Types of armor

Fuel components

Mlscellaneous exterLor components

Gun components

Track suspenslon components*

l,lheel suspension components

Power traln components

Miscellaneous components

Not used at present

The ground

track; the conputer assigns 502 if the

Space Codes

Space Number Type ot Space

Not used at present

External alr

Crew cornpartment aif

Not used at present

Not used at present

Englne compartment air

Not used at present

Not used at present

Not used at present

No further target

NOTE: The operatlon of the I"IAGIC program wlLl not allow assigning dLfferent
sPace codes to boundlng reglons. In other words, a ray passing through the
geometry cannot pass dlrectJ-y fron outslde alr (01) to insLde air (02). There
must be a three-diglt coded itern between dl,fferent space regions.

00

01

o2

03

04

05

06

07

08

09
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to the target w111 lntersect the target coordinate systeu origin. The grid

plane is egtabllshed with the foJ.lowlng infornation: grtd eIze, attack angle

of tn. target, and back-off dLstance fron the origin of the coordinate system.

The attack angle is speclfied in telTa of an azimuth and elevation angle

usl-ng a right-handed coordinate system. A positive azluuth angle l-s measured

from the positive X axls in a countercloclwlse direction when viewed from

above, as ahown in Figure 8. Elevation angles are measured from the X-Y

plane positive upward.

The back-off dietance ls the dlstance from the orlgin of the coordinate

system used in the target descriptlon to the grid plane. All- the rays orig-

inating from a cornrno1 grld plane must Btart ln the same region; therefore,

the grid plane must be placed wlthin the bounds of one reglon. If the grid

plane is to include the entire target, lt must l-ie outslde the target as

deecribed ln the reglon description. If only a certain comPonent of the

target is to be consldered (for lnstance, the engine of a tank) ' care must

be taken to lnsure that the grid plane lj-es outside the engine as described,

that it lles wlthln the bormds of only one region, and that aLl rays end in

a colmon regior.

CelluLar Output

The baslc output of the MAGIC simulatlon consLsts of celLular output

obtalned from the ray tracing computatlons. The ray tracing phase ls the

proce6s whereby rays (one for each cell) are traced perpendicularLy from the

grld plane through the target geometry. The calcuLated output for each ray

consists of the line-of-sight thtckness of each geometric region traversed,

the obLlqulty (angle of incidence) of the ray with respect to the first

surface of each r-glon encountered (excl-udlng alr or spaces), and the normal

or perpendLcular dlstance through each region from the point of entry (excl-ud-

ing air or spaces). One unlque feature of the program is that thicknesses

of bounding geonetric regions wlth like functional identifiers are cumulatlve.

A represeniaitr" vehicle section for target ceLl descriptLon data is shown

ln FLgure 9.

Data Input Error

The slnrllatloa contains scatements to check the validlty of the target

geometry data. Some of the errors are considered fatal and wll-l cause execu-

tion to termlnate, whl.le others w111 be noted and special error messages

prLnted. A tally ls nalntalned of the non-fatal errors; if they exceed a

speclfiednumber,executlon termlnates. Table 2 lists the error ltems and the

subroutine ln the eimulatlon where the error check statement is located.
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AUXITIARY
vtEw

P T A N  V I E W l \
x<+-
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ATTACK ASPECT

DIRECTION

FIG. 8. Attack Angle Geometry
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Sub,routlne

GENI

TABLE 2. Data Input Errors

Error Type

Fatal

Non-fatal

Non-fatal

Non-fataI

Non-fatal

Fatal

FataI-

Fatal

Fata l

Fatal

FataI

Fatal

Fatal

DescriptLon

Body card does not contain correct
body abbreviatlon

Minor radlus of torus equal to or
greater than maJor radlus

Seml-naJor and seml-mlnor axes of
truncated elliptical cone are not
perpendlcul-ar or height vector ls
paral- lel  to base

Radll of upper and lower bases sane
for truncated elLlptlcal cone

Vectors used to descr lbe a box,
right angle wedge, or truncated
elliptical cone are not mutually
perpendlcul-ar

Storage locat ions for body data
exceed allorable value

Logical operator was not located

Storage locatLons for region data
exceed allonrable value

Number of regions in reglon table
input does not match the nr:mber
of reglons specif ied

Number of body description cards
does not match the number speci-
f ied

Region descriptlon error

Storage for enter/leave table
exceeded

RPP descriptLon errorsRPPIN

L2

l . {
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Subroutlne

ALBERT

VOLI'M

MATN

CAI.C

I{owl

ARS

RPP

AREA

TABLE 2. (Concluded)

Undefined plane in arbitrary con-
vex polyhedron (ARB) input

Four points describing a face of
of ARB are not in a plane

Error in numering points of ARB

Next region number negative

No storage available for region
ldent l f lcat ion data

Error ln body type nrmber

No nornaL found for arbitrary
surface

Error in body type nunber

No intersect found Ln region

Error in body number of inter-
sected RPP

Error in surface nuder of
sected RPP

No entrles in region enter

No region found for present

DLstance to next region is
than zero

inter-

table

po in t

less

Brror in body type number

Data in hit table is in error

More than two surfaces of Rpp
were intersected

Storage for area data exceeded

rN4565-3-71 Vol I

Error

Non-fatal

Non-fatal

Non-fatal

Fatal

Fatal

Fatal

Non-fataL

Non-fata1

Non-fatal

Non-fatal

Non-fatal-

Non-fatal

Non-fataI

Non-fatal

Non-fata1

Non-fatal-

Non-fatal

Fatal

Description

13
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OPTIONAL ROUTINES

Three optlonal subroutlnes--TESTG, VOLITM, and AREA--are available to

the user for perfoming speclal computatlons.

Subroutlne TESTG

Thls routlne nay be used to trace a specified nuober of raye in any
portlon of the target. These special computationa are useful in checklng
the lnput data target geometry and reglon specifications.

Subroutine VOLUM

Thls routine may be used to compute the volume of each region contalned
withln a specified portlon of the target. An lmaglnary box ls specifled, and
the volume of each region in the box le computed.

Subroutine AREA

This routine may be used to compute the presented area of the target as
vlewed from the speclfled attack angle. The presented area data ls categor-

ized accordlng to the component ldentlflcation nunber of the first component
struck by the rays and to the total target.

L4
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SECTION II

INPTTT

Three types of target descriptlon data are required by the DIAGIC
computer program. one type is the geometric figures that are used to
approximate the solld bodies comprisLng the target. If theee flgures
were put into a perspectlve drawing, they would look ltke a haphazard,
generalJ-y unrecognLzabLe collection of llnes and surfaces. The second
type of target descrlption data conbines the geometric figures into regions
forning the actual- components of the target. If each region were Ldenti-
fied by a uni.que color or shading, the shapes that appear would closely
resemble the components of the target belng described. The third type
of target description data assigns ldentlflcation code numbers to the
deflned reglons of the target.

These three types of description data are lllustrated in Figure 10
and Tables 3, 4, and 5. Figure l-0 shows the target as a slnpllfied tank
described by eleven geometric fl.gures and eleven regions. Table 3 lists
the 11 geonetric flgures used to represent the solid bodies.

TABLE 3. Bodies Used to Repregent Tank

Body Number

Box

Box

Sphere

Sphere

Right circular cyllnder

Box

Box

Arbltrary convex poLyhedron

Elllpsold of revolution

Elllpsoid of revolutlon

Box

13

L4

15

16

L 7

18

19

20

2L

22

23

15
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Table 4 eh6q'g the nanner in ryhich the geonetric figuree are conbined

iato regloos forul.ug the actua-L conpoonta.

TABLE 4, Region Table for Tank

Region
Number

13

L4

15

16

L7

18

19

20

2L

2 2

23

Body Nunbers t{ith

Operators Ueed to
Combinatorial
Create Reglon

13

13

15

15

L 7

13

13

-L4

+L4

-L7

+16

-l-5

-18

-L4

-l_8

-2L

-16

-L9

-22 -23

+14

+L4

-L4 -L7 -2L -22

+18 -19

+18 +19 -20

+18 +19 +20

+23

13 +14

2L

22

l-3 +14

An explanatLon of region 15, the turret armor, shown ln Figure 10,

lllustrates the loglc of the region descrlptLons shown in Table 4.

Reglon 15 is descrtbed in Table 4 as

Reglon 15 = L5 -L7 -L4 -L6

Since the apace belng descrlbed lIes within body 15 but does not

include the spacl tn body 16, the descrlptlon contains a * 15 (the +

sign being lnplled ln this case) and a -16. The turret armor shell now

nuJt be cut off where lt extends lnto the huLl. A -14 cuts thie shell

L7



off at the inslde edge of the huJ.1 armor. slnce the gun tube extends
through the turret amor and has a different materl.al and function, it
reguires a dlfferent code in a vulnerablllty analysls and should be
"negated" from the turret armor region; th's we obtain the -17.

Table 5 llsts the identlfication codes for the tank.

1N4565-3-71 Vol I

TABLE 5. Tank Ideutlflcatlon Codes

Region

Number
Item
Code

Space
Code

Description

of Reglon

13

t4

15

16

L7

18

19

20

2L

22

23

101

L02

401

334

701

041

001

007

o2

02

05

Steel arnor hull

Inside alr (crew)

Steel- arrnor turret

Inslde air (crew)

Gun barrel

Bulkhead

Ineide air (englne)

Engine

Drlver

Conmrander

Armunltlon

A compl-ex target requiree a r-arge amount of descrlptr.ve data. Aportlon of the l'{Acrc program is devoied to reading data cards and to
checking and storlng the data, A ueer option is to store the targer
descrlption data on nagnetic tape so that on subsequent program executions
the target data proceesing portlon of the MAGrc program will not be
required.

r8



DESCRIPTION OF INPUT

This section contains
execute the MAGIC Program.
deflnitlons, and data card

descriptions of the input
The descrlptions lncl-ude

forrnats. Foll-owing ls a

TN4565-3-71 Vol I

variables requlred to
the varlable names,

List  of  the data cards:

l_

2

3

4

5

6

7

8

9

10

1L

L2

13

L4

15

L6

L7

18

L9

20

2L

22

Card Tlt le

Progran Optlon Card

Tltle Card for Target

Target Input Constants

Rectangular Parallelepiped (RPP)

Body Description, Box (BOX)

Body Descrlptlon, Sphere (SPH)

Body Descrlption, Rlght Circular Cyllnder (RCC)

Body Descriptlon, Right Elliptlcal Cyllnder (REC)

Body Descriptlon, Truneated Right Angle Cone (m.C)

Body Description, E1-Llpsoid of Revolutlon (ELL)

Body Descrlption, Rlght Angle Wedge (MW)

Body Description, Arbltrary Convex Polyhedron (ARB)

Body Descriptfon, Truncated Elliptic Cone (TEC)

Body Deseription, Arbitrary Curved Surface (ARS)

Body Description, Torus (TOR)

Region Table Input

Speciai- Ray Tracl-ng Input (Optional)

Speclal Voh.me Input (Optlonal)

Region ldentlfication Data

Speclfication Card

Grld CeLl Description

Subroutine AREA Input (Opttonal)

*Body description cards are used as required to describe the target.

The type and arrangenaent will- vary accordingly.
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Specify the naxlmum and mLnimum values of the X' Y' Z coordlnates
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FIG. 11. Rectangular Paralleleplped Geometry

I
I
I
I
I
I

)-

- 'o
25



1l{4565-3-7L Vol I

rn

e
&

t

!t

z
H

F{
E

(n

---------T

I CARD: tO-

IA
|.|
o
+,
o + J
E C

o

+ r o
O .r{

o o
r+{ tr

o
. o

o
o o
t 
c,
Ei r,

.rl O
v 5

E

o o
.t, u
t T {

tr
o 5
o

o
h t
o r J
E

+J t,
E , J
t t , o  o
o{) d
g  . T {
o q t
F { + r O

$ . c
r+{ .o  l J
o

+ J p
+ r ( U t
T {  0 O O
g  H f .

+ r 3
h o
t r l { t {
<  o - c.f r+{ r,


+J

o o 0
E C
+ J O

O F {
r+{ o
o  o r o

v E
O r  q l
tr lc)
O .

T , E
l+{ tr +J
o  q r . d

' r ' B
hlrrl

r - l '  .
O ,  - l r
> l <  r

?{ '  6 I )
+.1 - .F{

o @ o
o  l { t
o . O
o + r o
o  o t
l r O + r

. o 0
o t { c
!  q l Y l
t r F l | l
o 5 t r
t r ( J o
O n {  O
o  o
E t r t {
o o o .
o  Q o

h t r
N O

A ^ X' d  N O
tr hFt -o
( d F {

F . I O O
. q t  1 1 . c

F t 5 + . ,
+ J @

a J r l r H

X  E t q  o

IJ
qt

X
o
+J
k ^
o 6 l
> F {

t+r o
o l {

5
. b 0

h r {
F I E
o
> o

r { O
u o
C J V
o
o . X
o o

.  o F
t''

q)
. 

qt rr
o
+, t+{
q , o
c

.r-{ O
iO tr
h o
o c
O t {
( ) 0

o
N

o
E E

.  C + r'rt (l
O l+{
t a  . o
r >

op  . t r
o  x o
z .*

h
id

o
s
o
t
+.|

r,
d

+,

@
c

d

+J
o
c
o

E

x
o
cEl

ut
!
o
t)
U
qt
lr
ql
.c
c,

(,

t X
o o
E ..o
qt

F ( d
A

r { O
< .r{

l l {
l o , c
l P + r t r
I  E r { i {
t 5 B
I t r  q )
|  , o
l F { O

I  q l d + r l
I  t r t + {  o l
l . r l d S l
l i d r J E I
I t { o
l o  t + ,
| 'r't'r{

l o  o 0
E +, .r{
.I.J I+| 


o

d0Fl t|
t r o

i { O k
+ J F t |
tr tl{
o u
U J U ' ( u
o  9 . . d
t { E | ,
a
o l {
} ] o

p o
o E
l.r 5 Fl
o t r
!1 .

o o oq t . c  o
t { H  O( U H
E q ,
( r . N

h
o E  o 0
? { o t r
H 

"O 
.r{ Fi

o r d
E C l ( t ' t r
d , c  a ,  E

. q  r J F l  5
A F.{

F { l + {  O  O
< o d o

t

a

u
H :

rt

'(,
o
o
a
X
o
p

E
U
q,
o

tr
o

q

rJ
o
l.l
r{
)
tt
o
lr

o
'lJ
t{
d
(.,

o
B
+.t

r.H
o

l,
ID
t{

H

X

E

F
o

H
t,
A

T{
l{
U
an
o

h
t
o

a-

iri s
I

:

.!

+
( J :

*
:

11

t r { B

T

a
z
E
t

Q

o o o  o o o
O N (Y].if tn \O r\

\ 9 F . { l l l l l l
l_ | Fl Fl F.l F{ F{ Fl

. +  N  F { 6 1  ( n  . i l r o \ O

(n
I

F{

A

|.
_ -  { .
F { :

F

E
&

.') rn rn tn |f! rn

o o o  o o o
C'l \t F{ il F{ F{ F{ Fl

Fl

(n

E
a
F
F-.1

7

'l(
o o c t t  o @ oq r o o  o o o
. q , c . c  . c , - d . c

E  E  H H H  H H H
z  z  H H H  F { t { r {e-

( J -

m :

a F 1   A A
F  b  F l G l c t t  . $ ! n \ O

H  Q  X X X  X X X
H t-{ k fr Frr f.. fri iir

l-{

CJ
H

< :

H
A f r l F .  ( , E I F {(-)Fcl

26



1t[4565-3-7L YoI I

FE
rn

fr

a

:

z
H

H

H

&
Q
<n

o

I cmp: 58
'-

o
t{
o
t,
O + J
E C

o

+ J o
O .r{
o q r

rt{  C
o

. ( ,
to
o o
5 5
o
c r J

T { 6
v t

a'ct
o o
Q + ,
5 ?,1

o 5
3

0,
Fr,C
6 + l
E

r r l ,
. c a 5
r J !  a
0 0 4
C  . T {
o d

F{ ll O)
q , . c !

r+.t (t r,
o

t, lJ
r r o t
r.l O0 O
c  h - d
5 6 b O

! ' J 5
h o
q F H
<  o - c. r l + | r ,

a a

o l r  o l r
+ J q t  l r d
d  F {  C . f
( u 9  ( l ) t
C U  t r O
O . r {  O i {
A E  A T ,
E E  E t r
o o  o o
U Q  O O

} { t {
N O .  N C r

A ^  Q ^
' d N  ( \ 1
tr h-'l C >\ -{
( d F {  r d F {

d O F l q )
. d  l .  - q l  H

> 4 ,  > a )
l r b o + r @

. 5 r l  . 5 = {
X  E f r r  X  E t r
* *

o o
E E
+J +l

o o
l+{ q, q{ o
o o  o o

v v

tn,
o

 E
t+r Ei itt c
o q t  o q l

a a

>\lF hlm
F{ r-{
q ) - .  Q .  a

> t< >t<
Fl Tl

+, . f.,
o o  o o
O k  O t {
a o  g o
( t  u  o ,+ )
o a  o c r
} { o  l { o

H'"

u

t
r-. 3

E I
o l
q l l' l
} { l

o l* l
a l
o 1
t { 1

d

rt
a
S{

v)

t{
f0
(.)

o
E
l+{

o


tr
o
o
a
v)

)i
o

L t r

l o
l r {
l + J
I A
I r {
l f r
l o
l o
l o

t ;
IE

d

t-
t

t r l *

-

t

*

*

?
t

( , )*

.'

a
z
p
Fl
o

o o o  o o o
6 l ( Y ) . { .  r n \ o F
r t l l l l

F { F { F l  r l F l i l
F{ 6t (n .,$ tn \O

5

F 

F

d

! n r n r n  l n r n ! n

o o o  o o o
F { F { d  F t F l F {

[ r r f r { f r .  F r E F r r

t

!

a
H

z

*
v r o v t  @ o ( , '
o o q ,  o o o
.q  -d . . c  s ,F  E
o o o  o o c )
c t r c  t r t r t r

H H H  H H I - {

a
Ar

O F l 6 l
f \ @ O \  F { F { F {

v v v  v v v

X X X  } ( X X
h h k  F q k r

H < E l C )  A r d l h

27



1N4565-3-71 Vol I

Specify the vertex, V, at one of the corners by gtvtng the X, y, Z
coordlnates. specify the x, Y, Z components of the three mutually per-
pendlcular vectors, E, E, and d, representing the height, width, and
length of the box. Note that the only geometric dlfference between a
BOX and an RPP ls that a BOX may be arbltrarllv orLented, but the bounding
planes of an RPP must be parallel to the coordlnate axea. Also, the BOX
and RPP serve different functlonal uses. The Rpp may be used only to
descrlbe the encloslng environment regions of the target but not any
portlon of the target ltself. The BOX 1s used for descrtbing portlons of
the target.

Card Columns
Number

c f  Ca rds t - 3  4  6  1 1 - 2 0  2 1 - 3 0  i 1 - 6 0  a l - s n  s 1 - 6 n  A 1 - 7 ^

L o f 2 i:*i:, I uo* x
V
v z

A
x

A
v

A
z

2 o f 2 Blank
B
x

B B
2

c
x

c c
z

The three vectors, I ,  gr and d, r .y be tnterchanged on the carde.

FIG. L2. Box Input
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Speclfy vertex V at the center and scalar R denotlng the radl.us.

FIG. 13. Sphere Input

Co
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30



TN4565-3-71 VoL I

3

!

v
H
H
A
H

Q
v)

I cano: zl I

(a
H
o
rJ
O r ,
a c

o,

+,1 o
o . d
o o
rtt tr

o
' c l

a
o o
. c 3(,
H + J
T{ Ut
v i l

EI
tt
o o
o + J
5 r'l

E!
o 5
!

o
x.c
(0 +,1
E '

lJ +'
E ) )
r r , o  o
b 0 t r
d  ' T {

o 1 6
Ft +J C)

( l l . C
${ tt rr
o

r ' l ,
u o t
.'-{ b0 O
c H - c
5 ( 0 0 0

r ' 5
h o
H f . . t .
<  o , c
.x tl.t t,

l rc
H
o
tl
o
o

1.,
E
o0

d

o
,c
l+r
o

h
F{

o

F{

+,
o
o
A
o
c,
l{

o
+J
c
o
c
o
& .
f i a
O . f ,
O F t

N O
H

 3
t r 0 0
t l l T {

h

t s o
o)

. ( 0
X V

a rn'

> F t

r ( U
X r {
o p
{J O0
l . t T {
O f r

c)
o o )
E t A

l+{ l.l
o o'o
- t r

h . ' {
Fl r-l
o h
> o

r{
r r o
O E
O ! t
a
o r H
( u 0
t{

o)
- q J

ur ct
o p
+l
d q )
t r t r

T { O'o
H l+1

o o
o
O t l

q)
N P

tr
 o
c o(U

o
^ J E

F T '

- P

x ( d

j

o t r
t r E

t { 5 t !
O , C r l
 + r o  u l
E t ' l  O  r {
' B
d t r h

, o i {  
F l O ,  O
1 ! r {  O  P
t r i + { P

f{ .r{ q)

+ r + J  E
h o o  + r
o 5 5

r t E  + '
o ( I '
' c t r + J  g
lJ $.t -l +J

o ot)
O0 r-{ i{ O0
t r ' o F

.r'{ O, r{
{J.o r, +r
c v t o
O + r l {  C
O  ( , t {  O ,
O  t r H  t
t { E
A O q )
o  H - c  L )
t r O + ,  d t r

- o o
( / ' E .  O Q
t { t .  } . t r
O  C  O  O t {
+J  r  + l r {
o O T {  o h
(0.c ( l l  o
$ r H  .  H
cl tt, o t{

. c  o  E q l
O  ' O  O F I

h t r  2
o   o  o  o

d O N r { l r
t - t - O  $ { ? |  !
o  0 0  c r o  o
E O t r  E  u t
( d - c d  ( 0 + r  2
- c r r o  5 S
a q ,  goro  +r

F { q {  0 ,  F l d  O

<  O F I  <  h  Z

.'

F { f

Z

6
c)
&

;
l o
I E
I E
l . d
I F l

l h

I '
I H

IE
l T {
l c )

I r J
l . c

l s
t :
t 8
l !
t &
l T {

I U
I E
l A
l x
l E

l 3

-
d

t-

!

E

!

- - +

aE

=
t

*
:

E

: u)
z
E

f

o o o  o o o
O  G l ( f ) ' ' f ,  l ^ \ O r \

\ o l { l l l l l l -
I  t  F { F l d  F { t - { F t

+  n  F { N ( n  ' $ l r 1 \ 9

(f)

I
F.{

t

.B

F1 

:
{
:
&

rn ln |.r\ !,',r ln tn

o o o  o o o
(Y! .$ Fl F{ F{ 

"-l 
Fl Fl

ri

(t)

g

A =

t

(t)
H
F-l

z

.*
g ' g , l D  o o o
o o o  a r o q f
S 3 E  E E E
c r o o  u q q

o  a  E F t r  F G q
Z  z  H H H  H H I {z

Frl

fr rrl
i t  b  F l  6 t d )  . f , r n \ O
L r -  v  v v v  v v v
F J  ( )  X X X  X X N
i i  r - {  h r r h  h r ' l h

H

c)
H

{ . -
:

H ( ) E i F {A trl fr{()F(|

3l-



1N4565-3-7L Vol I

trl
F

d
()


o
t{

a
(t
o
t t

(tt
G'
l . 'c
( $ c
9 s

o
B ( j
r rc

r
r{{
o t

o
r c d
t r o
o
o !
o o
(r)t+{

(̂.)
c)
fr

H
o'o
tr

.r{

F,|

h
C)

t{
d

Fl

)(.,
l{
r.{
c)

+J
s
o0..{
M

c
o
r.l
+,
&

H
o
v,
q)

a
h.o
o
m

3

!

!

T

*

-I.
E

I
e
I

-
t

g
*

t

-

*

+

*
*.r

T

+
t?

*

v
o
FI
F

P{
H

&()
U)
rd
o

I  .* :  78

.o
l'{
o
l,
o r J
E t r

cl

l J o
O r {q r o
q-. tr

o
. c ,

o
o o
'q 3
U
c + J

T1 q,
v a

E
E
( u o
o + J
5 r.l

tr
o 5
.ct

o
h - c
( E + J

H .
u l ,

E a a
T J   A
o 0 c
t r  ' T {
( u ( 6

F{ t, q,
qt -c

$ { a t  I
o

t, lJ
r i o t
r {  O 0 O
t r  H - c
: ' ( ! b 0

r J 5
h o
t r r { H
<  o - c
* l+{ tl

.{.
Fl

o
t{
a
o0
r{
f:r

o
o
ql

o
ID
([

p

-,
t4
o'rJ
tr

T{
Fl

h
(,

o
F
+J

l+{
o
&
(tt
5

r{

qt
&

ar't
z
p
Fl
o()

o
6l
I

F{

F{

H
4

g.

l&

lrl

o

kE
:

?

< :
i

v,
H
H

2

.r
@
o
E
(J
tr
H

a
A

x
tr{

f{

32



1N4565-3-71 VoL I

H

t- \\
_ l,-B -

(v)

Spectfy vertex V at the center of one base, helght vector H, and

scalar R denotlng the base radius.

Card Columns

FIc. L4. Right Clrcular Cylinder Input
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I

specify the coordinates of V, the center of the base ellipse,
height vector E, and vectors ill and FZ tn the base plane deflning the
senl-naJor and seni-minor axes, reapecttvely.

FIG. 15. Right Elllprtcal Cyltnder Input
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and scaLars R1 and R2
respectlvel_y.
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TN4565-3-71 Vo1 I

larger base, height vector H,
the larger and smaller bases,

I'
_f__

L-3 4-6 1L-20 21-30 31-40 41-50 51-60 61-70

FIG. 16. Truncated Right Angle Cone Input
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Speclfy either (1) the X, Y, Z coordinates of focl FL and F2 and
scalar L denotlng the J-ength of the maJor axis; or (2) the X, y, Z
coordinates of vertex V at the geometrlc center, the vector E defining
the semi-major axis, and scalar R denoting the radius of the circuLar
sectlon taken at the center.

Columne

*The two focl may be interchanged in the card format.

FIc. L7. Elllpsold of RevoLutlon Input

rc (J)
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Not

Blank

Number
of  Cards 1-3 4-6 11-20 21-30 31-40 41-50 s1-60 6r-70
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Specify vertex V at

X, Y, and Z coordinates.
perpendlcular vectors, of

trLangle formed, and the

rN4565-3-71 Vol I

one of the right-angled corners by givlng the

Specify the components of the three mutually

whlch two, T and 5, are the legs of the right

thlrd,  e,  is the width of the wedge.

FIc. 18. Right Angle Wedge InPut

Card Columns

Number
of  Cards

1-3 4-6 11-20 21-30 31-40 4r-50 51-60 6L'70

l o f 2
Sol-ld
Nrrmhpr RAW V vu Y , A*

\
Az

2 o f 2 BLank B
x

B
v

B
z

c
x

c
v

c
z

The two legs, A and B, nay be lnterchanged ln the card format.
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The arbitrary convex polyhedron may be a four-, five-' or six-faced

flgure, each face havlng either three or four vertices. The four vertlces

of a face must lLe in a plane. An ordinal number (1 to 8) is assigned to

each vertex. Each vertex is l lsted giving the X, Y, Z coordinates. For

each face of the figure, list the four ordinal vertex numbers in a clock-

wise or counterclockwise direct ion.

FIG. 19. Six-Faced Arbitrary Convex Polyhedron InPut

Card Columns

1-3 4-6 L1-20 2L-30 31-40 41-50 5l--60 61-
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6 VERTICES

Facesz 3L24 7658 L375
2376 1265 r26s

7 1 8

3 1 4

5 VERTICES

Faces3 L234 6435 6L28
6237 74L5 74L5

Card Colunns

FIG. 20. Flve-Faced Arbitrary Convex pol.yhedron Input

5 1 6 1 7  r 8

Number
o f  Cards L 3 4-6 1l-20 2r-3O 31_40 41_50 51_60 6L-7A

12-15 L7-20 22-25 27-30 32-3s 37-40

Use Numbers Above

Repeat one face to obtain the six faces requlred in the programs.
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l ' 5 2 1 6

Column

FIG. 2L. Four-Faced Arbltrary Convex Polyhedron InPut

3 1 7

1-3 4-6 11-20 21-30 31-40 41-50 51-60 6L-70

So l  i d
Number

17-2A 22-25 27-39 32-35 37-40

Repeat  one face to obta in the s ix  faces requi red in  the programs'
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B

specify the coordinates of vertex v at the center of_the larger

ellipse; an! the X, Y, and Z components of height. vector H and vec-

tors A and B describing the semi-major and semi-minor axes. Specify

P, the rat io of the larger to the smal ler el l ipse. (NOTEs Height

vector E does not have to be perpendicular to the base plane.)

Card Column

FIG. 22. Truncated 811tptlc Cone Input

Number
of Cards

1-3 4-6 11-20 21-30 31-40 41-50 51-60 6L-70

1 o f 3
Sol id
lrt rnlr a

TEC
V

x
V
v

v
z

H
x

H
v

H
z

2 o f 3
A

x
A
v

A
z

B
x

B B
z

3 o f 3 P

' o
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Curve

SpecLfy the number of curves (M) to be used and the number of polnts

(N) to be used for each curve. A surface is constructed between curve 1

and curve 2, between curve 2 and curve 3, etc. The user must be sure that

the descrlbed flgure is closed and sol-ld. Note that the first and last

points are the same for all curvee, and the first curve is identical to

the last. Start each curve on a neht card.

NUnDer
o f  Cards 1-3 4-6 11-20 21-30 31-40 4l--50 51-60 6L-70

l o f n
5 0 I 1 d
Number

ARS

2 o f n M N

3 o f n x ( 1  , 1 ) Y  ( 1 , 1 ) z ( L , L ) x ( 1 , 2 ) Y  ( 1 ,  2 ) z ( L , 2 )

2  + $ o f  n x ( 1 , N ) Y  ( 1 , N ) z ( 1 , N )

x ( 2 , 1 )

x (M,1)

n=z+lrffi x(M,N) Y ( M , N ) z (M,N)

FIG. 23. Arbitrary Curved Surface Input
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speclfy vertex v at the center of the torus, normaL N to the plane
in whlch the locus at mid-points of the circul-ar cross-sectl"ons lies, and
scal-ars Rl, the dlstance from the center to the nld-point of the clrcul-ar
cross-sect ion, and R2, the radlus of the circular cross sect lon.

1-3 4-6 11-20 21-30 31-40 41-s0 s1-60 6Lro

FIG. 24. Torus Input
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DT--->

Special computations are performed to deteruine the volume of each
region contained within an imaginary box. The box is deflned by speclfylng
the X, Y, and Z coordinates of vertex F and three other corners, fu, F,
and E. Grid cell-s are established on the front face of the box by epeci-
fying the vertical and horizontal grid cell- dimenslons, DT and DOD,
respect ively.

Rays are traced from the lower right corner of each grid cell from
the front to the back of the box, and the distances through each region
are computed and stored l-n an array. I^Ihen all rays have been traced and
the total distances through each region accumulated, the regLon volumes
are computed from the region distances and the cell- dirnensions.

FIG. 25. Speclal Volume Computation
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TABLB 5. Reglon Identlficatloo Codee

Conponent Codes

ICODE

001-099

100-199

200-299

300-399

400-499

500-599*

600-699

700-799

800-899

900-998

999

Type of Couponeat

Refer to lnternal cmponents

Refer to types of arror

Refer to fueL components

Refer to mlscellaneoua exterlor componenta

Refer to gun cooponenta

Refer to track auepensLon components

Refer to wheel suspenalon components

Refer to power traln components

Refer to mlscellaneous componenta

Not used at present

Soil, ground

IDENT

01

o2

03

04

05

06

07

08

09

Space Codes

Type of Space

External alr

Crew courpartment air

Not used at present

Not used at present

Englne compartment alr

Not used at present

Not used at present

Not ueed at present

No further target

*ICoDE = 501 ls reserrred for the track. lhe computer assigns
502 if the track edge ls hit.
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CELSIZ

Grld plane is specified by the nunber of grid ceLls in the horizontal

and verti.al dit.ctions, M( and NY, respectivel-y, and the dimensions of

the grid ceLLs, CELSIZ. The cells are ntmbered starting in the upper right

corner and incremented fron right to left. The grid plane is assumed to be

centered over the target coordinate ori.gin at a backoff distanee sudr that

all rays originate in one region outside the target. The grid p1-ane may be

relocated by speclfying a distance in the X, Y, arLd Z directions (XSIIIEI'

YSHTTT, ZSIiTFT) .

FIG. 26. Grid Plane InPut
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DATA DECK SETT]P

Flgure 27 tlluetrates the data deck aetup for normal operation. Iirl
thle case, the target geometry ls lnput wlth the data set. For production
mode operation' the target geometry w111 have been processed prevlousl-y and
stored on nagnetlc tape. The data deck setup for production mode operation
ls ll1-ustrated ln Ftgure 28.

Figures 29, 30 and 31 lllustrate the data deck setups used for the
optlonaL routines availabl-e.
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Grld cell and

attack angle data

Specl f lcat ion card

One card for each region

or more cards as requlred

each reglon

BodY cards as requlred. Must be

arranged according to thelr

ordlnal number.

One card for each RPP. Must be arranged

according to thelr  ordlnaL number'

Target input constraints

Tit le cErd

Program optlon card

FIG. 27. Nornal Mode Deck Set-Up

One

for

Region ID

t t - 1 t t  
C a r d

4  R P P ' s
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Grld cell and attack- 
angle data

Speclfl.catlon card

One or more carda ae requlred
for eadr region

Program optlon card

FIG. 28. Productlon Mode Deck Conflguratlon
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Special  ray
lnput.

l f  target geometry
lnput from tape.

tracing

1 S

FIC. 29. Special Ray

4  R P P ' s
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Speclal volume

input

0n1t if target geometry

to be input from taPe.
is

FIG. 30. Volume Conputatlon Deck Setup

Body Cards
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Blank

Body Cards

-Spec ia l  a rea

and attack
ang le  da ta .

Onit if target geometry

to be input from taPe.
1s

FIG. 31. Area Computation Deck Setup
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SECTION III

OUTPUT

The output of the MAGIC program consiste of two maJor groups of data.

The first group consists of the target descriptlon data. Thls data ls printed

out during Subroutinee I|AIN and GENI and ls used to provlde a record of the

body lnput and region descrlptlon data. The second grouP of data consists of

the ray traclng output frorn each celI of the grld plane. Thls data is prlnted

out to provlde a prlnted record and/or wrltten on taPe during Subroutines GRID

and TMCK for subgeguent vulnerablllty analysle.

Figure 32 lllustrates the maJor portion of the fLrst group of output

data. Thls data coneists of the lnput of the varlous bodies and theLr dimen-

elons as well as infornatLon on the number of tlnes each of the eleven body

types was used ln the target description. Also lncluded are the values of

the naJor pointers ln the MASTER-ASTB. array after the body data inPut. The

naJor pointer names are deflned as follows:

LBASE beglnnl.ng location

beglnnlng locatlon

the I'IASTER-ASTER array, and the

the RPP polnter data
o f
o f

LRPPD beginnlng location

LABUT beglnnlng location

of the RPP nlnlnun/naxlntrn valueg

of the abuttlng RPP data

LBODY beglnnlng location of the body polnter data

LBOD beglnning locatlon of the body dlnenelon pointers

LDATA next, avallable Btorage locatlon after the body dlmension

pointers. Used ae an i.ndex ln etoring data Ln the

MASTER-ASTER array

LBOT beglnnlng locatlon of the body dt-nenslon data before

the body dLnenelon data le moved Ln the ASTER array

NDQ laet storage locatlon of the MASTER-ASTER array
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FIG. 32. Sanpl-e Problem Body Data (Continued)
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FIG. 32. Sarnpl-e Problern Body Data (Concluded)
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Flgure 33 lLlustratea the prlnted output durlng the region storage phase

of Subroutlne GENI. Ttrls data coneiste of a record of the regLon data descrLp-
tl.on fnput, as well as Lnformation on preparation and checkLng of the region

data. Aleo Lncluded are the values of naJor polnters used ln the region

deecrlptlon storage and polnters to reserved storage areas. The naJor poLnter

names are defined as follows:

LREGD beglnning locatlon of the region polnter data

IAEGL beginning locatlon of the operator/body number data
for each reglon

LENLV begLnnl.ng locatLon of the region enter/Leave tables

LRIN beglnnLng location of the storage section reserved
for entry intersect dlstance data

LROT beglnning locatLon of the storage sectlon reserved
for exlt intersect distance data

LIO beglnnlng Locatlon of the storage section reserved
for Subroutine Gl- working storage

LEGE0M next avallable Btorage location at the end of the
target geometry

Figure 34 lllustrates the printed output durlng the region Ldentification
storage phase of the I'IAIN program. Thls data consists of a printed record of
the component code or space code, and descrlption, of each region of the target
geometry. Also Lncluded is the value of pointer LIRFO, the beglnnlng location
of the region identlfication data in the MASTER array.

Flgure 35 lllustrates the first page of the ray tracing output from each
cell of the grld plane for the first aspect angle computed. This data con-

siets of several naJor items of infornation as follows:

(1) The number of aspect angles to be considered are printed out
from the IIAIN program.

(2) Infornatlon deflnLng the grld plane and ldentlfying the present

attack aspect angLe is prlnted out during Subrouti.ne GRID with
the following data:

NX number of horizontal cells ln grld plane

NY number of vertlcal cells ln grld plane
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IRSTART reglon number of attack PLane

I E N C r e g l o n n u m b e r e n c l o s l n g t a r g e t a n d a t t a c k p l a n e

N S T A R T S t a r t i n g c e ] . l n u m b e r f o r r a y t r a c l n g ( u s u a l l y
f i rst  ce1l)

NEND last cell number for ray tracing (usually l-ast ce1l)

CEIJ SIZE horizontal and vertical dimensions of cells

(3) Informatlon definlng the ground level ldlth respect to the orlgin'

a n d t h e a m o u n t t h e o r l g l n a n d c e n t e r o f t h e g r l d p l a n e l . s t o b e
shlfted in the xr yr ^ia , direction are printed out durLng

Subroutine GRID

(4) Information defining the asPect angle (azimuth and eLevation) and

the distance betr^reen the gtia pt"tte at the origin of the target and

t h e a t t a c t p r a " " f r o m w h l c h t h e r a y s o r i g l n a t e a r e p r l n t e d o u t
during Subroutine GRID'

(5) The ray intersect data for each ray and the resultlng comPonent

lntersectton data is Printed out and recorded on magnetic tape

during subroutine TMCK. Thls is the primary data from the MAGIC

program and is used by subsequent computer programs -for 
vulnerabllity

studles. There are two grot f" of data written out for each ray'

T h e f i r s t g r o u P c o m P o s e s t h e f i r s t l i n e o f d a t a a n d c o n s l s t s o f
g r l d c e l l a n a g e n e r a l r a y d a t a d e f i n e d a s f o l l o w s :

1N4565-3-71 Vol I

3 . 7 0 0  6 1 . 1 0 0

T T

HREF horLzontal dlstance from center of grid plane to center of

speclf ic gr id ceLl

VREF vert,ical distance from center of grid pJ-ane to center of

sPeclflc grld celL

MH two-dlgit random number

0' t . 0  6 2 . 0  l 0

T 
-TT

t t l
rn'EF I tt/t

vn'rr

1 0 . t 0-r
I

H O'r

- 1 0 . 5 0 0 1 2  2

IT I  I
| | Knrrl
I ].{\IOL IH

MART,TR

MTARG

KR.TMS

3 1

I
IV
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. l  . 8 9

T
sLos

1 0 1

I
NIR

MH tlro-digtt random number

DL diatance fron flrst r.ntereect of target to center grid
plane (posrtive if intereect occurs on front elde of
plane' negatlve if r.ntersect occurs on back side of plane)

D2 dlstance from l_ast intereect of target to center grid
plane (negatl.ve lf intergect occurs on back srde Jf plane,
posltlve lf lntersect occurs on front slde of plane)

MSKRT flag for Lndlcatlng sklrt naterlal

MTARG flag for LndLcatlng targer

MARUR flag for indlcating armor

MVOL flag for lndicatlng interlor volune

KITIT number of conponents hit along ray

rH horlzontal grld cell nurnber fron center of grld plane

IV vertlcal grld cell nunber from center of grld plane

H horlzontal dlstance from center of grld plaue to random
polnr Ln grld cell

v vertlcal dlstance from center of grld plane to random
polnr in grld cell

The next llne(s) consists of the ray intersection data (two com-ponents per llne) and conposes the second group of data defined
as follolrs:

FIRST COMPONENT SECOND COMPONE}n
. 9 9  7 1 , ,  ?  1 1 . 2 2  l o L  . l  . 6 9  1 . (:T iT .T" I rTJ . iJT 

IsN *':J,:"*',J- **' 'h 
J,, ,,r.,*l 

i

NIR reglon identlflcation (component code)

slos llne-of-stght distance through regr.on folr-owlng intersect
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SN normaL dLstance through reglon

ANGLE angle between normal and ray at lntersect

NTYPE Bpace code of followlng region

IH horlzontal grld eell number from center of grld plane

IV vertlcaL grid cell Jrumber from center of grid plane

N consecutlve number of component intersected by ray

(6) At the end of the grid cel1 data, the consecutlve number of the aspect
angle compJ.eted, the number of Subroutlne Gl errors encountered, and
the numbet zeto component code errors are printed out durlng the
IIAIN program-before processing the next aspect ang1e.

Figure 36 ilLustrates the first page of the ray traclng output for the
second aspect angle computed.
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t . 2 t  1 . 0 0  J t . t  e  0 . 0 0  I  r .

- t  0  ! a  0 . O O O  3 6 . 0 0 0
C .oo  5 .00  E ! . t  a  i . r i  o  r | |
0 . 0 0  0 . 0 0  0 . 0  o  o . 0 o  o  t .

- 2 - . - l  f f  - r t o 0 0 0  5 6 . O O O
I  ' e l  I  o 0 0  ! 3 . 0  g  6 . 0 0  - l  t a

FIG. 36. First  Page Cel- l  Data, Case 2, Sample Problem
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SECTION IV

SAMPLB PROBLEM

PROBLEM DESCRIPTION

A sinpllfled target representing a vehicle with a driver is used ln the

eample problem. At least one of each body type incorporated in the MAGIC

sinulatton is used in the target descrlptlon. Figure 37 eholts the sample

target and body types used in the reglon descrl.ptions. Figure 38 contains a

plotter descriptlon of the exterior surfaces and Flgure 39 shons the interior

surfaces.

SAI{PLE PROBTEM INPUT

Data checksheets and tabl-e forms are used to illustrate the input param-

etera for the sample problen. A l-lsting of the conplete input data set is

eholrn in Figure 40.
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DATA CIIECKSIIEET

CARD ID PG PARA VALUE CARD iD PG PARA VALUE

1 20 IPDTP4 (blank) 16 USE

20 IWRTP4 (b1-ank) REGION

20
TTESTC f h l  a n k ) TABI,E

20 IRAYSK (b1ank)

20 ICARDI (blank) 17A 65 NRAYS

2L IENTLV (blank) 65 NGIERR

2L IVOLM{ (blank)

2 22 IT  ( I ) (T i r le) L7B 6 6 xBfi_)
tt 

SarnoI 66 XB (2)

Input t t 6 6 xB(3)

6 6 IRSTRT

L7C 67 xBF (1)

3 23 NRPP 1 67 xBF (2)

23 NTRIP (bl-ank) 67 xBF (3)

23 NSCAL (blank) 6 7 IRFIN

23 NBODY 24

23 NRMM L2 L7B 6 6 XB (1)

23 IPRlN (blank) 6 6 XB (2)

23 IRCHEK (bl-ank) 6 6 xB (3)

6 6 IRSTRT

4 24 x (1 ) -10000.

24 x (2 \ 10000. 1 7 C 67 xBT'(1 )

24 x (3 ) -1 nnnn 67 XBF (2)

24 x (4) 1 0000^ 67 XBF (3)

24 x (5 ) -l  oooo 6 7 IRFIN

24 x ( 6 ) l_0000.

5-15 USE

BODY

TABLE
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DATA CHECKSHEET

CARD ID PG PARA VALUE CARD iD PG PARA VALUE

18A 68 IR

68 NGlERR

188 69 xv(1)

69 xv(2)

69 xv(3)

18C 70 xr (1)

7 Q XT (2)

7 0 XT (3)

18D 7 L xo(1)

7L xo (2)

7 L x0(3)

18E 7 2 xA(1)

7 2 xA(2 )

7 2 xA(3)

l_8F 7 3 DOD

7 3 DT

19 USE

REGION

IDENT

TABLE

20 7 7 NOAA 2

7 7 IWOT (blank)

7 7 ITAPES (blank)

7 7 NAREA (bl-ank)
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O DATA cHEcKsHEET Grld Cell Descrlptlon. Enter data for each attack angle deslred.

CARD ID PG PARA VALUE CARD ID PG PARA VALUE

2LA 7 8 NX 37 2L 7 8 NX 51

7 8 NY 7L 7 8 NY 37

7 8 IRSTRT I 7 8 IRSTRT 1

7 8 IENC 1 7 8 IENC 1

7 8 NGlERR (blank) 7 8 NGlERR (blank)

7 8 NSTART (b1ank) 7 8 NSTART (blank)

78 NEIID (b1ank) 7 8 NEIID (blank)

78' ICENTER (blank) 7 8 ICENTER 1

zLB 79 A 0 . zLB 7 9 A 9 0 .

7 9 E 0 . 7 9 E 0 .

7 9 ENGTH 2AO. 7 9 ENGTH 200.

7 9 ZSHIFT 0 . 7 9 ZSHIFT 0 .

7 9 GROUND -500 . 7 9 GROUND -500.

zLC 80 XSIIIFT 0 . zLC 80 XSHIFT (blank)

80 YSHIFT 0 . 8 0 YSHIFT (blank)

80. CELSIZ 2 . 80 CELSIZ (blank)
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DATA CHECKSHEET Area rnput. Enter data for each attack angle desired.

CARD ID PG PARA VALUE CARD ID PG PARA VALUE

22A 8.2 NX 22L 82 NX

82 NY 82 NY

8 2 IRSTRT 82 IRSTRT

82 IENC 8 2 IENC

82 NG].ERR 82 NGlERR

82 NSTART 82 NSTART

82 NEIID 8 2 NEND

82 CELLUN 8 2 CEJLUN

8 2 AREAUN 82 AREAUN

228 83
A 228

83
A

83 E 83 E
83 ENGTH 83 ENGTH
83 ZSITIFT 83 ZSHIFT
83 GROUND 83 GROUND

22C 84 XSHIFT 22C 34 XSHIFT

84 YSHIFT 34 YSHIFT

B4 CELSIZ 84 CELSIZ
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(blank card)
slrPLE lxPur

t 2 +
-loooo. 10000. -loooo. loooo-
2 lOf 75. -36. 12. -l!0.

U O. 72. O. O'
3 DOX 71. -35. lt. -148.

3 O. ?O. O. O.
a ltt 75. -!6. 12. 75.
1 7t. 16. lt. 7t.
4  lOO. O.  12.  lOO.
a lOO. O.  12.  lOO.
4 l2r1 61t5 612A 62t7 ?tlt tal'
5 IRB -15. -36. 12. '15.

5 -75. 36. iE. -lt.

5 -lOO. '2a. L2. -lOO.

5 -1O0. 2a. 2O. -tOO.

5 l2t1 t6r8 3t0? le6t 2116 ltst
6 CLL 20. O. llE. -2O.

6 5O.
? ELL ? O.  0.  {E.  24o
7  11 .
S RCC 60. -!f6. 12. -Oo

I  12 .
9 fCC 60. 36. 12. O.
9  12 .
fO RCC -60. -!6. 12. Oo
to 12.
tf tCC -60. l6c 12. 0.
l l  12 .
12 EOI -?0o -20.  15.  {0.
12 O.  lO.  O.  O.
13 t l l  -?Oo -20.  {1.  O.
l : l  o .  lo .  0 .  40.
l+ Rl l l  -70o 20.  i5 .  0 .
I t  0 .  - lO.  0.  tO.
f5 t fB -70.  -10.  iJ .  -70e

l t  - ?Oo  Or  ! t .  - ?0 .

l5  - rO.  - lO.  i t .  - tO.

15 -3O. 0.  a5.  - t0 .

l t  !12{  ?65E l t75 2376 126'  1265
16 lts
t 5  I t
16 -7O. -20.  l t .  -70.

16 -?O. -aO. l t .  - lO.

16 -?0.  -2O. 15.
16 -70.  -2O. 15.  -?0.

16 -7O. - lO.  2t .  -?O.

16 -?O. -2O. 15.
16 - t0.  -2Oc 15.  -30.

t6 - !0o - lO.  25.  -3O.

16 -!Oo -2O. 15.
16 -30.  '2O. 15.  -30.

16 - tO.  -20.  15.  -30.

16 -30. -2O. 15.
l7 lRs
l 7 5 a
l? -?O. 20.  15.  -?O.

lt -3O. 20. 15. -30.

l2
-loooo.

O .
O .
O .
O.
J6.

-36.

O .
O .

16.
-36o

2 lo
-2(o

O .

-8r

O .
O r
O .
O .
O .
O .
1 0 .
0 o
1 0 .
O .

-2Q.
-20 .

- l O .
-2O.

- l O .
-20 .

-2O.
-20.

0 .

O .

O .

8 .

- to

E .

TN4565-3-71 Vol

2 osf 70 P|GC I

10000.
o. 0001
36.
O .  I  l . O t
!4o
L2. FROflt
18 .
L2.
1 2 .

12 .  REIR
4 8 .
1 2 .
20 .

t8. SUtBtE

O .  ( l . O l

O. THL

THCCT

IHCEL

HHCEL

EilGIi lE

I  ENG INE I

IE i lGTI {EI

I E T G I N E I

O .

0 .
!10.

- l O o

O .
-  lO .

0 .
45 .
1 5 .
{ 5 .
t 5 .

1 5 .
15 .

20.
2O.

I
2
t
t
5
6
7
8
9

l o
l l
t 2

t
2

1 5 .
15 .

1 5 .
3 t .

1 5 .
35 .

1 5 .
15 .

FIG. 40. Listlng of Sample

lL7

Problem Input
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2 OCT ?O PIGE 2

17 -7O. 20.  l t .  - lO.  lO.  15.  3
l7 -30.  lO.  t5 .  -3O. 20.  15.  4
l? -?O. 20.  15.  -70.  lO.  25.  5
l .?  -3O. 10.  25.  -3O. 20.  15.  6
l? -7O. 20.  15.  -70.  20.  35.  7
l? -30.  20.  35.  -30.  20.  15.  I
l7  -7O. 20.  15.  -?0.  20.  15.  9
l7  -30 .  ZO.  15 .  -3O.  20 .  15 .  lO
t8 REC 0. O. 24. 0. O. 28. lRUt{K
l 8  0 .  7 . 5  0 .  5 .  O .  0 .
19 sPH o.  o.  52.  5.  HC|D
20 TEC O. -7.5 49.  20.  0.  -L2.  ^n i l
20  0 .  o .  3 .  0 .  2 .  o .
2 0  2 .
2 r  rEC O.  7 . '  19 .  20 .  O .  -12 .  AR l l
2 r  o .  o .  3 .  0 .  2 .  0 .
2 1  2 .
22 rRC -2c -4.5 27.  12.  O.  -12.  LCG
22  3 .  2 .
23  rRC -2 .  4 .5  27 .  a2 .  0 .  - 12 .  tEG
23  3 .  2 .
24  l oR  21 .5  0 .  ' 7 .  l .  0 .  o .  s l cER l i lG
24  8 .  1 .  THEEL
25 ARB 21.5 -6o , t .5  21.5 6.  t3 .5 CI {TER
25 2L.5 0.  44.  40.  0.  t7 .  SrCRl i lG
25  21 .5  -6 .  33 .5  2L .5  6 .  

" . 5  
IPEEL

25  21 .5  0 .  11 .  40 .  0 .  37 .
25 t t27 2t46 +328 t .3r5 t t27 t tzr

t  t  - 2  -4  -5  -6  -8  -e  -10  - l l
2  0R 2 - t  -7 -8 -9 - tO - l loR roR 5
a 6 - 7 - 2
4 8
5 9
6 l o
7  l l
I  OR 3 -18 - le  -20 -2t  -22 -2 '  -21 -2 '

- 8  -9  - r . 0  - l l  - l zoR  ?  - t 8  -19  -2o
-21 -21 -250R t toR l40R I50t  l60n l?

9  3  L 2  - 1 3  - t 4  - 1 5  - 1 6  - l ?
lo oR l80R t90R 200n 2t0R zzol  23
l l  t  24  -25

L 2 t 2 5
- l

t
2  1 0 0
3  1 0 1
{  t 5 t
5 trz
6  1 5 3
7  1 5 4
8
9  200

lo  300
l l  400
l2  401

2

0 l

o2

O U T S I D E  A I R
BODY
8U88LE
THET RIGH'  FRONT
IHEEL LEFT FROIIIT
THEEL RIG} IT  NEAR
} ,HEEL LEFT REIR
A I R  I i l S I D E
ENGIiIE
flAN
STEETTNG IHEEL
STEEIIr|G SHTFT

t?  7 l  I  I
0 .  0 .  200 .  o .  - 500 .
0 .  0 .  2 .

5 l  ? 7  I  I
90.  0.  200.  o.  -500.

(blank card)

FIG. 40. Listing of Sample Problen Input (Concluded)
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DATA CHECKSHEET

CARD ID PG PARA VALUE CARD ID PG PARA VALUE
1 20 IRDTP4

I

16 usE
20 IWRTP4 REGION

20 ITESTG TABLE

20 IRAYSK

20 ICARDI

L7A
65 NRAYS

2L IENTLV 65 NGIERR

2L IVOLI'M

2 22 I T ( I ) 178 66 xB(1)

6 6 XB (2)

66 X B ( 3 )

6 6 IRSTRT

L7C 67 xBF (1)

3 23 NRPP 6 7 xBF(2)
23 NTRIP 67 xBF(3)
23 NSCAL 67 IRFIN
23 NBODY

23 NRII{AX 17B 66 xB (1)
23 IPRIN 66 xB(2)
23 IRCHEK 66 xB(3)

66 IRSTRT
4 24 x(1)

24 _r(2) L7C 67 XBF (1)
24 x (3 ) 67 XBF(2)
24 x(4) 67 ]LBF(3)
24 x(s) 67 IRFIN

24 x(6)

5-r_5 usE

BODY

TABLE
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DATA CIIECKSHEET



1N4565-3-71 Vol- I

DATA CIIECKSHEET Grld Cel-l Descrl.ptlon. Enter data for each attack
angle desLred.

CARD ID PG PARA VALUE CARD ID PG PARA VALUE

2LA 7 8 NX zLA 7 8 NX

78 NY 78 }IY

7 8 IRSTRT 7 8 IRSTRT

7 8 IENC 78 IENC

7 8 NGlERR 7 8 NGlEPA.

78 NSTART 7 8 NSTART

7 8 NEND 7 8 NEND

7 8 ICENTER 7 8 ICENTER

zLB 7 9 A zLB 79 A

7 9 E 7 9 E

7 9 ENGTH 7 9 ENGTH

7 9 ZSHIFT 79 ZSIIIFT

79 GROUIiID 7 9 GROT'ND

zLC 80 XSHIFT 2LC 30 XSIIIFT

80 YSIIIFT 30 YSHIFT

80 CELSIZ 30 CELSIZ
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DATA CHECKSHEEI Area Input. Ent,er data for

TN4565-3-71 Vol I

each attack angle desLred.

CARD ID PG PARA VALUE CARD ID PG PARA VALUE

22A 8 2 NX 22A 82 t{x

8 2 tiu 8 2 NY

B 2 IRSTRT 8 2 IRSTRT

8 2 Inlc 8 2 IENC

8 2 NGlERR 8 2 NGlERR

B2 NSTART B 2 NSTART

8 2 NEND 8 2 NEND

8 2
CELLUN 82

CELLIIN

82 AREAUN 8 2
AREAUN

228, 83 A 22B, 83 A

83 E 83 E

83 ENGTII 83 ENGTH

83 ZSIIIFT 83 ZSHIFT

83 GROUND 83 GROUTID

22C 84 XSHIFT 22C 84 XSHIFT

84 YSHIFT 84 YSHIFT

84 CELSIZ 84 CELSIZ
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