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FOREWORD
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Spacecrait Center, Houston, Texas. of the National Aeronautirs and Space
Administration.
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report was submitted 17 November 1969 by the Air Force Weapons Laboratory
Project Officers, Captain James A. Dibiase and Captain Roger S. Casz, Jr. (WLBB).

Information in this report is embargoed under the Department of State
ITIARs. This report may be released to foreign governments by departments or

agencies of the US Government subject to approval of AFWL (WLBB), Kirtland AFB,
NM, 87117.
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and Mr. Alva Hardy of NASA Manned Spacecraft Center, Houston, Texas, for his
computer grephics checking of the model.

This technical report has been reviewad and is approved.

Qo.o8idiass

JAMES A. DILIASE
Captain, USAF
Project Officer

O Z.Gﬁ.’% CM?*W&%M&_’.

DEAN E. EWIN WARREN [J. HAR

Major, USAF Colonel, USAF
Chief, Biocenvironmental Branch Chief, Biophysics Division
i1

e &ttt 4 N B o -

bl

ol e




AFWL-TR-69-161

ABSTRACT

(Distribution Limitation Statement No. 2)

The Computerized Anatomical Model Man is a detajled representation of the
reddatdon trancyovt properties of the human body. It is to be used for compu-~
tation of the areal density distribution at specified lo.ations in the body.
This information is applicable to dose calculaticns in naturgl, weapon, reactor,
and other radiation environments. The model has two configurations-~-standing
and seated, Over 2200 individual geometrical shapes have been used to depict
the external conformation, the skeleton, and the principal organs. The exterior
dimensions are those of the 50tiu percentile Air Forcc man; the skeleton and
organs were scaled from life-size models to conform to the exterior. The model
includes variations of material density and fractional composition by weight
due to the principal chemical elements contained in muscle, bone, bone marrow,
and organ tissue. The model is compatible with the North American Rockwell
Modified Elemental Volume Dose Program. This has been demonstrated by solution
of sample problems employing both configurations of the model with the North
American Rockwell Program on the CDC 6600 digital computer at the Air Force

Weapons Laboratory.
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SECTION 1

OBJECTIVES OF THE MODEL MAN

1. INTRODUCTION

The growth of manned space flight has brought new emphasis
to the problem of evaluating the effects of radiation on man,
Though space flight has had considerable public attention, man
may be exposed to various radiation sources other than the natural
radiation of space. These sources include weapons, reactors, X-
ray generators and radioisotopes., Exposure may occur during com-
bat or in laboratory, industrial, or medical situations, as well
as in space. There is a need common to all of these situations.
That need is to be able to predict accurately the radiation arriv-
ing from the radiation source at a specified location in the body,.

Before the advent of space flight, except for wartime or ac-
cidents, scrupulous efforts had been made to minimize the exposure
of man to radiation. Now, manned missions in space involve planned
endurance of radiation so that lengthy missions, such as Apollo
Applications (AAP), the large space station, or planetary explora-
tion, can be practical in view of other considerations such as
weight .

The trend of manned space flight is shown by the Mercury,
Gemini, and Apollo programs., During Mercury the doses were meas-

ured in mrad. Warren gg_gl.(l) summarize the radiation doses meas-

ured during the Gemini program and those anticipated in the Apollo
command and service module (CSM)., The largest dose reported so

far during the U.S., manned space program occurred during the Gem-

ini X flight when doses on the order of 0.8 rad were measured at

the astronauts' chests. The Apollo lunar missions occur during a

period of maximum solar flare activity. If one of the more in-

tense solar flares of the last solar cycle were repeate¢, for in-
stance, that of 12 November 1960, the skin dose within the CSM ®
could be 200 rad. The maximum radistion dose levels acceptable

(2)

to the AAP are higher. For example, Berry has published a max-
imum operational dose of 300 rad at a depth of 0.1 mm in the skin
for 60-day missions. This dose has been derived from a daily dose
limit of 5 rad.

The maximum operational dose is an emergency limit, It could

result in Harmful inflight response in terms of crew safety and
postflight response of delayed radiation injury.

1 Best Available Copy
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Tentative plans for future AAP missions and for interplane-
tary exploration show the possibility of individuals remaining in
orbit for a year or longer. The AAP mission analysis indicates
that the skin and eye doses absorbed during an extended mission
might exceed currently accepted allowables.

As the limits of the acceptable radiation dose are approached,
the need for precise dose cglculation is evident, First, a dose
calculation with a simple model of man could indicate arrival at
a radiation dose limit when, in fact, this has not occurred. Both
the configuration of the spacecraft and the presence of the astro-~
naut have profound effects on the radiation dose, As self-shield-
ing by the boay could make &n apparently unacceptable mission tol-
erable, this effect should be considered in the planning of mis~-
sions where radiation might be s limiting factor. Second, more
detailed calculations of radiation doses in man are needed becsuse
the larger doses anticipated during long missions could exceed
the injury thresholds of specific sensitive organs before reach-
ing the maximum operation dose limits specified by sources such
as Berry. Several of the critical dose levels are indicated in a

report by Helvey et gl.(3) For instance, microscopically detect-
able changes in the germinal epithelium occur near 25 rad. A dose
of 150 rad to the gonads may produce temporary subfertility or
sterility. A complete analysis of the radiation dose in hypersen-
sitive regions would account for significant modification of the
dose due to self-shielding by the body, and thereby either estab-
lish confidence in the safety of the astronaut or determine posi-
tively that the mission would cause excessive local doses,

Prior to initiation of this study, a detailed model of the
radiation transport properties of man, including the effects of
the skeleton and organs, had not been availabie. It is hoped that
the Computerized Anatomical Model Man will be a standard for cal-
culation of radiation doses from space and other sources.

2. MODEL REQUIREMENTS

It is common practice to use large digital computers to proc-
ess the tremendous number —=f calculations necessary to evaluate
complex shielding configurations. The North American Rockwell
Modified Elemental Vo!ume Dose Program (MEVDP) is one of several

4)

programs for this purposc. This program is operational at both
the Air Force Weapons Laborastory and the NASA Manned Spacecraft
Center, Houston, The Computerized Anatomical Model Man is com-
pletely compatible with MEVDP and should therefore have consider-
able utilization,
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To interface with MEVDP, the Computerized Anatomical Model
Man conforms to two principal requirements. First, the geometri-
cal configuration of the model has been established with combina-
tions of the geometrical shapes recognized by MEVDP. These shapes
are the hexabedron - a figure comprised of six planar surfaces:
right circular cylinder; sphere; hemisphere; right circular cone,
truncated right circular cone, and the ellipsoid - truncated by
two or fewer parallel planes. Second, the two punched card decks
that represent the standing and seated positions of the man are
in the format required for operation with MEVDP, In addition to
geometrical data, these cards contain the identity oi the shield -
a four-digit number, a three-digit number identifying the shield
material, the material density, and 4 number indicating the number
of individual shields comprising a composite shield. The details
of all of these interface requirements are discussed in Section
11, Model Development,

The Computerized Anatomical Model Man depicts the radiation
transport properties of the 50th percentile Air Force man. The
dimensions and medical information incorporated in the model have
been taken in large part from a bibliography furnished by the Air
"Force Weapons Laboratory at the start of this study. The biblio-
graphy is included in this report. This information has been
supplemented by literature searches conducted by two medical con-
sultants and by measurements of both living subjects and anatomi-
cal models. 1In order to achieve a complete model of the radia-
tion transport properties of man, the exterior conformation, the
skeleton, and the organs are depicted. The objectives of the
model development included 0.l-inch accuracy of component location
and 0.1-inch accuracy of geometrical data input to the computer,
The weight of the model man is within 10% of the weight of the
50th percentilc Air Force man. The study objectives also in-
cluded representation of the man with 500 to 1000 individual
shield geometries. However, it was nccessary to use over 2200
geometrical shapes to achieve the desired accuracy.

Best Available Copy



SECTION II1

MODEL DEVELOPMENT

1, REFERENCE ILLUSTRATIONS
a, Coordinate and Drawing Systems

All {llustrations and computer data are referved to a
right-hand, orthogonal 3-axis (XYZ) system defined as follows.
The origin of the system is at the top of the head in the left/
right plane of symmetry. The Z-axis is vertical and positive
down so that the clavicular and transpelvic links of the body
joints are intersected as shown in Figure 1. The X-axis is in a
horizontal plane pointed forward. The positive Y-axis is directed
to the right. With this coordinate system, <hange from a stand- -
ing to a seated position entails movement of only the limbs. The ;
head and torso are always in the same position with respect to
this coordinate system.

The illustrations made during this study were the master
-source of dimensions for all numerical data entered on the com- ;
puter card deck. To ensure consistency, the artist drew each
illustration 1/2 life size on a 1/2-inch grid. The origin of all
measurements is the origin of the coordinate system. An objec-
tive of the study was to locate all components within 0.1 inch
of the coordinate system. With the grid chosen, each square ‘
represents 1 inch. Dimensions scaled from these drawings are
considered accurate to within #0,01 inch.

b. External Conformation of the Man

The exterior dimensions of the Computerized Anatomical
Model Man are principally the 50th percentile Air Force man

established by Hertzberg, Daniels and Churchill.(s) This survey
reports body size data for 132 measurements of over 4000 Air

Ferce flying personnel. Though more recent documents vere included
in the government furnished bibliography, this survey was usuvally
the principal source for these documents. Furthermore, Hertzberg
measured many more individuals than any of the other investigators.
Since the principal objective of the Hertzberg survey was to ob-
tain data for the design of skin-tight flving garments, his in-
formation is not always appronriate for design of a mcdel man.
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The artist resolved inconsistencies in the Hertzberg
data and supplemented the data where necessary with measurements
of a living subject who-closely approximated the 50th percentile
Air Force man. A medical consultant assisted in obtaining these
measurements. The artist combined the Hertzberg data, the sup-
plementary measurements, and his experience to produce the ex-
terior layout of the standing man shown in reduced size on Fig-
ure 2. Figure 3 shows the differences in appearance of the
limbs and genitals of the man when seared.

Symbols and numbers on Figures 2 and 3 show where the
Hertzberg data and the illustrations coincide. Table I gives
the results of the Hertzberg survey for the 50th percentile man.
The numbers on the figures and the numbers in the table are
ilentical. Symbols are also used in Table 1 to indicate whether
the data was used in preparing the illustrations. The reader {s
referred to the Hertzberg paper for explanation of any measure-
ment nomenclature not clarified by reference to Figures 2 and 3.

¢. Skeleton

The bibliography and literature search by the medical
consultants provided qualitative or pictorial information de-
scribing the skeleton and its location within the body, but
specific dimensions for an average man were not available. There-
fore, the artist referred to a life-size plastic model skeleton
and an assorted set of human bones that had been purchased from
the Clay-Adams Scientific Company, New York, and was subsequently
borrowed from the Research and Development Division, Martin
Marietta Corporation, while preparing the layouts of the skeleton.
Figure 4 is a photograph of the skeleton. The assorted bones are

)

shown in Figure 5. The artist referred to Morton(6), Eycleshymer s

and Grant(s), and was advised by the medical consultants in scaling
the model skeleton and developing its conformation within the out-
line of the 50th percentile Air Force man. The results are shown
in Figure 6, the standing position; and in Figure 7, the seated
position.

In addition to these front and side views, the artist

drew sections of the skeleton at numerous locations. These draw-
ings are presented in Appendix I - Illustrations.
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Figure 4 Plastic Model Skelton
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d, Organs

The dimensional data available for organs was, as in the
case of the skeleton, inadequate. Accordingly, the artist followed
the same procedure used to develop the illustrations for the skel-
eton. In addition to the references cited for the skeleton, he

also referred to Frohse(ll) and Armstrong(lz) during this phase.
Another Clay Adams visual aid, the life-size model torso shown
assembled in Figure 8 and disassembled in Figure 9, was borrowed
for the preparation of these illustrations. The resulting lay-
outs of the organs in the torso are shown in front and right side
views on Figures 10 and 11, respectively. Views and sections of
the individual organs are presented in Appendix I - Illustracions.

2. GEOMETRICAL REPRESENTATION
a, Input Required for the MEVDP

All geometrical data describing the Computerized Anatom-
ical Model Man have been prepared in a punched card format com-
patible with the MEVDP. The punched card formats are explained
in detail in Appendix II - Listing of Card Decks for Model. The
types of geometrical shapes incorporated in MEVDP are shown in
Figure 12. The number and symbols shown with the individual fig-
ures are locations, radii, ard angles required by MEVDP. These
shapes may be used individually as solids or may be combined in
mixtures of up to 10 solids and voids to form composite shields.
The voids are used only within composites to modify the shapes of
the solids and thus to describe very complex shapes with a limited
number of simple geometries. This capability was used extensively
in the geometrical development of the model.

In addition to the geometrical data, the input to MEVDP
includes the following:

® Shield identification;

® Shield type;

@ Material identification;

® Material density;

® Number of shields within a composite. -
Further explanation of all these inputs appears in Section III -

Description of Mcdel, and Appendix II - Listing of Card Decks for -
Model .
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b, Design Procedure

Development of the geometrical representation entailed
four steps. First, the external conformation was modeled. Next,
the skeleton was designed independently of the exterior. Then,
~the skeleton and exterior were integrated. This procedure fre-
quently involved modification of portions of both the exterior
and the skeleton so that the combined shield configurations would
be compatible with the allowable number of shields in a composite.
As indicated earlier, MEVDP allows a mixture of 10 shields in a
composite, However, the shield serial number system used in this
study permits only 9 shields in a composite., (This number system
is described in Section III - Description of Model). The final
step of the development was modeling of the organs. No modifica-
tion was involved during this step because the organs naturally
fit within previously designed cavities of the skeleton and abdo-

men.,

Simplifications of the design were made in several places
in the interest of developing a model of reasonable size. On the
exterior, all hair was ignored. 1In the case of the skeleton, the
skull was simplified by not modeling the nasal septum, the zygo-
matic arches (or cheekbones), the mastoid processes, or the inner
ear. The rib cage was simplified by assuming that the entire
structure is a thin shell. The outline of the rib cage is cor-
rect, but the region between the ribs is bone, not tissue. Gen-
erally, the organs have their proper shape. However, the chest
and abdominal cavities are completely filled with organ tissue.
Fluids in which several organs float and supporting tissues and
muscle have not been modeled. These simplifications are thought
not to seriously affect the precision of the model, yet the number
of shields in the model is several hunmdred fewer because of them.

The procedures in each step of the geometrical repre-
sentation were identical. First, the geometric shapes forming the
man were inferred by inspection of the illustrations the artist
had made. Then, the numerical data required by MEVDP to define
these geometries were read from the illustrations. This informa-
tion was punched on data cards and also entered on Sectoring Code
Worksheets, such as shown in Figure 13. These worksheets sum-
marize all data requirements for MEVDP and were completed for the
total of 3156 shields comprising the standing and seated versions

of the model man,

20 Zest Available Copy
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SECTORING CODE WORK SHEET

MOC - 06 . 8288 - 01 (349

SHIELD SERIAL NUMBER SHIELD TYPE
1
i CHEMICAL
; MATERIAL CODE NUMBER COMPOSITION
OCTANY NUMBER DENSITY {GM CMI)
CYL RADIUS (INi GR CONE HALF ANGLE (RAD)
{
SPHERE 21 T X (1IN} Y (IN) ! Z N
1
HEMISPHERE ‘2)
CYLINDER 2¢
2
CONE 2}
TRUNCATED
CONE 13} 2
(TRUNCATION PT.:
!
1
|
SIMPLE .
ELLIPSOID (4)
TRUNCATED s
ELLIPSOID
iS5 OR o I
TRUNCATION PT.- s
|
t
)
?
HEXAHEDRON (8}
8

REMARKS

Figure 13 Example of Sectoring Code Worksheet
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The model was checked by inspection of the card decks,
matching of the data on the worksheets to both the illustrations
and to the punched cards, and with two computer graphics programs.
A version of MEVDP used by NASA Manned Spacecraft Center, Houston
with the UNIVAC 1108 digital computer, hnas a CRT plotting routine
that allows visual checking of the shielding geometry. Unfortu-
nately, this version is incompatible with the Martin Marietta CDC
6500 digital computer. Therefore, the model was first checked in-
house using the Lockheed LSVDC-4 Geometry Test Program to climinate
the obvious errors. Figure 14 is a drawing of the eye made by
this program. The final visual checking of the model was done at
the NASA Manned Spacecraft Center with MEVDP. Figure 15 is also
the eye, but drawn by means of the MEVDP. Due to the intensive
in-house checking prior to the final checks at NASA, only a few
corrections were necessary.

3. CHEMICAL COMPOSITION AND DENSITY
a. Collection of Information

The penetration of radiation incident on the body to a
dose point within is affected by both the chemical composition
and the density of all intervening materials. A precise radia-
tion transport model of man should therefore account for varia-
tions of these properties in skin, muscle, bone, bone marrow, fat,
and the various organ tissues. The medical consultants were
assigned the task of collecting and organizing information on the
density of human tissues, and their fractional composition by weight
of the principal chemical elements. The consultants reviewed the
documents suggested by the government furnished bibliography and

Long(g), Spector(lo), Altman(l3), and Glasser(la), as well. Of

these sources, Long was most complete.

Unfortunately all of the chemical composition data
examined during the study was inadequate for radiation transport
analysis. In every case, the portions by chemical element did
not total 100%. The better information accounted for only 70 to
80% of the constituents. The difficulty is related to the manner
in which the information is obtained and documented. Frequently,
the data is for dry tissue with no indication of how much water
might have been present. In other cases, water content is shown.
but the remainder is described as ash of undefined composition.

In additiou, there is no indication of how the ash was obtained

or what chemical processes might have occurred during reduction of
the tissue to ash. As a consequence, the losses of carbon, oxygen,
and nitrogen could not be established.

Best Available Copy
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Symbol Miterial Densit;
Table No. (gm/cm”)

A 3 1.058
1.058

1.038
1.958
1.058
1.058

1.038
1.058

Velume Name

Aft Sclera
Aft Vitreous Humor

Forward Sclera
Forward Vitreous Humor

L0 W~

Cornea
Aft Llens

Forward Lens
Forward Aqueous Huror

TO O +m N0 .
w2 w o w2 (™)
o [N

Figure 14 Lockheed LSVDC-4 Computer Drawing of che Eye
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Because of these and other inadequacies in the chemical
composition data, it was necessary to use approximations for the
composition and density of organ and skeleton tissues. However,
the geometrical models are complete. Improved data for chemical
composition and density may readily be substituted in the future.

< o il b BRI i 15w

b. Organ Tissue %

The medical consultants have formulated the radiation z
transport properties of a typical soft organ from the information Z
gathered during the study. The typical density is that of blood, 3

1.058 gm/cms. The chemical composition is as follows:

Hydrogen 0,0980 Phosphorous 0.0030

Carbon 0.1450 Sulfur 0.0018 %
Nitrogen 0.0380 Potassium 0.0026 R
Oxygen 0.7070 Calcium 0.0009 3
Sodium 0.0015 Chlorine 0.0020 2
Magnesium 0,0002 Total 1.0000 ;

These properties are used in all organs of this model.

e, Skeleton

Red blood cells are produced in the red marrow of the
skeleten. Radiation reaching the blood formation centers could
disrupt this production. Accordingly, the medical consultants
have identified the distribution of red marrow in the human skele-
ton. This information is presented in Table II. The composition
of bone marrow is similar to fac.

In order to plan the geometrical representation of the
blood forming organs in the model, several of the larger human
bones shown in Figure 5 were sawed into longitulinal and trans-
verse sections. The artist illustrated these sectiors as shown
by Figure 16. It is observed that the human bone is a very
efficient shell structure reinforced internally with spongy
material. As a consequence, the hard, dense material is concen-
trated in a very thin layer on the outside of the bone and the
bulk of the interior is marrow. Description of the bone geometry
separately from the marrow geometry would have added several hun-
dred shields to an already large meodel. It was therefore decided
chat the radiation transport properties of the skeleton would be
simulated adequately by combining the compositions and densities
of bone and bone marrow, thus making a simpler geometric repre-
sentation.

25




Table II.

Distribution of Marrow in the Adult Human Skeleton

A. Discribution of Total Marrow, Red and Yellow, in Man.
Total Marrow is 1600 to 3700 grams (3.53 to 8.15 1lb),
or 3.4 to 5.9% Body Weight.

Region/bones Percent of Total Subtotal | Total

Upper Limbs:

Humeri 5.98

Ulnae 1.38

Radii 1.34

Wrists and hands 2.74 11.44
Lower Limbs:

Femorae 17.07

Tibiae 10.93

Fibulae 1.54

Patellae 0.82

Ankles and feet 8.43 38.79
Ribs and Trunk:

l1-4 ribs 2.08

5-8 ribs 3.36

9-12 ribs 1.90

Scapulae 2.38

Clavicles 0.76

Sternum 1.38

Pelvis 16.29 28.15
Spinal Column

Cervical vertcbrae 1.78

Dorsal vertebrae 7.29

Lumbar vertabrae 5.61 14.68
Skull

Cranium 6.34

Mandible 0.60 6.94 100.00

B. Distribution of Red Marrow (Blood Cell Producing).
Red Marrow is 50% of Total in a 40 Year 0Old Male.

Percent of Average Total weight
Bone red marrow |weight {(gm) (gm)

Skull - cranium and

mandible 13.1 136.6
Humeri, scapulae,

clavicles 8.3 86.7
Sternum 2.2 23.4
Ribs 7.9 82.6
Vertebrae 28.5 297.8
Pelvis 40.0 418.6 1045.7
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The properties of skeleton material were derived analyt-
ically using the following procedure. First, the geometrical model
of the skeleton was developed by reference to the illustrations
that had been prepared by the artist. The volume of this model

was calculated next. Long(g) and Morgan(ls) assign a total weight
of 10 kilograms (22.046 1b) to the skeleton. Applying a calcu-
lated skeleton volume of 407.15 cu. in., the average density of
the skeleton is 1.499 gm/cm®. The density of bone is 1.75 gm/cm®,
(9 (10)

that ofrmarrow, 0.918 gm/cm3, according to Long and Spector

Their distribution in the skeleton is given by Long(9> as 707
and 30%, respectively. The composition of bone according to

Berger(16) is as follows:

Chemical Element Fraction bv Weight
Hydrogen 0.064
Carbon 0.278
Nitrogen 0.027
Oxygen 0.410
Magnesium 0.002
Phosphorous 0.070
Sul fur 0.002
Calcium 0.147

Total 1.000

The chemical composition of bone marrow according to Dr. Gatts,
one of our medical consultants, is as follows:

Chemical Element Fraction by Weight
Hydrogen 0.122
Carbon 0.761
Oxygen 0.117
Total 1.000

. Best Available Copy
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The calculated fractions by weight of bone and marrow in the skel-
cton were applied to thece compositions to derive the following
average composition of the skeleton;

Chemical Elcment

Fraction by Weight

Hydrogen 0,082
Carbon 0.423
Nitrogen 0.019
Oxygen 0.322
Magnesium 0.001
Phosphorous 0.049
Sulfur 0.001
Calcium 0.103

Total 1.000
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SECTION III

DESCRIPTION OF THE MODEL

1. SHIELD IDENTIFICATION AND LOCATION

A 4-digit number system has been used to identify and locate
all geometrical shapes employed in the model. The digits are allo-
ﬂated as follows:

lst and 2nd - body segment;
3rd - shield within the body segment;
4th -~ shield sequence within a composite shield,

If the shield is not a composite, the 4th digit is zero., Because
of this rule, a composite may contain only 9 shields, Although

a composite may contain more than one solid, if the solids do not
overlap, it was convenient for the purposes of this study to allow
gnly one solid shield in a composite, This simplified the we;ght
analysis presented at the end of this section.

Groups of shield identification numbers have been assigned to
the principal regions of the body. These assignments sre shown
in Figures 17 and 18 for the standing and seated positions, re~
spectively, Within the body regions, the sequence is from back
- to front, right to left, and top to bottom., Also, major elements
- within the body region are sequenced in groups - muscle, skeleton,
and organ., The distribution of shield identification numbers among
body regions is summarized in Table III.

The locations of the composite shields of the model man both
in the standing and seated positions are shown in Figures 19, 20,
21, and 22, The apportionment of muscle is shown on Figures 19
and 20; the composite shields of the skeleton are showu on Figures
21 and 22, The allocation of identification numbers to the indi-
vidual organs is shown with the illustration of the organs in
Appendix I - Illustrations,

Best Available Copy
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2. GEOMETRICAL SHAPES

The quantities of composite and individual shields employed.
in the Computerized Anatomical Model Man are summarized in Table
IV, It is noted that there are 557 composite shields, renre-
senting 2518 individual geometrical shapes in the standing model
and 504 composite shields representing 2271 individual geometri-
cal shapes in the seated model, There are 336 composite shields
and 1633 individual geometrical shapes common to both the stand-
ing and seated positions. :

Of the seven geometries compatible with MEVDP, the ellipsoid
is most useful for describing the human shape. The hexahedron
was frequently used for creating cavities within other shapes or
for truncating unwanted portions of the curved geometries. Of
the other shapes, the truncated cone, the sphere, and the cylinder
had varying, but considerably less, frequency of use. The hemi-
sphere and the simple cone were never used in this model. The
frequency of use of all shapes for the model man is summarized in
Table V.

3. MATERIALS

Due to the difficulty experienced in gathering chemical com-
position data suitable for precise radiation transport calcula-
tions, the list of materials employed in the model is brief. Ta-
ble VI shows the chemical compositions and densities assigned to
the materials associated with this model. Of the ten materials

shown, water and tissue, Morgan,(ls) were not actually employed
in the model. The data for these two materials are presented for
comparative purposes, "

It is noted that all of the tissues listed in Table VI have
very high hydrogen and oxygen contents. It is well known that
the specific gravity of the entire human body is very nearly equal

to that of water. Applying the techniques of Berger,(16) it is
seen in the following table that the principal radiation transport
properties of water and all tissues except bone are similar.

Ad justed
mean excitation energy

Material Atomic weight/atomic number (electron volts)
Water 1,802 65.2

Tissue 1.904 65.7

Organ 1.825 66 .7

Muscle 1.818 66,2

Bone 1.886 85.2

Bone Marrow 1,787 58,1
. Skeleton 1.854 75.4

34
Best Available Cop»



Table IV, Summary of Shields Emrloyed in the Model Man
Composite Individual
Body region shields geometrical
shapes
Common to both standing and
secated configurations: -
Hcad 153 772
Torso 171 803
Upper Limbs 12 28
Subtotal 336 1633
Unique to standing configuration:
Genitals 9 27
Torso 50 284
Upper limbs 68 200
Lower limbs 24 3174
Subtotal 221 885
Complete standing configuration 557 2518
Unique to seated configuration:
Torso 12 62
Upper limos 70 214
Lower limbs _86 362
Subtotal 168 638
Corplete seated configuraticn 504 2271
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Because the skeleton is only about 14.3% of the adult body
weight, only small errors should result from approximating the
body with Morgan's version of an all tissue man. However, when
better chemical composition and density data become available,
the model may easily be updated for more precise analyses.

4, WEIGHT
One of the objectives of this study was to develop a model of

the radiation transport properties of man that would weigh within
10% of the 50th percentile Air Foitce man., Since each of the two

-model configurations, standing and seated, is comprised of over

500 composite shields, representing over 2200 interacting geo=-
metrical shapes, it was necessary to automate the weight calcula-
tion, This was done by modification of MEVDP in the following
manner,

MEVDE in its usual configuration divides space into a selected
number of solid angles originating at the dose point. Then, rays
are generated from the origin along the central axes of the solid
angles, Whenever a ray intercepts an individual or a composite
shield, the length of its track through the shield is calculated.
These lengths are summed along each ray in terms of an equivalent
material to form the areal density function used for dose calcula-
tions. To calculate weight, the same basic equations were used
with different logic. First, in the cases of solid shields not
in composites, the volumes and weights were calculated exactly
with the standard formulas for the geometrical shapes compatible
with MEVDP, 1In the cases where the shield element was a composite,
a mock dose point was located at the center of the only solid
shield assigned to the composite according to the rules adopted
for this study. Then, the MEVDP equations were used to establish
solid angles and rays at the dose point and to calculate the ray's
track through the solid as modified by the voids included in the
composite,

Simple modifications to the MEVDP provided the data for the
following equatiomn:

A‘Vn =1/3 (r2n3 »'rlnz)(QZn B @ln) ﬁos O1n = cos QZnJ

where
AV is the incremental volume associated with ray “n"

T and vy, are the distances from the dose point to the

outer and inner surfaces, respectively, of the solid sur-
face, as modified by adjoining voids
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¢bn’ ¢1n’ eln and 92n are the angular limits of the solid

angle element associated with ray "n" (Reference 4)°

The volume of each composite was obtained by summing the in-
cremental volumes over all rays. The weight was then the product
of this volume and the density assigned to the composite. The
mock dose point was relocated for each new composite. The preced-
ing equation is exact for spheres and hemispheres and for ellips-
oids whose semi-axes are allowed in the limit to become equal.

As would be expected, the equation loses accuracy for shapes that
are pointed or have corners, such as cones, cylinders and hexa-
hedrons, Therefore, a study was made of the accuracy of the vol-
ume integration as a function of the number of rays selected for
each type of geometrical shape for simple composites of one solid
and one or more voids, The errors with respact to known, exact
"volumes are shown in Figure 23. Since the objective of the weight
analysis was to reproduce the weight of the Air Force man within
10%, an error within a simple composite of 1% or less was consid-
ered satisfactory., Figure 23 indicates that 512 rays will limit
the error to 1% in most cases,

Finally, a study was made of the effect of number of rays on
the total volume of a group of composites and the time required
to perform the calculation with the CDC 6500 digital computer.
This a2nalysis was done with the brain, which comprises 17 compos-
ites including a total of 59 geometrical shapes, mostly truncated
ellipsoids. The results are shown in Figure 24, It would be ex-
pected that as the number of rays is increased, the volume would
become asymptotic, This was generally true except for the sudden
jog between 435 and 512 rays which was attributed to the solid
angle distribution assuming a more favorable orientation with re-
spect to the axes of the geometrical shapes in this region., As
the result of this analysis, all volume and weight reported in
this document are based on 512 rays. This number results in a
volume little different from that obtained with many more rays
and costs a reasonable amount in computation time,

The weight of the 50th percentile Air Force man is 161.9 pounds,
The weight of the standing model man is 155.0 pounds. The seated
model weighs 150.7 pounds. The errors in these weights are 3.9%
and 6.9%, relative to the weight of the Air Force man. The calcu-
lated weights of the model man are summarized in Table VII, It
is noted that the technique used to formulate the average chemi-
cal composition of the skeleton has forced its weight to be cor-
rect. The weights of individual organs are compared to weights

of organs adapted from Morgan(ls) and Sunderman(17) in Table VIII,
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Table VII, Summary of Model Man Weight
Body region Tissue Skeleton Organ
Common to both standing and
scated configurations:
dead 4.,5794 1.6986 2,6029
Torso 28.1042 11.4023 17.1606
Upper Limbs 0,7331 0.7629 _——
Subtotal 33.4167 13.8638 | 19.7635
Unique to standing configuration:
Genitals 0.2008 --- 0.0832
Torso 17.6378 0.9590 1.5785
Upper limbs 15.8166 1.5300 .-
Lower limbs 44,9349 5.6899 .-
Subtotal 78.5901 8.1789 1.6617
Complete standing configuration:
Total, each material 109.6839 22.0427 21.4252
Grand total 155.5530
% error in grand total 3.92
Unique to seated configuration:
Genitals - -——- 0.0832
Torso 9.4900 0.2412 1.4915
Upper limbs 14.4615 1.5605 ~--
Lower limbs 49.5862 6.6231 -~
Subtotal 73.5377 8.4248 1.5747
Complete s:ated configuration:
Total, each material 104.6315 22,2886 21.3382
Grend total : 150.6595
% error in grand total 6.94
Note: 50th percentile Air Force man weighs 161.9 1b,
| Best Available Copy




Table VIII. Comparison of Model and Actual Organ Weights
Orguns Model (15) Sunderman(17)
(weights in 1b) man Morgan . . .

(standing) Minimum | Maximum | Average
Eyes (both) 0.0834 0.0661
Teeth 0.0123. 0.0441
Brain 2.5073 3.3069 2.4251 3.7479 | 3.0865
Spinal cord 0.2107 0.0661 --- --- 0.0595
Thyroid 0.0279 0.0441 0.0661 0.1543 | 00,0882
Heart and adjoining| 3.3455 0.6614 0.5952 0.7937 | 0.6614
vessels
Lungs (both) 2.2046 2.2046 | 1.5102 2.3148 | 1.8188
Liver 2.9203 3.7479 3.3069 3.9683 3.6376
Spleen 0.2047 0.3307 -~ --— 0.3417
Kidneys and adrenal| 1.1588 0.6614 0.5335 0.9964 | 0.7164
glands
Bladder 0.4571 0.3307 ——— - _———
Pancreas 0.2014 0.1543 0.1323 0.2976 | 0.,2425
Stomach 1.1306 ‘ --- -——- ——
Intestines 6.8775 } 8.0138 - - —
Testicles (both) 0.0832 0.0882 0.0882 0.1190 | 0.1102
Total 21.4252 19.7203
Note: Organs of the Model Man are assumed to be filled with blood,

food, feces, or urine as appropriate.
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It is ncted that the weights of the model organs are generally
somewhat greater than those given in the reference. Port of this
discrepancy is attributed to the modeling technique. The organs
were assumed to entirely fill the cavities in the skull, rib cage,
and abdomen, Actually, this is not true because the organs are
cushioned by fluids and supported by various tissues and muscles,
These details were not modeled in the interest of keeping the num-
ber of gzometrical shapes used in the model to a reasonable num-
ber. Another possible source of discrepancy between the weights
of the model organs and actual organs may be due to preparation

of the actual organs, The references do not indicate whether
blood and other fluids normally within the living organs were
drained prior to weighing. It is suspected that unless the donors
were frozen immediately after death, the ovgans were drained.
Since the model assumes the entire volume of the organ to be oc-
cupied by tissue and fluids having a uniform density equal to that
of blood, it would be expected that the model organs should be
heavier than organs without the normal fluid content they had

while living.
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SECTION IV

»ODEL DEMONSTRATION

1, DOSE POINTS

Compatibility of the Computerized Anatomicg® Model Man with
MEVDP was demonstrated by operation of the two systems together
on the CDC 6600 digital computer at the Air Force Weapons Labora-
tory. In preparation for this demonstration, the locations of
numerous dose points were identified, These locations are given
in Table IX, It is noted that except for the gonads and femur
the dose point locations are the same in the standing and seated
configurations.

2. SAMPLE PROBLEMS

Demonstration of the model at the Air Force Weapons Laboratory
entailed solution of shielding thickness problems for si.. dose
points chosen from Table IX, Both standing and seated configura-
tions were used, The model was input to MEVDP from both punched
cards and magnetic tape., The demonstration conditions were as

follows:

Model Computer

Problem no, Dose point configuration Input source No, of rays time (sec)

1

2

Heart Seated ~ Tape 512 420,813
Intestines Seated Tape 512 445,660
Hypothalamus Seated Cards 512 562,227
Heart Standing Tape 512 430,500
Zntestines Scated Tape 200 211,876
Hypothalamus Standing Cards 512 615.913

A partial listing of the result of problem number 1 is presented
in Appendix ITI - Li<ting of Sample Problem Results,

! Best A_vaiﬁ;,
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Table IX, Dose Point Locations Within the Model Man'
Coordinates (in.)
Dose point
X Y Z

Inner ear:

Right, at drum _ -0.03 2.04 5.00

Right, at cochlear nerve -0.23 1.66 4.75
Hypothalamus at center of mass 0.90 0.00 4.10
Lungs at center of mass:

Right 0.36 2.48 '8.00

Left 0.36 -2.82 17.61
Heart at center of mass 1.71 0.14 17.60
Kidneys at center of mass:

Right -0.90 2.53 25.80

‘ Left -1.10 -2.53 24,65

Pancreas at center of mass 1.50 -0.81 24,45
Gonads at center of masr:

Right testicle, standing 2.25 0.55 38.25

Left testicle, standing 2.25 -0.55 38.50

Right testicle, seated 4.74 0.55 36.84

Left testicle, seated 4.95 -0.,55 36.97
Bone marrow channels:

Sternum at center 3.26 0.00 15.62

Right femur at center, standing 1.60 4 .33 43 .38

Right femur at center, seated 9.13 4.33 33.80
Eyes:

Right at center of lens 3.393 1.245 4 .30

Right, retina at optic nerve 2.278 1.245 4 .30
Intestines at center of mass 1.80 -0.,20 28.95
Spleen at center of mass -1.18 -3.37 23 .4
Brain at center of mass -0.30 0,00 3.43
Note: Ears and eyes are located symmetrically with respect to

the XZ plane.
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SECTION V

RESULTS AND RECOMMENDATIONS

1, SUMMARY OF RESULTS

This study has produced a Computerized Anatomical Model Man
in both standing and seated configurations, The model depicts a
50th percentile Air Force man and comprises over 2200 geometrical
shapes represerting his external conformation, skeleton, and major
organs. The quantity of geometrical shapes used in this model
compares to 908 shapes used in an existing model of the Apollo
Command and Service Module and 1038 in a model of the Apollo Lu-
nar Module, Despite the number of geometrical shapes employed
in this model, it was necessary to make compromises to achieve
a model man of reasonable size yet sufficient geometrical accu-
racy.

Due to inadequacies in the data available to this study, the
chemical compositions and densities assigned tuv the parts of the
model do not represent the radiation transport properties of man
precisely, However, since the greatest part of living human tissue
is similar to water in both composition and density, these inade-
quacies mav not be significant., The model is so constructed that
better information may easily be substituted.

The compatibility of the Computerized Anatomical Model Man
with an existing radiation shielding program, MEVDP, has been
d_monstrated, Since this computer program is operational at the
Air Force Weapons Laboratory, the NASA Manned Spacecraft Center,
Houston, North American Rockwell Corporation, and other govern-
ment and industrial centers as well, the model should have con-
siderable utilization,

2. RECOMMENDATIONS

Studies should be made using the model in one or several fixed
environmerts to determine the sensitivity of doses calculated at
various locations to the chemical composition and density of mus-
cle tissue, skeleton, and organs., These doses should also he com-
pared to doses calculated at the same locations using a uniform

tissue composition such as that suggested by Morgan.(ls) If it
is discovered that important differences in the doses result, ad-
ditional rescarch into man's composition and density would be in-
dicated to update this part of ithe model.

oSt Available Copy
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It is noted that the Computerized Anatomical Model Man is nude,
Omitting clothing results in a conservative dose calculation. How-
ever, credit should be taken for a spacesuit in studies of extra-
vehicular activity.

3ome broadening of the geometrical capability of MEVDP would
be desirable, If the cones, truncated cones, and cylinders had
elliptical sections rather than circular sections they would be
more useful, MEVDP uses only convex shapes, that is, all solid
material is on the interinr, Concave shapes, or the ability to
use the exteriors of the convex shapes as voids, would also have
been useful, i
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APPENDIX 1

ILLUSTRATIONS

To facilitate the modeling of the 50th percentile Air Force
man's exterior, skeleton, and organs, the artist prepared numerous
sectional drawings of the entire man and views of individual or-
gans and bones that are obscured in the complete drawings. These
illustrations were used to infer the geometrical shapes that would
best simulate the man.

i
The locations of the body sections are shown on Figures 3
and 25. The numerical scales on each drawing that follows locate
the section in the main man coordinate system. Figures 26 through
31 show the lccation of the skeleton within the external confor-
mation of the body. Views of the spinal column and pelvis are
presented in liyures 32 and 33, respectively.

The remaining figures include front and right side views of the
main organ sy t:ms -- nervous, circulatory, and gastrointestinal, ‘
views of indi-idual organs, and sections of these organs. The lo-
cations of the organs are shown in Figures 10 and 11; the locations
of organ sections are shown on the appropriate views, The com-

posite identi' i~ ation numbers associated with these organs are
also indicat: 1s well as the shapes of the primary solid volumes
of the compo: s, The effects of voids that in many cases cause

large changes in the final appearance of the shield are not shown,
The locaticn of the eye in the head is shown in Figure 34, The
dimensions «: the eye in the model are based on Gullstrand's

. . 18 .
schematic e+ as cited by Southall( ), All other organ dimen-
sions are the result of scaling the anatomical models to the di-
mensions of ' he 5>0th percentile Air Force man. The central nerv-

ous system -- brain and spinal cord, is shown in Figure 35; the
thyroid in Figure 36, The main circulatory system is shown in
right side &+d front views in Figure 37, Horizontal and vertical
scctions of the heart and adjoining blood vessels are shown in

Figure 38, tigure 39 presents the nasal and oral passages of the
head, the escophagus and the trachea, The lungs and their sections
are shown in Figures 40 and 41, These organs are followed by the
liver and gall bladder, in Figures 46 and 47; and the bladder,
Figures 48 and 49, The gastrointestinal tract is shown in Figure
50, Views and sections of the pancreas appear in Figures 51 and
52, Finallyv sections of the stomach, small and large intestines
are presented in Figure 53,
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APPENDIX II

LISTING OF CARD DECKS FOR THE MODEL

1. CARD FORMATS

The partial listing that follows is for the Computerized
Anatomical Model Man only. None of the other input necessary
for running MEVDP is shown.

It is noted that only two types of card formats are used.
The first type contains a mixture of identification, material,
and dimensional data. The second type contains only the XYZ lo-
cations of the points indicated in .Figure 12, 2 points per card.
Depending on the gecmetrical shape under consideration, up to 4
cards of the second type are required. A set of first and second
type cards is used to describe each geometrical shape of the model.

The requirements for the first data card are given in Table
X. The entries on this card include the following:

1) Shield Serial Number - The 4-digit shield identification
system was explained in Section III, Description of the
Model. The data is in integer form.

2) Shield Type - Each of the seven compatible geometrical
shapes is identified as a solid by an odd integer, or
as a void by an even integer, according to the tabulation.

Type of Shield Void Solid
Hexahedron 0 1
Cylinder 2 3
Sphere 4 5
Hemisphere 6 7
Cone 8 9
Truncated cone 10 11
Ellipsoid 12 13

The first shield of a composite is always a solid. 1In this model
only one solid is used in a composite. The second and succeeding
shields in the composite are always voids.

Best Available Copy
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3)

4)

5)

6)

7)

8)

Material Code - The chemical composition of the material

“is defined by an integer of up to 3 digits. The code

numbers for the Computerized Anatomical Model Man are
given in Table VI.

Cylinder Radius or Cone Half Angle - These dimensions
are shown in Figure 12. The data is entered in decimal,
not exponential format.

Density of Material - The material densities are asscciated
with the material code numbers of the model in Table VI,
These data are entered in decimal format only.

Number of Coordinates for Ellipsoids - This entry is an
integer, selected as appropriate from the following list:

4  Nontruncated

+5 Single truncation with lower portion eliminated with
respect to ZE axis (See Table XI)

=5 Single truncation with upper portion eliminated with
respect to +ZE axis (See Table XI)

6 Double truncation.

Number of Shields in Composite - If the shield is not a
composite, the entry is the integer 1; if the shield is
a composite, the appropriate integer, 2 through 9, is
entered on the first data card for the composite. There
is no entry on the remaining card sets of the composite.

Shield Serial Number and Card Number - This information
appears on every data card. It is for identification
only and is ignored by the computer during processing
of a problem.

The requirements for the second, and subsequent cards if
needcd, of a shield data set are shown in Table XI. The required
number of cards of this type are summarized below:

Geometrical Shape Number of Type 2 Cards

Hexahedron
Cylinder
Sphere
Hemisphere

Cone

S I e = e

Truncated cone

“llipsoid >°r 3 Best Available Copy
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A

Table XI. Dats Requirements, Second and Succeeding Cards ot Set

Hexshedrons, Type 0 (Votd), ! (Solid)
8 Points Required, Ordered as Shown

Columna [ 1-10 ] 1i-20 | 21-30 ] 31-40 | 41-50 | 5160 76 - 79] 80

Card 2 X1 Y Z, X Yo o ~ 2
T

Card 3 X3 s 7y X, 1, Z, a 3

Card & X Ys Zs X, Y., Zo, ) " 4
L

Card 5 X7 Y7 Zq X, Ya Zy K E 3

Left-adjusted, decimal format

Cylinder, Type 2 (void),

Hemisphere, Type 6 (void),
Type 3 (solid)

Type 7 (solid)

Cone, Type 8 (Void), Type 9 (Soltd)

2
2 Points Required, Ordered as Shown
Cotumns Ji-10 f11-20] 21-30] s1-60| a1-50 [ si-e0ff § T 76-79 [80
Same ws
Card 2 Xi Y 2, X Y. Z. Card | 2
Left-adjusted, dectima]l format
Truncated Cone, Tv-« 10 (Void), 11 (Selid) 2

3 Points Required, Ordered as Shown

Columns t-io0 11-20} 2t-30 ) 31-40 | 41-50 51 -60 K 76-79 |80
7

Card 2 X Y (A X Y. Z_ Same wsl 2
) Card !

Card Xs Ys Zs ({ 3

Ellipsoid, Type 12 (Void), 13 (Soiid)

4, 5, or 6 Points Required (See Appendix II)

Columns 1-10 11-20 A 31 -40 G -50 Y 51 -60 ( ( 76-79 | 80

Card 2 X, Y. 7. X. Y. z - 2
-

Card 3 Xs Ys Zs Xs Y4 7 : 3
(&)

Card 4 Xs or X, Y& or Y, Zs or Z,, 2 4
(Sinyg v »
Trunce ted) 5

vy

Card 4 X, Ve 7 X.. Y, 7, 4
vhoubly
Truvcated) v

Lottt -adiusted, decimel tormat
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2. CARD LISTING

The first page of a listing of the punched card deck that
describes the Computerized Anatomical Model Man follows (Figure
54). The complete card listing of all shields requires 222 pages,
The combined common, standing, and seated portions of the model
are contained on 13,743 cards, or 7 boxes.

“ Best Availabie Copy
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e
1432000
0.
9.00000
©].00000
«1:,00000
9:00000

Qs
1.51296
«35000
1432000
1.0600000
1,4007%

0

1:32000

'
9.,00000
©1.00000
«1,00000
900000

Qe
1062180
«3%000
1232000
100600000
331468
“e21387
1232000

Qe
9000000
*1¢00000
«1,00000
9.,00000

1.0600000
16.22460
©eB867865
132000
Qe
9+00000
=1¢00000
*1.00000
9.,00000
G.
4,99025
=,y 05218
1,32000
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Oe
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0«
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3450000
3450000
=3,50009
=3,50000
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0.
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Qe
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3450000
3.50000
-3,50000
«3,50000

«2,80819
0.
0.
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9400000
=1+00000
=1+00000

9400000

1.5129%
151298

1040078
1440078

9+00000
=1¢00000
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9400000

162180
1062180

3031468
3e31468
2470000
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«14¢00000
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16422460
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4099028
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Portion of Card Deck Listing
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37238
37311
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371313
kY ERYY
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37624
3742%
37ed)
37632
37402
3743
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APPENDSX III

LISTING OF SAMPLE PROBLEM RESULTS

1. DESCRIPTION OF PROBLEM

The demonstration of the model at the Air Force Weapons Labo-
ratory entailed the solution of six sample problems. The results
of problem number 1 are presented in this appendix. The conditions
of this problem were as follows:

Dose Point -~ Heart

X=1.71 in,

Y=0.14

Z=17.60

Model configuration - Seated

Input source - Magnetic tape
Number of rays - 512

Time required for
execution

420.813 sec

2. PROBLEM LISTING

Since the complete printout of the sample problem required
305 pages, only typical pages are reproduced in this document,

The first pages of the problem printout are a listing of the
geometrical data, These data are in 2 groups. In the usual MEVDP
problem, the first group describes the spacecraft. 1In the case of
the sample problem, this group is a listing of the computerized
anatomical model man, Figures 55a and 55b are the first and last
pages of this listing, respectively., It is noted that except for
the headings, this listing repeats the card deck listing, shown
earlier as TFigure 54, The complete listing used 162 pages to re-
produce the information contained on the 9920 cards that depict the
seated configuration. The second group of geometrical data is usu-
ally a listing of a less complex model of an astronaut that is con-
tained in MEVDP, As shown by Figure 55c¢, this feature of the pro-
gram was not needed for the sample calculation,
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The first step of the problem execution entails checking the
geometrical data and sorting the shields into octants relative to
a coordinate system originating at the dose point. The result of
this step is shown by Figure 55d which gives the locaticn of the
dose poirt; the total number of shields in the spacecraft, e.g..
the computerized anatomical model man; the allocaticn of shields
to octants; and the time required to accomplish transformation of
the geometrical data from the main coordinate system to the detec-
tor coordinate system. Note that any shield intersecting one of
the three principal planes of the detector coordinate system is
assigned to octant 9,

The next pages of the printout show the orientation of rays
originating at the detector location within a region of space also
centered at the detector, Each ray is located by a pair of angles,
THETA and PHI, relative to the detector coordinate system. The
ranges of THETA and PHI used for the sample problem include all
of the space surrounding the detector, However, the region of
space may be restricted if desired. The printout includes the
identification numbers of the 512 rays used; the angles THETA and
PHI; and the direction cosines of the ray -- ALPHA, BETA, and
GAMMA -- referred to the X, Y, and Z axes, respectively, of the
. detector coordinate system. This printout runs for 8% pages. The
first page is shown on Figure 55e, and the last page on Figure 55f.

The problem execution then proceeds to creation of the areal
density function, This function describes the distribution of all
materials and geometrical volumes comprising the shielding config-
uration in the equivalent total weight per unl” area of a standard
material (aluminum) intercepted by each ray. For heavy charged
particles, it is assumed that the range-energy relationship is ex-
pressed in each material, including the standard, by the expression,

R=5E]

The values of DELTA, 5, and ETA, 7, used for solution of the sample
problem are tabulated in the middle region of Figure 55f. It is
noted that appropriate names were used, but that the range-energy
coefficients are for aluminum in all cases. The time required to
execute this part of the problem follows on the printout which con-
cludes with the areal density ccmputed for each ra>. This printout
begins on Figure 55f and ends on Figure 55g.
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The next phase of the problem execution entails least-squares
empirical fitting of the areal density distribution data. The re-
sults of this analysis begin on Figure 55g and end on Figure 551.
The maximun areal densitv to be included in this part of the anal-
ysis is designated XMAX =-- 10.0 gm/cm?. All 97 values of the areal
density less than or equal to XAX are then listed in ascending or-
der of thickness. The curve has been fit in 3 sections. The print-
outs at the bottom of Figure 55g and the top of Figure 55h show
part of the inalysis of the first section. The analyses ri the
second and third sections are shown or. Figures 55h and 551.

The next pages of the problem printout heginning on Fipure
55j and ending on Figure 55k, chow t'2 output of tiie subroutine
ORDER of MEVDP. Each of the 56 pages of this section shows the
ray number, the identity of each of several path numbers associa-
ted with the rav, the distance from the origin at the detector to
the outermost point of the path, the contribution of the particular
path to the total areal densitv along the ray, and the material

along the path.

The final pages of the sample problem show the preceding data
reordered by rav in ascending order, and the paths ordered from
outermost to that closest to the detector. The only external or-
gans are the eyes. The remainder of the exterior of the model
man is muscle tissue, Accordingly the first path for the vast ma-
jority of the rays is always muscle. Since tne detector has been
located within an organ (the hear.) for the sample problem, the
last path is always through cryan material. The intervening paths
along any ray depend on the ray's orientation, and include varying
numbers of paths through ruscle, skeleton, and organ tissues. The
execution of the sample problem requires 732 pages.
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RECORN NO. CONTENTS

) I3 5 1,0600000 s 3 )

2 -3,62492 o, 2,48988 g, 2.R3084  2,48958

3 9, 0, 0, Do 0. 2.,48958

4 0. 0, 1,32400

s arl2 0 s N4 )

& 9. «3,50000  9,00000 0, 3,50000 9,00000

7 0. «3,50000 «1,00000 0O, ) 3,50000 =1,00000

A 5,00000  3,50000 =1,00000 5,00000 =3,50000 =1,00000

9 5,00000 3,50000 9,00000 5,00000 =3,50000 9.00000
1n 3171312 § 0o 5

11 «2.74809 0, 1.51296 0. Z.nnlﬂa.._1.§123b . H
12 0, 0, +35000 0, 1.,51298
13 0, 0, 1.32n00

1s 3712113 S 1,0600600 s 3 )

15 3,09815 0, 1,40078 0. -2,50316 1.40075
le 0, 0, 0. 0o 0, 1.40075
17 0, 0, 1.32000 R,
18 3122 0 5 0,

19 -5,00000 «3,50000 9,00000 <«5,00000 3J,50000 9,00000
2n «5.00000 ~3,50000 =1,00000 <5,00000 3,50000 =1,00000
21 0, 3,50000 =1,00000 0, «3,50000 =1,00000
22 0, 3,50000 $,00000 O, «3,50000 9,00000
23 372312 S 0 5 .. e
24 2.71763 0, 1.62180 0, -2,03822 1,62180
25 Qe 0o .35'}00 0. 0. 1062180
26 0, 0, 1.32000
27 3713113 s 1,0600000 6 3
2R -3,879)3) 0. 3,31468 [ 1Y 2.9053‘ d.31468
29 0. 0. =,213A87 L R PO P ST Y1 I
30 0, 0. 1.32000 0. 0, 2.70000
31 3132 0 s 0.
a2 0, =3.50000 9,00000 0, 3,50000 9,00000
33 n, «3,50000 «1,00000 0. 3,50000 =1,00000 .
34 5,00000 3,50000 «1,00000 5,00000 =3,50000 <1,00000
3s 5,00000 3,50000 9,00000. S,00000..-3.50000. . 9,00000 _..
as ardale s O 6
37 '3055733 [+ 28 3.65523 D 2.59200 3-65623
a8 0, 0, 04984 0, Q. 2.65623
as 0, O 1,32000 0, 0. 2,70000
40 374113 s 1.0600000 6 3
LAt 6,31270 0. 16,22460 Oa. - .. _=4,T756)_  16.22480.
42 0, 0. -,86765 0. 0. 16.22460
43 0, 0. 1.,32000 0. 0. 2.70000
LYY 3742 0 S [ 2

45 «5,00000 =3,50000 ° 9,00000 =5,00000 3,50000 9.00000
48 «5,00000 «3,50000 =~1,00000 =5,00000 3,8000v <~1.08000
7 0, 3,50000 «1,00000 __ 0. _ _=3,50000__=1,00000
48 0, 3,50000 9,00000 0, «3,50000 9,00000
9 374312 S 0. &

50 3,85004 0. 4,9902% 0. -2,80615 4.99025
5[ 0, oo -005?16 [J% oc 9.99025
52 0, 0. 1,32000 [V 0, . 2470000
53 375113 s 140600000  _ &6 __3
Ss -3,95000 0, 4,10000 o. .. 3,02%00.  4,10000
gs 9, 0, ‘1-00228 Oa 0. . .. 4410000

6

0, 0, 2,70000 0. 0. 4,10000

a. Listing of Computerized Anatomical Model Man

Figure 55 Listing of Sample Problem
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Q915
99la
Q917
99in
9919
) 992n

164,33000
9717 1 A
16,6800
15.2400n
16,5300n0
16,8800

«3,.50400

=2,73000
a2,67540
=3,8R0N0
«3,88000

S6,h7220 )é,28000
15070000 1
§3,11100 14 ,8R0n00
$2,05n00 14,53000
§2,05700 15,2R000
§2.40000 14,6R080

=3, 88000

=2,53000
=2,56100
«3 AR0QN
'3-ﬂ8000

b, Llisting of Computerized Anstomical Model Man (concl)

Figure 55
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54.568870

52,40000

$2.,05000
$2,05000
53.11000
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STHMULATEN ASTRONAUT GFOMF YRY

RECNRp NO, CONTENTS

] NGO ASTRONANTS THIS RUN

BT TR

¢. Listing of Astronaut Geometry

Figure 55 (cont)
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DETECTOR POINT CONRDINATES

1,71000090E00
ND. VOLUMES OF SPACECRAFT = 2271

NN, SHIELNS IN OCTANT

58

192
1599

TRANSFORMATTION TIME=

Y

«57 MIN

1440000C09E=01

VP NN & WN -

z
1.76000000E401

_ NOs DESCRIBING ASTRONAUTS = 0

d. Summary of Transformations to Detector Point Coordinate System

Figure 55 (cont)
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MODEL MAN SITTING

s e g 4 e b

MAZROSCOPIC $nLIN ANGLE )

PHY

O BNPN P WN»-

0,

3.,A0°00000E+02

RAY DINECTIO COSINES
SYSTEMATIC SELECTIOYN FROM CENTER OF FAUAL SOLID aNGLES

THETA (DEG)

1,8477514R8F 0
1,8477514RF 9]

1,84775148E40]

1,6477514REe+9]
1.44775148E401
1,4477514REe0])
1,44775146%E401
1.,4477514R3F40
1,847751468E491
1,8477516aF0401
1.,8477514KE+n]
1., 8477514HE4n]
1.86775183Een]
1,8877514AF+0]
1,4477514REn]
1,6477514R8Een]
1.,44775148E40])

1,86775184R8F40]

1,44775143€+0]
1,44775143F4n]
1,44775148640]
1,84775148E4n1
1,84775146RE+n]
1,44775146%554)
1.,4477514REen]
1,64775144E41)
1,84775148F 0]
1,44775148E0n]
1,4477514RE401
1.4477514R8E401
1,4477514AFeN]
1,44775148F+01
3,51R23238E+ 1]
3,51823238E.01
3,58182323aE+n]
3,51823238E 411
3,51823238E+n1
3,5182323KEeN1]
3,5182323%F4101
3,51R232348E40)
3,51823238E.0]
3,51823231%E. 9]
3,51823234F 0]
3,51R23234C40)
3,51823238%+9]
3,51R2323°E4+0]
2,51823239%+01
3,51823237E401

PHT 1HEGY

5.62500000F«00
1.AB750000F 01
2.81250000Fen]
3.93750000F«n}
5.06250000F«0}
6,18750000F+01
T¢31250000Fn]
A,43750000F01
Q,56250000F«0]
1,76875N0NEeN?
1.18125000F+02
1.a29175000E 0?2
1,404254N0F+02
1.51975000F+02
1461125000712
1:74375090E412
1.85425000F 02
1,70R75000c402
2.081250N0F+02
2.1913750505+12
2.3125625000740?
2427500002
?.53175000F 02
2ehn2750N0Te?
2.7~6250N0Fen?
2.RGAT5000F 02
2.98125000ce0?
3,179375000F+02
3.20425000502
3.31875000C+02
3431250005002
3.,54375000F«%2
5./2500000F«00
1.68750000% 01
24R1250000Feny
3,937%00005e0]
5,062%50000F+0]
6e18750700E+01]
7,31250090F40]
R,63JT5901 %+
9,5625000F«01
1,069750005+n2
1.18125000Fn2
142937500 0F+"2

1440625000€+72

151875000502
145312500002
1763720007402

aMD THETA 0,

€COS (&LDuA)

2,48796227E~01
2,39235123F=-91
2.29&@n353E-01
1.332625%47E=9]
1.58598135qF =01
1,17R6682naE=01
T.25711864F=n2
2,457629523F=72
=2,65062320F =02
7 ,2571173cE=n2
=] ,17R849194F=01
=] ,5R59833qf =n]
=1,937326%aF-n]
=2,2%6R03477 =01

«2,3923511af=n1

«2,44795221€an1
=2 ,6R793224E-91
~2,392331298431
“?,2064123592-01
~]1,932524555 =11
=] .58%983%72 231
=1.17R43210E-01
«7.,25711392E=-12
-2.,450430375-52
2.45r424857€ 202
T.05711407E=02
1,1 7R49]1R4E =01
1,58598%423F-nl
1,932578317F -1
2420848334780
2,392351145-n1]
2,8R7Q4221E=71
5,73635729L-01
S.5137G0k1E=01
5.081455489E=-01
4,4539331nE.01
3,65524R47E-n1
2.716294603E~01
1‘672552915-31
5.,AaTSELARE -2
=5.64755]1778=-722
~1,5672542485Fa01
-2-7IA:Q6‘15-01
=3,655248235 =01

-6,452393291L=-0]1 _

=5.0816455645E8=1]
~5.513799522<01
=5.734n857,75=21

. Roy Crientaticn Data

Tigure 55 (¢t

1.80000000F+02

COS (HETA,

2:45062RRTF=02
T.29711830¢=n2
1,17849202E=0]
1.6R59R345Fn]
1.93252642F=21
2,206B0350 =]
2,39235121i¢5=-01
2.4R7962225 401
Cee"TI6223Fwn]
2.39235125c-n}]
2,2n689356F=n]
1,922525%1c=n]
1.9K5983%5F=n]
1.17849213F=n}
7425711928 =n?2
2830430208 =02
=2.450427535=02
«7,25711671€=n?
«1,17R4919 k=]
-1,585943%4ran]
~14932525265a1]
~2e20680244E=01
-2.3923%1165=-01
=2.487962205 =01
=2, 3H736224FCmr]
-2.3923512%9c =01
=2s:20480363f =01
«1.9325265GF =01
-1.5R6933¢65F=01
-1.]17R&9225Far]
=7,257120%bg=n2
w2,65043]153Cmn2
5:684755313]c=r2
1+67256275E=01
2e¢T1439455E~01]
3,655264R35E-01
4,653933n1E=n1
5.NR145552E=-n]
5.,51370096E-01
54736357 19E=1]
5.73475722€=01
5.51370545E=01
5.0R1455607C=n]
4,65393320F=01

-.3.65526559E-0]

2.7160%482E-01
1.67256306E=-01
5.ud755636E~c2

COS {(GamMA)

9. HR265R26F=01
9,6E265R26F .01
9,AR2L5R24FLD]
9,6R248R765 =01
9.,,8245824F~01
9,rR245R26F-01
9,hR24SR26F =01
9,AR245R24F &0
9,£0245R28F-01
9,6R265826F01
9,5R245826E-01
9,6A245R26FN1
G,ARZLSAPAELG]
9,68265826F =01
9,6R245R26E=0)
9,5R265R26F 01
9,482653R24F .01
9,K88265R26F.01
9,58265%3246F.01
9.60245824F=01
9.502465826EL01
9.44245R2KF =01
9,48245324F-0]
9.4R2645R265.01
9,58265824Fa0]
9.68245826€~01
9,68245B26FEa01
9,AR24582AF=0]
9,6R265826F=01
9,59245826E01
9,.1:24582hE=01
9,6R245R26F =01
8.17322699E=-01
8,17322699E=01
8.17322699€=01
8,17322699€a01
R,17322699€01
B.17322699E-01
R,17322699Ea01
B,17322699€=01
8.,17322699€=0)
8,17322699E-01
8,17322639E=01
8.17322699E-01
8,17322699F01
8,17322699E«01
8,17322699F=01
B,17322699£<01
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483 1,65522487€+02 2.81250000£401 2,20480368E-01 1.17849210F=01
484 1,65522487E+02 3,93750000€+0] 1,93252660E~01 1,58598355¢=01
48s 1,65522487F+02 5,06250000E+401  1,58%5983618~01  1,93252656F~n1
485  1,65522487E+02  6.18750000E+01 1,17849215E-01  2,204803¢5€~01
_487  1,65522487E.02 7,31250000€E401  7,25711913E-02 2,3923513Rc-01
488 1,65522487E€402  A,43750000€¢01  2.450629TnE-02  2,4879623BE-01
489 1,65522487€402 9,56250000€¢01 ~2,45062837E-02  2,48796240€-01
499 1,65522487€402  1,16A75000E¢02 «7,25711788E-02 2,39235141€-n1
491 1.6552248TE+02  1.18125000€402 =~1,17849204E-01 2,20430371E-01
492 1,65502487€+02  1,29375000F+02 «1,58598350E-01 = 1,93252644€-01
493 1,65522487Fenz _1,40425009€402 __=1,93252551E-01 . 1,58599366£-01
T894 1,6%522497E¢0c  1,51875000F402 ~2,20490357E-01 1,17849221g-01
498 1,65522407€402  1,63125000€+02 <2,39235136E-01  7,25711977E=-n2
496 1,655224576+02  1474375000€402 «2,48795230E-01 2,4504303TE-02
497 1,65522407%+02 1:88525000F¢02 =2,48796240E=01 -2,45042770€~0C2
498 1.655224875402 1,90875000F¢02 =2,39235143€=91 -7,25711720E~02
499  1,65522497C+02  2.00125000€492 ~2,20480374E-01 _~1,17849198£-01
OO 1,65522837€402  2.19375000E402 «1,93252A58E-01 < -1,585983457-91
S0l 1.65522487€402  2,30625000F+02 =]1,585983171E-01 -]1,93252647F=-0]
502 1,65522487€002 2,41875000£+402 «1,17R49227€-01 ~2,20480358£-01
503 1,655224AT€+02 2.53125000€002 =7,25712081E-02 =2,39235134c=0]
S04 ' 1,65522487€+02 2,64375000€402 «2,45043103E-02 -2,848796237F-n]
508 1.665224B7Es02 2.75625000£402 2,45042703E~02 =2,4R79624]1r=9]
1) T1,6862248 78402  2,A68T5000E+02  7,25711656E=N02 =2,39235]145F=n]
S07 1,65522487€402  2,90125000€402 1,17849192€-01 -2,20480377f=n]
So8 1.,65522487€002  3,09375000€402  1,5859M349£-01 =],.93252673E~01
$09° 1,65522487€+02  3,20625000€+02 1,93252443E-0] -1,58590376F-n]
5100  1.6%522487€402  3.31A75000E¢02 2,204803556-01 -1.17849233€-9]
511 1,65522487€en2 3.,43125000F¢02  2,3923513pE-0) =7,257}2}065E-902
€Y7 1.66522487€¢02  3,S5437S000E¢02 2,48794237€=01 =2,45083]170E~92
NO, SOLID ANGLES IN FLEME.T SUBTENDED SOLID AuGLE Pra Ray
512 2.45435914£-02
DELTA §TD = 3,0305400NE=-08 £TA STD = 1,75079000F<02 ALUMEINUM
DELTA({ 1)= 3,03056000€=05 _ETA{ 1)= ]1,75079000£=-02 ALUMINyM
DELTA( 2)= 3,n3056000E=NS ETA( 2)m ],75079000£-02 _LUMG
DELYA(  37= 3.030560006-05 ETa( 3)= 1.75079000£-02 ORGAY
NELTA( 4)s 3,N3056000E=0% ETA( &)w ],75079000E-02 INTESTINE
DELTA( S)m 3,03056000E~0% ETA( S)e 1,75079000E-02 “ySCLE
DELTAC &)= 3,03056000E-05 ETA( 6)s= 1,750790005-02 SONE
DELTA( 7)m® 3,730560006=05 ETA( 7Tiw 1,75079000£-02 ALUMINIM
DELTA( 8)m» 3,0305K6000E=05 ETA( B)w 1,75079000E~02  SKELETON
" TAACK TIME » 4,54 MIN
512 AREAL DENSITY FUNCTIONS (GM/SQ.CY,) .
{  4,289233556e01 4,750]15642E+0]1  4,9B8693370F+0] 5,299288]2£.01
T  5.,585%0470€¢01 5,52605168E40) 5.62755053F+01 ha01294809E.01
13 %5.79251578E+01  5,82580969F«01  6,4168%338r¢01  7.06720974€401
19 5,81049195E¢01 5,75976724E+0] S,95140206F 9839
> +46516974Een) 5.571675%E«0]) 5,70788319¢c¢01 6,95912762€401
31 4.71331S00E+01  4,06577650E«0]  2,96200204£+01  5,09860077€401
37 1,79167020E+01  1,93144091Ee0]1 2.57078585£+01 2,88253525£.01

«9,6R245822€-01
«9,48245822€-01
~9,58245822E-01
~9,68245822€-01
~9,68245822€.01
-9,60245822E€-01
«9,AR245822¢ .01
~9,68245822€.01
~9,68245822€=-01
~9,6R245822€-01
-9,68245822€-01
=9,6R245822€-01
=9, ,60245022E-01
-9,68245822¢£-01
~9.48245822€-01
-9,69245822€.01
~9,68245022€-01
-9,58245822€-01
-9,6R265822€-01
-9,60245822€-01
-9,6R245022€-01
-9,492450822€.01
~9,508245822€-901]
~9,8R245822€-0}
«9,492. 5A22€.0]
~9,682450227.01
-9,6R245822€-01
~9,68245822£-01
~9,50245822€-01
«9,682485022€-01]

6,90817461Fen]
6.18105249E+01
7417758533E+31]

~28163148E021
5,02417853E4¢l
2.75711286E001
3,03413911F4+01

f, Ray Orfentation Data (concl), Range-Energy Coefficients, and

Areal Densit

y Function

F{gure 55

F_.J
\n)
s

(cont)

Best

N
I&:i'ﬁf%ai§3§§3

6,13871895E€¢0]
6,26512805E+0]
8.,92693622€+01
S.47800374E401
5,02639335E40]
1.80032197E¢0]
2,88762937E+01

Copy



415
421
427
433
439
Y3
48]
457
463
409
75
LY}
487
493
499
518
511

945937A924F s 00
1,1740707TF et
107529730 3Fen]
173727075Fen)
179019204 en}
1011803825¢+01
1126281 n6Fen]
165673987 TF en]
1.55R87n0SFen1
1.38582398¢F 401
161508483 TFen)
1.13308R41F 401
1.,587979]5F+01
42312746340F0n]
4,59132309Fe 2]
1.P11/9311Fen]
1e14285172Fen}

xXMaX ® 1,.060990N0Fent

97 WwEIOMTFD VALIFE

,33521182E600
1.2679731AF 601
1,69 22Y3RN0F«0}
1,474332%4F.01
1.7519n1A0€01
1,07 n00N54F 001
1,11°an777E+01
1.75111697F401
1.91 14%64TFe0!
[,Agf71hﬂﬂr.o]
1,0R254051F 01
1,15471253F«01
1,71 564354F401
&, A2 177 AVSE0])
4,57753417F.01
1.4 742264Fe0]
1.219472191F«01

TAl} & R 0100000F« "

THICKNESS

1,032nT64Rpen]
1,3297954Akren]
1.,89023278r 00}
1.76345080Fen}
1.57TAASA]TFeN]
1,06949%536r0]
1,1104239%% 4]
1,08371992F¢91

1,98541742rFe01,
1.611%293%F¢9]

1.1997a]4%F 0]
1.,720837545Fen;
2.N28RARTNFeN]
4,70BN0T424ren]
4,084T1R19Feny
1.,4N38n1AnFen])

1,063136P%FE.0]
1. 98182667F 401
1.31848971E.01
1.380749026F .01
1,290729T7T+E 40}
1.73625687CE401
1.1583937rF 401
! 51648001F401
1.7981455¢F 401
1.550234A5€.01
1.,1178267228401
1,2721677rE.01
2.18223445E40)
6.03971817E60]
3,88n078735%€,01
1.3n819545Feny

OFLR x 1,n500000F=0?

1.,0R721664Fen]
1, 7ARINT4PT o]
1,23197202€+n1
1.59214712Fen)
1.221°9028%F enl
1,129968854F ¢n]
1,78110014E4n1
1,68212527F«n]
1.423R87107Fen1
14131087 enl
1,1221C691F+nl
1,342r4214Fen)
2.79961£55E4n]
foN1773920Fen]
2,59042208E.n1
142376K060Fen]

1,10301879€0]
1.80529112€+01
1.43672297F«01
1.69578654€40)
1.193n539T€«01
1.12982004E0
1,652%4341Fe0)
1.50893R67F«0]
1,40504341F40]
1.27T113714E401
1.1279014%5F«01
1,87260665F 001
4,01962241F00}
5.74411100E+C
1.96051566Ee0]
1.17723445€+01

A, ANAYATARF e NN
HeANALA261E 00N
A,A0R27345F+ 90
R, ANBSAS2AE NN
R ADISTNP9Eenn
8.A116A171E=NN
AALIS4A]A6C NN
R,A217372K2F NN
A,AI149752F e
B,AASKHA2TTE 0N
R,RO854DT74FFenn
8,99222184F 0N
R,Q27K/497RE+ N
R,9T347729F enn
9,n3219513E+10
9.10700571F+0n
.20291245F 410
9,.,32909710keun
9.8n0A11781%e0n

R,AOALII/6AFann A,RNALITTIRE.04 H,PAALIA20F 50
a,40R14824F 00 S, 018 TeAFen RLRORLT22TE«CO
8,A0824474F 40N H,A0A3]1849Fe00 A,ANRIAG2IFe"0
] ,ANATIAI5E 4NN R, ANAABKLFenNN A,RNQNTIAAF L
a,8n9a82 st *nn A,A1N24237Een0 R, ALNKSK6TF a0
4,8122450T7E+90 n,a129427agenn 2 ,A13700T2F«00
R,A1AS1793Fenn A _a]765995F5 .0 AL,AlAT1491F g
R, A2 30ATFeny a,82521211E0" R,A27144KREeND
2,83393522F.nn 4,83655% A5 enn R,P19137AKF NG
A,8491n136Ee00 4,8529073)k 00 H,R547533aF 00
R,9TN178EeN R, ATR2200NFenN? B, RANSHTOREDC
A RIASELTIFea 4,30528R31F400 A,91231097C«90
A,93SATTARE . ND R,964580 145 02" R,953735n01F«00
A, 9Ba11516Eenc 1,99526Ah8AF enn 9,70698479F .00
2.00574352F 0N 2,05096227F g N0 TARRGI I o0
2,1282Q04AKFen0, 9,164745%0nFe0n Go1H15TINAF00
1,22537497F. 11 2,74498112F 40" .2TANKR4F 400

Q9,359455ATEenn
9,55544233€ N0

34392073 14Een
V409613435 a1 "

9,42734T21FenD
7,%739591HEe00

A,RQR1I19EOE e AN
A,B0R19372E+00
8,808476)10F <10
A,007930224E10
A.81112TnSFEen0
HeBl4544QT7FEeN0
R,B202900TEe"0
R,82923695€+0
A,B842401323Ferp
A,86095631E+70
8.88522977€+N0
B8.91975%91E+10
A,9631360R4E+10
9.0192RS32E+10
9.09055322€e00
9.181698%6F90
743007103%Een0
F.ahSTRIATESAD
2. 75640501FenD

A,31R13762¢ 410
B,RAH13IT6KF 0N
R,RIR3I7T2C e
H RAK)3a27rF.n1)
R,R1R13953EC+r0
R,R1R14251EenN
R,A1A14A2a8 .00
A RNAIGT6EHC oD
R.RONLT227¢ w00

Areal Density Functicn

9eRI271199E NN 1.000003000E0n]
CORVE FIT 9F SERTION 1
THIrYNFGS DIgTRIKNTINN

1438312500703
195312500F =01
1,92312500E-01
1.,95312500€=03
1+098312500F =y
1.953]1250NE=03
1,963125%00¢V -0
1.953125905~92]
1.963125n0€=01

Flgure 35

13%

ey FLT PT,

1,7073958%F-09)
1.70739755E-013
1,727400115-012
1.7074221R5.03
1.7774R533¢2023

14707623438 =03

1.70TRB0S4E.0]
1.79831064£-93
1.,70R978]2€-01

(cont)
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9,0457435254+00
9,05996227F+00
9,07488613500
9,09055322F«+00
9.107005T1F«00
9,12429046F400
9.14245998F 400
9,16157354r 400
. 9,18169856F 400
9.18874207£400

1,17187500€=-02
1,36718750E=02
1,36718750€-02
1,36718750E-02
1,36718750E£-02
1,56250000E-07
1,75781250€=02
1,75781250E-02
2.14843750E-0>
20213285R6E-0>

2  COEFFICIENTS

!

~4,00557097F=n}

4,56696420F=02

C'IRVE FIT OF SFcTION 2

THICKNESS

9,18R74207F«00
9,20291245F«00
9,22530497¢ +00
9,24998132F,00
9,274n66365+00

9.30071036F«00

9,.329n9710F+00
9.35945567¢ 400
9,39207814%+00
9.42734721Fen0
9.46578187F400
9,50811761F+00
9,.55546033F400
9,58579265F 400

=7.10382412F=01

CURVE FIT OF SFCTION 3

2__ COEFFICIENTS

DISTRIRUTION

2.213285R6F=07
2.34375000€-02
2,34375000E-02
2,53906250E-02_
_2+539062S0E=-02
 2.53906250E-02
 2,73637500€-02
2.92968780E~02
3.51562500E-07
3,90625000E=02
_4%,10156251E~-02
4,6875000NE=02
4,8R28]1250E=02
5.320367075-02

7.94369725€E-02

THICKNESS DISTRIRUTINN
9,58579265F+00 5,32036707E=-02
9,60961R43F 400 5.66406250E-02
9,67395918£+00 6a1564B8TS0E=02
9,75640581F+00 6,4453]12%0E=02
9,89270199F+00 T:22656250E=02
1.00000000F+01 _ 8020312500E~02

1.25587717€=07
1.32081373E-02
1,38897044E~02
1.46052151€=02
1.535659425-02
1.61659826E02
1,69757783F~02
1,78686BT6F=02
1.,876779008-02
1.90R4646F =07

CURVE FIT PT,

1.,9564343925.02
2.06690913E=02
2.24678B49E-02
2.,632R6626F-02
2.63213422E-02
?.86378608E~0?2
3,0692817A3E-02
3,31046110E-02
3,56958408E=-02
3,84975090E-02
4,155n06618E=02
4,69136653E=02
4,B67442T76E-02
S.10R39351E=-02

CURVE FIT oT,

oo 5a40470543E-02

S.55866365L=-02
S.97642281E=-02
6,50717909E=-02
7.38790215%E~02
B8.08124395E-02

2 COEFFICIENTS

h.

Least Squares Analysis (cont)

Figure 55 (cont)
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=5.65170A0TE=N] A, 4F1R324TE=ND

GEOMDS TIME = 11 MIN

EXECUTION TIME FOR ESNOSE IS 4,57 MIN

i. Least Squares Analysis (concl)

Figure 55 (cont)

%
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NO, PATHS IS 13455 NF TOTAL 3455

RAY NO, PATH NO, DISTANCE TN (CM,) PATH THROUGH (GM,/S0,.CM,) MATERIAL NO,
495 1 4.340236175+01 7.366377TT3E=9} s
496 1 4,40000372F D] 9,49056606E=01 5
497 1 4,6120209%F+01 R,59952277E=01 5
498 1 4,37R2082RFeN] 1.1402n8a1E+0n -]
499 1. 4,29729615F01 2.81475675E=0] 5
493 1 4,11456456F401 1.121R9053E+00 5
494 1 4,21049712540]) 1.97819089E+gn s
49s ? 4,270742°4F+01 T.11AK2975E=p1 5
492 ? 4,270742°45+01% 9,32872077€E=92 5
499 ? 4,27074274F401 1.,4654502BE+00 5

_ 50n 1 4,141R1335Fe0) .2,32291107Fenp . 5
501 1 3,73058R113F+0] 2,316h825K3E-01 5
492 1 3,715034.4F40]) 1.,8398593gE+0n S
4913 ? 3,91872523F40] T 1,567230A2Feqn_ s
501 2 3.,91872543F+01 2.765023518€+00 s
502 1 3.6484113RFe0} 7.16547226E=91 - 5

4% 2 _3,541463°0F401 = _4,17195642Eenn . __  __. .5
‘499 3 3,77596640€401 1.35676934RE+00 5
49 2 3.193501Q7F+01 3,76669505E=01 s

1) 2 3.,21354974F 0] 6,95176070E=0} 5
591 L] 3.3748534nFe01 1,977R1A93F+qn 5

-1 F 1,68R0R1259F+01) 2,71073002€+00 _s
S02 3 3,325n8334F401 . __ 2,63357290Feon _  _ _ 5
517 ) 3.1371923AF«0; R,40266393E~0] o s
Si2 > 3.M9959289E601 7.R29R9332FE=92 N s
49> 3 3,14795711F+01 4,33906324E400 — 5

" a93 N 1.14796711F«01 4,366579572F+00 . 5
49a 3 3,164796711E+01 &,36879572E4+00 5
495 3 3,n9618862F«01 o ___3,A1485379Een0 .. .S

'y P 2 3.na4TREN2AFSN] T 3.51454&732E400 . ]
497 2 3,N7174059F01 3.19304/2'6E+00 ) s
49a 3 3,17739185E401 3,61760B06E+ND _ 5
499 ) 3.134286885+01 4.2206952a8E400n - 5
500 k| 3.14796711€+01 . _4,3657n572Ee0n 5
501 4  3,14796711Fe01  4,3391&T03EeQn -

-1 F R % 3.n9550099F+01 6.51R59481E=01 o 5
489 ] 3.,251R9732E+01 3.27458137E=p2 o 5
491 1 3,2R917665E401 3,03169564E~02 - 5
S0a 1 3,2518973454+01 3,2745R4064E=92 5
489 2 3.,75189732F«01 3,27658137E=02 _ n 5
507 1. 3,29917647F401 = 3,03]169369E~02 e .5

T 504 T 3,251R8734F+01 3,27458808E=02 - 5
493 s 2.7TRNT042RE+0] 4,7271Q72RE=~Q1 5
494 4 2.7907042RE401 4, 72710728E=n} 5
495 4 2.7207042AF+0] &,72719728E=01 5
494 3 2.7R070642RF+01 4,72719728E-01 5
4597 3 _2,7R07042RF.01 4,7271972RE-0] . &

TTaASR 4 2.7R07062RE+01 4,7271972RE=0} 5
499 4 2.7807062RFE+01 4,72719728E=01 ~ s
500 4 2.,7R07042RE+01 4,72719728E=01 5
501 5 2.7R070428F+01 1,B85863105E=0] 5
453 A 2.,78070428E+01 ) 4,72719720E=0) 5
494 5 2,7R07062RF+01 4,72719728E=0] S
495 7§ T 2.7R0T0&47BE<O01 4,72719728E=0] g
499 5 2,7R070628E+01 . 4,72719723E=0) 5
500 5 2,78070642RE+01 4,72719728E=0] s

j. ORDER Printout

Figure 55 (cont)
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33
33 £
K1Y -
3g 4 &
k) 9
3 1o
33 lo
3 11
33 11
3s 12
3a 13
3s 1a
33 12
34 15
Js 14
3s 17
3 19
3s lo
1n 17
34 20
3a ra)
3 22
22 15
23 17
e 17
25 14
26 13
27 12
2R 13
29 11
an 6
N T
3> 7
62 7
62 8
LX) L)
63 o
63 10
64 9
632 11
.6a . 1n
63 12
62 9
63 13
63 14
613 15
_ 62 1A
63 17
23 18
63 1A
63 19

APFAL DENSITIESs SORTED ACCNRDING TO RAY NO, AND DISTANCE

RAY

NO, PaTwW NO,

1 1

DISTANCE T9

5,32528053E+0]) 2.,02774726E400 S
5.43N0RQANE+O1 7.,R6591008E-01 ‘5
4,77870A21F+01 f+54330708E~00 3
5.,41838975E+01] 9.64751144E+00 s
5.438A6332F 01 B8,13414053E~p2 . _ . 5
5.R9081071E+01 6.50460836E=02 5
S,95127186E+01 3,17007719E+00 5
535127144401 6,40895507€=01 5
A, A4T36AT1EOL 7.37862663E+00 s
6,31N078711F+01] 3.,81086171E¢00 5
9,74834472€401 e ... )a7B8363300E00 . _. 5
4,95902921€+01 1.90310115€E=01 5
5,35678290F+01 3.33925160E-01 S
5,20098179E+01 4,90011375E+00 5
5,R9457917E401 6.07224392E+00 5
6,518992:46F+01 3,26692092E+00 5
6,AT4S51141E0) L\ 4,08763594FE-01 = _ - s .
T403044144F+01 2.28886043E+00 5
4,435R5311F+01 3.16266761E<00 a
5.,200981 79E+01 3,A4622536E400 8-
$.31172537£4+01 1.66891475E+00 A
6,A3636579F« 0] 3,27581009E00 8
5¢24639377F401 1.35215079E+00 _ - 5
5.225699173E+01 1.70059076E<00 5
5.22073820F+01 2.,5774n935E¢00 s
5.27422271E401 4,53088866E°00 5
5.26703053E401} B8.,06565261E+400 3
5.27809150£401 1,26023310E+01 5
5.27809150€+01 . _. 1a73021648Ee0y . _ . ST
S¢2T7809180E+01 1.67604108E+01 s
5.27B09150E+0] 1.58403985E+0] 5
5.250738°6F 0] 1.81274841E401 s
4,99R50740E+01 B,44845406E¢00 s
4 ,959R339pE01 5,33489311€E400 5
Se511R9766F+01 imo —..9428007920E-p1 = _._ RSOV - W
4,74921122€+01 2.3792843TE00 5
5,90612219€+01 6.,4694234BE=02 s
5,95127184E4+01 4,785B6582E=01 5
5,95127186F+01 1.42759062E00 5
6,379574311E+01 3.75739534E+00 5
h,41564027E+0) __ _ ___ 4,92237521Ee0n . .. _ . _ 5 ___
9.74859509F+01 1.13482218E+00 5
S,42434G74E«01] 4,92384793E+09 s
S.21N2B574E4+01 4,R87389%94E+00 s
5,90001895E+01 6.23599583E+00 5
6,83294182€+01 5.58830631E+00 5
5,AT9N9R0RE+D] __ ____ 4,52959873Fep} 3 S, .
7,194013015401 3,33809828E¢00 5
4,48385311E+01 1.39536843E+00 a
5,31172594E01 1.52870392E+00 8
6,83636601F+01 A

(CM)

5,10132767E+01

S.16025478E=-02

PATH THROUAM (GM,/S50,CM.:

“AT, NO& MAT, NAME

1.08547788E41)

S MUSCLE

k. ORDER Printout (concl) ard Sorted Areal Densities

Figure 55
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2 3,02599386E+01 3.15621051E400 S MUSCLE
- 3 2,72R23915E4+0] 5.56140853E400 S  MUSCLE
.. 4 2,2035769TEG) 2,78070427E«00 5 ° MUSCLE
— .5 1,94124638E40) _ §.48782908E-01 5 MUSCLE
e 6 1,R9890836E40]1 e 1420616233E¢01. . 3 ORGAN
R, 4 7.60758T15E400 . Bs04BA2720E+00 3 NRGAN
2 .1 5,27809150E¢0]} 1.50069546E401 5 MUSCLE
- 2 3,06916240E¢0] _ . 3,61379702E400 S MUSCLE
3 _. 2412&219LiE:Ql_________"~_5‘5ﬁlﬂﬂ853£gn0__”_. S MUSCLE
— .4 2.2035749TE+0]). _ 2.7807042TE+00 5 MUSCLE
. 5 1,9412463RE+01 1.65960332E-01 5 MUSCLE
) .6 . .92558974Eqn1 _. 1.23239122€E+01 3 ORGAN
CUT .7 7.e0758715E%00 e.cmma"ar;:oe,n.rLw 3 ORGAN
3 .1 5.,270v9150Een] " 1463028718L+01 . 5 MUSCLE
e 2 _3,17031039E+01 ___ _ 4,68596579E,p00 S_ MUSCLE
_— _3____2,72823815E¢0]1 . 5456140853Ee00 5__ MUSCLE
6 2,20357597E401 __ ___2478070627E+00._ 5 . _MUSCLE
T .5 1,9612463REe0] _  1,24895594E,01 3 ORGAN
6 T,60758715E+00 8404882720E¢00 3__ORGAM
_. 1 5,27809150E401  1,70826024E4n] 5 WMUSCLE
_ 2 3.28060644E%0] 293674160E=01 5 MUSCLE
_— .3 3,28060444E+0] _ 2493674160E=0] S MUSCLE
4 3,28060644E40] 2,93674160Fa01] . 5_ MusCLFE
~ E 7. ?9060¢“E°0L . .293674160E=n] __ 5% MUSCLE
L6 3,28060444Ee0Y 0 2,93674160E-0] __ 5 MUSCLE
- N 7 3,25289933E40)  5,56140853E.00 _ 5% MUSCLE
- 2 72A823815€E+n) 5,561_403535.00 ~ 85 MUSCLE
. - 9 2,20357697EenY 17807‘0;6427&00, 5 MUSCLE
1077 1,94124838E401 . 24895594E401 3 _DRGAN
o I N T,-"e,9758_74546:_00_.‘-______A_p_-_qas‘sa?__aos_o,oo ] 3 ORGAN
5 1 5,27809150E+0] ~1,75256057E401 _ 5 musCLF
2 " 3,55883p52E¢0] 1:94401621E000 . _ & INTESTINE
3 3,53911473E401 3,03398324E400 5  MUSCLFE
— &  3,53911473E+0}) _ 3,03388324E.00 S  MUSCLF
o 5 3. 53911a73E0u _ 3,03358324E4Q0 S MUSCLE
& 3,53911473Een) L _3,03388324E400 5 MUSCLE
T 3,53911473Ee01 3,03388324E.00Q 5  MUSCLE
.8 3@25289933£9n1_w__h .. 5,56140853E+00 .5  MUSCLE
9 2,728234]15E+0]) 5:56140853E+00 5 MUSGLF _
o 10 2,20357A97Ee0) 2.78070427E400 . 85 MUSCLE
- 1. 1. 941255388’01 ___ . 1:24865594Eep) 3 O0ORGAN
R 12 7,60758715E+00 8,04882720E400 3 OQRGAN
C 1 5,27809750E40] 1.40274729E40] 5  MUSCLE
2 3,95531103E+01  4,03220372Ea0] 4 INTESTIME
_ 3 3,738507R0E*01 .3409646753E400 _ & INTESTINE
4 3,54223142E40) 3,97615050E=01] 5 MUSCLE
S 3, 60473906E001 1,145855%55Ea0] 5 MUSCLE
_ 6 3,59392910E+0] 3,61491555E400 5 MUSCLE
7 3,59392910E+01 3,61491555E400 5 MUSCLE.
B8 3,593929)0E+0) 3,61691555E,00 S MUSCLE
9 3,59392910E+01 3.61491555E400 5 MUSCLE
10 3,59392910E0] 3,61491555E400 5 MUSCLE

1. Sorted Areal Densities (cont)

Figure 55 (cont)
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4,98420126F 00

1,44589554E41]
1,41936909F+0]
1,07711543E¢01
Q,A7T417903E+00
T.A07962K1E+00
4,98420126E+00

1,3725002RE+0]
1,364494095E+01
1.13356566E+01
9,21891599€+00
6,936037933E+00
4,9842R126E+00

1,31235%46F¢0)
122B36AINNEN]
#99T26T553E+00
R,8514155AF+00
6,42695260E00
4,98428126E+00

1.26672228E401
1,23718015E+01
9,69061877E+00
8.,57290=62E+00
6,N6A38070E+N0
6,9842812AE+00

1,73596979E+0])
1,20593383E+0]
9.49495819E+00
R,38245593E+n0
5,35574292E+00
4,9842R1260+00

3,1371923RE+n)
3,NR9SR2RJF4N]
1,22007493E+01
1,18997219€E+01
9.38772027E+00
B,2785054RE+00
S,77860R14E+00
4,984278126E+00

m. Sorted Areal Densities (concl) Bes_t Avai!able Cop\j

5.27336957E+n0

2.81100607Ean]
3.,627R8RA2E+00
166%316172E+00
4,2.:°76365E=-01
2,77:05488E+00
5,27336957E+00

2,92128452E»n]
3.3005785T7E400
1.6R292806E+00
4,67989705E=01
2.N6696010E+00
5427336957E+00

3.03949244Fn1
3.03A194659F 400
1.6R943738E+00
4,97624906E-0C1
1.52423028E400
5.2733695TE+00

3.13146662E=n]
2.84205365E400
1,68438920E+00
5¢13428223£-01
1.148697721E400
S,27336957E+00

3,19328188E-01
2.71R29590k+00
1.67654090E+00
5¢17976168E=n1
9.22006436E-01
5.27336957E+00

A,40266393E~01
7.R2999332E-02
3,19089051E=01
2e56272169E+00
1.67188670E400
5.12478954E=01
R,4039784lEa0l
5.27336957Es00

(concl)
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Figure 20 Composite Shields in the Muscle Portion, Seated Man
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Figure 22 Composite Shields in the Skeleton, Seated Man
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