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FOREWORD

This technical repart documents work conducted from July 10 September 1974 at
Wright-Patterson Air Force Base, Ohio and Naval Weapons Center. China Lake. Californi. The work
is part of a joint services program on air-to-ground targe! acquisition funded under authorization
ARAB RA 05 75. The etfort was initiated at the Aerospace Medical Research Laboratory in response
10 Operations bvalvation Group Assistant Chief of Staff, Studies and Analysis (AF/SAV) Project
Order SAV-74002. MA) R. Jensen served as the ordering component program monitor.

The Joint Technical Coordinating Group for Munitions Effectivencss has established a Target
Acquisition Working Group (TAWG) under the Joint Munitions Eftectiveness Manual/Air-to-Surluce
Division. TAWG tasks thut have been completed include the definition of problem areas in both fast
and slow airborne forward air controller operations, research on target acquisitivn by flarehight,
summary ol existing tafget acquisition fleld test data. and the evsluation of mathematical models of
the visual target acquisition process. Work 15 continuing on the camouiiage of targets, terrain and
foliage masking, and math model evaluation and development. This study _reports s laboratory
experiment conducted to assess the effects of muzzle fashes on air-toground target acquisition.
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(U The b&ffect of Mussie Flashes on  Airto-Grund  Terget

Acywisition. by MAJ Robert L. Hilgendorf. WrightJatterson Awr Force Daxe
and Ronald A. Erickson, Neval Weapons Center. China Lake, Calf., Naval
Weapons Center, March 1975, 18 pp. (NWC TP $740, publication
! UNCLASSIFIED )
' (U) Two lsboratory experiments were conducted un a terrmn muodel
1o cvaluate the effect of muzzie flashes on visusl, air-10ground target
ecquistion. Observers were “flown™ over the model at simulsted altitvdes of
1000 and 3000 fi and a welocity of 300 knots. They were required 10
search (ur single tanks or mobtle air defense units. The guns on some of
these vehicles were firing on half of the runs (simulated by flashing fiber
uoptic extensions on the barrels—but nu smoke).

(U) Therr wss nu significant difference between the number of
targets detected from 1,000 i asltitude when they were flashing or when
they were not flashing. the flash pet w dd nut greatly improve target
scquisition. Sgnilicantly mure rargets (ashing end nun-flashing combined)
wete detected un the runs when some ol the targets were flashing. however.
Opposite telts were ohtained hom the 3,000 U altitude condition
significantly more targets were detecied when they were flashing than when
they werc not flashing. There was no difference between tutal target
detections (flasung and non-flsshing) o tuns when some largels were
flashing versus when nonc ashed
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INTRODUCTION

A joint-services Target Acquisition Working Group (TAWG) was estab-
lished in March 1972 and Wasked with pursuing a number of studies of vis-
usl, air-w-ground larget scquisition. The work har includad mathematical
modeling, laboratory timulotions, analysis, data summary, and field test-
ing.

A question grising In nany of thase areas has to do with the target
signatures and assoclated cues that help or hinder visual acquisition.
Questions have been asked concerning the effects of smekae, target motion,
dust, and muzzie flashes. Almost none of the field tests that have been con-
ducted included these factors ir. e controlled way, if atall. The appropriate-
ness of using simulator as wel! as fleld test data ir: predicting scquisition
performance in 8 mid-intensity scenario can ba questioned because these
factors have not been includad.

This report describes two laborstory experiments that were conducted
0 provide data on one of these factors: muzzle flash. One of the Tuestions
that has been posed by operations analysts is, does the firing of tive guns
afiect the delection and recognition of the firing vehicie? The experiments
describeu here are intended to provias a preliminary answar to this ques-
tion.

3 Precasing page blank
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| METHOD

Small vehicle targets were locatad on a model of terrsin simlilar to that
found in central Europs. The terrain was predominantly green in color and P
cor‘hlnad trees, hedgerows, bulldings, a road and bridge, and a small al-- S
strip.

. The targets were tanks and mobile air defense unit: (ADU's) squipped ~
B with fiber optic extensions on the guns 3o that muzzie flashes could be .
simulated. Tha main independant varlable was the presence or absence of -
simulated gunfire; It wus hypothesized that the simulated muzzle fiash would i
provide additionzl visusl cues and thereby enhance target acquisition per- S
formance. L .

Obsarvers wors "flown” cver the terrain model in a transport mechan-
ism and required to seirch for the targets. They reported sightings by
calling out tre type of vehiclo. The repuris were used tu calculate percent
targets detected ar.d recognized, and the tirne of the repcrt was used to

. csliculate the anga to the targat.
s DESICN ]
N
P The twe experiments ware ldentical except for one factor: obsaerver alti- .

tucie was a simulaiad 1, 000 feel in the first, and a simulated 3,000 feeat In the
second. The design, apparatus, procedure, and scoring were the same in
. both experiments. *

Each axperiment used two groups ot ten subjects. None of the targets
was flashing during the "flight* for one group of subjects. Four of the eight :
targets (2 tanks and 2 ADU's) ware floshing (simulating firing} during the .
filght of ine second group. This design rasuited in two independent groups 2
of subjocts whuse performance data wera suitable for testing for statistical 3
significence with the Student’s t distribution,

Tha four targats which had a capability to simulste firing by flashing
s ware 3i30 used in 3 non-flashing moda (with tha first group of subjects) .
- Henca, there was both a flashing end non-flashing mode, and flashing and
KA non-fleshing argets .

The dependent variablas were number of target detections, number of
correct target recognitions. snd response time for sach response. Slant
renges were calculated from the latter measuras.
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SUBJECTS

Four groups of ten subjects each participated in the study (two groups
for each experiment). All subjects were male and were college studients,
active military, or contractor personnel. All had corrected or uncorrected
far, binoculsr visual acuity of 20/20 or batter.

APPARATUS

Terrain Mode!

The 1: 200 scale tarcain model used as the background over which the
subjects searched for the targets was 23 x 8 feet and simulated a mile long
strip of land about a quarter of a mlie wide (Figure 1). The model contains
varinus topographical and cultural festures typical of Central Europe.

‘.‘argols

The targets were 1: 200 scale model tanks and ADU's, representing resl!-
world military targots messuring appraxinately 2! feat in length. Two of
the tanks and the two ADU's were .nodifled tc snabie thelr gun barrels to
simulaty 8 muzzie Mash. This was accomplished by thraading fiber optics
into the gun barre! and down to the body of the vehicie where a 15-volt
miniature lemp was instalied. To simulate the appropriste gun firing rate,
the lamps were pulsed by two Hunter timers (Series D, Modael H11-C), wired
tu cycle comtinuously. Two timers were used for each firing target. The
fidelity of simulation of the firing rate ia considered high whiie the simu-
latod intensity of the muziala fiashas could be somewhat questionable due to
the lack of comgiete resa! -worid data to use as a guide in constructing the
models .

For this experiment, the luminance contrast for a single target element
was defined as:

: Lb)/Lb

luminance contrast between a single target and background

svaraoge luminance over a single larget ares

average luminanca over a single target beckground ares
taken t> be 10 times the target araa  The target shadow
was excluded,
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Figure 1. Terrain Mode! With Target Locatlons Shown
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A Pritchard Mode! 1980 photomater was employed for the luminance measurc:
ments. Five measurements were taken of each target and its respective back-
ground in the non -flashing modes. Examples of the targets are shown in
Figure 2 and a description Is given In Tablc §; notaticn corresponds to that
shown in Figure 1.

TANK ADU

Figure 2. The Two Model Targets Used in tne Target Acquisition Tasts,

Subject Transport Mechanism

The subject was seated on a matorized, remntely-contrulled hridge and
carriage system suspendod over the lerrain madel. The bridqge ard carriage
was capable of movement along the longitudinal axis of the terrain modet,
The subject's seat was positioned on the assembly so the cye ievel of the
average subiect was maintained at about cither five or fifteean fret above the
mean level of the terrain model. This corrasponded to simulated altitudes of
1,000 and 3,000 feet. The simulated velocity was 300 knots.

PROCEDURE

initially, the subject was taken to a room with a small tervain model for
orientation and training. He wes shown the actual sizes of the tanks and
ADU's for which he would be searching during the experimental session .
The firing modes for the guns of the tanks and ADU's were also demonstrated.
The subject was then given instructions on how to respond if he detected
target. Each subject was told to ses.ch only for tanks and ADU's and that
none, some, or all of the targets might be in their firing mades.

 Mdiam amotn ha e e
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Table 1. Target Description,

- Ground Ranae Lurtinance

Target* Mode** (Feet) Contrast Remarks
To non -flashing 1,000 -0.20 At intersection of two

tree-linad roads

T' non-flaahing 2.000 0.34 In a tree-!ined road
'l'2 non-flsshing 2,000 0.39 On a tree-lined road 8
T3 non-flaghing 3,600 -0.10 In a8 clearing next to

a primitive runway

T“ flashing 3,900 -0 34 in & cisiring circled
by trees
Ts flashing 4,000 -0.04 On the top of a Wil
U Q, flashing 4,000 -0.10 Or, top of a small
knoll near terrain
model edge
Q2 flashing 4,500 -0.00 On top of a hill with

sparse vagdatation

*T indicstas tanks; Q indicates ADU's (or Quads).
**Flashing (simulated firing) targets were aiso used in a3 non-flashing mode.

Each subject was given only ons pass over the lerrain model. Tha time
for each pass was just under 11 seconds, the time required to simulate the
* 300-knot airspeed. Upon completion of the pass, the subject wat debriefed A
and target datections and recognitions were verified. :

SCORING

A detection was detined as a subject's rasponse to a target (hy calling
out the name "tank" or "ADU") regardiess of what the target was. A r2cug-
nition was deflned as @& correct call-out, so that detection and recognition
occurred at the saine time.
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RESULTS
EXPERIMENT | (1,000 FT ALTITUDE)

Percent Detactions and Recognitions

The percent of the time that the targets were detected and recognized
is shown in Table 2 for each target. It can be seen that there is a large
variability between targets: Tg, Ty, and T, were never seen, whereas Q,
was always seen. The simulated muzzle flashes an 3 of the 4 targets did
not make the tergets more detectable. Although a "firing" Q1 was seen

more often than when it was not firing, the difference is not statistically
significant.

Table 2. Pei-cent Targets Detected and R2cognized, 1,000 Feet Altitude

~ Total Number "Percent Detecled Percent iecognized
Target of Non- Non -
Numher  Possibilities Flashing Flashing  Flashing Flashing

-

"o 20 0 0

’."' 20 10 10

T2 20 ¢ 0

T3 <0 70 70

T“ 10 0 0 0 0
'1'5 10 . 40 40 40 40
Q1 10 20 60 20 60
Qz 10 100 100 60 80

A number of comparisons can be made at a lower level of detail among
the targets using the Student's t test on the twc groups of subjects. The
target classification and number of detactions made by all subjects are
shown in Table 3.

|
!
%
j
i

it feadost. Shandithiagiion.
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Table 3. Classification of Targets and Number of
Detections Made

Target Type
Mode Non-flashing Flashing Capability
; (Vo Ty Ty Ty) (T, Tg Q). Q)
j
b
No Targeis -
’ Flashing 7 16
yi

L /
i qu Tso Q‘o .nd Qz 9 ,/ 20

Flashing

it is seen that over twice as many of the targets which could flash were v
detected than non-flashing targets when nonz of the targets was flashing '
(i6 vs 7). This difference is statistically significant (t = 4,02, p < .01); it

suggests the possibility that the location of the flashing targets toward the
! end of the run (Figure 1) resulted in better performance.

About twice as many flashing targets were daetected as non-flashing
targets under the flashing condition aiso (20 vs 9). The fact that this ratio _
is the same as (and not greater than) that for tihe non-flashing condition in- a2
dicates that the flashes pear se did not aid In detection. Target cheracteris- ’
f tics or placement may have been morse important factors.

[ Other t-tests showed that: .

1. Non-flashing targets were not seen any more often under the flash-
ing than the non-flashing condition.

2. Flashing targets were not seen any more often under the flashing
than the non-flashing condition.

3. Performance across all targets was better under the flashing condi-
tion (29 vs 23 detections) a3 indicated by a one-talled t = 1.89,
p < .05. The latter resuit comes from summing the non-significant
trends shown in Table 3 (9 higher than 7, 70 higher than 16).

10
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Contrast

The absolute value of the luminance contrast of the targets (Table 1} is {
shown plotted against percent detection (Table 2) in Fiqure 3 for the non- J
flashing targets. i

10010
80 ¢
a [ ]
W
5
w 60 1
-
-
o
. E 401 L ]
o
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w
, Y
i ! 20 4 L3
i !
' L J

o 0.2 04
TARGET CONTRAST

i
{
1
1
1
‘
1
1
I S S Y ]
} Figure 3. Target Contrast vs Percent Detections
|
It can be seen that there is an inverse relationship between the variables; {
the higher the contrast, the fewer targets detected. This unexpected rela- 1
tionship Is statistically significant (r = -0.78 ; p < .05), and is contrary to
i all expectations. However, it supports the possibility that location and place-

ment of the target were more important than luminance contrast in this search- )
for -targets-of-cpportunity type of task. !

In addition, another consideration often overiooked is the relationship i
between the color of a target and the color of its background dizcounting ]
luminance contrast. An experiment concerned with examining the effects

11
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of variations in color and brightness on acquisition performance indicated
that the effects of coiur may have more impact then was traditionally thought.!

An anzlysis of target Q2 provides a good illustration that location and
~olor contrast may be factors important in target acquisition. Q2 was more
consistently detected and recognized than any other target, rsgardless of
its simulated firing mode. Howevar, its luminance contrast with its back-
ground is the lowest of all the targets. On the other hand, it was located
at the top of & hill towards the center plane of the terrain model with few
clutter elements around it. Finally, it subjectively appeared to have uod
“color contrast” with its background: olive drab against light brown.

Detection Range

The range data calculated in this study is only approximate. The range
was determined by recording the subject's response time when he stated
that he dstected or recognized a target. The ilant range for this response
time was then calculated by determining the position of the subject's head
relative to the target. There was 2 subject response tima lag and an experi-
menter's response lag plus the rounding off of the response times to the
nearest second. This risulted in considerably less than precise data, and
discrete steps in the data.

When the non-flashing ADU's (Gy and Q;) were detected and/or recog-
nized, it always occurred at the same approximate range (1,025 feet). This
obviated the possibility of developing detection/recognition probabilities as
a function of range for these targets in this mode. Figure & shows the cumu-
lative percent detectivns as & function of range for the flashing ADU's and
the non-flashing tanks. The cumulative percent of recognitions for thase
targets are effectively the same curves.

EXPERIMENT (I (3,000 FT ALTITUDE)

Percent Detections and Rocginl'lons

There was the same large variation among targets as seen in Experiment
I Tg. Ty, T2, and T, were never seen, and a flashing Q; was seen by all
subjects (Table 4).

TAerospace Medical Research Laboratory. SEEKVAL Project IA1: Effects f
Color and Brightness Contrast on Target Acquisition, by Robart L.
Hilgendorf and John Malenski, Wright-Patterson A. F, Base, Dayton, Ohlo,
AMRL, July 1974 (Report No. AMRL-TR-78-55, publication UNCLASSIFIED).

12
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SIMULATEOD RANGE. FT

Figure 4. Cumuistive Percent Detections and Recognitions
for Flashing ADU's snd Non-Flashing Tanks
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Table &. Percent Targets Detected and Recognized, 3, 600 Feet Altitude

Total Number Parcent Detected Percent Recognlzed
Target of Non Non-
Number _ Possibilities  Flashing  Flashing Flashing  Flashing
TO 20 U} 0
L 20 v 0
T2 20 0 0
T3 20 as 25
L T~ 10 0 0 0 0
i Te 10 30 0 30 0
% Q, 10 0 80 0 40
Q, 10 (1) 100 10 100
!
I
¢ 13
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There was no statistically significant difference between the lotal
numbaer of targets detected cr recognized under the flashing versus non-
flashing modes. For only the targets that could flash, however, signifi-
cantly more were detected and recognized when they were flashing than
when they were not flashing (Table 3).

Table 5. Flashing versus Non-Flashing Targets

All Targets Flashing Targets Only
Mode Mode

o Flashing Non-Flashing Flashing Non-Flashing
Total Number
Detected 14 12 (1) 7
Mean across 1.8 1.2 1.8 07
Subjects ’ ’ )
Standard
Deviation 0.3 0.0 0.5 0.7
Student's t -
(n = 18) 0.94 2.60
Total Number
Recognitions " ’ " ’
Mean across
Subjects 1.4 0.9 1.4 0.4
Standard
Devlation 0.5 0.8 0.5 0.%
Student's {
tn = 18) 2.06 8 33

*Significant at p < 0.01

The data are 8l3s0 shown in 2 format similar to thet of Table 3 (Y able 6).
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Tablo 8. Classification of Targets and Number of
Detections Made

—-— e —me v —

Target Tyoe
Mode Non-flashing Flashing Capability
Targets s 7
sshing
7 , _———
; Flazhing

7

About the same number of non-flashing and flashing targets were de-
tactad in the non-fisshing mode (3 varsus 7). In the fleashing mode, how-
ever, none of the non-floshing targets was seen, tiut flash-ng targets ware
reported 14 times by the 10 subjects. This result is mors in line with what
wos expected before the sxperiment began.

Contn__s_t

The higher contrast targets (T,. T, T, and T ) were never datected

from the sitnulated 3, 000 foot alt!tude. Tihis resuit, similar to that from
Experiment |, can be interpreted as an indication the® 'uminance contrast
was not & factes in the target acquisition process in these experiments.
Perhaps contrast was confounded with target location and clutier, 30 thot
it was not & driving factor in the search.

Deteciion Raggc

The most distant target was a simulated &, 500 fest ground range from the
subject's starting point, and he was at a simulated 3, 000 feet above the terrain,
a condition resuiting in steep look -down angles in most casas. When the

targets were reported, the subject was iooking almost straight down upon them;

detection range is therefore not a meaningful measure of performance in the
high aititude part of these tests.

15
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LIMITATIONS

This study was conducted on 8 terrain model with subjects who made
only one pass over the mode!. The view of the mode! was relatively un-
restricted, as compared td cockpit limitations in most fixed-wing aircraft.
In the higher aititude tests, the subjects were icoking slrost straight down
when they raported the targets.

Thers were no atmaspheric effects, and no stress of lask loading (s.g.,
pliating) on the subjects. [t is not appropriste to use the dels to estimete
ths absolute parformence of an observer in the flald. It is feit that the dota
are useful, however, 1 estimete the relative performance when sesrching
for flashing and non-Nashing targets.

SUMMARY

In summary, the condition with targets exhibiting muzzie fNlashex re-

sulted in more target detections and recognitions than the no-flash condition.

When searching from » simulated 1,000 foot altitude, subjects reported more
targets (both flashing snd non-fashing) when some of the targets wers
flashing. The targsets that had the flash capability were not seen more often
whenr they were flashing then when they were not flashing, howevaer.

The Nash effect was more important when seen from 3,000 “est altitude:

twice as many of the targets that could flash viere seen and recognized when
they were flashing than when they were not flaghing.

16
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Code 35342

R, Sruns (1)
R. Koennedy (1)

Technical Library (1)
Naval Poatgraduate School, Monterov

Dr, Jamen Arima (1)

Dr. Gary Poock (1)

Tachnical Lidrary (1)
Naval Reseavrch Laboratory
Naval Ship Resear-h ai...' Develcpoent Center, Bcthesda {Code 721,
J. C. Slone)
Naval Submarine Medical Center, Yaval Submarine RBase, New London
Navel Surface wWeapons Center, wWhite tiak

Code GA, Fred Clodius (i)

Technical Library (1)
Naval Training tquipment Center, Orlando (Code 213, LCDR Funarv)
Office of Naval Wesesrch Branch Office, Pasadeasn (R. Lawaon)
Operational Test and Lvaluatlon Force
Office Chief of Rescarch and Development (LTCOOL Cianciola)
Army Armament Command, Rockh 1sland (AHSAR-~SAA)
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Arwy
Army
Arw;
(DCS
Army

Combat Develcpmenta
Combat Developmenis
Combat Developments
Piograms & Projects
Combat Devclopmente

Comrund, Armor Agency, Fort Knoa (David Funk)
Cosmand, Aviation igency, Fort Rucker
Command, Experimentati{on Command, Fort Ord
Analyveis, MMethodalogv Disision)

Command, Field Artilleryv Agency, Fort Stil

(MAJ l.owe)
Army Materiel Command (Robert Carev)
Army Missile Command, Redstone Arsenal (ANSMI-RLH, Gérald Chatkin)
Army Training & Doctrine Command, Fort Monrue
Atay Aeromedical Research lLaboratory, Fort Rucker (Dr, Robert Wright)
Army Ballistics Reredrch laboratories, Aherdeen Proving Ground
Army Human Engineerinyg Laboratory, Aterdeen Proving Cround
Army Maceriel Svetems Analyeia Agency, Aberdeen Proving Ground
AMSXY-D, Dr. Joseph Sperrazza (1)
AMSXY-R, Arend Reid (5)
AMSXY-~S, John W, Kramer (20)
Technical Library (1)
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Army lagoerch Institute, Arlingtoa (Dr. A. N. Birpghaum)
10let Aviation Croup, CBT, Port Campbel)
Port Huechuca Neadquartere, Port Nuachuca (Techaical Library)
Frankford Arsemal

SMUVYA-#01000, Gordoa Sigmund (1)

SPAPA-RNIC-N, Neury landberg (1)
Picacimay Arsenal

APOM-IX (1)

SPA-ADC (i)

8. K. Rinbloder (1)
G. N. Zaydos (V)

SMUPA-FRL-P, Rbert B, Vavis ())
Projuct KASSTER, West PFort Bood

LTCOL (i'Grady (2}

Director, Alr Combat Directovate (2)
Wits Sands Missile Range (STRNS-AD-L)
Mr FPorvcs Lopiastics Comnend, Wright-Patterson Air Force Bese (MEM)
Aly Torcs S-stemv Command, Andrews Alr Porce Base (SDW, Roger Hartmeyer)
Tacticel Alr Ccamand, lungley atic Force Base
Oklahoma City 4Alr Matariel Arec, Tiuker Air Force Base (W. P. Wilcox)
Astonutical Syatems Division, Wright-Patterson air Force Base

Coda BN (1}

Ccde XX (1)
Ascoapaze Madica) Reszarch Ladoraiory, Wright-Patterscu aAir Force Base
(NRA, MAY 842 gendor!)
ALlr Force A-mpasat Labtorslory, Eglin Alr Force Bese

LIP, Johe Mecca (1)

LTD, lercy Collier {4)

LYW (&)

324¢ ™V (TOM) (1)
&ir Poreco Tmec and Tvalustion Cemier, Kirtlaed Alr Porce Base (SEEXVAL)
Alr Vaiversity Library, Maxwell Atr Porce Base (AUL-6238)
Tactical 7ighter Wegpona Ceuter, Kellis Af{y Porce Base (DR)
Dafense Doc.msutction Center
PMractor of Defonse Rasearch 4 inginsering (TST&E, Kichard R. Ledesma)
Dulemsa Intelligence Agsmcy (L-17R, Raymond Bsuer)
iaugley Mesearch Cemter (Tecknical Likrvary)
Anacapa 3ciences [acvorporated, Rsats Barbars, Calif.
Applied Physico Laboratory, JHU, Silver Spring, M. (D1, Jack Gebhard)
Autoontice/Rocuwell latursatioasi Corp., Amaheim, Calif.
(br. C. P, Oreeminy)
Battella Mamorisl lustitute, Columbus, Ohio (Technical Lidbrary)
Calspan Corporstion, Duffalo, Bew York (Life Sciences Aviomics Dept.)
Orwaman Asroepace Corp., Bethpage, N.Y. (Technicai Inforwation Cemter)
Bughes Atrcraft Compary, Culwer City, Caltf. (Walter Carel)
Buman Pectors Wesessrch Isc., Goleta, Calff.
Institute for Defemes Amalyses, Arlingtom, Ya.

Rovert k. L. Jobagon (1)

Tochmica? Library (1)
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Ling-Taaco-Vought Aeronsulice Division, Dallas, Tex. (Human Pactors
Faginsering)

Mebenasll Douwglae Corporation, Lomg Beach, Calif. (Director 8cientific
Research, RAD Aircraft Divieion)

MeDounell Douglas Corporation, St. Louis, Mo. (Dr. Edward Jones)
Montanas State Muiversity, Boseman, Moat. (Dr. William Bliss)

Rochwell Intermstiowal Corporation, Colusbus, Ohio

Sandia Ladoxatories, Albuquerque, New Max., (3141, Techaical Library)
Syotemn and Research Center, Mimmeapolis, Minn. (Dr. Leon G. Willigws)
The Doning Company, Ssattle, VWash. (James D. Gilmour)

The Martinarietta Corporation, Orlando, Fla. (Dr. Daniel Jones)
Univereity of Celifornis, Scripps Visidbility Laboratory, San Diego,
Calit,

Virgiata Polytechnic Institute, Blacksburg, Va. (Dr. Harry Sanyder)
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