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Tests were conducted during a 15-month period fron January 1957
to Ptarch 1958 to determine the effectiveness of the type 68~9 Imags
Orthicon Camera Tube manufactured by Radio Corporation of America,
as a light-sensitive pickup device when used in television camera
systems during the hours of darkness.

Three lenses were used during the tests : An ff0.87 76am, an
f/i.9 5~~m, and an ff3.8 135am. Pr.14~ti~*ry tests under low light
level conditions revealed that the ff0.87, 76am Super-Parrcn high
speed objective lens, manufactured by Ui. Parr and Optical Ccm~ai~y,
h eir York City, New York, was the only lens of those tested which
yielded useful imagery.

Fi.ld tests were conducted over the period 10 days before end
10 days after full moon under ‘visibility unlimited ’ conditions.
Controlled laboratory tests were conducted using incandescent
1a~ps for illumination.

Results indicated that: 
-
~~~

1. The type 681i9 camera tube would yield useful information
only during The period 5 days before and ~ days after full moon
utilizing the ff0.87 7~~~ lens.

2. Under moonlight conditions, objects which were not visible
to the unaided eye were detected and identified at ranges up to liCO
yards.

3. Modification of the camera by allowing the tube to store the
picture increased the sensitivity, but the flicker introduced by
blanking the camera tube caused eye fatigue .

is. Resolution of the camera tube was approximately 500
television lines (horizonta l) with an illxudnat ian level of 1
foot-candle. Under full moonlight ( from 10-2 to 10-3 foot-candles)
resoluti on was reduced to apr roxisiate]y 150 television lines.

5. The sensitivity of the camera tube using the ff0587 76sm
lens was satisfactory at light levels down to 10—2 - 10-’ foot..
candles (moonlight).

It was concluded that:

1. Type 681s9 Image Orthican TV Camera Tube dose not possess
adequate sensitivity to be utilized in television cameras far



surveillance during the hours of darkness when illumination level
is bel.ui io-3 foot—candles.

2. The general conce t has application to the combat
surveillance system, but a more sensitive tube is required to make
military use practical.

3. The speed of the ff0.87 lens appears adequate. The 76iimt
focal length is insufficient to detect targets at ranges in
excess of 500 yards during periods of low illumination.

It is reconaended that:

1. The 681 9 Image Orthiccn Camera Tube receive no further
consideration for combat surveillance system apolications.

2. A more sensitive tube be developed. (This tube should be
moat sensitive in the yellow or red i,ortions of the light spectr um
since spectral enerp~ is greatest in those regions during the
hours of night sky illumination).

3. A s7stem having usable sensitivity at low light levels
down to lO-Y foot-candles ( equivalent to overcast starlight ) with r

suitable lenses should be developed. 
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I. B&CK OR(XJIID

The Ar~~r has long recognized television as a medium for
obtaining intelligence information . The use of military television
in the past has been restricted to daylight hours. Might tests were
conducted at USAEPG i~ early i~% using the consercial 5820 image
orthi con tube. Tea t results showed litt 1~ information content 1/2
hour after sunset and no information 1 hour after sunset during the
full moon.

A passive sensory- device catyable of detecting and identifyin g
ene~~ t,ersonnel, vehicles and other targets during the hours of
darkness would be a valuable asset to the com*at surveillanc e system.

The 681~9 caii~ra tube was an experimental tube first designated
C-73is10 by the manufacturer. The differe nce between this tube and
the conventional 5820 used in broadcast television was the greater
spacing between the target glass disc and the mesh components within
the tube . Two of these tub es were received in December 1956 for teat
and evaluation.

II • t~5CRIP~I0N OF )!ATER~~L

The following equi~saent and light sources were used during the
test:

1. Th. standard RCA broadcast television camera chain type
fl—3lA consisting of camera , viewfinder , camera control , synchronizing
generator, and paver s~~p3y.

2. Th. Model A—2 airborne television system consistin g of
camera, camera control box, monitor, ~‘nainotor , power junction box,
transmitter and receiver.

3. The RCA type 68is9 Image Orth icon TV Camera Tube was used
in the television systems (Figure 1).

is. The n o.87, 76me Super—Farron high soeed obj ective lens
(Figure 2), an f/l.9 SG’r lens, and an r/3.e 135am lens were used in
the television systems.

• 5. A 60-watt incand escent 1a~rn with a variable voltag e
transformer was used in a dar~aoom for controll ed lighting.

6. A Is— x 5— inch speed gra phic camera was used to record
the image on the television monitor.

—
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UI. SP~~IFIC TP~TS

1. TEST NR 1 — AIR~ORNE O~~RATION .

a. Objective. To determ ine :

(1) The effectiveness of the type 6~iZ&9 Image Orthicon TV
Camera Tube as a pickun device in an airborne television system
during the hours of darkness.

(2) Intensity of illumination required to obtain useful
imagery from the equirinent using this tube.

(3) The most advantageous altitude and speed of the aircraft
and t~~es of lenses.

b. Method. The type 681s9 camera tube was installed in the Model
A—2 airbo ne te1~~~j on system. The camera equineent was then
insta lled in an H-19 heliconter and flown at altitudes from 500 feet
to 1,500 feet above terrain between sunset and sunrise. Motor
poole , vehicles , buildings, and terrain varying in contrast were
used as targets. K odak Fcktanon lenses fjl.9 50mm and f/3 .8 135am
were used on the camera .

c. Results. The ecuiTment would yield results only durinE the
period 5 days before and ~ days after the full moon (io~ - icr3 foot#-
candles ) with the f/L 9 50ia~ lens. The objects which could be
detecte d were li&!ht-colored objects on a dar k background; however ,
identificati on of the objects could not be made . Lights from
buildings and vehicles caused the camera tub e to satura te , losing
all information. There was no overcast and visibility was unlimited .
Altitudes to 1,500 feet and aneeds to 75 knots made little
difference in sensitivity. The r/3.8 135am lens yielded no useful
results . Results indicated that a faster lens would be required to
obtain useful imagery- during night airborne operations.

2. TI~T NR 2 - GROUND O~~RATT ON WITH EQUIR1FNT MOD IFICATI0N~.

a. Objective . To determine: L
(1) If the sensi tivity of The RCA TX-3lA TV camera system

with the 6Blj9 camera tube can be enhanced by- allowin g the tube to
store the image for a longer period .

(2) If resultant flicker caused by camera modifications
• will adversely affect recognition of targets .

[ 12
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(3) If the type 6Bt~9 camera tube and modified television
equiament can be uti lized as a night—ground television surveillance
device using the f/l.9 ~0mm lens.

b Method. The RCA fK-31A tel.viaion camera was modified to
let the tar get element of th . tube store the image for a one-second
period before readinr ’ the inf ormation . The equit,ment was then set
un in the laboratory and tests were made , using a variable voltage
transformer controllin g the voltage to an incandescent lamp for
ill~~inat ion. In the field ta ste, moonlight was used for
illumination and personnel and vehicles were util ized as targets,
The teats were repeated without the came ra modifications to
determine the difference in sensitivity.

c. Results. Results indica ted that:

(1) The sensitivi ty was doubled by- using the modified
increased storage method,

(2) The resultant flicker c*~ the monitor caused by the
modification made military target recognition difficult.

(3) Tb. equipeent yielded results only during the period
5 days before and 5 days after the full moon.

(is) Vehicles and personnel could be identified as such at
ranges up to 100 yards using the modified camera and the f/l.9
SAiuu lens • The unmodifisd camera using the same lens perinitt.d
identification Un to only 35 yards . Resolution in both oases was

• less than 75 TV lines. There was n~ overcast and visibility- was
good.

3. TEST MR 3 - GROUND OWRATION WITN FQUI~~~NT MODIFICATIONS AND
SP?dTAL IJ NS.

a ObAective. To determine :

(1) If modification of the equiremnt as performed in Test
Mr 2, in addition to a high spe.d lens, enhanoes sy stem performance
during the variou s ~hasse of illumination encountered during the• hours of darkness,

(2) Intensity of illuainaticn necessary to allow -
•idsnti ficat ion of objects.

(3) The gain in system’s sensitivity- ~~ utilizing the

13
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n o.87 7~*am lens without equiyaent modifications. 
•

b. Method. The .quiament was modified *5 in Teat Nr 2 end the
n o.87 item lens was mounted on the camera . The equi~emnt was
operated in th. field dur ing the period 10 days befor, and 10 day.
after the full moon. Personnel and vehicles were used as targets .
The camera was returne d to its original configuration and the tests
were repeated utilizi ng the high speed lens,

a. Results . Results indicated that : 
-

(1) Identificati on of vehicle s and personnel at rang.. up
to isOO yards was possible without camera modification s (Figures
3 thru 7) .

(2) Camera modificati ons increased sensitivi ty but th .
resultant flicker on the monitor made target identificati on difficult.

(3) The system with and without modification was 1i~~t.d to
operation during the period 5 days before and 5 days after the
full moon with no overcast and good visibilit y.

Ii. TFST MR l~ - AIRRO RI* 0~~RAT ION WITH HIGH SP~7D IJ~NS.

a. Objective. To determine :

(1) If th . type 681i9 cai~era tube with high speed lens
can be utilized as a pickup device In airborne tel.visicn systems
during the hours of da kness.

(2) Intensity of illumination necessary for identific at ion
of targets.

(3) Optimum altitude and speed of airborne platform for
identification of targets .

(is) Maximum altitude and speed of airborne platform for
identi fication of ta rgets .

b, Me thod. Th. A-2 airbo rne television system and the ff0.8?
?6,mn lens with the 68b9 camera tub e were insta lled in us R49
helicopter. The equi’remnt was flown at altitudes ranging fr ~ i 500
feet to 2,000 feet above terrain at speeds up to 75 knots . Buildin gs,roads , vehicles, and personnel were used as tar gets .

11*
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c Results. Results indica ted that :

(1) WIth the f/O.87 76em lens, personnel, vehicles and
bui1din~a were identified at altitudes to 500 feet while the
helicopter was hovering. ~ s3y buildings and vehicles were
identifiable at altitudes above 500 f..t to 1,500 feet while hovering.

(2) The maximum speed minimum altitude condition (velocity
over height) encoumtered before detrimental picture sneer was
evident was 75 knot s at 500 feet above terrain (Figure 8). At 1,000
feet and abov, there was no anear at 75 knots ; however, only
buildings were identifiable (Fi gure ~),

(3) The equi~emnt was capab le of yielding the above results
cn]y during the period 5 days before and 5 days after the full moon.

(Is) Tests were conducted with no overcast and good
visibility .

Iv. Cc,lCLUsIa,s

It was concluded that:

1. Th. general concept has ar plication to the combat
surveillance system, but a more sensitive tube i. required to make
military use practical,

2. The speed of the ff0.87 lens appears adequate . The 76em
focal length is insufficient to detect ta rgets at ranges in excess
of 500 yards during periods of low illumination.

V. R C ~~*2~D&TIONS

It is recomzended that:

1. The 681i9 Image (h’thiocn Camera Tube received no further
consideration for combat surveillance system applicati ons,

2. A more sensitive tube be developed, (This tube should be
most sensitive in the yellow or red portions of the light spectrum
eThos spectral ener~~ is greatest in those regions during the hours
of night sky illumination.)

3. A Vstsm havin g usable sensit ivity at lower light levels
down to 10’ foot-candles (eouivalent to overcast starlight) with
suitable lenses should be developed.

20
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U. S. Army Avn School
Fort Rucker, A la I A-54
CSIgO Lt~)
(3. S. Army Com bat Development

Experimentation Center
Fort Ord , Calif. I A -44

U. S. Army Signal Training Center
Fort Gordon, Ga. 1 A -SI

Electron ic Defense Group
Ann Arbor . Mich. I A .47

9550 15(3. Pro1ect Mich igan
Willow Run Re.earch Center
Ypsilanti . Mich. I A.4ti V

USAEPG LIO
U. S. Army Artillery and Missile School
Fort Sill , Okla. 1 A-sS

— U. S. Army Signal Supply Agency
(Deputy for Mabilizatio n)

& Phllade lplda. Pa. A-so
Internal USAEPG 49 

I -
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~~~~~~~~~ 93~~l~~&&XLAR D~ Th~~tj~~~~ u_So
Pb Cy. Cod? 

Pb Cy. Cod?Wa hi.rn.. 0. C. A,, .

U. S. A m y  Security Agesey I k-a. U. S. Niry EI.evssj~ Labarss.,-7
Anti Chi.f of StalL ~~~~~~~~~ 0/A * k -4

Sun Dingo. Calif . (Librarl.. ) £ * -fl
_____ 

U.S. A m y  Id..., , BonedCh (of Research and Dwvalupms...i , 0/A I k-s POrt Bearing. Ga. I k-iaSignal Carp. Liaise. Omen,, Navy D.pe U. S. Army Idsatry School(Cod, *109) 
* k-si Pntx Beaming, Ga. (Coin 0ev See) 2 k-alNational Secinuty Agency (Us) a k -a? Command and General St.R CoIl.5,Part L.avsinpnt,j~, ~sn. (Archive.) IChad. Bureau of ~~ip. (C.d, 500) 1 K -31

U. S. Army r~~ç Be.rdCh.ef, Bucsa~ of Naval W..p.s. Port Knnt, Ky. a R -*0
(Avio.ic. Civ) I k-u

U.S . Army Armor SchoolPeders i Aviation Agency Port kno*. Ky. (Coin 0ev S.c) 3 k-i sBureau of Research and 0evelopment(RecQr d. Omc,t ) I k-as u. S. Army Chemical Waif., .
U. S. Army Signal IntelLigence Age.c~ * k- a E4enood, PM. (Tech.ical Libiary) IU. S. Com*n.,al Army Command U. S. Ar my Inte*hgea~, Board(ATCEV.5) 

Fort Nalabird. Md. I R -34 
. 
-

(Trm PImas) I k-s 
V

(meport) 4 k-s ‘.S. Army breUage~~, SchoolFort Iblabárd, Md. I K-asU.S. Army Traau srtaaios k,,e.,.~ 
-‘

sad Engi.eeri~~ Command U. S. Army Chaplain s Board(Chief, TeeS. Svc Di,) k- as Fort SMade, Md. 1 K-u 
tArmed Service. T,cS..ical ~~orma*.,. Signal Carp. Liaase C%f~ceAgency 10 K- a? Canthri dge. Mass. ode. A . 0. Bedroaian) I k-iaEngiaeer Kese~~ck and 0evelopmeae Quarternts.t,r Retearcb sadLaborstom ies (Technic.t A.aiy.i . Developmeni Comms.dBranch) 1 k-n Nsiack . Mo... 

* R-IsArmed Force, Si.ff College U. S. .~rmy Whit, Send, Pá,.ila Rasge(Army Sig Oil) I R-7 Las Crusoe., N. N. (u?7 Ti)) I R-4 jMarine Corps 0eveI.pme..i Come, 1 K-a. U. S. Army Pictorial Center
_________ 

Lou,g laid . N.Y . I k-IOther

Rain, Air Devekpin., Cent,,U. S. Arm y Avieti.. Board R i n e. N. Y. (EIecsr ,.i., 0,, Dlv) a k. ~
Fort kucher. Ala. I k-is

U.S. Army Airborne andU. S. Ar my Avi.tiom School Entcirosic. HoardFort R uch,, . Al.. 
Fort Brs~~. N. C. I k-u

V 

(Classified) I k-ia(Uncls,,~f, jj  4 k-Is u. S. Army Actilk,1 Board
FntT Sill. Obla. I k-~

Air Llaiver miy Library
Maxwe ll APS. Ala. (ALL-use) * k-a. U. S. Army Arti llery and

___ Missile SchoolU. S. Army Combot Deve!~~~~..~ Port Sill. Obis.Exprr*me*n.,i~~ Come, (Dip As.. Csmià R sad D) 3 R -..zoFot~ Ord, Calif. I
Signal Corp. Lagiasic. Fealnass.. ~~~~

U. S. Army Signal Ekctvomic PhoisEelpisi. 3. Pa. 
* *4*

ft

Piinvuwsie Vi., . Calif. I ft -SO U. S. Army Air D,f,. .. School
West Coast Oil~ ,, WA*DL Pou~t Bliss Ten. (tom 0e, See) 2 k -2$Pas.d,a., Calif. 1 R -44 OilIe, of Special Wuapo., De’.lspmeaiPart 55*.., Tea. I k-sePbsd~strntr . Sissh tintie d St..,. ArmyPr esidi, .1 S.. Fraud... . Calif. * ft -Si U. S. Army Aim Dif, .., Board

V 

~~~ 55*~, T*a. 
* k-u‘Diaseibmi, . Cd. far &BARG U.. Daly
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