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2.* dated Uciobe: Ject ariorimed b
g ProduehofRCAfortlnAirFomundu direction of W

- t Center, leeohluethuulhukmsulﬂm& The present
MmthmthemknuﬂdmmbmmuofcnﬁwNubu

The purpose of this project was:

1. To continue studies evaluating the feasibility of g ¢
this type of specialised advance reconnaissance.
2. To }

sy! ,
3. To evaluate alternate approaches to any of the problems where such seem
to have a chanee of fulfilling the requirements,

4. To construct certain rescarch models where such would be useful in
' evaluating the problem,

-5 To study the electromic implementation of the interpretation and dis.

scmination of the information obtained by the reconnsissance system,
s%
Aptical Systems): ,
t}lideo Recording (magneti), a/m()

d. TV Transmitiers

& KilEINA-Servs Systems . o o
Nt [inescope fccording  of Pko’ﬁotn/r)(w Wi pts U/WJ,

& Information Presentation
h. Reliability Studies
i. Tramsistor Applieabilities
These studies were coordinated by preliminary syatems exmminations when.
ever deemed necassary so that the overall results would be mutually compatible,

The final report on this project reported in full og al} the topies mentioned

. above excepe QOptical Systems, Video Recording (magnetic) and Kinescope

Recording, additional work on these being carriod past the contract period.
This report completes the reporting on these topics,

by subcontracts 10 the RCA Tube Division and to the RCA Laboratories Division,
AR g
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I. INTRODUCTION

This report represeats the results obtained from
4 continuation of parts of an overall research and

development study program ecarried out under con.
iract mumber AF33(616)2576. The results contained

hudnmwmm:lhohfwnadondmh
the F‘mlllepondthbeonm!’mjeetlxm
Final Engincering Report, dated October 9, 1957.

A Oplics, Ground Imaging System

' The delays experienced in obtaining the reflection
prisms for the

the completed unit are included. These show that
the optical equipment performs as predieted,
L Magnetic Video Recording System

At lbeuxddflhatimperbdeoveredbythoﬂml
choudtenumdmphuuofthempetic

oystem design was finalized and six chennels com
pleted. Complete circuit diagrams of the FM record-

[

:w-mmmamm»
sulting from tape skew. It is concluded that no

system employing

C. Kinescope Recording

The material on this subject
was not complete, in that the
kinescopes
Several engineering.
were obtained

in the final report

ly and the tests on these,
reported herein, give s ressonably good indication
of the o' tainable phosphorimage quality. It is be.
lieved that the results Justify the predictions on over.
all performance which were made in the fiual report.




The components of the Schmidi-type system have
beca tested and reported. This report covers the
Messurements on the segmentation hubs and prisms,
the alignment of the complete system, the mechanical
aspects of the systems, the photographic tests, and
recommendations for future systems,

8. Magnetic Video Recording Systems:

A nusnber of changes were made in the FM record.
ing system and the present status of this system is
presented through block and schematic diagrams,

Considerable work was sccomplished in efforts to
reduce the flutter, skew and amptitude variations,
Head performance on the developmental recorder

very low  provided that the distance between the
used faces of the edge guides was no more than
about one mil more than the width of the tape.

The wiring and cahling of the head circuits were
changed to minimize all forms of coupling. Cross.
talk is now about 40 db down and all six channels
can he used with no interference hetween channels,

filters could be derived was found 10 be inadequate,
It is still believed that this approach is feasible and
is perhaps the only way now known which will
provide frequency division multiplexing without
reliance on reverse playback. The use of other
multiplexing systents und recording methods 34
iscused.

A.umltof:huemuiti-benmd that Mght
scattering and image spread in the phosphor are
limiting the rendition of fine detail as much s the
distribution in the heam spot itsell. It now appears
that a ten-inch P.16 tube may be required to get o
560 TV.line response of about 75 percent or better
a3 measured on the phosphor. The development ¢’

-& new thin transparent phosplior Iy the RCA mb;

department may cventually permit satisfactory results




Figune 1. Complete Schaidi-typs Camera aad Segmestetion System

n.dnaﬁawvu..cnu..'m

i

Figure 2. Schmidi-type Comero and Segmentatien. System with left
cvers semoved

Figure 4. ClouupVh-dlh“omDrmMPM
4
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is rotated 180°.
e way around the

or was pointed 'to observe the
% & line that cleared the drum

squared to the first

A second auntocollimat
reticle of the first alon
shaft, after o large flat
~autocollimator to permit its
observing position. A fiar

out of parallelism

shaft axis on the side of 4

Jonmnhmmppomdhv-b as discussed pro-

3. ‘All'umofﬂnw%m =
a. Aucrmewr OF ScHMwTTYPE CaMxaas

FimeSrepl‘ucnhlphne view of the framework
PQRT of the optical system. Thi, framework con.
sists of two L-shaped parts, whicl, are joined to 5
central section J doagline-XXm-lZZ.mdtowhich
lheyareleeuredlryazm The Leaections are
equipped with leveling shelves, S, and are mounted ,
on three jacks. Before securing the L-sections to
vection J (by tightening the 32 screws) the Laections
are adjusted to proper height and leveled by placing
& scositive level on shelves S, The level - sensitivity
is about one minute per scale division, and iy care.
fully adjusted beforehand by sctting it on an optical
flat supported by a leveling table.

The two Lsections mount folded optical systems
whose optical axes comsist of the paralle] segments
FA md GB, and the common segment AB. Poing,
A and B are indieated on the upper surfaces of the
L-scctions hy Prick punch marks, sccording to the
-dimensjonal requirements of the design, and the line
AB is scribed using 2 atraight edge. In order to make
it pomible to scribe this line with o straight edge
whose length iy only about one-half AB, plumb lines

~are carefully supported above points A and B. Two
addiiioddplumblinummpponed at C and D,
and brought by carefu] sighting into the plane of
those at A and B, The technique is 1o sight

DA with the eye close 10 D, and along CB with the
oye clove to C. The plumb line close to the eyc will
-ppurunblunedmﬂulbnlglinuwhidu it is
tasy to judge the centering of the other twe plumb
lines by moving the head slightly in & horizonts]
direction during the observation, When the other
two plumib lines hoth Sppear centered in this bar, the

]
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three plumb lines are in a single plana. By oheerving
and making notes of the d; in which Cor D
miglubemvedxobringﬂnm into & common plane
with A, and by noting the same with respect to B,
it is possible to deduce the adjustments that must he
made in the positions of Cand D 1o bring them
both into the plane of A and B. Thi, requires patience
and care but is not ospecially difScult. With the
poinquderiek-pnneheduindiuwdbythc
final positions of the plumb bobs at C and D, the
line segments AC and DB are seribed;

Segments AF and BG are laid out perpendicular
to AB, using the familiar compass and straight edge
mathod of geomeiry indicated by the construction
sbout the arbitrary center K,

Spherical mirrors are located at F and G according
to the dimensional requirements of the design, and
are substantislly centered on lines AF and BC re.
vpectively. It iy necessary that the center of curvature
of mirror F shall lic in the plane determined by line
AF and the plumb line A, say at F', and that the
center of mirror G shall lie at 5 corresponding point
G'. This i brought about by suspending o plumb
line sbove the point M on AF, after which the oye
placed near A ean observe when plumb lines A and
M, and the image of plumb line A in mirror F are in
a common plane, Coplanarity of these lines is at-
tained by lightly tapping the mirror to rotate jt on
a vertical axis until they are observed to be in align.
ment. The conter of F is then at F'. The procedure
for mirror G is identical,

At each of the points A and B are two plane mirrors
mand n rerpectively. The mirrors of cach pair are
rupposed 1o lie in a single plane normal 10 plane
FABG and at 45° 10 line AB, as indicated by the lines
1 and n that represent their reflecting surfaces, U and
V are aspheric Schmidt corvector lenses centered nom-
inally above line AB angd lorated along AB according
to the dimcasional Feijdisements of ihe denign,
Mirrors m are adjusted by removing corrector U and
placing an illuminated pinhole at the-location of s

is returned by them to two images of the pinhole that
substantially coincide with each other and with the
pimhole. This is possible because mirrors reflect
the ceater of curvature of spherical mirror F 1o (Le

ceater of corrector U, The planes of mirrors m sre

casily adjusted 10 substantially contsin the point A

6

rmoumybolocatedmdlqunredbyordimq

sighting means, using the plumb lines euspended
above A, B, C, and D. .

‘b, ArvicwmznT o 35 MM Canxma Bopms AT FocAi,

Pumqumcn.s:m
A largé aluminised optical flat was placed at the

| position J, see Figure 5, facing the Schmidy Optical

System undecr alignment. A point source was placed
at the upproxinmepooitiouA.wlmlhmterof
the camera film frame should be. An autocollimator.

standurd Argus, Model 4). Rather thaa repeat the
sbove procedure for the other Schmidt System, the
optical flat was removed and the system FAC was
used as & collimator for system DBG. The illuminated
slide at A was imaged on the ground glass held Ly
the camera body at B. The camera body was adjusted
for hest focus and proper centering of the image,

C. Drum amp Snurrer Prasine

The operating cycle of the scgmenting optical sys.
lem comprises a sequence of 36 phases.
These phases are spaced at equal intervals of drum
aud shutter rotation and therefore at equal intervals
of time when the parts are driven at uniform rota-
lional speeds. The drums normally roiate at loo
RPM, hut for the purpascs of photograplin: tealing, «

apecial speed redueer is used to reduce this rate to

AT 100 RPM, the normal television exposure time
is 0.0015 second, during which the mirrorstat drums

100 . .
folate — x 360° = 0015 = (.9°, With a photo.
60

graphic shutter operating at 1, sccond, the drum

X
speed must be X RPM where: — o 360° o 4, = 09°,
. 60 v
This makes X = 704 RPM. Ay thi speed, the
drums again rotate 0.9° during the exposure time of
‘io second, which is used in Photographic testing.

~SEGRET-
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'l‘hedmmmdriveuat lNRPI(byaMRPH
mototndn;nmodelllmm-pudredmmdaby
Melmlns:rnmentCo..Dum,Colo. Their model

Duringthecxpumeyclomhdmrohmm
full wurns, the upper drum counterclockwise a¢ seen
frmabm.mdthelowerdmcbekwiu. The first
oItl\uetmhedledmoddeydemdtlnmnd
the even cycle, as will be more fully defined later in
this report, Each rotating shutter correspondingly
rotates three full turns, The shutters function as
optical “switchns™ to regulats the delivery of light
from the drums to the right and left branches of the
optical system, “Right” and “lefy” are referred 1o
an ohserver who views the system along the direction
of theligh!nllmlanthedmm
tho shutters admit light altermately 10 the two

end, indjcating
checks easy.
Annmbuhubeenpunchd on each corner of the
upper surface of each drum, These ‘are the mirror.
stat numbers which identify each cooperating pair

numbering of the mirrorstats
the numbering systesn that appeans in
(Progress Report #1.p. 10, F. 8, ete.). .

A dial is Jocated on the lop of the drim compart-
ment cover, shown in Figure 6, and is provided with

eighteen pitions ahout the dial is, therefore, ident}.
8

mnonuypointer;lhomh;po
xoindinnpomionl-lhztheodgeofthedid. One
oltheopenhplnthemth;llmuerbdomdw
rightopﬁulml’emlhouldthnlbbehh-b\vu-
most position, Wbcnthemeehuhnhthentuned :
to swing the moving pointer 20° counterclockwise to
Mm!&.mdtheopmiapin the rotating
shutter before the left optical system should be in
its Jowermont position. Tludmmndah-nmm

mthmn;hthoohutlarduftuhuuuthm s
mofﬂtclwoaemdoonaubomoftbedmm

Theﬁntmuﬁm.wbichmmwhhdupohluat
pasition 119 and the opening in the right shuster
lowu-mou.i-ealldthooddeychdopenﬂon. The -
second rotation is called the even cyele, after which
the odd cycle starts over again, and 30 on. The odd

—SECRET-
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and even eycles arc identified by the flashes of a
lamp at the rear of the asembly. This lamp is ener-
gized by a cam and mieroswiteh each time an opening
in the right rotating shutter reaches the lowermont
position. The odd cyele is identified by the Rashes
oceurring when the moving pointer is directed to.
ward red nambers in the outer circle of phase se-
quence numbers (1 to 18 inehwuive). During the
even cycle, the flashes occur when the pointer indi-
cates red numbers in the inner cirele. The even
cyclephuenquueembeummto%inclmivo.

When the phase sequence number has heen ident;-
fied by ahserving the dis pointer positions in rela-

functioning 1o Produce an image are identified Iy
. consulting the schedule of operating phase sequences,
Figare 7. This is alo attached to the back of the drum

compartment cover,

For example; If the rolating pointer is directed to
Position 12-30 and the lamp flashed when it passcd
position 11.29, the phase sequence number is 30
(in the even cycle). The schedule then shows that
for phase sequence number 30, mirrorstat 13 on the
lower drum is directing light into the lelt optics. It

the pointer is directed {o position 7-25 and the light -

is not turned on, the fystem is at phase sequence
number 7 (in the odd eycle).. The schedule indicates

The phasing of the drums may he checked very
mdﬂybymminglhedhlpomuto any ons of the
red numbered positions and oleerving the alinment
of the drum corers through the observation port.
For exsmple, if he pointer is at position 13.81,

he properly Phased A check for this is given in the
preeeding paragraph. The right shutter shoukd then
have an opening in lowermost position when the dial
Pointer julicates one or the other of any two adjacent

(40° apart) red numbered dia] Positions, The left
-huﬂeruhouldtbauhmmopenin;hbww
pusitiva when the pointer turas just 20° counterclock.

most point when the shutter i viewed
through the door, threc indexing notches are cat in
the edge of each shutter, When a shutter opening is
an indexing noich &ppears a: the same
heightulhéaxhofthelhqlmdﬁnshdt. Corre-
sponding notches in the adjacent fixed bafile plates
are at the same height as the drive shaft axis and
make it easy 10 judge shutter phasing, A

d. AucunmorhuusonDum .
Tboobjecﬁveindiglﬁngtllepﬁmonthedmm

wander through g -angle of about thirty seconds,
The auntocollimator wus, therefore, set square to the
mean direction of the exis, and the left-hand prism
faces were set parallel with this direstion within
thirty seconds. Although the five second accuracy
;ulmﬁrhmlﬂmmtmybamalymuing
standard optical alignment means, experience with
the model has shown that further development of
thebuﬁnptomabthiotaﬁouuhmhlewhhin
comparable limits is nocessary before five second
tolerances or priem aligpment are peactically justified.
' (m m.lh system was lll!yhlﬂmbl:‘ for ld.h“. 'k
o discion paralial e e B This wes parily

uumammmhmmm
ubhuwlnielkwnm‘ﬂufnqmol




e D

Dnt!n;theldjmdthcpﬂm-mtlndm
thoprhmclmpmpuﬁlnyﬁghtnedmdth

prﬁmudjmdmmbdnﬁdplrdhhwilhthe

uh'hiuﬁulobmh‘podﬁon.t_hcmwconhny
hrreeeivednremn-fmmboththelnp
ﬂutndtlw,prhmnnderadjmtmmt. which made it
Mhbnahldimmpaﬁnn.

the axis of rotation and the
unbalanced center of gravity, additional washers
mdeofWo_odtndaHildtobephoedonnﬁm
puudthedmm.mdmmmmiduedmﬁuny
balanced durrq)utedmmuofthedmmxo-
nltedinnoblckmdmotiondlhedmmdmit
came to rost.

4 As:!!!aq!dc:!:sa!aeﬂkaws'm

& Covaxs axp Baries

In addition to the supporting framework of the
optical system, the system is provided with baffles
and light ﬁ;hteovenzoeuhol,udu'dcmdlhoxb
unwanted light, Each branch of the optical system

10

are finished dull optical hlack, At the end of each
mm&emphh.:bﬁuhleh
ﬁmdﬁthmﬂnpbmncl'o.sm
fortbephoto‘npbicunﬁn‘. These baflies are fol.
hwodineaehmbytvoothahlunabut
fnurueninehilmnh'l'bueadditlondhﬂsueh
hmmd:whropuhphudnnﬂchtfmmthc

through the cover to permit advancing and rewinding
ﬂuﬁlmwithoutopnhglbgmtbua The con-
mlhoboontopo“lueovmadvmtho,ihmd
those on the sides rewind it Tluubhrohnutht_
extend throngh the covers above the cameras are
depmndmmhﬁhbbondvnudtothm

pnndddnmfortheeeamwﬂm. Near the
nppumdlommmofudxdoci.ahokto :
sccommodate one of the shutter cable reloases.

—SECRET™




e SzcMENTATION ComPrarTaszrT

The bousing for the center scction of the optical
system houses the motor driven segmentation drums.
It comprises four enclosure panels and four baffle
amemblies, Theendoaunpaudsmulwny metal
floor, front,
scrowed to the floor, and two outside haflles serewed
to the front pane! form with them continuous secess
light from the object space
on the rotating drams, The
Center compartment can obviowmly not be made light
tight, but all i1s inner surfaces are coated with hlack
flack to dissipate unused light that eannot he pre-
veated from entering the drum compartment through
the tunnels that leud through the front panel.

The drum tampartment is supplied with power
through s cord thet pamer up throngh the eompart.
ment floor near the front, The molor is contrulled by
a two slage switeh on the back panel that e ron-
nects a starting capacitor in the circuit. and then
running capacitor. Two thrusts are necesary to fully
uctuate the awiteh in cither direction, and in slarting
a five second 10 ten socond lapue betweon thrustas je
recommended 1v give time for oscillntions 10 damp
out before switching in the running capacitor.

The red phasing lamp is mounted heside the motor
switch. This is a neon lamp with & builtsin resistor
in the lamp socket for 110 volt operation that flashes
cach time the right shutter has an opening in the

er most position. Jis operation may he hetier
under certain eonditions if the red bullseye
js removed, Figure 8 gives the clectrical wiring
diagram of the synchronous motor, starting capacitors,
phasing lamp and switchos.  The metor connections
shown are for operation with the 320X speed reducer
or TYRPM of the drums. For operation with the
MX:peedndumorlMRPMddnedmmn,m
either the red and black or sreen and yellow motor
leads,

The cover panel of the center compartment s pro-
vided with a shaft hole and a covered oleervation
port. The upper drum shafy extends
shaft hole, and the phase indicator disl Is affixed to
the cover concentric with the shaft. A chrome plated
pointer is affixed to rotate with the shaft end
the dial. To the rear of the dial and at one side, the
schedule of Operating phaso soquences s affixed to the
cover under a prolective plustic sheet.

d. Ormmaming Szouxnce

Once all the mechanieal Pparts are properly phased
as deseribed elewhere in this report, the hest proce-
dure for Dhotographic testing jo:

back and cover. Two inside baflles are

- —

L Decide which braneh, Jeft or right is to he
shutters and load cameras ge-
cordingly, '

2. Decide which dm.upperorlom. is to be
tested and locate on the schedule of operating
phase sequences the colump of phase
numbers that corresponds 10 the Lranch and
drum selected,

3. Swrt the motor and
pacitor,

switch to rumning ce-

i indicating red numbers on the inner cirele
of the dial, showing the system jn tie even evele
of operation,

5. The dial waicher then waiches the firt phase
sequenee number on the outer civele at which
exposure is 10 he made, and releases the proper
shutter when the poiuter reachea this position
in the odd cycle of operation,

G. The second person then advances the film and
the process is repeated 10 producs apn exposure
at the second phase number of ap-
Plicable column of the schedule, and so on.

1. When phase scquence numbers in the even cyele
mmdm!,eonlinutopmeeedulnﬁs.md
6 ahove, except change “uner” 30 “outer™ and
vice-versa, and change “even” 1o “odd™ and
vice-versa. ‘

3. Photographic Tests with Completed Camera
a. Tresr Amxs _ A

The completed segmentation camera was set up on
the 8th floor of 4 buildingwhmaﬁewdwntbo
Delaware River was availsble through two $2.inch
wide windows, The right-hand side of the camera
covered tbeCmdenudeoftheﬁeldd view of the
catuera through ono window,

and bolted in place. All seams
oon
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were taped wlthbhckphommyhic Scotch Tape to

exclude light, ' : '
Afurmcworkonthobaﬁn;mu'md drive

madjndmtoudmcimnpjnmp,mdufm

b. Tssr Procxousx

ThemuﬂArmmabodleimhuutto'

support photograph film in the focal plane of each

but avoids the limitatioms that would
ohumnundntormth'elocdphnu. By placing
thechuttuaueloueupouiblebtheeormtotlno.

- when an ordinary still camera is used, A double series

ofphotognpluwumsde.mwlthlhedmmrmt-
ing continuously under power at 714 RPM and one
withthodmmnmiomryuthetimthelhutterwn
c. Dmscussion or Resurrs

The tests had two main objectives:

1 To show that the device is capable of photo-
sraphing a continuous strip in a series of 36
partially overlapping segments which cover the
field for which the-yumhnbeendulpod.

2 To lllowthattheqnll!lyohheimueufdlmm

: objmhnotrednudbytbemoﬁmofthe
segmentation drums,

Tlneﬁmobjocﬁnvumet,ufnuﬁddmmge

icmeuned,byphobgnphingﬁwumeﬁeldwlth'
,awidam;kvicwm-mdmputingtbamgle

fromtheuhaoftheimqemdtbyloulleugthof
the view camera lens, If the focal length of the

. vicw'cameniuf,mdtbedmaneem the view camera

negative between the extreme points of the segmenta-
tion camera field is w, the segmentation camers field
angle is 2 cot-1(2{/w), Measured in this way, the field

12

the atmosphere were sometimes noticeable
onlhemnud‘gl&foadngmhlhmu
and ilhumination conditions dus to drif}

nation conditions are

concerned,
lnFignrelﬂA,B,mdllA.B.

d. Anarysss or Mosase '
Anmichuheénmmdfmmuetprhuol

vtheﬂSm‘ne;nimukenduﬁngthdymkor

moving drum tests, The phase sequence numbers of
lhepﬁnnmlndiutedbdowuchemulhown
in Figure 9, Aphotomph'ofﬂnumemm
tukoawitbvt"x&"mhvhgnlosmmhcm.
or 4.13 inch, focal length lens. This is shown in
Figure 12, It was neceasary to tilt the camera 45°
inlhcplamoftluimqeinorda-bobmntheumc
eovengeonthcd"x.’»”neptiveu!humlny
the segmentation system, The linear distance on the
Degative corresponding to the coverage of the seg-
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mentstion system scales 545”. The balf sngular

coverags is determined by:
1
®, ¥ anguler coverage, = tan! ;F
| where 1 = the linear distance on negative, and
- § = focal length of the lens.
5.45”

Therefore: 0 = yan-t =334°

. 2x4.13"

The photographs tsken with the Argus camera
hody in the segmentation system have the standard
double frame 35 mm format, or a picture size of
- 0.945% x 142”, When used with the image arthicon,
the usshlo area is 0.96* x 1.28”, The measured half
angulsr coverage of 334° can be compared with the
design value of 82.086° which is' given in Progress
Report No. §, Table I, P 13. The sdditional coverage

the eenluoithclutfmtoiued;o.
1427
@ =tant —_ — 1.07°, must he added to 32.086°,
2x38”
This gives a 1§ angular coverage of 33,156° for the
segmentation system with the 35 mm camera format,
The messured value of 33.4° agrees with the design
valne within 0.74%. The discrepancy is probably
due to use of the nominal value of focal length for
the calculstion involving the 105 mm lens, A toler
ance in foeal lengths of commereisl lenses may he
x1 to 5%. The half angular coverage of the seg.
mentation system with the image orthicon will be
32.086° 4 0.965° = 33.051°,

Referring again to the Mossic in Figure 9 the odd
phase soquences, 1.5, were taken with the right
optical system and covers the left half of the object
field as viewed from the camera position. The even
numbered frames were taken hy the left optical ays-
tem and covers the right half of the ohjeet field, The
distances to some of the prominent ohjects in the
frames are given helow: .

Frame Distance in
Sequenra Nuutical
Number Objert Miles

13,18 Walt Whitmon Bridgs ....,. ceenenes 236
25 Tank-New York Shipbellding Corp. .. 233

30, 36 Municipal Susdium ................. 352
2 Navy cmane ..... “etttoetntcntnnnane 438
22 Pier 53, Philsdelphia Port .......... 106
12 Pler 30, Philadelphis Port .......... 035
4 Pier 38, Philadelphis Port .......... 0ss
3 Lift Bridge ........................ 434
12 George Washingten Scheol ........., 140

Examinastion of the contact print made for frame
12, shows the width of a window pane image in the

- spherical mirror

Georgs Washington School to be 0.0075%. For the 36~
focal length optics, this represents & mubtended angle

of: tan-! = 42 seconds.

6. Recommendatiens for the improvement of tho
mm»mma-mm:

changes are recommended for these companents,
although improvements are needed in the mechanieal
mounts for the spherical mirrors and the diagonal
mirrors, Gimbal mounts for the spherical mirrors
would make alignment simpler. If a minimum weight
mwmisdedud.mdderabhthon;htmwba
Given to the possibility of using sorrector plate and
segments of minimum sise. It is
probable that the difficulty of alignment of these
scgments will out weigh any advantages gained by
lhemdthemhimnmdumpmmu. A study
dlouldubobemdeofothupo-ibhfoldh;mp
menuoflheoptiulputhnothtminimumtpmil
required. A study of the mutual alignment between
thenmaﬁonmmblyudeuchopﬁedm
should be made 2o as 15 device adjneting peoceduvns
and suitsble mechanical mesns for atiaining and
maintaining such alignment,

The optical spoeifications on the reflecting prisms
were met by the vendor afger agreement was reached
on a method of correction of the pyramidal error
which was present in the first group of prisms re.
ceived. The method of sealing the glass prisms to
their metal hases has proven satisfactory after the
correct formulation and curing eycle for the cement
werc determined. Further studies should he made to
obtain the maximum strength and reliability of the
Klass to metal bond, The measurement of the pyram-
idal error and the base angles of the prisms was

15
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mdemmhutdiﬁmhbeauudtlmverywuk
rdeeﬁonramdtothemmmnatorby the metal
bass plate. Apodpolhhchouldbolpodﬁcdfot

collimator, In the construction of the mosaic from
the photographs made with the optical system, it was
found that there was a alight alternate vertieal dip-
plrcement of adjacent pleture frames. These frames
were taken alternately by the upper and lower sey-
mentation drums, This indieated tliat the axes of
rofation of the two were not parallel, In view
of the fact that the high quality tapered roller hearing

mmbtubiﬁ:yinduﬂuahn of the drum
nxh.adlﬂ’emtddp,mh-lknobuﬂnpw

lxmcheduupmheﬁou!mdin. A comprehen.
sive structura] analysis should be made of & pew
design 1o insure rigidity with light weight, The new
design should make the aliment of the segmentation
drum assembly witly Tespect to the optical systems
independent of the jacks that support and level the
complete unit,
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B. MAGNETIC RECORDING
1. Introdection

The primary cbjoctive of the magnetic recording
studies was to evaluate the feasibility of multiplexing
a wide-band video signal into several narrow-band
signaks, recording thess signale on several cliannels of
& multichannel tape recorder, playing them back at
ahtcnim,md.fxomtlmeneotdhp.met-
ing the original wideband video signal. Both fre-
uency-division and time-division multiplex systems
have been studied. Much time and effort have also
been spent on developing the techniques of magnetic
recording that allow the multiplexed signals to be
rocorded on and played back from the tape.

Tluptileip.llrmo(e&mwmedbythion-

port are:

1. Improvement of the frequency-modulation
modulators and demodulators.

2. Modifieation of the tape transport mechanism
to minimise tape flutter, tkew, and amplitnde
variations.

3. Reduction of cromtalk hetween tape channels.

4. Selection of tape for hest peviormance,

5. Development of frequeneylivision filters with
minimum phase distortion.

6. Evaluation of an existing time-division multi-
plex equipment in this applcation,

- 3. Frequency Modulation Recording Channels

During the period covered by this supplementary
report, many changes and improvements were made
in the froquency-modulation rocording channels,
Figure 13 is & block diagram of the recording system
which resulted from the investigation,

The input and output of the recording system are
the multiplexing units which will be discussed later
in the report. For this section it is sufficient to note
that the lnput multiples unit converts the widehand
video input signal into several narrow-hend signals
and that the output multiplex unit converts several
narrow-hanl signals into one wide-hand video output
signal, .

As is indicated in Figure 18, the input multiplex
unit feeds six identieal channels in the tape recorder.
Five of these channels are used for the multiplexed

duction of the input may be obtained on playhack.
The narrow bandwidth channels were
designed 10 accept video information with a passband

18

Tospective
Muhm.ﬂml&mhhdumvﬂoompli-
fier foeding a 6CL6 resctance tube . This
modulator frequency modulates oscillator 10
inmlufteqmy.ndhutl\edndm'of

frequency modulates anather oscillator to decrease
its frequency. These oscillators (14-6BQ7A each)
have oonter frequencies of 20 megacyclos and 21.3
megacycles, respectively. These signals are then seat
to a 6BA7 mixer tube where the difference of 13
memeluhmpliﬁedmdmﬂhm.hl]ov-pu
filter to a eathode follower (14.12AT7), The output
of the modulator, which includes a

frequency spee-
: tmmfromo.amcpmlutoumq-qehﬁ&th

unicfuqumyltumdu.ilfedtoalwo
stage amplifier and thenee to & power amplifier head
driver (2-6CL6's in parallel), Figure 15. The FM
s'gnal is then recorded on the magnetic tape,

The signal on the tape is picked up oa the play-
back head and fed to a eascode amplifier, Figure 16.
The first part of the cascode amplifier (%-CK602
tube) is loested near the Playback head and the
second part (14.5670 tube) is located on the play-
back-umplifier chassis. In addition, the playback-
awplifier unit containe three 6AHS and one 6CL6
amplifier tubes which amplify the. signsh 10 a level
suitable for feeding the demodulators, )

The demodulator unit, Figure 17, consists of a thres
stage handpass amplifier (3-6AH6's) with symmetrical
clipping to feed a 6C4 phase splitter. The outputs -
of the phase splitter provide push-pull information
for the first grids of the two 6AS6 doubly balanced
modulator tubes. At the same time, a 6CL6 oscillator,
ﬂml&mmall”mw,d.ﬁaﬂvhuh
is amplified by a 6CL6 oscillator driver, Figure 19,
The driver is coupled to a bifilar tesnsformer which
freds & pushi-pull 11.25 le signal to the third
grids of the 6AS6 double balanced modulators. Al
though the ‘conduction angle of the third grids Is
snall, the 11.25 megacycle signal is not doubled in
frequencytozz.smep'eyde-.uhnpmh-puﬂ
doubler, since the conduction augle is accurately
controlled to reduce the second harmonic content in
the plate current of each tube to zero. In orier 10
obllinumd%mncyclcnull,amdiﬁonm
sary to minimize the interfcring beat signals in the
detector oulput, a critical adjustment of the drive,
d-c bias, and grid resistors are necessary. When these
tubes are unbalanced by the 1.3 megacycle signal,
sum and difference frequencies of the signal and the
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Figere 13. Vides Recorder Block Diogrem
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oscillator second harmonio, 21.2 megacycles and 23.3
megacyclos, apposr in the plate circuit; These plate
signals are tranaformer coupled to a germanjum diode
(INGo) where they are rectified to form the video

Thoum‘mnddiode_auuldoubledope
detector as indieated in Figure 20. The signal fed
lotbediodcwnﬁudmﬂebmd.ofequdmpli-
tude and symmetrically disposed sround the peak
ol'thelupouemnnlthelunedtnudom.b
thomoduhﬁngfnquueymhrm.bﬂhnidefre-
qmdestdlllnherdowuond\etrm-fomm
spomse curve, As the modulating frequency gets
mdht,theoldeﬁoqwadimbupthetnml’m
response curve. Thus, both side frequencies increase
‘or decrease in amplitude together so that they can
be added 10 drive the diode dctector. The primary
advantage of the doublo-slope detector is that fre-

The detected signal is amplificd, passcd through a
low-pass filter and amplifier, Figure 21, and sent
through the output multiplex unit where the com.
plete video signal is reconstituted from the signals
on the five tape channels.

It will be recalled from clementary frequency
modulation theory that an accurate reproduction of
the modulating waveform of an FM signal requires
the transmission of both sidebands. For this reason
high-quality recording of video signals should require
s bandwidth of at least twice the highest: video fre.
quency, and possibly more, depending on the index
of modulation. On this basis, a tape channel of two.
megacycles bandwidth could support an FM signal
derived from a one-megacycle niodulating signal if
a small modulation indexlonndwtluzonlyﬁm
order sidebands sre significant. Although the use
of higher freqmcy-moduhting signals in such a
system would result in sidebands outside the pase
band of the chanacl, such use would be desirable from
~ the viewpoint of increming channel capacity. In
order to evaluate the deleterions effects of the high
frequency cutoff of the tape recording channels on

limited bandwidith systems.

It has heen determined thst the transmission of
video by FM techniques through a channel of limited
bandwidth ean result in serious distortion and a

25

’m:m...hmw..wummh

devinted past the limits of the passband, If, however,
dudeviaﬂmdthcmniorhhptwithhthem
bmd,themntiuumhmhedoumtoemmd

hpheeduutheuppueadohhepmbmd.hut
lowenoughlothuthedevhtodoarrhrdomnotu-
eeedtkepmbmd.ithfmdtlmmduhﬁngdpdu
whichdcvhuthecuﬁctolomfmda are

ing signal. It
is generally recognised that distortion of the video
dml,wmmh-dﬂaiwnﬁono{twcn
picture than & similar distortion of the synchronising
signal. It has boen verified experimentally that the
transmision of video information by an FM signal
through a theoretically inadequate channel ean re-
rult in rather good picture reproduction if the modu.
hﬁmhmehummthemchmhhgw
wavcform. In this way “single sideband” transmis.
liondFMd;nlhhamplbhodmdthachmml
eapacity is offectively increased. Thus, the use of
FM for recording does not limit the video
modulstion to a bandwidth of half the tape channel
capacity. Experimental equipments have been con-
structed on other projocts in which a video modula:
tion bandwidth of 5.0 megacyeles has been recorded
by FM means on a tape channel with & bandwidth of
5.5 megacycles, giving & bandwidth utilisation factor
of 91 percent,

3. imprevements in Tape Handling

'hentlndmlomtxeeorduwuﬁm“m-
plrted, tape tension was adjusted to four ounces, as
lhhmdwbothemhnnmmnthatconld
bemdforlumfuhrywindoﬂhemmupe_.
At first, single flangn reels ware naed on the develop.
mental recorder; however, occasionally the tape
would alip off aver the edge of the roll. Top flanges
ofludumaddedinmlwtopmthi&
Lucito was used 10 permit observation of the tape
witlmtthemofboleuoupokuintbeﬂnge. The
unofthuetwoﬂmgeml-hubeumtkelyuﬁt
factory during several months of operation with both
10 snd 0.5 mil Mylar base tape,

In comparing magnetic head performance on the
devclopmental recorder and the loop machine, a
given head always pezformed much better on the
loop machine, As an example, head 6TF;A¢~* ro-

 sulted in 40 db signaktonoise ratio at two megacycles

nnd--pced.ofw()ipoonlheloopniuhinebmm
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measrable signal on the recorder at the same fre.
quency and tape speed. The most significant differ-
tnce in the opersting conditions was the é-ounce
tape tension in the recarder and 16-ounce tension in
the loop machine, It appeared that the tape tension
iuthomduwuinmtomuhofoml-
ﬁondmdrﬁhbuwmthammhndud
tape at 400 ips. The tape tension was incressed to
Ihemudmdci;htmeuthumldbontuhd
with the reel motors inetalled in the

recorder: At this tape temsion the two
headmtp\uwmdbleuontheuemlerthuon
the loop machine. It was noted that tape wind was
entirely astisfactory at cight ounces tape tension,

on the loop machine, Larger reel motors were in-
stalled on the recorder, and at the same time the
capetan speed was changed to increase the tape speed
- from 400 to 500 ips. The tape speed was increased 1o
secommodate the increase in the top frequency in the
FM spectrum from the FM modulators resulting from
recent changes in the multiplexing system. With the
Iarger reel motors a tape tension of sixteen ounces is
aobtainsble and the hesd performance is as good on
the developmental recorder as on the loop machine,
At the time when the developmental recorder was
sdjusted for cight ounces tape tension, tape skew
measurements were made hy recording a two-megs.
eycle signal on esch of the six tracks, and then during
Playback variows combinations of pairs of tracks
wmuddedto.c!hermdvienduanueillouope.
Tape skew would result in relative time displacement
of the signale from two tracks and appesr as a heavily
amplitude-modulated signal.. It was estimated that
the relative time displecement resulting from skew
was sbout one microsecond. This means that multi.
. plex information from the various tracks would not
add up properly. The time periods of this amplitude
moiulstion indicated that wobble of the top flange
of the tape reel was introducing the tape skew, It
lppeamdlllumyprecinupereehwwldbem
quired to minimixe this souree of tape skow. Beforn
sttempta were made to construct Ty precise recls
the tape tension was firt increased to sixteen ounces,
‘and then it was found that the time period of these
smplitude variations matched that of the rotary
stabilizer and not the fape reels.

umduhchdedmlh*uﬁn.murymbnhnin
the tape path. The span of tape between this stabiliser
nd!hcup-unnnbm.':hehu.mdtlmpohtd
magnetic head contact was about the middle of this
span, 'l‘lxiltypeaflhblhuhdbemfmd!obe
qnibueiulfornduin.ﬂuueronmnepmiom
wid&bndmlpuio-tlpcequipnnt. Although mess-
urements of ecoentricity and wobble of the stabiliser
did not reveal sufBcient magnitudes of eny devistion
to eocount far the degree of tape skew emcomntered
thmmldhnodmbtthuthepmbhmwum
since it did not permit the multiplexed information
inthesevu.ltuehamnlhewidthdtheupe
to bo added up properly.

It was decided to replace the rotery stabiliser with
& non-rotating air tape guide. This is the ssme
linmdinthompuwonulherourymhmm;
lth.infaet.nrylinilntothcmbﬂhupnlley
except that it does not rotate and the tape contscting
ureulm;romwhiehmmpplidviﬂaairnnder
mdummofcmdtvotoﬁnpi. It was
then found that tape skew was very low provided
that the distance between the flanges of the edge
guides was no moare than about oxe mil more than
the width of the tape. A number of samples of tape
were checked for tape widih throughout their length,
Table 1 shows the results of measurements at scveral
points along the entire leagth of two 3500 foot rolls
of magnetic tape. , .

Table | ~ :
Results of measurements of tape widths
Sample No, 1 Sample No. 2
0.4976 inch 0.4967 inch
04974 0.4967
0.4971 0.4963
04974 . 04962
04974 0.4963
04971 0.4969
04973 04968
0.4976
04972 -

The experience of other groups within RCA indi-
cates that 0.5inch wide tape could be obtained in
large quantities with a definite width maintsined
within 2 or possibly 1 mil throughout any roll and
from roll to roll over a period of years. '

Using tape sample No. 1 with the tape guide set
for 0.4580 inch it was found that the signals from
any two tracks would always add in phase. It was

7
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ostimated that the maximum time displacement error
between tracks was about 0.02 microsecond. This is

more than adequate to meet the time delay error

requirements of a high quality video aystem.
_This is very asignificant information relating to
multiplexing wide band video on- several parallel
magnetic tracks. This freedom from excessive tape
skew is oue of the important factors which makes a
multiplex niagnetic video recorder feasible.

4. Roduction in Head Circult Crosstalk

The manner in which the six-channel head circuits
had originally been wired and cabled resulied in
cxcessive inter-channel cicsstalk, sbout 20 db. An
inspection of the layout suggested that the crosstalk
resulied from inductive, capacitive and ground loop
coupling in the head cabling. The magnetic head
itself had been measured to have a crosstalk factor
of around 45 db. When the FM recording system: was
first being considered it was assumed that the capture
cffect in FM detection would make crosstalk between
tape iracks unimportant. Measurements indicated
lhut%dbofcmcﬂdkofthc?lldmlbm
channels resulted in an interference signal about
20 db below the desired signal after FM detection. An
analysis of this sitnation i:idieates that this should
ho the case and there is no reason to expect any
capture effect. 1f the channel 1 carrier frequency is
1.30 megacycles and there ia 20 db crosstalk of the
1.31 megacycle earrier chamel in 2, the'13.1 megacycls
cromtalk signal will sct as an FM sideband with
respect to the channe! 1 carrier. After limiting and
FM detection the crosstalk will appear as a 10-kilo-
cycle sigaal on the output of the system. This was
the case in actual practice and pronounced bar pat-
lems were obeerved when all six channels were
recorded simultaneously with either the same or
different video signals on each channcl

The wiring and cabling of the haxd cirenits, inelnd-
ing the pre-amplifier unit mounted close to the head,
were changed to minimise all forms of coupling. The
crosmstalk was then about 40 db and all six tape chan-
nels could be weed without any interference between
channels, "

5. Magnetic Tape Evoluation

During the several months covered by this report
practically continuous evaluation tests were con-
ducted on Reeves-Sounderaft and Minnesota Mining
magnctic tapes. During the early part of the period
only Reeves tapes could be used at all, as has been
the case for about two years. Although Minnesota
Mining tapes have been consistently hotter with re-
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spect to amplitude varistions, they were completoly
unsatisfactory with respect to head rub-off at tape
rpeeds around 500 ipe. Towndthouddtllcpuloql
Minnmlhh;qunpplyhgupuwﬂchemld
be used at 500 ipe. Two 3500foot samples were
euluateddndfomdtohnenotmmmpleu
drop-out. Howsver, when thess two Jemgths were
spliudtogedm-lmberotdnp-ouhmen-
countered in the region of the splice. Visual inspec-
tion revealed surface blemishes which comld result
in drop-outs. Approximately 100 feet containing these
blemishes were removed and the remaining tape
spliced togother. The resulting 6900-foot length “of
tape with one splice did mot have any drop-outs
sufficient to producs a visible defeet using the FM
recording system. After this tape had been used for
approximately 100 pamecs a few drop-outs became
apparcot. Visual inspection of the tape revealed
small bits of tape coating material on the base side of
the tape which deformed the magnetic coating
enough to produce a drop-out, This is a result of
lhefuklynhmﬁngthuuhnmtauhinguq
even on their video recording tapes. In contrast the
Reeves-Sounderaft tape that was developed for high
spoed applications does not exhibit this effect at all
and appears to have a useful life of tens of thousands
of pisses. Unfortunately no Reeves tape that we have
tested has equaled the Ireedom from drop-outs and
amplitude variations that is characteristic of nearly
cvery sample of Minncsota Mining instrumentation
or video tape that has been tested.

6. Muhiplexing Systems
& Frequzncy Murririzxing

At the beginning of the project it was proposed
that & frequency-division multiplexing syatem be used
to put wideband video information on a plurality of
tape channels. It was further proposed that con-
ventional bandpas filters be employed for this wse
since the resulting phase distortion could be corrected
by reverse playback. When the point in the develop-
ment was reached where the imformatiop in ono
frequency-division band was added to the adjacent
band an inherent limitation of the reverse playback
scheme. became apparent. The information in the
two bands did not add up properly but there was no
straightforward way of determining why. In s reverse
playback system no past of the system can be evalu-
ated for the manner in which it will perform in the
overall system: unless the whole system is working,
Any test that is made must invoke reverse playback
and little can be done 1o circumvent this limitation,
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Bmmo!thhﬁmemnmin;diﬁmﬂly the use of
reverse playback for phase correction was abandoned.

An effort was made to develop a sct of bandpess
filters that coud be used in & frequency-divisicn
system without dependence upon reverse playback as
meutioped shove. Although this goal has often heen
considered unattainable, it was hoped that some
recent developments might- offer new possibility, In
the course of consulting with filter experts within
RCA it was brought ont that 'a system of deriving

a scries of related bandpass filters from one maltiple

tapped delay line is ideally suited for this application.
uch a system of filters derived from a wide-hand
, coustant-phaseshift delay line inherently has ideal
crossover characteristics and, if made correctly, rather
complete freedom from phase distortion. A filter of
this type ruitable for this spplication was designed
and constructed. Unfortunately the basie delay line
was inadequate and there was insuflicient time 1o
construct another delay Line, It is our belief that this
approach is feasible and js perhaps the only system
now known which will provide frequency-division
multiplexing without reliance on reverre playhack.

b. Tz Murmirizxive

A time-division multiplexing system that was avail-
able from another RCA activity was integrated into
the six-channel tape system for an evaluation in this
application. A color TV broadeast signal was ro-
corded by this system and the reproduction of the
aecording, while not of commercia} quality, was
good cnough to prove that the color information
could be reproduced. It was determined that the
picture quality was being limited Ly mechanical
vibration in the development recorder, The capstan
is known to rotate at o very constant speed. However,
the magnetic head is mounted on the top panel of
the recorder and those vibrational components of
the panel which wre rotary and rontersd an the
capstan axis result dircetly in apparcnt tapespeed
varistions. Such variations could be detected in the

Jitter heyond the accommodation of the thne-division
system and were not overcome in our experiments,
The mechanical vibration arises when high tape
speeds, of around 400 or 500 inches per sceond, are
used. A previous recorder huill on the same grueral
pattern for another RCA aclivity, hut operating at
100 inches per second, did not exhibit this limitation
as 3 result of mechanical vibration. By the time this
difficulty was noted there wes insufficient time to
make necesary corrections snd g completely satis.
factory recording was mot attained.

& Orasa Muvtierexine ConsizraTiONs

has heen considered under this contract employs
what might be called optical time division multiplex
lo permit one camer to look at 36 different side by
side inages of the ground. Under the proposed
specifications this resulted in a camers video signal
of cight megacycles. Electrical multiploxing was
proposed for narrawing the bundwidth so that these
-igncheouldhemrdedonmdplayedbnkfm
tape. Thus, optical multiplexing was used to increase
the information rate on an electrical channel to the
extent that electrical multiplexing was required to
nerrow the bandwidth to put the information into
useable tape recorder form.

The complex signal Processing system mentioned
ahonrunhedfrmthapropuedmdonlym
TV camers. This proposs]l was wade because of the
size, weight, and performance of television cameras
ahﬁngulhotionft}niniﬁaﬂuofﬂtemtrm
Before the magnitude of the difficulties of recording
multiplexed video was realized, it was believed that
the use of multiplexing was in fact the best way to
proceed. Two occurrences have altered our thinking,
The first is that high-quality miniature television
cameras are now available wing vidicons and tran.
sistors, which give performance of the degree required
for reconnaissance work and which sre 80 amall, light
in weight, and economieal of consumption that
menlcouldheuaedhthephecotmiuup
orithicon camers. The second is our negative result
with regard to the wse of time or frequency-division
multiplex for eighs- megacycle video recordings,

Ancther spproach to the problem which should he
given careful considerstion when further televisjon
reconnsiseance work is to be undertaken js the use
of optical multiplexing only to the extent that the
output of one camera may he recorded on magnetic
lape with its fuli bandwidth. If, for exsmple, 36
cameras were used, each 1o look at just one image,
and 36 tracks were weed on the tape, the recorded
signal on esch channel could be one thirtysixth of 8
megacycles or 222 kilncyclea, The recording of such
a signal could be handled with linle difficulty, One
need not go to this extreme, however, to realizse an
advantage. If, for insamee, six cameras were nsed,
cach optically multiplesed to look at six images; and
the output of each recorded on one of six tracks, the
recorded bandwidth would be roughly 1.3 megacycles
on each channel. A capability for this type recording
has becn shown Ly the studies reported here.

A more detailed discussion of this paralle] channel
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system h;lmonpqua-zzdm‘h 326 of the
Advanced Reconnaissance System, Final Engincering
Report, June 30, 1956 (Contract AF33(616)3104).
In this reference a simplified parallel channe] system
using four vidi.oms {lustrates the hasio concept of
this approach. Detailed information is given on
weight and power requirements of such a system,
It shoald be noted that regardless of the system
of recording chosen, techniques are available for as-
sembling the information into one electrical channel
for transmimion 10 the ground. These techniques
were not considored as & part of this section of the

study.
7. Conclusions

Our investigation of recording wideband video
information on magnetic tape has resulted in the
development of many improved techniques for
magnetic recording which are important for many
applications of magnetic recording. It has been
demonstrated that tape transport mechanisms ean
he built in which tape can be run at 500 inches per
second with the capstan speed controlled to an
accuracy of one part in 250,000 when the capstan speed
is compared with a crystal oscillstor. Magnetic heads
have been comtructed which will permit the record-
ing and playback of information at frequencies in
cxcess of 2.5 megacycles at a signal-to-noise ratio of
40dh with the sbove mentioned tape mechanisu.
Multitzack heads with six channels on one-half inch
tape have exhibited better than 45dh adjacent
channel crosstalk. Frequency modulation has been
used for rocording information on tape to provide
& video bandwidth of 25 kilocycles per inch per
second tape speed. It is estimated that the life of
magnetic heads in this sppliestion i about 1,000

hours and that a given length of tape will he useable

'fornleaulo,lm:adpndlolylmlnmom

the head with o lom in pleture quality, provided a
tape lubrieant is employed.

Back-to-back multiplexing, ie. encoders feeding
decoders directly without using the tapge channels,
has been made to work successfully for the time-divi-
sion system, and for the frequency-division system to
& lesser extent. In both cases, the introduction of the
tape channcls has brought on added dificulties which
were not overcome in our gxperimental work. It ia
helieved, however, that further work could result in
a successful system using either type of multiplexing.
The dificulties are such, however, as 10 make this
grneral method of recording video information rather
unattractive at the present time. Our conclusions in
this regard arc strengthened by the reeent success of
the rotating-head-wheel system for video magnetic
recording in which heads scan transversely acrose the
tape, This type of equipment resulted in & successful
demonstration of the recording of monochrome tele-
vision pictures in the spring of 1956 by the Ampex
Corporation and of color television pictures in the
{all of 1957 by Commercial Electronic Products, RCA.
The high quality of these recordings when compared
with the results of our multiplexed recordings, indi.
cates that further development should proceed along
the line of transverse recording. The use of « rotating
head wheel is considered to be a scrious disadvant-
age, however. It is hoped that developments in the
near future will result in a transverse scanning head
wsing no moving parts. The development of such a
device would most certainly pave the way for the use

- of transversely scanned recording for television.re-

connaisance applications.
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C. KINESCOPE RECORDING

1. intreduction

In the report for August 1, 1956, it was noted that
the first sample of the new triode-gun magnetio-focus
kinescope was not significantly better than our hest
pentode electrostatic tubes as to resolution.

A second sample kinescope of the triode-gun
magnetic-focus type was tested by Dr, O. H. Schade,
who found it not up to his expectations. This tube
was given & similar series of tests in RCA-Camden—
pertinent duta is shown later in the roport.

Concluding the cvaluation program, twe develop-
ment tubes were studied and the test data compared
with that of the tube referred to in the preceding
paragraph. The percent kinescope response was not
as favorable as that of the reference tube.

As a result of these tests it is belicved that light
scattering and “image spread” in the phosphor, of a
five.ineh tube, aro limiting the rendition of finc
detail (500 to 600 TV lincs) as much as is the dis-

tribution in the beamn spot itsclf, Rather good pre- -

vious evidence indicates that the improved P16
phosphor was considerably hetter in this respect than
the P11 (which is widely used for kinescope photog-
araphy). However, it now appears that a ten-inch P16
tube may be 2equired to get a 560 TV-line response
of ‘around 75 percent or better, as measured on the
phosphor, Fortunately, the special Eastman U.V. lens

will work ahout equally well at this image-to-ohject
ratio,

Another cacouraging possibility is the development
of a radically-new transparent and thin phosplior by
the RCA Tube Department. 1t is expected that this
may produce satisfactory results in even the fivo
jnch tube.

2. Outline of Procsdure Used to Evaluate Kinescopes

For evalnation of these experimental triode-gun
magnetic-focus kinescopes, s monochrome recording
chain was revised. A large diameter precision de-
flection yoke was put into operation with sufficient
power for full image deflection. A precision focus
coil was uleo installed giviug what was considered 1o
he the best magnetic focus that could be devised for
triode-gun kinescopes, . :

The 3 tubes under test were as follows:

L. Kinescope PP 13543 Long-Triode S-inch,
P16 phosphor—this tuhe had been previously
evaluated by Dr. O. H. Schade and used in
this report as a reference tube. »

2. Kinescope PP 1507-1 Long-Triode 5-inch, P16
phosphor. .

3. Kinescope PP 1508-1 Short-Triode $-inch, P16
phosphor,

The monochrome recording unit was equipped with
e photographic camera having a 30-inch bellows and
a Kodsk Kincscope Ektar lons 4:51, 75 mm, {/2.8
ultraviolet, mounted in reverse to permit « mag-
nification of shout 10.7:1 from kinescope 10 film. For
all data taken, the lens was sot at £/4. Exposures
were for five scconds.

A sinc-wave signal gencrator was used and fre.
quencies of .6, 2, 4, 5} and 7 megacycles were ex-
posed on Ansco Trisopan film, from the kinescopes
sdjusted as follows: ‘

1. For each kinescope, the grid hias was found
which would give a demsity on film of approxi.
mately 1.6. This bias was rceorded as hi-lite
Jevel for that particular tube.

2. Similarly, for cach tube, the bias was adjusted
to give a dim scapming line image on film
(within the density range of ahout 0,2 to 0.6).
This hias was recorded as hi-lite lovel for
that particular tube.

3. Blanking hias was also recorded.

4. For each tube, the d-¢ biss and the amplitude

of the sinusoidal test signal at 0.6 megacycle
(representing relatively coarse picture detail)
were adjusted 20 that the signal excursions
corresponded to the hi-lite and lo-lite bhias
valnes. A film exposure was then made with
this 0.6-megacycle signal. :
The frequency was then changed successively
to 2, 4, 5.5 and 7 megacycles, and exposures
made, keeping the signal excursions on the
xrid at the same values as for 0.6 megacycle,
An attempt was also made to keep the d-c
hias component constant. Although this was
not fully achicved, it is belioved that the d-e
hias shifts which occurred did not alter the
results appreciably since the kinescopes have
a ressonably constant “gamma” over the
range used,

-0

31




[[-7]
o0
8o
N\ [
ML \ \}
w ‘\ \\
g \ B *,3514-3
N < }7\
.g \ SN B e
(] (
u orr-1 |
[}
g 3 \\\\ ..
20 ' \\*tlt-l
T~
1o
% i 2 3 4 5 6 7
FREGUaNCY (Mmc)
Figure 22. Kinescope Response Corves for These Types of Kinescopes
'y ///
/-'
* l‘l-u
: /
k
1
,/4 |
1 ? 3
o Los ¥ (msuvwe)
2 Figure 23 Semsitemetric Corva for Aasce Tritopen Dev. 3 Miavtes, 0-16

— SEGRET—




— SEGRET-

The data for each kinescope, from which the kinescope response curves given in Figure 22 were obtsined,
are given helow; '

Kinescope No. PP 13543
(Reference Kinescope) .
Frequency of Sine Waves 06me 2mc 4mc  55me  Tme
Lo-Lites (Film Density) ............. ceceee Coerereiian 22 245 248 2 06
Hi-Lites (Film Density) .............................. 166 154 146 LIS 5

Log E Bi-Lites (from film Sensitometric Curve, Figure 23) 236 228 225 208 172
Log E Lo-Lites (from film Sensitometrie Curve, Figore 23) 145 147 15 14 105 -

Log E Difference |Log E Hi-Lite-Log E Lo-Lite] ...... . 9 81 £9 68 67
Exposure Ratio (Antilog of Log E Difference) .......... Bl 65 .49 4T 4e
Percent Kinescope Response (derived from exposure ratio
taking ratio at 0.6 mc as 100%) ........vvuennnnnns 100 80 60.5 9 58
Kinescope No. PP 1507.1
(Long Gum) _ .

Freguency of Sine IWaves 06me 2me - 4mc  S5S5me Tme
Lo-Lites (Film Density) .................... eveernnns 64 8 106 123 16
Hi-Lites (Film Density) ................ testane vereeas 179 177 L67 1.64 '1.87

Log E Hi-Lites (from film Sensitometric Curve, igure 23) 245 242 237 235 25
Log E Lo.Lites (from film Sensitometric Curve, Figure 23) 18 194 2,04 2.12 232

Log E Difference |Log E Hi-Lite-Log E Lo-Lite] ........ 68 43 33 23 J8
Exposure Ratio (Antilog of Log E Difference) ......... . 4.46 3.02 214 1.629 151
Percent Kinescope Response (derived from exposure ratio ' '

taking ratio at 0.6 mc a: 10090) ... ... teerrinnann. 100 6717 1. 38 33.8

Kinescope No. PP 1508.)
(Short Gun) -

: Frequency of Sine Waves 06me 2me $me  SS5mc  7me
Lo-Ule. (Film M”) ®0ccterscrirseiseserrne *eesanny ol6 -” l‘1 .67 -'
Hi-Lites (Film Density) ........ 1.65 14 138 142 98
Log E Hi-Lites (from film Semitometric Curve, Figure 28) 235 222 22 © 222 2,06
Log E Lo-Lites (from film Semsitometrie Curve, Figure 23) 135 147 1.66 185 195
Log E Difference {Log F. Hi-Lite-Log E Lo-Lite] ........ 1.00 75 o4 37 08
Expmrelhﬁo (Antilog of Log F. Difference) teceeieees 100 348 234 L12
Percent Kinescope Respunse (derived from exposure ratio v :

taking ratio at 0.6 mc as 100%) ..................... 100 56 348 234 11.2*
¢ ('mened 10 15 becnuse of signal tall-off ot this frequency.
n




Tubes 13548 and 1507-1 each had the same anode
structure (4inch long tube, and 18-4nch limiting
aperture), and all tubes-had support rods of “multi
form® glass. Tube 1854-3 had & G2 ring (primarily a
corona devies), which the later two did not have, and
its G1 was a stamped unit with special aperture-edge
beveling and plating treatment. Tube 1507-1 had a
precision-machined Gl, of slightly smaller aperture.
Tube 1508-]1 had a thinly ccinod and drilled G1 strue-
ture, with the same aperture diameter as 1507-1, but
its anode was 2 inches long with a somewhat smaller
limiting aperture than the other two.

Some mcasurements of respouse were also made in
the picture cormers, but thess turned out to be more
an evaluation of the focus modulstor (dynamic foous)
devics than of tube and deflection performance in
the corners. The dynamic focus was not fully ade-
quate, but its performance can be made satisfactory.
When the main focus control was reset for optimum
in a given extreme corner, the 560 TV-line response

was generally in the order of 3{ as good as at the
center,

lt-houl&bcnmedthnt.inlnylm,-dcubp-
ment project started in the RCA Tube Department
which is expected to result in a significant improve-
ment in resclution snd fine.detail contrast for the
type of kinescopes considered for this application. It
is expected that there should be very little decrease
in response around 200 TV-lines and, even on a Seinch
tube, the 560 TV-Ene respouse in the central area of
the phosphor should be significantly better than that'
shown in the accompanying data.

The major change in kinescopes is the probable
uwe of a traneparent phosphor, instead of 2 “trans-
lucent” one. Thia should greatly reduce the image
deteriorations due to light scattering in the present
comparatively-thick granulsr structure, and the flare

) mdhulomnedbymbﬁnﬂight-ndreﬂecﬁuufm

the front of the facs plate.
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