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ABSTRACT 

The CXR.-2 NANCY infr a-red iruage r eceiver was designed to permit 
air to air and air fo surface identification for t he pilot of a 
fighter plane. It differed from other receivers mainly in the 
eyepiece whi ch consisted of the optics of the Mark- 8 aircraft 
reflector gunsight and permitted great freedom for motion for 
the pilot's head. The CXR.- 3 was similar but used a larger 
objective and was designed for air to air and air to surface 
identification in multiplace aircraft. Complete laboratory 
and f ield data for the r eceivers are gi ven and possible 
improvements are discussed. 

as 1ar 
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INTRODUCTION 

1. The CXR- 2 and CXR-3 infra- red image rorming receivers were 
designed and constructed by the Naval Research Laboratory in 
accordance with a request of 1,iarch 1944 from the Bureau of Aeronautics 
t o N. R. L. via the Bureau of Ships and authorized on reference (a). 
A contract for the de\·elopment of a model of a similar instrument was 
placed by the Bureau of Ships with The Radio Corporation of America 
and resulted in the CR described in reference (b). Flight tests of 
the CXR-2 ·were carried out at t he Naval Air Station, Patuxent River, 
Maryland in cooperation with N. R. L. and were reported in reference 
(c). The CXH-2 met a requirement for a small receiver of wide field 
for use by the pilot of a single seated fighter pl ane in the 
identification of other aircraft by means of coded infra-red lights 
on their wings. The CXR-3 ;vas a high sensitivity instrument for use 
in a bomber or other plane with more available space than a fighter. 
Both instruments differed from ot her i,nfra- red receivers in t he 
occular which was very large and permitted great freedom of motion 
for the observer. 

PURPOSE 

2. The purpose for which t he CXR r eceivers were developed was 
to provide a recognition system for air to air or air to surface 
craft. All friendly air and surface craf t would carry infra- red 
lights. These lights would be coded and for aircraft would be of as 
low candlepower as practicable to minimize power consumpt ion and 
vri.nd resistance and to increase securi ty. 

3. , For air to air recognition, the receiver would be mounted 
directly in front of the pilot. Since t here is very litt le available 
space in an F6F or F7F type fighter aircraft, it was required that 
the receiver be as small as possibl e. It was desired, however, that 
it be as sensitive as possible and have a thirty degree field of 
view. Furthermore in order tha.t the pilot would be free to move 
about, it was r equired that the presentation be similar t o that of 
a radar sc~een and not necessitate the use of a small eyepiece. 
Obviously any inst rument design had to be a compromise between the 
various requirements. 

4. For air t o surface recognition, the require~ents for size 
and field were less strict since in t his case it was intended that 
the instrument be used in multiplace aircraft 1,11here more space is 
avail able and be supported on a moveable mount, 

DESIGN OF THE RECEIVERS 

5. The CXR-2 and CXR- 3 receivers like the U.S. Navy C- 3 
receiver used the 1P25 el ectron image tube. They differed from the 
C- 3 principally in the optical corrponmts which were designed to meet 
certai n special requirements. ---

DECLASSIFIED 
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6. The first special requirement for the airborne recci:c~ was DECLASSIFIED that the presentation be somewhat similar to a radar or television 
screen. The reason for this was that pilots have found it impossible 
when in action to use instruments with small eyepieces which have to 
be held close to the eye. It was necessary that the viewing device 
pennit great freedom of motion for the pil ot. This requirement was 
met by using the optics of the blcl.rk-8 air craft reflector gunsight as 
occular for the receiver. Since the liark- 8 reflector sight has been 
found to be satisfactory in this respect as a gunsight, it was felt 
that its use as an eyepiece for tho recei ver would also be s~tis-
factory. The diameter of the occular was 3f inches, and the pilot 
could observe with both eyes wit h considerable freedom for head 
movement. 

?. The second requirement was that the receiver for use by a 
fighter pilot be as short and small as possible and s;till have a 
t hirty degree field of view and good sensitivity. For a thirty degree 
field, a shor t focus objective was required, and the best available 
lens for the purpose was the uzeiss Sonnar 11 f/1.5 having ;i 50mm. focal 
length. The CXR-2 was built with this l ens . For a second receiver to 
be used in multiplace aircraft, the size and field requirements were 
somewhat rel<}.Xed, and the CXR- 3 was constructed using the C-1 Schmidt 
as an objective. 

CONSTRUCTION DETAIIS 

8. Plc~te 1 shows the CXR- 2 and plate 2 the CXR-3. The dimensions 
and characteristics of these instruments arc given in table 1. Draw­
ings showing the design and construction details of tho two receivers 
arc contained in plates 5, 6, and?. The Mk- $ sight (or tho Mk-30 
torpedo director. si ght) was adapted by removal of the reflector plate 
and filter as sembly, lamp housing, reticle assembly, ;md also the 
opttcal flat above the reticle. In the present design the eyepiece 
was carried on threads o.nd coul d be focused, but perform~nce has 
shovm that this adjustment was not necessary. In both receivers the 
objective also could be focused, although it was necessary to remove 
the housing over the Schmidt in the CXR-3 to make this adjustment. In 
the final instruments a fixed focal length objective would be satisfac­
tory. 

9. In the designs of the r eceivers, no particular effort was 
mo.de to seal them off i n an atmosphere of dry nitrogen as would be 
necessary in a production model; only minor changes would be required, 
however, to accomplish this, In the design of the CXR- 3, a seal around 
the eyepiece would .II12.kc it airtight. 

10, In the CXR-2 a field corrector l ens wQs used to mcl<c sharp 
the definition over the whole field. This was a double concave lens 
having a radius of curvature of 59mm. on on0 side and 26mm. on the 
other. The side having th0 59mm. radius of curvature was mounted in 

- 2 - DECLASSIFIED 
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contact with the face plate of the 1P25 image tube. The lens curved 
the field of the Sonnar to a sharp focus over the curved face of the 
tube. It also produced pincushion distortion which was not objection­
able and reduced tho field from 31 degr ees to 29 degr ees . 

11. A Zeiss R- 10 red filter was used over the objective of t he 
CXH-2 to protect the lens, and also to reduce the effect of a moonlit 
background. 

12. Tho power supply furnished with the receivers was like the one 
for the U.S. Navy C-1 or C-3 r eceivers with o. few minor changes. It 
was run from a dry battery of 7. 5 volts. Another power supply was 
available .vhich ran from 24 volts direct current. The power supply 
circuit die.gram is shown in plate 3. 

PERFORMANCE 

Occular: 

13. The occular used with the CXR-2 and 3 r ccei vers pormi tted the 
observer to use both eyes with considerable freedom of motion. Viewing 
conditions were fully as f lexible as with the Mk-8 aircraft gunsight. 
However, the instrument offered somewhat less ease of viewing than a 
radar screen or dial on tho instrument panel. 

14. The question of the optimum occular focus received considerable 
study. Adjustments between O and -4 diopters were used with the virtual 
image between infinity and 25cm. respectively f~om tho eyes. As the 
adjustment was changed, throe principal effects were observed. 

15. First, the lateral freedom for motion of ·the observer's head 
was increased as the focus became more negative. At infinity it was 
possible to view only the central portion of the field with both eyes 
at once, and the head could not be moved more than ½ inch without loss 
of field for binocular· vision. When the eyepiece was adjusted vri.th the 
virtual image at 25cm., considerable lateral freedom for motion of the 
head ,ms possible. The whole fiel d was easier to view and could be 
easily seen with both eyes, and the image appeared sma.lkr. 

16. The second effect which was observed, was the decree.so in 
sensitivity for all settings except t hat at ~oro diopters as the distance 
from the occular to the observerls hcnd was i ncr e"-sed. This decrease 
i n sensitivity bccD.lllc more r apid as the eyepi ece adjustment was made 
more negative. Table 2 shows this effect on sensitivity for an eye-· 
piece setting of -4 diopters. When the eyepiece was set nt infinity, 
tho distance from the observer to the occular wns not criticn.l, and the 
sensitivity r emtlned unchanged as the observer moved back. At tll other 
~ettings of the occulur, maxim1,l1!1 sensitivity was attai ned with the eyes 
as close as possible to the eyepiece. 

- 3 -
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17. When the eyes were as close as possible to the eyepiece, the 

t hreshol d still vo.riod with the eyepi ece setting. The varie.ti on of 

t hreshold due to this third effect is shown in plate 4 as a function 

of diopters occular setting. It can be seen that the minimum threshold, 

or maximum sensitivity, for a point source occurred at an adjustment of 

approximately - 1 diopter for observers with normal vision. This was due 

to the fact that, ¼nen looking into the receiver, the eyes tended to 

focus for infinity; however, due to spherical aber r ation of the lens 

when the pupils were dilated, t hey were myopic to the extent of - 1 

diopter. 

18. It was finally concluded t h~ t - 1 diopter was t he optimum 
adjustment for the occular, si nce it yielded the greates t sensitivity 

and gave more f r eedom of motion for the observer then the zero s etting, 

and yet the decrease i n sensitivity with distance from t he eyepiece was 

not rapid. 

19. With this decided, the sensitivity of the Mk- 8 occular compar ed 

with that of t he C- 3 eyepiece was i nvest ig2.ted next . In t heory, the 

sensitivity ViUuld be inversely propor tional to the squar e of the focal 

lengths; therefore it was expected that t he sensitivity with the C-3 
would be 6 times tha t with t he Mk- 8. In experimental cornpo.ri sons of 
the t wo eyepieces, it was found that the C- 3 was only 3 times more 
sensitive than the Mk- 8, as can be seen f rom plate 3. The reason for 

this disagreement appeared t o be that the image seen in tho eyepiece 

was not a true point of light but a small disk. In the higher powered 

eyepiece, the ~ge appeared l arger than in the Mk-8 eyepiece, so the 

loss in f l ux acceptance by t he eye when using the lov1er power eyepiece 

was parti ally compensat ed for by t he i ncrease in image brightness due 
to the reduction in its apparent size. 

POINT SOURCE SENSITIVI TY 

20. In addition to the occular effects alr eady discussed, the 
sensitivity of ·an infra- red receiver for viewing a point source 
agcinst a dark background is directly proportional to the area of the 

objective. Tho ratio between the a r eas of the C- 3 Schmidt and the 
Zeiss Sonn~r is 2.9, so it would be expected that the CXR- 3 would be 

2.9 ti.~cs ~s sensitive as the CXR- 2. In experiment this was found 

to be approx.i:~,tely true . By r ef erring to t able 1, it is seen that the 

two thresholds gave a ratio of c1bout 2. 5 instead of ti1e 2 . 9 predicted 

by theory. This difference can easily be attributed to the differences 

i.'n the s ensi t i vi tics of the 1P25 imD .. go tubes used in the two 

instrunu:mts. 

21. In comparison with the C-3, actual experiment has shown that 

the C-3 vro.s appr oxiraately three times as sensitive as the CXR- 3 and 

nine times as s ensi ti vc cs the CXR- 2. This was in <'.greement .vi th what 

was expected from t he objectives apertures and the relationship found 

between the eyepieces. 
DECLASSIFIED 
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RESOLUTION 

22. Tho resolution of an infra- r od receiver of the image t ube type 
m!:'..y be limited by the imngc tube, the obj ective lens, or tho eye. At 
low levels of imo.ge brightness _t he eye vull limit t he r esolution, but 
not at high l evels . The resolution of the Sonnnr objective lens with 
t ho field corrector was 56 lines/mm. nt the center of t he field while 
the Schmidts of the CXR- 3 and tho C-J· resolvcd 30 lines/mm. Tho very 
bes t 1P25 tubes resolved 24 lines/mm., but the avor~.ge was near er 
15 lines/mm. Thus it is seen that the t ube vms t he component which 
limited tho resolution in those instruments at other than very low 
brightness, c..nd in t ho latter c2.se it was the eye. It was found 
possible to resolve point sources s epara ted by 1½ to 2 minutes of arc 
vmen they were ftlrly bright and when a very good- tube was used. 

FIELD OF VIEW AND MAGNIFICATION 

2J. The field of view of tho r eceivers depended on t ho objective 
system and t ho electronic magnification. For an electronic magnification 
of 0.65 the field of view of t ho CXR.-2 was 29 degrees and th!:'..t of t he 
CY..R-3 vms 27 dcgreos; tho overall magnifications of the CXR-2 and CXR-3 
r eceivers wcpo 0.74 ~nd 0.87 rcppoctively. Image tubes wer e frequently 
found; however, which focused sharply only for greater electronic 
L1£1gnification. In t his case, tho field wo.s considerably roduccd, 
sometimes by as much as one third, 2.nd the overall magnification was 
proportionately incrensed, 

FIELD TESTS 

24. Tho CX..'i receivers were t ested in the field, both on t he ground 
and in tho o.ir. For the ground t ests, the instruments were mounted 
ashore, and a calibrated source v-ras placed aboard shi p . Tho s hip ran 
2.vm.y from the r eceivers until the source VU<:>.s a.t threphold 2.s seen by 
several exper ienced observers . At ~he sD1I1e time atmospheric trans- · 
mission measurements were made vd.th a Moxwcllian view tolophotometor. 
The tests were mndc on both dc..rl{ and bri&ht nights. Tho range data were 
found in good agreement ~uth values corr.puted from the r eceiver thres­
holds racasured i n the laboratory and t he atmospheric ntt enuation values 
for t he particular night. 

:.:::5. Flight tests of the CXR-2 wore r eported in r eference (c). Air 
to air r anges of 1, 75 miles wore obtdncd at altitudes between 4000 
and 6000 feet vd. th ground visual ranges between 6 and 10 miles . ThQ 
source on the target pll'.no vm.s l'.n infra-red beacon of 570 C. P., and 
it was coded. 

26. From tho flight tests, the field f actor can be estimat ed 
which must be applied to laboro.tory measurements of the r eceiver 
s ensitivit i es in order to obt2.in s ensitivities f or use under operating 
conditions. From tho data of reference (c) and assuming an attenuation 
of o. 7 per mile, which is little more than e. guess at the vnluo DECLASSIFIED 
5000 feet, t he illWi1in2..tion c.t 1, 75 r,1ilcs f rom tnc bc2.con wr1.s 

-- - 5 .... 
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I = 570 x 0 . 71.75 /1.75
2 = 100 S.11.C. The r eceiver threshold as mer.sur ed 

in t he l~.bor2.tory wo.s approximt.tely l S ,M. C. Thus wo may tnke 100., very 

c.pprox:i.m.~tely, as the field factor to be applied t o the labor atory 

threshold to obu--.in the field t hr eshold for air to c:?.ir r ecognition. 

26. It should be noted th<'.t in t he c.ir to air tests , the pilot 

hv.d had compc:?.rc'..tively little experience in the use of the equipment 

~d nlso wns troubled with extraneous light from the cockpit lighting 

and possibly from the infra-red from the plane's engine. Vfith some 

at tention to these points 2nd with more t rc.ining it should be possible 

to thus reduce tho field fv.ctor to s omc 0Xtent. Whether it my be 

possible to reduce the field factor from 100 to, say, 10 and thereby 

increase the cffecti ve oper~ti ng r2.nge of the equipment by c. factor of 

2 or 3 hns not been determined. 

LiPR0VEUEN'IS 

27. Ther e have been improvements in the image tube used in the 

CXR r eceivers since they wer e developed rnd tested. A new tube, RCA 

i,;';f,- 4, hc.s been built which operc.tes v.t 16 K. V. r.nd vlhich h£'.s a phosphor 

of much shorter persistence th2.n the screen i n t he 1P25. Use of the 

now· t ube in the CXR rccei vers would lengthen them nppro:x.im.0.tcly one 

inch. The sensitivity of the new tube is 5 to 8 times greater than 

for the 1P25, £'.nd so recognition rcmges from 2 to 3 tir~es greater can 
be cxp0cted. For the source used in the tosts r epor ted in refer ence 

(c), ranges of five miles or more would be obtained. Furthermore, it 

is prob2.blo the.t t he now short persistence phosphor will decr ease the 

field factor since it ·:,ill pcrmi t easier recognition of a coded signal. 

2$. The CXR- 2 receiver could also be improved by the use of c1. 

lr.r gcr objective lens. A cnptured lens for ~ Gcrm2.n development 

sirail D.r to the CXR- 2 is av~il['.blo and has D. 50r.ir.t. foc~l l ength c..nd an 

aperture of f/1.0 . Use of this l ens would increr.s e the sensitivity 

of the r:ccei ver by i'. fr.ctor of 2 <1nd the rr.nge by 30 to 40 percent. 

DECLASSIFIED 
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TABLE 1 

CHARACTERISTICS OF THE CXR- 2, CXR-3, and C- 3 RECEIVERS: 

CXR-2 CXR-3 C-J - -
Length 26.0cm 35. 0cm 30.0cm 

:Maximum diameter 10.7cm 14.4cm 13.2cm 

Objective; 
Focal length 50mm 59mm 59mm 

Diameter 33mm 84mm 84mm 

Relative light 
gatheri ng power 0.35 1.00 1.00 

Central resolution 
• lines/mm 56 30 30 

Field corrector double concave none none 

Eyepiece; 
Diameter 82mm 12mm 

F.quivalent focal 
l engt h 4. 4cm 4.4cm 1.8cm 

Image tube 1P25 1P25 1P25 

Receiver; 
Magnification 0.74 0. 87 2. 1 

Field of view 19°_to 29° 18°to 27° 18°to 27° 

Threshold sensitivity (sea mile candles) 
Very best 0 .85 0.35 0.10 
Average 2.5 1.0 0. 30 

DECLASSIFIED 
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TABLE 2 

CHANGE IN THRESHOLD WITH DISTANCE FROM EYES TO OCCULAR 
(virtual image 25 cm. behind occular) 

Distance (inches) 

3 
6 
9 

12 
15 
18 
21 
24 
30 
36 

- 9 -

Thr eshold - (s .m.c.) 

0.85 
1.08 
2.12 
3.07 
3.35 
4.2 
6.1 
6. 5 

ll.2 
17. 0 
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