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(Granted under Title 35, U.S. Code (1952), sec. 266) 
The invention described herein may be manufactured 

and used by or for the Government of the United States 
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of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 
The present invention in a preferred embodiment relates 

to supersonic missiles propelled by ram-jet or turbojet en 
gines, the missiles also incorporating some form of target 
seeking or homing apparatus responsive to the reception 
of radiant energy emanating from the target itself. 
A ram-jet or turbojet engine of standard design includes 

a compression intake made up of a central needle por 
tion, or spike, surrounded by an essentially tubular casing 
or jacket which is positioned so as to be spaced from the 
spike. This forms an annular air duct defined by the outer 
surface of the needle member and the inner surface of the 
tubular casing or jacket. While the spike may have vari 
ous rotary-symmetrical shapes, it is most frequently of 
sconical or frusto-conical configuration. 

In supersonic ram-jet performance, the effect of com 
pression due to shock waves is an important consideration. 
As the speed of an engine in the superSonic range is in 
creased, the angles of the resulting shock waves, with rela 
tion to the longitudinal axis, are decreased. To obtain the 

- most efficient ram compression ratio, the shock wave con 
vergence must be maintained within the adjacent forward 
lip of the ram inlet. The curved surface of the forward 
needle portion (or spike) should therefore be such as to 
bring about a shock wave convergence in the vicinity of 
the air inlet at a predetermined missile speed. Further 
more, the geometry of the spike (for a pressure recovery 
ratio, approaching one) should be such that a large num 
ber of weak shocks are developed rather than a few 
strong ones. The above dictates a spike configuration 

- incorporating a minimum discontinuity in diffuser angle. 
These design requirements are well known to workers in 
the missile art. 

Another set of operating conditions arises in connection 
with missiles intended to seek out a source of radiant 
energy. Such missiles may respond to infrared waves 
which pass through a translucent nose section, this 
energy then being collected and focused by a reflector 
system onto an electro-optical transducer. The trans 
lucent missile nose section is in many: cases an irdome 
which is designed in hemispherical form for optimum 
collection efficiency, even though such a configuration re 
sults in considerable aerodynamic drag. However, re 
placement of the hemispherical irdone by a spike or ogive, 
while reducing aerodynamic losses, may cause impairment 
of target resolution and seeker range by adversely affect 
ing the signal-to-noise ratio of the optic collector. 

powered by a ram-jet or turbojet engine, the hemispherical 
irdome must be integrated into the ram-jet air intake. 
This causes a marked reduction in diffuser efficiency. On 
the other hand, attempted modification of the hemispher 
ical irdome to maintain diffuser, efficiency has hitherto 
precluded an optimum collection of infrared energy. 
The principal objective of the present invention is to 

provide an efficient diffuser design for ram-jet or turbojet 
engines, which design is also suitable for efficient radiant 
energy collection. Basically, this objective is achieved 
by reversing the normal collector process-that is, instead 
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2 
of collecting the electro-magnetic energy which passes 
through a translucent irdome, the energy is first collected 
and then focussed through the translucent member. This 
approach to the problem permits a single unit to perform 
the dual function of air diffuser and radiant energy col 
lector. 

In order to accomplish the above, the needle or spike 
portion of the nozzle assembly is so configured as to define 
one boundary of an annular air duct. The outer tubular 
jacket, or cowl, constitutes the other air duct surface. In 
addition, these two members not only make up the missile 
diffuser, but also act as complementary reflectors for 
radiant energy arriving from the projectile target. This 
incident energy, in one embodiment, is reflected first from 
the spike surface to the cowl, and then again reflected 
from the latter to a focal point lying along the missile 
axis. Since such focal point is located within the spike, 
that portion of the spike body within the region traversed 
by the twice-reflected energy is composed of translucent 
material, permitting relatively unimpeded passage there 
through of radiant energy to the point of collection. With 
such a design, very little of the available energy is lost, 
and the assembly consequently displays an unusually high 
optical signal-to-noise ratio, as well as functioning as an 
effective air diffuser for the missile propulsion system. 
One object of the present invention, therefore, is to 

provide a combined air diffuser and radiant energy collec 
tor for projectiles. 

Another object of the invention is to provide a com 
bined air diffuser and radiant energy collector unit for 
missile engines of the ram-jet type, this unit being so de 
signed that radiant energy is sequentially reflected from 
a plurality of diffuser surfaces and then brought to an 
approximate focal point on or near the missile axis. 
A further object of the invention is to modify the design 

of a jet engine air diffuser assembly so as to permit its use 
as a collector of radiant energy without appreciably re 
ducing its aerodynamic efficiency. 

Other objects and many of the attendant, advantages of 

comes better understood by reference to the following de 
tailed description when considered in connection with the 
accompanying drawings wherein: 
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When an infrared homing missile of the above class is 

... the longitudinal axis, 13 of the missile. 

FIG. 1 is a longitudinal section of a jet-propelled projec 
tile incorporating a radiant-energy-collection system of a 
design known at the time the present invention was con 
ceived; 
FIGS. 2, 3, 4, and 5 are schematic diagrams illustrating 

the optical principles on which the present concept is 
founded; 
- FIG. 6 is a partly schematic illustration of a combined 
air diffuser and optic collector based on the principles 
developed in FIGS. 2 through 5; . . . . . . 

FIG. 7 is a modification of the combined air diffuser 
and optic collector of FIG. 6; and 

F.G. 8 is a longitudinal section of a jet-propelled 
projectile incorporating another modified type of com 
bined air diffuser and optic collector in accordance with 
the present invention. 

Referring now to the drawings, there is shown in FIG. 
1 a ram-jet missile incorporating a radiant energy col 
lector of a type known prior to conception of the in 
vention disclosed herein. This missile includes a cylin 
drically-shaped shell 10, and a forwardly-located inner 
member 2 defining a surface of revolution relative to 

These two ele 
ments 10 and 12 act in a known manner as a diffuser 
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to compress air entering the annular jet engine intake 
region 13a. The engine itself is of conventional de 
sign, and includes in its after section a fuel injection 
nozzle or nozzles S4, a combustion chamber 15, and an 
exit jet propulsion nozzle 5a. The details of this por 
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tion of the missile form no part of the present invention 
and further discussion thereof is believed to be unneces 
Sary. 

It has previously been established by workers in the 
projectile field that an optimum aerodynamic design for 
the forward portion of the inner diffuser member 2 in 
corporates a pointed tip which flares rearwardly with 
minimum surface discontinuity to a point within the lips 
16 of the outer shell E6. This reduces the amplitude of 
the developed shock waves and increases the pressure 
recovery ratio of the diffuser section. Such a desigin is 
therefore widely employed for ram-jet assemblies of the 
non-homing type. 
However, when the projectile is so constructed as to 

seek out a source of radiant energy, the aerodynamic 
considerations set forth above must be modified to take 
into account the particular requirements of a homing 
missile. These requirements include the ability of the 
missile to intercept incident energy from the target or 
Source, and to convert amplitude variations in this re 
ceived energy into control information. Generally speak 
ing, the greater the peak-to-peak amplitude of the usable 
control information developed, the more accurately the 
missile may be maintained “on target.” 
The above considerations therefore necessitate a radi 

ant energy collector which is of such dimensions, in a 
plane normal to the longitudinal axis of the missile, that 
a sizeable "bundle' of energy radiations are intercepted 
and directed to some form of transducer for conversion 
into control information. In general, the greater the 
cross-sectional area of this "bundle' of rays, the higher 
will be the signal-to-noise ratio of the developed error 
voltage. 

Inasmuch as the best, if not the only, portion of the 
missile which can adequately serve as an energy collector 
is the forward nose section, it has been customary to 
construct a ram-jet missile of the "homing' type with 
an irdome acting as one of the elements of the diffuser 
assembly. As shown in F.G. 1, the forward portion of 
the inner member 2 is composed of some suitable trans 
lucent material 13 which permits passage therethrough 
of energy rays arriving along the paths 20. The rays, 
after passing through the translucent section E8, are se 
quentially directed by a plurality of reflectors 22 to a 
focal point 24 lying on the longitudinal axis 13 of the 
projectile. The arrangement of the reflectors 22 is that 
of a conventional Cassegrain optical system. All or a 
part of the reflector assembly 22 may be mounted for 
limited pivotal movement about a point on the axis 13 
to permit the missile to search out or track a target when 
the reflector assembly is actuated by a suitable source of 
power (not shown). In any event, the function of the 
optical System and its associated circuitry is to develop an 
error signal which is effective to maintain a parallel re 
lationship of the missile axis 13 with the light rays, which 
is equivalent to maintaining the missile in a path aligned 
with the desired target. 

While an arrangement such as set forth above has gen 
erally satisfactory energy-collection characteristics, it is 
relatively inefficient aerodynamically. This results from 
the necessity of constructing the irdome of essentially 
hemispherical configuration primarily in order to pro 
vide sufficient space to contain the optical system 22. 
It has been found that large shock waves are developed 
due to the marked discontinuity between the surface of 
the irdome and that of a needle 25. it is not feasible to 
minimize this discontinuity by appreciably increasing the 
thickness of the translucent. “window” 18 in this region, 
since such an expedient results in excessive scattering 
and/or refraction of the radiant energy, and an appre 
ciable drop in the number of rays reaching the focal 
point 24. 

It is the principal objective of the present invention 
to eliminate the above drawbacks, and provide a com 
bined jet engine air diffusing unit and radiant energy 
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4. 
collector which performs both functions with high effi 
ciency. As will be seen from the description which fol 
1ows, the arrangement of the present invention reduces 
the number of components required by permitting the 
complex Cassegrain reflector system of previous designs 
to be dispensed with. 
The principle on which the present invention is based 

is more or less schematically illustrated in FGS. 2 
through 5. It will be recalled that in the known de 
sign described above, the radiant energy information is 
obtained by providing a translucent projectile nose section 
through which the rays pass with negligible change in 
either direction or intensity. The rays are then collected 
by an optical system and focused to a point which lies 
on the missile axis. The system of the present invention 
in effect reverses this procedure by collecting and focus 
ing the radiant energy before it passes through the trans 
lucent Section of the air diffuser unit. In other words, 
such collection and focusing occur extreiorly of the dif 
fuser member within which the transducer is located, 
this diffuser member also preferably containing other elec 
tronic components of the missile guidance system. 

it has been found that such a nethod of radiant en 
ergy collection perimits the missile nose section to be de 
signed for optimum aerodynamic efficiency. From FIG. 
2 it will be seen that, if the parabolic surface ABC is 
Symmetrical about the axis X-X, then all arriving en 
ergy rays such as D and E which are parallel to the 
axis X-X will be focused to a common point F. 
No. assume that a further ine Y-Y be drawn 

through point C and parallel to the axis X-X, and that 
a still further line be drawn normal to X-X and from 
a point G thereon to intersect the parabolic surface ABC 
at H. 
When the area CGH of FIG. 2 is rotated about Y. Y 

as an axis, the solid of revolution CHGH of FIG. 3 
results. The outer surface of the inverted paraboloid of 
this latter figure is the optical counterpart of the parabolic 
surface ABC of FIG. 2, in the sense that the parallel 
energy rays D and E will be brought to a focus at F, 
but now the reflected rays will not generate a point focus, 
as in FIG. 2, but will instead form a focal ring. 

It is intended that the solid of revolution CHGH of 
F.G. 3 be employed as that part of the air diffuser as 
Sembly represented by the hemispherical irdome of FIG. 
1. From the standpoint of its function as an air com 
pressor, it has an ideal geometry, inasmuch as it is 
formed by rotation of the parabolic section CH, which 
for this purpose may be considered as defining a con 
tinuously varying angle which produces minimum shock 
effects in the air entering the intake area i3a. From 
an optical standpoint, it brings about a focus on a ring 
F of those energy rays arriving parallel to axis Y-Y of 
FIG. 3. Althous it is conceivable that the energy re 
flected to this region could be picked up along the focal 
ring, the fact that such reflected energy is spread out 
rather than concentrated renders such collection imprac 
tical, and in any event the apparatus for accomplishing 
Such a result would be excessively complex for projectiles 
already encumbered with the involved circuitry necessary 
for accurate electronic guidance. 

Consequently, the energy reflected from the surface of 
revolution CH in FIG. 3 is redirected to a focal point 
lying on the longitudinal axis Y-Y of the missile. The 
means for bringing about such a result is shown in F.G. 
4, and includes a second surface of revolution such as 
might be provided in modified form by the hollow cylin 
drical body shell is of FIG. I. The essential character 
istic of this second reflecting surface is that the focal ring 
must be imaged to a focal point in the manner brought 
out by FIG. 4-that is, the contour and spacing of the 
second reflecting surface relative to the first reflecting sur 
face must be such that the virtual focal ring F is imaged 
at a real focal point Flying on the missile axis Y-Y. 
Such a result may, for example, be achieved by em 



s 
iploying as a secondary reflector the right section surface 
of a cone, positioned within the focal radius as shown in 
FIG. 4. Or, the segment of conical surface may be 
replaced by a segment of an ellipsoid, as indicated in 
FIG. 5. If the ellipsoid is constructed such that one focus 
coincides with a point on the focal ring generated by 
the inverted paraboloid, and further, such that the other 
focus is on the missile axis, then it follows that all energy 
passing through the focal ring will converge at the focal 
point F on the missile axis. While the above would 
seem to indicate that greater optical collection efficiency 
results from use of the parabolic-elliptic configuration, 
there are a number of aerodynamic benefits to be de 
rived from the parabolic-conic combination due to less 
severe gradients in the air flow directional vectors. The 
actual shape chosen, therefore, may represent a working 
compromise between the two designs. . 

In FIG. 6 is illustrated a modification of a portion of 
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the projectile of FIG. 1 to incorporate a preferred form : 
of the present invention. It is based on the parabolic 
elliptic showing of FIG. 5 in that the surface portion CH 
of the inner body member 12 is that of an inverted para 
boloid of revolution. The inner surface of the lip portion 
16 of the outer shell 10, on the other hand, is that of an 
ellipsoidal segment. All energy rays 20 parallel to the 
missile axis will be sequentially reflected from the in 
verted parabolic outer surface of the pointed nose sec 
tion 12a and then from the ellipsoidal inner surface of 
the cowl section 6 to converge at the focal point 24. 
For a minimum energy loss, the portions of the air dif 
fuser assembly from which the rays are sequentially re 
flected should be highly polished and contain substantially 
no surface irregularities. 
To permit passage to the focal point 24 of the energy 

rays which have been reflected from the cowl surface 16, 
a portion (8a) of the inner body member 2 which lies 
adjacent the inverted parabolic section 2a is formed of 
translucent material. It nay, for example, be composed 
of a substance similar to that of which the entire hemis 
pherical irdome 8 of FIG. 1 is formed. It should also 
be of minimum thickness consistent with air pressure re 
quirements in order to preclude excessive diffusion and/or 
refraction of the radiant energy between the entrance and 
emergent surfaces. . 
As illustrated in FIG. 1, an electro-optical transducing 

device 26 is located within the inner body member 12 so 
as to intercept the energy rays converging at the focal 
point 24 and to translate such rays into electrical varia 
tions. The latter are applied to any suitable electronic 
guidance system 28 which is associated with the missile 
flight controls and hence is adapted to utilize variations 
in magnitude of the radiant energy intercepted by trans 
ducer. 26 to effect a correctional change in direction of 
the missile whenever the latter deviates from an "on 
target' flight path. . 

. Although the above discussion has presupposed that 
the radiant energy rays are arriving at the collector along 
paths which are substantially parallel to the missile axis, 
it is obvious that for a "homing' missile the principal in 
terest lies in the ability of the seeker apparatus to de 
velop usable error voltages from incident energy which is 
"off-axis.” It might be assumed that under such condi 
tions the position of the focal point 24 would shift from 
the location described and cause a marked decrease in 
the relative amount of energy collected by the transducer 
26, the latter in practice having a detecting area ranging 
from one square millimeter to one hundred square mil 
limeters. However, laboratory tests have demonstrated 
that the above assumption is unfounded. Measurements 
taken as the respective angles of incidence of the energy 
rays vary widely show that an appreciable fall-off in rela 
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FIG. 1, the parabolic nose section 2a of FIG. 6 may be 
loosely instead of rigidly supported so that it has limited 
universal movement over an angle of approximately 3 
degrees or less with respect to the missile axis 13. This 
arrangement is illustrated in FIG. 7. The rear portion 
of this nose section may be provided with several small 
ears or tabs 29 which project into the air stream flowing 
within the duct 13a. The effect of this arrangement is 
to cause a relatively fast oscillation or vibration of the 
nose section (100 cps. is an example) about the pivot 
point 29a, changes the angular relationship of the para 
bolic surface of the nose section 2a with respect to the 
energy rays arriving along the paths 20. Information as 
to the instantaneous angular position of the nose section 
may be obtained through conventional capacitative or 
electromagnetic coupling, and transmitted to a Standard 
phase compacitor (not shown). Such a pivoting of the 
nose section of the diffuser unit relative to the cowl causes 
the missile to track the target much in the manner of a 
search radar, and markedly increases the effectiveness of 
the energy collector assembly. 
When the nose section 12a is mounted for oscillation 

in the manner illustrated by FIG. 7, the translucent wall 
portion 18a employed in the assembly of FIG. 6 may be . 
omitted so that the nose element is free to move about. 
the pivot point 29a within the limits mentioned above. 
Contrary to expectations, it has been found that substi 
tution of an air gap for the translucent material of FIG. 6 
has no appreciable effect on the air flow distribution 
over the surface of the inner member 2, since the air 
gap acts as a free jet boundary at high projectile speeds. 
For the same reason, it may in some cases be desirable 
to employ such an air gap even though the forward nose 
section 2a is fixed in position as in the embodiment of 
F.G. 6. 
It should be emphasized that the present invention in 

corporates the reflection and focusing of radiant energy 
by one or more sections of a missile air diffuser unit prior 
to entrance of such reflected and focused rays into the 
body portion of the missile in which the energy trans 
ducer is located. Although certain geometrical config 
urations for these reflecting and focusing surfaces have 
been set forth as preferred examples, they are merely 
representative of many such sets or combinations of said 
configurations which will bring the radiant energy to such 
a common point. For example, the "spike” portion of 
the air diffuser has been described as parabolic and the 
cowl portion as conical. However, if the spike were re 
quired or desired to be conical, then the cowl contour 
could be a segment of a parabola the focal point of which 
is located on the missile axis. Many other contour com 
binations are also possible, and their selection and use 
will depend upon missile design factors and operating 
conditions. - 

While the invention has been illustrated and described 
as applied to a pilotless missile adapted to carry an ex 
plosive charge, it likewise has utility in connection with 
commercal jet-propelled arcraft for the purpose of avoid 
ing mid-air collisions with moving or stationary objects 
lying in the aircraft flight path. To this end the missile 
guidance system previously described could be replaced 
by a radar transmitter-receiver located wholly or partly 
within the inner body member 2 of the jet engine air 
diffuser, with the transducer or feed-horn positioned at 
or near the focal point 24. When the radar transmitter is 
pulsed in conventional fashion, lack of any returned sig 
nal would indicate a clear flight path. Reception of 

70. 
marked simplification of ordinary radar installations, both tive intensity (for the parabolic-ellipsoidal combination) 

does not occur until the angle made by the energy rays 
with the missile axis exceeds approximately 26 degrees. 

Furthermore, as an analogy to the pivotal mounting 
for the reflector system 22 of the known arrangement of 75 

energy, on the other hand, would warn the pilot of the 
possibility of an impending collision with an object in the 
aircraft's proximity. Such an arrangement would be a 

as to the number of circuit components employed and 
as to space and weight considerations. 

In FIG.8 of the drawings is illustrated another embodi 
ment of the present invention in which radiant energy 
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rays are reflected but once from a missile surface area 
prior to arriving at a common focal point. In this con 
struction, energy rays having the parallel paths 2) first 
intpitage the inier surface of the forward cowl portion 6 
of the shell member 20. This inner surface is of gen 
erally parabolic configuration from the forward edge 
approximately to the region 30 of maximum throat con 
striction. Hence, energy rays following paths parallel 
to the axis of the missile will be focused at point 24 
regardless of where they may impinge the parabolic inner 
surface of the cowl ió. 
The intier member 12 in FIG. 8 is of relatively small 

diameter compared to the corresponding member of FIG. 
6, and has a forward portion 32 of radiant-energy-permea 
be material which may be similar to that of the wall por 
tions isa. One advantage inherent in the arrangement 
of Fig. 3 is that elimination of one reflecting surface cor 
respondingly eliminates whatevei diffusion and scattering 
of energy rays would be caused thereby, and hence raises 
the percentage of recoverable target information. Inci 
deniaiiy, use of the term "radiant energy' in the above 
description is is tended to embrace all forms of electro 
magiletic energy of any wavelength. 

Obviously many modifications and variations of the 
present invention are possble in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
We claim: - 
i. In a target-seeking missile powered by a ram-jet 

engine, a combined radiant energy collector and air 
diffuser for said engine, said combined energy collector 
and air diffuser including an outer essentially tubular 
cowling and an elongated inner body member both sym 
metrically arranged with respect to the longitudinal axis 
of said missile, said cowling and inner body member de 
fining therebetween an annular air intake port for said 
jet engine, optically complementary means, including the 
forwardly-located surface portion of said body member 
and a portion of the inner surface of said cowling, for 
sequentially and in that order reflecting to a common 
focal point lying within said body member radiant energy 
rays arriving at the forwardly-located surface portion of 
said body member along paths directionally related to 
the longitudinal axis of said missile, and an annular radi 
ant-energy-permeable wall section formed in said inner 
body member in the region impinged by the rays reflected 
from Said cowling to pass such rays to said common focal 
point, means located at such focal point for collecting said 
energy rays, and means for applying the energy derived 
therefronn to control the trajectory of said missile. 

2. A target-seeking missile according to claim 1, in 
which the forward portion of the surface of said inner 
body member defines a segment of an inverted paraboloid. 

3. A target-seeking missile according to claim 1, in 
which the forward portion of the surface of said inner 
body member defines a segment of an inverted paraboloid, 
and in which the forward portion of said cowling has an 
inner surface of substantially elliptical configuration. 

4. A target-seeking missile according to claim 1, in 
which the forward portion of the surface of said inner 
body member defines a segment of an inverted parabo 
loid, and in which the forward portion of said cowling 
has an inner surface of substantially conical configuration. 

5. An air diffuser unit for a missile having a ram-jet 
engine, said diffuser including an inner body member and 
an outer cowl member so spaced as to establish there 
between an annular jet engine air intake port, said inner 
body member and said outer cowl member each defining 
a surface of revolution with respect to the longitudinal 
axis of said engine, the forward portion of the surface of 
said inner body member being configured to reflect radi 
ant energy rays, reaching the surface of such body mem 
ber along paths directionally related to the longitudinal 
axis of said engine, to the inner surface of said cowl mem 
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3. 
ber, the inner surface of said cowl being configured to be: 
optically complementary to the configuration of the suf 
face of the forward portion of said inner body member 
so as to again reflect the radiant energy rays, reflected to 
it from the surface of said inner body member, to a com 
mon collection region lying within said body member, and 
transducer means located at such common collection: 
region for developing from the energy rays so collected 
an electrical variation suitable for controlling the tra 
jectory of said missile. 

6. A combined air diffuser and radiant energy collector 
unit for a missile having an engine of the rain-jet type: 
comprising a generally elongated inner member defining 
a body of revolution relative to the longitudinal axis of 
said engine, an outer cowl member of generally tubular 
configuration, symmetrically disposed with respect to said 
inner member and spaced therefrom so as to define an an 
nular jet engine air intake port therebetween, the Surface 
configuration of the forward portion of Said inner mem 
ber defining in cross-section a substantially continuously 
varying angle relative to the longitudinal axis of said en 
gine, whereby shock waves developed at said diffuser 
during progress of said engine through the atmosphere 
are minimized, the forward surface portion of said inner 
member acting to reflect radiant energy rays which reach 
this forward portion of said inner member along paths 
which are directionally related to the longitudinal axis of 
said engine to the forward portion of the inner surface 
of said cowl, the inner surface of said cowl being optically 
complementary to the forward surface portion of said 
inner member so that the former will act to again reflect 
and focus radiant energy rays reflected thereto from Said 
inner member to a common region lying within said inner 
member, means located at such common region to collect 
the energy rays focused thereto, and means for utilizing 
the energy rays so collected to determine the trajectory of 
said missile. 

7. A combined air diffuser and radiant energy collector 
for a missile having an engine of the ram-jet type com 
prising a generally elongated inner member defining a 
body of revolution relative to the longitudinal axis of said 
engine, an outer cowl member of generally tubular con 
figuration, symmetrically disposed with respect to the said 
inner member and spaced therefrom so as to define an an 
nular jet engine air intake therebetween, the surface con 
figuration of the forward portion of said inner member 
defining in cross section a substantially continuously 
varying angle relative to the longitudinal axis of said en 
gine, whereby shock waves developed at said diffuser 
during progress of said engine through the atmosphere are 
minimized, the forward surface portion of said inner 
member and the forward portion of the inner surface of 
said cowl each being configured to be optically comple 
Inentary whereby such surfaces act to sequentially reflect 
to a point within said inner member radiant energy rays 
reaching the forward portion of said inner member along 
paths which are directionally related to the longitudinal 
axis of said engine, the forward portion of said inner 
member being fixed in position relative to said axis, means 
located at said point for collecting the energy rays so se 
quentially reflected, and means for applying the collected 
energy to determine the trajectory of said missile. - 

8. A combined air diffuser and radiant energy collector 
for engines of the ram-jet type comprising a generally 
elongated inner member defining a body of revolution 
relative to the longitudinal axis of said engine, a trans 
ducer located within said inner member, an outer cowl 
member of generally tubular configuration, symmetrically 

70 

75 

disposed with respect to the said inner member and 
Spaced therefrom So as to define an annular jet engine air 
intake port therebetween, the surface configuration of the 
forward portion of said inner member defining in cross 
Section a Substantially continuously varying angle rela 
tive to the longitudinal axis of said engine, whereby shock 
Waves developed at said diffuser during progress of said 
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engine through the atmosphere are minimized, the for 
ward surface portion of said inner member and the for 
ward portion of the inner surface of said cowl acting 
to sequentially reflect to said transducer radiant energy 
rays reaching the forward portion of said inner member 
along paths which are directionally related to the longi 
tudinal axis of said engine, and means for causing limited 
relative angular movement between said transducer and 
the forward portion of said inner member. 

9. The combination of claim 8, in which the forward 
portion of said inner member is provided with a plu 
rality of tabular extensions projecting into the said air in 
take port, said tabular extensions reacting with the air 
flowing through said intake port to cause an oscillatory 
movement of said inner member. 

10. A combined air diffuser and radiant energy col 
lector for engines of the ram-jet type, comprising a gen 
erally elongated inner member defining a body of revolu 
tion relative to the longitudinal axis of said engine, a gen 
erally tubular outer cowl member formed with a pro 
gressively decreasing diameter to provide a restricted 
passage, said area of decreasing diameter forming an air 
intake port forwardly of said elongated member, said 
outer cowl member being symmetrically disposed with re 
spect to said inner member, the inner surface of said outer 
cowl member forwardly of the restricted passage re 
flecting radiant energy rays, initially impacting the inner 
surface of said outer cowl member after arriving at said 
inner surface along paths substantially parallel to the 
longitudinal axis of said engine, to a common focal point 
located within said inner member, said inner member 
being formed at least in part of radiant-energy-perme 
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able material to pass therethrough the rays reflected there 
to from the inner surface of said cowl. 

11. A combined air diffuser and radiant energy col 
lector for engines of the ram-jet type, comprising a gen 
erally elongated inner member defining a body of revolu 
tion relative to the longitudinal axis of said engine, a gen 
erally tubular outer cowl member formed with a pro 
gressively decreasing diameter to provide a restricted 
passage, said area of decreasing diameter forming an air 
intake port, having a parabolic inner surface, forwardly 
of said elongated member, said outer cowl member being 
symmetrically disposed with respect to said inner member, 
the parabolic surface of said outer cowl member for 
wardly of said restricted passage reflecting radiant energy 
rays, initially impacting the parabolic surface of said 
outer cowl member after arriving at said parabolic sur 
face along paths substantially parallel to the longitudinal 
axis of said engine, to a common focal point located 
within said inner member, said inner member being at 
least in part radiant-energy-permeable to pass there 
through the rays reflected thereto from the inner para 
bolic surface of said cowl. 
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