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AWARz)S ABSTRACT NASA CASE rlL &yuc-a478 

SHOCK-LAYER RADIATION MEASUREMENT 

The subject invention r e l a t e s  t o  a method and means for  determining 
t h e  spa t i a l  dis t r ibut ion of shock-layer radiation about objects moving 
a t  high veloci t ies .  

In  the study of shock-layers about objects of varying configurations 
traveling a t  hypersonic speed, it has hi ther to  been necessary t o  re ly  
upon theoret ical  determinations of the dis t r ibut ion of radiation from 
the hot gases i n  the shock-layer about t h e  body. The present invention 
provides means for  segmentally dissecting a shock-layer image and pro- 
ducing a display of radiation intensi ty  across each segment. Referring 
t o  Figure 1, collimated l i g h t  beam 1.3 from source 1 4  continuously 
impinges on photodetector 16. 
b a l l i s t i c  range 11 interrupts the beam, horizontal sweep generator 17 
produces a sweep voltage at the horizontal inputs of oscilloscopes 31, 
32, 33 and 34. 
apertures 43. Each of the columns of l i g h t  apertures 43 is  provided 
with a single l i g h t  pipe extending from the back of plate  21 (Figure 2) 
t o  a photomultiplier for producing e l ec t r i ca l  signals proportional t o  
incident l i g h t  a t  the front of the plate .  
51, 52, 53 and 54 are connected t o  the ver t ica l  inputs of oscilloscopes 
31, 32, 33 and 34, respectively. Four cameras 36 respectively record 
the waveforms produced on the display screens 56 of the  oscilloscopes. 
As object 12 nears m i r r o r  41, the opt ical  system comprising mirror 41 
and lens 42, causes an image 46 of the shock-layer radiation t o  be 
swept across apertures 43. There is  consequently produced at  each of 
the  oscilloscopes an intensi ty  prof i le  t race 57 of the l i g h t  radiated 
from individual segments of the shock-layer. .There are many rows of 
apertures 43 so tha t  the radiation image m a y  be properly dissected even 
i f  object 12  veers t o  the r igh t  or l e f t  as it %traverses range 12, 

When object 1 2  moving axial ly  along 

Dissecting p la te  21 (Figure 3) has staggered rows of 

The outputs of photomultipliers 

The present invention fo r  the first time provides f o r  a d i r ec t  
measurement of shock-layer parameters t o  thereby facilitate the  most 
advantageous design of objects adapted t o  t r ave l  through the atmosphere 
a t  hypersonic speeds. 

Invent o r  : ~ Thomas N . Canning 
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MEASUREMENT 
Thomas N. Canning, SunnyvaIe, CaIif., assignor to the. 

United States of America as represented by the Ad- 
ministrator of the National Aeronautics and Space 
Administration 

SHOCK-LAYER RADIATION 

Filed Apr. 13, 1965, Ser. No. 447,930 
Int. C1. Golj 1/44 

U.S. CI. 250-217 5 Claims 

ABSTRACT OF THE DISCLOSURE 
A method and apparatus for determining the spatial 

distribution of shock layer radiation about objects moving 
at high velocities. An image of the shock layer radiation 
is formed at a plane of dissection. The image is sequen- 
tially dissected, the image segments are converted to sig- 
nals proportional to light intensity, and the signals pro- 
duce a visual display of the shock layer radiation profile. 

The invention described herein may be manufactured 
and used for or by the Government of the 'United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor, 

The present invention is directed in general to method 
and means for determining the spatial distribution of shock 
layer radiation about objects moving at high velocities. 

It is known that objects, such as projectiles, or the 
like, propelled at high speed through the atmosphere 
produce hot gas layers in advance of the object. For 
many purposes it is highly advantageous and, in fact, 
necessary to determine the exact configuration of the radi- 
ation from these layers. This knowledge is applicable 
in the design of efficient shapes for high-velocity pro- 
jectiles, space vehicles, and the like. 

An object of any physical configuration moving at 
sufficient velocity through the atmosphere will establish 
a shock layer in advance of the object, and the present 
invention is adapted to determine the spatial distribution 
of the radiation from this layer by viewing and displaying 
the variation in intensity of radiation from segmented 
portions thereof. Although means such as high-speed 
photography have been employed to obtain information 
about shock layers surrounding projectiles such as rifle 
bullets, these means are wholly inadequate for direct 
determination of radiative distribution from shock layers. 
In the study of shock layers about objects of varying con- 
figurations traveling at hypersonic speed, it has hitherto 
been necessary to rely upon theoretical determinations 
of the distribution of radiation from the hot gases in 
the shock layer about the body. The present invention 
provides for directly determining this information. 

It is an object of the present invention to provide 
method and means for segmentally dissecting a shock 
layer image and producing a display of radiation intensity 
variation across each segment. 

It is another object of the present invention to provide 
method and means for optically determining the spatial 
distribution of shock layer radiation from an object travel- 

the present invention to provide 
an optical system for viewing substantially head-on the 
radiation of a shock layer about a high-velocity object 
while optically segmenting the image thereof and scanning 
each image segment to produce a measurement of radi- 
ation intensity across each such segment. 

Various other objects and advantages of the present 
invention will become apparent to those skilled in the 
art from the following description of a single, preferred 

embodiment of the invention and preferred enumerated 
steps of the method hereof. It is not intended to limit 
the present invention by the terms of the following de- 
scription or the details of the accompanying drawings, 

5 but instead, reference is made to the appended claims for 
a precise delineation of the true scope of this invention. 

Reference is made to the accompanying drawing il- 
lustrating a single, preferred embodiment of the invention, 
and wherein: 

FIGUFlE 1 is a schematic representation of the entire 
system applied to an aeroballistic range, or the like, 

FIGURE 2 is an elevational view of an optical system 
operable to focus and scan a radiation image; 

FIGURE 3 is a frontal view of an optical image dis- 
15 sector with an indication of image segments viewed there- 

by; and 
FIGURE 4 is a representation of a display of radiation 

intensity variation across one segment of a radiation 
image. 

Considering first the method of the present invention, 
it is herein provided that light radiated from the shock 
layer preceding a high-velocity object shall be viewed from 
a fixed position as close as possible to the line of object 
traverse, and ahead of the object. More specifically, the 

25 invention provides for reflecting this light from a position 
closely spaced laterally of the path of the object to form 
an image focused at a dissecting plane. As the object 
moves toward the location of light viewing and reflection, 
the image will be moved across the dissecting plane so 

30 that the image is actually scanned. The nature of the 
optics is made such that the depth of field is large so 
that the image is well focused during the entire scan. The 
radiation image at the dissecting plane is transversely seg- 
mented to dissect the image. As the image moves across 

35 the plane, each of the segments thereof contains a vari- 
ation of light intensity corresponding to the intensity pro- 
file of the radiation from that segment of the shock 
layer preceding the object. 

The scanned segmented images are optically transmitted 
40 from the dissecting plane to separately energize means 

producing electrical signals having amplitudes propor- 
tional to the intensity of light received. These electl-ical 
signals are separately employed to produce a plurality of 

light intensity variation in 
mage segment. More spe- 

cifically, the display is preferably accomplished by means 
of oscilloscopes having a horizontal sweep triggered at 
passage of the high-velocity object through a light beam, 

5o or the like, and vertical deflection means energized by 
the electrical signals produced from the light transmitted 
from a scan of each individual image segment. 

Considering now a preferred embodiment of the present 
invention as regards the apparatus thereof, 

55 made to FIGURE 1, wherein there is schem 
lustrated a portion of a ballistic range 11 along which 
an object 12 is adapted to be propelled at a very high 
velocity. This object 812 may have any desired physical 
configuration, and in accordance with conventionai test- 
ing practices, may be projected at a high velocity longi- 
tudinally of the ballistic range 11 by a gas gun, or the 
like. As the object 12 passes a transverse plane 13 of the 
range, prwision may be made for triggering the 
of the invention. This is accomplished, for ex 

65 the provision of a source 14 of collimated light in a 
beam transversely across the range 11 in the plane 13, so 
as to be received by photoresponsive means 16. As the 
object 12 passes along the range through the plane 13, 
it will disrupt the light heam from 14 and, consequently, 

70 change the conditions at light-responsive means 16 so 
as to produce an output signal applicable to trigger a 

I horizontal sweep generator 17. Traverse of the object 12 

10 

20 
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at a high velocity axially of the ballistic range causes the 
object to come into view of an optical system 18 which 
focuses light from the shock layer 19 upon an image 
dissecting plate 21 viewing the interior of the ballistic 
range. This image dissector plate 21 includes light trans- 
mission means and transducing means producing electrical 
signals in conductors 22, 23, 24 and 25 extending there- 
from. Each of these conductors carries electrical signals 
representative of the intensity of light appearing at hori- 
zontally-segmented portions of the image focused upon 
the dissection plate 21. 

Display of the information detected by the present in- 
vention is accomplished at a plurality of oscilloscopes 31, 
312, 3,3 and 34. The conductors 22 to 25 are individually 
connected to the vertical deflection terminals of oscillo- 
scopes 31 to 34, respectively, and the horizontal sweep 
generator 17 is connected to each of the horizontal de- 
flection terminals of these same oscilloscopes. There is 
consequently produced at each of the oscilloscopes a trace 
of the intensity of light radiated from individual segments 
of the shock layer across same as the radiation image is 
swept across the dissection plane or plate 21. Provision 
may also be made for permanently recording the intensity 
profile of radiation across each segment of the shock layer 
image. This can be readily accomplished by the provision 
of one or more cameras, or the like 36, recording traces 
formed upon the screen of oscilloscope 34 and the screens 
of the other oscilloscopes. In this manner the information 
produced by the present invention is recorded and re- 
tained for future consideration and study as required. 

Considering further the optical system of the present 
invention, reference is made to FIGURES 2 and 3 of the 
drawings, wherein there are illustrated the optical system 
and the image dissection, respectively. As shown in FIG- 
URE 2, a mirror 41 is disposed at an angle of substan- 
tially 45" to the direction of traverse of the object 12 
and closely spaced from the line of travel of such object, 
as generally indicated in FIGURE 1. This reflective sur- 
face or mirror 41 serves to re-direct light emitted from 
the shock layer preceding the abject, downward or laterally 
of the direction of travel of the object, through a lens 42 
into focus upon the image dissecting plane or plate 21. 
Further with regard to image disseotion, in accordance 
with the present invention, the plate defining the plane 
21 is either inserted in a side wall of the ballistic range 
or a tked  to the exterior of the ballistic range view& and it is aga& noted that vertical displacement of the path 
the interior thereof. This Plate 21 is fOrmed With a of object 12 may actually cause the shock layer image to 
PluralitV Of V~rtiCal d u m n s  of mht~te apertures 43. 3% be focused upon various areas of the plate 21. As will be 
apertures of each Column are StWWed With respect to seen from FIGURE 4, the light pipe 46 may taper from 
the aPertUreS Of all other Columns SO that no two aPer- 50 a relatively large vertical dimension at the front surface 
tures lie in the same horizontal Plane. The spacing be- thereof, to a smaller rear dimension as, for example, in 
Oween apertures in any single column is such that only the form of a triangle, and photomultipliers 51, 52, 53 
one segment of the image can be viewed by that column. and 54 are provided: at the small end of each of the light 
This is generally illustrated in FEURE 3. As an example pipes. These photomultipliers may be quite conventional 
of an operative embodiment of the present invention, 55 so as to produce electrical signals in amplified form pro- 
there may be provided four vertical columns of apertures, portional to incident light. Again as shown in FIGURE 
as shown in FIGURE 3, with about five apertures in each 4, the photomultiplier 51 viewing the light pipe 47 is con- 
column, so as to provide a total of twenty apertures in nected through an output lead 22 to the vertical deflection 
the plate 21. In order to more fully understand the present terminal of the oscilloscope 31. The horizontal deflection 
invention, there is schematically illustrated in FIGURE 3 60 terminal of this same oscilloscope is connected to the 
an image 46 of the shock layer radiation 19 preceding horizontal sweep generator 17 which is, as noted above, 
the object 12 and focused upon the plate 21 by the optical triggered to operate upon passage of the object 12 through 
system 18. During passage of the object 12 at a high the plane 13 transversely of the ballistic range. On the 
velocity axially through the (ballistic range 11, substan- display screen 56 of this oscilloscope 31 there is traced 
tially no vertical or lateral deflection of the object occurs 65 the intensity profile of light emitted from an individual 
and, consequently, the object may be considered as pass- horizontal segment of the shock layer 19 preceding the 
ing axially through the ballistic range so that it follows high-velocity object 12. Such a trace is schematically il- 
a fixed line of traverse past the optical system 18. Inas- lustrated at 57 of FIGURE 4 indicating the experimental 
much as the object 12 may thus be considered to main- light intensity distribution across a horizontal segment 
tain a &xed altitude with respect to the reflective mirror 70 of a shock layer preceding a blunt-nosed object traveling 
41 of the optical system, passage of the object through at hypersonic speed. 
the ballistic range causes the radiation image 46 thereof It will be appreciated from the foregoing that the pres- 
to be swept across the dissecting plate 21. This may be ent invention provides for the direct detection and meas- 
more fully understood from a further consideration of urement as well as display and recording of the intensity 
FIGUR43 1, whereb the shock layer is illustrated at 19 75 profile of the shock layer radiation preceding an object 

4 
and 19' after the object has moved along the ballistic 
range 11 toward the optical system 18. The dashed h e  
44 in FIGURE 1 extending from the center of the shock 
layer 19 to the center of the mirror 41 of the optical 
system will be seen to extend from a lower extremity of 
the shock layer 19' after the object 12 is moved along 
the ballistic range. Consequently, it will be appreciated 
that an image of the shock layer radiation is actually 
swept across the detection plate 21. 

FIGURE 3 schematically illustrates the relationship of 
lo an image 46 to the dissection plate 21 and the horizontal 

dashed lines extending from the image 46 across the plate 
indicate the lateral movement of the image with respect 
to the plate. It will be seen that only single plate aper- 

15 tures in separate vertical columns define separate horizon- 
tal segments of the image, and consequently light from 
each such horizontal segment impinges updn only a 
single light aperture 43 of the plate. A plurality of addi- 
tional apertures 43 are formed beyond that required for 

20 the illustrated image 46 in order to permit study of images 
traveling somewhat above or below the range centerline. 
However, it is to be appreciated that in all instances a 
single light aperture in each column receives all light 
across a horiozntal segment of an image focused upon 

25 the plate, and only one such aperture in each column re- 
ceives light from the image. 

Each of the columns of light apertures 43 is provided 
with a single light path extending from the back of the 
plate 21 to a photomultiplier for producing electrical sig- 

30 nals proportional to incidental light at the front of the 
plate. More specifically, in accordance with the illus- 
trated embodiment, there are provided four, separate 
light pipes 47, 48, 49 and 50, physically engaging the rear 
surface of the dissecting plate 21 and each having all aper- 

35 tures in a single vertical row through the plate communi- 
cating with the front surface of the light pipe. As regards 
light piping, the present invention employs conventional 
light transmission media such as plastic material having 
a reflective coating on the exterior surface thereof for 

40 maintaining within the light pipe substantially all light 
incident to the input end thereof. 

FIGURE 4 of the drawing illustrates in side elevation 
an individual light pipe 47 connected at an enlarged front 
end thereof to the rear surface of the dissecting plate 21 
defining the dissecting plane of the present invention. The 

45 individual openings 43 through the plate 21 are indicated, 
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moving at very high velocities. From this intensity profile, to incident light, a plurality of display means separately 
it is posible to determine a number of characteristics of energized ,by electrical signals from separate photomul- 
objects of various configurations traveling at hypersonic tipliers for producing a visual display of the variation of 
speeds, and the invention precludes the prior art de- radiation intensity across the image at each increment 
pendency upon theoretical assumptions. Radiation in- thereof, and recording means directed at said visual dis- 
tensity is herein directly measured and, consequently, the plays for recording same. 
applicability of measurements hereof is greatly enhanced 4. Apparatus as set forth in claim 3, further defined by 
over that available from the prior art. The information said display means comprising separate oscilloscopes with 
determined by the present invention is of great importance each having vertical deflection means energized from a 
in the design of various bodies adapted to be passed at single photomultiplier, a horizontal sweep generator con- 
hypersonic velocities through the atmosphere, and the nected to energize horizontal deflection means of all of 
present invention for the first time provides for a direct the oscilloscopes, and means triggering said horizontal 
measurement of shock layer parameters to thereby facili- sweep generator upon passage of a high-speed test object 
tate the most advantageous design of objects adapted to through a plane of predetermined location ahead of the 
travel through the atmosphere at hypersonic speeds. 15 reflector of said optical system. 

What is claimed is: 5. Apparatus for directly indicating the variation of 
1. A method of directly indicating the intensity profile radiation intensity of shock layers preceding objects mov- 

of radiation from a shock layer preceding a high-speed ing at hypersonic velocities comprising a mirror disposed 
object, comprising the steps of optically producing an immediately adjacent an object path and ahead of the 
image of radiation about the object from substantially the 20 object to reflect an image of shock layer radiation away 
front of the object during travel thereof, horizontally from the object and onto a dissecting plate whereby the 
dividing the image into small increments, optically trans- image moves across the plate as the object approaches 
mitting said increments to a transducing location and the mirror, said plate having a plurality of columns of 
there producing electrical signals proportional to light minute apertures therethrough with the columns aligned 
intensity, and producing a visual display of each image 25 perpendicularly to the direction of image movement, the 
segment with a fixed time base as a shock layer intensity apertures in separate columns being staggered with respect 
profile across each image segment. to each other so that movement of the image across the 

2. A method of directly measuring the radiative emis- plate exposes single apertures to separate segments of the 
sion from the hot gas in front of a high-speed object com- image, a plurality of light pipes having elongated front 
prising the steps of optically viewing the image of radia- 30 faces engaging the plate with each front face in line with 
tion in front of the object from a fixed position adjacent a single column of apertures and each having small rear 
the path of travel of the object and in front of the object faces laterally separated from each other, a plurality of 
whereby the image is optically scanned, dividing the photomultipliers disposed with one communicating with 
viewed image into a plurality of contiguous segments with the rear face of each light pipe to produce electrical sig- 
light intensity across each segment varying with the image 35 nals proportional to instantaneous light intensity of each 
scan, producing electrical signals proportional to instan- image segment, a plurality of oscilloscopes having ver- 
taneous light intensity in each image segment, and dis- tical deflection means individually energized by separate 
playing said signals against a fixed time base as a graph photomultipliers and horizontal deflection means, and a 
of radiation intensity across each image segment. horizontal sweep generator having the output connected 

3. Apparatus for displaying the intensity of radiation 40 to the horizontal deflection means of said oscilloscopes 
from a shock layer ahead of an object moving at hyper- and triggered to produce an output as a high-speed object 
sonic velocity in an atmosphere, comprising an optical sapproaches said mirror to produce at each oscilloscope a 
system including a reflector disposed substantially on the visual trace of radiation intensity across a segment of the 
path of the object ahead of the object and focusing an shock layer image. 
image of the Tadiation upon a viewing plane whereby the 45 
image moves across the plane as the object approaches 
the reflector, a plate disposed in said plane with a plurality 
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