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UNITED STATES PATENT OFFICE 
2,597,001 

FLASH ANALYZER 
Bernard M. Jaffe, New York, N. Y. 

Application June 9, 1945, serial No. 598,484 
2. Claims. (C. 17-352) 

(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370. O. G. 757) 

The invention described herein may be manu 
factured and used by or for the Government 
for governmental purposes, without the payment 
to me of any royalty thereon. 
This invention relates to a flash azimuth loca 

tor, or a device capable of determining the azi 
muth of a distant, instantaneous flash, such as 
flash due to firing of an enemy gun. More par 
ticularly the invention relates to an improve 
ment in a flash azimuth locator disclosed in a 
patent application of Morris. Keiser, et al., S.N. 
599,297, filed on June 13, 1945, and titled “Azi 
muth. Locator,' the improvement residing in 
equipping the flash azimuth locator with a 
recording spectrograph. 
It is well known in the art of interior ballistics 

that the desired muzzle velocities of large projec 
tiles can not be attained without flash with the 
known compositions of the propellant powders 
and flash-reducing agents. The resulting flashes 
are visible with a naked eye at night, and with 
the flash azimuth locator-in the daytime. 
These flashes alone, or together with some addi 
tional apparatus not disclosed in this application, 
may be used for determining either the azimuth 
alone or the exact location, i. e., both azimuth 
and range, of a flash source. Since the location 
of guns by their flashes has been practiced in 
the past and the enemy is always on guard 
against Such contingency, there are . Occasions 
when the enemy resorts to setting off simulated 
“gun flashes' to confuse the opponent. It has 
been discovered that effective simulation of the 
real gun flashes is difficult, if the flashes are 
analyzed spectroscopically. An actual gun-flash 
will exhibit, when viewed in a spectroScope, a 
line spectrum superimposed on a continuous spec 
trum; the line spectrum is due to the burning 
gases and the continuous spectrum is due to in 
candescent carbon particles. Since it is difficult 
to simulate the line spectrum of the actual. gun 
flash by some artificial means, the simulated 
flashes may be detected and separated from the 
real gun-flashes by means of the recording flash 
Spectrograph. - . . . . 

. It is therefore an object of this invention to 
provide a flash azimuth locator capable of dis 
tinguishing the desired distant flashes from the 
simulated flashes in the process of determining 
the azimuth of the desired flashes by presenting 
the flashes in the form of characteristic line 
Spectra. 
An additional object of this invention is to 

provide a spectroscope and collinator System 
provided with instrumentalities for limiting the 

... light entering the Spectroscope to that which 
comes only from a source substantially along the 
optical axis of the collinator. So that only the 

2 
flashes along the previously determined azimuth 
of the flash may have any effect on the flash azi 
nuth recorder. 
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60 mils. line joining the corners of the square aperture 

still another object of this invention is to pror 
vide a spectrograph in which the optical axes of 

- the collimator and of the telescope are parallel. 
These and other features of the invention will 

be more clearly understood from the following 
detailed description and the accompanying draw 
ing in which, 

Figure 1 is block diagram of the flash azimuth 
locator provided with a spectrograph, 

Figure 2 is a plan view of the spectrograph 
used in connection with the locator. Figure 3 is a typical candlepower-vs.-time 
curve of a flash, Figure 4 illustrates oscillograms of illumina 
tions scanned by a scanning drum, and 

Figure 5 illustrates an oscillogram of an illu 
mination spectrum scanned by a scanning drum 
with a spectrograph before it. 
Referring to Fig. 1, an optical telescope sys 

tem illustrated diagrammatically as a lens 0, 
is pointed with its optical axis in the direction 
of the expected flash. The telescope forms a real 
image of the flash, and of a region of space which 
it is desired to examine, in the plane of rectangu 
lar aperture 3 provided in an aperture plate 4. 
Plate 4 is mounted directly in front of a scanning 
cylinder. 2 which consists of a slotted drum hav 
ing equidistant slots fi. The scanning drum is 
mounted on a vertical shaft and scans the aper 
ture from one side-edge of the aperture to the 
other with the narrow vertical slots. In one em 
bodiment of the invention, the horizontal slot 
dimerision, i. e., in the direction of scanning, 
has an angular slot width of 1 mill since this is the 
desired limit of angular resolution of the loca 
tor. The optical axis of the telescope is coaxial 
with the normal axis of the aperture and is in 
the radial relationship to the cylinder. The aper 
ture is the field stop of the system, and its size, 
together with the constants of the optical system, 
determine the angular field of view of the in 
strument, which in a typical case is 60 mils by 

It is preferable to make the diagonal 

equal to the diameter of the image of the field 
of view of the telescope produced by the latter 
in the plane of aperture 3; this is done in order 
to utilize as much of the image as possible. Thus, 
the dimensions of the aperture depend upon the 
focal length of the lens system used in the tele 

: Scope and the desired angle of acceptance of this 
55 lens system. The light leaving the aperture is 

sufficiently divergent so that a photo-electric cell 
15 placed immediately behind the drum, receives 
a sufficiently defocussed light to avoid complete 
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obstruction of any image by the anode of the cell 
and the concomitant formation of the blind 
spots. The scanned gun flash is converted into 
electrical pulses which are impressed on a record 
ing amplifier 16, the output of which is con 
nected through a switch 7 to a recording mag 
netic head 8 which is positioned in recording . . . 
relationship with respect to a magnetic tape 9. 
The distance between the center lines 420 and 
42, Fig. 4, of the Scanning slots is preferably 
equal to the horizontal dimension of the aper 
ture, as illustrated in Fig. 4, Where two Scanning 
slits of scanning drum 2 are drawn so that 
their center lines coincide With the side-edges 
422 and 423 of aperture f3. This is done to in 
sure that the successive scanning cycles are con 
tinuous, without either excessive overlap or blank 
space, as illustrated at 400 through 403 in Fig. 4 
where the cross-hatched portions illustrate the 
signal due to general background illumination 
present in the field of view of the telescope 

5 

20 

while 404, 405, and 406 are the light signals pro 
duced by flash 30, when its image in aperture 
f3 is scanned by slits . It may be noticed that 
in Fig. 4 the background illumination never drops 
down to zero level indicated by a reference line 
407, which is due to the fact that when the 
lagging edge of one slot leaves the aperture, the 
Succeeding Scanning slot is in full view of the 
aperture. This being the case, there exists a 
slight overlap of the two Successive slots and, as 
a consequence, the photo-electric cell is never cut 
off completely from the aperture. Any excessive 
overlap of the two adjacent slots with the aper 
ture must be avoided since it would result in con 
fusion and jumbling of information from two 
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parts of the field; blank Spaces are not positively. " 
objectionable in that they do not result in the 
confusion of intelligence on the oscilloscope 
Screen but they do limit or decrease the resolu 
tion of the total system by decreasing the portion 
Of the frame devoted to useful information. 
These slots in a typical case pass across the aper 
ture, i.e., scan the field of view, at a rate of not 
less than 100 times per Second. The reason for 
this rate of scanning will become more apparent 
On later consideration of the characteristics of 
the flash, and especially of its duration. Each 
Scansion is in many respects equivalent to one 
frame of a motion picture film; the terminology 
of this analogy will be used in several instances 
in this disclosure. 
2, and the magnetic tape are placed on the 
Same vertical shaft 20 which is connected to a 
motor 2. The tape is mounted concentric with 

40 

50 

The scanning slotted drum 

55 
and rigidly attached either to the upper or lower 
edge of the periphery of the scanning drum, the 
two being rigidly connected to shaft 20 so that 
they are rotated at the same speed by motor 2 ?. 
An OScillator 22 is connected through a switch 60 

23 to an erasing head 24 which is positioned on ... 
the magnetic tape in front of the recording head. 
Switches 7 and 23 are ganged switches which 
are opened by the operator immediately after 
the observation of the flash with the result that 
the record of the flash is retained on magnetic 
tape 9 because of the time reservoir provided 
by the tape. This time reservoir is in the order 
of 1 Second, i. e., if the magnetic tape is mounted 
upon the scanning cylinder, the cylinder will be 

65 

70 

driven by the motor at 1 revolution per second. 
This time reservoir is ample for allowing the op 
erator to disconnect the recording and erasing 
heads after observing the occurrence of the flash 75 

4. 
and before the recorded signal is erased by the 
erasing head. 
After the flash has been recorded on magnetic 

tape 9 and the erasing and reproducing heads 
disconnected, the recorded signal is viewed on the 
Screen of an oscilloscope 25, the vertical deflec 
tion plates of Which are connected through mixer 
26 and a reproducing amplifier 27 to reproducing 
heads 28 and 29, which are connected in series 
ithrough a switch 30, which is in its upper posi 
tion during this portion of the reproducing cycle, 
but in phase-opposition for eliminating the ex 
traneous background illuminations which may 
be also present as an additional recorded signal 
on the magnetic tape. This background signal 
is illustrated at 300 through 403. The reproduc 
ing heads 28 and 29 are spaced with respect to 
each other, along the magnetic tape so that 
while the first head 28 is playing back the back 
ground signal 400 plus the recorded pulse 404, 
the other head is playing back the signal due 
to the background noise 403 alone. The pick-up 
heads are adjusted to have the same sensitivity 
So that if the background signal has not changed 
appreciably during the short time interval re 
quired for the tape to travel from the first to the 
Second pick-up head, the background signal is 
cancelled out and only the signals 404, 405, and 
496 due to the gun fiash are impressed on the 
reproducing amplifier 27 and the vertical deflec 
tion plates of Oscilloscope 25. The two pick-up 
heads are preferably placed at least 3 frames 
apart and the Scanning cylinder is driven at Such 
a rate that the duration of a typical gun flash 
shall be scanned in 3 frames, as is disclosed more 
fully in connection with Fig. 4. The obliterating, 
recording and pick-up heads are all mounted on 
a base plate which itself is mounted independent 
ly of the scanning disc 2 on a tripod supporting 
the flash azimuth locator. The reproducing 
heads 28 and 29 are provided with the mechani 
cal means for shifting their position with respect 
to the magnetic tape during the preliminary ad 
justment of the locator which results in shifting 
of the reproduced signal on the screen of oscillo 
Scope 25 With respect to the marker signals or 
scale gratings 2 also appearing on the same 
Screen. Once this adjustment has been accom 
plished, the heads are locked in the desired posi 
tion, and remain stationary from then on. The 
SWeep circuit. 32 of the oscilloscope is Synchro 
nized by means of a commutator 3 mounted on 
shaft 20 and a commutator, brush 33 with the 
scanning of the aperture by slots so that a 
saw-tooth 4 (0, Fig. 4 voltage is generated once 
during each Scanning period in which slot f 
scans aperture f3. Mixer 26 is also connected 
to a reference marker amplifier 34 which is con 
nected to a Synchronizing brush 35, and a com 
mutator 36 connected through step-up ratio gears 
37 and 33 to shaft. 20 and motor 2 . . 
For an understanding of the rate of Scanning 

and synchronization reference is made to Figs, 3 
and 4. In Fig. 3 the illustrated curve 300 repre 
Sents the intensity-of-flash-vs.-time curve of a 
typical gun flash. The gun flash lasts for approx 
imately 0.03 second and may be of the order of 
100,000 candle power. In Fig. 4, 19 represents the 
magnetic tape With the reproducing heads 28 and 
29 placed in the proper position with respect to 
the tape. The irregular cross-hatched curves 
400 through 403 represent the signals recorded 
on tape f9 due to the light intensity of the back 
ground or the previously mentioned background 
signal, and 404, 405, and 406 represent the super 



5 
- imposed flash signals also recorded on the tape. 
The first portion 404 of the recorded flash hap 
pened to coincide with the maximum candle 
power of flash 300 while the remaining portions 
405 and 406 reproduce the lowerintensities of the 
flash. It is desirable to have the flash scanned 
with at least three slots to avoid missing the flash 
altogether or reproducing only the weaker por 
tions of the illumination. When three slots scan 
the flash, the scansions being one second apart, 
one of them is bound to coincide with a fairly 
high intensity of illumination on the curve, which 
is apparent from the examination of Figs. 3 and 

2,597,00i. 
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4. If the duration of the gun flash is in the order 
of 0.03 second and the drum is driven at such a 
speed that approximately 3 frames scan the field 
of view during the duration of the flash, the 4th 
frame will record only the background noise. 
Therefore, magnetic head 29, placed 3 frames 
behind head 28, as illustrated in Fig. 4, will im 
press the background signal 403 in phase-opposi 
tion to the background signal 400 reproduced by 
head 28, and since the two heads have equalisen 
Sitivities, or reasonably So, there will be substan 
tially complete cancellation of the background 
signal with the result that only the flash signals 
404, 405, and 406 will be reproduced as an image 
39 on the oscilloscope screen in a manner illus 
trated in Fig. 1. The linear portion of the saw 
tooth voltage 40 has approximately the same 
period as the time required for scanning with one 
slot, i.e., 0.01 second. If it is desired to scan 3 
frames per flash, the scanning cylinder may have 
100 evenly spaced slots fi and be driven at 1 
revolution per Second. Fig. 4 also illustrates, with 
the aid of the vertical dotted lines, the synchro 
nization of the magnetic tape, sweep voltage, and 
the instantaneous position of slots with respect 
to aperture 3, and arrow 4 f2 and 43 indicate the 
direction of rotation of drum 2 and tape 9. 
Examination of Fig. 4 and the relative positions 
of the elements illustrated in Fig. 4 indicates that 
the sweep wave 40 must begin at the instant 
When head 28 begins to reproduce signal 400, 
which during the recording cycle corresponds to 
the instant When the lagging edge of slit 
reaches the side-edge 422 or 423 of aperture f3. 
At this instant the sweep-controlling brush 33 
leaves the shorting segment on commutator 3, 
this shorting segment discharging the saw-tooth 
generating condenser in the interim of time re 
quired for slit i? to travel 0.5 mil across aperture 
f3, i. e., half of the slits' width. When the syn 
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chronization of the reproduction and of the saw 
tooth generator is as described above, the posi 
tion of pulse 39 on the oscilloscope screen depends 
upon the azimuth of the flash since the azimuth 
of the flash determines the position of its images 

65 

404, 405, and 406 within aperture 3, and the re 
maining apparatus, because of the illustrated 
timing of the saw-tooth wave 4f 0 with respcet to 
tape 9, and especially the signals recorded on the 
tape with the aid of the scanning slots , simply 

60 

transfers the images of the flash produced at the 

azimuth of the flash determines the position of 
image 39 on the oscilloscope Screen and saw-tooth 
Wave 40 acts as a timing locus for positioning 

aperture onto the oscilloscope screen. Thus the 65 

this image in proper azimuth relationship on the 
screen. The markers 27 are used for determining 
the actual azimuth reading of the azimuth loca 
tor by determining the position of image 39 with 
respect to the ends of the sweep line 4, Fig.1, the 
ends of the sweep line on the screen representing 
the edges 422 and 423 of aperture 3. 

70 
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After the azimuth of the recorded flash has 
been determined in accordance with the de 
scribed procedure, the optical axis 9 of the loca 
tor is rotated, if necessary, so as to point it di 
rectly at the source of flash by turning the lo 
cator on its vertical axis secured to the tripod an 
angle equal to the previously determined azimuth 
angle. With such orientation of the azimuth lo 
cator with respect to the source of flash, the next 
succeeding flash from the same source would be 
reproduced directly in the center of the screen of 
OScilloscope 25. 

Telescope fo, and spectrograph 40 are mounted 
on a rotatable bracket 42 which can be rotated 
around the vertical shaft 20. With the optical 
axis of the locator, which corresponds to a line 
normal to the plane of aperture 3 and passing 
through the center of aperture f3, pointing di 
rectly at the source of flash, telescope 0 is swung, 
with the aid of bracket 42, away from its normal 
position which is in line with the optical axis of 
the locator, and spectrograph 40 is swung into the 
position previously occupied by telescope to so 
that the optical axis 43 of the image-forming lens, 
or telescope, of the spectrograph, now coincides 
with the position previously occupied by the 
optical axis 9 of the telescope. Thus the next 
flash, coming from the same Source, Will be in 
tercepted by the same flash azimuth locator in 
which its telescope 0 has been replaced by spec 
trograph 40, and as a result the flash signal re 
corded on the same magnetic tape f 9 will include 
a signal produced by the incandescent carbon 
particles and a Series of Signals due to the line 
spectrum of the flash. The spectrum is produced 
by the burning gases causing the flash. For view 
ing the signals recorded on the magnetic tape, 
switch 30 is used in its lower position so that only 
reproducing head 28 picks up the signals from 
the magnetic tape. Since the Spectral images Com 
pletely embrace the entire field of view, the back 
ground noise is substantially eliminated by the 
received gun flash and therefore the use of back 
ground noise eliminating head 29 is not required. 
The signal that appears on the oscilloscope screen 
is illustrated in Fig. 5; it consists of an approxi 
mately uniformly illuminated field 500 and a 
series of spectral lines 50,502, and 503 which are 
used for identifying the flash and for determining 
whether it is a true gun flash or a simulated flash. 
Since the simulated flash will have different spec 
tral distribution as compared to the spectral dis 
tribution of the true flash, comparison of the out 
line illustrated in Fig. 5 with the known outline 
of the true gun flash will identify the nature of 
the intercepted flash. If the two match each 
other, the recorded flash is the true gun flash. 
When this is not the case, the recorded flash is 
a simulated flash. 

Fig. 2 discloses the spectrograph on a magnified 
scale. It consists of an image-forming telescope 
illustrated diagrammatically as a lens 202 which 
is positioned in front of an aperture plate 200 
provided with an aperture 20t. The image of the 
flash is produced in the plane of aperture 20 and 
is then intercepted by a collimator 204 which con 
verts the intercepted beam of light 2 to into a 
parallel beam of light 295. This is intercepted by 
a mirror 206 which deflects beam 205 so that it 
enters a light-resolving prism 297 which resolves 
the light into the individual wave length compo 
nents 28, 29, 20, etc. These are intercepted 
by an image-forming telescope illustrated as a 
condenser lens 212 which forms an image 214 of 
the spectrum at aperture 3 and it is this spec 
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trum that is scanned by disc 2 and photo-electric 
cell 5. The spectrograph is provided with ap 
erture 20 and aperture member 200 so that only 
the source of light directly in line with the optical 
axis 9 of the locator. may have any effect on the 
photo-electric cell, the side flashes, such as flashes 
26 and 2 7, having no effect on the Scanning 
system since all illumination produced by these 
flashes is intercepted by the aperture member 
20, as illustrated in the figure. The light-re 
flecting mirror 26 is mounted on a bracket 28, 
and the bracket is supported by a round pin 220; 
the pin in turn is supported by an outer casing 
222 of the spectrograph. The axis of pin 220 is 
parallel to edges 224, 225, and 226 of the prism, 
and the plane of mirror 206 is parallel to the axis 
of pin 220. The purpose of mirror 206 is for 
making the optical axis 228 of telescope 202 and 
collimator 20i parallel to the optical axis 230 of 
telescope 22. Accordingly the angular position 
of the mirror with respect to the beam of light 
2C5 is dictated by this parallel relationship of 
the two optical axes. The light-reflecting mirror 
206 is placed between the collimator lens. 204 and 
prism 20. The parallel relationship of the 
optical axes 228 and 23G may be also accomplished 
by placing mirror 296 between prism 207 and tele 
Scope 22, as illustrated in Fig. 1, where spectro 
graph 46 is constructed with the reflecting mirror 
placed between the prism and the spectrum 
focussing telescope. w 

The invention thus discloses an azimuth locator 
provided with two optical systems, one being tele 
Scope 0, and the other Spectrograph C, tele 
scope is used for pointing optical axis of the 
azimuth locator directly at the Source of flash 
while spectrograph 4 e is used for producing. the 
spectrum of a subsequent flash from the Same 
source. The spectrum is recorded on a magnetic 
tape and is reproduced during the reproducing 
cycle of the system as a series of spectral lines 
56-533. These are compared with the known 
spectrum of a real gun flash, this comparison re 
wealing the fact whether the recorded flashes are 
real fiashes or simulated flashes. . 
The spectrograph provided for obtaining the 

aforementioned results includes aperture plate 
208 for restricting the field of view of the spectro 
graph to a very Sinall angle of acceptance so that 
the side flashes or background illumination have. 
no appreciable effect on the flash azimuth locator. 
The spectrograph is also provided with a reflect 
ing mirror for changing within the spectrograph, 
the direction of the intercepted light so as to 
make the optical axis of condenser 202 parallel 
to the optical axis of condenser 22. This is 
necessary for pointing the spectrograph directly 
at the object producing the flash Subsequent to 
pointing the optical axis of the azimuth locator 
directly at the desired object. By making the tWO 
optical axes of the Spectrograph parallel, it be 
comes possible to point the Spectrograph in the 
desired direction by merely rotating it on bracket 
42. Rotation of bracket 42 aligns the optical axis 
230 of the telescope with the optical axis 9 of the 
azimuth locator and since the optical axis 228 of 
telescope 202 is made parallel to the optical axes 
230 and 9, the telescope lens 232 will be point 
ing directly at the object producing the flashes 
under investigation. 

It is believed that the construction and opera 
tion of the flash azimuth locator and Spectro 
graph disclosed in this specification, as well as 
the advantages thereof, will be apparent from 
the foregoing description. It should be under 

8 
stood therefore that while the invention has 
been illustrated and described in Several pre 
ferred forms, reasonable changes and modifica 
tions may be made by those skilled in the art 
without departing from the spirit of the inven 
tion as sought to be defined in the following 
claim.S. 

I claim: 
1. A real gun flash detector comprising means 

10 to resolve a flash into its spectrum, periodic 
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means to scan said spectrum, a magnetic tape 
recorder to record the scanned Spectrum, a re 
producing head associated with said recorder to 
transduce said magnetic record into voltage var 
iations, a cathode ray oscilloscope having beam 
control means, means to generate a Sweep con 
trol voltage in synchronism with said periodic 
means, means to impress said Sweep control 
voltage upon said beam control means to de 
flect said beam along a time base axis, and 
means to impress the output of said reproducing 
head upon said beam control and to thereby de 
flect said beam along another axis. 

2. A real gun flash detector including an Opti 
cal field stop, means to resolve a flash into its 
spectrum, an optical system to form an image Of 
said spectrum in the plane of said field stop, a 
photoelectric cell spaced opposite said optical 
field stop, means between said photoelectric cell 
and said field stop to periodically Scan Said field 
stop whereby said photoelectric cell output varies 
in accordance with the light intensity of said 
optical field stop, a magnetic recorder connected 
to said photoelectric cell output, a reproducing 
head associated with said magnetic recorder, a. 
cathode ray oscilloscope having beam deflection 
means, means to generate - a Sweep voltage in 
synchronism with said periodic scan means, 
means to impress said Sweep voltage upon Said 
beam deflection means to deflect said beam along 
a time base axis, and means to impress said re 
producing head output upon said beam deflec 
tion means to deflect said beam along another 
axis. 

-- BERNARD. M. JAFFE. 
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