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This invention relates to fire control systems 
and more particularly'to a. system for detecting 
the positions of moving obstacles such as genemy 
aircraft and‘ projectiles or shells ?red toward the ' 
aircraft, and causing the shells to'burst in the 
immediate vicinity of the aircraft. 
In ?ring upon moving targets such as aircraft, 

one ‘must, in addition to the necessity of‘ pre 
dieting theproper azimuth and elevation of the 
gun forming a shell at a given time, also pre 
dict the range at which the shell is to explode in 
order to adjust properly the time fuse" of the 
shell. ‘ ' - - 1 . 

It obvious that the azimuth‘ and elevation of 
the gun must be set at the time the shell is ?red, 
but one can expect to improve the accuracy of 
timing of the fuse ‘by carrying out the operation 
by remote control means only as the shell is 
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nearing the. target. By this-method it is not . 
necessary to predict any more the range at which 
the shell is to explode i. e. the setting of the time 
fuse... The predictor equipment is thereby sim-l 
pli?ed and the time of bursting of the shell can 
‘be made more accurate as such elements as vari 
able velocity of-the shell are thereby eliminated. 
One object of the invention therefore is to sim 

plify the predictor equipment used with the gun 
and to increase the accuracy of the shell detona 
tion with respect to fast moving targets. 

‘ Another object of this invention is to provide 
a ?ring control system using electro-magnetic 
impulses to detect moving obstacles such as air 
craft and detonatable projectiles in ?ight, and 
byv which an operator can by varying the trans 
mission of the impulses from a detection char 
acter to aidetonation character determine the 
detonationposition of the projectile after it has 
commenced its ?ight. ' ' 

Another object of this invention'is to provide 
a system and method for“ detecting enemy air 
craft, directing the ?ring of shells'in accordance 
with the position-and movement of the aircraft 
and determining the detonationtiming of the 
shell during its ?ight so that itmay be caused 
to burst the instant it reaches the vicinity of the 
aircraft. , I o I 

Another object of this invention is to provide a 
?ring control system and method for timing the 
detonation of a ?red shell during its ?ight, that 
is to say, determining the detonation timing of 
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the shell after the ?ring thereof and at some 
point in" its ?ight, preferably as vit nears the 
target. ‘ 

Another object of this invention is to-provide 
a detonatable shell capable of being detonated by 
remote control while the shell is in ?ight. _ 
Another object of this invention is to provide 

a shell which is responsive to detonating im 
pulses only after the shell has reached a pre 
determined distance away from the gun. 

Still another object of this invention is to pro 
vide a shell having an arming fuse adapted to in 
crease the impulse re?ecting capacity of the shell 
after the shell has been in ?ight a predetermined 
interval of time so that it may thereafter be 
more observable on obstacle detection apparatus. 
An additional object of this invention is to 

provide a control system for normal transmission 
of radio pulses for detection purposes and which 
can be controlled to greatly increase the Ire 
quency of the pulses to increase the energy trans 
mitted thereby for a given interval of time. 
The above objects and others ancillary there 

to will become more apparent upon considera 
tion of the following detailed description to be 
read in connection with the accompanying draw 
ings, in which, . ' 

Fig. l is a schematic illustration of a ?ring 
control system and an anti-aircraft gun in ac 
cordance with this invention ;' 

Fig. 2 is a cross-sectional view of a portion of 
a shell embodying arming and detonation fea 
tures of this invention; 

Fig. 3 is a schematic illustration of the shell 
and a detonation circuit therefor with an arm 
ing antenna shown in arming Position; 

Fig. 4 is a schematic illustration of a form of 
arming circuit that may be used in connection 
with the arming antenna shown in Figs. 2 and 3; 

Fig. 5 is a modi?ed form of an arming and 
detonation circuit arrangement; ' 

Fig. 6 is a graph indicating the detpnating 
voltage build-up in the circuits shown in Figs. 3 
and 5; ‘ 

Figs. 7 and 8 are views in elevation of an oscil 
lograph showing aircraft and shell re?ection 
indications; " _ 

Fig. 9 is a schematic illustration of a semi 
automatic control device adapted to control the 
transmission of shell detonation impulses; and 
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Fig. 10 is a modi?ed form of control means 

for switching from obstacle detection impulses 
to shell detonation impulses. » . 
Referring to Fig. 1 of the drawings, an anti 

aircraft system constructed in accordance with 
this invention is shown ?ring at an enemy air 
plane. The system includes a known obstacle 
detection device [0 adapted to detect and indi 
cate the distance and location of obstacles, such 
as aircraft and ships, by means of electromag 
netic wavesor impulses. One type of such'de 
vice is shown in patent to Lyman 2,231,929, 
February 18, 1941. The device [0 is- shown 
diagrammatically, it being understood that the 
lines connecting different parts may comprise 
one or more wires; * 

The obstacle detection device l0 comprises a 
transmitting antenna l2 and a plurality of re 
ceiving antennae ll, 15 and l6, l1 the directivity 
of which can be adjusted so as to permit. on the 
one hand, a'scanning lookout over a great range 
and, on the other hand, the exact measurement 
of geometrical co-ordinants for gun ?re purposes 
such as distance, azimuth and elevation. _The 
antenna I2 is connected to a suitable transmitter 
T which is provided with a source E of carrier 

- energy and impulse generators FI- and‘F2 con 
trolled by a switc ' -_de_vice S. The impulse 
generator Fl is norm connected by the switch 
S to the transmitter T for the purpose of trans 
mitting radio impulses at a frequency such as 60 
cycles per second for obstacle detection purposes. 
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moved horizontally about a vertical supporting 
shaft 40 driven by a motor ll under control of 
a variable speed control device 42. For precise 
manipulation of the antenna systcm'as when an 
obstacle is indicated by a pulse onthe panoramic 
oscillograph, the control motor is- de-energized 

' and the antennae system is than controlled man 
Y ually by elevation and azimuth control-wheels 44 
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The impulse generator F2 provides impulses at a I 
greatly increased frequency such as at the rate 
of 30,000 per second and are used only when the 
switching device is actuated for the purpose of 
transmitting shell detonating impulses. The en 
ergy supply source E is, of course, such as to 
provide a large power supply satisfactory for 
the transmission of the high frequency‘ pulses 
produced by the generator F2. 
For the purpose of detecting pulse re?ections 

caused by aircraft or other obstacles in response 
to transmitted impulses, a receiver R. is connected 
to the antennae I4, l5 and l6, H. The receiver 
B. may be of any known type capable of indicat 
ing in response to pulses received by the two sets 
of antennae, the elevation and azimuth of a se— 
lected obstacle. Associated with the receiver R 
is an oscillograph 20 to enable operators to e?ect 
precise measurements of azimuth, elevation, and 
distance with respect to a detected airplane. 
These measurements are transmitted continu 
ously to the gun ?ring control station such as 
an anti-aircraft gun 25 for automatic control of 
the ?ring position of the gun. The gun, of course, 
may be operated manually instead of automati 
cally in accordance with measurement indica 
tions transmitted thereto from the obstacle de 
tecting device. In order to provide a reference 
point 22 by which to follow the re?ection pulse 
30 of an airplane 3| and thereby provide distance 
indication for the gun 25, a suitable time base 
control 32 is provided. The output of the time 
base control 32 is fed to a cathode ray tube pro 
viding the oscillograph 20 and to the gun station 
as indicated by the lines 34 and 35. The oscillo 
graph “20, is of course, provided with the usual 
saw-tooth wave generator SG. It will also be 
understood that a suitable blocking means B is 
disposed‘ between the transmitter T and the re 
ceiver B so that the receiver will be blocked 
during the transmission of shell detonation im 
pulses. , 

For lookout scanning, the antennae may be 
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and 45. These control wheels are connected to 
the antenna system and the gunestation 25 by 
shafts or other suitable “and 41 
whereby adjustments of the antennae either in 
the vertical, the horizontal, or both, are directly 
transmitted to the gun station. The oscillograph 
20 is preferably of the vernier type, that is, a 
portion of a given range is selected and ampli?ed 
for precise distance detection. By this selection 
ofasmallareainwhichanenemyairplaneis'. 
detected, the position of the airplane may be;‘,. 
closely followed and as shells are fired from the' 
gun station 25, the travel of the shells toward the. - 
aircraft can likewise be followedon the same 05-“?! 
cillograph. As the re?ection pulse indication 50?‘. 
of a ‘shell 5| reaches a position or; the oscillo 
graph coinciding or nearly coinciding with the... 
re?ection pulse 30 of the aircraft, the operator“; 
may then actuate a switch 49 causing the switch 1;. 
S to switch over the transmitter T from the im-g; 
pulse generator Fl to the impulse generator F2.‘ 
This instantly increases the impulse transmis-vs 
sion to say, 30,000 cycles per second thereby -in-' 
creasing greatly the average energy of the trans: 
mitted pulses so as to set off the detonation fuse 
of the shell. For example, where the obstacle de 
tection pulses are transmitted at 60 per second, 
the increase to 30,000 per secondgives 2,000 times 
as much energy during the interval of a sixtieth 
of a second. The manual actuation of the switch 
49 may be varied and the detonation of the shells 
observed so that successive shell detonations can 
be caused to occur in various points in the home-7 
diatevicinity of the plane. 
The gun 25 is preferably of the type capable of 

?ring shells in rapid succession of about one per 
second. The shells ?red by the gun 25 are pro 
vided with a detonation fuse which is responsive 
to detonation impulses transmitted by the detec 
tion apparatus. These shells as shown more par 
ticularly in Figs. 2, 3 and 4 comprise a body 52 
containing a charge of explosive powder 53 and 
an end compartment containing a detonation 
fuse controlling circuit 55 having a fuse 56 ex 
tending into the explosive charge; The circuit 
55 includes a condenser 50 and a gas ?lled dis 
charge tube 60. The condenser 52 is charged to 
a predetermined voltage prior to the ?ring or 
after ?ring of the gun, whichever may be de 
sired. While I describe and show the invention 
relating to the detonation system herein in con 
siderable detail for the sake of sui?ciency of the 
disclosure of the invention as claimed herein, the 
subject matter of that detonation system is how 
ever claimed in my divisional application (E. M. 
Deloraine, 23A) Serial No. 586,226, ?led April 
2, 1945, now abandoned. 
The circuit 55 is provided with two connections 

GI and 62, on opposite sides of the discharge tube 
60, the connection 6| being connected to- an an 
tenna 65 and the connection 62 being connected 
to the body 52 of the shell. The antenna as 
shown in Fig. 2 is arranged in a compact coil and 
is disposed adjacent an insulating wall 66, the 
antenna being connected to the circuit 55 by a 
suitable coupling 61 extending through the in 
sulating wall. The antenna in this form will not 
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provide much radiation effect and is so disposed 
that when the shell is fired by the gun, it will 
not be responsive to the detonation impulses so 
that there will be no danger of untimely bursting 
of the shell. To extend the antennato its e?ec 
tive radiation length when, the shell reaches a 
desired distance from the gun such as indicated 
by the range line 68 (Fig. 1).‘ I provide a small 
arming fuse 68 such as illustrated in Fig. 4 and 

. disclosed in my copending applicationSerial No. 
388,036 ?led April 11, 1941, and now abandoned,» 
for “Electrical Detonation System.” Other forms 
of arming fuses,'however, may be used. 
The arming fuse 68 may be arranged in any 

suitable manner and as shown in Fig. 2, disposed 
compactly adjacent the coiled antenna 85. The 
end of the shell body 52 may be closed in any 
known manner. As shown, a cover plate 18 is 
threadably engaged to the body 52 at ‘II. The 
threads are such as to be readily sheared upon 
the detonation of the charge ‘I2 of the arming 
fuse thereby causing the antenna 85 to be ejected 
to its effective length and trailed along after the 
shell. . ' 

The arming fuse 68 is timed by a coil 14 asso 
ciated with the muzzle of the anti-aircraft‘gun 
'25. The coil 14 is supplied with a source of cur 
rent 15 which may be varied by an adjustable 
resistance 16. The arming fuse 68 is provided 
with a coil 18 in ‘which an electromotive force is 
induced proportional to the current ?owing in the 
coil 14, it being assumed that the muzzle veloci 
ties of successive shells are substantially the 
same. The coil 18 of the arming fuse charges a 
condenser 19 which inturn is adapted to dis 
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tectlon apparatus. It therefore follows that the 
addition of one or more antenna streamers, such 
as the antenna GEtothebOdy of the shellwillso 

" the impulse re?ecting capacity of the 
shell ,that the re?ected pulses thereof can be 
readily detected and observed on the oscillograph 
of relatively low powered radio detection appa 
ratus. ' 

The other purpose of the antenna 65 is to in 
crease the reception at the shell of energy from 
the high frequency detonation impulses trans 
mitted by the detection apparatus to a value suffi 
cient to break down the tube 60 and cause deto 
nation of the shell. Thus, by using the antenna 
88 with an arming fuse to extend the antenna to 
its effective radiation length a thousand feet or 
so before it reaches the target, the shell will not 
be prematurely detonated by impulses intended 
for the detonation of an earlier ?red shell. The 
line 69 represents this arming range. Before ex 
tension of the antenna 65 the shell is not respon 
sive todetonation impulses. ~ \ . 

Where the detection apparatus is of su?icient 
power to detect a. shell without the aid of a trail 
ing antenna, a detonation circuit such as shown 
in Fig. 5 may be used. This form of detonation 
circuit comprises the detonation circuit of the 
form shown in Fig. 3, that is, the elements 56, 58 
and 88 and in addition, a coil 90, an arming key 
92, and a pair of condensers 93 and 94. The arm 
ing key 82‘ may be associated with any known 

> arming means now commonly used to close upon 

35 
charge through a resistance 8| into a condenser - 
80 of lesser capacity. To avoid the passage of 
the discharge current from the condenser ‘I9 from 
traversing the coil 18,‘ a contact key 84 is provided 
in the coil circuit which opens the circuit, due to 
its inertia, a very short time after the cannon 
?res. The breakdown voltage value of the gas 
?lled tube 85 which is connected in series with a 
fuse'wire 88 embedded in the charge 12 and which 
are connected across the condenser 80 is of a par 
ticular value, which when attained by the dis 
charge from the condenser 18 will cause the'tube 
to ionize and pass current to the fuse wire 86. It 
will thus be apparent that the timing of the arm 
ing fuse is determined by the resistance 8| and 
the electromotive force applied to‘ the muzzle coil 
14. By varying the current of the coil 14 by the 
resistance 16, the distance at which the arming 
fuse will ?re after the shell leaves the gun may 
be determined. This variation of arming fuse 
detonation, of course,‘ is determined in accord 
ance with the' distance at which the enemy air-i 
craft is from the detection system. ' 
The purpose of the arming fuse in accordance 

with the form of shell disclosed in Figs. 2 and 3 
is two-fold. The reflection pulses received from 
a projectile such as an anti-aircraft shell will be, 
for most detection apparatus, so small in ampli 
tude as not to appear easily observable on the 
oscillographs thereof. This di?iculty may be 
overcome by. greatly increasing the power of the 
detection apparatus but to do so is costly and to 
avoid this additional expense,.I provide the arm 
ing antenna 65 whereby the reflection capacity of 
the. shell is greatly increased by the detonation of 
the charge 12 of the arming fuse 68. It is known 
that a single antenna wire one half wavelength 
long at a distance of 25 miles or so, will provide 
a re?ecting pulse which may be readily observ 
able on the oscillograph of the usual obstacle de 
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actuation of such arming means the circuit of 
the coil 80. Thus, when the arming fuse actu 
ates the key 92, the circuit will then be respon 
sive to shell detonation impulses. When the 
transmitter T sends out high frequency impulses 
the coil circuit 90 being tuned to the frequency 
of these pulses will build up energy sufficient to 
exceed the breakdown point of the tube 60 and 
thereby pas current through the fuse wire 56. 
The building up of energy in either of the forms 

shown in Figs. 3 and- 5 is graphically illustrated 
in Fig. 6. Since the frequency of the impulses for 
obstaclé detection purposes is inthe order of 60 
per‘second, the energy of each impulse will dissi 
pate before the next succeeding impulse traverses 
the circuit and no building up of voltage occurs. 
The frequency of the impulse transmission for 
detonation purposes being in the order of 30,000 
per second will tend to build up a voltage across 
the gas discharge tube 60 similarly as indicated 
by the curve I00 as long as the pulses transmitted 
are controlled in such a manner as to insure that 
the successive pulses received add in phase and 
that in consequence the energy in the tuned cir 
cuit builds up as successive pulses are received. 
This may be done by using a crystal controlled 
carrier generator at the pulse transmitter. When 
this build-up reachesa level such as I02, this 
added voltage to the voltage stored in the con 
denser 58 will be sufficient to cause the tube 60 
to break down and pass current to the fuse wire 
56. By way of example, the condenser 58 may be 
charged to 200 volts and the additional voltage 
required to break down the tube 88 may be in the 
order of 2 volts. 

Figs. '7 and 8 illustrate the appearance'of the 
re?ection pulses on the oscillograph 20. The 
pulse 30 represents the re?ection of a transmitted 
impulse by the airplane 3! at a distance of 5 miles 
from the detection apparatus. The pulse 22 is a 
reference pulse controlled by an operator through 
manipulation of the timed base control 32. This 
reference pulse is caused to move along with the 
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.pulse 30 as .the position of the airplane varies 
with respect to the detection apparatus. The 
pulse 50 represents the re?ections caused by the 
shell 5I ?red toward the airplane 3|. The pulse 
30 travels fairly slow across the screen of the 
oscillograph while the shell impulse ‘50 travels at 
a much faster rate. In accordance with the form 
of the apparatus shown in Fig. 1, the operator 
will press the switch 49 at the‘instant the shell 
pulse 50 reaches the position of the aircraft pulse 
30. This will'cause a transmission of 'a detona 
tion impulse detonating the shell almost at the 
instant the switch 49 is closed. This timing, how 
ever, may be varied by known delay means in 
the transmission of the detonation impulse 
where it’is desirable to initiate ‘transmission of 
detonation impulses before the shell pulse 50 co 
incides with the aircraft pulse 30. When ‘the 
shell 5I bursts, the wave front of the pulse 50 will 
increase in amplitude ‘substantially asindicated 
in Fig. 7 because of the increased re?ection sur 
face of the shell fragments and then disappear. 
The operator, of course, may vary the timing of 
the detonation with respect to the aircraft 
pulse 30 so that successive shells may be caused 
to burst at various points in the vicinity of the 

InFig. 8, asecond shell pulse I05 is indicated for 
the shell I05 (Fig. 1) ._ 'This second pulse I05 is 
shown to be very small and may be regarded as 
the indication received prior to the action of the 
arming fuse 58 (Figs. 2 and 4) . Thus, should the 
arming pulse 68 be set to act when the shell is at 
a distance of four miles from the gun, the size 
of the pulse I05 will increase to the size indicated 
for the pulse 50. _The pulse may thereafter be 
easily detected and followed by the operator. 
In Fig. 9, I have shown a semi-automatic ap 

paratus whereby the timing of the shell detona 
tionmay be more accurately controlled. This ap 
paratus may be substituted for the manual switch 
49 or it may be used in conjunction therewith, 
that is, the switch 49 would be connected in par 
allel with the control shown in Fig. 9. The ap 
paratus of Fig. 9 comprises a reference index I20 
which is movable along the time base of the oscil 
lograph 20. Any suitable means may be pro 
vided to move the index I20, such as a threaded 
shaft I2I having a handle I22 to be actuated by 
the operator. Adjustably coupled to the index 
I20 at a suitable distance therefrom by a cou 
pling such as turnbuckle I23 is a photo-electric 
cell I25 which may be focused on the oscillograph 
by any suitable focusing means. For purposes of 
illustration, I have shown a light transmitting 
rod I26, such as Lucite to focus the light of the 

' pulse on the cell I25. The Lucite rod may be suit 
ably shaped to provide a small light receiving end 
closely adjacent the screen along which the shell 
pulse indication is adapted to travel. The photo 
electric cell is then disposed at the other end of 
the rod I26 so that when the light pulse passes 
the light receiving end of the rod. light therefrom 
is conveyed to actuate the cell I25. The current 
of the cell I25 may be ampli?ed or as shown, it 
can be fed directly to the grid I30‘of a gas dis 
charge tube I3I. This current passed by the cell 
is adapted to cause a surge ?ow through the tube 
I3I to the switching device S to switch the trans 
mitter T over from the frequency source F1 to the 
frequency source F2. 
The Lucite rod I25 is disposed an adjustable 

distance to one side of the index I20 so that when 
the shell pulse 50 reaches a position correspond 
ing to the position of the rod I26, the current re 
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‘quired to actuate switch S and thereby transmit 
detonation pulses is caused to operate at an ad 
justabie time interval before the pulse 50 reaches 
the pulse 30. Suitable delay means may be pro 
vided to vary the distance at which the rod I28 
may be disposed with respect to the reference in 
dex I20. Such delay timing provides adequate 
spacing between index I20 and the rod I26 to al 
low considerable manual adjustment by the op 
erator of the'coupling I23. The operator can 
thereby vary the timing of the shell detonations 
with respect to the aircraft as viewed on the 
oscillograph. , 

The mechanical index. I20 may be replaced by a 
pulse such as the reference pulse 22 and the move 
ment of the cell I25 caused to correspond with 
movement of the pulse 22 by controlling the po 
sition of the cell by manipulation of the control 
32. Then an adjustment may be provided be 
tween the cell and the control 32 to vary .the 
distance between the focus point of the cell and 
the reference pulse 22. ' 
Another form of control means, by which the 

timing of the detonation impulses may be deter 
mined is shown in Fig. 10. In this form, two 
pulse index members I40 and HI are provided, 
one to be moved to correspond to movement or lo 
cation of the aircraft pulse and the other the shell 
pulse. Each of these members is provided with a 
contact for engagement with a resistance I43. A 
circuit including the two follower contacts, the 
resistance I43, an energy source I44, 9. variable re 
sistance I45, and an electromagnetic coil I46 is 
provided to control the switching device S1. The 
electromagnetic co? I46 is adapted to actuate 
the movable contact I48 of the switch S to switch 
from the low frequency source Fr to the high fre 
quency source F2 as hereinbefore described. The 
timing of the switching operation is determined 
by a predetermined voltage drop obtained by the 
relative positioning of the index members I40 
and I“ along the resistance I43. The switch S1 
preferably has a known snap action including a 
toggle spring I41 adapted to snap the switch con 
tact arm I49 upon the exertion of a given force 
by the coil I46. This effective relative position 
ing of the members I40 and MI may be varied 
by adjusting the resistance I45. 

Operation 
To summarize the operation of the ?re control 

system of this invention, the operation of the em 
bodiment shown in the Figs. 1, 2, 3, 4, 6, 7 and 8 is 
.as follows: The detection device I0 will be used 
for scanning the ‘sky for the appearance of any 
enemy aircraft. that an enemy air 

. craft 3| appears in the sky, the scanning motor 
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4| may be de-energized and the position controls 
44 and 45 actuated to obtain and maintain the 
maximum indications of the re?ection pulses re 
ceived from the aircraft 3|. The operation of the 
controls 44, 45 and 32 will determine the angles 
of elevation and azimuth and the distance as well 
as the speed of the aircraft. These measure 
ments are continuously transmitted to the anti 
aircraft gun 25. When the aircraft comes within 
range of the gun, the gun is fired, the arming 
fuse 68 being timed by the adjustment of the re 
sistance ‘I6. when the shell reaches a predeter 
mined level 69 in accordance with the setting of 
the resistance ‘IS. the arming fuse will act to ex 
tend the antenna streamers 55 whereupon the re 
?ection pulse of the shell is clearly observable 
upon the oscillograph 20. When the shell has 
nearly reached the distance of the aircraft as in 
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dicated on the oscillograph, the operator presses 
the switch button 49 thereby causing transmis 
sion of the detonation impulses to burst the shell. 
Should the detonation of the shell appear to oc 
cur beyond the position of the aircraft, the op 
erator may vary his timing for transmission of 
the shell detonating impulses and thereby vary 
the detonation timing of successive shells in the _ 
vicinity of the aircraft. - 
To render the timing of the transmission of 

detonation impulses, the form of control as shown 
in Figs. 9 and 10 may be used. These forms elim 
inate to a large extent the variation in the hu 
man element involved and the only manual ad 
justment required will be the maintenance of the 
index members I20 or I40, as the case may be, 
directly opposite the aircraft impulse 30. Then 
should a variation in shell detonation of succes 
sive shells be desired, this may be done by ad 
justing the coupling I23 or the resistance “I de 
pending upon which embodiment has been 
adopted. 

I recognize that many variations in the detec 
tion and controlling equipment as well as shell 
construction and arrangement is possible without 
departing from this invention. I wish it under 
stood, therefore, that the forms herein shown and 
described are to be regarded as illustrative of the 
invention only and not as restricting the ap 
pended claims. , 

What I claim is: k 
1. A ?ring control system comprising a trans 

mitting and receiving station having means to 
transmit electro-magnetic impulses for obstacle 
detection purposes, means to receive re?ection. 
pulses produced in response to said electro 
magnetic impulses by'obstacles such as aircraft 
and detonatable projectiles directed at such air 
craft, indicator means responsive to pulse energy 
from the receiving means for producing indica 
tions of the relative distance of an'aircraft and 
a projectile from said station, and detonation 
control means to effect the transmission from 
said station of detonating impulses to the pro 
jectile providing a comparatively larger amount 
of energy than that of said obstacle detection 
impulses when the indications provided by said 
indicator means show both the aircraft and the 
projectile at substantially the same distance from 
said station. . 

2. The ?ring control system according to claim 
1 wherein the detonation control means com 
prises a manually operable switch. 

3. The ?ring control system according to claim 
1 wherein the detonation control means includes 
means automatically responsive to the arrival of 
a projectile pulse at a predetermined distance 
from the aircraft pulse on said indicator ‘means 
to eil'ect transmission of the detonation pulses. 

. 4. The ?ring control system according to claim 
1 wherein the detonation control means includes 
means responsive to the arrival of a projectile 
pulse at a determined relation with respect to the 
aircraft pulse on said indicator means to eifect 
transmission of detonation pulses, and means 
manually adjustable to vary the'relation of the 
pulses at which said responsive means will op 
erate. 

5. The ?ring control system according to claim 
1 wherein the detonation control means includes 
a pulse index member, said index member being 
movable by an operator in accordance with move 
ment of the aircraft pulse on said indicator 
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10 
means, means including a photo-electric cell 
movable in accordance with the arrangement or 
said index member, and means by which the 
photo-electric cell will observe the projectile pulse 
as the latter nears the aircraft pulse, and means 
responsive to the actuation of said cell by the 
projectile pulse to effect the transmission of det 
onation pulses. . 

6. The ?ring control system according to claim 
1 wherein the detonation control means comprises 
an aircraft pulse index member, a projectile pulse 
index member, said members being relatively 
movable to correspond respectively to the re?ec 
tion pulses of the selected aircraft and a pro 
jectile as indicated on said indicator means, and 
means responsive to a predetermined relative 
positioning of said members to e?ect the trans 
mission of the detonation pulses. ‘ 

'7. The ?ring control system according to claim 
1 wherein the detonation control means comprises 
an aircraft pulse index member, a projectile pulse 
index member, said members being relatively 
movable to correspond respectively to the re?ec 
tion pulses of a selected aircraft and a projectile 

‘ directed at such aircraft as indicated on said in 
dicator means, a circuit including a source of 
energy and a resistance, said members having 
contacts movable along said resistance, switching 
'means responsive to a given voltage drop deter 
mined by the relative positions of said contacts 
along said resistance to effect transmission of 
the detonation pulses, and a variable resistance 
to vary the relative positioning of said members 
at which said switching means will operate. 

8. A ?ring control system comprising obstacle 
detection means ‘to detect moving obstacles, 
means including a gun‘ to shoot shells, each shell 
having arming means and a detonation circuit, 
said circuit including a fuse, a gas ?lled tube 
adapted to pass current through said fuse to det 
onate said shell when the tube is subjected to a 
predetermined voltage and an antenna normally 
retained in compact form in the shell but which 
when extended is responsive to detonation im 
pulses to supply said predetermined voltage to 
said tube, means at the gun for setting said arm 
ing means into operation by the ?ring of the-shell 
to extend said antenna to its effective length 
after a predetermined lapse of time for response 
to detonation impulses so that the shell can 
thereafter be detonated, said detection means in 
cluding devices operable to indicate at given in 
stances the relative positioning of a selected ob 
stacle and-a shell ?red by said gun, and detonaé 
tion control means under the control of an opera- I 
tor to effect transmission of said detonation im 
pulses when the detection means indicate the . 
shell to be in a suitable position relative to the 
obstacle. 

9. A ?ring control system comprising obstacle 
detection means, said detection means being op 
erable to detect and indicate moving obstacles by 
the transmission of energy impulses and the re 
ception of their re?ections caused by the presence 
of target within the range of the detection means, 
means including a gun to shoot shells according 
to the detection data, each shell having means in 
cluding a fuse responsive to impulses of predeter 
mined energy supplying‘ characteristics to deto 
nate the shell, a combined course indicator in 
strument, including means to indicate the rela 
tive positioning at given instances of the re?ec 
tion pulses of a target and a_shell ?red at such 
target, and detonation control means under con 
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trol not‘ an operator to transmit impulses or said 
predetermined energy supplying characteristics 
when the indicator shows the shell to be ‘in the 
vicinity oi! said target, said detection means in 
cluding a low frequency impulse generator and a 
high frequency impulse generator, and the det 
onation control means being operable to switch 
from one to the other of the generators so as 
to transmit low frequency impulses for obstacle 
detection purposes and high frequency impulses 10 
for shell detonation purposes. 

' EDMOND M. DELORAINE. \ 

REFERENCES blimp 
The following references are oi’ record in the 

tile 01' this patent: 1 . . 

12 
UNITED STATES PATENTS 

Number 
1,739,921 
1,769,203 
1,841,983 
1,858,969 
2,189,549 
2,223,224 
2,231,929 ' 

2,255,245 
2,277,464 
2,409,462 
2,412,612 

Number 
91,592 ' 

Name Date 
Schuler et a1 ..... -_ Dec. 17, 1929 
Buckley __________ __ July 1, 1930 
Ruhlemaim ______ __ Jan. 19, 1932 
Ruhlemann ______ __ May 1'7, 1932 
Hershberger ______ __ Feb. 6, 1940 
Newhouse _______ __ Nov. 26, 1940 
Lyman __________ __ Feb. 18, 1941 
Ferrel ___________ __ Sept. 9, 1941 
Taylor __________ __ Mar. 24, 1942 
Zworykin et ai. _-__ Oct. 15, 1946 
Godet ___________ __ Dec. 17, 1946 

FOREIGN PATENTS 
Country Date 

Sweden _________ _.. Feb. 24, 1938 


