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9 ‘Claims. (Cl. 102—70.2) 

This invention relates generally to a control system, 
and more particularly to a signal receiving and control 
circuit for effecting dispersal of a plurality of submis 
siles carried by an aircraft launched cluster bomb. 
More speci?cally, the control circuit according to the 

present invention provides a means for determining’ the 
submissile dispersal position relative to the ground by 
detecting and selectively responding to the light ?ashes 
produced by a series of pilot submissiles as they strike 
the ground. When the time interval between the ?ashes 
approaches, or becomes less than, a predetermined value, 
the instant triggering circuit actuates a submissile dis 
persal actuator. ' 

The aircraft launched cluster bomb with which the 
instant control circuit is especially adapted for use con 
templates the utilization of a plurality of pilot projectiles 
adapted to be ?red at intervals as the cluster bomb travels 
along its trajectory and, upon ground impact, to emanate 
a suitable signal, such for example as a photo-?ash, or 
electromagnetic, impulse. The signal is intercepted, or 
detected by the instant control, or initiating, circuit ar 
ranged in the cluster bomb which determines the time 
intervals between pilot projectile ?rings. When the time 
interval between the detected signals becomes less than 
a predetermined value, the ?ring of additional pilot 
projectiles is terminated, and dispersal of the sub-missiles 
is effected by the initiating circuit according to the pres 
ent invention. In applications employing the photo-?ash 
pilot projectile, the deleterious effect of extraneous back 
ground light, such for example as the open sky and gun 
?re muzzle ?ash, upon the sensitivity of the instant cir 
cuit may be minimized by use of a photo-?ash signal 
predominantly in the ultraviolet wavelength region. 

Prior art systems for initiating dispersal of cluster 
bomb type submissiles, or multiple projectiles, have 
utilized conventional fuzing arrangements, such for ex 
ample as the proximity fuze, or plummet devices sus 
pended from a parachute type bomb. Additionally, 
aerial bomb releasing devices actuable by ultraviolet 
energy radiation have been heretofore devised and 
utilized. ~ ' ' 

Although the prior art systems hereinabove described 
have, in general, performed satisfactorily, the instant cir 
cuit provides advantages over them in that it is more 
readily adaptable for use in bombs launched at high air 
craft speeds and is less susceptible to enemyv counter 
measure tactics than the heretofore devised bomb dis 
persal systems. Moreover, the initiating circuit accord 
ing to the present invention is capable of indicating the 
slant range to the ground more accurately than was here 
tofore possible. 
' Accordingly, a principal object of the present inven 
tion is to provide a new and improved cluster bomb dis 
persal initiating device. 

Another object of the present invention resides in the 
provision of a control circuit being selectively responsive 
to the time intervals between successive signals received 
thereby. 
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Still another object of the present invention is to pro 

vide a new and improved photo-?ash responsive slant 
ra'nge indicating device. 
A further object of the instant invention resides in the 

provision of a signal responsive initiating circuit for actu-‘ 
Iating the submissile dispersal mechanism of a cluster 
omb. 
A still further object of the present invention resides 

in the provision of a photo-?ash signal responsive initiat 
ing circuit essentially insensitive to background atmos 
pheric light or to gun ?re muzzle ?ash ?red in the vi 
cinity thereto. 

Another further object of the instant invention is to 
provide a cluster bomb triggering system for initiating 
automatic ?re-on-signal sequence for the pilot projectiles, 
or for reestablishing the sequence in case a signal is lost. 

Other objects and many of the attendant advantages of 
this invention will be readily appreciated as the same 
becomes better understood by reference to the follow 
ing detailed description when considered in connection 
with the accompanying drawings wherein: ' 

Fig. 1 illustrates in diagrammatically geometric form 
the fundamental principles of slant distance measurement 
by means of the photo-flash responsive triggering circuit; 

Fig. 2 is a diagrammatic view of the triggering circuit 
according to the instant invention; and V, . 

Fig. 3 is a broken away view of a portion of a bomb 
partly in section showing an arrangement of the pilot 
projectiles. 9 

Referring now more particularly to Fig. 1, let the 
velocity of the cluster bomb be V and the velocity of a 
pilot projectile relative thereto, subsequent to release 
thereof, be u. If the ?rst pilot projectile is ?red when 
the cluster bomb is at the point Pn_1 and the photo?ash 
signal generated by the projectile upon ground impact 
thereof at point Qn_1 is detected by the instant initiating 
circuit when the cluster bomb has reached the point P,n 
in its trajectory, the time tn for the ?rst pilot projectile 
to reach the point Qn_1 is obtainable, 

( 1) Pn-1Qn—1= (Vi-10in 
and, 

(2) Pn-1Pn= Vtn 
hence, a practical approximation of the distance of the 
cluster bomb from the ground along the new tangent line, 

or, by substitution of Equations 1 and 2 in 3, there re 
sults, . 

If upon detection of the photo-?ash signal by the in 
stant initiating circuit at point P,,, a second pilot pro 
jectile is ?red from the cluster bomb, the geometry-for 
this projectile will be similar to that of the ?rst pilot pro_ 
jectile, so that, . ‘ 

Considering a point, P0, not shown, as being the ?rst 
?ring point in a particular, or “frozen,” sequence of ?ring 



15%) 

2,958,284. 
points P0, P1 . . . Pnnl, Pn, PM, . . ., and a point P’o 
as any other point in the neighborhood of P0, such that, 

(8)‘ V p‘ P'oP1<PoP1 _ the corresponding position of Pn'kthen, will bebetween 
__Pn_an_d _P,_,_+1, ,__vH_ence_,_only one signallwilhoccur within 
grammar interval; Such esPnl’nn qf any such series r9 
garjdlessdof. the initial ?ring position along the cluster 

bomb trajectory. Assuming now that thervsignal reception points ‘Pnand 
P?+1 have distances PnQn and ,Pn’+1Qn;+-1> that are, respec 
tively, greater than and less than the desired dispersal dis 
tance, . 

$9)v H V , , . .LFPdQd and that L1 is the geometric, mean of 

(1,0) ‘L'..= nQn 
and _ 

Ln+1=P1t+1Qn¥1 
then, . 

Ld2=Ln+Ln+t 
} Substitution of Equation 4 in Equation 10 results in, 

_’(13) ‘iLnéntn 
and in like maxing-Equations ‘9 and tively, 

Then by substitution of Equation 14 for L12 in Equa 
tion 12, andEquations 13 :and 15 for i",,_-a'n<_1 LE,>re— 
spectively, in Equation 12, there results, (-16) td2=tntn+1 
or by dividing through by tug“, there results, 

' ' 8&2 in 
17 —=— 

( a) ‘thé'i'l tn+i 
and, by dividing through by :3, there results, 

in’ tn-H 1 --=— ( 7b) [112 tn 

may alsoi‘be considered that, 
(18) PnPn+1= Vtn+1=utn"'mn+1 
thereby giving, 

‘ a n1’ 
(19) tn+l_ 111+ l 
Equating Equations 17a and 19- then by square-rooting 
and mverting the resultant thereof, there results, 

‘(20) ?? )-1/2 
_ v s 1 , ta _( u+1 

and, by transposition, 
' —1/2 

(21) tn+1=('g+1) td 
In like manner of mathematical operation, there results 
from Equations 17b and 19, 

Finally, by substitution of Equations 13 and 14 into 
Equation 22 there results, 

(22) 
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and by substitution of Equations 14 and 15 into Equation 
21 there results 

—1/2 

Ln+1 : <1 Ld 

By way of example, application of the hereinbefore de 
veloped design equations to a typical aircraft launched 
cluster bomb situation wherein the cluster bomb velocity 
V is approximately 760 fps. and the relative pilot pro 
jectile velocity is approximately‘1500 f.p.s. shows that 
the deviation from a desired dispersal distance, L, of 300 
feet will be less than 25 percent provided a ?ash signal 
arrives at the bombiat any time between 0.15 second and 
0.25 second after the ?ring of a corresponding pilot pro 
jectile. 
The instant initiating circuit for effecting actuation of a 

cluster bomb dispersal actuator in conformance with the 
analytical determination hereinbefore disclosed will now 
be v‘fully described. The instant circuit, in addition to 
satisfying the speci?ed analytical requirement also pro 
vides forthe automatic sequential ?ring of the earliest 
pilot projectile/s, at substantially 0.5 second intervals 
therebyfcompensatin'g. for the initially ?red pilot pro 
jectiles whose‘ photo ?ash signal may be beyond the sensi 
tivity, range of the instant control circuit. Moreover, as 
a ‘safety feature, the instant circuit provides means for 
delaying the ?ring of‘the ?rst'pilot projectile for a time 
period of ,1 second subsequent to release, or launching, 
of the cluster bomb from its carrying aircraft. 

1 Referring now more particularly to Fig. 2 of the draw 
ings, the instant circuit is shown as including a com 
ponential arrangement of a gas discharge device 11, 
photocell ampli?er 12, a plurality of potential energy 
sources respectively designated by the reference numerals 
‘13, 14 and 15, an electrical switch 16, a stepping switch 
relay 17, and a plurality of direct current relays, respec 
tively designated by the reference numerals 18, 19 and 
21., Shunting the coils of DC. relays 18, 19 and 21 
are capacitors 22, 23 and 24, respectively, these capacitors 
beingv of sui?cient capacity to maintain the relays 18, 19 
and 21 energized for0.l5, 0.50, and 0.25 second, respec~ 
tively, subsequent to thetermination of energization cur 
rent through the relay coils thereof. 
:In applications utilizing pilot projectiles 38, as shown, 

for example, in Fig. 3, from which emanate photo-?ash 
signals primarily in the ultraviolet wavelength region, a 
suitable light ?lter 25 is provided for photocell ampli?er 
l2_thereby preventing transmission thereto of other than 
ultraviolet wavelength signals. By way of example, a 
?lter consisting of quartzglass having silver chemically 
deposited thereon has been found especially suited for 
this application. 

I The cooperative relationship between the hereinbefore 
enumerated componential elements of the instant control 
circuit ‘will be made more apparent by the following 
operational description thereof. 
Upon release of the cluster bomb from its carrying 

aircraft, electrical switch 16 is actuated to a closed posi 
tion by conventional means, such for example as a pull 
wire, not shown, whereupon a positive potential is de 
veloped, across resistor 26, from battery 13 and trans 
mitted through blocking capacitor 27 to the grid electrode 
of normalycut-o? gas tube 11. A grid resistor 28 is pro 
vided for the gas discharge device ‘11. This positive po 
tential' places :tube 11 in a conductive condition where 
uponra current path through the coil of relay 18 and 
across capacitor 22 is established. 

Prior to ?ring of gas tube 11, capacitor 22 has been 
pre-charged from battery 14 through normally closed 
relay contacts 18a. Firing of gas tube 11 results in the 
energization of the coil of relay 18 whereupon actuation 
ofjrrelay contacts 18a through 18:: from an initial position 
to a moved position is initiated. Upon opening of relay 
contact 18a and closing contact 180, and prior to closure 
of relay contact 18d, the current through the coil of relay 

(24) 
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18 is supplied by discharging pre-char‘ged capacitor 22 
therethrough. The completion of the actuation of the 
contacts of relay 18 to a moved position results in the 
extinguishment of gas tube 11 by the parallel short current 
path to ground 29 through now closed relay contact 180. 
In addition, relays 19 and 21 are energized from source 15 
through closed relay contacts 18d and 182, respectively, 
thereby resulting in the opening of relay contact 19:: and 
closure of relay contact 21a. Moreover, actuation of relay 
contact 18b to a moved position deactivates the photocell 
ampli?er 12 ‘by interrupting the energization path thereto 
from battery 14, and operatively energizes stepping switch 
relay 17 by completing the circuit path thereto from 
battery 15. Energization of relay 17 actuates wiper 31 
from its initial position on stationary contact a to station 
ary contact b. However since no connection is made to 
stationary contact b, the energization or triggering circuit 
32 of the pilot projectile ?ring initiator 33 is retained in 
e?ective and no pilot projectiles will be ?red at this time. 
By the continuous discharge of capacitor 22 through the 
resistance of coil 18 and its parallel resistor 34, relay con 
tacts 1811-482 are maintained in their moved positions 
for a 0.15 second time interval as indicated, subsequent to 
the extinguishment of gas tube 11. Resistance 34 is con 
nected in shunt across the coil of relay 18 to minimize the 
inductive voltage e?ect thereof. A consideration of the 
hereinbefore described operational sequence will make it 
apparent to one skilled in the art that since the photocell 
ampli?er is deactivated for substantially 0.15 second after 
energization of relay 18 and that upon deenergization of 

10 

15 

20 

25 

30 
relay 18, with the attendant reactivation of the photocell - 
ampli?er, the circuit 35 to the’electroresponsive submissile 
dispersal actuator 36, or any other similar utilization 
device, is only maintained continuous by relay contact 21a 
for a time interval of 0.25 second, by the action of capaci 
tor 24, and dispersal of the submissiles can only be effected 
by reception of a photo-?ash signal at td occurring during 
the time interval 0.15<td<0.25 second. Of course, since 
no pilot projectile has yet been ?red, no photo-?ash signal 
can occur at this stage of operation during this time inter 
val. When no signal has been detected by the photocell 
ampli?er 12 for 0.5 second, ‘a second positive impulse is 
impressed upon the control grid of gas tube 11 from 
battery 13 by the effect of shunting capacitor 23 in delay 
ing the return of relay contact 19:: to its initial closed 
position subsequent to the deenergization of relay 18. 
This operation results in the ?ring of gas tube 11 and 
actuation of relay 18 with the consequent repetition of 
the hereinbefore described operational sequence, includ 
ing movement of wiper 31 to stationary contact 0 of the 
stepping switch relay. As in the case of stationary con 
tact b, since no electrical connection is made to stationary 
contact 0, pilot projectile ejector 33 will not ?re a pilot 
projectile from the cluster bomb. 
Upon the expiration of the next 0.5 second time inter 

val, the hereinbefore sequential operation of the instant 
control circuit will again be repeated with a consequent 
movement of Wiper 31 to stationary contact d. Inasmuch 
as contact d, as well as the remaining stationary contacts 
of stepping switch relay 17 is electrically connected to 
actuating circuit 32, the pilot projectile ejector 33 ?res 
the ?rst pilot projectile. It will be appreciated that by not 
including stationary contacts b and c in circuit 32, the 
desired 1 second pilot projectile ?ring delay is obtained. 

Subsequent actuation of stepping switch 17 will result 
in the sequential ?ring of pilot projectiles at 0.5 second 
time intervals until detection of a photo-?ash signal by the 
photocell ampli?er 12 in the time interval of 

Signal reception during this time interval will result in the 
generation of a suitable triggering impulse by the photo 
cell ampli?er which is transmitted through capacitor 37 
to the gas tube 11 whereupon ?ring of another pilot pro~ 
jectile will be immediately eifected. In all such instances, 
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the generated triggering signal will not actuate dispersal 
‘actuator 36 since lead 35 thereto will be interrupted by 
relay contact 21a. Eventually, however a photo-?ash 
signal indicative of pilot projectile ground impact will be 
detected by photocell ampli?er 12 during the time interval 
of 0.l5<td<0.25 second whereupon the triggering signal 
developed by ampli?er 12 of the instant initiating circuit 
in response thereto will effect ignition of the submissile 
dispersal actuator 36 by transmission of the signal thereto 
across lead 35 and closed relay contact 21a. 

It will be apparent to one skilled in the art that the 
time periods hereinbefore indicated are by way of ex 
ample, and not limitation, and may be readily varied to 
suit divers applications and operational conditions. 

Obviously many modi?cations and variations of the 
present invention are possible 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 speci?cally described. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A control circuit comprising a plurality of launcha 

ble signal emanating means, ?rst circuit means adaptable 
to being sequentially energized for effecting launching 
of said signal emanating means, second circuit means 
adaptable to being sequentially energized for detecting 
the signal from said signal emanating means and for de 
veloping an output signal in response thereto, third cir 
cuit means adaptable to being energized upon energiza 
tion of said ?rst circuit means for effecting transmission 
of said output signal to a utilization means, and fourth 
circuit means for normally rendering said ?rst circuit 
means sequentially energized at a predetermined repe 
tition rate and upon development of said output signal 
during a preselected time period for rendering said ?rst 
circuit means energized at a repetition rate correlative 
to the rate of development of said output signal. 

2. A control circuit comprising a plurality of launcha 
ble signal emanating vehicle, normally deenergized, ?rst 
circuit means adaptable to being sequentially energized 
for effecting individual launching of said signal emanating 
vehicles, second circuit means adaptable to being ener 
gized for a predetermined time interval upon deenergi~ 
zation of said ?rst circuit means for receiving a signal 
from the launched signal emanating vehicles and for de 
veloping an output initiating signal in response thereto, 
normally deenergized third circuit means adaptable to 
being energized for a predetermined time interval upon 
energization of said ?rst circuit means for transmitting 
said initiating signal to a utilization means, and fourth 
circuit means for normally rendering said ?rst circuit 
means sequentially energized at a preselected repetition 
rate and in response to an output signal developed dur 
ing the deenergized intervals of said third circuit means 
for rendering said ?rst circuit means energized at a 
repetition rate correlative to the rate of development of 
said initiating signal. 

3. A control circuit comprising a plurality of launcha 
ble signal emanating device, normally deenergized ?rst 
circuit means adaptable to be sequentially energized for 
eifecting individual launching of said signal emanating 
devices, second circuit means adaptable to being ener 
gized upon’ deenergization of said ?rst circuit means for 
a ?rst preselected time interval for detecting a signal 
from the launched signal emanating devices and for de 
veloping an initiating signal in response thereto, normal 
ly deenergized third circuit means adaptable to being 
energized for a second preselected time interval upon 
energization of said ?rst circuit means for transmitting 
said initiating signal to a utilization device, said second 
time interval occurring during a predetermined portion 
of said ?rst time interval, and fourth circuit means for 
normally energizing said ?rst circuit means at a prede 
termined sequential rate and in response to an output 
signal developed during the deenergized interval of said 
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thirdcircuit means [for rendering said ?rst circuit means 
energized at a sequential rate correlative to the rate of 
development of said initiating signals. 7 

4. A control circuit for a utilization device comprising 
a multiplicity of launchable devices each of which 
emanates a signal upon vimpact, normally deenergized 
?rstrcircuit means adaptable to being sequentially ener 
gized for effecting sequential launching of said signal 
emanating devices subsequent to a‘predetermined number 
of energizations thereof, second circuit means adaptable 
to being sequentially energized for a ?rst preselected time 
interval for detecting a signal from a launched signal 
emanating device and for developing an initiating signal 
in response thereto, normally deenergized third circuit 
means adaptable ‘to being energized for a second prese 
lected time interval upon energization of said ?rst circuit 
means for transmitting said initiating signal to the utili 
zation device, a predetermined‘interval of said ?rst and 
second preselected time intervals being concurrent, and 
fourth circuit means for normally energizing said ?rst 
circuit means at a predetermined sequential rate and 
upon development of an initiating signal during the de 
energized intervals of said third circuit means at a se 

10 

20 

quential rate correlative to the rate of development of _ 
said initiating signals. I 

5. A control circuit according to claim 4 wherein said 
?rst circuit means includes a stepping switch relay hav 
ing a predetermined number of preliminary contact posi 
tions which are ineffective in said sequential launching 
operation. 

6. A control circuit according to claim 4 wherein said 
second circuit means includes an ampli?er responsive to 
a particular ‘signal frequency band. 

7. A control circuit according to claim 4 wherein said 
third circuit means includes an electroresponsive relay, 
and energy storage means for maintaining said relay 
energized for said second preselected time interval. 

8. Acontrol circuit according to claim 4 wherein said 
fourth circuit means includes ?rst energy storage means, 
normally nonconductive gas discharge means being 
adapted to be connected to said storage means thereby 
to be rendered conductive, normally deenergized ?rst 
electroresponsive relay means serially connected to said 
gas discharge means, said relay means being energized 
upon said gas discharge means being rendered‘ conductive, 
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second energystorage means for ‘maintaining said relay 
means energized for a predetermined time interval after 
saidgas discharge means’ is rendered nonconductive, and 
normally Hdeenergized, second electi'oresponsive relay 
means normally interconnecting said gas discharge-means 
and said V?rst energy storage means, said second relay 
means being energized in response to the energization of 
said first relay means thereby interrupting the connection 
betweensaid gas discharge means and said ?rst storage 
means, and third energy storage means for maintaining 
said second relay means energized fora predetermined 
time interval subsequent to the deenergization of said 
?rst relay means. . 

9. In a cluster ‘bomb having a dispersal actuator for 
discharging a plurality of explosive submissiles, a con 
trol circuit comprising a plurality of pilot projectiles 
emanating a signal upon ground impact, ejector means 
for effecting individual launching of said pilot projectiles, 
normally deenergized ?rst circuit imeans‘being sequential 
ly energizable for effecting launching of said pilot pro 
jectiles by said ejector means subsequent to a prede 
termined number of energizations thereof, second circuit 
means being sequentiallyenergizable for a preselected 
timeinterval “for developing an initiating signal in re 
sponse to a signal from a launched pilot projectile, nor 
mally deenergized third circuit means being energizable 
for a preselected time interval upon each energization of 
saidl?rst' circuit means for transmitting said initiating sig 
nal to the dispersal actuator, the preselected time interval 
of said third circuit means occurring during a prede 
termined portion of the preselected time interval of said 
second circuit means, and fourth circuit means for nor 
mally energizing said ?rst circuit means at a preselected 
uniform sequential rate and in response to an initiating 
signal developed during the deenergized interval of said 
third circuit means for subsequently rendering said ?rst 
circuit means energized at a sequential rate correlative 
to the rate of development of said initiating signals. 
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