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his invention relates to timing devices and 
more particularly to devices for establishing elec 
trically a series of periodic impulses adapted for 
the control of a periodically recurrent function. 

It is a principal object of the invention to pro 
vide a timing device which is simple in construc 
tion and operation, light in weight, and which 
provides for establishing accurate, uniform and 
predetermined time intervals. 

It is a further object to provide such a device in 
which the time intervals are controllable over a 
wide range with Sirplicity and 2CCL&Cy. 

it is also an object to provide a device of this 
character for producing a series of timed in 
pulses adapted for the control of a periodically 
recurrent, function where both the time between 
the inguises and the actual duration of the in 
pulses are predetermined and controllable. 

It is a further object to provide a control de 
vice for use yith a bomb rack for effecting the 
rapid sequential release of a plurality of bombs 
a uniform time intervals apart and at a desired 
frequency, and in predetermined number as de 
termined by the operator. 
Other objects and advantages will be apparent 

from the following description, the accompany 
32ng drawings, and the appended claims. 

in the drawings 
Fig. 1 shows schematically a simple tinning 

arrangement for securing periodic Operation at 
predetermined time intervals of a plurality of re 
iays; 
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Fig. 2 is a diagrariamatic representation of a 
similar circuit incorporating a control circuit and 
a frequency multiplying control; and 

Fig. 3 is a diagrammatic showing of a con 
plete system as arranged for the Sequential re 
lease of a plurality of bombs. 

in accordance with the present invention a tin 
ing device is provided which is adapted to effect 
the generation of a series of periodic tinned in 
puses, the impulses being of predetermined dura 
tion, and at properly spaced uniform intervals. 
such series of impulses may be utilized for the 
control of a periodically recurrent function, where 
such timed sequence of operations is desired, for 
effecting suitable operation of a device. Since 
the invention provides for producing a series of 
impulses electrically and with extremely Simpie 
apparatus, and embodies very simple and readiy 
operable means for the control of the timing 
period thereof, the device is highly useful Where 
simplicity, reliability and low weight are impor 
tant factorS. 
A preferred field of application of the device is 

for the control of the dropping of a plurality of 
bombs from an aircraft or the like. Where it is 
desirable to provide for the dropping of a plu 
rality of bombs in predetermined timed Sequence, 
at relatively brief time intervals apart, the present 
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inventioza provides a highly satisfactory control 
for this purpose, which is highly simple in co 
struction and operation, and which involves only 
a low weight and substantial freedom from con 
plexity in operating mechanism. It provides for 
example for the dropping of bombs at a predeter 
rained desired rate such for example at rates 
varying from two per second to twenty per sec 
ord under simple manual control on the part of 
the operator; and such limits and range of speeds 
ray be subject to substantial variation as de 
sired. it further provides for the preselection by 
the operator of a, predeteriaed number of im 
pulses to ba generated, and hence of a predeter 
animed Arnier of Orios to be dropped, follow 
iing which the device ceases its functioning, while 
providing visual indication to the operator at all. 
tlines of the nurber of operations completed and 
erraining to be completed. The device also pref 

erably incorporates a, inaauai control by aeans 
of which the operator Kay individually effect the 
release of the bombs when that operation is de 
sired. While ino, inited to the utilization of the 
periodic tired impulsesfor the releasing of bombs, 
that function forms a, preferred field of applica 
tion for the device, aid will be referred to here 
in after in connection. With the detailed descrip 
tion of the oparation of the mechanism. 

Referring to iig. of the drawings, this figure 
shows diagrammatically a simple tinning circuit 
for Securing the alternate operation of a plurality 
of relays and 3, in timed relation one with the 
other. A source of electrical energy is shown at 
3 as comprising a battery, such as utilized upon 
an aircraft, though other suitable Sources of direct 
current potential may likewise be utilized. 
One side of the power Source shown as the nega. 

tive is connected through a condenser (3 with 
each of the energizing coils a and 2d of the 
two relays 9 and 3. The relays have arnatures 
8 Gb and 2 each of which carries a pair of Con 
tact airns 3C, and 2C, 2d. Fixed contacts 
De and 2e are arranged to be closed by switch 

arms ec and 32c respectively upon the actua 
tion of the relays, while switch contacts of and 
32f are arranged to be closed by switch airns 0d. 
and 2d respectively upon deemergization and re 
lease of the respective relays. Retirectile Springs 
0g and 2g cause the return of the armatures and 

associated switch arms to the non-actuated posi 
tion upon the deemergization of the respective re 
lays, to positively open contacts Sec, 2c and be, 
3.2e, and to cause the closing of contacts 6d, 
33j and 2d, 3f. 
The energizing circuit through coil 3a is con 

pleted through contacts 2f, 2d of relay 2 SO 
that relay () may be energized only when relay 
32 is deemergized. Similarly the energizing cir 
cuit for coil 2g is completed through contacts 
4 of and Gd of relay 6 so that relay i2 may be 
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energized only during the time that the relay O is 
deenergized. 
Thus the circuit for relay () includes condenser 

4, coil goa, contacts 2f and 2d, manual con 
trol switch 5, and back to the positive side of the 
power source 3. And upon closing of switch 5 
current flow takes place to cause the building up 
of a charge upon condenser 4. The rate of such 
flow of charging current will vary with the actual 
values of capacitance and resistance in the cir 
cuit, beginning at a high value and progressively 
decreasing in amount as the charge on the con 
denser builds up. 
Contacts Oc and foe upon closing establish a 

shunt circuit around the coil foa of relay 10 which 
includes a variable resistor 6 through which a 
portion of the charging current flowing through 
condenser 4 may pass following actuation of the 
relay. Similarly contacts 2c and 2e upon clos 
ing establish a shunt circuit around the coil 2a 
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which includes variable resistor through which 
a portion of the current passing through con 
denser 4 may pass. 
The operation of this device is as follows. Upon 

the closing of manual switch fj, and with both 
relays deenergized,an energizing circuit for relay 
O is established through condenser 4, coil Oa, 

switch contacts f2f, 2d, through Switch 5, and 
back to the opposite side of the power Source. A 
circuit is also closed through coil 2a, but since 
there is no difference of potential in this circuit, 
relay 2 does not operate. A maximum flow of 
current takes place through the circuit of relay 
fo as described, beginning the charging of Con 
denser 4, this flow resulting in the Operation of 
relay. 0 to strongly attract armature Ob, there 
by closing contacts Oc, 0e, and opening con 
tacts. Old and Of. The opening of the latter con 
tacts opens the circuit through relay 2, and 
makes it impossible for that relay to be actuated. 
The closing of contagts Oc, Ole establishes the 
shunt circuit around the coil 0a including var 
iable resistor 6. The effect of thus placing a re 
sistor in parallel with the coil 0a is to reduce the 
effective resistance in the charging circuit of con 
denser 4, thereby reducing the time required for 
the building up of the charge within the con 
denser. As the charge increases, the low of cur 
rent will decrease, and ultimately reach a point at 
which there is insufficient current flow to main 
tain the relay in actuated condition. When such 
point is reached relay to releases, opening con 
tact Oc, foe, and closing contacts fod, of. The 
latter establishes a circuit through coil 2a and 
the now charged condenser 4. The condenser 
immediately begins to discharge at a maximum 
rate, resulting in actuation of relay f2, thereby 
opening the circuit through coil Oa at contacts 
f2f, 2d. and closing the shunt circuit through 
resistor 7 at contacts 2c, 2e. Thus as soon as 
the relay has been actuated, the shunt circuit for 
controlling the time required for the discharge 
of the condenser is established, and the relay re 
mains energized as long aS there is a sufficient 
flow of discharging current. When the value of 
the discharge current falls below a predetermined 
point, it is no longer sufficient to maintain relay 
2 in actuated condition, and this relay then re 

leases, again establishing the charging circuit 
through relay O. Such operations thereafter 
continue as described and because the periods of 
time between successive operations are dependent 
upon the electrical characteristics of capacitance 
and resistance, they are subject to predetermined 
control and are maintained with considerable ac 
curacy as so selected. 
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In order to effect regulation of the period dur 
ing which the relays remain energized, and hence 
controlling the time intervals between actuation 
of the two relays, resistors 6 and T may be prop 
erly adjusted. Upon increasing the values there 
of, up to the maximum point where the shunt cir 
cuit would be entirely open, it will be apparent 
that the characteristics of the charging and dis 
charging circuits will be determined by the values 
of capacity of the condenser, and the fixed re 
sistance in the circuit, primarily that of the re 

. lay coils themselves; and that under such circum 
stances the maximum time to effc it charging and 
discharging will be required hence resulting in 
longe' time intervals between operations. If de 
sired, it will be clear that additional resistance can 
be inserted in Series with the condenser to further 
extend the time required for charging and dis 
-charging thereof. 
On the other hand when the values of re 

sistance are decreased to the mininnum which 
represents a short circuit around the respective 
relay coils, which however is not established until 
after the completion of actuation thereof, it will 
be clear that the minimum time will be required 
thereafter to complete the charging or discharg 
ing of the condenser, since the charging resistance 
has been substantially eliminated, and hence this 
results in producing shorter time intervals be 
tween operations. 

It will also be clear that the actual period neces 
sary for these operations will vary with the ca 
pacitance of condenser 4, and that this may be 
varied as well as the resistance in the charging 
circuit, to secure a variable time of actuation. 
Using very large values of capacity discharging 
through Small resistances at a high rate results 
in high currents and consequent probability of 
deterioration of the contacts. Likewise an amount 
of internal resistance in the condenser compar 
able with the resistance of the charging or dis 
charging circuit may cause faulty operation so 
that it is generally found desirable, in attaining 
the higher operating Speeds; to reduce the ca 
pacity of the timing condenser rather than by 
the use of a very low adjusting resistor. This is 
readily accomplished by the use of a plurality of 
electrolytic condensers arranged to be selectively 
included in the circuit, the use of Such condensers 
being desirable in view of their relatively large 
capacity and Small Space requirements. However 
because it is usually not practicable to secure ex 
treme accuracy in the capacity of such con 
densers, the concurrent use of adjustable re 
sistors has also been found desirable. 

It will thus be observed that each relay, as 
suming it to have similar electrical and physical 
characteristics, will require substantially the same 
length of time to actually close following initia 
tion of flow of the charging or discharging cur 
rent, and will be maintained in actuated condi 
tion by Substantially the same rate of current 
flow through the two coils. Thus there is a con 
stant factor in the timing period represented by 
that time required for the release of one relay 
and the operation of the other; and a variable 
factor representing the time during which each 
of the relays remains in its actuated condition. 
This latter factor is subject to variation and con 
trol as described above, and may be made rela 
tively short in proportion to the first factor such 

- as an interval corresponding approximately with 
or even less than the time required for the me 
chanical movements, or may be made substan 
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many times that period. It will likewise be understood that whe 
two relays have similar charac 'a- ? --- 

to bring about a similar time during which each 
of the relays remains in energized condition. ... 
Such an arrangement is shown diagrammati 

cally in Fig. 2 in which the relaysfe and 2 are 
each provided as described above with the ac 
tuating coils and other parts ea to log and 2a 
to, 2g respectively. However in place of the sep 
arate resistors s, , a single resistor 20 is pro 
vided, made suitably variable, and connected to 
be placed in shunt circuit with the respective 
relay coils Oa and 2a so as to be alternately 
incorporated in the charging and the discharg 
ing circuits of condenser is following actuation 
of the respective relays. Variation of this re 
sistor produces variation in the length of time 
during which the flow of charging current or dis 
charging current continues in excess of that mini 
mum value required to maintain the relay arma 
ture" in actuated condition, and hence provides 
for regulating the period of actuation and the 
frequency of operation in the same manner as 
resistors 6, 7 described above. 

Furthermore. Fig. 2 shows additional contacts 

pacitance-resistance characteristics therein, and 
tion of flow of charging and di 
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tially longer than this period, for example up to . . 
3 

discharging current from the charged condenser 

actual dura 
. . . . . . . . . . . . . . . . .''. r.' * , arging current 

in the circuit of solenoid 22 may be made-inde 
pendent of the contacts. Od, Oh... and 2d, 12h 
when condenser. 23 is included in the circuit. 
Thus by suitable selection of the electrical char 
acteristics, i.e., capacitance and resistance, in the 
circuit of solenoid 22, the charging and discharg 
ing currents may be so regulated as to have de 
creased to a substantially low value at the time 
of opening of the respective switch contacts in 
the circuit; as a result therefore: arcing and in 
jury to the contact points may be reduced to a 
minimum. Further it will be also clear that 
where it is desired to effect the actuation of an 
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Gh and i2h arranged to be closed respectively 
by contact arms. Odi and 2d upon actuation of 
the respective relays 0 and 2. These contacts 

h and i2h are connected in a circuit which in 
cludes a solenoid 22, a multiplying condenser 23, 
and one side of the power source 3. A control 
switch 23, is arranged to short circuit condenser 
23 and thus to effectively remove it from the cir 
cuit of solenoid 22. This condenser performs the 
function of multiplying the effective frequency of 
generated impulses in a manner hereinafter de 
scribed. 

4) 

Considering first the case where switch 24 is . 
closed, and hence condenser 23 removed from the 
circuit of solenoid 22, it will be apparent that 
upon actuation of relay 0, closing contacts fod 
and Oh, a circuit is completed through the power 
source, said contacts, solenoid 22, closed switch 
28, and back to the other side of the power source. 
As a result thereof current flows through sole 
noid 22, producing a timed electrical impulse for 
effecting a control operation as desired. Upon 
the release of relay 0, and the subsequent actua 
tion of relay 2, it will be seen that the power 
source is no longer included in the circuit of 
solenoid 22, and hence no energization of the 
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solenoid takes place upon actuation of relay 2. 
Consequently, a timed actuation of solenoid 22 
occurs once for each operation of relay 10, with 
no corresponding energization upon operation of 
relay 12. 
cluding multiplying condenser. 23 in the circuit, 
the closing of switch contacts (d. and Oh estab 
lishes a flow of charging current through con 
denser 23 which energizes solenoid 22. Upon re 
lease of relay 0 and actuation of relay 2, clos 
ing contacts 2d. and 2h, a discharging circuit 
is established through said contacts, and the sole 
noid 22, through which there-occurs a flow, of 
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However when switch 24 is open thereby in 
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auxiliary device under the control of solenoid 22, 
particularly where such device has parts requir 
ing any material period of time for resetting after 
one actuation in preparation for the next, this 
circuit provides for a strong timed operating pulse 
through solenoid 22, which can then be termi-. 
nated promptly, by reason of the substantial com 
pletion of flow of charging or discharging current, 
affording the mechanism ample time for resetting, 
prior to the subsequent operation of the other 
relay and the generation of a subsequent operat 
ing pulse through the solenoid. Hence, the be 
ginning of each timed pulse is accurately con 
trolled, but the solenoid is not unnecessarily 
maintained in energized condition during the 
time interval that the timing relays continue to 
be energized. By terminating the flow of current 
through the solenoid in a lesser period of time, 
the mechanism controlled thereby is given ade 
quate time for resetting, and damage to the switch 
points is substantially eliminated. 
Where an odd number of impulses is desired, 

that is where the operation terminates with the 
energization of relay fo, it is clear that a charge 
might be left upon condenser 23, and if not dissi 
pated, would interfere with the beginning of a 
subsequent cycle of operations, delaying those op 
erations by a half cycle. Accordingly it is pre 
ferred to place a high resistance 25 across con 
denser 23 through which any residual charge 
thereon can be dissipated, but which is of such 
high resistance as to not materially alter the char 
acteristics of the system during normal operation. 

Fig. 3 shows the application of the present in 
vention to an arrangement for dropping bombs 
in predetermined timed sequence. The relay 
parts and switch contacts 0 to 10h and 2 to i2h 
are as described above, and are similarly identi 
fied for easy reference. In order to secure pre 
determined timed operation of the device at a rate 
to be manually selected, a plurality of condensers 
4a, 4b and f4c are utilized. Likewise a tapped 

resistor 20 is arranged to be incorporated in the 
charging and discharging circuits of said, con 
densers in the manner of relay20 described above. 
A manual control switch 30 is provided compris 
ing an indicating dial 30a, upon which the speeds 
are shown, and three switch arms 30b, 30c, and 
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30d, preferably arranged in Separate planes or 
decks and actuated by a common shaft indicated 
at 30e. The switches have a Series of positions 
shown as eleven in number, corresponding to the 
indicated speeds on the dial 39a, a representative 
series of such speeds being 2, 3, 4, 5, 6, 8, 10, 12, 
14, 16 and 20 operations per Second. In Order to 
secure such variable range of operations, these 
switches are made to selectively control the in 
corporation of the several condensers and variable O 
resistors in circuit as will be described more in 
detail hereinafter. 
The bomb rack is shown diagrammatically at 

35, comprising a series of release arms 36 having 
depending fingers 37 upon which the bombs 38 
are retained. A compression spring 39 acting 
against a collar 40 fastened to the arms 36 nor 
mally tends to withdraw said arms and to effect 
the release of the bomb. However a cam plate 4 
is arranged in line with each of the arms 36, and 
has a cam face 42 thereon of varying length, 
which normally engages the arms 36 and prevents 
their movement to release the respective bombs. 
Cam plate 4 is provided with ratchet teeth 43, 
and a pivotally mounted pawl member 44 is ar 
ranged to engage said teeth to effect the notching 
of the cam plate upwardly. Operation of the 
pawl 44 is effected electrically by means of a sole 
noid 45, each actuation of which causes the pawl 
to lift the cam plate by one notch. As shown the 
several faces. 42 are such that the lowermost arm 
36 will be released upon the first actuation of 
pawl 44, and since the face in contact with the 
next uppermost arm 36 is proportionately wider, 
it will be released upon the second pawl operation. : 
Similarly each successively higher bomb will be 
caused to be released upon each additional pawl 
operation. It will be understood that other suit 
able mechanism for effecting Sequential Opera 
tons of the character described, upon a series of 
energizations of solenoid 45, may be utilized as 
desired. 

In some cases it may be desired by the operator 
to secure complete manual control of the release 
of the bombs, and in others to secure the timed 
sequence operation as described herein. To pro 
vide. for securing such selective operations, a 
double-pole, double-throw control switch 48 is 
provided which when thrown to one position as 
shown to the left, provides for securing timed 
sequential operation, and when thrown to the 
right provides for individual control of the opera 
tions by manual means. The description will be 
directed primarily to the former type of operation 
with the Switch 48 thrown to the left to establish 
the predetermined and timed sequential operation 
of the system. 

In order that the operator may manually con 
trol the operations of the system and also receive 
an indication of the exact status of the operation 
at any time, a manually controlled preselector 
device 50 is provided having an indicating dial 
50a upon which are indicated the total number 
of operations to be performed, for example the 
total number of bombs held in the rack. A man 
ually adjustable pointer arm 50b is arranged for 
cooperation with such Scale, and upon manual 
operation, is adapted to effect rotation of a shaft 
50c. This shaft carries a cam disk 50d having a 
cam pin 50e thereon which is arranged to effect 
the opening of a limit switch 52 when the desired 
number of operations have been completed. The 
pin 50e is related to the indicating arm 50b in 
such manner that when arm 50b stands at the 
zero or off position, switch 52 is open but at any 
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operative position at which arm 50b may be set, 
switch 52 is closed. 
The shaft likewise carries a toothed wheel 50f 

with which there engages a notching pawl 54 and 
a non-reverse pawl 55. A solenoid 56, corre 
Sponding in function and operation with solenoid 
22 as described above in connection with Fig. 2, 
is provided with armature 56a, which carries 
switch arms 56b and 56c. The armature likewise 
is connected to the pivoted pawl member 54 so 
that upon each actuation of Solenoid 56 the pawl 
is actuated, and the toothed wheel is advanced 
One Step. 
Opon adjustment of the preselector device 50 

to move the indicating hand away from the off 
position, limit switch 52 closes, and a circuit for 
an indicating light 60 is closed, indicating to the 
Operator that the system is preconditioned for 
Operation. The arm 50b is adjusted to a position 
corresponding to the number of operations which 
it is desired to secure, and as will be clear the 
adjustment of this arm to a proper indicating 
value on the dial will indicate the number of op 
erations which will take place before the limit pin 
50e opens the limit switch 52. 
With the preselector device thus adjusted, and 

the indicator device 60 operated, the operator 
may depress a manual push button 6 f which 
closes an energizing circuit through hold-in re 
lay 62, such circuit being completed through the 
closed contacts of limit switch 52. Upon oper 
ation relay 62 closes its contact arm 62a upon 
contact 62b, and thereby establishes a holding 
circuit around push button switch 6 so that the 
latter may be released after its initial operation. 
Relay 62 also carries a switch arm 62c which 
closes upon contact 62d, thereby closing a circuit 
from One side of the power source through switch 
contacts Od, Oh, or 2d., 2h, through the switch 
48, and to one side of relay 56, which in turn is 
connected to the opposite side of the line by 
one of the arms of switch 30, and back to the 
opposite side of the power source either directly 
or through one of the doubling condensers 4b or 
4c, depending upon the setting of switch 30. 
Accordingly energization of solenoid 56 occurs, 
in definite timed relation with the operation of 

5 5 

75 

relays 0 and f2. Upon each operation of relay 
56, switch arm 56b closes contact 56d, and con 
nects the operating solenoid" 45 with the power 
Source So as to Secure the release of a bomb. 
In order to avoid unnecessary arcing of the 

contacts 56b and 56d, an arc-suppressing con 
denser 57 is connected across such contacts to 
avoid objectionable arcing therein. Likewise 
upon Operation relay 56 closes switch arm 56c. 
upon contact 56e, the latter establishing a shunt 
circuit around the contacts Od, Ob and f2d, 12h 
so that assurance will be provided that the last 
operation will be certain of being completed, re 
gardless of the exact point in the cycle at which 
the limit switch 52 opens. 

Operation of relay 56 continues in predeter 
mined timed sequence under the control of the 
relays 0 and f2, each operation effecting the 
notching of the preselector device 50 by another 
step. Finally when the predetermined number 
of Operations has been completed, as determined 
by the initial setting of control arm 50b, limit pin 
50e engages the movable contact of the limit 
switch 52, thereby opening the circuit through 
the control. relay 62 and extinguishing the indi 
cating light 60 and deenergizing both relays fo 
and 2. As above described however the last 
cycle of Operation is continued through contacts 

w 



88c, 632, but upon completion of that operation, 
the eatire systein is disconected from the power 
source and furtheir operation is terminated. 

in Order to secure control over the speed at 
which he boats are dropped, switch 39 is man 
aly adjusted to the desired rate as indicated 

or face plate 33d. In the initial position corre 
Sponding for example to 2 operations per second, 
the several SWitch 3rs 336, 36c and 33d are so 
connected as to incide all three condensers 6d, 
Séb and Séc in parale as timing condensers, the 
capacities of these units being suitably selected 
3s required. For example condenser 42 and 6b 
3Aay have a capacity of 250 E. f. and condenser 
&c O 500 . . Under these conditions the total 

Capacities in circuit, with relays and 2 is 
000 gr, f. 
In the Second Csition in order to obtain 8 

spaed of three operations per second, the switches 
are arrataged to disconnect condenser 5b from 
the timing circuit, thereby giving 8, net capac 
itance of 50 area. . 

In the next position corresponding to four oper 
sations per second, condenser (b is reconnected 
in the timing circuit, and condenser ice is dis 
connected, thereby providing & timing capacity 
of 500 m, i. 

order to secre speeds of five and six Oper 
sations per Second, the same capacity is utilized, 
and variable values of resigtance 20 8re in CO 
porated is the shant circuit for the relays 8. 
Sand 2, these veiles ceiling Selected to give 3, 
nore rapid ital in the charging aid discharging 
currents as described above, so as to secure deen 
ergization, and selease of the relays at prose' : 
controlled tine Ratesvais. 

In order to secre speeds of eight, tex and 
twelve operations gear Second, the Sarine cagac 
it&nce and resistance cozaditions &s established for 
the timing intervals of four, five and six opera 
tions per second, espectively, are of aired, with 
the incorporation of coadenser Act into the cir 
cuit of coil 36, as a multiplying ecozideraser to 
obtain the doubling action as described 'above. 
that is to say, with the maiauai co-atrol Enenber 
adjusted in any of its positions fro-C two to 
six operations per second, the circuit does not 
incorporate a dooing condenser in circuit with 
relay 55, and hence energization of relay S8 oc 
curs only once for each operation of relay , and 
does not occar upon actuation of relay E2. How 
ever switch 38, Wyse adjusted to give speeds of 
eight, ten and Reive operations ge: second, ef 
fects the incorporation of condensei 4c in cir 
cuit with the cois 33 gihere it acts as 3 speed 
doubling device, 30 that coii. 36 is energized upor. 
each energization of . relay SG and likewise of 
relay 82. 

in order to sectire speeds of fourteen, sixteen 
and twenty operations per second, the switch 36 
is arranged to clade only condenser Ség in cir 
cit With he relay coils and with suitably ad 
justaiole yues of gesistance. 39 included in the 
saun, circait thereWii agxos, eacid actuation of 
he relays or 3. Switch 39 in these positions 

likewise effects the stastitution of the Smaller 
capacity condense 3b the circuit as a doubling 
condenser so that relay 58 is energized upon 
each actuation of either relay S3 or 2, the smailer 
capacity cozadessex 3E requiring a shorter time to 
econe charges and discharged. 

& 7 of course e clear that the actual values 
gat seeds of operation are given as illustrative, 
agai at they anay be varied over substantially 
wide Sunits in order to secure properly timed 
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3eriodie inpulses for whatever control purposes 
2re desired. 
As explained above, the throwing of SYitch 88 

to its right-hand position disconnects the tin 
ing device from the actuating circuit of relay 35, 
and makes the energization of this latter relay 
dependent solely upon manual control button 6 a. 
Since Switch 48 when in the right-hand posi 
tion, with the preselector device 5 in its of 
position, opens the circuit from the power Source 
to the limit switch 52 and the coil of hold-in re 
lay 62, it will be clear that hold-in relsy 62 gill 
not be energized upon the closing of the push 
button 6A, and hence in this condition the de 
Vice provides for the individual operation of re. 
lay 65, and the consequent dropping of a bona, 
in direct relation to each operation of the 
an:2 push button. 
The device therefore provides a highly satis 

factory and extremely signple tithing device in 
which there is generated a series of tinned in 
pulses accurately spaced as to tire, and of pre 
determined controlled duration. Such inpulses 
Faay be utilized as desired, for effecting control 
of a recurrent function, and are of especial 
adaptability for controlling the release of a series 
(of boths of the like. Frogoer control is supplied 
for the operator, and likewise suitable indication 
is give at all tirnes of the status of the device. 
It is simple in Construction, and does not add 
weight which night be objectionable for se 
upon an aircraft. Signilarly it is adapted for 
operation by the powey source sually present, 
in 3A aircraft. 
While the process herein described, and the 

foss of apparatus for carying this process into 
&ffect, constitute a preferred ambodient of the 
is vegation, it is "to be understood that, the inven 
tion is not linited to this precise process and 
iors of apperatus, and that changes may be 
22&de in either without, departing frox, the scope 
of the invention which is defined in the appended 
claisas. 
What is claimed is: 
1. A tining device of the character described 

8.dapted to be energized frog in a sorce of eiec 
trical energy and to establish predetermined 
uniforin time intervais coin prising a plurality 
of electromagnetic relay raeans, a circuit, for 
eachi said relay including control contacts 
actuated by the other relay and arragaged to be 
closed only upon deemergization of said other 
relay, a tigning condenser, connections for estab-. 
lishing a charging circuit for said condenser 
through one of said relays to effect actuation 
thereof, said relay being maintained in actuated 
condition during continuance of the flow of: 
charging current in excess of 9 predetermined : 
Wallie, connections effective upon release of said 
reiey for establishing a circuit for the other of 
Said relays for the discharge of said condense, 
said other relay being rnaintained in actuated 
condition during continuance of the flow of said 
discharge current in excess of a predetermined 
V8lie, resistance means separate from and 
adapted to be associated with Said relays respec 
tively for controlling the time of charge and of 
discharge thereof, and means for including the 
Sarae resistance means alternately in circuit 
With each of said relays after the actuation 
hereof. 
2. A tining device of the character described 

adapted to be energized from a source of elec 
trical energy and to establish predetermined uni 
for a time intervals comprising a plurality of 
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electromagnetic relay means, a circuit for each 
said relay including control contacts actuated 
by the other relay and arranged to be closed 
only upon deenergization of said other relay, a 
condenser, connections for establishing a charg- . 
ing circuit for Said condenser through One of 
said relays to effect actuation thereof, said re 
lay being maintained in actuated Condition dur 
ing continuance of the flow of charging current 
in excess of a predetermined value, and connec 
tions effective upon release of said relay for 
establishing a circuit for the other of said re 
lays for the discharge of said condenser, said 
other relay being maintained in actuated con 
dition during continuance of the flow of Said 
discharge current in excess of a predetermined 
value, means adapted to be placed in circuit with 
said relay and said condenser for varying the 
time required for the charging current and dis 
charging current of said condenser to fall ber 
low said predetermined minimum value to there 
by vary the length of time during which each 
of said relays remains energized, and means for 
excluding said time varying means from the 
charging and discharging circuits for Said re 
lays until after initial actuation thereof and for 
then including said time varying means in Said 
circuits to provide for said timing control while 
assuring positive actuation of Said relayS. 

3. A timing device of the character described 
adapted to be energized from a source of elec 
trical energy and to establish predetermined uni 
form time intervals comprising a plurality of 
electromagnetic relay means, a circuit for each 
said relay including control contacts actuated 
by the other relay and arranged to be closed 
only upon deenergization of said other relay, 
a timing condenser, connections for establishing 
a charging circuit for said condenser through 
one of said relays to effect actuation thereof, 
said relay being maintained in actuated condi 
tion during continuance of the flow of charging 
current in excess of a predetermined value, and 
connections effective upon release of Said relay 
for establishing a circuit for the other of said 
relays for the discharge of said condenser, Said 
other relay being maintained in actuated con 
dition during continuance of the flow of Said 
discharge current in excess of a predetermined 
value, a single resistance means for controlling 
the time required for the charging and dis 
charging of said condenser, and means for Con 
necting said same resistance means in circuit 
with said condenser and said relays alternately 
upon the actuation thereof to thereby vary the 
length of time required for the current through 
said relay to fall below said predetermined 
minimum value with resultant release thereof. 

4. A timing device of the character described 
for controlling the periodic dropping of bombs 
and the like adapted to be energized from a 
source of electrical energy and to establish pre 
determined uniform time intervals comprising a 
plurality of electromagnetic relay means, a cir 
cuit for each said relay including control con 
tacts actuated by the other relay and arranged 
to be closed only upon deemergization of Said 
other relay, a timing condenser, connections for 
establishing a charging circuit for said condenser 
through one of said relays to effect actuation 
thereof, said relay being maintained in actuated 
condition during continuance of the flow of 
charging current in excess of a predetermined 
value, and connections effective upon release of 
said relay for establishing a circuit for the other 
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Said other relay being maintained in actuated 
condition during continuance of the flow of said 
discharge current in excess of a predetermined 
value, means for varying the time required for 
the charging and discharging currents to fall 
below said predetermined minimum including 
means for varying the capacitance-resistance 
characteristics of the circuit, and means for in 
cluding the same time varying means in circuit 
with One and then the other of said relays in 
mediately following the actuation thereof in 
Order to provide said timing control with posi 
tive actuation thereof. 

5. A timing device of the character described 
adapted to be energized from a source of elec 
trical energy and to establish periodic timed im 
pulses which comprises a plurality of relay 
means each. having circuit control means asso 
ciated therewith, a condenser, circuit connec 
tions providing for establishing a charging cir 
cuit for said condenser for one of said relays 
to effect actuation thereof while the other relay 
remains deemergized, said first relay remaining 
energized while the flow of charging current 
therethrough exceeds a predetermined value, 
circuit connections effective upon release of said 
first relay for establishing a circuit through said 
second relay for the discharge of said charged 
condenser, said second relay remaining energized 
While the flow of discharging current there 
through exceeds a predetermined value, thereby 
Securing alternate timed operation of said re 
lays, and means associated with said charging 
and discharging circuits for varying the capacity 
resistance characteristics thereof to predeter 
mine the length of time required in said charg 
ing and discharging operations, a single control 
circuit, and Switch means operated by said relays 
for effecting periodic alternate introduction of 
said single control circuit into the circuit of Said 
first and second relays. 

6. A tinning device of the character described 
adapted to be energized from a Source of elec 
trical energy and to establish periodic timed 
impulses which comprises a plurality of relay 
means each having circuit control means asso 
ciated thereWith, a timing Condenser, circuit 
connections providing for establishing a charg 
ing circuit for said condenser through one of 
Said relays to effect actuation thereof while the 
other relay remains deenergized, said first relay 
remaining energized while the flow of charging 
current therethrough exceeds a predetermined 
value, circuit connections effective upon release 
of said first relay for establishing a circuit 
through said second relay for the discharge of 
said charged condenser, Said Second relay re 
maining energized while the flow of discharg 
ing current therethrough exceeds a predeter 
mined value, thereby Securing alternate timed 
operation of said relays, and means associated 
with said charging and discharging circuits for 
varying the capacity-resistance characteristics 
thereof to predetermine the length of time re 
quired in Said charging and discharging opera 
tions, a control circuit, a solenoid in the control 
circuit, a multiplying condenser in circuit With 
said Solenoid and adapted to be charged from 
the source of electric energy, switch contacts 
operated by said relay means for effecting clos 
ing of a charging circuit through said solenoid 
and said multiplying condenser, and switch 
means carried by the other of Said relay means 
for closing a discharge circuit of said multiply 
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ing condenser through said solegold to effect 
tied actuation thereof upon actuation of each 
of said relayS. 

7. A tining device of the character described 
adapted to be energized from a Source of elec 
trical energy and to establish periodic igned in 
pulses which comprises a plurality of relay 
means each having circuit control Eneans aSS0 
ciated therewith, a timing condenser, circuit 
connections providing for establishing a charg 
ing circuit for said condenser through one of 
said relays to effect actuation thereof while the 
other relay remains deemergized, S8id first relay 
are maining energized while the flow of charging 
current therethrough exceeds a predetermined 
value, circuit connections effective upon a release 
of ssic first relay for establishing a circuit 
through said second relay for the discharge of 
said charged condenser, said second relay re 
maining energized wiile the flow of discharging 
current therethrough exceeds a predetermined 
value, thereby securing alternate timed Opera 
tion of said relays, and means associated with 
said charging and discharging circuits for vary 
ing the capacity-resistance characteristics there 
of to predetermine the length of time required 
in said charging and discharging operations, a 
control circuit, a solenoid in the control circuit, 
a raultiplying condenser in circuit with Said Sole 
noid and adapted to be charged from the Source 
of electric energy, switch contacts carried by said 
relay means for effecting closing of a charging 
circuit, through said solenoid and Said condenser, 
and switch means operated by the other of Said 
relay means for closing a discharge circuit of 
said in ultiplying condenser through said Sole 
noid to effect actuation thereof upon actuation 
of each of said relays, and control means for re 
moving said multiplying condenser from the 
solenoid circuit to provide for actuation thereof 
in response to operation of only one of Said 
relayS. 

3. A timing device of the character described 
adapted to be energized from a source of elec 
trical energy and to establish periodic timed in 
pulses which comprises a plurality of relay 
means each having circuit contirol aeans aSSo: 
ciated therewith, a tirining condenser, circuit 
connections providing for establishing a charg 
ing circuit for said condenser through one of 
said relays to effect actuation there.cf while the 
other relay remains deemergized, Said first relay 
remaining energized while the flow of charging 
current therethrough exceeds a predetermined 
value, circuit connections effective upor a re 
lease of said first relay for establishing a cir 
cuit through said second relay for the discharge 
of said charged condenser, said Second relay re 
maining energized while the fioW of discharging 
curren, therethrough exceeds a predetermined 
value, thereby securing alternate tined opera 
tion of said relays, and leans associated with 
said charging and discharging circuits for vary 
ing the capacity-resistance characteristics there 
of to predetermine the length of time required 
in said charging and discharging operations, a 
control circuit, a solenoid in the control circuit, 
a multiplying condenser in circuit with Said 
solenoid and adapted to be charged from the 
source of electric energy, switch contacts car 
ried by said relay means for effecting closing of 
a charging circuit through said solenoid and Said 
condenser, and switch means operated by the 
other of said relay means for closing a discharge 
circuit of said multiplying conderaser through 
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said solenoid to effect actuation thereof upon 
actuation of each of said relays, the flow of cur 
rent through Sad Solenoid during charging and 
discharging of Said condenser being maintained 
for a period of the order of or less than the 
period during which said relays remain in 
actuated condition. 

9. A tinning device of the character described 
adapted to be energized from a source of elec 
trical energy and to establish periodic timed im 
pulses for controlling the dropping of bombs 
and the like which comprises a plurality of re 
lay means each having circuit control reans 
asSociated therewith, a condenser, circuit con 
nections providing for establishing a charging 
circuit for said condenser through one of said 
relays to effect actuation thereof while the other 
relay remains deenergized, said first relay re 
maining energized while the flow of charging 
current therethrough exceeds a predetermined 
value, circuit connections effective upon release 
of said first relay for establishing a circuit 
through said Second relay for the discharge of 
said charged condenser, said second relay re 
maining energized while the flow of discharging 
current therethrough exceeds a predetermined 
value, thereby securing alternate timed opera 
tion of Said relays, aeans associated with said 
charging and discharging circuits for varying 
the capacity-resistance characteristics thereof 
to predeteranine the length of tine required in 
said charging and discharging operations, a 
control circuit, a Solenoid in said control circuit 
adapted to be repeatedly energized at uniform 
intervals corresponding to the timed operation 
of said relays, counter-mechanist actuated by 
said Solenoid at each energization thereof to 
count the number of Such actuations, and means 
controlled by Said counter mechanism for effect 
ing the opening of said relay circuits to ter 
minate the operation of said relays after com 
pletion of a predetermined number of such 
operations. 

10. A tinning device of the character described 
adapted to be energized fron a source of elec 
trical energy and to establish periodic timed in 
pulses for controlling the dropping of bombs and 
the like which comprises a plurality of relay 
raneans each having circuit, contirol means asso 
ciated theireWitt, a condense, circuit correc 
tions providing for establishing a charging cir 
cuit for said condenser through one of said re 
lays to effect actuation thereof while the other 
relay remains deenergized, said first relay re 
maining energized while the fow of charging 
current therethrough exceeds a predeternized 
value, circuit connections effective upon release 
of said first relay for estabilishing a circuit, 
through said second relay for the discharge of 

9 said charged condenser, said second reisy re 
inaining energized while the flow of discharg 
ing current therethrough exceeds a predeter 
mined value, thereby securing alternate timed 
operation of Said relays, Eleans associated with 
said charging and discharging circuits for vary 
ing the capacity-resista Ynce characteristics there 
of to predetermine the length of time required 
in said charging and discharging operations, a 
control circuit, a Soleanoid in said control cir 
cuit, adapted to be repeatedly energized at uni 
form intervals corresponding to the timed opera 
tion of said relays, counter-mechanism actuated 
by said Soleroid at each energization thereof to 
count the nuEnber of Such actuations, means 
operable to effect deelergization of said relays 
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; when said solenoid has been actuated a pre 
idetermined number of times, and additional 
circuit control means to assure completion of 
each actuation of Said counter mechanism in 
cluding the last actuation thereof. 

11. A tinning device of the character, described 
adapted to be energized from a source of elec 
trical energy and to establish periodic timed in 
pulses for controlling the dropping of bombs 
and the like which, comprises a plurality of re 
lay means each having circuit control means 
associated therewith, a condenser, circuit con 
nections providing for establishing a charging 
circuit for said condenser through One of Said 
relays to effect actuation thereof while the other 
relay remains deenergized, said first relay re 
maining energized while the flow of charging 
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current therethrough exceeds a predetermined 
value, circuit connections effective upon release 
of said first relay for establishing a circuit 
through said second relay for the discharge of 
said charged condenser, said Second relay re 
maining energized while the flow of discharging 
curreat therethrough exceeds a predetermined 
value, thereby securing alternate timed opera 
tion of Said relays, means a SSociated With Said 
charging and discharging circuits for varying 
the capacity-resistance characteristics thereof 
to predetermine the length of time required in 
said charging and discharging Operations, a con 
trol circuit, a solenoid in Said control circuit 
adapted to be repeatedly energized at uniform 
intervals corresponding to the timed operation 
of said relays, counter-mechanism actuated by 
said solenoid at each energization thereof to 
count the number of such actuations, limit 
SWitch means actuable after a predetermined 
number of operations of said Solenoid to de 
energize said relays, manually operable means 
for setting said limit switch to a position corre 
sponding to a desired number of operations in 
dicative of the number of bombs to be dropped, 
and' means operable only after said manually . 
operable means has been set to a predetermined 
operative position for indicating that said de 
vice is preconditioned for operation. 

12. A timing device for use in the sequential 
dropping of bombs and the like comprising a 
timing circuit adapted upon being energized to 
produce a series of periodic impulses of pre 
selected variable frequency at uniform intervals 
following such energization, a counter mecha 
nism adapted to be set for a predetermined num 
ber of operations, means for actuating said 
counter mechanism at each of Said periodic in 
pulses, means controlled by the operation of the 
counter mechanism for opening and disabling 
the timing circuit following said predetermined 
number of actuations thereof, and means for 
by-passing said circuit opening means during 
the operating movement of said counter mecha 
nism to assure completion of each actuation 
thereof including the last actuation. 

13. A timing device for use in the Sequential 
dropping of bombs and the like comprising a 
timing circuit adapted upon being energized to 
produce a series of periodic impulses of pre 
selected variable frequency uniformly commenc 
ing immediately following such energization, 
counter mechanism having a Zero position and 
a series of operative positions corresponding to 
the desired number of bombs to be dropped, 
means for effecting step by step operation of Saidi 
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positions to its zero position in response to said 
periodic impulses, a limit switch in the timing 
circuit actuated by said counter mechanism 
Selectively in relation to the position of said 
mechanism in its said operative or in its said 
Zero position, and circuit control means under 
manual control for closing the circuit through 
said limit Switch to energize and initiate opera 
tion of said timing circuit to produce said timed 
impulses until the desired predetermined num 
ber of operations have been completed, said cir 
cuit being maintained through said limit switch 
until the return of said counter mechanism to 
its Said Zero position. 

14. A timing device for use in the sequential 
dropping of bombs and the like comprising a 
tinning circuit adapted upon being energized to 
produce a series of periodic impulses of pre 
selected variable frequency uniformly commenc 
ing immediately following Such energization, 
counter mechanism having a zero position and 
a series of operative positions corresponding to 
the desired number of bombs to be dropped, 
means for effecting step by step operation of 
said counter mechanism from any of its said 
operative positions to its zero position in re 
sponse to said periodic impulses, a limit switch 
in the tinning circuit actuated by Said counter 
mechanism Selectively in relation to the posi 
tion of said mechanism in its said operative or 
in its said Zero position, means controlled by 
said limit SWitch means and adapted to be 
actuated upon adjustment of said counter 
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counter mechanism from any of its said operative 78 

mechanism to any of its operative positions to 
effect control of an indicator showing said de 
vice to be preconditioned for operation, and cir 
cuit control means under manual control for 
closing the circuit through said limit Switch to 
energize and initiate operation of Said timing 
circuit until the desired predetermined number 
of operations have been completed, said circuit 
being maintained through said limit switch un 
til the return of said counter mechanism to its 
said zero position. 

15. A tinning device for use in the Sequential 
dropping of bombs and the like comprising a 
timing circuit adapted upon being energized to 
produce a series of periodic impulses of pre 
selected variable frequency uniformly commenc 
ing immediately following such energization, 
counter mechanism having a Zero position and 
a series of operative positions corresponding to 
the desired number of bombs to be dropped, 
means for effecting step by step operation of Said 
counter mechanism from any of its said opera 
tive positions to its zero position in response 
to said periodic impulses, a limit Switch in the 
timing circuit actuated by said counter mecha 
nism selectively in relation to the position of 
said mechanism in its said operative or in its 
said Zero position, circuit control means under 
manual control for closing the circuit through 
said limit Switch to energize and initiate opera 
tion of said timing circuit to produce said timed 
impulses, means for maintaining Said limit 
switch circuit closed until the desired predeter 
mined number of operations have been con 
pleted, said circuit being maintained through 
said limit Switch until the return of Said counter 
mechanism to its said Zero position, and a selec 
tor switch operable to disable said maintaining 
means to provide for individual control of said 
operations by said manual control. 
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