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Kensington, Md. 

Filed June 25, 1962, Ser. No. 204,820 
23 Claims. (Cl. 235-201) 

The invention described herein may be manufactured 
and used by or for the Government for governmental 
purposes without the payment to me of any royalty 
thereon. 
The present invention relates to fluid-operated devices 

and more particularly to fluid-operated scalars. 
Fluid amplification with no moving parts makes it 

possible to provide an extremely wide variety of systems 
in which only the fluid moves; that is, there are no me 
chanical moving parts. An amplifier employing the princi 
ples of pure fluid amplification is described in my copend 
application Serial No. 51,896 filed September 19, 1960, 
now Patent No. 3, 122,165 and the utilization of positive 
feedback with such an amplifier is described in my co 
pending application Serial No. 51,754 filed August 24, 
1960. In this latter application, positive feedback is 
utilized in one embodiment of the invention to obtain a 
bistable or flip-flop type of apparatus in which all of the 
fluid is initially directed to one of at least two outlets of 
the device and upon the application of an appropriate in 
put signal, all of the fluid flow is switched to a second out 
let device. 

In the copending patent application Serial No. 58,188 
of Romald E. Bowles and Raymond W. Warren filed on 
October 19, 1960, there is described a pure fluid-operated 
device employing internal boundary layer effects to 
achieve a flip-flop type of operation. In the flip-flop de 
vices described in either of the latter two copending ap 
plications, incoming pulses must be directed to an ap 
propriate input nozzle or orifice in order to produce the 
flipping action. In order to describe the operation of 
these devices more fully, consider a stream of fluid issued 
from a power nozzle and directed, in the absence of any 
outside force, at the apex of a V-shaped divider located 
downstream from the power nozzle and, for purposes 
of simplicity, located on the center line of the nozzle. 
Control nozzles are provided on either side of the stream 
generally at right angles to the axis of the power nozzle. 
If fluid is applied to a first of the control nozzles, the 
stream is deflected to a first outlet port located on the op 
posite side of the device due to momentum interchange 
between the fluid in the main stream and the stream of 
fluid generated by the control nozzle. If a portion of 
the fluid directed toward the first outlet port is fed back 
to the first control nozzle, then, if the device is appropri 
ately proportioned, all of the fluid in the main stream 
continues to flow to the first outlet port. If now fluid is 
applied to a second control nozzle on the same side of 
the device as the first outlet port interaction between the 
main and control streams of fluid causes the main stream 
of fluid to be moved transversely of the device and enter 
a second outlet port. If now fluid is fed back from the 
second outlet port to the second control nozzle, the fluid 
is caused to continue to flow to this port even after re 
moval of the input signal. This action provides a flip 
flop type of action but it will be noted that input pulses 
must be directed to the proper control nozzle, depending 
upon to which of the outlet ports the main stream is di 
rected, to produce switching. 

Similar results; that is, a flip-flop action, may be ob 
tained by boundary effects without requiring an external 
feedback system. Reference is made to the aforesaid 
copending application of Bowles et al for a full descrip 
tion of such a device. To the extent necessary to explain 
the operation of the various embodiments of the present 
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2 
invention, this mechanism is described subsequently in 
the specific descriptions of the figures. 

In order to provide a binary scalar or a scale-of-N 
Scaling System, it is necessary to be able to produce a 
switching action of a flip-flop device in response to a single 
input pulse without regard to the condition of the flip-flop 
at the time this pulse is provided. Scalars, counters and 
shift registers may be provided by appropriately inter 
connecting the various types of flip-flop elements de 
scribed. 

It is an object of the present invention to provide a 
fluid-operated flip-flop or bi-stable device in conjunction 
with associated fluid-operated devices so as to permit an 
input pulse to be directed to an appropriate control nozzle 
of the device to provide a switching action in order to 
change the state of the bi-stable device. 

It is another object of the present invention to provide 
a scale-of-N Scaling device employing a pure fluid flip 
flop in conjunction with pure fluid logic elements to per 
mit routing of input pulses to a proper control nozzle in 
accordance with the state of the device when an input 
pulse is applied. 

Still another object of the present invention is to employ 
appropriately interconnected pure fluid flip-flop elements 
to provide scalars, counters and shift registers. 
The above and still further objects, features and ad 

vantages of the present invention will become apparent 
upon consideration of the following detailed description 
of several embodiments thereof, especially when taken in 
conjunction with the accompanying drawings, wherein: 
FIGURE 1 is a schematic diagram of a flip-flop unit 

employed to explain one type of element with which the 
present invention may be utilized. 
FIGURE 2 is a further embodiment of a scale-of-2 

counter of the present invention; 
FIGURE 3 is a symbolic diagram of the scalar of 

FIGURE 2; 
FIGURE 4 is a symbolic diagram of a further embodi 

ment of the scale-of-2 counter of the invention; 
FIGURE 5 is a symbolic diagram of a still further emi 

bodiment of the scale-of-2 counter of the invention; 
FIGURE 6 is a symbolic diagram of still another scale 

of-2 counter of the invention; 
FIGURE 7 is a schematic diagram of the flow passages 

employed in a portion of the device of FIGURE 6; 
FIGURE 8 is a symbolic diagram of a scale-of-2 

counter which may be cascaded with other scale-of-2 
counters; 
FIGURE 9 is a symbolic diagram disclosing the method 

of cascading the device of FIGURE 8; 
FIGURE 10 is a schematic flow diagram of the embodi 

ment of the invention illustrated in FIGURE 8; 
FIGURE 11 is a three-dimensional exploded view il 

lustrating the physical arrangement of the devices of 
FIGURE 10 in a cascaded module; 
FIGURE 12 is a three-demensional view of a three 

dimensional scale-of-2 device; and 
FIGURE 13 is a front planar view of the apparatus 

of FIGURE 12. 
Referring specifically to FIGURE 1 of the accompany 

ing drawings, there is illustrated a fluid flip-flop or bi 
stable device employing a pure fluid amplifier having in 
corporated therein positive feedback to provide the basic 
bi-stable operation. A main nozzle 1 is connected to an 
appropriate source of pressure (not illustrated) so as to 
establish a fiuid Stream 2 directed toward a divider 3. 
The divider is a generally, though not necessarily, V 
shaped device having an apex 4 lying along the axis of 
the center nozzle 1 and located downstream therefrom. 
A pair of side walls 6 and 7 are disposed on opposite 
sides of the outwardly diverging walls of the divider 3 so 
as to establish outlet channels 8 and 9, respectively. 
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The device further includes a pair of control nozzles 
11 and 12 disposed on opposite sides of the nozzle and 
having their axes perpendicular to the axis of the nozzle 
1. The control nozzles 1 and 12 are located relatively 
close to the power nozzle and a relatively long distance 
away from the divider 3 so that the angle through which 
the stream must be deflected, in order to produce switch 
ing of the stream from outlet port 8 to the outlet port 9, 
and vice versa, is relatively small. This feature main 
tains the amount of energy which must be supplied to the 
control nozzles to produce switching, at a relatively low 
level compared with the energy of the power stream 2. 
It should be noted that a device of the type thus far de 
scribed is more fully set forth in my aforesaid copending 
application Serial No. 51,896. The element is capable 
of mass flow, pressure, or energy amplification and for 
purposes of describing the present invention the elements 
shall be considered to be pressure amplifiers. 
The outlet channel 8 has associated therewith a channel 

13 communicating with the channel 8 through the side 
wall 6. The channel 13 is connected to the control nozzle 
12 so that a portion of the fluid entering the outlet chan 
nel 8 is diverted through the channel 13 and is applied 
to the control nozzle. Similarly, the outlet port 9 com 
municates through the side wall 7 with a second feedback 
channel 14 connected to the control nozzle 11. 
Assuming that the device has been turned on; that is, 

fluid has been supplied to the control nozzle 1, initially, 
all of the fluid flows along the axis of the nozzle and 
divides equally at the apex 4 of the divider 3. Small 
aberrations in the flow stream which will inevitably oc 
cur produce an inequality in the amount of fluid applied 
at any instant to the outlet ports 8 and 9. The amounts 
of fluid fed back to the control nozzles 11 and 12 be 
come unbalanced and, if the proportions of the System 
are properly chosen, i.e., the system has a loop gain of one 
or more, the stream is diverted completely to one of the 
outlet ports. A further stream is caused to impinge upon 
the main stream 2 such that the stream 2 is diverted to 
wards the outlet passage 8. The amount of fluid fed 
back through the passage 14 diminishes and some of 
the fluid enters the channel 13 and is fed back to the 
nozzle 12 assisting the original fluid stream. Again by 
properly proportioning the devices and by choosing a 
pulse of the proper magnitude, all of the fluid may be 
switched to the outlet channel 8 where it will be held as 
a result of feedback through the channel 13. In this 
manner, the positive feedback connections through the 
channels 13 and 14 may convert what would otherwise be 
a proportioning fluid amplifier into a bistable device; all 
of this being described in greater detail in the aforesaid 
co-pending application Serial No. 51,754. 
One method of converting the bistable element thus far 

described to a true flip-flop; that is, a device which Switches 
the main fluid stream 2 between outlet ports 8 and 9 in 
response to appropriately applied incoming pulses is to 
provide a further pair of opposed control nozzles 16 and 
17. Flow from the nozzles 6 and 7 has the same effect 
upon the fluid stream 2 as flow from nozzles 11 and 12. 
Thus, fluid issuing from nozzle 17 interacts with the 
stream 2 and deflects it toward the other side of the de 
vice if the stream is in the position illustrated in FIGURE 
1. Of course, if the pulse is applied to the nozzle 16 with 
the stream in the position illustrated, the flow from nozzle 
16 has no real effect upon the stream 2. 

In operation, if the stream 2 is adjacent the nozzle 17 
and flow issues from this nozzle, the stream is initially 
deflected by the flow from nozzle 11 toward the outlet 
passage 9. Fluid issuing from the nozzle 17 must be of 
sufficient momentum to cause the stream 2 to be redirect 
ed such that more of the stream enters channel 8 than 
channel 9. The fluid fed back to nozzle 2 is now 
greater than that fed back to nozzle 11 and therefore the 
stream 2 is further deflected toward channel 8. The effect 
is cumulative and the stream 2 is finally divided so that 
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4 
all of its flow enters channel 8 where it is held by feed 
back through nozzle 12. 

In order to convert the flip-flop device of FIGURE 1 
to scalar; that is, a scale-of-2 counter, it is necessary to 
be able to accept a single input pulse and direct it to one 
or the other of the control nozzles 6 and 7 in accord 
ance with the position of the stream 2 at the time the 
input pulse is applied. By so doing, the stream 2 is 
switched from one output channel to the other in response 
to successive input pulses to the scalar. Referring now 
specifically to FIGURE 2 of the accompanying drawings, 
there is illustrated a device which operates as a fluid scalar 
and in which an input pulse is directed only to that con 
trol orifice which is capable of producing switching of the 
fluid stream. Instead of employing positive feedback to 
produce a flip-flop action as utilized in the apparatus of 
FIGURE 1, the device illustrated in FIGURE 2 employs 
a bi-stable element 2 which relies upon boundary layer 
effect to provide the bistable operation. 
The boundary layer device 21 includes a power nozzle 

22, control nozzles 23 and 24, and a divider 26 having 
an apex 27 disposed downstream from and along the axis 
of the nozzle 2. The stream issuing from the nozzle 22 
enters a chamber 28 having uniformly curving side walls 
29 and 3 located close to the main stream and therefore 
which are capable of sustaining a boundary layer effect. 
To explain this concept briefly, assume that the stream, 
which is designated by the reference numeral 32, follows 
the path defined by dashed lines and attaches to the side 
wall 29 at a point 33. The stream 32 and side wall 29 
define a region 34 which is quite narrow transverse to the 
axis of the nozzle 22 when compared with the region 
to the left side of the stream. The stream 32 entrains the 
fluid in the region 34 and reduces the pressure in this 
region relative to the pressure in the chamber 28 to the 
left of the stream. Due to this differential in pressure 
across the stream 32, the stream 32 is maintained in this 
deflected position. When it is desired to switch the stream 
32 to the left side of the unit, to an outlet passage 36 and 
away from an outlet passage 37 to which it had previous 
ly been directed, fluid is supplied through the control 
orifice 23 to the region 34. Fluid is supplied at a rate 
such that the stream 32 cannot carry away enough of this 
new fluid to maintain the reduced pressure in the region 
34. In consequence, the pressure in the region 34 is 
raised and rises above the pressure to the left of the 
stream 32 causing the stream to be diverted to the chan 
nel 36. In practice, the control flow may have sufficient 
momentum to interact with the main stream and produce 
deflection by momentum interchange. Alternatively, 
both effects, raising of pressure and momentum inter 
change, may be employed if the control flow is at a rate 
somewhat below that required for complete Switching 
by stream interaction. In any case, upon deflection of 
the main stream to the other side of the device, it then 
attaches to the wall 31 and remains there until fluid is 
applied to the control orifice 24 in sufficient quantities 
to switch the stream 32 back to the outlet passage 37. 
Thus, switching between one outlet channel and another 
can be accomplished by providing a fluid flow to a nozzle 
formed in the side wall to which the fluid stream is at 
tached. For a more complete description of boundary 
layer units refer to the aforesaid application, Serial No. 
58,188. 

Proceeding now to the description of the additional 
elements required to convert the apparatus thus far de 
scribed to a scalar, the passage 37 communicates through 
the side wall 29, downstream of the apex 27 of the di 
vider 26, with a passage 38 connected at its end remote 
from the passage 37 to a control nozzle 39 of a fluid and 
gate 41. The AND gate comprises an inlet passage 42 
and outlet passage 43 which returns to the negative or 
low pressure side of a pump (not illustrated) employed 
to provide pressurized fluid to the main nozzle 22 of the 
bistable device 21. The AND gate 41 comprises a sec 



5 
ond outlet passage 44 which communicates with the con 
trol orifice 23 of the bistable device 21. The passages 
42 and 43 are aligned with one another so that in the 
absence of the application of fluid to the nozzle 39, the 
fluid supplied to the passage 42 proceeds directly through 
the device to the passage 42 and to the negative side of 
the pump. The passage 42 constitutes an outlet passage 
of a second AND gate 46 having a second outlet passage 
47 returned to the low pressure side of the source. The 
AND gate 46 has a main power nozzle 48 connected to 
the positive side of the source and a control nozzle 49 to 
which input pulses are supplied via an inlet channel 51. 
In both of the AND gates 41 and 46, boundary layer effects 
are established between the main fluid flow and the wall 
of the passage returning to the low or negative side of 
the source which passage is aligned with the main power 
nozzle. The passage which is not aligned with the main 
power nozzle and which receives fluid as a result of the 
application of the pulse to the control nozzle of the de 
vice is recessed such that boundary layer effects do not 
occur. The reasons for this will become apparent sub 
sequently. 
The outlet passage 36 is returned to the negative side of 

the source via a channel 52 including therein a porous 
plug 53 serving as a pneumatic resistor. The porous plug 
53 is employed to match the load impedance of the outlet 
passage 36 to the load impedance of the channel 37; 
more particularly, the impedance of the load device fed 
by the fluid proceeding through the channel 37 and the 
outlet aperture. 
The outlet passage 36 also feeds a channel 54 communi 

cating at its other end with a control orifice 56 of a further 
AND gate 57. The AND gate 57 includes a power noz 
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zle 58 and a first outlet passage 59 aligned with the pas 
Sage 58. A second outlet passage 61 of the device 57 is 
not aligned with the passage 58 and is connected to the 
control orifice 24. The main power passage 58 to the de 
vice 57 is also an outlet passage for a further AND gate 52. 
The AND gate comprises a power nozzle 63 connected to 
the positive side of the pump and a control nozzle 64 
connected to the pulse inlet passage 51. The device 62 
is provided with a second outlet passage 66 which is 
aligned with the main power nozzle 63 and is returned 
to the negative side of the source. The configurations of 
the AND devices 57 and 62 conform with the devices 45 
and 46 so that boundary layer effects are established by 
the fluids flowing to the outlet passage aligned with sup 
ply passage but are not established when the fluid flows 
to the alternative outlet passage. 

In operation of the device of FIGURE 2, in the absence 
of an input pulse, the fluid supplied to the power nozzles 
48 and 63 of the AND gates 46 and 62, respectively, is 
returned directly to the negative side of the pump via 
passages 47 and 66, respectively. The portion of the fluid 
applied to the outlet passage 37 is fed back through the 
passage 38 to the control nozzle 39 of the AND gate 4 
whereas no fluid is applied to the channel 54 and thus 
to the control nozzle 56 of the AND gate 57. If a pulse 
is now applied to the inlet orifice 51, it is directed to the 
control nozzles 49 and 64 of the AND gates 46 and 62, 
respectively. The main power stream passing through 
the main nozzle 48 of the gate 46 is now deflected, as a 
result of the aforesaid pulse, to the outlet channel 42 
and in the AND gate 41 is deflected, by the fluid applied 
to the nozzle 39, to the passage 44 and thence through 
the nozzle 23 into the region 34. Flow into the region 34 
or flow of sufficient momentum directed against the power 
stream, causes the stream to be deflected to the channel 36. 
About one-half of the fluid applied to passage 51 is 

directed to the control nozzle 64 of the AND gate 62 
and deflects the main power stream issuing from the 
orifice 63 to the outlet passage 58. However, no fluid 
is applied at this time to the control nozzle 56 and there 
fore the fluid appearing in the channel 58 flows directly 
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of the pump. If, on the other hand, the main power stream 
32 of the bi-stable device 21 had been directed to the 
outlet passage 36, then fluid is applied to the control nozzle 
56 of the AND gate 57 and not to the control orifice 39 
of the AND gate 41. Thus, when the fluid issuing 
from the main power nozzle 63 of the AND gate 62 is 
diverted to the passage 58 by an incoming pulse the flow 
in the channel 58 is diverted to the passage 61 and thence 
to the control orifice or nozzle 24 to cause the stream 
32 to switch to the outlet channel 37. 
The AND gates 46 and 62 serve as amplifying devices 

in that the energy, mass flow or pressure available from 
the main power source via the main orifices or main 
power nozzles 48 and 62 of the device 46 and 63 may 
be considerably greater than the corresponding parameter 
of the pulses applied via the input channel 51. Thus, 
a relatively large signal is developed in one or the other 
of the channels 42 and 58 and when deflected to one of 
the control nozzles 23 and 24 produces relatively rapid 
switching of the device. 
The apparatus of FIGURE 2 may be fabricated in 

accordance with basic techniques taught in the afore 
Said copending applications and may constitute passages 
formed in a base plate clamped between a top and 
bottom Wall to isolate the passages from one another. 
The various elements labeled P--, P-, IN and OUT in 
FIGURE 2 would normally constitute holes drilled 
through a top and/or bottom plate to permit connections 
to external pipes or elements for feeding the various chan 
nels of the system. One further fact that should be 
mentioned is that in the interaction region 28, the chan 
nels should be no deeper than the depth of the power 
nozzle so that the power stream performs as a deflect 
able partition between the two portions of the region 
28. Such construction permits isolation of the regions 
on the two sides of the stream so that differentials in 
pressure may be developed therebetween. Although it 
is preferable that the depth of the stream be the same as 
that of the region 28, this is not absolutely essential to 
the operation of the device so long as any space above or 
below the stream is relatively small when considering the 
entrainment properties of the stream which are necessary 
to prevent fluid coupling between the two sides of the 
stream. This statement applies equally to each of the de 
vices described in this application with the exception of the 
elements of FIGURES 14 and 15. 

In order to simplify the drawings in this application 
relative to the future embodiments of the invention to 
be described, a shorthand type of notation will be em 
ployed in the drawings. The apparatus of FIGURE 2 
is reproduced in FIGURE 3 so that a definite correlation 
between the symbols and an actual device is provided. 
The elements employed in the notation of FIGURE 3 
which correspond with the various elements in the flow 
pattern diagram of FIGURE 2 bear corresponding ref 
erence numerals. 

In the diagram of FIGURE 3, all external connections 
employ a labeled circle and all flow paths are designated 
as single lines. A fluid resistor is designated by the 
conventional symbol for an electrical resistor and al 
though not illustrated in this figure, the conventional 
electrical symbols for various circuit elements such as 
capacitors and inductors are employed for fluid capaci 
tances and fluid inertances, respectively. In the basic 
amplifying and/or bistable type of devices, the power 
nozzle is illustrated as a square U-shaped member with 
short lines directed outwardly and downwardly towards 
the base from the ends of the sides of the U. A control 
nozzle is an arrow and two different designations are 
employed for the outlet or receiving passages depending 
upon the type of device. If the element employs bound 
ary layer effects then the outlet passage is represented by 
a straight base line connected to two generally curved 
parallel legs. If the device provides proportional ampli 

to the channel 59 and is returned to the negative side 75 fication with no boundary layer effects, the outlet passage 
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is represented by a straight base line with two outwardly 
diverging straight lines. 

Referring now specifically to FIGURE 4 of the ac 
companying drawings, there is illustrated a Scalar device 
which is similar to that illustrated in FIGURES 2 and 
3 except that none of the fluid diverted to the output 
channel is used in the switching function and only that 
fluid which is diverted to the channel not connected to 
the output or load is so utilized. The device includes 
a flip-flop element 7 including a main nozzle 72, a pair 
of outlet passages 73 and 74 and opposed control orifices 
or nozzles 76 and 77. The channel 74 is connected 
directly to an outlet channel 78 while the other outlet 
passage 73 is connected via a passage 80 and a fluid resis 
tor 79 to a pasage 81 returned to the low pressure side 
of the pump or to the sump from which fluid is drawn 
by the pump. 
The passage 80 is further connected to a control nozzle 

82 of a fluid AND gate 83 and also to a control nozzle 
84 of another fluid AND gate 86. The fluid AND gate 
83 further includes an outlet channel 87 connected to the 
control orifice 76 of the bistable device 71 and an outlet 
channel 88 connected to the passage 81. There is further 
provided a main power nozzle 89 which receives fluid 
from an outlet passage 91 of another fluid AND gate 
92. The fluid AND gate 92 includes a second outlet 
passage 93 connected via channel 94 to the low pressure 
side of the pump, a main power orifice 96 connected to 
a channel 97 returned to the high pressure said of the 
pump, and a control orifice 98 connected to a channel 
99 adapted to have input fluid pulses applied thereto. 
The AND gate 86 includes in addition to the control 

nozzle 84, a main power nozzle 101 connected to the 
high pressure passage 97, an outlet channel 102 connected 
to a low pressure passage 103, and a second outlet chan 
nel 104 connected to a main power orifice 106 of a 
fluid AND gate 107. The fluid AND gate 107 includes 
a control nozzle 108 connected to the passage 99 which 
receives fluid input pulses, an outlet channel 109 con 
nected via a passage 111 to to the low pressure orifice 
94 and an outlet channel 112 connected to the control 
nozzle 77 of the bistable element 71. 

In operation, it is assumed that the fluid issued by 
the main power jet 72 of the bistable device 71 is initially 
flowing to the outlet channel 74 and an input pulse is ap 
plied to the input passage 99. The fluid stream is caused to 
switch to the outlet channel 73 by the following sequence 
of events: A pressurized fluid issuing from the main 
power nozzle 101 of the AND gate 86 proceeds directly 
to the outlet passage 104 in the absence of fluid being 
applied via the channel 78 to the control orifice 84. 
This fluid is issued from the main power orifice 106 
of the fluid AND gate 107 and is diverted by the input 
pulse applied to the control nozzle 108. The fluid is 
diverted to the passage 12 and then proceeds to the con 
trol nozzle 77 of the bistable device causing the main 
stream to flip over to the channel 73. Conditions are now 
established under which the fluid issuing from the main 
power orific 10 of the AND gate 86 is diverted to the 
channel 02 and thence to the low pressure side of the 
pump via the passage 1093. 
When an input pulse is applied through the input pas 

sage 99 to the control nozzle 108 of the fluid AND gate 
107 and there is no fluid issuing from the main power 
nozzle 106, this device has no effect upon the System. 
However, the fluid pulse which is also applied to the 
control nozzle 98 of the AND gate 92 diverts the fluid 
from the main power nozzle 96 and the output channel 
91 through which it is supplied to the main power nozzle 
89 of the AND gate 83. This fluid is diverted to the out 
put channel 87 as a result of fluid being applied to the 
control nozzle 82 via the passage 78 and therefore the 
fluid is applied to the control nozzle 76 of the bistable 
element 71. The fluid issued by the main power ori 
fice 72 of the unit 71 is now diverted to the outlet pas 

O 

20 

30 

35 

40 

45 

50 

55 

60 

65 

70 

118 of fluid AND gates 119 and 12, respectively. 

8 
sage 74 where it remains until another pulse is received. 

Referring now specifically to FIGURE 5 of the ac 
companying drawings, there is illustrated a scalar unit in 
which the main power nozzle of the bistable element 
is fed in series with the control elements from the high 
pressure side of the fluid pump. Fluid under pressure 
is fed via an orifice 116 to main power nozzles 17 and 

The 
fluid AND gates 119 and 121 are provided with control 
nozzles 122 and 23, respectively, which are connected 
to a fluid input pulse orifice 24. The AND gates 19 
and 121 are provided with output channels 126 and 
127, respectively, connected via a common passage 128 
to a main power nozzle 129 of a bistable element 131. 
The AND gate 119 is further provided with an outlet 
'channel 132 connected to a main power nozzle 33 of 
fluid AND gate 134 having an outlet channel 136 re 
turned to an orifice 37 connected to the low pressure 
side of the pump. The AND gate 34 is also provided with 
an outlet passage or channel 138 connected to a control 
orifice 139 of the bistable element 31. The bistable 
element 131 includes a first outlet passage 41 connected 
to an outlet channel i42 and also connected via a pas 
sage 43 to a control nozzle 44 of the AND gate 34. 
The AND gate 2 includes a second outlet passage 146 
connected to a main power nozzle 147 of a fluid AND 
gate 148 having a control nozzle 149 connected via a 
channel 15 to a second outlet passage 152 of the bi 
stable device 131. The main passage 151 is also con 
nected via a load matching resistor 153 to an orifice 154 
returned to the low pressure side of the pump. Orifice 
154 is also connected to an outlet channel 156 of the 
AND gate 48. The AND gate 48 includes a further 
coutlet passage 157 connected to a second control nozzle 
158 of the bistable 13. 
The operation of the apparatus is basically the same 

as those discussed above except that the fluid applied to 
the main power nozzle 129 of the bistable element 13 
is supplied through the AND gates 119 and 21. An in 
coming pulse partially diverts the streams issuing from 
power nozzles 96 and 101 of AND gates 92 and 86, 
respectively, so that a part of the fluid from each is 
applied to both of its associated outlet passages. The 
advantage to this arrangement is that there is a mone 
tary drop in pressure of the main stream in bistable 
unit 31 during the switching operation which reduces 
the amount of energy required to effect switching, there 
by reducing the Switching time. 

In FIGURE 1, the energy for diverting the stream from 
one output channel to another is derived entirely from 
the input pulse, whereas in the apparatus of FIGURES 2 
through 5 the input pulse is employed to divert fluid flow 
from the main pump of the system to the control nozzles 
of the flip-flop. The apparatus of FIGURE 6 provides 
a still further type of operation in which the feedback 
fluid is employed to effect switching in response to an 
input pulse. The apparatus is provided with a basic bi 
stable element 6 employing a main power nozzle 62, 
control nozzles 63 and 164, and outlet passages 166 
and 167. The main power nozzle 162 is connected 
via a passage 168 to the high pressure side of the pump. 
The control nozzle 63 is connected to an output pas 
sage 168 of a fluid AND gate 169 having a second out 
put passage 17 connected to a channel 172 return to 
the low pressure side of the pump. A control orifice 
173 of the AND gate 169 is connected to a passage 174 
to which input pulses are applied. The main power 
nozzle 176 of the AND gate is connected via a channel 
77 to the junction of two fluid resistors 178 and 179 
connected between the outlet passage 66 of the bistable 
element 16 and a channel 181 returned to the low pres 
sure side of the pump. Two fluid resistors 182 and 183 
are connected between the passage 181 and the outlet 
passage 167 of the device 6. The junction of the 
two resistors is connected via a passage 184 to a main 
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power nozzle 86 of a further AND gate 187. AND 
gate 87 includes a control nozzle 188, connected to the 
input channel 174, and an output passage 189 connected 
to the low pressure channel 172. The AND gate 187 
includes a further output passage 191 connected to the 
control orifice 164 of the flip-flop 161. Output fluid 
from the system is taken from the outlet passage 167 of 
the bistable unit 61. 

in operation, the portion of the fluid arriving at one 
or the other of the outlet channels 166 and 167 of the 
device 161 is diverted to the main power nozzle of its 
associated AND gate. Fluid is applied to only one of 
these power nozzles depending upon the position 
of the stream. Upon the application of an input 
pulse, flow from the power nozzle of one of the AND 
gates is diverted to the control nozzle of the element 161 
subsisting on the same side of the center line of the de 
vice as the channel to which the power stream is original 
ly directed. The power stream is diverted to the other 
output channel and remains in this state until the next in 
put pulse is received. In such a case, the input pulses 
may be of lower energy to produce the same result as 
higher energy pulses employed in FIGURES 2 through 
5 or if input pulses of the same energy content are 
employed. 
The AND gates 169 and 187 are designed to produce 

a maximum amplification of the signal and the control 
pulses applied to the bistable unit are higher energy, pres 
Sure or mass flow than the pulses employed in the sys 
tems of FIGURES 2 through 5 so as to reduce switch 
ing times. 

Since the arrangement of resistors and output channels 
relative to such elements as 182, 183, channel 184 and 
the outlet channel associated therewith are different from 
any of those previously described, reference is made to 
FIGURE 7 of the accompanying drawings to disclose 
the physical arrangement of the passages and resistors re 
quired for Such a device. The outlet channel or passage 
167, employing the same numbering system as employed 
in FIGURE 6, is connected to the outlet orifice 194. A 
passage 196 extends through the right side wall, as viewed 
in FIGURE 7, of the passage 167 and has included there 
in a porous plug which serves as a first fluid resistor 
183. The channel 196 branches to provide the channel 
184 and above this branch point a second porous plug is 
placed to provide the fluid resistor 182. 
The fluid entering channel 167 divides between the 

passages 196 and 167 in accordance with the ratio of the 
load on the outlet orifice 194 and the series resistors 182 
and 183. Similarly, the fluid proceeding through the 
porous plug 183 divides between the upper portion of 
the channel 196 and the channel 184 in accordance with 
the relative impedances of the resistor 182 and the sys 
tem as viewed at the entrance to passage 184. By appro 
priately selecting the impedance values of the resistors 
182 and 183 relative to the impedance of the loads as 
reflected into the system, the proper division of flow may 
readily be obtained. 

Each of the devices thus far described has been con 
sidered in the light of a unitary member operating as a 
scale-of-2 scaling device; that is, a single output pulse is 
derived for every two input pulses. If it is wished to 
cascade elements to provide a scale-of-N counter, greater 
than 2, the effects of the large fluid flow through the 
outlet port into the next succeeding stage of the scalar 
must be considered. In order to produce Switching, a 
relatively large initial flow is required and thereafter the 
flow must be reduced so that it does not interfere with 
subsequent switching of the apparatus. More particu 
larly, if a high level of output flow from a device were 
continuous, the input channel of the next stage in the 
scalar receives a D.C. signal. The devices can be ar 
ranged to operate with such a signal, but it is preferred 
to employ the techniques illustrated in FIGURE 8 of the 
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accompanying drawings to reduce the flow from the out 
let channel after the switching has occurred. 

Referring now specifically to FIGURE 8 of the draw 
ings, there is provided a scalar device which is adapted 
to be cascade with prior or succeeding stages of a scalar 
and in which the level of the signal falls materially, after 
switching has occurred. The device of FIGURE 8 is 
basically of the same type as illustrated in FIGURE 6 in 
that the input pulse is employed to divert feedback fluid 
to produce switching in the bistable element of the scalar 
stage. The bistable element which is designated by ref 
erence numeral 201 has a first outlet channel 202 con 
nected through a fluid inertance 203 to an orifice 204 con 
nected to a regulated pressure source P1. The pressure 
required of the source P is that which establishes the 
proper operating conditions and should be such, when 
considered in the light of the values of inertances and re 
sistances specified below, to maintain a flow in passages 
228 and 232 so low as to prevent operation of the AND 
gates 217 and 222. The element 201 is provided with a 
second output channel 207 connected through a fluid in 
ertance 208 to the orifice 204 and is further provided with 
control nozzles 209 and 211. The outlet channel 202 is 
also connected through a fluid resistor 212 to an outlet 
passage 213 and through a channel 214 to supply fluid to 
a main power nozzle 216 of an amplifying fluid AND 
gate 217. The outlet passage 207 of the flip-flop 201 is 
connected through a fluid resistance 218 to a channel 
219 and via the channel 29 supplies fluid to a main power 
nozzle 221 of a second fluid AND gate 222. The fluid 
AND gate 222 further comprises an output passage 223, 
connected to the control nozzle 209 of the flip-flop 201, 
and a second output channel 224 connected to the low 
pressure side P- of the pump via the passage 226. 
The fluid AND gate 222 also includes a control nozzle 

227 connected via a passage 228 to orifice 229 to which 
input fluid is to be applied. The orifice 229 is connected 
via a fluid inertance 231 to the low pressure return chan 
nel 226. The input fluid orifice 229 is connected through 
a passage 232 to a control nozzle 233 of the fluid AND 
gate 217 which comprises outlet channels 234 and 236. 
The passage 234 is connected to the low pressure channel 
236 and the passage 236 is connected to the control nozzle 
211 of the flip-flop 201. 

Considering that the output channel of each stage of a 
cascaded scalar is connected to the input channel of the 
next succeeding stage, a flow path for fluid is developed 
between the P1 channel 204 and the orifice 226 of the 
next stage which returns to the low pressure side of the 
pump. This path includes in series between the higher 
pressure P1 and the lower pressure P-, the fluid inertance 
203, the fluid resistance 212, and the fluid inertance 231. 
Referring specifically to FIGURE 9 wherein these ele 
ments are drawn apart from the remainder of the system, 
the fluid suffers a pressure drop in flowing through each 
of the elements. A specific pressure, as determined by 
the relative resistances of these elements, is established at 
the output orifice 213, or of more importance in the chan 
nels 228 and 232 of this next succeeding stage. If now 
the fluid stream which had previously been directed to 
the outlet channel 207 is switched to the outlet channel 
202, the fluid inertance 203 prevents an immediate change 
in fluid flow from the passage 204 and in consequence 
the two flows to the junction of elements 203 and 212 
add and the pressure rises rapidly. The increase in pres 
Sure and flow causes a sudden increase in flow through 
resistor 212. The fluid inertance 231 initially prevents a 
significant increase of fluid flow therethrough and the in 
crease in flow through resistor 212 is directed to the chan 
nels 228 and 232 of the next stage to effect a switching 
action. 
As the effects of the inertance of the members 203 and 

231 are overcome, the flow from the source P through 
the inertance 203 decreases and the pressure at the junc 
tion of the elements 203 and 212 also decreases. A simi 
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lar effect also occurs at the output orifice 213 in that the 
inertance of the element 231 is gradually overcome and 
accepts increased flow therethrough as a result of the fiuid 
being supplied through the outlet passage 202 of the bi 
stable element 201. The pressure at the point 213 is 
consequently further reduced and the steady state pres 
sure and flow are considerably less than the pressure and 
flow initially developed when fluid is switched to the 
passage 202. The above describes the function of these 
elements relative to the switching of the fluid to the pas 
sage 202 and, of course, the same phenomena occurs when 
the fluid is initially switched to the outlet passage 207. 

Fluid inertances are achieved by employing passages 
having cross-sectional areas small relative to their lengths. 
This concept is described more fully in the aforesaid co 
pending application 51,754. In order to physically achieve 
the arrangement illustrated in FIGURE 8, a structure 
may be employed as illustrated in FIGURE 10. In this 
figure, the reference numerals employed in FIGURES 8 
and 9 are again employed in FIGURE 10 to designate 
identical elements. The passages forming the fluid in 
ertances 203 and 231 generally extend at right angles to 
the main fluid channels so that they do not interrupt the 
fluid signal flows. The fluid resistances may comprise 
porous plugs and the outlet channel 213 is connected 
through a suitable passage to the inlet channel 229 of 
the next succeeding stage. The channels 228 and 232 
are arranged in the manner illustrated so as to eliminate 
boundary layer effects relative to the fluid passing from 
the inlet port 229 to the passages 228 and 232 to insure 
equal division of flow thereto. 

In the apparatus illustrated in FIGURES 8 through 10, 
a regulated source of pressure P1 is employed to prevent 
interactions between various portions of the system. How 
ever, if suitable care is taken to isolate the various por 
tions of the fluid system, the pressure source to which 
the P-- orifice is connected may be employed in place 
of P so long as a fluid impedance is included between 
the orifice 204 and the junction of the inertances 203 and 
208 so as to derive a suitable pressure at this junction 
point which is lower than the P-- pressure. 
The techniques employed in FIGURES 8 through 10 

may be also applied to the systems of FIGURES 2. 
through 7 so as to produce the initial pressure step-up 
followed by a later reduction in pressure so as to fa 
cilitate cascading of the various elements. 
The system of FIGURE 8 is reproduced in its entirety 

in FIGURE 10 in the physical form in which it actually 
exists in a practical case. Passages are formed by cut 
ting channels through the thickness of a generally square 
block of material in which the thickness is small relative 
to the peripheral dimensions. It will be noted that the 
P1, P-- and P- orifices are symmetrical with the verti 
cal center line of the apparatus as viewed in the drawing 
whereas the input and output channels are arranged at 
the same vertical height but horizontally displaced by 
equal distances from the centerline of the device. This 
is done so as to facilitate cascading of flat plates to pro 
vide the scale-of-N counter in which the N is equal to 
two raised to a power equal to the number of plates. 
Assuming that the device illustrated in FIGURE 10 is 

employed for each of the modules then the elements may 
be cascaded as illustrated in FIGURE 11. A gasket:200 
has holes which are in alignment with all of the P pas 
'sages in a plate 205 in which the element of FIGURE 10 
is formed. The gasket 200 also has a hole in alignment 
with the inlet orifice 229 formed in plate 205. A second 
module 210 is disposed above the gasket 200 and 
is rotated 180° relative to plate 205 about its X-X 
axis through the Porifices so that the outlet passage of 
this stage is aligned with the inlet passage of the stage 
205 and is coupled thereto through a hole in the gasket 
200. The gasket 200 has no hole in alignment with the 
input passage of the module 210 so as to isolate the in 
put from the outlet passage of stage 205. The inlet pas 
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12 
sage of module 210 must communicate with the outlet 
passage of the next upper module 225 and this is ac 
complished by a gasket 220. This gasket is the same as 
gasket 260 but is rotated 180° about its axis Y. Y' 
through the Porifices. In this manner, the modules may 
be stacked with appropriate spacers therebetween to 
achieve a scaling factor equal to any power of two. An 
output signal may be derived from each module through 
a passage 241 which extends from each outlet passage 
through the side of the module. The entire modular 
structure may be sandwiched between upper and lower 
plates at least one of which has connections to pipes 
leading to the various pressurized locations in the supply 
System. When the apparatus is assembled to form a mod 
ule, the end walls, gaskets and plates having the chan 
nels formed therein are all clamped in sealing relation 
ship so as to provide a closed system. The channels 
24 which are connected to the output passages of each 
'module are employed to obtain a readout from the ap 
paratus or may serve as test points in checking out the 
operation of the unit. 
The reference numerals applied to the components of 

FIGURE 11 are the same as the reference numerals of 
the corresponding components of the device as illus 
trated in FIGURE 8 of the accompanying drawings and 
it is not believed that any further explanation of the op 
eration is necessary since it is fully described with re 
spect to FIGURES 8 through 10. 
Each of the devices illustrated in FIGURES 1 through 

10 are planar in the sense that the beam is confined to 
a single plane and is deflected in that plane only. As 
previously indicated, there are distinct advantages to 
Such an arrangement relating to maximizing the exchange 
of energy between a control and a main stream when 
such confinement is provided. However, also as previ 
ously indicated, it is not essential to operation of such 
devices that this stream be confined if one is willing to 
accept the inefficiencies inherent in a system where the 
beam is not confined to its plane of deflection. There is 
illustrated in FIGURES 12 and 13, a device in which 
the beam is not confined and in which deflection of the 
beam occurs in two planes at right angles thereby pro 
viding a three-dimensional device. The three dimen 
sional device is illustrated as such in FIGURE 12. It 
comprises a power nozzle 246, two control nozzles 247 
and 248 disposed on opposite sides of the fluid stream, 
two opposed feedback nozzles 249 and 25 disposed at 
right angles to the nozzles 247 and 248. Located down 
stream of the power nozzle 246, as illustrated in FIGURE 
12, is a receptor mechanism 252 comprising a generally 
rectangular box 253, the walls of which converge into 
a hood-like assembly for purposes which will become 
apparent Subsequently. The box 253 is divided into two 
compartments by a divider 254 having three walls 256, 
257 and 258. The walls 256 and 258 are parallel to one 
another and perpendicular to the wall 257 with the walls 
256 and 257 being disposed on opposite sides relative 
to one another on the axis of the nozzle 246 with the 
Wall 258 having its center disposed along the axis of the 
main power nozzle. The divider 254 therefore divides 
the opening in the bottom of the receptor 253 into inter 
laced L-shaped portions of outlet channels 259 and 261. 
The channel 259 communicates with nozzle 251 via a 
feedback channel 262 and the outlet passage 261 com 
municates with the feedback nozzle 249 via channel 263. 

In this arrangement, when fluid is initially supplied 
to the nozzle 246, it tends to divide equally between the 
output channels 259 and 261 so that equal amounts of 
fluid are supplied to the nozzles 249 and 251. Due to 
slight aberrations in the system, the stream tends to fluc 
tuate slightly from it precise center position thereby 
developing a larger feedback in one channel than in the 
other. As a result of cumulative effects produced by 
such action, the stream is deflected to one of the output 
channels 259 or 261 and is maintained in such a position 
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by the fluid fed back to the feedback nozzle. Assume 
that the fluid is initially completely deflected to the out 
put channel 261. In such case, the stream is represented 
by dotted line bearing reference numeral 264 as illus 
trated in FIGURE 13. The fluid collected in the com 
partment 261 is fed back through the feedback channel 
263 to the nozzle 251 which issues fluid to maintain the 
stream in the position illustrated. If now it is wished to 
cause the device to change its stable state; that is, switch 
the fluid to the passage 259, a pulse is fed simultaneously 
to the nozzles 247 and 248. The fluid stream is unaf 
fected by the fluid issuing from the nozzle 247 but since 
it is disposed immediately in front of the nozzle 248, it 
is deflected to the left, as illustrated in both of the FIG 
URES 12 and 13 and now the fluid is directed to the 
channel 259. Fluid flows through the feedback channel 
262 to the nozzle 249. When the input pulse is removed, 
the stream tends to return to its central position but is 
maintained deflected to the output channel 259 by the 
fluid issuing from the channel 249. So long as the stream 
remains deflected to the output passage, 259, the fluid 
continues to issue from the nozzle 249 and the stream 
is maintained in the dotted line position bearing the ref 
erence numeral 266. If an output pulse is again applied 
to the nozzles 247 and 248, the stream is deflected to 
the right so that the fluid flows to the outlet channel 261 
and via the feedback path 263 to the feedback 251. 
When the incoming fluid pulse is removed, the fluid issu 
ing from the nozzle 251 maintains the stream in the dot 
ted line position 264. The inertance of the passages 262 
and 263 should be sufficient to maintain flow from nozzles 
249 and 251, respectively, for a brief interval even if 
the main stream flow to one of the regions 261 or 259 
is temporarily reduced. For instance, when the input 
pulse moves the main stream out of the flow from a 
feedback nozzle the stream tends to return to the vertical 
center of the device, as viewed in the plane of FIGURE 
13. The stream then tends to divide equally between 
the two passages 259 and 261. The inertance of path 
262 must be sufficient to maintain output from the nozzle 
249 in sufficient strength hold the stream below the cen 
ter line of the receptor as viewed in FIGURE 13. By 
changing the shape of the divider to conform to that il 
lustrated by solid line 267 of FIGURE 13, this problem 
is easily overcome. 

While I have described and illustrated several embodi 
ments of my invention, it will be clear that variations 
of the details of construction which are specifically il 
lustrated and described may be resorted to without de 
parting from the true spirit, and scope of the invention as 
defined in the appended claims. 
What I claim is: 
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3. A fluid pulse converter for converting sequential fluid 
pulses into alternating fluid pulses, said converter com 
prising a fluid amplifier of the boundary layer type in 
which a pair of control nozzles are positioned to alter 
natively deflect a fluid stream flowing therebetween to one 
of two output passages, an input passage for receiving 
said sequential fluid pulses and means responsive to both 
the particular output passage to which said stream is flow 
ing and to an input fluid pulse to divert said stream to the 
other of said output passages. 

4. The combination according to claim 3 wherein said 
means comprises at least one pair of fluid AND gates, pas 
sages connecting each output passage of said fluid am 
plifier with a control nozzle of a different fluid AND gate, 
passage means responsive to a fluid input pulse for Sup 
plying fluid to a power nozzle of each of said fluid AND 
gates and an output passage for each of said fluid AND 
gates positioned to receive fluid only when fluid is sup 
plied to said passage means and said control nozzle of an 
AND gate, said output passages of said fluid AND gates 
being connected to said control nozzles of said fluid am 
plifier. 

5. A fluid pulse converter adapted to issue an alter 
nating fluid stream from a pair of output tubes of a pure 
fluid amplifier incorporated in said converter as a result 
of a single input tube receiving a sequential series of pulsed 
fluid signals, said pulse converter comprising a fluid am 
plifier through which a fluid stream can flow, a pair of op 
posed control nozzles in said amplifier adapted to receive 
fluid from said input tube, means responsive to said fluid 
stream being directed to one of said ouput tubes to di 
rect the succeeding pulsed fluid signal to said control noz 
zle adjacent said last-mentioned output tube, and means 
responsive to the issuance of fluid from a control nozzle 
adjacent the output tube to which said fluid stream is di 
rected to switch said fluid stream to the other of said out 
put tubes. 

6. A fluid system for converting sequential fluid input 
pulses to fluid pulses alternately appearing in two fluid 
flow conveying members, comprising a region, said two 
fluid flow conveying members opening into said region, 
means for issuing sequential fluid pulses into said region 
toward said fluid flow conveying members, and means for 
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1. A fluid pulse converter adapted to issue an alter 
nating fluid stream from a pair of output tubes of a pure 
fluid amplifier incorporated in said converter as a result 
of a single input tube receiving a sequential series of 
pulsed fluid signals, said pulse converter comprising a 
fluid amplifier through which a fluid stream can flow, 
a pair of opposed control nozzles in said amplifier adapted 
to switch the fluid stream flowing through said amplifier 
from one output tube to another as a result of alternat 
ing jets of fluid issuing from said nozzles, and tube and 
nozzle means adapted to convert and convey successive 
fluid signals received thereby alternately to each of said 
control nozzles. 

2. A fluid pulse converter for converting sequential 
fluid pulses into alternating fluid pulses, said converter 
comprising a fluid amplifier of the boundary layer type in 
which a pair of control nozzles are positioned to alter 
natively deflect a fluid stream flowing therebetween to 
one of two output passages, an input passage for receiv 
ing Said sequential fluid pulses and means responsive to 
the particular output passage to which said stream is flow 
ing to direct an input fluid pulse to the control nozzle 
closest to said stream. 
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directing a fluid input pulse to a flow conveying member 
different from the flow conveying member to which the 
prior fluid input pulse had been directed. 

7. A pure fluid pulse converter comprising a fluid 
amplifier including a pair of output passages, an interac 
tion region and means for issuing a stream of fluid through 
said interaction region toward one end of each of said 
fluid output passages, and generally opposed control noz 
Zles for issuing fluid against said stream of fluid so as to 
deflect said stream of fluid, a source of sequential input 
pulses, a feedback path for fluid flowing to at least one 
of Said output passages, and fluid directing means respon 
sive to said input pulses and the condition of fluid flow in 
said feedback path for directing fluid to the one of said 
control nozzles adjacent the output passage to which 
said stream of fluid is directed. 

8. The combination according to claim 7 wherein there 
is provided two feedback paths each connected to a dif 
ferent one of said output passages, and wherein said fluid 
directing means includes at least two AND gates, said 
AND gates each having two signal input passages and 
two output channels, feedback flow in each feedback path 
being directed to an input passage of a different AND 
gate and flow resulting from an input pulse being directed 
to said input passages of both of said AND gates. 

9. The combination according to claim 8 further com 
prising two additional AND gates, means applying said 
fluid input pulses to each of said two additional AND 
gates, means Supplying fluid under pressure to each of 
Said two additional AND gates, and means applying flows 
generated by the presence of input pulses and fluid under 
pressure at said two additional AND gates each to a sig 
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nal input passage of a different one of said first-mentioned 
AND gates. 

10. The combination according to claim 7 wherein 
said means for issuing a stream of fluid comprises means 
for reducing the flow of said stream of fluid upon applica 
tion of an input pulse to said converter. 

1E. The combination according to claim 7 wherein 
said means for issuing a stream of fluid comprises a 
Source of fluid under pressure, a pair of AND gates, hav 
ing two output channels, one output channel of each of 
said AND gates directing fluid to said pure fluid amplifier 
to supply said stream of fluid, the other output channel of 
each AND gate supplying fluid to said gate means, and 
means for applying input pulses to said AND gates to di 
rect fluid to said other output channels of said AND gates. 

12. The combination according to claim 7 wherein said 
converter includes a single feedback path and wherein 
said fluid directing means comprises at least two AND 
gates each for controlling flow to a different one of said 
control nozzles, and means for applying flow in said feed 
back path to both said AND gates. 

13. The combination according to claim 7 wherein 
said fluid directing means consists of two AND gates and 
wherein there is provided two feedback paths each re 
ceiving flow from a different one of said output passages, 
and means for supplying flows from said feedback paths 
each to a different one of said AND gates and for supply 
ing input fluid pulses to said AND gates, the AND gate 
receiving both said fluid flows directing fluid to the con 
trol nozzle adjacent the output passage receiving said 
stream of fluid. - 

14. The combination according to claim 7 comprising 
a readout orifice for at least one of said output passages, 
and impedance means for proportioning fluid between said 
orifice and said feedback path. 

15. The combination according to claim 7 further com 
prising a source of fluid under pressure, said fluid direct 
ing means directing fluid from said source of fluid to a 
control nozzle as a function of flow of fluid in said feed 
back path and a fluid input pulse. 

16. The combination according to claim 7 further com 
prising a second fluid pulse converter to provide a staged 
fluid counter, each of said converters being formed as 
channels in a different plate, at least one further plate 
located between said plates in which said converters are 
formed, said further plate permitting communication be 
tween equal pressure points in said converters there 
through, each of said converters having a fluid pulse input 
orifice and a fluid pulse output orifice, and means in said 
further plate permitting fluid flow from an output orifice 
of a stage in said counter to a fluid pulse input orifice in 
a succeeding stage. 

17. A three-dimensional fluid pulse converter compris 
ing a generally rectangular receiver, means dividing said 
receiver into two L-shaped generally equal compartments, 
means for issuing a stream of fluid toward the center of 
said rectangle and perpendicular to the plane thereof, feed 
back means from each of said compartments for main 
taining said stream directed towards one of said compart 
ments to which it is initially directed, and a pair of sig 
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nal input channels for receiving an input fluid pulse, one 
of said input channels producing a fluid flow to discon 
tinue flow of feedback fluid against said stream of fluid 
and the other of said input channels directing said stream 
to the other of said compartments. 

18. The combination according to claim 17 wherein 
said input channels issue fluid at right angles to fluid issued 
by said feedback channels. 

9. The combination according to claim 18 wherein 
said stream of fluid is at right angles to the fluid flows 
issued by said input and feedback channels. 

20. A fluid scalar comprising cascaded counter stages 
each having a fluid signal input passage, and at least two 
fluid signal output passages, means for producing a stream 
of fluid and means responsive to successive fluid input 
signals applied to said fluid signal input passage to switch 
the stream of fluid between said output passages in alerna 
tion, means coupling one of said output passages of each 
counter Stage to an input passage of the succeeding counter 
stage and means for reducing flow to said input passage 
of each of the succeeding counter stages at a predeter 
mined interval after initiation thereof. 

21. The combination according to claim 20 wherein 
each of said means responsive to successive fluid input 
pulses includes fluid logic means, each of said input pas 
sages being connected to said fluid logic means included 
in its associated counter stage and means for reducing 
flow from each of said input passages to its associated 
fluid logic means after said predetermined interval. 

22. A fluid logic system comprising a first pure fluid 
amplifier including means for issuing a power stream, 
at least one output passage, and at least one input pas 
Sage, means for maintaining said power stream directed 
to said one output passage in response to at least tem 
porary fluid flow to said one input passage, a second 
fluid amplifier having a power stream input passage, at 
least one control stream input passage and an output 
means, means connecting said one output passage of said 
first fluid amplifier to one of said input passages of said 
Second fluid amplifier, said last-mentioned means includ 
ing means for reducing flow to said input passage of said 
second fluid amplifier at a predetermined interval after 
initiation thereof. 

23. A fluid logic circuit comprising a pure fluid flip 
flop having a nozzle for issuing a stream of fluid, a control 
nozzle and output passages, means for supplying fluid to 
said nozzle for issuing a source of fluid pulses, means 
connecting said source of pulses to said control nozzle 
so as to switch said stream from a first output passage 
to a second output passage and means responsive.to said 
fluid pulses for reducing fluid flow to said nozzle for is 
suing during switching of said-stream. 
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