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DESCRIPTION OF UNITS COMPOSING ANALYZER

In the main body of this report on an electronic difference analyzer,
the general features of an electronic computer were outlined. The purpose of
this section is to extend the definitions which were given under the technical
section (Part II) of this report and to state practical methods by which the
operations indicated might be done. While many ways of doing the various opera-=
tions involved have suggested themselves, We will here limit ourselves to a dis-
cussion of the one or two methods which in each case 'seem to have the most merit,
A discussion of suitable tubes and other associated parts will conclude this

section and is included to give a better physical picture of the apparatus.

Pulses

Since the entire operation of the device 1is instigated, controlled
and carried out by means of pulses, we will append the previous definition and
define several types.

Pulse - General definition as given in Part II of this report:

mAn electrical pulse consisting, for example, of a temporary

rise or fall in voltage relative to an average voltage level. All pulses arc
controlled so as to have approximately the same duration and magnitude.

(a) Simple Pulse

For the operation of many of the following circuits the
exact shape of the pulse would be relatively unimportant. Under such conditions
a "gimple pulse" or just a "pulse" or npip¥ will be suitable. Such a "pulse"
as we will hereafter refer to it, would probably have the appearance of a norma

error curve -///’h\\s_ since it would be the most easily generated and thus
the best to use when the application 1s not critical as to shape. The rate

of repetition of such a pulse will be referred to as the "pulse rate', and the
duration of such a pulse may be taken as the time for the voltage to goO from

5 per cent of its maximum falue through the maximum and down to five per cent

again,

(b) Sgquare Pulse

For other applications it may be desirable to use a '"squiie

pulse" or a pulse of rectangular shape The same definitions of
npulse rate' and "duration" may be used as were stated for a "simple pulse’ .
Such pulses are needed when it is necessary to define the position »f the Legin-

ning and/or end of the pulse very accurately, or when the device into ‘which
the pulse is applied is rather sensitive to the amplitude of the applied volbeg3.

(¢) Gate Pulse

& "gate pulse" or simply a "gate" is a "square pulse"
which is applied to a circuit for the purpose of allowing another pulse, 1.64)
gimple pulse’ or ngquare pulse" to produce an action on that circuit, As such
the "gate" must rise (in voltage) before the advent of the npulse" it ngates"
and fall after the npulse" has passed. Therefore it will be longer than the "puls
which it"gates."
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The circuits to be discussed later are made up of the following elemeii=
tary circuits in special combinations and are operated by the pulses" described
above,

1., Trigger Circuit

Many of the operations involved in the units to follow, especlally
in the counters, require a circuit to remember that it has received a pulse. For
this purpose a trigger circuit is required.

(a) "Gas tubes"

The ability to remember a previous pulse or operation is inherent
in the design of a "gas triode" or "thyratron"; however the speed of operation of
this device is too slow except for a very minor nunber of operations involved in
the present machine. This device is so generally known as not to warrant further
description here, other than to say that it is a tube which will not pass current
in one circuit until a second circuit is energized and thereafter will pass curren:
independent of the second circuit until the first circuit is broken. It is
similar to a "no-current release’ relay (latching relay).

(b) MVacuun Tube Trigger Circuit"

Three basic ways of obtaining a circuit action similar to thai
of a thypatron are known,

(1) The first is to employ two vacuum tubes in the circuit -
shown in Figure 1. b Re )
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Tn the circuit shown in Figure 1 we shall assume the voltage dis-
tribution to be such that if ‘the tube (1) 1s assumed to berconducting the currant
through resistance Ry will be such as to cause the grid of tube (2) to be 'sufiin
‘jently negative so as to prevent the passage of any current through Rz. Pl
‘will result in the grid voltage »f tube (1) being sufficiently high to ellow tna
asguned eurvent to flow. It can be seen that this condition =g a etante one ond &
the devine will remain indefinitely in this condition unless (iaturted: alvo v ;
will be seen that alternately a similar argument viould allow “ud” (2 %o
conductiry «nd tube (1) to be non-concducting. Thus it will be ceen thab "wo '
stable states are possible. A transition from one state to the cther uan he i
caused by applying pulses of the proper polarity across the resistances R, anc
R . Thus such a trigger can remember by this transition that il has received a
pulse. Such a device is the electrical analog of a toggle switch,
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(2) The other two vacuun tube trigger circuits are not consider=-
ed as possibilities for this machine, The first of these two consists of an
oseillator eircuit which has two stable states, one blocked or non-oscillating,
and the other oscillatings. The'secend:trigger uses the secondary emission of a
pentode vacuum tube bo obtain two stable states. Both of these devices are
slower in operation, in their present state of development, and not easily coupled
to one another, %

(e¢) "Pulse Sharpener"

; The previously described trigger circuit can be used as a "pulse
sharpener" by appropriate modification of the voltage distribution in the circuit
If a square pulse (which, however, not being sufficiently square, needs sharpen-
ing) is applied to one of the resistors Ry or Rp, the circuit will remain dormant
until a critical value of wvoltage is reached, then it will suddenly flip over,

If the voltages have been properly arranged it will, however, flip back as soon
as the voltage has subsided again to some critical value, It is the electrical
analog of the spring bottom found on many oil cans.

(d) "Square Pulse" or "Gate" Formers

. Frequently it is necessary to produce a "square pulse" or "gate"
from a simple "pulse", This can be accomplished by building a time constant
into the trigger circuit in such a way as to make it return at a predetermined
time after it has been flipped.
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The trigger circuit of Figure 2 accomplishes this as follows: after =
pulse has caused tube (1), which has been non-conducting, to conduct. the con~
denser C will cause the grid of tube (2) to be held at cutbff, thus maintaining
a stable state in the circuit until sufficient electrons have floved of 7 condor=zay
C through resistance R to allow the trigger to return to its initial rtle.

An alternate vacuum tube trigger circuit to which It is ea.iab ty
couple and is somewhat more flexible in application is suovr in 7
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It can be converted to a "square pulsel or ngate" former as shown in Figure 4.

Fig. &4

It should be understood that the batteries shown in the figures
are only symbolic, and that by well known rearrangements the circuits would
be operated from conventional power supplies.

2. Channel

nChannel" is simply the electric circuit which couples one
electrical device to another.

3. Switching Tubes and Coincidence Circuits

/ At many points in the apparatus it is necessary to connect 2
device into a given channel only at a certain specified time. This may te
done by "switching tubes" used in "coincidence circuits"., The switching
tube inserted in a channel will only be able to pass the signal pulses whea it
has been "gated" by a ngate" pulse. Figure 5 shows such a switching tube
circuit,
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Fig. 5
The vacuum tube is biased beyoni cutoff and under these ccndioicas tnr et el

pulses applied at A cannot pass into the outrut C, even Lhovgn timy e p2s.-
tive, because of the fact that the negative bias is s~ great that tne grid of
the tube never reaches a potential which would permit the tube to conduct,
If, however, a positive gate 1s applied to terminal B, the pulses in A caus"
the grid to reach a potential which permits the tube to conduct and these
pulses will appear atb C. A number of these switching circuits may have ihéir



A terminals common and bthus Dy piopci oovoi

of different channels, Conversely they may have their C terminals COMNOn, i
which case any number of different signals fed into respective A channels might
he introduced into some device.

Figure 6, below, shows an alternate circuit which has the advantage that
there is no interchange of energy between the inputs A and B, and that the B
input has no series resistance to produce an undesirable time delay in connection
with the input capacity of the vacuum tube.

This idea of using the coincidence of two signals to initiate an
operation may of course by means of suitable circuits be extended to include the
case of the coincidence of three or more simuléaneous signals or gates,

L. Clippers and Limiters

Often it is necessary to standardize the amplitude and/or shape of
pulses coming through a particular channel, This can be done by inserting tubes
in the channel in such a way that they saturate after the signal reaches a speci-
fied value and produce a flattening of the voltage wave from then on, Figure 7
is an example of such a device.
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1f the voltage applied at E goes beyond a certain positive value the
grid of the tube draws current, and no further inerease in grid voltage will
accompany an increase in applied voltage, because of the action of the series
grid resistor, Under these conditions the output from F will increase only until
positive grid voltages are reached and the output wave will be flattened or
1limited" beyond this point. The cutoff characteristics of the vacuum tube will
1ikewise "limit" the output in the case of extreme negative input voltages.

If the above circuit is arranged to clip off only in a positive or
negative direction, so as to pass only the positive or negative part of the wave,

it is known as a "clipper". An alternative form of clipper circuit is shown in

e . '
Fig. 7 vy
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The diode shunted across the circuit serves to short out signals
in one direction, but not the other, Figure 9 shows how two diodes can be com= |
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Fig. 9

5, -83mbination £ircuits and Multigrid Tubes

Tt will be sufficient to state that frequently it will be possible
to combine several of these fundamental operations in the same tube or tubes,
(This does not refer to the obvious combination of two or more tubes in a single
envelope.) This possibility is augmented by the availability of tubes having a
multiplicity of control elements, Multi-element tubes may sometimes be used for
other reasons, for instance, because of their sharp cutoff characteristics,
high transconductance, and ability to effectively shield one circuit from
another,

6. Scanning

When it is necessary to transfer a set of pulses from one set of
devices to another, it is possible to make this transfer a stepwise process,
using only one channel, rather than to do it all at once with a number of channels,
This would be achieved by a process known as nscanning", where the various pulses
« which would otherwise be sent simultaneously through many channels are now sent
serially through one channel, The circuits necessary to effect this transmission
would then be known as "scanning circuits.,"

Counter

As previously defined a counter js: "An electrical pulse counter, having
a number of stable electrical states, The counter passes from one of these
stable states to another, in a regular order, each such transition taking place
when a single pulse is fed to its input. A scale-of-n counter has n stable
states, and may be arranged to re-cycle again and again as more than n pulses
are fed to it, Also, the counter is arranged to deliver one output pulse for
every n pulses fed in, This is analogous to the single dial of a mechanical
computing machine "

Such a device can be made by combining a number of trigger and coinci-
dence circuits into a Pérg, as shown in Figure 10,
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1f we confine ourselves to a scale of ten, which seems desirable at
present, we would have ten such trigger circuits in the ring interspersed by ten
coincidence circuits, The input pulses are simultaneously fed into all of the
coincidence circuits; however, since no gate is also present on any coincidence
circuit no action occurs, The outputs of the trigher gates are hooked into the
following coincidence circuits., Therefore if a particular trigger has been tripped
the following trigger will be in a condition to be tripped by the next pulse by
virtue of the gate acting on the fnterposed coincidence circuit. Thus as pulses
are added, more and more trigger circuits in the chain are flipped, corresponding
to the number of pulses put in, Some mechanism must be included to reset the
trigger in order that the process be a continuous one, This can be done all at
once when the tenth trigger has been reached or it can be done one at a time, say
after a new trigger is turned on one of the old ones is turned off. When the tenth
trigger is reached, and the counter is ready to re-cycle, an output pulse is
delivered.

The transition from one trigger to another must not take place too rapidly.
since under these conditions the same input pulse might be able to trip several
triggers since the gate from a previous trigger just tripped might allow a coincidence
of the next stage before the pulse subsided, The required delay in transition can
be obtained by a resistor-condenser combination. The circuit of Figure 3 combines
the necessary trigger and coincidence action in the triodes.

An alternative arrangement which is somewhat more economical of tubes Lo
would be to use a scale of two counter feeding into a scale of five counters to
obtain a scale of ten, Then since the scale of two requires only two positions
(on or off) a single trigger will suffice, thus with five triggers for the scale
of five, a total of onlyy6é triggers would be required, as opposed to ten for the
first arrangement.

Accumulators

As previously defined an accumilator is "A group of counters so arranged
that (a) the output pulse from one counter is fed to the next, and the output
pulse from that is fed to the next, and so on, and (b) input pulses may be fed
into any or all of the counters simultaneously. An accumulator is analogous to
a set of dials for a mechanical computing machine equipped with carry-over mechan=
ism. It should be particularly noted that, to carry the analogy further all dials
usually would operate simultaneously, not serially."

It seemed desirable to connect the counters together in groups of aix
as far as their mechanical construction goes. This would then register any
number up to 999,999. DOf larger numbers were desired it would simply be nocessary
to connect two or more together, the output of one feeding into the input of the
next.

A problem arises when we connect the counters together to form an accumu-=
lator, if a carry-over pulse should arrive from the preceding stage at exactly
the same time an external pulse came in from some dther device, that counter would
record only one pulse, instead of two as it should. This situation can be remedied
by making the time required for a carry-over smaller than the time between success-
jve pulses, This, however, might be difficult since the carry-over time might be
ten times the flip time of a single trigger in the .case where the number
9,999,999,999 changed to 10,000,000,000 upon the addition of a single pulse in the
last place. An alternative scheme which would avoid building such high speed trig-
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gers in the accumulator would be to include an extra trigger circuit for each decade
of the accumulator, connected in such a way as to flip from the carry-over pulse

and then flip back, transmitting a pulse to the next stage only if notexternal pulse
were coming inj; if an external pulse were coming in then it would wait until this had
occurred and then put its pulse in. However, if the next stage were to have its
last trigger conditioned so that it would be caused to re-cycle and give an output
by this pulse a connection would put the pulse not only in the next stage, but in
the following stages as well. In the example stated (9,999,999,999 to
10,000,000,000) this process would continue down the Iine so that when the special
carry-over trigger for the unit counter finally flipped back, pulses would immed-
iately be put into all the other stages of the accumulator, In other words, a
special trigger is connected in to remember any incidental error produced by the
coincidence of an input and a carry-over pulse, and to immediately correct this
error before the next cycle takes place.

The accumulators will be called upon to transmit the number they contain
to other accumulators at certain times during the solution of the problem, Let us
consider how a single counter would transmit the number it contains into a channel,
Suppose the third trigger was the last one in the ring to have been flipped. This
would correspond to that counter registering the number, 2. To transmit this
number it must cause a circuit to transmit three pulses into some channel, It
must however be in the original condition at the end of the operation. This can
be accomplished by putting ten pulses into the external input; after seven
pulses have gone into the counter it will be in the 9 position, this is connected
to operate a trigger which controls a switching tube allowing the next three
pulses to go into the output channel. hn additional gate must control a switching
tube and prevent the carry-over pulse from going into the next stage. The -decade
counter will of course be left in its initial e¢ondition after receiving ten

pulses.,

_ If it is desire to transmit the number from an accumulator as a negative
number, this can be accomplished by transmitting the complement, which can be ob=
tained in much the same manner. The only difference is that the switching tube
which causes some of the ten pulses to be transmitted into the output channel, is
initially on and is turned off by a gate from the special trigger when the counter
re~cycles. Thus for the numerical example given above the first seven pulses
would be passed into the output before the gate was removed and the remaining three

were eliminated.

Additional triggers in an accumulator could remember whether or not the
number stored therein were positive or negative as noted from the inffial condi-
tion or from its passage through zero, In this connection a special pulse would
be required to correct the last counter when negative numbers were being handled,
The special trigger which remembered whether the number were positive or negative
would gate the pulse, The ten pulses and any special controlling pulses for the
above operations would be obtained from a channel connected to the "Program Control

Unit.,"



Multiplier

As previously defined a multiplier is "An electronic switching device
which, when fed pulses from two sources, will deliver pulses to an accumulator so
as to form in that accumulator the product of the two numbers represented by the
pulses from the two inputs."

If two nuabers, say 879 and 523, are to be multiplied together we could
accomplish this by adding 879, 3 times, then moving over a decimal place: and adding
879, 2 times, and then moving over another decimal place and adding 879, 5 times.
The final surm would be the product of 879 by 523.

Thus
879
879 ; Check by conventional
879 ' multiplication
879
8839 879
7 223
879 2637
879 1758
879 4,395
879 __ L5977
L59717

Let us assume that the two numbers to be multiplied together electronical-
ly are stored in wwo accumulators. We shall refer to the accumulator containing
the multiplicand as the multiplicand accumulator, for our numerical axsmple 879,
and to the accumulator containing the multiplier as the multiplier accumulator,
which in the numerical. example chosen is 523, We shall call the accumulator into
which the multiplier accumulator puts the product, the product accumulator., For
our example the multiplicand and the multiplier accumulators need have three decades
and the product accumulator must have six decades. The first operation will be
for the multiplier to add 879 from the multiplicand accumulator into the last three
decades of* the product accumulator 3 tiuesy: It -is.enabled to.do this by means of
connections made by three switching-tubes which connect the three decades of the i
multiplicand accwaulator to the last three decades of the product accumulator.
Next, it must acd 879 from +he multiplicand accumulator into the product accumulator
2 times meking the connections to the end thrce decades not counting the last one,
using three more switching tubes. Finally it must add 879 from the multiplicand
accumulator into the product accumulator 5 times making the conncctions to the end
three decades not counting the last two and uaing three other switching tubes,
The product of 879 and 523 has now been accumulated in the product accumulator.
Tt will be noticed that nine switching tubes were required.

. We are now faced by the problem of determining how the machine shall
know when to turn on which set of switching tubes and how many times the addition
process is to take place When these connections are made., The first set of
switching tubes is turned on when the program control unit decides a multiplication
shall take place. It first operates the switching tubes and then transmits ten
pulses into each channel of the multiplicand accumulator in the manner required
for the addition process, Nine of these pulses, one having been deleted by a
special counter in the progran control unit, are sent into the last decade of

the multiplier accumulator. The "carry over" pulses in the multiplier accumulator
are prevented duning the entire multiplication process. This will leave the last
docade of the product accumulator registering the number 2 instead of the number 3.



This process continues until the last decade registers O when by means of a
coincidence circuit the first set of switching tubes is turned off and the second
set turned on. A similar process follows until the second decade of the product
decade reaches 0, at which time a coincidence circuit goes into action and the
second set of switching tubes is turned off and the last set is turned on. This
is followed by the usual addition process resulting in the nultiplication being
completed and the multiplier accumulator being set to O, which by means of a
coincidence circuit allows the program controlling unit to know that the process
has been completed, Of course, the value of the multiplier has been lost in

this process so that if it is needed for a further process it should have been
transferred to another accuaulator, by a set of switching tubes, before the multi-
plication began. Thus a multiplier is ween TO consist physically of a set of
switching tubes and perhaps an accumulator f£or remembering the multiplier (523).

To find the number of switching tubes involved let the number of
decades in the multiplicand accumulator equal im and the number of decades in
the(produgt accumulator equal n, then the nunber of switching tubes required
is (n - m)m,

If the multiplier is to be remembered an acditional set of tutes
equal in number to the decades in the multiplier accumulator as well as an
additional accurwintor may be required. If a somewhat slower speed can be
tolerated the multiplier may be remembered without the additional accumulator
by using an alternative multiplying systen.

Tn order o properly assign the sign of the product as noted by
the special trigger irits accurulator a few additional trigger and coincidence
circuits are necded in the multiplier. These operate in snch a way that if
both thoe mvltinlier and rwluiplicand are negative the ororum control unit is
signalied to procaed &S +f potn numbers were positive. I¥ cne of the numbers
is negative thz progrem coatrol unit is signalled to operaie vhe multiplication
in a similar mannsr 50 tYhe above except that it should cause complemenus o be
sent to the product register.

Divider

A& previcusly dofincd a divider is "A unit sinmllar to the avleiplier,
but with an cunpus waicn is the ratio of two inputs.’

7Le gencral principles on which the divider operates are very sinilar
to thet of the nulti~iisr, I7 one subtracts the divisor, which we will assuie
has three digive, from vre rirst three digits of the dividend 2s mary times as
onc ecan without zettarg e negative result one obtains the first digit of ths
quotient. If we then snoff the decimal point by onec unit in the remawnder and
repeat the process we ohtain the second digit of the quotient, This pirocess may
be repeated to any degrece of accuracy.

This process could be carried out electronically by having the program
eontrol unit add the complement of the divisor, which is stored in a suitable
ascuiulator, into the last three decades of the divident by means of suitable
switching tubes (by last three decades we mean the decades corresponding to the
first digits of the dividend). This process is continued until the dividend
suarts to go through zero., At this point a coincidence circuit stops the pro-
cess, The progran control unit connects in ancther set of switching tubes and
the process is continued on the romainder of the quotient. The number of
additions in these steps are consecutively fed into the channels of the quotient
accumulator, and store there the consecutive digits which form the quotient,
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The algebraic sign in this process 1is taken care of in a manner similar to that
done in the pmultiplication process.

The number of switching tubes required here depend upon the accuracy
desired, but for ordinary purposes will be apprcximately equal to the number of
tubes required in a related multiplication.

Recorcer

As previously defined, the recorder is "a device for making a permanent
record of the results of calculation at any determined stage of the work".

The recorder might use photographic or other means of making a permanent
record, but the results will probably be more useful if recorded in punched cards,
so that, when desirable, they will be in proper form for 1B machine operations.

1% 18 understood that cards nay be punched at the rate of three to five per second
at the nost, using equipment for which designs now exist. When the rosults of
every group of operations must be recorded, this sets a limit upon the overall
speed, but since there are no other compubing devices able to carry out a train

of conputations and fced the recorder at this speed, it may be said that the
¢lectronic analyzer, used as a computer for a series of similar bub discrete
aprithmetical tasks, is by far the fastest device available.

The limited speed of the recorder is, however, no "bottleneck" in the
jterative solution of difference equations. The analyzer will, at any point
designated bY the program device, transfer to the recorder unit whatever informa=-
tion it is desired to record, The recorder unit will have, in the form of accum=
ulators or other storage devices, the meens of receiving and holding this informa=
tion for the time necessary for the operation of the punch. Bub once the informa=
tion has been transmitted to the recorcer, the program control unit will resume
the step~by-step calculations. Therefore, during the time that the recorder needs
for its operation, the calculation of the next value to be recorded will already
be under way. For instance, it would suffice to record only every tenth step

in the integration process, and if each step requires, 5aY, 30 milliseconds, then
at the end of ten steps or 0.3 seconds the recorder will again be ready to receive
information. If for any reason it should be desirable to record more often,

and higher speed punching mec isn is not available, one may provide two recorders,

working alternately.

1f it is desired, the recorder need not operate ab fixed intervals

along the jindependent variable, bubt may operate for fixed increments in any
variable, This is accomplished by controlling the pecorder operation from an
accuraulator which trips the recorder whenever it passes through zero. Increments
in the desired control variable are added into this accumulator at every step, and ¢
every time the recorder operates a fixed negative quantity is transferred into

the same accumulator, which then trips the recorder again when the accumulated
increments in the control variable have brought the accunulator back to zero.

Function Generator

As previously defined, the function generator is "a device for intro-
ducing an arbitrary function, the mathematical form of which is either not known
or not simple enough to be generated by a simple difference equation," That 1is,
a function peneratour must be a device which can supply, at times designated by
the program control unib, the value of some function, £(x) corresponding to the
value of the variable X present in some accunulator. The function penerator must,
of course, be pruvided in some manner with information concerning £(x). This
information mdpght conveniently be stored in punched cards, and the problem then b
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becomes one of reconciling the high speed with which the function generator

must respond with the comparatively low speed at which cards may be passed
through a reading machine.

A reasonable solution can be attained by using the same technique
as was used for the recorder--that is, the function generator reads from a punched
card and stores information permitting it to continue generating the function for
a limited range in x while at the same time the mechanical mechanism is substitu=-
ting one card for another in the reading device, The parameters necessary for
building up or interpolating f(x) over the limited x-range might be in the form
of a small number of successive differences of f(x). The changing of the cards
will not disturb the process of function generation because the reading device is
not connected to the function generator except at those times when (a) the waide
toihenrdad iﬂ:inupiacd,uandnébﬁ'mhghﬁ@giable, x, has arrived at the value desig-
nated on the card as one for which fhe function gensrator is to be given new
information,

Usually the variable, x, will increase at some times and decrease at
others. Therefore it will be necessary for several cards for adjacent Xx-ranges
to be in reading positions, or else to use additonal accumulators for storing
the information relating to the range just passed.

It will be seen that the function generator in effect interpolates a
great number of values of £(x) when provided with £(x) and some of its differences
at relatively few points. It is presumed that this interpolation may be carried
out by summation of differences rather than by multiplication processes, sinpe
additions proceed so rapidly.

Tubes

The practicality of an electronic computer and difference analyzer
is enhanced by recent advances in the design of electronic tubes suitable for
the circuits to be used, Particular mention should be made of the 6J6, a minia=
ture type twin triode with 1ow input anc output capacities and a high transconduct- .
ance at low operating voltages., Some of the manufacturer's daba are given here
to illustrate:

For each triode unit of 6J6 twin triode:

Plate voltage 100 volts
Amplification factor 32
Transconductance 5300 micromhos
Plate current 8,5 ma.
Maximua plate dissipation 1.5 watts

Interelectrode capacitances (each triode)

Grid to plate 1.6 nuf
Grid to cathode 2,2 puf
Plate to cathode 0.4 ppf

Mention should also be made of the existence of special gas tubes
designed for use in counter circuits, It is to be expected that vacuum tubes
will be preferable for most of the circuits, but that gas tubes may be used for
some of the circuits,
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