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The invention described herein may be manufactured 
and, used by or for the Government for governmental 
purposes, ‘without the payment of any royalty thereon. 
The invention relates generally to apparatusemployed 

for computation and control purposes, and relates speci? 
cally to a circuit for storing information. 

It frequently happens in computational, processing, or 
control circuitry that one or more‘ of the ‘following situa 
tions arise: ' 

(a) It is necessary to store each of'several voltage 
outputs which appear serially, so that they are all simu17 
taneously availablej ‘ . 

(b) It is necessary to use a voltage, only brie?y pres 
ent in the circuit, for a longer interval of time, or per 
haps at some later time.- ' 

(c) It is necessary to control accurately some low 
impedance device with a voltage from a‘high impedance 
source. ' y - Y ' 

(d) It is necessary to use or measure a voltage, that 
appears only as a charge on a condenser. 
These cases overlap somewhat and “several- may be 

present at once. Functions (4) and (b) require an 
analogue store, while (0) and (d) require an impedance 
transformer. In all cases it is desired that the voltage 
available at the output of whatever device‘ is 'used be a 
precise replica of thelinput voltage, ‘including polarity. 
This invention relates to such a device, which is an 
analogue store and impedance transformer simultane 
ously. 
Examples of the requirement for voltage storage and 

impedance matching are already very numerous ‘and will 
be increased in the near future by the advent of para 
metric computation, which almost always results in the 
answer appearing as a charge on a condenser. Another 
class of equipment that contributes to this need are some 
digital-to-analogue decoders which terminate digital com 
puting or processing circuits, such as pulse code modula 
tion systems. I 

Prior solutions of . thisrproblem sacri?ce either sim 
plicity to achieve precision, using manygadded tubes and 
parts, ‘or they sacri?ce precision to achieve simplicity, 
thus making the output circuit the weakest link in the 
chain of computation. Where theygare both cheap and 
precise, their design is generally tailored to the particu 
lar circuit with which they are associated, thus limiting 
their general application. , ' _ ' i 

7 It is an object ,of the invention to provide a simple 
‘analogue store and impedance transformer in which the 
stored output voltage more closely follows the input 
voltage. ' _' ’ 

In accordance with the invention herein, a voltage 
corresponding to the natural cathode follower rise is 
subtracted from the input voltage, whereby the resultant 
reduced voltage appearing atthe input will be supple 
l‘rriented by the cathode followeryrise, so that the output 
.voltagejwill more closely follow the input voltage. ' 
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is had to the following description taken in connection 
with the attached drawings wherein: ' 

Figure 1 is a schematic diagram of a basic cathode 
follower circuit of the prior art; - .I ~ 

Figure 2 is ‘a schematic circuit of the invention show 
ing the grouping of the components during the initial op 
erating state; ' 

Figure 3 is a schematic circuit of the invention show 
ing the grouping of the components during the ?nal op 
erating state; and - r ' ~ 7 i 

(Figure 4 shows a completeschematic circuit of therinz 
vention. 7‘ e 

In the various ?gures similar components are indi 
cated by similar reference numerals. ’ I 

In Figure 1, there is shown a basic circuit of a con 
ventional cathode follower stage, including a triode 12 
having an anode, a grid, and a cathode. The cathode 
is connected to B—- through resistor 20, and the anode 
is connected directly to B+. The output V0 appears 
between cathode and ground and is applied to a utiliza 
tion circuit. The input Vi is connected through a switch 
10 between the grid and ground. Capacitor 14 is con 
nected between grid and ground. ' 

In operation, the input voltage Vi which is_ to be 
stored is allowed to charge the capacitor 14 through the 
initially closed switch 10. The switch is now opened 
and the voltage is stored at the cathode output circuit 
as the output voltage V0. If the tube and the capacitor 
are carefully selected with respect to the supply volt 
ages, the rise in voltage may be quite small, and the 
output voltage V0 will remain relatively unchanged for 
many seconds. . 

The de?ciency of this circuit for precise Work as an 
accurate analogue store is .due to the fact that there is 
a rise in voltage at the cathode relative to the grid volt 
age. As an example of this, consider the following 
table which shows typical ?gures for a. circuit including 
a 5755 triode, B+=+300 volts, B'—=—200 vo1ts,’and 
the cathoderresistor 220,000 ohms, all voltages being 
measured with respect to ground. 

Input Cathode Output _ 
Voltage Follower Voltage 

» (Vi) Rise ((1) (V 0) 

Volts Volts Volts 
—100. 0 3. 4 —96. 6 
—50.0 2.4 —47.6 

0.0 1.6 +1.6 
+23.9 1.2 +25.1 
+25.0 1.1 +26.1 
+26.0 1.0 +27.0 
+100. 0 0. 1 +100. 1 

The table shows that as the input voltage varies from 
—100 volts to +100 volts the cathode follower rise (d) 
changes from 3.4 volts to 0.1 volt. For applications 
Where the output voltage may be required to be, say 
within 0.1 volt of the input voltage, the above circuit is 
entirely inadequate. Even'the expedient of biasingthe 
output voltage with the average rise is insufficient, be 
cause the error is still large. Moreover, there is di?i 
culty in applying bias without raising the output imped 
ance, and the bias requirements'will change with tube 
changes, with aging, andwith cathode supply ?uctuations. 
The above table also shows that there is very little 

variation in the rise (d) when the input voltage is changed 
by only a small amount. This relativev constancy of 
vthe rise for small input dilferences is the key to the 
present invention and may best be explained by using 
an example. If the input voltage is 25.0 volts, then the 
voltage ?nally appearing at the output must also be 25.0 
,v'olts, plus or minus 0.1 volt, which has arbitrarily been 
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selected as the criterion for good precision. This goal 
can be realized if the voltage on the ‘grid can be lowered 
by an amount just su?icient to cancel the effect of the 
rise through the cathode follower. In this case, the 
rise corresponding to an original grid voltage of 25.0 
volts is 1.1 volts. Hence it is necessary to change the 
'grid voltage to (25.0—1.1) or 23.9 volts. This is with 
in the required precision. In general, if the grid volt 
age is lowered by an amount equal to the natural cath 
‘ode follower rise, the resulting output voltage will be 
equal to the input voltage with very small error, and 
'the invention herein accomplishes this function. 

Figure 2 shows the initial arrangement of the com 
ponents of the present invention. The circuit, of Fig 
ure 2 differs from the basic circuit of Figure l, in that 
two condensers 16 and 18 have been added. Capacitor 
16>is connected in parallel with‘ capacitor 14, and capac 
itor 18 is connected between cathode and ground. 
When switch 10 is closed, the input voltage Vi charges 

the grid circuit capacitances, which now include capac 
itors 14 and 16. The switch 10 is then opened. At this 
moment the input voltage on the grid is Vi and the volt 
age on the cathode is (Vi+d), where (d) is the natural 
rise through the cathode follower. The voltage drop 
across each capacitor is now as indicated inFigure 2. 
The plates of the capacitors have been marked with their 
polarity to help trace the action through the ?gures that 
follow. ' 

After the capacitors are charged as shown in Figure 
2, they are rearranged as shown in Figure 3, without al~ 
tering the charges thereon. It will be noticed that the 
charge on capacitor 18 is in opposition to the charges 
on capacitors 14 and 16. The overall voltage between 
grid and ground is now the algebraic sum of the voltage 
drops across capacitors 14, 16, and 18, viz., - 

The cathode follower now adds a voltage very nearly 
equal to (d) to this new grid voltage and the ?nal output 
voltage V0 becomes very nearly equal to Vi—d+d 
which equals Vi, the desired value. 

Figure 4 shows the complete circuit of this invention. 
In addition to the elements above discussed in connec 
tion with Figures 2 and 3, it includes a double throw re 
lay switch including an actuating coil 32, which actuates 
three armatures 34, 36, and 38. In the rest position as 
shown, these armatures respectively contact with rest 

10 

20 

25 

30 

35 

40 

45 

contacts 22, 26, and 28. When the coil 32' is energized . 
from a source of current (not shown), the armatures 
move out of contact with the above contacts and into 
contact with circuit contacts 24 and 30, while the cir 
cuit connected to armature 36 will be opened. 
An inspection of Figure 4 will show that with the arma 

tures in the rest position, the capacitors components are 
connected as shown in Figure 2, and momentary clos 
ing of switch 10 will charge the capacitors as shown 
in Figure 2. When relay coil 32 is operated, the arma 
tures will reconnect the condensers as shown in Figure 
3, and the circuit will yield the corrected output V0 as 
above described. 

Being so lightly loaded, the relay may be operated 
quite rapidly, and relays with the required spring ca 
pacity, which can operate in about 2 milliseconds, are 
no longer unusual in the art. Furthermore, the order 
in which the several armature springs leave their respec 
tive back springs has been found to be unimportant, it 
being only required that the back contacts be broken 
before the capacitors are reconnected. However, this is 
how a standard general purpose relay will operate any 
way. Finally, further re?nements in the switching are 
possible with no important increase in the spring load. 
These may include, for example, provision for a dummy 
load in the cathode circuit to simulate the output cir 
cuit load when the relay is deenergized. 
The circuit shown has been constructed with a, switch 
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ing time of about 2 milliseconds, and found to operate 
over an input range from -l00 volts to +100 volts with 
an average error of about 0.05 volt and a maximum er 
ror of about 0.1 volt. 
The above method is valid regardless of the exact 

characteristic of the particular triode used. Further 
more, the accuracy is not a?ected by aging, and is prac 
tically independent of even momentary changes due to 
variations in the heater supply. 

While there has been described what is at present con 
sidered a preferred embodiment of the invention, it will 
be obvious to those skilled in the art that various changes 
and modi?cations may be made therein without depart 
ing from the invention, and it is aimed in the appended 
claims to cover all such changes and modi?cations as 
fall within the true spirit and scope of the invention. 
What is claimed is: 
1. A combined impedance transformer and analogue 

store comprising an electron tube having at least a cath 
ode, a grid, and an anode, a load resistor connected be 
tween the cathode and ground, an input circuit con 
nected between the grid and ground, ?rst, second, and 
third capacitors, and switching means which in one con 
dition connects said ?rst and second capacitors in paral 
lel between said grid and ground, and the third capaci 
tor between said cathode and ground, whereby upon the 
impression of a direct current voltage upon said input 
circuit all condensers are charged, said switching means 
when in another condition connecting all three capaci 
tors in series between said grid and ground, the connec 
tion of said capacitors being in such direction that the 
charges on said ?rst and second capacitors are additive 
and the charge on the third capacitor is in opposition. 

2. A combined analogue store and impedance trans 
former comprising a ?rst storage means upon which a 
voltage is stored, an impedance transformer means hav 
ing its input circuit connected to said storage means to 
provide in the output circuit of said transformer a volt 
age which equals the stored voltage plus an incremental 
voltage produced by said impedance transformer, a sec 
ond storage means initially connected to the output cir 
cuit of said impedance transformer for storing the out 
put thereof, means which in one condition is adapted to 
disconnect said second storage means from said output 
circuit and said ?rst storage means from said input cir 
cuit and in another condition connects both of said stor 
age means together and impress their cumulative volt 
age on said input circuit to substantially cancel said in 
cremental voltage. 

3. A combined analogue store and impedance trans 
former comprising capacitor means in which a voltage 
is stored, a cathode follower circuit having its input cir 
cuit connected to said capacitor means to provide in its 
output circuit a voltage which equals the stored voltage 
plus a voltage representing the cathode follower rise, 
means including a capacitor initially coupled to said out 
put circuit of said cathode follower for storing the out 
put thereof, switch means which in one condition is 
adapted to disconnect said capacitor from said output 
circuit and capacitor means from said input circuit and 
in a second condition connect said capacitor in series 
with said capacitor means, the connection of said capaci 
tor and said capacitor means in said second condition 
being in such direction that the charge on said capacitor 
is in opposition and the charge on said capacitor means 
is additive and to impress their cumulative voltage on 
said input circuit to oppose said cathode follower rise. 
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