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This invention relates to improvements in 
cathode ray tubes adapted to quantize signals 
applied to them. In particular, it relates to ar 
rangements wherein signals that lie between the 
quanta, levels may be separated out from the 
quantized signal and also to cathode ray tube 
Structures wherein the flat to rise ratio of the 
quantizing tube is increased. 
In the art of quantizing the signal is trans 

mitted at one or another discrete amplitude level. 
For example, assume that it is desired to trans 
mit a positive going Sawtooth Wave. If the 
number of equal quantized steps is 10 then the 
quantized signal has zero value until the Sawtooth 
reaches 10 per cent of the amplitude. At this 
point, the quantized signal Suddenly increases in 
value to 10 per cent of its maximum. The quan 
tized signal remains at this 10% level until the 
Sawtooth Wave reaches 20 per cent of its height 
at which point the output signal abruptly in 
creases in amplitude to 20 per cent of its maxi 
mun, etc. 

It has previously been Suggested that quantiz 
ing operations be performed in the Special type 
cathode ray tube enploying a line beam of 
eleetrons. 
by the signal to be quantized up and doWn a step 
ped shaped target. However, the line beam has 
Some thickness along the line of its deflection 
and, therefore, it takes a finite amount of signal 
amplitude to deflect the beam from a position 
where it is entirely on one step to a position where 
it is entirely on the adjacent step. The ratio 
of the finite amplitude necessary to go from One 
step to the other to the maximum signal ampli 
tude to be handled by the device is called the 
flat to rise ratio. The smaller the flat to rise 
ratio the less amount of amplitude is required 
to change from One quanta, level to another. 

It is therefore an object of this invention to 
provide an improved quantized cathode ray tube 
wherein the relative amplitude change required 
to cause the output signal to go from one quan 
tized level to another is reduced. 
A further object of this invention is to provide 

an improved cathode ray tube wherein the flat 
to rise ratio is reduced. 

Briefly, the above mentioned objectives may be 
obtained in the following manner. Just before 
the beam reaches the end of one quanta level, 
means are provided for changing the current 
reaching the output circuit in a direction that 
is opposite to the change in the bean current 
reaching the output circuit when the beam is de 
flected to an adjacent quanta level. 
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if the target and the electron tube is of the 
stepped type, the top of each step can be ex 
tended along the line of the beam and the bottom 
of each Step can be notched. 
In quantizing Systems a second signal is often 

reduced in amplitude and transmitted between 
the quanta levels of the primary or first signal. 
At the receiver, the combined signal is quantized 
So as to provide the primary signal and this signal 
is Subtracted from the combined signal So as to 
obtain the Secondary signal that lies between the 
quanta levels. Generally speaking, this subtrac 
tion proceSS has been achieved by the use of 
circuitS having an extremely wide pass band. 

It is, therefore, another object of this inven 
tion to provide a cathode ray tube wherein one 
signal may be subtracted from another and in 
particular where a quantized signal is subtracted 
from a combined signal. m 

Briefly, this can be accomplished by employing 
a cathode ray tube wherein means are provided 
for projecting a horizontal line beam of electrons. 
A step-shaped target having one side of the steps 
parallel to the length of the line beam is mounted 
near the end of the cathode ray tube opposite 
the gun. Another target is mounted on the 
side remote from the gun of the first target and 
is So shaped that it fills in the steps. In other 
Words, One edge of it is parallel to the tangent 
to the outside corners of the steps. Means are 
necessarily. So provided for vertically deflecting 
the line beam up and down the step shaped tar 
get. Those signals provided by the step target 
are quantized inasmuch as the signal must change 
abruptly as it goes from one step to the next. 
While the beam is being deflected up or down a 
step it traverses the right triangular section of 
the Second target that has filled in the step. 
Therefore, at one end of the step the amount of 
the bean Striking the remote or second target 
is Zero Whereas at the other end of the step, the 
amount of beam striking the target reaches a 
maximum. In between these two, the amount of 
the beam striking the second target changes 
linearly With vertical deflection. Each of the 
Steps of the target area are provided with es 
pecially designed steps to improve the accuracy 
of the transition from one step to the next. 
The advantages to be derived from the use of 

this invention in a manner in which they are ob 
tained Will become clearer from consideration of 
the drawings in which: 

Figure i ShoWS a cathode ray tube constructed 
For example, 55 in accordance with the principles of this inven 
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tion Such that the flat to rise ratio of the quan 
tized output signal has been decreased. 
Figure 1a illustrates for purposes of explana 

tion a portion of the mask employed in the 
Cathode ray tube of Figure 1. 

Figure 2 is comprised of a graphical illustra 
tion indicating the change in the output signal 
produced by beam deflection in a standard quan 
tized cathode ray tube and also in the cathode 
ray tube which is the Subject of this invention. 

Figure 2d. illustrates another form of target 
construction that may be employed in a cathode 
ray tube of this invention. 

Figure 3 illustrates a type of cathode ray tube 
constructed in accordance with one of the fea 
tures of this invention. So as to provide means 
for quantizing a received signal and subtracting 
the quantized signal from the received signal so 
as to derive the information aligning between 
quanta levels. 
Turning now to Figure 1 there is shown a cath 

Ode ray tube comprised of an evacuated en 
velope 2 having electron gun 4 mounted in one 
end thereof. The electron gun may be con 
Structed in accordance with the text. of U. S. 
Patent 2,434,713. to . Mueller so. as to project an 
astigmatic or line beam of electrons. Assume for 
purposes of explanation that the line beam of 
electrons lies in a horizontal plane. Defection 
plates 6 and 8 are mounted. On either side of 
the extreme positions of the line. beam-projected 
by the gun 4. If the signal to be quantized is 
applied to one or both of the deflection plates 
6 and 8, the vertical position of the astigmatic 
beam Will be proportional to the signal amplitude. 
In this particular arrangement a stepped shaped 
mask fo. of beam obstructing material is; in 
serted between the deflection plates 6, 8 and a 
target 2 that is connected to an output circuit 
4. The dotted lines represent a fan-shaped line 
beam of electrons that is projected by the elec 
tronic gun 4. The tops of the steps in the mask 
O are parallel to the longer axis of the electron 

beam. It will be appreciated from the drawings 
that the amount of beam current reaching the 
target 2 and hence the output circuit 4 depends 
upon the vertical position of the beam on the 
stepped mask 0. 

If the steps in the mask 0 are precisely rec 
tangular the beam must be deflected by an 
amount equal to its own thickness in order to 
paSS. from the top of one step in the mask. O. to 
the bottom of another. Therefore, the beam 
must.be deflected by an amount equal to its own 
thickness before the output signal can pass from 
One quanta, level to another. 

In accordance With this invention the steps 
in the mask fo are so shaped that the signal in 
the output lead 4 can pass from one quanta, 
level to another as a result of a bean deflection 
which is less than the beam thickness. This is 
accomplished by extending the tops of the steps 
in a horizontal direction. So as to form, lips, in 
dicated by the number 6. At the same time the 
bottoms of the steps are notched as indicated by 
the numeral f. The details of these lipS and 
notches Will be better understood from a COn 
sideration of Figure 1d. For purposes of ex 
planation, a cross section of the beam 20 is shown 
in the drawing and indicated by numeral 20 in 
Figure 1a. The position of the beam is such that 
its top coincides with the horizontal side of a step 
in the mask 9. A center line of the beam is 
indicated by the numeral 22 and the distribution 
of electrons across the thickness of the beam is 
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4. 
indicated by a triangular 23. Other types of elec 
tron distribution may be employed but this elec 
tron distribution shape Will be used in con 
nection with the discussion of Figure 2. 
Turning now to Figure 2 for an explanation of 

the operation of this invention there is shown 
a plot of the output signal appearing in the Sup 
ply to the output lead f4 by the target 2 as a 
function of the Wertical deflection of the beam. 
The deflection is measured by beam. Widths and 
Zero deflection indicates a vertical position of 
the beam wherein its center line 22 coincides with 
the top or horizontal edge of one of the Steps in 
the mask O. A solid line 24 illustrates the type 
of output signal produced when the conven 
tional rectangle stepped mask is employed. It 
Will be noted that it requires a deflection of one 
beam Width to paSS from a position that is COm 
pletely on one step to a position that is com 
pletely on an adjacent step. A dotted curve 26 
indicates what happens when the lips 6 and 
notches 8 are employed. As the top of each 
of the beams 29 passes the bottom of the lip 
6, the amount of electrons in the beam reach 

ing the target 2 is gradually decreased. The 
relative amount of this decrease depends upon 
the area of the lip 6. With respect to the area of 
the quantized step as a whole. The maximum 
decrease in the signal occurs When the beam is 
in the position shown in Figure 1a, that is, when 
the top of the beam coincides with the top of one 
of the steps in the mask 9. If the beam is de 
flected upward from this illustrated position, 
the amount of bean current reaching the target 
2 is increased due to the fact that electrons 
can now flow through the notch 8 and strike the 
target 2. When the beam is in the Zero posi 
tion, that is, When the center line 22 coincides 
with the top of one of the steps, the beam current 
added by the notch 8 exactly offsets the beam 
current subtracted by the lip 6, and, therefore 
the amount of bean current reaching the target 
I2 is precisely the same as it would be had the 
lips and notches of this invention not been em 
ployed. Therefore, the dotted curve 26 crosses 
the Solid line 24 at a point 28. As the beam is 
deflected further, the notch 8 contributes more 
heavily to: the beam current and the lip 6 sub 
tracts less and less so that the upper portion 
of the dotted curve 26 is produced. The hori 
ZOntal portions of the Solid curve representS. ad 
jacent quanta levels. 

It will be noted that the dotted curve 26 ex 
tends below the Solid curve 24 for negative de 
flections and above the solid curve 24 for position 
deflections. Therefore, the signals produced by 
the apparatus of this invention passes below one 
quanta level and above the next. However, this 
has been found to produce desirable results in 
certain applications. The amounts of overSwing 
of the dotted curve 26, although producing de 
sirable results in Some applications, is extremely 
Small and, therefore, produces no harmful re 
Sults in other applications. The important thing 
to notice, however, is that the slope of the change 
from One quanta level to the next is increased. 

It Will be understood that the exact shape of 
these dotted curves 26 will depend upon the shape 
and size of the lips 6 and the notches f8 as well 
aS. On the distribution of electrons across the 
thickness of the beam. For example, the curve 
26, is the type of curve obtained from employing 
a lip Such as that indicated by the numerals 30 
and 32 in Figure 2a, and the dotted curve 34 in 
dicates the type of signal produced when only lip 
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39 is employed. The notches 30' and 32' are also 
included as they contribute to the shape of the 
upper portion of the curves. 

Referring now to Figure 3, there is shown a 
cathode ray tube wherein a received signal may 
be quantized and the quantized signal immedi 
ately subtracted from the received signal. The 
cathode ray tube illustrated therein is comprised 
of an evacuated envelope 36, an electron gun 38 
and a pair of deflection plates 40 and 42 that are 
arranged in a manner similar to that shown in 
Figure 1. On the remote side of the deflection 
plates is a target structure comprised of a first 
target 44. As shown, this is triangular in shape. 
Between the target 44 and the deflection plates 
40 and 42 there is a step shaped target 46. It will 
be noted that the lower edge of the target 44 is 
tangent to the outer corners of the steps in target 
46. Therefore, when the beam is in the position 
shown, the signal generated in the target, 46 is 
proportional to the Section of the beam that in 
tersects this target, namely, the portion 48. On 
the other hand the target 44 intersects the Cross 
hatched portion of the beam indicated by the 
numeral 50. It is apparent then that the output 
signal Supplied by the target 46 increases rather 
abruptly as the beam is deflected up and down 
over the various steps by the application of the 
signal to the deflection plates 4 and 42. In the 
position shown, the beam lies in the middle of one 
of the steps in the target 46. It can be seen that as 
the beam is deflected upward from this position 
that the cross sectional area, 50 increases and 
hence the signal Output provided by the target 

increases in a linear fashion. If the beam is 
defected downWard, the CrOSS Sectional area, 50 
may decrease linearly to Zero. This change in 
the cross sectional area, 50 between Zero and a 
maximum value is linear if the edge of the target 
44 is a straight line. Therefore, the signals pro 
vided by the target 44 are always proportional to 
the signal amplitude within One step of the target 
46. 
Having thus described my invention, what is 

claimed is: 
1. A quantizing tube adapted to produce a 
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quantized signal that has a minimum flat, to rise 
ratio comprising in combination and evacuated 
envelope, an electron gun mounted in said enve 
ope, Said electron gun being adapted to project a 
ribbon like beam of electrons, deflection plates 
positioned on either side of the Small dimension 
of Said beam, a target having substantially rec 
tangular steps mounted within said envelope in 
Such a nanner that One side of Said Steps is 
positioned 90° from the other side of the Step, the 
side of each step parallel to the greater dimension 
of Said beam being extended beyond the dimen 
Sion of the body of the step. 

2. A quantizing tube as described in claim 1, 
in Which a mask having the Shape of Said target 
is positioned in front of a target that is rectangu 
lar in shape. 

3. Quantizing apparatus comprising in combi 
nation an evacuated envelope, an electron gun. 
adapted to project a line beam of electrons in a 
horizontal plane, an output electrode, means for 
permitting different discrete levels of the beam 
current to reach Said output electrode depending 
on the vertical position of the beam, Said latter 
means being adapted to change the beam Current 
just before a discrete level in an opposite direc 
tion from the change in bean current produced 
in the output electrode when the beam passes 
that discrete level. 

ALFRED C. SCHROEDER. 
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