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This invention pertains to the magnification of wave 
forms on a cathode-ray tube, and relates particularly to 
a method and circuit for magnifying any desired portion 
of a waveform and positioning the same at the center 
or any other area of the cathode-ray tube screen. 

It is a principal object of the present invention to pro 
vide a method and circuit by which any portion of a 
waveform desired to be analyzed may be magnified to 
any desired extent and adjusted to any desired position on 
the cathode-ray screen. 
Another important object of this invention is the pro 

vision of a method and circuit for positioning a magni 
fied waveform at any desired position on a cathode-ray 
tube screen. 
A further important object of the present invention is 

to provide a method and circuit by which a normal or 
magnified waveform may be positioned on a cathode-ray 
tube screen by means of a single control. 
The foregoing and other objects and advantages of the 

present invention will appear from the following detailed 
description taken, in connection with the accompanying 
drawings, in which: --- 

Figure 1 is a schematic diagram showing one form of 
electrical circuitry embodying the features of the present 
invention; . 

Figure 2 is a schematic diagram of a modified form of 
electrical circuitry embodying the features of this in 
vention; and -- - - . . . 

Figure 3 is a graph showing the magnification results 
of the circuits shown in Figures 1 and 2. 

Stated broadly, the method and circuit of the present 
invention involves a feedback network between a sweep 
generator and the amplifying system preceding the cath 
ode-ray tube deflection plates; wherein means is provided 
in said feedback network for varying the gain of the out 
put amplifier, and wherein means is provided ahead of 
the feedback network for controlling the horizontal posi 
tion of the waveform on the cathode-ray tube screen. 

Referring to Figure 1 of the drawing; there is shown in 
block form a sweep generator. 6 of any conventional 
design well-known in the art for producing a sawtooth 
waveform time base for a cathode-ray tube (not shown). 
The output of the sweep generator is connected to the 
grid 1 of cathode follower tube V1. The plate 12 of 
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this cathode follower tube is connected to a positive po 
tential, as shown. The cathode 13 is connected through 
resistance 14 to a negative potential, as shown, and through 
the parallel combination of resistance: 15 and capacitor 
16 to the grid 17 of cathode follower V2. The grid 17 
is also connected through: potentiometer 18 to a nega 
tive potential and to ground. This potentiometer func 
tions to vary the voltage. on grid 17, whereby to posi 
tion a desired part of the sweep on the cathode-ray tube 
screen. Cathode follower V2 functions to prevent grid 
current from flowing in the circuit of impedance 15, 
6: 
The plate 19 of tube V2;is connected to a positive po 

tential, as shown, and the cathode 26 is connected through 
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resistance 2i to a negative potential. The cathode 20 
of tube V2 is also connected through the parallel combi 
nation of resistance 22 and capacitor 23 to the grid 24 
of cathode follower tube V3. The plate 25 of tube V3. 
is connected to a positive potential and the cathode 26 
is connected through resistance 27 to a negative poten 
tial, as indicated. 
The cathode 26 of cathode follower tube V3 is also 

connected to the grid 28 of amplifier tube V4. The cath 
ode 29 of this tube is connected through potentiometer 30 
to the cathode 3i of another amplifier tube V5, said 
cathodes 29 and 31 being also connected through the 
respective resistances 32, 33 to the negative potential, as 
indicated. The grid 34 of tube V5 is grounded through 
resistance 35. 
The function of cathode follower tube V3 is to prevent 

grid current from charging the feedback network capacitor 
23, thus avoiding long recovery time. Potentiometer 30 
functions as a degenerative control between the cathodes 
29 and 3i of the respective amplifier tubes V4 and V5 
to t the magnification gain to the precise value de 
STCC. 

The plate 36 of tube V4 is connected through resistance 
37 to a positive potential, as shown, and also to the 
grid 38 of cathode follower tube V6. The plate 39 of 
tube V6 is connected to a positive potential and the 
cathode 40 is connected through resistance 48 to ground. 
In similar manner, the plate 42 of tube V5 is connected 
through resistance 43 to a positive potential and to the 
grid 44 of cathode follower tube V7. The plate 45 of 
tube V7 is connected to the positive potential indicated 
and the cathode 46 is connected through resistance 47 to ground. 
The plate 36 of amplifier tube V4 is also connected 

- through the impedance comprising the parallel combina 
tion of resistance 48 and capacitor 49 and through re 
sistance 50 and protentiometer 51 to a negative po 
tential, as shown, and through said potentiometer and 
resistance 52 to ground. w 

Potentiometer 5i functions to set the D. C. level of 
cathode follower tube V3 at the same level for both magnifying and normal positions, and is employed to 
adjust the part of the trace which is magnified to center 
the latter upon the cathode-ray tube screen. 

Plate 36 is also connected through impedances 48, 49 
and switch 53 to the grid 24 of cathode follower tube V3. 
The switch is movable between the MAG and NORM 
positions and functions in. Such manner that the ampli 
fier V4 operates at full gain when the switch is in the 
MAG position. However, when the switch is in the 
NORM position a degenerative feedback network is placed 
between the plate 36 and grid 28 of amplifier tube V4 via 
the cathode follower V3. The value of resistance 22 
and capacitor 23 may be chosen to provide gain factors 
of any magnitude desired. The gain may also be varied 
by changing the magnitude of resistances 48 and 50, but 
the former procedure" is preferred. 

Potentiometers 18 and 51 function in such manner as 
to equalize the potentials at junctions: 54 and 55 while 
simultaneously adjusting the potential at plate 36 of am 
plifier tube V4 to a value at which the trace is presented 
at the desired position on the cathode-ray tube screen. 
In practice this potential is preferably established to center 
the trace on the screen. In any event the trace is main 
tained at the selected position on the screen in both mag 
nified and unmagnified conditions since the potentials at 
terminals 54 and 55 are maintained equal. 
The cathodes 40 and 46 of the respective cathode 

follower tubes V6 and V7 are connected to the deflection 
plates D of a cathode-ray tube (not shown). These cath 
ode followers isolate the deflection plate capacity from 
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the plate of the amplifier tubes and increases the band 
width of the latter by a factor of about three times. The 
improved frequency response provides for increased line 
arity of the sweep on the higher range. 
The operation of the magnifying circuit described here 

inbefore is as follows: Let it be assumed that the ratio of 
resistances 48 and 22 is so chosen that the gain of ampli 
fier tube V4 is reduced by a factor of five when switch 
53 is in the NORM position, as compared with the gain 
when the switch is in the MAG position. With the cath 
odes 40, 46 of the output cathode follower tubes V6 and 
V7, respectively, connected to the horizontal deflection 
plates of a cathode-ray tube (not shown) and Switch 53 
placed in the MAG position, potentiometer 18 is adjusted 
to set either the start or the end of the trace at the center 
of the screen. Switch 53 is then moved to the NORM 
position and potentiometer 51 is adjusted to bring the 
same part of the trace, i. e. the start or the end thereof, at 
the center of the screen. Precise adjustment of magnifica 
tion to exactly five times the normal time base is achieved 
by adjusting potentiometer 30, as explained hereinbefore. 

Referring now to Figure 2 of the drawing, the sweep 
generator 59 output is connected through the parallel com 
bination of resistance 60 and capacitor 61 to the grid 62 of 
cathode follower V8. The plate 63 is connected to a posi 
tive potential, as indicated, and the cathode 64 is con 
nected to the cathode 65 of the diode connected tube V9. 
The grid 66 and plate 67 are connected together and 
through resistance 68 to a positive potential. The cathodes 
64 and 65 are connected through resistance 69 to a nega 
tive potential, as shown. 
The output of tube V9 is connected to the grid 70 of 

amplifier tube V10. The plate 71 of this amplifier tube 
is connected through resistance 72 to a positive potential, 
and through the parallel combination of resistance 73 
and capacitor 74 to the grid 75 of cathode follower tube 
V1.1. The plate 76 of cathode follower tube V11 is con 
nected to a positive potential and the cathode 77 thereof 
is connected through resistance 78 to a negative potential 
and through resistance 79 to the control grid 80 of the 
output amplifier tube V12. The grid 75 of cathode fol 
lower tube V11 is connected through resistance 81 to a 
negative potential. 
The grid 62 of cathode follower tube V8 is connected 

through resistances 82 and potentiometer 83 to a negative 
potential and to ground, as shown. Horizontal position 
ing of the sweep on the cathode-ray tube screen is achieved 
by adjustment of potentiometer 83 which controls the nega 
tive voltage return of the grid circuits of cathode follower 
V8 and amplifier tube V12. 
The cathode 84 of amplifier tube V12 is connected to 

the cathode 85 of the cooperating amplifier tube V13, and 
also through variable resistance 86 to a negative potential. 
This resistance functions to set the quiescent state cur 
rent level of the coupled cathodes 84 and 85. The grid 
87 of tube V13 is connected through the parallel combi 
nation of variable capacitor 88 and potentiometer 89 to 
ground and also through potentiometer 90 to a negative 
potential, as shown. The plate 91 of amplifier tube V12 
is connected through resistance 92 to a positive potential 
and also to the grid 93 of cathode follower tube V14. 
The plate 94 of this cathode follower tube is connected to 
a positive potential and the cathode 95 thereof is con 
nected through resistance 96 to ground. 

In similar manner, the plate 97 of amplifier tube V13 
is connected through resistance 98 to a positive potential 
and also to the grid 99 of cathode follower tube V15. The 
plate 100 of tube V5 is connected to a positive potential 
and the cathode 101 thereof is connected through resist 
ance 102 to ground. The cathodes 95 and 101 of cath 
ode follower tubes V14 and V15, respectively, are con 
nected to the horizontal deflection plates D of a cathode 
ray tube (not shown). 
A pair of Switches 103 and 104 are connected, respec 

tively, to the grid 62 of cathode follower V8 and to the 
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4. 
cathode 77 of cathode follower V11. These switches 
function to removably insert between them any one of a 
plurality of impedances comprising the parallel combina 
tions of resistance 105 and capacitor 106, resistance 107 
and capacitor 08, and resistance 109 and capacitor 110. 
These impedances each complete a degenerative feedback 
network between the plate 71 and grid 70 of amplifier tube 
V10, the network being formed through tubes V11, V8 
and V9. The amount of feedback is determined by the 
voltage division of the voltage divider comprising imped 
ance 60, 61 and one of the switched impedances. 
The function of cathode follower tube V8 is to prevent 

grid current from flowing in the feedback network. Since 
the cathodes 64 and 65 are connected together and since 
the plate 67 of the diode connected tube V9 is connected 
to the grid 70 of amplifier V10, the plate 67 follows the 
grid 62 of cathode follower V8 until grid current starts 
to flow in amplifier tube V10. At this time grid current 
flows through resistance 68 to hold the diode plate 67 at 
a fixed voltage level while the cathode rises past it. 

In the operation of the circuit shown in Figure 2, there 
is a value of voltage derived at the plate 71 of amplifier 
tube V10 at which the voltages at junctions 11 and 112 
are identical. Accordingly, this potential will result in a 
certain output potential being positioned at a certain point 
on the screen, and this output potential will remain in 
fixed position under all conditions of magnification pro 
vided by the switched impedances. Potentiometer 90 
may then be adjusted to shift the established potential to 
any desired position on the screen, for example to the 
center of the screen. As previously explained, the gain 
of amplifier tube V10 may be adjusted by switching in 
any desired value of impedance into the feedback net 
work when the potentials at terminals 111 and 12 are 
equalized. For example, impedance 505, 106 may es 
tablish the normal gain of the amplifier, while impedance 
107, 198 increases the gain by a factor of three and im 
pedance 09, 10 increases the gain by a factor of ten. 
In this manner, a waveform to be analyzed may be viewed 
in its normal size or it may be magnified to three times or 
to ten times its normal size. In all cases the waveform is 
maintained at the selected position on the screen. 
By way of exemplifying the foregoing description, Fig 

ure 3 illustrates a normal size waveform 115 positioned at 
the exact center of the cathode-ray tube screen. This 
waveform is produced in the circuitry of Figure 1 when 
switch 53 is in the NORM position and in the circuitry 
of Figure 2 when impedance 105, 106 is inserted in the 
feedback network described hereinbefore. Waveform 116 
is expanded to three times the normal waveform and is 
produced by the circuit of Figure 2 by inserting impedance 
107, 108 in the feedback network, while waveform 117 is 
magnified to five times the size of the normal waveform 
and is produced in the circuit of Figure 1 by switching 
Switch 53 to the MAG position. The waveform 118, mag 
nified to ten times the size of the normal waveform, is 
produced by switching impedance 109, 110 into the feed 
back network of the circuit shown in Figure 2. 

It will be observed from the foregoing description 
that in both of the circuits of Figures 1 and 2 various 
magnifications are achieved by providing a feedback net 
work between the plate and grid of an amplifier tube 
and changing the impedance value of said feedback net 
work to correspondingly vary the gain of the sweep 
amplifier. 

It will be noted in the foregoing illustrations that 
magnification of the portion of the time base, and 
hence the portion of the waveform to be analyzed, was 
described as being preferably effected at the center of 
the cathode-ray tube screen. However, it will be under 
stood that magnification may be effected at any other 
place on the cathode-ray tube screen, as may be desired. 

Various other modifications and changes may be made 
in the details of construction described hereinbefore with 
out departing from the scope and spirit of the present 
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invention. Accordingly, it is understood... that the fore 
going description is merely illustrative of the inven 
tion and is not to be considered as limiting the scope 
thereof. * 

Having now described our invention and the manner 
in which the same may be used, what we claim as new, 
and desire to secure by Letters. Patent is: 

1. A method of magnifying a portion of a time, base 
on a cathode-ray tube screen, wherein, the cathode-ray 
tube includes deflection plates and an amplifier connect 
ing the latter to a time base: source, said method.com 
prising feeding the amplifier output signal back to the 
amplifier input, providing said feedback path with spaced 
points of equal potential, and varying the impedance. 
between said spaced points, whereby to vary the gain 
of the amplifier. and correspondingly magnify said por 
tion of the time base. 

2. A method of magnifying a portion of a time base 
on a cathode-ray tube screen wherein the cathode-ray 
tube includes deflection plates and an amplifier: connect 
ing the latter to a time: base source, said methods com 
ing feeding the amplifier, output back to the amplifier. 
input, providing said feedback path with spaced points 
of equal potential when the potential of the amplifier 
output is located at the desired position on the cathode 
ray tube screen, and varying the impedance between said 
spaced points, whereby to vary the gain of the amplifier 
and correspondingly magnify said portion of the time 
base. 

3. In combination with a cathode-ray tube having 
deflection plates and means for generating a time" base, 
means for magnifying a portion of said time base, said 
magnifying means comprising an electron discharge am 
plifying device having a cathode, a grid and a plate, 
cathode follower- means interconnecting the amplifying 
device and the time base generating means and forming 
a feedback path from the amplifying device, spaced points 
in said feedback path, circuit means associated with said 
spaced points for establishing equal potentials at said 
spaced points, impedance means connected between said 
spaced points in the feedback path to vary the gain of 
the amplifying device and correspondingly vary the mag 
nification of the time base, and means connecting the 
output of the amplifying device to the deflection plates 
of the cathode-ray tube. 

4. In combination with a cathode-ray tube having 
deflection plates and means for generating a time base, 
means for magnifying a portion of said time base, said 
magnifying means comprising an electron discharge 
amplifying device having a cathode, a grid and a plate, 
a first cathode follower means interconnecting the ampli 
fying device and the time base generating means and 
forming a feedback path from the amplifying device, 
spaced points in said feedback path, circuit means asso 
ciated with said spaced points for establishing equal 
potentials at said spaced points, impedance means con 
nected between said spaced points in the feedback path to 
vary the gain of the amplifying device and correspond 
ingly vary the magnification of the time base, and sec 
ond cathode follower means connecting the output of 
the amplifying device to the deflection plates of the 
cathode-ray tube. 

5. The combination of claim 4 including a second 
electron discharge amplifying device having a cathode 
and a plate, adjustable resistance means interconnecting 
the cathodes of the first and second amplifying devices, 
and third cathode follower means connecting the output 
of the second amplifying device to a deflection plate of 
the cathode-ray tube. 

6. In combination with a cathode-ray tube having 
deflection plates and means for generating a time base, 
means for magnifying a portion of said time base, said 
magnifying means comprising an electron discharge 
amplifying device having a cathode, a grid and a plate, 
cathode follower means interconnecting the amplifying 
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device, and the time base generating means and form 
ing a feedback path from the amplifying, device, spaced 
points in said feedback path, circuit means associated 
with said spaced points for establishing equal potentials 
at said spaced points, impedance means, switch means. 
for removably inserting the impedance means: between 
said spaced points in the feedback path, whereby to vary. 
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the gain of the amplifying device and correspondingly 
vary the magnification of the time base, and means con 
necting the output of the amplifying device to the de 
flection plates of the cathode-ray tube. 

7. In combination with a cathode-ray tube having 
deflection plates and means for generating a time base, 
means for magnifying a portion of said time base, said 
magnifying means comprising an electron discharge 
amplifying device having a cathode, a grid and a plate, 
cathode follower means interconnecting the amplifying. 
device and the time base generating means and form 
ing a feedback path from the amplifying device, spaced 
points in said feedback path, circuit means associated 
with said spaced points for establishing equal potentials 
at said spaced points, impedance means connected be 
tween said spaced points in the feedback path to vary 
the gain of the amplifying device and correspondingly 
vary the magnification of the time base, means con 
necting the output of the amplifying device to the de 
flection plates of the cathode-ray tube, and adjustable 
resistance means between the time base generating means. 
and the cathode follower interconnecting means: for vary 
ing the position of the magnified and unmagnified time 
base on the cathode-ray tube screen. 

8. In combination with a cathode-ray tube having 
deflection plates and means for generating a time base, 
means for magnifying a portion of said times base, said 
magnifying means comprising an electron discharge 
amplifying device having a cathode, a grid and a plate, 
cathode follower means interconnecting the amplifying 
device and the time base generating means and form 
ing a feedback path from the amplifying device, spaced 
points in said feedback path, circuit means associated 
with said spaced points for establishing equal potentials 
at said spaced points, impedance means connected be 
tween said spaced points in the feedback path to vary 
the gain of the amplifying device and correspondingly 
vary the magnification of the time base, means connect 
ing the output of the amplifying device to the deflection 
plates of the cathode-ray tube, adjustable resistance means 
between the time base generating means and the cathode 
follower interconnecting means for varying the posi 
tion of the magnified and unmagnified time base on the 
cathode-ray tube screen, and second adjustable resistance 
means connected to the amplifying device for adjusting 
the magnified and unmagnified time base at the same 
position on the cathode-ray tube screen. 

9. In combination with a cathode-ray tube having 
deflection plates and means for generating a time base, 
means for magnifying a portion of said time base, said 
magnifying means comprising an electron discharge 
amplifying device having a cathode, a grid and a plate, 
first cathode follower means interconnecting the amplify 
ing device and the time base generating means and 
forming a feedback path from the amplifying device, 
spaced points in said feedback path, circuit means asso 
ciated with said spaced points for establishing equal po 
tentials at said spaced points, impedance means, switch 
means for removably inserting the impedance means 
between said spaced points in the feedback path, whereby 
to vary the gain of the amplifying device and corre 
spondingly vary the magnification of the time base, 
second cathode follower means connecting the output of 
the amplifying device to the deflection plates of the 
cathode ray tube, adjustable resistance means between 
the time base generating means and the first cathode 
follower interconnecting means for varying the position 

75 of the magnified and unmagnified time base on the 
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cathode-ray tube screen, and second adjustable re 
sistance means connected to the amplifying device for 
adjusting the magnified and unmagnified time base at 
the same position on the cathode-ray tube screen. 

10. In combination with a cathode-ray tube having 
deflection plates and means for generating a time base, 
means for magnifying a portion of said time base, said 
magnifying means comprising an electron discharge am 
plifying device having a cathode, a grid and a plate, first 
cathode follower means interconnecting the amplifying 
device and the time base generating means and forming a 
feedback path from the amplifying device, spaced points 
in said feedback path, circuit means associated with said 
spaced points for establishing equal potentials at said 
spaced points, impedance means connected between said 
spaced points in the feedback path to vary the gain of 
the amplifying device and correspondingly vary the imag 
nification of the time base, second cathode follower 
means connecting the output of the amplifying device to 
a deflection plate of the cathode-ray tube, adjustable 
resistance means between the time base generating means 
and the first cathode follower interconnecting means for 
varying the position of the magnified and unmagnified 
time base on the cathode-ray tube screen, second adjust 
able resistance means connected to the amplifying device 
for adjusting the magnified and unmagnified time base 
at the same position on the cathode-ray tube screen, a 
second electron discharge amplifying device having a 
cathode and a plate, adjustable resistance means intercon 
necting the cathodes of the first and second amplifying 
devices, and third cathode follower means connecting the 
output of the second amplifying device to a deflection 
plate of the cathode-ray tube. 

11. In combination with a cathode-ray tube having de 
flection plates and means for generating a time base, 
means for magnifying a portion of said time base, said 
magnifying means comprising an electron discharge 
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amplifying device having a cathode, a grid and a plate, 
cathode follower means conductively interconnecting the 
amplifying device and the time base generating means 
and forming a feedback path from the amplifying device, 
means in the feedback path to vary the gain of the ampli 
fying device and correspondingly vary the magnification 
of the time base, and means connecting the output of the 
amplifying device to the deflection plates of the cathode 
ray tube. 

12. In combination with a cathode-ray tube having 
deflection plates and means for generating a time base, 
means for magnifying a portion of said time base, said 
magnifying means comprising an electron discharge am 
plifying device having a cathode, a grid and a plate, cath 
ode follower means conductively interconnecting the 
amplifying device and the time base generating means 
and forming a feedback path from the amplifying device, 
impedance means, switch means for removably inserting 
the impedance means in the feedback path, whereby to 
vary the gain of the amplifying device and correspond 
ingly vary the magnification of the time base, and means 
connecting the output of the amplifying device to the 
deflection plates of the cathode-ray tube. 
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