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4 Claims. (Cl 179-171) 
Our invention relates to improvements in ann 

plifying systems and more particularly to im 
provements in systems for amplifying photo 
electric current in television transmitting sys 
tems. . . . ." 

One object of our invention is to provide means 
for amplifying image current or photo-electric 
current in television transmitting systems at sub 
stantially a constant degree throughout the wide 
frequency range from about ten cycles to several 
hundred thousand cycles, say. 250,000 cycles or 
OVer, per second. 
Another object of our invention is to provide 

amplifying apparatus with extremely low dis 
tributed static capacity. 
A further object of our invention is to provide 

means for compensating for image-current de 
viation at the upper or high-frequency region 
of the frequency range. : - - - .. 
A further object of our invention is to provide 

means for compensating for the lowering am 
plification characteristic at the upper region of 
the frequency range. 
A still further object of our invention is to 

provide a system for amplifying a current whose 
frequency varies from about ten cycles to sev 
eral hundred thousand cycles per second at sub 
stantially a constant degree of amplification. 
Other objects and features of our invention 

Will be apparent from the appended claims and 
the following description in connection with the 
accompanying drawings, wherein: 

Fig. 1 shows the usual capacity-coupled re 
sistance amplifier system for radio telephony.... 
Fig.2 shows an equivalent circuit of one stage 

of the system shown in Fig.1. 
Fig. 3 is a diagrammatic illustration of one 

embodiment of Our invention. 
Fig. 4 shows an equivalent: circuit of one stage 

of the system shown in Fig. 3. 
Fig. 5 shows diagrammatically, partly in sec 

tion, a preferred construction and arrangement 
of an amplifying apparatus according to our in 
vention provided with means for minimizing the 
distributed capacity. '' . . . . ; 

Figs. 6 and 7 are curves showing amplification 
characteristics and phase characteristics, respec 
tively, of our improved system. 
In the system for televising moving pictures 

or other moving objects, it is desirable to use a 
large number of view-elements, or picture-ele 
ments, say ten thousand or above, in order to 
secure a clear reproduction of televised views, 
and if such a large number of view-elements 
are used, the modulating current variation takes 

place at a rate corresponding to a frequency 
which varies from about ten cycles to several 
hundred thousand cycles per second according 
to the rate of change of the darkness of suc 
cessive view-elements swept by a scanning light 
beam. . . . . . . . 

Referring to Fig.1, the system shown comprises 
a triode amplifier tube whose grid circuit is 
connected to a source of current to be ampli 
fied, not shown, and the plate circuit of which 10. is coupled to the grid circuit of a similar ampli 
fier tube 2 of the succeeding stage, through a 
coupling condenser 3. The plate circuit of the 
tube 2 is coupled to a succeeding amplifier or a, 
modulator, not shown, in the usual manner. 
The plate circuit of the amplifier tube in 

cludes a coupling resistance 4 in series, and the 
potential difference across the resistance is ap 
plied to the grid electrode of the Second tube 2. 
As far as the frequency range under consider 

tion is concerned, an equivalent circuit for the 
tube and its associated parts may be drawn as 
shown in Fig. 2, wherein 5 represents the in 
ternal resistance of the tube , and 6 the static 
capacity of the tube together with wirings 
therefor. 
effective static capacity of tube 2 and its wiring. 
According to our invention, in order to obtain 

an adequately constant degree of amplification 
at the low frequency region of the frequency 
range, including 10 cycies per Second, the re 
actance due to the coupling condenser-3 at such 
low frequency should be negligible in comparison 
with the grid resistance 7. For example, if the 
Condenser 3 has a capacity of 0.1 microfarad, the 
resistance should be more than 1.5 megohms, 
On the other hand, in order to obtain constant 

amplification characteristic at the upper region 
of the frequency range, including several hundred 
thousand cycles per second, the resistance 4 
should be negligible in comparison with the re 
actance due to the capacities 6-and 8 at such high 
frequency. However, the reduction in the value 
of resistance. 4 causes a reduction in the degree 
of amplification, and in order to obtain as high 
as possible a degree of amplification, it is pro 
posed to reduce the capacities 6 and 8, thus per 
mitting the use of a relatively high resistance 4. 
A preferred construction suitable for such re 
duction in the capacities is shown in Fig. 5, and 
will be described hereinafter. . . . . . 
With the above arrangement, we obtain a sub 

stantially constant degree of amplification 
throughout the whole frequency range from 
about ten to several hundred thousand cycles 
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per second, but we have found that, at the upper 
region of the frequency range, Some phase dis 
placement of the output current from the input 
and a lowering of the degree of amplification 
occurs, whereby the received image will be 
blurred. In order to prevent Such change of am 
plification, we propose to use a self-inductance 
coil in series with the resistance 4. 

O 

5 

includes a repeating resistance 24 corresponding 

20 

25 

Referring to Fig. 3, tetrode tubes 2 and 22 
are utilized as amplifiers. While We ShoW Only 
two such tubes, it will be understood that this. 
is merely by way of example and there is no 
limitation as to the number of amplifier tubes 
utilized. Tetrode tubes have no feed-back ac 
tion, and have a relatively high coefficient of 
amplification. The plate circuit of each tube 

to resistance 4 of Figure 1 and a Self-inductance 
coil 29, respectively, and the succeeding two 
stages are coupled with each other through a 
coupling condenser 23. The grid circuit of each 
tube includes a grid resistance 27 corresponding 
to of Figure 1. . . . 
As-far as the upper portion of the frequency 

range in question is concerned, an equivalent cir 
cuit may be drawn as shown in Fig. 4, in which 
25 represents, the internal resistance of the first 
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amplifier tube 21, and 28 the static capacity of 
the whole circuit, the capacity 28 corresponding 
to the sum of the capacities 6 and 8 of Fig. 2. 
The inductance coil 29 has distributed capacity 
3 and resistance 32 which represents all the 
energy losses within the coil 29. As will readily 
be understood, the self-inductance 29 affects the 
whole circuit in the reverse sense to the capac 
ity 28. 
Assuming that R represents the resistance value 

of the resistor 24, Lo the self-inductance of the 
coil 29, Co the capacity 3, C the capacity 28, wo 
the angular velocity of the natural frequency of 
the coil 29, and w the angular velocity of the 
frequency of amplified current, and also that the 
resistance 32 is infinite or there is no energy loss 
within the coil 29, as is permissible for the fre 
quency range under question, the imaginary com 
ponent of the resultant impedance Z of the cir 
cuit between the two points a and b shown in 
Fig. 4 is . . . . . . 

- - - - c/ CY . 2Y jx-jol-1-(1+)-jocR(1-) (1) 
For any frequency of amplified current within 
the frequency range under question, the ratio 
w/o.0 may be equal to or smaller than 0.4, and 

may be neglected, and the imaginary component 
will be represented by - 

Ix-ul-L-(c)(+ S)- 
jecr-2(i)) (2) 

We can make the ratio C/Co unity, by connecting 
additional capacitance in parallel with the coil 
29, and 

x-all-a(t)}-cr-2(i) () 
For the purpose of the present invention to 

prevent any phase displacement of amplified cur 
rent, the imaginary component iX should be pref 

2,055,156 
-erably zero, and we obtain a condition as foll 
OWS:- 

ol-1-(-)-cr-2(a)) 
...Lo - CR2 (4) 

This condition is an idea one, and in practic 
ing our invention, it is to be understood that the 
ratio C/Co may be other than unity, and there 
may be a slight energy loss within the coil 29, 
without departing from the spirit of the inven 
tion. 

If K is a factor representing the deviation, 
LossCR2XK, then 

. When C/Co=0.5, K=0.89 
when C/Col.1, K=1 
when C/Co=2, K=1.1 
when C/Co=3, K=1.88 
when C/Co=4, K=3.40 

Lois, therefore, as nearly equal to CR2 (Lo=CRP) 
as C/Co differs from 0.5 to 2, provided that an 
error of about 10% is permissible. For the pur 
pose of applicant's invention C is nearly equal to 
Co when C/Co is from 0.5 to 2. In Figs. 6 and 7 
curves a and b show that the deviation of ampli 
fication and the phase displacement is negligible 
for the frequencies below about 0.6 mega-cycles 
With C/Coss2. 
In Fig. 6 the Ordinate is Scaled in transmission 

units, taking amplification degree at 1000 cycles 
as unity. As is well known, from about five hun 
dred to several thousand cycles, i. e., at a fre 
quency Which is so low that static capacities of 
amplifier tubes, etc., have no effect, but is so high 
that coupling capacity and grid resistance have 
no effect, the amplification degree is constant. 
This constant amplification degree Ao is taken 
as a Standard, and if A is the amplification degree 
at any high frequency, A/AO shows the percentage 
variation of amplification degree from the stand 
ard AO for varying frequencies. Such an expres 
Sion of relative amplification is a common prac 
tice (see “Experimental Television Transmitting 
Apparatus' by R. D. Kell, Proceedings of the 
Institute of Radio Engineering, Dec. 1933, vol. 21, 
No. 12, p. 1688). 

It is also a common practice to show amplifica 
tion degree in decibels Ndb, 

Z) V 
where W1 is the input voltage and Wa is the output 
voltage of an amplifier. (See Transmission Net 
Works and Wave Filters, by T. E. Shea, p. 47.) 
We use decibels 

20 log(f) 
as the Scale of the ordinate in Fig. 6 instead of 

Ao 
For the standard amplification degree A0, the 
Zeroline is utilized and the deviation can be shown 
by positive or negative value depending whether 
the deviation is above or below the standard. 
In a practical design of our improved system, 

UY-224 tubes are used for amplifiers 2 and 22 
and the capacity C will be about 20 micro-micro 
farads. The amplification-factor and phase-dis 
placement characteristics are shown in Figs. 6 
and 7, respectively. 

If the Equation (4) is satisfied for the UY-224 
tubes, Lo becomes 0.18 millihenry. When we use 

Nat=20 logio 
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2,055,156 
a resistor with R of 3000 ohms and a self-induct. 
tance coil with Lo of 0.2 millihenry having dis 
tributed capacity of 10 micro-microfarads, ca 
pacity C being 20 micro-micro-farads we obtain 
characteristic curves a and b in Figs. 6 and 7, 
respectively in which the Equation 4 is approxi 
mated. . . . . . . . . . . . . . . . . . . . . 
Our invention further includes a compensator 

for the drop and the phase displacement of the 
output voltage of photo-electric current, which 
are inevitable at high frequencies, due to static 
capacity of photo-electric-cell circuit, to scan 
ning operation where the scanning light-beam 
has an appreciable cross-sectional area, and to 
static capacity of modulator tubes, etc. Such a 
compensator may be used in cascade connection 
with amplifiers, and a generally flat amplifying 
characteristic can be obtained for the whole am 
Our compensator has generally a construction 

similar to our amplifier.exemplified in Fig. 3, but 
it must be so designed or adjusted that the un 
desirable effects of the above-mentioned static 
capacities and scanning operation are neutral 
ized, in other words, the compensator should have 
over-compensation characteristics at high fre 
quencies, as compared to the case. when it is used 
as a pure amplifier. For this purpose, the resist 
ance R, must be further lowered, say to 1000 ohms, 
and, at the same time, the inductance Lo must 
also be further lowered, e. g., to 0.1 millihenry. 
By such a reduction in the resistance value, it 
may happen that the absolute amplification is 
necessarily reduced and consequently material 
amplification is not effected at lower frequencies, 
but material amplification is obtained at least at 
higher frequencies due to the raising character 
istic of amplification which is caused by the in 
crease in the effect of inductance Lo at high fre 
quencies. The curves c and d in Figs. 6 and 7, 
respectively, show the over-compensation char 
acteristics of our compensator as above-specified, 
and these characteristic curves c and d have sub 
stantially similar shapes but opposite sense to the 
corresponding characteristic curves, not shown 
but similar toe and f, respectively, of the drop 
and the phase displacement of the output voltage 
of photo-cell current, due to static. capacity of 
photo-electric-cell circuit, to scanning operation 
Where the Scanning light-bean has an appreci 
able cross-sectional area, and to Static capacity 
of modulator tubes, etc.,...and...it Will now be ob 
vious that the drop and the phase displacement 
are adequately compensated for by the compen 
Sator according to our invention. 
In Fig. 5 is shown a preferred construction and 

arrangement of our improved amplifying appa 
ratus in which distributed capacity is reduced to 
a minimum. The apparatus comprises a cabinet 
4 of insulating material, and having a partition 
42 therein forming tWO compartments or enclo 
Sures 3 and 44. Each compartment is Shielded 
by metallic plates such as copper plate 45 forming 
a static and magnetic Shield. 
Within the upper compartment 43 is provided 

a shelf 46 of insulating material at the centre 
portion of the compartment and Secured to and 
supported from one wall 4 of the cabinet. The 
shelf carries thereon the amplifier tube 2, re 
peating resistance. 24, self-inductance coil 29, 
coupling condense 23, and grid resistance 2 for 
the next amplifier tube 22. 
The tube 2: extends laterally from the shelf 

46 into the upper compartment of the preceding 
cabinet 4' for the preceding amplification stage, 

through openings 48 and 49 provided in the cor 
responding side walls of the cabinets, and sub 
stantially half the length of the tube 2 flies with 
in each of the cabinets 4f and 41'.' 
The tube 22 and its associated parts are sim 

ilarly arranged in the next cabinet 4 f’. 
Wires 51.52, and 53, respectively from the 

coil 29, the screen grid terminal 54 of the tube 
2?, and the resistance 27, extend downward, 
through insulating bushings 55 mounted in the 
partition 42, into the lower compartment 44. 
Within the compartment 44 are disposed a screen 
grid bypass condenser 56, a screen grid resist 
ance 57, a plate bypass condenser 58, and a 
grid bias battery 59. The condensers 56 and 
58, and the battery 59 are connected between 
the respective wires 52, 51 and 53, and the 
grounded lining 45 of the lower compartment 
44, while the wires 52 and 51 extend through 
insulating bushings 60 in the bottom wall of 
the cabinet and are respectively connected to 
energizing sources outside the cabinet. 
The filament terminals, not shown in Fig. 5, 

are connected to the energizing source outside 
the cabinet by means of wires, not shown, which 
extend through the back wall 47 of the cabinet. 
The coupling condenser 23 is connected between 
the plate terminal 6f of the tube 2 and the con 
trol grid terminal 62 of the succeeding tube 22, 
by wires 63. - - - - - a - 

Since the parts 23, 24, 27 and 29 are cen 
trally disposed with respect to the grounded 
lining 45 of the upper compartment 43, and 
since the connecting wires 5E, 52,53 and 63 
are of minimum length by proper arrangement 
of the parts, the distributed capacity of the 
parts and wiring is obviously minimized. 
The capacity is the element at the high fre 

quency end, that causes the drop in amplifica 
tion. Assuming that the amplification resist 
ance is constant, and that an inductance is put 
in to balance the capacity, the relative rate of 
amplification will necessarily be reduced when 
the inductance is reduced. However, if the am 
plification resistance is reduced to one third, the 
lower limit of high frequency, at which the ca 
pacity begins to affect the amplification, is in 
creased to about three times, in other words, 
the effect of the capacity on the amplification 
at any high frequency will be reduced to one 
third by the above-mentioned reduction in the 
resistance. In Fig. 6, the curve cis shown with 
in the frequency range in which the capacity 
does not Substantially affect the amplification 
by the above reasons. 
Thus, within the frequency range correspond 

ing to Fig. 6, the relative rate of amplification 
can be determined by the relative amount of 
the inductance and resistance. M 

It must also be noted that, the effect of in 
ductance at any high frequency becomes about 
three times ConspicOuS When the resistance is 
reduced to one third, and consequently, the rel 
ative rate of amplification is not necessarily re 
duced by any reduction in inductance only. The 
curve c represents the case When the amplifica 
tion is determined by the relative amount of 
resistance and inductance and shows the rais 
ing characteristic due to the effect of induct 
aCe 

While we have described particular means for 
practising our invention, it will be recognized 
that this is only by Way of illustration of gen 
eral principles and that our invention is not 
limited to that particular means, but various 
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4. 
changes, modifications and alterations may be 
made Without departing from the Spirit and 
scope of the invention as defined in the ap 
pended claims. . . 
We claim as our invention:- 
1. In an amplification system for television in 

which the number of view elements is more than 
five thousand, the combination with two vacu 
um tubes, each having an anode, a cathode, a 
grid and a grid shield, a resistor connected be 
tween said anode and said cathode of one of 
said tubes, and a condenser connected between 
the anode of Said one of the vacuum tubes and 
the grid of the other of said vacuum tubes, of 
means for reducing the capacity of said tubes 
and connections thereof to such a low value 
that the resistance of said resistor is negligible 
in comparison to the reactance of said capacity 
at the high frequencies corresponding to said 
number of view elements, and a self-inductance 
coil connected in series circuit relation with said 
resistor, whose self-inductance L0 is nearly equal 
to CR2 where C is the capacity of the whole cir 
cuit and R, the resistance of said resistor. 

2. In an amplification system for television 
in which the number of view elements is more 
than five thousand, the combination. With two 
vacuum tubes, each having an anode, a cathode, 
a grid and a grid shield, a resistor connected 
between said anode and said cathode of One of 
said tubes, and a condenser connected between 
the anode of said one of the vacuum tubes and 
the grid of the other of said vacuum tubes, of a 
self-inductance coil connected in series circuit 
relation with said resistor, the ratio of the angul 
lar velocity of the frequency of the current am 
plified by said system to that of the natural 
frequency of said self-inductance coil being less 
than 0.4 and the capacity existing along Said 
coil being nearly equal to the capacity C of the 
whole circuit at the high frequencies correspond 
ing to said number of view elements, and the self 
inductance of said coil being nearly equal to CR 

- Where R is the resistance of said resistor. 
5 

50 

3. In a television system in which the number 
of view-elements is more than five thousand, and 
in which the scanning operation is effected by 
use of a light-beam having an appreciable croSS 
sectional area, and appreciable static capacity 
is inevitable due to photo-electric-cell circuit, 
modulator tubes etc., a compensator for the drop 
and the phase displacement of the Output volt 
age of photo-electric current at high frequencies 

2,055,156 
due to Said Scanning operation and Static capac 
ity, Comprising two vacuum tubes, each having 
an anode, a Cathode, a grid and a grid Shield, 
a resistor connected between said anode and said 
cathode of one of Said tubes, and a condenser 
connected between the anode of said one of vac 
uum tubes and the grid of the other of said 
vacuum tubes, means for reducing the capacity 
of said tubes and connections thereof to such a 
low value that the resistance of Said resistor is 
negligible in comparison to the reactance of Said 
capacity at the high frequencies corresponding 
to said number of view elements, and a self 
inductance coil connected in series circuit rela 
tion with said resistor, whose self-inductance Lo 
is larger than CR2 where C is the capacity of 
the whole circuit and R, the resistance of said 
resistor, Lo and R being respectively of such low 
Value that Said drop and phase displacement are 
compensated for. 

4. In a television system in which the number 
of view-elements is more than five thousand, and 
in Which the Scanning operation is effected by 
use of a light-beam having an appreciable cross 
Sectional area, and appreciable static capacity 
is inevitable due to photo-electric-cell circuit, 
modulator tubes etc., a compensator for the drop 
and the phase displacement of the output voltage 
of photo-electric current at high frequencies due 
to Said Scanning Operation and static capacity, 
comprising two vacuum tubes, each having an 
anode, a Cathode, a grid and a grid shield, a 
resistor COnnected between said anode and said 
cathode of one of said tubes, and a condenser 
connected between the anode of Said one of vac 
uum tubes and the grid of the other of said vac 
uum tubes, and a self-inductance coil connected 
in series circuit relation with said resistor, the 
ratio of the angular velocity of the frequency 
of the photo-electric current to that of the natu 
ral frequency of Said self-inductance coil being 
less than 0.4 and the capacity existing along 
said coil being nearly equal to the capacity C 
of the whole circuit at the high frequencies cor 
responding to said number of view elements, the 
self inductance Lo of said coil being larger than 
CR2 where R is the resistance of Said resistor, 
and Lo and R being respectively of Such low value 
that said drop and phase displacement are com 
pensated for. 

TOMOMASA NAKASHIMA. 
KENJIRO TAKAYANAG.I. 
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