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4 Claims,

Our invention relates to: 1mprovements in am-
plifying systems and more particularly to im-
provements in systems- for amplifying photo-

electri¢ - curfent. in television’ tra.nsnuttlng 8ys=

teins;,

One obJect of our 1nvent1on is to provide means
for amplifying image. currefit” or photo-électric
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 c¢ycles or
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over, per second.’

Another object of our invention is to prov1de.
amplifyiig 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 ‘of high-frequency reg1on
of the frequency. range.

A further objéct of our ‘invention is'to pr0v1de
means for compénsating for the lowering am-
plification characteristic at the, upper region .of
the fréquency range..

A ‘still further object of our invention is to

provide a system for amphfymg a current whose

frequency varies from about ten cycles to sev-
eral hundred thousand c¢ycles 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.:

F1g 2 shows. an equivalent circuit of one stage
of the system shown in Fig. 1.

Fig. 3 i§ a diagrammatic 111ustrat10n of one
embodiment of our invention.

Fig. 4 shows an equivalent circuit of one stage
of the system showh i 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 w1th means for mmlmxzmg the
distributed ca.paclty

Figs. 6 and 7 are curves showmg amplification
characteristics and phase characterlsmcs respec—
tively, of our 1mproved system.

In the system for televising - moving pictures
or other moving-objects, it is’ desirable to use a
large number of view-elements, or pictiire-ele=
ments, say ten thousand or above in order to
secure 3 clear reproduction of televised views,
and if such a large number of ‘view-elements
are used, the modulatmg current varlatmn takes

(CL-179—171)

place at a rate correspondlng 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 v1ew-e1ements swept by & scanning light-
beam. . .

Referrmg to Fig, 1 the system shown’ compnses
a triode amplifier ‘tube 1 whose grid: circuit is
connected to a.source of current to be ampli-
fied, not: shown, and the plate circuit of which
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 I.in-
cludes a. coupling resistance 4 in. series, and the
potential difference dcross 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, ah équivalent 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 I, and 6 the static
capacity of -the tube .1 together with wirings
therefor.
effective static capacity of tube 2 and its. wiring.

‘Ac¢cording to our inVention, in order to obtain
an adequately constant degree of amplification
at’ the. low’ frequency . région .of -the. frequerncy
range, including 10 cycles: per second, the re-
actance due to the coupling condenser- 3.at such
low frequency ‘should be negligible in comparison
with the grid resistance 1.. For example, if the
condenser 3 has a capacity of 0.1 microfarad, the
resistance T 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 atsuch 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 Flg 5, and
will - be described heremafter - ;

With the above arrangement, we obtaln a sub—
stantially - constant . degree of amplification
throughout the whole . frequency range from
abaut ten ‘to “several “Hindred: 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-mductance

- coil in series with ‘the resistance 4.

10
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" includes a repeating resistance 24 corresponding
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Referring ‘to Fig. 3, tetrode tubes 21 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 succeéding  two
stages .are coupled. with each other through a
coupling condenser 23. The grid circuit of each
tube. includes a . grid resistance 21 correspondmg
to .T of Figure. 1.

“As-far as thé upper portron of the frequency
range in question is concerned, an equivaient 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

‘and resistance 32 which represents all the
energy losses. within the coil 29. As will readily
be understood, the seli-inductance 29 affects the
whole circuit 1n 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, C¢ the capacity 3!, C the capacity 28, wo
the angular velocity of the natural frequency of
the coil 29, and » 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" 0011 29, as is permissible for the fre-
quency range under questmn the imaginary com-
ponent of the resultant impedance Z of the cir-
cuit between the two polnts a and b shown in

Fig. 4 is
(1) Jrom(i-5)

° JX=](.0L0[1

For ‘any ‘frequency . of amphﬁed current within
the frequency range under question, the ratio
w/a_:o_rnay be equal to or smaller than 04, and

NOR

may he neglected and the 1mag1nary component
will be- represented by -

s (O]
rerlaa(2Y]

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

JX_JwLD[1 z( )]—JwCR2[1 2< )] ®

For the purpose of the present invention to
prevent any phase displacement of amplified cur-
rent, the imaginary component 7X should he pref-

2,055,156

-erably zero, and we obtain a condition as fol-
lows:—
P2y 2 w 2
wLo[1—2<-—-) ]=wCR2[1—2(——> ]
] ] wo
~Ly=CR: (4)

This condition is an ideal 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 289,

without departing from the spirit of the inven-

“tion.

If K is a factor representing the deviation,

‘Lo=CR2XK, then

- when C/Co=0.5, K=0.89
when C/Co=1, K=1
when C/Co=2, K=1.11
when C/Co=3, K=1.88
when C/Co=4, K=3.40

Lo s, therefme as nearly equal to CR2(Lo=CR?)
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 t0 2. In Figs. 6 and 7
curves @ and b show that the deviation of ampli-
fication and the phase displacement is negligible
for the frequencies below a,bout 0.6 mega-cycles
with C/Ce=2. -

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 Engmeerlng, Dec 1933, vol. 21,
No. 12, p. 1688).

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

: V.
Ngy=120 10g10<17i)

where V1 is the input voltage and Va is the output

voltage of an amplifier.  (See Transmission Net-

works and Wave Filters, by T, E Shea, p. 47 )
‘We use decibels

20 loglg(,z)

as the scale of the ordinate in-Fig. 6 instead of
o
Ay

For the sta.nda.rd amphﬁcatmn degree Ao, the
zero line 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 21 and 22
and the capacity C will be about 20 micro-micro-
farads. The amplification-factor and phase-dis-
placement: charactenstlcs 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
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a reslsuor Wlth R of 3000 ohms and a self-mduc-.
tance.coil with- Lo of 0.2 m1111henry hav1ng dis=
tributed. capacrty of .10 inicro= mlcrofarads ‘ea~
pacity C being 20 micro- rmcro—far s.we obtaln‘
characteristic curves ¢ and b ir ,Flgs 6.and "7,

respectivély in which. the Equatlon 4is a.pprox1-_‘

mafed. :
our. 1nvent10n fu1the1 1ncludes a compensatm

. for.the drop. and the phase dlsplacement of the

output veltage of photo-eléctfic current, whlch
are inévitable at high frequenmes due to Static
capacity of photo-electric-cell cireuit, to’ scan=
ning. operation - whete -the scannifig light-beam

- has an appreciable ¢ross-sectional area, and to

statie capacity .of modulator” tubes eté. ‘Such a
compeénsator may-be used in. cascade connection
with. amplifiers, and’ a3, generally flat amplifying
characteristic can ber obtamed for the whole am-

Qur: compensator has gener ally; constructlon
similar to our: amphﬁer exemphﬁed in Fig. ‘3, but
it ‘miist be so de51gned or adJusted that. the un-
desirable: effects. of the. above—mentloned static

. capacities and séanning ‘operatioh are neutral-

ized, in otheér words, the oompensator should have
over-compensation characteristics .at hlgh fre-

'quenmes as compared to the ¢ase. when it is used

as a pure atiplifier. . Fot this purpose the resist-
ance R must be further lowered, say to 1000 shms,
and, at the same time; the inductance Lo must
also -be. further lowered, e. g., to. 0.1 milihenry.
By such a reduction ih the. resistaiice value, ‘it
may happen that the absolute amplification is

. necessarily reduced .and’ consequently: materla,l

amplification is not effected at lower Irequencies,
but. material amplification is ohtained at:least at
higher {requencies due to the raising character-
istic of amplification which is caused by the' in~
crease in the effect.of mductance Lo at high fre—
quencies.. The cutves'.¢ and d’in’ Flgs 6 and 7,
respectively, show the over= compensa.tlon char—
acteristics of our compensator as -above- “specified,
and these characterlstlc ‘curves ¢ and d have sub-
stantially similar shapes but opposlte sefse to the
corresponding characterlstlo curves, not- shown
but ‘similar to e and 7, respectively, of the ‘drop
and the phase: displacemernt 0f the output voltage
of photo-cell icurrent; due to static. capacity. of

‘photo-electric-cell ‘circuit, to seanning operation

where the scanning light-beam has:anappreci-

able ¢ross-sectional ares; and to static:capacity

of modulator: {ibes, etci; and it will now be ob-

vious that the drop and the phase displacement

are gdequately compensated for by the: compen-
sator according to our invention: :

In Fig. 5 is shown a preferred constructmn and
arrangement of our improved amplifying appa-
ratus in which distributed capacity is reduced to
a minimum. The apparatus comprises a cabinet
&1 of insulating material, and having a partition
42 therein forming two compartments or enclo-
sures 43 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
9, shelf 46 of insulating material at the centre
portion of the compartment and secured to and
supported from one wall 47 of the cabinet. The
shelf carries thereon the amplifier tube. 21, re-
peating resistance 24, self-inductance: coil 29,
coupling condenser 23, and grid resistance 21 for
the next amplifier tube 22,

The tube 2i extends laterally from the shelf

- into the upper compartment of the preceding

cabinet 41’ for the preceding amplification stage,

through opénings 48 and 49 provided in the cor-
respondlng side walls of the cabinets, a,nd sub-
stantially half the length of the tube 21 lies with-
in each of the cabinets 41 and 41’. -

The tube 22 and its a.ssocxated parts are sim-
11a11y afranged in-the next cabinet 41’7, o

eres 51, 52 and 53, respectlvely from the
¢oil 29 the screen grid terminal 54 of the tube
29, and the resistance 27, extend ‘downward;
through msulatmc bushings 55 mounted in the
partition 42, into the lower compartment 44,
Within the compartment 44 are disposed a'screen
grid bypass condenser 58, a séreen grid - resist-
ahce 51, a plate bypass .condenser ‘58, and- &
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
msulatlng bushinigs 60 in the bottom wall of
the éabinet and are respectwely connected, to
ehergizing sources outside thé cabinet.

The filament terminals, not shown in Flg 5,
are connected to ‘the energxzmg source outside
the” cabinet by means of wires, not Shown, which
extend through the back wall 4T of the ‘cabinet.
The coupling ¢ondenser 23 is connected between
the plate terminal 61 of the tube 24 and the con-
trol ‘grid terminal 62 of the succeeding tube 22,
by wires 63

Since the parts 23,24, 271 and 29 are cen-
i;ally_ disposed | with respect to the grounded
lining " 45 of "the upper compartment 43, and
since the connecting ~wires 51, 852, 53 ‘and 63
are ‘of minimum length by proper airangemernt
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-
ahce i$ constant, and that-an inductance is put

in to balance the capacity, the relative rate of

amplification will necessarily be rediiced when
the inductance is ‘reduced,. However, if the-am-
plification’ res_lsta,nce‘ls reduiced to one third, the

lower limit of high fireguency, at which the ca-

pacity begins to affect the amplification, is in-
creased to about three times, in.'other words;
the. effect of the capamty on  the amplification
at any high frequency will be reduced. to one
thnd by the above mentloned reductlon in the
i the f1equency range in Whlch the capacity
does not substantially affect the amplification
hy 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.

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 ¢ 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-
ance.

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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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 1nvent1on —_

1. In an amplification system for television in
which the number of view elements is more than
five thousand, the combination with two vacu-
unm 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
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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 Lo is nearly equal
to CR? 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 angu-~
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.

45

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 eircuit,
modulator tubes ete., 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 CR? where C is the capacity of
the whole circuit and R the resistance of said
resistor, Io and R being respectively of such low
value that said drop and phase displacement are
compensated for.

4. In g 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 ete., 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-
tal 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
CR? 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.
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