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.My ihvention.;relates, to télevision tranémitters
and particularly to transmitters of the type em-
bloying cathode: ray transmitter tubes. :

¢ Prior to my invention it was standard trans-
mitter practice to so design the output circuit-
“of .the. cathode ray tube that the frequency re-

sponse curve of the tube was flat. ~ 'The picture

“signal was ‘then fed into an amplifier - designed

to-have a fat frequency-response characteristic
whereby the signal appearing in the amplifier

output was'a true representation of the condi-;

tions. of light and shade of the -picture,

~In order to make the frequency response curve
of ‘the cathode ray tube flat; it was - necessary
to give the output resistor of the cathode ray
tube " an’impedance value approximately ‘equal

. to of ‘less than the impedance of the capacity

- in-shunt to the-cathode ray tube output circuit

20

-ab the highest frequency to be amplified. . Since

the . internal - impedance of the preferred type
of :cathode ray tube'is “very high,- usually .at

-least Y4 ‘megohm, such ‘@ circuit design- resulted

" in"very: inefficient operation-of the eathode ray
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‘tube whereby a large amount of picture signal

amplification - was- required. Consequently, - the

resulting picture signal at the receiver_rwas_ un-
satisfactory because of. the undue- amplification
-of stray fields, tube hiss, tube microphonics, ther-

mal: agitation, ete.

_An object. of my invention, therefore, s to
picture - transmitting cir-

provide an improved

cult for supplying substantially undistorted pic-
_ture signals-from a high Impedance light-sensi-
- 'tive device. : R : RPN
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- brovide a ‘method. of and means for reducing ./
"“noise” in picture signals obtained from a cath-
ode ray-tube of the type in which a light-sensi- .-
tive mosaic is scanned by the cathode ray.

45

A further object of my invention is to provide
an improved. cathode ray tube circuit for trans-
mitting pictures’ . ... I

- A further object of my invention is to provide
a’method-of and “means’ for reducing noise in

signals supplied from' a high impedance light-

sensitive device, ” v
< A still “further: object of my invention is to

Ina preferred embodiment. of my invention
I employ a cathode ray transmitter tube of the

‘type  which - comprises a light-sensitive: mosaic -
upon: ‘which -is” formed an optical image of the

picture to.be: transmitted.” Picture signals are

- produced by scanning the mosaic by an electron
beam. The outputwcixjcuit of ‘the cathode ray-
“tubeis. colpled to the input circuit of an ampli-

fler through an output resistor which is given

‘8. resistance value. considerably higher than the

impedance of the capacity in shunt to the out-
but circult at the highest frequency to be trans-
mitted. oo o ‘

" As a result of using this comparatively high

- response curve is made substantially flat.

6 Claims. (CL 179—171)

output resistance, the lower frequency compo-
nents of the picture signals are -amplified much
more than they would be by the circuit formerly
employed which was designed to have a sub-
stantially flat irequency response characteristic,
The highest frequency components of the pic-
ture signals are amplified approximately the same
amount as when employing the former circuit
design.

It will be apparent that the lower frequency
components of the picture signal will require
a comparatively small amount of amplification
and, since it is.in this frequency range that
most of the noise appears, the result is that the
noises are not amplified to an objectionable de-
gree,

The building up of the low frequency response
in the cathode ray tube output circuit follows
a- definite law and, as a result, it is possible to

- design an' amplifier having a complementary

characteristic. whereby the over-gll frequency-
In
the preferred embodiment of my invention this
complementary characteristic is obtained in one
amplifier stage while the other amplifier stages
are adjusted individually to have g flat fre-
quency response. characteristic.

Other objects, features and advantages of my

“invention will appear from- the following de-
.scription when taken in connection with the

accompanying drawings, in' which

Figure 1 is a circuit diagram of a breferred
embodiment of my invention,
- Fig.'2 is a schematic diagram which is referred
to in explaining the ‘theory of operation of the
cathode ray tube shown in Fig, 1,

Fig. 3 is a group-of curves which are referred
to in explaining the invention, and

Fig. 4 is a circuit diagram of a frequency com-
bensating circuit which may be employed in

- place of the compensating circuit shown in Fig. 1.

Referring to Fig. 1, the transmitter circuit
comprises a cathode ray tube | consisting of

-an evacuated envelope having an electron gun 2

therein for producing a beam of electrons, g

‘second anode 3 and a mosaic 4 of light sensitive

elements.  An optical image of the picture to
be transmitted, indicated at 6, is projected upon
the mosaic 4 by means of a suitable lens system
indicated at 7." This forms on the mosaic what
may: be -referred to as an electrical image of
the picture, whereby picture signals representa-~

- tive of the conditions of light and shade of the
picture are produced as the mosaic is scanned by

the electron beam. The beam is caused to scan
the mosaic' 4 by means of deflecting plates or
coils. (not shown). . .

The mosaic may be made in different ways as
explained in the article by V. K. Zworykin ap-

“pearing in the Proceedings .of the Institute of
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Radio Engineers for Janualy, 1934, pages 16to 32,

‘this. article giving .a more detailed description

 of a cathode ray tube of this type. . The mosaic

consists of & great number of light sensitive ele-
ments which are insulated from each other and
which are also insulated from . a metallic signal-
plate 8 upon which they are mounted.

" The eircuit for the photoelectric cell portion -

- of the cathode ray tube ! will be more readily
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understood by referring to-Fig. 2.. In this figure
parts corresponding to- those in Fig. 1 are-indi-
cated by the same -reference numerals. -Only
two of the ‘many light sensitive elements are
represented in this diagram, these elements- be-
ing identified by the reference numeral 9. The

_capacity of each light sensitive element 9 to the

20
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- an-amplifier
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signal plate 8 is represented. by small condensers

{1. It will-be apparentthat the light sensitive -

elements 9 act as-the. cathode of photoelectric
cells and that the second anode 3 actsas an anode
common.-to the large number of cathodes.
Referring to both Fig. 1 and Fig. 2, the sighal
plate 8 is connected through a resistor R1 and-a
biasing battery 12 to the second anode 3 and to:
ground. : .

The resistor R1 and.the biasing battery 12 are

conhected across the cathode 18 and grid 14 of °

) tube 16 which, in the particular em-.
bodiment being described, is & sereen grid tube of.
the: 57-type. In this particular circuit the com-
bined capacity of the signal plate and leads to
ground and of the control grid to ground, that is,
the total capacity appearing across electrodes 8

“and 3, is 20 micro-microfarads, this capacity be-
_ing indicated at Ci. 7 : ’

Tf the circuit were designed to give a flat fre-
quency-respohse curve at the input circuit of the
amplifier tube -16, as was the practice. prior to
my invention, the resistor  Ri would be given a-

yalue of about 8000 ohms. This would be deter- -
mined by making its value equal to the capacitive -

reactance of the cathode ray tube output circuit
at the highest frequency to be amplified, this re-
actance‘beirngfequal to.. .- : : ’
1 .
» , m—sooo ohms ‘
where the highest freguency. is 1000 k. c: .- -
By referring to the curves in Fig.'3, it-will be.

seen that when the resistor Ri is given this value

the frequency response characteristic of the cir-
cuit feeding into the first ~amplifier fube 16 is’
substantially flat. R
- ~In accordance with
value of the resistor R: much higher than is
permissible if a flat- frequency response char-

acteristic is to be obtained at the input of tube

16. In the specific:circuit being described; R1
has been given a value of 50,000 ohms. By refer-
ring to Fig. 3 it will be seen that when R is

.given this value the ambplification of the lower

frequency components -of & picture signal is ap~
proximately six times' the amplification which

" would be obtained when employing the lower re-

65
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sistance value. It will also be noted that at the
higher - frequencies. the amplification ' falls- off
rather rapidly.. If desired, still higher amplifica-
tion may he obtained by giving the resistor Ri.a’
still higher resistance value as will be evident by

referring:to the upper curve in Fig: 3'which shows

the fregquency-response _characteristic. for the
output circuit of the cathode ray tube when Ri
has been given a value of 100,000 chms. -

" For the purpose of illustration, only three am-

plifier stages are shown in the picture amplifier. .

The first stage and the third stage are so designed

2,151,072

- sponse characteristic

"a plate resistor Ra. I
Joad impedance of the tube 1T is made very.low, .

‘my-invention, I make the -

<then - - : -

that their individual frequency-response curves -
are flat, The second stage is so.designed in ac- -

cordance with-my invention that it -amplifies.the
" high frequencies more than' the low frequencies
‘and compensates for the falling frequency-re--

- SE of the ¢athode ray tube out-.
put circuit caused by the use of a resistor Ry hav- .~

ing high impedance. As will be ‘understood from

a detailed explanation of the cireuit given later - '

‘in the specification, the output or Joad impedance:

of the second stage is made. so-low that this stage
provides little if any amplification of picture sig-
nals, the other amplifier stages. being. depended
upon. to-give the-necessary amplification. :

"The output circuit of the first amplifier tube 16
includes 4 peaking coil Lo and- a- plate resistor R«

The input cireuit of the second amplifier tube 11...

10

15

includes a biasing battery 18 and-a-grid resistor .

{9. “The output circuit of the first tube is cou-
pled- to the input circuit of the- second. . tube

through a coupling condenser 2f. It will be notéd -

that the peaking coil Lo has a value of 5101m_i¢ro;’
henrys and that the plate resistor R -has & value

of 6360 ohms, these values being the proper ones.

response characteristic up to 1000 k. ¢. where the

capacity across the output electrodes of the tube -

16, indicated at Co, is 25 mmt.

The oubput circuit
sating tube 11 includes ‘an inductance coil Lo and
y ' It will ‘be ‘noted. that the

25

‘of the secondfor"COmpeﬁ-~‘<

30

the plate resistor Re having a value of only 200 . °

-ohms whereby the -shunting effect of - distributed

capacity ‘in the plate circuit  is’ negligible. - The" 4 -

inductance of the coil La is determined by equa- -

tions which will be refetred to hereinafter.

- The third amplifier stage comprises an amplifier

a biasing battery 23 and a grid resistor 24. - The .

35

“tube 22 having an input circuit. which includes . k

40"

output . circuit: of the second amplifier stage.is -
coupled to the input circuit of the third ampliﬁer

stage through ‘a coupling condenser ‘28.

_“The output circuit of the tube 22‘1ncludesr'éfn,

inductance coil 21 and- a plate resistor 28, these

impedance units having. proper-values to give the:

plifier stage. .~

- The invention

torial values are used: .. -~

will be better understood by re--
ferring to the following equations; in which vee--

< third -amplifier stage 'a flat frequency response’ -
_characteristic just as in the case of the first am-

60

- If ey is tle alternating-curfentr voltage im'—: :

pressed upon the input circuit of the first ampli-

85

fier tube 16, &1 the alternating.current supplied: -

“from the signal plate 8, 2 the impedance of the

output circuit of the cathode ray.tube, Ri the

resistance of the resistor Ri, and-C1 the capa;city? o
' S0

indicated at Ci; then

Sl A
o T REERR L j2rfC

--If ez is the aiternating current voltage appéar-—

ing across the output electrodes: of ‘the second

“tube 17; iz the alternating current appearing in:
plate. circuit of this. tube; Rz the ‘resistance-of

o

65

resistor Rz, and L» the inductance of the coil Lz,

= ig(R2+j25r L) N } (II)

70

" I{ will be noted that in Equation (D the

_capacity across the output circuit of the tube AT
-isignored but this is permissible,be'ca,use the im--.

[

P

. to give the first amplifier stage @ flat frequency -
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bedance- of the-load eircuit is

. In both: of the above equations,

~ B e T

5 and f=irequency in cycles per second. . S
If we assume: that the first amplifier stage

has been given. & linear frequency-response char-
acteristic, then: : R

made: very low.

i2=K61 . .
10

20

(D)
where K'is a constant, since the load impedance
_of the compensating tube 17 is negligible com-
pared with its internal or plate impedance, and
since the colipling circuit between tube 16§ and
tube'17 has g linear response.
_Substituting in Equation (III) the value of e;
-from. Equation. (I). we get
- . R 1
L 2= K Tt aw
‘Substituting the above value of & is Equa-
tion (II) we get
L 1 o _
€= Kz;m(Rg—]-]erLz) =
ERET . Ry jorfL, W

St

If .

. R, - £2
, /R, G ,
30> then e2=~Kii) where K1 is a constant. If e2=Ki1,
- - an-undistorted picture signal is impressed upon
the input circuit of the last amplifier 22. - This
follows -sinee i1 is substantially independent of
the lodd acress the ‘cathode ray tube, the load
35 impedance -being-low compared with the tube

- impedance. : T - .

That e:=Kiir under ‘the- conditions assumed,
may be proved as follows: =

.. By the above assumption
i e Ly

: R=cr

-Substituting in equation: (V;) .

<t

B BT
o K.'Cle;
. &= BNIR T2 IC,
Clearing the equation of the j term,
Y g GBI YR e,
UM R Yy fe, 1/R—j2x 1C,
ST Ly _J2TfCLy | jowfL, | , .
5 ~—”K’i1' GRE GCR T R, TQ@rirLC
=Ki, : ;
FREN | Flz‘l‘f(Zﬂ'fCl)zk
: ~ L T
| gggtanne ]
L=Ki 1‘ L
: R_12+(27chx)2 _J
T ( 1 <z7rfc1>2) o
= 1
’ Rflzv-l-(%fcl)z
! +(2rfCy)e
: =42 £C,
:‘Kilétz Iil =K1
> TLgptertey
where '

K=K

Cy

;. With the values of Ri, C1, and Ra indicated

3

in Fig. 1, we may calculate the required value
of L as follows:

R
L= Clﬁ =CiRiR;

=20X10"12X 50,000X 200
=200X10"¢ .
=200 microhenrys

In determining the proper value of Le, the
value of Ri is determined by considerations pre-
vicusly explained, the value of Ci is fixed by the
structure of the cathode ray tube and the first
armplifier tube, and the value of Rs is determined
by selecting a value that will make substantially
negligible the effect of the capacity across the
output electrodes of the amplifier tube 17 at the
highest frequency to be amplified.

As previously stated, the first and third ampli-
fier -stages should have a substantially flat fre-
quency response characteristic. If peaking coils
are used as illustrated, this characteristic may
be obtained by making the plate resistor R equal
to the reactance of the. distributed capacity Co
across the output circuit of the amplifier tube

16 at the highest frequency fo to be amplified, ©

and by-making the reactance of the peaking coil
Lo equal to 1% the reactance of the distributed
capacity at the said frequency. That is,

=1
_27l'foca
and
1
27rf0L0—— %(“WCO)
or '

1
L°_87r2f02C0

The above method of calculating the plate re-
sistor and peaking coil values is based upon the
assumption that the plate impedance is very high
compared with the load impedance, this being
true if the tube is of the screen grid type.

While the individual amplifier stages associ-
ated with the compensating stage should be given

flat frequency-response curves for best results, |,

10
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reasonably good results in some cases may he

obtained by adjusting the amplifier stages as a
group “to obtain an overall frequency-response
curve which is approximately flat.

- It will be apparent that in accordance with my
invention the cathode ray tube works into a load
circuit - which is predominately capacitive over
the greater part of the frequency rangé of the
transmitter. This is shown by the falling char-
acteristic of the upper curves in Fig. 3. The re~
sistor R1 is required only as a grid leak.

Attention is directed to the fact that the pic-~
ture signals are amplified sufficiently before they
are impressed upon the compensating stage to
prevent the signal voltage from falling to a value
lower than its input value at any point in the
circuit. . In other words, the overall gain at any
point- in the amplifier for any frequency in the
amplifier frequency range should not be less than
one. Otherwise, the ratic of signal to noise will
drop to a value which is too low and the quality
of the picture will be impaired.

In the circuit illustrated, which is designed to
bass frequencies up to 1000 k. c., the gain in the
first stage is about 7.5 while. the gain in the sec-
ond stage :or compensating stage is about 0.24
at the lowest, frequency. Therefore, at the low-
est frequency, the overall gain. of the two stages
is7.5X.24=18,

.- In practice, it is. generally - desirable to employ

G1)
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. pedance resistor 34 is connected across the out-
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two or more amplifier stages preceding the com-
pensating stage, each having a flat- frequency-
response curve, in place of the single stage 16
shown in Fig. 1. If 57 type tubes are used and
the amplifier -is to pass frequencies-up .to 1500
k.c., at least two amplifier stages should precede

‘the compensating stage.

By designing a circuit in accordance with my
invention, the signal to noise ratio is maintained
at a high value as compared with that obtainable
in previous picture transmitters. . As a result, I

can obtain a good picture instead of a very poor

one,

A compensating network of the type described
comprising an inductance coil and a resistor is
the preferred one to use in practicing my inven-
tion since maximum gain is obtained in the com-
pensating stage by its use.. However, a capacity-

resistance network, such as shown-in Fig, 4, may-.

be substituted therefor and a marked reduction

‘in noise obtained as compared with the noise in

the output of circuits previcusly employed.
Referring to Fig. 4, the compensating stage
comprises a screen grid vacuum tube 31 which
has a positive potential applied to its:plate 32
through a-low impedance resistor 33.  The re-
sistance of resistor 33 is made so low. that the
effect of the distributed capacity in' the output
circuit of the tube 31 is negligible. & network
consisting of a high impedance resistor Re shunt-
ed by a condenser C: in series with a low im-

put- electrodes of the tube 31 through a coupling
condenser 36 and a conductor 37. If circuit val-
ues of the order indicated on the drawings areem-
ployed, the compensating stage will have a fre-
quency-response characteristic -complementary
to that of the cathode ray tube output circuit.

Tt can be shown that the network of -Fig. 4

gives proper compensation if there is the follow-

-ing relation between -circuit elements.
| R._C |
"Ry G S
Then if Re is given a value of 10,000 ohms
- R,Gi__50,000X20 mmf. _
Cg—- R, 10’000 ‘—100 mmf.

From the foregoing description it will be ap-
parent that various modifications may be made
in my invention without departing from the spirit
and scope thereof, and I desire, therefore, that

only such limitations shall be. placed thereon as-

are necessitated by the prior art and set forth
in the appended claims. ' ’

I claim as my invention:

1. In a system for amplifying picture signals
covering a wide frequency band, in combination,

" @ photoelectric cell device having output electrodes

60

66

70

(]

and having high.internal impedance; an ampli-

‘fier comprising at least one amplifying stage hav-

ing an output circuit and a compensating stage
having an input circuit, said input circuit being
coupled to  said output circuit, and means for
coupling said photoglectric cell -device to said
amplifier stage through 2 circuit which, because
of distributed capacity, is predominately capaci-
tive over at least eighty percent of the range of
frequencies to be amplified, the resistance of said
circuit being effectively connected across said
electrodes and at the lowest frequency.in said
range being at least ten times as great as the
capacity reastance of said circuit effectively .in
shunt to said -electrodes at the highest frequency
to be amplified whereby the picture signal output

2,151,073 IR

from said device a.t'thé low frequency end of said

quency end produced ‘in the portion-of said. sys-

tem immediately following said device thereby.

giving a good signal to noise ratio in the output

of said system, said amplifying stage having a .

substantially flat frequency-response character-
istic over said range, and said compensating stage

“pand is large compared with noise at said low fre-"- =

o

having a frequency-response characteristic which -

is complementary to that of “said photoelectric
cell device. : :

2. In combination, a light sensitive device hav-

10

ing high internal impedance and having output -
electrodes, an electric discharge tube having an -

input
resistor-included in said input. circuit, said out-

circuit and an output circuit, & grid-leak:

16

put electrodes being connected to said input .cir=

“cuit- whereby said resiys'tor is in series with said.

internal impedance, a compensating electric dis-~

charge tube of the screen grid type having a con--

20

trol grid, a cathode and a plate, means for im-.~

pressing ‘signals appearing in said output circuit

upon said: control grid and said cathode, a plate -

resistor.and an inductor in series, means for ap-

-plying voltage to said- plate through said: plate

25

resistor and said inductor, and g utilization cir- .-

cuit connected across said plate resistor and said.

inductor, said resistors and said inductor having. -

the relation . :
Sy
'AR1R2=,-—C—?' 7

where i T o S
" Ri=the resistance of said grid leak resistor, -
Ra=the resistance of said plate resistor, :
Is—the-inductance of said inductor, and
Ci—the capacity “effectively . in’shunt to said

" -output. electrodes. ST

3. The invention according to claim 2 charac-:

terized in that the value Rz is small compared
with the plate impedance of said compensating
tube. ‘ RN L L

-40

4. Tn & picture transmitter system wherein pic- "

ture signals are produced.covering & certain. fre-
quency range and wherein there is more ‘noise

“from certain sources at the low frequency end of

46

said range than at the high frequency end there-- -
of, the combination of -a photoelectric cell device

of the high vacuum type having high internal

~impedance an'dbhaving output electrodes; an am-

plifier tube having input electrodes, a loading net-

work which couples said output electrodes to said .

input. electrodes, said network having an effec~

" tive resistance R1 and a shunt capacity C1,-R1 ab.

the lowest frequency to be amplified being atleast
ten times the capacity reactance of said network
at the highest frequency to be amplified, a"com-
pensating circuit having a frequency response

_characteristic which is’ complementary to that-

of said photo-electric cell  device, and means for

".supplying the -output of -said amplifier: tube -to-
“said compensating circuit, said certain sources -

peing located between said photo-electric - cell
device and said compensating network, the resist-
ance of resistor R1 being-so high that-said picture
signals at the low frequency end of said range
where the noise from said.certain sources appears
are held at a-substantially higher amplitude level
than the amplitude of noise from said’ sources
whereby the signal to hoise ratio is maintained
comparatively high at the low frequ’.ency' end of
said range. : : : o

50
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Tt

5. Tn combination, & light-sensitive device hav- "

ing high internal impedance and having output
electrodes, an electric discharge tube having-an

7
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input circuit and an output circuit, a loading net-

' work which couples said output electrodes to said

input - circuit, said network having an effective

- resistance R which is in series with said internal

10

impedance and having ‘g shunt capacity C1, a
compensating electric discharge tube of the screen
grid type having a control grid, a cathode and
blate, means for impressing signals appearing in
said ‘output circuit upon said control grid and

said cathode, a compensating circuit including a-

resistor and an inductor in series connected to
have signals impressed thereacross from said
screen grid tube, and a utilization circuit connect-

" ed-‘across said resistor and said inductor,” said

15

20

95

resistor and said inductor having the relation

| RiR=2
where
- Ru=said network resistance,

Ra=resistance of said compensating circuit re-

sistor, T : ,

- La=the inductance of said inductor and

Ci=the ‘capacity effectively in shunt to said
‘output electrodes. - -

6. In a system for amplifymg plcture signals

5

covering a wide frequency band, in combination,
@ photoelectric cell device of g high vacuum type
having high internal impedance and having out-
put electrodes, an amplifier tube having input
electrodes, a loading network which couples said
output electrodes to said input electrodes, said
network having an effective resistance and a
shunt capacity, said effective resistance being so
large as compared with the capacity reactance
of said network at the highest frequency to be
amplified that said network bresents a capacitive
reactance over the upper 80 percent, of the fre-
quency band to be amplified whereby the pic-
ture signal output from said device at the low
frequency end of said band is large compared with
noise at said low frequency end produced in the
portion of said system immediately following
said device thereby giving a, good signal to noise
ratio in the output of said system, a compensat-
ing circuit having a frequency response charac-
teristic which is complementary to that of said
bhotoelectric cell device, and means for supplying
the output of said amplifier tube to said com-
pensating circuit.
ALDA V. BEDFORD.
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