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The present invention relates in general to
amplifiers and in particular, relates to compensa-
tion amplifiers in which compensation for at-
tenuation of the higher frequency components
of a signal is achieved without introducing ap-
preciable phase shift in the compensation opera-
tion.

Compensation amplifiers find extensive use in
television video systems where it is desired to
transmit signals, having frequencies extending
over a wide range. A particular application of
the amplifier would be at the terminal end of a
long coaxial cable connecting a television camera
situated at one location in a studio with a con-
trol monitor situated at another location in the
studio. A coaxial cable causes an attenuation of
the higher frequency components of the video
signal without introducing any phase shift in
these higher frequency components. According-
ly, in order to compensate for the attenuation
introduced by the cable it is necessary to am-
plify the higher frequency components of the
video signal, which are attenuated more than the
lower frequency components of the video signal,
without introducing phase shift in the opera-
tion.

" Various circuit arrangements exist in the prior
art for compensating for the attenuation of the
higher frequency components of signals intro-
duced by such means as coaxial cables.
ever, these arrangements introduce appreciable
detrimental phase shift along with the 'desired
amplitude compensation. ' One such arrange-
ment comprises by-passing the cathode resistor
of an amplifier with a capacitor having the de-
sired characteristic to reduce the cathode degen-
eration of the amplifier at the higher frequencies.
Another such arrangement comprises introduc-
ing a series peaking inductance in series with the
plate load resistor of an amplifier to decrease
the plate loading at higher frequencies: thus
higher gain is obtained from the amplifier af
the higher frequencies; and accordingly, a boost
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vide an amplifier having a rising gain charac-
teristic with frequency without introducing ap-
preciable phase shift with frequency.

A general object of my invention is to pro-
vide improvements in electronic amplifiers.

In an amplifier embodying my invention a ris-
ing gain characteristic without appreciable phase

- ghift is achieved by providing a parallel com-
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in the amplitude of the higher frequency com- .

ponents in the signal being amplified is obtained.
Both these arrangements individually introduce
an appreciable phase shift. which is. undesired
along with the desired amplitude boost in the
higher frequency components.

Accordingly it is a principal object of my in-
vention to provide amplifier means for com-
pensating for frequency attenuation without at
the same time introducing appreciable phase
shift.

An important object of my invention is to pro-
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bination of resistance and capacitance in the
cathode circuit of the amplifier and a series com-
bination of inductance and resistance as the load
in the amplifier. These components of resist-
ance, inductance and capacitance are so appor-
tioned with respect to the inherent capacitance
existing at the output of the amplifier that a
rising gain characteristic is obtained while at
the same time the phase shift introduced by the
cathode degenerative circuit compensates for the
phase shift introduced by the anode peaking
circuit.

The novel features which I believe to be char-
acteristic of my invention are set forth with
particularity in the appended claims. My in-
vention itself, however, both as to its organization
and method of operation, together with further .
objects and advantages thereof may best be un-
derstood by the following description taken in
connection with the accompanying drawings in
which Fig. 1 shows a schematic diagram of a
circuit embodying my invention; Pig. 2 shows
curves of relative response versus frequency for
a cable alone, for a compensated amplifier alone
and for the cable and amplifier together.

Referring now with particularity to Fig. 1,
there is shown an amplifier embodying my in-
vention., The function performed by the am-
plifier is to compensate for the amplitude at-
tenuation in a coaxial cable. It will be under-
stood that my invetnion is not limited to the
compensation of attenuation in coaxial cables
but has broader .applications and uses. In a
television studio the camera pickup tube is usu-
ally located at a considerable distance from the
camers control monitor and console which con-
tains control circuits and switches for televig-
ing a program. Consequently, it is necessary to
transmit video signals from the camera pickup
tube to the camera control monitor and console
through a long length of coaxial eable. The long
lenoth of coaxial cable introduces appreciable
attenuation of the higher frequency components
of the video signal without introducing any
phase distortion. Accordinely. in order to ob-
tain a video signal at the console and the camers
control monitor which is a faithful reproduction
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of the signal picked up at the camera pickup tube
it is necessary to compensate for the attenua~
tion of the higher frequencies introduced by the
coaxial cable. Therefore a compensation am-
plifier is located at the camera control
monitor and ' console. The amplifier pref-
erably comprises 2 multi-grid electron dis-
charge device of the pentode variety. How-
ever, triodes and tetrodes may be used as
well. The electron discharge device | shown in
the figure comprises a cathode 2, a control grid
3, a screen grid 4, a suppresser grid § and an
anode 6. 'The video signal from the coaxial
cable 7 is fed into the grid 3 of the electron dis-
charge device I. A cathode resistance r shunted
by a eapacitor ¢ is connected between the cath-
ode 2 and ground. Collectively the impedance
of the parallel combination of 7 and ¢ is denoted
by Zc. The capacitor ¢ at the higher freguencies
reduces the degenerative effect of cathode resis-
tor 7.

A second parallel eombinatich of resistance 8
aid capacity 8 may be eonnected in series with
the first combination of resistance r and capacity
¢ and ground in order to introduce more bias
than introduced by the first parallel combina-
tion. The second capacitor 9 may be made large
in order to supply the: desired bias without caus-
ing significant degeneration. A series combina-
tion of inductance L and resistance R is con-
nected between the plate 6 of the electron dis-
charge device | and a source of B-- potential.
This impedance effectively shunts. the inherent
capacity Cp existing between the plate or anode
6 and ground. The load impedance comprising
L, R-and Cp is denoted Zp. The capacitor {0 is
a filter or decoupling capacitor. Grid resistance
i{ is eonnected between grid-and ground. The
output. from the electron discharge device is taken
between conductors 12 and §3. The values of L
and R are so chosen with respeet to: Cp and the
parallel combination of resistance r and capacity
¢ in the cathode cireuit of the electron discharge
device so that. the desired rising amplitude char-
acteristic with. freguency is obtained without the
introduetion of phase shift with frequency.

An appreciation that the detrimental phase
shift introduced by a cathode compensation cir-
cuit and the detrimental phase shift introduced
by an anode compensation circuit can be made
to compensate for each other and consequently
produce a characteristic that is rising with fre-
quency but with inappreciable phase shift will
be apparent from a consideration of the fellow-

ing mathematical analysis. Using complex no-
tation:
T jucr?
Zo= T2t Y
where w=27-frequency
&at (o1- )] [
7,= C; wC’p WO, wC' C’; wO 2
R2+( .
(2)
Egr=FE~Z¢ip 3)

where Egr is the instantaneous voltage between
grid and cathode, where E is the instantanecus
voltage between grid and ground, and where s
is-the plate current of the discharge. device: I.

2p——Egkgm (4)

W}mre gm is. the trahsconductance of the electron:
d;scharge device. -By substituting Equation 4
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4 :
in Equation 3 the following relationship is ob-
tained.

Egx=FE ~ZcEgr0m (5)
or
E E ‘
B =11z TtaniZ 20 (6)

where ¢ is the phase angle of the impedance Ze.
EpgndZipr:Egkngp (&8)

where Ppgnd is the instantaneous  voltage from
anode to. ground. By substituting Equation 6 in
Equation 7 the following relationship is obtained:

‘ Ep!nd—m(gmzp) (8)

The ratio of output to input voltage is
_E_pgﬂi gmZ v — ImlZ ol L (9)

E T l4tgnZ.£0 14gm/Z.] 46

where. ¢. is the phase angle of impedance Zp.
The phase angle of Ze, 6, is negative and hence
the phase angle of the denominator of Equation 9
is also negative. It may also be noted from
Equation 2 that Zp has a nhegative phase angle
when L is small, as it usually is when used for
shunt peaking.
Equation 9 is then of the general form:
E P gn_d_A L=
B TB/=B
where A, B, « and g are positive numbers, Equa-
tion 10 then becomes

E pendi A S ;
B "/B,-/'ZB a=7/L{

where Z denotes

/41

3/
and ¢ denotes f—a
this the angle ¢ is less than either the angle: a
associated with thé shunt peaking, or the ahglé
g associated with the degenerative circuit in the
cathode. 'Thus this eircuit will provide an am-
plification characteristic which increases with
increasing frequency at the same time produces
less phase shift. than that which would be. gb-
tained with either the shunt peaked or cathode
degeneration circuit. alone,

In order to show that the phase angles intro~
duced by a degeneration cireuit connected to. the
cathode of an electron discharge device and a
shunt peaking circuit connected to the anode of
electron discharge device add if no consideration
is taken of the inherent-or stray capacity between
the anode of the amplifier and ground coensider
the foregoing derivations with Zp now repre-

sented by BR-+jwl. Edquation 10 then assumes the
form

(10)

(11)

(12)
where « is positive sincé the phase anglé of im-
pedance Zp is now positive. )

Note that in this. case the two phase anhglés add
together so that the total phase angle is greater
than for either circuit alone. If, however, in the
first case mathematically analyzed above where
the shunt capacity is considered and R is made
greater than

L
€5

" then the: phase angle of the numerator will be



2,668,888

s.
negative and the total phase- angle will be the
difference of the two phase angles rather than
the sum. ‘When the entire circuit, including a
stray capacity is considered, the analytical solu-
tion for an expression for the phase shift becomes
quite complex. ‘

The desired characteristic, in an amplifier of
the kind under consideration, is a Z in Equation
11 which increases with increasing frequency,
and a phase angle ¢ which varies from zero by
the smallest possible amount. 7 cannot increase
indefinitely with increasing frequency, nor can ¢
remain exactly at zero. 'The upper frequency
limit is reached at the parallel resonant fre-
quency of the plate circuit. .Beyond this point
the magnitude Z drops rapidly and phase angle ¢
increases rapidly. It has been found that for
values of  less than wo, where wo? equals.

1

LC,
the desired characteristics may be obtained if
1 R
Vet 1)
and
R . 1
T is of the order of o (14)

'The relationship (14) is not too critical and the
actual values may be modified by considerations
of the point where a rising frequency character-
istic should begin to be apparent. Frequently
this means that :

L

“While my invention is not limited to particular
circuit parameters the following circuit parame-
ters have been found quite satisfactory for a par-
ticular application:

Electron discharge device, Type 6AQ5
Cp»=25 micromicrofarads

=200 ohms

C=240 micromicrofarads

L=12.5 microhenrys

R=T50 ohms.

1 .
\/Zc“,,“'56~6><1° :

L _90.8x10s,
re

L is less than
re

R
= 60108,
From the above tabulation it is seen that the con-

dition of Equation 13 is met and that
1

TC
is about one-~third that required for equality with
2 :

L

With a circuit having the above parameters a
compensated amplifier characteristic such as
shown in curve {4 of Fig. 2 was obtained with a
maximum phase shift of about 19.4 degrees.
Curve 15 shows the attenuation characteristic of
a particular cable with which the amplifier was
used. Curve I6 shows the overall response of
cable and amplifier. - - .

To meet any specified rising characteristic the

relationship between the upper frequency limit,
wo, and the top frequency to be considered, w, will
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6.
have-to be adjusted. - If less of a rising charac-
teristic is desired wo should be much greater than
w; if more of a rising characteristic is desired
then wo and « will be more nearly equal. The

. case where wo=w represents the maximum rising

characteristic obtainable with any given cathode
circuit. For a greater gain increase the cathode
degeneration may be increased by increasing »
and returning the grid to a positive potential so
that proper bias is maintained. The relation-
ships given represent a first approximation to a
solution. Detailed calculations of the phase shift
and attenuation characteristics in accordance
with the foregoing derivations will indicate
which components should have their values
changed so as to obtain the desired frequency
Phase characteristic;

While I have shown a particular embodiment
of my invention, it will of course be understood
that I do not wish to be limited thereto since
many modifications, both in the circuit arrange-
ment and in the instrumentalities employed, may
be made, and I therefore contemplate by the ap-
pended claims to cover any such modifications as
fall within the true spirit and scope of my inven-
tion.

What I claim and desire to secure by Letters
Patent of the United States'is:

1. An amplifier comprising an electron dis-
charge device having an anode, a grid, and a
cathode, an impedance comprising a parallel
combination of resistance and capacitance con-
nected between said cathode and a point of ref-

5 erence potential, an input circuit connected be-

tween said grid and cathode through said imped-
ance, means for biasing said grid with respect to
said cathode, another impedance including an in-
ductance and resistance in series and having one
end thereof connected to said anode, a source of
direct voltage having its negative terminal con-
nected to said point of reference potential and
its positive terminal connected to said other end
of said series combination, said second resistance
and inductance have such values with respect to
the capacitance between said anode and said
point of reference potential and with respect to
said first resistance and first capacitance that
when a signal voltage having a range of frequen-
cies is applied to said input circuit the voltage be-
tween said anode and said point of reference po-
tential increases with increase in frequency over
said range and the phase of said latter voltage
with respect to the phase of said signal voltage
is substantially constant throughout said range.
2. A signal amplifier for amplifying a wide
band of frequencies, comprising an electron dis-
charge device having a cathode, a grid and an
anode, an impedance including a: parallel com-
bination of resistance and capacitance having
one end thereof connected to the cathode of said
electron discharge - device and the other end
thereof connected to a point of reference poten-
tial, means for biasing said grid with respect to
said cathode, a second impedance having one end
thereof connected to said anode and including a
series combination of resistance and inductance,
a source of direct voltage having its negative ter-
minal connected to. said point of reference po-
tential and its positive terminal connected to the
other end of said series combination, means for
applying a signal between said grid and said point
of reference potential,the magnitudes of said
first resistance and first capacitance being se-
lected to provide with said second impedance and
the inhefent plate capacitance g rising gain char-
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7
acteristic withiincrease in:frequency -while at-the:
same. time cancelling. inefféct: any -phase shift’
introduced by-saidanede circuit:

3. An ~amplifyirig. system~comprising .a source
of ssignal:having a:.decreasing -amplitude char-
acteristic swith increzse in:sfreéquency, an-ampli-.
fier.includifig:anrelectron: discharge device hav-
ing-a cathcde, a grid-:and:an anode, an:impadance
including: a: parallel combination. of :resistance
and:. cgpacitance ‘having:one -end thereof: con=:
nected-to said cathode and the other end there-
of:connectsd:to g peint.of reference potential; in- -
herent-icapacitancerexisting between:said ‘anode

and theoflier endrof: said-impedance, means for -

biasing said-grid:with'respect to.said cathode;.a:
second ~Iripedanes ineciuding::a ~series—combing-.

ticn of inductance and resistance; one ferminal of

said:series :combingtion being connected to:said

anede;-oner terminal: of »said: signal: source con+.

nected tosaid:control grid and-theother terminal

connected $othe end of:said parallel combination:
of .resistance-and capacitance remote from.the:

cathode of-saidramplifier, a-source of direct volt-
age -having its. negative -terminal: connecied: 1o
said point-of-refererce potential and:its positive

terminal connected to the end of said series com= -

bination .of .resistance . and :inductance remote
from the anode of said. amplifier; the values of
the:cireuit: elements of: said-impedances and -said

inherent eapacitance-arranged so that the phase ¥

shifts. caused- by -each of.said circuits-in. signal
transmission -in-said.amplifier substantially can-
celeach other. .

4.: In. combination; a transmission: line having ..
a.falling ~amplitude-characteristic 'with increase .§

in- frequency, means for- compensating for said.
falling, amplitude. characteristic - comprising an-
electron discharge device having an anode, a con-
trol .electrode -and a cathode; an-impedance coin-
prising :g parallel-combination -of resistance and-
capacitance .connected between said-cathode and
a-point of reference potential, means for biasing
said-grid with respect to-said cathode, one end of
saidtransmission line conmected between said grid
and said point-of reference potential, inherent ca-
pacitanece -existing between said- anode and said
point of referenee potential; an output circuit con-

nected-between said-anode, said:point of reference -
potential, said output.circuitiineluding an induet- -
ance and resistanse-in-series; cne end-of said se- j

ries:eombination being .connected to said:anode, &

source-of- direct voltage having iis negative ter=--

minalk connected to said.point of reference po-

tential -and. -its -positive- terminal connected: to-

the other-end :'of said-‘series combination, said

second. - resistanece -and- induectance - have - such -

values- with -respect "to- said inherent capaci-
tance: and with-respeet. to said first resistance
and:capacitance that when .a signal voltage hav-
ing-a range of frequencies-is- applied to the other
end-ofsaid-transmission line the voltage between.
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said.anode-and said peint of reference potential :

remsing substantially constant. with increase in:

frequencies-over said range and the phase of said
latter voltaze with respect 4o the phase of sald
signal voltage is-substantially -constant through-
outsaid range.:

5.rAn--amplifier comprising .an electron dis- -

charge device having an-anode, a control grid and
a:cathode, an: impedance . comprising -a: parallel.
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combination -of {resistance.and ‘capeitance -con- -
nected :between :said cathode and a point of ref<-

erence -potential; an:-input circuit connected be-:-

tween-said:-grid and cathode through said imped-
ancesmeans-for biasing:said-grid with respect to
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said 'cathode; anroutput circuit ‘connected ‘bé=-
tween said-anods-and-cathode thiough said-im«

pedance, said.output eircuit iricludinig-an induct<-
ance and & secongd resistance in'series, one end-of»

- said-series: combiration being connected:to said:

anode and a source of direct voltage having:it§-
negative terminal-eonnected to-said point of ref-

erence potential and-its positive terminsgl cons-
nected to:saig other-end.of said series combina--
tion, inherent capdcitdnce-existing between said:
anode and.said . point of: reference potential and-:
being-in-shunt. with! said-‘series combination: of

resistance and inductance; said:second resistance:-
and.inductance having such values:that: the fre=.

- quency -of. operation of said.amplifier is less than~

the.natursl parallel: resonantifrequency. of said:
inductance :and :second capacitance combination;:
said second:iresistance,:second:capacitance ands
inductance further related by the expression

Veet

LC, - L.

where L is said induectance, Cp is said second in-
ductance, and R is.said secend resistance and
having such values with respect to said first re-.
sistance and said capacitance that when a signal
voltage having a range of frequencies is arplied
to said inpub circuit the voltage hetween said
anede -and.said point..of .reference potential.in-
creases . with.. increase.:in..frequency.. over : said.
range .and.the .phass-of. said latter voltage with..
respect $o.the vhase.of 8aid signal-voltage is.sub-.-
stantisily constant throughout said range...

8. An ampliSer comprising an electron dis-

‘charge device having.an.anode, a control elec~

trode and a cathode, an impedance comprising a
parallzl .cembination of- resistanee -and. capaeci-
tance connected between said-cathode and g point .
of reference potential, .en input.-circuit:connected:
batween said grid and cathode through:said-.ims= -
pedance, means for biasing said grid with respect .
to said cathode, an-output cireuit connected he-
tween said anode and cathode through-said im-
pedance, said output circuit including an-induct=
ance and resistance in series; one -end of said se-
ries ccmbination being connected to said anode,:
means for applying energization to-said device™
between said point of reference potential and the
other end of said series combination,: inherent
capacitance existing between said anode and said
point of reference peotential and being in shunt
with said series combination of resistance -and:
inductance, said second resistance, second ca-
pacitance and inductance further related by the:

S
- VIerTT

where L is said inductance, Cp is said second ca-

‘expression

‘pacitance, and R is said second resistance and

having.such. values with.respect. to..said . first. re-.-
sistance and said first capacitance that when a
signal voltage having a range of frequencies is
applied to said input circuit the voltage between
said-ancde -and-said- point. of . reference .potential
increases- with:inerease- in. .frequency -over:said .
range and.the phase-of said:latter .voltage with :
respect to the phase of said signal voltage is sub=-
stantially constant. throughout. said. range.

.. An.:amplifier s comprising : an: electron : dis~ -
charge -device ‘having :an. anode, a:control elees--
trode and a cathode, an impedance:cemprising.a«
parallel: .combination..of..resistance -and-.capaci-
tance::connected- between.:said..cathodesand .a.

‘point of reference potential, an.input;circuit:con-. .
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nected between said grid and cathode through
said impedance, an output circuit connected be-
tween said anode and cathode through said im-
pedance, said output circuit including an induct-
ance and resistance in series, one end of said se-
ries combination being connected to said anode
and a source of direct voltage having its negative
terminal connected to said point of reference
potential and its positive terminal connected to
said other end of said series combination, inher=-
ent capacitance existing between said anode and
said point of reference potential and being in
shunt with said series combination of resistance
and inductance, said second resistance and in-
ductance having such values that the frequency
of operation of said amplifier is less than the
natural parallel resonant frequency of said in-
ductance and second capacitance combination,
said first and second resistances, said first and
second capacitances and inductance further re-
lated by the expressions

\/I _E
IC," L

1 R
<L

and
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where L is said inductance, Cp is said capaci-
tance, R is said second resistance, r is said first
resistance, and c¢ is said first capacitance, where-
by when a signal voltage having a range of fre-
quencies is applied to said input circuit the volt-
age between said anode and said point of ref-
erence potential increases with increase in fre-
quency over said range and the phase of said lat~
ter voltage with respect to the phase of said sig-
nal voltage is substantially constant throughout
said range.
WINSLOW L, HURFORD.
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