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Introduction

Trhe purpcse of tiis thesis is to present the
theory, design, constiruction, and operation of a new
typve of video zmplifier. In television eguipment tne
verformance of the video amplifier is z2lways a guestion
because of the tremendous band-width involved. For
excellent reproduction cf the orizinal image, using
standard trznsmission, this band-width svreads from about
© 30 cycles to about 4,000,000 cycles per second. Actually
tr.e band allotted in the radio frequency spectrum for the
televised imaxze is 4,500,000 cycles per second.

"In orcer that the picture elements will form a
normally shaded reproduction with a proper distinction be-
tween cetails, it 1s necessary that the zgain and the time-
delay of 211 amplifiers be as nearly constant as possible.
Trie maintenance of a coastant gain and time-delay across
the 4 megacycle per second band is tne foremost problem
encouhtered in video amplifiers. The greatest evil in
the problem of constant gain is tne shunt capacitance of
the video amplifier's plate circuit to ground. This
sniunt capacitance which limits the allowable plate load
to a very low value is composed of the amplifier tube's
output capacitance, the input capacitance of the follow-

1ns tube, ond the capacitance to ground of the plate
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circuilt elements and wiring.

In tals thesis an attempt is made to eliminate
thiis chunt caracitance thnrouch the use of a reactance
tube Adiesplaying nesative capacitance. A discucssion of
the application of nezsative capacitance to the video
amplifier is precented in Part I.

Tne low fregquency recponse of the video ampli-

fier will not be considered in this thesis.






Part I

Theory of tne Anplifier

As brournt out in tne Introduction, thie foremost
problems encountered in the video amplifier are the
maintenance of a constant gain and of a constant time
delay acrcss tne tremendous band-width. Thiese two
facters will be treated separestely in the following work;
tne problem of constant gain being discussed first.

1. Problem of Constant Gain.

Concept of Necative Capacitance.

Since tne cshunt capacitance to ground of the
video amplifier's radio frequency prlate circuit limits
the allowable plate load resistance and thus the zaln,

a solution to tniis problem would be effected if this
shunt capracitance were eliminated or neutralized. To
accomplish this elimination or neutralization, the »1he-
nomenon of nerative capacitance, as defined below, is
introduced.

wWwith a sinusoidal voltase zpplied, a positive
capacitance 1s characterized by a current vector which
leads the voltaxre vector and a reactance which decreases
with increasing frequency. A negative capacitance, as

defined for this work, 1s cinaracterized by a current
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vector which lags the epplied voltage vector zsnd a react-
ance which also decreases with increasing frequency Jjust
as does a positive capacitance. Thus negative capacit-
ance and inductance differ in the manner in which their
reactances” vary with frequency.

There 1s a fundamental difference, however, be-
tween negative capacitance and ordinary circuit elements;
negative capacitance can appear only as a dynamic cir-
cult element. This fact at once suggests the use of a
reactance tube network to obtain the desired negative
capacitance,.

A reactance tube is merely a vacuum tube supplied
with the correct alternating grid voltage to exhibit the
desired relationship between plate voltage and plate
current. Thus the tube may exhibit positive and nega-
tive resistance, inductance, or capacitance depending
upon the arrangement of the grid circuit.

Example of the Possibilities of the Reactance Tube.

Consider the circuit of the elementary phase

modulator of Figure 1.

ot &

-—
Oscillator

Crreurt e :%%% [ —— e
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L,C, 1c ascuned to determine the oscillator frequencvtf\
C is a large condenser naving a reactance which is in
tre operating rance, very small in comparison with th
resistance of R. Tren tiae current through RC is in
phase with e. 1p, 1a phase with eg, thus lags e by S0°..
Now, if an increase in freguency occurs in the oscillator,
eg decreases; and 1lp, being directly proportional to e,
also decreaces. These conditions indicate that the
tube 1is acting as a dynamic positive iaductance since
the current vector lazs the applied voltaze vector by
900, and the reactance increases (current decreasges)
with increasins frequency. Taus the rfrequency of
oscillation actually depends not only upon L,C,, but
also upon the reactance tube circuit.

If now an audio freguency signal is apprlied to
the suryressor grid through the microphone and trans-
former, the amplitude cof 1p varies in accordance with the
zudio siznal voltase. As 1p varies, so varies the
inductance in parellel with L,; and, as the inductance
varies, go varies the frequency. Thus the freguency of
ocscillation varies with the audio signal, resulting in a
form of prase modulation.

Incidentally, it will be noticed tnat the
variation of the amplitude of 1p with the audlo signal
is amplitude modulatioan wnich 1s necessary for the suc-

ceseful operation of this circuit.
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Determination of Grid Circult Arrangement.

Tiie exarple rreseated atove indicates the
method of connection of tne reactaance tube in the cir-
cuit. This method 1is carried over directly into the
video amplifier circuit sihown in Fizure 2. For the pur-
roce of cimplification, tricde tubes are ciiown here, sl-
tnouzh pentodes are used in practice because cf thelr

nign plate recistance and mutual conductance.

T ' | )
b3 "% * Q r‘,
—Aw R.?EE 1 b !  ————
4 $ & =3= woo—]2 $
3R | |G A 3R
$ L] ! t 34
G | ﬂ
1 - 1

8+ pi-ure 2

)
In the above figure Cg 1s tne shunt capacitance

of the hizh rotential radio frequency circuit to ground

-~

.

It is desired to neutralize Cg with the reactance tube
shown to the risht of Cg. In order that this may be
azcomnplished, tne vector dizsrem of Figure 3 must nold

fcr all frecuencies.

32

0 ) e >
tr
Fizure 3

Remenmterins that 1e, increases with increasiny freagueincy
) 3
(assuminz e constant), btre problem aow is to t'ind a

tliree terminal notwork, A, wnich will give the vector
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relation above and at the same time insure that i, and iQ
increase witilh increasinzy freguerncy in the same menner.
The sclutlion to this problem 1s found by means

illustrated in Figzure 4.

I e = Constant
1o . |
(a) € i T =Jjew(,
R | —P i et & +C
f
I , Cg%;f""” les|
(p) e C,l R %E ) =J'¢“‘GR I"l +C
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(c) § "1—(:—__"?"’«06 YacR A tL
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i | Rttt -c
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From Fizure 4 it is apparent that the only
roceikle form or the three terminal network, A, is that
which consists of a larze resistance in series with a
radio frequency transformer so connected trnat tne polar-

ity o:i the secondary 1is reversed from that of the primary.

Thus Fisure 2 becomes Fizure 5.

I J
[(Ir1 7+
— A { R
$p TG 3 3
i: / Cf : L, iiﬁi
T | [ fe

r.gure 5
Examination of Grid Circuit Radio Frequency
Transformer.

It is cf interest to make a close inspection of
tre transformer of Ficure 4 (f) and Figure 5. Since the
apparent reactance of the trancsformer on the primary
side nust be egmall, the inductance of L, and Lg must be
small. For this reason the values of distributed capac-
itance across L, and Lg tecome of importance because
both primary and secondary must nave rescaant frequencies
well atove 4.5 meracycles in order tiat tne apparent re-
actance will be inductive turouznout the band-width. If
the capacitance between windings is neglected here, the

circuit under consideration is shown in Figure 6 (a).






Figure 6 (b)
Tne eqguivalent circuit of Figure 6 (a) 1is
snown in Fizure 6 (b) with the assumed positive direc-
tions of currents as shown. Now the =ain of the circuit

can be calculated as follows:

Yy o~ - _ g

! — e' b
but
. L
and
lo— ¢
¢,=—j-z-'-c-l-—
so that
J b

(2) Gain=-90 —__"wl _ &G
e _p4-u (-4)G

ﬂc'
Since the currents in parallel branches divide inversely

as tne respective _impedances,
vwM[jw (M) —i £ ]
. . Nﬂwt,—awﬁ' —J . oM
( 3) ta=1¢ vo =
T dele) _‘..c wla— j;
,«.M[,. (M) —igk]

)“(‘0‘") + """_"%E

—J.

o0,






Substituting equations (3) and (4) ia (2)

(5) Gai =—St=

M
7 Ca w‘(ﬂ‘ —l,lg)-l- L,

To find the actual value of eg, e, must be evaluated. Tnus

JwMljw l,—.M) —J;Tl;j

Jwleg—J —%

—ige |t —1) +

e = ‘.,
w M) =
~igg +ielb-H) + i (:: it_ =

ywhe—y

_ WG N

ik (wReru) + &)
=4 G G
é‘ + —é’: +w‘(M‘—‘/‘n) - "C{,Q

e=-—y
(s ‘eca | & —‘L+w‘(m'u.)—

Tirerefore, from equacivus (1) and (6)

n [ G (ML) +L, ]

w‘C

LM
wC Gy Q + L +w(l‘1‘ Ltg)—

«7) eg=—
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If ¥, L,, Lg, C,, and Cp are assizned represent-
ative values, the exrressions for gein and eg may Dbe
simplified to quite an extent. Let
L,= Le= 80 micronenries
1= KVL, L, = 0.2x30 =16 micronenries
Cy= 5 micromicroflarads

Ca= 10 micromicrolarads (iistriouted capacitance of
coil plus input capacitance of tubve.)

Then the galin 1is

-6
—~— /6x/0 ~
zaln = - - F — L& — g2
20210 (256 -ge00)uro " poaxn 8o

Thus, providing the anti-resonance frequencies of L,G,
and LaC are well above 4.5 megacycles, the zain may be
represented by

8) cain =4
(8) cgain Z

Now

SN /1. 1.7 Sl / "
- x50 x0™* 245167 . §14¢Tere - o.o:’xuf'

9
Tt will be seen that the last term in the denominator of
the bracketed factor is predominant. hlug it 1s pos-

S 31ble to write

o M
( — - 4 / = Jeod. M
) G, ‘wch X_ / e
7,54

R s suming the same conditions as ziven under equation (8).
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Eauation (9) indicates that eg is shifted from
19 by a positive 90°. Actually this shift may be made
the decired nezative 90° simply by choosinz the correct
connection of the secondary. Also, equation (Q) shows
that eq 1s directly proportional to freguency as has
been gshown necessary in Figure 4.

To date it has been tacitly assuncd tliat the
reactance tube's vlate current is in phase with the grid
voltaze. Tnis is strictly true only when the load is
purely recistive. ©Since the load in thls case 1s higkly
capacitive, the alternative is to have a plate resistance
sufficiently nish to overchadow the capacitive reactance,

-V

Tiius tre reactsince tube must be a peatode.

+d
Ly
D
<3
)

lue of tne Iezative Capacitance

fat
(o))
¢}
[®)

Now tne alternatine current circult of the

e
1%
pe

amplifier may be drawn as in Ficure (7).

L]

" I * 0
. \ D |
Y n &
:"_"c: 3 ‘:E 2
| A $
Fisure 7.

In Firure (7) 2 represents the reactance tute plate
©1rcuit. Ry includes R,, Ry, and R of Fizure 5. Cg 1is

+
“hie  shunt capacitance.
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Since tne reactance tube i1s a pentode, 1t may,
current generator.

in general, be rejarded as a constant

Whence
b =9me.

Substitutiang the value of e

(10) G=—JwoméM = i;e;’\'

grom egua-ion (9)

Now
o= Lo+ b+ (g

or

(11) = & 4+ € +—_.
? ﬁl‘ _L_

‘UC‘ ‘09MM

It is desirable tnat the last two terms of equa-

1at i, will be

tion (11) should be ejual =nd oppos SO

in phase with e. If this condition holds, then the

apparent negative capacitance nmust be

e ﬁwﬁ1,
(12) —C= =

tiie value of negzg-

-

From equation (12) it may be seen that
ative capacitance is dependent directly upon the mutual

tile reactance tube and tne mutual induc-

Conductance of
The value of R is more or

t f the srid transforuer.

cance of
legs fixed in the neishvorhood of 25,000 onms as R must

always be much greater than the eguivaleat reactance of

traasformer primary.

Lhe radio frecuency
Capacitance between

Effect of tne Distributed

windings of Grid Circuit Transformer

It is now of interest to investizcate the effect



14
of the distributed capacitence between the windings of
the reactance tubte grid transfermer. Since the lower
ends of the two windinss are tied torzether,. the maximun
voltaze between coils will be at the free ends; so thnat
the distributed capacitance may be considered ag being

lumnped across the free eands of the transformer. This is

shown in Fisure (&) (a) and (b)
|
]

Ic;
C,=— "L‘C
:‘I‘ Ly 3L, TEC T
(a) (b)
Fizure 8

The circuit of Figure (8) b is nct easily
solved for eq ; therefore use is made of the equivalent
7 section of the transformer. The conversion from T to
may bte made accordiing to equation (13) with reference to

Fi-ure 9.

3, =jwll~) Bgmie(ta~) 2
1.% Bjﬂ” e' i:iA
1

Figure 9
(3) 2= *""*"-‘;“'“*"
(13) (1) a,= 2,2,.4-2;5-:-62,

2

() & rt Bt 2,

Z¢= ¢

Z,



Thus

Now the equivalent circuit of Fisure 8 (a) may

be drawn 2s shown in Fi~rure 10.

i)
e

[ 9 la© ‘1‘2!:-5157" RE l
7 &

Fizure 10
Let
(15) A=l L—t".

: . ; [ .
Now the values of the parallel impedances, & , 4, and

Z"ﬁ shown in Figure 10 may be found as follows:
¢ / , A
—d e NI
'-_( at;xg ‘“-qn)
=— : y

5

or

The zain of the transformer circult may now be
evaluated.

G ! =&= ‘;2
(17) Gain e =

L4

-
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g BT [¢,— o Gt ][4 11— wc, 4]
2 ’ =' = & [L,— M....‘C,A][ﬂ— w"(‘,A _'I

Substituting ip in ezuation (17)

tain = M—a'C3A
T = L, - w*A(Cr +6G)
(128) _ M- PGty Y

4= &Gt YL, q—rT)

Froa equation (17)

eg=e main,
But
4 ' "
Z2+2 +E
or Jw A [ L) . /
e=1g la-M-«CGA (L ~M-GA " M-u2CA

N / ' /
LM - CA [, ~I-"GA M -wPCA

Simplifying this exprescsion for e, tnere results

' e IZ: ~o?(c, *C':)A]

=¢&9 .
1=4,0%C,+C3) = Ly (ot Cy) + wHA(C,Ca+ GG + 90 )+ aM WG

Multiplying by tne zain as given in eauation (18),

(15) ey= JuMey .
1 =4,0%C,+ ;) - Law®(Cy +Go) + wH(L,Lg ~11)(C,Ca +CaCy +65C,) $2MPCy

If Cp= 0, ezuatlons (18) and (19) become

ad
L= "‘”CP (‘c‘! -M ‘)

(20) Gain=
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JwMey
[-al,C, - wlyCo + w¥C,Co(ULy -M‘)

and 8y =

Dividing numerator and denominator by =—efC, Cp
(21) eg=—j ¢y M /
Ce (Lbe-r1') ur,c

Ezuations (20) and (21) are ideantical with equations (5)

and (7).
Now, =23 tefore, representative vzlues of M,L,,
LpsCy» Ce, 2nd Gy are assumed as folleows:
L,= Ly = 80 mlcrohenries

M=KVL,L,=0.2 x 80=16 microhenries

J

C,= 5 micromicroflarads
Cp= 10 nicromicrofarads
C’= 5 @micromicrofarads
Substitutin-g the atove values in equation (18),

/6 %108~ el x 10" (6400 - 256) x1s™
80xr0~6 — whox 16" (6400 ax)xlo""

x /6_
7] =0.2

Thus, as before ne gain may w o) nted as -
Thus, berl » tne mal v well be represented
(:’2) 3’&11’1:’—" '

(4
Under the same coadition

Gain=

eg = jwc',x/‘”o“o
Therefore,
(23) eg=,/w ey I
where the sign of eg may be eltner positive or nezative

according to the connection of the transformer secondary.
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Tne efrfect of the distributed capacitance between
windinzxs of tne traansiormer 1is thus neglizivle 1f tne
vaelue of the capacitanrce is of the same order of mazni-
tude ss the distrituted capacitance of one winding alone.
2. Problem of Constent Time-Delay.

A constant time delay for varyins frequency
means that the pna £2ift must be directly proportional
to frequeacy. The phase shift of an cmplifier 1is
innerently 1£0° so thzt the pnase shift which must be
proportional to freouency is ziven by ecuation (24).

(24) /o=¢ — 180°

p ¥

AAAMA

- /'% Eg: R+jh e

Fizure 11

Using the eguivalent circuit of Fizure 11,

=&
and »t5 -/
e = l}f..—.—ﬂ

’P *EQ

(25) gcain=L = e /R +/4,)
} ~Co rptBe rp+Ret; X,

Now the negative sign attached to ey tazes care of the
innerent 180° chift, so that the added punase shift, {b ,
is given by the phase anzle of the zain. The tanzent of
¢b may be found by sevarating the gain into its real

and imazinary parts as below:
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xain = frrins) _ [ (RutRe® + 42 ) + 7/ (Xoto + BN, -RXs) .

f’ +5 +j XQ (P’ +P‘)‘ + on

Tnerefore

-/ Asr;
25 ¢==£ﬂ1 P .
(_J) f m£+?.yb+x‘l

Since tie 2:nlilier tube used is a pentode with a
rlate resistance much osrecator thian the plate load,
(27) e = tam™' Ko

Re
IT tue pnase csnift 1s restricted tc sma2ll =ar

SQ Xo
(22)  gamfe .

D
4
(]
®
O]
-

Yow, by iaspectinzg tne equivalent load showa in

Fizure 12, tne values of series reactance =nd resistaince,

Re nnd Xo , may be determined.

N
Y

~

|

I

-

+

g'

Figure 12

_ /
- / /
Lt R IR
[~ w9m/

_ AR ARG R-9mM)
R + (WG B — wom/R)

Substituting in eguation (23),
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_ R (CR-9mM)
(2\") ¢‘— R

~

Therefore trne phage =nift of tre amplifier is always

cronortional to tr.e freguency, or the time-delay 1is z1-

ways constant.
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Fart II

Deci~n, Construction, and Overation of the Auplifier

In this sectlion are descrited tne preliminary
deci=n, the coacztruction -nd operaiion of the first cir-
cuit, =2nd the construction 2nd o_erstion of tne second
circuit.

1. Preliminary Dezign.

In the desiszn or the amplirier, a number of dis-
tinct vroblems were faced. Tunese provlems and thelr so-
lutionc will be presented in as losiczl an order as
rossible.

Tne circult of the axplifier as first croposed

is 1llustrated in Figzure 13.

T ]
7,'_|_ : !
SR
_1__“ gl =R A ot
Cin i !
t | T : !
B+ =

Figure 13
In this Figure
ie the amplifier or s21in tuve, a pentode.
T is the reactanzce tube, a pentode.
Cs is the sanunt c=pacitance to ground.

Ce 1c tiie blocking condenser.



22

R, 1s tie resistor tarougn which direct current
is supplied.

A is the coupling networkx of tne reactance
tube zrid.

ein 1s the input voltaze.

ce# 1s thie output voltasze.

Tne €ACT7/1552 television pentode as T, seemed
the best tube zvailable. It 1s commonly used in video
amplification circuits becaucse of its hizh plate resis-

tance and extremely ni-h mutual coniductance, The out-

wut

(@]

apacitance of this tube, a factor contributing to

(SN

Cgs is but 5 micromicrofarads. The normzl operating

conditions oi this tube 2s a clacs A amplifier are -iven

below.
Heater Voltarne 6.3 volts
Plate Vcltace 300 volts
Surpresscr Voltage O volts
Screen Voltage 150 volts
Cathode 2Rias Reslistor 150 oumms minimum

Plate Resistance (Awprox.)0.75 mezohms

Trangsconductaice ¢000 wmicromncs
Plate Current 10 Millismperes
Screen Current 2.5 ¥illiamperes

N

Next the tube to be used as Tp was determined.
Since tile grid voltace to this tube must necessarily be
low because cof the comnecting network, the tube must

have a hisn mutuzl conductance. Now a consideration of
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the maznitude o1l thie current talen by Cg at 4.5 meza-
cycles vrer second will 1indicate tne necessary current

capacity of tiic reactance tube. Let

Cowt=15 volts .
Then
[ -l
ics=£=e..¢wcs=15 X 2 x 4.5 x lO‘ x 40 x 10 “
]
=17 milliamperes.
Hultiplying by V 2
= 24 =i isare .
(30) 1o, max 4 m~yllismreres

Because of tre recuirements of nish alternating

viate curreat, and ni-n mutual conductance, and nigh

o
®
ct
)
-

esistance (dicscussed in Part I); the tube cuosen
as Tb was tue 5A37, a televiesion nower pentode. The
output caracitance of this tube is 12 ricromicrofarads.

A tad feature of thils tube is its hiszn iaput capacitance
of 12 micromicrofarads. Thals value, however, 1s tyrical
oi the television pentodes. The ncrmal operating condit-

icns of the OAGY as a clacss A amplifier are ziven ovelow.

Heater voltaze 6.3 volts
Plate voltage 500 volts
Suppressor voltacse 0 veolts
Screen voltaze 300 volts
Grid voltace -13.5 volts
Plate current 25 milliamperes

Screen ‘current 6.5 williamperes



Plate resistance 0.1 nmegzomnm

Transconductance 7700 micromnos

liext encountered was tiie proolem of plate feed
For tne 5ATT7 and €A37. Tne comcined direct rlate
current of tre two tubes was 35 milliamperes. It was
desired to make t..e load resistance as ilsii as possible
in order tilat most oif tie alternating plate current
woul? be shunted tnrou-n the reactance tube's grid cir-
cuit. Because of tie regulreanznt tnat tane current
tnrourn this orid circult te in pihase with the voltage
acroz=s it, tune value of tae resistor lere was fixed in
tie neiznovornced of 25,020 onms. Thus tae plate feed

resistor had to be at least 40,000 onms. A 40,000 ormms

=

resigtor carryin- 35 i

lianperes would nhave had a

A irect current voltaze acro«s it of

)

(31) Epe =IR=0.035%x40,000=1400 volts.

Thus the power supply would have had to supply 35

Milliamperes at 1700 volts direct current. Tais was a

o)

raciical impossibility. Incidentally, the power dis-
Sipated by the above resistor would have been

P=1I%R =EI =1400x0.035 =49 watts
-Al::hou;h no tests were run, it was feared tnat a resis-
Lor capable o fissivating 49 watts would hzve had an
anti-resonant frequency rtelow 4.5 mesacycles per second
ae o Afctrituted inductance and capaclitance. Cbvicus-

1y tris type of parallel feed was ruled out.
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At this point it was recalled trat rentodes nave
a Vvery nich alternating current plate resictance. Tius
if a pentoZe cculd be selected wniicn was cerable of
rassins 35 milliznreres, the plate feed proktlem wes

TTAN

sclved. Tne ¢FZ3 power pentode was selected. The output
capacitance of this tube 1s lecs thnan the equivalent ¢FS
me tal tuhe, and its otner characteristics meet thne

requirements ac is denonstrated ty its normal cperating

con<ditions as a clacss A, anrlifier.

Feater vcltza-e 6.3 velts
Plate veltace 250 volts
Screen voltaze 250 volts
Cathode resistor 410 volts
Plzte current Z4 milliamperes
Screen current 6.5 milliamveres
Plate rezistance 80,000 ohns

Since the available power suprly had a 500 volt
Sutput, it was decided to operate trhe 6ACT7/1652 and
CA37 a2t a plate voltaze of 250 volts. At this veltagze,
Lrie operating conditicns as class A amplifiers are as

foliows:

EACT/1852 EAGT
Eeater voltage £.3 6.3 volts
Plate voltage 250 250 volts
Screen voltage 150 140 volts

Grid veltaze -1.67 -2.0 volts
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EACT7/1E52 6AZ
Plate Current 8.0 25.0 milliamperes
Screen current 1.72 &.7 milliamperes
Plate resicstance C.7 0.0647 mexohms
Trancesconiuctance G000 10,000 micromncs

Tiie values of plate resistance glven in the above
table were found experimentally end tre values of trans-
conductiance were determined from data ziven in the RCA
Receiviag Tube l'anual, 1940.

Next undertasen was trne decizn of perhaps the
most importait cinsle part orf trhe amplifier, tiat of the
reactsnce tube's =rid transformer. As shown in Part I,
1f trhe anti-reconsnt frequency is =bove 4.5 mezacycles
Ter second, tre output veoltzce cf the transformer is
directly vroportionzl to the mutual inductsnce, M. Thus

1t wass desired to measure the anit-resonant freguency of

'S

)

T rimary and secondary, and tre mutual inductance.
Thne circult used to measure trne anti-resonant

I'requencies of tne coilc is shown in Fizure 14.

vvvvv

Stgnal \oe o267 YrvM

:—- x—:w

Fizure 14
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In Fizure 14 the coll to be tested was connected

acrozs tre terrinals 1-2, 2nd a cirnz2l which varied in

[0}

frequency from 100 xilocyclecz per second to 31 mega-
cycles per seccond was lupressed upon the grid of tne

£J7. The lcwest fregquency at which a peak was recorded
onbtbe vacuun tube voltmeter indicateld tie znti-resonant
frequency of tre coil in zuestion. Trne resistor R
(25,000 onms) was included to prevent the output capac-
itance of &J7 from playins a part in determining the
anti-resonant frequency. Thuc only tre input capacitaance
of the vacuum tube voltreter influenced the znti-resonant
frequency.

This input capacitance was measured by deterain-
ing the chanse in frequency of sn oscillator when tne
vacuum tube voltrneter was first coanected across the
frequency determining circuilt and tiren removed. Since
the capacitance =zcroces the above circuit with the VIVM
removed muet be knowan in this metnod, a General Radlio
Precision Type variavle Jondenger was ucged. Trne precis-
ion cordenser was set 2t a value larse enousih tiat the
distrituted capacitance of the coil =2nd the electrode

cavacitance of the oscillator micsht te neslected. Then

(32) Cx=2C, (i).— 1
fe
where

Cyx 1es the unlknown capacitance

Ce 1c the capacitance of the precision condenser,

N P



28

fy 1is thie oscillator frequency witnh Cx in
the circuit

fe 1¢ the oscillateor frequeancy witnn Cx removed,
The resonant freajuencies were determined ucing a rzdio
receiver witn a veat Ireguency ocscillator. Ey this
rethod

Cx=12.0 micromicrcfaradls.

This value of C x was checked by using tne
substitution method at 1000 cycles per second. Eere a
aull was found on a General Rsdio bridze ucsing only tne
rrecision condencer meritioned above. XNext the vacuum
tube vclticeter was ccnnecied 1a parallel with tne
rrecicion condenser =nd trne precision conienser adjusted

azaln to the same null. The chanse in tke precisiocn

g

ave directly

condenser settiax

{

Cx=11.8 micromicrcfarads.

Since this value was nececcarily measured with the

O

circuit cold and with the ~rid recistcr disconnected, it
is presumably slizshtly low.

ne value of tne mutusl inductance was deter-
mined by measurin: the primary, secondary, and total
inductance with a 1000cycle per second bridze. At 1000
cycles per second the effect of the distrivbuted capac-
itance was nezlizible. Tne total inductance was
measured cseries aidinz =14 series orposing as a check.

From the values of total inductance
(%3) wu=% ["" '(‘P“’)]

2
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Tr.e positive =in was used wrnen tine colls were connected
series aidin: and the nesative sign wien the colls were
connected series onposing.

In ezuation (23)

M 1e tie rutual inductance
Ly is the total inductance
Lp 1is the primary inluctance
Lg 1is thie cecondary inductance.

In Ficure 15 are tebulated the values determined

jon

) and the clrcuitof Ficure

H

from the ucse of eguatica (3
14. The resonant freguencies zlven are those obtained
with the vacuum tube vecltmeter in the circuit. Tiie input
capacitance of the vacuum tube voltmeter, 12 micromicro-
farads, has been subiracted frcm tiie total capacitance

to give the distributed capacitances listed. For tne
cecondsry windinzs trne actual resonant fregquencies were
nearly the same, wanen the colls were in the circult, as
trose given in Firure 15 because the input capacitance of
thie AAGT tube is very nearly the same as that of the

vacuum tube voltmeter.



Coil

Number

byl

SKO\OO)G)'\]C;O\UT-!?UJ&I\)}—‘
* %
*

10%*

=
n

120%
14
14
15
15%
16
17
13
19
20

Winding RNun.er

20

of
Turns Pri.
Fri. Sec. ry r, 1 Ser. ry
.u. /4 Z/4 7/16
.u. . (/395/16 1/4
.s. 21 5 3/4 3/4 7/16 3/4
.u. 1/4 3/8 5/16
. 100 3/8 T7/16 5/16
. 10¢ 3/8 T/16 3/8
.0.U, 100 3/8 13/)2J/8
u. 100 3/6 13/325/8
38 ';’/8 7/’2 "/8

100 100 3/3 7/16 11/321/4 3/8
1C0 100 3/8 7/16 11/321/4 3/8
50 50 3/3 13/321/4 1/4% 3/8
50 50 3/8 13/321/4% 1/4 3/8
.u. 40 40 2/8 13/3%25/16 3/163/8
.u. 40 40 3/8 13/%25/16 3/163/8

100 3/8 3/8 3/4

100 3/ 3/8 3/4-

. 75 3/5 %2/8 5/8
75 3/ 3/8 5/8

50 /8 3/8 T/15

75 z/8 1/2 5/16

%5 3/8 7/16 1/4

S0 150 3/8 1/2 5/16 1/163/8
€0 100 5/167/16 1/4 1/163/¢6

00000000000 <LL00000d 4000000
;:;:c:;:-'mmmmmccoocCCQmOOCCCmCC

Dimensions in Inches

Sec.
2

/4 3/32

7/16 11/32
7/16 11 32
13/321/4
13/3%21/4
13/325/16
1%/325/16

40 40 3/8 7/16 3/16 3/1611/3213%/%23/16
40 40 3/8 7/16 3/16 3/1611/3213%/323/16

9/16 5/16
1/2 1/4

Fizure 15 (concluded on next page)

In Fizure 15

# means powZered iron core

o.u. means open universal

¢c.s. means cloge solenocid

c.u. means close universal
v.0o.L. means very open universal

Pri. means primary

[6)]

¢c. means secondary

™1 is inner radius



r, is outer radius
1 1is lenstn of winding

Sep. means seraration petween windin

110
100

31

uctance,
ries Iniuctance,

Sec.

10

135
255
€3
72
72
60

o
o

177
130

utual

licroiienries

21
37

19
29
23
37
17

42
40

Ficure 15 (concluded)

58

Distributed
Capacitance,
iicromicro-

farads
Pri. Sec.
28.1

5.2

6.0 2.1
€.2

6.7

5.9

3.7

5.2

4,0

6.0 6.0

6.2 5.3

52 3.1

5.4 .5

1.7 L.7
12.7 11.6

1.7 1.8
14.2 14.5
12.0
23.5

5.0
25.9

2.1

5.4

1.9

4.1 5.6

4.1 5.2

A very striking thing will be seen in the tabu-

Coil Rescnant
Jo. rresuency,
Mesacycles
Pri. GCec.
1 0.19
2 3.54
8CA 6.75 13.4
3 3.76
4 3.29
5 7.76
6 4,28
&% 3,63
7 6.25
& 3.23 3.23
8% 2,45 2,33
S 4.48 4,50
O% 4 47 4.3
10 5.07 5.07
10% 4.0 4.19
12 4,52 4,07
12% 3,806 3.75
z 2.75
14 2.4
15 4.5
15% 2.¢
156 5.6
17 2.8
18 5.1
19 3,73 2.85
20 .87 3.37
lations
sercion

of coils hoving 75 turns or better.

~esult.

IF'or coils havinz

-

5C turns or lecs,

of primary and secondary inductances. Tne in-

of a ypowdered iron core increased the inductarnce

This i1s the normal

however, the
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inductance decreased with the 1insertion of the powdered
iron core. The core, being a semi-conductor, increased
the distributed capacitance cufficiently that the res-
onant frequency of the coil decreased. There 1is no
apparent explanation of this phenomenon.

P

paper tubes which were tightly fitted so that the

4

value of mutual inductance might be varied simply by
sliding the inner tube up and down in the outer tube.
Coil No. 10 proved to be the only coil which

had an anti-resonant
(8), (9), and (12) applied across the complete band.
2. Construction and Operation of the First Circuit.

r

£as

o
Qs

upon the preliminary design of the pre-
ceding section, the circuit of Figure 16 was constructed

upon a metal chassis.

T peatfiase i
i sac7  OT iR : :

6F66 3 6467 L

o APy r

Re T

a | 3kfc a
/40 —
SO0 v.AcC:

Figure 16



In Figure 16

R,= 1 mezoum

Rp=1060 onms

Rg=450 olms

R¢=25,0C00 onms

Rg=EC ohus

0, =.C02 micat .ol+ 25 electrlytic (microfarads)

e

Ce=Ce¢= .002 mica+.01l paper+ 1l paper (microfarads)

Cpg=0Cqg= Cg = .C1l papcr

RFC = radio Freguency Canoxe - 8 millihenries
T as determined from Fisure 15.
The reater circuits are not shown in Fizure 16.

Since the catncde of the AFSG was 25C direct current

volts above sround potential, it was necessary to use

2 separate 6.3 volt transformer with tiie secondary at the

same direct potentisl as tne 6FO6X catiiode. Here anotuer

roplem was eancountered in the form of tne cathode-

heater caracitance. The 1impedance of the transfiormer

secondary to zround was very small so that the cathode-

heater capacitance, wizich was thousht to be large,

practically shortcirculted the 6ACT/1852 alternatiag

plate current to ground. The approximate value of this

capacitance was calculated from the formula for tue

capacitance for two infinite concentric cylinders.
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rizure 17

(34) Ks [0 _ Li/xs
2/e9g % 9 L2
"6 éh@yﬂ

(@]

Here
C = caraciteance in nicromicrofarads
r,= 0.025 ceantimeters
rg=0.1 centimeters

s =3,0 centimeters

k = 3iclectric constant.

h/ir2k _
0./
2loy o5

micromicrofarads.

I

[
no
»

(35) ¢c=

Egquation (35) mave such a2 low value of the heater-
cathode capacitance that it wes measured by the sub-
stitution method 2nd founi to be 9 micromicrofarads.
Trhius tnis procvlem was saticsfactorily solved by the
rizure 18.

°
3~
Lo

R = 250,000 ohms .

R
tﬂqu

Fizure 18

,“ T NASImow s vaske v v. £

w
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cein of the circuit of Fisure 16 was of

Py

I

the order of 4 at 100 kilocycles per second. Under
normal opereting conditions
- o p 2 Gy 2
(36) Gain =Lt =ImZ0 % - g.a = 0.009x.% .
) Gem )
] .0 .
ot = 444 onms.,

As calculated from the circuit constants, should have
7

been of the order of 8000 oluns. Thus it was evident

tnat opersting conditions were not normal snd taat

steprs must be taken to raise tne gain. All of the

followinz work was done with the €A37 grid grounded.

First the remnovael of the SF0G cathode by-pass

condensers raised tne z£a2in from 4.5 to 10.5 at 100

kilocycles per second. lext the SACT/1852 cathode

resistor was chranged from 120 ohms to 18C ohms chanzing

the z2in from 10.5 to 15.0. Tne screen of the O6F0G was

next by-passed to the cathode with a 0.0l microfarad

maner condenser, and a 10 millihenry radio freqguency

choxe was incerted in the B+ lead to the screen. The

measured z2in at 100 kilocycles was now 36.8.
Now a measurement of the shunt capacitance, Cg ,

at 100 cycles per second by the substitution method gave

123 micromicrofarads witn tne 6F6G screen by-pass

condenser disconnected, and 17,000 micromicrofarads with
tine by-pass condenser connected. These measurements were

taken withh the vacuum tube voltmeter connected to th



output.
Finally a 25,000 olim resistor was substituted

for the 6F6G screen choke =2nd, witn a 17J0 ohm resistor

in the 6F53 plate lead, the zain was measured at 51.8.

Since the BACT7/18%52 caztnolde rezistor had not

ain amount of negative

c"

bcen passed to thils polnt, a ce

fecedback had been preseat. when this cathode resistor

was by-prassed by 2 1.0 microfarad raper condenser, the

zain rose to T71.

The load circuit of the G6ACT/1652 was of the

id

type shown in ri.sure 19.

R =
- |
Fizure 19
Here
R = lo2ad resistance
Cg = shunt capacitance 5 123 micromicrofarads.
Now

z J&%‘; _ R-;“C;#
~ R-J_é' T 1+ w?CER

z2nd the abszolute value of &, 1is

(37) la.,l \//*“'G“"
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Rearranging

2| .

38 R=
e V7 —wG® 12

Maling use of eguation (3

5)

—_ GOI'H —_— 7/ — ~1

5= G = o = newome.
Substituting tiiis value d‘liil, Cs=123 micromicrofarads,
and w=2 Mx 10‘. radians per second in equation (38) gives

(3¢) R= 9,950 onms.
The load resistance was made up of the 6F563 screen

resistor, 6F56G plate resistznce, 6A37 ~rid resistor,
and 6A37 plate resistance all acting in parallel and was
Thus the amplifier

crroximately ezual to 9,820 ohus,

was orersating norm=lly at this point.
Now, with the 6A37 zrid zrouanded so that no
neczative capacitance was acting, a set of readings of

taken and recorded in

zain versus frequency was
Figure 20. Next the 6AZ7 zrid was connected to the

secondary of radio freguency transformer No. 12 so tnat
ne reactzance tube was functioniang as a negative capac-

A second set of readings was now taken and also

itance.
These data were then plotted in

recorded in Fizure 20.
Fizure 21. B5ince the low freguency response is not be-
considered here, it was not tnoucht adviseaple to

a lomarithmic freguency scale,
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Frequency in llezacycles. Coil #12 out. Coll #12 in.

c.1 70 72
0.5 45 45
1.0 31 32
1.5 25 27
2.0 23 25
2.5 19 23
3.0 15 20
3.5 14 .73 17
4.0 13.8 17
4.5 12.5 16

Figure 20

It will be seen from Figure 21 that some nega-
tive capacitance was acting. Wien the data on coll No.
12 was substituted in ecuation (7) of Part I, it was
found that the value of negative capacitance at 4.5 meg-
a cycles per second was theoretically 407 micromicro-
farads if 1, of equation (7) was considered to be equal
to i% as iiven in Fisure 5. Actually 19 was not egual
t.o-Rﬁ but was much smaller due to the reflected impedance
of thie transformer secondary wnich was approaching anti-
resonance. Thus the acting negative capacitance must be
determined from a rearrangement of equation (37).
(40) Cs____VR‘-liz!' ‘

aJidR

Jow, 1if
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C,=shunt capacitance with coil out =123 micro-
microfarads

Ce=shunt, capacitance with coll in

Z,=suunt impedance with coil out at 4.5 mega-
cycles per gecond

=shunt impedance with coil in at 4.5 meza-
cycleg per seccnd

Jow from equation (36)

Gan /2.8 A
=t ="_ = ) h
Z, - 7.0/ 1250 ohms
/6
Zz = —_— = A01 nme.
2 2.0/ 1500 onm
and
s - o‘ ol‘_ ~
C‘,= 123 g::))‘r_vﬁ‘;//“ = C¢5.5 micromicrofarads
. ¥4
or C, -C’=123 - $5,6=27.4 nicronicrofarads.

Thus tne negative capacitance acting in this case was in
the ruaighborhooé of 25 micromicrofarads. Since equa-
tion (12) 4id not aprly in this cace where the anti-
resonant freguency of the coil was so near 4.5 meza-
cycles, the value of the nezative capacitance varied
accordin,; to equation (7) with frequency. -
Ccil No. 12 had the hignest mutual inductance of

2ny of the colls which anti-resonated above 4.5

.

T AN LS W& D

>
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mexacycles per second, so that 27.4 micromicrofarads was
tiie nichest value of necative capacitance to be expected
from this circuit.

Evidently tne only way to increase the gain of
this circuit was to decrease the shunt capacitance of
the circuit. A new circult and construction layout was
thus adopted as described in the next section.

3, Construction and Cperation of the Second Circuit.

The main reason for constructinz this second
circuit was to decrease thie chunt capacitance to ground.
Thils meant that the whole circuit had to be compacted,
and in particulsr the hish votentizl radio freguency
leads had to be maie as siiort as possible., Witnh this in
mind the circuit of Fisure 22 was constructed on a metal

chessic.

_ R 11
J_ _I_ 3 ]ﬁl¢
GT | $%
: | § ¢
*]L Re$ 3 |
Vg, Ry sy 1 Covt
Cnpd - §n 7 Fi
h»c; g2 3 1@'2} 3,
o S ,

= S

E—mv.b.c—:

Fisure 22
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In Fizure 22,

R,=1 mezolm

Rg=127 ohms

Rg=203,500 onums

Rg=50C,0050 ocnms

Rg=100,000 ciums

Rg=05,000 olins

Ry=42,400 ohms

Re=4S.2 olms

T as determined from Figure 15.

=Cy~1.0 microfarad, paper

Ca=Cy= C4=Ce=Cg=0.1 microfarad, paper.

It will be noted that the separate 6AZ7 grid
resistor used in the circuit of Figure 16 was replzaced
in the circuit of Fizure 22 by the alternating current
plate resistance of tihe 6F53. In order to do this a
new cet of operating conditions had to be developed
sucn that tiie plate resistance of the 6F6G would be
approximately 25,000 ohms, while the tube still passed’
thie 4% millismperes direct plate current of tne 6ACT/

—

1852 and GAZ7. Also 1t was necessary to keep tne 6FGT

(5]

screen resistor as largce as possible because tie con-
denser, Cy , of rizmure 22 maintsined the screen at the

ACT /

same radio frequency wovotential as the B6ACT,/1652 plate.

Exverimentally tne following operating conditions were

found to satisfy the reoulrements stated above:
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Ecater voltage
Flate voltaze
Grid voltage (control)
Screen resistor
Flate current

Zrid current

6.3 volts

250 volts

¢ wvolts

50,000 ohms

35.5 milliamperes

3.6 millianperes

Screen current 3.% milliamperes

Flate recistance 23,000 ohms.

To obtain tihe positive 9 volts on the 6r6G
control grid, tne voltaze divider composed of R gand Rg
in Figure 22 was devised. As a special precaution
against shunt capacitance, the output lead from C4 was
brousnt out tnroush a hole in a mica sheet centered in a
one inch hole in the metal chassis.

Tihie shunt capacitance of the video amplifier now
measured Ly the substitution method was 42.7 micro-
microfarads. Aided to tihils, of course, was tne innut
capacitance of the vacuum tute volimeter used to meas-
ure the output. Thus the total shunt capacitance was
54.7 micromicrofarads as compared to 123 micromicrofar-
ads for the circuit of Figure 16.

No adjustment of the circuit constants was
1ecegsary because the direct current voltages were
correct.

With the 0AGT zrid grounded the gain of tne

amplifier at 100 kilocycles per second was 109.
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When tnhe EAT7 Irid was coanected to coil number

12, t:e circuilt went into violent oscillation with an
output voltare ~reater tihan 16 volts. On a receiver
usinr a beat frequency oscillator, the oscillation was
neard as a broad sirnzl at 2.3 megacycles. The low
frequency iavelved and the broadness of tine sicnal in-
dicated that tne primary cf the radio freguency trans-
former number 12 with its associated circuit, tiie &6F0G

rlate resistance and tiie shunt cavacitaince of the

“T. B hr TN dr—— e et}

enplifier, was anti-resonant.

Various methods were employed to stop the
oscillation all of waich so altered thne circuit param-
eters tnat the equations of Part I no longer applied.
Tire same trouble was eacountered with coils number &, G,
1¢, and 20.

Jo osciilation occurred when the 6A37 zrid was
connected to coil number 10.- Readings of galn versus
frecuency, witn tne 6A37 first connected to sround and

trien to ocil aumber 10, were recorded in Fizure 23.

Frequency (megzacycles)-Coil o. 10 out-Ccil Wo 10 in

0.1 105.5 107.5
0.5 45.5 5¢.5
1.0 24.5 32.5
2.0 3.2 17.0 |

Fizure 23 (concluded on next page)
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~

Frequency (mesacycles)-Coil ¥o. 10 out-Coil Yo. 10 in

3.0 .5 11.2
4.0 5.4 O.45
4.5 5.6 T.22

Fisture 23 (ecacluded)
The data of Ficure 23 is plotted in rijure 24,
From tne data of rFizure 23 it will be seen tnat
some necative capracitance was actinzg. Using equations

(38) and (35)

Gain
Ra_____L__ .

At 0.1 meracycle per second witn G= 54.7 micromicrofarads

R=12,710 oimus .

Let
C,= siunt capacitance with coil out = 54.7
micromicroiarads
Ca= cnunt capacitance with coill in
e'=shunt impedance with coil out at 4.5 meza-

cycles per second

@ = shunt impedasce with coil in at 4.5 meza-
cycles per cecond.
From equation (36)

5.6 ~
= 20 _ z» "
=, 6.009 £22 onhms

2p =a-%f: = U35 ohms,

\ 1 . - -
SJow utilizint e uation (41)
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Co= (®*-2f 2 __ fe27® -(essf gee

— \l —_— L
2 g2 —ar? & ’4'71!(12.71)' ~(e22f 835 —*0.8
micromicrofarais.

or
(42) Co—C)==54.7440.8 =-13.9 micromicrofarads.

Equation (42) gives the value of ti.e nerative capacitance.
Arotnier way to find the nerative capacitance is
to make use of eguation (12) of Part I. Thus

M B
(43) =C=- ’; = o";;j:ox” — =12.6 licromicrofarasds.
04

These two values of nerative caracitance, found by two

Dy 1.

different methiods, cneck closely.

Pizures 25 and 2% are two views of the apparatus
used in tne exverimental work, In Figure 25 the unit at
tiie left 1s tiie riznal senerstcr, the unit at tre rizsut
tihhe vacuum tube veltmeter, tie axnglifier 1c in the
centér foresround, and the power surply is in the back-
srcund. The larce glass tube is the 6FHG, the small
metal tube at the riznt is the EACT/1E52, =2ad the nretal
tube zt tne rear ic the 6A37. To the left of the 6A3T
is tne coill srield can.

Fi-ure 26 chows a close-up of the coil assembly

with the shield can removed. The coil in pocition nere
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Conclucsion

It was found impossi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>