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Pacent Balanced Cone $22.50

$12.50
complete

The Eleciric Pick-Up

Pacent Phonovox

PACENT Parts and
Accessories Meet Every
Radio Requirement

N SPECIFYING or using radio parts and acces-
sories made by Pacent, you have the
satisfaction and confidence in knowing that they
represent the most advanced engineering design
and are of unquestioned quality. :
Among the leading Pacent products that are
the outstanding popular choice of engineers, ex-
perimenters or radio listeners are the Pacent
Transformers used by several of the leading set
manufacturers and designed in a full and com-
plete line including push pull, filament, and power
and the famous audio transformers for present
day and amplifying requirements; the Pacent
Balanced Cone which has established new stand-
ards in radio reproduction and the Pacent Phono-
vox which utilizes the radio set to electrify a
phonograph—the biggest sensation of the year.

Pacent products may be obtained at all good dealers.
Write for descriptive literature on the items you are
interested in.

PACENT ELECTRIC COMPANY, INC.
91 Seventh Avenue, New York

Manufacturing Licensee for Great Britain
and Ireland

Igranic Electric Co., Ltd., Bedford, England

Pacent Transformers

Shielded $7.50

Pacent Rheostats
65¢c in all Capacities

Pacent Push Pull Transformers
816.00 per pair

Pacent Auto Plug
6oc
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CONTINENTA L

THE SYMBOL OF SERVICE

OUR SERVICES ARE AT \
YOUR COMMAND |
@ o N

The pioneer house of Continental is glad to
place its extensive merchandising facilities at the
command of the buyers, engineers, and other
members of the Radio Club of America. Through
this dependable service, built up during years of
steady growth, Continental is able to recommend
members to reliable dealers in their districts or
to arrange for their securing such radio materials
and merchandise as they need.

The names of dealers in your vicinity and any
other information you may desire will be cheer-
fully supplied on request.

Continental Radio & Electric Corp.
160 Varick Street New York City
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Application of the Four-Electrode
Receiving Tube (UX-222)

By Alan C. Rockwood

and

B. J. Thompson

Research Laboratory, General Electric Co.

A Paper Déli-yered ‘before the Radio Club of America, February 8, 1928

PART I

4 HE latest receiving tube of unique character to ap-

I pear on the market in this country is the Radiotron
. ux-222 (Cunningham cx-322). It is the purpose of
this paper to discuss the theory, characteristics, and uses
of this tube. The ux-222 is a two-grid tube designed pri-
marily as a screen-grid amplifier, but it is suitable for use in
most of the other applications of two-grid four-electrode
tubes.

Fig. 1 is a photograph of the ux-222 in its various stages
©of construction. In outward appearance it differs little from
ordinary three-electrode tubes, having a standard ux-base
and the same bulb as the ux-201-A, except for the
addition of a metal cap at

nected to it and extending out over the top of the plate.
The plate, which is considerably larger than the second grid,
surrounds it and is supported from the stem only. Around
the plate is a cage-like extension of the disk reaching below
the bottom of the plate. The second grid connects to the
regular grid pin of the ux base, the plate being connected
in the usual way. The filament is of thoriated tungsten with
a rating of 0.132 amperes at 3.3 volts—the same as the
UX-120.

The principal uses of the ux-222 are as a screen-grid tube
and as a space-charge-grid tube. These two uses will be
discussed separately.

the top of the bulb. Fig.
2 is a sectional diagram
showing the arrangement
of the elements. There is
a straight filament, sur-
rounded by a coarse mesh
grid (the control grid)
which is supported from
the glass bead only and is
connected to the cap atthe
top of the bulb. Around
this grid is another grid of
fine mesh supported both
from the bead and stem.

AS A SCREEN-GRID TUBE

CREEN-GRID tubes
were first investigated
by Schottky in Germany
and later developed into a
more generally useful form
by Dr. A. W. Hull of the
General Electric Com-
pany Research Labora-
tory. The ux-222 is a
development of Dr. Hull’s
tubes into a commercially
practicable form.
In any radio-frequency
amplifier using tuned

At the upper end of this
grid is a metal disk con-

FIG. 1

29

plate and grid circuits the

(Copyright, 1028. Radio Club of America)
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problem of oscillation due to feed-back of energy from the
plate circuit to the grid circuit is one of fundamental im-
portance. When all external sources of feed-back have been
eliminated there still remains the plate-grid capacity of
the amplifier tube. In the past there have been two gen-
eral methods of preventing oscillation due to this capacity
—the “losser” method, and the “neutralization’’ method.
In the former, sufficient losses are introduced into the cir-

CONTROL GRIO 4 EAD

CONTROL ERD SUPPORT
EATT SR FPTORT

conTRaL GX/D

FUAENT

semars ame N\
W
)

~ATE /

BEAO SUPPORT
AND K14 RMIENT LERD

Ux 222 - 7
/ FIG. 2

cuit to keep the amplification down to a safe value, while
in the latter, the feed-back due to the internal capacity of
the tube is balanced by a feedback of equal magnitude,
but opposite in phase, introduced outside ‘the tube. Stabil-
ity with the ux-222 as a screen-grid tube is obtained by
eliminating the feed-back capacity. )
This elimination of plate-grid capacity may be undeér-
stood better by reference to the following.example. Between
any two parallel plates (see ““a,” Fig. 3) there exists a capac-
ity which may be measured by the alternating current
which flows (in Fig. 3) through the ammeter “A” for some
alternating voltage “V.” at any definite frequency. If an-
other plate is placed between the two and connected as
in “b,” Fig. 3, the effect is now of two condensers in series,
but the capacity be-

of metal betwetn the grid and plate without preventing
the flow of plate current, a grid-like screen, consisting of
many turns of fine wire, is used. This is practically as
effective in reducing capacity as a solid sheet. The plate-
grid capacity is not affected by the introduction of a bias
voltage since the screen is still grounded as regards an

impressed a.c. signal. In addition to the screen directly

between plate and grid, the outer surface and the ends of

‘mon
£y nl

5

FIG. 3

the plate are screened from the control grid and its lead.
To make this possible, the control grid lead is brought out
of the top of the bulb. So effective is this screening that the
direct plate-grid capacity in the ux-222 is only 0.02 mmfd.
compared to 8 mmfd. in the ux-2o01-a.

Fig. 4is of interest in showing some stages of the develop-
ment of the ux-222. The tube of Hull’s at the left has a disk
over the top of the plate which extends to the walls of the
bulb, permitting a continuous shield, except for the thick-
ness of the glass, both inside and outside the bulb. The next
three developmental tubes show varying amounts of screen-
ing outside the plate, the second tube having no outside
screening, the third only a small strip shielding the leads
in the bead, and the fourth having a complete disk very
similar to the Hull tube, except that it was intended to be
used in a pear-shaped bulb. The last tube to the right is the
final form, the ux-

tween o and # is
shorted out of the
circuit and the cur-
rent indicated by the
ammeter drops to
zero, and we may
say that the effec-
tive capacity be-
tween m and # has
been reduced to zero
by the addition of
the plate o connected
as shown. It may be
said that # is shield-
ed, or screened, from
m by o.

In the ux-222 this
method of reducing
the capacity between
plate and grid is
employed. Since it is
obviously impossible

222, showing the top
disk made smaller in
diameterand extend-
ed down as a cage
around the plate.
The introduction
of the screen causes
interesting and im-
portant differences
between the charac-
teristics of the ux-
222 and those of a
three-electrode tube.
For the most gen-
erally useful condi-
tion when the plate
is at a higher poten-
tial than the screen
these differences may
easily be explained.
The voltage of the
plate has very little

to place a solid sheet

effect on the space

i
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within the screen because of the [ I ; grid tube, however, an increase
shielding effect of the screen. ‘ - ! in plate resistance does not
Thus, with a positive voltage ! S result in a decrease in mutual
on the screen, the screen at- 3 = = conductance, so that the result
;irlacts the elecltrons gom [tl;e & i ;is an incr;a‘se in vo];age an;lpli-

ament exactly as does fthe % cation. Fig. 5 shows how
plate in a three-electrode tube. § voltage amplification varies
These electrons travel to the with internal plate resistance,
screen with relatively high vel- § L i the mutual conductance re-
ocities and most of them pass ¥ 7 bt maining constant for.the ux-
through the spaces between the ! L 222, assuming a load resistance
wires of the screen. If the plate ‘ of 100,000 ohms. It will be seen
is at a higher voltage than the = T [~  that at 850,000 ohms rp, the
screen these electrons pass on ol NN R . Lot e =s=——  voltage amplification, is 31.3,
to the plate and constitute the FIG. 5 while at 100,000 ohms r, it is

plate current. It may be said
that the screen attracts the electrons and the plate merely
acts as an accumulator of them  after they have passed
through the screen. Changes in plate voltage have little
effect on the plate current, and consequently the plate
resistance (/A e, / Aip) is very high. With voltages on the
plate less than that of the screen various secondary emission
effects may exist. Such characteristics do not affect the
practical operation of this tube.

The desirability of high plate resistance in a screen-grid
tube is to be seen from the expression for the voltage ampli-
fication of a vacuum tube and load circuit:

: u Rp

o+ Rp

where A, is the voltage amplification, u the amplification
factor of the tube, r, the internal plate resistance of the
tube, and R, the resistance of the load circuit. This expres-
sion may be rewritten:

Av =

gm 1p Rp
e+ Rp

where g, is the mutual conductance of the tube. In a three-
electrode tube it is impossible to increase r, without lower-
ing gm, so that it is undesirable to have a value of r, above
a certain point depending on the value of Rp. In the screen-

Av =

only 17.5.

Fig. 6 shows the mutual characteristics of the ux-222
taken at 45 volts on the screen. Fig. 7 gives the plate char-
acteristics at the same screen voltage and Fig. 8 gives the
same characteristics at 22.5 volts on the screen. Fig. 9
gives the plate-current screen voltage characteristics. Fig.
10 shows how plate resistance, mutual conductance, and
amplification factor vary with the several voltages.

It will be seen from these curves that the only unique
characteristic of the tube is the plate characteristic. The
mutual characteristic is normal, except that the several
curves are spaced very closely together, showing the small
effect of changes in plate voltage. The screen characteristic
is very similar to the plate characteristic in a three-electrode
tube.

Table No. 1 (page 32) gives the standard operating volt-
ages and the constants of the ux-222 as a screen-grid tube.

The most general use of the ux-222 is as a radio-frequency
amplifier, since here its two outstanding characteristics—
low feed-back capacity and high amplification factor—
may be utilized to best advantage. At radio frequencies, or
in any case where amplification is desired over only a small
frequency band, it is possible to build up relatively high
impedances by resonant circuits. Fig. 11 shows the relation
between load impedance and voltage amplification for

— o T T T
Il |
[ 1
! |
; fhe vher, : Copeparitors | | | 1]
B 1
/ 'v T (/n
s 7 1 j L. 1
4 i T Ao L1,
y/ i T [
N 1 ] 1
P — I
i / i ! ]
] [ ! ]
bd “ | - |
= I -
I[ RTINS e
\ Il 24y L =
w 1 i =
g = [
j#28 - I
T i, +— .
o v NiINNEEPEEEEC
N A =] -
O = ), = e s ‘ |
T T A ‘ =, * —
= 4 kY 7 z ° . so e
PLATE VoLImeE
kG, 6 FIG. 7 FIG.8
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such resonant circuits at recommend- || ; i By referring once more to Fig. 11,
ed operating voltages for the ux-222, — 7 it will be seen that a voltage ampli-
the ux-240, and the ux-201-a. The R ] Vi fication of 52 in the ux-222 cor-
effect of the high amplification factor Ll s / responds to a load impedance of
of the ux-222 is manifest. This com- — — 180,000 ohms, while 12 corresponds
parison is not entirely just, however. | . 1 /147 to a load of 30,000 ohms. This means
[t is customary to use a Step-up trans-  ———— - 7 / 7 that these are approximately the
former with the ux-201-A so that the ! ] ok maximum loads which may be used at
gain may be greater than that shown. ; i / ” / - 1000 kc. and 20,000 kc. respectively.
Due to the high internal resistance — N Vedrd This is more of an apparent limitation
of the ux-222 there is no appreciable ! ! . than an actual one, however, for
gain from using a step-up transformer. | 180,000 ohms represents very nearly

It must not be assumed that the ! 7 the maximum impedance which may
only limit on amplification is the im- * W be built up in a resonant circuit at
pedance of the resonant circuit, how- 1000 kc. by ordinary means, as does
ever. Even the very small feed-back 30,000 ohms at 20,000 kc. Hence, it
capacity of the uUx-222 causes a , may be said that at any frequency
certain amount of regeneration and and with any common load circuits
when the amplification per stage is 3#2: the ux-222 will operate as a stable
high enough the circuit will oscillate. |2 A ARBEE amplifier without neutralization, pro-
If, as is commonly the case, the input % —a % « = & = vided all external sources of feed-back
and output circuits are both similar FIG. 9 are eliminated.
tuned circuits, the maximum value of There are three general sources of
amplification per stage without oscillation is given approxi-
mately by the following expression: ”

. £t Y

VszCpg+}(21!prgrp l)2'_.41'Ef(:[p ‘ - ) - = = 3
erP 4 Geraee P B

It is, of course, assumed that the only feed-back is that ~—
through the tube. Fig. 12 shows the relation between voltage wo! 1 i
amplification and frequency as determined by this expres-
sion for the ux-201-a, the ux-240, and the ux-222. The S R =
advantage of the ux-222 is obvious. At a frequency of 1000 . .
kc. the ux-201-A will give an amplification of about 3 per Segie =
stage without oscillating, while the ux-222 permits a volt- o < 1
age gain of about 52. At 20,000 kc. the ux-201-A permits B \\# W
practically no amplification while the ux-222 may give as ~ 1
high as 12 per stage without oscillation. At 40 kc. both | potrak - 1
tubes are stable at any possible amplification. By the use A 4 P LT
of step-up transformers it is possible to get a somewhat P ]
greater amplification with the ux-201-a than is indicated, =~ Eap—— 7
but this gain is not large. Due to the high plate resistance J B
of the ux-222, step-up transformers do not give any ap- —3 / -
preciable increase in amplification. It is to be understood A /
that by the use of neutralized circuits greater gain can be f b
gotten from the ux-201-A than the values indicated. Using o I
the best transformers, and neutralization, the practical L L1 dded rade R

limit on the ux-201-A is a voltage amplification of about
ten per stage at 1000 kc.

TABLE NO. 1

ScREEN-GRID UX-222

Filament Voltage (E) 3.3
Plate Voltage (Ew) 135.

Control-Grid Voltage (Ec) —1.5
Screen-Grid Voltage (E..) +45
Plate Current b 1.5 mA.
Plate Resistance (rp) 850,000 Ohms
Mutual Conductance (gm) 350 Micromhos
Amplification Factor (u) 30b
Effective G-P Capacit-
ance (Ca) 0.025 mmfd. max.

)

W

FIG. 10

feed-back other than the plate-grid capacity which must be
kept at a minimum. These are: (1) Capacitive coupling be-
tween the plate and grid leads; (2) inductive or capacitive
coupling between the plate and grid tuned circuits, and (3)
coupling due to the impedance of the B supply. The first
two causes may be eliminated by proper shielding. Because
of the high amplification of the ux-222, the importance of
thorough shielding between all parts of the grid circuit and
the plate circuit cannot be overstressed. It is recommended
that the tuned grid circuit be completely enclosed in one
metal compartment, while the tube and the plate circuit are
enclosed in another, with a shielded grid lead extending
through to the grid terminal. Insulated wire with a metallic
braid or tinfoil covering may be used for this purpose. The

SRR
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remaining difficulty, coupling 7
through the B supply, is a !
problem only in a case where
two or more stages of r. f. S o & e —— === ——
amplification are used. This ! 00025 Mro, | c002s Mro. | 70 DETEC TOR
coupling may be eliminated by -5 [ [
simple filters in the plate- ] RRl
supply leads where they pass | )
through the shields. !
It is of great importance also
that the impedance of the
screen-grid circuit be kept very
low at the frequency to be
amplified, as any such im-
pedance tends to destroy the
screening effect, reducing the
amplification and increasing
the effective plate to grid

5M£"
1S

_I_I._ -

capacity. )
A simple amplifier circuit for ‘e

broadcast frequencies is shown -< e 18

in Fig. 13. The method of +c

coupling may be called impe- “ce FIG. I3

ST/ dance coupling. The possible objec-~
) tions to this type of coupling
. are that the circuit may oscillate
= e — - — - at some frequency below radio
frequencies due to the coupling
between plate and grid through
the B supply, as is the case of
““motor-boating” in a resistance-
coupled amplifier (and for the same
reason) and that the circuit may
amplify some frequencies other
than those intended if choke and
condenser filters are in the plate '
leads, since these filters will resonate
at some relatively low frequency.
These difficulties may be largely
obviated by the use of transformer
coupling, as shown in Fig. 14.

 rOOETECTOR

-Cr AW ¥C2 *8 DETECTOR BIAS
-8

»C,
~Ce FIG. 14 (To be concluded in the April issue)
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| A Trzed Tested?yand ; Approved Insulator forjﬁ" |
Great er R;, F. Eﬂiczency

ISOLANT ITE is a hlghly reﬁned, scnentlﬁcally processed ceramic of excep-""f o

tional merit for hlgh-frequency insulation apphcattons. It is non-porous,

low in electrical losses even at extreme frequencnes, strong mechamcally, and |

is produced i ina wnde range of snzes and desngns to your specnﬁcatton. e

{[ Let us quote on your Insulatmg Parts]]

ISOLANTITE COMPANY of AMERICA

551 FIF'I'H AVENUE e Y""’S“"‘ Oﬁ“‘ NEW YORK N Y

For years. the orgamzatmn of R H McMann, Inc has been ;’.  1

‘engaged in supplying the requirements of radio amateurs and -

 radio broadcast listeners. From spark gaps and glass condensers, :
~ to shielded gr1d tubes and cone speakers, this organization,

through its many dealers, has supphed the needs of those inter- ‘f‘ |
ested in rad1o in all its branches. e

: Today, more than ever, this organlzatxon is prepared to g1ve youﬁ;f '

. the benefit of years of conscientious effort and experience in
meeting radio demands. We are at your service. Let us put you

in touch with a rehable radlo dealer in your terntory

R H. MCMANN INC

: '12 Warren Street S N ! 380 New York City
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fRCA Raﬂmlas and Radmtmns ”
| RCA Standards of Performance

SO®O

TO THE MEMBERS OF ,
THE RADIO CLUB OF AME ICA

- Come to the “Big ‘L t}£
Store” to buy your RCA Radi :
olas and Radiotrons. el
Why, yes, we know our bus— 773
d are qualified to mstall‘
ervice all other makes of “
'radlo sets Try us. :

Il TAcgs RADIO SERVICE
' )126 West 72nd S . “New York, N. Y.

. short wave enthusiasts. :
Among &ur Better Known Producis Are B

Transmnttmg lnductances‘ ;

City, New York

'Néw York

plete line of eqmpment for you (- :

‘Strict vigilance guards
the acknowledged high
standards of these"
 tubes with an ever-
increasing efficiency of -
performance

:E T. Cunmngham, Inc.

Chlcago San Francisco
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The Double Purpose,
Double Grzd Tube

' l Screen Grrd Radlo : Frequency Amphﬁer f
2 Space Charge Aud10 Frequency Amphﬁer

' 33Volts

o Fxlarncnt_ _,(thorlated) G
~ Max. Ove , Helght sy

. As Screen erd 7 As Space Chatge Grzd
e ' RFAmplifier ~  AFAmplifier =
"Eﬂ'ectxve Plate Voltage g ; ,135, . 105-150 Volts’
nner Grid Voltage ~—~ —1} 422
Outer Grid Voltage ; +45 /--11 'w“"i
;"Plate Current (approx) s 3 Mxlhamperes i
 Plate Resistance 850,000 150,000 Ohms
Mutual 'Conduc"tance L 350 400 Micromhos -
Voltage Amphﬁcatlon , . 300 - .60 e

Effectlve capacity Plate to Inner Grid when
connected:as_Screen Grid Tube
( 025 Mlcromlcrofarads)

RADIO CORPORATION OF AMERICA ’
New York Chlcago San Franmsco e

RCA ”dlotron

MADE BY THE MAKERS OF THE{RADIOLA




