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Methods of Measuring Tube

T 1S neither the desire nor purpose of the
writer to burden this article with an eulogy
on the vacuum tube. Nearly every article

that has appeared on the tube in the popular
radio press has done that, pointing out that it is
a most wonderful device, the modern Aladdin’s
Lamp, and a number of other superlatives that
fill up space. There can be no doubt that the
tube is important. Witness our present broad-
casting structure, our long-distance telephone
service, our communication by telephone across
the Atlantic, and by high frequencies and ex-
ceedingly low powers to all parts of the world.
All of these things depend upon the tube.

No study of the tube can be complete without
a knowledge of its varied services. For example,
it is possible with a tube to convert direct current
from a set of batteries to alternating current of
all frequencies from as near zero as one likes up
to 60,000 or more kilocycles. It is then possible,
with another tube exactly similar to the first, to
convert these extremely high frequencies back
to direct current, It is also possible to amplify
both direct and alternating currents, and hence
amplify power. It is also possible to separate
what is placed on the input of the tube into
direct and alternating currents of practically
any ratio desired. All of these varied functions
are carried out without any moving parts, with-
out noise, with practically no loss of power, and
with so little fuss that tubes now exist that are
capable of giving service for 20,000 hours, a life
greater than that of the circuit in which they are
used. There can be no doubt about the import-
ance of the tube in the field of electrical engineer-
ing. In addition, tubes and their associated
circuits are now being used to measure the rate
of growth of plants, to measure extremely small
differences of thickness, the strength and rapidity
of a man’s pulse, and from this latter, to de-
termine whether he is a lover, a thief, a liar.
The tube has been harnessed and trained to do
a vast number of interesting tricks.

Now this little assembly of glass and metal
performs its multitudinous functions with the
aid of three elements. The first and most im-
portant of these elements is the filament. This
filament has undergone rather remarkable
changes since tubes first came into existence.
The first ones were made of tungsten which
operated with a high temperature. then going to
low temperature oxide-coated filaments manu-
factured by a complicated and difficult process,
thence to our most recent filament, the thoriated
wire. The measure of éfficiency of the filament is
its emission per watt expended in heating it,
and the newest thoriated wire is exceedingly
efficient. Pure tungsten filaments operate at a
very high temperature. Oxide filaments consume
considerable current at low voltage and at a
much lower temperature. Thoriated filaments
are somewhere between. .

The other two elements are the grid and plate,
a.d because these elements can be changed in
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size and relative position, tubes differ in charac-
teristics. There must, then, be some means by
which engineers can compare tubes just as they
rate generators and motors or other electrical
apparatus.

TUBE CONSTANTS

lN TUBE engineering, there are two very

important factors which, when known, define
the tube in exactly the same manner that we
used to say in school that the United States is
bounded on the north by Canada, on the east by
the Atlantic Ocean, etc. The two constants—
which really are not constants at all—are the
amplification factor and the plate impedance,
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and every function that the tube performs and
its efficiency in doing so may be discovered by a
knowledge of these factors and the constants of
the circuits into which the tube works.

Another factor is the mutual conductance
which, contrary to popular opinion, is not so
important as it may seem. The term is somewhat
difficult to picture physically. It has the dimen-
sions of a conductance, .., a current divided by
a voltage, but the current exists in one circuit
and the voltage in another, with the tube as
the connecting link. It is due to Professor
Hazeltine.

These constants, or factors, are variable
within rather wide limits. For example, the
amplification factor may range from 3 to 30,
while the impedance varies, as someone has
said, from Hell to Peru. The amplification factor
is pretty well determined when the tube is sealed
and pumped; that is, it depends to within very
narrow limits upon the geometry of the tube.
The mesh of the grid and its spacing with re-
spect to the other elements are the governing
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factors. At low grid voltages the amplification
factor falls off somewhat, rising to a maximum at
zero grid voltage. and remaining constant there-
after, or falling gently in some tubes.

The plate impedance depends upon a Ilot of
things, the filament efficiency, the amplification
constant, and the grid and plate voltages. No
one curve or graph can show how it varies.
To properly represent it would require a three-
dimensional model, such as has been constructed
by Doctor Chaffee and others. Some photographs
of very beautiful models of this nature may be
seen in the Proceedings of the I. R. E.

After the tube is sealed and placed in operation
the impedance changes with each change in in-
stantaneous plate or grid voltage—all of which
makes the theory of the tube more or less com-
plicated. t

These three elements, the filament, the grid, - .= i

and the plate, cause any current flowing in the
plate circuit to change, making it go through
very wide fluctuations. The plate current is de-
fined by the equation:

Ip =1 (Ep + REg)

By maintaining constant any one of the three . :

variables in this equation and varying the other

two, we-arrive at the relation between the plate

current and the voltage on the grid or plate that
we usually know as characteristic curves, and it
is by means of these curves that the important
tube factors are defined. For example, both grid °
and plate potential have some effect on the grid
voliage, but the grid is relatively more important
than the plate. In Fig. 1 it may be seen that at’
zero grid bias, changing the plate voltage from
90 to 135 changes the plate current by 5.2 milli-
amperes, while changing the grid bias by 5 volts
will do the same thing.

The amplification factor is then defined as the
ratio of the change in plate potential to the
change in grid potential which produces the same
effect in plate current. In this case the ampli-
fication factor is 9: -

., _ AEp _135-00:=45
YT AEET 5o 5 °

The other factor of importance, the plate
impedance, is the ratio between the change in
plate voltage to the resultant change in plate
current. In this case it is 45 volts divided by
0.0052 amperes, or roughly 8700 ohms:

Rp___._ = ._m=L=87oo

Now, as has been indicated by the Greek
letter A in the definitions, these factors are de-
fined by changes, and for accuracy the changes
must be small.

The mutual conductance, defined as the ratio
between a change in plate current and the change
in grid voltage that produced it, is also the ratio
between the amplification factor and the plate
impedance, as can be seen from the mathematics
below. For comparing tubes under exactly the
same conditions, this factor is somewhat import-
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ant, but as will be shown later, it serves little
purpose in telling an engineer how well such a
tube will function in the circuit:
: Alp _ i _AEp AEp
AE: Rp AEe Alp
Figs. 2, 3, and 4 show how the tube factors
change. The fact that the plate impedance is the
“réciprocal of the slope of the E,~I, curve is
shown in Fig. 4. When the plate-current curve
straightens out, the R, curve is parallel to the
E, axis, but finally rises again as the saturation
point is reached. These data were taken on a
rather poor 199 tube.
== It is- a simple matter to get the tube factors
“from a set of characteristic curves which may
show the effect upon the plate current of the grid
or plate voltage. It is somewhat tedious, how-
ever, to take a mass of data and to plot it and
__then to pick off points on the resulting curves
to determine ‘the tube’s factors. In actual prac-
Asxmpler to go through a little routine,
say of measuring the plate current under
certain conditions of plate and grid vol-
tage and then to get a mew current by
changing the grid voltage. This gives the
“mutual - conductance. Then the plate
voltage can be changed to get the plate
.-.impedance,-and to multiply these factors
together to get the amphﬁcatlon factor.
At the risk of too much repetition the
writer wishes to emphasize here that
changes in grid and plate voltage must
be small if the resultant determinations
of amplification factor and plate impe-
dance are to be representative of the
tube’s characteristics.

Gm=
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One of the first methods of making quick
measurements was due to J. M. Miller, and is
shown in Fig. 5. In practice, the resistances,
rn and re, are varied until closing the switch
causes no change in plate current. Under these
conditions the amplification factor is given by
the ratio of r. and r;. This follows from a con-
sideration of the law governing the plate current
as a function of grid and plate voltages given
above.

If, with the switch closed, the voltage across
plate and filament is increased, the correspond-
ing grid-filament voltage is decreased. If no
change in plate current takes place, however, the
following relation holds:

(AEp 4+ nAEg) =0

whence I +uln=o
T2
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the amplification factor is a constant over the
ordinary ranges of grid and plate voltages, one
determination will suffice for a given tube. It
must be remembered, however, that any error
in measuring mu will cause an error in Rp.

In the Rapio Broabcast Laboratory a bridge
has been in use for several years which will
measure either the mu or plate impedance,
independently of each other, and has the ad-
ditional advantage that the desired factors may
be read directly. This bridge in its two forms,
which are easily convertible to each other, is
shown in Fig. 7. The method of obtaining the
amplification factor is exactly that of the Miller
bridge while the other constant is measured in
another arrangement of the same parts used by
Miller.

In all of these bridges it is necessary to use
some amplification to indicate a balance unless
the work is done in a quiet room. The amplifier
should preferably use batteries separate from
those used for the bridge. The source of
tone may be a buzzer a hummer, or an
oscillator. As a matter of fact, a radio
receiver might easily be used, since there
is practically no change in tube charac-
teristics at audio frequencies. The inclu-
sion of a small variometer in the plate
circuit to balance out the quadrature of
plate voltage due to the grid-plate capac-
ity, is also useful. Care must be taken
with regard to the way it is connected
into the circuit so that it will not be
necessary to take into account its reac-
tance in the final calculation of tube
factors. When connected correctly the
reactance, which is never greater than 10

MEASURING THE TUBE CONSTANTS

HE various bridge methods of measur-

ing tubes were developed to prowde

" quick and simple means of measuring
tubes.

MILLER D.C. BRIDGE

FIG. 5

FIG. 7

The first improvement on this simple bndge
was to substitute a.c. voltages and to use a pair
of telephones in place of the plate ammeter.
Under these conditions the amplification . factor
is found in exactly the same manner. When the
bndge is balanced; indicated by silence in the
receivers, the amplification factor is the ratio
indicated above.

Miller described also the simple addition to
this scheme which permits measurements of the
plate impedance to be made as shown in Fig. 6.
It is not difficult to prove that the bridge balance
indicates that the following relation holds:

oen(s )

There is one disadvantage in this system. It is
necessary to measure the amplification factor
before the other factor may be obtained. Since

4

or 15 ohms, is in series with the plate
impedance. In the other connection this
reactance is in series with the balanc-
ing resistance and will give absurd re-
sults.

MILLER BRIDGE

T _-‘:'t: Ep
R
" AR B o
1 1 2 ip
‘ @ Rp=R (1% -1)
M= —,—f—- T2
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There are two sources of error in the bridges
shown se far. One is in the drop in plate voltage
due to the plate current flowing through the
balancing resistance. The other is the resistance
drop of the indicating device, whether this be a
pair of receivers or the primary of a transformer.
Trouble from this source may be avoided by
making certain that the actual plate-filament
voltage is of the value desired after the balance
is obtained, and by the use of a low-resistance
transformer, such as a modulation transformer,
to connect the bridge with the associated audio
amplifier. On the Laboratory bridge, a push
button connects the plate voltmeter when its
reading is desired. Otherwise it is out of the
circuit. .

In practice, the normal filament, grid, and
plate potentials are applied to the tube;, and a
1000-cycle current of about one to two milli-
amperes flows through the bridge arms. To ob-
tain a balance in measuring mu, the resistance
in the grid circuit is set at 10 ohms and the plate
resistance and variometer varied for balance.
Thus, a tube whose mu is 8 requires 8o ohms in
the plate side. In a quiet room, and with leads
from the oscillator well separated from the ampli-
fier mu can be read to the second
decimal place. When tubes of high
amplification factor, say 20 to 30,

conditions, it provides a useful instrument for
the laboratory or tube manufacturer, or even
dealer. This is shown in Fig. 8. It will be seen that
it differs but little from the other arrangements.

Another set-up of apparatus will measure the
input characteristics of the tube at low frequen-
cies. It is shown in Fig. 9. At balance, the grid
conductance (the inverse of the input impedance)
is given by: -

, Ri

K= rs

and in practice, with normal tubes, all balancing
is done with Ry, since R, is held constant at 100
ohms, and R; at 10,000 ohms. With soft tubes
the conductance may change sign at high plate
potentials, and it is then necessary to give the
input a positive conductance by actually con-
necting across the grid and filament a high
resistance, say of 50,000 ohms. The tube con-
ductance may be obtained by subtracting from
this known value, that determined by the bridge.
Data given in Fig. 10 on a soft tube show the
effect’ of ionization in giving the input circuit
a negative conductance.

TABLE NO. 1

COMMERCIAL TUBE TESTERS

HERE are a number of tube testers on the

market some of which are very expensive. As
far as the writer knows, there is but one which
measures tubes according to the bridge schemes
outlined above. This is made by the General
Radio Company and uses the Miller connections.
Others are made by the Hickok Company of
Cleveland, by Jewell, Hoyt, and others, The
Hickok uses a 6o-cycle voltage obtained from a
step-down transformer. The others vary the grid
and plate voltages by fixed—and it is to be
hoped, small—amounts, and obtain the_ various
factors either directly or by simple calculations.
They are quite reliable and valuable instruments

-although not capable of the precision that a true

bridge circuit can attain.

It is also possible to obtain tube constants
from a knowledge of the d.c. resistance. For a
given type of tube, the plate impedance at
certain conditions of plate and grid voltage may
be obtained by multiplying the d.c. resistance
under those conditions by a constant factor;
at some other value of plate and grid voltage it
will be exactly equal to the d.c. resistance. For
example, dividing the d.c. resist-
ance of a 201-a type tube at go
volts on the plate and a negative

are measured, it is well to reduce 4.5 bias on the grid by 2.7 will

the inﬁut grifi resista_ncelso gh?t Type ; Ep | Ex | ACRp | D.C.Res. | Factor | Where d.c.=a.c. give‘an 3pproximate idea of the

a smaller resistance is placed in a.c. impedance.

the plate circuit. 201-A 90 | —4.5 | 11000 30000 2.7 Ep 90, Eg—2 Table No. 1 is representative of
. 199 90 | —4.5 18500 37500 2.0 Ep 9o, Eg—3 .

_To measure plate impedance 12 135 | —9.0 5500 21400 3.9 135, Eg—0.6 what may be expected from such
with the Miller bridge';> tlhe switcgh rne(-jthods of estimating tube im-
is closed and a new balance ob- pedance.
tained, when the factor desired is A tube tester with a d.c. plate
obtained as a function of mu. In 200.4 TUBES current meter calibrated with sev-
both this bridge and iq the Lab- e eral scales ?vi]l read the plate im-
oratory b‘rlfige, the 1;51.stance, R, PLATE pedzjm;:)e with an accuracy th;t
against which the tube impedance TUBE NO. - AMPLIFICATION IMPE- may be all that is desired by
is compared, may be fixed exactly TESTED CONSTANT DANCE dealers and others who do_ nqi
at 10,000 ohms, although the value Perryman__ ___.__.__..__ 2 3T e 31750 need to use the values in circuit
is not important as long as it is Cunnin calculations.

4 : gham _ 3.

definitely known. On the Labora- ) e 825 .. 24000 The factors of tubes commonly
tory bridge the plate resistance is Syania e 2 208 ... 25000 used to-day are shown in the ac-
set at 100 ohms and the grid re- Cleartron ____ . ______.._ 3 L85 ... 38000 companying t.ab]es, Figs. 11, 12,
sistance vangd for balance. If the Marathon __ . ___ 3 s 13, and 14. It is a fact to be thanlf-
impedance is 12,000 ohms, Rg T s s P omeiee oo 38000 ful for that tubes are now so uni-
will be 120. QRS e 3 L_l210 ... 31000 form, since a tube with odd con-
! . Cable Supply Co.__________ 3. e 63 37200 stants placed into a well-engineered
MUTUAL CONDUCTANCE ERIDGE Marathon 3 165 T receiver is often enough to change
HERE are a number of other S 2zpo0 conditions from good to very bad.
bridge schemes for measuring QRS o e 3 e 225 ... ...___..... 25000 A year ago such standardization
the various factors in whick‘l engi- ROA o ien el eieeoo 210 .__.._ _..._..__26000 had not been reached, as data on

neers are interested. Ballantine has Total 27 Average 23.4 : 29795 file in the Laboratory show.
described several in the Proceed- Now, having shown how various
tngs of the I. R. E. One of these Conditions tube factors may be calculated from
is a method of measuring the mu- February 8th, 1927 Plate Volts Grid Volts curves, or measured with bridges
tual conductance directly, and for 45 0 or d.c. instruments, it remains to
comparing a great many tubes of be shown how useful such factors
the same sort under the same FIG. 11 are, and in some measure to justify




the statement that mutual conductance is not CeCo Tvee K

the determining factor in a tube’s goodness or ud YPE .

unfitness for particular tasks. No. n l Rp Gm [ w2 /Rp
In receivers, as we have them to-day, the first -

tube generally acts as a radio-frequency ampl.i- K N :;Zgg g;g o ;

fier with inductance in both plate and grid 3 12.5 15,700 705 10.0

circuits. It is necessary that the plate-grid 3 :;:‘l’ l‘j;gg 800 29

capacity be small and that a given make and 6 1.2 13,100 855 9.6

type of tube will be uniform. It is also necessary Ep=g0 Eg=—3

that the input impedance be high and the output

impedance be low, for maximum gain. For
example, the maximum possible gain from an
amplifier is given by the well known expression:
o —* VRe
. K= R_px 2
and a little mathematics will show that when the
proper load is inserted into the plate circuit of a
high-frequency amplifier that the maximum
amplification will be given by the formula:
i Lo
VR VR
where L is the inductance of the secondary coil
and R the effective resistance of the circuit. Tube

Km=
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TABLE NO. 2

were measured. These data should be on the
carton of every tube sold.

Table No. 2 is illustrative of the fact that the
mutual conductance of a tube may be lower than
another and still have a higher “gain” factor;
e.g., compare No. 3 and No. 6 of this table.
THERE has been much speculation about

the output impedance of a detector tube.

This is important in order that amplifier engi-
neers know exactly under what conditions their

DETECTOR IMPEDANCE

products will work. For example, it is well known
that a transformer-coupled amplifier will have
one characteristic working with a tube of 10 0o
ohms and another out of 30,000 ohms. Just what
is the average impedance of a detector?

It is somewhat difficult to picture what hap-
pens when we measure this impedance in one of
our bridges. The detector is a distorting device
and a pure thousand-cycle note used for balanc-
ing the bridge will no longer be a pure note in
the output. Furthermore, a detector tube has
both high- and low-frequency voltages in both
input and output. What effect has this combi-
nation of frequencies upon its impedance, if
any? Is the impedance of a C-battery detector
the same as that of a grid leak and condenser
with grid slightly positive? It seems reasonable
that the C battery demodulator will have a
much higher impedance which may cause us to
sit and think when such a device is recommended
because of the superior quality of reproduction.
possible by its use.

There are other problems. For example, shalt
we place the voltage directly on the grid; shall

112 TUBES 171" TUBES
Tue o AMPURCATON P woua | T TestD GONTWT . mefoace  ConbucTnce
TESTED CONSTANT IMPEDANCE CONDUCTANCE _
Cunningham.______ ___ 3 83 . 4660 ______.1785 Cunningham. .. -2 ---29.. mempemmmaaas 1380
DavenMu6 __________ 1 ... _______..53 ...____ e . S150 . ___..1060 Cleartron ____ 26 el 2610 1000
Diatron .. _ ________ .1 ___________.65____ ___._____ 4670____.___._1400 Perryman _ _ 3.15 I ——
Hercultron. _ __ _ ______ 1. ___________90 .______.____8700 ___..._..1035 Deforest ______. 25.
QRS 1140 Ureco Special . .. ____._..: 1 oo_._..25
Regal . 1215 RCA: oo oo S 285 ____
Zetha ...l .....& . ... 81 _________._ 750 _, _._...1lu4 Hereultranl oo b 3B
Total 12 Average 7.5 6260 1250 SYNANA o 2 27 2100 - . ... 1290
» Marathon ________.__.___ PRS- ¥ [ 2600 . _____.._1190 i
Conditions Total 25 Average 2.84 2395 1155
PlateVolts Grid Volts February 8th, 1927 Conditions
135 -9 ,
. Filament Volts Plate Volts Grid Volts
February 8th, 1927 5 135 27
FIG. 12 FIG. 13
constants enter into other circuit the plate circuit have a load other
calculations as shown below: 201-A TUBES than the resistance; shall there be
= TUBE NO. AMPLIFICATION  PLATE MUTUAL radio-frequency voltages in the cir-
Voltage Amplification = }I/Ri X ]/-—_R_- TESTED CONSTANT  IMPEDANCE  CONDUCTANCE cuit?
e Apco _ ... ... 5_. .
. Ri w2 . A,pm%, 5. Several schemes have been sug-
Power Amplification = — x 5— Boehm .-~ 3 ‘ >
B Rp i o Sinply Go.. ‘8 gested to determine whether bridge
Power Output = ?“ x %) Ceco. ... e measurements on distorting tubes
. . S Srompion - ...-... -8 mean anything. The one described
where R; is the input resistance and Cunningham ™ .~ __1_ 77778 here is due to Mr. Howard Rhodes.
Eg is the input volts, peak. Deforest DL 3~ -~ 4 of the staff of Rapio BRoADCAST
In every case it will be seen that DeForest DL 4.7, "7 77 0.01 Laboratory. It follows from the suc~
the tube enters in some ratio of Empiretron . ... - - 3 ceeding consideration. In Fig. 15 is
its amplification constant squared, Gormac . _ ) the symbolic representation of a
divided by its plate impedance. Eg'}"_%’;d-_ simple circuit in which Rp is the
Knowing this factor, it is only Magnatron _ usual tube impedance, and R, is
necessary to insert it into circuit ’;';';'r:'\:: some other resistance inserted into

QRS .-
Schickerling RS 10 _ R
Sky Sweeper .- ..

equations and calculate the result
at once.

There has been much talk among Sonatron s
tube manufacturers regarding stand- gﬁgz;‘;g: meeees
ardization, and a universal desire Sylvania _____ .
is evidenced for a single term by Eer':c‘g’ca'--“ -
which tubes could be rated. Unfor- Van Home_” . .7
tunately. no such term has been Zetka. ...

provided simply because no mathe-
matics has been invented that will

.. _8 ., e
Total 225 Average

79

the circuit and whose value is vari-
able and known. It is simple enough
to measure the voltage across this’
resistance. .

Let us suppose the tube imped-
ance, Rp, is 5000 ohms and that
we measure and plot the voltage
across Ro as the latter is varied.
When the two resistances are equal,
Eo will be 3 w Ey and when Ro is
3Rp, Eo will be 2 y Eg, or 1.5 times
as much as when R, and R, are
equal. We shall then get a curve

make such a thing possible. The Conditions
important factors are the plate im- February 8th, 1927 PlateVolts Grid Volts
pedance, the amplification factor, %0 -45
and the figures for grid and plate

voltage under which the values FIG. 14

~

similar to that of Fig. 15. From these
data a triangle may be formed
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whose base is fixed at three units and whose
vertical leg is, when Rp=Ro, equal to 1.5. It
is then only necessary to plot the voltages de-
veloped across known resistances in the plate
<ircuit of the detector tube and to form the above
triangle on this curve. Some data on detector
impedance measured by several methods will be
available later. Table No. 3 is the result of bridge
‘methods.

POWER OUTPUT

HE final measurement in which we shall be
interested at present is that of undistorted
power output. With the advent of tubes of the
112, the 171, and the 210 class, honest-to-
goodness amplifiers have been possible, and
many strange misconceptions have arisen
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10 per cent. the voltage amplification falls off,
and the power output-voltage input curve flat-
tens out. '

Fig. 18 differs from Fig. 17 in several respects.
Here the grid circuit is fed through a trans-
former. When the grid goes positive, the charac-
teristic curve flattens out, duplicating roughiy
the curve at the lower bend. This results i
smaller change in average d.c. plate current
but a greater loss in amplification. In either case
the change in plate current is a fair means of
indicating distortion due to positive grid or
rectification at the lower bend.

NEW TUBES

WO new tubes have been announced

from a none too clear understanding of their
nature. Some people think that a great in-
<rease in volume will result from the substi-
tution of a 171 for a 201-A. Of course such
a result is impossible. As a matter of fact the
201-A, with its larger mu, will produce twice
.as much voltage amplification as a 171, pro-

FIG. 15
Tube Eg Ep Rp R, megs. C
201-A —4.5 45 30,000
201-A G.L. 45 9500 1.5 0.00025
112 —4.5 45 14,000
112 G.L. 45 G300 1.5 0.000235

recently. One is a 300-milliampere recti-
fier which will make it possible to run 201-a
type tubes in series from rectified a.c., whiie
the other follows a suggestion of Mr. B. F.
Meissner, whose paper, delivered before the
Radio Club of America paper, on lighting

filaments from a.c, was printed in the

vided the proper impedances are used, but
it is certain that more power, with less

i

distortion, will be delivered to the loud )
speaker when a true power tube is used. 14
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TABLE NO. 3
where Eg is a peak voltage. If R,=2R, this
value becomes:

202 Eg?
oRp

It is well known that the maximum power will
be delivered to the loud speaker when the latter’s
impedance equals that of the tube, and recent
data published in this country and in England
indicate that the greatest amount of undistorted
power will be delivered when the loud speaker
impedance is twice that of the output tube.
Fig. 17 shows how the power and the voltage gain
of a tube vary with input voltage. When the
lower bend of the characteristic curve is tra-
versed, considerable rectification takes place,
with corresponding change in d.c. plate current.
When the plate current has changed roughly

5,

In the first place it may be said that

i

Y

measurement of undistorted power output

from present-day tubes seems impossible, 10
for the simple fact that there is no such

thing. The question is one of allowable
distortion, which involves not only mat-

OUTPUT WATTS

ters of opinion but the particular ampli-

fier and loud speaker used.
Itissimple enough to measure the power 2

from a tube. It is only necessary to mea-

February and March issues of Rabpio Broabp-
casT. This new tube requires two amperes at

0.6 volts. Naturally the voltage drop
across such tubes to r.f. currents is re-
markably low. Its thermal inertia is in-
creased vastly over that of even 112 type
tubes. The problem seems to be one of
making a filament that will have a life
comparable to that of other tubes now
procurable.

It must be admitted that there are
a great many tube measurements that
have not been discussed in this brief
paper. For example, there is much to be

sure the current through a known resist- 0 dorie Yvith detegtors ; ?vith tl:le possibili'gy
ance, and if the tube constants are known 0 | of using :}mpllﬂers in which the grxd
to within ten per cent., and if the grid \\ takes considerable current; on the effect
does not take over 10 microamperes in % E@\ of the amplitude of input a.c. voltages
350,000 ohms, approximately, the mea- Sa i ~ upon tqbe factqrs; and a host of other
sured power will check the mathematical .5 8 interesting and important measurements.
value to within 10 per cent. % N «»  There is, at the present time, too much
The power developed in the load resis- 2 pd — & taking the tube for granted, not only
tance in Fig. 16 is: & by the hundreds of thousands of users,
2 E¢? Ro 10 Iy~ I6&  but by manufacturers and engineers as
(Ro + Rp)? ul 5 T 15 well. A tube is not n'lerely athing o
And when Ro=Rp this simplifies to: 0 2 4 W0 £ (ll;:AK) 1618 20 22 24 26 28 shove into a radio receiver socket; it is
¥2 Eg? ' ' a sensitive and delicate device with a

' 8 Rp FIG. 18 patient and willing nature.



Constant Coupling

HEN DeForest discovered and an-
\)&; nounced the three-electrode vacuum
tube with the grid interposed between
the filament and plate (DeForest patent 879,532,
of 1908), he indicated that he looked upon it as
a sensitive detector only. We owe the Austrian
investigators Lieben, Reisz, and Strauss, so far
as our delving into early history has shown
(French patent 13,726 of 1911), credit for the
beginning of our knowledge of the amplifying
and repeating ability of this tube, and more
particularly for our knowledge of the universal
character of these abilities.

Prior to the French patent of these Austrian
investigators, there seems to have been no par-
ticular grasp. by those few individuals who had
contact with the three-electrode tube, of what
happend to alternating currents introduced into
the grid circuit after they encountered the tube,
other than the general impression that the spark
or damped form of currents, then in vogue for
radio signaling, lost, in some unexplained way,
their high-frequency character, and appeared in
the plate circuit as low-frequency components
having the group frequency of the original spark
waves.

Lieben, Reisz, and Strauss not only taught
that alternating current of any and all frequen-
cies could be repeated and amplified in like form,
but made the suggestion, at once obvious from
the knowledge that the alternating current ap-
peared in like frequency and form in the plate
circuit, that it could be passed on to additional
three-electrode tubes to continue the amplifica-
tion to any desired degree without loss of fre-
quency or form. In other words, this was the
starting point of our cascaded vacuum-tube
repeating with amplification, though the cascad-
ing was certainly no great engineering step in
view of the then already old practice of cascading
microphone amplifiers. The utility was merely
extended by the important step of ascertaining
that the vacuum tube is not limited by inertia
effects that shackled the microphone to a low
order of frequencies.

From the 1911 date of these Austrians, the
three-electrode tube leaped forward as an ampli-
fier, being eagerly taken up wherever amplifying
repeaters had a function to perform. Where one
tube did not give the amplification desired,
cascading was resorted to, as prompted by the
early microphone practice and its reiteration in
the French patent. Low-frequency work, such as
telephone systems, went forward without any
great difficulty, but there was still hidden away
in the new amplifier an effect that was to have
great bearing on and hindrance to its application
to the higher frequency work of radio practice.
This effect is one which depends upon the nature
of the reaction of the plate circuit on the ampli-
fied current and the accompanying feed-back of
energy through the grid-plate or inherent capac-
ity of the tube, which effect becomes increasingly
manifest as the frequency dealt with increases to-
wards that region where the small inherent tube
capacity becomes an effective path or coupling

The Theory and Application of the Constant-Coupled Non-Reactive Plate
Circuit Radio-Frequency Amplifier—A Radio Club of America Paper

By EDWARD H. LOFTIN and S. YOUNG WHITE

for the transfer of energy. Most of us appreciate
what an effective path it constitutes in the broad-
cast band of frequencies.

We have recently commented on this effect
in papers that have been tather widely published,
so that it seems unnecessary to repeat our com-
ments here beyond the now well recognized
knowledge that the amplification performance
of a three-electrode vacuum tube, when operating
at the higher frequencies, can be varied through
an enormous range by varying the nature of
the reaction of the plate circuit from highly
capacitive, through nonreactive, to inductive,
the amplification going from low to high as
the reaction is varied in the order mention-
ed, until finally the feed-back is sufficient
to cause the system to become a generator of
oscillations.

Lieben, Reisz; and Strauss, in proposing cas-
cading, showed (Fig. 5 of the French patent,
reproduced here as Fig. 13 in simplified form)
two identical stages of amplification. Knowing
with- certainty from the teaching of these in-
vestigators that the current in the plate circuit
of the first tube is the same in frequency as the
current in the grid circuit, the skilled man of that
time intuitively and of necessity tuned the second
stage the same as the first to get efficient transfer
of energy. The telephone man used in each stage
without question the transformers he had long
since designed as tuned to his order of low fre-
quencies, and with equally empirical procedure
the radio man tuned, with air-core coils and
condensers, for his order of frequencies. The
telephone man was immediately successful, but
the radio man (Schloemilch & Von Bronk
patent 1,087,892; Reisz Patent 1,234,480;
Armstrong Patent 1,113,149; Alexanderson
Patent 1,173,079.) encountered the not under-
stood inherent tube capacity which converted
his attempts at tuning either directly in, or in
association with the plate circuit, into variable
plate circuit reaction production that made
his early days of attempted cascade tuning
nightmares of squealing. It was not until Rice
(Rice patent 1,334,118.) provided a means
for neutralizing the troublesome tube capacity
that the radio man took his first step to-
wards actual cascaded tuned radio-frequency
amplification.

While the step of Rice was one of pronounced
merit from the scientific point of view, yet it was
fraught with grave difficulties from the multiple
practical application or manufacturing point of
view. Being, as it is, a bridge or balance method
in which the troublesome tube capacity consti-
tutes one leg of the bridge and in which the radio
set manufacturer must furnish the balancing leg,
it isobvious that what the manufacturerfurnishes
is of doubtful value where tubes must be made
by the million to meet the present-day demand,
with consequent variations in tube structures
that go hand-in-hand with quantity production
and diverse sources of supply.

Then, too, we all know from high-frequency
bridge work that a balance is good for only one
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frequency, so that when we come to applying a.
bridge method to all the frequencies of the very
wide band of broadcasting without some follow-
up corrective adjustment, the overall result be-
comes extremely doubtful, making the necessity
for constancy of tubes in manufacture all the
more pressing. While a tube may be slightly
different in capacity from that with which the
radio set manufacturer neutralized a bridge type
of set, and may not cause trouble at the one
frequency at which neutralizing is possible,
oscillations are most prone to occur with this
off-capacity tube at other frequencies in the
broadcast band.

It has been suggested that the defect of Rice-
as to the single frequency neutralization charac-
teristic might be corrected by using 100 per cent.
coupling in the reverse feed coupling of his bridge
but such a suggestion doés not satisfy the prac-
tical man because of its impracticability in
general and unsuitability in high-frequency selec-
tive systems where tight coupling destroys the
selectivity that is necessary to put a radio re-
ceiver in the commercial race of to-day. Of
course, this 100 per cent. coupling suggestion
offers nothing towards the solution of the prob-
lem of quantity production variability of tube
capacities. .

Another natural step of the radio man in
cascading tubes was the use of the old inductive
or transformer coupling, and it was not until
broadcast receivers commenced to cover a wide
range of frequencies in commercial competition
that it was appreciated that this form of coupling
was providing such a wide difference in efficiency
at the short wavelengths over the long wave-
lengths, this of course being due to the energy
transfer from stage to stage falling off with de-
crease of frequency through the inductive coup-
ling. This same fact caused the reaction of a
tunable circuit in a succeeding stage on the plate
circuit of a preceding stage to be much stronger
on the shorter wavelengths than on the longer,
and as tuning such a circuit is bound to bring it
to-that point where an inductive reaction pre-
dominates, there resulted a much greater ten-
dency to oscillate on the shorter wavelengths.
Any corrective measures to overcome this ten-
dency merely further lessened the efficiency on
the longer wavelengths.

We have developed a circuit which we term
‘““constant coupled-non-reactive plate” which
accomplishes the dual function of overcoming the
inequality of energy transfer throughout the
broadcast band and of preventing the plate
circuit from being caused, by the tuning of a
succeeding coupled circuit, to react in that in-
ductive way that has heretofore caused the tube
capacity to be troublesome, and which does this
not only for one frequency but for all frequencies.

Obviously, if we remove the troublesome re-
action, then we are totally unconcerned with
what the tube capacity may be. Once stabilized
for any tube, no difficulty arises by using any
and all other tubes as may suit the fancy of the
set purchaser.




EXPERIENCES WITH THE CIRCUIT

W E WILL comment but briefly on the theory
V¥ ‘of our circuit and then proceed to the prime
-purpose of this paper, namely outlining, with
‘practical constructional data, some of our €x-
periences in order that those who are interested
may investigate the operation or construct radio
receivers employing the system,

Fig. 2 illustrates graphically the increasing
type of energy transfer, with frequency, between
the two electromagnetically coupled circuits of
Fig. 1. Changing to the electrostatic form of
.coupling, as shown in Fig. 3, the type of energy
transfer. takes the reverse or falling form with
frequency as shown graphically in Fig. 4. By
selecting the relative values of the coupling
condenser and the variable tuning condenser
we can cause the slope of the énergy transfer,
curve Ec, 1o be anything desired. For example,
swith a tuning condenser having a range of from
500 faximum to 20 minimum; employed with a
coupling condenser ‘of 2500, the coupling will
taper from roughly 20 per cent. on the long-wave
end to 1 per cent. on the short-wave end. With
a. coupling condenser of 5000, the coupling will
taper from:roughly 1o:-per cent. to one-half of
1 per-cent.; thus giving a wide variation of slope
of curve E. for ‘the two conditions. This is one
of the principal variables around which we work

to get the final result, as will be more specifically

‘pointed out later. . s
Combining the ‘electromagnetic coupling and
electrostatic coupling, as shown: in Fig: 5, and
_giving the electromagnetic such polarity (merely
reversing connections to primary) that it frans-
fers energy in phase with the electrostatic; we
get a combined energy transfer that is shown
graphically in Fig. 6 by the curve Ei¢, which
curve may - be: made substantially  horizontal,
representing uniform energy transfer with fre-
quency, or may be made to slope either up or
down by adjusting the electrostatic coupling
“values as before mentioned. e
The reaction of circuit No. 2 on circuit:No. 1
of Pig. 5 follows the same law as the rate of en-

ergy transfer shown in Fig. 6,50 that if we insert -

the combined electromagnetic and ‘electrostatic
coupling between the plate circuit of a tube and
the grid circuit of a succeeding tube, as shown in
Fig. 7, which includes @’ choke coil to permit
the direct ‘current plate energy ‘to bypass ‘the
electrostatic coupling condenser, we can make
the tuning of the grid circuit create any desired
reaction with frequency on-the plate circuit by
adjusting the coupling as before outlined. For
instance, we can cause the curve Ercin Fig. 6
‘to slope downward to more tend to create oscil:
lations on the longer wavelengths, which is the
reverse effect of ordinary inductive coupling, or,
by adjusting to make the curve: Exc substan-
tially horizontal, we.can keep regeneration uni-
form throughout the band to keep just below the
oscillating point for maximum amplification, or
just within the oscillating state throughout.
Thus, the combined coupling: permits us 1o

transfer energy between two circuits at any -~

i
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_ predetermined rate with variation of frequency,
-as between the antenna and grid circuit of the

first tube, or to choose the way we wish the re-
action of a tunable circuit coupled to the plate
circuit of a tube to react with frequency on the
plate circuit as the coupled circuit is tuned. This
latter feature is a most effective means of atfack
on-the troublesome inherent ‘tube capacity, for
now we can put.a capacitively reacting element,
as the condenser C in Fig. 8, in the plate circuit,
the reactance of which will decrease with fre-
quency, and by adjusting the ‘coupling of the
tunable circiiit No. 2 so that the tuning“of the
circuit will produice an inductive reaction equal
to and.decreasing ‘with the capacitive reaction
with- frequency, we arrive at-an" overall plate
circuit that  is -non-reactive throughout the

broadcast band. Thus we eliminate the thing that ~

causes the trouble, namely the -particular kind
of force that'is necessary to drive-energy back
to the grid in phase with the grid energy, so that
thereafter it-makes no difference what the tube
capacity may be,

Of course, if the reactance of the condenser C
is not sufficiently large, regenerative amplifica-
tion will take place, but'it may be kept uniform
throughout the band. If the reactai};e is too large
so that the plate circuit reaction remains capaci-
tive in nature, degeneration or reduction in
amplification will be obtained. This latter effect
may be found useful under conditions where the
construction of ‘the receiver brings in stray or
distance stage feed-back of a regenerative or posi-
tive ‘character, for a proper amount of reverse
feed-back through the tube elements may then
be injected into the system to overcome the posi-
tive stray feed-back to give an overall stable
system, This is a result that cannot be obtained
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in' the Rice form 'of bridge balance in which

‘neutralization is the limit with nothing on the

side of degeneration.

The practical design of apparatus employing
our principles may best be illustrated by the
construction of a single stage of radio-frequency

amplification’ which is regenerative throughout

the broadcast band, and ‘then stabilizing this
stage by the application of the non-reactive plate
circuit. The unstable form of the first step shows ©
up-quite markedly any defect in design or choice
of constant that might be small -enough not to
be noticed in the stable: form. The circuit is
shown in Fig. 9, and the constants actually used
by us in constructing such a model will be given.

The coil-and condenser combination for the
tunable circuit must ‘be chosen- to cover. the
broadcast band with due allowance for the fact
that the maximum - effective capacity of the
tuning condenser, Cy, is lowered by having the
capacity of the coupling condenser, Cy, in series
in the same circuit.. Theé coil is preferably of
moderate to small diameter to lessen interstage
coupling. Our coil-has 70 turns of No, 26 doubie
silk-covered wire closely wound on two-inch
tubing. The tuning condenser has the maximum
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capacity of approximately 500 micromicrofarads
{o.ooay mid:} and in actual use the combination

covers the band of 182 to 6oo meters (1647 to

5015 Kb

The first coupling to be considered is the one
between the antenna and first tube: The primary
1.} may be of froni 4 1o 12 turns, depending upon
{ooseness of coupling desired on . the. shorter
wavelengths. In the model we are describing we
have 1o turns, The primary should be closely
coupled physically to the lowspotential or ground
side of the secondary coil LY, as by winding on
tubing of slightly smaller diameter so that the

primary will fit:snugly inside the low potential:

and off the secondary.”

The coupling, condenser CY should be so
thosen in capacity as to give the desired increase
in coupling on the longer waves, and mayv run
from 3000 to 6000 micro-microfarads, depending
upon whether tight or loose coupling is desired
for the longer waves. The smaller the capacity
ihe tighter the coupling. A capacity value of
qo00 mmfd, is used in the model principally
because this value is used for the interstage
coupling condenser Cy, and permits the two dial
readings of the meodel to be the same as the
settingsfor maximum tuning capacity. The mat-
ier of the coupling between the antenna and
first tube is not so -critical as the coupling: be-
tween tubes:

Praceeding to- the: out-
puﬁf' circuit of the tube; it T
will be noted- that  the \
plate is energized through

a choke because the coup-
" ling condenser, €, inter-
- rupts. the plate circuit: for
direct-current flow: = This

RADIO CLUB OF AMERICA

the filament temperature of the tube, and note
whether the oscillations stop more readily on the
shorter waves than on the longer, or vice versa:
If the former condition is manifest, either de-
crease the electrostatic coupling (increase capac-
ity of condenser C;) or increase the electromag-
netic coupling. If the latter condition is present
reverse the corrective process, leaving. the coup-
ling so adjusted that the regenerative-tendency is
about the same at both ends:

When this adjustment is completed, it may be
found that the tendency towards regeneration
is not as strong towards the middle of the band
as at the ends.. The circuit of Fig. 10 may be
used to overcome this effect, as it introduces loss
to any desired amount at either one or both ends
of the band consisting, as it does, of connecting
a resistor, R, from the branch point of the two
condensers to a point on the inductance which
is-equipotential “at the .adjustment of tuning
condenser Cy which corresponds to the wave-
length where it is desired that noloss be intro-
duced. As we tune to either side of this point,
potentials will develop across the resistor pro-
ducing a resulting damping action t6 hold down
any tendency towards regeneration. This, how-
ever, is not our-usual method of correcting this

apparent valley effect in the régenerativé ten--

dency. :
The condition is caused ‘in the main by stray

“choke may have a fairly
wide range of constants,
. - the one in the model com-

prising: 350 turns of ‘No.
36 enameled . wire wound
on a small, flat bobbin,
the " distributed capacity
“bemng 4 micro-microfarads.

Considering the electro-

value in ‘the - neighborhood of “r1ooo micro-
microfarads; but should be variable within small
limits on either side of this value. In the model,
we have a variable compression type as before
described, in parallel with a fixed mica condenser
of 500 micro-microfarads, giving a range from
756 to 1300 mmifd.

It might be mentioned here that in the regen-
erative form we are strictly limited in our choice
of couplings to those values which will produce
the desired regeneration, but that the addition
of Gy allows either tight or loose coupling
throughout the band, which tight or loose coup-
ling can be compensated by adjusting Cy to be
small or large respectively.

When Cg isactually adjusted it w 111 perhaps be
found that-an uneven effect will be produced in
going from-one part ‘of the broadcast band to
another, but this-can be corrected by varying
the couplings until the desired smooth effect ‘is
obtained. These adjustments are much  less
critical than in the regenerative form.

Proper adjustments of the couplings will allow :

Csto -have even effect throughout the band.
1t will be found that if C; is large in value, with
consequent small reactarice, régenération or even
oscillation will take place. As its value is lowered,
these effects will disappear and true non-reactive
plate circuit operation will be obtained. Further
decrease of the value of Ci will cause a reverse

feed-back through the

tube ‘with: increasing loss

of sensitivity -and select-

ivity.” It will" be noted"

that we do not go from
oscillation: down to a bal-
ance ' point “and = then
return . to oscillation; as

is the case in adjustinga
bridge * method of 'tube
capacity = neutralization;
but go from oscillation
L] through neutral to. de-
generation, which' ‘cycle
allows us ‘to. - oveércome
any - conditions. of feed-
back within reason:

magnetic . coupling, - the
coil* Ly should  have as
* large a mutual inductance
with coil Ly as is con-
venient, while retaining a
small self-inductance. That is, the coil. should
be physically close to L, but should have a small
number of turns. In the model, I, has ¢ turns
closely and adjustably coupled to-the low poten-
tial end of La.

In the electrostatic coupling the coupling con-
denser, Cy, is made-adjustable by having a small
variable capdcity condenser of the screw-down
or mica compression typein.parallel with a fixed
condenser of the mica type. The fixed conden-
ser has an actual. value close to 4000 micro-
nncrofarads, and the adjustable condenser has a
minimum of 250 and a ‘maximum of 8s0. The
combination. is usually so adjusted to give a
total capacity to G of about 4500 mmfd.

With the elements so chosen and arranged,
the receiver can now be set up, but extreme care
must be-taken to see that the electromagnetic
coupling is'so poled as to transfer energy in phase
with the electrostatic coupling, otherwise the
twa will neutralize somewhere towards the mid-
dle of the band and there will be zero coupling
with no energy transfer. If -this- situation is
found, reverse the connections to the coil 1,
After setting up, tighten the couplings until
oscillation occurs freely over the entire broad-
cast band. Then stop oscillations by lowering
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feed-ba;:k, sothat a more logical attack is to-keep

such feed-back small; or nil, as far as possible.
1f it is found that this feed-back cannot be satis-
factorily eliminated by arrangement of parts,
wiring; and angulation of coils, a: shield placed
between the variable condensers will be helpful,
to avoid undue consideration of the stray:feed
complication, we would suggest, starting: with
such a shield.

The detector and audio amplification used are
conventional. The audio:should have a minimum
of distortion, for when the set is:finally stabilized
by the addition of the plate circuit phasing con-
denser; a signal of such marked clarity is de-
livered by the radio-frequency-and detector por-
tion of the system that it is well worth preserving.

The regenerative single stage so far arrived at
has marked sensitivity and apparent selectivity,
but, ‘of course, most marked distortion, The
next step therefore is to eliminate the distortion,
which is done through application of the non-
reactive plate principle, involving inserting the
proper. value of phasing condenser, C;, in the
plate circuit and adjusting the combination
coupling for the proper reaction to neutralize the
capacitive reaction of the phasing condenser.

This phasing condenser, C,, has a capacity

1o

When-we-arrive at the
non-reactive - adjusiment,
we. find that'no change of
plate or filament potential
or tube capacity will cause
regeneration or oscillation, this because the
phasing of the plate impedance will not allow
a favorable feed-back through the tube elements.
In . practice, -tubes of any type, ~amplification
constant, or capacity can be interchanged, and
the only - consequence will be increased  or
decreased output due to the varying amplifying
properties of tubes. - The quality of the signal
is unmarred by regeneration.

Continuing to the multiple-stage amplifiers;
the procedure above outlined provides for con-
siderable familiarity with the constants to be
chosen. It is particularly emphasized that the
experimenter should “familiarize - himself “with

FIG. 10
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the single-stage arrangement before at-
tempting multi-stage design.

The multi-stage amplifier is most
practicable in_ the stable or non-reactive
-plate form. The constants for each of

CONSTANT COUPLING

or high resistance across either coupling
condenser C, or tuning condenser o

g

the stages are'roughly equivalent to the
single stage. Primary coil Ly may have 7
" turns tightly coupled to the secondary,
Ly and coupling condenser ‘C; may be
about 3500 micro-microfarads. Condens-
efs with shaped plates are quite suitable
for the system since the actual select-

ivity obtained is quite marked at the
shor{ waves. [n general, the coupling
condenser, C,, should have from 6 to 9
times the capacity of the tuning con-
denser G, Phasing condenser ‘Cy should
be wvariable in" order that the receiver
may -be finally ~adjusted for ‘mon-reactive
plate, which means freedom from distortion and
certain freedom from ~oscillation.- The ‘experi-
menter is cautioned- that his particular place-
ment of parts may result in stray feed-back that
will make changes of constants from those given
above more or less necessary.

The regenerative type of detector, shown ‘in
Fig 11, is somewhat novel: lts purpose is to give
constant coupling, or tickling, between the plate
and grid circuits so that it can be kept below
oscillation for maximum regenerative amplifica-
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permit of biasing the grid of the succeed-
ing tube. This arrangement is embodied
in the “Single Six”" receiver of the Hart-
man Electrical Manufacturing Company,
which uses our system and has single~dial
control.” It is obvious that this form of
connection gives a varying voltage across
condenser Cy as tuning takes place, thus
bringing in another variable which must
be taken careof in adjusting the coupiing,
so that we recommend this arrangsment
only for those systems where single-dial

FIG.. 14
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tion throughout the broadcast band, thus elimi-
nating the constant follow-up adjustment of a
tickler or like arrangement. Or it might be kept
constant in the oscillating state for autodyne
reception in telegraphy work. The constants are
similar-to these given above. Assuming C, to be
- 500 micro-microfarads, C;-will be in-the neigh-
- borhood of 4000 mmfd: and Cs about 250 mmfd.
Ly is about 8 turns tightly coupled ‘to Ly Gy
should be made variable so that theright amount
‘of feed-back can be obtained for a given setting

of ﬁlament rheostat and platé voltage, and with -
a constant adjustment of coupling the feed-back

will remain the same throughout the band.
- It will be noted in Fig. 11 that we connect the
grid -and filament directly across tining- con-

- denser Gy, which is made necessary in order that
the feed-back from the plate circuit will be.in

phase with ‘the grid circuit.energy. This same

. form: of connection is necessary in multi-stage
receivers where the rotary elements of the several
~tuning condensers are connected through a com-

mon link for unitary control as in the single-dial
receiver, The arrangement for.a single stage is

- shown in Fig. 12, which requires a choke coil; Ly,

control makes it necessary.

While we have pointed out many vari-
ables and adjustments it is not to be
inferred ‘that all of theém are necessary

for commercial receivers in guantity droduce
tion. In fact they can all be designed sufficiently
close to give the desired results, leaving but one’
element variable for a simple final adjustment
to correct for discrepancies in ‘manufacture,
which is precisely what is done in the Hartman
“Single Six" receiver referred to.

Properly designed, the above circuits are of
marked utility -in solving some. of the problems
in radio. receivers’ which must cover the wide -
frequency band of broadcasting. Once the operat-
ing principles are grasped, employment 6f them
presents no great difficulties to the skilled experi-
menter. : :
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FIG. 13

1927 BANQUET AND ENTERTAINMENT

OF THE

: vMe’mbei'ship' of The Radio Club of America
 THURSDAY, MAY 12th, 1927
Hotel McAlpin (Green Room) New York City

Those who were fortunate enough to be present at our 1926 Banquet know

how successful an event it was.
way and it promises to be of the same successful Order

The 1927 Banquet

Plans for our 1927

Commlttee *

LyncH, Pierre BoucHeroN, THoMAS J. STYLES.

Members may invite their friends to this Banquet.

£4.00 per person.

11

Banquet are well under

Davis S. Brown, Chairman; ARTHUR

Tickets, as usual are



Radio Club of America

THAT CLUB HOUSE OF OURS

A serious effort is under way toward the realization of a long cherished idea: A Permanent
Club House. - In fact the Club House shows some promise of developing into an actuality, rather
than a visionary idea. In due course a plan to this end will be submitted to the membership of
the Club by the recently appointed Club House Committee.

Club House Committee: CArRL DREHER, Chairman; RoperT H. MarriorT, GEORGE E. BURG-
HARD.

HAVE YOUR 1927 DUES BEEN PAID?

v The Membership Committee has received from the Club Treasurer a report of dues 1n
arrears. A number of members have slipped into the habit of neglecting the payment of their
“dues for several years. The Club has been very lenient with such cases in the past, but greater

systematization of its affairs requlres that they be dealt with strictly in acwrdance with Article
1V of the constitution, to wit:

“Sec. 2—The Annual Dues shall be payable on the first day of each calendar vear in ad-
vance of the ensuing year.

“Sec. 5—Any Member or Fellow whose dues become two months in arrears shall bev :
notified by the Treasurer. Should his dues then become four months in arrears, he shall
again be notified by the Treasurer. Should his dues then become six months in arrears
HE SHALL FORFEIT HIS CONNECTIO\I WITH THE CLUB”

The treasurer will appreciate your cooperatxon in this matter. = Your remittance should be
3ddressed Joseph Stantley, Treasurer, 15 Warren Street, New York Clty : ’

MEMBERSH][P CERTIFICATES o S L e e

%s previously announced, membership certificates are available to those desmng them : :

charge being made for the certificate where spaces for name, grade, etc., are filled in with ordmary

handwntmg \’iany members, however, have had their certificates filled in by. an artist, The ~—
charge for this is One Dollar. The certificate is splendidly engraved and really worth having.
Applications for these certificates should be made to the Corresponding Secretary, specnfymg

whether or not it is to be engrossed by the artist, in which case remittance of One Dollar should
‘pe included. B

CLUB EMBLEMS

The Treasurer has on hand a considerable supply of Club emblems, in the form of a pin
with the Club insignia in black and gold. The cost is $3.00 per pin. These are kept on hand = .
for the convenience of the membership and are sold practically at cost. :

1927 YEAR BOOK

The mmal distribution of the 1927 Year Book will be made at the Club Banquet on Thurs-
day, ‘xiav 12th, as was done last vear.

PAPERS AT OUR MONTHLY MEETINGS

Suggestions as to subjects in which members are interested are welcomed. The next meet-

- ing will be held in Room 309, Havemeyer Hall, Columbia University, at which a paper will be

read by Mr. Llovd E@penschled of the American Telephone and Teiegraph Company on a sub-
}eut which will be announced in the regular notices by mail.

L. G. Pacent ~ Pierre Bouchemn
Chairman Committee on Papers Chaivman Committee on Publications

91 Seventh Ave., New York, N. Y. ~ Room 2040, 233 Broadway, New York, N. Y.



