=y

Ba

Bamo News ror Jory, 1931

"“he New Multi-Mu Tube

What It Is and What It Does

This new type tube marks a distinct step forward in radio progress, as demonstrated
by experiments conducted by the author and described in this article

HEM the screen-grid tube
wgs introduced it was
hailed by experimenters

and receiver manufacturers :
as a boon to the radio industry, 1t not only provided por tee-
mendously increased radio-frequency amplification, but alse
permitted better méthods of volume control.  Moreover, it
provided the incentive for improved circuit design and more
careful attention to shielding. The total re-

By Everett S.

sult has been that the present-day receiver is
far moTe =ensitive and moce stable in opera-
vion then recervers of three or four years 480,

But receiver development has discloged
certain inherent faults in the —-24. The
maost important of these have been the cross
talk and modulation distortion on erful
signals, resulting from the high amplification
provided by these tubes ube rmanufac-
turecs have been working for some time on

grid tube which would provide all of the ad-
vantages of the 24 type without these disad-
vantages. This research work has borne frudt
in the form of the new multi-mu tube which
has been placed on the market by a number
of tube manufacturers. m

At the time of this writing the prelimi-
nary information sheets issued by the va-
rious manufacturers show that their tubes
are alike in their fundamental characteristics
although differing slightly in some details.
iy the time this article appears in_ print,
however, it is highly probable that further
developments will have resulied in more
complete standardization =0 far 23 the efec-
trical characteristics of the tubes are con-
cerned.  For ihe informatien of readees a
tobulation given below represents the stand-
ard adopied by some manufacturers. The
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Fig.lrla
the development of A mew type of screen- C =

Wright, M.E. Rating
Heater voltage.. ... _.... L5 wolis
Heater current L.75 amps,
Plate voltage. . ... ... ... e e 230 waits
Screen-grid voltage {maximum).. . . Cvame e e B valls
Conteol geid voltage. . . . - — 3 wvolts

Preliminary Characteristics

Plate woltage .. . . ... ... 250 waolia
Screen-grid voltage. .. ... ... o0 wolts
Control-grid vaoltage. ... — 3 o =50 volts

Ammplification factar........... .. 370
Flate resistance............ 350,000 ohms
Mutval conductance (Eqp =
. 1050 micrombos
,o.....B5 ma,
Mot over 1/3 of
plate current
— The type number generally adepted for
this new tube is —33, Some of the individual
manufacturers have their own Lype numbers,
such, for instance, a3 Arcturus, who have
designated thig tube as their type 331,
The fundamental characteristics of the
multi-seu or variable-mu tube iz the varna-

Plate current . .......
Scpeen-grid carrent

Figu!: =}

tion of the transconductance with the prid
hias. ‘That is, the tube's amplification is
conteclled not by wvarying the screen-grid
voltage between O and 90 wolts, but by vary-
ing the control-grid bias {“C" bias} between
— 3 and — 50 wvolts or thereabouts, Maxi-
musm volurme i3 attained when the “C” hiag
is — 3 wolts and minimum at — 50 volts.
Figure 1 shows this and indicates that the
amplification of the —24 tube fell off sharply
when grid hias was increased and became O
ab — 13 wolts, while the amplification of the
=35 tube diminishes much more gradoally

— |

outstanding exception is found in
the Areturgs type 551 and the De
Forest type 451 multi-mu tubes,
which call for a plate voltage of
180 volts with o resulting plate cug-
rent of 5.5 mils, Characteclsties on
these and others are shown in
“What's New at the Trade Show.'

Figure 3. The single pre-selector cirenit shown here,
used with the new tobes, has heen found by the ao-
thor to provide adequate selectivity. Figure 4. The
resisiones network of o standard power pack, Addi-
tional “C" binsing resistor is connected at X. Fig
ure 5. Method of controlling volume in a&n amplifier
which employs the new multi-mo tubes

and moare nearly in propoction to
the “C™ hizs. In receivers employ-
ing automatic valume control the

e of automatic control iz &%-
tended by a factor of 20.

Modulation Distortion
Maodulation {Cont'd on page 753
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Eig.l.lui 1. Tronsconduciance of the Arcturos mult-mo

tube, plotted against control Igr.i.d.-bcils wvoltage. Figare 2

[right)., Shows the moduelation distortion limits or the
<51 tobes as compared with the fype =24
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Figure f. A normal Ell;n'ng arrangement for grid retarn
of =24 type tubes. Figure 7. double fltering
mgthod recommended by the aothar for —35 tubes
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| il =35 type tubes are used a lnrg:r

| writer has a four stage r.f. tuner.
| Ing to ocut-of-town stations a tube-hiss
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The New Multi-Mu Tube

(Covrinued from page 32)

|
| distortion is caused by non-linear trans-

mission characteristics of r.f. tubes. The
signal in passing through the tube be-
comes distorted because of an increase in
modulation of the signal. This distortion
is most evident when a powerful signal
is tuned in and when as 0 consequence the
volume control of the =24 tubes is set so
as to cause only a small plate current in
the tube. It is particularly evident in the
=24 type due to its sharp plate current
cut-oif.

Figure ? shows the maximuem input
voltage at which the —24 and -33 tubes
will operate and vet not allow the modu-
lation te rise more than 20 per cent.
which is & satisfactory condition. Figure 2
means just this; WUsing -2+ tubes In a
tuner and funing in a powerful signal the
mazimum voltage which can be applied
to the grid of the =24 tube without intro-
ducing distortion is .7 to .4 voli, whereas
valtage

of from 4 to I0 wolts may applied

| without causing any greater distostion.

Thus the new tube can handle a signal
without distortion at about 20 times the
\ultim: permissible with the =24 gube.
l'hr, significance of this in receiver de-
| slgn will be pointed out later in this

article.
Cross-Talk

Cross-talk is commonly caused by the
inter-modulation in the r.f. tubes between

| the signal to which the receiver is tuned
| and n strong interfering signal of different

frequency.

The result is that both signals are heard
at once. In order to diminish the un-
wanted signal it has been necedsary to
use ane, two or three preselector circuits
ahead of the first tube. These, however,
provide very loose coupling between the

| antennd and the grid of the first rf. tube

and a3 a result the volume control govern-
ing the sereen grid voltage on the =24
tiubet must be advanced. resulting in a
tube hiss.

The —33 tube, however, due to its in-
herent properties reduces cross-talk by a
factor of several hundred times and this
foct, together with its abdlity to handle
powerful mEiu.t signals without distortion
makes possible betier desion in the tuner
Presslector circuits may be cut down to
one as shown in Fieure 5 without trouble
from cross-talk, and the resultant better
coupling makes it possible to get the same
volume at o lower volume control setting
than if two or more preselector circuits
were used. Comsequently less tube-hiss
resulls,

This is no mere theoretical advantage.
It i plainly evident in a receiver. The
Listen-

was painfully apparent using —34 tubes,
Changing the tuner over to <35 tubes with
one preselector circuit the hiss was en-
tirely gome und the selectivity unimpaired
50 far as cross-modulation was concerned.
The foutr- stage r.f. job has no more in-
ternal nofse when tuned into a signal than
a battery sct would have. The explana-
tion iz that =33 tubes enable you to take
the “load” off the tubes and throw it on
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the antenna where it belongs. The =33
tubes will hiss much the same as a -4
tube when turned up to full power. But
by utilizing their propecties and using
fewer preseloctor circuits, the requisite
volume is attained at a low tube amplifi-
cation and without dizgtortion.

Pursuing this line of thought, do not
use a tiny antenna even though vour set
is powerful. Use as long a one as the
normal selectivity of the recejwer will
stand. A small antenna nullifies the ad-
vantage of eliminating preselector ¢ir-
cuits. The thing to keep in mind i that
the stronger the signal that can be im-
pressed on the grid of the first tube the
less amplifying the tubes must do and so
lesd tube-hiss resulls.

Adapting the Multi-mu Tube
te Present Receivers

The multi-mu tube mavy be placed in
almost any receiver using —24 tubes. As
a matter of fact it may simply be placed
in the -24 tube socket without o single
change being made and in somwe cases it
will work as well, and pechaps better, be-
cause less liahle to cross-talk. The volume
may be controlled by varying 1he screen
grid voltage or by any of the other
methods commaonly used in receivers em-
ployving =24 tubes. Howewer, these meth-
ods do not yield the full adwantage of
the tube for the tube-hiss will not be
diminished.

The volume should be controlled b
varying the C bias or control grid bios
on the rf, fubes between —3 and —0 to
=50 valts. This means some work on the
power pack or voltage supply device. In
a power pack of cooventional good de-
sign, as for example the Ameriran, wused
by the wrter, this means that the 2000
ohm C bias resistor which supplies C
biases to the detector, r.f., and first audie
tubes must be supplemented by a 3300
ohm (appcrutlmaupr} fixed resistor in
series 'with it.

The basic iden is this: Where the volt-
age divider im o power pack B8 arranged
18 in Figuee 4, with K ar eathode at a
point say 15 volts above the most nega-
tive point A, it must be changed to about
30 wolts above point A. In theory you
would move K op on the voltage divider.
In practice wou leave K where it is and
imsert o1 X & fueed resistor with o valuwe
of around 3500 ohms, thereby creating a
potentinl difference of approximat 0
volts beiween K and B, Portion K B of
the voltage divider becomes that part used
to tap off C bioses for the rd detector
and first audio and portion K C provides
the plate and screen grid voltages for the
tuner.

The wolume control for o tuner may be
a H,000 ohm wire wound potentiometer
of the straight line ¢orve Lype (po taper)
connected as shown in Figure 5.

Of course the extra 30 volts or so ab-
stracted for use as a T bias means 30
volts taken away from the maximum volt-
age of the power pack but the efiect is
very small.

Referring back to the tuner for another
point. When the r.f. tubes get their C

{ Conntinured on page 77}
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Talkmg Movies for &

Schools

{Comtinned Jrow page 450

In the carly daws of sound systems, wa-
rious input and autput impedances were
used by diffecent manufacturers and the
result was g great deal of poor quality
cuwsed by altempling to work a 4000-chm
pick-up mte 300-0hm ngl trmnsformers
and similar migmatehing. Nowadays man-
uwlacturers ore Slandordizing more or less
on cerbain impedances and are prepaed
to fuenish upits with whatewver lerminal
impedance i3 reguived.

Suitable  maiching transformers  are
available from a number of transiormer
manufactorers, 30 ther: should be no

hlem of malching Impedance  values,

or example, in the above equipment the
output impedance of the universal head
amplifier 1= regulurly 4000 ohms. The
Wurd Leonord attenvator wocl the input
of the American 23A amplificrs each hawve
a terminal dmpedence of 500 ohms.  Ac-
cordingly it 15 necessary (o reploce the
oculput transformer, T2, in Figure 2. with
one having 1 sccondary impedance of SO0
olums, A good unit ta use for Lhis substi-
tution s (o paraliel feed the Amertron
995 tronsiormer with the Ameriran 3547
choke. The impedance of the pick-up
should, of couwrse, be 500 ohms, since it
waorks into the game fader by means of a
throw-over swiich, If the one supplied
with the tumialde is of the high-impedance
Lype it should be replaced with o theatre
pick-up of 300 shms of a type simildr to
the Presto Projectionist,

The same rules of matching upply in
the output circuil.  The oulpul {rons-
formers of many amplifers designed for
sound picturés, such a3 the one specified,
are fitted with a 300-chm winding for
the auditoriom speakers and a 15-ohm
winding for the bosth monitor. In this
cuse & maiching transformer must be used
Lo couple into the speakers hehind the
sceeen.  This must hawe o secomdary of
30 obhms for two dypamic noproducers in
series ot about 7 ohms if they are con-
necied in parallel. The Amertran type
3377 is suitable for this unit, since it
Eumm taps 50 that an adjustment cam

made for the exact impedonce of the
speikers,

Some enginvers altempt to correct fﬂ-r
defciencies in the frequeéncy T
the system by deliberate mlimiugnng I
is better practice o do this correcting by
means of a variable tone control as shown
in Figure 1. Some sort of tone control
is very desirabde if not escotial in a
sound mesdion picture system Because of
1he varation in the recording on the Glm.
Thiz is particalarly true of reproduction
of speech, since it doeesn’t take much dis-
jortion Lo render it unintelligible,  The
amount of adjustment nécessary will vary
with the room and with the size of the
audience,

For the smaller lecture halls ene loud
speaker i5 sufficient for the wvoelume Te-
quired.  When only one is used. it is
probably better te select n born type,
becawse of its projection qualitics. There
i3 some gdvaninge in having (wo or even
mire speakers so that the angle of esch
may be adjusted to disiribuie an equal
volume of sound to all parls of the room.
The horas or cones should be placed

directly hack of a good sound scresn s0
2% to give the illusion that the sound is
coeing from the pictues. The frequency-
trrnsnsdion chaeacteriziic of the =creen
i a3 impoctant ag any other link in the
aysiem., Much of the unintelligible

specch heard en 2ome systems is the pe- |
sound |

through a heavy, closely woven screen |

sult of an altempn Lo project
which is not LTansvocent.

There are various miscellancous paints
on the installation which contribute 19
the final result. All inpot and oul l
lines should he twisted and shielded.

shoubd be kept far enough apart Lo 1:-nr- |
vent oscillation due o feedback  The |

lubes selected for use in the heud ampli-
fier should be as non-microphonic as pos-
{ Conctinged on page 30)

New Multi-Mu Tube
(Continged from page 76)

hins through a common rcesistor as they
o here, there is sometimes a pronsupesd
tendency for oscillation 1o océur, even
though the grid circuits of the rf. and

o

| % ISTOCRAT of

detector bubes are apparently well Giltersd |

1% in Figure 6.

Using this method, a high gain 3 stage
r.f, tuner was found 1o be quite unstable.
The puthor then arranged a double Alter
circuit  which  entively  eliminated the
trouble when applied to the grid cieouits.
Figure 7 illustrates this, €1 and Bl are
incide the shielding ond C2 and B2 ace
putside and the wire joining B1 aund B2 is

a5 short as possible, under 2 inches.  This |

iz simply doubly Altering each lead

It was found esscotinl (o treal the grid
circuit leads thus and it is desirabile in a
fine job te do the same to the scoeen ged
and the plate lends.
a premium 20 the 1094 series of Aerovox

Spoce is generafly at |

resistors ond the small Aecovox comden. |

sors were | wery convenient for this
use, Values of BI and R2 are 73000
ohms for grid leads, a5 shown, amd 10,000
ohms for screen-gad leads and for plate
leads,

When using —35 tubes bear in mind
that (he plale current drain i3 higher than
with the —24 type and that when volume
i= controlled by varying the conatral grid
bing the plate corrent will vary consid-
ceably, Thiz pesults in varistion of the
supply voltage, the amount of this varia-
tion deépending upon the regulstion chae-
acteristics of the power pack In ad-
Justing the plate voltage, therefore. 3 good
plan is to mexsure this voltage with the
volume control all the way up, and agsin
with it all the way down, then adjust the
valtage, strike 2 good werking average,
which will nol permit excessive voltage
wilh the volume control down or 100 lirtle
wilh the volume control turned wp full

The writér has designed o four stage 1.f,
tuner which Sewtms to be all that con be
diesived—aensilive, selective and  dead
quiet. If you do not get rcesulis right

away, just keep al it because the fault

will be in you and not in the rube
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