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complaih  of “‘hblasting"
~and distortion of the dut-
put of their receivers,
© ety situated’ a  cousiderable
© distance from 2YA. . This is usually
* a matter between the last audio valve
and the loudspeaker. and without actu-
ally hearing their performance it is
* difficult to say whether one or both 15
to blame, Hvery outfit -has its limit

8% to'the amount of undistorted vo-{

~lume that it can deliver, and listéners
very
greatest amount of volume  possible
froim their set.. With no reserve of
volume whatever, it is a sure thing
that blasting will occur just as soon
as a speaker gets “‘worked up,”’ or a
band or orchestra arrives at & double-
forte "passage. Distortion may be
snoticed “just as -much on high noles
as -on low ones, -and however low an
impedance valve may be employed in
- the last stage, if volume is heing-taken
without any reserve, blasting or dis-
tortion is certain on passages above
tlte average intensity, .
If a cone speaker has a ‘‘papery”
- sound, it is not the fault- of :the cone,
- but. a sure sight tlhiat the last valve
is overloaded, and. the cone enthusias-
tically tespouds to the high notes in-
troduced. by the
These high notes would be suppresced
by a liorn speaker.  The instalation
of a power-valve will effect a cure,
Our ears get very insensitive on the
yery high and low notes, so that un-
less these are much amplified we do
not appreciate them. It is the fault
of most amplifying systems that they
amplify the central portion of the musi-
cal scale quite well, but, according to
the particnlar system employed, they
fall off more or Jess badly on the ex-
tremes. And we must drag the loud-
speaker iuto this argameunt too, for
it will not always reproduce perfectly
good extreme uofes that are put out
by the last valve,

. Weakuess of High Notes.

YV ERY high musical fnofes are inclin-
ed to be weak when reproduced,
partly because they lave not been am-
plified to the same extent as the hody
of ths: piece, and -partly because the
speaker passes them on weakened, or
even distorted.  This action {s notice-
able on high violin or piano notes,
and whistling.  If vour outfit repro-
duces these with volume somewhat pro-
portioned to the whole, then that is
good. DBut the insensitiveness of the
ear also creeps in here, and although
there may be fair amplifivation of
these hizh notes, unless it is  exag-
gerated we may only lear them weak-
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frequently liké to obtain -thel
in some ways more difficudt.

overloaded . valve, |

[ is doing so in this way.

1y,  We distinguisli one instrument
from another by the overtones or hiar-
monics produced with the fundementai
or actnal note, and when we get high
in the scale we are nuable to = tell
whether we can hear these harmonics
or not, and that has a deal to do
withh the weakness of higli notes, and
the difficulty. sowetimes experienced of
disctiminating between higlt piano notes
and thase of a piceolo or a xylophone.

" Results on Low Notes,

VVHEN we come to the low zotes

cottditions are very similar, though
As the
ear loses its senmsifivity on -the low
notes, it takes a tremendous amount
of energy to make the car appreciate
the sound, and this energy causes a
leavy tax on the capabilities of the
amplifier and speaker, so that in de-
scending we arrive at a point where it
is decided that the “game is sot worth
the candle,”’ or that it is not worth
the expense and budk of sapplying an
amplifier that will serve to make pro-
perly andible any notes TDelow this
poiut. -Our amplifier and speaker, a
cone, may be amplifying folerably well
down to 100 or even 80 cycles, but be-
low that it will be atiempting to am-
plifly notes, but only producing muf-
fled sound with distortion, The broad-
cast station may setile the matter for
us and decide to cut off at, say 60
cicles, so that if we can bring about
sonie improvement in our lower note
amplification, we shall get all there is to
get, though in practice the transmitter
will be tikely to be putiing out notes of
a~ lower sudio frequency than a receiver
js likely to veproduce. And if any
transinitler were changed to send out
no frequencies below 100, probably a
larpe numbet “of listeners with repro-
ducers weak on the low notes would
notice an actual improvement in their
reproduction.

Quality of Miisical Harmonics.

i BU'L' this cutting olf of low frequencies

must uot be overdone at the trans-
mitter, because although a hotn speaker
of a certain type may not be able to
reproduce such sotnds at their actual
piteh, it can lead you to lelieve that it
Musical sounds
are ricll in harmonics, as already mefn-
tioned, and these give the instrimental
quality to the sound. These harmonics,
several in number, are all higher than
the fundamental note. When a low note
comes through a small horn speaker,
the latter is probably quite unable to
reproduce this 1ote, with a frequency
of, say, 00 cycles. 1If harmonics did not
accompany the sonnd, it is quite likely

{of their “ghosts” or hatmotics, which
may easily De comsidered td he the
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that mnothing of this note would be
ficard behind the melody, Bul the horn
is able to mislead us- by’ reproducing’
the harmonies down to the lowest one
that it is capable of passing on, and
quite likely the lowest one will De
somewliat muffled or distorted, Listen-
ing to a horn speaker by itself, it is
difficult for eveir a musical ear fo de-
cide just what lower notes are being
suppressed, owing to the teproduction

{undamentals. The only way to realise
the difference of reproduction is to sit
between an ordinary horn speaker and
a cone that emplasises the lower notes,
This has been donte by the writer, and
is a highly interesting study.

Two Loudspeakers Used.

B‘OR gseveral years the Zenith Com-

pany of Chicago has supplied two
londspeakers, a cone and a horn, in
all its cabinet sets, and some time ago,
as already mentioned in this column,
the writer adopted this idea. With
the two speakers connectel in parallel,
and with a good clioke filter in the
cireuit, the tendency for speaker over-
joading is very greatly reduced, and
a much more faithful rendering of the
studio items is obtained. But in this
method there was still the attempt
of the horn speaker to reproduce notes
below its ability, and to distort them
in the process. As ihe principle of
utilising two speakers is for the horn
to take care of the high freguencics
and the cone the low ones, it was de-
cided that any attempt on thie part of
the horn to deal with low frequencies
must be suppressed, and this was ac-
complished by placing a fixed conden-
ser of, say, .005 or .0L capacity in
series with one of tlic speaker leads.
The result was a considerable improve-
wment in tone, any tendency to “mushi-
ness” on low notes being cut o,
“Ihe exact value of condenser must
be found by trial, but if too small it
will cut out at ina high a position on
the scale. Tt is not suggested that
every horn speaker used with a cone
shoull he fitted witlh a series condeu-
ser, but the idea is put forward for
the experimenter who is rontinnally
¢triving to imptrove the quality  of
musical reproduction and speech too,
aund who is noy prepared to sit back
and say that his reproduction is “per-
fect.” It may seem a large ontlay
to wany to riit iwo speakers, hut it
goes a long way towards seitling a
vesed question.  After all, those who
have run ope speaker for a time and
increased ihe output of their set can
help quality reproduction jn a way that

‘mal alteration of compotients by put-
chasing a speaker of the opposite type
to the one they already possess. An
output filter ov transformer is of course
essential, and after these improvements
have been carried ouf, further refine-
ments may be gradually carried out
in the Liook-up. . A resistance unit is
easily tried in place of a transformer.
This” idea of two speakers has alveady
been. dealt with by the writer, but is
good enough to hLe repeated,

The Efiect of Power Valves.

IN the matter of valves, all sei-|

owners have a {ree hand, so far as
the last andio valve is concerned, with
{he reservation that where dry B bat-
teries are employed the power-valve in
the last stage will Le limited to a rea-
sonable plate current, in order not to
put too much of a drain on the bat-
tery, Where a B- accumulator or
eliminator is in use the consideration
of plate current is practically negligis
ble. In such case, if the last audio
valve is, say, a 112, and is overloaded,
then the substitntion of a 171 will effect
a great improvement, but the appropri-
ate grid-bias must be provided and
kept near the correct voltage by ocea-
sionally testing. the dry C Dhattery with
a volimeter. Thew, as a last resort,
there is the 210 type of power-valve,
which will handle big volunie, but takes
from 6 to 74 volts and 1.1 to 1.25 amps
on the filament, and works best on a
plate voltage of 200 to 400, taking up
to 22 milliamps. This last-mentioned
valve, it will be seen, is essentially one
for operation from a B eliminator giv-
ing high voltage, and where a trans-
former winding is available for heat-
ing the filament, thus saving {he neces-
sity for extra A battery voltage to rum
the valve at its best oniput.

Tt should be noted that no receiver
giving Joudspeaker volume, and em.
ploying a 201\ tube as the last audio
amplifier, is capalle of quality repro-
duction, as there is sure to be over-
loading and distortion. Reccivers giv-
ing distorted output will usnally he
improved by changing the last valve for
one capable of handling the volume
withont distortion. For a 201A a 112
may be substituted, for 112 a 171, and
for 171 a 210, but the latter only if
high plate voltage is available, At 135
volts on the plate the 112 requires the
same grid Lias (9 volis) as the 2014,
hut takes 6 milliamps instead of 2.5
on the plate,

This may be economically run frotn
a dry B baitery of not too small dimen-
sions, and the writer knows that some
listeners are runming 20 mitliamp valves

Vith Amplifier Distortion

is probably impossible with any inter-

off dry Dlatteries of ample proportions,

and, needless to say, are getting good,
results, thoungh the Datteries will .ot
fast the same time as when running a-
set with a total plate current of 8 to 10
milliamps. B
It sou wish to step up from the 112,
then {he 171 is available, This valve
will take a plate voltage up to 180
‘volts, which requires the high grid bias
of 40 volts, and passes 20 milliamps.
At 135 volts on the plate the grid has
is 27 volts, and plate current 16 milli-
amps. The filaments of the above
valves all i off a 6-volt accumtlator,
hut the correct voltage at the filamenk
terminals of the valve-holder is
volts. The UX120 is only a semi-power
valve, and will not carry any great

volume. ‘The filament requires a 4-volt
battery, or 4 volts, 3 dry cells, for

which use it is most snited. = Plate volt-
age runs up to 135, 6.5 milliamps being
passed,

Gradual Distortion May Creep In

THE most troublesome form of - dis.
“tortion is that which gradually
creeps in.  When the set is first in-
stalled reproduction may e amazingly
cood, and vet guality will gradually
fall off week by week in such’'a’ way
that it is not noticed by tlie listemer,
until it av last gets obtrusive and calls
for attemiion, It is very easy to for-
get about amplifier valves, yet they
may have gone off to such an extent
that their emission has fallen much he.
low the point where they can carsy
the low audio frequencies without dis-
tortion. With an eliminator the de-
terioration of the rectifving valve may
be reducing plate current, or a dry B
hatterv may lave parted with its quota
of milfiamps and have a residual voll-
age not worth consideration. '1'1@11
there is the grid-bias hattery, so easily
neglected, vet.so important where qual-
ity is sought. )

It is important to tune in the dials fo
the exact maximumu reading, and re-
duce volume by other meaus than de-
tuning with the dials, which may casily
ftroduce distortion. Dimming the R.I,
filaments is one of the Dhest means of
volumme control, which has the advane
tage of preventing the detector from he-
ing overloaded. .
f]_‘IIERE are many other sources of

distortion, but those connected
with the last valve and the loudspeaker
are the most commen, and are at the
present time causing anxiety to a nnm-
her of listeners, which is the reason for
{liis article, which contains mueh that
is not new, hut will, it is loped, he
helpful to those suffering distorted re-
ceplinmn. .

ACTION OF THE SCREEN-GRID

THE UX 222 VALVE

(By “Megohm.”)

I coustraction of the TUX3222

sereen-grid valve is fairly complex
in comparison with the ordinary receiv-
ing valve. The extra grid counsists of
two circular screens of wire, one en-
cireling the outside of the plate, the
other inside the plate, between the lat-
ter and the ordinaty control grid, the
lead for which comes out at the top of
the valve. In the very centre of all
is the filament. The two screen-grids
are connected together, and the lead
brought out to the ordinary grid con-
nectionn of the valve base,

‘The sensitivity of the control exerted
by the grid (and hence tbe amplifying
value of the valve) is definitely limit-
ed by the cloud of electrons surround-
ing the filament. If an extra grid is
interposed between the filament and the
regular_control-grid, and charged posi-
tively; it will, by virtue of its proximity
to the filament, break up the cloud and
tncrease the control range of the regu-
lar grid.

The extra grid may also he located
hetween the control-grid and the plate.
Here it will require a higher positive
charge than before, but it now also
serves another puarpose—uamely, to re-
duce the troublesome capacity effect be-
tween the grid and plate. Tt acts
as an earthed centre plate, splitting the

“fixed condenser” formed by the grid
and plate into two smaller condensers
in sevies.

As already mentioned, the outer
screen encircles the plate conipletely.
The inner section acts both as a space-
charge disrupter and as a capacity re-
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ducer, while the outer section (which
has nothing to do with the stream elec-
irons, because they stop at the plate),
serves merely to reduce the capacity
between the outside of the plate and the
connecting leads, ete, It should be
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1 because its repelling effect is added 1o

noted that the inner screen-grid s
chiefly concerited in the following re-
marks.

The *“space-charge’” spoken of is the
negative charge of the cloud of elec-
trons hovering round the filament, and
which have Dbeen unable to travel io
the plate through heing insufficiently
ficated, and so having too low a
velocity, and therefore easily retarded
Iy the space-charge. Increased plate
voltage  decreases the space-charge,
which means that more electrons reach
the plate., As the control grid is nearer
to the space-charge than is the plate,
variation in the grid voltage has a
greater  elfect, in  proportion, than
changes in plate voltage, so that small
egrid ~ voltage variations make large
plate-current variations, which gives
tiie amplifyving effect.

Now, this space-charge is aclually
detrimental to the working of the
tube, and the cause of its low efliciency,

the repelling effect of the grid, and
so any change in the repetling poten-
tial of the grid is only a partial change
in the whole repelling potential.  If
we could wipe out the space-charge
altogrether, aud leave the grid with tle
only negative charge, then grid vari-
ations would lhiave a much greater per-
centage effect upon the whole negative
cltarge, and the amplification factor
would at once rise from 6 or 8 to per-.
Iraps 80, ‘Fhis because the change in
repelling effect of the grid is com-
plete in itself, and no energy is wast-
ed in “‘gingering up” the drowsy en-
cumlrance  known as the *space-
charge,” which has now heen cut out
by the interposition of the mositively-
charged extra grid between the plate
and grid.

plate voliage is ased in overcoming
the space-charge, and the remaining 15
per cent, in establishing plate current,
50 that by retuoving the space-charge
the 83 per cent. of high-tension voltage
needed to overcome it may be in
future saved, and the valve will oper-
ate with only the 15 per cent, required
to establish current through the valve.
This means that where 100 volts was
formerly applied to the plate, with the
sereen~grid 15 volts, would give an
equal resnlt,  On the other hand, in-
stead of thus reducing plate voliage,
and peiting equal results, we may in
practice keep the plate vollage as he.
fore, and thus obtain increased amplifi-
cation from 1he greater electron stream
from filament to plate that is affected
Ly th2 grid volfage varintions.

It is by placing a positive charge at
the point where {the negative charge
accumulates that the extra (inner) grid
obliterates the space.charge, The ex-
tra grid is reallv deing part of the work
of the plate, tmt by its position near |
to the source of the trouble it is able|
to do this part of the work more effi-
('wntl‘v than . the plate can,

This is a Dbyief deseription of the two.

main points in the action of the mnew

In ordinary valves, 85 per cent. of the

TIPS AND JOTTINGS

{By “Megoln,”)

A CORRECTION.

In a recent article on two.vaive
amplifier a misprint caused “2
inches" to appear as the diameter
of the tuning-coil for the crystal
Further down the sante page, lows
ever, the correct diameter, 3 inches;
was mentioned,

B ELIMINATOR SUCCESSES.

SINCI«) publishing the success of a
Christchurch  constructor  of  the
“Record” B eliminator, we hear of
several others ihat have been runming
satisfactorily for some iime. Naturally
inany eonstructors witl not think of
sending in a report of their success,
but the writer is just as pleased to
hear of such as he is to help any con-
structor who is confronted by a difli-
eulty.

GLOW-TUBE EXTRAVAGANCE.

'I‘IIE use of a “‘glow tube" regulator
- it B climinators sometimes inmproves
the stability of the R.I. ecircuit, and
reduces the tendency to “motor-hoating”
and oscillation on the andio side, but
unless the eliminator will give an extra
30 milliamps without too much of a
drop in voltage, the “glow tube’’ should
not be used. Such regulation is there-
fore only attained at the expense of a
heavy drain on the eliminator ountput.

A CARTRIDGE CHARGLER WARNING

ISTENERS who have employed a
bully rectifier battery charger al-
ways connected to the battery so that
switcling on the current to tlie charger
would set thie bhattery charging, must
remember that if they change over to a
Raytheon A charger, they must provide
1 switch to open the charger cireuit,
The cartridge rectifier may allow -a
drain of as much as 180 milliamps to
pass if left connected to the battery
when not charging, and this leakage
will run down an A .battery in two or
three days. A d.p.d.t. switch to throw
over for set or clhiarger is the Dest
arrangenent.
THE LOUDSPEAKER POSITION.
TOMMENTING on the excellence of
the few loudspeakers, and the
need for improvement in the mauny,
“Radio Broadeast” says: “It is our
opinion ilhat improving the loudspeaker
will spell irouble for the designers,
manufacturers, and owners of a.c. sets.
With a Balsa (wood diaphragm) loud-
speaker which we operate with a West-
ern Electric 540-AYW unit out of a single
171 tube with abont 160 volts on the
plate, the average a.c. set is too noisy
for pleasure, although on other loud
speakers the hum is inandible. In other
words, the a.c. tube either marks the
limit of loudspeaker development, of
the newer and Detter londspeakers will
force a.c. tubes to deliver signals "un-
ruffled by a.c. hum. We hope the
latter, for the average loudspeaker of
to-day is less than 5 per cent. efficient,
considering the entire andio band to

be passed.”
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