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economically,

ment boosting the

and an 80 rectifier.

tubes!

Herman Bernard,

trolytic condensers,

one 8 mfd., wet
-electrolytic con- 49c each.
denser, inverted
mounting, with

washers and one .
special lug, 49c. ﬁeld coil.

Dl

143 WEST 45th STREET

Parts for the 1933 DIAMOND

Complete Kit, less tubes, less cabinet, (Cat, D4CK)...$13.58

NE of the outstanding

circuits, the 4-tube 1933
Diamond for a-c operation,
105-120 volts, 50-60 cycles
can be constructed most
The circuit
uses a 58 r.f. amplifier,
with special antenna treat-
gain
mightily; a 57 power de-
tector, a ’47 output tube
You
never in your life heard
such performance on four

de-
signer of the circuit, used
Polymet 8 mfd. wet elec-
one
with two insulating wash-
ers and special lug. These
are our Cat. POLY-8, with
Cat. POLY-8 washers and lug, at only

Also, Rola full dynamic
: 2 4 pedance built in, .also 2500-ohm fleld cof
twe insulating (Series F) with 2500-ohm built in (black " feads) B  djamers: com,

TWO-GANG SHIELDED 0.00035 MFD. SFL, $1.39

De Jur Amsco shielded straight frequency line dual condenser, 0.00035 mfd.,
brass plates, 14” shaft, 214" long as
capacity. Cat. DJ-AS .............. 5000
Cat. EQ-100, 20-100 mmfd. Hammarlund equalizer
200-turn center-tapped r.f. honeycomb choke coil. Cat. DCH @
250,000 ohm potentiometer with switch (Cat. P-250-SW)
100-0 travelling light dial, escutcheon, builb (Cat. CRD)......,..........." 91

COILS FOR 1933 DIAMOND

Shielded impedance coil for antenna coupler, and shielded interstage trans-
former (Cat. DP.33), both coils for...

ECT RADIO CO.

sreFet ettt ancann

Cat, RO-25, Rola full dynamic speaker,
with output transformer of ’47 matched im-

Series F. ... . $3.83

complete safeguard against body

e it o e 19

NEW YORK, N. Y.

For A Radio

Manufacturer
115 West 45th Street

NEW YORK

Must sublet at sacrifice floor or sec-
tions suitable for offices and opera-
tions. 100 percent manufacturing AC
and DC currents. Apply on premises
or telephone PEnnsylvania 6-2300.

RADIO MEN-—Increase Income!

“How To Make Money In Radio Servicing,” written
by Zeh Bouck especially for Radio News, is the answer
to the burning question of the hour! Prepared after
months of effort and at great expense, it tells the radio
service man how to make his business show a profit.
And, what is more important in times such as the
present ?

Not only for the active service man, but also for the
amateur and experimenter who desires to turn his knowi-
edge and experience into practical money-making chan-
nels this book will prove indispensable. 1t tells You
how, and when, and why to do things. It is practieal
~up to the minute—aY complete.

For a limited time, Radio News is offering this
money-making book absolutely FREE with a subscription
for seven months for only $1.00. This is a saving of 75¢
over the newsstand cost. Send order to Radio News,
Dept. R.W., 222 West 39th St., New York, N. Y.

R L P ST s P e e

RADIO WORLD
and “RADIO NEWS”

BOTH FOR $7.00 ..fd.:l:?g:l.n

ONE YEAR

You esan ebtaln the twe leading radie teshaieal magaziass
that cater to experimenters, service mon and atudents,
the first and enly national radle weekly amd the leading
monthly for one vear eash, at a saving of $1.58, he
regular mall subseriptlon rate for Radle Werld for eme
year, 8 mew and fastinating somy each week for 52 weeks
la _$6.00, Send Im $1.00 extra, get “Radlo News ales
for a year—a new issue each month fer twelve months.
Total, 64 lssues for $7.00.

RADIO WORLD, 145 west 45th Street, New Yerk. N. Y.

for 1933 A-C 4-Tube Diamond

Drilled metal plated subpanel..........cciiviariiiiiiiiiiiarnninnrnn,

Two-gang 0.00035 mfd. SFL condenser, brass plates, 214 long shaft 5
Two special tube shields for S8-57..............oooooi L 22
Center-tapped 200-turn honeycomb coil..........ocoooii L .40
Five sockets (one for speaker plug).............ooooviiiiiiiii i .55
Two Polymet 8 mfd. electrolytics; insulators; lugs.............. e, .88
One pair of r-f coils, consisting of impedance antenna coil and interstage transformer. .. ... .. 90
20-100 mmfd. Hammarlund equalizer.....cioiuiirviirinrmeneanraranrnnns al=tvlolal 5 o ele ool oo s s S Lol ol e .19
Cat. DFU  ate..oiinieiiiti e e e e L $5.48

IRON

SOLDERING

, A —
SAHEES S22 DI

Works on 110-120 volts AC or DC, power,
50 watts. A serviceable iron, with copper
tip, 5 ft. cable and male plug. Send $1.50
for 13 weeks’ subscription for Radio World
and get these free! Please state if you are
renewing existing subscription.

RADIO WORLD

145 West 45th St. N. Y. City

FULL SCALE PICTURE DIAGRAM OF
4-TUBE DIAMOND

- This full scale diagram, together 'with an accom-
punying article on wiring, adjusting and operating the
Four-Tube Diamond, appeared in Radio World dated
Sept. 17. Sent for 15c a copy. First and second
installments of article on the 4-Tube Diamond ap-
peared in issues of RADIO WORLD, dated Sept. 3
and 10. The three copies sent for 45c. Or send $1.50
for a three months” subscription and receive these
three numbers free,

RADJO _WORLD, 145 W. 45th St., New York, N. Y.

20 to 375 mmfd. ca-

acity variation, ef-
ected over full 360
degrees, affords wide
spreadout, better dial
legibility. Great for
test oscillators and
all-wave tuning.

Price, $3.00 net.

DIRECT RADIO COMPANY

145 WEST 45TH STREET
NEW YORK, N. Y,

LOOK AT YOUR WRAPPER
You will see by the date therecon when
your subscription for Radio World ex-.
pires. . If the subscription is about to run
out, please send us renewal so that you
will not miss any copies. Subscription
Department, RADIO WORLD, 145 West
45th St., N. Y. City.

THREE-IN-ONE
TESTER FREE!

EVERYBODY who does any radio work
whatsoever, whether for fun or for pay
or for both, needs a continuity teater, so he
can discover opens or shorts when testing,

A mere continuity tester is all right, but—

Often it is desired
to determine the re-
sistance value of a
unit, to determine if
it is correct, or to
measure a low volt-
age, and then a con-
tinuity tester that
is also a direct-read-
ing ohmmeter and
a DC voltmeter
comes in triply
handy.

So here is the combination of all three:

A 0-4%-volt DC voltmeter, a 0-10,000-ohm
rhmmeter and a continuity tester. A rheo-
atat is built in for correct zero resistance
adjustment or maximum voltagé adjustment.
The unit contains a three-cell flashlight
battery. Supplied with two 5-foot- long
wire leads with tip plugs. Case is 4-inch
diameter baked enamel. . Weight, 1 1b
Sent you with an order for one year's
subscription for RADIO WORLD (52
weeks) at the regular rate of $6. Order
Cat. PR-500. Use Coupon below.

LSS Mt e e e —— m—tn — c— m——

Radlo World, 148 W. 45th Street, New York, N. Y
.Enclosed please find $6 for ome year’s subacrip

tion for Radio World (one copy a week, 52 issues)
Send Cat. PR-500 as premium,
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" DISCS IN EUROPE

French Inventor Offers Spiral

with 30 Lenses, Each Adjusted

By Henri de la Falois

Y OTABLE advancements in the per-
\ fection of radio and television ap-
aratus were shown at the radio
exposition inangurated recently by M.
meuille, Minister of Postes, Telegraphs,
and Telephones. Oo the front cover we
reproduce a phowograph of a radio chassis
shown at the exposition. This is a six
tube receiver comprising three screen grid
tubes, and avdio amplifier stage, a power
tube and a rectifier. [t is a tuned radio
frequency recciver with threc ganged
tuned circuits. It is supposed to be ap-
plicable to reception of television signals
as well as to reception of broadcast sig-
nals

A Lens Scanner

Herewith is photograph of a television
transmitling scanner as demonstrated at
the exposition. The French are known
for the fine workmanship of their scien-
tific instruments, and in the construction
of this scanner they have lost none of
their reputation. It is a fine looking
mechanism,

The disc is apparently driven by means
of a synchronous motor, which constitutes
the base of the asscmbly. The toothed
wheel on the main shaft directly in front
of the disc and directly over what appcars
to be an audio transformer constitute the
elements of a generator of a synchronizing
signal which 13 sent as a modulation on
the television carrier.

The Drive

This drive arrangement can also be used
for receiving., In that case the driving
motor in the base should be of the uni-
versal or induction types and the power
supphied to it should be just sufficient to
drive the disc at the required speed, The
synchronizing signal received from the
transmitting station is then impressed on
the phonic wheel attached to the shaft
through the coil underneath the toothed
wheel. The synclironizing signal will then
hold the dise in synchronism with that of
the transmitter for as the disc tends to
gpeed up, relatively to speed of the trans-
mitter, the synthronizing signal will re-
tard it a little, and conversely, when the

(Continied on next page)
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Choice of Constants to Avoi

amplifiers is easily determined if we

know what is the amplification constant
of the tube and the load impedance and the
internal resistance of the tube. Suppose the
amplification factor is u, the internal re-
sistance r, and the load resistance R. The
total resistance in the plate circuit is there-
for r+R. If we irmpress a voltage of E
volts on the grid, the effective voltage in
the plate circuit resulting from this voltage
is uE. The phase is reversed so that we
should use the negative sign, but if we are
only after the magnitude we need not con-
sider it. Then we have a voltage of uE
and a resistance of r-+R in the plate circuit,
and consequently the plate current will be
uE/(r+R). This is the signal current and
not the current that would be measured with
a d-c instrument in the plate circuit.

The voltage drop in the load resistance,
which is the output voltage, is the product of
this current by the load resistance. That is,
the output voltage is uER/(r-+R). If we
divide this by the input voltage we get the
voltage gain. Hence the voltage amplifica-
tion of the tube and the coupler is
uR/(r+4R). This is the result in the very
simplest case. In any practical case, how-
ever, the load impedance is not a simple re-
ristance but rather a complex impedance.
First we have a shunt capacity between the
plate of the tube and the cathodes. Then we
have, in most cases, a stopping condenser
‘between the plate of the tube and the grid
of the next. Then we have a grid leak
from the grid to the cathode, effectively,,
and finally we have a capacity between the
grid and the cathode,

Effect of Capacities

If we were to compute the actual voltage
amplification in any typical case we would
have to take account of the capacities and
the grid leaks as well as of the load re-
sistance. The resulting formula is rather
complex and for most audio frequencies the
result of the complex formula is practically
the same as that of the simple. There is a
deviation at the two extremes of the fre-
quency range. At the high frequencies the
shunt capacities reduce the amplification and
at the very low frequencies the stopping
condenser reduces it. The effect of the
shunt capacities and the stopping capacity
is to make the transmission characteristic
similar to that of a broadly tuned circuit. It
is a matter of design to make this charac-
teristic as broad as practical.

The amplification of the low frequencies

THE voltage gain in resistance coupled

GAIN

By Einar Andrews

condenser capacity or the grid leak resis-
tance high or to make both of them high.
The essential thing is to keep the product
of them high. However, if we make the
grid leak resistance low and make the prod-
uct large by increasing the stopping con-
denser capacity, we reduce the ampli-
fication on all frequencies. The grid leak,
therefore, should be made as large as prac-
tical and then the stopping condenser should
be chosen so that the product of the grid
resistance and the stopping capacity is suffi-
ciently high. If the grid leak is made too
large the grid will block as a result of
grid current.

Drop in Stopping Condenser

The idea is that there should be just as
little voltage drop across the stopping con-
denser as possible, and as much as possible
across the grid leak, and this should be
Judged at the lowest frequency to be ampli-
fied without appreciable distortion. It can
be shown that to get most of the drop
across the resistance the value of RCw
should be as large as possible, where w is
two pi times the frequency., If 99 per cent.
of the voltage drop is to occur across the
grid leak at 20 cycles per second the product
of R and C should be 0.056. Suppose, then
that we select a grid leak of half megohm,
Then C should be 0.112 microfarad. For
broadcast reception it is not necessary to
use a large value of RC than about 0.05.
That is, if the grid leak is 0.5 megohm, it
is not necessary to use a larger condenser
than 0.01 mfd. But if it is necessary to
use a larger value of RC than about 0.05.
stop blocking, the condenser should be in-
creased proportionately.

Compensation

It is more difficult to prevent loss at the
high audio frequencies. While we can re-
move all external shunt capacities in most
instances we cannot remove or reduce the
internal capacities. In the plate circuit of
the detector a by-pass condenser is usually
required. This must be kept as small as
possible in order to avoid loss of amplifica-
tion on the high frequencies.

In case it is absolutely necessary to keep
the amplification up to about 10,000 cycles
about the only thing that can be done is to
introduce some form of equalizer. A parallel
tuned circuit in series with the load re-
sistance is one way. .We might adjust this
tuned circuit so that it resonates at about

In Direct Coupled Circuits

Frequency Distortion

8,000 cycles. It should not be too highly
resonant for then there will be a sharp peak
at 8,000 cycles rather than a broad hump.
Hence the coil used may be wound with
fine wire. Suppose we use a coil of 0.5
henry inductance. Then the effective ca-
pacity across it should be 788 mmfd. If
we use a coil of 0.05 henry inductance the
capacity should be 7,880 mmid.

This method does not completely com-
pensate for the losses in the shunt capacities
because the damage has been done before the
tuned circuit comes into play. It is also
possible to compensate by means of regen-
eration at the high audio frequencies, but
this leads to complex circuits.

The need for building up the high audio
frequencies is considerable because they are
first suppressed to a high degree in the
tuner and then they are further depressed in
the audio amplifier. For all that, people
have become accustomed to reproduction
lacking in high notes and when there is a
circuit that does well with the high notes
listeners demand tone control, which is
nothing but a device for cutting out the high
audio notes. Of course, there are effects
which tend to increase the strength of the
high notes, particularly in connection with
the 247 tube.. When these effects are too
strong there is a preponderance of high
notes and there is a good reason for de-
pressing them. However, there is a greater
need for building up the low notes.

Test for High Notes

. The test for the presence of high notes
in about the correct degree is good articula-
tion in speech. When some one is talking,
1s an effort required to understand what he
says, or does understanding come without
careful listening and straining of the ears?
Particularly, do the hissing sounds come
through the speaker or through the listener’s
imagination? Does “the” sound like a “the”
or like a grunt?

_Even in music the actual presence of the
high notes is necessary. We remember
in the early stages of radio broadcasting
that the violin was about the only instru-
ment tha}t came trough well. The organ
was a failure, largely due to absence of low
notes and the presence of too much rever-
beration. The piano was also a failure,
mainly due to absence of both high and
low.  Music lovers refused to listen to the
“thumping.” The low notes give a rich-
ness to the music and the high frequencies
give life and sparkle. Both must be present
in the output of the loudspeaker or the re-
production will not be natural,

can be kept up by making either the stopping

French Televisi

(Continued from preceding page)
receiving disc slows down, relatively to
the transmitting disc, the synchronizing
signal speeds it up. Thus the transmitting
disc governs the speed of the receiving disc
although it does not drive it.

The disc has 30 lenses set in a spiral,
each lens being carefully adjusted by three
screws to correct alignment. The mask

where the actual scanning takes place is
located inside the telescopic tube and con-
sists of a tiny hole in an otherwise opaque
sheet. in the focal plane of the lenses. Each

lens forms a complete image of the scene
to be transmitted but the images move
relatively to the scanning spot. Hence
as the disc turns around once all the ele-
mental areas of the object are passed in
review before the scanning spot,

The photo-electric cell is also inside the
telescopic tube. Hence the light from
the elemental areas passes directly into
the cell.

In case this scanner is used for recep-
tion a crater lamp or some other moduy-
lable point source of light is located inside

Scanner

the telescopic tube. The image of this
point source, reduced to a small intense
spot of light, is thrown on the screen and
distributed by the moving lenses,

Thq disc is made of thicker material
than is the custom in this country and this
fact tends to make the speed steadier,
due to the greater moment of inertia.
But it also requires a little more driving
power. . The greater thickness, of course,
simplifies the mounting and adjusting of
the lenses. Other features are the long
shaft and the sturdy bearings,
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THE ACCESSOR-ANALYZER

Operating Receiver May Be Tested,
Also a “Cold”’ One By Resistance Method

umns recently, and concerning which

data were printed “as recently as last
week, may be combined with a voltage-cur-
rent-resistance selector, so that you have a
set analyzer, with additional resistance-meas-
uring service, and independent use of the
meter for external measurements.

What an Accessor does is simply to render
accessible the current and voltages in a re-
ceiver. The panel is simplified by use of a
universal socket, so that the same socket
receives tubes of the UX, UY and six-pin
types. For special type tubes, such as UV-
199, WD-11, WD-12 and others, adapters
are needed both for the Accessor panel and
the Accessor plug (to fit into the set socket),
and the 7-pin base tubes made by some of
the smaller tube manufacturers are included
in this category. It is not practical now to
utilize a universal 7-spring socket, in fact,
there isn’t any such, and no present intention
of making any, until such a type tube be-
comes the dominant one on the market, which
it is very far from being.

THE Accessor, described in these col-

The Seven-Prong Plug

On this subject the following statement
from Milton Alden is interesting:

“Upon the advent of six-prong tubes, in-
strument manufacturers shifted almost im-
mediately to six prong analyzer plugs.

“Now that a seven-prong tube has been
announced, there is the question whether
there is going to be a seven-prong analyzer
plug available,

“We have designed such a plug to have
ready at such time as seven-prong sockets
become the dominant socket, or when a
seven-prong tube is produced with a control
grid cap on the top.

“In the meantime, there are some very
definite disadvantages in having a seven-
prong analyzer plug.

“Tt would mean that almost invariably
the analyzer plug would have to be used
with an adapter. This added length would
in instances be a disadvantage in closely
shielded sets and others built in limited

space.

“In addition to this, new sets are appear-
ing in accordance with the rules of the
Board of Fire Underwriters in which there
is a shield having only a 1-32 in. clearance
between it and the tube base.

“To meet these conditions analyzer plugs
made in co-operation with the engineers of
the test equipment companies have been de-
signed so that the analyzer plugs and the
associate adapters in every instance will not
have a greater diameter than the smallest
tube base of a given number of prongs.”

Socket Terminal

The purposes and wiring of the accessor
have been explained (July 30th, September
3d and 24th). The switch used is of the
nine-position type, four decks, whereby two
decks of closed circuits have one of the
four of the nine circuits opened by an in-
sulated circuit-opener (CO) for current
readings, the three not opened when one
current is read, or four not in use when
voltage is read, retaining the circuit con-

By Edgar Forbes

BOTYOM VIEW OF UNIVERSAL SOCKET

VW, W, W, W

fomm = m e e aay

L CLosED CireulT

1 I 1 1 1<ax] OPeNED BY SwiTe

N
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BOTTOM YIEW OF
CABLE PLUGS SOCKET

bovBLE 7-PIN BASE
- %}

tinuity. At corresponding positions a two-
point slider closes otherwise open points, en-
abling the meter to be cut in the circuits as
they are opened for current readings or
picked up for voltage readings.

It was deemed advisable to terminate the
accessor at a socket so that the cable would
not have to be dangling there all the time.
It is of use only in conjunction with re-
ceiver tests, and when other measurements
are to be made it certainly is a cumbersome
thing to have around, so a cable with six-
pin Qlugs at both ends is used. Adapters
permit access to sockets other than of the
six-spring variety. They are as shown on
the diagram.

LY

Precautions

The meter is to be built intg the present
device, and therefore the multipliers and
shunts are built in also, and the net result
is that one switch is turned for picking up
the desired points in the receiver (see Sep-
tember 3d issue), the other switch for using
the right range and type of measurement.
1f the high voltage reading is at one ex-
treme, and the instrument switch always
turned to that position after use, then any
accidental connection will be harm’ess, for

——————————————— -‘tco
Ef/_L §K Esv Es¢ Ep
4
mul bl 24 B PR LT
ISR EEEEREE
s T
i)
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PP
d333]
]
Gsy)
H

=ho

GPIN CABLE  GHOLE TOP 6HOLE
5-PIN BASE (VY)

Top éHor Top
4PIN BASE

the highest resistance is in series. Always
guard against putting a current indicator
between voltage points in the receiver as
you value your meter.

No attempt is made to define fully what
you are to do in regard to voltage and cur-
rent ranges, as it is assumed you have a
meter and want to use it. Of course, the
meter ought to be fairly sensitive, and it is
recommended that it be a 0-1 ma, if you have
any choice, or a still more sensitive instru-
ment. The device used was a 0.-0.5 ma,
consequently the series resistor for 300 volts
maximum was 600,000 ohms, that for 30
volts was 60,000 ohms, that for 3 volts was
6,000 ohms. The 6,000-ohm unit was used
also in conjunction with 3 battery volts for
resistance measurements (100 to more than
100,000 ohms) and the 60,000-ohm spool,
with 30 battery volts, for 20,000 to more
than 5,000,000 ohms. Other values should
be selected according to the meter you have,
a subject discussed in last week’s issue, Sep-
tember 24th.

The switch SW is simply precautionary,
so that if the cable is in a receiver that is
turned on, if this switch is open you'll avoid
trouble when trying external testing. The
other switch, on the opposite side
of the pilot lamp, PL, and pointing down-
ward, is also precautionary, as a serious

e
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short will burn out the pilot lamp, and
the meter won’t read if the switch then is
closed when the lamp burns out, for if the
meter is attempted to be put in circuit the
circuit will be open and the meter protect-
ed. Also if the lamp lights at all do not
open the switch, as a meter protection, un-
less measuring 100 ma or so, when a faint
light may be emitted from the lafup, and
yet no danger exist.

The switch used at the meter side is a
double pole nine-throw and in this case, as
in the case of the other switch, the shaft
should be insulated from any and all con-
tacts.

Another Valuable Device

A handy voltage-current-resistance meter,
concerning which constructional data will be
printed in an early issue, uses the Weston
Universal Meter with a five-deck switch,
eleven position and index per deck. The
switch is the JA-100-578 12-point, 5-deck
Jewell rotary switch.

It is not pretended that from the bare
sketch above that much information can be
obtained, as it is concededly rather difficult
to interpret a diagram in terms of a switch
one can’t visualize. However, the uses of
this device may be related now:

D-C Voltages: 5, 50, 500 volts

D-C Currents: 1, 5, 25, 100 ma.

A-C Voltages: 5, 50, 500 volts.

A-C Current: 1 ma,

Resistance: Less than 100 ohms to more
than 500,000 ohms.

The device consists of the meter and ro-
tary switch built onto a panel, underneath
which are the shunts and multipliers. The
high practical value of the instrument is
due to its sensitivity and its dual utility for
a-c and d-c.

The Built-in Shunt

The switching arrangement makes for con-
venience, as all one need to do make any of
the enumerated measurements is to turn the
switch to the proper position, which may be
marked numerically or otherwise. A cali-

bration of the resistance values of the un- .

known in terms of scale divisions or cur-
rent, when used with a 7,500-ohm series re-
sistor and a 7.5-volt C battery, is necessary
but this will be given later.

The meter itself has a sensitivity of a
little better than 1 milliampere on the dc-
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cide, but a built-in parallel resistor, to be
connected only for d-c uses, and found on
the back of the instrument as a speel, one
side permanently connected to plus, has to
have the other side connected to negative,
but for a-c the dc- terminals are ignored.
The reason for including the shunt resistor
is to make the operation of the d-c and a-c
input at the same sensitivity.

There are two scales on the meter, one
for a-c and the other for d-c. They do not
coincide. Therefore those who have been
accustomed to work d-c instruments mostly,
or a-c instruments separately from d-c¢ in-
struments, should be careful to read the
proper scale. Each scale is identified, so
there should be no trouble, but habit will get
folk into erroneous readings despite iden-
tifications.

The extreme utility of all the purposes
outlined is obvious, except the a-c current,
0-1 ma. The a-c meter can not be used for
higher currents because of resultant errors.
But the a-c current up to 1 ma sometimes
is handy indeed to read, one example being
the taking of dynamic curves of a detector
or amplifier tube, with 60-cycle input. The
grid circuit may have an a-c input from a
20-volt or other secondary of a transformer
that has primary connected to the line, If
a potentiometer is put across the secondary,
pointer to grid return and one extreme to
grid, a-c input voltages from 20 volts down
may be read, and also the a-c plate current.

Of course, the a-c output should be a-c
only, that is, the d-c should be removed,
which can be done by connecting a large
condenser, say 4 mid. or higher (paper, not
electrolytic) one side to plate, other side to
meter, remaining side of meter to plate re-
turn.

Output Meter

The voltage values of 'a-c that can be
read are of ample range, and therefore the
a-c voltmeter may be used as an output
meter provided the same precautions have
been taken as to segregating the a-c¢ from
the d-c. The dynamic and static curves of
the tube therefore may be compared, and
no doubt a better idea of detecting efficiency
obtained from the dynamic curves than from
the static one. )

The method of applying the meter and a
switch to the desired purposes was consid-
ered carefully, and the final result is em-
bodied in the diagram. The switch, a won-
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derful instrument, that makes positive con-
tact and does not have objectionable “play”
at any setting, is 3.5 inches deep, so the
cabinet that is to contain the instrument
should have a 4-inch depth, which allows for
any practical thickness of panel.

It is well that the container be metal
rather than a wooden box, or if it is a box
that the meter, except for the top where
the scale is, be shielded, as it is possible the
meter will be used somewhere near a power
transformer. If it is too near a power trans-
former, even one such as used in a midget
set, there is enough induced voltage in the
meter coil to cause the needle to fly hard
against the end stop, beyond full-scale posi-
tion, and yet four or five inches from the
transformer there is no such coupling. Since
the instrument should be as fully protected
as possible, the metal container or equivalent
shield is recommended.

Same Multipliers

The d-c side of the meter is rather famil-
iar, except for the necessity of putting in the
shunt. The meter coil has a resistance of
50 ohms, so the voltage multiplier for d-c
is 4,950 ohms. The sum of the two, 5,000
ohms, is in circuit for all d-c measurements,
so that the multiplier for 50 volts is 45,000
ohms and for 500 volts is 495,000 ohms.
Since the a-c instrument has an impedance
of 5,000 ohms, the same multipliers may be
used for the a-c part of the meter. Thus the
advantage of the built-in shunt for d-c work,
to enable economy of series resistors.

As for shunts, these may be series or
parallel. Of course the shunt when in use,
either type, is in parallel with the meter.
But if individual shunts are used they are
called parallel shunts because across the
whole meter, whereas if the series type is
used it consists of virtually a single resist-
ance, tapped, the total across the voltage
source always, so sometimes the meter is in
series with part of the voltage shunt. A
series shunt has to be across the voltage
source all the time, at least the standard one
for this instrument must be, and therefore
a little ingenuity in the switching arrange-
ment was required. It is believed that this
switching problem, as well as some other
incidental points, has been solved satisfac-
torily,

In the diagram the d-c terminals of the
meter are the lower ones, positive at left,
negative at right (bottom new), the intended
shunt resistor (permanently connected at the
factory to positive) being between positive
and negative. The switch takes care of es-
tablishing the connection of the other side
of the spool to negative when required.

Question of Accuracy

Extra pains were taken in the design of
the voltage-current-resistor meter because
the parts are of the highest grade ordinarily
used in service work and experimenting, and
even such laboratory work wherein the very
highest degree of precision is not requisite.
The sensitivity of the device is one indica-
tion of the degree of accuracy, the actual
resistance of the spools used for multipliers
and shunts are another, The accuracy of
the instrument itself is greater than closest
reading of the scale permits, and this is al-
ways an excellent test of satisfaction as to
accuracy.

On the resistance score, however, if the
scale were on the face of the meter the ac-
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limiting resistor 6,000 ohms, voltage 3 volts. The meter is scaled to 30 divisions.
is 5, register these points at 6, 12, 18 and 30, and subdivide into tenths.
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curacy would be less, in reading resistance

values, than if more room were taken else- .
where for this scale. Undoubtedly the scale- R E I S 7.'A N
imprint is handier, for you read the resist-

ance and call it quits. But with the other
method you read the current and then con-
sult the table or graph to determine the re-
sistance value. The determination is more F=5V Kt =5000 1+ J-4 MA
accurate. The higher resistance values, al- i
ways crowded, are separated’ better, and so 1200
are the lumped low values, for the resistance 909
curve on semilogarithmic plotting paper 1 :
looks something like a long letter S. The  gpgof = N =
steepness of the curve at both ends, the low e —
resistance end due to the small changes in o 5
resistance desired to be read, the high 700 -
end to the large changes in resistance with :
small changes in current, as always left 600 N
much to be desired in direct reading of =
resistance values. ‘Therefore many engineers =
compute the resistance each time they de- 500
sire to ascertain it, using the current deflec-
tion and voltage application, solving by -
Ohm’s law.
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The next best thing is to have a precision
instrument to read resistance values, such 390 :
as a decade box, but it would cost much ;
much more than the present entire set-up, \
and requires rather a corporation than an
individual to finance. Next in line comes \ A
the resistance curve or other calibration
done on a large scale, and this might be \ \‘ !
accomplished as an extension of the meter 200 ]
scale above the meter on the panel, in the ‘
direction the needle points. \ f

T
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A radius double that of the needle could \
be used, and at the outer area the resistance i
scale could be engraved, so that the eye 1 Pz — A
would follow the needle readily, as in direct \ ! ;
reading when the resistance scale is on the |
meter face, or, for somewhat greater ac-
curacy (not needed at all in service work)
the current equivalent could be read, and
then the resistance value obtained from the 60
resistance scale. ~ 1
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D-C Meter ===

The d-¢ meter side of the meter, to which
the resistance measurement applies, has five
main divisions, ten subdivisions to each main :
division, so that there are 50 subdivisions. 60 = =
The numbers imprinted are 1 to 5. These '
are for main divisions. A longer line iden- 4 = ; ==
tifies half of a main. division (5 subdivis- £o : e e o o
ions). So for each of the 50 subdivisions 5 ‘ =SessS
the equivalent current flow is 20 microam- : }
peres (.00002 ma), and main division (1) —% :
represents 10 x 0.00002, or 0.0002 ma, not
0.0001 ma.

Greater accuracy of reading than obtains - i
on most meters of the same sensitivity is
afforded because the scale is to 50 subdiv-
isions, reducing the amount of estimating. 30
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Tube List Prices

List o : List 20

Twpe Price Type Price

11 $3.00 ’38 2.80 \
; 3.00 ’39 2.80 3
112-A 1.55 ’40 3.00 \ g
20 3.00 '45 1.15
71-A .95 46 1.55 '
uv-99 275 | 47 : &

1] \
D 85 .90 95 /00

& = - -6 .8

Ce}librati'on curves of a resistance meter. They ar i

milliammeter with 5 volts and a limiting resis{or oef ':5(:0(':)’83 :ﬁf:?s w"tll'lhea lo-flt

;:uvae 2covers the range from 1,000 to 100,000 ochms and the r.ight cu:ve

rom 25 to 1,000 ohms. For right curve read ordinates directly; for left
curve multiply ordinates with 100. ’
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1520 to 500 ke. on S-Tu_Be Diamond
BIG HOP ON HIGH WAVES

Tuning Curve of Highly Sensitive Receiver

By Herman Bernard

The voltages that can Dot be read accurstely on meters drawi
date voltage (228). The Sgures in parentheses are the actual voltages

other meter-measured voltages, on a 1000-ohms-
volts full scale for the lower readings., the wost legible scale selecte

and the detector
aken, as were t

REQUENTLY complaint is heard that

a tuned radio frequency set is not selec-

tive enough, volume satisfactory; or that
it is selective enough, but volume is unsatis-
factory at the lower radio frequencies. The
factors that make the volume satisfactory are
the rather close coupling of aerial to antenna
coil, large primaries on the r-f transformers,
and application of rated voltages to the tubes.
The tuner alome is being considered.

For instance, normally a five-tube t-r-f
set will not bring in Windsor, Ont., Canada,
550 ke, in New York City with sufficient
volume, i at all, unless the aerial is made
extraordinarily Jong, and closely coupled to
the antenna coil. If those conditions exist
the selectivity will not be adequate at higher
frequencies, because the practical selectivity
depends considerably on the degree of coup-
ling, whether in antenna stage or subsequent
stages

Antenna Series Condenser

Therefore it has been found very advan-
tageous to include a series condenser in the
aerial circuit, manually operated, and which
may be used for effectively regulating the
antenna input. Since really the object is to
afford tighter coupling at the lower radio
frequencies, the condenmser may be set at
minimum capacity for the high radio fre-
quencies, and then there will be no detuning
effect. Of course when full capacity is used
there is some detuning, but it js small be-
cause the frequency is low, and it so happens
that it can be corrected by the manual voi-
ume control, because the effect of this resist-
ance on frequency, also small, is in the oppo-
site direction. It could be arranged also

as a local-distance switch

Heretofore we have been concentrating oo
inductance and capacity in regard to fre-
quency determination, but it is time that re-
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sistance be considered, also, as it is a fre-
quency factor.

The result is that Windsor comes in very
well indeed, and there is no interference be-
fween it and s local station 2 ke remowved,
e, WMCA, 570 k¢. Then when the series
condenser is at minimum there is no trouble
either at the high frequency end. The small
capacity of the minimum setting of the am-
tenna series condenser is sufficient for coup-
ling to almost amy aecrial for freguencies
above 800 kc.

However, the same eflect is gained by
resistance control of the antenna mput, and
as detuning is less that method has been
adc

There is no intengional oscillation contrel
in the receiver, as one i the first consider~
ations in the Five-Tube 1933 A-C Diamond
of the Air is to have it squeal-proof. This
is accomplished with a single resistor of
0.0012 meg. (1,200 ohms) he value was
selected experimentally on the following
basis: the volume confrol was set at mini-
mum, which is virtually zero, and, starting
at 10,000 ohms, different resistors, 100 chms
apart, were placed in this position in with
the receiver oscillating, until oscillation
stopped at 1500 kc.

Effect of Antenna Resistance

The reason it is necessary to stabilize the
receiver with volume contrel at oo input is
that then po antennd resistapcs is intro-
duced. Antenna resistance, like resistance
elsewhere, acts as a3 damper on oscillation,
and therefore if the selection were made of
the stabilizing resistor on the basis of aug-
mented resistance from the aerial, ag with
the volume control full on, when lesser vol-
ume was desired, since lesser antenna resist-
ance would be introduced due to reduced
coupling, the receiver would squeal.

When the circuit was discussed with a
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ng currest brom the seessured source are the r-f (13 and detecior soreen (W) voltages
I'he respective wmeter resdugs of 60, 12 and W volts apparent wers
rr-vo&t voltmneter, S0 volts full-scale deflection for high voltage reacings, S0 asd §

friend who has built several sets, and his
attention was called to the stabilizing re-
sistor, by showing him the diagram depict-
mg it across part of the second transformer’s
secondary, he asked :

“But doesn't a resistor in part of a tuned
circuil introduce a loss ¥

He was thinking, no doubt, of the losses
resistors introduce in stable tuned ecircgits,
and was sympathetically concerned about the
possible ruin of an otherwise excellent set
by the introduction of some pet scheme that
would cause trouble. No doubt there is much
prejudice aguinst resistance, due to the con-
stant drumming of the doctrine that the re-
ststance of the tuned circuit should be as low
as possible, its impedance as high as pos-
sible. Theoretically the impedance of reson-
ance is infinige. When a hanite resistance ¥s
placed across part or all of the tuned cirgur
;&wmprcciﬁus delight of the theorist is «f-
ended,

How to Stabilize

However, the answer to the query has
been given already, although mot directly
It has been stated that various lower values
of resistance beginning at 10,000 ohms were
tried, while the receiver, tuned to 1500 ke,
was oscillating. Now you really can't hear
a station on any frequency gt which a t-r-f
set is oscillating.  So if you introduce some
part, be it a resistor or anything else, that
permits reception where there had been none,
certainly there is no loss but instead gain
I the r-f resistance of the circuit is neg-
ative the circuit is inoperative for the
purpose intended—reception of signals from
braadcasting stations—and the sole reason
for introducing the stabilizing resistance is
to effectuate a small positive value of resist-
ance, 50 there will not be any oscillation.

The value of 1,200 ohms was found most
suitable. but since it is to be expected that

. |
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LIST OF PARTS
Coils

One tapped impedance coil for antenna
stage, for 0.00035 mfd.

Two r-f transformers for interstage coup-
ler, for 0.00035 mfd, secondaries tapped.

One 60 ma. power transformer.

Condensers

One three-gang shielded 0.00035 mfd.

Two shielded blocks, three 0.1 mfd. in
each block (black leads are common, go
to ground).

One 0.002 mfd. mica fixed condenser.

One 0.01 mfd. mica fixed condenser.

Two 8 mfd. electrolytic condensers, ome
with two insulating washers and a
special connecting lug.

Resistors

One 10-ohm center-tapped.

One 175-ohm pigtail resistor.

Two 0.0012 meg. pigtail resistors (1,200
ohms).

One 0.025-meg. pigtail resistor (25,000
ohms).

One 0.25 meg. potentiometer (250,000
ohms); insulating washers; a-c switch
built in.

One 2-meg. pigtail resistor.

One 5-meg. pigtail resistor.

Other Requirements

One chassis, 133 inches wide x 234 inches
high x 73 inches front to back.

One vernier dial, travelling light type,
with bracket and pilot lamp; dial reads,
left to right, 100 to 0.

Three knobs (one for dial, one for vol-
ume control-switch, one for antenna
series condenser).

One dynamic speaker, 1,800-ohm feld
coil, tapped at 300 ohms; output trans-
former built in, has matched impedance
for 47 tube.

One shelf 734 x 214 inches, with two
brackets.

Three six-spring, two five-spring wy)
and one four-spring (UX) sockets. The
extra UY is for speaker plug.

One a-c cable and plug.

Three special aluminum shields for the 57
and 58 tubes.

One rubber grommet for a-c cable exit.

Three feet of shielded wire, 0.5” insula-
tion diameter.

Tubes required: one 57, two 58, one '47
and one ’80.

some builders will use coils they wind them-
selves or have on hand, and will locate parts
a little differently than prescribed. natural
feedback may assume higher or lower quan-
titative values, requiring lower or higher
resistance for stabilization. The rule is to
make the resistance used for stabilization as
high as practical, consistent with absence of
oscillation at the highest broadcast fre-
quency. One exception is that the resistor
may have to be even lower than that if there
is a strong local at a lower frequency, say,
between 1,500 and 1,000 ke, for tuning 1in
that local on a receiver stabilized at 1,500
ke, no signal, may start oscillations by shock
excitation. Therefore stabilize at the fre-
quency of the strong local. This does not
applykto stations on frequencies lower than
C.

Sensitivity

The circuit is so extremely sensitive that
the four powerful local stations in the New
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Plate current curves, current in milliamperes, grid voltages in volts, taken

with three different values of screen resistor returned to 230 volts. The

plate load, likewise returned, was 0.28 meg. Curve A is for 8 meg., Curve

B, the preferred one, is for 6.47 meg., and Curve C for 4.12 meg. Curve

B is used in the Five-Tube Diamond, so 0.1 ma plate current equals 4
volt negative bias.

York area, WEAF, WOR, WJZ and
WABC, were tuned in, with satisfactory vol-
ume, using no aerial other than the wire
connecting the volume control to the antenna
coil, being 9 inches Jong. Since such pickup
is not desired, this lead should be shielded
wire, insulation 0.5 diameter, shield
grounded,

On a three-foot aerial, consisting of a piece
of wire dropped from antenna binding post
to floor, all stations brought in had adequate
volume, and Windsor was one of them,
However, due to the control of the input
it is practical to use any aerial that you
have, long or short, for in effect ¥ou
lengthen or shorten it, in a coupling sense,
by potentiometer adjustment. The point
is that you don't have to erect an aerial to
work this set. A good ground is helpiul.
but with a 3-foot aerial as described. and no
ground, results were good. It is not recom-
mended that the ground be omitted.

A report has been rendered on the voltage
delivered to the detector of the Four-Tube
A-C 1933 Diamond of the Air {lat week,
issue of September 24th), for WMCA, 570
kc: WEAF, 660 kc; WOR, 710 ke and
WABC, 860 kc. The respective voltages
were 0.2, 4.8, 638, 46 and 44, On the score
of sensitivity the present five-tube model is
considerably more sensitive at the lower
radio frequencies, but no more sensitive on
the higher radio frequencies. The selectivity
is better at all frequencies, as is to be ex-
pected, since there is an extra tuned stage.

Detector Signal Voltages

Whereas for WMCA the detector voltage
on the smaller set was 0.2 volt, on the pres-
ent model it was 3.8 volt, or nincteen times
as great. This is almost at the low fre-
quency extreme of the broadcast band,

However, 90 ke higher, at WEAF, the volt-
age was 4.8 as compared to 1 in the four-
tube model, a gain of 4.8 compared to 19
previously, or only about 25 per cent. of the
gain at this frequency compared to the gain
at the other, Then for WOR the available
figures are, five-tube, 6.8 volts, four-tube,
5 volts, a gain of 1.36, whercas for WABC
the detector input voltages of the two are
the same, 4.4 volts.

In making the measurements the detector
tubes in the receivers under discussion were
used as vacuum tube voltmeters. For the
4-tube model the aerial was 20 feet, fed 1o
the first cotl through 20 mmid  series
capacity, in the other instance 3 fect, fed
directly, the volume control &t maximum

The 6.8-volt figure cited for WOR is an
approximation, as the signal {ed to the de-
tector exceeded the bias voltage, and the
tube was saturated. Since a voltage excecd-
ing the no-signal bias voltage can not be
read directly by this system, the excess was
taken as the voltage reading cqual to the
current reduction due to saturation. That
i3, with volume control Jess than full-on the
maximum reading obtained. Then the read-
ing was taken at full-on position, and cur-
rent was Jess, and the voltage equivalent
was added, on the theory that it approxi-
mated the excess of the bias voltage.

Detector Adjustment

The necessity of having the detector work-
ing at its desired no-signal point has been
stressed in previous discussions, and in the
present receiver the detector may he regarderd
as operating at its best point when the plate
current is adjusted to 0.] ma.

There are only two load resistors, 025
meg. in the plate circuit, and 50 meg. in

(Contisued on next page)
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Two curves of the screen characteristics of the 57 detector, plate load 0.28

meg., screen load 6.47 meg.,
grid bias (EgV)

both resistors returned to 230 volts.
voltages are on the abscissa. The curve from upper

The

right to lower left shows screen current (Isc) in milliamperes, the one

from upper right to lower

left effective screen voltages (Eeff) due to

changing voltage drops in the 6.47 meg. The l.inearity .of these curves is

remarkable. At the 4 volts negative bias used in the Five-Tube Dlan.lond

the effective screen voltage is higher than shown because the load resistor
' is less.

(Continued from preceding page)
the screen circuit, but these should be
checked, so that you can feel certain that
their values are within the 10 per cent. toler-
ance. In the case of the screen resistor,
whether it is 5 meg. or not will largely de-
cide what the actual operating point is. I
it is 4,720,000 ohms the current will be 315
microamperes in the screen circuit, if the
plate load and B voltage are standard, and
plate current adjusted to 0.1 ma, no signal.

Resistance Measurement

The question will arise, how can one
measure the value of these high resistors?
If you have a fairly good voltmeter you can
do it, provided the meter reads 250 volts or
more. Here is the way: Connect one side
of the unknown resistor to maximum B plus,
connect the other side of the resistor to one
side of your meter, with meter at the high-
voltage scale, and other side of the meter to
grounded B minus. If the needle moves
downward, reverse the meter connections.

Now read the meter and determine the
current, Since you should know the sensi-

tivity of your meter you know its full-scale
deflection current. For 2,000 ohms per volt
it is 0.5 ma. for 1,000 ohms per volt it is
1.0 :ma, for 500 ohms per volt it is 2.0 ma,
etc. The proportion of the reading now
afforded to the entire scale gives the cur-
rent, which is directly proportionate to the
scale reading at all times on these d-c in-
struments. Suppose the reading is 5 on a
500-volt scale having 100 main diisions, 1,000
ohms per volt. Then the current is 5 per
cent. of 1.0 ma, or 50 mca. The meter has
500,000 ohms as multiplier in series with it,
so the unknown resistance in ohms equals
500,000 ohms less than the voltage in volts
divided by the current in amperes. Let us
see what the answer is. The voltage is the
total across the circuit, 250 volts. The cur-
rent in amperes 0.00005, so dividing the
voltage by the current we get 25,000,000
divided by 5, or 5,000,000. Subtract 500,000
and the answer is the value of the unknown
resistance, 4.5 meg. It should not be lower
than this, by the way.

The screen resistor should not be as low
as 2 meg., for then the screen voltage is too

high and the curve becomes erratic. The
tonal effect is bad attenuation of the low
notes, and the sensitivity effect is great
sensitivity to strong signals, no sensitivify
to weak ones. Be sure to use at least 4.5
meg. actual value, and if the resistor is
higher than 5 meg., say by 1 meg. or so,
this is all right.

Concentrate on Detector Current

A resistance value of 4,720,000 ohms was
obtained from a stock metallized pigtail re-
sistor of 5 meg. rated value, well within the
10 per cent. tolerance, you see, and more-
over the resistance value has changed less
than 2,000 ohms in three months of consid-
erable use. Moreover, the resistance value
changed less than 1 per cent. when two cur-
rents used in the measurement were as
diverse as 1.5 ma and 0.000015 ma.

Bias May Be 4 Volts Actually

The detector adjustment to 0.1 ma plate
current can be made at the biasing resistor
that serves the three tubes. It is quite sat-
isfactory to use such a common biasing re-
sistor, even if the full 6 volts usually cited
does not apply, that is, even if the voltage
is somewhat less.

As all who have checked the 57 tube’s
characteristic must know, the voltages some-
what less than 6 afford more sensitive detec-
tion, therefore may be used, if the volume
control is ahead of the detector. In the
present instance, when the plate current
was thus limited, the biasing resistor was
175 ohms, and through it flowed 21 ma (all
plate and screen currents of tuner), hence
the biasing voltage actually was 4 volts.
The point should be borne in mind, more-
over, that the standard recommendation for
detection using the 57 tube is that the plate
load be 0.25 meg., the screen voltage 100,
and the- plate current then adjusted to 0.1
ma. The actual voltage for biasing is not
specifically recommended for arriving at the
determination, but it is remarked that this
voltage is approximately 6. If the screen
voltage is higher than 100 volts, as it may
be in the present set, the 0.1 ma point on
the curve would coincide with a lower value
of bias than 6 volts, as explained.

Resistance Selection

While the recommendation is made that
the plate current in the detector be ad-
justed to 0.1 ma, since definite values of re-
sistance are stated, the question arises as to
how the adjustment is to be made. The an-
swer is principally that there should be no
need for adjustment, for duplicated tests re-
sulted in just 0.1 ma when the voltages,
loads etc., were as stated on the diagram.
However, if it is desired to increase the
plate current in the detector, because less
than 0.1 ma, then another resistor, consider-
ably higher, may be placed in parallel with
the 175 ohms. This would be required only
if the commercial value of 175 ohms actually
happens to be too much in excess. Of if
you have the proper resistance simply put
it in. If the resistance has to be raised, to
increase the bias and reduce the plate cur-
rent because that current exceeds 0.1 ma,
then another resistance may be placed in
series with the one marked 175 ohms until
the correct plate current flows.

The set will work all right even if you
don’t check up on this, provided the resist-
ors have been measured and found within
the 10 per cent. tolerance. However; total
absence of any checkup in either respect
entails certain risks of not attaining per-
formance of the high standard of which this
receiver is capable.

Currents as Measured

The currents in screens and plates of the
r-f tubes become unimportant since they are
affected by the same biasing resistor that
controls the detector, and the adjustment is
made, or condition developed, on the basis
of the detector requirement. Nevertheless
the total of these currents was measured and
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amounted to 20.8 milliamperes. The detec- ‘5 A A=, + e -
tor’s contribution was too small to be read 00 3= Se== =5 e

of itself on the coarser meter used for E= = g

measuring milliamperes. The screens of the 700 = : =

two tubes fed through the 0.025 meg. resis- e e e o e =

tor, drew 4 ma, or assumptively 2 ma — :

each, and the plates therefore 8.4 ma each. 900

The pentode plate current was 30 ma, the
pentode screen current for some reason not
apparent, was 2.5 ma.

No Trimming Condensers Used

The tuning curve. runs from 1520 to 500
ke, or 197.4 to 600 meters, and is reproduced
herewith.

The present circuit permits tight coupling
of antenna to the first coil, and therefore,
as a general statement, the first tuned circuit
then will not do much discriminating for
more than an average of, say, 50 kc, hence
need not be trimmed, whereas . the two fol-
lowing circuits, using an excellent condenser,
with brass plates soldered to tested posi-
tions, and with secondaries matched to 0.6
microhenry for their rated 240 microhenry
inductance, the resonance condition prevails
all through the scale in the two succeeding
circuits mainly depended on for the selec-
tivity. However, it is quite all right to use
trimmers throughout, and in general prefer-
able to do so.

= The Tuning Curve

In reading the tuning curve observe that
the plotting paper used. is semi-logarith-
mic, with abscissa or base line divided into
50 equal parts for the 100 scale divisions,
two dial divisions to one scale division at
the bottom or horizontal line. However, the
ordinate, or perpendicular, denoting fre-
quencies, has 10 kc separation between 1500
and 1300 ke, but 20 kc separation for the rest

of the scale. If you use the official coils -

and condenser therefore you can determine
the frequency from this curve by locating
the dial setting, following the dial line up-
ward to the point of intersection with the
curve, and following the horizontal line from
that point to the left to ascertain frequency.
Due to the limited size of the engraving and
the comparative thickness of the curve line
it is not possible to attain extreme precision
on the curve, but it will be substantially cor-
rect.

Regarding reading 0.1 ma on a 0-1 ma,
since some of these meters have 0-5 main
scale divisions, each division in 10 equal
parts, be careful then to read 20 ma for each
integral division, so that 0.1 ma would be
read at the fifth integral division from ex-
treme left,

Plate Current-Grid Voltage Curves

Three characteristic curves are given of
the plate current-grid voltage characteristic
with three different values of screen re-
sistor. Curve B shows the best detecting
characteristic, so far as this can be gleaned
from static curves such as these, although
the assumption was verified experimentally
with the aid of an output meter.

These curves show principally that the
value of the screen resistor is rather crit-
ical, hence the resistor should be measured,
by the method already outlined or by other
means, to see that it does not depart too
much from the recommended value. Be-
cause the resistance is so high commercial
resistors may be quite different in ohmic
value from the color code or imprinted
value. Indeed, all three resistors used-—and
note their diversity—were marked § meg.
by the manufacturers. If the resistance is
too low-build it up with series resistors, if
it is too high select a resistor more nearly
of the prescribed value,

Gradual Change

The 0.1, ma plate current reading on
curve B coincides with 4 volts negative bias,
the most sensitive point and the one finally
chosen for the Five-Tube Diamond. A par-
ticularly attractive feature of this curve is
tl}at the current changes gradually at ‘low
bias va!ues, corresponding to high signal
vpltage input, offsetting to a degree the rela-
tively low negative bias at the operating
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The tuning curve of the 5-tube Diamond, frequencies at left, dial settings
on base line. The curve ends at 500 kc at on extreme, 1520 kc at the other.

point (0.1 ma at no signal, 4 volts negative
bias.)

Curve A is entirely too irregular to be
dependable or to insure quality, and like
curve C does not develop as great sensitiv-
ity. Curve B is preferable from virtually
all viewpoints.

Screen Curves

Not only does the plate current change
with the grid bias but so does the screen
current. If anything, the change in screen
current is more regular. The two curves
on one piece of plotting paper show the
changes in screen current, upper right to
lower left, to be read in milliamperes at
the right ordinate, and the change in effec-
tive screen voltage due to the change of cur-
rent through the screen load resistor of
6.47 meg., the effective screen voltages at
left ordinate. The plate load was (.28 meg.

The screen current changes from 47
microampéres to 5 microamperes, and as
5 microamperes coincides with 12 volts
negative bias, and we know from Ep-Ig
curves that the plate current cuts off a little
beyond that, we can realize that there is
still some screen current flowing after the
plate current has stopped.

The triangles formed by the ordinate at
one side, and two sides, one taken from one
curve and one from the other, are approxi-
mately equal. The linearity of both total
curves is particularly good, although there
is admittedly a slight error at lower part
of the Eeff curve (page 10).

Low Screen Voltage

When we select the operating point of 4
volts negative bias, no signal, we find 31.5
microamperes flowing in the screen circuit,
and the effective screen voltage may be low.
In the case of the *24 tube we have been ac-
customed to the recommendation of such,
a low screen voltage, because of the sec-
ondary emission condition, but in the 57 we
were not led to expect that a low screen
voltage would make for such excellently
sensitive detection.

It was the effective screen voltage that
principally affected the Ip-Eg curves ai-
ready discussed, and the two curves showing
screen conditions are based on the selection
of the most appropriate resistor values, com-
mercially 025 meg. in the plate circuit 5
meg. in the screen circuit, corresponding to
the closer values used, e.g., 0.28 meg. plate
load, 6.47 meg. screen load, used experi-
mentally. The screen performance is even

better than the plate characteristic, which
affords something to think about.

The curves will prove interesting to those
who are especially interested in tube per-
formance, for the Ip-Eg curves on the 57
have not been given much attention, and
were lacking from the official data released
just prior to the offering of the tubes to the
public. Of course the curves could be re-
constructed from other official curves
(Ip-Ep), but, again, those curves represent
usually battery operation throughout, and do
not show the series resistor effect of screem
loads particularly.

Results Assured

As to those interested only in building the
set, the curves at least tend to confirm the
basis of choice of voltage values and con-
stants affecting the detector. While there
has been some departure from orthodox
recommendations, it is always backed up
with experimental findings and also occa-
sionally with actual curves, so it must be
obvious that the circuit has been painstak-
ingly prepared.

It is not assumed, but rather denied, that
the best manner of using the 57 as detector
is actually well known now, but circuits
now being presented do not dffer any better
tonal and sensitivity results from this de-
tector, in fact, the present use is deemed to
be the most effective one so far. Construc-
tors therefore are asked to follow the rec-
ommendations as given, and these will be
found embodied in the diagram of the cir-
cuit. Whole-hearted satisfaction with re-
sults will follow as an inevitable conse-
quence.

WAT’GE. IN WATTS

T
RESISTOR COLOR CODE Ei g
<

‘Ohms Megohms Body Dot End 4
175 0.00025 Brown Brown Violet 0.64 1,

-]

1200 0.0012 Brown Red Red L 1.0
25,000 0.025 Red Orange Green 0.192 1.0
250,000 0.25 Red  Yellow Green 0.0025 1.0
2,000,000 2.0 Red Green Black —— 1.0
*5,000,000 5.0  Green Green Black 0.0726 1.0
**5,000,000 5.0 Green Green Black — 10

* Detector screen resistor

** Pentode grid resistor.

[This is the second instalment of ‘the
article on the construction of the Five-Tube
A-C Diamond of the Air. The third ‘and
final instalment, with full scale picture dia-
gram, will be published next week, issue of
October 8th—FEprror.}
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1520 to 500 kc. on 5-Tube Diamond'

BIG HOP ON

IGH WAVE

Tuning Curve of Highly Sensitive Receiver
By Herman Bernard

.,”l

The voltages that can not be read accurately on meters drawing current from
The figures in parentheses are the actual voltages.

taken, as were the other meter-measured voltages, on a 1000-ohms-per-volt voltmeter,

and the detector plate voltage (225).

volts full scale for the lower readings, the most legible scale selected.

REQUENTLY complaint is heard that

a tuned radio frequency set is not selec-

tive enough, volume satisfactory; or that
it is selective enough, but volume is unsatis-
factory at the lower radio frequencies. The
factors that make the volume satisfactory are
the rather close coupling of aerial to antenna
coil, large primaries on the r-f transformers,
and application of rated voltages to the tubes.
The tuner alone is being considered.

For instance, normally a five-tube t-r-f
set will not bring in Windsor, Ont,, Canada,
550 ke, in New York City with sufficient
volume, if at all, unless the aerial is made
extraordinarily long, and closely coupled to
the antenna coil. If those conditions exist
the selectivity will not be adequate at higher
frequencies, because the practical selectivity
depends considerably on the degree of coup-
ling, whether in antenna stage or subsequent
stages.

Antenna Series Condenser

Therefore it has been found very advan-
tageous to include a series condenser in the
aerial circuit, manually operated, and which
may be used. for effectively regulating the
antenna input. Since really the object is to
afford tighter coupling at the lower radio
frequencies, the condenser may be set at
minimum capacity for the high radio fre-
quencies, and then there will be no dqtunmg
effect. Of course when full capacity is used
there is some detuning, but it is small be-
cause the frequency is low, and it so happens
that it can be corrected by the manual vol-
ume control, because the effect of this resist-
ance on frequency, also small, is in the oppo-
site direction. It could be arranged also
as a local-distance switch.

Heretofore we have been concentrating on
inductance and capacity in regard to fre-
quency determination, but it is time that re-

sistance be considered, also, as it is a fre-
quency factor.

The result is that Windsor comes in very
well indeed, and there is no interference be-
tween it and a local station 20 kc removed,
i.e, WMCA, 570 kc. Then when the series
condenser is at minimum there is no trouble
either at the high frequency end. The small
capacity of the minimum setting of the an-
tenna series condenser is sufficient for coup-
ling to almost any aerial for {frequencies
above 800 ke.

However, the same effect is gained by
resistance control of the antenna input, and
as detuning is less that method has been
adopted. »

There is no intentional oscillation control
in the receiver, as one of the first consider-
ations in the Five-Tube 1933 A-C Diamond
of the Air is to have it squeal-proof. This
is accomplished with a single resistor of
0.0012 meg. (1,200 ohms). The value was
selected experimentally on the following

basis: the volume control was set at mini-

mum, which is virtually zero, and, starting
at 10,000 ohms, different resistors, 100 ohms
apart, were placed in this position in with
the receiver oscillating, until oscillation
stopped at 1500 ke.

Effect of Antenna Resistance

The reason it is necessary to stabilize the
receiver with volume control at no input is
that then no antenna resistance is intro-
duced. Antenna resistance, like resistance
elsewhere, acts as a damper on oscillation,
and therefore if the selection were made of
the stabilizing resistor on the basis of aug-
mented resistance from the aerial, as with
the volume control full on, when lesser vol-
ume was desired, since lesser antenna resist-
ance- would be introduced due to reduced
coupling, the receiver would squeal. )

When the circuit was discussed with a
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the measured source are the r-f (130) and detector screen (100) voltages
The respective meter readings of 60, 12 and 90 volts apparent were
500 volts full-scale deflection for high voltage readings, 50 and 5

friend who has built several sets, and his
attention was called to the stabilizing re-
sistor, by showing him the diagram depict-
ing it across part of the second transformer’s
secondary, he asked:

“But doesn’t a resistor in part of a tuned
circuit introduce a loss?”

He was thinking, no doubt, of the losses
resistors introduce in stable tuned circuits,
and was sympathetically concerned about the
possible ruin of an otherwise excellent set
by the introduction of some pet scheme that
would cause trouble. No doubt there is much
prejudice against resistance, due to the con-
stant drumming of the doctrine that the re-
sistance of the tuned circuit should be as low
as possible, its impedance as high as pos-
sible. Theoretically the impedance of reson-
ance is infinite. When a finite resistance is
placed across part or all of the tuned circuit
the precious delight of the theorist is of-
fended.

How to Stabilize

However, the answer to the query has
been given already, although not directly.
It has been stated that various lower values
of resistance beginning at 10,000 ohms were
tried, while the receiver, tuned to 1500 ke,
was oscillating. Now you really can’t hear
a station on any frequency at which a t-r-f
set is oscillating. So if you introduce some
part, be it a resistor or anything else, that
permits reception where there had been none,
certainly there is no loss but instead gain.
If the r-f resistance of the circuit is neg-
ative the circuit is inoperative for the
purpose intended-~reception of signals from
broadcasting stations—and the sole reason
for introducing the stabilizing resistance is
to effectuate a small positive value of resist-
ance, so there will not be any oscillation.

The value of 1,200 ohms was found most
suitable. but since it is to be expected that
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LIST OF PARTS
Coils

One tapped impedance coil for antenna’
stage, for 0.00035 mfd.

Two r-f transformers for interstage coup-
ler, for 0.00035 mfd, secondaries tapped.

One 60 ma. power transformer.

Condensers

One three-gang shielded 0.00035 mfd.

Two shielded blocks, three 0.1 mfd. in
each block (black leads are common, go
to ground).

One 0.002 mfd. mica fixed condenser.

One 0.01 mfd. mica fixed condenser.

Two 8 mfd. electrolytic condensers, ome
with two insulating washers and a
special connecting lug,

Resistors

One 10-ohm center-tapped.

One 175-ohm pigtail resistor.

Two 0.0012 meg. pigtail resistors (1,200
ohms).

Ome 0025-meg. pigtail resistor (25,000
ohms).

One 025 meg. potentiometer (250,000
ohms); insulating washers; a-c switch
built in.

One 2-meg. pigtail resistor.

One 5-meg. pigtail resistor.

Other Requirements

One chassis, 13% inches wide x 2% inches
high x 734 inches front to back.

One vernier dial, travelling light type,
with bracket and pilot lamp; dial reads,
left to right, 100 to 0.

Three knobs (one for dial, one for vol-
ume control-switch, one for antenna
series condenser).

One dynamic speaker, 1,800-ohm field
coil, tapped at 300 ohms; output trans-
former built in, has matched impedance
for ’47 tube.

One shelf 734 x 214 inches, with two
brackets.

Three six-spring, two five-spring (UY)
and one four-spring (UX) sockets. The
extra UY is for speaker plug.

One a-c cable and plug.

Three special aluminum shields for the 57
and 58 tubes.

One rubber grommet for a-c cable exit.

Three feet of shielded wire, 0.5” insula-
tion diameter.

Tubes required: one 57, two 58, one ’47
and one ’80.

some builders will use coils they wind them-
selves or have on hand, and will locate parts
a little differently than prescribed, natural
feedback may assume higher or lower quan-
titative values, requiring lower or higher
resistance for stabilization. The rule is to
make the resistance used for stabilization as
high ‘as practical, consistent with absence of
oscillation at the highest broadcast fre-
quency. One exception is that the resistor
may have to be even lower than that if there
1s a strong local at a lower frequency, say,
between 1,500 and 1,000 ke, for tuning in
that local on a receiver stabilized at 1,500
ke, no signal, may start oscillations by shock
excitation. Therefore stabilize at the fre-
quency of the strong local. This does not
apply to stations on frequencies lower than
1000 kc. :

Sensitivity

The circuit is so extremely sensitive that
the four powerful local stations in the New
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Plate current curves, current in milliamperes, grid voltages in volts, taken

with three different values of screen resistor returned to 230 volts. The

plate load, likewise returned, was 0.28 meg. Curve A is for 8 meg., Curve

B, the preferred one, is for 6.47 meg., and Curve C for 4.12 meg. Curve

B is used in the Five-Tube Diamond, so 0.1 ma plate current equals 4
volt negative bias.

York area, WEAF, WOR, WJZ and
WABC, were tuned in, with satisfactory vol-
ume, using no aerial other than the wire
connecting the volume control to the antenna
coil, being 9 inches long. Since such pickup
is not desired, this lead should be shielded
wire, insulation 0.5” diameter, shield
grounded.

On a three-foot aerial, consisting of a piece
of wire dropped from antenna binding post
to floor, all stations brought in had adequate
volume, and Windsor was one of them.
However, due to the control of the input
it is practical to use any aerial that you
have, long or short, for in effect you
lengthen or shorten it, in a coupling sense,
by potentiometer adjustment. The point
is that you don’t have to erect an aerial to
work this set. A good ground is helpful,
but with a 3-foot aerial as described, and no
ground, results were good, It is not recom-
mended that the ground be omitted.

A report has been rendered on the voltage
delivered to the detector of the Four-Tube
A-C 1933 Diamond of the Air (last week,
issue of September 24th), for WMCA, 570
ke; WEAF, 660 kc; WOR, 710 ke and
WABC, 860 kc. The respective voltages
were 0.2, 4.8, 6.8, 4.6 and 44. On the score
of sensitivity the present five-tube model is
considerably more sensitive at the lower
radio frequencies, but no more sensitive on
the higher radio frequencies. The selectivity
is better at all frequencies, as is to be ex-
pected, since there is an extra tuned stage.

Detector Signal Voltages

Whereas for WMCA the detector voltage
on the smaller set was 0.2 volt, on the pres-
ent model it was 3.8 volt, or nineteen times
as great. This is almost at the low {fre-

quency extreme of the broadcast band.

However, 90 kc higher, at WEAF, the volt-
age was 4.8 as compared to 1 in the four-
tube model, a gain of 4.8 compared to 19
previously, or only about 25 per cent. of the
gain at this frequency compared to the gain
at the other. Then for WOR the available
figures are, five-tube, 6.8 volts, four-tube,
5 volts, a gain of 1.36, whereas for WABC
the detector input voltages of the two are
the same, 4.4 volts.

In making the measurements the detector
tubes in the receivers under discussion were
used as vacuum tube voltmeters. For the
4-tube model the aerial was 20 feet, fed to
the first coil through 20 ‘mmfd. series
capacity, in the other - instance 3 feet, fed
directly, the volume control at maximum.

The 6.8-volt figure cited for WOR is an
approximation, as the signal fed to the de-
tector exceeded the bias voltage, and the
tube was saturated. Since a voltage exceed-
ing the no-signal bias voltage can not be
read directly by this system, the excess was
taken as the voltage reading equal to the
current reduction due to saturation. That
is, with volume control less than full-on the
maximum reading obtained. Then the read-
ing was taken at full-on position, and cur-
rent was less, and the voltage equivalent
was added, on the theory that it approxi-
mated the excess of the bias voltage.

Detector Adjustment

The necessity of having the detector work-
ing at its desired no-signal point has been
stressed in previous discussions, and in the
present receiver the detector may be regarded
as operating at its best point when the plate
current is adjusted to 0.1 ma.

There are only two load resistors, 0.25
meg. in the plate circuit, and 5.0 meg. in

(Continued on next page)
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Two curves of the screen characteristics of the 57 detector, plate load 0.28

meg., screen load 6.47 meg., both resistors returned to 230
grid bias (EgV) voltages are on the abscissa. e ¢
Jeft shows screen current (Isc) in milliamperes, the one

~ right to lower

from upper right to lower left effective
changing voltage drops in the 6.47 meg.

volts. The
The curve from upper

screen voltages (Eeff) due to
The linearity of these curves is

remarkable. At the 4 volts negative bias used in the Five-Tube Diamond
the effective screen voltage is higher than shown because the load resistor
' is less.

(Continued from preceding page)

the screen circuit, but these should be
checked, so that you can feel certain that
their values are within the 10 per cent. toler-
ance. In the case of the screen resistor,
whether it is 5 meg. or not will largely de-
cide what the actual operating point is.

it is 4,720,000 ohms the current will be 315
microamperes in the screen circuit, if the
plate load and B voltage are standard, and
plate current adjusted to 0.1 ma, no signal.

Resistance Measurement

The question will arise, how can one
measure the value of these high resistors?
If you have a fairly good voltmeter you can
doit, provided the meter reads 250 volts or
more. Here is the way: Connect one side
of the unknown resistor to maximum B plus,
connect the other side of the resistor to one
side of your meter, with meter at the high-
voltage scale, and other side of the meter to
grounded B minus. If the needle moves
downward, reverse the meter connections.

Now read the meter and determine the
current. Since you should know the sensi-

tivity of your meter you know its full-scale
deflection current. For 2,000 ohms per volt
it is 0.5 ma. for 1,000 ohms per volt it is
1.0 ma, for 500 ohms per volt it is 2.0 ma,
etc. The proportion of the reading now
afforded to the entire scale gives the cur-
rent, which is directly proportionate to the
scale reading at all times on these d-¢ in-
struments. Suppose the reading is 5 on a
500-volt scale having 100 main diisions, 1,000
ohms per volt. Then the current is 5 per
cent. of 1.0 ma, or 50 mca. The meter has
500,000 ohms as multiplier in series with it,
so the unknown resistance in ohms equals
500,000 ohms less than the voltage in volts
divided by the current in amperes. Let us
see what the answer is. The voltage is the
total across the circuit, 250 volts. The cur-
rent in amperes 0.00005, so dividing the
voltage by the current we get 25,000,000
divided by 5, or 5,000,000. Subtract 500,000
and the answer is the value of the unknown
resistance, 4.5 meg. It should not be lower
than this, by the way.

The screen resistor should not be as low
as 2 meg., for then the screen voltage is too

high and the curve becomes erratic. The
tonal effect is bad attenuation of the low
notes, and the sensitivity effect is great
sensitivity to strong signals, no sensitivity
to weak ones. Be sure to use at least 4.5
meg. actual value, and if the resistor is

* higher than 5 meg., say by 1 meg. or so,

this is all right.

Concentrate on Detector Current

A resistance value of 4,720,000 ohms was
obtained from a stock metallized pigtail re-
sistor of 5 meg. rated value, well within the
10 per cent. tolerance, you see, and more-
over the resistance value has changed less
than 2,000 ohms in three months of consid-
erable use. Moreover, the resistance value
changed less than 1 per cent. when two cur-
rents used in the measurement were as

diverse a5 1.5 ma and 0.000015 ma.

Bias May Be 4 Volts Actually

The detector adjustment to 0.1 ma plate
current can be made at the biasing resistor
that serves the three tubes. It is quite sat-
isfactory to use such a common biasing re-
sistor, even if the full 6 volts usually cited
does not apply, that is, even if the voltage
is somewhat less.

As all who have checked the 57 tube’s
characteristic ‘must know, the voltages some-
what less than 6 afford more sensitive detec-
ticn, therefore may be used, if the volume
control is ahead of the detector. In the
present instance, when the plate current
was thus limited, the biasing resistor was
175 ohms, and through it flowed 21 ma (all
plate and screen currents of tuner), hence
the biasing voltage actually was 4 volts.
The point should be borne in mind, more-
over, that the standard recommendation for
detection using the 57 tube is that the plate
load be 0.25 meg., the screen voltage 100,
and the- plate current then adjusted to 0.1
ma. The actual voltage for biasing is not
specifically recommended for arriving at the
determination, but it is remarked that this
voltage is approximately 6. If the screen
voltage is higher than 100 volts, as it may
be in the present set, the 0.1 ma point on
the curve would coincide with a lower value
of bias than 6 volts, as explained.

Resistance Selection

While the recommendation is made that
the plate current in the detector be ad-
justed to 0.1 ma. since definite values of re-
sistance are stated, the question arises as to
how the adjustment is to be made. The an-
swer is principally that there should be no
need for adjustment, for duplicated tests re-
sulted in just 0.1 ma when the voltages,
loads etc.,, were as stated on the diagram.
However, if it is desired to increase the
plate current in the detector, because less
than 0.1 ma, then another resistor, consider-
ably higher, may be placed in parallel with
the 175 ohms. This would be required only
if the commercial value of 175 ohms actually
happens to be too much in excess. Of if
you have the proper resistance simply put
it in. If the resistance has to be raised, to
increase the bias and reduce the plate cur-
rent because that current exceeds 0.1 ma,
then another resistance may be placed in
series with the one marked 175 ohms until
the correct plate current flows.

The set will work all right even if you
don’t check up on this, provided the resist-
ors have been measured and found within
the 10 per cent. tolerance. However, total
absence of any checkup in either respect
entails certain risks of not attaining per-
formance of the high standard of which this
receiver is capable.

Currents as Measured

The currents in screens and plates of the
r-f tubes become unimportant since they are
affected by the same biasing resistor that
controls the detector, and the adjustment is
made, or condition developed, on the basis
of the detector requirement. Nevertheless
the total of these currents was measured and

o
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amounted to 20.8 milliamperes. The detec-
tor’s contribution was too small to be read
of itself on the coarser meter used for
measuring milliamperes. The screens of the
two tubes fed through the 0.025 meg. resis-
tor, drew 4 ma, or assumptively 2 ma
each, and the plates therefore 8.4 ma each.
The pentode plate current was 30 ma, the
pentode screen current for some reason not
apparent, was 2.5 ma.

No Trimming Condensers Used

The tuning curve runs from 1520 to 500
ke, or 197.4 to 600 meters, and is reproduced
herewith,

The present circuit permits tight coupling
of antenna to the first coil, and therefore,
as a general statement, the first tuned circuit

then will not do much discriminating for

more than an average of, say, 50 kc, hence
need not be trimmed, whereas the two fol-
lowing circuits, using an excellent condenser,
with brass plates soldered to tested posi-
tions, and with secondaries matched to 0.6
microhenry for their rated 240 microhenry
inductance, the resonance condition prevails
all through the scale in the two succeeding
circuits mainly depended on for the selec-
tivity. However, it is quite all right to use
trimmers throughout, and in general prefer-
able to do so.

The Tuning Curve

In reading the tuning curve observe that
the plotting paper used is semi-logarith-
mic, with abscissa or base line divided into
50 equal parts for the 100 scale divisions,
two dial divisions to one scale division .at
the bottom or horizontal line. However, the
ordinate, or perpendicular, denoting fre-
quencies, has 10 kc separation between 1500
and 1300 ke, but 20 ke separation for the rest
of the scale.
and condenser therefore you can determine
the frequency from this curve by locating
the dial setting, following the dial line up-
ward to the point of intersection with the
curve, and following the horizontal line from
that point to the left to ascertain frequency.
Due to the limited size of the engraving and
the comparative thickness of the curve line
it is not possible to attain extreme precision
on the curve, but it will be substantially cor-
rect.

Regarding reading 0.1 ma on a 0-1 ma,
since some of these meters have 0-5 main
scale divisions, each division in 10 equal
parts, be careful then to read 20 ma for each
integral division, so that 0.1 ma would be
read at the fifth integral division from ex-
treme left.

Plate Current-Grid Voltage Curves

Three characteristic curves are given of
the plate current-grid voltage characteristic
with three different values of screen re-
sistor.  Curve B shows the best detecting
characteristic, so far as this can be gleaned
from static curves such as these, although
the assumption was verified experimentally
with the aid of an output meter.

These curves show principally that the
value of the screen resistor is rather crit-
ical, hence the resistor should be measured,
by the method already outlined or by other
means, to see that it does not depart too
much from the recommended value. Be-
cause the resistance is so high commercial
resistors may be quite different in ohmic
value from the color code or imprinted
value. Indeed, all three resistors used—and
note their diversity—were marked § meg,
by the manufacturers. If the resistance is
too low build it up with series resistors, if
1t 1 too high select a resistor more nearly
of the prescribed value,

Gradual Change

The 0.1 ma plate current reading on
curve B coincides with 4 volts negative bias,
the most sensitive point and the one finally
chosen for the Five-Tube Diamond. A par-
ticularly attractive feature of this curve is
t}}at the current changes gradually at low
bias val'ues, corresponding to high signal
voltage input] offsetting to a degree the rela-
tively low negative bias at the operating

If you use the official coils-

1

‘500 Frore

444

JURRA I

r i

700

il

900 frEEc =

1400 H+

1500

1500

i+ 40 20 30 40

{ 20 SR | S O

50 0 T0 80 9 400

The tuning curve of the 5-tube Diamond, frequencies at left, dial settings
on base line. The curve ends at 500 kc at on extreme, 1520 kc at the other.

point (0.1 ma at no signal, 4 volts negative
bias.)

Curve A is entirely too irregular to be
dependable or to insure quality, and like
curve C does not develop as great sensitiv-
ity. Curve B is preferable from virtually
all viewpoints.

Screen Curves

Not only does the plate current change
with the grid bias but so does the screen
current. If anything, the change in screen
current is more regular. The two curves
on one piece of plotting paper show the
changes in screen current, upper right to
lower left, to be read in milliamperes at
the right ordinate, and the change in effec-
tive screen voltage due to the change of cur-
rent through the screen load resistor of
6.47 meg., the effective screen voltages at
left ordinate. The plate load was 0.28 meg.

The screen current changes from 47
microamperes to 5 microamperes, and as
5 microamperes coincides with 12 volts
negative bias, and we know from Ep-Ig
curves that the plate current cuts off a little
beyond that, we can realize that there is
still some screen current flowing after the
plate current has stopped.

The triangles formed by the ordinate at
one side, and two sides, one taken from one
curve and one from the other, are approxi-
mately equal. The linearity of both total
curves is particularly good, although there
is admittedly a slight error at lower part
of the Eeff curve (page 10).

Low Screen Voltage

When we select the operating point of 4
volts negative bias, no signal, we find 31.5
microamperes flowing in the screen circuit,
and the effective screen voltage may be low.
In the case of the "24 tube we have been ac-
customed to the recommendation of such
a low screen voltage, because of the sec-
ondary emission condition, but in the 57 we
were not led to expect that a low screen
voltage would make for such excellently
sensitive detection.

It was the effective screen voltage thdt
principally affected the Ip-Eg curves ai-
ready discussed, and the two curves showing
screen conditions are based on the selection
of thga most appropriate resistor values, com-
mercially 025 meg. in the plate circuit 5
meg. in the screen circuit, corresponding to
the closer values used, e.g., 0.28 meg. plate
load, 6.47 meg. screen load, used experi-
mentally. The screen performance is even

better than the plate characteristic, which
affords something to think about.

The curves will prove interesting to those
who are especially interested in tube per-
formance, for the Ip-Eg curves on the 57
have not been given much attention, and
were lacking from the official data released
just prior to the offering of the tubes to the
public. Of course the curves could be re-
constructed from other official curves
(Ip-Ep), but, again, those curves represent
usually battery operation throughout, and do
not show the series resistor effect of screemr
loads particularly.

Results Assured

As to those interested only in building the
set, the curves at least tend to. confirm the
basis of choice of voltage values and con-
stants affecting the detector, While there
has been some departure from orthodox
recommendations, it is always backed up
with experimental findings and also occa-
sionally with actual curves, so it must be
obvious that the circuit has been painstak-
ingly prepared.

It is not assumed, but rather denied, that
the best manner of using the 57 as detector
s actually well known now, but circuits
now being presented do not offer any better
tonal and sensitivity results from this de-
tector, in fact, the present use is deemed to
be the most effective one so far, Construc-
tors therefore are asked to follow the rec-
ommendations as given, and these will be
found embodied in the diagram of the cir-
cuit. Whole-hearted satisfaction with re-
sults will follow as an inevitable conse-
quence,

WAT’GE. IN WATTS

T
RESISTOR COLOR CODE E|
"Obms Megohms Bodyv Dot End é
175 0.00025 Brown Brown Violet .
1200 0012 Brown Red = Red  —oF L0
25,000 0.025 Red  Orange Green 0192 19
250,000 6.25 Red Yellow Green 0.0025 19
2,000,000 2.0 Red  Green Black — 1.0
*5,000,000 5.0 Green Green Black 0.072 1.0
*¥5,000,000 5.0 Green Green Black —_. 1.0

* Detector screen resistor

** Pentode grid resistor.

[This is the second instalment of ‘the
article on the construction of the Five-Tube
A-C Diamond of the Air. The third ‘and
final instalment, with full scale Picture dia-
gram, will be published next week, issue of
October 8th—Eprtor.]
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‘heater type tubes.

superheterodyne utilizing the two-volt

battery tubes. A usual demand is that
the circuit be the most sensitive possible.
That is a very exacting specification and is
practically impossible to meet, for no cir-
cuit can be built that is so sensitive that
some other circuit still more sensitive can-
not be built. Let us see what can be done
with a S-tube circuit.

The first of these tubes might be a 232
mixer, the second a 230 oscillator, the third
a 234 intermediate frequency amplifier, the
fourth a 232 detector, and the fifth a 233
power amplifier.

This combination of tubes allows us to
use on r-f tuner in from of the first tube,
an oscillator tuner, two i-f transformers, and
a resistance coupler between the detector
and the power tube.

The Tuners

The first tuning coil consists of a single
winding with a 140 mmid. condenser across
it. The antenna is connected to the high
side of this tuner through a small variable
condenser that has a range from 100 mmfd.
to as near zero as possible. A knob on the
panel should be provided for this condenser
so that the capacity may be varied according
to the wave-length. By using a very small
value of this condenser the first tuned cir-
cuit will be highly selective and there will
be no appreciable loss in sensitivity as a re-
sult.

The oscillator coil contains three wind-
ings, one for the frequency-determining cir-
cuit, one for the tickler, and one for the
pick-up. The circuit is arranged so that
these -windings may be put on a form pro-
vided with a 5-prong base. Of course, a
six-prong base can be used also.

The intermediate transformers are ad-

MANY have asked for a short-wave

.justable to 450 kc and they are of the

doubly tuned type, that is, the two coils are
loosely coupled and both windings of each
transformer are tuned to 450 kc. These
transformers should be shielded well.

Modulator-Oscillator Coupling

Since the battery tubes do not have inde-
pendent cathodes we cannot put the pick-up
coil in the cathode lead, as is done with
The next best place to
put it is in the screen lead. But it is de-
sirable to arrange the circuit so that the
oscillator coil have as few terminals as pos-
sible, for that makes the problem of switch-
ing from one wave band to another simpler,
whether we use plug-in coils or switches. In
this circuit one side of the pick-up coil is

.grounded and the other is connected to the
. screen through a 100 mmid. condenser. The

screen voltage is applied through a small
r-f .choke coil of about 10 millihenries.

With this arrangement the oscillator coil
can be wound on a form provided with a 5-
prong base, (or i-prong) and if switches
are to be used for changing wave band there
are only three leads that need be switched.
Of course, that would be true even if the
oscillator coil had six terminals.

The antennacoil has only two terminals.
Hence for this we can use a four-prong
form. If we are to use a switch we need
only one for this coil. Hence if we are to
use switches throughout we need one hav-
ing four decks, one for the antenna coil and
three for the oscillator.

The Filament Circuit

All the tubes take 2 volts on the filaments.
In order to provide grid bias we use a 4.5

volt battery to supply the filaments. In the
negative filament lead of each of the two
232 and of the 234 and in the positive lead
of the oscillator a 25 ohm resistor is used
as ballast. Since the current is normally
0.02 ampere, the drop in the ballast will
be 1.5 volts. In the negative lead of the
power tube a 3 ohm ballast resistor is used,
and this too drops the voltage mearly 1.5
volts.

Now we have still another volt to drop,
and this is done with a common bias resistor
of 2 ohms, since the total current drawn
by the circuit is 0.5 ampere. The 2 ohm
ballast is placed with respect to the grid re-
turn of the first tube so that the drop is
part of the bias on that tube. Therefore
the bias on the first 232 is 2.5 volts.

In case a 4 volt storage battery is avail-
able for supplying the filament current it
may be used, but in this case the 2 ohm bal-
last resistor should be changed to one ohm.

No bias is used on the oscillator except
that due to the flow of grid current through
the 75,000 ohm grid leak.

The bias on the intermediate amplifier tube
is the sum of the drops in the 25 ohm ballast
and the used part of a 25 ohm rheostat.
This variable is used as volume control. It
varies the bias at the same time that it varies
the filament current.

The required bias on the 232 detector is
6 volts. Part of this is obtained from the
drop in the ballast resistor and part from
a grid battery. A grid battery is used be-
cause the power tube requires 13.5 volts and
it is better to supply this voltage with a bat-
tery than to take voltage from the plate cir-
cuit. The required voltage of the grid bat-
tery is 12 volts, for the bias resistance sup-
plies 1.5 volts. If this battery has a tap at
4.5 volts, the necessary bias for the detector
can be obtained.

Plate and Screen Voltages

The plate voltage on all the tubes, with
the exception of the oscillator, is 135 volts.
With this voltage on the plates the screen
voltage on the intermediate amplifier may
have any value from 67.5 to 90 volts. In
the circuit it is indicated as 67.5 volts. The
voltage on the oscillator may have any value
from 45 to 90 and for that reason the plate

Jattery Super

By J. E.

& . -

Ly (0,0004 MFD.
€| 400
= ]
Z| MMED.
0.4
MFD'.) A%
3

150004 |

1)
MMFD.

S
et AAAA N

WV

25

*é“i’t“qj 3
§

L fow

A- A+@5v)

The circuit
plu

- return of this tube is connected to the same

point as the screen of the intermediate am-
plifier. )

The screen voltage on the two detectors
should be less than the screen voltage on
the amplifier. Hence the appropriate binding
post is marked 22.5 volts. It may be raised
to 45 volts if that gives better results. It is
likely that a higher voltage than 22.5 will
give less sensitivity and that a lower voltage
will give greater, but there is no simple
way of getting it since ordinary B batteries
are not tapped at less than 22.5 volts. Drop-
ping the voltage by means of resistors is not
recommended.

It will be noted that the 2 ohm ballast
resistor separates the rotors of the two tun-
ing condensers. Thus it is not practical to

48 a New

The 48 is a power amplifier tetrode,
having pentode characteristics at the
recommended screen and plate voltages,
for use in supplying exceedingly large
power output from receivers designed for
operation on the 115-volt d-c power line.
This tetrode is exceptional in its ability to
deliver power at the low plate and screen
voltage obtainable in such service. Two
48's in a push-pull amplifier will supply
several times the power obtainable from
tubes hitherto available.

The large power-delivering ability of
the 48 is made practical by the unique fea-
tures of its electrical and structural de-
sign. Among these are the big cathode
with its large emitting surface, the con-
trol-grid structure with its heat radiator,
and the plate with a rib structure fastened
to its inner surface. The rib structure
serves to suppress the effects of secondary

=

ower Tub

(From RCA Radiotro

emission which limit the power output of
four-electrode screen-grid types.

The heater of the 48 is designed for
series operation at 30 volts d-c. It is pos=
sible, therefore, to operate the heaters of
two of these tubes in series with the heat-
ers of 6.3 volt types with a minimum of
auxiliary resistance in the heater circuit,
and with consequent reduction of heat-
energy to be dissipated in the receiver.

TENTATIVE RATING AND CHARACTERISTICS
OF THE 48

Heater Voltage (D-C

Heater Curregt )

Plate Voltage ...

Screen Voltage ..

30 Volts

0.4 Ampere
95  125*max. Volts
95 100 max. Volts -

Grid Voltage ...... —20  —22.5* Volts
Plate Current ............ 47 50 Milliamperes
Screext Current ........... 9 9 Milliamperes

Plate Resistance (approx,) 10000 10000 Ohms
Amplification Factor

(@approx.) ............ 084 28 28
Mutual Conductance ..... 2800 2800 Micromhos
Load Resistance .......... 2000 2000 Ohms

e e —— =
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I FIG. 1

f

wng the two condensers, since the rotors
ust be insulated from each other. Gang-
lig is not advisable anyway since it is not
Eactical to attempt to track them. Much

tter sensitivity will be obtained if the con-
iknsers are separately tuned.

i
. Plug-in Coils

Plug-in coils are recommended for the
lircuit because this will simplify wiring and
liher ‘construction. Also, plug-in coils can
jually be made more efficient, and this more
gtan compensates for the convenience of
king switches.

For tuning we have 140 mmid. condensers
ad the coverage should be from 1,500 kc
E‘P to about 20,000 kec. Also, the inter-

| five-tube short-wave superheterodyne designed for
jioils, battery operation, and two volt tubes.

mediate frequency is 450 kc. Hence the
oscillator should go from 1,950 kc to 20,450
ke. If we assume a minimum capacity in
the r-f circuit of 25 mmid. the capacity ratio
will be 165/25 and the frequency ratio will
be nearly 2.5. The frequency ratio of the
band to be covered is 13.3. Hence 3 coils
will be necessary to cover the band.

A set of commercial coils are available
that will fit this circuit. There are four
coils in the set for each function, that is,
four for the oscillator and four for the r-i.
The r-f coils are wound on forms provided
with four prongs and the oscillator coils on
forms provided with six. The four coils
are wound so with condenser specified the
coverage will be from below 1,500 kc to
considerably above 25,000 ke, and still there

g

j‘ower Output (9% total

% harmonic distortion) ... 2.5 Watts

ilaximum Overall Length 5%
aximum Diameter ...... 2-1/16”
UID  iieiriiieieieaaes ST-16

lase (Refer to Outline
Dwg. No. 928-4227)..... Medium 6-Pin
*Recommended conditions for operation with
xiliary C-battery which permits utilization of
il d-c power line woltage (110-125) for plate
bepply.

Installation

The base pins of the 48 fit the standard
ix-contact socket which may be installed
o operate the tube either in a vertical or
n a horizontal position. For horizontal
peration, the socket should be positioned

ith the plate pin opening at the top and
he cathode pin opening at the bottom or
rice versa. Base connections and external

’lDimensions of the 48 are given in Outline
Dwg. No. 925-4227.

C Electric Sets

The bulb of this tube will become very
hot under certain conditions of operation.
The surface temperature on the hottest
part of the bulb should not exceed 150° F.
as measured by a small thermo-couple.
Sufficient ventilation should be provided
so that air circulates freely around the
tube. .

The heater is designed to operate under
the normal conditions of line voltage va-
riation. Due to the heater-cathode design,
the heater voltage may range between 26
and 34 volts during line voltage fluctua-
tions without affecting to any great extent
the performance or serviceability of this
tube.

In a series-heater circuit employing
several 6.3 volt types and one or more
48’s, the heaters of the 48's should be
placed on the positive side. Under these
conditions, heater-cathode voltage must
not exceed the value given below.

LIST OF PARTS
Coils

L1—One set of four short-wave plug-in
coils on 4-prong bases.

T—One set of four short-wave oscillator
coils on 6-prong bases.

Two 450 kc intermediate frequency, trans-
formers, doubly tuned and shielded.

One 10 millihenry choke coil (800 turn
duolateral spool).

Condensers

One 100 mmfd. midget variable conden-
ser with knob.

Two 140 mmfd. tuning condensers with
slow motion dials.

One fixed 100 mmfd. condenser.

One 0.0001 mfd. condenser.

One 0.01 mfd. condenser.

One 250 mmfd. condenser.

One 0.1 mfd. by-pass condenser.

Three 625 mfd. by-pass condensers.

RESISTORS

Four 25 ohm ballast resistors.

One 6 ohm ballast resistor.

One 2 obhm ballast resistor.

One 25 ohm rheostat. |

One 75,000 ohm grid leak (Violet body,
orange dot, green end).

One 250,000 ohm resistor (Red body, yel-
low dot, green end).

One 0.5 megohm resistor (Green body,
yellow dot, black end).

Other Requirements

Sw—One filament switch (may be com-
bined with 25 ohm rheostat).

Four UX sockets.

One UY socket.

Three grid clips.

Nine binding posts.

Six No. 6 dry cells. i

Three 45 volt dry cell batteries for B

supply.

One 15 volt grid battery (two 7.5 volt
batteries in series). :

One magnetic or
speaker.

magnetic-dynamic

is ample overlap from one coil to the next.

These coils are wound on forms 1.25
inches in diameter and 2 inches high and
they are threaded so that the turns will stay
put. Moreover, each coil has a flange at
the top to aid in shifting so there is no
necessity ever to disturb the turns.

The Filament Supply

Since the circuit requires 0.5 ampere and
a single No. 6 dry cell will give at the most
0.25 ampere, there should be two such cells,
or more, in parallel. Also, since the voltage
required is 4.5 volts and once cell gives 1.5
volts, the battery requires three cells in
series.  Therefore the filament battery
should consist of 6 No. 6 dry cells connected
three in series and two in parallel.

The tuning of the intermediate frequency
amplifier may be done by ear since it is not
required that the frequency be exactly 450
kc. Tune the r-f and the occillator to any
strong signal that can be picked up. Make
the signal as strong as possible. Then with-
out touching the high frequency tuners ad-
just the tuned circuits in the intermediate
amplifier until the signal is as loud as pos-
sible. That is all that need be dome.

!
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you figure out what the resistance is? If
0, please let me have it?—]J. A. E., Kan-
sas City, Mo.

The problem is not quite complete be-
cause you did not give the current through
the resistor when the voltmeter is con-
nected as you said it was. If we may
assume that the current to the screen did
not change we can get the value of the
resistance as follows: The voltmeter takes
0.9 milliampere when connected and the
drop in it is 90 volts. Since the voltage
is 250 volts and 90 volts is dropped in the
meter, the voltage across the resistor is
160 volts. Now the current through the

Co
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Grounding the Series Condenser

WILL YOU kindly publish a circuit of
a superheterodyne containing seven or
eight tubes, with single or push-pull out-
put? I desire particularly a circuit with
175 kc intermediate and one in which the
series padding condenser is grounded. I
have been told that it is not good prac-
tice to ground this condenser when the
intermedjate frequency is much higher
than 175 kc. Is this correct?—J. H.,
Larchmont, N. Y.

You will find the circuit in Fig. 1032,
If the series condenser is grounded it must
be placed in series with the coil in such
a manner that the voltage drop across
only the variable condenser is impressed
on the circuit. For some frequencies the
series condenser and the inductance coil
will form a resonant shunt across the
tuning condenser, which might stop oscil-
lation, This is not likely to happen in
the range of the oscillator, but the os-
cillation might become weak at the low
frequencies. The arrangement works all
right when the intermediate frequency is

175 ke.
* x %

Electrical Music Instruments

FOR SOME TIME I have been con-
sidering the construction of a combination
musical instrument that will contain a ra-
dio receiver, a phonograph, and a stringed
instrument that may be played with a key-
board. 1 bhave in mind starting with a
miniature piano. I would have no diffi-
culty with the radio and phonograph be-
cause I have already built many of them
singly and in combination. But I am
doubt{ul about the piano part. What [
want to do is to use the keys for actuat-
ing the strings but I want to pick up the
vibrations of the strings with some kind of
electrical pick-up and then play through
the loudspeaker. What do you think of
the practicability of the scheme?—W, H.
A., New York, N. Y.

As you say, there is no difficulty about
the radio-phonograph combination. There
is no great difficulty about picking up the
string vibrations electrically either. You
can arrange a tiny pick-up and place its
pole pieces near the vibrating string of
the piano. A steel string vibrating be-
tween the pole pieces of the magnet would
induce a voltage in the winding and this
voltage could be impressed on the grid of
an amplifier tube. No doubt, you would

When the intermediate frequency in
a superheterodyne is 175 k¢ it is
practical to connect the series con-
denser so that it can be grounded,
as has been done in this circuit.

have to have one pick-up for each string,
but there need be nothing complicated or
costly about each one. Perhaps the great-
est difficulty will be in getting 3ll the volt-
age on the same grid, or on a few grids.
You can connect windings in series if
there are not too many of them or you
can connect in parallel under certain con-
ditions. Incidentally, instruments of this
kind are commercial actualities in foreign
countries. It would seem that it would be
better, from the point of view of novelty
at least, to arrange an Instrument with
entirely new tonal characteristics. Instead
of using vibrating piano strings, you could
use vibrating reeds, which could be put in
much smaller space. These could be set
in motion by striking or by electrical
means. The possibilities along this line
are unlimited, because anything that will
give off a musical tone can be used as a
vibrator. This includes purely electrical
oscillator, mechanical vibrators, electro-
mechanical vibrators, and purely synthetic
vibrators. By synthetic we mean the re-
production as sound arbitrary waves re-
corded on film or on phonograph records.
Synthetic vibrations may be given any
desired timbre by selecting the proper
wave form. The chirp of a cricket could
be recorded and out of the one sound the
entire musical scale could be reconstructed
by recording at different speeds according
to the requirements of the musical scale.
The same could be done with any other
vatura) sounds that have a musical quality.
* x x

Determining Resistance

IN MY receiver I have a high resistance
in one of the screen leads, but I do not
know the value. T have been trying to
measure it by means of 3 voltmeter and
an milliammeter but so far I have not got
any consistent results. The resistor is
connected to a voltage of 250 volts and
the current through the resistance is 0.8
milliamperes. When I connect a 1,000
ohms per volt meter from the screen to
B minus I get a reading of 90 volts. Full
scale is 100 volts. From these data can
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FIG. 1032 resistor when the voltmeter is connected

is 0.9 plus 0.8, or 1.7 milliampere. Hence
the resistance is 160/0.0017, or 94,200 ohms.
Since the meter draws more current than
the screen, it is clear that the voltage on
the screen is considerably higher when
the meter is not connected. That is the
reason the screen current may change
when the meter is put across the resistor.
This method of obtaining the value of
the resistance is only fairly accurate when
the meter across it takes a very small
current. As an illustration, suppose that
the voltmeter takes only 0.09 milliamperes
when the voltage is 90 volts, and the cur-

rent through the screen resistor is the

same as before, namely, 0.8 milliamperes.
In this case the total current through the
resistance when the voltage across it is
160 volts is 0.89 milliampere. Then the
value of the resistance would turn out to
be 180,000 ohms. This is nearly twice as
great as the preceding value, and that
value is correct only in case the screen
current did not change when the volt-
meter was connected. To get a better
value remove the screen grid tube so that
no current can flow. Then connect the
voltmeter from the screen end of the re-
sistor to ground. Now we can get the
resistance accurately, Suppose now that
the voltmeter reads 90 volts, the full scale
reading being 100 volts. Then the voltage
drop in the resistance is 160 volts and the
current through it is the same as the cur-
rent through the voltmeter, namely, 09
milliampere. Therefore the resistance
would be 160/0.0009, or 178,000 ohms. In
case the full-scale reading of the volt-
meter had been 500 volts instead of 100
volts, and the voltage had been 90 volts,
the current would have been 0.18 milliam-
pere and the resistance 890,000 ohms.
* * *

Cause of Blue Glow

ONE of the power tubes, a 245, in my
receiver is all blue inside and since that
happened the set has not played. What
is the cause of the blue color and what
can I do to remedy it? Incidentally, I
have had all the tubes tested and they
i{eYaJl right—L. M. M., Jamaica, L. [,

The blue glow is undoubtedly due to the
presence of gas in the tube. First switch
the two 245s around and note whether the
same tube behaves the same way in both
sockets. By this test you can tell whether
the tube is at fault or the circuit. If you
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find that the same tube behaves the same
way in both sockets and the other tube
is all right in both, get a new tube. Of
course, if you have an extra 245 the quick-
est test is to put in the new tube in place
of the one that is blue. .Be ready with
the switch to turn the power off in case
that too turns blue, for then the fault is

in the circuit.

Frequencly of Audio Oscillators

THE CALCULATED frequency of an
audio oscillator which I built is about 200
cycles per second but the actual frequency
obtained is around 15 cycles per second.
What do you think is the cause of the
widé discrepancy? For transformer I use
a 35 to one audio transformer, tuning

‘the smaller winding—M. C., New York,

N. Y. .

The most likely cause of the wide dis-
crepancy is that the frequency is deter-
mined by the larger winding despite the
fact that this is not tuned intentionally.
There is considerable distributed capacity
across this winding. This trouble often
happens. There is also the possibility that
the inductance of the intentionally tuned
winding is much higher than what it is
supposed to be. Moreover, the smaller
winding also has distributed capacity so
even if the inductance were right the fre-
quency generated would be much lower
than the calculated value.

%k Xk

Circuit Insensitive

I BUILT one of the eight tube auto-
mobile superheterodynes, but it is not as
sensitive as I expected it would be, judging
by the results of an equal circuit built by
a friend of mine. The tracking is all right
and the peaking of the intermediates
seems to be all right too. Can you sug-
gest a possible reason for the lack of
sensitivity ?—B. F. J., Detroit, Mich.

There are many possibilities. Perhaps
all the tubes are not up to standard. It
may be that you have the bias wrong. Or
the effective filament voltage may not be
quite high enough due to drop in the leads.
Still another possibility is that the loud-
speaker is insensitive. However, first of
all, check the limiting bias on the r-f and
i-f amplifiers. Sometimes the bias resis-
tance is much too high so that the low-
est bias is around 6 volts instead of 1.5 or

3 volts.
* % %

Effect of Automatic Volume
Control

DOES an automatic volume control
make a set less sensitive on weak signals?
If so, is there any way of overcoming
this? Will you please make suggestions?
—F. W. L., Atlantic City, N. J.

Since an automatic volume control op-
erates on the grid bias and ‘the sensitivity
depends on the bias, it is possible to ar-
range the circuit so that at no signal the
circuit is just as sensitive when there is
an automatic volume control as when
there is none. As soon as a signal comes
in the circuit becomes less sensitive, but
the effect is not great until the signal be-
comes very strong. The circuit would
seem less sensitive at all volumes but this
does not mean that the same number of
stations cannot be received. It means
that strong signals cannot be received
with the same strength, and that is just
the purpose of automatic volume control.
Of course, it is easy to arrange the circuit
so that the sensitivity is actually less on
weak signals as well as on strong. In
that case there would be a reduction in
the number of stations that could be re-
ceived. i

¥ %k ok
Common Bias Versus Sepdrate

'SOME circuits show a common bias re-
sistor for two or more tubes while others

show one -resistor for each tube. Which
is the better method?—C. W. O’'B., Bos-
ton, Mass. Y

As a rule, it is better to have one bias
resistor for each tube, with a separate
condenser for each ‘resistor. Of course,
this method of construction makes the
set cost more, but in most cases the extra
cost is well worth while. However, there
are cases where a combination is bétter
electrically. Suppose, for example, that
the bias resistance is very high and that
the current through it is exceedingly small,
which happens in resistance. coupled audio
amplifiers and in grid bias detection. In
such cases the reverse feedback is very
great and it requires a very large con-
denser across the bias resistor to reduce
this feedback. If the bias for the detector
is taken from .another bias resistor, in
whole or in a large part, there will be very
little reverse feedback because the part
contributed by the signal is a small part
of the total current in the bias resistor.
But this introduces another complication.
If the bias resistor serves an audio tube
this tube may feed back into the detector
and the resuit may be motorboating, or if
the phase is right, the feedback from the
audio tube may be in reverse too.

* ok k

Poor Quality

THE QUALITY of my receiver is very
poor on strong signals but on weak signals
it is all right. I have had the tubes tested
and they are all right. The sensitivity and
the selectivity are also very good. What
could cause the poor quality?—H. G., Bui-
falo, N. Y.

In view of the fact that the tubes and
the sensitivity are all right and that the
quality is good on weak signals it seems
that the trouble is due to overloading. This
is undoubtedly due to incorrect voltages.
First check up the grid bias on all the
tubes, particularly on the detector and the
audio tubes. Then check up on the plate
voltages, and finally, on the screen vol-
tages, if any screens are involved.

* kX

Design of Resistance Meters

HOW do you determine the limiting
resistance in a resistance meter and after
that the calibration of the current scale in
ohms?—W. W. L., Troy, N. Y.

First of all decide on -what meter to
use, that is, what the current is at full
scale. Then decide on the voltage you
want to use in series with the circuit. Sup-
pose the voltage is V and the full scale
current is I ampeéres. The limiting resis-
tance should be determined so that when
the circuit is completed with it, that is,
when the terminals of the unknown are
shorted, the reading of the meter should
be full scale. Thed limiting resistance is
Ro, we have Ro = V/I. Now in addition

to the limiting resistance we put in an
unknown resistance of Rx ohms, we have
by Ohm’s law, V = Ix (Ro + Rx), in
which Ix is the current flowing in the cir-
cuit when the unknown resistance is in
series. The total resistance in the circuit
is Ro 4- Rx. We can use the above for-
mula either for determining the current
for any given value of Rx or to find the
resistance Rx for any given value of cur-
rent. That is, we can find the resistance
for every division of the current scale, or
we can find the current for convenient
values of resistance. Let us illustrate the
use of the formulas. Suppose we have a
0O-1 milliammeter and we want to use a
voltage of 7.5 volts. Then V equals 7.5
volts and I equals 0.001 ampere. Hence the
limiting resistance should be 7.5/0.001, or
7,500 ohms. That is the value of Ro in
the formula. Hence we have 7.5 = Ix
(7500 + Rx) for use in either finding Rx
for known values of current or for finding
Ix for known values of resistance. What
will the current be if Rx = 7,500 ohms, for
example? The total resistance is now
15,000 ohms and the current is 0.5 milliam-
pere. That is one point on the resistance
scale or on the calibration curve. Find
others similarly. Again, suppose we want
to know whé.“t the resistance is when the
meter reads 0.8 mifliampere. Substituting
in the formula and solving for the resis-
tance we obtain Rx = 1,875 ohms. If a
resistance scale is to be constructed it is
best to assign convenient values to Rx
and then find Ix. Then the resistance
values should be marked on the scale op-
posite the currents thus obtained. If a
curve is to be constructed it does not
matter which is assumed to be unknown.

Mme. Alda to Teach
Microphone Technique

Mme. Frances Alda, whose long asso-
ciation with the Metropolitan Opera Com-
pany made her one of the great personali-
ties in the musical world, will devote a
large share of her activities to training
young singers for broadcasting.

Mme. Alda opened studios at the Wal-
dorf Astoria Hotel, New York City, where
she will teach vocal aspirants. In addition
to coaching singers for the radio she will
teach prospective concert and operatic
artists and beginners. Once each week
she will broadcast by arrangement with
the National Broadcasting Company.

“The course for radio pupils,” Mme.
Alda said, “will be particularly adapted to
the specific requirements of broadcasting
and will include instruction in the special
vocal technique necessary for successful
microphone reproduction. Some of the
students in this group will be professional
singers who have not yet learned to adapt
their voices to the microphone.”
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“TWO STATIONS
FACE OUSTINE
FORMYSTICISM

Denial of applications of two California
radio broadcasting stations, Magnolia
Park, Ltd, Burkank, and the Pickwick
Broadcasting Corporation, td., Los An-
geles is recommended to the Federal Ra-
dio Commision by Chief Examiner Ellis
A. Yost, on the ground that the programs
do not serve public interest, convenience
or necessity.

The two stations at present share cer-
tain hours of their assignment together,
but each sought unlimited hours of opera-
tion, Magnolia Park, Ltd,, KELW, op-
erates on a present assignment of 780
kilocycles frequency and 00 watts power
and shares with the Pickwick Broadcast-
ing Corporation, Ltd., KTM, whose pres-
ent assignment is 80 kilocycles frequency,
500 watts power, and 1 kilowatt, local sun-
set.

Advertising Complaints

In addition to numerous complaints
against KELW for its methods and man-
ner in obtaining commercial broadcasts
and the form and substance in which these
broadcasts were made as compared with
the form of advertisements proposed to
be made and the financial handling of its
sales, broadcasts of a business nature by
KTM were censured as “of doubtful
merit” and objectionable from the view-
point of good business ethics, the report
asserts.

Both stations were cited for putting on
‘programs of an operator of a cancer clinic
in Los Angeles who was not licensed by
the California Medical Board to practice
medicine. KTM refused after investiga-
tion to continue the broadcast but KELW
continued them.

Astrological Forecasts

Chief Examiner Yost presented excerpts
of astrological and numerological broad-
casts of one Zandra described as “the
eminent philosopher and psychologist,” not
held to be a fortune-teller with claims of
the supernatural, but one who could apply
his science in solving everyday problems
of individuals and show them the way to
prosperity and happiness. Listeners were
told to write Zandra and obtain for $1
either his Astrological Revelations or his
Mystery Guide, according to “The United
States Daily.” In answer to three ques-
tions and the date of the writer’s birth,
Zandra then offered to give the purchaser
of either of the books a written answer
to the questions “free.”

The station also broadcast. talks based
upon horoscopial reading of one Zenda
and answers to questions put to her which
she answered by mail after which she ad-
vertised her horoscopial reading at $1.
These broadcasts are no longer put on by
KTM and will not be permitted in the
future, the report of facts states.

Would Reduce Over-Quota

In his conclusion, the Examiner further
stated :

“The delegation of KELW and KTM
would reduce the present quota of the
State of California from .38 to a unit over-
quota to .34 of a unit under-quota, and
reduce the present over-quota status of
the Fifth Zone by .72 of a unit.”

Metropotitan Opera
to Be On the Air Again

Metropolitan Opera will be carried from
the stage of the opera house in New York
City to the homes of music lovers through-
out the United States and Canada again
this winter over National Broadcasting
Company networks,

Continuing the arrangement with the
Metropolitan Opera Company, whereby
the National Broadcasting Company last
season made the performances of the na-
tion’s leading opera available to radio
listeners for the first time, portions of at
least one regular performance will be
broadcast each week during the season
of 1932-33.

M. H. Aylesworth, president of NBC,
said :

“The broadcasting of Metropolitan
Opera is a privilege that the National
Broadcasting Company has no intention
of foregoing. The enthusiastic reception
accorded last year’s programs leaves no
doubt that opera has a place on the air.
Increased attendance at the opera house
as a result of the broadcasts has proven
also that radio equipment has a place in
the opera house.”

Dr. E. A. Lederer, Research and De-
velopment Engineer of the National Union
7Radio Corporation, returned from a two-
months trip which took him through the
principal European radio manufacturing
an ddevelopment centers, including Lon-
don, Berlin, Vienna, Munich and Bremen,

Dr. Lederer said that the English situa-
tion is at present dominated by G. E. C.
and Cossor. Radio business in the British
Isles, says Lederer, is booming due, he
believes, to the high tariff wall.

The German tube manufacture is con-
trolled by an almost absolute monopoly
of Telefunken, which company is the re-
sult of pooling the radio interests of Sie-
mens, A. E. G. and Osram. Tube prices
in Germany as a consequence are ex-
tremely high, tubes of a type correspond-
ing to the 224 selling for about $4.40.

A relatively few tubes are made in
Vienna, due to the limited population in
Austria. The principal firms there, how-
ever, are Ganz: Schrack, which is believed
to be now a Phillips subsidiary; and Kre-
menzeky which is a subsidiary of Tungs-
ram in Ujpest near Budapest,

Dr. Lederer pointed out a peculiarity of
European screen grid tubes in that the
plate lead is brought out on top instead of
the control grid leads like American tubes,
There is considerable danger, as a person
is likely to receive a terrific shock handling
these tubes when the set is in operation ;
moreover possible short circuits create a
considerable fire hazard.

Radio sets of foreign manufacture are
small two, three and four-tube outfits
which are capable of bringing in only
stations located in the immediate vicinity
of the receiver. Regeneration is used to
a large extent. There is limitless variety
of brands, as anyone can take out a license
to make radi