| VISUAL INDICATOR TUBES

By R. LORENZEN
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Characteristics of Dubl Indicator Tubes

6AD6G

In&irec+ly heated cathode

Heater voltage 6.3 V.
* current 0.15 Amp
Target voltage 100V. 150 V.
Ray-control electrode voltage
0° Shadow +45V. +I8V,
Lot ov. +8.V.
135% " -23V. —50V.
Target current
0° Shadow angle 1.5 Ma 3.0 Ma.
900 " " "o " 2.0 "
fass . 08Lx. .
Maximum overall length 278
" bulb dia. 13"
“ base * 1%/

Bulb T-9 Base -Small octal 7-Pin

N A PRECEDING article' the the-

ory and applications of the shaded
sector visual indicator tubes was dis-
cussed. There are, however, two addi-
tional types of these tubes, namely, the
dual indicator type and the annular ring
type.

DuAL INDICATOR

1t is necessary, in the case of visual
indicator tubes having only one control
electrode, to adjust the avc voltage to
just close the shaded angular pattern
when the receiver is tuned to the strong-
est carrier. This results in a lack of
visual indication sensitivity for weak
signals. Such insensitivity was par-
tially remedied by employing a variable-
mu triode as a component part of these

The constructional details, base con-
nections and characteristics of dual
indicator tubes are given in Figs. I,
2 and 3, respectively. The base con-
nections and internal construction of
the 6AE6G control tube are shown
in Figs. 4 and 5, respectively. The
two tubes used together can be used
to give visual resonance indication
over a very wide range. One shadow
of the dual indicator can be made to
close to a fine line with the applica-
tion of =7 volts to the control grid
of the 6AE6G tube, while the other
shadow will remain almost fully open
until =27 volts are applied to the
6AE6G control grid.

6AF6G

Indirectly heated cathode
Heater voltage - 6.3V.  Heater current 0.45Amp.
Overall length 2"to 2%¢ Max. dia. 13/
Bulb T-9 Base -Small octal 7-pin
Target voltage 100V. 135V.
Target currenf»g with O volts

Sharp cuf—of‘f‘\\ s
Figs

Remote cut-off,
Gap in grid ~._

on ray-control electrodes) 0.9Ma. 1.5Ma.
Ray-control electrode voltage
0° Shadow angle 60V. 8iV.
100° b " oVv. ov.
BASE
P 6AEEG CONNECTIONS
2@ Pin No.1 No connection
Pin No.2 Heater

Pin No.3 Remote cut-off
plate, Py
Pin No.4 SHarp cut-off,
plate P,
Pin No.5 Grid
Pin No.7 Heater
Pin No.8 Cathode

Fig.4

6AE6G

T 7-Prong small octal base

tubes, but the results were still some-
what unsatisfactory. What was needed
was a visual indicator tube that would
operate equally well for both weak or
strong signals. The dual indicator tube
is the answer to that problem. Since it
possesses two control electrodes, each
controlling its own individual shaded
pattern, one of the shadows can be
made operable for weak signals and the
other for strong signals.

CONSTRUCTION

Although the principles of operation
of dual indicator tubes are fundamentally
the same as those for the shaded sector
type, there are some important differ-
ences that should be considered. All
other types of visual indicator tubes are
composite structures. They are com-
prised of the indicator tube proper and
a triode control tube in the same en-
velope. The dual indicator tube, on the
other hand, is only an indicating tube
and obtains its control voltages from a
special control tube. Furthermore,
whereas all other visual indicator tubes
have a standard 6-pin base, the dual
indicator types (Fig. 2) employ the
standard octal base.

Fig. 1 shows the construction of a
dual indicator tube; 1A is a top view
and 1B a side view. The cathode (K)
is surrounded by a target current con-
trol grid (G) which is internally con-
nected to the cathode. This target cur-
rent control grid limits the target cur-
rent to safe values, thereby preventing
overheating of the tube. A cathode shield
(CS) is located so as to prevent direct
light from the hot cathode from being
visible. The control electrodes V, and
V, are thin metal vanes which are sup-
plied various potentials by a control
tube and thus cause a change in the
openings of the shaded angular patterns
on the target.

Each of the two ray-control vanes
have identical characteristics. When the
potential between a ray-control vane and
the cathode is zero the shaded sector
will have an angular opening of approxi-
mately 90°. If the ray-control vane volt-
age is about half the voltage between
target and cathode the shadow angle
will just close. On the other hand, when
the ray-control vane voltage is nega-
tive with respect to the cathode the
shaded angular shadow will be greater
than 90° and may open to 160°. The
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variation in the shaded angular open-
ing with variation of the ray-control
vane voltage for a 6AD6G dual indica-
tor tube having a target voltage of 150
volts is shown in Fig. 3.

ConTrOL TUBE

Although it is possible to use a dual-
indicator tube in particular -circuits
without also using a special control tube,
in order to operate these tubes to full
advantage they are generally used in
conjunction with a control tube, such
as the 6AE6G.

The 6AE6G (Fig. 4) is comprised
of a heater; a single cathode; a single
grid, wound in two parts and two plates.
The special grid construction is shown
in Fig. 5. One half of the grid is com-
prised of evenly spaced grid wires, the
other half of unevenly spaced grid wires.
The evenly spaced portion of the grid
controls the electronic flow to the sharp
cut-off plate P, while the unevenly
spaced portion of the grid, which re-
sults in a variable mu characteristic,
controls the electronic stream to the
remote cut-off plate P..

DuaL INDICATION

The circuit shown in Fig. 6 is in-
tended for dual indication tuning, that
is, one of the shaded sectors will close
for weak signals and the other shaded
angular pattern closes for a resonant
condition on strong signals. Further-
more, these two operations are coordi-
nated so that the “strong signal shadow
angle” begins to operate when the
“weak signal shadow angle” has just
closed. For a strong signal both shadow
angles are closed.

This difference in response is due to
the fact that the two output control volt-
ages from the control tube are very dif-
ferent since the “weak signal plate”
(sharp cut-off plate) is regulated by
an evenly spaced section of grid while
the “strong signal plate” (remote cut-
off plate) is influenced by an unevenly
spaced section of grid.

An avc potential of —7 volts just
closes the “weak signal shadow angle,”
whereas it takes approximately —27
volts to close the “strong signal shadow
angle.” Each of the shadow angles will
open to about 160 degrees, if the circuit
of Fig. 6 is used.

It will be noted that the cathode of
the dual indicator tube is operated at a
potential of 100 volts positive. This is
done in order that the ray-control vanes
may be made negative with respect to
the cathode over part of their operat-
ing characteristic, the necessity for
which will be understood by referring
to Fig. 3.

The maximum permissible target volt-
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Fig. 6 shows a circuit for dual indi-
cation using the 6AE6G tube for con-
trol. A similar circuit is shown with
a voltage amplifier pentode as the
control tube, in Fig. 7. Character-
istics of the 6AE6G tube are listed
and shown graphically in Fig. 8.
Figs. 9 and 10 are the base connec-
tions and characteristics and the con-
structional details of the 675 annular
ring type visual indicator. This type
is the electrical equivalent of the
6G5 described in the October issue
of SERVICE. The bulb shape, however,

is somewhat different.

age for a dual indicator tube is 150 volts.
In Fig. 6 it might appear that this value
has been exceeded. This is not the case,
however, for, since the cathode is. 100
volts positive, the target potential with
respect to cathode is 150 volts.

Dual indicator tubes are sometimes
erroneously called ‘‘twin indicator
tubes.” The term “twin indicator” is
only appropriately applied when both
ray-control vanes are connected to the
same controlling source, the shadow
angles then varying simultaneously and
in an identical manner.

PeExTODE CoNTROL TUBE

A pentode, such as a 6K7-G, 6U7-G,
6D6, or 78, may be used as a control
tube so that dual indication is obtained
when used with a dual indicator tube.
Such a circuit is shown in Fig. 7. The
screen grid gives a sharp cut-off char-
acteristic such that the ray-control elec-
trode to which it is connected will close
the shadow angle for low avc voltages.
The plate, on the other hand, gives a
remote cut-off characteristic such that
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AVC Volts to Control Tube (T;)
Control Tube Characteristics

6AE6EG

Indirectly heated cathode
Heater voltage 6.3V. Heater current 0.3 Amp
Max.overall “length 44" Max.dia. 1944

Bulb ST-12 Base -Small octal 7-pin
Plate No.1 (Remote cut-off)

Plate voltage 250 250 250 250 V.
Grid . SIS =5 =k =1.5 V.
Plate current 004 208 2.8 6.5 Ma.
Mutual conductance 1000 mhos

Ampl. factor 25

Plote No. 2 (Sharp cut-off)

Plate voltage 250 250 W.
Grid . ) bt MRV

Plate current 4.5 Ma.

0.01 .
Mutual conductance 950 mhos
Ampl. factor 33
Zero grid bias Maximum grid bias
Min. signal Max. signal
b 6 Ty
Y,
P (@ /‘ (5) K
Bottom i .
View o @ £ g 9

Characteristics of 6 TS

Indirectly heated cathode
Heater voltage 6.3V. Heater current 0.3 Amp,

Overall length- 4Yg" Max. dia. 13/e"
Bulb T-9 Base - Small 6 prong
Target voltage 200 250 V.
Plafe-target resistor 1.0 1.0  Meg.
Target current 4.5 A.5 Ma
Plate current (Zero bias) 0.19 0.24  Ma.
Grid bias for, minimum

shadow dia. -18.5 =22 V.
Grid bias for max.

shadow dia. (o] o V.
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G= Triode
grid

P= Triode
plate

V=Ray-control
ring

T= Fluorescent

target

CS = Cathode
shield
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the ray-control vane to which it is con-
nected will cause practically no motion
of the shadow angle for low avc volt-
ages, but will just start to close when
the sharp cut-off shadow angle is en-
tirely closed. The remote cut-off ray-
control vane will close the shadow an-
gle for high avc voltages. The varia-
tion of shadow angle for various values



ISUAL tuning indicator tubes can be in-

stalled in all types of receivers, even
those which do not employ ave. In this
article and in the one published in last
month's SERVICE, Mr. Lorenzen presents the
theory and applications of these tubes. A
complete survey of the characteristics of all
available types was given in the preceding
article.

No longer need the operation of these
tubes seem like magic to you. Here is the
"sesame'' that will open up their intricacies.
It is now left only to your sales ability for
you to glean the rich booty obtainable by
installing these devices for your clients.

of target voltage and plate-target re-
sistor and for various avc voltages is
shown in Fig. 8.

ANNULAR RinG INDICATOR

The annular ring type of visual indi-
cator tube, of which the sole represen-
tative is the 6T5, has been manufactured
for some years. It is considered by
some to be superior to the shaded sec-
tor type as regards the ease of obtaining
a visual indication.

The doughnut-shaped pattern varies
in size as the carrier is tuned in by the
receiver. As shown in Fig. 9, when no
signal is received by the radio the
shaded annular ring will almost cover
the entire target. On the other hand,
when a station is tuned to resonance,
thereby applying maximum avc voltage
on the triode grid of the tube, the shaded
annular ring will contract to a narrow
band at the center of the tube.

CONSTRUCTION

Annular ring visual indicator tubes are
comprised of two parts, one part con-
sisting of a triode, and the other part of
a special type of cathode-ray tube (see
Fig. 10). The cathode (K) extends up-
ward and is common to both the triode
:nd cathode ray tube. The cathode
tbield (CS) is so located as to prevent
¢ry direct light from the hot cathode
Leing visible. The ray-control elec-
trode (V) consists of a flat metal ring
which is located near the bottom of the
fluorescent target and is separated there-
from by means of an insulating washer.
This ray-control ring controls the size
of the shaded annular ring pattern and
it is internally connected to the triode
plate (P). The fluorescent target (T)
is inclined at an angle with respect to
the cathode.

In the circuit for the 6T5 annular
ring type of visual indicator tube, a
resistance (R) is connected between the
triode plate (P) and the fluorescent
target (T). The target is connected
directly to B4 and is always at this
potential. The plate voltage, and, there-
fore, the potential of the ray-control
ring (V), since it is directly connected
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to the plate, is less than the supply volt-
age by the amount of the voltage drop
in the plate-target resister (R). The
voltage drop in the plate-target re-
sistor (R) is dependent upon the plate
current of the triode.

The triode plate current is, in turn,
dependent upon the triode grid poten-
tial, namely, the avc voltage. When
the triode grid is biased to plate current
cut-off, that is, when the grid has so
high a negative potential that no plate
current flows, there will be no voltage
drop across the plate-target resistance
R. Consequently the triode plate, and
therefore the ray-control ring also, will
have the same potential as the fluores-
cent target. Such a state of affairs re-
sults when the radio receiver is exactly
tuned to the carrier frequency of the
transmitting station, for then, a maxi-

RCA b6AF6-G visual indicator tube, a
typical dual indicator type.

mum avc voltage is produced, this be-
ing applied to the triode grid.

Now consider Fig. 10. The hot
cathode (K) is emitting electrons in all
directions and since the fluorescent
target (T) is positive with respect to
the cathode, the target draws these elec-
trons to it. Since the target is coated
with a fluorescent substance it becomes
illuminated when subjected to this elec-
tron bombardment. Now, if the nega-
tive avc voltage were so high as to pro-
duce a complete triode plate current
cut-off, the ray-control ring would be
at exactly the same potential as the
target since there would be no voltage
drop in resistor (R), and consequently
the whole target would be illuminated.
Complete plate current cut-off is not
entirely attained with the result that
there is a small voltage drop in re-
sistor (R). Consequently the ray-
control ring is slightly negative with
respect to the target, this resulting in
an electrostatic field between target and
ray-control ring of such nature that the
electrons are slightly repelled from the

vicinity of the ray-control ring. As a
result, a narrow shaded annular ring
occurs near the center of the tube.

The opposite extreme to the case just
given occurs when the set is tuned so
as not to receive any signal. Under
these conditions there will be no avc
voltage and, consequently, zero volts
will be applied to the triode grid. Plate
current will flow and a considerable
voltage drop will be developed across
the plate-target resistor (R). Since the
triode plate voltage, and therefore the
ray-control ring voltage, is the target
voltage minus the voltage drop in the
plate-target resistor, it is seen that the
ray-control ring is of much lower posi-
tive potential with respect to the cathode
than the target is. Or, looking at this
from a different point of view, the ray-
control ring is highly negative with re-
spect to the target. Under these cir-
cumstances a strong electrostatic field
will exist between the target and the
ray-control ring, and this will be of
such nature as to strongly repel elec-
trons away from the vicinity of the
ray-control ring. In consequence, the
entire target surface will become shaded
except for a narrow illuminated ring
at the periphery where electrons still
strike the target.

The 6T5 has identical electrical char-
acteristics and external dimensions as
the 6U5 described in a previous article'
and is interchangeable with it. The 6T5,
furthermore, has identical electrical
characteristics as the 6G5 and the 6HS5,
and differs from these tubes only in ex-
ternal bulb shape. Despite the differ-
ence in bulb shape it will generally be
found that the 6T5 is interchangeable
with the 6G5 and 6HS5.

Certain uses of visual indicator tubes,
such as, for example, the use of a visual
indicator tube in a radio receiver hav-
ing neither diode detection nor avc ac-
tion, require that the shadow action
operate in a manner just opposite to
that normally obtained. This is some-
times considered objectionable in the
case of the shaded sector type of visual
indicator tube. Such objections are not
raised when an annular ring type is used
and these tubes may be considered ideal
for such use.
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