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OVERBIASED OPERATION

Radiotron 1Q5-GT, owing to its sensitivity
and high power output, is likely to be very
popular in 1.4 volt receivers. As this type is
planned for Australian manufacture later in
the year there need be no anxiety regarding
its availability. There are, however, smaller
receivers which do not require the full power
output of 270 milliwatts and in which the
cathode current of 11.1 mA. would be unduly
high.

Fortunately, this valve type is particularly
amenable to operation with over-bias, and
practically any output from 50 to 270 milli-
watts may be obtained with reasonably good
plate circuit efficiency. The efficiency falls
slightly as the bias is increased, but the loss
is not very serious.

In order to obtain a comparative basis it
was decided to select operating conditions for

SYDNEY

BOX No.

2516B8B, G.P.O.,

20th February, 1940

Page
Maximum Ratings for Receiving Valves . . 11-12
Radiotron Manuals ... ' : 12
Index for 1939 I 12
Radiotron Designer's Handbook .. .. .. 12
Back Numbers of Radiotronics . . ... . 12
Radiotron News ... Jas . 12

OF RADIOTRON 1Q5-GT

a total harmonic distortion of 10% in all cases,
and the load resistance was selected so that
both second and third harmonics were close
to 7%. Owing to the limitation of third har-
monics to about 7% the tone is considerably
better than would be the case with 10% third
harmonics and zero second harmonic. The
results of these tests are shown in tabular
form for self-bias operation., They may be
taken as being very closely correct for back-
biag operation since the rise of cathode current
is comparatively small,

Owing to differences between individual
valves, which tend to become more marked as
the bias is increased, extreme overbiaging is
inadvisable in commercial receivers. The use
of self- or back-bias assists in obtaining uni-
formity of performance; fixed bias with over-
bia?voltages is not recommended.

(See Table on next page)

THE CALCULATION OF TRIODE CONSTANTS

Those who are interested in the calculation
of plate current, amplification factor and
mutual conductance from the geometrical
structure of a valve with a saturated space
charge are referred to an article by J. H.
Fremlin entitled ‘‘Calculation of Triode Con-
stants’’ in Electrical Communication, dJuly,
1939. An abstract of this article, with sufficient
detail to be of interest, was given in Elec-

tronies for November, 1939, on pages 76-81.

This treatment is more exact than that at
present in eommon use, and is based on the
direct consideration of a triode instead of an
equivalent diode. Formulae are given for plane
and eylindrical constructions and eorrections
are given for the effect of grid wire diameter
and initial electron velocity.
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(Continued from Page 1)
Seli-bias Operation of Radiotron 1Q5-GT with over-bias Voltage

In the first three columns the first value gives the reading at no signal input, and the second
at maximum signal input.

These readings were obtained on a single valve having characteristics close to the published
characteristics.

Harmonie Digtortion.
Negative Plate Secreen Load Power
Grid Bias. Current. Current. & Sistance. Output. 2nd 3rd Total
Harmonie. | Harmonie. %) *
(Volts). (mA.). (mA.), (Ohms). (mW.). (%). (%). (%)
7.04-7.40 3.63-3.05 0.36-1.14 25,000 97 —_ — 10
6.53-6.84 4.57-3.85 0.48-1.41 20,000 135 — — 10
6.33-6.63 5.00-4.43 0.53-1.39 15,000 146 - — 10
6.02-6.36 5.62-5.12 0.63-1.50 12,500 168 6.7* 7.6% 10.2*
5.71-6.04 6.02-5.53 0.70-1.59 11,000 184 7.1* 7.7* 10.5%
5.61-5.95 6.42-5.97 0.76-1.64 10,000 204 7.0% 7.1% 10.4*

* Readings taken with Wave Analyser.

RADIOTRON 7AP4

7”7 KINESCOPE (CATHODE RAY TUBE)
SHORT BULB AND MAGNETIC DEFLECTION

Radiotron 7AP4, a high-vacuum eathode-ray tube designed for black-and-white reproduction
of television pictures, employs magnetic deflection of the electron beam. Its screen accommodates
a picture 44 inches by 6 inches in size, or slightly larger. A special feature of this tube is its
relatively short overall length of approximately 133 inches.

TENTATIVE CHARACTERISTICS AND RATINGS.

Heater Voltage (A.C. or D.C. )
Heater Current
Fluorescent Screen :

Material

Color of Fluorescence
Direct Interelectrode Capacitance:

Grid to all other Electrodes

2.5 Volts
2.1 Amperes

Phosphor No. 4
‘White

12 max. ppF.

Overall Length . .. .. .. .. .. . .. .. 134”7 =+ §”
Maximum Diameter .. .. .. .. .. .. - .. .. 78

Bulb .. .. .. .. .. .. .. .. e .. " J-56

Base .. . Medium 5-Pin

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS.
High-Voltage Electrode (Anode No. 2) Voltage 3500 max. Volts
Focusing Electrode (Anode No. 1) Voltage .. 1000 max. Volts
Control Electrode (Grid) Voltage Never Positive
Fluorescent-Sereen Input Power per sq. Om’r 2.6 max. Milliwatts
Typical Operation:

Heater Voltage . 2.5 Volts

Anode No. 2 Voltage .. 3500 Volts

Anode No. 1 Voltage (Approx ¥ 675 Volts
Grid Voltage#° adjusted to give sultable lummous spot

Grid Signal-Swing Voltage™ .. .. .. 15 Volts

Adjustable to = 209%.

Approximately 109 of Anode No. 1 voltage is required for current cut-off if the maximum permissible
resistance is used in the grid circuit.

3 Peak-to-peak value for good brilliance with good resolution.
value should he available.

Maximum resistance in the grid circuit should be limited to 2 megohms.

This value applies to the brightest portion of a stationary pattern, Appr0x1mate1y double this value is
permissible with a moving pattern.

ETa

For greater brilliance, up to twice this

— ©
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RADIOTRON SENIOR AMATEUR RECEIVER

Nearly three years ago we described a
receiver which had been constructed in our
laboratory and which was then believed to be
ideal for amateur reception of ’phone and C.W.

During the past few months we have received |

many requests for information on this receiver,
together with any comments which we could
make to bring it more up-to-date. Since we
have not yet been able to earry out the neces-
sary extensive development work for a new
receiver we are pleased to describe in this
article the features which we would consider
desirable in such a new design. At some future
date we hope to complete this design and
deseribe the receiver in Radiotronics.

The Radiotron Senior Amateur Receiver was
described in Radiotronies 75 (30th April,
1937), pages 30 to 34. For the benefit of those
who do not have this copy* available the valve
arrangement is listed below:—

R.F. Amplifier Radiotron 956
Mixer ......ccc... Radiotron 6L7
H.F. Oscillator .... Radiotron 6D6
Noisge Silencer Radiotron 6L7
Noise Amplifier Radiotron 6C6
Noise Reectifier .... Radiotron 6H6
1st I.F. Amplifier .. Radiotron 6D6
2nd LIF. Amplifier,

Diode Detector &
BFO Mixer .....

Beat Frequeney Os- i Radiotron 6J7

Radiotron 6BTS

eillator ....vvaas
AV.C. Diode and
Audio Amplifier . §
Power Output .....
Magic Eye Tuning
Indicator .......
Power Rectifier ....

Radiotron 75
Radiotron 42
Radiotron 6G5
Radiotron 80

‘When the Senior Amateur Receiver was in
the process of design it was realised that a
single R.F. stage using type 6D6 did not have
sufficient gain to give low noise level on the
highest frequency band (30 Me/s). Conse-
quently a single Acorn valve (type 956) was
adopted as giving improved gain under these
conditions without necessitating the use of a
four-gang condenser. Subsequent experiments
with regeneration, either in the mixer or in the
R.F. stage, showed that, as a means of in-
creasing the R.F. sensitivity it was subject to
certain disadvantages in that it had a serious
effect on the tuning and on the image ratio
as well ag necessitating an additional control.
It became obvious that, for a receiver of high
sensitivity, two R.F. stages are highly desir-
able. If a suitable four-gang condenser is not
available it should be possible to make use

* Radiotronics, No. 75, is now out of print, but eopies
of the circuit diagram are available on request.

of a combination of two 2-gang condensers
suitable for ganging. If two R.K. stages are
used there is no necessity for using Acorn
valves, since type 6U7-G will give reasonable
gain at all frequencies, having the additional
advantage of being Australian made.

The frequency converter stage is one which
may be arranged in many ways. The original
receiver used type 6L7 with a 6D6 oscillator;
this was quite satisfactory and may be used
with eonfidence. It has the disadvantages that
the 6L7 is not Australian made and that a
separate oscillator valve is essential.

Types 6J7-G and 1851 are both excellent
as mixer valves, but are critical with regard
to oseillator voltage; they also introduce com-
plications in the ecircuit design.

Type 6K8-G is excellent in many respects
and does not require a separate oscillator.
With two R.F. stages the somewhat higher
noise level of this type would probably not
be noticeable. A further advantage is that
full A.V.C. may be applied with negligible
frequency shift during fading.

Type 6A8-G may be used with a separate
oscillator.

Type 6J8-G has many good features and,
all factors considered, would probably be our
first choice in a new design. It is now Aus-
tralian made, it does not need a separate os-
cillator (except perhaps below 13 metres), it
has excellent oscillator frequency stability
provided that A.V.C. is not applied to its
signal grid, and has a very low noise level.
It has the disadvantages of being degenerative
and of introducing loading on the tuned grid
circuit, although with two R.F. stages these
effects should not prove serious. Plate tuning
of the oscillator would probably be justified.

Type 6J8-G is in principle the same as the
6L7 with a separate oscillator, but the grid
of the oscillator is internally connected to the
third grid of the mixer. The performance is
comparable with that of the 6L7 and some
slight advantage over the 6L7 exists at the
highest frequencies owing to the short leads
and direet conneetion of the oscillator to the
mixer section. The conversion conductance
is slightly lower than that of the 6LT7.

Crystal Filter and Noise Silemeer

The ecrystal filter is highly desirable for
C.W. reception under difficult conditions but,
as much listening is done on ’phone only, some
users may prefer to omit the crystal alto-
gether and thereby to save one valve. If the
erystal filter is omitted the noise silencer as
originally used may also be omitted, since
its principal intention is to prevent ‘‘ringing’’
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of the crystal due to transient peaks. An
audio frequency ‘‘level limiter’’ of satisfactory
design is considerably cheaper and may be
equally as efficient as the noise silencer operat-
ing at intermediate frequency. A satisfactory
level limiter would require to be adjustable
so as to cut at any required depth of modula-
tion, and should ideally be automatically con-
trolled by the A.V.C. so that its action is not
affected by the strength of carrier. Limiting
circuits using a valve such as the 6H6-G are
well known but at the present time we are
investigating one which does not require the
use of such a valve. 1If this is successful it
will be deseribed at a later date.

If the crystal filter is required for C.W.
reception it is desirable for it to be protected
by a noise silencer operating at I.F. In the
original ecircuit the gain in the single stage
noise amplifier was not sufficient to give opera-
tion on weak impulses such as the ignition
interference from cars. A higher gain in
this channel, or a cirecnit rearrangement to
give the same effect if this is possible, would
be desirable.

The IF. Amplifier (apart from the noise
silencer stage which has very little gain) con-
sists of two stages and experience has shown
that the gain was unnecessarily high. Some
form of flat-topping the LF. transformers is
very helpful when high selectivity is not re-
quired. A tertiary coil which may be switched
in or out of circuit is simple to add to existing
LTF. transformers, but its adjustment requires
the use of a frequency modulated oscillator
(wobbulator). If a two position selectivity
switch is used, it is helpful to arrange matters
so as to adjust the gain of the L. Amplifier
as the switeh is moved, giving uniform gain
in both positions. A subsidiary continuously
variable ILF. gain control is an additional
worth-while feature.

The A.V.C. gystem as used in the original
receiver could be improved by using a three
or four position switeh control of the time
constant giving a very long time constant for
C.W., a medium value for general use and
a very short one for very rapid fading. The
same switeh could also be used for switching
off the A.V.C.

A more elaborate tone control than that
used in the original receiver appears to be
desirable. One having independent control of
bass and treble attenuation and three positions
on each (including one with zero attenuation)
should satisfy all requirements.

The layout of such a receiver is one of
the most important factors in its satisfactory
operation. The original receiver which was

built in our laboratory was on a single chassis,
and was rather ecramped for space. As a sep-
arate loudspeaker is almost essential in any
case (in order to avoid microphony) one prac-
ticable arrangement with many good features
is to use one chassis for the tuner and a
separate chassis for the A.I". Amplifier, Power
Pack, etc., and Loudspeaker. Alternatively a
single chassis and external loudspeaker may
be used. Rigidity of the tuning chassis is
essential for satisfactory operation, and niclkel
plated steel with solid brass bar reinforcement
(as used in the original receiver) is recom-
mended.

The coil switching arrangement presents
some diffieulties. If listening is restricted
largely to one or two bands it may be prac-
ticable to use plug-in coils. Those who have
experienced the pleasure of multi-band switch-
ing will not relish the work involved in chang-
ing four coils each time the frequency band
is changed. A multi-band switching system
is often regarded as being too ambitious for
the average amateur constructor, although in
our opinion it is quite practicable. A com-
promise may be adopted in the ecombination of
the two systems. For example, a three posi-
tion switehing system may be used, switching
to either of two sockets for plug-in ecoils or
to a fixed set of broadcast coils. By this
means either of two short wave bands or the
broadeast band may be switched in without
any changing of coils. Various other arrange-
ments could be adopted to suit the require-
ments of the individual construetors such as
for example a three position switch covering
short wave bands, of which one could be a
plug-in coil and the other two popular bands
such as the 20 and 40 metre bands, the coils
of which could be permanently in eircuit.

A satisfactory band spreading arrangement
is essential for such a receiver. In the original
receiver the hand setting condensers were not
ganged, but this arrangement has been found
to be rather unsatisfactory and a ganged con-
trol will be used in any future design. This
introduces additional complications, partien-
larly if four tuned sections are required, as
would be the case with two R-F stages. In
spite of these difficulties we are of the opinion
that such an arrangement is desirable and
practicable provided that the constructor is
prepared to take the mnecessary trouble. We
hope to say something further about a method
of band-spreading for this receiver at some
future date.

Comments regarding this receiver would be
weleomed and should be addressed to the
Unified Sales-Engineering Service.
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SOME SPECIAL APPLICATIONS OF PHOTOTUBES

Although gaseous phototubes are widely
used in the reproduction of sound-on-film,
vacuum phototubes are preferable for applica-
tions where constancy of output is required.
Radiotron vacuum phototubes include the fol-
lowing types:—

Type. Surface, Principal Use.
917 Caesium Relays and measurements
919 Caesium Relays and measurements
922 Caesium Relays and measurements
925 Caesium Relays
926 Rubidium  Colorimetry

Types 917 and 919 arve fitted with the older

type of 4 pin base and top cap, the former
having the top cap conneeted to the anode and
the latter to the cathode. Type 925 is more
compact and is fitted with an octal base with-
out a top cap. Types 922 and 926 are of the
cartridge type similar in dimensions to the
921 and provide high insulation for hoth elee-
trodes. They are therefore desirable types
for accurate measurement purposes.

The choice between types 922 and 926 is
merely dependent upon the desired spectral
sengitivity characteristic. Type 922 has a
maximum sensitivity at a wavelength of 8000
Angstrom Units (infra-red region) while type
926 has its maximum at 4400 Angstrém Units
(violet-blue region). Reference to the Radio-
tron Phototube Chart will give the curves and
other data.

Special Applications

Special applications of phototubes include
the operation of relays by light, the measure-
ment of light intensity, the counting of objeets
passing a beam of light and the matehing of
candlepower, colour and turbidity.

The information to follow is derived from
the R.C.A. Radiotron instructional leaflet on
type 917, but is equally applicable to types
922 and 926. In cases where both types 917
and 919 are specified they may both be re-
placed by two type 922 or two type 926 since
these more recent types have good insulation
for both electrodes.

SPECTRAL SENSITIVITY CHARACTERISTIC
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“The maximum ambient temperature rating
should not be exceeded because too high a
bulb temperature may cause the volatile
cathode surface to evaporate with consequent
decrease in the life and sensitivity of the
tube.

“The spectral response of the 917 is shown
in Fig. 1. This phototube is sensitive over the
entire visible spectrum. The large response
in the infra-red region makes the tube par-
ticularly useful where tungsten-filament lamps
are employed as light sources. In the ultra-
violet region, cut-off occurs at 3000 angstrém
units* due to the absorption of the glass bulb.
For some special applications, it may be desir-
able to alter the spectral-response character-
istic. This can often be done by the use of
a suitable color filter.

“The anode-current versus light-input char-
acteristic of the 917 is practically linear for
light inputs up to 1.0 lumen, provided the
anode voltage is relatively high and the load
resistance relatively low.

AVERAGE ANODE CHARACTERISTICS
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“When maximum sensitivity of phototube
cireuits is important, the leakage resistance of
cireuit parts and of wiring insulation should
be high. Leakage currents from anode to
cathode over the external surface of the bulb
can be made very small by cleaning the glass
with a cloth dampened in alecohol to remove
all traces of dust and grease, and then coat-
ing the bulb with a non-hygroscopic wax, such
as pure white ceresin wax, When an ampli-
fier valve is used in the circuit, the tube should
preferably be a type having the grid brought
out to a cap at the top of the bulb; with
such a valve, similar steps can be taken to
minimize its surface leakage.

‘¢ Also, for maximum sensitivity, it is desir-
able to use a high resistance connected in
series with the phototube and coupled to the
grid eircuit of an amplifier valve. It should
be noted that, in general, the grid-circuit re-
sistance for an amplifier valve is limited by
the valve’s ratings to a value not more than
1 or 2 megohms. With larger values of grid-
circuit resistance, the bias voltage on the grid
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may become so small that the plate and sereen
currents become excessive. Therefore, when a
grid-circuit resistance larger than rated value
is used, precautions should be taken to limit
the plate and screen currents to safe values.
Such precautions include the use of a low-
voltage supply for plate and screen, or the
use of current-limiting resistors in the plate
and sereen-voltage leads. In some cases, it
may be found that the use of a high grid-eir-
cuit resistance causes the plate current to vary
erratically. This effect can usually be elim-
inated by operation of the heater or filament
at less than rated voltage.

““For constant calibration of high precision
devices using the 917, the phototube should
be operated at an anode voltage of about 20
volts. Higher anode voltages may cause
ionization of minute traces of residual gas
within the tube. The gas current resulting
from this ionization may produce slow changes
in the tube’s characteristics which would
change calibration.

““A further consideration for the mainten-
ance of constant calibration is that the light
incident on the phototube should be spread
over as large a portion of the cathode surface
as possible. This will minimize any variations
in sensitivity that might be caused by a shift
in the position of the light spot on the
cathode.

““High-resistance relays and output meters,
in general provide better sensitivity when they
are operated from a pentode amplifier valve
rather than from a triode. The reason is that
a pentode provides a larger eurrent swing than
does a triode working into a load resistance
of several thousand ohms.

SIMPLE CIRCUIT FOR RELAY OR MEASUREMENT OPERATIONS

I
=115 =
FIG. 3 < C

C:B8uf

M= D C MILLIAMME I€R
OR RELAY (0-25 MA.)

Ry = 100 MEGOHMS

R2:2 0.5 MEGOHM

A3 0.1 TO 2.0 MEGOHM

R4 = 0. MEGOHM

Ra= 50 OHMS (1 WATT)

Rg =200 OHMS (20 WATTS)

‘‘Radiotron 9171 is especially suited for use
in ecircuits intended for precise light measure-
ments and light-controlled relay operations.
Because of its top-cap anode connection, the
tube can be used in such circuits, either alone
or with its companion type, the Radiotron 9193
phototube, to give extremely small leakage
currents and high sensitivity., The 917f is
to be used in circuits where the phototube
anode is connected to the top-cap of an ampli-
fier valve. In cirecuits where the cathode of
the phototube is to be connected to the top-
cap of the amplifier valve, Radiotron 919%
should be used. The important requirement
in choosing between the 917 and the 919, is
that the input lead to the amplifier valve
should be connected from top-cap to top-eap,
rather than to a base terminal. By this
method of connection, leakage currents can
be made extremely small.

““In the circuits of Iigs. 8, 4, 6 and 7, the
grid-cireuit resistance of the first amplifier
valve is much larger than the maximum recom-
mended value. In order that this high resist-
ance may not cause instability of plate current,
the heater of the first amplifier valve is
operated at considerably less than rated volt-
age. DBecause of this large voltage reduction,
it may be found that some individual amplifier
valves do not give satisfactory operation in
these circuits.

Relay or Measuring Operations

‘““‘Relay or measuring operations can be per-
formed by means of the simple circuit shown
in Ifig. 3. This eircuit responds to rapid varia-
tions in light and is, therefore, especially well-
suited for use in high-speed counting devices,
or in the measurement of rapid light fluctua-
tions. In applications where speed of response
is not of primary importance, a ecirecuit re-
quiring fewer parts can be used.t

“In the circuit shown in Fig. 3, when the
phototube is connected as shown in solid lines,
an increase in illumination on the phototube
causes a decrease in the plate current of the
25A6. When the phototube is connected as
shown in dotted lines, an inerease in illumina-
tion produces an increase in plate current.
Since in this dotted-line connection it is the
cathode of the phototube that is connected to
the grid of the 38, less leakage and higher
sengitivity can be obtained in this connection
by the use of Radiotron 9193 phototube.

“For maximum sensitivity to be obtained
from this eireuit, it should be adjusted so that
the potential of the 25A6 grid varies over a
range whose upper limit is slightly more
T Radiotron types 922 and 926 are equally suitabls

for this application.

t See Fig. 2 in- “Some Unconventional Vacuum

Tube Applications”, F, H. Shepard, Jr., RCA

Review, October, 1937.
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SENSITIVE CIRCUIT FOR MATCHING MEASUREMENTS

TYPE
919

0=100
MICADAMI
i
i

!
s2asv.
l MAX,

PRTRERRE

TYPE
917

FIG. 4

negative than zero bias. Ior the connection
shown in solid lines, the adjustment can be
made as follows: Set P, at the positive end
of R,, P, and P, at the positive end of R,
and the illumination on the phototube at the
minimum value 1t will have in the use of the
cireuit. Then move P, toward the negative
end of R, until the IR drop across R, due to
cathode current of the 38 brings the 25A6 to
zero bias. The correct setting of P, can be
determined with the aid of the meter M. When
the movement of P, beging to affect the meter
reading, the 25A6 is approximately at zero
bias and P, has the correct setting. Then
adjust the screen voltage of the 26A6 by means
of P, to give the desired value of maximum
output current. If the circuit is to operate
a relay, the maximum output current should
be just large enough to hold the relay closed.
‘Next move P, toward the negative end of R,
to the position where the movement begins to
produce a decrease in the plate current of the
25A6. The circuit is then ready for operation
and is adjusted so that a small increase in
illumination above the minimum value will
produce- a comparatively large decrease in
plate current of the 25A6.

“For the connection shown in dotted lines,
the procedure for adjusting the circuit is ‘the
same except that the adjustments are made
with illumination at its maximum value. When
the adjustments have been made, a small de-
crease in illumination below the maximum
value will produce a comparatively large de-
crease in plate current of the 25A6.

Matching Measurements

‘“Matching measurements of photometric
qualities such as candle-power, color and tur-
bidity can be made with high precision by
meang of the cireuit shown in Fig. 4. This
circuit can be used, for example, to determine
whether the candlepower of a lamp is pre-
_cisely equal to that of a standard lamp. For
-this use, the circuit is first adjusted so that
the mieroammeter reads mid-scale when one
phototube is exposed to light from the stan-
-dard lamp and the other phototube is exposed
‘to light from a comparison lamp. The stan-
dard lamp is then replaced by the unknown
lamp. If the unknown lamp supplies exactly

the same amount of light to the first photo-
tube that the standard lamp did, the meter
reading will be the same as for the standard
lamp. However, if there is a difference, even
though very small, between the amounts of
light supplied by the standard lamp and the
unknown lamp, the bias applied to the 38
will be much different than it was for the
standard lamp. The meter reading will there-
fore be much different. Thus, the cireuit can
be used to deteet a very small mismateh be-
tween the lamps. By exposing the phototubes
to light reflected from materials or transmitted
by liquids, the circuit can also be used to
mateh or measure color, turbidity, and other
photometric qualities.

- CHARACTERISTICS FOR EQUAL ILLUMINATION OF PHOTOTUBES
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““An easy way to understand the theory of
this eircuit is to consider one phototube as the
load for the other, as in Fig. 5. In this figure,
the 919 is considered as the load for the 917
and a reversed 919 current-voltage character-
istic is drawn as a load line on the 917 ecur-
rent-voltage characteristic. The intersection

-of the two curves gives the distribution of
-voltage aeross the phototubes because the

phototubes, being in series, must pass the same
current. When the circuit is so adjusted that
the intersection is on the flat portion of the
curves, a small change in the illumination on
one phototube produces a large shift of the
point of inter-section. This is shown by the
dotted line which represents the current-volt-
age characteristic for the 917 under slightly
decreased illumination. The wide shift in the
intersection means a large change in the bias
on the grid of the 38. Consequently, the
cireuit has high sensitivity.

““The circuit can be adjusted for operation
as follows: Short ecireuit the grid to the
cathode of the 38 and adjust contact P, so
that the microammeter deflection is slightly
less than full scale. Thig adjustment assures
that, during the operation of the circuit, the
plate current of the 38 will not exceed the
meter’s full-scale value. Then remove the
shorting connection from the grid and, with
zero illumination on the phototubes, adjust P,
50 that the microammeter deflection is approxi-
mately midscale. Next set the illumination
on one phototube at a convenient value and
adjust the illumination on the other phototube
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so that the meter deflection is again midscale.
The eircuit is then ready for operation. This
adjustment procedure compensates for differ-
ences in insulation resistance and sensitivity
of individual phototubes.

““For high sensitivity, it is important that
grid current in the 38 be small. Emission
current from the heater to the grid can be
minimized by a positive biag of 9 volts applied
to the heater, as indicated in Fig. 4. Leakage
currents to the grid can be made small by
means of the precautions deseribed above. The
response of the meter to a change in illumina-
tion may be slow, especially at low light levels.
The reason is that the dynamie resistance be-
tween the grid and cathode of the 38 may be
so large that this resistance, when multiplied
by the input ecapacitance of the 38, gives a
large time constant.

SENSITIVE CIRCUIT FUR MATCHING MEASUREMENTS
A-C OPERATED

Haw

A€ LINE

% €),C2,C3 2 418, 250 VOLTS
— €4.C5,C@,C7 = 0.1 LF, 200 VOLTS

Tee ”;:‘ R = 15000 OHMS, 0.5 WATT
R2=100000 OHMS, 0,8 WATT

R3,R5 = | MEGOHM, 0.5 WATT

FIG. ¢ R4 = 50000 OHMS, 0.5 WATT

R Ay iy ™ 2 MEGOHMS, 0.5 WATT

A= 50 OHM3, 0.5 WATT

Ry = 320 OHME, 30 WATTS

RIG= 0.8 MEGOHM, 0.BWAT T

H| = BES HEATER
H2= 6HB HEATER
H33 39 HEATER

A.C. Operated Circuit for Matching
Measurements

“An a-c operated ecircuit for matching
measurements is shown in Fig. 6. This circuit
employs a 917, 9191, and 38 connected in the
high-sensitivity arrangement of Fig. 4, but
requires no battery or microammeter. Anode
voltage is supplied to the phototubes by the
6H6 connected as a voltage-doubler rectifier.
Positive plate and sereen voltages are supplied
to the 38 and 6E5 on alternate half-cycles
of the a-c line voltage. The magnitude of
the plate current of the 38 is indicated by
the 6E5. The applications for this circuit
are the same as those for the circuit of Fig.
4, The procedure for adjusting the circuit
is similar to that for Fig. 4. First, with zero
illumination on the phototubes, set potentio-
meter R, at about the middle of its range
6E5 is half closed. Then apply a convenient
value of illumination to one phototube and
adjust the illumination on the other photo-
tube so that the 6E5 shadow angle is again
half closed. The cireunit is then ready for
operation. For illumination levels as low as
0.0001 lumen, an unbalance of 1 of 19 in the

¥ These may be replaced by either type 922 or 926.

light on the phototubes will cause the 6EH
shadow angle to open to 90° or close to 0°.
This sensitive response is obtained only when
leakage currents are made small as described
above. At higher illumination levels the sensi-
tivity is even better because the ratio of photo-
electric current to leakage currents is larger.

CIRCUIT FOR MEASUREMENT OF ILLUMINATION RATIOS

"sw,
arC LiNT

2

€1 £ 0.004 s FIG.?
€22 0.25 i A2 £ 0.5 MEGOHM
Cy= 4 pf Ry = 280 OHMS (25 WATTS)
M 3 D-C MILLIAMMETER (025 0A ) R4 150 OHMS {1 WATT)

@) ¥ 3000 TO SO0000 OMMS (SEHLITIVTY CONTROL)

Ratios of Light Intensities
‘“‘Ratios of light intensities can be measured
directly by means of the a-¢ operated circuit
shown in Fig, 7. Condenser C, is charged
during one half-cycle through one phototube.
On the next half-cycle, the condenser is
charged in the opposite direction through the
other phototube. If the phototubes are equally
illuminated, they feed equal charges into the
condenser and the net d-¢ voltage across the
condenser is zero. When, however, the photo-
tubes are unequally illuminated, there is set
up across the condenser a d-¢ voltage whose
magnitude is a function of the ratio of illu-
minations., This condenser voltage, amplified
by the 6C6 and the 25A6, is read on the out-
put me