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ITPH CX-301A

CX-301A, the most popular and widely used type in the Cunningham
Radio Tube line, is a high vacuum recelving tube of the general purpose type.
The high mutual conductance and low plate impedance of this model ers respons-
ible for the very exeellent results obtained when used either as radio freguency
amplifier, detector or mmdio freguency amplifier. It is widely used as a loud
speeker supply tube of moderate output.

CX-801A is electrically the same as 0-301-A, but le mounted on the
large (X standard base instesd of the old type navy base. HNo change whatever
in tobe charscteristics was made when the new base was adopted. Comparsd to
0-301A production of 1923, CX-BZ01A has higher efficlency, resulting in improved
performance, The improved efficiency results from g twenty percent inerease in
matual conductance.

The 0X-301A filament 1s of the thoriated tungsten type, rated at
5 volts, .26 empere. The emission at rated voltage is well above that ordinar-
ily required in normal operation and when the tube is nsed on moderate plate
volteges, the filament voltage cen ba lowsred to 4.5 or 4.0 volts without
impairing the efficiency and with s resulting inerease in the 1ife of the tube.
A 6 volt storage btattery of the lead cell type or a 4.8 or 6 volt BEdison baettery
affords the most convenient source of filement current, except with ome or two
tube sets where dry cells may be used.

The low filsment ourrent required by the OX-3014 tubes mekes 1t poa-
sible to operate five tubes or more from a single rheostat of 2 ohms resistance.
This rheostat may be used as & master control to reduce the filament terminsl
voltege of all tubes in the set to B volts and separate rheostats can then be
uged to further reduce the filament voltage on eny individual tube, as ls often
customary for volume control purposes. A cireuit diagrem using this arrange-
ment is showm in Fig. 4, Plate 25. When a single tube is operated from e separate
rheostat, the 10 ohm size iz most convenient although for some purposes e rheo-
stat resistence up to 20 ohms may be desirsble. In operating a larger number
of tubes from the same rheostat, proportionately lower values should be chosen.

With the thoriated tungsten filement, the 1life of the tube is

usually ended by a rapid decresse in electron emmission, rather than by ectual
burnout of the filament.

The axceptional operating efficiency of CE-301A is attained by teking
precautions to attain and insure an unusually high vacuum, as even a slight
trace of gas impairs the filament emission, Seversl chemicals which ordinerily
give the bulb a uniform "silver" color sre introduced in our patented manufec-
turing proceases to obtain this nearly rerfect vecuum., This appearance of the
bulb is not an indication of the merits of the tube and cannot be teken as a
guide in selecting tubes. The prosence of a "rainbow" marking, which sometimes
has the appearance of a burred spot, is characteristic of many CX-3014 tubes.
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This spot is produced in the fectory processes and 1s not en indication that the
tube hss been used, reactivated, overlesded or has any special features.

While the materiale uweed in the btulb insurs the maintensnce of g
high vacuum throughcut the 1life of the tube at rated voltages, under
some condltions of overloed or abuse, =light impairment of the vacuum mey result
gnd cause a decrease ln electron emizsicn, Thip ig often the case when the tube
1a used as g rectifier on heavy load currents or at plate voltages in sxeeps of
135 volts. TFor rectifier serviece, CX-313 or 316-B rectifier tube should
always be used.

In taking eminsion readings, it is common practice to connect the
grid and plate together =pplying BO volts snode voltage. When such resd-
ings are %elken, this voltzgze should be epplied only for a few seconds and the
applied voltage should never exceed B0 volts. The was of higher voltages in at
least one commerical test set damages the tube and frequently caupes the emis-
slon current to drop 4o a value below possing, even though it is mpplied for
only a few seconds.

USE AS A DETECTOR

CX-301A ag a debector is qulet in operation and does not reguire
eritiecal adjustment of plate or filement voltege. Any plate voltage between
£22.5 end 67.5 volts may be used! end, while the filement temperature need nof be
carefully adjusted, it is usually adviszble to turn the detector tube up to
rated voltage in order to avold microphonic setion which scmetimes occura when
the filament Is heated %o leas than normal operating temperature. The use of a
cushioned socke$ for the detector tubs 1s elways good practice and especially
8o 8t present in view of the tendeney to use power amplifier tubes in the cutpui
stage. The greater Intensity of the sound vibrations from the speeker, with
power tubss, subjects the detector teo incressed vibration end, at times, results
in "singing” or "howlinz." The most satisfectory cughioning material iz very
asoft sponge rubber.

4 grid condenser of .00025 MF cepacity with a grid leak having re-
aistance of 2 megohmes i recommended. FHigher grid leak values give better sig-
nal strength on week signels but mey ceuse blocking or distorticn on strong
local stations.

USE AS AUDIQ FREQUENCY AMPLIFIER

The low cutput impsdence of the CX-B01A results in excellent per-
formence In the audic steges especlelly when uslng the improved fypes of sudio
tranaformers. It iz general preectiece fo use S0 volte plate with a grid voltage
of -4.6 volts. Fowever, in all except the last audio stage, lower voltsges may
be used without notleeably affecting thes quality and with a resultant marked
paving in "B" baitery current. The extent of this saving in "B" battery con-
gumption is chown in the following table:
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"B" BATTERY CURRENT AND POWER CONSUMPTION

"B" Battery "C" Battery Plate Current "B" Power Consumption
Voltagze Voltaze

Volts Volts Milliamperes Milliwatts
45 -1.6 9 4
67.6 -3.0 1.6 10

80 ~4.5 2.0 18
135 -9.0 2.6 54

The use of the lowest voltage indicated in the above table does not result in a
decrease in voltage amplification and should be taken adventage of in the eon-
struction of portable receivers where the very small "B" batteries used are ex-
pensive beeause of their limited capacity.

The CX-3014 tube is satisfactory for use in resistance coupled
emplifiers, being relatively free from bloeking or "stubttering" trouble some-
times encountered in this type of circuit. The low output impedance 1z also ad-
vantageous since the condensers and coupling resistors need not be as largs for
reproduction of low pitched avdio tones as with high impedance tubes.

USE AS A BOWER AMPLIFIER

In using the CX-301A tube as = loud speaker supply tube, best re-
sults are obtained with a plate voltsge of 135 volis, but this voltage should
not be used unless the recommended grid blaes of 9 volts is added. If desired,
two 0X-301A tubes mey be used in parallel on 135 volts., the power output equel-
ling that obtained from CX-112 at 135 volts plate. When using a single CX-E01A
tube at 135 volts plate some improvement in tone quality, with slight sacrifics
in power output, may be obtained by decreasing the grid blasing voltage to -7.5

volta.

It ghould be remembered that as "B" battery terminal voltages drop
during the 1life of the batteries, the power output decremses since the "C" batl-
Sery voltege remains constant. The remedy is to decreass the bias voltags 1.5
volts for every 12 volts drop in plate battery voltage. If thisis done, the "a»
batteries may be used until their terminal volisge has dropped %o between 30 and
35 volts per 46 volt block, when the poorer cnes should be discarded.

It is recommended that either Types CX-112 or CE-371 be used as the
power emplifier to feed the loud speaker where increased volume with undistorted
tone quality ls desired.

USE A8 RADIO FREQUENCY ANPLIFITR

CX-301A finde ite widest use in radic frequenecy smplification, and
is especially desirable because of its high mutual conductance and high input
impedance. Its performence iz noticeably superior to many of the competitive
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so-callad "A" fubzs. Reletive measurements made in our leberatory in a typical
one shege neutrodyne or tuned radio frequency receiver gave the followlng
average comparchtive resulta:
Toltags Rela-
Input Lmplifi-  +ive
Input Toltage to  eation Bffic-

Tube Tyme Yoltage Wext Stagme per Steme ieney
Millivoltas Millivolts

Cunningham CX-B01A o1 2.00 20.0 100%

Corpetitive Types., Lowest Gk 64 6.4 328

# 4 Highest .1 1.30 13.0 65%

Difference in tube performance of the order shown in %hs =bove tobulation is evi-
dent when listening te distant stations, but will not be roticed in tuning local
stations.

Heny factors enter into tube quelity snd performance. Plate current
end emission readinge irdicate morely that a tubs iz in cperstabls condition and
give no indieation of the quality of performance. A tube may have entirely
satlefactory veluss of muiuzl conduetance, plate current, plate impedance end
emplification constant, end yet have a low input impedance. Tests in our lab-
oratory of such tubtes have showm that the low input impedancs reduces the voli-
age amplifieation in the average redic frequency smplifier to 30% of the normal
gain and at the same time the selsctivity of the 4umed cireult Lo noticeably
impaired. 4 given signsl coming in over & renge of 20 kilocycles with CE-3014
could be heard over a range of 50 kilocyeles with a tube of low input impedance.
The volume must be turned up equal to that obtained with UX-301A to demonstrate
this decrease 1n selectivity. FHigh tube input impedance can only be obtained by
using extreme cars, not only in the selection of materiels used in the tube,
but also, in certain of the delicate manufacturing processes,

In radis frequency amplification it has been common practice to use
e "B" voltege of 90 velts without a bissming battery, and while this results in
meximum amplification, 1% is somewhat wasteful of current. A decresge in this
voltage to 67.5 or 45 velts or the sddition of a ™0™ battery will result in a
large saving of "B" battery eurrent, together with improved tome quality on
local progrems. Two CX-301A tubes as radio frequency amplifiers raquire 12
millismperes plate current with 90 volta "B" voltags, 7.0 millicmperes with 67.5
volts and only 3.4 milliemperes when the voltage is reduced to 45 volts. The
use of lower plate veltages will often more than double $he service obtained
from dry cell "B batieries, and will elso 2id in securing guiet, hun frees ser-
vice from "B" eliminetors, especially those having limited currsnt output.

The decremse in radio freguency smplification obtained from the
tube when the "B" battery voltage is dropped from 90 volts to 67.5 im only
moderate, sinee plate impedance rises only sbout 1,500 ohms or from 8,000 to
2,B0C ohms. An equivalent saving in "B babbery current may be obteined by us-
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ing the proper "C" battery volbtage. When the full "C* voltege of 4.5 volts is
provided, es normally recommended with 90 voltse plate, the "B" battery current
dropa from 6 milliempsres per tube to 2 milliemperes, a saving of 67%. The use
of a "O" battery voltage less then the rated value may be preferred. A con-
venlent method, and one which does not introducs coupling between sieges, 1s to
obtain the grid bias from the 1 volt drop in the filement circuit. A fized
resistance of 4 ohms may be added in the negative filament lesd to esch radio
emplifier and the grid return lead connected %o the battery side of this resis-
tance. When +the rated current of .25 ampers is flowing, a negative grid volt-
ege of 1 volt will be cbtained from this resistor. The seving in plate current
is only 1 milliampere but the input impedance will be very greatly inoreased,
resulting in decressed damping of the imput circult. This will incresse the re-
ceiver selectivity and sensitivity, by offsetting the efPect of increased rlate
impedance.

When tuned circuits are used as the coupling between successive
radio frequency stages, the tube characteristiocs Play en important part in de-
termining not only the voltage amplification but also the degree of selectivity.
Bach tuned stage feeds directly into the input of a redic frequency emplifier
tube, and a low tube input impedance is equivalent to adding a resistance in
perallel with the tuning condenser, with resultant broadening of the tuning and
2 decrsase in the voltage built up across the condenser ty a given induced
signal voltage. This effect may be rednsed to a minimum by meens of the method
Just explained, - the use of at least a small grid blas. The tube output resis-
tance is coupled into the succeeding tuned stage to an extent dotermined by the
amount of coupling between stages. This has the effect of inoremsing the
resistance or demping of the tuned ecirenit and accounts, in e large measure, for
the general practice of using a fewer number of turns in a coupling coil than
the proper number Por maximum energy trensfer. The output impedence of the
CX-B014 is meintained at a conslstently low value while the input impedance is
uniformly high. These two factors account for the uniform success and populerity
of UX-3014 as a radic frequency amplifier,
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