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ABSTBACT 

This report is a broad summary of tests conducted at the Naval 
Research Laboratory between July 1943 . and September 1944 on the CXFA/X5GGO 
transmitter and on the type ~7 vacuum tube used in the oscillator of 
this transmitter. The tests were made under NRL problem s423T-C. The 
transmitter, built by the Eitel McCullough Co., was a prototype of that 
subsequently incorporated in the SK-lM radar, manufactured by the General 
Electric Co~ for the U.S. Marine Corps. The object of the tests was two­
fold: To determine the behavior, primarily the life expectancy, of the 
527 tube, and te ascertain and correct any fe,ults in, and otherwise im­
prove, the transmitter~ During the first eight months of the'tests, 
approximately, the 527 was still under development. Samples of several 
evolutionary stages including the fingl model of the tube were life 
tested. These tests, . together with their results, are described for each 
developmental m~del tested. Life in general was satisfactory. An improved 
keying circuit was developed and incorpo·rated. Some simplifying modifi­
cations of the high frequency grid tuning circuits were tested, but were 
not feasible. Extensive tests were made in an attempt to improve the 
frequency characteristic of the oscillator, in which the power output and 
efficiency fell off rapidly at the higher frequency end o~ the operating 
band, but no improvement was found possible. It was concluded that the 
behavior was a characteristic of the 527 tube itself and not of the cir­
cuit. Tests were made of the transmitter performance when operating 
with a pulse length some three to four times normal ( in connection with 
work on another radar using the 527 tube with such a long pulse), The 
relevant characteristics of the oscillator were substantially the same 
with the nonnal and the longer pulse. 
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INTRODUCTION . 

1. The CXFA transmitter was te'sted at the Naval Research Laboratory 
from 26 July 1943 to 16 Sept. 1944. The object of the tests was a deter­
mination of the behavior, primarily the life expectancy, of the type 527 
vacuum tube under conditions of proposed military radar service, in the 
SK-lM marine radar, given below. Certain secondary tests were also per­
formed in the course of the work in ·order to obtain necessary information 
about the tubes and circuits used. The CXFA was a very basic prototype 
of the SK-lM transmitter. It was built by the Eitel-McCullough Co., Inc., 
and known also according to their designation as the X-5000. This report 
is a not-too-detailed summary of the project. During the period of the 
tests, close contact was maintained with representatives of the Bureau cf 
Ships and 0£ the various manufacturers concerned by means of letters, 
interim reports and personal contacts. 

1-1. The work done on these tests was authorized by NRL probleT:1 
S423T-C, Letters concerning this authorization are listed as references 
{l) and (2) in the complete list of BEFEBENCES pertinent to this report, 
which appears after the text. 

1-2. The type 527 tube is a medium mu triode of 300 ,v plate dissipa-
tion designed for pulsed operation up to a nominal frequency of 200 Mc, 

I 

and its mechanical design adapts it readily to a ring type multitube cir-
cuit, in which all anodes are at ground potential for radio frequency 
voltages. The tube is shown in the ph-0tograph of Plate 1, The single 
plate connector on the side is so placed for connection to a block common 
to all tube plates, in the center of the ring, and the two pairs of grid 
connectors on each side of the tube provide low inductance connectors 
convenient for completion of the ring, The tube has a thoriated tungsten 
filament re qui ring 5, 5 v at 120-150 a e,nd is capable of a. minimum emis­
sion of 100 a at 2500 v. The filament terminals are brought out in a 
concentric arrangement in which the outer conductor fonns the mounting 
base of the tube, which can mount in stiff spring fingers on a concentric 
filament line outer conductor, the inner conductor being engaged by 
similar springs on the line inner conductor, 

1-3• Proposed operational specifications for the SK-lM radar using 
four type 527 tubes, which detennined the life test .conditions for t he 
subject test, were as follows: frequency 185-225 Mc, pulse length 5 
microseconds, repetition rate 180 pps (with provision for the us e of 
60 pps). plate supply voltage lS kv or less and a nominal output of 1 
megawatt pulse power, which required, at the given duty cycle, an average 
power output of 900 w. The oscillator was to use grid. circuit modulation, 
the pulse being shaped ' and timed by an artificial line; at the sta rt of 
the CXFA tests, the method of controlling repetition rate had not been 
fully decided upon. 

1-4. '.fue CXFA equipment consisted of an oscillator together with 
necessary power supplies, control equiµnent, and output load apparatus, 

-1-
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1=4-1. The CXFA oscillator, showm in Plates 2 through 5, was housed 
in an aluminum box with removable side panels, 'having viewing windows at 
tube level. It differed from the SK-lM oscillator as later produced, in 
two major respects: the size of the CXFA in cross section was appreciably 
larger than that of the SK-lM, and it had shorting and coupling bars on 
the tW1ing frames which had to be internally and individually adjusted, 
whereas the SK-lM uses gear driven grid and filament tuning mechanisms, 
ganged and brought out to the front panel. '!he SK-lM oscillator is there­
fore considerably more · crowded than was the CXFA, leading to greater pos-' . 
sibilities of trouble from corona and flashover, and to possible differ-
ences in tuning adjustments and grid and filament tuning tracking because 
of the extra apparatus in close proximity to the high frequency circuits. 
The CXFA oscillator used a four tube ring circuit, all the anodes being 
connected by a block e,t the center of the ring, to which the high voltage 
plate supply was brought in from above, and which was at r-f ground poten­
tial. This unit can be seen in Plate 4. The grid and filament circuits 
were tuned. The grid circuits seen at close hand in Plate 5, consisted 
of four two-conductor frames, alternately placed with the tubes around 
the ring, with the grids of each of the two tubes on either side of a 
given frame being connected to the frame conductor nearest the tube, by 
means of spring contacts contained in a channel mounted on the conductor 
rod. These grid frames were symmetrical vertically about the grid con­
nectors, i.e., had short-circuited tuned sections equal in length both 
above end below the grid connectors. These sections were short-circuited 
at the ends and had movable sliding shorting bars for tuning, between the 
ends and the grid connectors. The grid return, carrying d-c and pulse 
modulation frequency currents, was made to the end-bar on one of the 
frames, and thence to the other tubes by means of the grid ring circuit. 
The filament heating circuit for each tube was a concentric line connect­
ing by _stiff spring fingers to the concentric filament terminals of the 
tube. · All outer and all inner conductors of these lines were connected 
respectively at their bottom extremities to two flat plates (one of which 
was the bottom of the oscillator box) sepe..rated by dielectric, which 
formed a by-pass capacity. The two sides of the filament power circuit 
were connected to these plates. The radio-frequency filament and output 
circuits can be clearly seen in Plate 3. For tuning, _a movable shorting 
plate was used near the bottom of the four filament line outer conductors. 
Two opposite lines were connected by a tie-bar just below the tubes, and 

· the other pair of opposite lines were connected further down by a movable 
tie-bar, from which the output pov,er was taken. The output transmission 
line was brought in through the center of the bottom of the oscillator 
box, the outer conductor terminating about five inches inside the box, 
and the inner conductor extending up between the filament lines and 
joining the output coupling bar described just above, 

1-4-2. Two air cooling supplies for the oscillator were provided. They 
are shown in Plates ·land 6. One blower furnished the main cooling stream 
i'nto the lower back of the oscillator box. This stream travelled upward 
past the tubes and out through the viewing windows and the top (which was 
customarily left open in operation, although a top with ventilating holes 
was originally furni$hed for the oox). A second and somewhat highe.r 
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pressure blower furnished air up the center of each filament line. This 
air emerged against the glass of the tube base and seal off and escaped 
through holes provided in the tube filament outer conductor terminal, be­
tween the contact fingers of the ·mount. This blower also supplied a 
strerun, which escaped at the plate connector block for cooling of the 
plate seals, down through the tube carrying the pla te supply vo 1 tage, 

1-4-3, The input power suppli es and control circuits were housed in 
a cabinet (Plates land 6) separate from the oscillator box. The power 
supplies were in the first and second decks of the cabinet, from the 
bottom. A high voltage transformer rated at 22 kv and 150 ma, four tube 
bridge rectifier using type 100-R tubes, and filter consisting of a 2500 
ohm resistor and ½ microfarad condenser furnished the plate power. The 
filaments were heated by a ·transformer rated at 6 v and 600 a. Both 
plate and filament voltages were . variac controlled in the primary circuits 
of their supply transformers. The grid modulation circuit, on the third 
deck, was of the self-quenching type using control of the discharge timing 
of the quench ce,paci tor for repetition rate control. A six-section, 50 
ohm, 5 microsecond · artificial line was used to form the pulse, and dis­
charge timing was controlled by a variP.ble discharge resistance, type 
3o4-T discharge tube and a driving tra,.~sformer for this tube which could 
be fed either from the 60 cycle line supply or from a 180 cycle audio 
oscillator-amplifier. By using the resistance alone to discharge the 
artificial line, variable time-constant-controlled repetition rates were 
available, or by using the keying tube with the line or audio oscillator 
controlling frequency, synchronized rates of 60 and 180 pps respectively 
could be had, Control relays at the top of the cabinet, were arranged 
for overload protection of the plate supply (with provision for locking 
off after a certain number of 11 tripouts 11 within a predetermined interval), 
and for shut down in case of water failure to the dumm;y load. 

1-4-4. The output load equipment consisted of a. pair of matching stubs 
a,t the oscillator output point, a slotted line, and a wate r-cooled dummy 
load with another pair of matching stubs. Standard three-inch concentric 
air-dielectric line was used throughout. Pe,rt of this equipment can be 
seen in Plate 1, 

PRELIMINARY TESTS 

2. The CXFA equipment was set up and put in operation at the Naval 
Research Laboratory on 26 July 1943, Prior to the start of and during the 
early stages of the life tests, several preliminary tests were perfonned 
on the apparatus to check conditions and to obtain necessary information, 
The type 527 tube, for about the first eight months of the CXFA tests, 
was still in the advanced developmental stage, and the particular version 
known as the X-47 was used in the oscillator during the preliminary tests, 
unless otherwise noted. 

2-1. A measurement was made of the operating pulse length of the 
transmitter. No accurate method was available for working with the r-f 
output pulse, so the dur~tion·of the grid ou~rent ~ulae was measured. 
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Since grid current of a:ny appreciable magnitude is drawn only during 
oscillation in a transmitter of this type, the duration of the grid 
current pulse corresponds very closely to that of the output pulse. The 
measurement was made using a calibrated servoscope. The pulse was found 
to be the rated five microseconds in duration within t~e accuracy of 
measurement. 

2-2. The two synchronized repetition rates of 60 and 180 pps ob-
tained by using the keying tube, driven respectively from the 60 cycle 
line voltage and f.rom the 180 cycle audio oscillator provided, were 
checked by beating them against the output of &n audio oscillator. They 
were found to be accurate. 

2-3. The output duty cycle was measured, using a duty cyclometer, 
with both repetition rates. It was found to be 0.03% at 60 pps and 0.09% 
at 130 pps, consistent with the measured pulse length and repetition 
freq_uency. 

2-4. A comparison was made between performance of the transmitter 
with the load applied at the end of the 50 ohm output tra.nsmission line 
adjusted to 50 ohms pure resistance, and with this load mismatched to 
produce a two-to-one voltage standing wave ratio in the transmission line. 
The oscillator could be correctly loaded by means of its tuning stubs in 
each case, a:nd no significant difference in power output was found. 

2-5, The spectrum of the transmitted signal was examined, using a 
pulse transmission spe9trometer, with the oscillator operating on 198 Mc 
at a repetition rate of 60 pps. The width of the main envelope (between 
the first two minima) at half-voltage was 230 kc. For a perfect rec­
tangular pulse of 5 microseconds duration, repeated 60 times per second, 
the corresponding theoretical width is 24o kc. The minor spectral en­
velopes of the CXFA signal were somewhat asymmetrical about the center 
frequency. From these data it is to be conclude_d that the signal band­
width was satisfactory and that there was not a great deal of frequency 
modulation. · 

2-6. The regulation of the plate power supply was not'ed, for a change 
from normal operating full load to no load on the supply. Th.e regulation 
at 60 pps was 16.3% and at 180 pps, 35.2%, of the full ·load voltage. This 
information was obtained for the use of the manufacturer of the SK-lM. 

2-7. A run was made of oscillator frequency as the plate supply 
voltage was varied. The oscillator vms opere.ted at about 205, Mc, at 
60 pps, and the supply voltage was varied in steps from about 7 kv to 
about 20 kv, the frequency being observed at each step. The resulting 
curve is sho~m in Plate 1, The average frequency increase per kilovolt 
increase in plate voltage was about 85 kc. The curve had a steep por­
tion between about 7 and 10 kv, over which the average increase was about 
200 kc per kildvol t increase, while from 10 to 16 kv the ·average increase 
was only about 35 kc p~r kilovolt. , 
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2-8. The oscillator plate voltage was varied in steps from about 7 
kv to about 20 kv, and the power output and efficiency were recorded at 
each step. Tubes of the X-91 developmental version were used for this 
test, and the oscillator was operated on about 225 Mc, at 60 pps using 
the 11 flywheel 11 keyer to be described below. The results of the test 
are shown in Plate 8. The curve of power rose at a slightly g;-eater 
rate than the square of the voltage (due probably to the slight increase 
in efficiency~ or to accidental errors), showing that the tubes had 
adequate emission. The low .efficiency was due to the rela tively high 
frequency used. This point will be disc.;.ssed_ in more deta.il later. 

LIFE TESTS OF TYPE 527 TUBE 

3, Life tests of the type 527 tube were carried on from 2~ July 
194-3 to 16 Sept. 1944. The tube was carried through many developmental 
stages or versions by the manufacturer, several of which were life tested • at this laboratory. During the period of test, the life runs were very 
frequently interrupted t o allow other tests and changes in the equipment. 
In this report, the life t est periods, conditions, and results will be 
given in chronological seq:iency, with notattons made as to the nature of 
other tests or changes at the times they took place. These separate 
experiments vrill then be described in detail as to methods and results in 
a later section of this report. 

3-1. Life tests were begun on 29 July 1943. :B'rom this date to 18 
- December 1943, the tubes on test were the X-47 version of the 527. A 

1 repetition rate of 60 pps was used except during certain tests other than 
life runs as noted below 1 and the pulse length was 5 microseconds. During 
the life runs the plate supply voltage was kept at 18 kv; for some other 
tests it was reduced to prevent ,exceeding the rated plate dissipation. 

I 
• 3-1-1. After the start of life runs, it was found that the oscillator 

timing went out of step with its intended repetition frequency control 
(this is referred to hereafter as 11 out-of-synch11 opera.tion) quite easily 
a.t times of the day when the line voltage changed due to load changes, 
Le., especially ea.rly in the morning and in the evenings. The conse­
quent improper grid voltage wave shape developed plate hot spots ancl 
ultimately holes in the plates end glass envelopes. Accordingly, a twenty­
four hour day watch was instituted on the equipment about 7 August. The 
transmitter was operated a.t about 200 Mc. Pulse power output was approxi­
mately 1000 kw and the plate efficiency was approximately 4o%. Of the 
tubes installed in the circuit and failing prior to the continuous watch, 
discounting mechanical breakage by the operator, 'one tube failed at 95 
hours life due to a punctured ple.te and envelope, and another was removed 
at 141 hours while still good, but near the end of its life, having several 
plate holes and visible signs of trouble in its glass. Three other tubes 
installed before the start of the watch and failing later had average 
lives of 283 hours. One of these showed high grid emission; the other· 
two would not allow the oscillator to key properly but the exact trouble 
was not determined. 

-5-
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3-1-2. In the case of tubes started after institution o-f the continuous 
watch, life improved, with a few exceptions. A batch of seven tubes had 
an average life of 297 hours. Two of these had lives of only 66 and 35 . 
hours, and the average life of the other five tubes wa.s 396 hours. Both 
of the short-lived tubes failed due to loss of grid cu~-off ability; of 
the other five, one became gassy, one developed grid e1nission, one 
developed plate holes and a punctured envelope, one developed a slight 
crack in the top of its envelope, and the last would not pulse properly 
due to undetermined trouble. Two other tubes, both h_aving a life of 12 
hours, are not included in this summary: one of these had a very poor 
grid voltage - plate current cut-off characteristic when new, and the 
other failed due to a punctured envelope caused suddenly by out-of-synch 
operation during a test. During the period covered in. this paragraph, a 
number of tests besides the life runs were conducted on the equipment. 
Data on oscillator performance with various standing wave ratios in the 
output transmission line were obtained. Several oscillator loading stub 
runs were made, of ve.rying duration, to adjust the oscillator tuning for 
best power ou~put and efficiency when the frequency was changed or when 
new tubes were installed, etc. Tests were made to determine the effect 
of unbalancing the normally symmetrical grid tuning frames, that is, of 
making one short-circuited section of each frame considerably longer than 
the other. while still keeping the combinBtion adjusted to give the same 
operating frequency. 

3-1-3. Between 5 October and 18 December 1943, when the X-47 version 
of the tube was superceded, tube life was extremely poor, partie,lly due 
to the conduction of other tests on keyer circuits which quite ofteh 
subjected the tubes to conditions of improper pulsing. One tube was re­
moved from the circuit at a life of 253 hours, still good, but with ple,te 
holes, so tha.t all of the oscillator tubes would be in good condition 
for the keyer tests to be described. Excluding meche,nical breakage by 
the operatort the average life of a lot of six tubes was 22 hours. Four 
of these tubes became gassy (one showing poor grid cut-off characteristics 
in addition), one developed an internal grid-cathode short circuit, and 
the le,st cracked a grid tennina,l seal. Four other tubes were removed 
from the oscillator to allow insertion of tubes of the next version re­
ceived, the X-91, while still operating properly on 18 December. At 
the time of removal, the average life of these four tubes was 91 hours. 
Two of these tubes had been used for pe.rt of the keyer tests, the other 
two had not, It was during this period from 5 October to 18 December 
that much experimental work was done, using the transmitter, on the key­
ing or repetition rate control circuit that was incorporated in the SK-Dvi 
transrni tter, known as a 11 flywheel 11 circuit. In adjusting this control 
to proper operation. the osciliator tubes were necessarily frequently 
subjected to multiple pulsing, which undoubtedly contributed tp the ab­
normal shorte'ning of life observed in the batch of six tubes discussed. 
Of the two tubes which never failed though used for the flywheel tests, 
one was installed only after the tests were virtually completed and the 
circuit well adjusted, but the other simply appears to have been a more 
than usually rugged tube - it had been operated 128 hours when removed. 
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In addition to the keyer work, tests were also made during this period 
of modified grid tuning lines, in which the grid~~onnectors, instead of 
being mounted in dlannels fastened to the transmission line conductors, 
were contained in channels milled into the conductors themselves. The 
operating frequency during this period was varied across the entire band, 
in conjunction with the tests other than of life, 

3-2. On 18 December 1943, the X-91 version of the 527 was installed 
in the oscillator, and tested until 5 January 1944. None of the accumulated 
hours during this period were on pure life runs. further flywheel repe­
tition rate control tests were made. A test of power output and efficiency 
as a function of plate voltage was conducted. Several mechanical break­
downs caused loss of time. Only four tubes were used, the life of which 
at the time they were removed (while still in good condition) was about 
25 hours, 

3-3• On 5 January 19+4, tubes of the X-97 version were put on test, 
and run until 18 February. They were operated at 180 pps using the fly­
wheel repetition rate control, except for a brief check using the original 
keying circuit to obtain a comparison of efficiencies, and at a pu~se 
length of 5 microseconds. The frequency was varied from 200 to 220 Mc. 
Efficiency varied from about 46% to 35%, and power output from about 1000 
kw to 600 kw at 18 kv plate supply voltage. Several tuning control 
runs were necessarily made to adjust for output and efficiency. An antenna 
duplexer contemplated for use in the SK-ll1 equipment was installed in the 
output transmission l~ne for a life test of its spark gaps. Several 
mechanical and electrical breakdowns in the water-cooled load and in the 
plate supply transformer caused loss of time. Poor regulation of power 
line voltage made it necessary to install separate supply lines for the 
plate and filament supplies from a distribution panel. Tube life was poor. 
A total of nine failures gave an average life of 70 hours. Four of these 
were from grid emission, three from cracked grid seals, one from a punc­
tured envelope due to a plate hot spot, and one from an undetenn~ed cause 
leading to failure to key properly, in which the tube had a somewhat low 
plate/grid voltage cut-off ratio after failure, which may have been the 
cause. Three tubes remaining in operating condition at the conclusion 
of tests on the X-97 version had been operated an average of 91 hours. 
They were not tested further since the next tubes received were of a 
later variety, furnishing no fourth tube for a matched set. The tubes of 
the X-97 va.riety had when new a cut-off ratio considerably higher than ,, 
had the X-47 1 s and X-91 1 s ( in the neighborhood of 30 or above as a.gain st 
about 20 for the earlier tubes), and a higher ratio was retained in the 
tubes subsequent to the X-97 1s. The increase of this ratio may have been 
obtained by plF1,cing the grid closer to the filament. This would cause 
the grid operating temperature to be higher. The marked increase in the 
number of failures due to grid emission and to cracked grid seals with 
this version is perhaps significant as indicating a, rise in grid operating 
temperature. !f this is true, the temperature rise ma,y have been con­
nected with the increase in cut-off ratio. It is, of course, entirely 
possible that the increased amplification factor was obtained by a de­
crease in grid mesh spacing or a combination of the two methods. Which 
scheme was used is not known. 

-7-
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3~4. Tests were begun on the X-114 version of the type 52-7 tube on 
24 February and continued until 11 March. The flywheel was used· except 
for one very short period. Keying was at 180 pps with a pulse length of 
5 us~c. ~ecause of the nature of the failures obtained with the X-97 
version, it appeared necessary to reduce the operating temperature of the 
tube structure. The efficiency could be brought up only by reducing the 
operating frequency, and accordingly this was reduced from about 210 Mc 
to approximately 190 Mc. At this point an output of approximately 1000 
kw was obtained at a plate efficienty of ·greater than 45%. A check was 
made of the perfonnance of the equipment using the original keyer and no 
difference was found in the eff~ciency or power output a.s compared to 
those obtained using the flywheel. The check was made because the Eitel­
ijcCullough Co., using a duplicate of the transmitter under test at this 
laboratory except for the use of the discharge tube in•stead of a flywheel 
circuit, had been obtaining considerably higher efficiency. The respec­
tive operating frequencies ~nly, however, were -found to account for the 
difference. Of six tubes tested during this period, three tu."bes failed, 
one at 8 hours because of a cracked envelope, the second at 70 hours, its 
plate/grid voltage cut-off ratio having fallen, and the third at 147 
hours with a cracked grid seal. Two of the remaining good tubes had been 
opernted 147 hours, and the third 69 hours. · 

3-5• On 20 March, tests were begun on the X-122 and X-125 versions 
of the tube. Additional air jets had been installed for increased cooling 
of the tube grid seals, becc1,use of the l a rge number of failures from 
cracked seals experienced in the two previous batches of tubes. A 
lengthy tuning run was made to determine the optimum power output and 
efficiency of the tubes and oscillator throughout the intended operating 
band of the SK-lM rade,r.. Following this, considerable time was spent in 
investigating the possibility of tuning the oscilla tor for best output and. 
efficiency without the use of an output power indicator, that is, by means 
of the indications of the grid and plate current meters alone. These two 
tests occupied the entire month of April, end accounted for failure of 
three of the tubes. Opera.tion was then suspended because of lack of tubes 
until 12 May, when life tests were started using mixed sets of old tubes 
and those of the final 527 type which had been received. A new cooling 
system, employing an exhaust fan, replaced the former main blower air 
supply, without change in the high pressure system used for cooling the 
tube base seals through the filament lines, and a modified plate connector 
block and support, having the former type of plate-seal cooling from the 
high pressure system, was instalied, before the resumption of operations. 
The temporary grid seal cooling ' jets were removed at the same time. The 
Eitel-McCullough Co. had made ex t ensive tests to determine the cooling 
air requirements for the tubes, and had arrived at the quantity require­
ment as well as the fact that the air stream should be supplied by an 
exhaust rather than a blower system, to obtain most even air •distribution 
and maximum cooling for a given fan capacity. In the, new system the cool­
ing air entered t4e top of the oscillator oox through an orifice plate, 
passed c:Lownward over the tubes, and was removed by the exhaust fan at 
the bottom rear of the box. The modified plate connector unit removed a 
source of deflection of incoming air introduced by the original one. The 
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f~n, orifice plate and plate connector assembly v,ere supplied by the 
E1 tel-Mc Culloug? Co. The resumption of life test was made at 198 Mc, 
900-1000 kw pulse po1t1fir output, and 4o-45~ efficiency. Tre last of the 
lot of X-122 and X~l25 tubes failed 27 May. Of the three tubes failing 
during the preliminary tests, the lives were 29, 113 and 130 hours, and 
the causes of failure an intermittent grid-filament short circuit, and t wo 
decrea sed. cut-off ratios, respectively. Of the three tubes life tested 
the lives were 56, 212 and 267 hours, and the failures were due respect~ 
ively to two cases of gas and one of g rid emission. It is to be noted 
that no tubes were lost due to seal breakage during this period. 

3-6. The final version of the type 527 tube was put on test 12 May, 
after the installation of the new exhaust cooling system. 

3-6-1. After preliminary tuning, mixed sets of the final tubes and 
rema1n1ng X-122 and X-125 types were life tested at 198 Mc, 900-1000 kw 
pulse output, 4o-45% plate efficiency, 5 usec pulse length, and 180 pps, 
flywheel controlled, until 4 June, during which time 2o4 hours of opera-• tion we re accumulated. None of the new tubes failed during this life run, 
although one failure, a cracked plate seal at 19 hours life, had occurred 
during the preliminary tuning. 

3-6-2. A number of tests other than life runs were made on the equip-
ment between 4 June and 30 August. The ~oor frequency characteristic 
of power output and efficiency of the CXFA was a. subject of great concern. 
As a result of the tests made by this laboratory, the tube manufacturer and 
others, it appeared fairly certain that the characteristic was a fault 
of the tube itself, and not of the CXFA circuit, but since there was still 
a slight doubt remaining, experimental changes were ma:de in the output 
coupling circuit of the CXFA oscillator to check one possibility, that 
the drooping characteristic was due to inability to load the tube proper­
ly at the higher frequencies. Other tests were made with a pulse length 
of 18 microseconds, in connection with work being done on the SR radar, 
using the sam·e type tube. Further tests were made on the flywheel repe­
tition rate synchronizer, to determine the dependence of repetition rate 
on oscille.tor loe.ding, plate supply voltage, i=md the value of discharge 
resistance used across the pulse forming network. Both the flywheel 
nonnally used and one from an SK-lM equipment, which was by nov, coming 
into production, were used. During this period, discounting accidental 
breakage, there were three failures. All of these had been on life test 
during the period covered in the preceding paragraph, and had lasted 
over 200 hours. (The fourth tube from the life test was broken accident­
ally a t 250 hours.) The average life was 242 hours. One failure was 
due to grid emission, one to a clecreased cut-off ratio, and one to an 
undetermined cause. 

3-6-3. On 30 August the life test was resumed at 192 Mc, 1000 kw pulse 
power output, 42-44% plate efficiency, 5 microseconds pulse length and 
180 pps, and was continued until 16 September, the date of conclusion of 
work on the CXFA project. Four failures occurred, Qp_e of these, at 6 
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hours, was a cracked plate seal, After this event, the oscillator tube 
mounting connectors were found to be out of alignment, placing undue 
stress on the seals, and were realigned. The other three tubes all 
exceeded 200 hours in life, the average being 253 hours. All three had 
been used in the miscellaneous tests between 4 June and 30 August. Tho 
failures were due t o an interna,l grid-filrunent short-circuit, grid emission, 
and an undcterminecl ce:q.se; in the three cases. Of tho three good. tubes 
remaining in the oscillator after the la.st failure, the oldest had boon 
operated 237 hours, ~nd the others 91 and 78 hours. 

ADDITIONAL TESTS AND CHANGES IN T~E EQ.UIPD1iENT. 

4. In o,cld.i tion to the prclimino.ry nnd tube life tests, the CXFA 
equipment was subjected to £1 number of ether tests, e.nd Hns changed in 
some respects, with e_ view to imprr.ving the perfornw,nce om1 tube life of 
tho CXFA itself Qnd of tho SK-lM. 

Changes in Synchronizing Circuit 

4-1. During tho first few mcnths cf tho tost, when the discharge 
tube keying; circuit c riginolly incc rpo ratecL in . tho equipnen t wc,s use cl, 
ccnsidernble tr0uble was exporicnce6. TTi th erratic pulsing due to loss of 
synchroniz;::,,tion with the dische,rge tube timing wrwe, ,rhich occurred yfith 
changing line voltage nt times of claily loacl che,nges, nna. to a l ess or 
extent with va ria.tions in ple,te voltag e nnd changinf~ c ondi tions in tho 
tubes during life. When properly synchronizec,_ 1 the circuit ca rri ed tho 
oscillator gricl vcl tage shDrply from beyonrl_ cut-off through tho l eve l 0-t 
which oscillntion ste,rtec1. Upon l os s of timinh, h owever , it rras pos-
si blo for the gricl voltage to rcmc:dn in the region bctrreen cut-off nnc1 
oscillntion levels for rela tively long periods. Under this conditi on tho 
plate current drmm by o.. tube focuse c1 throur~h ccrtnin regions of tho rsricl 
structure, hen.ting the plate loco.1ly. In turn the grid in the vicinity 
of the plc'l,te hot spct was cl!1mngod by the tempere,ture, so tha,t subsequently, 
even uncler correct opernting concli tions, plfl.te current f ccusini<; t ock plo,co. 
Thus, oven if tho tube ymulcl operate in _ the oscil1£,tor ofter the .d"'Jn;:,,go 
to its grid, tho ultimate result VTD,s plnte holes nncl. fii-ially a punctured 
envelope. 

4-1-1. . A II flywheel" pulse ropcti ticn r e te control circuit 1112,s desir:;nccl 
by this lD..boro.tory to replc,cc the original CXFA vacuum tube keying circuit. 
Such o, circuit is an 1-C resoMnt circuit ,.-,hich is plo.ced in series vri th 
the oscillator grid return. It is excited by tho grid. current pulse 
during each period of oscille,tion, an( its subsiclence vol tr.go WD,Ve is 
suporimposecl on the normo,l exponential decay of the pulse f orming notvrork 
capacity, which is resistance dischorgecl, by the series connection. Tho 
cxponen tio,l curve alone hns a relt- ti vely lou slope as it crosse s tho cut­
off bias level ancl, if it is used alone, plE1.te current flews f er en ap­
nrecio,t>lc time before the oscillation bi a s level is re E1,ched, the oscillntcr 
~fficioncy is reduced ancl there is a tendency tovmrd current focusing oncl 
hot spotting. Furthermore, tho lo.-, slope of the g rid vrave allows tho 
ropoti tion frequency to vary vriclcly with chPn,t;cs in loncling and in pll:',te 
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voltage. The adcH.ticm of the sine 'l'l'ave, properly phased and proportional 
in nmpli tude, steepens the slope of the total grid vcl tage wr:we 1n the 
critical region, which increases the oscillator efficiency and stri,bili zos 
tho repetition frequency. Th& design of the circuit involves tho proper 
choice of the flywheel inductance, oapo,ci ty and the pulse foming network 
cUscharge resistance, so 'ihat pulsing occurs at the desired rate, w1 th a 
-steep grid voltage wave and with the proper frD,cUon of sinusoidal com­
ponent. 

4--1-2. If the resistance discharge were used alone, there would be no 
question of loss of synchronization - there is nothing with which the 
oscillator can get eut of step - bu\ with ~e addi Uoif of the fly,kheel 
the necessity for synchronization arises, i.e., the exponential decay time 
must be roughly adjusted to proper timing with tho ilywheel, With correct 
adjustment, the oscillator pulse will occur at approxima.tely zero phase 
of the sine uave - the steepest part - when it is going in a positive 
direction. There is a sudden slip in phase as the flywheel condenser 
is charged by the oscillator grid current, and the s~cceoding sine wave 
will then go from its start at a negative maximum through R positive D,nd 
e,nother negative peak 1 before the next pulse occurs at about zero phase. 
If the network discharge time is not correct relative to the flywheel 
period, keying may occur and tho flywheel be excited in such a pha.se that 
the nonnal energy relations i:,,re rB.dica,lly chflnged, the ccrrect repeating 
transient will not be set up, nnd the circuit beha.vior me.y take a variety 
of fonns. It me,y ree.ch no s tcacy state at all, or it me.y settle in to a 
condition in which there is a regularly repeating cycle comprising several 
transients, ev,ch of which is different in grid v,mve fcrm nnd in pulse 
spacing. Worse yet from the standpoint of the tubes, the semi-static 
condition will probv.bly arise in which the grid vcltage hangs between 
cut-off and oscillation for relatively long lengths of time, causing 
plate hot spotting, For example, if the netwcrk discharge time is too 
long, keying will not occur until a second positive perk 1s reached by 
the sine vrr;i,ve after the preceding pulse, n point where the grid wrwe 
slope is very low, or, if toe short, on the first pook. where the snmo is 
true. There is, howeve,.-, . a fairly wide r8nge cf n,djustment of resistance 
for proper opera.tion, over which the slope is high o,nd the. pulsing fre"'! 
quency is well stab,ilized. furthermore, the circuit is lP.rgely self .. 
compens~ting under varying cpcrnting ccnditions, If the grid current 
chnnges fer any renson

1 
such e,s a change in pl/:1,tc vcl tage or in lco,ding, 

both the exponential end the sinusC'id vary in amplitude proportionally. 
In the case of plo,te voltage cho.nges, where the cut-off 'bias level also 
changes 2.lmost proportionally, the compensation is virtually perfect, With 
la,rge changes in loading I however, since tho cut-off level will rcmo.in 
fixed, it is possible fer ncn-synchron0us opero,tion to cccur, so provision 
for vnrintion of the netvmrk dischnrge resistance must be made fer use in 
tuning. Also, though changes in line v0l t£,,ge, inscff',r as they chringe the 
plate voltage, do not n.ffect synchronization, they can hl:'-.Je a pronounced 
effect -4"1rough ve,riation of filnment vrl tage, If the oscillo tor tubes 
are operated near the 11.mi t of emission, a. small po~centoge decrease in 
filnment pov1er can chnn0c tho bias swing a gre2.t deo.1 1 nnd since the cut­
off level v,ill not change greatly for small plate vc l to.go variations• 
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c,ut-of-step operation can oe.sily occur. The repetition frequency is, of 
course, scmewha.t a. function of the discharge resistnnco, since the 
sinusoidal component is of finite slope and amplitude. 

4-1-3. The flywheel circuit ua.s compo.red ~,i th the criginal tube keying 
0.rr£1ngement and with pure resistence discho,rge as to oscillator efficiency. 
Both the tube keyer And the flywheel were designed for c1, grid voltage 
wave of approximately the same steepness, so that they would be expected 
to give the same efficiency. The tubes being used at the time were of 
the X-47 tY1Je, and the oscillo,tor was operc1.ted on about 195 Mc with a 
pulse length of 5 microseconds, The results of the test were as follovrs: 
At a repetition frequency of 60 pps, the oscillc1.tor a,verege plate efficiency 
was: (a) with the vacuum tube keyer 39,3%, (b) with the flywheel 38.9% 
and (c) with resistance disch£1.rge 34.2%. At 180 pps the efficiency under 
these respective cnnditions was: (a) 43%, (b) 42.5% and (c) 38,4%. These 
are averages cf severa,l results. With a.11 three types cf keying the oscil­
lator power output was the swne, as would be expected since these keyers 
are simply triggers. Both the tube and the flJ~"heel control circuits 
are seen to have produced substantially the same efficiency. Their values 
in turn are very much better than those obtained with the lov, slope gri1d 
wave of the resistance discharge method. The efficiency is better in all 
cases at the 180 pps rate than at 60 pps, since at the higher rate the 
slope of the grid wave ( even v:ri th the exponential variation) is much hit?:her 
than it is at the lower rate. The efficiency of the oscille.tor using the 
flywheel was checked a,gainst that with the original keyer in use, during 
tests of several of the other versions of the tube, and the two circuits 
were found to be equivalent in this respect. 

4-1-1.J., Observations were also made of the relative stability of keying 
using the two keyers. The flywheel allowed. stable keying over a very much 
wider range of voltages · and tube ccnditions than did the discharge tube. 
Stability data taken using the production tube, on repetition rate vs. 
oscillator loading, plate supply voltage and network discharge resistance 
are shown on Plates 9 and 10. The oscillator at the time was operating 
with a 5 microsecond pulse on a, frequency of about 190 Mc. It is seen 
that the repetition frequency vms affected greatly only by the value of 
discharge resistance. By keeping; this value in the range where keying 
occurs 8.t a steep part of the grid volta,ge wave (the upper portions of 
the rate vs. resistance curve of Plate 10), the repetition rate is well 
stabilized. and is affected very little by lo~.ding ahd voltage changes. 
In the curve of rate vs. resistance of Plate 10, the rapid rate of change 
at the higher resistance values is-caused by the fact that the pulse is 

· occurring well above zero phase on the sine wave componept, where the 
siope is low. I¼i,ising the resistance somewhat more would lead tc keJ'ing 
on·the second sine wave peak, ,and unstable operation. In the region of 
the fairly flat top, keyin~ is occurring in the steep portion of ti1e 
sinusoide,l component. Going to too low a value of resis·ta~ce would ca.use 
the pulse to occur Rt the first pei:,k of the wave, with instability. It 
is seen th~,t quite a wide range is ~wailable for proper operation. The 
da,ta on varia.tion of rate vli th other factors were taken with a value of 
resistance in a.~ only moderately flat region of the rate-resistance 
curve, yet the stability vli th vnriation of these other fnctcrs is quite 
good, 

-12-

DECLASSiflED 



DECLASSIFIED 

Tests on High Frequency Grid Tuning Circuits 
I 

4-2. The original CXFA grid frames were constructed cf aluminum 
tubing , to vrhich were attached exterior channels which contained the grid 
connector springs. Fixed shorting bars at the top and bottom of each of 
the frames were used to mount the frames on stand-off insulators, and 
two sliding shorting bars were provided on ea.ch frame for tuning, which 
were nonnally spaced equidistantly along the frame from the center of the 
tube grid structure. Two modifications of this assembly were tested in 
a ttempts to simplify construction and tuning. 

4-2-l. While testing both the X-47 and the production versions of the 
527, the sliding shorting bars on each frame were displo.ced from their 
normally symmetrical setting, so that one tuning section on each frame 
was longer than the other, to simulate conditions that would obtain if 
only one shorting bar were to be varied in the process of tuning. No 
significant difference was found in either power output or efficiency from 
the normal values with ba l 2nced frames. 

4-2-2. A set of grid frames consisting of solid rods having the con-
nector springs mounted in channels milled into the rods were tested usint~ 
tr).e X-47 tubes. Because of the physic~,l dimensions of the oscillPtor, 
the rods of this design were closer together than those cf the original 
frames, and the consequent lower surge impedance required a greater length 
of frame for a given frequency. ~~e oscillator efficiency, when using 
these· tuning frames, was 5 to 10% lower than when using the original 
frames, and t:tie power output was from 90 to 95% cf tha.t available using 
the original frames. Eitel McCullough Inc., in similar tests, found tha.t 
the channel frames gave an efficiency about 71~ lower than norma,l, and a 
power output of only 83% of nonnal, in a transmitter identical with the 
CXF A/ X- 5000. 

Tests in Regard to Improvement of Frequency vs. Power ' and Efficiency 
Characteristic of 0scilla.tor 

4-3. A test wa.s made of povwr output a,nd efficiency over the fre-
quency range from 190 to 225 Mc ( the specified opera ting band of the 
SK-lM rRdar). Tubes of the X-122 and X-125 series were used, v7i th a 
pulse length of 5 microseconds 1::1,nd a. repetition frequency of 180 pps • 
. The test was conducted a.t a plate supply voltage of about 15 kv, to re­
duce plnte dissipation at low efficiency settings while tuning, and 
power outputs at 18 kv were calcula.ted, assuming power proportional to 
the squa.re of the voltage. (The tubes had been found to have adequate 
emission; also a few points en the 18 kv curve were checked experiment­
ally and found to be correct.) In obtaining the data, tuning wa.s fer 
ma..ximum efficiency. The maximum possible power output wa,s always obtained 
from the oscillator with slightly different tuning adjustments from those 
giving best efficiency, but the differences in both power and efficiency 
at the two settings were very slight. Hence the power obtained was sub­
stantially the best possible from the oscillator. The results of the test 
are shown en the curves of Plate 11. It is seen that both ·the power and 
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efficiency of the oscillator fell off quite rapidly e,bOve 205 Mc. This 
was very disturbing in view of probable frequent operation of the SK-livI 
above this frequency. A number of che.nges were made in the output coup­
ling circuit of the oscillator in an endeavor to improve the frequency 
characteristic. 

4-3-1. In the output coupling scheme, three-inch transmission line 
entered the bottom center of, the oscillator box; originally the cuter 
conductor tenninated about five inches inside the box, and the l¼ inch 
inner conductor was extended up and connected to the output coupling bar 
on the filament lines a t a point several inches higher. T'ne following 
schemes were incorporated and tested over the frequency band in succes­
sion: (a) three-quarter inch diameter pipe repie.ced the regular lt inch 
inner conductor between the coupling bar and the first stub junction, 
about six inches below the oscillator box; (b) The 3/4 inch conductor was 
shortened to a point even with the top of the outer conductor of the 
transmission line just insio.e the box; ( c) The inner conductor was en­
larged to a two-inch dirnneter between the coupling bar end the top of 
the cuter conductor; (d) The inner conductor was returned to its original 
diameter, and the outer conductor was extended up into the oscillator to 
the level of the coupling ba r and attached to the two free opposite fib.­
ment lines c1,t this level. No change was found in the frequency cha,rac­
teristi.c of. the oscillator as a result of any· of the modifications, ana. 
the output coupling circuit was returned to its original condition. 

4-3-2. The .. data obtained in these tests, together with those found by Eitel 
M¢0ullough, by Ge.norr,l Electric Co; working ·_v1i th the SK-]):; , A-nd by the 
Westinghouse Electric and Manufacturing Co. in connection with the SR 
r ada,r, lead to the conclusion that the poor frequency characteristic is an 
inherent fault of .the type 527 tube, rather than of the circuit used. 

Tests with Long Pulse Length. 

4-4. To obtain verifying information in connection with work done 
•by the \1estinghcuse Electric anc1 Manufacturing Co. on the SR radar, using 
the type 527 tube with a 20 microsecond pulse emong others, the CXFA 
pulse length was increased to 18 microseconds (the repetition frequency 
being red:uced to 60 pps), ancl. using the production 527 1 s, a run was mnde 
of power output and efficiency vs. frequency. The resulting curves are 
shown on Pl1:,te 12. '!'here vm.s no appreciable difference in pulse po,-rer 
output or in efficiency using the 5 end the 18 microsecond pulse lens th, 
nor in the ve,riation with frequency of these quantities obtained at the 
two pulse lengths. 

Change in Cooling System 

4-5. Considerable trouble was experienced in excessive cracking of 
grid seals when tests on the X-97° e,nd X-114 tube .ve.rieties ~ere made, The 
main air blower (at the bottom of the rear panel of the oscillator cab­
inet) was not forcing sufficient air })ast the tubes , e,nd too much tur­
bulence was being introduced to - evenly cool 1:'.11 tenniMls. To 7eme~y . . 
this condition, before tests of the X-122 1 s and X-125's, four air directors 
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or jets were constructed and so installed as tc direct air downward 
across the grid see,ls of all tubes. These were fed from high pressure 
air lines. This method of cooling was satisfactory, nc seal cracks oc­
curring among the X-122's and X-125 1s, but · was mechanically cumbersome. 
Eitel McCullou6h, as the result of extensive tests of cooling requirements 
of the tubes, found that a uniform a.ir velocity of 600 ft. /min. pe.st the 
tube blanks we.s necessary, and tha.t this re qui rem en t should be furnished 
by an exhaust rather than a blower system to insure the greatest stream 
velocity unifonni ty. They then furnished this laboratory with an ade­
quate exhaust fan, motor, and orifice plate for mounting in the top of the 
oscillator cabinet, the fan being installed in the rear panel in place of 
the original blower. -The orifice plate, besides provicl.ing better air 
direction, also constricted the air intake opening to simulate space 
requirements in the SK-UI production oscill2,tor. This new · cooling system 
was installed just before tests on the proo.uction type 527 were instituted. 
The number of tube fe.ilures from cracked seals was satisfactorily low 
after its installation. 

Tuning Procedure 

4-6. The correle.tion between ple.te and grid current trends and out-
put power and efficiency was investigated. It was found thc:1.t tuning by 
means of t -he stubs for a maximum ratio of plate to grid currents gave an 
output and efficiency very close to the maximum possible. By slight re­
adjustments of the stubs it was possible tc increase the power output by 
about 10%, and to add two or three percent tc the efficiency. The s e ga ins 
would not significantly affect the perfonnance of a r21,dar equipment, and 
in service operation of the equipment could not be realiz'ed unless some 
sort of power output indicator were provided. It would be expected t hat 
this method of tuni~g would hold fer other oscillo.tors of the same type 
using the same tubes, such as the SK-lM. 
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