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ABSTRACT

During this quarter, life tests were continued on the Group
C, S5FD-209 tubes. Tubes L30E, D3I7F, and LLBE are operating in parallel
from a common RF source and dc power supply. 4 total of 8349 hours
of operation has been accumulated., Apparent degradation of performance
has been traced tc external circuit faults. With circuit faults cor-
rected, tube LUBE had no significant change in performance after
326E hours of operation. Tubes L30E and D3TF are operating satis-
factorily after T8 and 769 hours, respectivel,

Constr -~+ion of the new Croup D design was started. These
tubes incorporate changes found to be necessary as a consequence of
life tests. These changes include improved control electrode cooling
and a new input window.

Tubes FE3F and G35F of the new Group D design were tested
and found to be satisfactory. Tube G35F was used to observe the
effects of increased anode-cathode separation. The increased separa-
tion allows operation in the region of lower power output, where
under conditions of less separation, the output would contain zome =
mode oscillations. Starting delay in tube G35F was also studied.
Starting delay times of less than 2C nanoseconds were observed for a
5 kw peak input over a 1000 volt range of cathode voltage encompassing

the normal operating values.
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1.0 INTRODUCTION

During the gquarter covered by this report, life tests were
continued on tube LLYBE and two additional tubes {iéGE and D37F) were
placed on life test. By the end of the quarter, tube L4EE had operated
for 3265 hours and the two additional tubes had operated for about
750 hours each. The changes in the V-I characteristic and s-me of
the starting jitter previously reported were found to be caused by
circuit rather than tube problems and these were corrected.

Construction of the new Group D design driver tubes was
started. These tubes incorporate changes found to be necessary as a
consequence of the life tests. These changes include improved contrcl
electrode cooling and a2 new input window. Three of these tubes were
completed and construction of another three was started.

Hot test characterizations of three tubes were made during
the quarter. Results on three similar tubes show a good degree of
reproducibility of characteristics. Tests on another tube with an
increased anode-to-cathode spacing show that this change reduces the

tendency toward 7“-mode oscgillation at low currents.




SF+D laboratories, inc.

2.0 LIFE TEST RESULTS

During this gquarter, life tests were continued on tube L4BE
and tubes L30E and D37F were placed on life test during the first part
of July. All three tubes operate satisfactorily from a common dc
power supply and RF source. By the end of August 1364, tube LL8E
had accumulated 3268 hours of operating life. Tubes L30OE and D37F
had accumulated 748 and 765 hours respectively. The life test program
had accumulated ¢ total of 8349 hours of operation by the end of
August. Table I ir a summary of the Group C SFD-203 tube status and
life test results as of the end of August 196L. Table II is a summary
of the Group D SFD-209 tube status.

Figure 1 shows that the three tubes {L3%E, L48E and D37F)
had very nearly the same V=-I characteristics at the beginning of the
life test. The ..ree tubes are identical except for an improved
thermal path between the control electrode and cathode in tube D37F.
The high thermal impedance between the control electrode and cathode
is partly a consequence of thin kovar members sealed to the control
electrode insulator. As discussed in previous reports, it is suspected
thkat this high thermal impedance causes the control electrode to oper=
ate at a temperature which gradually causes ics recrystallization.
This, in turn, is believed to cause a change in its secondary emissicn
properties which leads to starting jitter. A gquick but significant
improvement in control electrode heat transfer wag made by brazing
copper heat shurts over the kovar members of the control electrode
support assembly in tube D37F. It was assumed, quite correctly, that
this improvement would not affect the V-I characteristic cf the tube.

Some insight into the problems encountered during life
testing was obtained when the two additional tubes were added to the
life test system. It had been reported in the last quarterly report
(Report No. 5, RADC-TDR-6L-236) that the V-I characteristic of tube
L4BE had degraded during the life test. This observation was difficult
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o explair since the cathode current is believed to be space charge
limited. 1If the cathode was to degrade, it was ex; ted that the
maximum available current might decrease but that the shape of the
V-1 curve at iower currents should not change. The shift in the V-I
curve appeared to indicate that this simple viewpoint regarding space
charge limitation was not correct. In the process of adding the addi-
tional tubes to the life test, it was discovered that the shift in
the V-1 curve was the result of an external circuit fault rather than
a degradation of the tube. The fault involved the failure of the RF
load terminating the directional coupl:rr input in the RF drive power
division network. The directional coupler is of the quarter wave
contra-coupling type with two ports available on the coupled line.
One port provides the input pcwer to the crossed-field amplifier and
the second port, one quarter wavelength down the line, is terminated
in a matched load to obtain the directivity for the directional coupler.
Under norm2l conditions, when the main line is terminated with a
matched load, very little power is transmitted to the matched termina-
tion on the coupled line. For this reason, the termination supplied
with tne directicnal coupler had a low powar capacity.

As the directional coupler is used in the life test system,
the termination on the coupled line will be subjected to any power
directed back from the crossed-field amplifier input, which under
normal operating conditions, may be approximately 2 per cent of the
crossed-fi.ld amplifier cutput power. The average power cutput from
the crossed-field amplifier is cetween 200 watts and 300 watts so that
the termination is subjected to 2 watts to & watts of power. The
termination supplied with the directional couplers appear to have been
designed for approximately 1 watt capacity. When the low power termin-
ation : as destroyed, the termination became an open « _rcuit. The open
circuit caused standing waves to be set up which, in turn, reduced the
input power fed to the tube to be about half the proper value. The

resulting tube behavier was initially interpreted as a degradation of
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performance, but it is now apparent that the tube behaved as {:
should with a reduced RF input drive.

Figure 2 shows the result of measurements on tube LLBE made
at 2862 hours of operation and after the fault had been corrected.
The results of measurements after 2500 hours of operation but before
the fault was corrected are also included. The measurements show
that the V-1 characteristics of tube LUSE 2re essentially the same as
the initial hot test characteristics. The RF input power is still
slightiy below the value at the start of life test, and this may
account for the remaining difference in the characteristics.

The starting delay and jitter on tube LL8E, aithough still
present, were considerably reduced when the termination fault was
corrected. The reduction of starting time delay indicates that the
starting delay and jitter are a partial function of RF input drive
power. The input drive power is still below normal, but steps are
being taken to correct this situation 2nd further improvement is
expected. This experience ied us to conduct a more detailed study of
the effects of RF drive and operating voltage on starting delay and
jitter. The results of this investigation are discussed in a later
section.

The performance of tubes L30E and D37F follow the same
pattern as does tube LLBE with the exception of starting delay and
jitter. Tube L30E developed starting delay and jitter in much the
same way as did tube LL3E; however, tube D37F has shown no starting
delay or jitter after 750 hours of operation. This observation is
significant, since tube D37F has an improved thermal path between
control electrode and cathode, which we would expect to inhibit the
appearance of jitter. VFowever, it is too soon to concluue that the
jitter has been alleviated by this step.

Further diagnostic tests were conducted during this quarter
on tube L1E which was removed from life test in May. This tube had

operated for 1288 hours when loss of a control modulator coupled with




AMIVA TVILINI NVHL SST1 XLLHOIIS SI SUNOH 29Q2 LV Y3M0od LOANI dd
*QEDVIAAY NOILVNIKMAL SINL HLIM SYNOH £95C YALAY ANV ‘LHOMLIN
NOISIAIQ ¥3MOd LAINI HHL NI NOLIVNIRMAL QADVAVA V HLIM

SHNOH 00S2 YALAV 'ILSAL A4IT Aoddad IAgh1 FdNY 40 SHANND I-A S HdNOIA
sduw - jJuaxan) 8apoyied yeayg
on GE ot &g oc Q1 o1 S
wo— N.
S 0611 = ¥
ssned OGOT = 9
e, w
jiney surl andur jo
UOFI291102 X33Je - SAN0Y 20RE
///////f —c
TeYITHL "™
jpney supl Induy JRUIBIXD YITm - SINOY Q04T .. — )]

A - 93eyTop Buyjzeasdg op

e e s g




S*F:D laboratories, inc.

the failure of a protective circuit caused the tube to gas up. As

was stated in the last report, some tests were made to determi 1w what
changes, if any, had taken place during life test. Measurements of
the cold transmission and reflection were recorded, and it was found
that the match of the tube had degraded significantly. This had been
the first time we had observed a change in cold circuit properties
during life tests. In an attempt to evaluate the source of the change,
X-ray pictures of the tube were taken. The photographs revealed a
significant amount of eccentricity in the output coaxial line; how-
ever, this eccentricity could not fully account for the change in cir-
cuit properties. Another possibility was a deposit found on the iuput
window as a consequence of arcing in the input line. The input window
was replaced first by an identical 3/8 inch window, and then with a
7/8 inch window without any significant changes in the cold properties
of the tube. It is now strongly suspected that a shift in the match-
ing section has taken place. Such 1 change could occur as stresses

set up ir the tube or the first circuit bar were "relieved” by heating.

The source c¢f the stresses in this particular tube might have been

introduced when the cold match was adjusted. As was previously reported,

a repair had been nececsary in the can of tube L1L, and, as a conse-
quence, dimensions were not held as well as in the standard tubes.
For this reason, more than the normal amount of adjustment had to be
made in the matching section. The next step will be tc open the tube
for a visual inspection. The chances of reclaiming this particular
tube are good.

Before tubes L30E and D37F were placad on life test, an
experiment was performed on tube L48E in an attempt to determine the
cause of the starting delay and jitter. A dc bias voltage was applied
to the control electrode in an attempt to alter the electron trajec-
tories in the c¢rift space during the starting interval. A bias,
negative . h respect to the cathude, had no appreciable effect below

1000 volts but -aused increased starting delay above 1000 volts.

il
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A positive bias of approximately L0OM volts reduced the starting delay
perceptibly. From 400 volts to approximately 1000 volts, no effect
was observed, but, above 1000 volts, delay time increased. It had
been expected that a negative bias would prevent electrons from
striking the control electrode during the starting interval. Since,
as discussed in & previous report, many of these strikes ocvcur at low
electron energy, they were believed to result in a decrease in the
space charge as it traversed the drift space. We had reasoned that a
negative bias would prevent this loss and improve the starting. We
were thus surprised to find that the negative bias had no effect. We
were equaily surprised to find that the positive bias helped the
starting. This effect also appears to require the assumption that
electrons strike the control electrode following cycloiding trajec-
tories. The positive bias would cause the electrons which strike the
control electrode the first time to do so with greater energy and
thus greater productionr of secondaries. Thus, the obs. rved result
cannot be explained by present theories. We now suspect the possi-
bility of trapping electrons between control electrode and cathode
when the bias is negative. This whole subject of the effects of con-
trol electrode bias on starting deserves further study. It could

possibly shed a considerable amount of light on the starting process.

10
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3.0 SFD-200 GROUP D DESIGN

Performance tests and life tests on the SFD-209 have shown
the desirability of several design changes. A group of six new tubes
known as the Group D tubuz is being constructed to incorporate these
changes. From life tests, we have learned that the control electrode
operates at a temperature which was higher than anticipated. The ccn-
trol electrode support was redesigned to incorporate a beryllia insul-
ator which has a high thermal conductivity in place of the alumina
insulator in the previous design. The new method of mounting the
insulator also avoids the u1ge of “he thin kovar members of the previous
design. As a net result, we expect a considerable improvement in the
heat transfer from the new control electrode support.

A second design change, shown to be necessary from the life
tests, involves the input window. Visual inspection of the input
windows on tubes removed from life test revealed evidence of sparking
between the inner and outer conductors on the atmospheric side of the
window. It was therefore decided to change the input window to a 7/8
inch coaxial size.

Three tubes, incorporating the design changes, have been
completed during this quarter and three more started. The best
estimate is that the last three tubes will be completed by the end of
September or the first week in October. The first of the completed
tubes, FE3F, was sealed in and pumped on 29 June 1964. This particular
tube s ffered a number of rebrazing operations in excess of the usual
brazes. The rebrazing operations were necessary to seal a porous
metal detail in the anode flange. The rebrazing operations rendered
this tube non-standard; however, subsequent hot test results indicate
that the tube performs very much like the standard tubes.

The second tube in this group, G35F, was sealed in and
pumped on 22 July 1964, This tube incorporated the above-mentioned
design changes but also incorporated a cathode with a diameter which

was 10 per cent smaller than a standard cathode. This change in

11




S*F*D laboratories, inc.

cathode diameter was made to investigate the efiect of anode-cathode
spacing on the tendency for the tube to oscillate in the % -mode at
low currents. The results of this experiment were encouraging and
are reported in the Hot .Test Section {4.0) of this report.

Another area where performance measurements indicated that
improvement may be desirable is in the further suppression of the
region of m-mode oscillations at low currents. Such oscillations
have not been present in any of the RF performance measurements quoted
in the preceding quarterly and semi-annual reports. It is known that
there is a region of 7"-mode oscillations at low drive power levels
and at the low operating voltages on the left-hand side of a typical
performance chart. 1If the oscillations can be suppressed, the input
drive power can b« reduced with lictle change in output power, thereby
increasing the gain. Even if tne tube is to be operated with approx-
imitely the 5 kw of input drive used ip our RF testing, it would be
advantageous to decrease the required input power for satisfactory
operation and thereby provide a greater degree of insensitivity to
effects of the antenna VSWR. To further suppress the n-mode, we
incorporated a selective T-mode attenuator in H29F, the third tube
of this group. The at:cenuator is in the form of a ceramic absorber
mounted between the C13 coupler rings and the vacuum envelope. Cold
tests performed previously with a linear version of the circuit
indicated that this type of selective absorption was feasible and cold
tests on the tube verified the observ. .on. Unfortunately, a broken
pilece of the ceramic came loose during a high temperature braze and

lodged against one of the C,_ couplers in the center of the circuift.

The removal cof the dislodgei3ceramic introduced a relatively small
disturbance on the circuit, and it was decided to proceed with the
construction of the tube. The tube, H29F, was sealed in and pumped
on 27 August 1964. The bake out apparently loosened the remainder
of the broken ceramic which again appears to have lodged against the
C13 coupler. It is now necessary to reopen the tube and remove the
broken ceramic.

12
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L.C HOT _TEST MEASUREMENTS

During this quarter, hot test measurements were made on
tubes D37F, F63F, and G35F. The V-1 characteristics and frequency
response of tube D37F {Group C design) are shown in Figures 3 and &
respectively., Tube M27F was subsequently placed on life test and has
accumulated ~pproximately 750 hours of operating life with no change
in performance.

Although tube F6E3F (Group D design) had been classified as
mechanically non-standard due to repeated brazing operations, measure-
ments show that it may be classified electrically as standard. The
V-1 characteristics and frequency response of tube FG63F are shown in
Figures 5 and 6. This tube will be used to evaluate the high average
powe: capability of this new design.

In tube G35F, the anode-cathode spacing was increased by
10 per cent by decreasing the cathode diameter to observe the effect
of the increased spacing on the dynamic operating range of the tube.
During the initial test, it was discovered that the control electr :de
diameter was not reduced proportionately to the cathode diameter,
and therefore, the contrcl electrode protruded radially outward from

the cathode in the drift space. Upon completion of the test, the tube

was reopened, corrected and repumped as G35F-1. The subsequent measure-

ments gave an evaluation of the effect produced by the protruding
control electrode. Figure 7 chows the freauency response of the tube
under both conditions. It is evident that the protruding control
electrode causes a reduction in output power and efficiency. The
frequency response of tube G35F-1, cperating at a higher dc potential,
is aiso shown in Figure 7. Figure 8 shows the V-I characteristics
for this tube.

The V-I characteristics of tube G35F-1 are compared with
the V-1 characteristic of tube F63F in Figure 9. The effect of the

increased anode-cathode separation becomes evident. The increased

separation allows operation in the region of lower power output where,
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under conditiocns of less separation, the output would contain some
“-mode oscillations. It is also seen that, at a given percentage of
the characteristic current, the power output and efficiency are
approximately the same and, at a given current, the tube with the
larger anode-cathode separation operates 2t a higher voltage. There-
fore, the net effect resulting from increased anode-cathode separation,
in a given magnetic field, is to move the V-I curve upward toward

high voltage and left toward lower current. This shift in operating
conditions increases the dynamic operating range oy extending the low
power region without sacrificing the higher power region.

Tn an attempt to understand the starting delay and jit .er
observed in the tubes presently on life rest, the starting Jdelay time
in tube G35F-i was studied. The delay timc was measured as a function
of anode voltage and input power at several magnetic fields. These
measurements shoved a starting delay of less thar 20 nancseconds for
a 5 kw peak input over a 1000 volt range of cathode voltages encom-
passing the normal operating values. {The deiays quoted here are in
excess of the pulse envelope tramsit time through the tube and thus
represent a shortening of the puise as sketched in Figure 10). For
lower peak input powers, delays were greater and the range of operating
voltage for minimum delay was reduced. At 1 kw peak imput drive, the
minimum delay was 40 nancseconds and delays of several tenths of a
microsecond were encountered when cathode voltages were raised tc the
values required for outputs over 100 kw peak.

The minimum delays are believed to occur when electrons are
able te pick up enough encrgy on 2 single cvcloid trajectory during the
starting interval to make the secondary emission ratio greater than
one. pJelays are encountered when this ratio does not exceed unity.
Under thie condition, an initis]l interval is required during which
space charge is accumulated by the trapping of electrons which give
up energy to the RF fields. This stored space charge gradually

lengthens the cycioid trsjectories until the required energy for unity
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Amplified Pulse

RF input pulse transmitted
through amplifier in absence
of cathode voltage

YIGURE 10 PULSE SHAPES OF R¥ INPUT PULSE AS TRANSMITTED
THROUGH TUBE TN ABSENCE OF CATHODE VOLTAGE AND
AMPLIPIED RF PULSE WHEN CATHODE VOLTAGE IS APPLIED,
STARTING DELAY IS MEASURED AT APPROXIMATELY 85%
POINTS, THE AMOUNT OF DELAY IS EXAGGERATED IN
THIS SKETCH AND 15 ORDINARILY LESS TRAN 20
NANOSECONDS
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secondary emission ratic can be picked up along o single cycloid
trajectory. Once this happens, the tube proceeds to turn on rapidly.
This mechanism accounts for the delay interval before starting in
which nothing appears to happen followed by the very sudden turn-on,
It also accounts for the dependence of delay on peak input power. The
dependence on voltage is a consequence of the necessity of the cycloid
trajectories along which electron multiplication is occurring, main-
taining synchronism with the circuit wave. At the higher cathode
voltages, the conditions for synchronism are violated and multiplica-
tion can occur along only a few cycloids before the trajectory falls
out of synchronism with the circuit wave. Thus, the rough outlines of
a satisfactory theory of starting are on hand. This subject will be
discussed in more detail in future reports as more data become avail-
able.

For our present purposes, it is sufficient to note that
starting delays are small under normal operating conditions but can
become appreciable (several tenths of a microsecond) at low input
powers and high cathode voltages. Under such conditions, the amount
of delay is very sensitive to voltage. For the future, it.is to be
noted that the range of conditions over which delays are negligible
can be increased by improving the secondary emission properties of
the cathode so that less striking voltage is needed for unity secondary
emission ratio. It should also be pointed out that since the delays
depend on transit times of electrons, they will scale down proportional
to wavelength in higher frequency tubes.

The measurements of starting delay time in tube G35F-1 pro-
vide some insight to the behavior of the tubes beiug life test=d. The
starting delays observed during life tests can be explained in terms
of changes in RF input power and operating voltage. It was mentioned
earlier in this report that tube D37F shows no sign of either starting
delay o1 jitter after 750 hours of opcration, while the other tubes do

have both starting delay and jitter. The simultcneous occurrence of
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delay and jitter was also observed in other tubes life tested. Thus,
there exists a strong possibility that starting jitter will only
appear in a tube that has a starting delay., A possible explanation
of this lies in external circuit properties and in the sensitivity of
delay to vcltage under conditions of low RF input drive. Thus, i_
starting delay occurs on one pulse, less total energy may be drawn
from the energy stc-rage capacitor than if no delay had occurred. If
external circuit time constants are long enough so that this higher
voltage is still applied to the tube at the start of the next pulse,
the delay for the next pulse may be even greater. An effect in the
opposite direction is the drawing of greater peak current and greater
total energy from the storage capacitor for higher cathode voltages.
Between these two effects, there may be a tendency for a slight pulse-
to-pulse jitter in applied voltage and therefore in starting delay.
Proper design of the external circuitry may possibly eliminate jitter
though it will not affect starting delay which is a propecty of the
tube itself. Thi= possibility will be studied further when time
permits. (Correction of the low power condition on our life test
sets has essentially eliminatrd jitter so the effect is not readily
studied on life test at the present time.)
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5.0 SECONDARY IMISSION TESTS

A secondary emission tester was set up to evaluate changes
in secondary emission ratio which might take place during life. Tc
make it possible tc use .actual tube parts as the target electrode,
the tester was set up in a bell jar vacuum system. To first validate
the performance of the secondary emission tester, a molybdenum target
was tried. 1In a succession of ex 2riments, continual difficulty was
experienced in obtaining proper results for a molybdenum target.
Successive measurements were not reproducible and the targets had
shown evidence of discoloracion. It was believed that the test sur-
faces were being contaminated by some substance in the bell jar system.
To reduce the possibility of target contamination, the secondary
emission tester was mounted in a demountable metal envelope. 1In a
previous program, this type of tester had given satisfactory results
for a wmolybdenum target.

Measurements msde in the self-contained secondary emission
tester have been reasonably successful. Secondary emission ratios for
a molybdenum target have been measured at values reasonably close to
the theoretical values. The measurements have been reproducible and
the target did not become discolored. Typical results are shown in
Figure 11, An alumivum target was tried next. The aluminum target
received basically the same treatment as a cathcde for a tube. The
results of secondary emission measurements on this target are alsc
shown in Figure 1l1. Jihe maximum secondary emission ratio measured
for the aluminum target was 2.2. This valuc wright be considered to
be high, but since the surface of the target is not pure aluminum
but an aluminum oxide, a ratic of over 2 is not unreasonable. Further
tests will be made to verify this result and some additional materials
will also be tested in this manner. The tester will then be employed
for its original purpos: of examining surfaces removed from tubes on

life test.
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£.0 CONCLUSIONS

Conclusions which may be drawn from the effort during this

quarter are:

1. The reproducibility of characteristics appears to be good.

(See Figure 1)

2. The improved heat transfer from the control electrode in tube

D37F appears to have alleviated the starting jitter problem

(a tentative conclusion).

3. A slight increase in anode-to-cathode spacing decreases the

tendency to oscillate at iow anode currents.
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.

7.0 PROGRAM FOR NLXT QUARTER

1. Complete construction .nd characterization of Group D tubes.
2. Continue life tests and evaluate failures.
3. Start phase measurements.

4. Investigate average power capability of the design.

28




SF+D laboratories, inc.

DISTRIBUTION LIST

Contract AF 30(602)-2537 Lo les

Rome Air Development Center, Griffiss Air Force Base, New York 13442

Attn: EMLAL-1 1
EMLAP-? i
EMPL (Maj Shields) 2
EMPL (S/L Tanner) 2
FMATE (J. N. Schneider) 2
GEEIA (ROZiCAL), CGriffiss Air Force Base, New York 13442 1
Advisory Group on Electron Devices, 3L6 Broadway,
8th Floor, New York, New York 10013 3
ESD, L. G. Hanscom Field, Bedford, Massachusetts 041731
Attn: ESTI 1
FSRDE 1
AFSC (SCFRE), Andrews AFB, Washington, D. C. 20331 1
RTD (RTH), Bolling Air Force Base, Washington, D. C. 20332 1
AUL (3T), Maxwell Air Force Base, Alabarma 36112 ®
HQ, USAF, Washirgton, D. C. 202G
Aten:  AFKST 1
AFRST-EL/CS, Room 4D-335, Pentagon 1

Los Angeles Air Procurement District, Attn: Administrative
Contracting Officer (The RAND Corporation), 1700 Main Street,
Santa Monica, Califoriia 1

Cowma nding Officer, U. S. Army Electronics Laboratory,
Fort Mommouth, New Jersey O7703

Attn: SELRA-SR (DIR RADAR DIV) 1
SELRA-PR (DIR ELECT TUBES) 1
SELRA-PE (DIR EP&M DIV} 1
SELRA-N (DIR COMM DEPT) 1
Chief, Communications and Electr nics, Department of the Army,
Attn: CCESC-5, Washington, D. C. 1
Director of Defense Research & Engineering, Pentagon,
Washington, D. C.
Attn: Mr. James M. Bridges 1
Technical Library, Room 3E-1065 1
ASD {ASRNET), Wright-Patterson Air Force Base, Chio LSi33 1




o

S*F:D laboratories, inc.
DISTRIBUTION LIST

Contract AF 30{602)-2533 Copies

Advanced Research Projects Agency, Office of the Secretary
of Defense, Attrn: Lt. Col. B Hill, Washington 25, D. C. 2

Scientific Information Officer, British Defense Re-earch Staff,
British Embassy, Attn: Mr. F. C. Bruce for CVD,
3100 Massachusetts Avenue, NW, Wanhington 8, D C. 1

Office of Technical Services (OTS), Department of Commerce,

Washington 25, B. C. i
Commander, R&7T Division, Attn: RTHC (Mr. S. Tepper),

Bolling Air Torce Base, Washington, D. C. 20332 1
Chief, Atmy Research uffice, Washington 25, D. C. 1

Defense Documentation Center, TISIA-2, TZameron Station,
Alexendria, Virginia 22314 20

Chief of Rescarch and Development, OCS, Department of the Ammy,
Washington 25, D. C. 1
Commanding Officer, U. S. Army Signa! Electroni~,Research Unit,
Attn: QS560TSU, P. O. Box 205, Mountain View, California 1

Director, Research and Development, Army Materiel Command,
Attn: Development Division, Temporary Building T,
Gravelly Point, Washington, D. C. 1

Zeus Project Liaison Officer, Bell Telephone laboratories,
Whippany, New Jersey 1

Chief, Bureau of Ships, Department of the Navy, Washington 25, D. C.
Attn: Code €80 1

Code 335 i

Code £81A1 1

Code 2€1B 1

Chief, Bureau of MNaval Weapons, Department of “he Navy, Washington, DC

Lttn: RKkRE 1
RAAV-LL2Y 1
RREN-3 1
RNWC 1

Chief of Naval Research, Department of the Navy, Attn: L6l
Washington 25, D. C. 1

M




S*F+D laberatories, inc.

DISTRIBUTION LIST

Contract AF 30(602)-2533 Copies

Applied Physics Laboratory, Attn: Mr. William Dobbins,
Howerd County, Maryland
VIA: Bureau cof Naval Weapons Representative,

Siiver Spring, Maryland 1

Director, U. S. Naval Research Laboratory, Washington 25, D. C.
Attn: Dr. S. T. Smith, Code 5240 1
Library 1
Mr. R, C. Guthrie, Code 5300 1

[

Aerospace Corporation, Attn: Dr. T. Getting, Los Angeles L5, Cal

Battelle Memorial Institute, Attn: Defender Library
505 King Avenue, Columbus 1, Ohio 1

Bell Telephrne Laboratories, Murray Hill Laboratory,
Attn: Dr. J. R. Pierce, Murray Hill, New Jersey 1

Bendix Corporation, Attn: Technical Library,
Systems Planning Division, Ann Arbor, Michigan 1

Bendix Corporation Research Laboratories,
Attn: Mr. A. G. Peifer, Northwestern Highway, Detroit 25, Mich 1

Eitel-McCullough, Inc Attn: Technical Library, San Carlos, Cal 1

Field Emission Corporation, Attn: Dr. F. Charbonnier,
McMinnville, Oregon 1

Ceneral Electric Company, Attn: C. Loeb, 601 California Avenue,
Palo Alto, California 1

Ceneral Electric Company, Power Tube Department,
Attn: Dr. E. D. McArthur, 1 River Road, Schenectady, New York 1

Hughes Aircraft Company, Microwave Tube Division,
Attn: L. M. Field, Culver City, California 1

Institute for Defense Aualysis, Research and Engineering Support
Division, Attn: Technical Information Office,
1825 Connecticut Avenue, NW, Washington G, D. C. 1

ITT Laboratories, Attn: Mr. A. K. Wing, 500 Washington Avenue,
Nutley 10, New Jersey 1

LA




SF:D laboratories, i..c.
DISTRIBUTION LIST
Contract AF 30{602)-2537

Lincoln Laboratory, Attn: Dr. G. Guermsey, P. 0. Box 73,
Lexington 73, Massachusetts

Litton Industries, Attn: Dr. J. Hull, 690 Industrial Road,
San Carlos, California

MITRE Corporation, Attn: Dr. R. F. Naka, Building ZA-251
Bedfor1d, Massachusetts

Mi;rowave Electronics, Attn: Dr. S, F. Kaisel,
3165 Porter Drive, Palo Alto, California

Radio Corporation of America Laboratories, Atcn: B, Hershenov,
Princeton, New Jersey

Raytheon Company, Attn: Mr, W, C. Brown, Spencer Laboratory,
Burlingtcn, Massachusetts

Sperry Rand Corporation, Attn: Dr. A. D. Sutherland,
Electron Tube Division, Gainesville, Florida

Varian Associates, Attn Dr. T. Moreno, £11 Hansen Way,
Palo Alto, California

Watkins-Johnsor Company, Attn: Dr. R. Peter, 3333 Hillview
Avenue, Palo Alto, California

Westinghouse Electric Corporation, Attn: Mr. S. S. King,
P. 0. Boy 2BL, Elmira, New York

Unvversity of California, Attn: Mr. Simmons, Electronics
Research Laboratory, 427 Cory Hall, Berkeley 4, California

Cornell University, Attn: Dr. G. C. Dalman, Uepartment
of Electrical Engineering, Ithaca, New York

University of Florida, Electrical Engineering Department,
Gainesville, Florida

Harvard University, Cruft Laboratory, Attn: Tedinical
T wrary, Cambridge, Massachusetts

Universicty of Illinois, Electrical Engineering Department,
Electrc. Tube Division, Urbana, Illinois

l

Copies




S:F+D laboratories, inc.

DISTRIBUTION LIST

Contract AF 30{602)-25%3 Copies

John Hopkins University, Artn: Technical Librarian, Carlvle
Barton Laboratoryv, Baltimore 18, Maryland 1

Massachusetts Institute of Technology, Attn: Documents
Library, Research Laboratory of Electronics Cambridge 2G, Mass 1

University of Michigan, Attn: Prof., J. E. Rowe, Electron
Physics Laboratory, Ann Arbor, Michigan 1

University of Minnesota, Electrical Engineering Department,
Attn: Dr. W. G. Shepherd, Minneapolis, Minnesota

b

Stanford University, Attn: Dr. M. Chodorow, Microwave
Laboratory, Stanford, California 1

Institute of Science & Technology, Attn: BAMIRAC Library,
University of Michigan, Bos 618, Ann Arbor, Michigan 1

Yale University, Electrical Engineering Department,
105 Wall Street, New Haven, Connecticut 1

CERN, Service d"Information Scientifique, Geneva 23, Switzerland
Attn: Mme L. Goldschmidt-Clermont 1

Chalmers Institute of Technology, Research Laboratory of
Electronics, Gibraltargarten S G, Gothenberg, Sweden

Attn: Dr. Sven Olving 1
Centre De Physique Electronique Souns Fil, Domaine de Corkerville,

Orsay (Seine et Oise), Paris, France, Attn: Dr. Doehler 1
G.E.C. Wembliey, England, Attn: Dr. Willshaw 1
N.E.R.A. A/S Bergen, Bergen, Norway, Attn: Technical Library 1

Northern Electric Company, Ltd., Research and Development
Laboratories, P. 0. Box 3511-Station C, Ottawa, Ontario, Canada 1

Norwegian Defense Research Establishment, Kjeller pr Lillestrom,
Norway, Attn: Mr. Finn Lied 1

Royal Institute of Technology, Stockholm, Sweden, Attn: Dr. Agdur 1

Siemens Company, Munich, Cermany, Attn: Dr. Katz 1
Telefunken Company, Ulm, Germar.,, Attn: Dr. Dahlke 1
5

J



