THE UNIVERSITY OF MICHIGAN
ANN ARBOR, MICHIGAN

QUARTERLY PROGRESS REPORT NO. T
FOR
BASIC RESEARCH IN MICROWAVE DEVICES AND QUANTUM ELECTRONICS

This report covers the period November 1, 196k to February 1, 1965

Electron Physics Laboratory
Department of Electrical Engineering

-

e e S
by: H. K. Detweiler Approved hy; ”“(2;24;&V J%{iﬁgél/
M. E. El1-Shandwily ‘ '@'?Yeh : 7
B. Ho , i‘.j,i. - o
J. E. Rowe Project Engineer
C. Yeh

Approved by: <1r?u 5

. . ‘;
JﬂfE; Rowe, Director
Electron Physics Laboratory

Project 05772

DEPARTMENT OF THE NAVY
BUREAU OF SHIPS
WASHINGTON 25, D. C.
PROJECT SERIAL NO. SR0O080301, TASK 9391
CONTRACT NO. NObsr-8927k4

February, 1965






ABSTRACT

The experimental results obtained on power dissipation for a
30 Gc TWA helix structure mounted in high-thermal-conductivity
beryllium oxide are summarized. Two structures were investigated
and a power dissipation of 170 watts/inch was realized for a BeO tube
structure and 32 watts/inch for a BeO rod-copper tube structure at
a mean helix temperature of 500°C.

The analysis and measurement of cross-modulation products for
S- and X-band O-type traveling-wave amplifiers with multiple input
signals have been extended to cover the effect on input signal modula-
tions on the output spectrum. These studies are also being extended to
cover other types of amplifiers; i.e., the crossed-field amplifier and
the tunnel-diode amplifier.

A preliminary discussion of the results of the large-signal
electron trajectory computation for a d-c pumped quadrupole amplifier is

included.

The work on fabricating a low frequency (600 - 2400 mc) multiplier
tube is in progress.
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QUARTERLY PROGRESS REPORT NO. 7
FOR

BASIC RESEARCH IN MICROWAVE DEVICES AND QUANTUM ELECTRONICS

1. General Introduction (C. Yeh)

The broad purpose of this project is to investigate new ideas in
the area of microwave devices and quantum electronics. The program is
envisioned as a general and flexible one under which a wide variety of
topics may be studied. At present, the following areas of investigation
are in progress:

A. Study of frequency multiplication in an angular propagating
structure. Fabrication of a low-frequency multiplier tube which multi-
plies a 600 mc input signal to a 2400 mc output signal with adjustable
feedback control is in progress and extensive testing will follow.

B. Investigation of high—thermal-con&uctivity materials for
microwave devices above X-band. This phase of the investigation has been
concluded and a final summary on the experimental findings is given.

C. Analysis of amplitude- and phase-modulated traveling-wave
amplifiers. Experimental work on the cross-modulation measurements on
an S-band traveling—wave amplifier is continuing. This work will
include the effect of various types of input modulation signals on the
cross-modulation products.

D. Study of a d-c pumped quadrupole amplifier. Electron trajec-
tories in a d-c pumped quadrupole structure will be studied by solving
the equations of motion for the different modes of operation of the
amplifier. Large-signal analyses are also being studied and computer

results will be presented.



Two new areas of investigation have been initiated and these are:

A. Investigation of the cross-modulation products in a wideband
tunnel-diode amplifier. Theoretical and experimental work will be
carried out to investigate the correlation between physical parameters
of the diode and the modulation products.

B. Large-signal analysis of the crossed-field amplifiers with
multi-frequency input signals. An analysis similar to that of the O-type
traveling-wave amplifier will be carried out for the crossed-field
amplifier to investigate the cross-modulation products with multiple

input signals.

2. Generation and Amplification of Coherent Electromagnetic Energy in

the Millimeter and Submillimeter Wavelength Region

2.1 Study of Frequency Multiplication in an Angular Propagating

Structure (C. Yeh and B. Ho)

The work on fabrication of the experimental low-frequency multiplier
tube is progressing. The winding of a quadrifilar helix presented. some
problems in obtaining the desired uniformity. A method of winding and
annealing the helices so that they will remain in shape after being
taken from the winding mandrel is being developed.

The cavity has been tested for resonance and the coupling to
the undesired modes has been minimized by properly adjusting the coupling
loop to the cavity. The resonant frequency of the cavity is 2379.5 mc.
The first noticeable undesired mode is separated by 137 mc. With a
reasonable cavity Q, it would not be difficult to discriminate against

this undesired mode.
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2.2 Investigation of High-Thermal-Conductivity Materials for

Microwave Devices Above X-Band . (H. K. Detweiler)

2.2.1 Introduction. The purpose of this study has been to

investigate the use of high-thermal-conductivity materials in microwave
devices above X-band. Because of its very high-thermal conductivity
and. adequate electrical properties, primary consideration has been given
to beryllium oxide. 1In particular, the use of this material for the
improvement of the average power handling capability of the helix slow-
wave structure has been studied. Two types of helix support structures
utilizing beryllium oxide have been investigated. In one type of struc-
ture the helix is brazed into a smooth-bore BeO tube. The other consists
of the helix with three BeO rods brazed to it, supported inside a metal
tube. During the past quarter, this investigation has been completed
with the conclusion of tests on the BeO rod-metal tube structure. The
results of these tests together with a summary of the important points
of the entire study are reported below.

2.2.2 Experimental Effort. A previous theoretical and

experimental investigation of the use of beryllium oxide as the helix
support structure material demonstrated that a considerable improvement
in the power handiing capability of the helix can be achieved in this
manner®. Experimental testing of these structures, while demonstrating

an improvement, also showed the importance of obtaining good thermal

contact between the helix and beryllium oxide. Regions of poor contact

1. Detweiler, H. K., Dolph, C. L. and Rowe, J. E., "Applied Research on
High-Thermal-Conductivity Materials for Use in Microwave Tubes”, Final
Report, Contract No. AF33(616)-7542, Electron Physics Laboratory, The
University of Michigan, Ann Arbor; December, 1961.
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resulted in the development of hot spots and a power handling capability
somewhat less than expected. Subsequently, a technique was developed to
braze the helix to the BeO for improved thermal contact®. A problem
common to the assembly of both types of helix structures studied was
the modification of this brazing technique to fit the needs of the partic-
ular application. In each case it was also necessary to devise a means
for loading the helix assembly into its tube in such a way as to assure
good thermal contact. The details of the techniques will be presented
below in connection with the structures to which they were applied.

The first structure to be discussed will be the one in which a
helix is brazed into a smooth-bore BeO tube. The particular structure
on which tests were performed was designed for operation at a frequency
of 30 Gec.

The technique used to braze the helix into a BeO tube is summarized
here. Before any plating operations are begun all heat treatments of
the helix (e.g., those performed to give the resiliency required for
loading) must be completed. A tungsten or molybdenum helix is first
plated with a rhodium flash to a thickness of a few microinches to provide
a good base for subsequent copper plating. For a tantalloy helix this
step is omitted. The helix is then copper plated to the desired thickness
(experimentally determined). Next, the helix is titanium coated by
vacuum deposition. A titanium thickness of one half that of the copper,
which gives an approximate weight ratio of 4 to 1 copper to titanium,

has produced satisfactory brazes. Finally, after loading the helix into

2. Detweiler, H. K., "Applied Research in Microwave and. Quantum Elec-
tronics", Interim Scientific Report No. 2, pp. 2-27, Contract No.
AF3%(657)-8050, Electron Physics Laboratory, The University of
Michigan, Ann Arbor; February, 1963.
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the tube, it is vacuum fired at about 1030°C for a period of three
minutes. The system pressure during brazing should be less than 5 x 107>
torr. This technique has produced strong, consistent brazes between Be0
and helices made of tungsten, molybdenum, and tantalloy.

A series of tests was run to determine the proper amounts of
copper and titanium for brazing the 30 Gc helix. It was found that quite
satisfactory brazes were obtained when using a copper plating O.1 mil
thick and a 0.05 mil-thick coating of titanium. While these amounts
were not critical, for appreciably smaller values brazing did. not occur
and for much larger values excessively large fillets were formed.

The loading technique used for assembling this structure was to
first wind the helix on a mandrel so that the helix outside diameter
exceeded the inside diameter of the tube by approximately 2 mils. After
heat treating the helix to set it (the heat-treat cycle depending upon
the helix material), it was wound on a smaller size mandrel so that its
0. D. was about 2 to 2-1/2 mils smaller than the tube I. D. This amount
of clearance was necessary so that the titanium coating on the helix would
not be rubbed off during loading. It was then inserted into the tube
and. released.

In attempting to perform the operation outlined above it was
discovered that the usual helix materials (tungsten and molybdenum) did
not have sufficient resiliency to spring back the desired amount when
normally heat treated. An extensive series of tests was carried out on
tungsten helices in hopes of improving their resiliency. The results
were negative. They seemed to indicate that when the point is reached
where the helices are no longer so brittle that they break when being

wound down, they do not possess sufficient resiliency to spring back
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more than approximately 1—1/2 mils. Similar difficulties were encountered

with Fansteel 61 Metal*, a wire consisting of 92—1/2 percent tantalum

and 7-1/2 percent tungsten, prepared by the sintered-metal process.
Success was finally achieved using Fansteel 60 Metal* wire

(90 percent tantalum and 10 percent tungsten prepared by the electron-

beam-melting process). A 30 Gc helix would out of this wire having the

dimensions
Mean helix diameter = 0.030 inch,
0. D. = 0.035 inch,
dw = 0.005 inch and
TPI = Ok

was able to spring back to an outside diameter of 0.0335 inch (corres-
ponding to the I. D. of the BeO tube) when wound down to 0.03%1-0.0315

inch for the loading operation. The required heat-treat cycle is to fire
the helix in air for eight minutes at 538°C in order to oxidize the surface
and then fire for 30 minutes at 1200°C in a vacuum to diffuse the oxide
into the metal for hardening. The helix can then be plated with copper
and titanium, loaded into the BeO tubes and fired for brazing.

Using the brazing and loading techniques described previously and
the above heat treatment for the Fansteel 60 Metal helix, several brazed
helix-BeQ tube structures were prepared and heat tested. The dimensions
of the structures are

0.0285 inch,

Helix: Mean helix diameter

4.
W

T™PI = 6k,

0.005 inch,

* Fansteel Metallurgical Corporation.



BeO Tube: I. D.

1]

0.0335 inch,

0. D. 0.094 inch and

Length 2.08 inches.

The copper and titanium thicknesses used are 0.085 mil and 0.056 mil
respectively.

Heat tests were conducted on three structures by applying d-c
power and determining the mean helix temperature rise from its change
in electrical resistance. The results are shown in Fig. 2.1. It 1s seen
that the cooling is not strictly conduction cooling alone, i.e., the
curves are not straight lines. Therefore, noticeable radiation cooling
is taking place. This indicates that perfect thermal contact between
the helix and BeO has not been achieved. This is due mainly to a lack
of dimensional uniformity of the inside diameter of the BeO tube, which
can be corrected by the use of better tubing. It is felt that the above
techniques can be used to prepare the desired Be(Q tube structure; the
realization of higher power handling capabilities only awaits a better
quality BeO tube. Even with the relatively poor quality tubes used it
is seen from the experimental data that this structure is capable of
dissipating appreciable power, e.g., about 170 watts/inch at a mean helix
temperature of 506°C. Consequently, it is felt that this has been shown
to be a satisfactory high-power r-f structure; hence, no further tests
have been conducted.

For the purpose of exhibiting the possible further improvement
in power handling capability achievable through better quality tubing

and perhaps a refinement of techniques, a comparison of the above
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experimental results to theoretical predictions reported elsewhere® can
be made. It is shown there that the power dissipated by a helix at
uniform temperature, T, through a cylinder with thermal conductivity, kc,

whose outer surface is held at a temperature, T , is given by
1

T kC doh 1 - W, (TPI)] L

P = - (T - Tl) s (2.1)
tw cos ¥ {n LWC lTPI
where doh = outer diameter of the helix,
w, = width of contact between the helix wire and the cylinder,
(TPI) = helix turns per inch,
L = 1length of the structure,
tw = wall thickness of the cylinder and
¥ = helix pitch angle.

For the particular structure considered the parameters have the

following values with the indicated tolerances:

k, = 2.5% 0.5 vatts/in.-°C,
doh = 0.0%35 inch,
w, = 1+ 0.5 mil,
TPI = 6k,
L = 2.08,
tW = 0.03%0 inch and
cos ¥y = cos 9.9° = 0.985.

3. Detweiler, H. K. and Rowe, J. E., "Evaluation of High-Thermal-
Conductivity Ceramics for Cooling R-f Structures", Tech. Report
No. 78, Contract No. AF33(615)-1553, Electron Physics Laboratory,
The University of Michigan, Ann Arbor, pp. 34-35; October, 196kL.
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An upper and lower bound can be obtained by calculating the
predicted power dissipation for the extreme values of the parameters.

Carrying out these calculations it is found that

Pox = 8.6 (T - Tl) (2.2)
and.
Pin = L.2 (T - Tl) . (2.3)

These relations are plotted as the straight lines designated as maximum
and minimum, respectively, on Fig. 2.1. These curves indicate that a
further increase in power handling capability is possible.

Problems similar to those encountered in assembling the first
type of structure were met with the BeO rod-metal envelope structure.

The techniques employed for solving these difficulties will be discussed
now.

The helix (tungsten) is first wound so that its outside diameter
plus twice the BeO rod diameter exceeds the métal tube inside diameter
by about one mil. The helix-BeO rod assembly will then be larger than
the tube I. D. for the pressure-loading oberation. After firing the
helix to set it, it is rhodium and copper plated and titanium coated as
described above. The amounts of these materials used for brazing a helix
into a BeO tube were found to be appropriate also for this brazing oper-
ation. For brazing, the helix and BeO rods are supported in a stainless
steel Jig with the rods equally spaced around the helix outside diameter.
The assembly is then vacuum fired at 1030°C for 1-1/2 minutes.

For loading the helix-BeO rod assembly, a copper tube is placed
in a Jig consisting of three adjustable knife-edged blades equally

spaced around the tube diameter. When these blades are tightened down
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on the tube, the portions of the tube between adjacent blades expand
elastically outward. It was found to be possible to insert a helix-rod
assembly which was originally one mil larger in diameter than the tube
I. D. by deforming it in this way. After insertion of the assembly,
the blades were released and a good pressure contact obtained between
the rods and the copper tube. For a properly assembled structure it
was not possible to remove the helix and rods without breaking the rods
and. crushing the helix.

During the past quarter two structures were prepared by the above

techniques and heat tested. The dimensions of the various components

are
Helix: 0. D. = 0.031 inch,
dW = 0.005 inch,
TPI = 6k,
BeO rods: diameter = 0.030 inch,
Copper tube: I.D. = 0.090 inch and
0. D. = 0.110 inch.

The structures were each h-7/8 inches long with helix plating thicknesses
0.102 mil of copper and 0.11 mil of titanium.

As beforé the helices are heated by d-c power and the mean helix
temperature determined from the change in the electrical resistance of
the helix. The results for these tests are shown as curves A and B in
Fig. 2.2. Again, the cooling is not strictly conduction cooling since
the curves are not straight lines. Hence, noticeable radiation cooling
is taking place indicating that perfect thermal contact has not been
achieved. Since the helix-BeO rod assemblies were examined before their

insertion into the tubes and found to have each rod brazed to the helix
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at each turn, it is suspected that the poor contact exists at the pressure
contact between the rods and the copper tube, not between the helix and
rods. The theoretical analysis of power handling capability for this
structure presented below supports this suspicion.

The differential heat conduction equation in the absence of sources

or sinks is

ar = - 2% (2.4)
k A
T
where T = temperature,
z = distance from the apex of the heat tube,
k = thermal conductivity,
A_ = total cross-sectional area for heat flow and

= power flow through AT.

Now apply this equation to the temperature drop across the BeO rods.

Then

Ap = 3(TPI) LA , (2.5)

structure length and

where L

A cross-sectional area of one heat flow tube.
Assume an elliptical contact areg between the helix and rod with the

semi-minor and semi-major axes &, and bo’ respectively, and that the

heat flow tube remains elliptical in cross section. Then
Alz) = =n alz) blz) , (2.6)

where a(z) and b(z) are the semi-minor and semi-major axes, respectively,
at the distance z. Substitution gives

_ P dz
3n(TPI) L k a(z) b(z)

aT (2.7)
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Assuming that halfway through the rod the heat flow tube has expanded

to one half the rod diameter results in

b d_/2
tan o = = = s (2.8)

1

where O angle of the heat flow tube in the plane of the major

axis,

dr = rod diameter,

zl = distance from the heat flow tube apex to the helix-rod
contact and

z, = distance from the heat flow tube apex to the middle of the

rod = z_+d_/2.
1 T

It can then be shown that

bo dr
Zl = d. - 2‘b ) (2 9)
r o]
642
r
7 = (2.10)
2 2(a_ - 2b )
T o)
and
2bo
tan @ = 1- 5 - (2.11)
T
Assume
o(z) = E (2.12)
a(z) ao
and. since
o(z)
= tan Q, (2.13)




-15-
one can write

a(z) = BQ bz) = 2z tanaq . (2.14)

Substituting Egs. 2.13 and 2.14 into Eq. 2.7 gives

£ a (2.15)

a 72

3x(TPI) Lk <59 > (tan o)

aT

1
]

If the total temperature drop across the rod, ATl, is twice the drop
from the contact point to the rod center, a doubling of the value of the

integral of Eq. 2.15 between zZ, and z, yields

2P 1 1
AT, = <a-—z—2—> . (2.16)

Zx(TPI) Lk <§9 > (tan )2
(0]

There is also a temperature drop across the BeO rod-copper tube

interfaces. For a pressure-type contact of this sort

P = HA AT, , (2.17)
where P = power flow across the interface,
H = heat transfer coefficient,
Ac = contact area and
Aﬂé = temperature drop across the interface.

For contact between the three rods and the tube

A, = 3w, L, (2.18)
where wC = width of contact area for one rod and
L = length of the structure.



-16-

Combining Egs. 2.17 and 2.18 results in

. P
AT, = L (2.19)

The total temperature drop from the helix to the outside of the

metal tube is then the sum of Egs. 2.16 and 2.19, i.e.,

AT = AT + AT, . (2.20)

In this last statement it is assumed that there is negligible temperature
drop across the brazed contact between the helix and rods.
The above results can be used to check the experimental results.

The various parameters with their tolerance or uncertainties are

2a = 0.005 * 0.001 inch,
2b_ = 0.009 + 0.001 inch,
k = 2.5 0.5 watts/in.-°C,
TPI = 6k,
L = L-7/8 inches,
d, = 0.030 inch,
w, = 1.5 % 0.5 mil and
H = L0 £ 10 watts/in%-°C.

For the parameter values which give a maximum cooling limit

AT, = 0.075P ,
max

AT, = 0.685P and
max

AT = 0.76p . (2.21)
max

Similarly the minimum limit is
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AT, = 0.17P,
min
Aﬂé = 2.28P and
min
N 2.45p . (2.22)

These equations are plotted as the straight lines on Fig. 2.2
designated as maximum and minimum. The experimental results come close
to these theoretical predictions, however, some improvement is still
possible.

An interesting aspect of Egs. 2.21 and 2.22 is that they predict
that the primary temperature drop occurs across the pressure contact
between the BeO rods and the copper tube. If such was the case the helix
and rods would all heat up to nearly the same temperature during testing.
This was observed during the tests and is a clear indication of the
advantage accrued by brazing as compared to a pressure fit, since there
would be an almost negligible temperature drop across a brazed joint
between the BeO rods and the metal envelope.

It is also significant that this structure has been demonstrated
to have a power dissipation capability in the range of 100-200 watts.
Noteworthy also is the brazing of BeO rods along a five-inch length of
a helix of these small dimensions.

Comparing the power dissipation capability of this structure to
that of the BeO tube structure, it is seen that this one, of course,
has a lower capability due to less contact area between the helix and
its support structure. At a temperature of 500°C, for instance, the
former structure can dissipate 170 watts/inch, whereas, this structure
dissipates only %2 watts/inch. However, this structure will exhibit

better electrical characteristics. It is important to note that a
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helix supported in either structure will be capable of dissipating
considerably more power than when supported in any of the conventional
ways.

Originally r-f cold tests of the electrical properties of these
structures had been planned. However, other work* at S- and X-bands
demonstrated that a helix pressure loaded into a BeO structure possesses
satisfactory electrical properties and that these properties are not
appreciably degraded by brazing. Consequently, assuming the same to
be true for the 30 Gc structures, the need for the r-f cold tests was
eliminated and only their heat transfer properties were investigated.

2.2.3 Conclusions. Both structures have demonstrated a high-

power dissipation capability; 170 watts/inch for the BeO tube structure
and 32 watts/inch for the BeO rod-copper tube structure at 500°C mean
helix temperature. The distribution of the temperature drop in the latter
structure has shown the advantage of a brazed contact over a pressure
contact. It has been shown how to braze a 30 Gc helix into a smooth-

bore BeO tube and how to braze BeO rods to a 30 Gc helix and pressure load
this into a copper tube. Since the structures have adequate r-f
properties they have been shown to be satisfactory high-power r-f

structures.

3. Analysis of Amplitude- and Phase-Modulated Traveling-Wave Amplifiers

(M. E. E1-Shandwily and J. E. Rowe)

4.1 Introduction. During this period, work was carried out on

the following items:

L. Detweiler, H. K., "Applied Research in Microwave and Quantum Elec-
tronics", Final Report, pp. 2-58, Contract No. AF33(657)-8050,
Electron Physics Laboratory, The University of Michigan, Ann Arbor;
March, 196k. ‘
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a. Large-signal analysis of the multi-signal traveling-wave
amplifier.
b. Experimental work on traveling-wave amplifiers with two input
signals carrying modulation.
c. Writing a summary technical report.
The work accomplished on each of the above items is reported
briefly in the following section.
5.2 Results.

3.2.1 Large-Signal Analysis. It was reported in Quarterly

Progress Report No. 6 that there was some difficulty in obtaining the
required accuracy to get correct results from the large-signal analysis.
The computer program has been rewritten using double precision arithmetic
to attain the required accuracy in the computation. No results have been
obtained at this time.

3.2.2 Experimental Effort. The experimental results reported

so far were obtained with sinusoidal input signals. It is interesting
to carry out similar tests when the input signals are modulated. Also,
the behavior of the traveling-wave amplifiers with multi-frequency input
signals in the presence of band-limited noise needs to be investigated.
Experimental work is now going on to study these effects.

3.2.3 Summary Technical Report. A summary technical report on

the nonlinear operation of the traveling-wave amplifier with multi-
frequency input signals is being prepared. It is expected that it will

be ready by the end of the next quarter.

4. Study of a D-c Pumped Quadrupole Amplifier (C. Yeh and B. Ho)

In a previous program report (No. 5) the equations of motion

for the large-signal analysis of a d-c quadrupole amplifier employing
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cyclotron-to-cyclotron wave interaction have been derived. These
equations were programmed for digital computer solution during this
reporting period. Although the detailed evaluation of the data is not
yet completed,a few pertinent points can be observed from the tabulated
data.

A. The trajectories of the electrons injected at different entrance
angles show a strong tendency to phase focusing. Electrons entering the
quadrupole structure at all angles tend to group into two spokes.

B. There is one particular entrance angle at which the radius of
rotation is largest. This is the most favorable entrance angle for the
electrons.

C. The radius of rotation increases with the pumping parameter.

D. The time required fér the radius of rotation to become a maximum
decreases with increasing pumping field strength.

E. With a small pumping field strength, the maximum radius of
rotation never reaches a value such that p/pm = 1.

F. With a strong pumping field strength, p/pm may exceed unity.

G. The axial parameter does not coincide with the time parameter T.
This indicates that the axial velocity is not strictly constant along
the axis of the syétem.

Detailed evaluation awaits the completion of all possible
variations of the parameters and plotting of the data.

A similar computing program for the equations of motion of the
large-signal analysis of d-c quadrupole amplifier employing cyclotron-

to-synchotron wave interaction derived in Quarterly Progress Report No. 6
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is in progress. It is intended to compare these two modes of operation
and. to seek an explanation of the anomalous gain mechanism previously

reported.

5. Investigation of the Cross-Modulation Products in a Wideband Tunnel-

Diode Amplifier (C. Yeh)

5.1 Introduction. During recent years, tunnel-diode amplifiers

have been developed to realize low-noise figures (3.5 db) and wide
frequency range operation (octave bandwidth) in the microwave spectrum.
Their existence challenges the exclusive position enjoyed by the traveling-
wave tubes only a few years ago. However the gain-bandwidth and the
ultimate noise figure achievable by a tunnel-diode amplifier are still
somewhat below that obtainable in a well designed TWA. Yet its small
size, light weight, simple low-voltage d-c supply are definitely advan-
tages over the TWA in many applications.

Among the many problems needing investigation in the application
of the wideband tunnel-diode amplifier to communication engineering
is a study of the cross-modulation products appearing at the output.
It is anticipated that since the operation of a tunnel-diode amplifier
depends upon the negative resistance characteristic of the diode, whose
linearity can be controlled through the proper choice of materials and
appropriate doping, the problem of cross modulation is not as acute as
in the case of the TWA. In the latter case the nonlinearity in operating
characteristics is derived from the complicated interaction mechanism
between the beam and the circuit waves and hence is more susceptible
to operating conditions, such as the input power level, output load

impedances, etc.
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5.2 Procedure for the Study. A tentative schedule for the study

of the cross-modulation problems in wideband tunnel-diode amplifiers
is as follows:

a. To derive an expression for the negative resistance of the tunneli-
diode characteristic linking its linearity or nonlinearity to the material
properties of the diode and its doping concentration. Since the volt-
ampere characteristic of a tunnel diode depends upon the forward and
reverse current at operating d-c bias voltage, and the former are
functions of the tunneling probability, the Fermi-Dirac probability of
occupancy, the densities of states in conduction and valence bands, the
material and its doping concentration can affect its characteristic
drastically.

b. To investigate theoretically the effect of temperature on the
diode characteristic.

c. Use the negative resistance characteristic of the diode thus
derived to obtain expressions for the cross-modulation products when two
or more input signals are applied simultaneously. Input signals with
various types of modulations can be studied.

d. Experimentally determine the negative resistance characteristic.
Approximate this characteristic by a mathematical expression and compute
the cross-modulation products using this expression. Compare the results
with "c".

e. Experimentally measure the cross-modulation product using various
input combinations and various modulation forms. Compare the results
with that obtained in "c" and "d".

It is not necessary that the above steps be followed in

sequence.
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5.3 Future Work. The following steps have been initiated:

a. A literature survey and formulation of the theory.
b. A wideband tunnel-diode amplifier will be purchased to carry

out the experimental study.

é. Nonlinear Analysis of the Crossged-Field Amplifier with Multi-Frequency

Input Signals (M. E. El1-Shandwily and J. E. Rowe)

The crossed-field device offers certain advantages for some system
applications in view of its inherently high efficiency and relative low
phase sensitivity. A study of the nonlinear operation of the injected-
beam forward-wave crossed-field amplifier with multi-frequency input
signals was initiated during this period. A small-signal ncnlinear theory
similar to that for the O-type amplifier is nearly completed. After the
theoretical analysis is finished, numerical results will be obtained from
a digital computer.

In the future an experimental program will be initiated and

nonlinear calculations will be considered.

7. General Conclusions (C. Yeh)

The experimental work on two types of helix mounting in high-
thermal-conductivity beryllium oxide for a 30 Gc TWA has been reported.
Both structures have demonstrated a high-power dissipation capability;

170 watts/inch for the BeO tube structure and %2 watts/inch for the
BeO rod-copper tube structure at 500°C mean helix temperature.

The measurement of cross-modulation products in an O-type traveling-
wave amplifier with multiple input frequency signals has been extended
to cover input modulations of different types, i.e., if the ilanput signals
are sinusoidally modulated, phase modulated etc. The effect of noise

modulation will also be studied.
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Preliminary results on the large-signal trajectory computations
for a d-c quadrupole amplifier using a cyclotron-to-cyclotron mode of
operation are being evaluated. A similar computation for the other mode
of operation, i.e., the cyclotron-to-synchrotron mode, will be carried.
out for comparison.

Two new areas of investigation have been initiated--the investi-
gation of cross-modulation products in a wideband tunnel-diode amplifier

and the nonlinear analysis of a crossed-field multi-signal input amplifier.



No.

Copies
3

20

DISTRIBUTION LIST

Agencz

Chief, Bureau of Ships, Department of the Navy, Washington
25, D. C., Attn: Code 681A1D

Chief, Bureau of Ships, Department of the Navy, Washington
25, D. C., Attn: Code 681B2

Chief, Bureau of Ships, Department of the Navy, Washington
25, D. C., Attn: Code 68TA

Chief, Bureau of Ships, Department of the Navy, Washington
25, D. C,, Attn: Code 210L

Chief, Bureau of Naval Weapons, Department of the Navy,
Washington 25, D, C., Attn: Code RAAV-333

Chief, Bureau of Naval Weapons, Department of the Navy,
Washington 25, D. C., Attn: Code RAAV-61

Chief, Bureau of Naval Weapons, Department of the Navy,
Washington 25, D. C., Attn: Code RMGA-11

Chief, Bureau of Naval Weapons, Department of the Navy,
Washington 25, D. C., Attn: Code RMGA-81

Director, U. S. Naval Research Iaboratory, Washington 25,
D. C., Attn: Code 524

Director, U, S. Naval Research Laboratory, Washington 25,
D. C., Attn: Code 5437

Commanding Officer and Director, U. S. Navy Electronics
Iaboratory, San Diego 52, California, Attn: Code 3260

Commander, Aeronautical Systems Division, U. S. Air Force,
Wright-Patterson Air Force Base, Ohio, Attn: Code ASRPSV-1

Commanding Officer, U, S. Army Electronics Research and
Development Iaboratory, Electron Devices Division, Fort
Monmouth, New Jersey

Advisory Group on Electron Devices, 346 Broadway, 8th Floor,
New York 13, New York

Commanding General, Rome Air Development Center, Griffis Air
Force Base, Rome, New York, Attn: RCUIL-2

Headquarters, Defense Documentation Center, For Scientific
and Technical Information, U. S. Air Force, Cameron Station,
Alexandria, Virginia



To.

Copies

Agency

Microwave Electronics Corporation, 3165 Porter Drive, Stanford
Industrial Park, Palo Alto, California

Mr. A. G. Peifer, Bendix Corporation, Research Laboratories,
Northwestern Highway and lO-l/2 Mile Road, Southfield,
Michigan

Bendix Corporation, Systems Division, 33500 Plymouth Road,
Ann Arbor, Michigan, Attn: Technical Library

Litton Industries, 960 Industrial Road, San Carlos, California,
Attn: Technical Library

Dr. R. P. Wadhwa, Electron Tube Division, Litton Industries,
960 Industrial Way, San Carlos, California

Microwave Associates, Burlington, Massachusetts, Attn:
Technical Library

Microwave Electronic Tube Company, Inc., Salem, Massachusetts,
Attn: Technical Library

Radio Corporation of America, Power Tube Division, Harrison,
New Jersey

Raytheon Company, Burlington, Massachusetts, Attn: Technical
Library

S-F-D Laboratories, 800 Rahway Avenue, Union, New Jersey,
Attn: Technical Library

Dr. Walter M. Nunn, Jr., Electrical Engineering Department,
Tulane University, New Orleans, Louisiana

Westinghouse Electric Corporation, P. O. Box 284, Elmira,
New York, Attn: Technical Library

Bendix Corporation, Red Bank Division, . Eatontown, New Jersey,
Attn: Dr. James Palmer

Mr. A. Weglein, Hughes Aircraft Company, Microwave Tube
Division, 11105 South LaCienaga Blvd., Los Angeles 9, California

The University of Arizona, University Library, Tucson, Arizona

Eitel-McCullough, Inc., 13259 Sherman Way, North Hollywood,
California, Attn: Dr. John E. Nevins, Jr.



The University of Mickigaa, K Fhysics Lab tory, Amm
Arvor, Michigan. BASIC BESEARCE IN MICROVAVE IEVICES AND QUANTUM
ELECTRONICS, Wy M. K. Detweiler, et al. February, 1965, 2% pp.
imcl. 11lus. (Project Serial No. SR00B0301, Tssk 9391, Comtract

Fo. NOber-89274)
The experimental results obtainmed on power dissipatiom for a

The University of Michigan, Electron Physics Laboratory, Ann
Arbor, Michigan. BASIC RESEARCH IN MICROWAVE DEVICES AND QUANTUM
ELECTROMICS, by H K. Detweiler, et al. February, 1965, 2 pp.
incl. 1llus. (Project Serial No. SROU8(:301, Task 9391, Contract
No. NObsr-8927h)

The experimental results obtained on power dissipation for a
30 Gc ™A belix structure mounted in high-thermal-conductivity

UNCLASSIFIED

1. General Introduction.

2. Generation and Amplification of Coherent
Electromagnetic Energy in the Millimster
and Sutmillimeter Wavelength Region.

3. Anmalysis of Amplitude- and Phase-

Amplify,

A,

30 Gc THA helix structure mounted in high-thermal-conductivity Amplifier. er .
Beryllium oxide are sumarized. Two structures were imvestigated 5. Investigation of the Cross-Modulation beryllium oxide are summarized. Two structures were investigated 5. Investigation of the Cross-Modulatiom
snd a power dissipation of 170 watts/inch wes realised for a BeO Products in a Wideband Tunnel-Diode and a power dissipation of 170 watts/inch vas realized for a BeO Products in a Wideband Tunnel-Diode
tube structwre and 32 watts/inch for a BeO rod-copper tube struc- Amplifier. tube structure and 32 vatts/inch for & BeO rod-copper tube struc- Amplifier.
ture at a meen helix temperature of 500°C 6. Nomlinear Analysis of the Crossed-Field ture at a mean helix temperature of 500°C. 6. Nonlinear Analysis of the Crossed-Field

Amplifier vith Multi-Frequency Inmput Amplifier with Multi-Frequency Input
The amalysis and weasurement of cross-modulatiom products for . Signals . The analysis and measurement of cross-modulation products for Signals.
8- and X-band O-type traveling-wave amplifiers with mmltiple imput 7. General Comclusions. 8- and X-band O-type traveling-wvave smplifiers vith multiple input 7. General Conclusions
signals have boen extended to cover the effect om imput signal I. Detweiler, K. K. signals have been extended to cover the effect on input signal I. Detweiler, H.

dulations on the spectrum. These stulies are also being II. El-Shandwily, M. E. modulations on the output spectrum. These studies are also being II. El-Shandvily,
extended to cover other types of smplifiers; 1.e., the crossed. III. Mo, B. extended to cover other types of amplifiers; i.e., the crossed- III. Ho, B.
field smplifier and the tunmel-diode smplifier IV. Rowe, field smplifier and the tummel-diode amplifier. H«. M’”‘.Oﬂ. E.
V. Yeh . , C.
A prelimimecy discussion of the results of the large-sigmal ’ A preliminary discussion of the results of the large-signal
electron tra)ectory computation for a d-¢ pumped quadrupole electron trajectory on for a d-c quadrupole
smplifier is inclwuded. emplifier is included.
The work om fabracating a lov frequency (600 - 2400 mc) mmltiplier The work on fabricating a low frequency (600 - 2400 mc) multiplier
tube is in progress. tube is in progress.
'UNCLASSIFIED UNCLASSIFIED

) UNCLASSIFIED m UNCLASSIFIED
The University of Michigan, Electron Physics Laborstory, Am 1. Gemeral Introductiom. The University of Michigan, Electron Physics Laboratory, Ann 1. Genmeral Introduction.
Arbor, Michigan. BASIC EESEARCE IN MICROVAVE DEVICES AND QUANTUM 2. Generstion and Asplification of Coherent| Arbor, Michigan. BASIC RESEARCH IN MICROWAVE DEVICES AND QUANTUM 2. Genmeration and Amplification of Coberent
EIECTRONICS, Wy X Detweiler, et al. February, 1965, 2 pp Electromagnetic Energy in the Millimete ELECTRONICS, by . Detweiler, et al. PFebruary, 1965, 2k pp Electromagnetic Energy in the Millimeter
imcl. 111us. (Project Serial No. SR0080301, Task 9391, Comtract and Sulmillimeter Wevelength Region incl. 11lus. (Project Serial No. SR0O080301, Task 9391, Contrac and Submillimeter Wavelength Regiom.
No. NOber-89274) 3. Analysis of Awplitude- amd Phase ¥o. NOber-8927h) 3. Analysis of Amplitude- and Phase-

Modulated Traveling-Weve Amplifiers Modulated Traveling-Wave Amplifiers.
The experimental results obtained tm power dissipation for a M. Study of a D-c Pumped Quadrupole The experimental results obtained on power dissipation for a h. Study of D-c Pumped Quadrupole
30 Ge TVA helix str inhigh vity Amplifier. 30 Gec ™MA helix str high tivity Amplifier.
berylliwm oxide are summarized. Two structures were imvestigated 5. Investigation of the Cross-Modulation beryllium oxide are summariszed. Two structures were investigated 5. Investigation of the Cross-Modulation
and a power dissipation of 170 watts/inch was realised for a BeO Products in a Wideband Tunnel-Diode and & power dissipation of 170 watts/inch was realiszed for a BeO Products in a Wideband Tunnel-Diode
tubs structure and 32 watts/inch for a BeO rod-copper tube struc- Amplifier. tube structure and 32 watts/inch for a BeO rod-copper tube struc- Amplifier.
ture at a mean helix tempersture of 500°C. 6. Nomlineer Analysis of the Crossed-Field ture at a mean helix temperature of 500°C. 6. Nonlinear Analysis of the Crossed-Field

Amplifier with Multi-Frequency Input Amplifier with Multi-Frequency Input
The ALy and of odulation pr or Signals . The analysis and measurement of cross-modulation products for Signals.
8- and X-band O-type traveling-wave smplifiers with multiple input 7. General Comclusions. 8- and X-band O-type traveling-wave amplifiers with multiple inpu 7. General Conclusions.
signals have been extended to cover the effect on input signal I. Detweiler, N. signals have been extended to cover the effect on input signal I. Detweiler, H. K.
modulations on the output spectrum. These stulles are also being II. El-Shandwily, E. modulations on the output spectrum. These studies are also being II. El-Shandwily, M. E.
extended to cover other types of smplifiers; i.e., the crossed III. Ho, B. extended to cover other types of smplifiers; i.e., the crossed- III. Ho, B.
field amplifier and the tumnel-diocde smplifier. IV. BRowe, J. E. field smplifier and the tumnel-diode smplifier. IV. Rowe, J. E.

Y. eh, C. V. Yeh, C.

A preliminery discussion of the results of the large-signal
electron trajectory computation for a d-c pumped quadrupole
asmplifier is included.

The work on fabricating & lov frequency (600 - 2400 mc) multiplier
tube 1s in progress.

A 1

electron trajectory computation for -c pumped quadrupole
smplifier is included.

The work on fabricating a lov frequency (600 - 2400 mc) multipli
tube is progress .




QITJISSVIONN

QIIJISSYIONN
+ggaxBoad url ST aqn3 * ggaxdoad ul ST aqn3
JoFTdTaTnm (oW O0owg - 009) Adusnbaiy moOT ® BuT3BOTIQqBI UO HIOM IYL ISFTd 3TN (dm OO - 009) Adusnbazy MOT ® BUTIBOTIQBI UO NIOM 37
*pepnroul sT I9TFFIdwe * popnToUT ST JSTITTdWe
aTodnapenb padund o-p ® J0J UOT3BINdWOD AI0309(BI3 WOIFDITD sTodnapenb padund o-p ® J0oJ wOoT3BINdWOO AI0303(BI3 UOIZDST3
Teuds-o818T Sy3 JO S3TNEaI oYy JO UOTsSsnosTp Areurmiraxd y o ¢ Teudys-9818T 2y3 JO S3TNEaI dY3 JO UOTSSNOsSTp Arsummyiraad y
*0 ‘usx "A "0 ‘usx A
‘@ L ‘amog (AT * 2973 7rdWe SPOTP-TSUUNY Y3 puwe IITITrdwe PISTI ‘" ce ‘emog AT s 1913 7Tdwe Spojp-Touum) 3yl pue ISTITIdWe PITI
-g ‘oy - III -pessoao ayy - o' T 8Ia7ITrdwe Jo sodfy ISUIO IDA0D O3 PIPUIRXD ‘g ‘o “III -pessoId ay3 ‘o' T fsyaryyTdwe Jo sadh3 ISYIO ISA0D O3 DPIPUINRXD
‘d "W ‘Armapueys-1d  IT Bujaq OST® 248 saIpn3se 9sayl -unI3oads 3ndano SY3 UO SUOTIBINPOW ‘@ "W ‘ATTApueys-TE I Buysq OSTe aIe saIpn3s 9say] -uwnajdads 3ndyno sy3 WO SUOCTETNPOW
“) *H ‘xertemiag "I Teu81s 3nduy UO 309JJ9 SY} IDA0D OF DOPUIXD USIQ 9ABY STEUITS ‘M H ‘IsTTem3sq I Teuds 3nduf WO 399339 SU3 JISAOD O3 POPUSIXD UIIQ 948Y STEUITS
- suofsnTouo) TeIUD L anduy sTdJ3TNW Y3 A SISTITTdWe oABM-FUTToABI} dA3-0 PUBq-X PUB -g ° SUOESNTIUO) TBISUS) ° L andut oTd 3TnW Y TA SISTJTTdwe sasm-Furossyy adf3-0 pusq-X pue -g
- sTeud g 103 s3onpoad UOTRETNPOW-SSOID JO JUWOINSBIW pue sTsATeus oYL - sTeuB g J0J 839onpoxd WOTFBTNPOW-SSOID JO JUSWSINSBSW pus STSATBUB Yy
qndul Aousnbold-T3TRN YITA JSTITIAWY qndul Aousnbaid-I3TNW U3 M ISTIFTdmy
PTSTJ-PossoI) ay3 JO STSATEUY JBUTTUON °9 ©0,006 Jo aamjeradmey XT[9Y USSW B 38 3.m3 PTSTJ-PIs80I) 343 JO STSATSUY IBSUTTUON 9 "0,00¢ Jo aamjeiadwa) XT[SY UBSW B 38 aang
* 2913 Frduy -onx3s aqny xaddoo-pod O3 ® IOF sna«\mpvﬂk 2¢ pue aan3onijs a(qny © 213 TTdUY -onxys aqny xaddoo-pox o°g ® JOJ :ona\mvaﬂ: 2¢ pue aIn3oni3s aqny
SpOIg-TSUUN], PUBQAPTM ® U S30NpOId 0% ® JI0F pIZTTESI §BA YOUT/s338M OLT JO uoryedissip emod B pus 9pOTQ-TIUUN], PUEqSPTM B UT S3ONPOIJ 0%g ® JI0J PIzITeaI sBM UYoUT/s33em OLT JO uoryedissip Jamod ¥ pue
WOT3BTNPON-SSOI) oy3 JO UOT3eBI3saaul ¢ PO3BST3SOAUT 9J9M SOIN3ONJYS OM] ° PIZTITWINMS 9I8 SPTXO WNTTTAIaq UOT3BTNPOW-8S0L) 343 JO UOT3IBIYsaAUT ¢ D338 T31SOAUT SI9M SSINIONJIIS OM] ° POz LIPUNMS 3I8 SPTXO WNTTTAISq
* 321 TTduy £3TATIONPpUOD-TEWISY}-YETY UT PIRUNOW SINIONIFS XTLAY VML 9D 0% - 1a13TTdmy A3 TAT3ONPUOD-TPWISY}-YBTY U PIJUNOW 3IN3ONJIIS XTISY VML o9 0§
srTodnapend padung o-q@ Jo Apnis ® 103 wojyedissip Jomod UO PSUTLIQO S3TNSAI TBIUSWEIaAXD dYT sTodnapend padung o-@ ® JO Apnis ® 103 uofyedissTp Jomod uUQ paUTEQO SITNSAI TBIUIMTIAXD Iy
- $291J7TdWY 2ABM-BUTTAABL] PSISTNPON * SISTITIAWY SA8M-BUTISABLL PSIRTNDON
-osBYJ pus -opn3Trdmy jo STsATeUy ¢ (7L268-1Sq0N *ON -as8yg pus -3pn3Frdwy Jo sIsATeuy ‘¢ (71.26g-asqoN " ON
‘uoj8sy YIBUSTIABN INSWITITWANS PuUs 90813U0) T6¢6 MSBL ‘TOLOQOOMS *ON TeTxag 309f01g) °snllT °ToUT ‘UOTHOY UIBUSTIABM INMITTTKNS pue 49833U0) ‘T6C6 NsBL ‘TOCOGOOYS 'ON TeTdas 399foig) - snTTT " ToUT
193 SWITTTH 9Us UT ABIsug o735uBemolosTq +dd w2 ‘96T ‘Areniqad - Te 3° ‘ISTTem3aq Y "H A4 ‘SOINOMIOEIE INSWITTTW 9y} UT ABIsuy O7139uBewor} daTd -dd #g ‘C96T ‘Arenaqeg °*Te 3° ‘IaTTam3aq "N "H 44 ‘SOINONIORTE
quaIayo) JO UOT3BOTITIAWY pUE UOTRBISUID 2 WOINVOD QNV SHOTAZA SAVMONOTW NI HONVASEM JISVE *UWeSTUOTW ‘Joqiy | 3ISI9W00 Jo uoT3e0IITIdWy pUe uofIvISUSH 2 WAINVN® ANV SEOIASI FAVMONOTW NI HONVASEM OISVE “UsBTUOIN ‘Ioqay
‘uo73onposjuIl TeIswan T uuy ¢Aro3eroqe] SOTSAYd UOIROSTH ‘UBSTUITW JO A3 TSISATUN SYL TUOTIONPOIUT TeISUS) T uuay €A£103810qE] SOTSAYI UOIFISTA ‘UBBTUOTH JO A3 TSISATUN 3L
QATIISSYIOND - - aa TITIISSYIONN aa
QITIISSVIONN @EATATSSVIONN
- ggaxdoad uft sT aqn3} - gsaxfoad uyl ST aqny
ZoTTdTaTNm (oW 00K - 009) Adouenbaiy AOT ® BuTIBOTIQBF UO JIOM YL ZaTTd3Tr@m (dm 00nZ - 009) Aousnbaiy moT ¥ SUTIBOTIQEJ UO JJIOA YL
- pepnTout ST ISTITrduwe * papnTout ST ISTFFrdws
sTodnapenb padund o-p ® I03 UOoTyEINdmOD AI0303(BI} UWOIROITD sTodnapend psdumd o-p ® I0J uoTIwINdmMOD A£10303(8I3 UOIFIITD
TeuSts-98I8T 2y3 JO S3TMSaI oY} JO UOTssNIsTp Areummyrad y 5 ‘q TeuBys-s8I8T ou3 JO S3TNSaI oU3 JO UOTSsMOSTPp Areumyiraad y
en € . 3K A
‘g .hoxoﬁm »H + 973 FTdwe SpoTp-ToUUngy sy3 pue I3TIFTdwe DPTSTF a-r .Qwoz CAT . .uowm«.ﬁg SpoTp-TauuUN} oY} pue IITITTdWe PTSTF
‘g ‘o *IIT -pogsoad a3 ‘-3 {sIaTFTTdme Jo sadA3 I9U3O0 I3A0D O3 PIPUARXD . d ‘oH HHHH -possoad ayy ‘-9 T fsiayyTrdume Jo sadh3 ISY3O JISA0D O3 DPIpPUIRXI
‘g *W ‘ATIMpueys-TH - II Fueq OSTe oI8 SoTpN3s 9sayp ‘wWnJI3oads yndano ay3 Uo sUOTIBTNPOW "W .hﬁw:vqanmnanﬁ II BuToq OSTB aI8 S9Ipn3s 3say] ‘-wWnIzdads 3ndano ay3 UO SUOTIBINPOW
*Y *H ‘zeTtem3aq I Teudts anduj wO 309JJ° SY3} JSAOD O3 DPIPUIRXD UIIq 248y STEUBTS °M "H ‘ISTTamlaq I Teud1s 3nduf UO 309JJ° 9U3 JIIA0D O3 DIPUIIXS U33q 9AvY STLUITS

©guOTSNTOUC) TBIUSD *

- sTeuB TS
gnduy Adusnbaid-T3TAN WA I2TITTdUy

PT3TJ-PasSs0oI) 3ay3z Jjo g1sATeuy JBSUTTUON -~

- 19T TTdUy
SpOTQ-T3UUN, PUBQIPTM B UT 930MpoId

UOT3}ETNPON-S80I) o4} JO UOT3BI[RSIAUT

* 12T TTduwy

aTodnapend padumg o-q ® JO Apn3g

s s1aTJTTdwy 9ABM-BUTTSABIL P23BTNPOW

-9sByl pue -spn3frdwy JO sisAreuy -

cuoT3ey WIBUSTIABM IFNSWITTTWANS PuB
INSWTTTTN 243 UT ABasug o(33udemoydaTqd

juaIsyo) JO WOTIBITIFTdWy pue UOTIBISUSD
‘UOT3OoNPOJIUI TBISUSD

QITLISSVIONN

-~

ndut oTdTATNW WITA SISTITTAWE oaBM-BUTT2ABI} 2dA3-0 PUBq-X PUB -§
J0J s3onpoad UOT3IBTNPOW-8SOID JO JUSWSINSBIW DUB sTsATeuUuB oYy,

*0,006 JO aamjeradwa) XT[3Y UBSW B 3B 3IN3

-ona3s aqny Iaddoo-pol 03g B JI0J YOUT/I33BA Z¢ PUB 2IN3onais Sqn3
09g ® J0J DoZT[B3I SBM YdUT/s3jem OLT Jo uojzedissip Iamod ® pus
p238F[389AUT SIOM S9IN3ONILS OM], ° POZJISWNMS T8 SPTXO WNTTTAIaq
A3 TAT3ONPUOD-TEWIAYI-YITY UT PI/UNOW aINONIFS XTISY VML °D [v'4

% 103 uoyyedissip Jamod uo pauTeIqO SITNSaX TejuswiIadxs ayy

(7/268-1890N " ON

30BI3U0) ‘1656 ASBL ‘TOCHQ0¥S °"ON TeIIag 303f0xd) - sSnTTT "ToUT
+dd qg ‘96T ‘Arenaqeg ‘Te 3@ ‘IaTtemiag "N H £4_‘SOINOMIOTIX
WOINVI® NV SEOTASA FAVMONOTW NI HONVESEM OISVE “USBTUOTH ‘I0qIy
uuy ‘Arojeroqe] 80FsAYd uoI3OITA ‘UBSIUOTW JO A3 TSISATUN SYL

aa

- SUOTSNTOUWO) TBISUSH °

- sTeudIg
qnduy Aousnbard- TN WM I9TITTdRy

PTST4-DPoSSOI) 5W} JO STSATEUY JESUTTUON °

29T TTdmy
SpoTQ-TSUUN], PUBQIPIM B UT 9390poId

UOT3BTNPON-SSOI) 9y} JO UOT3IBI3eaAnI °

- 29Ty Frdmy

sTodnapend padumg o-q ® Jo Apn3g

* 8I2TITTAWY 2ABM-BUTT3ABLL P} BINPON

-9sey] pus -spn3Trdwy JO STSATEUY -

‘uoT8ey UIBUSTIABM I3 3WTTT KNS PpUB
JI233WITTTW 343 UT ABIsuy O3 suIsWOIIOITT

quaI94o) JO UOT3BOTITTAWY pUs UOTIBIIUSD
‘uo073oNpoJjuUI TeISUDH °

CITIISSYIONN

-

andut oTdI3Tnw WA sSISTIFTrdwe sasm-BuTrassry adA3-Q paeq-X pus -§
103 $3onpoxd UOTFBTNPOW-SSOID JO JUSWIMSBIW pUB STSATeUB a3qL

*0,00¢ JO aimjeasdwey XT[SY UesW ® 38 aImy

-ona3s aqny xaddoo-pox O3g B I0J nuna\uﬁwnh 2¢ puB aIN3ona3s aqny
09 ® JOF DIZTTead SBA UYOUT/9338A QLT JO uoryedissip Jamod v puw
P38ITISIAUT 3I3M $20MN3ONI3S OM] ° PIZTIPMMMS 3J8 SPTXO UNTITAISQ
£3 TAT3ONPUOD- TEMISR-YETY UT PI3UNOW UN3IONIIS XTISY VML 99 O€

® J03 uoy3edissTp Iamod uo paUTEqO SITNS3I TLIUSWIIAXD Iy

(1,26g-1q0K ° OX

90813U0) ‘T6C6 ATSL “TOLOGOOYS °"ON TeTI95 309f0ad) °suITT "ToUuf
+dd w2 ‘C96T ‘Areniqai - Te 32 ‘ISTTem3ag Y "H A ‘SOINOWLOFTI
WAINVOD QNV SEOIAZA FAVMOMOIW NI HONVISAEM JISVE ~UWeBTUoTW ‘Ioqly
uuy ‘A1048I0QE] SOT1SAYJ UOIFOSTH ‘UEBTUOTW JO £3TSISATUN SYL

aa







