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ABSTRACT

Several unicque types of microwave ferrite phase-shifter designs
are described. «Xach type offers certain distinct advantages when
used in the laboratory and in microwave systems. The most salient
feature of these low-loss devices is the design compactness, consis-
tent with optimum electrical performance.

The electrical characteristics of these phase shifters and their
components are given. These characteristics show that as much as 500
deg of phase shift can be achieved in X-band with a one-in. spacing
between input and cutput ports. In each case, only 2 small magnetic
field strength is required to obtain the desired phase shift.

Other features of these ferrite devices include simplicity in
construction, low cost, and small physical size.

1. INTRODUCTION

Reciprocal ferrite phase modulators designed in rectangular wave-
guide, making use of small longitudinal, magnetic control fields, were
first extensively developed at these laboratories by Reggia and Spencer
(ref 1). Since that time, this technique has been successfully used
at frequencies from :3.0 to 30.0 Gc with good results, Although only
a few notable changes have been made in the basic design, improvements
to enhance the power handling capabilities have been realized through
the use of ridge-waveguide techniques.

In the development of the more sophisticated radar systems, phase
shifters are finding increasingly wider usage. In many applications,
phase shifters having unusual configurations and extreme compactness
with no deterioration in electrical performance are needed. To meet
these requirements, some new ideas were exploited, and advances in the
microwave art were utilized. Some of the resulting designs are de-
scribed in this report.

2, DESIGN TYPES AND DESCRIPTIONS

Cross-sectional views of several ferrite phase modulators for
3-cm wavelength making use of the techniques originally described in
reference 1 are shown in figure 1. They consist essentially of a long-
itudinally magnetized ferrite rod centrally located inside a rectangu-
lar waveguide excited in the TEj) mode. These devices differ only in
the method used to get the microwave energy and magnetic control field
into the ferrite rod. In each case, the high dielectric constant (13.6)
of the ferrite is used to concentrate the microwave energy; the variable
permeability with applied magnetic field is used to obtain the desired
phase shift.

The ferrite rod used as the phase-shifting element consists of a
low-loss MgMn ferrite (ref 2); its useful range of diameters for the
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9- to 10-Gc frequency region is from 0.250 to 0,300 in. Impedance
matching was accomplished by using linear tapers at both ends of the
ferrite rod and polyfoam dielectiric suppors:.

The series-doublet type of phase modulator shown in figure la
consists of two 90-deg E-plane bends, two series-connected transmission-
type phase modulators joined together with a 180-deg zero-radius bend
(ref 3). A low-current solenoid is used to supply a longitudinal mag-
netic control field. 'The total distance between the inputi and output
ports of the complete assembly is 1 in. Thig construction provides a
compact assembly; its design is characterized by low insertion loss,
large phase-shift capability, and low input VSWR

The T-circulator type of phase modulator shcwn in figure 1b con-
sists of a small T-type E-plane circulator (ref 4 (1 1/4 by 1 1/4 in.)
and a short reflection-type phase modulator (ref 5) connected to port 2.
Microwave energy enters port 1 of the circulator and leaves port 2 where
it enters the ferrite phase modulator., This microwave energy exper-
iences a phase shift in passing (hrough the magneiized ferrite rod to
the short circuit ernd of the waveguide where it is reflected and exper-
iences a second phase shift in passing back through the ferrite rod,
finally leaving port 3 of the circulator. Since the microwave energy
enters and leaves the same port of the phase modulator section, the
length of the ferrite rod (with only one impedance matching tajper) need
be only one half that required by an equivalent transmission-type phase
modulator. This T-circulator type rhase modulator assembly 1s charac-
terized by the short distance between input anid ocutput ports, a small
transverse length, very large phase chifts, and compactness for the en-
tire waveguide assembly.

The magneto-mechanical type of phase modulator shown in figure 1lc
is identical to the original design described in reference 1 except
for the rotating magnets at the top and bettom of the waveguide.

These magnets are used to supply the longitudinal, magnetic control
field. For this type of reciprocal phase mocdulator, a strong magnetic
field applied perpendicular to the axis of the ferrite rod has little
or no effect on the propagation of microwvave energy through the fer-
rite rod. However, when the small permanent magnets are rotated to a
position parallel to the ferrite rod (fig. lc, side view) and their
magnetic fields are such that they oppose each other, the resultant
longitudinal field bhetween the two . magnets causes a maximum phase
shift of the microwave energy in passing through the ferrite rod. Thus,
a simple 90-deg rotaticon of the permanent magnets can produce a large
reciprocal phase shift of the microwave energy. This type of fixed-
tuned phase shifter is characterized by its simplicity, light weight,
no external electrical power requirements, low in<eriion loss, and a
large phase-shift capability.

All three of the above phase-modulated types, to be described in
detail later, were designed in s%tandard rectangular waveguide (0,400 by
0.900 in. 1.d.). A polyfoam dielectric material was used in each case




to support the ferrite-rod phase-shifting element in the waveguide.

3. EVAILUATION AND PERFORMANCE ANALYSIS

3.1 Component Evaluation

Two very useful waveguide components that are vital to the
design of the series-doublet phase shifter are the 90-deg single-
mitered E~-plane bend and the 180-deg zero-radius E-plane bend (ref 3).
Aside from their prominence in this application, these bends have
rendered feasible certain other waveguide devices such as antennas
and RF system designs, The input VSWR as a function of frequency for
these components are shown in figure 2. Here, it is seen that the
VSWR for each of these components is 1.06 or less over a lO-percent
bandwidth. The VSWR characteristics of the composite assembly (unloaded)
are given in the top curve of the same figure, which shows the values to
be less than 1.10 over a 15-percent bandwidth. With this kind of per-
formance and compactness (input-to-output port, 1 in. maximum) it was
evident that a ferrite-~loaded phase shifter could be conceived utiliz-
ing the folded waveguide structure shown in the inset of figure 2.

3.2 Series-Doublet Modulator

The phase-shift and input-VSWR characteristics of the series-
doublet phase modulator versus applied magnetic field strength are
shown in figure 3. These results were obtained with two tapered fer-
rite rods (0.274 in., diameter) at 9.6 and 9.7 Gc. The total length of
these rods was 2 1/8 in. including the 3/4-in. impedance-matching
tapers at both ends.

.The :low—current solenoid supplying the magnetic control field
consisted of 2440 turns of No. 30 wire wound around the 1l- by 1l-im.
double rectangular waveguide section, The total length of the solenoid
was 1 5/8 in., and its normal operating currents were from 0 to 300 ma,
corresponding to a magnetic field strength of 0 to 450 amp turns/in.

As seen in figure 3, phase shifts in excess of 500 deg are
possible in the l-in., distance between the input and output ports. The
input VSWR of this modulator, shown at the bottom of this figure, re-
mained below 1.40 for all values of applied field. The zero-fieid in-
serticn loss was 0.3 db, and the amplitude modulation observed at the
cutput was no greaier than 0.2 db. The solenoid current required to
obtain the necessary magnetic field strength is also shown at the top
of this figure.

3.3 Reflection Modulator

In order to take advantage of the very compact design of the
reflection-type phase modulator (ref 5), it was desirable to use a very
small ferrite circulator to couple in and out of its single waveguide
port.
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#i_ure 3. Electrical characteristics of series-doublet phase
modulator.




The eléctrical characteristics of this E-plane tee circu-
lator (ref 4) as a function of its operating frequency are shown in
figure 4. Although this model resulted in only narrow-band opera-
tion, it should be possible to design models to operate over a much
broader frequency range. The physical dimensions of this circula-
tor, along with the identity of its 3 ports, are given at the top
of this figure.

As seen in figure 4, an operating bandwidth of 75 Mc (9.275
to 9.350 Gec) resulted in an input VSWR of less than 1.3, an isolation
in the reverse direction of circulation of greater than 20 db, and an
insertion loss in the forward direction of less than 0.3 db over the
same bandwidth. The input VYSWR of the load termination and power de-
tector used for these measurements was less than 1.05.

The phase-shift characteristics of this reflection-type
phase modulator at 9.325 Gc versus applied magnetic field is shown
in figure &. The diameter of the ferrite rod used for these meas-
urements was 0.275 in., and its total length was 1 3/4 in. including
its single 3/4-in. impedance-matching taper.

As seen in figure 5, phase shifts in excess of 500 deg are
possible with a magnetic field strength cof 340 amp turns/in. The
solenoid current required to obtain the necessary magnetic field strength
is alsc shown at the top of this figure. The low-current solenoid,
wound around the 1/2- ky 1l-in. waveguide section, was 7/8 in. long and
consisted of 3760 turns of No. 37 wire. The zero-field insertion loss
of this modulator assembly was approximately 0.5 db, and the amplitude
modulation measured at its output was no greater than 0.2 db. The
measured input VSWR for this compact phase modulator was less than 1,20,

3.4 jagneto-Mechanical Modulator

When designing compact waveguide assemblies, it is often de-
sirable to have smzll reciprocal phase shifters that do not require
electrical control power for their operation but that can be fixed-
tuned to any desired phase shift. Such a modulator, the magneto-mech-
anical type, has been developed. It uses a simple mechanical arrange-
ment to change the direction of the magnetic control field instead of
its magnitude as was done in the technique originally described in
reference 1.

A simplified sketch of a magneto-mechanical phase modulator
is shown in figure 1lc, and the electrical characteristics of the first
constructed model versus the angle of rotation of the permanent bias
magnets are given in figure 6. These measurements were obtained at
9,700 Gc with a MgMn ferrite rod having a diameter of 0.270 in. and a
total length (including two impedance-matching tapers) of 2 5/8 in.
Two small rotatable Alnico permanent magnets (1/4 by 1/8 by 1 1/4 in.)
were used, above and below the ferrite loaded waveguide, to obtain the
necessary longitudinal magnetic control field.

il
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As seen in figure 6, when the biasing magnets were oriented
perpendicular to the axis of the ferrite rod, little or no phase shift
of the microwave energy is obtained, However, when one of the magnets
is rotated so that its axis is parallel to that of the ferrite rod, a
reciprocal phase shift of more than 170 deg is obtained. If both mag-
nets are ganged and aligned such that like poles are together (fig,lc),
a phase shift in excess of 260 deg is obtained., Larger magnitudes of
phase shift may be obtained by increasing the strength of biasing per-
manent magnets, length of ferrite rod, and length of biasing magnet.
The input VSWR of this phase modulator with the two permanent magnets
properly aligned and ganged together is given by the curve at the bot-
tom of the figure.

4. PHYSICAL DESCRIPTION

A photograph of the three rectangular waveguide phase modulators
described herein is given in figure 7, The model on the left clearly
shows the two 90-deg E-plane bends at the top, the 180-deg zero-radius
bend at the bottom, and the low-current solencvid around the 1~ by 1l-in.
waveguide section containing the two ferrite rods. The short distance
between the input and output flanges can be observed.

The circulator reflection-type phase modulator is shown at the
center of figure 7. The E-plane tee ferrite circulator (1 1/4 by
1 1/4 by 1 5/8 in.) with two standard waveguide flanges added is seen
at the top, while the reflection-type ferrite phase modulator with its
short low-current solenoid can be seen at the bottom. The distance
between the input and output ports of this phase modulator assembly in-
cluding the two flanges is about 1 1/2 in,

The magneto-mechanical phase modulator with two rotating permanent
magnets inside the assembly housing is shown at the right in figure 7.
This transmission-type of reciprocal phase modulator is 2 5/8 in. long.
One end of the tapered ferrite rod and polyfoam dielectric support are
clearly seen inside the rectangular waveguide section. The calibrated
dial on the top and the vernier scale on the front control the position
and setting of the permanent magnets through a simple gear reduction
mechanism inside the assembly housing., Although the housing for proto-
type units can be fabricated from aluminum stock, for any given quan-
tity, investment casting techniques could easily be employed with sub-
stantial savings in overall cost,.

5. OTHER APPLICATIONS OF TECHNIQUE

Besides replacing relatively large and bulky mechanical phase
shifters, the above techniques can also be used in the design of small
absorption modulator-switches (ref 6). In fact, the same waveguide
assemblies described in the preceding sections can be used to obtain
this amplitude modulation. It is only necessary to replace the phase
shift element with another ferrite rod according to the design tech-
niques described in reference 6. Thus, either a compact phase modulator

[
o,




‘yl3uaiasem wd-g I03
apyn3asea Jern8uejoaa piepuels uy paudisap siojernpom oseyd 93Taa8d L aandTd
£€9-G€€1




or an absorption modulator-switch can be made using the above tech-
niques.

The phase modulators shown in figure la and 1lb could also be
used to design relatively small microwave scanning antennas. Be-
cause of the short distance between the input and output ports of
these two types of phase modulators, the radiating elements could
be kept very close together, thus simplifying the technique gener-
ally used to obtain rapid scanning of microwave antennas with low
side-lobe levels,

6. CONCILUSION

Some unusual types of ferrite phase modulators, designed in
standard rectangular waveguide operating in their fundamentsl TEOl
mode, have been described. These low-field devices are character-
ized by small amplitude modulation and insertion loss, large phase
shifts per unit length, and a nearly matched input impedance for

all values of applied magnetic field. They are also capable of oper-

ating at rf power levels up to 25 w average and 5 kw peak. The re-
sults of this developmental effort haweyielded practical ferrite
phase shifter designs which can be useful in the laboratory, as well
as in modern radar systems.

7. REFERENCES

(1) F. Reggia and E. G. Spencer, "A New Technique in Ferrite
Phase Shifting for Beam Scanning of Microwave Antennas,"” Proc. IRE,
Vol 45, pp 1510-1517, Nov 1957.

(2) All data reported in this paper were taken with the
Ferramic Rl ferrite.

(3) H. S. Jones and K. L. Hakes, '"Microwave Component Develop-
ment,” DOFL TR-520, 18 Oct 1957, pp 4-7.

(4) MELABS Model X~-393 E~Plane Tee Circulator,

(5) F. Reggia, "A Reciprocal Phase Modulator for Rapid-Scan-
ning Microwave Antennas,' Proc. of Army Science Conference at West
Point, USMA, June 1959, pp 267-280.

(6) F. Reggia, "A New Broadband Absorption Modulator for Rapid
Switching of Microwave Power,'" IRE Trans. on Microwave Theory and

Techniques, Vol MTT-9, No. 4, dated July 1961, pp 343-349.

ACKNOWLEDGMENT

The authors gratefully acknowledge the valuable contribution made

by Frank Weiser in the fabrication of these devices and in providing

helpful design ideas.

17




DISTRIBUTION

Commanding General
U.S. Army Materiel Command
Washington, D. C. 20315
Attn: AMCRD-DE-N
Attn: AMCPP-CM-MI

Office of the Chief of Research & Development
Department of the Army
Washington, D. C, 20310

Redstone Scientific Information Center
U.S. Army Missile Command
Redstone Arsenal, Alabama

Attn: Chief, Documents Section

Commanding Officer
Picatinny Arsenal
Dover, New Jersey
Attn: Library, SMUPA-VA6

Commanding Officer

U.S. Army Electronics Research & Development Laboratory

Fort Monmouth, New Jersey
Attn: Electronic Components Research Dept
Attn: Tech Library

Commanding Officer

U.S. Army Research Office
Box CM, Duke Station
Durham, North Carclina

Commanding Officer

U.S. Army Electronics Research Unit

P.O. Box 205, Mountain View, California
Attn: SELRU-3

Commander
U.S. Naval Ordnance Laboratory
Corona, California
Attn: Documents Librarian/Glenn Sharp

Commander

U.S. Naval Ordnance Laboratory

White Oak, Silver Spring 19, Maryland
Attn: Tech Library

19




DISTRIBUTION (Cont'd)

Department of the Navy

Bureau of Naval Weapons

Washington, D. C. 20360
Attn: DLI-3, Tech Library

Commander

Naval Research Laboratory

Washington, D, C. 20360
Attn: Microwave Antennas & Components Br
Attn: Tech Library

Headquarters
Defense Documentation Center
Cameron Station, Bldg No. 5
5010 Duke Street
Alexandria, Virginia

Attn: TISIA (20 copies)

National Bureau of Standards
Washington, D. C. 20234
Attn: Library

Boulder Laboratories
National Bureau of Standards
Boulder, Colorado

Attn: Library

Office Chief Research & Development
Department of the Army
Missile & Space Division
Washington, D. C. 20310
Attn: Capt J. M. Kiernan, Rm 3E437

Electronic Communications, Inc.
Timonium, Maryland
Attn: J. C. Wiltse

Aero Geo Astro Corporation
Alexandria, Virginia

Radiation System, Inc.
440 Swann Avenue
Alexandria, Virginia

leico Corp
Syosset, L. I., N. Y.
Attn: K. Smickle

20

e




DISTRIBUTION (Cont'd)

International Telephone & Telegraph Labs
Fort Wayne, Indiana
Attn: Paul R. Jordan/R. Bartel

USASRDL
Fort Monmouth
Eatontown, New Jersey
Attn: Frank Reder, Frequency Control Div

Motorola, Incorporated
Solid-State Electronics Department
8201 East McDowell Road
Phoenix, Arizona

Attn: Norman Dye

Sperry Rand Corporation
Clearwater, Florida
Attn: R. Duncan

Applied Physics Laboratory
Johns Hopkins University
8621 Georgia Avenue

Silver Spring, Maryland

Internal

Horton, B. M./Hochmuth, M. S. , Lt Col
Apstein, M./Gerwin, H. L./Guarino, P. A./Kalmus, H, P,
Spates, J. E./Schwenk, C. C.

Hardin, C. D., 100

Sommer, H., 200

Hatcher, R. D., 300

Hoff, R. S., 400

Nilson, H. M., 500

Flyer, 1. N., 600 J. Salerno, 100

Campagra, J. H., Div 700 Technical Reports Unit, 800
DeMasi, R., Div 800 HDL Library (5 copies)
Landis, P. E., 900 Bonnell, R., 040

Seaton, J. W., 260

Jones, H. S., 250 (10 copies)

Reggia, F., 250 (10 copies)

Tompkins, J. E., 260

Morrison, C. A., 320

Ramos, E., 240

Technical Information Office, 010 (5 copies)
Rotkin, I./Godfrey, T. B./Bryant, W. T.
Distad, M. F./McCoskey, R. E./Moorhead, J. G.

(Two pages of abstract cards follow.)

21




*NOLIVOLAISSVIO ALIMNOES MIJHL X8 @EMINDEN SV CIIVEML 3H TIIM

ggqggéﬂggﬁgg

$3172433
sepinlascy

lusm
-dtnba aawmoadtK

SI91JIYS asTyd

L “azTts [wITsiud TIvms puw ‘1303 a0 ‘uora

~INIISUOD UF LITOFTANTS SPNYOUT “IDTASP SILIII] 8833 JO SINISI IO
“3Ivys sswyd PaITSAP A3 UTEIQO O} pArInbas sy I3RS

P1®53 213aulvu [[vEs ® ATuo 20 Yowad ul ‘siyod Indine puw indug
usenldq Juydeds "UT-SUO ¥ YITa PUMQ-X U PIASTYOE® aQ Ued 3iyqs aseyd Jo
29p 00S ST UONE S Ty MOUS SOFISTIAIORINYD Isayl ueal? auw siuauod
~mOD X194} PU® $J31Itqs aseyd I¥IGI JO SOYISTIIIIEANYD [€ITIIDaT2 YL
“acuseloyiad [ESTLIDITI wnErl

~d0 Yifa JTIISTSUOD SSIUIIdMOD UBTSIP 1 ST SIZTAIP SSO[-20] 29343

JO 3IN1®TI] JUIITES ISCW YL “SWAISIS SAPNOJSOITW UT puw L101vI0QeY 3}

UT pasn uIys s83eUVAPR 1JUTISTP UTEIIID siajyo adf) ydwy "paqrIdSIP

r aze sudtsap 121JTus-aswyd BITIIS! »ARwOISTA Jo sadi} snbiun Tessaa’s

& 310dod QITLISSVIOND ‘00£9Z (odd IQH ‘00#Z9 T1°TTSS *PCO SKORY

'GOEYIOBEZSAT *foid va "SMTTT L "Ixer dd 9 ‘g9el 12awedad 0f "68TI-UL
‘T

wtiday g

‘1 souol °H -~ SYILIIHS ISVHd ILIWWII JAVMOYIIK 40 SNOISIG IWINT INOS

D g ‘gr uciBuTysem *SITI01BIOQE] pUOEEI] AJIwH

‘ON UOT§SI0I% av

SMIVO
HOVE JO TVAORDE

R |

"#ZTS TEaysiyd [Tvas puv ‘150> o[ ‘uoll

~INIIFVOD GY AITITICWTS SPNTIUT $8ITAIP I1TI28; BSBYL JO SUNIEd) W0
“3JIYS aseyd pParsysap IY1 ureiqo o3 pasgnbas st JiJueals

PIPYZ OT3euBum [yvas w Aiquo ‘@swd> yovs ul ‘sizod Indino pus Indug
US3AI3] JuTIEdS “UT-SUO ¥ YT PUEG-} UT PAAITUIE 8Q uwd 1jTYs Iswyd joO
23p 00S S® WONE Sw IvY1 MOYS SOTISIIAIOEINVGD esayl ‘uaafl siw siuauod
-®03 I1aql pue SIA1JIRS eseyd 5IYL JO EITISTIARIOEIEYD TWITIIIOTS YL
sousniojrad [EITI1387P WnEll
-do Y2fs JURISTFUOD $5aUIIVdwOI uBTsap Y1 51 $HITAID SFSO[-wO[ SSeYl
JO 3ANITA] JUIZTES 150U SYL CSWAITAS FLPMOAITE U PUB SS0IRIOQP] 1
Ul Dasn uays saIriuespr 1DUTLSIP UTRIIID S1aj30 #7411 Yded °"pPaqriIdasep
azv sudrsap 1a17tys-aswyd I1LI3; drwwcxSTw Jo sadil anbrun yessasss

sortaaaz b

‘€
sepinBascy dxodayd QITJISSYIIND ‘05692

"COEYTOBEZSAT " foud vg “servT oL

(odd IQH '00FZ9° 11°TZSS 3POD SRONY
13 Tixay 9d @ tggel 1aquedaq of .on:.ﬁ_

-d1aba 3awa04i314 e erd3ay "4
‘1

54215TYS 25TUd SSUOL ‘H —- SYALJIHS ISVHAd Elivkdd LivwddIIA 40 S:21533 IWINI IOS
J ‘g ee AJULY- 2y S8 L 4Pi0Ou"] PUOTHTQ SIXOH
UCIS$IIOY av

- -

$83 11193
» sspIndaacy

Jusw
-dinbe eavasidIR

SI83214s #Tyd

*9z1s 1edyssuyd prrus pue ‘150> a0y ‘uol

-3nI38u03 WY A31211dWIS IPNTOUT SIDOTAID SITIII] 353 JO SIINITIF JIYIO
"3IIIYs osvyd paitrsap ayl muiviqo o1 pastnbar sy 330udsds

PI¥t3 or3sulem Yieus v A{uo ‘asws yoea ul -sisod ndine pue Indug
usdniaq Buideds “ul-IUO ® {ITa PUBG-X UT PRARIYSE 3Q uTd IJTYS Istyd jJo
230 00C ST Yonm ST 1Yl AOYS SIFISTLIORBITYI #53YL  uATE ait Siuduod
~®OD 11943 pue $I23JIYS esTyd IsSaY) JO SIFISTIIIDEILYD [EITIIID[A oYL
“souemtoyaxl 121235212 wnuil

-do Ylys JuISTSUOI ssauIdedmod ulysap 21 ST SIFTAIP SFO1-=:0] Stad

30 IMi1Ed] JuIJTeSs ITOT QYL “SG2ISIT IATvOIOTW UL puw AIOITIOQVE A1

Ul PIsn Uaym SaBriueape IDUTISIP UTEILID sI3jJo odi) ydvl ‘paqrissap

Y are sud1sap 4917TyYs-aseyd SITLII] arwordta Jo sadii anbjun [raasag
S 3doday GATLISSYIONN ‘00£9Z foid TAH ‘00¥Z9 11°TESS 2P0D SNV
‘O0EVI0REZSAT “fOId YA "sTIT £ ‘3x91 dd 9 ‘E96T 1q@233T 0F ‘ERAT-HL

z . eiddoy 4
"t ssuopL "B -~ SHALJINS ASVHS I1INHIL IAVMOUDIN JO SNOISIA IMWINI INOS

*D @ ‘¢z uoarBuiyser *sotsolTiagTy puownTq KEITH

e -
‘0N UOTS5IIIY

av

‘8IS Teaywiyd [{ews puw "1%0> w01 ‘uotl

-ONIISu0d Uyl AITOTTdWES IPNTIUT SIDTAIP IITILA) syl JO SIINIVE} JSYIO
"IFIYS aswyd pasTsIP L1 uTEIqo 01 paIindaz s1 J1MUAILS

P13t} d1isuSwsm [reus ® Afuo ‘eseo yowa G] ‘s3iod indino puw u:hnn«u—
U29m13q Buideds ‘UT-SUO ¥ YITa PUEQ-¥ U PIAITYDW aq ued 3JTys aseyd j
33p 00S S® UONW S¥ IEY) MOYS SOTISIISIDEIPYD esayl -ueArd air siusuod
-WOJ XTIYI PUE SIIIJIUS Aswyd SSIYY O SITISTILOBINYD [¥ITI1Da(8 UL
“oouBRICFIad TEITIID0TS WNETY

-do Yits IUIISTSUOD S§SUIDedmo> UBTSIP 41 ST E81TA2D S$OT-307 o.oﬁ_
O @IN1E37 JUIITES ISOG YL CSUIISIS ILWMOJOTE UL puUT Li01wJOQEY NI
UT pasn uaym $aIeIUEAPE 12UTISIP UTPIIID $33;30 N1 YIwl paqridsen

$3103I31 "¢ le Su¥Tsap 191JTys-eswdd 2313337 rewoIdta jo sadii enbrun [rieads

sapindasea-g 4 .
3i0day GIIJISSVIOND ‘00E£9Z (02d TAH ‘0029 T1 LSS NOD SRORY
lusa ‘OOEVTOBEZSAT " foad v “STTTY £ Cixel dd $ °€36! 1aqu2d3g Of “6RTI-¥L

GEER
FATRbAIIAARDITN T sr¥%ay 3

_SI91314s 2sTUd" | $SUOL "H -- SYALIIHS ASVHA LLINYIS TAvwOMIIn IO SNDISIC IWIXA B§_

‘D "0 'Sz uorBulysey ‘SPTIOIRIOYET] PUOTRT] IJI WY

TON UOTSSADY

av




UNCLASSIFIED

UNCLASSIFIED




