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ABSTRACT

This report describes the modification of the M6807 Antenna, a-
dapting it for use with the Type B Signal Generator (MBE-JAN 2C43) de-
veloped under NRL Problem Number S877.3R~C. The antenna desrribed herein
covers the frequency range from 2200 to 3800 megacyclew per second, The
development of this antenaa is part of ghe broad problem concerned with
the design and develomment of target pulse transmitters for calibrat!-a
of DRM~1 direction finding equipment.

The modification developed for this antenna consists of a small
pyramidal horn, mounted on & special flange, drilled for direct mounté
ing on the face of the M6807 antenna in place of the curved apacer usu-
ally provided with this assembly. The modified antenna provides a beam
type radiation pattern, which varies in the electric plane from a beam
width of approximately &% degrees at the half porer points and a gain
cf 9.8 decibels at, 2200 megacycles per second to a beam width of approx-
imucely 3% degremes at the half power points und & gain of 16.0 decibels
at 3800 megacycles per sscond, Angenna to transmisaion line matching
is satisfactory, the standing wave ratio being not greater than 2,25 to
1 on & 50~chm line,
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DOROMUCTION

1. This work was done in accordance with Bureau of Shipe letter C-
422,1 (920-Db), C~920-7565, under Froblem S1259R~C (see reference 1).
The entire oquim to be developed under this problem is to cunsist

of a seriss of low~puwer pulse tranasmitters continuously variable in
frequency, with direstionsl antennas, to be used for calibrating DR~
direction finding equirment over che range from 90 to 5000 megacycles
por second, The authorisation given ahove provides for the develop-

- ment of an antenna for the frequency range from 2200 to 4200 megacycles,
but by later verbal agreement on 11 April 1%9+6, between Lt, Comdr, J.K.
Sterrett, BuShips, Codo 925, and H.X, Weidema..n of NRL, this bandwidth
was decreased to a range from 2200 to 3800 megacycles. Thie conforms
with the frequency range of one of the transmitters., The antenna as de-
veloped for this frequency range 1s presented in thie report,

ANTENNA_SYSTRM

2. The antenna consists of the M6807 "Slot" i»ntenna with a pyremi-
dal horn added, This horn is four inches in axial length, and has a
rectangular aperture measuring six inches parallel tc the magnetic
Plano and four inchos parallel to the electric plane of the radiation.
The throat of the horn conforms to the inside dimensions of the "alot®
of the K6807 antenna, permitting direct mounting of the horn throat
against the "slot" by msans of a suitable adapting flange, Photographs
of the horn attached to the M6807 antenna are given on Plates 1 and 2,
A sketch, showing the principal dimensions is shown on Plate 3.

3. The MA6807 antenna consists of a shallow box-like cavity open on
one side and provided with a mounting flange. The aperture of the box
is covered by & thin sheet of fiberglas. Input to the antenns is sado
through a modified UG-101/U connector mounted in tho side of the cavity,

VELOPMENT

Ao It was indicated in the original verbal statement of the desired
characteristics for tho horn to fit the M6807 antonna, that it was to
be dosigned for a minimum frequency of 2030 megacycics per second, to
have a maximum beam width in the electric plane of roughly 60 degrees
between half power points and & minimum gain of ¢ dedibels over an
isotropic radiator. It was indicated that sufficient time was not
availasble to permit axhaustive investigation of the elcctrical char~
acteristics of such an adapter aystam.

5. Since it ia gonerally trus for a given horn, that the beam
width of the radiatod pattern decroasce and the ghin increases as the
frequency of operation is increased, it was decided that approximate
dimensions for the horn should be determinod for tho.conditions of
minimum frequeoncy and gain and maximum permitted boam width,

CONFIDENTIAL 1,

T A A S T et et S e S T T T N W L



;‘ .

p 6. No design infoarmation was found to be available, which would
cover the conditions outlined above, After a search of references it
became apparent that the methods of design outlined in Torman's Radio
Engineers' Handbook (see reference No. 2) might be used as a guide,
providing the specified beam width might te converted to a beam width
measured hetween 20 docibel points and the horn dimensions might be
estimated by extrapolation beyond the limits of the gr&phical data
n'eaented in this reference,

T To determine a crude relationship between beam width batween

the half power points and beam width betwoen the 20 dedibel points the
field intensity psttern of an M~4907 antenna fitted with an M~4902 coax
to wave guide adaptor was mcasured at 3000 megacyclos per sscond, In
the electric plane thia putt.em had a beam width botwoen the half power
points of appraximatoly 31,0°. The beam width betweon 20 dodibel points
was approximately 76°, It was noted that the ratio of these two beam
width measurements was 2,45 to 1.

- B, As a vory cfude estimate of the beam':width butveen 2C decibe.
points for the antenna in process of design, the given width of 60°
between half power points was mltipliod by 2.45 giving a value of
147°, which was "rounded off" to 150°,

9 Entering the graph of Figure 69, roforcnoe No, 2, using 150°

as argument, the horn aporature parallel to the electric field was
roughly ostimated as soven tenths of a wavelength or approximately 4
inches at 2030 megacyclos por sccond. From Figure 73(a) of reference
No. 2 by extrapolation boyond the left hand limit of thoc graph it wes
estimated that an aporaturo one wavelength by one wavelength would give
a power gain ratio of sbout 7, Since 6 decibols ropresants a power
gain ratio of approximately 4 and the dimension parallel to the electric
fiuvld was already estimatod as seven tenths of a wavelength it was de-
cided to try an aporaturo of onc wavelongth (i.e. 6 inchos) parallel
to the megnctic field, indicating an cstimated power gain ratio of ap-
proximatoly 5 (1,0, apprax, 7 db).

10, Sinco the dosign information givon in reforenco No, 2 is quite
inadequatc for specification of flare anglo for boams as broad as the
one undor consideration it was somowhat arbitrarily decided to try a
flare angle in tho electric plano of about 4L0°, From this, the dimen-
sions of the M6807 antonna, and thc horn aperature alroady estimated,
an axial length of 4 inchos fram throat to mouth woas docided upon for
ghe first horn to be constructod,

11. After consiruction, the field pattern for tho horn attached to the
M6807 antenna was measurod at 2020 megacyclcs per socond., Tho beam width
between half power points was found to bo 76 degroos with a gain of
slightly more than 9 decibels,

CONFIDENTIAL 2,

. : « o L »' Al NN E WL,
14"'\.1\1"4?1\' “”'1 \'..‘1_. J_W-}:‘;\f‘_l'f\‘w s e e




3

12, From the above results it is clear that tho above design pro-
cedure can be considered to be hardly more than a crude first approxi-
mation,

13, The froquency limits of operation for this antenna were finally
redefined as stated in paragreph 1 of this report. Within this fre-
quency range the performance of the antenna was considerod acceptable,
‘I'he specific rosults are detailsd below,

LLTS OBTA

o The standing wavo ratio of the M6807 antem»a with wis hom added
is given by tho graph on Plate 4, Over tho frequon-: wange fiam 2200
to 3800 megacyclos por second the maximum standing wave ratio is ap-
proximately 2,25 to 1, For camparlson, the standing wave ratic of the
U5807 antenna alone was alao measursd, and is given on this samo graph,
It is seen that the addition of the horn to the antonna did not greatly
change the reflection characteristics,

15, Relative ficld intensity patterns in the eloctric and magnetie
planes of the modificd antenna at 2200 megacytlss, 3000 megacycles, and
3800 megacyclos are given by Plates 5, 6, and 7 respectively. These
platos show that at 2200 megacycles the beam width at the half power
ppint is 61 degrees in the cleatric plane and 51 degrees in the magne-
tic rlono; at 3000 mogacycles the beam width is 54 degrees in the
olectric plane and 43 dejgrees in the magnotic plane; and at 3800 moga-
cycles the bean width is 32 degrees in the electric plene and 30 degrees
in the mognetic plunc, T¢ is seon that the patterns in the-electric
plane ave somemwhat briddvr than those in the maginotic plano, and that
the pattorna becoms norrower as frequency is ralsed,

%,  The gain of the antenna rolative to &n isotropic mource was com-
puted by integration of tho power as indicatud by tho patterns uver the
surface of a spliers with center at the antenna. At 2200 megacycles
the gain was found to ve 9.8 decibels, at 3000 mogocyclos the gain was
found to be 12,4 decibols, and at 3800 megacycles tho gain was found to
be 16,0 docibels over an isotropic mource,

CONCLUSIONS
17. The results given in the proceding section indicate that this
modified MO807 antenna should bo acceptable in :his direction-finder

calidbration applicatioén over tho froquoncy ea. e from 2200 to 3860
megacycles per sweound,
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