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* A~8ThCT

This report desoribess the modification of the U687 Antenna, A`-
dapting it for use with the Trpe B Signal Generator (MBE-JAN 2C43) do-
veloped under ?RL Problem Number 3877.3R-C. The antenna desr. ribed herein
covers the frequency range from 2200 to 3800 megacyclew per second. The
development of this antenna is part of the broad problem concerned with
the design and development of target pulse transmitters for calibrati -
of DW1-1 direction finding equipment,

The modification developed for this antenna consists of a small
pramidal horn, mounted on a special flange, drilled for direct mount4
ing on the face of the M6807 antenna in place of the curved spacer usu-
ally provided with this assembly. The modified antenna provides a beam
type ridtation pattern, which varies in the electric plane from a beam
width of approximate•y 61 degrees at th. half power points and a gain
ef 9.8 decibels at 2200 megacycles per second to a beam width of approx-
imkcely .3 degrees at the half power points and a gain of 16.0 decibels
at 3800 megacycles per second. Antenna to transmisaion line matching
is satisfactory, the standing wave ratio being not greater than 2.25 to
I on a 50-ohm line.
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1. This work was done in accordance with Bureau of Ship@ letter 0-
A22.1 (920-Db) C-920-756, under Problem 8.259R-C (see refer s 1).
The entire eqvUment to be developed under this problem is to cr~a~uit
of a series of low-pwe pulse tranmitters continuously variable in
frequenecy with direotional antennas, to be used for calibrainh DM1-i
direction finding equipment over dhe range from 90 to 5000 megayles
per second. The authorisation given above provides for the develop-
imnt of an antenna for the frequency range from 2200 to 4200 megacycleo,

*but by later verbal agreement on U1 April 19#6,0 betwen Lt, Condr. J.K.
Sterrette Bufthp., Codo 925, and H.K, Weid-m-n of NRL, this bandxidth
was decreased to a range from 2200 to 3800 mesacyoles. This confouo
with the frequency rane of one of the transmitters. The antenna as do-
veloped for this frequency range is presented in this report.

2. The antenna consists of the M6SY "S.lot" wtenna with a yremi-
dal horn added, This horn i. four inches in azial length, and has a
rectangular aperture measuring six inches parallel to the magnetic
plane and four Inches parallel to the electric plane of the rMdation.
The throat of the horn conforms to the inside dimensions of the "slot"
of the WW antenna, permitting direct mounting of the horn throat
against the "slot" by mean. of a suitable adapting flange. PhOtOgMi*
of the horn attaohed to the M6807 antena we iven on Plates 1 and 2.
A sketch, dhowing the principal dimensions ins shom on Plate 3.

3. The MM antenna consists of a shaLlm boc-li.k caity open en
aen ide and provided with a mounting flae. The aperture ot the bm
is covered by a thin sheet of fiborglas. Input to the antenna Is made
through a modified UG-l1/U connector mounted in the side of the cavity.

4. It was indicated in the original verbal statement of the desired
characteristics for the horn to fit the 16807 antenna, that it was to
be doesignod for a minimum frequency of 2030 megacyclos per seoond, to
have a maximum beam width in the electric plane of roughly 60 degrees
between half power points and a minimum gain of 6 dedibela over an
isotropic radiator. It was indicated that sufficient time was not
available to pemit exhaustive investigation of the eloctrical char-
aoteristdce of such an adapter system.

5. Since it is generally true for a given horn, that the beam
width of the radiatod pattern decreases and the gdan increases as the
frequency of operation is increased, it was decided that approximate
dimensions for the horn should be determined for the conditions of

minimum frequency and gain and maximum permitted beam width.

CONFIMMTIAL 1.



6. No design information was found to be available, which would
cover the conditions outlined above. After a search of references it
became apparent that the method, of design outlined in Torman's Radio
Engineers' Handbook (see reference No. 2) might be used as a guide,
providifn the specified beam width might be converted to a beam width
meaured between 20 decibel points and the horn dimensions might be
estimated by extrapolation beyond the limits of the graphical data
presented in this reference.

7. To determine a crude relationship between beam width between
the half power points and beam width between the 20 dedibel points the
field intensity pattern of an U-4907 antenna fitted with an U-4902 coax
to wave guide adaptor was measured at 3000 megacycles per second. In
the electric plane this pattern had a beam width botwoen the half power
points of approximately 31.00. The beam width between 20 dedibel points
was apprmodmately 760. It was noted that the ratio of these two beam
width measurements was 2.45 to 1.

8.. As a very otude estimate of the boam' ,idth bo,.veon 2C decibe,.
points for the antenna in process of design, the gitn width of 60c
between half power points was multiplied by 2.45 giving a value of
1470J. which was "rounded off" to 1500.

9. Entering the graph of Figure 69, roforonoe No. 2, using 1500
as argument, the horn aporature parallel to the electric field was
roughly estimated as seven tenths of a wavelength or approximately 4
inches at 2030 megacyclos per second. From Figure 73(a) of reference
No. 2 by extrapolation beyond the left hand limit of the graph it wes
estimated that asn aporaturo one wavelength by one wavelength would give
a power gain ratio of about 7. Since 6 decibels represents a power
gain ratio of approximately 4 and the dimension parallel to the electric
fiuld was already estimated as seven tenths of a wavelength it was de-
cided to try an aporaturo of one wavelength (i.e. 6 inches) parallel
to tho magnutic field, indicating an catimatod power gain ratio of ap-
proximatoly 5 (i.e. approx. 7 db).

10. Since the design information given in reference No. 2 is quite
inadequate for specification of flare anglo for boamas as broad as the
one under consideration it was somewhat arbitrarily docidea to try a
flare angle in the electric plano of about 400. From this, the dimen-
sions of the M6807 antenna, mnd the horn aporaturo already estimated,
an axial length of 4 inches from throat to mouth waa decided upon for
the first horn to be constructed.

i1. After construction, the field pattern for the horn attached to the
36807 antenna was measured at 2000 mogacyclcs per second. The beam width
between half power points was found to be 76 dogroos with a gain of
slightly more than 9 deciibels-

CONFIDPNTIAL 2.



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

13, The froquoncy limits of operation for this antenna wore finally
redefined an stated in paragraph 3. of this report. Within this fre-
quency range the performance of the antenna was considered acceptable.
The specific results are detailed below.

R IS•TS O3TAI

14. The standing wave ratio of the 116807 anten&, with we ha•n added
is given by the graph on Plate 4. Over the frequonr range, fja 2200
to 3800 megacyclas por second the maximum standing wave ratio is ap-
proxImately 2.25 to 1. For comparison, the standing wave ratio of the
L6807 antenna alone was also measured, and is given on this same Sraph.
It is seen that the addition of the horn to the antenna did not great3y
change the reflection characteristics.

15. Relative field intensity patterns in the electric and magnetic
planes of the modified antenna at 2200 megacycles, 3000 megacycles, and
3800 megacycles ai'e given by Plates 5, 6, and 7 respectively. Theie
plates show that at 2200 megacycles the beam width at the half power
pint is 61 degrees in the electric plane and 51 degrees in the magne-
tic plane; at 3000 megacycles the beam width is 54 degrees in the
electric pUne and 43 de.rees in the magnetic plane; and at 3800 mega-
cycles the beaom idth is 32 degrees in the electric plane and 30 degrees
in the zagnetic plui.c.. it is seen that the patterns in the'electric
pl.ne arae sanehat br""r than those in the magiittic plano, and that
tha patt-erne beucom narrower as frequency is raised.

16. T•,a pn of the antenna relative to an isotropic source was ccA-
puted by integration of tho power as indicatud by the patterns over the
surface of a sphero with center at the antenna. At 2200 megacycles
the gain was found to be 9.8 decibels, at 3000 megacycles the gain was
found to be 12.4 decibols, and at 3800 megacycles the gain was found to
be 16.0 docibcls.over an isotropic source.

*CONCLUSIONS

17. The resauts given in the proceding section indicate that this
modified U6807 antenna should be acceptable in Whis direction-finder
calibration applicati.n over the frequency oa ,e from 2200 to 3800
megacycles per sueccad,
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MODIFIED M6807 ANTENNA - FRONT VIEWI
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