“evaluation.!? However, most of the paraboloidal reflectors
produced at present have diameters of less than $ m, and are
measured by employing a time-consuming mechanical pro-
cedure using a template and gauge. It is therefore attractive to
consider alternative methods which can maintain or improve
accuracy and enable the measurement time to be reduced. A
measurement scheme employing ultrasound has previously
been suggested,” and is currently being examined in more
detail.* The purpose of this letter is to propose and provide
preliminary results of a microwave technique as a solution to
the problem.

E-H tuner

network

analyser 7
phase

Fig. I Reflector profiling system

Fig. 1 shows the configuration of the profiling system. Here
measurements are made at a single frequency by a small
monostatic secondary reflector, located. at the approximate
centre of curvature of the paraboloid, which is around two
focal lengths from the vertex. The small reflector is focused at
the surface to be measured and, as the turntable rotates, varia-
tions in the transmit-receive path length are recorded as phase
changes at the network analyser output. As will be seen later,
such variations can be interpreted as profile deformations
along an annular section of the antenna under test. - :

The choice of location for the secondary antenna is of parti-
cular importance, for it ensures that the wavefront from' this
antenna propagates close to the local formal to the large
reflector. Therefore, after reflection, the majority of the wave-

front is redirected to the secondary antenna as a well defined ’

spherical phase front, and so helps to maximise the return
signal level and hence the accuracy of thic experiment.

. The monostatic antenna must be carefully matched in order
to avoid reflectidns which wouldpefturb. the phase of the
signal reccived at the network analyser. For a phase accuracy
of +1° the unwanted reflection must be maintained at least
35 dB below the signal received from the large reflector, and
this was achieved: in “practice by suitable adjustment of the
E-H tuner. -~ M

- The spatial resolution of the system :is: governed by the
footprint of the small-antenna, and can be considered as the
—3 dB width of the focused transmit-reccivé pattern. For the
45 cm-diameter reflector  employed, a spatial _resolution of
5 cm was achicved and the highest sidelobe of ‘the composite
response was —26 dB. The-lacalised nature of the fdotprint is
also beneficial in that. tests need not be carried oat in an
anechoic’ environmentiIn - fact, during the measurements
described here, no_precautions were taken with regard to the
environment, and the small antenna was supported by a metal

gantry--which was also located in close proximity to the

antenna under test....c . .

In order-to evaluate the capabilities of the method, a com-
parison technique was used to climinate uncertainties con-
cerning the profile ofathe reflector used. The antenna under
test was of diameter:1:8 m and f/D = 0-3. Mcasurements were
made at a radius of-0-52'm and phasc scans were recorded
with and without the:presence of known deformations in the
form of small aluminium plates. A subtraction of successive

scans was carried -out to identify the nature of the added.

deformation.
Fig. 2 shows the result obtained for a configuration of three
rectangular plates at an operating {requency of 9-85 GHz. The
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plates were distributed along the scan direction . as shown in
the Figure, and have the dimensions indicated. It can be seen
from the plot that cach deformation has been resolved clearly,
and the table shows that the thickness of each plate has been
measured to an accuracy of better than +0-14 mm. This
result is very encouraging, in view of the fact that data sam-
pling was carricd out for convenience at equal time intervals
and assumed a constant dish rotation speed. Evidence of the
magnitude of error arising from this assumption is seen in the
regions well away from the deformation, where variations as
large as 3° (+0-13 mm) have occurred.

b\

10 cm

actual theckness  154mm 285mm 11Smm
measured thickness t4mm  29mm 1-2mm

€
E o
o3 80",
5 -8
%2 .2
@ Lo a
= ! 20"
& o ~ \,

o position along scan : 3&0‘

Fig. 2 Configuration of deformations and results of profile measurement

Inspection of surface annuli' at other radii can in principle
be achieved by mechanical rotation of the small antenna. Suit-
able compensation for the differential path length change with
radius is carried out in arriving at the best-fit focal length for
the reflector. However, 10 avoid mechanical scanning, a
synthetic-aperture technique using a linear sampling array is
currently under consideration, and allows all necessary data
to be recorded from one revolution of the antenna under test.
J. C. BENNETT 3rd May 1985
D. G. SWAN
Department of Electrome & Elecirical Engineering
University of Sheffield
Mappin Street, Sheffield S1 3JD. United Kingdom
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" POLARISATION ANALYSIS OF STRONGLY
"FUSED AND WEAKLY FUSED TAPERED

COUPLERS

Indexing terms Optical fibres, Opuical connectors and couplers

The polarisanon properties of bith strongly fused and
weakly fused sangle-mode tapered tibre couplers have been
analysed A comparison with experimental results shows
excellent agreement with our analysis

Introduction Our recent undestanding of the behaviour of
tapers 1w single-mode fibres has alloZed us to analyse in a
very simple manner the behaviour of the fused tapered
coupler ' 1n Reference | we studied the coupling behaviour of
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the well fused tapered coupler, while (and we quote the rele-
vant results here) the coupling behaviour of the weakly fused
coupler is cqually straightforward to analyse. Both types arc
of interest, since in practice a fused coupler can be cither well
fused or weakly fused?-? (sec Figs. 1a and b and Reference 3).

Fig. | Photographs of cleaved cros-sécu'on of (a) strongly fused coupler
and (b) weakly fused coupler

Our main aim here is to show how the polarisation eflects
of both types of coupler can be aocommodated within our
overall model.

The polarisation behaviour of the fused oouplcr has been
recently investigated experimentally,*-* and it has been shown
that couplers with long interaction lengths can act as polarisa-
tion beam splitters. The behavidur of the power splitting ratio
for unpolansed light as a function of wavclength for . such
couplers shows sevéral characteristic- features. The power
splitting ratio oscillates rapidly as a function of wavelength
with a chanriel, spacing 'AA. This rapld oscillation is itsell
modulated With a ‘slower period 64, giving a response of a
modulated comb filter.* The modylation arises as a result of
the x- and y-polansauons havmg shghtly different’ coupling
strengths C, and C,.in the fused section of the’ coupler. If the

lused region is long enough, it is possible. for complete de-
phasmg between the two polansatlons to occur,; and one pol-
arisation will exhibit complete power transfer at the oulput of
the coupler. This will correspond, to the observed dulls in the
modulation period.*

Potentially, there are many apphcatlons which carr txplon
these properties of long couplers. They include polarisation
beam splitters, spectral filters, modulators -and. switches. The
successful design of such components requires a detailed

- knowledge of the coupling mechanisms within the coupler. In
this letter we present the results of a detailed analysis of the
coupling strengths of polarised light in both strongly and
weakly fused couplers. We show that our analysis is in excel-
lent agreement with recent measurements made on very long
weakly fused couplers *

Analysis: In Reference 1 we showed that the fused coupler can
be successfully analysed by assuming that power exchanges
occur as a result of the interference between the lowest-order
symmetric and antisymmetric modes of the waveguide formed
by the whole of the cross-section of the fused region. Typical
dimensions of the fused region are § um x 10 um. The corre-
sponding V-value is in the range 15-50, depending on whether

&KRD

ELECTRONICS LETTERS  20th June 1985 Vol 21

the coupler is potted (potting index 1-42) or is in air. Such
high V-values allow an accurate asymptotic analysis of the
coupling strengths. The well fused guide is modelled by an
cquivalent rectangular guide (Fig. 2a) and the weakly fused
coupler is modelled by two touching cylinders, corresponding
to the fibre claddmgx (Fig. 2b). The fibre cores are of negligible
cross-section in the fused taper and are ignored.

Y

ny n3

ny CIA a
!

-—— 2a

L. P—
o b (33773

Fig. 2 Model used 1o analyse coupling region of (a) strongly fused
coupler and (b) weakly fused coupler

If unpolarised light enters one of the input ports,. then the
power in an output port is described by

P=§[l+cos(C,+C,).Lcos(C,—-C,).L] ()
where C,  are the coupling strengths of the x- and y-
polarisations and L is the length of the fused interaction
region. To leading order in V the following equations for C,
and C, have been derived:

(a) Strongly fused coupler:
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(h) Wcakly fused coupler:

27 _ gy ’
C, + C, = —“‘—,3—512—1 (4
ny,ayin)V

. 25/2("§ _ ni)lllui
G = (51
nyay(my

C
where U = 2-405 and V = [(2rna)/i)(n} — ni)*?

These formulas allow the response of the coupier 10 be
dnalyscd for any input state of polarisation. They also display.
in a very simple manner, the dcpcndcncc on w.xvdcngth rel-
ractive index and coupler size.

Discussion: From eqns. 2 5 it s straightforward to compute
the channel spacing A4 and the modulation period 84 The
ratio of these two quantities has a particularly simple form,
and is given by

Mo Y (6)
A {1 - (ny/n3))

where G = 4 for the weakly fused case and 4 for the strongly
fused case. Eqn. 6 predicts that the modulation period should
decrease with increasing wavelength and that 8/A4 should be
proportional to 1/(wavelength). The experimental confirma-
tion of this behaviour is contained in the measurements of
very long fused couplers made in our laboratory, the results of
which were presented in Reference 4. In Fig. 3 we have plotted

"0A/A4 against 1/4 for one of these couplers with a 300 mm-

long interaction region. The points lie ‘close to.a straight line,
as predicted by eqn. 6. The-fact that this-graph does not pass
through the origin is a consequence of our neglecting higher-
order 1/V terms, which resuit in a constant being added to the
right-hand side of eqn. 6. The cross-section of these couplers
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was examined by cleaving and photographing. Fig. 1b rep-
rescnts a typical result, and it is clear that these couplers were
weakly fused. The gradient of a best straight:line fit to Fig. 3
allows the coupler cross-section to be determined using eqn. 6

»r

-~

g

best - tit
line

modulation perd
nnel spacing
3
T

1 I 1 1 i A n ')

1 11 12 13 14 15 16 17
1/ wavelength | um" orm

Fig. 3 Experimental results for variation of modulation period/channel
spacing against | f{wavelengih) for a weakly fused coupler with a
30 mm-lony interaction region

. . h
Experimental  points  are  taken from previously reported
measurements® performed at our laboratory

and G appropriate to the weakly fused case. We find that
a = 3 um, in excellent agreement with the measured cross-
section of our couplers.

In conclusion, we have presented the results of a detailed
analysis of the coupling of x- and y-polarised light in strong
and weakly fused couplers. Our results are in very good agree-
ment with measurements made previously in weakly fused
couplers.

Acknowledgment: The authors would like to thank Dr. D. N.
Payne for helpful discussions and the UK SERC for financial

. support.

F. P. PAYNE
C. D. HUSSEY

13th May 1985

M. S. YATAKI

Department of Electronics & Information Engineering
T he University
Southampton SO9 SNH, United Kingdom

References

| PAYNE, F. P, HUSSEY, C. D, and YATAKI, M. S.: ‘Modelling fused
single-mode-fibre couplers’, Electron. Lets_, 1985, 21, pp. 461462

2 LAMONT, R. G, JOHNSON, D. C,, and HILL, K. O.: ‘Power traasfer in
fused biconical-taper single-mode fiber couplers: dependence on
external refractive index’, Appl. Opt., 1985, 24, pp. 327-332

3 BRICHENO, T., and FIELDING, A.: ‘Stable low-loss single-mode cou-
plers’, Electron. Lett, 1984, 20, pp. 230-232 -

4 YATAKI, M. S, PAYNE, D. N, and VARNHAM, M. P.: ‘All-fibre wave-
length filters using concatenated fused-taper couplers’, ibid., 1985,
21, pp. 248-249

S BRICHENO, T., and BAKER, V.. ‘All-fibre polarisation splitter/

" combiner’, ibid., 1985, 21, pp. 251-252

SIMPLE HYBRID MODE HORN FEED
LOADED WITH A DIELECTRIC CONE

Indexing terms. Antennas, Horn antennas, Feeds Dtelecmc
HE,, mode, Crosspolarisation -

A conical horn loaded with a solid dielectric cone, separated
from the metal wall by a thin layer of low-permittivity
material or air, is analysed theoretically and tested cxpen-
mentally. This simple feed exhibits excellent radiation
propertics, with a crosspolar bandwidth su‘mlar to that of a
corrugated horn.

v

Introduction: Corrdgated horns in different shapes are widely
used as feeds in reflector-anteninas where low crosspolarisation
is required. As.these feeds are expensive to. manufacture, there
is a need for simpler and cheaper alternatives.

The investigations .reported here and in Reference | were
initiated by an-interest in the low-permittivity dielectric cone
feed studied extensively by P. 1. B. Clarricoats: and his
coworkers.>?> To avoid’ diclectric foams, with their inherent
problems ‘caused by the softniess of these materials ‘and the

_difficulties in achieving perfect symmetry, it wis decnded to
make some experiments with solid diclectrics.
. During a study of the excitation of the solid cone, ;l was
discovered that the proper condition for the balanced
HE,,-miode to propagate could be achicved if the solid eone

was surrounded by an outer thin layer of low-permittivity -

material and a metal wall, forming = rigid and simple con-
struction, as shown in Fig. 1.

The front surface of the dielectric cone can be shaped by
geometrical optics methods to control the phase distribution

thin

metal wall

shaped
tront
surface

dielectric cone
quasiblooming

t

Fig. | General geometry of horn antenna
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of the aperture field. For example, a plane wavefront can
easily be obtained by an ellipsoidal front surface if a fixed-
phase centre and minimum beamwidth are desired. Unwanted
reflections from the front surface can be suppressed by a
matching technique, drilling a- number of approximately
quarter- wavclength-dccp and properly spaced holcs in thc
surface.*

A similar type of horn is reported in Reference 5. This horn
has an expanded dielectnic cone with a rather low relative
permittivity (1-13) and a plane front surface. The design
formula for the thickness of the outer layer is valid only for

‘cones with low permittivity. The advantages of the latter horn -

are low weight and low dielectric losses, and that therg is no
need for a matching layer at the front surface. The disadvan-
tages are the need for a thicker outer layer, which resuits in a
larger horn, and that there is no direct way of obtaining any-
thing but spherical wavefronts in the aperture.

Thickness of low-permittivity layer: The balanced hybrid mode
condition can be achieved by selecting a proper thickness of
the low-permittivity layer. A simple but sufficiently accurate
result can be derived from the plane-wave model of the
boundary shown in Fig. 2. The balanced HE, ,-mode can pro-
pagate in the dielectric cone if®

Z‘Z,=I]}’ ) (l)

where Z, = E/H, and Z, = —E [H, are the surface imped-
ances at lhc boundary bclwocn the diclectric cone and the
outer layer, and n, is the intrinsic impcedance of the cone
material. {f the plane-wave model 1 used, and if 0,

INComiNg surface
‘plane impedances
wave

8.

Fig. 2 Simple plane-wave model to derive surface impedances
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