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Results: The experimental instrumentation required for testing radio
holograms at submillimetre-wavelengths include a signal source with a
feed, a receiver with a probe in a plargiscanner, and a measurement
controller (vector network analyser) with detection bandwidth as narrow
as 10 Hz, hence a very high dynamic range is obtdingd [5]. Contrary to
the optical region, both amplitude and phase information are readily
obtainable from the generated millimetre-wave radio field.
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A computer-generated binary amplitude hologram is used to transform
an initial Gaussian electromagnetic field with spherical phase front at
310GHz into a non-diffracting Bessel beam. The beam profile is

measured with the help of a near field scanner. In contrast to the
situation in the optical region, both amplitude and phase information is
readily obtainable from the generated field.

Introduction: Computer-generated holograms (CGHs) have proven use-
ful in controlling optical laser fields and they have also been applied in
the area of millimetre-wave radio fielffs] [1]. In this Letter we present
first experimental results of an amplitude radio hologram which trans-
forms an incident Gaussian electromagnetic field into the fundamental a b
limited-diffraction Bessel beam. Recently, axicons were also utilised for
generating millimetre-wave Bessel bedmb [2]. Fig. 2 Absolute value of measured amplitude and Fourier transform of
Bessel beam ]3] are called non-diffracting since, ideally, they would actual complex field
propagate infinite distances without diffractive spreading, i.e. their lat- a Absolute value

eral shape would remain invariant under propagation. The electric fieldb Fourier transform ] o o
of the fundamental Bessel beam has the form Radial wave numben = ksinl® = 11.3 cnt, characteristic to all limited-

diffraction beams
E = Jo(ar)etPz—«t) (1)

is the Bessel function of the zeroth order and the radial and The mee_lsured field a_mplituQe shows a peaked _maximum on the prop-

axial wave numbersy and, respectively, satisfy? + B2 = k2 = (/c)2. agatl.on axis together Wlth t_yplcal Bessel-beam fringes, see Fig. 2. The

The fundamental beam mode features a maximum alorgakis and Foune_.-r-transformed signal is strongly concer}trated ona cwcum_fer_ence
of a circle of radiust. The slight asymmetry arises from the off-axiality

successively weaker fringes (which, however, would ideally each have . o )
the same integrated intensity) around the central beam. of the experimental setup and it is to be decreased by improved holo-

gram optimisation.

20

whereJ,

Hologram techniqueComputer holograms (diffractive elements) are

semitransparent objects which serve to locally modify both the intensity trol radio-f lect ticb Simpl | th
and the phase of an incident wave field. Owing to diffraction within the control radio-frequency electromagnetic beams. Simple scalar-wave the-

hologram pattern, the initial field is changed into the desired outputOry allows the design of satisfactory holograms which are to be further

field. Here the hologram is a binary amplitude element which consists Of_reflned with the help of rigorous d|ffract|on_theory which faC|!|tat_es
a dielectric transparent film, covered with a reflecting copper layer with |mpr(_)ved contral on the emitted propagating electromagnetic field
etched slots. Ideally, the field is either reflected, or it passes through th("é‘lmplltUde and phase.

hologram with no change in its phase.

If the incident field is given by, andu,, is the desired output field, ~Acknowledgmenthe authors acknowledge the Finnish Cultural Foun-
an ideal hologram should feature a transmission fun@ienuq,/u;, dation, Jgnny an.d Antti Wlhqu Foundation, and Nokia Foundation for
which is a complex function describing local blocking and phase changeScholarships. This research is also supported by the Academy of Fin-
for the field passing through the hologram. For a binary amplitude holo-land.
gram, the transmission functidg;,, may be derived from the ideal func-
tion A using, for instance, the algorithm presentein [4].

ConclusionA computer-generated hologram can be used to modify and
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