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Abstract—Direct observation of exoplanets will make it possible to clarify many principal questions con
nected both with extrasolar planets and planetary systems and to measure atmospheric spectra of the planets.
Obtaining an exoplanet image not distorted by the light from a star is at the cutting edge of presentday optical
technologies owing to the combination of tremendous brightness contrasts and small angular distances
between the planet and star. To observe the exoEarth, it is necessary to weaken the brightness of the parent
star image by 9–10 orders of magnitude (in the optical and nearIR ranges). To compensate the influence of
the atmosphere, groundbased (e.g., 8–10 m) telescopes intended for observing exoplanets are equipped with
adaptive optics systems, the spatial and temporal resolutions of which are not yet sufficient. A meterclass
space telescope equipped with a star coronagraph will make it possible to observe the nearest exoplanets. In
this paper, an improved tool for star coronagraphy is considered, namely, the achromatic interferometric
coronagraph with a variable rotational shear. It is fabricated according to the optical scheme of the common
path interferometer for studying extrasolar planets by direct observations. Theoretical and experimental esti
mations for the main characteristics of the scheme were carried out. Laboratory experimental measurements
were carried out on a coronagraph model.
DOI: 10.1134/S0038094613060026

INTRODUCTION
In 1995, with the discovery of the first extrasolar
planet (Mayor and Queloz, 1995), observational
astronomy verified the fact that planets can be
detected not only in the Solar System but also in other
parts of the universe. Only a few characteristics are
similar to analogous features of planets orbiting the
Sun. The “hot Jupiters,” a class of exoplanets whose
mass is on the order of the Jupiter mass, 1027 kg, serve
as an example—they rotate around the parent star at a
distance of 0.05 AU. By the beginning of 2013, more
than 850 exoplanets in approximately 650 planetary
systems were known (http://exoplanet.eu). Almost all
of them were discovered by indirect methods. About
60% of the verified exoplanets were discovered by the
spectral method of radial velocities and 35% by the
transit method (planet transit across the stellar disk).
In some cases, the transit method permits to the study
of the composition of the planetary atmosphere by the
spectral occultation method (Perryman, 2011; Sing
et al., 2011; Ksanfomaliti, 2004, 2007).
Direct observations and spectral analysis of extra
solar planets (exoplanets) remain promising areas of
investigation. This is due to the combination of tre
mendous brightness contrasts and small angular dis

tances between the planet and star. Therefore, the
nearest stars within a radius of about 10 parsecs are the
toppriority aim of direct observations of exoplanets.
Let us consider the Sun–Earth system observed from
a distance of 10 pc. The brightness contrast between
their radiation intensities is 106 in the IR range and 109
in the visible range; the visible angular distance
between the star and planet is ≈0.1′′. To attenuate the
high optical contrast, star coronagraphy was inten
sively developed from the original solar coronagraph
by Bernard Lyot (Lyot, 1939) in different schemes
(Guyon et al., 2006). For example, in (Roddier F. and
Roddier C., 1997), it was proposed to replace the
“artificial moon” of the solar coronagraph with a
phase mask. Later, segment phase masks (“phase
knife”) (Abe et al., 2003), a fourquadrant mask
(Rouan et al., 2000), or masks with continuously vary
ing phase delay (Foo et al., 2005) were proposed.
Phase masks are applied in coronagraphs’ schemes
with apodization methods (Guyon et al., 2006; Labey
rie et al., 2006). A phase mask mounted in the focal
plane suppresses the central maximum of the diffrac
tive image of the star and zonal apodization of the
pupil reduces the intensity of lateral maximums.
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Fig. 1. Schematic of the AIC.

ACHROMATIC
INTERFEROCORONAGRAPH (AIC)
The achromatic interferocoronagraph proposed
in (Gay and Rabbia, 1996; Rabbia et al., 2007) was an
important step in developing stellar coronagraphy.
Figure 1 illustrates the AIC operating principle. The
star and planet image obtained using a telescope
(shown in the upper part of the figure) is collimated
and directed to the interferometer. Then it is divided
into two equally intense images one of which is phase
shifted by π radians with respect to the other and is
simultaneously rotated by 180° around the optical axis
coinciding with the axis of the star (with the direction
to the star). With the alignment of the patterns (the
lower part of the figure), the light from the star is sup
pressed (“nulled”) due to antiphase interference,
while the light from the two copies of the planetary
image is not suppressed because they turn out to be

geometrically separated and positioned symmetrically
with respect to the optical axis.
The main AIC advantage is the achromatism in a
wide wavelength range bounded only by the transpar
ency window of the beam splitter material. The AIC
has the best spatial resolution or the least inner work
ing angle (IWA), i.e., the minimal angular distance
between the star and planet that can be resolved using
the coronagraph and at which the magnitude of light
transmission of a nonaxial source (planet) is half of the
maximally possible transmission. Moreover, the AIC
eliminates symmetric (even) statistical aberrations,
which makes it possible to use a coronagraph with a
telescope where the secondary mirror holder is con
structed symmetrically.
The critical weakness of the AIC, and some other
schemes of coronagraphs (Guyon et al., 2006) with
small values of the inner working angle, is the back
ground illumination caused by incomplete suppres
sion of the stellar light due to the finite physical size of
the star. The illumination magnitude depends on the
telescope size, the distance from the observed object,
and the angular distance between the star and planet.
For example, if the Sun–Earth system is observed
from the distance of 10 pc, the angular size of the star
is ≈10–3 arcsec. Formally, a telescope with a diameter
of 1 m (with a resolution 1.22λ/D ≈ 0.25′′ at a wave
length of 1 μm) does not resolve the star diameter. At
the same time, under such observation conditions, the
achromatic interferocoronagraph makes it possible to
attenuate the maximum contrast of 105, but not more,
due to the finite physical size of the star, i.e., due to
incomplete spatial coherence of the light source. To
reduce the influence of the background (incompletely
suppressed stellar light), several methods for improv
ing the initial AIC scheme were proposed.
For small telescopes with diameters of 0.5–1.5 m,
two common path AICs can be united in a tandem of
two subsequent interferometers (Tavrov et al., 2008;
Tavrov, 2009). The tandem uses interference of four
copies of the star and planet image. The copies have a
rotational shift of 90°. Theoretically, the coherence
function in an effective fourbeam interferometer per
mits one to achieve a contrast of up to 1010 in the visi
ble size of the star is 0.01λ/D and the angular distance
λ/D between the star and planet. Thus, the Sun–Earth
system observed from a distance of 10 pc will be
resolved with a coronagraphic contrast of 1010 at a
wavelength of 1 μm.
For larger telescopes with a diameter from 1 m, the
angular distance between the star and planet reaches
several diffraction radii (Airy). For such conditions,
the AIC system was improved to the achromatic rota
tion shearing coronagraph (ARC) (Aime et al., 2010)
and to a combination of the rotation and linear shears
(Allouche et al., 2009). These schemes are based on
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interference of two beams having a variable rotation
shear relative to each other. The shear can be varied
within 180° to obtain the maximum coronagraphic
contrast with the telescope and observed star size and
the angular distance between the star and planet.
AIC WITH VARIABLE ROTATION SHEAR
In (Aime et al., 2010), two optical schemes of an
ARC interferometer based on the Mach–Zehnder
interferometer with two spatially separated arms were
proposed. In one of the schemes, one or two image
rotators (a system of three plane mirrors) are placed in
the interferometer arms. In the other version, the
image is rotated by rotation of one of the interferome
ter arms. Figure 2 illustrates the operating principle of
the AIC schemes with variable rotation shear. The star
and planet images obtained by the telescope (shown in
the upper part of the figure) are collimated and
directed to the interferometer where it is divided into
two equally intense images. One of them is phase
shifted by π radians with respect to the other and is
simultaneously rotated by a given angle ψ around the
optical axis coinciding with the axis of the star. With
the alignment of the patterns (the lower part of the fig
ure), the light from the star is suppressed (“nulled”)
due to antiphase interference. The light from the two
copies of the planet image is not suppressed because
they are geometrically separated. However, as this
takes place, planet images are positioned closer to
each other than when rotated by 180°.
In the coronagraph schemes considered above, to
achieve a coronagraphic contrast of 1010, it is neces
sary to create an optical path difference with an accu
racy of better than 1.5 × 10–4 rad (in phase difference
units), which corresponds to a mismatch in the length
scale of 2.4 × 10–5 μm (at λ = 1 μm). The same fact
determines the maximum allowable mechanical insta
bility of the interferometer arms, which is hard to
achieve in interferometers with separated arms (Gay
and Rabbia, 1996; Rabbia et al., 2007; Aime et al.,
2010). At the same time, a technical solution is possi
ble by the principle of the common path interferometer
(Tavrov et al., 2005; 2011) based on a modification of the
Sagnac ring interferometer (Sagnac, 1913). The scheme
of the SR AIC is significantly more stable mechanically
as compared to the original AIC scheme, which uses the
Michelson interferometer.
In this work, we propose an improved scheme of a
coronagraph with variable rotation shear (ARC) con
structed by the optical scheme of the common path
interferometer.
Figure 3 presents the optical scheme of the com
mon path interferometer for the AIC with variable
rotation shearing. Incident in the interferometer, light
passes through the splitter PBS1 and is divided on the
PBS2 splitter into two equally intense waves with
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Fig. 2. Schematic of the AIC with variable rotation shearing.

orthogonal polarizations parallel to the X and Y axes.
One wave propagates along the interferometer arm α
consisting of elements PBS2, M1, M2, M3, M4, M5,
M6, and PBS2. The second wave propagates along the
arm β: PBS2, M6, M5, M4, M3, M2, M1, and PBS2.
Thus, the light beam passes along the same common
path in opposite directions.
The elements M1–M6 are plane mirrors. Three
mirrors (M3, M4, M5), by analogy with the scheme
presented in (Aime et al., 2010), are an image rotator
and lead the beam from the plane. The elements
PBS1 and PBS2 are polarization beam splitters. The
figure shows not all beams divided on the beam split
ters. The beam splitter PBS1 is rotated around the
Z axis by 45° with respect to the position of the beam
splitter PBS2; therefore, the light passed through it
has a linear polarization at an angle of 45° to the Y
and X axes. The possibility to connect a phase plate
into the scheme is allowed.
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~λ/D. The planet is supposed to be a point source; the
star, a source with finite physical dimensions. The
planet is positioned at an angular distance ρ0 from the
star. Coordinates on the celestial sphere are denoted as
α and β. The center of this Cartesian system coincides
with the position of the star; its coordinates are (0, 0).
The observations are carried out using a telescope with
a diameter D represented in the following diffraction
analysis by a round pupil. The optical axis of the tele
scope–interferometer scheme is directed to the star;
therefore, the star is considered to be an axial source
and the planet is a nonaxial one.
Figure 4 shows the general schematic of the stellar
interferocoronagraph. The image obtained by the
telescope is collimated and directed into the interfer
ometer. Its optical scheme was described above and is
depicted in Fig. 3. At the light output, two copies of
the planet image are illuminated by the brighter image
of the star; at the dark output, as a result of antiphase
interference, the stellar light is suppressed and the
planet image can be observed through the secondary
lens of the receiver (camera).

Fig. 3. Optical scheme of the AIC with variable rotation
shearing based on the common path optical scheme.

FORMATION OF IMAGES IN THE SCHEME
OF THE AIC WITH VARIABLE ROTATION
SHEARING
In this section, we consider main results of the
analysis of image formation in schemes of the AIC
with variable rotation shearing. For simplicity, the
analysis does not take into account light polarization
which varies with light propagation in the interferom
eter; this is considered below.
We assume that the optical elements are ideal mir
rors and beam splitters. The star and planet are
assumed to be spatially irresolvable light sources with
observable dimensions Ⰶλ/D; however, the distance
between them is spatially resolvable and equal to
Focal
Telescope plane of the
telescope
pupil

Transmission Coefficient of the Nonaxial Source
(Planet) at the Dark Output of the Interferometer
The transmission coefficient TDark(ρ) of nonaxial
light source at the dark (coronagraphic) output is
expressed as follows (Aime et al., 2010; Tavrov et al.,
2011):

Plane optically
conjugated with the
telescope pupil
INTERFEROMETER

TELESCOPE
L

(

)

ψ
J 1 2π Dρ sin
2 .
λ
(1)
2π Dρ sin ψ
2
λ
The plots of the function TDark(ρ) are shown in Fig. 5a
at different angles of rotation of the image ψ. The
dashed lines mark the inner working angles (IWAs).
For the dark (coronagraphic) output, the transmis
sion coefficient oscillates near the value of 0.5 after
TDark (ρ) = 1 −
2

Image
plane
Dark
output

Light
output

L
L

CORONAGRAPH
Fig. 4. Generalized scheme of the interfero coronagraph. L are focusing lenses.
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The total mathematical expression for the intensity I
of the image that we obtain when observing the star–
planet system using a coronagraph (Aime et al., 2010;
Tavrov et al., 2011) is as follows:

()

(

(

)

)

(2)

Here, ρ = (α2 + β2)1/2, ρ0 = (α 20 + β 20)1/2, α0 and β0 are
coordinates of the planet on the celestial sphere in the
Cartesian coordinate system α, β with its center in the
star, and Θ is the angular size of the star. The function
A2(α, β) is the spread function of a point—the
response of a telescope with a round pupil to a point
source:
⎛ 2J ( π Dρ λ ) ⎞
A 2 (α, β) = ⎜ 1
⎟ .
⎝ π Dρ λ ⎠
2

(3)

The functions J1(x) and J2(x) are Bessel functions of
the first and second orders.
In formula (2), the first summand corresponds to
the residual light of the star (not completely sup
pressed due to a finite physical size of the source)
IResidual; the second summand, to the planet light (the
light from two copies of the planet image) at the dark
output IDark. The coefficient ε is the ratio of radiation
intensities of the star and planet.
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reaching the maximum value. For the angle ψ = π, the
maximum is 0.56 at 0.81λ/D; in this case, the inner
working angle is 0.38λ/D (the transmission is 0.5 of the
maximum value). With a decrease in the angle ψ, the
curve is expanded with a coefficient 1/sin(ψ/2) and the
value of the inner working angle increases (Fig. 5b).
The main conclusion from formula (1) is that the
value of the rotation angle for the image ψ can be
matched such that the optimum transmission coeffi
cient will be reached for a given angular distance from
the planet to the star. For example, we observe the
Sun–Earth planetary system from a distance of 10 pc
at a wavelength of 1 μm using a telescope with a diam
eter of 1 m and try to discover the exoEarth. The vis
ible angular distance between the planet and star is
≈5λ/D. In this case, the largest transmission coeffi
cient is reached at ψ ≈ 20°. In the case with the exo
Jupiter, the distance to which from the Sun is larger
approximately by a factor of 5 (the angular distance
≈25λ/D), the condition of maximum transmission
corresponds to ψ ≈ 4°.
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Fig. 5. (a) Transmission coefficient at the dark output of
the scheme of the AIC with variable rotation shearing. (b)
Inner working angle (IWA) at different angles of image
rotation.

Figure 6 shows images constructed by formula (2)
using the coronagraph at different angles of rotation of
image copies ψ = π, π/5, and π/20 (from left to right)
at the following values: ε = 10–7, Θ = 0.01λ/D, ρ0 =
4λ/D. The pictures were obtained by simulation in the
Matlab® environment.
In Fig. 6, the concentric light rings represent the
residual light of the axial source (the star). Two light
spots in the right part of the pictures correspond to two
copies of the image of the nonaxial source (the planet).
It is seen from the presented images that the images of
the two copies of the nonaxial source become more
visible on the background of the residual light of the
axial source with a decrease in the angle of rotation ψ.
However, for values that are less than 10°, the inten
sity of the useful signal (the light from the planet) sig
nificantly attenuates together with the suppression of
the background illumination. Thus, when choosing
the optimum angle of rotation ψ, one can achieve the
maximum value of the coronagraphic contrast at the
dark output of the coronagraph at given values of
other parameters.
Coronagraphic Contrast
From ε, the ratio of radiation intensities of the star
and planet, we turn to the concept of the corona
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Fig. 6. Coronagraphic image of the star–planet pair at the dark output.

graphic contrast (CC), the ratio of integral intensities
of copies of the image of the nonaxial source (planet)
and background by scattered light of the star in a cir
cular region with radius R and center in one of the
copies in the wavelength range Δλ = λ1 – λ0:
λ1 R 2π

CC (ρ 0, ψ) =

∫∫∫

λ0 0 0

I Dark (ρ − R, ϕ, ρ 0, ϕ 0, ψ)
d ϕ d r d λ. (4)
I Residual (ρ, ψ)

The maps of the dependence of the coronagraphic
contrast CC(ρ0, ψ) on the angle of rotation of image
copies of the nonaxial source (planet) and on the dis
tance between the sources (the star and planet) are
presented in Fig. 7. The angular size of the axial source
(the star) was taken to be Θ = 0.01λ0/D. The radius of
the integration domain R = 1.22λ1/D, the interval of
integration over the wavelength Δλ = λ1 – λ0, λ1 =
2 μm and λ0 = 1 μm. On the right, plots of the depen
dence CC(ψ) are shown for fixed values ρ0 = 10, 7, 4,
2, 1 in λ0/D units to make the coronagraphic contrast
map clear. The dotted lines in Fig. 7a are isolines of the
values of coronagraphic contrast on a logarithmic
scale (logCC).
It is seen from Fig. 7b that, for large values of ρ0 (or
in observations with a telescope with a larger diame
ter), one can obtain a significant gain (more than two
orders of magnitude) when using angles of rotation of
image copies of the nonaxial source (planet) about
10°–40° instead of 180° as it was in the original AIC
scheme.
CALCULATION OF POLARIZATION
This section describes the results of the polariza
tion analysis of the common path interferometer for
the AIC with variable rotation shearing to demonstrate
that this coronagraph scheme can operate with real
optical elements—mirrors and beam splitters—hav
ing definite spectral and polarization characteristics.
As in the previous section, we consider the star and
planet to be spatially irresolvable light sources with
observable dimensions Ⰶλ/D but the distance between

them is optically resolvable and equals ~λ/D. In con
trast to the model of reasoning from the previous sec
tion, here we suppose that optical elements are not
ideal: reflection and refraction on elements of the
scheme is described by the Fresnel formulas. The pre
sented analysis does not take into account scattering
and diffraction effects and, consequently, depolariza
tion of light when propagating in interferometer arms.
Results of the Allowance
for Polarization
The angle ψ ≡ ψΣ between copies of the image in
the image plane (see Fig. 4) is determined by mutual
rotation in the arms α and β of the interferometer and
is equal to the quadruplicated rotation angle ξ of the
image rotator, a system of three mirrors M3, M4, and
M5 (see Fig. 3):
ψ Σ = ψ α + ψ β = 4ξ.

(5)

The result of the interferential superposition of

waves represented by the polarization vectors Pα and

Pβ, passed through the arms α and β of the interferom
eter is calculated using polarization matrices M α and
M β (Tavrov et al., 2010):









( Pα + Pβ )( Pα + Pβ ) *




= ( M αP0 + M βP0 )( M αP0 + M βP0 ) * .

(6)

For the initial polarization vector P0 = (cos(π/4),
±sin(π/4), 0) which is determined by the orientation
of the beam splitter PBS1 rotated around the Z axis by
45° (Fig. 3), we find that the expression for interfer
ence for an axial source (the star) describes the dark
field and takes the following form:

 


( Pα + Pβ )( Pα + Pβ ) * = P 1 + cos 180° ≡ 0. (7)

(

( ))

This means that three obligatory conditions are satis
fied for an arbitrary rotation angle ξ of the system of
mirrors (M3, M4, and M5) providing the rotation
shearing of the image by an angle ψ. First, waves are
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Fig. 7. Dependences of the coronagraphic contrast: (a) CC(ρ0, ψ) and (b) CC(ψ) at Θ = 0.01λ0/D.

strictly in antiphase at the output from the arms. Sec

 2 2
ond, Pα = Pβ . Third, the waves are similarly polar

ized.
These

 three conditions can be written as follows:
Pα = −Pβ.
For a nonaxial source (the planet), the interference
condition is not satisfied because copies of the planet
image are geometrically separated. Correspondingly,
radiation on the nonaxial source will not be sup
pressed.
Features of Using Small Angles
of Image Rotation
As mentioned above, using small angles of rotation ψ
of planet image copies makes it possible to more effi
ciently attenuate the background illumination by the
incompletely suppressed (residual) light of the star. It
is seen from Fig. 7 that one can obtain a gain in coro
nagraphic contrast (more than two orders of magni
tude) when using rotation angles of 10°–40°. How
ever, this is accompanied by a new problem—insuffi
cient transmission of the scheme at image rotation
angles ψ < 40°. Programmed computations on Code V®
demonstrated that, when using aluminum mirrors, the
transmission is only 1.1% at an angle ψ = 40°; at ψ =
16°, 0.18%. With silver mirrors, the transmission is
1.3% at ψ = 40° and 0.21% ψ = 16°.
To correct this disadvantage (scheme transmission
in fractions of percent), we propose the following solu
tion. A phase plate is included in the interferometer
scheme between the polarization beam splitter PBS2
and fixed mirror M1 (Fig. 3). Calculations performed
using the CODE V® program for calculating optical
schemes demonstrated an improvement of the corona
graph scheme transmission to 18% for image rotation
SOLAR SYSTEM RESEARCH
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angles ψ < 40° when using mirrors with silver coating
(Fig. 10). To verify these calculations, experimental
measurements were performed on a laboratory model
of the coronagraph. They are described in the next
section.
EXPERIMENT
Figure 8 shows a photograph of the laboratory
model of the coronagraph. The same photograph
shows the path of the light beam inside the interferom
eter arm (the closed line), as well as the light and dark
outputs and mirrors M1–M6.
The experiment was carried out on the corona
graph model equipped with aluminum mirrors. A sin
glemode green laser with a wavelength of 532 nm was
used as a light source. The test coronagraphic images
were observed on a screen positioned in front of the
dark output of the coronagraph or were directed to the
camera.
Observing the Effect of Axial Source Light Suppression
at Different Angles of Image Rotation
The experiment was carried out for different angles
of image rotations and demonstrated the suppression
of light of the axial source in the central part of the
interference pattern. Thereby we have reached the
goal of the experiment, which is to verify the operating
capacity of the scheme, i.e., to observe the effect (dark
field) of suppression of the axial source light when the
rotation angles of image copies of the nonaxial source
are different from 180 degrees.
An example of the test patterns obtained is shown
in Fig. 9. The images (from left to right) are interfer
ence patterns in the process of the model tuning. Ini
tially, the laser beam did not coincide with the optical
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Fig. 8. Laboratory model of the coronagraph.

Fig. 9. Test interference patterns. From left to right, the device tuning and alignment of the laser beam with the optical axis of the
interferometer. The rotation angle between copies of the planet image is 90°.

axis of the interferometer and the modeled planet
(nonaxial source). Therefore, as a result of interfer
ence of two copies, we observe interference fringes
(the camera is placed before the secondary lens). In
the process of the model tuning, the beam becomes a
model of the star (axial source) and an attenuation of
intensity in the center of the pattern (dark field) is
observed.
Small Angle of Image Rotation (Less than 40°)
The aim of this experiment was to verify the results
obtained in the course of the programmed calculation
(the Features of Using… subsection), namely, to
observe and obtain a quantitative estimate of how the
transmission scheme is improved using a phase plate
(see Fig. 3).
The experiment was carried out with a halfwave
phase plate. To avoid difficulties connected with the
quantitative allowance for the draft and background
signals of the camera, absolute values of light intensity

were determined only at the (dark) output of the labo
ratory model of the coronagraph (see Figs. 3 and 8).
Light intensity at the input of the model (laser beam
intensity) remained constant, which made it easy to
determine the change in the transmission coefficient
of the scheme after introducing the phase plate as the
ratio of intensities at the output.
Figure 10 shows variations of the transmission
coefficient for the modified scheme as functions of the
image rotation angle ψ in a scheme with aluminum
mirrors. The solid curve was constructed by computa
tions of the CODE V® program for calculating optical
schemes. The dashed curve was constructed by exper
imental points. It is seen from the plot that introducing
the phase plate improves the scheme transmission by
an order of magnitude and higher with a decrease in
the angle ψ, e.g., by a factor of 7 at ψ = 40° and by a
factor of 60 at ψ = 16°. The considerable spread of
experimental points in Fig. 10 is a consequence of
inaccurate tuning of the image rotation angle and the
angle of phase plate mounting.
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Ratio of the transmission
coefficients

90° was presented. The transmission of light from the
nonaxial source (the planet) is improved to 18%; for this
purpose, a phase plate was incorporated into the scheme
without a decrease in the coronagraph achromaticity.
Plans are for the AIC schemes to be mounted in Plan
etary Monitoring and Star Patrol space telescopes.

Experimental ratio of the
transmission coefficients
with/without a phase plate

70
60

Programmed calculation of the
transmission coefficients
with/without a phase plate
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Fig. 10. Comparison of experimental results obtained on
the coronagraph model with the programmed calculation.
Ratios of the transmission coefficients with the phase plate
and without it.

It should be noted that transmission of the corona
graph scheme with a phase plate at image rotation
angles ψ = 15°…50° shown in the figure increases to
11% when using mirrors with an aluminum coating
and to 18% with silver mirrors.
CONCLUSIONS
An improved star coronagraphy tool was proposed
for direct observations of exoplanets and obtaining
their images filtered from radiation of the star. The star
coronagraph attenuates a tremendous (109) brightness
contrast between the star and planet at small angular
distances between them.
The achromatic interfero coronagraph with vari
able rotation shearing described in this work was
designed by the optical scheme of the common path
interferometer and its characteristics are sufficient for
observing an exoEarth. These calculations show a
possible attenuation of the contrast between the star
and planet of 7–9 orders of magnitude (i.e., to obtain
a coronagraphic contrast of 107–109) when the
observed angular distance of the planet from the star
exceeds 4λ/D. When using telescopes of a larger size,
the visible angular distance between the star and planet
increases proportionally to the telescope diameter and
the angular size of the star also increases; this causes a
decrease in absolute values of the coronagraphic con
trast. In this case, the improvement of the corona
graphic contrast is more than two orders of magnitude
as compared to the wellknown AIC scheme with a
fixed rotation angle of 180°.
The operating capacity of the optical scheme was
demonstrated on a manufactured laboratory model of
the coronagraph. The effect of the suppression (dark
field) of light from the axial source (the model star) at
rotation angles different from 180°; an example with
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