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Compact Range Techniques and Measurements

R. C. JOHNSON, sENTOR MEMBER, IEEE, H. A. ECKER, MEMBER, 1EEE, aND R. A. MOORE

Abstract—Compact range techniques for measuring the gain
patterns of full-size microwave antennas and for making radar
reflectivity measurements are described. The basic principle of
this technique is the use of a large collimating device to generate
a uniform plane wave across the aperture of a target or antenna
without requiring the normal far-field separation. Two different
collimating devices were used in the investigation, a paraboloid
with a point-source feed and a parabolic cylinder with a line-source
feed generated by a large hoghorn. Pattern and gain measurements
were made on both compact ranges using a 30-inch paraboloidal
test antenna, and the measurements were compared with similar
ones made on conventional outdoor ranges. Radar cross-section
patterns as a function of aspect angle were measured for various
size standard targets and compared with theoretically calculable
radar cross-section patterns. The results which have been achieved
are very encouraging. They demonstrate that the performance
of compact ranges at the X-band is comparable to that of outdoor
ranges.

I. INTRODUCTION

HE testing of microwave antennas or the measure-

ment of radar cross sections usually requires that the
antenna or target under test be illuminated by a uniform
plane electromagnetic wave. However, the creation of
such a wave can be a difficult task. Conventional tech-
niques require that a transmitting antenna be located at
a sufficient distance from the test antenna or target such
that its spherical wavefront closely approximates a uni-
form plane wave incident upon the test antenna or target.
Since ranges of several hundred or several thousand feet
often are required, far-zone measurements usually are
taken on outdoor installations which are subject to ad-
verse weather conditions and changing range effects.
Small antennas or targets may be tested adequately in
anechoic chambers, but since large antennas or targets
require long ranges, the cost of a chamber for such tests
becomes prohibitively high.

Techniques which enable measurements with full-size
antennas or targets to be made on indoor “compact
ranges’” have been demonstrated [1]-[4]. A range re-
flector and a special feed system close to the test antenna
are used to produce incident plane waves, and far-zone re-
sults are obtained.

A properly focused parabolic-type reflector will collimate
the rays and thus produce a plane wave across its aperture.
This wave is not uniform due to the illumination taper of
the feed horn and due to space-attenuation effects. How-
ever, a properly selected feed will generate a wave which
is approximately uniform over an acceptable area. It is
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this area of an approximately uniform plane wave that
is used on compact ranges to illuminate the antenna or
target under test.

1I. DuscriprioN oF Compacr RaNgEs
A. Reflectors and Feeds

The point-source and the line-source compact ranges
are located in a basement room of the Electronics Research
Building at the Georgia Institute of Technology. No
special provisions were incorporated into the construction
of the room to reduce reflections or interference. A plan
view of the locations of the various range components is
shown in Fig. 1. The reflectors for the two compact ranges
are located so that the associated electronic equipment
and the azimuth-over-elevation positioner can be shared
between the ranges. The positioner is mounted on a mov-
able table which travels on two sets of orthogonally
oriented tracks allowing movement of the test antenna to
any position inside a square floor area greater than 4 feet
on a side.

The characteristics of the two reflector systems are
deseribed in [17], [2]. The point-source range (PSR) em-
ploys a 10-foot (3.05-meter) paraboloidal dish with an
F/D ratio of 0.25 and a contour tolerance estimated to
be about 30.020 inch (2=0.05 ¢cm). The feed for the parab-
oloidal reflector is an open-ended waveguide surrounded
by a pyramidal horn in which the internal walls are lined
with absorbing material. This absorbing material reduces
back radiation from the feed and causes the wide-angle
radiation to drop off sharply for low illumination at the
edges of the range reflector. Additional absorbing material
18 located behind and below the feed-horn assembly to
further reduce back radiation and diffraction from the
feed and its supports.

The discontinuity at the edge of the range reflector
interrupts the normal flow of eurrents, producing stray
radiation not in phase with the collimated radiation. This
stray radiation was reduced significantly by placing ab-
sorbing material around the periphery of the upver half
of the reflector.

In order to reduce reflection and diffraction from the
feed and its supports, the feed of the range reflector is
oriented such that the peak of the feed-horn radiation
pattern is aimed at the center of the top half of the re-
flector, as shown in Fig. 2. This configuration yields ap-
proximately uniform illumination in the central portion
of the upper half of the reflector. Thus the main beam of
collimated energy comes off the reflector above the feed
horn, and only the upper portion of the range reflector is
used.
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Fig. 2. Compact PSR showing available test region.

The line-source range (LSR) consists of a hoghorn line
source feeding a section of a parabolic-cylinder reflector
which is approximately 9 feet (2.74 meters) wide and
6 feet (1.83 meters) high. The parabolic barrier in the hog-
horn feed is estimated to conform to a true parabolic
contour within +0.004 inch (£0.01 cm). Measurements
indicate that the surface of the parabolic eylinder conforms
to a true parabolie cylinder within about 20.010 inch
(240.025 em). Fig. 3 shows the two ranges with a dihedral

Fig. 3. Compact ranges and Styrofoam target support
structure during reflectivity measurements.

Fig. 4. Styrofoam target support structure.

corner mounted on the Styrofoum support structure for
reflectivity measurements. In both the PSR and LSR,
a panel (8 by 8 feet) of absorbing material is placed behind
the test antenna or target to intercept the collimated
beam from the range reflector. The panel, which is the
only required absorber panel, can be seen in the left side
of Fig. 4.

B. Measuring Equipment

Wide-band receivers, including a reeently developed
phase-amplitude receiver, are available for use in both
antenna measurements and radar reflectivity measure-
ments. With the phase-amplitude receiver in the system,
both phase and amplitude patterns of the radar return
can be measured simultaneously as functions of target
orientation angles. Standard antenna pattern recorders
and xy recorders are used to record antenna and radar
reflectivity patterns. An X-band CW radar was con-
structed with standard laboratory equipment for use in
reflectivity measurements (see Fig. 5).
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Fig. 5. X-band CW radar.

F In a CW radar reflectivity range, a very stable fre-
quency source is a prime requirement. A tunable syn-
chronizer used to phase-lock a reflex Klystron is the
stabilized frequency source for the compact reflectivity
ranges. The frequency of the Klystron is tunable from
8.2 to 12.4 GHz, and short-term stability of one part in
10® per second is achieved with the synchronizer. After
synchronization and losses, a nominal 15 mW of output
power is available from this source.

C. Target Support Structure for Use on Reflectivity Ranges

One of the major problems associated with the design
of any reflectivity range to measure the backscatter
patterns of radar targets as functions of aspect angles is
to support the target with a structure whose backscatter
does not affect the return of the test target. Several of the
more common methods used to support the target to be
measured are cellular plastic columns, air-inflated columns,
thin dielectric lines, and spin dropping the target through
the incident field. A cellular plastic column was chosen
for use on the compact reflectivity ranges because of the
following characteristies: 1) ease of fabrication, 2) rigidity
of support, 3) symmetry about an axis of rotation, and
4) low radar cross seetion (RCS).

The truncated conical target support which was used
in the reflectivity measurements is shown in Fig. 4. This
conical column with a base diameter of 16 inches (140.5 em)
and a cone half-angle of 3.6 degrees was fabricated from
Styrofoam FR! material. The column was built with a
family of 4-inch thick (10-em) disks; each disk progres-
sively was decreased in diameter and was beveled at the
edges to produce a serrated column when the disks were
assembled. A small conical section atop the main column
was added to reduce the possibility of interaction between
the smaller test targets and the support structure.

18tyrofoam FR, a product of Dow Chemical Company, is a
polystyrene material composed of uniform cells approximately
.01 inch {0.025 cm) in diameter.

Measurements were made to estimate the backscatter
from the support column, with the range null level used
as the reference signal. These measurements were con-
ducted on the line-source reflectivity range, which has
a sensitivity or null level of approximately —50 dBsm.?
The greatest signal level received by placing the support
column in position was 5 dB above the previously estab-
lished null. Thus the RCS of the column probably does
not exceed —45 dBsm.

An important evaluation of the support structure is to
determine the effect of movement on the null level. With
the target support column in position on the pedestal and
with a null established, the column position was moved
from side to side and was varied in range. No noticeable
variation was observed in the null level during these move-
ments. The above tests were conducted at each operating
frequency, i.e., 8.2, 9.0, 9.4, 10.0, and 12.0 GHz.

D. Null Level

In a CW reflectivity range the lowest value of RCS
that can be measured is limited by the depth of the null
after background cancellation. Two factors which control
the depth of the null, assuming sufficient receiver sensi-
tivity, are the frequency stability and any vibrational
movement. of the background or collimating reflector
svstems. When the synchronizer was used to maintain
high-frequency stability for the transmitter, vibrations
appeared to be the limiting factor on the null level. The
null levels for the PSR and LSR were measured to be
equivalent to RCS values of —40 and —50 dBsm, re-
spectively.

No special provisions were made to shock-mount the
collimating reflectors or to reduce any vibrations in the
background structure. Although the entire system of the
reflectivity ranges is located on a concrete slab in a base-
ment room, vibrations resulting from a person walking

2 dBsm is decibels relative to one square meter of RCS,
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Fig. 6. Maximum stray radiation levels as a function of azimuth
angle of test antenna as measured on PSR at X-band frequencies.

across the concrete floor caused noticeable variations in
the null level. Motion of the person’s arms and body with-
out moving his feet caused no noticeable variations.

The difference in the vibration level for the two ranges
is caused by the difference in weight of the two reflector
systems and by the different mounting techniques. The
point-source reflector is lighter than the line-source re-
flector and also is mounted with a cantilever structure.
Thus the PSR has a higher vibration level than does the
LSR.

ITI. Stray Rabpiation MEASUREMENTS

The performance of any antenna or radar reflectivity
range, conventional or compact, is limited by the presence
of “stray” radiation which perturbs the desired incident
plane wave. On conventional ranges, the primary causes
of stray radiation are reflections from the ground and sur-
rounding objects. On compact ranges, the sources of stray
radiation include reflection and diffraction from the feed
and its support, back radiation from the feed, edge effects
of the range reflector, and small perturbations of the wave-
front due to the contour errors of the reflector. The pres-
ence of these sources of stray radiation requires that con-
siderable care be taken when designing a compact range
to insure that stray radiation is reduced to a very low
level.

The method used for measuring stray radiation on the
compact ranges is similar to that outlined by Buckley [57].
The test antenna, which was a 30-inch paraboloidal re-
flector with a horn feed, was positioned to receive the col-
limated energy on a particular sidelobe and then was
moved along the direction of propagation of the collimated
energy. This movement changed the relative phase be-
tween the collimated radiation and the stray radiation,
thus causing variations in the apparent level of a specific
sidelobe. To a first approximation, the change in the level
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Fig. 7. Maximum stray radiation levels as a function of azimuth
angle of test antenna as measured on LSR at X-band frequencies.
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Fig. 8 Maximum stray radiation levels as a funetion of a}.z-imuth
angle of test antenna as measured on outdoor range at X-band.

of a specific sidelobe is caused by the stray radiation
received by the main lobe of the test antenna. The peak-
to-peak variation {with movement of the test antenna)
of a particular sidelobe can be used to estimate the magni-
tude of stray radiation coming from the direction in which
the main lobe is pointing. Thus by following the above
procedure for each sidelobe, the stray radiation can be
measured as a function of the azimuth angle of the test
antenna. '

There is a significant difference between the procedure
outlined by Buckley and the procedure employed here.
Buckley averages the peak-to-peak power variations and
uses this average value to calculate the stray radiation,
whereas the method emploved here uses the extremes of
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Fig. 9. (a) Azimuth patterns (2180 degrees) recorded on out-

door range. (b) Azimuth patterns (180 degrees) recorded on
compact PSR at 10 GHz. The gain level at the top of the chart
is —15 dB relative to the peak of the main lobe.
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Fig. 10. Composite set of azimuth patterns (—38 to 434 degrees)
recorded on compact PSR at 10 GHz. Each of the 10 patterns
was recorded with the test antenna located at a different position
within the test region. The gain level at the top of the chart
is —13 dB relative to the peak of the main lobe.
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Fig. 11. Composite set of azimuth patterns (236 degrees) recorded
on outdoor range at 10 GHz. Each of the 10 patterns was recorded
with the test antenna Jocated at a different position within the
test region. The gain level at the top of the chart is ~10 dB
relative to the peak of the main lobe.
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the peak-to-peak variations to calculate the level of stray
radiation. Note that the Buckley method measures the
average stray radiation level, whereas the method em-
ployed here measures the maximum stray radiation level.

The maximum values of stray radiation measured on
the PSR and on the LSR are illustrated in Figs. 6 and 7,
respectively. These are rather low levels of stray radiation
when one considers the laboratory-type environment in
which the ranges are located. For comparison, one set of
stray radiation measurements was made on an elevated
outdoor antenna range. The results are illustrated in Fig. 8.
Note that the stray radiation on the outdoor range is only
about 5 to 10 dB lower than that on the indoor compact
ranges.

IV. ANTENNA MEASUREMENTS
A. Pattern Comparisons

A set of azimuth patterns of a 30-inch test antenna was
recorded at several X-band frequencies on both compaet
ranges, and these were compared with a similar set of
patterns previcusly recorded on an outdoor range. A typi-
cal comparison is illustrated in Fig. 9. Note the close
agreement between the outdoor and compact range.

As mentioned previously, the antenna positioner is
mounted on a movable table. This allows one to record
patterns with the test antenna located at many different
positions within the test region. Fig. 10 shows families
of ten such patterns (recorded at positions which were
about 5 to 6 inches apart) on the PSR. For comparison,
the movable rails were mounted on an outdoor antenna
range, and a similar set of ten patterns was recorded. The
results are illustrated in Fig. 11. Note that there is little
difference in the performances of the compact and outdoor
ranges.

B. Coupling Between Range and Test Antenna

A simple test for coupling between the range and the
test antenna is to measure the variation of received power
as the distance between the test antenna and the range is
varied. Coupling will cause a eyclic variation with every
half-wavelength of movement of the test antenna. It was
found that main-lobe coupling did not cause a power vari-
ation greater than =£0.1 dB in any test. Thus it was con-
cluded that mutual coupling between the compact ranges
and the main lobe of the test antenna was small.

Some coupling was observed when the test antenna was
oriented to receive the collimated energy on a sidelobe.
This coupling causes measurement errors like those caused
by stray radiation. However, since the observed minor-
lobe coupling was small, efforts were not made to separate
the effects of coupling from those of stray radiation. Thus
the measured stray radiation levels presented in this
paper also include any effects of minor-lobe coupling.

C. Gain Comparisons

The low mutual coupling between the compact ranges
and the test antenna indicates that reliable gain measure-
ments can be made. The gain of the 30-inch test antenna
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50-caliber projectile and Claymore mine

Fig. 12.
with back cover removed.

was measured at 5 X-band frequencies (from 8.27to
12.0 GHz) on the outdoor range and on the compact PSR
using a standard gain horn as a reference antenna. The
gain measurements compared within 1/4 dB, which il-
lustrates that reliable gain measurements can be made
on a compact antenna range.
V. Rapar TArGETs

A. Calibration Target

The measurement of radar cross section or backscatter
patterns usually is not an absolute measurement, i.e., the
measurements must be referenced to some standard target
of known RCS before numerical values may be assigned
to the measured data. It is desirable that the RCS of the
standard target be independent of aspect angle and fre-
quency. The conducting sphere can approach these re-
quirements and therefore is a common reference target
for radar reflectivity measurements. A 2.500-inch (6.350-
cem) diameter steel ball bearing was chosen as the standard
target for calibration on the compact reflectivity ranges
because of its precise construction and reasonable cost.
Although the eross section of a sphere this size is a function
of frequency at the X band, a theoretical eross section can
be caleulated at each test frequency.

B. Test Targets

To evaluate the quality of the compact reflectivity
ranges, measurements were made using several targets
which have caleulable backsecatter patterns. Flat-plate
targets of both rectangular and circular aperture were
selected as test targets since they satisfy the above con-
dition, and since they can be built easily. Thus for a given
test target size, aperture shape, and frequency of opera-
tion, the following specific characteristics of the theoretical
backscatter pattern as a function of aspect angle are
known:

half-power beamwidth

peak RCS

angular position and depth of nulls

sidelobe angular position and amplitude.

The peak radar eross section of a flat-plate target (neg-
lecting edge effects) is independent of aperture shape; it
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depends only on the aperture area and the frequency.
The backscatter pattern, however, depends upon the
shape of the target aperture; c.g., square, rectangular,
or circular apertures have different backsecatter patterns.
Six flat-plate test targets were made. The aperture shape,
aperture dimensions, and caleulated peak RCS:(at X-band
frequencies) are shown as follows:

Square Aperture Targels Nominal, RCS at X-band

(em) (dBsm)
5.14 by 5.14 ~10
9.13 by 9.13 0
25.3 by 25.3 17
Circular Aperture Targets
(cm radius)
5.14 0
14.3 17
Rectangular Aperture Targets
(em)
70 by 9.13 17

The test targets were fabricated from a flat aluminum
sheet. The three Smaller:ta.rgets were made ofES/'BQ—inch
(0.24-cm) thick material and t-heithree Iargerita-rgets of
1/8-inch (0.32-cm) thick:material.

C. Selected Military Targets

One of the prime advantages of a compaet reflectivity
range is the ease and speed in which reflectivity patterns
of complex targets can be determined. To demonstrate
this ecapability, radar reflectivity patterns of a small
Claymore mine and a 50-caliber projectile were measured
(see Fig. 12). The small spherical projectiles in the Clay-
more mine are the primary source of hackseatter from
this target.

VI. EvALUATION OF REFLECTIVITY
MEeastrMENTS ox THE CoMPacT RANGEs

A. Theoretical Backscatter Patlern Caleulation

Theoretical backscatter patterns as a function of the
azimuth angle were computed for the six flat-plate test
targets described in Section V. The equation for ealculating
the flat-plate backsecatter values for a rectangula.rfor square
aperture flat plate was

_ f)fl7ra2b2

(1
A2 (1)

Oy

) [sin (2ka sin @) ]2
52 P |- .
(2ka sin ®)

where £ = 27 /A, 2a is the width of target, 2b is the height
of target, ® is the azimuth angle of rotation, and X is the
wavelength. For the flat plate with a circular aperture,
the equation that was used is

o, = [\/m\r cot ® Jy(dar sin &) 2 (2)
where A and ® are as defined above, r is the aperture radius,
and J is the first-order Bessel function.
B. Backscatter Pailerns

Theoretical and measured backscatter patterns of
several flat-plate test targets are presented in Figs. 13-15.
Fig. 13 is a backseatter pattern for £=30 degrees of azimuth
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Fig. 17. Backscatter patterns of Claymore mine and a 50-caliber
projectile obtained on compact LSR at 10 GHz. Indicated RCS
of sphere reference is —26.1 dBsm. (a) Claymare mine (measured
pattern has 5-dB attenuation relative to indicated sphere refer-
ence). (b) 50-caliber projectile.

rotation of the 70- by 9.13-em rectangular flat plate,
measured on the line-source reflectivity range at a meas-
urement frequeney of 10 GHz. Similar ecomparisons were
made at the other test frequencies mentioned previously.
For the same set of conditions, Figs. 14 and 15 are patterns
of the 14.3-cm-radius circular flat plate and 25.3-em square
flat plate, respectively.

The measured backscatter patterns for 360 degrees of
azimuth rotation of a 90-degree dihedral corner are shown
in Fig. 16. This figure compares the backscatter patterns
measured on the LSR and PSR at a frequency of 10 GHz.
The corner was fabricated from two rectangular flat plates
having dimensions of 30.5 by 15.23 em, and the inter-
section was along the long sides. The backseatter pattern
of this target has a much broader main beam in the azi-
muth direction than do the flat-plate targets.

Fig. 17 shows the measured backscatter patterns for
360 degrees of azimuth rotation of a Claymore mine and
of a 30-caliber projectile. These measured data were ob-
tained at a frequency of 10 GHz on the line-source com-
pact reflectivity range. The backscatter pattern of the
Clayvmore mine was recorded with 5-dB attenuation rela-
tive to 0-dB attenuation for the indicated sphere refer-
ence. Thus the measured peak RCS of the Claymore mine
is —5 dBsm. For the backscatter pattern of the 50-caliber
projectile the projectile was positioned with its longitudinal
axis horizontal. The signal levels for the projectile and
reference sphere may be compared directly. As indieated,
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the measured peak RCS of the projectile oceurs for a
broadside orientation of the projectile and has a value
of —25 dBsm, The RCS pattern of the projectile is similar
to patterns made by Cornell Aeronautical Laboratories [6].

C. Comparison of Results

The measured backscatter patterns as a function of the
azimuth angle were compared to the calculated back-
scatter patterns in detail at the following points:

peak radar cross section

half-power beamwidth

azimuth displacement of first and second nulls

depth of first and second nulls, relative to maxinmiunt

RCS

amplitude of first and second sidelobes relative to maxi-

mum RCS.

This method of data analysis provides an indication
of the phase and amplitude illumination across the target
aperture. For example, if the phase distribution across
the flat-plate aperture is not uniform, broadening of the
main lobe with associated reduction of the maximum
RCS and filling in of the null regions oecur. These effects
become evident for phase errors exceeding =,/16 radians.
If the amplitude distribution across the flat-plate aperture
is not constant, the effect is to produce an error in the
measurement of peak RCS, a reduction of the sidelobe
amplitude relative to the main lobe, and a shift in angular
position of the nulls.

Analysis of the data shows good agreement between
the measured backscatter patterns taken on both the
LSR and PSR and the theoretically calculated backsecatter
patterns. The main deviation of the measured data from
the theoretical values occurs in the eomparison of peak
RCS for the large targets. For the smaller test targets,
the measured value of peak RCS is normally within =1 dB
of the theoretical value. As the test targets become pro-
gressively larger in physical area, the measured peak RCS
was always lower (usually about 2 dB) than the theoretical
peak value. Since the radar return from the test target
is approximately 40 dB above that from the calibration
target, variations in equipment calibrations over this
dynamic range could be a cause of error. Also, slight
warping of the flat plates would reduce the measured
RCB, and difference in physical size of the test and cali-
bration targets would cause differences in the shadowing
of background return.

Another effect on the measurement of peak RCS (or
essentially reflectivity range calibration), when a small
sphere is used as the standard target, is interaction with
reflected radiation. Since the sphere reradiates much
energy in directions other than toward the reflector, stray
radiation may add in or out of phase with the collimated
radiation normally incident on the sphere. Thus an inter-
ference pattern is produced that causes variation in the
measured backscatter from the sphere with distance to
the reflector.

The backsecatter signal from the calibration sphere was
recorded for movement in range of approximately 2 feet
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(0.61 meter). The resulting interference pattern, produced
by the phase addition and subtraction of the collimated
radiation and stray radiation incident on the sphere, was
analyzed to obtain an average value of RCS for the sphere.
This average value was then used as the reference value
for the measurements.

Each of the six test targets was moved through the same
2-foot increment of range, and interference patterns were
recorded. In general, the test targets exhibited negligible
interference effects with the largest interference patterns
having less than 1-dB peak-to-peak variations. These
measurements were obtained on the LSR at each test
frequency mentioned previously.

VII. CoxcLtusioN

It has been demonstrated that compact ranges can be
used in a typical laboratory environment to provide the
capability for reasonably accurate antenna and radar
reflectivity measurements. Particular care must be taken
in the design and fabrication of the collimating feed and
reflector system. However, very little microwave absorb-
ing material is required for good range performance. As
expected, the stray radiation level and the uniformity of
the electromagnetic wave across the target or antenna
aperture are the primary factors affecting measurement
accuracy. Another important factor for radar reflectivity
measurements is the null level, which is limited eurrently
by mechanical vibrations in the room housing the ranges.

During the course of this work the compact ranges have
undergone several modifications to reduce stray radiation.
After each improvement it becomes more difficult to locate
the remaining principal sources of stray radiation. There
appears to be an ambient stray radiation level of about
—50 to —60 dB relative to the collimated energy in the
current laboratory-type environment. To reduce the stray
radiation below these levels, it may be necessary to isolate
the ranges from their surroundings by using absorbing
material. However, the required size of the enclosure and
the amount of absorbing material would be far less than
that required for conventional anechoic chambers.
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There are many antenna and radar reflectivity problems
which require precision measurements, but the majority
of problems require only moderate accuracy. This is fortu-
nate because there are relatively few precision ranges
available, and such ranges are expensive. It is anticipated
that compact ranges will be very useful for measurements
requiring moderate accuracy since they have the attrac-
tive feature of small space requirements, which enables
them to be located indoors convenient to the practicing
engineers.

It is doubtful that compact ranges will ever be com-
petitive with truly precision ranges without the develop-
ment of elaborate feed-reflector designs and the extensive
use of absorbing material. However, the results which
have been achieved thus far indicate that a relatively low-
cost indoor compact range can produce far-zone results
with sufficient accuraey for most applications.
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