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" Andrew Alford, Cambridge, Mass.
- Application January 12, 1946, Serial No. 640,690

This invention relates to antenhas for ultra-
high frequencies;, and more particularly to an-
tennas for radiating horizontally polarized waves
at. ultrahigh frequencies. - T .
. My invention makés use of a length of a wave-

guide which is provided with a longitudinal slot.

through which coupling is obtained between cui-

rents flowing inside and currents flowing out-

side the waveguide, the latter producing the radi-
ation fleld. Preferably the waveguide is ener-
gized by means of a concentric transmission line.
My antenna has all or at least some of the fol-
lowing characteristics: .
It is compact and radiates horizontally pola-
rized waves, )
The antenna can be readily erected on a steel
tubular mast and is, therefore, particularly suit-
able for installation on the roofs of tall build-
ings. :
The antenna has smooth ‘outlines discouraging
the accumulation of sleet and offering relatively
low resistance to wind.

The antenna radiates nearly equal energy in

different directions of the compass.

The antenna radiates stronger signals in direc-
tions near the horizon and relatively little en-
ergy directly upward or downward, whereby the'
power is distributed so that relatively little of

the total is wasted by being sent directly to the

sky or downward at large angles with respect.

to the horizon where the signal is normally
stronger than it need be. . o
- The antenna depends on metal parts for its

mechanical strength and does not require the’

use of insulating materials at points where thete
is substantial mechanical stress. o

The antenna can be used as an element in 2
vertical array designed to give further concen-
tration of energy near the horizon so that
stronger signals may be sent out in different di-
rections of the compass towards distant points.

These and other features of the invention will
more clearly appear from the following detailed
description of a few embodiments thereof and
the appended claims. In the drawings:

" Figs. 1, 1a and 1b are explanatory of the nature
of the invention, Fig. 1e being a perspective view
of -a simple embodiment of the invention;

Figs. 2 and 2¢ are transverse cross sections of a
simple embodiment of the invention llustrating
the approximate distribution and electric field at
a distance from the antenna when plotted in
polar coordinates, Fig. 2 illustrating a eylinder
whose diameter is more than .15 of the operating
wave length and Fig. 2¢ one whose diameter is
-138 of the operating wave length:

Figs. 3 and 3¢ illustrate, respectively, the dis-
tribution of voltage along the slotted part of the
antenna and the distribution of the radiant field
in a plane drawn through the longitudinal axis of
the antenna; o I
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Fig. 4 is a side elevation of a practical embodi-

ment of my antenna;- :

- Figs. 5 and 6 illustrate diagrammatically modi-
fications of the antenna of Fig. 4; and

' Fig. 7 illustrates the voltage distribution char-
acteristics under various frequency conditions.

Referring now to Fig. 1, | represents a two-wire
transmission line which is shunted by a number
of loops of wire, such as 2, 3 and 4. 5 is a source
of ultrahigh frequency power which transmits
an electromagnetic wave that propagates towards
short-circuited terminal 6 of transmission line f.
I the loops of wire 2, 3, 4, are sufficiently small
in comparison with the wave length of the ultra-

. high frequency source § they will have indue-

tive input impedances as measured at terminals
like 1. These inductive impedances of the loops
are in shunt with the distributed capacity of the
transmission line and have the effect of reduc-
ing this capacity to a lower value when the spac-

" ing between the loops is sufficiently small in com-

parison with the wave length; that is, when there
are-a number of loops, for example, more than
ten, per wave length..  One result of the reduction
of the distributed capacity is that the phase ve-
locity of the waves propagating along transmis-
sion line [ is increased to a value which is greater
than that of the velocity of light, and the stand-
ing waves which are formed because of the inter-
ference of the wave reflected at 6 are longer than
th standing waves along the customary trans-
mission line, . - .

The dashed curve 8 in Fig. 1 indicates the volt-
age distribution along transmission line { when
a large number of loops 2, 3 and 4 are connected
in shunt with it, while the dashed line 9 indicates
the distribution of voltage which would be ob-
tained along the same transmission line | if the
loops were removed.

The loops 2, 3 and 4 are, in accordance with
the present invention, replaced by a continuous
sheet of metal 18, as shown in Fig. 1a. In this
figure, the edges 1 { and {2 of the continuous sheet
10 formed into a longitudinally slotted eylinder
perform the same function as transmission line
{ in Fig. 1. Short-circuited end (3. corresponds
to the short-circuited end 6, and generator (4

~corresponds to generator 5 in Fig. 1.

As In Fig. 1, the effect of the shunted induct-
ance of the metal sheet [0 is to increase the phase
velocity of the wave propagating along transmis-
sion line {1, 12 so-that the distribution of voltage
is substantially as indicated by dotted line I5.
The distance of the point such as 16 (which is
the point of voltage maximum) from the short-
circuited end I3 is accordingly greater than the
space quarter-wave length of the output of ultra-
high frequency generator 14, ‘The exact dis-
tance between point 16 and short-circuited end
18 depends on the inductance of the ‘metal sheet
per unit length of transmission lne I, 12.- As-
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the diameter of the metal sheet cylinder is de-
creased, the shunted inductance per unit length
is also decreased and the distance between points
i3 and 16 is increased until a certain critical di-
ameter of the cylinder is reached. Preferably
this distance should be greater than two-fifths
of the space wave length as long as the voltage
distribution curve {5 of Fig. l¢g remains convex
and does not become concave like curve 19 of
Fig. 1b. i

When the distributed inductance per unit
length has a reactance lower than the reactance
of the distributed capacitance between conductors
{{ and {2, then the transmission line degenerates
into one which is in a general way equivalent to
the transmission line shown in Fig.1b.

The transmission line in Fig. 1b consxsts of dis-
tributed series mductances ¥ and ‘distributed
shunt inductances 8. A trensmlssmn line of this
type dees not transmit waves without attenua.-
tion, and when the line is suﬂiclently long ‘the
voltage d1str1but1on will be apprommately expo-
nential. The transition between the voltage dis-
tribution of the type shown by dotted line 15 in
Fig. 1a to the type shown by dotted line 13 in Fig.
1b takes place when the diameter of cylinder 19
in Fig. 1a is decreased beyond a certain critical
value and, also, when the diameter of cyhnder 10
is kept constant but the frequency of generator
{4 is decreased below a certain critical value.

On the outside of cylinder i0 in Fig. la flow
currents. The path of these currents is substan-
tially cireumferential so that the flow lines lie
in planes which are at right angles to the axis of
the cylinder. These currents flowing on the out-
side surface of the metal cylinder produce 8 ra-
diation of elecromagnetic waves. The electrical
field which is thus radiated by the cylinder has
an electric vector which is directed at right an-
gles to the axis of the cyhnder If the axis of
the cylinder is vertical, the electric field is hori-
zontal. The distribution of the electric field along
a circle around the axis of the cylinder and in the
plane at right angles to this axis depends on the
diameter of the cylinder. In general, a somewhat
greater field occurs in the direction of the edges

12, as is shown in Fig. 2 where 2{ indicates
the approximate distribution and electric fleld at
a distance from the cylinder 10 when plotted in
polar coordinates so that the radius vector from
the center of the cylinder to any point along its
surface is proportional to the magnitude of the
electric field in the direction .of the radius vec-
tor. When the diameter of cylinder 18 is de-
creased, the shape of curve 21 changes slightly
until the diameter reaches a value below .15 of
the operating wave length, when the shape of the
radiation characteristlc rapidly approaches a cir-
cle.

In Fig. 2a, 22 illustrates the approximate shape
of the radiation characteristlc obtained when the
diameter of the cylinder 10 is .138 of the operat-
ing wave length. As the. diameter of the-cylinder
is decreased still further, the effect of the lower
shunted inductance per: -unit. length of transmis=
sion line 11, .12, together with :the smaller effect
of the radlatlon resistance, changes the distribu-
tion of standing waves along transmission line {1,
{2 in Fig. la into one similar to that shown-by- 19
in Fig. 1b. This effect takes place when the di-
ameter of the cylinder is approx1mately 12,
Thus, when the dlameter of cyhnder 10 is between

.12 and .15\, preferably below .14\, the standing
wave distribution along the cylinder.is of the. type
indicated by dotted curve 15 .in Fig. 1g; and the
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radiation pattern is nearly circular, as is shown
in Fig. 2a.

Such antenna is particularly suitable for broad-
casting ultrahigh frequency signals.

When the length of the eylinder 10 is approxi-
mately 1.05n and its diameter is approximately
.38\, the distribution of voltage along line I,
12 is as shown by dotted line 23 in Fig. 3. 1If the
diameter of the cylinder is decreased, the effect
on the yoltage distribution is as shown by dotted
line 24. If the diameter is increased, the voltage
distribution changes to one indicated by dofted
line 25. These changes in voltage distribution
along transmission line {1, 12 affect the concen-
tration of radiated power in the planes through
the axis of the cylinder. Most concentration is
obtained when the voltage distribution is between
conditions indicated by curves 23 and 24; that is,
when the length of the eylinder in terms of the
vutual wave length as measured along conduc-
tors {1, 12 is between .20 and .4xn. The distri-
bution 1nd1cated by 25 in Fig. 3 gives definifely a
lower concentratlon of energy than that shown by
curves 24 and 23. A typical distribution of field
in a plane through the axis of the cylinder is
illustrated by 26 in Fig. 3a,

The changes in voltage distribution along
transmission line {1, {2 from a condition indi-
cated by line 23 to the condition indicated by
line 24 can be brought about by inserting a metal
rod or a tube into the cylinder {8, The effect of
such a metal rod or tube is to decrease the shunt
inductance per unit length and is, in substance,
similar to decreasing the diameter of the cylinder.
Since a rod or tube of .02\ in diameter has a no-
ticeable effect when inserted into the cylinder the
details of the transmission line which is used to
supply power to the antenna, in order to avoid
the inconvenience of placing the generator itself
at 14 as shown in Figs. 1¢ and 3, have some effect
on the exact dimensions which are chosen so as
to get the most efficient voliage distribution along
edges 1t, 12,

One _convenient arrangement of the transmis-
sion line is shown in Fig. 4 in which concentric
line 27 is brought in through the mefal bottom
28 of the cylinder a short distance, of the order
of .02 wave length, from edge 11 of the longitudi-
nal gap up to the end of the cylinder where the
inner conductor 29 of the concentnc line 2T is
connected to edge {2 of the cylinder. This ar-
rangement provides means for applying the gen-
erator voltage to the open end of the transmission
line i1, {2. The opposite end is short-circuited
by means of plate 28 which is conductively con-
nected to cylinder (0. Since there is substan~
tially no voltage across the short-circuited end of
transmission line {1, {2, the oufer conductor of
line 27 is not enexglzed and, therefore, does not
act as a radiator and does not disturb the radi-
ation pattern of the antenna. ‘

When the cyhnder 10 is energized, as shown
in Fig. 4, equal but .opposite potentials exist at
opposite’ pomts along edges {{ and 12. The po-
tentials existing along the outer surfaces of the
cylinder decrease to zero along -a line on the sur-
face of cylinder 48 and which is opposite to-and
parallel with .the center line of the gap -4, (2.
This fact makes it convenient to support cylin-
der {0 by means of s metal mast, such as 39, to
which the cylinder {0 is attached substantially
along said line.

Experiments have shown that no serious
changes-in radiation pattern result if the contact
between the mast 80 and the cylinder 18.is made
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5
along a strip whosé éenter is said line provided
that the width of this strip is only a fraction of
the total circumference of the cylinder.
The transmission line 27 may be mounted also

6
lowest frequéricy and curve 87 is obtained at the
highest frequency. - .
The distributions of potential shown by curves
§5 and 56 are more desirable than 45 and 57, be-

on the outside of cylinder 10 but it should come 5 cause they approach more closely to the ideal
out through the base disc 28 or near a neutral distribution in which the difference of potential
point, i. e. where the cylinder is attached to the and, therefore, also the amplitude of the circum-
pole 38. ferential currents are uniform throughout the
The width of the slot between edges 1! and {2 length of the cylinder. It will be noticed that the
of the cylinder is not critical but is preferably 10 potential at the minima 58, 59 of curves 55, 56 are
of the order of one-sixth of the diameter of the not less than 14 of the maxima 60, 61. The
cylinder and is closed by means of a thin strip minimum 62 of curve 57 is very low. By operat-
31 of insulating material bound along its edges ing near the cuf-off frequency, that is, with the
by brass strips 32. The open upper end of cylin- potential distributions such as 55, 56, it is possible
der 10 is closed by a dome 33 of insulating mate- 15 to achieve a greater gain because the currents
rial. The cylinder is fastened to the steel tube are more nearly uniform along the length of the
30 constituting the mast by means of a plurality antenna and because the antenna may be made
of brass rings like 34. longer without there being a substantial change
It will be obvious fo those skilled in the art in the phase of the currents.
that other embodiments than the cylindrical an- 20 59 and 5{ show the distribution of relative
tenna 1§ may be practiced without departing phase along the cylinder. The phase is nearly
from the spirit of the invention. It should be constant between 52, 53 where the phase begins
understood that the word “cylinder” as used in to rise rapidly. The phase of the currents near
the specification and claims is meant to cover the potential is approximately in quadrature with
bedies whose transverse cross sections have other 25 the large currents at other points closer to the
shapes than circular. No matter of what shape, short-circuited end. If such currents are allowed
the effective area of the cross section should be to flow they radiate power which is advanced in
of the same order of magnitude as of cylinder phase with respect to the power radiated by cut-
{0, i. e. between .0178 A2 and .0113 A2, correspond- rents along other portions of the antenna, pro-
ing to a diameter of .15 ) to .12 A for circular cyl- 30 ducing an undesirable tilt of the maximum radi-
inders. : ation from the plane perpendicular to the cylin-
In Fig. 5, for instance, 356 indicates an antenna der and passing through it. This undesirable
of metal bent into a cylinder which has a tri- effect is avoided by cutting the cylinder so that
angular cross section. The cylinder has a longi- its open end is closer than the first minimum in
tudinal slot, the edges of which are 36, 31 and 35 the potential distribution. The preferred length
a metal bottom 38. The transmission line 27 is of the cylinder is % of the distance between the
brought into contact with edge 36, and the inner short-circuited end and the minimum. .
cenductor 28 of said transmission line is con- These principles apply not only to the antenna
nected to edge 37. Anfenna 35 can be propor- of Fig. 4 but also to cylinders of other cross-sec-
tioned to operate in accordance with the princi- 40 tional shapes.
ples described in connection with antenna 10. The following data given in Tables I and II will
In order to allow for the effect of the details serve as examples of the effects which may be
such as the thickness of the edges of the gap, the expected. Table I gives the effect of the gap
width of the gap, the reinforcement, the diameter width in the case of circular cylinder with thin
of the transmission line installed in the cylinder 45 edges. .
and others, it is desirable to proceed as follows: Table 1
Construct the cylinder too long by making it :
about twelve times the square root of the cross
secticn area which is chosen to be about .014)2 at G%i;?nrgfgﬂsf of -0’33?;‘3&3?’63&-
at the design frequency. Connect a variable fre- 50 -Cylinder - |age Distribution
quency oscillator and measure the voltage dis-
tribution along edges 886, 31 at frequencies below 545 N
and above the design frequency. At g frequency 224 150n
somewhat below the design frequency the voltage -
distribution is substantially exponential, as is 3 The effect of increased thickness of edges is
shown by 18 in Fig. 1B and by 45 in Fig. 7. - As similar to the effect of decrease in the gap width.
the frequency is increased, the voltage distribu- Table II compares cylinders having elliptical
tion changes progressively, as shown in Fig. 7 by cross sections with an antenna having a circular
curves 5§, 86 and 7. Curve 45 is obtained at the , cross section. '
it
~ Table 11
For Optimum
. Distribution
TR | e | AR | TR | A faren—
: queglecy )\in’In.
) Inches | Inches Mec.
Cireular Cylinder.....| 1.0 .8 149 .18.0| .0158 350 33.8
ENpSe I weeeeeeeae. 1.7 8 149 15.7| .0141 |- 355 33.3
Ellipse II. . 815 8 14.9 | 10.9 | .0107 370 32.0
Ellipse ITL... 4 oL7 8 14.9 | - 16,77 .0163 380 31.1
Edipse IV .2.000 S 25 | 8 4.9 12,21 .0155 420 28.1
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In ellipsés I .and II the gap:-should be at the
end of the major axis, and in the two other el-
lipses at the end of the minor axis.

Antenna 40 in Fig. 6 has a rectangular cross
section. In this figure, 41, 42 are the edges of the
gap. Metal sheet 43 is-the short-circuiting vot-
tom and 27 is the c¢oncentric transmission line
used to energize the transmitter.

The proportioning of cylinder 48 can be car-
ried out in accordance with the:procedure de-
scribed in connection with cylinder 35.

In order to allow for inaccuracies in propor=
tioning of :the c¢ylinder, a shotrt-circuiting bar, as
shown in -Fig. 6, may be provided. This will en-
able the adjustment of the voltage distribution
alohg thé edges of the slot 10 the optimum, the
short-circuiting ‘bar having-the efiec¢t -of provid-
ing essentially the same reflecting action as the
bottom 43 of the cylinder, but cah be more readily
displaced.

‘Referring again to Pig. 7 which-assumes a cyl-
inder having a ¢ircular cross ‘section and a gap
equal to Vs of its diameter, it will be seen that as
the frequency is decreased ‘the attenuation in-
creases. The standing waves are superposed on
an exponential attenuation curve so that as the
frequency is reduced the voltage minimum rises
higher and -higher until there is nolonger a mini=
mum. Finally the attenudtion betomes so rapid
that the wave from the feedér does not reach the
shotrt-circuited ‘end, and there are no -standing
waves.

The distribution of phase of the voltage across
the gap and the voltage amplitude are also shown

in Fig. 7. The phase'curves 50, 5 also show that 3;

the phases of the circumferential currents at
particular sections differ only by g - -constani
amount from thephase of the potential-across the
gap at this section.

The phase curve 50 has a shelf portion 52, 53 4

along which the .phase remains approximately
constant, around 90°. ‘At the point of minimum
of potential the phase is-advanced by about 75°
with respect ‘{o the phase along the shelf. Still
farther from the short-circuited end the phase
advances rapidly. When the attenuation is re-
duced as in the case of curve 51 similar phenom-
ena take place except that the phase error at the
voltage minimum approaches closer to 90°.

It will be clear from these curves that the cyl-
inder should not be longer than about .9 of the
distance from the short-¢circuited end to the min-
imum because, otherwise, currents near the oven
end of the cylinder, being advanced in phase, will
tend to tilt the maximum of radiation away from
the plane perpendicular to the axis of the an-
tenna. The length of the cylinder may be in-
creased near the cut-off frequency. Since at a
given frequency the power gain increases even
somewhat faster than the length of the cylihder,
it is very desirable to operate with a voltage dis-
tribution such as is shown by cuive 55 or 56. The
voltage distribution 96, while still usable, is not as
efficient as 55. The voltage distribution shown by
curve 57 is not very efficient.

The eficient voltage distribution’isone in which
voltage minimum is not less thah .3 ofithe maxi-
mum ‘- and preferably not less than :.5 of the
maximum.

It should be noted that the antenna is operafed
under conditionis where 'the ‘attenuation is very
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nential curve because there would be practically
no aniplitude left to be reflected.

What I claim'is:

1. An antenna for radiating horizontally polar-
ized high frequency radio waves-of a given band,
comprising a conducting cylinder having a longi-
tudinal slot and having a .short circuit across the
slot at one end of the cylinder and means for
feeding the cylinder at its other end across the
slot, said cylinder having -an effective diameter
between .15\ and .12A where A is the free space
wave length corresponding to a frequency of the
given band, said eylinder having a length equiva-
lent to substantially .9.0f the half standing wave
length established along said eylinder by said fre-
guency of the given band.

2. An antenna for radiating horizontally polar-
ized high frequency radic waves of a given band,
comprising a conducting cylinder having a longi-
tudinal slot and having a short circuit across the
slot at one end of the cylinder and means for
feeding the cylinder at its other end across the
slot, said cylinder having an effective diameter
between .15x and .12\ where \ is -the free space
wave length corresponding to a frequency of the
given band, said cylinder having a length equiva-
lent to .4-of the virtual wave length, said virtual
wave length being the length of the standing
wave on the cylinder, coresponding to said fre-
quency of the given band as increased by the
phase velocity of propagation corresponding to
the diameter of the cylinder.

3. An antenna for radiating horizontally polar-
ized high frequency radio waves of g given band,
comprising a conducting-cylinder having a longi-
tudinal slot and having a.short circuit across the
slot at one end of the. eylinder and means for
feeding the cylinder at its other end across the
slot, said cylinder having an effective cross sec-
fional area between .0178)A2 and .0112A2 where A
is the free space wave length corresponding to a
frequency of the given band, said cylinder having
a length equivalent to substantially .9 of the half
standing wave length established along said cyl-
inder by said frequency of .the given band.

4. An antenna for radiating horizontally polar-
ized high frequency radio waves of a given band,
comprising a conducting eylinder having a longi-
tudinal slot and having a short circuit across the
slot at one end of the cylinder and means for
feeding the cylinder at its other end across the
slot, said cylinder having an effective cross sec-
tional area between .0178)\2 and .0112)x2 where X
is the free space wave length corresponding to a
frequency of the given band, said cylinder having
a length not substantially greater than .9 of the
half standing wave length established along said
eylinder by said frequency of the given band.

5. An antennas for radiating horizontally polar-
ized high frequency radio waves of a given band
ecomprising a conducting cylinder having a longi-
tudinal slot, means closing the cylinder at one

~ end having conductive means connected across

05

70

high, in fact se: high that:if the'length from the .
open end to the short-cifcuited end were three -

space wavelengths the voltage distribution would
be represented by a substantially smooth expo-

%

the slot, a concentric cable extending through
the closed end of the eylinder to the opposite end
having one conductor connected to one side of
the slot and the other conductor to the other side
of the slot, said cylinder having an effecfive cross
sectional area between .0178)\2 and .0112x% where
n.is the free space wave length corresponding to
a frequency of the given band, said cylinder
having ‘a length equivalent to substantially .9 of
the half standing wave length established along

“said c¢ylinder by said frequency of the given band.

6. An antenna for radiating horizontally polar-
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ized high frequency radio waves of -a given hand
comprising a conducting eylinder having a longi-
tudinal slot, means closing the cylinder at one
end only by conductive means connected across
the slot, a concentric cable extending through the
closed end of the cylinder to the opposite end
having one conductor connected to one side of the
slot and the other conductor to the other side
of the slot at the other end, said cylinder hav-
ing an eflective cross sectional -area between
0178\ and .0112)A% where \ is the free space wave
length corresponding to a frequency of the given
band, said eylinder having a length not substan-
tially greater than 1.05A. e

7. An antenna for radiating horizontally polar-
ized high frequency radio waves of a given band
comprising a conducting cylinder having a longi-~
tudinal slot, means closing the cylinder at one end
having conductive means connected across the
slot, a concentric cable extending.through the
closed end of the cylinder to the.opposite end
having one conductor connected to one side of the
slot and the other conductor to the other side
of the slot, said cylinder having an effective cross
sectional area between .0178\2 and .0112)2 where A
is the free space wave length corresponding to a
frequency of the given band, said cylinder having
a length equivalent to substantially 9 of the half
standing wave length established along said cyl-
inder by said frequency of the given band, and
means supporting said antenna in external con-
tact therewith along a strip of the cylinder par-
allel to and diametrically opposite the center line
of the longitudinal gap. B

8. An antenna for radiating horizontally polar-
ized high frequency radio waves of a given band
comprising a conducting cylinder having a longi-
tudinal slot, means closing the cylinder at one
end having conductive means connected across
the slot, a concentric cable extending through the
closed end of the cylinder to the opposite end
having one conductor connected to one side of
the slot and the other conductor to the other side
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of the slot, said cylinder having an effective cross
sectional area between .0178)A2 and .0112)\2 where
A is the free space wave length corresponding to
a frequency of the given band, said cylinder hav-
ing a length equivalent to substantially .9 of the
half standing wave length established along said
cylinder by said frequency of the given band, and
means supporting said antenna in external con-
tact therewith along a strip of the cylinder par-
allel to and diametrically opposite the center line
of the longitudinal gap, and strapping means ex-
tending around the metallic part of said eylinder
and said supporting means.

9. An antenna for radiating horizontally polar-
ized high frequency radio waves of a given band,
comprising a conducting cylinder having a longi-
tudinal slot and having a short circuit across the
slot at one end of the cylinder and means. for
feeding the cylinder at its other end across the
slot, said cylinder having an effective diameter
between .15\ and .12\ where A is the free space
wave length corresponding to a frequency of the
given band, said cylinder having a length equiva-
lent to substantially .9 of the half standing wave
length established along said eylinder by said
frequency of the given band, said longitudinal
slot having a width substantially one sixth of
the diameter of the eylinder or less.

ANDREW ALFORD.
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