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MEASUREMENT OF THE VERTICAL RADIATICN PATTERNS OF
BICONICAL HORN ANTENNAS

INTRODUCTION

From an enalytical point of view, antenna systems in which two
cones mounted coaxially tip to tip with a very small gap between apices
as shown in Fig., 12 on page 22 have bsen investigated by several authors
in recent years.l In these works the biconicel system is considered both
ae a transmigsion line, made up of two cone shaped wires leading off
in opposite directions and fed at the center, and also as an antenna of
the dipole type. Both approaches are useful, depending on the informa-
tion desired, The biconical systems used in this work are looked at
mostly from the point of view of their being antennas, but the trans-
mission line approach is necessary in determining their characteristic
and input impedances, .

A biconical horn antenna fed by & coaxiel line may be visual-
ized as developed in two ways. A rectangular electromagnetic horn
which is flared horizontally and vertically msy be thought of as at=
tached to a very short section of rectangular wave guide coupled to a

coaxial line so as to feed the horn in *he TE, mode, Now, if the hori-

zontal flare is made to increase to 3600 about the center conductor

1, W. L. Barrow, L. J. Chu, and J. J. Jansen, "Biconical
Electromagnetic Horns," Proc, I. R. E,, 27, 769, Dec,, 1939,
S. A. Schelkunoff, "Theory of Antennas of Arbitrary Size and Shape,"
Proc. I. R, E., 29, 493,8ept., 194l. J. A. Slater, "Microwave Trans-
mission," pp., 202-205, McGraw-Hill Book Co., N. Y., 1942, S, Ramo
and J. R. Whinnery, "Fields and Waves in Modern Radio," pp. 421-425,
John Wiley & Sons, N. Y., 1944,




of the coaxial line, while the vertical flare remains the same we will
have generated a pair of cones to form the biconical antenna, Again,
if we think of e coaxial, half-wavelength, dipole antenna and allow the
inner conductor and the outer sleeve to swell up to cones, we have
agaln the desired antenna system, It is this last method of visualiza=-
tion that will be used in this paper.

Judging from the literature, it would seem that there has been
very little work done on actual cones to measure experimentally their
radistion patterns and input impedances., Moreover, in the experimen-
tal work that has been done, the slant height of the cones was long
compared to the wavelength employed.2 By this means very sharp and
well directed horizontal lobes were obtained, This leads one to sup=
pose that biconical horn antennas may be used for broadcast purposes.
In the microwave region this has been done.5

-Due to the mechanical simplicity of antennas of this type, it
would be very desirable to have them operate at much lower frequen-
cies and still retain their horizontal beam characteristics, To work
at lower frequencies, or longer wave lengths, the cones must be
scaled up in phyeical size, If it were desired to drive a biconical

horn antenna at about 100 megacycles for frequency modulation broad=-

cast work and still maintain the ratio of slant height to wavelength

2, Barrow, W, L., op. cit.

3, M. I. T, Radiation Laboratory Report 263 (54=15)
"Horizontally Polarized, 9.1 cm, Biconical Horn Beacon Antenna'

4, J. A, Stratton, "Electromagnetic Theory," pp. 488=490,
MceGraw=-Hill Book Co., N. Y.



at 5.7 as used by Barrow, it would demand & set of cones having a base
diameter of about 86,5 feet.

It is the purpose of this paper, therefore, to make an experi-
mental investigation of the radiation patterns of biconical horn an=-
tennas having a slant height small compared to the wavelength used. A
large part of the work was done using a==j§-. Here A is the wavelength

in centimeters and s is the sglant height of the cones.



APPARATUS AND METHODS OF MEASUREMENT

In Figs. 1, 2 and 3 on pages 5 and 6, the general appearance
and physical layout of the apparatus is shown, The Klystron in the
rolling caﬁinet in the left of Fig. 1 has been in use in the Electrical
Engineering Department for soﬁo time, and required very little effort
to put it in good working order, It was found that using an acceler—
ator anode voltage of about 875 volte sufficient power output could
be cbtained to make all the necessary measurements, The Klystron tube
used had a rating of about 3 watts output with approximately 2,000
volts on the accelerstor anode and a beam current not exceeding 30 mil=-
liamperes, The 60 cycle power input to the Klystron came through =
voltage regulating transformer, but most of the fluctuations noticed
in the output were not removed until the metal frame of the cabinet
was grounded,

The tube had previously been tuned to a wavelength of 9,920
centimeters, and in view of the difficulties involved in retuning, it
wag decided to use this wavelength throughout all the work, A meag=
urement of the wavelength wes made before any of the other recorded
data was taken, and this measurement waes repeated every day or so
during the experimental period. A coaxial wavemeter capable of meas—
uring to 0,001 centimeter was used., A sliding plug driven by a micro=
meter screw formed a tunable cavity resonator in a section of coaxial
line, allowing transmission from the input probe to the output loop
when the plug was a whole number of half=wavelengths from the input

end, A microsmmeter connected to the crystal detector on the output



FIGURE 1
) General View of Apparatus
Showing Klystron cabinet, slotted on revolving mounting with 70° cones, and receiving
antenna
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loop indicates transmission through the cavity, and the difference
in the wavemeter dial settings for two successive transmission points
is one=half wavelength, This apparatus is shown in Fig. 4, page 8.
Because beaded coaxial cable with plugs and connectors was
already available for use with the 3/8 inch, 55 ohm, rigid coaxial
line used in the Electrical Engineering Department, it was decided
to design the antenna cones to be attached to this size line. How-
ever, the spacing between the inner and outer conductors of the 3/8
ineh line was so small that probing into it for voltage standing wave
ratio measurements would heve been difficult., For this reason, an en-
larged section of 55 ohm line was built, having a radial distence between
inner and outer conductor of 0,229 inches., The outer conductor of this
section was standard 7/8 inch copper tubing. To allow space for mount=-
ing and for a probe slot of 1.5 A the large section was made three wave-
lengths long. To match this section to the smaller 3/8 inch line, a
tapered section three wavelengths longz was used at each end, The taper
of the outer conductor wae made of sheet copper, rolled on a mandril,
The inner conductor was also tapered in the same way, having a max-
imum diameter of 0,306 inches and tepered down at each end to 0,125
inches, The middle section with the two tapered ends was turned in
one piece from copper. The 1/8 inch diameter extensions on each end
were of bress rod, silver soldered in place, All other seams and joints
were made with silver solder, The inner conductor was supported in place
by pelystyrene insuletor rings, spaced about six inches apart along the

small section of the line and one at each end of the large section next



FIGURE 4
Apparatus Setup for leasuring Wavelength
Showing coaxial wavemeter coupled to Klystron and detector wired to meter



to the base of the taper., The exterior details are sh.wn in Fig, 1
on paze 5, and Fig., 5 on page 10,

The whole slotted line was mounted horizontally on a wooden frame
which allowed the antenna on the end of the line to be rotated about an
axis passing through the center of the entenna, See Figs. 1 and 3. If
the receiving antenna is held in a fixed position it gives the effect
of the radisting antenna being fixed and the receilving antenna rotating
about it at a conptant radius in the vertical plane, Unfortunately,
the bearins on which the wooden mounting frame revolves is not shown in
Fig., 1.

The receiving antenna is shown in detail in Fig. 6 on page 11,
This consists of a parabolic reflector holding a center fed half-
wavelength antenna on & section of 55 ohm coaxial line, The antenna
is oriented horizontally end has a é}- detuning sleeve dirsctly be=
low on the coaxial line, Projecting in front on a polystyrene rod
is a parasitic reflector, While the parabolic reflector is fairly
large, it causes little interference with the radiation pattern of
the antenna being tested as ite position is fixed during all meesure-
ments,

Three crystal detectors were used in this work. One was used
to monitor the field coming into the slotted line, another for the
voltage standing wave ratio (v.s.w.r.), and the third was for the
receiving antenna detector. These detectors are all of the same de~
sign and were made principally of standard size brass and copper tub-

ing, The crystal rectifier itself is of the newer microwave type



FIGORE 5
Detail of Slotted Line
Showing the sliding probe and the monitoring detector




FIGURE 6
Detnil of Receiving Antenna
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>
permanently mounted in & ceramic cartridge. The cryetal itself is
the fourth part from the left in Fig. 7 on page 13, This assembly
consiste of a junction block with a coaxial tuning stub mounted on
one side and the crystal mounted as part of the inner conductor of a
section of a coaxial line on the other sides, The pickup probe is shown
below the junction block. The inner conductors form a T-joint ineide
the block. The cylindrical plug at the left of the crystal in Fig, 7
forms with the outer conductor a coaxial condenser to short out the
r.f. which passes the crystal. The projection on the outer conductor
and the rod on the end of the condenser plug form the direct current
connections,

Because the amplitude response of the crystal detector is non-
linear, it is necessary to get a calibration for the v.s.,w.r. detect-
or on the slotted line and the receiving antenna detector. Crystals
of the type used ordinarily have a square law response; but as will
be seen later, if such an essumption 1s made in all cases, it will
lead to a serious error., To calibrate the v.s.w.r. detector, the end
of the coaxial line on which the antennas are mounted is shorted. In
this case, the short consieted of a doughnut-shaped roll of aluminum
foil pressed tightly against the opening of the line in the space be-
tween the inner and outer conductors. INext, a scale was marked on the
sliding probe's ways. The units were 0.1 inch apart. It was found

that this unit distance would be easier to mark and read than unit

5. A, Peterson, "Vacuum-tube and Crystal Rectifiers as Gal-
vanometers and Voltmeters at Ultra-high Frequencies," General Radio
Experimenter, Vol. 29, No, 12, May, 1945,
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FIGURE 7
Assembled and Exploded View of Coaxial Detector
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distances of one millimeter, The v.s.w.r. detector probe was set at

a fixed depth of about 4 millimeters into the inter-conductor space of
the line. As the probe assembly (eee Fig. 5, page 10) was moved back
and forth on the slot ways positions of meximum and zero field were
found, It was noted that the zero points occurred st marks 9 and 29
on the probe scale, According to this measurement, a half-wavelength
would be two inches long, On the basis of a 10 centimeter wave, this
meang an error of 0,3 of a scale division in the placement of the
voltage nodes by the probe. The fact that the voltagze did go to zero
at some positions indicates that the Klystron's output wes a fairly
pure sine wave, lleasurements of the field strength appearing as a
rectified direct current were taken for each marked position aleng the
slot,

Thig data was normelized and plotted on Fig. 8 on page 15. If
the crystal response had been linear, the curve of measured current
would have beanabure sine curve; assuming, of course, that the volt-
age standing waves in the line were sine curves, The actuzl result-
ing curve, however, is plotted on the same base as a sine curve, and
the difference in the two curves gives the degree of nonlinearity of
the crystal response, To find the true or corrected value of crystal
current, points are taken on the measured current curve in Fig., 8 and
projected up to the sine curve, The correspondinz values of these
points give the true or corrected current. Fig. 9a on page 16 shows
the amplitude response curve of the crystal plotted as measured cur-—
rent versus true current, Fig, 9b on the next page glves the came

curve plotted on log-log paper, This shows that the original curve

14
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is far from exponential,

The receiving antenna detector is calibrated in a manner sim=
ilar to the sbove. A polarized field was first obtained, using one
of the biconical antennas. As these antennas produce polarization
parallel to their axis, a horizontally polarized field resulted when
they were mqunted on the slotted line, The receiving antenna was
then turned to intercept & maximum of the incoming field, A pointer
on the receiving antenna's coaxial feed line was then set to the zero
mark on the protractor shown in Fig, 6. The current induced into the
half-wavelength recelving antenne by the incoming fieldlis proportion=
al to its effective length, This effective length is in turn propor-
tional to the cosine of the angle of rotation out of the plane of
polarization of the incoming field, The output of a linear detector
plofted against the anzle of rotation from 0 to 90° would, therefore,
produce a section of a cosine curve, In Fig, 10 on page 19 is shown
the normalized measured detector current plotted on the same base as
a quarter-period cosine curve, To obtain the calibration curve of
Fig, lla on page 20 the same procedure was followed as with the
v.s.w.r, detector, Fig. 1lb is the same calibration curve plotted on
log=log paper. Here, one section of the curve has an exponent of
1,58.

The eight pairs of cones used as biconieal horn antennas in
this work were made of 0.01 inch thick sheet brass., The angle of
flere was the same for both cones of each pair and was measured in
the same way as in Fig. 12 on page 22. Cones were constructed

with angles for every ten degrees from 10° to 80° . The cones were

18
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FIGURE 12
General Biconical System

J.D.A,
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originally made with the vertical height equal to %— « The result=-
ing slant heights are given in Figs. 17 and 24, on pages 30 to 37.
After all the measurements were made with the cones in this condition,
they were cut down so that 8, the slant height, equaled ?):- e In Pig, 1%
on page 24, is shown their mechanical construction and method of mount=-
ing on the end of the slotted line, The black marks near the tip of each
cone in Fig, 1% indicate a split brass ring used to allow the cone to
be fitted tightly to the coaxial line, In Fig, 14 on page 25 is shown
the 300 antenna, with a::j}-, mounted on the line, A ?0n antenna with
g = 7.4 centimeters is shown in Fig, 1. A number of the cone pairs are
shown in Fig., 15 on page 26;

The two important measurements mede on the antennas were to de=

termine the rediation pattern and the input impedence. As wag =aid,

A

the cones were originally made with the slant height greater than z "
With the coies in this condition, the radiation pattern was plotted
with and without a 2)‘— detuning sleeve on the line below the antennas,
Measurementas of the v.s.w,r. were made under these two conditions also.
The slant height of the cones was then cut down to é%— and all of the

above measurements repeated,

To take the data for the radiation pattern, the cones were
fitted on the end of the line as shown in Figs, 1, 1% and 14, The
wooden frame mounting the slotted line assembly was rotated to the
zero mark on the bearing protractor (see Fig. 3), The receiving anten=-
na was placed on a line passinz throuzh the bearing, 900 of f the axis
of the biconical horn system, and at a distance of about 19A. This

position wae held fixed during all the measurements, The receiving
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FIGURE 14
Close Up of Antenna and Detfging Sleeve
30 cones with s= r
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antenna parabola was then rotated slightly to obtain & maximum detector
current reading, Thie orientation of the receiving antenna was not
again changed., A measurement of detector current was made for the
zero, or horizontal, position and for every five degrees of rotation

as the slotted line mounting assembly was turned in a counterclockwise
direction sbout its bearing. The rotation continued through 90° to a
position where the receiving antenna wae directly above the biconical
horn antenna, The direction of rotation was then reversed and measure=-
ments were taken again at the same five degree points. The clockwise
rotation continued beyond the horizontal to a position where the re-
ceiving antenna was 450 below, The slotted line mounting assembly was
then turn9d back to the zero position again taking measurements of the
detector current every flve degrees along the way. By this process
detector current was messured twlce for every point between and includ=
ing 450 below the horizontal with respect to the biconical antenna and
90o above, In some cages there waps a difference of several microam-—
peres in the detector current meter readings for the two measurements
made at each position, This difference occurred mostly in the region
where the back end of the slotted line was nearest the Klystron cabinet.
In this position the flexible coaxial cable from the Klystron to the
slotted line sagged in a U=shaped curve, In positions where the flex=
ible cable was stretched out fairly straight, there was no difference
in the two readings at a point. It is believed, therefore, that the
flexure and twisting of the cable in the bent positions caused changes

in the cable!s attenuation resulting in differences in the two readings,
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The average of the two readings was taken for making further calcula=
tions, Measurements were made on both sides of the position in which
the receiving antenna was vertical to the biconicel assembly. It was
found that there was a variation for corresponding points of not more
than + 5%, Because of this small variastion, the righthand side of the
vertical radiation patterns is plotted as a mirror image of the left-
hand pide, However, before any radiation pattern could be plotted,

all the measured data had to be corrected by the calibration curve of
Fig, lla, The angles measured from 0° on the lefthand edge of the radia-
tion pattern sheet correspond to the angles made by the receiving antenna
with respect to the biconical horn antenna,

Measurements necessary to determine the input impedance of the
antennae were made under all of the saume conditione as the radiation
patterns, The sctual measurements were not mechanically different
from that used to determine the calibration curves of the v,s.w.r, de=
tector, In genersl, measurements were made only of the position and
height of.the maximm and minimum points along the sliding probe scale,
In certain cases mentioned later, the standing wave intensity was meas=
ured over the full length of the line slot. As will also be shown
later, the only data necessary to determine the input impedance of the
biconical antennas is the v.s.w.r. and the shift in the position of the
minimum point with respect to the position of the minimum when the line
was short—circuited, The measured values of the maximum and minimum
were corrected by the calibration curve of Fig, 92 before the voltage

standing wave ratic r could be determined,
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DISCUSSION OF RADIATION PATTERNS

From an inspection of the radiation patterns on pages 29 to
44, it ig evident that in addition to the major lobes there are many
minor lobes produced by the antennas used in this work. OCn the other
hand, all of the patterns show a greater distribution of energy in the
horizontal plane than can be had with a half-wavelength coaxial dipole
antenna,

There are two other important cheracteristics to be noted in
the radiation patterns, In the first place, almost without exception,
there are many minor lobes superimposed on the major lobe., In many
cages this effect seems to be increased by the addition of the detuning
sleeve, The purpose of the detuning sleeve is to prevent antenna cur=—
rents from flowinz down the outside of the coaxial feed line and pro-
ducing radiation which would distort the field produced by the actual
antenna elements. While the detuningz sleeve does have some definite
advantages, it doee not seem to have solved the problem of smoothing
out the rasdiation patterns, This saw=tooth effect is very likely the
result of improper spacing of the sleeve below the bottom cone of the
antenna assembly, Because of the flare of the cones, the most ef-
fective distance can be located only by trial and error, The sleeve
does have the advantage, in some cases, of causing the major lobes to
be more nearly horizontal than they would be if no sleeve were used,

The second important characteristic to be noted is the tendency
of all of the lobes to turn upward, Thie effect may be largely due

to the fact that the outer diameter of the coaxial feed line ie much



larger than the diameter of the imner conductor. This ﬁakas the base
diameter of the bottom cone of a pair exceed the base diameter of the
top cone by the difference in the outside diameters of the inner and
outer conductors., Because of the small physical size of the cones used,
this difference in diemeters is a fairly large per cent of the base dia=-
meters of the cones and is very apparent when looking at them. See
Figs. 13, 14, and 15. The jutting of the edge of the bottom cone be=
yond the edge of the top apparently produces radlation directed upward,
which causes the whole radiation pattern to be angled upward. In an
effort to make the lobes more nearly horizontal, two antennas were tried,
with the top cone having a much larger angle of flare than the bottom
one, The patterns produced by these two antennas are shown in Figs,

32 and 33 on pages 47 and 48, Obviously, there is little decrease in
the upward tendency of the lobes, and in the cage of the 70110°antenna,
a fairly large part of the energy is in the form of sharp minor lobes
directed upward, There is also a large lobe directed almost horizon-
tally as would be expected.

In Fig, 16 is shown the radiation patterns of a half-wavelength
dipole antenna, with three positions of a;%—detuning sleeve. These
patterns are extremely irregular for angles close to the vertical, In
Figs. 17 to 24 on pages 30 to 37 are shown the patterns for cones whoge
slant height g increases approximately as the tangent of the angle of
flare, From 10° to 500 the patterns are fairly smooth and show no large
vertical lobes, The 60" 5 700, and 80° cones show increasingly large
vertical lobes and & more irregular pattern in general, It is thought

that this mey be due to concentrations of charge on the outer face of the
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top cone, These concentrations may, in turn, be due to concentric stand-
ing waves about the outer face of the top cone, The 70° cone was approx-
imately 1.5 A across the base and, therefore, could support three maxi=- |
mum points of standing waves across its diameter. The 80° cone was ap=
proximately 3 A in base diameter and could, therefore, support six stand-
ing wﬁvs maxima, Thé field about the outer face of the 80° cone was
probed with a half-wavelength center fed antenna and it appeared that
these stending waves did actually exist,

When the antennas were cut down so that all had a slant height s
of‘i}-it wag found that there was little or no tendency to produce sharp
vertical secondary lobes, See Figs,25 to 31 on pages 38 to 44, The 10°
cone with s==j%~produced a pattern which wes not significantly differ=—
ent from Fig, 17 and, therefore, was not plotteds In these patterns the
upward tendency of the lobes is very marked. It should be noted that
the best overall pattern is obtained with the 70° cones, This antenna
has an angle of opening between the cones of 40° « Thie value for the
angle of opening compares favorably with the results obtained by Barrow
and Lewis for rectangular horns, and by Southworth and King for circu-

7
lar horne.

6, W. L. Barrow and F. D. Lewis, "The Sectoral Electromagnetic
Horn," Proec. I. R. E., 27, 41, Jan., 1939,

Te G. C. Southworth and A, P. King, "Metal Horns as Directive
Receivers of Ultra-Short Waves," Proc. I. R. E., 27, 95, Feb,, 1939,




DISCUSSION OF INPUT IMPEDANCE

In making the v,s.w.r. measurenents necessary to determine the
input impedances of the antennas, it was noticed that the standing
waves occurred along the glot in such a way thet it was convenient to
measure two minimum and one maximum point, It was further noticed
that the minimum point nearest the load end of the line was always lar-
ger than the minimum point toward the generator end, A typical case
is plotted in Fig, 34 on page 51, When the standing waves for the 80°
cone with 8 = 14,6 cm, were measured no maximum or minimum points could
be found, but the curve showed a definite upward trend toward the load
end of the slot, See Fig. 35 on page 52, The fact that the curve show=
ed no measurable maximum or minimum points indicates that the input
impedence of the 80° cone is almost equal to the characteristic impedance
of the line, As all of the standing wave measurements showed the same
upward trend at the load end of the slot, it would geem that this is an
inherent characteristic due to mechanical discrepancies in the line, In

determining the v.gew.r, the single maximum and small minimum pointe were

* used,

The input impedances of the biconical horn antennas are calcu-—
lated in the same way as would be used in determininz the value of any
load impedance on a nondissipative transmission line, The input impe-
dance of a transmission line of characteristic impedance Z, termin-

8
ated in an arbitrary impedance Z is given by the general expression,

8. For development see W. L. Everitt, "Communication Engineer-
ing," p. 158, McGraw=-Hill Book Co,, N. Y., 1937, and L. A. Ware and
H.ai. Reed, "Communication Circuits,™ p. 73, John Wiley and Sons, N. Y.,
1944,
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o - Z-LC,OJ'I’ rj +pr;ﬂé B/f
mpul ¢ Zo cosh V¥ +Zs5;vh YA

Where 3’ is the propagation constant and

Y=at,p

5>

(1)

(2)

I1f we assume that the line is dissipationless, we may set o{ , the atten=

uation constant, equal to zero. This leaves

Y=,8. (3)
Substituting back in Eq. 1, we get
. anj/"j f’J'Zo-"f.ﬂﬁj (4)
input N2, cospht) Z sinh
Dividing numerator and denominator by coa/if s, we get
Z_' ot :'“_Z .Zf'jz_ofaﬂﬂj . (5)
ap V2,4, Z tanpX
If E , , the voltage standing wave minimwm, occurs at the load,

mihH

then the load must be a pure resistance equal to <

measured ratio

where r is the

(6)
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e
The input impedance of a point of Qth is th&n~1;~ « If we take (

as the distance of the shift in the minimum point from a minimum when

9
the line is shorted, we may write,

. Ztj 2. banPR ]
- =&, ; i (7)
k) & (.‘aﬂ(a-ﬂ _J

Solving for Z, we get

| “:; r'ZkAr/a_f
z = - .
Z"[V'—J lan /5.!?_] &
However,
pr=22 (9)

where A = 9.920 cm, and § = 0.1 inch, or 0,254 cm, As was said, the
probe motion was measured in O.1 inch units, so to find the angular

value of Af , we may set

_n (360) (0.,254)
R = 9.920

=n (9,08) degrees (10)

9% R. W. P, King, H. R, Mimno, and A, H., Wing, "Transmiesion
Lines, Antennas, and Wave Guides," pp. 40=41, McGraw=Hill Book Company,
New York, 1945,



2

where n is the number of probe scale units moved from the voltage node
position when the line was ghorted to the nearest minimum point when
an antenna was in place. To maintain the correct sign of the load im=
pedance, or the input impedance of the antenna, the angle /«'j muet be
minus when the shift is toward the load end of the line and plus when
the shift is toward the generator end, Thie is because an inductive
reactance, having a positive angle, produces a shift in the minimum
point toward the load end and, therefore, requires a negative sign be=
fore f{ﬂ to produce a positive angle in the value of Z as found from
Eq. 8. The opposite is true of a capacitive reactance. The same re-
sults as obtained from Eq. 8 may also be had from curves plotted in a
manner sgimilar to the standard transmission line circle diagrama}o
Bef'ore the above information can be applied, the characteristic
impedance and dissipationless character of the slotted line must be
determined, The characteristic impedance of a coaxial transmission

11
line is given by:

Eomz%:@ /n Eb- ohbms (11)

10, F, E. Terman, "Radio Engineers' Handbook," p. 180, McGraw
Hill Book Co,, N. Y., 1945, and J. R. Meagher and H., J, Markley, "Practi=-
cal Analysis of Ultra High Frequency," pp. 20-22, (booklet), R. C. A. Ser-
vice Co., Camden, N. J., 1943,

11, R. I. Sarbacher and W. A. Edson, "Hyper and Ultrahigh
Frequency Engineering," p. 281, John Wiley & Sons, N. Y., 1943, and
L. A, Ware and H. R, Reed, op, cit, p 261,
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where A4t and € are the permeability and dielectric constant of the
spece between the inner and outer conductors, The polystyrene aspacing
waghers form only a very smell part of the total dielectric and as the
power factor in the wavelength region used is about 0,00070% and the
dielectric constant is about 2,45, we may assume the dielectric of the

12
slotted line to be effectively that of air or free space, On this as-

sumption
24 =, J B oW (12)
€
80
b
E B0 g (13)

Now, the inner diemeter of the outer conductor b for the small 3/8
inch line is 04313 inches and the outer diameter of the immer conductor
a is 0,125 inches, This gives Z&==55.2 ohme,

The values of the input impedance for all the antennas used in
this work are tabulated in the Appendix on page 66. As can be seen,
the impedances are mostly capacitive and less in absolute value then
the 2, of the feed line, The 70° antenna with 8 = 7.4 em, has an im=
pedance almost the same as the line impedance and with only a small
capacitive component., The 80° antenna with s = 14,6 cm.,, as was said, had

no measurable v.s.w,r,; and, therefore, it is concluded that it matched

12, C. R. Englund, "Dielectric Constants and Power Factors at
Cazzimeter Wavelengths," Bell System Technical Journal, 114, Jamary,
1944,
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the line very closely.
If the biconical gystem of Fig, 12 is thought of as a trans-

migsion line as mentioned in the Introduction, & characteristic impe-

13
dance may be developed for it. This lmpedance ias

=/ Rz 2 |
Zo=\e T /);(fam 7 CDZ[}_'— (14)
where 81 and 6; are measured as in Fig. 12, WhenW-g=¢g Eq. 14 reduces
_ LAA / é,
o= e T /n (o?[-'-z— (15)

A
Substituting for the value of \/:E— from Eg, 12

to

(16)

This equation is plotted in Fig., 36 on page 58.
An equivalent circuit has been developed for the biconical
antenna which enables us to determine its input impedance from the
14

antenna's geometry. The input impedance of the equivalent circuit

shown in Fig, 37b mey be found if the load impedance ZL is known,

13, Slater, J. C., op. cit., pp. 202=205, and E., Weber,
"Principles of Short Wave Radiation,® Electronic Industries, February,
1943,

14, Ramo, S. and Whinnery, J. R., op. cit., pp. 482-489,
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Lp®
ljr = A -
| Zo zt-
Fig. 37a
o—
Fig. 37b

The value of Z, is given by

& Zo

= (17)
« GCkh) +; F kL)

where Z, here is the value from Eq. 16 and G(k1l) and F(kl) are defined

a8

CO2) =2 b, Somez (K3) (18)
FD)==2_ b T 3 (KD N2 (52) a8
m=0 &

where

L =-2rkl (4m+3)
2 (mel)(2n+1) (20)

where also

2778 (21)



and/f is the slant height of the cone as shown in Fig. 37a. This
method was not used to make calculations in this paper because values

of the Bessel function of the second kind of variable order and argu-
ment, (E,(k) ) could not be found., However, judging from the curves in
Ramo and Whinnery, it would seem that the measured values of input impe-
dance tabulated in the Appendix are not far from the theoretical val-

ues as determined by the above method,
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CONCLUSIONS AND RECCMMENDATIONS

The general results obtained in this work indicete that despite
the faet that the short antennas produce patterns far less desirable
than those produced by antennas having a long slant height, they still
give more gein in the horizontal pl&ﬁe than can be obtained with a co=
axial dipole antenna.

If the short biconical antennas were bullt on a larger scale,
many of the imperfections already noted in the 10 centimeter models would
disappear, In the first place, the outer diameter of the coaxial feed
line would be & much smallarlper cent of the cone's bage diameter. The
cones will then approach more closely the theoretically perfect set of
Fig. 12, The physical structure can also be improved and better mech-
anical connections to the feed line can be obtained. In an effort to
lower the upward-pointing major lobe, antennas with a large top flare
were used, In the limit, the top cone would become a flat plane and the
entenna would become one of the discone type.15 It is interesting to
note that at the high end of the frequency band used by Kendoian, the
discone's lobes also began to turn upe It would appear that the bicon-
ical horn antenna might also very well be used for broadcast purposes
with frequencies as low as 100 megacycles., At higher frequencies,
the physical size of the antenna may be reduced, or a larger ratio of

slant height to wavelength may be used with corresponding increase in

beam directivity, However, for any wavelength there is an optimum slant

15. A, G. Kandoian, "Three New Antenna Types and Their Appli=-
cations," Proc, I. R. E., Feb,, 1946.
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16
height which should be used if it does not require too large an antenna.

The experimental work described in this paper was conducted in
a room of approximately 18 by 30 feet. It is suspected that some of
the small lobes causing the scalloped effect on the radiation patterns
may be due to reflections from the walls of the room, Further work
should, therefore, be conducted in & very large room or, better still,
out in the open on some elevated structure. If a room is necessary,
reflections may be reduced by covering the walls and ceiling with re=
sigtance cloth of about 377 ohms per square,

While the apparatus used in this work lacked refinement, it does
have the advantage of heing quite versatile, With the assembly of Fig,
1, almost any type of antenna scaled down for operation at 10 cm, may be
tested, There is a multitude of improvements that may be made on the
epparatus to increase its accuracy and ease of operation., One of the
first things to be done would be to redesign the sliding probe carriage
for smoother and more steble operation. The apparent discrepancies be-
tween the input impedances as tabulated in the Appendix and the values
calculated from the equivalent circuit of Fig, 37b are very likely due
to errors in measuring the v.s.w.r., It is to be noted, furthermore,
that very accurate measurements of the v,s.w.r. can be had only with
sliding probes of extremely precise mechanical construction. The second
thing would be to redesign the end connections of the 3/8 inch line where

the antennas are mounted so that an antenna may be built as a complete

16, Barrow, W. L., Chu, L, J., and Jansen, J. J., op. cit,
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unit and slipoed on and off the line with ease. The crystal detector
assembly should also be redesigned to allow greater ease in changing
the crystal,

In recording a large volume of data, as in this work, it would
be very convenient to have a sensitive recording d.c. meter preceded by
a d.c, amplifier with an amplitude response such as to compensate for
the nonlinear crystal so that the recording meter's readinge may be
linear, An angular positioning system may also be added, which would
be of a great convenience, Many complex radiation pattern recording
systems have been developed, but it would not require much additional
equipment to redgce to a great extent the drudgery involved in this

17

work,

17. M. I. T. Radiation Laboratory Report 60l=4 M"Automatic
Antenna Pattern Recorder."
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Dipole
Antenna

0= 10°
8= 2,5

APPENDIX
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Input Impedance of Biconical Horn Antennas as Calculated

cm,

Ch,

A
without £

sleeve

z2=26,8=314,2
z= 16,0=326,5
z=11,6=§23,4
z=12,35=117.5
z= 13,85=j27.2
z= 16,5=18,06
z= 16, 3=jTe3
z=56-38,15
z=16,8=326, 4
2= 16, 4=126,4
z2=18,3=j25,6
z=22,8-130,0

z=26,6=114,35
z=3%5,94 10

from Equation 8

L&
8= Z

with _%— aleeve
d=1 cm,

= -‘5?00-,1 190 4
z= 1740~ 26,1
z= 14, 6=j26,9
z2=12,6=127. 4
z2=12,6=127,4
z=16,5-18,06
z=16, 35=-38.1
z=53,5=j13.2
= 9. 2-j 2?-7

z=2T7, 3-j 35 6
z= 24,6935, 4
z=30,2-26,5

z= 30,9=-j21,0
z= 37,1410

with 2’\- fiéewe
=7

z= 15- 5"5 80 3


16.5-J8.06

without -2—

sleeve
2= 88,5+ j40.5
2=1.5+3175
2 =31.6-20, 4

67

APPENDIX (Continued)

with -4_}:‘- sleeve with 73;— Asleeve
d=1 cm, d= A
z =634 358

z=62,2+3j152.5
z=15,4=116,9

2:5‘ 89""';1?.2



