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ABSTRACT

An experimental investigation was conducted to determine whether the
degradation in electrical performance commonly observed with reduced-height
helical-wound vertical dipoles can be avoided. A new design approach has
been explored which helped define a major cause of this degradation. Data
obtained during this investigation supports a working hypothesis that losses
associated with circulating currents in the capacitance between turns of a
helically wound, electrically short vertical dipole greatly reduce antenna
bandwidth and efficiency, A six-foot-high experimental model was con-
structed and tested as a replacement for the 10-foot whip of Antenna
AS-1729( )/VRC., The design of this foreshortened model minimized circu-
lating current losses throughout the operating band of 30 to 76 Mc and
resulted in an average efficiency of 90% compared to the !0-foot whip.
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A FORESHORTENED CENTER-FED WHIP ANTENNA

INTRODUCT ION

Antenna AT-912( )VR! and its improved version Antenna AS-1729( )/VRC2'3
are vehicular antennas designed to operate in the VHF band from 30 to 76 Mc.
Antenna AS-1729( )/VRC, which had been called AT-912-A or AT-912(XE-2)
during its development phase (Fig. 1), was recently classified ""Standard A"
for use with Radio Set AN/VRC~12, Service-test reports® have indicated that
this antenna has a potential for additional tactical applications with other
radio sets. In order to increase this potential, an investigation was ini-
tisted to determine whether the presently used 10-foot whip, consisting of
Antenna Elements AT-1095 and AS-1730, can be reduced in haight without a
corresponding loss in efficiency, and hopefully, without major modification
of the base isolation unit MX-6707( )/V&XC, which is also a part of Antenna
AS-1729( )/vRre.

EXPERIMENTAL PROCEDURE

Preliminary measurements determined that the feed-point impedance of
the presently used 10-foot whip must be reproduced closely in the fore-
shortened version in order to permit the use of base isolation unit MX-6707
without major modifications. The feed-point is defined as the point approx-
imately halfway up the whip, where the outer conductor of the encapsulated
coaxial cable ends, corresponding to the driving point of a dipole antenna,
The feed-point impedance, in turn, depends on the accuracy with which the
standing-wave current distribution of the 10-foot whip is reproduced in the
foreshortened model, It was also determined that the adjustment of feed-
point impedance and current distribution at the two end frequencies of the
operating band, namely 30 and 76 Mc (for a giver circiit Q), suffices to
obtain satisfactory performance over the entire band., The preselected sus-
ceptance values of the base isolation unit listed in Table | control these
two parameters throughout the operating band., Fig. 2a illustrates simplified
circuit elements of the 10-foot whip used as a reference in this investi-
gation, Fig 2b shows the additional series inductance needed to reproduce
the same feed-point impedance in the foreshortened model. plus the associ-
ated shunt capacitance and loss conductince that must be minimized to
achieve this reproduction.

An arbitrary goal of 40% reduction in height was selected for the
laboratory model, A 68-inch length of l-inch-diameter paper-phenolic tubing
mounted on the base isolatioi unit provided a form for the model. An out-
line sketch of the finzl laboratory model is shown in Fig. 3.

Initial measurements ¢f a helically wound radiator showed poor radia-
tion efficiency when wide copper tape was used as the conductor, The effi-
ciency increased somewhat with a reduction in tape width, This evidence
suggested that the reduced capacitance between turns resulted in an increase
in the effective series inductance, permitting a reduction ir the total
number of turns required, The optimum was approached when the conductor was
reduced to a minimum diameter consistent with the operating power rating.
Reducing the surface area of the conductor also led to reduced circulating
current losses resulting from stored energy in the capacitance between

turns, |
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By tapering the winding gradually from maximum pitch at the point where
the standing-wave current on the radiator is maximum, to minimum pitch where
this current agproaches zero while monitoring field intensity, we improved
the efficiency to a marked degree, This technique provides an additional
control for further reducing the stored energy in the antenna at the point
where the current is maximum, For the largest part of the operating band,
the current is maximum near the feed point, The magnitude of stored energy
also affects the bandwidth of the antenna, Fig, 4 shows the bandwidth char-
acteristics achieved in the final foreshortened model tested, as compared
to that of the 18-foot whip.

The procedure for adjusting the current distribution along the model
whip was similar to the che used in the design of Antenna AS-1729( )/VRC.
The portion of the whip above the feed point was made slightly shorter than
a half wave at 76 Mc. In order to make the radiation resistance as high as
possible it is desirable to effect a steep rise in current at the top of
the whip, In the final foreshortened model, the author achieved this kind
of distribution by placing a ferrite-core inductor together with a capacity~
top copper band at the top of the radiator, and making this termination
electrically equivalent to an open-ended line of 45 degrees at 76 Mc, From
this line length and an estimated characteristic impedance® of 250 ohms, an
input reactance corresponding to 8.4 pF is derived, This value was used as
a target while the termination on an admittance bridge was adjusted and
optimized, The measuring arrangement is shown in Fig. 5. The inductor
winding was adjusted for & bridge reading close to the target capacitance
while the conductance was minimized, The final measured values were
B/2nF = 8,5 pF, with,i3 millimhos conductance., It was noted that the num-
ber of turns and their spacing depend on the nu.Q of the particular ferrite
core material used, This termination also proved effective at 30 Mc but to
a lesser degree, Plotting the measured current distribution at 76 Mc helped
us to establish the feed-point location as 33% inches down from the top of
the whip.,

The series inductance in the section of the whip between the feed point
and the base isolation unit is adjusted at 30 Mc by the number of turns re-
quired in the helical winding to bring the current at the base to .4 of its
maximum value. The current distribution at 30 and 76 Mc may approach the
desired contour when plotted as in Fig. 6. However, fine adjustment of
both the top reactance and the non-uniformly wound helical winding in the
lower section may be required in order to reproduce closely the target feed-
point impedance given in Fig. 7. In the final medel this impedance was
transformed (similar to the technique used in the 10-foot whip) by a section
of 130-ohm coaxial cable in order to group the transformed impedance within
a 3:1 VSWR circle referenced to 50 ohms, Fig., 8 illustrates the helical-
wound transformer cable located between the feed point and the spiice with
the RC-188 feed cabie. The RG-188 then completes the tapered winding and
terminates within the base isolation ur.it at the input BNC connector,

Figs. 9 and 10 show the probe .sed in meaturing current distribution
during these 2xperiments, Fig., |i shows the calibration curve for this
pr&‘.

RESULTS

The four models listed in Fig., 12 are essentially representative of
2




the many configurations explored during this investigation. The model
designated ' 42& " had linear elements without any additional series induct-
ance above and below the feed point. This model requires a major modifica-
tion of the base isolation unit, resulting in admittance values difierent
from those listed in Table 1. This modification is not desirable because

it tends to increase losses in the base isolation unit particularly at the

lower frequencies because of the higher voltages that will develop at the
base,

The model designated ' 0 " with a constant-pitch winding throughout
the entire 6-foot whip also proved lossy. The relatively large capacitance
between turns seemed to be a fundamental limitation in this approach. How-
ever, reducing the conductor surface area from that of a wide copper tape
to a thin wire correspondingly incieased the efficiency. Increasing the
pitch uniformly throughout the 6-fcot whip in order to further reduce the
capacitance between tu.ns also reduced the inductance appreciably. Fig, 12
shows an optimized design of this approach tested for relative efficiency,

In the third approach, using the model designated " [:] " in Fig. 12,
the design was based on the theory that stored energy in the capacitance
between turns will produce large losses only when there are large currents
present, The design of Antenna AS-1729( )/VRC was based on reconstituting
a half-wave current distribution envelope on a constant-heighi. vertical
dipole throughout the operating range of 30 to 76 Mc in 10 sub-bands.
Therefore, throughout the major portion of this range the current maximum
will develop at the center of the whip near the feed point, With this in
mind and using the number of turns detarmined by the previous model, we
adjusted the pitch of the helical winding for maximum at the feed point
while monitoring field intensity, and gradually reduced tc minimum at both
the top and the bottom of the whip. This arrangement proved very encour-
aging as shown in Fig. 12. Fig. 13 shows this model mounted on a 3/k-ton
weapons=-carrie- vehicle,

The final arrangement tested is designated with a ''dot" in Fig, 12,
It is essentially the same as the tapered pitch model described above, but
modified to remove the winding located above the feed point, and replaced
with a 3-inch-wide copper strip that terminates at the top in a ferrite-
core lump inductance with a capacity-top copper sleeve, As previously
stated, this lump termination was designed to represent A\/8 at 76 #c. Fig.
3 shows this experimental model and some of its construction details, The
capacity-top sleeve is one inch long with a 1/8=inch gap to prevent it from
becominy a shorted turn. The ferrite-core lump inductance was made of 5
turns of #18 magnet wire space wound on the one-inch-uiameter phenolic
tubing that serves as the antenna support, The length of this coil is
approximately 3 inches., Within this coil is a 3/b-inch-diameter 5-inch-
long ferrite rod, General Ceramics No. MF-6784, (If available, MF-2761
should be used because it is a better material at these frequencies.) From
the lower end of this coil to the inner corductor of the coaxial cable at
the feed point is the ¥-inch-wide 29-inch-long copper strip. Before the
coaxial transformer cable was incorporated in this model, the coaxial cable
from the feed point to the connector at the lower end of this phenolic
tubing consisted of 13 turns of RG-188, having a stretch-out length of
approximately 75 inches, This winding occupied the remaining 35 inches of
the support tubing. To compemsate for any variation in construction, the
number of turns should be adjusted so the feed=-point impedance at 30 Mc in

3
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sub-band |, and at 76 Mc in sub-band 10 closely approaches the target imped-
ance given in Fig. 7. This adjustment will also control the current dis-
tribution shown in Fig, 6, For a given number of turns, the winding taper
has little effect on either the feed-point imoedance or the current distri-
bution; its major influence is on antenna bandwidth and efiiciency. When
the feed-point impedance, current distribution, and winding taper are satis-
factory, a portion of the RG-188 cabie beginning at the feed point is sub-
stituted with a calculated iength of 130-ohm cable designed to cluster the
transformed impedance within a 3:1 VSWR circle referenced to 50 ohms, Al- 5
though the VSWR as shown in Fig, 4 exceeds that of the 10-foot whip, opti-

mizing the coaxial transformer will locate the impedance arcs more uni-

formly about the 3:1 circle, 7able 2 shows the field-intensity m2asurements

made with this model normalired to the field-intensity measurements of the

referenced 10-foot whip while each in turn was mounted on a 3/L-ton weapons-

carrier vehicle,

s st UL

APPLICATIONS

Both the 6-foot whip height and the l-inch-diameter support tubing
used in these models have heen chosen art *trarily and are not meant to sig-
nify that they represent limits in the Je.i 6 of a foreshortened whip
antenna, These two dimensions Should rather be selected to meet the re-
quirements of the application of the antenna, The author believes that
further exploitation of the principles used in this investigation will lead
to a still shorter, perhaps 5-foot-high radiating element at the cost of
only a modest reduction :n efficiency for applications where antsnna height
is @ limiting factor., The whip can be made flexible by selection of a
pliant support member in place of the rigid tubing used in the models.

Use of a high-impedance coaxiai cable of smaller diameter than that in
the model would aid in further reducing the stored energy between turns of
the coaxial transformer cable., This would tend to improve the antenna
bendwidth so that it approaches more closely that of the 10-foot whip.

CONCLUS 10NS

The final foreshortened model explored during this investigation met
the design objectives for efficiency and interchangeability with the 10-foot
whip of Antenna AS-1729( )/VRC. Although other investigators have expiored
various characteristics of top-loaded®:” and short helical radiators,® the
design principles evoived juring this investigation are new and have pro-
duced interesting and unexpectedly favorable results., Experimental measure-
ments ccrroborated a working hypothesis that the magnitude of stored energy
between turns of a helically wound short dipole controis the bandwidth and
efficiency of the antenna, te
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Figure 10, Back view of rurrent measuring probe.

15



e

i 17

ki oA

PROBE METER CURRENT (Ha)

20

19

18

13

12

5T RG58 BRAID ON
Q2 FERRITE RING

SILRT 5100 fo0Ipf

I
:: 0-20 pto
51 f S0

GENERAL CERAMICS TYPE Q-2 FERRITE RING

e

t

A p-—
L]
|

53
1
]

SQ-LAW CORRECTION
CURVE FOR CURRENT

PROBE DIODE (IN70).

] 1 | | 1 |

A 2 3 4 5 6 N4 8 9

CORRECTED SCALE

Figure !},
T3

1.0



*MA/( )6ZL1-Sy ®uuIIuy ;0 diym 300j-0| Y3 SNSISA d|ym PIUSIIOYSIIO4
100j-9 3yl JO SUO|IRING|JUOD SNOIJRA JO $SIAIND Al|susiu| pI®|4 °Z1 94nb)4

E 3
(OW) AININD3IY4 m
08 0L 09 os ov og S
! | L T 8- _
2
o £
C
{ — -8
o
O -
—, <42- m
o
Lqu Cc
/ v
o r
2
%
c
o’
©
o
x
m
P

ANIOd -3334 3H1 MO138 OGNV 3A08V HOLONGNOD HdV3ININ
1NO—HONOYHL ONIONIM HOLlld LNVLISNOD

1N0O-HONONHL ONIONIM HOl1d Q3¥3dvi
(T3AOW TVYNI4) NOILVYNINY3L 380D 3JLI¥¥34 HLIM ONIANIM HOLid Q343dVL

(dIHM 149) @31LS31 SNOILYHNOIINOD 300D

B ORCAS

diHM 9

17

A reee== =il L



‘d|31YaA t3liaed-suodeam UOI-f/f @ UO
Palleasu) diym pay-a33uad paual10ysaioy |ejuawiaadxy °¢| 24nb1 gy

N - e

\\..% % _,u

K.mo‘ ﬂ

18



ADMITTANCE AT BASE [SOLATION UNIT OF ANTENNA AS-1729()/VRC

Measured at high-impedance end with whip and spring
removed. (Wayne Kerr Admittance Bridge Model B-80I).

SUB-BAND FREQ(MC) B G
2TTF (Millimhos)
(picofarads)

I 30 +2I. 1 .04
I 33 +23, 3 .05
2 33 +10. 6 .05
2 37 +12.2 .05
3 37 +3.2 .07
3 42 +17.0 .08
4 42 -2.0 .08
4 41.5 #2.2 Al
5 41.5 -4.6 10
5 53 -0.2 .08
6 33 -3.5 .10
6 56 - 1.8 10
1 56 =92 Al
1 60 -2.8 A5
8 60 -5.3 16
8 65 = 2.0 .20
9 65 -8.0 .24
9 70.5 -5.4 .30
10 0.5 -9.4 .24
10 16 - 6.6 .25

TABLE |

19
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