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TABLE C1

CENTERFED WHIP IMPEDANCE

E g'(:{\(r{iLi(‘»nA;f!igfyﬁ_ng B I'eed Poir:t_ [.ocation LT ?n(h_(_s PR
i Feed Line Feed Point
O __ 15 Ohms L B8 0heme o o R CRIE T B
| F'requency
1 MHz R X R | X R X R X
! 30 1. 40 -118K, 8 1.92 -136 2. 67 -155 12. 5 -413
10 2,88 -92 4. 10 -107 6,0 -124 39.7 -433 |
() 4.5 -65 6,42 =T8T 9.42 -82 B85 -335 :
55 7.94 -45 11,0 -47 15.5 45 04,6 { -210. 6
|
60 13, 1 -32.6 18 -31 28,2 -24 69 i -160.5
65 22.6 -13.0 30 -4,6 40,2 +12, 8 65 | -91 .
{ 70 43.0 -9.0 58 +3 78.3 +27.8 89.3 -46 l!
75 40,5 -24,7 59 -20 88.1 -4.9 140.5 44,1
80 gk -34 48 -37 s -35.7 216, 7 -36. 6
85 24,17 -34 39 -40 65. 5 -45.3 | 277.4 20,5 i
E 88 20,0 -34.3 32 -42 54,8 -51.6 343 9.6 J
I'eed Line Velocity of Propagation = 717,
C-1




Feed Line

—— /(‘ -

Frequencyv
MHz

30

10

00

60

CENTERFED WHIP IMPEDANCE

Cw o

TABLE C2

‘ e ’1
| Condition - Handset Extended I'eed Point Location 17 - Inches ‘
Feed Point :
75 Ohms 95 Ohms 125 Ohms Impedance ﬂ
i T e e e AL
I R e R X R X R X |
B T T S S
|
| 1. 60 -119 2.2 -137 3.0 -157 ; ’
[ | |
l |
b 8.59 -92 5.1 -107 7.5 -12. 4
|
| 5.75 -65 | 8.2 -4 2.0 | -82.2 ‘
| 8.52 -50 ‘ 12 -54 17.3 -55 i f
| |
|
10.2 -37.5 14.3 -38 20,4 | -34 , |
| |
| |
16.3 -32 23 -21 32.4 -10,4 . ‘
|
| 28.3 -7.1 | 38 #8.4 | 8L.5 24, ¢ ;
| |
| 42.6 -8.0 59 +3.8 | 82.3 +29 ;
39.9 -21,8 59, 2 -17.4 | 90.6 ~2.5 .
[ |
23,9 -32 38 -38.2 | 64.4 -44,2 i
Feed Line Velocity of Propagation = 71%,
C-2 .
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TABLE C3

CENTERFED WHIP IMPEDANCE

(’Qn«lirinn - Ir’rpn’(\ Feed Point Location 17 - Inches.
Feed Line Feed Point
‘ 40 75 Ohms 95 Ohms 125 Ohms Impedance
Frequency f { | e i 5 R O e e .
\Hz I R X R b, R X R X |
—_— b4t . ) |
i ,
' 30 | 7.8 -125 |- 5.4 -145 15.3 | -168 84 ~468
10 3.0 -89 4,2 -102 6.10 | -116 | 34.8 | -389
‘ |
[ ‘
50 | 6.2 -63 8. 8 -71 12. 8 78 67.7 | -308
| | |
55 | 19.5 -43 26, 8 -14 37.5 | -40 108.2 | -163
* i i i
. 60 98,9 -34 45 =54 2.9 | =20 128 | -94
| | |
’ 65 43,9 -33 62 -28 88, 4 i 141 | -46
i
70 10,7 -31 58, 8 -27 86,7 | -13,7 | 148 ; -48
75 31.5 -38 48 -41 76.4 -39.5 | 218 ‘ -50
| 30 33 -32,5 50,7 -34,5 | 81,5 | -31.1 | 201 -35
| |
85 25.1 =33, & 39.6 -39.5 | 66,4 | -44.3 | 272 -5
i { i
| 88 21.0 -33.6 33.5 -40.8 | 57.2 J -49.4 | 325 1,3 |
PR, |
.- s =R S —— R—: [N — ) (T — |

Feed Line Velocity of Propagation = 717,

C-3
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L3 -

TABLE C4
CENTERFED WHIP IMPEDANCE

. Tat o= S I —

19 - Inches

| Condition - Free Standing feed Poink Jocation =10 -1In 1
I'eed Line IFeed Point |
; %0 75 Ohms 95 Ohms 125 Ohms Impedance
" Frequency | = OGS GO [Fe
| MHz | R p o R 5 R X R X
30 2,0 | -140 2.9 | -165 22,17 -562
40 3.0 —93.8 | 4,44 | -108 31.8 | -423 |
50 3.43 | -65 5,2 -7 36,2 -360 f
55 4., 80 =50 4,2 -53 25 -305 !
60 5.90 | -35.5 8.81 | -33 | 42 | -251 '
| [ ‘ {
65 9.0 = 13,4 -13 | 49 | -202 ;
70 20.5 | +13 28,7 86 | 44.4 -99 ‘
; r
75 57.0 +5 84,3 +29 103 -51
&0 52.0 -10 82,6 3,5 | 149 -52
85 60.0 =4 96. 8 +12,1 | 135 -35
iL 88 45,0 -33 78.1 -40,9 | 221 -41.9

IFeed Line Velocity of Propagation — 71%,



s

p

TABLE C5

CENTERFED WHIP IMPEDANCE

Condition - Standing

Feed Line

%0 75 Ohms
I'requency T [
MHz | R X
| Soasia i |
30 | 1.39 -112
l
35 }
t
10 | 2.96 -81
!
9 s
45 ‘;
|
50 | 3.58 -56
5 | 7.89 -41
60 | 10.4 -25,8
i
65 | 18.23 -9.7
70 l 32. 87 -2.3
75 | 89.2 T, 1
50 26,17 -33.8
85 22,97 -32.1
<8 J 15.4 -32.2
e

— =

Feed Line Velocity of Propagation

95 Ohms

IFeed Point Location

1.95 -130
3.67 | -124

1. 17 -94 4
5,81 -72.7

5.18 -63
11,27 -43.7
14.6 -23.2
25.1 -1.3
45.6 +9.8
56.9 TZ. 92
42,8 -41.2
387.2 -41,2
25.1 J -43.2

1

125 Ohms

19 - Inches

.6

.4

w X
2.80 | -151
6.3 | -108
7.74 | -69
16,6 -43
21,0 -14
35, 2 +16
64,2 +34
84,6 +26
73.5 49
65. 1 -54
4.5 61
RN

Feed Point
Impedance

R %
|

}
i

o e i

s




Condition -

i Feed Line

CENTERFED WHIP IMPEDANCE

Handset Extended

TABLE C6

I'eed Point Location

19 - Inches

I'eed Point

M. |

. %0 - 75 Ohms 95 ()hm.s;__» 124 ()hm_s Impedance
['requency
MHz R % R X R X R X
| 30 1. 36 =112 1.90 | -130 2.73 | ~-151 16. 4 -463
; 40 2, 68 -7 3. 80 -88.3 5,54 | -100 85. 1 370 |
| |
' 50 5,31 -57 7.70 -84.6 | 11,85 | -72 78 345 |
|
55 9.7 -44 14.0 -48,0 | 20.8 -49 106 -258 |
60 10, 5 -30.8 15.0 -30.4 | 22.0 _25 81 -199
65 17. 3 -15.9 24,3 -10.0 | 34.9 4.1 79 -128
, 70 31.6 -6.5 44.4 +3.70 | 63.6 +25,7 92 %3
75 39.9 -19.8 60 -15.5 | 93.5 -0.9 | 143 -35 ,
) 35. 7 -24,3 | 55,6 | -25 | 91,6 | -19,8 | 177 -15
v !
S5 ot ke i = - ﬁ
| |
* &8 | 18,9 -31.6 30, 8 -42 54,5 -58.5 | 286 135 |
Feed Line Velocity of Propagation - 717
C-6




Condition - Prone

| Feed Line

—

88

| Frequeney ki

L9 3

TABLE C7

CENTERFED WHIP IMPEDANCE

19 - Inches

FFeed Point

I'eed Line Velocity of Propagation

75 Ohms 95 Ohms 125 Ohms Impedance
R X P R X R X 7](.7 et l4‘
1. 8 -112 6.71 -130 9.6 -151 57 -458
2.4 =75 3.35 -84, 8 5.1 -95 27.5 -341
14.6 -45 20,26 -47.5 | 28,9 -45.8 | 100 -197 |
16,7 -36 23.4 -36.3 33. 6 -31 106 -171 ;
28.4 -25 39.8 -20.8 56,7 -8.2 11T -99 i
[
32,4 -24,6 46,7 -20,6 68.9 -7.9 129 =79 I
3.7 -30.8 Stk -30.6 89. 8 -22,6 174 -31 E
35, 8 -29,2 96,8 -30.4 89, 8 -25.5 184 -19 i
24,5 -35.7 39.4 -44.4 68, 2 =53.5 276 +151
247 -30_9 9.9 -39 1 695 =50 255 +59. 6
21,8 -28.3 35,2 -36.4 61,5 -48.2 276 +75
71%.
Cc-7
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1 2

TABLE C8

CENTERFED WHIP IMPEDANCE

[ Condition - Handset Extended

Feed Line

Feed Point Location 21

- Inches

Feed Point

| %o 75 Ohms 95 Ohms 125 Ohms Impedance
| Frequency | ' [' R AT ST E SRR ' s
Mz SR 2 R 4 R X R X
| 30 6.4 -105 9.2 | -123 13.6 | -144 101 -496 |
.
f 10 10. 1 61 14,2 -68 20. 4 -73 91.4 | -268 |
|
| 50 1.9 -47 2.7 S | -55 26,7 | -326
E 55 8.9 -34 12,86 | -34.7 | 19.3 -31.8 | 88.5 | -234
| 60 2.2 -20 17.5 -16.5 | 25.9 63| s0.2 | -169
i 65 12,9 = 18. 4 0 27.1 +16.8 | 62.3 | -137 |
| 70 36,1 -11 53.6 -3.8 | 82.5 +14,6 | 126,3 -55.6 |
. .
75 38,7 -11.4 | 59,2 -6,0 | 94,8 +9.9 | 136 -36 |
80 2%.2 -30.9 44,4 -40.4 | 77.9 -54,3 | 213 79,7
85 . - A = s k 5 '
88 15.7 ~28, 1 25,7 -40.4 | 45,7 62,6 | 200 198 i
|
Feed Line Velocity of Propagation = 71%,
C-8




TABLE C9

CENTERFED WHIP IMPEDANCE

| Condition - Standing IFeed Point Location 21 - Inches
'S o < )
| Feed Line Feed Point
L__Wéf& 3 75 Ohms 95 Ohms 125 Ohms Impedance
| Frequency ) [
L MHz R X R X R X R X
B e
i 30 1.39 | -106 2.0 | -12.4 2,95 | -146
|
|
: 10 2. 88 -73 4,2 -84,7 6.33 -98
i
|
i 50 4.02 -46 5.84 | -50.5 8.25 -53
; 55 6. 89 -34 10,0 -35.4 15,0 -33
;
1 60 10,9 -23 15.8 -21.4 23.7 -13,7
}
; 65 18, 2 -7.2 26,0 +1,0 38,1 +18.9
E 70 39.2 +9.95 55.0 +26,7 78.5 +59, 7
|

75 38.2 -10.7 58.3 -4.9 93.1 +11, 4
: S0 28,7 -29,2 46,6 -37.5 81.% -48,8
| _
| 85 - - - = - -
'[ 88 16, 4 -30.3 26,8 -4, 40 47.9 -68,9

Feed Line Velocity of Propagation ~ 717,




h2 ]

TABLL C10

CENTERFED WHIP IMPEDANCE

# Condition - Prone IFeed Point Location 21 - Inches
| Feed Line Feed Point
L #0 75 Ohms 95 Ohms 125 Ohms Impedance
| Frequency [ e R R R RO gt T
|  MHz ' R X R X R X R X
|
30 | 1.84 -102 2.60 | ~118 3.78 | -136 24,9 -439
10 2,15 | -69.7 a1 -80 4, 61 -91 32.3 -388
50 9. 69 ~44,2 14.0 -48 - | 20.9 -49.2 | 108 -261
55 ' 12,7 <39 7 18. 1 -28.8 | 26.6 = 93,9 ~187 |
|
60 24,5 -19 35.0 -18,9 | 51.8 -0.52| 115 -116 . |
|
65 40,1 -14.6 58, 4 -6.9 | 87 +12, 8 121 —47
|
' !
70 | 385.6 -31,2 56.0 -34,7 | 93.2 -33.8 191 +3, 4 |
’ 75 29,2 -34.1 4,2 -42 82.3 -53.4 | 221 58 |
; i
‘ 80 21,9 ~34,7 35.9 -47.0 | 64.1 87,1 | 226 +137 |
|
| |
’ 85 = - - i " P
|
L &K 15. 8 -26.1 25, 8 .1l 45,7 -56,7 | 228 £192

Feed Line Velocity of Propagation ~ T1%.

C-10
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VIS TRACT

Histortcally, manpack radios opcrating in the VHE military communications band, have
been equipped with basefed whip antennas requiring clectrically small manpack radio-case to
serve as a counterpoise. Since the manpack case is in rather close contact with the carrier's
bodv, antenna performance is affected by body positions (standing, prone, ecte,) and by the
degree of coupling to the carrier's body as determined by clothing and body conductivity .
The objective of the work presented in this report is to develop a 30-88 MHz mampack whip
antenna exhibiting impedance, efficiency and radiation pattern characteristics which arc less
sensitive to bodv proximity and position. A further objective is to achieve a radiating stimc-
ture which can be matched to a 50 ohm source, under all operating conditions, emploving ro

more than six fixed-tuned matching networks.

To achieve the above objectives, electrical characteristics of a 4-foot whip antenna, fed

7-21 inches above its point of connection to an AN/URC-78 manpack radio, were investi-
gated, The elevated feed point approach causes a larger portion of the antenna current to
return to the gencrator via the outer conductor of the feed coax rather than via the carrier's
body, thus reducing proximity effects, Although the feed point is not at the physical center
of the radiator, the structure is referred to as a Centerted Whip Antenna. Various feed
point locations, feed-line characteristic impedances and feed-line electrical lengths were
examined in terms of input impedance characteristics as related to the various operational
conditions, Operational conditions explored include: standing, standing with handset extended
and prone; also measurements were conducted with the antenna-manpack combination free
standing on a dielectric support 5-foot above ground. Finally, performance characteristics
of the optimal centerfed antenna are compared with a basefed whip of the same length,

Results show that when the feed point is located at the electrical center of the whip and
packset assembly, the conterfed antenna canbe matched, for all conditions, using fewer sub-
bands than required for the basefed antenna, Also, efficiency of the centerfed whip is several
dB better than the basefed whip over the lower portion of the 30-88 MHz band and about equal
to the basefed efficiency above 50 MHz, The azimuth radiation patterns of both configurations
are reasonably omnidirectional over the 30-50 MHz range; however, significant anomalics
occur in the basefed whip pattern at 60 MHz; whereas, the centerfed whip shows reasonably
well behaved patterns up to 80 MHz,
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1.

1

Int roduction

This report desceribes the design and development of an asymmetrically fed
whip antenna and associated matching network circuitry. The antenna is intended
for future use with tactical manpack radios operating in the 30-88 MHz portion of
the VHI band., The subject whip antenna is generally called a "Centerfed” whip
because the whip is fed, via a coaxline, at a point whichis the elect rical center ol the
radiating structure. The total radiating structure is considered to be the whip and
associated manpack radio case, including the metal battery-pack container. Since
the radio casc is an important part of the radiating structure, a URC-78& radio and
associated battery pack was used in conjunction with the whip antenna throughout the
development program. The 4-foot whip mounted on the URC-78 manpack radio re-
sults in an overall radiating structure length of approximately five feet.

The subject program was executed in two phases. Phase I entailed design,
fabrication and test of exploratory-optimization models in order to establish opti-
mum design parameters. In Phase II the design was finalized, advanced develop-
ment models fabricated and final performance tests conducted,

During the first phase, a battery powered impedance bridge, capable of being
housed within a URC-78 Radio case, was designed and fabricated so that measure-
meni of anienna impedance couid be accomplisiied wWithioul peitdrbing Comections o
external test equipment. Several experimental whips were then fabricated and ex-
tensive measurements, using the battery powered bridge were performed in order
to determine optimal feed point location, electrical length of the feed-line and feed-
line characteristic impedance. These measurements were conducted for three
conditions: 1) manpack carrier standing, 2) standing with handset extended approxi-
mately three feet and held by a second person and 3) carrier in the prone position,
Also, measurements were performed with the radio and antenna combination mount-
ed 5-foot above ground level on a dielectric stand, This is referred to hereafter as
the free standing condition,

During Phase IT of the program mechanical design of the centerfed whip antenna
was finalized based upon the parameters determined during Phase 1. Also, match-
ing networks covering the 30-88 MHz range in six subbands were designed, fabri-
cated and tested. Three URC-T78 Manpack Radios were modified to accept the new
matching network modules. The modules were designed to fit in the space occupied
by the original URC-78 matching network.

Description of Final Configuration

The final 4-foot whip configuration is fed 17 inches above the point where the
whip connects to the manpack radio. Since the total Tength of the whip and radio
case assembly is 60-inches, the 17-inch feed point location results in excitation
of the composite structure one-inch below its center. The feed Hine is a 95 ohm
coax incorporating expanded teflon dielectric, having a relative dielectric con-
stant of 1.23. This low dielectric constant allows the feed Hne outer diameter




to be Lept small without requiring an cxeessively small center conductor to realize
the 95 ohm characteristic impedance,

Figure 1 shows the final centerfed whip configuration, As indicated, a screw
i pe coupling, similar to a type- N connector, is provided to secure the antenna to
tie radio case. A section of flexible steel tubing six-inches long and 0, 145 inch in
diameter is provided at the base of the whip assembly to allow a 90° bend when
operating in the prone position. The feed coax runs through the flex section and an
S.4-inch length of 0. 19-inch O. D. rigid stainless teel tubing. At the feed point, a
short section of 0, 31-inch O, D. fiberglass tubing is used to support the upper whip
section.  The upper whip section is attached to the lower section via a serew con-
nection; thus, the upper whip can be removed to facilitate packaging in a field kit.
In addition, the upper section is made of spring stainless steel 0. 10 inch diameter
at the base and tapering to 0,040 inch at the tip. This allows bending into a rather
tight lToop without permanent deformation. Also, a one-half inch diameter teardrop-
shaped tip is provided for ¢yve protection. The eye protector tip is molded plastic
foam and can be removed by crushing to reduce visibility under combat conditions.
Figure 2 shows a URC-78 Radio with a matching network module installed.

Pertformance characteristies of the final centerfed whip configuration, as de-
scribed above, are presented under paragraph 4.0. These include: impedance at
h

1L secanas 1% Aol ard
Li-AWvave Gapind el Gall

the matching network inpui, eiliciency reiative io a na
radiation oatterns.

[or comparison, similar measurements werc also performed witha 4-foot base-
fed whip mounted on the URC-78 manpack radio case. These measurements were
performed for the free standing condition and with the manpack on a carrier's back.
In general, the basefed whip exhibited a much higher impedance than the centerfed
configuration over the 30-50 MHz range. At the higher end of the band impedance
characteristics were similar. However, impedance variations over the range ot
operational conditions were noted to be significantly less for the centerfed whip
than for the basefed whip. This was particularly true at the low end of the band.

Smith Chart plots of the measured impedance data, for all antenna configura-
tions, is presented. This data is also listed in tabular form (see Appendix C)
since resolution onthe charts is poor over the lower portion of the band. The tables
also indicate the feed point impedances as derived by transformation of the mea-
sured input impedance values.

Initial Investigation (Phase I)

Impedance Measurement Technique

Accurate measurement of the impedance of a manpack antenna requires a high
degree of isolation between the radiating system and impedance measuring instru-
ments.  In general, cable connections between antenna and test instruments re-
present the major perturbing factor. Previous investigators, such as l\'x'upka(l),
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have emploved RIT chokes in the interconnecting lines.  Such devices reduce direct-
Iv conducted RIT currents but have no effect on mutual coupling between the driven
antenna and the line on the test-instiument side of the choke, Tor example, the
mutual impedance between two resonant colinear half wave dipoles spaced 0.01A is
(26 * j18); hence, if one dipole is driven and the other shorted the current at the
center of the shorted dipole is only 7 dB below that at the center of the driven di-
pole. Also, the input impedance of the driven dipole becomes (67 - j13) rather
than the 72 ohm free space value. In this example the 0. 01A spacing between di-
pole ends may be considered an infinite-impedance perfect choke, yet significant
coupling occurs andis reflected in the driven dipole impedance. To avoid the above
problem a battery powered impedance bridge, having the block diagram shown in
figure 3, was used for all impedance measurements.

The circuitry indicated in figure 3 was housed in a URC-TR8 Radio case and
powered by batteries housed in a standard URC-78 battery box. The impedance
test set assembly is shown in figure 4. The bridge was balanced by remotely ad-
justing the variable load, using a 12-foot long tapered fiberglass tube as a tuning
wand, so that the person operating the bridge did not affect the antenna impedance.
Proximity of the person operating the bridge was observed to be least critical over
the 30-50 MHz range; in general, proximity was most critical between 60 and 75
MHz,

An Anzac Model HH-107 180°-hybrid was used as the impedance comparator
element in the bridge. As indicated in figure 3, the whip antenna is connected to
one arm of the hybrid and a variable load is connected to the opposite arm. A null
is obtained, at the hyvbrid difference port, when the load impcedance is equal to the
antenna impedance. When a null is obtained the impedance of the variable load is
measured using a Hewlett Packard network analyzer. When the system is adjusted
for a null, any power not absorbed by the loads is reflected back to the hybrid sum
port; therefore, a 6 dB pad and buffer amplifier arc used to isolate the tunable
oscillator. This prevents frequency pulling and forward power variation under
high sum - port VSWR conditions. Also, the RI’ Source is modulated at 1 kHz and
the detected mocdulation at the hybrid difference port is amplified via a bandpass
amplifier. The amplifier provides 70 dB gain and a 14 Hz bandwidth centered at
1 kHz; hence, interferring signals coupled in by the antenna are rejected. The sys-
tem provides a null sensitivity of 40 to 45 dB over the band of interest.

The variable reference load provides a reflection coefficient magnitude range
of 0.966 to 0.06 (1,13 < VSWR < 58) by adjustment of the variable attenuator. The
capacitor and inductor provide variation of the reflection coefficient angle. Series
combination of the variable attenuator and reactors provide a wide range of reflec-
tion coefficient, or impedance, variation. However, when measuring an antenna
impedance of large reactance to resistance ratio significant error in the measured
R-component value can result, even though a good bridge null is achieved. This is
caused by finite insertion loss associated with the variable attenuator which limits
the maximum value of reflection coefficient-magnitude achievable with the variable

(91}
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reference load, Using the standard cxpression for reflection coefficient, the R & X
values corresponding to polar reflection coefficient (1 /<) are given by:

(1 | *r> 2y
R ————————————— (1)
(1 P “) 2T ¢os

X — -- (2)
1+ I'a) =21 cosd

where:

I reflection coefficient magnitude (Voltage Ratio)
¢ reflection coefficient angle
#0 characteristic impedance

Also, if the reflection cocfficient angle of the reference load is cqual to that of the
unknown load, the maximum null depth obtainableis given by:

{ Iy —T'x |
Null (dB) 20 log R (3)
where:
95 reflection coefficient magnitude of reference loacd
I'x reflection cocefficient magnitude ot unknown load

In general, the equal reflection coefficient angle condition is easily satisfied.

If the insertion loss of the variable attenuator limits the maximum value of
reference load reflection coefficient to I'r -0, 30 dB and the unknown load reflec-
tion coefficient is actually -0. 20 dB, the null obtainable is -45 dB per equation (3)
above. This would be considered a very good null; however, inserting I'r ~ -0, 30
dB into equations (1) and (2), with angle ¢ assumed to be ~45° results in an ap-

parent value for the unknown load of R ~ 5. 88 ohms, X 120. 47 ohms. Substitu-
tion of the true unknown load reflection coefficient I'x -0, 20 dB, ¢ -45°into
equations (1) and (2) yields: R -~ 3.93 ohms, X -120.60 ohms; hence, the R-

component error is 49, 6" and the X-component error is only 0. 11 7.

The above example shows that a large R-component measurement error may
occur if the attenuator setting must be reduced to zero to obtain a null, even though
the null depth is very good. IHowever, the good null results from accurate match-




Do

2.2,

1

ing of reflection cocfficient angles which vields an accurate reactance value pro-
vided the reflection coefficient magiiatude is large,

Error in measurcment of the R-component, under large X to R ratio conditions,
is avoided by inserting an inductor of known reactance and QQ in series with the an-
tenna prior to balancing the bridge. This transforms the antenna impedance to a
lower reflection coefficient which can be accommodated by an attenuation value ex-
ceeding the insertion loss of the variable attenuator. The antenna impedance is
obtained by correcting the measured variable load impedance using the previously
measured R & X values of the added scries inductor. Moreover, the X-component
of antenna impedance thus obtained can be checked by measurement with the series
inductor removed, since direct measurement of the X-component is less than 17
in error as indicated in the above example. The above approach was used in the
30-45 MHz range.

Appendix A presents a discussion of bridge accuracy considerations. Also,
ficure 5 shows the minimum R-value which can be accurately measured as a funce-

tion of reflection coefficient angle, for several values of attenuator insertion loss.

Impedance Characteristics

Impedance measurements were performed using the battery powered bridge
discussed above. Initially, measurements were conducted with the manpack-whip
combination free standing on a dielectric support which placed the bottom ot the
radio approximately five feet above ground level, All other measurements were con-
ducted with the manpack-whip combination on a carrier's back. Measurements
were taken with the carrier standing, prone and standing with the handset extended
approximately three feet and held by a second person,

IF'eed point locations of 17, 19 and 21 inches were investigated. Also feed line
characteristic impedances of 50, 75, 95 and 125 ohms were explored. Only limited
investigation of the 50 and 75 ohm impedance levels was carried out since it was
immediately apparent that these values resulted in very low R-component values
Smith Chart plots of all impedance characteristics are presented; also, correspon-
ding tabulated data is given in the Appendix B.

F'ree Standing Characteristics

Figure 6 shows the free standing impedance characteristics of the centerfed
whip-manpack combination for feed line impedance of 95 and 125 ohms with the
feed point located at 19 inches. Unless otherwise specified, the feed-line velocity
of propagation for all data is 71"/, corresponding to solid teflon dielectric. Also,
the impedances plotted are referred to the base or input of the whip (see figure 7),
hence, the feed line length is equal to the feed point position relative to the top of
the manpack radio. The impedance at the feed point, obtained by transforming the
measured input impedaice to the feed-point, is also plotted in figure 6.
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I'or the free standing condition, the whip- manpack combination may be con-
sidered a dipole type structure driven at the feed point with one end loaded by the
manpack case. Therefore, the feed point impedance characteristic should be
similar to a dipole of the same overall length and driven at the same point. To
establish confidence in the measured data this theory was explored. The feed
point impedance of an off-center fed dipole having an overall length of 60-inches
(Length of whip * manpack) was computed using the method developed by King &
Harrison(2) For comparison with measured data, the computed feed point im-
pedance of the dipole was transformed through a 19 inch length of 95 ohm coax as
used to feed the actual antenna. The impedance characteristic thus computed is
plotted in figure & along with measured points for the whip- manpack combination.
The computed characteristic is quite similar to the measured data, except the
reactance at corresponding frequencies is less for the measured points. This is
probably due to the fact that the end loading effect of the manpack case was not
included in the computation. FPigum 9 shows the same data for the 125 ohm feed
line case.

Impedance characteristics for a basefed whip, driven against the URC-7T8 man-
pack case, are shown in Table I for the free standing condition. The whip in this
case was four feet long and tapered from 0, 10-inch in diameter at the base to 0, 040-
inch in diameter at the tip. FFor comparison, the free standing impedances of the
centerfed configuration are also listed in Table I along with impedance measured
for each antenna when on a carrier's back. Examination of the data in Table I
shows the centerfed configuration to be reasonably independent of carrier proximity,
This is particularly true over the 30-50 MHz range. Conversely, the basefed whip
R-component increases significantly when the manpack is on the carrier's back;
moveover, the increase is greatest within the low frequency portion of the band.
The large R-component increase may be interpreted to indicate large dissipative
losses caused by coupling to the carrier's body; to a degree this is certainly true.
However, it is well known that the impedance of a lincar radiator is a first order
function of current distribution and this distribution is most certainly altered, re-
lative to the free-standing condition, by the carrier's body. Therefore, one can-
not conclude that the increase in R-component is totally due to power dissipated
in the carrier's bedy. Also, some alteration of the basefed whip current distribu-
tion is indicated by change in the reactive component. Efficiency measurements,
as discussed under paragraph 4. 2, show the efficiency of the centerfed configura-
tion to be considerably better than the basefed configuration at the lower end of the
band, but theimprovement is not as great as obtained by assuming the total basefed
R-component increase to be due to dissipative losses,

The most significant factors indicated by the data in Table T are: 1) The im-
pedance (both R and X Components) of the centerfed configuration does not change
significantly due to carrier proximity; thus the current distribution is not greatly
altered and 2) the reactive component at the lower end of the band is smaller and
the rate of change is less than for the basefed whip. The second factor is impor-
tant in terms of matching bandwidth; in other words, the reactance spread is less
when the impedance is transformed by the matching network,

13
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TABLE 1

IMPEDANCE OF CENTERFED AND BASEFED WHIPS

4-FT CENTERFED WHIP
FEEDPOINT POSITION 1. = 19"
%0 =95 0ohms , €p =2
[ | FREE = STANDING
FREQUENCY STANDING CARRIERS BACK
(MHz) R+ jX R+ jX
13;1 "’k'"l‘j;_)“_ ;1.7137(") o : ‘ - jH‘U
33 2,6 =§119 2.8 - §126
36 3.3 = }108 2,6 - jl112
40 4,2 - 94 3.0 - §94
11 4,3 - 91 3.2 - j91
47 4,9 - j72 3.2 - j74
50 5.2 - 163 3.4 - 165
55 11,3 - j44 4.8 - i50
60 15 - 323 5.9 - 36
: 65 25 -j1.3 9.0 - j31
70 46 -~ §9.8 21 i13
75 )T + 33 57 i3
80 13 - j41 52 i10
85 37 - j41 60 - j4
88 25 - j43 45 - 139
16

STANDING

1-1T BASEFED

WHIP

CARRIERS BACK

R
30 - 1310
32 - j310
33 - j280
34 - j255
34 - j246
35 - j198
35 - j176
35 - j146
35 - 112
15 - j31
15 - j23
58 + j25

117 + j21
122 - 38
118 - j35

FREE

STANDING

R+ jX

1,

Do

9 - j493

.8 - j443
.9 - 387

.2 = 3330

8.0 - j314
11.4 - j240
13.1 - 190
16 - 100
18 - 373
23 - §47
28 - j20
34 -i3
41 +j14
63+ §20
85 *j10




Impedance characteristics of the centerfed whip antenna under three opera-
tional conditions, with the whip-manpack combination on a carrier's back, are
shown in Appendix B, figures B-1 through B-27. The conditions are: carrier
standing, standing with second person holding the handset extended 3-feet and with
the carrier prone. Characteristics for these conditions are shown for feed point
locations of 17 inches, 19 inches and 21 inches and for feed line characteristic-
impedances of 75, 95 and 125 ohms. The data is also presented in tabular form in
Appendix B, Tables B1 through B9,

The variation of impedance, at corresponding frequencies, for cach operational
condition is shown in figures 10 through 15. These figures are plots of the same
data shown in figures B1 through B-27; however, points for all three operational
conditions are plotted on the same chart with each chart corresponding to a parti-

cular feed point location and feed coax characteristic impedance

In general, the points are most tightly grouped between 30 and 50 MHz (the
most critical region in terms of matching) and begin to spread at higher frequencies.
Note that some care must be exercised in evaluating the plotted data because the
Smith Chart is compressed in the higher impedance region. The 17 inch feed point
data shows the tightest grouping in the critical low frequency range; therefore, the
17-inch location was chosen for the final design even though the reactive component
is slightly greater than for higher feed points. It may be noted; however, that the
higher reactance is primarily a function of feed-coax length rather than feed point
height relative to the top of the radio case. Therefore, tight grouping of the points
is considered the most important factor governing selection of the feed point lo-
cation.

From inspection of figures 10 through 15, it is further noted that the imped-
ance spread is reasonably small in the standing position with and without the hand-
set extended, for all feed point locations and cable impedances. On the other hand,
the prone points are more widely spread relative to the standing condition points.
Fortunately this occurs above 50 MHz where the antenna  is lower and matching
less critical.

Since the feed point impedance is constant for a given feed point position, the
whip input impedance becomes a function of the transformation properties of the
feed coax as determined by its characteristic impedance "#0'" and electrical length.
At the low end of the band (high feedpoint X to R ratio) the transformed X and R
components increase as %o of the coax is increased; however, the R-component
increases more rapidly than the X-component for a given clectrical length. As an
example, if the feed point impedance is 5 - j150 and the line length is 16 electrical
degrees the transformed impedance for %20 80 ohms is 2. 28 - j83.3 and for %o
140 ohms the components increase to 3,17 - j84.06. It may be noted that the R-
component increased by 26, 5'; whereas, the X-component increased by only 1'/,
If the line length is increased to 24-degrees the transformed impedance becomes
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1.77 - §62.36 for %40 80 ohms and 2,75 - in9.4 for %o 140 ohms, These imped-
ances exhibit a slightly lower X to R ratio which is gencrally desirable, however,
the smaller R-Values are undesirable since the magnitude of "R has a greater
influence on overall antenna-matching network efficiency.

In view of the above facts, a high 4o feed line, of minimum electrical length,
is desirable. Moreover, the line should be as small in diameter as possible to
minimize visibility of the lower portion of the whip. The requirement of small
outer diameter in combination with high impedance is somewhat incompatible; be-
cause, the coax center conductor diameter becomes extremely small,

In an effort to satisfy the above feed coax requirement a survey of coax cable
manufacturers was conducted, It was found that cable of the desired characteristics
is manufactured by W. 1., Gore & Associates of Minneapolis, Minnesota, The Gore
designs achieve high characteristic impedance and small overall diameter while
maintaining a reasonable center conductor diameter, This is accomplished by
employing an expanded teflon dielectric which exhibits a relative dielectric constant
of 1.23: the low diclectric constant also reduces electrical iengthfor a givenphysical
length. Typical parameters of two Gore expanded teflon cables, 95 ohm and 125
ohm, are as listed below; along with Standard RG-195U for comparison.

CHARACTERISTIC IMPEDANCE

95 ohm 125 ohm (95 ohm)
PARAMETER RG-195/U
Center Conductor Diameter (inches) 0,012 0.012 0.012
Center Conductor Stranding 7/38 7/38 7/38
Dielectric Diameter (inches) 0.068 0,118 0.102
Diameter Over Braded 0.082 0. 132 0. 124
Outer Conductor (inches)

Diameter Over Teflon Jacket 0.096 0. 146 0.155
Dielectric Constant 1. 2¢ L 120 2. 10
Velocity of Propagation 7 90 90 71
Dielectric Strength (Volts) 1000 1500 2000

In terms of matching network efficiency the 125 ohm cable is most desirable;
however, the quoted delivery time (180 days) was excessive for the subject pro-
gram; hence, the low dielectric constant 95 ohm cable was used. This was avail-
able in small quantity from stock. Table II shows the measured input impedances
for the 95 ohm cable used in the final centerfed whip design.

FFor comparison, the input impedances for the RG-195U coax and the 125 ohm
(¢ 1.23) coax are also listed.

Input impedance for the 125 ohm coax was computed fron data measured with
the 95 ohm « 1. 23 cable by transforming measured impedances to the feed point
and transforming the feed point impedances back to the input using a %o of 125 ohms,
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(MHz)

30

33

80

88

TABLE 11

CENTERFED WHIP INPUT IMPEDANCE

(17-inch Feedpoint Location and 17-inch F'eed line)

Bo=95 € =123 | %o-125 e -1.23 | %o-95 2.1 |
Standing Prone ] Standing Prone 5 Standing Prone 1
2.5 - 156 4 - 174 f 3.8~ 1Th 5,5~ 199 1.9 - 136 3.1- 145 |
3.3-150 4.4 - 160 4.5 - 170 6.1- 184 | 2.4-129 2.5 - 138 |
4,2 - 143 4.9 - 146 ‘ 5.0 - 163 6.8~ 167 | 3.6 - 117 3.8 - 122 ‘
5.4 -134 5.4 - 127 ‘ 7.7 - 154 7.5 ~ 144 O ;._’-102?
5.6 - 130 ) - 124 8.0 - 149 8.4 - 141 5.0 - 96 5.6 - 90 :
7.3-113 9.4 - 103 | 10,5 - 130 13,2115 | 5.8~ o4 7.2~ 78!
8.1- 97 11,1- 93 | 11,5 - 109 15.6 ~ 103 | 6.4- 74 8.8 - 71 |
|
13,1- 66 31.5- 61 | 17.8 - 68 42 50 | 11,0 - 47 27 - 44|
19.6 - 43 51 - 45 L 25,8 - 38 67 -~ 36|18 - 31 45 - 31
31,4 - 20 70 - 39 | 39.9 - Tl 93 ~ 25 30 - 4.6 62 - 28 :
58,6- 8 67 - 39 |73.7- 12,5 92 -~ 25 Iss - 3 9 - 27%
|
65,9 - 35 59 - 60 92 20.9 89 - 89 " 59 20 I8 - 41
59.2- 56 62 - 52 |90.9- 54,1 94 - 47 |48 - 37 51 - 85
49,9- 64 51 - 63 |81 - 71 83 -~ 69 I 39 10 0 - 40|
42 - 69 44 - 67| 70.5- 83 7 ~ 79 | 32 42 33.5- 41
25




3.1

Advanced Development Antenna (Phase T1)

Based upon the Phase [ investigation, examination of the Exploratory Develop-
ment Antenna models and conclusions reached during the Design Review Meeting,
design on an Advanced Development Model proceeded, Parameters of this model
are listed below:

(a)  Antenna Overall Length — 4-feet,

(b) IF'eed Point Location — 17-inches above input connector,

(c) Feed Coax Impedance — 95 ohms, 907 velocity of propagation,

(d)  Upper Whip Diameter — 0, 10-inch at feed point tapering to
0,045-inch at tip,

(e) Eye Protector — Tip to be fitted with 1/2-inch diameter Teardrop shaped
protector of erushable foam material,

(f) Two Piece Construction — Upper whip to be detachable from lower section
by screw coupling.

(g)  Connection To Radio — Input connector to be similar to Type-N and pro-
vide for twisting motion without damage ot tlex
section or BNC portion of connector,

(h) Material — Stainless steel construction should be used wherever possible.

(i) Flexible Section — Shall maintain whip in 90° position for prone operation
and not exceed 0. 45 inch in diameter,

() Feed Coax Section — Shall not exceed 5/16~inch in diameter,

Mechanical Design

Figures 16 and 17 illustrate critical areas of the whip mechanical design.
Figure 38 shows the input connector assembly. This assembly is composedof four
basic ports: 1) the outer sleeve (reference No. 21) which engages the threaded boss
on the radio, 2) an inner sleeve (reference 4) into which is pressed a modified BNC
Connector (reference 8) which mates with the BNC Connector onthe radio, 3) Slip-
clutch bushing (17 and 18) and 4) Spring washer (16) which applies 18 pounds of
axial force between the conical clutch busing surfaces, Clutch bushing (18) is
slotted to accept the pins on the radio BNC-connector and is therefore held rotat-
ionally fixed once the BNC is engaged., Also, dimensions are adjusted such that
the main connector thread cannot be engaged until the slots in bushing (18) are
aligned with the pins on the BNC connector. This prevents damage of the radio
BNC pins. The clutch assembly is provided to allow the antenna to rotate when
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3.2

flexed 90° for prone operation., The frictional torque provided by the cluteh was
designed to maintain the whip in a vertical position, but still allow rotation without
damaging the tlex section,  Although the flex scction is capable of limited compound
bending, excessive twisting, when already flexed 907 in one plane, would most
certainly result in permanent damage. This has been a problem with AN/PRC-77
whips, which utilize the same flex tubing.

To minimize wear, the cluteh bushings are held in place by six ball bearings
(19) which are inserted by compressing spring (16). Also, the slip clutch cone-
angle was chosen as a compromise between frictional torque and wear, The clutch
was designed to provide 7.4 inch-pounds of torque, which is sufficient to keep the
whip in an upright position in a 50 MPH wind. However, after assembly the torque
was found to be less than desired. Since the 18 pound spring force was checked, it
is believed that the 0,70 coefficient of friction between brass bushing (17) and stain-
less bushing (18), as given by Mark's Mechanical Engineering Handbook, was in
error. Although not experimentally investigated, it is belicved that replacement of
bushing (17) with a hard polyurethane bushing would result in the desired torque.,
However, the wear properties of polyurethane for a slip clutch application are not
known,

Figure 17 shows the feed point assembly. The braided outer conductor of the
feed coax is terminated by soldering it betweenbushing (11) and outer stainless steel
tube (7). The inner conductor of the feed coax extends through teflon washer (12)
and is soldered to part (13) which is a bronze section incorporating a screw thread
for connection to the upper stainless steel whip (reference 23). It should be noted
that a long lead is provided on the upper whip screw thread to insure proper thread
alignment. The threaded bronze section (13) is secured to the lower whip tubular
section (7), by fiberglass sleeve (10) which is secured by epoxy bonding. The coax
feed line is sealed against moisture intrusion, at the input end. via the standard
gaskets in the BNC connector, At the feed point end, any moisture entering through
the flex section is blocked by injection of a silastic compound (reference 25) just
below the feed point. The injection holes are covered by fiberglass sleeve (10),
which seals the remaining portion of the feed point assembly.

Matching Networks

Based on measured impedance data derived fromthe Advanced Development
Model, matching networks were designed to cover the 30-8% MIz band. Several
design approaches were initially investigated in an effort to determine the maxi-
mum bandwidth achievable within a VSWR no greater than 3:1, while maintaining
reasonable network insertion loss. The VSWR upper limit of 3:1 was based upon
the automatic level control circuitry associated with the AN/URC-78 power ampli-
fier. The power amplifier is protected from high VSWR overloads via an ALC cir-
cuit which begins to reduce power output when the load VSWR is between 3 and 3.5
to one,
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Initial subband choice was based upon the work of ‘I anner(@) & l-:mu(:”. who
developed the curves shown in figure 18, These curves relate the maximum band-
width "Af' which can be achieved within a given VSWR using an N-element matching
network. As indicated in figure 18, the curves are based on the absolute value of
load reactance at the band center frequency, reactance change over the band, band-
with desired and magnitude of the average R-component over the band, It was
found that this approach is somewhat useful but represents only a rough guide line
and that bandwidihs thus determined tend to be optimistic. This is possibly due to
the fact that the curves assume that all points on the transformed or matched im-
pedance characteristic lie on the maximum allowable VSWHK circle.  Theoretically
this condition results in the maximum possible bandwidth for a given VSWR. How-
ever, this optimum condition is not readily achieved in practice. The above ap-
proach indicated that the 30-88 MHz range could be covered in 5 subbands; however,
subsequent calculations shown at 6-bands were necessary. The final subbands are
as listed below:

Band Frequency Range Mifz
1 30-33
2 33-36
3 36-41
4 41-47
4 47-55
A 55-88

The matching network schematic for each subband is shown in tigure 19, Com-
ponent values are those originally computer based on antenna impedance; however,
due to stray reactance and some error in measured antenna impedance it was nec-

nft
(93

oo
vaal

wactors hut the general civenit conficuration remained
as originally designed. As indicated in figure 19, the same circuit configuration
was used to match bands 1, 2 and 3, Tigure 20 illustrates the general approach
used to match the first three bands; transformations obtained by addition of each
element are indicated by separate loci, A similar diagram, figure 21, shows the
general approach used to match bands 4 and 5; it may be noted that band 4 and 5
networks are essentially the same except for component values and the input series
capacitor in the band 4 network.

In band 6 all impedances are capacitive and have a relatively large R-component,
hence, the series inductor transforms the higher frequency points symmetrically
about the 50 ohm point. The shunt resonant circuit, which is resonant below the
band, acts as a shunt inductor for transformation of the 55 to 60 MHz points and
appears as a virtual open circuit over the remainder of the band.

Insertion loss of the matching networks was computed basced on a Q of 100 for
all inductors and 1000 for the capacitors, The Q of the rather small inductors, used
in the band 4 and 5 parallel resonant circuits, was determined by measuring the re-
sistance across the parallel combination at resonance and also the capacitor value,
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The series resistance of the inductor at "wy'' is given by:

/
[

L\
R Ry, | = )

where: Rp measured circuit resistance at resonance and w,, is the resonant

radian frequency.

thence, the inductor Q at resonance is given by:

@y “p(‘

Using the above method, the Q of the small value inductors used in the band
4 and 5 resonant circuits were determined to be 8% and 97 respectively. These Q's
were used in the insertion loss computations, Computed Network insertion loss is
as listed in Table III.

TABLE III
MATCHING NETWORK INSE RTION 1.OSS

(COMPUTED)

FREQUENCY (MHz) i INSE RTICN LOSS (dB) ]

30 5 -3, 57 \

33 -3.00 |

l

\ 33 -2, 60 i
; 36 -2.00
36 1. 80
i1 -1, 61

‘ 11 -1.08 j

i 17 -1, 14 f

! 17 0. 66 !
‘ 55 -0.92

| |

’ 5 ‘ -0,76 |

l 88 | 0,92 .

o SO [ L]

Lo
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Final tuning of the matching networks proved to be very difficult because point-
by-point impedance measurements had to be performed after cach adjustment, be-
cause direct connection of test equipment alters the antenna impedance, Initially,
cach network was tuned on the bench by placing a short across the antenna terminal
and adjusting the input impedance, at low, mid and high frequencies, tothe imped-
ance computed using the theoretical networlk component values, but with the antenna
replaced by a short, This approach proved to be unsatisfactorv, even when networks
which had been tuned point-by-point inthe radio were used as standards,

A second approach to direct bench tuning, involving mcasurement of the net-
work transfer function (Amplitude and Phase), was tried. In this case, a HP Net-
work Analvzer was used for the transfer function measurement; hence, the antenna
terminal was terminated in 50 ohms by the analyzer test input. Again using theo-
reticai-design circuit component values, the transfer function of the matching net-
work was computed with 50 ohms across the antenna terminal, The matching net-
work transfer function was then displayed using the HP Network Analyzer and com-
ponent values were adjusted to vield a characteristic as close as possible to the
computed transfer function. This approach also failed to yield the desired result;
namely a reasonable match across the subband when the network was checked point-
by-point in the radio,

The tuning method which proved most satisfactory was accomplished by initially
connecting the composite manpack-antenna assembly to a network analyzer and,
ignoring the perturbing effect of the cables, the network was adjusted for the best
pogsible VSWR characteristic bv sweeping across the particular subband under test
while observing the polar impedance display., Once this was accomplished, a minor
point-by-point adjustment generally resulted in a good match across the band. These
final adjustments were done using a reflectometer circuit consisting ol @ miniature
bidirectional coupler, diode detectors and a microammeter mounted externally on

thoe mannach

the manpack to indicate forward and reflected power, The reflectometor cirenit

was mounted on a PC board which could be inserted in a matching network module;
hence, no external connections were required. To isolate the radio power-amp
from high VSWR during tuning of the matching network, a 4 dB pad was inserted
ahead of the bidirectional coupler. Also, calibration curves were generated so that
the ammeter readings could be converted to forward and reflected power

For large quantity production, it is believed the networks could be tuned on the
bench by using dummy loads to simulate the antenna, The best procedure © v
establishing the dummy load impedances would be to initially develop a set of
standard networks, accurately tuned by the laborious point-by-point method,  The
input impedance of these networks, with the manpack free standing, would then be
arefully measured at the low, mid and high frequency points of each subband, A\
set of dummy loads could then be fabricated and adjusted to vield the measured
input impedance when connected to the standard networks, All other networks
could then be bench adjusted using the loads thus established,
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Performance Characteristics

Measurements of VSWR, efficieney and radiation patterns were made on the
centerfed antenna mounted on the AN/URC-T78 Radio Set, A similar set of mea-
surements was carriced out on a 4-foot bascfed whip mounted on the same radio,

A stainless steel whip 0, 120-inch at the base and tapering to 0, 040-inch at the

tip was used for the basefed measurements, Simple narrowband matching net-
works were used to match the basefed whip at frequencies corresponding to the
upper and lower end of each sub-band associated with the centerfed whip, There-
fore, insertion loss of the basefed networks mayv have been slightly lower than the
broadband centerfed networks.

Input Impedance

The imnedance characteristic of the centerfed whip, at the input of the match-
o

ing network associated with each subband, is shown in figures 22 through 27; for
both standing and prone positions.

In the standing position the input VSWR is generally 3:1 or less across each
subband; this insures full output of the AN/URC-78 transmitter since ALC loop
action is initiated at a VSWR of approximately 3, 5:1.

In the prone position, the VSWR exceed 3:1 over a portion of the lower sub-
bands 1 through 4, However, in bands 2, 3 and 4 the prone impedance character-
istic does not show extreme variations and a large percentage of cach of these sub-
bands is within the 3:1 VSWR circle. Band 1 (30-33 MHz) presented the most dif-
ficult problem due to the larger value of antenna reactance and rather rapid excur-
sion of this reactance with frequency.

The matching networks associated with each subband, as shown in figure 19,
were designed based on measured impedances in the standing and prone positions;
however, optimization for both conditions in thie lower frequency range proved
somewhat difficult in terms of both theoretical design and final adjustment of com-
ponents in the field. Rough adjustments were made via sweep frequency measure-
ments and fine adjustments point-by-point,

Although difficulty was encountered in matching the centerfed whip simulta-
neously for both standing and prone conditions, over the lower portion of the 30-88
MHz range; it is certain that this problem would be greatly magnified in the case
of the basefed whip, Examination of the 4-foot basefed whip impedance, in only
the standing position, indicates that at least nine matching networks would be re-
quired to accommodate the standing position due to the much higher and rapidly
varying reactive component at the lower end of the band. In otner words, several
networks covering narrower bands would have to be added at the lower end of the
band,
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4.2 Etficiency

Efficiency of the centerfed whip, with associated matching networks, was mea-
sured relative to a resonant half-wave dipole at the upper and lower frequency end
of each sub-band. The reference dipole antenna was mounted on a fiberglass mast
with its center 10-feet above ground, as described in the Test Plan, Measurements
were performed for both standing and prone positions with the centerfed whip mount -
ed on a modified AN/URC-78 radio, Also, efficiency of a basefed 4-foot whip
mounted on the same AN/URC-78 radio was measured. Results of these measure-
ments are shown in Table TV. Since the input VSWR varies over the frequency
range, as shown in the impedance plots, all measurements are normalized to unity
VSWR for better comparison. In other words, reflection loss for both base and
centerfed whips was corrected using the relation:

VSWR  LOSS FACTOR - 10 logyg (1-['; “’) (dB)

=
where: ( is the input reflection coefficient.

Since dissipative insertion loss of the various networks was not measured, the
results of Table IV do include this factor,.

TABLE IV
EFFICIENCY RELATIVE TO HALF WAVE DIPOLE

r"‘ Sl L Ay b i s e R — 7 e Gl S ——— B i s~ Rt it [ REEEC
i T‘ Efficiency Efficiency '
‘ Frequency r Centerfed Whip/dipole (dB) Basefed Whip/dipole (dB) “
Band (MH2) | Standing Prone Standing Prone |
(1) 30 \ -6,1 - 4.4 3 -9.6 -8,8 |
33 ( -9.8 -13,6 ; -9.6 ;
(2) 33 ; -7.5 - 8,2 1 -9, 4
36 : ~7.6 - 4,2 -9.4 |
| | |
: ? |
(3) 36 ~-7.6 - .2 : -9.1
11 -5.6 - 5.4 -9.1 ‘
4
(4) 11 -5.3 - 8.9 9,7 I
17 -5,3 - 4,1 -9.7 |
\
i (5) 17 -6.9 - 6 -4, 1
} 0o -5.38 - 3.5 -4.4 -4,1
(6) 55 -8, 7 - 9,2 -3.8
] 80 -5.5 - 8,0 -3.9 -3.0 J
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Due to some dayv-to-day variation in the efficiency data, the results presented in
Table IV represent the average of several measurements. In general, the centerfed
antenna appears to be several dB better than the basefed antenna over the lower por-
tion of the band. At the higher end of the band, the bascted and centerfed perform-
ance tends to converge. The sizeable difference between band 1 and band 2 at 33
M1z has not been resolved, It would appear that the band 1 network has a high in-
sertion loss at 33 MIlz; however, computation of insertion loss using measured
inductor Q's and measured antenna impedance does not show this to be the case.

One unexpected result shown by the efficiency measurements, is that efficiency
of both whips in the prone position is in general slightly betier than for the standing
position. This may be due tothe fact that a stronger surface-wave is launched when
in the prone position. In other words, the ground reflection coctficiont becomes
closer tounity due to a lower angle of incidence. The receiving antenna used in all
cases was a quarterwave monopole driven against a radial-wire counterpoise which
was resting on the ground,

Radiation Patterns

Azimuth radiation patterns, measured with both the centerfed and basefed an-
tennas are shown in figures 28 through 62, In all cases the person carrving the
manpack radio was facing in the 0° - chart direction, marked forward (FWD), on
the polar charts. In the prone position, the operator's head corresponds to the
0° direction, Patterns were recorded automatically as the operator, with radio
and antenna, was rotated on a motor-driven azimuth pedestal.  Height of this
pedestal was about 15 inches above ground level,

Over the lower end of the band (30-36 MHz) the azimuth patterns are omnidirec-
tional within approximately 1 dB for either the basefed or centerfed configurations,
From 35 to 50 MIz both antenna configurations exhibit increased directivity in the
forward (0° -direction) for the standing condition and increased directivity in the
180° direction for the prone position. However, the centerfed whip pattern exhibits
better symmetry about the 0-180° axis., At 60 Mz the basefed whip pattern exhibits
deep nulls for both standing and prone conditions while the centerfed patterns re-
main reasonably well behaved, except for some accentuation of the forward and
rearward directivity associated with the standing and prone positions respectively,

At 70 MHz the centerfed whip prone-pattern is almost totally dirvected toward
the rear (180° -direction); a second pattern taken with the operator crouching also
exhibits this characteristic, Apparently the operator's body and Jegs act as a
counterpoise causing the pattern to be directed tothe rear, I'his effect occurs to
some degree at lower fraquencies but the extreme case probably occurs when the
operator's body is near resonance inthe prone position; 70 MHz in this case. A
similar condition is observed in the case of vehicular antennas, in other words;
if a whip antenna is mounted on the left rear side of a vehicle the major pattern
lobe is directed toward the right front quadrant and the degree of divectivity is a
function of frequency.
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As shown in figures 57, 58, 61 and 62 the basefed whip patterns are also rather
asymmetrical at 70 MHz and 75 MHz,

The 80 MHz centerfed whip prone-pattern somewhat resembles the 60 MHz base-
fod whip standing pattern (see figures 52 and 60),  Both of these patterns could be
simulated by an array of two closelv spaced elements fed in anti-phase with unequal
amplitudes. For the present case these elements would be represented by the
driven whip and parasitically excited operator. Apparently the excitation coeffi-
cients required to generate the observed patterns exist only over a small frequency
range,

An auxiliary measurement was conducted at the center of band 4 (44 MHz) to
determine the level of radiation fromthe operator's body. Referring to figure 41,
a measurement was taken in the standing position with the whip vertical and bent
90°, the difference in received signal was only 1.5 dB as shown., This would indi-
cate that significant energy is radiated by the operator's body at 44 NMHz and prob-
ably at all other frequencies with variable magnitudes depending on coupling and the
operator's size. Investigations of this type were not conducted at other frequencies
due to time limitations; however, the measurement does indicate the significance of
radiation from the operator's body.

In order to determine the effect of letting the whip drop to a horizontal orienta-
tion when in the prone position, another short test was performed at 47 MHz, With
the operator in prone position on the azimuth rotator, a pattern was measured with
the whip antenna oriented in the normal vertical position, The whip was then
oriented horizontally, so that radiation from both the whip and operator's body
would be cross-polarized relative to the vertical receiving antenna and another
pattern was measured, Results of this test, as shown in figure 44, indicates that
a relatively strong vertical component is radiated (ontv 5 to 6 dB below the vertical
whip pattern) even though the operator and whip are both horizontal. It is also of
interest to note that the horizontal condition pattern is nearly omnidirectional,

Summary and Conclusions

Based upon review of all test results, it is concluded that the centerfed whip
antenna offers a number of advantages relative to the basefed configuration. These
are as delineated below:

1, Relative to the basefed whip, centerfeeding results in a much smaller reactive
antenna impedance component over the lower portion of the 30-88 MHz band. This
results in less impedance dispersion when the antenna input impedance is transform-
ed by addition of the matching network; hence, fewer subbands are required. Also,
impedance variation between standing and prone positions, for the centerfed whip,

is less than encountered with the basefed antenna,  This allows a reasonable im-
pedance match to be maintained for both conditions.
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2. Efficiency of the centerfed whip is several dB better than the basefed whip over
the lower frequency range and about equal to the basefed whip at the high end of the
band. Also, the centerfed whip exhibited very good performance in the prone posi-
tion.

3. Azimuth radiation patterns of both the centerfed and basefed configurations
were reasonably omnidirectional over the lower (30-50 MHz) portion of the band.
At 60 MHz however, the basefed whip exhibited a double lobed patrern with deep
nulls in two directions. The centerfed whip showed a similar pattern for the
prone position, but at 80 MHz.

In general, both antenna configurations exhibited increased directivity in the
direction the operator was facing when standing and in the direction of the operator's
feet when prone. This characteristic is minimal at 30 MHz (near omni pattern) and
becomes increasingly pronounced at higher frequencies.
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APPENDIX A

HYBRID BRIDGE ACCURACY CONSIDERATIONS




When using a 180 -hybrid for impedance comparison, as indicated in the sketch
helow, it is of interest to investigate the difference port null as a function of reference load
R & N-component variation relative to the unknown load R & X components which one desires
to measure, In other words, it is desirable to determine how measurement accuracy is re-
lated to null depth for various unknown load impedance components.
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Referring to the above sketch, a voltage "E' applied to the sum port of the hybrid
results in reflected voltages at the sum and difference ports given by:

L= e + e (A1)

Esv = LE = Ixey (A2)

Expanding equations (1) and (2) yields:

2 2
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Where: g i (¢r i ¢)‘)

The difference port output is maximum when 1 Hix l'x ¥ 1 and &, ® 3 in other words,

the voltage reflected to the ditference port is (\qlml to "E" the v ()lt'u.,o applied to the sum port.
refining null depth as the ratio of the difference port output to the maximum possible differ-
ence port output "'E Xm” one obtains:

7
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3'0 E Io (OJN g T rx 2“- [k Cos S) )
At
It & 0, equation (A-5) reduces to:
T
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Null (dB) = 'n —( - (46
92 (T 5 >

(‘:»n\'(jrsoly'. if r; = r‘x = $. 2 ?5 O oL /CP,, F= Cbx)

equation (A-5) becomes:

Null (dB) = 20 | I o AT
u ( Oj'o 2 S'h gﬁ (A7)

Equation (A-T7) shows that ¢ . and ¢ must be accurately matched (¢—0) to obtain
a good null when (1) is large (I'—~1)., Conversely, when1 is small a good null can be achieved
with a rather large difference between ¢ and ¢ resulting in poor accuracy. For example,
o (dp-dy - 20" and I' - unity equation (A-7) yields a -18 dB null, butit1’ - -10dB a
-258 dB null results, for the same 20" angular error,




The R and X impedance components are related to the reflection coetficient by the

following experssions:

,//-—/-’a) 20

R - e (A8)
// T R0 5 Pc:ﬂ- ¢
" 2P2. Sind
(+0% —aPessd (A9)
If one assumes \'."K -80°, and «.'rr = ~1002 (0 =20% with T -10 dB, the resultant
measured R and X components as given by equation (A-8) and (A-9) are R ~ 37.2 ohms and
X 25,74 ohms; whereas the correct values are R, 145,45 ohms and .\"( -31.45 ohms.

This represents an 187 error for both components. If ©, and ¢4 are matched within 10°,
which corresponds to a null of -39 dB, the error is reduced to 10/ for the R-component
and 8.6" for the X-component.

The above discussion indicates that careful adjustment of the reference load re-
flection coefficient angle is necessary to achieve good accuracy when | I‘x| is small. Also,
equation (A-6) shows that adjustment of the reference load reflection coefficient magnitude
is not quite as critical, in terms of achieving a good null, when I 18 small. Tor example,
ifI'y -10dBand 'y, = 1'y + 1dB a -35dB null is realized assuming ¢y = ¢,. However,
the good null is misleading because a large error in the measured reactive component can
result even though the resistive component error remains reasonably small. Therefore,
accurate adjustment of H"l,l is also necessary.

When the unknown reflection coefficient magnitude is large (I'x — unity), the bridge
null is most sensitive to adjustment of ¢, and accurate reactive component measurements
result. However, large errors in the resistive component will occur if |T'y| does not ac-
curately match the unknown load reflel tion coefficient magnitude, even though a deep null
is achieved.

If the variable reference load is constructed by placing a variable attenuator in
series with a variable reactance, as sketched below; the attenuator insertion loss (practical
values being 0.2 to 0.5 dB) becomes the limiting factor when measuring high reflection
coefficient loads.
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For example, if |1 ] is 1% less than il‘rl a 45 dB null can be achieved by setting
dp = &y, but the error in the measured R-component will be 50% for ¢ - ¢, - +45 degrees.
I'herefore, when measuring high |I' | loads it is advisable to make sure that the attenuator
is not set at minimum even though a good null is achieved; because, there may be a small
difference between [l'r] and [I'y | resulting in large R-component error, as discussed above,
In other words, the attenuator adjustment should allow the null indicator to pass through a
minimum before reaching the lower limit of attenuation adjustment. If this cannot be di-
rectly accomplished, a reactance of known value can be placed in series with the unknown
impedance to transform the reflection coefficient to a lower value. The impedance thus
measured can then be corrected by deducting the known reactance.




APPENDIX B
IMPEDANCE CHARACTERISTIC PLOTS
FOR
STANDING, STANDING WITH HANDSET EXTENDED

AND PRONE CONDITIONS

FEED LINE CHARACTERISTIC IMPEDANCES
(75, 95 and 125 Ohms)

FEED POINT LOCATIONS

(17 Inch, 19 Inch and 21 Inch)
ABOVE BASE OF WHIP
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