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Section 1
GENERAL DESCRIPTION
The objective of the overall development of the voltage probe antenna (VPA) ~

This repdrt describes the engineering processes involved in the development of the
latest version of the VPA,

.-

£

| 2 d, omni- . N
" duce a miniature, mast mounted, Avy
di;égiggl antenna that would operate over the .Ag AME’VDED
band from 5 kHz to 500 MHz for communicatlons ECUMr”
reception. In sddition, it was desired to

150 MHz and 400 MHz.”

optimize the antenna at
| /
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Section 2

VOLTAGE PROBE ANTENNA, AMPLIFIER DESIGN

2.1 GLNERAL DESCRIPTION.

The yoltage probe antenna (VPA) is a low-noise amplifier designed to

provide an impedance match to an ele.trica'ly short antenna over a very wide frequency

- range. The characteristics of such an zntenna requires that the amplifier have very

high input impedance at vex;y low frequencies and approximately 50-ohvy input impedance .

above 100 MHz, The amplifier provides approximately 11 dB gain vetween 5 kHz and
300 MHz in a 50-ohm system. I can be seen that the power gain of tﬁe high impedance
amplifier will be much greater than 11 dB when inserted betwaen a high-impedance
source and a 50-ohm load. This is the condition that exists at low frequencies when
the antenna impedance is high,

2,2 CIRCUIT DESCRIPTION,

The amplifier consists of two active stages; the first stage consists of a low=-
noise field-effect transistor used for active impedance matching, and the second stage
consists of a low-noise microwave integrated circuit that provides actual voltage gain.
(See Figurs 2-1.)

The field~effect transistor is operated in a cource-followeyx configuration
with an additional gate-to-source capacitor C2 added to aller the input impedance
characteristics and to improve high-frequency pexformance. (See Figure 2-2.)
At low frequencies where the gate and source of the transistor have an in-phase voltage
of nearly equal magnitude, capacitor C2 escentially disappears from the circuit as very
little voltage appears across it, This provides a very high impedance at low frequencies
that approaches 1.5 megohms shunted by 4 pF,

At high frequencies where the voltage on the source of the transistor begins
dropping and the phase shift becomes important, signal vol.age begins to develop
across capacitor C2. This provides a signal pach around the first-stage transistor Q1.

As the frequency goes progressively higher, the impedence of capacitor C2 drops quite

2-1
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2,2 Continued,

low until the input impedance of the amplifier approaches that of the second-stage
amplifier Al. At high frequencies (above 100 MHz), the first-stage amplifier Q1

adds very little to the performance of the circuit,

Diodes CR1 and CR4 provide burnout protection for the input of the amplifiers.
Resistor R3 is provided to suppress transients on the output cables so the voltage limita-~

tions of the output capacitor are not exceeded,

2.3 PERFORMANCE,

The amplifier performance specifications, measured in a 50-ohm test system,
are given in Table 2-1, )

P

TABLE 2-1, VPA AMPLIFIER PERFORMANCE.

"...I.’.a.z:a.m_s__...hers : YValues
Frequency Range 5 kHz to 500 MHz " ' -
Gain 11dB 1 dB ‘
Noise Figure 3 1B at 1560 MHz and 400 MHz
Output Power 6 dBm
(1 dB Compression)
Intercept Point 17 dBra
(Third Order) :
DC Power 45 mA at +12 Vdc

15 mA at =12 Vdc
Ix1x0.5 inches

Physical Size

" It must be noted that the amplifier, as encapsulated, has a 75-ohm matching
cable on the input that is actually part of the antenna., It is required to fune the antenna
to 150 MHz and 400 MHz, as well as to transform its impedance to 50 ohms, This will
change the apparent performance of the amplifier, both in terms of gain flatness and
noise figure, Figure 2-3 and Figure 2-4 shaw the performance measured directly at

the amplifier input and at the input to the 75~ohm cable,
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2,3 Continued,

: A plot of the input impedance (Figure 2-5) is also provided, It clearly
| shows the rapid increase in impedance with decreasing frequency pxjovided by the
¢ described active matching technique. The 75-ohm matching cable also effects the |
AN

Rt LR vrwammwwm 2
. =

1
{
! , input impedance and ig depicted on the plot.,
]

2,4 _DESIN CONSIDERATIONS,

1. - The amplifier desirgn is constrained by four primary considerations.

o § e e preamdye

a, ' ‘The output impedance of the antenna into .which the amplifier must work.

Paeatwind

T b, The amplifier noise figure.
i, ¢, The intermodulati'on requirements.,

P d, The requirements for very small amplifier size.” ‘

.- The antenna is physically very small and, therefore, has very high input
o1, impedance at Jow frequencies. At high frequencies, the antenna becomes very reactive
\ . and unpredictable, except at 150 MHz and 400 MHz, where it has heen optimized to be'
approximately 50 ohms, Ieally, the amplifier input impedance should be the conjugate
match of the antenna at all frequencies, ‘However, due to the widely varying antenna

S S

v

impedance, this would be extremely difficult to obtain in practice. Therefore, an
amplifier with infinite input impedance that would transform the EMF developed across
: i ) the antenna to a 50-ohm load would be a good compromise for achieving a broadband

¢ integrated antenna. '

Srnant
L 1Y

2wy

B

E
:
5:
S

At this time, the state of the art in semiconductor devices does not permit
the design of a low-noise broadband amplifier with an input impedance much greater
than 200 ohms at 500 MHz, At 500 MHz, only 1,5 pF of stray capacity is required to
account for a shunt impedance of 200 ohms, The actual stray capacity would be several

ST £, Wy AT S Y

P,

! times this value in practice,

" P 1t was decided, on the basis of realizable amplifier input impedance, to design
. an amplifier with very high input impedance at low frequency and approximately a 50-ohm
‘ r “impedance at 150 MHz and up,

T TSR S e
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2:3 Continued,

A plot of the input impedance (Figure 2-5) is also provided, It clearly
shows the rapid increase in impedance with decreasing frequency provided by the
described active matching technique. The 75-ohm matching cable ﬂso effects the
input impedance and is depicted on the plot.

2,4 DESILN CONSIDERATIONS,

The amplifier desiym is constrained by four primary considerations.

a.
b,
C.

d,

*The output impedance of the antenna into .which the amplifier must work.,

The amplifier noise figure.
The intermodulatibn requirements.

The requirements for very small amplifier size,” '

The antenna is physically very small and, therefore, has very high input
impedance at Jow frequencies. At high frequencies, the antenna becomes very reactive
and unpredictable, except at 150 MHz and 400 MHz, where it has heen optimized to ber
approximately 50 ohms., Ideally, the amplifier input impedance should be the conjugate
match of the antenna at all frequencies. However, due to the widely varying antenna
impedance, this would be extremely difficult to obtain in practice, Therefore, an
amplifier with infinite input impedance that would transform the EMF developed across
the antenna to a 50~ohm load would be a good compromise for achieving a broadband
integrated antenna. '

At this time, the state of the art in semiconductor devices does not permit
the design of a low-noise broadband amplifier with an input impedance much greater
than 200 ohms at 500 MHz, At 500 MHz, only 1,5 pF of stray capacity is required to
account for g shunt impedance of 200 ohms, The actual stray capacity would be several

times this value in practice,

It was decided, on the basis of realizable amplifier input impedance, to design

an amplifier with very high input impedance at low frequency and approximately a 50-ohm

{mpedance at 150 MIIz and up.
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2,1 gontinuéd,

. 'To obtain low-noise performance at low frequencies where the source
impedance is large, a ficld-effect transistor (FET) is the okvious choice, The
eouivalent i.nput noise current in an FET is an order of rnagnitude lower than a
bipolar transistor. Since the signal current supnlicd by the antenna will be very
small at low frequencies due to its high impedance, the signal~-to-noise ratio (on a
current basis) will be significantly better with a FET, In addition, an FET bresents
a much greater impedance to the antenna at low frequencies, which results in less
antenna loading and increased power gain.

PEEERY " AR R
- RIS 3 ar X

NS Geas
Ry

L
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At high frequencies, the bipolar transistor is the obvious choice due to its
much greater gain-bandwidth product, The most advanced silicon FET currently
available has a gain~bandwidth .product of approximately 400 MHz, Such a device
can, at best, provide only unit voltage gain uyp to 400 MHz and can only degrade circuit

performance above this frequency,

"”‘“{",\\%"{S"i e

te oo
]
3

e egE, «
» '

" On the basis of the. foregoing discussion, an FET and bipolar combination _
becomes thd most reasonable approach to the problem. Noise figure at high frequency
becomes a matter'of selecting the proper bipolar amplifier and reducing the noise
contribution of the FET to a minimum, The intermodulation requirements become 2
: e matler of selecting the appropriate bipolar amplifier and limiting its gain to the mi* "mal
E value required to overcome cable losses, The size of the amplifier (1 inch by 1 inch by
0.5 inch maximum) requires a simple circuit with an absolute minimum number of

) E components,
¥

[P -y
o
5 ¥ ~ M

The circuit described in paragraphs 2.1 was the outcome of the design effort.

' The FET provides active impecance matching and unit voltage gain up to approximately
100 MHz,  which is the "crossover' frequency. Above 100 MHz, the signal is coupled
around the FET by a bypass capacitor directly into the second~stage amplifier, At these

: ‘ frequencies and above, the FET only contributes noise to the circuit pexformance.

Essgentially, the increase in noise figure at high frequencies is the compromise for

obtaining wideband performance from a short antenna.

L e
o I
L 4 4
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i
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Noise figurcs as low as 4.0 dB could be obtained at the optimized frequencics

of 150 MHz and 400 MHz using the appropriate bipolar transistor-type amplifier.
However, at frequencies below 50 Mllz, the antenna-amplifier combination would hegin
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2.4 Continued, . . '

to have seriously impared performance due to gross impedance mismatch. The FET
increases the noise figure to 8.0 dB at the optimized frequencies, but it extends the
integrated antenna performance down to a frequency of 5 kHz.

To ensure that a noise figure of 8 dB is adequate, tangential sensitivity
tests were run at 150 MHz and.400 MHz, A NAVSAT receiver with bandwidths of
25 Hz and 40 Hz at 150 MHz and 400 MHz, respectively, and the expected received

tangential sensitivitieé. Calculations showed that the expected field strength at the
antenna would be 1.8 pV/meter, minimum, under actual conditions. Tests were made
in which the antenna-amplifier combination was immersed in a known field strength, and
tangential sensitivity measurements were taken. In a 250 Hz bandwidth, the tangential
sensitivity at 150 MHz was 1.08 uV/meter, and in a 40 Hz bandwidth, the tangential
sensitivity at 400 MHz was 0,91 uV/meter. These sensitivities :za.re approximaiely
equivalent to a 12 dB signal-to-noise ratio at 150 MHz and a 14 dB signal-to-noise ratio
at 400 MHz. Since these S/N ratios are minimum expected values, an amplifier noise

figure of 8.0 dB was considered adequate.

The c.rcuit was constructed using thick film and ceramfé substrate 'teclmiﬁues.
This method is particularly advantageous in the case of the VPA amplifier due to the '
size and heat dissipation requirements. The high heat conductivity of the ceramic
substrate effcctively heat-sinks the 700 mW dissipation of the circuitry. The prototype
amvnlifier was encapsulated in a low-loss dielectric substance, although a metal can was
considered and was then discarded due to schedule considerations

2,5 ALTERNATE DESIGNS CONSIDERED,

Many alternate designs were considered, but ihey all basically used the FET~
bipoiar combination for the reasons discussed in the previous paragraphs. These designs
in all casés, attempted to increase-the bandwidth and reduce the noise figure of the FET
amplifier stage. Both the bandwidth and noise figure were limited by losses introduced
by the FET as the frequency increased. Above 100 MHz, the FET adds noise directly to
the RT input without adding voltage gain. The ideal situation would be to have FET
that would provide voltage gain over the required bandwidth, but this was impossible due
to gain bandwidth limitations in the device itself, A new gallium-arsenide FET was also

2-10
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2.5 Continued.

considered that has a very high gain-bandwidth product of 30 GHz, but at its
present stage of development, is more of a laboratory curiosity and was discarded
due fo its unavailability, unreliability, and unknown performance characteristics.

The only other approach that seemed pr'omiéing was based on the theory that
having a high input impedance (approximately 200 ohms or greater) hipolar transistor
amplifier as the second s'tage would greatly reduce loading effects on the FET. This
would reduce the noise figure by reducing losses at the FET-bipolar interface. Two
techniques were tried, based on this theory. The first used an erﬁitter follower second
stage, but proved unstable and tended to oscillate due to stray reactances. The second
technique used a common emitter stage with emitter degeneration to increase input
impedance and this, in fact, worked; however, due to the high collector impedance
required, this technique severly reduced the bandwidth of the bipolar transistor to
approximately 250 MHz. It was at this point-that the final circu:ii; configuration was

decided upon.

4
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Section 3
VOLTAGE PROBE ANTENNA, ELEMENT DESIGN

R O R S Nﬁ;yggm{'

3.1 PHYSICAL CONSIDERATIONS.

Several basic problems were involved in the design of the antenna element, -
the first of which was its location in the existing structure. Since there is very little
spare space in the existing antenna structure, it was decided that the antenna element
would be a thin metallic strip winding at a 45-degree angle alongside the existing
biconical antennas (see Figure 3-1), Running the eleme.nt at a 45-degree angle,

Lres QRN IR LLWE LRI MY -

parallel to the polarizing grids on the biconical antennas, creates a minimum of inter-
face with the performance of these existing anfennas. This technique was used previously
on an experimental model of this antenna with great success. ,

.-

s AR N Oy S

3.2 IMPEDANCE MATCHING.

»

The next problem was to design an antenna configuration that would have an
impedance ﬁear 50 ohms at 150 MHz and 400 MHz. Since the basic antenna element
was predetermined by the physical constraints of the assembly, this left both ends of
the element available for impedance matching. (A balanced dipole-type configuration

TR
t

using two elements was examined, but the omnidirectionality of the azimuth patterns was
quite bad at some frequencies.) At the bottom end of the antenna, a 6~inch length of

coax was chosen to feed the antenna element. Because the feed js unbalanced, the outer
shield of the coax is connected to the skirt of the high band biconical for grounding
purposes (see Figure 3~1). This keeps the currents from flowirg down the coax on the
outer conductor, which would make the antenra very inefficient and hard to impedance-
match, It was determined that a higher impedance cable such as the RG 187/U (75 ohms)
provides a better impedance transformation for the antenna than does the étandard 50~ohm
cable.

e ST

- o PR
e ~ - ~ - - -
- &y

At the top end of the antenna element, several impedance matching techniques
were tried. The most successful of these employed a four-arm spiral etched on a thin
epoxy fiberglass printed wiring board (see Figure 5-1). The end of the antenna element
is soldered to the end of arm 1 of the spiral (the arms arc numbered in a clockwise
dircction). Arm 1 is connected o0 arm 3 at the center (normal fced point) of the spiral.
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3.2 Continued,

Arm 2 is connected to arm 4 at the center, But not to arms 1-3. The interaction

of arms 2~4 un the antenna impedance is similar to that of a parasitic element of the
antenna. The impedance of the antenna is tuned by trimming (cutting back) the ends
of arms 2, 3, and 4. The proper combination of trimming will cause the impedance
at 150 MHz to be approximately 50 ohms and at 400 MHz to be between 25 and 30 ohms
with very little reactive component.

" The impedance was measured using a swept network analyzer setup. Figure 3-2
shows a swept impedance blot of thé prototype antenna from 150 MHz to 400 MHz. This.
data was measured with the radome housing in place over the antenna (which s very
important for accuracy). The behavior of the impedance curves between 150 MHz and
400 MHz (and also beyond both ends of this frequency range) should be noted because
this is the impedance that the amplifier circuit sees. This impedance is referenced at

the equipment or amplifier end of the 6~inch coax RG 187/U), since it is part of the
antenna. '

3,3 ANTENNA-AMPLIFIER INTEGRATION,

. v
Atter the antenna was installed and tuned, and after the amplifier was vuilt
and bench tested, the amplifier was installed in place (see Figure 3-3) and connected
to the antenna, cutput connector, and dc power plug. The VPA then underwent some
preliminary pattern/gain tests before .he assembly was potted (see Figure 3-4) and
installed into the radome housing for final testing. It was at this point and during
final testing that a problem was discovered that is inherent to the basic antenna
structure. This problem is discussed later in this report in Subsection 6. 2,
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' Section 4
VOLTAGE PROBE ANTENNA, TESTS

il

R e

- -
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I

EARTH-BOQUND ANTENNA RANGE FACILITY (EBARF) TESTS,

gy @

The radiation pattern/gain' tests were performed in the field at EBARF,
the Earth-Bound Antenna Range Facility. The basic test setup is shown in Fighres 4-1,

" 4-2, and4-3. The VPA unit is mounted on top of a simulated mast éleeve antenna that
is insulated from a metal stand that, in turn, is grounded in the salt water. The _
elevation patterns of the VPA and the reference dipole are taken by raising and lowering
the A-frame with the transmitting antenna. The shape of the elevation patterns and the
peak gain of the VPA (major lobes and nulls) at any specific {frequency is highly dependent
upon the height of the antenna above the surface of the water. (It was planned to take
patterns at other heights, but time did not allow this.) The height of the vertical
reference dipole above the water was always kept at appror.mately one-quarter wave-

» Do oy Tz

P AL

LN Y
[ T
- 1

s evur T x 3m
' M ‘
- 1

" E length. Therefore, for gain calculation purposes, the peak gain of the reference dipole
. at any frequency was assumed to be +4.5 dBi. Based on this assumption, a graph of
:E the measured VPA pesk gain was plotted in Figure 4-4. . : n

Conical-cut patterns were recorded by placing the ‘antenna stand on a turntable,
elevating the A-frame to @ specific angle, and then rotating the antenna. (See Figure 4-3.)
A set of measured elevation and conical-cut patterns is given in Appendix A.

e s Y P
[ I3 -

*

The tangential sensitivity of the VPA was measured in a screen room setup.
An electromagnetic field was created using a transmission line configuration, and the
field strength was measured using calibrated EMI antennas. The VPA was then
immersed in this field, and the tangential sensitivity was measured. Table 4-1 shows
the calculation of the tangential sensitivity, usiné the measured data, Figure 4-5 is a
plot of the field strength (in 1#V/meter) at the VPA for a receiver system tangential
‘ E sensitivity* where the receiver doe.s not degrade the system noise figure. The tangential
' sensitivity is given for a system bandwidth of 1 kHz. (Sce Appendix B for a more detailed
analysis of the tangential seusitivity calculations.) ' '

L 4

TR SRS A S N LeaRtag yaet

» L]

* Tangential' sensitivity is equivalent to a signal-to-noise ratio ¢f 8 dB.
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! 4,2 MAGNAVOX NAVSAT COMPARISON TESTS.
i Comparative tests were conducted.at Magnavox Research Laboratories. in
Torrance, California. The VPA was compared alongside a standard test setup at
f ‘ I ihe Magmavox facilities. Tests were conducted with a breadboard VPA unit and a

'finished unit against actual NAVSAT “passes'.

: . i I The test setup is shown in Figure 4-6. The Magnavox setup in both tes:s used
N a double whip cut for 150 MHz and 400 MHz. The antenna was fed directly to the NAVSAT
I receiver preamplifier package located on the roof with the antenna. This, in turn, was
: fed through 30 feet of 50-ohm cable to a NAVSAT receiver, computer, and teletype (TTY)
I R ’g"‘)&nit. For the first tests, the VPA (a breadboard unit) was situated 56 inches above the
Nﬁ‘;\({root‘ . —éb;AVSAT preamplifier was located at the end
i95€°° of the 50-ohm cable run (60 feet of csble was required for the run from the VPA to the
NAVSAT preamplifier due to physical constraint). The NAVSAT preamclitier fed directly

I to a second receiver and, in turn, to a computer and TTY.
The two separate systems were compared simultaneously against 46 separate
I NAVSAT "pasges". Figure 4~7 shows the results of the tests. Out of a possible 40
doppler counts per pass, the specially cut double-whip antenna averaged 80 percent
1 . received counts at 400 MHz and 83 percent of the counts at 150 MHz over 46 passes.
The VPA averaged 61 percent at 400 MHz and 47 percent at 150 MHz over the same 46
I passes. The 80 percent figures for the Magnavox antenna are the expected percentages
' normally incurred with their testing.
l I A typical NAVSAT data output is shown in Figure 4-8 for a siizgle satcllite pass.
’ ; The first column is a running total of the possible counts for a given pass. Note that the ‘
’! I total possible counts is only 36 out of 40. This is due to signal strength and the azimuthal
‘ track across the horizon of the particular satellite sampled. The figures in Figure 4-7
¥ } ! are, however, based on the assumption that 40 counts are available for each pass. The
By number under the colunn marked "46f CH" and "15¢ CH" represents that a count was
3 ’ I taken in the 400 MHz channel and the 150 MHz channel, respectively, At the bottom of

: the figure, the computer calculations result in latitude and longitude outputs, along with
, "'i l other various data. . .

‘Ah“é;\oﬁo For the second test (Figure 4-6), a completed VPA was used. The VPA test

‘, b l l P S’ég\)@gﬁp was modified, as shown, —

During this test, equipment failure in the standard path resulted in a loss of standard
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4.2 Continued.

comparative data frox_n the double whip antenna path. Figure 4~9 shows the results
for the VPA averaged over 28 passes. The high channel (400 MHz) was improved by
10 percent, while the low channel ()50 MHz) remained virtuaily unchanged. The

10 percent increase in the 400 MHz reception could b accounted for in the better test
setup or in the final configuration of the VPA within the omni antenna. Problems with
the low band reception are discussed in subsection 6.2. ‘
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Figure 4-~9. Datg for-I:‘inished VPA for 28 NAVSAT Passes.
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i 3’ CONCLUSIONS AND RECOMMENDATIONS
B a 6.1 AMPLIFIER UNJT.
' E * The circuit described in subsection 2.2 meets all the performance
3' ’ m specifications, consisting of bandwidth, sensitivity, and size requirements.
' 2 The noise figure of the amplifier is the one area where further effort could be
g expended. The FET input stage is the limiting factor in achieving both broadband .
%’“ performance and a low noise figure, and future development of VPA amplifiers

should start with the investigation of new devices. Particular attention should be
given to investigating the new gallium~arsenide FET that is under development for
use at microwave £requencies.' With such a device, noise figures of 3 dB and high
performance beyond 500 MHz should be easily realized., -
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6.2 ANTENNA ELEMENT,

-:u:m;ah 3 few'm :.

<

"It was noticed during several of the pattern/gain tests that at times the data
did not correlate with previous measured data and that there were.sometime's large
jumps in gain {rom one test to another, This was especially noticeable around '

150 MHz, since much of the testing was at this frequency. Further investigation with
the antenna unit out of the radome housing showed that these jumps could be caused by
exerting pressure on the biconioal antennas (compression, expansion, or side pressure).
The investigation revealed that the 175 to 180 MHz band was the region.mosc seriously
affected. It so happened that, at the time of these measurements, the biconical antennas
were not terminated. When a 50~ohm termination was placed on the output connector of
the low band biconical, the large jumps in gain ceased to occur and, instead, there were
only small change;. The high band antenna cannot be terminated in the same manner
becausg its output goes directly int_o a waveguide filter and is detected there.
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After several further tests, the following conclusions were reached.

a. Because the biconical antennas are in the near field of the VPA (and
vice versa), they have a definite cffcct on the performance of the VPA.,

6-1
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6.2 Continued.

b.  When the low band biconical was unterminated, any signal reccived
by the biconical was reflected and reradiated. The specific amplitude
and phase of that reradiated signal determines the effect of the biconical
antenna on the VPA.,.

¢. A change in physical configuration of the biconical, as caused by different

physical pressures, can change this amplitude and phase and, thus, can
cause jumps in the VPA signal. The {requency ranfre where this effect
is the worst is 175 to 180 MHz. Since this biconical antenna will, in
fact, be terminated at all times when the unit is installed in the system,
the gain jumping effect will be diminished. However, becausc the basic
cause of the problem still remains, the performance of the VPA in this
general frequency band will be somewlhat deteriorated from the expected

- performance.

6,3 GENERAL COMMENTS,

It should be noted that, while the }Serformance of the VPA for NAVSAT
reception at 150 MHz was Jess than expected, the tests were conducted (at Magnavox)
under less than ideal conditions. It is strongly recumnmended that extensgive tests
be conducted after VPA installation on the vehicle., These tests should be at various
heights, starting at 2 feet above the water surface, in order to note the ground planc
effect on antenna pattern, ‘

Second, it should be noted that the general performance of the VPA greatly
exceeds the gain of the present sleeve antenna across the frequency band for general

communications reception,

6.4 HIGH POWER CONSIDERATIONS.




G1063

APPENDIX A
ANTENNA TEST PATTERNS
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ANTENNA TEST PATTERNS
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; Al The following graphs are the results of the EBARF range clevation and
5 * conical pattern testing of the VPA., Figure A-1 through A-11 are elevation tests,

&orxare.
»

] while Figurcs A-12 through A-21 aré conical patterns. Patterns for cut dipoles
f i, are shown as standards. See Figures 4-1, 4-2, and 4-3 for the range test
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APPENDIX B

TANGENTIAL SENSITIVITY
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' § APPENDIX B
* TANGENTIAL SENSITIVITY
i

Refer to Figure 4-5 in Section 4. The curve represents the f{ield strength
(in mV/meter) at the integrated antenna for a receiver system tangential sensitivity* _

P

where the recciver does not degrade system noise figure. The tangential scnsitivity

PO

e —— it e A st i it == =

is given for a system bandwidth of 1 kHz. Thetest sctup used is shown in Figure B-1,

The tangential sensitivities given in the graph ¢an be used to calculate system

et AR, BNy i
- .

performance for various bandwidths and for systems in which receiver noise figure does
degrade overall performance.

WA LAY

It is known that tangential sensitivity is dependent direclly on signzl -to~noise
ratio and any change in S/N ratio changes the tangential sensitivity on a dB~for-dB
basis. This allows the following calculations evolving bandwidth (BW) and receiver
noise figure (NI),

<

" For system bandwidths other than 1 kHz,

I BW
i TG, = (¥G) x
N ‘ ; N ° 1 kHz
“ where
3
. %l TGy = system tangential sensitivity for arbitrary bandwidth (in pv/m)
W . g
gﬂ. } % 'I‘Go = gystem tangential sensitivity in 1 kHz bandwidth
e BW = arbitrary bandwidth,
fowRg <
¥
i : Example:
’ At 500 Milz, TGy in 100 kliz bandwidth is as follows.
100 kHz '
TGy = %WV/m x j/———— =90 pV/m.
1 kHz '

* Note: Tangential scnsitivity is equivalent to a signal-to-noisc ratio of 8 dB.

B-2




TR T R TTIRATR BT r

R
- = .
R Rt
[ ]
b
) {
{
-
-
¥
4
ki
.
4
g
l

@MMQQ_-;

G1063

i
e A

g s g

INTEGRATED
ANTENNA

Ve A

wre

O

p; RECEIVER  jamemeeiin] SCOPE

/
TRANSMITTER / _
/. p,

. CALIBRATED
/ . ANTENNA

‘M
14
)

n:
+

o il ‘*WWW?-F Wm;\m TR, .
¢ v ;
- .

. 5 PULSE . '
% ‘ GENERATOR APPEARANCE : [ h.-; .
lﬁ.

OF PULSE SIGNAL N\ i Y
AT TANGENTI AL \\\\-___’/,
SENSITIVITY

‘5
- - - .

Loy

N S oo .
SR WEE s SR
* - e 3 P . . . .

Figure B-1, Tangential Sensitivity Test Setup and Oscilloscope Pattern.

TR




Tam T -y - ————— e

k s . . v - - ERC e St e s L
5
7 . .

G1063

TR

Appendix B, Continued,

Tangential scnsitivities for systems where the noise figure following the
integrated antenna degrade tangential sensitivity are as follows.

’ TG = TG orrected - Na * NPy Gn dB)
5‘ where )
: TG = tangential sensitivity
[
L
“ NF A = nDoise figure of VPA
NFT = tolal system noise figure.
Also,
R NF,, = 101 ol
J r = og |F, + ——
[ G
» :‘ ] < A
' ‘\ gl where
’ t F A = VPA noise figurc expressed as a ratio ' .
s FR = recciver noise figure expressed as a ratio
Eﬁ" G A = VPA power gain exprnssed as a ratio.
; Then
e G A = 12,6, (for the 'ystem chown in Table 4~1 of Section 4).
¥
wd Example:
At 500 MHz using a receiver with a 10-dB noise figure is ag follows,

. X ’fyﬁ;‘!‘r;: . é:": .

TG = 19,9dB apove 1puV/m - 8.9 + 10 log [’1-7 + o i(z)‘fls ]
‘i TG = 19,9 + 0.3 = 20,2 dB above 1 pV/m
’.;.' .

TG = 10.2 uV/m.
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