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PREFACE

It should be recognized that Dr, Gary Sower, of EG&G, performed
much of the preliminary design and assisted in specifying the final fabrica-
tion size and tolerance of the sensing element. My thanks is extended to Capt.
Russell Bonn, of AFWL, who performed the pulge testing of the large proto-
type and assisted in the data reduction. Also special mention {s due Mr. Jon
Melville and his sensor lab staff who performed their usual diligent and
exacting work in building this extremely swmall sensor.
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SECTION I
INTRODUCTION

The ACD-S1A(R) D-dot sensor (Asymptotic Conical Dipole - see
Figure 1) was developed under AFWL Coniract No. F29601-75-R-0085. The
objective was to complement the existing line of D-dot sensors with another
standardized laboratory sensor having small physical dimensions and corres-
ponding high frequency response, to facilitate EMP testing of scale model
objects. This effort resulted in the development of a scaled-up (10:1) prototype
for equivalent area and frequency response verification, a to-scale prototype to
assess the fabrication problems at the extremely small size, and three produe-
tion sensors.

The ACD-S1A(R), having an equivalent area of 10‘4 square meter,
has a sensing element which is coincident with an equipotential surface from a
postulated line charge of known height and dipole moment. It is mounted on a
ground plane and has an OSSM output connector, The upper frequency 3 dB
point is estimated at over 7.5 GHz, The sensor is designed for use in a labo-
ratory environment and has no weather cover. A dielectric done is provided
for mechanical support and protection. This sensor was also produced in 2
version with a flexible section of ground plane between the sensing element
urd the output connector. It is designated as ACD-S1B(R) and has identical
characteristics, |

This eifort was paralleled by the design and construction of a B-dot

seasor, having similay design goals for scale model testing, 1

pment, 10 Septewber 1975,

101sen, Stewart, MGL-§8 B-Dot Sensor Devel
EG&G Report No. AL-T! FR-75-25
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ACD-S1A(R) D-Dot Sensor

Figure 1.




SECTION I
THEORY OF OPERATION

1. BASIC SENSOR TRANSFER FUNCTION

The transier function of an asymptotic conical dipole D-dot senser is
readily derived by application of the integral form of Gauss's Law to the
situation depicted in Figure 2: an asymptotic conical conducting surface
positioned over a ground plane as shown, with a D-field directed normal ts the
ground plane. Gauss's Law states that:

jB-dK=dev (1)

-whiére dA is a differential element of area on a Gaussian surface which just
encioses the conductor, dv is a differential element of the valume enclosed by
the surface, and pis the charge density. Integrating equation (1) yields:

A'D = ov = Q (2)
where A' is a constant having units of area, v is the total valume contained

within the surface and Q is the total charge cn the condueting surface. The
coefficient of D in equation (2), A’, determines the sensitivity of the sensor

and is defined as the equivalent area, A eq’ of the asynptotic conical conductor.

Using this definition, we can rewrite equation (2) as:
A.D =Q _ (3)

The equivalent area can be calculated from reference 2 and is given ia
Appendix A. Differentiating equation (3) with respect to time,

4 - 9
thqu 14

-ziiaum, Carl E., ‘ havge Method for Defini
Dipole Antennas, 24 Januaxy 1969, AFWL SSN 72,
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Figure 3. Asymptotic Conical Conductor Above a Ground Plane
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Figure 3. - Equivalent Circuit of D-dot Sensor




or,

AD =1=0¢

o *

+
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]
3
+
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where I is the current flowing from the sensing element to the groun.i plane
through the equivalent circuit shown in Figure 3, C is the capacitance betwee:.
the sensing element and the ground plane, V is the voltage across the load
and R is the impedance of the load, which in the case of 8 sensor i3 the
impedance of the output cable. Equation (4) may be salved for V by » .:ans

of Laplace transformation to the frequency domain. - The Laplace transform
of equation (4) is:

- Y
Aeqsi)(s) CsV(s) + R
where s = jw,
Solving for V(s)
A equ(s)R '
Vis) = Res s 1 i %)
2. FREQUENCY RESPONSE

The transier function as shown in equation (5) is not very convenient
in actual practice: fortunately, we can often simplify the transfer functicn toa

low or high frequency approximation. At low frequencies (Freguencies below

0. 15 Gliz), RCs (= RCjw) is small compared to 1 aund therefore can be neglected.

The transfer function then hecomes:

Vis) = 8 R
(s) Aeq Xs)
Transforming back to the time domain,

vV =4 quR (6)

is the low frequency transfer function.
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At higher frequencies (above 75 GHz), RCs is large compared to 1
and the transfer function then becomes:
A sD(s)R Ae D(s)

= 84 - __€d
vis) RCs C

transforming back to the time domain,

Ae D

the high frequency transfer function.

When RCs =1, it can be shown that the error in either equation (6)
or (7) is =3 dB. This frequency (7.5 GHz) thus defined is the transition frequency.
The relationship between the three transfer functions is shown in Figure 4. The
transition frequency is calculated by substituting the absolute value of s in the
defining relation:

RClsl = RCljw| = RCw, =1
=1
“i RC
1
ft " 27RC (8)

The transition frequency is shown later in this report to be 7.5 GHz. The
.3 dB error values are then 750 MHz and 756 GHz, also shown in Figure 4.

3. SURFACE CHARGE DENSITY TRANSFER FUNCTION
From equation (3), we see that the imposed electric field draws a

charge t: the surface of the ground plane. The D-dot sensor also measures

the D-fie.d generated when a charge is placed on the ground plane, thus,

i et At M ST % 405 P T TTT T




Agg D HIGH FREQUENCY APPROXIMATION
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ACTUAL TRANSFER FUNCTION
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Figure 4. Frequency Response of D-dot Sensor

&
rewriting equation (3):
s . Q.
D o=
eq

and the sensor output becomes:

Vot = D A R = QR (9)

and 18 subject to the same frequency domain treatinent of paragraph 1.




SECTION I
LARGE FROTOTYPE

i.
i
}
i
!
i

Because of the small size of the ACD-SIA(R) (1 x 10'4m2),

the verification of its equivalent area as well as its frequency response was -
performed on a scaled-up model that was ten times larger in dimension than

the actual ACD-S1A(R). This represents an equivalent areaof 1x 10'2m2 for

the large prototype.

1. OVERALL CONFISURATION

The ACD-S1A(R) D-dot sensor large prototype is shownin Figure 5.
The sensing element is connected, at the base, to a 50 ohm semi-rigid cable
which then passes within the ground plane to an OSSM connector. The sensing 5
element is then covered with a thin, dielectric shell which protects and

supports the element.

2. DIMENSION CALCULATIONS

The surface of the ACD-S81A(R) sensor, asderivedby C.E. Baumg,
was to be on a contour of constant potential generated by a line charge pro-
truding from, and rormal to, the ground plane. The detaiis are found in
Appendix A,along with the computer program for geneggting the coutour for

a desired A eq’ Because of great difficulty and expense involved in accurately
determining the area perturbation due to the base plate, the dome, support
wagher, etc., it was directed by the AFWL that the equivalent area be made
2% low as an estimate of vompensation. ‘The final height selected was 2. 229
inches for the large prototype.

The base plate dlmensions were determined by:

e requiring the connsctor be at least ien sensor heights from the
sensing element,

® requiring that the ground plate be thick enough to support the
gensor and connector while containing the aatput cable, .

¢ requiring that the adge of the base plate was at least two sensor
heights from the sansirg element.

e+ e et by e s reree eyt Suat vty o ae brrmnn ne e mster
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ACD-S1A Large Prototype D-Dot Sensor
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These requirements were chosen to minimize the baseplate perturbation of
the electric field near the sensing element. The resulting baseplate dimen-
sions are a 0. 400 inch thick aluminum plate 30 inches long by 10 inches
wide as shown ia Figure 5.

3. PROTECTIVE DOME

To support the sensing element above the ground plane while protecting
it from damage, a shell was built to cover the sensing element. Several
methods had been considered including a dielectric grid and a foamed dielectric
encapsulant.

Another method considered was an epoxy encapsulant. This would
be advantageous and practical for a very small sensing element in a large
epoxy hemisphere, but when the sensor size becomes large compared with the
solid dome, the fields and the sensor area are not readily calculable.

The dome used is a (lucite) hemisphere which has a hole in the top
for bonding to the top of the sensing element. The dome is mounted in a re-
gistration slot around the sensing element, keeping the sensor vertical. For
lucite, € is 2.5. This will cause a slight enhancement in the senswz oquiva-
lent a.rea The shell is very thin-walled (2. 54 x 10~ m) to minimive this
effect. During sensor testing the dome was removed and about 1. 3% change

in Ae q noted.

4, UPPER FREQUENCY LIMIT

The frequency where the sensor oufput ig 3 dB below its ideal
response is directly related to the capacitance between the sensing element
and the ground plane and to the transit time associated with its physical
dimensions. The capacitance, obtained from the analysis of Appendix A, is
1.7 pF. For a RC risetime defined by

T, = 2.2RC | - (10)
c .
we have a risetime of 0.187 ns for a 50 ohm cable load at the apex of the
sensor.
The transit time limitation resuits from the round-trip time zlong

- the surface of the sensing element. An analogy can be drawn to the results

10




of SSN 83, where a loop is shown to be equivalent to a parallel wire trans-
mission line (of length » a) terminated in a short circuit (illustrated in
Figure6a). Here we have a parallel transmission line terminated in an open
circuit. The length of the line being roughly the distance, along the surface
from the apex to the top of the sensing element (Figure 6b). For a sensing
element of 2. 29 inches in height, the distance !s is 2,62 inches. Again,
borrowing from SSN 8 we can take the equivalent risetime approximation

to be

T = 2U) _ 0.44 ns (11)
r
t c
where £ is the transit distance (2.62 inch = .0665 m), ¢ =velocity of light.
Adding the transit limitation and the RC limitation inq_uadrature we get

T = 0.481ns
r

for the risetime of the ACD large proiotype corresponding tc a bandwidth
(using the T e X BW = 0,35 definition) of 727 MHz.

5. LARGE PROTOTYPE - TESTING
Pulse testing and data evaluation were performed by the AFWL at
the conical simulator facility at Kirtland Air Force Base.

a. DPulge Response

The response of an ideal differentiating sensor to a step
function input (shown in Figure 7a) is a delta function of infinite height and zero
width. '

‘Figure b indicates the response an ideal sensor would pro-
duce for a typical (Gaussiun) pulse with finite risetime, Tr. ¥ this response
is integrated and the 10 to 80% risetime (T} of the resulting step function .
measured, it will be nearly equal to the time between the half ampntnde points
of the Gauseian pulse.

BBaum, Carl E. , Maximizing Frequency Resgonse of a B-Dot Loopl
9 December 1964, AFWL SSN 8. :
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Figure 6. Appropriate Transformations to Observe Effective Length
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A distortion occurs if a real sensor with finite risetime {(limited
frequency response ) could be exposed to a perfect step function as illus-
trated in Figure 7c. Again, the measured risetime of the integrated output
response is very nearly equal to the half width points of sensor cutput and is
the risetime of the sensor Trz.

A real case, of course, involves an incident field of finite risetime
and a sensor with a limited frequency response. As one might suspect, the
recorded output and integrated output show a risetime greater than either

Tr orT e This is illustrated in Figure 7d. The square of the measured
1 2
risetime is taken to be (for Gaussian curves) equal to the sum of the squares

of the incident field and sensor risetimes and will be used to obtain the sensor
risetime. The equivalent area can be verified by comparing the integral of
the sensor output tc the amplitude of the applied field. The transfer function is

ZA D =V : (12)

where Z is the output cable impedance. Integrating both sides with respect
to time

ZAD = fv (t)at
or ﬁr (t)dt
| A oD )
eq

The pulse response tests were done with the test setup shown in
Figure 6. A description of the test setup follows.

. The conical test {ixture is a 15-fodt high by 3~foot maximum
dizmeter copper screen cone with a conic angle 9 = 5,712 and its spex at the
center of a 30 foot diameter copper sereen ground plane. Figure 9 shows a
photograph of this simulator. This structure forms a conical trangmission
line of 180 chms. 4 '

“Baum, Canl E.,
AFWL SSN 36.
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® A Tektronix 109 pulser, with a Spiro-flex charge line is
charged to 400 Vdc and used to drive the conical fixture through one side of
a power divider and another length of Spiro-flex cable. The other half of the
divided signal is used (with various attenuators) to trigger the oscilloscope.

The pulser and recording system are shown in Figure 10.
The sensor output is brought to the sampling oscilloscope,

.
via Spiro-flex cable, and plotted.
b. Risetime
The risetime was measured from the output waveforms taken
as indicated above. A 1/4 inch high probe on the ground plane was used to
measure the measurement system risetime. The small size of the probe
insures a frequency response much greater than that of the rest of the system.
It was found, using the "width at half-max" definition of risetime, to be 0.21 ns
(Figures 11 and 12). The sensor risetime can be calculated from the sensor

and system output and the system risetime using

_ P 2
T, sensor = \/(Tr wtput’ - (T, system) (14)

From Figure 18, the recorded response fram the sensor, T ¢ output is found

to be about 0.45 ns. Substituting into the above equation, the sensor risetime

is about 0. 40 ns. This implies a frequency respouse of 880 Miz for the ACD
large prototype, assuming the standard relation of Tr BW=0. 35. Scaling this
down to the actual ACD-1A size implics a bandwidth of 8. 8 GHz. At this time

it must be pointed out that harizoatal scale calibration data using a laboratory
standard was not taken al(hough. the scope was within its calibration period. It
should also be noted that a sampling system can be incorrectly adjusted, during
ealibration to give an apparent risetime fuster than that actually present,

¢. Sensitivity ,
The sensitivity measurements were comparative. The output

of the ACD-1 large proiotype was recorded and then a HSD-3B(R) sensor was
placed in the same loeation and the measurement repeated. Referring to Figure 13,
the area undor the ACD large prototype autput waveform is calculated as follows:

18

S e R e S




e e b iyt (AT S MALL it wm i ns e

a. Tektronix 661 Scope with 452A Plug In (Tr = 90 psec)

b, Tektronix 109 Pulser with Spirvoflex Cables

Figure 10. Pulser and Recording Equipment
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o s emtn bt s o ko sam e s

fVodt = 324 squares x 0.5 x 10"‘§ sec/in
2

ACD x 0.1 V/in x g5 quare

x (1.11)
= (0,180 V-sec
The total correction factor (1. 11) was obtained from Figure 14 which is a
calibration plot for the vertical sensitivity. The 100 mV data are to be cor-
rected by 1. 11 and the 50 mV data are to be corrected by 1. 042,
Similarly, using the latter correction factor and the information

in the HSD-3B(R) output data in Figure 15, the following is obtained

/VOdt - 328 squares 1 x 1072 sec/in
HSD | .2
x 0,05 V/in x ‘1%"6'&1 uare X (1.042)
= 0. 1709 V-sec i
This implies that the ACD large prototype is 5. 33% larger than the HSD-3B(R).
Recall that this is in addition to the 2% correction applied at the time of initial
design.
One of the scaling inaccuracies of this model is in the output connector,
The GR 874 is small in relation to the prototype ACD, but the OSSM 274 is much
larger than the actual ACD sensing element, At a later date, a test was per-
formed in the setup of Figure 8. This was an effort to get an indication of the
effect large connector block has on the sensor pulsg,xeéponse. A2inch by b
inch by 6 inch piece of styrofoam was covered with aluminum foil and placed
over the GR connector. The sensor cutput was recorded, the styrofoam block
removed and the output was recorded again, Figure 17 shows the reflection
from the connector at about four nanoseconds, That is the round trip time ve-
tween the connector and the sensing element. The Sensor was positioned so
the connector was farthest from the incident wave and in line with the sensing
element and coue apex, | |
d. ‘TDR Response

The TDR signature in Figure 16 was obtained through the output

connector. The characteristic impedance of 50 chms is preserved throughout

the wiring up to ‘he eventual open circuit at the sensing element, allowing for
minor discontinuties at the connections.
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Figure 16. TDR Response of ACD-1 Large Prototype
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SECTION IV
ACD-S1A(R) D-DOT SENSOR

The design and construction of the actual ACD is identical to that of
the large prototype model. The material sizes and dimensions used on the
prototype were scaled up based on what was available in the size appropriate
for the ACD-S1A. Ratherthan proceed to recalculate the scaled dimensions
and specifications, only the modified or otherwise different features will be
covered.

1, DIMENSION CALCULATIONS AND SENSITIVITY

Based on the large prototype tests (Section III, paragraph 5.), the
equivalent area was reduced by a total of 9.5%from calculated values to
compensate for perturbations due to the ground plane, dome, etc. This is to
ensure that the equivalent area of the ACD-1 is one tenth that of an HSD-3.
The calculations are performed in Appendix A.

It should be noted that the data of Section III, paragraph 5. indicate
5.3% or a total of 7. 3% for the applied reduction. The 9. 5% reduction was
based oa data that were found to be in error. At the time of this writing,
further investigation is underway,

The dimensions of the baseplate were chosen to be 0. 40 inch thick
x 1. 0 inch diameter, . 374 inch wide stem protruding from one edge run to the
connector, see Figure 1, The sensor has a mass of 12 g (0. 4 oz. ).

The base plate of the ACD-S1B(R) version is the same with the
exception of a 1-1/4 inch length of 0. 005 inch thick brass replacing a portion
of the stem between the sensing element and connector. The 509 cutput cable
is on top of the flexible ground plane and bonded to it. This permits some
conforming to cylindrical surfaces--but semi-rigid coaxial cable is not de-
signed to be bent frequently.

2. FREQUENCY LIMITATIONS ,

The 7.5% reduction of equivalent area over the prototype will cause
a corresponding risetime change due to the lowering of the sensor capacitance
and decreased transit imes, From Appendix A, C 15 0. 163 p¥ aud the re-
sulting RC risetime is ’I‘ra 18 pgec. The transit Hme Umitation, as digeussed
in Section I, paragraph 4., will also becoms about 7. 5% smaller than the
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scaled ACD-prototype risetime-about 41 psec. Adding the transit limitation
and inductive limitation in quadrature gives
Tr = 45 psec

for the risetime of the ACD-S1A and implies a bandwidth of 7.8 GHz.

3. HIGH VOLTAGE DESIGN

The maximum voltage output will be limited by the Teflon washer
at the hase of the sensing element. Using a surface flashover strength of 10
kV/inch and a washer with an inside radius of 0. 005 inch and outside radius of
0. 0175 inch, 125 V is the calculated maximum voltage to be applied between the
sensing element and the ground plate. This corresponds to an incident pulse
with an electric field component of over 2 MV/meter rising in 1 ns.
4. PULSE RESPONSE

Based on the test results of the large prototype, the ACD-S1A(R)
should exhibit a frequency response (upper 3 dB point) in excess of 7.5 GHz.
5. TDR RESPONSE

Figure 18 shows the TDR of a typical ACD-SIA(R) sensor. Slight
impedance deviations are present at the connector. Since the sensor is ex-
tremely small, the contribution of the sensing element is not readily discernable
from the open circuit which immediately follows,
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SECTION V
CONCLUSIONS

The ACD-S1A(R) D-dot sensor may nowbe considered tobe operational
and availabie for determination of electric field changes. Its frequency re-
gponse is approximately 7. 5 GHz.

The small physical size of the sensor and the air environment sur-
rounding the sensing element result in a maximum safe cutput of about 125 v,
This specification implies a high incident field (2 MV/meter) associated
with the incident TEM wave.

The output connector should be reduced in size to minimize the field
perturbation and subsequent r-fl.ctions which effect the sensor output (See

Figure 18), This would also reduce the probability of flashover in very intense
E -field environments.
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APPENDIX A
EQUIVALENT AREA DETERMINATION

The shape of the ACD-S1A(R) D-dot sensor is determined from equations
derived by C. E. Baum, 2 These describe a technique for obtaining the
potential distribution of a line charge of known height and charge density.
The sensor surface is then chosen as one of these equipotential surfaces.
The capacitance and dipole moment can then be found by integration, yielding
the low frequency parameters. A conical transmissiou line at the apex provides
the high frequency limitation of SSN 69. S '

A.l GEOMETRY
First the impedance of the conical center portion is selected as
50 ohms — this is the desired load impedance from SSN 36. 4 The impedance

]
Z, = L 250 1ot 2y (A-1)
2 60 2

where 6, is the angle of the cone with respect to a vertical line passing through
its axis as illustrated in Figure A-1. For Zo of 50 ochm, we can define

is given by.

9 ~Zozﬂ
® = Tan (-29-) @ eXp ~——— = 0,4343476 (A-2)
Vi,
Also from SSN 72 we have
b e .
L. \/ 1-9 2 (A-3)
Ygeo
and | gy e '
\1- @03
Y S YN (a-4)

EBmxm, Carl E., Designofa Pulse-Radmtmg Dipole Antenna as Related
X ) ! i S Jan, 69, AFWL SSN 69.
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where

h off height of equivalent charge

hgeo = actual height of sensor

C = capacitance of sensor with respect to image surface

€, = dielectric constant of material around sensor (assumed,

for calculations, to be free space)

The area can be defined in terms of the capacitance and the equivalent height,

h .. as

eff

A = h

£
eq eff €,

which implies that _
h =\/Aeq <-—1n ¢%>
geo T o\y. o,

Now that all the physical parameters have been defined, SSN 722
gives the conditions necessary to cbtain values of 2 and r in a cylindrieal
coordinate system, such that the surface evolved by rotation is on an equipotential
surface of the original assumed line charge.

oz, z2 ol s h ~2)+\/(h - )‘+r (A-5)
o, T 2 e V e _
(hgeo'*ﬁ)“ vl’

This equation can now simply be iterated at varicus values of 2 to find the
corresponding r that defines a data point (2, r)on the equipotential surface.
This ¢an be done for 2 ranging from geroto hg 6o at which point r = 0 dofines
the top of the asymtotic conical dipale.

The following pages desecribe the program and results for the large
prototvpe and the production for ACD-S1A sensors.
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A=, PROGRAM AND RESULTS
The foilowing is the comwputer program used to generate the
asymtotic conicai dipole sensor (ACD-S1A(R)) and its large prototype. Where:

110 Eo

i

€ permitivity of medium surrounding sensor

371 [P .
120 ZF = \/—-uatmpedance of medium surrounding sensor

27 €y (prmerw 1 for air)
130 ZC = desired pulse impedance of sensor
140 AEQ = desired equivaient area of sensor

o sy

are the parameters necessarily specified for a particular sensor. The ACD
program is reproduced in Figure A-2.

A-3. STEM

The only remaining task is to define a stem that supports the sensing
element and provides the connection to the output cable at the base of the dipole.
A stem of 0.010 inch was selected for the production model as having adequate
strength and mirimura thickness (0.1 inch diameter for the large prototype).
After the computer program generated a set of data points, an arc was
inscribed which is tangent tothe 0, 005 inch radius of the stem at the ground
plane and also tangent to the data point surface (see Figure A-3). This
provides a smeoth transition from the cylindrical coaxial line to the conical
dipole sensing element, Figure A-3 shows the graphic determination of the
transition coordinates. These are manually inserted into the data printout to
provide a complete data set for machining the sensing element, Figure A-6
shows the shiffed coordinate system used in the data output.,
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140
150
160
170
180
190
200
210
a2o
233
240
as0
260
are
280
2390
300
0
320
330
340
350

370
380
3%0
40n
4:0
420
430
40
4%0

N0
320
824
LY
- §%0
S60
90
agy
8838
| 9EL

910
329

0331S1MDBY 072-10/7%

REAL LNT+Z (3000 sR(3000)
E028,83542€-12
ZFs59,9584916

2C=50.0

REO=1, 0E~4

LNT=ZC/2F

TINVaEXP (LAT?
THETA={, 0/ TINY

Plx3, 1415926536
RAD=SART (1, 0-THETARSTHETRA)
CORR=0.903

RE=AEQeCORR

H=SQRT (RESLHNT /P 1> /RAD
CRM=E 0P T oHORAD/LNT
H=H$39,37

IRC=1000

STEP=1, 0~ INC

IH=HeINC+2
BETA=0, 3%/ (2, 2450, 00CAP)
I=1

TAU=0.35/BETR

20=HRAD

241>=0,0

R(1>=0, 0

@=0. 0001

109 l=aisg

RN=0, 0

RPwi. 0

Aap,$

IF (1. GE. IrD> 60TH 900
Z (D u(l-1>9ITEP
XmN=2 (1)

200 CONTINUE
CuZ0eX
De20-2

fa (DrSORT (DeD+AAY ) #- CeSART (CoC+hOANY
THTIHY™ (X RLSORT C(Xe¥ ~A/A) #1) > oSTRT (K

TaTHTINY-TINV

IF (Q-RABS(T12300:600.600

308 IFCY2400:3004300

400 RP=RR
R (QeRN) 22,
G0 10 200

S00 ANeA

Re (ReRPY 2,

60 10 200
600 RelruR
{E R GY, RiT=12) RMANSR
G YO 100

00 CONTINUE

PRENT, ™ EQUIVALENT RRERI " REUe " TOUAIE METERS"

CPRINT,
PRINY " THETA THVERIE:
PRINT " SEHSOR HE1EHTe
FRINT CRPRCLYANCEY |
PRINTY > . SadulDisny

PRINT. 10/90 RITETINE

B 820 ledsim
w20 R SRMAR=RL])

Lal)]
HRwijHsd0e v ol
PRINT" *

CORRECTION CROTE . CORR

MERA 111N

TiHet IHOREST
~ogaiy t FRFROS®
-~ BETALS  WERTY®
“o¥RhC SECOMDS™

SRENTes  TNIS YTRBLE GIVES I:P -DAVR PATRS <« IN ftwEs”

FOINTs

DO S30 I liRRe
Tialere ’
13eldenh

fde) TR

PRINT %37, 2RI 12025 e R UD (T 2IINI TSRS
237 FORMAY I Re 4 X FS 2 2XsFE 2y - -

430 CORTINGR
Y9 SVOP)- END

Figure A-2. Program for Computing the ACD Shape.

RSN SOV HEEIRRRT I
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CENTER OF REVOLUTION

2.10 'MAX - '0
- 2.‘1 “ 0“12
g R + 4762
g 20‘3 - .‘855
Voo 1 4950
&

2.15 41.5040

2013 - .5‘30
m 20‘7 P .s‘w
§ 2.18 {.5240
& 2n‘9 - .&w
a 2 1.5010
- 120" RAD
a .21 4.5330
£ ax 45340
R RO PANE LEVEL ey
(™ )
l 228 { RADIUS OF SENSING ELEMENT (INCHES) ~» 4 5350
' \

2208+ " 4.5380
' Sren 008

‘Figure A-3. Stem Dimensions and Radius Calculations for ACD Prototype
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A-4, RESULTS

Figure A-4 lists the data pairs (z, r) for the generation of the
ACD large prototype sensor with an equivalent area of 10"2m?%, The first
coordinate of the pair z, r, describes the height above the ground plane. The

coordinate origin has been shifted to the Z hax and r max of the sensor for

ease of machining so that z = h implies grourd plane level (see Figure A-6).
The stem, of course, will be longer and z continues as the stem penetrates
the ground plane.
The second page following has similar data for the actual ACD-S1A(R)
D-dot senscr (Figure A-5).
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EQUIVALENT ARER: 1,0000000E-02 SQURRE METERS
CORRECTION FHCT: 9.8000000E-01

THETR INVERTE: 2. 3023037E+00

SENSOR HEIGHT: 2. 2232621E+00 INCHES

CAPAC I TANCES 1.7012873E-12 FARADS
BANDWIDTH: 1. 8702416E+09 HERTZ
10-90 RISETIME 1.8714160E-10 SECONDS R

THIS TARBLE GIVES Z+R 'DATR PAIRS - IN INCHES
0. 0.3843 0.500  0,0342 1.200 0.0235% 1.800 ¢.2411
0.010 08.4970 0.910 0,0321 1.210 0.0257 1.810 0.2971 T
0.020 0.4613 0.620 0,0301 1.220 0.0273 1.820 0.253¢
0,030 0.4337 0.520  0.0231 1,230 0.0230 1.830 ©§.2538
0.040 0.4114 0.564U 0.03%2 l.2c40 0.0311 1.540 0.2649
0.050 0.3908 0.550 0.0&42 1,290 0.0328 1.850 0.2711
0.080 (.373t 0.650 10,0222 1.260 00,0249 1.860 0.2775
0.070 0.3575 0.870 0.0202 1,270 0.0371 1.870 40,2838
0.080 0,.3420 0,520  0,0187 1.280 0.0392 1.830 0.2%902
0.090 0. 3287 0.5%0 0.0170 1,290 0.0413 1.890 ¢@.29%968
0.100 0.31%8 0.700 00,0158 1.300 0.0434 1.%00 0.303%
0,110 0.3035 0.710 0.0139 1.310 0, 0481 1,310 0.3100
0.120 0.291S 0.720 0.0131 1.320 0.0482 1.920 0.3170
0,130 0.,2803 0.730 00,0117 1.330 0.0508 1.930 0.3240
0.140 0.2704 0.740 00,0104 1.340 0.0S34 1.940 0.3310
¢.150 0.2801 0.7850 0.0093 1.350 0.0560 1.950 0.3381
L 0.180 0.2503 0.760 0,0082 1.360 0,058 1.360 0.3453
H 0,170 0.,2411 0.770 o,0072 1.370 0.0611 1.970 0.3%528
: 0.180 0.2328 0.780 0.0041 1.380 0.0842 1.980 0.3802
G.190 0.2240 0.7%0 0.0051 1.390 0.0667 1.9%0 0.3677
0.200 o0.c2160 0.800 0.0046 1.400 0,0693 2.000 0.3753
‘ 0.210 0.203¢ 0.a10 0,003% 1.410 0.07e8 &.016 0,3832
0.220 0.2004 0.R20 00,0029 1.420 0,0738 2. 020 0,3910
0.230 0.1930 0.830 00,0025 1.430 6. 0788 2.030 0.3990 y
0.2840%  0,186%3 0.340 0.0021 1.440 0.0817 2,040 0.499071
0.230 0.1791 A, 880 0.0014 1.450 0,085t 2,050 0.4133
0.260 0.1724 0,860 0,001 {.450 0,088 2.060 0.4237
0.270 0.1662 0.3720 0,0002 1.470 0.0939 2,070 0.4322 :
0.280 0, 1397 0,380 40,0003 1.480 0,09%3 2,030 0.49406
6.290 00,1339 0.8%0  0.0043 1.490 0.0986 2.09CG  0,449%5

0.300 0.1483 g.900 Q. 1.500 0.1019 2.100 10,4383
0.310 0, 1427 6.310 0. 1.516  0.105? &.110 0.9672
0.320 0.1370 0.%20 0, 1.520 0.1095 S, 120 0.476e2
¢.330 0.1318 2,930 0, 1.530 0.1132 2.130 90,4835
0.330 0.1264 N, 330 0, 1.540 90.1169 2,146 0.4950 4
6.3%0 0.1215 0. %50 0. 1,550 0.1210 2,150 0.%5040
0.360 (1567 6.960 0. 1,560 0.1246 S.160 0.5130

¢, 270 0.1180 0. 970  0.0008 1.570  0.329¢ 2,170 0.51%0

0.380 ©,1073 0.98¢ @,0011 1.%680  0.1338 2.180 0,5%5240
: 0,330 0,1088 0,990 0.0011 1.590 0,1370 2.190 ©€.5280
: 0.408 0, 0981 1,060 0.0047 1.600 0.1434 2,200 0,5310
0.410 0,0343 1.010  0.0023 1,610 0,14%3 2.210 0.%330
0.420 0, 0899 1.020 0.0028 1,620 0.1496 2.220 0.5%5340
0.430 0, 0861 1,030 0.0034 1.630 0. 1542 2,230 ©.%3%50
6,440 0, 082% 1,040 0.0046 f.640 0.1%983 2.2490 0.53%0
0.450 0,078% 1,050 0.00%1 1,550 0.1634 2.23%0 0.%350
0.460 0,0748 1,060 0.00%7 1.660 0.1679 2,260 0.%350
06.470 0.0711 1.070 0,0068 1.670 0.17238 2,220  0.53%0
0,480 0.0680 £, 080 0.0079 1.680 0.1776 2.280 0.53%9
0,490 0, 0647 1,080  0.008% 1.690 9.1823 2.290 0.%350
0.%500 o, 0612 1,100 0.0095 §,700 90,1679 2.300 ©6.%3%50
6.310 0,058 1,118 0.0108 1.710 0. 193% 2,310 0,%3%
0.522 0, 0553 1,120 0.0119 1.720 0.1924 2.320 0.%3%0
0.530 0.0519 1,130 0.013% 1,730 0.2927 2,330 0.%3%0
0,540 0,04%4 1.140 0,0147 1.740  0.207% 2.340 0.%3%50
0.559 0,0468 1.150 ©.0158 1.780 0.2130  2.350 0.53%0
0.560 0.0440 1.160¢ 0.0174 1.760  0.2198 & 360 0.%380
0.570 0.041% 1.170 0.0191 1.770  0.2243% 2.370 0.%3%0
0.590 ©.0338 1,180 0,9202 1,780 0.22%9 2.380 0.%350
0.590 0.036% 1.190 0,0219 1,790 0.23%3 2,3%0 0.5330

b1

S RETO i

Chtained marually tram Figure A-3

Figure A-4. Coordinates for ACD Large Pratolype




EQUIVALENT RARER: 1.0000000E~04 SQUARE METERS
CORRECTION FRCT: $.0500000E-01

THETR INVERSES 2.3023037€+00

SENSDOR HEIGHT: 2.1422610E-01  INCHES
CAPRCITRNCES 1.6348%14E-13 FARADS
BANDWIDTH: 1.9461955E+10 HERTZ

10-90 RISETIME 1.7923805E~11 SECONDS

THIS TABLE GIVES ZyR DATR PAIRS - IN INCHES

0. 0. 0552 0. 060 0.0028 0.130 0.0032 0,180 0.0275
0.001 0.476 0.081 0.0028 0.121 0.0034 0.181 0.0281
0,002 0.0441 0,62 0.0024 0,122 0.0035 0,182 0.0288

0,003 0.0414 0,063 Q,0022 0.123 0.0033 0.182 0.0295
0.004 0, 03232 0,054  (,0020 0,124 0.0040 0.184 0.0301 %
0,005  0.03F3 0, 065 0, 0019 0.125 0.0042 0.185 0.0308
0,006  0.035% 0. 068  0.0017 0,126 0,004% 0.186 (.03195
0,007 0,0337 0,067 G.001% G.127 G.0047 0.197 0.0328
0,008 0,0325 0.068 0.0014 0.128 ©,005¢ 0.188 0.0330 :
N, 009 0,031t 0.06% 10,0013 0.129% 0.0082 0.18% 0,033?7 :
0.010 0,0298 0.070 0.0011% 0.130 10,0055 0.190 0.0344
0.011 0.0286 0.071 0,000 0.131 0.0057 0.191 0.03%2
0.012 0.02?5 0. 072 0.000% 6.132 0.00€0 0.192 0.03%59
0,013 0,0264 0. 073 0.0n00R 0.133 0,0063 0,193 0,0387
0. 014 0.0254 0,074 0,0007 0.134 0.0065 0.194 0.0373
0.018 0.0248 0,075 0,0005 0.135 0.0069 0.195 0.0383
6,016 0.0235 0,076  0.000% 0.136 0,0072 0,196 0.03%
0.017 0,0226 0,077 R.0004 0,137 0,007% 0.19?7 0.0393
0.018 9Q.021¢ 0,678 0.2004 0.133  0.0073 0,198 0.0408
0.019 0,0210 0.072 ¢C.0003 0,13% 0.0031 0.199 0.041%5
g.039 o.0202 0. 080 @.0002 0.140 0.0084 0.200 0.04235
. 0,021 0.0194 0. 051 0. 0002 0.141 0.0087 0.201 0.0433
0,038 0.0187 0. 082 0, 0001 0.142 G, 0091 0,202 0.0442
0,023 0.0179 0,033 ¢,0001 0,143 0. 009« ¢.203 0,0451
0.024 0.0173 0.084 0.0001 0,144 0. 0098 0.204 0.0460
¢ 0.02% 0.0156 0. 035 0.0000 0.14% 0,011 0.30% 0.0470
0.02» 0.0180 0,095 0, 0000 0.146  0.0105 D,806 _0,0479
0,037 0.0153 0,087 0.0000 0,147 0.010% 0.207 0.0488 |
0,023 0.0147 0.088 Q. 9.148 0.0113 0,208 0.0495
0.02% &,0142 0.089 O, 9.149 0.0118 0.209 0,05090
0.030 0.0136 0.090 0.0000 0.1%¢ 0.0120 0.210 0.0305
0.034 &,.0130 0.091 0,0000 0.191 0.0124 0.211 0.6508
0.032 0.0123% 0.092 0.0000 e, 152 0.0128 0.212 0.0%19
0.033 0.0120 0. 053 0.000! 0.153 0.0133 0.£13 0.0511
0.034 0.011% 0.094 0.000! 0.15%54 0.0137 0.214 10,0512
0.03% 0.0110 6,09% 0.0001 0,155 0,014} 0.213 9.0512
0.036 0.0106 0.096 0.0002 0.156 0.90146 6.216 0.0512
0,037 0.0101 0,037 0,0002 0.157 0. 0%0 0,217 0.0%18
0.038 0.0097 Q. 098  0.0003 0,158 0. 01895 0.218 0.0518
0.03% 0,0092 0.099 0,0004 0.1%59 0,0189 0.219 0.051¢8
0.040 0.0098 0.1060 0,00084 0.160 0.0164 0.220 0.0512
0.041 0,0084 0.101 0.000% 0.161 0.0169 6.221 0.0512
0.042 0.0080 0,102 0.0008 0.162 06,0173 0,822 0.0512
0.043 0.0076 6.103 0.0007 0.163 0.0178 0.283 ¢.0%512
) 0. 049  0.u073 g.1¢4 0.0008 0. 164 €, 0183 0.284 0.0512
0.04% 0.0069 0.10%5 0.0009 0.16% 0.0188 0.22% 0.0%82
0.046 0.0866 0.106 0.0010 0.166 ©0.0154 0.226 ¢.0%12
0.047 0.0062 8.107 0.0011 0.167 0.0192 0.227 0,081
0, 048  0.00%9 0.108 0.0012 0.168 0.0204 0.2e8 0.0%12

L e bt v,

Chtatned

0,049 0.00%6 0,109 0.0014 0,169 0.0210  0.229 0.0512

. 0,050 0.00%3  0.110 0.0015 0,170 0.0218 0,230 0.0312
0,051 0.0050  0.111 ©.0916  0.171 o.0221 & 0.
0,082 0.0047  0.112 D.0018  0.172 0.0226 0. 0.
- o.0%2 0.0045  0.113 0.0019  0.173 06,0232 O, 0.
. 0.0%4 0.0042  O.114 0.0021 0,174 0.0258 0. 2.
: 0.0%5 0.003% -0.11% 0.0022  0.17% 0.0244 O 0.
0.0%6 0.0037 0,116 0.0024  0.176 0.0230 0. 0,
; , o 0%? 0.0035  0.117 0.0026  0.1?7 0.02% 0. 0.
A 0.08%8 0.0032  0.118 0.0028  0.178 o0.0262 0. 0.
0,080 0.0030 0,119 0.0030 9,179 o0.0268 0. o
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