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ABSTRACT
This report presents improvements in a rocket-borne electric field
meter desigred to measure the atmosphere's electric field and conductivity
in the middle atmosphere. The general background of the experiment is
given followed by details of changes in the instrument and data-processing
schemes, Calibration and testing procedures are documented together with

suggestions for future work,
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1. INTRODUCTION

1.1 Electric Fields in the Middle Atmosphere

In the lowest atmosphere under fair weather conditions there exists a .
vertical potential gradient of about 100 V/m. The atmosphere at low
asltitudes also has finite conductivity. The potential gradient and
conductivity lead to the conclusion that there is a current flowing down
through the atmosphere and into the ground. Direct meacurements confirm
the existence of the current,

The origin of this current was first explained by Wilsou [1920]. He

suggested thunderstorms as the =lectrical generators of a global atmospheric

=

electric system. A diagram of this electric system is shown in Figure 1.1, k
The electrical conductivity of the atmosphere increases with height.
Twe major factors are involved, One is the increase in mobility of the
charged particles associated with the decrease of atmospheric (neutral)
density. The other is the presence of free electrons above 60 km,
A high conductivity implies low values of electric field for a constant
current., Theory predicts electric fields of about 2 mV/m at 60 km and about

2 yW/m at 70 km.

e I rh R ok ik BWL . g ey D g

The acceptance of a global atmospheric electricity system has been
complicated by recent observations of electric fields in the middle
atmosphere which are greater than theory predicts,

Various investigators have reported results of rocket flights that
indicate vertical electric fields in the middle atmosphere that are much
greater than expected. Bragin et al. [1974]) and Tyutin [1976] observed a
maximum value of 14 V/m at an altitude of 57 km, Other observations
supporting the existence of large electric fields have been reported by Hale

and Crosky {1979], Hale et al, [1981], Pfaff et al, [1980], Maynard et al. ?




Figure 1.1 The atmospheric electrical global circuit. Large
arrows indicate flow of positive charge. The
thunderstorm depicted represeats the global

electrical generator, that is, the totality of

all global thunderstorms. (Adapted from Marksom
[1978]).



{1981]) and Maynard et al. [1982].

If these observations are accurate, the most obvious explanation is that
it rasults from conductivity that is lower then expected, but low con~
ductivity values are not supported by direct observations (lale et al,
[1981)). Kellcy et al. [1983] suggest that large electric field
observations have been artifactes of the experiments rather than actual
ambient fields,

Two different types of instruments can be used to measure middle-
atmosphere electric fields, If the conductivity is high enough a double
floating probe, e.g., Mozer [1971), is effective. The potential difference
between the two probes is measured using a high impedance voltmeter. The
electric field value is derived from the voltmeter measuremnant and the known
distance between the probes, If the conductivity is low, this method will
not work without artificially increasing the conductivity near the probes.
This is ugually done with a radiocactive source. This is not suitable for a
rocket~borne neasurement device in the lower part of the middle atmosphere,

In situations of low conductivity the preferred method of measurement
uges electrostatic induction rather than electrical conduction, Instruments
based on this principle are often called "field mills"., These have been
frequently and successfully used in studies of atmospheric electric fields
in the low atmosphere. Adapting the technique for a rocket experiment in
the middle atmosphere presents two major problems which are absent in
ground-based measuremente of the low atmosphere. These are: (1) the effcots
of atmospheric electrical conductivity (not negligible in the middle
atmosphere) and (2) the constraints placed on the instrumentation resulting
from the environment of the rocket in flight. These problems have been

addressed in the design and construction of the electric field meter



described here.
1.2 An Induction Electric Field Meter

A rocket-borne field meter has been designed to measure the electri:
field and conductivity of the middle atmosphere and a prototype built, as
described in Dettro and Smith [1982).

The electric field and the conduction current are both measured by
separating the displacement component from the conduction componeri of the
sensor current (the two components are in quadrature). The sensor consists
of a conducting surface alternately covered and uncovered by a conducting
shield, The area function of this surface.is sinugoidal, resulting in a
sinugoidally varying charge induced on the conductive sensor by the field
and a sinusoidally varying current in the surface corresponding to the
conductivity, A preamplifier converts the sensor current to a voltage.

The sensor output signal consists of two separate components. One
represents the effect of conductivity and the other, 90 degrees out of
phase, represents the electric field., The phase rvesponse of the system at
the frequency of interest must also be known so that its effect can be
compensated when separating the signal components, This includes the
telemetry, pre-digitizing low-pass filter and data processing (digital
filter and modulation detection) systems.

Previous designs of this type, e.g., Smith [1954), have been intended
for use on the ground where fields are in the range of 100 to 10,000 V/m,
and envifonmental conditions are not severe., In the case of Smith {1954],
the experiment geometry resulted in an effective electric field
intensification of ten times the ambient field {exposure factor = 10) so the
meter sensitivity was actually 1000 V/m. Designing a field meter for use on

a rocket is more difficult. The smallest field to be measured is 1 V/m, a



factor of 1000 less than the effective minimum field measured by Smith
[1954], waking noise problems much mecre eignificant, The rocket enviromment
is also very harsh., High levels of vibration are present during launch.
Acceleration forces will be in the range of 50 to 75 G. The rocket will
spin at approximately 6 Hz throughout the flight putting a large stress on
the mechanism.

The prototype instrument has successfully demonstrated the validity of
the design. This report details changes in the instrument providing better
reliability in flight with improved performance, and development of data
processing schemes,

1.3 Plans For Rocket Launches

Two field metere are used to wmeasure horizontal and vertical components
of the electric fiald. One is mounted in the fromt ¢f the rocket on the nouse
cone to measure the vertical field, The other is mounted in the side of the
rocket to measure the horizontal field. Since the rocket is spinning, only
one meter is required in the horizomtal axis. This configuration is shown in
Figure 1.2, The first rocket launch is mainly intended to be a test of the
field meter so only the horizontal meter will be installed. (In any case
the nose-tip position is not available on this flight.)

The field meter sensors must be exposed to the external field, there-
fore, the rocket nose cone must be ejected at 3 suitable altitude in order
for the tip-mounted meter to operate, The side mounted meter will be
exposed through a hole in the side of the rocket. The rotor will be
protected from high wind velocities during launch by a deflector on the
rocket just above the exposed meter.

The shape of the rocﬁet will influence the ambient electric field. The

effect is to increase the field near the rocket surface., The amount of
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Tip Mounted
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Figure 1.2 Suggested flight configuration using'two electric field
meters to measure the atmospheric electric £ield and
conductivity. (Adapted from Dettro and Smith [1982]).



increase is specified as an exposure factor (Chalmers [1967]).' As an
example, the exposure factor of a sphere in a wniform electric field is
three. The approximation for & rocket is an infinite cylinder. In this
case the exposure factor for a perpendicular field is two. A better model
for a rocket would be an ellipsoid, with exposure factor slightly greater
than two at a point on the surface near the center of the major axis for a
field perpendicular to the axis, and an exposure factor much greater than
three at the end of the ellipsoid for a field in line with the msjor axis.
The measured magnitude of the electric field wust be divided by these
factors to get the actual magnitude of the undisturbed field.

To obtain the best accuracy,a scale model of the rocket should be built
and installed with electric field meters, A known electric field applied to
the model would allow exact calibration of the two meter readings. For the
system proposed here, the complete rocket could be exposed to normal (fair-
weather) atmospheric electric field (about 100 V/m) and the exposure factor
determined separately for the side- and forward-looking meters by suitably

orienting the payload.



2. GENERAL CONSIDERATIONS

2.1 Modeling the Sensor

An electrical model of the sensor is required in order to design the
signal processing electronic circuits and digital date processing
algorithma, Figure 2.1 shows the sensor and rotor. When the rotor turis
it alternately covers and uncovers the sensor surface. In the presence of
an electric field this gives rige to an alternating current out of the
sensor. Based on the theory given by Dettro and Smith [1982] an ideal
sensor model can be constructed, This is shown in Figure 2.2,

This model consists of a voltage source representing the perpendicuiar
component or the external electric field, a variable capacitor in seriee
with the electric field source representing the rotor covering and
uncovering the sensor, and g current source representing the conduction
current into the sensor. The electric field source value is KE where E is
the electric field strength and k is a constant, The mndulating function
of the variable capacitor is derived from the area function of the sensor as
it is covered and uncovered by the zotor. Co is the maximum value of the
capacitor, corresponding to the sensor area being entirely exposed to the
external electric field, w is the rotor chopping frequency {2007 rad/sec),
and t is time, The capacitor gives the 90 degree phase shift to the
electric field component of the sensor current. The conduction current
source value is okE, where o is the conductivity, and is also modulated by
the chopping frequency, sinwt., The sensor is connected to the preamplifier
input, which is a virtual ground,

This model suggests that in a non—conductive medium with no electric
field the sensor current should be zero., In reality this is not the case.

Tests show sensor current componente at the chopping frequency and its
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o— ——
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Figure 2.2 Ideal rotor-sensor model. (See text for explanation.)
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harmonics., The origin of this "unwanted signal" is not well understood,
but experiments show that uneven sensor and rotor surface work functions
are at least part of the explanation. The magnitude of the unwanted
signal can be reduced by coating all metallic surfaces in the rotor-stator
erea with colleidal graphite.

Another model taking into account the unwanted signal at the chopping
frequency is shown in Figure 2.3, The unwanted signal is modeled by a
second voltage source, Vs with a variable capacitor , Cl(wt), in series,
The exact values of these additional components are not known other than the
fact that rotor chopping action and work function are important. The rotor
chopping action dependence is accounted for in the variable capacitor which
varies as some function of the rotor frequency. This model may be further
refined as a better understanding of the phenomenon emerges. Laboratory
observations show unwanted signal levels corresponding to electric fields in
the range of 4 to 13 V/m, The magnitude and waveform vary unreliably.

Data processing methods that separate the desired signal from
the unwanted signal will be developed in Chapter 6.

2.2 Design of the Prototype

The prototype electric field meter described in Dettro and Smith
[1982] was not intended to be launched on a rocket. It was intended to
verify the design concepts in the laboratory and to provide the necessary
data to design a version suitable for launch.

Mechanically, the prototype is not sound enough to withstand the
vibration of & rocket launch or the centrifugal force of the rocket spin.
Referring to Figure 2.4, the rotor blades are too thin., They would probably
fatigue and break off during the high vibration of launch. The mechanical

arrangement, shown in Figure 2.5, does not provide enough support to the
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Figure 2.3 Actual rotor-sensor model. (See text for explanation.)

12



ORIGINAL PAGE S
OF POOR QUALITY

Figure 2.4 Prototype field meter with cover removed.
(Dettro and Smith [1982]).

13



Stator Shaoft Rotor
\ Bushing
=
Brush sl Carbon
Holders Brushes
f*— Insulating
Coupling
Precmplifier
Booard — J
Encoder
Blade

\— Motor

Optical
Switch

Shielding
Wall

Figure 2.5 Mechanical arrangement of the prototype field meter.
(Adapted from Dettro and Smith [1982]).
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rotor shaft and the motor besrings. The rocket spin will cause a very
large centrifugal thrust force throughout the flight. There is one shaft
bearing just behind the rotor. The only other bearings are the built-in
wotor bearings., Another problem is motor and rotor shaft alignment, The
solid coupling shown in the figure does not allow for any misalignment.

Carbon brushes are used in the prototype to ground the moving rotor.
If the rotor is not continuovily held at a constant potential with respect
to the sensor, it will result in a noisy signal,

The block diagram of the prototype field meter is shown in Figure 2.6.
The motor is a DC brush type. It is run open loop with speed set by a
constant voltage regulator. DC brush motors have great speed variation
with changes in load. The measured electric field amplitude is
proportional to the motor speed and the propoeed digital processing schemes
(to be discussed later) require a constant motor speed so & closed loop
control method is required,

The prototype preamplifier consisted of an op amp with a very large (1
G2) feedback resistor to the nepative input. This large resistor couples
with stray capacitance to give an wunreliable frequency bandwidth to the
preamplifier. It ic also sensitive to stray leakage. Excessive resistor
values must be reduced to no more than about 16 MQ.

The prototype does a true RMS conversion of the signal (o remove the
rotor chopping frequency and then applies a logarithmic compression to im-
prove the dynamic range. The log amplifier requires a temperature
regulated cavity to maintain calibration and also limits the signal band-
width,

A phase signal is generated from the rotor position encoder mounted on

the rotor shaft. This phase signal allows separation of the electric field
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and conduction signal comporents,
2,3 Changes and Improvements

The new electric field meter design attempts to correct the problems
of the prototype and also makes modifications as & result of new data
processing ideas, The complete field meter system is shown in Figure 2,7,

The new rotor is thicker in the centerrwhere the blades are weaker and
must endure the m2st stress, and tapers down towards the tips of the
blades. The new rotor can be seen in Figure 2.1.

The mechanical arrangement of the improved meFer is shown Figure 2.8,
The rotor shaft is supported by a bronze bushing near the rotor providiag
lateral support and a ball bearing near the end of the rotor shaft
providing lateral and axial supnort. The axial support provided by the
ball bearing removes the thrust force from the motor bearings. The rotor
shaft is connected to the motor through a special coupling which allows
some alignment tolerance and isolates the shaft from motor vibration. The
motor bearings only have to support the motor armature, the rotor position
encoder and one half of the coupling. The encoder mass has been reduced to
furiher minimize the motor bearing iocad.

The carbon brushes have been replaced by wire braid brushes and have
been relocated in the encoder chamber rather than in the front deck,

The block diagram of the improved field meter is shown in Figure 2.9,
The motor is still a DC brush type, but it has a built-in tachometer which
is used to provide feedback to a closed-loop speed control. The motor and
control circuit are identical to those used in many mini-floppy disc drives,

The RME converter of the prototype has been deleted in favor of post-
flight procgssing, which will extract the signal from the qhopped SenLor

output. The log amplifier will not work at the rotor freqﬁency go it is
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uot used in the new field meter, A known nonlineerity ir used for signal
compression, The signal is recomstructed in post-flight processing. A
high gain channel provide: better resolution for low magnitude field
measurements.

Rather than generate a phase signal in the meter to allow separation
of the signal components, the encoder signal will itself be recorded for
use in post-flight signal separation. It will also allow the motor ipeed
variation (during the flight) to be studied,

Subsequent chapters will discuss the design of the improved field

meter in detuil.
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3, ELECTRICAL DESIGN

3.1 Gain and Dynamic Range

There are two analog signal channels, one with high gain so that the
maximum resolution for low-magnitude electric fields is obtained, and one
with lower gain (and magnitude compression) so that high-magnitude electric
fields can be measured without saturation of the telemetry channel.

There are many considerations to be made in setting the channel gains,
The rocket telemetry system accepts signals in the range of 0 to 5 V,
allowing a sinusoidal beak value of 2.5 V., The magnitude of the unwanted
signal limits the maximum gain. The high gain channel is set to give a 4x
amplitude margin (4x ﬁeak unwanted signal amplitude = 2,5 V) based on the
laboratory attained unwanted signal magnitude. The low gain channel is
set to give a good range overlap with the high gain chanmel, The high gain
channel saturates at 50 V/m if the unwanted signal amplitude does not
increase. Setting the low gain channel to give a 10% of capacity output
(0.25 V) for a 20 V/m signal gives an ample channel overlap. The maximum
field measurable is then determined by the preamplifier output voltage
limits, This works out to he 1770 V/m, This value is reduced to 1000 V/m
to give a good operating margin, The compreésion circuit to be discussed
in Section 3.4 is adjusted to accommodate a 10060 V/m signal,

The resulting measurement ranges are 0 to 50 V/m on the high gain
channel and 20 to 1000 V/m on the low gain channel. |
3.2 Preamplifier Design and Noise Analysis

The desired measurement range is 1 to 1000 V/m, The peak sensor
displacement current (I) is given by

1=3.7x10%g | (3.1)

vhere E is the electric field magnitude (Dettro and Smith [1982}). By
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laboratory measurement the sensor current resulting from a 1000 V/m
electric field is 2.4 x 10—9}A. This experimental value modifies Equation
(3.1) to be
1=24x10 g, (3.2)

This is 35% less sensor curremt than Equation (3.1) indicates, ‘Considering
the uncertainties of fringing loss and mechanical imprecision in the sensor,
there is reasonable agreement between experiment and theory.

From Equation (3.2) a ] V/m electric field gives a sensor current of
2.4 pA. 1In ordsr to resolve this small of a current the preamp must have
very high gain and very low noise. The preamplifier circuit is shown in
Pigure 3.1. It consists of a current-to-voltage converter, & non~inverting
amplifier and a voltage follower, The first stage is the most critical.
The sensor is connected to the negative input of the op amp (0AIOl)., The
output voltage is given by |

v = -1 x (RI01). (3.3)

To avoid leakage and bandwidth-limitation probleme the value of RIOl is
limited to 10 MO. Cl0l is chosen to give a 300 Hz bandwidth to pass the
desired 100 Hz signal and to limit higher frequencies. Cl01 significantly
reduces the noise output of the current-to-voltage converter.

R106, R107, R108, C105, Cl106 and Cl07 implement an offset circuit with
a range of 0.5 to -0.5 V., A portion of the unwanted sensor signal can be
nulled out by adjustment of this offset, The actual effect is to force the
rotor and sensor to slightly different potentials inducing a capacitive
modulation signal as the rotor turns. This signal is out of phase with
part of the unwanted signal allowing a nulling effect.

C102 and R102 block the DC component of 0A101, If the DC was not

blocked the high gain of CAl02 would cause it to saturate., The value of
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C102 is chosen to be as large as possible, limited by size, in an
unpolarized capacitor, R102 forces the negative terminal of 0Al02 to settle
to 0 V. It is chosen to give & settling time of about ! second,

0Al02 gives the second stage of gain., The non-inverting configuration
i® chosen so that the DC blockimg circuit can have the high impedance load
o€ the negative 0AL02 input to prevent signal smplitude loss, R103 and
R104 are chosen to give a gain of 240 for reasons discussed in Section 3.1,
This sets the overall gain of the low-gain stage. C103 is chosen to give
the second stage & 300 Hz bandwidth.

C104 and R105 pexform the same DC-blocking function as Cl102 and R102,
OA103 is a voltage follower., 1t drives the shielded line connecting the
field meter to the deck~mounted circuit board.

Bince the gain of the first stage is so high (107 V/A), it is the
most critical for low noise performance. The output voltage for a 1 V/m
electric field is given by

ve2.4 %102 x 107 =24 wy, (3.4)

The noise introduced by the electronics should be significantly less
than this to allow detection of the desired signal.

The electronic noise model of the premaplifier first stage iz given in
Figure 3.2. The op amp input voltage and current, and resistive noise
sources are included. The offset circuit is not included because the large
values of €106 and Cl07 effectively ground the OAl0l positive input for
frequencies near 100 Hz. The ncise sources can all be considered
independent, By superposition, the output noise voltage is given by the
root of the integral over the range of interest of the sum of the squares

of the output noise voltage due to each source:
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Figure 3.2 First gain stage electronic noise model.
(See text for explanation.)
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115 1/2
2 2,1 _R 12 2
Vout = J Q.+ 1,97 scn' + Vv Cldf (3.5)
85

where Ioa and V‘m are the op mmp input noise current and veltage spectral

densities, and I is the feedback resistor noise current demsity given by

1= krmt? amet/?

(3.6)
where k is Boltzman's constant (1.38 x 10-23 J/IK), T is the temperature
and R and C are the values of 2101 and Cl10l., For T = 300 K and R = 10 MQ:

I_= 4.0 x 207 1/2,

A/Hz (3.7)
The range of integration is determined from the equivalent noise band-
width (ENBW) of the post-flight processing digital filter, BSee Appendix II
for the computation of tne ENBW, The band is centered at 100 Hz.
An Analog Devices ADP515J op mmp has the following worst-cuse
specifications:
. 1/2
Input voltage noise (V  ): 20 nV/Hz

Input current noise (I° J: 0,01 pA mms (10 Hz to 10 kHz)
(or 0.0001 pa/Hz1/2),

The resulting OAl output noise is 2.12 pV, If a more common type
LF356 op amp with

Input voltage noise (Vba)z 20 nvlﬂwllz

2

Input current noise (I 0.01 pAIHzll

oa’’
is used,the resulting output noise is 2,18 uv,

Both of these nolse levels are more than 20 dB below the 1 V/m signal
amplitude so that either device is acceptable.

Experimental values for the electronic noise were obtained by

digitizing the field meter output with the motor stopped and no external

electric field, The digitized waveform was filtered with the digital band-
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pass filter and the mms value of the waveform computed by taking the root
of the sum of the squares of the time sequence samples. The result was
2,2] uv, in remarkable agreement with the calculated value,

3.3 Shielding

The premmplifier iz very sensitive to pickup from stray electric and
magnetic fields, During development .f the improved field nmeter, large
output signals were observed with no rotor attachod and the sensor shielded
from external electric fields, Further investigation determined the source
of the signals to be céupling betwveen the rotating rotor shaft, shaft
coupling and position encoder and the preamplifier. There are 3 modes of
coupling. The first is accomplished by a moving conductor modulating the
ambient electric fields within the preamplifier compartment. The second is
moving magnetized materials, e.g., sct screws, coupling the preamplifier
with a varying magnetic field. The third is wmoving nonconductors in the
preamp compartment, Nonconducting material with charge trapped on the
surface modulates the ambient electric field. As an example, the motor-to-
rotor-shaft coupling was originally a phenolic cylinder with set screws to
¢lamp the motor and rotor shafts. When a nylon set screw was used, an
output signzl of amplitude equivalent to an external electric field of 870
V/m was seen,

These problems were solved by shielding the preamplifier compartment
from all moving parts. The mechanical design of the shield is covered in
Section 4.4,

3.4 Compression, Amplifier and Offset Circuits

These circuits are shown in Figure 3.3. They are on the deck-mounted

printed circuit board. The comprescion is a nonlinear function of the

signal amplitude., If the diodes are vomsidered to have ideal turn~on
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points, then the compression can be described as having gain equal to one at
amplitudes less than the diode turn-on points and as having a transfer
function at amplitudes greater than the diode turn-on points given by

Gain = (R202 x V,;, + R201 x V,)/(R201 + R202) (3.8)
where V4 is the diode turn-on voltage. Non-ideal behavior is compensated
for by characterizing the input-output transfer function and using this
characterization to restore the signal. This is described more fully in
Section 5.4.

The values of R201 and R202 are selected to draw a maximum current out
of the op amp driving the circuit (0Al103) and.to give a maximum peak
output voltage of 2.5 V for a 1000 V/m electric field, The diodes are
selected to give & turn-on voltage at the desired compression break point.

The gaius of the previous stages are adj;usted to give a peak signal
amplitude of about 0.25 V for an 20 V/m field (see Sectiom 3.1). The
compression break point is arbitrarily selected to be at about 300 V/m, At
300 V/m the measured value of Vin is 1.8 V. The diodes (D202 through
D207) are selected to give break points of 1.8 volts (measured at 0.5 mA
current), The output of the compression circuit should be 2,5 V peak-to-
peak when the largest electric field to be measured (1000 V/m) is present.
The output of 0Al103 is 6.0 V peak for this field magnitude. To limit the
load on 0Al03 to 5 mA the diode voltage drop must be known at this current.
It is measured to be 2.2 V., Values of R201 and R202 muet be such that

(6.0 - 2,2)/(R201 + R202) = 5 mA (3.9)

and
(R202 x 6.0 + R201 x 2,2)/R201 + R202 = 2,5 V, (3.10)
Solution of these equations gives R201 = 703 Q and R202 = 60 g. R203

is set equal to R20Z, The compression circuit output is buffered by an
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additional amp voltsge follower (0A293).

The high~gain channel smplifier (OA201) is also drivem by OAl03., To
give an arbitrary margin of safety in the event that the unwvanted signal
magnitude increases, the gain is adjusted such that 4 times the measured
unwvanted signal output magnitude is at 100% of the output range, This
amount of gain puts sn upper limit of about 50 V/m on the high gain channel
before saturation. The gain is set by R204 and R205,

Since the telemetry system input range is 0 to 5 V, both signal
channele must be offset by +2.5 V to be compatible, This is accomplished by
DC blocking the offset voltage from the out?uts of OA201 and 0A203 with a
capacitor and referencing the output side of the capacitor to s 2.5 V
réference through a resistor. Thear capacitors and resistors are C201,
R207, C202 and R208. Their values are chosen in the same wmanner as Cl02 .und
RC102 in Section 3,2, The reference diode (D201) is biased through a 10 k2
resistor (R206) from the +15 V supply and bypassed with a 10 uF tantalum
capacitor (C203) %o filter out any noise. The offset circuits are again
buffered through voltage follower op amps 0A202 and 0A204. The outputs oﬁ
these op amps are limited to the -0.7 to +5.7 V range by R20%, R210 and D208
thru D211 o protect the telemetry systenm from overlosds.

3.5 Fncoder Circuit

The encoder circuit is shown in Figure 3.4, The rotor shaft position
encoder chops the optical interrupter (INT40l) 4 times for each shaft
revolution. The interrupts are spaced 90 degrees apart. The interrupter
consists of a photo-diode and a photo~transistor. The diode is biaced on
by the +15 V supply through a 470 0 resistor (R401). The collector of the
photo-transistor is pulled up to +5 V through a 5.1 kfl resistor (R211),

The emitter is connected to ground, If the light from the photo-diode is
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allowed to reach the transistor, the trensistor is turned on, pulling the
collector voltage towards ground, If the photo-diode output is blocked by
the position encoder, the transistor turns off allowing the collector voltage
to be pulled up to 5 V.

The tollector voltage is made into a clean and precise digital signal
by @ 74L5132 Schmitt trigger NAND gate (IC201). The output of the NAND
gate drives a 7407 open collector buffer (IC202)., The phase adjustment
circuit is based on a circuit suggested by Dettro and Smith [1962]. It
consists of an RC network on the output of the open collector buffer to
allow a smooth-sloped rising waveform and a fast falling waveform, and a
voltage comparator. The rising waveform is determined by the RC time
constant, since the buffer output is off and the capacitor is charged from
the +5 V supply through the resistor., The falling waveform is fast
because the capacitor charge dumps into the buffer output transistor when
it is on. The resistor (R212) and the capacitor (C204) values are selected
to provide an adequate adjustment range for the phase calibration. The
shaft rotational velocity is 25 Hz (40 ns per revolution)., Since encoder
pulses occur every 90 degrees, the maximum adjustment needed is 90 degrees,
or 10 me. Allowing for two RC time constants in 10 ms gives RC equal
to 5 ms, This is realized by selecting R212 to be 10 kQ and C204 to be
0.5 uF.

The resultipg adjustment range is 81 degrees since the encoder blades
are of finite widthk and the RC circuit ie held low while the blades pass
through the optical interrupter. If the adjustment range does not allow
proper calibration of the encoder output, the encoder should be rotated 45

degrees with respect to the rotor in either direction.
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The actual adjustment is accomplished by varying the reference voltage
of the voltage comparator (IC203), The positive input of the comparator is
connected to the capacitor (C204). The negative input is conmected to the
center tap of a potentiometer (R213). A 10 uF capacitor (C205} is
connected botween the center tap and ground for noise immunity. The
potentiometer is connected between ground and +5 V allowing adjustment
of the reference voltage over the same range. The ocutput of the comparator
is open collector and is pulled up to +5 V by a 2.2 ki resistor (R214).

The comparator output goes directly to the telemetry system.
3.6 Motor Speed Control

The motor used to drive the rotor shaft is a DC brush motor with a
built-in AC tachometer for feedback to the motor control circuit. The motor
and the control circuit are virtually identical to those used in mini-£floppy
disk drives in the computer industry with the exception of a few minor
modifications. The motors and control circuit were taken directly from
the Hewlett Packard (Greeley Division) assembly lines. The motors are
manufaztured by Buehler and have Buehler part number 13.65.3.

The motor control circuit was modified to allow a slower motor epeed,
to operate from a different supply voltage {+15 and +28 V rather than
+12 V), to fit on the deck mounted circuit board and to provide adequate
power transistor heat siuking while operating in a vacuum., The supply that
actually drives the motor is isolated from the payload +28 V supply by
additional regulation through a +12 V IC voltage regulator.

The motor control circuit is shown in Figure 3.5. The heart of the
circuit is IC204 which is the National Semiconducter LM2917 frequency-to-
voltage converter including internal reference, op amp and output

transistor., The 7.56 V internal reference diode is biased from the +15 V
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supply through R2i7, The motor tachometer output drives the frequency-to-
voltage converter through an RC low pass filter (R215 and C206)., The
frequency-to-voltage convertur generates a DC voltage proportional to the
motor speed.

€208, €209, €210 and R21#3 constitute the control loop filrer. The
IC204 compares the motor speed DC signal from the frequency-to-voltage
converter witl the speed reference voltage set by the motor epeed adjustment
cirecuit (R200, R211 and R222), The reference voltage is derived from the
1C204 voltage reference. If the motor speed voltage iz less than the
reference voltage, the op amp decreases the base current of the output
transistor. The motor-drive power transistor (Q30l) is then turned on harder
by the pullup resistor R30l. The motor speeds up snd the motor speed DC
signal increases in turn,

If the motor is too fast, the motor speed DC signal will be greater than
the speed reference voltage; the op amp will increase the output transistor
base current which will result in more current being taken away from the
base of Q301 reducing the Q301 emitter current and slowing down the motor.

R216 forces the control circuit to turn off the motor if there is no
tachometer signal present. An additional transistor (Q20l) turns on if the
motor draws more than 1 A, This diverts the current from the base of Q301
limiting the maximum motor current to ! A even under stall conditicms,

This is required t¢ avoid an excessive drain on the payload battery should a
stall or excessive load conditior occur.
3.7 Power Requirements

The power distribution block diagram and the circuit of the power

supply are shown in Figures 3.6a and 3.6b, All voltages are derived from

the payload +28 and -28 V supplies, The +12 V supply for the motor is
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obtained from the +28 V supply using an LM3]17 3-terminal adjustable
regulator (1C301), R302 and R303 are chosen to set the outpui voltage to
+12 V. The premmplifier and deck-mounted circuit boards use +15 and -15 V
regulated down from +28 and -28 V by 7815 (I€302) and 7915 (I1C303)
d-terminal IC voltage reg.lators. These are mounted on the aluminum deck
belov the deck-mounted circuit board together with the motor-control power
transistor and the motor (+12 V) supply regulator., The deck-mounted circuit
board also uses +5 V., This is generated on the board by an LM309 -terminal

I1C regulator from the +15 V supply.

Power consumption of the electric field meter subassemblies is given

in Table 3.1



Table 3.1

Motor +12
Preanplifier +15

-15
Deck-mounted +15
circuit board -15
Overall payload +28
supply loading -28

39

Electric field meter powsr consumptionm,

300 mA typical, 1 A maxinum
50 mA

15 mA

10 mA

420 wA typical, 1.12 A maximum

v
v
v
v 70 mA (includes 40 mA for the + 5 V regulator)
v
v
v 150 mA
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4. MECHANICAL DESIGN

The mechanical arrangement of the field meter has been shown in
Figure 2.8. A photograph of the meter with the cover removed is shown in
Figure 4.1.

4.1 VMotor and Drive Shaft

The motor is located in the rear of the instrument so that the
premplifier board can be mounted ae close to the sensor ae possible (to
avoid noise pickup), The motor is connected to the rotor shaft through the
encoder assembly (see Section 4,3) and the shaft coupling, The rotor is
mounted on the end of the rotor shaft. The rotor shaft is supported at two
points: at the front by a bushing and at the rear by & ball bearing. The
rotor is prevented from touching the sensor by a 0.6 mm washer attached
solidly to the rotor. The rotor-semsor gap is 1 mm (see Section 5,3)
leaving 0.4 mm of play to allow for possible thermal expansion of the rater
while in flight, If the washer is not firmly attsghed to the rotor, it will
vibrate and introduce noise in the signal microphonically (see Section
6.4),

The shaft coupling has three parts, the shaft-side spline, the
flexible ribbed ring and the encoder-side spline., The shaft-side spline
set screws have been drilled out and replaced with larger ones. One extra
is added to make three set screws on the shaft-side spline, This is
required because these set screws hold the rotor and rotor shaft against
the centrifugal force of the rocket spin.

The encoder-side spline is mounted on the encoder shaft and the ribbed
ring installed between the two splines., The ribbed ring allows about 2 mm

longitudinal freedom, 1.3 mm of lateral misalignment and 3 degrees of

angular misalignment.
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Figure 4.1 Field meter with cover removed.
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The encoder is mounted on the motor shaft and the motor is secured to
the rear deck, The motor bearings support the motor shaft, the encoder
assembly and the encoder side of the coupling.

Purchased components (from Winfred M. Berg, Inc.) are:

rotor shaft - # 83-23

bronze front bushings - ¢ B4-8

ball bearing - # B2-6-8

shaft coupling assembly - # CC9-20-3
4,2 Sensor and Rotor

The sensor and rotor are shown in Figure 2.1. The rotor is
strengthened in the center where the blades ars narrow by making it thicker
and tapering the thickness towards the tips to roughly match the rocket
body contour. The sensor consists of four segments attached to the outside
surface of the front deck, The attachment method provides electrical
isolation from the deck. Thée four segments are comnected together behind
the deck gnd alsv connected to the preammplifier input. The rotor is made
of a non-magnetic material (aluminum) to eliminate possible magnetic field
interference.

The prototype field meter had the segments etched on a fiberglass
printed circuit board leaving the non-conductive‘fibergllal exposed between
the segments, During development of the improved field meter, static
charges trapped on the fiberglass surface were observed to influence the
meter output. The new sensor design eliminates non-conductive material -
from the sensor area. |
4.3 Encoder

The shaft angular position encoder blocks the optical interrupter four

times for each shaft revolution, providing a pulse for each 90 degrees of
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rotation, The encoder is machined from aluminum with an integral shaft on
one side to attach the shaft coupler, The other side mounts on the motor
shaft, BSee Figure 4.2,
4.4 Electrical Shielding

Secrion 3.3 discussed shielding required by the preamplifier circuit.
This shielding is accomplished wechanically by e metallic tube enclosing
the section of the rotor shaft passing through the preamplifier chamber and
by the preamplifier chamber wall., The shaft fits into recesses in the
front deck and chamber wall to provide a good electrical interlock., The
preamplifier chamber wall provides shielding from the rotating coupling and
encoder. The cylindrical field meter cover completes the preamplifier
chanber shielding. The field meter with cover in place is visible in
Figure 2.1.
4,5 Payload Installation

The field meter and electronics are shown mouitited in a payload in
Figure 4.3. The meter is shown in the approximate position it will occupy
wvhen the rocket shell is installed, The meter is attached to the 1/2 inch
thick shell, not to the payload frame. The payload power supply is on the

lowver deck.



(a)

(b)
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Figure 4.2 Encoder: (a) top view

(b) side view.
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5. CALIBRATION AND TESTING
5.1 Test Fixture for Electric Field Meter

In order to apply an external electric field to the meter a special
fixture was designed and built. It is shown with the electric field meter
mounted in Figure 5.1. It consists of two parallel wetallic plates
attached together with insulating standoffs. The plates are circular with
a éiameter of 254 mm, The distance betwzen the plates is such that the
distance from the bottom plate to the field meter semsor surface is 20 mm.
The electric field as a function of the voltage applied to the plates is:

E = 50 x (Plate voltage). (5.1)

The inside surfaces of the plates are coated with colloidal graphite
to make the work functions wniform. During laboratory tests the inmsulating
standoffs were observed to trap charge resulting in distortion of the
electric field, Wrapping the standoffs with copper tape and comnectiag the
copper tape to resistive dividers between the two plate voltages eliminated
this problem. The external voltage is applied to the plates through a 10
kQ registor to limit current in cose of short circuits,

A DC voltage may be applied to the fixture to simulate a comnstant
electric field, To simulate an electric field modulated a 6 Hz rocket
epin,a 6 Hz AC voltage is applied.

The system gain has been measured and the meter calibrated using this
setup,

5.2 Motor Speed

The motor speed is adjusted by trimming the speed reference voltage
potentiometer R221 described in Section 3.6. The location of R221 is shown
in Figure 5.2. To obtain the proper adjustment for & 100 Hz rotor chopping

f:eQuency, a frequency counter is cconected to the encoder output of the
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Figure 5.1 Test fixture for the electric field meter.
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Figure 5.2 Deck-mounted printed-circuit board
encoder and motor speed adjustment
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field meter and the speed is adjusted to give a count of 100 Hz, If no
encoder output signal is present, the encoder adjustment potentiometer
should be turned until an output is obtained.
5.3 Rotor-Sensor Spacing

1f the rotor-sensor spacing ie voo wide,the output (for a given
electric field) will be diminished. If it is too narrow, the unwanted
signal amplitude increases., By testing several gap widths,a gap of 1 mm
was chosen as optimum. A tolerance of 0.l mm is acceptable, The gap is
obtained by stacking pages of a paper pad until the thickness is 1.0 mm.
The pad is placed between a rotor blade and the sengor surface. Holdiné
the rotor firmly against the paper and semsor, the rotor shaft side of the
coupling is tightened onto the rotor shaft and the paper pad then removed
from under the rotor blade. The gap spacing is maintained by the coupling
position and the centrifugal outward force of the rocket spim.
5.4 Preamplifier Offset Adjustment |

The mnwanted eignal from the field meter sensor can be reduced by
adjustment of the DC potential of the semsor. The DC potential of the
sensor is just the voltage offset of the first stage amplifier OAl, This
is done by mounting a graphite coated end cap on the meter (see Figure 5.3)
and trimming potentiometer R107 on the preamplifier circuit board to
minimize the field meter OAlO3 output signal amplitude. The location of
R107 is shown in Figure 5.4. Rotor and sensor should be coated with
colloidal graphite and the rotor~sensor gap adjusted before attempting
this,
5.5 Encoder Phase Adjustment

The encoder signal rising edge phase with respect to a pure electric

field output (no conduction into sensor) must be known in order to separate
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Figure 5.3 Electric field meter with end cap used to protec’
rotor and sensor and to adjust preamplifier off .et.
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Figure 5.4 Preamplifier printed-circuit board showing of fset
adjustment potentiometer.
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the electric field and the conduction signal components during post-flight
processing. It is most convenient to align the encoder rising edge with
the peak amplitude of & pure electric field output. To do this, mount the
field meter on the electric field test fixture, Apply a large DC electric
field (about 15 V on the fixture). While monitoring the output of 0A103
and the phase output of IC203 with a dual trace oscilloscope, adjust
potentiometer R213 to align the rising edge of the phase signal with the
peak positive anmplitude of the 0Al03 output. The location of R213 is shown
in Figure 5.2.

5.6 Signal Compreasion Characterization

The compression circuit described in Section 3.4 is implemented with
nonideal diodes resulting in a nonideal transfer function, In order to
compensate for the nonideal behavior, the transfer function must be
characterized, Thic iz done simply by applying an input voltage and
meszzuring the cutput voltage of 0A203, The invzzee of thie function is
applied during post~flight processing to restore the data.

There are many ways to automate this measurenent, One simple way
requiring only a ramp generator, a digitizer and & computer will be
described here. The firld meter is first disconnected from the deck-
mounted circuit board. The ramp is then applied to the compression
circuit, The compression circuit output waveform is next digitized at a
high rate over the entirve range of the compressicn circuit. If the
digitizing rate is high,a fine characterization of the compression circuit
is obtained by computing the difference between the compressed data sample
valués and the ramp input values for all samples. The ramp can‘be
constructed mathematically because the sample values that are less than the

non-linearity break pointe give the slope of the actual remp. The results



53

of this characterization are shown in Figure 5.5.
5.7 Spin-Test Fixture

The field meter was spun at 6 Hz to determine if it would continue to
operate and how much current the motor would draw. The special fixture
shown in Figure 5.6 was built to do this, The fixture was mounted in an
end mill and spun at 395, 500 and 680 rpm corresponding to spin frequencies
of 6.58, 8.33 and 11.33 Hz. The motor current data at these spin rates are
listed in Table 5.1. The radius of the fixture measured at the field meter
rotor was 180 um. This is slightly larger than the rocket radius. Power
was provided to the motor control circuit and the encoder signal monitored
through slip rings. The meter was tested with both a bronze bushing giving
lateral and axial support and a ball bearing in the preamplifier chamber
wall. There was much less drag with the ball bearing than there was with
the bronze bushing.
5.8 Vacuum Testing

No problems were expected with operation for short periode in a vacuum,
but a test was made to verify this., The field meter was mounted on the
electric field test fixture in a vacuum chamber. The test fixture plate
wires and field meter power and signal cables were brought out through an
air-tight seal, The air pressure was reduced to the equivalent of more than
75,000 feet altitude for more than 30 min., No effect was observed on the
f 1d meter operation.
5.9 Vibration Testing

The field meter and all flight electronics will be vibration tested as
a unit with the rest of the payload, As of the time of this report this

had not yet been done.
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Figure 5.6 Spin-test fixture.
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Table 5,1 Motor curremt at various rocket spin rates,

Bearing type

Bronze bushing

Ball bearing

oy " e
395 6.58
500 8,33
680 11.33
395 6.58
500 8.33
680 11.3

Motor current
{mA)

%00
1400

current limited

300
350
525
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6. POST-FLIGHT SIGNAL PROCESBING

Flight data is to be provided by NASA in a digitized form on 1/2 inch
computer tape. This data will be read by processing programs and analyzed
to determine the results of the flight, Specific processing steps for
analysis of the field meter cutput data are covered in this chapter,
Listings ¢f the major routines used to perform these functions are included
in Appendix III,

6.1 Dynamic Range Restoration

The low gain field meter channel signal is compressed os
described in Section 3,4, The compression funccion is characterized before
flight as described in Section 5.6. The first step in post-flight
processing is to remove the telemetry channel DC offset and restore the
signal to the original range before compression., Since the high gain field
meter channel is not compressed, restoration is omitted when that analysis
is domne.

A piecewige continuous model of the data restoration functiom is
constructed from the compressich characterization data. Each segment of
the model is linear and can be represented by a linear equation, Finer
conpression characterization results in emaller linear segments of the
restcration function model, resulting in less noise added to the signal
during restoration. Ideally the compression characterization should be done
in steps that are as small as the least significant bit of the digitized
data words, 1If this is the case, linear segments of the restoration
function are nct needed. Restoration can then be donme by a direct table
lookup.

The linear segment of the restoration function associated with a given

compressed sample is found from the magnitude and polarity of the sample,




The restorad sample is obtained by evaluating ‘the linear equation at the
coupressed ssmple point. In this fashion each sample of the data is
restored to ite precompression valus., This is illustrated for one sample
in Pigure £,7,
6.2 Digital Filtering

The electric field meter output contsins some undesired frequency
components, as shown by Figure 6.2. Only the rocket-spin modulated
components of the 100 Hz chopping frequency are desired. Most of the
unvanted signal can be filtered out with a band-pass filter centered at
100 He, Desirable characteristics of this filter are linear phase (to

preserve the conduction and displacement signal components), about 20 He

58

bandwidth (to pass both sidebands of the modulated chopping frequency), and

greater than 60 dB attenuation outside of the 50 to 150 Hz band (to

sufficiently reject the unwanted components), It is also desirable to have

a flexible design procedure so that the filter can be easily matched to the

data in case of unexpected output signals, or motor-sepeed or rocket-spin-

rate variations, A finite impulse response (FIR) filter of length 65 easily

meets these requirements., See Appendix I for a procedure to design this
filter.

The frequency response of a filter that meets these requirements is
shown in Figure 6.3,

The same data used to obtain Figure 6.2 was filtered by the filter of
Figure 6.3, The resulting spectrum is shown in Figure 6.4.

The digital filter has a time delay associated with the linear phase
characteristic. For an FIR filter the delay is a number of samples equal
to 1/2 of the filter lemgth minus 1 (Taylor [1983]), or 32 samples in this

case, This delay must be taken into acount when the conduction and
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electric field signal components are separated.
6.3 Modulation Detection

After filtering, the. 100 Hz component of the wowanted signal is still
present, Its maguitude is several hundred mV. It would require a very
long digital filter to notch oﬁt this signal (though that may still be a
feasible method), A simpler approach is to detect the rocket~spin modulated
6 Kz sidebands,

If there were ne unwanted 100 Hz signal present, the field meter output
would look like the computer generated waveform of Figure 6.5a. This is
the time-dowain waveform of double-side-band suppressed carrier (DSB/SC)
modulation, Demodulation can be accomplished by peak detecting the signal
to obtain the envelope as in Figure 6.5b. The number of peaks can be
doubled to increase the effective sampling rate of the envelope by first
taking the absolute value of the DSB/SC waveform as in Figure 6,5¢, This
increases the probability of obtaining a peak closer to the actual envelope
peak (the 100 Hz carrier and the 6 Hz modulation are not synchronized).

The envelope magnitude is the sum of the two peak detected magnitudes in
this case.,

With the 100 Hz unwanted signal present, the waveform is more like a
standard amplitude modulation (AM) waveform, since the unwanted signal is
7ot modulated. The actual field meter digital band pass filtered output
for a 10 V/m electric field is shown in Figure 6.6a. The same demodulation

technique can be used to obtain the envelobe. The magnitude of the 6 Hz

modulation is just the difference between the maximum and minimum values of

the detected envelcpe,
For a large amplitude electric field the output becomes more like the

DSB/SC waveform as shown in Figure 6.6b for a 200 V/m electric field, The
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(c)

Figure 6.6 Effect of unwanted signal on envelope detection. (a) waveform for
small fields. (b) waveform for large fields. (c) peak-detected
envelope for large fields,
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ssme demodulation techmique can sgain be used but care must be taken in
obtaining the peak envelope magnitude., The peak detected envelope of
actual field meter data is shown in Figure 6.6c. The envelope magnitude is
sun of the two local peak values, rather than the difference, as in the
case vhen no 100 Hz unwanted signal is present,

This demodulation technique for obtaining the 6 Hz sideband magnitudes
has some drawbacks. One is that the beating of the sampling frequency and
the 100 Hz chopping frequency occurs if the sasmpling frequency is not an
exact harmonic of the rotor frequemcy. This generates an apparent
modulation that also gets datected, Thi= is illustrated by computer
generated data for a 100.5 Hz sinuscid and a 1 kHz sampling rate in Figures
6.78 and 6.7b. Another problem is that the carrier pesk may not correspond
to an electric field peak, resulting in a measurement that is lower than
the actual magnitude,

6.4 Mechanical Ncise

When attempting to measure small electric fields other unwanted
signals becomes apparent, These are low-amplitude side bands of the
100 Kz carrier at 75 and 125 Kz. They correspond to the motor frequency
(25 Hz) and so the source is assumed to be microphomic pickup from the
motor and bearings. Another source was found to be vibration of epacing
washers used to set the minimum .otor-sensor gap. This source was
eliminated as described in Section 4.1.

This signal, together with the apparent beat modulation discussed in
Section 6.3, is shown in Figure 6.8a after demodulation. Omne cycle of this
signal corresponds to 8 samples of peak detected data 80 it can be
effectively nulled out by replacing c¢ach sample with the average of the 8

samples around it, The result is shown in Figure 6.8b.




ANian |
il

(it

Figure 6.7

-

T

VR
Wetd DT Hg e
AN .

I

expanded scale.

ORIGINAL PAGE ig
OF POOR QuaLITY

A T
. w..‘i‘rr-]., A hjmu.J}‘?\{:lﬁ\jh---..'.'PLLV
"y TR T I "'I.‘”"Iliﬂ'l’f{'{.. Lr e
PO A

(@)

(b)

Effect of beating between the sampling frequency and the rotor
chopping frequency for a pure sinusoid.
showing apparent modulation.

(a) sampled waveform
(b) detected beat modulation on an

67



68

(a)

(b)

Figuyre 6.8 Elimination of an unwanted frequency component of the
field meter output signal by averaging. (a) before
averaging. (b) after averaging.
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6.5 8ignal Processing Examples

An example of the processing of the electric-field meter high-gain
channel output for s small value of external electric field is shown in
Figure 6.9, Figure 6.9a shows the output after the telemetry DC component
is removed. Figure 6.9b rhows the detected envelope without digital
filtering. The amplitude scale is expanded., Figure 6.9c shows the output
with digital band-pass filtering. Figure 6,9d shows the detected envelilpe
of the filtered output,

An example of the low gain channel output for & large value of
electric field is shown in Figure 6,10, Figure 6.10a shows the compressed
output after the DT component is removed., The restored output is shown in
Figure 6,10b. The envelcpe without digital filtering is shown in Figure
6.10c. The output and envelope with digital filtering are shown in Figures

6.10d and 6.10e.
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Figure 6.9 Processing of electric field meter high gain channel
output for a small electric field. (See text for
explanation.)




Figure 6.10 Processirg of electric fleld meter low gain channel
output for a large electric field. (See text for
explanation.)

71




72

7. CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK

The electric field meter and the data processing algorithms have
progressed to the point that a flight test is needed to evsluate the
performance. The sbility to measure electric fields in the desired range
is shown by the actual field meter high-gain channel output waveform
envelopes in Figure 7.1, and by the low-gain channel output wlvéform
envelopes in Figure 7.2. There are, however, further improvements that
can be made.
7.1 Electrical Systems

The electronics are satisfactory. The noise level and dynaiic range
are adequate to measure electric fields less than 1 V/m with no problems.
If any changes are made in the electronics, they will probably come ae a
result of better understanding of the sensor unwanted signals or changes in
desired experimental data, based on the results of the flight test,
7.2 Mechanical Systems

Mechanically the field meter is sound =ud should have no problems
surviving the enviromment of a rocket launch, Thco new rotor
shaft bearing configuration provides very good support and sllows the motor
bearing load to be reduced to a minimum. Electronic cirecuits will be
encapsulated (in foam) before flight to prevent vibration breakage of
connections and component mounts, This method has proved reliable in the
past.
7.3 Electromechanical Systems

The rotor and vensor are the heart of the instrument, They have
demonstrated the expected signals and some unexpected and unwanted ones,
These uwanted signals are an obstacle to obtaining reliable measurements

of low magnitude electric fields., The source of these Bignals is also not
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Figure 7.1 Outputs of the high gain chamnel of the electric
field meter: (a) O V/m. (b) 1/2 V/m. (e) 1 V/m,
(d) 5 V/m. These are shown as the detected
envelopes of a 6 Hz modulation.
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Figure 7.2 Outputs of the low gain channel of the electric field
meter: f(a) 1 ¥/m. (b) 20 V/m. (e) 100 V/m.

(d) 300 V/m. These are shown as the detected
envelopes of a 6 Hz medulation.
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mderstood in detail., The action of the rotor covering and uncovering the
sensor is known to be very important in the generation of these signals but
the mechanism is unclear. A significart source of at least part of the
signals is uneven work functions over surfaces in the rotor and sensor
area. Treatment of the surfaces with colloidal graphite to create a
uniform work function has produced improvement but does not account for all
of the signals,

Another limiting factor is mechanical noise that is picked uy by the
electronics microphonically., The field meter currently lhas adequate
mechanical pertformance, but this source of ncise wust be monitored to
verify that the meter remains in good working order. Vibration testing ﬁo
be performed at & later date may affect the mechanical performance.

7.4 Digital Filteving

Data pvocessing schemes designed thus far are largly attempte to
pxtract the desired electric f:. :d compbnent of the signal from the
unwanted signal. The band-pass digital filter minimizes ihe effect of the
unwanted signal and noise outside of the passband. The current filter has
good characteristics, but e filter with sharper tramsiticn regions would
produce better results, especially if attenuation st the 75 and 125 Hz
frequencies could be increased to reduce sensitivity to motor frequency
velated mechanical vibraticu.

The digital filter coefficients are generated in a very simple way
(see Appendix I). There are some better ways that may result in filters
with better frequency responses, If the the University of Illinocis Cyber
mainframe computer is used for data processing, a filter synthesis program
using the McClellanvPafks algorithm is aveilable., This program optimizes

the filter according to user specified parameters and provides the best




filter possible for a given length. Another method that should work better

than the method of Appendix I is called windowing. This consists of
computing the infinite duration impulse response of the desired filter,
truncating at the desired filter length and then windowing the result as
described near the end of Appendix I. Chapter 5 of Oppenheim and Schafer

[1975] explains this method.

1f a much longer filter is used, it may be possible to have a notch at 100

Hz to stop the 100 Hz compoment of the unwanted eignal. Digital filters
could be cascaded to provide the various band paess and stop band
cilaracteristics desired. If 100 Hz can be removed from the signal, the
modulation detection problem would match the case of the DSB/SC waveform
described in Section 6,3. This would probably not be a tremcitdous
advantage unless the 6 Hz modulation magnitude were to be determined using

a spectral technique such as a fast fourier tramsform (FFT)., In this case

removal of any unwanted signal will help because of the windowing effect of

the finite length ¥FT "smearing" the frequency comjponents throughout the
entire spectrum. Unwanted components would affect the magnitude or even
mask the presense of the desired components. See Chapter 6 of Elliot and
Rao [1982] or Harris [1978} for a more detailed presentation of this
phenomenoun.

If a spectral technique is used.then the best results would be
obtained with a band-selectable fourier transform (Taylor [1983])., This
technique would allow a high resolution FFT centered about the 100 Hz
region of interest. As a comparison to a standaxd FFT, a& 1024-point FFT
gives 0.975 Hz spectral resolution over a 0 to 500 Hz band, A 1024-point

band~-gelectable FFT could give 0.039 Hz spectral resolution over é 90 to

110 Hz band.
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7.5 Modulation Detection

The modulation detection scheme has some problems as described irn
Section 6,3, The apparent modulation due to the beat frequency of the 100
Hz rotor signal and the sampling rate can be of a magnitude larger than a
small amplitude electric field modulation, The frequency of the beat is
also not precisely controlled and could be close enough to 6 Hz to obscure
the desired data. This apparent modulation could be reduced by a sampling
rate inverpolation algorithm. Rather than take the maximum sample value as
the peak value, compute new samples to effectively increase the sampling
rate, The rate could be increased an arbitrary amount until the apparent
modulation is reduced to an inconsequential magnitude. Laboratory
measurements in this report vere made with the motor speed adjusted very
accurately to minimize the beat effect, This accuracy probably could not be
maintained over the duration of a rccket £light,

An alternate approach to this problem would be to synchronize the
sanpling rate to theIIOO Hz chopping frequency. This could be done by
using a phase locked loop to multiply the encoder output signal up to the
desired frequency (1 kHz) and using this as a sampling rate clock. This
method would also de-sensitize the digital processing from motor speed
variations,

Another approach would be to develop a crystal controlled frequency
locked motor control to very precisely msintain a coustant and accurate
motor speed.

A similar effect occurs sgain vhen the magnitude of the detected
envelope is to be determined. The rotor spin, the rocket spin, and the
external electric field varistion are all independent. Nothing ensures

that the sensor will be completely uncovered when the normal component of




78

the electric field is at its maximum, or that the rocket angular position
will align the field meter normal to the external field when the total
horizontal electric field is at its maximum either. The peaks of the
sampled signal are effectively samples of the envelope. Therefore, the
peaks of the envelope should be determined by a sampling rate interpolation
algorithm also.

7.6 Rocket=Tip Mounted Field Meter

A problem still exists for the electric field meter to be mounted in
the nose of the rocket. <Current data processing schemesr ere based on the
expectation that the signal components associated with the external
electric field are modulated by the rocket spin, while the unwanted signal
and any others generated by the rocket will not be modulated. A nose-
wounted meter will hnt be sensing a modulated field, therefore,the electric
field component ot the meter output will be inseparable from the unwanted
signal,

There are some factors that work to make the nose field-meter
meésurement easier. The exposure factor at the tip of the rocket is
expected to be at least 10. Also, laboratory tests showed a 70% reduction
in unwanted signal magnitude with only a 20% reduction in the measured
field value when the rotor-semsor gap was increased toc 2.5 mm, Al V/m
electric field resulte in a 36 mV peak oﬁtput signal from the high gain
channel, If the uwnwanted signal magnitude can be maintained at its minimum
(about 0.5 V peak at the high gain channel output), then an optimistic
unwanted signal value of 150 mV peak will corzespond to an'external'
electric field magnitude of 0.5 Vlm; for an exposure factor of 10 and a
rotor gap of 2.5 mm, This would make a 1 V/m externél field harely

measurable with the tip mounted field meter,
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The tip-mounted field meter must also have some minor mechanical
modifications. During launch it will be subject to high acceleration
forces so the rotor shaft must have axial support in the opposite direction
as the shaft in the horizontally mounted meter. After burn out there will
be no centrifugal force to hold the shaft coupling againet the rear ball
bearing to maintain the rotor-sensor spacing., The front deck bronze
bushing should be replaced by the same type ball bearing used in the
preamplifier chamber wall, They have the same dimensions and so are
interchangeable, The rotor-sensor gap must now be obtained with spacers
between the rotor and the front deck ball bearing. These will not vibrate
to produce mechanical noise because they will rotate with the shaft and |
bearing inner race. After burn the rotor must be held against the spacers
by 8 spring mounied between the preamplifier chamber wall bearing and the

coupling spline. Refer o Figure 7.3 for a diagram of this configuration.
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APPENDIX I. DIGITAL FILTER DESIGN

The structure of an finite impulse response (FIR) filter ie depicred
in Figure 1.l1. It is readily seen from this diagram that the impuls:
response of the filter is just the coefficients on the taps of the delay
register. Any type filter can be synthesized by determining its impulse
response and using it for the filter coefficients.

A procedure for the design of an FIR filter will now be given with the
filter described in Section 6.2 as an ermmple, The method "1sed is
frequency sampling of the desired filter response and windowing thea
impulse response obtained from the frequency sampling. These techniques
are described in Chapter 5 of Oppenheim and Schafer [1975]. Other |
techniques exist but this one is very simple conceptually and is easily
implemented with existing fast fourier transform (FFT) algorithms.

In order to obtain a linear phase, real filter (a real input resultse
in a zeal output; there are no complex coefficients) the desired response
must be sampled as an even real function with respect to the frequency
origin. An inverse fast fourier transform (IFFT) is done on the sampled
desired frequency response to obtain the filter impulse response. For
convenience a power-of-two FFT is used to perform the IFFT. S8ee Chapter 10
of Brigham [1974] for more information on FFT algorithms.

The ontput of a power-of-two IFFT with an even real input is
symmetrical about the n = 0 sample, The IFFT output must be circular
shifted to put the n = 0 -ample in the center of the filter. Since the
output of a power-of-two IFFT is an even number of samples, this results in
a filter that is symmwetrical about its center with the exception of having
an extra coefficient on one end. In order te be linear phase, an FIk.filter

must be symmetric about its center, The extrs sample at one end of the



Figure I.,1 FIR digital filter structure.
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filter can be thrown away or another of the same value sided at the other
end to satisfy the raquirement for linear pnase. In either case the filter
transfer function will be only minimally affected.

After obtaining a filter based on the impulse response of the sampled
desired response, we can compute the actual frequency response by doing an
FFT on the cunfficients. The length of the FFT should be at least twice
the filter length (preferably even longer) so that an .ccurate
representation can be obtained. If the FFT length is too short, some of the
output points may coincide with nulls in the filter response and the actual
stop band magnitude of the filter will not be seen.

At this point the filter stop-band attenuation is wnacceptable. To
increase the stop-~band attenuation a windowing technique is used. The
filter coefficients are multiplied with a window having low-amplitude
sidelobes resulting in lower filter sidelobe amplitude at the expense of
ircreasing the filter paseband width, Refer to Chapter 6 of Elliot and Rao
(1982) or Earris [1978] for more information on window theory and
application,

For this application a length 64 IFFT is used. The sampled desired
frequency response as input to the IFFT is shown in Figure I,2, The
sanples are of different magnitudes to center the passband at 100 Hz,

Thie is required because 100 Hz does not fall on an integer value of the
IFFT input. A length 65 filter is obtained by adding an extra sample. The
impulse and frequency responses (computed with a length 1024 FFT) before
windowing are shown in Figure I.3 and Figure I.4. A Blackmen window
(Oppenheim and Schafer {1975]), defined by the function

w(n) = 0.42 = 0.5¢cc8(2mn/(N~1)) + 0.08cos(4rn/(N=1)) (1.1)

where 0 <n < - 1, n denotes the filter coefficient and N is the filter

e et et e e i
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Figure I.2 Band~pass filter sampled desired frequency
response as input to a length 64 IFFT.
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Figure I.3

|
Uiy

Band-pass digital filter impulse response
before windowing.
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length, is multiplied with the filter coefficients. This window is shown in
Figure I.5. The resulting impulse response is shown in Figure 1.6, The
frequency response is shown in Figure 6.3. The coefficients for this filter

are listed ia Tabie I1.1.



Figure 1.5 Blackman window.

as



il
1

.......,,.ll“l

|

Figure 1.6 Band-pass digital filter impulse response

after windowing.
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Table I.1 Digital filter coefficient listing.

%a

5.88529228E-019
1.21193136E-005
4,351564442E-005
5.07161191E-005
-2.8553542E-Q05
~2.443BLASE~ODG
-G, 32227 76E-004
=1.957&4730E~Q03
-1.78434468E~002
=7 . 37613F50E~004
1.84017763E~003
5.52246454E-003
B.47926125E—~003
8., 0080244E~-0073
4.17160834E-003
~5.5775139E-003
wi, 7422620E--002
~2,. 283359 T7E~0D2
2. 4B453G5E-002
~1. 1332943E—-002
1, 22238936E-002
2. T7IOGTIF2E-002
S.21469B609E~002
4, 71900754E~002
2. 02969684BE~O0Q2
—-2.0814666E-00D2
~5.8875294E-002
-7 . 765440E-002
-&6.461BOEBLE-O0Q2
~2, 926673 E~-002
2.6427E£140E-002
7. 10098461E-002
8. 83S00000E-QN2

A
e

34
35
%6
17
38

-
oat

40
41
42

-
wlt

44
45
4é
47
48
4%
50
o1

=
wdal

93
54
b1
Sé
597
58
59
&0
&1
&2
53
&4

8n

7. 10098661 E-002

2.44276340E~002

~2.6526867SE-002
b, 61B0481E~002
-7 . 7LS44Q0VE~O02
-5.88752%4E~002
~2.0414466E-002
2., 0296F9668E~002
4, 719007S4E-002
5. 2149B60FE~00O2
3.730473IF2E-002

 2RPIBPTEE-OOZ
~1 . 13I296TE~O0Z
~-2.4B845253E~002
-2 G83I59T7E-00Z
~1. 7422620002
—-5.977S5159E-003
4.171608T4E—01
g, 9008024&E-007T
8.467926125E--003
5. 322456454E-007
1.84017767E-003
-7, E761250E~-004
-1.74%34668E~007
~1.87&470E-0O07F
~Q L IRPRT7EE-O04E
—0. 463B465E~004
—-2.B553542E-005
Lo OT1EILIFLE-QOF

2 3516444 2E~005
1.211931 TH6E-QOS
5.8852922LT~019
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APPENDIX II. FIR DIGITAL FILTER ENBW

The noiee bandwidth of a noiseless analog filter is defined to be the
bandwidth of an ideal rectangular filter that has the same output rms
voltage as the analog filter when the inputs are white broad-band noise
processes (Gray and Meyer [1977}). This same concept can be applied to a
digital £ilter, This discussion is geared to apply to a FIR filter that
is implemented with the structure of Figure I,l.

If the input noise spectrum is assumed flat within the filter passband,
then the noise output of the filter will be shaped to match the filter
frequency response. To calculate the FIR filter equivalent noise bandwidth.
(ENBW), first otrain the frequency response by performing an FFT on the
filter coefficients. The FFT output contains the frequency response for
both positive and negative frequencies from DC to one hal? of the sampling

rate so only one half of the output is needed. The magnitude of the output
| samples represents the filter transfer function magnitude at corresponding
frequencies. The largest sample magnitude is the maximum gain of the
filter. Square each sample magnitude and add them together to get the
output mean square voltage. Divide this value by the square of the maximum
filter gain., Since the FFT output points are probably not spaced at 1
Hz intervals,a final adjustment must be made, Multiply by the frequency
step per FFT output sample (or the sampling rate divided by the FFT

length). This gives the final result for the ENBW in Hz. The formula is:

N/2
r |ni]2
i=o
ENBW = F D) (1L.1)
|max =, |
- -1

where F is the frequency per sample,



The ENBW for the filter with response shown in Figure 6.3 is 30 Hz,
This is the bandwidth used in the Section 3,2 preamplifier noise

calculations,
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APPENDIX IXI, DIGITAL SIGNAL PROCESSING ROUTINES
The routines listed hers are simplifiad versions of thoss used to
perform digitsl filter synthesis, digital filtering, demodulation and do
FFT spe~tral analysis. Thiy are written in Version 2.1 Pascal for Hewlett

Packard Series 200 computexs.

{ Digital Signal Processing rcoutines
for electric field meter data processing
University of Illimeis
Urbana-Champaign
Aeronomy laboratory
David Burton & Jun 1984

{ These are the global constants and variables ?

CONST
maxM = 103 { 2710=1024 ?
maxN = 1024; { Max FFT length ?
maxH = D13; { Max filter langth 2
Len = maxN+maxH+l; { # of analceg smpls }
FI = 3.1415892465358979322844;

TYPE
Data = ARRAYL1..Lenl) of REAL;

Dataptr = "Data;
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VAR
Fs: REAL; { Sampling rate )
M,N1 INTEGER; { N is FFT length, M=2"N )}
Choice: CHAR; { Input var for u#ser choices J

INR: ARRAY[1..maxN] of REAL}
X ¢ ARRAYL1..maxNl of REAL}
Y t ARRAY[1l..maxN]l of REALj
{ INR i®s an FFT input array. Before the
FFT is executed INR should be copied
into X and Y set to 0. After thae FFT
INR will be undisturbed, X will have
the real FFT cutput and Y will have the
imaginary FFT output., 1}
H : ARRAY[O..maxH-11 of REAL;
{ Digital filter coef’'s %}
Peak: ARRAY[!..310] of REAL;
{ Waveform envelcocpe cbtained by peak
detecting 2
Inp: ~Data; { Digitized waveform J
OQut: ~Data; { Filtered waveform }
Filter_laength ;INTEGER; :
DOut_stop : INTEGER;
{ Last valid data point in the OQut array.
When Inp is filtered it takes one
filter length of data to get the filter
working. Therefore Out has fewer valid
gata points than Inp. 7

FROCEDURE BLACKMAN_WINDOW;

{ This proeocedure performs the Blackman window—
ing of the digital filter impulse response.
The impulse response should be in the array
H when calling this procedure. The windowed
impulse response is in H after completion. 7

VAR Wn,8 :REAL;

I :INTEGER}

BEGIN

FOR 1:=0 TO (Filter_length—1) DO
BEGIN
Qe=(24PI*1)/(Filter_length-1);
Wn:=0, 42-0. 3#COS5(Q) +0. OB#COS (244G ;
HLY):=HIII*WN;
END;

END3

04
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PROCEDURE FFT;

{ This {# a standard powir of two FFT routine.
It ies adapted from the FFT ALGOL computer
subroutine of Figure 10-8 from Brigham [19743].
The data to be trainsformed should be in the X
array and the Y arrav should be zaroed before
calling FFT. 2

VAR N2,M1,1,K,L,P t INTEGER;

Arg,C,8,8,Treal ,Timag tREAL}

FUNCTION ATOB(A,B: INTEGER) t INTE.SER;
VAT 1 ,7amp : INTEGER;
BEGIN
Teinp:=ls
FOR I:=1 TO B DO
Temp: =A#Temp}
ATOB: =Temp;
END;

FUNCTION BITREV(J,M: INTEGER) : INTEGER;
VAR 1,J1,J2,FK :INTEGER;
BEGIN
Jilz=J3
K203
FOR I:=1 TO M DO
BEGIN
J2:=31 DIV 2;
Kr=k#2+ (J1-2%J2) 3
Jilr=J2;
END;

BITREV:=K;

END;

R S g o fa
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BEGIN
Q:=2#P1/Ng
N2:=N DIV 23
Mii=M-13
Kep=13}
FOR Li=1 TO M DO
BEGIN
REPEAT
BEGIN
FOR I:=1 TO &2 DO
BEGIN
Ps=BITREV((K-1) DIV ATOB(2,M1),M);
Arg: =Py
C:=COS(Arg);
S:1=8IN{Arg)s
Treal e sXTK+N2I#C+YLK+N2I#5;
Timag: =YLK+NZI#C-XCK+N2]1#S3
XLK+N2I1=X{K]1~-Treal;
YIK+N21: =YLK]-Timag;
XK1 =XCKI+Traal}
YK Iz =YK I+Timag;
K3 =K+1;
END;
K= +N23
END;
UNTIL K-1>=Ngj
Ki=ig
Mie=Mi-13;
N2:=N2 DIV 2
ENDj
FOR K:=2 TO N+1 DO
BEGIN
I1=BITREV(K-1,M)+1;
IF 1>k THEN
BEGIN
Treal :=XLK 1}
Timag:=YL[K];
XEKJI:=XL11;
YLKI:=YL13;
¥L1l:=Treals
YLIl:=Timags}
END3
END3
END3
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PROCEDURE IFFT}

{ Parforms the inverse FFT on the data in the
X and YV arrays. Puts the real output in the
X array into the INR array. To perform the
IFFT the data in the X and Y arrays are
dividaed by the length N and the complex
conjugate is taken by negating the imaginary
input in the Y array and doing an FFT. 2

VAR It INTEGER;

BEGIN

FOR It=1 TO N DO
BEGIN
XCIXemXLI1/Ng {pre-scale the input?
YLIJ:=-YLI)./Ng {and complex conjugate)
ENDj

FFT}

FOR I:=1 TO N DO
BEGIN
INRCI] = X[I1s
END3 ’

END;

FPROCEDURE GEN_COEF)

{ This preocadure performs the circular shift
on the IFFT output to generate the FIR
digital filter coefficients. 2

VAR 1,J :INTEGER;

K tREAL;

BEGIN

Filter_langth:=N+1;

FOR I:=(N DIV 2)+! TC N DO
BEGIN
HLI=-(N DIV 2)=11:=XLINs
H{I-1):=XL1I-(N DIV 2)1;

END3;

HCN13=H{G);

END;



PROCEDURE FILTER;

{ This procadure performs the filtering o
the data in Inp with the filter coefficients
in H and the result is placed in Out. )}

VAR I,J tINTEGER};

Qut_copy: ~Dataj
BEGIN
FOR It=1 TO Len~Filter_length+1 DO
BEGIN
Out~{Il:=03
FOR J:=0 TO Filter_length-1 DO
Out~CIJz=0Qut~CIl+
HLJI+Inp~[I+Filtaer_length—-1-31;
END}
Out_stopi=Len~Filter_length+1;
END;

PROCEDURE COMPUTE_RMS;
{ This procedure computes the RMS value of the
data in the INR array. )
VAR 1 : INTEGER;
Vrms :REAL}
BEGIN
Vrms: =03
FOR 1:=1 TO N DO
BEGIN
Vrms = SGR(INREI]) + Vrms;
END3;
Vrmns 1= SERT{(Vrms/N);
WRITELN;
WRITELN (' RMS value iz ',Vrms:12)3;
END;
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FROCEDURE COMFUTE_ENBW;

{ This procedure computes the equivalent noise
bandwidth of the digital filter with
coafficients in H according to the formula
in appendix 2.

VAR I: INTEGER}

ENBW,Max_gain,S tREAL};

BEGIN
FOR I:=1 TO Filter_langth DO
BESIN
XL1) 1= HLI-113 { Put H intoc FFT arrays )}
YCI1 = Oy
END3
FOR I:sFilter_length+i TO N DO
BEGIN .
XL1J 2= O3 { Pad FFT arrays with 0 )}
YCI1 1= O3
ENDj
FFT; { Do FFT to got freq. resp. 2
ENBWt =03 _
FOR I:=1 TD (N DIV 2)+1 DO
BEGIN
Si1=SER(XLIN+SAR(YLII); { Sum of squares
ENBW: =ENBW+S;
IF Max_gain<S8 THEN Max_gainz=5y
END;
WRITELNs
ENBW: =ENBW/Max_gaing
WRITELN( ENBW = ' ,ENBW:10);

ENBWs = (Fs/N) #ENBW;

WRITELN(' or ENBW = °,ENBW:10,° Hz');
WRITELN( for F = ' ,Fs110);

END;
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PROCEDURE PEAK_DET;
{ This procedure peak detects the waveform in

Aaw S

{peak datector:’

Dut. aAbsclute value is taken. Feaks are

found by looking for local maiimums.

The

us®r has the option of deing ari B8 sample
average on the peak detected data. The

output is in the Peak array. 7

VAR 1,J :INTEGER;

S 1ARRAYL1..3] of REAL3
Ave,P :REAL;

BEGIN

FOR Ii=1 YO 310 DO
BEGIN
Feak(Il 1= Q3
END};

SC11:1=ABS(Out~[2]})}
Si2):=ABS{0ut~L11)};
S[3):=ABS(Out~[12);
Ave:=0; :
Ji=1;
For I:=1 TO Qut_stop-2 L2
BEGIN
SC31:=58L2];
SC211=5011;
EL13:=ABS(DUt"CI+23);

IF (SCL21>S[11) AND (SCL23>SL3]1) AND (J<3tl) THEN

BEGIN
Peakl(Jd]:=a8021;
Aver=Ave+5L2];
Ji=Jd+1;
END;
END;
Ave:=Ave/ (J-1);
WRITELN{' Set average tec 07 ')
READ{Cheice);
IF Choice='Y’' THEN
FOR I:=1 TO J-1 DO
BEGIN
Peaklll:=FeaklIl-Ave;
END3
WRITELN( " Average over B8 samples? ')
READ (Cheice)
IF Choice='Y’' THEN
BEGIN
Ave: =03
FOR I:=1 T4 8 DD Aves=Ave+Peaklll;
FOR I:={ TO 302 DO
BEGIN
Fr=Aves
Ave:=Ave-Feakl(ll+Feakl I+81;
FeakliIll:=F;
END;
END3
END;
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APPENDIX IV. WAVEFORM DIGITIZER

During development of the ‘post-flight data-processing schemes a
method of obtaining digitized electric field meter output was required so
that the data could be analyzed and appropriate processing algorithms
developed. A Hewlett Packard Series 200 desktop computer was used to
implement the digital filter synthesis and execution and spectral analysis
programns, To digitize analog waveforms an analog-to-digital cozverter
(ADC) was interfaced with the computer. A 10-bit ADC was used, but system
noise limited the dynamic range to an equivalent of 8 bits. A block
diagram of the system is given in Figuzs IV.1,

The programmable amplifier gain can be selected by the computer to
acconmodate signal ranges from 200 mV peak-to-peak up to 40 V peak to peak.
The urogrammable clock controls tﬁe sanmple~and~hcld module and the ADC
sampling rate as selected by the computer (1 kHz for data presented in this
report). The interface performs the transfer of control information and
data between *he digitizer and the computer.

To digitize a waveform the gain of the amplifier and rate of the clock
are first set. The computer detects the end of a sample conversion from
the ADC and reads the sample value through the interface. The next sample
is read when the end of another sample conversion is detected, This is

continued until the desired amount of data is acquired.
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