@ https://ntrs.nasa.gov/search.jsp?R=19650023937 2020-03-17T01:25:59+00:00Z

UNH-64-6

) PRICE $

- “Tl PRICE(S) $

Hard copy (HC)

Microfiche (MF)

July 65

Department of P hysics

- UNIVERSITY OF NEW HAMPSHIRE
Dur}iam



THE UNIVERSITY OF NEW HAMPSHIRE
MAGNETOMETER PAYLOAD
by
N. C. Maynard, P. E. Lavoie
and
5. B. Marshall, III
Physics Department

University of New Hampshire
Durhem, New Hempshire

Supported by the National Aeronautics and Space Administration

under NASA Grant NSG 33-60 and Contract MASS-3043.



The University of New Hampshire Magnetometer Payload

I. Introduction

In the systematic study of ground magnetic measurements
the existence has been assumed of electrical currents flowing
in horizontal layers in the ionosphere. The dynamo theory of
ionospheric currents wes proposed in 1882 by Stewart, to ex-
plain daily (8q) varietions in the earth's fielé. These
variations are thought to result from the rotation of the
earth under two current loops, one in each hemisphere, fixed

in relation to the sun (Chapman and Bartels, 1940). | The

global ionospheric conductivity, depending on the magnetic
field direction, collision frequencies, and the electron den-
sity, together with the global pattern of tidal winds, deter-
mines the resulting current density. The most probable al-
titude for these currents is in the E region between 100 and
150 km, where the various components of the conductivity ten-
sor have their maxima.i

—

V An enhancement of the Sq current system known as the
equatorial electrojet occurs near the magnetic dip equator.
It is caused by an increase in effective conductivity due to
Hall polerization of the ionosphere when the magnetic field
is horizontal. Although the horizontel distribution of iono-

spheric current can be deduced from ground measurements, the
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Magnetometer Payload 2.
vertical distribution can be determined only by rocket measure-
ments. Rocket measurements of the currents are made by precise
measurements of the magnetic field that they producei(Vestine
et al, 1947; Chapman, 1954). The first direct measurements of
the earth's field with rocket magnetometers were made by Singer,

Meple, and Bowen (1951). Subsequent measurements have been

made by Cahill and Van Allen, 1958; Cahill, 1959; Heppner et al,

1958; Conley, 1960; Butchinson and Shuman, 1961; Burrows and Hall,

1965; Davis et al, 1965. A comparison of techniques for rocket-
borne measurements can be found in the "Technique Manual for
Ionospheric Current Messurements,” (Cahill, 1964).

The University of New Hampshire rocket magnetometer ex-
periment vas designed to study the Sq current system and the
equatorial electrojet. : The magnetic field was measured with
a nuclear free precession maegnetometer, and electron density
was monitored with a DC Lengmuir probe. The Nike-Apache two-
stage solid fuel rocket was chosen for the vehicle. It can
reach an apogee of sbout 170 km with a sixty-pound payload
-~ well above the expected range of the currents, yet not so
high that the region of interest (90 to 150 km) is passed
thréugh too qpicklydg Flights have been made to measure Sq
currents at Wellops Island, Virginia (1963), and off the

coast of Peru (1965), (Maynerd and Cehill, 1965b). Measure-

ments of the equatorial electrojet have been made over India

(1964) (Maynard et al, 1965; Maynard and Cehill, 1965a),

and off the coast of Peru (1965), (data analysis now in

progress).
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II. Payload Design
A. General

The UNH rocket magnetometer payload consists of the
two main experiments, the proton magnetometer and the Langmuir
probe, and three supporting experiments, a barometric pressure
switch and a radistion chamber densitometer (measuring air
pressure) for trajectory determination, and a magnetic as-
pect sensor for rocket aspect information. A block diagram
of the payload is found in Figure 1.

The signal from the magnetometer sensor is amplified and
fed directly to the mixer for telemetering to the ground. The
magnetic aspect sensor modulates a 22-kc subcarrier oscillator
(s€0), while the densitometer information modulates a 40 ke
SCO. The baroswitch is alsc used to switch the Langmuir
probe amplifiers from a calibration resistor to the probe. The
Langmuir infdrmation is put on a TO-kc SCO channel. The sig-
nals are combined in the mixer, amplified and fed into the
transmitter. Information is radioed back to ground through
the circularly-polarized quadrupole antennas at the base of
the payload.

In designing the physicel leyout of the payload (Figure 2),
the prime consideration was to minimize the magnetic field from
the payload at the magnetometer sensor location. A payload
field less than 2} was achieved. Each unit also had to

function after large shocks and vibrations from the firing of
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the rockets. The magnetometer sensor was placed as far as
possible up into the nose cone to separate it from the elec-
tronics. A fiberglass deck structure and housing were used,
since any ¢onductive loops around the magnetometer coil would
destroy the signal. Each experiment was mounted on one or
two decks which could be plugged, as separate units, into the
racewvay containing the interconnecting wiring harness

(Figure 3). Interchangeability of decks between peyloads was

desired for convenience in field operations.
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B.//The Proton Magnetometer
| 1. Theory
The proton precession magnetometer of Packard and

Varian (1953), and Waters (1955), (also Waters and Francis,

1958), is easily adaptable to rocket measurements. The sensor
unit is simple and rugged, and the instrument requires no in-
flight calibration, since the measurement is dependent upon
nuclear constants.

If a sample of liquid, rich in hydrogen nuclei, is sub-
Jected to an external polarizing magnetic field several orders
of magnitude larger than the earth's megnetic field, the spin
axes of the protons in the sample will be aligned along the
polarizing field. Then, if the polarizing field is suddenly
reduced to zero, the protons will commence to realign with the
earth's field, and while so doing, will freely precess about
the earth's field. A small AC voltage at tle precession fre-
quency will be induced in any coil of wire around the sample.

The earth's magnetic field is related to the precession
frequency by the Learmour relationship,

2T fp
T W
where f, is the precession frequency, and ff
(2.67523t .002 x th radians/sec. gauss), the gyromagnetic

ration of the nucleus (Driscoll and Bender, 1958). Since

)’p is known to within two parts in 105, measurement of

the precession frequency may limit the absolute accuracy of

the measurement.
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The same coil can be used for signal pickup and for
establishiﬁg the polarizing field. A 700-turn coil, with
several amperes polarizing current, produces a precessing
signal of a few microvolts. The output voltage can be
expressed by (2) :

V=U4/KNAXBJpB * sin®9 ° e't/TEsin(pret)'lo'avoltez

(Cahill and Van Allen, 1956), where

K = geometric factor

N = number of turns

A = cross sections of sample

X = paramagnetic susceptibility of the protons
B,= polarizing field

l;= geomagnetic ratio of the proton

Be= earth's field
©= angle between coil axis and earth's field

= transverse relaxation time

&

t = time in seconds
Note that the amplitude of the signal falls off as sin%9;
hence, if the coil is aligned with the earth's field, there
will be no signal. Also, the phase coherence of the precessing
nuclei will decrease in time resulting in an exponential decay
of the signal. The polarize cycle must be longer than the

relaxation time to allow the protons to approach complete
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alignment with the polarizing field. In order to obtain a
good signal, the polarization field must be removed in a
time that is short compared to the period of one cycle of
the precession frequency. In addition there should be no
magnetic field gradients across the sample, since the
resulting difference in precession frequency will destroy
the coherence of the signal. A precession frequency of ap-
proximately 2000 cps is obtained in a 0.5 gauss (50,000 ¥ )
field.

The accuracy to which the gyromegnetic ration of the
proton is known allows absolute measurement to within one X .
Better relative accuracy can be obtained, depending only on
precision of frequency measurement. Noise in the signal has
been the limiting factor in frequency measurement with the
minjature rocket magnetometer.

2. Design and Operation

A proton magnetometer designed for operation in

rockets must meet the following requirements:

1. It must be able to withstand severe shock
and vibration.

2. The low level (microvolt) of the precession
signal demands considerable amplification to
attain a volt-level signal for telemetry.
The signal-to-noise ratio must be kept above

two to one for precise frequency measurements.
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3. The sensor magnetometer, electronics
and remainder of the payload must be
free from magnetic materials which
vould create a field at the sensor.
i, Measurements must be made as frequent-
ly as possible without sacrificing the
precision of freguency determination,
since the rocket is traveling more than
1 xm/sec during portions of the flight.
Figure 4 depicts the block diagram of the magnetometer
used on the University of New Hempshire flights. The pro-
grammer controls the relays, which alternately connect the
amplifier or the polarizing supply to the sensor coil. Dur-
ing the polarizing period (atout 0.7 sec), the polarizing
batteries send a current of I amperes through the coil. The
polarizing current is then turned off, and the coil is connected
during the read period of 0.7 second, to the high gain preamp-
lifier. The signal from the coil is amplified tothe 10 milli-
volt level. In the tuned main emplifier the signal is amplified
to 4 volts for mixing with the SCO signals and direct modulation
of the FM transmitter.
a) Sensor Coil
The sensor coil (Figure 5) consists of ten
leyers, TO turns each layer, of 716 wire wound on a fiberglass

tube and held in place by phenolic discs. A polyethylene
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sample bottle fits tightly inside the coil form. Kerosene,
vhich has a relaxation time of about 0.7 second, is used as
the sample. Water could be used, but it has a two-second
relaxation time, making the repetition rate of the measure-
ments too sloﬁ.

An electrostatic shield (Figure 6) completely encloses
the coil to reduce noise pickup. This shield is made from
coppgr-plated fiberglass board by etching away narrow strips
of copper. Care must be taken to make sure that there are
no complete conductive loops around the coil, as these will
destroy the signal. The unit is then encased in foam and an
outer protective cover.

b) Preamplifier Assembly

The electroniecs for the magnetometer is
divided into two packages, one containing the preamplifier,
programmer, and associated relays (Figure 7), end the other
containing the tuned main amplifier.

The programmer is a standard astable multivibrator with
the RC combinations, C;Ry and CoR3, adjusted so that the cir-
cuit will remain in each state about 0.7 second. The output
from the collector of TRy, triggers a switch (TR3) which
controls the relays.

Relay RY; switches the polarizing power to the coil and
controls the operation of RY,. RY, is used in switching the

amplifier to the coil and also to supply a 220£L1 resistor
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across the input to the amplifier during the polarize cycle
vhen the coil is disconnected, to prevent oscillation. Relay

RY, is a G.E. 352791G200A5 Relay. RY;, & Sigma 33RJ49OFGSIL,
was chosen for its low contact resistance, hence its ability
to handle very small signals along with its high current
rating (2 amps). Since it produces a strong magnetic field,
it was necessary to enclose it in a MU-metal shield. A relay
meeting all requirements and rated at & higher current was
desirable, but it was not aveilable. The capacitor across RYé
delays the operation of RY, for about 20 milliseconds to allow
suppression of transients from the switching. Contacts of RY,
are arranged to cancel transients resulting from contact
potentials in the relsy.

To dissipate the inductive switching transient from the
coil, a clipping network is employed across the coil. The
diode CR,, back-biased during the polarization, conducts the
energy from the transient into Cy, which in turn dissipates
it in Rs.

The preamplifier is a very low-noise tuned amplifier
vith a gain of about 3000. Because of the very low-level
signal, RCA 2N220, low-noise germanium transistors were used
in 21l three stages to keep noise generation in the amplifier
itself at a minimum.

The first stage is a common emitter, transformer-coupled,

tuned amplifier. The Triad TY55X (T-1) trensformer is used
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to match the impedance c¢f the coil to the input impedance of
TR-l. Resistor Rl6 serves to bias the emitter and limit the
collector-to-emitter current to the RCA recommended value of
400 pa for lowest noise operation. Tuning is accomplished

through series resonance of the secondary of T-1 and the base
emitter junction capacity of TR-1l. This is aided by C

12
Ryy. Resistor th adjusts the bandwidth, while 012 shifts the

and

frequency. For wide changes in frequency it is necessary to
adjust R8 and R9, thus changing the biasing and therefore the
Junction capacity. In practice it was found best to leave out
Ry) and 012 during construction and to use substitution boxes

to tune roughly to the desired frequency and bandwidth. Typical
values for R;) and C,, are 1801 and 0.5 pf.

Transformer T2 is used to couple the high output impedance
of TR-1 to the low output impedance of TR-2. The second stage
is a grounded emitter, untuned, voltage amplifier. Capacitor
015 further shapes the passband and helps the signal-to-noise
ratio by limiting the high frequency response of the amplifier.
This also served to limit interference from the transmitter
power convertor which operated at about 3200 cps.

The third stage is an emitter follower to provide low
output impedance and isolation of the other stages from loading
effects.

Resistor RlO’ and Capacitors C8 and Ch’ stabilize the

supply voltage to each transistor and decouple any signal
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voltages appearing on the supply line that could cause
feedback and oscillation. Bias for the circuit is -12v.

Printed-circuit construction was used for the circuitry,
and the board was encased in foam for shock and vibration
protection. A copper box covered the foamed circuit and
served as an RF shield.

Wave traps were used on all signal leads entering and
leaving the box to reduce RF interference. They were made
from a ceramic 10-puf capacitor with three turns of wire
vwrepped around (in perallel with) the capacitor. The traps
were tuned to the transmitter frequency by changing the
spacing between the turns. The high gain tuned amplifier was
subject to oscillation when modulating the FM transmitter.
The feedback apparently was through leakage of the RF signal
into the circuit boxes and demodulation there. It is recom-
mended for future flights that these traps be in all leads,

pover leads as well as signal leads, entering the copper box.
Oscillation can also occur if the sensor coil is improperly
connected to the first stage of the amplifier.

¢c) Main Tuned Amplifier
Figure 8 shows the schematic for the main

smplifier. The four-stage amplifier was designed to amplify
the output of the preeamp to the L-volt level necessary to feed
into the telemetry system and to further reduce noise on the
signal. Resistor Rl controls the overall gain of the system
and is used to adjust the output to the desired level for
feeding into the telemetry system. Capacitor 02 is used to

limit further the high frequency response of the circuit.
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The first stage (TR1) is a common emitter voltage
amplifier. The output is capacitive-coupled into the second
stage. The second stage is identical with the first stage
with the exception of R8' This stage is meant to be driven
into saturation and cut-off to clip the signal. R8 is used
to adjust the peak voltage value of saturation and cut-off. R6
and 87 are adjusted to obtain symmetrical clipping. RCA 2N217
germanium transistors are used throughout.

Variations in amplitude of the output signal are effective-
ly removed by clipping. Preservation of the amplitude of the
signal is not necessary, since all the information is contained
in the frequency. (The output at the collector of TR2 should
be a square wave of amplitude 2 volts, peak to peak.) The
clipping lessens the effect of noise in the signal and thus
effectively lengthens the useful portion of the exponentially
decaying signal. Clipping continues until the precession
signal has decayed below the level set by R8’ and the output
will be of constant amplitude until this time.

The output of the second stage is directly coupled into
TR3, vwhich is used in an emitter follower configuration for
isolation and impedance matching into the band-pass filter.

The band-pass filter, designed from equations given by Terman
(1943), serves to select the fundamental frequency from the
square wave and to further remove noise of frequencies outside
of the band-pass region. The center frequency can best be

adjusted by varying C7 and C9, vhile the band width is set by Rle'



Magnetometer Payload 1k,

In practice each adjustment will slightly affect the other.
The inductors used are high Q toroidal coils menufactured
by Collins Radio Company.

The final stage is an emitter follower used to provide
a low output impedance and to mateh to the output impedance
of the band-pass filter. The signal is capacitor-coupled to
the telemetry system. The same power supply is used for the
main amplifier as was used for the preamplifier. Large
tantalum capacitors keep the supply impedance low and prevent
feedback between stages and between the amplifiers. The
amplifier was constructed on a printed circuit board and encased
in foam inside a copper box (Figure 9). As in the preamplifier
vave traps were employed on the signal leads to reduce RF
interference.

3. Tuning and Associated Problems

These payloads have been flown at several dif-
ferent sites around the world. At each place the field is
different, so the magnetometer must be tuned to the magnetic
field et the launching site. The bandwidth must be wide
enough to accommodate the expected field variations during
flight. The UNH magnetometers have been tuned with a bandwidth
of 40O cycles, and with the center of the band set to give op-
timum performance near the 100-km point of the flight, the
region vhere currents are most probable.

Tuning must be done in two stages. The individual units

must be tuned and then retuned when combined. The preamplifier
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is tuned by inducing a variable-frequency oscillator signal

in the pickup coil with one turn of wire vwhile the coil is

in a permalloy shield (to prevent 60-cycle pickup and other
noise). Care must be taken to keep the input signal below
SO‘pa, so as not to overdrive the amplifier. For an overall
bandwidth of 40O cycles, the preamplifier is adjusted to ob-
fa;n a bandwidth of 600 to 700 cycles. For initial tuning of
the main amplifier, a 10-mv audio-oscillator signal is intro-
duced at the input,and the filter is adjusted as previously
described to obtain the desired 400-cycle bandwidth. The units
are then connected together, with the oscillator signal feeding
into the coil, for a system bandwidth check. Minor adjustments
mey have to be made to the main amplifier filter for the
desired band-pass shape. For signals in the center of the
pass-band, 4 to 5 volts output is obtainable with a precession
signal-to-noise-ratio of three or four to one.

As was noted in the theory of operation, gradients in the
field over the dimensions of the sensor will destroy the signal.
One can always check the output to be sure that it is a pre-
cession signal by holding a steel wrench next to the sensor,
thus destroying the signal. For shipboard launchings the large
field gradients caused by the steel hull prevent observation
of the magnetometer signal until the rocket has left the launcher.

Since the majority of testing is done in Durham, some means

must be created to set up a magnetic field the same as that to
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be encountered in flight. Included in the University's
Magnetic Field Observatory is a Fanslau coil system for es-
tablishing any field desired in the range between zero and
one gauss to an accuracy of one gamma. A less elaborate,

but effective, system (used to test instruments in the field)
has been designed by Rubens (1945). It consists of five coils
(turns ratio 19-4-9-4-19) equally spaced on a cubical coil
form. If the axis of the coils is aligned with the main com-
ponent of the field, the field can be canceled or strengthened
to any desired level. A four-foot diameter cube is of suf-

ficient size.



Magnetometer Payload 17.

C. Langmuir Probe

1. Theory
In the early 1920's Langmuir and his colleagues

developed the theory of probes protruding into a plasma

(Langmuir and Mott-Smith, 192k4; Mott-Smith and Langmuir, 1926).

Recently, Langmuir probes have been used to investigate el-
ectron density in the ionosphere (see, for example, Smith,
1963).

In the treatment of the probe, negative and positive
ions are neglected as their contribution to the probe current
is negligible. The random current density to the probe, for

a single probe in a plasma, may be expressed by

-

eV

Je =me —- (3)

where mg 1s the electron density
e is the electronic charge

and V

e 1is the mean electron velocity.

If we assume a Maxwelldistribution (and thus, thermal

equilibrium) for the electrons,

1/2

¢ " The (&)
where

Te is the electron temperature
Mg is the electron mass

k is the Boltzman constant.
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When the probe is negative with respect to the plasma,
only electrons with energies greater than the retarding
potential will strike the probe. The current may be expressed

by

j=Jeexp
kT, (5)

where V is the retarding potential.
Note that in this case the current is independent of the elec-
trode configuration, and the slope of the current voltage
characteristic is proportional to the electron temperature.

For accelerating potentials the size and shape of the
electrodes becomes important. The two limiting cases are a
plane where

3= e (6)

and a small sphere where

J=de1+ &
KT (1)

For all other geometries the currents fall between these two
limits. For any given configuration the current is proportional
to the electron density, if we neglect changes in electron
temperature.

In an actual experiment it is easier to use two probes
and measure the current voltage characteristic of the pair.
If the area ratio of the two probes is large, the smaller of
the probes can be treated as a single probe, and the larger

serves to establish a constant reference potential. To obtain
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a large area ratio in rocket investigations of the ionosphere,
a small tip probe is used for the small electrode, and the
rocket motor housing constitutes the large electrode.

Since knowledge of the fine structure of the electron
density was desired for correlation with the magnetic field
measurements, the probe was kept in the DC mode as much as
possible. The use of a constant DC potential on the probe is
difficult to Justify theoretically, but it is simple to achieve
experimentally. The results agree with those obtained by other
methods (Smith, 1963).

2. Design

The area of prime interest for comparison of

electron density and electric current measurements (by mag-
netometer) was the E region of the ionosphere. In order to
accommodate the expected changes of electron density in this region,
two linear scales were used, covering two orders of magnitude, in-
stead of the usual logarithmic amplifier. The probe amplifier
ves switched periodically between the two ranges. Since the
rocket travels at speeds of greater than 1 km/sec in the
lover E region, it was necessary to switch rapidly between
scales to avoid losing data. A repetition rate of five cycles
per second was chosen -- one tenth of a second for each scale.
Since continuous measurements were desired, the amplifiers
were DC coupled and had to be as free as possible from changes in

the zero-level of the DC output. It was also necessary to find
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a means of switching that would not change the level of the
DC signal. Overall requirements of a magnetically clean
payload also had to be met.

Figure 10 shows a block diagram of the Langmuir probe
electronics. The multi-vibrator controls the amplifiers
which feed into a common output. The signals are fed to
the amplifiers from the sensor. The multi-vibrator output
is scaled by a factor of eight to drive a one-shot multi-
vibrator. This in turn triggers & ramp generator which
applies a ramp voltage to the probe, sweeping from minus three
volts to a DC level of 2.7 volts. This ramp allows measure-
ment of the electron temperature. When the probe is negative
to the plasma, the electron temperature is inversely propor-
tional to the slope of the current voltage characteristic of
the probe (equation 5).

a) Amplifiers
The circuit diagram for the amplifier deck
is shown in Figure 11. The amplifiers are DC-coupled differen-
tial amplifiers similar to the one described in Transistor

Circuit Design, by the staff of Texas Instruments. This am-

plifier was chosen for its high input impedance (250 kf}),

along with reasonable gain (100 to 150). An input of 20 to 30
millivolts from the sensing resistor provides full scale modula-
tion of the subcarrier. Tests on the amplifier indicate DC
drift to be less than 200 microvolts (uv), equivalent input

voltage, and temperature stability better than TSAFY/OC
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equivalent input voltage.

The first stage on each side of the balanced amplifier
configuration is an emitter follower to give high input in-
pedance. The second stages are common emitter amplifiers fed
by a current source in the emitter for stability. The 102
potentiometer connecting the emitters is used for balancing.
The output is teken between the two collectors of the second
stages. Silicon transistors, 2N338, are used throughout. It
was noticed that General Electric 2N338 consistently had higher
gain and lower leakage, resulting in more amplifier gain and a
higher input impedance. For stability in this amplifier it is
necessary to keep both sides of the amplifier as nearly as
possible in balance. The transistors and resistors should be
in matched pairs. The one kilohm (k) resistors on the side
of the amplifier tied to the ground must be adjusted to match
the sensing resistor used for the input to the other side.
Since the two amplifiers are tied together in parallel, the
collector resistors in the second stages are twice the optimum
value for the circuit.

b) Switching
Svitching vetween the amplifiers is accomplished
by using the multivibrator to switch on and off the bias to
.the current generators in the amplifiers. The multivibrator
is a standard astable circuit similar to that used in the
programmer of the magnetometer. Each side of the multivibrator

drives an emitter follower used as a current switch to apply
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the bias to the amplifiers. This type of switching results
in no DC level change, since the amplifier is completely
off when not in use.

¢) Ramp Generation

Figure 12 shows Deck 2 of the Langmuir probe
electronics containing the circuitry for generation of the
ramp and the sensing resistors. The output from the multi-
vibrator is channeled into the scalers where it is scaled by
a factor of eight. The scalers are bistable multivibrators
in which diode steering insures that the incoming pulse will
go to the proper transistor for the switching to occur. The
scaled output triggers a one-shot multivibrator. The signal
is then fed through an emitter follower into the ramp genera-
tor. This circuit depends on the slope of an exponential
charging characteristic being nearly linear over a short range.
The resulting ramp is inverted in the last stage and applied
to the probe. The 5 kQpotentiometer serves to adjust the
amplitude of the ramp.

d) Sensor

The expected probe current and the voltage
desired at the input of the amplifiers determine the sensing
resistors. The maximum probe current during the flight in the
E region is about 30 microamperes gpa). The two ranges were
set for O to 5 pa and for 0 to 50 pa. The maximum voltage
drop across the sensing resistor in each case must be enough

to cause the amplifier to modulate the subcarrier fully. A 10 k&
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resistor with 5 )La current will establish a 50™mv signal
for the amplifier., Note that this is well below the 2507k
input impedance of the amplifier, so no appreciable loading
will occur. The sensing resistors are Corning type C, 2%
glass resistors.
¢) Probe

A detailed view of the Langmuir probe at the
top of the payload is shown in Figure 13. The nose cone for
the payload was necessarily made of fiberglass. To obtain a
well-defined geometry and a large electric area ratio, it was
decided to place (adjacent to the nose tip electrode) a stain-
less steel ring electrically connected with the payload base
and rocket motor. The steel ring was separated by one inch of
Teflon from the tip probe. A coaxial cable was used to bring
the electrodes to the electronics package in the payload.

f) Baroswitch

Since the DC amplifier is inherently subject to
drift, it was desired to provide a means of in-flight calibra-
tion. It was also useful as a check of the densitometer al-
timeter to provide a determination of the time the rocket
passed a given éltitude on the upward and downward legs of the
flight. Both objectives were accomplished with the use of a
barometric pressure switch set at 70,000 feet. The baroswitch
used was a College Hill Industries Model 661TA, modified by
the factory to make it megnetically clean. A 499 KN , 1%

Corning type N resistor wes placed between the probe and the

-~
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rocket ground, and it was removed from the circuit at 70,000
feet by the baroswitch operation., This allowed a check of
the pre-flight calibration on both the upward and downward

legs.
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D. Associated Experiments

An ionization chamber densitometer was employed to
provide an alternate means of trajectory determination. An
NRC type 8717 Alphaton digital pressure transducer was modi-
fied to obtain higher pulse rate and therefore better accuracy
when the pressure is changing rapidly (Figure 3). The in-
strument consists of an ionization chamber, containing a radio-
active source and an electrometer, in a blocking oscillator
circuit. At low pressures the number of molecules ionized in
the chamber is small, resulting in a small electrometer current
and a small pulse rate. At higher pressures the pulse rate
increases as more current is detected by the electrometer tube.

Figure 14 shows the modified circuit. I; and Rl were in-
serted to change the pulse frequency. The voltage on the
chamber was also lowered to 30 volts. Other modifications
were found to have a greater effect on the frequency; however,
they resulted in circuit instebilities. The values used for
Ll and Rl varied with each unit, as the circuit was very sen-
sitive to the gain of the electrometer and the ,67 of the tran-
sistor. Ry, Cl and 02 were used to shape the output pulses
for the subcarrier oscillator. Wave traps (described in the
magnetometer section) were used to reduce RF interference.

Also included in the payload was a magnetic aspect sensor
(Heliflux magnetic aspect sensor type RAM-5C, made by the
Schonstedt Instrument Company). The unit is designed to moni-
tor one component of the field -- along the axis of the sensor.

The sensor was mounted with its axis perpendicular to the spin
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axis of the rocket, hence also perpendicular to the axis of
the polarizing field. Thus, the axial magnetic field gen-
erated in the magnetometer coil would not affect the transverse
component measurement of the aspect senscr. Figure 15 shows
the aspect deck with the sensor on the right, the aspect

sensor electronics on the left, and the baroswitch at the
bcttom. The output of the sensor is a sine wave at the spin
frequency of the rocket. Precession of the rocket is measured
by noting the changes in amplitude of the sine wave, as the

spin axis changes its angle with the earth's field.
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E. Telemetry
An FM-FM telemetry system was employed to send the

information back to the ground. Information from the Langmuir
probe, aspect sensor, and densitometer modulated three voltage-
controlled oscillators (Dorsett Model 018D-3). These were
equipped with non-magnetic aluminum cases.

The output of the subcarriers and the magnetometer signal
are combined in the mixer (Figure 16). As the Langmuir probe
reference potential is not at the rocket common ground poten-
tial, the TO-kc SCO circuit is floating and operates from a
separate battery. Transformer coupling is necessary at the
mixer. The TO-kc signal is then fed through a common base
amplifier before mixing with the other signals. The 50-k n s
potentiometer provides additional adjustment of the magneto-
meter signal. The 47-kf) resistors in the input of the SCO's
are necessary to provide the proper loading impedance for the
oscillators. The resulting composite signal is amplified in
a cammon emitter circuit and passed through an emitter
follower stage to lower the output impedance., Composite
signal‘level is adjested by the 10-k ) potentiometer.

The transmitter used was a Bendix TXV 13. The com~
posite signal was introduced into a compensated phase modula-
tion input. This provided a reasonably flat modulation vs.
frequency characteristic, Lower frequencies required slightly
more input level than did higher frequencies for the szme out-

put level, Plate voltage for the transmitter tubes was
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supplied by a Sun-Air power supply. A Zener diode was placed
across the output of the supply to regulate the voltage and
prevent transient voltages from damaging the transmitter. The
transmitter and power converter were mounted in the base an-
tenna section, while the SCO's and the mixer were above on a

separate deck. (Figure 2).
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F. Power
Since not all payload circuits were at a common

ground potential, it was desirable to use separate sources
of power. Silver cells (Yardney HR-3NM) supplied the power
for polarizing the magnetometer coil and for the power con-
verter supplying the transmitter. Mercury cells mounted in
a separate pack on the SCO deck supplied rower to the Langmuir
electronics. One battery deck consisted of mercury cells for
the magnetometer electronics supply, an alkaline 28-volt pack
for the SCO supply, mixer and aspect sensor, and a separate
30-volt battery for the TO-kc (Langmuir) SCO. Densitometer
batteries were in a separate pack in the densitometer
enclosure.

For safety reasons it was required that no payload power
be on while the assembled rocket was being mounted on the
launcher. It was necessary, therefore, to have a means of
holding power off until flight. Magnetic latching relays
were not desirable due to large stray magnetic field. However,
it was possible to effect an electrical latch by using one of
the set of contacts on the power control relay. Figure 17
shows a schematic of the main battery deck. The hold current
was supplied by Yardney, HR-1NM, silver cells on the silver
cell deck. A turn-on pulse to the T relays causes the hold
current to be applied to all the relays except the X relays
whichturn on payload power. A turn-off pulse to the X relays
causes the hold current to be broken, and the power to the

payload to be turned off. All the relays are
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GE 382791G200A5 "postage stamp" relays. They have a very
low external field in the "on" state and were placed back-
to-back for cancellation of any magnetic dipole movement.
Throughout the power control circuits two relays were used

in parallel to prevent accidental dropout during flight.
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III Testing
Testing of the payload divided into three main phases:
1l. Magnetic field tests.
2. Shock and vibration tests.
3. Individual unit and complete payload.
Although operation under extreme temperature conditions
was not a prime design consideration in the instruments due
to the short time of fight (about six and a half minutes),
thermal tests were made on all the units, and temperature
effects were minimized where possible.

A, Magnetic field tests.

In order that fields from the vehicle would not
distort the ambient field to be measured, magnetic fields due
to the payload were kept small. Tests of each payload deck
were made in the University of New Hampshire magnetic test
facility. 2ero field was first established (to within 1 5 ).
The instrument was then passed under a three-axis flux-gate
magnetometer sensor. The outputs of the magnetometer were
recorded (Figure 18), on an oscillograph. At the distance of
closest approach of the instrument to the magnetometer, the
vector field of the tested instrument can be determined. For
example, the record in Figure 18 is interpreted as an indica-
tion of a S-gamma field due to a permanent dipole moment
oriented along the X axis of the instrument. It was found

that even the Subminax coaxial cable supplied as antenna
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harness produced a stray field (due to its steel center con-
ductor), and it was replaced with a copper-conductor coaxial
cable. A final check of the completed payload was made after ~
"degaussing." Payload fields were kept to less than 2 J .

B. Shock and vibration tests

The instruments must withstand 15 to 20 G vibra-
tion, and over 50 G shocks. Initial tests were made by drop-
ping the payload onto a pad; the acceleration was measured by
a miniature accelerometer mounted on the payload. This is not
convenient for routine tests of subassemblies. An effective
rough check is to slam the deck down on a lab bench several
times; if it does not function after this test , then a more
sturdy mounting is needed. Vibration tests of a complete
payload were accomplished on a2 shake table.

C. Individual unit and complete payload

performance checks.

Bach unit was individually tested and calibrated
for performance of its proper function. It was also necessary
to test each unit assembled in the payload with the other in-
struments running. Interference problems, especially RF in-
terference, can be present. RF interference in the magneto-
meter and the densitometer was effectively reduced by the
copper boxes and the wave traps.

A complete check of all instrumentation through telemetry
was done before each payload was packed for shipment to the

launch area. At the launch area further tests through the
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telemetry were made before final assembly., At the time of
finsl assembly screws and nuts were cemented in place, and
"RTV" compound was applied to all wiring harnesses for
strain distribution. One short final check of payload
operation was made while the rocket was horizontal on the
launcher. From the time of final assembly to launch, the
battery voltages were monitored through the umbilical cord
at the test box. This box was also used to turn power off

and on in the rocket. g
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IV Data Handling

Recorded along with the video cutput of the tracking
receivers was a 100-kc standard signal. This was necessary
for use with the magnetometer data, as a reference standard
for the frequency counter in the data reduction equipment
(Figure 19). Since switching transients occur at the be-
ginning of each magnetometer signal, the first few cycles of
signal were discarded. This was done with the aid of a "dual
preset" counter. The Muirhead frequency analyser served as
a very narrow band filter to select the precession signal from
the complex video output and to reduce noise. A passband Q
value of 150 is obtainable. Rough checks of flight time were
made, using the head phones to monitor the intercom chammel on
the flight tape.

Data from the subcarriers were removed from the flight
tape with the equipment shown in Figure 20, The discriminators
selected their respective signals, and this information, together
with the Muirhead filter output was recorded on a Honeywell
Visicorder, high-speed oscillorgraph. It was necessary to cali-
brate the TO-kc discriminator, since the Langmuir probe in-
formation is contained in a varying DC level. The time code
from the flight tape was also on the oscillograph to provide

a precise determination of the time of each measurement.
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Figure 1.

Figure 2.

Figure 3.

Figure 4,

Figure 5.

Figure 6,

Figure 7.

Figure 8.

Figure 9.

Figure 10,

Figure 11,

Figure Captions 39.
Block diagram of the UNH rocket magnetometer
payload.
Picture and layout diagram of the payload
showing the location of each major instrument.
Photograph of the densitometer unit mounted on
the antenna base section. The photograph also
shows the bottom of the raceway with Cannon
connectors for each deck.
Block diagram of the UNH proton precession
magnetometer.
Photograph of the sensor coil showing it in
its various stages of construction.
Drawing of the electrostatic shield used to
encase the sensor coil for reduction of noise
pickup.
Schematic of the preamplifier unit showing the
preamplifier, programmer, associated relaying
and the clipping network.
Schematic of the main tuned amplifier,
Picture showing construction details of the
mein amplifier unit.
Block diagram of the Langmuir probe electronics.
Circuit diagram of the Langmuir probe amplifier
deck showing the amplifiers and the multivibrator

programmer,




Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Captions
Lo,

12. Schematic of the ramp generation electronics
and sensing resistors of the Langmuir probe.

13. Detail of the Lengmuir probe used on the UNH
rocket flights.

14, Modified densitometer circuit diagram,

15. Picture of the aspect deck showing the mounting
of the sensor {on the right) and the sensor
electronics (on the left). The baroswitch is
at the bottom.

16. Schematic of the telemetry mixer circuitry.

17. Schematic of the "mercury" battery deck il-
lustrating the system for electrically holding
the relays on during flight.

18. Sample magnetic signature obtaeined at the UNH
Magnetic Field Observatory. X and 2 scales are
noted.

19. Block diagram of the data reduction system used
for the magnetometer data.

20, Block diagram of the system used to handle data

from the SCO channels.
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