s

IRy

Raoaaihd a8 1

v

ekt v bt wombantl K s £
+ B0

Lty

——r

ROCKET INSTRUMENTATION FOR PCA MEASUREMENTS-

BLLACK BRANT 17.750 AND 17.751
David A. Burt

Utah University
Salt Lake City, Utah

June 1969

CLEARINGHOUSE

FOR FEDERAL SCIENTFIC AND TECHNICAL INFORMATIGN

AD 696 100

Distributed ... “to foster, serve
and promote the nation’s
economic development

and technolgica!

advancement.’

c00 U.S. DEPARTMENT OF COMMERCE/ National Bureau of Standards

This document has been approved for pudlic release and sale.

Nmeis dnmemeittr e tleh e a

-

L Homsriom b s sas aemh & Y




G

AFCRL 69-0282
UU69-2

&

&
=

Ne

=)
e
(=]
L

1]

-

ROCKET INSTRUMENTATION
FOR PCA MEASUREMENTS-
BLACK BRANT {7.750 AND 7. 75!

by

David A.Burt

Contract No. FI9628-67-C-0275
Project No. 5710

SCIENTIFIC REPORT NO. 3

June 1969

Contract Monitor: James C.Ulwick

T .
Ionospheric Physics Laboratory
Distrib of this < nt is uniimited. it moy be relecsed to the
Cteoringhouse, O of C , 1Or sale 1o tHha denerol publis.
Thie ressorch wos supported — - PREARS
’o,",.l“ 2 :s‘r' 'A- y 5 A + .
PR -
. kY .
Prepared for NP

Alr Force Combridgs Reseorch Loboratories
Office of Asrospace Resecrch
United States Air Force
Bectord, Mussochusetts 01730

K3 .
= iR

UPPER AIR RESEARCH LABORATORY

University of Utah

W= T EETA S

Sait Lake City, Utah / 84112

~ew cluced oy tne
CLFARINGHOUSE

for Fodar:i darentific & Technica!

Intermation Scringheld Ve 27731

R




"

SRRL 4

T RTCRRR £ s e AT R mI e s L e TR A

Qualified requestors may obtain additional copies from the
Defense Documentation Center. All others should apply to
the Clearinghouse for Federal Scientific and Technical iIn-

formation.




P i

B
it ¥ “1?. '::.\‘:}:J‘}m,vg;.‘.ﬁft Sl .-.;

PR R

1,
A,

3

i ’»‘*’.ig" Aty

I P T oo g e R
R

W

R

oo S0

SR

wEak OUF SR

-
(i)

-
"™

”..
BT et ot e S8
el

L7
daey !
s

s £

7y

ALY “U‘ﬁ g

A

AFRCL-69-0282 UU~69-2

ROCKET INSTRUMENTATION FOR PCA MEASUREMENTS-
BLACK BRANT 17.750 AND 17.751

by

David A. Burt

Upper Air Research Laboratory
University of Utah
Salt Lake City, Utah 84112

Contract No. F19628-67-C-0275
Project No. 5710

Scientific Report No. 3

June 1969

Distribution of this document is unlimited. It may be released

to the Clearinghouse, Department of Commerce, for sale to
the general public.

Contract Monitor: James C. Ulwick
Ionospheric Physics Laboratory

This research was supported by the
Defense Atomic Support Agency

Prepared For

Air Force Cambridge Research Laboratories
Office of Aerospace Research
United States Air Force
Bedford, Massachusetts 01730

Submitted by % E é“"
Obed C. #aycock, Director




»

ABSTRACT

This report discusses imstruments contained in the payloads of
Black Brents 17.750 and 17.751. These instruments were designed to
megsure charsccteristics of the D-region associated with polar cap
absorption (PCA) events. The measurements included proton fluxes,
x-ray emissions, total particle energy deposition, Lyman-o radiation,
electron and ion densities and temperatures, and photometric

emissions in tihe ionosphere.
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PREFACE

At the University of Uteh a number of individuals had specific
responsibilities for different phases of the project reported

herein:

Administration

Project scientist
Project engineer
Langmuir probe

X~-ray counter

Energy deposition scintillator
Z6 probe

Lyman-a detector

Filter wheel photometer
Mechsnical fabrication
Editing

I1lustrations

Field operaticns

Obed C. Haycock
Kay D, Baker
David A. Burt
Karl G. Seljaas
L. Carl Howlett
L. Carl Howlett
David A. Burt
David A. Bur:

Doran J. Baker¥®

Karl Dunn

Russell J. Richards

Robert M. Fowler

David A. Burt, Kay D.
Baker, and Fred Riebeek

* The filter wheel photometer was supplied by Electrodynamics

Laboratory, Utah State University, Logan, Utsah.
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INTRODUCTION

This report details the scientific instrumenzation in two Black
Brant rockets (17.750 and 17.751). The ~ockets considered in this
report are only two of a large series of rockets which are assigned
to measure certain disturbed characteristics of the D-region during
special distu bed conditions called polar cap absorption (PCA} events.
The term polar cap absorpticr refers to the extreme absorption of
certain reilic frequencies, especially in the HF range, as radic waves
pass through the D-region of the jonosphere. Such everts occur rare-
1y since they result orly from a few large solar flares that emit
energetic protons which intensely ionize the mesosphere. These events
disrupt communications for several days at higher latitudes (above

approximately 65° geomegnetic latitude).

Riometers indicate that a PCA event normally begins a few
kours after these solar flares occur and first interrupts communi-
cations at latitudes fram 65° to 90°, but it socn encompasses the whole
polar region. The abscrption quickly reaches a maximum and then
decays over & period of days. Figure 1 shows that the absorption de-
creases noticeably at right and causes a definiie modulation of the
otherwise relatively smooth absorption profile. The “quiet day"
curve, the upper curve in the figure, is the average of a year's
data and is thus indeperdent of any one day. The lower curve rep-
resents the actual riometer readings for the time periods shown.
Increased absorption is exhibited by the decreases ir the :rneiver

current (milliamps).

The majority of the rockets in the large series, mentioned
above, are provisionally scheduled to be flown within the same
twenty-four hour period in the latter part of 1369 tc measure the
day-night variation of a PCA event. The instrumentation aboard all
the rockets in this series will measure parameters such as proton
fluxes, total particle energy deposition, electron and ion densities

and temperatures, and photometric emissions in the ionosphere.
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Fig. 1. Day-night variation of & PCA event. The solid line

represents the average of a year's data. The dotted line shows

the increased absorption of the radio waves due to the PCA phen-
omenon which occurred hetweeu 1 and 8 September 1966 above Thule,

Greenland.

Measurements of the whoie PCA rocket series, with supporting tests
ty aircraft, satellite, ard ground-based instruments, will provide

& comprehensive study of the PCA phencmernon.

To obtain prior verification of the multiple instrumentation
in the Black Brant payloed design, Black Brarts 17.750 and 17.751
were scheduled to be flown ir conjunction with each other within a
ope to be flown in the daytime and the
other to be flown &t night.

twenty-four hour period:
Tables 1 and 2 list the instruments
Black Brant 17.750 was launched fram the
Churchill Research Range at 10:14:51.46 CST on 6 December 1967.
Black Brant 1.7.751 was launched from the Churchill Research Range
at 15:51:02.43 CST on 10 June 1968. The separation of flight dates
was due primarily to a scarcity of PCA events.

flown on these rockets.

After intlegration
of these two payloads, 17.750 was fired into an auroral absorption

event, rather than waiting an indefinite lengtn of time for veri-

H
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Black Brant 17.751 was launched

into a PCA event but due to abnormal flight dynamics, the payload sep-

arated and failed to provide any PCA measurements.

TABLE 1.

Payload of Black Brant 17.750

Instrument

Agency

Measurements

Standing wave impedance
probe (SE-98)

X-ray counter
(¥odel 2, SH-3)

Energy deponsition
scintillator (Model
3, SN-1)

Lymen-x detector
(Model La-6T7, SN-2)

Langmuir probe
(Model LP-67-C, SN-1)

Filter wheel photometer
(Model WT-1B, SN-22-FWl)

Gerdisn condensers {3)

Retarding potential
analyzer

Propagation experiment

C probe (blunt)

Ccnductivity probe

Proton detector (A)

Proton detector (B)

University oi{ dJtah

University of Utah

University of Utah

University of Utah

University of Utah

Utah State University

Adcole Corporation
Adcole Corporation

Pennsylvania State

Pennsylvania State

Pennsylvania State

Panametrics, Iuc.

Parametrics, Inc.

Electron density
X rays, 1-10 kev

Energy deposition
Electrons > 9 kev
Prctons > 60 kev

Lyman-o radiation,
1216 A

Electron density

and temperature,
positive ion density
Light emissions; N2
(39144), 0 (5577A),
NO, continuum (57754),
HB"(4861a), background
(k020A, 38004)

Conductivity, Zon and
electron density

Positive ion density

Electron density

Positive and negative
charge density

Electron density

Protcas, 1.65 tc 3.2 mev
Aiphas, 4.2 to 15.6 mev

(Borizontal look direc-

tion)

Protons, 3.2 to 100 mev
siphas, 5.1 to 190 mev
(Horizontal look direc-
tion)

. omum———
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TABLE 2. Payload of Black Brant 17.751
Instrument Agency Measurements
Impedance probe University of Utah Electron density

(Standing wave and
Z6 probe 67-1)

X-ray counter University of Utah X rays, 1-10 kev
(Model 4, SN-1)

Energy deposition University of Utah Energy deposition
seintillator Electrons E > Y kev
(Model 4, SN-1) Protons E > 60 kev
Lyman-a detector University of Utah Lyman-a radiation,
(Model La-6TA, SK-1) 1216 A

Langmuir probe University of Utek Electron density and
(Model B) temperature, positive

ion density
Filter wheel photometer Utah State University Light emissions, N2
(Model WT-1B, SN-23-FW1) (39114), 0 (5577A);
O, continuum (57754),
HB"(4861A), background
{L020A, 28(04)

Gerdien condensers (3) Adcole Corporation Conductivity, ion and
electron density

Retarding potential Adcole Corporation Positive ion density
analyzer
Propagation experiment Pennsylvania State Electron density
: DC probe (blunt) Pennsylvania State Positive and negative
conductivity
Conductivity probe Pennsylvania State Electron density
Proton detector (A) Panametrics, Inc. Protons, 1.65 to 3.2 mev

Aiphas, 4.2 t5 19.6 mev
(15° above horizontal)

Proton detector (B) Pansmetrics, Inc. Protons, 3.2 to 100 mev
Aiphas, 5.1 {0 190 mev
(15° above horizontal)

A number of agencies were involved in the experimerts on these
rockets. The only instruments which will te covered in detail are thcse
developed by the University or Utah and Utah State University for

3 Air Force Cambridge Research Laboratories.
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Figures 2 and 3 display the payload configuration of Black Brant
17.750. Figure 2 is a photograph of the payload. A nose and side
view of the payload is diasgrammatically represented in Figure 3.
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INSTRUMENTATION

Standing Wave Impedance Probe (SWIP)

The standing wave impedance probe measures electron density by
determining the impedsnce change of a 2-meter loang ncose-spike antenna
as the rocket proceeds through an icnized media. The impedsnce is
mezsured at 3 end 7.2 MHz by applying these frequencies through a seg-
mented lumped constant delay line. A commutator samples the voltage
on each segment of the delay line to determine the standing wave
ratio and the minimum and meximum voltage positioms. This information
wvhen telemetered to ground is sufficient to determine the antenna

impedance.

The basic design of the SWIP experiment tested or Black Brant
17.604 [Burt, 19€71, with a Langmuir prove at the end of its nose-
spike antenna, was also used in Black Brants 17.750 end 17.751. Pre-
vious flights indicated the desirability of some changes that were
incorporated in tuese last Lo rockets to improve the accuracy of the
results. Test flights rave indicated that the sprlication of an RF
voltage to a large surface antenna changes the vehicle potential a
rectification procesz due tc tne nonlinearity of che ionosphere) [Seljaas
and Burt, 1G67]. The amount of thie change was found tc be a function
of the frequency epplied to the antenna: the lower the frequency,
the higher the voliage swing. Sensitive instruments on these twe
rockets required a relatively steble vehicle potentiasl which made
a minimem swing of potential desirable. To stabillze vehicle poten-
tial for longer pericds of time,the former sweeping sequence of 17.604
was cranged so tkat the higher frequency was applied for extended
numbers of sweeps, and to minimize the swing of vehicle poterntial
the 2 MHz frequency in the sequence was changed to 3 MHz. The
followirg freguency switching sequence was used: severn commutator
rotations at 7.2 MHz, one rotation at 3 MHz, seven rotstions at

T.2 MBz, one rotation with no RF applied tc the =.Cenra.

NI
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In order to study the changes in vehicle potential due to changes
in the applied RF voltages (the rectification process above), & high
impedance amplifier was installed to monitor the dc voltage between the
antenna and the rocket body. While the output of this amplifier was
applied to a continuous channel on 17.750, on 17.751 this output was
comnutsated with the Z6 probe output. The calibration curves of the
ancenna potential monitors on the tJo rockets are presented in
Figures 4 and 5. A schematic configuration of the antenna potential

monitor is represented in Figure 6.

The format for the SWIP commutaters is a 5 x 30 RZ IRIG. The
assignment for the standing wave impedance probes is shown in

Table 3.

TABLE 3. Commutator assignment for SWIP instruments
on 17.750 and 17.751

Segment Number Assignment

1 sync pulse

2 + 5 volt reference voltege
3 + 1 volt reference vcltage
y floating point

5-28 standing wave voltsage

9 freguency indicator

The frequency indicator for the SWIP experimepts output is

given in Table k.

TABLE L. Frequency indicator voltage outputs for
17.750 and 17.751

Frequency Indicator Frequency
3.8 volts 7.2 MHz
2.0 volts 3.0 MHz
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L2K

+28V

T™ OUT.

TM GND

+28VGND

Fig. 6. Schematic drawing of the antenna potential
monitor flown or. both Black Brants.

Complete calibrations of the standing wave impedance probe and
the sntenna measurements are given in the Appendix A. TFurther details
and complete schematic designs of the standing wave impedance probe
have been presented in earlier reports [Ulwick, et al., 196T; Seljaas
and Burt, 1967; Burt, 1967].

76 Probe (Black Brant 17.751)

The one minor difference between the two rockets was the
introduction of a new method of measuring the antenna impedence.
In addition to the standard SWIP instrument, which was utilized in

tests aboard both rockets, the new method (designated the Z2 probe)

was used aboard 17.751. The Z86 probe directly measures the magnitudes
of the antenna current and voltage and the phase angle between the
antenna current and voltage; thus the compleie antenna impedarce can

b2 easily calculated and related to electvon density. The 28 probe
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has numerous advantages over the standing wave imwpedance probe: a

narrower telemetry bandwidth can be used; more direct data reduction

methods can be utilized; and inherent inaccuracies in the determination

of line parameters can be eliminated.

The 28 probe, like the standing wave impedance probe, is used to
detect the antenna impedance. Figure T presents a block diagram of
the 26 probe system. The impedance it determined by measuring the
magnitude of the antenra current and voltage using two high gain
amplifiers which are transformer-coupled to the antenna. One amplifier
is coupled ia series with the antenna to measure the current while
the second amplifier is coupled in parallel to measure the voltage.
The outputs of these amplifiers are detected resulting in dc voltages
which are proportional to the antenna current and voltage. The
antenna current monitor is also maegnified by a factor of 10 by a
second amplifier to give greater sensitiviiy at low current values.
The output from each amplifier is fed into a clipper amplifier which
squarzs the waveform so that the phase relationship between the weve-
forms of the two amplifiers can be detected more readily. The out-
puts from the clipper amplifiers are then fed into a detector which
measures the phase relationship between the two wavefcrms snd results
in a dc voltage output which is preportional to the phase between

the antenna current and voltage.

The outputs of the Z6 probe were commutated; the commutator

assignment for the Z8 rrobe is presented in Tsable 5.

TABLE 5. Commutstor assignment for the 28 probe flown
on 17.75%

Segment Number Assignment

+ 5 v reference

0 v reference

antenna current

phase of impedance
antenna voltage

antenna current x 10
antenna potential monitor

~N O\ W0
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Appendix A contains the complete calibration curves of the Z8 probe.

X-ray Counter .

An x~rey ccunter wes included on each rocket to measure the input
flux and energy spectrum from s-“t x rays. The unit uses a proportional
counter tube and assoziated circuitry to broaden the output pulses for
telemetry transmission. This information can be fed directly to a
pulse height analyzer to separeste the different energies. Comprehensive
pictures and schematic drawings of this instrument are given in previous
reports [Burt, 196T; Howlett, 1966].

Each x-ray counter was mounted to view through s door irn the side
of the rocket skin {Figure 3) and was tilted 10° above the horizontal
in order to include the sun in the field of view as the rocket rolled.
The field of view of each instrument, as shown in Figure 8, was 21.5°
vertical and 8° ncrizoatel for the half angle at the half count points.
The field of view, with an aperture area of 0.23 cm, gives a geometric
factor of 4.5 x 10-2 cmzster. Calibrations tc determine the energy
conversion factor and resclution of the instruments were performed
with an Fe-55 source (5.9 kev or 2.1 A x rays). The results of cali-
bration for 17.750 are shown in Figure 9, and the results for 17.751
are showrn in Figure 10. The conversion factors are 3.18 kev/volt
for 17.750 with 34¥ resolution end 2.46 kev/volt for 17.T751 with 26.1%

resolution. The counter tube efficiency is presented in Figure 11.

Energy Deposition Scintillator

The energy deposition scintiilator is desigrned to measure the
total energy being deposited by perzicles in & given region of the
atmosphere. This is accomplished by sensing the light output of a
scintillation crystal with a photomultiplier tube and by arplifying

the output with a logarithmic amplifier for telemetry transmission.

|
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The logarithmic amplifier consists of an operational amplifier with -

temperature-controlled diode feedback network to obtain the desired

characteristics. The scintillator utilizes a pilot B plastic crystal.

This crystal is sealed fram light by vacuum depositing a thin layer of

alum:i-wum over the surface. The characteristics of the two instruments

are given in Table 6.

Energy Depnsition Scintillator Characteristics

TABLE 6.
17.756 17.751
Model 3 SN1 Model b SN1

Aluminum deposition thickness 5600A 62004
Lower cutoff energy 8 kev 10 kev
Output with iumincus inten-
sity of 12,000 foot-candles
(sun = 8,800 foot-candles) 0.7 volts 1.20 volts
Aperture area 0.203 cm2 0.203 cm2

12° 12°

Half angle field of view
2.8 x 1072 cnZster 2.8 x 10™° cmster

Geometric factor

o
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The instruments flown on the tiwo rockets were basically the same

except that the unit on 17.751 utilized an improved voltage regulator.

A complete schematic diagram of the energy deposition scintillator used

on 17.751 is given in Figure 12.

Calibration of these instruments was accomplished by determining
the voitage current characteristics of the logarithmic amplifier of
each and then determining a point on this curve for s known energy
scurce. The scurce used was a nickel 63 with a calibrated total outpul

or 5.87 x lOll ev/s
2n ster

The meximum particle energy was 65 kev with an

aversge energy of 18 kev. The calibration curve obtained for 17.750
(Model. 2, SN-1) is shown in Figure 13. Figure 14 shows the calibration
curve derived for 17.751 (Model 4, SN-1).

Lvman-a Detector

In order to determine the degree of ionization due to Lyman-a
radiation, a detector (pictorially illustrated in Figure 15) was
used to measure the intensity of Lyman a (1216 &;. The detector was
& nitric oxide (NO) photoionization chamber with a lithium flouride
window (Melpar No. CGGL 1350). The solar Lyman-a intensity .s about
5 ergs/cm2 [Hinteregger, 1965]. The instrument was therefcre set for

a meximum energy about an order of magnitude higher or 50 ergs/cmz.

The ionization chamber current due tc a source entirely in the
field cf view (such as the sun) will be

i = IAn
E
where
= current in emperes

. . 2
radiant enrergy in watts/cm

Bk b
]

= detector aresa in cm2

i}
1}

chamber quantum efficiency

=
[}

photon energy ir electron volts

TrILTF T
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For extended sources the proper equation is

1
i= I'AQn
. E
I' = irradiance in watts/cmzster
AQ = detector geometric factor im cmzster

The chamber deteriorates rapidly when operated at currents higher

than 10-8 amp. For this reason the aperture area was set at

0.061 cm2 to give a maximum chamber current of 10-9 amp if the solar
radiation is of the intensity expected. It was desirable to measure

at least four orders of magnitude of energy; this made a very sen-
sitive logari;hmic amplifier necessary. The amplifier which was
selected for 17.751 is shown in Figure 16; this amplifier was a slightly
improved version of the one flown on 17.750. As shown, the imput

of the amplifier is an electrometer tube. The logarithmic characteris-
tic is obtained by monitoring the screen~grid voltage required to

hold the plate current constant for the different inputs. To give in-
flight assurance that the amplifier was functioning correctly,

a calibration circuit was installed at the input of the amplifier.

This circuit consisted of 6.2 v applied through 1010 ohms (for 20

msec at 20 sec intervals) to the input of the amplifier. Before the
instrument is exposed, the chamber current will be zero; therefore,

the output will be a short pulse of magnitude corresponding approximately
to the 6 x 10"10 amp input. As the chamber current increases, the
calibration pulse becomes less noticeable due tc the logarithmic
characteristics of the amplifier. A voltage monitor was included on
the chamber voltage. The Lyman-a high voltage monitor calibration

for 17.750 is shown in Figure 17; the high voltage monitor calibration
for 17.751 was essentially the same. The Lyman-a system calibration
for 17.750 is presented in Figur 18. Figure 19 shows the Lyman-o
system calibratiom for 17.751. Complete lists of the characteristics

for each unit are given in Table 7.
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Fig. 17. High voltage monitor calibration for the 17.750
Lyman-a detector (Model La-6T, SN~2). The 17.751 unit's
calibretion was essentially the same.

TABLE 7. Lyman-a detector characteristics

17.750 17.751

Ly-a 67-2 Ly-a 67A-1
Field of view 30° full angle 30° full angle
Aperture area 0.0612 cn® 0.0612 cm®
Geametric factor 1.31 x 1072 coPster 1.31 x 1072 cmzster
Chamber quantum
efficiency 36.5% 26.7%
Chamber no. M 1937 M 19L0
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Langmuir Probe

A Langmuir probe was installed at the foremost point of the rocket
on the tip of the nose spike antenna as shown in Figure 3. A photograph
of the unit is shown in Figure 20. The collecter surface was spherical
with a radius of 3.175 cm, followed directly by a cylindrical guard

electrode which was driven with the same potential as the collector.

There weré two different model Langmuir probes flown on these two
rockets. The most recently developed Langmuir probe was flown aboard
17.750, and one of the older mudels was flown on 17.751. The elec-
tronic circuitry in the older model has been reported in a previous
paper on solar eclipse measurements [Seljaas and Burt, 1967]. The
Langmuir probe on Black Brant 17.751 differed from the eclipse payloads
in the packaging of the sweep oscillator which was modified to produce
the sweep wave form shown in Figure 21 in order to measure further into
the positive current region. The calibrations for 17.751 are shown in
Figures 22 and 23 for electron and positive icn current regions, res-

pectively.

The electronics in the unit which flew on 17.750 have also been
reported in Scientific Report No. 1, "Langmuir probes for determining
jonospheric particle densities and temperatures" [Seljaas, 1968]. The

sweep voltage on this unit is given in Figure 2k,

The illustration of the ion mode calibratica for the Langmuir
probe (17.750) is shown in Figure 25 while the electron mode is showmn

in Figure 26.

Filter Wheel Photometer

The filter wheel photometer utilized a standard Utah State
University model WI-1B [Burt and Seljcas, 1966] mated wi.h a right
angle mirror and a rotating filter wheel containing six one-inch

diameter spike interference filiters. The filters are changzd by
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Fig. 21 Sweep wave form of the 17.751 Langmuir prcbe
(Model B).

rotating the wheel continuously at 5 rps giving measurements at six
different spectral regions 5 times per second. A picture of the com-
pleted photometer is shown in Figure 27. The mount was designed to
allow the instrument to slide out through a door in the skin so that
the mirror would provide a vertical look direction. Afiler due consider-
ation, it was feared that the instrument would be s .itive to
scattered light from the tip of the nose spike oa the rocket; there-
fore, tie inboard half of the circular field of view was blocked.
This gave a final field of view of & semicircle having a solid angle
of 0.015 steradians. The general instrument specifications are con-
tained in Table 8 for 17.750 and Table 9 for 17.751. A complete set
of responsivity calibrations for each filter is given in Figures 28a,

28b, and 28¢c, for 17.7505 and in Figures 29a, 29b, and 29c, for 17.T51.
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Fig. 24. Sweep wave form of the 17.750 Langmuir probe
(Model LP-67-C, SN-1).

TABLE 8. Specifications for Filter Wheel Photometer, Model
WT 1-B, SN 22-FW-1 {17.750)

Center Bandwidth Transmission JBximum Minimum

Filter Wavelength, (M), A at Pesk, % Measurable Measurable

A Signal, kR Signal, R
1 2921 k2 21 170 24
2 5573 ks 63 2k5 175
3 5770 135 55 362 217
i 4861 60 63 12z 30
5 4020 Lo 23 126 50
6 3800 36 14 117 60
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TABLE 9. Specificaetions for Filter Wheel Ph~tcmeter
Modei WT-1-B, SK-23 (17.751).

Center Bandwidth Transmission Maximum Minimm
Filter Wavelength, (ax), A at Peak, % M§asurable M?asu;able
A i ? Signal, kR Signal, R
=
1 3921 b2 21 25 8
2 5573 45 63 52 17
3 5770 135 55 58 73
i 4863 60 63 3 2
5 k020 Lo 23 15 8
6 3800 36 1k L8 96

The calibration curve for the high voltage monitor is shown in Figure 30,
and the calibration curve for the teaperature monitor is shown in
Figure 31. Complete information on the optical characteristics of each

filter is given in Appendix B.

Telemetry System

The Black Brants 17.750 and 17.751i each contained two & watt M
= try links operating &. carrier freguenci.s of 234 MHz (1ink 1)
and 246.3 MHz (link 2). The telemetry subcarrier assignments are
given in Tables 10 and 11, and the commutator data assigmments are

listed in Table 12.

Trajectory and Aspect Systems

The aspect of the two rockets was determined by a MARS gyro
system, and each had a magnetometer to give the direction of the
magnetic field. The position of the megnetometer and the gyro
notch are shown in Figure 2. The trajectory was determine. by the

range radar and & beacon on the rocket.
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TABLE 10. Black Brants 17.750 and i7.75i Telemetry
Assignmeats, Link 1 (234 MH=z)
IRIG Channel Frequency (KHz) Data Description
18 70.0 Particle spec. pulse )
(Pansmetrics)
17 52.5 Y-ray pulse train (Utah) X
1€ 40.0 Langmuir prcbe (Utah)
15 30.0 SWIP Ccmmutator - 5 x 30
IRIG (Utah)
1k 22.0 Commutator - 2.5 x 30
IRIG (CREK)
13 1k.5 Aspect Gyro Multiplexer
{CREK)
2 10.5 Photometer (Utah!}
il 7.35 Propagation (Penn. State)
10 5.h4 Propagatior (Penn. State)
9 3.9 Lyman-a (Utah) .
8 3.0 Scintillator (Utah)
7 2.3 Langmuir probe (Utah)
; 6 1.7 SWIP Ant. Vo 1 - 17.750
{Utah)*
26 Probe - 17.751 (Utah)
5 1.3 D.C. Conductivity (Perr.
State)
: * The change of assignment on channel 6 constituted the only
’L difference in the two payloads' telemetry assignments.
]

A e v d
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TABLE 11. Black Brants 17.750 ard 17.751 telemetry
essignmeuts, Link 2 (246.3 MHz)

Freqcency (KHz)

Data Description

oy

IRIG Channel
18 70.C
17 5.5
16 k0.0
15 30.0
1k 22.0
13 24,8
12 10.5
10 5.4
9 3.9
8 3.0
I 1.7
€ 1.3

Particle spect. pulse
(Panametrics)

Conductivity probe (Penn.
State)

Conductivity rrobe (Penn.
State)

R.P.A. (Adcole)

Gerdian (+) boom \Adccle)
Gerdian {-) body (Adcoie)
Gerdian (+) body (Adcole)

Gerdi-a boom sweep
(Adcole)

Gerdian condenser sweep
(Adecle)

R.P.A. sweep (Adcole)

Accelerometer ~ long axis
(CREK)

Magnetameter -~ roil
{CREK}

D.C. conductivity
(Penn. State)

e o~atan

R a e e o = ara o

T —— Y ———— = + o s e
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TABLE 12.

Comnutator Duia Assignments for Black
Brants 17.75( and 17.751

Datametrics QuQA

Frame Sync Puisec +5 V

Chanrel Sync (Pedes‘zl) -1.4° ¥

2 1/2 x 30 IRIG

]

q Channel

Datn Experimenter
1 Zero {0} volt calibration CREK
2 (+) 3 vo'v moni+r Panametrics
3 (+) 4 v.1~ mor.vor Panametrics
h Photcme'.zr te. perature Utah
S Photameter high voltage Utah
6 Scintillator temperatur: Utah
T Not used for data
8 Not used for data
9 Lyman-a high voltage Utah
10 Hot used for data
11 Not used for data
12 Not used for data
13 Not used fcr data
ik Not used for data
15 Te monitor Adeoie
16 Tg~3 monitor Adzole
17 Tg-2 monitor Adccle
18 1g-1 monitor Adcole
i9 (+) 1 voit monitor Panametrics
20 Not used for data
21 Door No. 1 release monitor CREK
22 Dcor No. 2 release monitor CREK
23 Door No. 3 release monitor CREK
2L Door No. 4 release monitoer CREK
25 Boom meter monitor CREK
26 Photometer extend monitor Utah
27 Gerdian boom extend monitor Adcole
23 R.P.A. boom extend monitor Adcole

e v e e e e—————c

3 Ahnms
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RESULTs AND CONCLUSION

Due to the sparsity of PCA events in 1967 it was decided to fly
the first Black Brant (17.750) into an auroral absorption event during
December, 1967 to test <ly the rocket configuration and the instru-

ments for the PCA program.

Bleck Yrant 17.75C was lsunched Wednesday, 6 December 1967, at
19:1%:51.46 from Churchill Research Range during an auroral absorption
svent of about 2 db of 30 MHz abso ption.

Th2 rocket performed well achieving an apogee of 135 Im with
a rcll rate {af.er extension of booms) of 1.9 per second with &
precession cone of 1.5° half angle. The altitude plot is shown ia
Figure 32.

All inscruments except the propagation experiment provided data

which are beirg analyzed and will be reported elsewhere.

During the field trip when 17.750 was fired the second Black Brant
(17.751) was put into ccmpiete readiness and placed in standby con-
dition to await the occurrence of a PCA event. Instructions were
prepared so that Churchill Research Range personnel could install
batteries and lsunch the rocket when such an event occurred. On
10 June 1968 a PCA event developed and the rocket was launched.
Approx mately 10 seconds after launch, the rocket broke up due to
abnormal flight dynamics. A closeup picture of the remaining carcass

of 17.751 is shown in Figure 33.
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APPENDIX A

Impedance Probe Experiment Information

and Calibration Data (17.750)

GENERAL INFORMATICK

Vehicle code no.:

Electronics box code no.:

Experiment type:

Experiment frequencies:

Tuned antenna impedance:

Shunt capacitance:

R.F. cable information

Type:
Lengths internal to
experiment box:

Lengths external to
experiment box:

Total lengths:

CALIBRATION INFCRMATION

Laboretory checkout

A.
B.

Persons responsible:
Date:

Yorm of calibration
aata:

Present data location:
Electronics box weight:
Current drain:

Voltege:

Black Brant 17.750
11119-96
SWIP

3.0 MHz

19 + 351 ohms
43 pr

7.2 MHz
70 + 366 ohms

178 BU
13.3 em

8.4 cm

22.T e

G.S. Hale
January 1967

Visicorder

Upper Air Research Leboratory
6.6 1b with network

250 ma

28v
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LINE CALIBRATION INFORMATION

Simulated telemetry load: U70K
Celibration box
A. WNo., 1 for 3 MHz
B. No. 2 for 7.2 MHz
RF voltage level at antenra jacks
A. .7V P.P. at 7.2 MHz
B. .8V P,F. at 3 MHz

CIRCUIT BOARDS

Name

Model and Serial No.

{ommutator line

Commutator reference voltage
Os2illating mute switch
Oscillating switch driver

3 MHz oscillator

Osecillating switch

T.2 MHz ogcillator

CEL 11105 5 MHz
CEL 11105

CEL 11073 M-i
CEL 1118 M-3

CEL 11072 M-1




Transmiesion Line RF Measurements HPL10C

Assigned to Probe No. 17.75C BB, Line No. CI 5-109
Output Voltage from Generator 1.12
Operator - G.S. Hale, 12 January 1966

PIN NO. Freq. 7.2 MHz Freq. 7.2 MHz Freq. 3 MHz
(Numbered
from osc Short 500 Short 500 Short 500
end)
A 3.2 0.488 1.13 1.39 1.33 1.30
2 1.53 0.484 1.k 1.38 1.44 1.298
3 1.81 0.480 1.72 1.37 1.56 1.29
N 1.98 0.479 1.88 1.37 1i.68 1.28
5 2.03 0.479 1.9% 1.37 1.76 1.28
6 1.94 0.479 1.86 1.37 1.83 1.28
7 1.72 0.481 1.68 1.37 1.87 1.28
8 1.40 0.479 1.38 1.37 1.89 1.28
9 0.97 0.477 1.02 1.36 1.90 1.275
10 0.48 0.473 0.51 1.35 1.88 1.275
11 0.03 0.468 0.15 1.33 1.85 1.275
12 0.24 0.462 0.36 1.32 1.81 1.275
13 0.75 0.458 0.82 1.31 1.7h 1,275
1k 1.23 0.457 1.22 1.31 1.64 1.275
15 1.63 0.458 1.56 1.31 1.53 1.273
16 1.89 0.462 1.82 1.32 1.39 1.272
17 2.05 0.468 1.95 1.33 1.26 1.270
18 2.07 0.473 1.98 1.3k 1.1 1.270
19 1.97 0.L480 1.88 1.36 0.94 1.260
20 1.75 0.L484 1.70 1.37 0.77 1.260
21 1.h40 0.487 1.38 1.38 0.59 1.251
22 0.95 0.485 1.01 1.39 0.39 1.243
23 0.46 0.479 0.58 1.38 0.21 1.2L0
2h 0.01 0.472 c.13 1.37 0.00 1.230

5T
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Assigned to Probe No. 17.750, Black Brant.
Operator - G.S. Hale, 11 Januery 1969

Iransmission Line Bridge Measurements

Line No. CL-5

Calibration -
Check Freq. 7.2 MHz 3.0 MHz
End Messured  0SC End Ant End 0SC End Ant Erd
7 C 13 + 39.6 13 + 39.9 6.5 + 317 6.5 + 318
¢ 13 +39.6 13 + 39.9 6.5 + 317
7 c - ju.6 5.2 - jk.7 b5 - 516 Lo - 317
- J4.5 5.2 - 3k.7 L.5 - 516 L,2 - 317
2., olm 48 - 3.20 k9 - 3.0k L8 - j.67 k9 - 3.33
4 48 - 3.20 49 _ j.04 48 - 3.67 k9 - 5.33
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Impedance Probe Experiment Information

and Calibration Data (17.751)

GERERAL INFORMATIOR

Vehicle code no.:
Experiment type:
Experiment frequencies:
Tuned antenna impedance:
Antenna shunt capacitance:
K.F. cable information

A. Type:

B. Lengths interral to
experiment box:

C. Lengths external to
experiment box:

D. Total lengths:

CAI.TBRATION INFCRMATION

Laboratory checkout

A. Persons responsible:

B. Date:
C. Form of calibration
data:

D. Present data location:
E. lectronics box weight:
F. Current drain:

G. Voltage:

Black Brant 17.751

Z0P ard SWIP

3 MHz 7.2 MHz2

2k + 353 chms 71 + ;68 ohms
k9.6 pe

178 BU
14,2 om

3.0 em
23.2 cm

G.S. Hale
September 1967

Visicorder and tables

Upper Air Research Laboratory
6.6 1b with network

375 ma

28v
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LINE CALIBRATIOR iNFORMATION

Simulated telemeiry load: Visicorder input
Celibration box

A. FNo. 1 for 3 WHz

B. No. 2 for 7.2 MHz
KF voltage level at actanna Jacks

A. .7V rus P.P. at 3 MHz

B. .7V rrs P.P. at 7.2 MHz
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Transmissior Line KF Measurexents

Assigned to Prote Nc. 17.751 BB, Line No. 501-SMHz
Ouipur Voltage frum Generator

Operator - G.S. Hale, 20 September 1967

61

"Ik HO. Freq. 3 MHz Frey. 7.2 MHz
(turbered
fr °’2n3§° Oper: Short Snort <0
1 118 .357 .21 .276
2 .375 391 .300 .273
3 .335 k33 .355 .268
L .298 .L70 430 .26k
5 .2h3 .500 42 232
6 .184 528 .h23 .2:8
7 .122 .549 .390 .253
8 .067 .60 .239 .252
9 .022 567 21 .252
10 .062 .565 172 .251
11 227 554 .G66 .251
12 175 .She .C57 .252
13 .233 .518 .161 .252
1b .284 .90 .263 .252
15 .328 458 .332 .252
16 .365 Jdag .392 .253
17 .kos .372 436 .253
18 b5 .332 451 .253
19 RYE) .296 Ll .256
20 .508 .2h3 .koo .257
21 .532 .18 .338 .257
22 551 .120 .261 .257
23 .563 .062 a6 .257
24 .568 .000 .C36 .258
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Traasmission Line Bridge Measurements
Assigned to Prcbe No. 17.751, Black Brant. Line No. 501-5MHz
Operator - G.S. Hale, 20 September 1967
Calibration
MH MH
Check Freq. 3 Miz T Mz
End Measured 03C End Ant End 0SC End Ant End
z, ¢ 6.8 + 354 6.9 + 355 20 + 392 19.5 + jSo
z, C 2.8 - jk2 3.9 - 343 5 - get 5 - 328
= i b 4 "
Zo = Zoczsc k1.7 u8.7 51.C 51.0

A

-\

Vohdticor itk ol 4 A7 YA Ve U
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LANGMUIR PROBE

STANDING WAVE IMPEDANCE
PROBE ANTENNA {2.50 DIA}
80.25

T

\
1825 METAL SHELL

4
3.00—}

FIBERGLASS INSULATOR

Fig. A-l. Physical dimensions (in inches) end orientation
of the sianding wave impedance probe antenna assembly on
Black Brants 17.750 and 17.751.

(A RAA—.  Somret ok et e % % o o= emiiios

T e m e e e m e e ———— ———




e r i ot w3 oy a0 e ARAIATLAY M TATHAATL ALY a4y “t 1 o & IR TIPS S ISALFIYTIIIED g R LU (S s
]
' ¢ .
i
7]
Q
r Y - | Y 3 —“ M 2 T T T _ T ¥ 8 m i
1 . : ! 4 q
< W. _ 5
) {0 , 1 3
0 - 8 m
R 4 L . e
3 r ﬁ d
; / g ] T ©
_. | ! ' .|—|, & 2 -m
| ¢ 3 4 B
g 12 1 ) g
z \ .
- - - - M t~
y pt
= 8 s
3 g4
Bk . g
[ t o
\ [ ! " B,
P! ¥
A\ - : W @
_— |- - ¢
0O
3 1 . -
2 " . “
] | ¥, it
) L N = i ~ 1 = 1 < 1 00 & o ok s : : n " 2 - I ~ 1 L A1 Om «t &
N B .ovvknu._.boueoﬁﬂo> ° Ataino azviion 1o oVETon .w "
(1]
. o N
o a
LI




TVTII

s were et Bawen e e

65
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5 2 1///
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0 . 4 N N
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VOLTAGE INPUT (rme)
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—
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>
-
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PHASE

Fig. a~3. Vosiage, current, and phase calibraticn curves
at T.2 MHz for the Z8 probe cn 17.751.
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€6 APPENDIX B
Black Bront 17. 750

25 % gum {
20% M\ -
15% \&

0% ‘

5%

Fﬂﬂuﬂ*xl}x

o% N -

38504 3sook 39304 4c0ch
T0% T
60% AN

3

S0% yfzr \
o A?

|
i
:

0% l
2 7
10%}— v
{ Filter No.2 \
0%
55008 55508 56004 s50h
60% —r fnt
0% F——v A
i
30%
I
20% 1
10%
Filter NO.3
O%l :
8800k 57004 58204 59004

Fig. B-1 {a). Transmission curves for filters 1, 2, and
3 cf the 17.750 filter whbeel phoiometer {Model WT-1-B,
SH-22-Fd-1).
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70%
60%
50%
40%
30%
20%

Black Brant |7. 750

) NI

\

[

\
\
\

/

10%
0%

L

Filter No.4

48004 48504 49004 49504
25%
20% f\‘
o\
i
" // \\
Filter No.5
%?50& 40004 40&} 41008
25%
20%
AR
/A
5% \
Filter No.6
03.';'00& 37508 3s0ch 38508

Fig. B-1 (b).

Transmission curves for filters 4, 5, and

6 of the L7.750 filter wheel photometer (Model WT-1-B,
SH-22-FW-1).
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Black Brant 1 7.75!
25%

20%

o e I

5%
/ FilterNo.1 |\
%

38504 39004 39504 40004

70%

i

o [\

gy —

o /1 \_
O%‘__L/ FilterNo.2 | \_
5500 55508 56004 56508
60% ,_T

[V
40%

(‘ Filf.rNo.3| \ i
O?.\

5600 57004 58008 £3004

Fig. B-2 (a). Transmission curves for filters 1, 2, and
3 of the 17.751 filter wheel photcmeter {Model W.'-1-B,
SK-23).




Black Black 17.75I

| 70%
60%

- 50% /, \\

| 20% / \

f% ’ 30% [ \

B 20% /7 \\

4 10% {/’/f;ilter No.4 \\3

0% .

47508 43008 48508 490048

o 25%

k o D\
| / X\

| w4\
' ; o / Filter No.5 \_

: 39508 4000R 40508 41008

! 25%

20%

i /N
/1 \

‘ 5%
Filter No.&
0%
37008 3750R 3800R 38504

Fig. B-2 (b). Transmission curves for filters &, 5, and
6 of the 17.751 filter wheel photometer (M.del. WT-1-B,
: SN-23).
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