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ABSTRACT

Y

DEVELOPMENT OF AN ACOUSTIC
SENSING AND TELEMETERING SYSTEM
FOR USZ ON CONSTANT ALTITUOE
BALLGONS (S DESCRIBED, EvoLuTiON
OF THE SENSORS, AMPLIFIERS, TELE-
METRY TECHNIQUES, BALLOONS AND
SURFACE DETECTORS ARE OUTL INED
AND THE OPTIMUM SY3TEM THUS FAR
OBTAINED |5 PRESENTED., RECORDING
AND PROCESSING TECHNIQUES APPLIED
TO THE RESULTANT DATA ARE ENUMER~-
ATED AND SAMPLES OF THE PROCESSED

INFORMAT ION ARE E¢NCLUDED, Devetor~

MEMT OF THE BALLOON PLATFORM USED
IN THIS APPLICATION 15 OUTLINED,
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INTRODUCT 1ON

THE FLIGHT OF & SUPERSONIC MISSILE 18 ATYENDED 8Y A NUMBLR Of PHEHOD~-
MENA , AND OWME OF THE MOST KMOTABLE 1S THL GENERATION OF A SERIES OF PRESSURE
PERTURBATIONS, THE INITIAL DISTURBANCE 1S CAUSED BY THE SUPERSONIC DIS-
PLACEMENT OF THE AIR MOLECULES AS YHEY ARE THRUST OUT OF THE PATH OF THE
VEHICLE, THERMODYNAMIC INSTABILITY EXPERIENCED BY THE ENVIRONMENY RESULTS
IN THE TRAMSFER OF A LARGE AMOUMT OF CNERGY FRCM THE MISSILE TO THE AIR,
SOME OF THIS ENEMGY 1S EXPENOED IN IONIZING THE AlR, SOML 1S LOSTY BY RADIA=-
TION FROM THME HLATED LAYER, BUT A SIMSIVICANT FRACTION OF THE TOTAL AMOUNY
OF ENERGY LOST BY THE MISSILE 1S COMVERTLD INTO PRESSURE CHANGES WHICH MOVE
AWAY FROM THE POINT OF ORIGIN AT THE LOCAL SPEED OF SOUND.

SMALL SCALE FROTUBERANCES ON THE SURFACE OF THE MISSILE MAY GEMCRATE
ADDITIONAL SHOCH FRONTS, BUT THE 3LCOMD KAJOR SOURCE OF PRESSUREC PERTURBA-
TION EMERGY 1S THE CLOSING SHOCK WHICH |3 OBSERVED AFTER THE PASSAGE OF THE
MISSILE, THIS INSTABILITY 15 CAUSED BY THE RE-ENTRY OF THE AIR OLECULES
INTO THE SPACE VACATED BY TKE MISSILE, THE MOLECULES MOVE INYO THIS VOLUME
AT THEIR KINETIC VELOCITY, WHICH 1S SUPCRSONIC, AND A NEW COMPRESSIONAL
DISTURBANCE 1S GEMERATED AS A RESULY OF THE ACCELERATIONS INVOLVED, THE
POSITION OF THIS SECOND SHOCK FROMT S A FUNMCTIOM OF A CHARACTERISTIC
LENGTH, WHICH VARIES WITH THE MISSILE SPLED AMD THE NATURE OF THE ENVIROM-
HMENT, THE MACH AMGLE OF THE FIRST SHOCK FRONT 18 DIRCCTLY RELATED Y6 THE
MISBILE'S SPEED AND THE LOCAL SPEED OF SOUND. THE ENERGY ADBED TO THE
ATHOSPHEIRE OURING THE FORMATION ‘OF THE FIRST SHOCK FRONT MAY SIGNIF ICANTLY
ALTER THE LOCAL SPEED OF 30UND, AND THUS THE MACH AMGLE OF TME SECOND SHOCK
FRONT MAY BE DIFFERMENT FROM THAT OF THE FIRST.

EXTEMSIVE DATA HAS BEEN TAKEN OM THE SURFACE DURING THE FLIGHT OF HIGH
SPEED ROCKETS, LARGELY CONFIRMIMNG THE ADOVE OLOUCTIONS, Own 0CCASION,
HOWEVER, ODATA HAS BEEN OBSERVED WHICH COULD NOT BE TRACED DIRECTLY TO THE
POINT OF GRIGIN WETH AVAILABLE INFORMATION ON MISSILE TRAJECTORY AMD
ATMOSPHERIC EFFECTS, ’

THE FIRST ATTEMPTS YO OBTAIN DATA WEAR THE POINT OF ORIGIN WERE MADE
BY ALTERING STAHMDARD METEOROLOGICAL SOUND EQUIPMEMT, A CRYSTAL MiCROPHOME
WAS USED TO MOOULATE AN AN/AMT-% mavjosowoe TRANSHITTES, AND THE DATA WAS
ODETECTED AND RECORDED BY A GMD«1 Anp BausH RECORDER COMBINATION, THIS
SYSTIM vAS CARRIED ALOFT BY A CLUBSTER OF THREE RADIOSIHNDE SALLOGHRS., Twe
OF THE BALLOONS WERE INFLATED TO JUST SUPPOGRT THME INSTRUXLTHTATION AT A PREe
DETERMINED HEIGHT AND THE THIRD BALLOOM WAS OVERINFLATED TO OBTAIN AN EARLY
BURST, AFTER REACHING THE ALTITUDE OF THE FIRST BALLCOM BURST THE EQUIP-
MENT WOULD FLOAT FOR SOME TIME WITH RELATIVELY BLOW ALTITUDE CHANGES., THis
RATHER COMPLICATED ARRANGEMENTY COULD PROOUCE 3BIGNIFICANT OATA RELATIVE TO
EVENT OCCURREMCE, BUT LACKED THE REQUIRED RESPOMSE CMARACTERISTICS.

At FREQUIMTLY OCCURS, THE DATA OBTAINED FROM THIS EQUIPKHEWNY OPENED MEW
AREAS FOR IMVEATIGATION., A MORE AOLQUATE 3YSTEM COULD BE EXPECTED TO PRO-
DUCE IMFORMATION WMICH WOULD BE UZEFUL iN ARRIVING AT AN UNDERSTAMD ING OF



THE PHYSICAL PROCESSES OF THE ATMOSPHERE AMD 1TSS EFFECT ON A RE~ENTERING
MISSILE., THE FOLLOWING OQUTLINES THE DEVELOPMENT OF SUCH A SYSTEM,

DEVE LOPMENT OF THE CONDENSER MIiCROPHONE

A CONDENSER MICROPMONE WAS DESIGNED AND FOUP PROTITYPES WERE CONSTRUCTED
FOR THIS APPLICATION (Fiai1)i THIS-IMBTRUMENT WAS RATHER COMPLICATED IN DESIGN,
DIFFICULY TO MANUFAL YURE AND CONPARATIVELY HEAVY, BUT IT HAD THE DISTING
VIRTUE OF DOING AH EXCELLEMT JOB IN SENSING THE DESIRED DATA, THE OIAPHRAGM
CONSISTED OF A SHEET OF SHIM BRASS WHICH WAS SPACED SOME FOUR THOUSANDTHS
GF AN INCH FROM THE PLATE. PROVISION WAS I1NCORPORATED FOR APPLYING THE
PROPER TENSIOGIL TO TME DIAPNRAGM. SOME ATTENTION 70 THE VENTING OF THE SPACE
BETWEEN THE PLATE AND THE ODIAPHRAGM WAS REQUIRED, BUT WITH A PROPER BACK-UP
CHAMSER THE CAL IBRATION DATA PRESENTLD IN FIGURE 2 WAS OBTAINED BY ProressoRr
T. G, BARNES anD PROFESSOR H, N, BALLARD, UTILIZING TECHNIQUES DEVISED AT
THE SCHELLEHGER RESEARCH LABORATORY of TExAs WesTERN COLLEGE.

WORK ING UNDER CONTRACT WITH THE U, S, ARMY SiGHAL MISSILE SuproRrT
AGENCY, WHITE SaNDS MissiLE RaNGE, New MEx)CO, PERSONNEL OF THE SCHMELLENGER
RESEARCH LABORATORIES DEVELOPED IMPROVED PRODUCTION TECHNIQUES WHICH
RESULTED IN & SATIBFACTORY MICROPMONE WHILE SIGNIFICANTLY REDUCING MANUFAC-
TURING AND CALIBRATING PROBLENS, A NUMBER OF THE UNMITS WERE CONSTRUCTED
AND FLOWM (N FLIGHT UMITS WHIiCH WERE PRCDLCED BY THE SCHELLENGER RCSEARCH
LasorATORY,

PRODUCTION OF THE MICROPNONE WAS INITIATED BY SPACE CORPORATION OF
DaLLAs, TeExas, UNDER COMTRACT WITH THE U, S, ARMY Si15NAL MISSILE SuppoRT
AgenCy, Mr, KENMETH MCCRUM SUGRESTED AND IMPLEMENTED THE USE OF A MYLAR
FILM FOR THE DIAPHMRAGM MATER(IAL, THE OUTSIDE SURFACE OF THME MYLAR WAS
COVERED WiTH A THIN METALLIC COATIMNG TO SERYE AS THE FLEXIBLE PLATE OF THE
CONDEMSER, THE MYLAR FILM WAS, THEREFORE, BWETWEENM THE PLATES AND SERVED TO
PREVENT SHORTING OF THE POLARIZING YOLTAGE WNEN EXCESSIVE DISPLACEMENTS
CAUSED THL DIAPHRAGM TO TOUCH TME PLATE. (See Fig. 3.)

THE MYLAR DIAPHRAGH PROVED TO BE AN EXCELLENT ADD!TION TO THE SYSTEM,
IT WAS RELATIVELY IKSENSITIVE TO THE TENSIOR APPLIED AND THUS SIMPLIFIED THE
JOB OF EBTABLISHING AND MAIHTAINING CALIBEATION, FURTHER DEVELOPMENT OF THE
MANUFACTUR ING TECHMIQUES, IHCLUDING A MYLAR SPACER RING TO PRODUCE THE
DESIRED SEPARATION BLVTWELN PLATES, RESULTED IN A UNIT WHOSE COST WAS LESS
THAN 10 PERCENT OF THAY OF THE ORIGINAL UNITS.

PRODUCTION OF UNITS By YuBA COMBOLIDATED INDUSTRIES OF SAN CarLos,
CALIFORNIA LED TO THE IMCORPORATION OF 3 MANUFACTURING DESIGN WHICH AGAIN
MATERIALLY SIMPLIFIED PRODUCTION. AS s tLLUSTRATZD iN Figuse U, THe uniT
CONBISTS SIMPLY OF & PLATE OLPOSITED ON A PRIMVED CIRCUIY BOARD WHICH 1S
PERFORATED TO PROVIDE VENTILATION TO!THE BACK~UP CHAMBER WHICH HAD PROVED
TO BE ADEQUATE, A MYLAR SPACIR RIMG i3 TMEN GLUED TO THE SOARD AND A OISC
GF COATED MYLAR IS IN TURM GLUED TO THME RING 8Y USING & JIG W4ICH INTRODUCES
THE DESIREID TENSION IN THE DIAPHRAGM, THE UNIT MAS EXCELLENY WANDLING
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CHMARACTERISTICS, THE MARD TUBE ON THE BACK OF THE CIRCUIT BOARD IN FiGurE U4
13 THE INPUT TUBE NECESSARY TO MAINTA!M THE REQUIRED IMPEDANCE BLTYWEILN THC

MICROPHONE PLATES,

THE TELEMETRY SYSTEM

THE INITIAL FLIGHT UNITS WERE COMSTRUCTED BY PERSONNEL OF THE SCHELLEN-
GER RISTARCH LABORATORY AMD WERL OT3IGNED FOR OPTIMUM OPERATION, ONE OF
THEST UNITS 1S 1LLUSTRATED (8 FIauRE %5, THE CONODENSER M)CROPHONE WAS
MOUNTED IN THE TOP OF ITS ACCOUBTIC BACK~UP CHAMBER, AN IMPECDANCE MATCHING
PREAMPL IF IER WAS MOUNTED ON THME BASE OF THE MICROPHONL, INSIDE THE BACK-UP
CHAMBER, THE AMPLIFIER WAS MOUNTED N TWE CENTER OF THE PACKAGE. Two
PARALLELLED RADIOSONDE WIT CELLS FORNED THE BASIC POYER SUPPLY, WHILE A
GROUP OF DRY CELLS WAS UZLD TO POWER TME AMPLIFIER. SUITABLE INSULATION
WAS USED TO MAINTAIN A REASONABLE OPERATING TCMPERATURE IN THE SATTERY COM-
PARTMENT, A MODIFIED AMT=M RADIOSONOL TRANSMITTER WAS KOUNTED ON THE BOTTOM
OF THE PACKAGE, IM THIS CIRCUIT THE OUTPUT OF THE AMPLIF IER WAS COUPLED TO
THE CATHOOE OF THE TRANSMITTER Tuet,

PRODUCTION OF THF FLIGHT UNITS WAS BEGUN BY THC SPACE CORPORATION OF
DaLLAS, Texas, AN IMMEDIATE EFFORT WAS MADE TO REDUCE THE DRY CELL BATTERY
REQUIREWENTS BY TRANSISTORIZING THE AMPLIFIER, A RAIN COVER WAS DEVISED TO
PROTECY THE MICROPHONE FROM PRECIPITATION AND OTHER PARTiCULATE MATTER EN-
COUNTERED OURING THE ASCENT. THIS UMIT IS ILLUSTRATED IN Fiaure 6, One oF
THE CIRCUITS DEVELOPEC BY THE SPACE CORPORATION IS SHOWN iw FIGure T,

PROBLEMS AS3OCIATED WITH THE WEIGHT AND MOISTURE FACTORS LED TO THC
OCVELOPMENT OF A ~T ROFOAM CONTAINCR FOR THE FLIGHT UNITS, THIS SYSTEM
HAS A SHOE BOX APPC. ANCE WITH SEPANATE COMPARTMENTS FOR THE MICROPHONE,
THE BATTERY, AND THC AMPLIFIER TRANSMITYTER SECTioN. (Ser FiG, 8a anp Be.)
THE TRAMSMITTER COMPARTMENT WAS PROVIDED WITH A SIX-VOLT RELAY WHICH, AT THE
CXPENSE OF AN CIGNT=NILL IAMPERE CURRENT DRAIN, WAS HELD CLOSED UNTIL THE
VOLTAGI OROPPED BELOW A VALUE OF 2.5 VOLTS, AT THAT TIME THE RELAY WOULD
OPEM, SHORTING THE REMAINING VOLTAGE ACROSS A SQUIB WHICH WAS ARRANGED TO
CUT THE EQUIPMENT FROM THE BALLOON AMD ALLOV IT TO FALL AT A RATE CONTROLLED
BY TNE PARACHUTE, ‘

A MEANS OF MAIMTAINING A CHECK ON THE CALIBRATION OF THE SYSTEM WAS
ALSO INCORPORATED IN THL ABOVE MODEL. TMIS CHECKING DEVICE CONSISTED OF AN
RC CIRCUIT WMICH PRECIPITATED THE FIRING OF A NEON TUBE, THE PULSE FROM
THE NEON TUBE WAS PASSED THROUGH A MATCHING TRAMSFORMER AND APPLIED TO THE
FIELD OF A TWO-INCH SPEAKER, AN 1714GRAM WE{GHT ATTACHED YO THE DiAPHRAGM
OF THE 3PCAKER RCSULTED IM A DECAYING OSCILLATION OF APPROXIMATELY 100 cvciEs
PER SECOND, QUESTIONS RELATIVE TG THE SCRFORMANCE OF THE AMPLIFIER RESULTED
IN THE INCCRPORATION OF A SECOND SUCH CIRCUIT WITH THE OUTPUT OF THE MEON
TUBE PLACED, THROUGK A SUITABLE VOLTAGE OIVIDER, ON THE INPUT OF THE
AMPLIFIER, THE OUTPUTS OF THE TwWO CALIBRATION SYSTEMS WERE EASILY DISTIN-
GUISHABLE, THEY WERE CACH ODLSIGRED TO FIRE AT PRESET INTERVALS BETWEEN
10 ano 30 sSEcONODS. '
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F16. 5. THE FIRST ACOUSTIC FLIGHT UNIT BUILT BY SCHELLENGER
Rescancw LasomraTory or Texas Westzmn Colieee,
EL Paso, Texas,



Fie, 6.

DISMANTLED ANC OVERALL VIEW OF THE FIRST Sepace CorRPORATION
FLIGHT uUNITS,
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Fia., é‘. STYROFOAM CONTAINER DEVELOPED FOR REDUCTION OF WE IGHT
AND MOISTURE ,

Fig. 88. THE secowp SPACE CORPORATION ACOUSTICSONDE MODEL.



THE NEXT UNIT WAS MAMUFACTURED BY YuBA CONSOL IDATED INDUSTRIES OF SAN
CarLos, CaLirorRNIA, THIS UNIT INCORPORATED THE CONDENSER MICROPHONE ILLUS-
TRATED IN FIGURE §, A NUMBER OF VARIAT:!ONS IN BOTH THE ELECTRONICS AND THE
PHYSICAL LAYOUT OF THE UNIT WERE PRODUCED. (Ste Fie., 9.)

THE BALLOON PLATFORM

THE REQUIREMENT PLACED ON A SUITABLE BALLOON PLATFORM WAS THAT §T SUPPORT
THE REQUIRED PAYLOAD AT A OESIRED ALTITUDE FOR A PERIOD iN EXCESS OF ONE
HOUR, IT WAS NOY ESSEMYTIAL THAT THE ALTITUDEL BE MAINTAINLD ACCURATELY OR
EVEN AT A CONSTANT VALUE, SIHNCE RELATIVE VELOCITIES OH TME ORDER OF ONE MILE
PER HOUR HAD NO APPRECIABLE DETRIMENTAL EFFECTS ON THE SYSTEM, THE NORMAL
ASCENT RATE OF APPROXIMATELY TEN MILES PLR HOUR COMPLETELY WREUTRALIZED THE
ACOUSTIL SENSOR AS A RESULT OF THE TURBULENT FLOW AROUND THE D]APHRAGM,
A SLOW CHANGE IN ALTITUDE AFTER ASCENT COULD BE TOLERATED,

INITIAL FLIGHTS OF THE CONSTANT ALTITUDT ACCOUSTIC SYSYEM WERE ACCOM-
PLISHED BY USE OF A CLUSTER OF THREE RADIOSONDE BALLOONS. Two OF THC S®h-
LOONS WERE INFLATED ONLY ENOUGH TO SUPPORT THE PAYLOAD OF THREE POUNDS AT
THE DESIRED ALTITUDE. THE THIRD BALLOON WAS OVERINFLATED TO SURST AT
APPROXIMATELY 75,000 fFeEET. THIS APPARATUS WAS WORKABLE BUT WAS RATHER
CLUMSY AND UNCERTAIN IN OPERATiON, '

A CONSTANT ALTITUDE BALLOON OF AN EXTREMELY SIMPLE TYPL WAS PROCURLID
FRUM RAVEN INDUSTRIES, INCORPORATED. |T CONSISTED OF A 3/& MIL LAMINATED
TAILORED CYLINDER SOME 18 FEET IN DIAMETER AND 25 FEET LONG, AN OPENING
15 INCHES IN DIAMETER AT THE BASE OF THE CYLINDER ALLOWED FOR THE ESCAPE
OF ANY EXCESS HELIUM, A S{X=-INCH DIAMEYER SLEEVE wAS INSTALLED APPROXI=-
MATELY TEN FEET BELOW THE TOP OF THE BALLOON ALLOWING FOR INFLATION OF THE
RALLOON WITHOUT DEPLOYING ALL OF THE WMATERIAL., (SEE Fig. 10,)

FLIGHT TESTING OF THE BALLOONS THROUGH USE OF AN ALTITUDE TELEMETERING
SYSTEM HAS DEMONSTRATED THAT THEY ARE CAPABLE OF MAINTAINING A SIX=POUND
PAYLOAD AT ROUGHLY THE SAME ALTITunE (65,000 FEET) FOR A PERIOD OF SEVEN
HOURS., BARRING ACCIDENTS, THL BALLOON IS DEPENDABLE EXCEPT AT SUNSET,

WHEN I T WILL DESCEND,

A Dewey anD ALMY CORPORAT ION WEOPRENE BALLOON DEVELOPMENT MAS PROVEN
HIGHLY DESIRABLE FROM THE POINT OF VIEW OF HANDLING AND ASCENT RATE, THE
BALLOON |S RELATIVELY SMALL (APPROXIMATELY EIGHT FEET IN DIAMETER) AT
RELEASE AND THUS THE LIKELIHOOD OF A SUCCESSFUL RELEASE IN HIGH WINDS I35
improveD, (See Fig. il.)

IT 1S SIMILAR IN PHYSICAL CHARACTERISTICS TO THE STANDARD RAD!OSONDE
BALLOON, A VALVE SYSTEM [N THE INFLATION NOZZLE CONFINES THE HELIUM TO
THE BALLOON UNTiL THE DIAMETER OF THE BALLOON REACHES A PREDCTERMINED
VALUE, A CORD 1S ATTACHED TGO THE VALVE AND TO A DIAMETRICALLY OPPOSITE
POINT ON THE NEOPRENE SURFACE. THE TOP OF THE BALLOON LIFTS THE VALVE
WHEN EXPANSION OF THE NEQPRENE REACHES THE DESIRED VALUE, THE BALLOON

12
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Fia, 10, Twe Ravew INDUSTRILS BALLOON IMMEDIATELY BEFORE RELEASE,

F16. 11, Tue Dewey ano Aumy MEOPRENE CONSTANT ALTITUDE BALLOON,
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FLOATS AT THAT ALTITUDE AS LONG AS THERMAL EQUILIBRIUM (S MAINTAINED, A
BIMPLE METHOD OF ALTERING THE LENGTH OF THE CORD PERMITS SELECTION OF THE
CRUISE ALTITUDE OF THE SYSTEM,

A3 can BC NOTED IN FIGURE 12, ONE OF THEL CHIEF VIRTUES OF THE NEOPRENE
BALLOON |3 TS FAST ASCENT RATE, IT CAN GET A PAYLOAD INTO A CONSTANT
ALTITUDE POSITION IN LESS THAN ONE HOUR, THIS PROVIDES AN ADOI1ONAL THREE
QUARTERS OF AN HOUR OF OPERATION AT ALTITUDE.,

ALSO AS SEEN IN FIGURE 12, ONE OF THE MAJOR PROBLEMS RELATIVE TO MAIN-
TAINING INSTRUMENTATION AT A CONSTANT ALTITUDE CENTERS AROUND THE STABILITY
OF THE SYSTEM AT SUNSET. THERMAL CHANGES ARE SUCH THAT A LOSS OF ALTITUDE
18 7O BC EXPECTED. THE VALUE OF THIS CHANGE IS DETERMINED LARGELY BY THE
ABSORPTION PROPERTIES OF THE BALLOON MATERIAL AND THE ENCLOSED GAS., THe
POLYETHYLENE BALLOON DESCENDS AT A RELATIVELY SLOW RATE, WHILE THE NEOPRENE
BALLOON SUFFERS A CONSIDERABLY GREATER LOSS OF LIFT. ON THE OTHER HAND,
THZ MYLAR BALLOON SHOWS VERY LITTLE CHANGE IN ALTITUDE BETWEEN DAY AND
HIGHT OPERATION,

A NMUMBER OF DEVICES ARE AVAILABLD WHICH CAN PERFORM THE FUNCTIONS
REQUIRED TO MAINTAIN STABILITY THROUGH SUNSET, IN GENERAL, HOWEVER, THEY
ARE QUITE HEAVY AMD COMPL{CATED FOR THE PROBLEM AT HAND, SEVERAL POSSIBLE
SOLUTIONS TO THIS PROBLEM ARE CURRENTLY BEING TESTED,

THE FLIGHT UNIT POWER SUPPLY

THE INITIAL POWER SUPPLY DEVISED FOR THE ACOUST!CSONDE WAS ESSENTIALLY
THE SAME AS THE BATTERY (BA--259) WHICH 1S EMPLOYED IN THE AN/AMT -4 RADIO=
SONDE UNIT. THE PRIMARY DIFFERENCE IS A SIGNIFICANT INCREASE IN CAPACITY,
THE UNIT WAS DESIGNED TO DELIVER 30 MILLIAMPERES TO A B+ vOLTAGE oF 120 voLTS,
AND 140 MILLIAMPERES AT AN A vOLTAGE OF SIX VOLTS FOR A PERIOD OF 12 HOURS,

AS IS ILLUSTRATED IN FIGURE 13, THE BATTERY 1S A TwO LAYER ARRANGEMENT
OF MAGNESIUM - CuPROUS CHLORIDE CELLS., THE A CELLS ARE L' x 1-1/2" x 1,/8"
N size aND THE B ceres arE 1-1/M" x 1-1/2" x 1/8" in size. Tee sarTERYy
S ACTIVATED BY FILLING EACH LEVEL WITH WATER (65 DEGREES F ) WHICH RCMAINS
IN THE BATTERY FOR TWO MINUTES AND IS THEN DRAINED. AFTER APROXIMATELY
TEN MINUTES UNDER LOAD THE SYSTEM IS IN OPERATION.,

ORE OF THE PROBLEMS ENCOUNTERED IN THE USE OF TH1S BATTERY CENTERS
AROGUND INSTABILITY IN THE ELECTRICAL CHARACTERISTICS, AS 15 |LLUSTRATED
IN FIGURE T4, THE OUTPUTS ARE RATHER VARIABLE FROM UNIT TO UNIT AND WiTH
TIME AFTER ACTIVATION, THIS VARIABILITY 1S MANIFESTE® MARKEDLY IN TME
INTERNAL IMPEDANCE CURVES OBTAINED IN THE ENVIRONMENTAL TEST CHAMBER AT THE
SCHELLENGER RESEARCH LABORATORY BY Pnoresscr M. N. BALLARD. A HIGH |MPEDANCE
POWER SOURCE LEADS TO FEED=BACK PATHS WHICH ARE A B1T UNUSUAL AMD REQUIRE
SOML DESICN ATTENTION, (SEE Figume 15.)

15
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WET BATTERY VOLTAGE DURING FLIGHT
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THC GROUND STAT ION

THE GROUND STATION IS COMPOSED OF THE REZEIVING AND TRACKING EQUIPMENT
AS WELL AS A VARIETY OF DATA HANDLING AMD PROCESSING GEAR., AS 15 JLLUSTRATED
in FISURE 1€, THE SIGNAL FROM THE BALLOON=-BORNE SYSTEM IS DETECTED AND RE-
CORDED DIRECTLY ON ONE CHANNEL OF A SEVEN CHANNEL FM TAPE RECORDER (MANUF AC-
TurRLD BY AMPEX CORPORATION, ReowooD CiTy, CALIFORNIA), THE DETECTED siGNAL
IS ALSO PASSED THROUGH A SERIES OF FILTERS AND THE FILTERED OUTPUTS MAY BE
RECORDED ON ADDITIONAL CHANNELS OF THC TAPE RECORDER,

A view of THE AMPEX FM TAPE RECORDER |5 PRESENTED in FIGURE 17. THe
COMPLETE SYSTEM 1S ILLUSTRATED ON TME LEFT, AND INTERIOR VIEWS OF THE THREE
MACKS ARE PRESENTED, THE FIRST OPEN RACK CONTAINS THE 75=-F00T LOOP OF ONE-
INCH TAPE AND THE SEVEN RECORD AND SEVEN REPRODUCE HEADS. THE CENTER RACK
CONTAINS THE ASSOCIATED AM AND FM AMPLIFIERS FOR PROCESSING THE INPUT CIGNALS
AND TRANSFERRING THEM TO THE STORAGE RECORDER, THE THIRD RACK CONTAINS THE
STORAGEL RICORDER, POWER SUPPLIES AND THE AUTOMATIC TURN=ON DEV ICE.

THE REMAINING CHANNEL OF THE TAPE RECORDER 15 USED TO RECORD THE ouUTPUT
OF A TIMING UNIT DEVELOPED BY TEXAS INSTRUMENTS, INCORPORATED, OF DaLLas,
TExAs, THE INITIAL RECORDING 15 MADE ON A T5=F0OT LOOP OF TAPE WHICH CON=-
TAINS THE INFORMATION FOR A PERIOD OF EIGHT MINUTES WHEN THE SYSTEM |S OPER=-
ATED AT 175 NORMAL TAPE SPEED OF ONE AND SEVEN=-EIGHTHS INCHES PER SECOND.,
DURING THE PERIOD IN WHICH THE SIGNAL (S AVAILABLE AN INTEGRAT ING DEV ICE
MAKES THE DECISION TO PERMANENTLY STORE THE DATA IN THE STORAGE RECORDER OR
TO ALLOW IT 7O BE ERASED, A TOTAL OF SOME 12 HOURS OF DATA CAN BE STORED AT
THE ONE AND SCVEN=EIGHTHS INCHES PER SECOND TAPEL SPEED,

THE RECEIVEING AND DIRECTI!ON F INQING SYSTEM CONSISTS OF A GMD-1 LLUS-
TRATED IN FiGgure 18. Tuis INSTRUMENT PROVIDES A RECORD OF THE AZ IMUTH AND
ELEVATION ANGLES OF THE TRANSMITTER AS WELL AS A DETECTED OUTPUT OF EITHER
AN AM OR FM TELEMETRY SIGNAL. THE DETECTED SIGNAL IS THEN RECORDED ON THE
AMPEX FM RECORD ING SYSTEM, A SAMPLE OF THE MODE OF PRESENTATION AND THE CODE
IS ILLUSTRATED 1IN FiGurE 19,

THE TIMING UNIT IS LOCATED ON TOP OF THE STORAGE RECORDER RACK, THE
TIMER WAS DESIGNED TO PROVIDE AN IDENTIC |ABLE PULSE FOR EACH SECOND CF A
36~Houa PERIOD, THE OPERATOR 1S EXPECTED TO INITIATE THE COUNT ING SEQUENCE
OF THE TIMER AT A KNOWN TIME, THE ACTUAL TIME OF ANY SUBSEQUENT REFERENCE
PULSE CAN THIN BE DETERMINED BY COMBINING THE INITIAL TIME AND THE LAPSED

TIiME,

THE SIGNAL DETECTOR UNIT 1S DESIGNED TO ELIMENATE THE WAITING PERIODS
BEFORE THE DESIRED EVENT AND AT THE SAME TIME PRECLUDE THE POSSIBIL|TY oF
MISSING THE SIGNAL, A siMPLE RC CIRCUIT CAN BE USED To ACTIVATE THT SYORAGE
RECORDER WHEN SUFFICIENT INCIDENT ENERGY IS AVAILABLE, THE ANALYSIS OF THE
DATA CAN, THEREFORE, BE LIMITED TO THE ACTUAL SIGNAL PERIOD.
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Tue Awpex FM TAPE RECORDER SYSTEM,
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THE FIRST INSTRUMENT APPLIED IN EVALUATING THE POWER SPECTRA OF THE
OBSERVED DATA wAS A KAy ELECTRIC COMPANY VIBRAL 1ZER, THIS INSTRUMLHT,
FLLUSTRATED N FIGURE 20, TAKES A 20-3ECOND SEGMENT OF SIGNAL AND SCANS (T
THROUGH THE USE OF A NARROW BAND SWEEP FILTER SYSTEM TO PRODUCE A DIAGRAM
OF THE ENERGY VERSUS FREQUENCY AND TIME. THE INSTRUMENT ON THE RIGHT
CONTAINS A 20-1INCH DISC, ON WHICH THE SIGNAL IS RECORDED, WHICH 1S COUPLED
CIRECTLY TO THL DRUM ABOUT WHICH THE RECORD PAPER 13 WRAPPED., A STYLUS
FITTED 7O THE NOTCHED SHAFT IN THE CENTER 13 COUPLED TO THE FILTER SCANNING
SYSTEM AND AS THL ASSEMBLY TURNS, A TRACE, THE OENSITY CF WHICH IS A FUNCTION
OF THE AMOUNT OF ENERGY IN EACH FILTER BAWD, IS BURNED ON THE RECORD.

THE INSTRUMENT CAN BE ADJUSTED TO PRODUCE CROSS=SECTIONS OF THE SIGNAL
AT SPECIFIC TINES., THE OUTPUT 18 THEN PRESENTED AS A PLOT OF FREQUENCY
VERSUS ENERGY LEVEL ON EITHMER A LINCAR OR LOGARITHMIC SCALE. THE INSTRUMENT
DOES AN EXCELLENT ANALYSIS [N REAL TIME. A SAMPLE OF THE RESULTS GF AN
ANALYSIS FCRFORMED ON THE TYPE OF DATA OBSERVED DURING THZ ASCENT PHASE OF
THE BALLOON FLIGHT IS PRESENTED IN FIGure 21,

THE NEED FOR REAL TIME INFORMATION ON THE POWER SPECTRA OF THE INCOMING
SIGNALS HAS LED TO THE OEVELOPMENT OF VARIOUS FILTER SYSTEMS WHICH PROVIDE
OUTPUTS DESCRIBING THE TOTAL POWER IN THE SIGNAL OR IN VARIDUS FREQUENCY
BANDS., THE FIRST SUCH SYSTEM WAS COMSTRUCTED BY THE SCHELLENGER RESEARCH
LABORATORY To aNALYZE AT 5, 7.5, 10, 12,5, i5, 17.5, 20, 22.5, 25, anp
27.5 CYCLES PER SECOND, THE OUTPUTS OF THESE FILTERS ARE RECORDED ON A
BRUSH TYPE MULTIPLE CHANMEL RECORDER, (SEE Figurer 22.)

THE NEED FOR FRASTER ANALYSIS OVER A SHORTER PERIOD OF TIME LED TO THE
OEVELOPMENT OF A SYSTEM PRODUCED BY THE ELECTRONICS ENGINEERING COMPANY OF
CALIFORNIA, AS IS ILLUSTRATED IN FIGURE 23, THE UNIT ON THE LEFT CONSISTS
OF A SIGNAL CONTROL UNIT WHICH SERVES TO ADJUST THE GAIN OF THE SYSTEM TO
PLACE THE PROPER ORDINATE ON THE SPECTRAL ANALYSIS, THIS UNIT 1S TIED TO
THE FLIGHY UNIT'S CALIBRATION THROUGH A FILTER CENTERED AT THE FREQUENCY
CF THE BLIPPER CALIBRATION SIGNAL,

ONE OF THE PANELS CONTAINS A TIME SIGNAL GENERATOR WHICH PROVIDES A
CODED SERIES OF PULSES CACH OME HALF MINUTE TO ASSURE IDEMTIFICATION OF THE
INDIVIOUAL POWER SPECTRAL CURVES, THE CENTER PAMEL CONTAINS THE FILTER
SYSTEM AND SCANNIMNG MECHANISM AND A SUITABLE RECOROER, THIS INSTRUMENT
CAN PERFORM ONE ANALYS!S EACHM MIMUTE. .

THE SECOND RACK IN FIGUARE 23 HOUSES TWC BANKS OF FILTERS, ONE SERIES
OF ONE TENTH OCTAVE FILTERS AND ANOTHER ~~"IES OF 1/2 OCTAVE FiLTERS
CENTERED AT SUBHARMONICS OF 100 CYCLES. . HE OUTPUT OF THE FILTERS CAN
BE RCCORDID DIRECTLY OR THEIR RECTIFIED OUTPUT CAN BE AVERAGED OVER A
NUMBLR OF TIME INTERVALS,

SAMPLES OF THE TYPEL OF ANALYZED RECORD WHICH ARE OBSERVED DURING THE

Br. OON ASCENT ARE PRESENTEOD IN FIGure 28, THE uPPER CuRVE REPRESENTS THE
ANALYSIS OBTANNED DURING THE PERIOD BETWEEN THE LINES A AND B ON THE FILTER
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Fire, 20, Kay Erccrric Company VIBRALIZER WITH AN
ALrec-Lansing C-3,

Fie, 21, A 3AamrLE OF A KAY VIBRALIZER ANALYSIS OF WINO
NOISE AS THE BALLOON ASCENDS,
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Fi1a, 23. SPECTRAL ANALYSIS EQUIPMENT PRODUCED BY ELECTRONICS
Encincering Company or CaLiFormia,
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Fig, 24, TOWER SPZCTRAL AFIALYSIS FPOM THE VARIABLE
AND THE FI1XED FILTER SYSTEM.

Fie. 29. DRAWING OF A PROPOSED NEW PACKAGING AND LAYOUT
DESIGN FOR THE FLIGHT UNIT.
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OUTPUT CURVES. AN AVERAGE OF TYNE FILTCR OUTPUT CURVES OVER THAT TIME INTERVAL
SHOULD PRODUCE VALUES WHICH CORRESPOMD TO THE VYALUES OF THE UPPER CURVE AT

THE CENTER FREQUENCY OF EACH OF THE FILYERS, THE WMERITS OF THE DIFFERENT
ANALYSIS SYSTEMS Witl DEPEND LARGELY OM THE USE TO WHICH THEY ARE APPLIED,

CURRENT DEVELOPMENT

THE TELEMETRY SYSTEM DESCHIBED ABOYE WAS OLVELOPED FROM EXISTING
SicNaL CORPS EQUIPMENT, A NUMBER OF PROBLEMS HAVE BEEN ENCOUNTERED IN
AOAPTING THE GMD-~1 SYSTEM YO THE MOOURATING TECHNIQUES UTILIZED AND IN OD-
TAINING THL DESIRED RANGL OF COMMUMICATIONS, THE FOLLOWING MATERIAL OUTLINES
A FEW OF TWE MORL PROFITABLE APPROACHES TOWA CIRCUMVENTING THESE DIFF I~
cuLTIES,

A HUMBER OF IMPROVEMENTS HAVE BEEAN INCORPORATED IN THE UNIT PICTURED iN
FiGurRe 25. FIELD WANDLING OF THE BATTERY MAS BEEN ELIMINATED BY PLACING IT
OH ONE LEVEL IN A WATER TIGHT CHAMBER, TME FLIGHT CREW IS ONLY REQUIRED TO
POUR INTO THE CHAMBER A CCATAIN AMOUMT OF THE ACTIVATING SOLUTION AND, AFTER
THE CORRECT AMOUNT OF TIME, ORAIN THE SOLUTIOM OUT, THE PORTS CAN BE SCALED
TO MAINTAIN A HIGH NELATIVE HUMIDITY IN THE CONTAINER AND PREVENT LVAPORA=
TION OF THE BATTERY'S MOISTURE,

THE FLIGHT UNIT IS DESIGNED TO BE ATTACHED TO THE BALLOON SYSTEM BY
SIMPLY TYING THE SUPPORT CORD TO THE BALLOOM. THE CUT=DOWN RELAY 1%
ACTIVATED ON ASCENT BY THE ACTION OF A PRESSURE CELL SO THAT THEREAFTER
EITHER A LOW BATTERY VOLTAGE (A BATYERY LESS THAN 2.5 VOLTS) OR A DESCENT
TO BELOW A PRE-SET ALTITUDE (U5,000 FECT) WILL iNITIATE THE CUT-DOWN PRO=
CEDURE., A SQUIB IN A CUT=DOWN CAMMOM (3 FIRED IN EITHER CASE BY THE REMA|IN=-
ING CURRENT FROM THME & BATTERY TO CUT THE CORD EWMCIRCLING THE FLIGHT UNIT,

A KNOT IN THE CORD JUST INSIDE THE LOWER EDGE OF THE RIGHT SIDE OF THE BOX
WiLll CAUSE THE UMIT TO INVEART, THE BOTTOM OF THE PARACHUTE COMPARTMENT
(LowER RIGHT) 15 FIRMLY ATYACHED TO THE CORD AND 15 PULLED FREE AS THE UNIT
ROTATES, A SMALL PIECT OF TAPE ATYACHED TO THE CARDBOARD BOTTOM AND TO THE
TOP OF THE MYLAR PARACHUTE DEPLOYS THE PARACHUTE BEFCRE PULLING FREE.

A PHOTOGRAPH OF ONE OF THE ELECVRONIC UMITS BEFORE IT WAS INSTALLED IN
THE FLIGHT CONTAINER §S iLLUSTRATED (N FIGURE 26, THIS UMIT PROVIDES A
TELEMETRY SYSTEM FOR THE MICROPHOME YO THE GROUND RECORDER WHICH 1S FLAT
WITHIN OME OB FROM OKE MALF CYCLE T7Q AGOVE 200 CYCLES PER SECOND, WITH THIS
FLIGHT UMIT THE ENMTIRE GROUND GMD-] SYSTEM OPERATES AT OPTIMUM EFFICIEHCY.,

THE ELECTRONIC CIRCUITRY UTILIZEQD IN THE EARLY FLIGHT UNMITS PLACED
CERTAIN LIMITATIONS ON THE FREQUENCY RESPOWNSE OF THE GVERALL SYSTEM, AS DID
THE USE OF MODULATION TECHNIQUES FOR WHICH THE GROUND DETECTOR WAS NOT
CESIGMED, AN EFFORT WAS MADE TO INPROVE THE TCLEMETRY CHARACTERISTICS BY
DESIGMING MODULATION CIRCUITRY WHICH WAS COMPATIBLE WITH THE GROUND SYSTEM
AND AT THE SAME TIME PERMIT COVERAGQE OF THE ENTVIRE DESIRED FREQUENCY BAND.

A SIMPLE QEVIATION OF TME PULSE TYPE QF TELEMETRY UTILIZED FOR METEQROLOGICAL
DATA TRANSMISSION WAS DEVISED BY Ma, GEORGE CLARK AND IMPLEMENTED BY MR,




F16. 26. INSTRUMENTATION SECTION OF THE
FLIGHT PACKAGE UTILIZING THE
PULSE MODULATION TECHN!QUE.
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CARLOS MACDONALD. THE REPETITION RATE OF THE SUBCARRIER BLOCKING OSCILLATOR
WAS INCREASED TO 3,000 CYCLES PCR SECOND TO OBYAIN THE DESIRED FREQUENCY
RESPONSE., THE CIRCUIT PARAMETERS ARE ILLUSTRATED IN FiGure 27,

THE NEED FOR GREATER MOBILITY IN OBTAINING RESEARCH DATA HAS LED 70
THE DEVELOPMENT OF MOBILE STATIONS WH,CH CAN BE FLOWN TO DESIRED SITES, A
GMD-1 RECEIVER 1S USED WITH A PORTABLE ANTENNA sysTEm (se€ Fiq, 28) anp A
PRECISION INSTRUMENT COMPANY FM TAPE RECORDER, (SEE Fic., 29.) THis SysTEM
HAS PROVEN EFFICIENT FOR SHORT PERIODS OF OPSERVATION AT REMOQTE POINTS,

A BALLOON DRIFTS WITH THE WINO AS IT FLOATS AT CONSTANT ALTITUDE,
UNDER THE MORE FAVORABLE WINO CONDITIONS ENCOUNTERED, THE BALLOON=BORNE
TRANSMITTER WILL STAY WITHIN LINE OF SIGHT OF THE GROUND STATION FOR THE
EWTIRE LIFE OF THE BATTERIES. UNDER THE MORE UNFAVORABLL CONDITIONS ONC MAY
EXPERIENCE, THE TRANSMITTER GOES OVER THE RADIO HORIZON BEFORE REACHING
ALT i TUCE AND NEVER GETS BACK INTO TME FIECD OF VIEW, ONL CAN USE A REMOTE
RELEASE POINT OR A NUMBER OF STRATEGICALLY PLACED GMD-1S, BUT THE SYSTEM
BECOMES QUITE COMPLICATED, THE FOLLOWING IS AN ATTEMPT 10 OBTAIN EXTENDED
RANGES FROM A SINGLE STATION,

THE RAMO~WOOLDR!IDGE (CRPORATION DESIGNED A SYSTEM WITH THE OBJECTIVE
OF EXTENDING THE LIFE OF A FLIGHT UNIT To 24 wours, (See Fie. 30.) One
REQUIREMENT PLACED ON SUCH A SYSTEM IS THAT IT MAINTAIN COMMUNICATIONS
OVER A RANGE OF AT LEAST 600 MILES. THIS 15 ACCOMPLISHED BY USE OF SKY
WAVE PROPAGATION IN THE 3.5 70 10 MEGACYCLE FREQUENCY RANGE, THE FLIGHT
UNIT 1S INTERROGATED 91,3 TIMES PER SECOND TO DETERMINE THE RANGE FROM THE
GROUND STATION TO THE BALLOON. A PHASE RELATING TECHNIQUE PERMITS EVALUA~
TION OF THE AZiMUTH DIRCCTION OF ARRIVAL OF THE RETURN PULSE, ThE
ACOUSTIC DATA IS IMPOSED ON THE FLIGHY UNIT CARRIER ABOUT G0 PERCENT OF THE
TIME,

A VIEW OF THE FLIGHT UNIT 1S PRESENTED IN FiGure 31, THis ITEM WAS
DESIGNED AND BUILT BY TEXAS INSTRUMEMTS, INCORPORATED, OF DatLiLas, Texas,
A TWO-WATT TRANSMIYTER, A SENSITIVE RECEIVER, PULSE GEWERATING CIRCUITRY
AND PROVISION FOR CHANGING FREQUENCIES AT SUNSET AND SUNRISE ARE INCLUDED,
THE POWER SUPPLY 1S DESIGNED TO PRGVIDE OPERATION OF THE UNIT FoR A 2li-nour
PER 10D,

THE GROUND STAT!ON FOR THE LOWG RANGE COMMUNICATIONS SYTEM WAS DESIGNED
AND FABRICATED BY THE RAMO-WOOLDRIDGE CORPORATION OF LOS ANGELES,
CaLiForRNIA, {SEE Fie. 32.) A 200-MICROSECOND PULSE IS SENT TO THE BALLOON
UNIT BY THE 100-wATT TRANSMITTER (BC 610), THE RETURN FROM THE BALLOON
TRANSMITTER IS THEN DETECTTD w174 RECEIVER UNIT R 390 AND THE TRAVEL TIME
OF THE EXCHANGE 15 EVALUAGL: RBY TKE JNIT ON THE LEFT, Twe DF sccrtion of
THE GROUND STATION IS NOT SH0W:.,

THE SYSTEM 1S DESIGNED TO MAINTAIN COMMUMNICATIONS WITH THE BALLOON
OVER A 600°MILE RANGE, EXPERIMENTAL DATA WILL BE OBTAINED CN A SERIES OF
TEST FLIGHTS TO ESTABLISH THE FEASIBILITY OF THE TCCHNIQUE AND TO EVALUATE
THE SACKGROUND NOISE LEVEL WHICH WILL BE ENCOUNTERED.




Fia., 28, PORTABLE ANTENNA SYSTEM DEMONSTRATED BY
MR, Jim BETTLE,

Fi1a., 29, PRECiISION FM TAPE RECORDER USED IN MOB I LE
INSTALLATIONS,
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F16. 30. BLOCK DIAGRAM OF THE LONG RANGE TELEMETOY SYSTEM
DESIGNED BY RAMO-WOOLDRIDGE CORPORATION.

T1G. 3. THE FLIGHT UNIT DESIGNED 4D PPODUCED BY
Texas InSTRUMENTS, Inc., oF DaLLas, Taxas
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CONCLUS ION

THE SYSTEMS AND TECHNIQUES DESCRIBED ABOVE R:LPRESENT A FIRST APPROACH
TO A DIFFICULT PROBLEM, THE DEVELOPMENT OF RESEARCH AND TESTING TECHNIQUES
HAS PROCEEDED CONCURRENT WITH THESE INITIAL SOLUTIONS TO THE DATA ACQUISI~-
TION AND PROCESSING PROBLEMS, AN IMPROVED CAPABIL!TY |S THEREFORE AVA)LABLE
TO APPLY TOWARD SOLVING THE PROBLEME WHICH CURRENTLY ARE, OR CAN BE, EXPECTELD

TO IMPEDE PROGRESS,

OF IMMEDIATE SIGMIFICANCE IS VHE FACT THAT INSTRUMENTATION IS5 NOW
AVAILABLE WHICH CAN BE USED TO GBTAIN DATA OF SUFFICIENT FIDELITY TO PERMIT
SERIQUS STUDY OF THE ATMOSPHERIC PRESSURE DISTURBANCES GENERATED BY MISSILE
FLIGHTS, ONE MAY EXPECT THAT ANALYS!IS OF THE POWER AND FREQUENCY COMPOS |-
TION OF SUCH SIGNALS WIiLL PROVIODE NEW INSIGHY RELATIVE TO THE GENERATION
AND PROPAGAT 0N OF BALLISTIC DISTURBANCES. SUCH STUDIES ARE ACTIVELY UNDER

WAY,
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SCHELLENGER RESECARCH LABORATORY REPORTS

NumseRr TITLE Date
1 Air Force AERoBEE 65 10 Jur 56
2 Atr Force 66 13 JuL 56
3 NavaL RESEARCH Las Acrosee 42 12 Jur 56
AIr Force Aeroate 68 2h Jur 56
5 AR Force Acroeee 64 3 Aue 56
6 AR Force Acrosee 70 17 Aue 56
g NavaL RescarcH Lag Acromee 46 17 Aue 56
NavaL Rescance Las AEroBEE 33 17 Aue 56
9 AR Force AcroBee 69 ' 28 Auc 56
11 SigNaL Corps AcmoeEE 3 6 Sep 56
12 Si1GNAL Corps AEROBEE 3 1 sep 56
1 NavaL RESEARCH Las AEroBEE 50 10 Ocr 56
1 AR Force Acrosee 71 2 Nov 56
15 AR Forct AEROBEE T 8 Jan 57
16 Ak Force Aeroeee 76 20 May 57
17 AIR FORCE ALROBEE gg 29 Jun 57
20 AIr ForcE AEROBEE Nov 57
21 Air Force Acrosee 79 25 Nov 57
22 NavaL ResearcH Las 31 i Dec 5
2 FUNDAMENTALS OF CAPACITOR MiICROPHONE DESIGN May Sg
2 Air Force Acmosce 83 20 Jun 58
25 AIr Force Acroece &9 20 Jun 58
26 NAvAL RESEARCH LaB AtrosEE 41 23 Jun 58
2 Air Force Acrosee T8 23 Jun 58
2 AR Force AEROBEE gg 10 Jur 58
29 Air Force AcroeeE ¢ 28 JuL 58
31 AR Force Acrosce 85 4 Ave 58
32 NAVAL RESEARCH LaB AEROBEE 51 8 Auc 58
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32 Nike Cagun MG 5

@ Air Force ACROBLE

35 Nike CaJun MG 2 iC AL

36 Air Force Acrosee 37 22 Aus "
R'{ Atr Force Acrosee 8l 2 Oct 58
] Nike CAJun MG 3 T Jan 59
b2 Air Force Acroscr O8 16 JaN 59
s Air FORCE AEROBEE 95 9 Fes 59
L4é Nike Cagun MG 6 10 Fes 59
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