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WITH SKYTAD, MASS MEASUREMENT IN SPACE FLIGHT
BECANME A M O > OR LLESS ROUTINE OPERATION. THIS WAS NOT
ALWAYS TRUE. INDEED THIS WAS THE FIRST EXAMPLE OF SUCH
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] CHANGES 8L 17\ CREWMEN RETURNING FROM SPACE FILIGHT

WAS A WEIGHT LOSS WHICH SOMETIAE SEEMED TO BE A
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ANERAL THEORIES CONCERNING THE \J.J CIZANISM

B LOSSES INCLUDING: (1) A SHIFT OF FLUIDS CLPEIAD
AFTER REMOVAL OF GRAVITATIONAT FORCES WITH DUNPING

. OF THIS APPARENTLY EXCFSS FLUID THROUGH DIURESIS;

| (2) FLUID L.OSS THROUGH SWEATIXNG FROM INCREASED

ENVIRONMENTAL TEMPERATURES AND CTHER STRESSES;
(-5) INADEQUATE FLUID OR FFOOD INTAXKE.
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U BAASS M ASUREMENTS,WOULD B REQUIK P

T LNT THESE CHAXGES AnD DETERIMINE WiiCH
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MECHANISLS WERE RESPO! \‘ P3E, AT THE AIR FORCETS MEDICAT

DIVIZION, WE CONCLUDED T L"EVHJ”O\L:‘ ENT OF A MNON-
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TO IDVESTIGA 'iTOV OF THIS FUNDAMENTAL PROBLEM, AXD

I BEGAN SUCH DEVELCPMEN BY 1666 A DEVICE FOR WM EASURING

MASS OF SPECIMENS OVER THE RANGE OF 25 GRAMS TO 1 XiLO5RAL

AND A LARCER ONE COVEFRING THE RANGE OF 1720100 RILOGRANE

WERE COMPLETED., SKYLAR IAS BEENT

RIANCE IX FLIGHT., SINCE

TO DEMON

DEpRARTURE FROM WEIGH]
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G MACHINES, THE THCANIQUE Wil.L

NAN A4S BEEN USING THE GRAVIMETRIC PALANCE OR SCALES
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FOR AT LEAST 5, 000 viARS, 1T IS SucCH A SIMPLE, EYFICIRNT,

A1) ACCURATE METHOD THAT NO ALTERNATIVE DEVICES

WERE .r”:,"\"z\aILf‘\B‘JQE CR NEFDED., 1T IS ONLY W HIEN ONE ATTEMPTS

TO DEVIELOP AN ALTERNATIV = TO \\’E]GHiNG THAT THE METIHOD
1S TRULY APPRECIATED. THE ONZL'Y' PRACTICAL ALTERNATIV E
TO GRAVIMETRIC ATTRACTION OF Z1ASS IS SONE MEASURE OF
ITS INERTIAL PROPERTY. IN 1665, THE METIOD THAT WAS

CHOSEN, A METHOD HE AVILY bT'\J D BY SiZk A ND WEIGHT

" REQUIREMENTS A4S WELL AS BY MY PREVIOUS ELECTRONIC

EXPLERIENCE, WAS A MASS DEPE SNDENT TRANSTLATIONAT
MECHANICAL OSCILLATOR.

QLIDE -~ 1S A SCHEMATIC OF THE METHOD USED. A
SANPLE MASS IS CONSTRAINED TO L INEAR MOTION BETWEEN
TWO SPRINGS. IF Ti-lE MASS IS DISPLACED FROM ITS R ST OR
STABLE PCSITION AND RELEASED, 1"1‘ WILTL UNDERGO VIRTUALLY

(UNDAMPED NATURAL )
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UNDAMPID WATURAL C)SCIT,J‘I,[‘&'N ON WHOSE FREQURENCY IS A
FUNCTION ONLY Ol I MASS AND SPRING CONSTANTS., AN
9 I.Jtl(;;“l‘l'{(}C)PT’[CAL DRTECTOR AND COUNTER TInES EACH
CROSSING OF THE ZERO PDISPLACELENT POINT ALLCWING
ACCURATE MEASUREMENT OF THIE PERICH OF OSCILLATION,
BY CATIBRATING THE DEVICE & WITH A SERIES OF KNOWN NMASSES,
THE‘ MASS OF AN UNKNOWN SA? uPLL CAN BE DETERMINED FROAM
ITS PERIOD OF OSCILLATION.
SUCH A TRCIINIQUE ALLOWS R REASONADBLE ACCURACIES
V1T SOLID MASSES -- FOR ey ANVPLE, IT IS NOT PAliicy Y

DIFFICULT TO OBTAIN . 01¢; OR ! WORE. CONVERSELY, THIS

TECHNIQUE HAS SEVER- AT INIERENT LIMITATIONS. ANY MOTION
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WILL PRUDUCE ERRORS., ANY NON-RIGIDITY OF SPECIMIEN (SL.OSH)

WHICH ALLOWS SECONDARY OSCILLATIONS NEAR THE PRIIARY
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1*1_{3;(.}1;,-‘:-1 NCY WL ShODUCE ERRORS ALSO. THUS, Mk ;‘\_3‘;«1}«;3:3«;}‘
OF TTEL st AS JQUIDDS AND OF Tl JFUMAN D ODY REQU IBEES
g P CIAL A HR;'&?{} AN N

’x,,.hOI G RISTL NG \/1' CATION STUDIES Or THE JTUNAN
PBODY SO oy AT LT BRIIAVIED AS A SINGTLS 721010 WNIASD 27, GW
ONE CYC 1R PER RCOND, TH1S PROV D NOT TO N Ttk CACE.
REQUENCY OF OSCILLATION 1441 TO BE LOW D 1O
LI2GS THAN ONIE HALF cycLE secC O'}ZD, AND THE BODY FOTIHED

INTO THE AVOST RIGID CONBL GURATION POESIBLE.
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REor Pl RIAENDS NOT4A /102 WiERE ALSO TWTEXNDED T0O LXploint

ik COMPLETE ENVELOPE OF PERFORNANCE OF THIS AMETHOD,

BUT SINCE ONLY THE INVE ISTIGATOR 1TAS DISPLAYED ANY INTERCST

IN TiiIS ASPECT IT WILL NOT BE MENTIONED EXCErT TO SAY

THAT ACCURACIES OBRTAINED ARE MORK THAN ADEQUATE TOR

ANY CURRENT MEDICAL TNV FSTIGATIONS —- A FEW G RANS FOR
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BODY MASS WITH ABSOLUTE BCDY MASS LETWEEN +, 45 1071
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POUND, PROB! ARTY CLOSER TO THE LOWER T TGURE.
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THERE WAS A GAP O” THE FIRST FEW DAYS ON SKY LAB-2

DURING VERICLE REPAIRS. VIRTUALLY NO UNEATEN FOOD I AS
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INTUATTS OF IADIVIOUAT, CIEW RN, OTHER MASS LIEASUI NI

HAVE BRIEN ROUTINKLY MADE 1N SUPPORT OF SPACK CRAY
OPIERATIONS INCLUDING URINE »COLS AND IS ANOUNT OF
COOLANT FLUMD ADDED TO THE RWEFRIGERANT 5YSTRA

BONY RLASSHS HAVE BEIN ',ii:il,‘; MOST REVEATLING., AS A

iy

BASETINE SUCH MASSES WERE 3ADE GRAVIMETRICALLY ON
SVIEAT - TI{k GROUND-BASED CIIANBER STNULATION,
GRAPIS OF THI CREWMEN'S ’r,u; SV HIGHTS WITLLKE ON W
SKYLAB DIET ARE SHCWN HERE. (SLIDES  ,  , AXD )
NEXT ARE SIHOWN 1701 RESULLS FROM §L-2. it 25714

JTAS REEN SVICOTHED BY PLOTTING A 3-DAY SLIDING AVIERAGE.

WEIGHTS ON RBEGINNING THE DIET, ON LAUNCH, AND ON RECOVERY

ARE HIGHLIGHTED.  THESE PCINTS ARE GRAVIMETRIC Wy VEIGHTS

S1,-2 CDR LOSS CURVE IS TY#ICAL OF ALL THREE CREWMEN ON
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TINS MISSION,  THERE WAS A SLiALT, BUT DETINIYE 1.O55
THE CONTROIL PERICD (I.'E. , WHILE ON THE SKYLAB DIET AND

(IN QUARANTINE). )
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[N QUARANTING), AVTER LAUNCH THIS PATE OF INCREASBE

ACCREL RATED BUT REMAINED MORE OR LIESS COXNSTANT ExCEPT
‘ :

FOR EINARP DR U)"‘ ASCOCTIATED WITHT EVATS, FOLLOWING

WCOVERY THERE WAS A RAC D INCREASE, ACCOX APRANISD 13Y
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AN OVERSTOOT WINCH, ALTHOUGH ROT CTOWN LIERE, PLATEATY J)

TOA VALUE SOME 1TWO PLUS POURDS 12Ed LOW LAUNCH WEIGHT.
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WITHOUT THE POSTFLIGHT OVERSHCOT WilLE Tilk SPITTS CUnvVe
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THE FIRST DAY OF THE STABILIZATION prmov THERE WAS X0
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1,0SS OR POSSIBLY A SLIGI il CGAIN, INFL Jh’ THE "’J“ WAS AN
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CCOoNT R ‘)l, I’),uh 1), A STOW LOS5 WTICH CONTERNTED
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THR 1S ONIS OBRVIOUS PATTERN OF

AT.C0 SN TN THE CONTROL STUDY,  CONVITHERTY, TR ARE

VORE SUBTLE PATTERXNS, ESPECIALLY THRIE RAPID GHIFIS wWiICH
| MUST BF INTERPRETED IN CONJUNCTION WITH A CREAT DAL
! OF OTHER DATA, SOMIK OF WHICH UNFCRTUNATELY DORENT
:
? ST TS DD TONAT DATA SHOULD INCLUDNE pPAKE O
STUDIES, PHYSICAL CONDITION OF T11E INDIVIDUAT CREWLIAN,
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{’ ~ Ty T Y
' AMOUNT OF EXERCISE, LEAN BODY AXD FAT STUDIES,

ANTEHRCPOMETRIC MEASUKEMENTS, AND MUSCLE FUNCTION,

FOR EXAMPIE, IT IS VERY TEMPTING TO P()‘* PULATE THAT
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PINALLY, TH RIS T QUESTION GF 3 SS NTEASUTERENT

TPSELE ON FUTURE MHGSTONS - - AUSTIONS TIAT LIAY NOT HLAVE
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