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LORD K E L V I N  S A I D  I N  1883 THAT WHEN YOU CAN M E A S U R E *  

WHAT YOU ARE S P E A K I N G  ABOUT AND EXPRESS I T  I N  NUMBERS 

YOU KNOW S O M E T H I N G  ABOUT I T .  T H I S  STATEMENT I S  TRUE 

FOR M31;T S C I E N T I F I C  AND T E C H I q I C A L  A C T I V I T I E S  AND I T  

I S  VERY P E R T I N E N T  TO THE DEVELOPMENT,  F A B R I C A T I O N  AND 

F I R I N G  OF M I S S I L E S  AND S P A C E S H I P S .  MUCH OF OUR SUCCES: 

AND THE R A T E  OF PROGRESS DEPENDS H E A V I L Y  UPON T H E  ACC-  

D R E L I A B I L I T Y  OF MEASUREMENTS AND GREAT E F F O R T S  

H A V E  B E E N  MADE D U R I N G  THE PAST 30 YEARS OF ROCKET 

DEVELOPMENT TO O B T A I N  DEPENDABLE M E A S U R I N G  R E S U L T S .  

MANY MEASUREMENTS COULD NOT BE  MADE W l T H  E X I S T I N G  COMM- 

E R C I A L  INSTRUMENTS,  BECAUSE OF EXTREME V A L U E S  T O  B E  

MEASURED,  H I G H  ACCURACY AND F A S T  RESPONSE R E Q U I R E M E N T S ,  

EXTREME E N V I R O N M E N T A L  C O N D I T I O N S  AND OTHER S P E C I A L  

F E A T U R E S .  THEREFORE,  MANY S T U D I E S ,  RESEARCH,  D E V E L O P -  

MENTS,  M O D I F I C A T I O N S  AND E V A L U A T I O N S  H A V E  BEE11 PERFORM€[ 

T O  SECURE THE B E S T  INSTRUMENTS AND METHODS FOR MEASURE-  

MENTS OR C A L I B R A T I O N S ,  AND--TOGETHER W I T H  THE S K I L L F U L  

APPL I C A T  I ON AND O P E R A T  I O N  OF T H E S E  COMPLEX INSTRUMENT 

S Y S T E M S  THE T A S K  OF M E A S U R E M E N T S  HAS 8 E E N  A VERY IMPOR-  



T A N T  AND I N F L U E N T I A L  PART OF THE A E R O S P A C E  A C T I V I T I E S .  

I N  ALL T H E S E  E F F O K r S  THE S C A L E S  HAVE P L A Y E D  A L E R Y  

V l T A L  AND OUTSTAND l NG ROLE AND HELPED CONS l OERABLY TO 

P R O V I D E  ACCURATE AND R E L I A B L E  fV1EAS.UREMENTS FOR ROCKET 

DEVELOPMENT.  FOR MANY MEASUREMENTS THE USE OF S C A L E S  

H A S  BEEN T H E  ONLY R E A S O N A B L E  S O L U T I O N  AND FOR MANY 

C A L I B R A T I O N S  S C A L E S  HAVE B E E N  THE WORKING STANDARD,  

N H I C H  IS T H E  BACKBONE OF MEASUREMENTS, 

THE USE OF S C A L E S  FOR DEVELOPMENT AND F I R I N G  OF ROCKETS 

RANGES FROM W E I G H I N G  A FEW MICROGRAMS FOR M A T E R I A L  

R E S E A R C H  T O  THE MEASUREMENT OF 12 M I L L I O N  L B .  L O A D  A T  

THE SATURN V L A U N C H I N G  S I T E .  THE OLDEST AND VERY 

IMPORTANT W E I G H I N G S  I N  ROCKETRY ARE CONNECTED W I T H  

FLOWRATE,  D E N S I T Y ,  AND Q U A N T I T Y  OF F U E L S ,  THRUST OF 

ROCKET E N G I N E S ,  CENTER O F . G R A V I T Y ,  AND THE L I F T - O F F  

W E I G H T  OF M I S S I L E S .  OTHER IMPORTANT A P P L I C A T I O N S  OF 

W E I G H I N G  SYSTEMS ARE I N  THE F I E L D  OF C A L I B R A T I N G  V A R -  

I O U S  E Q U I P M E N T  AND I N S T R U M E i I T S ,  E S P E C I A L L Y  PRESSURE 

GAGES. SLIME INSTRUMENTS E V E N  USE FOR MEASUREMENT A 

B U I L T  I N  S C A L E  I N  FORM OF L E V E R S  OR OTHER FORCE B A L A N C E  

PR I NC I P L E S .  FURTHER THE S C A L E S  AND LOAD C E L L S  ARE 

USED FOR UETERMINING WEIGHT, FURCE,  STRUCTURAL L O A D I N G ,  

S T R E S S ,  AND T O K Q U t  I N  S H O P S  AND A T  T E S T  S T A N D S ;  MON I -  

IOi(lE.i(; L O A D  AND F O H L L  I N  S1 A G r  T R A i q S F i H  ON TRUCKS, 
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BARGES OR I N  A I R P L A N E S ;  WE I G H l N G  THE RATE OF EVAPORA- 

T I O N  ON C E R T A I N  MATER1AL.S UNDER U L T R A - H I G H  VACUUM W H I C H  

S I M U L A T E S  SPACE C O N D I T I O N S ;  MEASURING THRUST VECTOR; AND 

R O L L  FORCES I N  S T A T I C  T E S T I N G ;  AND FOR MANY OTHER A P P L I -  

CAT I ONS. 

BASED ON MY 26 YEARS A C T I V I T I E S  I N  INSTRUMENT DEVELUP-  

MENT AN3 MY CONTACTS W I T H  MANY AEROSPACE A G E N C I E S  AND 

CONPAhil-S 1 CAN ASSURE YOU THAT THE S C A L E  HAS BEEN VERY 

E S S E N T I A L  AND B E N E F I C I A L  I N  M I S S I L E  AND SPACE A C T I V I T I E S  

NGT ONLY FOR WEIGHING OR FORCE MEASUREMENTS, BUT A L S O  

FOR MEASURING OTHER PARAMETERS E I T H E R  WITH SCALES D I R -  

ECTLY OR BY U S I N G  SCALES FOR C A L I B R A T I O N  OF OTHER I N S T R U  

MENTS AND D E V I C E S .  

I WlLL NOW D I S C U S S  I N  MORE D E T A I L S  SOME SCALE A P F L I C A -  

T I O N S  WHICH REQUIRED MOST EFFORTS AND IMPROVEMENTS AND 

SOME NEW OR UNUSUAL SYSTEMS. 1 WILL INCLUDE A LOT 

ABOUT OUR WORK I N  PEENEMUENDE, GERMANY, WHERE WE HAD 

VERY E X T E N S I V E  USE OF SCALES I N  THE EARLY YEARS OF ROC- 

KET  DEVELOPMLNT WHEN SCALES WERE ACCURATE AND R E L I A B L E  ' 

WHILE MANY OTHER II\JSTRUMENTS WERE NOT YET USEABLE OR 

A C C U d A T E  ENOUGH. 

\ 



F I R S T ,  T H E  F L O N K A T E  OF F U E L S  W H I C H  I S  A  VERY IMPORTANT 

MEASUREMENT I N  T H E  DEVELOPMENT OF ROCKET E N G I N E S  AND 

P R O P U L S I O N  SYSTEMS.  THE R A T E  OF F U E L  CONSUMPTION I N  

L B I S E C .  D E T E R M I N E S  T H E  E F F I C I E N C Y  .OR S P E C I F I C  I M P U L S E  

OF T H E  ROCKET E N G I N E  AND THE M I X T U R E  R A T I O  OF T H E  TWO 

F U E L S  MUST B E  A C E R T A I N  V A L U E  FOR B E S T  E F F I C I E N C Y  OF 

THE E N G I N E S .  

B A C K  I N  1939 WE USED M E C H A N I C A L  S C A L E S  FOR MOST FLOW- 

R A T E  MEASUREMENTS.  B A L L  SHAPED F U E L  T A N K S  WERE MOUNTEC 

ON T H E  P L A T F O R M  OF M E C H A N I C A L  S C A L E S .  THE T A N K S  WERE 

P R E S S U R I Z E D  W I T H  COMPRESSED A I R  OR N I T R O G E N  GAS, W H l C H  

FORCED T H E  F U E L  THROUGH A F U E L  L l N E  I N T O  THE C O M B U S T I O N  

CHAMBER. T H E  V2 COMBUSTION CHAMBER CONSUMED I N  ONE 

F I R I N G  OF ABOUT ONE M I N U T E  SOME F I V E  M E T R I C  TONS OR 

11,000 L B .  OF F U E L  AND ABOUT THE SAME AMOUNT OF L I Q U I D  

OXYGEN. I N  ROCKET T E S T I N G  A L L  MEASUREMENTS H A V E  TO B E  

RECORDED AND WE USED F I L M  CAMERAS T O  RECORD THE D I A L  OF 

THE S C A L E S  AND FOR D U P L I C A T E  R E C O R D I N G  THE P O S I T I O N  OF 

THE S C A L E  L E V E R  WAS RECORDED W I T H  A L I G H T  BEAM, M O V I N G  

ON PHOTOGRAPHIC  PAPER,  S I M I L A R  TO .THE O P T I C A L  R E C O R D I N G  

S Y S T E M  OF AN O S C I L L O G K A P H .  THE ACCURACY OF THE S C A L E S  

W A S  B E l T E K  T H A N  . I % ,  BUT THE F U E L  L l N E  BETWEEN T A N K  AND 

C O M B U S T I O N  CHAMEEK W A S  A L W A Y S  A SOURCE OF ERROR OK 
It 



UNCERTAINTY S I N C E  I T  PRE>VENTS FREE MOVEMENT OF THE 

SCALE PLATFORM. WE USED 'THE D I F F E l i E N C E  OF T W O  SCALE 

R E A D I N G S  TO DETERMINE THE F U E L  CONSUMPTION i N  A C E R T A I N  

T I M E ,  OR FLOWRATE AND T H I S  REDUCED. SOME OF THE ERROR 

FROM THE D R A I N  L I N E  BUT NOT A L L ,  S I N C E  THE PLATFORM OF 

THE SCALE MOVED BETWEEN THE TWO R E A D I N G S .  WE T R l  ED 

TO K E E P  T H l S  ERROR SMALL BY M A K I N G  THE L l N E  AS FLEXIBLE 

AS P O S S I B L E ,  U S I N G  LONG L I N E S ,  ELBOWS I N  THE L I N E ,  AND 

BELLOWS NEAR THE TANK AND NEAR THE COMBUSTION CHAMBER, 

OUR BELLOWS ARRANGEMENTS WERE S I M I L A R  TO THE THREE 

H I N G E - J O I N T  BELLOWS, NOW COMMERCIALLY A V A I L A B L E .  

ANOTHER S O l R C E  OF ERROR I N  FLOWRATE MEASUREMENTS BY 

W E I G H I N G  W I T H  SCALES WAS THE WEIGHT OF COMPRESSED GAS, 

ADDED TO THE TANKS W H I L E  T A K I N G  F U E L S  OUT. WE MADE A 

CORRECTION OF THE SCALE READINGS,  A D D I N G  THE WEIGHT OF 

THE ADDED GAS W H I C H  WAS DETERMINED BY MEASURING THE 

PRESSURE AND TEMPERATURE CHANGE I N  THE GAS SUPPLY BOTTLE 

T H l S  METHOD GAVE AN ACCURATE CORRECTION FOR THE WEIGHT 

OF GAS, ADDED T O  THE F U E L  TANKS, BUT I N  L I Q U I D  O X Y G E N  

SOME OF THE GAS CONDENSED I N T O  THE L I Q U I D  OXYGEN AND WA' 

PART O F  THE F L O W R A T E  WHICH M E A N S  THE F L O W K A T E  MEASURE- 

MENT ',{AS WRONG I F  THE WEIGHT OF A L L  ADDED GAS W A S  ADDED 

T O  T H E  D I F F E R C N C t  I N  S C A L E  K F A D I N G S .  T t - { I S  EKRCjR WAS 
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AS MUCH AS 5% I N  SOME I N S T A N C E S  6 U T  A F T E R  SOME E X P E R I E N C E  

I T  H A S  B E E N  REDUCED TO N E G L I G I B L E  VALUES I N  MOST CASES.  

WHEN WE S T A R T E D  TO T E S T  E N T I R E  M I S S I . L E  SYSTEMS, WE COULD 

NGT W E I G H T  I N D I V I D U A L  F U E L  TANKS ANYMORE, BECAUSE THE 

CENTER S E C T I O N  OF THE ROCKET C O N T A I N E D  BOTH F U E L  TANKS.  

R E A L I Z I N G  T H I  s W E  HAD ALREADY S T A R T E D  A PROGRAM T O  DEVELQC 
4 

FLCWMETERS AND L E V E L  GAGES I N  ORDER TO GET FLOWRATE MEAS-, 

U R E M E N r S  FOR BOTH F U E L S  I N D I V I D U A L L Y ,  BUT I T  TOOK MANY 

YEAKS BEFORE THESE INSTRUMENTS bECAME ACCURATE AND R E L I -  

A B L E .  ON THE OTHER HAND THE SCALE WAS C O N S I D E R E D  THE MO: 

R E L I A B L E  INSTRUMENT,  AND THEREFORE, THE T E S T  STAND FOR THE 

F I R S T  V2 M I S S I L E  SYSTEMS HAD A M E C H A N I C A L  SCALE SYSTEM 

B U I L T  I N  THE FRAMEWORK OF THE T E S T  STAND TO CHECK THE RE#- 

S U L T S  FROM L E V E L  GAGES AND FLOWMETERS. T H I S  S C M  WAS A 

S P E C I A L  D E S I G N  W I T H  A DOUBLE K N I F E  EDGE FOR M E A S U R I N G  

DOWNWARD AND UPWARD FORCES. BEFORE THE T E S T ,  THE S C A L E  

MEASURED DOWNWARD FORCES COMPRISED BY T H E  W E I G H T  OF THE 

HARDWARE OF THE M I S S I L E ,  T H E  WEIGHT OF THE F U E L S  AND T H E  

W E I G H T  OF THE P R E S S U R I Z I N G  GAS, W H I C H  WAS I N  T H I S  CASE 

I N C L U D E D  I N  THE W E I G H I N G  S I N C E  THE G A S  T A N K  WAS PART OF 

THE M I S S I L E .  WHEN THE C u M E U S T l O N  CHAMBER WAS F I R E D  AND 

PRODUCED A THRUST MORE I H A N  T W I C E  A S  MUCH A S  THE W E I G H T ,  

T H E  S C A L E  D I D  M E A S U R E  UPWARD FORCES,  C U N S I S i l N G  OF THRUST 

14 l NUS i ill: WE I G t i T  , MI?t.IT I ONCI) I \ U O V C .  NAWRALLY I T  W A S  



D I F F I C U L T  TO A N A L Y Z E  THE SCALE R E A D I N G S  COMPOSED OF SO 

MANY COMPONENTS. HOWEVEg, T H E  WEIGHT %FORE AND A F T E R  

THE T E S T  GAVE C L E A R L Y  THE T O T A L  WEIGHT OF THE T W G  PRO- 

P E L L A N T S  CONSUMED D U R I N G  THE T E S T .  THE AMOUNT OF THE 

CONSUMED ALCOHOL COULD BE D E T E R M I N E D  BY W E I G H I N G  THE 

AMOUNT F I L L E D  I N  AND W E I G H I N G  THE AMOUNT L E F T  OVER. T  

D I F F E R E N C E  BETWEEN THE T O T A L  PROPELLANT W E I G H T  AND THE 

ALCGHOL W E I G H T  THEN GAVE THE AMOUNT OF L I Q U I D  OXYGEN 

CGNSUMED. THE COMBUSTION CHAMBER PRESSURE AND E F F E C T I V E  

AREA OF THE COMBUST I O N  CHAMBER WAS A  MEASURE OF THE THRUS? 

AND I T  GAVE A L S O  THE T I M E S  FOR B U I L D - U P ,  CONSTANT FLOW, 

AND SHUT-DOWN OF THE FLOW, W H I C H  P E R M I T T E D  TO D E T E R M I N E  

THE FLOWRATE D U R I N G  THE CONSTANT COMBUSTION P E R I O D  FROM 

THE T O T A L  F U E L  CONSUMPTION,  D E T E R M I N E D  A S  D E S C R I B E D  A B O V E .  

T H I S  MEANS THERE WERE S E V E R A L  CROSS CHECKS, W H I C H  PER-  

M I T T E D  TO D E T E R M I N E  THE I N D I V I D U A L  V A L U E S ,  AND THE ACCURA( 

I N C R E A S E D  C O N S I D E R A B L Y  W l T H  T I M E  AND E X P E R I E N C E .  

A F T E R  FLOWMETERS AND L E V E L  GAGES BECAME MORE ACCURATE AND 

R E L I A B L E ,  WE GOT GOOD AGREEMENT OF THOSE R E S U L T S  W l T H  THE 

R E S U L T S  O B T A I N E D  BY W E I G H I N G  AND SUCH M U L T I P L E  MEASURE-  

M E N T S  INCREASED THE ACCURACY OF FLOWKATE MEASUREMENTS 

CONS I D E R A B L Y .  



WHEN FLOWMETERS AND L E V E L  GAGES BECAME F A I R L Y  ACCURATE 

AND R E L I A B L E ,  WE USED THEM A L S O  AT E N G I N E  T E S T  STANDS 

W I T H  I N D I V I D U A L  T A N K S  AND AT PUMP T E S T  STANDS. HOW- 

EVER,  T H E  S C A L E S  N E R E  NEVER ABANDONED BUT USED I N  A D D I o k  

T l O N  TO FLOWMETERS AND L E V E L  GAGES TO CHECK T H E I R  R E -  

S U L T S ,  AND THE S C A L E S  GAVE THE MOST R E L I A B L E  D A T A  FOR 

THE FLOWRATE MEASUREMENTS I N  PEENEMUENDE. 

I N  T H I S  COUNTRY, WE STARTED W l T H  S C A L E S  TOO, BUT W l T H  

I N C R E A S I N G  S I Z E  OF M I S S I L E S  WE WAD TO USE FLOWMETERS 

AND L E V E L  GAGES FOR FLOWRATE MEASUREMENTS. HOWEVER, 
I 

T H I S  D I D  NOT E L I M I N A T E  T H E  SCALES S I N C E  FLOWMETZRS, 

L E V E L  GAGES, AND THE C A P A C I T Y  OF T H E  F U E L  T A N K S  MUST 

B E  C A L I B R A T E D  W I T H  S C A L E S .  WE A L S O  USE S C A L E S  FOR 

DOUBLE CHECKS WHEREVER WE CAN AND THERE ARE S T I L L  MANY 

SCALES OR OTHER WE I G H l N G  SYSTEMS I N  USE FOR FLOWRATE 

MEASUREMENTS AT T H E  D I F F E R E N T  GOVERNMENT A G E N C I E S  AND 

P R I V A T E  C O M P A N I E S  WORKING ON THE DEVELOPMENT OF M I S S I L E !  

AND ROCKETS.  

FOR FLOWMETER C A L I B R A T I O N S  THE M E C H A N I C A L  S C A L E  HAS 

BEEN USED E X T E N S I V E L Y  AS C A L I B R A T I O N  STANDARD I N  PEENE-  

MUENDE AND I N  THE U N I T E D  STATES.  W I T H  I N C R E A S I N G  



ACCURACY AND R E L I A B I L I T Y  OF L E V E L  GAGES, HOWEVER, SOME 

FLOWMETER C A L I B R A T I O N  STANDS STARTED TO USE L E V E L  GAGES 

AS A C A L I B R A T I O N  STANDARD, AND ACTUALLY THE L E V E L  GAGE 

I S  A  MORE D I R E C T  C A L I B R A T I O N  INSTRUMENT FOR VOLUMETRIC 

FLOWMETERS. THE T U R B I N E  FLOWMETER HAS BECOME A  VERY 

ACCURATE AND R E L I A B L E  VOLUMETRIC FLOWMETER AND I T S  

C A L I B R A T I O N  W l T H  L E V E L  GAGES BECAME Q U I T E  COMMON I N  

THE E N T I R E  M I S S I L E  F I E L D .  HOWEVER, WHEN L I Q U I D  HYDRO- 

GEN BECAME A  F U E L  I N  ROCKETS THE T U R B I N E  FLOWMETERS 

BECAME L E S S  SATISFACTORY,  BECAUSE L I Q U I D  HYDROGEN I S  

F I F T E E N  T I M E S  L I G H T E R  THAN WATER OR F I F T E E N  GALLONS OF 

L I Q U I D  HYDROGEN WEIGH AS MUCH AS ONE GALLON OF WATER. 
NOT W.\e Jo~&n% 

ON THE OTHER HAND, THE MASS OF F U E G P E T E R M I N E S  THE 

S P E C I F I C  IMPULSE OF ROCKET ENGINES AND THEREFORE, GREAT 

EFFORT HAS BEEN MADE D U R I N G  THE L A S T  TEN YEARS TO D E -  

VELOP MASS FLOWMETERS. FOR C A L I B R A T I O N  OF MASS FLOW- 

INSTRUMENT. 

I N  1951 WE STARTED A CONTRACT W l T H  W Y L E  L A B O R A T O R I E S  

T O  DEVELOP AND TEST L I Q U I D  HYDROGEN MASS FLOWMETERS 

AND WE U E S l G N E D  W l T H  WYLE LABORATORIES A C A L I B R A T I O N  

STAND WHICH E L I M I N A T E D  ALL PAST SHORTCOMINGS I N C L U D I N G  



L I N E  E F F E C T ,  AND GAS COMPENSATION.  THE HEART OF T H I S  

C A L i B K A T l O N  STAND I S  A G A I N  A M E C H A N I C A L  S C A L E .  AN 

I N S U L A T E D  T A N K  W l T H  L I Q U I D  HYDROGEN I S  ON T H E  P L A T F O R M  

OF THE S C A L E .  AT THE START OF THE C A L I B R A T I O N  THE 

FLOWRATE I S  R E G U L A T E D  TO THE D E S I R E D  V A L U E  AND A F T E R  

CONSTANT FLOWRATE I S  A C H I E V E D  THE S C A L E  OPERATES A 

C A P A C I T I V E  SWITCH,  W H I C H  S T A R T S  T I M E R S  AND FLOWMETER 

READOUT I NSTRUMENTS. THEN DEAD W E I G H T S  ARE LOWERED 

ONTO T H E  PLATFORM OF THE S C A L E  AND WHEN T H E  W E I G H T  OF 
~sQusra  H V Q C O c E d  

USED FOR T H E  C A L I B R A T I O N ,  H A S  REACHED THE SAME 

V A L U E  AS THE W E I G H T  OF T H E  DEAD W E I G H T S ,  THE S C A L E  

GOES THROUGH THE SAME PRESET S W I T C H  P O S I T I O N  A G A I N  AND 

THE S W I T C H  STOPS T I M E R  AND READOUT INSTRUMENTS OF T H E  

FLOWMETER. T H I S  MEANS THAT BOTH R E A D I N G S  FOR T H E  

D I F F E R E N C E  OF F U E L  ARE MADE AT T H E  SAME PLATFORM P O S I -  

T I O N  OF THE S C A L E ,  P R A C T I C A L L Y  E L I M I N A T I N G  ERRORS, 

CAUSED BY THE S U C T I O N  L I N E .  THE C O N T A I N E R S  FOR T H E  

COMPRESSED GAS ARE ALSO ON T H E  PLATFORM OF T H E  S C A L E  

E L I M I N A T I N G  THE NEED TO COMPENSATE FOR THE GAS W E I G H T .  

THE A C C U R A C Y  OF T H l S  C A L I B R A T I O N  STAND I S  W I T H I N  .05% 

AND I B E L I E V E  W E  D E S I G N E D  THERE W I T H  WYLE L A B O R A T O R I E S  

ONE OF THE M O S T  ADVANCED L I O U  I D  HYDROGEtI MASS FLOWMETER 

CAL l B R A T  l ON S T A N D S .  A G A I N  A S C A L E  I S  THE STANDARD 



ANOTHER UNUSUAL W E I G H I N G  SYSTEM kiAS DEVELOPED FOR 

LIQUID HYDROGEd FLOWRATE MEASUREMENTS AT THE T E S T  

STAND. WE USED LOAD C E L L S  TO W E I G H  THE TANK WITH THE 

L I Q U I D  HYDROGEN, BUT THE TANK WEIGHT N A S  ABOUT 10 T I M E S  

THE WEIGHT OF THE HYDROGEN W H I C H  I S  NOT A VERY FAVOR-  

A B L E  S I T U A T I O N  FOR ACCURATE MEASUREMENTS. THEREFORE,  

WE ADDED A S O - C A L L E D  I N T E R N A L  W E I G H I N G  SYSTEM. A 

NUMBER $?F 6 '  LONG 6" D I A M E T E R  TUGES, CLOSED AT THE END,  

AND E V A L U A T E D ,  ARE INTERCONNECTED AND HANG UN A W E I G H -  
M O U ~ ~ T E D  

I N G  SYSTEM/\ABOVE THE TANK.  A L E V E R ,  TARE WEIGH,  C A L I -  

B R A T I O N  W E I G H T S  AND A LOAD C E L L  ARE THE M A I N  COMPONENTS 

OF T H I S  W E I G H I N G  SYSTEM. THE C H A I N  OF TUBES I S  I N  

THE TANK AND WHEN THE TANK I S  F I L L E D  W l T H  L I Q U I D  HYDRO- 

GEN THE BUOYANCY DECREASES THE WEIGHT OF THE TUBES.  

THUS,  THE WEIGHT OF THE TUBES OR THE BUOYANT FORCE OF 

THE HYDROGEN I S  A MEASURE OF THE AMOUNT OF HYDROGEN 

I N  T H E  TANK.  



FOR L E V E L  G A G E  C A L I 8 R A T I O N ,  SCALES HAVE BEEN USED 

ALMOST E X C L U S I V E L Y ,  A  V E R Y  ACCURATE METHOD I S  TO 

D R A I N  I N  20 TO 30 S T E P S  WATER FROM THE TANK I N T O  A  

B A R R E L  ON T H E  PLATFORM OF A  S C A L E . A N D  W E I G H  I T .  A  

V A L V E  AT THE END OF THE D R A I N  L I N E  I S  CLOSED BY S W I T C H E '  

OF THE D I S C R E T E  L I Q U I D  L E V E L  GAGES, WHEN T H E  L E V E L  

P A S S E S  THAT L E V E L  S W I T C H  OR BY HAND OPERATED P U S H  

3 U T T O N S  Lb!HEN T H E  B A R R E L  I S  F U L L .  S I Z E  OF B A R R E L  AND 

S C A L E  A K E  D E T E R M I N E D  BY THE S I Z E  OF THE TANK TO BE 

C A L I B R A T E D .  HOWEVER, W I T H  THE STEADY I N C R E A S I N G  S I Z E  

OF T A N K S  WE HAD T O  CHANGE TO A  F A S T E R  METHOD. THE 

L A T E S T  METHOD I S  TO D R A i N  CONTINUOUSLY THROUGH A P O S I -  

T I V E  D I S P L A C E M E N T  FLOWMETER, W H I C H  I S  THE T Y P E  OF M E T E R  

USED A T  G A S  S T A T I O N S .  T H I S  METER I S  C A L I B R A T E D  BEFORE 

U S I N G  L E V E L  GAGES OR PROVER T A N K S  W H I C H  HAD BEEN C A L I -  

B R A T E D  EY D R A I N I N G  WATER I N  THE B A R R E L S  ON T H E  S C A L E  

AS D E S C R I B E D  ABOVE. T H E  PROVER TANK I S  A LARGE M E A S -  

U R I N G  TANK W I T H  S M A L L  C O N T A I N E R S  CONNECTED ON TOP AND 

BOTTOM FOR L I Q U I D S ,  USED D U R I N G  THE START AND STOP 

PROCEDURES. 

THE F I L L I N G  OF F U E L  TANKS WAS O R I G I N A L L Y  L E T E R M I N E D  

W T H  S C A L E S  TOO. L A T E R  W E  USED L E V E L  GAGES FOR F I L L -  

IN(; CONTROL BUT A G A I N  1 H t  C A P A C I T Y  Or T t f E  TANKS HAD 
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r o  S E  D E ~ E R M I N E D  W I T H  S C A L E S .  DURING MASS P R O D U C T I O N  

OF THE U 2  MORE THAN 1 0 , 0 0 0  F U E L  TANKS WERE C A L I B R A T E D  

BY F I L L I N G  THEE4 W I T H  WATER AND W E I G H I N G  THEM W l T H  

M L C H A N I C A L  S C A L E S .  THE ACCURACY WAS . I %  OR B E T T E R .  

I N  T H I S  COUNTRY THE C A P A C I T Y  OF THE TANKS FOR ALL R E D -  

STONE AND J U P I T E R  M I S S I L E S  WERE A L S O  D E T E R M I N E D  W I T H  

S C A L E S ,  NOW I N  THE SATURN M I S S I L E S  THE T A N K S  ARE T O O  

B I G  AND THEY ARE C A L I B R A T E D  W l T H  P O S I T I V E  D I S P L A C E M E N T  

FLOWMETERS A S  DESCRIBED BEFORE, OR w I TH OTHER VOLUMETRIC 

METHODC,  AND MOSTLY S C A L E S  ARE USED TO D E T E R M I N E  THE 

R E S P E C T I V E  VOLUMES. 

A L L  T H E S E  V O L U M E T R I C  Q U A N T I T Y  MEASUREMENTS W l T H  L E V E L  , 

GAGES, PROVER TANKS,  ETC. ,  R E Q U I R E  T H A T  T H E  D E N S I T Y  OF 

T H E  L I Q U I D  I S  KNOWN P R E C I S E L Y .  T H E  D E N S I T Y  MEASURE-  

MENT ON STORABLE P R O P E L L A N T S  I S  MADE W l T H  S C A L E S  I N  

A  S T R A I G H T  FORWARD F A S H I O N  AT THE T E S T  STANDS AND I N  

C H E M I S T R Y  L A B S .  W I T H  CRYOGENIC  F U E L S  L I K E  L I Q U I D  OXY- 

GEN AND L I Q U I D  HYDROGEN T H I N G S  ARE MORE C O M P L I C A T E D .  

T H E  HANDBOOKS OR I N T E R N A T I O N A L  C R I T I C A L  T A B L E S  G I V E  

OF PRESSURE AND TEMPERATURE, H O M L E R ,  WE FOUND DUE 

T O  COMBINED U S E  OF L E V E L  GAGES AND W E I G H I N G  SYSTEHS,  

T H A T  T H E  D E I d S I T Y  OF L I Q U I D  O X Y G E N  I N  M I S S I L E  T A N K S  

'JGES ;4OT A G R E E  W I T H  T H E  D A T A  Ii\J HAN[!L;OCjKS. N A T U R A L L Y ,  



C E R T A I N T Y  AND W E  SPEND Q U I T E  SOME MONEY AND EFFORT TO 

DO SO. WE B U I L T  A P R E C I S I O N  C A L l B R A T l O N  STAND W H I C H  

USES F I V E  W E I G H I N G  SYSTEMS TO WEIGH THE SAME TANK 
LZ QulO 6 E N  

F I L L E D  W i T H  A ( F I G U R E  1 ) .  THE ACCURACY OF MEASURE- 

MENTS CAN BE INCREAS-ED BY U S I N G  SEVERAL INSTRUMENTS 

TO MEASURE THE SAME PARAMETER. THE INCREASE OF ACCU- 

RACY BY M U L T I P L E  MEASUREMENTS GOES W I T H  THE SQUARE ROOT 

OF THE NUMBER OF MEASUREMENTS WHICH MEANS THE AVERAGE 

OF THE RESULTS FROM FOUR GOOD INSTRUMENTS I S  T W I C E  AS 

ACCURATE AS W I T H  ONE INSTRUMENT. I N  THE SCHEMAT l C  ., 

F I G U R E  OF THE P R E C I S I O N  W E I G H I N G  SYSTEM WE SEE A 

M E C H N i C A L  SCALE ARRANGEMENT CARRYING THE OTHER W E I G H I N G  

SYSTEMS AND THE TANK. 

ON THE PLATFORM OF THE SCALE ARE THREE H Y D R A U L I C  LOAD 

C E L L S  AND HEAD ON W l T H  THE H Y D R A U L I C  LOAD C E L L S  ARE 

THREE E L E C T R O N I C  LOAD C E L L S  SUPPORTING A S P I D E R .  ON 

THE S P I D E R  HANGS THE M I S S I L E  TANK W l T H  TWO T E N S I O N  

LOAD C E L L S  I N  S E R I E S .  WE KNOW THE VOLUME OF THE TANK 

FROM P R E V I O U S  C A L I B R A T I O N S  AND W l T H  T H I S  P R E C I S I O N  

WEIGHING SYSTEM WE DETERMINED THAT THE D E N S I T Y  OF L I Q -  

U I D  O X Y G E N  I N  M I S S I L E  TANKS I S  .6% L E S S  THAN THE D E N S I T  

D A T A  I N  HANDdOOKS. THEREFORE, WE STARTED A RESEARCH 
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CON I t:AC TG D t  \ l E L G P  A C)El\iS I r Y  MEA5UR I NG I NSTT?UMENT FOP, 

F I E W  U S E .  T H E S E  D k N S I T O M t l E K S  U S E  NUCLEAR R A D I A T I O N  AND 

FOR T E S T  AND C A L I B R A T I O N  OF THESE INSTKUMENTS WE NEEDED 

S C A L E S  A G A I N .  WE SUBMERGED A P I E C E ,  UF QUARTZ AS A PLUMES 

I N T O  THE L I Q U I D  OXYGEN. T H I S  PLUMET WAS SUSPENDED BY A , 

LABORATORY S C A L E  AND THE CHANGE OF W E I G H T  DUE T O  THE BUO- 

YANCY OF THE L I Q U I D  WAS MEASURED W I T H  THE S C A L E .  THE 
I 

VOLUME OF T H E  QUARTZ HAD B E E N  D E T E R M I N E D  E X A C T L Y  BY THE 
1 

bUi<EAU LF STANDARDS AND THUS THE CHANGE I N  W E I G H T  AND THE 

VOLUME OF THE QUARTZ GAVE THE D E N S I T Y  OF L I Q U I D  OXYGEN. 

THE SAME WAS DONE FOR L I Q U I D  HYDROGEN AND W E  A C T U A L L Y  E X -  

PECTED LARGER D E V I A T I O N S  OF THE HANDBOOK D A T A  FROM R E A L  

HYDROGEN D E N S I T Y ,  BECAUSE HYDROGEN D E N S I T Y  CHANGES MUCH 

MORE W l T H  TEMPERATURE THAN L l Q - U l D  OXYGEN, BUT TO OUR SUR-  

P R I S E  WE FOUND THAT THE L I Q U I D  HYDROGEN D E N S I T Y  AGREED 

MUCH B E T E K  W I T H  THE HANDBOOK D A T A .  THE REASON FOR TH I S 

I S  THE F A C T  THAT A L L  OUR L I Q U I D  HYDROGEN TANKS ARE W E L L  

I N S U L A T E D ,  MOSTLY VACUUM J A C K E T E D  W H I C H  MEANS DOUBLE W A L L  

W l T H  VACUlJM BETWEEN THE WALLS L I K E  THE TtdERMOS F L A S K S  U S E I  

I N  L A B O R A T O R I E S  WHERE THE HANDUOUK DATA ARE D E T E R M I N E D .  

L I Q U I D  O X Y G E N  TANKS ARC NOT TEMPERATURE I N S U L A T E D  AND THE 

HIGHCR H E A T  I N F L U X  CAUSES B U B B L I N G  AND LOWER D E N S I T Y  THAN 

THE tiANUk:OOKS S A Y .  



T H E  LOW D E N S I T Y  OF L I Q U I D  HYDROGEN AND THE I N C K E A S ~ N G  

ACCURACY REQU l KEMENTS OF MEASUREI4Ei lTS BIIOUGH'! ANOTHER 

.PROBLEM TO B E  C O N S I D E R E D  I N  kElGHING, NAMELY T H E  BUO- 

YANCY OF A I R .  H E A R I N G  THE WORD BUOYANCY, ONE T H I N K S  

NORMALLY OF S W I M M I N G  I N  L I Q U I D .  THE HUMAN BODY WAS 

ALMOST THE SAME AVERAGE D E N S I T Y  AS WATER, THEREFORE,  

THE BUOYANCY OF WATER MAKES US ALMOST W E I G H T L E S S .  

A C T U A L L Y ,  THE BUOYANCY OF WATER I S  B E I N G  USED NOW TO 

STUDY THE E F F E C T  OF W E I G H T L E S S N E S S  TO THE PERFORMANCE 

AND B E H A V I O R  OF HUMAN B E I N G S .  ASTRONAUTS AND E N G I -  

NEERS,  W E A R I N G  SPACE S U I T S  OR F A C E  MASKS,  ARE COMPLETEL '  

SUBMERGED I N  WATER AND W I T H  SMALL  P I E C E S  OF M E T A L  T H E I R  

W E I G H T  I S  A D J U S T E D  TO T H E  BUOYANCY OF WATER. 

THE BUOYANCY OF A I R  I S  MUCH SMALP'THAN T H E  BUOYANCY 

OF WATER AND MOSTLY NEGLECTED WHEN M E T A L  O B J E C T S  ARE 

B E I N G  WEIGHED,  S I N C E  T H E  D E N S I T Y  OF M E T A L  I S  ABOUT 

6,000 T I M E S  T H A T  OF A I R .  W E I G H I N G  WATER OR M I S S I L E  

F U E L S  HOWEVER, R E Q U I R E S  CORRECTIONS FOR A I R  BUOYANCY. 

T H E  BUOYANCY E F F E C T  OF A I R  I S  . i l %  WHEN W E I G H I N G  WATER; 

. l o %  FOR L I Q U I D  OXYGEN AND .I42 FOR ALCOHOL OR HYDRO- 

CARBGN F U E L S .  FOR L I Q U I D  HYDROGEN THE BUOYANCY OF 

A I R  I S  1 . 5 %  AND CAN B E  MUCH MORE WHEN L I Q U I D  HYDROGEN 
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S T A R T S  B O I L I N G .  T H E S E  F I G U R E S  A R E  ACCURATE ENOUGH I N  MOST 

CASES UJT FOR C A L i B R A T I U N S  OR WHEN H I G H E S T  A C C U R A C Y  I N  

W E I G H I N G  i S  NEEDED,  WE MEASURE THE B A R U M E T g l C  PRESSURE A i i D  

TEMPERATURE OF THE A I R  TO D E T E R M I N E  THE A I R  D E N S I T Y  AND 

I T S  BUOYANCY E F F E C T  TO T H E  W E I G H T  OF WATER, F U E L S ,  OR E V E N  

M E T A L  W E I G H T S  W H I C H  ARE USED TO A D J U S T  AND C A L I B R A T E  THE 

S C A L E S .  WHEN W E I G H I N G  M I S S I L E S  A T  THE L A U N C H I N G  S I T E  FOR 

D E T E R M I N I N G  THE LLFT-OFF W E I G H T ,  THE A I R  BUOYANCY WAS 

ABOUT .13: FGR THE V2, REDSTONE AND J U P I T E R  M I S S I L E S  W I T H  

L I Q U I D  OXYGEN AND HYDROCARBON F U E L  I N  THE F U E L  T A N K S .  F OF 

S A T U R N  M I S S I L E S  W I T H  L I Q U I D  HYDRUGEN I N  T H E  UPPER STAGES,  

T H E  A I R  BUOYANCY E F F E C T  I S  H I G H E R .  T H E  SATURN M I S S I L E S  , 

ARE N O T  B E I N G  WE I G M ~ D  A T  THE L A U N C H I N G  S I T E  B E C A U S E  OF T H ~  

ENORMOUS C O M P L E X I T Y ,  THE N E I G H T  OF COMPONENTS ARE D E T E R -  

M I N E D  W I T H  S C A L E S  I N  T H E  SHOPS AND THE W E I G H T  OF FUEL I S  

D E T E R M I N E D  W I T H  OTHER METHODS A T  THE L A U N C H I N G  S I T E .  S C'ME 

OF T H E S E  OTHER METHODS FOR F I L L I N G  CONTROL USE A W E I G H I N G  

P R I N C I P L E  TOO, THE A I R  BUOYANCY F I G U R E ,  HOWEVER, I S  S T l L i  

NEEDED B E C A U S E  I T  MUST BE  ADDED T O  T H E  THRUST.  I T  WAS 

ABOUT 4,500 LB. OR . 3 %  FOR THE SATURN 1 M I S S I L E S  W H I C H  H A V ;  

A L L  B E E N  F I R E D  NOW AND THE F I N A L  F I G U R E  FOR THE SATURN V 

MOON ROCKET H A S  NOT YET BEEN D E T E R M I N E D .  

THE L I F T - O F F  W E I G H T  OF M I S S I L E S  I S  V E R Y  I M P O R r A N T  BECAUSE 

M A S S  AND FORCE DETERMI NES T H t  A C C E L E R A T  I ON 
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W H I C H  I N F L U E N C E S  THE TARGETS OF B A L L I S T I C  M I S S I L E S  OR 

THE PROPER TRAJECTORY T O  GET I N  ORB I T .  I N  PEENEMUENBE 

WE USED M E C H A N I C A L  S C A L E S  FOR W E I G H I N G  THE F I R S T  V2 

M I S S I L E S  A T  THE L A U N C H I N G  S I T E .  THE V2 WAS STAND I N G  

F R E E  ON THE L A U N C H I N G  T A B L E  

THE L A U N C H I N G  T A B L E  WAS ON 

THE PLATFORM OF A M E C H A N I C A L  S C A L E  AND WE 0 3 T A I N E D  VERY 

ACCURATE V A L U E S  FROM T H I S  SCALE.  WE COMPARED THE SCALE 

R E A D I N G S  W I T H  T H E  T O T A L  W E I G H T  OF A L L  COMPONENTS, F U E L S  

AND GASES AND WE D I D  O B T A I N  AGREEMENTS OF ABOUT 5 0  KG 

I N  12,500 KG OR B E T T E R  THAN 112%. OUR COMMANDING 

COLONEL D I D N ' T  B E L I E V E  THAT THE M E C H A N I C A L  S C A L E  WOULD 

S U R V I V E  A L A U N C H I N G  AND S A I D  HE WOULD CHANGE H I S  NAME 

TO M E l E R  I F  T H E  S C A L E  S U R V I V E D .  THE S C A L E  D I D  S U R V I V E  

T H E  F I R l N G S  AND NEEDED ONLY M I N O R  ADJUSTMENTS OR R E -  

P A I R S  BETWEEN F I R I N G S .  SO THE OBERST M E l E R  WAAGE 

BECAME Q U I T E  FAMOUS AND U S E F U L .  T H E  MASS PRODUCED 

V 2 ' S  WERE NOT WEIGHED AT THE L A U N C H I N G  S I T E  BUT THERE 

WAS A T I G H T  CONTROL OF THE W E I G H T S  OF A L L  COMPONENTS 

AND F U E L S .  

I N  T H l S  COUNTRY WE USED M E C H A N I C A L  SCALES AND LOAD 

C E L L S  FOR M E A S V R I N G  THE L IFT-OFF W E I G H T  OF REDSTONE 

Af iD J U P I T E R  M I S S I L E S .  THERE W E I I f  FOUR F I R I N G  P A D S ,  
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T W O  W l T H  M E C H A N I C A L  S C A L E S  AND T W O  W l T H  LOAD C E L L S .  

THE R E S U L T S  WERE A L S O  COMPARED W l T H  T H E  T O T A L  W E I G H T  

OF COMPONENTS AND F U E L S  AND THERE WERE MANY CONTROVER- 

S I E S  BECAUSE T H E  M I S S I L E S  WERE NOT F R E E  ENQUGHT BUT 

THERE WERE TOO MANY CONNECTIONS TO S T A T I O N A R Y  GROUNDS 
f + L S  0 ,  

FROM F U E L  AND PRESSURE L I N E S ,  C A B L E S ,  ETC. A T H E  LOAD 

C E L L S  WERE SOMETIMES LOADED FOR MANY D A Y S  OR EVEN WEEKS 
t 

AND S U F F E R E D  ZERO S H I F T S .  WE D E S I G N E D  A  SYSTEM WHICH 

WOULD K E E P  T H E  L Q A D  C E L L S  B E N E A T H  THE M I S S I L E  U N L O A D E D '  

AND WOULD R A I S E  T H E  LOAD C E L L S  A G A I N S T  THE M I S S I L E  AND 

L I F T  I T  S L I G H T L Y ,  WHENEVER W E I G H T  R E A D I N G S  WOULD BE 

D E S I R E D ,  BUT T H I S  PROPOSAL WAS NOT ACCEPTED BECAUSE I T  

WAS U N D E S I R A B L E  TO R A I S E  THE M I S S I L E .  A S  I M E N T I O N E D  

BEFORE T H E  SATURN M I S S I L E S  ARE NOT B E I N G  WEIGHED A T  

T H E  L A U N C H I N G  S I T E  BECAUSE I T  WOULD B E  VERY COMPLEX, 

BUT A G A I N  THERE I S  A  T I G H T  CONTROL OF COMPONENTS AND 

F U E L  W E I G H T S .  A  STUDY WAS MADE R E C E N T L Y  TO SEE I F  , 

WE SHOULD INTRODUCE W E I G H I N G  SYSTEMS A G A I N ,  PROBABLY 

EVEN BETWEEN STAGES. I F  A  NEW M I S S I L E  OR NEW LAUNCH-  

I N G  S I T E S  AND PROCEDURES W l L L  BE  D E S I G N E D ,  I T  I S  Q U I T E  

P O S S I B L E  T H A T  W E I G H I N G  SYSTEMS WlLL B E  USED A G A I N  FOR 

D E T E R M I N I N G  THE T O T A L  L I F T - O F F  WEIGHT AND THAT I N T E R -  

STAGE W E I G H I N G  SYSTEMS WlLL BE USED TO D E T E R M I N E  THE 
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WEIGi-iT OF I N D I V I D U A L  STAGES. 

I M E N T I O N E D  BEFORE THAT THE L I F T - O F F  WEIGHT OF M I S S I L E S  

I S  VERY IMPORTANT BECAUSE MASS AND FORCE D E T E R M I N E  T H E  

B A L L I S T I C  C H A R A C T E R I S T I C S ,  BUT OTHERWISE I USED I N  MY 

E N T I R E  P R E S E N T A T I O N  THE WORD W E I G H T  FOR E V E R Y T H I N G  WE 

D E T E R M I N E D  BY W E I G H I N G  W I T H  SCALES.  I D I D  T H I S  I N T E N -  

T I O N A L L Y  TO A V O I D  CONFUSTION,  BUT I HAVE GREAT RESER-  . 
V A T I O N S  ABOUT THE WORD WEIGHT AND I P U B L I S H E D  I N  THE 

OCTOBER 1960 I S S U E  OF THE I S A  JOURNAL AN A R T I C L E  

ENT l T L E D  " L E T  I S  QU l T  CONFUS l NG MASS W l T H  WE I GHT. ' I  

E A R L I E R  I PREPARED AN I N T E R N A L  T E C H N I C A L  REPORT EN-  

T I T L E D  "STANDARD PROCEDURE FOR U S I N G  U N I T S  OF MASS,  

W E I G H T ,  FORCE, PRESSURE, AND A C C E L E R A T I O N . "  

T H E  W E I G H T  I S  DEFCI.NED A S  THE F Q R C E  W l T H  W H I C H  THE 

G R A V I T Y  OF THE E A R T H  A T T R A C T S  A  BODY BUT . - UNFORTUNATELY 

T H E  WORD W E I G H T  I S  OFTEN USED FOR Q U A N T I T Y ,  E S P E C I A L L Y  

I N  M E R C H A i l D I Z I N G  AND THEREFORE I T  I S  E A S I L Y  CONFUSED 
I r 

W l T H  MASS.  ! T H E R E  HAVE BEEN MANY H E A T E D  D I S C U S S I O N S  
t- 

I F  W E I G H T  I S  OR SHOULD BE MASS OR FORCE, BECAUSE THE 

WORD W E I G H T  I S  POORLY D E F I N E D  AND CONSEQUENTLY M I S -  

USED N O T  O N L Y  I N  E V E R Y D A Y  LANGUAGE BUT I N  S C I E N C E  AND 
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E N G I N E E R I N G  TOO. I F  A P H Y S I C i S P S  SPEAKS ABOUT T H E  

A T O M I C  W E I G H T  WE MEANS AC-FUALLY M A S S  AND THERE ARE 

MANY OTHER SUCH CASES WHERE S C I E N T I S T  AND E N G l N E E R S  

U S E  T H E  WORD W E I G H T  FOR MASS,, ~ - f M - ~ A T - t ~ A L ~  

I N  EVERYDAY LANGUAGE A MERCHANT W E I G H S  S O M E T H I N G  FOR 

S A L E  AND MEANS Q U A N T I T Y  OR MASS OF THE O B J E C T .  T H E  

TRUCK W i i I C H  C A R R I E S  T H E  M E R C H A N D I Z E  MUST HAVE ENOUGH 

C A P A C I T Y  FOR A C E R T A I N  Q U A N T I T Y  OR MASS AND I F  A ONE 

TON TRUCK i s  NEEDED THE TON I S  A MASS U N I T ,  B U T  T H E  

TRUCK MUST A L S O  B E  STRONG ENOUGH TO CARRY THE L O A D  OR 

W E I G H T  AND I F  THE CAR D E A L E R  S E L L S  A ONE TON TRUCK T H E  

TON I S  I N  T H I S  CASE A FORCE U N I T .  R E C E N T L Y ,  A GERMAN 

M A G A Z I N E  A S K E D  A PROFESSOR AND D I R E C T O R  OF T H E  P H Y S I C S  

I N S T I T U T E  A T  T H E  U N I V E R S I T Y  OF FRANKFURT ABOUT H I S  

O P I N I O N  I N  T H l S  PROBLEM AND THE PROFESSOR S A I D  T H E  

B E S T  WOULD B E  TO E L I M I N A T E  T H E  WORD W E I G H T  ALTOGETHER,  

BUT  S I N C E  T H l S  WAS I M P O S S I B L E  I T  WOULD BE GOOD I F  

EVERYBODY I N D I C A T E S  I F  H E  MEANS MASS OR FORCE WHEN HE 
BE 

T A L K S  ABOUT W E I G H T ,  BUT I T  WOULDAAN A B S O L U T E  N E C E S S I T Y  

T O  U S E  THE CORRECT U N I T S  OF MASS OR FORCE WHEN THE 

W E I G H T  I S  G I V E N  I N  NUIV1BERS. T H E  PROFESSOR THOUGHT 

2 1 



THE U N l T S  WOULD CLEARLY I N D I C A T E  I F  THE NUMBER STANDS 

FOR MASS OR FORCE, BECAUSE I N  GERMANY TODAY ALMOST 

EVERYBODY, I N C L U D I N G  WORKMEN AND T E C H N I C I A N S ,  REQUIRED 

T O  USE MASS, WEIGHT OR FORCE PROFESSIGNALLY,  DO USE KG 

FOR MASS AND K P  ( K I L O P O N D )  FOR FORCE. THE K P  Y A S  

O F F I C I A L  Y  A  OPT D I N  GERMAN AS U N I T  &F FORCE /C 3 s  
, l937 4 

~ ~ . f [ / ~ s n  r , ~  e n f -  4n PMdua//y w J f ~ + @ & i r ~  Y~~PSH~~F& 
4%-A 'f: S--- THE PROFESSOR D I D  NOT R E A L I Z E  THAT T  

be@&  if+^ f -&?TI e. 
PEOPLE WHO WERE EDUCATED I N  EUROPE ft P))-A =/?N--%-Aftf 

. A W D O  USE KG FOR MASS AND KG* AS FORCE) WHEREBY THEY 

OFTEN FORGET THE * AND W R I T E  KG FOR FORCE. AND EVEN 

WORSE I S  THAT MOST ENGINEERS AND MANY OTHERS USE THE 

G R A V I T A T I O N A L  SYSTEM OF U N l T S  AND SAY KG I S  THE U N l T  OF 

FORCE AND K G / G  OR KG . S E C ~ / M  I S  A  D E R I V E D  U N l T  OF MASS 

ALSO THE PROFESSOR D I D  NOT ENCOUNTER THAT THE PEOPLE 

U S I N G  E N G L I S H  U N l T S  DO OFTEN USE POUNDS FOR MASS AND 

FORCE. WE HAVE TO D E A L  I N  OUR D A I L Y  WORK W I T H  M E T R I C  

AND E N G L I S H  U N l T S  AND W l T H  PEOPLE WHO WERE EDUCATED I N  

D I F F E R E N T  COUNTRIES AND AT D I F F E R E N T  T I M E S  W H I C H  MAKES 

I T  ROUGH. D E F I N I T E L Y  THE U N I T S  DO NOT I N D I C A T E  C L E A R L  

I F  THEY STAND FOR MASS OR FORCE. 

I N  MY ART I C L E  "LET ' S  Q U I T  CONFUS l N G  MASS W l T H  WEIGHT"  

1 DO RECOMMEND T O  USE LBM FOR POUND MASS, LBF FOR POUND 

F O R C E ,  KG FOR K I L O G R A M  M A S S ,  AND KP  FOR K I L O P O N D  FORCE. 

A S  U N l T  OF A C C E L E R A T I O N  1 RECOMMEND T O  U S E  THE STANDARD 



G R A V I T Y  G = 9.80665 M I S E C ~  OR 3 2 .  17399 F T I S E C ~  AND THEN 

THE NUMUEKS ARE THE SAME FGR L B M  AND LdF 3K KG AND K P .  

WHEN MORE COMPANIES AND A G E N C I E S  BECAME ENGAGED I N  ROCKET 

TECHNdLOGY,  MANY EFFORTS WERE MADE TO D E F I N E  D I F F E R E N T  

TERMS U N I F O R M L Y  AND ONE OF THESE D E F I N I T I O N S  WAS S P E C I F I C  

I M P U L S E  W H I C H  I S  THE THRUST OF THE ROCKET I N  L B F  D I V I D E D ; *  

BY F U E L  C 9 N S U M P T I O N  OR MASS FLOWRATE I N  L B M I S E C .  UNFOR- 

TUNATELY :HE CREATORS OF T H l S  D E F I N I T I O N  D I D  NOT USE LBF 

FOR POUND FORCE AND L B M  FOR POUND MASS BUT J U S T  L B  FOR 

B O T H  AND THEY D I V I D E D  LB BY L B / S E C  W H I C H  R E S U L T E D  I N  SEC. 

T H l S  I S  S T I L L  THE MEASURE OF S P E C I F I C  IMPULSE I N  T H l S  
G 

COUNTRY AND FOR MORE THAN A YEAR A VEHEMENT F I G H T  WAS 

GO l NG ON I N  THE L E T T E R S  TO THE D I T O R  OF,  THE SPACE AND 
a id  o f t j P r  d a84/ -0pfid/C1~ qJ s /Q&C/ /  e-5 

A E R O N A U T I C S  M A G A Z l N E q A R G U l N G  WHAT TO DO ABOUT T H I S .  .THE 

L A T E S T  NONSENSE I READ W E  WAS AN ARGUMENT THAT L B M  I S (  

A U N I T  OF W E I G H T .  

A T  THE SAME T I M E  WHEN I WROTE MY T E C H N I C A L  REPORT AND I S A  

P U B L I C A T I O N ,  THE GENERAL CONFERENCE OF W E I G H T S  AND MEAS-  

URES I N  P A R I S  I S S U E D  THE I N T E R N A T I O N A L  SYSTEM OF U N I T S  

C A L L E D  S I  FOR T E F R E N C H  NAME OF THE SYSTEM. 



THE I N T E R N A T I O N A L  SYSTEM OF U N I T S  ADOPTED S I X  B A S I C  

U N I T S :  METER, K ILOGRAM,  SECOND, DEGREES K E L V i N ,  AM- 

P E R E ,  AND CANDELA AND AS SECONDARY U N I T S  I T  ADOPTED 

NEWTON FOR FORCE AND WEIGHT. I T  -SAYS WE l GHT I S THE 

G R A V I T A T I O N A L  FORCE NOT MASS. 

I HAD TO B E  TOLERANT I N  THE QUESTION OF U S I N G  M E T R I C  . 

U N I T S  09 E N G L I S H  U N I T S  S I N C E  BOTH HAVE BEEN USED AND 

W l L L  B E  USED FOR A LONG T I M E  I N  AEROSPACE TECHNOLOGY. 

HOWEVER, I AM A STRONG SUPPORTER OF THE MOVEMENT THAT 

A L L  N A T I O N S  U S I N G  E N G L I S H  U N I T S  NOW DO CHANGE TO THE 

M E T R I C  SYSTEM I N  A PLANNED F A S H I O N  AND THAT THE E N T I R E  

WORLD USES UNIFORMLY THE I N T E R N A T I O N A L  SYSTEM OF U N I T S ,  

( S I ) .  THE NEWTON AS A U N I T  OF FORCE OR WEIGHT I S  

R E L A T I V E L Y  NEW TO ME AND MANY OF MY COLLEGUES ALSO, 6 

S I N C E  WE USED I T  M A I N L Y  I N  P H Y S I C S ,  BUT NEVER I N  E N G I -  

N E E R I N G .  BUT I T H I N K  THAT THE E N T I R E  S C I E N T I F I C  AND 

T E C H N I C A L  COMMUNITY WlLL GET ACCUSTOMED TO I T ,  JUST 

AS WE IMMIGRANTS GOT ACCUSTOMED TO THE POUND, GALLON,  

I N C H  AND A L L  THE OTHER E N G L I S H  U N I T S  W H I C H  ARE FAR 

L E S S  P R A C T I C A L  THAN M E T R I C  U N I T S .  

THE USE OF U N I F O R M  U N I T S  A L L  O V E R  THE WORLD I S  VERY 



E S S E N T I A L .  T H E  OTHER D A Y  A GERMAN COMPANY h fAS  R E -  

O U E S T I N G  B I D S  FROM A M E R I C A N  C O M P A N I E S  T0 D C S I G i 4  A T E S T  

F A C I L I T Y  FOR A  ROCKET W I T H  5 MP THRUST.  ONE OF THE 

A M E R I C A N  C O M P A N I E S  D I D  NOT KNOW WHAT MP MEANS AND 

C A L L E D  ME.  I T O L D  H I M  THAT THE 5 MP ARE 5 MEGAPONDS, 
OQ 

W H I C H  I S  5 , 0 0 0  K I L O P O N D S , A 1 l , O O O  L B F .  OR 4 9 , 0 0 0  NEWTON. 

I N  N E X T  THE U S E  OF THE E N G L I S H  U N I T S  CAN BE  C O N F U S I N G .  

FOR EXAMPLE,  WHEN G E M I N I  8 WAS F I R E D  WALTER C R O N K I T E  

T A L K E D  ABOUT M I L E S  - A L T I T U D E ,  AND T H E N  A D D E D - T H E S E  
ND T 

ARE N A U T I C A L  M I L E S  S T A T U T E  M I L E S .  

I N  SPORTS NEWS THE REPORTERS A L S O  H A V E  O F T E N  P R O B L E M S 3  

TO T R A N S L A T E  T H E  METERS I N T O  F E E T  OR YARDS OR K I L O -  

M E T E R S  T O  M I L E S .  MAYBE I N T E R N A T I O N A L  SPORTS NEWS 

W l L L  SOMEDAY B R E A K  T H E  I C E  AND MAKE THE 

P U B L I C  MORE A C Q U A I N T E D  AND AGREEABLE TO M E T R I C  U N I T S .  

THE BUREAU OF STANDARDS HAS I S S U E D  A  MEMO I N  1964 AND 

N A S A  H A S  I S S U E D  S E V E R A L  MEMOS I N  RECENT YEARS,  S T A T I N G  

T H A T  THE I N T E R N A T I O N A L  SYSTEM OF U N I T S  W l L L  B E  THE 

O F F I C I A L  S Y S T E M  OF U N I T S .  I PROPOSE T H A T  I N  T H I S  

COUNTRY EVERY W R I T T E N  REPORT,  CATALOG,  NEWSPAPER, E T C .  

U S E S  TWO U N I T S ,  ONE OF THEM I N  P A R E N T H E S I S  L I K E  THE 

WEIGHT OF 100 LBF (444 N E W T O N ) ,  OR T H E  MASS OF 100 LBM 



( 4 5 . 4  K G ) .  D O N ' T  SAY 100 L B M  ( 4 5 . 3 5 9 2 3 7  KG)  S I N C E  

100 LBM I S  A  ROUND F I G U R E .  

NOW A W E I G H I N G  WHERE THE U N I T S  OF WEIGHT DON"  M A T T E R  

AND T H I S  I S  T H E  B E T E R M i N A T l O N  OF THE CENTER OF G R A V I T Y .  

THE CENTER OF G R A V I T Y  I S  VERY IMPORTANT FOR D Y N A M I C  

F L I G H T  C H A R A C T E R I S T I C S  OF M I S S I L E S  QR FOR SOME OTHER * 

H9V I NG d6JECTS. I N  MOST CASES LQAD C E L L S  ARE B E I N G  

USED FOR TWO, THREE,  AND FOUR P O I N T  W E I G H I N G S .  OFTEN 

ONLY THE L O N G I T U D I N A L  CENTER OF G R A V I T Y  I S  D E T E R M I N E D  

W I T H  TWO T E N S I O N  LOAD C E L L S .  WHEN THREE P O I N T  W E I G H -  

l N G S  ARE USED THE M I S S I L E  R E S T S  ON A PLATFORM OR 

STRUCTURE W I T H  THREE COMPRESSION LOAD C E L L S  UNDERNEATH. 

FOR MORE EXACT LOCAT I O N  OF THE CENTER OF G R A V I T Y ,  3i- 

. THE M I S S I L E  R E S T S  

I N  R I N G S  ON TWO CROSSBARS EACH SUPPORTED BY TWO T E N -  

S I O N  OR COMPRESSION LOAD C E L L S .  THE R I N G S  P R O V I D E  

A L S O  THE P O S S I B I L I T Y  TO R O T A T E  THE ROCKET I N  ORDER TO 

D E T E R M I N E  P O S S I B L E  CHANGES I N  THE CENTER OF G R A V I T Y  

I N  D I F F E R E N T  P L A N E S .  B E S I D E S  R O C K E T S  THE CENTER OF 

G R A V I T Y  MUST BE D E T E R M I N E D  ON OTHER O B J E C T S ,  FOR EX- 

AMPLE,  A R E C E N T  T A S K  R E Q U I R E D  T O  MEASURE THE CENTER 

OF G R A V I T Y  ON A DROP T E S T  CAPSULE WHICH I S  USED T O  

26 



STUDY THE EFFECT OF W E I G H T L E S S N L S S  I N  A 300 F T .  F R E E  F A L L  

L A S T I N G  4 . 2 5  S E C .  WE USED 1 0 0  LB. LOAD C E L L S  I N  T H E  

FbUR CORNERS OF A SQUARE PLATFORM AND O B T A I N E D  G o O D  K E -  

S U L T S  W l T H  A S E N S I T I V I T Y  OF .002%. 

THE THRUST OF ROCKET E N G I N E S  HAS B E E N  MEASURED W I T H  SCALE!  

AT MOST T E S T  STANDS I N  PEENEMUENDE. WE D I D  HAVE CAPA-  

C i T I V E  LOAD C E L L S  AND M A G N E T O - S T R I C T I V E  LOAD C E L L S  BUT WE 

U S E D  T H t 3 ;  GNLY FOR Q U A L I T A T I V E  S T U D I E S  3F B U I L D - U P ,  POS- 

S I B E L  O S C I L L A T I O N S  D U R I N G  THE STEADY S T A T E  OR CONSTANT 

THRUST P E R I O D  AND THE DECAY A F T E R  CUTOFF.  FOR QUANT I T A -  

T l V E  OR EXACT THRUST MEASUREMENTS D U R I N G  THE STEADY S T A T E  

PERIOD WE USED M E C H A N I C A L  SCALES,  W H I C H  WERE AN I N T E G R A L  ( 

PART OF T H E  T E S T  STRUCTURE. WE O B T A I N E D  ACCURATE V A L U E S  

WHEN THE F U E L  L I N E S  WERE F L E X I B L E  ENOUGH, WE D I D  NOT 

H A V E  S T R A I N  GAGE LOAD C E L L S  OR PRESSURE GAGES. AT THE 

END OF THE WAR WE HAD SEVERAL I N T E R R O G A T I O N S  BY A L L I E D  

I N T E L L I G E N C E  S E R V I C E S  AND I WAS ASKED S E V E R A L  T I M E S  I F  WE 

USED S T R A I N  GAGES BUT WE HAD NOT. 

IN T H I S  COUNTRY THERE WERE AND PKOBABLY S T I L L  ARE SaME 

THRUST MEASUREMENTS W l T H  M E C H A N I C A L  SCALES BUT THE LARGE 

M A J O R I T Y  OF THRUST MEASUREMENTS ARE NOW B E I N G  MADE W l T H  

LCiAD C E L L S .  I  WAS PROBABLY THE STRONGEST 



AND LONGEST JBJECTOR OF LOAD C E L L S  B E C A U S E  THE BEST 

S T R A I N  GAGE INSTRUMENTS I N  T H E  LABORATOKIES WERE NOT 

f X E L I A 8 b E  i N  THE RQUGH ENVIRONMENT OF ROCKET TEST 

STANDS AND THE LAUNCHING S I T E .  . HOWEVER, THE S T R A I N  

GAGES HAVE MADE TREMENDOUS IMPROVEMENTS AND THE LOAD 

C E L L  INDUSTRY D E F I N I T E L Y  DESERVES GREAT C R E D I T  AND 

COMMENDATION FOR T H E I R  ACCOMPLISHMENTS, 

FOR C A L I d R A T I N G  LOAD C E L L S  THE PROVING R I N G S  AND 

H Y D R A U L I C  JACKS HAVE BEEN USED MOSTLY BUT THERE WERE 

AND S T I L L  ARE ALSO TEST I N G  MACHINES U S I N G  M E C H A N I C A L  

SCALE SYSTEMS, L A T E L Y  MOST A G E N C I E S  W I T H  ENOUGH 

MONEY AND J U S T I F I C A T I O N S  O B T A I N E D  A  DEAD WEIGHT LOAD 

C E L L  C A L I B R A T O R .  THE N A T I O N A L  BUREAU OF STANDARDS 

D E F I N I T E L Y  GOT B E H I N D  I N  LOAD C E L L  C A L I B R A T I O N  CAPA- 

B I L I T Y  W l T H  T H E I R  111,000 L B .  DEAD WEIGHT M A C H I N E  AND 

THEY EVEN COULD NOT C A L I B R A T E  A L L  DEAD WEIGHTS,  NEEDED 

FOR THE D I F F E R E N T  DEAD WEIGHT CALIBRATORS.  HOWEVER, 

THE N A T I O N A L  BUREAU OF STANDARDS HAS NOW PLACED I N  

OPERATION A BRAND NEW F A C I L I T Y  W l T H  MODERN LOAD C E L L  

C A L I B R A T I O N  EQUIPMENT FOR DEAD WEIGHT C A L I B R A T I O N S  

W I T H  THE RANGES OF 1 1 2 , 0 0 0  L B . ,  3 0 0 , 0 0 0  L B . ,  AND 

1 , 0 0 0 , 0 0 0  L B .  THEY S T I L L  USE THE WORD DEAD WEIGHT 



AND THE U N I T  L B .  E V E N  7HOUGH THE BUREAU H A S  O F F I C I A L L Y  

ADOPTED THE I N T E R N A T I O N A L  SYSTEM OF U N I T S .  W lTtl 

PROVING R I N G S  OR OTHER SECONDARY STANDARDS THEY C A L I -  

BRATE UP TO 12 M I L L I O N  POUNDS. THERE ARE SEVERAL 

OTHER DEAD WEIGHT C A L I B R A T O R S  W I T H  C A P A C I T I E S  OF A 

M I L L I O N  POUNDS OR MORE. WE HAVE THREE LOAD C E L L  

C A L I B R A T O R S  W I T H  DEAD WEIGHTS I N  THE RANGES UP TO 

5,000, 5 0 , 0 0 9 ,  AND 5 0 0 , 0 0 0  L B .  THE 5 0 0 , 0 0 0  L B .  C A L I - ,  

BRATOR HAS ALSO TEN 5 0 0 , 0 0 0  L B .  P R E C I S I O N  LOAD C E L L S  

W H I C H  ARE USED I N  P A R A L L E L  TO C A L I B R A T E  LOAD C E L L S  UP 

TO 5 M I L L I O N  POUNDS. THE ACCURACY OF THE DEAD WEIGHT 
OK BETTE& 

C A L I B R A T O R S  I S  .006%AAND THE ACCURACY OF THE 5 , 0 0 0 , 0 0 0  

LOAD C E L L  C A L I B R A T O R  I S  ABOUT - 0 2 % .  TO INCREASE THE 

ACCURACY AND R E L I A B I L I T Y  OF T H I S  PART OF THE RANGE WE 

PLANNED TWO SETS OF TEN EACH 5 0 0 , 0 0 0  L B .  LOAD C E L L S  

I N  S E R I E S .  THE SECOND SET I S  JUST B E I N G  I N S T A L L D  

AND I CANNOT G I V E  PERFORMANCE DATA YET.  

A S  F I N A L  I T E M  I WOULD L I K E  TO M E N T I O N  THE PRESSURE 

BALANCE W H I C H  WE DEVELOPED SOME 28 YEARS A G O  WHEN WE 

WERE REQUESTED TO MEASURE ON A RAMJET NOZZLE A PRESSURE 

OF 200 P S  I W l T H  AN ACCURACY OF . 1 PS I .  THERE WAS NO 

P R E S S U R t  GAG[ WHICH APPROACHED TI1 I S ACCURACY OF 1 I N  



2000 OR . O j 7 0 ,  DLJI WHEN I LEARNED THAT T H I S  PRESSURE 

I S  A L W A Y S  BETWEEN 195 AND 205 P S I  I R E A L I Z E D  THAT 1 

COULD MEASURE W I T H I N  . I  P S I  U S I N G  A *5 P S I  D I F F E R E N T I A L  

PRESSURE GAGE I F  I HAD AN ACCURATE REFERENCE PRESSURE 

OF 200 P S I .  L O O K I N G  FOR SUCH AN ACCURATE REFERENCE 
b5XNG R SCIGLS 4 N O  \P3E QEV'EHLBPED 

PRESSURE I C O N C E I V E D  THE I D E A  OFATHE PRESSURE B A L A N C E  

SHOWN I N  F I G U R E  2. THE PRESSURE I S  CONVERTED I N T O  

FORCE EiY A R O T A T I N G  P I S T O N  AND T H I S  FORCE I S  W E I G H E D  

W I T H  A S C A L E .  COMPRESSED A I R  OR N I T R O G E N  GAS I S  

A P P L l t E D  ON TOP OF A C Y L I N D E R  AND I N S I D E  THE C Y L I N D E R  

I S  A  R O T A T I N G  P I S T O N  AND A L I T T L E  O I L  ABOVE T H E  P I S T O N  

T O  L U B R I C A T E  AND S E A L .  T H E  PRESSURE FORCES T H E  P I S -  

TON DOWN A G A I N S T  THE BEAM OF T H E  S C A L E  THROUGH A 

THRUST P I V O T  W H I C H  ASSURES GOOD S E A T I N G  AND SMOOTH 

R O T A T  I ON. T H E  E F F E C T I V E  AREA OF THE P I S T O N  AND T H E  

W E I G H T  ON T H E  OTHER ARM OF THE S C A L E  D E T E R M I N E S  T H E  

PRESSURE.  A  VERY S E N S I T I V E  N U L L  S W I T C H  OPERATES 

S O L E N O I D  V A L V E S  TO L E T  G A S  I N  OR OUT WHEN THE PRESSURE 

I S  LOWER OR H I G H E R  T H A N  THE V A L U E ,  C A L L E D  FOR BY T H E  

WE I G H T S .  

WE FOUND OUT SOON T H A T  T H I S  PRESSURE B A L A N C E  WAS AN 

E X C E L L E N T  C A L I B R A T I O N  STANDARD F O R  PRESSURE G A G E S  AND 
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ROLE OF SCALES I N  DEVELOPMENT AND F . l R l N G  OF M I S S I L E S  " 

AND S P A C E S H I P S ,  AND THAT Y O U  DO NOT M I N D  MY EXCURSION 

l N T O  THE SUBJECT OF U N I T S .  AS CONCLUSION OF MY P K E -  

S E N T A T I O N  1 WANT TO SHOW YOU A  SHORT F I L M  ABOUT SOME 

OF M S F C ' S  A C T I V I T I E S ,  BUT S I N C E  I SPOKE HERE BECAUSE 

DR. VON BRAUN COULD NOT ACCEPT THE I N V I T A T I O N  OF THE 

N A T I O N A L  SCALE MEN A S S O C I A T I O N ,  I WOULD L I K E  TO ADD ' 

HERE A SHORT STORY CONCERNING DR. VON BRAUN. 

AT THE END OF THE WAR THE PEENEMUENDE GROUP MOVED 

SEVERAL T I M E S  AWAY FROM R U S S I A N  AND AMERICAN A R M I E S  
XPs ~ 0 a f  AEf2.1~ Cbl~flhNY 

AND WAS F I N A L L Y  H I D I N G  AT*  D I F F E R E N T  PLACESI\UNTIL DR. 

VON BRAUN SENT H I S  BROTHER TO THE AMERICAN TROOPS AND 

GAVE WORD TO THE AMERICAN I N T E L L I G E N C E  S E R V I C E ,  D I S -  

C L O S I N G  WHERE ABOUT 500 KEY MEMBERS OF THE PEENEMUENDE 

GROUP WERE. THE U.S. I N T E L L I G E N C E  S E R V I C E  GATHERED 

US A G A I N  I N  A  S T A F F  B U I L D I N G  OF THE FORMER GERMANg 

ARMY I N  GARMISCH-PARTENKIRCHEN NEAR THE B A V A R I A N  ALPS.  

AFTER ABOUT TWO MONTHS DR. VON BRAUN WAS TRANSFERRED 

T O  M I D D L E  GERMANY FOR T A L K S  W I T H  AMERICAN O F F I C E R S  AND 

AFTER HE HAD LEFT I WENT T O  H I S  ROOM T O  SEE I F  HE HAD 

LEFT A N Y T H I N G  T O  SMOKE, EAT,  OR D R I N K ,  S I N C E  THERE WAS 

A G R E A T  SHORTAGE I N  T H E S E  I T E M S  GUT ALL 1 FOUND WAS 

W A S T E  PAPFR,  E X C E P T  A ;EVEN P A G E  D K A F I  OF A REPORT 



W I T H  THE TITLE "SURVEY ABOUT THE PAST DEVELOPMENT 

OF THE L I Q U I D  ROCKET I N  GERMANY A I ~ D  I T S  PROSPECTS I N  

THE F U T U R E . " T H E  FUTURE PROSPECTS M E N T I O N E D  MANNED 

M U L T I S T A G E  ROCKETS; S A T E L L I T E S ;  SPACE S T A T I O N S ;  COM- 

M U T I N G  ROCKETS TO T H E  SPACE S T A T I O N ;  OUTER SPACE OBSER- 

V A T I O N  OF O B J E C T S  AND EVENTS ON GROUND; WEATHER PRE-  

D I C T I O N S  AND I N F L U E N C E  OF WEATHER; T R l P  TO T H E  MOON t * 

OR OTHER P L A N E T S ;  LONG D I S T A N C E  PASSENGER ROCKETS C 

C O V E R I N G  THE D I S T A N C E  FROM EUROPE TO A M E R I C A  I N  40 

M I N U T E S ;  E T C .  I THOUGHT THEN THAT T H I S  WAS A DREAM, 

BUT YOU KNOW HOW MUCH OF I T  I S  TRUE TODAY, AND I AM 
< 

SURE T H A T  SOME A G E N C I E S  ARE WORKING ON MOST OF THOSE 

P A R T S  OF THE 1945 REPORT W H I C H  ARE NOT R E A L I T Y  YET.  


