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ABSTRACT 
A recent exper iment that reported finding an anomalous weight reduction for 

a spinn ing gyroscope weighed on a pan balance has been repeated dur ing s i x  days 
in our l aboratory . We found no anomalous weight changes of the magnitude 
reported that depended on rotor speed and/or its d irection of rotation about the 
ver t i cal ax i s . 
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I n  a recent paper in Physical Revi ew Letters , Hayasaka and Takeuchi 1 ) 

reported finding an anomalous we ight change ( reduction)  of rotors havi ng thei r  

spin vector poin ted down ( in the r ight-handed sense ) ,  and n o  weight change for 

the spin  vector up sense of rota t ion . In spite of the fact that they observed 

s i m i l ar effects w i th three d i fferent gyros , it i s  s t i l l  very d i fficu l t  to think 

o f  any fundamental reason for the i r  observed effects . We note -- w i th some 

puzzlement -- the exi stence of a 1 978 theore t i ca l  paper by Hayasaka on this 

subject which was not referenced in the i r  Phy s i cal Review Letters pape r .  

Intr igued b y  this report , w e  re-performed the experiment w i th a s l ightly 

d i fferent apparatus . To help us think about the var i ous sources o f  error that 

could affect an exper iment of this type , we f irst exper imented for about a day 

w i th a few d i fferent lec ture demonstrat ion gyroscopes and laboratory scale 

comb inat ions . Th i s  i n i t ial exper imentation guided the design and construct ion 

o f  the gyroscope descr i bed below . 

The a i r-d r i ven and j eweled bearing-supported brass , hardened steel , and 

nylon rotor ( E' i g .  1 )  made for our experiment weighs 4'5 1 grams . The two jeweled 

support bear ings for the rotor shaft are soft ( spring ) mounted in order to 

prov ide the necessary horizontal compl iance to accommodate the ( inev i tabl e )  

mach in ing errors , rotor geometry imperfect ions , and dens i ty inhomogenei ties . 

Our rotor was enclosed in a lucite container which was sealed using an o-r ing 

but not evacuated -- wh i l e  the weighings were being made . Our use of a 

transparent plexiglass hous ing permitted s imple " view ing" of the rotor to track 

its  speed whi l e  offering a thermal impedance to the warming o f  the container ' s  

outside surface by the warmed ( because of the s t i rr ing)  inside gas . The rotor 

was b l own up to speed - - e i ther w i th the spin po inted up or w i th spin pointed 

down -- by blowing on a nylon gear on the top of the rotor w i th compressed 

n itrogen . ( The laboratory air  supply contained far too much water . )  On 

reaching 8 , 000 rpm , the hoses were removed from the uni t  and the seal ing cover 

was placed on . A sma l l  threaded hol e  in the top perm l tted gas to escape whi l e  

putt ing the l id on . A sma l l  thumbscrew w i th an a-ring under its  head was then 

screwed i nto this hole to seal the un i t .  [ Prel iminary data taken using an 

unplugged bleeder hole showed continuous ( monoton i c )  1;e ight changes after the 

rotor had stopped , which corresponded to several-m i l l  :lg ram changes over the 

measuring t imes . Subtract ing the large d r i ft that was seen w i th an unplugged 

b leeder hole nevertheless yielded a null resul t ,  but 1;ith somewhat l a rger error 

bars than those obtained when the hole was plugged . ]  Hayasaka and Takeuchi 

emphas i zed the i r  use of a vacuum to exclude fluid effects of a i r  on the weight 

o f  the gyroscope . S ince we know of no steady-s tate effect of internal a i r  

currents on the we ight o f  a sealed system , w e  decided a s imple o-r ing seal on 

the cover o f  our gyro was sufficient . On being sealed , the un i t  was placed 
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on our s ingle-pan Mettl e r  ( H3 1 5 )  balance . The rotor ' s  speed was measured dur ing 

a weigh ing run w i th a s troboscope ( half  of the rotor was blackened w i th a mag i c  

marker ) .  The rotor decayed from 6000 rpm to a stop in just over 1 1  1 /2 minutes 

( the t ime interval between remov i ng the hoses , seal ing the un i t ,  and then 

p lac ing i t  on the balance " cost" 2000 rpm ) . 

Our balance has a weight l im i t  of 1 000 grams and a last d ig i t  sens i t i v i ty 

of 0 .  1 mg . With that in mind , we designed our total system we ight to be 

somewhat below 1 kg so as not to be at the exact l imit of the balance ' s  ( kn i fe­

edge ) capab i l i ties . Our total apparatus mass was roughly 800 g .  We affixed to 

the pan scale a thin (2  mm )  piece of dense foam rubber in order to achieve some 

degree of h igh frequency v ibrat ion i solat ion . S t i l l , near 2000 rpm the balance 

was always unreadable as the gyro went through a resonance . 

The important features of our exper iment are the recogn i t ion that an 

evacuated vessel was not needed , and the use of a system free from external 

conne c t i ons once the rotor was spun up . Hav ing the gyroscope isolated means 

that it is  ident ical for both senses of spins ( i . e . , no motor d r i ve currents are 

changing s igns , etc . ) ,  and one achieves the ful l  benefits of the balance ' s  

k n i fe-edge suspens ion . 
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F igure 2 represents the results of s i x  data runs , for both spin senses o f  

t h e  gyroscope . Two ( one in each d i rection ) of the data runs were made -- with 

the aforementioned bleeder hole plugged before the i n i t ial set of bear ings 

failed . The other four were made after we replaced the bear ings w i th new 

ones . 

I n  the exper iment reported by Hayasaka and Takeu<�hi ,  a 1 75 g rotor of 

geometry similar to that of the one used in this work appeared to exper ience 

for one d i rect ion of sp in -- a weight loss proportional to rotat ion speed 

amounting to about 1 1  mg at 1 2 , 000 rpm ( 5 . 5  mg at 6 , 000 rpm ) . This occurred 

only when rotating i n  the spin po inting down sense . No wei ght change was 

observed w i th the rotor spinning in the opposite d i reet ion . Our rotor mass 

being approximately 2 . 5  t imes greater should provide us a sens i t i vi ty 2 . 5  t imes 

greater ( a lthough s ince there is no theory for this effect ,  it is  not clear 

whether it should scale with mass , rotor moment of iner t i a ,  etc . ) .  We conclude 

that w i th i n  our expe rimental sens i t i v i ty ,  which was approximately 35 t imes 

larger than needed to see the effect reported by Hayasaka and Takeuchi ,  there 

was no weight change o f  the type they descr ibed . By continu ing the weighing 

after the rotor had stopped , an unexplained instrumental drift of a few tenths 

o f  a m i l l igram per run , uncorrelated w i th the rotation d irect ion , was 

measured . In F i g . 2 we show the actual data uncorrected for d r ift . Based on 

the scatter between runs of the same rotation sense , and making al lowances for 

the effects of instrument d r ift , we assign an error est imate of ±0 . 4  mg to each 

o f  our measurements . 

We do not know what poss ible systematic error or errors could account for 

the resul ts of Hayasaka and Takeuch i . ( I t  is always d ifficul t to comment on 

someone e lses work because whi le they report on what they think they d i d ,  this 

may not be exactly what they actually d id . )  What we can report is  that for our 

spinning rotor and to the l imit of our experimental sen s i t i v i ty , we found no 

observed weight change that depended on e i ther the angular speed or sense of 

rotat ion . 3 )  We note that Quinn and P icard , 4 l at the Bureau International des 

Poids et Measures , red id this exper iment subsequent to our wor k ,  and a l so found 

no effect . 

Salary suppor t  for this work comes from N I ST ,  NGS , AFGL , Fort Belvo i r  RD&E 
Cente r .  
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Rotating we ight minus stationary we ight vs . rpm for ( a )  spin vector 
down and ( b )  spin vector up or ientat ion s .  Diamonds represent the 
runs taken w i th the first set of bear ings , c i rcles and squares 
represent runs taken w i th the second set . The weight change expected 
from s imply scal ing the resul ts of Hayasaka and Takeuchi would be a 
l inear decrease to - 1 3 . 7  mg at 6000 rpm for the spin vector down case 
and no change for the spin vector up case . 


