ON THE MOST EFFICIENT DESIGNS IN WEIGHING

By C, RADIIAKRISIINA RAQ

Ntatiatical Laborntory, Caleuttn

Therv ury p ol
scnlod thin mny be ¢

ents cun bo mnde.  1n caso thero ja o bina in the
1) w l.(lu whivh in weed in all weichmems, The observational
erstionnare of the form ¥ = where Ye (i) #3....4,} 18 tho row mutrix of recorded w
..7,) i the ruw matrix of weights to be
elemanta of the form 0, + 1 or — 1 (0, 41, amt — | correapumd 10 tha eusms wheeo tho objret in ot unesl, or
is put in the fiext pan or sccond pan). If we rquirs that all weights ng bias, if any, should be
determinesd with equal acenracy aml that thia shoubl bo the maxiimum possible, it follaws that ihe matirx
A shoull satisfy (he equation A’A=nl if the dispersinn matrix of ¥ in of the form o>1, This cquation
is aatis€iml if tho chunmma of A nra eitlier +1 0r =1 anl any two of its powa nre orthogonnl,

s, T=(r), 7,
terminesland A jaa malrix with 1 mwa amd p colomnn withy

Weo inay take the fiest row to e (1, 1, ... 1}, If tha scvond row contuina L, elomenta with +1
ond &y with =1, then the orthagonatity comlition raluces to byalyml whenee nin of the form 26, I¢
h in orthogenal to the first two then we ean by similar aleebra show that 1 ix of the

8 thind row existaw
forn 28 and in this rasa one 1wors tow eould be contrurted by maltiplying tha correponding elenents
in the sccond aml third rows »o that tha fuwr rawa are mutually orthogonal, 1ty introducing voriables
giving tho nunber of pasitives aml negatives common ta & newly introdueed row and the other roxs anil
solving the ay=tem of eqrntiona dino to nrthoganality wo arrive at the follewing solution, I/ n=2'(2m 1),
then there ean be at the most 2* vawa reith elementa af the form +lor— L which are wutunlly osthupmal to one
anothes, When n in a full power of 2 we have n such rows, The abovo methol gives a procedure for getting
at the matrix A’inall caxes,  The nuniber of ohjoets p including bina, for the best possible romi

condideration in lewn than or equal ta 2° when the number of weighmenta n is of the form 2
hia case the weight of each ohjoct including biva is cstimable with tha variance of'n ancl the climato of
o7 ran bo hassl on (n—p} degrees of freedom obtainad from the sum of wjuares of resideals of the normal
equationa. Some devigna of apevint type have been cansidered by Hottclling (194) anil Kishen {1013),

It ia interesting tn nole that in the ca<e the tatal weight of the ahjerta ix known { & enntingeney
iny ariso when an ohject of known weight Livakr inta peices and their wicghia are to Ledetermined)
tho weighment correnponiding to the firmt row nead not he marle o others are ncorsaary for the beat
powsiblo dusign. The mﬁlhml. af deriving the normal equationa, variances and covarinnees of rxtimates In
the case of ol i Juationa with reatrictions on the p have been di ] by the author
in (Ran : 1043).

which

Another impartant cbacrvation ia that all the combinationa of weighta may not have the wme
error in weighing, This hawever requircs experinental verification.
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