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A Pienkowsky-Type Calibration Scheme for 5211Ll 
Weight Series Using Two Knife-Edge Direct-Reading 
Balances 

H. S_ Peiser 

(July 15, 1964) 

T o supplement informat ion given in an earlier paper (J. Res. NBS 66C (E ng. and 
Instr .) No.1, 33 (1962» a Pienkowsky-type series is p resented for t h e calibration of a set 
of weights having a combincd mass of 10 units a nd individual masscs of 5, 2, 1, 1, and ~1 
wher e ~1 may represent a group of wcights t he sum of whose masses is one. T he schem e 
includes the usual obser vational and comp utational checks, especially t hose against standard 
weight included in t he series. Effects of linear bala nce drift a re eliminated from the 
cali bration of t he unknown weights. 

1. Introduction 

Weigh t calibration chemes were discu,>~ ed gen­
er ally by Almer et al. I After giving examplea of 
Pienkowsky-type scheme the au thors stated that 
such weighing series can be designed by a user to 
fi t any combination of weigh ts . In practice it has 
not been adequately easy for readers to design satis­
factory Pienkowsky-type series. For tunately the 
examples given in the earlier paper directly apply to 
most weigh t se ts_ The only impor tan t excep tion 
concerns weigh t sets made by German manufactm ers 
with 5211n weigh t combination'>. A suggested 
weighing sequence for 5211~1 series is ther efore 
now published using the nomenclatm e and defini tions 
given by Almer et al. 

1 H. E. Almer, L . B. M acurdy, II. S. Peiser, and E. A. Week, Weight cal ibra­
tion schemes for two knifc-edgc direct-rcading balances, J . Res. NBS 66C, (E ng. 
and Instr. ) No.1, 33 (1962). 

2_ Weighing Scheme 

In addition to the (5), (2), (1)1, and (1 )2, and ~( 1 ) 
weigh ts, standard __ 5, and __ 2 weigh ts are in­
cluded as well as any 3 weight of good constancy_ 
This 3 weigh t is not evaluated in t he series and is 
here designated C3. The weighing sequence is given 
in table 1. ~ (10) = (5) + (2) + (1)1 + (1 )2+ ~ (1) is as­
sumed to h ave been previously evaluated ; Its COlTec­
Lion is a constraint as previously discussed . Th e 
range in S1ID1S (c + l), (d+ h), (e + i), U + j), (g + k ), 
and (l+ m) provide a precision check ; ideally all the 
S11ms should be identical. (b+ m)- (c + n) is another 
precision check ; ideally this difference should be zero_ 
The check on balance sensitivity is provided by the 
comparison of the difference (n' - n) with the fLC­
cep ted mass of the sensitivity weigh t. 

The mass corrections of t he weights to b e deter­
mined are now given by the suggested solu tions 

T ABLE 

Scale reading a f m n n' 
-----;·,--------1---------------------------------------------

Pan Load 
(indicated 
by cross) . 

(5) x x x 

03 x x x x x 

x x x x 

l
~---x __ x _--.:.._x _ x _____ x __ 

( 1)1 X X X X X x 

l: (5) _____ ___ _ -( 1), ==== x x ==== x == x x ==== x ==== 
2: (1) x x x x x x 
------------------- - --- ------------------------

Sensitivity weighL __ x 

Total nominalload _________ _ 5 
-----------1------- -------------------------------------
Linear balance drift error _________ _ 11 , 12t 
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T ABL E 2. K =CT"1:- ( lO) 

Scale reading a b c il e J g h 

- - - - ----------- -
C L _5 

1 
( = 4 

4a - 3b -c 

Cr (5) 
I 

= 4" 
( b -c 

1 Cr __ 2 =10 ( -b -2c +3il +e +J +g - h 

1 
C .. (2) =10 ( -b +c - 3il +e +f +g +3h 

Cr (I ) , 
1 

=20 ( -b +c +2d - 4e +5f -4g - 2h 

1 
C r (1 ), =20 ( -b +c + 2il - 4e -4J +6g -2h 

1 
Cr;!; (1) =2ij ( -b +c +2d +5e - 4f -4g - 2h 

Linear balance drift 
error _____ ___ ________ - , 0 , 2, 3, 4, 5, 

'l' he sum of ihc coefficients Ior a t hrough n must vanish for each line. 

gi\"en in table 2. The solutions haye com-eniently 
small coefficients yet are yery close to least squares 
solutions. 

Optimum trend elimination for lineal' balance 
drift is given for all unknown weights but not for the 
standard weights, so that the '-alues obtained for the 
standard weights are more likely to be affected by 
drift . 

The correction ,"alues for the standards are com­
pared with the accepted yalues. 

Convenient computational checks are: 

Cr (l )l- Cr(1)2= tU- g- j + k ) 

Cr~(1) - Cr( l )z=t(e-g- i + 1c ) 

Cr (2)-Cr __ 2= Hc-d+ h- l) 

Cl'(l ) +Cr~ ( l) - Cr __ 2 = Hc-g+ 1c- l) 

Cr (l )l + Cr(1)2-Cr(2) = Hd-e- h+ i ) 

The series has six degrees of freedom calcul ated as 
describ ed in the pl'cyious paper. 

6, 

Vari-
Linear ance of 

i j k 1 m n J( balance Vari- least 
drift alice squares 
erfor solu· 

tions 
-- - ---- - - -- - - - --------

- m +n +2K ) -1 , 1. 75 1. 22 

-m, +n +2K ) 0 0.25 0.22 

-; - j -k + 41 - 2m - n + 2f( ) -0.8, . 42 . 39 

-; -j -Ie +m -n +2K) 0 .28 . 28 

+4; - 5j + 4" +m - n +~ f( ) 0 .37 .37 

+4i + 4j -6k +m -n +2K ) 0 .37 . 37 

-6; +4j + 4k +111 -n +2 f( ) 0 . 37 . 37 

7, 8, g, 10, 11 , 12E 

It should b e noticed that during the series all 
weights other than the standard __ 5 and C3 are 
put on t he balance more than once which reduces the 
likelihood of false weight placings remaining unde­
tected. Consistent with that requirement the 
series is designed to reduce interchanges of weights 
for successive obseryations. 

Although the responsibility for this weighing 
scheme r ests solely with the author, he is deeply 
conscious of haying drawn freely on the superior 
knowledge and experien ce of other past and present 
members of the National Bureau of Standards: 
especially A. T. Pienkowsky, L . B. Macurdy, J. M . 
Cameron, and Mrs. M. E. Jones. 

(P aper 68C4- 173) 
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