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A B S T R A C T 

Particle size distributions o f Broken or Small leaf grades have been successfully 
analysed by sieve analysis techniques and it has been shown that these 
distributions are polydispersed mixtures o f particle sizes that are lognormally 
distributed and based on a mathematical model , the two parameters which ful ly 
describe these distributions viz. the mean values and their standard deviations 
together with their confidence limits have been ascertained for B O P and B O P F 
(De Silva, 1972) . Although earlier it was thought, that the methods o f sieve 
analysis were inapplicable to characterize the particle size distribution o f long 
leaf grades because o f the large differences in the maximum and minimum 
dimensions o f the particles constituting long leaf grades, it is now established 
that the particle size distributions o f long leaf grades too are polydisperse mixtures 
o f particle sizes that are lognormally distributed provided sizes o f long leaf • 
particles are taken to mean the second largest o f the dimensions o f such particles. 
Applying the mathematical model proposed by De Silva ( D e Silva, 1972) the 
relationships between the probits o f cumulative undersize and the corresponding 
fineness moduli o f the particle sizes have been established for true to type grades 
corresponding to OPA, OP, O P 1, B O P 1, Pekoe, Pekoe 1, FBOP, F B O P 1 , FBOPF, 
F B O P F 1 . From these relationships the mean values and the standard deviations, 
which ful ly describe the particle size distributions o f these grades, either within 
long leaf type or pekoe type or hybrid type are presented. However, further 
research is needed to establish the confidence limits o f these parameters. 

K e y words: particle size analysis, long leaf grades 

B R I E F R E V I E W O F R E S E A R C H O N P A R T I C L E S I Z E A N A L Y S I S 

Earl iest at tempts to speci fy standards fo r graded teas w e r e o n l y successful in repor t ing 
results obta ined b y f rac t ionat ing grades into three broad n o m i n a l part ic le size ranges in 
one series o f exper iments ( E v a n s , 1 9 3 1 ; 1 9 3 2 ) and into e ight n o m i n a l part ic le size ranges 
in another series o f exper iments ( L a m b , 1 9 3 7 a ; 1 9 3 7 b ; 1 9 3 9 ; 1 9 4 0 ) . Subsequent ly it has 
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been establ ished that H i g h G r o w n B O P and B O P F grades are polydisperse mix tures o f 
sizes d istr ibuted l o g n o r m a l l y ( D e S i l v a , 1 9 7 2 ) and that these d ist r ibut ions cou ld be 
c o m p l e t e l y character ized b y the means and the standard dev ia t ions o f the part ic le size 
d istr ibut ions measured on a logar i thmic scale or a "F ineness M o d u l u s " scale w h i c h is a 
m o r e conven ien t scale and bears a k n o w n relat ionship to a logar i thmic scale. 

B a s e d on this w o r k , the T e c h n i c a l C o m m i t t e e on T e a o f the In ternat iona l Organ iza t ion 
o f S tandard iza t ion ( I S O / T C 3 4 / S C 8 ) , in 1 9 9 4 proposed a m e t h o d o f c lassi f icat ion o f t ea 
grades based o n col lect ions o f data on grades produced in var ious countr ies. I n this 
m e t h o d , t i t led " I S O 1 1 2 8 6 - T e a - C lass i f ica t ion o f grades b y par t ic le size ana lys is" -
a c c o r d i n g to w h i c h , a par t icu lar t ea grade is def ined m a i n l y based o n the part ic le size 
d is t r ibu t ion , us ing meshes h a v i n g aper ture sizes b e t w e e n 0 . 1 2 5 m m and 2 . 0 m m . 

A Mathematical Model 

T h e a v e r a g e p a r t i c l e s i ze o f a p o l y d i s p e r s e m i x t u r e c o u l d b e c o m p u t e d f r o m t h e 
d is t r ibut ion o f part ic le sizes. E v e n though sieve analysis techniques had been used to 
generate the d is t r ibut ion o f par t ic le sizes o f H i g h G r o w n B O P a n d B O P F , it has been 
stated that this technique m a y be unsat isfactory fo r character iza t ion o f grades such as 
O r a n g e P e k o e and some o f the o ther L o w - C o u n t r y grades, w h e r e large di f ferences are 
observed b e t w e e n the m a x i m u m and m i n i m u m dimensions o f par t ic les ( D e S i l va , 1 9 7 2 ) . 
T h i s concept needs rev iew. 

I n the mathemat ica l m o d e l proposed b y D e S i l v a ( D e S i l v a , 1 9 7 2 ) to a c c o m m o d a t e the 
results o f sieve analysis o f B r o k e n grades the average size o f part icles t ransmit ted through 
a B . S . s ieve and reta ined on another B .S . s ieve one step smal le r h a v i n g a n o m i n a l N o . N 
has been de f ined as the a r i thmet ic average o f the aperture sizes o f the t w o sieves de f ined 
b y 

D N = ' / 2 [ d N + < V 2 . d N ] 

i.e. D N = > / 2 d N [ l + < V 2 ] - ( 1 ) 

T h e average size, de f ined b y equa t ion ( 1 ) refers to the average equ iva len t d iameters o f 
the tea part icles considered as spheres, w h i c h is m o r e or less t rue f o r t rue to type grades 
such as P e k o e , P e k o e 1 , B O P , B O P F , D l , etc. I n the case o f grades such as O P A , O P , 
O P 1 , B O P 1 , etc it is qui te inappropr iate to convert their average part ic le sizes to diameters 
o f equ iva lent spheres. T h e part ic les o f these grades in no w a y resemble spheres. T h e y 
are h i g h l y eccentr ic and e l l ip t ic in shape. T h e r e f o r e it is necessary to f i n d a m e a n i n g to , 
the sizes o f the part ic les cor respond ing to grades such as O P A re ta ined on sieves dur ing 
sieve analysis . 
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W h e t h e r an i r regular ly shaped par t ic le w i l l pass through a g i v e n sieve or w i l l be reta ined 
depends usual ly on the second largest l inear d imens ion o f the part ic le . T h i s is true not 
o n l y for more or less spher ica l part ic les associated w i t h tea grades such as Pekoe , B O P , 
B O P F , etc. but also f o r l o n g l e a f part ic les h a v i n g c i rcu la r o r e l l ip t ic cross sections 
associated w i t h tea grades such as O P A . O P , O P 1 , B O P 1 etc. A c c o r d i n g l y , once the 
average part ic le size g i v e n b y equat ion ( 1 ) is t aken to m e a n or speci fy the average o f the 
second largest l inear d i m e n s i o n o f i r regular ly shaped t ea part ic les, the mathemat ica l 
m o d e l proposed b y D e S i l v a w i l l a c c o m m o d a t e the results o f s ieve analysis o f not o n l y 
B r o k e n grades o f tea but also o f long l e a f grades o f tea . 

U s i n g Br i t i sh standard set o f sieves ( B S 4 1 0 , 1 9 6 0 ) w h e r e the aperture size o f one sieve 
is "V2 t imes as large as the next smallest sieve, D e Si lva 's ( 1 9 7 2 ) m o d e l gives teh f o l l o w i n g 
equat ion 

d N + z = d N ( 4 V 2 ) z - ( 2 ) 

w h e r e 

d N = aperture size o f re ference mesh h a v i n g a n o m i n a l mesh n u m b e r N 

d N + z = aperture o f m e s h Z steps larger than the aperture size o f mesh h a v i n g a 
n o m i n a l n u m b e r N . 

I t f o l l o w s f r o m equat ion l a n d 2 that 

D N + Z = V 2 d N C V 2 ) z [ l + < V 2 ] - ( 3 ) 

W h e r e D N + z = average size o f part icles re ta ined o n a B . S . s ieve Z steps larger 
t h a n a reference mesh h a v i n g a n o m i n a l N o . N 

F o l l o w i n g the c lassi f icat ion system devised b y D . A . A b r a m s (Henderson and Perry, 1 9 5 5 ) 
w h i c h has been used b y the A m e r i c a n Socie ty o f A g r i c u l t u r a l Engineers fo r de te rmin ing 
the p e r f o r m a n c e o f f e e d g r i n d e r s , D e S i l v a ( D e S i l v a , 1 9 7 2 ) i n i n t r o d u c i n g h is 
mathemat ica l m o d e l has d e f i n e d Z in equat ion ( 3 ) as the "F ineness m o d u l u s " o f tea 
part icles reta ined o n a B . S . s ieve Z steps larger than a re ference sieve h a v i n g a n o m i n a l 
n u m b e r N d u r i n g sieve analysis us ing a comple te set o f B . S . sieves. 

I f the B .S . test s ieve cor responding to n o m i n a l N o . 6 0 and h a v i n g a n aperture size o f 
2 5 0 microns is taken as the re ference s ieve, then f r o m equat ion ( 3 ) it f o l l o w s that Z is 
zero fo r the re ference s ieve a n d that 
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D 6 0 = ' / 2 d 6 0 [ l + < V 2 ] 

= 1 2 5 [ 1 + 4 V 2 ] - ( 4 ) 

I f the f ineness m o d u l u s o f part ic les re ta ined on a sieve Z steps larger than the re ference 
s ieve is taken as + z then 

Ffio = 0 - ( 5 ) 

F « , + z - Z " ( 6 ) 

then equat ion ( 3 ) c o m b i n e d w i t h equat ion ( 4 ) cou ld be r e - w r i t t e n as f o l l o w s : -

D f f l + Z = 1 2 5 [ 1 + 4 V 2 ] [ 4 V 2 ] Z 

= 125 [ 1 + 4 V 2 ] [ 4 V 2 ] F 6 0 + Z - ( 7 ) 

E q u a t i o n ( 7 ) g ives the re la t ionship b e t w e e n average par t ic le size reta ined o n a mesh Z 
steps h igher than the reference mesh N o . 6 0 and Fineness M o d u l u s o f such part ic les 
d u r i n g s iev ing operat ions us ing a c o m p l e t e set o f B .S . Test S ieves . T h i s equat ion c o u l d 
be t ransformed into f o r m in equat ion ( 8 ) . 

log D tt+2 = (•/. l og 2 ) F tt+z + log 125 [ 1 + 4V2] - ( 8 ) 

E q u a t i o n ( 8 ) establishes a l inear re lat ionship b e t w e e n average part ic les sizes reta ined on 
B . S . sieves measured o n a l o g a r i t h m i c scale a n d Fineness M o d u l i measured o n an 
ar i thmet ic scale. 

D u r i n g p re l im inary at tempts to classify long - lea f and semi - leafy grades b y Sieve Ana lys is 
it w a s f o u n d , that under m o d i f i e d condi t ions o f opera t ing the sieve shaker, that the sizes 
o f part icles as redef ined in this paper and reta ined on d i f fe rent meshes o f a c o m p l e t e set 
o f B . S . Test S ieves w e r e l o g n o r m a l l y d is t r ibuted , the reby j u s t i f y i n g the use o f the 
mathemat ica l m o d e l proposed b y D e S i l va ( D e S i lva , 1 9 7 2 ) , even f o r the character izat ion 
o f long l e a f grades. I f the par t ic le sizes are t ransformed to a Fineness M o d u l u s scale t h e n 
the par t ic le sizes measured o n this scale w i l l be n o r m a l l y d is t r ibuted. A c c o r d i n g l y Z , 
the m e a n o f this d is t r ibut ion and s, the standard dev ia t ion o f the d is t r ibut ion , c o m p l e t e l y 
de f ine the part ic le size d is t r ibut ion o f the tea grade in quest ion. T h e equat ion descr ib ing 
this d is t r ibut ion w i l l be 

_ ( Z - Z ) 2 

0 ( Z ) = - L = - " 2 S ' — (9) 
s V 2 n 
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T h e t w o parameters w h i c h d e f i n e the above norma l d is t r ibut ion v i z . Z and s could be 
es t imated g r a p h i c a l l y b y p l o t t i n g va lues o f c u m u l a t i v e per cent unders ize and the 
corresponding f ineness m o d u l u s va lues , on probab i l i t y paper h a v i n g probabi l i ty c o ­
ordinates fo r one axis and l inear co-ordinates for the other ax is or mathemat ica l l y using 
probi t t ransformat ions f o l l o w e d b y regression analysis, as descr ibed be low. 

F o r the n o r m a l d ist r ibut ion g i v e n b y equat ion ( 9 ) the expected percent b y w e i g h t retained 

o n a sieve z steps h igher than mesh N o . 6 0 is 

Z + 1 v , 

6 0 + Z = 
V2I7. 

2s z 
. d z (10) 

A n d the re lat ionship b e t w e e n prob i t o f cumula t i ve per cent o f sizes less than a size 
corresponding to a F ineness m o d u l u s Z ( F i n n e y , 1 9 4 7 ) is g i v e n b y 

Y = 5 + ( Z - Z ) - ( 1 1 ) 
s 

E q u a t i o n ( 1 1 ) indicates a l inear re la t ionship be tween the probi t o f propor t ion undersize 
( i . e Y z ) w i t h respect to Fineness M o d u l u s ( i . e . Z ) . A c c o r d i n g l y the parameters Z and s 
could be est imated us ing l inear regression analysis. T h e s e est imates cou ld be fur ther 
re f ined b y adopt ion o f m a x i m u m l i ke l ihood solut ions ( F i n n e y , 1 9 4 7 ) . 

MATERIALS & METHODS 

A n E n d e c o t t S i e v e S h a k e r a n d a c o m p l e t e set o f 17 B . S . T e s t s ieves ( B S 4 1 0 ) 
supplemented w i t h a fur ther 3 sieves h a v i n g apertures larger than N o . 4 B .S . Test S ieve 
corresponding to aperture sizes o f 4 (*V2), 4( 4V2) 2, and 4 ( 4V2) 3 m m w e r e used in sieve 
analysis. T h e d iamete r o f each test s ieve w a s 8" ( 2 0 . 3 c m ) and the speci f icat ions o f the 
sieves are g i v e n in A p p e n d i x 2 . 

T h e shak ing m a c h i n e w a s capable o f a c c o m m o d a t i n g ten test sieves. T h e s e w e r e nested 
one above the other, so ar ranged that any one sieve had screen openings larger than the 
ones be low . A sol id pan ( r e c e i v e r ) w a s p laced under the b o t t o m s ieve. A l id w a s placed 
on the top most s ieve and the w h o l e assembly w a s f i x e d t igh t ly to the v ib ra tory p la t fo rm 
o f the sieve shak ing m a c h i n e . 
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T h e s ieve shak ing mach ine w a s capable o f v i b r a t i n g the test seives e lectro- m a g n e t i c a l l y 
at 5 0 H z and the i r m o v e m e n t c o m b i n e d ver t ica l m o t i o n w i t h a rotat ional ac t ion . T h i s 
gave thorough strat i f icat ion and caused the presentat ion o f the part icles at a l l angles to 
the s ieve apertures. T h e shak ing m a c h i n e had a bu i l t - in contro l w i t h a scale r e a d i n g 
f r o m 0 to 10 to v a r y the intensi ty o f v i b r a t i o n , and a 0 - t o - 6 0 - m i n . t i m e s w i t c h . A stop 
c l o c k , h o w e v e r , w a s used instead o f the b u i l t in t imer , to de termine intervals o f shak ing . 

H a v i n g d e c i d e d to use lOOg samples f o r s ieve analys is , p r e l i m i n a r y e x p e r i m e n t s w e r e 
d i rec ted to d e t e r m i n e ( a ) suitable per iod o f shak ing and ( b ) suitable intensi ty o f v i b r a t i o n 
a n d ( c ) apr t ic le degradat ion . I t w a s possible to obta in m o r e or less reproduc ib le results 
w i t h 1 0 0 g rep l ica te samples h a v i n g a c o m m o n or ig in b y adopt ing a per iod o f 10 minu tes 
f o r s ieve shak ing at the m a x i m u m intensi ty o f v ib ra t ion (corresponding to a scale r e a d i n g 
o f t e n o f the m a c h i n e ) . T h i s standardized m e t h o d o f f rac t ionat ing w a s adopted in a l l the 
e x p e r i m e n t s repor ted , here. 

T rue - to - type samples o f the Grades investigated w e r e prepared f r o m Grades c o m m e r c i a l l y 
p roduced at St Joach im T e a F a c t o r y located in the Ratnapura D is t r ic t , S r i L a n k a as 
depic ted in the f l o w charts g i v e n in A p p e n d i x 3 . 

D u p l i c a t e samples o f each o f the t rue - to - type grades extracted in the m a n n e r descr ibed 
( A p p e n d i x 3 ) w e r e f ract ionated in accordance w i t h the standardized procedure into size 
ranges repor ted under results. 

Results 

The results of sieve analysis of true to type grades giving the percentage weights 
retained on B.S. Test Sieves are presented in Appendix 4. Cumulative percent 
undersize corresponding to percent weight retained on B.S. Test Sieves, derived 
from data presented in Appendix 4 are presented in Appendix 5. 

Prov is iona l regression equat ions w e r e f i rst c o m p u t e d w i t h o u t a t taching a n y w e i g h t s to 
the probi ts o f percentage undersize fo r each o f the grades invest igated. T h e s e equat ions 
w e r e s u b s e q u e n t l y used to o b t a i n m a x i m u m l i k e l i h o o d so lu t ions . T h e m e t h o d o f 
c o m p u t a t i o n is i l lustrated in A p p e n d i x 6 . 

C o r r e l a t i o n co-ef f ic ients cor responding to the prov is ional regression equat ions w e r e 
h i g h l y s ign i f icant ( P < 0 . 0 0 1 ) fo r a l l the grades invest igated be ing greater t h a n 0 . 9 . T h e 
m a x i m u m l i k e l i h o o d solut ions w e r e u t i l i zed to obta in estimates o f the parameters , w h i c h 
c o m p l e t e l y descr ibe the part ic le size d is t r ibut ion , v i z . Z , the m e a n Fineness M o d u l u s o f 
the grades and s, the standard dev ia t ion o f the distr ibut ions o f part ic le size as measured 
o n a Fineness modu lus scale. 
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T h e m a x i m u m l i k e l i h o o d so lut ions ob ta ined together w i t h the cor respond ing m e a n 

Fineness M o d u l i and their standard dev ia t ions , are g iven in T a b l e 1 . 

T a b l e 1 . M a x i m u m L i k e l i h o o d Solut ions descr ib ing the Par t ic le S i ze distr ibut ion o f 
Grades together w i t h M e a n Fineness M o d u l i o f the distr ibut ions and their Stan­
dard deviat ions 

Fami ly G r a d e M a x i m u m Likelihood 2 s 
Solutions 

Long Lea f O P A Y z = 0 . 6 1 7 z - 4 . 7 4 3 1 5 . 8 1.6 
O P Y z = 0 . 7 8 0 z - 5 . 6 5 3 1 3 . 6 1.3 
O P 1 Y z = 0 . 7 2 4 z - 3 . 2 5 8 11 .4 1.4 
B O P 1 Y z = 0 . 7 6 2 z - 2 . 8 1 9 1 0 . 3 1.3 

P e k o e P E K O E Y z = 0 . 8 2 8 z - 6 . 6 2 8 1 4 . 0 1.2 
P E K O E 1 Y z = 0 . 8 7 3 z - 6 . 1 5 5 1 2 . 8 1.1 

Hybrid FBOP Y z = 0.658 z- 1.980 7 0 . 6 1.5 
F B O P 1 Y z = 0 . 7 2 3 z - 2 . 1 8 1 9 . 9 1.4 
F B O P F 1 Y z = 0 . 7 1 2 z - 1 . 8 2 6 9 . 6 1.4 
F B O P F Y z = 0 . 6 6 5 z - 0 . 1 8 8 7 .8 1.5 

DISCUSSION 

F o r the purpose o f discussing the results presented in Tab le 1 , w e h a v e c lassi f ied tea 
grades produced in Sr i L a n k a into three broad categories w h o s e b r i e f descr ipt ions are 
as f o l l o w s : 

(a) Long Leaf Family: 
I n the grades be long ing to this f a m i l y , there are ve ry large d i f fe rences in the m i n i m u m 
a n d m a x i m u m dimensions easi ly d iscerned v isua l ly and the part icles are e l l ip t ic in shape. 
T h e re levant grades are O P A , O P , O P 1 and B O P 1 . 

(b) Pekoe Family: 
I n the grades be long ing to this f a m i l y , the three d imensions taken in d i rect ions m u t u a l l y 
at r ight angles are more or less the same, fo r the s imple reason that the actua l d i f ferences 
cannot be discerned v isual ly . Grades be long ing to this f a m i l y consists o f P e k o e , Pekoe 
1 , B O P , B O P F , F B O P F 1 ( n o n t i p p y ) etc. 
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(c) Hybrid Family: 
I n the grades f a l l i n g into this category o f hybr ids l y i n g b e t w e e n long l e a f type and P e k o e 

t y p e , w h i l s t some o f the part icles are e l l ip t ic in shape, and some others are near spherical 

in shape. F o r e x a m p l e in the grade F B O P F 1 ( t i p p y t y p e ) the t i p p y part ic les are e l l ip t ic 

in shape a n d non t i p p y part ic les are near spherical in shape. 

E v e n t h o u g h the broad c lassi f icat ion o f grades is a n e w concept it needs to be accepted 
in o rder fo r research to proceed on the correct l ines, to enable the research w o r k e r s to 
establ ish standards fo r tea grades in accordance w i t h trade requi rements and to ach ieve 
th is , w e sol ic i t the co-opera t ion o f the t rade in our future research plans. 

Resul ts establ ish the fact that sieve analysis provides a re l iable m e t h o d o f character iz ing 
grades b e l o n g i n g to the long l e a f f a m i l y consist ing o f O P A , O P , O P 1, B O P 1 as w e l l as 
grades b e l o n g i n g to the P e k o e f a m i l y v i z . Pekoe and Pekoe 1 etc. b y the par t ic le size 
d is t r ibut ion . T h e va lues o f Z , the m e a n Fineness M o d u l i o f the grades a n d s, the standard 
d e v i a t i o n o f the distr ibut ions g i v e n in Tab le 1, c o m p l e t e l y character ize the grades that 
h a v e been invest igated under three categor ies, n a m e l y long l e a f t y p e , P e k o e type and 
h y b r i d t ype . T h e va lues o f Z are the m e a n sizes o f the grades as measured on a f ineness 
m o d u l u s scale and these va lues are in accordance w i t h the sizes o f measures used fo r 
ex t rac t ion o f these grades as descr ibed b e l o w : 

C o m m e r c i a l l y , the grades b e l o n g i n g to the long l e a f f a m i l y are f i rst separated f r o m the 
grades b e l o n g i n g to the P e k o e f a m i l y and other h y b r i d grade b y the use o f the M y d d l e t o n 
sifter. Thereaf ter , these grades are f ract ionated into O P A , O P , O P 1 , B O P 1 us ing M i c h i e 
sifters as dep ic ted in the f l o w chart be low , w h i c h also includes expected means o f the 
par t ic le sizes o f these grades, as measured on a f ineness modu lus scale. 
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D h o o l s / B ig Bu lk L O N G L E A F F A M I L Y 

MIDDLETON 

S S F 

M S F V 

MICHIE Expected va lues of i-

4 
| • C u t / N i p 

14 • 16 
6 O P A 14 • 16 

O P 12 - 14 8 
O P 12 - 14 

1 0 O P 1 11 - 12 

BOP 1 
10 - 11 

C o m p a r i s o n o f the observed m e a n va lues o f Z g i v e n in Tab le 1 , w i t h the expec ted values 

s h o w n in the above f l o w chart indicates that the observed values are in accordance w i t h 

the meshes used for the ext ract ion o f the re levant grades. 

G r a d e s b e l o n g i n g to the P e k o e f a m i l y a n d other h y b r i d f a m i l y e x t r a c t e d f r o m the 

M y d d l e t o n sifter as the undersize f ract ions corresponding to mesh sizes o f S and 8 m m 

are fur ther f ract ionated into P e k o e , P e k o e 1 etc. as depicted in the f l o w charts be low. 

D h o o l s / B i g B u l k P E K O E F A M I L Y 

MIDDLETON 

S S F 

L S F 

CHOTA M S F 

- * F B O P / F 

10 -*• FBOP 

E x p e c t e d v a l u e s o f 2 

I 
MICHIE 

-Cut/Nip 

- + O P A -

MICHE 
- F B O P / P . . E x p e c t e d v a l u e s o f 2 

12-14 ! PEKOE 1 * 14 -J6 j PEKOE 
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Dhoo ls /B ig Bulk HYBRID FAMILY 

MDDLETON 

LSF 

M S F , 

S S F 

CHOTA 

10 

12 

16 

24 

T 
DUST 

Expected values of i ] 
- + F B O P / r 

FBCP 

-*• FBCPF1 

FBOPF 

• > FBOPF 

10 • 11 

9 - 10 

7 - 9 

M I C H E 8 

F B O P 1 * 

' From V & 2 " " dhools 

T h e present w o r k establishes the fact that w i t h the adopt ion o f large size meshes it is 
possible to character ize l o n g l e a f types as w e l l as pekoe types and h y b r i d t y p e . H o w e v e r , 
fu r ther research is needed to establ ish the conf idence l imi ts o f these parameters , w h i c h 
character ize the par t ic le size d istr ibut ions. 

F u r t h e r m o r e , based on the f ind ings f r o m this study, it w a s also conc luded that m e t h o d 
p roposed b y t h e T e c h n i c a l C o m m i t t e e o n T e a o f the I n t e r n a t i o n a l O r g a n i z a t i o n o f 
S tandard iza t ion ( I S O / T C 3 4 / S C 8 ) is not appl icab le to long lea fy grades o f tea . T h i s is 
because meshes w i t h larger per fora t ions , up to 6 .70 m m , have to be used fo r separat ion, 
as the par t ic le sizes and shapes are too eccentr ic , c o m p a r e d to m o r e o r less spherical 
shape o f b r o k e n grades. 
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Appendix 1 

Nomenclature 

( A c o m p l e t e set o f Br i t ish Standard test sieves is i m p l i e d w h e r e app l icab le ) 

a = V2 d N [ 1 + 4 " 2 ] the average s ize o f part ic les reta ined o n a mesh h a v i n g a 
n o m i n a l N o . N ( m i c r o n s ) 

b = 4 " 2 (d imensionless constant ) 

D = G e o m e t r i c average size o f part ic les o f a polydisperse m i x t u r e ( m i c r o n s ) 

D N = , A v e r a g e size o f part ic les re ta ined o n a sieve z steps larger than N 
( m i c r o n s ) 

D N + z = A v e r a g e size o f part icles re ta ined o n a s ieve z steps larger than N ( m i c r o n s ) 

= A v e r a g e aperture size o f s ieve h a v i n g a n o m i n a l N o . N ( M i c r o n s ) 

F N = F ineness M o d u l u s o f par t ic les re ta ined on a sieve h a v i n g a n o m i n a l 
N o . N (d imens ion less) de f ined b y F ^ = 0 

F 6 0 + Z = * 

F N + Z = Fineness M o d u l u s o f part ic les reta ined on a sieve z steps larger than a 
S ieve h a v i n g a n o m i n a l N o . N , F M b e i n g taken as zero 

g = A b b r e v i a t i o n fo r g rams 

N = N o m i n a l M e s h N o . (d imens ion less ) 

Y z = Prob i t o f c u m u l a t i v e percent o f sizes less than a size corresponding to a 
F ineness M o d u l u s z (d imens ion less ) 

y ^ = Per cent b y w e i g h t o f part ic les re ta ined on M e s h N o . 6 0 (d imens ion less) 

y ^ = Percent b y w e i g h t o f part ic les re ta ined on a mesh z steps larger t h a n m e s h 

N o . 6 0 (d imens ion less) 

z = Fineness M o d u l u s o f part ic les reta ined on a sieve z steps larger than a 
s ieve h a v i n g a n o m i n a l N o . 6 0 (d imens ion less ) 

z = M e a n Fineness M o d u l u s o f a poly -d isperse m i x t u r e o f part ic les 
(d imens ion less) 

s = Standard dev ia t ion o f n o r m a l l y d is t r ibuted part ic les sizes o f t ea grades 
as measured on a Fineness M o d u l u s scale. 

I n a d d i t i o n to these, other standard m a t h e m a t i c a l symbols have been adopted . 
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A p p e n d i x 2 

N o m i n a l m e s h 
N o . 

Aper tu re width 
(microns) 

M e a n s i z e of 
part icles re ta ined 

(microns) 

F ineness 
modulus of 

particles re ta ined 

3 6 7 0 0 - -

3 - 5 6 0 0 6 1 5 0 18 

4 + 4 7 0 0 5 1 5 0 17 

4 4 0 0 0 4 3 5 0 16 

5 3 3 5 0 3 6 7 5 15 

6 2 8 0 0 3 0 7 5 14 

7 2 4 0 0 2 6 0 0 13 

8 2 0 0 0 2 2 0 0 12 

1 0 1 6 8 0 1 8 4 0 11 

12 1 4 0 0 1 5 4 0 1 0 

14 1 2 0 0 1 3 0 0 9 

1 6 1 0 0 0 1 1 0 0 8 

1 8 8 5 0 9 2 5 7 

2 2 7 1 0 7 8 0 6 

2 5 6 0 0 6 5 5 5 

3 0 5 0 0 5 5 0 4 

3 6 4 2 0 4 6 0 3 

4 4 3 5 5 3 8 8 2 

5 2 3 0 0 3 2 8 1 

6 0 2 5 0 2 7 5 0 
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Specification of test sieves 
A comple te set o f sieves c o n f o r m i n g to B S 4 1 0 ( 1 9 6 9 ) hav ing a rat ion be tween successive 
sieves equa l to 4 " 2 or 1 .19, w a s used. 



Appendix 3: 
Flow chart describing the method of preparing true to type grades 

Family: Long leaf 
1. Grade: OPA 

OPA 
( R e a d y for d ispatch) 

1 
••••••••• Michie 4 

SSF i 
* L S F 

M S F 
Myddleton 

L S F 

True to type OPA 

OPA 4. Grade: BOP1 
(Ready for dispatch) 

i 
Michie 4 

S S F M S F 
Myddleton 

L S F 

True to type OPA 

FAMILY: PEKOE 
1. Grate: Pekoe 

PEKOE 
(Ready for dispatch) 

2. Grade: OP 

OP 
( R e a d y for d ispatch) 

I 
••••••••• Michie 6 

SSF M S F 
Myddleton 

L S F 

True to type OP 

BOP1 
(Ready for dispatch) 

I 
Michie 10 

S S F M S F 
Myddleton 

L S F 

True to type BOP1 

2. Grade: Pekoe 1 

PEKOE 1 
(Ready for dispatch) 

S S F 
M y d d l e t o n 

M S F 
M y d d l e t o n 

S S F 

L S F 

True to type PEKOE 

True to type 
PEKOE 1 

Hand Sieve 
L S F 
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Appendix 3 Contd. 
Hybrid Family 

1. Grade: F BOP 1 

BOP1 
(Ready for dispatch) 

I 
• •• • MichielO 

S S F M S F 

L S F 

True to type BOP1 

2. Grade: FBOP 

FBOP 
(Ready for dispatch) 

Hand Sieve 8 

Myddleton Hand Sieve 10 T r u e to type 
F B O P 

3.Grade:FBOPFl 

F B O P F 1 
(Ready for dispatch) 

Hand Sieve 10 ^ 

Hand Sieve 12 True to type 
F BOPF1 

4.Grade: FBOPF 
FBOPF 

(Ready for dispatch) 

Hand Sieve 12 ^ 

Hand Sieve 24 
T r u e to type 
F B O P F 

Key to abbreviations: 

S S F - S m a l l s ize f r a c t i o n - undersize f ract ions c o m i n g th rough a 5 m m mesh in a 
M y d d l e t o n si f ter 

M S F - M e d i u m size f ract ion - f ract ion over S m m and through 8 m m mesh in a M y d d l e t o n 
sifter 

L S F - L a r g e size f rac t ion - f rac t ion over 8 m m mesh in a M y d d l e t o n sifter 
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A p p e n d i x 4 

O N 

R e s u l t s o f s i e v e a n a l y s i s o f t r u e t o t y p e g r a d e s 

S I E V E N 3 3 ~ 4 + 4 5 6 7 8 1 0 1 2 1 4 1 6 1 8 2 2 2 5 3 0 3 6 4 4 5 2 6 0 . B P 

S P E C I F I ­ d N 
6 7 0 0 5 6 0 0 4 7 6 0 4 0 0 0 3 3 5 0 2 8 0 0 2 4 0 0 2 0 0 0 1 6 8 0 1 4 0 0 1 2 0 0 1 0 0 0 8 5 0 7 1 0 6 0 0 5 0 0 4 2 0 3 5 5 3 0 0 . 2 5 0 0 

C A T I O N S 
° n 

6 1 5 0 5 1 8 0 4 3 8 0 3 6 7 5 3 0 7 5 2 6 0 0 2 2 0 0 1 8 4 0 1 5 4 0 1 3 0 0 1 1 0 0 9 2 5 7 8 0 6 5 5 5 5 0 4 6 0 3 8 7 . 5 3 2 7 . 5 2 7 5 _ 

F n _ 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 . 1 0 9 8 7 6 5 4 3 2 1 0 -
G R A D E *EF W e i g h t s ( % ) r e t a i n e d o n B . S . s i e v e s 

O P A R 1 0 . 6 1 3 . 4 9 1 4 . 9 6 2 4 . 4 5 3 4 . 6 2 1 3 . 1 5 4 . 2 9 2 . 3 3 1 . 0 6 0 . 8 4 0 . 2 0 

R 2 0 . 8 1 4 . 0 9 1 7 . 1 6 2 6 . 4 2 2 9 . 3 2 1 3 . 3 2 4 . 0 3 2 . 3 3 1 . 3 0 0 . 9 4 • 0 . 2 7 

O P R 1 0 . 0 0 0 . 0 2 0 . 2 0 0 . 4 6 7 . 9 2 4 1 . 9 0 2 4 . 9 2 1 3 . 6 8 6 . 8 5 2 . 7 0 1 . 3 6 

R 2 0 . 0 6 0 . 0 4 0 . 3 6 0 . 4 3 6 . 2 5 4 5 . 6 1 2 2 . 7 5 1 4 . 2 1 6 . 1 5 2 . 6 0 1 . 5 5 

O P 1 R 1 0 . 3 5 1 . 3 2 7 . 6 6 2 9 . 1 1 3 0 . 9 1 1 8 . 0 5 6 . 9 4 4 . 8 4 0 . 6 7 0 . 1 2 0 . 0 2 

R 2 0 . 3 1 0 . 8 4 7 . 1 0 2 7 . 3 9 3 1 . 3 1 1 8 . 1 3 8 . 1 0 5 . 8 0 0 . 7 7 0 . 1 8 0 . 0 6 

B 0 P 1 R 1 0 . 0 1 0 . 0 6 0 . 1 6 0 . 3 3 1 . 6 8 3 9 . 4 2 2 1 . 8 3 1 6 . 1 3 1 5 . 8 8 3 . 2 4 1 . 2 6 

R 2 0 . 0 1 0 . 0 4 0 . 1 7 0 . 4 5 2 . 3 3 3 4 . 3 7 2 6 . 0 9 1 6 . 6 1 1 4 . 8 0 3 . 5 3 1 . 6 1 

F B O P 1 R 1 0 . 0 4 0 . 0 0 0 . 0 9 0 . 2 2 1 . 7 9 2 4 . 3 4 3 0 . 9 1 1 5 . 3 6 1 7 . 9 8 5 . 7 7 3 . 5 0 

R 2 0 . 0 1 0 . 0 2 0 . 1 0 0 . 2 3 1 . 5 7 2 2 . 4 4 3 3 . 9 9 1 5 . 0 6 1 7 . 5 3 5 . 8 6 3 . 1 8 

F B O P R 1 0 . 0 0 0 . 0 7 1 . 0 7 6 . 9 1 2 9 . 7 4 3 2 . 9 4 1 0 . 4 4 1 3 . 1 5 3 . 7 3 1 . 3 5 0 . 6 0 

R 2 0 . 0 2 0 . 2 7 4 . 7 2 1 9 . 2 6 3 0 . 4 7 2 0 . 1 6 1 0 . 9 7 1 0 . 1 0 2 . 7 8 0 . 8 6 0 . 3 9 

P E K O E R 1 0 . 0 0 0 . 0 1 0 . 5 5 3 . 9 1 1 6 . 9 1 3 6 . 8 1 2 8 . 2 3 1 0 . 1 3 2 . 3 8 0 . 6 5 0 . 4 1 

R 2 0 . 0 0 0 . 0 1 0 . 0 5 3 . 4 3 1 3 . 7 3 3 5 . 2 0 2 8 . 4 4 1 3 . 3 4 4 . 2 7 0 . 9 9 0 . 5 4 

P E K O E 1 R 1 0 . 0 0 0 . 0 1 0 . 0 1 0 . 0 8 1 . 4 4 1 1 . 0 1 2 9 . 6 2 4 2 . 6 5 1 2 . 3 2 1 . 7 8 1 . 0 7 

R 2 0 . 0 0 0 . 0 1 0 . 0 6 0 . 0 5 1 . 9 9 1 2 . 8 6 2 6 . 3 3 3 3 . 9 7 1 5 . 8 1 4 . 6 0 4 . 3 2 

F B O P F R 1 0 . 0 0 0 . 0 1 0 . 0 1 0 . 2 3 3 . 3 1 2 1 . 3 1 2 8 . 0 1 2 0 . 7 3 1 4 . 7 9 6 . 6 3 4 . 9 9 

R 2 0 . 0 0 0 . 0 1 0 . 0 1 0 . 2 2 2 . 8 7 1 8 . 8 1 2 7 . 9 5 2 0 . 5 5 1 5 . 5 3 7 . 9 9 6 . 0 6 

F B O P F 1 R 1 0 . 0 0 0 . 0 5 1 . 1 9 9 . 1 6 . 3 7 . 5 7 1 9 . 2 9 1 9 . 2 0 8 . 4 2 3 . 5 2 1 . 2 1 0 . 4 0 

R 2 0 . 0 2 0 . 1 9 1 . 9 9 1 1 . 8 4 3 4 . 5 9 2 0 . 4 6 1 9 . 0 8 7 . 4 0 3 . 0 8 1 . 0 4 0 . 3 3 



A p p e n d i x 5 

R e s u l t s o f s i e v e a n a l y s i s o f t r u e t o t y p e g r a d e s 

S I E V E S 

R E C T I F I ­

C A T I O N S 

N 3 3 ~ 4 + 4 5 6 7 8 1 0 1 2 1 4 1 6 1 8 2 2 2 5 3 0 3 6 4 4 5 2 6 0 B P S I E V E S 

R E C T I F I ­

C A T I O N S 

D N 6 7 0 0 5 6 0 0 4 7 6 0 4 0 0 0 3 3 5 0 2 8 0 0 2 4 0 0 2 0 0 0 1 6 8 0 1 4 0 0 1 2 0 0 1 0 0 0 8 5 0 7 1 0 6 0 0 5 0 0 4 2 0 3 5 5 3 0 0 2 5 0 0 

S I E V E S 

R E C T I F I ­

C A T I O N S D N 
_ 6 1 5 0 5 1 8 0 4 3 8 0 3 6 7 5 3 0 7 5 2 6 0 0 2 2 0 0 1 8 4 0 1 5 4 0 1 3 0 0 1 1 0 0 9 2 5 7 8 0 6 5 5 5 5 0 4 6 0 3 8 7 . 5 3 2 7 . 5 2 7 5 

S I E V E S 

R E C T I F I ­

C A T I O N S 

F N 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 9 8 7 6 5 4 3 2 1 0 _ 
G R A D E R E P W e i g h t s ( % ) u n d e r s i z e c o r r e s p o n d i n g t o B . S . s i e v e s 

O P A R 1 9 9 . 3 9 9 5 . 9 0 8 0 . 9 4 5 6 . 4 9 2 1 . 8 7 8 . 7 2 4 . 4 3 2 . 1 0 1 . 0 4 0 . 2 0 O P A 

R 2 9 9 . 1 9 9 5 . 1 0 7 7 . 9 4 5 1 . 5 2 2 2 . 2 1 8 . 8 9 4 . 8 6 2 . 5 4 1 . 2 3 0 . 2 7 

O P R 1 1 0 0 . 0 0 9 9 . 9 8 9 9 . 7 8 9 9 . 3 2 9 1 . 4 0 4 9 . 5 0 2 4 . 5 9 1 0 . 9 0 4 . 0 6 1 . 3 6 O P 

R 2 9 9 . 9 4 9 9 . 9 0 9 9 . 5 4 9 9 . 1 1 9 2 . 8 6 4 7 . 2 6 2 4 . 5 0 1 0 . 2 9 4 . 1 5 1 . 5 5 

0 P 1 R 1 1 0 0 . 0 0 9 9 . 6 5 9 8 . 3 3 9 0 . 6 7 6 1 . 5 6 3 0 . 6 5 1 2 . 6 0 5 . 6 6 0 . 8 1 0 . 1 5 0 P 1 

R 2 9 9 . 6 9 9 8 . 8 5 9 1 . 7 4 6 4 . 3 5 3 3 . 0 4 1 4 . 9 1 6 . 8 1 1 . 0 1 0 . 2 4 0 . 0 6 

B 0 P 1 R 1 9 9 . 9 9 9 9 . 9 3 9 9 . 7 6 9 9 . 4 3 9 7 . 7 6 5 8 . 3 4 3 6 . 5 1 2 0 . 3 8 4 . 5 0 1 . 2 6 B 0 P 1 

R 2 9 9 . 9 9 9 9 . 9 5 9 9 . 7 8 9 9 . 3 2 9 7 . 0 0 6 2 . 6 3 3 6 . 5 4 1 9 . 9 3 5 . 1 3 1 . 6 1 

F B O P 1 R 1 1 0 0 . 0 0 9 9 . 9 6 9 9 . 9 6 9 9 . 8 7 9 9 . 6 5 9 7 . 8 6 7 3 . 5 2 4 2 . 6 1 2 7 . 2 4 9 . 2 7 F B O P 1 

R 2 1 0 0 . 0 0 9 9 . 9 9 9 9 . 9 7 9 9 . 8 7 9 9 . 6 4 9 8 . 0 7 7 5 . 6 3 4 1 . 6 4 2 6 . 5 8 9 . 0 4 

F B O P R 1 1 0 0 . 0 0 9 9 . 9 3 9 8 . 8 6 9 1 . 9 4 6 2 . 2 1 2 9 . 2 7 1 8 . 8 3 5 . 6 8 1 . 9 5 0 . 6 0 F B O P 

R 2 9 9 . 9 8 9 9 . 7 1 9 4 . 9 9 7 5 . 7 3 4 5 . 2 6 . 2 5 . 0 9 1 4 . 1 3 4 . 0 2 1 . 2 5 0 . 3 9 

P E K O E R 1 1 0 0 . 0 0 9 9 . 9 9 9 9 . 4 4 9 5 . 5 3 7 8 . 6 2 4 1 . 8 1 1 3 . 5 8 3 . 4 4 1 . 0 6 0 . 4 1 P E K O E 

R 2 1 0 0 . 0 0 9 9 . 9 9 9 9 . 9 4 9 6 . 5 1 8 2 . 7 8 4 7 . 5 8 1 9 . 1 4 5 . 8 0 1 . 5 3 0 . 5 4 

P E K O E 1 R 1 1 0 0 . 0 0 9 9 . 9 9 9 9 . 9 8 9 9 . 9 0 9 8 . 4 6 8 7 . 4 4 5 7 . 8 3 1 5 . 1 8 2 . 8 5 1 . 0 7 P E K O E 1 

R 2 1 0 0 . 0 0 9 9 . 9 9 9 9 . 9 3 9 9 . 8 8 9 7 . 8 8 8 5 . 0 2 ' 5 8 . 6 9 2 4 . 7 2 8 . 9 1 4 . 3 2 

F F R 1 1 0 0 . 0 0 9 9 . 9 9 9 9 . 9 8 9 9 . 7 5 9 6 . 4 4 7 5 . 1 4 4 7 . 1 3 2 6 . 4 0 1 1 . 6 2 4 . 9 9 F F 

R 2 1 0 0 . 0 0 9 9 . 9 9 9 9 . 9 8 9 9 . 7 6 9 6 . 8 9 7 8 . 0 8 5 0 . 1 3 2 9 . 5 8 1 4 . 0 5 6 . 0 6 

F F 1 R 1 1 0 0 . 0 0 9 9 . 9 5 9 8 . 7 6 8 9 . 6 0 5 2 . 0 3 3 2 . 7 4 1 3 . 5 5 5 . 1 3 1 . 6 1 0 . 4 0 F F 1 

R 2 9 9 . 9 8 9 9 . 7 9 9 7 . 8 0 8 5 . 9 7 5 1 . 3 8 3 0 . 9 2 1 1 . 8 5 4 . 4 4 1 . 3 6 0 . 3 3 



Appendix 6 

Method of arriving at the maximum likelihood solution to describe the 
Particle size distribution of tea grades 

The method is illustrated by taking sieve analysis results relating to the OPA grade 
from Appendix 5 . The percent undersize particles and corresponding fineness 
moduli values together with their corresponding probit values are as follows: 

Rep l ica te 1 Rep l ica te 2 
F M C u m . 

U n d e r % 
Probit C u m . 

U n d e r % 
Probit 

1 8 9 5 . 9 0 6 . 7 3 9 2 9 5 . 1 0 6 . 6 5 4 6 

1 7 8 0 . 9 4 5 . 8 7 5 6 7 7 . 9 4 5 . 7 7 0 1 

1 6 5 6 . 4 9 5 . 1 6 3 7 5 1 . 5 2 5 . 0 3 8 1 

15 2 1 . 8 7 4 . 2 2 2 7 2 2 . 2 1 4 . 2 3 4 8 

14 8 . 7 2 3 . 6 4 1 8 8 . 8 9 3 . 6 5 3 1 

1 3 4 . 4 3 3 . 2 9 4 0 4 . 8 6 3 . 3 4 5 4 

12 2 . 1 0 2 . 9 6 6 5 2 . 5 4 3 . 0 4 0 0 

11 1 .04 2 . 6 7 3 7 1.21 2 . 7 4 2 9 

1 0 0 . 2 0 2 . 1 2 1 8 0 . 2 7 2 . 2 5 2 2 

Prob i t va lues w e r e ca lculated fo r var ious undersize percentages f r o m statistical tables 
[F isher & Yates , 1 9 3 8 ] . T h e regression analysis o f the above data y ie lds the f o l l o w i n g 
prov is iona l equat ion , w i t h a corre la t ion coef f ic ient o f 0 . 9 7 9 . ' 

Y = 0 . 5 4 1 5 Z - 3 . 5 0 1 0 

T h e m e a n va lue o f the d is t r ibut ion is 15 .7 , w i t h a standard dev ia t ion o f 1.8. 

Prov is iona l equat ion thus a r r i ved at , g ives equa l w e i g h t a g e fo r a l l the data points . A s 
in a n o r m a l d is t r ibut ion , it is necessary to g ive h igher w e i g h t a g e for data points 
c loser to the m e a n v a l u e , than to the points at the ta i l e n d o f the d is t r ibut ion. 

W e i g h t i n g coef f ic ients w e r e a r r i ved at us ing va lues from statist ical tables (F isher and 
Ya tes , 1 9 3 8 : T a b l e I X ) . 

C o r r e s p o n d i n g to the e x p e c t e d probi ts c a l c u l a t e d from t h e p r o v i s i o n a l regression 
equat ions, the m a x i m u m w o r k i n g probi ts , ranges and the w e i g h t i n g coef f ic ients are 
tabulated in T a b l e 2 
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T a b l e 2 . W e i g h t i n g coeff ic ients and prob i t va lues used to ar r ive at the f i rst m a x i m u m 
l i ke l ihood solut ions. 

Proportion 
Expected 

Probit from 
provisional 

equation 

Minimum 
Working 

Probit 

Range Weighting 
- Coefficients 

New 
probit 

• z P Y Y-P/Z 1/z W = Z A 2 / P Q Y-P/Z+p/Z 

18 0 .96 6 .25 1 .3362 5 .4926 0 . 3 5 3 1 0 6 . 5 8 1 6 6 7 3 
17 0 .79 5 .70 3 . 2 7 2 4 3 .2025 0 . 5 3 1 5 9 5 . 8 1 6 3 5 7 2 
16 0 .54 5 .16 3 . 7 2 7 2 2 :5421 0 . 6 3 0 1 8 5 . 0 9 9 9 2 9 7 
15 0 .22 4 . 6 2 3 .6711 2 . 6 9 6 7 0 . 6 0 3 6 3 4 . 2 6 5 2 0 0 1 
14 0 .09 4 . 0 8 3 . 3 9 5 5 3 .8331 0 . 4 6 4 8 8 3 . 7 3 2 6 6 9 6 
13 0 .05 3 .54 3 . 0 1 4 8 7 .3041 0 . 2 8 2 2 4 3 . 3 5 3 4 9 3 5 
12 0 .02 3 .00 2 . 5 7 8 6 1 8 . 5 2 2 0 0 .13112 3 . 0 0 6 1 3 5 6 
11 0 .01 2 .46 2 .1101 6 3 . 6 8 0 0 0 . 0 4 5 7 8 2 . 8 2 6 5 
10 0 .00 1.91 1 .6130 2 9 8 . 0 0 0 0 0 .01139 2 . 3 1 3 3 

T h e f i rs t m a x i m u m l i k e l i h o o d solut ions a r r i v e d at , us ing these w e i g h t i n g coef f ic ients , 
w a s 

Y = 0 . 6 1 6 7 Z - 4 . 7 4 3 2 

C o r r e s p o n d i n g to this so lut ion , the m e a n v a l u e o f the d is t r ibut ion is 15 .8 w i t h a standard 
d e v i a t i o n o f 1.6. P roceed ing in the same m a n n e r us ing the f i rs t l i k e l i h o o d so lut ion , 
fu r ther re f inements w e r e car r ied ou t to a r r ive at the next most l i k e l i h o o d solut ion w h i c h 
w a s Y = 0 . 6 3 4 5 Z - 5 . 0 3 3 7 . T h i s equat ion gives a m e a n v a l u e o f 15 .8 a n d standard 
d e v i a t i o n o f 1.6 f r o m the d is t r ibut ion . M e a n values and standard dev ia t ions o f the second 
m a x i m u m l i k e l i h o o d so lu t ion are m o r e o r less the same as those g i v e n b y the f i rst 
l i k e l i h o o d solut ion. A c c o r d i n g l y , the f i rst l i k e l i h o o d solut ion w o r k e d out w a s taken as 
the most appropr ia te equat ion . 

F o r v a r y i n g va lues o f Z there exists one to one correspondence b e t w e e n the probits 
g i v e n b y the equat ion Y = 0 . 6 1 6 7 Z - 4 . 7 4 3 2 a n d the percent unders ize l e a d i n g to a l inear 
re la t ionship b e t w e e n percent undersize a n d f ineness modu lus as i l lustrated b y the straight 
l ine in F i g u r e 1 (us ing the grade O P A as an e x a m p l e ) , a l o n g w i t h data p lots corresponding 
to exper imenta l ly determined average percent undersizes and their f ineness m o d u l i values. 
F r o m these graphs the prov is iona l va lues o f the m e a n o f the par t ic le size distr ibut ions 
a n d t h e i r s t a n d a r d d e v i a t i o n s c o u l d b e c o m p u t e d b y t a k i n g Z as t h e v a l u e o f Z 
cor responding to a percentage unders ize o f 5 0 % and t a k i n g as the standard dev ia t ion (s) 
the d i f fe rence in the va lues o f Z cor responding to 8 4 . 1 3 % and 5 0 % unders ize or 5 0 % 
a n d 1 5 . 8 7 % undersize as i l lustrated i n F i g u r e 1 . . 

S i m i l a r l y m a x i m u m l i ke l ihood solut ions w e r e w o r k e d out f o r o ther grades as w e l l . T h e s e 
equat ions are presented i n T a b l e 1 . 
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