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V 
1. Summary.    Le%  *m*mmm&m saaples. from two continuous pooulationa, the  first with 

unique 100(J$ pointiÄ , the second witn unique 100M point'^L.    The two populations are 

not  necessarily the swae  or even related.    This  paper presents soee  easily applied si ;ni- 
■   u      -    U' 

ficance tests  for S    - (L which are approximately ralid  for moderate  and large  sized 
a        p 

samples.    The  exact significance level of a test  is  not known  but  its  value is determined 

within reasonably close limits.    Efficiency properties of these tests are investigated 

for the special case of normal populations with known ratio of variances.    The tests are 

found to be reasonably efficient ifV« and ^ are not too large or too small.   Since these 

tests are often valid  for moderate as well as  large sized samples, they may be of 

practical value.    /       \ 

2. Introduction and cfesbriptive outline.    A problem of occasional practical interest 

is  that of comparing a  ipeciped percentage point 9    of one arbitrary population with a 

specified percentage point i   rl another arbitrary population.    For example, it might be 

desired to test whether the 10% point of the  first population exceeds the 76)J point of 

the  second population by more than 11 units.    As  another example,  one might wish to test 

whether the 93% point of the  first  population is  the same as the point obtained by sub- 

tracting  5 units  from the  2U% point of the second population.     Since  little is known 

concerning the distribution  functions of the populations,  however, most methods developed 

for testing 9    - ^    require very large samples.    The purpose of this  paper is to present 

some  tests of 0    - 0. which  are applicable to moderate sized  samples   for many situations 
dp 

of practical  interest. 

Before outlining the  chain of reasoning used to obtain the results presented in this 

paper,  let us  consider a large sample method of obtaining tests   for 6    - 0O,    Both corv- a        p 

tinuous populations  are assumed to  have probability density  function».    Let the  first 

population have a density  function f(x)  while  the second population has a density  function 

g(y).    These two functions  are arbitrary except  that  f(9  )  / 0,  g(0a)  / 0,  and  f'Cd  ), a p a 
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g,(0fl}  exist and are continuous in the vicinity of the specified points.    Let x(l),   ••*, 

x(m)  represent the values,  arranged in increasing order of magnitude,  of a sample of 

size ■ from the population with density f(x) while y(l),  •••, j{n) denote the values, 

arranged in Increasing order of magnitude,  of a sample of size n from the population 

with density g(y).    Then asymptotically (m, n —► oo)  the distribution of 

(1) [x(a«) - y(ßn) - (©a - 0ß)]/Va(l - a)/mf(ea)2 ♦ ß(l - ß)/n«(0ß)
2 

is standard normal (i.e.,  zero mean, unit variance).    Her« am and ßn are  integers.    This 

is a direct application of a modification of the  results of [l, p. 369].    For many situa- 

tions of practical interest,   the distribution of (1) is nearly standard normal for values 

of m and n which are not extremely large (see, e.g.,  [2]),    Thus if f(e )  and g(0Q) were 
a 3 

known,  (1) could be used to test 6-0    for practical situations involving mediunly 

large samples.    Although f(e )  and g(0«)  are not known,  (1) can be modified to yield 

large sample tests for 6    - 0a.    For example,  f(e ) and g(0a)  can be  replaced by estimates 
a p Q p 

based on the sample values which converge in probability to f(6 )  and g(0a) as m. n—> oo. aß 

Then  asymptotically the  distribution of the  resulting modification of (1)   is standard 

normal.    This follows  from combining (1) with the  convergence theorem [l, p. 25i»].    A 

refinement of this method using the results of [3J   could also  be applied.    Even if f(0 ) a 

and g(0fl) were known,  however, use of (1) would not necessarily yield sufficiently 

accurate results for moderate values of m and n. 

This paper develops test» which appear to be  reasonably accurate for moderate as well 

as large values of m and n if the populations are of the type approximated in practical 

situations.    These tests  are baaed on statistics of the  form 

(2) x(am ♦ C^V") - y(ßn ♦ C2 l/n ) . 

By appropriate choice of C,   and C^,, the values of quantities of the   for« 

(3) Pr[x(am ♦ ^Vm) - y(ßn ♦ C^V^) - (ea - 0$) < o] 

can be made to be within fairly small intervals for moderate m and n, where the values 

within an interval are all of a magnitude suitable for significance levels. Sljallarly 

for quantities of the for« 
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Pr[x(am ♦ ^V«) - 7(ßn ♦ C2Vn) - (öa - 0ß) > O] . 

Thus (2) c*n be used to co«p«r« 6-0. with a giren hjrpoth«tlcAl value u .    For example, a p o 

8   - 0fl < u0 can be  inTettlgated bj one-elded teet« of the font 

(A) Accept ea - 0ß < M0 if x(am ♦ ^V») - 7(ßn ♦ C^t/n) < M0 . 

Fro« (3), the significance level of this test can be fixed within reasonably close liniite 

(for moderate m and n) by suitable choice of C,  and C2. 

Let us consider an outline of the method used to derive  '.he tests.    For this purpose 

it is sufficient to limit consideration to one-sided tests of the form (/»).    The first 

step of the derivation consista in detemining the asymptotic distribution of (2) under 

the assumption that  f(6 ) and g(0o) are known.    The result obtained is that the asymptotic a ß 

dietribution of a certain function of (2), ©   - 0 ,  f(9 ), g(0fl), C.  and C2 is standard 

normal.    To emphasize the dependence on f(6 ) and g(0J), let this function by denoted by 
a p 

z[f(ea), g(0ß)]. 

Since f(6 ) and g(0fl) a^ not known,  it would be convenient if C,  and C2 could be 

chosen so that the value of (3) is independent of the true values of theee quantities 

(asymptotically).    This "Studentization"  can be accomplished to a reasonable approxima- 

tion.    Let the interval (Y. S) include the set of possible values of (3) when f(6 )  and 'a 

g(0 ) are replaced by arbitrary positive numbers.    By suitable choice of C,  and C2, y and 

8 can be made to lie fairly close together and have values suitable for significance 

levels (asymptotically). 

Now consider the case where m and n are not large.    Let the  function values  f(d ) 

and g(0fl)  be replaced by the arbitrary positive parameters A and B in the  function 

z(/(ea)i «(^fl)]»    ^ appropriate selection of the values of A and B, the cumulative 

dietribution function (cdf) of z[A,  B] is  fitted to the standard normal cdf in the small 

interval y to 5,    There are intuitive reasons for believing that  a reasonably accurate      ^ 

fit can be obtained in this small interval  for moderate m and n if the two population» 

are of the types approximated in practice.    Thus for practical  situations the significance 

level of (4)  should lie within or near the  interval y to 0  for uoderate values of a and 

n. 



Y 
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Th« basic trick in the derivations lies in selecting C-,   and C2 80 that replacing 

f(0 ) and g(0a) bj nuabers which may vary greatly fro« the true values of these quantities a p      - 

does not cause auch variation in the value of (3),    This allows the fitting of the cdf's 

in the snail interval to be performed while keeping the possible significance levels in 

a fairly narrow range.    Since the interval where the fitting takes place is small and a 

wide latitude in the choice of the parameters is available,  it  seems reasonable to believe 

that an accurate fit can be obtained for moderate m and n. 

The tests advocated by this paper are stated in section 3.    This section also 

presents scat 'rale of thumb" conditions for deciding when m and n are sufficiently large 

for the tests to be applicable, 

A detailed derivation of the properties of the tests presented  in section 3 is con« 

talned in section 4. 

To obtain an approximate lower bound for the efficiency of the tests for 9    - 0a, t^8 

case where both populations are normal and  the ratio of variances is known was analyzed 

for large m and n.    The resulting efficiencies should be much Ic^er than those ordinarily 

encountered because of the additional information assumed and  because the efficiency of 

non-parametric results usually decreases as  the sample size increases.    It  is found that 

the efficiency of the tests is reasonably high if ,1 < a, ß < .9.    Further results and 

derivations are given in section 5* 

To obtain a rough quantitative idea of how large m and n need to be for sufficiently 

accurate tests,  the special case where a • ß and f(x)  • g(x)  is  considered.    Then the 

significance level of a test ie exactly determined and can be obtained without a substan- 

tial amount of computation.    Section 6 contains an analysis  for this case in which the 

exact results are checked against the range y to S»    It is  found that the true signifi- 

cance level lies within or near the range y to a even for fairly small values of m and n. 

The procedures used in this paper are based on some methods originally presented by 

one of the authors in [4]. 

3. Statement of tests.    This section contains explicit specification of the tests 

discussed in the preceding sections. 
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First  let  us consider one-sided  testa  of 0    - 0, < ^   .    Let   <    be the  approximate a p o 

significance level deblred.    Then the teat, advocated  is 

(5)     Accept Q    - 0a < u    if x(ani ♦   .fi5^^a(l - a)m ) -y(3n -  .85K.VP(1 - JJn ) <    L   f 

where K^    is  the standardized normal deviate exceede i with  probability £, .    Here 

aun ♦   .95Kf Va(l - Q)
10
 a™1 ßn -  .8$K^ Vß(l - ß)n should  be integers or nearly equal to 

integers.     If am ♦  .85K^ */a{l - a)m is not  an Integer,  x(anJ ♦  .85^ \/a(l  - a)m )   has the 

interpretation x(integer nearest to am ♦  ,&5\ VaCl - a)« ).     Similarly for 

y(pn -   .65K^ VßTl-ßTn) •      An approximate lower bound   for the si/Tiificance level   of (5) 

is Y» where y   is defined by the relation K    ■ 1,25K^,    An  approximate upper bound is S, 

where Kc  -  ,83K£,    For example,   let   €   ■  .05;  then y -  ,020 and ö •  ,086,    As another 

example,  let    6   ■  .01;  then y •   ,0023 ^nd 3  ■  .027,    For most situations of practical 

interest,   it  appears likely that  the true value  of the  si^nificince level  of  (5)  will 

be mrch nearer y than o. 

Next  consider one-sided tests  of 0    - 0., > u  ,     If   (•    is the  approximate  si^nifi- 
a        ,J        o r 

cance level desired,  the test  advocated is 

(6)     Accept e    - 0q > Hft If ^(car. -   .85K, Va(l - a)m ) - y(ßn ♦  .85Kf V3(l - ßTn )   > u   , 

Here x^am -   ,85K^ */a[l - a)m) and y(ßn ♦  .85K^ V^ßTl - ßjn ) have interpretations  of the 

type stated  for (5)  and am - K* Va(l - a)m ,    pn ♦ K^ \f${l - 3)n should be integers or 

nearly equal  to integers.     As   for teat  (5),  an  approximate lower bound for the   signifi- 

cance  level  of (6)  is y while §  is  an approximate upper bound. 

Two-si led teats of 0    - 0fl / ^    can be obtained by  aorabining  (5)  and  (6),     For 

example, a  two-sided test with desired significance level  approximately 2^    and  nearly 

equal  tails  is given by 

Accept Ö   - 0Q / H    if eithtr 

x(aan ♦  ,85K^ Va(l - o)m) - y(3n -  .85K^ VßTl - 3)n ) <  M 

or 

x(am -  ,85^ Vad - a)m) - y(^n ♦   .851^ VJH - a}n) > M     . 

An approximate  lower bound  for the  significance level  of this test  is  2y;   ^n approximate 

upper bound   is  20. 
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Comparlaon of ($) with iU) shows that for the special case ($), C,   - .9$K^ VaU - a)   $ 

C- • -.85KtVß(l - ßl •    Thus the T&lues of C,  axvd C2 chosen for tost (5)  are not  large 

In magnitude.    Slallar considerations hold for test (6). 

The decision as to when m and n are large enough for these tests to be applicable 

is a difficult one.    Section 6 contains an investigation of this problem for a special 

case.    But there Is no reason to believe that the results  for this special case hold in 

most situations of practical Interest.     In general, however,  it seems reasonable to 

believe that  the accuracy of the tests decreases as a and ß deviate from r .   For example, 

a test with a ■  ,U, ß ■ .55 will llkelj be sufficiently accurate  for much smaller values 

of m and n than a test with a •  .005,  ß • .998.    For the sake of deflniteness, a rule 

for deciding when m and n are sufficiently large will be given.    It is hoped that this 
i 

rule will be conservative for most practical situations.    In particular, this rule 

appears to be conservative for the special case of section 6.    It should be emphasized, 

however,  that  the  rule pre^nted  is no mor*) than a conjecture and has no  strong theoret- 

ical or empirical basis.    The rule is 

Accept that m and n are sufficiently large if mln[am,  (1- a)m, ßn,  (1- ß)nj > 5. 

In use of this  rule, the value of   €   should not be too small;  say,   €   > .005 • 

i*. Derivations.    This section contains proof of the results and properties stated 

in the preceding sections. 

First, let us consider the asymptotic distribution of (2).    The theorem on which 

this is based was presented in [5] In a form slightly different  from that used in this 

paper.    For completeness and convenience of reference,  the version used here will be 

stated and an outline of the proof presented« 

Theorem.    Lyt t(l),   •••,  *(r) denote the values of a sample of size r (arranged in 

increasing order of magnitude)  from a population with probability density function h(z). 

The function h(a)  has the properties that h{^ _) ^ 0 and that h'U) exists and is con- 

tinuous in some neighborhood of   f  t where   £    is the 100p% point of the population. 

Then the quantity 

Vr/p(l - P)  h(^p)[8(pr ♦ C//?j -   ip 
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has  a distribution which approachaa the normal distribution with nean C/t\/p{l - p) an4 

unit variance as r —> oo.     Here pr ♦ C V? ^is restricted .to be an integer. 

Proof,    The method used to prove this theorem is  analogous  to a nodification of that 

of 'Ll, pp. 368-69] if r is used instead d  n and pr is replaced by pr ♦ C*/r . 

The asymptotic districution of (2) is obtained by applying this theoras to each of 

the two samples and then considering x(Qaa ♦ C, \/m ) - y(ßn ♦ C^^/n) , Explicitly, it is 

found that the asymptotic  distribution of the quantity 

(7) 
x(am ♦ Z1*/n) - y(0n ♦ C2Vn) - (^-0J 

Va(l - o)/mf(ea)2 ♦  3(1  - ß)/ng(0ß)
2 

is normal with unit variance and Mean M equal to 

[Cj/VS - C2f(ea)/V?; g(0ß)] /^a(l  - a)/m ♦ ß(l - ß)f(ea)2/ng(0ß)2    . 

Now consider the  choice of C,   and C-, so that M is alrnont constant as  a function of 

f(e  )   and g(0-).    To do  this,  the value of CT/C, is  restricted  so that M has the  same 
Ct P JL <. 

value   for  f(e  )/g(0J   - 0 as  for f(9  )/g(03)  - oo .    This requires  that 

(8) C1/C2 - -Va(l -  a)/ß(l - ß)   . 

Using  this  relation and  solving  for the maximua and minimuo values of M  as  a function of 

f(e  }   and g(0J,  it  is   found that a p 

Cj^/VaCl - u> < M <   V2 C^VaTl - a) (C1 > 0) 

(9) p /_ ,. 
\/2 C^Vad - a) < M < C^/VaU - 0) (^ < 0). 

If f(e  )/g(0(,)  is either very small or very large, the value of M is new C*/rfa{,l - a) op x 

If f(ea)/g(0 )  is in the vicinity of 1, the value of M is  near  V2 C^/VaU - a) . 

Examination of (9)  shows that  the range of possible  variation for M is  not great if (8) 

is  satisfied. 

Asymptotically,  the value  of M determines  the significance  level of a teat,    Por 

example,   let us  consider  a  test   of the  form (4),     Asymptotically,  the  significance  level 

of this  test  is  determined  by 
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Pr[x(ani ♦ C1Vm) - y(ßn ♦ Z2*/n) - (ea - 0 ) < o] 

(10) 

- Pr[(7)  - M < -M] - —^    T      e"2 /2 dz, 
V?« J-oo 

since the aajrmptotic dlotrlbutlon of (7) - M la standard normal.    Thu» choice of C,  and 

C2 so that the value of M doea not vary much impliee that  asymptotically the  significance 

level of a test is fairly closely determined without any knowledge of the values of 

f(ea) and g(0ß). 

Comparison with (1)  indicate« that the distribution of (?) - M is nearly standard 

normal  for values of a and n which are not extremely large, particularly if C,   and C2 

are not large in magnitude (as is the case for the tests of section 3).    Thus  it is 

apparent that the tests of section 3 are usually valid for mediumly large values of m 

and n.    The following intuitive considerations indicate that these tests are applicable 

even if m and n are not very large« 

In (?)  and M, let f(0 ) and g(0ö)  be replaced by the arbitrary positive parameters a p 

A and B,  respectively'.    Denote the resulting functione by (7') and M».    For any test, 

the problem is to  fit the cdf of (7*) - M' to a certain small part of the cdf of the 

standard normal distribution by appropriate choice of A and B.    Since the part to be 

fitted ia small and the parameters can assume a wide range of values, it seeme plausible 

that this fit can be made rather accurate even for moderately small values of m and n. 

For one-sided teats, the interval where the two cdf'e are fitted is from the 

minimum possible value of M* to the maiH^n» possible value of M'  (as a function of A 

and B).    The limiting values for M»  are given by (9) since M and M* obviously have the 

same range of possible values.    If an accurate  fit can be obtained in this interval, 

the significance level range for moderate m and n is approximately the same as the range 

for the asymptotic case.    As an illustration,  consider a test of the form (4).    The 

significance level of this test is  approximately determined by the relations 

Pr[x(am ♦ C^) - y(ßn * Z^) - ^ - 0ß) < O] 

(11) - i        O-*1' 2/o 
- Pr[(7')  - M» < -M'l  i    -^ e^ ^ dz, 

Y2ii ' J -ao 
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since the cdf of  (7*)  - M1   ia nearly standard normal  in the range of possible values   for 

K',    However, the  range of posaiole valuei   for M1 equals  the  range of possible values 

for M,    The  approximate equality of significance level  ranges follows  from (10), 

Now let us consider the determination of the values of C,   and C^ used  for the teats 

of section 3.    Test   (5) was obtained by choosing a representative value of M*  in the 

interval specified  by  (9)  for C,  > 0.    Then C,   was determined so that the significance 

level of test  (4) would  be   £   if M'  actually had  this value and  the cdf of (?•) - K» 

was  standard normal.     The v^lue of C2» of course, wan  found  from  (8),    Using the value 

of C^,  the relation  (11), and the bounds for M',  the  values of y  and  § could be 

dotemlned from the reXetions 

rY'-1.175Kf, Kg - .83^€ . •     -    —- -    —. 

However, to allow for the  fact that the fit to the standard nomal cdf In the specified 

section is only approximate ana that A/B is ordinarily not large or near zero, so tha.t 

M'   is usually near  V2 C,/Va(l - a)   ,  the  relations used were 

K^ - 1.25Ke » K§ - .03^^ • 

Siniilar considerations  apply  for test  (6). 

3. Efficiency inveatijgatjon.    Only asymptotic situations will  be considered (i.e., 

both a, n-^oo).    It  is desired to determine how teats based on (5)  and (6) compsre with 

the corresponding tests based on the non-central t-statistic for the case where both 

populations are normal and the ratio of variances  is known. 

2 2 
Let 0    be the variance of the population with density f(x) while o    is the variance 

* J 
of the population with density g(y).    Asymptotically, use of the non-central t-statlstic 

for testing 0    - (^    is  equivalent to use of the quantity 

iU) [5 - y - Ka.x > Kßsy - (ea - 0ß)] /V(l ♦ *2
a/Vo2

x/m *  (1 ♦ ^/2)oJ/n , 

where 
■ n 

x - Z x(i)/«, / - Z y(J)/n, 
1 1 

8„ - JZ[*(i) - ;]/(»-1) . ■  • vZiy(J) - 7j/(" -1) • x    .Y ^ y      1 
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The asymptotic distribution of (12)  is standard normal. 

Since the asymptotic  case is  being considered,   (7)   - M is the quantity of interest 

for teats based on (5)  and  (6).     Comparison of (7)   - M and (12)  shows that  if the sample 

sizes  for  (12)  were decreased  in the  ratio 

(13) [i   ♦ K^/2 ♦  $(1  ♦  Kp/2)       2% a{l - a)exp(K^)   ♦ (J)ß(l - ß)exp(^)   , 

where   (^  - äO /no  ,  then the  aaymptotio distributions of (7)  - M and  (12)  would be the 

same and  both  (7) - M and  (12)  would have the same denominator.    Thus  confidence intervals 

for 9    - ^a  obtained on the  basis  of (7) - M are  asymptotically equivalent to the corre- 
a ß 

sponding confidence  intervals  obtained on the basis of  (12) with m and n decreased in the 

ratio  (13).     This property also  applies to the  significance tests based on these confi- 

dence  intervals.    The  ratio  (13)  will be called the  aaymptotic efficiency of the tests 

based on  (5)   and (6),    Actually,   (13)  is merely the variance of x - y - K s    * K s 

divided  by the variance of x(oai ♦  C, V") ~ y(ßn *  C~Vn) for large m and n. 

The value cf (T)   can lie  anywhere between 0 and oo ,    Consequently the  asymptotic 

efficiency of the tests based on  (5)  and  (6)  can be  ar^ywhere between the value of 

and the  value of 

Table 1  contains values  of 

(1  ♦ K^/2)/2xa(l - a)exp(J^) 

(1  - Kp/2)/2nß(l - ß)exp(K^), 

(U) (1   ♦ Kp/2)/2np(l - p)exp(Kp) 

for p -   ,01,   ,02,   .05,   ,10,   .20,   .30,   ,U0,   ,50,    The value of (14)   Is the   -saae  for 

p - 1 -  v as   for p • T,    Exaaination of Table 1  shows  that the amount  of "information" 

lost by using tests based on  (5)   and (6)  rather than the non-oentral t-statistlc is not 

too great  if a and ß  are not  near 0 or 1, 

6.   Investigation of special  case.    In section 3 a rule »fas presented  for deciding 

when m and n are sufficiently large  for the tests  of section 3  to  be  applicable.    The 

purpose of this section ia to  check the accuracy of this  nale  for the special  case where 

f(x)  = g(x)   and a - ß    (then ea - 0 ). 

First  let us consider some implications  of the  rule  stated  in section 3.    An obvious 

result  is that m > 10, r > 10,    Since  .005 <   ^   <  .5,  it  follows that 0 < K^ < 2,58. 

Combining these properties  it  is  seen that  the  order  statistics x(l),  x(m),  y(l), y(n) 

are never used  for a test when the  rule is  applied. 

Let m > 10,  n > 10,  n < m (no  loss of generality),   and  consider the value of 

Pr[x(u)   - y{v) < Oj   for the  special case.    Here u  and v  are  integers  such  that  2 ^ u < m-l 

and 2 < v <  n-1.    From [6],  the value of Pr[x(u)  - y(v) < 0j equals 
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T-l  /u ♦v-2-l\/a*n- u-v* 1-1N 

{15) ^^    111    )[ "-"- : 
m ♦ n \ 

The  first  step of the empirical analysis  consists in selecting suitable values  for a,  n, 

a,    6.    Corresponding values of u and v are then detemined according to the  requirements 

for test  (3);  i.e.,  u is  the integer whose value is nearest to  am ♦   .85K^ */a(.l - a)a ,   r 

is tne integer whose value is nearest to  an -  ,85K^VaCl - a)n ,   and both 

am  ♦   ,fi5&(,*/a{l - a)« and an - .85^^/0(1  - a)n «re nearly equal  to  integers.    Then the 

value of (15)  is computed and compared with the corresponding values of y and 5.    Thi» 

is done for m > n - 10,  15, 20,  25 ana various values of a and   ( ,    The results of these 

computations are contained in Table 2. 

Examination of Table 2 shows that  the value of (15)  is usually near y.    This   is  to 

be expected  for the special  situation considered.    The derivation of y and S shows that 

8  Is  approached when  A/B  is near 0 or oo   while y is approximated if A/B IS  in the vicinity 

of 1.    Since the populations are the  same   for the case  considered,  the value of A/B should 

not  differ greatly  from unity.    Thus  the  values obtained for  (15)   can be considered very 

good  approximations  to those expected  for  situations of this type.     Consequently the  rule 

of section 3 would  seem to be adequate  for this  special  case  (i.e.,   f = g,  a  - ß). 
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TABLE 1 

Values of (1 ♦ K^/2)/2*p(l  - p)exp(K^) 

1     p .01 .02 .05 .10 .20 .10 .40            .50 

(14) .265 .^70 .5-6 .6-5 .662 .054 .6^5         .6^7    1 
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TAPLE 2 
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Numerical  Comp'.risofi of  (I5J   with y af'd  2. ^or Special  Ca3< 

n m a i u V (15) Y § 

10 

10 
.45 .030 7 2 .010 .009 .059 
.50 .013 8 2 .003 .003 .032 
.55 .030 8 3 .012 .009 .059 

15 
,46 .025 10 2 .007 .007 .052 
.50 .014 11 2 .003 .003 .034 
.54 .036 u 3 .013 ,012 .068 

20 

.405 .051 11 2 .021 .020 .087 

.465 .023 13 2 ,006 .006 .049 

.535 .038 H 3 .013 .013 .070 

.595 .012 il 3 .003 .002 .030 

25 

.42 .045 14 2 .015 .017 .080 

.445 .031 15 I .009 .010 ,061 

.555 .025 18 3 .007 .007 ,052 

.58 .016 19 .004 .004 .038 

15 

15 

.30 .048 7 2 .018 .019 ,084 

.40 .030 9 3 .011 .009 .059 

.50 .016 11 4 .005 .004 .038 

.60 .030 12 ? .013 .009 .059 

.70 .048 13 8 .025 .019 .033 

20 
.39 .040 11 3 .013 .014 .073 
.50 .oZo 13 5 .028 .02? .098 
.61 .022 \t 6 .007 .006 .047 

25 

.38 .044 13 3 .015 .016 .078 

.455 .042 15 4 ,015 .015 .C76 

.545 .023 18 5 .007 .006 .049 

.62 .017 .0 6 .004 .004 .039 

20 

^0 

.25 .033 8 2 .010 .011 .064 

.40 .050 11 5 .024 .020 .086 

.2o .050 15 _2 .027 .020 .086 

r?? .033 18 12 .016 ,011 .064 

25 
.305 .037 11 3 .013 .013 .069 
.50 .051 16 7 .024 .021 .087 
.705 .036 21 11 .017 .012 .068 

25 25 

.20 .038 8 2 .012 .013 .070 

.40 .026 14 6 .009 .008 .053 

.60 ,026 19 11 .010 .008 .053 
,30 .038 2/      1 1? .019 .013 T070 


