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SU1Il11lary.--The report describes a simplified 8-point st rip theory method of calculating the free-air performance of
a propeller up to t ip Mach numbers near the velocity of sound. It is based on the assumptions of R. & M. H,74·j

and 18495 together with th e fur ther simplifying assumption that the (CL, (X) curve is straight (valid below the stall)
and that th e (sCL , rp) curve also is straight (valid for J> 1 ·0). The repor t includes tables of parameters (b. T, ~ and q)
which are required in the calcu lat ions as funct ions of J, r, and N for eight st andard ra dii (r, = 0,3,0'45,0'6, 0 '7 .
0,8,0 ,9,0 ,95 ,0 ,975) for the range of values of J from 1·0 t o 7 '0; th ese are of universal application . In addition .
tables of section data (eLand CD as funct ions of 111 and (X) for various section shapes ar e required; these are given
for Clark Y sections over a range of thickness in R. & lVI. 20367 ; they were derived, by methods described in R. & :\L
20208, from overa ll measurements of thrust and torque on full scale propellers at low values of J in the Royal Aircraft
Est ablishment 24-ft. tunn el and are subject to revision in th e light of subsequent experimental research.

The method det ermines values of torque grading (qc ), thrust grading (tc) and power loss gradin gs (PCI and P02) ; these
are integrated arithmetically to give free air thrust , torque and efficiency (kT , kQ andn) by means of integrating coeffi­
cients which are also tabu lated. A method is described of determining th e contribution of the portion of the blades
inside the rad ius 1', = 0 ·3.

LIST OF SyMBOLS

a Slope of curve of (J. against sCL (assumed linear) .
ao Value of a at low speed.
a" Speed of sound at height h.
An Slope of low-speed lift curve (dCl.Ojda).
b Slope of curve of rp against sCL (assumed linear) .
Eo Factor giving variation of CJ)o with (J.o '
c Chord of blade element at radius r.
Co Value of CJ)o when (J.o = O.
C1, C2, ...... Integrating coefficients.
CD Drag coefficient of blade element.
CDO Low-speed drag coefficient.
Cus Compressibility-increase in CD over its low-speed value.
CL Lift coefficient of blade element.
Cw Low-speed lift coefficient.
CLS - Increase in CI. over its value at the lift critical speed.
D Airscrew diameter.
h Operating altitude of aircraft.
J Advance ratio (V jnD).
k; Total power loss coefficient (Power wastagej2npn 3D 5) .
hl'o Low-speed component of the profile drag power loss coefficient.
kl'l Induced power loss coefficient.
LJkl'l Blade root power loss coefficient.
kps Compressibility component of the profile drag power loss coefficient.
kQ Torque coefficient (Qjpn.2D 5) .
hr Thrust coefficient (Tjp11,2D 4).
M Mach number of blade element .
lv[ lJ Criti cal Mach number for drag.
NIL Critical Mach number for lift .
11, Rotational speed (r.p.s.).
N Number of blades.
Pc Grading coefficient of the total power loss: dkpjd(rc2).
Pea Grading coefficient of the low-speed component of the profile drag power loss.
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List of Symbols-contd.

Grading coefficient of the induced loss.
Grading coefficient of the profile drag power loss.
Grading coefficient of the compressibility component of the profile drag power loss.
Factor giving the power loss gradirg coefficient: (n3/16)1'.. 3 sec3~ o .

Torque grading coefficient: dhQ/d(1',.2).
Torque.
Radius at blade element .
Fractional radius at blade element (1'JR) .
Tip radius.
Solidity (Nc/2n1').
Thickness of blade section.
Thrust grading coefficient: dhr/dir,2).
Thrust.
Forward speed.
Inflow velocity.
Resultant relative air velocity at blade element.
Geometrical velocity of blade element.
Incidence of blade element.
Incidence referred to zero-lift datum.
Inflow angle ((P - 910) '

Circulation taken over blade element.
Zero-lift angle.
Zero-lift angle at low speed .
Factor giving the torque grading coefficient : (n3/16) rc

3 sec 2<po.
Airscrew efficiency,
Efficiency loss due to blade roots.
Blade angle.
Inflow factor corresponding to helicoid angle (I'.

Inflow factor corresponding to helicoid angle (1'0 '

Air density.
Factor giving the thrust grading coefficient : (n3/8)1'} sec2(po.

Angle between plane of rotation and relative air velocit y at blade element .
Angle between plane of rotation and geometrical velocity of blade element .
Rotational speed (radians per second) .

1. IntroducHon.-The method of airscrew strip theory calculation described in the present
report has been gradually developed in serial form- :" . In prepari ng for printing the part of the
work so far unpublished, it therefore seemed worth while to recapitulate the various basic
.issumptions in some detail by way of introduction .

The first and most fundamental assumption is that the resultant force on an elementary strip
of the airscrew blade (of length d1' at radius r), is the same as it would be if the element formed
part of a two-dimension al aerofoil, sit uated in an airstream the magnitude and direction of whose
velocity is to be determined. This velocity is the resultant of the geometrical velocity of the
blade element and a certain" interference" velocity due to the trailing vortex system.

(. 526. ) A"
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Thus the problem before us resolves itself into two distinct parts-the method of dealing with
the two-dimensional force coefficients and the determination of the " interference velocity ".

The recent developments with which the present report is concerned deal mainly with the
first p~oblem ; only minor changes directed to increased simplicity in comput ati on have been
made 111 the methods of solution of the second problem.

We shall treat the second problem in some detail, but before doing- so a few remarks on the
first problem are desirable.

Recent developments have been chiefly concerned with the effect of high " Mach number "
on the two-dimension al section lift and drag coefficients. The ultimate aim should be to determine
these coefficients from actual experiments on two-dimensional aerofoils with the addition, if
necessary, of empirical corrections for any failure of the theoretical calculation of the interference
velocity. The force coefficients referre d to in the present paper were obtained (R. & M. 2036 i

) mainly
by " back-figuring " from tests of actual propellers and would , therefore, include these empirical
corrections. The clata are essenti ally provisional, applying to a particular form of blade section,
and being subject to revision when ever further experimental results become available.

2. Determination of the Interference "Velocity .-The method is based on the Prandtl-Betz
assumption of replacing the airscrew blade by a lifting line consisting of a "bound vortex "
whose strength at any radius is equal to the circulation round the blade at that radius. The
strength of the vortex sheet springing from the blade adjust s itself so as t o satisfy the condition

, of continuity of vorticity; for an airscrew it is of spiral form . The " interference velocity" at
the blade element is to be calculated on the assumption that the flow is everywhere irrotational
outside this vortex system. The resultant force on a bound vortex is normal to the resultant
relative velocity VV; accordingly, the drag is neglected in calculat ing the interference velocity .

Figure 1 shows a cross-s ection of the air flow relative to the blade element at radius 1'. According
to the general theorem that the vortex lines coincide with the relative streamlines, the direction
of the trailing vortex at radius 1', at the point where it leaves the blade, coincides with the direction
of W, and the initial angle of pitch of the helical trailing vortex is equal to cp. It is also worth
noting here that the theory for determining interference velocity is essentially a first order
theory, in that the interference velocity ratio 'llVl/TV is treated as a small quantity of which the
square is to be neglected. The difference between the assumptions that the angle of pitch of the
trailing vortex is equal to rr or to CPo is in fact of the second"order, but it is worth while to prefer
the former assumption in the initial stages because it leads to results which agree exactly, for
the limiting case of an infinite number of blades, with results deducible from consideration of
linear and angular momentum and energy .

v

i' (1 = '27Tr TV

FIG. 1
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(1)

It may be shown in a genera l manner that 'WI is normal to the vortex line and, therefore, to W
as shown in Fig. 1. The essentially difficult part of t he problem is to det ermine a relation between
the magnitude of 'WI and the strength and configuration of the trailing vortices. It has so far
been found necessary to ' ignore t he variation of pitch and radius of the t railing vort ices and t o
treat them as regular helices. It is then possible to use the standard artifice of the Prandtl
theory of the lifting wing to show that the actual value of WI in t he presence of the semi-infinite
trailing vortices is one half t he value that would occur for similar vortices of infinite length.

An expression for the velocity field of a single infinit e helical vortex has been given by Lamb 6

in terms of Bessel functions, but the difficulty of the numerical evaluat ion of the principal value
of an infinite integral along the blade, together with subsequent successive approximat ion to fit
the solution to a particular working condition of a particular airscrew , makes the use of this
solut ion prohibitive.

The method to be used here is based on Goldstein' s solution for a particular case. Considering
a helical vortex sheet extending to infinity in both dir ections, 2 'WI is equal to t he component
velocity of the vortex sheet normal to itself and 2 'W] sec tp is equal t o the velocity par allel to the
axis of the airscrew. For the particular case in which this quantity is independ ent of the radius ,
the trailing vortex sheet may be considered as a rigid surface moving parallel t o the axis with
velocity 2wI sec (I'. This case was proved by Betz to give minimum induced energy loss.

Goldstein's solution may be considered as giving (in tabular form) the equivalent vortex
strength, at any radius r , of a series of rigid infinite helicoidal surfaces (one for each blade of the
airscrew) of radius R and angle of pitch tp, movin g parallel t o the axis with velocity 2wI sec tp ,

The circulat ion r round t he blade at radius r can be immediately determined as the total strength
of the vortex sheet outside that radius.

Since r is obviously proportional to WI and of t he dimensions of WI1', the tables could be
expressed in non-dimensional form by tabulat ing r /wl 1' as a function of r, (= r]R) and ip , Actually
it is convenient to use the equivalent coefficient Yo defined by the equation

. F N
y. = wIr . 4.n sin (p

The values of ~ are t abulated as fun ctions of sin ~ , r, and N in Table Ia , whose derivation is
discussed in Appendix 1 and Appendix 2.

The coefficient Yo has so far been defined as determining the value of the circulation at any
radius, for the particular case 'where the trailing vortex sheets are rigid surfaces moving ,:rith. a
given velocity. The artifice by which the results may be applied in t he general case consl~t~ III

the assumption t hat the relation connect ing Yo with Yo rp and N , is indep endent of the co.!!d'ltzons
at other radii . The significance of this assum pti on may be made clearer by reference to Figure 2.
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Consider the sect ion B of a square-t ipped blade and suppose that the dotted curve B represents
the plan form of a blade which, with the same pitch dist ribution, would give rise to a wake of
Betz' form for t he given workirg cor.dition. The proposed method calculates the interference
velocity for the sect ion at radius B on the assumption that it forms part of a blade havir g the
dotted plan form B. For other radii the equivalent plan form is different. Thus the blade
elements are t reat ed as being effectively independent, although the value of the coefficient ~

depends on r;

The following further points are worth noting.

The coefficient ~ is defined in equa tion (1) in such a way that its value tends to unity as the
number of blades tends to infinity. The solution for an infinite number of blades can be obtained
by more elementary methods , and in t his limi ting case the blade elements are independent.

The coefficient u tends t o zero at ·the blade tip for an y finit e number of blades. Equation (1)
then ensures t hat , even for a square-t ipped blade, the circulation and lift coefficient t end to zero
at the blade tip. This requires, according to Fig. 2, an "equivalent plan form " of infinite
solidity for a square-t ipped blade.

The justificat ion of t he proposed use of equa tion (1) is further discussed in R. & M. 152J3.
This equa tion will accordingly be used as the basis of the calculat ion of interference velocity
throughout the present report .

3. Forces on the Blade Element : Grading Co~fficients.-The fundamental relation of equat ion (1)
is next expresse d in a. form more convenient for practical use by introducing the lift coefficient
at the blade element . If c· denotes the chord, the lift on the element may be written-

tCpcOrH12 = st. = p WTor (2)
He nce

2T = cTVC1.• (3)

Substitution for Tin (1) then gives at once

Nc C 4 w t .- - I. = % - S111 cP
2nY Ttl'

v

(5)

(8)
(9)

(10)*

cP = CPo + {J
and

Reference to the velocity diagram (Fig. 1) shows that wl/W = tan {J, so that

sCI. = 4 % tan {J sin g

where s (= Nc/2nY) denotes the blade solidity at the radius considered.

Also from the velocit y diagram we have­
8 = Ct. + (f (6)

(7)

Assuming a known lift curve for the section, we thus have, with equations (5), (6) and (7),
four relat ions which serve t o det ermine four unknowns . Usually the blade angle 0 is known and
the equations are to be solved for CI., «, (p and {J .

At high rat es of advan ce a simplification is possible, due to the fact that sCI. is very nearly
linear with (/' . In this case equation (5) may be written, t o the first order in {J, as-

sC. = 4%0 {J sin CP o
or {J = bsC1•

with b = 1/4 %0 sin q.'o

so that the t hree equations (6. 7 an d 9) ar e all linear in t he unknowns.

* These formulae are believed to be sufficient ly accurate for all values of ] greate r t han 2 ·0 and should give fairly
accurate results down to J = 1·0 .
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Finally, below the incidence stall the lift curve also may be assumed linear, so that we may
write asCI. = o: + e (11)
where a = drx/d(sCL ) (12)

Equations (6), (7), (9) and (11) may then be solved in the form-s-
sCI. = (0 - rro + e)/(a + b) (13)

P = bsCL (9)
cp = CPo + P (7)
o: = asCI. - e (11)

and the numerical work checked by substitution in equation (6).

The working condit ions at the blade element having thus been determined, the coefficients of
the torque grading, the thrust grading and the power loss grac1ings may now be obtained as
follows:

Hence

Torque Grading.-Resolution of the forces on t he blade element gives- ­
oQ = N r (oL sin cp + sD cos cp )

= t NliV2 pC r or (CL sin (I' + C; cos cp)

(
_ dkQ _ R dQ )

qc - d(rc2) - 2pn2D 5Ycdr
n liV2r Nc .

= - -2-3 - - (CL sm cp + Cn cos cp).
64 n R 2nr

(14)
(15)

(16)

(17)

Since W = liVo cos p, the difference between TV and W0 is of the second order in fJ and it is
sufficiently accurate to replace W by liVo ; equat ion (17) then becomes-

~.f:

_ { n
3

, 3 2 1(C ' + C ) (18)qt - 16 1 c sec cp 0 r s J. sm q s D cos cp

in which the term within the curled brackets is a geometrical function of r, and] only, which we
shall denote by C.

where

there results

Thrust Grading.-In an exactly similar way using

oT = N (0L cos T - (j D sin cp )

( dkr )
t; = d(r

c
2)

= i (SCI. cos (t - sCn sin cp)

n 3 CJ
i = - r c

2 sec- /f'o = ~ C
8 1',_

Values of both Cand i have been tabulated against] and r.. (Tables 2c and 2c1.)

(19)

(20)

(21 )

(22)

Efficiency and Power Loss.-The efficiency 1] is defined as the ratio of the thrust power (useful
power) to the torque power (power input) :-

'fJ = TV/QQ = Jkr/2nkQ (23)

The torque power may be considered as the sum of the thrust power and the power loss P ,
which latter may be separated into" induced" power loss PI and" profile drag" power loss P2
given for a blade element by

oPI = N w10L (24)
and oP2 = NWoD (25)



8

It may be verified by direct algehra from equations (14) and (19) that

QoQ = VoT + oPl + oPz.

We define coefficients of power loss to satisfy the following relations­

kQ = IkT/2n + kPl + kP2

PCl = dkPl/d(rc 2), Pc2 = dkpz/d(rr. 2)
so that

1 dPl
PCl = 16nen3D3r dr

1 dP2
PC2 = 16nensD3r err .

Hence
PCl = qsCL sin {J cos- {J

= q{JsCL

to the first order in {J, where

1
q = 16 n S rc

3 sec" CPo = Csec CPo

and
Pe2 = qsCD•

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

Finally
(34)

Apart from the desirability of knowing the separate amounts of " induced " and" profile drag"
losses, the use of (34) gives more accurate values of 1] than (23)in the neighbourhood of maximum 1]

The thrust coefficient kT may then be determined by (27) if desired. At low values of I it is
necessary to determine the thrust from equation (21).

The only approximation involved in equations (18), (21), (31) and (33) is the replacement of
cos {J by unity and of sin {J by {J.

The calculation of qe' PCl and PC2 is thus now reduced to :-
(i) The tabulation of b, T, C and q as functions of I, r, and N; values for eight standard

radii, with a range of I from 1·0 to 7· 0, are given in Tables 1 and 2. These tables are
considered to be of universal application as they depend only on the theory of blade
interference.

(ii) Knowledge of values of CL and CD as functions of incid ence and Mach number. These
section characteristics depend on the shape of blade section, and are necessarily subject
to revision as further experimental data on propeller performance are obtained. The
best data available on certain sections at the time of writing are discussed in general
terms in § 6 below, hat the appropriate tables and curves are given in a separate
report (R. & M. 20367) . The method by which overall measurements of thrust and
torque were analysed to obtain these data is described in R. & lVI. 20208• In the
rarge in which the assumption of a straight-line lift curve holds , CL is represented by
the values of e and a as functions of JIll. Consideration of a, e and ClJ is given in §6.

Equations (10) and (31) are correct if fJ is measured in radians ; in practice it is more convenient
to measure all argles in degrees. The values of b given by equation (10) were therefore multiplied
by 180/n for tabulation in Table lb. Values of q from Table 2e are used as they stand in
equation (33), but must be divided by 180/n for use in equation (31) if fI is expressed in degrees.
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4. Integrating Coejjicients.-It is finally necessary to integrate the values of t., qe' Pel and
PC2 with respect to re

2 between the limits 0·09 and 1· 0* to give values of kT , ko' kPl and kP2•

This may be done graphically, but more consistent results may be' ohtained with less labour by
the use of integrating coefficients CII (given in Table 3a taken from R. & M. 20439) in formulae
such as-

ko = C1 qe1 + C2 qe2 + + C8 qe8 (35)

where the suffices refer to the eight standard values of r.: If separate values of kPl and kp2 were
not required, it would be sufficient to evaluate

~=~+~ ~

where

by integrating
Pc = PC1 + PC2 .

Finally, the efficiency 17 may be obtained by using equation (34).

5. Calculation of Mach Number .-The Mach number of a blade section is taken to be­

N! = Wola"

(37)

(38)

Wo = Q r sec rpo

and a" is the speed of sound at the height 1~ at which the aircraft is flying. t
Hence M = (Q Ria,,) r, sec »«

where

and

1= VlnD

tan rpo = ]Inre '

(39)

(40)

(41)

(42)

Values of rpo and r, sec rpo are t abulat ed against] for st andard values of re in Tables 2a and 2b.

6. Formulae for (Cv cx:) in Terms of Thickness Ratio and M acb Number .-The principal
object for which the method is designed is the calculation of the performance of airscrews for
high-speed aeroplanes on the basis of the section lift and drag data reported in R. & M. 20367 •

Over the range of. incidence likely to be used at high speed it is sufficiently accurate to assume
a linear lift curve for a given Mach number.

The lift coefficient of the section of an airscrew blade is a function of incidence, Mach number
and thickness-chord ratio. It is conveniently expressed in terms of its low-speed value CLO '

which is assumed to be a linear function of incidence cx: over the range 0 < CLO < O· 6 according

to the equation CLa = AoCX:o (43)

where 0(0 (= o: + eo) denotes the incidence referred to the zero-lift datum. The low-speed slope
Aois taken as 0·1 per degree for values of tic less than 17 per cent. for airscrew sections of shape
similar to Clark Y. For larger values of tic its value is taken provisionally from Table 1 of
R. & M. 20367 ; this table was based on experiment s in the compressed air tunnel'! on aerofoils
of thickness-chord ratio up to 30 per cent .

The low-speed zero-lift angle eo is taken to be that given by the theory of thin aerofoils'>,
using the rapid method of evaluation given in R. & M. 19141 3.

._ ---------_._- ~---- -- _..- -- ---- - - - - - - - - -
* The lower limit of 0 ·09 for r.2 (corresponding to 0 ·3 for r.) was chosen arbitrarily; it is necessary to estimate the

contribution of the portion of the blade inside this radius (blade root losses) by other methods (§ 8).
t The value of a; as a' function of height under standard conditions is given in R. & M. 18911°.
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The lift coefficient Cv considered as a function of Mach number as well as a , is defined by distinct
formulae in two separate ranges in which the values of Cv a, e are here distinguished by the
suffices 1 and 2 respectively, the boundary between the two ranges corresponding to a critical
Mach number 11/11. which for values of tY..o less than 3 deg. is an empirical function of thickness­
chord ratio only, but depends also on incidence at higher values of rxo' Values of lYIL are given
in Table 3 of R. & lVI. 20367 .

Range 1 includes all values of 111 less than lvI L • In this range the lift coefficient rises with
Mach number at a rate which for sections thinner than 16 per cent. follows Glauert's equation-

Cn = (I -- NI2)-1/2 CLI! (44)

Comparison with equation (11) then gives the followin g of a and e :­

a1 = (1 - NI2) lJ2 ao (45)

(46)

where
ao =- l /sA o. (47)

Values of (1 - NJ2)1/2 and (1 - i1/12) - 1/2 are given in Table 2 of R . & lVI. 20367 .

For thicker sect ions the rate of rise with Mach number becomes progressively less than
(1 - M 2)-lJ2 ; use is then made of Table 5 of R . & M. 20367 .

Range 2 includes all values of M greate r than NI L' In this range CI. is given by the equat ion-s -

(:1.2 (I - il1L
2) - 1 / 2 Cw + C I.S (48)

where CLs is an empirical function of (NI - NI L) given in Table 4 of R. & IVI. 20367. Comparison
with equation (11) now gives the following values of a and e : -

a2 = (1 - l11L
2)1/2 ao (49)

C2 = EO + (1 - 1111.2
) 1 /2 CLs/A o' (50)

Substitution of the appropriate values of a and e in equations (13), (9), (7) and (11) will then
determine the appropriate values of CL , cP and rx for both ranges, except that when rxo exceeds
~) degs. the solut ion involves a small amount of successive approximat ion since M L then depends
on o: as well as tic. Th e principle of the successive approximation (R. & M. 20367) consists in
adopt ing the low-incidence value (M'L) of NI l. (independent of tY..) and the corresponding value (a')
of a as a first approximation, and evaluating tY..o' = a' (0 - -- CP o + Eo) /(a' + b) . If this exceeds
~) degs . a second approximation to NIL is necessary. In practice it is found that this second
approximat ion suffices.

Formulae j01' CD -in T erms oj Macn Numb er and Cw.-In considering the effect of high
Mach number it is convenient , except at high incidence and for thick sections, to write-

CD = C DO + CDS (51 )

where C DS is zero for low values of M.

(52)

a function of tic only, given in Tables 6 and 7

CDO.-It is assumed that the value of CDOat any radius is given by the equation­

CDO = Eo Co

where Eo is a tunction of Cf.o only and Co is
of R. & M. 20367•
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CDs.-The compressibility dr ag CDS is an empirical fun ction of (111 - 1I1D ), given in Table 9 of
R. & 1\1. 20367, where 1I1D is a crit ical Mach number for drag, assumed to be an empirical fun cti on
ofthe t wo variables G(o and tic (Table 8 of R. & M. 2036 7) . When dealing with a series of calcula tions
for all of which tic is the same at a given radius, it is convenient to draw a family of curves of
MD against ao, one for each standard radius .

At incidences above 8 deg. for sectio ns thinner than 9 per cent . and above 5 deg. for secti ons
from 9 per cent. t o 16 per cent ., it is more convenient to use curves of C[) plotted against M directly .
These are given as Figs. 1-15 of R. & M. 20367.

It should be emphasised that the above formulae for CL and CD represent t he best availab le
eviden ce at the time of 'writ ing (August , 1945). If it should prove necessary to modify them
when further experimental evidence becomes available, it will still be possible to use the method
of ~ 3 with Tables 1 t o 3, provided that a linear rela tion bet ween CL and a for given 1\11 still holds
over a sufficient range.

7. Sp ecimen Calculaium.-s-P: specimen calculation for one blade section is given in Table 4.
For a complete ai rscrew there would he eight columns corresponding to th e eight standard radii.

Values of the following quantiti es are supposed given-for t he whole airscrew : N (number of
blades), V (forward speed), n (airscrew revolu tions per second), h (operating altitude, t o determine
the speed of sound a,.), from which are derived Q Ria" and J ; and at each standard radius
(rr) : tic, section shape (determining 80), s (solidity) and 0 (blade an gle).

The three columns of Table 4 give examples respectively of Range 1, R ange 2 at low incidence,
and Range 2 at high incidence. If M < l11L (Range 1), the ent ry for (iVI -1I1L ) should be "< 0 " ,
and the value of (1 - IVJ2)1 /2 used instead of (1 - ~~11.2)1 /2. If 111> 1\Ih, (Range 2) the value
of (111 - 1\Ih) is inserted so as t o determine Cv ;, and (1 - 1\1!£2) 1/2 is used inst ead of (1 - 1\IJ2)1/2.

The final results for a parti cular working condit ion and blade set ting of a given airscrew will
be values of qc or te, PCl' Peo and Pes for the eight st andard values of r.. The integrating
coefficients given in Table 3a are then used t o int egrate the above quant ities between t he limits
r c

2 = 0·09 and 1·0 to give valu es of I?Q or kT, kP1 , kpo and l?ps. The efficiency (17) follows.
a

8. B lade Root Loss.-The lower limit of int egration corresponding to the numerical coefficients
of Table 3a is 1'c = 0·3: (rJ 2 = 0·09. The effect of the portion of the blade between t his radius
and the spinner is conveniently dealt \vith14. 15 as a separate loss of efficiency, in the calculat ion
of which the contribution of the root sections to the torque is in general negligible, Neglecting
the indu ced loss, the power loss coefficient is given from equation (33) in t he form-s-

0'09 .

s», = JqsCD d(l'e2
) ,

spinner

so that the efficiency loss is simply

LJ 1] = ;jkpll~Q

to the first order of small quantities.

(53)

(54)

Since

and

it follows that

Jt 3

q = - l ' 3 sec3 m16 e " orO

0'09

iJkp = -{~ JsCD cosec" CPo d(1'r2) .
SpiUIICf

(32)

(42)

(55)
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Equation (55) may be more convenient than equation (53) for rapidly estimating the root loss
since the factor cosec" CPo does not differ greatly from unity and may be omitted in the calculation
if great accuracy is not required; the omission would not affect a comparison between different
propeller designs. Alternatively, a mean value of this factor may be taken for a range of
values of].

The drag coefficient CD for root sections has been plotted in R. & M. 20367 as a function of
Mach number and incidence. For the evaluation of the root loss the effect of compressibility
on the zero-lift angle may usually be neglected, so that equations (13) and (11) reduce to the
approximate relation

a
()(o = --b ((J - CPo + eo) (56)a+

Values of a for thick root sections are given in R. & lVI . 20367 ; values of b have been calculated
from equation (10) using values of " for the innermost radii obtained by the method described
in Appendix 2.

The integration of equation (53) is most conveniently effected using integrating coefficients
which are given in Table 3b quoted from R. & 1\1. 20439 • An example of root loss calculation
is included in Table 4, and the resulting power loss is included in the final value of the
efficiency.

Acknowledgement.-The authors desire to record their acknowledgement of the valuable
assistance rendered by Miss E. M. Love in the preparation of the tables of this report.

APPENDIX 1

Calculation. of" from 1'c = 0·3 to 1'0 = 0·975
The new method of airscrew calculation requires the tabulation at values of " (the coefficient

of interference velocity) for closely spaced intervals of the argument (sin It') for a range of values
of riR. Since the existing tables of" were inadequate for this purpose, it was decided to extend
these tables, making use of theoretical work-" made available since the latter were prepared.

The aim in view was the tabulation of " against sin cp for certain values of 1'IR for 2, 3 and
-l-bladed airscrews, It is not always possible to compute x for any arbitrary value of sin cp and
rlR, but the approximate value Xp (Ref. 4) is always calculable to any required degree of accuracy,
and the ratio xlxp can be computed for certain cases, notably when sin cp is unity. The quantity
Xp was therefore calculated for all the desired values of sin cp and r jR.

Table 2 of R. & M. 16744, giving the ratio xlxp for 2 and 4-bladers, was extended in the
following way. The ratios for sin cp = 1 were computed and obtained for additional values of
rIR by interpolation. The tables were then smoothed, i.e., the "Ixp ratios were faired against
both sin cP and rl R by the well-known arithmetical processes for the graduation of numerical
data-". The values of xjxp for three-bladers were then obtained by interpolation, knowing "Ixp
for infinity, two and four blades. The interpolation formula is quoted below; it was obtained
on the assumption that xlxp is a quadratic function of liN passing through known values for
N = 2, 4 and co. An additional check was obtained in this case by workin g out x , and hence
the "I"p ratio, for sin cp = I, from Reference 16, inserting these values in the table obtained by
interpolation and adjusting so as to distribute any error linearly over the range sin cp = 0 to
sin cp = 1.

The tables were then sub-tabulated for small intervals of sin cp. By using the appropriate
values of Xp the desired tables of x were then obtained by simple multiplication.

The formulae used in the calculations for Table 1a are listed below :-

(a) Xp = ~ arc cos e -NF/2 (57)
in:

Where F = (1 - rJ/sin CPt (58)

and tan f{Jl = r, tan f{J •• (59)
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For numerical work, we write
2

" --f)P - n l'

where f)1 is in radians.

(60)

Taking °1 in degrees and expressing "p as a function of r, and sin tp ,

N (1 - rJ
10g10 cos °1 = - -2 . X 0·4329sin CP1

and

where s = sm cp

(61)

(62)

(63)

(b) For 2-bladed airscrews with sin ep - 1,

" = -v(1 - 1'(2) /11:1',.

(c) For 4-bladed airscrews 'with sin rp = 1,

4 ( 1 [ 1 ] 1/2 .,

" = n 2log l1'c2+ r! - 1 I .
(d) Calculation of " for 3-bladed au-screws with sin cp = 1 :

(i) For small values of r, (viz., 0·3, 0·35, 0'4,0,45)

, __3_ r (~) -y'(1 - 1}) { ~ 3 ~ 3 2 1·4·7 ? ' 3 3 } _ 3-y'3
,,- 2n;3/2 (2) 1 + 5 (2r,) + 5.11 (2r,) + 5 -11'17 (-1,.) +... 2n

r - . / 1'3 v e '

(ii) For values of r, approaching unity (viz. 0,975, 0,95, 0,85, 0,80)

_ 3 r (~) -y'(1 - r,3) [ 1 J2 3 } 1.4 {2 3 }2
" - n312 r(~)~~ 1 +"3 ls (1 -1'e) + 3.5 3 (1 - Y, )

1'4'7{2 3}3 ]+ 3.5.7 S(1 - Ye ) + ...

(64)

(65)

(66)

(67)

(71)

(69)

(68)

For other values of 1',

x = ~ r(~) Jarccus ('e3 / 2 ) dy
n 3/2 (2) ' (cos y)4/3r - 0

3

9 r(~) rJe dt

" (re) - " (1'e1) = - 2n 3/2 r(~) t3 /2 (1 - t 3)l /2

3 r eI

where (cosy)2/N = t (70)

(e) The interpolation formula for deriving the value of "/"p for 3 blades, knowing the values
for infinity, 2 and 4 blades, is

(!:-) = ~ (~.... -t ~ (~) - ~
"p 3 9,,) ' 9 Up 2 9
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APPENDIX 2

Calculation of % near the Blade Roots

By J. N. Veasey, B.A.

Since it was considered that simple extrapolation from the values of Appendix 1 to smaller
radii would be unsatisfactory, and that the algebraic method used before for interpolatirg for
other numbers of blades than 2 and 4 might be unsuitable for the function at the small radii
where it attains values greater than unity, the following method was adopted. Use was made
of the solution for the limiting case of infinite pitch given by Westwater and Goldstein!".

(a) For 2 and 4 Blades.-For the limiting case of very small radii, no great simplification of the
general formulae given by Goldstein- could be found, but for infinite pitch-" we have equations
(64) and (65) (quoted in Appendix 1); when 1'e-+ 0, these reduce to :-

For 2 blades % , :.-: l /n1',.

8 1For 4 blades % = : - 102" - •2 v
n 1'"

(72)

(73)

As r , -+ 0, the pitch angle of the helicoidal vortex sheets becomes 90 deg., and so the above
relations give an approximation to % when r, is very small.

The equations suggest that x , becomes large towards the roots of the blades, and from
equation (72) it might be expected that for conditions other than infinite pitch, »r, for two blades
would remain finite when r, approached zero , and that for four blades »r, would approach zero
logarithmically.

Values of %re for two and four blades taken from Ref. 1 and Table 7 of R. & M. 16744 were
accordingly plotted against re for constant pitch (r, tan ep = const.), and the curves extrapolated
to r, = °using the curves of equations (72) and (73) as a guide.

From these curves, values of % at even intervals of r c were taken and it was found that by
plotting 1/% against lire sec ep at constant r., a fairly linear and uniform set of curves was obtained.
The reciprocal of % was chosen as the ordinate because % is usually greater than unity at the root
sections, becoming very large towards the propeller axis. For abscissa lire sec ep was used
since, besides producing a smooth series of curves, it becomes zero for the condition of infinite
pitch (values calculated from Ref. 16); moreover, the high advance ratios fail within a small
range of the abscissa.

(b) 3, 5, 6 and 8 Blades.-Since the formulae in Ref. 1 for the inflow factor for these blade
numbers are laborious to compute and involve Bessel Functions which have not been tabulated,
only a small number of values were actually calculated for 3 and 6 blades; the other values
were interpolated graphically by plotting 1/" against both l/1'esec ep (as for 2 and 4 blades) and
liN, using as a guide points obtained from the results for 2 and 4 blades and also from the
solution for the limiting case of infinite pitch-",

Since % represents the ratio of the mean inflow velocity round the circumference of a circle
of given radius to the inflow velocity at the vortex sheets at that radius, this ratio (x) will become
equal to unity for an infinite number of blades, for which the vortex sheets are indefinitely close
together. The inflow factor x was therefore taken to be equal to unity for the case of an infinite
number of blades. for all radii and advance ratios.
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TABLE la

Values of" : f c = 0·2

65432

0·68 1·000 '9
1·006 9 1·011 3 I 1·008 2 1·004 a

0·70 1·009
11

1·015 11 1·014
5 I

1·010 3
1·007 3

·72 ·020 12 ·026 12 ·019 7 ·013
5

·010 5
·74 ·032 13 ·038 14 ·026

9
·018 7

·015
5

·76 ·045 15 ·052 16 ·035 10 ·025 9
·020 7

·78 ·060 19 ·068 18 ·045 13
·034

10
·027

9

0·80 1·079 10 I 1·086 10 1·058 7
1·044

6
1·036 5

·81 ·089 10 ·096 11 ·065 9
·050

7 I ·041
5

·82 ·099
11

·107 12 ·074
9

·057 7 ·046 6
·83 ·110 12

', 119 14 ·083
11

·064 8
·052 6

·84 ·122 13 ·133 14 ·094
11

·072 9 ·058 7

0·85 1·135 14 I
1·147 15 1·105 13

i 1·081 1·065
8I 1U

·86 ·149 15
·162 17 ·118 14 I ·091 10

·073 8
·87 ·164 16 ·179 19 '132 16 ·101 13 ·081 10
·88 ·180 16 ·198 19 ·148 18

·114 15 ·091 10
·89 ·196 18 ·217 22 ·166 19 ·129 15 ·101 11

0·90 1·214 19 1·239 25 1·185 21 1·144 17 1·112 13
·91 ·233 20 . ·264 28 ·206 24 ·161 19 ·125 15
·92 ·253 22 ·292 30 ·230 27 ·180 22 ·140 17
·93 ·275 24 ·322 33 ·257 30

·202 26 ·157 19
·94 ·299 26 ·355 36 ·287 33 ·228 29 ·176 22

0·95 1·325 14 1·391 21 1·320 17 1·257 15 I
1·198 12

·955 ·339 15 ·412 21 ·337 18
·272 16

·210 13
·96 ·354 16 ·433 22 ·355 19 ·288 17 ·223 13
·965 ·370 17 ·455 24 ·374 20 ·305 18 ·236 14
·97 ·387 17

·479 25 ·394 21
·323 19 ·250 16

0·975 1·404 18 1·504 26 1·415 23 1·342 20 1·266 17
·98 ·422 21 ·530 28 ·438 25 ·362 22 ·283 17
·985 ·443 25 ·558 29 ·463 28 ·384 24 ·300 19
·99 ·468 15 ·587 15 ·491 18 ·408 15 ·319 12
·9925 ·483 16 ·602 16 ·509 20 ·423 15 ·331 12

0·995 1·499 7
1·618 5 1·529 7 1·438 7 1·343

6
·996 ·506 9

·623 6 ·536 8
·445

8
·349 6

·997 ·515 10 ·629 7 ·544 9
·453 9 ·355 7

·998 ·525 11
·636 6 ·553 10

·462 10 ·362 8
·999 ·536 9

·642 3 ·563
9

·472 4
·370 5

0·9995 ' 1·545 ' 14 1·645 2 1·572 13 1·476
6

1·375 7
1·000 ·559 ·647 ·585 ·482 ·382
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TABLE la-continued

Values of": r, = 0 -25

65432

0·58 0 ·954 2 0·975 3 0 ·992 0 0 ·996 0 0 ·999 -1

0·60 0·956 3 0·978 4 0·992 0 0·996 0·998 0
-62 ·959 ·982 ·992 -997 1

998 +1
·64 ·962 3 ·986 4 ·993 1 ·998 1.

3 4 2 1 ·999
·66 -965 ·990 ·995 ·999 1·000 ~
·68 ·969 4 ·996 6 ·998 3 1·001 2 ·001

4 6 4 3 2

0·70 0·973 5 1·002 7 1·002 6
1·004 4 1·003 3

·72 ·978 ·009 ·008 ·008 ·006
·74 ·983 5 ·017 8 ·015 7 ·013 5 ·010 4

·76 ,,988 5 ·027 10 ·024 9 ·020 7 ·016 6

·78 ·994 6 ·038 11 ·035 '11 -029 9 ·023 7
7 14 12 11 9

0·80 1·001 4
1·052 7 1·047 8 1·040 5

1·032 5
-81 ·005 ·059 ·055 ·045 ·037
·82 ·009 4 ·067 8 ·063 8 ·052 7 ·042 5

·83 -014 5 ·076 9 ·071 8 ·059 7 ·048 6

·84 ·019 5 -086 10 ·080 9 ·067 8 ·055 7

6 10 9 8 7

0·85 1·025
6

1·096 12 1·089 11 1·075
9

1·062
8

·86 ·031 ·108 ·100 ·084 ·070
·87 ·038 7 ·120 12 ·112 12 ·095 11 ·079 9

·88 -045 7 -134 14 ·125 13 ·107 12 ·088 9

·89 ·053 8 ·149 15 ·138 13 ·119 12 ·098 10
9 15 14 14 12

0·90 1·062 10 1·164 16 1-152 16 1·133 14 1·110 13
·91 ·072 ·180 ·168 ·147 ·123
·92 ·083 11 ·197 17 ·186 18 ·163 16 ·138 15

·93 ·095 12 ·215 18 ·205 19 ·181 18 ·153 15

·94 ·109 14 ·235 20 ·225 20 ·200 19 ·170
17

15 20 20 20 18

0·95 1·124 7
1-255 11 1·245 12 1·220

11
1·188 9

·955 ·131 ·266 ·257 ·231 ·197
·96 ·139 8 ·277 11 ·269 12 ·243 12 ·207 10

·965 ·148 9 ·288 11 ·282 13 ·255 12 ·217 10

·97 ·157 9 -300
12 ·295 13 ·268 13 ·228 11

f) 13 14 13 11

0·975 1·166 10 1·313 13
1·309 15 1·281 14

1·239 12
·98 ·176 ·326 ·324 ·295 ·251
·985 ·187 11 ·340 14 ·340 16 ·310 15 ·264 13

·99 ·199 12 ·355 15 ·357 17 ·326 16 ·279 15

·995 ·212 13 ·370 15 ·377 20 ·344 18 ·295 16
9 7 12 10 8

0·9975 1·221 12 1·377 7 1·389 15 1·354 13 1·303 10
1·000 ·233 ·384 ·404 ·367 ·313

~I
--:.:

(75267 B
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TABLE 1a-continu"ed

Values of « : r, = 0·3

~I 2 3 4 5 6

0·00 1·000
0 1·000

0
1·000

0
1·000

0 1·000
0·05 ·000 :000 ·000 ·000 ·000

·10 0·998 -- 2 0·997
_. 3 0·999 - 1 0·998 - 2 ·000 0

·15 ·994 - 4 ·994 .- 3
·998 - 1 ·997 - 1 ·999 -- 1

·175 ·991 - 3 ·993 - 1 ·998 0 ·996 - 1 ·998 - 1
- 2 - 2 -- I - 1 0

0·20 0·989
- 3 0·991

1 0·997
1 0·995

0 0·998
0·22 ·986 ·990 - ·996 - ·995 . ·998

·24 ·983 - 3 ·989 - 1 ·996 0 :994 - 1 ·997 - 1

·26 ·980 - 3 ·988 - 1 ·995 - 1 .·993 - 1 ·997 0

·28 ·978 - 2 ·986 - 2 ·994 - 1 ·992 - 1 ·996 - 1
- 3 - 2 - 1 0 0

0·30 0·975
3 0·984

1
0,993

1
0·992

1 0·996
0·32 ·972

--
·983 -- ·992 .-

·991 - ·996
·34 ·969 - 3 ·982

.- 1 ·992 0
·990 - 1 ·995 - 1

·36 ·966 - 3 ·981 - 1 ·991 - 1 ·990 0 ·995 0

·38 ·963 - 3 ·980 - 1 ·990 - 1 ·990 0 ·994 - 1
- 3 - 1 0 0 0

0·40 0·960
3 0·979

0 0·990
1

0·990
1 0·994

0·42 ·957 - ·979 ·989 -- ·989 - ·994
·44 ·953 - 4 ·978 - 1 ·988 - 1 ·989 0 ·993 - 1

·46 ·950 - 3 ·978 0 ·988 0 ·989 0 ·993 0

·48 ·947 - 3 ·978 0 ·987 - 1 ·989 0 '992 - 1
- 3 0 - 1 0 0

0·50 0·944
3 0·978

0 0·986
0

0·989
0 0·992

0·52 ·941 - ·978 ·986 ·989 ·992
·54 ·938 - 3 ·978 0 ·986 0 ·990 + 1 ·993 + 1

·56 ·935 - 3 ·978 0 ·986 0 '990 0 ·993 0

·58 ·933 - 2 ·979 + 1 ·987 + 1 ·991 + 1 ·994 -+- 1
- 3 1 1 1 1

0-60 0·930
2 0·980

1 0·988 1 0·992
2 0·995

1·62 ·928 - ·981 ·989 ·994 ·996
·64 ·926 - 2 ·983 2 ·991 2 ·996 2 ·997 1

·66 ·924 - 2 ·985 2 ·994 3
·998 2 ·999 2

·68 ·922 - 2 ·988 3 ·997 3
1·001 3 1·001 2

- 2 3 3 3 3

0·70 0·920 0·991' 1·000 1·004 1/ 1·004
·72 ·919 - 1 ·995 4 ·005 5 ·008 4 ·008 4

·74 ·918 - 1 1·000 5 ·011 6 ·012 4 ·012 4

·76 ·917 - 1 ·005 5 ·017
- 6

·017 5 ·017 5

-78 ·917 0 ·012 7 ·024 7 ·024 7 ·023 6
0 7 8 8 8

0·80 0·917
0 1·019

4 1-032
5 1·032

5 1·031
5·81 ·917 -023 ·037 ·037 ·036

·82 ·918 + 1 ·028 5 ·042 5 ·042 5 ·041 5
,83 ·919 1 ·033 5 ·047 5 ·047 5 ·046 5

·84 ·920 1 ·038 5 ·053 6 ·053 6 ·052 6
2 6 6 7 6

0·85 0·922
2 1·044

6 1·059
7 1·060

7
1·058

7,86 ·924
2 ·050

7 ·066
8 ·067

8 ·065
7·87 ·926

3 ·057
7 ·074

9 ·075
10 ·Q72

8·88 -929
5 ·064

8 -083
10 ·085

10 ·080
9-89 ·934

5 ·072
9

-093
11 ·095

10 ·089
10

0·90 0·939 1·081 1·104 1·105 1·099
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TABLE la-continued

Values of ~ : r, = 0 -3-continued

~I 2 3 4 5 6

0·90 0·939
2 1·081

5
1·104

6
1·105

6 1·099
5·905 ·941 ·086 ·110 ·111 ·104

·91 ·944 3 ·091 5 ·116 6 ·117 6 ·109 5

·915 ·947 3 ·096 5 ·122 6 ·123 6 ·115 6

·92 '950 3 ·101 5 ·129 7 ·129 6 ·121 6
3 6 G 7 6

0·925 0·953
3 1·107

5
1·135

7
1·136

7
1·127

7·93 -956 ·112 ·142 ·143 ·134
·935 ·959 3 ·117 5 ·149 7 ·150 7 ·140 6

·94 \963 4 ·122 5 ·157 8 ·158 8 ·147 7

·945 ·966 3 -128 6 ·164 7 ·165 7 ·153 6
4 6 7 8 7

0·95 0·970
3

1·134
5

1·171
8

1·173
9 1·160

7·955 ·973 ·139 ·179 ·182 ·lB7
·96 ·977 4 ·145 6 ·187 8 ·190 8 ·174 7

·965 ·981 4 ·152 7 ·195 8 ·199 9 ·181 7

·97 ·985 4 ·158 6 ·203 8 ·208 9 ·189 8
4 6 8 9 8·

0·975 0-989
4

1·164
6 1·211 9 1·217

9
1·197

9·98 ·993 ·170 ·220 ·226 ·206
·985 ·997 4 ·175 5 ·229 9 ·235 9 ·215 9

·99 1·001 4 ·180 5 ·238 9 ·244 9 ·224 9
5 5 9 10 10·995 ·006 6 '185

4
·247

9
·254 10 ·234 11

1·000 1·012 1·189 1·256 1·264 1'245
-~---_ ..,-----

TABLE la-continued

Values of x : r, = 0·45

~l 2 3 4
5 . I

(76267\

0·00 1·000 1·000
1

1·000 1·000
0

1·000
0·02 1·000 0·999 - ·000 ·000 ·000

·05 1·000 ·998 - 1 ·000 ·001 1 ·001 1

·07 1·000 ·998 0 ·000 ·001 0 ·002 1
- 1 -- I 1 1

0·10 0·999 1 0·997
1

1·000 1·002
0 1·003

1·12 -998 - ·996
.-

·000 ·002 ·004
·14 ·998 0 ·995 - 1 0·999 - 1 ·002 0 ·004 0

·16 ·996 - 2 ·994 - 1 0·999 0 -003 1 ·004 0

·18 ·994 - 2 ·992 - 2 0·998 - 1 ·003 0 ·005 1
- 4 - 2 -- 0 0 0

0·20 0·990
- 4

0·990 - 2 0·998
1

1·003
0

1·005
1·22 ·986 ·988 ·997 '. ·003 ·006

·24 ·980 - 6 ·986 - 2 ·997 0 ·003 0 ·006 0

·26 ·974 - 6 ·983 - 3 ·996
.- 1 ·003 0 ·006 0

·28 ·967 - 7 ·980 - 3 ·995 - 1 ·003 0 ·007 1
- 8 - 3 - 2 0 0.

0·30 0·959 0·977 0·993 1·003 1·007
.,.... ,.~..,

B~



0"30 0·959 - 9 0·977 - 4 0 ·993
- ' 1 1·003

0 1·007
0·32 ·950 ·973 ·992 ·003 ·007

·34 ·940 - 10
·969 - 4 ·991 - 1 ·002 - 1 ·007 0

·36 ·929 -11
·965 - 4 -989 - 2 ·002 0 ·007 0

·38 ·918 - 11
·960 - 5 ·987 - 2

·001 - 1 ·007 0
- 11 - 6 - 2 - 1 0

0 ·40 0·907 -11 0·954
- 6 0·985

- 2
1·000

- 2 1·007
0·42 ·896 - 11 ·948 - 6 ·983

- 3
·998

- 1 ·007
- 1·44 ·885 ·942 ·980 ·997 ,006

·46 ·873 - 12
·936 - 6 ·978 - 2 ·996 - 1 'Ob5 - 1

- 13 - 7 - 3 - 1 0• ·48 ·860
- 13 ·929

- 6 ·975
- 3

·995
- 1

·005
- 1

0·50 0·847
- 13 0·923

- 7 0·972
- 3 0·994

- 1
1·004

0·52 ·834
- 13 ·916

- 7 ·969
- 4 ' 993

- 2
·004

0-54 ·821 ·909 ·965 ·991 ·004
·56 ·808 -13

·902 - 7 ·962 - 3 ·990 - 1 ·005 + 1

·58 '796 - 12 -895 - 7 ·958 - 4 ·989 - 1 -005 0
-13 - 7 - 3 - 1 0

0 ·60 0·783 -12 0·888 - 7 0 ·955
- 4 0-988

- 1
1·005

0·62 ·771 ·881 ·951 ·987 ·005
·64 ·758 -13

·874 - 7 ·948 - 3 ·986 - 1 ·006 1

·66 ·746 -12
·867 - 7 ·944 - 4 ·985 - 1 ·007 1

·68 ·734 -12
·860 - 7 ·940 - 4 ·984 - 1 ·007 0

- 12 - 7 - 4 - 1 0

0~70 0·722
-10 0·853

- 7 0·936
- 3 0 ·983

- 1 1'007
0·72 -712 ·846 ·933 -982 ·007

·74 ·702 - 10
·839 - 7 ·929 - 4 ·981 - 1

·007 0

'76 ·693 - 9
·832 - 7 ·926 - 3 ·980 - 1 ·008 1

·78 '684 - 9 ·826 - . 6 ·923 - 3 ·979 - 1 ·008 0
- 8 - 6 - 3 - 1 0

0· 80 0·676
- 6. 0·820

- 5 0 ·920
- 3 0 -978

- 1
1·008

1·82 -670 ·815 -917 ·977 ·009
,84 ·664 - 6 ·810 - 5 ·914 - 3 ·977 0 ·010 1

·86 ·659 - 5 ·807 - 3 ·913 - 1 ·978 + 1 ·011 1

·88 -654 - 5 -806 - 1 ·912 - 1 ·978 0 ·013 2
- 5 _. 1 + 1 2 3

0-90 0·649
- 4

0 ·805
0

0·913
1 0·980

1 1·016 4·92 -645 -805 ·914 ·981 ·020
·94 ·641 - 4 ·806 + 1 ·915 1 -983 2 ·024 4

·96 ·638 - 3 ,806 0 ·917 2 ·986 3 ·029 5

-98 -634 - 4 '807 1 ·920 3 -990 4 ·034 5
- 3 1 4 6 6

.
1·00 0·631 0 ·808 0·924 0·996 1·040

20
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TABLE la-continued

Values of" : rc = 0·6

~I 2 3 4 5 6

0·00 1·000 1·000 1·000 I 1·000 1·000
·01 . . ·000 ·000 ·000

I
·000 0 ·000 0

- 1 0 1·02 ·000 ·999
0 ·000 ·000

0
·001

0·03 ·000 ·999
0

·000 i ·000
1

·001
0·04 ·000 ·999

0
·000 I ·001

0
·001 1

0·05 1·000
- 1

0·999
- 1

1·000 I 1·001
0

1·002 0·06 ·999
0

·998
0

·000 ·001
0

·002 1·07 ·999 ·998 ·000 ·001 ·003
·08 ·999 0 ·998 0 ·000 ·002 1 ·003 0

·09 ·998 - 1 ·997 - 1 ·000 ·002 0 ·003 0
- 1 - 0 0 1

'0·10
I

0·997
:

1·000 1·0020·997
- 1 -J - 1 0

1·004
0·11 ·996

- 2
·996

- 0
0·999

0
·002

0
·004 0·12 ·994 ·996 ·999 ·002 ·004

·13 ·992 - 2 ·995 - 1 ·999 0 ·002 0 ·004 0

·14 ·990 - 2 ·994 - 1 ·999 0 ·002 0 ·005 1
- 3 - 1 - 1 0 0

0·15 . 0·987
- 3

0·993 - 1
0·998

- 0
1·002

0
1·005 1

·16 ·984
- 5

·992
- 2

·998
- 1

·002
0

·006
0·17 ·979 ·990 ·997 ·002 ·006

·18 ·974 - 5 ·988 - 2 ·997 - 0 '002 0 ·007 1
- 7 - 2 - 1 1 0

·19 ·967
- - 7

·986
- 2

·996
- - 0 ·003

0
·007

0

0·20 0·960
- 8

0·984
- 2

0·996 .- 1 1·003
0

1·007 1
·21 ·952 . ·982 ·995 ·003 ·008
·22 ·945 - 7 i ·979 - 3 ·994 - 1 . ·003 0 ·008 0

·23 ·937 - 8 ·976 - 3 ·993 - 1 ·002 - 1 ·008 0

·24 ·929 - 8 ·972 - 4 ·992 - 1 ·002 0 ·008 0
- 8 - 3 - 2 0 0

0'25 0·921
- 9

0 ·969
- 4

0·990
- 1

1·002
- I

1·008 1
'26 ·912

- 9
·965

- 4
'989

- 2
·001

0
·009 0

·27 ·903
- 9

·961
- 4

·987 - 2 ·001
- 1

·009 0
·28 ·894

- 9
·957

- 5
·985 - 2 ·000

0
·009

0,29 ·885
- 9

·952
- 5

·983 - 2 ·000
- 1

·009
- 1

0·30 0·876 -18
0·947 -10

0·981
- 5

0·999
- 3

1·008 - 1
·32 ·858

-19
·937

- 11
·976

- 5
·996

- 3
·007

- 1·34 ·839 -19
·926 - 11 I ·971 .- 6 ·993

- 3
·006

- 2
·36 ·820

-19
·915 -12 I ·965

- 7
·990

- 4
·004 - 1

·38 ·801 ·903 i ·958 ·986 ·003, - 19 - 12 I - 9 - - 4 - 3

0·40 0·782
-19

0 ·891
-13 I 0·949

- 8
0·982

- 5
1·000 - 2

·42 ·763
-19

·878
-14 ! ·941

- 9
·977

- 5 I 0·998 -3
·44 ·744

-18
·864

-13 i ·932
- 9

·972
- 6

I ·995 - 4
·46 .·726 ·851 I ·923 ·966

I
·991

-18 -14 I - 9 - 6 - 4
·48 ·708 -18

·837
-13 I

·914 ... 9 ·960
- 6

·987 - 4

0·50 0 ·690
- 18

0 ·824
- 14 I 0 ·905

-10
0·954

- 7
0 ·983 - 4

·52 ·672
- 17

·810
-J3

.·895
- · 10 I ·947

- 7
·979

- 5
·54 .·655 ·797 - 14 I ·M5

I
·940 ·974

·639 -16 I ·875 - 10 ·933 - 7 ·969 - 5
·56 -16

·783 I
-11 - 8 - 5

·58 ·623 .770 -13 ! ·864 ·925 ·964
-15 -13 -10

\

.::.. 7 - 5

0·60 0·608 0·757 0·854 0·918 0·959

rJ
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TABLE la-continued

Values of "- 1'.. = O: 6-continued

~I 2 3 4 5 6

0 ·60 0 ·608 -14 0 ·757 -13 0 ·854 - 10 0 ·918
- 8

0 ·959
- 6·62 ·594 ·744 ·844 ·910 ·953

'64 ·581 - 13 ·731 -13 ·834 -10 ·902 - 8 ·947 - 6

'66 ·568
- 13 ·719 - 12 -824 -10 ·894 - 8 ' 941

- ' 6

-68 ·556 -12 ·707 - 12 ·814 - 10 ·886 , - s ·935 - 6
- 12 - 11 - I I -- 8 - 6

0'70 {)'544 - 10
{)'696 - 11 0 ·803 - 10 0 ·878

- 9
0 ·929 - 7' 72 ·534 ·685 ·793 ·869 ·922

' 74 ·524 -10 ·674 - II
' 783 - 10 ·860 - 9 ·915 - 7

'76 ·514 - 10 ·663 -- 11 '·774
_. 9

·852 - 8 ·909 - - 6

·78 ·504 -10 ·653 - 10 ·764 - 10 '844 - 8 ·902 - 7
- 8 - 9 -9 - 8 - 6

0·80 0·496
- 8

0 ·644
- 9

0 ·755
-- 9

0·836
- 8

0·896
- 7' 82 ·488 ·635 ·746 ·828 ·889

·84 ·480 - 8 ·626 - 9 ·737 - 9 ·820 - 8 ·882 - 7

'86 ·473 - 7 ·618 - 8 ·729 - 8 ·813 - 7 ·876 - 6
- 8 - 8 - 7 - 7 - 6'88 ·465
- 7

·610
- 7

·722 - 8 ·806 - 7 ·870
-6

0'90 0·458 -- 7 0 ·603 - 7 0· 714 - 7 0·799
- 7

0· 864
- 6·92 ·451 - 7 ·596 - 7 ·707 - 7 ·792 - 7 ·858
- 6·94 ·444 - 7 ·589 - 7 ·700 - 6 ·785 - 6

·852
- 6·96 ·437 ·582 ·694 ·779 ·846

·98 ·430 - 7 ·575 - 7 ·687 - 7 ·773 - 6 ·840 - 6
-- (:; --- H - 6 -- 6 - 6

1"00 0· 424 I 0·569 0·681 0·767 0· 834
L

TABLE la-continued

Values of x : r , = 0"

~I 2
I

3 4 5 6

0'00 1·000 I 1·000 1:000 1·000
0

1·000
0·01 ·000 I ·000

-I ·000 ·000
0

,000
0-02 ·000 0 '9~ u ·000 ·000

0
·000

0·03 ·000 i ·999 ·000 ·000 ·000
·04 0·999 - I ·999 0 ·000 ·000 0 ·00.1 1

()

I
0 1 0

0 ·05 0·999
- - I

0·999 -- , 1 1·000 1·001
0

1·001
1·06 ·998

- 1 I ·998
0

·000 ·001 0
·D02 0·07 ·997

- 2 ! ·998
0 ·000 ·001

0
·002 0·08 ·995

-- 4
I ·998

-- - 1
·000 -001 0

·002
0I

·09 ·991 . 4 I ·997
- 1 ·000 ·001

(l
·002

II
, 0 ,10 0·987 - . 6 I 0 ·996 _. 2 1·000

- I
1·001

0
1·003

0·11 ·981 -- 6 i ·994 - 1 0·999 0 ·001 0
·003

0·12 ·975 I ·993 ·999 ·001 ·003
·13 -968

- . 7
·991 - 2 ',998 - 1 ·001 0 ·003 0

·14 ·961
---- 7

·988
- 3 ·997 - I ·000 - 1 ·004 1

-. 8 .: 4 - . 1 -- U ()

0'15 0 ·953 0 ·984 0·996 1·000 1·004

----



0-15 0·953
- 9

0·984
- 3 0·996

- 2 1·000
0 1·004

0'16 ·944
- 10 ·981

-4 ·994
- 1 ·000

- 1 ·004
0-17 -934 ·977 ·993 0·999 ·004

·18 ·923 - 11 ·972 - 5 ·991 - 2
·998 - 1 ·004 0

·19 ·911 -12 ·966 - 6 ·988 - 3
·998 0 ·004 0

: -12 - 5 - 2 - 1 0

0·20 0·899
-24 0 ·961 - 13 0 ·986

- 6 0·997
- 4

1·004
- 1·22 ·875 ·948 ·980 ·993 -,003

·24
.

·850 -25 ·934 -14 ·973 - 7 ·990 - 3 ·001 - 2

' 26 ·825 - 25
·919 -15

·965 - 8 ·985 - 5 ·000 - 1

·28 ·800 -25 ·903 -16 ·956 - 9 ·980 - 5 0·997 - 3
-24 -- 16 - 11 - 6 - 3

0·30 0·776
-23 0'887 -17

0"945
-12 0·974

- 7
0·994

- 5·32 ·753 ·870 ·933 ·967 ·989
·34 ·730 -23

·853 -17
·921 -12

·959 - 8 ·984 - 5
-23 -17 -12 -9 - 7·36 ' 707 - 22 ·836

- 17
, '909

-13 ·950
- 9

·977
- 6·38 ·685 ·819 ! ·896 ·941 ·971-22 -18 -13 - 9 - 8

0 ·40 9'663 - 21 0 ·801
- 17 0 ·883

-14 0·932
- 11

0 ·963
- 7·42 ·642

-20
,784.

- 18 ·869
-14 ·921

-11 ·956
- 8·44 ·622

- 20 I
'766 - 17 ·855

-14 ·910
-12

·948
- 8·46 ·602 ·749 ·841 ·898 ·94{)

·48 ·583 -- 19

I ·732 - 17 ·826 - 15 ·887 -11 ·931 -9
-- 18 -16 -14

I
-11 - 9

0·50 0 ·565
- 16 I 0'716 -16 0·812

- 14 0·876
-12

0·922
-10·52 ·549 ·700 '798 I ·864 ·912

·54 ·533 -16

I
·684 -16 ·785 -13

·853 -11 ·902 -10
- 15 - 15 -14 I -12 -10·56 ·518
-14 ·669

-14 ·771
-14 ·841

-11 ·892
-10·58 ·504

-12 ·655
-14 ·757

-13 ·830
-12 ·882

-10

0 ·60 0 ·492
- 13 0·641

-14 0'744 -12 '0818
-11

0·872
- 10·62 ·479

- 11 ·627
-13 ·732

- 13 ·807
-12

·862
- 9·64 ·468 ·614 ·719 ·795 ·853

·66 ·457 -11
·601 -13 ·707 - 12

·784 -11 ·843 -10

·68 ·447 -10 ·589 - 12 ·694 -13
·772 - 12

I
·833 -10

-10 - 12 -12 -11 -10

0·70 0·437
-10 I

0·577 -11 0·682
-11 0·761

-10 0-823
-10·72 ·427

- 9
·566

- -11 i
·671

-11 ·751
-11 ·813

-10·74 ·418 ·555 -660 ·740 ·803
·76 ·409

.- 9
·544 -11 i ·649 -11

·729 -11 ·793 -10

·78 ·401 - 8 ·534 -10 I ·638 -11
·719 -10 ·784 - .9

- - 8 -10
I

-10 -10 - 9

0·80 0·393 0 ·524 0·628 0·709 0·775
·82 ·385

. . 8
·514 - 10 ·618 -10

·700 - 9 ·766 - 9

·84 ·378
.- 7

·505 - 9 ·608 - 10 .691- - 9 ·756 - 9

·86 ·371 - 7 ·497 - 8 ·599 - 9 .681 -10 ·747 - 9

·88 ·364 - 7 ·488 - 9 ·590 - 9 .672 - 9 ·738 - 9
- 8 -- 8 - 8 - 9 - 8

0 ·90 0-356 _. 6 0 ·480 - s 0·582
- - 9 0 ·663

- 8
0·730

- 8·92 ·350 ·472 ·573 ·655 ·722
·94 ·344 - 6 ·465 - 7 ·565 -- 8 ·647 - 8 ·714 -8

·96 ·338 - 6 '458 - 7 ·557 - 8 ·639 - 8 ·706 -8

·98 ·331
_. 7

·451 - 7 ·550 - 7 ·631 - 8 ·698 -8
- 6 -- 7 - 7 - 7 - 6

1·00 0 ·325 0·444 0·543 () '624 0·692

23
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Values ofu: r; = 0 -7-continued
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TABLE la-continued

Values of " : r, = 0·8

2
, .

0·000 1·000 1·000 1· 000 1·000 1· 000
·005 ·000 ·000 ,000 . ·000 '000
·010 ·000 ·000 ·000 ·000 ·000
·015 ·000

- 1
·000

- 1
·000 ·000 '000

·020 0 ·999
0

0·999 0 ·000 '000 ·000

0· 025 0·999
0

0·999
0

1·000 1·000 1·000
·030 ·999 ,,999 ·000 ·000 ·000
·035 ·998 - 1 ·999 0 ·000 ·000 ·000
·040 ·997 - 1 ·999 0 ,000. ·000 '000
·045 ·995 - 2 ·999 0 ·000 -000 -000- 2 0

0·050 0·993 - 3 0·999
- 1

1-000 - 1 1·000 1·000
·055 ·990

- 3
·998

- 1
-999

0 ·000 ·000 1·060 ·987 ·997 ·999 ·000 ·001
·065 ·982 - 5 ·996 - 1 ·999 0 ·000 ·001 0

·070 ·977 - 5 ·995 - 1 ·999 0 ·000 ·001 0
- 7 - 2 - 1 0

0·075 0·970
- 7

0 -993
- 1

0·998
0 1·000 1·001

0·080 ·963 ·992 ·998 ·000 ·001
·085 ·956 - 7 ·990 - 2 ·997 - 1 ·000 ·001 0

·090 ·950 - 6 ·987 - 3 ·996 - 1 0·999 - 1 '001 0

·095 ·942 -8 ·984 - 3 ·995 - 1 ·999 0 ·001 0
- 7 - 3 - 1 0 - 1

0·100 0 ·935
-15

0·981
- 7 0·994

- 3
0·999 - 2

1·000
0·11 ·920 ·974 ·991 ·997 ·000

·12 ·905 -15 ·966 - 8 ·987 - 4 i ·994 - 3 0·999 - 1

·13 ·890 -15 ·957 - 9 ·983 - 4 ·992 - 2 ·998 - 1

·14 ·875 -15 ·948 - 9 ·978 - 5 ·989 - 3 ·997 - 1
-15 -10 - 6 - 3 - 1

0·15 0·860
- 16

0 :938
- 11 0·972

- 6 · 0 ·986 - 4 0·996 - 2·16 ·844 ·927 ·966 ·982 ·994
·17 ·828 -1 6 ·916 -ll ·960 - 6 ·978 -4 ·991 - 3

·18 ·812 -16 ·905 - ll ·953 - 7 ·974 - 4 ·989 - 2

·19 ·796 -16 ·894 -11 ·945 -8 ·969 - 5 ·986 - 3
-16 -11 - 8 - 5 - 3

0·20 0'780
- 31

0 ·883 -22 0·937 -16 0 ·964 - 11 0·983
- 7·22 ·749 ·861 ·921 ·953 ·976

·24 ·718 - 31 ·838 - 23 ·904 - 17 ·941 - 12 ·967 - 9

·26 -690 - 28 ·816 - 22 ·887 -17 ·929 - 12 ·958 - 9

·28 ·662 -28 ·793 -23 ·869 - 18 ·915 -14 ·948 - 10
-27 - 22 -18 - 14 -11

0 ·30 0·635
- 25

0 ·771 - 22 0·851 -19 0·901 - 14 0·937 -13·32 '610 ·749 ·832 ·887 ·924
·34 ·586 - 24 ·727 - 22 ·814 -18 ·872 -15 ·911 -13

·36 ·564 - 22 ·706 -21 ·796 -18
·856 - 16 ·898 -13

·38 ·542 - 22 ·686 -20
'778

-18 ·841 -15 ·884 -14
-21 -19 -18 -16 -13

0 ·40 0 ·521
-20 0·667 - 19 0·760 -18 0·825 - 16 ·0871 -14·42 ·501 ·648 ·742 ·809 ·857

·44 ·483 -18 ·629 - 19 ·725 -17
'793

- 16 . ·843 - 14

·46 ·466 - 17 ·611 -18 ·708 - 17 ·778 - 15 ·829 - 14

·48 ·449 -17 ·594 -17 ·691 -17 ·762 -16 ·815 ;-14
, - 15 -16 -16 -15 -14
. ,

0·50 0·434 0 ·578 0·675 0'747 0·801

~I



I

0·50 0·434 -14 0·578 -16 0·675 -16 0·747
-15 0·801 -14·52 ·420 -13 ·562 - 15 ·659 -16 '732 - 14 ·787 - 15·54 ·407 -11 ·547 -14 ·643 ·718 ·772 -13·56 '396 ·533 '628 ' - 15 ·703 -15 ·759

·58 ·385 -11 ·520 -13 .614 -14 ·689
-14 .

·746 -13
-10 - 13 . ·- 13 - 14 - 13

0·60 0·375
- 9

0·507 -13 0·601 - 13 0·675 -13 0·733 -13'.62 ·366 - 9 ·494 - 12 ·588 - 12 ·662 -12 ·720 -12·64 ·357 - 9 ·482 - 12 ·576 -12 ·650 - 12 ·708 -12·66 ·348 - 8 ·470 -10 ·564 -12 ·638 - 12 ·696 -11·68 ·340
- 8

·460 - 11 ·552 -12 ·626 -12 ·685 -11.
0·70 0·332

- 8
0·449 - 10 0·540 - 11 ·614

-11 ·674 -11·72 ·324 ·439 ·529 ·603 ·663
·74 ·317 - 7 ·430 - 9 ·519 -10 ·593 -10 ·652 -11

·76 ·309 - 8 '420 -10 ·509 -10 ·583 -10 ·642 -10

·78 ·302 - 7 ·411 - 9 ·499 -10 ·573 -10 ·632 -10
- 6 - 8 - 9 - 9 - 9

0·80 0·296 - 7 0·403
- 8

0·490 - 9 0·562
- 9 0 ·623 -10. ·82 ·289 ·395 ·481 ·553 ·613

·84 ·283 - 6 ·387 - 8 ·472· - 9 ·544 - 9 ·603 -10

·86 ·277 - 6 ·379 - 8 ·463 - 9 '536 - 8 ·595 - 8

·88 ·271 - 6 ·371 - 8 ·455 - 8 ·528 - 8 ·586 - 9
- 6 - 7 - 7 - 9 - 8

0 ·90 0·265
- 5 0·364 - 7 0·448

- 8 0·519
- 8 0·578

- 8·92 ·260 '357 ·440 ·511 ·570
·94 ·254 - 6 ·350 - 7 ·433

.- 7
·503 - 8 ·562 - 8

- 5 - 6 - 8 - 7 - 8·96 ·249 . ·344 ·425 , ·496 ·554
·98 ·244 - 5 ·338 - 6 ·418 - 7 ·488 - 8 ·546 - 8

- 5 - 6 - 7

I
- 7 - 7

1·00 0·239 0'332 0·411 0·481 0·539

25
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Values of x : r, = O·8-continued
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TABLE la-continued

Values of » r, = 0·9

3 5

'.

6

0'0000
~

1·000 1·000 1·000 1·000 1·000
'0025 1'000 1·000 -000 ·000 ·000
'0050 1·000 -I 1-000 -000 -000 ·000
'0075 0'999 1·000 -000 -000 ·000
'0100 0·999 0 0·999 - I ·000 -000 ·0000 0

0-0125 0·999 I 0·999
0

1·000 1·000 1·000
·0150 ·998 - ·999 1·000 1·000 ·000
·0175 ·997

_. I
·999 0 0·999 - I 0-999 - I ·000

·0200 ·996 - I ·999 II ·999 0 :999 0 ·000
·0225 ·993 - 3 ·998 - I ·999

0 '
·999 0 ·000- 3 0 0 0

0·0250 0 ·990 - -1 0 ·998 - I 0 ·999
0

0·999
0

1·000
·0275 ·986 ·997 ·999 ·999 1·000
·0300 ·981 - 5 ·996 - I ·999 0 ·999 0 ·000
·0325 ·976 - 5 ·994 - 2 ·998 - 1 ·999 0 ·000
·0350 ·970 - 6 ·993 - 1 ·998 0 ·999 0 0·999 - 1

- 7 -. 2 - 1 0 0

0·0375 0·963
- 7

0·991
- 3 0·997

- - 1
0·999

0
0·999

0·0400 ·956 ·988 ·996 ·999 ·999
·0425 ·949 - 7 ·985 - 3 ·995 - 1 ·998 - 1 ·999 0

·0450 ·942 - 7 I ·982 - 3 ·994 -I ·998 0 ·998 - 1

·0475 ·934 - 8 ! ·978 - - 4 ·992 - 2 ·997 - 1 ·998 0

• ... 8 ' 3 - 1 0 0

0·0500 0 ·926
-17 0·975

- 9
0·991

- 4
0 ·997:

- 2 0 ·998
0·055 ·909

- 17 ·966
- 9

·987
- 5

·995
- 2

·998
- 1·060 '892 -16 ·957

·- 10
·982

- 5
·993

- 3
·997

- 2·065 ·876 -16 ·947
-10

·977 ,- 6 ·990 - . 4 ·995
- 21l> ·070 ·860 ·937 ·971 ·986 ·993-15 - 11 -- 7 .- 4 - 2

0·075 0 ·845 -15 0·926 -11 0·964
- 7 0·982

-4 0·991
- 2·080 ·830 ·915 ·957 ·978 ·989

·085 ·815 -15 ·905 - 10 ·950 - 7 ·973 - 5 ·985 - 4

·090 ·800 -15 ·894 ' -11 ·943 - 7 ·968 - 5 ·982 - 3
-14 -11 - 8 - 6 - 4·095 ·786 -14 ·883

·- 11 I
·935 ... 9 ·962 .-. 5 ·978

- 3

0 ·100 0·772 0·872 0·926 0·957 I 0·975
·105 ·759 -13 - ·861 - 11 ·918 - 8 ·951 - 6 ·970 - 5

-13 -11 - 8 - 5 - 4·110 ·746
-13

·850
- 10

·910
- 8

·946
- 6

·966
- 5·115 ·733

-12 ·840 - 10 ·902
- 8

·940
- 6 ·961

- 5·120 ·721 - 11 ·830
-10

·894
·- 9

·934
-- 6 ·956

- 5

0·125 0·710 -11 0·820
-10 0·885 -8 0·928 - 6 0·951

- 5·130 ·699 -11 ·810
- 9

·877
- 8

·922
- 7

·946
- 5·135 ·688

- 10
·801

- 9
-869 -8 ·915 -. 7 ·941

- 5·140 ·678
- 9

-792
- 9

·861
- 8

·908
- 7

·936
- 5·145 ·669 -10

·783 .- 9 ·853 ,- 8 ·901
- 7

-931
- 5

0·150 0·659
-18

0·774
-17 0·845 - IS 0·894

-13
0·926 -11·16 ·641

-18 -757
-17

·830
- 15 '881 -13

·915 -11·17 ·623
·- 18

·740 -16 ·815 - 15 ·868
-13 ·904 -11·18 ·605 -16

·724
-IS

·800 - 14 ·855
-13

·893 -11·19 ·589
-15

·709
-15

·786 , - 14 ·842
- 13

·882 -11

0·20 0·574 0·693 0·772 0·829 0·871

~ - -



0·20 0·574 -16 0·693 - 15 0·772
- 13 0·829

-12 0·871 - 11·21 ·558
-IS ·678 -14 '759 -13 ·817 -12 ·860 -11·22 ·543 -14 ; ·664 -13 ·746 - 12 ·805 -12 ·849 -10'23 ·529 I ' 651 ·734 ·793 ·839

'24 ·515 -14
'639 -12

·721 -13
·782 -11 ·828 -11

-13 -12 - 12 -11 --10

0·25 0·502 - 12 0·627 - 12 0·709
-12 0·771

-11 0·818
-11·26 ·490 -13 ·615 -12 ·697 -11 '760 -12 ·807 -10·27 ·477 - 12 ·603 - 12 ·686

-12 '748
-11 ·797 -11·28 ·465 ·591 ·674 ·737 ·786

·29 ·454 -11 '579 -12
·663 - 11 ·727 -1 0

·776 -1,0
-11 -11 -11 - 11 ~10

0·30 0·443 0·568 0·652 , 0·716 0·766
·32 ·422 -21 ·547 -21

·630 - 22
·695 -21

·746 -20

·34 ·403 -19 ·527 -20
·610 -20 ·675 -20

·726 - 20

·36 ·385 -18 ·508 -19
·590 -20

·656 -19
·708 - 18

·38 ·368 -17 ·489 -19 " ·572 -18
·637 -19 ·690 - 18

-17 -18 -18 -18 -17

0·40 0·351
-IS 0 ·471 - 17 0·554

-17 0·619
- 18 0 ·673

-18·42 ·336 ·454 ·537 ·601 ·655
·44 ·322 -14 .438 -16 ·520 - 17

·585 -16
·638 - 17

·46 ·309 -13 .423 -IS ·505 - IS ·569 -16
·622 -16

·48 ·298 -11 .410 -13 ·490 -IS
·553 -16 . ·607 -IS

- 9 -13 -rot -14 -14

0·50 0·289
- 9

0·397 - 12 0·476 -14 0·539
-14 0·593

-14·52 ·280 ·385 ·462 ·525 ·579
·54 ·271 - 9 ·374 - 11 ·450 -12

·512 -13
·565 -14

·56 '263 - 8 ·363 -11
·438 -12 ·499 -13

·552 -13

·58 ·256 - 7 ·353 -10
·426 -12 ·487 -12

·540 -12
- 6 -10 - 10 -11 -12

0·60 0·250
- 7 0·343

- 9 0·416
-11 0·476

-11 0·528
-12·62 ·243 ·334 ·405 ·465 ·516

·64 ·237 - 6 ·325 - 9 ·395 -10 ·454 -11 ·505 -11
·66 ·231 - 6 ·316 - 9 ·386 - 9 ·444 - 10 ·494 -11

-68 ';225 - 6 ·309 - 7 ·377 - 9 ·434 -10 ·484 -10
- 6 - 8 - 9 - 9 -9

0·70 0·219
- 6 0·301

- 7 0·368
- 9 0·425

- 9 0·475
- 9·72 ·213 ·294 ·359 ·416 ·466

·74 ·208 - 5 ·287 - 7 ·351 - 8 ·407 - 9 ·457 - 9

·76 ·203 - 5 ·280 - 7
, '34;3 - 8 ·398 - 9 ·448 - 9

- 5 - 7 - 7 ,- 8 - 8·78 ·198
.- 5 ·273

- 6
:336

- 7 ·390 - 7 '44,0 - 8

0·80 0·193
- 4 0·267

- 6 0 ·329
- 6 0·383

- 8 0·432
- 8·82 ·189 ·261 '323 ·375 ·424

·84 ·184 - 5 ·255 - 6 ·316 - 7 ·368 - 7 ·416 -8

·86 ·180 - 4 ·249 - 6 ·310 - 6 -362 - 6 ·409 - 7
·88 ·175 - 5'

·244 .- 5
·304 - 6 ·356 - 6 ·403 - 6 .

- - 4 - 5 ••..- 6 - 6 - 6
0·90 0·171

- 4
0·239

-- 5 0·298
- 5

0·350
-- 6 0·397 - 6·92 ·167 ·234 ·293 ·344 -391

_·94 ·164 - 3

I
·230 - 4

·287 - 6 ·338 - 6 ·385 - 6

·96 ·160 - 4 ·225 - 5 ·282 - 5 ·333 - 5
'37~

- 6
- 3 .- 4 -- 5 - 6 - 6·98 ·157
- 3 I ·221 - 4 ·277

-- 5 ·327
- 5 ·373

- 6

1·00 0·154 I 0·217 0·272 0·322 0·367

27

TABLE la-GOntinued

Values of'Y. r, = o· 9-continued

~I 2 3 4 5 6
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TABLE la-' continued

Values oj u : rc = 0·95

2

0·000 1·000 1·000 1·000 1·000 1·000
·001 ·000 ·000 ·000 ·000 ·000
·002 ·000 ·000 ·000 ·000 ·000
·003 ·000 . ·000 ·000 ·000 ·000
·004 ·000 ·000 ·000 ·000 ·000

0·005 1·000 1·000 1· 000 1·000 1·000
·006 1·000

- 1
·000 ·000 ·000 ·000

-007 0·999
- 1

·000 ·000 ·000 ·000
·008 ·998 ·000 ·000 -000 ·000
·009 ·997 - 1 ·000 ·000 ·000 ·000

- 1 - 1 - 1

0 ·010 0·996
- 2

0 ·999 0
0 ·999 0

1· 000 1·000
·011 ·994 ·999 ·999 ·000 ·000
·012 ·991 - 3 ·998 - 1 ·999 0 ·000 ·000
·013 ·987 - 4 ·998 0 ·999 0 ·000 -000
·014 ·984 - 3 ·997 - 1 ·999

0 -000 -000
- 4 - 1 0

0·015 0·980
- 5

0 ·996
- 2

0·999 1
1·000 1·000

·016 ·975 ·994 ·998 - 1·000 ·000
·017 ·969

- 6 ,",
·993 - 1 ·998 0 0·999 - 1 ·000

·018 ·964 - 5 ·991 - 2 ·997 - 1 ·999 0 -000
·019 ·958 - 6 ·989 - 2 ·996 - 1 ·998 - 1 ·000

- 6 - 3 '- 1 0

0·020 0·952 -13
0·986

- 5
0· 995 - 2

0·998
- 1

1·000
- 1

·022 ·939 ·981 ·993 ·997 0·999
·024 ·926 -13 ·975 - 6 ·991 - 2 ·996 - 1 ·999 0

-026 ·913 - 13 ·967 - 8 ·987 - 4 ·995 - 1 ·998 - 1

·028 ·900 -13 ·960 - 7 ·983
- 4 ", ·993 -2 ·997 - ·1

-14 - 8 - 4 . - 2 - 1

0·030 0· 886 -13
0·952

- 8
0 ·979

- 4
0·991

- 3
0·996 - 2

-032 ·873 ·944 ·975 ·988 ·994
·034 ·860 - 13. ·935 - 9 ·970 - 5 ·985 - 3 ·992 -2

·036 ,847 , -13 ·926 - 9 ·964 - 6 ·982 - 3 ·991
;;.. 1

-038 ·834 -13 ·917 - 9 ·958 - 6 ·978 -4 ·988 - 3

- 12 - 9 - 6 - 4 - 2

0 ·040 0·822 - 11
0 ·908

- 9
0 ·952 - 7

0 ·974
- 4

0·986 - 3
·042 ·811 ·899 ·945 , ·970 ·983
·044 ·799 -12 ·890 - 9 ·939 - 6 ·966 - 4 ·981 - 2

·046 ·788 -11 ·881 - 9 ·932 - 7 ·962 - 4 ·978 - 3

·048 ,' , ·777 - 11 ·873 - 8 ·926 - 6 ·957 - 5 ·974 - 4

-10 - 9 - 6 - 5 -3

0·050 0·767 - 10
0·864

- 8
0 ·920 - 7

0·952 - 5
0·971

- 4
·052 ·757 ·856 ·913 ·947 ·967
·054 ·747 - 10 ·847 - 9 ·906 - 7 ·942 - 5 ·963 - .4

·056 ·738 - 9 ·839
.- 8 ·899

- 7 ·937 - 5 ·959 - 4

·058 ·729 -9 ·831 - 8 ·892 - 7 ·931 - 6 ·955 - 4

- 9 - 8 - 6 - 5 - 4

0·060 0·720 '
- 9

0 ·823
- 8

0 ·886
- 7

0 ·926
- 5

0·951
- 4

·062 ·711 ·815 ·879 ·921· ·947
·064 ·703 - - 8 ·807 - 8 ·873 - 6 ·915 - 6 . '943 - 4

·066 ' ·695 - 8 ·799 - 8 ·866 - 7 ·910 - 5 -939 - 4

·068 ·687 - 8 ·792 - 7 ·860 - 6 ·904 - 6 ·935 - 4

- 8 - 7 - 6 - 5 - 4

0·070 0·679 0·785 0-854 0·899 0·931
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TABLE la-continued-
Values of": r, = O: 95-continued

~I 2 3 4 , I 5 6

0 ·070 0·679 -18 0·785 -17 0·854 -16 0·1899 -13 0 ·931
-II

·075 ·661 ·768 ·838 ·886 ·920
·080 ·644

-17 ·751 -17 ·823 -15 ·873 -13 ·907 -13

·085 ·628
-16 ·736 -15 ·808 -15 ·860 -13 ',896 -11

·090 ·613
-15 ·721 -15 ·794 -14 ·847 -13 ·885 -II
-15 -14 -13 -12 -11

0·095 0·598 -13 0·707 -14 0·781 -13 0'835 -12 0·874 -10
·100 .585e

-13 ·693 -13 ·768 -13 '823 -12 ·864 -11
·105 ·572 ·680 '755 '811 '853
·110 ·560

-12 ·668 -12
'743

-12 '800
-II

·843 -10

·115 ·549
-II ·656

-12
·732

-II
'789

-II
·833 -10

-11 - - II -II - II -10

0 ·120 0·538 -10 0·645 -II 0·721 - -II 0'778 -10 0·823 -10
·125 '528 - 10 ·634 -10 ·710 -10 ·768 -10 ·813 -10
·130 ·518 -10

·624 -10 ·700 -10 ·758 -10 ·803
- 9·135 ·508 - 9

·614 -10 ·690 -10 ·748 - 9
·794

- 9·140 ·499
- 9

·604
- 9

·680
- 9

·739 - 9 ·785 - 9

0·145 0·490 - 9 0·595 - 9 0·671
- 9

0'730 .- 9 0 ·776 ._ 9
·150 ·481 -16 ·586 -16 ·662 -18 ·721 -18 ·767 -17
·16 ·465 -15 ·570 -16 ·644 -16 ·703 -16 ·750 - 16
·17 ·450 -14 ·554 -15 ·628 -15 ·687 -15 ·734 -15
·18 '436 -13 ·539 -14 ·613 -15 ·672 -15 '719 -15
·19 ·423 - 13 ·525 -13 ·598 -14 ·657 -14 '704 ..c...14

0·20 0·410 -12 0·512 -13 0·584 -13 0·643 -14 0·690 -13
·21 ·398 -II

·499 -12 ·571 -12 ·629 -13 ·677 -13
·22 ·387 -12 ·487 -11 ·559 -12 ·616 -12 ·664 -12
·23 ·375 -10 ·476 - II

·547 -12 ·604 -12 ·652 -12
·24 ·365 -10 'i65

-11
·535 - 11 ·592 -II ·640

-11

0·25 0·355 -10 0·454 -10 0·524 -10 0·581 -II 0·629 - II
·26 ·345 ·444 ·514 ·570 ·618
·27 ·336 - 9 ·434 -10 ·504

-10 ,
·560 -10 ·607 -11

·28 ·327 - 9 ·424 -10 ·494 -10 ·550
-10

·596 -II

·29 ·318 - 9 ·415 - 9 ·484 -10 ·540 -10
·586 -10

- 8 - 9 - 9 -10 - 9

0·30 0 ·310 - 8
0·406 - s 0·475 - 9 0·530 -10 0·577 -10·31 ·302 ·398 ·466 ·520 ·567

·32 ·294 - 8 ·389 - 9 ·457 - 9 ·511 - 9
·558 - 9

·34 ·280 -14 ·373 -16 ·440 -17 ·494 -17
·540 -18

·36 ·266 -14 ·358 -15 ·424 -16 ·477 -17
·523 -17

·38 ·253 -13 ·344 -14 ·409 -15 ·462 -15
·506 -17

- 11 -13 -14 -16 -15

0·40 0·242 - II
0·331 -13 0·395 -14 0·446 -13 0·491

-15·42 ·231 ·318 ·381 ·433 ·476
·44 ·222 - 9 ·307 -11 ·368 -13 ·419 -14

·462 -14

·46 ·213 - 9 ·296 -11 ·356 -12 ·407 -12
·449 -IS

·48 ·205 - 8 ·286 -10 ·345 -11 ·394 -13
·437 -12

- 7 -10 -11 -11 -12

0·50 . 0·198 0·276 0·334 0·383 0·425
---_ . ._----------_.



0·50 0·198 - 6 0 ·276 - 9 0 ·334
- 9 0·383 - 11 0·425 - 12·52 ·192 - 6 ·267

- 8
·325 - 10 ·372 -10

·413 -11·54 ·186 ·259 ·315 ·362 ·402
·56 ·181 - 5 ·252 - 7 ·306 -9 ·352 -10 ·392 -10

·58 ·176 - 5 ·245 - 7 ·298 - 8 ·343 - 9 ·382 -10
- 5 - 7 - 8 · - 8 -8

0·60 0·171 - 5 0 ·238
-- 7

0·290
- 8

0·335
- 8

0·374
- 9·62 ·166

- 4
·231

- 6
·282

- 7
·327 -8 ·365

- 8·64 ·162
- 4

·225 - 6 ·275
- 7

·319
- 8

·357
- 8·66 ·158

- 4
·219 - 6 ·268 .- 6 ·311

- 7
·349

- 8·68 ~ ' 154 ·213 - 5
·262

- 7
·304

- 7
·341

- 7- ~

0·70 0·150
- 4

0 ·208 - 6 0· 255
- 6

0·297 - 7 0·334
- 7-72 ·146 ·202 ·249 ·290 ·327

-74 ·142 - 4 ·197 - 5 ·243 - 6 ·284 - , 6 ·320 - 7
- 4 - 5 - 5 - 6 - 6·76 ·138
- 3

·192
- 4

·238 - 5 ·278
- 6

·314 - 6 '
·78 ·135

- 4
·188 - 5 ·233 - 5 ·272

- 5
·308

- 6

0·80 0 ·131
- 3

0·183 - 4 0·228 - 5 0·267 - 5 0·302
- 5·82 ·128 ·179 ·223 D ·262 ·297

·84 ·125 - 3 ·175 - 4 ·218 - 5 ·257 - 5 ·291 - 6

·86 ·122 - 3 ·171 - 4 ·213 - 5 ·252 - 5 ·286 - 5

·88 ·119 - 3 ·167 - 4 ·209 - 4 ·247 - 5 ·281 - 5
- 3 - 3 - 4 - 5 - 5

0 ·90 0 '116 -2
0·164

- 4
0 ·205

- 4
0·242

- 4
0 ·276

- 5·92 ·114
- 3

•.., ·160
- 3

·201
- 4

·238 -4 ·271 - 4·94 '111 - 2
·157

- 3
·197 -3 ·234

- 5
·267

- 4·96 ·109
- 3

·154
- 3

·194 - 4
·229

- 3
·263 -5·98 ~ ·106

- 2
·151

- 3
·190

- 3
·226

- 4
·258

- 4

1·00 0 ·104 0·148 0 ·187 0·222 0·254

65
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TABLE l a-continued

Values of x : r, = O· 95-continued
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TABLE la-.continued

Values of" : r, = 0·975

2 3 4 5 6

0·0000 1'000 1·000 1·000 1·000 1·000
·0005 '000 ·000 ·000 ·000 -000
·0010 ·000 ·000 ·000 .000 ·000
·OOlS ·000 ·000 ·000 ·000 ·000
·0020 -000 '000' ·000 -000 '000

0·0025 1-000 1·000 1-000 1·000 1·000
·0030 0 '999

- 1 •
1·000 . ·000 ·000 ·000

·0035 '999 0 1·000 ·000 ·000 ·000
·0040 -999 0 1·000 ·000 ·000 ·000
·0045 ·997 - 2 0-999 - 1 ·000 ·000 ·000- 2 0

0·0050 0·995
- 2

0·999
0 1·000 1·000 1·000

·0055 ·993 ·999 1·000 ·000 ·000
·0060 ·990 - 3 ·999 0 1·000 ·000 ·000
·0065 ·987 - 3 ·998 - 1 0·999 - 1 ·000 ·000
·0070 ·983 -4 ·997 - 1 0·999 0 ·000 -000- 5 - 2 0

0·0075 0·978
- 5

0·995 .- 1 0 ·9~9
- 1

1·000 1·000
·0080 ·973 ·994 ·998 ·000 ·000
·0085 ·968 - 5 ·992 - 2 ·998 0 ·000 ·000
·0090 ·962 - 6 ·990 - 2 ·997 - 1 ·000 ·000
·0095 ·956 - 6 ·987 - 3 ·996 - 1 ·000 ·000- 6 - 2 - 1 - 1

0·0100 0·950
-27 0·985 -12 0·995

- 5
0 ·999

- 2 1-000
- 1·012 ·923 ·973 ·990 ·997 0·999. '014 ·896 -27 -958 -15 ·983 - 7 ·993 - 4 ·997 -2

·016 ·869 - 27 ·941 -17 ·973 -10 ·988 - 5 ·994 - 3

·018 ·844 -25 ·924 - 17 ·962 -11 ·981 -7 -990 - 4
-25 -19 -12 - 8 - 5

0·020 0·819
-23 0·905 -18

0·950 '
-13 0·973 - 9 0-985

- 5·022 ·796 ·887 -937 ·964 ·980
·024 ·774 - 22 ·869 -18 -923 -14 ·955 - 9 ·973 -7

·026 ·754 -20 ·852 -17 . ·910 -13 ,945' -10 ·966 - 7

·028 -735 -19 ·835 -17 ·896 -14 ·934 -11 ·958 -8
-18 -16 -14 -11 - 9

0·030 0·717 -17 0·819
-15 0·882 -13 0·923

-11 0-949
- 9·032 ·700 ·804 ·869 ·912 ·940

·034 ·684 -16 ·789 -15 ·856 -13 ·902 -10 -931 - 9

·036 -670 -14 ·775 -14 ·844 -12 ·891 -11 ·922 - 9

·038 ·656 -14 ·761 -14 ·831 - 13 ·880 -11 ·914 - 8
-13 -13 -12 -11 - 9

0 ·040 0-643- -13 0 ·748
-12 0-819 - 12 0·869 -11 0·905

-10' 042 ·630- -12 ·736
-12 ·807

-12 ·858 -10 ·895
- 9·044 -618 -11 ·724

-11
·795

-11
·848 -10 ·886

- 9·046 ·607 ·713
- 12 ·784

-10 ·838 -10 ·877
- 8·048 .597 -10 ·701 ·774 -828 ·869- - 11 -11 -10 - 9 - 9

0·050 0·586
-10 0·690 -10 0·764 -10 0·819

-10 0·860
- 9·052 ·576 ·680 ·754 ·809 ·851

·054 ·567 -- 9 ·671 - 9 ·745 - 9 ·800 - 9 ·842 - 9

·056 ·558 - 9 ·661 -10 ·735 -10 ·792 - 8 ·834 - 8

0·058 0·549 --- 9 0·652 -9 0·726 - 9 0·783 - 9 0·826 -8



0·058 0·549
- 8

0·652
- 9 0·726

- 9
0'783 -9 0·826 -8·060 ·541 ·643 ·717 ·774 ·818

·065 ·522 -19 ·623 -20
·697 - 20 ·754 - 20 ·799 -19

·070 ·505 -17
·604 -19 ·677 - 20 ·735 -19 ·781 - 18

-16 -17 -17 -18 -17

0· 075 0 ·489
-14 0 ·587

- 16 0·660 - 17 0·717 - 17 0 ·764 - 17'080 ·475 ·571 ·643 '700 ·747
·085 ·461 -14 ·557 - 14

·628 -15 ·684 -16 '732 - 15

·090 ·449 -12
·543 -14 ·613 -15 ·670 -14 ·717 - 15

·095 ·437 - 12 ·530 -13 ·600 -13 ·656 - 14 ·703 -14
-11 -12 -13 -13 -14

0·100 0·426
- 10 0·518

-11 0·587 -12 0· 643 - 12 0·689
- 12·105 ·416 ·507 ·575 ·631 ·677

·110 ·407 - 9 ·496 -11 ·564 -11 ·619 - 12 ·665 -12

·115 ·398 -9 ·486 -10 ·553 - 11 ·608 -11 ·653 - 12

·120 ·389 - 9 ·476 -10
·542 - 11 ·596 - 12 ·642 - 11

- 8 - 9 -10 -10 -10

0· 125 0·381
- 8 0·467

- 8 0·532
- 9

0·586 -10 0·632
- 10·130 ·373

- 7 ·459
- 8 ·523

- 9
·576

- 9 ·622 -10·135 ·366
- 7 ·451

- 8 ·514 - 9 ·567
- 8

·612
- 9·140 ·359 ·443 f .505 ·559 ·603

'145 ·353 - 6 ·435 - 8 ·497 - 8 ·550 - 9 ·594 -9
- 7 - 7 - 7 - 8 - 9

t :
0·150 0·346

- 6
0·428

- 7 0· 490
- 8 0 ·542 -8 0·585

- 8·155 ·340
- 6 ·421

- 7 ·482
- 7

·534 - 8 ·577 -8·160 ·334 ·414 ·475 ·526 ·569
·165 ·328 - 6 ·408 - 6 ·468 - 7 ·518 - 8 ·562 - 7 •
·170 ·322 - 6 ·401 - 7 ·462 - 6 ·511 -7 ·554 -8

- 5 - 6 - 7 - 7 - 7

0· 175 0 ·317
- 6 0 '395

- 5 0· 455
- 6

0·504
- 6

0·547
- 7·180 ·311 ·390 ·449 ·498 ·540

·185 ·306 - 5 ·384 - 6 ·443 - 6 ·491 - 7 ·534 - 6

·190 ·301 - 5 ·379 - 5 ·437 - 6 ·485 - 6 ·527 - 7

·195 ·296 - 5 ·373 - 6 ·431 - 6 ·479 - 6 ·521 - 6
- 4 - 5 - 5 ' - 6 - 6

0·200 0·292
- 9 0·368

- 9 0·426 - 11 0·473 -10 0·515
- 12·21 ·283 ·359 ·415 ·463 ·503

·22' ·275 - 8 ·350 - 9 ·405 -10 ·452 - 11 ·492 - 11

·23 ·266 - 9 ·341 - 9 ·396 - 9 ·442 -10 ·482 - 10

·24 ·258 - 8 ·333 - 8 ·387 - 9 ·433 - 9 ' ·472 -10
-7 - 9 - 9 - 9 -10

0·25 0·251
- 7 0·324 0-378 -8

. 0·424 - 9 0·462
- 9-26 ·244 ·317 - 7 ·370 ·415 ·453- 7 - 8 -8 - 9 - 9·27 ·237

- 7 ·309
- 7

·362 -8 ·406 - 8 ·444 - 8·28 ·230
- 6

·302
- 7

·354 - 7 ·398 - 8 ·436 -9·29 ·224
- 6

·295
- 7

·347
- 7 ·390

- 7
·427 - 8

0·30 0 ·2174 58 0·288
- 6 0·340

- 7
0 ·383 - 8 0·419 - 8·31 ·2116 - ·282

- 6 ·333
- 7

·375 - 7 ·411 - 7·32 .2059 -57 ·276
- 6 ·326

- 6
·368

- 7
·404

- 7·33 .2005-54 ·270 ·320 ·361 ·397
·34 .1952 -- 53 ·264 - 6 ·313 - 7 ·354

- '7
·390 - 7

-50 - 6 - 6 - 6 - 7

0 ·35 0·1902 0 ·258 0·307 0·348 0·383

32
TABLE la-continued

Vames of x 1'0 = O: 975-continued
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TABLE 1a-co lit inu ed

Value s of r- r. = O'975-continued
- -'-_._ --_._----,._-",- .-,..- .' ._",..•......_._--. ' ,.._ ..•

~v l
! ·-1-·------ -

~ 3 4 5 I 6Sin <p <,
- _.---_ .----- - ' p ' . y ' - - _ .-" .•. . _ - - " _._- -- --.. --

- _. _- -~---

0 ·35 0·1902 - 47 0 ·258 :; 0 ·307
11 0·348 7 , 0·383 7·36 ·253 - ·301

-' -
' :~4 1 ·376 -· 1855 - 4G ,

·37 ·248 - s
·295 - (1

·33G -- s
·370 - G

<~8
· 1809 --43

' 24:~
s

·290
.. s

·330 H
·:~()4 .

(;

·39
· 1766 -.-41

·2:~8
_--0. s

·284 - (1
' :~2S

5
':~58

()
· 1725 -:19 _. s -- .'i (1 G

0 ·40 0·1686 -38 0 ·233 5 ()'279
5 0·319 G 0·352

G·41 ·228 -
·274 --

·313 ·34G·1648
4 5 5 H·42 . lG12 - 38 ·224 -

·269
_.-

·308 - ·340
·43 , 1577 - 35 ·220 - 4

·264 - 5
·:,03

_. 5
·335 - 5

·44 .1544 -33 ·216
.- 4

·260
.- 4

·298
_. 5

·329 - 6
- 32 - {'; - s _. s - 5

0 ·45 0 '1512_3U 0·21 1
3 0·255

4
0 ·293

5 0 ·324 ;:;·46 ·208 -
·251 ·288 - ·319 -

·47
· 1482 - 28

·204
- 4

·246 5
·284 - 4

<~15
- 4··1454 rrt

4 4 s 5·48 · 1427 - - : ·200 - · 242
_..

· 279 -
·310 -

·49 . 1409 -2~ ·197 -- 3
·238

-.-. 4
·275 - 4

·30G - 4
~ -23 - 4 -- 3 - -1 - 5

0 ·50 0'13Z9 - 22 0 ·1935 - 30 0 ·235 3 0·271 4 0·301 4·51 ·231 --
·267 -

297 -
·52

·13;,7 - 21 ·1905 -99
·228 - 3

·264 - 3
·293 - 4· 1336 - 20 · 1876 ~

4 4 - 4·53 .1847 -29 ·224 - ·260 -
·289

·54
· 1316 -19

. 1818 -29 ·221 - 3
·256 - 4

·285 - 4· 1297 -1$ -28 , -- 3 - 3 - 4,
0 ·55 0 ·1279 -18 0' 1790 -28 0 ·218 3 0 ·253 - 4 0 ·281 3·56 ·215 -

·249 ·278 -·1261 _ 17 · 1762 ? 3 3 4·57 ·1736 -;~ ·212
.'..•

·246 - ·274 -
. ·58

·1244 - 17
. 1710 -_I> ·209 - 3 - 3

·271 - 3· 1227
3 ·2429 - 33 - -I·59 . 1?11 -I H .1686 - 24 ·206 -

·267~ -IG - 23 - 2 I ·2396 - 31 - 3
0·60 0 ·1195 0· 1663 0 ·2036 _ 0·2365 -cu 0·264 ?

·62 . 1164 - 31 ·1617 - 4G · 1982 .... ~4 ·2305 ) .2583 -6~
·64 - 31 . 1573 - 44 ' 193 1 -~1 . 2249 -56 'r2" - 60·1133 -30 . ~;, .) -
·66 ·1103 - 29 . 1531 -42 . 1882 - 4H .2 195 - ~4 ·2464 -~~
·68 . 1491 -40 -- 47

·2144 =~~ .9409 -~~·1074 -28 - 38 ·1885 - 45
~ ' -52

0·70 0 ·1046 0 ,1458_37 o'179~ _-12 0 ·2096 - 47 O.;?57 - 51·72 .10 19 ~27 · 1416 , ·1748 -- 4 1 ·2049 _ '~306 - 48·74 .0992 - 27 .1380 - 3~ ·1707 .2004 -4~ ·2258
·76 .0965 -27 . 1345 -3~ ·1(~68 =~~ . 1961 - 43 .2212 -46
·78 .0939 -2~ ·1312 =~~ '1631_35

.1919 - 42
·2169 =:~-20 - 40 ,

0 ·80 0 ·0914 - 24 0 · 1280 -30 O'1~9G - 35 0·1879 - 38 0 ·2 126
·82 ·0890 - 23 · 1250 - 29 '1~61 -33 · 1841 - 37 .2085 -41

- 39·84 ·0867 ?? · 1221 ·1::>28 - 33 ·1804 ·2046 - 38·86 .. ·0845 - ; - .1194 - 27 · 1495 - 31 . 1769 - 35 ·2008
·88 .08 ')4 - _1 -27 _ - 34

· 1972 -~~~ -20 . II 67 - 26 · 1464 -- 3ll . 173b .- 33 - ~

0·90 0 ·0804 -18 0 ·1141 -24 O ' 148~ _ 29 0 ·1702 - 32 0·1937 - 34
·92 ·0786 - 17 ·1117 - 23 · 140;, -?7 '1 670 -32 · 1903 - 32
·94 '0769 , ·1094 -22 ·1378 ; · 1638 ·1871 - 32
·96 .0753 - 1~ ·lOZ2_22

· 1352 -;(; -1608 - 30
'183~ - 32·98 .0738 -10 . lObO -21 · 1326 -;~ . 1578 - 30 · 180 / - 30-13 - 0 -30

1·00 0·0725 O' 1029 0 ·130 1 0·1548 O· 1777

c



TABLE Ib
Values of b" : N = 2

~
H:>-

0 ·95 I . 0·9750·90 ·80 ·70 ·60·450 ·30·250·2
I I I I ,

1 .0 14.95 18·27 21·38 . 31·08 42·57 53,32, 70 -0 104 -9 - 152·1 218·3
. 1 14.19 -76 17.48 -79 20.56 -82 30.09 -99 41.40 ·- 117 52 .02 - 130 68 ·6 -14 103· 4 -I~ 150 ·1 -20 215 .9 -24
.2 13.58 -61 16.82 - 66 19.87 - 69 29 .33 - 76 40 .54 -- 86 51 .12 --· 90 67.6 -10 102·4 - 10 148-8 - 13 214 .1 - 18
.3 13 .09 -49 16 .27 -55 19. 29 -58 28 .73 - 60 39 .86 - ~8 50 .36 - - 76 66.9 - 8 101·8 - 6 147·9 - 9 212.8 -- 13
.4 12 .69 -40 15-80 - 47 18 .79 -50 28 .23 - 50 39 .30 - ,,6 49.70 - 66 66 ·2 - 7 101 ·1 - 7 147 ·3 - 6 211'7-

11

- 34 -:-40 - 43 -43 -- 47 -- 59 - 7 - 9 - 6 -- 7

1.5 12.35 15·40 18·36 ~ 27·80 38-83 49·11 65 ·5 100·2 146·7 211·0
.6 12.06 -29 15.06 -34 17.99 -31 27 .40 -- 40 38 .41 .- 41 48.62 - 49 . 64 ·9 - 6 99 ·5 - 7 145· 8 - 9 210 .0 - 10
.7 11.81 -25 14-76 - 30 17.66 - 33 27.04 - 36 38-06 - 35 48.21 -- 41 64 ·4 - 5 98 ·6 - 9 144 .7 - 11 208 .3 -- 17
.8 11.60 -21 14.50 -26 17.36 - 30 26. 71 -33 37 .73 - 33 47 ·8 1 - 40 63·9 - 5 97·8 - ~ 143·7 -10 206 ·6 -- I ~
.9 11.41 -19 14.27 -23 17.09 -~: 26 .41 - 30 37.40 . - 33 47 .43 - 38 (J3 .4 - 5 97·1 - 1 142·7 - 10 205 .0 - 16

-17 - 21 - 2" -28 -- 28 - 27 - 4 - 7 -- 11 - 1-1.

2.0 11·24 14·06 16·84 26· 13, 37 ·12 .. 47·16 63 ·0 96 ·4 141·6 203 ·6
.1 11.09 -15 13 .87 - 19 16.62 - 22 25.87 - 26 36 .87 - 2" 46.93 -- 23 62 ·6 - ; 95.7 - 7 140 .5 - 11 202. 2 - - 1-1.
. 2 10.96 -13 13 .70 - 17 16.42 -20 25.64 -23 36 .66 --. 21 46.73 -- 20 62 .3 - 3 95 .0 - 7 139,6 - 9 200 .8 ·- 1-1.
.3 10.85 - 11 13.55 -15 16 .24 - 18 25 .44 - 20 36.47 .- 19 46 .54 - 19 62·0 - 3 94 .4 --- 6 138·9 - 7 199.6 -- 12
.4 10.75 - 10 13 .42 - 13 16.07 -1: 25 .25 - 19 36 :30 ' - 1: 46. 36 - 18 61 ·8 - 2 94·0 "- 4 I 138 .3 - 6 198 .7 ' -- 9

'. __ 9 - 12 - I~ - 18 -- 11 .. .- 17 - 2 - 2 , - 5 _.. 8

2 .5 10·66 13·30 15·92 . 25·07 36 ·13 [ 46 ' 19 . 61 ·6 ? 93·8 '? 137·8 197 ·8 _
.6 10 .58 - ~ 13 .19 · ·11 15. 78 -14 24 .91 - I ~ 35 ·94 - 19 46 ·02 -- 17 61 ·4 - - 93 ·6 - - 137·4 - 4 197 ·2 ~
.7 10 .51 - 1 13 .09 - 10 15.65 - 13 24.76 - 1" 35.76- I~ . 45 .85 - 17 61 ·2 -- 2 93 ·4 - 2 137·0 - 4 19G ·7 . - ~
.8 10.44 - 7 13 .00 - 9 15 .53 - 12 24 .63 - 13 35 .61 -- 1" 45 .69 -- 16 61.0 - 2 93 ·2 - 2 136·7 - 3 196 ·2 -- "
.9 10.38 - 6 12.92 - 8 15 .42 -11 24.51 - 12 35 .48 -- 13 45.54 .- 15 60 ·9 - 1 93·1 - - 1 136 ·4 - 3 195.9 .. 3

_ _ 6 - 7 . - 9 - 11 ._- 12 - - 12 - 1 - 2 -- 1 . - 3

3·0 10 ·32 _ 5 12·85 _ 6 15·33 _ 8 24 ' 40 .- 10 35·36 . 10 45 ·42 __ 10 60·8 _ 1 92·9 _ 1 136· 3 195·6?
· 1 10 ·27 _ 5 12·79 _ 6 15·25 _ 8 24·30 - 10 35 ·26 ._ 9 45·32 __ 7 60 ,7 _ 1 92·8 _ 1 136·2:= ~ 195·4 :.: ;
.2 10 ·22 12 ·73 .. 15·17 24·20 35· 17 45 ·25 _ 60 ·6 92 ·7 136-1 195·3
.3 10'18:= 1 12·68 := ~ 15'10 := ~ 24 ·11 ::: : 35·10 .:: ~ 45·18 .. ~ 60 ·5 - ~ 92 ·6 - ~ 136:0 - ~ 195·2 - (~
.4 10 . 14 _ 4 12.63 _ 5 15.04 _ 5 24 .03 _ 7 35 .03 __ 8 45 . 11 __ to 60 .5 _ 1 92 .6 0 136.0 0 195 .2 (}

3·5 10·10 _ 4 12 ·58 _ 4 14'99 __ -- 23·96 _ 7 34 ·95 ._ 6 45 ·05 __ to 60 ·4 0 92 ·6 0 136 ·0 195·2
.6 10·06 12 .54 .. 14·94 "23 ·89 34 ·89 44,99, 60 ·4 92·6 136·0 0 195.3 1
.7 10:03 - ; 12.49 - : 14·89 -.. ~ 23·83 .- ~ 34 ·83 -- ~ 44· 93 ... ~ 60·3 - ~ 92 ·6 ~ 136· 0 0 195.4 1

.8 10·00 := 3 12 ·45 := 3 14·84 := ~ 23· 78 :-= ~ 34·78 .. ~. 44 ·87 ::: ~ 60 ·3 __ 1 92 ·6 :) 136·1 1 195 ·4 ()
·9 9·97 _ 3 12 ·42 _ 4 14·80 _ 4 23·73 __ 5 34· 73 _ 4 44 ·81 __ 4 60·2 0 92·6 0 136·1 ~ 195·5 ~

"" ,0 9 ·94 _ 3 12 ·38 _ 3 14·76 _ 3 23·68 _ 4 34 ·69 .... 3 44 ·77 __ 4 60 ·2 0 92·6 0 136·1 195·6
.1 9 ·91 12·35 14·73 23 ·64 34 ·66 44· 73 60 ·2 92·6 . 136·2 1 195 .7 1
.2 9 .89 := ~ 12 .33 := ~ 14 .70 := ; 23 .60 := : 34 .63 ~: ; 44 .70 __ ; 60 . 2 _ ~ 92 .6 ~ 136 .2 0 195.8 1
' 3 9 .87 12 ·30 14·67 23·56 34·60 44 ·67 ? 60·1 92·6 136·3 1 195.9 1

.4 9 .85:=; 12 ·28 := ~ 14·64 := ; 23 ·52 :=: 34 ·57 . ; 44·65 ::: ; 60·1 ~ 92·6 ~ 136·4 ~ 196·1 ~

4.5 9·83 12·25 14·61 23·48 34·54 44 ·63 60 ·1 92 ·6 136·5 196·2
__--'- ---'-- --''-- '- -.-:... -'-_ I ._

~I
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TABLE l b- contillued
Values of b" : IV = ~-contill'/ted

CN
CJI

1
1
()

1
1

J
(J

I
o
1

()

()

I
U
o

0 ·975

196·2
196·3
196·4
196 ·4
196·5

o
1
1
()

1

197· 0
197·2
197·2

. ." . .~ -

~
!

() 196·6
1 196·7
() 196·7
o 196 ·8
1 196 ·8

o 196·9
() 196·9
o 196·9
n 197 ' ()
() 197'()

137·0
137·0
137·0

0·95

() 136·5
() 136·5
() 136·6
1 136·7
() 136·7

() 136·8
l) 136·8
() 136·9
il 136·9
() 136·9

1/ 137·0
() 137·0
() 137·0
() 137·(1
() 137'()

0 ·9

92·6
92·6
92·6
92·6
92 ·7

92 ·7
92· 7
92·7
92 ·7
92·7

92 ·7
92·7
92·7

92 ·7
92·7
92 ·7
92·7
92 ·7

()

()

()

()

(J

o
o
o
o
o

J
- 1

o
o
o

- . 1

0·8

59·9
59·9
59·9
59·9
59·9

59·9
59 ·9
59·9
59·9
59·9

59·9
59·9
59·9

60·1
60·0
60·0
60·0
60·0

2
2

0 ·7

1

44 ,30
44 ·21

1 44 ' 16

_ 3 44 ·63
3 44·60 - 3
3 44 ·58 - 2

_ 3 44 ·55 - :~
3 44·53 - 2

- 2

2 44·51
2 44·48 - 3
3 44·46 - 2
3 44·44 - 2
3 44 ·42 - 2

i - t)i ~

21· 44·40
I 44·38 - 2
1 I 44·36 - 2
1 i 44 ·34 -- 2

__ I ! 44·32

0 ·6

_ ? 1
34 '5-1

~ 34 ·51
- 3 34 .48 -
- 3
_ 3 34·45

134·42- 3 ,

3 I 34·39=? 1 34 .37
_ ; 1 34 .35 -
_ 'J I 34 ·32
_; 134 .29.=

I

_ ' J !3-1 ·26
- I 34 ·24

-. 2 '
_ . 1 34·23

1 34 ·22
1 34·21

34·20
34·13
34·10

0 ·45

_ 1 I 23 ·3-1
_ 1 i 23·31
_?1 23 ' 29

~ 23·27
-11 23 .25
.- 1 I

123·23
_. 1 23.21

=~ 23·19
._ J 23 '18
_ I 23·17

23 ·16
23·09
23 ·03

1

23 ,48
- 3

<} 23·46
- ; \ 23 ' 43
_; 23 ·40
_ 2 23·37

0·3

14·50
14·49
14·48
14·46
14·45

14·44
14·43
14 ·42
14·41
14·40

14'39
14·35
14·31

14·61
14·58
14·56
14·54
14·52

-- ~

- 2

- 1
_ . 1

- 1
- 1

- 1

- . 1
- 2
- 1

- 2
- 2
- 2
- 2
- 2

12·25
12·23
12·21
12·19
12·17

i 12·15
12·14
12·12
12 ' 11
12·09

I

I 12·08
1

1

12 ' 07
12·06
12·04

1
12 ' 03

I 12·02

1

11,97
11· 93

-1
- 1

- 1
-1
-1

- 1
-1
_. 1

.- 1

-1

-1
- 2
- 2
- 2
- 2

9 ·64
9 ·59
9·55

9 ·83
9 ·82
9·80
9·78
9·76

9·74
9·73
9·72
.g·71
9· 70

9 ·69
9 ·68
9·67
9·66
9·65

4 ·5
·6
·7
·8
·9

5· 0
·1
·2
·3
·4

5·5
·6
·7
·8
·9

6·0
6·5
7 ·0

tJ



- 5
- 5

~'-

7

2
1

-1
1

w
- 5 (j)

- ()

o
1

o
- 1

o

- 2

-40
-28
-·24
-20
-1<1

- 1
o

- 1
()

()

--12
-·11
·-10
-- f)

f)

- 2

- 4
- :~

- a

0·975

140·8
140·6
140·4
140·3
140·2

163·5
159·5
156·7
154·3
152·3

150·7
149·5
148·4
147·4
14G·5

140·1
140·1
140·0
140·0
139·9

139·9
139·8
139·8
139·7
139·7

139·7

I
- 1

o
- 1

o

- 1
o

-- 1
-- ()

- 1

145·6
- 7 144.8
... H 144.1
- 5 143.5
- 4 143.0_. 3

') 142·5
-; 142·0
- - 141'6
- 2 1 141 ' 3
- 2 141.0
- 1 '

1
o

- 1
_.. 1

-1

-29
-25
-17
-13
-12

- ~)

- 8
-. R

7
7

99·2
99·0
98·8
98·6
98·4

98·3
98·2
98·1
98·1
98·0

98·0
97·9
97·9
97·8
97·7

97·6
97·5
97·5
97·4
97·4

97·3

101·7
101·0
100·4
99·9
99·5

115·2
112·3
109·8
108·1
106·8

--I_._-_ ...._--
I 0·95
I

5

2
2

-- 2
- 1
- 1

- 1
1

- 1
- 1

()

-- 8

- 1
- .1

()

o
o

- 1
o
o

-1
o

105·6
104·7

. _ 7 103'9
() 1 103 . 1

102·4

.- 8

-23
-18
-13
-10
- 9

. 4
... a
_. ~~

- 2
- 2

0·9

68·4
68·2
68·0
67·8
67·7

G6·8

80·5
78·2
76·4
75·1
74·1

73·2
72·4
71·6
70·9
70·3

67·6
67·5
67·4
67·3
67·2

67·2
67·1
67·0
67·0
67·0

67·0
66·9
66·9
66·9
66·8

')" j G9·8
- -Q 69·4

69·1
68·8
68·6

4
- 3
- 3

3
--- 3

'r
-- -~ I

- 23 i
- 21
--- 20

18
IH

- 14
12

- 10

10
- 10
-10
- 10

9

- 9
- 8

8
- 7

5

46·73
46·45
46·20
45·97
45·76

45·56
45·38
45·22
45'08
44·96

44·86
44·76
44·66
44·56
44·46

44·37
44·28
44·20
44·12
44,05

44·00
43·96
43·93
43·90
43·87

43·84

I 35·84 _ 26
26 ; 35·58 _ 24

- 22 35·34 __ 22
- 22 35 . 12 _ 20
- 21 34·92 __ 18
-- 19

34·74 _ 14
.- 19 34·60 _ 14
- 15 34·46 _ 14
- 12 34·32 _ 12
- 11 34'20 _ 12- 11

34·08 _ 9
11 33·99 _ 9

- 10 33·90 _ 8
- 10 33·82 _ 8
- 9 33·74 _ 7

9

- 7
- 7
- 6
- 6

- - 5

33·36 _ 4
33·32 _ 4
33·28 _. 4

- 33·24 _. 4
33·20 _ 4

33·16

27·15
27·04
26·94
26·84
26·75

26·66
26·57
26·51
26·45
26·39

28·91
28·65
28·43
28·21
28·00

27·81
27·64
27·49
27·37
27·26

26·33
5 26.27
5 26.23
5 26.19
4 26.15
4

2G·11

-- 16
- IG
- 14
- 13
- 12

-- 7
- 7

7
- 6
- 5

.- 26
- 24
- 22
- 20
'- 18

12
11

- 10
- 8

8

19·66
19·54
19·43
19·33
19·25

19·17
19·10
19·03
18·96
18·90

18·85
18·80
18·75
18·70
18·66

18·62

5

- 3
- 3
-- 3
- 3

2

- 8

- 5
- 4
- 4
- 4
- 3

22 21·47
-20 21·21
-18 20·97
-16 20·75
-14 20·55

-12 I20·37
-11 20·21
-10 20·05
._ 9 19·91
_ 9 19·78

.- 7

- 6
- 5

12·53

13·18
13·10
13·03
12·97
12·92

12·87
12·82
12·78
12·74
12'70

12·67
12·64
12·61
12·58
12·55

13·69
13·57
13·46
13·36
13·27

14·59
14·37
14·17
13·99
13·83

It)

-- 17
--15
-13
-12

- 3
- 3
- 2

2
-- 2

5
- 4
- 4
- 4
- 3

- 7
- 6
- ()

5
- 4

-11
-10
- 9
- 7
- 7

TABLE Ib-contiwued
Values of b0 : N = 3

---~5-I~J---r --;4~-I--~-6-r~; -1····· 08

17·49 --91 19·74 -97 27·69 _127136.15 -155 -4~'83 --1;: 55·59 -195
16·58 18·77 26·42 34·60 42·13 53·64_
15.82 -7~ 17.96 -81 25.39 --103 33.38 -122 40.77 -136 52.11 -1:>3
15.17 -~~ 17.28 -~8 24.55 -- ~~ 32.41 - 97 39.70 -107 50.93 -118
14.62 -:>:> 16'71 -:>7 23.88 - ~I 31.63 -:~ 38.82 - ~8 49.95 - 98

-47 -48 - :>6 -- 6:> - II -- 82

-40 16·23 -42 I 23·32 _ 48 30·98 _ 53 38·11 _ 59 49·13 - 68
15·81 22·84 30·45 ,37,52 _. 48·45 -,

-34 15.44 --37 22'43- ~~ 29.99 -- 46 37.00 .,2 47.89 - .,~
--2~ 15.12 -32 22.08 -- :~t> , 29.58 :1. 36.54 ---:6 47.43 -J6

2:> 14.84 -28 '>1.77 31 1 99 . <)2 3h 36.16 - 38 4-7.0- · ·38
- 22-25 ~ -- :w : ~ ~ --:)1 _. 32 ;).- :tl

14·15
13·75
13·41
13·12
12·87

--18
-16
-14
-12
--10

_ 9 11·89
_ 8 11·78
_ 7 11·68
_ 7 11·59
_ 6 11·52

_ 6 11·45
_ 5 11·38
_ 5 11·32
_ 4 11·26
_ 4 11·21

I

11·17
11·12
11·08
11·04
11·00

_ 2 10·97
_ 2 10·94
._ 2 10·91
_ 3 10·89

.. 2110 ·87

10·85

-80
-65
-54
-46
-39

0·2

9·37 _ 4
9·33 _ 3
9·30' _ 3
9·27 _ 3
9·24 _ 3

9·21
9·19
9·17
9·15
9·12

9·10

14·82
14·02
13·37
12·83
12·37

11·98
11·65
11·36
11·11
10·88

10·68
10·50
10·34
10·20
10·08

9·98
9·89
9·81
9·74
9·67

9·61
9·55
9·50
9·45
9·41

·2

·3
·4

3·5
·6
·7
·8
·9

4·0
·1
·2
·3
-4

·2

2·0
. 1
·2
·3
·4

2·5
·6
·7
·8
·9

3·0
·1

4·5

·3
·4

1·5
·6
·7
·8
·9

1·0
·1

--

~'Ii >
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TABLE Ib <-contin ned
Value s of b" : N -::-.:c ~)- -COJ1.ti1'llled

, ' . ' -~ ..-.... ---- _.-,..... .. , ", -, - . .

0 ·9I. o~~ . I _
0 ·70 ·60 ·450·3

~ ,,- , -,- - - ,-_ .. "" - -"'- ' _ . -..-

0 ·2 0 '25 1<: -,-1J -,-_ ...

_ 9110' 85_ 7 10·83
__ 1 10 ·80
_ ' J 1 10 ' 78

~ 10 ·76
- - -·1

! 10·74
-- I " 10 .73-I
_ 1 I 10' 72
_ I 10' 71
_ 1 10'70

!'J""

o
o
()

o
(}

() eN
II '-l
o
o

- I

I
(}

()

.- 1
u

139' 7
o 1 139 ' 6n
() I' 139·6
I ; 1 39 ' ~
o I 139,,,

() 1 139' 5
i 139·5

._ ~ 139 '~
(} 139 '0
I) 139 ·5

139 ·4
() 139·4

- I 139. 4
() J 139 ·4
o 1 139 .4()

I
139·4
139 ·4
139·3

97 ·0
97 ·0
97 ·0

97 ·3
97 ·3
97·3
97·3
97 ·2

97· 2
97·2
97 ·2
97· 1
97· 1

97·1
97·1
97 ·0
97 ' 0
97'()

Io !
()

(}

I
o

()

()

()

- I
()

o
- I

()

(}

- I

66 ·6
66 ·6
66·6
66 ·6
66 ·5

66 ·5
66 ·5
66 ·5
66·5
(.,6·4

66·4
66 ·4
66·4

66 ·8
66·8
66·7
66·7
66·7

2

2

- 3
3

.. 2

; 1
7I
2 I

- 1
I '

-- 2
. , I

" 43·72
~ 43· 70

_. ; 43 ·68
~ 43 ·66
; 43·64

43·56
43 ·52
43 ·49

43·G3
43·61-- ~ I43 ·60

- 43 ·59
4:~'57- 2

- 2

- 2

2

32·79
32 ·70

i 32 ·64

33·16 43·84
- 4 33.12 - 4 43 .81

4 33 .08 - 4 43 .78
- 4 - . 4

33·04 . 43· 76
4 33'01 - ,3 43 .74
:l -- 2

. 32·99
.- .J 3<) .97

'J -
- 32 ·95

-. :1 - 3'>,93
2 i 32.91

9 -. 32·89
; i 32 ·87
~ . 32 ·85
; 32 ·83

._ 7 :-{2 ·81

25 ·71
25·64
25·58

., 25 ·92
__ ; 25 ·89

:, 25·87
~ 25 ·84
- 25·82

26·11
-4 26 .07
4 26.03
3 25.99

.- ,:1 25 .95
3

" 25 ·80
~ 25 ·78

_ ; 25 ·76
o 25 ·74
; 25·72

- 2

18 ·23
18 · 16
18· 10

_ 3 ! 18 ·62

_ 21 18 ' 58
_ 2 18· 54
_ <) 18 ·51

- . 18· 48

18·45
- ~ 18 ·43

- 18 ·40
. 1 18. 38

- - <)

- 18· 36
- 1

18 ·34
-.. 1 18 .32
_ ~ 18 ·30
_ 1 18 ·27

1 18 ·25

12 ·36
12· 35
12 ·34
12· 32
12 · 31

12·53
12·50
12· 48
12 ·46
12 ·44

12 ·43
12 ·42
12·40
12· 39
12 ·37

12 ·30
12 ·26
12 ·23

1
-- 1
- 1
- - I

1

- 1
I

- I
I

- 1

.- 2

.- 2

- 3

- 2
- 2

10'-64
10·59
10' 55

10'69
10'68
10 ' 67
10 ' 66
10,(;5

1
-1

o
- 1
-1

9·02
9 ·01
9'00
8 ·99
8 ·98

9 ·10
9 ·08
9·07
9·06
9·04

8 '97
8'96
8 ·95
8·95
8 ·94

8 ·93
8 ·89
8·86

5 ·0
·1
·2
·3
·4

4 ·5
·6
·7
·8
·9

5 ·5
·6
·7
·8
·9

6·0
6 ·5
7· 0



TABLE 1b- colltin.u.ed

Value s of b" : N = 4

C;:)
00

-- 2

0_. ~

- :I
-- :I

-- 5

- 2
- 2

-· 2
-- 2

- fi

- 8
-- 7
.- G

. .. 4
_. 4

- 4
- 3
- 3

114·3
n ro
113 ·7
113·5
Il:H~

113 · 1
112 ·9
112 ·7
112·5
112·4

116·1
115 ·7
115·3
114 ·9
114·6

119·2
118·4
117 ·7
117· 1
116 ·(1

112· 3
112 ·2
112·1
112 ·0
111·9

111·8

- I
I
I
1

I

1
- I

1
1

- 2

-- 4
I___ 4 I

- - 4 I

. - :;
-.. :;

- 2
1

1
1
1

. - 4
- 4
- :~

-- 2
I

79· 9
79·7
79 ·6
79 ·5
79· 4

78·2

79 -:~

79·2
79 ·1
79·0
78·9

78·8
78·6
78·5
78·4
78 ·3

83·5
83 ·0
82·5
82·1
81 ·7

0 ·95 I 0·975
I I
;-'; 8 :-3 ·_·· ~--3:r~~~ :.•

95· 1 - 1) 4 j 134 · 1 -2­
92 ·7 ~ . 131 ·4 ~
90 .7 - 20 1 128 ' 9 - 2:>
89. 1 --·16 126.9 --20

- 13 i - I G

8 8 ' ? _ 3
7 · ... Ill! L,, · - 14

86 ·8 - Ill I 123 ·9 - 13
85·8 __ 9 : 122 ·6 ':'. 12
84·9 . I 121·4
84 . 1 - ~ : 120.3 - I I

- (, j -II

1
I
I

" , 81 ·3
.- ~ : 80·9

- I 80 .5
80 ·2
80 ·0

· · 25
·, 20
,- 16
-12
- · 11

- I

1
I
o

- 1
II

..- 1

-- 8
--- R
-- 7
- 5
..- 5

-- 1
1

- 2

- 1
- I
- 1

_. 4
- .,
.- 4
.. 3

~~

- 2

- 2

0·9

69 ·7
67·2
65 ·2
63 ·6
62 ·4

6 1·3
60·5
59 ·7
59·0
58 ·5

58·0
57 ·6
57· 2
56 ·8
56·5

56·2
55·9
55·7
55·5
'55·4

53 ·8

55·3
55·2
55 ·0
54 ·9

9 54·8

54 ·7
8 54 .6
7 54.4
6 54.3
6 54 .2
G

54·1
6 54 .0
6 53 .9
6 53.9
6 53.8
5

- 12
- 11

10
9

19
18

- 17
15

- 13

37
33

-- 28
- 24
- 21

- 74
- 61
.- 55
- 51
.- 43

-213
·- 172
-134
-110
- 88

0·8

49· 20
47 ·0 7
45·35
44·01
42 ·91

42·03
41 ·29
40 ·68
40· 13
39 ·62

39·19
38 ·82
38 ·49
38·21
37·97

37 ·76
37 ·57
37·39
37 ·22
37·07

36· 94
36·82
36· 71
36 ·61
3(1·52

35·81

8 36 ·43
8 36 ·35
6 36 ·28
6 36·22
6 3G·1(1

1) ­
- "' -"

- 13
12
9

--. 9

-- 17
- 15

J.t
.- 14
- 13

4 1
36

' 10_ 36·04
- ~ 35·98

o 35·92
5 ' 35 ·86

--197
·-153
-124
-101
- 81

- 70
- 60
- 52
_. 44

- 36

- 31
- 27

...- H

- 5

27 ·35

29 ·17
29 ·00
28 ·85
28·71
28·57

28·44
28 ·31
28 ·19
28·10
28 ·01

27 ·93
27·85
27 ·77
27·71
27 ·65

27·59
- 5 i 27.55

5 , 27 .50
27 ·45

4 I 27 .40
4

- 5

- 17
- 16
- 14
- 12

12

._- 12
10
H
~)

- - 7

. . 177 39·64
- 138 37 ·67
- 112 36·14
_ 92 34·90
_ 76 33 ·89

_ 64 33 ·08
_ 53 32 ·38
_ 46 31·78
_ 39 31 ~ 26

_ 34 30 ·82

_ :~o 30 ·4G
_ 26 30·15
... 24 29 ·88
_ 21 29 ·63

19 29·39' - 24..;.. 22

- 7
- 7
- G
- 7

G

._-._,.•.._ ,,, ---_•....__..

21·99

5 22·22
5 22 ·17
4 22 ·12
4 22 ·07·
3 22 ·03

. 22·55
s I 22·48
7 : 22.41

22·35
22 ·28

. 23· 73
17 23.56
15 23.40
14 23 .26
13 23.14

-- 11

23·02
J() 22.90
10 ?2 .80
9 : 22.71
8 i 1)2 .62
H ''*I

- 5
- 5
- G

-- 138 33·24
- 109 31 ·47
.- 90 30 ·09
_ 75 28 ·97
... 63 28·05

__ 52 27 ·29
_. 46 26 ·65
__ 38 26·12
_ 34 25 ·66
_ 29 25 ·27

26 24 ·93
_. 24 24 ·63
__ 21 24·37
__ 20 24 ·13

18 23 ·92

. .~~.~~ _.__.J. ~..~~.._. __ i... _.. ~~ . ~ ... _

18·04
17·87
17· 72
17 ·58
17 ·45

17· 34
17· 24
17 · 14
17·05
16· 97

19 · 13
18·87
18· 63
18 ·42
18·22

16·59
16 ·54
16· 49
16 ·45
16 ·41

16 ·38

21 ·12
20 ·60
20·14
19 ·76
19· 42

c I 16 ·89
, 16 ·82

16 ·75
16 ·69
16 ·64

4
4
4

9
8
7
7
G

4
3
3
3
2

s

- 23
20
18
16

- 25

-- 15
1:~

-- 12
11

- 10

- 100 \. 25 ·87
__ 82 24 ·49

- - 68 1
23 '40

_ 56 22·50
_ 47 21 .75

42
:... 38
- 34
- ~H

- 28

12 ·27
12·21
12· 16
12·12
12 ·08

12·04
12·0Q
11·97
11 ·94
11·91

11·89

13·25
13 ·10
12 ·97
12·85
12 ·74

12 ·64
12 ·55
12 ·47
12 ·40
12 ·33

19 ·53
18·53
17 ·71
17·03
16·47

16·00
15· 58
15 ·20
14 ·86
14 ·55

14·27
14·02
13·79
13·59
13 ·41

-20
-18
- 16
- ·14
-1 3

- 89
-75
-63
- 53
- 45

-- 12
- 10
- 9
- 8
- 7

- 39
- 34
- 30
··- 26
- 23

- 7
- 7
- 6
_.. :;

s

- ' f) ""

- 5
- 4
- 4
- 4

- 3
- 3
- 3
- 2
- 3

10·85

11·20
11·16
11·11
11·07
11 ·03

10 ·99
10·96
10·93
10·90
10·88

_77117 ' 54
- 65 16·65
- 55 15 ·90
_ 47 1 15 .27
- 40 14· 74

- 34 ! 14·29
-29 13·90

13·56
13 ·26
13'00

- 17 12 ·77
- 15 12·57
- 13 12 ·39
- 12 12·23
- 10 12 ·09

- 10 11·96
_ 8 11·84
_ 8 11 ·74
_ 7 11·65
_ G 11·57

_ 6 11·50
6 11·43

_ 5 11 ·36
_ 4 11·30
_ . .j 11·25

- 4
- 4
- .j

- 3
- 3

- 2
- 2
- 2
- 3
- 2

9·95
9·.91
9·87
9 ·83
9 ·80

9 ·77
9 ·75
9·73
9 ·71
9·68

9 i 66

10 ·20
10 · 14
10 ·08
10 ·03
9 ·99

10·59
10·49
10 ·41
10·33
10·26

'.
12 ·55
12 ·21
11 ·92
11·67
11·45

11· 26
11 ·09
10 ·94
10·81
10·69

15· 39
14· 62
13 ·97
13·42
12·95

·2

4·0
·1

2 ·0
· 1
·2
·3
·4

·3
·4

4·5

2 ·5
·6
·7
·8
·9

3·0
·1
·2
. ~

' 4

1·0
· 1

..2
·3
·4

1·5
·6
·7
·8
·9

:i-:5
·6
·7
·8
·9

>~I _~- I --~ ~; -r--~~ 3
_."._- -._ - --

..



TABLE 1b-continued

Values of b" : N = 4-contim,f,ed

- 1

() ~
- 1 CD

()

lJ

- I
- 1
-- 1

()

o

- - 1
o
o
1

n

0 ·975
I
i 0 ·95
I

r;~~ -
78 ·2
78 ·1
78· 1
78 ·0

-- 1 I 78·0
o 77·9

.. 1 I 77 ·9

() 1
77

' 9o 77·8

() I 77 ·8
() 1

77 ' 7
_ 1 77·7

() ,I 77 ·6
n ' 77·6

: 77 ·5
77 ·3
77 ·3

o
-1

o
- 1

o

0 ·9

53 ·6
53·5
53·5
53 ·4
53 ·4

3 53·4
o 53 ·4

_ ~ 53 ·4
~ 53· 3

_ ; 53· 3

53 ·3
53 ·2
53 · 1.

I
! 53 ·8

6 153 .8
- 5 I 53. 7

4 I 53. 7
-I I 53.6
-l I

- -l
- '3

- 3
- 3
- 2

0 ·8

35·43
35 ·40
35 ·38
35·36
35 ·34

35·32
35·23
35·19

35 ·81
35 ·75
35· 70
35 ·66
35 ·62

35 ·58
35 '54
35·51
35 ·48
35·45

- 1
--- 1

1
-- 1

- 2

0·7

3 27·08
__ ? 27·06

2 27 ·05
2 27·03
1 27·02

27 ·01
26·86
26 ·81

0·60·45

16·38-- 31 16 .34
2 16 .3 1

; 1
16 ' 28

2 16 ·25
I

: 16 ·22
- ~ 16 · 19

1 16· 16
-- 16 ·14
__ ~ i 16 ·12

1 1 16 ' 10
1 I 16· 08

1 " 16 ·06- 16· 04
1'116.03
1 I

16·02
15 ·94
15 ·89

11· 71
11·70
11·69
11 '68
11 ·67

11· 66
11 ·62
11· 59

11 ·89
11 ·86
11· 84
11 ·82
10·80

11·78
11· 77
11·75
11· 74
11· 72

- - 1

- - 1
- - 2

1

- 1

..- 2

... 1

-.. 2
' .- 1
-. 2

- 2
- :3
- 2
- 2
- 2

0·25 I 0 ·3

10·85
10· 83
10·80
10·78
10·76

10·74
10·72
10 ·71
10·69
10 ·68

10·66
10 ·65
10·64
10 ·62
10·61

10 ·60
10·55
10 ·51

-- 2

.- 1

-I

- 1
1

- I

- 2

- 2
- 2
- 1

- 1
_. 2

- 1
. . 2
..- 1

9·45
9 ·40
9·36

9 ·66
9 ·64
9·62
9 ·61
9 ·59

9 ·57
9 ·56
9·54
9·53
9 ·51

9·50
9 ·49
9·48
9·47
9·46

5·5
·6
·7
' S
·9

5·0
· 1
·2
·3
·4

4 ·5
·6
·7
·8
·9

G·O
6·5
7· 0

I I
I I I

I .1 I- -. I I I - I , 27 .35 _ 5"" !'c 0·2 I .. .__1- .-- ,- - -- I , 2 1 ' 9~ _ 41. 27 '~0 _ 3
"" .... -, - - ---- , , 21 -9, - 4 27 _27 _ 3

J_. ""- . - - 3 21 .91 _ 4 ! 27.24 _ 3

3 21·87 _ 3 I 27.21 ._ 3
3 . 21·84 _ 3;

.. 3 i I 27 .18 .,. s
21·81 - 3! 27.15 _ :3

'- 3 21 .78 - 2 ! 27 .12 _ 2
3 21'76 - ·2 ; 27 . 10 _ 1
2 ?1 ·74 _ 2 ; ?7 .09 1

-- 2 21. 72 _ 3 : ~ _
2 I

21·69
2 21.66
2 21 .64
2 21.62

~ 1
21 ' 60

21 ·59
! 21·51

E~.__
. -._~

I



TABLE 1b-contin-ued

Values of b" : N = 5

.><1
.•.._ - - -- '•.._ - -

I
-"'-- -'"--_._."...•_- _...•..•.._ --.._...._ ..

I I I I I I

0 ·2 0·25 0·3 i 0 ·45 0·6 0·7 0·8 0·9 0·95
,

0 ·975I ! I

1·0 15·7 17·6 -19·5 - 10 'r 1 31·7 - 19 37·5 _? I 45·6 - 22 62'~ - 24 88·0 - 3') 123·0 -41
15.0 - 7 16.8 - 8

-::>. -15
·1 18·5 23·6 - 12 29·8 -15 35·4 - 43·4 -19 60 ,;) -20 84·8 - 118·9 - 3?

14·4 - ~ - 7 - 8 33.7 - 17 82.2 - 26·2 16·1 -6 17·7 f 22·4 28·3 - 12 41·5 . 58·5 - 17 115·7 -:
·3 13·9 - ;) 17.1 - 1 21.5 - 9 32.3 - 14 40.0 - 15 - 21 113.1 - 2 h15·5 _ 27·1 56 '~ - 13 80·1 -1 6

·4 13.5 - 4 15·0 - ~ 16·5 - ~ 20·7 =~ 26.1 - 10 31.2 ~I ~ 38.8 - 12 55,;) - I I 78·5 - 14
111 .0 - 2 1

- 4 - ;) - ;) - 8 - 10 - 17

1·5 13·1 14·5 16,0 20·0 _ I 25·3 30·3 37·8 54·4 77·1 1.09,3 --15

·6 12·8 14.1 - -4 15.6 - 4 19·5 --- " 24.6 - 7 - 8 37.0 - 8 53·4 - 1(; 75.9 - 1229 ·5 __ 6 107 '~ - 13
·7 12·5 13·8 15-2 - 'I 19·0 24,0 - 6 28·9 , 36·4 - (: £;') ,6 - 8 74.9 - In 106,;) - II

·8 12·2 13·5 14.8 -- 4 18·6 23.5 - 5 28·3 -- ~ 35·8 - ~
'.:.- - 7 74.1 -- so1·9 t' 105·4 - 11

·9 12·0 13·3 14·5 18·3 23· 1 =1i 27·8 -- ;) 35·3 _. ~ -1 3 - 1 73-:) :.::: ;
- 4 - " :>. - - 6 104·3 -10

2·0 II -S I 13-0 14·2 I 18 ·0 ')')· 7 . 27·4 34·8 ·· 50 ·7 72·(1 ._ Ii 103·3
·1 11·7 12·8 14·0 17·7 22·4 I 27·0 34·4 50,') - ;; 72·0 _ 102.4 - 9

I
I

. - .
·2 11·5 12·6 13·8 17·4 22·1 : 26·7 34·0 49·8 71·5 . - ~ 101 ·6 -= ~
·3 11 ·4 I

12·5 13·6 17·2 21· 9 I 26·4 33·7 49·4 71'() - o 100·8 _ 6

·4 11 ·3 12·3 13·4 17·0 21·6 ! 26-2 I :)3 ·5 49· 1 70.6 - 4 100·2 _ 6, - 4

I I I
,.p..

2·5 11·2 12·2 I 13·3 , 16·9 21·4 I 26·0 33·2 48·8 70·2 99·6 c
·6 11·1 12·1 13·1 I 16·7 21·3 ! 25·8 33·0 ! 48 ·5 69·8 99·1

.. 5
, I

·7 11·0 12·0 13-0 I 16·6 I 21 ·1 25·6 32·8
I

48·3 I'69·5 98·7
·8 10·9 I 11·9 12·9 16·4 I 20·9 25·4 32-6 48· 1 69·2 98·3
·9 10·8 11·8 12·8 I 16·3 20'S 25·3 32·4

I
47·9 I (~8'9 98·0

I ,
I

!
I

I I j

3·0 10·8 11 ·7 12·7 16·2 20·7 I 25'Q 32·3

I
47·7 68·7 97·6

·1 10·7 11 ·7 12·6 16·1 20·6 25·0 32·1 47·6 68·5 97·3
·2 10·7 11·6 12·6 16·0 20·5 24·9 32·0 47·4 68·3 97·0
·3 10·6 11 ·6 12·5 15·9 20·4 24·8 31·9 47·3 68·1 96·8
·4 10·6 11·5 12·4 15·8 20·3 24·7 31·7 47·2 67·9 96·5

3·5 10·5 11 ·4 12·4 15·7 20·2 24·6 31·6 I 47·0 67·7 96·3
·6 10·5 11 ·4 12·3 15·7 20·1 24·5 31·5 I 46.9 67·6 96·1
·7 10·5 11·4 12·3 15·6 20·0 24·4 31·4 I 46.8 67·4 95·9
·8 10·4 11·3 12·2 15·6 20·0 24·4 31·4 46·7 67·3 95·7
·9 10·4 · 11 ·3 12·2 15·5 19·9 24·3 31·3 46·6 67·2 95·5

I

4·0 10·4 11 ·2 12·1 15·4 19·9 24·3 31·2 46·5 67·0 95·4
·1 10·3 11·2 12·1 15·4 19·8 24·2 31·1 46·5 66·9 95·2
·2 10·3 11·2 12·0 15·4 19·8 24·2 31·1 46·4 66·8 95'1
·3 10·3 11·2 12·0 15·3 19·7 24·1 31·0 46·3 66·7 95·0
·4 10·3 11 ·1 12·0 15·3 19'7 24·1 31·0 46·2 66·6 94·8

4·5 10·2 11 · 1



,.j:l......

94·0
93·9
93·8
93·8

: 93·7

1 93 ' 7
93·5
93·3

0·975

'- , - --- -
1 94·7
! 94'6
, 94·5

'94 ·5
i 94·4

ii' 94·3
94·2

I
94·1
94·1

! 94·0

i

o-s I 0 ·95

46·2 66·5
46·1 66·4
46·0 66,4
46·0 66·3
45·9 66·2

45·9 66·2
45·8 66·1
45·8 66·0
45·7 66·0
45·7 65·9

45·6 65·9
45·6 65·8
45·6 '65·8
45·5 65·8
45·5 65·7

45·4 65-7
45·3 I 65·5
45·2 65·4

0·8

30 ·9
30·9
30·8
30·8
30'7

30·7
30'7
30·6
30·6
30·6

30·6
30·5
30·5
30·5
30·5

30 ·4
30·4
30·3

0·7

23·6
23·5
23·4

23·8
23·8

! 23·8
23'7
23·7

23'7
I 23·6

I
I 23·6

23·6
23·6

i
I

I 24·0

I 24·0
23·9
23·9
23·9

0·6

19·3
19·3
19·3
19·3
19·2

19·4
19·4
19·4
19·4
19·3

19·6
19·6
19·6
19·5

i 19·5
j

I
i

I
I
I

I
!

0·45

TABLE 1b-continuea

Values of b" : N = 5-continuea

I
15·2
15·2
15·2
15·1
15·1

I
15·1
15·0

I
15·0
15·0
15·0

I
15'0
14·9
14·9
14·9
14·9

0·3

12·0
12·0
11·9
11·9
11·9

11·8
11·8
Il·8
Il·8
11 ·8

Il ·8
11·8
11 ·7
Il·7
11·7

11·7
Il·6
11·6

0 ·25

11·1
11 ·1
Il·O
11·0
11'0

i 10·9
. 10·8

10·8

i

I
Il·O
Il·O

II 11·0
10·9

. 10·9
I
, 10·9

I
I 10·9

10·9

I
10·9
10·9

14·9 i 19·2
14·8 i 19·1
14·7 I 19· I

I ~ ..>._ I .__.._ ,._ 1 ,..__.'. . . . . .

(-),0 110'0
6·5 9·97
7·0 9·94

5·5 10·1
·6 10·1
·7 10·1
·8 10·0
·9 10·0

4·5 10·2
·6 10·2
·7 10·2
·8 10·2
·9 10·2

5·0 10·2
·1 10·1
·2 10·1
·3 10 ·1
·4 10·1

.XI 0·2

~

'0



TABLE 1b- continued

Values of b" : N = 6

XI -~I-~'25 0·3 0·45 0 ·6

-- - - _...__.__..- - - ~..

0 ·7 I 0·8 0·9 0·95 0·975

;

1·0
·1
·2
·3
'4

1·5
·6
·7
·8
·9

2 ·0
·1
·2
·3
·4

2·5
·6
·7
·8
·9

3·0
·1
·2
·3
·4

3·5 ­
·6
·7
·8
·9

4·0
·1
·2
·3
·4

4·5

15·9
15.3 - 6
14.8 -5
14 .3 - 5
13.9 -4

13·6
13·3
13·0
12·8
12·6

12·4
12·3
12·1
12·0
11·9

11 ·8
11·7
11·6
11·6
11·5

11·4
11·4
11·3
11·3
11·2

11·2
11·2
11·1
11·1
11·1

11·0
11·0
11·0
11·0
11·0

10·9

17·8
16.9 -9
16.3 -6
15.7 -6
15.2 -5

-4

14·8
14.4 - 4

14·1
13·8
13·6

13·3
13·1
13·0
12·8
12·7

12·6
12·4
12·4
12·3
12·2 .

12·1 ·
12·0
12·0
11 ·9
11 ·9

11·8
11·8
11·7
11'7
11·7

11·6
11 ·6
11·6
11·6
11·5

11·5

19· 5
18·5
17·7
17·1
16·5

16·0
15·6
15·2
14·9
14·6

14·4
14·1
13·9
13·7
13·6

13'4
13·3
13·2
13·1
13·0

12·9
12·8
12· 7
12·7
12·6

12 ·6
12·5
12·4
12·4
12·4

12·3
12·3
12·2
12·2
12· 2

12·2

-10
-8
- 6
- 6
- 5

- 4
- -l

24·7
23· 2
22·0
21·0
20·2

19·5
19·0
18·5
18·1
17·7

17·4
17 · 1
16·9
16·6
16'4

16·3
16· 1
15·9
15·8
15·7

15·6
15· 5
15· 4
15·3
15·2

15· 1
15·1
15·0
14·9
14·9

14·8
14·8
14·7
14·7
14·6

14·6

-15
-12
-10
- 8
- 7

- 5

30·9
28·9
27·4
26·1
25·0

24·2
23·4
22·8
22·3
21 ·8

21·4
21 ·1
20·8
20·5
20·2

20·0
19·8
19·6
19·5
19·4

19·2
19·1
19·0
18·9
18·8 '

18·7
18·6
18·6
18·5
18·4

18·4
18·3
18·3
18·2
18·2

18·1

-20
-15
-13
- 11
- 8

- 8
- 6
- 5
- 5
- 4

36·1
33·9
32·1·
30 '7
29·5

28·5
27·7
27·0
26·4
25·9

25·5
25·1
24·7
24·4
24·2

23·9
23·7
23·5
23 ·3
23·1

23·0
22·9
22·8
22·6
22·5

22·4
22·4
22·3
22·2
22·2

22 ·1
22·0
22·0
21·9
21·9

21·8

-22
-18
-14
-12
-10

- 8
- 7
- 6
- 5
- 4

43·5
41·0
39·1
37·6
36·3

35·3
34·5
33·7
33·0
32·5

32·0
31·6
31·2
30·8
30·5

30·3
30·0
29·8
29·6
29·4

29·3
29·1
29·0
28·8
28·7

28·6
28·5
28·4
28·3
28·2

28·2
28·1
28·0
27·9
27 ·9

27·8

-25
- 19
- 15
-13
-10

- 8
- 8
- 7
- 5
- 5

58·6
56·0
53·9
52·2
50·8

49·6
48·6
47·7
47·0
46·4

45·8
45·3
44·9
44·5
44·1

43·8
43,5
43·2
43·0
42·8

42·6
42·4
42·2
42·0
41 ·9

41·8
41·7
41·5
41·4
41 ·3

41·2
41·1
41·1
41'"0
40·9

40·8

-26
-21
-17
-14
-]2

-10
- 9
- 7
- 6
- 6

- 5

80·5
77·4
74·9
72·9
71 ·2

69·8
68·6
67·6
66·7
65·9

65·2
64·6
64·0
63·5
63·1

62·7
62·3
61·9
61 ·6
61·3

61·0
60·8
60·6
60·4
60·2

60·0
59·8
59·6
59·5
59·3

59·2
59·1
59·0
58 ·8
58·7

58·6

- 31
-25
- 20
- 17
-14

-12
- 10
- 9
- 8
- 7

- (i

- (i

- 5
- 4
-- 4

112·2
108·2
105·2
102·7
100·6

98·8
97·3
95·9
94·7
93·6

92·7
91·8
91·0
90·3
89·6

89·0
88·5
88·0
87·6
87·2

86·8
86·5
86·2
85·9
85 ·6

85·4
85·1
84·9
84·7
84 ·5

84 ·3
84·2
84·0
83 ·9
83·7

83·6

- ·w
-30
-25
-21
-18 •

- 15
-14
-12
- 11
- 9

- 9
- 8
- 7
- 7
-- 6

- - 5
*"­I:>:!



4·5 10·9 11·5 12·2
I

14·6 18·1
·6 10·9 11 ·5 12·1 14·6 18·1
·7 10·9 11·4 12·1

I
14.5 18·0

·8 10·9 11·4 12,1
I

14·5 18·0
·9 10'9 11 ·4 12·1 14·5 18·0

5·0 · 10·8 11·4 12·0 14·5 17·9
.1 10·8 11 ·4 12·0 14·4 17·9
·2 10·8 11·4 12·0 14·4 17·9
·3 10·8 11·4 12·0 14·4 17·8
·4 10·8 11·4 12·0 14·4 17·8

5·5 10·8 11 ·3 12·0 14·3 17·8
·6 10·8 11 ·3 11·9 14·3 17·8
·7 10·8 11·3 11·9 14·3 17·7
·8 10·8 11·3 11 ·9 14·3 17·7
·9 10·7 11·3 11 ·9 14·3 17·7

6 ·0 10·7 11·3 11·9 14 ·2 17·7
6·5 10·7 11 ·2 11·8 14·2 17·6
7·0 10·7 11·2 11 ·8 14·1 17·6

TABLE ]b-continued"

Values of b" : N = 6-continued

~-I ·-
J ~,,_ 0·2 0·25 0 ·3 0·45 0'6

I U<J'O

0·7 I 0·8
I

0·9 I 0·95
I

0·975
I---- ---_.

I

21·8 27·8 40·8 58·6 I 83·6I21·8 27·8 40·8 58·6 I 83·5
21·7 27·7 40·7 58·5 i 83·4
21 ·7 27·7 40·6 58·4 ! 83·3
21·7 27·7 40·6 58·3 I 83·2,

21 ·6 27,6 40·5 58·2 83·1
21·6 27·6 40'4 58·2 I 83·0
21'6 27·5 40·4 58·1 82·9 ~

21·5 27·5 40·3 58·1 82·8
. CJO

I 21·5 27·5 40·3 58·0 82·7

21·5 27·4 40·2 57·9 82·7
21·4 27·4 40·2 57·9 82·6
21 ·4 27·4 40·2 57·8 82·5
21·4 27·4 40·1 57·8 82·5
21 ·4 27·3 40·1 57·7 82·4

21·4 27·3 40·0 57·7 82·4
21·3 27·2 39·9 57·5 82·1
21·2 27· 1 39·7 57·3 81·9



*""*""

0·9750·950 ·90 ·80·70--60 ·45 ,I
TABLE 2a

___ ___ __ _ _ Values of cpo~ .__

0·30·25.0 ·2

. _ ' '' '' ''--~ • . • _ . ,- _ . .. . ..•_ . - , .__ .. , _ ._. _ _ . _ . . _ .• .. _ _ 4 _.'_ _ '. _ _ . _ . _ _

~

2Z1- . . . .
I I

1'0 57·86 240 ~1 '85 262 46'70 271 35·27 263 27·95 232 ;4 .45 212 21'70 194 19·48 178 18·52 171 18·08 167' 1 60·26 04·47 233 49·41 \244 37·90 30·27 221 _6·57 205 2~'6~ 188 21·26 174 20·23 167 19·75 164·2 60.36 210
~6 '80 206 51·85 40.33 243 32'48 211 <)8·6? 2:> ·5_ 183 23·00 169 21 :90 164 21·39 161·3 64.?0 184 54.06 221 42.60 227 - ~- 19708·86 185 34·59 201 ?~'o9 189 27·35 24·69 165 23·54 159 23·00 156·4

_ - 163 56.05 199 44.72 212 '>9 ,12 1776;,,83 144 60·71 165 181 198 36·60 191 3_,48 182 - 171 26·34 161 25·13 155 24·56 153

1'5 67·27 129 62·36 149 57·86 164 46'70 184 38·51 182 34·30 174 30·83 165 27·95 156 ;6.68 152 ~6'~9 149·6 68 '~6 116 63·85 135 59·50 150 48· 54 171 40 ·33 172 ~6 '04 167 32·48 1 ~9 29·51 151 _8·20 147 _7'08 145·7 69· /2 104 65·20 123 6; '90 136 50 '2~ 160 42·05 163 .::>7 ·71 159 34.07 tl 31·02 146 29·67 29·03 141·8 70·76 66·43 111 6_ '3~ 126 ~1 '80 151 43·68 _ 39·30 153 35.61 154 32·48 142 31.10 143 30·44
·9 71 .70 94 45.')3 150 3~ .09 148 3?48 138 31.81 13767·44 102 63·6_ 1I - : :>3·36 139 40·83 146 / 142 33·90 13786

o I - 147 - 135 133
2·0 72·56

78 68·46 93 64·77 i ~4 '75 130 46'70 139 42·29 139 38·51 137 35·27 133 33·83 33·14 129·1 73·34
72 69·49 86

65.83 106
~6 '05 122 48·09 132 43·68 132 39'~8 132 I 36·60 129 35.13 130 : 34·43 126·2 74·06

66 70 ·35 80 66.81 98! b7 ·27 115 49·41 1?5 45·00 128 41'_0 126 37·89 124 i 36.40 127 I 35·69 12191 37·62 122 i·3 74·72 61 71 ·15 73 67 '~2 84 58·42 108 50·66 - 46·28 122 42·46 122 39·13 I 36·90 118·4 75·33 71·88 -1 8- .119 40.33 12~ I 38.80 118

1

56 68 68,;,6 78. 59·50 101 o . 0 113 47·50 116 43·68 117 38·08 114
I 110 j 115

2·5 75·89 72 '56 69·34 60·51 -<) 98 48·66 111 4~ '85 112 41·48 112 1 39·95 III i 39·??52 63 · 73 I 95 ;'-' 108
-- III·6 76· 41 49 73·19 59 70·07 69 61·46 90 ~4 '06 102 1 49·77 107 4~ '9~ W8 42·60 108 i 41·06 107! 40·33 107·7 76·90 45 73·78 55 70·76 64 I 62·36 85 ' 05·08 97 50·84 101 47·0;, 104 43·68 104 42·13 104 41·40 103·8 77·35 , 4 ,33 71 ·40 I 63·21 81 I ~6'05 93 51·85 48·09 100 44·72 I 43·17 101 42·43 100:9 77· 77 42 74·85 52 72·00 60 I 64·02

75 I 06·98 88 59 .83 98 49·09 96 4- .73 101 44·18 43·43 9740 48 56 - , 94 o 97 I m
3·0 78· 17 37 75·33 45 72·56 53 I 64·77 721 57·86 84 , 53·77 88 50·05 92 46·70 93 45·15 94 44·40 94·1 78·54 75·78 73·09 65·49 , 58' 70 54·65 50·97 47·63 46·09 45·34

·2 78· 89 35 I 76·21 43 73·59 50 66·17 68 i 59·50 80
55·50 85 51·85 88 48·54 91 47·00 91 46·25 91

33 I 40 47 64 76 81 86 87 I 87 88·3 79·22

~~ I
76·61 74·06 66·81 60 ·26 56·31 52·71

82 i 49·4 1 47·87 47·13 85·4 79·53 76·99 38 74·S1 45 67·42 61 61·00 74 57·10 79 53·53 50·25 84 I 48·72 85 47·9836 42 58 70 76 79 I 82 I 82 83

3 '5 79·82 77·35 74·93 68·00 61·70 57·86 54·32 51·07 49·54 48·81
·6 80·10 28 I 77·69 34 75·33 40 68-56 56 62·36 66

.58 ·59 73 55·08 76 51·85 78 1 50·34 80 49·61 80
' 7 80·36 26 78·02 33 75·71 38 69·09 53 63·00 64 59·28 69 55·81 73 52·61 76 51·11 76

50·38 77
·8 80·61 25 78·32 30

76 ·0g 36
69·59 50 63·62 62 59·94 66 56·52 71 53·35 74 ! 51·85 74 51·13 75

24 29 34 48 59 64 68 71 72 72·9 80·8S 22 78·61 28 76·41 33 70·07 46 64·21 56 60·58 62 57·20 66 54·06 68 . 52·57 70 51·85 71
I

4·0 81·07 22 . 78·89
27 76·74 31 70·53 45 64 ·77 54 61·20 59 57·86 63 54·74 67 53·27 68 52·56 68·1 81·29 20 79 ·16 25 77·05 30 70· 98 42 65·31 52 61 ·79 57 58·49 61 55·41 64 53·95 65 53·24 66·2 81·49 20 79·41
24 77·35 29 71·40 40 65 ·83 50 62·36 55 59·10 59 56·05 62 54·60 64 53·90 64·3 81·69 18 79·65 23 77·64 27 71 ·80 39 66·33 48 62·91 53 59·69 58 56·67 61 55·24 61 54·54 62·4 81·87 18 79·88 22 77·91 26 72· 19 37 66· 81 46 63·44 52 60·27 55 57·28 58 55·85 60 55·16 60

4·5 82·05 80·10 78· 17 72·56 67· 27 63·96 60·82 57·86 56·45 55·76



*'"C1l

0·9750·9 i 0 ·950·80·70 ·6

TABLE 2a-continued

Values of CPo o-contiuued

-'-1-~'3----I-~~_ .
0·2 I 0·25

, ,

· 05 80 ·10 78 '17?_ 72·56 67·27 _! 63·96 60·82 _ 57·86 _ I 56 ·45 55 ·76
.o» 17 80.31 21 78.42 _tl 72 .92 36 67.72 4tl I 64.45 49 61 .3- ,,3 58 .4') se i 57 .02 57 56 .34 58
_... 17 20 ~ 24 34 43 48 0 51 ... 55 56 _ 57

'39 15 80 .51 20 18·66 23 7~'26 33 68'15 41
64 ' 93

46 61 ·86 50 ~8'97 53 57'58
55

06.91
55

·54 15 80 ·71 18 78·89 22 7''''59 32 68 ·56 40! 65 ·39 44 62 '3~ 49 ~9 '50 51 58'1~ 52 ~7 '46 53
·69 15 80·89 18 79·11 22 l 73 ·91 30 68·96 38! 65·83 43 62 ·80 46 60·01 50 58·60 52 ! 07·99 52

.&4 I 81·07 79 '33? ! 74 ·21 II 69·34 I 66·26 63 ·31 I 60·51 I 59·17 ; 58·51

.98 14 81 .25 1~ 79.53 ~o I 74. ·51 30 69·72 38 I 66 ·67 41 63.77 46 61.00 49 59 .66 4.9 59.01 50

.1 1 13 81.41 16 79.73 _0 74.79 2~ I 70.08 36 67.08 41 64.20 43 61 .47 47 60 .15 49 59 .50 49

·24 :~ I 81 ·57 :~ 79·92 : ~ I 75 '0? ~~ I 70·42 ~: I 67·47 ~~ 6~ '63:~ 61 ·92 1~ 60 ·61 :~ 59 ·97 :~
· 36 12 81 '.72 15 80·10 18 . 75·33 261 70·76 32 1 67·84 37 6;'),04 40 I 62 ·36 43 61 ·07 44! 60·44 44

' ~8 II 81·87 15 80 ·28 17 7~'59 24 71·08 32 68'~1 35 6~'44 39 62'~9 42 : 61'5~ 43 11' 60 ·88 44
'09 12 82 '0~ 13 80·45 16 70 ·83 24 71·40 30 68'06 34 60 ·83 38 6?· ...1 41 1 61·9... 42 61 ·32 43
' 7: 11 82·1;:, 14 80.61 16 26 ' 07 23 71'70 30 68 .90 34 66.21 36 63·62 39 62 '~6 41 61' 75

4 1
'8f 10 82 .29 13 80·77 IS 1~ '30 23 72.00 28 69 '24 32 66 '57 36 64 '01 38 62 '17 40 ~2'16 40
.92

10
82.42

12
80.92

15
76.53

21
72.28

28
69.56

31
66.93

34
64 .39

38
63.17

38
62 '56

39

·02 82 ·54 81 ·07 76 ·74 72·56 69·87 67 ·27 64·77 63 ·55 62 ·95
·48 83·11 81 ·75 77· 73 73·83 71 ·31 68·86 66 ·49 65·34 64'77
·87 83 ·60 82·33 78 ·58 74 ·93 72 ·56 70· 25 68·01 66·91 66·37
________ __-'-_ __ I

'-")
0 ...

82
83
83
8~1

6 ·0 I 84
6·5 84
7 ·0 84

5·5 83
·6 83
·7 83
·8 83
·9 83

4 ·5 82
·6 82
·7 82
·8 82
·9 82

;;·0
. 1
·2
·3
·4

')~J -
"

•



t).

TABLE 2b
Values of r, sec CPo

1·00·9750·95

--~._._-.~---

1·002 11 1·026 10 1·049 10
1·013 11 1·036 11 1·059 11
1·024 1·047 12 1·070 12
1.036 12 1'05~ 1:1 1·082
1.049 13 1·095 ::14 1·07_ 14

1·063 15 1·086 14 1·108 14
1·078 ~ 1·100 15 1·122 15
1.093 is 1·115 16 1·137 16
1.109 16 1 ·131 16 1·153 16
1·126 ~~ 1·147 17 1·169 16

1 ·144 18 1·164 18 1·185 18
1·162 ]8 1·182 1·203 18
1·180 19 1.200 18 1·221
1·199 20 1.219 Hl 1·239 ~~20
1·219 20 1 ·239 20 1·258 20

1·239 21 1·259 20 1·278 20
,p..
en

1·260 21 1·279 21 1·298 21
1·281 22 1·300 21 1·319 21
1·303 22 1 ·321 22 1·340 21
1·325 22 1·343 22 1·361 22

1·347 23 1·365 o» 1'38~ 22
1·370 23 1·387 ~- 1·400 22
1·393 23 1.410 23 1·427 23
1·416 '14 1.433 23 1·450
1·440 - 1.457 24 1.473 23

24 24 24

1·464; 1'48~ 24 1·497 24
1.488 24 1·500 24 1·521 24
1·513 ;~ 1·529 25 1'~45 24
1·538 -~ 1·554 25 1·,.,69 25
1.563 2;, 1· 579 25 1·594 ?~26 "",n

1·589 ?~ 1·604 1·619 2-
1.614 zo 1.629 25 1·644 ~
1.640 26 1.655 26 1.669 2"
1.666 26 1.681 26 1'695 26

1·692 ~~ 1.707 26 1.721 26
26 26

1,719 1·733 1·747

-~---

11
12
13
13
15 :

92

019 15
034 16
050 17
067 17
084 18

102 19
121 19
140 20
160 20
180 21

201 22
223 21
244 23
267 22
289 23

312 24
336 23
359 24
383 25
408 24

32 25
457 25
82 26
08 25
33 26

59 26
85 27
12 26
38 '17

665 ;7

955
966
978
991
004

0·90·80·70·60·450·30·25

-~---

, -------
I

1·0 0·376 27 ! 0·405 25 0·437 24 0·551 19 0·679 16 0·769 14 0·861 12 1 O·
·1 ·403 28 ! ·430 27 ·461 25 ·570 20 ·695 ·783 ·873
-2 ·431 I ·457 26 ·486 25 ·590 21 .711 16 .797 14 .886 1~ ,

·3 .460 29 I ·483 ~ ·511 26 ·611 22 .729 18 .813 16 .901 1~ !
-4 .488 28 I .511 28 ·537 27 ·633 23 .747 18 .830 17 .916 I;, ! 1·

30 I 28 20 17 16 I
1·5 0·518 29 1 0·539 28 0·564 27 0·656 24 0·767 20 0·847 19 0·932 16\ 1·

·6 ·547 30 ·567 29 ·591 28 ·680 24 ·787 21 ·866 19 ·948 18 1·
·7 ·577 so I ·596 29 ·619 28 ·704 2~ I ·808 22 ·885 20 ·966 18 ' 1·
·8 '60~ 30 ·625 29 ·647 ·729 2~ I ·830 22 '9~5 20 ·984 I 1·
·9 ·63/ so : ·654 so .675 28 ·754 ·852 23 ·9_5 21 1.003 19 ! 1·

29 26 ]9 '
! I

2·0 0·667 SI ; 0·684 30 0·704 29 0·780 26 0·875 "3 0·946 1·022 '10 i 1·
·1 ·698 so : .714 30 ·733 29 ·806 ·898 ~. .968 22 1·042;1 ! 1·
·2 ·728 31 i ·744 30 ·762 29 .832 26 .9?? 24 .990 22 1·063 21 I 1·
·3 ·759 SI i ·774 30 ·791 30 .859 27 .947 25 1.013 23 1·084 I 1 .

·4 .887 28 24 1.036 2S 1·106 ~~ i 1.·790 31 ! ·804 30 ·821 29 ·971 'If27 -) 24

2·5 0·821 30 0·834 31 0·850 30 0·914 '>8 0·997 25 1·060 '14 1·128 23 1·
·6 ·851 31 ·865 30 ·880 30 .942 _c 1·022 1·084 - 1·151 '13 1 .

·7 ·882 ·895 31 ·910 .970 28 1.048 26 1.108 24 1·174 - 1·
·8 .913 31 ·926 30 .940 30 .998 28 .1·074 ;~ 1.133 25 1.198 24 1 .

·9 .945 32 ·956 31 .971 31 1·027 ;~ 1·101 _I 1·158 ~~ 1.2?? 24 1 .
31 30 27 -- 24

3·0 0·976 31 0·987 31 1·001 30 1·056 ,>q 1·128 27 1·184 1·246 24 1·
·1 1·007 31 1·018 31 1·031 31 1·085 ~. 1·155 27 1.210 26 1·270 25 1·
·2 1·038 31 1·049 31 1·062 30 1.114 29 1·182 28 1.236 26 1·295 25 1·
·3 1.069 32 1·080 31 1·092 31 1.143 ;w 1·210 '>7 1.262 26 1·320 26 1·
·4 1 ·101 31 1·111 31 1·123 31 1.172 29 1·237 ;8 1·289 ~~ 1·346 26 1·

29

3·5 1·132 31 1·142 31 1·154 1·201 30 1·265 28 1·316 27 1·372 26 1·
·6 1'163 32 1·173 31 1.1811 30 1·231 30 1·293 29 1·343 1·398 1·
·7 1·195 31 1·204 31 1.215 31 1·261 30 1'3~2 28 1.370 27 1.424 26 1·
·8 1·226 31 1·235 31 1.246 31 1·291 29 1·3;,0 29 1.397 27 1.450 26 1·
·9 1·257 32 1·266 32 1·277 ~~ 1·320 30 1·379 29 1.425 28 1.477 27 1·

28 27

4·0 1·289 31 1·298 31 1·308 31 1·350 30 1·408 29 1·453 28 1·504 27 1·
·1 1.320. 32 1·329 31 1·339 31 1·380 31 1·437 29 1'~81 28 1·531 27 1·
·2 1·352 31 1·360 31. 1·370 31 1·411 30 1·465 29 1· ;,09 28 1·558 27 1·
·3 1·383 32 1·391 32 1·401 31 1·441 30 1·494 30 1·537 29 1·585 28 1·
·4 1·415 31 1·423 31 1·432 31 1·471 30 1·524 29 1·566 28 1·613 28 1·

4·5 1·446 1·454 1·463 1·501 1·553 1·594 1·641 1·

I

<,

~~I 0·2



TABLE 2b-continued

Values of r, sec cpo-continued

_ _ _ _ __ . I

;~ 0·2

:tl

1·0

1·747 26
1 ·773 2G
1·799 27
1·826 27
1·853 27

2·156
2·298
2 ·442

1·880 27
1·907 27
1 ·934 27
1 ·961 28
1·989 27

2·016 28
2·044 28
2·072 28
2 · 100 28
2· 128 28

0·975

1·733 26
1 '759 27
1·786 27
1·813 26
1· 839 27 !

I1 ·866 28 I

1· 894 27 :
1·921 27 '
1·948 28
1·976 28

2· 004 28
2 ·032 28
2·060 28
2 ·088 28
2· Il6 28

~ . 144
2·287
2 ·432

"- - - - -. --

1·719 26
1·745 27
1·772 27
1·799 27
1·826 27

1·853 28
1·881 28
1·909 27
1·936 28
1·964 28

1·992 28
2 ·020 28
2·048 28
2·076 29
2· 105 2R

2· 133
2·277
2·422 I

. I_. -._ - -_._. - - -------- _._- - - - _...__..

0 ·7 I 0 ·8 I 0 ·9 I 0·95

I ·594 29--1~~~-11 ---~92 '~7 1
1·623 1·669 1·719
1.652 29 1.697 28 1.746 27 I
1.681 29 1'725 28 I 1 '773 27
1.710 29 1 '753 28 I 1.801 28

. 29 28 I t 27

1·739 29 1 ·781 29 1' 8~8 28
1 ·768 29 1·810 28 1· 8;,6 ?8
1·797 1·838 1 ·884 -
1 .826 29 1 .867 29 1.912 28
1. 856 30 1.896 29 1.940 28

~ 29 ~

1· 885 1· 925 1 ·968
1 .915 30 I '954~: 1.997 29
1.945 30 1 .ge3 _9 2 .025 28

29 ? ' 29 29
1·974 30 ~'01 2 29 2 ·054 29
2 ·004 30 2·041 30 2·083 28 i

2·071 2 ·111
2·218 2·256
2·367 2·403

2 ·034
2· 184
2 ·335

I
!

29
30
29
30
30

0 ·6

I
1· 851 30 :
1·881 30
I ·9Il 30
1·941 31
1·972 30

2' 002
2·154
2 ·307

1'701 I
1.731 30 I
1.761 .30
1.791 30
1 .821 30

30

1·553
1·582
1·612
1·641
1·671

--- - - - ---- _.,. . ... - _ .-

0 ·45

1·962
2· Il7
2'273

I

I
1·501 31 '

. 1·532 30
1·562 31
1·593 30
1·623 31 ,

I
1·654 31 I
1·685 30 i
1·715 31 ;
1·746 31
I· 777 31

1·808 31
1·839 :10
1·869 31
1·900 31
1·931 31

0·3

1·463 32
1 ·495 31
1·526 31
1·557 31 1"

1 ·588 32

I1·620 31 '
1·651 31
1·682 31
1·713 32
\·745 31

1'776 32
1· 808 31
1 ·839 31
1 ·870 32
1· 902 31

1·933
2·091
2·248

0·25

1·454 31
1·485 32
1·517 31
1·548 32
1·580 31

1 ·611 32
1·643 31
1·674 31
1·705 32
1·737 31

1·768 32
1·800 32
1·832 31
1·863 32
1·895 31

1·926
2·084
2·242

1·446 32
1·478 31
1 ·509 32
1·541 32
1 ·573 31

1·604 32
1·636 31
1·667 32
1·699 31
1·730 32,

1 ·762 32
1·7 4 32
1 ·826 31
1·857 32
1·889 31

1·920
2 ·079
2·237

4·5
·6
·7
·8
·9

5 ·0
· 1
·2
·3
·4

5 ·5
·6
·7
·8
·9

6 ·0
6·5
7·0
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TABLE 2c Values of 1"

~I 0·3 0·45 0·6 0 '7 0 ·8 0 ·9 0·95 'I 0·975 c:

1·0 0·742 1·178 1·788 2·292 2 ·873 3·532 3 ·891 4·077
82·1 0·824 1·260 1·870 2·374 2·956 3 ·615 3·973 4 ·160

·2 0·914 1·350 1·961 2·465 3·046 3·705 4 ·063 4·250 90

·3 1·012 1·449 2 ·059 2 ·563 3·144 3·803 4 ·162 4·348 98

·4 1·118 1·555 2·165 2 ·669 :~ '250 3 ·909 4 ·268 4·454 106
114

1·5 1·232 1·668 2 ·279 2 '7S:~ 3·364 4·023 4·382 4·568
122·6 1·354 1·790 2·401 2'904 3·486 4 ·145 4 ·503 4·690 130·7 1·484 1·920 2·530 3·034 :~ . 615 4·274 4·633 4 ·819 138·8 1·621 2·057 2·668 3·172 :~ . 753 4·412 4·770 4·957
145·9 1·767 2 ·203 2 ·813 3·317 3·898 4·557 4·916 5·102
15:~

2·0 1·920 2·356 2·966 3·470 4 ·051 4·710 5·069 5·255
Hi!·1 2·081 2 ·517 3·127 3·631 4 ·212 4·871 5·230 5:416 169·2 2·250 2 ·686 3·296 3·800 4 ·381 5·040 5·399 5·585
177·3 2·426 2 ·862 :J·473 3·977 4 ·558 5·217 5·575 5·762 185·4 2 ·611 3 ·047 :~ ' 657 4·161 4 ·743 5·401 5·760 5·946
192

2·5 2·803 3·239 3·850 4·354 4 ·935 5·594 5 ·952 6 ·139 200·6 3·004 3·440 4 ·050 4·554 5·135 5·794 6·153 6 ·339 208·7 3·212 3 ·648 4 ·258 4 '762 5·343 6·002 6·361 6·547 21li·8 3·428 3 ·864 4 ·474 4·978 5·559 6·218 6 ·577 6·763 224·9 3·651 4 ·088 4 ·698 5·202 5·783 6 ·442 6 ·801 6·987 232

:~·O 3·883 4 ·319 4 ·930 5·433 G·015 6·674 7·032 7·219 2411·1 4· 123 4·559 5·169 5 ·673 (1·254 6·913 7·272 7·458 247·2 4·370 4 ·806 5·417 5·920 (1 ·502 7·161 7·519 7·706 255·3 4·625 5·061 5·672 6 ·176 6·757 7·416 7·774 7·961 2(;3·4 4·888 5·324 5·935 6·439 . 7·020 7·679 8·038 8·224 271

3 ·5 5 ·159 5·595 (,·206 6·710 7·291 7·950 8·309 8·495 279·6 5·438 5 ·874 6·485 6 ·989 7·570 8 ·229 8 ·587 8 ·774
2H7·7 5·725 6·161 6·771 7·275 7·857 8 ·516 8·874 9·061 295·8 6·019 6·455 7·066 7 ·570 8·151 8·810 9 ·169 9 ·355 302·9 6·322 6·758 7·368 7·872 8 ·454 9 ·112 9·471 9·657
:1I0

4·0 6 ·632 7·068 7·678 8 ·182 8·764 9·423 9 ·781 9 ·968 :1l8· 1 6·950 7·386 7·997 8·500 9·082 9·741 10·099 10·286 32(;·2 7·276 7 ·712 8 ·322 8·826 9·408 10·067 10·425 10·612 334·3 7 ·610 8 ·046 8 ·656 9·160 9·741 10·400 10·759 10·945 342·4 7·951 8·387 8·998 9·502 10·083 10·742 11·100 11 ·287 350

4·5 8·301 8 ·737 9·347 9·851 10·433 11·092 11·450 11·637 357·G 8 ·658 9·094 9·705 10 ·209 10·790 11 ·449 11 ·807 11 ·994 365·7 9·024 9·460 10·070 10·574 11 '155 11·814 12· 173 12:359 37a·8 9 ·397 9 '83:~ 10·443 10·947 11 ·528 12·187 12·546 12·732 381·9 9 ·778 10·214 10·824 11 ·328 11·909 12·568 12·927 13·113 389

5·0 10·166 10·602 11·213 11 ·717 12·298 12·957 13·315 13·502 397·1 10·563 10·999 11·609 12·113 12·695 13·353 13·712 13·899 404·2 10·967 11 ·403 12·014 12·518 13·099 13·758 14·116 14·303 412·3 11·380 11·816 12·426 12·930 13·511 14· 170 14·529 14·715 420·4 11 ·800 12·236 12·846 13·350 13·932 14·590 14·949 15·135 428

5·5 12·228 12·664 13·274 13'778 14·360 15·018 15·377 15·564 436·6 12·664 13· 100 13·710 14·214 14·796 15·454 15·813 16·000 444·7 13·108 13·544 14·154 14·658 15·239 15·898 16·257 16·444 452·8 13·559 13·995 14·606 15·110 15·691 16·350 16·708 16·895 460·9 14·019 14·455 15·065 15·569 16·150 16·809 17·168 17·355 4li7

6·0 14·486 14·922 15·532 16·036 16·618 17·276 17·635 17·822
6·5 16·940 17·376 17·987 18·491 19·072 19·731 20·090 20·276
7·0 19·591 20·027 20·638 21·141 21·723 22·382 22·740 22·927

- ---- - -- - - --- - -- - - - -- ._ - _._- -_._--------- - - ----- - ---- --- - -



0 ·8 0· 9
I

0·95
I 0 ·975

1· 149 33 1·589
38 I 1·848

39 I 1·988
401· 182 1·627 1·887 2·028

] ·218 36 1·667 40 1·930 43 2·072 44

1·258 40 1·711 44 1·977 47 2·120 48

1·300 42 1·759 48 2 ·027 50 2·171 51
46 51 54 56

] ·346
48 1·810

55 2 ·081
58 2·227

591·394
52 1·865

58 2·139
62 2 ·286

63] ·446 1·923 2·20] 2·349
1· 501 55 1·985 62 2 ·266 65 2·416 67

1·559 58 2·051 66 2 ·335 69 2·487 71
62 69 73 75

1·621 I 2·120 2·408 2·562
] ·685 64 2·192 72 2·484 76 2·640 78

1·752 67 2 ·268 76 2·564 80 2·723 83

] ·823 71 2 ·348 80 2 ·648 84 2·809 8G

1·897 74 2·431 83 2·736 88 2·899 90
77 86 91 94

] ·974
80 2·517

90 2 ·827
95 2·993

972 ·054
83 2 ·607

94 2 ·922
99 3 ·090

1022·137 2 ·701 3 ·021 3 ·192
2·224 87 2·798 97 3· 124 103 3 ·297 105

2 ·3]3 89 2·899 101 3 ·230 106 3 ·406 109
93 104 110 113

2·406
96 3 ·003

108 I
3 ·340 114 3 ·519

1172 ·502 99 :3·11 1
111

I 3 ·454
118 3 ·636

1212 ·601 3·222
I

3 ·572 3 ·757102 115 I 121 1242 ·703 105 3·337
119 3·693 125 3 ·88]

1282·808
108 3·456

121 3 ·818 129 4 ·009
132

2 ·916
112 3 ·577

126 3 ·947 132 4 ·141
1363·028 3·703 4·079 4·277

3· 143 115 3·832 129 4·2]5 136 4 ·417 140

3 ·260 117 3 ·964 132 4·355 140 4 ·561 144

3 ·381 121 4 ·101 137 4 ·499 144 4·708 147
124 139 147 151

3 ·505 128 4 ·240 143 4 ·646
151 4·859

1553·633 4·383 4·797 5 ·0]4
3·763 130 4 ·530 147 4·952 155 5·173 159

3 ·897 134 I 4·680 150 5·110 158 5 ·33G 163
136 154 16:{ 1664 ·083
140 I 4·834

157 5 ·273
166 5 ·502

171

4 ·173 4 ·991 5·439 5 ·673
4 ·316 143 5· 152 161 5·609 170 5 ·847 174

4 ·462 146 5·316 164 5·782 173 6 ·025 178

4 ·611 149 5·484 168 5 ·959 177 6·207 182

4 ·764 153 5 ·656 172 6·140 181 6·393 186
155 175 185 189

4·919 159 5·831
178 6·325

188 6 ·582
1945·078 6·009 6·513 6 ·776

5·240 162 6 · 191 182 6·705 192 6·973 197

5·405 165 6·377 186 6·901 196 7·174 201

5 ·573 168 6 ·566 189 7· 101 200 7·379 205
171 192 203 208

5·744
174 6 ·758

196 7·304
207 7·587

2135·918 6·954 7·511 7·800
6·096 178 7·154 200 7·722 211

8·016 216

6·276 180 7· 357 203 7·936 214 8·236 220

6·460 184 7·564 207 8· 155 219 8·460 224
187 210 222 228

6·647 7·774 8·377 8·688
7·629 8·879 9·543 9·885
8·689 10·072 10·802 11·177

0 ·7

·802
29·831 32·863
34·897
37·934 40

·974
43·017

·062 45

· 110 48

· 161 51
53

·214
57·271 59·330 62·392 64·456
68

·524
70·594 '73·667
75·742

·821 79
81

·902 84
·986
.072 86
.161 89

~'254 93
94

~ '348
~ '446 98
2.54G 100
~ 'G49 103
2 .755 106

109

2 ·864
2.975 111
3 .089 114

117
3 ·20G 120
3·326

122

3 ·448 125
3 ·573 128
3·701
3 .831 130
3 .965 134

136

4 ·101
4.240 139
4.38 ] 141
4.526 145
4.673 147

149

4 ·822 153
4·975
5.130 155
5.288 158
5.449 161

164

5·613
6·472
7·399

----- - - - ---_.._ - - - - - ----
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TABLE 2d Values of C

0 ·60 ·450·3XI
1·0 0 ·111 13 0 ·265

18 0 ·536
25 0

·1 ·124 ·283 ·561
·2 ·137 13 ·304 21 ·588 27

·3 · 152 15 ·326 22 ·618 30

·4 ·168 16 ·350 24 ·649 31
17 25 35

1·5 0·185
18 0·375

28 0 ·684 36 0
·6 ·203 :403 ·720 1
·7 ·223 20 ·432 29 ·759 39 1
·8 ·243 20 ·463 31 ·800 41 1
·9 ·265 22 ·496 33 ·844 44 123 34 46

2·0 0 ·288 24 0 ·530 36 0 ·890
48

1
·1 ·312 ·566 ·938 1
·2 ·337 25 ·604 38 ·989 51 1
·3 ·364 27 ·644 40 1·042 53 1
·4 ·392 28 ·686 42 1·097 55 128 43 58

2·5 0·420
31 0·729 45 1· 155

60
1

·6 ·451
31

·774
47 1·215

62
1

·7 ·482 32 ·821
48 1·277

65 1
·8 ·514

34 ·869 51 1·342
67 1

·9 ·548
34 ·920 52 1·409

70
1

3·0 0·582
36 0 ·972 54 1·479

72
1

. 1 ·618 1·026 1·551 1
·2 ·656 38 1·081 55 1·625 74 2
·3 ·694 38 1·139 58 1·702 77 2
·4 ·733 39 1· 198 59 1· 780 78 ')

41 61 82

3·5 0·774 1·259 1·862 ')

·6 ·816 42 1·322 63 1·945 83 ')

·7 ·859 43 1·386 64 2 ·031 86

·8 ·903 44 1·452 66 2· 120 89 (}

·9 ·948 45 1·520 68 2·210 90 (

47 70 94

4·0 0 ·995
48 1·590

72
2·304

95· 1 1·043
48 1·662 73 2 ·399

98·2 1·091 50 1·735
75 2·497

100·3 1· 141
52 1·810

77 2·597 102·4 1· 193 1·887 2·699 (

52 79 105
,

4 ·5 1·245 1·966 2·804 (

·6 1·299 54 2·046 80 2·911 107 ,
55 82 110·7 1,354
55

2· 128
84 3·021

112
,

·8 1·409 2·212 3 ·133 (

·9 1·467 58 2·298 86 3·247 114
58 88 117

5·0 1·525
59 2·386

89
3 ·364

119· 1 1·584 2·475 3·483
·2 1·645 61 2·566 91 3·604 121

·3 1·707 62 2 ·659 93 3·728 124

·4 1·770 63 2 ·753 94 3·854 126
64 96 128

5·5 1·834
66

2·849
98

3·982
131·6 1·900 2·947 4·113

·7 1·966 66 3·047 100 4 ·246 133

·8 2·034 68 3·149 102 4·382 136

·9 2·103 69 3·252 103 4·520 138
70 105 140

6·0 2 ·173 3·357 4·660
6·5 2·541 3·910 5·396
7·0 2·939 4·506 6 ·191

- -,- - - --



1·686 59
1 ·745 66
1·811 73
1·884 79
1- 963 86

2 ·049
94

2·329 2 ·480
2· 143 101 2. 427 98 2 .579 99

2 ·244 109
2 .533 106 2 .687 108

2·353 118 '). 646 113 'J.803 116
~ 122 ~ c 124

2 ·47 1 125 2 ·768 130 J 2·927 133

2·596 134 2 ·898 139 3 ·0GO
2 ·730 3 ·037 :3.201 I~ I
2 .874 14; :3 .186 1~9 3 .352 1;)1
3.026 15_ 3 .343 1~7 I '; . -1'; 161

, ;,. 1- 0
3 . 188 162 '; .-1\ 168 '; ·C83 '

172 ,;' 177 I ' ) , 180
I

3 ·360 ' ? :3·688 '8 ! :Hl~? 190
en

3.542 18_ '; .876 It> I
0

3 .73- 193 ,l 198 I 4 . ?~~ 202
;, 203 4 ·074 210 4·2;,:> ?12

3·9:;8 ?1- 4 '~84 220 4·467 -
4 1- '3 - o 4 · (191 ~~:. o, 226 4 ·;,04 232

4 ·379 238 4 ·736 244 ~ . 92~ 247
4 ·G17 249 ~'980 256 ~ '1 73 260
~'866 263 ~'~3~ 269 o -433
;, · 129 275 o.;,0;, 282 5.705 272

5·404 28'9 5·787 295
5 .990 285

298

~ '693 302 6·082 309 G·288
;, ,995 316 6 ·391 323 6.600 312

6 ·3 11 330 6·7!4 337
6 .926 326

6 ·641 345 7 ·0:>1 351
7.267 341

6·986 360 7 ·402 367
7 .6?') 355

~~ 372

7· 346 375 7 ·769 382 7 ·994 384

7·721 391 8 · 151 398 8 ·378 401
8 '!12 406 8 ·549 414 8· 779 418
8,;,18 424 8 ·963 430 9 · 197 434
8 ·942 440 9 ·393 447 9 ·63 1 451

9·382 9 ·840 10 ·082

54
59
G6
72
79 ,

86
93

100
109

116 \

125 I
133 I
142

152 I
161

I

2·071
2· 196
2·329
2 ·471
2 ·623

1 ·567
1· 653
1·746
1-846
1-955

2 ·784 171
2 ·955 182
3· 137 192
3·329 203
:~ · 532 214

:~ ' 746 226
:3·972 238
4 ·2 10 251
4 ·461 263
4 ·724 276

5 ·000 290
5 ·290 303
5 ·593 317
5 ·910 332
6·242 347

G·589 362
6 ·951 378
7·329 393
7 ·722 410
8 · 132 426

8·558

1-237
1· 291
1 ·350
1 ·4 16
1· 488

1·179
78

1·257
851·342
92

1·434 100
1·534 108

1·642 115
1·757 124
1·881

133
2·014 142
2 ·156 151

2 ·307 161
2·468 171
2 ·639 182
2 ·82 1

192
~3 ·0 13 204

3 ·2 17 215
:; ·432 227
3·659 239
3·898 252
4 · 150 264

4 ·4 14 278
4 ·692 292
4·984 305
5 ·289 321
5·G I0 334

5 ·944 350
6 ·294 365
6 ·659 382
7 ·04 1 397
7 ·438 414

7 ·852

0·881 48
0·929 54
0 ·983 59.
1·042 65
1·107 72

59
65

71
77
85
91
99

107
116
124
132
142

\52
162
171
18:l
194

1· 297
1·404
1·520
1·644
1·776

1 ·918
2·070
2·232
2 '40~;

2 ·58G

2· 780 205
2 ·985 217
3·202 229
s-431

241
3 ·672 254

3·926 268
4 ·194 281
4 ·475 295
4 ·770 310
5 ,080. ~l24

5 ·404 340
5 ·744 354
6-098 370
6 ·468 387
6 ·855 403

7·258

0 ·874
0·945
1·022
1-107
1-198

0·607
0 .650 43
0 .697 47
0 .750 53

0 ·809

61

~~ Ii

81
88

326
341
357
373
390

254
268
282
29G
310

96
104
112
121
1:1O

1 3~1

149
IGO
170
18\ ,,

i
192 I

204
216
228
242

1·481
I ·G20
1· 769
1·929
2·099

3·362
3 ·G16
3·884
4 · 166
4·462

2·280
2 ·472
2 ·676
2 ·892
3 ·120

4·772
5 ·098
5 ·439
5· 796
6 · 169

0·547
0 ·608
0 ·676
0 ·749
0 ·830

0 ·918
1·014
1·118
1 ·230
1·351

0 ·325 34
0 -359 40
0 ·399 44
0·443 49
0·492 55

258
272
286
301

-- - - - -- - - -- - -- ----- - ---_._------- --- - ----'--- - -----'-_ .

7G 245
21
79
51
37

43 183
26 194
20 206
26 219
45 231

74 I 6 ·559

38 315
53 332
85 346
31 364
95 379

62o 28

22 32
59 37
00 41

47

47
00 53
59 59
24 65
9G 72

79

75
62 87
57 95
60 103
71 III

121

92
22 130
62 140

? 150

72 160
\71

1·0 0· 10:;
24

0 ·128
26

0 ·1
·1 0· 127

28
0 ·154

30
0· 1

·2 0· 155 0 ·184 0 ·2
·3 0 -188 33

0 ·219
35 0·2

·4 0·226 38 0·259
40 0 ·3

43 45

1 ·5 0·268
48

0· :;04
50

0 ·3
·6 0<;17 0 ·354 0·4
·7 0·372

55 0 ·410
56

0·4
61 63

·8 0·433
68

0·473
70

0·5
·9 0·501

75
0 ·543

77
0 ·5

2-(1 0 ·576
82

0 ·620
84

0 ·6
-1 0·658 0 ·704 0·7
·2 0 ·749

91 0'~97 93 0 ·8
98 j 100

·3 0 '8~7 107 ()·897 109 O·g
·4 0 ·9:>4 117 1·006 119 1 ·0

I
2 ·5 1·071 _ I 1· 125 _ 1. 1

·6 1· 196 12~ I i-zsz 12 , 1· 3
·7 1<;31 13;1 I 1 ' 3~O I ~l~ 1·4
·8 1 .477 I~~ 1 . -'n 14, 1·E~'_ 158
·9 1. (13'; 1;16 1·69;') 169 1.,

" 167

3 ·0 1' 800 18 1·864 18 1·8
· 1 1·98 19 2 ·04 20 2 ·1
·2 2 · 17 20 2 ·24 ? 2 ·3
·3 2· 37 21 2·44 -~ 2·5
·4 2 ·58 23 2 ·66 ~; 2"

3·5 2 ·81
24

2 ·88 ?' 2 ·8
·6 3·05 3 ·13 - ;I 3 ·2

25 ?-
·7 3 ·30 3 ·38

_;I
3·4

·8 3 ·57
27

3·65
27

3 -
28 28

• j

-9 3 ·85
30

3 ·93
30

·1, (

4 ·0 4 ·15
31

4 ·23
32 4 '~

· 1 4 ·46
33

4 ·55
33

4 ·E
·2 4 ·79

34
4 ·88

34
4 ·8

'S 5 ·13
36

5 ·22
36

5 ·3
·4 5 ·49

37
5 ·58

38
5·E

4 ·5 5·86 5 ·96 6 ·0
/ '

-

TABLE 2e Values of q
These values are used as they stand in Eq. 33 but they 1nus! be divided by 18011l:fo1' use in E q. 31 if (1 is expressed in degrees -

X I 0 ·2 I 0·25 I 0<; I 0 ·45 I 0·6 I 0 ·7 I 0·8 I 0 ·9 I 0· 95 I 0 ·975

• ,I ·949 62 I 2 ·091 64

2 ·011 69 2 ·155 70
2·080 , 2·225
2 . 156 76 2.303 78
2 .239 83 2 .387 84

90 93



TABLE 2e- continued Values of q-continued

These values are used as they stand in Eq. 33 bu; they must be divided by 180/nfor use in Eq. 31 if f3 is expressed in degrees

XI 0·2 0·25 0·3 0·45 . 1 0 ·6 0·7
" 0·8

0 ·9 0·95 0·975

4 ·5 5·86 39 5·96 39 6 ·074 396 1 6'55~ 406 7 ·258 420 7 ·852 432 8·558 4441 9 ·382 457 9·840 10·082
·6 6·25 41 6·35 41 6·470 414 6 ·96::> 424 7·678 438 8·284 448 9·002 9·839' 10 .304 464 10 ·550
·7 6 ·66 6·76 6 ·884 7·389 441 8·116 455 8 ·732 467 9.462 460 I 10.313 474 1O'78~ ~~~ 1l ·03543 43 7 .315 431 9.941 479 1 10 .805 ~92·8 7 ·09 7 ·19 45 7 ·830 460 8·571 473 9·199 484 1l '28~ 519 11·539
·9 7·54

45
7 ·64 7. 765 450 8·290 478 9 ·044 492 9·683 503 10 ·438 :~~ 11·316 ~~~ 1l ·804 "36 12·06046 46 467 .1.

5 ·0 8·00 47 8·10 49 8·232 I 8 ·768 9 ·536 10·186 _? 10 ·953 -34 11·845 12·340 ___ 12 ·601
·1 8·47 8·59 8 .719 ~87 9.264 ~96 10.047 ~1 1 10.707 ~_1 11 ·487 ~" 12 .393 ~48 12·895 ~"" 13·160
·2 8 ·98

51
9 ·09

50 9.225 ~06 9.780 ~16 10.576 ~29 11.248 ~~1 12.041 ~"4 12.961 ~68 13.471 ~76 13 ·738
·3 9 ·50

52
9·61

52
9 ·750 ~~~ 10·316 ~~: ' 11'125 ~~~ 11·808 ~~~ 12.614 ~73 1') . -4~ ,,86 1 4' 0~5 ~~: 14·33654 I '55 < o I 607

·4 10·04 56 10·16 56 10 ·294 566 ! 10 ·870 576 1 11 ' 693 590 ! 12· 388 601 13·206 ~~~ 14 · 154 628 14·GJ9 635 14 ·954

5·5 10·60 58 10·72 58 10 ·860 586 1l·446 596 I 12·283 GI0 1 12 .989 621 13 ·820 634 1 ~ ' 782 648 1~'314 G5G 15·594
·6 11·18 61 . 11 ·30 61 11 ·446 606 1 2 ' 0~2 617 112'893 631 13 '6~? 643 14 .454 655 I 1o ·430 669 1~·970 677 16 ·254
·7 11·79 11 ·91 12 ·052 629 12 '6~9 638 13·524 653 14 '2~3 664 15 ·109 ' 16 ·099 16·647 16·935
·8 12 ·41

62
12·53

62
12·681 13·297 14·177 14·917_ 15·786 ~~~ I 16·?90 ~~~ 17.34G 699 17 ·637

·9 13 ·05
64

13·18
65 13.330 649 13 ·9-7 660 , 14.851 674 15. 602 68" 16·484 720 I 17'~03 735 18.066 ~20 18·36168 67 672 o 682 I 695 ! 707 /43

I

6·0 13·73 13·85 14·002 14·639 1 15 .546 i 16 ·309 17 ·204 1 18 ' 238 18·809 19·108
6·5 17 ·40 17 ·54 17 ·708 18·396 19·374 1 20 . 194 21·154 - 22 ·259 22·869 23· 188
7·0 21 ·70 21 ·85 22·024 22 ·762 I 23 ·811 I 24·688 25 ·714 I 26 ·892 27·541 27·881

I ' I, _ ---.i...-_ _~___
-----~

468
485
504
521
541

559
678
598 (,) 1

618 -
640

660
681
702
724
747
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TABLE 3
Integrating coefficients

TABLE 3a
(Eight points, square root, IX = t, see R. & 1\'1. 20439) .

r, . . .. . . 0·3 0·45 0 ·6 0·7 0·8 0·9 0·95 0·975

r 2 .. .. . . 0·09 0·2025 0·36 0·49 0·64 0·81 0·9025 0·951e

Integrating coefficient 0·03307 0·16668 0·13147 0·14282 0 ·16079 0·14466 0·05481 0 ·06745
\

_._ -

TABLE 3b
I ntegrating coefficients for root loss

Spinner Radius Coefficient at Coefficient at Coefficient at
reo 0·2 radius 0·25 radius 0·3 radius

- -
I
I

0·10 0·06548 - 0,00269 0 ·01721

0·11 0·05946 + 0 '00222 0·01622

0·12 0·05320 0·00719 0·01521

0·13 0·04678 0·01211 0·01421

0·14 0·04029 0 ·01686 0·01325

0·15 0·03385 0·02130 0·01235

0·16 0·02756 0·02529 0·01155

0·17 0·02155 0·02869 0·01086

0·18 0·01594 0·03134 0·01032

0·19 0·01087 0'~3306 0·00997

0·20 0·00648 0·03367 0·00985

0·21 0·00290 0·03303 0·00997

0·22 + 0 '00018 0·03114 0·01028

0·23 -0,00169 0 ·02810 0·01069

0·24 ~0'00275 0·02409 0·01106

0·25 -0,00308 0·01935 0·01123

0·26 -0,00280 0·01422 0·01098

0·27 -0,00209 0'00912 0·01007

0·28 - 0 ·00118 0·00460 0·00819

0·29 -0,00037 0·00130 0·00497

0·30 0 0 0
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TABLE 4

Specimen Calculations

The following specimen calculations refer to a 5-bladed airscrew operating at ] = 2.65

0·95

tic
Yo sec 'Po
M
()O

eo0 . .
'Po

0

s
A o ..
ao
M L ' ..

(1 - M L '2)1 /2
(a't ..
bO

• • • •

(() - q;o + eo)O
(a' + W
(cxo't· .
M L . •

M- M L

CLS ••

(1 - M 2)1 /2
(1 ;- Mi) 1/2 ..
(1 - M L2)1/2CLs/Ao
eO
aO . .

(8 - q;o + et .
(a+W
sCL • •

CL . •

(asCLt
ocxo

po
'Po ..

(cxo + 'Pt
M Il ..
M- M D

Eo . .
Co
CDO • •

CDS

CD . .
sCD

COS lp . .

. sin tp

sC L srn tp

SCD COS tp . .
Sum,
go
q
PCI ..
PCO ..
Pcs . .

0 ·062
1·270
0 ·758

45·0
2·94

41 ·59
I 0.064

I 0·1
156·2

0 '784
0·621

97 ·0
69·6
6 ·35

166·6
3·70
0·782

< 0

0·652

2·94
101·8

6 ·35
171·4

0·0371
0·58
3·78
3·78

2·58
44·17
47·95
0·742
0· 016
0·998
0·00804
0 ·0080
0·0006
0·0086
0·00055
0·717
0·697
0·0258
0·0004
0 ·0262
2·972
0·0778
3·975
0·0066
0 ·0020
0·0002

0·062
1·270
0·882

45·0
2·94

41 ·59
0 ·064
0·1

156·2
0· 784
0·621

97·0
69·6

6 ·35
166·6

3 ·70
0·782
0 ·100

- 0 ·002

0·623
-0,01

2·93
97·3

6·34
166·9

0·0380
0·59
3· 70
3·71

2·64
44 ·23
47·94
0 ·746
O' 136
0 ·997
0·00804
0·0080
0·0342
0·0422
0·00270
0·717
0 ·698
0·0265
0·0019
0·0284
2 ·972
0'0844
3 ·975
0·0070
0·0020
0·0087

0· 062
1·270
0 ·882

49·0
2·94

41·59
0 ·064
0· 1

156· 2
0 ·784
0·621

97·0
69·6
10·35

166·6
6·02
0·750
0·132

-0·043

0·661
- 0 ,28

2·66
103·3
10·07

172·9
0·0583
0·91
6·02 •
6 ·30

4·06
45·65
51·95
0· 592
0 ·290
1·124
0·00804
0· 0090
0 ·0860
0·0950
0 ·00608
0·699
0·715
0· 0417
0·0042
0 ·0459
2 ·972
0 ·1365
3 ·975
0 ·0164
0 ·0023
0 ·0219

From blade det ails.
Table 2b.
Equation (40).
Blade details.
Blade details.
Table 2a.
Blade details.
Tabl e 1 of R. & M. 20367•

Equation (47).
Tabl e 3 of R. & M. 20367•

Table 2 of R. & M. 20367•

Equation (49) .
Table lb.

a' (O - q;o + co) /(a ' + b).
Table 3 of R. & M. 20367. J1L = iVI £ ' when cxo' Z 3°.

Table 4 of R. & lVI. 20367•

Table 2 of R. & M. 20367•

Table 2 of R. & M. 20367.

§ 6.
§ 6.

Equation (13).

Equal to asCL in Range 1 and
asC£- (1 - M L2)l /2 CLs/Aoin Range 2.

Equation (9).
Equation (7).
Check = (J + EO'

Table 8 of R. & M. 20367•

Table 6 of K & M. 20367•

Table 7 of R. & M. 20367•

Equation (52)
Table 9 of R. & M. 20367.

Equation (51 ).

(sCLsin q; + sCD cos q; ).
Table 2d.
Equation (18).
Table 2e.
Equation (31).
E quation (33).
Equation (33).
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Specimen Column for Blade Root Loss

I
r• 0·25

tjc ..
8° ..
'Po° ..

°80 ••

M ..
s
a" ..
bO

•• ••

(0 - CPo + 80)0
(a+W ..

o(Xo •.
CD ..
q ..
q sCD

0·23
74·60
73·48
6·20
0·610
0·51

21'4
12·0
7·32

33·4
4·68
0·028
1-319

.. . 0·0189

Blade details.
Blade details.
Table 2a.
Blade details.
Equation (40) with Table 2b.
Blade details
§ 6.
Table lb.

Equation (56).
Fig. 12 of R. & M. 20367•

Table 2e.

Integrated
results

Example of Integrations

0·7 r:·';--·090'60·45r, I 0·3

, -"----~_•... -,._'.._._ ...._--'._---- - -
q. 0·1354 0·1740 0·1784 0·1561 0·1340 0·1030 0·0844 0·0662 kQ = 0·1248
Pal 0·0208 0·0236 0·0203 0·0150 0·0115 0·0081 0·0070 0·0058 kpi = 0·0132
Pao 0·0058 0·0045 0·0038 0·0033 0·0029 0·0024 0·0020 0·0018 kpo = 0·0030
Pas 0 0 0·0012 0·0021 0·0049 0·0081 0·0087 0"'0074 kps = 0·0034

Root Loss

r 0·20 0·25 0·30 Integralc

q sCD 0·1090 0·0189 0·0028
I

LI kp = 0·00137

k1'l/kQ = 0·106

kpQ/kQ = 0·024

knikQ = 0'027

kp/kQ = 0·157

LI'I) = 0 ·011 17 = 0·843

Root Ioss zt» = 0·011

Final 'I) = 0·832

(75267) Wt, 10/:&7116 1f47 Hw. G.S77fl


