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FOREWORD

His is one of a series of Engineering Monographs

I published by the British Broadcasting Corporation.

About six are produced every year, each dealing
with a technical subject within the field of television and
sound broadcasting. Each Monograph describes work
that has been done by the Engineering Division of the
BBC and includes, where appropriate, a survey of earlier
work on the same subject, From time to time the series
may include selected reprints of articles by BBC authors
that have appeared in technical journals. Papers dealing
with general engineering developments in broadcasting
may also be included occasionally.

This series should be of interest and value to engineers
engaged in the fields of broadcasting and of telecom-
munications generally.

Individual copies cost 5s. post free, while the annual
subscription is £1 post free. Orders can be placed with
newsagents and booksellers, or BBC PUBLICATIONS, 35
MARYLEBONE HIGH STREET, LONDON, W.I,
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V.H.F. AERIAL GAIN CALCULATION USING TABLES OF MUTUAL RESISTANCE
BETWEEN THE RADIATING ELEMENTS

SUMMARY

A method for calculating the gain of a v.h.f, aerial from the mutual resistances between the radiating elements is described.
The computation of mutual resistances between dipoles and unipoles mounted on a support mast is discussed. A set of
tables of mutual resistances is included, together with notes on their use.

1. Introduction

Directional transmitting aerials are frequently used at
v.h.f. to prevent co-channel interference and to concen-
trate the power radiated in the directions in which it is
needed. One type of aerial commonly used consists of
columns of dipole or unipole radiating elements mounted
around a mast; in general the number of elements in each
column is different, while the currents in the individual
elements may also be unequal. The calculation of the
power gain of such an arrangement is not straightforward.

Gain calculation by integration of the power radiation
pattern would require the computation of patterns in a
large number of planes and would be very laborious. The
alternative method of gain calculation from the mutual
resistances between radiating elements is therefore more
attractive, but mutual resistance tables for dipoles in free
space cannot be used because of the presence of the sup-
port mast. To overcome this difficulty, mutual resistances
between dipoles and unipoles mounted on a conducting
cylinder have been computed. The method of computation
is described in this monograph, which also contains a set
of tables and notes on their application to specific aerial
problems. Incalculating aerial gains the mutual resistances
tabulated in this monograph are used in conjunction with
tables of horizontal radiation patterns (h.r.p.s.) contained
in Reference 1.

2. Gain Computation from Mutual Resistance

The radiating elements of av.h.f. aerial may be of one of the
three types shown in Fig. 1. Let us suppose that such an
aerial consists of # identical radiating elements of the same
type mounted at arbitrary positions on a cylindrical sup-
porting structure, subject only to the restriction that the
elements must all be at the same distance from the cylinder
axis. Let the current in the p th element be 7, (a complex
quantity) and the mutual impedance between the p th and
gthelements be Z,,, the self-impedance of the p th element
being denoted by Z,,. Then the power radiated by the p th
element is

P,=ReZ,i,1I (1)

where Re denotes ‘the real part of’, Z, is the input imped-
ance of the p th element and 7} is the complex conjugate
of I.

[}
tangential !
dipoleZL*
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H radial
I unipole
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vertical |
dipole I

\.l.z

Fig. | — Types of radiating element
The input impedance of the p th element is the sum of its
self-impedance and the mutual impedances of the other

elements, modified in accordance with the current ratios.
We therefore have

Zy 7 Z {2y, 2

Substituting in Equation (1) we have

P.=Re > 1I}Z,, (3)
g=1
The total power radiated is therefore

D LIz, (4)

1 g=I1

M

P-=Re

b
Il

Now the imaginary part of Z,, has no effect on this result,
because the sum of the coeflicients of Z,, and Z,, (which
are equal) is IJ} | 1[5, a real quantity, while the co-
efficient of Z,, is also real. The total power radiated is
therefore

P=> D> ILLR, (5)

n
p=1 ¢=1

where R,, is the mutual resistance.




The power radiated by a single element carrying a cur-
rent f (assumed real) when all the other elements carry
zero current is

Py =I"Ry (6)
where Ry, is self-resistance of an element. From Equations
(5) and (6) we may write

> LT3y (7)

g=1

1
F I

M:
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where r,, denotes the ratio of the mutual resistance be-
tween the p th and ¢ th elements to the self resistance of a
single element.

We now apply this result to the caleulation of the gain
of the array.

Fig. 2is a plan view of the cylinder and the p th element.
The relative field strength in the horizontal plane due to
the p th element alone may be expressed in the form

E,=Lf$—a,) @)

op
reference axis

%,

Fig. 2 — Cylinder and p th radiating element

where f($ — a,) is the complex radiation pattern of a single
element, tabulated elsewhere.! The relative field strength
due to the complete array is therefore

E= Lf($—ay) ©

b=l
A reference element situated at « =0 carrying a corrent
I radiates, in a specified direction ¢, a field strength given
by
£y = If(¢s) (10)

The gain Gx(¢) of the array relative to that of a single
element on the cylinder may now be derived from Equa-
tions (7), (9), and (10), as follows

66) =3 I';f’,)

2 L f@—a)f?
p=1

f@E D > LIy, (11)

p=1 g=1

It should be noted that Equation (11) gives the gain of

the array in the direction ¢ relative to the gain in the direc-
tion ¢,. For vertical and tangential dipoles ¢, is specified
as zero bui for radial elements it is specified as 90°. The
field from the reference element is not necessarily a maxi-
mum in the specified direction.

The gain G{¢$) of the array relative to a A/2 dipole in free
space is the parameter of practical interest; this is given
by the expression

G(‘:{’) = Glgn(‘ﬁ)

G > | Lfid—a)
p=1

LFBED D L3, (12)

p=1g¢=1

where G, is the gain of an element at a = 0, in the specified
direction ¢,, relative to a A/2 dipole in free space. The cal-
culation of G is discussed in Section 4.

It is important to note that the gain of a directional
aerial is a function of the azimuth angle ¢. The perform-
ance of a directional aerial is often expressed in terms of
its effective radiated power (e.r.p.); this is equal to the
power supplied to the aerial multiplied by G{¢)} and is also
a function of azimuth, Further quantities sometimes re-
ferred to are the mean or r.m.s. gain and the correspond-
ing mean e.r.p.; the mean gain G, is defined as the gain of
an omnidirectional aerial whose h.r.p., plotted in polar
co-ordinates, has the same area as the h.r.p. of the array.
Stated formally

j \E()]2 d

o T
ol 2’7|E(¢0)|2
where ¢, is a value of ¢ at which G{¢) and £(¢) are known.

G (13)

3. The Computation of Relative Mutual
Resistance

In order to facilitate the use of Equation (12), tables of

rp, for the three types of radlatmg elements have been
computed and are contained in Section 9.2. The computa-
tion of these tables is discussed in this Section.

The method of computation involves integration of the
radiation pattern of a pair of radiating elements in order
to find the total power radiated. A comparison is then
made with the power radiated by a single element; this
enables the relative mutuval resistance of the pair of ele-
ments to be deduced, Details of this procedure are as
follows:

Fig. 3 shows a cylinder of radius a with two radiating
elements A, and A, displaced vertically by a distance c and
in azimuth by an angle o. Both elements are at the same
distance b from the cylinder axis. The point O will be taken
as the origin of a spherical polar co-ordinate system (r, 6,
$), the lower element being located at (b, 3, 0).
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Fig. 3 — A cylinder with two radiating elements

We assume initially that the lower element carries unit
current while the upper element carries zero current. In
general the field at a great fixed distance due to the lower
element will contain both Es and Es compenents; we may
denote them by Fa(f,4) and Fs(0,¢) respectively, since they
are functions of both # and ¢. The power radiated by the
single element is then given by

P =K (| E.4)[2 + |En®,4)]%) ds (19)

where Kis a constant and S denotes the surface of a sphere
of larpe radius enclosing the aerial.

If the upper element carries unit current it produces a
similar radiation pattern, but with ¢ replaced by ¢ — o and
the phase advanced by Sc cos # radians, where 3 =2n/A.
When both elements carry unit current the field compon-
ents are therefore

EifB,$) = Eo(0,¢)  Eo(6, — a)eife cos? (15)
E(0.¢) = E(0,8) -1~ EalB,p— a)ei® co= (16)

The power P, radiated by the two elements is given by an
expression similar to Equation (14) but with Es and Fy in
place of £ and Ej.

Now P, is proportional to Ry and P, to 2(R;+ R,,),
where R, and R, are the self and mutual resistances of the
elements. It follows that the relative mutual resistance
r=R;/R;is given by

Py

r=p. "1 (17

E; and E4 for doublets and dipoles near cylinders are
complicated functions of 8 and ¢ given by Carter’s for-
mulae.? The computation of P, and P, is not straightfor-
ward since it must be done by numerical integration.
Attention is confined here to the following brief discussion
of the methods of computation for vertical, tangential and
radial radiating elements.

3.1 Vertical Radiating Elements

For vertical radiating elements Carter gives an expres-
sion for the radiation pattern of a short doublet ; it contains
only an Fs component. The radiation pattern of a half-
wave dipole is of more practical interest, however, and it
can be obtained from Carter’s formula by including the
v.r.p. factor of a vertical dipole in free space. The result is

cos (; cos §)

e Vo2 joW,cosnd]  (18)

f=1

Ey=

where

b sin #
V=1 Bb sin t) — J,(Ba sin H)H"l_zj?;%];e;

(19)
In Equation (19) J,, and H,'® denote Bessel and Hankel
functions of order .

The computation of P, and P, from these formulae gives
the relative mutual resistance between half-wave dipoles.

3.2 Tangential Radiating Elements
Carter’s expressions for the distant field radiated by a
tangential doublet contain two components given by

Ep=—jlWy+2 j*W, cos nd] (20)
n=1
—j2cosf 2
Ey= “Bhsind Z] n V., sin ag (21

where
23
W, — 3:(8b sin ) — 1:(a sin o)1= (BESINO) ooy
H,®(Ba sin §)
in which I, and H,®' denote the derivatives of the Bessel
and Hankel functions with respect to the argument. ¥,
was defined in Equation (19).

These formulae cannot be extended to tangential dipoles
since the currents flowing in the latter, although pre-
dominantly tangential, also contain radial components.
Consequently relative mutual resistance tables can only
be computed for tangential doublets. The use of these
tables for dipoles may be justified by the fact that relative
mutual resistances between dipoles in free space are very
similar to those between doublets,

3.3 Radial Radiating Elements

Carter gives the following expressions for the distant
field radiated by a radial doublet:

Y VA .
o ~ b in® ; j™mB, sin nd (23)
Ey=jcos8[Dy+2 > j*D,cos nd) (24)
=1




where
B,=1,(Bbsind 3B sin §) o BbSInG) g
., =1,(Bb sin ) — J,(Ba sin )Hu(z"(ﬁa o (25)
{2y in g
D, =1.(Bb sin 0) — J,(Ba sin H)Hn (Bb sin ) 26)

H,*?(Ba sin 8)

Radiating elements used in practice consist of base driven
unipoles mounted on the surcface of the cylinder; they are
usually A/4 long although greater lengths are sometimes
used. Although Carter’s formulae could be extended to
unipoles by integrating along their length, this additional
complication is hardly worth while because it is permis-
sible to replace a short radiator by a doublet situated at
the centroid* ofits current distribution.? Since the centroid
ofa A/4unipoleis approximately 0- 5 radians from its drive
point, 8b — Sa was set equal to 0- 5iu all the computations.

It can be shown that the first term of Carter’s formula
for Ey, Equation (24), tends to infinity at #=0 and =,
whilst the remaining terms tend to zero, as do all the
terms of the series for Es. The Es component behaves as
1/(# log 8) in the neighbourhood of ¢ =0, and is therefore
virtually dependent on & only. This is equivalent to saying
that the electric field near the cylinder is dominated by a
radial component at distances from the origin large com-
pared with the overall dimensions of the aerial. The asso-
ciated magnetic field component is circumferential and the
direction of travel of this dominant wave is along the axis
of the cylinder.

When performing an outward-power-flow integration
over an enclosing surface using Carter’s formulae, it can
be shown that the contributions due to the two portions of
the surface which lie inside the cylinder are vanishingly
small if these portions are sufficiently far from the origin.}
In other words, the large Es component when & is small
does not contribute significantly to the total power flow.
It appears, therefore, that the method used in this report
for calculating mutual resistances remains valid for radial
unipoles. It will be seen in Section 5 that measurements of
mutual resistance between radial unipoles mounted on a
conducting cylinder show very close agreement with the
theory.

Because of the influence of the dominant wave men-
tioned above, the mutnal resistance between a pair of well-
spaced radial doublets decreases slowly (approximately as
1/log Bc) as their separation along the cylinder axis in-
creases and it is virtually independent of their angular dis-
placement a.

* We have to imagine that the unipole has a mass distributed along
its length, the mass per unit length at any point being proportional to
the current at that point, Then the centre of gravity (or centroid) of
this mass would correspond to the centroid of the current distribu-
tion,

t Over these portions of the surface the principal part of the power
flow integral takes the form

R 2rods n

(Blogh® log R—loga
a

where R is the distance from the origin of the surface of integration.
As R tends to infinity this contribution to the integral tends to zero,

4. The Gain of a Single Element

The quantity of &; in Equation (12) was defined as the
ratio of the gain of one element on the cylinder relative to
that of a A/2 dipole in free space. The calculation of this
quantity is discussed in this section.

We consider first the gain of a single radiating element
on a cylinder relative to an identical element in free space.
Since the total power radiated by the element in free space
is independent of its orientation, it will for convenience
be assumed to be vertical, Its radiation pattern is then in-
dependent of ¢ and contains only an Fp component, which
may be written as sin f for a doublet or as cos (3 cos)/sinf
for a A/2 dipole, The power radiated by the element in
free space is then given by

Py=4nK | E3sin 6 df (27)

S —an

where K is the constant appearing in Equation (14),

The presence of the cylinder modifies the field radiated
by the element, the field components now being given by
the appropriate Carter formulae. The power radiated by
the element is then equal to P;, given by Equation (14).

Carter’s formulae are stated here in such a way that if
the cylinder were removed, the element would radiate unit
field in its direction of maximum radiation. It follows,
therefore, that the quantities P, and P, may be directly
compared. It also follows that the formulae give the field
E,in the specified direction ¢, (defined in Section 2) cor-
rectly scaled to the maximum field radiated by an element
in free space. The gain G, of a single element in the pre-
sence of the support cylinder, relative to an identical ele-
ment in free space, is therefore given by

2Po

Gl=!E1 P
1

(28)

The guantity &, is stated above each mutual resistance
table.

1u the tables for vertical elements this is the gain of a
single element relative to a A/2 dipole in free space, since
Carter’s formulae modified for A/2 dipoles were used for
the computation.

In the tables for tangential elements G is the gain of a
doublet on the cylinder relative to a doublet in free space.
For cylinders of small radius G, is approximately equal to
the gain of a /2 dipole on the cylinder relative to a A/2
dipole in free space; thus the gain of an array of doublets
relative to a doublet in free space may be assumed to be
approximately equal to the gain of a similar array of
dipoles relative te a dipole in free space.

In the tables for radial elements, G, is the gain of a single
doublet on the cylinder relative to a A/2 dipole in free
space; the gain is referred to a A/2 dipole rather than to a
doublet since the doublet on the cylinder is a good approxi-
mation to a A/4 unipole,

To summarize, substitution of the value of G, given
above each table into Equation (12) gives the gain of an




array of dipoles or unipoles on the cylinder relative to a 5. Verification of the Method of Computation
A/2 dipole in free space for all three types of radiating ele-

ments; the gain is exact for vertical dipoles and a close
approximation for tangential dipoles and radial unipoles.

Because of the complexity of the computer programme re-
quired for this work it was considered prudent to check its
accuracy by using the tables to compute the gains of
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Fig. 4 — Comparison of computed and measured mutual resistances r between fangential elements

—— Computed values for tangential doublets, fa=1-25, fb =2-50
o Measured values for tangential dipoles, Ba=1-18, fb=2-50
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aerials whose gains could be calcufated by other methods.
This test was carried out for vertical dipoles since no
approximations are involved in the computation of their
mutual resistances. Gains calculated from the mutual re-
sistance tables for rings of vertical dipoles were compared
with gains calculated directly by radiation pattern integra-
tion and found to differ by less than 1 per cent; this agree-
ment was considered satisfactory.

The assumption that mutual resistance tables for tan-
gential doublets can be used for tangential A/2 dipoles was
tested by comparing the tabulated values with model mea-
surements using dipoles. This comparison is shown in
Fig. 4, in which the three curves show relative mutual re-
sistance as a function of vertical separation for three
different angular separations. The measurements, which
were made during the development of the Norwich tele-
yision aerial {Vision, 56-75 Mc/s; Sound, 53-25 Mc¢/s),
occur in groups because the positions of the dipoles on
the cylinder were fixed; the small ranges of separation
within each group result from the measurements having
been made over a band of frequencies. The comparison
shows that the use of the doublet approximation results in
an error when the vertical separation between the dipoles
is small; elsewhere the approximation appears to be satis-
factory.,

It was also considered prudent to test the accuracy of
the mutual resistance tables for radial doublets because it
was upcertain whether the infinities in £ occurring at
8 =0and = (referred toin Section 3.3) rendered the method
of computation invalid, Mcasurements, made during the
development of the Peterborough FM aerial (90-1 Mc/s—
94 -5 Mc/s), of the impedance of a pair of unipoles mounted
on a square-section cylinder* were used for this test, The
unipoles were first mounted on separate cylinders 52 apart
50 as to minimize their mutual impedance. They were then
placed in the desired relative position on a common
cylinder, the resulting change in impedance being assumed
to be equal to their mutual impedance. These measure-
ments, which were made between unipoles on the same
and on adjacent faces, are compared in Fig. 5 with com-
puted values for doublets near a circular cylinder having
the same perimeter; the agreement shows that the theory
is valid.

As a further check the radial doublet tables were used to
calculate the gain of two doublets driven in antiphase and
mounted diametrically opposite each other on a cylinder
of diameter small compared with the wavelength. This
arrangement simulates a half-wave dipole mounted on a
boom, as in a Yagi aerial, and its gain should be approxi-
mately equal to that of a 4/2 dipole in free space. This was
confirmed by calculating the gain of the pair of antiphase
doublets in the direction ¢ =90° for Ba =0-25, B =0-75;

* Cylinders of other than circular cross-section may be regarded
as having an ‘equivalent radius® provided that the width W of each
face is not greater than Q- 5A for a square section and 0- 3 for a tri-
angular section. The equivalent radii are 0-59F and 0-42 ¥ for
square and triangular sections respectively for vertical elements.
With tangential and radial elements the equivalent circuiar cylinder
may be assumed to be that which has the same perimeter as the poly-
gonal cylinder,

10

the result obtained was a gain of 1025 relative to a dipole
in free space. In passing it should be noted that the gain G,
(given above each table) of a single radial doublet on a
cylinder is considerably less than unity because it gener-
ates a pair of axial cylindrical surface waves ; with two anti-
phase doublets, however, the surface waves are suppressed.
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Fig. 5 — Comparison of computed and measured mutual
resistances r between radial elements
— Computed values for radial doublets on a circular cylinder
fa=1-5,86=2-0 .
o Measured values for radial unipoles on a square-section cylin-
der 0- 37X wide

6. Conclusions

Calculation of the gain of directional v.h.f. aerials is simpli-
fied by the use of the mutual resistance tables contained in
this monograph because the need for radiation pattern
integration is avoided. The tables cover the range of mast
sizes and element spacings normally encountered at v.h.f.
and can be used for any arrangement of radiating ele-
ments, provided all the elements have the same spacing
from the axis of the mast. The tables may be applied to ele-
ments mounted on square and triangular section masts by
assuming an equivalent circular cylinder. The accuracy of
the tables has been verified both experimentally and by
applying them to acrials whose gain can be calculated by
other methods.

The mutual impedance between radial umipoles has
been found to decrease very slowly as their separation in-
creases because they are coupled by surface waves propa-




gating along the mast. The generation of surface waves can
be avoided in an array by a suitable choice of inter-tier
spacing, thereby preventing the reduction of gain which
would otherwise result.
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9. Appendices
9.1 Notes on the Use of the Tables in Section 9.2

The tables give the relative mutual resistance between
two elements displaced vertically and circuinferentially
around a cylinder, The vertical separation in wavelengths
(c/A) is given in the extreme lefi-hand column and the
angular separation in degrees in the headings of the other
columms. Each table also gives the gain G, of a single ele-
ment on the cylinder as discussed in Section 4. The ex-
amples below demonstrate the way in which the tables are
used.

9.1.1 Aerials with Dipoles Carrying Fqual Currents

The example chosen is a 90 Mc/s aerial consisting of
eight tiers of horizontal dipoles mounted on a cylinder, as
shown in Fig. 6. The cylinder radius is 1-0 m and the
dipoles are 1-8 m distant from the axis of the cylinder;
these dimensions correspond approximately to fa=2-0
and Bh=3-5 (see Section 3). The inter-tier spacingis 0-5A.

Referring to Fig. 6, it will be seen that (in the example
chosen) the dipoles have been divided into eight groups,
each denoted by a different letter, all the dipolesin a given
group being identicaily situated and therefore having the
same impedance when all dipoles carry equal currents. In
order to determine the total power radiated by the aerial
the relative resistance of the dipoles in each group must be
found from the mutual resistance tables. This part of the
calculation is set out below, it being assumed that values
computed for doublets can be applied to dipeles with little
error. The quantities R,, R, etc., are the ratios of resist-
ance of a single doublet in each group to that of its self-
resistance in the presence of the cylinder.
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Fig. 6—V.h.f. aerial for which the gain is calculated in
Section 9.1.1

Dipole A

TIER

1 1-000 = 1-000
2 0-078 +2 x 0-032 —0-005 = 0-137
3 —0-056—-2x0-058+0 049 = —0-123
4 0-028 = 0-028
5 —0-017 = —0-017
6 0011 -2 x0-001 +-0-025 = 0-034
7 —0-00542x0-004 —0-024 = —0-021
3 0-002 = 0-002

R, = 1-040




Dipole B

-]
3]
]

00 =1 N Lh b L N

0-078
1-0004-2 x0-132 —0-037
0-07842x0-032—0-005
—0-056
0-028
—0-017—2 < 0-006—0-011
0-011 —2x 0-001 +0-025
—0-005

Dipole C

TIER

[+ s JE B N & W ULV G R

—0-005

1-0004-2 % 0-132 —¢-037
0:078 42 % 0-032 —0-005
0-049

—0-015
—0-017—2x0-006 —0-011
0-011—2x0-001-}-0-025
—{0-024

Dipole D

=
&=
=

[ I = R U N U N

0-032
1-000 +2x0-132—0-037
0-078 +2 x0-032—0-005
—0-058
0-025
—0:017—2x0:006—0-011
0:011—2x0-001 +0-025
0-004

Dipole £

=)
g

O~ B

—0-056
0:078 -2 % 0-032 —0-005
1:000+2 % 0-132—0-037
0-078
—0-056
0-028 42 x% 0-025—0-015
—0:017—2 x 0-006 —0-011
0-011

i

0-078
1-227
0-137
—0-056
0-028
—0-040
0-034
—0-005

R,

1-403

—0-005
1-227
0-137
0-049

—0-015

—0-040
0-034

—0-024

Re

Pl

1-363

0-032
1-227
0-137
—0-:058
0-025
—0-040
0-034
0-004

I

Il

1-361

—0-056
0-137
1-227
0-078
—0-056
0-063
—0-040
0-011

R,

f

1-364
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Dipole F
TIER
1 0-049 = 0-049
2 0-078 +2 x 0-032 —0-005 = 0-137
3 100042 x 0-132—0-037 = 1-227
4 —0-005 = —0-005
5 0-049 2= 0-049
6 0:0284+2x0-025—0-015 = (-063
7 —0-017-2x0-006—0-01] = —0-040
8 0-025 = 0-025
Ry = 1-505
Dipole G
TIER.
1 —0-058 = —0-058
2 0-078 +2 x 0-032--0-005 0-137
3 1-000 L2 x0-132—0-037 = 1-227
4 0-032 - 0-032
5 —0-038 == —0-058
6 0-028--2x0:025—0-015 S 0-063
7 —0-017—2x0-006—0-011 = —0-040
8 —0-001 ~ —0-001
R, = 1-302
Dipole H
TIER
1 0-028 0-028
2 —0-056—2x0-058+0-049 — —0-123
3 0-078 + 2 x 0-032 —0-005 = 0137
4 1-000 = 1-000
5 0-078 = 0-078
6 —0:056—2x0-058+4+0-049 = —0-123
7 0-028 4-2 x 0-025--0-015 = 0-063
8§ —0-017 = —0-017
Ry, = 1-043

For convenience, let us assume that a single dipole on the
cylinder, carrying unit current, radiates one unit of power.
Then the total power radiated by the aerial, when each
dipole carries unit current, is

2[R, + R+ Ro-+ Ry + Rt Re+ Ro+ Ra] =26-09

The h.r.p. of the aerial may be calculated from the h.r.p.
table for a single dipole, given on p. 31 of Reference 1, and
isshownin Fig. 7. The field is greatest at ¢=0. If we assume
that a dipole in free space carrying unit current radiates
unit field, then the tables of Reference 1 give the field
radiated by a dipole, carrying unit current, on a cylinder. It




Fig. 7 — Theoretical h.r.p. of typical v.h.{. aerial
Nuombers against dipoles indicate number of dipoles on that bearing

follows therefore that the field radiated by the aerial in the
direction ¢=0 is equal to:

8(— 1-444 — jO-713) 4 8( — 0-209 - j0-194)
1 4(0- 162 — jO-570) = — 12- 58 — j6-43

This field has an amplitude of 14-13,

The tahle in Reference | also shows that a single dipole
on the eylinder, carrying unit current, produces a field of
—1:444—;0-713 (amplitude 1:610) in the direction
d=0.

The gain of the array in the direction ¢ = 0 relative to a
single A/2 dipole on the cylinder is therefore:

Gain — Power radiated by dipole
AN =B ower radiated by array
_ [ Field radiated by array :r
“ | Field radiated by dipole
1-00 ( 14-13

2
) =2-952

=26-09 “\i-610

The gain (in the direction ¢ —0) of a doublet on the
cylinder relative to a doublet in free space is the value de-
noted by G, (2- 544) at the head of the table. This figure is
substantially the same as the gain of a 4/2 dipole on the
cylinder relative to a /2 dipole in free space. Thus the gain
of the array (in the direction ¢ =0) relative to a A/2 dipole
in free space 1s:

2:952 % 2:544=7-51 (8-8dH)

The mean gain of the aerial may be calculated from its
mean field, defined as the radius of the circle which has the
same area as the h.r.p. In the example considered the ratio
between the mean and maximum field is 0-685. The mean
gain of the aerial is therefore:

7-50 % 0-6852 =352 (5-5dB)

relative to a A/2 dipole in free space.

The gain figures stated above may be in error by about
0-2 dB because two assumptions were made in their cal-
culation:




(a) The mutual resistance values for doublets were
assumed to be correct for dipoles.

(&) The gain of a doublet on a cylinder relative to a
doublet in free space was assumed to be equal to the
gain of a A/2 dipole on the cylinder relative to a A/2
dipole in free space.

Had the gain of an array of vertical dipoles been calculated
these assumptions would have been unnecessary and the
gains would have been exact.

9.1.2 Aerials with Dipoles Carrying Unequal but Co-phased
Currents

The radiation pattern of Fig. 7 can also be achieved with
an aerial consisting of identical tiers, each tier containing
four dipoles, but with the dipoles in the position ¢ =0
carrying twice the current of the other dipoles. Fig. 8
shows a single tier of this arrangement ; we will proceed to
calculate the gain of an aerial consisting of one tier. The
gain of a twelve-tier aerial is calculated in Section 9.1.3.

$=0

Bl1 1l
2

A

Fig. 8 — A tier aof dipoles carrying unequal but co-phased
currents
Numbers against dipoles indicate currents

Because of the unequal currents the dipoles must be
divided into three groups, designated A, B, and C. Their
relative resistances are:

R,=14r(0,90%) + $r(0,180%)
s =14 3r(0,90°) + r(0,180%)
R, =1-+2r(0,90%) -+ 2r(0,180%)
where r(0,90°) and r(0,180°) denote the relative mutual re-
sistance between dipoles at the same level but with angular
separations of 90° and 180° respectively.

If a single dipole on the cylinder, carrying unit current,
radiates unit power, the total power radiated by the tier is:

4R, + 2R+ R, =7+ 12r(0,90%) + 61(0,180%)
=74+12x0-132 -6 0:037=8-362

The field due to the four dipoles, in the direction ¢ =0,
is (from Reference 1) equal to:
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2(—1-444 —j0-713) 4 2(— 0-209 + jO- 194) +0-162
—j0-570=3-144—j1-608

This has an amplitude of 3-531

A single dipole on the cylinder carrying unit current
radiates a field of 1610 in the direction ¢ =0.

The gain of the four dipoles, in the direction ¢ =0, rela-
tive to a single dipole on the cylinder is therefore:

1-00 3-531\¢
8363 % (1-610) =0:575

The other gain figures are determined as in Section 9.1.1.
Thus the gain in the direction ¢ =0 relative to a dipole in
free space is:

0575 x2:544=1:463 (1:7dB)
and the mean gain is:

1-463 < 0-6852=0-686 (—1-6dB)

9.1.3 Aerials with Large Numbers of Identical Tiers

Consider a 90 Mc/s aerial with twelve tiers of the type
described in Section 9.1.2. Although its gain may be cal-
culated by the method described in Section 9.1.1 (with due
allowance for the unequal currents) this would be very
laborious because the dipoles must be dividedinto eighteen
different groups and calculation of the resistance of each
group entails the summation of no less than thirty-six
terms. However, as the tiers are identical, the calculation
may be greatly simplified by first calculating the relative
mutual resistances between complete tiers and then finding
the gain of twelve tiers relative to one tier. The result ob-
tained in Section 9.1.2 may then be used to derive the gain
of the aerial relative to a A/2 dipole in free space. The pro-
cedure is as follows:

c

71\
/‘%

e 1

T

2 [T

e

Fig. 9 — Two identical tiers

Consider two tiers separated by a distance x/A as shown in
Fig. 9. Because of the unequal currents the dipoles must
be divided into three groups. The relative resistances of
one dipole in each group are:




R, =1+4r(0,90%) +1(0,180°) + r(x,0)
+ #(x,90%) 4 4r(x,180%)

R, =1+ 3r(0,90°) + r(0,180°) +- r(x,0}
+ 3r(2,90%) 4 7(x,180°)

R, =1+42r(0,90%) + 21(0,180%) +r(x,0)
—+ 2r(x,90%) < 2¢(x,180%)
where r(x,z) denotes the relative mutual resistance be-
tween dipoles having an angular separation of e and a

vertical separation of x/A.
The total power radiated by one tier is

IRy +Ry)=k[4R,+2R;+ R.]
=Kk[7 -+ 12r(0,90°) <- 6r(0,180°)
—+ 7r(x,00 + 12¢{x,90%) 4- 6r(x,1807)]
where [ is the feed current to one tier as a whole, &, s Its
self-resistance, K, is the mutual resistance between the
two tiers, and % is a constant.

The power radiated by one tier on its own, carrying the
same current, is:

IR, =k[7 +12r(0,90°) +6r(0,180%)]
From these two equations it follows that:
IRy = K[Tr(x,0) 4- 12r(x,90%) 5 6r(x,180°)}]
The relative mutual resistance between tiers is therefore:

Tr(x,0) 4+ 127(x,90%) + 61{x,180%)
7L 12A0,90°) -+ 6r(0,1807)

Ry

R,= = R(x)

The aerial under consideration has twelve tiers spaced
0+7A, The relative mutual resistance between all the tiers
(i.e. values for separations which are multiples of 0- 7A) are
calculated in the table below:

x/A r(x,0 Hx,90)  Hx, 180y  fix) Rix)

0 1-000 0-132 —0-037 8-362 1:000
g7 —0-175 --0-027 0-022 —1-417 —0-169
1-4  0-068 0-011 0-004 -632 0-076
2-1 0:016 —0-0l6 0-006 —0-044 —0-005
2-8 —0-028 0-013 —0-022 —0-172 —0-021
3-5 0-002 —0-004 0-022 0-098 0-012
4-2 0:017 —0-003 —0-007 0-041 0-005
4-9 —0-009 0-005 —0-012 —0-075 —0-009
5.6 —0-011 —0-001 0-015 0-001 0-000
6-3 0:011 --0-002 —0-002 0-041 0-005
7-0  0-003 0-002 —0-011 -—0-021 —0-003
7-7 —0-011 0-000 0-010 —0-017 —0-002

S0 =Tr(x,0) 4+ 12r(x,90°) 1 67(x,180%)
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From the tabulated values of R(x), the total power
radiated by the array is:

PR [12R(0) + 22R(0-7) - 20R(1-8) +- 18R(2- 1)
+ 16R(2-8) + 14R(3-5) - 12R(4-2) 4 10R(4-9)
+8R(5-6) + 6R(6-3) -- 4R(7-0) + 2R(7- 7))

Thisisequal to 9- 528 times the power radiated by a single
tier.

The field radiated by the array is twelve times that
radiated by a single tier.

Thus the gain of the array relative to a single tier is equal
1o0:

122

The results obtained in Section 9.1.2 may now be used
to determine the gain of the arrayrelative to a dipolein free
space.

The gain in the direction ¢ =0 is therefore:

15-11 x 1-463=22-1 (13-4 dB)

The mean gain is

15:11 x 0-686 =10-4 (10-2dB)

9.1.4 Aerials with Dipoles Carrying Unequal Currents

If the dipole currents are not co-phased the calculation
of the total power radiated is more complicated since the
relative phases of the currents must be taken into account,

Fig. 10 shows an aerial consisting of two tiers spaced
0-8A. Each tier contains two dipoles which carry currents
of 1/0° and 2/45°; the resulting h.r.p. is shown in Fig. 11.
The maximum field occurs in the direction opposite the
dipoles carrying the current of 2/45° (¢ =0). There are
two groups of dipoles, A and B, as shown in Fig. 10.

We revert to the original assumption that a single dipole
on the cylinder, carrying unit current, radiates unit power.

I

OBA

T| =

)

P

Fig. 10 — Aerial with unequal currents




2/45°

Ot

1-0 0-8 a6 0.4 Q-2

relative field sirengin

Fig. 11 — Theoretical h.r.p. of aerigl with unequal currents

Applying Equation (5) and taking each dipole in turn,
we find that the total power radiated is:

1/0° [1 % 1/0° + r(0,90%) x 2/ —45° +r(0-8,0) X 1/0°+r(0-8,90°) x 2/ —45°]  (dipole A, upper)
+2/45° [1 X 2/ — 45° + r(0,90°) x 1/0° + r(0-8,0) x 2/ —45°+ r(0-8,90°) x 1/0°] (dipole B, upper)

+ IE [ x 1/0% — r(0,90%) x 2/ — 45" 1 H0-8,0) x 1&‘—}— r(0-8,907) x 2/ —45°]  (dipole A, lower)

+ 2@ [1 <2/ —45°+ +{0,90°) x I@j+ r(0-8,0) > 2/ — 457 - ~(0-8,90°) x 1/0°]  (dipole B, lower)
=10+ r(0,907) x 2(2/45° +2/ — 45"y - r{0-8,0) x 10+ (08,90 » 2{2/45° 4 2/ — 45%)

=104+0-132 x 5-656—0-184 > 10 —0-047 x 5:656 = 8- 641

The field radiated by the aerial in the direction ¢ =0 is
(from Reference 1} equal to:

4( — 1-444 —jO-713) (0- 707 +j0- 707)
~2(—0-209+;0-194)= —2-486 —j5-712
This has an amplitude of 6-230.
A single A/2 dipole on the cylinder carrying unit current

radiates a field of 1-610 in the direction ¢ =0.
The gain of the aerial in the direction ¢ =0, relative
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to a single A/2 dipole on the cylinder, is therefore:

1-00 (6-230

2
mx m) =1-77 (Z'SdB)

The gain of a single dipole on the cylinder relative toa
A/2dipole in free space is approximately 2 - 544 (see Section
9.1.1}. Thus the gain of the aerial, in the direction ¢ =0,
relative to a A/2 dipole in free space, is:

1:77 % 2-544 =4-50 (6-5dB)




9.2 RELATIVE MUTUAL RESISTANCE TABLES
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.26 029 .031 .02k 010 =002 -.006 L0086 007 .10 L,011 L0068 005 .003

.032  .032  ,026  .01% ool -.008 -.0m 1 016,015 .otk o1l 006 001,000

027 024 016 .003 -.006 =,011 =.012 1 L016 013 .008 ,po2 -,001 .00

L1 01t Lo03 -.006 -,010 -.010 =,010 1 .013 L0117 L0907  .003 ~.001 =-.003 .00
002 =002 -.007 =011 «,010 «,007 =006 1 .005  .00%  ,001 -.002 -.003 -,00% -,00%
=011 =012 -.013 =012 =-,00] =,003 =,00! 1 -002 ~,003 =.004% -.00% o.,00% -.,003 -,003
=.016 =.015 =,013 =.009 =,00 001 .003 2 -.007 =.007 ~.00] =,005 =-,003 =,002 ~,001
-.009 -.oog -.003  .001  ,00 L005  .006 2.2 ~.006 -,006 «.00% a,002 000 .00t 002
005 .00 L007  .006 005,003 .o02 2 001 W002  .oo2 L0020 002 L0020 002
008 008,006 L0013 000 =,002 -,002 2 005 ,00% Loz (002 L0001 .000  L00O

L001 L0000 =,001 =003 -,003 -.003 -.003 2 001 L0001 001,000 =,001 =001 -,C01

0 =.005 ~,005 -.005 =-,00% -,002 =,001 «,001 3 -.002 -.002 w=.002 =,002 =,007 «.001 =001
2 =004 ~,003 =,002 .000 .001 002 002 3 002 ~,002 -,002 w001 L000  ,00d 000
A o002 .002 003 L0030 .002 L002 L0072 3 001 .001  L001 001 001,00t ,00%
6 .00k 003 .003 L0Z2 om 000  .000 3 002 Lo02 002 .00 .00t ,000 L0000
8 w00 000 000 =.001 =001 -.002 -,002 3 .00l ,000  .0G0  LO0D L0000 =.001 -,001
WO =003 =003 =,002 -.002 -,007 -.001 =,001 L0 =001 =000 =,001 001 =001 =001 ,007
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9.2.1 Vertical Dipoles (cont.)

fa=0-35, Bb=2-5, G,=1-281 Ba=10"5, Bb=3-0, G,=0-680
‘ cfA 0° 30° 60° 90° 120° 150° 180° efA 0° 30° 60° 90° 120° 150° 180°
L 1,000 .7ho 2B -062 -.118 -.077 -.053 £ 1,000 605 -.027 =248 -.153 =08 .00
a0 0966 713 .233 -.08% - 117 =075 -.o'io .1 .963 579 --0317‘ -2k -.139 -.032 -Oﬂg
.2 .Bo 636 188 -.071 =.111 =066 -.0bk 2 B9 505 -.09% =235 =136 =025 .013
i 725 .521  .1h2 -.0j9 -.102 -.037 -.03} 3 SOk 1356 -.0B! -.219 w117 =01F 019
3 552 385 0B -.08 -.090 -.0bk -.023 4 520 268 -.109 -.195 -,092 -.002 .02
.5 .a7h 247 020 -.090 ~.075 -.030 -.010 go.333 -1l -130 -186 085 L0100 032
g %?2 123 -.028 ~.087 -.028 -.016  .001 6 L6 -031* =135 =131 -,038  .020  .035
E 082 L0265 -.060 -.077 -.0%0 -.003  .010 g 038 -.chl -133 .09k -0tk 027 .036
.8 ~.007 ~.036 =.073 =.061 =-,022 .006 .016 & o-0h5 -086 -112 -057 009 029,033
W9 =055 065 =.068 =-.082 =007 .012 018 9 =082 -09%5 -.08 -.02b L0193 028 .026
1.0 ~.068 w~.067 «.052 -.022 .00% .01 017 1.0 -.083 -.078 -.046 002 025 .23 018
1.1 =.056 =050 =.029 =-.00% 011 .01 .Q1 1.1 =.099 -.048 -.013 020 .026 015 .009
1.2 =-.032 =.025 =.007 .009 .01% on11 oo 1.2 -,026 -.01% 01 ,028 o022 007 .001
1.3 -.006 =.001 .01 .016 .013 .006 .00% 1-% 005 L0133 .28 028 01% 000 -.006
1. 013 016 019 .017  .00§  .007 w-.002 1. 026,029  .032 .022 .006 -.006 =009
1.5 .023 ".023 020 013 .00k -.003 ~.005 1.5 .93 .032  ,026 012 -.002 -.009 =-.010
1.6 .022 .020 .015 .0Q7 =.001 =.005 =.006 1.6 .02 025 .015 .002 -.007 =,009 =-.009
1. .01 .012  .007 .000 =,00% -.005 =-.00 1.; 015 .012  .002 ~.006 =.009 -.00] =,006
1.% .00 .002 -.002 =.005 -.006 =.00 -.oog 1. 001 -.002 -.008 -.011 =008 -,00% -.002
1.9 =.005 w.006 =.007 =.007 =,005 =-.002 =.001 1.9 =010 =011 =,013 =.011 ~.006 ,000 ,002
2.0 =.010 =.010 -.ooz -.007 =.003 .000 .00t 2,0 «.016 =.015 =,013 =,008 -.002 .ooi Nelol!
2.2 ~.008 -.007 =004 -,001 001 ,003 .003 2.2 =.009 -.00] ~-.003 .001 .004 00 .00l
2.4 003 .co3 .00% .00k 003 .002 .00 2} 005 006 .006 006 .00k 001 000
] 2.6 .006 .006 .005 .003 .001 ~.001 =.000 26 .009 ,008 .006 .003 .000 =-.002 =-.002
] 2.8 .c02 .001  .00C ~.001 =-.002 =.002 =.002 2,8 .001 ,001 -.001 =-.002 =.00 =-.002 ~-.002
b 30 =.00F =003 ~.003 ~.002 ~.002 -.001 .000 3.0 ~.005 =-,005 -,005 -.003 =-,002 ,000 .0GO
- 3,2 =.003 «.003 =.002 -.001 .00C .0O1 .00O1 3.2 =-.004 =-,003 .-,002 000 ,001 002 002
i 34 .001 001 001 00 001 .001  .0O1 2% ooz L0022 .00 .oo2 002 0G0 00
] 3.6 .003 .003 002 .001 .QO1 .COO 000 3.6 .o0b ,003 ,003 .02 ,000 ,000 =001
: 3.8 .001 .000 .000 .000 w.001 =.001 =,001 3.8 .001 .000 000 -.00] ~.001 -.001 -,001
30 =.002 =002 -,002 «,001 «.001 =.001 .Q00 a0 =003 -,002 =002 -.002 =.001 000 000
i
'- Ba=0-75, Bb=2-25, G,=2-039 Ba=0-75, Bbh=2-73, G, =1-370
efx 0° 30° 60° 90° 120° 150° 180° efA 0 30° 60° 90° 120° 150° 180°
.0 1.000 787 .337 o7 -5k -.048 -.03 .0 1,000  .695 -1‘39 =109 -,105 -a03z -.006
969 781 3430 033 -05F -0k -0 0 967 LBB9 143 =109 -0103 ~,034F -.005
.2 .88 688 30 030 -.0%% -.083 -.030 2 J8n .397 L1719 =.110 -.096 =.02§ =,002
2 746 'EW .24 L013 -.032 -.038 .02k % 727 488 L0717 -.110 =086 -.022 .oog
584 Wy 174 -.co7 -.0bg 030 -.017 . SA56 .359 .029 -.107 -.072 =,01% .
5 .5 308 103 -.025 -0b5 022 010 . 3718 .28 016 100 =057 =005 013
6 258 & .oh? -'Oﬁ? -033 -.01% -,003 . 216 L1011 =051 -.088 -.o?o 003 016
g 28 079 -.006 -.043 -.030 -,006 .QO3 086 020 -.071 =072 -,024 009 018
. .03 L007 -.034 -0y -,020 .000 ,007 -.00F -.039 -.075 -.053 =.010 012 017
9 -.02h -,03% -,0b5 -.033 -.011 ,00% ,009 W9 =.053 =065 -.066 ~.032 .001 O} ,015
1.0 =048 .0l -.081 -.022 -.003 .007 .00G 1,0 -.067 -.056 =-.047 -,013 ,009 .012 .OH
1.1 =.047 =,043 -,029 -.010 .003 ,OO 008 1 ~.057 -.0bg =02} 002 ,013 ,010 .O06
1.2 =-,032 -.027 =.013 .0Q1 .007 .00 005 1.2 =,033 =-.02% -,003 .0l12 .013 .006 002
1.% -,012 ~,008 L.oc1 008 008 .00k 002 1 -.007 -.001 012 ,01] .0IC ,002 -.002
1. L0055 007,010 L,0l0  ,006 ,002  .OOO 1. 012,015,019 .016 L0086 ~,002 -,00%
1.5 .015 015 .01b 010 L004 -,001 -.002 1 022 022,01 o1 w002 -.00% -.005
1. 017,016,012 ,006 ,001 -,002 -,003 1. .c22  ,020 01 .05 =,002 ~.005 w005
1. .a13  ,011 007  .L002 =,002 =,00%3 =-.00% 1 015,012 006 =.001 -,00% -.00h -.003
i .005 00k 001 -.002 -.003 -.003 -,002 ] 'OOE L0039 -.002 -.005 -.003 -,003 =-.001
T1.9 -.002 -.003 -,004 -,004 -,003 -,002 -,001 1.9 -.00k -,006 -.007 -.007 =-.00% =-.001 .0OI
-.007 =.007 ~.006 -,005 ~,002 * ,000 :ooo -.010 -.010 =009 =-.006 -.002 .001 .0O2
=006 »,006 -.CO§ -,001 .000 ,001 002 -.008 -.007 =-.00% -.000 00z ,002 002
.00 o001 ,002 002 ,002  ,001 001 .002  ,003 .00 ,00%  Lo002 001 L000
. .006 006,00 002 L0000 =.001 -.001
L£02 L0010 L0017 L0000 »,00] =,00] =,001 LO002 L001 000 ~,001 =-,001 =,001 =.001

-.003 =.003 -.003 =-.002 -.001 .000 .0G0
-.003 -.003 -.002 -.001 .000 ,001 .0O1
001,001 L0001 .001 L0017 .0OF 007
L0003  .002Z  .002  .0OT L0000  .000 .00
L0017 L0001  ,000  .000 -.001 =,001 =,00]

=002 «,002 «,002 -~,002 »,001 =,001 »000
=002 «,002 ~,001 «,001 ,000  .000  .0O1
000 001 001 2001 -001 .001 £001
.Q02  .002  .001 »001 ,000  ,000 ,Q00
»001 .001 000,000 L0000 L 00O «.001
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9.2.1 Vertical Dipoles (cont.)

Ba=0-75, Bh=3-25, G, =0-700 Ba=1-0, fh=12-5, G;=2-157
efA  0° 300 60  90° 120° 150° 180° c/A 0 300 60° 90" 120° 150° 1807
.0 1,000 550 -.10% =248 -.103 006 O35, .0 1,000 L7¥E 271 =015 -.063 -.026 -.006
L1964 .326 -.108 -2l3 -100 .07 .03 .1 969 (22,259 -,017 -.062 -.025 -.006
.2 860 56 -.120 -.230 -.089 o111 036 2 85 .6?2 227 =.023 -.059 -,022 -.00%
'ﬁ JJ05  .358 =136 -.209 -.073 L0155 L0316 'ﬁ L 7h8 .347 178 -.032 -.oih -8 -.001
. 521 .23 -.150 181 -.053 L0211 036 . 587 21 g2 -0 -.0h8 013 003
50 W33 a7 -a57 -a1d7 =032 L0250 .0%5 .5 .M19 290 085 -.0b6 -.0h0 -,007 .006
6 168 017 -.153 =110 =012 ,027  ,032 b .262 71 016 -.0M8 ~031 -,002 008
. .035 -.054 -.137 -.073 .003  .027  .027 .g L1328 .073 -.020 =046 -.021 .002  .009
% -0l -,091 -,109 -.038 018 .25 .020 . .036 .ooh -0k -.038 -.012 005 .O10
.9 =.08 -.097 -.075 -.008 .025 .020 .013 .9 -.022 -.035 -,045 -,0c28 -.004 007 .009
1.0 =08 -.078 -.;38 .013 .027 .013  .005 1.0 «.047 =048 -,038 -.16 002 007 .006

1.1 =.061 =,047 -,006 .026 .02% 006 =.001 1,1 -.0h7 -0k2 -.025 -.00 006 006 00k
1.2 =028 -0 ,017  .031  .017  .000 =-,006 1,2 =033 =026 =013 .00 .007 .00 001
Li 004 01 L0310 027  .010 -.005 =-.009 Li nmﬁ -.008 .003 L0099 00T L0022 -.00]
1. 025 .029  .031  .O19  .002 -.007 -.010 1. .00h  L006 L0011 L0100 L005 L0000 -,002
1.5 .033 .32 .025 .009 -,004 -,008 ~.008 1.5 .0tk Lo1d Le13 008 .00z -.002 -.003
1.6 .028 .025 .013 -.001 -.008 -.007 =.005 1.6 L6 015 L0117 005 .000 -,002 =-.003
1. 016 .012  .001 -.008 -,008 -,00% w002 w.g 013 011 006 001 -.002 -,002 -.002
1.% L002 -,002 -,008 =,011 -.007 =-.001 001 1. L006 004 000 -.003 ~-.00 =.002 =.00]
1.9 =010 =011 =.013 -.012 =-.c00 o001 003 1.9 =001 =-.002 =-.004 -.004 -,003 =-.001 00O
2,0 -.015 -.015 =-.013 =-,007 -,001 .003 .00% 2.0 -.006 -,006 -.,006 -.00% -,002 .000 .001
2.2 -,009 =-,007 -.003 .002 .004 ,OD3 .003 2.2 =006 -,005 -,003 =-.001 .001 001 001
2.4 .o05 L0085 .006 .0O6  .003 ,000 -.00% 2.% .001 L0001 .002  .002 002 .001  .0CD
2.6 .009 008 006,002 -,001 -.002 ~.002 2.6 .00k .00¥ 003 .0D2 .000 .0Q0 -.001
2.8 .001 ,001 -,00] -.002 -.002 -,002 -.001 2.8 .00z .001 ,000 000 =-,001 =,001 =.00f%
3,0 =.005 «.005 =.005 =.003 =001 000 001 3.0 =.002 -.002 -.002 -,002 =,001 ,000 .00
3.2 =004 -.008 -.002 .000 .00 .00] 001 3.2 =,002 -.002 -.001 -,001 .0OQ0 .000 .0Of
3.4 Lo02 L0022 .002  .0O2 001 .001  .0OO 3.4 000 .000 .001. 001 .0O1 .O0O .0OQ
3.6 .004 ,003 .003 .CO1 ,000 =-,007 =,001 3.6 .002 002 .007 .O01  .00O  ,000 000
3.8 .c01 .00C .000 -.001 -.001 -.001 =.0C1 3.8 .001 .001 .QOO 000 ,000 .GOG  .0OC -
4,0 -.002 -,002 -.002 «.002 =-.001 .00Q OO0 4.0 -.001 =001 =-.001 =-.001 .00D 00D 00O

Ba=1-0, Bb=13-0, G, =1-445 Ba=1-0, pb=3-5, G;=0-714
efd 0% 30° 60" 90° 120 150° 180° cfh 0° 30° 60° 90° 120° 150° 180°
.00 1.000 64 080 -.135 -.082 -.007 016 001,000 g 167 -.226 -,055  .02% ~.033
w967 6ed o7z =13k 079 <007 016 gk b 165 w221 -.032 024 03l
.2 B 555 .50 -3 -.073 -.00h L0 .2 .Bo o6 -7k -.206 -.084 025  .032
'ﬁ .72 852 019 -.12% -.063 000 0] °i 705 1310 -.180 .13 -.032 .026  .030
Jd 958 337 016 -.113 -050 .00k 018 4921 795 -8 -a153 -.017 L0277 .027
5 L3801 207 -.0b7 -.099 -.036 008 018 . ) 0% =176 .19 =003 026 .02

6 .220 .097 =069 =082 -.022 .01l .O17 .2 .322 -.001 161 -.08 .oa? .25 L0
-é 08y w012 -.079 =082 009 013 019 .g .0% -.065 -.136 .0k 021 L0217 .12
8 -po02 -0k -076 -0 001 013 .cI2 8 -.0h6 -.096 -.103 -.017 027 .017 .008
.9 =.052 =066 -cé2 =021 L0090 008 .9 -.08% -.098 -.066 .007 .029  .011 000

1.0 -.067 -.065 =-.0k2 -.00% .013 .008 .00k 1.0 -.086 -.078 -,030 .02% 026 .005 -.00l
1.1 -.057 -.088 -.019 o008 .13 005 0G0 1.1 -.063 -.04 000 .031 ,020 .000 -,008
7.2 .03k -.02}% 000 015 .Q12  .002 -.003 1.2 =.0239 -.012 .021 .031 .013 =.004 =-.009
1.3 -.009 -.001 ,013 .017  .008 -.001 -.005 1_E oo 0% L0311 .025  .005 =.007 =.009
1. .011 .015  .o19 .o1% .00k -.003 -.005 1 o3 023 031 015 -.002 -.007 -.007
7.5 .021 .02t .018 .009 .000 -.00% -.00% .5 032 032 .023 .005 -.006 =.006 =-.00h
1.6 .02 .020 .012 003 -.003 -.00% -.003 15 028 o2k 01 -.00h =008 -.00k -0o1
1-% .015 .01z 004 -.003 -.00N -.003 .00 1.7 .07 .012 =.000 ~.005 -.008 =.002 .001
1. 005 .00} -.003 -.006 .00k ~.COY  .COC w.é 003 =002 -.009 -1 -.006 .007 .00

1.9 =.004 -,005 =-.007 =-.007 .-.003 -000 .002 1.9 =.009 =.017 =.013 =.010 -.003 .002 .00

2.0 =009 =010 =009 =-.005 =007 L0011 T L0022 2.0 ~.015 -.015 =012 _006 Nes)] 003 .00k
2.2 -.008 -.007 -.003 .00C .002 .0CZ .GO1 2.2 =.010 -.007 -.002 003 .00k 002 .00
2.4 L0002 002 .00 .003 .oo2 .Q00 LC00 2.4 Nelo) 005 006 005 002 .00 -.002
2.6 .006 .006 00k .002 000 -,001 .00 2.6 008 ooB 005 002 =.001 -.002 -.002
2.8 .oo2 001 .000 =-.001 =.001 =-.00T =.0O1 2.8 o0z 001 -.001 =.003 =.002 -,001  .0C0
3.0 -.003 -.003 -.003 =-.002 -.001 .000 .00Q 3.0 -.005 -.005 -.004 -.003 -.001 .001 .001
3.2 =-.003 =-.003 =-.002 000 000 001 .0O1 3.2 -.004 -.003 -.002 ,000 .007 .00l  .001
3.11 001 001 L001 L0001 L0017 L000 000 3_]4 002 ox Roer 002 Reo) L0000 _000
3.6 .003 .002 002 ,001 .000 .000  .0CO 3.6 .00k .003 .02 001 .00C =.001 .00
3-8 001 .00 ) Q00 ,000 =,001 «.001 000 38 . .00% 000 L0000 =.001 =001 =.001 =.001
%0 =001 -.001 =001 =.001 ~,001 600 000 },0 -,002 -.002 -.002 ~.001 =,001 .G30 .000
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9.2.1 Vertical Dipoles (cont.)

fa=1-25, Bb=2-75, G, =2-249 Ba=1-25, Bb=3-25, G, =1
c/A 0° 30° 60 90° 120 150° 180° efd 0% 30° 600 90° 120° 150°
.0 1.000  .j0f  .152 «.055 =.056 -.009 .00§ T.0 1.000 .599 L0111 -o52 007
.1 .96 681 .18y -.086 =055 -.008 008 L1 Wa87 LB76 0 .005  -.139 -.021 008
20 8 &1 o157 -.097 -.oiy -.007 009 20 872 R12 ~.010 -,132 =.085 L0209
'i b9 515 118 =059 =085 -.00%  .010 .{ (720 LH15 =032 -.121 =037 Q10
. 589 395 .07k -89 -.038 -.001 .010 4 -580 301 -.0B% -107 =027 .012
5 21 .2;r L0300 -.057 =029 002 010 58 a8 -.Oﬁﬁ -,089 -.0i16 012
.6 .65 158 -.0D6 =052 -.020 .00k .010 6 .2z .of2 -.oé -.069 -.oog 013
. -1 066 =.032 -.043 -.0v1  L006 .009 . .091 . .003 -.08 -.0W7 Q00 .02
b o 5
. .039 .00l --.0B4 -.032 -.00F 007 .00F . L0006 -.GY6 -075 -.027 L0100 010
.9 =.020 -,035 -.0W4 =020 002 006 .005 .9 =.091 =067 =-.057 =.009 .01% .007
1.0 =.086 =.047 w035 =009 .006 .005 .0O2 1.0 =.06] =.065 =.036 .00 .015 .0k
7.1 =047 =041 =,021 000 .027  .003  .00D 1.1 =-.058 =.047 -.0t4 013 .013 .00
1.2 =033 -.025 «007 007 007 .001 =.002 1.2 -.035 =-.023 .00% .017 .009 =.00f
T'ﬁ -0 -.008 .00k 010 006 000 ~.003 1.ﬁ -.009 .00 .015 016 005 -.ooz
1. L003 006 011 .010 003 -.002 -.003 1. .00 .315 0,019,012 .00T -.00
1.5 .013 .01k  .013  .00T - .001 =.002 ~.003 1.5 L0217 L0201 .17 .0G6 -.002 =003
1.6  .016 <015 «0i0 003 =001 -.002 =002 1.6 .022 019 011 000 -.00% =002
1.7 -013 ".011  .005 000 =.002 =002 -.001 1.7 .015  .012  .003 =~.00% -.ooi «.001
1.8 .006 .00k 000 =003 =023 001 000 1.8 006 .003 -.003 =.006 -.00 L0020
1.9 =001 -.002 =.00% ~.00% -.002 Lowo .04l 1.9 -.003 =.005 =.007 -.0U6 =002 .0O1
2.0 =006 «-000 =006 =.004% =.001 .cOol  .0O7 2.0 =.00% =.009 ~.008 ~.008 oo 002
2.2 -,006 =-.005 -,003 .000 .GD1  .oOf  .001 2.2 «-.008 =006 -.00 001,002 003
2.4 .00t 000,002 002 QO L2002 .00 2.4 ooz 002 .00 .003 .002 .00
2.6 .00 o0} 003 .002  -000 =.001 =.001 2.6 .06 00§  .004 002 L0000 =.071
2.8 002 .001 000 -.001 =.001 -.001 00D 2.8 002 L0001 .000 =001 -.001 -.00
3.0 =002 =.002 -.002 =.001 =G0l ..000 .00 3.0 =003 -.003 -.003 -.002 -.001  .000
3.2 -.002 -.002 -.001 .000 .OOO | .00 00O 3,2 -.003 =.002 -.001 ,0OD .000 .0O"
3.4 .000  .Q0m 001 L0OT  .QOT .00 000 3.0 co1 Loo1 Loo1 o .ool .00 L000
3.6 .02  .002 .0OT  .0D1  .00C  .00O 000 3.6 .002  .002 .02 001 .000  .000
3.6 -co1 .0DY .00 LO0DO LO0D 000 030 3.8 001 L0017 L0000  .0OQ -.001  .O0G
%0 -.001 =001 =-.001 &,001 .00O0 ,000 .OOQ %0 -.001 =.001 =.007 =001 .0O0 ,00O
Ba=1-23, Bbh=3-75, G, =0-725 Ba=1-5, Bb=3-0, G, =2-328
c/A  0° 30° 60° 94" 1200 130° 180 c/A 0° 30" 60° 90° 120° 150°
.0 1,000 M6 -215 -85 -.ci2 o6 019 000 - -.ok 002
g .98h Wik -216 -183 -.010 026 078 '? 1'929 'gg% ':fi _'8§§ _'23; “002
2 -860 354 276 -.169 ~.005 .026 017 2 B 575 Look —.ofh -.035 .00
SR 25 -.212 -k 003 025 .OTH 3 .0 3 065 -.071 -.030 o0t
hoo+522 163 =203 -.107 L0120 L0230 4 531 368 032,085 023 .005
5 -333 083 -.187 -.085  .020 021 .08 5 W2k 251,000 -.058 -.016 .006
.6 168 -.020 —.763 -,092 027 .C‘:\? .00y .2 _26? Akl Lo2é -.018 -.008 .07
'é .Oﬁg -.076 -.131 -,022  .031 .0'3 =.00] _ _137 057 -.047 =037 -.002 007
. =-.0 -.102 -.03% 003 L0371 L0088 -.00k _g L0471 -,003 —.OJ-IT -.02L 003 006
9 =085 -.100 -.035 021 028 .00b =007 .9 =.019 =.037 -.042 -.013 007 .00k
1.0 -.087 =078 -.020 .037 .022 -.001 =.009 - - - -
1.1 =.06 -.OES L007 L0331 .08 -,00h =009 }? _:gi?- - g% _:g%% ;38% ;883 %?
1.2 =.030 011 .025 .029 .007 -.006 -.003 1.2 =033 -.025 -.00% .003 .006 ,O0O
w.ﬁ 002 .015  :032  .021  .000 -.007 =.006 1 -.015 =.00 006 .010 . .00k =.001
1.4 .02k 030 030 .01 -.005 -.006 -.00h b Toos ook Lo 008 001 -.02
1.5 032 032 .g21 001 -~.008 -.00% .00 1.5 .13 .0tk 012 .005 -.001 -.002
1.6 029 o2k 009 -.007 -.008 -.0u2 .00 1.6 .016 014 005 002 -,002 -.001
1.7 07 L0117 =002 =011 =007 000 .303 1. _0]3 .010 008 =002 -,003 -.001
18 .003 -.002 =.010 =.011 =.00% .Qo2 LC0 1.% 006 _00]1\ =001 --0011 _.002 000
7.9 =.003 =.011 =.013 =-.008 -.c0n1 .003 .003% 1.9 —.001 -.002 -.004 -.00% -.002 001
2.0 =015 -.015 -.012 -.00% 00z .003 .002 - - - - -
2.2 -.012 =007 =001 .00k 008 001 .000 3'2 _'Sgg - 88? _jggg '883 '23{ '83{
2.4 Neln)' .00% L0065 Reles) LG02 = 001 -,002 2.],‘ :OOO :oc coR '002 -001 -OOO
26 008 008 003 .00 =001 -.002 =00 2.6 .00k .00k .303  L001  .000 =000
2.8 .00z .00 -.001 =.003 =-.002 L0000 .OOO 2.8 .002  .001  .000 =001 -.001 000
3.0 =.005 -.005 -.004 =-.002 .000 001  .0O1 3.0 ~.002 =.002 -.002 =,001 000 .000
3.2 =.00 =,003 =001 elels] .00 .Q01 .C01 3.2 -.002 =002 =.001 000 Lo00 000
3.4 001 002 002 .02 .001 000 .000 3.4 .000 .000 .001 00l . .00l 000
3.6 004 003 ,002 QO .O00 -.001 =.001 6 - T :
8 001 007 - 00D 001 . 3. 002,002 L0001 .GO1 L0000 L0000
3.0 - :000 ~.001 ~.001" .000  .000 3.8 .01 .01 .000 000 .00 .0CO
%0 -.002 -.002 -.002 -.001 .000 000 .0OO %.0 w.001 =.001 =.00] =.001 .00 .000
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9.2.1 Vertical Dipoles (cont.)

Ba=1-5, Bb=3-5, G,=1-552 fa=1-5, Bb=4-0, G, =0-740
cfA 0 30 60° 90° 120° 150° 180° cfdA 0° 30°  60°  90° 120° 150° 180°
.0 1.000 5% -.047 -.131 -.023  .013 .ol £ 1,000 377 -.292 -1k2 015 021,003
10 L9567 528 -.051 -,128 ~022 013 .0 L0 .96 357 =250 -0138 020 021 003
.2 .83 .67 -.060 -.120 018 .013  .010 c.2 860 301 -.2lh _2) o2z L0200 Loo
.3 L7317 .376 -.073 -.108 =002 .03 .00% .z L7106 .220 -.23h -o10% 027 018 Loco
. 561 269 -.0 «.08] =.005 .013 .Q0T7 . 522 .126 =216 =078 031 016 -.002

. . L161 =-.09% =072 002 .012 .009 50 .339 0 .036 -,191 -850 .03} ,013 -.c0b
.2 ,223 L066  =.035 -.ogz .00 L0100 .003 6 68 -.0%8 -.160 -.023 .o%5 .ooé -.006
.g 093 =006 =087 -.03t .013 .o08 .co0 .g 038 -.087 =122 001 .33 .005 -~.008
. L0071 ~.051 =-.072 =.013 ,016 006 =.002 B =0 - 107 =082 .09 030 002 -.00%
\9 =,05] =.069 -.052 ,001 .016 003 "-.003 9 -0 =101 0Bk 031 024 -,002 -,009 -
1.0 =067 =.06% =,029 ,011 .01% .001 «.00% 1.0 =088 -.077 -.011 035 216 =,00% -.008
1.1 =.058 =.088 «,009 017 .010.--.001 =.00 1.1 =.065 -.0ﬁ3 LO1% 0,033 .08 -.006 -.007
1.2 =.035 ~.022 .00 2017 006 -.003 =00 1.2 -.031 =005 ,029 ,026 001 -,006 -.005
1.3 ~.010 .00C .01 .01 002 -,003 ~.003 1.3 001 016 033 016 -,004 -,006 -.002
1. L0110 .015 019,009 «,001 -.003 =.002 1. .023 .030 028,006 -.008 -.00F  .000
1,5 .021  .021 016  .003 =-.00% =002 =.001 5 .032 .03z L0188 -,003 -.009 =002 .002
1.6 .02 01§  .009 =.002 =,005 =.001 .00 1.6 .029  L02% 007 -.009 -.008 000 003
1.g L0715  .011  .002 =.005 =.00 L000 002 1.g 018 011 -o00d -l011 -.005 01,003
1. L0086 L0D2 =004 =006 =003 00T L002 1. 003 =,002 011 =010 ~.002 002 003
1.9 ~,003 =.,005 =.007 =006 =-,001 .00 .002 1.9 =000 <011 ~,013 =.007 .,001 ,003 .002
2.0 =.009 »,009 =008 -.003 .006 .0Q1  .O3T 2.0 ~.015 <,015 <011 =.00 L0030 .002 LGO1
2.2 =008 «~.006 ~.002 .001 002 .007  .000 2.2 =010 =007 =,001 .002 L003 .000 -,00)
2.4 ,001  .002 .00% .CO3 .001  .000 =007 2.4 Lo0k 005 L006  .005 L0010 =.001 =,002
2.6 .008 ,005 0Ok .00 =.001 =.001 =.00! 2.6 008 007 L00h 00D -.002 301 .00
2.8 .00z .00  .000 -.Q01 -.001 000 GO0 2,8 002 ,001 =002 =003 =.002  .000  .0O1
2.0 ».003 «.003 =.003 =-,002 ,000 .0OD .GO1 3.0 =005 =005 -,00% -,co2 000 .001 001
3.2 =003 -,008 -,001 0G0 .COI 000 .0 3.2 =00k 003 -,001 001 .CO1  .001  .000
3.0 o0l L0Q1 001 0D L0011 .000 000 3.4 .o0]  Loo2 L0022  .002 L0001  .00D -,00I
3.6 .002 ,002 ,002 .001 .000 .OQO  .OOO 3.6 .00k 003 .002 L0001 ,000 -,001 ~.00]
3.8 001 001 000 L0000 001 L0000 000 3.8 L0010 ,001 .000 -,001 =,001 .000 000
4.0 «.001 =.001 =.001 =001 .000 .Q0C .0UQ b0 -.002 -.002 -,002 -000 ,000 .00 .000
Ba=1-75, Bb=3-25, G, =2-397 Ba=1-75, Bb=3-75, G, =1-599
oA 0° 30° 60° 90° 120° 150° 180° cfA  0° 30° 60° 90° }20° 150° 180°
L0 1.000 L6 060 =082 -.021  .on7 006 L0 1.000 498 -.09k - 110 000 L012 L002
.1 .géo .59 .ozh -.080 ~.021 007 .00B 0 .967 0 478 -096 0107 L0001 012 002
2 .85 'E 5 .0k ~.077 -.018 007 L0059 20 83 k21 -000 -0099 0 003 L0110 L0010
.i 1 e o -.og1 -0 007 .00 'ﬁ .732 0 .337 -.106 =086 007 011 000
. 552,339 -,00F -.062 -,009 007 .00 . 562 L237 . ~.109 =070 01T 010 «.001
.5 k26 229 -.026 -ﬂ? =003 007 .003 50 .38 137 -.108 -,052 012 008 =002
6 2700 129 =051 -.0b0 002 006 .001 b6 .22 L0500 =, 100 =,033 .01 006 =00
.g .1%9 L048 -.0¥9 028 006 .00 000 L7 L0894 =016 +,087 -.016 .01 L004 =00
. .043 -,008 -048 -,016 008 004 -,00 B Lo -.056 067 -.001 017 .002 -,00%
.9 =017 =.038 -,040 ~.005 .009 002 -.002 .9 =050 =070 -0l 0lo L,015 L0000 =005
1.0 =-,04% -,047 -.028 -.c03 .008 .001 -,003 1.0 -,06 -m@ -.023 016 011 -.002 .00}
1.1 =.0b7 -.033 -.01% L0088 L00] ,000 =,003 1.1 =058 -.08F 2,003 018 .007 -.003 =004
7.2 =034 -.02k -,001 o .010 LOOE <001 -.002 1,2 =036 =020 .010 .016  .002 ~.003 -.003
]'ﬁ -.015 =.007 .008 .009 .002 -,002 =,002 T.i =011 001,018 012 -.001 -.003 =,001
1. W002  ,006 012  L,007  .000 =,002 -,001 1. 00§ 015 019 006 -,00% -.002 000
1.5 012 .ol 011 .003 ~,002 =~.GO1 .000 7.5 .020 .021 .01k 001  -,005 -,001 0O
1.6 ,016 01 L008 000 ~,003 -.001 LGOI 1.6 .022 .018  .008 -.003 -.003 L0000 ,002
l'é .013  .010  .003 -.002 -,003 .000 .00} T.g L0186 W01 L0801 006 -.00 .001 002
1. 006,00k -.001 ~,00% -.002 000 001 1. L006 002 -,005 -.006 =,002 ,001 @ .QO2
1,9 . .000 ~.002 »~.,00% =-,00% -.001 ,cO01 .00l 1.9 =,003 =.005 =008 =.005 ,000 ,001 ,QO1
2.0 ~-.009 «,006 «~,005 ~,003 ,000 ,0O1 001 2.0 =.00% -.005 =-,007 =-,002 001 ,001 ,cOI
2.2 ~.006 -,009 -.002 ,001 ,001% 00O QOO 2.2 =008 -.006 =-.002 002 002 OO0 ~.001
2.4 (000 001 L002 ,002 ,001 ©.000 =-,001 2.0 oot Loo2 .00 .003  .001 -.001 -,001
2.6 .0o% ook 003 .001 .0CO ,000 .OOO 2.6 .006 (005 .003 .001 -.001 -,C01 .COO
2.8 .002 ,001 ,000 =-,0017 =,001 ,00O ,OOO 2.8 .02 .01 -.001 -,002 -,001 000 00O
3.0 ».002 ~,002 002 ~.001 ,00CO ,000 .00O 3.0 =,003 -.003 -.003 w007 ,000 .000 ,001
3.2 =002 =,002 =,001 2000 L,000 000 000 3.2 =003 =,002 -.00% ,000 .01 L0000 000
3.4 .0000 000 .001 .00 .000 ,000 000 3.4 000 .o01 .00 L0017 .001  ,000 000
3.6 .002 ,002 001 ,001 L00O0 ,000 .000Q 3.6 .002 .002 .001 .001  .000 ,000 ,000
3.6 001 ,001 000 000 .00Q 000,000 2.8 ,001 ,001 ,00O0 =-,001  ,0GO. 000 .000
4,0 -,00] «.001 =-.00f =-,001 ,000 ,00C 00O Y0 =,001 =001 -,001 =001 000 ,000 OO
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9.2.1 Vertical Dipoles (cont.)

Ba =1-75, Bb=4-25, G,=0-753 Ba=2-0, Bb=13-35, Gy =2-456
cfa  0° 30° 60° 90° 120° 150° 180° /A 0° 300 60° 907 120 150° 180°
.0 1 000 317 -.27h -.098 037  .012 =007 .0 1.000 568 (008 -.076 -,00 .057 001
o .96L g =270 =060 .03 012 -,007, Jd0.970 5k 005 07 -.00 L0007 L001
.2 .Be0 . -.260 -.028 .03 011 =007 .2 .E@ﬁ A5 =005 =070 =003 .007 .OQO
.3 L7068 .17 ~.2h3 L038 L0099 w00 'i 92 M0 =019 ~.062 .000 L,006 000
. 522 .0 -.219 -,0l0 ,038 ,007 -.008 . 594 310 -.033 =053 003,006 =003
S5 336 .009 ~.188 -.018  ,037 .005. -.009 5 W27 207 -0 -0 L0058 L005 -.00%
6 168 -.086 -.151 .003 .03k .002 -.009 .6 .2;1 13 =053 =,029 008 004 =-.Q02
.g .038 «.097 -.110  ,020 ,029 -.001 -,008 .g Skt o3 -'OE% -.018 070 003 =.002
B =087 -0 -069 L0320 023 -.003 -,008 . Ol 2013 -, -.0307  .010 .002 -.CO03
9 =08 -,102 =031 037 .016 =005 -.006 g =016 =000 -,037  L001 L0099 000 w003

1.0 ~,088 -.075 .000  .C3% .008 -,006 -,005 1.0 =044 .08 ~,023 .0OT ,007 -.001 -,002
1.1 =,066 =040 ,021 ,031 .007 «.006 -.,003 1.0 =047 -,038 -,010 ,010 .005 =,001 «.002
1.2 «.032 =-.007 © 032 021 «,00% -.002 =.001 1.2 =,03% -.023 .002 .010 002 =.002 =.00I
I'i 001 .01 033 .01 =008 =00 001 T'R -.016 =006 ,009 .008 ,000 =-,002 -.001
i. 023 .031 L027  L001 =,009 ~.002  .002 1. L0017 007  .012 L00§5 -,002 =001  .00Q
1.5 7,032 .032 .016 =.006 -.009 ,000 003 1.5 012,01 L0117 L0082 =,003 -.001 .001
1.6 029 .02y .00 ~.010 -,006 - .OO1  .GO3 1.6 .06 .01¥ 007 =-.001 -,003 .000  .0O1
1.g 018 01T 006 -,011 =003 L002  ,003 1.5 .013  .010 002 -,003 -.002 ,000 .0O1
1. LO0% -,002 -,011 -,009 000 002 002 1. ,007 004 -,o02 -.00F -,001 (001 .CO1
1.9 =008 -.011 =013 <005 002 002 001 1.9° 000 =,002 -,004 =,00§ .000 .001 .0O1
2,0 « 014 =015 <010 -,001 ,00% .001 00D 2.0 «.009 -.006 =.005 =-.002 ,00f ,001 .00O
2.2 =010 -.007 ,000 .oog .003 .00 ~,002 2,2 -,008 -,005 =-,002 ,001 ,001 ,000 .000
2,4 L00b Loo5 006 00 L0000 -,001 -,001 2,4 000 001  ,002 ,002 001,000 =.001
2.6 .008 .co7 .00% .000 -,002 -.001 000 2.6 .cob Lood ooz L001 L0OO0 L0000 OO0
2,8 002 001 =002 003 -.001  LO00  L001 2,8 .02 .001  .000 =001 001 ,00Q .0QO
3.0 -'OOE ~005 ~.00% 002 ,000 L0001 001 3,0 «,002 =002 -,002 =-.001 000 000 ,00Q
3.2 -.c0f ~.003 -.001 ,001 ,CO1 ,000 000 3.2 w002 -,002 =001 .00 .000 .000 .00Q
3.} L0001 .o02 ,002 ,002 L0001 020 -.001 3.4t ,000 ,000 ,001 .001 .00O- .000 .0OO
3.6 .003 .003 .002 00D ,L,000 LOOO  ,000 3.6 .002 .00l .00l ,000 .0CO 00O 000
3.8 001 001 .000 ~,001 «,001 000 _.000 3.8 .001 .00l ,000 .00 000 000 00O
B0 =002 =002 =002 ~,001 ,000 000 .000 4.0 =007 =-,001 =001 =001 000 O .000

Ba—20, Bb=4-0, G, =1-642 Ba=2-0, Bb=4-3, Gy =0-766
c/fdA 0% 307  60°  90° 120° 150° I8Q° cfA  0° 30° e60° 96° 120° 150° 180°
L0 1000 W -129 -.083 .015  .008 ~.0; © .0 1.000 238 =281 ~.087 Lol o003 -.009
o1 .967 428 -.130 -.080 015 008 -,00 a0 964 -.277 =08 Lol J003 ~.009

A7 375 =130 -.073 018 L0007 -,00 2 861 196 -.26} -,035 ,040 ,002 -.008
.32 297 -.128 -081 018 006 .00k 'i JTOE 129 =282 -022 .38 001 -.008
. »563 4205 =.12% 0BT 019 .005 .00k . 523 L8k =213 -.006 036 .000 -.008
383 .113 -.116 <031 019 .00% w005 S0 336 =018 =177 L0100 032 ~,002 =.007
L2260 033 =102 =015 019 002 =005 b6 L1699 -078 =137 .02 027 -.003 -.006
. 095 =026 =.083 -.001 Q17 .001 =.D . .oiB - 107 =00} .oﬁg L0277 ~.005 =,00
. 003 =060 =».061 ,009 .C1§5 =.001 =.0C B - =115 =054 014 =006 =00
9 =043 =071 =037 016 L0011 =,002 -.003 - 087 =102 =018 J0lo 007 =006 =002
1.0 =066 =.062 =,015 .019 .007 =.003 =-.003 1.0 =089 .0 009 035 L0000 w006 =.001
1.1 =058 =02 .002 018 003 -.003 -.002 1.1 =.066 =.0% .027 026 -.005 =0 .001
1 «.036 =.019 .014 .01 a.,001 =-.003 ,0CO 1.2 «.032 =005 .035 .016 -,008 -.00 .02
1.3 .=,01%  .002 .019 .009 =004 -.002 .001 1. 002,019 L0313 .005 &.010 =002 .003
1 .Q09 016 .018 .003 -,005 «.001 .001 1. 023 031,025 =.003 =009 000 Q03

020 L02] .13 02 =-.00 .0o¢ 002

032,031,013 -,009 -,007 .0O1 ,003

1 - 1
1 018 006 -.005 =.00 L0000 ,002 1 029,023 .002 =.011 «.00% 002 .002
1. L0016 L0117 =.001 -.006 =002 .001 002 1. 018 010 -.007 =-.011 «.001 002 .002
1, 006 .002 «,005 =.006 =001 ,001 ,COT 1, .00% -.003 ~,012 -.008 ,cO01 002 .00O
1 - 1

.L00% g0l L0001 L000

=003 =.005 -.008 =008 -,011 =-,013 =-,003 ,003 ,002 «.Q01
=01% ~l01h -009 L0001 .00k 001 w001
=010 =007 .001 005 .002 =,001 =.002
.00 L0059 006 L003 -.001 -,001 w001
L0C 007 003 -,001 -,002  L000 .00t
002 001 =002 -.003 -.001 L0001 .0O%

-.008 -.009 -,007 -.001 .002 .001 .000
-.008 -.006 =001 .002 .002 .0J0 =,Q01
.001  .002  .00% 003 .000 -.001 -.001
L006  ,005 .003  .000 =001 .00 GO0
002 L0017 =001 «,002 «,001 .COD ,00]

MR NMPDR

=00} -,005 -.00% -,001 L001 .001 .00O
=000 -,003 -.001 .CO1 .001 .000 .GOO
L0017 002,002,002 000,000 «.001
.Q03  .003  .002 000 -,001  ,000 .0Q00
001 L0001 -.001 =001 =.001 000 000

=.003 =.003 «.002 =.,001 Q00 .02Q .000
-, 003 =.002 «,00] 000 001 .00G ,000
Reeil -001 001 Q01 J0C Q00 L0000
,002 002 .001 .Q00 .00d .000 =000
Ree)] .001 000 -,001 000 000 000
’

=.001 =~.007 =.001 «.001 000  .Q00  .000
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=002 =,002 =-,002 =-.001 000 000 .0CO
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9.2.2 TANGENTIAL DOUBLETS

Ba=0-25, Bb=1-75, G, =1-060 Ba=Q-25, ph=225, (,=1-133
c/fd Q0 30 60°  90° 1200 150° 180° c/da 0° 30° 60° 90 120° 150° 180°
L 1,000 L7966 WMo 18 am 38 2 L0 1,000 L7610 W371 0 .22k 261 L30T .320
L0923 .73 378 .1p 178 219 .2& ek g 3% L2150 25 L3od 316
2,710 L5611 291 161 197 L2750 .309 .2 L7 537 L266 .193 251 .292 301
.i L1 321 70 38 2 30 a3 .% k22 309,160 L16 234 2R 269
. L1059 L071 .oﬁs L1100 .223 308 336 . 16 o2 050 16 L2020 221 217
5 =149 =131 -,085 079 .208 280,301 5 =035 -.120 =038 .08 5% 153 ke
.2 -.298 -.228 =11 .0%1 L1660 .21k 223 .2 -,2%5 -.229 -.087 .ob9 093 06D .ogo
.g =326 =264 <117 026 Gt 16 113 .g =315 -2 <090 (019 025 -.021 085
B =248 =195 -.080  .008 027 .005 =-.009 B o-2k2 2179 055 -.003 +.038 -,100 .,127
.9 ~,107 =076 -,021 =00k -.0f1 =092 -.115 .9 =106 -,08] =.007 =015 ~.08% -.152 - 077
.00 .ok Lok 039 =010 =.088 -.15% -.180 1.0 .039  .0d  .0h3 -.019 =105 -.165 =-.18%

15 .13% L79 =011 ~00% =167 =019 1. :1%6 a31 W07h -0t -.097 =138 -8
.15 .16 .0 -.009 ~.088 -.132 -1k 1.2 187 157 078 ~.011 -.0h6 -.079 -.078
L1620 .13 066 =.005 «,048 -.062 -.06 1.3 JST L1260 055 -,005 =020 -.005  L00H
079 .061 .02y -.001 L0010 .018  .o27 1. LOT7 L056 L0150 L0001 .026 .063 L0079
-.021 =,02% -,021 ,002 .04 L08% 100 1.5 -.020 -.026 =096 005 059 L106  Li2d
-.101 =.090 =-,055 003 .068 (116 13k 1.6 -.098 -.,089 =-.05% 006 .0y0 .113  .128
=137 =.118 -~.066 003 067 ,1c8 122 1.7 =133 -.11% =062 005 .058 .08 .093
-.120 =.107 -,053 .002 .obk 065 Lo7I 1.8 -1 =006 -.007 L0038 .o%o .03 L033
-.062 =,050 =-,022 ,001 .0C3 .005 .GOZ 1.9 =.050 -.ogs =017 .,000 -.006 =.02% -,033
.013  .01% 013 000 -.026 -.092 -,062 2.0 013 L0186 .016 =002 -.036 =-.069 -.082
.106 .031 052 =002 -.053 =,088 -.100 2.2 .03 08y L0500 -.002 -.0lg -l077 -.08
L0500 L0810 020 =001 =.011 ~.013 -.012 2.0 ohg 038 016 -.001 =002 L0236 .01
-.061 -.054 ~.033 001 .038 067 .078 2.6 -,059 —ﬁ% =.033 .00l .oho ﬁP L081
-.078 -.067 -.036 - 001 033 . .053  .OCO 2.8 -.076 -.08% -.03% ,co1 ,027 .obo .obk

007  .008 .00 L0000 =093 -.025  -,03i
073 .06 0 L036 -,001 -,037 =062 -.072
.036 030,015 L0000 =011 =016 -.017
-,0%} . -,038 -.02 .000  .026 -.0%6 .ogh
-.058 =0l -.,02 000 026 .o o043

DRIEND DDMHENDG EMENG OO MOEMNG OGO i b -

L0070 009 L0285 000 -,018 =035 -.0k2
LOT1 L0681 L035 -.001 -.035 -.058 -.066
035  .029 .01  .000 -.006 =.006 =.00%
-,043 -.0%8 -.023 000 027 048 .026
- -, 048 ~.026 .000 ,022 .035 LOhO

L0058 005 .00k 000 -,008 -.016 -.019
W05 048,028 000 -.028 -.048 -.085
028 - ,023 ..012 000 -,010 -,015 -.016
—.ogh =030 =018 o000 L020 035 .04
-.0% =-,039 -.022° .o0c .,021 035 .04

Wels, L0006 L0058 ,000 =011 -.021 =,026
.05 JOk7 027,000 -.027 -.046 -,052
L0271 .022 .01 000 -.007 -,00Q -,009

-.033 -.030 -.018 .o00 L0200 .03 .0WR
-.045 =038 -.021  .000 .013  .030  .O03h

CotnETND el ER O
=
wn
o

L00L  .00% 003 000 «,005 =,011 -.013

TNy AT e Ee Wlawlow LAV I U S L]
. - . . .

R A A A A TR

¢ .00% L0035 004 000 -.007 =015 -.018

.05 L03%  ,022 - .000 =.023 -.039 -.0M5 2 .okl 038 .ozz 000 -.022 -.037 -.0W3

.02 019 . 010,000 -.008 =,013 =-,015 Y g2 018 009 ,0OD =,006 ~.009 -.00D
-.028 -.025 -.015 000 .G16  0Z 032 6 =028 -.024 -.015 .o00 .016 .029 .O3h
=038 =033 -.018 000 .017 .029 .03k 8 -.037 -.032 -.008 .00 .016 026 .030
L00%  Look o003 000 .00k -.008 -.010 0 .00%  .oof .00 L0000 -,006 =.011 ~.013
L0038 033 019 .000 -.019 =.033 -.033 2z .03 03z .o L0000 =018 -.031 .36

.01 016 . .009 000 -.007 -.012 =,013 Jm .0:5  .c08  .0D0 =006 -,009 -.010

-, 024 -,021 =012 ,000 .013 .023 .cej 6 -.024 -.021 -.012 .coo .01k .02k Lo2B
=032 -,028 -.016 000 .0i5° 025 .029 § -.031 -.027 -.015  .0DC  LO1%F 023 .06

0 .00k .003 .002 000 =003 =.007 =-.008 L ,003  ,003  .003 .0CO -.00% -.005 -.011
2 .33 ,028 016 ,000 ~.016 -,028 -.032 .20 .032 027 L0156 L0000 =016 =.02] -.031
Y 016 .o1% 007 .000 =007 -.011 ~.012 A o.016 L0130 007,000 -,005 -,008 -.00
& ~.021 -.018 =011 .0c0 ,011 .020 .023 J£o=,021 =018 =017 L0000 L0120 L0210 .02
8 -.028 ~,02% -,01% 000 .013 W22 026 {.8 -.027 -,023 -.013 .000 012 .020  .023

W0 003 .003  .002 000 =003 =006 -,007 8.0 .003 .003  .092  ,000 -.00% -,007 -.008

[ RN ENER NP
e
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9.2.2 Tangential Doublets (cont.)

Ba=0-25, Bb=2'75, G, =1-117 Ba=0-5, pE=2-0, Gy =1-478

c/A 0% 30°  60° 90° 120° 150° 180° efd 0 30" 60° 90° 120° 150° 180°

1.000 718 322 21y 2or 16k 137 1.000  .769 .3%7 g8 221 300 330
1*]

.076  .05G  .00T  .005 .00 .099 117 .osé .050  .012 =005 .01F  (0W6 .08

019 =028 .03 008 .069 113 .127 .02 028 027 .000 050,097 .15

.0
.92% 661 298 206 .200 L157 .129 a0 w926 L7113 a8 L2230 301 330
16 w505 231 18 a8 133 103 2 L7230 .551  .B6G 166 .227 300 .3E5
Jdes 289 .139 Lk 148 .033 062 . Jd3g o 328 16k k6 225 287 307
J21 065 Lobs o7 a10b 0 Loh1 008 ?4 .132 096 089 120 211 .58 0 .267
=131 =116 ~.029 065 ,051 =-.020 -.05% 5 =105 =-.093 =026 .092 .178  .201  .200
-.2%1 -.218 -,069 027 =005 -.081 ~.11% 2 -.252 -.20% -.07 063 126 121,109
=313 =.230 -.ogo =002 -.056 =,132 =,161 g -.287 -.222 .07 L037  .060  .027  .005
=202 =166 =011 =020 -.093 -.161 ~,183 B =220 =163 =088 L0168 =.007 -.064 -,091
=109 =059 003 «.028 «,110 =167 =175 9 -.09h -.05% -, 001  .000 ~.062 =.132 =.160
1 035 052 Lolg -.028 -.102 -.131 -.13k 1.0 .0k 050 .05 =010 -,095 =,162 w.1
1 .11342 28 0 069 -.021 <07k -.076 -.070 1.1 .k .126 073 =01k -.ogg -.1%9 -.123
1 183 151 L0688 -.011 -.031 -,00 006 1.2 a7 ok o <013 -07F =098 -.102
1 .155 .11 .0k -0z .0t%  ,05 -073 1% 37 118 051 -.010 -.032 -,026 -.019
1 1. -
5
X
8
.9

orEne oduowdn FLhib bolindn Hohib

) - - 1 - - -

i ~-.096 -.088 -.08% 009 .066 .09 .10 1 -.038 -.088 -.05% .00y .067 113 .129
1 =130 =.111 -.0% L006  L0MF 081 L050 1 =120 =111 =, 060 .005  .D61 .033 103
1 =14 -.ogz -.0 L003 L0101 003 -,012 | =111 =092 =0k 005 .035 o5 .oWs
1 =059 =.0k2 -011 -,001 =-,022 -.083 -,066 1 -.056 =083 =015 .003 .001 -.013 ~.020
2 012 018 020 -.003 -,045 -,082 -.095 2.0 .05 L0188 o1y LoD -.oao «.061 w074
2. 101 .08 L7 2003 -.0l2 -,059 -.062 2.2 101 087 .obg =002 -.049 -.0B0 -.0090
2. L0803 .012 000,009 .027 "%ﬁ 2.k 0k 036 015 =002 =006 -,001 .00
2.6 «.058 =.053 =033 .002 .0M2 070 .0 2.6 =.059 -.053 =033 .o00 038 .06y .07
2.8 =075 =.062 =031 001 .020 .02% ,02% 2.8 -.074 -062 -.033 .o02 ,029 044 .09
3.0 ,007 .00% 010 -.001 -.023 -.005 -.053 3.0 .008 ,009 Q0% .001 -.015 =.031 =.037
3.2 .07 060 034 -,001 =033 -.091 -.057 3.2 .070 080 .03% =001 -.035 -.058 -.067
3.4 .oﬁh .02 011,000 -,001 006 010 3.4 o34 027 013 -.001 -.008 -.009 -.009
3.6 «0b2 -.038 =02k 001 .029 050 .058 3.6 -.02 -.037 -,023 .000 .026 .0M6 .oau
3.8 -.055 =047 =025 001 L,0f9 .027 .029 3.8 =055 -.0b7 -025 001 .02y .037 .ORR
Y0 .05 .006 007 .000 =-.01% -.028 -.o’% Yoo o006 L0066 L0968 .01 =009 =019 -,023
J2 053 .0M6 026 <001 -.026 -.0%2 -0 Y2 .053 .04 L0BA  .000 -.02] =.045 -.052
Y. 027 022 010 000 -,003 =-.001 .00Q Y4 026 .022 .01] -.001 =-.008 -.011 =.0]}
4.6 -.OR ~.029 =018 000 021 .38 .ol S -'Oﬁ -.029 -,038 000 019 035 .ol
4.8 -, -,037 =020 000 L0016 ,025 028 4.8 -.0 -.037 -,081  .000  .019 L0331 .035
5.0 ,00§ .005 .005 .000 =-.010 -.019 =-.023 5.0 .005 .005 .00 .000 -.006 -.013 -.016
5.2 .013 .03 .021  .000 .02] =-.035 =-.040 5.2 .04 .037 .01 000 =021 =-,037 -.0k2
5,4 .22 .01 008 000 -.00% =004 -,00% 5.% .21 .08 .009  .000 -,007 =.011 =,01
5.6 =027 ~.024 ~.015 000 ,017 .030 .035 5.6 =021 =-.02% -,01% L0000 016 L0288 .032
5.8 =,036 =,031 =017 .0C0 ,01% 023 .025 5.8 -.036 =,031 -,017 .002 016 ,027 .03C
6.0 004 004 .00k .ocO -.oog -0t -.017 £.0 .o0%  Loob 003 .000 -.005 =.010 -.012
6.2 .036 .031 018 000 -.018 -.030 -.03% 6.2 .03 .031 .018  .000 -.018 -.031 -.036
6.4 ,018 .015 .00] .000 -.000 =-.005 -.009 6.5 018 .015 008 000 -.006 =.010 .01
6.6 =,023 ~,021 =012 .000 .01k .025 ,029 6.6 -.023 =-.020. -.012 .00C .01 L0231 027
6.8 =031 =026 =014 000 013 020 ,023 6.5 ~.031 -.026 -.015 .0DD .0} .023 L0256
7.0 .003 .00F 00 L000 =006 =011 =-.013 7.0 .00%  .003  .003  .000 -.00 -,008 -.009
1.2 031 w027 .01 L0000  =,015 «.026 =.030 7.2 .031 027 .06 .000 =.015 -.027 -.031
7.4 w015 .01 006 o000 -.00k -,005 -,006 7.4 015 0 .07 .000 =,006 =.009 =.010
7.6 =020 =018 -.011 000 ,012 ,021 .025 7.6 -.020 -.01B -.011  .000 .011 020 .0Z23
7.8 =027 =.023 -.013 .000 .011 018 .021 7.8 -.027 -.023 -.013 000 .012 021 .02
8.0 .003 .003 .003 .000 -.00% -.009 .01 8.0 .003 .003 .002  .000 -,003 -.006 -.007
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9.2.2 Tangential Doublets (cont.)

Ba=0-35, pb=2-35, G,=1-516 fa=0-5, BB =30, Gy =1-272
cfA O 30° 60° 90° 120° 150° 180° efA 0° 30° e0° 90" 120° 150> 180°
0 1,000 W3 L350 215 .22y 215 202 L0 1,000 L7037 310 .193 128 .02 -.012
.1 ,929 688 .326 209 ,219 .208 .195 0 .928 631 .28 186 122 026 -.019
.2 .132 538 261 L1900 205 188 172 .2 .30 507  .231  .165  .103  .007 ~.037
.3 L4960 03300 L1700 L1610 L1800 L1583 .132 'i JAE3 3060 0151 L133 075 ~.023 -.066
. 66 L1720 076 126 bk L1038 .07 . L1595 .096 068  .056  .03] =.06C =.101
5 -,078 =.068 .000 .088 .0 08 Lon .5 =087 =076 .000 .G57 =.005 -.098 -.135
6 =228 -.175 -0k .053 .ozg -.027 =059 .2 -.24? =179 -.029 .oz; -.046 -.120 -.161
.g =270 =.198 =.05 022 «,016 -.083 =121 .g =284 =200 -.047 ~.006 =.079 =.149 =.171
B =21t =148 =033 ~.001 ~.062 -.134 =,162 8 =230 =151 -.029 -.02F =068 =148 -.160
9 =100 =056 00K «.015 091 -,152 a,172 L9 =115 =061 002 =032 -.099 =.124 -,125
1.0 ,027 .0M1  ,039 ~-.021 -,006 -.138 -.1%8 1.0 .013 .035 .013 -.032 =.081 -.081 -.072
1.1 122 110,060 =.021 -.OTE =095 =.09 1.1 .112 L1020k -.025 -.089 -.025 -,008
1 ,159  .132  .058 =.C16 .04k ~,03% -,02 1.2 .15%  .12h ok -.015 =009 032 .05
1 .135 .10k L0317 ~-.009 «,002 .ogg L0l 1.2 3% L099 028 -.00 028 .08 .09
i 065 .ok .00k -o02 036 .0 .099 1. .069 .04l -.001 .00k L0535 .10t 117
1 -.019 =.027 =028 .oo0% .059 .10% .120 1.5 =.013 -.025 -,029 009 .06% 097 .106
1 =087 -.080 «.049 ,007 .063 .096 106 1.6 =081 -0 -, 045  .010 .05 .068 .069 .
1.] =117 =100 =052 007 QW7 .OB1 .0G 1.% =112 =094 -.045  Loco 031 023 .016
1 - 102 =082 <036 .005 ,019 011 .00 1.8 =.099 =.077 ~.02 005 .000 =025 =.037
i =051 ~,037 =.009 .002 =,013 =.033 ~,05C 1.9 -,051 =034 -,00 001 w028 =062 «.076

013 018 .c19  .0GQ H?B =.072 =,085 2.0 011 .018 .02 =.003 -.0b% -.07B -n?
L0092 ,079 .03 =,003 -.082 062 -.06T 2.2 .08 076 .04 =.005 =.033 =040 =040
L0h2 032 L¢i1 -.002 QU 08 L0295 2.4 .o\ .029 007 -.001 .01 036 .0k6
=054 ~,00g =031 .001 .03 065,079 2.6 =052 -.088 -.031 .002 .038 .062  .069
=.068 «.057 =~.029 .002. .022 .029 030 2.8 -.066 -.054 -,025 .coz .01% 012 .009

008 009 010,001 -.019 -.038 .0k
JLO6F 056 032 =.001 =,031 -.050 =.057

007 L0100 012 000 -,02 046 -.oih
.063  .09% 030 =002 -,028 =-.0k2 a.0b6

oM O

031 025,010 -,001 -,003 .001 .004 .030 .023  .008 ~.001 .002 .012 .017
=039 =035 =022 L0206 o025 .o¥6  .053 -.038 -.035 -.022 001 .027 .0M6  .053

B oe,051 -083 e023 L0017 019 .028  .031 -.050 -.0l1 -,021 ,001 .015 .019 .02C
.005  .006  .006  .000 -,01] =.023 -,028 005 .007  .007 000 w,.01% -029 -.035

.0k .03 o2k Lo00 e.02h -.00 -,0l8 .0k .oz .02} -.001 -.023 =-.036 -ﬂ%

.02 .020  .009 ~.001 =005 ~.00% ~,003
=, 03] =027 =-.017 000 019 .03k .oko
-0 03% -.019 .000 .,016 .C25 .028

.024 019,008 ~.001 -.001 .003 .005
-_030 ~.027 =.017 .000 ,020 .035 .OM
oko -.033 -.017 .001 .O1% L0200 .o21

[ |
oEMN O

DREND ERD Mo oo ThENT e Wwhoa oW e

0ok .005  Lo0h 000 -.008 <016 =.019 0 .00k .00 005,000 -,010 =020 -.02L
.0lo L0335 020 .000 =.020 ~.0%3 ~.035 20 .09 .9 019,000 -.019 =,031 =.035
020 .06 008 .000 -.005 =.006 =006 A L0190 015 00T .000 ~.003 =.001 .0QO
=025 -.022 -,014 000 .01 .027  .0%2 b =025 ~.022 -.01% .000 016 ,028 .033
=033 =.029 =-.016 000 .0 .02z .025 8 -.033 -.028 -,015 000 012 018 020
008 00k .00 .000 -.006 =.012 ~.01% O .00k ook o0k 000 -.007 -.015 -.018
.03k Loz L017  .000 =017 =.028 -.032 2 .033 .028 .016 .000 =.016 -.026 =.030
017 .00 L0077 L0000 -.005 =,006 =006 QL0160 013 L006 L0000 =003 =.003 -.002
-, 022 -.013 -.012 000 .013 .023 .026 L o-l021 -.012 -.012 ,000 .013 .02} .027
=029 -,02% -.013 .000 012 .020 .Q22 B =028 .02k <013 000 011 017 019
003 053 .ooa .00 =,005 =000 -,D11 0 .00 ook oo L0000 =006 =011 -.011
.02 025,01 2000 w01k <02k -,028 20 .02 025 .01 L000 -.014% =023 -,026
.01 012,006 000 w004 =006 -.006 Ao 01 o1 005 000 -.003 «.003 -,003
-,019 =017 ~.010 .000 011 .019 .023 .6 -.013 -.016 =.010 .000 .011 .020 .023
-,025 =021 =012 000 .011 .018 .020 8 -,02k -021 -.,011 .000 010 015 LO17f

o —J=l—l. =3 AN Cy IV e WWLWW proromR
- [ . e > . s e s . M M

O3 —~J-I=d—d—d OOV ON WAL e e e oo Lol
. P . h kb . .

[a]
(]

.003 .003 .002 000 ~.00% =,007 =.009 .003 .003 .003 000 -.00% -.009 =01t
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9.2.2 Tangential Doublets (cont.)

Ba=0-73,
c/A  0° 30°
0 1,000 752
L
3 e 3%
. 208 191
5 =027 =024
6 =77 -.1%2
L] w227 =l
f e
.9 =050 =.Ch9

1.0 .021 .03%
1.1 .10 .095
1.2 .13 W11

1.3 .1 .0

1. .05% .03k
1.5 ».021 «~.028
1.6 =081 «.074
1.; =105 ~.090
1. -.030 -.072
1.9 -.0l3 -.030
2.0 .016 015
2.2 .08 .073
2.4 036 027
2.6 =052 =.047
2.8 -.062 =052
3.0 002 .010
3.2 060 .052
3.2 028 .oai
3.6 =,037 =.0

3.8 -.oﬁy -.oﬁo
Yo o056 .007
o2 04 0k
Ly o2z 018
Y6 -,029 =-.026
%8 -.038 -.032
5.0 .005 .005
5.2 .03 .032
5.4 .o ,015
5.6 =024 -,021
5.8 =.031 =-.027
6.0 .00k .ooh
62 .031  .cey
6.4 015 .01

6.6 ~.020 -0

6.8 -,027 =.023
7.0 .003 .00

1.2 .027 .02

7.4 o1 .01
7.6 =.018 =.016
7.8 -.023 «,020
8.0 .o;3 003

Bb =225,
60°  90°
3% 181
a2 L178
+26 167
182 151
096,129
025 103
-.018 .0
-.030 048
-.016 ,023
011,003
L038 -.0m
.033 -.018
LOUg =019
028 «.0i6
«,002 =,000
-.o%o -, 002
=04  ,00h
~-.046 .00
=030 .00
-.005 006
.020  .003
0o =00
L008 -,00
-.030  ,000
=026 ,003
L10 L002
.030 =.001
.009 -.002
=021 =.001
~.021 001
006,001
.2 .000
008 -,001
=016 000
-.017 0
.005 001
019,000
.007 ~.001
=01 000
=01 D00
L0003 ,001
018,000
006 -,001
=011 000
=012 000
.00 ,000
01 ,000
005,000
=010 .000
=011 000
.002 Q00

120°

.198
1537
192
.180
157

.121
073
015
-.031

=068

-.08%
ot
-01

.023

.ohg
.0
ot
.023
-, 007

~.031
Zioko
.000
.03
.023

-.016
~.030
-.005
023
L0139

-.009
-.023
-.006
a8
Rl

-.006

-.019

-.0
o1
.013

..005
-.016
~.035
012
012

-, 004

-.01

-.00
.010
.010

-.003

Gl :2'015
150° 180°
222 ,22)
218 218
200 199
77 166
135 .116
078 oM
012 -.ogg
=053 =.0
-, 106 =,138
=135 m=.160
-.133 ~.143
-.10T =104
=-.047 ~,039
2015 030
. 066 .0%5
055,112
.09 105
.06 .068
018 01k
-.029 =,0k0
-.06h .07
=062 =.06
012 L018
081,071
031,032
-.033 -.0ko
-.0kg .. 055
-.002 000
.02 okg
029,031
-.020 .02
=035 =.04
~.006  =,005
032,037
.025 02
-.01% «.017
~.032 =,036
=007 =,007
025 030
022,02k
«.010 =,013
-.027 =,031
-,007" =.007
021,024
019 022
-.008 ~.010
-.023 ~.026
-.006 ~.007
.018 o2t
017 .019
=006 ~,008

27

Pa=0-175,
cr 00 30
LD 1.000 731
.1 .933 .g%e
2 748 .56
.% oo L35
. 213,152
.5 =.02% ~.020
L o-a80 <12
.g -.236 =.16
G =203 -.133
W9 =111 =-,063
1.0 =003 .017
1.1 .083 .076
.2 ,123  .098
1.3 110, 080
T. .57 .03k
1.5 =011 =021
1.6 =067 =.062
1.@ -, 092 -.oga
1.8 ~.081 -,063
1.9 =041 ~.026

2,0 .02 017
2.2 .076 065
2. .33 023
2.6 =047 .03
2.6 -.057 -.04
3.0 ,008 0710
3.2 .55  .0b8
3.4 o2 .019
3.6 —'Oﬁ =031
3.8 ~.0l3 -.036
Lo .o o007
Y2 oody 03
LY o0 L0
he -.027 -.gob
4.8 -.035 =~.029
5.0 .00k o005
5.2 .,015 030
5.4 017 .013
5.6 =.022 ~.020
5.8 =029 -.02%
€.0 .o0h ,o0d
6.2 .02 .025
&1 .o .0M
6.6 -.019 -.017
6.0 -.025 -.o2d
7.0 .003 003
1.2 .025 o022
.4 012 Lo
7.6 =017 -,015 -
7.8 =021 -,018 -
8,0 ,003 ,003

Bb=2-75,
60°  90°
3% 207
323 L2010
267,184
189,158
107 .12
037 .083
=009 .05
-,027 .023
-.020 =-,00]
001 -,018
LO023 ».026
036 -,027
L0034 <02z
018 .01
005 =00
026 .00k
-,038 .009
=036 ,010
-,022 ,008
-.001  .005
,ozg 001
L0344 -,00
L00% -.OGE
-,028 o0l
=022 003
011 001
027 =.001
L006  -,002
-, 020  ,000
-.018 001
L007T 001
021 -.001
006 =.0G1
-,019  .000
-.015 001
L005  .00]
.01 .00
L006  -,001
-,012  .000
-.013 001
L0000
.01%  Loco
L005  =.001
-.010  .000
~.011 000
L003 000
.013 .00
005,000
L009 000
010,000
002,000

120°

157
.153
.139

+11
(o

042
000
-.039
-.0R8
~-.081

=, 076
=055
- 022

012

039

053
050
-033
.00
01

-.036
=032
208
033
015

-,019
-, 026
Q00
.023
015

-.011
-.021
-.002
L0VY
013

-.008

-.017

-.00
.01
.on

-.006
-0t
-.003
211
010

-.005
-.012
-.003
LG10
.C09

-, 00}

G, =1-735

150°

082
076
059
.030
-.007

-.018
-.08
-1

-, 128
-.119

-.088
-,041
0N
«057

.089
069
031
-.013
-.0lg

-, 068
=042
.027
056
016

Z:oh
.008

.0l
020

~.02%
-.034
.000
.03
019

-,016
-.028
-.002
029
014

-,012
-.024
-,003
.020
016

-.010

-.021

-. 004
.01

01

—.008‘

180°

0%3

.03

Rl
~,012
-.0ig

~.0
~.i2k.
- 145
~.148
=127

~.085
=029
029
077
»102

L100
072
026
~.023
-, 062

~,080
~,043
036
.06k
01k

-,046
-, 04}
L0712
L0487
021

-.029 °
~.038
.002
06
.021

-.020
-,032
-,001
029
.019

«,015

-, 027

~,00
G2
018

=-,012
- 024
-,00k

020

_ .06
=

-.009




9.2.2 Tangential Doublets (cont.)

Ba=0-75, Bb=3-25, G, =1-185 Ba=1-0, Bb=12-35, Gy, =2-160
/A 0° 30°  60°  90° 120° 150° 180° ¢/A 0° 30° 60° 90° 120° 150° 180°
L0 1,000 .68a .300 .17b .02 -,063 =.11: 1,000 L7400 342 191 160 108 L0
d 0 .93 L8639 281 168 .%7 «.06 mn% .937 .6 3@ J% .158 .0 mg
.2 38 502 229 .18 ok2 L0788 -a125 L7683 .56 27 178 1500 08 052
'i JA66 311 156 L1190 020 -.09% -.136 . 517 .33% 204 162 135 L0683 .02
. A77 0 L1090 079 L0831 -008 -a101 -lg . 2520 L1 129 b o1 w028 -0
S5 =070 <061 .00 O 38 -.125 ;J? . L0210 021 L0631k 078 -011 =095

=230 =166 -.02 012 068 =131 -,1lg -.135 =090 018 .08F .038 -.092 -.093

-.2BF -195 -.0%3 -.015 .08 -.122 «.132 =200 =.13% -,00% .053 =.003 ~.036 =-.127

-.203 =.158 ~.03 -.023 -.088 -0k -.100 -.181 =116 -.00% .02} -.038 -.106 -.132

9 =180 ~.079 =011 =080 079 -.069 -.055 -, 106 =.060 ,007 .000 =.060 =.107 =.121

1 ~.018 ,008 .012 ~.039 -.057 =.02% =-.003 1 -.01 L008 021 -.017 =-.066 =-.086 «,088

1 .08 o1h 027 -.031 -.ogg .023  .oby 1 .06 060,028 -.026 =,055 ~.048 -.03%9

1 L1300 101 028 =019 L0 062 .086 1 102 .08 o224 -,027 -.031 =002 L0159

1 .123  .087 .06 =.006 .037 .086 .105 1 «.022 -,001 042  ,0f2
1 1 -

.0ﬁ3 LO66 009
.okg

071 .00 -.00%  L00F 053 .0%0  .100 L013 .026 .01 .090

1 ,001 =,01% w022 .011  .05% .072  .OT3 1 -,008 -,018 -.02§ -.c03 .04 .0B0 .093
1 -.060 =057 =.032 .01 o1 L037 .030 1 -,057 =.053 =-.G34 .0c06 .0W5 .0B6  .O70
1 ~.081 =.079 =.031 .012 ,017 =005 =-.018 1 -.079 =.066 -.030 .011 .033 .03% .030
1 -.083 -.oég -.017 ,008 -.c09 -.042 -,058 1 -.069 «.052 a.016 .C12 .012 -.006 =.016
1 =05 ..02 002 .00 =-.031 =.066 -.079 1.9 =.033 =,020 .003 .009 =.012 =-.041 -.05h4

.007 015 020 -,002 -,041 -,069 .07
074 062,030 -,007 =-.02% -,021 =,01
.Oﬁﬁ .023 L0017 ~.003 Lol 043 .05k
Jols -,0k2 027 002 .033 .051  .056
056 =085 -,019 o0k 008 .000 ~.005

012 017 .02l .00k -,029 -,061 -.073
L0866  .057 .030 =.005 =.031 =.041 -.043
.G27  .018 oo -.006 .00k o222 L0390
o3 -.040 -.026 ~.001 030 .052 06O
-.050 =-.0% -,018 004 016 .017 .016

T ooTT D ToT ...
A EMD WwEAowW EFR NSO 0 0o OV

[AS VIR LIS )

NNNNN - ) L
HREND ORIERND Do W NwD Lo FWN oo

007 L0110 L0130 .00t -,023 -.045 ~.05
055 .0 L0258 -,002 -,023 -.032 -.03
.ozz .01 005 =,002 .00 018 ,02h
0

043

L0090 L0117 L012  .003 =.016 -,03% -.0k2

050 .oy 02k -.00% - -.02h =038 -.02

022,016,005 -.003 =-.002 .00 00
-.032 -.029 -.019 =,001 .021 .G3 Lok
039 =032 ~.016 002 ,015 .020

-.032 =.020 .000 .02 .o Lok
-,036 =.017 .002 .011 .012  .0lC
L006 L0077 008 001 -,015 -.029 -.035
b3 .037  .021 -.001 -,020 -.030 =.033
020 .01 005 -.001 L0001 Q07 .010
=027 =.025 ~.016 000 .0i8 032 037
-.035 =-,029 -.015 001 .011 .Cl¥ .01

L006 007 007 .002 =010 =021
039 .03k ,019 -.001 -.019 =-.032
018 .ok 005 -.002 -.003 =.001
-.025 =023 -,015 -.001 .0la 028
-,031 =.026 «,01 ,001  .013  .019

DRENDT END
ConEM D

ook 005 006,001 -.000 -.021 =-.025
035 L0300 017 L0000 =016 -.026 -,030
017,013 .005 =001 =001 002 .00d
-.023 ~.020 =.013 .000 ,015 .026 .030
-.029 =-.025 =-.013 001 010 ,01% .05

.005 .09 .005 .001 -.007 =.01h
032 028 016 (000 -.016 -.026
.015  ,012 005 =.001 -.004 =-.003
-.021 =.019 ~.012 000 012 .023
.26 -.022 -.012 001 011 .O17

.00 .o00% 004 .000 ~.007 -.015 -.018
030 026  .015  .000 -,01% -,023 -,026
Lot L0117 005 -l001 ~002 L0000 L00%
019 =,017 =~.011  ,000 012 .022 .05
=025 -,021 =011 .GOC .00 014 015

.00k .00k .00k 001 -.005 -.01%
L027  .023 013 000 =013 -.022
013 .G1C .005 -.001 -,004 .00k
-.018 -.016 -, 010 .00C 010 .019
-.023 =019 -,013 .00l 010 .01

CahEN D  tethiER O
¥

.00 .00%  .003 000 -,006 -.012 =-.07% 0 .003 .003 .003  .COT1 -.00% -G08
.02 .022 .01 L000 =,012 =.020 =.023 2 .023 020 .012  .000 =.011 .01
012 010 .00 000 =002 =001 =.001 y L0117 L00 L00%  =,001 -,003 =.00
«,017 =015 =,009 .000 .010 .018 .02 .6 =015 =014 -,008 000 009 016
.5

-.022 -,018 «.010 .000 .o08 .013 .01k -.020 -:017 -.009 .000  .009 La1d

o ===t [ oW Vo No No SRR AN LS LS L0 ) ) e e e WL Wlolo
- m v s e & e s v - P, -
o ——=I—=d—1—l @O OOy IV s Wlololwow
v - e S . PR ) . - Y

O mhrhD DMENO ohEno
¥

003 .003  .003  .001 «,005 ~.010 -.012

=)

003,003 002 .000 =.003 «.007
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9.2.2 Tangential Doublets (cont.)

Ba=1-0, gb=3-0, G, =1:654 fa=1-0, Bb=3-35, G, =0-991
efd 0% 30°  60°  90° 120° 150° 180° c/d 0° 30°  60°  90° 120 150° 180°
Q0 1000 718 337 .20k 109 =012 -.065 0 1.000  JEAY .28 L1582 019 -.099 -.138
g .95 671 319 98 ioh -016 -.069 1 .930 .61é 262 abs Lo15 -o100 =138
.2 .96 Sk 269 18 092 -.027 -.07 .2 737 LuBh .213 26 003 =10k -.138
-3 503 360 198 156 -0{1 -0 .09 3 LhEY  Lzs7 %k 098 -—01h -108 -036
P 230 8% 2o 123 ok3 -.065 -.110 .2 71 L0970 L0700 063 -.03% -.110 =130
.5 -.008 -.00k 052 .086 .12 -08 -2 .5 -.08 =071 .07 .02] -.05% -.108 -.107
& =170 =.116 004 050 =,020 =.089 -.12 bo=246 -7 =036 - 006 -.070 =.098 =-.0%6
.7 ~.236 =160 =021 .017 =.046 =.104 =.121 'é -.306 =.209 -.033 - 032 -.079 -.079 =-.066
.5 =216 =111 -,023 -.009 =063 -.095 =.100 B =268 -175 -0 5 -.018 -.076 -.051 -.029
.9 =135 =.081 =012 -.02] =.067 =.072 -.065 L9 =166 -.098 -.028 -.09% =062 -.016 .01

1.0 =033 -.008 .003 ~.036 -.057 =-.037 =-.021 1.0 =040 -,009 =.005 -.050 =-.039 .020 .050
1.1 .05 050 Lo1h -.035 =036 003 .025 1.0 w067 L0610 012 -.038 -0 052 080
1.2 .1c2 .08 .06 -.0280 =00 L0l 063 1.2 .26 096 L0019 -.023 .01% 071 05k
I.% Jap1 .00 008 -017 .01 067 W08 1. .1go L0290 L0714 -,006 .OE L079 .09
1. 063 .036 -.06 -.005 .037 .076 .ol Lf 087 051 002 o088 L0k8 Lo6T L06)
1.5 .006 =-.007 =-.018 006 .04k (065 .070 1.5 .02 003 -.011 L017  .odk ol Lo3h
1.6 -.0bh m0% -.025 .012 .038 .039 .035 1.6 -.080 -,08 -,019 .020 .0P9 .007 =-.007
1.; -.071 =.058 =.022 .014% 021 .00k -.007 1.7 =.07/ -.061 =.019 017 .008 -.c27 =.0l3
| 1.8 -.067 -.08g -.011 .012 -.001 -.030 -.OWk 1.8 - 75 -.056 -.010 .01l —.01h -.052 -.058
| 1.9 =-.037 ~.022 005 .007 =.021 =.053 =-.066 1.9 =089 -.029 .00% .00 -.031 =062 -.073
2,0 .005 012 .018 .00t =033 -.060 -.069 2.0 =.00% 007 .016 -.004 -.036 -.055 -.058
2.2 .060 .050 .024 -.007 ~-.02 --023 -.019 2.2 .06 .050 .021 -.010 -.016 -.001 008
2.4 .ozg .017 =.001 «.006 .011 .0% .0l5 2.0 .033  .020 =.003 -.00 015 Loby .028
2.6 -.03 -.036 -.02% 001 .028 .0b6 091 2.6 -,oag -.03% -.022 .00 028,039 .ol
2.8 -.086 -.037 =015 ,005 .010 .003 =-.001 2.8 -.c48 -.037 -.013 006 .003 =-.011 -.019
3.0 .008 .010 .012 002 -,019 -.038 -.0b6 3.0 .005 .010 013 .001 -.023 -.083 -.0%)
3.2 0k .ok .022 -.002 -.020 -.030 -.032 3.2 .047 .00 021 -.003 -.019 -.022 .02
3,4 .020 .01% .003 -.003 .003 .01k .0]9 3.4 o2z .03 .001 -.003 .00 .023 .oio
3.6 -.030 -.028 -.018 .000 .021 .036 .0k 3.6 "-.030 -.028 -.019 .00 .022 .036  .OMI
3.8 -,036 -.030 -.01% 002 .01 012 .OM 3.8 -.038 -.030 -.093 .c03 .008 .0dk  .oO
Yo .006 .cO7 008 002 -.012 -.025 =-.030 Y0 006 .008 .009 .0O1 -,015 -.030 =.036
Y2 .037 .032 .018 -.001 -.018 -.,027 =-.030 .2 .038 033 .018 001 .01 =02 -,026
4.4 .o17 .013 .00% -.002 .000 .005 .008 Y%y 018 L0133  .003 -.002  .003 .01 L016
4.6 -.024 -.022 ~.01% 000 016 .028 .03 4.6 =-.025 -,023 -.015 .000 .O17 030 .03
4.8 -.030 -.025 -.012 .001 010 .01 .0 4.8 ..031 -.026 -.012 .002 009 .00% .008
5.0 .005 .005 .006 001 -.008 -.017 -.021 5.0 ,005 006 .007 .031 =.010 -,02] -.026
5.2 03¢ .026 .01 000 =.015 «-.02% =027 5.2 .032 .028 .019 =-.001 -,015 =-.023 =.025
5.4 .otk .01t .00% =-,001 -,002 .00 .002 5.4 L0155 .01 .003 -.001  ,000 .00 .008
5.6 =.020 -.018 =-.,012 .000 .013 .023 .026 5.6 =.021 =-.019 -.012 000 .01% o2k 028
5.8 -.025 =021 =011 .00V .009 .0 015 5,8 -,026 -.022 -.011 001 008 .o11 .ol
6.0 .00% 00k 004 001 -,006 =013 -.015 6.0 .00 .oU 005 Lo01 =008 -.016 -.019
6.2 026 .022 .01 ,000 w.012 =-.021 =023 6.2  .02] .c2 .013 .000 -.013 =.020 =.02
6.% .012 .009 .00 =001 =,002 -.001 .000 6.1 .o .10 ,003 =-.001 =.001 .002 .00
6.6 =-.017 =-.015 =-.010 .000 ,010 .013 .022 £.6 -.018 -.016 =.010 .000 .01 .020 024
6.8 «.022 -.018 -,010 .001 ,008 .013 .01 6.8 -.023 -.019 -.070 001 008 .omt .ol
7.0 003 .o00% 003 .001 ~.005 -.010 =012 7.0 .003 o0l .00k L0001 =006 -,012 =.015
7.2 .22 .019 .011  .000 =.011 -.018 -.021 7.2 .02 .020  .012  .000 -.011 =.018 =,020
7.4 010 .00 .00k -.001 -.002 -.002 =.001 7.4 011 .00 L0031 -,001 -.001 000 .002
7.6 =.015 -.013 =.008 .oc0C 009 .016 .09 7.6 -.016 =.01% -—.009 ,coc .010 L0177  .020
7.8 -.019 -,016 ~.008 001 .008 .012 .013 7.8 -.020 -.017 -.009 .001 .00 .010 .011
8.0 .03 .003 .03 .001 -,00% -,008 ~.010 8.0 .003 .003 .003 .001 =005 -.010 =013
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9.2.2 Tangential Doublets (cont.)

Ba=1-25, pb=2-75, Gy =2-101 Ba=1-23, Bb=13-25, G,=1-564
cfAa  0° 30°  60°  90° 120° 150° 180° c/A 0% 30° 60° 90° 120° 150° 180°
.0 1.000 .227 30 L2008 13 Lo21 -,035 .0 1.000 .693 322 192 072 -.057 -.10
.1 .939 .6B83 .32 . .20% 131 L0177 -.03% a0 .536 .65 305 187 .0eB =089 -,10
.2 L7700 561 .28 153 122 007 -.050 .2 .38 529 258 169 056 -.06% -.170
% 529 388 216 B 105 <011 -.065 : g 506 .35% 191 .1k2 038 -o72 -.m12
. .268 .200 1% 150 081 -.032 -.083 . 233 161 .17 1e8 L0185 =079 =101
.5 .037 .03 o8 . .051 =.05% -.100 5007 =005 051 L070 -.010 -.084 -.105
b -.121 =018 .03 .08 018 =073 =.110 6 =173 =118 001 (033 =034 082 -,092
g =199 =.123 .00 L0k8 w01k -.o% -.109 E =285 =164 -.026 001 -.052 «.073 w.070
B =061 2121 «.006 016 -.040 -,08%F -.099 B =220 -18g 2033 -.027 -.062 =055 -.0l
. .9 =125 ~.07Th -.00k -011 -.05F -.069 -.068 .9 w151 =093 -,026 083 -.060 -,029 <,007
1.0 -.037 =.01 Q03 «.030 -.035 -.03 -.030 1.0 =04 =.02: -.012 -0k —0by o001 .c2B
1.1 .ok » 008 -.038 -,003 <009 012 1.1 oM oho Loo1 -.0l5 -l027  .03C 057
1.2 .086 .06k 007 -.036 -.021 .025 ,0k9 1.2 .098 073  .007 =-.03] =002 .02 075
1.% .08 060 000 -.ozz .oog 052 073 1.3 L1007 072 005 =00 L0 062 .07
1. L0577 ,032 -,010 =,01 02k ek Lo79 1. L0759 .ok6 -.007 -.002 L03% 058 L0863
‘1,5 .009 =-.00% -.218 .000 036 .059 .05 1.5 .02 .007 -.009 L0117 037 .ok 036
1.6 -.0365 -'OP =081 .010 .03 039 .036 1.6 =028 -.028 -.013 .09 .030 .ok .o02
1.& =060 =.018 .01 016 .02 D09 -,001 1.7 =.060 =087 =011 020 .01} -.G15 =.03]
1.8 =058 -~.041 .00 ,017  .006 =,022 =.03 1.8 ~.063 =.04% -.00% (016 -.004 -.038 -.05%
1.9 =.032 =018 .007 .012 =.013 -.044 -.05 1.9 «.081 <02k 005 L0090 -.020 -.050 -.0RI
2.0 .003 .01l 018 005 -.026 -.,052 -.062 2.0 =006 .oob o1k 000 -.028 -.0¥7 -.052
2,2 .051 .ok 020 =008 =023 =,023 -.020 2.2 -.0k7 L0393 .015 -.011 =017 =-.006 .002
2.4 .023 ,01h -,004 -,009 007 o029 038 2.4 o2 L0l6 -.004 008 .mz 037 .0k7
2,6. -.033 -,031 =021 000 025 .ch1 .oly 2.6 =028 -.027 -.008 .o02 .02k .03} 036
2.8 =039 -.031 -.011 006 011,005 .00l 2.8 -.038 -.029 -.009 .027 .005 =-.007 =.0%h
3.0 .008 .010 .013 .00k -.015 «.03% "-.0M1 3.0 005 .009 .012 .00 ~.017 =.036 .03
3.2 .obo .035 019 -.002 -.019 -.028 -.0%30 3.2 038 032 .0i6 -.003 -.017 =-.020 =-.020
3.4 .01 L011 001 -,00% 0Ol 011 076 3.4 .017  .011 =001 -.00 005 018 .02k
3,6 -,02] =.025 -,017 -,001 .018 .033 .038 3.6 =025 -.02% -.016 000 .018 031 .035
3.8 -032 -026 -.012 L0033 .011 012 .01l 3.8 -.030 -.02% -.010 003 .00B 005 .02
Yo .006 .008 .008 .003 -.010 022 -.,02 Yo ,o005 .007 .009 002 -.012 «.025 =-.030
b2 .03 029 016 =.001 =016 =025 .02 b2 032 027 .05 -.000 -.015 =.021 -.023
By Lol L0100 ,002 -,003 -.001 00 .006 4% Lo1% 010 .001 -.003 .00F  .009 012
Y6 =022 -.020 -.013 =001 014 026 03D 4.6 -021 =020 -,013 000 .01k o255 Lo2%
3.8 -.026 ..022 -.011 .00z .010 .DI3 .01h 4.8 -.026 -.021 -.01C .c02 008 .009 .008
5.0 .oog 006 006,002 =007 =015 -.019 5.0 .005 006 .006 002 -.008 =018 -.022
5.2 .02 L0284 014,000 =.013 =-.022 =025 5.2 .027 .023 013 =.007 =.0'3 =.020 =.022
5.% 012 .09 .003 -,002 -,002 ,000 .002 5.4 .012 .009 .002 -.002 .000 .GOL  .006
5.6 =.019 -.017 =.011 =001 011 ,021 .02} 5.6 =018 =06 =011 000 012 .021 .02k
5.8 -.022 -.019 -.010 ,001 .009 .013 .0k 5.8 -022 -.0i8 -—005 o011 008 o0 010
6.0 .00% .00k .00k L0071 «.005 =.011 -0t} 6.0 .oob L0055 .005 .001 -.006 -.013 =.016
6.2 .023 .020 .012 .000 =011 =019 =,022 6.2 .023 -020 017 000 =.311 =.C18 =-.020
6.% .010 .008 003 -.001 =.002 -,001 -.001 6.% .00 008 .003 w.C01 -.001 .00 .003
€.6 -.016 -.01%4 -.009 ,000 .009 017 ,020 6.6 «.016 =.01% -,009 .cO00 ,0i0 017 .020
6.8 =.019 -.016 =008 001 008 .012 013 6.8 -.019 -6 =008 .01 007 010 .00
7.0 003 .00F 003 .001 -.00F -.009 ~-.0M 7.0 003 .00k  .00% 001 -.005 -.010 -.m%
7.2 .020 .018 010 .000 =.010 -.017 -.019 7.2 .020  .017  .010  .000 ~.010 ~.016 =.01
7.4 .oog .007 .00 =.001 =,002 =.002 =002 7.4 .00 007 03 -.001 =000 .002 001
7.6 =.01% <012 -.00 L0000 w008 L0135 L017 7.6 ~.01% 012 .00 Qo0 w008 o, 00T
1.8 <017 -.01% =008 001 .007T .01l .012 7.6 =017 =014 -.007 .00 L0GT  .009 .010
8.0 .003 .003 .003 001 =-,003 =,007 =-.009 §.0 ,003 .003 003 .00 =.003 ~.008 -.010
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0.2.2 Tangential Doublets (cont.)

Ba=1-25, pb=3-175, G, =0-931 Ba=1-3, Bh=3-0, G, =2-186

ef/A 0° 30° 60° 90° 120° 150° 180° c/d 0% 30° 60° 90° 120° 150° 180°
.0 1,000 638 2By 110 019 -.092 -.103 .0 1,000 _708 .32 207  .105 =-,028 -.086
.1 .930  ,591 227 .10% -.022 -.091 =.101 .10 .9ko 866 .71 203 L102 =030 =.087
2 .136 Jeo 8 ol -.oio -.090 =,096 2 7T 550 273 190 Lo92 -'OﬁG -.090
ﬁ T .2g? 118 o599 -.0ly -.087 -.087 2 537 .3 213 168 075 -0l5 -093
. 167 .083  .o% .027 =.057 -.081 -.0T3 . 279 L2030 136 139 .052 -.055 -.0Gh
.5 =087 -.08 ~.010 ~-.007 -.069 =.070 =.053 5 048 0d3 Lo .10k 025 -.063 -.09
6 =256 186 -.050 =-.036 -.07§ -.054 -,028 6 =116 =071 .03} 066 -.00h -.067 -.08
é =317 =~.217 =.065 =-.088 -.gg =032 .000 g -.195 124 001 .028 -.0P9 -.06% -.068
B 280 18 =060 -.069 =.069 -.006 .G30 B8 =194 122 -.013 =,006 =047 -.053 -.0bk
9 w175 =~.104 -,039 -,060 -.052 .020 .057 -9 =133 =080 -.015 =031 -.055 -.030 -0k
1.0 =086 «.013 =.015 -.039 -.028 oM .o77 1.0 =04 =022 -.0i0 -0l =-.051 =,009 .07
1.1 067 .062 .00§ -.042 «,002 061 .o% L1 .03 .030 -.005 -0l ~.037 .016  .OW4
1.2 .1%3 L1000 L0177 =021 021 L0867 .080 1.2 0B 059 -.002 -.ch2 -.016 038 063
1.% L1h2 .092 L0177 =.001 .027 .039 061 1.2 .092 061 -.003 -.028 Q05 .050  .067
). L1020 .06 00,015 .ok .oko .o32 1. J067 03§ =007 =.011 .023  .050  .058
1.5 .03 .015 =-,001 .025 .037 .013 -.003 1.5 .022 .006 ~.010 .cofh .031 .038 .036
1.6 -.030 =~.031 =-.009 .027 .022 «.015 =-.03 1.6 -,023 =-.023 -.010 .08 .030 .016 .006
1.5 -.ogg ~.057 =.011 .022 .003 «.039 .05 1.& -.051 =.03% =.007 .023 .019 =-.008 .023
1.8 -.081 ~,05] ~,007 .013 =.06 «.052 =.066 1.8 ~.055 -.033 .000 .021 .00h -,029 .0%5
1.9 -.059 =.03 .00 002 -.028 -.051 =057 1.9 =-.037 =021 .008 .01% ~.012 -.001 -.053
2.0 «.017 =004 ,010 =,00] =.031 =-,036 =-.03& 2.0 =007 008 o1k ook -.o22 .01 «.048
2,2 .052 .02 013 =013 -,010 .01% 026 2.2 .0k0 033 .02 -.011 -.018 -.008 -.001
2,4 ,037 .022 -.003 -.006 013 .085 .o5h 2.4 .02k 013 -.006 -.0m .007 .030 .0k
2.6 =025 025 =-,016 .006 .023 .025 .023 2.6 =.023 -.023 -.016 .001 .020 .030 .033
2.8 -,043 -,032 -,00] .008 .000 -.020 -.030 2.8 -~.032 -.020 -.006 .008 .007 -.00F -.001
3.0 001 ,006 012 ,001 =-.021 -,038 -~.04} 3.0 .0od 008 .012 .005 -.013 -.031 =.03
3.2 .039 .033 .015 =-,005 -.01% -.011 =00 3.2 032 027 0% -003 015 -.018 -.00
3.4 _020 .013 -.002 -,005 .009 .027 .03 3.4 0% 009 -.002 006 L0022  .015 .02t
3.6 -.025 ~.,02% =016 ,001 .019 .030 .032 3.6 =022 =020 -.01% -.001 .015 027 O3
3.8 =.033 ~.026 =-.009 .00k .00 ~.003 ~.008 3.8 026 =020 -.c08 .00k .008 005 003
Yo .oco% .00 009 002 -.015 -.029 =,035 Lo 005 .007 .008 .00y -.009 -.022 -.C27
b2 033 .02 015 <002 =014 =018 ~.018 b2 o2y .02 L013 =001 =013 -,019 -.C21
434 05 .010 001 -.003 .00% .015 .020 Y4 Jom go 000 =003 L0000 097 .01
4.6 -,022 021 -,01% 000 .016 .026 ,030 b6 «019 -.017 =012 -.0M  .012 022 .026
4,8 -.027 =~.022 -.009 .002 .006 .00% .002 4.8 -.022 -.018 -.008 ooz .008 008 .00
5.0 .00 006 L007  .0G1 =010 =.022 -.026 5.0 .005 .006 .006 .002 =-.007 =.016 =~.019
§.2 02 .02k 013 -.001 =013 -.018 -.020 5.2 .023 020 .011 -.001 -,011 -,018 -.020
5.4 ,013 .009 002 -,002 .002 008 .012 5.4 .01c 007 001 -.002 =001 003 005
5.6 =019 =018 -,012 .000 .013 .022 .02 5.6 =.016 =.015 -.010 =-.001 010 .Q1§ .022
5.8 «.023 =~.019 -.009 ,002 .007 .007 .0O6 5.8 =013 -.016 =-.007 Q01 007 009 .009
6.0 .00% 005 .005 .0Q1 =.008 =.017 =-.020 6.0 .cob  go5 005 .o02 -.005 -.012 .01k
6.2 .025 .021 .012 =-,001 =-.011 =.017 =~.019 6.2 .0620 .0i8 .010  .000 -.010 -.016 -.018
6.4 .011 008 .002 ~,001 L0000 .0OS5 .007 6.4 o0 .006 .Q02 -.002 «.001  .001  .CO2
6.6 =017 =015 =010 000 .011 .019 .Q22 6.6 -.014 =-.013 -.008 -.co1 .08 .015 .08
6.8 -.021 ~017 -,008 ,001 .007 .008 Qo8 6.8 -.017 -1 -.007 .001 .007 .009 .0O9
7.0 .00k oc04 ook 001 -.006 -.013 =-.016 7.0 .00 .00k 004 001 -.00% -,009 ~.OM
7.2 022 .19 .00 .000 =.010 =.016 ~.018 7.2 .01 015 009 000 -.009 -,01% -,016
7.4 L0100 007 .002 =001 .000 .002 .00 7.4 008 o0k .002 -.000 -.002  .000 L,OO1
7.6 =.015 =013 =-.009 .000 .009 .Q16 .019 7.6 =.012 -.011 =.007 .000 .00 .01 .015
7.8 -.018 ~.015 -007 .001 .006 .008 .0OB 7.8 =.015 -.012 ~.006 .001 .0O oog .009
8.0 .003 .00 ,00F L0071 -.005 -,01F =-.Q13 8.0 .003 .003 .003 L0001 -.003 =-.007 -.009
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9.2.2 Tangential Doublets (cont.)

Ba=1-5, 8b=3-5, G, =1-661 Ba=1-3, 8b—4-0, G, = 1-007
¢/A  0° 30°  60° 90° 120° 150° 180° 0° 30°  60° 90° 120° 150° 180°

hz)
-

.12 076 007 -.012 L0210 .obg Losy

1.000  A7TE 290 L1586 030 -.065 -.090 1000 607 193 W50 -.057 =061 -.037
937 .6%1 .275 .T%O .026 -.osg -.089 .930 .E61 st .0?5 -.099 - 050 =,035
61 .511 .232 L1353 .017 ~.066 -.086 -338 J36 B3 029 .05k -.097 -.029
512 3k e 106 002 -.067 -.080 J65 260 086 006 -.072 -.051 =019
24 56 101 073 =016 ~.066 -.070 72 oph Lces -c21 -079 -0k -.005
001 -,005 039 .037 ~.035 =.061 -.056 -.082 -.08h -.027 =047 -.08F o030 012
- 166 =.115 -.008 031 -.052 -.052 -.037 =251 -8y -.081 -c63 -8y -oth 030
=202 -167 -.ois -.029 =062 =.038 -.013 =315 =212 -.073 =082 -077 004 L0 ﬁ
~.230 =188 -0d2 -.050 =06k -.C13 L0712 =28 -a77 - oés -.085 -.062 023 .06
= 154 =.08% -.035 -.061 -.057 .003 .036 =176 =100 =043 -077 -.0k2 039 Lo7h
1 -.ogg -.020 w020 -.060 -.0%1 02k 0% 1 =04 =010 =016 =053 -.017 ,051 .075
1 WG4t 038 -006 -050 -.020 L0M ohy 1 L068  L08% 007 -.036 .07 0595 L06B
1 0% .073 .o0b -,032  .003 050 .06y 1 J136 0 L1030 .020 <011 027 050 .050
1 - 1
1 1

1 é L1020 .023 0 L0110, L0393 036 .022

L08% 05z 005 .o06 .032 037 L033 .10 L6g Loy w02y oM 015 -.00
1 032 .05 000 020 .03% 018  .005 1 OB L0190 007 035 .03k -.008 -.07n
1 -.020 =-.021 =004 026 .025 =.005 .02 1 =027 =028 =.00 033 .018 028 -.0%0
1.7 =056 =013 =005 025 .017 =026 -.0d} 1.] -.07h -.057 -.c08 025 000 -,042 -.058
1.8 «.065 =005 <002 018 -.00% nﬁg H%% 1 =087 -.061 -.008 .02 -.016 -0k -,053
] -.048 ~.029 ook 008 018 -l - 1 ~.067 -.082 -.003 =,002 -.026 ~.036 ~.035

-.016 -,005 008 -.003 -.02% -.032 -.032
00 032 o8 -,15 =013 .ad7  .018
.030 018 =005 -0 .01 L0395 .obh

=018 =.019 -0 .02 .019 022 021

=03} =025 -.00 029 .003 —.01h -.p22

=026 =011 ,003 =012 =027 -.019 =.01C
048 L0388 L0077 -.018 -8 Loz 037
.0k2  L026 =002 -,005 017 .03 .04d

=017 =018 =010 ,009 019 ,012 .00 -

-0 -.03¢c =.00% 010 -,002 -.02F -.0%5

[AS BN IS RN ¥

.000 005 .00 .003 =015 -.031 -.036

030 025 .012 =.008 -.013 -.011 -.006 001 ,009 001 -.018 -.031 -.03}

1
jo]
o
o

- L032  ,027  .010 =007 =011 =,002 g0k
016 010 -.003 -.006 L0035 .020 .027 ol o 03 ook oo 027 .03k
=019 =.013 -.013 .00 015 .02k ey -.018 -.01B -.012 002 .0l .oe2 .02P

COREND GRERNE o HUN-D VHa o oo O

=025 -.020 -.006 035 .005 -.001 -.00 =.029 =,022 ~.006 .006 ,003 ,009 ~.C15

.

. N I T T T T T T
ROV E N O Com:.-n.)b oo EN O D Co—d Ondt = — O O T O LN = O

004 008 008 003 =.011 -.02b ..C28 001,005 003 .002 ~.013 =026 =.031

[ea¥e NoaNeLWo QRS LU, LW, L8, LN ] b e = Wilolololy oo

(=)

3
3
3
3.
3
o b B
2 .02 022 012 -~.002 =.012 -.015 .01 . 7
Y o2 008 000 -.003 002 .01? .032 4. .07 .023 .01 -.003 =011 =011 =.00§
6 =018 <017 -1 000 013 .022 .02 hhoo.0th 009 001 .00 L005 017 022
B ..021 -.017 -.007 .003 006 .Co% 002 b6 -.018 ~.0i7 =012 000 .01% o022 o2k
4.8 -.023 -8 =007 .00%  L02% -.001 -.00h
.0 .00k 005 o006 002 -.008 -.018 -.021
2 .023 020 L0101 -.001 =.011 -.015 =.017 29 -0 05 007 002 -.010 -.02] oSt
4 .10 007 .01 -.002 .001  .00B  .009 2.2 .0z3 021 .01 -.002 =011 -.013 -0
6 =.016 =015 «.010 -.001 .01 .01 02 5.4 .01 007 000 ~.003 003 .01 o1l
8 -.019 =015 -,007 .002 .006 .006 .00% 5.6 =.017 =.015 =.010 ,000 .012 020 022
5.8 =020 -.016 =007 .002 .00 .003  .002
0 .00k .0 .00 .001 =.006 =013 =,016
2 .020 .o?? _013 -.001 =009 =000 -,016 £.0 .0O%  .005  .006  L001 <008 =016 -.020
4 009 006 .00] -.002 L0000 .OD3  .005 6.2 .022 .019  .010 =.001 =010 -.01% -.0I5
§ -.01h -.013 -.008 .o00 .009 .06 .01B 6.4 009 007 .00 -.002 001 .00T .0C9
B .06 =01k 006 001 0CE 007 007 6.6 =015 =014 -,009 000 .00 .017 .020
6.6 =018 -,015 -.006 ,001 005 005 .0Gh
7.0 .00 .00% o0k 001 -.005 .01 -.013
7.2 .01 .015 009 000 =008 -.013 -.015 7.0 .003  ,00h L0055  L0D1 -.005 -,0i3 -.014
7.4 008 006 002 -.001 -.001 002 .003 7.2 .019  .017 .009 a.00F «.GO9 -.ovﬁ o1l
7.6 =.012° =011 =007 .000 .008 .01% .06 7.4 .008 006 .001 =031 ,000 00 . 006
7.8 =005 -012 -.006 .00 .005 .OO7 .0GT 7.6 -.013 -.012 -.008 .ooo 008 015 .17
7.8 016 -.013 =006 L0017 005 .Oo06 .006
8.0 063 .003 .003 .00] =.004% -.009 -.01]
8.

.003 00k Look 001 0005 -.G13 -.Cl1%
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9.2.2 Tangential Doublets (cont.)

Ba=1175, Bb=13-25, Gy=2-416 Ba=1-75, Bb=3-75, G;=1-808
c/A 0° 30° 60° 90° 120° 150° 18O° c¢/d 0% 30°  60° 90° 120° 150" 180°
.0 1000 686 302 177 L062 -.043 -.077 L0 1.000 .68 .251 101 =016 -.050 -,040
-1 .gk2  .6M6 288 172 .039 -0k -,077 00938 6oy .238 096 -.019 -.050 -.038
.2 .78 535 .51 198 .oz -.0% -.075 .2 .j65 Jhge 132 .08) -.c26 -,0l8 -.,01h
.g 48 377 .196 135 034 -okg -lojd .% 5190 3300 0 057 =.036 -,046 «.,026
. 293 .20 .13F 0 o105 L01d -.051 -.063 . 251 .15% 082 028 -.0l8 -0l -,015
.5 .05 050 075 070 =-.008 -.ogo -.052 5 .01 =001 026 =003 =.099 =.033 =.00]
£ =101 w060 .023 .033 -'Oio -.0h5 -,037 6 =156 =107 =.016 -.031 =.067 =-.022 .01k
.é -84 —.115 -.00d -.002 =047 =-.037 =,017 .g -.23% -.133 -.040 -,093 =-.069 =-.009 .oao
B =188 =116 =020 «.031 =057 -.027 005 8 =226 =182 -.046 -.066 -.063 .006 .Ck5
.9 =133 -,078 -.023 -.050 =-.057 =.006 .026 .9 =155 =.091 -,038 -.069 -.050 .021 .09
‘ 1.0 -.050 =-.02k -.018 -,057 -.048 .02 .obk 1.0 =.056 =-.020 -.022 -.060 =-.031 033 .059
| 1.1 .029 .026 =.010 -.ogb =031 028 .059 1.1 036 .036 -.006 -.0bk - 009 .039 .ois
1.2 .079 .096 =-.00% -.0k0 -.010 .%8 '%é 1.2 .0%5 .07l .006 -.,022 012 .039 ,OQud
1.3 L0917  .060 =.001 =.021 .010 .00 .0 1.2 L1100 .07 L0110 000 027 .031  .025
1. 069 .0k2 -.001 =-,001 .025 .033 .030 1. 084 w3 o1 18 L0395 .08 Lo02
1.2 .02 '01é -.002 .012 .035 .018  .007 1.2 .033 .017 L0006  ,030  .033 .000 =-.020
1.6 -.018 -.018 =~.002 .02 .02 .0C0 -.o1g 1.6 =-.018 -.019 ,001 .033 .023 -.017 =.037
1'% - 048 -.036 -.001 .028 .017 =-.018 -.03 1.5 -.055 =-.0M1 -.002 .027 .009 -.029 -,045
1. -.036 -,037 .003 .023 .003 =.030 =.045 1.8 =.067 =.04 =,002 .017 -.006 =-,03% -.043
: i.9 =-.0%2 -,024 006 ,012 =.011 -.03% -.0k2 1.9 ~.052 =093 .000 ,003 -,018 =-.030 -.0%1
2.0 =.014 -.00% 003 ,000 -.019 -,028 -,029 2,0 -.021 -.,009 .00} =.009 ~.022 -.018 -.012
2.2 .03 .oy .00 =016 =015 .003  .013 2.2 .037 .029 .003 -.019 -.011 .01% 02
2.4 027 .015 =.006 =012 .00 .02 .037 2.y .03k o217 -.00% -.008 .00 029 .0%
2.6 =015 =016 =011 003 .0I7 .020 .019 2.6 =.012 ~.013 =008 .007 .06 012 007
2.8 =029 -,021 -,002 .01} .005 -.010 «.018 2.8 -.033 =-.023 -.001 .011 .002 «,017 =.026

0 =001 .00h 010 005 011 =026 -.031 @ -.006 .000 .008 (002 -.013 -.024 -.028
2 .ozg .021 009 =,005 =.012 -.010 «.008 2 .025 ,020 .00] =.007 =.010 =-.003 .002
Yy oo .008 -.003 =-.,007 .003 .017 .023 Yooy 010 -.003 -.007 005 .020 .027
g =016 =015 .01 .000 .013 .021 .02 g =011 -1 -,010 .001 .07 018 019

-.021 -.016 -, 004 005 (006 .0QO .00 -.022 -.016 =-,003 ,006 .00k -.006 -,011

003 005 008 .00k -.008 -.020 -.c2b 0 .001 .00% .00 ,003 =009 -.021 -,025
.g22  .019 010 «,002 =,010 =013 =,013 2 .021 .018 .008 -.oog -.009 =.,009 =,008
L010 L0006 -,001 -,00% L0017 009 .013 ¥y .011 007 -.002 -.0C .003 .01 017
, -,015 =.01% ~.010 -.001 .01Q .01? .021 6 =011 -.o:ﬁ -.009 ,0C0 .01 .01 .020
-.018 -,01% -.005 .003 .006 .0O .002 8 =018 -.o1% -,005 003 .00% 000 -.003

L0000 006,002 w.006 =,015 =,0]
019 017 .00§ =.001 =.009 =.013 -.01
008  .005  L000 . 008
009 L016 019

L003 .00Y 006 002 -.007 =.016 «.020
.019 016 .008 -,002 «.009 -.011 =,011
.008 005 =001 -.0C3 .001 ,008 011

oonEMD oEho
'
=
[
(=)
]
IS
o
]

O EMN o

«.014 ~.013 =,009 ool -.013 =.012 =008 .000 .00 016 018

-,016 =,013 -.005 .002 .005 .00  .005 -.016 ~.013 -.005 .002 .00 .003 002

.0 .,c03 00k 00 .002 -.005 =.011 =-.Clh 0 .003 .00k 005 002 -.006 -.013 =.016

2 .07 015 008 -,0c01 -.008 -.013 -.01% 2 .01 .05 008 -,001 -.008 -.011 -,012

Y o007 005 .001 -.002 -.001 .00 .00k }  oo7 .005 000 -.002 .000 .00 .007

€ «.012 =011 =.007 =001 .007 .01 016 & -.012 -.0i1 -,007 ,c00 .008 .07 .06

| 8 ..otk -.011 -.005 .001 005 .006 .006 8 «.0t% .01 -,005 002 .00k .00k .00d

.003 .00k ook 001 -.00% 011
.015 (013 .007 L0000 -.007 -.012 -.013
.006  .005 .001 =-.001 =.,001 .001 002
011 -,010 =-.006 .000 .006 .012 .01h
-.012 -.010 -,005 .001 .005 .006 ,006

2
p¥al
|

.003 ool 00X 001 -,005 -,010 =.013
.015 .01 2007 =.001 =007 =.011 «.,DI2
006  .o0h 001 -.001 .00 003 .oo'i
-.011 <010 -,006 ,000 ,007 .02 01
-.012 =010 =005 0ot Lo0h 005 005

o —l=—=d—=d—d OV CNOR IV IR = i
. e P
Coh =N O

OO === = O OV wnauionunsn e wlowio s

o mhEho
)
o

.03 .003 003 .001 =.003 =.007 =.009 .003  .003 .003 .0O1 -.004 -,009 -.010
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9.2.2 Tangential Doublets (cont.)

Ba=1-75, Bb=4-25, G;=1-043 Ba=2-0, Bb=3-5, G, =2-544
/A 0° 30° 60° 90° 120° 150° 180° c/fA  0° 300 60° 90° 120° 150° 180°
.0 1.000 577 .135 -.007 -.087 -.028 .o23 .0 1000 6BE 273 132 .013 -.039 -.037
A .9%1 .333 Az -012 -.087 -.027 L0235 .10 .94y 626 267 127 010 -.039 -.036
20 e J07 -02h 2089 -023 Lo2g -2 .7 921 227 113 002 =039 -.032
'ﬁ Qg8 .2hs o571 -.oB1 -.091 -.017 'OﬁS -i 596 L3100 17T .092 -.010 -.038 -l026
d 76 087 005 -.060 =091 =009 Lobk 4305 L2050 1210 L08% -.02% -.036 -.017
5 =078 =084 =038 -.077 -.083 001 .0 .5 .08 057 067 .032 =033 -.032 -.005
b =248 -.179 -.027 -.089 -.080 .013 .02% .6 =688 -.051 023 001 -.052 -.028  .008
.g =314 =206 -,07% -.092 -.067 025 .06 SIo=175 ~106 =007 -.027 =060 =015 022
B -8 -2 -.083 -.086 - ous .025 068 8 -84 -0 =022 -0b7 -0f0 =003 -0“3
.9 =180 =096 -.040 -.070 -.02%  L0OL2 063 .9 =135 =076 -.025 -.058 -.053 010 oL

1.0 =.051 =.009 =019 =_04 .coc .ok 093 1.0 =056 =.025 =.020 -.058 -.038 .021  .oho
1.1 .08 .063 .017 -.020 022 .0bo 036 1.1 .020 .022 -.011 -.047 =019 029 .OWf
1.2 .32 .102 .025  .006 .ozﬂ 030 .0Th 1.2 .02 052 =003 -.029 001 031 .38
1.3 by 101 028 o270 boolon -.009 ]'ﬁ .086 L57 002 -.008 019 027 .02

1. 108 088 L022  .039  .ok2 -.001 -.030 1. 068 0 .po3 o1 0300 017 .09

1.5 .ch2  .019 .010  .0h2 031 -.020 -.0% 1.9 028 013 003 025 032 .02k -.015
1.6 =.027 =.028 -.001 .035 .0V -,032 =-.052 1.6 =015 -.015 002 032 .026 =.010 ~,030
1.7 -.07h =058 =008 (022 -.00k -.037 -.0k7 wg 015 —033 oo 029 .01k -.027 -,038
1.8 -.088 -.063 =.010 .006 =.019 -.033 =.033 1. --035 -.036 002 020 .00C =.027 =.037
1.9 =070 =085 -,008 =-,000 =-,02] -.02] =.012 1.9 =043 -026 003 007 =.012 =525 <027
2.0 =029 -.015 -.002 -.020 =.02( -.004 010 2.0 =017 =007 .cob -l006 -.0192 -.018 -.011
2.2 .0 537 .05 -.021 -.006 .02G .0 2.2 o3z o2k w001 -020 -.01% o100 LGE2
2.4 .o47  .030 L0000 =003 LC1E .0RY  .030 2.4 o2g 097 -.005 -,c10 006 .02k .030
2.6 =.0]2 =.Ci3 =.006 013 017 .001 -.009 2.6 =001 =011 -.007  coy L0150 .01 .007
2.8 -0 -.030 =008 012 =002 -.025 ~.035 2.8 -.028 -01% .00 L0413 005 -.013 -.022
3.0 «.011 «,00b 006 -,001 =,016 =.022 =,022 3.0 -.005 ,000 008 ook -.010 -.020 .02k
3.2 .028 .o .007 =.010 =.00¢ .005 .0I3 3.2 .021 .07 .006 -.007 -.010 «.003 .00
3.4 o233 .01k -003 -.006 L0O0B L0255 L035 3.4 015 008 ..008 o008 oo2 016 .o22
3.6 =.013 =.013 -,005 .co% .mL Lol 012 3.6 -.011 =.011 =.003 _.¢co1 .01l 315 .01
3.8 -.027 -.019 -.003 .007 .001 -.012 -.019 3.8 -019 -0 -002 006 .00k -.00F -.009
Yo -.002 002 .00 L002 =012 «.022 -,025 Yo (000 003 .007 .00% -.007 =.017 =.021
b2 o2 C1G 008 =005 =.009 -,005 -,001 Lz o7 018 007 -.003 -.008 - oog 007
Lo 008 -002 008,005 L0017 .02 Ly o0 005 -002 005 001 010 .015
46 w0t 013 a.00 001 L0120 017 .01 4.6 =011 011 =008 -001 009 .01%  .017
1.8 -.021 -.016 -.00 00k 003 -.005  ~.009 4,8 -.015 =012 -.003 .00k .00k .000 -.002
5.0 .o01 .00k 007  .o02 -,00% -,019 -,02 5.0 .002 .00k (006  .003 -.005 -.01% -.017
5.2 .ceo L0l 008 -.002 -.009 =-.009 =,00 5.2 .016 .01 .007 =.00} =.007 =.010 =.010
5.% ,010 ,c06 =.001 =.003 003 .012 01§ 5.4 co7 ook -l001 -003 000  .007 .009
5.6 =.013 =.013 =-.009 .020 .00 .016 .08 5.6 =.011 =010 -.007 -,001 .007 .0I3 .01
5.8 018 -.1% -.005 003 .00 000 -.002 5.8 -.013 =010 =004 o2 ,00% .003 .00
6.0 .003 .0O4 006 .002 ~.007 =.016 =.01% 6.0 .00 200k 005 002 .00 -.017 -.013
6.2 .018 .016 008 =.001 =008 -.cl0 -.012 6.2 .01 -012 006 -.00] =.007 =.010 =.010
6.4 .00B .005 .000 -.032 .002 L0088 L0l 6.1 o006 .c0d 000 ..002 .ODG .00 006
6.6 =,013 =,012 -.008 .00 ,0G 015 0 .017 6.6 =010 =009 =006 -.00; .006 .012 .01k
6.8 =016 <012 -.005 .002 .00 002,001 6.8 -.012 -.009 -.00% oz .o0d .00k .03
7.0 003 .oob 005 L0011 -.006 =.013 -.015 7.0 .003 003 GO po2 .00k a.009 -.0M
7.2 017 .otk L0086 =001 =007 =.010 =011 7.2 013 .01l L006 001 -,006 ~.003 «.010
7.4 ooy co5 olae) 002 001 005 ood T4 005 .00k 000 -002 000 .003  .0O04
7.6 =012 =011 =007 000 008 013 .05 7.6 =005 =008 -.006 L0000 006 .01D 012
7.8 <014 ~011 -co5 001 L00h L003 003 1.8 -.010 -.009 -.00k  oo1 .00k .004  LoO
.0 .o03 .00k 00%  LG21 -005 -011 =013 8.0 003 003,003 .001 -.003 =.00] -.009
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9.2.2 Tangential Doublets (cont.)

Ba=2-0, Bb=4-0, G, =1-828 Ba=2-0, Bb=4-5, G, =0-977
efdA  0° 30°  60° 90° 120° 150° 180° efA 0° 30° 60° 90° 120° 150° 180°
.0 1,000 .6%2 217 .030 =054 -.030 .clo .0 1,000 ,S5h7 120 -.0b9 -,097 -.003  .055
930 2 205  .ols -85 <.025 .0l . .921 506 10§ -.052 -.096 =002 .05
2 768 P 71 .033 -85 -.027 .01k 20 7k 390 078 -.060 -,095  .001 05T
ﬁ 52k 318 .21 .013 -.CBh -.023  Lo2¢ % 468 228 035 =071 -.092 .00 059
. 257 k9 L0687 -.010 =070 -.01 027 . 75 057 -.010 =082 -.0B6 011 060
.5 .01 ,001 .017 =-,033 ~.073 =-.010 .035 5 =080 =088 -.047 -051 -.077 018 061
W6 =151 =102 =021 =053 =.072 =.00] .oi3 6 =252 -.17% =068 -.0893 -.063  .025 06O
g =232 -.188 -0l -066 -,065 .009 .04 7o=.320 -.20h -.072 -.0BB -.0¥5 031 055
8 -228 =138 ~0l5 070 =053 018 052 8 -289 -89 -099 -.07h -023 0 L0335 W04
.G =161 =.0890 =036 =.0685 =.035 026 .050 .9 =189 =096 -.035 -.053 000 035 .035
1.0 -.063 =,026 =020 -,050 =.,015 .031 .0¥3 1.0 =059 -.010 =009 =027 021 .032 .019
1.1 .028 032 -.00% =030 .006 .03 .03 1.1 .08 L0611 -.001 .38 o2k o0
1.2 .08 .07 L0088 =007 .02% .025 .015 1.2 a2 .099 026 023 .0 .012 -.017
1.% J06 .072  Loth Lol 035 L0156 -.003 1.3 % o9 o290 L0390 .08 001 -.032
1, 083 .om2 .01k 022 L0377 003 -.02D 1.h 10 LcE7 o2z 085 039 -.015 -0
1.5 .036 .017 .009  .036 .031 -.010 =-.033 1.5 .ob5 .y 010 L0k2 029 -.025 -.086
1.6 =.015 =017 .003 .03k ,013 ~.021 -.oio 1.6 -.023 -.02] =002 030 .006 =-,030 =,04
1.7 =.092 =.0k0 -.002 .02b 004 -.027 -.038 I'é ~.071 -.057 =10 01k -011 -,028 -.029
1,8 =065 -.0¥5 -.004 .00 -.010 =.026 =-.028 1.8 ~.087 -,062 =013 =.00% -,02% -,021 =-.0N1
1.9 =.092 =.033 -.003 -.004 ~.020 -.018 -.012 1.9 -.065 -.0b5 -.011 -.018 -.029 -.008 008
2.0 =022 -.01! =001 =,016 =021 =.036 .006 2.0 ~.030 =015 =006 -.026 =026 006,025
2.2 .036 .028 001 -.021 =016 L0183 03] 2.2 .0k 037 .00k -.020 -00% 026 .03
2.4 036 022 -002 -.005 011 .02 025 z.%  .ob3 032 o084 002 018  .019  .015
2.6 ~.009 -.010 =00k 012 .015 .00} -.005 2.6 -.011 =012 -,002 01§  .016 =006 -.019
2.8 -.033 -.023 .000 Q13 .2 -.018 -,027 2.8 -.00% -,031 -.002 .012 =-,002 =,023 =,031
3.0 =.009 -,go% L0066 ,001 -,012 -.018 -.019 3.0 -.015 -.006 .00% -.00F -.015 ~.01% -.0m
3.2 .022 .0 .00% -,009 -,009 .003 .00 3.2 .027 .02l .00k =013 -.008 .010 019
3.4 .ot19 .01 =003 -.007 .00k 099 o2 3.k 026 .016 -.002 -.006 008 .021 .02%
3.6 =.000 -.010 -.007 .003 .011 .012 .O11 3.6 =009 -.010 -.006 .006 012 .008 .003
3.8 =021 ~.015 -.001  ,007  .003 ~.009 -.014 3.8 -.027 =019 -.002 .00 .01 -.01% -.021
Yo ~.002 .001 .006 .003 ~.008 -.017 =-.020 Y0 -.006 -.001 L006 001 =.010 -.C18 -.020
L2 .08 .0i5 .006 -.004 =-.008 -.005 -.002 L2 02 .016 005 -.006 -008 .C00 005
Ly on 007 =002 =005 003 .013 .18 L.y 015 L0053 =002 -,005 005 .017 .022
4,6 -.010 -.010 -,007 .000 009 013 .OTk 4.6 =010 -.010 =007 002 016 012 Q12
4,8 -.016 -.0i2 «.0)3 .00k .003 -.003 -.006 4.8 -.019 .01} -003 005 002 -.007 -.012
5.0 ,001 003 006 .002 -.006 =.015 =018 5.0 =.001 ,002 .CO& ,002 =-,008 -.017 =,019
5.2  .016 .0'3 .006 -.002 ~.007 -.007 =.007 3.2 017 L0195 006 =003 =.C07 -,005 =003
5.4 (008 005 -.001 -.003 .002 .009 012 5.8 010 L0086 -002 =00 003 .o12 L0168
5.6 =.010 «.0i0 -.007 .000 .008 .013 .otk 5.6 .01 -.010 -.007  .000 .009 .013  .Clh
5.8 -0tk =010 -003 003 003 .000 -,002 5.8 -.0i6 -.012 -.003 .0C3 .003 =-.003 =.006
£.0 .002 .003 .005 .002 =005 =-,012 -.015 €.0 .00 .003 005 002 =.007 =.01% <017
6.2  .014h 012 006 =.001 =.006 =.008 -.008 .2 016 .013 .06 =-,002 =-,007 =-,007 =.006
6.4 .006 .00 -.001 -.002 .001 .00 .COB 6.4 008 005 -.c01 -.003 .002 ,009 .CI2
6.6 =.010 =.G0Y =.006 .020 .0OF .012 .013 6.6 -.010 -.010 -.007 .000 008 .013 .01
6.8 -.012 -.005 -.003 .002 .003 .0OZ .OOI 6.8 -.00% -.o1n -.00k Loc2 .00 000 =002
7.0 002 ,003  .004 001 -.03Y -.010 -.012 7.0 002 003 .00k 00" -.005 -.012 -.015
7.2 ,0i3 L0117 .C06 =001 =006 =.008 =.009 7.2 .01k 012 006 -,001 -,006 =-,008 -.008
7.4  .006 .cod oo -.002 000 .00k .o0B 7.4 007 L00h 000 -.002 L0001 L006 .009
7.6 =.009 =.008 -.006 .000 .CO6 .M .002 j-6 =.010 =009 -,006 000,007 .012 .013
7.8 -1 -,009 -,003 .001 .003 .003 .002 7.8 —.m2 ..030 -.008 002 003 .001  .0QO
8.0 .003 003 .003 .001 -.00% -,008 -.0i0 8.0 .003 .003 .00b 007 -,005 -.010 =.012
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9.2.3 RADIAL UNIPOLES

Ba=0-25, Bb=0-75, G, =0-486 fa=0-35, Bb=1-0, G, =0-598
cfA 0° 30°  6D°  90° 120° 150° 180° c/a 0° 30° 60° 90° 120° 150° 180°
1.000 919 .712 .o .2 t00 052

'8E6 Bor o e09 L3377 .173 Lol oo

Sy 486 336 1560 oo -092 -2

112 075 -.0l6 =121 =206 =256 =.27i
=286 -.299 -.328 -.356 -.370 =,373 =.373

1.0Q90 .8g1 620 310 062 -.086 -.133
B8 787 536 U251 023 =111 -.53
590 5100 U393 L093 =076 =172 =202

- v ®
N =0

g9 183 022 <105 195 =.239 -.251
=181 -,201 =22 -273 280 -.272 .227

-
-

I a4 s s s s 2 2 e a -
D D=1 TN IO M 2 O WO 00— N el

-.529 =522 =500 -.M6h -z -388 -375 =430 =423 -.397 -.350 -.291 -.233 w22}

=555 =.536 -j@ =303 =335 -.281 -2& -A% -.169 -j@ =308 =215 =46 -.122

=377 =.35% =293 -.213 -,136 -,081 -,062 =37 =344 266 -,165 -.070 -,005 018
.8 ~.076 -.058 =010 .052 .108 .14 159 -138F -

10 -.048 L0029 096  .139 .13&
230 .23 .261  .2B7  .309  .321  .325 28 g L2ey 227 238 L2k

.hZﬁ A27 0 k21 Mo 396 383 .378 318 317 311 297 .27 258,251

1 1

1 A5 L o 378 L3380 308 297 1 373 361 .327  .279 .22 130 176
1 305 292 295 207 L1590 L2k 2 1 .2 266,221 180 L1000 057 L0¥2
1 .035  L00%F =03 ~.075 -.102 -.112 7 .0%0 076 .036 -,01%F 062 -.09% -,10
1 225 -.280 =260 =277 =289 -.293 1 =125 =133 =153 =178 -.198 =210 -.21
1 -.391 -.ﬁgo -387 =38 -.37h -.368 =365 1 =281 =-.280 =277 =.270 -.260 ~,250 -.2U7
1 =.Jof -.401 -.383 =357 =.331 =311 =303 1 =322 =% <292 2,250 -,226 =.200 =191
1.7 =269 =.259 -.230 =200 -.165 =.1h0 -ay3 1.7 =238 -.227 -.195 -.152 -,109 -,078 ~.067
1 -.031 =.023 .000 .033 059 .08 Lob7 1 -.067 =056 =028 .00 .04 071 080
1 2 1

213 217 L2229

-

250 268 272 Jz2h 0 30 abs o sk 081 192 L9

369 .369 L3567 L3630 L399

359 2393 261 .26 258 .esh 248 22 2
2l zho 221 9% 6y .138 .131 2 136 P

213 20h 0 o179 113 088 ol

T ) N Y - = = = * L io.l * a
eohER O W -1 OWA HWRN = O WO oW eSO
1
[‘Re]
— =
O—
1

Ramromrofg

o Rt VLS V)

CoCh &M O
1

=208 -.212 -.221 -.23h -.2hs -.25) -B57 123 =026 -0k -:156 - 170 =179 =183
=363 =.359 =348 -.333 -.317 -.305  -.301 -'2E5 -.270 -.256 =-,237 =,217 =.202 ~,196
-.016 -.010 00% o2l o3 .057  LOF2 -.043 -,037 =-.018 .00 030 LO87 L053

3.0 .34 3k Sk 3o 338 0336 .35 L0 .23e 238 237 W23k 231 L2288 L2227
3.2 .223 .21% 205 186 168 .19% .WiS .2 .1gu a7 e 38 s L0988 092
3.4 -.201 -.208 -.210 -.219 =228 -.23} -.236 Jo-122 <129 <0133 -0 2 =155 = 162 «,165
3.6 =340 -.337 -.329 -.318 -.307 -.239 -.2E6 6o-251 -248 -.238 -22h <270 -.199 -195
3.8 =010 <006 005  .020 .mﬂ .oy oh8 8 -.032 -.027 -.01F  Lo0% 022 035 .o%
Yoo 328 328 .32 326 .32k 323 322 o ,z2 225 .22y 222 220 218 .2

4,2 230 206 .19 A8 188 157 .15k 2 .16 L83 L1500 L1330 L1150 L0209

4% -195 -197 -,202 -,209 =216 =,221 -,223 Yboaoni9 -1z =128 =137 =135 -01571 4153
b6 =326 =.321 =317 -.309 =300 =,293 =.291 6 =237 -.23% -.226 -.215 -.20} -,196 «,193
4,8 -.007 -.004 .005 L0156 .028  .036 L0319 8 -.026 +.023 -,0l12 ,003 .O17 .G27 .031

317 317 L3160 318 31k o33 312
2oz 199 190 175 168 59 L1856
. =195 =201 =207 =211 =,212
=316 =314 =309 ~.301 -.290 289 -.287
-.007 =004 ,003 ,013 .022 .029 .032

216 216 .23 21 212 L2100 210
158 .5k 1h 129,115,105 101
JAT7 =119 12k 2131 =138 083 .ails
=287 =.224 =218 ~.209 =.200 &,193 -.150
-.023 -.020 -,011 ,001 .013 .021 .02h

oo
t
G
t
i
LoD
1

o .308 .308 .308 307 .305 .305  .30% 0 .209 .209 .208 ,207 .206 .20% .20l
2 196 19h 87 a7 68 1610 158 2 51 k8 139 12 15 L1066 .10
Yy -8 -8 -8 -.a19h 199 .,202 -,20 Yooih - 116 =120 w126 -.132 =136 -1 E
6 -.308 -,307 -.302 -,256 =-.290 -.28& -.2 6 =.219 =217 =.212 200 =196 =,150 =,1

8 ..,007 =005 .001  ,009 017 .03 .025 g -.021 -.019 =-.011 =,001 ,00 016 019

L3010 301,300 300 .299  .298  .297
L1193 191 .122 760 L1680 162 160
. - 18 - -85 -.192 -.195 -.196
=302 =.301 -.297 -.292 =286 -.282 -.280
-.008 -.006 -.,001 .c06 013 018 020

295 294 293 .293 .2%2  .292

20k 203 P03 L202 200 .199 L1599
g% ¥ 136 L1260 L1150 108 105
12 = 113 =117 -gi22 =127 =130
~213 =212 =207 =200 =.193 a.1 -1

-.020 -.018 -.011 -,003 ,00B .012 .015
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9.2.3 Radial Unipoles (cont.)

Ba=0-75, Bb=1-25, G, =0-593 Ba=1-0, Bb=1-5, G, =0-535
efA 0% 30° 60 90° 120° 150° 180° /A 0° 30° 60° 90° 120° 150° 180°
0 1.000 B0 5% .132 =041 =155 <186 .0 l.ooo LBz Lh28 .019 -.096 =137 =-.137
.10 Bed 76k Lls9 by -063 -.163 =190 10 B9 L7290 .36%  LoMs 0107 137 =133
2 608 505  .266  .030 -.118 =181 ~.15 20 615 481 19k -0 =132 =133 -l120
i L2260 600 L0 -6 =180 =192 -,190 i 237 150 =,028 -.148 <181 -.119 -.09
J -2 -.169 =217 =.238 =215 -~.178 -.181 JAo-a2g 167 -.229 -.232 166 =087 -.053
5 =397 =38 =357 ~.288 =200 -.128 =100 5 =388 -, -348 -.259 -.137 -.03 .002
2 - 3 i5o -.36-11 =249 130 -,08% -.013 bo=h78 _ifé -.352 -,213 -.072 .0277 .062
.g —.32 E -.25% =131 =,019 -OEB .081 g -.398 -.355 =25 -,106 .01k L0900 Lirh
& =17 -.11; -.067 023 .W088 k2 156 B o-19% =158 -0 027 L097 wﬁg, .13
.9 073 J26 161 182 88 189 .G .0BC L0BS L1100 L1k2 150 337
1. 265 .26!4 256  ,236  ,205 .177  .165 1.0 .2 .2l .23k 2e3 155 .11 o9k
1. .3%8 .325 .283 222 .58 .109 091 1.1 .332 .3 265 18 108 Loks Lo?h
1. .2 260 20 129,057 .006 ~.013 1.2 .2 .26 198,109 025 -.03h ..054
1 21 103 .05k -,007 =062 =099 ~.110 1.2 .14 ,122 .CB4 -,006 -,066 =.103 =.115
1.4 =071 <08 -,107 =136 =.158 -.169 =173 1.4 -,081 -,05% -,084 -.11% -.133 =130 -.1h
1.5 =223 =.223 =.219 «.210 «.195 ~.181 =.175 1.5 =196 -.196 =191 =,176 =.152 =.130 =~.121
1 =281 271 -2k 20k -162 -s129 -7 1.6 =.266 -.254 221 -,172 -.118 -.077 =-.082
1 =228 ~.210 -,175 =122 =070 =093 -.01 1.5 231 =210 -,167 -,10b -0k2 .00z .018
1.8 =-.091 -og& =043 .00z .0l5 o7 .08 1,8 -.111 =095 =053 .000 L0 080 091
1. 07 L1000 123 k2 L5k 5T 1.9 .04 052 075 .101 126 1300 0133

W20 203 .201  ,195 86 77 7k
19 JA87 571 G117 077 .0147 .027
-.076 -.082 097 =116 =,132 6
229 =223 =207 =.183 =159 1Mo <0133
-061 =052 =030 ,000 .028 .08 .05

.152 70 161 ihE 0 13k 129
. 3 183 138 .09 .051 016 .00
LOB5 -,051 =072 -.093 =111 -.121 =012
-.207 =,200 =180 -,152 -,121 -.098 -.089
-.079 -.065 -,038 -,003 ,030 ,053 .01 .
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. .16 .13; Ja37 0 .109 0 . 061 o5k 3.2 .58 kg 1z 092 059 035 .026
-o? -.0 -.og% - 106 =118 -.127 «.129 3.4 -.Ogé -.056 -.068 -,084% -,098 -.107 =.110
208 -.200 .. -.172 =150 - -.ﬁg 3.6 =.1 =075 =161 =181 =120 -,10 -.038
- 046 =040 «.,023 -,002 .020 .035 .O 3.8 -.057 -.050 =~.030 =.00% ,021 .038 .04
JTU 700 L1680 16 g6k 181 160 bo .139 L1380 L1350 131 127 .12
¥ L 250 10 083 068 o6z 2 137 .1%8 .1%2 .o%? 0F2 .ok 037
-078 =081 -.090 -,100 «,110 =,116 =.119 b4 -.053 =.037 ~.067 -.073 -.090 -,097 =.100
-.190 =186 ~.177 =168 =150 -.1%0 -,136 b6 =.16%F =.160 =139 w138 <117 =,105 =,10
8 -8 -,033 -020 -.002 .015 027 .03 4.8 -.046 .04 -.025 -.005 .015 .029 034
5 L83 163 162 160 157 L1550 L1595 5.0 .132 .132 131 128 12 22 .121
5 ,135  .131 .18 L1e1 Lo8% o7 L067 5.2 .12k .19 .10h (o84 06 Lohg o3
5% -.078 -.080 -,087 -.095 =-.103 =109 =.111 5.4 -.05% -.057 -.065 =.075 =.084 -.090 =-,002
5.6 =1 =177 =169 =.158 .47 =139 =136 5.6 =15 -5 -1 -.129 -,115 -,105 -.102
5.8 -.032 =02 -.018 -.003  L011  .021  .02h 5.8 -.obo -,035 -.022 -.005 .011 .023 .027
6.0 .57 157 156 .15k g)gﬁ JA51 150 6.0 .27 26 .25 a2k 21 .mg 1B
6.2 127 J123 0 L1300 L0%9 . 074 o070 6.2 113 11 098 o8 085 052 W08
6.4 ~.071 =079 ~085 =092 -.098 -.103 -.105 6.4 - -.027 -.063 =.072 =-.079 -.gg‘j -.087
6.6 «. 172 =170 =.163 =.15k4 -.13 =138 -.135 6.6 =4 =183 -.136 -.129 =.113 -.105 =102
6.8 =.029 =.026 ~.01] -.00% .00 J£16 - ,019 6.8 -.035 -.031 -,020 -.006 008 .8 022
7.0 152 182 151 L1500 .18 k7 k6 .00 .22 122 121 L1200 17 150 115
1.2 122 .18 109 ogg .08‘2 075 .072 1.2 .10 L1065 .ogd  .ofe .06 L0555 057
T4 =076 =.078 -.082 -.083 -.09% -.098 =-,100 7.8 .09k -.086 -.062 -.069 -.076 -.080 -.0
76 =167 =165 -.159 -.151 -.0k2 -136 -.13% 7.6~k 2138 <131 -g122 o112 -70% -002
7.8 =027 =024 -.016 -.005 .005 013 .015 7.6 =032 -.029 -,019 -.007 005 .O01% 017
8.0 alg 48 Ll k6 ¥ i3 alke gc .19 L9 .18 Lue Ly 2 LNz
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9.2.3 Radial Unipoles (cont.)

.007 '017 o) B¢ 084 .08 .0%0 .08

A% % 390 121 L0820 L0865 .053

019 o300 .05 077 W08

330 133 128 .16 .09%  .07h  L065
Jd92 77 13 018 022 - 017 -.ogz
=008 =017 =038 =.060 =077 «.0 -.087
=177 =169 =186 -111 -.073 -.08F -.033
-.09% <082 -.081 -.011 .026 091 .0BO

191 17§ .122 .07 016 -.025 -.039
=018 =027 -,048 -,068 -,080 -.083 -'Oﬁ
=18 -0 -.120 -.112 =069 =037 .02

-.085 008 033 .057 .065

Ba=1-25, fb=1-175, G,=0-514 Ba=1-5, Bb6=20, G, =0-520

efd 0 30° 60° 90° 120° 150° 180° c¢/A 0° 30° 60° 607 120° 150° 180°
.0 1.000 'EGB 290 -.061 -.,154 -,106 -.ogo .0 1.000 722 .120 126 -,133 =,020 .o;y
a0 .901 683 232 -.080 -.15% -.098 -.060 0 w902 Bho k5 -k -133 016 L0W
.2 632 .ke5g 102 =.129 =-.151 =-.07% =-.032 .2 .83% 2o 025 -7 =.130 =007 05O
% 269 1l -074 -8 -138 -.038 .00 ﬁ .2&; 126 -.128 «.21% <119 009 063
A o-08 -y -233 -.222 112 006 05 &4 =080 -.156 =260 -.231 =085 030 .077
.5 =348 <352 -.32% -.218 -069 .050 .09% S5 =336 =349 =325 -.208 -.055 .052 .o88
6 =051 - 12 =318 ~.165 -.014% 086 .120 6 -.%37 -5 -299 -1 —003 LoT1 L0910
g =391 =384 227 -.073  .043 L1086 .12% g =377 -.325 -.191 -.08 (049 .o79  .0f2
.8 -.209 -.166 =.067 .031  ,087 .02 .03 B =197 - 148 -,036  .059 .082 073 .05
.5 .oz20 .ok Log2 118 .06 076 .0AT .9 .27 058 16 138 100 olo |02
1.0 .213 .21%  .2obk 161 093 .031  .006 1.0 .21 220 .27 .70 .086 L0137 -.01
1.1 .309 292 .237 ¥ .02 -.021 -.0%8 1.1 .30 .288 .23é AT 0¥ 029 .05
.2 .28 .59 _1%5 .087 005 -.086 -,087 1.2 .27 288 ai7h .oq -.010 -,064 -.081
1% J162 0 137 073 -,001 -.060 -.092 -.102 ]']34 .1J£8 L1220 097 =010 <062 -.08 -.086
1.4 -.008 -.023 -.055 -.083 -.09% =-.091 =.087 W o-oer 2038 -072 =095 -.093 -.07] -.068
1.5 =161 =.161 ~.15% =132 -,096 -.062 =-.0%B8 1.5 -.169 -.171 -.166 -.138 -.092 -,048 -.030
1.6 =242 =229 ~191 -.131 -.085 -.01% .00k 1.6 =281 -~.232 -.19% -.131 -.059 -0 017
1.g -.228 -.209 =.155 =.0 =012 037 054 1.7 =.,224 -.204 -,1%0 -.077 -.006 .02 .059
1.8 =,132 =,113 =.066 -.00 O 076 L0 1.8 -2z -,103 =.055 .002 .048 .05 .08
1.9 1.9 .o

4] .0
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n A

G .G
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LAV CRE AV (VO ]

=090 =.077

3.0 .10T .10 .105 099 .08 .079 075 00 116 16 113 1oy Loso o7 LOTH
3.2 kg 13 13 .O71 033 .ooE -.006 .2 .150  .139 109,068 .027 -.003 ~.013
3.4 -.013 =.019 =.03% -.051 =066 -.07% -.077 A 020 -,026 -.0k2 -.053 -.072 -.078 -,080
3.6 =146 <130 -.12% -.100 -.07% -.095 -.047 6 =152 -k -,128 -.102 -.073 -.091 -.0k2
3.8 -073 -065 -.0k2 -.0t2 017 .036 oh3 8 -.070 -.061 -,036 =.005 02 043 L0850
Yo 095 .05 .093 .090 084 078 .075 O Lte2 102 101 098 087 079 076
- - R K 096 .066 03 .016  .008 2 .26 .18 Lo 06 032 010 002
bl 017 «.02) -.032 -.086 -.058 -.066 -.068 b o023 -.028 -.0h0 -.05% -.065 -.072 -.074
L6 <129 -.128 111 =093 -.073 ~.059 =.053 6 =134 -.129 116 -,055 -.0T¢ =057 -.051
4.8 -.060 -.05% 036 -.012 011 .027 032 8 -.057 «.05¢ -.031 -.006 .018 034 .oho
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5.0 087 .087 o0& oy 079 075  .073 o .09 .093 093 .00 ,08% 079 .076
5.2 .10 103 o6 .063 .039 022 016 2,111 .10 08 061 036 018 Lol
5.4 -.019 -.022 -.032 -.013 -.05 -.060 -.062 Y w025 «.029 -.039 -.051 -.060 -.066 -.G68
5.6 =117 =.113 =,103 =.0 -.072 -.060 -,056 6 -.,122 -.118 -.107 -.091 -.07% -.060 -,055
5.8 -.052 -.,086 -.031 -.012 .007 020 .025 8 -0k -,083 -,027 -.006 013 027 .02
6.0 .of2 .08 of 079 .0 072 .om1 L0 L0350 090 088 085 081 .o77  .O75
6.2 .099 094 o8o 060 0 L026 021 2 .01 095 Lof0 .039 038 023 .mz
6.4 -.020 -.023 -.031 -.040 -.09 .,095 -.,057 A o-027 -030 -.038 -.088 -.057 -.062 ~.06
6.6 =.109 =.106 -.097 =.084 -.071 -.,061 =.057 6 =110 1711 -,101 -,088 -.073 -.062 -.0598
6.8 -.046 -0 -.028 -_012 .cO¥ 016 020 8 -.0k2 -.037 -.02% ~.007 .010 .022 .026
7.0 .079 .08 077 .075 .Q72  .C70 .08 0 085 086 085 .08 .o79 076 074
7.2 .092 .08y 7% .c58 onm o2g. 02 2.0y 088 075 .og? .033 026,021
7.4 -021 -.02% -.030 -.038 -0k -,051 =.053 A =028 -.031 -.037 -.006 -.05% -,098 -.060
7-6 «.103 -,100 -.092 -.081 =.069 =.0R1 =,057 L =108 =105 =097 -.08s -072 =083 =099
1.8 -.081 -.037 -.026 -.0:2 002 .C12 016 B =088 .,03% -022 -.007 008 .01 .022
8.0 o

0786 075 o7h .om2 70 068 .07 08 08 .08 .ok o077 LO7F 073
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9.2.3 Radial Unipoles (cont.)

otk Lo%6 058 Lo7h 073 L0861 L054

123 .27 128 106 L0861 .ozg -.001
JT700 L1610 057 =.001 -.oi -.051
-,009 -,020 Ghlt w060 -.060 -.0Mg -.0b3
-.166 =158 -.133 -.051 -.040 oo 019

041 =001 032 L0k L0855

LO7h
16 125 06k .oge -.034 -.048
=023 =.044 -.062 ~.069 .06 =.063
-.17 B -099 =052 =016 -.002
-.090 -,077 ~.044 002 .033 .05k Lo&)

.lgh .13 132 L 038 .c2d
184
01

fa=1-75, Bb =2-25, G, =0-588 Ba=2-0, Bh=12-5, <, =0-688
/A 0° 30°  60°  90° 120° 150° 180° efx 0° 30° 60° 90° 120° 150° 180°
1.000 670 .09 -.1&3 -1 18 oM .0 1,000 615 002 -.189 -.069 .03} .057
.90% 593 Oii -1 -.111 021 o7 L1 .90 583 -.027 -.191 -065  .035 05&
.62 386 -, -.201 =.101 .mg LO7h .2 .64 by -0 -192 -,053 ﬂr mg
287 109 -.165 =212 =083 L0 075 .3 295 08 -.197 =185 -.033 .olz Lok
-.063 =.156 =,265 =.203 -.053 0] .05 4 -.053 =165 =267 -.159 -,005 .oMk Loko
-.320 =337 -.304 153 015 .055  .069 .5 -.211 =334 -28 -0 027 Lodd 027
- 426 -.390 =.265 =.091 028 .05 .056 b o=kzr o380 -3k -ﬂ? .59 .03 .01
=375 -.313 =157 =.001 .066 .05 036 .g =376 =305 -.126 o41 .08t 027 -.009
-.205 -4 -.012 086 .00 L0388 .009 B =213 -1k 009 109 L0890 L0v0 -.030
L0100 051 125 1% 091 .01k -.c21 .9 -.002 0% 131 188 078 -.010 -.0k7
1 J9% 206 210 161 069 -.015 -.cl8 1.0 L1800 196 Lzo2 14 Lokg -.ozo -.058
1 285 212 L22v 28 Lo28 L0803 -l067 T.1 .225 L2610 ,203 .10 009 -.0Lh -.ogg
1 263 .235 131 L0B8  -.020 -.060  -.071 7.2 260,227 .137 .033 -.032 =049 2.0

1 Jg47 .0 ~.026 -.061 -.06% =75 l.i L1952 115,030 =083 -,063 -.0b2 -.027
1 -.013 -,034 -,079 -,096 -.081 -.048 -,032 1.4 -,002 -,029 -0 -.103 -.073 =-,023 .00l
1 -.155 <,160 -.160 -.131 -.07% -.019 .coY 1.5 -1 -150 -.186 -.1256 061 .003 029
1 -,230 =219 -,183 -.118 -0k .m .039 1,6 =217 =.208 =,173 «.10}7 -.030 ,029 .050
1 =214 -19h -1k0 -.066 003 0% .063 1.7 =206 -.185 =,120 -,050 010 .07 .ORB
1 =119 =099 -.oh? L007  .0M6 065 L0659 1.é =119 =096 -, 081,015 .06 .0?2 .050
1 1.9 .007 023 056 .07/ L065 .01 L029
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L1 L1395 0103 .05 016 -0k - 025 3.2 1M L1360 098 053 2009 -.022 -.033
-,014 -,020 -.036 -.052 -.062 -.065 =,066 3. -0t -l017 -.033 .08 -o5h -lo5b -0B2
- 1% -138 -.118 -.089 -.057 -.oaw -,022 3.6 =138 =131 -.112 080 -.0‘3 -.017 -.006
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