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FOREWORD 

THIS is one of a series of Engineering Monographs 
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 snbject. 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.1. 
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TABLES OF HORIZONTAL RADIATION PATTERNS OF DIPOLES 
MOUNTED ON CYLINDERS 

SUMMARY 

This monograph contains tables of the horizontal radiation pattern (h.r.p.) of a dipole mounted on a cylindrical mast. 
The tables were calculated on a digital computer and this enabled a comprehensive range of mast sizes and dipole spacings 
to be covered. 

1. Introduction 
Aerials used for VHF broadcasting usually consist of tiers 
of dipoles mounted on a supporting mast. The number 
of dipoles in each tier and their relative positions and cur­
rents are determined by the required shape of the h.r.p. 
When an omnidirectional pattern is required, satisfactory 
results are generally obtained by using a number of dipoles 
uniformly spaced around the mast and fed symmetrically; 
in these cases it is convenient to calculate the pattern of the 
complete array, rather than that of an individual dipole. 
When a directional pattern is required, the procedure used 
in the theoretical design is to express the h. r. p. of a single 
dipole in the form of a complex number, the modulus cor­
responding to the amplitude of the radiated field and the 
argument to the phase referred to the axis of the mast. The 
h.r.p. of the arrangement of dipoles which seems most 
likely to satisfy the requirements is then calculated by add­
ing the contributions from the individual dipoles. The re­
sult obtained will not necessarily be the most satisfactory 
h.r.p.; changes are therefore made to the dipole positions 
and currents and the calculation repeated until the best 
approximation to the required h.r.p. is obtained. 

The calculation of the basic h.r.p. (that of a single di­
pole) is rather tedious, as it involves the summation of a 
complicated series of terms. A digital computer has, there­
fore, been used to assemble a library of such h.r.p.s, for 
dipoles having the three orientations shown in Fig. I. For­
mulae for the radiation pattern of a doublet (i.e. a Hertzian 
dipole) mounted on a cylindrical mast have been derived 
by Carter,1 and a brief description of his method, with 
notes on the application of his formulae to A/2 dipoles, is 
contained in another paper.' Although cylindrical masts 
are not generally used by the BBC, the results obtained 
may be applied with little error to masts of other cross­
sections provided their transverse dimensions are not too 
large.• Carter's formulae were used for the computations 
described in this monograph, approximations being made 
where necessary to obtain the result for dipoles rather than 
for doublets. The formulae and approximations used are 
described in the following section. 

2. Horizontal Radiation Pattern Formulae 
The formulae for the h.r.p. ofa dipole and cylinder given 
in this section are normalized both in amplitude and phase 
to the maximum field radiated if the cylinder were removed 

,. Carter's formulae may be used for square- and triangular-section 
masts havjng faces not exceeding 0· 5A and 0· 3A wide respectively. 
The radius of the equivalent cylinder for a face of width w is 0· 59w 
for masts of square section and O· 42w for masts of triangular section. 
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Fig. I - Types of dipoles 

and the dipole replaced by a similarly oriented dipole, with 
its centre on the cylinder ax.is, carrying the same current. 
The symbols used in the formulae are defined as follows: 

A=mast radius in radians 
B=distance of dipole from axis of mast in radians 
q,=azimuth angle, measured relative to the angular 

position of the centre of the dipole or unipole 
from the mast axis 

J,(x)=Bessel function of the first kind, of order n and 
argument x 

Y,(x)=Bessel function of the second kind, of order n 
and argument x 

H~''(x)=J.(x)-jY,(x) (Hankel function of the second 
kind, of order n and argument x) 

Jix), H~'1'(x) denote the derivatives of J.(x), H~'1(x) with 
respect to x. 

2.1 Vertical Dipoles 
In the case of vertical elements, Carter's formula for a 

doublet is also applicable to a dipole. The series converges 
most rapidly when the contributions from the dipole and 
from the mast are calculated separately. The expression for 
the total field, stated in this form, is 

where 

00 

E=efBcos,P+Mo+2 L jnMn cosnef:i 
n=I 



2.2 Tangential Dipoles 
Carter's formula for tangential doublets does not apply 

to tangential dipoles and some error will result if it is used. 
The error may be reduced by calculating the field radiated 
by the dipole directly; the doublet source is assumed only 
when calculating the contribution re-radiated by the mast. 
The appropriate formula for the total field is then 

This formula is similar to that used for vertical dipoles but 
the Bessel and Hankel functions are replaced by their de­
rivatives. 

2.3 Radial Dipoles and Unipoles 
Arrays of radial elements used by the BBC have in­

variably employed unipoles (or an electrical equivalent) 
mounted on the surface of the mast. The effective length 
is generally only >./4 and it is therefore permissible to re­
place them by radial doublets located at the centroid* of 
the current distribution;3 this enables Carter's formula to 
be used with little error. The most rapidly convergent form 
of the expression is 

where 

3. Range of Values Computed 
Radiation patterns were computed for cylinder radii in the 
range O · 25 (0 · 25) 2 · 0 (0 · 5) 6 · 0 radians; this covers all the 
sizes of masts likely to be encountered in the foreseeable 
future. The smallest size of cylinder (radius 0· 25 radians) 
corresponds to a I ft 9 in. (0 · 53 m) diameter pole at 45 
Mc/s. Although smaller supporting poles are sometimes 
used, their effect is easily calculated because only the first 
term in the series expansion in the formulae quoted in 
Section 2 is then significant. The upper limit to the mast 
radius (6·0 radians or 0·96>.) corresponds to a mast dia­
meter of about IO ft (3 · l m) in Band III and about 3 ft 
(O · 91 m) in Band V. This limit lies well above the range of 
sizes for which a cylindrical mast may be assumed as equi­
valent to a square- or triangular-section mast; the tables 
for the larger values of mast radius can therefore only be 

* We have to imagine that the unipole has a mass distributed 
along its length, the mass per unit Jeng th at any point being propor­
tional to the current at that point. Then the centre of gravity (or 
centroid) of this mass would correspond to the centroid of the current 
distribution. 
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used for masts of circular, or nearly drcu1ar, cross-section. 
For vertical and tangential dipoles, patterns were com­

puted for dipoles spaced between 0· 5 radians (0 ·08,\) and 
4· 0 radians (O· 64>.) from the surface of the cylinder. For 
radial unipoles, patterns were computed for a doublet 
spacing of O · 5 radians only; this spacing corresponds very 
closely to the position of the current centroid of a ,\/4 uni­
pole. Calculations were made with these spacings for the 
chosen range of cylinder radii, making a total of 272 tables. 

The real and imaginary components of the patterns are 
tabulated at 15° intervals in the range o.;,i,,; 1800, the 
colunms being headed R and I respectively. Tabulation 
for the remaining 180° was not necessary as the h.r.p.s are 
either symmetrical or skew-symmetrical (depending on the 
dipole orientation) with respect to the centre line. Each 
table is headed by V, T, or R (vertical, tangential, or radial) 
followed by the values of A and B. 

The computer programme was arranged to work through 
the whole range of variables without a break, the changes 
in the parameters A and B being made automatically. As 
these two parameters between them cover only a small 
number of radial distances, it was found to be more con­
venient to feed tabulated Bessel functions into the com­
puter rather than use a time-consuming sub-routine to 
calculate them. Bessel functions of the first and second 
kind, of zero and first order only, were stored in the com­
puter; the higher order values were obtained from the re­
currence formula, and their derivatives from the difference 
formula. Numerical values of cos ,J, and sin ,J, were also 
stored; only seven actual numbers were required, a special 
sub-routine being used to choose the appropriate value of 
cos ,J, or sin ,J, and give it the correct sign. 

4. Conclusions 
The tables of h.r.p.s should satisfy most requirements 
arising in the design of v.h.f. aerial systems for broadcast 
transmitters. Although applicable to cylindrical masts, 
they may be used with little error for masts of square or 
triangular cross-section provided the widths of the mast 
faces do not exceed O · 5,\ and O · 3>. respectively. The tables 
are intended not merely to give the pattern of a single di­
pole but also to simplify the calculation of the patterns of 
arrangements of more than one dipole spaced around a 
mast; this is achieved by appropriate addition of the con­
tributions of each dipole and an analogue computer• has 
been developed in the BBC Research Department to faci­
litate this operation. 
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NOTES ON THE USE OF THE TABLES 

There are three sets of tables, for vertical and tangential dipoles and for radial unipoles. Each table 
is headed by the cylinder radius in radians (A) and the distance of the dipole or unipole from the 
cylinder axis, also in radians (B). The left-hand column of each table gives the angle</> between the 
direction of the observer and the position of the radiating element. The other columns, headed R 
and I, give the real and imaginary components of the horizontal radiation pattern, referred in phase 
to the cylinder axis. Values are not given for</> greater than 180° because the patterns are sym­
metrical about ef,~O for vertical and tangential dipoles and skew-symmetrical (values equal in 
magnitude but opposite in sign) about ef,-0 for radial unipoles. 

In order to minimize the possibility of errors, the lists of figures actually printed by the digital 
computer have been reproduced in these tables. This accounts for the variations in the standard of 
reproduction of the figures in some of the tables. 
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VERTICAL DIPOLE CYLINDER RADIUS 0•25 RADIANS (0• 041,.) 

y V V V 
A - 0.25 B = 0 •75 A 0.25 B I • 2 5 A = 0.25 B 1 • 7 5 A 0.25 B 2•25 

R R R R 

0 +0.182 +0.944 0 +0.060 +i.352 0 -0.192 +1.388 0 -0.462 + I • O 9-4 
1 5 +0.199 +o.929 I 5 +0.102 +1.34c 1 5 -0.131 +1.398 I 5 -0.399 +1.139 
30 +0.:349 +0.880 30 +0.219 +1.294 30 +0.048 +1.406 30 -0.196 +1 -245 
45 +0.319 +o.797 45 +0.391 +I el93 45 +0.328' +l •357 45 +0.160 +1.316 
60 + 0 ·.3 91 +0.677 .60 +o.577 +1.016 60 +0.652 ti .185 60 +0.622 +1.216 
75 +0.448 +o.527 75' +0.724 +0.762 ,7 5 +oe923 :+o.BCI 75 +1.038 +o.866 
90 +0.474 +o.359 90 +0.787 +o.459 90 +1.037 +0.430 90 +I .-216 +0.316 

105 +0.462 +0.191 105 +o.747 +0.155 I05 +0.950 -o. 001 105 +1.064 - 0 ■ 234 
i,o +0.419 +0.041 120 +c.621 -0.099 l20 +0.704 -0.325 120 +0.672 -o. 587 
135 +0.358 -0.079 I 3 5 +o.454 -0.275 1 3 5 +0.402 -o.497 135 +0.231 -o .6 8 4 
150 +o.297 -0.162 150 +a.296 -0.376 150 +0.138 - 0 •547 150 -0.1,09 -0.614 
16.S +0.253 -0.211 165 +o.1t7 -0.422 165 -0.031 -0.538 165 -0-302 -0.509 

00 180 +0.237 -o. 2 26 I BG +0.149 - 0 •435 180 -0.088 -o.529 180 -0-362 -0.463 

V V V V 
A = 0.25 8 = 2•75 A - 0.25 B = J••5 A = 0.25 B = 3•75 A 0.25 B 4•25 

R R l R R 

0 -0.654 +o.557 0 -0.698 -0.089 0 -o • 5 7 l -0.689 0 -0.2'95 -I• l O 5 
1 5 -0.612 +0.641 I 5 -o-,oi +0.021 1 5 -0.637 -0.581 1 5 -0.420 -l •032 
30 -o.449 +0.861 30 -0.64 +0.336 30 - 0 •744 -0-229 "30 -0.700 -0.728 
45 -0.083 +1.100 45 -0.362 + 0 •757 45 -0.631 +0.342 45 -0.843 -0.084 
60 +0.48 5 +1.146 60 +0.253 +I• 002; 60 -o. 04 8 +0.818 60 -0-381 +0.624 
75 ·+1.057 + o • 8 I) 75 +0.980 +o. 740 75 +0.818 +0.680 75 +0.596 +0.657 
90 +1.310 +0.155 90 +1.319 -0.014 90 +1.254 -0.155 90 +1.1~9 -0.243 

105 +I• 0 78 -0.503 105 +0.992 -o. 768 105 +0.820 -o .990 105 + 0 • 5 9 -l ■ 14J 
1>0 +0.525 -0.836 ,.o +0.277 -1.029 120 -0.043 -1.128 120 - 0 -.394 -I• I 1 0 
1 35 -0.02;6 -0.791 135 -0.329 -0-705 135 -0.625 -0.653 135 -0.861 -0.403 
150 - 0 •379 -0.552 150 -0.607 -0.365 150 -0.736 .-0.083 150 -0.730 +0.241 
165 -o.535 -0.332 165 -0.658 -0.049 165 -o.62e +0.:270 165 -o.444 +o.545 
180 -o.573 -0.248 180 -o • 6 51 +0.060 180 -0.562 +0,378 180 -0.320 +0.618 



VERTICAL DIPOLE CYLINDER RADIUS 0• 5 RADIANS 10·08~) 

V V V V 
A = 0,5 B = J,O A = 0,5 B = J.5 A = 0,5 B = 2,0 A 0.5 B •• 5 

R R R R 

0 -0 • I J 2 +o • 93 S 0 -o. 346 +J,344 0 -o, 574 +I.344 0 -0.732 +I .002 

J5 -o. 103 +0.926 15 -0.291 +J,345 I 5 -o. 506 +I,373 I 5 -0,673 +I• 06 8 
30 -0.020 +o .892 30 -O • I 32 +1.332 30 -o • 2 98 +1. 43 2 30 -0. 47° +1.232 
45 +0.099 +o.e 2 4 45 +O • IO 7 +1.269 45 +0.044 +I• 4 45 45 -o .oB 2 +I ,38 3 
60 +o. 2 28 +o.7ll 60 +o • 3 78 +1.112 60 +0.462 +1.314 60 +o .462 +I• 3 50 
75 +o • 33 4 +o.554 75 +o. 606 +o ,8 49 75 +o. a 31 +o • 98 5 75 +o • 98 3 +1.000 

90 +0.391 +0,369 90 +o. 7 19 +0.513 90 +1.008 +o • 50 7 90 +I• 2 28 +o,393 
IO 5 +o. 38 6 +o. 18 5 JO 5 +o. 68 7 +0.176 105 +0.924 +0.029 10 5 +1 • O 70 -0.216 
I>O +0.327 +0.027 r,o +o.535 -0.089 120 +o. 641 -o.3o4 I 20 +0.629 -o • 569 
135 +0.2 40 -0.087 135 +0.329 -o • 2 48 135 +0.297 -0 .438 ,35 +o • I 5 5 -0.607 
150 +0.153 -o • I S7 150 +o • I 40 -0.314 I 50 +o ■ O I J -o. 42 9 ,50 -o • 18 I -0 ■ 46 I 
16 5 +0.090 -0.192 165 +0.013 -o • 3 28 165 -0 • I 60 -0.373 165 -0.350 -o • 301 

"' 180 +o .068 -0.202 180 -0.032 -0.328 180 -0.215 - 0 • 3 45 I8o -o. 398 -0.236 

V V V V 
A = 0,5 B = 3,0 A = 0.5 B 3•5 A = 0.5 B 4.0 A = 0.5 B = 4•5 

R R R R 

0 -0.756 +o • 429 0 -0.619 -0.224 0 -o. 3 38 -0-797 0 +0.030 -,.,54 
JS -0.732 +o • 52 7 I 5 -0.652 -o.1I4 IS -0.434 -o. 70 s '5 -0.118 -1.114 

30 -o • 606 +0-796 30 -o • 667 +0.223 30 -0.632 -o,373 30 -o • 49 3 -0.876 
45 -0.254 +I• I 20 45 -o.449 +o • 71 4 45 -0.633 +0.233 45 -0.772 -o. 2 47 
60 +0.365 .+1.250 60 +0.173 + I ,.o 56 60 -0.097 +0.809 60 -0.411 +0.551 
75 +1.037 +o.935 75 +o • 98 4 +0.831 75 +o .a 3o +0.730 75 +o. 600 +o.666 
90 +I• 3 56 +0.213 90 +I• 38 4 +0.012 90 +1.i20 -O,I6il 90 +1.190 -0.281 

105 +1.103 -0.511 IO 5 +1.018 -0.807 IOS +o. 30 -I eO 5 105 +0.570 -1 .• 228 
120 +o • 49 I -0.831 120 +o. 2 38 -1.036 120 -o. 09 7 -1.140 I20 -o .469 -1.114 
13 5 -0.076 -0.706 13 5 -.0,356 -0.699 I3 5 -0.634 -o • 568 '35 -0.854 -o. 320 

I 50 -0.386 -o. 38 7 l 50 -o • 5 54 -0.213 I 50 -o • 6 32 +0.034 I 50 -o • 594 +o .307 
165 -0.489 -0 • 122 165 -0. 52 5 +o. 120 ,65 -o • 43 5 +0.363 165 -O • 2 3 I +0.544 
180 -0. 5°4 -0.026 180 -0,488 +0.229 ,Bo -o. 3 38 +o • 454 ,so -0.086 +o • 58 3 



VERTICAL DIPOLE CYLINDER RADIUS 0·75 RADIANS (0· 12>-.I 

V V V V 
A = o.75 B = I • 2 5 A = o.75 0 I • 7 5 A 0 •75 El 2. 2 5 A 0 •75 B 2•75 

R R I. R R 

0 -0.403 +0.841 0 -:0-726 +1.211 .o -0.939 +1.184 0 -o·.988 + 0 •?'33 I 5 -0.365 +?.842 I 5 -0.662 +1.231 I 5 -0.670 +1.~36 l 5 -o.939 +0.919 
30 -0.255 +0.835 30 -o. 4 7 2 +1.267 30 -0.648 +I•3S7 30 -o.755 +1.143 
45 -0.090 +o.799 45 -0.172 +r.263 45 -0.259 + 1 •452 45 -o.353 +1.386 60 +0.095 + o. 706 60 +0.184 +1.148 60 +0.249 +1.384 60 +0 ■ 263 +I •435 
75 +0.256 +o.555 75 +0.500 +0.889 75 +0.725 +1.062 75 +0.894 +1.101 
90 +0.349 +0°359 90 +0.673 +0.525 90 + o. 9 74 +0.540 90 +1.215 +0.436 105 +0 ■ 354 +0.162 IO 5 +0.655 +0.157 105 +a.goo +0.013 105 +1.054 -0 ■ 236 z,o +0.285 +0.003 l 20 +0.483 -o ■ II :iii l20 +0.587 -0.323 120 +0.571 -0.587 13 5 +0.178 -0.095 I J 5 i-0 ■ 25I -0.240 l 3 5 +0.218 -0.413 1 3 5 +0.082 -0.562 150 +0.074 -0.139 150 +0.046 -0.,259 150 -0.064 - 0 •337 -1 50 -0 ■ 222 -0.342 I 65 +0.002 -0.150 165 -o • 08 5 -0.233 165 -0.219 -0.230 165 -0.346 -0.135 - 1Bo -o.o:a4 -0.151 180 -0.128 -0 • 21 7 180 ..-o. 266 --0.184 180 - 0 •373 -0.056 0 

V V V V A • o.75 B = 3•25 A o.75 B = 3 "7 5 A 0 •75 B = 4••5 A = 0 •75 B = 4•75 

R R R R 

0 -0.844 +0.,2.78 0 -0.526 -0.327 0 -0.096 -0.828 0 +o.357 -1.103 
l 5 -0.843 +0.386 I 5 -0.588 -0.223 l 5 -0.219 -0.761 l 5 +0.193 -1.102 
30 -o. 769· +0.695 30 -0.684 +0.116 30 -a.504 -o.472 30 - 0 -2)3 -0.953 
45 -o • 4 54 +1.104 4 5 -o. 5 5 2 +0.664 45 -0.633 +0.145 45 -0.678 -0.370 60 +0.,2.01 +1.330 60 +0.055 + I • I 08 60 -0.167 +0.816 60 - 0 •439 +0.50,2. 
75 +0.975 +1.043 75 +0.948 +0.928 75 +0.814 +0.802 75 +0.592 +0.705 90 +10366 +0.254 90 +1.,411 +0.043 90 +1.357 -0.151 90 +I •·226 -o. 28 7 105 +1.091 -o • 5 4 I 105 tl.003 -0.849 105 +0.803 -1.108 105 +0.526 -1.261 hO +0.425 -0.846 l 20 +0.161 -1.044 120 -0.186 -1.13i 120 -0.566 -1.083 13.5 -0.138 -0.645 135 -0.403 -0 ■ 622 1 35 -0.662 - 0 •47 l 3 5 -0.858 -0.,2.19 150 -0.383 -0.260 150 -o. 502 -0.096 150 -0.541 -ro.12,4 150 - 0 •475 +0.357 16S -0.413 +0.031 165 -o. 38_7 +0.,28 16 5 -0• 2,6.I +0.401 165 -0.055 +0.501 180 -0.399 +0.132 180 -0.318 +0.326 180 -0.139 +0.46 5 180 +0.099 +0.500 



VERTICAL DIPOLE CYLINDER RADIUS 1·0 RADIANS (O·l61d 

V V V V 
A ,.o B = I• 5 A = I,O B = 2,0 A I .o B = ••5 A I• 0 B 3,0 

R R R R 

0 -0.626 +o. 68 6 0 -I• a 47 +o • 98 3 0 -1.247 +o. 9 28 0 -1.194 +o.595 
I 5 -o. 58 3 +O • 70 I ,5 -o • 98 2 +1.025 IS -I• 18 4 + I eOO 4 I 5 -,.163 +0.699 
30 -o.455 +o.733 30 -0.777 +r.124 30 -o • 969 +I • I 9 7 30 -1.015 +o, 98 5 
45 -o. 2 56 +o,743 45 -0.436 +r.199 45 -0,556 +I• 393 45 -0.626 +I• 332 
60 -0.022 +o. 688 60 -0.005 +1 • I 49 60 +0.029 +1.413 60 +o. 046 +I• 485 
75 +o • I 90 +o • 547 75 +o • 3 98 +o .909 75 +o • 6 Io +1.117 75 +o • 76 7 + r. 18 6 
90 +0.319 +o • 3 42 90 +0.632 +o • 52 I 90 +o.934 +o • 5 5 5 90 +1.187 +o, 467 

,05 +o.335 +0.131 105 +o. 628 +0.122 IO 5 +0.869 -0.022 105 +1.021 -o ■ 269-
I20 +0.258 -0.026 I2 O +o.439 -0 • I 50 120 +o • 52 7 -o • 360 '20 +o • 49 6 -o • 61 7 
135 +o • I 38 -0.104 1 35 +o. 190 -o • 2 43 1 35 +o • I 47 -0,399 I 3 5 ·+o .008 -0.529, 
I 50 +0.027 -0.118 I 50 -0.012 -o • 2 IO I 50 -0.111 -0.261 l 50 -0.242 -o • 2 48 
165 -0.045 -0 • I 0 3 I 6 5 -0.129 -0.143 165 -o. 2 2 9 -0.111 165 -0.304 -0.010 
180 -0 .069 -0.094 180 -o • I 66 -0.112 180 -o. 2 59 -o .o 50 ,so -o. 30 5 +0.077 

V V V V 
A I,O B = 3•5 A ,.o B = 4,0 A = l .o B = 4•5 A ,.o B = 5,0 

R R R R 

0 -0.897 +o.I02 0 -0.419 -o. 40 7 0 +o • I 40 -0.798 0 +0.655 -o.97o 
15 -0.9.22 +o.2,I4 15 -o. 508 -0.318 I5 -0.004 -0.762 I 5 +o • 48 7 -1.012, 

30 -o.9I4 +o • 5 5 5 30 -o • 68 5 +0.008 30 -o • 366 -o.539 30 -o .oo 7 -0. 971 
45 -0.657 +I• O 48 45 -0.655 +o • 599 45 -o. 62 5 +0.065 45 -o. 567 -o. 466 
60 +0.016 +I• 30 6 60 -0.080 +I• I 49 60 -0.244 +o. 8 2 3 60 -o • 46 3 +0.462 
75 +0.889 +r.144 75 +0.890 +1.029 75 +0-783 +0.887 75 +o. 580 +o,76I 
90 +I,355 +o • 294 90 +1.420 +0.081 90 +1.382, -0.122 90 +1.26? -o.:a74 

,05 +I• 0 56 -o • 574 105 +o,964 -0.881 IO 5 +o. 760 -1.141 IO 5 40,475 -1.312 
'20 +0.336 -o.8 62 '20 +o .061 -1.039 '20 -0.291 -r.ror '20 -<>.668 -1.021 
1 35 -0.207 -o, 588 I 3 5 -o. 460 -o.542 1 35 -0.696 -o.376 135 -0.859 -0.102 
I 50 -o • 368 -0 • I 59 ,50 -0.451 -0.003 I 50 -o,457 +o • I 94 I 50 -<> • 369 +o • 39a 
165 -0.317 +0.135 165 -O • 2 5 I +o. 28 4 165 -0.110 +o • 3 9 3 16 5 +0.080 +0.426 
180 -0.272 +0.230 180 -0.154 +o,359 180 +0.029 +0.420 ,8 o +o.;3:a +o ■ 38 I 



VERTICAL DIPOLE CYLINDER RADIUS 1·25 RADIANS 10·201..I 

V V V V 
A = 1.25 B I • 7 5 A I • 2 5 B 2•25 A - I • 2 5 B z •·15 A I • l 5 B • 3•25 

R R R R 

0 -0.789 +0.486 0 -1.288 +0.677 0 - 1 •473 +o.59;1 0 -1.332 +0.300 
Is· -0.747 +0.517 I 5 -I• 2 28 +o.745 I 5 -1.425 +0.694 I 5 -1.326 +0.4,0 
30 -0.617 +o. 594 30 -I •OJ 2 +0.915 30 -1-240 +0.963 30 -1.234. +0.763 
45 -0.400 +0.662 45 -0.673 +1.088 45 -0.831 +1.276 45 -0.884 +1.221 

.60 -0.:127 +0.657 60 -0.184 +1.124 60 -o.z89 +1.408 Go -0.175 +1.502 
75 +0.132 +0.538 75 +0.300 +0.920 75 +o.493 +I• I 60 75 +0.671 +1.260 

90 +0.294 +0.326 90 +0.592 +0.514 ·90 +0.891 +0.566 90 +1.152 +0.496 
·10 5 +0.318 to• I DI 105 +0.598 +0.082 i"o 5 +0.830 -0.061 105 +0.976 -0-303 
laO ~0-231 -0.057 120 +o.·391 -a• I 91 12 O +0.458 -0•399 ·120 +0.408 -0.642 
135 +0.104 -0 •II 4 I 3 5 +0.134 - 0 -249 I J 5 +0.076 -0.389 I 3 5 -0.-070 - 0 •495 
150 -0.001 -0.097 150 -0.050 -0.169 .1 50 -0.:i:40 -0.198 150 -0.250 -0.170 
165 .-0.064 -0.0_59 165 -O•I38 -0.067 I 6 5 -0.207 -o.oI8 16 5. -0.240 +0.077 
180 

N 
-0.083 -o. 04 2 180 "':"'0•161 -0.025 180 -0.214 +0.050 180 -o.JI3 +0.161 

V V V V 
A - l•IS B • 3•75 A I • 2 5 B 4•25 A I • 2 5 E 4•75 A = 1.25 B • 5••5 

R R R R 

0 -0.909 -o.09i 0 -0-303 -0.466 0 +0.350 -0.712 0 +o. 901 -0.763 
I 5 -0.962 +0.01 I 5 -0.416 ~o.397 I 5 +0.195 -0.714 I 5 +o.742 -0.851 
30 -1.019 +o. 376 30 -0.670 -0.106 30 -0.225 -0.576 30 +0.229 - 0 •933 
45 -0.850 +0.949 45 .-0.751 +0.511 45 -0.610 .;.0.014 45 - 0 •447 - 0 •539 
60 -0.178 +1.413 60 -0.224 +1.171 60 -0.328 +a.821 60 -0,486 +o.424 
75 +0.792 +1.239 75 +0.821 +1.1:29 75 + 0 •743 +o.975 75 +0.564 +0.811 
90 +1.338 +o.33S 90 ti •424 +0.116 90 +1 .405 -0.085 90 +1.298 - 0 -253 

105 +1.008 -0.601 105 +0.916 -0.904 IO 5 +0.711 -1.159 105 +0.425 -1.327 
1ao +o••a4 -o.866 1>0 -0.048 -1 • 01 5 laO - 0 •397 -1.046 120 -0.760 - 0 •934 
1.35 -O•I 1 -0.526 135 -0.516 -0.450 13 5 -0 •. 721 -0-161 13 5 -0.845 +0.025 
150 -0.348 -0.076 150 -o.399 +0.071 ISO - 0 •377 +0.249 150 -0.270 +0.416 
165 -o.·116 +0.193 16S. -0.128 +o. 09 5 165 +0.01:a +0.350 l 6-5 +0.175 +o.33:a 
180 -o·.142 +0.171 180 -0.010 + o·. 3 3 9 180 +0.155 +00334 1Bo. +0.310 +0.244 



VERTIC.AL DIPOLE. CYLINDER RADIUS 1·5 RADIANS (0•24~1 

V V V V 
A • '•S B = •• o A = 1.5 B = ••S A = I• S B = 3.0 A = r-s B 3•S 

R R R R 

0 -o .a 9o +o.:a53 0 -1°13S +O • 3I 8 0 -I.602 +o .20 3 0 -r.393 -o .o 31 
rs -o.ass +0.302 rs -1.391 +o. 41 o is -z.578 +0.326 is -I • 4 I 5 +0.099 
30 -o.737 +0.427 30 -r.225 +0.653 30 - I• 4 47 +o.668 30 -1.397 +o. 48 9 
45 -0.5:a.o +0.56:a 45 -o.B76 +o .936 45 -I .072 +I• IO 5 4S -1.114 +I• O 58 
60 -0.221 +0.617 60 -o. 349 +1.077 60 -0.397 +1.372 60 - 0 •393 +I• 48 3 
1s +0.079 +o. 528 75 +o. 208 +0.926 75 +o.379 +1.193 75 +o • 5 5 4 +I• 3 2 .2 
90 +o • z 72 +0.314 90 +o • 5 5 7 +0.508 90 +o • 8 5 I +0.576 90 +1.119 +o • S• S 

105 +o. 30 I +0.074 I05 +o. 568 +o .045 IO S +o • 78 9 -o .097 IO 5 +0.928 -0.332 
I20 +o. 203 -c .oa 4 120 +o • 3 38 -0.227 I20 to. 38 2 -0.430 120 +0.313 -0.656 
'35 +0.072 -0.121 13 5 +0.079 -o.25r 135 +0.004 -0.373 r35 -0.147 -0.452 
I 50 -0.022 -0.080 I 50 -0.075 -o. 132 I 50 -0 • I 58 -o • I 45 r50 -0.250 -o • IO 3 
165 -0.065 -0.023 16 5 -o • 12 4 -0.009 r65 -0.165 +0.045 r65 -o • I 68 to• I 28 
180 -o .o 15 +o.ooo 180 .-0.130 +o .039 180 -O • I 48 +O •II J 180 -0.113 +0.199 ,.., 

V V V V 
A = I• 5 B = 4.0 A ~ I• 5 B 4•5 A I• 5 B 5 .• 0 A = 1.5 B = 5•5 

R R R R 

0 -o. 8 78 -0.295 0 -O • I 8 5 0.500 0 +o. 522 -o. 578 0 +1.079 -0.499 
?5 -o. 958 -0.193 ,5 -0.316 - 0 • 459 ·1 5 +0.367 -0.621 I 5 +0.942 -0.631 
30 . ~1.105 +o • I 68 30 -o. 6 38 -o • 2 20 30 -0.08 9 -o. 58 4 30 +0 • 443 -0.843 
45 -1.024 +0.808 45 -0.836 +o • 40 I 45 -0. 590 -0.093 45 -o. 32 5 -o. 589 
60 -o.374 +1 .. toB 60 -o.373 +1'.169 60 -0.416 +o. 8 08 60 -0.510 +o • 38 3 
75 +o. 68 9 +1.322 75 +o.744 +1•22 I 75 +0.696 +I• O 58 75 +o. 542 +o .BBo 
90 +1.320 +0.376 90 +1.427 +0.170 90 +1.428 -o .047 90 +1.336 -0.230 

10 5 +o • 958 -0.6.23 105 +o .a 66 -0.919 ,05 +0.663 -1.170 IO 5 +o.379 -,.336 
'20 +o • I 2 8 -0.854 t-20 -0.155 -0. 972 12 0 -o • 49 5 -0.970 I2 o -0.836 -0.830 
135 --0.350 -0.451 l 35 -o. 562 -o •3 46 135 -0-732 -o • I 35 1 35 -0.808 +0.157 
150 -o. 32 3 -0.005 I 50 -o.347 +0.136 I 50 -o. 300 +0.293 I 50 -0.176 +0.429 
165 -0.120 +0.213 16 5 -0.025 +0.274 165 +0.101 +o. 28 5 165 +0.230 +0.23 I 
180 -0.0.34 +o. 264 180 +o • I 02 +0.279 18 o +0.234 +0.226 180 +0 •334 +0.105 



VERTICAL DIPOLE CYLINDER RADIUS 1·75 RADIANS IO• 28,U 

V V V V 
A = 1.75 B = 2•25 A = 1 •75 B = 2•75 A = 1 •75 B = 3•25 A 1 •75 B 3•75 

R R R R 

0 -0.925 +0.007 0 -1.482 -0.068 0 -1.625 -0.212 0 -1.368 -o.374 
1 s -0.902 +o. 071 t5 -I •461 .+0.045 l 5 -I• 633 -0.073 I$ -I• 423 -0.242 
30 -0.812 +0.241 30 -1-350 +0 •355 30 -1.579 +o•j,30 30 -1.495 +0.178 
45 -0.614 +•• 444 45 -1.042 + 0 ■ 749 45 -1 ■ 274 +o. 89 45 -1.309 +o.fL17 
60 -0.304 +0.568 60 -o.499 +1.009 60 -0.591 +1.305 60 -c.60~ +I •429 
75 +0.032 +0.518 75 +0.123 +0.926 7S +0.270 +1.,214 75 +o. 43 +1 ■ 369 
90 +0 ■ 255 +0.304 90 +o.527 +o. 503 90 +0.817 +0.586 90 +1.090 +0.550 

105 +o.~84 +0.051 105 +0.53B +0.013 105 +0.749 -0.128 10 5 +0.882 -0.358 
laO +0.173 -o ■ IO 5 '20 +0.282 -0 ■ 25S 120 +0.303 - 0 ■ 449 120 +0.218 -0.655 
13 5 +0.041 - O ■ I 24 I35 +0.024 -0 ■ 244 135 -0.065 -0.346 135 -0.218 -o.395 
150 -0.035 -0.063 ,50 -0.092 -0.099 ,50 -o ■ I 68 -o. 09 6 150 - 0 ■ 244 -0.043 
I65 -0.056 +0.002 165 -0.098 +0.030 16 5 -0.116 +0.083 165 .... 0.098 +0.148 ... 180 -0.056 +0.028 ,ao -0.085 +0.077 ,so -0.076 +0.140 180 -0,022 +o,i97 

V V V V 
A = I,75 B = 4•25 A = 1-75 B = 4•75 A = l,75 B = 5•25 A = I • 7 5 B = 5-?5 

R R R R 

0 -0,799 -0.490 0 -0.068 -0.509 0 +0.648 -0.407 0 +I,I81 -o • 19 5 
l 5 -0,906 -o. 403 l 5 -0,209 -o.499 l 5 +o. 504 -0.491 I 5 +1,076 -0,366 
30 -1.137 -0,061 30 -0.589 -0,330 30 +0,03B -0.565 30 +0,624 -0,707 
45 -1.172 +0,630 45 -0.906 +o. 271 45 -0.564 -0.170 45 -0,204 -0.615 
60 -0.568 +1.369 60 -0,527 +1.140 60 -0.510 +0.778 60 -o.537 +o.339 
75 +0,582 +I,391 75 +0.658 +1,300 75 +0,637 +I.I33 75 +0,509 +o.937 
90 +1,305 + o • 41 3 90 +1,430 +o, 211 90 +1.450 -0.012 90 +1.371 -0,209 

105 + 0. 9 09 -0,641 ,05 +0,818 -0.931 ,05 +0,617 -I• I 79 ,05 +o. 334 -1.344 uo +o.o:a6 -0.825 120 -0,253 -0.913 '20 -0.576 -0.882 I2 O -0,894 -0.71, 
135 -0,407 -0.363 l3 5 -0.591 -0,231 I35 -0,718 -0.006 l3 5 -o.745 +0,284 
ISO -0,293 +o. 057 150 -0,291 +0.189 ,50 -o.2.a1 +0.32S 150 -0.083 +0.430 
165 -0.039 +0.205 165 +0.052 +0.231 I65 +0.158 +Oel,05I 165 +0.251 +0.134 
180 ,1,0.069 +oe :a:al 180 +0.176 +0.194 180 +0.267 +0.110 I Bo +0.31:a -0.020 



VERTICAL DIPOLE CYLINDER RADIUS 2•0 RADIANS 10•32~1 

V V V V 
A = •• o 8 = ••S A •• o 8 = 3 .o A = •• o 8 = 3• S A = •• o 8 = 4.0 

R R R R 

0 -o .894 -0.:136 0 -1.415 -0 • 451 0 -• •st -o.6:aa 0 -1. 2 56 -0.705 
15 -o .e 9o -0.1·61 15 -1.436 -0.325 15 -1.5 5 -0.476 is - 1 • 347 -o. 580 
30 -o .8 43 +0.045 30 -, • 40 :a +o .o 38 30 -1.630 -o .o 32 30 -1 • 52 I -0 • I 52 
45 -0 e68 I +o • 31 4 45 -1.167 +o.535 45 -1. 4:19 +o • 6 37 45 -1.461 +o .600 
60 -0.375 +0.511 60 -0.634 +0.91:a 60 -o.77I +r • :a IO 60 -0.801 +I• 34 I 
75 -0.010 +o. 5°7 15 +0.045 +0.919 75 +0.166 +1.115 75 +0.322 +I• 40 3 
90 +0.140 H,_196 90 +o. 503 +o •499 90 +o • 78 9 +o. 59 3 90 +1 .065 +o. 57o 

105 +o. :170 +o .o 31 10 5 +0.512 -0.015 10 5 +0.711 -o. 1 S6 IO S +0.839 -0 • 38 I 
uo +0.144 -0.110 120 +o .117 -0.171 uo +o. :a:18 -o • 456 uo +o.129 -0.641 
I 3 5 +0.010 --0.111 1 35 -0.02,8 -0 •I a8 135 -0.117 -o. 306 1 35 -0.176 -o • 317 
I 50 -0.046 -0.047 ,so --0.104 -0.068 I 50 -0.171 -0 .o so I 50 -o.:a 30 +0.011 
165 -0 .041 +o.O19 16 5 -0.067 +o .o s:a 165 -o .068 +0.099 _165 -0.037 +0.146 - 180 -o.o 31 +0.041 180 -0.038 +0.091 180 -0 .o 10 +O • I 38 180 +0.051 +o.165 V, 

V V V V 
A = ,.o 8 4•5 A 2.0 B 5. 0 A 2,0 B 5• 5 A = 2.0 B 6.() 

R R R R 

0 -0.675 -0.665 0 +0.045 -o.,193 0 +o.7a3 -o.2I2 0 +I• I 98 +0.124 
15 -0.805 -0• 60 I I5 -o. roo -0.518 I 5 +0.602 -0.33 4 IS +1 .138 -0.077 
30 -r.1ao -o • .2197 JO -0.521 - o. 4 J J Jo +oe I 5.3 -o. 52.l 30 +0.766 - 0 • 53 4 
45 -x.a88 +0.42,1 45 -0.956 +0.125 45 -o • 53 3 -o. 2 43 45 -0.088 -0.618 
60 -0 •7 58 +1.299 60 -o. 680 +I• 08 6 . 60 -0.607 +0,734 60 -o. 566 +o.a94 
15 +0.469 +1. 446 75 +0.563 +r. 368 75 +0.567 +I• 40:C 75 +0.464 +o. 991 
90 +1.a91 +o. 444 90 +r.43r +a.,,46 90 +I• 468 +0.019 90 +I• 4oz -0.189 

105 +o 0863 -0.659 ro5 +o. 77 2. -0.9,14 105 +0.572 -1•I89 105 +o • .a87 -r • 3 53 
120 -0.067 -o .,as rzo - 0 -119 -~.84~ uo -0.646 -0.787 I20 -0.935 -0.603 
I JS -0.447 -0.2,65 I ls -o.597 -0.113 135 -0.680 +0.119 135 -o. 6 59 +0.397 
150 -o.a 56 +0.112, I 5 0 -0.230 +n.233 I SO -0.140 +0.346 I 50 +0.007 +0.418 
165 +0.02,4 +0.177 165 +o. 104 +o. r76 L 6 j +oe I 8 5 +0.133 165 +o. 244 +o. o49 
180 +0.132 +0.156 r So +O.JIO +o. IOI 180 +o. a 58 +0.003 180 +o • .ass -0.118 



VERTICAL DIPOLB CYLINDIIR RADIUS 2• 15 RADIANS 10•40>.I 

V V V V 
A = ••5 B = 3.0 A = "· s B ~ 3•S A = 2.5 8 = 4.0 A = 2.5 8 = 4•5 

R R R R 

0 -0.656 -o.6 53 0 -1.028 -1.111 0 - I• 06 4 -::i:.318 .0 -,-,.793 -r.z.4s 
xs -0.698 -0.574 15 -1.116 -o. 9'17 l 5 - r • I 96 -1 • I 91 l 5 -o. 953 - I• I 63 
30 -o.77z -o.33.2 30 -r.286 -o. 587 30 -1.482 -0.7 47 30 -1.349 -o.Sno 

45 -0.740 +0.036 45 -1. 283 +0.063 45 - l • 53 .3 +0.069 45 -1.615 +0.034 
60 -o. 489 +0.378 60 -o.8 54 +o.7oa 60 - l • (.') 76 +o. 950 60 -1.15s +1.085 

15 -o. oa s +o, 478 75 -0.099 +0.889 75 -o. 03 s +1.216 75 +0.088 +I• 43 I 
90 +o.:a.Jo +0.282 90 +o. 466 +o. 488 90 +o.74.2 +0.597 90 +1.0.Jo +0.596 

105 +o • .a. 47 -o.oo.a lo 5 +o. 468 -0.065 105 +0.649 -0.211 105 +0.760 - o • 43 2 

tao +0.090 -o • I JS 130 +o.I.28 -0 • .283 120 +0.094 -o. 444 120 -o.oa4 -o. 590-
13 5 -o. 03 9 -0.096 13 5 -0.108 -0.168 l 3 5 -o.2,r4 -o • I 98 135 -o. 3 41 -o. I 67 
I 50 -0.054 -0.014 I 50 -0.108 -0.005 1 So -0.153 +0.035 l 50 -0.176 +o.ro6 
165 -0.013 +0.029 165 -o.01a. +0.059 165 +0.007 +0.086 165 +0.044 +o • I 02 - 180 +o.oto +0.038 180 +0.03 5 +0.066 180 +o. o7 5 +0.07 5 180 +oeI2-2 +o.05S 

"" 

V V V V 
A = 2.5 B = 5,0 A = 2.5 8 = 5• 5 A = 2,5 8 6.o A - 2-5 8 = 6.5 

R R R R 

0 -0.31• -0.914 0 +0.239 -0.398 0 +o.7II -f-o • I 3 9 0 +o. 98 4 +0.7:ao 

l 5 -o. 472 -o. 913 l 5 +0.116 -0.492 15 +0.663 +0.012 1 5 +1.036 +0.497 

30 -0.932 -o. 7 46 30 -0.3 29 - 0 • 597 30 +oeJJI -a • .)(So 30 +o.9II -o • l 2 S 

45 -1•398 -0.054 45 -o. 98 I -o. I 97 45 -o.443 -0.378 45 +0.1:23 -o, 567 
60 -1.104 +1.076 60 -0.970 +o.9II 60 -o.795 +0.604 60 -o.6a4 +o • I 9 5 

75 +0.231 + 1 • 5I 6 75 +0.348 +I• 47 I 75 +o.395 +1.317 75 +o.347 +1.096 

90 +1. 2 59 +0.490 90 +1.423 +0.303 90 + 10 487 +0.075 90 +i.444 -0.148 
105 +0.773 -0.701 loS +0.675 -0.976 105 +0.470 - r. ar a 105 +0.180 - 1'.368 
I2o -o.a.aa -0.684 120 -0. 47 4 -0.693 120 -o. 7 43 -o. 593 130 -0.980 - 0 •379' 
I 3 5 -0.461 -0.064 I 3 5 -o • 53 8 +0.108 13 5 -o. 537 +o.3.27 1 J 5 -o.434 +o.555 
I 50 -0.1 58 +0.196 1 50 -0.091 +0.283 1 50 +0.02-5 +0.3 41 1 50 +0.174 +0.344-
165 +o. o93 +0.096 I6S +0.141 +0.064 165 +0.175 +0.004 165 +0.17 9 -0.073 
180 +0.161 T'o.oII 180 +0.176 -0.061 I3o +o.15a. -0.143 180 +0.086 -o.a1 .3. 



VBITICJ.L DIPOLB CJLINDBR RADIUS 3•0 RADIANS I0•48kl 

V V V V 
A = 3oO B = 3°5 A = Joo B = 4°0 ·A = 300 B = 4•5 A = Joo B = 5.0 

R R R R 

D -o. >46 -0.894 0 -o.354 -1 • 488 D -o • .298 -1.696 0 -o. x" I I - r. 502 
15 -0.336 -0.839 I 5 -o. SI 5 -1.412 15 -o. 50.2 -1 .640 I 5 -0 • .316 -1. 50 2 
30· -0.-546 -0.63 s JO -o. 908 -1.095 3" -1.031 -I •!JO 30 -0.903 -1.32r 
45 -0.6·95 -0.236 45 -1.217 -o • 41 I 45 -1.512 -0.514 45 - 1 • 547 -0.555 
60, -o. 562 +0111.a27 60 -r.003 +o. 43 9 6D -1.2514 +0.623 60 -1.416 +o.74.J 
1S -o._ I 50 +0.443 75 -0 • .230 ·+0.841 75 -0.224 +r,177 75 -o III I 42 +1.420 
90 +a.205 +0 • .269 90 + 0. •J6 +o. 47 5 ')O +0.701 +o.594 90 +o.975 +0.611 

lo 5 +o.a.26 -o. OJ J 105 +o. 427 _-0.114 105 +o. 566 -o.a67 105 +0.678 -o. 486 
130 +0.044 -0.136 zao +0.045 -a.a75 130 -0.016 -0.411 120 -0.149 -o. 520 
13 5 -0.066 -0,059 I J 5 -0.146 -0.091 I 3 5 -o. 2 41 -o.oSo I J 5 -o • .3 3 4- -0.015 
I 50 -0.047 +0.016 I 50 -0.08 3 +o.o 47 I 50 -0.10:i: +0.099 1 50 -0.088 +0'!'163 
165 +0.006 +0.02.2 165 +0.020 +a.040 165 +0.043 +a.049 165 +0.072 +0.043 - 180 +0.028 +0.012 180 +o. o 57 +0.012 180 +0.084 -0.005 180 +o. I oa -o • 041 __, 

V .V V V 
A ~ 3.0 B .. S • 5 A Joo B = 6.o A = 3.0 B 6,5 A 3.0 ll = 7.0 

R R R R 

0 +0.1 40 -o. 97J 0 +0.369 -0.240 0 +0.503 +o. 51 a 0 +0.497 +1.1.aa 
IS -o.o~o -1.048 I 5 +0.299 -0.387 I 5 +o. 551 +0.329 I 5 +o. 66 5 +0°945 
JO -0.560_ -z • 08 7 30 -0.081 -o. 68 5 JO +0.428 -0.194 JO +o. B 57 +0.294 
4S -1.3 2 4 -o. s 52 45 -o. ea 9 -0.525 45 -0.318 -o. 49r 45. +0.290 -o. 4 58 
60 -, .378 +0.760 6-,_ -1.207 +0.654 60 -o. 953 +0.419 60 -0.669 +0.077 
75 -o.ozs +x • 543 75 +o. l 1 4 +r O 53 5 75 +o.I99 +1.405 75 +0.203 +1.186 
90 +1.2.aa +o. sa S 90 +1. 403 +o • 3 SJ 90 +1.49I +0.131 90 +I• 47 J -0.099 

105 +o. 67 5 -0.746 105 +o. 564 -1.007 105 +0.350 -1 • .2 .27 105 +o. o 56 -1.365 
Uo "'.0 • 3 43 -0.571 Un - 0 • 574 -0.536 I>o -0.804 -o.399 l>O -0. 988 -o.16I 
13 5 -o.399 +o. Io6 I 3 5 -o. 409 +o • .:qo 135 -o.34.a +o. 450 13 5 -0.189 +o.6:i:o 
1 50 -0.037 +0.226 1 5" +o. o 53 +0.267 I So +o.:i:70 +o. a6 5 1 SO +0.291 +0.205 
165 +0.101 +0.020 165 +o, 119 -0.0.10 165 +0.117 -0.072 165 +o. 08 9 -0.125 
180 +0.096 -0.088 180 +0.065 -o. l 3 7 180 +0.007 -0.17.a iso -0.070 -o. 177 



VIRTIC.lt DIPOLI CYLINDBR RADIUS 3 • II RADIANS 10-116>,.) 

V V V V 
A = 3 • 5 B = 4.0 A = 3•5 B = 4• 5 A = 3•5 B 5• 0 A 3•5 B = 5• 5 

R R R R 

0 .f.O. 2 ~6 -0.900 0 +o.4.a2 -1 • 48 4 0 +o. 566 -1.651 0 +0.626 -i.397 
IS +o. t 06 -0.898 t 5 +0 • .219 -1.499 l 5 +0.331 -1.705 15 +o. 4.20 - I • 50J 
30 -0.215 -o. 807 30 -0.347 -1.387 30 -0.366 -I.662 Jo -0.265 -1. 60 5 
45 -o.~57 -0.469 45 -o. 986 -0.824 45 -1.~34 -1.03.: 45 -1.264 - I• 08 6 
60 -0.592 +0.068 60 -1.075 +o.t54 60 -I.4t.2 +0.254 60 - I• 57 4 +o. 3 40 
?5 -o.:aioS +0.404 75 -o. 3 46 +0.780 75 -,,.396 +1.114 75 -0.359 + 10 375 
90 -+o. 192 -+0.258 90 +0.410 +0.463 90 +0.664 +0.591 90 +o.933 +0.6.24 

105 +0.205' -0.058 105 +0.383 -o ■ l 58 105 +o. 5-10 -o.3I8 105 + o • 5R 9 -o, 533 
I>O +0.005 -o.·r 30 uo -0.0.26 -0.254 120 -a.III -0.;63 120 -o. 2 s2 -o. 43 5 
r 3 5 - o. 071 -o.02r 13 5 -0.148 -0.019 I 3 5 -0.~21 +0.021 I J 5 -0.276 +o. 102 
150 -0.036 +0.035 I 50 -·o. 038 +0.077 l 50 -o. 028 +o • I 2 4 l 50 +o.oI I +0.167 
16 5 +0.014 +0.011 165 +o.03r +0.016 165 +0.049 +o.ot1 165 +0.066 -0.005 

~ 18 0 +o. 02·1 -0.011 tBo +0.037 -0.028 180 +0.0-42 -o. 0 53 1Ro +Q•OJI -0.08.a 00 

V V V 'I 
A 3•5 B = 600 A = 3•5 B = 6,5 A = 3•5 B = 7.0 I\ = 3•5 B = 7•5 

R R R R 

0 +o.·s,s -o .8 I 1 0 +o. 417 -0.051 0 +0.165 +0.692 0 -o.t30 +1.238 
t 5 +o. 4 58 -o • 96.a l 5 +0.423 -o.22r l 5 +0.307 +0.544 t 5 +0.r.a4 +1. l 56 
JO -0.06 5 -1.247 JO +o. IR 9 -0.672 30 +o. 4·.P -0.000 30 +o.6.a7 +0.638 
45 -1.071 - I• 001 45 -o. 68 .a -0.814 45 -0.162 -o • 57 I 45 +o. 40 l -o • 3 l 4 
60 - 1 • S 53 +0.377 60 -1.369 +0.331 60 -1.064 +u.r83 60 -0.694 -0.062 
?S -0.2 s 5 +I.!;29 75 -0.125 + l • 5 56 7S -0.013 +I• 456 7 5 +0.039 +1.249 
90 +1.185 +o, S 56 90 +-1.381 +o. 400 90 +1 • 490 +o • 1 8 5 90 + l • 498 -u.048 

t05 +o. 568 -0.180 105 +0.445 -1.024 105 +0.2.a 5 - I• 2.3J 105 -0.070 - l • J 41 
tao -o. 438 ~0-445 120 -0,644 -0.369 uo -0.831 -0.200 Uo -o, 9 58 +o.o 56 
I 3 S -o • .a 9a +0.220 13 5 -0.25..i. +o. 3 58 13 5 -o• I 43 +0.488 l J 5 +0.032 +0.577 
l $0 +0.079 +o. 1 ga t 50 +0.166 +0.184 l 50 +o. a 56 +o.13a I 50 +0.325 -+0.032 
165 +0.07 s -0.032 t65 +0.071 -0.066 165 +0.049 -()eIOU 165 +0.008 -0.126 
180 +o.oo~ -0.107 180 -o. 043 -0.118 xa·o -0.097 -o• I06 180 -0.145 -0.066-



VERTICAL DIPOLE CYLINDER RADIUS 4•0 RADIANS 10·64~1 

'I V V V 
A = 4.0 B 4• 5 A 4.0 B = 5.0 A = 4.0 B = 5•5 A 4.0 B 6.o 

R R R ·R 

0 +0.639 -0.675 0 +I .098 -:r: .098 0 +r.306 -r.r86 0 +r.232 -o.944 
I 5 +o. 52 I -0.740 l 5 +o • 907 -1.226 l 5 +1.103 -1.366 l 5 +I • 08 2 -r.155 
30 +o • I 54 -0.820 30 +0.284 - I• 40 7 30 +o. 3B 2 -1.674 30 +o. 443 - l • 58 9 
45 -o • .3 49 -o. 63 5 45 -o. 62 3 -I• I 2 3 45 -o. 78 6 -1.414 45 -0.805 -I • 48 2 

60 -o. 581 -0.089 60 -1.069 -0.135 60 -1•427 -0.129 60 -1.617 -o. 08 9 

75 -0.2 57 +0.361 75 -o. 448 +o • 70 7 75 -o • 5 5 I +I• 029 75 -o. 560 +t • 2 96 

90 +0.182 +0.2 50 90 +o. 38 9 +0.452 90 +0.633 +o • 58 7 90 .Joo .a 9 a +0.632 

105 +0.18.J -0.080 105 +o.339 -0.193 I 05 +o.453 -o. 3 58 IO 5 +o • 50 I -o. 568 
I 7,0 -0.030 -0.116 120 -o .087 -0.220 I>O -0.188 -0.299 120 -0.332 -o.334 
IJ 5 -0.066 +o.oo 9 135 -0.126 +o • o 3 7 135 -o.r73 +0.093 135 -0.193 +o • I 78 

I 50 -0.001 +0.039 I 50 +o.otr +0.075 150 +0.041 -1-0 • IO 5 l 50 +0.090 +o .1 20 

165 +0.014 +o.ooo 165 +0.028 -0.004 165 +o. o 38 -o.ot5 165 +0.043 -0.034 - ,so +o..,co4 -0.019 180 +0.002 -0.038 18 o -0.010 -0.055 180 -o.o33 -0.065 
"" 

V V V V 

A = 4.0 B = 6.5 A = 4.0 B 7.0 A 4.0 B = 7•5 A = 4.0 B = 8.o 

R R R R 

0 +o.8 98 -0.458 0 +o. 380 +0.133 0 -0.206 +0.672 0 -o. 7 32 +1.021 

IS +0.854 -0.663 15 +0.467 -0.021 I 5 -0.000 +0.610 15 -o • 45 l +I e078 

30 +o. 46 4 -1.184 30 +o • 44 :a - 0 •553 30 +o.379 +0.171 30 +0.276 +o.8 40 

45 -0.665 -, • 33 7 45 -o.377 -1 .022 45 +0.018 -0.603 45 +0.454 -o • I 5:3 
60 -1.619 '-o .045 60 -l • 440 -0.034 60 -1.113 -0.085 60 -0.691 -0.215 

7S -o.48f +l •474 75 -o • 364 +r.535 75 -0.234 +I• 46 7 75 -0.142 +1.282, 

90 +1.1s2 +o. 580 90 +I.359 +o.439 90 +I• 48 7 +o.a3a, 90 +1.515 -o. 002 

IDS +0.46:a -o .so 3 IO 5 +0.327 -I .028 105 +0.102 -1.207 105 -0.192 -1.303 

uo -o. 503 -o • 304 uo -0.675 -0.193 uo -o ,8 l 3 +o .ooo '20 -o .as o +0.262 

I3S -0.171 +0.281 I 3 5 -o.o95 +0.384 13 5 +o • o 3 5 +0.461 13 5 +0.210 +o • 48 5 
I 50 +o • I 5:a +0.108 I 50 +0.214 +0.063 I 50 +o • 2 5 9 -0.016 I 50 +0.269 -0.123 

I6S +0.038 -0.056 165 +0.020 -0.079_ 165 -0.010 -0 .094 I6S -0.050 -0.095 
180 -0.064 -0.06.a 180 -0 .096 -o .o 43 180 -o • I 20 -o .oo s 180 -0.12-7 +o .046 



VERTICAL DIPOLE CYLINDER RADIUS 4•5 RADIANS 10•72~) 

V V V V 
A 4•5 B 5.0 A = 4•5 B 5•5 A 4• 5 B = 6.o A 4•5 B = 6.5 

R R R R 

0 +o.888 -0.278 0 +1.502 -0.430 0 +1.732 -o • 41 4 0 +1.551 -0.247 ,5 +o • 8 IO -o • 406 I 5 +I• 38 5 -0.657 '5 +1.629 -0.698 15 +1.512 -0.530 
30 +o • 49 I -o • 6 7 3 30 +o .B 62 -1.154 30 +1.067 -1.363 30 +r.085 -r.260 
45 -0.098 -0.714 45 -0.180 -1.272 45 -0.231 -r. 60 9 45 -0.229 -I.687 60 -0.531 -0-235 60 -o • 9 90 -o. 40 7 60 -1.341 -o.499 60 -I• 5 43 -0.513 
75 -0.299 +0.314 75 -o. 5 3 6 +0.623 75 -o. 68 9 +0.925 75 - 0 • 7 43 +1.190 
90 +0.174 +o • 2 42 90 +0.372 +0.442 90 +o. 60 7 to• 58 I 90 +o.866 +0.637 105 +0.161 -o .097 IO 5 +0.295 -0.223 ,05 +6.3El7 -0.391 Io 5 to• 4 I 4 -o • 596 120 -o. 0 57 -o.o95 120 -O • I 3 4 -o • I 7 3 12 0 -0.244 -0.221 ,,o -o • 38 I -0.221 135 -0.051 +0.032 I 3 5 -0.091 +o .o 7 6 I 3 5 -0.111 +o • I 38 135 -o •IOI +0.216 I 50 +0.019 +o.o:aB l 50 +0.045 +0 •? 49 ,50 +o. o3 I +0.057 I 50 +0.124 +0.045 165 +0.010 -o .007 165 +0.017 -0.017 165 +o. o 20 -0.030 I6 5 +0.015 -0.045 180 -o.oro -o .or 3 18 o -o. 0 2 3 -o • 02 2 18 O -0.040 -0.024 18 0 -o .o 59 -o.or6 

V V V V 
A = 4• 5 B 7.0 A = 4•5 B 7•5 A 4•5 B 8.o A = 4•5 B = s.5 

R R R R 

0 +1.019 +O.OI:J 0 +o • 2 7 l +0.279 0 -o.5I2 +0.472 0 -r.r49 +o • 5 32 15 +1.075 -o. 208 '5 +o • 42 4 +o • I 7 7 I 5 -0.292 +o. 520 I 5 -o.9r8 +0.732 
30 +o.9:a7 '.""0 • 900 30 +o. 6 32 - 0 • 3 39 30 +a.260 +o • 2 94 30 -o • I 2 2 +o.866 
45 -0 • I 57 -I • 50 9 45 -0.007 -1 • l l 4 45 +o. 20 7 -0.579 45 +o.453 +0.005 
60 -1.568 -0.47 1 60 -1.410 -0.410 60 -r. 08 9 -o. 368 Go -0.650 -o • 3 7 3 
75 -0. 70 4 +I• 38 4 75 -o. 597 +1.474 75 -o • 45 8 +I• 44' 75 -o.333 + l • 28 5 90 +1.12-0 +o.599 90 +l.335 +0.471 90 +I• 4 78 +0.273 90 +r.525 +o • o 4 I 

IO 5 +o • 3 58 -0.817 105 +o.2I2 -1.024 IO 5 -0.018 -1 • 18 l IO 5 -0.311 -1.256 '20 -0.529 -o • 1 57 120 -o. 6 62 -0.020 Z,0 -0.748 +o. 18 5 12 0 -o.757 +o.439 IJ5 -0.050 +o.:a96 I 3 5 +0.046 +0.360 135 +o • I 8 I +0.386 'J 5 +o • 3 39 +o.354 I 50 +0.165 +o .009 150 +o.r92 -0.052 l 50 +0.191 -0.132 I 50 +o • 1 52 -0.218 
165 +O .oo 1 -0.059 165 -0.022 -0.067 165 -o .o 51 -0.065 165 -0.082 -o. 0 46 ,so -o.o75 +0.004 180 -o. 08 2 +0.034 ,so -o .o 7 5 +0.070 18 0 -a.a 50 +0.104 



- ----,------------------

VERT! CAI O!POLF C.YL!NOER RADIUS 5•0 RADIANS I0·80AJ 

V V V V 

• s.o B = S-5 A ~ l•O B ~.o A 5.0 B = 6.5 A = 5.0 B = 7.0 

R R ·R R 

0 +o • 913 +o. 18 9 0 + l • 5 30 +o.354 0 +1.731 +0 •475 0 +1 • 496 +o.527 
I 5 +0.907 +0.024 t5 +1.538 +0.071 15 +l .780 +o • 14 5 15 +x.601 +0.233 
30 +0.731 - 0 • 3 9~ 30 +1.277 -0.678 30 +I• 5 56 -o .78 5 30 4 1.534 -o • 700 
45 +o. 162 -o .699 45 +o. 28 5 -1.252 45 +0.358 -I• 59 2 45 +o. 38 6 -1.674 
60 -o. 44~ -0.361 60 -0.845 -o • 6 47 60 -I •. 162 -0.830 60 -1.360 -0 •90 I 
75 -0.333 +0.263 75 -0.610 +o • 5 32 75 -0.807 +0.806 75 -0.905 +1 .061 
90 +0.166 +o • 2 34 90 +o.357 +o.433 90 +o • 58 3 +o • 57 4 90 +0.836 +o • 6 39 

ro 5 +o • I 3 9 -0.112 IO 5 +0.:252 -o. 2 47 IO 5 +0.321 -o. 417. IO 5 +o • 32 7 --o.6:z:6 
120 -0.075 -o .o 70 I20 -0.164 -0 • I 20 I2 0 -0.274 -0.138 '20 -o.397 -0 • 107 
I 3) -o .o 30 +0.045 1 35 -o. 0 48 +0.097 '35 -0.044 +o • I 57 I3 5 -0 .009 +0.219 
I 50 +0.021 +o .o 10 I 50 +o. o 56 +o • O I 3 I 50 +0.086 +o.oo~ ,50 +o •IX 3 -0.026 
165 +0.003 -0.010 165 +0.004 -0.021 I65 -0.001 -o .o 32 I65 -0.012 -0.041 

N I 8 O -0 eO I 3 -0.001 ,Bo --0.026 +0.002 ,80 -o .o 3 7 +0.012 ,8 o -0.043 +0.028 -
V V V V 
A 5.0 B ~ 7•5 A 5.0 B = 8.o A = 5.0 B = B.5 A = 5 .o B = 9.0 

R R r R R 

0 +0.904 +o. 490 0 +0.115 +o • 3 59 0 -0.674 +o • 1 49 0 -1.272 -0.101 
'5 +1.064 +0.306 I5 +0.303 +0.338 I 5 -o. 50 0 +0.306 I 5 -1.162 +o • 20 5 
30 +1.234 -o • 440 30 +0.724 -0.061 30 +.0.112 +o • 3 5 5 30 -o. 48 5 +0.717 
45 +o • 38 7 -, • 48 9 45 +o • 38 l -1 • 0 7 l 45 +o • 38 5 -o • 49 5 45 +o • 40 4 +0.144 
60 -1. 40 5 -0.871 60 -1 • 2 78 -0.772 60 -o. 98 9 -o .644 60 -0.569 -0. 528 
75 -c. 90 3 +1.264 75 -o • 8 I 5 +I .378 75 -0.676 +1.378 75 -o.527 +1.255 
90 +l .08 9 +0.613 90 +1.310 +o.499 90 +1.465 +o • 3 I 2 90 +I• 5 30 +o .oa 4 

10 5 +o • 2 5 5 -o .8 24 IO 5 +o .097 -1.011 105 -o • 1 38 -r.145 IO 5 -0.429· -1.196 
'20 -0.518 -0.017 I20 -0.610 +o • I 3 5 '20 -o • 646 +o.339 120 -0. 602 +o.574 
135 +o .060 +0.271 '3S +o • I 6 J +o • 2 9 S 135 +0.288 +0.274 13 5 +o • 415 +0.196 
I 50 +0.127 -0.070 ,50 +0.120 -o • l 28 150 +0.08 5 -0.187 ,50 +0.019 -0.235 
16 5 -o. 0 30 -o.o44 165 -0•0SI -0.039 < 6 5 -o • 0 7 I -o .024 16 5 -0.086 +0.004 
,80 -o. 041 +0.049 180 --0.028 +0.071 ,ao -0.002 +0.088 ,80 +o .o 33 +0.094 



VERTJ CAI DIPOLE CYL TN DER RAD!ITS 5•fi RADT ANS ((J-98"'-' 

V V V V 
A 5•5 B = 6,o ~ e 5•5 B 6•\ A I• 5 8 7'0 • 0 I• I 8 1 . s 

R R R R 

0 +o • 70 7 +0.609 0 +1.173 +1.054 0 +r.~98 +r. 2 58 e +r. o 7 3 + I , I 8 7 
I 5 +o • 78 9 +o • 4 48 '5 +I• 3 31 +o • 78 7 I 5 +I• ,5 I 6 +0 .. 966 r 5 +1. -324 +0.956 
30 +o. 8 31 -o .o 48 30 +I• 4 48 -0.070 30 +I• 7 5 2 -0.051 JO +1, 70 2 +o • 0 I '2: 

45 +o • 399 - 0 • 59 3 45 +0.711 -1.069 45 +o. 90 2 -,.367 45 -1-Q • 9 5 9 -r .440 
60 -0.336 -o. 460 60 -0.645 -0.839 60 -0. 9o 5 -1 • I 0? 60 -y .08 z -r. 227 

75 -0.360 +0.211 75 -o • 670 +0.434 75 -o. 90 5 +0.674 75 -r .014 +0.913 
90 +o • I 60 +0.228 90 +o • 3 4 3 +0.424 90 +o. 56 2 +o. 568 90 +0.808 +o. 640 

IO 5 +o •II 6 -0.124 10 5 +o. 20 7 -0.266 IO 5 +o • 2 5 S -o. 4 36 ,o 5 +o. 2 41 -0.6:1.7 
l20 -0 .08 s -0.043 I 2 O -o • I 78 -0.066 '20 -c.281 -o .o 57 ,20 -o. 36 6 -O • 00 I 

135 -0 .008 +0.049 135 -0.004 +o. 100 ,35 +o ■ O 2 I +o • I 4 9 1 3 5 +o. o 7 2 +o • .c 90 
150 +0.025 -0.006 150 +0.047 -o ■ O I 7 l 50 +0.064 -0.039 l 50 +0.072 -0 ■ 07 I 
,65 -0.003 -0.009 165 -0. 009 -o .o l 7 165 -0.018 -o .02 3 .[() 5 -0.031 -o • O 2 4 

N 180 -0.008 +0.008 , Bo -0.013 +0.018 18 o -o • 0 I 4 +o. o 30 18 o -o. 008 +.0.041 
N 

V V V V 
A = 5•5 8 B.o A = 5 • 5 B B.5 A 5•5 B = 9.0 A = 5•5 8 = ~. j 

R R R R 

0 +o • 574 +0.864 0 -0.057 +0.362: 0 -0.654 -0.207 0 -:-I • O 6 7 -0.716 
15 +o • 8 I 6 +o. 76 4 I 5 +0.126 +0.431 I 5 -0.576 +o. o 2 4 I 5 -.1.124 -o. 37 6 
30 +1.32I +o • I l 5 30 +0.697 +o • 2 3 7 30 -0.011 +o. 3 5 2 30 -c • 7 42 to. 428 
45 +o • 8 9 4 -1.275 45 +o • 7 3 9 -o .8 92 45 +o • 534 -o.353 45 +0.320 +0.254 
60 -r.140 -1.216 60 -I .o 53 -i.090 60 -0 e8 I 6 -0.891 60 - 0 • 447 -0.667 
75 - I• O 78 +1.116 75 -1.015 +I• 2 49 75 -0.882 +1 • 2 Bo 75 -0.716 +1.192, 
90 + I .o 60 +o .626 90 +I• 28 5 +0.524 90 +1.451 +o • 348 90 +1.53:? +0.125 

105 to• I 52 -0.820 105 -0.017 -o. 98 6 IO 5 -0.255 -1.096 IO 5 -0.541 -1.122 
120 -o. 47 6 +0.107 l20 -o. 5 28 +0,265 I20 -0.519 +0.460 120 -o. 4 30 +0,667 
I 35 to• I 49 +o,2II l 3 5 +o • 2 45 +0.197 '35 +o.345 +o • I 3 7 I 3 5 +0.429 +o. o 28 
I 50 +o ,063 -0.111 I 50 +0.033 -0.151 I 50 -0.019 -0.181 I 50 -0.089 -o .18 9 
l 6 5 -o.o 46 -o .o 18 165 -0.060 -0.003 ,6 5 -0.067 +0.030 165 -o .o 64 +0.048 
,a o +o .006 +0.055 18 O +0.027 +0.060 I8 O +o • o 5 3 +o • o 5 5 ,a o +o. o 78 +o .o 37 



VBRTIC.U OIPOLB CJLTNDBR RADIUS 6·0 RADIANS 10•96~1 

V 
V V V 

A 6.o 8 = t-i. ~ 4 = 6.o 8 = ?•O A = 600 B = 7•5 A = 6.o B a.o 

R R R R 

0 +o. 32 4 +0.877 0 +0.520 +I• 496 <> + 0• 53 7 +1.738 0 +o.379 +I• 56 7 
( 5 +o. 487 +0.767 ts +o.8 Io +t.324 I 5. +0.896 +1.571 ,5 +0.7:36 +t. 472 

30 +0.712 +o. 3 I! 30 +i •3 43 +0.554 30 +Ie6I7 +0.700 30 +t. 550 +0.114 
45 -1-0. 58 I -o. 4 I 2 45 +1. 0 43 -o • 748 45 +,.33, -o. 963 45 +r.4r4 -1.or6 
60 -o. 2 06 -o. 5 26 60 -o. 40 s -o. 97 2 60 -o • 53 9 -::i: .2 96 60 -0.7.30 - I• 469 
75 -o. 379 +o. T 56 75 -0. 71 4 +0.33.a 75 -o. 981 +o. 53 4 71 -r. 157 +0.748 
90 +0.154 +0.22:, 90 +0.331 +0.416 90 +o. 543 +o. 562 90 +0.784 + o. 6 4 o 

'0 5 ♦ o. 09 4 -o.r13 ,05 +0.163 -0.179 105 +0.189 - 0 • 447 105 +o. I _56 -0.628 
'20 -o. 088 -0.017 Uo -0.178 -o.ois I20 -0.269 +0.019 !20 -o.353 +a• a9 l 
'3S +0.012 +0.044 13 5 +0.03 s +0.085 13 5 +o. 074 +0.118 I J 5 +0.132 +o.1·35 
( 50 +0.015 -0.016 '50 +o.oa7 -0.03 5 '50 +0.030 -o. e 59 150 +.0.021 -0.086 
,6 s -o.ooR -0.005 165 -0.017 -0.007 165 -0.037 -0.006 165 -o. 0'.'7 +o.ooo 

...., , Bo 
"" 

•o.oor +0.010 ,so +0.004 +0.01 9 180 +o.oI.2 +o.oa6 180 +0.023 +0.030 

V V V V 
A ~ 6.o B = 8.5 A = 6.o B = 9.0 A = 6.o B = 9• 5 A = 6.o B = I0-0 

R R R R 

0 +0.102 +1.040 0 -0.209 +0.290 0 -0.462 -o. 503 0 -o • sB S -1 • I 53 
IS +0.380 +1.062 's -0.074 +o. 43 9 I 5 -o. 508 -0.2 ss ' s -0.813 -0.869 
30 +1.166 +0.662. 3" +o. 549 +0.504 30 -0.1 72 +o.29a 30 -0.847 +0.061 
4S +1. >98 -o.e 91 45 +1.017 -o. 594 45 +0.632 -0.166 45 +0.212 +o.3a7 
60 -0.793 - 1 • 479 60 -0.748 - l • 3 41 60 -o. 578 -1 .090 60 -0.288 -0.777 
1S -1.2.a7 +0.946 1S -1.192 + I •0 91 75 - I• 07 I +1.149 75 -o.8 97 +1.098 
90 +1 .033 +0.636 90 +1.261 +0.545 90 +I• 43 6 +0.379 90 +1. 531 +0.162 

105 +0.052 -0.804 105 -o • 12 5 -0.949 105 -o.3b4 -1 .03 S 105 -0.643 -, .-037 
tao -o • 41 I +o.21a uo -o. 4a 4 +0.368 uo -o • 3 7 S +0.545 120 -0.249 +0.718 
_13 S +o • .ao 5 +o. 12 5' 13 s +o. 28 I +o.o8I 13 5 +0.347 -0.004 I 3 S +0.382 -0.126 
•so -0.002 -0.112 I 50 -0.041 -0.130 '50 -0.094 -0.131 'so -o• I 52 -o. 108 

165 -0.045 +0.013 165 -0.047 +0.03 I 165 -o.o 40 +o.o 52 I65 .-0.023 +0.072 
180 +0.038 +0.028 180 +0.054 +0.019 180 +0.066 t-0.000 180 +0.071 -0.026 



TANGEN TI AL DIPOLE CYLINDER RADIUS 0·25 RADIANS 10· 041,.) 

T T T T 
A D 0.25 B C 0.75 A 0 .25 B I • 2 5 A = 0. 2 5 B = I • -7 5 A = 0.25 B 2•25 

R R R R 

0 +0.593 +o. 596 0 +0 ■ 22I +0.900 0 -0.264 +0.970 0 -0.702 +0.796 
l 5 +o. 578 +0.546 l 5 +0.246 +0.841 I 5 -0.198 -to.930 I 5 -0.61:2 +0.801 

30 +0.528 +0.415 30 +0.298 +0.676 30 -0.033 +0.802 30 -0.369 +o.775 
45 +o. 440 +0.246 45 +0.325 +o. 444 45 +0.137 +0.580 45 -0.073 +o. 641 
60 +0.312 +0.090 60 +0.280 +0.207 60 +0.212 +0.308 60 +0.130 +0.386 
75 +0.157 -0.013 75 +0.155 +0.034 75 +·0.144- +0.078 75 +0.135 +0.119 
90 -0.014 -0.044 90 -0.022 -0.027 90 -0.02€- -0.012 90 -0.025 +o.ooo 

105 -0.184 +0.004 105 -0 • I 99 +0.044 105 -0.196 +0.078 105 -0.185 +o • I 09 
1ao -0.340 +0.124 1,0 -0 ■ 325 +0 ■ 227 I ::,0 -0.264 +0.308 120 -0.181 +0.368 
135 -0.467 +o.293 I 3 5 -0 ■ 369 +0.472 I 3 5 -0.189 + O.■ 5 8 I I 3 5 +0.022 + 0. 61 5 
150 -0.-556 +0.472 150 -0.342 +0.710 150 -0.019 +0.803 I 50 +0.319 +o.743 
165 -0.605 +0.610 165 -c.290 +0.879 165 +0.146 +o.932 I 6 5 +0.561 +0.766 

~ 180 -o.6:al +0.662 180 -0.265 +0.940 18 o +0.213 +o. 971 I 80 +0.652 +o.759 

T T T T 
A C 0.25 B = ;i.75 A = o. 2 5 B 3°25 A 0.25 B = 3•75 A = o.,s B = 4••5 

R R R R 

0 -0.978 +o.425 0 -1.021 -o. 051 0 -0.819 -0.513 0 -o.419 -0.847 
l 5 -0.894 +0.486 I 5 - 0 • 9 77 +0.058 l 5 -.o. 841 -0-382 l_l -o. S 16 -o.734 
30 -o • 6 41 +0.601 30 -0.798 +0.314 30 -o.B10 -0.033 10 -0.676 -o.375 
45 -0 ■ 273 +0.618 45 -0.440 +o. SI 5 45 - 0 ■ 553 +o.343 45 -o.6or +0.125 
60 +0.044 +o.437 60 -0.042 +o.455 60 -0.125 +0.438 60 -0.203 +0.388 
75 +0.128 +o.1·54 75 +0.122 +0.182 75 +0.116 +0.200 75 +0.106 +o.2oq, 
90. -0.020 +0.o:r1 90 -0.012 +0.017 90 -0.002 +0.019 oo +0.007 +0.017 

105 -0.168 +0.137 105 -o • I 16 +0.161 105 -0.120 +0.179 IO~ -o. 09 3 +o. '9 3 
120 -0.084 +0.404 uo +0.018 +0.414 120 +0.121 +0.398 120 -t-o. 2 I 6 +0.356 
l3 5 +0.233 +0.571 1 35 ~0.416 +o.457 135 +0.548 +0.286 I JS +o, 6 I 4 +0.080· 
150 +0.601 +0·• 544 150 +o.774 + 0 -214 150 +0.806 -0.102 150 +0.689 -0.430 
16S +0.854 +0.422 165 +o.953 -0-~21 165 +0.836 -0.460 165 +0.528 -o. 79 5 
180 +0.938 +o.359 180 +0.997 -0.133 180 +0.814 -o.593 180 +0.431 -0.910 



TAIIGBNTUL DIPOLB CYLINDER RADIUS 0•5 RADIANS IO•OB/d 

T T T T 
A ~ 005 8 = l o0 A ~ 0,5 B = Io5 A = Oo5 8 = a.o A = o, 5 B •o5 

R R R R 

0 +o.r68 +0.616 0 -0.245 +0.900 0 -0.697 +0.930 0 -r .0.22 +o.7I8 
15 +o.r79 +oo 563 rs -o. I 92 +0.848 I S -0.611 +0.909 IS -0.927 +0.749 
30 +o. I 97 +0.419 30 -o. 066 +0.695 30_ -00388 +0.821 30 -0.660 +0.784 
45 +0.195 +0.230 45 +o.o 58 +0.462 45 -0.129 +0.629 45 -0.,105 +o. 707 
60 +o. I 50 +0.0-49 60 +0.105 +0.205 60 +0.038 +0.3 J2 60 -0.022 +0.467 
75 +0.062 -0.073 75 +o .o 48 +0.004 75 +0.037 +0.090 75 +0.044 +a.169 
90 -o.o 5a -0.107 90 -0.081 -0.071 90 -o .092 -0.026 90 -0.08 5 +0.016 

105 -0.166 -0-.043 ros -0.210 +0.008 105 -0.221 +o.c6o 105 -o. 21 4 +0.110 
Uo -0.2 sa +o. 108 l 20 -0.265 +o.:ZI2 l2o -0.~19 +o • 2 93 130 -o. I 47 +0.3 52 
135 -0.295 +0.313 l 3 5 -o • 2 I 5 +0.47.a 135 -o.o 50 +o. 546 l J 5 +0.138 +0.545 
I 50 -0.295 +0.521 l 50 -0.088 +0.707 l 50 +0.211 +0.720 I 50 +0,495 +o. 58 4 
165 -0.275 +0,676 165 +0.040 +o.861 165 +o. 436 +o.795 165 +0.763 +o.5.a6 
180 -0.263 +00734 180 +0.093 +0.914 180 +o.5.a3 +o.ex.2 180 +o. 8 58 +0.488 N ..,, 

T T T T 
A a Oo5 B = JoO A = OoS B = 3•S A = 005 B = 400 A = 0.5 B = 4°5 

R R R R 

.0 -x .1 a3 +0.3.aS 0 -0.969 -o • I 41 0 -o. 59r -0.568 0 -0.076 -o.8 47 
15 -1 .054 +o. 412 l 5 -oo 9 56 -0.020 15 -o. 6 53 -0° 444 15 -0.209 -0.760 
JO -0.823 +o. 591 JO -0.844 +0.282 Jo -0.719 -0.085 30 - 0 • 473 -o. 43 9 
4S -o. 441 +00683 45 - 0 • s.a s +o. 5 58 45 -0.551 +0 .3 48 45 -0.521 +0.084 
60. -0.069 +o. 53 7 60 -0.106 +0.552 60 -u. I.40 +o. 510 60 -0.177 +0.419 
75 +0.066 +o.23r 75 +0.096 +o. 268 75 +0.1.25 +0.279 75 +0.1 4a +0.266 
90 -0.063 +Q.o 48 90 -0.03 l +0.067 90 +0.003 +0.069 90 +0.033 +o.o 56 

105 -o.19a +o. I S4 105 -o. I 59 +o • I 8 9 IO ,5 -0.120 +0.214 105 -0.077 +o.2a6 
uo -o.o 57 +00388 uo +0.042 +0°399 l>O +o • I 43 +0.384 120 +a• 2'3 9 +0.341 
135 +0.316 +0.473 135 +0.460 +0.3 43 I 3 5 +o • .5 51 +0.170 13 S +o.579 -0.026 
l 50 +0.697 +00334 l 50 +0.777 +o.c18 l 50 +0.716 -o. 304 l 50 +o. 527 -0.574 
165 +n.9aa +o.1a5 165 +o.888 -0.314 165 . +0.641 --o,638 165 +0.260 -o.9u 
180 +00998 +0.031 180 +0.901 -o. 44S 180. +oo 58 5 -0.821 180 +o.:r:27 -1.co3 



TANGENTIAL DIPOLE CYLINDER RADIUS 0•75 RADIANS 10• 12A.J 

T T T T 
A = o.75 B = ,.25 A = 0.75 B = r.75 A o.75 B = 2 • 2 S A ·= 0.75 " 8 = 2.75 

R R R R I 

0 :-0.225 +o.64r 0 -0.674 +o. 90 5 0 -r.ost ♦0.891 0 -1.2·21 +o. 6 39 
rs -o. IQO +o. 592 r S -o. 599 +o.866 n - 0 ·.954 +0.894 I 5 -1.135 +0.696 
30 -o. I 09 +0.452 .iO -o._411 +o.7_4I ;o -0.694 +0.860 iO -0.87'3 +o.79Q 
4S -0.032 +o • .1_55 45 -o• 2 OJ +o.5.i12 4 5 -o. 369 +o.71i 45 -o. 489 +o. 79 3 
60 ~0.003 +0.052 60 -0.071 +0.248 60 -o. 127 +o.43 60 -9.r50 +o.519 
75 -0 •. 035 -o. 098 75 -_0.070 +0.009 7S -o. 07 4 +0.138 75 -0.040 •0.253 
90. - 0 • I 06 -o. I 5 3 90 -o. 162 -a.rot 90 -0.179 -0.021 90_ -0.158 +0.056 

ro5 -0.174 -o. 096 105 -o. 2 ~p -0.0_'39 I 05 - o. :2 8 I +0.041 105 -0.275 +o. I 2 3 
uo -0.198 +0.055 I 20 ·-0.241 40. I 5_7 no -0.220 +0.249 I 20 -o. 162 +0.328 
t 35 -o. 't -1-0. 2 59 I i5 -o. 098 +o.393 135 +0.032: +0.448 I 35 +o. -18 I +o. 4 38 
r50 -o. 0 9 +0.457 rso +0~125 +0.583 150 +o. 367 +0.535 I 50 +0.569 +o. 36 3 
16 5· +0.020 +o. 597 r65 +0.322 +o.68Q 16 5 .+0.634 +0.53.1 16 S +o. 8 34 +0.209 

N rB o +o.0_57 +0.647 180 .+0.401 +0.721 180 +0.73'4 +o,;516 180 +0.923 +o.13s 
°' 

T T T t 
A = 0.7.5 B 3.25 A o.75 8 = 3• 7 S A = 0.75 6 = 4 • :a 5 A = o. 7 -~ B = 4• 75 

R R R R 

0 -l•l'!'J +0.227 0 - 0 • 791 -o. 2 35 0 -o. 277 -0.627 0 +0.298 -o. 8 49 
15 - I• o8q +o. 3'.P IS -o• 8 I 7 -0.108 ·~ -o. 177 -o. 516 I 5 +o. I 38 -o. 79 S 
30 -0.907 +0.573 10 -0.791 +0.228 ;o -0.547 -0.165 30 -o. 3 19 -0.530 
4.5 -0.546 +0.749 45 .-0.542 +o. 58 3 45 -:o• 488 +0.320 4 -o.397 +0.003 
60 -0.145' +0.653 60 -0.127 +o. 6 47 60 -0.113 +0.564 60 -0.120 +0.418 
75 +0.02, +o.334 75 +o.og7 +0 • .370 75 +0.164 -+o. 360 75 +0.206 +0.311 

_90 -o. I 08 +_0.114 90 -0.041 +0.142 90 +0.028 +o. I ,.37 90 +·o. oe 4 +0.103 
:105 -o. 2 39 +o. 19 5 r 05 -0.182· +0.249 105 - O. I l .3 +0.279 105 -0.043 +o. 282 
120 -o. 07 5 +o. 38 5 120 +o. o 3..3 +0.414 120 +0.15:2 +0.407 120 +o.J68 +o. 36 .3 
'1S +o. 32 .3 +o. ,:370 r 3S +o. 438 +o. 2 5 3 135 +0.509 +0.099 135 +0.5 3 5 -0.076 
r 50_ +0.681 +0. I 09 rso +0.675 -0.176 r so +0.551 -o.417 ,50 +0.328 -0.626 
t6 5 +0.859 -0.187 16 5 +0.693 -o. 5.59 165 +0.368 -0.819 16 5 .-0.044 -0.901 
180 +0.902 -0.,-10 180 +0.665 -o. 702 180 +0.263 -0.940 180 -o. 209 -0.960 



TANGENT! AL DIPOLE CYLINDER RADIUS 1·0 RADIANS I0 • 16/d 

T T T 
A = I, o 6 = I • 5 A = I,o B 2,C A = I,o 8 = ••5 A " I,o B 3 .o 

R R R fl 

0 -o. 48 2 +0.619 0 -0.953 +0.819 0 - I • 2 56 +0.736 0 -1 .·299 +o. 43 9, 
I 5 -0.43.2 +0.580 I 5 -0.867 +a.Bo 5 I 5 - I • I 61 +0.770 '5 -1.z.2.9 +o. 5~6 
30 -0.308 +o. 464 30 -0.644 +0,734 30 -0.894 -10.815 JO - 0 ~997 +u.713 
45 -0.178 +0.283 45 -0.379 +o. 562 45 -o. S3 4 +0.748 45 -0.613 +0.811 
60 -0.104 +0.077 60 -0.195 +0.300 60 -0.242 +a.511 60 - 0 • 2.3 7 +0.664 

·15 -o.IIO -0.091 75 -0.164 +o .o 40 75 - 0 • 1 59 +0.203 75 -o_.097 +o • .344 
90 -o • I 69 -0.167 90 -o. 2 51 -o.a 96 90 -0.265 +0.020 90 -u.220 +0.1.::9-

Io5 -0.2.20 -0.126 105 -0.329 -o. 0 52 IO S -0.366 +o. 06 5 105 -o.344 +0.185 
100 -0.204 +0.009 120 -0.277 +o.121 · I 2o -0.2•10 +0.244 120 -0.206 +0.3 56 
I 3 5 -0.100 +0.186 '35 -0.063 +0.308 I 3 5 +0.039 +0.368 I J 5 +o·. I 67 +o,373 
I 50 +0.060 +o. 3 44 I 50 +0.232. •o. 42r 150 +0.415 +o,3 47 I 50 +o • 547 +0.174-
165 +0.204 +0.445 165 +o. 478 +o. 454 165 +0.695 +u.246 165 +0.776 -0.076 

N I8o +0.26.2 +0.478 180 +o • 57 3 +0.456 180 +o.795 +o • I 93 180 +0.845 -o. 18 s ___, 

T T T T 
A - ,.o B m J•S A = I,o B = 4,0 A = I,o B = 4•5 A = 1,0 B = 5.0 

R R R R 

-1 .06:a -+o.o:a3 
♦ 0 +0.58:a -o.8a3 0 0 -0.594 -0.394 0 -o.oor -O.7O:a 

IS -1 .048 +0.147 IS -0.654 -0.::a,67 IS -0.131 -0 .• 614 15 +0.408 -0.808 
30 -0.934 +0.455 30 -0.718 +0.097 30 -0.390 -0.289 30 -o.o 13 -0.621 

45 -0.613 +o •7 37 45 -<> • 5 47 +0.536 45 -0.435 +0.239 45 -0. 300 -0.105 

60 -o. 19 4 +0.730 60 -<>• 1 37 +0.699 60 --0.091 +o.577 60 -0.079 +o. 38 6. 
75 +o .oo S +o,434 75 +o. 119 +o. 460 75 +0.217 +o • 422 75 +0.274 +o.335 
90 -0.13:a +o. 204 90 -0.023 +o • :a 3 I 90 +0.08 3 +o. :ao 6 90 +o. 16:a +oe I 38 

IO 5 -o.a,s +0.284 IO 5 -o • 176 +o.345 ,05 -0 .066 +0,363 10 5 +0.035 +o,33S 
IaO -0.095 +0.439 120 +o .o 46 +o • 478 130 +o. 30 I +o. 463 IaO +o,345 +o. 39~ 
I35 +o.298 +0.324 1 3S +0.41:a +0.223 I3S +0.487 +o .o 79 135 +o • 509 -0.093 
I SO +o.593 -0.05:3 I SO +o. SJ7 -o • 287 I 50 +o • 387 -0.483 1 50 +0.164 -0.605 
165 +o. 688 -o. 4:ao 165 +0.441 -0.695 165 +o .oe 6 -0.830 165 -0 • 299 -o,78f 
180 +0.695 -0,564 180 +0.369 -o.B 37 ,8 o -o ,0 59 -o.9:a6 180 -0,488 -0.801 



TANGENTIAL DIPOLE CYLINDER RADIUS 1·25 RADIANS 10•20,1,J 

T T T T 
A = I• 2 S B - r .• 7 S A = r.25 B = 2.25 A = l • 2 S 8 = 2.? S A = 1.25 B = 3• 2 S 

·R R R R 

0 .-0.633 +0.486 0 -1.126 +o. 5 8 o 0 -1.:381 -f-0.424 0 -r.:336 +0.114 
·I5 -o. 574 +0.469 rs -1.0.38 +0.600 rs -r.296 +o.497 I5 - r. 289 +o.~33 
30 -o. 428 +0.405 30 -o. 799 +0.614 30 - I• O 39 +0.644 30 - I• 099 +o.513 
45 -0.264 +0.275 45 - 0 • 499 +o.535 45 -o. 66 I +0.700 45 -0.724 +o.743 60 -o. 162 +o.09e 60 -0.274 +0.3:31 60 -0.:323 +0.550 60 -o. JOS +0.704 
75 -'o. r 59 -o. 064 75 "":'0 • .125 +0.088 75 -o. 208 +o.a74 75 -0.120 +0.427 90 -0.224 -0.144 90 -o. :32 0 -0.048 90 -o: 318 +0.097 90 -0.239 +o.-a24 ,05 -o. 277 -o. I Io t 05 -0.405 -0.006 l 05 -0.428 +0.146 ros -o. 37 I +0.291 ?20 -0.240 +0.008 I>O -0.329 +0.146 ?20 -0-113 ♦ o. 302 ?20 -0.219 +0.438 

t35 -o,. 09 I +o • I 4 3 r35 -o. 068 -f-(')~ 268 r JS +0.026 +o. 342 135 +0.156 +o.36a ,so +o. r 2 o +o.2_18 150 +0.269 +0.21130 t50 +0.405 +0.197 r50 +0.487 +0,.039 r6 5 +o.3or +0.280 t6 5 +o.534 +0.220 r6 5 +0.662 -0.008 16 5 +0.644 -0.302 
N 180 40• 37 I +0.289 180 +0.632 +o.r85 r8o +o.747 -o.ro1 r8o +0.679 -0.441 00 

T T T T 
A = r. 2 5 8 = 3• 75 A = 1.25 8 = 4.25 A = 1.25 8 = 4• 75 A = r.25 B - 5• 2 5 

R R R R 

0 -r.oor -0.2,1.7 0 -0.452 -0.~52 0 +o.,r85 -0.714 0 +0.762 -o.68c:, 
t5 -1.oy8 -o .. rro IS -0.541 -o•4JS 1 s +o.0J7 -0.659 rs +o. 590 -0.723 
30 -0 .. 970 +0.257 30 -0.681 --o. o 7· 30 -o. 2 7 -o. 3g I 30 +o. t 36 -0.646 
45 -o. 6?0 +o., 6 5 3 45 - 0 .. 579 40 •443 4$ -o.41g +o. r 4 4 45 -0 • .140 -o • I 9 I 
60 -0.240 +0.760 60 -o.y58 +o.7ro 60 -o. 09 2 +o. 562 60 -o. 06 5 +o. 343 
15 +o.?14 +o.5r5 75 +o • r S 7 +0.523 75 40.273 +0.455 75 +o .. 333 +o.333 
90 -o. I 09 +0.299 90 +0.038 +0.305 go +0.169 +0.245 90 +0.254· +o.r34 

ros -o. 2 56 +_o. 39 S ros -0.112 +0.440 105 -+o.03r +0.422 ros +o. t"46 +o.35r 
uo -0.066 +0.527 120 +o.t18 +0.551 120 +0.305 +o. 501 120 +0.461 +0.383 
r 35 +0.297 +o •. 1.ao 135 +0.,423 +o.2r8 I 3 5 +o. 5 07 +0.062 t 35 +0.528 -0.127 
t50 +0.490 -0.154 ,50 +0 .. 408 -o. 342 150 +0.251 -o. 486 tSO +0.042 -o.55!! 
16 5 +o.474 -o.51r r65 +o. 18 3 -o. 7 4 J 16 5. -o.r64 -0.761 ,65 -0.492 -o.6r7 
180 +o.433 -0.726 I 80 +o. 06 3 -o.868 180 -0.346 -0.818 180 -0.694 -0.576 



TANGENTIAL DIPOLE CYLINDER RADIUS 1•5 RADIANS I0•24U 

T T T T 
A = r.5 B = ,.o A = I• 5 B = 2• 5 A .. I• 5 , 8 = 3.0 A = r.5 B = 3• 5 

R R R R 

0 -0.736 +0.266 0 -I• 2 5 2 +o.23r 0 -r.476 +0.026 0 -r.368 -0.248 
15 -0.673 +0 •':!.77 rs -1.I67 +0.290 15 -I• 40 5 +0.136 '5 -I • ,3 4 5 -o • I06 
30 -0.510 +o • 28 I 30 -0.9.23 +o. 40 7 30 -I• I 6 9 +o. 38 9 30 -1.202 +o • • 5 5 
45 -0.317 +o. 2 28 45 -o • 59 I +o. 449 45 -o.773 +o • 58 5 45 -0.836 +o. 61 4 
60 -o. 18 7 +o. 108 60 -0.317 +o • 3 3 5 . 60 -0.376 +o • s 48 60 -0. 360 +o • 694 
75 -0.173 -0.026 75 -0.237 +o ■ I 38 75 -0-209 +0.327 75 -0.105 +0.476 
90 -0.246 -o .092 90 -o.335 +o .024 90 -0.310 +o • I 78 90 -o • 2 0 0 +0.299 

IO 5 -0.308 -o .o 53 IO 5 -0.432 +o. 08 2 IO 5 -o. 427 +o ■ 2 52 IO 5 - 0 • 329 +o.395 
120 -o.;i65 +0.049 120 -o.349 +0.220 120 -o. 30 5 +o • 3 9 5 12 0 -o • I 70 +0.532 
13 5 -0.09 5 +0.134 135 -0.072 +o • 269 135 +0.030 +o.353 135 +o • I 7 5 +o.375 
I 50 +o ■ I 36 +0.151 I 50 +0.263 +0.167 I 50 +o. 36 2 +0.086 I 50 +0.409 --0.052 
165 +o. 3 28 +0.120 165 +o. 508 +0.006 I6 5 +o.552 -0.218 165 +o.455 -o.459 
16 o +o ■ 40 I +0.099 I 8 o +o • 5 94 -o .069 ,s 0 +0.606 - 0 • 347 18 o +o • 442 -o • 618 N 

'<> 

T T T T 
A = ,.5 B = 4.0 A = ,.5 B = 4•5 A = r.5 B = 5.0 A = I• 5 B = 5•5 

R R R R 

0 -0.959 -o. 494 0 -o .346 --0.633 0 ·+0.320 -0.615 0 +o. 89:i: -0.436 
J 5 -1.004 -0.356 ,5 -o • 46 I -0.541 IS +o.z63 -o. 60 5 '5 +o • 7 30 -0. 52 6 
30 -1.022 +0.040 30 -0.669 -o • 20 7 30 -0.21:i: - 0 • 433 30 +0.264 -o. 58 7 
45 -o. 78 3 +0.526 45 -o. 6 36 +o • 3 3 2 4S -o • 42,8 -to .061 45 -o • 198 -0.242 
60 -o • 292 +o • 742 60 -0.202 +o. 68 2 60 -o.r2.~ +0.524 60 -o .08 4 +0.297 
75 +0.042 +o • 5 50 75 +o • 19 3 +o. 537 75 +o • 30 7 +o. 446 75 +o • 3 5 6 +o. 30 3 
90 -0. 042 +0.352 90 +o.:i:21 +0.326 90 +O • 2 5 I +o. 2 2 7 90 +0.319 +o. 08 2 

JOS -0.176 +o • 478 ,05 -0.006 +o • 46 5 IO 5 +0.144 +o. 420_ IO 5 +o • 2 44 +0.304 
'20 +0.024 +o • 60 I '20 +o • 2 3 9 +o • 5e 5 '20 +0.436 +o • 48 3 '20 +o. 58 1 +0.312 
J35 +0.332 +o • 3 2 4 135 +o. 468 +0.202 I 3 5 +o • 5 50 +0.020 J35 +o • 5 54 -0.195 
J 50 +o • 36 7 -Oa21I J 50 +o • 2 9 5 -o. 3 58 150 +o • I 4 3 -0.461 ,50 -0.047 -o • 498 
165 +o • 2 3 3 -o .639 165 -o .064 -o • 702 165 -o.37I -0 • 6I 9 165 -0.616 -0 • 40 I ,a o +o • I 3 9 -0.768 ,s 0 -0.232 -o • 7 96 180 -o.579 -o. 62 3 160 -0.814 -0.297 



TANGENTIAL DIPOLE CYLINDER RADIUS 1•75 RADIANS !0•28~1 

T T T 
A : I• 7 S B : 2.25 A : I.75 8 : 2.75 A : I•75 B 3. 2 5 A : ,.75 8 : 3• 7 5 

R R R R 

0 -o.Bol) -+0.021 0 - r • 3 30 -0.117 0 -,. 517 -0.365 0 -,. 348 -o. 561! 

,5 -0.744 +0.,:,58 l 5 -,.,s, -o. ,:,45 15 - I• 46 8 -0.228 ,5 -r-356 -o. 4 t8 

30 - o. 5 7 3 +0.128 30 -1.022 +o.t63 30 -r.271 +o.to6 30 -:i:. 280 -0.012-

45 -o. 355 +o.rss 45 -o .• 667 +0.320 
H -0.876 +0.423 45 -0.948 +0.446 

60 -0.189 +o. "9 4 ~o -o.337 +o.2,99 -o.4r9 + o. 49 2 60 -0.425 +0.629 
75 -o. I 5 2 -0.005 75 -o.2ro +0.151 75 -:0.184 +0.127 75 -0.087 +o. 46 3-

90 -0.226 -0.048 90 -o. 2g8 +0.071 90 -0.257 +o. 2 I 3 90 -0.137 +0.313 
105 -o. 298 +0.009 IO$ - o. 4 o 3 +o. r6 3 105 -o. 369 +o. 329 ,05 -0.245 +0.450 
r 20 -0.260 +0.108 r 20 -0.321 +o. 304 I :J.O -0.242 +0.481 120 -0.070 +o. st 
135 -0.092 +0.148 I 15 -o.os6 + o. 29 4 IJ5 +o. 06 4 +o. 379 135 + o. 2 :i 9 +0.3 8 
,50 +0.126 +0.087 r50 +0.231 +0.090 r50 •a. 306 +0.-:,17 ,50 +o.333 -0.099 

<,; 16 5 +0.296 -O.OI4 t6 S +0.413 -0.159 r65 +o. 388 -o • 3 5 5 16 5 +0.240 -0.527 
0 r Bo +0.358 -o. 06 3 rBo +0.470 -0.268 ,so +o.395 ,so +o. l 7 I -o. 687 _ -o. 507 

T T T T 

A : 1.75 B 4.25 A : 1.75 8 : 4 • 7 5 A : 
'. 75 B : 5.25 A : 1.75 B : 5.75 

R R R R 

0 -0.878 -0.671 0 -o. 224 -o.62Q 0 +o. 456 -0.436 0 +1.00I -o. I JO· 

I5 -0.954 -o. 5 43 I 5 -o. 359 -0.574 IS +0.294 -o. 478 I5 +0.858 -o.a7r 

30 -1.o54 -0.162 30 -0.642 -o. ·310 30 -o. 127 -0.423 30. +0.392 -o.47r 

45 -0.883 +o. 376 45 -0.703 +0.219 45 -0.447 -0.004 45 -0.161 -o. 2.S7 
60 -o. 31 o +o.67q 60 -o.:l8J +0.627 60 -o. 197 -+0.482 60 -0.138 +0.268, 

75 .+o. 049 +0.527 75 +..,. r8 5 +0.509 75 +0.285 +0.418 75 +0.322 +0.281 

90 +a.oar -+0.340 go +0.173 +0.289 QO +0.282- -+0.171 90 +0 • .323 +0.021 
105 -o. 07 7 +0.499 105 +0.092 +0.466 ,05 +0.224 +o. _366 ros +0.292 +0.226 

I 20 +o. I 50 +0.628 !20 +0.372 +0.562 !20 +0.554 +o. 4 09 ·I 20 +0.664 +0.196 

I 3 5 . +o. 398 +o. 3 I 3 IJ5 +o.533 +o. I 58 135 +o.597 -0.056 IJS +o. 567 -0.295" 

rsn +o. 302 -0.230 l _'5' r) +0.210 -o. 347 150 +0.069 -0.424 I 50 -0.103 -o.4'39 
r6 5 +0.005 -0.616 I 6 5 -0.265 -0.534 r65 -0 • .504 -0.428 ?65 -0.654 -o. 17 I 
I 80 -o. 145 -0.738 r8o -0.470 -0.627 r So -0.721 - 0. 36 5 ,so -0.827 -0.002 



TANGENTIAL DIPOLE CYLINDER RADIUS 2•0 RADIANS 10•32/d 

T T T T 
A = 2.0 0 =.2.5 A = ,.o B = 3.0 A = 2.0 B = 3•5 A = 2.0 8 = 4.0 

R R R R 

0 -0.8I9 -0 .20 S 0- -I-.3I2 - 0 •475 0 -1.444 -O • 7 I 3 0 -1.220 -0.~39 
15 -0.765 -0 • I 49 15 -1.260 -o. 360 15 -I• 432 -0.563 15 -1.270 -o • 69 3 
30 -o. 608 -0 .025 30 -1 .072 -o .08 4 30 -1.314 -0.176 30 -1~297 -0.2,71 

45 -<>.38 3 +0.065 45 -0.731 +0.167 45 -0.967 +o. 2 j 7 45 -1.051 +0.260 
60 -0.189 +0.054 60 -o. 363 +0.225 60 -o • 48 I +o.399 60 -0.519 +o.53& 
75 -o • I 2 5 --0.016 75 -o. 18 6 +o •II 9 75 -0.179 +o • 2 79 75 -0.109 +0.412 
90 -o. 190 -o.o33 90 -o. 2 50 +0.073 90 -o • 209 +o • I 9 4 90 -o • IOI +0.277 

105 -0 •2 64 +o .o 52 10 5 -o.345 +0.209 105 -o. 2 9 3 +o. 35B 105 -0.163 +o • 45 4 
120 -0.227 +0.161 '20 -0.2 54 +.0.372 120 -O • I 42 +o.53€, Iao +o .o 5 4 +0.619 
135 -o • 0 7 3 +o • I 72 1 35 -O eO I 2 +0.326 13 5 +0.132 +0.399 1 35 +o • 31 3 +o. 38 I 
l 50 +0.107 +o .o 52 I 50 +o • I 96 +0.049 150 +0.260 -0 .o I 5 150 +0.279 -o •II 8 
165 +0.229 -0 • 10 7 165 +o .28 5 -o .260 165 +o • 2 I 2 ~-415 165 +0.042 -0.516· 

w 180 +0.269 -0.179 . I·8o +0.299 -o. 39o 160 +0.162 -0.570 180 -o .08 6 -o • 654 -
T T. T T 
A = •• o B = 4•5 A = 2.0 B = 5.0 A = •• o B 5•5 A = 2•0 B = 6.o 

R R R R 

0 -0.713 -0.801 0 -0.057 -o.593 0 +o. 586 -0.248· 0 +1.062 +0.160 
15 -o.8 27 -0.703 15 -0.213 -0.578 15 +o. 428 - 0 • 3 3"4 15 +o. 9 49 -0.018 
30 -1.033 -o.349 30 - 0 • 579 -o. 392_ 30 -0.028 -o • 3B 9 30 +0.511 -o.333 
45 -0.977 +0.220 45 -o. 767 +o •II 4 45 -o • 462 -o .o 48 45 -0.11~ -o • 24 I 
·60 -o. 48 5 +o. 60 2 60 -o • 40 I +o • 578 60 -o. 2 98 +0.464 60 -0.203 +0.276 
75 +0.002 +o .46 4 75 +o • l 2 I +o. 48 5 75 +0.214 +o •4 I 8 75 +o.2·57 +o • 305 
90 +0.039 +o • 2 94 90 +o • I 6j +o. 2 40 90 +o • 2 59 +0.132 90 +o. 29 5 -0.005 

105 +o.ooo +o.473 IO 5 +0.151 +0.415 10 5 +o • 2 5 5 +0.300 105 +o. 292 +o • I 58 
120 +0.281 +o ._60 3 I 20 +o. 48 9 +o. 48 8 120 +o. 6 38 +0.295 1·2 0 +0.700 +0.058 
1 35 +o • 48 4 +o. 2·68 1 35 +0.601 +0.074 13 5 +0.628 -0.170 1 35 +o. 549 -o • 42 I 
I 50 +0.245 -0.232 150 +0.157 -o • 334 l 50 +a. o 2 2 - 0 • 39(, 150 -0.139 - 0 • 399 
16 5 -o.17Q -0.52,'i 165 -o. 3 98 -o • 42 4 165 -o. 5 58 -0.225 165 -0.61"7 +0.036 
180 - 0 •175 - 0 • .199 18 0 -o • 62 4 -o • 400 180 -0.762 -0.090 18 o -o.743 +0.265 



TANGENTIAL DIPOLE CYLINDER RADIUS 2•5 RADIANS 10·40>.I 

T T T T 
A = 2•5 B = 3.0 A = ••5 B = 3• 5 A = 2•5 B = 4.0 A = 2 • s .. B = 4•5 

R R R R 

0 -o. 61 4 -o. 587 0 -0 • 9 30 -1 .o 58 0 - 0 •937 -1.320 0 -o. 678 -1.311 
IS -0.610 -o. sos I5 -0.965 -0.918 15 -I •O 30_ -1.165 I 5 -0.824 -1. 18 9 
30 -o,559 -0. 304 30 -0.976 -o,549 30 -1.169 -0.714 30 -I• I I 3 -0.769 
45 -0 • 4 1 3 -0.1·06 45 -o .8 0 I -O • I 30 45 -1 .• 065 -0.125 45 -1.157 -0.101 

60 -0.223 -0.03:a 60 -0. 462 +0.080 60 -o. 646 +0.234 60 -o.734 +o • 38 9 
75 -0.123 -0.065 75 -0.221 +0.035 75 --0-268 +0.193 75 -0.246 +o.355 
90 -0.151 -o .o 58 90 -0. 2 18 +0.012 90 -o • 20 9 +O •II S 90 -o .1 39 +o. 200 

105 -o. 18 6 +o. o 7 2 10 5 -o. 2 3 7 +0.207 10 5 -0.185 +o • 31 9 10 5 -0• 076 +o • 3 78 
'20 -0.112 +0.213 12 0 -0.065 +o • 408 120 +0.-086 +o • 5 I I 120 +0.280 +0.51-5 
13 5 +0.021 +0.200 13 5 +o • I 5 2 +o.329 1 35 +0.330 +o • 338 135 +o. 50 3 +0.236 
150 +0.088 +0.024 I 50 +0.173 +0.011 I 50 +0.225 -0.056 I 50 +o • 2 3 3 -0.156 
165 +o .067 -0.176 165 +0.027 -0.294 16 5 -o .08 7 -0.354 165 -0• 2 37 -o • 338 

"' 18 o +0.042 -o • 2 60 180 -0.061 -0.411 180 -o • 248 -,o. 450 180 -o. 452 -0,366 
N 

T T T T 
A = ••5 8 = 5.0 A = ••5 B = 5• 5 A a ••5 B = 6,o A = 2 • 5 8 = 6.5 

R R fl R 

0 -0 • 2 42 -1.029 0 +o.245 -0.531 0 +0.654 +0.072 0 +0.879 +o .646 
I 5 -0.416 -0.981 15 +0.085 -o • 58 3 15 +0 • 5 5 4 -0.076 '5 +o ,8 78 +o,434 
30 -o .a 26 -0.707 30 -o. 37 3 -o • 544 30 +0.153 -0.310 30 +o ■ 642 -0.047 
45 -1 .o 62 -o .o 79 45 -0.799 -0.079 45 -0.419 -o • l I 5 45 +0.011 -0.185 
60 -0.716 +o • 50 3 60 -0.606 +0.540 60 -o • 43 7 +o. 48 I 60 -0.249 +o.3:37 
75 -0.161 +0.480 75 -o .o 38 +o. 541 75 +0.090 +o. 526 75 +0.191 +o • 442 
90 -0.032 +0.240 90 +0.080 +0.224 90 +0.171 +o • I 57 90 +o.2r:9 +o .o 58 

IO 5 +0.048 +o • 3 7 5 lo 5 +0.154 +o • 31 4 IO 5 +0.216 +o • 2 I 7 IO 5 +0.224 +0.110 
120 +o • 467 +o. 421 120 +o. 60 3 +o. z 48 120 +o • 6 58 +0.031 120 +0.624 -0.191 
1 35 +0.621 +0 .o 43 135 +0.645 -0 • 208 1 35 +o • 5 56 -o .. 466 135 +o.356 -o • 678 
I 50 +o. 18 5 -0.262 150 +0.081 -o. 3 48 I 50 -o.o 65 -o. 38 7 150 -0.229 -o • 357 
165 -o. 3 78 -o .240 165 -0.469 -o .07 5 16 5 -o.479 +0.128 165 -0.395 +0.3:36 
180 -o. 609 -o • I 68 18 o -o • 661 +o • IO 5 180 -0.578 +o • 39 3 180 -0.363 +o.6as 



fANGENTJ Al DIPOU CYLINDER RADTUS 3·0 RADY ANS co ·48}\ 1 

T r T T 
A = 3.0 B = 3•5 A = ,.o B = 4.0 • 3.0 B = 4• < A • ,. 0 0 e ~ .o 

R R R R 

0 -0.:332 -o .a 44 0 -0.295 -, • 4 36 0 -0.205 -1.679 0 -0.012 - 1 •536 
15 -0.28 3 -o. 760 IS -0.414 -1.312 15 -0.380 -, • 569 15 -o • 2 I 2 _,. 486 

30 -<le 368 -0.524 30 -o .647 -0.930 30 -0 e 76 I -1.164 30 -0.697 -I.I88 
45 -o • 3 56 -o. 238 45 -0.710 --0.369 45 -0.955 - 0 •473 45 -I • 0 4 3 -o'" 48 I 

60 -0.231 -0.072 60 -0.491 -0.009 60 -0.701 +o .10 5 60 -0.811 +o -241 
75 -0.141 -0.073 75 -o •2 65 +0.022 75 -0.336 +o. 18 7 75 -0.329 +o • 3 69 
90 -0.164 -o .o 7 5 90 -0.256 -0.01:3 90 -0.271 +o •IO 2 90 -0.315 +o ■ 2 I 4 

IO 5 -0 ■ I 62 +o .o 49 105 -0 •2 I 9 +0.165 105 -o ■ I 90 +0.269 ,o s -o ■ I 08 to. 3 36 
I20 -0 ■ 021 +o • I77 '20 +0.062 +0.321 120 +0.201 +o • 37 r '20 +o ■ 3 5 2 +o • '3 33 
1 35 +o ■ I 2 2 +0.144 1 35 +0.296 40 • I 9 6 1 35 +o .454· +0.125 '3 5 +o • 5 57 -o .o 40 
l 50 +0.096 -o ■ 00 5 I 50 +o. 18 o -o ■ 0 49 l 50 +0.214 -0.137 l 50 +0.188 -0.244 
165 -0.053 -0.131 165 -0.131 -o.I82 I6S -0.227 -o• 166 I 6 5 -o. 30 9 •O .08 9 

w 180 -o.z35 -o.I73 180 -0.289 -o -206 180 -o. 429 -0.125 180 -0.512 +o. o 44 ..... 

T T T T 
A = 3.0 B = 5•5 A 3.0 B = 6.o A = 3 .o B = 6.5 A 3.0 B 7 .o 

R R R R 

0 +oe2Il -r • o 5 7 0 +0.390 -o.353 0 +o. 466 +0.408 0 +0.410 +1.049 
I 5 +o .033 -r .095 15 +o. 28 3 -o .48 3 ,5 +o • 467 +o • 2 I 2 '5 +o. 5 33 +0.837 
30 -o • 47 I -r. oo s 30 -o • l 3 2 -0.657 30 +o. 2 47 -0.215 30 +o • 58 5 +o. 2 38 
45 • 0 •955 -0.430 45 -o. 70 3 -o • 34 S 45 -0.332 -o. 2 56 45 +0.093 -0.182 
60 -0.803 +o • 3 56 60 -o. 66 8 +0.412 60 -o • 496 +o • :38 l 60 -0.270 -f-o •2 56 
75 - 0 • 24 4 +o • 5 2 I 75 -0.103 +o. 60 5 75 +0.057 -f-0.602 75 +0.196 +o • 5 I 2 
90 -o • IO 5 +0.289 90 +0.031 +o • 304 90 +o. 160 +0.256 90 to. 2 5 3 +o • l 5 5 

105 -o • 00 4 +o • 3 58 105 +0.097 +0.330 105 +0.172 +0.266 IO 5 +0.209 +o. 18 2 
120 -f-O • 47 5 -f-O • 2 2 I '20 +o • 54 3 +0 1.060 I 20 +o • 54 I -o • I l 9 I zo +0.471 -o. 28 3 
I 3 5 +0.571 -0.261 1 3 5 +0.478 -0.490 135 +o. 28 2 -0.675 1 35 +o ■ OIO -0.770 
150 +0.099 -o. 3 41 '50 -0.041 - 0 •394 I 50 -0.210 -o • 38 o 150 -o. 37 3 -0.286 
'6 5 -0.351 +o .a 33 165 -o • 3 34 +o • I 7 6 165 -0 • 2 49 +o • 309 165 -o • I 07 +o.399 
180 -o. 500 +0.261 16 o -0.378 +o • 470 180 -0.157 +0.615 180 +o • l 2 :a +0.649 



TANGENTIAL DIPOLE CYLINDER RADIUS 3•5 RADIANS I0• 561d 

T T T T 

A = 3•5 B = 4.0 A ·= 3• S B = 4•5 A ., 3•5 B = 5.0 A = 3• S B = S•S 

R R R R 

0 +0.208 -0.857 0 +o • 43 J -1.414 0 +0.615 -I• 58 5 0 +o • 70 7 -1.362 
IS +c.111 -o.8 r 4 IS +0.246 - 1 -315 15 +o. 38 2 -1.590 15 +o. 480 -, • 43 3 
30 -0 • 100 -0.650 30 -o. re 8 -:r: •IS I 30 -0.208 -I • 42 o 30 -0.159 -1.412 

45 -0.235 -o. 36S 45 -0.513 -0.645 45 -0.724 -0.822 45 -o .a 2 3 -o.866 

60 -0.194 -0.136 60 -o. 450 --o. I 39 60 -0.679 -o.o94 60 -o. 8 28 -0.003 

15 -0.127 -0.067 15 -0 • 2 so +o .o 14 75 -o. 33 2 +o. 162 75 - 0 • 3 42 +o.333 
90 -0.172 -0 e0$ I 90 -0.265 +0.024 90 -0.276 +0.147 90 -o ■ 207 +o. 266 

IOS -o .170 +0.063 105 -0• 2 33 +o.r92 105 -0 • 204 +o •JI 2 105 -0.111 +o • 397 
l>O +o.005 +o .1 30 120 +0.092 +o ■ 2 40 120 +o ■ 2 I 0 +o ■ 271 120 +o • 3 30 +o.2io 
135 +o ■ I 56 +0.039 135 +0.315 +0.006 135 +o ■ 41 I -0.114 I 35 +0.424 -o. 2 5 
I 50 +o • 08 9 -0.060 I 50 +o • I 48 -0.147 150 +O ■ I 36 -0 .2 50 I 50 +o.o 57 -o. 342 
165. -0.095 -o .o 49 165 -0 ■ 164 -0.043 165 -0.214 +0.008 165 -0 ■ 231 +0.090 

..., 180 -o • 18 6 -0.017 180 -o. JO 3 +o .o 56 18 0 -o.345 +0.191 18 o -0• 2 99 +o.347 ... 
T T T T 
A = J•S B = 6.o A = 3•5 B = 6.5 A = 3•5 B = 7.0 A = 3• S B = 7•5 

R R R R 

0 +o. 668 -o.8 ao 0 +0.492 -o.xo3 0 +o. 20 5 +o .610 0 -o .135 +x.148 
15 ·+0.507 -<>•959 15 +o • 444 -0.285 15 +0.293 +o • 4 31 I 5 +o .076 +1.024 
30 _-o.o47 -1.1i9 30 +o • I 04 -0 • 661 30 +o. 2 6 3 -0.077 30 +o • 3 91 +o • 49 7 
45 -0.779 ~ 0 -1 3 45 -o. 592 -0.601 4, -o. 28 6 -o. 36 5 45 +0.088 -Oel2I 

60 --0.865 +0.102 60 -o. 786 +o. 186 60 -0.610 +O • 2 I 4 60 -0.372 +o • I 6 7 
75 -0.277 +0.482, 75 -0.152 +o • S 72 75 -0.001 +o_.581 75 +0.137 +o • 504 
90 -0.079 +o • 341 90 +o .o 76 +0.348 90 +0.222 +0.282 90 +0.323 +o • I 5 4 

105 +o .o I 5 +0.428 10 5 +0.144 +o. 401 105 +o • 2 48 +0.322 ,05 .+o. 308 +o. 212 
120 +0.434 +o • I 3 2 120 +0.472 -0.003 120 +o. 464 -0 • I 5 3 12 O +o • 40 I -o • .a go 
1 35 +o • 344 -0.465 135 +0.176 -0.608 I 35 -0.057 -o • 676 I 3 5 -0.315 -0.642-
l 50 -0.078 -o. 390 I 50 -o • 2 43 -0.371 I 50 -0 _. 40 I -0.272 I 50 -o.513 -o -099 
165 -0.204 +O • I 82 165 -O• I 32 +0.264 165 -o .o 2 3 +0.312 I65 +0.107 +o • 3 Io 
,so -0.165 +o • 48 I ,oo +o • o 3 7 +0.546 180 +0.269 +0.514 180 -to• 478 +o.373 



TANGENTIAL DIPOLE CYLINDER RADIUS 4•0 RADIANS Io· 64>. J 

T T T T 
A•= 4.0 B = 4•5 A = 4.0 B = 5.0 A = 4.0 B 5•5 A = 4.0 B = 6.o 

R R R R 

0 +o • 6I 7 -0.648 0 +1.091 -I .o 41 0 +r.335 -I.I20 0 +r.297 -0-~95 
15 +o. 49 4 -o.666 15 +o.88 I -I• IO 9 '5 +1.roo -I• 2 48 '5 +1.105 -I e07 3 
30 +o. 18 5 --<>.635 30 +o • 3 I 4 -1.130 30 +o. 40 4 -1 • 38 4 30 +o • 440 -,.354 
45 -0.100 --<> 0 436 45 -0.272 -o. 799 45 -0.416 -r • o 3 5 45 -o. 50 2 -r.102 
60 -o • I 58 -0. 18 5 60 -o. 408 -0.271 60 -o. 6 50 -0.290 60 -0.830 -o • 2 38 
75 -0 • 102 -o .oa 6 75 -0.226 -0 .036 75 -o • 3 3 I +0.082 75 -o.379 +o.238 
90 -0.146 -0.037 90 -0.2 26 +0.030 90 -0.232 +o • I 38 90 -o • I 68 +o. 2 41 

IO 5 -o.z52 +0.099 IO 5 -o. 193 +0.244 IO 5 -o • I 4 I +o • 3 6 5 105 -0.028 +o.437 
120 +0.011 +0.119 120 +o • IO 5 +0.219 120 +o • 2 2 4 +0.244 '20 +o • 34 3 · +0.200 
135 +0.116 -o.o43 13 5 +0.223 -o • I 2 4 l 35 +o • 2 5 4 -0.245 135 +0.206 -0.376 
I 50 +o .o 36 -o • I IO I 50 +0.037 -0.219 1 50 -0.030 -0.302 l 50 -0.150 -o. 3 38 
165 -0.079 +o.ozs I65 -o. I J8 +o. o 48 165 -o • l 28 +0.099 165 -o .10 6 +0.155 .., 18 0 -0.120 +0.107 160 -o. 149 +0.226 180 -0 .096 +o.337 18 o +o. o 2 6 +o, 41 o V, 

T T T T 
A = 4.0 B = 6.5 A 4.0 B 7.0 A = 4.0 B 7•5 A = 4.0 B 8.o 

R R R R 

0 +o • 98 5 -o .446 0 +0.466 +o • I 00 0 -o.I45 +o • 59 9 0 -0.713 +0.926 15 +o .a g6 --<>.644 15 +o.5r3 -o .o 7 4 I 5 +o • o 3 7 +o • 498 ,5 -o. 43 6 +o.935 30 +0 • 42 3 -1.o54 30 +o. 360 -o. 5 50 30 +o. 2 62 +o • o 5 4 30 +o • I 4 5 +o • 6 3 3 45 -o. 494 -o.997 45 -o.377 -o. 748 45 -o, I 6.2- -o. 40 7 45 +o. I 20 -0.041 60 -0,907 -0.135 60 -o.8 60 -0,017 60 -0.696 ~0.076 60 -o • 44 3 +0.11.3 
75 -o.356 +o • 3 9I 75 -0,267 +o. 506 75 --0,135 +o • 5 5 5 75 +o ,007 +o • 5 2 5 90 -o.o 52 +o • 30 3 ?O +0.086 +o. 30 3 !jO +o • 2 I 3 +0.2 33 90 +o, 2 98 +o ■ II 8 Io5 +0.113 +0,445 10 5 +0.247 +o • 38 7 10 5 +o • 34 5 +o, 2 7 6 10 5 +o • 36 4 +0.136 120 +0.436 +0.099 I20 +o • 46 J -0.043 I20 +o. 47 3 -0,201 120 +o, 40 2 -o. 350 135 +0.086 -o. 48 3 '35 -0.08 -0.534 135 -0.287 -o. 507 IJ5 -o. 474 -o. 396 I 50 -0,295 -o,3o7 I 50 -0.430 -O • 20 I I 50 -o.518 -0 .026 I 50 -0,525. +o. ,a 9 165 -o. 0 5 3 +o, 20 2 165 +o, o 2 4 +o. 2 2 6 I65 +0,113 +0.215 I65 +o • I 9 7 +o ■ I 6 4 180 +0.192,. +o • 417 160 +0,364 +0,341 ,e o +o • 498 +o. 18 2 160 +o • 5 57 -o.o 36 



TANGENTIAL DIPOLE CYLINDER RADIUS 4•/5 RADIANS I0•721d 

T T T T 
A = 4•5 B = 5.0 A = 4•5 B 5•5 A = 4•5 B 6.o A 4•5 B = 6.5 

R R R R 

0 +o .8 58 -0.271 0 +l • 467 -o.397 0 +1 .716. --¢.358 0 +,.565 -0.,85 
IS +o.757 --<>0358 I 5 . +1.313 --<>0578 15 +1.570 -0.610 ., 5 +I• 48 6 ·-0.461 
30 +o • 449 -0 ■ 494 30 +o • 78 3 -o.B93 30 +0.975 -1.096 30 +o.993 -1.066 
45 +o .062 -0•439 45 +o .o 32 -o • 8 3 7 45 -0.017 -1.112 45 -0.069 -I • 2 I I 60 -0.118 -Ch2 19 60 -0.34 1 -0. 360 60 -o. 57 I -0.435 6.o -o • 7 57 -o. 42 6 
75 --0.099 -o • IO 6 75 -0.236 -0.079 75 -o • 3 66 +0.023 75 -o.445 +0.176 90 --0.13i- --0.049 go -0.212 +0.001 go -0.2·31 +o .o 96 go -0.188 +0.195 ,0·5 -0.111 +0.112 IO 5 -0.124 +0.251 10 5 -o .o 58 +0.351 IO 5 +o .o 56 +0 • 39 7 120 +o .040 +0.120 120 +o • I 61 +0.204 120 +o • 2 9 3 +o. 20 5 120 +o. 412 +0.13.3 

'35 +o .o 55 -o .o 68 135 +0.114 -O • I 58 I35 +0.106 --0.257 135 +o. o 38 --0.34 3 ,50 -o .047 -0.111 150 -0.109 -0 • I 98 ,50 -0•210 -0.226 I 50 -0.325 -:-0.188 
165 -o.o45 +0.043 165 -o - 0 57 +o .o 79 1€5 -o.o44 +o •II 5 165 -0.010 +B ■ I44 w r8o -0.004 +0.141 ,a o +o • o 5 3 +0.234 180 +0.155 +0.27 3 ,80 +9. 3 77 +e.247 °' 

T T T T 
A = 4•5 B = 7.0 A = 4•5 B = 7 ;5 A = 4.S B = 8.o A 4• 5 B = a.5 

R R R R 

0 +I.O64 +o .o 60 0 +o • 337 +o. 2 98 0 -0.445 +0.456 0 -1.099 +0.486 
I 5 +I .08 9 -o • 18 2 '5 +o • 472 +o. 149 15 -0.226 +o.443 IS -o.85r +0.625 30 +o. 8 42 -0.811 30 +o .,560 -o • 38 4 30 +0.203 +0.124 30 -o • I 60 +o.6~8 45 -o .098 -1.1:i:7 45 -o.08o --0.851 45 -0.005 -0.462 45 +0.123 -0.022 60 -0.854 -0. 342 60 -o • 8 34 -0.213 60 -0.693 -0.080 60 -0.449 +0.018 
75 -o. 450 +0.345 15 -0.378 +o. 490 75 -0.245 +0.576 75 -0.082 +0.5/jo 90 .-0.094 +o ■ 266 90 +o. o 28 +0.286 <JO +0.150 +0.247 90 +0.24:3 +0.156 IO 5 +o • I 8 3 +o. 380 IO 5 +0.292 +o • 30 3 ,n5 +0.357 +0.186 105 70.365 +0.052 120 +o. 491 +0.002 120 +0.512 -O • I 64 120 -1-o • 4 6 2 -0.338 120 +0.346. -0.487 I 35 -0 .078 -0. 392 r35 -0.223 -o. 38 7 135 -0.368 -0.317 135 -0.486 -0.184 I 50 -o. 42 5 -o .oB 2 I 50 -o.477 +0.079 I 50 -o.453 +0.271 ,50 -0.342 +0.454 165 +o .o 41 +0.156 I65 +o ■ IO I +o • I 45 165 +0.157 +o •IO 7 165 +0.198 +0.043 18 o +o • 38 9 +o • I 52 180 +0•456 -Oo I I8o +0 •. 4 51 -0.188 ,so +o • 3 59 -0.370 



'fANGENTI AL DIPOLE CYLINDER RADIUS 5•0 RADIANS fo-80,\) 

T T T T 
A 5.0 B = 5 • 5 A = 5. 0 B = 6.o A 5.0 B 6.5 A = 5.0 B = 7.0 

R R R R 

0 +0.887 +o.r87 0 +r.49r +0.373 0 +1.700 +0.521 0 + l • 4 90 +0.591 
rs +0.841 +o.o41'. I 5 +r.44r +o. ro6 rs +r.688 +0.193 I 5 +1 • 546 +o.a78 
30 +0.,621 -0.262 30 +1.095 -0.490 30 +1.351 -o.6.or 30 +I• 3 49 -o.57r 
45 +o • ..i .ao -o •: 9 5 45 +-o. 33 S -0.784 45 +0.363 -r .067 45 +o. 364 -r.185 
60 -0.056 -0.235 ~o -0.239 -0.426 60 -o. 4 2 5 -0.559 ~o -0.603 -0.606 
75 -0.091 -0.106 75 -0.229 -0.092 75 -0.366 -0.005 75 -o.459 +o • I 3 6 
90 -o • l' 3 7 -0.053 90 -0.227 -0.007 90 -0.257 +0.090 90 -0.225 +o • t 99 

IO$ -0,086 +o,rot 105 -o.oe9 +o. 2 2 5 105 -0.027 +0.310 105 +0,071 +o. 346 
120 +0.079 to,096 120 +0.222 +0.139 120 +0.351 +o, I 00 ?20 +0,445 -0.006 
I 3 5 +0.018 +0.058 I 3 5 +0,049 -o.r45 r35 +0,025 -0.225 I 3 5 -0,045 -0.284 
I 50 -0.109 -o, o 5 I r50 -0.203 -0.080 I 50 -0.294 -0,046 I 50 -o. 360 +o.~46 
165 -a.ors +0.049 165 -a.or.a +0,078 r65 +0.008 +0.099 165 +0.042 +v.109 .... 160 +0.088 +0.088 r8o +o.l83 +o.III rSo +0.273 +0.074 r8o +0.336 -0.1'[8 ..., 

T T T T 
A = 5.0 B : 7.5 A : 5 .o B 8.o A = 5.0 B : 8.5 A : 5.0 8 = 9.0 

R R R R 

0 +0.932 +0.555 0 +0.173 +0.401 0 -0.598 +0.162 0 -1.196 -o • I 2 7 
I5 + l • 06 I +o.334 rs +o.355 +0.336 I 5 -0.408 +0.272 ,5 -r.054 +0.146 
30 +r,!".>96 -0.403 30 +o • 6 5 I -0.131 30 +0.106 +o.r89 30 -0.430 +0.489 
45 +0.295 -r.rr3 45 +o. 20 7 -0.858 45 +o. r 3 o -u,46r 45 +0.087 +0.008 
60 -o • ., r 9 -0.560 60 -0.740 -o.44r 60 -0.648 -0.283 60 -0.452 -0.128 
75 -0.482 +0.300 75 -0.425 +0.450 75 -0.301 +0.548 75 -o.r38 +0.569 
90 -o.r35 +0.285 90 -0.007 +0.324 90 +0.130 +0.302 90 +0.247 +0.219 

ro5 +o,t79 +0.327 105 +0.269 +0.261 IO 5 +0.322 +o.r61 ro5 +0.326 +0.050 
I20 +o. 482 -0.158 I20 +0.450 -0.327 120 +o.315 -o._482 '30 +0.181 -0.591 
'35 -0.150 -0.306 I l 5 -0.270 -0.377 r l 5 -0.381 -0.192 I 3 5 -0.460 -0.058 
r50 -o.379 +0.180 I 50 -o • 3 3 I +0.331 I 50 -o • ..JI I +0.467 I 50 -0.026 +o.55r 
165 +0.084 +o •Io 2 165 +o.r24 +0.076 r65 +0.155 -+0.030 r65 +o.r67 -0.031 
,ao +0.352 -o.r48 r8o +0.303 -0.289 r8o +0.186 ~o.4ro tHo +o.or4 -o. 477 



TANGENTIAL DIPOLE CYLINDER RADIUS 5•5 RADIANS !0•881..I 

T T T T 
A = S•S B = .6.o A = S•S B = 6,5 A = S•S 8 = 7.0 A = S•S 8 = 1•S 

R R R R 

0 +o.69I +o.595 0 +1.139 +r .048 0 +1 .. 58 +1.273 0 +1.043 +r.225 
rs +0.727 +o.437 IS +1.235 +o.774 rs +r.421 +0.963 15 +1.2~0 +0.964 
30 +0.674_ +0.031 30 +r.203 +0.027 30 +r.488 +0.03 5 30- +1.478 +0.058 
45 +o.344 -o • .2:97 45 +0.585 -0.623 45 +0.727 -0.872 45 +o. 749 -0.990 
60 +0.008 -0.249 60 -0.110 -0.482 60 -o."l67 -0.667 60 -o.433 -0.762 
75 -0.070 -o.rro 75 -o • 198 -0.115 75 -o.339 -0.056 15 -o. 449 +0.060 
90 -0.136 -0.041 90 -0.234 +o.oro 90 -0.:1s.z +0.109 90 -0 • .216 +0.218 

ros -o.o8r +o.roo 105 -0.081 +0.221 105 -0.022 +0.306 ros +0.074 +o.345 
120 +0.095 +o.oso 120 +0.234 +0.046 ••o +o.337 -0.025 130 +0.389 -0.145 
135 +0.004 -0.050 13) +0.013 -0.140 I 3 5 -0.026 -0.213 r 3 S -0.106 -0.256-
I 50 -o.rr2 +0.033 I So -0.194 +0.064 I 50 -0 • .240 +0.137 I 50 -0.239 +0.237 
165 +0.006 +0.046 165 +o.or9 +0.069 165 +0.043 +0.081 165 +0.075 +o .o 78 

w 180 +o.11! -0.003 180 +0.186 1ao +o. 2~11 I 80 +0.206 -0.228 00 -0.049 -0.1.30 

T T T T 
A = S • 5 B = e.o A = S • 5 B = 8 •. 5 A = 5.5 B = 9,0 A = 5.5 B = 9•5 

R R' R R 

0 +0.-566 +o.?IS 0 -0.037 +0.413 0 -o.6rr -o.r72 0 -1.ort -·0.707 
IS +0.805 +o.779 IS +0.172 +o. 445 IS -0.483 +0.029 rs -r .007 -o. 3 8 3 
30 +r.t82 +0.099 30 +0.664 +0.152 30 +0.033 +0.208 30 -0.584 +o • .a49 
45 +0.658 -0.946 45 +0,485 -0.735 45 +0.274 -0.388 45 +0.070 +0.040 
60 -0.566 -0.751 60 -0.628 -o. 640 60 -0.592 -o.457 60 -o.449 -0.243 
75 -o.499 +0.208 75 -o.475 +o.357 75 -0.381 +0.470 75 -0.237 +o.5r8 
90 -o.t2a +0.305 90 +o • o I I +o.34.J 90 +0.155 +0.315 90 +0.277 +0.224 

105 +0.181 +o.333 105 +0.275 +0.273 105 +0.336 +o.r78 Io5 +o. 3 53 +0.068 
uo +o.379 -0.288 120 +o. 3 o 2 -0.427 uo +o.r66 -0.533 uo -0.010 -o. 582 
135 -o.2r1 -0.256 135 -0.323 -0.203 I 3 5 -o.4r3 -0.098 I 3 S -0.463 +0.051 
I 50 -o.tg2 +0.343 I 50 -0.1')69 +~.429 150 +0 • .,90 +0.467 I 50 +0.270 +o·. 436 
165 +0.108 +0.059 165 +o • I 3 5 +0.023 165 +0.146 -0.027 165 +0.136 -0.085 
1Ro +o • I 3 6 -0.322 180 +o.or7 -0.385 180 -o. t 3 4 -o.394 IRo -0.291 - 0 •-3 3 4 



TANGENTIAL DIPOLE CYLINDER RADIUS 6·0 RADIANS 10•96/d 

T T T T 
-A = 6.o B = 6.5 A = 6.o B = 7.0 A = 6.o B = 7•5 A = 6.o B = e.o 

R R R R 

0 +0 • .314 +0.859 0 +0.491 +,.478 0 +0.493 +r.736 0 +0.333 +r.590 
15 +o.43g; +0.729 I5 +o • 73 5 +1.268 I 5 +0.818 +1.521 15 +0.679 +r.444 
30 +0.603 +0.316 30 +t.OQI +0.535 30 +1.352 +0.659 30 +1.337 +0.669 
45 +0.427 -o.r54 45 +0.769 -0.374 4S +o.993 -0.556 45 +r.060 -o.66t 
60 +0.064 -0 • .142 60 +0.004 -0.494 60 -o.to3 -0.709 60 -0.238 -0.841 
75 -o.-o 53 -0.123 75 -0 • I 78 -0.151 75 -0.326 -0.118 75 -o.451' -o.-:>.a4 
90 -0.121 -0.036 90 -o.2or +0.009 90 -0.:127 +0.099 90 -o.,95 +0.198 

,05 -0.069 +0.112 105 -0.056 +o. 2 3 9 105 +o.ors +o.3:a3 105 +o.tao +o.357 
I20 +0.083 +0.015 120 +0.201 -0.030 120 +0.273 -0.102 120 +o • 293 -0.....2,1 ◄ 

13 5 -o • 0 I .J -0.052 I 3 5 .-0.035 -o.r44 I 3 5 -0.099 -0.:104 '3 5 -o • I 93 -0.231 
I 50 -o.o6r +0.092 I 5_0 -0.100 +0.155 ,so -0.094 +0.228 I 50 -0.043 +0.296 
165 +0.027 +0.040 r65 +0.049 +0.056 165 +0.077 +0.057 165 +0.106 +o.04I 

w 180 +0.067 -0.074 180 +0.085 !'l""O. r 5 2 180 +0.657 -0.227 180 -o •-=> I 4 -o.28I 
'° 

T 'l" T T 
A = 6.o B = e.5 A = 6.o B = 9.0 A = 6.o B = 9•5 A = 6.o B =10.0 

R R R R 

0 +0!070 +1.086 0 -0~2t5 +o • 3 50 0 -0.438 -0.445 0 -o. 5 3 6 -z.1r3 
15. +0.364 +I .-=>62 15 -0.043 +0.466 l 5 -0.435 -o.2r2 15 -o.7I5 -0.822 
30 +1.050 +0.572 30 +o .• 553 +o.395 30 -o •-=> 5 3 +o.r75 30 -0.642 -0.047 
45 +o. 963 -0.656 45 +o. 730 -v.526 45 +0.409 -o. 28.2 45 +0.064 +0.042 
60 -o. 368 -o.86:, 60 -o.4)4 -0.769 ~o -0.463 -0.582 60 -0.376 -o.339 
75 -o.539 +o.1r4 75 -0.547 +0.269 75 -0.479 +0.405 75 -0.348 +0.490 
90 -o.rto +0.-277 90 +o ■ OI:J +o ■ 3 I [ 90 +0.143 +0.287 90 +o. 2 5 S +0.204 

105 +0.234 +o • 3 3 5 Io 5 +o.333 +0.263 105 +0.395 +o.r53 ,05 +0.407 +0.026 
roo +0.255 -0.332 120 +o.r63 -o.434 uo +0.028 -o.4q6 120 -o ■ IJO -o. 504 
I 3 S -0.299 -0.186 I 3 5 -o.394 -0.097 '3 5. -0.452 +o.,:,4r 135 -0.-152 +o.:ao9 
I 50 +0.049 +o.34r I 50 +o.r7r +o.346. ,50 +0.302 +0.297 1 50 +o.4r7 +0.188 
165 +0.129 +o·.-,09 165 +o.r39 -0.037 165 +o.r29 -0.090 165 +0.095 -0.141 
180 -o • I I 8 -0.300 r'ao -o. 2 3 6 -0.268 180 -0.342 -o.rl:So 180 -o.4ro -q.O44 



RADIAL UNIPOLE CYLINDER RADII 0·25-2•0 RADIANS IO• 04 - 0· 321,.) 

R R R R 
A = 0.25 B = 0.75 A = o. 5 B = 1.0 A = 0.75 B = I • 2 S A = r.o B = l • 5 

R R R R 

0 +o.ooo 40.000 0 +0.000 +o.ooo 0 +o.ooo +o.ooo 0 +o.ooo +o.ooo 
IS +0.229 +0.161 rs +0.211 +0.179 rs +0.145 +o. 2 I:? I 5 +0.068 +0.2,75 
30 +0.465 +o. 28 I 30 +0.448 +0.312, 30 +o. 338 +o. 37 4 30 +0.209 +0.499 
4S +0.705 +0.326 4S +0.713 +o. 3 54 45 +0.598 +0.426 45 +0.456 +0.599 
60 +0.922 +0.276 60 +0.976 +0.272 60 +o.888 +o. 120 60 +0.770 +0.498 
75 +I• 077 +o. 138 is +1.175 +0.069 75 +r.r2r +0.043 75 +1.035 +0.167 
90 +r.1~4 -0.053 90 +r.a49 -o. ao s 90 +1.206 -o•J'4 90 -tt.119 -0.312 

I 05 +I• 07 7 -0.240 105 +1. 173 -0.464 105 +1.101 -o. 74 105 +0.967 -0.771 
,ao +0.922 -o. 367 uo +0.971 -0.6:16 1.20 +0.855 -o.88r 130 +0.652 -1. 037 
I 3 5 +0.705 -0.400 135 +0.708 -0.643 135 +o. 56 I -o. ~8 4 135 +0.319 -1.038 ,so +0.465 -o. 33 3 150 +0.443 -o. 51 7 l 50 +0.306 -0.697 150 +0.090 -0.809 
165 +0.228 -o.r88 165 +0.208 -o. ,8 5 ?65 +0.126 -0-180 165 -0.001 -o.435 ... 180 +o.ooo +o.ooo '180 +0.000 +0.000 180 +o.ooo +o.ooo 180 +o.ooo +o.ooo 

0 

R R R R 
A I• 25 B = ,.75 A = I• S B - •• o A = 1.75 l3 = 2 •ZS A a •• o B = •• 5 

R R R R 

0 +o.ooo +o.ooo 0 +o.ooo +o.ooo 0 +o.ooo +o.oo::, 0 +o.ooo +o.ooo 
, I 5 +o.01s +o. 3 3 4 IS -0.024 +o.347 ,5 -o. 088 +0.111 15 -0.182 +o.a66 
30 +0.122 +0.626 30 +0.059 +0.677 30 -0.047 +0.645 30 -0.213 +0.59:a. 
45 +o. 37 2 +0.792 45 +0.320 +0.905 45 +0.220 +0.926 45 +0.042 +0,915 
60 +·o. 72 I +o.7t9 60 +0.719 +0.883 60 +0.687 +0.964 60 +0.586 +1.,012 
75 +t.019 +o. 349 75 +1.066 +0.505 75 +I.I2I +o.6oz 75 +1.144 +0.657 
90 +I• 08 5 -0.229 90 +1.115 -0.139 90 +t.185 -0.079 90 +1 • .a7a -0.068 

,05 ·::f-0.849 -0.789 105 +0.771 -o. 76 5 ?OS +o. 7 48 -0.729 105 +0.776 -0.7 30 
1·20 +0.427 -1.107 uo +o.ao7 -1.094 120 +0.044 -r. 016 uo -0.046 -0.931 
t35 +0.032 -1.102 135 -0.270 -1.05,4, I 35 -0.520 -0.898 135 -0.680 -0.687 
150 .-o. 172 -0.840 150 -0.451 -0.765 r50 -o.686 -0.576 150 -0.B3a -0.316 
t65 -o.• I 5 5 -0.444 165 -0.319 -0.386 16 5 -o. 456 -0.257 165 -0.536 -0.080 
rBo +o.ooo +o.ooo 180 +o.ooo +o.ooo r8o +o.ooo +o.ooo 180 +o.ooo +o.ooo 



RADIAL UNI POLE CYLINDER RADII 2•5 -6·0 RADIANS 10• 40 - O· 96/cl 

R R R R 
A = ••S B = 3• 0 A = 3.0 B = 3• S A = 3• 5 B = 4.0 A = 4.0 B = 4•5 

R R· R R 

0 +o.ooo +0.000 0 +o.ooo +0.000 0 +o.ooo +o.ooo 0 +o.ooo +o.ooo 
IS -0.326 +0.197 15 -0.352 +0.027 15 -0.363 -o.1s9 15 -0.:249 -0.284 
30. -0.513 +o.5J6 30 -0.646 +0.280 30 -0.745 -0.045 30 -0.684 -0.326 
45 -o.355 +0.927 45 -0.637 +0.814 45 -o. 88.2 +0.530 45 -J. 06:., +0.196 
60 +0.266 +1.130 60 -0.043 +1 • .253 60 -0.304 +1.234 60 "'."0.630 +1.095 
15 +1.055 +0.740 75 +0.890 +0.935 75 +0.820 +1.120 75 +0.707 +I•l9l 
90 +I• 34 5 -0-167 90 +1.268 -0.182 90 +1.267 -0.096 90 +I• 3 47 -0.076 

I05 +0.796 -0.898 105 +0.625 -1.085 105 +0.395 -1 • 117 105 +0.278 -1. 07 5 
120 -0.141 -0.871 hO -0.321 -0.906 ho -0.631 -o. 82 9 120 -0.872 -0.555 
IJS -0.761 -0.271 135 -0.673 -0.015 135 -0.6.23 +0.136 135 -o.597 +o.337 
150 -0.808 +0.260 150 -0.430 +0.633 150 +0.024 +0.661 ,50 +0.317 +0.448 
165 -0.472 +0.323 165 -0.124 +0.572 165. +0.309 +0.503 I6S . +0.565 +o.x46 .. 180 +o.ooo +o.coo 180 +o.ooo +o.ooo 180 +o.ooo +o.ooo 180 +o.ooo +o.ooo -
R R R R 
A = 4• S B = 5.0 A = S• o B = 5• 5 A = S• 5 B = 6eo. A = 6.o B 6.5 

R R R R 

0 +o.ooo +o.ooo .Q +o.ooo +o.ooo 0 +0.-000 +o.ooo 0 +o.ooo +o.·ooo 
15 -0.082 -o.395 I 5 +0.089 -0.387 15 +0.276 -0.300 15 +0.380 -o.J56 
30 -0.476 -0.596 30 -0.2oa -0.761 30 +o.I.a9 -o.774 30 +o. 4 54 -0.659 
45 -I•C77 -o.J53 45 - 0•953 -0.540 45 - 0 •744 -0.852 45 -0.405 -,.046 
60 -0.926 +0.951 60 -1.118 -to.716 60 -r.272 +0.396 60 -1.370 +0.073 
75 +0.507 +I•270· 75 +0.324 +I.383 75 +0.181 +1.431 75 -0.015 +1.420 
90 +1.364 -0.133 90 +1.316 -0.128 90 +1.3a4 -0.076 90 +1.372 -0.074 

105 +0.206 -I•l20 I_O 5 +0.047 -1.196 105 -0.167 -1.181 105 -0.316 -1.091 
120 -0.923 -0.235 120 -0.870 -0.016 120 -0.845 +o.I46 120 -0~827 +o.357 
I J 5 -0.451 +o. 602 I J 5 ,-0.127 +0.773 IJ5 +o.aso +0.7:20 .1 JS +o.5oa +0.485 
150 +0.404 +oe·I 97 150 +0.383 +0.021 150 +o.353 -O• I IO. 150 +0.300 -0.259 
16 5 +0.496 -0.281 165 +o,. I 57 -0.525 165 -0.:238 -0.46:2 165 -0.460 -o.I6o 
,so +o.ooo +o.ooo 180 +o.ooo +0.000 ,so +o.ooo +o.ooo 180 +o.ooo +o.ooo 



► 

A RECENT BBC DEVELOPMENT 

G. A. HUNT, DESIGNS DEPARTMENT, 

ENGINEERING DIVISION 

Modifications have been made to the 'synchro-guide' cir­
cuh to overcome certain defects in its performance. Details 
of the unmodified circuit are shown in Fig. I. The purpose 
of the circuit is to provide a regular line time base from an 
irregular or disturbed tolevision signal. 

Referring to Fig. I, the signal on the grid of valve V, 
consists of positive-going syncs and a sawtooth waveform 
derived from the blocking oscillator valve V ,. Valve V, 
conducts only during the periods when the syncs overlap 
the latter portion of the sawtooth waveform since it is 
biased to 'cut-off' by the anode current through resistor 
R, smoothed by capacitors C. and C, and the RC net­
work R,C,. The current flowing through valve V, for this 
period generates a potential difference across resistor Ra 
which controls the repetition frequency of the blocking 
oscillator valve V ,. The circuit then adjusts itself so that 
the phase relationship between syncs and the sawtooth 
waveform is such that the correct current flows through 
valve V, and hence resistor R., thereby biasing valve V, to 
give the correct mean repetition frequency. The circuit 
suffers from a degenerative effect since increasing current 

42 

through valve V, increases its bias, nulLifying to some 
extent the increased conduction period. 

To overcome the above defect the improved arrange­
ment shown in Fig. 2 has been devised. In this arrange­
ment the bias for valve V, is obtained from the grid current 
to valve V, flowing through resistor R,, smoothed by the 
capacitor C,. Since the mean grid current is nearly con­
stant, an almost constant bias may be obtained for valve 
V, and the current through valve V, does not affect this 
bias and therefore the degenerative effect present in the 
original circuit is removed. 

A simplification of the circuit shown in Fig. 2 may be 
achieved by removing capacitor C3 and resistor R., under 
which conditions the circuit for feeding back a sawtooth 
waveform from the output to the grid of V, may no longer 
be necessary. 

The advantages claimed for the modified arrangements 
are: 
I. No degenerative effect takes place in valve V, and thus 

a greater control voltage may be obtained for a given 
change of phase. 

2. A greater locking range may be obtained. 
3. The circuit requires fewer components. 
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Fig. I - Unmodified synchro-guide circuit 
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Fig. 2 - Modifications to overcome degenerative effect 
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