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FOREWORD

uIs 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.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. 1. For-
mulae for the radiation pattern of a doublet (i.e. a Hertzian
dipole) mounted on a cylindrical mast have been derived
by Carter,! 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. of a dipole and cylinder given
in this section are normalized both in amplitude and phase
tothe maximum field radiated if the cylinder were removed

* Carter’s formulae may be used for square- and triangular-section
masts having 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 0 42w for masts of triangular section.
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fig. 1 — Types of dipoles

and the dipole replaced by a similarly oriented dipole, with
its centre on the cylinder axis, 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
¢=azimuth angle, measured relative to the angular
position of the centre of the dipole or unipole
from the mast axis
J(x)=DBessel 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
HE(x)=J (x)—j Y, (x) (Hankel function of the second
kind, of order # and argument x)
J.(x), H(x) denote the derivatives of J,(x), #(x) with
respect Lo 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

. (e}
E=e"t M,+23 j"M, cosnd
n=1

HP(B)

where M, ,= 7J"(A)H(_2)(A_)




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

cos(Zsing) . [ , ® :|
=7 VPigimtasd__ | A2 "M, cos

cosd j| M.+ ’Z]J , Cosnd

where

X , H,(f)' B
M=y (B)

HY'(4)

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 A/4 and it is therefore permissible to re-
place them by radial doublets located at the centroid* of
the current distribution;® this enables Carter’s formula to
be used with little error. The most rapidly convergent form
of the expression is

. 0
E=sin:ﬁe”"““’s"’gjj%F > j*nZ,sinng

Bl

H(B)

where m

Z,=--J,(4)

3. Range of Values Computed

Radiation patterns were computed for cylinder radiiin the
range 0-25(0-25) 2-0(0-5) 60 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 1 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 (-962) corresponds to a mast dia-
meter of about 10 ft (3-1 m) in Band IIT and about 3 ft
{0-91 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 length 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,

used for masts of circular, or nearly circular, cross-section.

For vertical and tangential dipoles, patterns were com-
puted for dipoles spaced between 0-5 radians (0-08A) and
4-0 radians (0- 642) from the surface of the cylinder. For
radial unipoles, patterns were computed for a doublet
spacing of 0- 5 radians only; this spacing corresponds very
closely to the position of the current centroid of a A/4 uni-
pole. Calculations were made with these spacings for the
chosen range of cylinderradii, making a total of 272 tables.

The real and imaginary components of the patterns are
tabulated at 15° intervals in the range 0<¢ < 180", the
columns 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 4 and &,

The computer programme was arranged to work through
the whole range of variables without a break, the changes
in the parametiers 4 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 ¢ and sin ¢ were also
stored ; only seven actual numbers were required, a special
sub-routine being used to choose the appropriate value of
cos ¢ or sin ¢ 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 0-5A and 0+ 3 A 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 ¢=0 for vertical and tangential dipoles and skew-symmetrical (values equal in
magnitude but opposite in sign) about ¢ =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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TOo.574
“Oe 409
+0.033
+o0.119
+0.065

1

“Q+3240
=0e387
~0.6875
“os 525
¥o.654
*regss
to.3353
—Is007
~0e 536
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+04267
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3-0 B
R

_0¢398
=0s 502
~I.031
=-1.5I2
“la294
“Oe224
to.701
+to. 586
—o0s016
~0.241
-0.101l
+to.043
+os08 4

= 4.5
1

_1'696
—~1e640
~Ils330
bl < XY 514
toeb2g
tI.177
toes59a
“0.367
“Oe4Xl]
=os030
tos0g9
+0.0419
TO0e00 S

tow. 518
to.329
—0e194
TO0e 49l
+0.419
+r.403%
toe131
“l.227
~0=399
+°o450
+O.365
“0e072
—Del7a

(0-48A)

A
A =

15

3o
45

60 .

75

Tog
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135
I50
165

3e0 B = S-O
R I

=OWIIL ~I,502
-00316 _'IUSOZ
TO0a903 —Ie321I
“Te3547 “0.55%
“le4I6 to.742
~0el42 *rle4i0
t0.975 toab11
+t0e678 -0.486
T0eI 49 “0eS520
“0e314 ~0s0lj5
~0+088 +p,163
+0.073 toa043
+o0.100 =0.041

+0s 497 *14123
t0.665 +0.945
to.837 toe294
+0|390 ~0e 458
—0e669 +ta.077
+oe203 +1.186
tIe473 —0u099
to.056 =1.1365
~0.988 =0.161
~0e189 +o0e610
*0e391 toe205
+03089 —0.125
=0e070 T0.I77




VERTICAL DIPOLE CYLINDER RADIUS 3-5 RADIANS (0-56A)

v v v v
A= 13.5 B = 4.0 A= 345 B = 445 A=3.5 B = 5e0 A= 3¢5 B = 5e5
R 1 R 1 R ! R !

0 +0.226 -0D.900 0 F0a433 “TI.434 0 to.566 —I.65I o +o.626 —“Ie397
15 +o.106 =-0.8g8 15 10e3l9 "Is499 15 *0e331 —l.705 15 *oe420 ~I.503
30 —0.315 -0.807 30 —04347 T1e387 30 T0.3066 ~I.662 30 =0e265 —I.603
45 ~—0.%57 —0.469 45 =—0.986 —0.324 45 =—la234 —Te03: 45 ~Ia264 —1e.086
60 =~0.592 +0,06B 60 =1.075 to.154 60 -I.412 t0e2%4 60 =—ie574 t0s340
75 =—0.208 +0.404 75 =—0e346 t0e730 75 =0=366 tIe114 75 —0e359 tle3ns
go 4o0.192 +0.258 90 to.410 t0e453 g0 +*0e4664 *oe541I 90 *0.937 to.b2y

105 +0.205 —0.058 Ios; +0.383 ~0.158 Io5 *0e3530 ~0a318 In5 10.58g ~0e3533
130 +0.00§ —~0.T130 1230 ™0.026 =0e354 I20 —0eXIlI —0e363 IZ20 =0.252 =0s435
135 =0.071 —0,027 I35 ~0.148 —0.019 I35 =—oe221 *0.021 115 =o0.276 to.102
150 =0.026 +0,03§ 150 —0e.038 tos.077 I50 =—0e028 +o0.I24 150 <to.011 *o.Ib7
165 +0.014 +0.0T11 165 *te.031 +o.016 165 +0.049 +o0.011 165 +0.066 —0.005
s 180 +0.021 -0.011 1Bo +o0.037 —0.028 180 +o.042 —0.035] 1B +o.03I —o0.083
v v v v
A =345 B = 6s0 A= 3.8 B = 6.5 A=3.5 B= 7.0 A =345 B = 745
R ! R ) R 1 R 1

0 +04578 =0.811 0 ta.417 —0eo03I 6 +‘oelbyg +toe.6ga o —0e.Tjo +1.238
15 +0e458 —0egba I5 *oe423 “0ez2I I35 *+0s307 toe544 I5 +a.124 t1.156
30 ~0e065 —leaygy 30 +0e18g9 —04672 30 +t0e441 —o0e0ao 30 +0.637 +tae.638
45 =~ILas071 —I.00I 45 =—0e68i —0.814 45 ~0eIb2 —0.571 45 *toe40l —0.314
So ~Ila553 toel77 60 ~I.369 toe33I 6a —14064 +o0.183 60 =—0.694 “oce0bz
75 =0e255 +1,.529 75 =—0eI325 *145356 75 ~—0.0@3 t1.456 75 *oe03g tle24g
90 +14185 +o.556 G0 tI4381 toe4o0 90 +*le.4g90 to.185 g0 +l1e498 —0e048

105 +*04568 -04780 I05 +0.445 —“TIe034 los +0e225 -ie233 IoS ™0e070 —I1.34I
130 *~0:438 =0e4q45 120 —064644 =0.369 I20 =0s83I —ce200 130 04958 *oacs56
135 =—os293 t+oe220 155 —0e253 +0,3358 135 —0el43 +04488 135 *0.032 +o.577
150 +0e079 Y0493 150 +0.166 *+0e.184 I50 +0.356 +oe.133 [0 +oe325 +tosc32
165 +04075 —ceoia 165 10407 —Ge066 165 +toaeo4g —0eio: 165 +0.008 -0.126

180 +04002 —0eTo7 180 -0.043 —0.T18 180 =04097 —0.106 180 ~0.145 ~0e.066
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+0.639 ~0s675
+0e 521 —0e740
*o.154 ~0.820
—0e349 —0e635
-0e$581 ~0e.089
—0.257 +O-361
+oe183 toe2s0
+0+183 -c.0Bo
~0e030 0116
0066 t0.009
—0e00I %+0.039
+as0l 4 toeooo
toe.c04 ~0e0Ig

400 B = 6-5
R I

+0.868 —0.458
+o0.854 —0.663
+0.464 —1.184
—0.665 ~1a337
~I1,619 =0.045%
—0.487 +1e474
+1.1532 +0.580
+0.463 —0.804
-0;503 =0es104
-0e 171 +0.281
+0.152 +0.108
+0.038 —0.056
—0.064 —0+062
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CYLINDER RADIUS 4.0 RADIANS
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+1.,098 -1.048
+0.907 =le226
+0.284 =Is407
0623 ~Ialag
—I+06% —0.135
-0.448 +o.707
+0.389 +0.452
+t0+339 ~0«193
—-0.089 =0.230
—0.126 t0e0139
+040I1 +0.075
+0+028 —=0.004
+0.002 —0e048

4.0 B = 9,0
R I

to.380 40133
+04467 =0.021
+0e442 —0+553
~0s377 —=1.022
=1+ 440 —0e0134
0364 +r.35135
414359 +0s439
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404214 +0.064

+0.030 —0.079

_01096 -0.043

I5
30

60
75
90
103
120
I35
150
165
180

I
1}

s
30
45
60
75
%0

105

Ia0

I35

150

165

180

+1.306 ~I.186
+1+103 ~Ia«366
+0.38z ~14674
—0.+786 —~Is414
=le427 ~0s129
—0e55I +14029
+0.637 10587
+04453 ~0.358
~04I158 ~0e299
~0«I73 +0.093
02041 +0.I05
+0.018 -6.015
—~0e010 ~0e055

40 B = 7-5
R 1

—~0.206 +0.6732
—0.000 +0.6I0
+0.379 +0.I7I
+0.018 =0,.6013
—I.II3 —2.085
=0.234 +Ie467
+1.487 40272
+o.102 -1'207
=0.817 +0.000
+0+035 +04461
+0.259 =0.016
—0sCI0 =0 4004
Qe I20 =0Qa0O0%§

LO-641)

15
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75
g0
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150
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180

+I-333
+1.08;3
+0s 443
_Dcsﬂs
=I+b1I7
~0a560
+0.898
+o.501
=Cs3332
~0.I93
+0o.090
+O¢043
—0.033

~0e733
Qe 451
+0.276
+00 454
~0.69I
b+ I 143
+Ia5I%
—~0+1Q2
-0.880
+0.210
+Q.269
=040 50
—0e1327

“0e.344
-Iclss
~1.589
-1.482
-0.080
+1-296
to.6133
-00568
—0.334
+0.178
01230
=0.014
0065

2.0
I

+I 02X
+1.098
+0.8 40
-0 a lsz
—0e21§
+1.283
-0a2002
‘10303
+0.,262
+0.4Bs
—00133
=0:005
+°.046
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5.0
R I

4e5

+0,888 —0.278
+0s810 «0a4406
+0.491 —0e673
—0.098 —0.714
-‘0.531 -'0.335
-0.399 +°.3I4
10.174 402242
+0eI6I =0.0G7
-Q.DS7 -0.995
—0.051 +0e0732
+0.019 +0.038
10,010 -0.007
~0+0I0 =—0.017

+1.019 +0.012
+1.075 =0+208
+Q.937 “Q+900
—0+157 =Is509
—I«568 —0a471
-0.704 ¥+1.384
+I.120 +0.599
+0|358 —Oaa 17

—04529 —0.I57

—~0.050 +0.296
+0.165 +0.009
¥0 4001 ~0De055
=0+075 +0.004

105
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135
Iso
16§
i8o

3

15
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60
75
90
105
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I35
150
165
180

+rles502 =0e410
414385 —0.657
t0.862 —1.154
~0as180 —ls272
=0.9G0 =0e407
~0s536 +0.621
toe372 +0e442
+0s295 ~Ce229
~Cs134 "0-173
=0+091 +04,076
+0+045 404049
+0.017 —0.01I%
-0.023 =0as022

+0az271 +04279
+0e424 10177
+0e6732 —0a139
~0.007 ~I1+114
=I1441I0 —0a41I0
—0+597 +led74
+I.33S +owdl
+0e212 ~I«024
—0e662 =0.020
+0.046 +0.360
+0.192 —0e052
—0s022 —04067
-0.082 +0.07%4

CYLINDER RADIUS 4.5 RADIANS (0-72A)

10
45
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75

165
I20
115
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180

+I-732 —0s4I4
+1.629 —-0.698
+1.067 =1e363
—Cas23I =I.609
~la34I —=0.4G9
0,689 +0.92%
+oe607 +0.581
+6.337 =0e391
~0e244 —=0e221
~04I1I +0.138
+0.031 40.057
+0.020 ~p.0z0
—0+4040 —0,4,024

45 B = 8.0

R !

—0.512 +0.472
—0e2g2 +0a520
+0e260 tos204
02207 “0e579
~I1.089 —0.468
~0+455 4+1.441
41478 +o0a.273
~0.018 =1.181
~0+748 +0.183
to.rBr to.486
+01191 ‘0-132
—0s05I —=0s065
—0+075 t0a.070

tIe551
+le.51I2
+1.085
—0e229
=I1s543

—Q0e743
+0.866

+O e 414
~0eqB81
—0«IO0T
+01124
+0.015
—0s050

=De247
-00530
—I.268
—l.657
—0.5I3
tIlelgQ
+o0.637
—0e5906
—0aea221
t0a216
404045

—0.045
—0.016

= 8.5
[

+Ol532
+0e732
+0.866
to.005
=04373
+IUZBS
+°|04I
-It256
t0.439

+04354
=0 4218

—0.0468
to.104




1T

» <
Ll

LIN)
30
45
6o
75
90
-1
120
115
150
165
180

B <

15
30
45
6o
75
Qo
105
I20
I35
I50
1659
180

s5=0 B
R

+D.913
+0.907
+oa3d
+0L.I162
-0. 448
~0.333
+0.166
+0eX139
-d.075
-00030
+0.0327%
+O.°°3
-00013

VERTICAl DIPOLF

Sa§

+o.18¢
+0.024
-00398
=0-699
‘_0-361
+0e263
+0e2 44
-0sII2
~Ce0 70
+0.045
+0.010
=0s0I0
=0+001

5+0 B =2 7.5

R

+o.904
+1e064
+tIe234
+00387
=le408§
._0c903
+1.089
+0.355
~0.518
+0,0860
+0eIz7
—0+030
~04041

I

+0. 490
+0¢306
~Q e 440
-I.489
-Ola71
+1.264
+°-6!3
~ce824
=Ca017
40271
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+Ie530 +0e354
+1.538 +oe.071
+Ie.277 —=0a.678
- +0e285 ~Ta252
-00845 -00647
=0.610 +0a3512
+0.357 +°.433
+0e2 §2 —0a247
~0e164 ~Calz0
-0+048 +0.097%
+0.,056 +0.013
+0|°O4 —0s0212
—0.0236 +0.003

5.0 B = 8.0
R I

+04I15 047359
104307 +0.318
+0s724 ~0a.061
1t0.1481 ~1.071I
=T.278 —-0.772
~0.815 +1.378
+I.3I0 +0.499
+0¢097 =I«0II
=0e6I0 +0.I3§
+0.1643 +0.295
404120 =0,128
—0e05I =0e0719
"0.028 +0-07I

CYLINDER RADIUS 5-0 RADIANS

+Ie731 +04475
+I1+980 40,145
+1.556 -0.785%
104358 ~lej592
~1.162 —-0a.83z0
-0.807 +0.806
+0.583 +00574

+0e 321 —0e4I7

—Qe274 —0.138
~0us044 +0u157
+0.086 +0.003
=0a.00]1 -0-032
=0s037 10012

=0.674 +0e149
0500 +04306
$0eIl2 +0.7355
1042385 ~0.403%
-0.989 -00644
~0.676 +Ie378
+I1+465 +0.312
—0aI3l —1a145
-0e646 +0e1339
+0.288 +O.2']4
+0.0835 —0.187
—0.07L —0Ga034
-0e002 +0.088
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R 1

+14496 +0.527
FIa60T 40427473
+tIe534 —0s700
to.386 ~1.674
—I+360 —0.901I
—“0e0Q05 +I4061I
+0.8 36 +0.639
t0eg27 —0.616
_00397 —0s107
~0«009 +0e21I9
H+0elIq ~0,026
—0+0I2 —0e0C4I
—0e047 +0e028

=le272 =—0el0I
=I.162 +0.205
—~0e485 +0.717
+0e404 +0e144
-De 569 -0.528
~0e527 +Ie255
+1.530 +o.084
—0s429 —lel9b
0,602 +04574
+0e 415 #0196
404019 ~0e2135
-0,086 +0,004
+00033 +0+094
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R 1

+0-70'] +C 609
10789 404448
t0.831 —~0.048
02399 —©=593
—0s336 —0.460
—0+360 +0.311
+0+ 160 +04228
FO0II6 =—0elz24
~0.,085 —-0.047
02008 +0.049
+0s025 —0a.0068
-1)-003 -0 e00Q
-0s008 +o0.008

+04574 +t0.B64
404816 +0.764
+Ie321 +04115
+0.894 —14275
=I.I40 —-te216
=I+098 +41.116
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+1e331 +0e787
+T+448 —0a.070
+0e7I1 —1.069
~—0e645 =08 19
—0+670 +0s434
to.343 tCa424
+0.207 ~0e266
—0+178 —0.066
—Q+004 +PLI00
102047 =0De0DI7
—~0e.00G —=0s01I7
-c.013 +0.018

—0e057 +0.s162
to0a126 +0e41I
+0.697 +0.2717
+04739 =0s892
~1s053 —1.000
—Is0I5 +Ie249
+1e285 +0a524
=-0e.017 =0.986
-0¢528 +0426%
+0e245 +0e197
+0.033 —0eIf5T
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+I.516 +0.966
+1ae752 -Da05T
+0e502 ~I4367
—0s9085 “TeIO2

. =Deg05 +t0.674

+0e562 +0e568
404255 —0a416
—~Ce281 -0.0357
+0.02I 404149
+0.064. ~0.010
—0.018 -0,023
—~0.0I4 +0,070

~0e654 =0Ce2307
—0e576 +0.024
—00041 +00352
10« 534 =0.357
-0eB16 "'00891
—-c.8B82 +1.280
+1e451 +to.348
=0e255 —I.006
—0e519 t0s460
+0e345 Y0eIq7
—0e0IQ =04IBI
~0s067 t0.030
t0.053 +0.055§
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t1,0713
t1.1424
+1.702
+*0.+959
-1.082
-1 .0 44
+0.8308
+0e2 41
~0.386
+0.072
+o.07:2
~0.031X
-0 .000

+1.,189
+0.956
t6.012
—1.440
=T.227
to-911
+O-640
~Cs627
~0.0Q0I
‘I'OUIQO
~0s07L
-0.024
O L0474

e

-0.7L6
=Ce 376
+o. 428
+tos.254
=0e667
+I1+192
+0.125
=Is122
104667
+0.028
-0.189
+0 4048
+O-037




VERTICAL OIPOLER CYLTNDER RADIUS 8-0 RADIANS (0.96A)

v v v v
A = B.o B = A.< 4 = 6e0 B = 4.0 A = 6e0 B = Tef§ A = 6,0 B8 = 8.0
R 1 R 1 R 1 R 1

0 +0.1124 40,8995 0 Yoe530 t14496 0 toe537 +I.738 0 40,1779 +14567
ts 40,487 +0.76% 15 *o.81lo *r1e4324 I5 “YouB96 +1.571 1§ +0.736 +1.a472
10 40.772 +0. 7311 30 +Ie343 toes55s 3o *i.617 +os700 30 41,550 +0.714
45 +0.581 -o.412 45 *Ie043 —0.748 45 *1.331 -0.963 45 t1.414 —1.016
6o =0.206 -o0,526 60 =0s405 —0.572 606 -0e539 ~1.296 60 -0.710 —1.469
75 ~0.379 +o0.156 75 —0.714 +0e332 75 —0e581 +o0a.534 75 “1.157 +0.748
90 40,1853 +o0.221 90 104331 +0.416 90 *oe543 to.562 90 +0.%784 40,640

105 +0.094 -0s131 fos5 +0eI63 —0ed7g Ies +0.189 —0.449 1oy +o,1%56 —0.628
120 =0.,088 -o0,017 ‘130 -0e178 =040l 120 =0s269 *oacIg 120 =0.153 +o.093
€15 +0.013 +0,044 I35 +0e035 to.08%g 235 +*0.074 to0e118 135 +9.132 +o0,115
152 40,015 =0,016 150 +0+037 —0e035 I50 +04030 ~0ecsg 150 +0,021 —0.086
165 <=08.008 =-o.00% 165 =0e017 -0e.007 165 =0.037 =n.006 165 —~0.0147 +3.000
N t80 +o0.007 +0.010 i8o +o0.004 +0.019 180 +o0.012 +0.026 180 +o0.023 +o,010
v v v v
A = 6.0 B = 8.5 A =640 B = 9= 0 A = 6o B = ge 5§ A = 6.0 B = 10:0
R I R 1 R I R !

o to.102 +*1.040 0 =0.3209 toe290c 0 T0+463 —0.503 6 —0,%585 “I.I353
Is +o.380 +1.063 IS —0e074 *os43g 15 =0e508 —0s255 15 —0.8131 —0.869
30 +I.166 +0.663 37 +0.549 toes04 30 “0.I72 +t0.2g3 30 ~04847 t0.06I
45 +¥1.298 -o0.8g1 45 *1.017 =0e594 45 “toa632 —~0.166 45 +o0e212 +o0e3a7
60 =o0e793 “1e479 60 =0e748 =~14341 60 —o0e578 -I.090 66 04288 ~0.779
75 “T1e237 *0.946 73 =IeIg3d +tI1e4091 75 ~Ia07l +1,.149 75 —0.897 +1.098
96 +1.033 +04636 90  +X 4261 +04545 90 +1.436 +t0e379 90 +Ia331 *o.162

105 +0.0532 ~0.80,4 I05 =0+I35 =0sq49 I05 ~0+364 “Ie035 105 ~0.643 ~1.,037
230 “0e4l1 +0.213 120 =—0e424 +0.368 130 *~0.375 Y0a545 I20 =—o0e249 +t0.718
I35 +oeacs +oetag 135 *0.281 +o0.081 135 +04347 —aucoy4 135 *+04382 —o0a.136
IS0 —0.002 =0.,I12 I50 =—0.04I =0e.I30 150 ™0.004 —0el3I I56 —O0e4!53 ~0.108
I65 =0.045 +oeo13 165 —oe047 tos031 I65 —0e040 toe052 I65 ~0.0231 +t0.073

180 +0.038 +0.028 iBo +o.054 toecIg IBa +04066 toecoo 180 to040%1 =0.0a6




¥

TANGENTIAL DIPOLE

T

A o 0.35 B
R

o +°-593
15 +0.578
30 +0s538
45 t0e440
60 +0eqlIa
75 +0e157
G0 =0a.0I4
105 =-0e184
130. =0s7340
145 =0a467
150 =—04556
165 =0a605
180 -ca.6al

T
A= Ce32j B

R

0 =-0e978
15 =—o0.894
30 =—0eb41
45 =—oce373
60 +0.044
75 +G+138
90 . =0.030Q
105 =—0+I68
130 =-v0.084
135 +#0s233
150 +0.602
165 +0.854
180 +oe.948

= 0495
1

+04596
t0e546
+0e415
+0.246
to.0g90
—0.013
-0a044
to.004
+0eI24
+0-293
+0e472
+0.6I0
+ceb62

= 375§
|

+0e42}
+0.486
+0e601
+D.6!8
+0-{37
+°c!54
+0.0I1]
+0-137
+04 404
+0e 571
+0s544
+0e423
+°¢359

=

]

15
30

6¢C
75

105
120
I35
150
165
18¢

Es

15
30

6o
75

105
1z0
1335
150
165
1Bo

Qez§ B
R

+0e221
+0e246
+0.293
+0-325
+0l280
"+0el155
=002
-0elgg
"00325
—0.369
"0-342
—Ca290C
—04265

Cea§ B
R

-l s021
-0.977
—00796
-Ce440
~CeQO42
+Cel22a
~Ca0I2
—0+146
+0.018
404416
t04774
+0e953
+O-997

= la2§
I

+0a900
+O.341
+°-676
104444
+O.207
+0-034
=0s027
+04044
+Q+2127
+0e473
+°.7IO
+00879
+0eg40

= 3.25
l

~0s051
+o.058
+°njl4
+0. 51 S
+t0e455
+0.182

+0.0I7
+0a4161
+0ed1 4
+Ce457
+0e244
—Qe021
~Celz3

CYLINDER

= -

15
20

6o
75
g0
109
Iz0
I35
150
165
180

Eap
|

5
30

6o
75
Q0
105
I20
I35
150
165
180

RADIUS 0-25 RADIANS

Cs25 B

‘0.264
-0l198
—0.033
tOsl 37
+0ezl2
+0aI44-
~0.026
—00196
~0+264
-00189
-0s019
+0eI46
+00213

= Qe2§ B

R

-0a8I9
-90841
—-0e810
—%ej53
-QeI2g
+Qall6
-0a002
-Qelg0
+0eI21I
+O.548
+0.806
+°-836
+°.814

= Iey$
!

+0u970
*00930
+ceBo2z
+0.580
+0.308
+t0.073
=020l 2
+0.078
+°'308
+0.4 581

+0¢803.

+Dn932
+0.971

= 3735
f

~0s5I73
—0.382
-0-033
+0e343
+0.418
+0a200
+°.°Ig
+0.I79
+O.393
+00286
~0al03
~0.460
~0e593

(0. 040}
T

A = 04235 B

R
O =-0a.703
I5 =0.612
70 =Ge369
45 =0.073
60 104130
75 +0.I35
Qoc =002 5§
105 =~0Ce.If85
120 =0.IB1I
135 +0s4022
I50 +0as31ly
165 +Ce581
180 40652

T

A = o.25 B

R
0 —0.410
15 =0.516
10 =0.676
45 =o0.601

6o =~0.207

75 40.106
90 104,007
109 —0.09%
120 +0,216
135 +40.614
150 +0.6Bg
165 40,528
180 +40.47:r

= 2+325
I

+Ol796
+0a.801
t0e775
+0-64I
+00386
T0.119
+0.000
+0.109
+O.368
+0s61 5
+0e743
+°t766
+0.759

= 43§
1

—0.847
—~0s+734
~0+375
+0.125%
*0, 338
+0.209
+0.017
+0.191
+0. 356
+o,080
—Qe 430
—0.795%
~0.910




ST

TANGENTIAL DIPQLE CYLINDER RADIUS 0-5 RADIANS (0-08A)

T T T T
A =045 B = 1.0 A =05 B = 1e5 A= o06.5 B= 2.0 A = o045 B = 245
R 1 R I R I R !

0 +0.168 +0.616 o =0e245 *oagoo o ~a.697 toeg30 O ~I.022 +t0.718
15 +0eI79 +0e 563 I —0elg2 t0.B438 Is ~0e611 to.g09 I5 ~0e927 ¥0e749
30 +0.1g7 toeilg 306 —o0e068 +0.695 30, —0.388 to.8z21 30 —o0.560 *0.784
45 +04195 t0ez30 45 *o.o058 +o.g62 45 ©—0eI29g to.f2g 45 —o0e305 to.7079
60 +0eI50 +0.040 6o +oe.205 toa205 6o +0.038 toe352 60 —0.022 +u.467
75 +0e062 —0.073 75 104048 +0.004 75 +6.037 +oe090 75 tos.044 to.169
90 +~0.053 =0.107 90 —0.081 —oa.c7yI 90  —0e.093 “0.026 90 ~0.0835 toso16

105 —04166 —0w043 105 —0e210 +0.c08 Ios —0ez22I tgecbo Io5 =—0e214 to.110
126 =043532 t0.108 130 =0e265 +0.272 I20 ~=0.219 %*0e.293 13n =0.I147 to.3352
I35 =0.395 +0e31I3 I35 —0.215 +t0e473 I35 =—0e050 +0.546 I35 104138 to0e543
150 ~0.295 +0a 53l 150 =—0.088 to.707 150 +o.213 +o0.720 150 +oe495 toes584
165 =0.275 +0.676 165 +o.040 +o.861 165 +04436 toe795§ 165 to0.763 +o0.536
180 —0.263 +0.734 18o toe.0g93 toegls I80 +oe523 to.B13 180 +0.858 +0.428
T T T T

Ano.s B=3.o A=O.5 B=3-S A=°’5 B=4'° A=0-5 B=4.S

R 1 R 1 R 1 R !

6 =I.123 +0.328 0 ~0496G —0al4l 0 —0s59I —0e568 0 ~0.076 —“0e847
15 ~1.054 toe4lz 15 =0eg56 —0s020 IS5 =0.-653 —“0e444 15 ~0.209 —0.760
3o —ope.8a3 +*oe591 30 —oe844 *0.2832 30 “De71g —0s083 30 —0.473 "0.439
45 ~De441 +o.683 45 =0e535 to0.5358 45 “0e551 t6.348 45 ~0e.521 +o0.084
60 ~0.069 t0e3537 60 =0.1066 +0e552 60 —oveI4o toeglo 6a “~0eI77 toe4qlg
75 t0e066 +o0a331 75 10e096 +0e268 75 *toe125 toez279g 75 F0e143 to.266
90 =0.063 t0.048 90 =0e031 tos067 95 +o.003 to.069 90 +*0.033 to.056

105 —04193 +0.154 Ios —0eI59 *0el89g Io3 =oelzo toez14 o5 —0.077 t0e226
I20 =0e.057 404388 130 +oe042 toelg9 Izo *toeli3 toe.384 130 +0.239 +toe341
135 t0.316 +0.473 I35 toe460 +0.343 T35 *Yoesst toergo 135 toes579 ~0.026
I50 +o0.697 t0.334 I50 *o0.777 *o.c18 I50 toe7I6 —os304 150 *+De537 ~0e574
165 +04938 +o.1a5 165 +0.888 —=ce3l4 165 - +0.648 —0.688 165 *tae260 —0.9rI

180 +0.998 +oe032 180 *+0e.901 —0.445 I80 - +0.585 ~0.83x 180 +0eI27 —Iaco}



TANGENTIAL DIPOLE CYLINDER RADIUS 0-75 RADIANS (0+12xn)

T T T T
A= 0.75 B = r.z5 A= 0,75 B = 1.7% L = 075 B = 2.25 A'= 0.75-B = 2475
R ! R ! R 1 R T

0 =0.225 +0.6471 o =0.674 +0.005 © =r.os5r +o.Bgr © =1.323 +0.639
15 =0.190 +0.592 IS =o0.599 +0.866 15 —0.954 +0.894 1§ =rs+135 404696
20 =0.109 +0.4532 30 =0.411 +0.741 10 —0.694 40,860 10 =~0.873 +0.799
45 =—0.0%2 +0.25¢ 45 =0,201 +0.523 45 =—o0.36q +o.71 45 . —0.48g +0.793
60 ~0.003 +0.052 60 =0,071 +0.248 60 =0.,127 +0.43 6o =-0.150 #0.579%
75 =0.035 —0.,098 75 -—0.070 +0.009 75 —0.074 +o.138 75 —O0.040 40,253
90 =0,106 -0.1%1 90 -—0,162° —0.101 90 =0.179 —0.021 g0 =0.158 +o0.056
10§ ~0.174 —0.096 105 =0.,251 —~0.01%0 105 =o0.281 to.o041 10§ =04,275 +0.121
r30 -~o.19B +o0.0¢¢ 120 —0.241 +0.157 120 —0.320 +0.249 120 . =0,162 +0.328
135 ~0.158 +o.a59 I35 —0.058 +o0,393 135 +0.032 40,443 135 +o0.181 +0.438
150 =0,000 40,457 150 +o0.125§ +0.587 150 40,157 +0.515 150 +0.56g +0.167
165 +0.030 40,597 165 +0.322 +0.68¢ €5 . +0.634 +0.531 165 4+0.834 +0.209

8 180 +o.0%7 +0.647 180 . +0.401 404721 1Bo  40.734 +0i576 180 +0.933 +0.138
T T T T
A= 0.75 B = 3.25 A= 0.75 B = 3.75% A= 0.75 B = 4s35 A=.0.75 B = 4.75
R R 1 R I R ]

0 =1.137 404229 O =0.791 —0.235 8 —0.277 =0.627 o +0.298 -o0.849
1§ =1.089 +o.711 15 =0.817 ~0.108 1§ ~0.177 —0.516 15 +0.138 ~0.795%
10 —0,907 +0,571 30 -0.791 +0,228 10 —=0.547 —0.16% 10 =0.1219 —0.510
45 =~0.546 +0.749 45 —0.542 +0.584 45 =~0.488 +o,320 4 —0.397 40,003
6o —o0.145 +0.6%53 60 =0.127 +0.647 60 40.113 +04564 6o =0.7120 *+0.418
75 40,031 +0.314 75 +0.097 +0.170 75 +0.164 to.360 75 +40.206 40,371
90 —o0.108 +o.T114 90 =—0.04T +0,142 g0  +0,03B +o0.137 90 “*o0.084 +0.103%

105 =~0.219 +0.19§ 105 —0.1B2 +0.249 105 —0.117 +0.279 10§ —0.047% +0.382
120 -—0.,075 +0.385% 120 +0.031 +0.414 120 +40.152 +0.407 130 +0.268 +o,361%
13§ +0.3217 +0.370 1315  +0.418 +0.251 135 +0.509 +0.099 135 +0.525 0,076
150 +40.681 +o0.109 150 +0.675 —0.176 150 +0.551 =04417 150 40,328 -0.626
165 +0.859 -0.187 165 +0.691 —0.559 165~ 4041368 —0.819 I65 —0.044 =0.gOI

180 +o.903 =0.710 180 +0.665 -o0.702 186 40,367 -0.940 180 -o0.209 -o.960




LT

15
30

6o
75
90
10§
Iz0
135
150
16%
180

TANGENTIAL DIPOLE

~5e482 +0ebl1g
—0e432 toss580
—0e308 +0.464
—0=«178B toe.283
—0s1I04 *tae077
~“0s110 —0s091
-0.169 —0es167
—~D0e220 —0eI26
—0s204 +os009g
~0e700 ‘o186
+0.060 *0e344
+os204 tov44s
+pe262 +0a478

I,.0 B = 3.5
R |

=1.063 +0.037
-1.048 +0.149
—0+934 10455
~0.61I3 4047137
- =0es104 +0.730C
404005 +0e4134
—0s132 +0.204
—0s375 +0a.284
—0.095 +044139
+0.293 +0.324
+0.593 —0.+053
+0.688 —0,430
40695 —0.564

T
A= Teo B = z.c
R 1
0 ~0e953 to.B1g
I —0.867 +to.805%
3o “o0.644 toe734
43 ~0e379 to.s562
60 ~—o0e.l45 to.300
75 ~o0e164 tos040
gn ~0e25I =o0so0g9d
105 ~0.339 “0.052
120 =0.277 to.l21
135 —0e063 +toej08
150 +*0.233 +p.427
165 +o+.478 *o.454
180 +to0.573 to.456
T
A= 1.0 B = 4.0
R I
8 —0.594 —0+394
I5 -0e654 —04267
3@ =0.718 +o0.099
45 =0.547 +0.536
60 —0eI37 +0.699
75 +0.119 +0.460
90 =0.033% t0.231
I05 —0.176 +0.145
130 +0.046 +0.478
I35 +0.413 +0e32%
150 +0.537 —0.1384
165 +0.44I —0.69%
180 404159 =0.837

CYLINDER RADIUS 1-0 RADIANS

129
135
Iso
165
180

~1.256 *0.736
“I1.I61I tp.770
—0s894 foal1y
“O0e 534 ta.748
“0.242 *ge511I
T0e3 59 to.203
—“0=265 to.020
~0.366 ¥0.063
“0e270 *0a244
T0.039 to.358
Toe415 t0e347
toubgs to.246
toe795 *0e193

~0s00I =0.702
—0al31l =0.614
=0,+390 —0.289
—Ce435 #0239
0,091 +04577
+0e217 404422
+0.084 +0.206
0066 +°.363
+0.301 +0.4673
+0-4B7 +O-079
+°'387 -00483
+0.086 ~-0.830
—0.059 —0+936

(0-16))
T
A = Ie0 B = 3.0
R !

9 Tle299 *o.439
IS5 ~I.z29 to.g26
30 “0.9g97 tuegIy
45 “T0.613 to.811
60 —0.237 +to.664
75 Tee097 toa3a4
Q0 ~Ue220 +o,129

105 ~0e344 *toe185
120 -0.206 to.346
135 *o.167 *o0.373
150 *o.s547 toe17g
165 *o0.775 —0.976
i8o +0.845 —0.185
T

A=1.0 B = 5.0

R !

0 +o.582 -0.823
1§ +0.408 —-0,B08
30 —04,0I3 —0e6231
45 =0.300 —0.I05§
60 -0.075 +0.3B86
75 *+0e274 +0.335
90 +0.162 +0.138

Io§y +0.035 +0.13136
120 40,345 +0.191
I35 +10.509 “<0.093
150 +0,164 —04603
I65 —0.299 —~0,78E
180 -0.488 =o.801




TANGENTIAL DIPOLE CYLINDER RADIUS 1-25 RADIANS (0-20A)

T T T T

A= 1,25 B = 1,7% A= 1,25 B = a.25% A= ra35 B = z.7%53 A= t.25 B = 3425
‘R ! R ! R 1 R 1

0 .—-0.61717 +0.486 o =1,126 +0.5B0o 0 =~1.38t +o.424 0 =1,316 +0.114
15 =0.574 +0.460 15 —1.018 +o.600 TS ~1.296 +0.497 15 =1.289 +o.2%32
30 =—0.428 +0.40% 30 =0.799 +o.614 10 —1.0%9 +0.644 310 =1.009 +0.513
45 =0.a3b4 +0,237% 45 ~—0.499 +0.513§ 45 —0.661 t0.700 45 =—0.724 +0.743
6o 79.163 +0. 008 60 =—o0.274 +0.1731 60 =~0.327 +0.550 6o =—o0.305 +o0.704
75 =0.159 —0.,064 78 =0.22% +0,088 75 =0s208 40,374 75 =—0.120 +0.427
00 T0.224 "0.144 90 —0.120 —0.0483 90 =0.318 40,097 90 =—0.239 +0.324
105 =0,277 =0.I10 105 =0.405 ~0.006 105 =—0.428 +o.146 ICS —0.7371 +0.391
120 =0.240 +o0,008 120 =0.339 +o.146 120 =0.113 +0.302 120 =0.219 +0.418
T35 =02.001 +0.147% 115 =—o0.068 40,268 135 +4o.026 +0.7342 135 +0,156 +0.1463
150 +o.r130 40,218 150 +0,126¢9 +0.280 150 +0,405 40,197 150 +0.487 +o.0139
165 40,1701 40,280 165 +0.534 +0.z220 165 40,662z -o,008 165 40,644 —0.302
2 180 +0.371 +0.289 180 +0.692 +0.18% 180 +0.747 -0.101 180 104679 —0e441

T T T ) T
A= 1.25 B = 3.75 A= t.25 B = 4.25 A= 1.25 B = 4.75 A = 1.25 B = 5.25

R ! R ' R 1 R I

0 =1.001 =0.247 © =0.452 —0.552 o 40,185 -o0.714 o +0.762 -0.689
1§ =7T.018 =o.r110 IS —0.541 =0.415 1 +0.0197 =046 15 +0.590 —0.723
30 =0.970 +0.257 10 —o0.681 -0.0g7 32 —o.zg7 —0.333 30 404136 —0.646
45 —0.690 +0.653 45 ~0.579 +0.443 45 =0.419 +0.T144 45 T0e340 "O0.IB1T
60 =0.240 +0,760 60 =-0.158 +0.7710 80 =-0.091 +0.%62 6o —o.065 +0.143
75 40.914 +0.5%515 75 +0.157 +0.531 75 40.2377 +0.455% 75 +0.333 +0.313
Q0 =0.109 +0.249 go +o0.,918 +o, 705 go +to,180 +o.245 g0 +0.254 +0.174
10§ =0.258 +0,19¢ 10§ =0.112 +0.440 105 +0.971 +0.422 T05 +40.T46 +0.151
130 =0.066 +0.527 120 +0.118 +0.551 120 40,1305 +0.501 120 4044673 +0.13B3
135 +0.207 +0.120 145 +0.423 +o.218 135 +o0.507 +0.062 145 +0.528 -0.127
150 +0.490 —0.154 150 +0,408 -0,142 150 +0.251 =0.486 150 +0,042 —0.558
165 404474 =0.571 165 +0.183 ~0.741 165. ~0.164 =0.761 165 =0.492 —0.017

180 +0.437 =0.726 180 +o0.0617 —0.868 180 -0,346 -0,818 180 =0.6g4 -0.576




6T

=~
n

5
e

6o
75
90
105
Iao
135
150
165
180

@

i8o

TANGENTIAL DIPOLE

I-S B = 2.0

~0e736
~0a673
—0e 510
=0a3l7
—0.237
=013
-0a.246
"00308
_Oljés
=0+095
+0.136
+04 128
+04. 401

I.5 B

-0.959
=1.004
—-l1a022
—0.781
=-0+292
+040042
—De0 42
-0.I76
ta.0z4
104332
+6.1387
+°-233
+00139

i

+0e266
+0.277
+0¢281
+°.228
+0.108
—0.026
—03093
—0.053
+0.049
+00134
toersI
0120
+0.099

= 400
I

—0.494
~0e356
+o s 040
+°.526
+0e742
+0 e 550
+Oo353
+0., 448
to.60I
+Ou324
0211
—00639
-00788

L]
30
45
60
75
90
105
I20
I35
150
165
180

>

15
3O

6o
75
90
I0%
I20
135
150
165
18¢

—Ie2352 +0.213T
~1+I67 +0s290
“0eQ27 40407
—0 591 +0a.449
—C.317 t0s33§
—0s+237 +0.138
—0e215. 10024
=Ce432 +0.082
~0.349 +0e220
~0s072 404269
+0e263 +0.167
+0.508 +o0.006
+0s+ 594 =0+069

—0.148 04633
04401 —0e541I
—“0.669 =0s207
=0+636 +0.7332
—~0e202 +04GB2
+0e197 +0.537
+0.I21 +04326
~0+0006 +0.4B5
toe2139 +0.585
40+ 468 +0.302
+0.295 —04358
"00064 -0.702
=0e232 —0e796

CYLINDER RADIUS 1.5 RADIANS {(0-241)

30
45
. 6o
75
50
105
120
135
150
165
180

T
A

IOS. B = 3-0

—10476 +0.026
~ls40§ +00136
~I+16g9 toa389
—0.773 +0a585
—0.176 40548
—Q«209 +0l327
—0+310 +0.178
-0e427 +0e252
~0,705 +0.395
10030 +0e353
+0.462 +0.006
+t0e552 —De218
+0. 606 —0e347

I.5 B = S-O
R I

"toe320 —0e61%
10,163 —0eH05
~“0e21I1 -0.433
-0+ 423 +0.061
~0eIzd4 +Ca524
+04307 +0.446
+0s251 40az227
+0.I44 +0s420
+0¢436_+01483
+0e550 +0s0z20
+0.I43 ‘—O-46!
—0e371 —0.6I9
—2e.579 —0.623

T
A=

15
30
45
60

75

105
I20
I35
150
165
i8o

-y

il

15
30
45
60

75

105
I120
I35
I50
165
180

I.5 B = 2.5

R . I
=1.368 -0.248
~Is%45 —0.106
=Ilez202 +0.255
0836 04614
—0e160 +0+694
~0es105 +0.476
~0e200 +0e290
—0e329 +0e305
-O-I']O +0.532
+0e175 +0e375
+0.409 —0.052
+0e 455 =04459
+0a 442 =0.618

I.5 B = 5.5
R [

+0489I —0.436
+0.730 “0.526
+0 264 =0es87
~0.198 ~D.242
—0-084 +°.297‘
+°o356 +00303
+C6+319 +0.082
+0e244 +0.704
+toe581 +0a.312
tce554 —0.195
—0.047 —0e498
—0e6I6 —0e40r
—04814 =0.297




TANGENTIAL DIPOLE CYLINDER RADIUS 1-75 RADIANS (0. 28x)

T T T
A = 1.75 B = 2.2% A= 1,95 B = z.75% A= 1.75 B = 3.23 A= 1,75 B = 3.75
R 1 R I R 1 R !

o -0.806 40,027 O —14339 ~0.1717 6 -1.517 —0.36% D ~I.148% —0.568
IS ~0.744 +o.n58 TS5 —Te255 —0.945 I5 =1I.458 -0,228 1§ —1.1355 ~0,418
30 —0.5771 +0.7138 30 —I.222 +0.163 10 —I.271 +0.106 130 =—1,280 —-0,012
45 =0.355 to.15% 45 =0.667 +0.7920 5 —0.876 40,423 45 =0,948 +o,.446
6o -o0.18B9 40,994 60 —0.217 +0.299 0 “0.419 +0.452 to =~o0.425 +o,629
7§ —0.1I52 —0,00% 75 ~—04210 +0,IS5T 75 ~0.18B4 +o.327 75 —0.087 40,463
go =0.226 —0,048 99 =0.298 40,071 90 —0.257 +0.213 90 “—0.137 +0.1313

10§ —0.298 +o0.009 I05 —04403 40,163 105 —9.369 +o.3ag 105 ~0.245 +o.450

120 =0.260 +0.108 129 =0.321 +0.1904 120 —0,242 +0.4871 120 —0.070 +o.588

T35 —0.092 +0,148 135 =—o0.056 to.294 135 +0.064 +o,379 135 +o0e229 +o,388

I§0 +0.7126 +0.087 150 +0.231 +0.0g0 150 40,305 40,917 150 +0.337 ~0.299
s 165 +0.296 —0.014 165 404417 —0.159 165 +0.388 -o, 155 16§ +0.240 —0.527
= 180 404358 ~0.067 180 +0.470 —0.268 180 40,395 ~0.507 180 +0.171 -0,687.
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0 =-0.878 —0.671 0 =~0.224 -0c.829 © 10,456 —0.416 o +r.001 =n,130
IS5 =0s054 —0s543 I5 ~0.359 —0.574 15 +0.294 —0.478 rs 40,858 —-o0.a7t
20 ~T1.054 —0eIbz 10 =0.642 —0.310 30 TO.I127 —0.42% 30 +0.192 —0.471
45 —o0.883 %0.376 45 . =0,70% +o0.219 45 T0.447 —0.004 45 =0.161 —04257
60 =0,37¢ +0.67q 60 =o0.283 +o.627 60 =—o0.197 +o0.482 60 —o.118 +0,268
75 40,040 +0.%527 75 +n0.185 +40.509 75 +o0.285 +0,418 75 +0.322 +o,281
90 +40.02r +n, 340 g0 +0.173 +2.289 90 +0.282 +o.171 g0 10,323 +0.021

105 =0,077 +0.499 105 +0.092 +0,466 105 +o0.2324 *+o, 366 105 +o0,292 +o0,226
1zo +o0.150 +0.628 T20  +0.372 +0,.562 120 10.5454 +0.409 ‘120 40,664 +0.196
T35 +0.1398 +o.3119 135 +0.533 +0.158 135 +0.597 -o.a56 135 +0.567 —o.29%
150 +p. 302 ~0.230 157 +0.210 -0.747 150 +o,069 —0,.424 I50 =0.107 —0.419
165 40,005 =0.616 165 =0,265 —-0.534 165 =~0.504 —0.428 165 =—0.654 —0.171

180 -o0.145 =-0.7138 180 -0.470 —-0.627 180 -o.721 -n,36% 180 ~0,827 ~o.,002
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TANGENTIAL DIPQLE

~0+81§ —0s205
—0.,765 —0s+I49
~0 4608 —Ce025%
—0.383 +o.06%
—0.189 40,054
=0eI125 —0.016
=0+IQ0C =0.033
-0e264 +0.052
~Ds227 +0.1I61
=0+073 +0.173
+0+I07 +0.052
+0+229 -0.107
+0.269 —=04.179

-0.713 —0.801
~04827 —0a.703
~I.0733 —0e349
“0e977 10220
-0+485 +04602
+0.002 4+0.4824
+0.039 +0.294
+0.000 +0.473
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~I+31z —0e475
~I1¢260 -0.360
=1.072 —0,084
—Ce731 +0.167
00167 40e225
-0.I86 +0.119
—0.250 +0.07%3
—°I345 +O.2°9
“0e254 40372
—0«013 104326
+0.198 +0.049
+0+285 =0a260
+0.299 —0+150

=0+057 =0+5917
~Oe213 —0e5%8
~0e579 —0.393_
=0.767 +0.1I4
~0e401 +04+578
+t0e121 404485
+0.169 +0.240
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~0+967 +0.237
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—0.1I79 404279
—0«200 +00194
~0s291 +0.358
—0.I42 4045306
10.133 +0.1499
+0.260 —0s0IL}
+0+212 ~0+41I5
+0.162 =0e570
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+0e428 -0.374
—0.,028 -0.14B89
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-0e298 +0.464
+0s214 04418
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+0.255 +0.700
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+0.949 —0.018
t0.581 =04333
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—0s242 —Is029
-0,416 —0.981
0826 =0e707
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—0.646 +0e234
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—0.I85 +0431¢
+0.086 +0.5I1
+°'33° +°-338
+0e225 —0.056
~0e.087 —Ce3354
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+0s654 +0.072
+04554 —0.076
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+0.090 +0.536
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~0+734 +0.3809
“0e246 +0s355
-0.139 +0s300
—04076 +0e378
+0e.280 +04515
404507 +0e216
+0.233 -0-!56
—0.237 —0«338
—Ce452 =0e166

+0.879 +0.646
+CeB 498 +0e4134
10642 —=0a047
404011 —0aI8%§
~0e2 49 +00337
+0.I9I 40442
+0.219 +0.058
+0s324 +0s110
+0.624 =0s191
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~0e229 =Ca357
~0+395 +0.126
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=0.2332 —0O.8044
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~0+368 —0.524
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—0a164 —Ce075
—0.I62 +0.049
—Cas021 +O.I']']
+0a.122 +0e4I44
+0.096 —0a005§
—0s0§3 ~0aI3l
-00135 -90173

+0e211 =Ie057

404033 =~I.09§
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=0+955 =Ds430
=0.803 +0.356
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-G .00 4 +0.358
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—0e295 ~Is436
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~0s647 -0e9130
~De710 —0.389
—0s+49L =04009
—D+265 +0.022
—0s256 =0.01I2
=0e219 +0.165
+os062 +0a321
+0.296 +0o106
t0e180 ~0e049
=0sI3I -0sI8 2
~Ce289 =04206
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104281 —0.483
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CYLINDER RADIDS 3-0 RADTANS
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—Delz2)
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-0.108 +0.338
t0e352 t0e133
+t0. 557 -0.040
+0.188 -0.244
-0.309 -0.08g
=0+ 512 +0«044

404410 +1.049
+0a5733 +0eB37
+o.585 to.238
+os.057 -0.182
—0e270 404256
+0+196 +0e512
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TANGENTIAL DIPOLE
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+C 111 =0.8r14
—0.I00 =0.550
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~0.1237 —0.067
—CeI72 —0e05I
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404156 404039
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—0.095 =0.049
~0.I186 —0.017
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+0s.011 +0.119
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A RECENT BBC DEVELOPMENT

G. A, HUNT, DESIGNS DEPARTMENT,
ENGINEERING DIVISION

Modifications have been made to the ‘synchro-guide’ cir-
cuit to overcome certain defects in its performance. Details
of the unmodified circuit are shown in Fig. 1. The purpose
of the circuit is to provide a regular line time base from an
irregular or disturbed television signal.

Referring to Fig. 1, 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 capaciiors 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 R,
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, therecby 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
¢xtent 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 C, and resistor R ,, under
which conditions the circuit for feeding back a sawtooth
waveform from the cutput to the grid of 'V, may no longer
be necessary.

The advantages claimed for the modified arrangements
are:

1. 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. 1 — Unmodified synchro-guide circuit
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Fig. 2 — Modifications to overcome degenerative effect
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