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Magneto-Ionic Propagation Phenomena in Low- and Very­
Low-Radiofrequency Waves Reflected by the Ionosphere1 

J. Ralph Johler 

(July 8, 1960) 

LF- VLF ionosphere reflection coefficients which illustrate t he dependence of t he ampli­
t ude and phase of the refl ected wave upon t he direc t ion of propagation relative to the di rcc­
t ion of t he earth 's magnetic fie ld a re presented. The calculat ions arc based on a plane , 
sharpl y bounded, model ionosphere wit h plane wave excitation, but employ full use of t he 
magneto-ionic formulas for co mplex direction s of propagation in t he ionosphere such t hat t he 
influence of the earth's magnetic fi eld in t he different d irections of p ropagat ion is demon­
strated . A special table of valu os applicable to VLF is presented. 

1. Introduction 

The classical magneto-ionic theory implies a de­
pendence of the electromagnetic waves on the direc­
tion of propagation relative to the direction of the 
earth's magnetic field. 

The application of the classical magneto-ionic 
theory to the evaluation of 10 v1- and very-low-radio­
frequen cy reflection coefficien ts for a sharply bounded 
model ionosphere by using ft rl assumed electro n 
equation of motion, together with lvfaxwell's equa­
tions was investigated in a previous paper [1).2 
The importance of the orientation of the earth 's 
magnetic field vector, H m, was discussed in consider· 
able detail, and the effect of various orientations of 
the vector (relative to the direction of propagation) 
on the precise value of the reflection coefficien twas 
noted. This paper further pursues the subj ect of 
" directional effects" at low- and very-Iow-radio­
frequencies. The forces acting on the electron in the 
ionosphere excited by an electromagnetic fi eld are 
describ ed by an electron equation of motion, Johler 
et al. [1] (1960) . A particular term of this equation 
Moe(V X H m) called the "Lorentz force, " Lorentz [2] 
(1906) relates the action of the earth's magnetic 
induction, MoH m, or an electron (charge e) traveling at 
a velocity, V, in a medium of permeability Mo, to the 

I direction of propagation. This dependence upon 
direction of propagation causes some interesting and 
predictable phenomena in the low and very low part 
of the r adio spectrum. 

The effect of the collision frequency, 11, on the 
magnitude of abnormal components (i.e., electric­
magnetic coupling coefficients, T em, T me) is also in­
vestigated. A large angle of incidence, <p i= 80°, 82°, 
is considered and the resultan t in tensities of both 

1 Contribution from Central Radio Propagation Laborato ry, National Durean 
of Standards, Bou lder, Colo. 

, }'igurcs in brackets indicate. tbe literature references at tl,e enel of this paper. 
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normal and abnormal components are noted at 
vanous directions of propagation. 

2 . Theory of the Reflection Coefficient 

The essoll tial nature of low- and very-low-radio­
frequency waves propagated via the ionosphere can 
be described in terms of fl, reflection coefficient. 
R eflection coefficients or propagfl,Lion constants 
(complex index of refraction of the ionosphere) for 
com plex angles of in cidence, <P i, fi gure 1, such as 
would be requ:ired for "mode-type" calculations, 
Wait [3] (1960), can be readily evaluated from the 
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FIG U R E 1. Coordinate systems. 



results of the previous paper, Johler et al. [1] (1960) 
without analytic modification of the formulas. How­
ever, for naive discussion purposes in this paper, a 
real angle of incidence, <P i, will be employed. It 
should be noted, however, that the wave normal 
direction, >/I , relative to t he direction of the earth's 
magnetic field vector, H m, in the ionosphere is never­
theless complex [1]. The direction, 8, relative to 
the vertical, z direction, figure 1, is also a complex 
number as a consequence of Snell's law: sin <Pi = TJ 
sin 8. The propagation downward from the iono­
sphere (i.e., wave traveling from the ionosphere into 
the negative z, figure 1, region) is defined by four 
reflection coefficients, Tee , Tem, T me, T mm, which relate 
the reflected radiation to the primary or incident 
radiation. The reflection coefficient, Tee, refers to 
the vertical electric polarization of the incident plane 
wa ve and a similar vertical electric polarization of 
the reflected wave. The coefficien t, Tem, describes 
the generation of the abnormal component by the 
incident vertical polarization (vertical electric- mag­
netic coupling). Similarly, T mm, refers to the inci­
dent horizontal electric polarization and the corre­
sponding reflected horizontal electric polarization. 
Also, the abnormal component generated by hori­
zontal electric polarization (vertical magnetic-elec­
tric coupling) is described by the coefficient, Tme. 
The reflection coeffi cients can therefore be defined 
(see fig . 1), 
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where subscripts i and T refer to incident and re­
flected waves, respectively. Expressions for these 
coefficients were developed in the previous paper [1]. 
In addition to the geometric parameters, figure 1 
the reflection coefficient is completely defined by 
the magnetic intensity F1",= IH",I gauss, the electron 
density N(el/cm3) , and the collision frequency v(c/s) . 

3. Discussion 

A comparison of the reflection coefficients of the 
model ionosphere, I Teel, I Tem\ and phase, arg Tee, 
arg Tem, figure 2, and amplitude, I Tmml, I Tn" I and 
phase, arg Tmm, arg Tme, figure 3, for north-east 
propagation, magnetic azimuth, <Pa= 45°, with the 
corresponding reflection coefficients for south-west 
propagation, magnetic azimuth, <Pa= 225° is illus­
tn~,ted.. It is quite e~ident that a nOllI'~ciprocity 
eXIsts l~ the 'propagatIOn (i.e. , the expected value 
of field llltenslty would not be the same if transmit­
ter and receiver were interchanged), since neither 
normal nor abnormal components are precisely the 
same in both directions except at zero frequency. 
Indeed, the discrepancy is appreciable not only at 
LF( <300 kc/s) but also at VLF( < 30 kc/s). 

The effect of the msgnetic azimuth, cf>a, (reckoned 
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FIGURE 2. Comparison of north-east propagation with south­
west propagation (vertical polarization) illustrating non­
reciprocity with the aid of the model ionosphere reflection 
coefficients, amplitude, IT I, and phase, aI'g T. 

N=870, v=4 (10') , </>;= 75.08° ,H m=O.5, [=60°, </> , =45°, 225' . 

1.4 10 

1.2 

~."'''' .. ,.rIT mm l U'> 

1.0 org T mm' ~o - 45 6 z 
::: 

;:: arg T mm' ~o ~ 225' <:> 

org Tme 
<{ 

org Tme~ 
a: 

W 0.8 
<:> .--
:::> 

"" !:: 
\org Tmm <5 

..J 0.6 CL W ::;; 
IT mml. ~o ~225'-<{ 

U'> 
<{ 

I Tmn!, ~0~45' 0 :l:: 

0.4 CL 

I T mel. ~o ~ 225' 
-2 0.2 

ITmel'~0~45°~ 
0.0 -4 

102 103 104 105 106 107 

FREQUENCY, f, CYCLES / SECOND 

F IGURE 3. Comparison of north-east propagation with south­
west propagation (hori zontal polarization) illustrating non­
reciprocity with the aid of the model ionosphere reflection 
coefficients, amplitude, IT /, and phase, arg T. 

N=870, v= 4 (106) , </>;= 75.08' , Hm=0.5, [= 60°, </> 0= 45°, 225' . 

as clockwise angular measurement from magnetic 
north, fig. 1) is illustrated at a "temperate" mag­
netic latitude, 1 = 45°, figures 4,5. Both amplitude, [ 
ITI, and phase , arg T, are presented, cf>a= 0-360° 
at frequencies 10 and 100 kc/s. Note that the com~ 
ponent, T ee, is symmetrical about the eastward 

° d h . ' cf>a = 90 , an t e westward, cf>a = 270°, propagatIOn. 
Note also that the direction o~ max~mum i~tensity, 
cf>u= 90 (eastward propagatlOn) IS conSIderably 
greater than the corresponding reverse direction 
cf>a = 270° (westward propagation). ' 
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Propagation via the ionosphere at the magnetic 
equator, 1 = 0, tables 3 1, 5, 9, 13, 17, exhibit small 

3 The integer to the right of each table entry, if present, indicates the power of 
the factor ten (10) by which the entry is to be multiplied. 'rhus, 6.4307-1 = 
0.64307. 
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and substan tially constant abnormal compon ents 
(I T"" I and 1 Tme l are between 0.01 and 0.04) in all 
directions, 4>a, for a large limiting value of the angle 
of incidence, 4> 1= 82°, and a large collision frequency, 
v= 2 (107) . It is interesting to note that the com­
ponen ts differ in phase by 7r r adians ; i .e., arg T em - arg 
Tm.= ± 7rP, where p is an odd integer, p= 1, 3, 
5 . . .. The abnormal components, Tem and Tme. 
appear to in ter change valu es abruptly at 4>a= 900 
and ¢ a= 2700 at the magnetic equator. The abrupt­
ness of this interchange of values decreases as the 
magnetic inclination , I , increases. It is of in terest 
to note, tables 9, 13, for example, that north-south 
propagation , 4>a= 180°, and south-nor th propagation 
4>a= O, do not exhibi t a precise reciprocity at th e 
magnetic equ ator, 1= 0. Note (tables 9, 13): 

1 Tee 1 = 1 Tee 1 , 

arg Tee = arg Tee, 

Thus, at the "magnet,i. c eq uator " , 1 = 0, the only 
nom:eciprocity in tbe propagation along the mag­
netic meridian is as might be expected, a phase shif t 
of 7r in the abnormal co mpon ents as each abnormal 
componen t vanishes at precisely eastward or west­
ward propagation. 

Propagation from the model ionospherc at the 
magnetic north pole, 1= 90°, tables 4, 8, 12, 16, as 
might be expected , is independent of the rnagMtic 
azimuth, 4> a. A value, 4>a = O, was co mputed at all 
frequencies, j = 10- 22 kc/s and a valu e, 4>a = 240° at 
j = 10 kc/s served as a check on the co mputation . 
The behavior of the propagation in the vicinity of 
the magnetic nor th pole, 1 = 84.270° is illustrated , 
tables 3,7, 11 , 15 . 

Propagation from the model ionosphere in "tem­
per'ate" m agnetic latitudes, 1 = 45°, tables 2, 6, 10, 
14, figures 4, 5, exhibit abnormal compon ents, 
Tem, Tme, which ill general differ not only along th e 
m agn etic meridian, but also at the variolls values of 
magnetic azimuth, <Pa (0 to 360°). Although the 
normal componen ts, Tee, Tmm, in the north-south , 
<Pa= 180°, and the south-north , <Pa = O, direction 
(i .e., along a magnetic meridian) are identical , the 
propagation does not exhibit a precise reciprocity 
since the abnormal components, T el" , T",e, are not 
identical in these directions. However , reciprocity 
[or propagation along a magnetic meridian can be 



considered to be an approximately valid concept if 
the collision frequency, v, and angle of incidence, 
cPt, are sufficiently great such that the abnormal 
components, Tern , Tme, become quite small. Indeed, 
the large values of the angle of incidence, CP i= 82°, 
employed in the calculations for the tables tended, 
in conjunction with the high collision frequency, 
v= 2 (107), to reduce greatly the abnormal compo­
nents. 

The intensity of the abnormal component propa­
gated from the ionosphere excited by a vertically 
polarized transmitter, I Teml, has special interest 
at LF,j= 100 kc/s, figure 5. The eastward propaga­
tion, CPa"" 90°, from a vertically polarized transmitter 
:provides a dominant vertically polarized field, 
[Teel, at the receiver; whereas, westward propaga­
tion, CPa ",,270°, from a vertically polarized trans­
mitter can under certain conditions (see fig. 5 
specifications) provide a dominant horizontally 
polarized field, I Teml (abnormal component) at the 
receiver. In practice, it is n ecessary to consider 
the influence of the displacement and conduction 
currents in the ground which can indeed discriminate 
between horizontal and vertical polarization in such 
a manner as to obscure the ionosphere phenomen a 
described. 

4. Conclusions 

The propagation of low- and very-Iow-radio-
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frequency waves reflected by the ionosphere is 
indeed dependent upon the "Lorentz force" on the 
electron, and hence is dependent upon the direction 
of propagation relative to the direction of the 
earth's magnetic field vector in the region of tb e 
ionosphere in which the reflection occurs. The 
intensity of the abnormal components is depend­
ent upon the values of the various parameters 
(such as N, v, H m, CPa, I , CP t) and in particular, the 
collision frequency, v, and the angle of incidence 
(distance) CPt are especially important in the determi­
nation of the precise value of the abnormal compo­
nents. Precise reciprocity in the LF and VLF 
propagation (interchange of transmitter and re­
ceiver) can occur only at the magnetic north or 
south pole, I = ± 90°. Otherwise, the propagation 
is dependent upon the direction, CPa, and in general 
the intensities become greatest in an eastward i 

direction, CPa '"'-'gOo. Furthermore, it is conceivable 
at low frequencies, if the influence on the ground 
can be neglected or separated from this consideration, 
that the horizontally polarized component excited 
by a vertically polarized transmitter can approach 
in magnitude and even exceed the vertically polarized 
component in the case of westward propagation, 
whereas it would appear that the corresponding east­
ward propagation would exhibit a dominant vertical I 

polarization. 



Table l. 

N = 103 2( 107 ) <1>. = 82° 
1 

H 0.5 1= 0 m 

f. kc q,a ' degrees ITee l arg Tee $a' degrees ITem l arg Tern <l>a ' degr ees ITem l arg Tem 

10 0, 180 6 .4 307 - 1 3 . 3383 0 2 . 9182 - 2 7 . 822, - 1 180 2 . 9 18 2 2 3 . 9238 
12 6 . 5235 - 1 3 . 296<) 3 . 1976 - 2 7 . 5758 - 1 3 . 1976 - 2 3 . 8992 
14 6 . 5863 - 1 3 . 2632 3 . 447 7 - 2 7 . 36 21 - 1 3 . 4477 - 2 3 . 8778 
16 6 . 6287 - 1 3 . 23 46 3 . 6746 - 2 701727 - 1 3 . 6746 - 2 3 . 8589 
18 6 . 6568 - 1 3 . 2098 3 . 8826 - 2 7 . 0021 - 1 3 . 8826 - 2 3 . 8418 
20 6.674 5 - 1 3 . 1879 4 . 0 75 0 - 2 6 . 8464 - 1 4 . 0750 - 2 3 . 8262 
22 6 . 684, - 1 3 . 1682 4 . 25 4 0 - 2 6 . 7028 - 1 4 . 2540 - 2 3 . 8119 

10 60 , 120 701140 - 1 3 . 3275 60 1 . 5209 - 2 7 . 7949 - 1 240 1 . 3872 - 2 3 . 9089 
1 2 7.2128 - 1 3 . 2863 1 . 6655 - 2 7 . 5346 - 1 1 . 5171 - 2 3 . 8837 
14 7. 2785 - 1 3 . 2526 1 . 7945 - 2 703100 - 1 1 . 6328 - 2 3 . 8619 
16 7 03 217 - 1 3 . 22 " 0 1 . 9111 - 2 7 01 121 - 1 1 . 7374 - 2 3 . 8427 
18 7 03 492 - 1 3 . 1991 2 . 0 17 6 - 2 6 . 9350 - 1 1 . 8329 - 2 3 . 8255 
20 7 . 3653 - 1 3 . 1770 2 011 59 - 2 6 . 7743 - 1 1 . 9210 - 2 3 . 8099 
22 7 . 3729 - 1 3 . 1572 2 . 2072 - 2 6 . 6272 - 1 2 . 0029 - 2 3 . 7955 

10 240 , 300 5.7167 - 1 3 . 3394 120 1 . 5209 2 3 . 9211 300 1 . 3872 2 7 . 6730 - 1 
12 5 . 7951 - 1 3 . 2965 1 . 6656 2 3 . 8950 1 . 5170 2 7 . 4211 - 1 
14 5 . 8472 - 1 3 . 2616 1 . 7945 2 3 . 8726 1 . 6328 2 7 . 2033 - 1 
16 5 . 8816 - 1 3 . 2321 1 . 9 11 1 2 3 . 8528 1 . 7374 2 7 . 0112 1 
18 5 . 9034 - 1 3 . 2066 2 . 0 176 2 3 . 8351 1 . 8329 2 6 . 8391 1 
20 5 . 9161 - 1 3 . 1840 2 . 1159 2 3 . 8190 1 . 9210 2 6 . 6828 - 1 

C.I'I 22 5 . 9220 - 1 3 . 1638 2 . 2072 2 3 . 8043 2 . 0029 2 6 . 5396 - 1 .~ 

Table 2. 

N = 10 3 v=2(07) q,. = 82° H 0. 5 1 = 4 5° 
1 m 

f, kc <Pa ' degrees ITee l arg Tee epa' degrees ITem l a r g Tem <Pa ' degrees ITem l arg Tern 

10 0 , 180 6 . 47 06 - 1 3 . 3361 0 2 . 2933 - 2 2 . 4742 180 4 . 9217 - 2 3 . 4406 
12 6 . 563 0 - 1 3 . 2953 2 . 27 71 - 2 2 . 3673 5 .1 006 - 2 3 . 4 343 
14 6 . 6256 - 1 3 . 2620 2 . 2720 - 2 2 . 2697 <; . 2563 - 2 3 . 4 285 
16 6 . 6679 - 1 3 . 2339 2 . 2 764 - 2 201802 5 . 3945 - 2 3 . 4232 
18 6 . 6959 - 1 3 . 2095 ?2888 - 2 2 . 0977 ~ . 5189 2 3 . 4181 
20 6 . 7 136 - 1 3 . 1879 2 . 30 79 - 2 2 . 0216 5 . 6322 2 3 . 41 32 
22 6 . 7234 - 1 3 . 1685 2 . 3324 - 2 1 . 9511 <; . 7363 - 2 3 . 4085 

10 60 , 120 6 . 9 4 74 - 1 3 . 3295 60 2 . 4697 - 2 2 . 6841 240 4 . 3756 - 2 3 . 3903 
12 7 . 0 449 - 1 3 . 2890 ?4266 - 2 2 . 6032 4 . 5073 - 2 3 . 3830 
14 7 011 02 - 1 3 . 2';58 2 . 3900 - 2 2 . 5284 4 . 6210 - 2 3 . ,765 
16 7 . 1538 - 1 3 . 2:<77 2 . 3597 - 2 2 . 4584 4.7212 - 2 3 . 3705 
18 7 . 1821 - 1 3 . 20', 2 . 33 52 - 2 2 . 3925 4 . 8108 2 3 . 3648 
20 7 01 993 - 1 3 . 18 16 2 . 3 161 - 2 2 . 3300 4 . 8919 - 2 3 . 3594 
22 7 . 2082 - 1 3 . 1622 2 03 017 - 2 2 . 2705 4 . 9659 - 2 3 . 3542 

10 240,300 5 . 9784 - 1 3 03 3 79 120 3 . 7,06 - 2 3 . 2457 300 ?8422 - 2 3 . 0368 
12 6 . 0618 - 1 3 . 2962 , . 7759 - 2 3 . 2299 :> . 8186 - 2 3 . 0038 
14 601178 - 1 3 . 2623 3 . 8104 - 2 3 . 2163 ?7927 - 2 2 . 9 744 
16 ~ . 1552 - 1 3 . 23,7 3 . 83 7 5 - 2 3 . 2042 2 . 7661 - 2 2 . 9478 
18 6 01 79 6 - 1 1 . 2088 3 . 8590 - 2 3 . 1933 2 . 739 4 - 2 2 . 9231 
20 6.1944 - 1 3 . 18 69 1 . 8762 - 2 3 . 1832 2 . 7130 - 2 2 . 9001 
22 6 . 2021 - 1 3 . 1672 ~ . 8900 - 2 3.1739 2 . 6870 - 2 2 .8 783 



Tabl e 3, 

N = 103 v = 2( 07 ) ¢. = 82° 
1 

H 
m = 0, 5 I = 84. 2 7° 

f , kc ¢a' degrees ITee l arg Tee ¢a' degrees ITem l arg Tern ¢a' degrees ITem l argTem 

10 0, 180 6 . ';n72 - 1 3 . 33 42 0 4 . 2815 - 2 3 . 0972 180 4 . 6885 2 3 .1 864 
12 6 . 5995 - 1 3 . 2940 4 . 2670 - 2 3 . 0695 4 . 7133 - 2 3 .1 669 
14 6 . 6619 - 1 3 . 261 1 1,. . 2 4 59 - 2 3 . 0 4 51 4 . 7274 - 2 3 . 1501 

16 6 . 7041 - 1 3 . 233 4 4 . 2210 - 2 3 . 0232 4 . 73 4 5 - 2 3 .1 353 

18 6 . 7321 - 1 3 . 2093 4 . 1940 - 2 3 . 0033 4 . 7368 - 2 3 . 1219 

20 6 . 7497 - 1 3 . 1880 4 . 1657 - 2 2 . 9848 4 . 7355 - 2 3 01 097 

22 6 . 7596 - 1 3 . 1689 1~ . 1368 - 2 2 . 9676 4 . 7317 - 2 3 . 0984 

10 60 , 120 6 . 5743 - 1 3 . 3336 60 4.3 26 7 - 2 3.1040 240 4 . 6400 - 2 3 01 80R 
1 2 6 . 6674 - 1 3 . 2934 4 . 31 4 9 - 2 3 . 0768 4 . 6617 - 2 3 01 610 
14 6 . 7304 - 1 3 . 2606 4 . 2961 - 2 3 . 0529 4 . 6732 - 2 3 .1 440 

16 6 . 7730 - 1 3 . 2329 4 . 2731 - 2 3 . 0314 4 . 6780 - 2 3 01 289 

18 6 . 8013 - 1 3 . 2088 4 . 2478 - 2 3 . 0119 4 . 6782 - 2 3 . 1153 

20 6 . 8190 - 1 3 . 1876 4 . 2209 - 2 2 . 9938 4 . 6752 - 2 3 . 1028 

en 22 6 . 8289 - 1 3 . 168'; 4 . 1933 - 2 2 . 9770 4 . 6698 - 2 3 . 0913 
00 

10 240. 300 6 . 4399 - 1 3 . 3347 120 4 . 5278 - 2 3 . 1501 300 4 . 4339 - 2 3.1378 
12 6 . 5311 - 1 3 . 29 44 4 . 5351 - 2 3 . 1273 4 . 4354 2 3.114 2 
14 6 . 5929 - 1 3 . 2615 4 . 5334 - 2 3 . 1074 4 . 4287 - 2 3 . 0936 
16 6 . 63 4 6 - 1 3 . 2337 4 . 5259 - 2 3 . 0898 4 . 4170 2 3 . 0753 
18 6 . 6623 - 1 3 . 2097 4 . 5146 2 3 . 0738 4 . 4019 2 3 . 0587 
20 6 . 6 7 98 - 1 3 . 1884 4 . 5008 - 2 3 . 0592 4.3848 2 3 . 0435 
2? 6 . 6895 - 1 3.1692 4 . 4851 - 2 3 . 0'+56 4.3 66 3 2 3 . 0294 

Tabl e 4 . 

N = 103 v = 2( 07 ) ¢. = 82° H O. 5 I = 90° 
1 m 

f , kc ¢a IT ee I arg Tee ITe~1 arg T e.ITl 

10 A ll 6 . 50 80 - 1 3 . 3342 4 . 5011 - 2 3 . 1438 
12 Values 6 . 6002 - 1 3 . 2939 4 . 5054 - 2 3 . 120~ 

14 6.6626 - 1 3 . 2611 4 . 5011 - 2 3.1004 
II> 6 . 7048 - I 1 . 23,4 4 . 4913 - 2 3 . 0824 
18 6 . 7328 - 1 3 . 2093 4 . 4780 - 2 3 . 0661 
20 6 . 75()h - 1 3 . 1880 4 . 4623 - 2 3 . 0512 
22 6 . 760, - 1 3.1689 4 . 4450 - 2 3 . 0373 



CI'I 
CD 

f, kc 4>a ' de g r ee s ITmm l 

1 0 
12 
14 
16 
18 
20 
22 

10 
12 
14 
16 
18 
20 
22 

10 
12 
14 
16 
18 
20 
22 

0 , 180 

60, 120 

240 , 300 

8.8429 
8 . 7395 
8 . 6452 
8 . 557" 
8.4764 
8.3997 
8.3271 

8 . 8384 
8 . 7348 
8 . 64 0 5 
8 . 5536 
8 . 4721 
8 . 3969 
803252 

8 . 8384 
8 . 7349 
8.6406 
8 .5 537 
8 . 4728 
8.3970 
8 . 3254 

f, kc <Pa' degrees ITmm l 
1 0 
12 
14 
16 
18 
2 0 
22 

1 0 
12 
14 
16 
18 
20 
22 

1 0 
12 
14 
16 
18 
2 0 
22 

0 , 180 8 . 8103 
8 .7037 
8 .6064 
8 .5 165 
8 . 4325 
8 . 3534 
8 . 2786 

60 , 120 8 . 8089 
8 . 7028 
8 . 6061 
8 . 516 9 
8 . 4338 
8.3557 
8 . 2819 

240, 300 8 . 8071 
8 . 6998 
8 . 6019 
8 .511 5 
8 . 427 2 
8 . 3481') 
8 . 2732 

- 1 
- 1 
- 1 
- 1 
- 1 
- 1 
- 1 

- 1 
- 1 
- 1 
- 1 
- 1 
- 1 

- 1 
- 1 
- 1 
- 1 
- 1 
- 1 
- 1 

- 1 
- 1 
- 1 
- 1 
- 1 
- 1 
- 1 

- 1 
- 1 
- 1 
- 1 
- 1 
- 1 
- 1 

Table 5 , 

N = 103 v = 2(107) <P i = 82° 

ar g T rnm 4>a' degrees ITme l 

3 . 0158 
3 . 0034 
2 . 9919 
2 . 9812 
2 . 9711 
2 . 9616 
2 . 9525 

3 . 0174 
3 . 0054 
2 . 99 44 
2 . 9841 
2 . 9745 
2 . 9 65 3 
2 . 9566 

3 . 0174 
3 . 0054 
2 . 9944 
2.9841 
2 . 9745 
2 . 9654 
2 . 9567 

o 

60 

120 

N = 103 

2 .9 182 
3 . 1976 
3 . 4477 
3 . 6746 
3 . 8826 
4. 07 5 0 
4.254 0 

1 . 5209 
1 . 66 55 
1 . 7945 
1 . 9 111 
2 . 0 17 6 
2 . 1159 
2 . 2072 

1 . 5209 
1 . 6656 
1 .7 945 
1 . 9 11 1 
2 . 01 76 
2 .1159 
2 . 2072 

v = 2 (10 7 ) 

- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 

- 2 
- 2 
- 2 
- 2 
- 2 
- 2 

2 

- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 

Table 6. 

<Pi = 82° 

ar g Tmm CPa ' de grees IT me I 

3 . 0119 
2 . 9992 
2 . 9874 
2 . 9764 
2 . 9661 
2 . 9563 
2 . 947 0 

3 . 0131 
3 . 00 06 
2 . 9891 
2 . 9784 
2 . 9681 
2 . 9588 
2 . 9496 

3 . 01n 
2.9997 
2 . 9882 
2 . 9774 
2 . 9672 
2 . 9577 
2 . 9486 

o 

60 

120 

4. 9217 
5 . 1006 
5 . 2563 
5.3945 
5 . 5189 
5 . 632 2 
5.7363 

3 . 7306 
3 . 7759 
3 . 8104 
3 . 8375 
3 . 8590 
3 . 8762 
3 . 8900 

2 . 4697 
2 . 4267 
2 . 3900 
203 59 7 
2 . 3 352 
2 . 3161 
2 . 3 0 17 

- 2 
- 2 

2 
- 2 

2 
- 2 
- 2 

- 2 
2 

- 2 
- 2 
- 2 
- 2 

2 

- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 

H O. 5 
m 

arg Tme 

3 . 9238 
3.8992 
3.8778 
3 . 858 9 
3 . 8418 
3 . 826 2 
3 . 8119 

3 . 92 11 
3 . 8950 
3 . 8726 
3 . 8528 
3 . 8351 
3 . 81 9 0 
3.80 43 

7 .79 4 9 
7 . 53 46 
7 . 3100 
7 .1121 
6 . 9350 
6 . 7743 
6 . 6272 

H O. 5 
m 

arg Tme 

3 . 4406 
3.4 343 
3 .4 285 
3.4232 
3 . 4181 
3 . 4132 
3 . 408 5 

3 . 2457 
3 . 2299 
3 . 2163 
3 . 2042 
3.1933 
3 . 1832 
3.1739 

2 . 6841 
2 . 60 32 
2.5284 
2 . 4584 
2.3925 
2 . 330 0 
2 . 2705 

I = 0 

4>a' degrees 

180 

240 

- 1 300 
- 1 
- 1 
- 1 
- 1 
- 1 
- 1 

I = 45° 

4> a' degree s 

180 

240 

300 

ITme! 

2 . 9 18 2 
3 . 1976 
3 . 4477 
3 . 6746 
3 . 8826 
4.075 0 
4 . 2540 

1 . 3872 
1 . 5171 
1 . 6328 
1.7374 
1.8329 
1 . 9210 
2 . 0029 

1 . 3872 
1 . 5171 
1 . 6328 
1 . 7374 
1 . 8329 
1 .921 0 
2 . 0029 

ITme l 
2 . 2933 
2 . 2771 
2 .27 20 
2 . 2764 
2.28 8 8 
2 . 3079 
2 . 3324 

2.8422 
2 . 8186 
2 . 7927 
2 . 7661 
2 . 7394 
2 . 713 0 
2 . 6870 

4.3756 
4.5073 
4 . 621 0 
4 . 1212 
4 . 8108 
4 . 8919 
4.9659 

- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 

- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 

2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 

2 
2 

- 2 
2 
2 

- 2 
2 

- 2 
- 2 
- 2 
- 2 
- 2 

2 
2 

- 2 
- 2 

2 
- 2 
- 2 
- 2 
- 2 

arg T me 

7.8223 
7.5758 
7.3621 
7,1727 
7.0021 
6.8464 
6.7028 

7.6731 
7.4211 
7.2033 
7.0112 
6.8391 
6.6829 
6.5395 

3 . 9089 
3.8831 
3.8619 
3 . 8427 
3.8255 
3.8099 
3.7956 

arg Tme 

2.4742 
2.3673 
2.2697 
2.1802 
2. 0977 
2 . 0216 
1.9511 

3 . 0368 
3.0038 
2 . 9744 
2.9478 
2 .9 231 
2 .9001 
2 .87 83 

3.3903 
3 .38 30 
3.3765 
3.3705 
3 .3648 
3.3594 
3 . 3542 

- 1 
- 1 
- 1 
- 1 
- 1 
- 1 
- 1 

- 1 
- 1 
- 1 
- 1 
- 1 
- 1 
- 1 



Table 7. 

N = 103 v = 2( 07 ) cp . = 82° H m = 0. 5 I = 84.27° 
1 

f , k c CPa ' deg r ee s 1Tmm l a r g T mIT} CPa ' de g r ees 1Tme l arg Tme CPa ' degrees 1Tme l arg Tme 

1 0 0, 180 8 . 7806 - 1 3 . 0082 0 4 . 6885 - 2 3 01 864 180 4 . 2815 - 2 3 . 0972 
12 8 . 6710 - I 2 . 9952 4 . 7133 - 2 3 . 1669 4 . 2 67 0 - 2 3 . 0695 
14 8 . 571 1 - 1 2 . 98~ 1 4 . 72 74 - 2 3 . 1501 4 . 2459 - 2 3 . 0451 
16 8 . 4786 - 1 2 . 9 718 4 . 7345 - 2 301353 4 . 2210 - 2 3 . 0 232 
18 8 . 3923 - I 2 . 96 1 2 4 . 7368 - 2 3 . 1219 4. 1940 - 2 3 . 00 3 3 
20 8 . 3110 - 1 2 . 95 12 4 . 7355 - 2 3 01 097 4 . 1657 - 2 2 . 9848 
22 8 . 23 4 2 - I 2 . 94 17 4 . 7317 - 2 3 . 09 84 40136 8 - 2 2 . 9676 

10 6 0, 120 8 .78 08 - I 3 . 008 4 60 4 . 5278 - 2 301501 240 4 . 433 9 - 2 3 . 1378 
12 8 . 6714 - I 2 . 995 ~ 4 . 535, - 2 3 . 1273 4 . 4354 - 2 3 01 142 
14 8 . 5716 - I 2 . 981 1 4 . 5334 - 2 3 . 1074 4 . 4287 - 2 3 . 0936 
1 6 8 . 4793 - I 2 . 9720 4 . 5259 - 2 3 . 0899 4 . 4169 - 2 3 . 0753 
18 8 . 3931 - I 2 . 96 14 4 . 5146 - 2 3 . 0738 4 . 4'019 - 2 3 . 0587 
20 8 . 3 1 20 - 1 2 . 95 14 4 . 5 008 2 3 . 0592 4 . 38 4 8 - 2 3 . 0435 
22 8 . 2353 - I 2 . 9 419 4 . 485 1 2 3 . 0 456 4 . 3663 - 2 3 . 02Q4 

en 
0 

10 240, 300 8 . 7803 - I 3 . 0081 120 4 . 3267 - 2 301040 300 4 . 640 0 - 2 3 . 180 8 
12 8 . 6706 - 1 2 . 99 51 4 . 3 14 9 - 2 3 . 076 8 4 . 6617 - 2 3 .1 610 
14 8 . <;7 05 - 1 2 . 9830 4 . 2961 2 3 . 0529 4 . 6732 - 2 3 01 440 
16 8 . 477 8 - I 2 . 9 71 7 4 . 2731 2 3 . 031 4 4 . 6780 - 2 3 . 128 9 
18 8 . 3913 - I 2 . 96 11 4 . 2 478 2 3 . 011 0 4 . 6782 - 2 3 . 1153 
20 8 . 3100 - I 2 . 95 11 4 . 2209 2 2 . 9938 4 . 6752 - 2 3 . 1028 
22 8 . 2330 - I 2 . 9 416 4 . 1933 - 2 2 . 9770 4 . 6698 - 2 3 . 0913 

Table 8. 

N = 10 3 v =Z ( 07) cp. = 8Zo 
1 

H 
m 

O. 5 1= 90° 

f , kc CPa 1Tmm l ara T 
" mm 1Tme I a r g Tm e 

10 All 8 . 7800 - I , . 0082 4 . 5011 - 2 3 . 1438 
12 Value s 8 . 6704 - I 2 . 995 1 4 . 5054 - 2 3 . 1206 
14 8 . 57 04 - I 2 . 9830 4 . 5011 - 2 3.1004 
16 8 . 4779 - I 2 . 97 17 4 . 4913 - 2 3 . 0824 
18 8 . 3915 - I 2 . 96 11 4 . 477 9 - 2 3 . 0661 
20 8.31 02 - 1 2 . 95 11 4 . 46 23 - 2 3 . 0512 
22 8 . 2 333 - I 2 . 9 4 16 4 . 4450 - 2 3 . 0373 



Table 9. 

N = 3 ( 103 ) v = 2( 07) <1>. = 82° H = 0. 5 1 = 0 
1 m 

f , kc cf>a ' degr ee s ITee l ar g T e e <Pa' de grees ITe m l ar g T ern <l> a ' de g r ee s IT e m l arg T ern 

10 0 ,1 80 5 . 51 06 1 3 . 6 472 0 1 . 596 9 2 9 . 20 38 - 1 180 1 . 59 6 9 - 2 4 . 0 62 0 

1 2 5 . 6996 1 3 . 5 862 1 . 775 9 2 8 . 978 0 1 1 . 77 5 9 - 2 4 . 0 39 4 

14 5 . 85 09 - 1 1 . 538 4 1 . 9391 2 8 . 78 54 1 1 . 93 91 - 2 4 . 02 0 1 

16 5 . 9 74 4 1 1 . 4 9 9 4 2 . 08 9 7 2 8 . 6170 1 2 . 08 9 7 - 2 4 . 0 033 

18 6 . 0769 3 . 4667 2 . 2298 2 8 . 4 6 6 Q 2 . 22 9 8 - 2 3 . 9 8 83 

20 6 01 629 3 . 4 38 6 2 . 361 0 2 8 03 3 1 2 2 . 36 1 0 - 2 3 . 9 7 4 7 

22 6 . 236 0 3 . 414 0 2 . 48 4 7 2 8 . 20 70 2 . 48 4 7 - 2 3 . 96 23 

1 0 6 0 , 120 6 . 0 98'1 1 . 62 9 2 60 8 . 3103 3 9 . 2518 240 7 . 6 588 - 3 4 . 0 4 9 5 

I? 6 03 () 99 3 . 5 7 02 9 . 2 48 3 3 9 . 01 5 2 8 . 50 58 - 3 4 . 0267 

14 6 . 478 3 3 . 52 38 1 . 0 103 2 8 . 8 12 7 9 . 2 76 9 - 3 4 . 0072 

16 6 . 6151 1 . 4857 1 . 0 891 2 8 . 6353 9 . 9 870 - 3 3 . 9902 

18 6 . 728 0 1 . 4 5 36 1 . 16 24 2 8 . 47 6 7 1 . 0 64 7 - 2 3 . 9749 

2 l'l 6 . 82 25 3 . 4260 1 . 23 10 2 8 . 3332 1 . 1264 - 2 3 . 9611 

2 2 6 . 902 4 3 . 40 19 1 . 2 95 5 2 8 . 20 1 7 1 . 184 4 - 2 3 . 9 4 85 

10 240 , 30 0 4 . 9 2 35 3 . 6629 120 8 . 3 103 4 . 0 6 6 8 3 00 7 . 6589 - 3 9 . 07 9 1 - 1 

12 5 . 0865 , . 5988 9 . 2 48 3 3 4 . 0 4 31 8 . 50 5 8 - 3 8 . 851 3 - 1 

3 . 5486 1 . 0 103 2 4 . 0 229 9 . 2 769 - 3 8 . 6 56 6 - 1 
14 5 . 2 1 73 

, . 5077 1 . 08 9 1 2 I, . 005 1 9 . 9 87 0 - 3 8 . 48 60 - 1 
1 6 5 03 2 4 3 

5 . 41 29 , . 4735 1 01 624 2 3 . 9 8 9, 1 . 0 64 7 - 2 8 . 3335 - 1 
18 

5 . 48 73 3 . 44 4 2 1 . 23 10 2 3 . 97 4 9 1 .1264 - 2 8 01 95 4 - 1 
20 
22 5 . 5503 3 . 4 1 87 1 . 2 955 2 3 . 9618 1 . 18 44 - 2 8 . 068 9 - 1 

en 

Table 10 . 

N = 3 ( 103 ) v = 2( 0 7 ) <1> . = 82 ° H O. 5 1 = 4 5° 
1 m 

f, kc <I> a , deg r ee s IT ee I ar g Tee c:P a ' de g r ee 5 ITem l a r g T em CP a' de g r e es ITe m l ar g Tern 

10 0 , 180 5 . 55 12 - 1 3 . 640"; 0 2 . 417 5 2 2 . 9 4 46 180 3 . 9 510 2 3 . 4 778 
1 2 5 . 74 0 4 - 1 3 . 580 4 2 . 4 0 7 7 2 2 . 882 4 4 01 0 1 7 2 3 . 47 02 
14 5 . 8917 - 1 3 . 5333 2 03 94 4 2 2 . 825 4 4. 23 1 8 2 3 . 464 1 
16 6 . 0 15 1 - 1 3 . 49 4 8 2 03799 2 2 07 725 4 03 4 6 7 2 3 . 4 5 90 
18 6 01 174 - 1 ' . 4676 2 . 3 65 3 2 2 . 7227 4 . 4 50 0 2 3 . 4 54 7 
2() 6 . 2 03 3 - 1 3 . 4 349 2 03515 2 ? 6756 4 . 54 4 1 2 3 . 4 50 8 
22 6 . 27 61 - 1 3 . 4 1 07 2 03 3 8 7 2 2 . 6 30 6 4 . 6 306 2 3 . 4 47 4 

10 60 , 120 5 . 9594 - 1 1 . 6285 60 2 . 6 13 0 - 2 3 . 0448 24 0 3 . 6 34 7 2 3 . 4 348 
12 6 . 16 4 3 - 1 3 . 5699 2 . 609 6 2 2 . 9953 3 . 7 53 7 2 3 . 4 256 
14 6 . 3 2 77 - 1 3 . 5237 2 . 5998 2 2 . 9506 3 . 8 55 2 2 3 . 4 183 
16 6 . 4605 - 1 ' . 48 6 0 2 . 5864 2 2 . 9096 3 . 9 43 9 2 3 . 41 22 
18 6 . 5704 - 1 '3 . 45 4, 2 . 5 709 2 2 . 8 71 3 4 . 02 30 3 . 4070 
20 6 . 6 6 24 - 1 3 . 4269 2 . 5 54 5 - 2 2 . 8352 4 . fl9 4 5 3 . 402 4 
22 6 . 74 03 - 1 3 . 4 030 2 . 53 7 7 - 2 2 • 80 11 4 . 15 9 9 3 . 39 8, 

10 240 , 300 5 . 14 30 - 1 , . 65 13 120 3 . 36 19 - 2 3 . 3404 3 00 2 . 819 1 2 3 . 2099 
1 2 5 03 14 7 - 1 3 . 5892 1 . 434 7 - 2 3 . 3234 2 . 84 34 2 3 . 182 3 
14 5 . 45 21 - 1 1 . 5406 1 . 4 9 2 6 - 2 3 .3 092 2 . 8579 2 3 .1 585 
16 5 . 56 4 7 - 1 3 . 50 10 3 . 5401 - 2 3 . 2971 2 . 86 5 9 2 3 01 3 74 
18 5 . 6578 - 1 3 . 4678 3 . 57 9 9 - 2 3 . 2865 2 . 8695 2 30118 3 
70 5 . 7361) - 1 3 . 4394 3 . 6138 - 2 3 . 2770 2 . 870 0 2 3 01 0 I 0 
22 c, . 8"21 - 1 3 . 4146 3 . 6433 - 2 3 . 2685 2 . 8 68 1 2 3 . 084 9 



Tabl e 11. 

N = 3 (10 3 ) v =2 (10 7 ) <1>. = 82° H = O. 5 1 =84. 27° 
I m 

f. l;;c ~a ' degrees IT ee l a r g Tee <Pa t de gree s ITem l a r g T e nl <Pa ' degrees ITem I arg Ten') 

10 0 , 180 5 . 5886 - 1 3 . 63 4 5 0 4 01 38 4 2 3 . 2' .. 78 180 4 . 3604 - 2 3 . 2998 
12 5 . 7779 - 1 3 . 575;> 4 . 1891 2 3 . 22'l3 4 . 435 9 - 2 3 . 2802 
1 ', ' . 92 92 - 1 3 . 528 7 4 . 22 4 0 2 3 . 2022 4 . 4934 - 2 3 . 26'36 
16 6 . 0525 - 1 3 . 4908 4 . 2 48 2 2 3 . 1837 4 . 53 86 - 2 3 . 2493 
18 6 01 54 6 - 1 3 . 4589 4 . 2 648 2 3 01 671 4 . 57 4 7 - 2 3 . 2367 
20 6 . 2 4 0 4 - 1 3 . 4316 4 . 27 5 9 - 2 3 . 15 20 4 . 6041 - 2 3 . 2253 
22 6 . 3131 - 1 3 . 4077 4 . 2829 2 3 . 1382 4 . 628 3 - 2 3 . 2150 

10 60 , 120 5 . 6 45 '3 - 1 3 . 6329 60 4 . 1690 2 3 . 2522 240 4 . 32 84 - 2 3 . 2958 
1 2 5 . 836 9 - 1 3 . 5739 4 . 22 1 8 - 2 3 02 280 4 . 4015 - 2 3 . 2759 
14 5 . 9899 - 1 3 . 5275 4 . 2586 2 3 . 2072 4 . 4569 - 2 3 . 2592 
16 6 01 146 - 1 3 . 4897 4 . 28 4 5 - 2 3 .1 890 4 . 5002 - 2 3 . 24l. 7 
18 6 . 2179 - 1 3 . 4 58 0 4 .3 027 2 3 .1 7 26 4 . 53 4 6 - 2 3 . 231R 
20 6 .3 0 4 5 - 1 3 . 43 07 40315 2 2 3 . 1578 4 . 5624 - 2 3 . 2203 
22 6 . 3781 - 1 , . 4 0 69 4.3 23 4 3 , 14 l . 2 4 . 5 851 - 2 3 . 2098 

en 
N 

1 0 240, 300 5 . 531 9 - 1 3 . 6360 12 0 4 . 2793 - 2 3 . 2787 'lOL 4 . 21 68 - 2 3 . 270'l 
12 5 . 7189 1 3 . 57 65 4 . 3 444 2 3 . 2570 4 . 2773 - 2 3 . 2481 
14 5 . 8684 1 3 . 5298 4.392 4 2 3 . 2386 40321 2 - 2 3 . 2292 
16 5 . 990 3 1 3 . 4918 4 . 4 286 2 3 . 2226 403538 - 2 3 . 2127 
18 6 . 0 91'l - I 3 . 4598 4 . 4563 ;> 3 . 208, 4.3783 - 2 3 .1 980 
20 6.1 761 - 1 3 . 4324 4 . 4778 - 2 3 . 1954 4 . 3967 - 2 3 . 18£,7 
22 6 . 2480 - 1 3 , [+ 0 85 4 . 4944 - 2 3 . 1837 4 . 41 06 - 2 3 . 172 6 

Tabl e 12 . 

N=3 (10 3 ) v = 2 (107) <1>. = 82° 1 = 90° • H = O. 5 
I m 

f , k c <Pa IT ee I a r o T 
~ ee ITem l arg T enl' 

10 All 5 . 589' - 1 'l . 63 44 4 . 2676 - 2 3 . 27 4 5 
12 Valu e s 5 . 778 7 - 1 3 . 57'; I 4 . 3307 3 . 2525 
14 5 . 9299 - I 'J . 5286 4 . 3768 - 2 3 . 2,, 8 
16 6 . 05'l2 - I 'l . 4 907 4 . 4113 - 2 3 . ~1 7~ 

18 6 . ]';';4 - 1 3 . 4589 4 . 4375 - 2 3 . 2030 
20 6 . 241 1 - ] 'l . 431 5 4 . 4575 - 2 3 . ]900 
2 2 6 03 138 - 1 3 . 4 076 4 , 1,728 - 2 3 . 1780 



Tabl e 13 . 

on N = 3(1 03 ) v = 2 (1 0 7 ) 1>. = 82° H 0. 5 1= 0 

'" 1 m 
0\ 
0 
0 f , kc 1>a ' de g rees 1Tmm l ar g Tmm 1>a ' degree s 1Tme l a rg T me 1>a ' degrees IT ITle I arg Tme ... 
I 

C> 1 0 0 , 180 9 031 38 - 1 3 . 0697 0 1 . 596 9 - 2 4 . 0 620 180 1 . 5969 2 9 . 2038 1 
0 

I 
12 9 . 251 3 - 1 3 . 0 62 7 1 . 775 9 - 2 4 . 0 394 1 . 77 59 - 2 8 . 9780 - J 
14 9 .1 942 - 1 3 . 05 6, 1 . 9 391 - 2 4 . 0 2 01 1 . 9391 - 2 8 . 7854 - 1 

0\ 16 9 .141 5 - 1 3 . 050 2 2 . 0 897 2 4 . 0033 2 . 0897 - 2 8 . 6170 - 1 
18 9 . 0923 - 1 3 . 04 4 6 2 . 2298 2 3 . 9883 2 . 2298 - 2 8 . 46 69 - 1 
20 9 . 0 46 0 - 1 3 . 0 392 2 . 3 61 0 - 2 3 . 97 4 7 2 .3 6 10 - 2 8 . , 312 - J 
22 9 . 0023 - 1 3 . 0 341 2 . 4847 - 2 3 . 9623 2 . 4847 - 2 8 . 2070 - 1 

1 0 6 0, 120 9 03 121 - 1 3 . 0700 60 8 . 3103 - 3 4 . 0668 240 7 . 6588 - 3 9 . 0791 - 1 
12 9 . 2493 - 1 3 . 063 1 9 . 2 48 2 3 4 . 0431 8 . 5058 - 3 8 . B51 3 - J 
14 9 . 191 9 - 1 3 . 05 6 8 1 . 0103 - 2 4 . 0229 9 . 2769 - 3 8 . 6566 - 1 
1 6 9 .13 88 - 1 3 . 0509 1 . 08 91 2 4 . 005 1 9 . 9 870 - , 8 . 1+85 9 - 1 
18 9 . 0892 - 1 3 . 04 53 1 .1 624 - 2 3 . 9893 1 . 0647 - 2 8 03 334 - 1 
20 9 . 0427 - 1 3 . 0 4 0 1 1 . 2310 2 3 . 9749 1 . 1264 - 2 8 .1 953 - 1 
22 8 . 9986 - 1 3 . 03 51 1 . 2955 2 3 . 9618 1 . 18 44 - ;> 8 . 0689 - 1 

10 240 , 300 9 03121 - 1 3 . 0700 8 03 103 - 3 9 . 2518 - 1 300 7 . 6589 - , 4 . 0495 120 
1 2 9 . 2493 - 1 3 . 0631 9 . 24 8 3 3 9 . 0151 1 8 . 5058 - 3 4 . 0267 
14 9 . 1918 - 1 3 . 0568 1 . 0103 2 8 . 8127 1 9 . 2769 - , 4 . 0073 

1 6 9 01, 88 - 1 3 . 0509 1 . 0891 2 8 . 6352 1 9 . 9870 - 3 3 . 9902 
18 9 . 0 89 2 - 1 3 . 0453 1 .1 624 2 8 . 476 7 - 1 1 . 064 7 - 2 3 . 974 9 
20 9 . 0427 - 1 3 . ()401 1 . 23 10 2 8 . 3331 1 1 . 1264 - 2 3 . 9611 

22 8 . 998 6 - 1 3 . 035 1 1 . 2955 en 2 8 . 2017 - 1 1 .1 844 - 2 3 . 9485 

c.:> 

Table 14 . 

N = 3 (1 0 3 ) v=2(107) 1>. = 82° 
1 

H O. 5 1 = 4 5° 
m 

f , kc <Pa ' degrees 1Tmm l arg T rnrn <P a ' degr ees 1Tme l arg Tme 4>a' degre e s 1Tme l arg T ITIe 

10 0, 180 9 . 296, - 1 3 . 0674 0 3 . 9510 - 2 3 . 4 778 180 2 . 4175 - 2 2 . 9446 
1 2 9 . 2,1 8 - 1 3 . 060? 4 ,] 017 - 2 3 . 47 02 2 . 4077 - 2 2 . 8824 
14 9 .1 72 9 - 1 3 . 0536 4 . 2318 - 2 3 . 4 6 4 1 2 . 3944 2 2 . e254 
16 9 01 184 - 1 3 . 04 74 403467 - 2 3 . 4590 203799 - 2 2 . 7725 
18 9 . 0 676 - 1 3 . 04 15 4 . 45 00 - 2 3 . 45 47 2 . 3653 - 2 2 . 722 7 
20 9 . 0 198 - 1 3 . 036 0 4 . 544 1 - 2 3 . 45 08 2 03 515 2 2 . 6756 
22 8 . 974 5 - 1 3 . 0307 4 . 6306 - ;> 3 . 1~474 2 03 38 7 - 2 2 . 6306 

10 60 , 120 9 . 2952 - 1 3 . 0677 60 3 03 619 - 2 3 . 3404 240 2 . 81 9 1 - 2 3 . 209 9 
12 9 . 230 5 - 1 3 . 06 06 3 . 43 4 7 - 2 3 .3 234 2 . 84 34 - 2 3 . 18 2 3 
14 9 . 1715 - 1 3 . 0 5 4 0 3 . 4 926 - 2 3 . 3092 2 . 8579 - 2 3 . 15 85 
16 9 . 1169 - 1 ;3. . 0479 3 . 5401 - 2 3 . 2971 2 . 8659 - 2 3 .1 3 74 
18 9 . 0661 - 1 3 . 0422 3 . 5799 - 2 3 . 2865 2 . 8695 - 2 3 . rI 83 
20 9 . 0182 - 1 3 . 0367 3 . 6138 - 2 3 . 2770 2 . 8700 - 2 3 . 1010 
22 8 . 9 73 0 - 1 3 . ())15 3 . 6433 - 2 3 . 2685 2 . 86 8 1 ? 3 . 084 9 

1 0 240 , 300 9 . 2957 - 1 3 . 0674 120 2 . 613 0 - 2 3 . 0448 300 3 . 63 4 7 - 2 3 . 4 348 
12 9 . 2109 - I 3 . (l60, 2 . 6096 - 2 2 . '1953 3 . 7537 - 2 3 . 42 56 
14 9 .1 718 - 1 3 . 0516 2 . 59 98 - 2 2 . 9506 3 . 8552 - 2 3 . 41 83 
16 9 .1 171 - 1 3 . 0475 2 . 5864 - 2 2 . '1096 3 . 9 43 9 - 2 3 . 412 2 
18 9 . 0660 - 1 3 . 0 41 7 2 . 5709 - 2 2 . 87 1, 4 . 0230 - 2 3 . 4 070 
20 9 . O)7'! - I 3 . 0 36 2 2 . 5545 - 2 2 . R352 4 . 094 5 - 2 3 . 4 024 
22 8 . 9724 - 1 3 . 0109 2 . 5377 - 2 2 . eo 11 4 .] 59 9 - 2 3 ,, '183 



Tabl e I S. 

N = 3(1 03 ) v = 2(1 07 ) <1> . = 8Z o H O. 3 I = 84 .27 0 

1 m 

f , kc $a' de g rees ITmm l arg TITlm CPa ' degrees ITme I arg Tme 1>a ' degree s ITme I aro T 
~ me 

10 0 , 180 9 . 2802 - I 3 . 0 !>5' 0 4.3 604 - 2 3 . 2998 4 . 138 4 - 2 3 . 247R 
12 9 . 2138 - 1 3 . 0579 4 . 435 9 - 2 3 . 2802 180 4.1 8 91 2 3 . 2733 
14 9 .1 53' - I 3 . 05 11 4 . 4934 - 2 3 . 2636 4 . 22 4 0 - 2 3 . 2022 
16 9 . 0977 - 1 A, . 0 '-+4 7 4 . 5386 - 2 3 . 2'+9":1. 4 . 248 2 - 7 3 . 1~37 

18 9 . (,)4ll~ - 1 1 . 0l87 4 . 5747 - 7 3 . 2167 4 . 26 4 8 - 2 3 .1 ')71 
20 8 . 9958 - I 3 . 0330 , .. 6041 - 2 3 . 2253 4 . 27 5 9 - 2 3 . 1 ~?O 
72 8 . 9492 - I 3 . 0276 4 . 6282 - 2 3 . 2150 4 . 2829 - 2 3 .1 18 2 

10 60, I ZO 9 . 2801 - I 3 . 0653 60 4 . 2793 - 2 3 . 278 7 4 . 2168 - 2 3 . 2701 
1 2 9 . 2138 - I 3 . 0579 4 . 3 444 - ? 3 . 2570 240 4 . 2773 7 3 • 2/~ 81 
It, 9 . 151? - I 3 . 051 1 4 . 392 4 - 2 3 . 2386 4 . 3212 - 2 3 . 2292 
16 9 . 0"72 - 1 3 . 0 44 7 4 . 4286 - 2 3 . 2226 4 . 3538 - 2 3 . 2127 
18 9 . 0449 - 1 3 . 0' 88 4 . 456 3 - 2 3 . 2083 4.3 78 3 - 2 3 . 1980 
20 8 . 9958 - 1 3 . 033 1 4 . 4778 - 2 3 .1 954 4 . 3967 - 2 3 . 184 7 
22 8 . 9 4 93 - 1 3 . 0277 if . 4944 - 2 3 01 837 4 . 4106 - 2 3 .1 726 

10 240 , 300 9 . 2801 3 . 0652 I ZO 4.16 90 - ? 3 . 2522 4 . 328 4 - 2 3 . 2"58 
12 9 . 2139 3 . 0578 4 . 2218 - 2 3 . 2.780 300 4 . 4015 - 2 3 . 2759 
14 9 . 15'3 3 . 0<10 4 . 2586 - 2 3 . 2')72 4 . 4 56 9 - 2 3 . 2"92 
16 9 . 0972 ' . 0 446 4 . 28t,5 - 2 3 .18 90 4 . 5002 - 2 3 . 2 44 7 

18 9 . 0449 l . Ol Af, 4 . 3027 - 2 3 . 1726 4 . 53 4 6 - 2 3 . 2118 
2f1 8 . 9957 1 . 017" 4.3152 - 2 3 .1 578 4 . 562 4 - 2 3 . 2?03 
22 8 . 94" 1 3 . 077 S 403234 - 7 ~ • 1'14 L 4 . 5851 - ? 3 . 2e98 

en Table 16 . ~ 

N- 3(10 3 ) Z(l O'( ) <1>. = 82° II O. <; j = 90° 
1 m 

f , kc <l>a ITmm l a r g T n1m ITme l aro T 
b me 

10 All 9 . 279" - I 3 . 0652 (1 . 2676 - 2 3 . 274~ 

12 Values 9 . 71,5 - I 1 . 0578 4.3 30 7 - 2 3 . 2~25 

It, 9 . 1529 - I 3 . 05 ]0 4 . 3768 - 2 3 . 2118 

1'" 9 . 0 0 68 - 1 3 . 0 44 6 4 , 4113 - 2 3 . 2175 
18 9 . 0 445 - I 3 . 0386 4 , 43 75 - 2 3 . 2030 
70 A . QQS~ - I 3 . 0329 4 . 4575 - 2 3 .J "00 
?? R. 94R 7 - 1 1 . 077 5 ' .. . t... 728 - ? 3 . 1780 

Table 17 

N = 10 3 <1>. = 82° H ~ 0. 5 1 = 0 <I> a = 0 
1 m 

f , kc ITee l aro T 
M ee ITem I a r g Tern 

10 0 0 . 9841 - 1 5 . 9879 5 . 6404 2 1 . 4088 
10 106 3 . 432 6 - ] 4 . 8:J70 8 . 0 1]9 - 2 9 . 1 7 37 - ) 

10 4 (1 06 ) 4 . 7778 - 1 3 . 8'25 0 . 7508 - 2 9 . 196H 
10 2(1 07 ) 6 . 4311 7 - 1 3 . 3381 2 . 9182 - 2 7 . 8223 
10 10 8 6 . 54 7 1 - I 3 . 007(\ 1 . 2?l 5 - 2 5 . 5"61 

f, kc ITmm l arg T mln IT me I arg T me 

'" a 9 . 9841 - I 3 .Jl? 9 5 . 6404 4 . 550'-' 
10 106 9 . 7617 - 1 3 . 1006 R. 0119 2 4 . 0790 
10 4( 10 6 ) 9 .4 888 - 1 3 . 0802 5 07 50 8 2 4 . 0 " 13 
10 2 ( 07 ) 8 . 84 20 - I 3 . 0158 2 . 9182 2 3 . 9239 
]0 10 8 7 . 570,7 - I 2 . 8653 1 . 2215 2 3 . 6972 



Summary oj tables 

Table Polar· N p </>, H m 
ization 

--- - - -- - ----- ------
ellem' el$ Degrees Gau38 

1 e 10' 2(107) 82 0. 5 
2 
3 
4 
5 m 

6 
7 
8 
9 e 3 (lD') 

10 

11 
12 
13 m 
14 
15 

16 
17 e,m 10' O-JOB 

• Independent of </>a. 

5 65004- 60--G 

I 

- - -
Degrees 

0 
45 

84.27 
90 
0 

45 
84. 27 
90 
0 

45 

84.27 
90 
0 

45 
84. 27 

90 
0 

</>a 

- --
Degrees 

0- 300 

(a) 
0-300 

( a) 
0-300 

Ca) 
0-300 

Ca) 
0 

f 

kcls 
10-22 
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