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PREFACE

The Institute for Telecommunication Sciences and its predecessors in the U.S.
Department of Commerce have been collecting ionospheric data and developing
methods to use these data in the predict~on of the expected performance of high­
frequency (HF) skywave systems 5i nce the start of Warl d War I I.

Much of these data and the techniques for using the data are stored for use
by computers. Also several IIstlandard li output formats have emerged to assist in
the planning and operation of h'igh-frequency systems using skywaves. This report
describes the use of the latest developed method the IIIonospheric fommunications
Analysis and !rediction Program ll (IONCAP). The input and output characteristics
in this report relate to IONCAP Version 78.03. The version number was generated
to historically document the IONCAP program as it currently exists and to
facilitate a means of ident.ifying subsequent versions of the program. The version
number 78.03 indicates that this version of IONCAP was developed in 1978 and is
the third version of the IONCAP program. The earlier versions of the program,
77.01 and 77.02, were developmental versions and were not distributed.

For many years, numerous organizations have been employing the HF spectrum to
communicate over long distances. It was recognized in the late thirties that
these communication systems were subject to marked variations in performance. The
effective operation of long-distance HF systems \ncreased in proportion to the
ability to predict variations in the ionosphere, since such an ability permitted
the selection of optimum frequencies, antennas, and other circuit parameters. A

worldwide network of ionosondes was established to measure ionospheric
parameters. Worldwide noise measurement records were taken and observed varia­
tions in signal and amplitudes were recorded over various HF paths. The results

of this research established that most variations in HF system performance were
directly related to changes in the ionosphere, which in turn are affected in a
complex manner by solar activity, seasonal and diurnal variations, as well as
latitude and longitude. By 1948 a treatise of ionospheric radio propagation was
pub1i shed by the Centra 1 Radi 0 Propagati on Laboratory (CRPL) of the Nalt i ona 1

Bureau of Standards. This document (CRPL,' 1948) outlined the -state of' the art in

HF propagation. Manual techniques were given for analyzing HF circuits of short,
intermediate, and long distances. Because the manual methods were laborious and

'time consuming, various organizations developed computer programs to analyze HF
circuit performance. All these programs were based on manual methods for short or
intermediate distances and used various numeric representations of the ionospheric
data. The program 'described here is a di rect descendant of these programs. Use
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of the Ionospheric fommunications Analysts and frediction Program {IONC~P,)is

describ,ed in this report.,

The Ionospheric Communications Analysis and Prediction Program (IONCAP)is in
...-..-- - .- ....

modular form and coded 1n simple FORTRAN, fo.llowing as much as possible the
ANSI 66 standard. The modular form allows any subsection to be replaced without
affecting the rest of, the program. As much as possible, table look-up techniques
are used to reduce computer run time, to facilitate the modular structure, and ,to
assist;n the detection of errors in any subsection. In particular, iterative
search procedures are el 1m; natedasthese~end to become unstable: under some
ionospheric conditions. The program is divided into ·sevenl.arge;ly independent
sections:

1. input subroutines,
2. path geometry subroutines,'
3. antenna $ubroutines,
4. ionospheric parameter subroutines,
5. maximum usable frequency subroutines,
6. system performance subroutines, and
7. output subroutines.

The input subroutines handle> the various input options. Jhere are .three
1npu~s:·,cardimages, a 1ong-termdatatape image, and an ·ante,nna tape image.. Th,e
card irp·ages contain th,e circ~;t parameters and control run optjQns. The long-term
data tape ~ontalnsnumericcoefftcients for ionospheric parpmE!ter~i ~nd fO.r ,qtmo-,'
sphericnoi se as well as tables. of, parameters needed ... fOr'l:ci r~uit" Jperfp,rmanc~. ..1~,e

antenna. tap,e containsoptionaJantenna ,patternswh,ichcan either ,:be glenerat~d b~i

the l'Q~CA~program or obtaine~ fran $omeothersource. Si01pl i ftc~tio'l of ,the
input car:d'ima,ges,great~r input flexibility, plus extende:dand~"t1ewl~de;vE!lope,q

input features improve this- section over previous models.
The path geometry subroutines detenni ne the circui tgeome·try , select ~ri~a$it()

sample the ionosphere, and evaluate the magn~tic field at these sample ~reas.

There are no significant improvements in this section over previous models.
The antenna sub~outlnes process antenna data input cards, calculate

antenna' gains~ and output antenna patterns. The program has the simpl~ sub­
routine from lISA.! (Lucas and Haydon, 1966) for t'he basic antenna models.
These assume the antenna~s.are ~$sociatedwithe'l'istingsystemsth;~~h~\I~b~en

properlydes1gned.

The ionospheric ,pa rametersubroutineseval uate the iO,nQ~pheri~.para~et~rs.,

needed by the program. Previous programs assumed an irnplicit two parabola
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ionosphere. An explicit electron' density profile is used in this program. The

profile consists of a D-E' region starting at 70 km, an F2 region, an F1 ledge,:

and an E-F valley. [A method of including th,e topside is given in a Radio

Science article (Haydon and Lucas, 1968).]Oth'er electron density profile sub­

routines may be substituted and will notaffect/the6peration of the program.

Observat ion i ndi cates that absorpti on equat ions usi ng' the secant 1aw requi re
modification when frequencies do not traverse,:;t'he,'entireabsorbing region,

i.e., with reflection heights 11 ower than 90 km'. An',·empirical modification to

the secant law is included' 'in this program.
The maximum usable frequency (MUF} subrou:t,ine:is a'direct determinatiorr, o'f

the junction frequency based on an electron density profile derived from monthly:
median parameters of the ionosphere rathert

thanr'a:rr"~iterat;1ve search. A corrected

form of Martyn1s theorem (Martyn,'1959) is, useid. TheE, 'F1, and F2 layer MUFs
are considered. There is also a separate':sp6:,ta'cf;,c-'E;(MUFl The program also

includes the classical nomogranl methodasa'n':::;ioptfo':n'{tucas and Haydon, 1961).

The system performancesubroutines~~varuateL~alr'theusual circuit perform­
ance parameters. There are two basic sU'brotltt'n~s;;:::;}Ohe:forshorter distances

and one for long di stances (greater than:"":10,0(10rkrri'-). rtrhe model s for the

shorter di stances ',' are repl'acements:forp1r'evi otis c·ofriputer"'prclgrams.~ The 1oilg'­
distance mod'els have not previously' been';fncolJijor"'a't:eCl fht~oa computer p',rogram'.%;}

The short"'di stance moderscorresJlo'nd' toth'ema;:niJalmethod: givenbyl'Hayd:b:rfet,
a1'. (1969). A mahual lTu~t'hod: som~'what' like ',the::' ~lo,n~gt.l(j:istairl'de ;,rnbdel s:"';;:S',gi',ven" i~h

;'NBS Repo:rt 462', (C'RPL",'1948)\. The{'sh():rt~~cri'~stahc:'e" rriotJ!el ev~al uat'es'al r:{pos"si'b'le~d

ray paths':for the cfrcu'l t ,'i n'cludl n9 hi!gh'an~d i:l'owtan'g;le! mones ;E:, ~Fl;~I~and'; P'2

modes; above t'he:MU'PmoCtes ;a:n'dl stlorad·ib'~E~nlode'is:~. Los'ses'i:nclude reg'lil ar';;~DlE

absorption' ,: (tc IR.L252'::'1 ()SS')~ 'deVi'at,'i 've lostse's:'>"a,n(J'?spor;'ad 1· c:"iE'l; oss:'e'S.",< ~The:

CCIR-252 loss is basically' 'for i 'F2'mades'.lFo'r;'0 tL,,';aY'e:r md'des,'<anadJjus'tment,f'~of'i>

tihe abso'rptii:on fs:r'etfu;'red", ana:; f()ri:'freq'u~ericfe"s';whlchhave low refl ect'fon .

heights (less than 90 km)' a further corr:ectio'n ;'to,t'he frequency dependence is

added. The noise at the receiver':sit'e i<s eva'l:tiat;'etl'and combined wit'h"signal

statistics to estimate the signal-to-noise statls,tics.

Anextens i on of the .si ngl e-hopmodel<'tb'l'o:ng 'pat:hswoul d 1ead to the

expectation that failure of propag'ation'at any/:'ofth:e reflectionarea,swduld
causepropagat i bn~:t()';fal1 alfoge:itte r. ':Emp1Jrl'ca;1\1:y' ~. Hd~ev~'r:, EitS.:ihas,I'been'faund!

that propag,ation does not fail until the ionosphere either failst'oi"la'liitch:}a
skywave or 'does not per:rri'it !'skyw'ave' rec:ept'ioni';(r~e:;~","';t'H'e;se ar'e c'dnt'rolareas

about 2,000 km from each end of.the path. The". 1. (},n-g'f.dfstance 'model eva1uates a
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skywave launch capability at the transmitter and a skywave intercept capability

at the receiver, using an antenna-gain-minus-ionosphere-loss function at each

end;o'f the path. Losses are the same as for the short paths at each end of the

patb, with a loss per kilometer function ,used to fill in the path •. Noise and

signal statistics are the same for the short-distance or the long-distance
paths.

The output sub rout i nes generate a11 the output opt ions as '.; nee pri nter

images which can be printed, written to magnetic tape, or saved on disk~ The

available output options and the corresponding input required to generate the

output is described in this report.

The HF communications systems performance program hasbee:nextensively

revtsed. The chief limitations to further improve~erts.appear,;t,p;,be ·thelack

of better statistical knowledge of the ionospheric and noise parameters and

their interrelations. There are six areas of expected "improvement incorporated

into this revision of the program:

1. A more complete description of the ionosphere.

2. lo~s equations modified to include E-mode-adjustments, sporadic-E

effects, over-the-MOF:l osses, and losses for low ~~'f'1 ect; on heights.

3. Revision of the ray pathgeometry',calcu'lations by'an empirical adjust­

ment of Martyn's the~o,rem.

4. Revision of ,the loss statistics to includet.he ,effects of the

sporadi c-E layer andove,r-the-MUF.mode$ •

.5. The d'evelopment of a long-distance model·byusfn;g,;the single-hop

models to sei~ct an '~f.fi:Ci en~ lal.(nchpaJhat. th~"trprsmiJt,er~ to
select an efficient intercept path at the receiver, and to evaluate

the ionosphere losses between the launch andtrl~erc~~ta}:~a~ of the
ionosphere.

6. Revisions of the antenna gain models.

Much of the work comp let.ed i san i ncorporati on" of the combi ned efforts of

vartou s labor.atori es,., both government and pri vate,and 'both,domest i c and

foreign. Although this program is coded so that revision of any subpart ;s

relatively easy, it is difficult to join so many diverse submodelswhilemain­

tain,ing consistency and continuity of the entire program. The whole in this
;1' 0 '0 ,

casei s much more than a sum of the parts'~

The use of the program with a descr,tp;t:ion:: ::of"nput'a:nd'·output'.opt ions ,j s

described in this report. The underlying assumptions and the mathematical­

physical models are described in a companion report.
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LIST OF SYMBOLS

The meanings of the most commonly used symbols are as follows (except as
otherwise defined within the text for local usage) (where fe~sible the
symbol definition is the same as in the list in Davies, 1969):

GREEK LETTERS

y

~

E:

Eo,Er ,

,
EO' EEh,

e

e.
J

A-

II

llo

lJ'

lJ' (h , f)

v

-v
~

7f

P

C1

Coefficient used in exponential tail .of electron density
profile, Section 3.2.

Euler constant o. S772l .

Angle of elevation or take-off measured from earth's surface
to ray.

Permittivity.

Permittivity of free space.

Errors used in cor'rection of Martyn's theorem; Section 4.4.

Angle measured from true ray path to earth's normal. (Positive
for up going ray, negative for down going ray.)

A sampled 8 in true ray path model, Section 5.0.

Wavelength in a medium.

Refractive index (real part of n).

Permeability of free space.

Group refractive index.

Corresponds to a particular true height h and operating
frequency f, Section 4.2.

Electron collision frequency.

Average v in a region, used in loss equations, Section 6.1.

{f2 - ff
H

Pi, 3. 14...

Reflection coefficient.

Standard deviation of various distributions.

xv



CPt

cp.
J

x

x

w

Time constant.

Angle between virtual ray and earth1s normal at true ,reflection
height.

Angle between virtual ray and 'earth1s normal at virtualreflec­
tion height. (Usually at one-half path distance.)

Angle between virtual ray and earth1s normal at' a virtual
height correspondin.g to a sampled ground distan~e, Section 5.0.

Absorption index.

Sun1s zenith angle.

Maximum sun's zenith angle at which median predicted Fl
layer exists, Section 2.4.2.

One-half of the angle subtended by a radio path at the 'center
of the earth, i.e., one-half path ground distance divided by
the radius of the earth.

Angular frequency.

Angular gyrofrequency.

ROMAN LETTERS

a

B(f )v

Absorption factor,corre,~,pondi ng to f v' Section 6. 1.

Averaged absorptionfac,tor , Section 6. 1•

Deviative loss absorption factor, Sect'ion 6.2.

E mode absorption ,fa,9rt;QrforGorrectedloss', Section Q,j 2.

Sum of' absorption: f;i.pto.rs, Sect; on 6 .. 2.

Radius of theearth~

Absorption factor farAD' includes averaged collision frequency
(v) profile, Section 6.2.

Coefficient for B(fy ) in E region, Section 6.3.

Coefficient for B(fy ) in F2 region.

Coefficient for B(fy ) in Fl region, Section 6.3.

Coeffi c; ent forB(f ) ,in, F2, reg,j,.on when Fl.tJayerj, is present,
Section 6.3. .V

xv;



c

D

D.
J

E

e

F

fbEs

f c
fH
fN

fob

f v

fpE

fmEs

foE

foEs

foFl

foF2

fu' fv

Gt

Gr

h

hi

Velocity of waves in free ·space.

Ground distance of a radio path.

Ground distance to a sampled point of a radio path, Section
5. O. '

R1'1S field strength referred to one mi'crovolt per me~er'.

Charge on the el ectron. .

Coefficient used in exponential tail of electron density
profile, Section 3.2.

Sporadic E blanketing, frequency.

Critical or penetration frequency.

Gyro,freque'ncy.

Pl asma frequency.,

Frequency of oblique radio path.

Vertical sounding frequency.

Penetration frequenc,y of E layer.

Equi va1ent ob1i que frequency correspond'i ng to fo~s.

Critical frequency of the ordinary component of the E layer.

Hi'ghest frequency of the ordinary component of the sporadic E
layer. '

Cri t", cia lfreqU:encyofthe ,ordlnary component of the Fl layer.

Critical frequency of the ordinary component of the F2 layer.

Plasma frequencies used for filling in the valley in an
electron derJsity profile, Section 3.4.

Transmitting antenna power gain relative to an isotropic
antenna in free spa~e.

Receiving antenna power gain relative to an isotropic antenna
in free space.

True or real height.

ViY'tual .. height,equ;valent, height~ group height.

xvi:;



hp Phase height.

hiEs The minimum virtual height of the sporadic E layer.

hmE, hmFl, Height of maximum electron density of E layer, or Fl or F2
hmF2 layers.

hiE

hlF

h' F2

hpF2

hi
V

h.
J

I

k

Lbf
Lb

L(f
V

)

The minimum virtual height of the Elayer.

The minimum virtual height of the F layer (Fl or F2).

The minimum virtual· height of the F21ayer.

The virtual height of the F2 layer at a vertical sounding
frequency fv = 0.834 foF2.

Virtual height from vertical sounding as used in corrected
Martyn1s theorem, Section 4.3.

Corrected virtual height for an oblique radio path, Section 4.3.

Minimum height of electron density profile, Section 4.2.

True height upper limit of integration for a virtual height,
Section 4.2.

A sampled true height integration for a virtual height,
Section 4.2.

True height of F2 layer at foFl, Section 3~5.

True height of F2 layer at a frequency off = X foE, used in
valley of electron density profile, Sectionu3.4. u

True height of top of E layer at fv = Xu foE, Section 3.4.

Normalized height difference factor used i~ non~deviative
loss, Section 6.2.

Absorption i"nd·ex.

Correction factor in oblique transmission curve.

Free space basic transmission loss.

Basic transmission loss, i.e., system loss, Ls ' where actual
antennas are replaced by isotropic, loss-free antennas.

Ionospheric loss for an oblique radio path at frequency, f v'
Section 6.1.
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Ionospheric loss for an oblique radio path at frequency, fob'
Section 6.1.

Loss correction factor for E modes, Section 6.2.

Losses caused by ionospheric absorption.

Sporadi c-E obscurati onl oss for a mode passing through ,thf~

layer, Section 6.3.

Sporadic-E reflection loss for a mode reflection for the
layer.

Signal power available at the receiving antenna terminals
relative to the available power at the transmitting antenna
terminals, in decibels. This excludes any transmitting or
receiving antenna transmission line losses.

Mfactor of a ground distance D, the ratio of fob to fe.

M factor for F2 layer at a distance of 3000 km.

Exponent of nonlinear transformation used in integration,
Section 42.

Electron density.

Complex refractive index, (~-iX).

Ordinary wave.

Phase path; power; probability.

Virtual path; equivalent path; group path.

Sunspot number; retardation.

Sunspot number.

Quantity relating hpF2 and M(3000)F2 (usually taken as
1490.) Section 2.4.2.

Slope of a linear Fli layer, at a frequency of foFl, Section 3.5.

Slope of a parabolic F2 layer, at a frequency of foFl, Section
3.5.

Time.

Frequency ratio at F2 layer for valley fill, Section 3.4.
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Xv Frequency ratio at E layer for valley fill, Section 3.4.

Xj An abscissca for Gaussian integration, Section 4.2.

~ Weight for ~aussian integration, Section 4.2.

ym Half thickness of a parabola.

ymE, ymFl, For E, Fl, or F2 layer.
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ESTIMATING THE PERFORMANCE OF TELECOMMUNICATION
SYSTEMS USING THE IONOSPHERIC TRANSMISSION CHANNEL

Ionospheric Communications Analysis and
Prediction Program User's Manual

Larry R. Teters~ John L. L10yd~* George w. Haydon~** and Donald L. Lucas***

This report describes the operation and use of the Ionospheric
Communications Analysis and Prediction Program (IONCAP). The computer
program is an integrated system of subroutines designed to predict
high-frequency (HF) skywave system performance and analyze ionospheric
parameters. These computer-aided predictions may be used in the
planning and operation of high-frequency communication systems using
skywaves.

This report contains instructions for the use of IONCAP. A
description of the input data requirements, including dat~ definition,
organization~ and instructions for setup of the various analysis
tasks, is presented. Procedures and formats are given for preparing
the input data and executing the program. The various outputs are
presented and described with an interpretation of the analysis
results.

Key Words: communications; computer model; high frequency;
ionosphere; LUF; MUF; skywave; user1s manual

1. INTRODUCTION
For many years, numerous organizations have been employing the HF spectrum to

communicate over long distances •. It was recognized in the late 19301:s that these
communication systems were subject to marked variations in performance, and it was
hypothesized that most of these variations were directly related to changes in the
ionosphere. Considerable effort was made in the United States, as well as in
c;>ther countri es ~ to investigate ionospheric par.ameters and detenni ne thei reffect
on radio waves and the associated reliability of HF circuits. The effective
operation of long-distance HF systems increased in proportion to t.he a,bility to
predict ·variations in the ionosphere, since such an ability permitted the se1ec­
tion of optimum frequencies, antenna systems, and other circuit parameters. With

*The authors are with the Institute for Telecommunication Sciences, National
Telecommunications and Information Administration, U.S. Department of Commerce,
Boulder, Colorado 80303.
**The author was formerly with the Institute for Telecommunication Sciences.
***The author is with the National Telecommunications and Information
Administration, Office of Spectrum Management, Boulder, Colorado 80303.



the encouragement provided by these findings, it was decided that more basic
ionospheric data were necessary in order to develop adequate models to anticipate
ionospheric conditions affecting HF propagation. A worldwide network of vertical
incidence ionosondes was established to measure values of parameters such as foE,
foF1, foEs, foF2, and hiF. Worldwide noise measurement records were started and
steps were taken to record observed variations in signal amplitudes over various
HF paths. The results of this research established that ionized regions ranging
from approximately 80 to 600 km above the earth1s surface provide the medium of
transmission for electromagnetic energy in the HF spectrum (3 to 30 megahertz
(MHz)). Most variations in HF system performance are directly related to changes
in these ionized regions, which in turn are affected in a complex manner by solar
activity, seasonal and diurnal variations, and latitude and longitude.

The Radio Propagation Unit of the U.S. Army Signal Corps provided a great
deal of information ~nd guidance on the phenomena of HF propagation in 1945 (RPU,
1945). By 1948, a treatise of ionospheric radio propagation was published by the
Central Radio Propagation Laboratory (CRPL) of the National Bureau of Standards.
This document (CRPL, 1948) outlined the state of the art in HF propagation.
Techniques were included for: (1) predicting the maximum usable frequencies
(MUF); (2) determining the MUF for a.ny path at any time, taking into account the
various possible modes of propagation by combining theory and operational
experiences; and (3) estimating skywave field strengths. The model used to make
the MUF predictions employed the "two control point ll method and assumed the
ionosphere to be concentric with reflection occurring only from the regular E and
F2 layers.

Laitinen and Haydon (1950) of the u.s. Army Signal Radio Propagation Agency
furthered the science of predicting HF system petformance by developing empirical
ionospheric absorption equations and combining them with the theoretical ground
loss, free-space loss, and antenna gain factors so that expected field strengths
could be estimated for radio signals reflected from the E and F2 regions,
considering the effect of solar activity, and seasonal and diurnal variations.

The accumulated techniques and methods presented in the above cited liter­
ature and a number of other studies were then combined to establish effect,ive
manual methods for predicting the expected performance of HF communication
systems; however, these methods were laborious and time consuming even when only
estimates of the MUF and optimum traffic frequency (FOT), were needed.

To alleviate this problem, electronic computer routines were developed by
such organizations as Stanford Research Institute (1957), and the Central Radio
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Propagation Laboratory (Lucas and Haydon, 1961). All of these routines were based
upon the established manual prediction methods. The latter program gave the first
computerized technique that incorporated the numerical coefficient representation
of the ionospheric characteristics (Jones and Gallet, 1962). However, only the
ex~ected MUF and FOT were predicted.

In 1962, CRPL issued a report on a computer routine that used the then most
recent improvements in the theory of performance predictions, combinin'g the more
predictable ionospheric characteristics with circuit parameters to calculate
expected HF system performance; e.g., MUF-FOT, system loss, reliability, etc.
(Lucas and Haydon, 1962).

By 1960, it was recognized that high-frequency radar systems could detect
aircraft at considerable distance, and consideration was given to the idea of
applying the already developed computer programs used to predict the ionospheric
effect on HF communication to HF radar systems (Headrick and Skolnik, 1974). At
the outset, simple revisions were made to the HF prediction program, including
doubling the ionospheric losses associated with a given point-to-point path.

The predicted signal-to-noise ratios obtained by these modifications were
compared with actual backscatter amplitudes, and the results were encouraging.
However, there were obvious deficiencies in the skywave model communiication that
appeared immediately, when only simple modification of the model was used to
predict the backscatter amplitudes; e.g.:

.1. Mirror reflection for the E-F2 layers was not satisfactory.
2. The Fl layer was not included as a separate layer.
3. The sporadic-E layer was not included.
4. Ionospheric tilts and their effects on antenna requirements and

absorption were not included.
5. Fading characteristics of adjacent frequencies were not adequately

included.
6. Takeoff angles were not dependent on frequency.
7. Predicted losses were in error when transmission via the lower layers was

nearly specul ar.

It was not possible to revise the prediction model to resolve all of the
above deficiencies in one effort; however, the development of the parabolic
distribution of electron density. model established in ITSA-l (Lucas and Haydon,
1966) was a first step. In this model, the electron density profile at each
sample area was assumed to be adequately represented by two parabolic layers;
i.e., the E and F2 layerse The height of maximum ionization, layer thickness, and
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electron density were derived from locations as defined by the classical "two

control point"method previously used in the calculation of the upper limit of
frequencies and transmission loss and at the path midpoint.

This work was continued in two separate paths, one for communication analysis
and predictions, reported in IT5-78 (Barghausen et al., 1969) and another for
analysis and prediction of over-the-horizon (OTH) radar systems reported in NR:it
Tech. Reports 2226 and 2500 (Headrick et al., 1971; Lucas et al., 1972). The
IONCAP program is intended to bring together the two branches and especially" to
make the techniques developed for HF skywave radar coverage available to HF

communication users. Radar techniques based on well-defined ray paths are applied
to the single-hopmo\del; however, multihop paths exhibit different behavior
patterns (Whale, 1969). Available ionospheric parameters, the use of these
parameters to predict electron density profiles, and the use of the profiles to
predict the geometry and losses associated with skywave propagation are discussed
in an unpublished document entitled "Estimating the performance of telecommuni­
cation systems using the ionospheric transmission channel--Techniques for
analyzing ionospheric effects upon HF systems," by J. L. Lloyd, D. L. Lucas, G. W.
Haydon, and L. R. Teters.

The stimulus for the development of IONCAP comes mainly from two sources:
(1) the radar backscatter data, which results in the revision of the single-path
model, and (2) the computation of\efficient launch at intercept path. For the
single hops,thisrevisfonwas based on the radar analysis model developed jointly
by ITS and the Naval Research Laboratory (Headri ck et al., 1971). It i ncl udes a
complete electron density profile (D,E, Fl, and F2 regions) as well as the
sporadic-E layer. Both the low;..angle and high-angle' rays are included. It is
recognized that ray treatment is not complete, °indeed it is inappropriate at
times, so "over-the-MUFtlpropagation is included as well asEs propagation. For
short-distance propagation, the stochastic factors affecting the behavior of the
ionosphere frustrate the prediction of discrete multihop modes and make the

extension of the short-distance techniques both inapropriate and inaccurate. The
method developed for long-distance propagation is similar to those developed at

CRPL (1948) and those developed by Harnischmacher and Rawer at Zentralsetelle fur
Funkberatung, and at SPIM (Harni schmacher, 1960). They also include methods
developed at the Radio Research Centre (Whale, 1969), Auckland, New Zealand; e.g.,
such concepts as "azimuthdiversity" rather than great circle propagation alone,

and coverage by stochastic "scattering" rather than following an individual ray
through an absorbi ng 'regi on. Both the short-di stance and the 1ong-di stance model s
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are used out to the limit of short-di·stance hop propagation; beyond this range
only the long-distance models are used. The basic theoretical guides used were
the monograph by Davies (1969) and those by Bremmer (1949) and by Budden (1966).

The output representations of ionospheric communication predictions presented
in this report include the historically accepted and proven outputs of ITS-78
(Barghausen et al., 1969).

In the initial planning or in the modification of many communication system,
there may be an appreciable de'1 ay between theci rcuit planning and the actual
circuit construction or modification. This is of particular importance for high
frequency circuits which have rnarked time and geographic variations 'in optimum
frequency, requi red power, and system perforlnance. Predi ct ions of ionospheri c
characteristics and techniques for using these characteristics are, however,
available and may be used to anticipate the performance of HF communication
circuits and thereby provide the lead time for necessary equipment selection,
frequency selection, and frequency and time~sharing arrangements.

High-frequency radio communication depends upon the ability of the ionosphere
to return the radio signals back to earth. Prediction of ionizati'on levels in the
various regions of the ionosphere is, therefore, essential to any prediction of HF
skywave circuit performance. The maximum frequency returned from the ionosphere
usually establishes the upper limit of the useful HF range. The degree of
ionization in the various regions is useful in estimating probable modes, and the
transmission loss for these modes is combined with the antenna performance and
transmitter power available to estimate the expectedHF skywave signal available
anywhere at any time.

The expected skywave signal may be compared ;wi th the expected radi 0 noi se
environment to predict the likelihood that the circuit will operate satisfac­
torily. This likelihood may be used to select .optimum frequencies, proper
antennas, required transmitter power, optimum time of operation, and broadcast
coverage as a function of time and/or frequency.

This user's manual is subdivided into several sections. Section 2 describes
the primary program-rel ated requi rements, i ncl udi ng a program ope rat ion revi ew,
computer imp1ementat ion requi re~ments, and data fi 1es used by IONCAP. The input
language definition, input data description, input card image formats, and input
requirements (including data or'ganization', maxi;mum system. size, restrictions, and
default values} are presented in Section 3. The various IONCAP task options and
control parameters are also discussed in Section 3. Section 4 describes the
output options and possible program termination error messages. Seve1ral
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applications for system performance predictions are presented in Section 5 along
with a sample test case. The geometry of the internal antenna package,ITSA-l,
and typical antenna patterns generated are presented in Figures 43 through 65.
Section 5 also contains a summary of the tabular and graphical outputs available
with the IONCAP version 78.03 computer program. The version number was generated
to historically document the IONCAPprogram as it currently exists and to facili­
tate a means of identifying subsequent versions of the program. The version
number 78.03 identifies that this version of IONCAP was developed in 1978 and is
the third version of the program. The earlier versions of the program, 77.01 and
77.02,were developmental versions and were not distributed. Section 6 briefly
describes the data base fi 1e used wi th the program. Sect ion 7 contains input
examples to assist the user in constructing IONCAPinput.

2. PRIMARY PROGRAM RELATED REQUIREMENTS
This section briefly describes the primary program related requirements of

the IONCAP program. Included are computer implementation requirements, data files
used by IONCAP,and a program operation review.

2.1 Computer Ir"plementation Requi rements
The IONCAP program was developed on the U.S. Department of Commerce CDC~6600

computer using FORTRAN Extended Versio.n 4 and the KRONOS 2.1 Operating System. 1

:rhecomputer code isas close to being ANSI 66 Standard FORTRAN as was possible to
ease adaptation to other computers.

The central processing unit (CPU) core memory necessary to load and execute
IONCAP on the CDC-6600using the FORTRAN Extended Version 4 compiler is:

IONCAP with internal ITSA-l antennas 1700008 60 bit words.

The computer installation must have sufficient file capabilities for eight
files in addition to the normal printed output file. A listing of these files is
given in Table 1, and a brief description of the files is described in
Section 2.2. Not all of the program need be resident in core at the same time,
nor are all the files necessary for most applications should the user choose to
generate load modules for specific methods.

1Certaincommercial equipment and materials are identified in this paper to
specify adequately the software requirements. In no case does such identif cation
imply recommendation or endorsement by the authors, the National Telecommun ­
cations and Information Administration, or the U.S. Department of Commerce.
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2.2 Files Used by IONCAP
The primary input to the program is in the form of card images which are read

from LU5 (l-0gical ~nit number 5). The LU5 could be a copy of the system input
file (card reader), a permanent file previously stored on disk or tape, or a
worki ng fi 1e previ ously generated by another program pri or to execut i ng IONCAP.
The user may specify, as an input option, the use of the auxiliary 'input file
LUI5. This essentially allows the user to have card images from two different

files used as input in the same run.
The primary output from the program i5i n the form of 1i ne pri nter images

which are written on LU6. The LU6 coul~ then be copied to the system output file
(line printer), or a p~rmanentfile can be cre~ted and saved on tape or disk, or
it can be used as input to some other program. The user may specify, as an input
option, to use the auxiliary output file LUI6. This essentially allows the user
to have line printer images on two different files in the same run (see the AUXOUT
control card discussed in subsection 3.3.5).

The ionospheric long-ternl data base file (LU2) contains yearly, seasonal, and
monthly information essential to the ionospheric predictions generated by IONCAP.

A complete description of this data base file can be found in Section 6. These
data are not user-defined input.

The COMMON-MUFS file (LU20) is created, if specified, as a task option by the
user. This file contains all of the variables contained in COMMON /MUFS/ ~hich

contains MUF, LUF, FOT, and other variables. It allows the user the flexibility
o.f creating his own output format specification by writing a computer program
which uses this file as its input., Therefore, L,U20 ca,n be stored as a permanent
file for later use or can be used as a working fi,l eshoul d a user OUitput program
be executed after IONCAP terminates execution (see Section 5). Use of this option
generally requi resprogrammi ngi nterface.

The antenna output file (LU25) is crea'ted if specified by the user. This
file contains antenna patterns created by the IONCAP antenna package (ITSA-I).
These antenna patterns can be saved as a permanent file and used as input to the
IONCAP program at a later date or possibly used as input to some other analysis
program. This is discussed in Section 3.4.

The antenna input file (LU26) is a permanent file used to read antenna
patterns that have previously been created by IONCAP ,or by some other antenna
package" or routine. If spe!cified by the user, the antenna patterns are read from

thi s file instead of being computed by the IONCAP prog'ram (see ANTENNA control
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card sUbsection). Use ofthi s opt; on to input antenna patterns not gener,atedby
IONCAP generally requires the user to create a software interface to IONCAP.

The procedure fil\e(LU35) is a scratchfi 1e created by the IONCAPprogram.to
read and write input procedures, if any are created by the user. (Refer .to
Section 3.3.6 for procedural definition and use.) Note that this is a local
scratch file which is manipulated by the IONCAP program itself and should not be
tampered with by the user or programmer.

The debug output. file (LU61) was used during the development of the IONGAP
program. It contains printed output which was used to verify and debug t,he·IONCAP
program. This fil~ is not available to the user.

2.3 Program Operation Review
The first step in using the IONCAP program is to assemble the appropriate

data for the system configuration to be analyzed. These data areth'en prepared on
punched card images which are read as input di rectly to the computer program or
perhaps stored on a disk or magnetic tape file for reading as input to theprog~am

at a later date.
Each input card image contains a name identifier that is used as a laber~to

identify the specific type of data on that particular card image. A listing of
all valid'name identifiers is given in Table 2, and a completedescriptfot1 of each
name identifier and the associated input data is given in Section' 3.3.

The user may also create his own name identifier by defining an input pro­
C:edure.Theinputprocedure definition, discussed in Section 3.3.6,allowsthe
user to represent several card images by a single nameidentifier.When"reference
is made to the 'procedure name during program execution, the program essentially
replaces the procedur'e name with the card images Gonstituting the procedure
definition.

Program execution begins by examining the entire input file for'anyUser­
defined procedures. If any are located, the procedure names ares'tor'ed in 'a table
of valid name identifiers and the actual procedure definitions are written on a
scratch file for later reference. This allows the procedure definition to occur
anywhere in the input file, and thus, a procedure need not be defined before a
reference is made to it. (Computer programmer types may see parallels to this
technique in other applications.)

The computer program then checks the name identifier of each card ima,ge on
the input file with tHe internal table of valid name identifiers. If "an'fnvalid
nameidentifierislocat~d, the program flags the card image in error and
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continues to examine the name identifier on each of the remaining card images.

Errors in the name identifier are most often caused by (1) a spelling error in the

ldentifiername or (2) a reference to an undefined procedure. ,If any name

i dent i fi er errors are 1ocate'd, a message is pri nted and program executi on is

terminated. This is henceforth referred to as Phase 1 of the IONCAP execution.

At this time, there is little or no diagnostic check'ofth'e data contained on

any card image. Only the name identifier is examined. Thus, program execution

will continue if there are no name identifier errors even though there may pos­

sibly be errors in the actual input data. It is, therefore, eSSential for the

user to examine each card imagle to insure that it is punched correctly and. that it

contains the necessary data before attempting to execute the IONCAP program.

If no name identifier errors are located on the input.file" the~ program re­

winds the user-defined input file and begins to read and process the data on each

card image to define a system configuration. Once the configuration is complete,

the analysis is performed. The analys i s portion of IQNCAP is hencef'.orthrefer­

enced to as Phase 2. A flow diagram of the basic IONCAP control is given in

Figure 2.
The IONCAP program perf()rms four basic analys is tasks in Ph~,se 2. These

tasks are discussed in detail in the IONCAPtheoret i,cal report and summari ~ed
below:

(I), Ionospheric Parameters. The ionosphere is predicted using parametef"swhich

describe four ionospheric regions: E, Fl, F2, and Es. For e~c~,samplea,rea,

the location, time.of day, and all i,onqspheric pararnete.r~ ar~deri\'ed. ,.h~se

may be used to fi,nd an electron densttYRrofil~, whtchmay beintegratect ~,Q

construct a "predi cted i onogram. These qpti 9ns are~p~ci fied~ymethods 1 and
2, which are briefly described in Table 3.

(2) Antenna Patterns. The user may precal cul,9tetheantennagain.patt~r,nneeded

for the syste~ performance predictions. ,These options are specified by

methods 13, 14, and 15, which are briefly described in Table 3. If the

pattern is precalculated, then the antenna gain is computed for all frequen­

cies (1-30 MHZ) and elevation angles. If the pattern is not pr~calculated,

then the gain value is determined for a particular frequency and elevation

angle as needed.

(3) ,l1.ax;mu~ usabl~ lrequency (MUF). The m~~irJ111rr, fr~qu~~~y:)at wh;itC~<~ s~~wave

mode exists c~n be predic;ted." The 10% (FOT)" 50% (MUf)J"and ~O% (~~F) 1~vel s
a re cal cu 1ated for each Qf"the fou r ionospheric regi ons predi ct1ed. These

numbers are a description of the state of the ionosphere between two

9



locations on the earth and not a statement on the actual perforlnance of any

operational communications circuit. These options are specified by methods 3

to 12, which are briefly described in Table 3.

(4) Systems Performance. A comprehensive prediction of ra,dio system~ performance

parameters (up to 22) is provided. Emphasis is upon the statistical

performance over a period of a month. A search to find the lowest ~sable

high ..!.requency (LUF) is provided. These options are specified by methods 16

t() 29, which are briefly described in Table 3.

3. INPUT DATA REQUIREMENTS
Jhissection des~ribes the general data requirements and the input language

definiti.on. It also includes a complete description of all user-defined input

dataanq the corresponding input card image formats. The minimum input requi re­

I}lents and default values for each analysis and prediction method are presented, as

are, the data organization and input restrictions.

3.1 General Data Requirements

The data requirements of the IONCAPprogram consist of a fixed data base and
, , ,

user-de'fin'ed input data. Much of the basi cdata requi red to 'use the'IONCAP"

pro'gram is>stored on the ionospheric long-term data' basefi lee This data 'base

includes geo'grap'hic:and time variations of the ionosphere 'and of atmospherfc noise

1evels~the relationship between the ionospheric characte'rfst i cs and the propa­

gation:'p'athgeometryand signal attenuation, and the theoret fcial'pe rfo rmance'()f

common a'ntenna systems. 'The data base is fixed to the use'r a:ndisnot part of the

user-'definedinputdata. A complete description of the fonosph'erlel()ng-term data

base is contained lin Section 6., However, the user may execute the IONCAP program

without, the d·at:a base. fi 1ebyspeci fyi ngcertai n user-c:l~f; ned, da·t.a (s,ee

Sec,tion!"3.o3.4). This, however ,generally requires specific 'in;forfTl~tion concerning

the ionosphere.

The user-defined input data consist of card images and perhaps an optional

antenna file and the input depends primarily on the complexity of the analysis or

syst.em'performance prediction requested (see Section 3.4). As an example, to

determine the upper useful frequency limits, only the geographic location of the

ctrcutt termin~ls an9th~ time are required. For more complex predictions such as

the ex;pected re ltabi 1i ty' ,o;fcommunj c~,;t ion s{,adp;i t i 9n~~1 use,r-(j~f;i neGl,:. ,i nput data, ,a re

requtred. This data: would include frequeo;cy of;operationi''- thee type, of'p,ntenna

used, the translni tter power, the type of servi ce requi red, and the'mao-rn'ade noi se
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environment, among others. A complete description of all user~defined data is
presented in Section 3.3, and the required user-defined input data for each
analysis or prediction method are summarized in Section 3.4. The input required
for each run option is given in Table 13. The details of each card format are
given in Section 3.5.

3.2 Input Language Definition
The name identifiers mentioned in Section 2.3 constitute an input language

which is the primary communication link between the user and the actual program
analysis. The language provides the user with the means of describing complex
physical configurations in somewhat familiar terms. It also provides a means of
controlling the type and the extent of the analysis to be performed as well as the
type and amount of output desired. Desirable characteristics of the input lan­
guage include (1) format simplicity of the input statement and (2) quasi-order'
independence of the input data for a particular system configuration. Thus, the
input card images can often be presented· to the 'programin any order (with some
restrictions) to describe the topology of a system configuration, the type of
analysis to be performed, and the output desired. Once these characteristics for
a particular configuration have been defined, the program can be executed.
Another desirable characteristic is the ability to alter certain characteristics
of the configuration without having to redefine all other characteristic.s.~his

allows the. user to alter certain parameters in the system configuration while
keeping other parameters fixed. The benefit of this is that it a.llows they(ser to
execute the program for several confi gurations that have common characteri sti cs' in
the same run wi thout redef·i ni ng all characteri sties of the system confi guration.

3.3 Description of the User-defined Input Data
The user-defined input da,ta are in the form of card im'agesand perha~ps/a·n

optional antenna data file. As me'ntioned in 'Section 2.3, each input card image
contains a name identifier tha,t is used as a label to identify the specific type
of data on that particular card image. A listing of all valid name identifiers is
presented in Table 2, and a complete description of each name identifier and the
associated data is given in the following subsections along with car1d formats and
examples. Each input card image will henceforth be called a control card with the
name identifier used as the name of the control card. Formats for each control
card are 'g·ivenin Section 3.5. All cards start with a 10 column ide,ntifler. ,All
data fields· are five column·s long. Tables' 14 a:nd15' conta'in all card fo,rmatsand
comments concerning these cards.
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3.3.1 Program Control, Execution,~nd Termination Control Cards
The following control cards de'fine the analysis task to be performed,

indicate when the task will be performed for the current system configuration, and
indicate how the program will reach a normal termination.

METHOD control card
The METHOD card defines the analysis task to be performed for a particular

system configuration and also specifies the initial page number for the output
file. The two parameters on the 'METHOD card are (see Control Card 1. References
to the control cards contain an example of each card along with a table of the
contents of the card):

(a) METHOD is the parameter which controls the type of program analysis and
predictions performed. At the present time there are 30 task options
available. Many of these tasks differ only in the representation of the
output and require the same (or',nearly the same) computations. The basic
tasks consist of (l),tabulation'of ionospheric parametersao? ionograms
from the iono~pheric data base file, (2) MUF ..FOT calculation"; and graphs,
(3) computation and tabulation of antenna patterns" (4) system
performance predictions, and (5)LUF calculation and graphs. A.brief
description of each method available is given in Table 3, and a
presentation of the output generated 'by each method is given in
Section 4.

(b) NPAGO is the parameter that controls the initial page 'number on the
'output file. The initial output page is set to, t.his value if NPAGOis
positive. If the variable is left blank, negative or zero, then the
initial page on the output file is setoto one.

EXECUTE control card
The EXECUTE card causes the program to perform the indicated analys1~ t'ask

for the currently defined system configuration. This requires the user to specify,
the program control card and the system configuration cards prior to the EXECUTE
card (see Control Card 2). There is only one parameter on the EXECUTE card
described as follows:

KRUN ;s the parameter that indicates the layers at the ionospheric parameters
that are calculated. IfKRUN is less than or equal to zero, then the param­
eters of all layers (E,Fl, F2, and Es) are'~alcu,lated; if KRUN = l~ then the

, ,

parameters of the Elayer, Fl layer, and F2 ,layers are calculated .if KRUN = 2,
the parameters for the Es layer only ~re calculated; if KRUN ;s 9 eater than
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or equal to three, then no ionospheric parameters are calculated. This
allows the user to skip the calculation of ionospheric parameters and use the
last set previously calculated or a set of ionospheric parameters entered
with the input cards. ThE~ use of the KRUN option may require additional
consideration beyond that presented here.
It is also often possible to cause program analysis to be performed by having

two consecutive control cards with the same name identifier. The control cards
that all~w this are:

METHOD
CIRCUIT
EXECUTE

Thus, lf the user desires to have both a tabulation of two circuits, he may
accomplish this by having two consecutive CIRCUIT cards on the input file. The
remainder of this system configuration is unchanged if this technique is used.

QUIT control card
The QUIT card causes termination of the IONCAP program. It must, therefore,

be the last physical contl'~ol card on the user-defined input file. This card is
essential to the program since it is used when examining the name identifiers on
the control cards in Phase 1, and as a default termination of a month-sunspot loop
(to be discussed in NEXT control card subsection) as well as the program
termination indicator in Phase 2. There are no data parameters on the QUIT
control card (see Control Card 3).

3.3.2 Diurnal, Month, and Solar Activity Control Cards
The following control cards define the time of day, the month, year, and

sunspot number of the solar activity period of interest for which the analysis and
predictions are p~rformed.

It should be noted that the months and sunspots specified on the following
control cards constitute a loop. That is to say, the analysis and predictions are
performed for every 1i near combi nat i on of months and sunspots i ndi cated. Separate
control cards are, therefore, not required for each month and/or solalr activity
period of interest. The month~sunspot (or sunspot-month) loop is discussed in the
NEXT control card subsection, with examples given in Figures 3 through 8. Thus,
several months can be executed with one sunspot number and/or several sunspots can
be executed for a single month. This also demonstrates a procedure example. In
order to do selected month, or combination of months, with individual sunspot
numbers, use the PROCEDURE card. For example, the set below will do the
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1976 6
12.2

1976 9
14.3

1976 12

14.8

calculations for all seasons of 1976 for each of the circuits defined in the
procedure called NORTH. See Section 3.3.6 for a further discussion of the
PROCEDURE card. The fixed field formats of each card are presented on the
corresponding control card.

PROCEDURE NORTH

CIRCUIT cards representing necessary communication paths
EXECUTE

END
Control cards defining system configuration:

MONTH 1976 4
SUNSPOT 12.6

NORTH
MONTH
SUNSPOT
NORTH
MONTH
SUNSPOT
NORTH
MONTH

SUNSPOT
NORTH

QUIT

TIME control card

The TIME card indicates the time of day for which the analysis and predic­
tions: are,tobe perforrned. The hours can be either universal time or local mean
time at the transmitter, depending on an input parameter. There are four param­
eters on the TIME control card, described as follows (see Control Card 4):

(a) IHRO indicates the starting hour in universal time or in local mean time
at the transmitter.

(b) IHRE indicates the ending hour in universal time or in local mean time at
the transmitter.

(c) IHRS indicates the hourly increment. The hourly increment is added to
the starting hour to determine the next hour. This incremental process
continues until the ending hour is reached.

(d) ITIM indicates that the specified time is universal time or local mean
time. If ITIM is negative, then the specified times are local mean times
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(LMT) at the transmitter, otherwise the specified times are universal
time (UT).

MONTH control card
The MONTH card indicates the year and months for which the analysis and

prediction are to be performed. The year is used for identification purposes only
and has no effect on the program calculations. June and December are typical of
seasonal extremes for 10ng-range planning. The parameters on the MONTH control
card are as follows (see Control Card 5):

(a) NYEAR indicates the year, but has no effect on the program calculations.
(b) MONTHS is an array of up to 12 months where 1 represents January, 2

represents February, etc. The program analysis and predictions are
performed for each of the months the user specifies. The program assumes

there are no additional months to process when a blank or a zero month is
encountered. The desired months can be specified in any order. This,
for example, allows the user to perform the analysis and predictions for
December before January if he so desires. Predictions for each month
specified on the MONTH card are performed for each sunspot number
specified on the SUNSPOT card.

MONTHLOOP control card

The MONTHLOOP card is similar to the MONTH card in that it indicates the year
and the months for which the analysis and predictions are to be performed. The
difference between the two cards is that the user specifies the individual months
desired on the MONTH card, and he specifies a range of months desired on the
MONTHLOOP card. As previously mentioned, the year is used for identification
purposes only and has no effect on the program calculations. The four parameters
on the MONTH LOOP card are as follows (see Control Card 6):

(a) NYEAR indicates the year, but has no effect on the program calculations.
(b) MINIT indicates the starting month where 1 represents Januar~y, 2

represents February, etc.
(c) MFINAL indicates the ending month where 1 represents January, 2

represents February, etc.
(d) MINC indicates the monthly increment. The monthly increment is added to

the starting month to determine the next month. This incrementing
process continues until the ending month is reached.

The MONTHLOOP card, along with a corresponding sunspot number, requires the
program to read the ionospheric long-term data base file to obtain months and
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seasonal information. Predictions for each month specified on the MONTHLOOP card
are performed for each sunspot number specified on the SUNSPOT card.

SUNSPOT control card
The SUNSPOT card indicates the sunspot numbers of the solar activity period

of interest and is the 12-month running average for each of the months specified. A
sunspot number of 10 is typical for low solar activity and sunspot numbers between
110 and, 130 are typical of high solar activity. NOTE: monthly or daily solar
activity indices are not used ,only the expected 12-month running average is
used. The parameter on the SUNSPOT carq is as follows (see Control Card 7):

SUNSP is an array of up to 12 sunspot numbers. The program analysis and
predictions are performed for each of the solar activity periods ,the user
specifies and for each month specified. The desired sunspot numbers can be

specified in any order with the one restriction, that, if a zero sunspot
number is desired, it must be the first one indicated on the control card.
This restriction is necessary 'since the program assumes that there are no
additional sunspot numbers to process when a blank or zero sunspot number is
encountered. The program uses a ulook-ahead u procedure which allows the
first specified sunspot number to be blank or zero.

NEXT tontrol'card
The-NEXT control card is the termination of a month-sunspot (or sunspot­

month) loop. Each of the control cards that occur after the MdNTH (orMO~rHlQOP)

card ,gOd the ,SUNSPOT card, but before the NEXT card, is processed for every
com:bi;nat io,nofmonths and sunspot numbers specifi ed. Thu s,the body of the loop
cons;:stsof'all;thecontrol cards after the MONTH-SUNSPOT cards up to the NEXT
ca~d. Amonth-sunspot loop is generated if the MONTH (or MONTHLOOP) card precedes
the ',SUNSROT card. Atypical deck structure for a month-sunspot loop':i sgiven fn
Figure 3, and the effect of a typical month-sunspot loop is demonstrated in
Figure 4. ,A sunspot-month loop is generated if the SUNSPOT card precedes the
MONTH (or MONTHLOOP) card. A typical deck structure for a sunspot-month loop is
given in Figure 5, and the effect of a typical sunspot-month loop is demonstrated

in Figure 6. Several month-sunspot (or sunspot-month) loops may occur in the same
run, as demonstrated in Figure 7. However, nesting of month-sunspot loops is not
permissible. The QUITcard~actsas the terminator to a month-sunspot (or sunspot­
month)loop.if no NEXT control card is present, as demonstrated in Figure 8.
There are no parameters on the NEXT control card (see Control Card 8). This card
is not necessary if only one MONTH-SUNSPOT loop combination is defined.
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3.3.3 System Configuration Control Cards
The following control cards identify and define the system configuration to

be analyzed. This includes a label to identify the system coordinates, the
location of the transmitter and the receiver, and the actual system parameters
necessary to define the system configuration.

LABEL control card
The LABEL card contains alphanumeric information used to describe the system

location on both the input and output. A recommended usage of the LABEL card is
to speci fy a 1abel for each tr'ansrni tter-recei ver confi gurat i on used" where the
alphanumeric information describes the location of the coordinates given on the
CIRCUIT control card. The parameters on the LABEL card are as follows (see
Control Card 9):

(a) ITRAN is an array of 20 alphanumeric characters used to describe the
transmitter location.

(b) IRCVR is an array of 20 alphanumeric characters used to describe the
receiver location.

It should be noted that the information on the LABEL card is used for identifi.
cation purposes only. Thus, the user is allowed a maximum of 40 alphanumeric
characters to describe the transmitter-receiver location and need not be concerned
with which characters are stored in ITRAN and which are stored in IRCVR.

CIRCUIT control card
The CIRCUIT card contains the:geographic coordinates of the transmitter and

receiver and a variable to indicate the user1s choice between ;shorter or longer
great ci rcle paths froln the transmitter to the receiver. Normally the short
circle path is desired by the user. On the CIRCUIT control card, the symbol N
denotes northern hemisphere, S denotes southern hemisphere, Wdenotes western
hemisphere, and E denotes eastern helnisphere (the directions may be spelled out if
desired; such as NORTH). The parameters on the CIRCUIT card are as follows (see
Control Card 10):

(a) TLATD indicates the latitude at the transmitter in degrees.
(b) ITLAT indicates the northern (N) or southern (5) hemisphere at the

transmitter.
(c) TLONGD indicates the longitude at the transmitter in degrees.
(d) ITLONG indicates the eastern (E) or western (W) hemisphere at the

transmitter.
(e) RLATD indicates the latitude at the receiver in degrees.
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(f) IRLAT indicates the northern (N) or southern (5) hemisphere at the
receiver.

(g) RLONGD indicates the longitude at the receiver in degrees.
(h) IRLONG indicates the eastern (E) or western (W)hemisphere at the

receiver.
(i) NPSL indicates the userls choice between shorter or longer great circle

paths from the transmitter to the receiver. The 1anger great ci reel e path
is used if the user specifies NPSL = 1, otherwise the shorter ,great
circle path is used. Often desired is the shortest distance between
transmitter and receiver. This is accomplished by leaving the variable
NPSL blank, therefore, selecting the shorter great circlepath,by default.

SYSTEM control card
The SYSTEM ,card includes parameters necessary to define the system config­

uration. This includes the transmitter power, man-made noise level ,minimum take­
off angle, required circuit reliabilities, required signal-to-noiseratio, the
maximum difference in delayed signal power for multipath, andthemaximui11 differ­
ence in delay time for Inultipath. The parameters defined on the SYSTEM card are
described below (see Control Card 11):

(a) PWR indicates the transmitter power in kilowatts. Note that this is the
power delivered to the transmitting antenna. (The program internally
converts this to decibels (dB) above a kilowatt' as needed forcomputa­

tions.)
(b) XNOISE indicates the expected man-made noise level at the receiver in dBW

(decibels below lW) in a 1 Hz bandwidth at 3 MHz. XNOISE should be input
as a positive value unless the user desires to designate the receiving
location area as industrial, residential, rural, or remote unpopulous by

speci fyi ng:
XNOISE = -1. for industrial (the program then uses -125. dBW)

XNOISE = -2. for residential (the program then uses -136. dBW)
XNOISE = -3. for rural (the program then uses -148. dBW)
XNOISE = -4. for remote unpopulous (the program then uses -164. dBW)
Typical values of man-made noise relative to population of the receiving
area are given in Figure 9. In remote unpopulous areas ,cosmi c noise
will normally dominate over man-made noise •

. (c) AMIND indicates the minimum takeoff angle in degrees. The va,lue, is
normally very srnall unless antenna performance is expected to be so poor
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at low angles that these angles should not be used in the estimation of
upper useful frequencies, or if the horizon is so obstructed that low
takeoff and reception angles appear unlikely. The program uses a default
value of 30 if this parameter is not set by the user. A value' of 0.001
will effectively give the full range of possible radiation angles and
should be specified by the user if the 30 default is not required.

(d) XLUFP indicates the required circuit reliability, which is an estimate of
the percentage of days within the month that the signal quality will be
acceptable, and should be specified for calculation of the LUFor time
availability for service probability. (NOTE: XLUFP is expressed as a
percentage.) The program uses a default value of 90 if this parameter is
not set by the user.

(e) RSN indicates the required signal-to-noise and is the ratio of the hourly
median signal power in the occupied bandwidth relative to the hourly
median noise in a 1 Hz bandwidth, which is necessary to provide the type
and quality of servicle required (expressed in decibels). Table,4 and
Table 5 show typical required SIN ratios for radiotelephone service and
radioteletype service. NOTE: The SIN values in this report and in the
computer model a.re the ratio of signal in occupied bandwidth to noise in
a 1 Hz bandwidth.

(f) The user may choose the multipath computations. The multipat~

probability is an estimate of the likelihood that two or more skywave
modes will exist within the specified power tolerance and outside the
time delay toler'ance.

PMP indicates the maximum difference .in delayed signal power in
decibels between skywave modes to permit satisfactory system performance
in the presence of multiple signals. If PMP is blank or zero, multipath
is not considered.

(g) DMPX indicates the maximum difference in delay time in milliseconds
between skywave propagation modes to permit satisfactory system
performance in the presence of multiple signals. The program uses a
default value of .85 if this parameter is not set by the user.

FREQUENCY control card
The FREQUENCY complement control card contains up to 11 user-defined fre­

quencies that are used in the calculation. The FREQUENCY card is not necessary
with the analysis and prediction options dealing only with ionospheric parameters,
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ionograms, MUFs, antennas, or LUFs. System performance requires the FREQUENCY

card, The parameter ~n the FREQUENCY card is as described below (see Control
Card 12):

FREL is the array of up to 11 user-defined frequencies in megahert.z. If the
first frequency on the control card is left blank, then the FOT is inserted
as the first frequency. If the entire FREQUENCY card is left blank, then the
11 frequencies used in the calculation are computed for each hour by the
.program. The computed frequency range then begi ns at 2 MHz and ends at the
HPF on a non-linear scale based on the E-MUF and F-MUF values. It should be
noted that, in this manner, a different frequency complement is gen~rated for
each hour.

ANTENNA control card
The ANTENNA control card defines whether the antenna is transmitting or

receiving, specifies the type of the antenna, the ground conductivity, and
dielectric constants in addition to the other parameters necessary to compute the
necessary antenna patterns. Typical values for selected ground types are given in
Table 6 where typical good ground is low hills with unforested rich soil or flat
wet coastal regions; fair ground is medium hills or forested heavy soil; and
typical poor ground includes rocky steep hills, sandy dry coastal regions, and
city industrial areas. The ground constants are optional on each antenna card.
If not specified by the user, they will be calculated with the land mass map from
the ionospheric long-term data base file. The ground constants will be set to
poor ground as a default if .they are not specified by the user and the land mass
map is not available. Itis permissible for the user to specify up to three
transrnitterantennasandthree receiverantennaso to cover the frequency range
considered for each system configuration. It is also possible to indicate that
the antenna isto be input from an external antenna file (LU25) instead of being
calculated by the program.. The input parameters required vary with antenna
type. The basic ANTENNA card parameters are described below, and the geometric
description of each available antenna type is given in Figures 43 through 65,
Table 16, and Control Cards 32 through 43.

(a) JAT indicates whether the antenna is transmitting or receiving, IAT= 1
for transmitting, lAT = 2 for receiving.

(b) IANTR indicates the number which corresponds to the antenna type
desired. The user has the option to input the antenna pattern from the
6ptional extern&l ahtenna file as discussed in Section 3.4.
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The definition and description of these parameters
depend on the antenna type specified.

(c) AETA indicates the antenna bearing in degrees from east of north. Nega­
tive denotes the off azimuth angle from the circuit path. Positive
denotes the main beam direction.

(d) ASIG indicates the ground conductivity (0) in mhos per meter.
(e) AEPS indicates the relative dielectric constant (£r).
The following parameters describe various characteristics dependent on the

antenna type specified. The user should refer to Section 3.4 for the description
of the following antenna parameters and the antenna characteristics required for
each antenna type.

(f) AND
(g) ANL
(h) ANH
(i) AEX
(j) AFQB indicates the ending frequency when the user specifies more than one

transmitting type or receiving antenna type for the frequency range con­
sidered. The next antenna type used for the transmitter or receiver would
then begin at 1 MHz greater than the ending frequency specified here.

(k) lAIN indicates the antenna number (up to three) when the user specifies
more than one transmitter or receiver antenna for the frequency range
considered. This parameter is also used as a control parameter to
specify the location on the optional external antenna file if one is
used. This usage is discussed in Section 3.4.

3.3.4 User-defined Data Base and System Override Cards
The following control cards allow the user to specify an external database

consisting of (1) the geographical and geomagnetic parameters relating to a
specified sample area, (2) the critical frequency, semi-thickness, and height of
maximum ionization for the E, Fl, and F2 layers, (3) lower, median, anduppet'
decile values of the critical frequency and the virtual height of reflection, and
(4) the true height and electron density. The ionospheric long-term data base
file is not necessary when these ionospheric parameters are defined by the user.
The user may also override internal program characteristics such as (1) the
integration scheme used for theE and F2 layers and (2) the critical frequency
multipliers to adjust the heights of the ionospheric layers. These values can be
obtained using METHOD equal to 1 in a previous run. Use of the control cards in
this section require in-depth information of ionospheric parameters and would be
avoided by most users. These control cards are used to alter the use of
predefined ionospheric data.
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SAMPLE control card

The SAMPLE control card contains the following geographic and geomagnetic
parameters relating to a specified sample area. A maximum of five sample areas
may be defined by the user (see Control Card 13).

(a) I indicates the specific sample area number, 1 to 5.
(b) SLAT indicates the geographic latitude of the sample area in degrees.
(c) ISLAT indicates the geographic latitude of the sample area is in'the

northern or southern hemisphere (N or S).
(d) SLONG indicates the geographic longitude of the sample area in degrees.
(e) ISLONG indicates the geographic longitude of the sample area is in the

eastern or western hemisphere (E or W).
(f) SGLAT indicates the geomagnetic latitude in degrees.
(g) ISGLAT indicates the geomagnetic latitude is in the northern or southern

hemisphere (N or S).
(h) RD(I) indicates the distance from the sample area to the transmitter in

kilometers.
(i) GYZ(I) indicates the gyrofrequency in megahertz.
(j) ClCK(I) indicates the local mean time at the sample area.
(k) GMDIP(I) i~dicates the geomagnetic dip angle at the sample area.
(l)ARTIC(I) indicates the auroral loss at the sample area.
(m) SIGPAT(I) indicates the ground conductivity at the sample area.
(n) EPSPAT(I) indicates the relative dielectric constant at the sample area.

EfVAR control card
TheEFVAR control card allows the user to indicate the critical frequency,

semi-thickness, and the height of maximum ionization for the,E, Fl, andF2 layers
for a specified sample area. The user may specify the following parameters for
each of the sample areas defined on the SAMPLE control cards (see Control

Card 14).
(a) I indicates the specific sample area number, 1 to 5.
(b) FI(l,I) indicates the critical frequency for the E layer, foE, in

megahertz for the specified sample area.
(c) YI(l,I) indicates the semi-thickness for E layer, ymE, in kilometers for

the specified sample area.
(d) HI(l,I) indicates the height of maximum ionization for the E layer, hmE,

in kilometers for the specified sample area.
(e) FI(2,I) indicates the critical frequency for the FI layer, foFI, in

megahertz for the specified sample area.
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(f) YI(2,I) indicates the semi-thickness for the F1 layer, ymFl, in
kilometers for the specified sample area.

(g) HI(2,I) indicates the height of maximum ionization for the Fl layer,
hmF1, in kilometers for the specified sample area.

(h) FI(3,I) indicates the critical frequency for the F2 layer, foF2, in
megahertz for the specified sample area.

(i) YI(3,I) indicates the semi-thickness for the F2 layer, ymF2, in
kilometers for the specified sample area~

(j.) HI(3,I) indicates the height of maximum ionization for the F2 layer,
hmF2,in kilometers for the specified sample area.

ESVAR control card
The ESVAR control card allows the user to indicate lower, median, and upper

'decile values 'for the Es 1ayel~' and the virtual height of reflection fora

specified sample area. The user may specify the following parameters for each of
the sample areas defined on the SAMPLE control cards (see Control Card 15).

(a) I indicates the specific sample area number, 1 to 5.

(b) FS(l,I) indicatles the lower decile critical frequency for the Es layer,
foEs, in megahertz for the specified sample area (example lowest
value =2 MHz).

(c) FS(2,I) indicates thE~ median decile critical frequency for the Es layer,
foEs, in megahertz for the specified sample area (example median
'value = 4 MHz).

(d) FS(3,I) indicates the upper decile critical frequency for the Es layer,
foEs, in megahertz for the specified sample area (example highest
value. = 6 MHz).

(e) HS.{I) indicates the virtual height of reflection for the Es layer in
kilometers for the specified sample area (example vertical
height = 110 kilometers).

EDP control card

The EDP control card allows the user to read and use an external electron
density profile for a specified sample area. Current implementation restrictions
prohibit defining more than one sample area if an external electron density
profile is used. The user may specify the following parameters for one sample
a'rea (see Control Card 16). A temporary parameter is used to switch to the
internal electron density profile if desired.
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(a) JS'AMPindicates the specific sample area number (=1).

(b) ITEMP is a temporary parameter which causes the internal electron density
profile to be used if the user specifies the word "OFF." Thus, this
parameter acts as a switch to "turn off ll the external e.lectron density
profile and "turn on ll the internal electron density profile. If not
"OFF,II then the EDP control card is followed by eight cards which
contain:

HTR is the array of 50 that i ndi cates the true hei ghts in ki·lometers
(four cards, see Control Card 17).

FNSQ is the array of 50 that i ndi cates plasma frequency squared in
(MHz)2 (four cards, see Control Card 18).

INTEGRATE control card
The INTEGRATE control card allows the user to specify model segment inte­

gration for the F2 layer instead of the slower Gaussian integration. Thus, the
user can request fast integration for the E layer and for the F2 layer when the Fl
is not present. The D-E layer is preset using calculations from the Gaussian
integration. Atemporary parameter is used to allow the user to alternate between
the model-segment and Gaussian integration. The program performs the slow
Gaussian integration as a default if no INTEGRATE card is present.

(a) INTEG is the temporary parameter used to specify the integration method.
If the user specifies "-1" on the INTEGRATE control card, then Gaussian
integration is performed. If the user specifies a value greater than or
equal to zero, then model-segment integration is performed. If "OFF" 'is
specified (var; ab1e ITEMP), the program returns to the fasti nteg'rat iOn
(see Control Card 19).

FPROBcontrol card
The FPROB control card allows the user to adjust the heights of the'E, FI,

F2,and Es ionospheric layers. The predicted critical frequencies are multiplied
by the parameters on the FPROB card to raise or lower each corresponding iono­
spheric layer. If the user-defined parameter is greater than one, the critical
frequencies used by the program will be larger than the predicted critical fre­
quencies. If the user-defined parameter is less than one, the cr.itical frequencies
used by the program will be smaller than the predicted critical frequencies. The
user may remove the F1 and Es 1ayers enti rely by speci fyi ng the val ue 1I0·.01~for

the critical frequency multiplier for either layer. The user should not, however,
specify the value "0.0" for the critical frequency multiplier for the E or.F2
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layers. The following default values are used if (1) the critical frequency
multtpliers are not specified by the user or (2) the value specified for the E or
F2 layer is negative or zero. The program uses the default value of 1.0 for the
crttical frequency multipliers for the E, Fl, and F2 layers. Thus, the actual
predicted critical frequency values are used by the program and the corresponding
ionospheric layer ionization is neither raised nor lowered. The default value of
the critical frequency multiplier for the Es layer is 0.7 to allow for median
losses. A temporary par1ameter is specified if the user desires to use the default
values for the actual frequency multipliers rather than the values previously
specifi~:d on the FPROB card. If the user indicates "OFF"on a subsE~quent FPROB
control card, the default critical frequency multiplier values are used. The user
may also redefine the criticall frequency multipliers previously defined by
providing a subsequent FPROB control card. The following parameters are on the

FPROB control card (see Control Card 20):
(a) PSC(I) indicates the critical frequency multiplier for the E layer.
(b) PSC(2) indicates the critical frequency multiplier for the Fl layer.
(c) PSC(3) indicates the critical frequency multiplier for the F2 layer.
(d) PSC(4) indicates the critical frequency multiplier for the Es layer.

3.3.5 Input, Output, and Comment Control Cards
The following control cards allow the user to place comments in the ,input

file, use auxiliary input and output files, and identify additional input/output
optionsav,ailable to the user. These control cards are used to (1) create an
.externa'lantenna pattern file and (2) allow the user to request the outputs of
vaniousprogram options without recomputing parameters.

COMMENT control card
The COMMENT control card permits the user to place comments anywhere'; nttJ~

user-defined input file. This may benefit the user in specifying the system
configuration in terms of descriptive text, and any number of comment cards ·may be
used. During program execution, the comment cards are listed along with the other
control cards, but otherwise they have no effect on execution of the program (see
Control Card 21).

AUXIN control card

The AUXIN control card allows the user to read all, ora portion, of the
user-defined "data from an auxiliary input file. This may be useful if the user
has a' portion of the system conf'igurat ion stored on a permanent file or working
file generated by some program before running IONCAP. The user may then use the
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primary input fi 1e to read pa rt of the input data and the auxi 1i ary input fi 1e to
read the remainder. Thus, in essence, it is possible to specify the user-defined
data from two files within the same run. A temporary alphanumeric parameter on
the AUXIN control card is used to specify when the auxiliary input file is used
(see Control Card 22). If the temporary parameter is left blank, the control
cards that follow the AUXIN card are read from the auxiliary input file. This
process continues until the user specifies a second AUXIN control card with the
temporary parameter set to "OFF. II The val ue IIOFF II i ndi cates that the control
cards that follow the AUXIN card are once again read from the primary input
file. It is, therefore, possible for the user to alternate between the primary
and·· auxi 1i ary input fi 1es several times in one run as demonstrated in Fi gure 10.

If there is no AUXIN control card specified, then all control cards and input form
the primary input file.

AUXOUT control card
The AUXQUT control card allows the user to write all or a portion of the

program generated output·to the auxiliary output file. Therefore, it is possible
to write on two files within the same run. This may be desirable if a portion of
the generated output is to be saved as a permanent fi 1e or if two separate reports
are generated.

A temporary alphanumeric parameter on the AUXQUTcontrol card is used to
specify when the auxiliary output file is used (see Control Card 23). If the
temporary parameter is left blank, the output generated by the program that
follows the AUXOUT card is written to the auxiliary output file. This continues
until the user specifies a second AUXOUT control card with the temporary parameter
set to "OFF. n The value "OFF" indicates that the program generated output that
follows the AUXOUT card is once again written to the primary output file. It is,
therefore, possible for the user to alternate between the primary and auxiliary
output files several times in one run as demonstrated in Figure 11. If there is
no AUXOUT control card specified, then all program generated printed Qutput is
written to the primary output file.

ANTOUT control card
The ANTOUT control card allows the user to write antenna patterns generated

by the IONCAP program to a separate binary file if the program option to generate
antenna patterns is used (methods 13, 14, 15). This file could then be saved as a
permanent file for use at a later date with the IONCAP program, or possibly with
some other analysis program. This may be a desirable capability for the user who
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plans to use the same antennas for several sets of read data or to use the same
antenna configuration for several periodic runs. The user could generate and
save the antenna patterns on a permanent file, then read the antennas from the
permanent file when running each of his data sets. It is also possible for the
file to be used as a working f"ile for direct input to some other ana"lysis
program. The process of reading the antenna file is discussed in Section 6.

A temporary alphanumeric parameter on theANTOUT control card is used to
speci fy when antenna patt1erns are output to the antenna fi 1e (see Control
Card 24). If the temporary parameter is left blank, then all antenna patterns
generated following the ANTOUT card are written to the file. If the temporary
parameter is set to IIOFF, II then none of the antenna patterns generat1ed fo 11 owi n~
the ANTOUT card are written to the file. It is often more efficient to generate
the desired antenna patterns before performing othe~ program analysis or predic­
tions. This process is demonstrated in Figure 12, where transmitter/receiver
antenna pattern pairs are generated.

The user should be aware that the antenna patterns are generated and written
on the antenna file only if methods 13, 14, or 15 are specified. Thus, if the
user has an ANTOUT control card but does not speci fy methods 13, 14, or 15, .!!2.
antenna patterns are generated for output and consequently none are written to
the antenna fi 1e. Al so, shoul d the user speci fy methods 13, 14, or 15 but not
include an ANTOUT control card, then the antenna patterns are generated and writ­
ten to the primary (or auxiliary) output file along with any other program
generated output, but the patterns are not written to the binary antenna file. A
method of using antenna patterns generated by the IONCAP program or by other
means available to the user, is described in Section 6.3.

OUTGRAPH control card

The OUTGRAPH control card allows the user to specify the output of several
methods without recomputing the variables. This is of particular use if several
line printer graphs or other output forms are needed for various combinations of
variables. A temporary alphanumeric parameter on the OUTGRAPH control card is
used to i ndi cate if addi t i onal output is requested for the current s,ystem
configuration (see Control Card 25). If the word "OFF II is specified, then no
additional output is desired. If the user desires additional output, he simply
indicates the method numbers (up to 12) of the output desired on the OUTGRAPH.
card. As an example, if method 7 is run, the output from methods 8, 9, and 10

can be obtained without a,ny additional computing. as is demonstrated in Figure 13.

KTOUT is an array of up to 12 method numbers of the desired output.
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The user should be aware that the particular program option specified on the
METHOD card dictates the output that can be requested on the OUTGRAPH card.

There are two limitations as to the output available with certain program
analysis options. (1) The user may not request output on the OUTGRAPH card that
requires computations which were not performed during the program analysis. As
an example, the user may not request output for methods which require system
performance if only the MUF was computed. (2) Several of the analysis options
are performed within loops where the variables are not saved throughout the
duration of the loop. Such analysis options cannot be requested on the OUTGRAPH
card since the loops are terminated before the output requested on the OUTGRAPH

card is generated. This implies that the user cannot always obtain the addi­
tional output by using the OUTGRAPH card. It is, therefore, optimal to run the
program analysis options (specified on the METHOD card) that are performed within
the loops and specify any additional desired output on the OUTGRAPH card.

Should the user specify output for a method on the OUTGRAPH card which
violates one of the above restrictions, the program ignores the particular
request and attempts to process any additional user requests for output. Thus,
as an example, if the user should specify output for methods which require system
performance and only the MUF was computed, the program would ignore the requests.
Table 7 indicates the output available for methods specified on the OUTGRAPH card
for each of the program analysis task options and also indicates the optimal com­
binations. The user may request LUF output (methods 26-29) if system performance
has been calculated by methods 16-25. The LUF obtained would not be the computed
LUF but would be the first frequency in the frequency complement that has a com­
puted reliability greater than or equal to the required circuit reliability. If
none if the reliabilities are as large as the required reliability, the frequency
with the largest reliability is chosen as the LUF. A designator is printed to
indicate the reliability. The user woulo compute the actual LUF by specifing

methods 26-29 rather than specifying this on the OUTGRAPH control card.
The OUTGRAPH card acts as a software implemented "sense switch. 1I Once the

user specifies a desired output on an OUTGRAPH card, the user "enables" the
software implemented "sense switch" and will continue to obtain the specified
output options (when permissible) for every program analysis task he performs.
This process continues until the user specifies either (1) an additional OUTGRAPH
card or (2) an OUTGRAPH card with the word IIOFF II specified, which disables the
software implementation "sense switch." Should the user obtain much more output
than he believes he has requested when using an OUTGRAPH card and when processing
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several system configurations, it is probable that he needs an OUTGRJAPH "OFF" card
somewhere (usually following an EXECUTE card). Should the user obtain less output
than he has requested on an OUTGRAPH card, it is caused by an invalid user request
that the program has ignored. The OUTGRAPH card may be specifi ed an~vwhere before
the EXECUTE card to request additional output options; however, the additional

output will be generated _after the current task option has been comp'leted. If no
OUTGRAPH card appears, the user receives only the output of the task option

indicated on the METHOD card.
The output requested on the OUTGRAPH control card may be written to the

auxiliary output file by specifying a negative method on the OUTGRAPH card.

TOPLINES control card
The TOPLINES control card allows the user to select the output header lines

he desires to print when running method 23. The information output, for the most
part, consists of the user-defined system configuration. This control card, along
with the BOTLINES control card, allows the user to indicate the specific output
lines he desires and thus together they constitute a user-defined output option.
The user can select the output desired rather than those defined by other method
numbers. There is one paramet1er array on the TOPLINES card. This option may be
useful if the user does not desire the exact output generated by the task options
implemented (see Control Card 26).

LINTP is an array of up to 8 user-selected header lines.

Table 8 describes the header lines available to the user, along with the

corresponding values of the parameter LINTP. The user may redefine the header
lines desired at any point in the input deck by specifying an additional TOPLINES

card which overrides the previous specified lines. The user may also cancel the
header lines previously select1ed by indicating the word "OFF II as the value of a

temporary parameter on the TOPLINES card. The program has one default header line
which consists of the program task option (METHOD), the program 'name and version

number, as well as the page number. If the user does not include a TOPLINES card
or specifies TOPLINES IIOFF," the default header line is the only one printed when

method 23 is indicated. The TOPLINES card has no effect on any program task
option other than method 23.

BOTLINES control card
The BOTLINES control card allows the user to select the desired parameters to

print when running method 23. The information output consists of the current
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values of the variables the user indicates. This control card, along with the
TOPLINES control card, allows the user to indicate the specific output lines
desired, and thus constitutes a user-defined output option. The user may,
therefore, request the desired output rather than those specified .by other method
numbers. This maybe useful if the user does not desire the exact output
generated by the other task options. There is one parameter array on the BOTLINES
card (see Control Card 27).

LINBD is an array of up to 14 user-selected variables.

Table 9 describes the variables available to the user along with the cor­
responding values of the parameter LINBD. The user may redefine the variables
desired at any point by specifying an additional BOTLINES card which overrides the
previous specified variables. The user also may cancel the variables' previously
selected by indicating the word "OFF II as the value of a temporary parameter on the
BOTLINES card. The program outputs only the frequency complement as the default
if the user does not include a BOTLINES card or specifies BOTLINES "OFF II when
method 23 is indicated •. The BOTLINES card has ~ effect on any program task
option other than method 23. Table 10 describes the line numbers preset by using
methods other than 23.

FREEFORM control card
NOTE: The freeform processor has not been developed for the IONCAP 78.03

version. Should the user specify a FREEFORM control card, the program will output
a message to that effect and terminate program execution. Therefore, the user­
defined control cards must be formatted card images, which are described in
Section 3.4.

DEBUG control card
The DEBUG control card was implemented during the develo~ment of the IONCAP

program as an aid in the validation of the program code. The use of the DEBUG
card generated line printer output of temporary variables, iterative values of
variables, and other information used to confirm the program analysis and
predictions. Therefore, the DEBUG control card acts as a lido nothing ll statement
when specified by the user. The DEBUG control card is ignored, and the program
processes the next control card (see Control Card 29).

3.3.6. Procedure Related Control Cards
The general purpose of an input procedure is to allow the user' the capability

of referencing a set of control cards by a single name identifier. In other

30



words, it allows the user to r'eference several control cards by using a single
control card. This could be useful if the set of control cards is to be
referenced multiple times. The methodology and general program flow of creating
an input procedure was discussed in Section 2.3. The following control cards
describe the definition and usage of an input procedure. An input procedure may
be defined anywhere in the user-defined input file since the procedure file is
created during Phase 1, which occurs before execution of the analysis phase of the
program. This allows the user to define a procedure after a reference is made to
it if he so desires. It is, however, optimal to define the input procedures at
the beginning of the user-defined input.

PROCEDURE control card
The PROCEDURE control card identifies the name of an input procedure and thus

constitutes the beginning of the procedure definition~ The user-defined procedure
name is the only parameter on the PROCEDURE card (see Control Card 30). This
temporary parameter is, as previously discussed, compared with and added to the
table of reserved name identifiers that constitute the set of valid input control
cards. The user may specify any name identifier for his procedure except those
reserved control card identifiers which were given in Table 2. The program
ignores the procedure definition and continues to process the remaining control
cards should the user attempt to define a procedure with a reserved name
identifier. All control cards following the PROCEDURE control card and preceding
the END control card constitute the body of the procedure. Should the user
specify two input procedures with the same name, the first definition takes
preference and the other definition is ignored.

END control card
The END control card terminates an input procedure definition. Each user­

defined input procedure must be terminated with an END control card since it is
used (1) as a delimiter when creating the procedure file during the first phase of
program execution and (2) indicates that the control cards following it are to be
read from either the primary or auxiliary input file instead of the procedure file
when encountered during the analysis phase of program execution. Thus, the END
card indicates that the control cards following are not on the procedure file (see

Control Card 31).

IIUSER DEFINED PROCEDURE NAME II control card
The IIUSER DEFINED PROCEDURE NAME" control card replaces the reference to the

procedure name with the actual control cards which constitute the procedure
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definition. The characters on this card are to correspond to those used as a
parameter on the procedure card. When the "USER DEFINED PROCEDURE NAME" is used
as a control card~ the procedure file is searched to locate the specified
procedure. The control cards on the procedure file that occur before the END card
are then processed as if they had occurred on the primary or auxi 1iary input
files. A procedure file structure example is given in Figure 14.

3.4 Input Data Sheet
The required input data can be tabulated before data cards need to be punched

by completing data sheets as given in Tables 11 and 12. The data required depend
on the complexity of the computations requested by the user. The relationship
between the input data. and the output options is shown in Table 13. The principal
options are ionospheric parameters, methods 1 and 2; antenna patterns, only
methods 13, 14, and 15; MUFs, methods 3 to 12; or system performance and LUF,
methods 16 to 29. See Section 4 for a description of th~ output options. These
data sheets are formatted for the convenience of the 'card punch operator in the
preparation of the input data cards, as described in Section 3.3, and may also be
used when requesting predictions from ITS. Often the user who has gained some
experience running the IONCAP program will not need to prepare the data sheets,
but would generate the IONCAPcard images directly. The following discussion is
presented to assist in the preparation of these data sheets.

TABLE 11:
1. General Information. Lines 1 and 2 are self-explanatory and prov;dethe
identification of the person or organization requesting the prediction.

l(A) Year - If predictions are required for a specific time, the year .should
be specified. If predictions are for long-term planning, the general level of
solar activity for the time period may be specified instead of the year; e.g.,
high, medium, low. In either case, the 12-month running average sunspot number
(SSN) may be given. If the sunspot number is not given and predictions are
requested from ITS, an appropriate number will be chosen. SSN 10 is typical for
low solar activity and SSN 110-130 is typical for high solar activity. Monthly or
daily solar activity indices are never used, only the expected 12-month running
average.

l(B) Months - CirCle the month or months for which predictions are
required. June and December are typical of seasonal extremes for long-range
planning.

I(C) Transmitter Site Electrical Characteristics - Specify the ground conduc-

tivity (0) in mhos per meter and the relative dielectric constant (Er ) at the
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transmitting site. Typical values for selected ground types are given in
Table 6. If the electrical characteristics are unknown, the site may be described
as sea water, or as good, fair, or poor ground. Typical good ground is low hills
with unforested, rich soil or flat, wet coastal regions; fair ground is medium
hills or forested heavy soil; land typical poor ground includes rocky, steep hills,
sandy, dry coastal regions, and city industrial areas.

I(D) Receiver Site Electrical Characteristics - The same as (C), above, but
for the receiver site.
2. Progr,am Control Information.

2(A) ,Type Tabulation (Method) Desired - Table 3 summarizes the Inajor outputs
available for each tabulation, and Section 4 describes these outputs. Select the
outputs required, and then choose the tabulation which provides this output. The
tabulation number identification is also the identification of the "METHOD. II

Sample tabulations and detailed descriptions are shown in Section 4.
2(B) Beginning Hour of Calculation - The first hour for whic.h predictions are

required expressed in two digits; i.e., fractional hours may not be specified.
2(C) Ending Hour of Calculation - The last hour for which predictions are

required.
2(0) Increment Hour of Calculation - The hourly increment of the

computations. For graphs requiring the calculation of LUFs, it Js recommended
that the beginning hour be 02, the ending hour 24, and the increment 2. The hours
are UT or LMT at the transmitter site de.pendent on specification by the user.

2(E) Antenna Pattern Tabulation - In all methods that require antenna
characteristics, a tabulation of antenna gains is available. Indicate the tabula­
tions desired.

2(F) Great Circle Path - Except for very long paths, only the short great
circle is usually considered. If both long and short paths are required, separate
computations are necessar~y.

3. Frequency Complement. The frequencies that should be considered. A choice of
up to 11 frequencies is possible. See the FREQUENCY control card for~ additional
information.

4. Circuit and System Performance Parameters.
4(A) Transmitter Location - The name and geographic coordinates expressed in

degrees.
4(8) Receiver Location - As in 4(A) above.
4(C) Minimum Takeoff Angle - Normally 3.0 unless antenna performance is

expected to be so poor at low angles that these angles should not be used in the
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estimation of upper useful frequency limits or if the horizon is so obstructed
that low takeoff and reception angles appear unlikely.

4{D) Transmitter Power - The power delivered to the transmitting antenna
expressed in kilowatts.

4{E) Required SIN Ratio - The ratio in decibels of the hourly median signal
power ~ the occupi ed bandwi dth re1at i ve to the hourly medi an. noi se ~ ~ 1.~
bandwidth which is necessary to provide the type and quality of service
required. Tables 4 and 5 show typical required SIN ratios. If the required SIN
ratio is unknown, the required service may be given. Both the type and _,quality
must be specified.

4{F) Man-Made Noise at the Receiver Site - Either the type of area
(industrial. residential, rural, or remote) or the expected noise in a 1 Hz
bandwidth at 3 MHz may be specified. Industrial area man-made noise is -125. dBW,
residential is -136. dBW, rural is -148. dBW, and remote is -164. dBW. In remote
unpopulous areas, cosmic noise will normally dominate over man-made noise.
Specify this as a positive number unless one of the above defaults is desired.

4{G) Circuit Reliability Required - When a lowest .!!sable .f.requency (LUF) or
service probability computation is required, a minimum acceptable circuit
reliability must be specified. A typical value is 90 percent.

4{H) Multipath Computation Required - Multipath probability is an estimate of
the likelihood that two (or more) skywave propagation modes will exist within
specified power and time delay tolerances.

4{I) Minimum Tolerable Power Ratio - The minimum tolerable power ratio
between skywave modes at the receiver input terminal to permit satisfactory system
performance in the presence of multiple signals.

4{J) Maximum Tolerable Time Delay - The maximum tolerable difference in delay
times between skywave propagation modes (with power levels within the 4{I)
criteria above) to permit satisfactory system performance in the presence of

multiple signals.

TABLE 12:
Table 12, an extension of Table 11, is designed to record the required

antenna information.
5. Antenna Parameters. Indicate the data required for the 11 antenna types.
Figures 43 through 65 show the geometry involved to assist in the completion of
Section 5 of Table 12 and also reflect the antenna gain patterns corresponding to

the sample input data cards in Section 3.5. If an antenna other than the types
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shown is being used, its performance may sometimes be approximated b~f selecting an
antenna with a similar pattern. Some simple antennas (e.g., dipoles and verti­
cals), permit the inclusion of additional gain to assist in this approximation.
If this is not adequate, the program will allow reading of externally computed (or
measured) patterns. This option may, however, require in-depth knowledge of the

program and usually a software interface to IONCAP.
6. Transmitting Antennas,. Tabulate the type of transmitting antenna or antennas
to be used. The beginning and ending frequency for each antenna must be included
in all cases, and these frequencies must not overlap. Up to three antennas may be
used for the transmitter and/or for the receiver.
7. Receiving antennas. Tabulate similar information for the receiving
antennas. All comments in (6) above apply.

3.5 Input Data Card Formats
This section lists the details of all the data cards valid for the IONCAP

input file. All card formats and comments are given in Tables 14 and 15. This is
followed by detailed control card diagrams for each card type, except the antenna
cards. Table 16 gives examples of all the antenna cards where the control card
diagrams (control cards 32-43) give the details of each antenna card. Section 3.3
describes the use of the cards, and Section 4 describes the output. Section 7
contains specific input examples.

Each card format consists of an alphanumeric name, up to 10 characters, fol­
lowed by up to 14 data fields of five columns each. Each floating point variable
may have a decimal inserted, while the integer variables must be right justified.
Floating variables are read in an F5.1 format, except for the geographic latitudes
and longitudes and the frequency card (CIRCUIT and SAMPLE cards) which are F5.2
format. Thus "12345" in the field is the number 1234.5 for all variables except
the latitude or longitude variables which become 123.45. The hemisphere is speci­
fied by immediately following the number by "NORTH. II "SOUTH," "EAST," or "WEST" or
liN," liS," "E," "W" as appropriate.

4. OUTPUT OPTIONS
There are 30 output options that may be specified by the user (Table 3).

These are divided into four subsets:
(1) ionospheric descriptions, METHOD = 1 or2;
(2) antenna patterns, METHOD = 13, 14, or 15;
(3) MUF predictions, METHOD': 3 through 12; and

(4) LUF and system performance predictions, METHOD = 16 through 29.
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The input required for each of the four run option subsets is summarized in

Table 13. All the output figures described in the next three subsections were

generated using the data cards listed in Figure 15. Each individual antenna type
is described and an example given in the last subsection 4.4. The first line of
all the output options gives the method number, program version, and a page
n'umber, the start of which is specified by the user.

4.1 Ionospheric Parameters Output Options, METHOD = 1 or2
There are two outputs, a list of ionospheric parameters (Figure 16) and an

ionogram (Fi gure 17). The data on Fi gure 16 are di vi ded into a set of .header
1ines and. a body of output lines.
Line 2. The month, year, and sunspot number are given on the second line.

Line 3. The first 40 characters on the third line are those specified by the user
on the LABEL card.

Line 4. The fourth line is the location of the transmitter and of the receiver.
The azimuths, transmitter to receiver, and receiver to transmitter, are
given in degrees east of north. The circuit distance is given in both
nautical miles and kilometers.

Line 5. The semi-thickness of the E layer, YE, the height of maximum ionization,
HE, and the reflection height of the Es layer, HS, are given in

ki 1ometers.
The body of the figure consists of the result of sampling the ionosphere at

one, three, or five areas along the path. (There is only one sample area for this
specific example.) Columns 1 and 2 give the sample area location. Columns 3 and
4 gfvethe local time at the sample area and universal time (same for all sample
areas). Column 5 is the median E critical freq~ency, foE, in megahertz. Columns
6, 7, and 8 are the Fl-layer median critical frequency, foF1, in megahertz; semi­
thickness, ymF1, in kilometers; and height of maximum ionization, hmFl, in

kilometers. Column 9 is one-half the gyrofrequency, fH. Columns 10, 11, and 12
are F2 zero MUF, (foF2 + 1/2 fH), in megahertz; ymF2 in kilometers; and hmF2 in
kilometers. Columns 13, 14, and 15 are lower, median, and upper decile from the
maps of the minimum of foE or foEs, in megahertz. Note that a FPROB card was used

to adjust the numbers to the predicted median (1.0 on all data fields). The normal
(default) value is 0.7 of that predicted. Column 16 is the F2 M(3000) factor.
Column 17 is the virtual height, hpF2, in kilometers. Column 18 is the ratio of
hmF2 and ymF2. Columns 19 and 20 are the zenith angle and the maximum zenith

angle at which the F1 layer exists, both in degrees. Column 21 is the geomagnetic

latitude.
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The ionogram output option, method 2, is in Figure 17. Up to three ionograms

are constructed from the up to five sample areas along the circuit path. Lines 2,

3, and 4 are the same as for Figure 16. Line 5 gives the universal time, GMT, the

local time at the sample area, the sample area location, the distances in kilometers

from the transmitter at which the E and F parameters were taken, the type of

integration used, and the manner in which the Fl layer was added to the electron

density profile. The graph is vertical sounding frequency (in megahertz) versus

true and virtual heights (in kilometers) where true and virtual height are
represented by 11.11 and "X" respectively in the graph. The Es layer is given by a

line at the Es reflection height. The character IIUliis used until the 90 percent

value of foEs is exceeded; "M II is used until the 50 percent value is exceeded; and

IIL" is used until the 10 percent value is exceeded. The parameters for each' layer

are given in the upper left corner. The table on the right gives the sounding

frequencies and the true and virtual heights.

4.2 MUF Output Options, METHOD = 3 through 12

The .!!!.aximum ~sable frequency (MUF) output options include all mode information

as well as the distributions of the MUF for each layer. First note that methods 3,

4, 5, and 6 refer to the MUFs for the E(Fl) and F2 layers using the old nomogra~

method. This assumes a virtual height of about 300 km. The results of this model

are not always valid in the 4000-10000 km range. The other MUF output comes from a

complete electron density profile. All information possible from the MUF calcu­

lation are given in Figure 18. Lines 2,-3, and 4 areas described for Figure 16.

Line 5 is the minimum radiation angle used to determine the MUF.

The body of the figure is composed of two lines for each hour, consisting of
MUF information for each layer. Column 1 is universal time. Column 2 is local time

at the transmitter. The next seven columns are for the E layer on one line and the

F2 layer on the following. Column 3 i sthe 10 percent value of the MUF; i. e. ,the

FOT, MHz. The MUF during a month is expected to exceed the FOT 90 percent of the

days, and to be less than the FOT 10 percent of the days. Column 4 is the 50

percent value of the MUF in megahertz. Column 5 is the 90 percent value of the MUF;
i.e., the HPF in megahertz. Column 6 is the radiation angle in degrees. Column 7

is the virtual height of reflection in kilometers. Column 8 is the true height of
reflection in kilometers. Column 9 is the equivalent vertical frequency in mega­

hertz. Columns 10 to 16 repeat the same information for the Fl layer on the fi~st

line and the Es layer on the second line. Note that, if the Fl layer is missing,

the E values are used. Figures 19, 20, 21, and 22 are diurnal plots and tables of

some of these parameters that have proved useful to analysis in the past.
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4.3 System Performance Output Options, METHOD = 16 through 24

The prediction of the performance of a communication system operating between
two points on the earth's surface is the main output of the IONCAPprogram. There
are two principle forms of output: first, a table of up to 22 performance. vari­
ables, and, second, a table or graph of the lowest ~sable high .!.requency (LUF).
The program has been written in such a way that the user may specify the system
performance lines desired. The header identification lines can also be selected.

Table 8 shows the eighttoplines available; Table 9 shows the 22 system perform­
ance lines available; Table 10 shows the line types specified by using the METHOD

card. Table 7 shows the diurnal graphs that may be combined with the line
selections.

Figures 23, 24, and 25 show a typical run with system performance output
(method 16 with precalculation of antenna patterns). Figures 23 and 2~are tables
of antenna gain in decibels at frequencies from 2 to 30 MHz and radiation angles
from 0 to 90 degrees. These patterns and the input for each antenna type are

described in detail in Section 4.4.
In METHOD 16, the header line information is largely input data supplied by

the user.
Line 0: This appears on each output page and includes the method, program

version, and page number.
User selected header lines are:

Line 1: Month, year, and sunspot number.
Line 2: Label as supplied by user, and headings for next line.
Line 3: Transmitt~r location, receiver locati~n, the azimuth of the transmitter

to the receiver in degrees east of north; the azimuth of the receiver to
the transmitter in degrees east of north; path distance in nautical miles
and kilometers.

Line 4: Minimum radiation angle in degrees.
Line 5: Antenna subroutine used (defining the antenna module used in IONCAP).
Line 6: Transmitter antenna line; up to three may be printed.

Information varies with antenna type (see Section 3.4). Typically, this

is frequency range, antenna type, height of antenna above ground in
meters (- is wavelengths), length of active part, an angle associated
with the antenna structure in degrees, and the off main .beam azimuth in
degrees. Note, lengths specified should be lIelectrical" lengths.

Line 6A: Receiver antenna line. Up to three may bepri nted. The data are
specified similar to the transmitter antenna line.
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Line 3,

Line 4,
Line 5,

Line 6,

Line 7,

Line 8,

Line 7: System line which has: transmitter power in kilowatts, man··made noise
level at 3 MHz in dBW, required reliability and required signal-to-noise

ratio in decibels.
Line 8: Multipath line which has required power tolerance in decibels and

required delay time tolerance in milliseconds.
The system performance lines are repeated each desired hour until the page is

filled. The process is repeated if additional pages are necessary. The columns
are time (universal) and up to 12 frequencies in megahertz; the first is the MUF
and the remainder the frequency complement. Figures 25 to 32 give the various
system performance output defined by methods 16 to 23 as indicated in Table 3.
All possible output lines for system performance are as follows and shown in

Figure 29.
Line 0, FREQ: Time and frequency line as associated with each column (default

line always printed).
The first four lines always refer to the most ~eliable ~ode (MRM). The
system performance parameter usually comes from the sum of all six
modes. If no decision can be made, the selection of MRM is based on
number of hops and then on SNR. All distribution refers to a diurnal

period of an hour and a yearly period of a month.
Line 1, MODE: For the short path model, number of hop and mode type. E is E

layer; F1 is F1 layer; F2 is F2 layer; ES is Es layer; N is a one hop Es

with n F1 or F2 hops. (MRM)
For the long path model (Figure 30), the mode at the transmitter end and

the mode at the receiver end are given. The user can force the long path
model by specifyifng method 21 regardless of the actual path length.

Line 2, ANGLE: The radiation angle in degrees; for long paths (Figure 30), two
lines are given: the first for the transmitter end, and the second for

the recei ver end. (MRM)
DELAY: Time delay in milliseconds. (MRM)
V HITE: Virtual height in kilometers. (MRM)
F DAYS: The probability that the operating frequency will exceed the
predicted MUF.

LOSS: Median system' loss in decibels for the most reliable mode.
DBU: Median field strength expected at the receiver location in decibels
above 1 microvolt per meter.

S DBW: Median signal power expected at the receiver input te'rminals in
decibels above a watt.

39



Line 9, N DBW: Median noise power expected at the receiver in decibels above a
watt.

Line 10, SNR: Median signal-to-noise-ratio in decibels.
Line 11, RPWRG: Required combination of transmitter power and antenna gains needed

to achieve the required reliability in decibels.
Line 12, REL: Reliability. The probability that the SNR exceeds the required

SNR. Note this applies to all days of the month and includes the effect of
all mode types: E, (F1), F2, Es, and over-the-MUF modes.

Line 13, MPROB: The probability of an additional mode within the multipath
tolerances (short paths only).

Line 14, S PRB: Service probability. The probability that the required reliability
will be met.

Line 15, SIG LW: Lower decile signal power (field strength and loss) increment in
decibels.

Line 16, SIG UP: Upper decile signal power (field strength and loss) increment in
decibels.

Lines 17, 18, 19,: and 20 are experimental over-the-MUF to VHF scatter parameters and
shoul d be.i gnored by most users.

Line 17, VHFDBU: VHF median field strength in decibels above 1 microvolt per meter.
Line 18, VHF LW: VHF lower decile increment in d·ecibels.
Line 19, VHF UP: VHF upper decile increment in decibels.
Line 20, VHFMOD: VHF mode type.
Line 21, SNR LW: Lower decile SNR increment in decibels.
Line 22, SNR UP: Upper decile SNR increment in decibels.

A composite table of'reliabilities only is given in Figure 33 which comes
from the user.'selecting method 24. A similar table for anyone variable can be
selected by running method 23 and selecting the desired line. However, a fre­
quency 1i ne wfll be pri nted each hour.

If information for each mode is required, method 25 will produce the data in
Figures 34 and 35. For each hour, the ionospheric data, as in method 1, is
printed. For each frequency, the mode and signal parameters are printed for each
mode up to six. The last column is the selected most reliable mode. The same
information is provided for the MUF.

Methods 26, 27, 28, and 29 will calculate the LUF, the lowest frequency
having a specified circuit reliability, usually 0.90. Figur~ 36 is a table of LUF
values with the MUFdistribution and the median Es layer MUF. Figures 37, 38, and
39 are available diurnal plots of MUF prediction along with the LUF. Figures 40
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and 41 provide MUF and system performance predictions for a long path (greater
than 10000 km).

4.4 Antenna Output Options, METHOD = 13, 14, or 15
The detailed description of each antenna pattern and the required input

definitions are given in this section. The gain subroutines used in the IONCAP
are approximate models using the "one-term" theory and assume that the antenna
parameters are within the design limits of each antenna and that the operating
frequency is such that the antenna is close to resonance. These antenna models
are appropriate when used in a propagation model where other uncertainties
overshadow the uncertainties in the gain due to the antenna mode limitations.
However, it is not'appropriate, to use these models to design antennas or to
evaluate their performance outside of their design limits or far from resonance.
Also, they will not typically produce accurate results for full-wavelength or
multiple-full-wavelength antennas--again due to the limitations of one-term
theory. The submodule described here also assumes the main beams are pointed
along the circuit path. The input data card images in Figure 42 were used to
generate the patterns of this section. Figures 43 to 65 are pairs for each
pattern, the first giving the structure of the antenna and the second giving a
sample pattern.

5. APPLICATIONS
The primary application of the IONCAP program ;s to use the system perform­

ance options to select a frequency complement. While intended mainly for program
test and evaluation procedures, the other output options, if used with some inter­
pretation, may provide the analyst with enough information to solve a ,particular
problem. Some possible applications will be discussed in the same order as the
program complexity; i.e., as

(1) ionospheric descriptions,
(2) MUF predictions,
(3) system performance predictions, and
(4) antenna applications.

5.1 Ionospheric Parameters Applications
The ionospheric description output consists of a table of parameters

(Figure 16) and a graph and table of ionograms (Figure 17). The parameters are
the output of the long-term world maps of the ionospheric parameters. The
accuracy of the maps were deterrh'i ned when they we're generated. The IONCAP
theoretical report has details and references to these maps. Theionogram output
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includes the vertical sounding frequency and the virtual height, so that this

ionogram may be compared to measured ionograms. Note, however, a monthly median
may not be characteristic of that fora given day. An example of a predicted
ionogram superimposed on a record of a month1s measurements is given in

Figure 66. The arrow points to the selected median ionogram, while the circles
are from the IONCAP program. The effect of the changes of critical frequencies
from the maps may be studied using the FPROB card (Control Card 20) or by use of
the EFVAR and ESVAR cards (Control Cards 14 and 15).

5.2 MUF Applications
In the absence of any other criteria for the planning of a system using HF

skywave, the first, and simplest, criteria is an estimate of the frequency having
efficient ionospheric reflections. Normally, an estimate of the frequencies
expected to have efficient ionospheric support 90 percent of the time, FOT, and
those having efficient ionospheric support 50 percent of the time, MUF, are
adequate estimates of upper frequency limits for system planning. Figures 18

through 22 show the possible MUF outputs. Note that Figure 18 (METHOD=7) gives
all mode information and MUF distribution f_or each layer. These MUF calculations
are only a description of the state of the ionosphere and do not include any
system parameters~ They should not be confused with the maximum ..2.peration
l..requency (MOF) for transmission between two points on an existing circuit. A
full system performance calculation should be made to estimate the MOF or to com­
pare with observed MOFs. If a full system performance computation is generated,
the user should examine the frequency complement predictions rather than the MUF.

5.3 System Performance Applications

5.3.1 Selecting an Optimum Fr~~ncy

The complexities of propagation, the diversity of service requirements, and
the fluctuation of spectrum congestion preclude any clear simple criteria for the

. selection of optimum frequencies. An adequate signal-to-noise ratio at the
receiver for the specified type and quality of service is often a useful
criterion. In general, within the HF spectrum, radio noise tends to decrease as
frequency is increased. During the daylight hours when HF power requirements are
highest, the propagati~n loss tends to decreaSe as frequency is increased. Since
the noise normally decreases and signal normally increases with frequency, it is a
general rule for HF skywave circuits that the higher the frequency the better the
signal-to-noise ratio until frequency is increased to a point where reflection
from the ionosphere becomes improbable. A first approximation to the optimum
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frequency in the absence of interference may, therefore, be made by estimating the
highest frequency having an efficient ionospheric reflection consistent with the
circuit. reliability required; i.e., the MUF calculations described 'in Section 5.2
above.

Since there is normally limited flexibility in the selection of frequencies
and since the optimum frlequency based on the probable upper useful frequency 1imit
has marked diurnal, seasonal, and other variations, it is desirable to establish
the probable useful range of frequencies. The FOT as shown is based on a 90
percent probability of efficient ionospheric support and may be used as an
estimate of the probable upper frequency limit; a corresponding lower useful
frequency limi"t may be estimated by considering the probability that the available
signal-to-noise ratio will be adequate. Since noise normally increases as
frequency decreases and signal normally decreases as frequency decreases,there is
usually a frequency below which the probability of an adequate signal-to-noise
ratio is unacceptable. This probability is often set at 90 percent and the
corresponding frequency is known as the lowest useful lrequency (LUF). These
limits; i.e., FOTand LUF, are shown in Figure 36 and graphically displayed in
Figure 37.

5.3.2 Selecting a Freguency Complement for a Single Circuit in the
Absence of Other Circuit Interference

The range of useful frequencies, such as shown in Figures 36 and 37, is basic
to the selection of frequency complements and should be obtained for representa­
tive months over the time period the circuit under consideration will be required
to operate. For a semi-permanent operation, diurnal variation of the useful
frequency range for seasonal extremes (e.g., June and December) and solar activity
extremes (e.g., sunspot number 10 and 110) are normally adequate.

5.3.3 Standard Frequency Complement
Absolute continuity of any radio service, however desirable, is improbable

even with an unlimited choice of operation frequencies, when high fr'equency sky­
wave propagation must be relied upon. Moreover, the return in improved continuity
for an enlarged frequency' complement beyond a certain size, depending upon the
service, diminishes so rapidly that it can rarely be justified in the congested
spectrum. Frequency complements can, however, be based on a concept of maximum
feasible continuity; i.e., the theoretical increase in circuit continuity may be
negligible if additional frequencies are added, but a significant decrease is
possible if fewer frequencies are available. Since the required frequency
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complement depends upon the circuit parameters or usage, the following
classification of circuits is introduced:

a. Circuits requiring maximum feasible continuity. These are the usually
heavily loaded telegraph and telephone circuits, which must be available with good
traffic capacity at all times. Because of their loading, they employ relatively
elaborate terminal equipment. Telegraph circuits of this catego~ are operated at
machine speeds, while the telephone circuits generally employ several channels of
a single-sideband system and are extended to line networks. Such circuits are
characterized by the use, of large directional antenna systems, diversity reception
in telegraphy, and high-powered transmitters. Some other circuits, notably those

immediately concerned with safety of life, may have an urgent need for continuous
availability, although not necessarily carrying continuous traffic. The standard
frequency complement for these circuits provides at least one frequency between
the LUF and FOT at all times, plus one or two additional frequencies to permit
flexible operations in the event of interference and during ionospheric disturb­
ances. The maximum complement for these circuits should rarely exceed four. If
more than four frequencies are considered necessary, re-engineering of the circuit
should be investigated.

b. Circuits requiring moderate continuity. Distinct from circuits requiring
maximum continuity, there exists a larger group of circuits which~, by nature of

their operation, require only moderate continuity. These circuits generally pro­
vide communication under circumstances where the needs are insufficiently critical
to warrant the extension of wire, cable, or VHF facilities. Many such circuits
are operated to provide occasional service to remote installations. There are
also many circuits which may be designated nominally as continuous in operation,

o

but on which the nature of the traffic is such as to allow occasional delays,
reduction in transmitting speed, or rerouting. Judicious scheduling of traffic
contributes significantly to the satisfactory operation of these circuits. Most
circuits of an administrative nature belong in this category. For frequency­
complement considerations, circuits (except safety services mentioned earlier)
should generally be constrained to this category if they employ manual telegraphy
or telephony not extended to line networks, or are equipped with simpler trans­
mitting and receiving installations than are capable of providing maximum feasible
continuity. Radio circuits of this kind have been operating on one or two
frequencies in many parts of the world for many years, providing a quality of
service consistent with particular needs. The standard frequency complement for
these circuits is two, one day frequency and one night frequency.
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5.3.4 ,Two-Frequency Complements
Two-frequency complements are recommended with the clear understanding that

the services receiving such complements are of the kind which do not have suf­
ficient traffic to justify attempts to operate them on a twenty-four hour basis.
These circuits must nevertheless be assured of as many hours of communication per
day as possible within the two-frequency limitation. Actually, in a very large
number of cases during intermediate conditions of solar activity, two-frequency
complements will give very nearly twenty-four hour service, except in the auroral
regions where experience has shown that no complement of high frequencies can ever
give a highly reliable service.

a. General considerations. There is available, at the present state of our
knowledge, enough information on propagation, if the other factors such as termi­
nal equipment, type of service, and actual operating conditions are known, to
permit useful estimates of the total number of hours of satisfactory service,
assuming no interference, to be expected from a given frequency over an average
solar cycle. It is, however, impossible to estimate for any particular circuit
the frequency that would give the maximum number of hours of useful service over
the solar cycle. However, this frequency might not necessarily be one of the two
frequencies assigned, since the cumulative number of hours of usefulness is a less
urgent consideration "than that of assuring operation during the normal peak
traffic periods.

b. The day frequency. A simple method for selecting the day frequency
consists of choosing a frequency just below the lowest daytime FOT curve. In the
north temperate zone, this would be the FOT curve for June for the period of mini­
mum solar activity. Simply choosing one frequency, or some small range of fre­
quencies on this basis, ignores the situation with regard to LUF, and could lead,
for an actual circuit, to failure to provide communication during the middle of
the day in months of maximum absorption at the period of maximum solar activity.
An improved method is derived from the opinion that, if possible, the day
frequency should not fail to give service during the midday hours even at the
condition of maximum normal absorption which occurs at the maximum levels of solar
activity.

This approach suggests immediately that a band of particularly useful fre­
quencies exists between the frequency which is just above the maximum midday LUF
and the highest frequency that will provide essentially skip-free service during
the middle period of the daylight hours in the months of minimum daytime FOT. The
lowest frequency in such a band will provide the maximum hours of service, and

45



46

such service may well exceed that obtained from a frequency selected only on the

basis of minimum daytime FOTs. Fortunately, a useful band of frequencies does
exist in nearly all cases, and the day frequency should be chosen in the lower
par~ of thi sband.

The possibility of skip on frequencies chosen in this way is unlikely when
consideration is given not only to normal FOTs, but also to the well-established
roleofsporadic-E reflections.

c. The night frequency. The choice of the night frequency is compli­
ca~ed,depending not only on the type of service, terminal equipment, and a number
of propagational considerations, but also on the day frequency selected. As in
the case of the selection of the best day frequency, it is not sufficient to

sel ect :a frequenc}' that wi 11 give the maximum number of hours of servi ce
throughout a complete solar cycle. The solution is to make the best choice for
those hours that the day frequency is not suitable.

At nighttonospheric absorption is minimal, except in the high latitudes, and
the LUFs are rather critically dependent on the type of service and equipment
used, including.theantennas and the required signal levels. Too high a night

frequency will be subject to skip too much of the time. However, avery low and,
therefore, virtually skip-free night frequency may make it impossible to deliver

adequate signal-to-noise ratios to the receiving location for substantial periods
of time. The sele.ction pro'blem for this single night frequency is one of deciding

what constitutes a suitable balance. of these conflicting considerations. For
circu,its of 4000 km or less in length, the difference in local time between the
terminal s can never be large in the regions of the world where the bul k of the; HF
circuits operate. It is reasonable that traffic handling during the predawn hours
be avoided, since, apart. from the usual erratic behavior of the ionosphere during
thes,e hours, normal activiti.es at both terminals are at their diurnal minimum

during this period. In view of this sort of consideration, it, would ·seemincor­
rect to choose a night frequency so. low that skip-free operation was safely
assured during the predawn period of the months and solar activity conditions
having the lowest FOTsat the expense of rendering communications impossible

during other time periods because of high noise levels normally experienced at the
lower frequencies.

It is recommended, therefore, that the night frequency be chosen as the
highest- frequency of which less than four hours of skip is indicated on the lowest
of the FOT curves for the required months of operation. This is usually during
the winter months; e.g., December in the northern hemisphere and June in the
southern hemisphere.



5.3.5 Three-Frequency Complement

Many radio circuits require a greater continuity of service than can
generally be assured with two frequencies. This is especially true of telephone
circuits intended for extension to line networks. The following suggestions are
applicable to determining frequency complements for circuits less than 4000 km in
length requiring maximum feasible continuity and employing telephony for extension
to line networks, and also for speed of telegraphy for services not seriously
troubled by multipath effects. Multipath protection required for certain types of
high-speed machine telegraphy and facsimile services is not necessarily provided
by these three-frequency complement standards.

There is some justification for enlarging the complement to four frequencies
in the case of telephony and manual telegraph services subject to the severe
magnetic disturbances characteristic of the high latitude regions. In other
regions, however, it is possible by a suitable choice of three frequencies to
maintain the signal-to-noise ratio high enough to provide an entirely adequate
service. This is possible because higher frequencies are generally usable in the
lower latitudes as a consequence of the observed hiogher complement-limiting FOTs,
daytime levels of which survive in many cases far into the night. This situation
is in marked contrast with the high latitudes where circuits are in all cases
significantly more difficult to operate.

a. The high frequency. The highest frequency of a three-frequency
complement is purely a day frequency. Since a middle frequency is available, it
is no longer necessary for the highest frequency of the complement to be con­
strained to give useful service at the minimum phases of the solar cycle. This
frequency should give man~v hours per day of useful service at all seasons during

the maximum phases of the solar cycle. The high frequency is the highest fre­
quency which will be below the FOT at least four hours during all months during
the period the circuit is to be operated.

b. The low frequency. The lowest frequency of a three-frequency complement
is entirely a night frequency. It must be selected on a basis related to the
minimum FOT during any month the circuit is required to operate. Select the

frequency which indicates less than two hours of skip on the lowest of the FOT
curves for the required months of circuit operation.

c. The middle frequency. The middle frequency is selected so as to maximize
the number of hours during which at least one frequency is between theLUF and FOT
during the required period of circuit operation.
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d. A special case for modifying the low frequency. Certain special con­
siderations may affect the choice of a low frequency for circuits between about
3500 and 4000 km in length. For such circuits, the vertical angles of departure
and arrival for single-reflection F2-layer transmission at night become very
low. With many antennas, very little energy can be transmitted or received at
these low angles. For these antennas, transmission, when possible, by two
reflections from the. F2 layer provides a superior service. If highly-directional
broadside arrays, which are relatively efficient at low angles, are used at sites
permitting use of low angles of departure and arrival, the single-reflection
transmission remains useful. The possibility of site conditions which make
impossible the use of-low angles of arrival or departure should not be over­
looked. During the conditions of lowest MUFs, unobstructed sites, and efficient
low-angle antenna systems, the low frequencies for paths 3000-5000 kmwill remain
useful, but there will usually be a skip on the higher vertical-angle two­
reflection mode. With low-angle radiation or reception limited by inadequate
antenna systems, terrain, etc., in the ways suggested, this skipping in the two­
reflection mode may well interrupt the service. In these instances, where it
appears that reliance must be placed on two-reflection transmission during the
period of minimum MUFs, itis preferable to assign a frequency appropriate to twa­
reflection transmission. This frequency will be automatically displayed in Figure
18 or on graphs displayed in Figures 19 to 22if the minimum vertical angle is set
at the lower limit of adequate antenna performance; e.g., 3 to 5 degrees.

5.3.6 Four~FrequencyComplements

Standard three-frequency complements are confined to a number of services,
operated over paths less than 4000 km in length,o where maximum feasible continuity
of operation is required, but when the effects of mul t ipath propagat ;'on are not
serious. Services which use high-speed digital transmission techniques are
seriously affected by multipath distortion, and a three-frequency complement may
be insufficient. Many such services can, however, be adequately satisfied by a
three-frequency complement with respect to both continuity and multipath pro­
tection. This is particularly true for circuits in the 2000 to 4000 km range of
lengths, where the probability of multipath is low, and to a lesser extent for
shorter circuits. Whether or not the three-frequency complement for a particular
ci~cuit provides the requisite multipath protection for high-speed service may be
determined by a system performance prediction for the frequencies selected (e.g.,
METHOD=23, Figure 29 using a multipath tolerance of two milliseconds and a power
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tolerance of 10 dB) and noting the multipath probability for frequenc.ies having an
acceptable reliability.

It was suggested in the discussion on the applicability of three-frequency
complements that there is some justification, apart from multi path considerations,
for the assignment of a four-frequency complement to a circuit operating in high
latitudes which has a critical need for maximum feasible continuity. If one or
both terminals of a circuit lie above 60 degrees north geomagnetic latitude, the
circuit may be regarded as sufficiently high latitude to merit consideration for a

four-frequency complement.
a. The highest frequency. The highest frequency of a four-frequency com­

plement is purely a day and evening frequency. Since three frequencies are
available below it in a given c.omplement, there is no longer any need that it give
any important service at the minimum phases of the solar cycle, nor need it be the
only frequency of the complement for service during maximum LUF periods. The main
purpose of this frequency is to permit the reception of high-speed digital infor­
mation free of destructive multipathdistortion. It is usually required in
afternoon and evening periods when the second highestfrequency--while giving a
perfectly adequate signal~to-noiseratio--wouldbe subject to multipath distor­
tion. This frequency must·, therefore, be chosen with the maximum FOT in mind; it
should nevertheless be as low as possible to give as much service as possible. In
some of the complements, the highest frequency will give few cumulative hours of
service over a solar cycle, though remaining indispensable to avoid nlultipath. In
other complements, it will give considerable cumulative service and prove to be
particularly useful in obtaining a good signal-to-noise r.atio.

In general, the highest frequency is chosen to exceed 65 percent of the
maximum FOT during the required period of circuit operation. This procedure is
intended to provide substantial protection against "multipath distortion on the
highest frequency of the complement during hours and seasons of occurrence of
maximum MUFs. At shorter distances, because of the impracticability of providing
complete multipath protection, the factor provides as much protection as can
reasonably be afforded by a four-frequency complement, while at the same time
providing a highest frequency that will have significant usefulness at the maximum
phases of the solar cycle.

It is necessary to invoke a LUF-determined lower limit or floor value below
which the highest frequency of the complement isoqt selected regardless of the
results of the above procedure. This limit is intended to provide a minimum
additional margin of signal-to-noise ratio over that provided by the second
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highest frequency for high-grade service during periods of maximum LUF. The lower

limit is set at 1.4 times the maximum LUF during the required period of circuit
operation.

b. The second-highest frequency. The second-highest frequency of a four­
frequency complement is the most important frequency of the complement in many
ways. It is certainly the frequency likely to receive the greatest cumulative use
over a solar cycle. It is low enough to provide reliable daytime operation at

sunspot minimum during periods of minimum daytime MUF. While the frequency may
receive considerable daytime use at sunspot maximum, it will also be needed during
the evening and night transition periods at sunspot maximum tQ permit continuation
of high-speed digital operation. Since there exists a frequency still higher in

the complement and two lower, this frequency is chosen to remain just above the
maximum LUF, as was the daytime frequency of the two-frequency complements. On
some circuits, it can be expected that this frequency will provide service far
into the night at sunspot maximum during much of the spring, summer, and autumn
seasons. The principal use of this frequency is, nevertheless, as a day or
evening frequency.

c. The thi rd-highest frequency. The thi rd-highest frequency of a four­
frequency complement is probably the second most important frequency of the

complement in terms of cumulative hours of use over a sclar cycle. While this
frequency may receive some use in the early morning under certain conditions, its

main use is as an evening or night frequency. During sunspot maximum conditions,
it will, in a large number of cases, cover the late night period even in winter;
it will certainly be sufficiently low for summer night use, even down to sunspot
minimum in many temperate regions. In the high-noise regions, this frequency will
nearly always be sufficiently low to cover the predawn period at the noisiest
seasons, and for this reason it has not been necessary to give special consider­

ation to high-noise-region floors for night frequencies in this report.
This frequency is the geometric mean of the second-highest and the lowest

frequency of the complement. This procedure results in frequency intervals which
provide the maximum possible multi path protection between these complement

members. It provides, at the same time, a good order of frequencies for intended
major usage during evening and night periods.

d. The lowest frequency. The lowest frequency of a four-frequency
complement is entirely a night frequency. It must be relied upon at all times

when the third-highest frequency is too high to carry the service. It is selected
just below the minimum FOT during the period the circuit is required to operate.
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5.3.7 Time Sharing on Circuits Separated Geographically
Since there are marked diurnal and geographical variations in the useful

frequency range, it is often possible to use this variation to devellop time
sharing plans when circuits are separated geographically.

Tabulations or graphs of useful frequency range (Figures 36 and 37) should be
obtained for the time period or time periods of interest. Whenever a frequency
complement is such that it contains a frequency within the useful frequency range
for one circuit, while outside the useful frequency range for the other circuit,
this information may be used to develop time-sharing schedules. The time period
may be extended whenever other frequencies in the complement are useful on the
second circuit.

5.3.8 Time Sharing in the Same Geographic Area
When long and short paths are involved in the same geographic area, the

useful frequency ranges for each may differ sufficiently that sharing plans may be
developed in a manner similar to that described above (see Section 5.3.7).

5.3.9 Frequency Sharing
The development of frequency-sharing plans requires the prediction of the

available signal along the unwanted as well as the wanted radio path, takingpar~

ticular account of the expected antenna performance for the unwanted radio path.

The circuit reliability estimates (e.g.,METHOD=23) can be used to develop
frequency-sharing plans (i.e., share whenever the reliability is high for the
wanted paths but low for the unwanted paths).

A quick determination of a frequency sharing opportunity may sometimes be

made, by MUF-FOT computations for the wanted paths (e.g., Figure 19) and the HPF
(frequency having efficient ionospheric support only 10 percent of the days) com­
putation for the unwanted paths (e.g., Figure 20). Sharing should be possible if
a frequency is below the FOTon the wanted path but above the HPF on the unwanted
path.

5.3.10 Broadcast Coverage
Circuit reliability is probablY,the most valuable single output from the

prediction program. As various parameters are fixed, a computation of circuit

reliability as a function of a remaining variable will often assist in decision
making. The question of broadcast coverage is a good example. With time, fre­
quency, antenna, transmitter location, transmitter power, etc. fixed, circuit
reliability to sample points within a geographic area of interest w'ill describe
the coverage of the area i n t~~rms of the percentage of days wi thi n the month that
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satisfactory reception may be expected. This process may be performed automat­
ically by the computer to provide reliability tabulations over selected areas
(e.g., one hemisphere). Although this output is not available as a IIstandard
output ll

, tabulations of this type can be made using a special input card processor
and output variable formater.
5.3.11 Optimum Times for Communication

For given transmitter location, receiver location, antenna types, etc., the
diurnal variation in circuit reliability may be used to choose optimum communi­
cation time (e.g., METHOD=23).
5.3.12 Selection of Relay Locations

Careful consideration should be given to increasing the frequency complement,
increasing power, antenna redesign,etc. before relay stations are used. If there
is no other solution, consider the use of relay stations. Normally, if possible,
these relay stations should be separated by at least 3000 km and preferably not
more than 7000 km. The relays should also assure the propagation path does not go
to high latitudes; i.e., temperate or equivalent routes avoiding high noise
regions are preferred. In the final selection, it is a question-of computing
circuit reliability for the direct path and making a comparison with potential
relay sites.
5.3.13 Determination of Lowest Effective Transmitter Power

Compute circuit reliability as a function of transmitter power with other
variables fixed and plot reliability vs. transmitter power. The lowest effective
power is the lowest power providing the required reliability. An alternative is
to use the required power plus antenna gain output, RPWRG, line 11, using
METHOD=23.

5.4 Antenna Selection or Design
For the frequency or frequencies under consideration, make predictions cover­

ing the required time period of operation using a constant gain antenna with a

typical gain; e.g., 12 dB. Determine the time or times the circuit reliability is
the lowest. Using these times, repeat the computation for the antennas under
consideration to select an antenna. Caution: the calculated vertical angle for
the most reliable mode provides some guidance in determining th~ antennas to be
considered, but this angle alone should never be used as the sole criterion for
antenna selection. To select an antenna, repeat the computations for available
antennas. To design an antenna, repeat computations for variables in the antenna

design; e.g., antenna height, rhombic leg length, etc. Note, however, that these
parameters must be part of a IIwell designed ll antenna. See the comments in

Section 4.4 above.



6. PROGRAM DATA FILES

6.1 BCD Program and Data Base Tape
The IONCAP program, along with the ionospheric long-term data base file

denoted by LU2 and discussed in detail in the next section, are in general made
available to the user on an E~xternally coded (ASCII or EBCDIC) unlabled magnetic
tape. This procedure a"llows for the installation of the IONCAP program on com­
puters that have internal formats that differ from the CDC-6600. The problems, or
potential problems, that arise from the differences in record block size that
exist from computer to computer (and from operating system to operating system on
the same computer) are avoided by using an external blocking procedure. The pro­
cedure consists of writing the IONCAP program to magnetic tape using card image
format where each physical record on the magnetic tape consists of exactly one
logical record; i.e., exactly one 80 character card image. This is initially
accomplished by a direct write of the card image to the magnetic tape using a
Fortran program rather than system copy routines on the CDC computE~r.

The ionospheric long-term data base is externally blocked into 120 characters
per record format by a Fortran program called BCDBIN. The choice of the 120
character record size was par'tially decided upon by the desired sequential nature
of the data, the massive volume of data, and a comparative study of internal block
sizes on various computers. We found that some operating systems block records
even when not desired, when the size of the record exceeds 128 characters.
Program BCDBIN is also used to construct an internal binary data base from the
externally blocked coded data base. This conversion is necessary prior to the
execution of the IONCAP program since the program requires the data base to be in
binary format for overa"ll program efficiency. Thus, the character conversion to
internal binary format is performed only once to eliminate the computer overhead
for character conversion of the data base on each usage of the IONCAP program.
The BCDBIN program is a'lso available on the magnetic tape in card image format.

6.2 Long-Term Prediction File
This section describes the long-term data file used with the IONCAP program.

Details of how each of the various parameters is used is given in the IONCAP theo­
retical report. The data file used here has evolved over many years. The basic
criteria used in retention or inclusion of any of the data sets are: availability
on a worldwide basis over all the time cycles (diurnal, yearly, and solar cycle)
availability of distributions of the data, and consistency between the data
sets. There are data sets available using somewhat different, perhaps better,

mathematical representations which were not included here either because the new
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sets were not complete or did not represent an extended data base. There are also

some data sets available which are not called for by the models implemented in the
IONCAP program. Also some data sets are self-contained within some of the IONCAP
subroutines, such as the mapping of the magnetic field in MAGFIN.

The long-term binary data file is divided into 18 blocks comprising 59 logical
records (see Table 17). There is a year block (Table 18), followed in succession by
season blocks (Table 19), followed by appropriate month blocks (Table 20). The data
were arranged in this way to minimize storage requirements and to allow the months
to be used in sequential order. For each month and sunspot number, the program will
generate a single reduced data set.

The year block data (Table 18) consists of a single logical record containing
coefficients for the F1 layer critical frequency, foF1, and the maximum zenith angle
at which the Fl layer exists; a set of coefficients describing the land-sea areas of
the globe; the coefficients describing the ratio of the height of maximum of the F2
layer to the semi-thickness of the layer; and the linear adjustment to the land mass
map and ratio map. A source of the coefficients and a listing of them are given
where possible.

The XFICOF array is reduced to monthly coefficients in subroutine REDMAP and
evaluated in subroutine EF1VAR. The array FAKMAP is set into the seventh block of
the P array and the XPMAP is reduced for sunspot number and set into the eighth
block of the P array. They are evaluated in the subroutine NOISY.

Each season block (Table 19) consists of two logical records. There are four
different data sets with the first, winter, repeated before the December month
block. The seasons as named here refer to the months for the northern hemisphere;
the appropriate data for the southern hemisphere is contained in the same season
block; e.g., winter season block is the summer season block for the southern
hemisphere. The first logical record contains the following tables (see the IONCAP

theoretical report for the table values):
The F2D array contains the table of ratio of the daily F(3000)MUF to the monthly

median F(3000)MUF expressed as a percentage value for the upper and lowerdeciles.
The F2D tables are stored in the array as follows: F2D(M,N,J).

(a) The sixteen values of F2D associated with the index Mare the values
for the zones in decreasing order of geomagnetic latitude for the percentage upper
and lower decile values of the distribution of the F2(3000)MUF.

(b) The six values associated with the index N are the values for low,
medium, and hign solar activity levels for the northern and southern hemisphere

respectively.
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SOUTHERN HEMISPHERE
FAM(M:,7 )

FAM(M:,8)
FAM(M:, 9)
FAM(M:,10)
FAM(M:, 11)
FAM(M:,12)

SOUTHERN HEMISPHERE
DUD(M:,7,N)
DUD(M,8,N)
DUD(M:,9,N)
DUD(M,10,N)
DU D(M :, 11 , N)
DUD(M,12,N)

respectively. The
FAM, si gmaDL, and

(c) The six values associated with the index J are those values for the
hour block of the day.

The F2D array is evaluated in subroutine F2DIS.
The DUD array contains the polynomial coefficients used for the evaluation of

the decile values of the atmospheric radio noise (DU and DL).
The DUD array is arranged as follows:

NORTHERN HEMISPHERE TIME BLOCK
DUD(M,l,N) 0000 - 0400 LMT
DUD(M,2,N) 0400 - 0800 LMT
DUD(M,3,N) 0800 - 1200 LMT
DUD(M,4,N) 1200 - 1600 LMT
DUD(M,5,N) 1600 - 2000 LMT
DUD(M,6,N) 2000 - 2400 LMT

The value N of 1 and 2 denotes the upper and lower deciles
value N of 3, 4~ and 5 denotes the prediction errors sigma
sigma DU, respectively.

The DUD array is evaluated in subroutine GENFAM.
The FAM array contains the numerical coefficients used in the E~valuation of

the frequency dependence of the median 1 MHz atmospheric radio noisE~.

The FAM array is arranged as follows:
NORTHERN HEMISPHERE TIME BLOCK

FAM(M,l) 0000 - 0400 LMT
FAM(M,2) 0400 - 0800 LMT
FAM(M,3) 0800 - 1200 LMT
FAM(M,4) 1200 - 1600 LMT
FAM(M,5) 1600 - 2000 LMT

FAM(M,6) 2000 - 2400 LMT
The FAM array is evaluated in subroutine GENFAM.
The SYS array contains the table of median and decile differences for the

distribution of transmission loss. The SYS tables are stored in thE~ array as
follows:

SYS(M,N,J)
(~) The nine values of SYS associated with the index Mare the values for the

zones in increasing order of geomagnetic latitude.
(b) The 16 values of SYSassociated with the index Nare the values for the

time blocks from 0100 LMT through 2400 LMT for the season of the northern and
southern hemispheres, respectively; i.e., N greater than or equal to one and less
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than or equal to eight ts the northern hemisphere, N greater than or equal to nine

and less than or equal to 16 is the southern hemisphere.
(c) The six values of SYS associated with the index J are the values for the

median value of system loss, for the difference between the median and lower
decile value, and for the difference between the median and upper decile value
divided into two parts for paths less than and greater than 2500 km respectively.

The table look-up process is accomplished by the subroutine SYSSY.
The PERR array contains the tables of the likely errors in predicting the

available signa11evels at the receiver.
The array PERR (9, 4, 6) is arranged in the following order:
NORTHERN HEMISPHERE TIME BLOCK SOUTHERN HEMISPHERE

PERR(M,l,I) 0100 - 0700 LMT PERR(M,l,l)
PERR(M,2,I) 0700 - 1300 LMT PERR(M,2,I)
PERR(M,3,I) 1300 - 1900 LMT PERR(M,3,I)
PERR(M,4,I) 1900 - 0100 LMT PERR{M,4,I)

The I values are 1 through 3 for the northern hemisphere and 4 through 6 for
the southern hemisphere. The Mvalues 1 through 9 are for the corresponding

geomagnetic latitudes.
The second logical record contains noise data. The FAKP array uses the same

computer memory as the fi rst part of the P array to reduce stora~e requi rements.
The P array contains the Fourier coefficients for the seasonal median 1 MHz

dB kTB for 1 Hz bandwidth atmospheric radio noise maps. The P array also contains
the coefficients for the representation of the major land bodies of the world and
the hmF2/ymF2 ratio.

Median 1 MHz atmospheric radio noise
P(M,N,l) 0000 - 0400 LMT
P(M,N,2) 0400 - 0800 LMT
P(M,N,3) 0800 - 1200 LMT
P(M,N,4) 1200 - 1600 LMT
P(M,N,5) 1600 - 2000 LMT
P(M,N,6) 2000 - 2400 LMT
Major land bodies of the world P(M,N,7)
Semi-thickness ratio at a given sunspot number P(M,N,8)

These coefficients are evaluated in subroutine NOISY.
The 12-month data blocks contain four logical records. The first record

contains:
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IKIM(M,6) the summation limits, 10 each for the six sets of coefficients

following in this data block.
XESMCF(M,N,2) the median value of foEs (or foE) for the low and high
solar activity.

The second record contains:
XESLCF(M,N,2)1 the decile values of foEs (or foE) for the
XESUCF(M,N,2) J low and high solar activity.

The third record contains:
XFM3CF(M,N,2) the median values of the F2 layer M(3000) factor for low
and high solar activities.
XERCOF(M,N,2) the median values of foE for low and high solar' activity.

The fourth record contains:
XF2COF(M,N,2) the median values of foF2 for low and high solar activity.

The six sets of coefficients are evaluated in the subroutines VIRTIM
(universal time dependence), and VERSY (geographic dependence).

6.3 Antenna Patterns Stored on File
It is possible, but not mandatory, to execute the IONCAP program using

antenna patterns that have been previously computed by (a) IONCAP using the ANTOUT
control card discussed in Section 3.3.5, (b) some other analysis program that has
been modified to create and write antenna patterns in the format expected by
IONCAP or (c) to use field measurements and interpolation to create and write
antenna patterns in the format expected by IONCAP. This use may require some in­
depth knowledge of the working of IONCAP.

The antenna pattern input file (denoted by LU26) is stored on magnetic tape
or disk as an internal binary file. The user should assign the local file name
TAPE26 to the permanent tape or disk file prior to the execution of the IONCAP
program. It is, of course, assumed that the user has previously created and
stored the permanent fi'le by one of the methods descri bed above. The user waul d
then specify antenna type 18 on the ANTENNA control card to indicate that the
antenna pattern is to be input from the antenna file. The location of the desired
antenna pattern on the antenna file is specified using variable lAIN for 'antenna

type 18. (Note: This variable indicates from one to three antennas to cover the
frequency range speci fi led for the transmi tter and recei ver antennas for all
antenna types except antenna type 18.)

It is necessary to specify the location of the desired antenna pattern on the

antenna file since several antenna patterns could be written on the same antenna
file. Locating the desired antenna pattern depends on whether the antenna pattern
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is beyond or before the current location on the antenna file. If the desired

antenna pattern is beyond the current position on the antenna file, the variable
lAIN indicates the number of antenna patterns to skip forward from the present
position on the antenna file before reading the desired pattern. Thus, in this
case, lAIN must be set to a positive number or zero by the user. For example,
lAIN = 0 indicates that no antenna patterns are to be skipped from the current
position, which means the next antenna pattern on the file is read. If lAIN = 3,
then three antenna patterns are to be skipped from the current position before the
desired antenna pattern is read. If the desired antenna pattern is before the
current location on the antenna file, the variable lAIN indicates that the antenna
pattern should be rewound before searching for the desired pattern. This is
accomplished ~ setting lAIN negative. The negative number causes the file to be
rewound, and the pattern read is specified by the absolute value of lAIN. For
example, lAIN = -1 indicates that the antenna file is rewound before reading the
desired antenna pattern and that the first pattern on the file is the antenna
pattern read. If lAIN = -3, then the antenna file is rewound before reading the
desired antenna pattern and the third pattern on the file is the antenna pattern

read.

7. SPECIFIC INPUT EXAMPLES
This section is intended to demonstrate specific input options of the IONCAP

program to reinforce information provided in earlier sections. Specific input
requirements necessa~ to demonstrate particular IONCAP capabilities are dis­
cussed. References to corresponding output for each example is also presented.

7.1 Ionospheric Parameter Example
The input required to generate the ionospheric parameters for the control

points of a particular circuit consists of the following control: METHOD, MONTH,
SUNSPOT, TIME, LABEL, CIRCUIT, EXECUTE and QUIT. The input necessa~ to generate
the similar output represented in Figure 16 consists of the following:

METHOD

MONTH
SUNSPOT
TIME
LABEL
CIRCUIT
EXECUTE
QUIT

1

1970 1
100.

1 24 1 -1
BOULDER, COLORADO TO ST. LOUIS, MO.
40.03N 105.3W 38.67N 90.25W
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It should be noted that thesporadic~E critical frequency has been multiplied by

.7 to allow for median losses in this example by program default. Figure 16,
discussed earlier, is a presentation of the ionospheric parameters for this
circuit without the sporadic-E critical frequency reduced.

7.2 Antenna Pattern Example
The input required to generate an antenna pattern for both a transmitter and

receiver antenna consists of the following control cards: METHOD, ANTENNA,
EXECUTE, and QUIT. The specific input necessary to generate the output
represented in Figures 23 and 24 consists of the following:

METHOD 15
ANTENNA 1 2 .001 4. -.5
ANTENNA 2 2 .001 4. -.25
EXECUTE

QUIT

To generate the pattern of a transmitter antenna, only use method 13 and for a
receiver antenna, only use method 14.

7.3 MUF Example
The input required to generate MUF predictions consists of the following

control cards: METHOD, MONTH, SUNSPOT, TIME, LABEL, CIRCUIT, EXECUTE, and QUIT.
The specific input necessa~ to generate the output represented in Figure 18
consists of the following:

METHOD

MONTH
SUNSPOT
TIME
LABEL
CIRCUIT
EXECUTE

QUIT

7

1970 1
100.

1 24 1 -1
BOULDER, COLORADO TO St. LOUIS, MO.
40.03N 105.3W 38.67N 90.25W

7.4 System Performance Example
The input required to generate system performance predictions consists of the

following control cards: METHOD, MONTH, SUNSPOT, TIME, LABEL, CIRCUIT, ANTENNA,
FREQUENCY, EXECUTE, and QUIT. The input necessa~ to generate output similar to
the output represented in Figure 25 consists of the following:
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1

16
1970
100.

12 24 12 -1
BOULDER, COLORADO TO ST. LOUIS, MO.
40.03N 105.3W 38.67N 90.25W

1 2 .001 4. -. 5
2 2 .001 4. -.25

2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0

METHOD
MONTH

SUNSPOT
TIME
LABEL
CIRCUIT
ANTENNA
ANTENNA
FREQUENCY
EXECUTE

QUIT
It should be noted that the above input does not cause the transmitter and
recei ver antenna patterns to be precomputed as was thes; tuat i on·i n Figure 25.
(This is indicated by the absence of method 15 card to compute the gain pattern in
this example.) The above input causes the antenna gain values to be computed as
needed for specific frequencies and elevation angles. This indicates that the
gain value for 7.5 MHz needed in Figure 25 was interpolated between 7 MHz and
8 MHz. The gain value for 7.5 MHz in the above example is computed as the
frequency 7.5 MHz is processed. It should further be noted that this value would
be recomputed for each hour specified in the above example. ThUS, the gain is
computed at each frequency and for each hour as needed.

7.5 User-Selected Output Example
The input required to generate user-selected system performance predictions

consists of the following control cards: METHOD, TOPLINES, BOTLINES, MONTH,
SUNSPOT, TIME, LABEL, CIRCUIT, ANTENNA, FREQUENey, EXECUTE, and QUIT. The input
necessary to generate output similar to the output represented in Figure 32
consists of the following:

METHOD 23
TOPLINES 1 2 3 4 5 6 7
BOTLINES 1 2 4 10 11 12
MONTH 1970 1
SUNSPOT 100.
TIME 12 24 12 -1

LABEL BOULDER, COLORADO TO ST. LOUIS, MO.
CIRCUIT 40.03N 105.3W 38.67N 90.25W

ANTENNA 1 2 .001 4. -.5
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ANTENNA
FREQUENCY
EXECUTE
QUIT

2 2 .001 4. -.25

2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0

The header lines specified on the TOPLINES are given in Table 8 and are listed
below:
(1) month, year, and sunspot number
(2) alphanumeric information on the LABEL card
(3) transmitter and receiver information (coordinates)
(4) minimum takeoff angle
(5) transmitter antenna information
(6) receiver antenna information
(7) transmitter powt~r, man-made noise, required reliability, and required

SNR.

The output predictions specified on the BOTLINES card are given in Table 9 and
listed below:

(1) number of hops and mode type
(2) radiation angle and transmitter
(4) virtual height of most reliable mode
(10) median SNR
(11) required power gain for most reliable mode
(12) reliability.

It should be noted that the above input does not cause the antenna pattern to be
precomputed as was the case in Figure 32. (This is indicated by the absence of
the method 15 card to compute the gain tables in this example.) The above input
would compute the gain v~alue of each frequency for each hour as needed. This has
been discussed in Section 7.4.

7.6 LUFExample
The input required to generate LUF predictions consists of the following

control cards: METHOD, MONTH, SUNSPOT, TIME, LABEL, CIRCUIT, ANTENNA, EXECUTE,
and QUIT. The input necessary to generate output similar to the output
represented in Figure 36 consists of the following:
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METHOD
MONTH
SUNSPOT
TIME
LABEL
CIRCUIT
ANTENNA
ANTENNA
EXECUTE
QUIT

26

1970 1

100.

2 24 2 -1

BOULDER, COLORADO TO ST. LOUIS, MO.
40.03N 105.3W 38.67N 90.25W

1 2 .001 4. -.5

2 2 .001 4. -.25

It shoul d be noted that the above input does not cause the antenna pattern to be
precomputed as was the situation in Figure 36. (This is indicated above by the
absence of the method 15 card to compute the gain tables in this example.) The
above input would cause the antenna gain to be computed for the LUF rather than
interpolate in the gain table as was the case in Figure 36.

7.7 Outgraph Example
The input required to generate theMUF predictions given in Figures 18

through 22 consists of the following control cards: METHOD, OUTGRAPH, MONTH,
SUNSPOT, TIME, LABEL, CIRCUIT, EXECUTE, and QUIT. The specific input necessary to

.. generate the output represented in Fi gures 18 through 22 cons i sts of the
following:

r4ETHOD
OUTGRAPH
MONTH
SUNSPOT
TIME
LABEL
CIRCUIT
EXECUTE

QUIT

7

8 9 10 11

1970 1

100.

1 24 1 -1
BOULDER, COLORADO TO ST. LOUIS, MO.
40.03N 105.3W 38.67N 90.25W

The method card defines the predictions to be generated and the output form
generated by that method. Therefore, the predictions generated consist of the
MUF-FOT table for each 'ionospheric layer since method 7 was specified in this
example. The uSer may select additional output providing that the computations
for the output have already been generated. Therefore, in this case, the user can

62



select the outputs of methods 8 through 11 consisting of the MUF-FOT graph,

HPF-MUF-FOT graph, MUF-FOT-ANG graph, and MUF-FOT-Es graph, as is indicated in
Table 7.

7.8 Procedure Example
The user may desire to have predictions for several circuits at several

months and sunspot numbers, as was discussed in Section 3.3.2. The following
input procedure will generate MUF predictions for several circuits at several
month and sunspot numbers. The output generated would be similar to the output
represented in Figure 19.

PROCEDURE CCIR

BRACKNELL TO LUECHOW
52.00N 1.20W 53.00N

SHANNON TO LUECHOW
:52.7N 8.9W 53.00N

LABEL
CIRCUIT
EXECUTE
LABEL
CIRCUIT
EXECUTE
LABEL
CIRCUIT
EXECUTE
END
METHOD
TIME
MONTH
SUNSPOT
CCIR
MONTH
SUNSPOT
CCIR
QUIT

TOKYO TO AKITO
35.7N 139.5E

8
1 24 1 -1

1971 1
80.4

1971 4
70.9

39.73N 140.1E

11.20E

11.20E

The result of the above input is MUF-FOT graphs for each of the three specified
circuits at each of the two months indicated. Thus, six output pages would be
generated. It should be noted, as was presented in Section 3.3.2 and 3.3.6, that
the procedure name, in this case CCIR, is placed in the input deck to allow the
circuits predefined by the name CCIR to be placed in the position whenever the
name CCIR is used.
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7.9 External Antenna File Example

The user may wish to save the antenna gain table of his antennas for use on a
separate run. This Inay be particuarly significant if the same antennas are used
for several communication paths, or the predictions are generated with the same
antennas each ITIo'nth, or the user has a speci fi c antenna pattern created by another
program, or possibly the actual measured antenna gain values. To create the
antenna file corresponding to the patterns given in Figures 23 and 24, the
following input should be used:

METHOD 15
ANTOUT

ANTENNA 1 2 .001 4. -.5
ANTENNA 2 2 .001 4. -.25
EXECUTE
QUIT

The user could then store the patterns generated on magnetic tape or disk for
reference at a later time. See the discussion of the ANTOUT card in Sections
3.3.5 and 6.3. Use of the antenna patterns previously generated and stored
externally, can be done using the following input, which will also generate the

system performance output represented in Figure 25.

METHOD
MONTH
SUNSPOT
TIME
LABEL
CIRCUIT
ANTENNA

ANTENNA
FREQUENCY
EXECUTE

QUIT

16
1970 1

100.
12 24 12 -1

BOULDER, COLORADO TO ST. LOUtS, MO.
40.03N 105.3W 38.67N 90.25W

1 18

2 18

2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0

The difference in this example and the example presented in Section 7.4 is that
the antenna patterns are read from a file instead of being computed. Section
6.3 explains this procedure in depth.
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Figure 3. Typical deck structure for a MONTH-SUNSPOT number loop.
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Figure 5. Typical deck structure for a SUNSPOT-MONTH number loop.
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AUXILIARY
INPUT FILE

AUXIN OFF
CONTROL CARD

CONTROL CARDS
INPUT FROM THE
PRIMARY INPUT

FILE

Figure 10. Example of the use of the AUXIN data card.
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..........
co

ION CAP CONTROL
CARDS

Figure 11. Example of the use of the AUXOUT data card.



........
\.0

ANTENNA PATTERNS ARE GENERATED AND WRITTEN TO
PRIMARY OUTPUT FILE (BUT NOT ANTENNA FILE)
PRIOR TO ANALYSiS OR PREDICTIONS.

ANTENNA PATTERNS ARE GENERATED AND WRITTEN TO
PRIMARY OUTPUT AND ANTENNA FILES
PRIOR TO ANALYSIS OR PREDICTIONS

Figure 12. Example of the use of the ANTOUT data card.



PROGRAM ,G~NERATEDOUTPUT CONSISTS OF
OUTPUT FOR METHODS 7,8,9 and 10

METHOD 7
CONTROL CARD

SYSTEM
CONFIGU~ATION
CONTROL CAROS

. SYSTEM
CONFIGURATION
~ONTROlCAROS

PROGRAM
GENERATED

OUTPUT
CONSISTS

ONlY·OFMETHOO 7

Figure 13. Example of the use of the OUTGRAPH datil card.
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PROCEDURE REFERENCE
(BODY OF PROCEDURE INSERTED HERE)

.,.-- PROCEDURE REFERENCE
(BODY OF PROCEDURE INSERTED HERE)

Figure 14. Procedure file structure examole.



IONaSPHE~IC CU~MUNICATIONS ANALYSIS A~D PREDICTION P~QGRAM - IONCAP VER-SIJN 18.03

1 2 3 4 561 8
1234~67890123456789012345b789C12345&78q012345678q012345b78Q01Z345678901234567690

ca,.tl~E~T

COI·n1ENT
COMMENT
COMMENT
LABEL
ClftCUIT
SYSTEM
MONTH
SUNSPOT
TIME
COMMENT
COM-MENT
CU"~ENT

COMMENT
FP'R!]8
METHOD
EXECUTE
COMMENT
FP RiJ B
COMr1ENf
METHOD
TIME
EXECUTE
COMMENT
COM11ENT
COMf1EN'T
TIME
METHOD
COMMENT
OuTGRAPH
EXECUJE
tlUTGRAtlH
COMM E~fr

CO~I1ENT

COMMENT
ME -rHao
ANTEN~A

ANIENNA
EXECUTE
COMMENT
COfilMEhT
FREQUENC1
TI.~E

~fT"'OO

HETHOO
METHOD
ttlE"THOO
~ETHOO

COMMENT
METHOD
CO""ENT
METHOD
ExeCUTE

••••••••*****••••***•••••••***••••••••••••••***•••**••••••••••••••••*.
SA~PLE INPUT Tl RUN IONCAP 78.03 - All METHODS.*..•*.*•• *** ••••**.~.*••*••**.*••••**••***.***.***••**.**********.*.*
DEFINE SYSTEM CJNFIGURATICN, MONTH, SUNSPOT, AND HOURS
80ULDE~,CJLORAJa TO ST. LOUIS, MO.
~O.03N l05.3W 38.67N 90.25W 0
30. 150.001 9J 55. 10. .85
1970 1
1-;00.

1 24 J. -1
•••••••••••*••••••••••**••••••*•••**••••••••**•••••••••**••••••••••**.
"ETHOn 1 AND Z _RE IQNOSPHERIC PARAMETERS AND IONOGRAM
IONOSPHERIC PARAMETE~S AS FROM MAPS
ES C~ITICAL FREQ~ENCY NOT REDUCED TO AllOW fOR ~EDIAN losses
1.) .l.0 1.0 1.0

1

CHANGE CPITICAL FREQUENCY MULTIPLIER FOR ES 8ACK TO PROGRAM DEfAULT
OFF
ES CRITICAL FREQUENCY NOW IS MULTIPLIED BY .7 TO AllO~ FOR MEDIAN lOSS

2
12 12 1 -1

****••••••***•••• **•••******•••••****••**••*****.*••••••••••••••••••••
METHOOS 3 THROUGH 11 ARE MUF CALCULATIONS ("E1HOD 12 NOT IMPLEMENTEO)
f1ETHOOS 3,4,;\ ~NO b AREMUF USING NOMOGRAM AND AREN"r PRESENTED HERE

1 24 1-1
7

OUTPUT METHODS 8 THROUGH 11 ~ITHOUT RECO"PUTATIQ~ USING ~OUTGRAPH_

8 ;~ 1J 11

OfF.***••**••*********.******•••••••**••••••***•••••••••••***••••••••••••
METHODS 13 THRJUGH 15 A~E ANTENNA PATTERN CALCULATIONS
METrlOOS 13 AND 14 lRE ANTEN~A$ ONE AT A TIME ANO AREN-T PRESENTED HERE

1;
1 2 .JJ1 4. -0.5
2 Z .001 4. ~O.25

••• ********••******t*******•••*••****•••***••**••****•••••••••••••••••
"ET~ODS 16 THRJUGH 23 4RE SYSTE~ PERFORMANce PREDICTIONS

2.0 3.0 5.0 1.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0
12 24 12 -1
16
1-1
18
19
20

METHOD 21 FORCES THE PROGRAM TO EXERCIse THE -LONG- PAT~ MODEL
21

METHOD 22 FJRCES THE PROGRl" TO EXERCISE THE -SHORT- PATH "OOEL
2Z

Fi gu re 15. Input data cards for all output options.
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COflh1ENT
COMMENT
CJ"MENT
r1ETHOO
TOPLINES
BOTLINES
EXECUTE
COMMENT
COMMENT
COMMENT
METHOD
TIME
EXECUTE
COHHENT
COMMENT
METHOD
C(]M~EN'T

FREQUENC'1
TIt4E
ExeCUTE
COMMENT
CO"~ENT

METHOD
CO"t'lENT
OUTGRAPH
TIME
EXECUTe
QUTGRAPH
CUKMEtiT
CQ~~E~~T

LABEL
CIRCUIT
i4ETHOO
TI"E
EXECUTE
fREQUENCY
11ETHOD
COMMENT
ExECUTE
OUI'f

METHOt> -23 ALLO~STHE USER TO SELECT THE DESIRED OUTPUT 8YSPECIFYING+
PREDEFINED LINE Nu~aERS ON THE -TOPLINES- AND _aOTLIMES- CARDS
LI~ES ARE NUMbERED IN ORDER AS IN METHOD 20 (see TABLES 8 A~D 9'

23
123 4 567
1 2 4 10 11 12

••••••••••***.****.****.**••••••••••••••••••••••••••••••••••••••••••••
METHOD 24 IS THE'MUf-RElIABIlITY TABLE••******.*•••••**••••**.**••••••••••••••••••••••••••••••••••••••••••••

24
1 Z4 .1. -1

••••••••***•••l.**••••**•••••••••••••••••••••••••••••••••••••••••••••••
METHOD 25 IS T~E ALL HODES TABLE

25
NOTE THAT THE MUF ALL MODES TABLE IS ALSO PRINTED

3.0
12 12 1 -1

••*••*.*.*******•••*.**.*•••••**.***••***••***•••••••~••••••••••••••••
METHODS 2b THROUGH 29 ARE lUF PREDICTIONS

26
OUTPUT ~ETHaos 27, 28 AND Zq VITHOUT RECOMPUTATION USING -OUTGRAPH­

27 28 2~

Z 24 Z-l

OFF••••••••••••**••••••••••••••••••••••••••••••••••••••••••••••••••••••••
l"NCLUOE A LONG PA TH CI~CUIT EXAMP LE
BOUlDER,COLORAOO TO AUCKLAND,N. l.
40.03~ 105.3W 36.92S 17415E

'7
6 18 b -1

2.0 3.J 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0
23

NOTE THAT THE PREVIOUSLY DEFINED -rOPlINES- AND ~80TlINES~ STILL USED

Figure 15. Inputd~ta cards for all outp~t options. (Continued)
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~ErHQO 1 [O~CAP 78.03 PAGE 1

JAN 1910 SSN • 100.
8QULOE~,COLaRADO Te ST. LOlJIS,MO. AZIMUTHS N. MI. K"
'to.03 N 105.30 W - 3d.b1 ~ QO.2; " 91.84 l81.1t2 702.b 1301.J.

YE a ZO.O HE a 110.0 HS • 110.0

LAT l]~G lMT vT E Fl 11 H1 FH/2 f2Z Y2 HZ ES "ED HI ..3000 HPF2 RAT ZEN ZM.X "AGl
39.bN ~7.7" 1.5 8.J .53 0.0 0.0 0.0 .7 It. it 70.3 325.,. 1.3 1.8 4.0 Z.91 325.7 1t.6 15/t.7 66.1 49.ftN
39.bN 91.1'11 2.5 9.0 .58 0.0 0.0 0.0 .7 1t.5 72.3 330.7 1.2 1.8 3.7 2.9/t 331.0 4.6 Ift4.2 66.1 49./tN
39.6N ~7.7¥1 3.5 10.0 .61 0.0 0.0 C.O .7 4.1 75.6 338.9 1.1 1.7 3.5 2.89 339.3 1t.5 132.9 66.1 lt9.4N
39.bN 97.•.114 1t.5 11.0 .74 0.0 0.0 O.C .7 3.5 79.4 343.0 1.1 1.7 3.4 2.87 343.9 4.3 121.3 66.1 49.4N
39.6~ 97.7w 5.5 12.,) 1.02 0.0 0.0 0.0 .7 3.4 82.2 335.8 1.2 1.7 3.5 2.·90 337.8 4.1 109.9 66.1 ft9.ItN
39.6N 91·.1'; b.5 13.0 l.44 0.0 0.0 0.0 .7 4.2 83.9 318.3 1.5 1.9 3.7 3.00 320.8 3.8 99.0 66.1 49.4N
39.bN 97.7'11 7.5 14.J 1.95 0.0 O.~ 0.0 .1 6.0 85.4 298.3 1.8 2.1 3.9 3.13 300.5 3.' 88.7 66.1 49.4N
39.bN 97.7. d.S 15.u 2.48 0.0 0.0 0.0 .7 8.0 88.4 283.8 2.2 2.5 4.2 3.23 285.8 3.2 79.5 66.1 49.4N
39.6N q1.7~ 9.5 16.) l.93 0.0 0.0 0.0 .1 9.3 93.7 279.2 2.6 2.9 4.4 3.26 281.3 3.0 71.7 66.1 49.ItN
39.6~ 97.7W 10.5 17.') 3.26 1t.4 51.9 234.3 .7 10.2 100.9 283.7 2.9 3.3 It.; 3.23 285.9 2.8 66.0 66.1 1t9.ItM
39.6N 97.7" 11.5 18.0 3."44 4.5 51.1t 205.5 .7 10.9 105.7 287.9 3.1 3.4 4.1t 3.16 29'.0 2.7 63.0 66.1 49.ItN
39.bN 91.7"11 l2.5 ~9.J 3.46 4.5 51.1t 205.5 .7 11.4 98.9 296.4 3.1 3.ft 4.3 3.11 302.8 3.0 63.0 66.1 1t9.ItN
39.6N 97.7w 1.3.5 lO .:J 3.ze 0.0 O.~ 0.0 .7 11.5 99.5 304.2 2.9 3.2 /t.O 3.09 305.9 3.1 66.1 66.1 49.ItN
39.bN 97.7;1 .1.4.5 ll.) l.93 0.0 C.O 0.0 .7 11.2 95.8 301.5 2.6 2.9 3.7 3.10 304.9 3.2 71.8 66.1 49.ItN
39.bN 97.7w 15.5 22.J Z.43 0.0 C.O 0.0 .7 10.8 91.0 301.1t 2.2 2.5 3.5 3.11 302.4 3.3 79.6 66.1 49.4N
39.bN 97.7" 16.5 23.·) 1.88 0.0 a.a 0.0 .1 . 9.9 8b.l 299.7 1.8 2.2 3.4 3.13 300. It 3.5 88.8 66.1 49.1t"
3~.bN 97.7fl 1'1.5 .;) i..33 0.,0 0.0 c.o .7 8.7 61.6 299.2 1.5 1.9 3.5 3.13 299.7 3.7 99.1 66.1 1t9.4N
39.6~ 97.7'11 .&.8.5 1.0 .99 0.0 0.0 0.0 .1 7.2 71.1 300.6 1.3 1.7 3.7 3.12 301.0 3.9 110.1 66.1 lt9.ItN
~9.6N 97.711 19.5 z.' .74 0.0 0.0 0.0 .7 b.O 7it.7 301t.5 1.2 1.7 3.9 3~lO 304.8 4.1 121.5 66.1 49.ltN
39.6N 97.7"; 20.5 3 •.j .bl 0.0 0.0 0.0 .1 5.1 72.1 311.1 1.2 1.7 't.2 3.06 311.4 4.3 133.0 66.1 49.4N
39.bN 97.711 Zl.5 4.\; .55 0.0 0.0 0.0 .7 4.3 71.6 318.7 1.3 1.7 It./t 3.01 319.0 1t.5 141t.1t 66.1 1t9.ItN
39.61"4 97.7w 22.5 5.;) • .54 0.0 0.0 0.0 .7 3.8 10.9 321t.1 1.4 1.8 1t.5 2.98 32/t.5 4.6 154.8 66.1 49.ItN

ex> 39.6N 97.7w 23.5 b.v .56 0.0 (;.0 0.0 .7 3.8 70.Z 3Z~.6 1.1t 1.8 It./t Z.97 326.0 4.6 162.3 66.1 1t9.lth
~ 39.6N ':17.7" ., 7.J .53 0.0 0.0 0.0 .7 't.l 69.7 3Z4.7 1.4 1.8 4.2 2.97 325.1 4.7 162.2 66.1 49.ItH

Fi gure 16. Ionospheric parameters output. (METHOD=!)



""ETHiJO Z IJNCAP 78.03 PAGE z
JA~ 1970 $SN • 100.

8JULOER,COLORAOC TO ST. laUIS,~O. AZIMUTHS N. ~I.

40.03 N IJ5.30 W - 38~b7 N 9C.25 ~ 91.8~ 281.42 102.6
GMT· 19.J lMT· 12.5 LAT. 39.59 N 97.70 W DIST· 651.

K"
1301.1

651. K" GAUSSIAN. HP Fl IS PARABOLIC

FVERT HTRUE HPRI~

.01 70.00 70.00

.61 84.51 87.~O

1.22 88.52 94.00
1.82 93.00 98.68
2.12 94.26 100.20
2.42 95.71 102.65
2.71 97.68 107.15
3.01 100.27 113.74
3.31 104.22 125.25
3.42 107.19 140.45
3.63 175.03 272.40
3.72 176.60 265.11
3.81 178.21 260.71
3.91 179.87 258.30
4.00 181.93 260.03
4.09 184.04 261.31
4.19 186.55 267.24
4.28 189.39 212.40
4.37 193.16 286.66
4.47 198.69 315.63
4.56 205.70 317.23
5.54 209.98 254.92
6.53 215.~7 253.41
7.51 222.07 261.50
8.50 230.59 217.36
9.48 241.72 302.05

10.47 257.65 345.63
10.92 Z68.73 385.09
11.15 276.76 422.56
11.26 282.5' 457.29

+

+ 1
2
3
4
5
6
7
8
9

- 10
+ 11
- 12
- 13
- 14
- 15
- 16
- 17
- 18
- 19
- 20
+ 21
- 22
- 23
- 24
- 25
- 26
- 21
- 28
- 29
- 30

x

x

)(

x

x

x

~oo +

300 +

~IRTuAl HEIGHT - ~EfLECTION HEIGHT YS. SOUNDING FREQUENCY -HHZ-
2 4 6 8 10 12 14 16 18 20

+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----
bOO + E- 3.46 20.0 llJ.O

- FI- 4.51 51.~ 20585
- FZ-ll.·38 98.q 2Q~.4

- ES- 2.15 2.4Q 2.98 110.0

400 +
co
U'1

( xx
xx

:. x

x

20 i) of- +

x
)(

-UUUJUUJUUuUMLLL
100 + xx •• •• +

+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+----+--~
2 4 6 8 10 12 14 16 18 20

Fi gure 17. Ionogram output. (METHOD=2 )



METHOD 7 IONCAP 78.03 PAGE 3

JAN 1970 SSN • 100•
80ULDER,COl.O~ADO ra ST. L'OUIS ,MO. AZIMUTHS N. HI. K"
'to.03 ~, 105.30 ~ - 38.07 N QO.Z5 W 91.84 281.42 102.6 1301.1

ftCINI"UM A~GLE .0 DEGREES

ElA1ER/FZLAYER F1LAYERfE)/eSLAYER

GMT lMT FOT MUF HPF ANGLE VIRTL TRUE FVERT FOT MUf HPF ANGLE VIRTl TRue FVERT

8.0 1.0 2.2 2.5 2.8 7.9 125. 104. .b 2.2 2.5 2.8 7.9 125. 104. .6
6.& 8.0 10.1 27.1 387. 303. 4.2 4.3 ~.9 12.9 6.b 110. 110. 1.3

9.0 2.0 2.2 2.5 2.8 7.9 125. 104. .6 2.2 2.5 2.8 7.9 12'. 104. .6
6.5 8.0 9.4 27.5 3~3. 308. 4.3 4.0 5.7 12.0 6.6 110. 110. 1.2

10.0 3.0 2.3 2.6 3.0 7.9 125. 104. • 6 2.3 2.6 3.0 7.9 125. 104 • .6
5.9 1.2 8.5 28.1 404. 315. 3.9 3.7 5.5 11.4 6.6 110. 110. 1.2

11.0 4.0 2.8 3.2 3.6 7.9 125. 104. • 7 2.8 3.2 3.6 7.9 125 • 104. .1
5.0 6.1 7.2 28.6 412. 317. 3.4 3.ft 5.4 11.1 6.6 110. 110. 1.2

12.0 5.0 3.8 4.S 4.Q 7.9 125. 104. 1.0 3.8 4.3 4.9 7.9 125. 104. 1.0
, 4.'7 5.8 b." 28.4 41C. 309. 3.2 3.4 5.5 11.3 6.6 110. 110. 1.Z

13.0 b.O 5~4 6.1 6.9 7.9 125. 104. 1.4 '.4 6.1 6.9 " 7.9 125. 104. l.it
6.4 1.5 8.4 27.4 392. 290. 4.0 3.7 6.0 11.9 6.6 110. 110. 1.3

1't.0 7.0 7.3 8.4 9.4' 7.9 125. 104. 1.9 7.3 8.4 9.1t 7.9 125. 104. 1.9
9.5 11.2 12.b 25.8 367. 268. 5.7 4.3 7.0 12.8 b.6 110. 110. 1.5

15.0 8.0' 9.2 10.b 12.0 7.9 125. 104. 2.4 9.2 10.6 12.0 7.9 125. 104. 2.4
13.0 15.3 J.. 1. 1 24.7 350. 251.. 7.4 5.0 8.2 13.6 6.b 110. 110. 1.8

16.0 9.0 10.9 lZ.j 14.1 7.'9 125. 104. 2.8 10.9 1Z.5 14.1 7.9 125. 104. 2.8
15.3 18.0 ,~o .1 24.3 344. 244. 8.6 5.8 9.5 14.3 6.6 110. 110. 2.0

11.0 10.0 12.Z 13.9 ;'5.1 7.9 125. 104. 3~1 9.9 11.4 12.8' 17.7 2~9. 192. 1t.3
16.0 19.3 22.0 24,7 351. Z45. 9.4 &.6 10.6 14.6 6.6 110. 110. 2.3

18.J 11.0 12.8 14.7 16.6 7.9 125. 104. 3.3 9.4 10.8 12.2 19.2 271. 188. 4.3
17.5 ZO.4 23.2 25.1 35b. 246. 10.0 3.0 11.2 14.4 6.6 110. 110. 2.4

19.0 12.0 12.9 14.8 16.7 7.9 125. 104. 3.3 8.9 10.2 11.5 20.6 290. 189. 4.3
18.1 21.1 24.0 25.7 365. Z5Q. 10.5 8.5 11.1 13.8 6.6 110. 110. 2.4

20.0 13.0 lZ.~ 14.1 15. q 7.Q 125. 104. 3.1 12.3 11t.1 15.9 7.9 125. 104. 3.1
18.0 21. iJ 23.9 ' 2,6.2 373. zt:,"'! • 10.6 8.0 10.5 13.0 6.6 110. 110. 2.3

21.0 l4.J 10.9 12.5 14.1 7.9 125. .104. 2.8 10.9 12.5 14.1 7.9 125. 104. 2.8
17.1 20.6 23.5 26 • .1. 372. 268. 10.4 6.7 9.4 lZ.l 6.6 110. 110. 2.0

2Z.0 15.0 9.1 10.4 11.7 7.9 125. 104. 2.3 9.1 10.4 11.7 7.9 125. 101t. 2.3
17.1 19.9 22.1 25.8 368. 269. 10.0 5.0 8.2 11.4 6.6 110. 110. 1.8

23.J 16.0 7.0 a.l 9.1 7.9 125. lOit. 1.8 7.0 8.1 9.1 7.9 125. 104. 1.8
15.9 18.S 21.1 25.6 364. 269. 9.3 4.3 7.1 11.1 6.6 110. 110. 1.5

.0 17.0 5.1 5.9 b.6 7.9 125. 104. 1.3 5.1 5.9 6.6 7.9 125. 10tt. 1.3
14.0 10.3 L8.6 25.4 361. 271. 8.1 3.8 6.2 11.3 6.6 110. 110. 1.3

1.0 1e.o 3.7 4.2 4.8 1.Q 125. 104. .9 3.7 4.2 4.8 7.9 125. 104. .9
10.7 .1.3.b 17. It 25.5 362. 2.74. 6.8 3.5 5.7 11.9 6.6 110. 110. 1.2

z.o 19.0 2.8 3.2 3.b 7.9 125. 104. .7 2.8 3.2 3.6 7.9 125. 104. .1
8.9 11.3 .L4.4 25.7 366. 280. 5.7 4.0 5.5 12.7 b.6 110. 110. 1.Z

3.v 20.0 2.3 Z.6 2.9 7.9 125. lO~. .6 2.3 2.6 2.9 7.9 125. 104. .6
7.4 9.4 12.0 lb.1 372. Z88. 4.8 4.1 5.5 13.6 6.6 110. 110. 1.2

't.o 21.0 Z.l 2.4 2.7 7.9 125. 104. .5 2.1 2.4 2.7 1.9 125. lOit. .,
6.l 7.9 10.1 26.6 380. 296. 4.1 4.3 5.6 14.3 6.6 110. 110. 1.2

5.0 22.0 2.0 2.3 2.6 7.Q 125. 104. .5 z.o 2.3 2.6 7.9 125. lOit. .5
5.7 6.9 8.7 27.0 386. 302. 3.6 4.6 5.7 lit.5 b.6 110. 110. 1.2

6.0 23.;) 2.• 1 Z.1t 2.7 7.9 125. 104. .5 2.1 2.1t 2.1 1.9 125. 101t. .5
5.b 6.8 8.6 27.1 3aa. 304. 3.6 4.7 5.9 14.3 6.6 110. 110. 1.3

7.0 24.0 2.1 2.5 2.8 7.9 125. 104, .6 2.1 2.5 2.8 7.9 125. 104. .6
6.1 7.4 9.ft 27.0 367. 303. 3.9 4.6 5.9 13.8 6.6 110. 110. 1.3

Fi gure 18. MUF complete ,output table.
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METHOD 8 IONCAP 78.03 PAGE

JAN 1910 SSN • 100.
BOULOER.COLORAOO TO ST. lOUlS,MO. AZIMUTHS N. MI. KM
40.G3 N IJ5.30 W - 38.67 N 90.25 W 91.84 281.42 702.6 1301.1

MINIMUM ANGLE .0 DEGREES

:FOT( XXXX)

00 02 O~ 06 08 10 12 14 lb 18 20 22 00
MHZ+-+-+~+-+-+-+-+-+-+-~-+-+-+-+-+-+-+-+-+-+-+-+-+-+"HZ

40- -40

38- -38

36- -36 GI1T "UF FOT

34- -34 1.0 13.6 10.7
2.0 11.3 8.9

32- -32 3.0 q.4 7.4
4.0 7.9 6.2

30- -30 5.-0 6.9 5.7
6.0 6.6 5.b

.28- -28 7.0 7.4 6.1
8.0 8.0 6.b

26- -2b 9.0 e.o 6.5
10.0 7.2. 5.9

24- -Z4 11.0 b.1 5.0
12.0 5.8 ·It .7

22- -22 13.0 7.5 b.1t

• • • 14.0 11.2 9.5
20- • -20 15.0 :..5.3 13.0

• • 16.0 18.0 15.3
18- • X X X X -18 17.0 19.3 16.6

X X 18.0 20.4 17.5
lb- • X • -1& 19.0 21.1 18.1

• X 20.0 21.0 18.0
14- X • X -14 ,1.0 20.6 17.7

)( 22.0 19.9 17.1
12- -12 Z3.Q 18.5 15.9

X • • .0 16.3 IIt.O
lO- X -10

( •
J8- • • -08

X • • • X •
06- X X X X X X • • X -06

.( X
04- -04

02- -02
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UNllJERSAl TIME

Figure 19. MUF-FOT graph.
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JAN 1910 SSN • 100.

aOULDER,CQLORADO TO ST~ LOUIS,"O. AZI"UTH$ N, MI.
~O.O.3 N 10.~·•.30 W --38.b7 N ;9!O}.;:2:~5 Wi~ 91.8428'1.42 702.6

";I!~IM;U,," A~G,LE. ,;.0' DeGREES
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1301.1

,.:J Fe •••• ) FOTCXXAX) "HPf (++++)

00 02 O't On 08 10 12':.' lit 16 18 20 ·22 00
"HZ+-+-+-+--+-+-+-+-+-+-t-t-+.-+-+-+...+-+.-+-+-+-,+-+-+-+"H'l

It 0- -40

x ...)( • + ,,'.
06" ( X )()( • l,':,,; • X

10- • +

-38

-36 G"T MUF FOT 'M'F

--34 1.0 13.6 10.1 11.'
2.0 11.3 8.9 llt.1t

"32 3.0 9.ft 1.'1 12.0
't.o 7.9 6.2 10.1

-30 5.0 6.9 5.7 8.7
6.0 6.8 '.6 8.6

-28 7.0 1.1t 6.1 9.4
8.0 8.0 6.6 10.1

-26 9.0 8.0 6.' 9.,.
10.0 1.2 ,·5.9 8.'

+ + -21t 11.0 6.1 5.0 7.2
+ + • 12.0 '.8 1t.7 ••8

+ -22 13.0 7.' 6.,. 8.1t
• • • + 11t.0 11.2 9.5 12.6

+ • • -20 1'.0 1'.3 13.0 11.1
• • + .. 16.0 18.0 15,'3 20.1

• X X X X -18 17.0 19.3 16.6 22.0
t X X 18.0 20'.4 17.' '23.2

X • -16 ... 9.0 21.1 18.1 24.0
• X 20.0 21.0 18.0 2l.9

X -lit 21.0 20.6 17.1 23.5
+ x 22.0 19.9 17.1 22.1

-12 23.0 18.' 15.9 21.1
• .0 16.3 14.0 18.6
X -10

..08

:-06

-0"
-02..

+• • +•
x. + + + +

X'X
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ab~.
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38­

36~

31t~

1,2;\~:(+

_c.. ~..•"

08"

oz-

az­
lQ~

.3Z~,

30-'

za.;.'

MHZ+-+-+-+-+-+-t-.-+·+-+-+.-+-.....'.......C+-+-+-••+..+-...+-+"HZ
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Figu're20. MUF-FOT-HPF graph. .(METHOD=9)

88



"eTH.)D 10 tONCA' '8.03 'AGE fa

J'~ 1910 SS~ • 100.
6JULOea,COLORADO to ST. LOUIS,MO.. AII"lJTH$ M. "I. Kit
'to.03 N 1")5.30" -38.6'" 90',2'" '1",8', 281.,.2 102.6 1301.1

"INI~U" 'NOLl .0 DIGRe,S,

AMG•••••»

00 02 \lit of» 08 10 lZ lit 16 18,20 22, 00"HZ+--+-+..+-••+-.•••-+-+- - •••",.. t
~O-- .40..
38-- "18

.- ..
36-- -36 'NT "UF FOT ANG

•
31t~: ·~It 1.0 13.6 10.1 25.5.' 2.0 11,.1 8.9 2".7
32~ "32 3.0 9.4 1.4 2'6.1

• 4.0 7.9 6.2 26.6
~O~ -30 ~.o 6.9 5.7 21.0

• ~ 6.0 6.8 5.6 27.1
~~~ t' • ·28 7.0 7.1t 6.1 21.0

+ • + • • + .' - e.o 8.0 6.6 21.1
26~ + • • • • • • + --26 9.0 8,.0 6., 27.'

~ + + • • • + - 10.0 11,2 ',9 28.1
ZIt- • -24 11,0 61,1 5.0 28,6.. .- 12.0 ',8 it.7 28."
Z~~ -22 13.0 1.' 6•• ·27.1t

• • • • llt.O 11.2 9.' 25••
~Q~ • • -20 1,.0 1'.3 13.0 24.7

• .. 16.0 18.0 15.3 '2 •• 3
le- • ••• X -18 11.0 191,3 16.6 21t.1

p,

'. X 18.0 20." 17.' 2".1
16-e • X • -16 19.0 21.1 18.1 2'_"'1

• )( - 20.0 21.0 18.0 26.2
l't~ X • X -1. 21.0 20.6 1,".1 "26'.'1

• • 22.0 19.9 17.1 2'.8
li~ -12 23.0 18.' 15.9 2"~"6'.. X • • .0 16.3 14.0 2'.,.
10": X -10

X •
08-- • • • • ~O8

X • • • • •
06- 1 X •• X X ., .' X "06

• •04";' '-Olt-02" -02-
P1H Z+--. -+-+-.-....+-+-.--+-.-+-.-.-.-.-•.•.•-.-+-.,"+-."+"HZ

00 02 O. 06 08 10 lal~ 16 11 20'22 00
UNIveRSAL. TIME

.F1~ure21. MUf'-fOT·ANG graph.
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METHQO 11 IOHeAP 78.03 PAGE 1

JAN 1970 SSN • 100.
aOUlOER,COLORADO TO ST. lOUIS, MO. AZl"UTHS N. KI. KM
40.03N 105.30 W - "38.67 N 90.25 \II 91.84 281.42 702.6 1301.1

"INIHUM ANGLE .0 DEGREES

FOT(XXXX) ESMUF(++++)

00 02 04 Ob 08 10 12 14 16 18 20 22 00
MHZ+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+~+-+-+-+-+-+-+-+-+~HZ

40- -~o

38- -38

36- -36 G!fT MUf FDT ESftUF

34- -34 1.0 13.6 10.7 '.1
2.0 11.3 8.9 5.5

32- -32 3.0 ·9. ,. 7.1t 5.5
4.0 1.9 6.2 5.6

30- -30 s.o 6.9 5.7 5.7
6.0 6.8 5.6 5.9

28- -28 7.0 7.4 6.1 5.q
s.o 8.0 b.b 5.9

26- ..26 9.0 8.0 6.5 5.7
10.0 1.2 5.9 5.5

24- -21t 11.0 6.1 ~.o 5.4
12.0 5.8 1t.7 5.5

22- -22 13.0 7.5 6.lt 6.0

• • • 14.0 11.2 9.5 1.0
20- • • -20 15.0 .15.3 13.0 8.2

• • 16.0 18.0 15.3 9.5
18~ • X X X x· -18, 17.0 19.3 16.6 10.6

)( .x 18.0 ZO.1t 17.5 11.2
16- • X • -16 19.0 21.1 18.1 11.1

• X 20.0 21.0 18.0 10.5
14- X • X -ilt 21.0 20.6 17.7 9.4

X 22.0 19.9 17.1 8.2
12- -12 23.0 18.~ 15.9 1.1

X • • + + + .0 16.3 14.0 6.2
lO- X + + -10

X • +
J8- • • + + -08

X • • • X • + +
06- + + + + + + + + + • + + + -06

+ + +. X
04- -04

02- -02

MHZ+-+-+-t-+-+-t-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+MH l
00 CZ O~ 00 08 10 12 14 16 18 20 22 00

UNI"~·EaSAl TI'1E

Figure 22. MUF-FOT-Es MUF graph.
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Mf;THfJO 15 IONCAP 78.03 PAGE 8

ITS- 1 ANTE~~A PACKAGE ANTENNA PATTERN
FREQJENCY RA~GE 4NTENNA TYPE "iEIGtofT LENGTH A~GlE AZI~UTH EX(1) EX(Z) EX(3) EXllt) CONDUCT. DIELECT.

2.0 TO 30.0 Veq 110NJi»OLE 0.000 -.500 0.000 0.000 0.000 0.000 0.000 0.000 .001 1t.000
2 3 4 5 6 7 6 9 10 11 12 13 lit 16 18 20 22 21t 26 28 30

90 -50.) -50.J -50.0 -5~.u -50.0 -50.0 -50.0 -50.,0 -jO.O -50.0 -50.0 -50.0 -50.0 -50.0 -50.0 -50.0 -50.0 -50.0 -'0.0 -50.0 -50.0 90
ad -36.5 -35.5 -35.0 -34.7 -34.5 -34.4 -34.3 -34.2 -34.l -3~.1 -34.1 -31t.1 -34.1 -34.0 -34.0 -31t.0 -34.0 -34.0 -34.0 -34.0 -34.0 88
86 -30.5 -29.5 -29.0 -28.7 -28.5 -2~.4 -28.3 -28.2 -28.2 -28.1 -28.1 -28.1 -28.0 -28.0 -28.0 -28.0 -28.0 -28.0 -28.0 -28.0 -27.q 86
84 -27.0 -20.0 -25.5 -25.2 -25.0 -24.8 -24.8 -24.7 -24.6 -24.& -24.6 -24.5 -'24.5 -Z4.5 -21t.5 -2~.5 -24.1t -24.4 -24.1t -24.1t -ZIt.1t 81t
82 -2~.b -23.~ -23.0 -Z2.1 -22.5 -22.4 -22.3 -?2.2 -22.1 -Z2.1 ~ZZ.l -22~0 -22.0 -22.~ -22.0 -21.9 -21.9 -21.9 -21.9 -21.9 -21.9 82
80 -22.1 -21.1 -21.1 -20.8 -20.6 -2J.4 -2v.3 -20.2 -20.Z -20.1 -20.1 -20.1 -ZO.l -20.0 -20.0 -20.0 -20.0 -20.0 -19.9 -19.9 -19.9 80
73 -21.2 -20.2 -1q.6 -19.2 -19.0 -18.8 -18.7 -ld.7 ~18.6 -18.5' -18.5 -18.5 -18.5 -18.1t -18.~ -18.1t -18.1t -18.3 -18.3 -18.3 -18.3 78
16 -20.0 ~18.9 -18.3 -17.9 -17.7 -17.5 -17.4 -17.3 -17.Z -17.2 -17.1 -17.1 -17.1 -17.0 -17.0 -17.0 -17.0 -17.0 -17.0 -16.9 -16.9 76
74 -la.~ ~17.8 -17.1 -16.8 -16.5 -lb.3 -1b.2 -16.1 -lb.1 -16.0 -16.0 -15.9 -15.9 -15.8 -15.8 -1~.8 -15.8 -15.8 -15.7 -15.7 -15~7 71t
12 -18~O -16.6 -16.1 -15.1 -15.5 -15.3 -15.2 -15.1 -15.0 -1\.9 -11t.9 -14.9 -11t.8 ~14.8 -14.7 -1~.7 -1~.7 -14.7 -11t.7 -11t.6 -11t.6 72

E 70 -17.2 -15.~ -15.2 -14.8 -14.5 -14.4 -14.2 -14.1 -14.0 -11t.0 -13.9 -13.9 -13.8 -13.8 -13.8 -13.7 -13.7 -13.7 -13.7 -13.6 -13.6 70
l bod -lb.4 -15.1 -14.4 -L4.0 -13.7 -13.5 -13.3 -13.2 -13.1 -13.1 -13.0 -13.0 -12.9 -12.9 -12.8 -12.8 -ll.8 -12.8 -"12.7 -12.7 -12.1 68
E 60 -15.7 -1~.4 -13.6 -l3.2 -12.9 -12.1 -12.5 -12.4 -12.3 -12.2 -i2.Z -12.1 -12.1 -12.0 -12.0 -11.9 -11.9 -11.9 -11.9 -11.9 -11.8 66
V b4 -15.0 -13.6 -12.9 -12.4 ·-12.1 -11.9 -11.7 -11.6 -11.5 -11.~ -11.4 -11.3 -11.3 -11.2 -11.2 -11.1 -11.1 -11.1 -11.1 -11.0 -11.0 61t
A 62 -14.3 -12.9 -1Z.2 -11.7 -tl.4 -11.2 -11.0 -10.9 -10.8 -10.7 -10.6 -lOe6 -10.5 -10.5 -lO.~ -lO.~ -10.3 -10.3 -10.3 -10.3 -10.2 62
T oJ -13.6 -12.2 -11.~ -ll..O -10.7 -10.1t -10.3 -.L0.1 -10.0. -10.0 -9.9 -9.8 -9.8 -9.7 -9.7 -9.6 -9.6 -9.5 -9.5 -9.5 -9.5 60
I 5d -12.8 -ll.~ -10.8 -~O.3 -10.0 -9.7 -9.b -9.4 -9.3 -9.2 -9.2 -9.1 -9.1 -9.0 -8.9 -8.9 -8.8 -8.8 -8.8 -8.8 -8.7 '8
J 5~ -12.1 -10.9 -lJ.l -9.6 -9.3 -9.u -8.9 -8.7 -8.6 -8.5 -8.5 -8.4 -8.4 -8.3 -8.2 -8.2 -8.1 -8.1 -8.1 -8.1 -8.0 56
N 5~ -11.3 -10.2 -9.~ -6.9 -~.6 -8.4 -8.2 -8.1 -13.0 -1.9 -7.8 -1.7 -7.7 -7.6 -7.5 -7.5 -7.5 -7.tt -7.4 -7.1t -7.3 51t

52 -lO.b -9.5 -b.S -8.3 -8.0 -7.7 -7.5 -7.4 -7.3 -7.2 -1.1 -1.1 -7.0 -6.9 -6.9 -6.8 -6.8 -6.8 -6.7 -6.7 -6 •.7 52
A 5J -Q.B -8.8 -d.l -1.6 -1.3 -7.1 -6.9 -6.8 -6.0 -6.6 -b.' -b.It -6.It -6.3 -6.2 -6.2 -6.1 -6.1 -6.1 -6.0 -6.0 50
N 4d -9.J -8.~ -7.4 -l.v -6.7 -6.~ -b.3 -6.1 -6.0 -5.9 -5.9 -5.8 -5.1 -5.7 -5.6 -5.5 -5.5 -5.'5 -5.4 -5.1t -'.It Its
G ft6 -8.2. -7.ft -6.8 -n.3 -b.O -5.8 -5.6 -5.5 -5.4 -5.3 -5.3 -5.2 -5.1 -5.1 -5.0 -4.9 -4.9 -1t.9 ~4.8 -4.8 -4.8 46
l 44 -7./t -6.7 -6.l -5.7 -5.ft -5.2 -5.1 -4.9 -4.8 -4.7 -4.7 -".6 -4.6 -4.5 -4.1t -4.4 -4.3 -~.3 -1t.3 -4.2 -4.2 Itlt
E 42 -6.7 -6.0 -5.5 -5.1 -4.e; -4.1 -4.5 -4.4 -4.3 -4.2 -4.1 -4.1 -1t.0 -3.9 -3.9 -3.8 -3.8 -3.7 -3.7 -3.7 -3.7 42

40 -6.0 -5.4 -4.9 -4.b -4.3 -4.1 -4.0 -3.8 -3.7 -3.7 -3.6 -3.5 -3.5 -3.4 -3.4 -3.3 -3.3 -3.2 -3.2 -3.2 -3.2 40

\.0
I 3d -5.3 -4.8 -4.4 -~.l -3.8 -3.6 -3.5 -3.3 -3.2 -3.2 -3.1 -3.1 -3.0 -2.9 -2.9 -2.8 -2.8 -2.8 -2.7 -2.7 -2.7 38

...... N 36 -4.7 -4.3 -3.9 -3.0 -3.3 -3.1 ~3.0 -2.9 -1.8 -2.1 -2.7 -2.6 -2.6 -2.5 -2.1t -2.4 -2.3 -2.3 -2.3 -2.3 -2.2 36
34 -4.1 -3.8 -3.4 -3.1 -2.9 -2.7 -2.6 -2.5 -2.4 -2.3 -2.2 -2.2 -2.1 -2.1 -2.0 -2.0 -1.9 -1.9 -1.9 -1.9 -1.8 34

032 -3.6 -3.3 -3.0 -l.7 -2.5 -2.3 -2.2 -2.1 -2.0 -1.9 -1.9 -1.8 -1.8 -1.7 -1.7 -1.6 -1.6 -1.6 -1.5 -1.5 -1.5 32
E 3J -3.1 -2.~ -~.6 -2.4 -2.2 -2.0 -1.9 -1.8 -1.1 -1.6 -1.6 -1.5 -1.5 -1.1t -1.4 -1.3 -1.3 -1.3 -1.2 -1.2 -1.2 30
G 28 -2.7 -2.6 -2.3 -2.1 -1.9 -1.7 -1.6 -1.5 -l.4 -1.4 -.L.3 -1.3 -1.2 -1.2 -1.1 -1.1 -1.0 -1.0 -1.0 -1.0 -.9 28
~ 26 -2.4 -2.3 -2.1 -1.9 -1.7 -1.5 -1.4 -1.3 -1.2 -l.l -1.1 -1.1 -1.0 -1.0 -.9 -.9 -.9 -.8 -.8 -.8 -.8 26
E 24 -l.t -2.i -1.9 -.~. 7 -1.5 -1.4 -1.3 -1.2 -1.1 -1.1 -1.0 -1.0 -.9 -.9 -.8 -.8 -.7 -.7 -.7 -.7 -.7 21t
f 22 -2.0 -2.\; -1.8 -1.6 -1.5 -1.3 -1.2 -1.1 -1.1 -1.0 -1.0 -.9 -.9 -.8 -.8 -.7 -.7 -.7 -.7 -.6 -.6 22
S 20 -l.Q -2.0 -1.8 -i.6 -1.5 -1.4 -1.3 -1.2 -1.1 -1.1 -1.0 -1.0 -.9 -.9 -.8 -.8 -.8 -.7 -.7 -.7 -.7 20

16 -1.9 -2.0 -l.9 -1.8 -1.6 -1.5 -1.4 -1.3 -1.3 -1.l -l.Z -1.1 -1.1 -1.0 -1.0 -.9 -.9 -.9 -.9 -.8 -.8 18
16 -2.1. -2.2 -2.1 -2.0 -1.9 -1.8 -1.7 -1.6 -1.5 -1.5 -1.4 -1.4 -1." -1.3 -1.3 -1.2 -1.2 -1.2 -1.1 -1.1 -1.1 16
14 -l.it -2.6 -2.5 -l.ft -2.3 -Z.Z -2.1 -2.0 -2.0 -1.9 -1.9 -1.8 -1.8 -1.7 -1.7 -1.7 -1.6 -1.6 -1.6 -1.6 -1.5 lit
12 -2.9 -3.1 -3.1 -3.0 -2.9 -Z.d -2.7 -2.6 -2.6 -Z.5 -2.5 -Z.1t -Z.4 -2.4 -2.3 -2.3 -2.2 -2.2 -2.2 -2.2 -2.2 12

·11) -3.6 ~4.0 -3.9 -3.9 -3.8 -3.1 -3.b -3.5 -3.4 ~3.4 -3.4 -3.3 -3.3 -3.2 -3.2 -3.2 -3.1 -3.1 -3.1 -3.1 -3.1 10
8 -4.1 -5.1 -5.2 -5.1 -5.0 -4.9 -4.8 -4.• 7 -4.7 -1t.6 -4.6 -4.6 -4.5 -1t.5 -4.4 -4.4 -It. It -it.1t -1t.3 -4.3 -1t.3 8
b -0.'+ -6.~ -~.9 -6.9. -6.8 -6.7 -6.6 -6.5 -6.5 -6.4 -6.4 -b.it -6.3 -6.3 -6.2 -6.2 -6.2 -6.2 -6.1 -6.1 -6.1 6
It -9.1 -9.6 -q.7 -9.7 -9.6 -9.5 -9.1t -9.4 -9.3 -9.3 -9.l -9.2 -9.2 -9.1 -9.1 -9.0 -9.0 -9.0 -9.0 -9.0 -8.9 4
2 -14.) -,14.9 -15.0 -15.0 -14.q -l~.a -14.8 -14.7 -14.7 -14.6 -11t.6 -14.5 -14.5 -11t.5 -llt.it -14.4 -14.4 -14.3 -14.3 -11t.3 -14.3 2
o -50.0 -50.0 -50.0 -50.0 -50.' -50.0 -50.0 -50.0 -50.0 -50.0 -50.0 -50.0 -50.0 -50.0 -50.9 -50.0 -50.0 -50.0 -50.0 -50.0 -50.0 0

2 3 4 5 6 7 8. q 10 11 12 13 14 16 18 20 22 21t 26 28 30

FREQUENCY IN "EGAHERTl

ANTENNA EFFICIENCY
0.0 0.0 0.0 O.J 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 3 4 ~ 6 7 8 9 10 11 12 13 lit 16 18 20 22 2~ 26 28 30

f~eQUENCY IN "£GAHERTZ

Fi gure 23. Transmitter antenna pattern. (METHOD=15 )



fltcTH]D 15 IONCAP 78.03 PAGE 9

ITS- 1 'NTEN~' PACK4GE AHTEN~A PATTER~

FREQUENCY ~A~GE ANftNNA lYPE HEIGHT lENGT'i ANGLE AZIMUTH EK(1) EXCZ) EX(3) EXCIt) CONDUCT. DIELECT.
l.O TJ 30.0 VE~ ~O~uPQlE o.ooe -.250 0.000 0.000 0.000 0.000 0.000 0.000 .001 It.OOO

2 3 ,.
~ b 7 8 9 10 11 12 13 lit 16 "..8 20 22 24 Z6 Z8 ' 30

90 -50.6 -50.~ -50.6 -50.b -50.6 -50.b -50.6 -50.6 -50~6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50~6 -50.6 -50.6 -50.6 -50.6 -50.6 90
ad -29.7 -30.0 -30.~ -~j.2 -30.2 -30.2 -30.2 -30.2.-30.2 -30.1 -30~1 -30.1 -30.1 -30.0 -30.0 -30.0 -3Q.0 -30.0 -30.0 -29.9 -Z9.9 81
86 -23.0 -l4.J -24.~ -Z4.2 -24.2 -24.2 -24.Z -24.2 -Z4.1 -24.1 -24.1 -Zlt.l -24.1 -24.0 -24.0 -24.0 -2~.O -23.9 -23.9 -Z3.9 -23.9 86
84 -20.1 -lO.4 -2J.6 -2J.l -20.7 -20.7 -20.7 -20.6 -20.b -20.6 -20.b -20.6 -20.5 -ZO.5 -ZO.5 -20.5 -20.4 -20.4 -20.4 -ZO.4 -ZO.4 81t
82 -17.6 -13.0 -ld.l -19.2 -18.2 -18.2 -1a.2 -18.1 -18.1 -18.1 -18.1 -18.1 -18.0 -18.0 -18.0 -18.0 -17.9 -17.9 -17.9 -17.9 -17.9 82
80 -15.7 -~b.J -10.2 -16.l -16.2 -lb.Z -16.2 -16.2 -16.2 -16.2 -16.1 -16.1 -16.1 -16.1 -16.1 -16.0 -16.0 -16.0 -16.0 -16.0 -16.0 80
78 -14.l· ~14.4 -14.b -14.1 -14.7 -14.1 -14.6 -14.6 -14.6 ~14.6 -1~.6 -14.6 -14.5 -14.5 -14.5 -14.5 -14.1t -14.4 -14.4 -14.~ -14.4 78
76 -12.3 ~13.1 -13.3 -13.3 -13.3 -13.3 -13.3 -13.3 -13.3 -13.3 -13.2 -13.Z -13.2 -13.2 -13.2 -13.1 -13.1 -13.1 -13.1 -13.1 -13.1 76
74 -ll.6 -11.9 -~Z.l -12.2 -12.2 -12.2 -12.2 -12.1 -12.1 -lZ.l -12.1 -12.1 -12.1 -12.0 -12.0 -12.0 -12.0 -11.9 -11.9 -11.9 -11.9 71t
7Z -1D.6 -10.9 -li.1 -11.2 -11.2 -11.2 -ll.Z -11.1 -11.1 -11.1 -11.1 -11.1 -11.0 -11.0 -11.0 -11.0 -11.0 -10.9 -10.9 -10.9 -10.9 72

e 70 -q.7 -lO.~ -10.2 -l~.j -10.3 -10.3 -10.3 -10.2 -10.2 -10.2 -10.2 -10.2 -10.1 -10.1 -10.1 -10.1 -10.1 -10.0 -10.0 -10.0 -10.0 70
l btl -8.9 -9.2 -q.4 -q.4 -9.5 -9.5 -9.4 -9.4 -9.4 -9.4 -9.4 -9.4 -9.3 -9.3 -9.3 -9.3 -9.2 -9.2 -9.2 -9.2 -9.2 68
E 66 -8.1 -8.5 -8.6 -8.7 -8.7 -6.7 -e.7 -8.7 -8.7 -8.7 -8.6 -8.6 -8.6 -8.6 -8.,6 -8.5 -8.5 -8.5 -8.5 -8.5 -8.5 66
V 64 -7.4 -7.8 -6.;) -:3.0 -d.C -8.0 -s.o -8.0 -8.0 -8.0 -8.0 -1.9 -7.9 -7.9 -7.9 -7.9 -7.• 8 -7.8 -7.8 -7.8 -7.8 61t
A 62 -6.8 -7.2 -7.3 -7.4 -7.4 -7.'t -7.4 -1.4 -7.4 -7.4 -7." -7.3 -7.3 -7.3 -7.3 -7.3 -7.2 -7.2 -7.2 -7.2 -7.2 6Z
T 60 -6.2 -6.b -6.8 -0.8 -b.9 -6.9 -6.9 -6.8 -6.8 -6.8 -6.8 -6.8 -6.8 -6.7 -6.7 -6.7 -6.7 -6.7 -6.6 -6.6 -6.6 60
I 5d -5.7 -6.1 -6.3 -6.3 -6.3 -6.3 -6.3 -6.3 -6.3 -6.3 -6.3 -b.3 -b.l -6.2 -6.2 -6.2 -6.Z -6.1 -6.1 -6.1 -6.1 58
o 56 -5.2 -S.6 -5.8 -5.8 -5.9 -5.'1 -5.9 -5.8 -5.8 -5.8 -3.a -5.d -.5.8 -5.7 -5.7 -5.7 -5.7 -5.7 -5.7 -5.6 -5.b 56
N 54 -4.& -5 • .2 -5.3 -5 ... -5.4 -!).4 -5.it -5.4 -5." -5.1t -5.4 -5.3 -5.3 -5.3 -5.3 -5.3 -5.2 -5.2 -5.2 -5.2 -5.2 54

52 -4.4 -4.7 -4.q -5.0 -5.C -5.0 -5.0 -5.0 -5.0 -5.0 -s.o -4.9 -'t.9 -4.9 -It.9 -4.9 -4.8 -4.8 -'t.8 -4.8 -4.8 52
A 50 -4.0 -'t.4 -it.5 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -'t.6 -4.6 -4.5 -4.5 -4.5 -,..5 -4.5 -It.5 -4.4 -4.4 50
N ltd -3.b -4.0 --'t.2 -4.3 -4.3 -It.3 -it.3 -4.3 -4.3 -4.3 -4.Z -it.Z -4.2 -4.2 -4.2 -4.2 -4.1 -'t.l -It.1 -It.1 -1t.1 Its
G 't6 -3.3 -3.7 -3.9 -'t.o -4.0 -4.0 -4.0 -4.0 -4.0 -".0 -3.~ -3.9 -3.9 -3.9 -3.9 -3.9 -3.8 -].8 -3.8 -3.8 -3.8 46
L 'tit -3.0 -3.4 -3.6 -3.1 -3.7 -3.7 -3.7 -3.7 -3.7 -3.7 -3·.7 -3.7 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.5 -3.5 4'1
E 42 -2.1 -3.Z -3.4 -3.'t -3.5 -3.5 -3.5 -3.5 -3.5 -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3 42

40 -2.5 -2.~ -3.1 -3.2 -3.3 -3.3 -3.3 -3.3 -3.7- -3.2 -3.2 -3.2 -3.2 -3.2 -3.2 -3.1 -3.1 -3.1 -3.1 -3.1 -3.1 40
\.0 I 3'3 -Z.3 -2.8 -3.0 -3.0 -3.1 -3.1 -3.1 -3.1 -3.1 -3.1 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -2.9 -Z.9 -Z.9 -2.9 38N

N 30 -2.1 -2.0 -Z.d -2.9 -2.9 -2.9 -2.9 -2.q -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.d -2.8 -Z.8 -2.8 -2.8 -Z.8 -2.8 36
34 -2.0 -2.:5 -Z.7 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.e -2.7 -2..7 -2.7 -2.7 -2.7 -Z.7 -2.7 -2.7 3,.

o 32 -l.q' -2.4 -2.6 -2.7 -2.7 -2.8 -2.8 -2.8 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -2.6 -2.b -2.6 -2.6 -Z.6 -2.6 32
E 30 -1.8 -2.3 -2.0 -2.1 -2.1 -2.7 -2.7 -2.7 -2..7 -2.7 -2.7 -l.7 -2.7 -2.6 -2.6 -2.b -2.6 -Z.6 -2.6 -2.6 -Z.6 30
G 28 -1.8 -2.3 -2.6 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -2.1 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6 28
~ 26 -l.d -2.4 -2.6 -2.7 -2.8 -2.8 -2.8 -2.8 -2.'8 -2.8 -2.8 -2.8 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7 -Z.7 26
E 24 -1.9 -2.5 -2.7 -2.9 -Z.9 -2.9 °-2.41 -2.q -2.9 -2.9 -2.9 -2.9 -2.9 -2.8 -2.8 -Z.8 -2.8 -Z.8 -2.8 -2.8 -2.8 21t
E 2Z -Z.tJ -l.6 -2.9 -3.0 -3.1 -3.1 -3.1 -3.1 -3.1 -3.1 -3.1 -3.1 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 22
S lJ -2.2- -2.9 -3.1 -3.3 -3.3 -3.3 -3.4 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3 -3.2 -3.2 -3.Z -3.2 -3.2 ZO

13 -2.5 -3.2 -3.5 -3.0 -3.1 -3.7 -3.7 -].7 -3.1 -3.7 -3.7 -3.7 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 18
It> -2.9 -3.6 -3.9 -4.0 -4.1 -4.1 -4.1 -4.1 -4.1 -4.1 -4.1 -It.l -4.1 -'t.l -4.1 -4.0 -/t.0 -4.0 -4.0 -4.0 -4.0 16
14 -3.ft -4.1 -4.5 -it.6 -4.7 -4.7 -4.1 -4.7 -It.7 -It.7 -4.7 -4.7 -4.7 -4.7 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 lit
,12 -4.1 -4.8 -5.2 -5.3 -5.1t -5.5 -5.5 -5.5 -5.5 -5.5 -5.4 -5." -~.It -5." -5.4 -5.'t -5.4 -5.It -5.4 -5.~ -5.3 12
10 -5.0 -5.8 -b.l -6.3 -6.4 -6.4 -6.4 -6.5 -6.• 4 -6.4 -6.4 -6.It -6." -6.4 -6.4 -6.4 -6.4 -6.1t -6.3 -6.3 -6.3 10
~ -6.2 -7.1 -7.5 -7.6 -7.1 -7.8 -7.~ -7'.8 -7.8 -7.8 -7.a -7.8 -7.7 -7.7 -7.7 -7.7 -7.7 -7.7 -7.7 -7.7 -7.7 8
b -8.0 -~.9 -9.3 -~.5 -9.6, -9.6 -9.1 -9.7 -9.7 -9.7 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6 6
4 -10.7 -11.7 -12.2 -12.4 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -1Z.5 -12.5 -12.5 -12.5 -12.4 -12.4 4
2 -lb.) -17.0 -11.5 -17.7 -17.e -17.9 -17.q -11.9 -17.9 -17.9 -17.9 -17.9 -17.9 -17.9 -17.9 -17.8 -17~8 -17.8 -17.8 -17~8 -17.8 Z
J -50.6 -50.6 -5J.6 -50.0 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 0

2 3 4 5 6 7 8 q 10 11 12 13 14 16 18 20 22 21t 26 Z8 30

f~EQUE~CY IN "EGAHERTZ

ANTENNA EFfICIENCY
-.b -.b -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6

2 3 4 , 0 7 e 9 10 11 12 13 14 16 18 20 22 Zit 26 28 30

fREOUE~CY IN MEGAHERT£

Fi gure 24. Receiver-antenna pattern. (METHOD=15)



METHOD 16 IONCAP 78.03 PAGE 10

JAN 1970 SSN • 100 •
BJUlDER,COLORAOO TO ST. lOUIS,f10. AZIMUTHS N. MI. KH
40.03 N 105.30 If - 38.67 N 90.25 W 91.84 281.42 702.6 1301.1

MINIMUM ANGLE .0 DEGREES
I'TS- 1 AN'TENNA PAC KAGE
XHTR 2.0 Ta 30.0 lIER, MO~OPOLe H 0.00 l -.50 A 0.0 OFF Al 0.0
RCVR 2.0 'fa 30.C iER MJNOPOlE H 0.00 l -.25 • 0.0 OFF Al 0.0
POwER :I 30.000 KW 3 :;1 HZ NOISE • -150.0 D8W REQ. REL a .90 REQ. SNR • 55.0
MULTIPATH ;lOwER TulE RA}iCE • 10.0 DB MULTIPATH DELAY TOLERANCE • .850 "$

Of ,.,UF

19.0 21.1 Z.O :3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
If2 1 E 1 = lES Z FZ If2 IF2 IF2 lF2 IF2 IF2 IF2 MODe

25.'7 4.0 4.3 6.6 3Q.6 22.8 20.0 18.2 18.5 20.,1 25.7 25.7 ANGLE
5.1 4.4 't.lt 4.4 5.9 4.9 4.8 't.7 1t.8 1t.8 5.1 5.1 DELAY

305. 80. 85. 110. 290. 321. 281. 257. 261. 283. 365. 365. V HIrE
.50 1.00 1.0t) 1.00 1.00 1.00 1.0·0 1.00 .94 .68 .04 .00 F DAYS

140. 234. 229. 183. 161. 13Q. 137. 136. 135. 135. 162. 214. LOSS
41. -56. -57. -8. lb. 39. 41. 41t. 45. 48. ll. -29. DBU
-95 -189 -J,83 -131 -114 -90 -90 -89 -90 -88 -117 -168 S D8W

-173 -145 -150 -150 -161 -164 -165 -167 -170 -172 -175 -178 N DB.
78. -'t4. -34. lQ. 47. 73. 74. 17. 80. 84. 59. Q. SNR
-6. 1)6. 9b. 44. 16. -9. -1·2. -14. -18. -19. 22. 72. RPWRG
.95 .00 .00 .OJ .14 1.00 1.00 1.00 1.00 1.00 .57 .01 REL
.00 .00 .00 .0<) .0.1 .00 .00 .00 .00 .00 .00 .00 "PR08

7.0 7.4 z.o 3.0 5.') 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
lF2 lF2 IF2 lF2 lF2 lF2 lES lES lFZ lFZ lF2 lF2 "ODE

25.9 21 .4 19.8 20.-0 27.0 27.0 b.b 6,6 27.0 27.0 27.0 27.0 ANGLE
5.1 4.9 4.8 4.1 5.2 5.2 4.4 4.4 5. Z 5.2 5.2 5.2 DELAY

368. 301. 278. 282. 38 '7. 387. 110. 110. 387. 387. 387. 387. V HITE
.50 1.00 1.00 .Q9 .47 .05 .14 .07 .00 .00 .00 ' .00 F DAYS

123. 120. 119. 118. 125. 146. loa. 192. 224. 225. 227. 229. 1..0SS
53. 't6. 47. 52. 47. 31. 15. -1. -45. -It5. -45. -1t5. 08U
-73 -72 -72 -7l -79 -100 -122 -147 -178 -180 -182 -184, S DBW

-15'1 -140 -145 -151 -151 -163 -167 -lb9 -171 -173 -175 -178 N DBW
83. 68. 72. 78,. 77. 62. 44. 23. -8. -8t1 -7. -6. SNR

-17. -5. -10. -17. -10. q. 25. 57. 70. 70. 69. 68. RPWRG
1.00 .98 1.00 1.00 .99 .71 .30 .06 .00 .00 .00 .00 REL

.Ou • 78 .94 .00 .00 .00 .00 .00 .00 .00 .00 .00 I1PROB

Fi gure 25. System performance.
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METHOD 17 IONCAP 78.03 PAGE 11

UT MUF

19. 0 21 .1 Z.o 3.0 5.' 7."; 10.0 12. 5 15,.0 17. 5 20. 0 25 .0 30.0 FREQ
lF2 lE 1 E Ies ZFZ If2 lFZ lF2 IF 2 lF2 lF2 lFZ MODE

Z5 •7 it.O 4.3 '6.0 39.6~ 22.8 20.0 .18.2 1 ~.5 20. 1 25 .1 25.7 ANGLE
•50 1.00 1 .00 l~OO 1.00 1 •00 1.00 1.00 .'94 •68 .04 .00 F DAYS
it 1. -fro. -57. ~8~ ,16'·~ 39. "1, 'tit. 45 • 48. 2 l~ -29. DBa
78. -44. -34. 19. 47', 7a. 74. 77. 80 , 84. 59. 9. SNR
•95 • 00 .00 .o~ •14 1.00 1,.00 1.00. 1 .00 1. 00 .57 .01 REl

7. 0 7.4 z.o 3. 0 5.» 7.5 10.,0 12. 5 15,.0 17. 5 20.0 25.0 30.0 FREQ
lF2 lFZ If 2 IFl lF2 IFZ lEi le.S lFZ lF2 lF2 lF2 P10DE

2 5.9 21.4 19. a 20. :) 27.0 2"7.0 6. 6 6.0 27.0 27.0 27.,0 21.0 ANGLE
•5" 1.00 1.O\> .qq ,.47 .os .14 .,07 ~oo .00 •00 .00 ,F DAYS
5 3. 46. 47. 52~. 47, 31. 15. -1. -45 • -45. -itS • -45. DBU
83. 68. '12.. 7a. 7'7. 62. 44 • 23. -8 • --8. -7. -6 • SNR

1 • 00 .98 l·~····OO 1 .'00 .99 •71 •3,0 .06 .oe .00 .00 .00 RE'l

Condensed system performance~

reliabilities.
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Figure 27. Condensed system performance,
·se r~ri ce probabi 1i ty •
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METHOD 19 IONCAP 78.03 PAGE 13

JAfi 1970 SSM • 100•
BJUlO ER, COL OR,ADO TO ST. LOUIS, MO. AZI"UTHS N. MI. KM
40.03 N 105.30 W - 38.67 N 90.25 W 91.84 281.42 102.6 1301.1

MINIMUM AriGLE .0 OEGReeS

uT MUf

19.0 21.1 z.o 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FReQ
IF2 1 E 1 e lES ZF2 IF2 IF2 lFZ lF2 lF2 lF2 lF2 "DOE

25.7 't.o 4.5 6.6 39.6 22.8 20.0 la.2 18.5 20.1 25.7 25.7 ANGLE
5.1 It.1t It. It 4.4 5.9 4.9 1t.8 't.7 't.8 1t.8 5.1 5.1 DELAY

365. 80. 85. 110. 290. 321. 281. 257. 261. 283. 365. 36'. W HITE
.50 1.00 1.00 1.00 1.00 1.00 1.00 1. rlO .94 .68 .04 .00 F DAYS

7.0 7.4 2.0 3.0 5'-J 1.5 10.0 12.5 15.0 17.5 20.0 2'5.0 30.0 FREQ
lF2 1f2 lF2 IFZ lF2 lF2· lES lES lF2 lF2 lF2 lF2 "DOe

25.9 21.4 19.'0 20.0 27.0 27.0 6.6 6.6 27.0 27.0 Z"l.0 27:.0 ANG'LE
5.1 It.9 4.8 It.a ,5. Z 5.2 1t.4 1t.1t 5.2 5.2 5.2' ' •• 2 DELAY

368. 301. 278. 282. 387. 387. 110. 110. 387. 387. 387. 387.' 'Y HITE
.50 1.00 1.00 ~q9 .47 .05 .llt .07 .co .00 .00 .00 FOAYS

Figure 28. Propagation path geometry.
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METHOD 21 IONCAP 78.03 PAGE 15

JAN 1970 SSN • 100•
80UlOER,COLORAOO TO Sf. LOUIS,MO. AZIMUTHS N. MI. K"'to.Ol N 105.30' ~.- 38.61 N 90.25 W 91.84 281.42 702.6 1301.1

MINlf1UM ANGLE .0 DEGREE S
ITS- 1 ANTENNA PACKAGE
XHTR 2.0 TO 30.0 Veq MONOPOLE H 0.00 l -.50 A 0.0 OFF AZ 0.0
RCVR 2.0 TO 30.0 ~ER MONOPOLE H 0.00 l -.25 l 0.0 OFF Al 0.0
POWER • 30.000 KW ,:3 MHZ ,NOISE a -150.0 08W REQ. tlEL • .90 REQ. SNR • 5S.0
MULT IPAT H paWE~ TOLERANCE • 10.• 0 08 f1UL TI P,ATH DELAY TOLERANCE • .850 ~S

tll "UF

19.0 21.1 2.0 3.0 5.) 1.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FReQ
F2f2 E E E E .f: lFl F1Fl' FIFl fZf2 FZF2 F2F2 F2.FZ FZf2 F2F2 "ODE
18.0 3.0 .5 42.:1, 2,5.2 16.0 20.0 18.0 16.0 18.0 25.7 25.7 ANGLE
18.0 3.0 .5 '42.1 2.5.2 18.0 -20.0 18.0 16"0 18.0 2;.7 2.5.7 ANG.LE

5.2 4.9 6.b 5.2: 4,,9 4.9 4.8 It.A 5.2 5.1 5.1 5.1 OELAY
282. 7Q. 84. 273. 274. 265. Z81~ 257. 257. 273. 365. 365. V HIrE

.50 1.00 1.00 1 •• 00 '1.00 1.00 1.00 1.00 .94 .6,8 .04 .00 F OAYS
143. 242. 290. 171. 144. 139. 136. 136. 137. 140. 162. 213. lOSS

39. -11. -92. -1. 29,. 37. 41. 44. 'tit • ItZ. 21. -Z9. DBU
-98 -.197 -245 -125 -9,8 "9~ -91 -qO -92 -94 -11& -168 :5 DBW

-173 -145 -150 -150 -161 ~lb4 -165 -167 -170 -172 -175 -178 N 08W
75. -51. -95. 31. 63. 70. 74. 77. 78. 18, 59. 10. SNR
-3. lilt. 157., 32. O• 4. -.12. -14. -13. -8. 2l. 71. RPWRG
.Q3 • ilO .00 .Ov .89 .85 1.00 1.00 1.00 .98 ,58 .01 REl
.00 .00 .00 .O, .00 .00 .00 .00 .00 .00 .00 .00 "PROS
.53 .00 .00 .01 .4, ~lt3 .77 .82 .7.9 .65 .24 .01 S PR8
16. 3. 3 •• : 3. 3. 17. 3. 3. 6. 13. 25. 25. SIG LW

7. Z. 2. Z~ Z. 7. 2. 2. 3. 5. ZOe 25. SIG UP

7.e 7.4 2.'0 3.0 5.0 7.5 10.0 12.5 15.0 17. S 20.0 25.0 30.0 FREQ
F2F,2 fZF2 F2FZ F2f2 F2F2 F2F2 F2FZ F2F2 F2FZ F2FZ t:2FZ F2FZ "ODE
22.0 20.0 18.0 18.0 22.0 2'7.0 27.0 27.0 27.0 27.0 27.0 27.0 ANGLE
22.0 20.J 18.0 18.0 2.2.0 27.0 27.0 27.0 27.0 27.0 21.0 27.0 ANGLE

5.2 '5.2 5.2 5.~ 5.3 5.2 5.2 5.2 5.2 :5.2 5.2 5.2 DELAY
330. 30,5. 280.• ·280,. 336. ,387. 3d7. 387. 387. 387. 387. 387. V HITE

.50 1.00 1.00 .99' .47 .05 .00 .00 .00 .00 .00 '.00 F DA'YS
125. lilt 114. 117. 126. 146. 183. 221. 224. 225. 227. 229. lOSS

47. 4Q. 51. 53. ttl. 29. -b. -lt3. -itS. -It5. -44. -44. DBU
-80 -66 -b8 -72 -81 ~lvl -137 -176 -179 -180 -182 -183 S 08'1

-157 -14J -145 -15,1 -157 -163 -16.7 -169 -171 -173 -175 -178 N DBW
77. 75. '77. 79. 7'7\. 62.. 29. -7. -8. -7. -6. -6. SNR

-10. -12. -14. ,-11'. -10. 13. 49. 70. 70. 70. 69. 68. RPWRG
.99 1.00 1.00 1.00 .99 .67 .11 .00 .00 .00 .00 .00 REL
.G) '. Gu .00 .00 .00 .00 .00 .00 .00 .00 ..00 .00 HPR08
.69 .72 .78 .8,!t .67 .30 .05 .00 .00 .00 .00 .00 S PRB
10. 3. 3. 4. 11. 19. 22. 5. 3. 3. 3. 3. SIG LW

6. i. 1. 1. 7. 17. 25. 25. 1. 1. 1. 1. SIG UP

Figure 30. Forced long-path model.
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METHOD 22 IONCAP 78.03 PAGE 16

JAN 1970 SSM • 100 •
BOULO ER, COL ORAOO TO ST. LOUIS,MO. AZIMUTHS. N. "I. K"40.03 N 105.30 ~ - 38.67 N 90.25 W 91.84, 281.tt2 102.6 1301.1

"l~IMU" ANGLE .0 DEGREES
ITS- 1 ANTENNA PACK.AGE
Xt1TR 2.0 Ta 30.0 VER MJNOPOLE H 0.00 L .... 50 A 0.0 OFF AZ 0.0
RCVR 2.0 'TO 30.0 ~ER MONOPOLE H a.oo l -.25 A 0.0 OFF AZ 0.0
PuwER • 30.000 KW 3 1:1 HZ NOISE • -150.0 oew REO. REL • • 90 REQ' • SNR • 55.0
f1UL TI PAT H POWER TOLERANCE • 10.0 08 P1UlTIPATH DELAY TOLERANCE • .850 I1S

UT MUF

19.0 21.1 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
lFZ ,

E 1 E lEi 2FZ lFZ lF2 lFZ lf2 lF2 lf2 lF2 "ODEJ.

25.7 4.0 4.5 6.6 39.6 22.8 20.0 18.2 18.5 20.1 25.7 25.7 ANGLE
5.1 4.4 4.4 4.4 5.9 4.9 4.8 4.7 It. 8 1t.8 5.1 5.1 OELAY

365. J30. 85'. 110. 290. 321. 281. 257. 261. 283. 365. 365. l/HITE
.50 1.00 1.0::) 1.O~ 1.00 1.00 1.00 1.00 .9it .68 .04 .00 F DAYS

140. 234. 229. 183. 161. 13Q. 137. 136. 135. 135. 162. 214, LOSS
41. -66. -57. -8. lb. 39. Itl. 'tit. 45. 1t8. ll. -Z9. D8U
-95 -18q -183 -137 -114 -90 -90 -89 -90 -88 -117 -lb8 S 08W

-173 -145 -150 -J..56 -161 ~164 -165 -167 -170 -172 -175 -178 N DBW
78. -44. -34. 19. 47. 73. 71t. 77. 8C. 81t. 59. 9. SNR
-6. 1J6. 96. 4ft. 16 • -9. -12. -lit. -18. -19. Z2. 72. RPWRG
• 95 .00 .00 .0':) .14 1.00 1.00 1.00 1.00 1.00 .'7 .01 REl
.00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 "PROB
.58 • (lO .0:0 .00 .10 .70 .71 .83 .88 .81 .24 .01 S PRB
16. 3. 3. 3. 3. 5. 3. 3. 3. 7. 25. 25. SIG LW

7. Z. 2.. Z. 3. 5. 3. Z. Z. 5. ZOe 25. SIG UP

7.0 7.4 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
lFl lFZ lF2 lF2 lf2 lFZ lES lES lf2 lFZ lFZ lF2 MODE

25.9 21.4 19.8 20.0 2'7.0 27.0 6.6 6.6 27.0 27.0 27.0 27.0 ANGLE
5.1 4.9 4.8 4.8 5.2 5.2 4.4 4.4 5.2 5.2 ·5.2 5.2 DELAY

368. 301. 278. 282. 38'7. 387. 110. 110. 387. 387. 387. 387. V HITE
.50 1.00 1.00 .Q9 .47 .05 .14 .07 .00 .00 .:00 .00 f DAYS

123. 120. 119. 118. 125. 146. 168. 192. ~21t. 225. 227. 229. lOSS
53. 46. 47. 52. It 7. 31. 15. -7. -45. -"5. -itS. ..1t5. D8U
-73 -.12 -72 -72 -79 -lOC -122 -lit? -178-180 "182 -184 S DeW

-157 -140 -145 -151 -157 -163 -16'1 -169 -171 -173 -175 -178 N 08'1
83. 68. 7Z. 78. 77. 62. 'tit. 23. -8. -8. "7. -6. SNR

-17. -5. '-10. -17. -10. 9. z,. ,7. 70. 70. 69. 68. RPWRG
1.00 .98 1.00 1.00 .99 • '11 .30 .06 .00 .00 .00 .00 REL

.00 • 78 .94 .00 .00 .00 .CO .00 .00 .OQ .00 .00 P1P:R08

.'77 .55 .b9 .8; .69 .30 .1Z .O't .00 .00 .00 .00 S Ii»RB
10. 3. 1. 2. 10. 15. 13. 24. 3. 3. 3. 3. S I'G LV
~. 3. 3. 1. 7. 17. 25. 25. 8. 1. 1. 1. SIIG UP

Fi gure 31. Forced short-path model.
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Fi gure 32. User-selected syste~ performance.
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METHOD 21t JONCAP 78.03 PAGE 18

JAN lQ70 SSN • 100 •
80ULDER,COLORAOO TO S"T. lOU13,MO. AZIMUTHS N. HI. K"
1t0.03 N 105.30 W - 38.67 H 90.25 W 91.84 281.42 702.6 1301.1

MINIMUM ANGLE .0 DEGREES
ITS- 1 ANTENNA PACKAGE
XMTR 2.0 TO 30.0 liEf< MONOPOLE H 0.00 l -.50 A 0.0 OFf AZ 0.0
RC~R 2.0 TO 30.0 ~ER MONOPOLE H 0.00 l -.25 A 0.0 OFF AZ 0.0
POWER • 30.000 K. :3 ;'1Hl NOISE • -150.0 DBW REQ. REL • .90 REQ. SNR • 55.0

F~EQlJENCY I RELIABILITY

GMT lMT MUF Z.O, 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 "UF

8.0 1.0 a.o • 9·~ 1.00 1.00 1.00 .88 .31 .02 .00 .00 .00 .00 1.00
9.'0 2.0 8. () .99 1.00 1.00 1.00 .59 .11 .00 .00 .00 .00 .00 .99

10.0 3.0 1.2 .9q 1.00 1.00 .90 .34 .04 .00 .00 .00 .00 .00, .94
11.0 4.0 b. ·1 .L.oo 1.00 1.00 • flit .Zq .02 .00 .00 .00 .00 .00 .91
12.0 ~.c 5~a .99 1.00 1.00 .52 .31 .03 .00 .00 .00 .• 00 .00 .91
13.0 6.0 7.5 • 7·~ 1.00 1.00 .97 .35 .07 .00 .00 .00 .00 .00 .97
14.0 7.0 11.2 .01 .18 .QQ 1.00 1.00 .59 .01 .00 .00 .00 .00 .96
15.0 a.o 15.3 .0 4) .00 .35 .99 1.00 1.00 .99 .50 .03 .00 .00 .96
16.0 9.0 18.0 .00 .00 .07 .99 1.00 1.00 1.0'0 1.00 .67 .00 liOO QQ

17. ·0 10.0 19.3 .00 .00 .01 .37 .95 1.00 1.00 1.:·00 .88 .17 .00 .99
18.0 11.0 20.4 .00 .00 .00 .20 .91 1.00 1.00 1.00 1.00 .42 .00 .99
19.0 12.0 21.1 .00 .00 .00 .14 1.00 1.00 1.00 1.00 1.00 .57 .01 .95
20.0 13.0 2.1.0 • OJ .00 .(:0 .96 1.00 1.00 1.00 1.00 1.00 .55 .01 1.00
Zl.O 14.u 20.6 .00 .00 .06 .98 1.00 1.00 1.00 1.00 1.00 .45 .00 .99
22..u i5.u J.'1.9 .00 .00 .38 .91 .99 .99 1.00 1.00 .96 .28 .00 .97
23.0 16.0 18.5 .03 .22 • q't .99 ·.99 1.00 1.00 .99 .76 .06 .00 .96

.0 17.0 16.3 .3.'- .80 .'98 .«19 1.00 1.00 1.00 .75 .35 .00 .00 .96
1.0 18.0 J,3.6 .63 .94 .99 1.00 1.00 1.00 .90 .b5 .31t .01 .00 .99
z.o 19.0 11.3 .77 .98 1.00 1.00 1.00 .89' .57 .21 .02 .00 .00 .99
3.0 20.0 9.4 .93 .99 1.'00 1.00 .95 .61 .18 .01 .00 .00 .00 .98
4.0 21.0 7.9 .~q 1.00 ·l.CO 1.00 .80 .31t .10 .~oo .00 .00 .00 .99
5.0 22.0 6.q .99 1.00 1.00 .q6 .55 .34 .13 .00 .00 .00 .00 1.00
6.0 23.0 6.8 .99 l.O\) 1.00 .'ib .53 .31t .11 .00 .00 .00 .po 1.00
1~O 24.0 1.4 .<fa 1.00 1.00 .99 .71 .30 .06 .:00 .00 .00 .00 1.00

Fi gure 33. Reliability table output.
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MEtHOO 25 IONeAP 78.~3 P~GE 19

~AN 1970 SSN • 100.
80Ul~ER,COLQ~ADC TO ST. lDurs,MO. AZIMUTHS N. HI. K"
40.03 N 105.30 W - 3d.o7 N QO.25 W 91.84 281.42 702.6 1301.1

~JNI'U" ANGLE .0 DEGREES
ITS- 1 ANTENN. PACKlGE
XMTR 2.e TO 30.0 JER MONOPOLE H 0.00 l
RCVR ~.o Ta 30.0 ~ER MONOPOLE H 0.00 l
PO~ER· 30.000 K~ 3 ~HZ NOISE • -150.0 08W

-.50 A 0.0 OFF AZ 0.0
-.2; A 0.0 OFF Al 0.0

REO. ~EL • .90 REO. SNR • 55.0

YE c 20.0 HE • 110.0 tiS • 110.0

LAT ljNG ·lf1T UT E Fl Yi Hl F.-.IZ F2Z YZ HZ es "ED HI "3000 HPF2 RAT ZEN 1M'1 "'GL
39.6N 91.7" 12.5 19.J "3.46 It.5 51.4 205.5 .7 li.It 98.9 296.It 1.8 Z.1t 3.0 3.11 302.8 3.0 63.0 66.1 49~.N

FREQ a 3.0 ~HZ UT • 19.0

1. E Z.· E 3. E 1. E
TIME DEL. it.40ft \.533 ".7bO 4.~OIt

ANGLE 4,460 i3.~21 Z2.325 4.480
VI~. HI TE 8S.1<i8 ..J0.15Z 94.0Q1 85.198
TRAN.lOSS 2Z9.059 Z53.769 267.537 229.058
T. GAl~ -6.681 -Z.~13 -1.993 -e.88l

tl. GAIN -10.948 -4.146 -2.bOO -10.946
A8S0R6 100.188 73.077 54.07l
fS~ lOSS lO't.406 104.657 lO~.O6l

rIElt' st. -56.596 -a8.10~ -,i03.4l1 -56.593
S IG. POW. -164.000 -20a.ooo -222.00J -183.000
SN~ -]3.713 -58.424 -72.192 -33.698
f1DOE PROtJ 1.000 1.000 1.000 1.000...... R. PtIIJ(G 1000.000 lOOv.OOu 1000.000 Q6.150

0 RElIABIl .000 .000 .000 .000
N 5ERv PilO~ 0.000 0.000 0.000 0.000

S IG l;JW 2.557 2.557 2.551 2.557
SIG UP 2.187 Z.la1 2.187 2.181

NOISE • -150 S. POWER • -183
SIGNAL a Z.b 5.0 2'.2 I 2.3 3.3 .7
NOISE • 9.0 -150.0 7.0 I 1.5 3.0 1.5
RELIAB • 9 •.~ -33.·7 7.5
SPROB • l7.5 -5.0 27.5

Fi gu re 34. All modes output (user-defined freq.). (METHOD=25)



METHOD 25 IONCAP 18.03 P4GE 20

JAN 1910 SSN • 100.
aOULDER,COLORAOO TO ST. lOUIS, MO. AZIMUTHS N. MI. K"
40.03 N l05.30J - 38.67 N 90.25 W 91.84 281.42 702.6 1301.1

MI~IMU" ANGLE .0 DEGREES
ITS- 1 ANTENNA PACKAGE
XMTR 2.0 TO 30.0 JER "ONOPOLE H 0.00 L
RCVR 2.0 TO 30.0 ~ER "ONOPOlE H 0.00 L
POWER· 30.JOO KW 3 HHl NOISE • -150.0 OBW

-.50 A 0.0 OFF AZ 0.0
-.25 A O~O OFf AZ 0.0

REO. REL • .90 REQ. SNR • 55.0

FREQ :II 21.1 MHZ UT • 19.0

1.fZ 1.ES Z.ES 1.FZ
TIME DE L. 5.083 4.437 4.616 5.083
ANGLE l5.68d 6.583 17.069 25.668
VIR. HIrE 365.395 l.LO.OOO 110.000 365.395
TRAN.lOS~ 139.976 251lt6.373 82311.112 139.976
T. GAIN -.845 -5.617 -l.O~O -.845

R. GAIN -2.711 -8.986 -3.790 -2.711
ABSORB Z.860 6.333 3.905
fS. lOSS 122. 580 121.398 121.743
FIELD ST. 41.116 ••••**••• **••••••• 41.176
SIG. POW. -Q5.000 .****•••* ••••••••• -95.000
SNR 78~'t09 ••••••*** **••**.*. 78.40'7
HODE PR03 .500 .000 .000 .500

R. ?~RG 1000.000 1000.000 1000.000 -5.594
KELIABIl .954 .000 .000 .954

SERV PRO" 0.000 .001 .001 0.000
SIG LOW 16.4Q8 25.000 Z.557 16.498

SIG UP 1.281 25.;000 2.18'7 7.287
NOISE • -113 s. ?OWER • -95
SIGNAL • 2.6 5 •. 0 2.2 I 2.3 3.3 .7
NOISe • 6.0 -173.6 6.7 I 1.Z 2.6 1.2
RELIAB a 11.3 78.4 17.8
SPROB • 2 '7.5 -5.0 27.5

Fi gure 35. All modes out put (MUF).
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METHOO 26 IONCAP 78.03 PAGE 21

JAN 1970 SSN • 100.
80ULOER,COLO~AOO TO ST. LOUIS,MD. AII~UTHS N. MI. K~

itO.03 N 105.30 W - 38.67 N 90.25 W 91.84 281.1t 702.6 1301.1
~INI~U" ANGLE .0 DEG EES

ITS- 1 _NTENN. PACK4GE
XMTR 2.0 TO 30.0 ~ER MONOPOLE H 0.00 l
RCVR z.o rJ 30.0 VER MJNOPOlE H 0.00 l
POWER. 30.000 KW 3 MHZ NOISE • -150.0 DBW

GMT LMT FOT HPF ESMUF MUf LUF

1.0 18.0 10.15 11.42 5.68 13.61 3.31
3.0 20.0 1.42 12.02 5.45 9.39 2.00
5.C 22.0 5.11 8~14 5.72 b.88 2.00
1.0 24.0 6.12 9.36 5.Q4 7.37 2.00
9.0 2.0 6.4~ 9.37 5.75 8.01 2.00

.11.0 4.0 4.96 7.17 5.43 b.ll 2.00
13.0 6.0 6.3 Q 8.42 6.01+ 7.51 2.50
15.0 8.0 12.97 11.0Q 8.19 15.26 6.75
17.0 10.0 16.61 22.02 10.60 19.32 8.96
19.0 12.0 18.11 24.01 11.14 21.06 10.19
21.0 14.0 17. ·~lO 23.46 9.41 lO.58 8.03
23.0 16.0 15.95 21.14 7.05 18.55 5.05

-.50 A 0.0 OFF AZ 0.0
~.25 l 0.0 OFF AZ 0.0

REQ. REL • .90 Rea. SNR • "~o

Figure 36. LUF-MUF table.
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METHOD 27 IONCAP 78.03 PAGE 22

JAN 1970 SSN • 100.
aOUlOER,COLORAOO TO ST. lOUIi,MO. AZIMUTHS N. MI. K"
ItO·.03 N lJ5.30 W - 38.67 N 90.25 W 91.84 281.42 702.6 1301.1

MINIMUM ANGLE .0 OEGREeS
ITS- 1 'NTENNA PACKAGE
XHTR 2.0 Ta 30.0 ~eR MONOPOLE H 0.00 l
RCVR 2.0 TO 30.0 VER "ONOPOLE H 0.00 L
POWEtl· 3J.OOO KW 3 MHZ N'lISE • -150.0 08'1

-.50 4 0.0 OFFAl 0.0
-.25 A 0.0 OFF AZ 0.0

REQ. REl • .90 REQ. $NR • 55.0

LJF( •••• ) FOTCXXXX)

-38

-36 GMT LUF FOT

-3" 1.0 3.3 10.7
3.0 2.0 7.tt

-32 5.0 2.0 5.7
7.0 2.0 6.1

-30 9.0 2.0 6.5
11.0 2.0 5.0

-28 13.0 2.5 6.4
15.0 6.8 13.0

-26 17.0 9.0 16.6
19.0 10.2 18.1

-21t 21.0 8.0 17.7
23.0 '.0 15.9

-22-
-20

--18

-'16

-14

--12

"10

"08

-06

-04

-02

x

x
x

.(

•
•

)( •
X ,~ X •X •

• •
•

06­

ott-

02-

16-

18-

22­

20-

12­

10-

14-

08-

28-

30-

32-

36-

34-

26­

24-

00 02 04 06 08 iO 12 14 16 18 20 22 00
H~Z+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+"HZ

40- -~o

38-

"HZ+-+-+-+-+-.~~~+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+MHI

00 02 04 06 08 10 12 14 16 18 ZO 22 00 .
UNIVEtlSAL TIME

Figure 37. LUF -FOT graph. (METHOD=27)
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"ETHQD 28 IONeAP 78.03 PAGE Z3

JAN 1970 SSM • 100.
8JUlDER,COLO~ADO TO ST. LOUIS,MO. AZIMUTHS N. MI. KM
~O.03 N 105.30~ ~038.61 N 90.25 W 91.84 281.~2 702.6 1301.1

MINIMUM ANGLE .0 DEGREeS
ITS- 1 ANTENNA PACKAGE
XMTR 2.0 TO 3Q.0 VER MQNOPOLE H 0.00 L
RCV~ l.O TO 30.0 ~ER MaNOPOLe H 0.00 L
POWEr(· 30.000 K~ 3 ~"'lNOISE • --150.0 08W

-.50 A 0.0 OFF AZ 0.0
-.25 • 0.0 OFF AZ 0.0

REQ. REL • .90 REQ. SNR • 55.0

""Fe •••• ) FOTCXXXX) LUF(++++)

00 02 04 06 08 10 1Z l~ 16 18 20 22 00
MHZ+-+-+-+-+-+-+-+-+~+-+-.·+-+-+-+-+-+-.-+-+-+-+-+-+MHZ

40- -40

38- -38

36- -36 GMT MUf FOT LUF

34- -34 1.0 13.6 10.7 3.3
3.0 9.1t 7.lt 2.0

32- -32 5.0 6.9 5.7 z.o
7.0 7.1t 6.1 2.0

30- -30 9.0 8.0 6.5 2.0
.- 11.0 6.1 '.0 2.0

28- -28 13.0 7.5 6.4 2.5
15.0 15.3 13.0 6.8

26'" -26 17.0 19.3 16.6 9.0
19.0 21.1 18.1 10.2

Z4- -Zit ll.0 20.6 17.7 8.0
23.0 18.5 15.9 5.0

22- -22
• •

20- -20

• •
18- X X -18

~

lb- X -16
•

14- • . -lit
~

.12- -12
x:

10- + -10
• +

08- • • + -08
X • • +

06- X X X • X -06
)( +

\llt- -04
,.. + + ..

02- + + + + + -02

"HZ+-+-.-+-+-+~+~+-+-+-+-+-+-+-+-+-+-+-.-+-+-+-+-+-."HZ
00 02 04 Oc...·· 08 10 1Z lit 16 18 20· 22 00

. UNI~eRSAL TIME

Fi gure 38. LUF-MUF-FOT graph.
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METHOD 29 IONCAP78.03 PAGE Z4r

JAN 19'70 ;~SN,. 100.
80~lOERICOLORAOO TO ST. LQUIS,MO. AZIMUTHS
40.03 N lJ5.30 .. - 36.67 N 90.25" ,91.84 281.42'

MINI"UM ANGLE .0 DEGREES

N,'. "I.
102.61

K"
1301.1

ITS- 1 ANTENNA PACKAGE
X1'tTR ;2.0 "fa 30.0 VER MONOPOLE H 0.00 L
RCVR 2.0 Tn 30.0 VER MONOPOLE ~ 0.00 ~

POWER· 30.000 kW 3 MHZ NOISE • -150.0 08W

~.50 A 0.0 OFF AZ 0.0
-.25 A 0.0. OFF jZ 0.0

REQ. ~EL· .90 REO. SNR • 55~O

MUF ( •••• ) LUF(XXXX)

00 02 04 06 08 10 12~141b l~ 20 aZ 00;
"HZ+-+-+-+-+-+-+-+-+-.-~-+-+-+-+-+-~-+-+-+~+-+~+-+-+MHZ

40- -40

38...

36-

34-

30-

,28-

20-

24-

22-
• •

20-
•

18-

16-

14-

12-

10­

08-

06-

04-

02-

•

x
x

•

x x

•

(

•

x

•

x
x

x'

HHZ+-+-+-+-+~+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+"HZ

00 02 04 '. 06 08 10 .1.2'14 lb .18 '20' '2Z '00,;;'
UN IVERSAl l' {ME

Figure 39. LUF -MUF graph.
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MtTHtJO 7 IONCAP 78.03 PAGE 25

JAN 1970 SSN . 100 •
8~ULOER,COlORADO TO AUCt<LANO,N. Z. AZIMUTHS H. 11 I. Kit
40.03 ;~ 1)5.30 W - 36.~2. S 174.75 E 235.01 51.75 6377.6 11810.7

MINIMUM ANGLE .0 DEGREES

ElAYEP/F2lAYER flLAYERCE)/eSLlVER

GMT lMT For t10F HPF ANGLE VIRTl TRue FVERT FOT MUF HPF ANGLE VIRTl TRue FVERT

13.0 6.0 4.7 5.ct 6.1 .7 125. 104. 1.0 't.7 5.4 6.1 .7 125. 104. 1.0
8.4 11.1 l4.5 3.4 447. 300. 3.3 3.0 4.7 10.6 1.9 110. 110. .9

lQ.O 12.0 13.0 14.9 16.8 .7 125. 104. 2.7 13.0 14.9 16.8 .7 125. 104. 2.7
24.d 28.5 32.5 4.6 492. 298. 8.7 9.4 13.6 17.1 1.9 110. 110. 2.5

l.O 18.J 6.6 7.8 8.'1 • 7 125 • 104. 1.4 6.8 7.8 8.9 .7 125. lO4~ 1.4
24. ?3 29.2 34.5 Z.b 416. lb7. 8.3 '.0 8.2 15.1 1.9 110. 110. 1.5

Fi gure 40. MUF complete output table
(long-path example).
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METHOD 23 IONCAP 18.03 PAGE 26

JA~ 1970 SSN • 100.
80UlDER,COlORAOJ TO AUCKLAND,N. Z. AZIMUTHS N. "I. K"
40.03 N 105.30 W - 36.92 S 174.15 E 235.07 51.15 6377.8 11810.1

MINIMUM ANGLE .0 DEGREES
IT5- 1 ANTENNA PACkAGE
XMTR 2.0 TO 30.0 iER HO~OPOLE H 0.00 l
RCVR 2.0 TO 30.0 iER "JNOPOlE H 0.00 L
POWER· 30.000 K~ 3 ~HZ NOISE • -150.0 oaw

UT "UF

-.50 A 0.0 OFF AZ 0.0
-.25 A 0.0 OFF AZ 0.0

REQ. REL • .90 REQ. SNR • ".0

13.0 11. J.
F2Fl

3.0
12.0
378.

35.
45.
.14

28.5
F2F2
14.7

5.0
558.

41.
4Q.
.20

2.0
EF2
5.0

14.0
239.
-.1 3.

76.
.co
z.o
E E

.5
1.0
dO.

•••••••••
.00

3.0
EF2

14.0
12.0
210.

2.
60.
.00

3.0
J: ..._ t

.5
1.0
~5 •

••••
866.

.00

5.0
FZFZ
12.0
1Z.0
297.

30.
32.
.00

5 •.~)
E E
1.0
1 • .)
91.

•••••
507.

.00

7.5
FZfl
12.0
12.0
309.

41.
31.
.02

1.5
E E
1.0
1.0
95.

*•••
296.

.00

10.0
F2F2
9.9

12.0
445~

45.
3t.
.22

10.0
EF2
1.0

12.2
242.
-79 •
llt4.

.00

12.5
F2F2

3.4
12.0
383.

32.
It9.
.13

12.5
F1FZ
13.0
10.0
284.
-17.

91f.
.00

15.0
F2FZ

3.1t
3.0

384.
4.

77.
.01

15.0
F1F2
9.1

10.0
283.

4.
77.
.01

17.5
F2F2

3.4
3.0

3Q2.
-25.
106.

.00

17.5
F2F2
8.0

18.0
2QO.
18.
46.
.00

20.0
F2FZ

3.4
lb.1
546.
-ItO.
121.

.00

20.0
f2F2
18.0
12.0
294.

29.
37.
.00

25.0
f=2F2
3.4
3.0

479.
••••
182.

.00

2'.0
f2F2
16.0
12.0
432.

46 •
35.
.18

30.0
F2F2

3.4
3.4

1t't7.

••••
187.

.00

10.0
F2F2
12.9
It.b

554.
31t.
46 •
.16

FREQ
MODE
ANGLE
ANGLE
V HIrE
SNR
RPWRG
REl

FREQ
"ODE
ANGLE
ANGLE
V HITE
SNR
RPVRG
REL

1.0 Zq.z
F2F2

3.0
lb.)
452.

36.
45.
.16

2.0
E E
4.0

.5
84.

•••••*.*.*
.00

3.0
E E
5.0
.5

88.

••••*.*..
.00

5.0
FZE
13.4

.5
211.
•••*
435.

.0·)

7.5 10.0
F2 E fZ E
8.0 8.0
1.0 1.0

169. '163.
•••• •*.*
280. 1Q4.
.00 .00

12.5
FZFl
16.0
16.0
234.
-35 •

qq.
.00

lS.0
F2Fl
18.0
11.9
Zit 1.
-7.
71.
.00

17.5
F2F2
18.0
11.6
363.

Zit.
41.
.00

20.0 25.0
F2F2 F2F2
10.0 a.o

7.7 18.0
356•. 357.

30. 42 •
37. 39.
.00 .09

30.0 FReQ
F2FZ 110DE
2.6 ANGLE

17.0 ANGLE
61lt. V·HITE

35. SNA
46. RPWRG
.15 REL

Fi gure 41. User-selected system performance
(long path example).
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IONOSPHERIC COMMUNICATIONS ANALYSIS AND PREDICTION PROGRAM - IONCAP VEPSIO"! 78.03

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234561890123456789012345678901234567890

COMMENT
COMMENT
COMMENT
METHOD
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTENNA
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTENNA
EXECUTE
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTE~NA

COMMENT
COMMENT
COMMENT
CO'1MENT
COMMENT
COMMENT
COMMENT
ANTENNA
EXECUTE
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTENNA
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTENNA
EXECUTE
COMMENT
COMMENT
COMMENT
COMMENT

**••••••*••••• *•••*.*••••*••••*••••****************.*.**************.*
ITSA-1 ANTENNA PAC~AGE (REVISED 1911)
•••••••••••••*••••••••••••••••••••*.***.***.****.***.**••****.***.****

15

TERMINATED RHOMBIC TRANSMITTER ANTfNNA
BEARING OF ANTENNA • 0 DEGREES EAST OF NORTH,
GROUND CONDUCTIVITY • .001 MHOS/M, DIELECTRIC CONSTANT • 4,
TILT ANGLE (HALF OF LARGE INTERIOR ANGLE) • 61.5 DEGREES,
ANTENNA LEG LENGTH • 88.39 METERS, ANTENNA HEIGHT = 16.76 METERS,
E~DING FREQUENCY • 30 MHZ (DEFAULT) , NUMBER OF ANTENNAS • 1 (DEFAULT)

1 1 .001 4.00 67.588.3916.76

VERTICAL MONOPOLE RECEIVER ANTE~NA

GROUND CONDUCTIVITY • .001 MHOS/H, DIELECTRIC CONSTANT = 4,
ANTENNA HEIGHT • 1/4 WAVELENGTH, GAIN ABOVE DIPOLE • 0 DB,
ENDING FREQUENCY • 30 MHZ , NUMBER OF ANTENNAS • 1

2 2 .001 4.0 -0.25 30.

H~1R IZONTAL DIPOLE TRANSMITTER ANTENNA
BEARING OF ANTENNA = 0 DEGREES EAST OF NORTH,
GROUND CONDUCTIVITY a .001 MHOS/,." DIELECTRIC CONSTANT = 4,
ANTENNA LENGTH • 1/2 WAVELENGTH, ANTENNA HEIGHT • 1/4 WAVELENGTH,
GAIN ABOVE HALF WAVELENGTH HORIZONTAL DIPOLE = 0 DB,
ENDING FREQUENCY = 30 MHZ, NUMBER OF ANTENNAS = 1

1 3 .001 4.0 -.5 -.25 0.0 30.

HORIZONTAL YA~I RECEIVER ANTENNA
BEARING OF ANTENNA = 0 DEGREES EAST OF NORTH,
GROUND CONDUCTIVITY • .001 MHOS/H, DIELECTRIC CONSTANT • 4,
ANTEN~A LENGTH • 1/2 WAVELENGTH, ANTENNA HEIGHT • 1/4 WAVELENGTH
GAIN ABOVE HALF WAVELENGTH HORIZONTAL DIPOLE • 3 DB,
ENDING FREQUENCY = 30 MHZ (DEFAULT) , NUMBER OF ANTENNAS = 1 (DEFAULT)

2 4 .001 4.0 -.5 -.25 3.0

VERTICAL LOG PERIODIC ARRAY OF MONOPOLES TRANSMITTER ANTENNA
GROUND CONDUCTIVITY • .001 MHOS/M, DIELECTRIC CONSTANT • 4,
ANTENNA HEIGHT -1/4 WAVELENGTH,
GAIN ABOVE QUARTER WAVELENGTH VERTICAL MONOPOLE = 2 DB,
ENDING FREQUENCY = 30 MHZ (DEFAULT) , NU~BER OF ANTEN~AS • 1 (DEFAULT)

1 5 .001 4. -.25 '-.

CURTAIN RECEIVER ANTENNA
BEARING OF ANTENNA • 0 DEGREES EAST OF NORTH,
GR~UND CONDUCTIVITY • .001 MHOS/M. DIELECTRIC CONSTANT = 4,
NUMBER OF BAYS • 2, ANTE~NA ELEMENT LENGTH • 22 METERS,
HEIG~T TO 1ST ELEMENT = 16 METERS, NUMBER OF ELE~ENTS PER BAY = 4,
DISTANCE BETWEEN ELEMENT CENTERS • 26 ~ETERS,

VERTICAL SPACING OF ELEMENTS.13 METERS, DISTANCE FROM SCREEN=1 METERS,
ENDING FREQUENCY = 30 MHZ, NUMBER OF ANTENNAS = 1

2 6 .001 4.0 2.0 22. 16. 4.0 26. 13. 7. 30.

TERMINATED SLOPING VeE TRANSMITTER ANTENNA
BEARING OF ANTENNA = 0 DEGREES EAST OF ~ORTH,

GROUND CONDUCTIVITY • .001 MHOS/M, DIELECTRIC CONSTANT • 4,

Figure 42. Antenna pattern input cards.
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COMMENT
COMMENT
COMMENT
ANTENNA
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTENNA
EXECUTE
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTENNA
COMMENT
.cOMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTENNA
EXECUTe
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTENNA
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
ANTENNA
EXECUTE
QUIT

HALF APEX ANGLE • 22.5 DEGREES, ANTENNA LEG LENGTH • 121.9 METERS,
ANTENNA HEIGHT: 15.24 METERS, TERMINATED HEIGHT 1.829 METERS,
ENDING FREQUENCY = 30 MHZ, NUMBER OF ANTENNAS • 1

1 7 0.0 .001 4.0 22.5121.915.241.829 30.

INVERTED L RECEIVER ANTENNA
BEARING OF ANTENNA. 0 DEGREES EAST OF NORTH,
GROUND CONDUCTIVITY = .001 MHOS/M, DIELECTRIC CONSTANT • 4,
ANTENNA LENGTH = 21.34 METERS, ANTENNA HEIGHT = 10 METERS,
ENDING F~EQUENCY = 30 MHZ, NUMBER OF ANTENNAS = 1

2 8 .001 4.0 21.34 10.0 30.

TERMINATED SLOPING RHOMBIC TRANSMITTER ANTENNA
BEARING OF ANTENNA • 0 DEGREES EAST OF NORTH,
GROUND CONDUCTIVITY • .001 MHOS/M, DIELECTRIC CONSTANT • 4,
HALF LARGE INTERIOR ANGLE = 22.5 DEGREES, LEG LENGTH = 88.39 METERS,
ANTENNA HEIGHT • 16.76 METERS, TERMINATED HEIGHT = 8.382 METERS,
ENDING FREQUENCY • 30 MHl (DEFAULT) , NUMBER OF ANTENNAS • 1 (DEFAULT)

1 9 .001 4.0 22.5 88.3916.768.382

INTERLACED RHOMBIC RECEIVER ANTENNA
BEARING OF ANTENNA = 0 DEGREES EAST OF NORTH,
GROUND CONDUCTIVITY = .001 MHOS/M, DIELECTRIC CONSTANT = 4,
HALF LARGE INTERIOR ANGLE • 70 DEGREES, LEG LENGTH = 114 METERS,
LOWER ANTENNA HEIGHT • 20 METERS, VERTICAL DISPLACEMENT • 4 METERS,
HORIZONTAL PEED POINT DISPLACEMENT = 33 METERS,
ENDING FREQUENCY = 30 MHZ (DEFAULT) , NUMBER OF A~TENNAS • 1 (DEF~ULT)

2 10 .001 4. 70. 114. 20. 4. 33.

ca~STA~T GAIN TRA~SMITTER ANTENNA
GAIN ABOVE AN ISOTROPIC • 10 DB,
GROUND CONDUCTIVITY • .001 MHOS/H, DIELECTRIC CONSTA~T • 4,
ANTENNA EFFICIENCY = 0 DB
ENDING FREQUENCY • 30 MHZ (DEFAULT) , NUMBER OF ANTENNAS = 1 (DEFAULT)

1 12 10. .001 4. o.

CONSTANT GAIN RECEIVER ANTENNA
GAIN ABOVE AN ISOTROPIC • 10 DB,
GROUND CONDUCTIVITY • .001 MHOS/H, DIELECTRIC CONSTANT • 4,
A~TENNA EFFICIENCY • -1.87 DB
ENDING FREQUENCY = 30 MHZ (DEFAULT) , NUMBER OF ANTENNAS = 1 (DEFAULT)

2 12 10. .001 4. -1.87

Figure 42. Antenna pattern input cards (continued).
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METHOD 15 10NCAP 78.03 PAGE

IT5- 1 ANTENNA PACKAGE ANTENNA PATTERN
FREQUENCY RANGE ANTENNA TYPE HEIGHT LENGTH ANGLE AZIMUTH EX(l) EX(Z) EX(3) EX(4) CONDUCT. OIELECT.

2.0 TO 30.0 TER. RHOMBIC 16.760 8~.390 67.500 0.000 0.000 0.000 0.000 ~.OOo .001 4.900
2 3 4 5 6 7 8 9 10 11 1Z ~3 14 16 18 20 22 24 Z6 28 30

90 -3.7 -11.7 -11.7 -2.4 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -3.0 -11.7 -11.7 -11.7 -11.7 -11.7 -2.5 -11.7 -11.7 -11'-7 -11.7
88 -3.1 -11.7 -11.7 -2,.5 -1.7, ~11.7 -11.7 -8.8" -11.7 -11.7 -3.1 -6.1 -11.7 -5.8 -11.7 -8.0 -6.~ -11.7 -8.2 -11.'7 -3'.1
86 -2.7 -11.7 -11.7 -1.0 ~5.4 ~11.7 ~li;i' ~8.~ ~11.7 -11.7 -5~6 -2.4 -11.7 -5.7 -11.7 -3.9 -11.7 -4.4 -11.7 -11;7 -7.3
84 -2.2 -11.7 -11.7 -4.0 -3.7 -11.7 -11.7 -8.8 -8.0 -11.7 -11.7 -1.6 -6.7 -11.7 -11.7 -6.4 -11.7 -3.7 -11.7 -6;1 -11.7
82 -1.9 -7.8 -11.7 -5.4 -2.7 -11.7 -11.7 -11.7 -5.8 -11.7 -11.7 -3.4 -Z.2 -11.7 -8.8 -11.7 -3.4 -11.7 -9.2 -11.7 -6.1
80 -1.5 -5.q -11.7 -7.4 -2.1 -9.5 -11.7 -11.7 -5.3 -7.6 -11.7 -8.8 -1.1 -11.7 -7.4 -11.7 -1.2 -11.7 -5.9 -11.7 -2.5
78 -1.3 -4.2 -11.7 -11.7 -2.1 -6.4 -11.7 -11.7 -6.3 -4.0 -11.7 -11.7 -3.0 -11.7 -11.7 -11.7 -7.3 -5.6 -11.7 -8;7 -11.7
76 -1.1 -2.8 -11.7 ~11.7 -2.7 -4.3 -11.7 -11.7 -9.1 -Z.6 -6.9 -11.7 -9.0 -4.9 -11.7 -3.9 -11.7 -.7 -11.7 -0.8 -11.7
74 -.9 -1.6 -11.7 -'11.7 -3.8 -3.0 -11.7 -11.7 -11.7 -3.1 -2.4 -11.7 -11.7 -1.9 -11.7 -4.4 -11.7 -4.9 -7.4 -11.7 -2.9
7' -.8 -.5 -11.7 -11.7 -5.6 -2.3 -8.0 -11.7 -11.7 -5.4 -.6 -5.0 -11.7 -2.6 -11.7 -11.7 -1.7 -11.7 -2.2 -11.7 -5.3

E 70 -.8 .5 -8.0 -11.7 -8.3 -2.4 -5.4 -11.7 -11.7 -11.7 -.9 -.6 -11.7 -7.8 -6.2 -11.7 -.3 -11.7 -7.5 -7.2 -11.7
l 68 -.8 1.2 -5.1 -11.7 -11.7 -3.1 -3.7 -11.7 -11.7 -11.7 -3.4 1.0 -2.2 -11.7 -3.8 -11.7 -6.4 -.0 -11.7 -5.2 -11.7
E 66 -.8 1.9 -2.7 -11.7 -11.7 -4.6 -2.9 -7.3 -11.7 -11.7 -8.7 .2 1.4 -11.7 -5.9 ~7.3 -11.7 1.2 -7.4 -11.7 -4.1
V 64 -.9 2.5 -.7 -11.7 -11.7 -7.0 -2.9 -5.1 -11.7 -11.7 -11.7 -3.1 2.1 -8.0 -11.7 -4.5 -11.1 -6.4 1.4 -11.7 -9.8
A 62 -1.1 2.9 .9 '-8.9 -11.7 -11.7 -3.7 -3.8 -7.1 -11.7 -11.7 -11.7 .2 -.2 -11.7 -6.6 -3.4 -11~7 .3 -2.8 -11.7
T 60 -1.3 3.2 2.3 -4.9 -11.7 -11.7 -S.4 -3.4 -5.0 -8.4 -11.7 -11.7 -4.9 3.0 -11.7 -11.7 -1.2 -7.4 -11.7 1.1 -9.4
I 58 -1.~ 3.5 3.4 -1.8 -11.7 -11.7 -8.4 -3.9 -3.9 -5.0 -10.0 -11.7 -11.1 3.0 -2.2 -11.7 -5.2 1.1 -11.7 -5.5 '-1.0
o 56 -1.9 3.6 4.4 .7 -9.9 -11.7 -11.7 -5.4 -3.8 -3.4 -4.6 -11.7 -11.7 -.2 2.6 -11.7 -11.7 1.3 .2 -11.7 -3.7
N 54 -2.2 3.7 5.1 2.7 -4.9 -11.7 -11.7 -8.2 -4.5 -3.0 -2.1 -4.6 -11.7 -8.3 3.5 -2.1 -11.7 -5.8 4.2 -2.5 -11.7

52 =2.6 3.7 5.7 4.3 =1.1 =11.7 -11.7 ~11.7 -6.3 -3.7 -1.3 -.8 -4.6 -11.7 .8 2.2 -11.7 -11.7 .5 5.0 -5.~

A 50 ~3.1 3.6 6.2 5.6 1.8 -7.0 -11.7 -11.1 -9.5 -5.3 -2.0 .6 .2 -11.7 -1.3 3.0 -1.9 -11.7 -11.7 3.7 4.9
N 48 -3.~ 3.4 6.5 6.7 4.1 -2.0 -11.1 -11.7 -11.7 -8.0 -3.8 .2 2.2 -1.5 -11.7 -.6 1.~ -5.4 -11.7 -7.9 5.2
G 46 -4.2 3.1 6.7 7.5 6.0 1.7 -7.0 -11.7 -11.7 -11.7 -6.7 -l.S 2.1 2.5 -11.7 -11.7 1.1 -.7 -5.0 -11.7 -4.9
L 44 -4.8 2.a 6.7 8.2 7;S 4.5 -1.5 -11.1 -11.7 -11.7 -11.7 -5.1 .3 5.1 -.2 -11.7 -5.4 .4 -1.1 -3.3 -11.7
E 42 -5.5 2.3 6~6 8.6 8.~' 6.~ 2.6 -4.9 -11.7 -11.7 -11.7 -10.0 -3.4 S.2 5.4 -5.0 -11.7 -3.4 -.9 1.2 -1.2

40 -6.2 1.8 6.5 8.9 9.5 ~.5 ~~7 .~ -8.2 -11.7 -11.7 -11.7 -8.9 3.2 7.6 4.4 -11.7 -11.7 -3.7 -.~ 3.8
--' I 38 -7.0 1.3 6.2 9.0 10.1 9.9 8.1 4.6 -1.2 -11.7 -11.1 -11.7 -11.7 -1.0 7.2 8.5 3.0 -11.7 -11.7 -4.9 1.1c:; N 3 6 - 7 • 8 • 6 5 • 8 8 • 9 1 0 • 5 1 0 • 9 9 ••~9 7 • 6 3 • 7 - 2 • 6 -11. 7 -11. 7 -11 0 7 - 7 • 9 4 • 4 9 • 4 8 • 9 2 • a -11. 7 - 11 • 7 - 6 • 2

34 -8.7 -.1 5.3 8.7 10.8 11.6 11.3 9.9 7.3 3.1 -3.3 -11.7 -11.7 -11.7 -1.0 7.8 10.8 9.2 1.8 -11.7 -11.7
o 32 -9.7 -.9 4.7 8.4 10.8 12.1 12.4 11.7 10.0 7.2 3.0 -3.2 -11.7 -11.7 -11.7 3.4 9.9 11.9 9.7 2.6 -11.7
E 30 -11.1 -1.8 4.0 7.9 10.h 12.3 13.1 IJ.O 12~1 10.3 '7;5. 3.4 -2.4 -11.7 -11.7 -4.6 6.2 11.4 12.8 10.7 4.4
G 2 8 -11. 7 - 2 • 8 3 • 2 7 • 3 1 0 • 3 1 2 • 3 13 • 5 1 3".9 1 3 • 6 1 2 • 6 1 O. 9 8 • ? 4 • 4 - 8 • 3 -11. 7 -11. 7 -1 • 1 7 • 9 1 2 • 4 1 3 • 7 1 2 • a
R 2 6 -11. 7 - 3 .' 8 2 • 3 6 • 6 ~'. 8 1 2 • 1 1 3 • 6 14 .5 1 4 • 7 1 4 • 3 1 3 • 3 11 • 6 9 e 2 1 • 3 -11. 7 -11. 7 -11. 7 • 7 8 • 9 13 • 1 1 4 • 5
E 24 ~11.1 -5.0 1.3 5.8 9.~ 1~~7 13.5 14.7 15.4 15.5 15.1 14.2 12.7 7.6 -1.4 -11.7 -11.7 -11.7 1.3 9.1 13.4
E 22 -11.7 -6.2 .2 4.9 8.4 ~.1 E~.2 14.7 15.7 16.2 16.3 16.0 15.2 12.1 6.4 -3.1 -11.7 -11.7 -11.7 .8 8.7
S 20 ~11.7 -7.5 -1.0 3.8 7.5 ,10.4 1~~7 14.4 15.7 16.6 17.1 17.2 16.9 15.2 11.7 6.0 -3.4 -11.7 -11.7 -11.7 -1.1

18 -11.7 -8.9 -2.3 2.6 6.4 9.5 11.9 13~9 15.4 16.6 17.4 17.9 18.0 17.4 15.4 11.9 6.3 -2.5 -11.7 -11.7 -11.7
1~ -11.7 -11.7 -3.8 1.3 5.2 8~4 11.0 13.1 14.9 16.3 17.3 18.1 IB.6 18.8 17.9 15.9 12.5 7.4 -.5 -11.7 -11.7
14 -11.7 -11.7 -5.3 -.2 3.8 7.1 9.9 12.2 14.0 15.6 16.9 17.9 18.7 19.5 19.4 1~.5 16.5 13.4 8.9 2.1 -8.8
12 -11.7 -11.7 -7.0 -1.9 2.3 5.7 8.5 10.9 12.9 14.7 16.1 17.3 18.3 19.6 20.2 20.0 19.0 17.2 14.5 10.5 4.6
10 -11.7 -11.7 -9.0 -3.7 .S 3.9 6.9 9.4 11.5 13.4 14.9 16.3 17.4 19.1 20.2 20.5 20.3 19.4 17.8 15.3 11.8

8 -11.7 -11.7 -11.7 -S.9 -1.7 1.9 ~.9 7.4 9.7 11.6 13~3 14.9 16.0 18.1 19.4 20.2 20.5 20.2 19.3 17.8 15.6
6 -11.7 -11.7 -11.7 -8.6 -4.3 -.7 2.3' 5.0 7.3 9.3 11.1 12.~ 14.0 16.2 17.8 18.9 19.5 19.7 19.3 18.4 16.9
4 -11.7 -11.7 -11.7 -11.7 -7.9 -4.3 -1.2 1.5 3~8 5.9 7.7 9.3 10.8 13.1 15~0 16.3 17.1 17.5 17.5 17.~ 16.0
2 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -7.2 -4.4 -2.1 .0 1.9 3.5 5.0 7.5 9.4 10.8 11.8 12.3 12.5 12.2 11.S
o -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 ~11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7

2 3 4 5 6 7 8 9 10 11 12, 1.3 14 16 18 20 2:? 24 26 28 30

FREQUE~CY IN MEGAHERTZ

ANTENNA EFFICIENCY
-1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.1 -1.7 -1.7 -1.7 -1.1 -1~7 -1.1 -1.7 -1.7 -1.7 -1.7 -1.7

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

Figure 44. Horizontal rhombic pattern.
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METHOD 15 I ONC AP 78.03 PAGE 2

ITS- 1 ANTENNA PACKAGE ANTENNA PATTERN
FREQUENCY RANGE ANTENNA TYPE HEIGHT LENGTH ANGLE AZIMUTH EX (1) FX(2) EX(3) EX(4) CONDUCT. DIELECT.

2.0 TO 30.0 VER MONOPOLE 0.000 -.250 0.000 0.000 0.000 0.000 0.000 0.000 .001 4.000
2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

90 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.~ -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6
88 -29.7 -30.0 -30.1 -30.2 -30.2 -30.2 -30.2 -30.2 -30.2 -30.1 -30.1 -30.1 -30.1 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -29.9 -29.9
86 -23.6 -24.0 -24.1 -24.2 -24.2 -24.2 -24.2 -24.2 -24.1 -24.1 -2~.1 -24.1 -24.1 -24.0 -24.0 -24.0 -24.0 -23.9 -23.9 -23.9 -23~9
84 -20.1 -20.4 -20.6 -20.7 -20.7 -20.7 -20.7 -20.6 -20.6 -20.6 -20.6 -20.6 -20.5 -20.5 -20.5 -20.5 -20.4 -20.4 -20.4 -20.4 -20.4
82 -17.6 -18.0 -18.1 -18.2 -18.2 -18.2 -18.2 -18.1 -18.1 -18.1 -18.1 -18.1 -18.0 -18.0 -18.0 -18.0 -17.9 -17.9 -17.9 -17.9 -17.9
80 -15.7 -16.0 -16.2 -16.2 -16.2 -16.2 -16.2 -16.2 -16.2 -16.2 -16.1 -16.1 -16.1 -16.1 -16.1 -16.0 -16.0 -1~.0 -16.0 -16.0 -16.0
78 -14.1 -14.4 -14.6 -14.7 -14.7 -14.7 -14.6 -14.6 -14.6 -14.6 -14.6 -14.6 -14.5 -14.5 -14.5 -14.5 -14.4 -14.4 ~14.4 -14.4 -14.4
76 -ll.8 -13.1 -13.3 -13.3 -13.3 -13.3 -13.3 -13.3 -13.3 -13.3 -13.2 -13.2 -13.l -13.2 -13.2 -13.1 -13.1 -13.1 -13.1 -13.1 -13.1
74 -11.6 -11.9 -12.1 -12.2 -12.2 -12.2 -12.2 -12.1 -ll.1 -12.1 -12.1 -12.1 -12.1 -12.0 -12.0 -12.0 -12.0 -11.9 -11.9 -11.9 -11.9
72 -10.6 -10.9 -11.1 -11.2 -11.2 -11.2 -11.2 -11.1 -11.1 -11.1 -11.1 -11.1 -11.0 -11.0 -11.0 -11.0 -11.0 -10.9 -10.9 -10.9 -10.9

E 70 ~9.7 -10.0 -10.2 -10.3 -10.3 -10.3 -10.3 -10.2 -10.2 -10.l -10.2 -10.2 -10.1 -10.1 -10.1 -10.1 -10.1 -10.0 -10.0 -10.0 -10.0
L 68 -8.9 -9.2 -9.4 -9.4 -9.5 -9.5 -9.4 -9.4 -9.4 -9.4 -9.4 -9.4 -9.3 -9.3 -9.3 -9.3 -9.Z -9.2 -9.2 -9.2 -9.2
E 66 -8.1 -8.5 -8.6 -8.7 -8.7 -8.7 -8.7 -8.7 -8.7 -8.7 -8.6 -8.6 -8.6 -8.6 -8.6 -8.5 -8.5 -8.5 -8.5 -8.5 -8.5
V 64 -7.4 -7.8 -8.0 -8.0 -8.0 -8.0 -S.O =8.0 =8.0 =8.0 -8.0 -7.9 -7.9 -7.9 -7.9 -7.9 -7.8 -7.8 -7.8 -7.8 -7.8
A 62 -6.8 -7.2 -7.3 -7.4 -7.4 -7.4 -7.4 -7.4 -7.4 -7.4 -1.4 -7~3 -7.3 -1.3 -7.3 -1.3 -7.2 -7.2 -1.2 -7.2 -7.2
T 60 -6.2 -6.6 -6.8 -6.8 -6.9 -6.9 -6.9 -6.8 -6.8 -6.8 -b.8 -6.8 -6.8 -6.1 -6.7 -6.1 -6.7 -6.7 -6.6 -6.6 -6.6
I 58 -5.1 -6.1 -6.3 -6.3 -6.3 -6.3 -6.3 -6.3 -6.3 -6.3 -6.3 -6.3 -6.2. -6.2 -6.2 -6.2 -6.2 -6.1 -6.1 -6.1 -6.1
o 56 -'5.2 -5.6 -5.8 -5.8 -5.9 -5.9 -5.9 -5.8 -5.8 -5.8 -5.8 -5.8 -5.8 -5.7 -5.7 -5.7 -5.7 -5.7 -5.7 -5.6 -5.6
N 54 -4.8 -5.2 -5.3 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.3 -5.3 -5.3 -5.3 -5.3 -5.2 -5.2 -5.2 -5.2 -5.2

52 -4.4 -4.1 -4.9 -5.0 -5.0 -5.0 -5.0 -5.0 -5.0 -5.0 -5.0 -4.9 -4.9 -4.9 -4.9 -4.9 -4.8 -4.8 -4.8 -4 •.8 -4.8
A 5.0 -4.0 -4.4 -4.5 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -4.5 -4.5 -4.5 -4.5 -4.5 -4.5 -4.4 -4.4
N 48 -3.6 -4.0 -4.2 -4.3 -4.3 -4.3 -4.3 -4.3 -4.3 -4.3 -4.l -4.2 -4.2 -4.l -4.2 -4.l -4.1 -4.1 -4.1 -4.1 -4.1
G 46 -3.3 -3.7 -3.9 -4.0 -4.0 -4.0 -4.0 -4.0 -4.0 -4.0 -3.9 -3.·9 -3.9 -3.9 -3.9 -3.9 -3.8 -3.8 -3.8 -3.8 -3.8
L 44 -3.0 -3.4 -3.6 -3.7 -3.7 -3.1 -3.1 -3.7 -3.7 -3.1 -3.1 -3.7 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.5 -3.5
E 42 -2.7 -3.2 -3.4 -3.4 -3.5 -3.5 -3.5 -3.5 -3.S -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3

--'
40 -2.5 -2.9 -3.1 -3.2 -3.3 -3.3 -3.3 -3.3 -3.2 -3.2 -3.2 -3.2 -3.2 -3.2 -3.2 -3.1 -3.1 -3.1 -3.1 -3.1 -3.1

I 38 -2.3 -2.8 -3.0 -3.0 -3.1 -3.1 -3.1 -3.1 -3.1
.

-3.1 -3.0 -3~O -3.0 -3.0 -3.0 -3.0 -3.0 -2.9 -2.9 -2.9 -2.9.......
(J1 N 36 -2.1 -2.6 -2.8 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8

34 -2.0 -2.5 -2.1 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.1 -2.7 -2.1 -2.7 -2.7 -2.7 -2.7 -2.7
o 32 -1.9 -2.4 -2.6 -2.7 -2.7 -2.8 -2.8 -2.8 -2.7 -2.1 -2.1 -2.7 -2.7 -2.1 -2.1 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6
E 30 -1.8 -2.3 -2.6 -2.7 -2.7 -2.7 -2.1 -2.1 -2.7 -2.7 -2.7 -2.1 -2.1 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6
G 28 -1.8 -l.3 -2.6 -2.1 -2.7 -2.1 -2.7 -2.7 -2.7 -2.7 -2.1 -2.7 -2.7 -2.7 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6 -2.6
R 26 -1.8 -2.4 -2.6 -2.1 -2.8 -2.8 -2.8 -l.8 -2.8 -2.8 -2.8 -2.8 -2.1 -2.1 -2.1 -2.7 -2.7 -2.7 -2.7 -2.7 -2.7
E 24 -1.9 -2.5 -2.1 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.9 -2.~ -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8 -2.8
E 22 -2.0 -2.6 -2.9 -3.0 -3.1 -3.1 -3.1 -3.1 -3.1 -3.1 -3.1 -3.1 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0
S 20 -2.2 -2.9 -3.1 -3.3 -3.3 -3.3 -3.4 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3 -3.3 -3.2 -3.2 -3.2 -3.2 -3.2

18 -2.5 -3.2 -3.5 -3.6 -3.1 -3.7 -3.1 -3.1 -3.1 -3.1 -3.1 -3.7 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.6
16 -2.9 -3.6 -3.9 -4.0 -4.1 -4.1 -4.1 -4.1 -4.1 -4.1 -4.1 -4.1 -4.1 -4.1 -4.1 -4.0 -4.0 -4.0 -4.0 -4.0 -4.0
14 -3.4 -4.1 -4.5 -4.6 -4.1 -4.·7 -4.1 -4.7 -4.1 -4.1 -4.1 -4.1 -4.7 -4.1 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6 -4.6
12 -4.1 -4.8 -5.l -5.3 -5.4 -5.5 -5.5 -5.5 -5.5 -5.5 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.3
10 -5.0 -5.8 -6.1 -6.3 -6.4 -6.4 -6.4 -6.5 -6.4 -6.4 -6.4 -6.4 -6.4 -6.4 -6.4 -6.4 -6.4 -6.4 -6.3 -6.3 -6.3

8 -6.2 -1.1 -1.5 -1.6 -7.1 -1.8 -1.8 -7.8 -1.8 -7.8 -7.8 -7.8 -7.1 -7.1 -1.1 -1.1 -7.7 -7.7 -1.1 -7.7 -7.7
6 -8.0 -8.9 -9.3 -9.5 -9.6 -9.6 -9.7 -9.7 -9.1 -Q.1 -9.6 -Q.6 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6 -9.6
4 -10.1 -11.1 -12.2 -12.4 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5 -12.4 -12.4
2 -16.0 -11.0 -17.5 -17.7 -11.8 -11.9 -11.9 -17.9 -11.9 -11.9 -17.9 -11.9 -11.9 -11.9 -11.9 -17.8 -11.8 -17.8 -11.8 -17.8 -17.8
o -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6 -50.6

2 '3 4 5 6 7 8 9 10 11 12 13 14 16 18 20· 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

ANTENNA EFFICIENCY
-.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6

Z 3 4 5 6 1 8 9 10 11 12 13 14 16 18 20 22 24 2b 28 30

FREQUENCY IN MEGAHERTZ

Figure 46. Vertical monopole pattern.



I
h = ANH

~ -e = ANL

True Bearing = AETA
Additional Gain Above 1/2 Wave Horiz. Dipole = AEX(l)

Figure 47. Horizontal dipole structure (3).
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METHOD 15 IONCAP 78.03 PAGE 3

ITS- 1 ANTENNA P4CKAGE ANTENNA PATTERN
FREQUENCY RA~GE ANTENNA TYPE HEIGHT LENGTH ANGLE AZP1UTH EX (1) EX(2) EX (3) EX(4) CONDUCT. DIELECT.

2.0 TO 30.0 HORZ. DIPOLE -.250 -.500 0.000 0.000 0.000 0.000 0.000 0.000 .001 4.000
2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

90 6.1 5.7 5.4 5.3 5.1 5.1 5.0 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
88 6.1 5.7 5.4 5.3 5.1 5.1 5.0 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
86 6.1 5.7 5.5 5.3 5.1 5.1 5.0 4.9 4.9 4.9 4.9 •• 8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
84 6.1 5.7 5.5 5.3 5.2 5.1 5.0 5.0 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
82 6.2 5.8 5.5 5.3 5.2 5.1 5.0 5.0 4.9 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
80 6.2 5.8 5.5 5.3 5.2 5.1 5.0 5.0 5.0 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
78 6.2 5.8 5.5 5.4 5.2 5.1 5.1 5.0 5.0 5.0 4.9 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8
70 6.2 5.8 5.6 5.4 5.3 5.2 5.1 5.0 5.0 5.0 5.0 4.9 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8
74 6.3 5.9 5.6 5.4 5.3 5.2 5.1 5.1 5.0 5.0 5.0 5.0 4.9 4.9 4.9 4.9 4.~ 4.9 4.9 4.8 4.8
72 6.3 5.9 5.6 5.5 5.3 5.2 5.2 5.1 5.1 5.0 5.0 5.0 5.0 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9

E 70 6.3 5.9 5.7 5.5 5.4 5.3 5.2 5.1 5.1 5.1 5.0 5.0 5.C> 5.0 4.9 4.9 4.9 4.9 4.9 4.9 4.9
L 68 6.4 0.0 5.7 5.5 5.4 5.3 5.2 5.2 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 4.9 4.9 4.9 4.9 4.9
E 60 6.4 6.0 5.8 5.6 5.4 5.3 5.3 5.2 5.2 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 5.0 4.9 4.9 4.9
V 04 6.4 6.1 5.8 5.6 5.5 5.4 5.3 5.2 5.2 5.1 5.1 5.1 "5.1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.9
A 62 6.5 6.1 5.8 " 5.6 5.5 5.4 5.3 5.3 5.2 5.2 5.1 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 5.0 5.0
T 60 6.5 6.1 5.9 5.7 5.5 5.4 5.3 5.3- 5.2 5.2 5.2 5.1 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 5.0
I 58 ;'.5 6.1 5.9 5.7 5.6 5.5 5.4 5.3 5.3 5.2 5.2 5.2 5.1 5.1 J • .1. 5.0 5.0 J.V J.V

c: 1"\ c: 1"\
J.V J.V

o 56 6.5 0".2 5.9 5.7 5.6 5.5 5.4 5.3 5.3 5.2 5.2 5.2 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 5.0
N 54 6.5 o.l 5.9 5.7 5.6 5.5 5.4 5.3 5.3 5.2 5.2 5.2 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 5.0

52 0.5 6.2 5.9 5.7 5.6 5.5 5.4 5.3 5.3 5.2 5.2 5.2 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 5.0
A 50 6.5 0.1 5.9 5.7 5.6 5.5 5.4 5.3 5.3 5.2 5.2 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 4.9 4.9
N 4"8 6.4 6.1 5.9 5.7 5.6 5.4 5.4 5.3 5.2 5.2 5.1 5.1 5.1 5.0 5.0 5.0 5.0 4.9 4.9 4.9 4.9
G 46 6.4 6.1 5.8 5.7 5.5 5.4 5.3 5.3 5.2 5.1 5.1 5.1 5.C> 5.0 5.0 4.9 4.9 4.9 4.9 4.9 4.8
L 44 6.3 6.0 5.8 5.6 5.5 5.4 5.3 5.2 5.1 5·.1 5.0 5.0 5.0 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8
E 42 6.2 5.9 5.7 5.5 5.4 5.3 5.2 5.1 5.1 5.0 5.0 4.9 4.9 4.9 4.8 4.8 4.8 4.7 4.7 4.7 4.7

..-I 40 6.1 5.8 5.6 5.4 5.3 5.2 5.1 5.0 5.0 4:9 4.9 4.8 4.8 4.8 4.7 4.7 4.7 4.6 4.6 4.6 4.6..-I
I 38 5.9 5.7 5.5 5.3 5.2 5.1 5.0 4.9 4.8 4.8 4.8 4.7 4.7 4.6 4.6 4.6 4.5 4.5 4.5 4.5 4.5-....J
N 36 5.7 5.5 5.3 5.2 5.0 4.9 4.8 4.8 4.7 4.7 4.6 4.6 4.5 4.5 4.4 4.4 4.4 4.4 4.3 4.3 4.3

34 5.5 5.3 5.1 5.0 4.9 4.7 4.7 4.6 4.5 4.5 4.4 4.4 4.4 4.3 4.3 4.2 4.2 4.2 4.2 4.1 4.1
o 32 5.3 5.1 4.9 4.8 4.6 4.5 4.4 4.4 4.3 4.3 4.2 4.2 4.1 4.1 4.0 4.0 4.0 4.0 3.9 3.9 3.9
E 30 5.0 4.8 4.6 4.5 4.4 4.3 4.2 4.1 4.1 4.0 4.0 3.9 3.9 3.8 3.8 3.8 3.7 3.7 3.7 3.7 3.7
G 28 4.6 4.5 4.3 4.2 4.1 4.0 3.9 3.8 3.8 3.7 3.7 3.6 3.6 3.5 3.5 3.5 3.4 3.4 3.4 3.4 3.4
R 26 4.2 4.1 4.0 3.8 3.7 3.6 3.6 3.5 3.4 3.4 3.3 3.3 3.3 3.2 3.2 3.1 3.1 3.1 3.0 3.0 3.0
E 24 3.8 3.7 3.5 3.4 3.3 3.2 3.1 3.1 3.0 3.0 2.9 2.9 2.~ 2.8 2.8 2.7 2.7 2.7 2.6 2.6 2.6
E 22 3.2 3.1 3.0 2.9 2.8 2.7 2.7 2.6 2.5 2.5 7..5 2.4 2.4 2.3 2.3 2.2 2.2 2.2 2.2 2.1 2.1
S 20 2.6 2.6 2.5 2.4 2.3 2.2 2.1 2.1 2.0 1.9 1.9 1.9 1.8 1.8 1.7 1.7 1.7 1.6 1.6 1.6 1.6

18 1.9 1.9 1.8 1.7 1.6 1.5 1.5 1.4 1.3 1.3 1.3 1.2 1.2 1.1 1.1 1.0 1.0 1.0 1.0 .9 .9
16 1.1 1.1 1.0 .9 .8 .8 .7 .6 .6 .5 .5 .5 .4 .4 .3 .3 .3 .2 .2 .2 .2
14 .1 .1 .0 -.0 -.1 -.2 -.2 -.3 -.3 -.4 -.4 -.5 -.5 -.5 -.6 -.6 -.7 -.7 -.7 -.7 -.7
12 -1.0 -1.1 -1.1 -1.2 -1.2 -1.3 -1.3 -1.4 -1.4 -1.5 -1.5 -1.6 -I.!> -1.6 -1.7 -1.7 -1.7 -1.8 -1.8 -1.8 -1.8
10 -~.5 -2.5 -2.5 -2.5 -2.6 -2.6 -2.7 -2.8 -2.8 -2.8 -2.9 -2.9 -2.9 -3.0 -3.0 -3.1 -3.1 -3.1 -3.1 -3.2 -3.2

8 -4.3 -4.2 -4.2 -4.3 -4.3 -4.4 -4.4 -4.5 -4.5 -4.6 -4.6 -4.6 -4.7 -4.7 -4.8 -4.8 -4.8 -4.8 -4.9 -4.9 -4.9
6 -6.6 -6.6 -6.6 -6.6 -6.6 -6.7 -6.7 -6.8 -6.8 -6.9 -6.9 -6.9 -6.9 -7.0 -7.0 -7.1 -7.1 -7.1 -7.2 -7.2 -7.2
4 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0
2 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0
o -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20· 22 24 26 28 30

FREOUENCY IN MEGAHERTZ

ANTENNA EFFICIENCY
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 2? 24 26 28 30

FREQUENCY IN MEGAHERTZ

Figure 48. Horizontal dipole pattern.



z True Bearin9 = AETA
Additional Gain Above
1/2 Wave Horiz. Dipole = AEX(l)

dr/

~ Reflector

7~fr
l·· Driven
10 Element

~Pe=ANL

y

h = ANH

~ Director
~ /",

Rd

x

--J

---J

00

Figure 49. Horizontal Vagi structure (4).



METHOD 15 IONCAP 78.03 PAGE 4

ITS- 1 A~TENNA PACKAGE ANTENNA PATTERN
FREQUENCY RANGE ANTENNA TYPE HEIGHT LENGTH ANGLE AZ P1UTH EX (1) EX(2) EX (3) EX(4) CONDUCT. DIELECT.

2.0 TO 30.0 HORZ. YAGI -.250 -.500 0.000 0.000 3.000 0.000 0.000 0.000 .001 4.000
2 3 4 5 6 7 8 9 10 11 12 13 14 1~ 18 20 22 24 26 28 30

90 9.1 8.7 8.4 8.3 8.1 8.1 8.0 7.9 7.9 7.9 7.9 7.8 7.8 7.8 7.8 1.8 1.8 1.8 7.8 7.8 7.8
88 9.1 8.1 8.4 8.3 8.1 8.1 8.0 1.9 7.9 1.9 1.9 1.8 1.8 1.8 7.8 1.8 1.8 1.8 7.8 7.8 7.8
86 9.1 8.7 8.5 8.3 8.1 8.1 8.0 1.9 7.9 1.9 7.9 1.8 7.8 7.8 7.8 7.8 1.8 1.8 1.8 7.8 7.8
84 9.1 8.1 8.5 8.3 8.2 8.1 8.0 8.0 7.9 7.9 7.9 1.9 1.8 1.8 7.8 1.8 7.8 7.8 7.8 7.8 7.8
82 9.2 8.8 8.5 8.3 8.2 8.1 8.0 8.0 7.9 1.9 1.9 1.9 1.~ 7.8 1.8 1.8 7.8 7.8 7.8 7.8 7.8
80 9.2 8.8 8.5 8.3 8.2 8.1 8.0 8.0 8.0 7.9 7.9 7.9 7.':l 1.8 1.8 1.8 7.8 7.8 1.8 7.8 1.8
78 9.2 8.8 8.5 8.4 8.2 8.1 8.1 8.0 8.0 8.0 7.9 7.9 7.9 7.9 1.9 7.8 7.8 7.8 7.8 7.8 1.8
76 9.2 8.8 8.6 8.4 8.3 8.2 8.1 8.0 8.0 8.0 8.0 1.9 1.~ 1.9 7.9 7.9 7.8 7.8 7.8 1.8 7.8
74 9.3 8.9 8.6 8.4 8.3 8.2 8.1 B.1 8.0 8.0 8.0 8.0 1.9 1.9 7.9 7.9 1.9 1.9 7.9 7.8 7.8
72 9.3 8.9 8.6 8.5 B.3 8.2 8.2 8.1 8.1 8.0 8.0 8.0 8.0 7.9 1.9 1.9 7.9 7.9 7.9 7.9 1.9

E 70 9.3 e.9 8.7 8.5 8.4 e.3 8.2 e.1 8.1 8.1 8.0 8.0 8.0 8.0 7.9 7.9 7.~ 7.9 7.9 7.9 7.9
L 68 9.4 9.0 8.7 8.5 8.4 8.3 8.2 8.2 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 7.9 7.9 7.9 7.9 7.9
E 66 9.4 9.0 8.8 8.6 8.4 8.3 8.3 8.2 8.2 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 8.0 7.9 7.9 7.9
V 64 9.4 9.1 8.8 8.6 8.5 8.4 8.3 8.2 8.2 8.1 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.9
A 62 9.5 9.1 8.8 8.6 8.5 8.4 8.3 8.3 8.2 8.2 8.1 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 8.0 8.0
T 60 9.5 9.1 8.9 8.7 8.5 8.4 8.3 8.3 8.2 8.2 8.2 8.1 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 8.0
I 58 9.5 9.1 8.9 8.7 8.6 8.5 8.4 8.3 8.3 8.2 8.2 8.2 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 8.0
o 56 9.5 9.2 8.9 8.7 8.6 8.5 8.4 8.3 8.3 8.2 8.2 8.2 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 8.0
N 54 9.5 9.2 8.9 8.7 8.6 8.5 8.4 8.3 8.3 8.2 8.2 8.2 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 8.0

52 9.5 9.2 8.9 8.7 8.6 8.5 8.4 8.3 8.3 8.2 8.2 8.2 8.1 8.1 8.1 8.0 8.0 8.0 8.0 8.0 8.0
A 50 9.5 9.1 8.9 8.7 8.6 8.5 8.4 8.3 8.3 8.2 8.2 8.1 8.1 8.1 8.0 8.0 8.0 6.0 8.0 7.9 7.9
N 48 9.4 9.1 8.9 8.7 8.6 8.4 8.4 8.3 8.2 8.2 8.1 8.1 8.1 8.0 8.0 8.0 8.0 7.9 7.9 7.9 7.9
G 46 9.4 9.1 8.8 8.7 8.5 8.4 8.3 8.3 8.2 8.1 8.1 8.1 8.0 8.0 8.0 7.9 7.9 7.9 1.9 7.9 7.8

~

l 44 9.3 9.0 8.8 8.6 8.5 8.4 8.3 8.2 8.1 8.1 8.0 8.0 8.0 7.9 7.9 7.9 7.8 7.8 7.8 7.8 1.8
--'
~ E 42 9.2 8.9 8.7 8.5 8.4 8.3 8.2 8.1 8.1 8.0 8.0 7.9 7.9 7.9 7.8 7.8 7.8 7.7 7.7 7.7 1.7

40 9.1 8.8 8.6 8.4 8.3 8.2 8.1 8.0 8.0 7.9 1.9 7.8 7.8 7.8 7.7 7.7 7.7 7.6 1.6 7.6 7.6
I 38 8.9 8.7 8.5 8.3 8.2 8.1 8.0 7.9 7.8 7.8 7.8 7.7 7.7 7.6 7.6 1.6 7.5 7.5 7.5 7.5 7.5
N 36 8.7 8.5 8.3 8.2 8.0 7.9 7.8 7.8 7.7 7.7 7.6 7.6 7.5 7.5 7.4 7.4 7.4 7.4 7.3 7.3 7.3

34 8.5 8.3 8.1 8.0 7.9 7.7 7.7 7.6 7.5 7.5 7.4 7.4 7.4 7.3 7.3 7.2 7.2 7.2 7.2 7.1 7.1
o 32 8.3 8.1 7.9 7.8 7.6 7.5 7.4 7.4 7.3 7.3 7.2 7.2 7.1 7.1 7.0 7.0 7.0 7.0 6.9 6.9 6.9
E 30 8.0 7.8 7.6 7.5 7.4 7.3

0

7.2 7.1 7.1 7.0 7.0 6.9 6.9 6.8 6.8 6.8 6.7 b.7 6.7 6.7 6.7
G 28 7.6 7.5 7.3 7.2 7.1 7.0 6.9 6.8 6.8 6.7 6.7 6.6 6.6 6.5 6.5 6.5 6.4 6.4 6.4 6.4 6.4
R 26 7.2 7.1 7.0 6.8 6.7 6.6 6.6 6.5 6.4 6.4 6.3 6.3 6.3 6.2 6.2 6.1 6.1 6.1 6.0 6.0 6.0
E 24 6.8 6.7 6.5 6.4 6.3 6.2 6.1 6.1 6.0 6.0 5.9 5.9 5.9 5.8 5.8 5.7 5.7 5.7 5.6 5.6 5.6
E 22 6.2 6.1 6.0 5.9 5.8 5.7 5.7 5.6 5.5 5.5 5.5 5.4 5.4 5.3 5.3 5.2 5.2 5.2 5.2 5.1 5.1
S 20 5.6 5.6 5.5 5.4 5.3 5.2 5.1 5.1 5.0 4.9 4.9 4.9 4.8 4.8 4.7 4.7 4.7 4.6 4.6 4.6 4.6

18 4.9 4.9 4.8 4.7 4.6 4.5 4.5 4.4 4.3 4.3 4.3 4.2 4.2 4.1 4.1 4.0 4.0 4.0 4.0 3.9 3.9
16 4.1 4.1 4.0 3.9 3.8 3.8 3.7 3.6 3.6 3.5 3.5 3.5 3.4 3.4 3.3 3.3 3.3 3.2 3.2 3.2 3.2
14 3.1 3.1 3.0 3.0 2.9 2.8 2.8 2.7 2.7 2.6 2.6 2.5 2.5 2.5 2.4 2.4 2.3 2.3 2.3 2.3 2.3
12 2.0 1.9 1.9 1.8 1.8 1.7 1.7 1.6 1.6 1.5 1.5 1.4 1.4 1.4 1.3 1.3 1.3 1.2 1.2 1.2 1.2
10 .5 .5 .5 .5 .4 .4 .3 .2 .2 .2 .1 .1 .1 .0 -.0 -.1 -.1 -.1 -.1 -.2 -.2

8 -1.3 -1.2 -1.2 -1.3 -1.3 -1.4 -1.4 -1.5 -1.5 -1.6 -1.6 -1.6 -1.7 -1.7 -1.8 -1.8 -1.8 -1.8 -1.9 -1.9 -1.9
6 -3.6 -3.6 -3.6 -3.6 -3.6 -3.7 -3.7 -3.8 -3.8 -3.9 -3.9 -3.9 -3.9 -4.0 -4.0 -4.1 -4.1 -4.1 -4.2 -4.2 -4.2
It -7.0 -7.0 -7.0 -7.0 -7.0 -7.0 -7.1 ~7.1 -7.2 -7.2 -7.2 -7.2 -7.3 -1.3 -7.4 -1.4 -7.4 -7.5 -7.5 -7.5 -1.5
2 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0
o -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0

2 3 It 5 6 ; 8 9 10 .... 12 13 14 16 18 20 22 24 26 28 30.1..1.

FREQUENCY IN MEGAHERTZ

ANTENNA EFFICIENCY
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 3 It 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

Fi gu re 50. Horizontal Vagi pattern.



Figure 51. Vertical log peri'odtc structure (5)~
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METHOD I~ IO..CA' 18.03 PAGE 5

ITS- 1 ANTEN"' PACKAGE ANTENNA PATTfRN
FftEOU£tfCY RANGE ANTENNA TYPE HEIGHT LENGTH ANGLE AZIMUTH EX(lJ EX(2) EX(3) EX(lt) CD~OUCT.. OIELECT.

2.0 TO 30.0 V lOG PERIOD 0.000 -.250 0.000 0.000 2.000 0.000 0.000 0.000 .001 4.000
2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 2b 28 30

90 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -lO.b -10.~ -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6
88 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10~& -10.b -10.6 -10.6 -lO.b -lO.b -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6
86 -10.6 -10.6 -10.6 -10.6 -10.6 -10.& -10.& -10.& -10.6 -10.6 -lO.b -10.6 -10.6 -10.6 -10.b -10.6 -10.6 -10.6 -10.6 -10.6 -10.6
84 -10.6 -10.6 -10.6 -lO.b -10.6 -10.6 -10.6- -10.6 -10.6 -10.6 -10.6 -lO.~ -10.6 -10.& -~0.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6
t2 -10.& -10.& -10.6 -10.6 -10.~ -10.& -10.6 -10.6 -10.6 -10.6 -10.6 -10.~ -10.6 ~10.6 -10.& -10.6 -10.6 -10.6 -10.6 -10.& -10.6
80 -10.6 -10.& -10.6 -10.6 -10.6 -10.& -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6
78 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.& -10.6 -10.6 -10.~ -10.6 -10.6 -10.b -10.6
76 -10.& -10.& -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6
74 -9.6 -9.9 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.0 -10.0 -9.9 -9.9 -9.9 -9.9
72 -8.6 -8.9 -9.1 -9.Z -9.2 -9.2 -9.2 -9.1 -9.1 -9.1 -9.1 -9.1 -9.0 -9.0 -9.0 -9.0 -9.0 -8.9 -8.9 -8.9 -8.9

E 70 -7.7 -S.O -8.2 -8.3 -8.3 -8.3 -8.3 -8.2 -8.2 -8.2 -8.2 -8.2 -8.1 -8.1 -8.1 -8.1 -8.1 -8.0 -8.0 -8.0 -8.0
l 68 -6.9 -7.2 -7.4 -7.4 -7.5 -7.5 -7.4 -7.4 -7.4 -7.4 -7.4 -7.4 -7.3 -7.3 -7.3 -7.3 -7.2 -7.2 -7.Z -7.Z -7.2
E 66 -6.1 -b.5 -6.6 -6.7 -6.7 -&.7 -b.7 -&.7 -&.7 -6.7 -&.6 -6.6 -6.6 -6.6 -6.6 -6.5 -6.5 -6.5 -6.5 -6.5 -6.5
V 64 -5.4 -5.8 -6.0 -6.0 -6.0 -6.0 -6.-0 -6.0 -6.0 -6.0 -6.0 -5.9 -5.9 -5.9 -5.9 -5.9 -5.8 -5.8 -5.8 -5.8 -5.8
A 62 -It.8 -5.2 -5.3 -5.It -5.4 -5.It -5.It -5.4 -5.4 -5.4 -5.4 -5.3 -5.3 -5.3 -5.3 -5.3 -5.Z -5.1- -5.2 -5.2 -5.2
T 60 -4.2 -'t.6 -4.8 -4.8 -4.9 -4.9 -4.9 -4.8 -4.8 -4.8 -4.8 -4.8 -4.8 -4.7 -4.7 -4.7 -4.7 -'t.7 -4.6 -4.6 -4.6
t 58 -3.7 -4.1 -4.3 -4.3 -4.3 -4.3 -4.3 -4.3 -4.3 -4.3 -4.3 -4.3 -4.2 -4.2 -4.Z -4.2 -4.2 -'t.l -4.1 -4.1 -4.1
o 56 -3.Z -3.6 -3.8 -3.8 -3.9 -3.9 -3.9 -3.8 -3.8 -3.8 -3.8 -3.8 -3.8 -3.7 -3.7 -3.7 -3.7 -3.7 -3.7 -3.6 -3.6
N 54 -2.8 -3.2 -3.3 -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.3 -3.3 -3.3 -3.3 -3.3 -3.Z -3.Z -3.Z -3.Z -3.2

52 -2.4 -Z.7 -2.9 -3.0 -3.0 --3.0 -3.0 -1.0 -3.0 -3.0 -3.0 -2.9 -2.9 -Z.9 -2.9 -2.9 -Z.8 -Z.8 -2.8 -2.8 -2.8
A 50 -Z.O -Z.4 -2.5 -2.6 -2.6 -2.6 -2.6 -Z.6 -2.6 -Z.6 -2.6 -2.6 -2.!) -Z.5 -2.5 -2.5 -Z.5 -Z.5 -Z.5 -Z.4 -Z.4
N 48 -1.6 -2.0 -2.Z -2.3 -Z.3 -Z.3 -Z.3 -2.3 -2.3 -2.3 -2.2 -2.Z -2.2 -Z.Z -2.2 -2.Z -Z.l -2.1 -Z.l -Z.l -2.1

...... G 46 -1.3 -1.7 -1.9 -2.0 -2.0 -2.0 -Z.O -2.0 -2.0 -2.0 -1.9 -1.9 -1.9 -1.9 -1.9 -1.9 -1.8 -1.8 -1.8 -1.8 -1.8
N l 44 -1.0 -1.4 -l.b -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.6 -1.6 -1.6 -1.6 -1.6 -1.6 -1.6 -1.5 -1.5...... E 42 -.7 -1.2 -1.4 -1.4 -1.5 -1.5 -1.5 -1.5 -1.5 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.3 -1.3 -1.3 -1.3 -1.3 -1.3

40 -.5 -.9 -1.1 -1.2 -1.3 -1.3 -1.3 -1.3 -1.2 -1.2 -l.Z -1.2 -1.2 -1.2 -1.2 -1.1 -1.1 -1.1 -1.1 -1.1 -1.1
I 38 -.3 -.8 -1.0 -1.0 -1.1 -1.1 -1.1 -1.1 -1.1 -1.1 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -.9 -.9 -.9 -.9
N 36 -.1 -.6 -.8 -.9 -.9 -.9 -.9 -.9 -.9 -.9 -.9 -.9 -.9 -.9 -.8 -.8 -.8 -.8 -.8 -.8 -.8

34 -.0 -.5 -.7 -.8 -.8 -.8 -.8 -.8 -.8 -.8 -.8 -.8 -.8 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7
D 32 .1 -.4 -.6 -.7 -.7 -.~ -.8 -.8 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.6 -.6 -.6 -.6 -.6 -.6
E 30 .2 -.3 -.6 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6
G Z8 .Z -.3 -.6 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.6 -.6 -.6 -.6 -.6 -.6 -.6
R 26 .2 -.4 -.6 -.7 -.8 -.8 -.8 -.8 -.8 -.8 -.8 -.8 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7 -.7
E 24 .1 -.5 -.7 -.9 -.9 -.9 -,.9 -.9 -.9 -.9 -.9 -.9 -.9 -.8 -.8 -.8 -.8 -.8 -.8 -.8 -.8
E Z2 -.0 -.6 -.9 -1.0 -1.1 -1.1 -1.1 -1.1 -1.1 -1.1 -1.1 -1.1 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
S 20 -.Z -.9 -1.1 -1.3 -1.3 -1.3 -1.4 -1.3 -1.3 -1.3 -1.3 -1.3 -1.3 -1.3 -1.3 -1.3 -1.2 -1.2 -1.2 -1.2 -1.2

18 -.5 -1.2 -1.5 -1.6 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.6 -1.6 -1.& -1.6 -1.6 -1.6 -1.6 -1.6 -1.6
16 -.9 -1.6 -1.9 -2.0 -2.1 -2.1 -2.1 -2.1 -2.1 -2.1 -Z.l -2.1 -Z.l -2.1 -2.1 -2.0 -2.0 -2.0 -2.0 -z.o -2.0
14 -1.4 -2.1 -2.5 -2.6 -2.7 -Z.7 -2.7 -2.7 -2.7 -Z.7 -2.7 -2.7 -2.7 -2.7 -Z.6 -2.6 -2.6 -2.& -2.& -2.6 -2.6
12 -2.1 -2.8 -3.2 -3.3 -3.4 -3.5 -3.5 -3.5 -3.5 -3.5 -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.4 -3.3
10 -3.0 -3.8 -4.1 -4.3 -4.4 -4.4 -4.4 -4.5 -4.4 -4.4 -4.4 -4.4 -4.4 -4.4 -4.4 -4.4 -4.4 -4.4 -4.3 -4.3 -4.3

8 -4.2 -5.1 -5.5 -5.6 -5.7 -5.8 -5.8 -5.8 -5.8 -5.8 -5.8 -5.8 -5.7 -5.7 -5.7 -5.7 -5.7 -5.7 -5.7 -5.7 -5.7
6 -b.O -b.9 -7.3 -7.5 -7.6 -7.& -7.7 -7.7 -7.7 -7.7 -""'.6 -7.6 -7.6 -7.6 -7.6 -7.6 -7.6 -7.& -7.6 -7.6 -7.6
It -8.7 -9.7 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.~ -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6
2 -10.6 -10.b -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10~6 -10.6 -10.6 -10.~ -1~.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6
o -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -10.6 -1.0.6 -10.6 -10.6 -10.6 -10.6 -lO.b -10.6 -10.6 -10.6 -10.6 -10.6 -10.6

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

ANTENNA EFFICIENCY
-.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.6 -.b -.6

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN KEGAHERTZ

Figure 52. Vertical log periodic pattern.
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~ETHOD 15 IONCAP 78.03 PAGE b

IT5- 1 ANTE~NA PACKAGE ANTENNA PATTERN
FREQUENCY RANGE ANTENNA TYPE HEIGHT LENGTH ANGLE AZIMUTH EX(l) EX(2) EX(3) EX( 4) CONDUC T. DIELECT.

2.0 TO 30.0 CURTAIN ANT. 16.000 22.000 2.000 0.000 4.000 26.000 13.000 7.000 .001 4.000
2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

90 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0
88 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -8.8 -10.0 -10.0 -4.8 -5.1 -10.0 -10.0 -10.0 -10.0
86 -10.0 -10~O -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -9.2 -10.0 -10.0 -10.0 -2.9 -6.8 -9.3 1.2 .7 -4.6 -10.0 -10.0 -10.0
84 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -8.6 -5.7 -10.0 -10.0 -7.8 .4 -2.9 -6.8 4.7 3.7 -.9 -10.0 -10.0 -10.0
82 -10.0 -10.0 -10.0 -10.0 -10.6 -10.0 -10.0 -6.3 -3.1 -8.9 -10.0 -6.0 2.5 .1 -6.0 7.1 5.6 1.7 -10.0 -10.0 -10.0
80 -10.0 -10.0 -10.0 -10.0 -10.0 -9.8 -8.6 -4.7 -1.1 -6.1 -10.0 -4.8 4.0 2.7 -6.4 8.8 6.6 3.8 -10.0 -10.0 -10.0
78 -10.0 -10.0 -10.0 -10.0 -10.0 -8.4 -6.8 -3.4 .6 -3.7 -10.0 -4.2 5.0 4.9 -8.5 10.1 7.0 5.5 -10.0 -10.0 -10.0
76 -10.0 -10.0 -10.0 -10.0 -10.0 -7.3 -5.3 -2.5 1.9 -1.4 -10.0 -3.9 5.5 6.9 -10.0 10.9 7.0 6.7 -10.0 -10.0 -10.0
74 -10.0 -10.0 -10.0 -10.0 -10.0 -6.4 -3.9 -1.9 3.0 .6 -10.0 -3.9 5.6 8.7 -10.0 11.3 6.9 7.6 -10.0 -10.0 -10.0
72 -10.0 -10.0 -10.0 ~10.0 -10.0 -5.8 -2.6 -1.4 3.9 2.5 -10.0 -4.0 5.3 10.2 -10.0 11.2 7.1 8.0 -10.0 -10.0 -10.0

E 70 -10~0 -10.0 -10.0 -10.0 -10.0 -5.5 -1.4 -1.1 4.6 4.2 ":9.1 -4.3 4.6 11.5 -7.3 10.5 7.9 7.9 -10.0 -10.0 -10.0
L 68 -10.0 -10.0 -10.0 -10.0 -10.0 -5.4 -.4 -.7 5.1 5.7 -3.9 -5.1 3.4 12.5 -3.2 9.1 9.1 7.3 -9.2 -10.0 -7.2
E 66 -10.0 -10.0 -10.0 -10.0 -10.0 -5.6 .5 -.2 5.3 6.9 .1 -7.1 1.9 13.1 .6 6.6 10.1 5.8 -7.7 -10.0 -3.8
V 64 -10.0 -10.0 -10.0 -10.0 -10.0 -6.3 1.3 .5 5.2 7.9 3.2 -10.0· .4 13.4 4.3 2.6 10.6 3.6 -7.0 -10.0 -1.9
A 62 -10.0 -9.0 -10.0 -10.0 -10.0 -7.6 I.e 1.6 4.q 8.7 5.8 =10.0 -.9 13.1 7.6 -4.3 10.3 .l.t: -7.1 -10.0 -l.b
T 60 -10.0 -8.2 -9.1 -9.6 -8.4 -9.8 2.1 2.8 4.3 9.1 7.8 -4.8 -2.1 12.3 10.2 -10.0 9.0 .6 -8.2 -10.0 -3.0
I 58 -10.0 -7.3 -7.7 -9.4 -6.8 -10.0 2.2 3.9 3.7 9.1 ~.4 1.6 -5.0 10.7 12.1 -9.5 6.5 1.8 -10.0 -10.0 -5.5
o 56 -10.0 -6.5 -6.3 -9.0 -5.5 -10.0 1.B 5.0 3.5 8.8 10.6 5.7 -10.0 8.3 13.2 -3.3 2.1 2.4 -10.0 -10.0 -4.6
N 54 -10.0 -5.7 -4.9 -8.5 -4.5 -10.0 1.0 5.8 4.2 7.9 11.2 8.6 -6.2 4.9 13.5 2.1 -5.6 1.7 -10.0 -10.0 -1.9

52 -10.0 -5.0 -3.6 -7.6 -3.9 -9.7 -.5 6.3 5.5 6.7 11.3 10.7 2.6 1.4 12.8 6.3 -10.0 -.8 -10.0 -10.0 -1.3
A 50 -10.0 -4.3 -2.3 -6.2 -3.5 -5.5 -3.3 6.3 6.9 5.6 10.7 12.0 7.4 -.8 11.0 8.9 -10.0 -5.7 -10.0 -10.0 -3.4
N 48 -10.0 -3.6 -1.1 -4.5 -3.4 -2.8 -9.0 5.8 8.1 5.7 9.5 12.5 10.4 -4.2 7.7 10.0 -6.3 -10.0 -10.0 -10.0 -9.1
G 46 -10.0 -3.0 .1 -2.5 -3.6 -1.0 -10.0 4.5 8.9 7.2 7.6 12.1 12.2 -10.0 2.7 9.6 -.6 -10.0 -10.0 -10.0 -10.0

N L 44 -10.0 -2.5 1.2 -.5 -3.7 .1 -7.4 2.0 8.9 9.0 6.3 10.8 12.9 .8 -2.0 7.5 2.3 -10.0 -10.0 -10.0 -10.0
W E 42 -10.0 -2.0 2.2 1.4 -3.1 .6 -1.7 -3.0 8.2 10.3 7.5 8.5 12.4 7.4 -4.5 3.3 3.0 -10.0 -10.0 -10.0 -10.0

40 -10.0 -1.5 3.1 3.3 -1.3 .4 1.3 -10.0 6.4 "10.7 9.7 6.5 10.7 10.7 -10.0 -3.6 1.3 -10.0 -10.0 -10.0 -10.0
I 38 -10.0 -1.1 4.0 4.9 1.3 -.2 2.9 -4.1 2.5 10.2 11.3 8.1 7.~ 12.0 -1.0 -8.2 -3.1 -10.0 -10.0 -10.0 -10.0
N 36 -10.0 -.7 4.8 6.4 4.1 -.3 3.4 1.9 -8.0 8.3 11.8 10.7 6.4 11.5 5.9 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0

34 -10.0 -.4 5.5 7.8 6.6 1.5 2.9 4.6 -4.4 3.8 10.9 12.2 9.5 8.8 8.6 -S.7 -10.0 -10.0 -10.0 -10.0 -10.0
o 32 -10.0 -.2 6.1 9.0 8.8 4.9 1.9 5.5 3.5 -10.0 8.0 12.0 11.8 4.4 8.6 .2 -10.0 -10.0 -10.0 -10.0 -10.0
E 30 -10.0 -.1 6.6 10.1 10.8 8.4 2.9 4.8 6.4 .4 .5 9.9 12.2 6.4 5.6 2.9 -10.0 -10.0 -10.0 -10.0 -8.0
G 28 -10.0 .0 7.0 11.0 12.4 11.3 7.0 3.3 6.9 6.3 -4.8 3.9 10.4 10.0 -.1 1.8 -8.8 -10.0 -10.0 -10.0 -8.2
R 26 -10.0 .0 7.3 11.7 13.8 13.8 11.2 5.5 5.2 7.9 5.8 -10.0 4.5 10.7 3.7 -3.7 -8.9 -10.0 -10.0 -10.0 -10.0
E 24 -10.0 -.1 7.5 12.3 15.0 15.8 14.6 10.9 4.8 6.5 8.3 5.6 -10.0 8.2 6.8 -5.9 -10.0 -10.0 -10.0 -10.0 -10.0
E 22 -10.0 -.2 7.6 12.8 15.9 17.4 17.3 15.3 10.9 4.8 6.9 8.4 5.9 -1.5 5.9 -.7 -10.0 -10.0 -10.0 -10.0 -10.0
5 20 -10.0 -.5 7.6 13.0 16.6 18.7 19.4 18.6 16.2 11.6 5.0 6.3 7.9 -.2 -.9 -1.1 -10.0 -10.0 -10.0 -10.0 -9.2

18 -10.0 -1.0 7.4 13.1 17.1 19.6 20.9 21.1 20.0 17.5 13.2 6.4 4.1 5.7 -7.4 -8.2 -10.0 -10.0 -10.0 -10.0 -9.3
16 -10.0 -1.5 7.0 13.0 17.3 20.2 22.1 22.9 22.7 21.6 19.3 15.5 9.7 2.4 1.2 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0
14 -10.0 -2.3 6.4 12.6 17.2 20.5 22.7 24.1 24.6 24.3 23.2 21.1 18.0 7.2 -3.6 -7.5 -10.0 -10.0 -10.0 -10.0 -7.7
12 -10.0 -3.2 5.6 12.0 16.8 20.4 23.0 24.7 25.7 20.1 25.7 24.6 22.8 16.6 5.4 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0
10 -10.0 -4.5 4.5 11.1 16.0 19.8 22.7 24.8 26.2 26.9 27.1 26.6 25.6 21.4 14.0 .8 -10.0 -10.0 -10.0 -10.0 -10.0

8 -10.0 -6.1 2.9 9.6 14.8 18.8 21.9 24.2 25.9 27.0 27.5 27.4 26.8 23.9 18.0 7.0 -10.0 -6.9 -10.0 -10.0 -10.0
6 -10.0 -8.4 .8 7.6 12.9 17.0 20.2 22.8 24.6 26.0 26.7 27.0 26.7 24.5 19.6 9.5 -5.9 -.0 -10.0 -10.0 1.5
4 -10.0 -10.0 -2.5 4.4 9.8 14.0 17.4 20.0 22.1 23.5 24.5 24.9 24.9 23.1 18.7 9.1 -3.9 1.9 -9.7 -10.0 7.2
2 -10.0 -10.0 -8.3 -1.3 4.1 8.4 11.8 14.5 16.7 18.2 19.3 19.8 19.9 18.4 14.3 4.9 -6.9 -1.1 -10.0 -10.0 5.7
o -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0

Z 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 Z6 28 30

FREQUENCY IN MEGAHERTZ

ANTENNA EFFICIENCY
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

Figure 54. Curtain pattern.
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Figure 55. Sloping vee structure (7).
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METHOD 15 IONCAP 78.03 PAGE 7

ITS- 1 ANTENNA PACKAGE ANTENNA PATTERN
FREOUENCY RANGE ANTENNA TYPE HEIGHT LENGTH ANGLE AZr"1UTH EX ( 1) EX (2) EX(3) EX(4) CONDUCT. DIELECT.

2.0 TO 30.0 TER SLOP VEE 15.240 121.900 22.500 0.000 1.829 0.000 0.000 0.000 .001 4.000
2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

90 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7
88 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -9.3 -11.7 -11.7 -11.7
86 -11.7 -11.7 -11.7 -11.7 -11.7" -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7
84 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -9.8 -11.7 -11.7 -11.7 -11.7 -9.6 -11.7 -11.7
82 -11.7 -11.7 -9.8 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -9.3 -11.7 -11.7 -11.7 -11.7 -8.5 -11.7 -11.7 -11.7
80 -11.7 -11.7 -9.6 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -10.0 -11.7 -11.7 -11.7 -9.7 -11.7 -11.7 -11.7 -11.7
78 -11.7 -11.7 -9.5 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -8.3 -11.7 -11.7
76 -11.7 -11.7 -9.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.1 -9.3 -11.7 -11.7 -11.7 -8.2 -9.7 -11.7 -11.7
74 -lI~7 -11.7 -11.7 -9.1 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -8.9 -11.7 -8.0 -11.7 -11.7 -11.7 -9.1 -11.7 -8.4 -11.7
72 -11.7 -11.7 -11.7 -8.3 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -8.6 -11.7 -11.7 -11.7 -11 •. 7 -11.7 -7.1 -11.7 -11.7

E 70 -11.7 -11.1 -11.7 -1.8 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -7.7 -11.7 -8.9 -11.7 -11.7 -8.9 -8.2 -11.7 -8.6
L 68 -10.0 -11.7 -11.7 -7.7 -9.4 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -9.5 -11.7 -B.O -11.7 -11.7 -7.3 -11.7 -6.2 -11.7
E 66 -9.6 -11.7 -11.7 -7.7 -8.0 -11.7 -11.7 -11.7 -11.7 -11.7 -9.9 -11.7" -11.7 -7.1 -11.7 -11.7 -9.5 -11.7 -6.5 -11.7 -9.6
V 64 -9.2 -11.7 -11.7 -8.1 -7.0 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -9.0 -11.7 -6.0 -11.7 -8.2 -11.7 -11.7 -6.4 -11.7 -6.8
A 62 -8.9 -9.3 -11.7 -8.7 -b.5 -9.2 -11.7 -11.7 -11.7 -11.7 -11.7 -8.2 -11.7 -8.1 -8.5 -11.7 -11.7 -7.1 -11.7 -4.4 -11.7
T 60 -8.6 -8.3 -11.7 -9.4 -6.3 -7.3 -11.7 -11.7 -11.7 -11.7 -11.7 -9.0 -7.2 -11.7 -5.2 -11.7 -9.0 -11.7 -7.4 -8.9 -5.4
I 58 -8.4 -7.5 -11.7 -11.7 -0.4 -6.1 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -6.8 -11.7 -5.9 -9.2 -11.7 -11.7 -5.2 -11.7 -5.2
o 56 -8.2 -6.8 -9.2 -11.7 -6.9 -5.5 -7.6 -11.7 -11.7 -11.7 -11.7 -11.7 -8.8 -b.5 -11.7 -4.8 -11.7 -8.4 -11.7 -3.6 -11.7
N 54 -8.0 -6.2 -7.8 -11.7 -7.6 -5.3 -5.9 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -4.4 -11.7 -5.5 -8.1 -9.7 -11.7 "'6.3 -3.4

52 -7.9 -5.6 -6.6 -9.5 -8.5 -5.5 -4.9 -7.4 -11.7 -11.7 -11.7 -11.7 -11.7 -5.1 -5.3 -11.7 -4.6 -11.7 -6.2 -11.7 -3.5
A 50 -7.8 -5.2 -5.5 -8.0 -9.0 -6.1 -4.5 -5.4 -9.9 -11.7 -11.7 -9.6 -11.7 -8.8 -2.7 -11.7 -6.8 -6.3 -9.5 -4.9 -11.7
N 48 -7.8 -4.8 -4.5 -6.4 -8.7 -6.9 -4.6 -4.3 -6.5 -11.7 -11.7 -11.7 -8.9 -11.7 -3.2 -3.3 -11.7 -5.2 -9.4 -5.3 -4.1
G 46 -7.8 -4.4 -3.7 -5.0 -7.5 -7.5 -5.1 -3.8 -4.6 . - 8.0 -11. 7 -11.7 -8.5 -11.7 -7.0 -1.3 -5.5 -11.7 -5.3 -11.7 -2.8

N L 44 -7.8 -4.2 -3.0 -3.7 -5.8 -7.5 -5.9 -4.0 -3.6 .-5.1 -9.5 -11.7 -11.7 -7.0 -11.7 -2.6 -.9 -9.1 -8.9 -6.2 -11.7
(.J"1 E 42 -7.9 -4.0 -2.5 -2.6 -4.1 -6.3 -6.5 -4.7 -3.4 -3.6 -5.7 -11.7 -11.7 -5.7 -8.5 -8.1 -.6 -1.2 -11.7 -7.1 -7.1

40 -8.0 -3.9 -2.0 -1.7 -2.6 -4.5 -6.2 -5.5 -3.8 -3.0 -3.6 -6.1 -11.7 -7.0 -4.2 -11.7 -4.0 .4 -1.6 -11.7 -5.7
I 38 -8.1 -3.8 -1.7 -.9 -1.3 -2.7 -4.7 -5.7 -4.6 -3.2 -2.7 -3.6 -6.2 -11.7 -3.4 -3.8 -11.7 -1.9 1.0 -1.7 -11.7
N 36 -8.3 -3.9 -1.4 -.3 -.3 -1.1 -2.7 -4.6 -5.1 -3.9 -2.8 -2.5 -3.5 -9.9 -5.1 -1.4 -3.7 -8.5 -.8 1.4 -1.3

34 -8.6 -3.9 -1.3 .1 .6 .2 -.9 -2.6 -4.2 -4.5 -3.5 -2.5 -2.3 -5.5 -8.6 -1.9 -.1 -3.4 -7.3 -.3 1.8
o 32 -8.8 -4.1 -1.2 .5 1.2 1.3 .7 -.5 -2.2 -3.8 -4.1 -3.2 -2.3 -2.8 -7.7 -4.8 .2 1.0 -2.5 -6.9 -.3
E 30 -9.2 -4.2 -1.2 .7 1.7 2.2 2.0 1.3 .0 -1.7 -3.2 -3.7 -3.0 -1.8 -3.8 -7.9 -2.0 1.7 2.1 -1.1 -6.7
G 28 -9.5 -4.5 -1.3 .8 2.1 2.8 3.0 2.7 1.9 .7 -.9 -2.5 -3.2 -2.0 -1.7 -4.6 -6.2 -.2 2.9 3.3 .7
R 26 -10.0 -4.8 -1.5 .7 2.3 3.2 3.7 3.8 3.5 2.7 1.5 .0 -1.~ -2.6 -1.3 -1.7 -4.9 -4.6 .9 3.9 4.4
E 24 -11.7 -5.2 -1.8 .6 2.3 3.5 4.3 4.6 4.6 4.3 3.6 2.5 1.1 -1.7 -1.7 -.7 -1.4 -4.5 -3.5 1.6 4.5
E 22 -11.7 -5.7 -2.2 .4 2.2 3.6 4.5 5.2 5.5 5.5 5.2 4.5 3.~ 1.0 -1.3 -.8 .1 -.7 -3.3 -3.0 1.7
S 20 -11.7 -6.3 -2.7 -.0 2.0 3.5 4.6 5.5 6.0 6.3 6.3 6.0 5.5 3.7 1.2 -.4 .3 1.1 .5 -1.6 -2.5

18 -11.7 -7.0 -3.3 -.5 1.6 3.2 4.5 5.5 6.2 6.7 7.0 7.0 6.9 5.9 4.1 1.9 .8 1.6 2.4 2.1 .6
16 -11.7 -7.8 -4.0 -1.2 1.0 2.8 4.2 5.3 6.2 5.9 7.3 7.6 7.7 7.3 6.3 4.6 2.9 2.4 3.1 3.9 4.0
14 -11.7 -8.7 -4.9 -2.0 .3 2.1 3.6 4.9 5.9 6.7 7.3 7.8 8.1 8.2 7.7 6.7 5.3 4.1 4.0 4.8 5.6
12 -11.7 -9.9 -6.0 -3.0 -.7 1.2 2.8 4.1 5.3 6.2 6.9 7.5 8.0 8.5 8.5 8.0 7.1 6.1 5.4 5.6 6.4
10 -11.7 -11.7 -7.3 -4.3 -2.0 .0 1.7 3.1 4.3 5.3 6.1 6.9 7.4 8.2 8.5 8.4 8.0 7.3 6.7 6.5 7.0

8 -11.7 -11.7 -9.1 -6.0 -3.6 -1.6 .1 1.6 2.8 3.9 4.9 5.7 6.3 7.3 7.9 8.1 8.0 7.7 7.2 7.0 7.2
6 -11.7 -11.7 -11.7 -8.3 -5.9 -3.8 -2.0 -.5 .8 1.9 2.9 3.8 4.5 5.6 6.4 6.8 7.0 6.9 6.6 6.5 6.6
4 -11.7 -11.7 -11.7 -11.7 -9.2 -7.1 -5.3 -3.7 -2.4 -1.2 -.2 .7 1.5 2.7 3.6 4.2 4.5 4.6 4.5 4.5 4.6
2 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -9.5 -8.2 -7.0 -5.9 -5.0 -4.2 -2.9 -1.9 -1.2 -.9 -.7 -.6 -.6 -.5
o -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.1 -11.7

2 3 ,. 5 6 1 8 q 10 11 12 13 14 16 18 20 22 24 26 28 30

FREOUENCY I~ MEGAHERTZ

ANTENNA EFFICIENCY
-1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

Figure 56. Sloping vee pattern.
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Figure 57. Inverted L structure (8).
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METHOD 15 IONCAP 78.03 PAGE

1T5- 1 ANTE~NA PACKAGE ANTEN~A PATTERN
FREQUENCY RANGE ANTENNA TYPE HEIGHT LENGTH A~GLE AZIMUTH EX(1) EX(2) EX (3) EX(4) CO"-4DUCT. DIELECT.

2.0 TO 30.0 INVERTED l 10.000 21.340 0.000 0.000 0.000 0.000 0.000 0.000 .001 4.000
2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

90 -?.~ 7.8 13.3 15.7 16.3 15.' 12.1 7.6 .9 -8.6 -10.0 -10.0 -10.) -10.0 .0 11.3 11. :3 2.1 -10.0 -10.0 -10.0
88 -2.5 7.8 13.3 15.7 1~.3 15.0 12.1 7.6 .9 -8.~ -10.0 -10.0 -10.0 -10.0 .0 11.3 11.8 2.1 -10.0 -10.0 -10.0
86 -2.2 7.9 13.3 15.7 16.3 15.0 12.2 7.6 .9 -8.6 -10.0 -10.0 -10.0 -10.0 .0 11.3 11.9 2.1 -10.0 -10.0 -10.0
84 -1.9 7.9 13.3 15.7 1~.3 15.0 12.2 7.~ 1.0 -8.5 -10.0 -10.1 -10.' -10.0 -.0 11.3 11.8 2.2 -10.0 -10.0 -10.0
82 -1.4 7.9 13.3 15.7 16.3 15.0 12.2 7.1 1.0 -8.3 -10.0 -10.1 -10.0 -10.0 -.0 11.2 11.8 2.3 -10.0 -10.0 -10.0
80 -.9 8.0 13.3 15.7 16.3 15.0 12.2 7.7 1.1 -8.2 -10.0 -10.0 -10.0 -10.0 -.0 11.1 11.9 2.4 -10.0 -10.0 -10.0
78 -.3 8.0 13.3 15.7 1~.3 15.0 12.3 7.8 1.2 -8.0 -10.0 -10.0 -10.0 -10.0 -.0 11.1 11.9 2.5 -9.1 -10.0 -9.4
76 .3 8.1 13.3 15.7 16.3 15.1 12.3 7.8 1.3 -7.8 -10.0 -10.0 -10.0 -10.0 -.0 11.0 11.9 2.6 -7.9 -10.0 -8.2
74 .~ 8.1 13.7 15.7 16.3 15.1 12.4 7.Q 1.4 -7.5 -10.0 -10.0 -10.0 -9.3 -.0 10.8 11.~ 2.8 -6.9 -9.1 -7.3
72 1.4 8.2 13.2 15.7 16.3 15.1 12.4 8.0 1.5 -7.3 -10.0 -10.0 -10.0 -8.4 -.1 10.7 11.~ 2.9 -6.0 -7.9 -6.5

E 70 1.9 8.3 13.2 15.6 16.3 15.1 12.5 8.1 1.6 -7.1 -10.0 -10.0 -10.0 -7.6 -.1 10.5 11.8 3.0 -5.3 -6.8 -5.9
l 68 2.4 8.3 13.2 15.6 16.3 15.2 12.5 8.? 1.8 -6.8 -10.0 -10.0 -10.0 -7.0 -.0 10.2 11.8 3.2 -4.6 -5.7 -5.4
E 66 2.q 8.4 13.1 15.6 16.3 15.2 12.6 8.3 I.Q -6.6 -10.0 -10.0 -10.0 -6.4 -.0 9.9 11.7 3.3 -4.1 -4.8 -5.0
V 64 3.4 8.5 13.1 15.6 16.2 15.2 12.6 8.4 2.1 -6.4 -9.8 -9.4 -10.0 -6.0 .0 9.6 11.6 3.4 -3.6 -3.:..j -4.7
A 62 3.8 8.5 13.1 15.5 16.2 15.2 12.7 8.5 7.2 -b.2 -9.4 -8.7 -10.0 -5.5 .1 9.1 11.4 3.5 -3.3 -3.1 -4.4
T 60 4.2 8.6 13.0 15.5 16.2 15.2 12.7 8.6 2.4 -5.9 -8.9 -8.1 -9.4 -5.2 .2 8.7 11.2 3.5 -3.0 -2.3 -4.3
I 58 4.6 8.7 13.0 15.4 16.2 15.2 12.8 '3.7 2.6 -5.7 -8.5 -7.5 -8.7 -4.9 .3 8.1 10.9 3.6 -2.7 -1.6 -4.1
a 56 4.9 8.7 12.9 15.4 16.~ 15.2 12.8 8.8 2.7 -5.5 -8.2 -7.0 -8.0 -4.7 .5 7.5 10.5 3.6 -2.6 -.9 -4.0
N 54 5.2 8.8 12.8 15.3 16.1 15.2 12.9 8.9 2.9 -5.3 -7.9 -6.5 -7.3 -4.5 .7 6.8 10.1 3.5 -2.5 -.3 -3.9

52 5.5 8.8 12.8 15.2 1~.1 15.2 12.9 9.0 3.0 -5.2 -7.7 -6.0 -6.1 -4.4 1.0 6.1 9.6 3.4 -2.4 .2 -3.7
A 50 5.8 8.9 12.7 15.1 16.0 15.2 12.9 9.1 3.2 -5.0 -7.5 -5.6 -~.) -4.3 1.3 5.5 9.0 3.3 -2.5 .6 -3.4
N 48 6.0 8.9 12.6 15.0 15.9 15.2 13.') 9.1 3.3 -4.8 -7.3 -5.2 -5.4 -4.3 1.6 5.1 8.4 3.1 -2.5 1.0 -3.1
G 46 6.2 8.9 12.4 14.9 15.8 15.1 12.9 9.2 3.4 -4.7 -7.? -4.8 -4.9 -4.2 2.0 5.2 7.8 2.9 -2.7 1.4 -2.8

--' l 44 6.4 8.9 12.3 14.7 15.7 15.0 12.9 9.2 3.5 -4.6 -7.1 -4.5 -4.4 -4.2 2.4 5.6 7.2 2.8 -2.8 1.6 -2.4
N E 42 6.6 8.9 12.2 14.6 15.6 14.9 12.9 Q.3 3.~ -4.5 -7.0 -4.2 -3.~ -4.? 2.8 6.5 7.0 2.6 -3.0 1.8 -2.0
"'-I 40 6.7 8.9 12.0 14.4 15.4 14.8 12.8 9.3 3.7 -4.4 -7.0 -3.~ -3.4 -4.1 3.3 7.5 7.1 2.4 -3.2 1.9 -1.7

I 38 6.8 8.8 11.8 14.2 15.3 14.7 12.7 9.2 3.7 -4.3 -7.0 -3.7 -3.0 -4.1 3.7 8.6 7.5 2.4 -3.4 1.8 -1.4
N 36 6.9 8.8 11.6 14.0 15.1 14.5 12.6 9.2 3.8 -4.3 -7.1 -3.5 -2.6 -4.0 4.0 9.7 8.4 2.5 -3.6 1.8 -1.2

34 6.9 8.7 11.4 13.7 14.8 14.4 12.5 9.1 3.8 -4.3 -7.7 -3.4 -2.2 -3.8 4.4 10.7 9.3 2.7 -3.7 1.6 -1.2
D 32 7.0 8.6 11.1 13.4 14.6 14.1 12.3 9.0 3.7 -4.3 -7.3 -3.3 -1.9 -3.7 4.7 11.6 10.3 3.0 -3.8 1.3 -1.2
E 30 6.9 8.4 10.8 13.1 14.3 13.9 12.1 8.8 3.6 -4.4 -7.5 -3.2 -1.7 -3.5 4.9 12.4 11.3 3.4 -3.8 .9 -1.5
G 28 6.9 8.3 10.5 12.7 13.9 13.60 11.8 8.6 3.5 -4.5 -7.7 -3.2 -1.5 -3.3 5.1 13.0 12.1 3.~ -3.8 .5 -1.9
R 26 6.8 8.0 10.1 12.3 13.5 13.2 11.5 8.4 3.3 -4.6 -8.0 -3.2 -1.4 -3.1 5.2 13.5 12.8 4.4 -3.8 .1 -2.4
E 24 6.7 7.8 9.6 11.a 13.1 12.8 11.2 8.0 3.0 -4.8 -8.3 -3.3 -1.3 -2.9 5.3 13.9 13.4 4.8 -3.8 -.4 -3.1
E 22 6.5 7.5 9.2 11.3 12.6 12.3 10.7 7.7 2.7 -5.1 -8.7 -3.4 -1.3 -2.8 5.2 14.1 13.8 5.1 -3.9 -.9 -4.0
5 20 6.2 7.1 8.6 10.7 12.0 11.1 10.2 7.2 2.3 -5.5 -9.1 -3.7 -1.4 -2.8 5.0 14.2 14.0 5.3 -4.0 -1.3 -4.9

18 5.9 6.6 8.0 10.0 11.3 11.1 9.6 6.6 1.8 -5.9 -9.7 -4.0 -1.6 -2.8 4.7 14.1 14.1 5.4 -4.1 -1.8 -5.8
16 5.4 6.1 7.2 9.2 10.5 10.3 8.9 6.0 1.2 -6.5 -10.0 -4.4 -1.9 -3.0 4.3 13.8 14.0 5.3 -4.4 -2.1 -6.5
14 4.9 5.4 6.3 8.2 ~.5 9.4 8.0 5.1 .5 -7.2 -10.0 -5.0 -2.4 -3.3 3.7 13.4 13.6 4.9 -4.9 -2.6 -7.1
12 4.2 4.6 5.3 7.0 8.4 8.3 6.9 4.1 -.5 -8.1 -10.0 -5.7 -3.0 -3.8 2.8 12.6 13.0 4.4 -5.5 -3.1 -1.5
10 3.3 3.6 4.0 5.6 7.0 6.9 5.6 2.9 -1.7 -9.3 -10.0 -6.7 -3.~ -4.6 1.7 11.6 12.0 3.4 -6.4 -3.8 -8.0

8 2.0 2.2 2.4 3.9 '>.2 5.2 3.9 1.2 -3.2 -10.0 -10.0 -8.0 -5.7 -5.8 .2 10.2 10.6 2.1 -7.1 -4.8 -8.8
6 .2 .3 .2 1.6 2.9 2.9 1.7 -.9 -5.4 -10.0 -10.0 -9.9 -7.0 -7.5 -2.0 8.1 8.6 .1 -9.5 -6.5 -10.0
4 -2.6 -2.1 -3.0 -1.8 -.5 -.4 -1.6 -4.2 -8.5 -10.0 -10.0 -10.0 -9.9 -10.0 -5.1 4.9 5.5 -3.0 -10.0 -9.2 -10.0
2 -7.8 -8.0 -8.6 -7.6 -6.3 -6.2 -7.3 -9.9 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -.8 -.2 -8.7 -10.0 -10.0 -10.0
o -15.2 -12.2 -10.8 -10.3 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY I~ MEGAHERTZ

ANTENN~ EFFICIENCY
-5.2 -2.2 -.8 -.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY I~ MEGAHERTZ

Fi gu re 58. Inverted L pattern.
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METHOD 15 IONCAP 78.03 PAGE 9

IT5- 1 ANTENNA PACKAGE ANTENNA PATTERN
FREQUENC Y RANGE ANTENNA TYPE HEIGHT LENGT~ ANGLE AZIMUTH EX(l) EX(2) EX(3) EX(4) CONDUCT. DIElECT.

2.0 TO 30.0 TER SLOP RHM 16.760 88.390 22.500 0.000 8.382 0.000 0.000 0.000 .001 4.000
2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

90 -5.5 -11.7 -11.7 -2.4 -11.7 -11.7 -4.9 -11.7 -11.7 -6.6 -11.7 -11.7 -8.3 -11.7 -5.6 -11.7 -11.7 -8.1 -11.7 -6.9 -6.4
88 -4.9 -11.7 -11.7 -2.3 -7.8 -11.7 -5.8 -8.5 -11.7 -9.1 -8.0 -11.7 -11.7 -9.3 -5.8 -11.7 -5.8 -11.7 -11.7 -4.2 -11.7
86 -4.4 -11.7 -11.7 -2.5 -5.2 -11.7 -7.7 -6.2 -11.7 -11.7 -5.5 -11.7 -11.7 -5.6 -8.9 -11.7 -7.3 -11.7 -5.3 -11.7 -7.4
84 -3.9 -11.7 -11.7 -3.2 -3.3 -11.7 -11.7 -4.9 -11.7 -11.7 -6.2 -8.3 -11.7 -4.5 -11.7 -5.5 -11.7 -9.6 -9.3 -11.7 -2.4
82 -3.5 -9.8 -11.7 -4.3 -2.0 -11.7 -11.7 -4.8 -11.7 -11.7 -11.7 -4.9 -11.7 -6.4 -11.7 -4.6 -11.7 -5.1 -11.7 -4.2 -11.7
80 -3.2 -7.8 -11.7 -5.9 -1.2 -8.6 -11.7 -6.0 -7.0 -11.7 -11.7 -4.9 -6.9 -11.7 -6.0 -8.2 -11.7 -11.7 -11.7 -4.4 -11.7
78 -2.9 -6.1 -11.7 -8.1 -1.0 -5.3 -11.7 -8.7 -4.7 -11.7 -11.7 -8.7 -4.0 -11.7 -3.7 -11.7 -3.8 -11.7 -4.3 -11.7 -2.2
76 -2.6 -4.6 -11.7 -11.7 -1.2 -2.9 -11.7 -11.7 -4.3 -11.7 -11.7 -11.7 -4.2 -9.8 -4.3 -11.7 -6.3 -11.7 -9.1 -11.7 -3.6
74 -2.4 -3.3 -11.7 -11.7 -1.9 -1.3 -10.0 -11.7 -5.6 -5.4 -11.7 -11.7 -8.5 -5.9 -7.6 -4.9 -11.7 -3.9 -11.7 -2.7 -11.7
72 -Z.3 -2.2 -11.7 -11.7 -3.3 -.3 -6.1 -11.7 -9.2 -3.6 -11.7 -11.7 -11.7 -2.9 -11.7 -2.6 -11.7 -6.1 -11.7 -5.7 -7.0

E 70 -2.2 -1.2 -9.8 -11.7 -5.3 -.0 -3.1 -11.7 -11.7 -4.1 -5.3 -11.7 -11.7 -2.6 -7.8 -4.2 -7.1 -11.7 -3.2 -11.7 -.5
l 68 -2.2 -.4 -6.9 -11.7 -8.2 -.4 -1.0 -8.7 -11e7 -7.1 -2.9 -9.6 -11.7 -5.1 -3.6 -1.9 -1.9 -11.1 -7.b -8.8 -b.b
E 66 -Z.3 .3 -4.4 -11.1 -11.7 -1.4 .2 -5.0 -11.7 -11.7 -3.3 -3.7 -11.7 -11.7 -1.4 -8.6 -3.2 -6.8 -11.7 -2.1 -11.7
V 64 -2.3 .9 -2.4 -11.7 -11.7 -3.2 .7 -2.0 -9.4 -11.1 -6.8 -1.9 -5.3 -9.2 -2.1 -4.3 -~.9 -1.2 -11.7 -9.1 -2.8
A 62 -2.5 1.4 -.7 -11.7 -11.7 -5.8 .3 -.0 -6.0 -11.7 -11.7 -3.2 -1.7 -7.8 -5.7 -1.0 -8.2 -4.4 -3.2 -11.7 -1.5
T 60 -Z.6 1.7 .7 -0.4 -11.7 -9.7 -.8 1.0 -2.6 -8.8 -11.7 -8.8 -1.4 -5.8 -8.1 -.7 -4.3 -7.1 -1.6 -9.6 -8.6
I 58 -2.9 2.0 1.9 -3.3 -11.7 -11.7 -2.9 I.Z -.1 -6.1 -9.0 -11.7 -4.8 -1.6 -6.0 -3.1 -.2 -8.4 -9.1 -.6 -11.7
o 56 -3.1 Z.2 Z.9 -.8 -11.7 -11.7 -6.1 .4 1.3 -2.5 -8.0 -9.4 -11.7 .3 -3.6 -5.9 .2 -2.6 -b.6 -7.7 -1.0
N 54 -3.5 2.2 3.6 1.2 -6.0 -11.7 -11.7 -1.5 1.7 .3 -5.5 -7.4 -11.7 -1.2 -.3 -4.4 -2.1 1.1 -7.9 -6.7 -3.4

52 -3.8 2.2 4.3 2.9 -2.3 -11.7 -11.7 -4.6 .9 1.8 -1.5 -7.7 -6.4 -8.b 1.5 -1.3 -4.4 .4 .8 -11.7 -9.2
A 50 -4.3 2.2 4.7 4.3 .6 -7.4 -11.7 -9.1 -1.1 2.0 1.3 -3.8 -7.9 -11.7 .1 1.6 -2.3 -2.3 1.7 -.3 -11.7
N 48 -4.7 2.0 5.0 5.3 2.9 -2.8 -11.7 -11.7 -4.4 1.0 2.5 .4 -b.4 -4.6 -6.9 2.5 1.2 -2.8 -.b 2.4 -1.2
G 46 -5.3 1.7 5.2 6.2 4.8 .8 -6.7 -11.7 -9.4 -1.5 2.1 2.5 -.6 -5.8 -8.3 .1 3.2 .7 -2.1 .1 2.8

~ l 44 -5.8 1.4 5.3 6.8 6.3 3.6 -1.8 -11.7 -11.7 -5.7 .3 2.9 2.5 -11.7 -2.5 -7.6 2.7 3.5 .1 -1.1 .0
N E 42 -6.5 1.0 5.2 7.2 7.4 5.8 2.0 -4.2 -11.7 -11.7 -3.3 1.5 3.4 -1.8 -4.7 -3.1 -1.7 4.0 3.6 -.1 -.3
...0 40 -7.1 .5 5.0 7.5 8.2 7.5 5.0 .6 -5.9 -11.7 -8.8 -1.7 2.3 2.9 -11.7 -.1 -3.8 1.4 4.8 3.8 -.1

I 38 -7.8 .0 4.8 7.6 8.8 8.7 7.3 4.3 -.5 -6.7 -11.7 -7.1 -.8 4.3 -.0 -6.6 .7 -2.4 3.1 5.4 4.1
N 36 -8.6 -.6 4.4 7.5 9.2 9.7 9.0 1.1 3.8 -1.0 -6.5 -11.7 -6.2 3.2 4.4 -4.9 -.9 1.4 -.4 4.2 6.0

34 -9.4 -1.3 3.9 7.3 9.4 10.4 10.3 9.3 7.1 3.7 -.8 -5.7 -9.2 -.3 5.1 3.6 -7.0 1.6 2.4 1.3 5.0
o 32 -11.7 -2.1 3.3 7.0 9.4 10.8 11.3 10.9 9.6 7.4 4.1 -.1 -4.4 -6.3 3.1 6.0 2.9 -3.6 3.2 3.5 2.6
E 30 -11.7 -2.9 2.7 6.5 9.2 10.9 11.9 12.0 11.5 10.1 7.9 4.9 1.1 -6.2 -1.9 5.1 6.5 2.8 -.8 4.4 4.8
G 28 -11.7 -3.8 1.9 5.9 8.8 10.°9 12.2 12.8 12.8 12.1 10.e 8.8 ~.o -.B -6.5 1.0 6.4 7.1 3.6 1.0 5.2
R 26 -11.7 -4.8 1.0 5.2 8.3 10.6 12.2 13.2 13.7 13.6 12.9 11.7 9.9 4.b -1.6 -5.2 2.9 7.3 7.8 4.8 2.1
E24 -11.7 -5.8 .1 4.4 7.7 10.2 12.1 13.4 14.2 14.5 14.4 13.8 12.7 9.1 3.8 -1.7 -3.7 3.9 7.9 8.6 6.3
E 22 -11.7 -6.9 -.9 3.5 6.9 9.6 11.7 13.2 14.3 15.0 15.3 15.2 14.7 12.5 8.7 3.7 -1.4 -2.6 4.4 8.3 9.4
S 20 -11.7 -B.1 -2.1 2.5 b.O 8.8 11.1 12.9 14.2 15.2 15.8 16.1 16.1 15.0 12.b 8.7 4.0 -.6 -2.0 4.4 8.5

18 -11.7 -9.4 -3.3 1.3 5.0 7.9 10.3 12.3 13.8 15.0 15.9 16.5 16.9 16.7 15.3 12.8 9.1 4.7 .3 -1.6 3.9
16 -11.7 -11.7 -4.6 .0 3.8 6.8 9.4 11.4 13.2 14.6 15.7 16.6 17.2 17.6 17.2 15.7 13.2 9.7 5.5 1.3 -1.1
14 -11.7 -11.7 -6.1 -1.4 2.4 5.6 8.2 10.4 12.3 13.8 15.1 16.2 17.0 18.0 18.2 17.6 16.1 13.8 10.5 b.3 2.1
12 -11.7 -11.7 -7.7 -2.9 .9 4.1 6.8 9.1 11.1 12.8 14.2 15.4 16.4 1 7. 9 18.6 18.6 17.9 1b.5 14.3 11.1 7.1
10 -11.7 -11.7 -9.5 -4.7 -.8 2.4 5.2 7.6 9.6 11.4 13.0 14.3 15.4 17.2 18.3 18.8 18.7 17.9 16.6 14.5 11.5

8 -11.7 -11.7 -11.7 -6.9 -2.9 .4 3.2 5.6 7.8 9.6 11.3 12.7 13.9 15.9 17.3 18.1 18.5 18.3 17.5 16.1 14.1
6 -11.7 -11.7 -11.7 -9.5 -5.5 -2.2 .7 3.2 5.3 7.3 9.0 10.5 11.8 13.9 15.5 16.6 17.2 17.4 17.1 16.2 14.8
4 -11.7 -11.7 -11.7 -11.7 -9.1 -5.7 -2.8 -.3 1.9 3.9 5.6 7.2 8.5 10.8 12.5 13.8 14.6 15.0 15.0 14.5 13.5
2 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -8.8 -6.2 -4.0 -2.0 -.3 1.3 2.7 5.1 6.9 8.3 9.2 9.7 9.8 9.5 8.7
o -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

ANTENNA EFFICIENCY
-1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7

2 3 4 5 b 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

Fi gure 60. Sloping rhombi c pattern.
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METHOD 1'5 rO~CAP 78.03 PAGE 10

1T5- 1 ANTENNA PACKAGE ANTENNA PATTERN
FREQUENCY RANGE ANTENNA TYPE HEIGHT LENGTH ANGLE AZlfl1UTH EX ( 1) EX (2) EX (3) EX (4) CONDUCT. ~IELECT.

2.0 TO 30.0 TER INTR RHM 20.000 114.000 70.000 0.000 4.000 33.~00 0.000 0.000 .001 4.000
2 3 4 5 6 7 8 9 10 11 12· 13 14 16 18 20 22 24 26 28 30

90 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -6.3 -11.7 -11.7 -7.8 -11.7 -11.7 -11.7 -11.7 -6.3 -8.3 -11.7 -11.7 -9.0 -9.9
88 -9.1 -11.7 -9.7 -11.7 -11.7 -11.7· -11.7 -9.4 -7.3 -11.7 -7.3 -11.7 -11.7 -11.7 -11.7 -6.9 -11.7 -11.7 -11.7 -11.7 -11.7
86 -7.6 -11.7 -9.1 -11.7 -11.7 -11.7 -11.1 -11.7 -4.9 -11.7 -11.7 -11.7 -11.7 -11.7 -11.1 -11.7 -11.1 -6.3 -11.7 -11.7 -11.7
84 -6. 2~ -11.7 -9.1 -11.7 -11.7 -11.1 -11.7 -11.7 -5.5 -11.7 -11.7 -8.2 -11.7 -8.3 -11.7 -11.7 -5.5 -11.7 -11.7 -11.7 -11.7
82 -4.9 -11.7 -9.5 -11.7 -11.7 -11.7 -11.7 -11.7 -9.2 -6.1 -11.7 -11.1 -9.7 -11.1 -11.7 -8.8 -11.7 -11.7 -5.9 -11.7 -11.7
80 -3.9 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -4.8 -11.7 -11.7 -7.1 -11.7 -11.1 -11.7 -11.7 -9.7 -8.9 -11.7 -11.7
78 -2.9 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.1 -11.1 -7.0 -7.3 -11.7 -11.7 -11.7 -6.3 -11.7 -11.7 -11.7 -11.7 -3.4 -11.7
76 -2;1 -11.7 -11.7 -9.3 -11.7 -11.7 -11.7 -11.7 -11.7 -11.1 ~4.8 -11.7 -11.1 -7.3 -8.6 -11.7 -11.7 -11.7 -6.1 -9.2 -11.7
74 -1.3 -11.7 -11.7 -8.6 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -6.4 -6.8 -11.7 -3.1 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -3.2
72 -.7 -11.7 -11.7 -8.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -4.4 -11.7 -5.9 -11.7 -8.1 -11.7 -11.7 -11.7 -2.6 -11.7

E 70 -.2 -7.4 -11.7 -9.5 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -6.5. -4.7 -11.7 -3.5 -11.7 -11.7 -11.7 -11.7 -11.7 -7.8
l 68 .3 -4.9 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.1 -11.7 -3.8 -11.7 -1.9 -11.7 -8.6 -11.7 -11.7 -11.7 -4.2
E 66 .6 -2.8 -11.7 -11.7 -9.8 -11.1 -11.1 -11.7 -11.7 -11.7 -11.7 -11.7 -7.9 -9.1 -9.0 -5.3 -11.7 -7.0 -11.7 -11.7 -11.7
V 64 .9 -1.0 -11.7 -11.7 -9.6 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -3.0 -11.7 -1.3 -11.7 -5.2 -11.7 -11.7 -11.7
A 62 1.0 .5 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -3.4 -11.7 -7.4 -3.8 -11.7 -2.1 -11.7 -11.7
T 60 1.1 1.8 -7.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.1 -11.1 -11.7 -11.7 -11.7 -11.7 -4.6 -11.7 -.7 -11.7 -7.6 -3.7 -11.7
I 58 1.1 2.8 -4.0 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -3.8 -11.7 -9.6 .2 -11.7 -2.9 -6.9
o 56 1.1 3.7 -1.1 -11.7 -11.7 -11.7 -11.7 -9.5 -11.7 -11.7 -11.7 -11.7 -9.3 -11.7 -9.5 -6.8 -11.7 -1.2 -2.4 -11.7 -1.1
N 54 .9 4.3 1.2 -11.7 -11.7 -11.7 -11.7 -8.4 -7.8 -11.7 -11.7 -11.7 -8.0 -9.9 -11.7 -8.1 -9.4 -11.7 1.5 -6.7 -11.7

52 .7 4.9 3.1 -5.6 -11.7 -11.1 -11.7 -8.9 -4.6 -8.2 -11.7 -11.7 -11.7 -7.0 -11.7 -11.7 -8.4 -11.7 -9.5 1.3 -11.7
A 50 .4 5.2 4.6 -1.5 -11.7 -11.7 -11.7 -11.7 -3.6 -2.9 -9.4 -11.7 -11.7 -7.4 -8.8 -11.7 -11.7 -3.4 -11.7 -5.7 -.7
N 48 .1 5.5 5.9 1.6 -9.5 -11.7 -11.7 -11.7 -4.6 -.6 -2.1 -11.1 -11.7 -9.6 -6.8 -11.7 -11.7 -8.2 -1.5 -11.7 -6.2

--' G 46 -.4 5.5 6.8 4.1 -3.6 -11.7 -11.7 -11.7 -7.6 • -.5 1.4 -1.5 -11.7 -11.7 -9.3 -6.6 -11.7 -11.7 -1.9 -1.1 -11.7
W L 44 -.9 5.5 1.5 6.1 .1 -11.1 -11.7 -11.7 -11.7 -2.6 2.2 2.'1 -.0 -11.7 -11.7 -7.6 -6.9 -11.7 -11.7 .6 -.9
--' E 42 -1.4 5.4 8.1 7.6 4.0 -3.9 -11.7 -11.7 -11.7 -6.9 .8 4.2 4.~ -7.8 -11.7 -11.7 -3.0 -6.8 -11.7 -10.0 1.2

40 -2.1 5.1 8.4 8.8 6.5 1.1 -9.4 -11.7 -11.7 -11.7 -3.0 3.2 5.8 2.4 -11.7 -11.7 -8.6 .4 -5.8 -11.7 -11.7
I 38 -2.8 4.7 8.5 9.7 8.5 4.8 -2.1 -11.1 -11.7 -11.1 -11.7 -.5 4.8 7.0 -1.4 -11.7 -11.7 -1.8 3.0 -3.7 -11.7
N 36 -3.6 4.2 8.5 10.3 10.0 7.7; 3.0 -5.2 -11.7 -11.7 -11.7 -7.4 1.1 8.2 6.4 -5.9 -11.7 -11.7 1.9 5.1 -.9

34 -4.5 3.6 8.3 10.6 11.1 9.9/ 6.8 1.3 -7.8 -11.7 -11.7 -11.7 -6.3 6.5 9.6 5.3 -9.7 -11.7 -9.4 4.0 6.9
o 32 -5.4 2.9 7.9 10.7 11.9 11.5 9.6 6.0 .1 -9.3 -11.7 -11.1 -11.7 1.6 9.4 10.2 4.4 -11.7 -11.7 -8.2 4.7
E 30 -6.4 2.1 7.4 10.6 12.3 12.1 11.8 9.5 5.6 -.4 -9.6 -11.7 -11.7 -8.2 5.9 11.0 10.5 4.2 -11.7 -11.7 -11.7
G 28 -7.5 1.2 6.8 10.4 12.5 13.4 13.3 12.0 9.6 5.7 -.1 -8.~ -11.7 -11.7 -1.9 8.4 12.1 11.0 5.0 -8.6 -11.1
R 26 -8.7 .2 6.0 9.9 12.4 13.9 14.4 13.9 12.5 10.0 6.3 1.0 -6.5 -11.7 -11.7 1.4 9.8 12.8 11.9 6.7 -4.0
E 24 -11.7 -.9 5.1 9.3 12.1 14.0 15.0 15.2 14.6 13.2 10.9 7.5 2.8 -11.7 -11.7 -11.7 2.9 10.4 13.4 13.0 9.1
E 22 -11.7 -2.1 4.1 8.4 11.6 13.8 15.2 16.0 16.0 15.5 14.2 12.2 9.2 -.1 -11.7 -11.7 -11.7 3.1 10.5 13.8 14.2
5 20 -11.7 -3.5 2.9 7.5 10.9 13.4 15.2 16.3 16.9 17.0 16.5 15.4 13.7 8.1 -1.7 -11.7 -11.7 -11.7 2.0 9.8 13.8

18 -11.7 -4.9 1.6 6.3 9.9 12.7 14.8 16.3 17.3 11.9 17.9 17.0 16.7 13.5 7.8 -1.6 -11.1 -11.7 -11.7 -.5 8.3
16 -11.7 -6.5 .1 5.0 8.8 11.8 14.1 15.9 17.3 18.2 18.7 18.9 18.7 17.2 14.0 8.6 .2 -11.7 -11.7 -11.7 -5.1
14 -11.7 ~8.2 -1.5 3.5 7.5 10.6 13.2 15.2 16.f3 18.1 19.0 19.6 19.8 19.5 17.9 15.0 10.4 3.4 -7.2 -11.7 -11.7
12 -11.7 -11.7 -3.3 1.9 5.9 9.2 11.9 14.2 16.0 17.5 18.7 19.6 20~2 20.8 20.4 19.0 16.4 12.6 1.0 -1.2 -11.7
10 -11.7 -11.7 -5.3 -.1 4.1 7.5 10.4 12.8 14.8 16.5 17.9 19.0 20.0 21.2 21.6 21.2 20.0 17.9 14.8 10.4 4.1

8 -11.7 -11.7 -7.6 -2.3 2.0 5.5 8.4 10.9 13.1 14.9 16.5 17.'1 19.0 20.7 21.7 22.0 21.7 20.7 19.1 16.5 12.9
6 -11.7 -11.7 -11.7 -5.0 -.7 2.9 5.9 8.5 10.8 12.7 14.5 15.9 17.2 19.3 20.7 21.5 21.8 21.5 20.7 19.3 17.1
4 -11.7 -11.7 -11.7 -8.7 -4.3 -.7 2.4 5.1 7.4 9.4 11.2 12.8 14.2 16.5 18.2 19.3 20.0 20.2 19.9 19.1 17.7
2 -11.7 -11.7 -11.7 -11.7 -11.7 -6.7 -3.6 -.9 1.5 3.6 5.5 7.1 8.6 11.0 12.8 14.2 15.0 15.5 15.5 15.0 14.1
o -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7 -11.7

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

ANTENNA EFFICIENCY
-1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.1 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.7 -1.1

2 3 4 5 6 1 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

Fi gu re 62. Interlaced rhombi c pattern.



ANH = Antenna Efficiency, dB

Figure 63. Constant gain pictorial pattern (12},
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METHOD 15 IO~CAP 78.03 PAGE 11

ITS- 1 ANTE~NA PACKAGE ANTENNA PATTER"4
FREOU ENCY RAN GE ANTENNA TYPE HEIGHT LENGT~ ANGLE AZIMUTH E)( (1) EX (2) EX (3) EX(4) CONDU:T. DIELECT.

2.0 TO 30.0 CONST, GAIN 0.000 0.000 O.OJO 0.000 0.000 0.000 o.coo 0.000 .J01 4.JOJ
2 3 4 5 6 7 8 q 10 11 12 13 14 16 18 20 22 24 26 29 30

90 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
88 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
86 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.') 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
84 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
82 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.J 10.0
80 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.J 10.0 10.0 10.0
78 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.J 10.0 10.0 10.0 10.0
76 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
74 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
72 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

E 70 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
l 68 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 1J.J 10.0
E 66 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.J 10.0
V 64 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
A 62 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
T 60 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.f) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
I 58 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 IJ.O 10.0 10.0
o 56 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 1().0 10.0 10.0
N 54 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.~ 10.0 10.0 10.0 10.()

52 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
A 50 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
N 48 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
G 46 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

W l 44 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.~ 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
W E 42 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

40 10.0 10.0 10.0 10.0 10.0', 10.0 10.0 10.0 10.0 10.0 10.0 10.:) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
I 38 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
N 36 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

34 10.0 10.0 10.0 10.0 10.0 10.00 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
o 32 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
E 30 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
G 28 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
R 26 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
E 24 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
E 22 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
S 20 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

18 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
16 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
14 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
12 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
10 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

8 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
6 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
4 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN ~EGAHERTZ

ANTENNA EFFICIENCY
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 3 4 5 6 7 8 q 10 11 12 13 14 16 18 20 22 Z4 26 28 30

FREQUENCY IN ~EGAHERTZ

Figure 64. Constant gain pattern.



METHOD 15 I ONC AP 78.03 PAGE 12

ITS- 1 ANTENNA PACKAGE ANTENNA PATTERN
FREQUENCY RANGE ANTENNA TYPE HEIGHT lE~GTH ANGLE AZIMUTH EX (1) EX(2) EX(3) EX(4) CONDUCT. DIElECT.

2.0 TO 30.0 CONST. GAIN -1.870 0.000 0.000 0.000 0.000 0.000 0.000 0.000 .001 4.000
2 3 4 5 6 7 8 Q 10 11 12 13 14 16 18 20 22 24 26 28 30

90 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
88 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8·.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 a.l 8.1 8.1
86 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
84 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 3.1 8.1 8.1
82 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
80 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 .8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
78 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
76 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
74 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
72 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1

E 70 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
l 68 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
E 66 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
V 64 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
A 62 8.1 8.1 8.1 -8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
T 60 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
I 58 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1. 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
o 56 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
N 54 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1

52 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
A 5.0 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
N 48 8.1 8.1 8.1 8.1 '8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
G 46 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
l 44 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
E 42 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1

40 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1

W
I 38 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8. 1

~
N 36 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1

34 8.1 8.1 8.1 8.1 8.1 8~1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
o 32 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
E 30 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.·1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
G 28 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
R 26 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
E 24 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
E 22 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
S 20 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1

18 8.1 8.1 8.1 8.1 8.1 8.1 8.1 B.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
16 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
14 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
12 B.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
10 8.1 8e1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1

8 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
6 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
4 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
2 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
0 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8~1 8.1 8.1 8.1 8.1

2 3 4 5 6 7 8 q 10 11 12 13 14 16 18 20· 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

ANTENNA EFFICIENCY
-1.9 -1.9 -1.9 -1.9 -1.9 -1.9 -1.9 -1.9 -1.9 -1.9 -1.9 -l.~ -1.9 -1.9 -1.9 -1.9 -1.<1 -1.9 -1.9 -1.9 -1.9

2 3 4 5 6 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ

Figure 65. Constant gain receiver antenna with antenna efficiency.



600

E
~ 400
~

I-
~ I
w t9en _

W
I

200

oI I I I I I I I

1 2 468

FREQUENCY, MHz
Figure 66. Comparison of predicted vertical incidence

ionograms compared to observed ionograms
(Boulder, Colorado, night, June).



Table 1. IONCAP Files

--'
w
Q)

FILE NArlE

1) PRIit1ARY Ir-JPUT FILE

2) PRIr'1ARY OUTPUT FILE

3) LO~·JG TERr1 IOfJOSPHERIC
D,[\T1\ BASE FILE

4) AUXILIARY INPUT FILE

5) AUXILIARY OUTPUT FILE

6) cOr·1r i10:J r·1UFS FI LE

7) A~TENNA OUTPUT FILE

8) ANTErtNA INPUT FILE

9) PROCEDURE FILE

10) DEBUG OUTPUT FILE***

TYPE

BCD

BCD

BINARY

BCD

BCD

BIltARY

BINARY

BINARY

BCD

BCD

USE*

\lIP

~J/P

p

~'J/P

t'J/P

\'I/P

l-J/P

P

S

NONE

r·1r~EnON I C

LUI/LU5**

LUO/LU6**

LU2

LU15

LU16

LU20

LU25

LU26

LU35

LU6l

LOGICAL UNIT

5

6

2

15

16

20

25

26

35

61

USUAL DEVICE

CARDS

PRINTER

DISK/TAPE

CARDS/DISK

PRINTER/DISK

DISK/TAPE

DISK/TAPE

DISK/TAPE

DISK

PRINTER

TASK

INPUT

OUTPUT

INPUT

INPUT

OUTPUT

OUTPUT

OUTPUT

INPUT

Ir~PUT /OUTPUT

OUTPUT

*

**

S = scratch file; P = permanent file; ~'J = working file; !'J/P = \AJorking or permanent file, user options
dictate the necessity of file denoted by \'I/P.

Default card image input file is LU5 but may be changed by the user to the auxiliary input file LU15.
Default output file is system output LU6 but may be changed by the user to the auxiliary output file
LU16.

*** The debug output file was implemented during the development phase of IONCAP.
generally made available to the user.

This file is not



IDENTIFIER

METHOD
MONTH
MONTHLOOP
SUNSPOT
CIRCUIT
SYSTEM

TIME
ANTENNA
FREQUENCY
LABEL
INTEGRATE
EXECUTE
SAMPLE
EFVAR
ESVAR
EDP
AUXIN
AUXOUT
ANTOUT
OUTGRAPH
COMMENT
FREEFORM
PROCEDURE
'fND

NEXT
QUIT
FPROB

TOPLINES
BOTLINES
DEBUG

(USER DEFINED
PROCEDURE NAME)

Table 2. Valid Name Identifiers

DESCRIPTION OF INPUT PARAMETERS

Program run option and beginning page number
Year and a list of up to 12 months
Year and months specified in a loop
List of sunspots (all months are run for each)
Transmitter-receiver locations
Power, noise, min. angle, req. reliability, SNR, time
delay and power increment for multipath
Time of day loop (and indicator for LMT or UT)
Transmitter or receiver, antenna type and parameters
Operating frequencies
Alphanumeric label for identification
.GE. 0 will do a fast integration when no Fl is present
Execute program with parameters currently set
Optional geophysical samples (for a specified area)
Optional E, Fl and F2 parameters (for a specified area)
Optional Es parameters (for a specified area)
True heights and electron density (for a specified area)
Read input card images from an alternate file
Write program output to an alternate file
Write antenna patterns on a file
Request output of several methods
Comment card in user defined input
Input is freeform card images (NOT IMPLEMENTED)
Definition of an input procedure
Termination of an input procedure definition
End of month/sunspot loop
Termination of program execution

Critical frequency multipliers

User specified heading lines (for method 23)

User specified output lines (for method 23)

Write debug output used for program development

Replace procedure name with its definition
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METHOD

1

2

3

4

5

6

7

8

9

10

11

12

13

14
15

16

17

18

19'

20

21

22

23'

24

25

26

27

28

29

30

Table 3. Available Output Methods

DESCRIPTION OF METHOD

Ionospheric parameters
Ionograms
MUF-FOT lines (nomogram)
,MUF-FOT graph
HPF-MUF-FOT graph
MUF-FOT-Es graph
FOT-MUF table (full ionosphere)
MUF-FOT graph
HPF-MUF~FOT 9raph
MUF-FOT-ANG graph
MUF-FOT-Es graph
MUF by magnetic indices, K (not implemented)
Transmitter antenna pattern
~eceiver antenna pattern
Both transmitter and receiver antenna patterns
System performance (S.P.)
Condensed system performance, reliability
Condensed system performance, service probability
Propagation path geo~etry

Complete system performance (C.S.P.)
Forced long path model (C.S.P.)
Forced short path model (C.S.P.)
User selected output lines (set by TOPLINES and
SOTLINES)
MUF-REL table
All modes table
MUF-LUF-FOT table (nomogram)
FOT-LUF graph
MUF-FOT-LUF graph
MUF-LUF graph
Create binary file of variables in "COMMON /MUFS/ II

(allows the user to save MUFs-LUFs for printing
by a separate user written program)
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Table 4. Required SNR's for Radiotelephone Service

GRADE OF SERVICE*
Radio Telephone

Description Operator-to-Operator** Good Commercial Quality

No
Diversity

Dual
Diversity

No
Diversity

Dual
Diversity

6A3
Double Sideband - AM I 51 I 48 I 75 I 70

3A3
w I

Single Sideband - AM
~

I3A3a (reduced carrier) 49 I 46 I 73 I 68
3A3j (suppressed carrier) 48 45 72 67

6A3
Independent Sideband - AM

6A3b (2-voice channels) 50

I

47 74 69
9A3b (3-voice channels) 50 47 74 69

12A3b (~-voice channels) 51 48 75 70

*Required Signal-to-Noise Ratio in occupied bandwidth relative to noise in a 1 Hz bandwidth (dB).

**For 90% intelligibility of related words.
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Table 5, Required SNR'sfor Radioteletype Service

GRADE OF SERVICE*
Character Error Rate**

Radio Teletype
10-2 10-3 10-4

Description

No Dual No Dual No Dual
Diversity Diversity Diversity Diversity Diversity Diversity

1. 1Fl
FSK, 60 WPM, 1500-Hz filter

Start-Stop 55 51 62 58 68 63
Synchronous 50 47 59 54 65 60

3A7j
SSB, Suppressed carrier, l6-teletype
subchannels, each subchannel + 42.5
Hz FSK, 110-Hz filter, 100 WPM,
5 unit

Start-Stop 63 59 70 65 76 70
Synchronous 58 54 66 62 73 68

6A9b
ISB, 1-voice channel and l6-teletype
subchannels, each subchannel + 42.5
Hz, FSK, 110-Hz filter, 100 WPM

Start-Stop 64 60 71 66 77 71
Synchronous 59 55 67 63 74 69

12A9b
ISB, 2-voice channels and 32-te1etype
subchanne1s, each subchanne1 ~ 42.5
Hz, FSK, 110-fi1ter, 100 WPM

Start-Stop 66 62 73 68 79 73
Synchronous 61 57 69 65 76 71

*Required Signal-to-Noise Ratio in occupied bandwidth relative to noise in a 1 Hz bandwidth (dB).
**5-unit code, no error control schemes.
Power assumed equally divided between channels.



Table 6. Typical Values of Ground Electrical Charact~risti"cs

GROUND TYPE CONDUCTIVITY DIELECTRIC CONSTANT

Sea Water 5.0 mhos/m 80
Good Ground 0.01 10
Poor Ground and Sea
Ice 0.001 4

Polar Ice Cap 0.0001 1
Fresh Water 0.002 80
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Table 7. Output Combinations for the OUTGRAPH Card

METHOD OUTGRAPH CARD
CARD

PROGRAM TASK I ADDITIONAL OUTPUT AVAILABLE FOR THE SPECIFIED
OPTION* I TASK OPTION (SPECIFIED ON OUTGRAPH CARD)

3 4 5 6

4 3 5 6
5 3 4 6
6 3 4 5

7 8 to 11

8 9 to 11

9 8, 10, 11

10 8, 9, 11

11 8 to 10

16 TO 25 8 to 11 , 26 to 29**

26 8 to 11 , 27 to 29
27 8 to 11 , 26, 28, 29
28 8 to 11 , 26 to 29
29 8 to 11 , 26 to 28

30

* Optimal program task options for additional output.
** LUF values set by first frequency in the frequency complement

which has a computed reliability that is gteater than or equal
to the required system reliability. If none of the computed
reliabilities are at least as large as that required, the
.frequency with the greatest reliability is chosen and a desig­
nator is printed to indicate the reliability. (Note that this
occurs only when the user specifies Z6 to 29 on the OUTGRAPH
card and 16 to 25 on the METHOD card. The actual computed values
for LUF are printed when the user specifies 26 to 29 on the
OUTGRAPH card and 26 to 29 on the METHOD card.)
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4

5

6

7
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Table 8. Header Line Options for the TOPLINES Card

DESCRIPTION OF HEADER LINE

Month~ year, and sunspot number

Alphanumeric information on the label card

Transmitter and receiver information consisting
of coordinates, azimuth, and great circle distance
(in kilometers and nautical miles)

Minimum take-off angle (in degrees)

Transmitter antenna information consisting of
the operating frequency range, antenna type (in
mnemonics), height*, length*, off azimuth angle,
conductivity, dielectric constant as well as
other antenna characteristics

Receiver antenna information consisting of the
operating frequency range, antenna type (in
mnemonics), height*, length*, off azimuth angle,
conductivity, dielectric constant as well as
other antenna characteristics

Power, 3 MHz man-made noise, required reliability
·and required SNR

Multipath power tolerance and delay time tolerance

* Height and length given in meters if positive and wavelength if
negative.
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Table 9. System Performance Output Line Options for the'
,BOTLINES Card

LINBD

1

2

3

4
5

6

7

8

9

10

11

12

13

14

15

16

17

18
19

20

21
22

OUTPUT MNEMONIC

MODE*
MODE**

ANGLE*
ANGLE**

DELAY

V HITE
F DAYS

LOSS
DBU
SDBW
N DBW
SNR
RPWRG
REL
t1PROB
SPRB
SIGl\~

SIGUP
VHFDBU
VHFlW
VHFUP

VHFf·10D

SNRlW
SNRUP

VARIABLE DESCRIPTION

Number of hops for MUF and mod.e type
t/10de type at transmitter end and at

receiver end
Radiation angle at trans~itter, de~r~es
Radiation angle at transmitter and ,;~

receiver. end, degrees
Time delay most reliable mode(~1RM), miTli­

seconds
Virtual heightr~R~1, kilo~eters

Prob. operating frequency exceeds the
predicted MUF ~

r··1edian system loss, r·1RM, ~B;

Field strength, median, dBu
Signal power, median,'dB\v;
Noise strength, media·n, dBw
~1edian SNR, dB
Required power gain for MRM, dB
Reliability
r'1ultipath probability (short paths only)

Service probability
Signal (loss)~ lower decile, dB
Signal (loss), upper decile, dB
VHF field strength, median, dBu
VHF field strength, lower decile, dB
VHF field strength, upper deci1a,dB
VHF mode type
SNR, lower decile, dB
SNR, upper decile, dB

* if short path
** if long path
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Table 10. System Performance Output Line Options as Preset by
the Method Number

,
METHOD LINES DESCRIPTION i

16 1 to 13 Detailed system performance

17 1 t 2, 5, 7, 110, 12 Condensed S. P. with reliability

18 1, 2,·5, 7, 110, 14 Condensed S. P. with service probe

19 1, 2, 3, 4, 5 Propagation path geometry

20 1 to 22 (all) Complete S. P. output

21 1-to 16 Force long path submodule

22 i 1 to 16 Force short path submoduleI
I
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Table 11. Input Data Required for HF Systems Performance Predictions

POOR GROUND
CHECK ONE*

GOOD GROUND FAIR GROUNDSEA WATER
OR'
OR

1. GENERAL INFORMATION

NAME: ; COMPANY: ; ADDRESS: ;
CITY: ; STATE: ; ZIP CODE: ; AND TELEPHONE NUMBER: ___

(A) YEAR OR PERIOD OF SOLAR CYCLE ; SUNSPOT NUMBER ,
(8) MONTHS (Circle) J F M A M J J A SON D~ DAY OF MONTH 9

(C) TRANSMITTER SITE CHARACTERISTICS: a MHOS/m, £ _

(D) RECEIVER SITE CHARACTERISTICS: a MHOS/m, £ _

* Each antenna requires specification of its local ground electrical characteristics per numbers l(C} and 1(0).

2. PROGRAM CONTROL INFORMATION

(A) Type of tabulation (method) desired 1 to 30.

(B) Beginning hour of calculation (do not use zero UT).

(C) Ending hour of calculation ___

j (0) Every hours UT or LMT _

(E) Antenna Pattern: None Transmitter Receiver ___
Both _

(F) Great eircl e Path: Short OR Long _

(G ) Header Lines

( H) S. P. Lines

3. FREQUENCY COMPLEMENT

MHz
-+::=a
0) A typical complement covering tne frequency range is 2, 3, 5, 7, 9, 12, 15, 22, 26, 30 MHz.

4. CIRCUIT AND SYSTEM PERFORMANCE

(C) Minimum Takeoff Angle _

(D) Transmitter Power kw.

(A) Transmitter location Name , latitude , Longltude~ ___

(B) Receiver Location Name , Latitude , Longitude _

(E) Required SIN Ratio dB OR Required Service_------
(F) Manmade Noise at Receiving Site OB\4/~1HZ at 3 r4Hz OR In_dustr;"~l .' Residential __, Rural __, Remote Unpopulous __.

(G) Circuit Reliability Required for lUF or Service Probability Computation %. 00 Is Mu1tipath Computatl0n Required: Yes__ No,

(I) Minimum Tolerable Power Ratio Between Mult'iple Modes dB. (J) Maximum Tolerable Time Delay Between Multiple Modes ros.

6. TRANSMITTING ANTENNAS 7. RECEIVING ANTENNAS

TYPE
FREQUENCY - MHz

Begin I End TYPE Begin
FREQUENCY - MHz

End



Type 3 Horizontal Dipole

Type 9 Sloping Rhombic

+=::a
'-J

Table 12. Antenna Data Required for HF Systems Performance Predictions

5. ANTENNA PARAMETERS (TRANSMITTING OR RECEIVING) - All dimensions must be in meters, wavelengths,
or degrees unless otherwise stated. Electrical lengths and heights rather than physical lengths and
heights should be specified.

Type 1 Terminated Rhombic Type 7 Terminated Sloping Vee

feed height meters (wavelength if negative) feed height meters
leg length -- meters (wavelength if negative) leg length -- meters
tilt angle ------ degrees terminated height meters
true bearing -- degrees, east of north half apex angle -- degrees

. ------ true bearing ~ees, east of north
Type 2 Vertical Monopole ----

Type 8 Inverted L
height meters (wavelength if negative)
additional gain above dipole dB vertical height meters

-- horizontal length -- meters
true bearing ' degrees, east of north

feed height meters (wavelength if negative)
length ---- meters (wavelength if negative)
true beari ng -- degrees, east of north feed hei ght meters
additional galrliil)ove!/2wave horiz. dipole dB leg length ---- meters
I-------------------~.::~---------___f ha1f 1arge i nteri or ang1 e degree s

Type 4 Horizontal Vagi termination height meters
true beari ng __ degrees, east of north

feed height meters (wavelength if negative)
driven element length meters (wavelength if negative) Type 10 Interlaced Rhombic
true bearing derees, east of north
additional gain above 12wave horiz. dipole __ dB feed height __ meters

1------------------------------; leg length meters
Type 5 Vertical Log Periodic Array of Monopoles vertical displacement meters

(est imated us i ng a 1/4 wa ve monopole) hori zonta1 feed poi nt di splacement __ meters
half large interior angle degrees

height~ (wavelenqths) true bearing __ degrees, east of north
additional gain above 14 wave vertical dB

------ Type 12 Constant Gain
Type 6 Curtain Antenna

antenna element length meters
antenna height to first element meters
number of bays ----
number of elements per bay
distance between element centers meters
vertical spacing of elements meters
distance from screen meters
true beari ng __ degrees, east of north

gain above an isotropic dB
antenna efficiency ====== dB



Table 13. Input Data Required for Output Methods

DATA # DESCRIPTION 'OUTPUT/RUN TYPES

u
~ (/) N W
0:=: 0:=: ....- U
ww (/) LO :z 0"\
:::c: I- N c::(....- 0 :Ec::(N
0... W :z I- W:E
(/):E': ... z ... 1-0:=:0
Oc::(....- W~ (V') (/) 0 I-
:z 0:=: 1-....- >-L.1.-
Oc:::( :z (/) (/) 0:=: \.0
~ 0... c:::( ... l.J.. W ....-

(V') :::> 0...
....- :E

1• A YEAR OR SSN R R R
B MONTH R R R
C TRANSMITTER SITE, 0, E: R R
D RECEIVER 51TE,0, £ R R

2. A METHOD R R R R
B BEGINNING HOUR R R R
C END HOUR R R R
D HOUR INCREMENT R R R
E ANTENNA PATTERN R
F GREAT CIRCLE PATH R R R
G HEADER LINES ?
H SYS. PER. LINES ?

3. FREQUENCY COMP. R

4. A TRANSMITTER SITE R * R R
B RECEIVER SITE R ** R R
C MIN. TAKE-OFF ANGLE R R
D POWER R
E REQUIRED SNR R
F NOISE R
G REQUIRED RELIABILITY ?
H MULTIPATH ?
I MULTIPATH POWER ?
J MULTIPATH TIME ?

5. ANTENNA TYPES R R

6. TRANSMITTING ANTENNAS R R

7. RECEIVING ANTENNAS R R

where R denotes required
? required only if that output is requested

* Transmitter site is an optional requirement for Methods 13 and 15 if
the transmitter antenna orientation is not off-azimuth from path.

** Recei~er site is an optional requirement for Methods 14 and 15 if
the receiver antenna orientation is not off-azimuth from path.
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Table 14, Data Input· Card Formats (1)

3.

2.

9.

7.

COMMENTS
eo

1. ; ..

: t .. r' 9'"

MrotN'T~H'

M~g;NtT)LL,o.o.p.

SUNSPOZ) .: "
~ -.-+-~ . ~-r--

4. IS. Ut N+S. P: 0: T. ,~ .1,O. .J ,I t I, 01.

5. r"I"R"C\I'r: I. 4::~~Do 31N

i

I.~~i......~_i-+-~-l.
6. S. V,S. T. E.M .

1"..... ....
__ .--~-t. _ . _I~.R~_

T I M...!:E:...--..-.,.---+--.,..---:tl.-+-~:"''!l~~--=:!-l__-+-==--4LL-+--+--+----"-.......f...-",,,,+-I--~..............-t-+-+--'-II-+-~-----~---1r-----------+--jr--+---"----'-~ J--...........~--r---+---.--;-~-+-t--++-+-t-+--r-

.8. r:N. T. E,N_~ ...

. FREl(1) .

r;R;E;Q:u.E1NC y ... I 1. Pttl i
t'11+Hr,+-+-

·-t--+-t • t

-~- ++ ;i ~_.. + .~ I I I I I l--+-t-H

(~11~~-t(tR.A.T:E;
l _.~ ~ ~ : .. -f , ~

E_X~E.CJLLE.

.. ..

11.

10.

12.

·....
~
l..O

J3.

14.

15.



Table 15. Date Input Card Formats (11)

NAME 20--J~I!I~~.~ .---.-.--;;.. -- -=-- ---- -.-------------.-,,--.-----..- ----.....:...A------..........-------~J I COMMENl'S-

-1
-j

17. ~~.!..tJ!.+-+-~-t--~-----~~_t__J_+_+-i--+-~__+__4_+_+_+"""'t"'"4-+-_r__+~--...-+_.----~+_-."__!_~-...~c_~~~~+_+~~4__4__+_+__<___+_~------ ..u ..+-+-+-~+-+-j-~,..._l_____r_~_r_t__+_r+-H_+__+_+_+__r_++_t_+_

. ;

20. F+'~--=r:--=-If-'-'--F-+-+--+--t

I ~

21. ~.q..t:lflL:4"---,fU+L-t-+ +-1

22. 1LfJ~'-j.LjJ.4!~--.-J.Y+.l4-L+-I_++_+_+_I_t_--+-_r_+__H-h_-.----.-+-iT___t-+-+__r__+____--+-+_+_j_~+__r_----'--........­

23.

; I ;.
, I

24. 1 , ; ;

25.

26.

27. luP'---+-=-=lR.=...,01=-8~1+-+_+__.+.--+

-~--+

I: i t

28. T+Qlff4Jl~~ S: I i

:·4+ -~Lr ~ .~ ...

29. B~ot~~~__ :: :1:51' -:16 "17 , . .18 .:I.To,c. •. • . • • ; •

(J"'l

o

~EBUG. OUTplll' ..FOR .ptOGRAM. nE'iE~O~~.

. t t t·;· '1 :
_~---~:_i __ .~vl--r~~ ~_

. • ---' . -Il-._ -.-~~-.-- --1--:- ---..--t-"i-i -- '1---1'T-t-'r~-~~-t-+ ~.
._ ---

I.,

-..._._... _.__.~-+.,_._-_ .._ .....-._-_.__... ~._-_._-

31. ~.~~---,~~--+._--+---.•

~ •• ~ ~._--_._._-~.-.-+._~._-_. -~•._._----_._-----

30. ·ErB-UrGi-~--····-··to-~l:.~kL-------=~._.--- -.- " .-. I : :: :



Table 16. Antenna Data Input Card Formats

I
I I I I; I I I I I I "1 I ' LlJI I I I I I I I I I I I I I i I I I I I I I I I I I I I

AIN IT !EIN IN IA I ! I I ill I I Ii ~ i 10 • ~LLl.-l_v-J--L--LLLJ_I_I· --w-
I 10 20

T or R Type Bearing Sigma Epsilon Ti1tAngle Length Height EX(l} EX(2) EX(3) EX(4) AFQB lAIN
T=l (Gain} (Optnl) (Optnl) (No. of (t... t4 is in wave

I I 10 .----20------------~---- tsa.YSJ 40 ----~50------ --------- 60 --ic. -- ------------80

o 0 0 0 0 , , , , • , , '+ Ll LL - U I l~m}-+(-rT1 riT'l I I I '~n- '1iTT

co M ME N T I I T~~A'[lJI~"Tk Ii Ii>-A>-!- AG~a ~ E (R El'lJPS~Q-.Lg~- I1fL-I- ---It 1- t-l~~r~Lrr· : ! i i :: I : 1~jr ~l-tttl-
COMMENT . I I I I I I' I !: I I I !::! i I I I I ,I

~; M MEN Tt~ EtTMi I J;)~t/D" R>-H -0;'- ~Itc - ~ R-/\ NstMI-~~: ER~- AN~1[ NiJ,ll: i-f t--! !~ -1 ;t-1 j- -I rrr ill t r- d
o ... I -TTfL J-f--rt - ->->->=-l- ->-~- - "1 >--,-~tlf li r Ii j j r t - r II t+-r ---dtri 11 t' : ~-+

ANRr.NI~A , ilill I i 1 .001 ~~.OO 6/.588.,3g16,.,*_>-i---_~-LJ-+- -+i-tnl -'-~-l-t--I.~ __+-_if-h-: 1_

COM ME t!1.>-i *i Rf~l -cl.~4)·g-!l 0 p9- L. E -'U_ ~Et~Y. E 'L A ~ u ~lN~- -- -rn i ~ f: I I f- 1- , LIII + f i1T ; ;-;1
ANT lEN N A~ _L- 11- l 12 J_-.1 12 ~ ._ • 9 0' + f ~l· _0 _~ I. L i .. 0 ,_[2 5 l-l: 1 i I J _ _ : iLL _~: L l J3Jol~ ~: I 11

C'OMMENT_q_H~o~_R~~{z--cli1l-A-Le-lDtI"->Q.~Ej-IT~RAIN1$IMLIITk.B_t"~TfNNIAIJi j i!! - ; I i ~Lj-II III f t-:111
-

ANTENNA _+-,.I~ 1111 ! 3 . ~_+ __+.l! 011_1_141~ _0 __ I. __ . ~_-_. 5 I_Ii ·J~l5 -~Or ;O~ ~ ~ l ~ r-! i_i J~ ~ f3J0-V I _l.~ 1'_
CO M ME N T H'olR lIz 0 N i A LIviA GI R,E fiE I V ER, AN1T E,NN A j it I I I_-l--~ i ~.~! ~ ~~_'_-} +- -H~-+-.--H+i

~ ~ ~ ~: :~--v J-~fr-f Li- ~jtGt ~~~~~ttii ~-j~ ~ ~i ·]'QIF:li~_j~ -~ f~,-~[~jti~ ktj~j~l~=S!M -i TTEj R£~~ji:~tN)A-H JI· ~~-~--r t~
ANT ENNAT '1 I 15 l' •fo 011 4. - • 2!5 l L I 12 _I ! i \",: !: . ~ I I :: I I-f- t t- -!--t- T- ---~ --f-'-~ 1--- t- - ----r--r-t -1-- - -- - t ---I r '. t ;- t t- .-- - - I; . -, t t i r -f l-~--

COM MEN T ~+B~"-i-A ltINt-, 8tE C ~ I ~!- R A -~fT E N.~ ~ -->-L ~->-- - - • 1- --~ --1- tl ~ j j i-~-; ,- . '- '. ' '- " , ~ ~ : i -i ~-
AN,TEN N A I ! I !2 t- . _~ _ 0---' .10 0 1 4. 0 !2 • 0 2 2. I 1 16 I. +--:4 I• ~ 0 I 2 6. + J 3.1,_ 7 _ _i 3~ 0;• _,. ~-f!

I ANT EN N A : _+~ t_:1 __ 7 ;0 • '0 · f0 0)1 4. 0 2 f2 • 5 1 2J1 .[9 1 5;.. [2 '4 1i· l~ [2 ~ 9 _ I-- ~ ; j ~ 1---.- - r~~~ Of· i- j_: 11
co M ME NTil INIV ~p~- -I-IJ -TL - Bl~ ~!- t~t-~~~~- ~1t~1 ~ ~ Jt Itl --r-.- I 1-- -- .~ ~~ L.c...++ r! -->- -L ~ t-l +-

I I 2 Ie I I I I I I I I 3 0 I I: IIIANTENNA : L-~-_,_>-_8>-1 __ H'-+0 011 4.0 21.34 1 0 ._Q.I--I __ ~_~ L11 I _. '-i .1_

COM MEN TIT lEi Rl MIN A TEt; s' LOP I 'N G RHO MB I C IT RAN S MIT T ERA N TEN N A Ii· i t 11; -II
! I 1 I' I I I • I I I I ! . I I II

AiN TIE N N A I ill 1 ~ i t 9 0 '! 4 • 0 2 2 • 5 8 8 • 3 9 1 6 ,7 6 8 • 3 8 2 +-+ i . Ii' ~_ ' r-f-- r--t++-j

cblMiMENT i i IINIIj..ERI,ACEID R'HO.MBIC iRECIEIVER>-AJiTENNA 1_ ' • I! J~+.---~+-_-r t-l. ---t--'1'-+.-l---~--
AIN TEN N A! I! I I : 2 1 0 • 0 01 1 4. 7 O. 1 1 4 • 2 O. 4. 3 3 .1 Iw I I T
C!OIMIMEINiTi Ii CjO!N:SjTANT, !GAIIN tTRAIN,s~ITIT1ER ANTIENNjA! I I i I I !! I JJ II iT I IJ

<.11
---'



Table 17. Binary Data File Structure

BLOCK NAME RECORDS SIZE

4 FEBRUARY

5 SPRING

6 MARCH

7 APRIL

8 MAY

9 SUMMER

10 JUNE

11 JULY

12 AUGUST

13 FALL

14 SEPTEMBER

15 OCTOBER

16 NOVEMBER

17 W1NTER

18 DECEMBER

914 + 1100 + 1278 + 1916 -5268

~4344

1468

1548 + 27962, 3

4, 5, 6, 7

8, 9, 10, 11

12, 13

14, 15, 16, 17

18, 19, 20, 21

22, 23, 24, 25

26, 27

28, 29, 30, 31

32, 33, 34, 35

36, 37, 38, 39

,40, 41 '

42, 43, 44, 45

46, 47,' 48, 49

50, 51 , 52, 53

54, 55

56, 57, 58, 59

YEAR

WINTER

JANUARY

2

3
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Table 18. Year Data Block.

VARIABLE DESCRIPTION SOURCE LISTING

XfJCOF(lO, 7) foFl and Xmax Rosich~ Jones, 1973 Same

FA~MAP(?9, 16), Land mass map Lucas, Haydon, 1966 Spogen:t et al., 1967

XPMAP(29,16.2) hmF2/ymF2 ratio Lucas, Haydon, 1966 Spogen :t et al., 1967

~BMAP(2, 3) II II

Table 19. Season Data Block.

VARIABLE DESCRIPTION SOURCE LISTING i

!

.F2D( 16, 6, 6) F2(3000) r~UF Deciles Lucas " Haydon, 1966 Same

DUD(S. 12, 5) Noise deci1es Lucas, Harper, 1965 Same
Il

FAfi( 14, 12) Noise frequency Lucas, Harper, 1965 Same
dependence

I:

SYS(9, 16, 6) Signal 1evell deciles Lucas, Haydon, 1966 Same

PERR(9, 4, 6) I' Prediction errors

FAKP(29, 16, 6)1 Atmospheric noise =Lucas, Harper, 1965 - . Same =
FAKABP(2, 6} I II II II I

!
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Table 20. Month Data Block

VARIABLE DESCRIPTION

IKIM(lO, 6) . Summation limits
for series below

XESMCF(7, 61, 2) Median foEs

SOURCE

as below

Leftin, et al.,
1968

LISTING

as below

Partial in same

---------'-----------!----------!------------
XESLCF(5, 55, 2)

XESUCF(5, 55, 2)

Lower Decile foEs

Upper Decile foEs

Leftin, et al.,
1968

II

Partial (seasons)
in same

II

XFM3CF(9, 49, 2)

XERCOF(9, 22, 2)

Median F2 M(3000) CCIR, 1966

Median foE Leftin, 1976

Same

None
_. - - - - - - - - f--- - - - - - - - - - '-- - - - - - - - - .... - - - - - - - - - -

.XF2COF(13, 76, 2) Median foF2 CCIR, 1966
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METHOD Control Card (3.3.1)

Columns Name Format Description of Input Data
] -10 A10 IIMETHOD II control card identifier

11-15 Method 15 Program task option, 1 to 30

16-20 NPAGO 15 Starting page number on output file. (Note if NPAGO
..

<: 0 then initial page is·· $etl~:to defqult· of one,}-

Control Card 1.
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METHOD card
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E~-~~...----.......- --.-----.-.--.....--,..--.-...---,r---...----r----....--__---.--- ........
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0·0 0 0 0 0 0 0 0 0 0 0 0 0 0 O· 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
,. 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 1920 21 22 23 24 2~ 26 27 28 29 3C 31 32 33 34 35 36 37 38 39 40 41 4243 44 45146 47 4849 SO 51 52 53 54 55 56 575S 59 & 61 6263 64 65 66 67 68 69 70 1 72 73 74 75 76 77 78 79

~ 1 11 1 1 1 1 1 1 11 1 1 1 111 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1,1 1 1 1 1 1 1 1 1 111 1 1 11 1 1 11 111 1 1 1 1 1 1 1 1 111 1 1 1 1 ~

2 2 2 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 212 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 22 2 2 2 22 2 2 2 22 2 2 2 2 2 2 2 2 2 2
1 2 3 4 5 6 7 8 9 101112131415'16171819202122 23 24 25 26 27 28 29 30313233343536373839404142434445464748495051525354 55 5~ 57 58 59 60616263 64 65 66 67 68 69 70 7172 73 74 75 76 77 78 79 80 ~

3 3 3 31 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 3'3 3 3 3 3 3 33 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 3/3 3 3 3 3 d
~ I ' I

444 4 44 4444 4444 4 44 44 4.4 444.4 44 44 4 4.4 4414 44.4 444444 44444 4.4 4 4414 44444 444414 44444 444414 4444 ~
12345678 9101112131415161718192021222324252627282930313233343536373839404142434445464748495051525354555657585960616263646566676869707172737475767778798 «

[ 5 5 515 55555 55 515 5 55 555 55 5'5 55 555 55 5 5,5 55 555555 5155 5 555 555 515 55 55555 55j55 5 5555 55 5
1
55 55 5 ~

I
66 66 61 6 666 66 666 616 66 666 666 61666 66 66G6 6666 6G6 666 6166 666 6G666

1
66 6 6666 666,6 66 666 666 6,6 666 6 ffi I

1 2 3 4 5 6 1 8 9 10 11 1213. 14 15 16 17 1819202122232425262728293 31 32333435363738. 394041 42434445. 464748495 51 52535455565758596 616263646566676.8691011 1273 14151611181980 Z

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 7 717 1 7 77 7 7 7 7 717 7 7' 7 1 7 7 7 7 7 77 7 7 7 7 7 7 7 7'7 1 7 7 7 7 77 7 717 7 7 7 7 7 7 7 7 7'7 7 7 1 7 ~
~ 01® ®16 ® ® (9 ® ®I@ ®I@ ®'@ @)I@

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ,~ 1~ ,~ 1~ 1~ 1~ ,~ 1~ ,~ ,~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I ~6 ~ ~8 ~ ~ 5~ 5~ 5~5~ 5~ 5~ 5~ 5~ 5~ 6~ ~ 6~ 6~ ~ ~'~ 6~!~!~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I
9 9 9 9 919' 9 gig 9 9 19 9 9 99 9 g'g 999 9 9 9 g'g 9 9 9 9

~ ONE TWO FOUR . SIX EIGHT
GLOEi£ 501674

EXECUTE Control Card (3.3.1)

ed

Columns Name Format Description of Input Data
1-10 A10 "EXECUTE II control card identifier

11-15 KRUN 15 3 = no i ndi ces ca1cu.l ati on; 2 = Es indices only; 1 - E,

Fl , F2 indices only; 0 = E, fl , '-F2, .Es'·· i ndi ce·s ll

(default ;s KRUN' :::; 0 which indicates indices are calculat
for each ionospheric layer)

Control Card 2. EXECUTE card
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QUIT Control Card {3.3.1}

Columns Name Format Description of Input Data

1-10 Al0 "QUIT" contra1 card identifier
"

/

NOT~: THIS CARD MUST BE PRESENT AND MUST BE THE LAST CARD ON THE INPUT FILE.

Control Card 3.
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QUIT card
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E,.-.---,··'---,---,..+..,.--,......,...__r+r.....,.--r--r""'-r-t-r-or--r__-r+-r-rT-__'r"""""T"+-t--r--r---r--r+-,....-,---r--r-T+-r--,--'T""'"'-r-...+-r--"1~--r--r-h---r--,--.,--r-h--,--.,---r-....,4-,~--.-...--.-f

E,........~.....,.~~.......__- ................---,.-----.,..--......---r-- ......---:----.----r-----w----,----r---....--.......o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 00 0 0 0 0 0 0 0 0 0 0I0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1$ 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4{1 1 42 43 44 45 46 47 48 49 50 51 52 53 54 55 5657 58 59 6 61 62 63 64 65 66 67 sa 69 70 71 72 73 74 75 76 77 78 79 eo

~ 1 1 11 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 11 1 ,I 1 1 1 1 l' 1 11 1 I'll 1 1 11 1 1 1 1 111 1 1 1 1 1 1 1 1 111 1 1 1 11 1J 1 1
1
1 1 1 1 1 1 1 1 1?1 1 1 1 ~

2 2 2 2 212 2 2 2 2 2 2 2 2 2 222 222 2 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 222 2 2 2 2 2 2 2'2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 222 2 2 -
1 2 34' 56 7 8' 9 10 11 12 13 14 15'16 17 18 1920 21222324252627282930 31 32333435363738394041 4243444546474849 '5051 525354 55 5~ 57 58 59 6 61626364656667686970 71 72 7374757677 7879 8 .~

.. ., 3 3 3 313 33 3 3 3 3 3 3 3' 3 33 3 3 3 33 3*3.3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 3'3 3 3 3 3 3 33 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 33 3 313 3 3 33 ~

~ 4 4" 4 4 4 44 4 4 4 4 4 4 ,14 4 4 4 4 4 4 4',4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 44 4414 44 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 444 4 4 4 414 4 H 4 ~
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1718 192021 222324 25,26 27 28 29 30 31 3233343536 37 38 39 4041 424344 45 46 47 48 49 5 51 525354555657 58 59 6 61626364656667 686970 7t 72737475 7677 78 79 8 ~

~ 555 515 5 5.5 555 5 5515 555 55 55 55555 5555 5 55
1
5555 55 555 515 5 55555 55 515 55 5555 555

1
5555 5555 55

1
55555 ~

I
6 6 6 6 61 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 616 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 616 6 6 6 6 6 6 6 6 616 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6&: '~I

.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15',6 17 18 19 20 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 36 37 38 39 40 4' 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 6 61 62 63 64 65'66 67 68 69 70 71 72 73 74 75' 76 77 78 79 80 Z·

7 7 77 7 7 7 777 7 7 7 7 7 77 7 7 7 7'7 7 7 717 7 777 7 777 717 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 717 7'7 7 1 7 777 7 7 717 7 17 7 7 7 7 7 7'7 7 7 7 7 ~
§: 01® @I@· @) ®.0 ® ®I@ ®I@ @'8 @t@I ~ ~ ~ ~ ~ ~ ~ ~ ~ ,~ ,~,~ ,~ ,~ ,~ 1~'~ ,~ 1~ ~ ~ 2~ ~ ~ ~12~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~, ~ ~~!o ~ 5~ 5~ 5~ 5~ ~ 5~ \~ 5~ 6

8 ~ 6~ ~ ~ ~I~ 6~ 6~ ~ ~ ~ ~ ~ ~ ~ ~ ~! ~ ~ I
I 9 19 9 9 9 19 9 9 9'9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 gig 9 9

TIME Control Card (3.3.2)

Columns Name Format Description 6fI~'I nput Data
1-10 Al0 IITIME II control card identifier

11-15 IHRQ IS Start time, hours

16-20 IHRE IS Stop time .. houy:,'s
21-25 IHRS IS Hour increment, Hout's

26-30 ITIM 15 If negative LMT at transmitter, otherwise UT

Control Card 4.
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o
0::
~

o

~
<{
o
.J
<{

~ I
I

ll)

I
o

o0 0 010 0 0 0 0 o0 0 0 ~Io 0 0 0 0 o0 0 0 ~I:o 0 0 0 0.0 0 0 0 ~ \0 0 0 0 0 o0 0 0 ~IO 0 0 0 0 o0 0 0 OJO 0 00 0o0 0 0 0;1,0 0 0 0 0 o0 0 0 OJO 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 1213141516 17 18 1920 ~~~N~~V~~~~~~~~~~~~~ 41 42 43 44 45 46 47 48 49 50 51 525354 555657585960 61 626354 65666768 S!) 70 '71 727374751677137900

1111111111 1 111111111 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 11111
1
11111 11111

1
11111 1111111111 1 1 1 1 1,1 11 11

2 2 2 2 212 2 222
!

2222222222 2 2 2 2 12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2222222222 2222222222 2 2 2 2 2"2 2 2 2 2 2222222222
12345678910 1112131415'1617181920 2122232425262728293031323334353637383940 41424344454547484950 51525354555&:57585960 616263646566676869170 71727374757677787980

3 3 3' 313 3 3 3 3 33333'33333 3 3 33 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 3
1
3 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3,3 3 3 3 3 313 3 3 3 3

444444444 4 4 4 4 414 4 4 4 4 4 4 4 4 4.4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 4/4 4 4 4 4 4 4 4 4 414 4 4 4,4 4 4 4 4 414 4 4 4 4
12345678910 11 12 13 14 15 16 17 18 1920 21222324252627282930 31323334353537333940 41424344454647434950 515253545556575859GO 61626364656667686S170 71727374757677787980

5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 5
I

5555555555 5 5 5 5 5,5 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5 5 5 5. 5 5
1

5 5 5 5 5

6 6 6 616 6 6 G6 6 6 6 6 6,6 6 6 6 6 6 6 6 616 6 6 6 6 6666666666 6 6. 6 6 6
1
6 6 6 6 6 6 6 6 S6,6 6 6 6 66666666666 6666666666

I
7172737475·767778798012345678910 11121314151617181920 21222324252627282930 31323334353637383940 41424344454647484950 5152535455565758596C 61626364656667686970

7777777777 777 77777 7 7 7 7 717 11 7 7 1 7 1 7 1171111 1111177771 7 1 7 7 7'7 1 7 7 7 7 7 7 7 7
1
7 7 711 7 7 7 7 1'7 7 1 7 7

CD I ® ® I @ ® ® (9 ® ® I @ @ I @ @ , 8 @ I @
8888.88888 8888888888 8 8 8 8 818 8 8 8 8 a8 8 8 S/S 8 8 8 8 8 8 8 8 8,8 8 8 8 8 3888888888 8 8 8 8 sla 888 8 8888888888
1 2 3 4 5 5 7 8 9 10 11121314151617181920 21222324252627282930 31323334353637383940 41424344454fl47434050 51525354555657585960 61626364656667686970 7172737475767778798G

j)...ijj gig 9 99 9 99 nlg 9 9 9 9 9 99 9 919 9 9 99 9 9 9 9 gig 9 9 9 9 9 9 9 9 91.9 9 9 9 9 9 ~ 9 9 919 9 9 9 9 9 9 9 9 919 9 99 9~9i99_ru
ONE TWO THREE FOUR FIVE SiX SEVEN EIGHT~

GlOBt. 501674

MONTH Control Card {3.3.2)

Columns Name Format Descriptinn of Input Data

1-10 Al0 IIMONTH II control card identifier

11-15 NYEAR 15 Year

16-20 MONTHS(l) 15 an array of up to 12 months where January is represented by

21-25 MONTHS(2) 15 1, Februa"ry is represented by 2, etc.

26-30 MONTHS(3) 15

31-35 MONTHS(4) 15

36-40 MONTHS(5) 15

41-45 MONTHS(6) 15

46-50 MONTHS(7) 15

51-55 MONTHS(8) 15

56-60 MONTHS(9) 15

61-65 MONTHS(10) 15

66-70 MONTHS(ll) 15

71-75 MONTHS(12) 15

Control Card 5. MONTH card
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ttl0NTHLOOP 1977 6 12 6
f;--:;- I . I .. I. . . I I I . I I . I . I... .. I..... b--... _ ..I-...,.~,.I .. ... . .... I

r12'34. I 6 7 8 9 1011112131415'1617 18 1920(2122 23 24 25 26 27 28 29 30 3132333435136373839404142434445'46474849 50 ~j 5253 J4 55'56 575859606162636465666768 6S IOT71 72 73 74 75'76 77 78 '19'801

Er • "~ - ~ C
I , , , , , , , , I I

1 ~ 3 4 ,7 8 9 10111 12 13 14 15 16 171 a 19 20121 22 23 2425 26272829 30131 32 3334 35 36 37 383940141 42 4344454647 48 49 50151 52 53 54~55657 58 59 601

E o0 0 010 0 0 0 0 0 0 0 0 ~I,00 00 0 0 0 0 0 ~I:O 0 0 0 0 0 0 00 OJ.O 0 0 0 0 0 0 0 0 ~10 0 0 0 0 0 0 0 0 OJO 0 9 00 0 0 0 0 010 0 0 0 0 0 00 0 OJO 0 0 0 0
12 3 4 5 6 1 8.9 10 11 12 13 1415 16 17:,8 1920 21 22 2324 25 26 21 28 29 3031 32 33 34 35 36 3138 39 40 41 4243 44 45 46 47 48 49 50 5152 535455 56 57 58 59 60 61 62 63 64 65166 61 68 69 70 ~1 727374 75 76 77 78 1960

Ell 1 1 1 1 1 1 1 11 1 1 111 11 .1 1 1 1 1 11 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 11
1
1 1 1 1 1 1 1 1 1 111 1 1 1 11 1 1 1 1,111 1 1 1111 1,1 1 n 1.~

222 2212 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 2 2 12 2 2 2 2 2 2 2 2 2 222 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22 22 2 22 222 2 2 2 2 2 2 2
1 2 3 4 5 6 7 8 9 101112131415'16171819202122 23 24 25 26 27 28 29 30313233343536373839404142434445464748495051525354 55 5~ 5758 59 6061 62 63 64 65 66 6768697071727374757677 78 79 80 ~

3 3 3 31 33 3 3 3 3 3 3 3'3 33 3 3 3 3 33 313 33 33 3 3 3 3 313 3 3 3 3 3 3 3 3 3'3 33 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3.3 3*3 3 3 3· ~
~ ,

- 44 444 44444444414.4.4 4444444,4 4444444441444444 44 ·4. 414444444.444144.44444.44.414.44444444414:4'44 4 ~
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19202122232425,2627282930 31 32333435363738394041 424344 45 46 47 48 49 5051 525354555657585960 61 62 63 64 6566 6768697071 72 73 74 75 7677 78 79 80 ~.

[ 55 5 515 55 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 55 5 5 5 5 5 5 5 5 5,5 5 5 5 555 55 515 5 5 5 5 5 5 5 5 515 5 5 5 555 5 5 5
1
5 5 5 55 5 555 51n55 5 .~

I 6 6661 6 6 6666 6666 6 6 6 66 6616 666 6 6 6 6 6 6 6 6 6 6 5 6 6 6 616 666 6 6 6666,6 666 66 6 6 6 6 6 666 66 66 6666666 -5:1
. 1 2 3 4 5 6 1 8 9 10 11 121.3 14 15116 17 18 19 20 21 22 23 14 25 2621 28 19 30 31 32 33 34 35 36 31 38394041 41 4344 45 46 41 48 49 5051 52 53 545556 51 58 59 60 616263 6465'6661 68 69 10 1112 13 1415'16 7118 79 eo ~•••

117777771111 1177171771111117111771111177717 777 71171171'1111711111
1
1111111117'17111 (9

~ CDI® ®I.@ .@) ® @ ® ®I§ ®I@· @'8 @·I@
I 8 8 8 8 i 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8U 8 818 8 8 8 8 8 8 88 8188 8 8 8 8 8 8 8 8,8 88 8 8 8 8.8 8888 8 8 88 88 88188 888 8U88 88 8 8 8 I

1 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 1718 19 2021 22 23 24 25 26 27 28 29 30 31 3233 34 35 36 37 38 39 40 41 42 43 44 45 4(1 47 48 495051 52 53 54 55 56 5158 59 60 61 62636465 66 67 68 6970 71 72 737475 7677 7879,80

9 9 9 9 g'g 9 9 9 9 99; 9 gig 9 9 9919 9 9 9 9,9 9 9 9 9 9 9 9 9919 9 9 999 9 99 9 99 9 9 9·9 9 9 9 9'9 9 9 9 9 9 9 9 9 9199 9 9 9 99 999'9999'9
[~ . ONE TWO THREE FOUR FIVE StX SEVEN EIGHT

GL08E !;01674

MONTHLOOP Control Card (3.3.2)

Columns Name Format Description of Input Data

1-10 A10 IIMONTHLOOp ll control card identifier
e"e.

11-15 NYEAR IS Year

16-20 MINIT 15 Starting month number; 1 is January, 2 is Febr'uary et¢~

21-25 MFINAL IS Last mon'th number

26-30 MINC IS Increment

!

Cont ro1 Ca rd 6.
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MONTHLOOP card
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~

E 8 88 880088 0000 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOlgOOOOOOOOOOOOOOO0000000
1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2S 21 28 29 30 1 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 6 61 62 53 64 £5 66 67 68 69 10 1172 73 74 75 76 77 78 79

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 11 1 1 1 11 1 1 1 1 1 1 1 111 1 1 1 11 1 1 1 111 1 1 1 1 1 1 1 1 111 1 1 1 11 1 1 1 1J1 1 1 1 1 1 1 1 1 1,1 1 1 1 1 ~

. 2 2 i 2122 222 222 22 222 22 22 222122 222 22 222 22 222 222 22 22 2222 22 22 222 222 22 22 22 2 222 22 22 22 222
; 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1.5.'16111819202122 23 24 2526 2128 29 3C 31 323334 35 36 3138 39 4041 4243.44546 4J'8 495051 525354 555' 515859 60 61626364 65 66 67611691011 7213 1415

1

76 77 7879 80 ~

~ 333 3 313 3 3 3 3 3 3 31 '33 33. 333 3313 3 3 33 3 3 3 33133 3 333 3 3 3 3'3 3 3 3 3 3 333 313 3 3 3 3 3 33 3 313 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ~

- 4. 444 4 44 444 44 4414 4 4 44 444 44.4 4444 444 4414 44 444 4 4 4 41 4 44 44 4 4 4 4 414 4 4 4 4 4 444 414 4 4 44 4, 4 4 4414 4 4 4 4 ~
1 2 3 4 5 6 7 8 9 10 1112131415161718192021222324252627282930313233343536 37 38 39404142 43444546474849505152535455565758596061626364656667 68 69 70 7172 73 74 75 76 77 78 79 8 ~

ffi: 55 5 515 555 555 55 515 5 55 555 55 5'5 5 55 555 55 5
1
55 55 55 55 5 515 5 5 555 555 515 5 55 555 555

1
55 55 55 555 5

1
5 55 5 5 ~

I
66 I UrI 66 I I I 66 I I I I 6 I I 6 666166 6 6666 166 666 666 6 6 6 6,6 6 S6 6 66 66 6.6 6 6 6 6 6 66 6 66 6 66 6 6 66 6 S6 6 U6 ~ I

.... I 2 3 4 5 6 1 8 9 10 11 12 13 14 15
1
'611 18 19 20 21 22 23 24 '25 26 21 28 29 3 31 32 33 34 35 36 31 38 39 40 41 42 43 44 45 46 41 48 49 50" 52 53 54 55 56 5158 59 6 61 62 63 64 65'66 61 68 69 10 11 72 73 14 15'16 1118 19 80 ~

r=. 1 71 7 7 7. 77 7 7 7 7 71 7 7 7 7. 1 7777 717 7777 7. 111111111111111111111111 7'1111111111
1
1111. 77 7 77 7'7 77 77 0

IE .~ I ® @) ,I @ ® @ @ ® ® I @ ® I @ @, 8 ® I @I ~ ~. 3 ~ ~ ~ ~ ~ ~ ,~ ,~ ,~ 1~ 1~ ~5 ,~ ,~ 1~ ,~ 20 ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~5' ~ ~ ~8 ~ ~ ~ 5~ ~ ~ 5~ 5~ 5~ 5~ 5~ 6~ !. 6~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ! ~ ~ I
I 19 9 9 9 9 19 999 9 9 9 9 9 '9 9 9 9 999 999 999 9 9 9 19 9 9 9 9 -m ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT

to &t. ~01674

SUNSPOT Control Card (3.3.2)

Columns Name .:Format Description of Input Data

1-10 A10 "SUNSPOT" control .card identifier

11·'1.5 SUNSP(l) F5.l An'array of~up to·

16-20 SUNSP(2) F5.l 12 StJnspot;· numoers,'_

21-25 SUNSP(3) F5.l

.26-30 SUNSP(4) 'F5.l

31-35 SUNSP(5) F5.l

36-40 SUNSP(6) F5.l

41-45 SUNSP(7) F5.l

46-50 SUNSP(8) F5.l

51 ..55 SUNSP(9) F5.• l

56-60 SUNSP(lO) F5.l

61-65 SUNSP(ll) F5.l

66-70 SUNSP(12) F5.1

May be negative; only the first sunspot number. SUNSP(l),

may be 0.0.

Control Card 7. SUNSPOT card
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o0 010 0 0 0 0 000 0 010 0 0 000 0 0 0 010 0 0 0 0 0 0 0 0 010 0 0 0 0 0 0 0 0 010 0 0 0 0 0 0 0 0 OJO 0 0 0 0 0 0 0 0 0'0 0 0 0 0 0 0'0 0~1~
1 2 3 4 516 7 8 9 1011 12-1314,51,617 18 192021 22232425126 27 28 29 30 31 32 33 34 35136 37 38 39 ~ 41 4243 44 4548 4748 495051 525354 55565758 59 6~ 61 6263 64 G~166 67 68 69 70-71 72 73 H 75 76 77 7819 80

~ 1 1 1 1111 111111 1'1" 11 11 11111 """"'
1
" 11 111 1 1 '1' 1 1 1 1 1 1 1 1 '11 1 1 1 11 1 1 1 1Jl t 1 tIll 11 '1' 1 1 lIb

222 2 21 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 222 222 2 2 222 2 2 2 2 2 222 2 2 2 2 2 2 222 2 2 222
12345 S 78 910 1112131415'16171819202122232425262728293031323334353637383J4041424344454647484950515253545551;575859606162636465666768697071727374757677787980 ~

333 313 3 3 3 3 3 3 3 3 3
1

3 333 3 3 33 3 313 3 3 3 3 3 3 3 3 3'3 33 3 3 3 333 3
1
3 333 3 3 3 3 3 313 3 3 3 3 3 33 3 313 3 3 3.3,3 3 3 3 313 3 3 3 3 ~

~ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 4,4 4 4 4 4 .. 4 .. 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 .. 4 4 4 4 414 4 4 4 4 .. 4 .. 4 414 4 4 4 4 4 4 4 4 414 .. 4 4 4 ~
1 2 3 4 5 6 1 8 9 10 111213141516171819202122 23 24 25

1
26 27 28 29 30313233343536373839404142434445 -10 47 43 49 50 5i 525354555657585960616263 G4 65 86 576869707172 73 74 75 76 77 78 79 80 ~

55 515 5 5555 555 51 5 55 555 55 5555 55 555 55 5,5 5 55 5 5 5 5 5 515 5 5 555 5 5 5 515 5 5 5 55 55 5 5
1
55 55 55 55 55

1
5 55 55 ~

[ S6 6661666 U 6 6 6 G616 66 666 666616 GG6 6 SS6 6 6 5 6 6 666 G666,6 666 5 G666 6,66 66 6S666 G,S 6 6666 G6 66,6 6666 ffi

I ;;3; ;;; ; ;; ~ ~ ; ~ ~ ; ~ ; ~ ~ ~ ~ t~ ~I~ ~ ~ ; ~ ~ ~ ~ ~ ~I; ~ ;~ ~ ~ ~ ~; ~;6 ~ ~;9 ~ ~ ~ ~ ~ ;,~ ~ ; ; ~ ~ ~ ~ ~ ~I; ~ ~ ~ ~ ~ ~ ~ ; ~I; ~ ;;~ ~
IE ~ ~?~ ~I~ ~1~ ,~ 1~ ,~!,~ ,~I,~ '~~,~ 2~ ~ ~!~ ~I~ ~!~ ~ ~ ~~~ ~I~ ~!~ ~ ~ ~~~ ~~~'~7!~9~ ~ 5~!5~ 5~15~ 5~ !5~ 6~ ~ 6~!~ !i~ 6~!~ ~ ~ ~!~ ~I~ ~~~ ~

9 9 9 9 gig 9 9 9 9 9 9 9 9 g'g 9 9 Q 9 9 9 9 9 gig 9 9 9 9 9 99 9 gig 9 9 9 9 9 9 9 9 9 99 9 9 9 9 9 9 9 9'9 9 9 9_~ 19 9 9_jlg 9 9 9 9 9 9 9 9 9i9 9 9 9Jlr; ONE TWO THREE FOUR FIVE SiX SEVEN EIGHT

GLOBE 501674

NEXT Control Card (3.3.2)

Columns Name Format Description of Input Data

1-10 A10 IINEXT II control card identifier

Indicates end of a month-sunspot loop

Control Card 8.
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U),
o

o
0::
«
o

~
«
o
...J
«

jI
I

o0 0 0 010 0 0 0 0 o0 0 ~110 0 0 0o0 0 ~l 000 o 0~~O o0 0 0O~O 010 00·0 OJ 0 0 0 0 0 o0 0 0 010 0 0 0 0 o0 0 0 0.l~ 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11121314151617 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 43 49 50 51 52 53 54 55 56 57 58 59 5V 61 62 63 64 65165 67 68 69 70 71 727374757677 78 79 80

1 1111111" 11111111111 1111111111 I I 1 1 1/1 1 I 1 111111
1
1111111111

1

11111 111111111 'I 1 1 I 1 111 1 1 1 1

2 2 2 212 2 2 2 2 222 2 21 2 2 2 2
~

222222222 222 222222 22222222222222222222 2 2 2 2 2'2 2 2 2 2 2222222222
12345678910 1112131415'1617181920 2122232425:627282930 31323334353637383940 4142434445464748495051525354555&;57585960 61526364656667686970 71727374757677787980

333 13333:~ 333 3'33 3' 3 3 3 313 3 3 3 3 3 13 3 3 3 3 3 3 3 3 3
1
3 3 3 3 3 3 333 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 3133 3 3 3

4444444444 44 4"44444 444 4 4.4 4 4 4 4 4· 44414 444 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4444414 44444 44 4 414 44 44
12345678910 11121314151617181920 21222324252627282930 31323334353637383940 4142434445454748495051525354555657585960 6162636465666768E970 71727374757677787980

5 5 5 515 5 5 5 5 5 5 5 5 51 5 5 5 5
I

5555555555 5! 5 5 5 5,5 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5

6 6 6 6 616 6 6 6 6 6 6 6 616 6 6 6 6 66' 616 6G6 6 666666 66 6 6 6 6 6,6 6 6 6 G66 6 6 6,6 6 6 6 666666,66666 6666666666
12345678910 11121314151617181920 21222324252627282930 31323334353637383940 4142434445464748495051525354555657585960 6162636465666768697G 7172737475'7677787980

7777777771 7777177717 7 1 7 7 711 7 7 1 7 7 7 7 7 717 7 7 7 71777771717 7 1 7 7 7'7 7 1 7 7 71777'7777'7 7 1 7 7 7'7 7 11 7

CD 10 ® I (4) ® (6) 0® ® I @ ® I @ @ I 8 @ I @
8888888888 8888888 88 8 8 8 8 818 8 8 8 3 8 8 als 8 8 8 8 8 8 8 8 8,8 8 8 8 8 8888888888 8 8 8 8 ala 8 8 8 8 8888888888
12345 G 78910 11121314151617;81920 21222324252627282930 31323334353637383940 41424344454547484950 51525354555657585960 6162636465666763691'0 71727374757677787980

lU-9_B_~9 9 9 9_9uun- 999199999.99999 D9 9 gig 9 999 9 9 9 9 99 9 999 9 9 9 9 g'g 9 9 9 9 9 9 9 9 919 ~ 99 9 9 9 9 9 919 9 9 9 9
ONE TWO THREE FOUR F'VE SIX SEVEN EIGHT

-[~
Gl08t:. 501674

LABEL Control Card (3.3.3)

Columns Narrle Format Description of Input Data

1-10 A10 IILABEL II control card identifier

11-20 ITRAN(l) A10 'Por 'output'1'denttficati'on only

21-30 ITRAN(2) A10 Por output i'denttfi cati' on only

31-40 IRCVR(l) A10 "For output i'denttfi cat; on only

41-50 IRCVR(2) A10 ,For output ':'i~denti fi ca t ; on only

Control Card 9. LABEL card
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ll)

I
o
o
a:
«
o

~«
o
J
«

j I

I

o0 0 0 :\ 0:J 0 0 0 00 ~I.O 0 0 0 0o DO~ 0000 o OOOJOOOOO O~OOOO OOOOOJOOOOO o0 0 0 0ilo 0 0 0 0-0 0 0 0 010 0 0 0 0
1 2 3 4 5 6 7 8 9 lC 11121314151617 18 1920 21 22 23 24 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 525354 5556515859 6C 61 6263 G4 656667686970 71 72 73 74 75 76 77 78 79 80

1111111111 11111111111 111111111 1 11 1 111 1 1 1 1 11111
1
11111 11111

1

11111 1111111111 11111,11111

2 2 2 2 212 2 2 2 2 2 2 2 2 212 2 2 2 2
!

2222222222 2222222222 222 222222 2222222222 2 2 2 2 2"2 2 2 2 2 2222222222
12345678910 1112131415'1617181920 21222324252627282930 31323334353637383940 41424344454647484950 51525354555h 57585960 61626364656667686g70 71727374757677787980

33' 313 J3 3 333,3,'33333 3 3 3 13 3 3 3 3 . 3 3 313 3 3 3 3' 3 3 3 3
1
3 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3

4444 44444 i 4 4 4 414 4 4 4 4 44444,44444 444 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 444 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 444 4 414 4 4 4 4
1'2345678910 1112131415161718192021222324252627282930 3132333435363738394041424344454647484950 51525354555657585960 61626364656667686970 71 72 73 74 75 76 77 7879 SO

5 5 5 5 515 5 5 5 5 55 55 51 5 55 555 5 5'5 5 55 55 5 5 5 5
r

5 5 5 5 5 5 5 5:15 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5

6 6 6 6 616 6 6 6 6 S 6 6 6 616 6 S 6 6 G6 6 6 61 6 6 S 6 6 6 6' 6 6 6 6 6 6 6 6 6 5 6. 6 6 6 6 6 6 6 6 6,6 6 6 6 6 68668.66666 666S66666G
12345678910 1112131415161718192021222324252627282930 ~ ~ ~ ~ 351~ ~ ~ ~ ~I~ ~ ~ ;'i~ ~ ~;9 ;0

51525354555657585960 61626364656667686970 7172737475'7677787980

7777711771 7 7 7 7 7 7 7 7 7T7 7 7 717 7 7 7 7 7 7 7 7 7'7 7 711 7 7 71 7'7 7 1 7 1 7 11 7 7
1
7 7 7 7 7

CD I ® (3) I 0) .@) ® (7) ® (9) I @ @ I @ @ · 8 @ I @
8888888888 8 6 I 8 88 8 8 8 8 8 8 8 818 8 8 8 8 8 8' 8 sis 88 8 88 Si 8 8, 8 8 8 8 88888888888 8 88 881S88 8 B8 8 8 8 8 8 8 8 8.8
12345 G 78910 1112131415161718192021222324252627282930

~ ~ ~ ;;1;;; ;;1" ~; ;;:,; ~;;; 51525354555657585960 61626364656667686970 71727374757677787980

..t. _U- 9 9 9 9 9 9 9 9 gig 9 9..9 919 9 9 9 9,9 9 9 9 9 9 9 9 9 g'g 9 9 9 9 9 9 9 9 919 9 9 9 9~!jJl.JJn
ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT

-[~
GL.OBt:. 501674

CIRCUIT Control Card (3.3.3)

Columns Name Format Description of Input Data

1-10 A10 "CIRCUIT" control card identifier

11-15 TLATD F5.2 Latitude of transmitter, degrees

16 ITLAT Al N= north, S = south
21-25 TLONGD F5.2 Longitude of transmitter, degrees

26 ITLONG Al E = east, w~= west
31-35 RLATD F5.2 Latitude of receiver, degrees

36 IRLAT Al N= north, S = south
41-45 RLONGD F5.2 Longitude of receiver, degrees

46 IRLONG Al E = east, W=west

51-55 NPSL 15 Use long great circle pa th if = 1

(default ;s NPSL = 0 which specifies that the shortest

distance between transmitter and receiver is used as
circuit path)

Control Card 10. CIRCUIT card
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125),

4)*

SYSTEM Control Card (3.3.3)

Columns Name Fonnat Description of Input Data ...............
1-10 A10 "SYSTEMu control card identifier

11-15 PWR F5.2 Transmitter power, kilowatts
4

16-20 XNOISE F5.0 Man-made noise 1n dBbelow·a watt f ..dBW};-l '1 S industrial (
•

~~2' :is" res; ~ent;a1 (13-6) " ··..3·.1$ rural (J 48) , -4~ is remote (16

21-25 AMINO F5.·Z Minimum radiation angle, degrees

26-30 XLUFP F5.0 Req.uired reliability, percent

31-35 RSN F5.2 Required SNR, dB

36-40 PMP F5.2 Multipath power tolerance, dB'

41-45 DMPX F5.Z Multi path time de1ay -- increment, milliseconds

·*Theuserm~Y1nd1cate other man-made noise values by

sp~~c i fyi ng a positive value in this field.

Control Card 11.
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[2;m:7.:E ..;L- .-..;...---..lu.A..._ __~ ---......~----.."'---~------'........----J..l&-,

,~0 IJ :rJ ..................--'-........--'-..Joo-.I--a.t-'-- ,.,.......-..-.........~'''''-40~''''--''......._............io--A-..........'--'-'''''"'''--~+_'__~--'-...&..+_.&.--4.-...........__'_I.........,,---'-...........&+_I_....e.-.........._'_f

o0 0 0 10 0.0 I 0 0 0 0 0010 0 0 0 0 0 00 0 010 0 0 0 0 II 0 :~lO III 0 0 0 0 0 OJO 0 0 ~,1 0 0 0 0 0 010 0 9 00 0 0 0 010 0 0 0 0 0 0 0 0 0.10 0 0 0 0
1 2 3 4 I • 1 •• 10111213141.'1.111. ,. 20 ~1 ~ 23 24 1112127 2I2I3I~' U 13 M•• 3131. 40 ~1 42 ~ 44 41 ... 41414110 II 5253541558 51 5. 51 Ie 1112 U 54 "I...,. ellO ~11213 74 75 11171111_

111111111111111111111111111111111, 11
1
11 11 1111 ~,IIII 1111l'l11111111111111,1111111111

1
11111 ~

~ 22 2221222 2222 222 22 22222 2221222 22 22 222 22 222 22222 22, '2222 L 22 222 22222 2n 22222222222 222
t 2 3 4 5 I 7 • 9 10 11 12 13 14 ,5',6 17 18 1920 21 22 n 24 25 2627282930 31 32333435363738394041 42434445464749495051 52535455!1A 57 58 59 60 61 £2 63 64 65 sa 17 686970 71 72 73 74 75 7. 71 7. 7t 10 ~

~ 333 3 313 f 333 33 33'33 3: 'J 333 3i'13 33 3 i,: 33 3 31,133 3';:' 3333~"3 33 3; 333 3 1133, 3 33' 3 '133 33 33 33 33133 33 3 ~

4444' I 444 4 444 4 4414 444 4 4 44 4 4.4 4 4 4 4 4 4 4 4414 44 4 4 4 44 44'4 4 4 4 4 4 4 4 4 414 44 44 4 44 4 414 44 44 444 4 414 44 44 ~
t 2 3 4 5 ,6 7 8 9 1°1"12 13 14 l' '8 1/18 19 :0 2122 23 ',425 :.17 28,~ 3U 3112 2i 343525" 383340 41 414' 4' '146 41 43495051 515354555651535,9 6C 61 U 6364656667686910 71 72 73 74 757671 78 79 80 ~

~ 5 5. 5 51 , 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5: i 5'55 5 5 5 5 55 5 5
1
5.5 55 5 5 555 515 5 55 515 5 5 515 5 5 5 5 55 5 5

1
5 5 55 55 5 5 5 5

1
5 5 5 5 5 ~ .

1

,,6 66 GIS 6866j S66 66166GS6 &6 66616 56 S668 86666 GG&III G3:; 51666e6i&GG65,6 G66 S6G666I 66 G6596666.6 68 66 ffi

• ~ ; ; ; ; ; ; ; ; 11'; ~ ; ; ~1~; ;'; .~ ~ ~ ~ ~I~ ~ ; ;'1;;~ ~ ; ~ ;'1; ;\ ; :; ~j~ ;7';' ;/ ; ;; :; /:; 7';;7':; '; '; '; ~l~ ~ ~ :; ~,~ ~;~ ~ ~ ~ ~ ;;,; ~ ;~ ~ ~

J

~ 88~:)0 8~:"1 fi!88~O 8183~ 811!S8 ~ai'i:3 3~O~!O 9~3i1!a 8(fIe i}2 3(~~1 J! :j~B:Jp, a~0de 3\1\ lIe ~~a jiJ s~8 e3a~8ala 8~8 8
1 " 3 4 5 G 1 8 9 lor 11 "1415 '\111" I" ,~,i' ,., i] 1125 is',' il ,.) :r.I" ".ll "::'.':' "'.' -'1 ::, ::;" t' 4"'" ,;, '.., ""':"'1'" :,/" 'A C';" 51 E'l 'If.+' bl ',j ,.\ b'," r,J tH' 7Df 11 'l 1115 i' 11 7R)'"

I
,t: ;JU.9~LWJjU,",~JL$~~ ..;:'UJU~_9_~J ~! ~-,'lJL~,,~~U, U9~ 9$.~1.92rl:L9_~~- 5. ~~1. J:J)tJt ~J1~ t_RJ..~LP.~Qj .~.J1J._[~.~_~.j.J.>J~t~ jj..&. 9 Rj._9.ft~O_.iJL'U

'(~" !t' ONE . I, TWO L n'~~_~_L_F~~!. .__F~~!.__.J_ SIX_ SEVEi\J E_IG_HT_--..
• (;>-O&"~QI..t74,. _ .' .__ . __ - .

FREQUENCY C6ntro1 Card ·(3.3.3) .

Columns Name Format Description in Input Data

1-10 Ala' "FREQUENCY" control card i'dentifier
11-15 FREL{~l.' F5.2 Array of up to '11 f~equenci'eS',' MRz,

16-20 FREL(2) FS.2 if FREL(l) is z~ro. th~n th~ FOT reolaces FREL(l)
21-25 FREL(3) FS.2

26-30 FREL(4) F5.2
31-35 FREL(5) F5.2

36-40 FREL(6) F5.2/

41-45 FREL(7) F5.2

46-50 FREL(8) FS;2

51-55 FREL(9) FS.2
56-60 FREL(10) FS.2

61-65 FREL(11) F5.2

Up to eleven values on- this card, are used. A nonposit1ve value terminates the frequency
loop. If card is blank a complement is calculated for each hour.

(r'"

Control Card 12. FREQUENCY card
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1.0
I
o
o
II
~

o
~«o
..J
~

iI
I

o0 0 °10 0 0 0 0 0 0 0 0~O 0 0 0 0 0 0 0 0 ~IO 00 0 0 0 0 0 ~IO 0 00 0o0 0 0 0.10 0 0 0 o0 0 0 OJO 0 0 0 0o0 0 0 0;10 0 0 0 0OO-"~
'1 2 3 4 5 S 7 8 9 10 11 12 13 14 15 16 17 18 ,19 20 21 22 23 24 25 26 21 28 28 30 31 32 33 :» 35 36 37 3s 39 40 41 42 43 44 45 46 47 48 49 50 51 52 5354 55 56 57 58 59 ~ 61 62 G3 64 65 66 67 68 69 70 ~1 72 73 74 75 76 71 78 79 80

1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1/1 1 1 1 1 11111
1
11111 11 1111111 1 1 1 1 1 1 1 1 1 1 1 1 I'll 1 1 1 1

2 2 22 2
1
2 2 2 2 2

I

2 2 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 212 2 2 2 2 2 2 2 2 2 222 2 2
,

2222222222 222 2 2"2 2 2 2 2 2222222222
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15'16 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 323334 35 36 37 383940 414243444546474B4950 51 52 53 54 55 5~ 57585960 6162636465666768£970 11 12 73 74 15 16 17 781980

3 3 3 3 ~. ;13 33 3 3 3 3 3 3 3'3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3'3 3 3 3 33333'333~3 3 3 3-: 3/3 3 3 3 3 3 3 13 3 3 3 3 . 3 3 313 3 3 , 3

4 4 ;4 4 4 44 44 444 4 414 44 44 444 4 4,4 4 4 4 4 4 4 4 4 4(4" 4 4 ' 4 44 4 414 4 4 4 4 444 414 44 4 4 4 4 4 414 4 4 4 4 444 4 414 4 .44
12345678 910 111213141516171819202122232425262728293031323334353637383940 41424344454647484950 51525354555657585960 61626364656567 £8 69 70 1172737475161718198C

5 5 5 5 51':, 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5'5 5 5 5 5 5 5 5 5 5,5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 515 5 5 5 55 5 5 5
1
5 5 5 5 5 5 5 5 5 5/5 5 5 5 5

6 6 6 6 616 6 6 6 6 6 8 6 6 6 6 6 6 6 6 6 6 6 6166 6 6& 6 6 6 6 6 6 6 6 6 6 6 6 6 6, 6 6 6" 6 6 6 6 6,6 6 6 6 66666666666 6666666666
12345678 9101112131415

1
'6171819202122232425262128293031323334353537383940

I
7112737475

1

767778798041424344454647484950 5152535455565758,596C 61626364656667686910

711, 771 711 71 71 71 771 77711 717 7, :7 ' "77 77 711 711 71117771717 71 77 i7 7 777 7 7 77 111 71 7 7 711 7 1'7 17 1 7
Q) I ® ® I @., ® ®, (?) ®,., ® I @ @ I @ @,I (~ ...@ , @

8 8 8 8 8 8 8 8 S8 8 8 8 8 8 8 8 8: 8 8 8 8 8 818 8 8 8 8 88 8 81a 8 8 8 8 88 8 8,8 8 8 8 888,~88888 8 8 8 8 ; 18 8 8 8: 8<088888 8
12345 G 7 8 910111213141516111819202122232425262728293031323334353637363940 41424344454647484950 51525354555£ 57 58 59 6~ 61626364656661686970 71 72 73 74 15 76 77 787980

19 9agig 9 9 9 9 9 9 9 9 gig g-: 9 9 9 9 9 9 9,9'; 9 9 9 9 9 9 9 gig 9"9 9 9999999999 9 9 9 9 9'9 9 9 9 9 9 9 9 9 919 9 99 9 9 9 9 9 gig 9 9 9 9
ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT

-c:ffi
GL08t. ::>01674

:~SAMPLE 1 39.6N 97.7W ~9.4N 650.6 1.4 4. 53. 1. ~OOI 4.0
~- ,,' ~·_~~-+----t--~'*__~k-,L'. I ~1 ' 3 4 5! i 7 8 9 10 11 ll13 14 15 16 17 18, l2 2122232425'627 28 130}13233J415 3E 373~~;' 45"liJ 47 46 ~~ : 55 56 57 58 59 I~,' 66 6768 69 _Jl71 L73 74 75 7617 78 yo

~ IT::...::::..il1 $: + t + ? I:~ (I ':2 ':3 1:4 ':5>:8 (7 (8 1:92:~:2:82:72:.2:93'01 'i32 3> 34 35 3537 38394041 42434 4454847 48 49 50 51 52 53 54 55 58 57 58 59 80

SAMPLE Control Card (3.3!4)

Columns Name Format Description in Input Data
1-10 A10 IISAMPLE II control card identifier

11-15 I 15 Sample area 1 to 5
16-20 SLAT F5.2, Geographic latitude, degrees

21 ISLAT Al N = North, S = South

26-30 SLONG F5.2 Geographic longitude, degrees

31 ISLONG Al E :: East, W= West
36-40 SGLAT F5.2 Geomagnetic latitude, degrees

41 ISGLAT Al N= North, S = South

46-50 RD ('I ) F5.0 Distance from transmitter, km

51-55 GYZ (I) F5.2 Gyrofrequency, MHz

56-60 CLCK(J} F5.2 Local mean time

61-65 GMDIP(I) F5.2 Geomagnetic dip angle

66-70 ARTIC(I) F5.2 Auy·ora1 loss! dB
71-75 SIGPAT(I) F5.2 Ground conductivity, mhoslm

76-80 EPSPAT(I) F5.2 Rel ative dielectric constant

Control Card 13. SAMPLE card
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EFVAR Control Card (3.3.4)

Columns Name Format Description in Input Data

1-10 A10 "EFVARII control card identifier

11-15 I 15 Sample area 1 to 5

16-20 FI (1', I) F5.2 foE, MHz

21-25 Y1(1 ,I) F5.1 ymE, km

26-30 HI(l,l) F5.1 hmE, km

31-35 FI(2,I) F5.·2 foFl, MHz

36-40 '11(2,1) F5.1 ymFl, km

41-45 HI(2,I) F5.1 hmFl, km

46-50 FI(3,I) F5.2 foF2, MHz

51-55 YI(3,I) F5.1 ymF2, km

56-60 HI(3,I) , F5.1 hmF2, km

.Control Card 14.
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o 0 010 0 0 0 0 o0 0 0 ~IO 0: 0 0o0 0 0 ~IO 0 0 C0 o0 0 . ~10 0 0 0 0o0 0 0 010 0 Q0 0 o0 0 0 OJO 0 n0 0 o0 0 0 0ilO 0 0 0 0 o000 0.10 000'0
1. 2 3 4 5 6 7 I 1,0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2627 28 29 ·30 31 32 33 34 35 36 37 38 39 40 414243 44 4540 47 4a 49 5iJ Sl 525354.55555758596£ 61 .62 63 64 65 liS 67 68 69 70 71 727374757677 78 7980

111.:111111 1 1 1 111 1 1 1 1 1 1 1 1 1 .~ 1 1 1 1.:11/11111 11111
1
11111 11111,11111 1111111111 111111

1

11111

2 2 2212 22 2 2 2 2 2 2 12 2 ·22 22222
1
22222

!
2222222222 2222222222 2222222222 22 2 22'22 2 222222222222

123456789 io ,1,2,3,415',617181920 21222324252627282930 31323334353637383940 41 42 43 44 45 ~6 47 48 49 50 515253545551':57585960 61625364656667686970 71727374757677787980

3 3 3 3 313 3 3 3 3 33333
1

333 3 333 313 3 3 3 3333 133333 33333'33333 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3

4444444444 44444144444 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 44 414 4 4 4 4 4 4 4 4 414 4 4 4 4
12345678910 11121314151617181920 212223242526'27282930 31323334353637383940 41·124344454647484950 51525354555557585960 61626364656667686970 7172737475i677787980

5, . 5 515 5 5 5: 5 55 5 5 515 5 5 5 5
I

555555555 5 5 5 5 5,5 5 5 5 5 5 55 5 515 5 5 5 5 5 5 5 5 515 5 55 5 5 5 5 5 5
1

55 5 5 55 5 5 5 5
1
5 5 5 5 5

6 8 6 6 616 6 6 6 6 6 666 6 6 666 6 6 6 6 6 sl6 6 6 6 6 66 6 6 666 6 6 566666,66666 8 6 6 6 6
1
6 6 6 6 6 8666666686 6666666666

1112131415'1617181920
I

7172737475"76777879801 2. 3.4 5 6 7 8 9 10 21222324252627282930 31323334353637383940 41424344454647484950 51525354555657585960 61626364656667686970

7777777777 7777177777 7 7 7 7 7/7 1 7 7 7 7 7 7 7 717 7 77'1 7777777777 7 7 7 1 7
1

7 7 7 7 7 7 7 7 7 7'7 1 7 7 7 7 7 1 7 1'7 7 1 7 7
Q) I 0· ® I 0J, ®. " ® 1(9 ..® ® I @ ® I @ @'8 @) I @

8 8'8 8'8 8 8 8 8 8 88888888 I 8 88 . 818 8 8' .8 8 8 8 8 .. Is 8 8 8a8 8 8 8 8,8 8 8 8 8 8888888888 8888S'S8888 8888888888
12345678910 11121314151617181920 21222324252627282930 31 32 33 ~4 35 36 37 38 39 40 4142434445411 ,n 48 4950 51525354555657585960 61626364656667686970 717273747576777B7980

l.U.li'g 9 999 99 9 9 9199 9 9 919 9 99 9,9 9 9 9 9 9 9 9 9 9199 9 9 9 9 9 9 9 99 9 9 9 9 9 9 9 9 919 9 9 9 9 9 9 9 9 919 9 9 9.ft j9999 iS-999.a
ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT~

GLOBe 501674

ESVAR Control Card (3~3.41

Columns Name

,1-10

·11-15 I

16-20 .FS (1 9 I)

21-25 FS{2,I)

26-30 FS (3., I)

31~35 HS(I)

Format

Al0

-15

F5.2

F5.2

F5.1

F5.1

Descriptinn. of Input Data

"ESVAR" control card identifier

Sample area 1 to 5

foEs ,lower deci,l e, 'MHz
= 1owest val ue, e. g., 2.

foEs medi~n, ~.g., 4., MHz

foEs upper decile, MHz

= highest value, ~.g., 6.
V;-y'tual height of reflection, km, e.g., 110

Control Card 15. ESVAR card
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010 0 0 0 0 o00 0 ~O O· 0 0 0o0 0 0 ~IO 0-0 0 0 o0 0 0 OJO 0 0 0 0o0 0 0 ~IO 0 0 0 0 o0 0 0 0.10 0 D0 0 o0 0 0 ~I0 0 0 0 0 o0 0 0 OJO 0 U0 0
5 6 7 8 9 10 11 12 13 14 15 15 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 31 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 ~1 72 13 74 75 76 17 18 79 80

111111 1 1 1111 11 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 111 1 1 1 1 1 1 1 1 1,1 1 1 1 1 1 1 1 1 111 1 1 1 11111111111 11111
1

11111

21222 2 2 2 2 2 2 212 2 2 2 2
~

2222222222 2222222222 2222222222 2222222222 2 2 2 2 2'2 2 2 2 2 2222222222
5678910 1112131415'161718 H120 21222324252627282930 31323334353637383940 41424344454647484950 51 525354 55 5~ 57 58 59 60 61626364656667686970 71727374757677787980

313 3 3 3 3 3 3 3 3 3' 3 3 3 3 3 3 3 3 3 313 3 3 ~ 3 3 3 3 33 13 3 3 3 3 3 3 3 3 3'3 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 3/3 3 3 3 3

444444 444 4 414 4 4 4 4 444 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 444 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4414 4 4 4 4 4 4 4 4 414 4 44 4
5678910 11121314151617181920 21222324252627282930 31323334353537383940 41424344454647484950 51525354555657585960 61626364656667686970 71 72 73 74 75 76 77 78 79 8C

515 5 555 5 5 5 5 515 5 5 5 5
I

5555555555 5 5 5 5 5,5 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 555555
1
55555 5 5 5 5 5

1

5 5 5 5 5

Sl6 6 6 6 6 6 6 6 6 61' - 6 6 6 6 6 66'S 6 6 6 6 6666666666 6 6 6 6 6
1
6 6 6 6 6 6 6 6 6 6,6 6 6 6 6 6666666666 6666666666

I
7172737475

1

76777879805678910 11121314151617181920 21 22 23 24 25 26 27 28 29 30 31323334353637383940 41424344454647484950 5152535455565758596C 61626364656667686970

777777 7 7 7 7 77 1 7 7 7 7 1 7 7 717 7 7 7 7 7 7 7 7 717 7 7 7 7 7777771777 7 7 7 7 7'7 7 7 7 7 7 7 1 7 7'7 7 7 7 7 7 7 7 7 7'7 7 7 7 7
I ® ® I @ ®. ® (9 ® ® I @ ® I @ @ · (3 @ I @

8888888888888888 8 a8 8 818 8 8 8 8 8 8 8 8 818 8 8 8 8 88888.88888 8888888888 8 8 8 8 als 8 8 8 8 8888888888
5 5 7 8 9 l~rl 12 1314151617 18 1920 21222324252627282930 31323334353637383940 41424344454647484950 51525354555657585960 61626364656667686970 71 72 73 74 75 76 77 787980

g'g 9 9 9 9 9 9 9 9 g'g 9 UUJ 9 9 9 9 9.9 9 9 9 9 9 9 9 9 919 9 9 9 9 9999999999 9 9 9 9 9'9 9 9 9 9 9 9 9 9 919 9 9 9 9 9 99 9919 9 9 9 9
ONE TWO THREE FOUR FIVE StX SEVEN E'GHT

1234

333 3
~

4._ 4 4
1234

1 2 3 4

1111
~

2 2 2 2
1 2 3 4

77: ,7
~ CD

888 8
1234

9 9 9 9
m

GLOBE 501674

EDP Control Card (3.3.4)

Columns Name Format Description of Input Data

1-1 a Ala IIEDpll control card identifier

11-15 JSAMP 15 Must = 1 (limitation on current implementation)

16-25 ITEMP Ala If IIOFF II return to use calculated EDP

If not IIOFF 11 followed by 8 cards; first four contain

heiqhts, second four contain square of plasma frequency

Control Card 16. EDP card
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Data for external electron density profile (3.3.4)

Columns Name Format Description of Input Data

1-5 HTR(l) F5.2 True heights, kilometers

6... 10 HTR(2) F5.2
.

\.

Four cards containing 50 values.

Control Card 17. Electron density cards, true height
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Data for external electron density profile (3.3.4)

Columns Name Format Description 'of Input Data

1-5 FNSQ(l) F5.2 Plas-ma .freq,uency' $quared (MHz)2

6-10 FNSQ(2) F5.2
..

Four cards containing 50 values.

Control Card 18. Electron density cards, square of plasma frequency
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II),
o

o0 0 0[0 0 0 0 o0 0 0 ~IO 0 0 0 0o0 0 0 ~I:O 0 0 0 0 o0 0 0 0: 1,0 0 0 0 0 00000,/00000 o0 0 0 OJO 0 D0 0o0 0 0 0sto 0 0 0 0 o0 0 0 0.10 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11121314151617 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3S 3738 39 40 41 42 43 44 45 4S 47 48 49 50 ~1 525354 55 SS 57 58 59 6( 61 62 63 G4 65 66 67 6a S9 70 ~1 7273 74 75 76 77 78 79 sa
1"11111 111 1111111111 1111111111 1 1 1 1 111 1 1 1 1 11111

1
11111 11111

1

11111 1111111111 11 1 11
1
1 1 1 1 1

2222212222'2 2 2 2 2 2/2 2 2 2 2
" J,

2222222222 2 2 2 2 2 22 2 2 2 2222222222 2222222222 222 2 2'2 2 2 2 2 2222222222
12345678910 1112131415'1617181920 21222324252627282930 31323334353637383940 41424344454647484950 51 525354 55 5~ 57 58 59 60 61626364656667686970 71727374757677787980

3 3 3 313 3 3 3 33333'33333 3 3 3 3 3/3 3 3 3 3 3 3 3 3 3133 3 3 3 3 3 3 3 3
1
3 3 3 3 3 3 3 3 3 313 3 3 3 3 3"3 3 3 3/3 3 3 3 3 333 3 313 3 333

4444444444 44444144444 4 4 4 4 4,4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 4/4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4
12345678910 11121314151617181920 21222324252527282930 31323334353637383940 41424344454647484950 51525354555657585960 61626364656667686970 71727374757677787980

5 5 i 515 5 5 5 5 5 5 5 515 5 5 5 5
,

5555555555 5 5 5 5 5,5 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 5,5 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5

6 6 6 5 616 6 6 6 5 6 6 6 6 6,6 6 6 6 6 6 6 6 6 61s6 6 6 6 6666666666 6 6 6 6 6,6 6 6,6 6 6 6 6 6 6,6 6 6 6 6 6866666666 6666666666
I

7172 73 74 75'76 77 78 79 8012345678910 11121314151617181920 21222324252627282930 31323334353637383940 41424344454647484950 5152535455565758596G 61626364656667686970

7717 77777 7777777777 7 7 7 7 7111' 11 7 7 7 1 7 717 7 7 7 1 7177717777 7 7 7 7 7
1
7 7 7 7 7 77777'77777 7' 7 7 7 7'7 7 1 7 7

CD I ® ® I @ ® ® (9 ®" ® I @ ® r @ @,@ @ I @
8888888888 8888888888 8 8 8 8 818 8 8 B8 8 8 8 8 sis 8 88 8 8 8 a8 8,8 a8 8 8 8888888888 8 88 8 als 88 88 Si888888888
12345 G 78910 11121314151617181920 21222324252627282930 31323334353637383940 41424344454647484950 51525354555657585960 61625364656667686970 711727374757677787980

_~9!· 99 R9 9 9 9 9 fi9 9 9 9 9 9 9 9 919 9JLUJL~ 9 9 gig 9 9 9 9·9 9 9 9 9.9 9 9 9 9 9 9 9 9 9'9 9 9 9 9 9 9 9 9 919 9 9 9 9 91 9 9 9 gi 9 9 9 9 9
ONE TWO THREE FOUR F'VE SiX SEVEN EIGHT

...[~
GLOt:lt: 501674

INTEGRATE Control Card (3.3.4)

Columns Name Format Description of Input Data

1-10 Al0 IIINTEGRATE Il control card identifier

11-15 INTEG 15 > 0 indicates fast integ~ation; < 0 indicates
-

Gaussian integration

-OR-

11-20 ITEMP A10 "OFF II indicates return to fast integr~t,on

Control Card 19. INTEGRATE card
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LO
I
o

o0 0 0 010 00 0 0 o0 0 0 ~IO 0 0 0 0o0 0 0 0;1:0 0 0 0 0 00 0 0 010 00 00 o0 0 0 OJO 0 0 0 0 o0 0 0 OJO 0 0 0 0o0 0 0 010 0 0 0 0 o0 0 0 OJO 0 0 0 0
1 2 3 4 5 6·7 8 9 10 11 1213 1415 16 17 18 1920 21 22 23 24 25 26 27 2829 30 31 32·3334 is l3S 37 38 39 40 41 42 43 44 45 4S 47 48 49 50 51 525354 5556575859 6D 61 626364 556667686970 ~1 727374757677 78 79 80

1111111111 111 11111 1 111 1111 i 1 1 1 1 1 1/1 1 1 1 111111
1

11111 11111
1

11111 1111111111 1 1 1 1 111 1 1 1 1

2222 :122222 2 2 2 2 212 2 2 2 2
!

2222222222 2222222222 2222222222 2222222222 2 2 2 2 2'2 2 2 2 2 2222222222
12345678910 1112131415'1617181920 21222324252627282930 31323334353637383940 41424344454647484950 51 52 53 54 55 5~ 57 585960 61626364656667686970 7172 73 74 75 76 1778 79 80

3: 3 3 3 313 3 3 3 3 3 3 3 3 "3 3 3 3 3 3 3 3 133 3 3' 3 3 3 3 313 3 3 3 3 3 3 3 3 3
1
3 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3

4444444444 44444144444 4 4 4 4 4,4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 444. 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4
1234·5678910 11121314151617181920 21222324252627282930 31323334353637383940 41424344454647484950 51525354555557585960 61626364656667686970 71727374757677787980

5 5 5 5 515 5 5 5 5 5 5 5 5 515 555 5
I

5555555555 5 5 5 5 5,5 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5 555 55
1
5'5 5 55

6 6 6 6 6'6 6 6 6 6
I

6 6816 66 6 66666666666 6666668666 6 6 6 6 6
1
6 6 6 6.6 65666

1
66666 6665666666 86'66666G8'6

1112131415
1
1617181920

1
7172737475'76777879801 2 3 4 5 6 7 8 9 10 21222324252627282930 31323334353517283940 41424344454647484950 51525354555657585960 61626364656667686970

1 7 7 17 7 7 7 7 7 7 7 11 117 7 7 7 1 17 717 1 1 7 7 7 7 7 7 717 1 1 7 7 7 1 7 7 7 7 7 71 77 77 1 7'7 7 7 7 7 7 1 7 7 i 7 1 7 7 7 1 7 7 7 7'11 7 7 1
~Q)I ® ® . 1 ® ® ® 0) ® ® I § @ I ® @. @. @ I @
~ •~ ~ ~ ~ ~ ~ ~ ~ l~r8, 1~ l~ 1~ 1511~ 1~ 1~ 1~ 20 ~ ~ ~ ~ ,~l~ ~ ~ ~ 3~ ~ ~ ~ .~ ~I~ ~ ~ ~ ~ ~ ~ ~3 ~ ~51 ~ ~) ~ ~,:a 5~ 5~ 5~ 5~ ~ 5~ 58, 5~ 5~ 6~ ~ 6~ ~ 6~ ~16~ ~ ~ 6~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
9· 9 _Jl.TI 9 9 9 919 9 9 9 9'~ 9 9 9 919 9 9~ 9 9·1JLLLS19 9til i]J.JUtl.ll..9 9 9 9 9 9 gig 9 9 9 9 9 9 9 UlL9 9 9 9 9 9 9 9 9' 9 9 9 9 9

ONE TWO THREE FOUR FIVE SIX SEVEN EIGHTffi GLOEit: 501674

[

!~
I

FPROB Control Card (3.3.4)

Columns Name Format Description of Input Data

1-10 A10 II FPROB II control card identlfler

11-15 PSC(l) F5.1 Mul,tiplier for foE > 0

16-20 PSC(2) F54!1 Multiplier for foFl

21-25 PSC(3) F5.1 Multiplier for foF2 > 0

26-30 PSC(4) F5.1 Multiplier for foEs

-OR-

11-20 ITEMP A10 -IIOFF II returns to default values of 1.0, ,1.0, 1 .0, 0.7

The value for foE and foF2 must be positive. T'he Fl layer

can be removed by setting the multiplier for foFl to o.
.

TheEs laver can be ;removedasa separater layer in the

same manner.

Control Card 20. FPROB card
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COMt1£tiT TH tSIS A SAt1PLE COt1MEHT CARD
2"3'"4 -l-s-78 9 10 11, ~ ~cii7i8·.~,_ ~.. ; 27 ,_,~l-,,~ ;' ;-38 i4o~3~h6 47 48 43 50 51 525334*57585960

1

616263646566676869 jlO 71 72 73 74 75 7577 78 79 80

EO ;~~ ~: + t + ~ +> (2 (31;' ,:.:,;6 \ -8I~ P2;4~~. 3:':':. 313~':' ';2';";' 4;.;4:64:7.;••:9 ':O~ ~3~' ~':':6 ';75;. ,;96;01

~ 0 0 0 0 0 0(1 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 i7 18 19 ZO 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 26 37 35 39 40 41 42 43 44 45 40 47 48 49 50 51 52 53 54 55 55 57 58 59 6 61 62 63 &4 65 66 67 68 69 i!G 71 72 73 74 75 76 77 78 19

E 1111111111111111111 11 1111111111111
1

1 1111111111111111111
1
1111111111

1
1111111111

1
11111 ~

222 2 212 2 2 2 2 2 2 2 2 2 2 22 2 2 2 212 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 2 222 2 2 2 2 2 2 2 2 2 2 2 2 2 22 222 2 2
12345678 910l112131415'16171819202122232425262728293031323334353637383940414243444346 d748495051525354555l;575859606162636465656768697071727374757677787980 ~

33331 3 333 3333'333333333 133 :33333 31 3333 a3 333
1

33333333331333333333313333333333133'33 3 ~
~

. - ~ ~ 3 4 ~ ~ ~ ~ ~ ,~ ~ ~ ~ ~ ~I,~ ~ ~ ,~ ~ ~ ~ 23 ~ ~:~ ~ ~ ~ 30 31 ~ ~ ~ ~I~ ~ ~ "~I~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~
~ H 5 5 .I 5 5 5 5 5 5 5 5 515 5 5 5 5

1
5 5 5 5 5 5 5 5 5 5 5 5

1
5 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 55515 5 5 5 5 5 5 5 5 5

1
5 5 5 5 5 5 5 5 5 5

1
5 5 5 5 5 ~

I
~ 2~ ~ ~l~ ~ ~ ~ ,~ ,~ 1~ ,~ ,~ 1~1~ ,~ ,~ ,~ ~:~ 2~ 2~2~ 2~12~ ~ 2~29 =~ ~ ~ ~ ~: ~: ~ ~~ ~~: :I~~:a :~~ ~: :5~1:5~ :5~t~ ~ ::~~I:~ ~~ ~~ ~: ~ ~o~~: ~ ~ ~ I
1 7 71 7 7 7 111 7 7 7 7 7 7 7 7 7 7 7 7 7 111 7 7 7 1 7 77 7 717 7 71 7 '7 7 1 7 7 7 7 7 7 7 7 7 7 7 7'7 1 7 7 1 7 7 71 i7 7 1 7 11 7 71 7'7 7 7 7 1 C)

.~ 0 1 ® ® I e ® 00 ® ® I @ ® I @ @. 8 @ I @
I ~ ~ ~ ~ ~ ~ ~ ~ ~ l~i ,~ '2 ,~ 1~ ,~ ',~ ,~ ,~ ,~ 2~!~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~!~ ~, ~4 ~5':' ~] ~9 ~3 ~ ~ 5~ ~ ~ 5~ 5~ 5~ 5~ 5~ 6~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~!~. ~ ~ ~ ~ ~ I.
, 9 9 9 9 2! 9 9 9 9 9 U .9 91 9 9 ~ ~ 9 9 9 9 9L9.J 9 9 9 9 9 9 9 gig 9 9 9 9 9 9Jt9 9 9 9 9 9 9 9 9 g'g 9 9 9 9 9 9 9 9 919 9 9 9 9 9 9 9 m.uL9 9
[~ _-"'--'O'~-E--- ~ -~--"Tvio--" THREE--' ---FO'UR-- FlVE- SIX SEVEN -- EIGHT

GL08E 501674

COMMENT control Card (3.3.5)

Columns Name Format Description of Input Data

1-10 A10 IICOMMENT II control card identifier

11-80 User inserts description of the input file or other remark

and comments; not internally read by program

s

Control Card 21.
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III
I
o
o
a:
~

o

~
~
o
..J

i Ir
I

I j i
1234567

o 0 010 0 0 0 0 o0 0 0 ~l0 0 0 0 0 o0 0 0 0;1:0 0 0 0 0 o0 0 0 0,1,0 0 0 0 0 o0 0 0°10 0 0 0 010 0 0 0010 0 0 0 0 0000°1°0000 o0 0 0 0.1 0 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4l) 41 1,243 44 45 ~ 47 4849 50 51 52 53 54 55156 57 58 59 60 61 6263 S4 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

1 1 11 1 1 1 1 11 1 11 111 1 11 11 1 1 1 11 1 1 1 11 1 1 1 111 1 1 1 1 11111
1
1111111111

1

11111 1111111111 1 1 1 1 1,1 1 1 1 1

2 2 2 2 212 2 2 22 2 2 2 2 212 2 2 2 2
!

2222222222 2222222222 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 2 22 222 2 2'2 2 222 2222222222
12345678910 1112131415'1617181920 21222324252627282930 31323334353637383940 4142434445464748495051525354555/::57585960 61626364656567686970 71727374757677787980

3 3 3 3 313 3 3 3 3 33333'33333 3 3 3 3 313 3 3 3 3 333 3 313 3 3 3 3 3 3 3 3 3
1
3 3 3 3 3 3 333 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3

4 44444444 44 4 4 414 4 4 4 4 4 4 4 4 4.4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4414 4 4 4 4 444 4 414 4444
1 2 3 4 5 6 7 8' 5 10 11121314151617181920 21222324252627282930 31323334353637383940 4142434445464748495051525354555657585960 61626364656667686970 71727374757677787980

15 5 5 5 5 5 5 5 5 515 5 5 5 5
I

5555 5 5 55 55 5 5 5 5 5 5 5 5 5,5 5 5 5 55 5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 55 5 5 5 5
1

5 5 5 5 5 5 5 5 5 5/5 5 5 5 5

6 6 6 6 616 G6 6 6 6 616 6 6 6 6 66 6 6 GIG G6 5 66666666666 6 S66 6
1
6 6 6 666 6 6 6 6

1
6 6 6 GS666 G66 66 6 66666666666,

71 72 73 74 75'75 77 78 79 801 2 3 4 5 6 7 8 9 10 11121314151617181920 21222324252627282930 31323334353637383940 4142434445464148495051525354555551535960 61626364656667686970

7 7 ,77 7 7 771 77 7 7 1 7 7 7 7 7 71 7 1117 11 7 7 7 1 7 7 117 1 7 7 1 7177777777 77711'71777 11 7 7 7'717 1 7 17 7 7 7'1 7 1 7 7
o I ® ® I @ ®. ® o ® ® I @ ® I @ @ , 8 @ I @

8 8 8 88'S 8 8 8 8 8a8 8 8 8 8 8 8 8 8 8 8 8.8188 aB8 8 a8 881S 8 8 8 8 8 8 8 8 8
1
8 8 8 8 8 8888888888 8 8 8 8 ala 8 8 8 8 8888888888

1 2 3 4 5 G 7 8 9 10 11121314151617181920bl222324252627282930 31323334353637382940 41424344454647434950 51525354555657585960 61626364656667686910 71 72 73 74 75 7677 18 1980

1.U.'9'9 9 999 UllJl'g 9 9 9 919 9 9 9 9.9 9 999 9 QJJJll9 9 9 9 9 9 9.DJUJ.J. 9 9 9 9 9 9 9 9' 9 9 9 9 9 9 9 9 9 919 9 9 9 9 9 9 9 9 gi 9_u-u
ONE TWO THREE FOUR FIVE SO( SEVEt.J EIGHT

,,..

E
E

r; GLOBt:. 501674

AUXIN Control Card (3'.3.5)

Columns Name Format Descri pti on of Input Data

1-10 A10 IIAUXIN" control card identifier

11-20 ITEMP A10 If::: IIOFF" return to user defined input fi 1e LU5 otherwise

program ;'us'es.LU15 as us-er defi"nedinput file

Control Card 22. AUXIN card
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III,
o
o
([

«
o

~«
o
...J
«

iI
I

o 0 roooo o0 0 0 ~I.o 0 0 0 0o0 0 0 0;1:0 0 0 0 0 o0 0 0 0: 1,0 0 0 0 0 oooooJooooo oooooJoo~oo o0 0 0 0ilO 0 0 0 0 00009.100000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 ~ 38 37 38 3~ 40 41 42 43 44 4S ~ 4748 49 50 51525354555557585960 61 62 63 64 65 6S 67 sa 69 70 71 72 7374757677 78 79 ao

1 t 1 11 1 1 1 1 11111111 1 11 1 1 1 1 1 1 1 1 1 1 1 1111
1
11111 11111

1
11111 11111

1

11111 1111111111 11 1 1 1 111 1 1 1 1 .

2 2 2 2 212 2 2 22 2 2 2 221222 22

J
~

2222222222 2222222222 2222222222 2222222222 2222f22222 12 2 2 2 2 2 2 2 2 2
12345678910 1112131415'1617181920 21222324252627282930 31323334353637383940 41424344454847484950 515253545551';57585960 61626364656667686970 171727374757677787980

333 3 31 3 3 3 3 33333'33333 3 3 3 3 313 3 3 3 3 3 :J 3 3 313 333 3 3 3 3 3 3'3 3 3 3 3 3 333 313 3 3 3 3 3 3 3 3 313 3 3 3 313 3 3 3313 3 3 3 3

4 44 44444 44444144444 44444.44444 4 4 4 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 444 4414 4444 4 4 4 4 414 4 4 4 4
1 2 3 4 5 6 7 8 9 10 111213141516171819202122232425262728293Q 31323334353637383940 4142434445464748495051525354555657585960 61626364656667686970 1

1

71 727374757617787980

5 5 5 5 515 5 5 5 5555515555555,555'55555 5 5 5 5 5,5 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5!5 5 5 ~ 5
1

5 5 5 5 5

6 6 6 616 6 6 6 6 6 6 6 616 6 6 6 6 S6 6 6 616 6 6 6 6 6666666666 ~ : ~ : ~I ~ ~ : :~I~ ~ ~ ~ ~'5~ 5~ : ~ 6~
6 6 6 6 6,6 6 6 6 6 IS G6 6 66 6 66 5

1 2 3 4 5 6 7 8 9 10 1112131415161718192021222324:52627232930 31:173334353637383940 61626364656667686970 17172737475'7677787980

77 1771777 1 7 71 7 7 11 7 1 7 7 71 717 71 7 1 7 1 7 7 717 11 7 7 7 7 11 7 7 7 7 7 7 7 7 7 1 7'1 7 7 7 7 7 7 7 7 7'17 1 7 1,7 7 1 7 7' 7 7 7 7 7

Q) I ® ®I@ ® ® (7) ® ® I § ® I ® @ · 8 I @ I @
8888888888 8 8 8 8 8 8 8 8 6 sla 8 8 8 8\S 8 8 aa8 8 8 8 ala 8 8 8 8 a8 8 8 8,8 a8 a8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 sla 8 8 8 8 8888888888
12345 G 789 Ie 1112131415161718 o2obl222324 2526 27282930 31323334353637333940 41424344454114748495G51525354555657585960 61626354656667686970 71727374757677787980

li1.i.919 9 9 9 9 9 9,9 9 gig 9 9 9 gig 9 9 9 919 9 9 9 9"9 !9 9 9 gig 9 9 99 9 9 9 9 9 9 99 9 9 99 9 9 g'g 99 9 9 9 9 9 9 919 9 999 199999199999
ONE TWO THREIE FOUR F'VE SIX SEVEN EIGHT

-=-[; GLOB!: 50t674

AUXOUT Control Card (3.3.5)

Columns Name Format Description of Input Data

1-10 A10 IIAUXOUT" control card identifier
I

11-20 ITEMP A10 If - IIOFF II return line printer output to default LU6,

Qtn.erwi'se -program. uses line printer ,-1·mage output to LU16.

I

Control Card 23. AUXOUT card

177
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ANTOUT Control Card (3.3.5)

Columns Name Format Description of Input· Data

1-10 A10 IIANTOUT II control card identifier

11-20 ITEMP A10 If = IIOFF II do not output any antenna patterns, otherwlse

pattern wil1.be output to LU25.

Control Card 24.

178
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ll)

I
o
o
II
«o
~«
o
.J
«

~ I
I

o ," 0 010 0 0 0 0 o0 0 0 ~to 0 0 0 I OOOO~[:OOOOO o0 0 0 o;to 0 0 0 0 OOOOOJOOOOO o0 0 0 OJO 0 0 0 0 o0 0 0 °511° 0 0 0 0 00000.100000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 1,6 41 4S 49 50 51 525354 555657585960 61 62 63 64 65 66 6'1 68 69 70 H 72137475761718198(1

1 1 11 1;') 1 1 1 11111 11111 j 11 1 1111 '1 1 1 111 1 1 111 11 1 1 11111
1
11111 1 1 1 1 111 1 1 1 11111111111 111 1 111 1 11 1

2 2 2 2 212 2 2 2 2 2 2 22 212 22 2 2
~

2222222222 2222222222 2 2 222 22 222 2 2 22 2 222 2 2 2 2 2 2 2'2 2 2 2 2 2222222222
12345678910 1112131415'1617181920 21222324252627282930 31323334353637383940 41421,344454647484·350 51 525354 55 5~ 57 58 59 60 61626364656667686970 71727374757677787980

33 33133333 3 3'3 3 3'3 33 3 3 33333133333 3 31 33 313 3 3 3 3 3 3 3 3 3'3 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3

4~ 44444444 4 4 4 4 414 4 4 4 4 444 44,4 4444 4 4, 4 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4
I? 3 4 5 6 7 8 91011121314151617181920 21222324252627282330 31323334353637383940 41424344454647484950 51525354555657585960 61626364656567686970 71727374757677787980

5 5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 5
,

5 5 5 555 5 5 5 5 5 5 5 5 5,5 5 5 5 5 5 5 5 5 515 55 5 5 5 5 5 ~ 515 5 5 5 5 5 5 5 5 5
1
5 5 5 5 5 5 5 5 5 5

1

5 5 5 5 5

6 6 6 616 6 6 6 6 6 6 6 6 6 6 6 6 6 6 66666'0'6665 6 6 5 66 6 66 6 66 6 6 6 6
1
6 6 6 6 6 6 6\66 6

1
S6 6 6 6 &666666666 666 6 6 6 6 66 6I' 2 34 S 6 ) 8 9101"1213141S

I
,61118192C

I
7172737475

1

751778798021 22 23 24252627282930 31323334353637383940 41 42 43 44 '!5 ~G 47 48 49 5G 51525354555657585961 61626364656667686970

7 77 77 7 77177 7 77 7 77 77 7 7 7 7 111 7 711 711 711111 71 7 7 1 7 1 77 7 7 77 7 7 7 7 7'7 7 7 11 11 7 7 7
1
1 7 1 7 7 7 1 7 7 7'7 7 7 7 7

CD (2) ® 0) ® ® o ® ® I@ ® I @ @,@ @ I @

I~ ~ ~ ~ ~I~ ~8 ~ I~I~ ,~ ~ ,~ 1}'~ ,~ ,~ ,~~ 8 8 8 8 818 8 8 8· 8 8 S8 8 8188 8 8 9 8 888 8,8 a8 8 8 8888888888 8 8 8 8 81a88 88 8888888888
21222324252627282930 31323334353637383940 41424344454647484950 51525354555657585960 61626364656661686970 71727374757617787980

t9 9 9~" ~liU~~..J...UU19 9 9 9 9 9 9 9-i..Ji.9 9 9 9 9 9M-Slg 9 99 9 9 9 9 9-B.JL9. 99 9 9 9 9 9 gig 9 9 9 9 9 9 9 9 919 9 9 9 9 9 9 9 9 g'g 9 9 9 9 '
ONE TWO THREE FOUR FIVE SIX SEVEN , F.IGHT

~ ) ..J~
"U 8t:. 501674

OUTGRAPH Control Card (3.3.5)

Columns Name Format Description of Input Data

1-10 A10 "OUTGRAPH" control card identifier

11-15 KTOUT(l) 15 Indicates additional ',"methods u . of desi"red graphical output

16-20 KTOUT(2) 15 (s-pectfy· ·1" to. 12 m~thods)

21-25 KTOUT(3) 15

26-30 KTOUT(4) 15 (See Table 7 for valid output combinations.)

31-35 KTOUT(5) 15

36-40 KTOUT(6) 15

41-45 KTOUT(7) 15

46-50 KTOUT(8) 15

51-55 KTOUT(9) 15

56-60 KTOUT(10) 15

61-65 KTOUT(ll) 15

66-70 KTOUT(12) 15

-OR-

11-20 ITEMP A10 If = "OFF'I, stop additional output

Control Card 25. QUTGRAPH card
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E

E 000000 000000000000000000000000000000000000000000000000090000OOOOOOOOOOOOO~OOOO
1 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 4243 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 1 72 73 74 75 76 77-78 79

~ 111 111 11 111111 .,1 1111111111 11 111 1111
1
111 1 11 1 1 11

1
1 1 1 1 11 1 i 1 111 1 1 1 11 11 11,1111111111

1
11 n 1 ~

2 2 2 2 212 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 212 2 22 2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
1234. 5 6 7 89101112131415'16171819202122232425262728293031323334353637383940414243·444546474849505152535455Sr.57585960616263646566676869707172737475767778798 .~

~: 33 : 313 33 3 33 33 3 3
1

3 33 3 3 3 33 3 <.(3 33 33 3'3 3 3313 33 33 3 3·3 3 3'3 3.3 3 33 33 3, 313 33 '3 33 3<3 3 313 33 33 3 33 3313 3 3 3 3 .~

~ 44444 444 444 44 4414 44 444 44 44,4 44 4 4444414 H 44 4 44 4 414 44 444 44 4 414 44 44 444 44IH 444 H 4 HI4 44H ~ ...
1 2 3 4 5 67 8 9 10 11121314151617 18 19202122232425.2627282930 31 3233343536373839404142434445464748495 5152535455565758596 616263646566676869707172.13 74 75 76 77 7879 8 .~

~ 5.5 55 5luJ 55 555 55 515 55 555 55 5555 5 55 5 55 5 5,5 5 55 555 55 515 5 555 55 55 515 5 55 555 55 5
1
555 555 55 5 5

1
5 555 5..~

I
&'.is &&1& &S&S&&&&&&S&&&&&&6 6166& 66 66 6&&&ii& &6&&&&SI& &&&&6&&&&,6 &&&&&&&&&,6 &&66 &6 &&&&6U;~ I

.. 12345676 9101112131415'16171819202'22232425262728293 313233343536"3839"'4142434445<64148495 5152535455565758596 61626364656.6'676869.7071.72737475'76.'7787980 ~ .•....

1 7 ,. )7 7 1111 7 1 7 71 711 7111 7 1 7 111 71 7 11 7 7 7 117 7 7 7 7 7 7 7 71 7 1 711 7 111 1'1 711 7 71 7 7 7'111 7 7 7 711 7'71 711 0

~ Q) I ® ® I @ ® ® 0® ®I @ ® I· @ @j8. @ I @ I
I

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8·818 8 8 8 8 8 8 8 8 81a 8 8 8 8 8 8 8 8 8,8· 8 88 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 818.8.8 88 8 88 8,8 8 8· 8 8 8
1 2 3 4 56 7 8 9 1011121314151617181920212223242526272829303132333435 36 37 38 3340 4142 43 444541147484950515253 54 55 5657 58596 6162636465666768697071727374757677 787980

999 1 99999 199 999991999 '99 999'9999r; < ONE TWO FOUR SIX EIGHT
GLOBE5QJ614

TOPLINES Control Card (3.3.5)

specl~fledon a·· prevlous.;- .rOPLINES card

Columns Name Fonnat Description of Input Data "

...............
1-10 A10 IITOPLINES II control. card identifier

11-15 LINTP(l) 15 Header line number; '1 to8 (refer to table8;7r(ir" _:d~·s~riptio

16-20 LINTP(2) 15 Program will print those header lines specified when

21-25 LINTP(3) IS method 23 is used~ .
26-30 LINTP(4) 15

31-35 LINTP(5) 15

36-40 LINTP(6) 15

41-45 LINTP(7) 15

46-50 LINTP(8) 15

51-55 LINTP(9) 15_

56-60 LINTP(lO) 15

61-65 LINTP(ll) 15

66-70 LINTP(12) 15

71-75 LINTP(13) 15

76-80 LINTP(14) 15

11-20 ITEMP A10 IIOFF II i'nd'tcates to dt'sconti·nue.·:p·ri'httng··;the,· header 1.;!1e(~).. H H

Control Card 26. TOPLINES card
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BOTLINES 1 2 4 7 15 16 17 1S 19 20
2J'4 +s r 8 9 10 11 Il13 1415 16 17 18 1.9202122 23 24 25

1

2627282930 :11 3233343513637383940414243444546474849505'1 52 53 ~;] 58 59-~b3-t;;~i7i:~~:'TQ'7i7i7374i6777679 80

E I "r ~':•• 7 • 9 10" 12 13 14 " I. 11 I. 192021 22 23 242. 2.2728293031 32 33 3435 3637 38394041 .243 .".4'~~~3 .:. 5:':~••:7 5~ .;••:01

E _... ----..,....---r---z---....
o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0\0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 31 38 39 40 41 42 43 44 45 46 41 48 49 50 5152 53 54 55 56 57 58 59 6 61 62 63 64 65 66 67 68 69 10 1 12 73 14 15 76 71 78 79 80

E11111111111111111111111111111111111111 1111 1
1
111.1111 1

1

1111111111,1111111111
1
11111 ~

22 22122. 22 222 22 22 22 22 22212 2222 22 222 2 22 2222 222 22 22 2222 22 22 2 2 22 222 22 2 22 22 222 2 22 22
1 2 3 4 5 6 78 9 10111213.1415'16171819202122 23 24 25 26 27 28 29 30313233343536373839404142434445464748495051525354 55 51; 57585960616263546566676869707172 73 74 75 76 77 78 79 80 ~

3 3 . 31333 3 3 3 333 3'3 3 3 3 3 3 3 3 3 313 3 3 333 3 3 3 313 33 3 3 3 33 3 3
1
3 3 3 3 3 3 333 313 3 3 3 33 3 3 3 313 33 333 3 3 3 313 3 3 3 3 ~

~ 4 4 4 4 4 4 4 4 44 4 4 4 4 414 4 4 4 4 4 4 4 4 ,4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 44 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 ~
1 2 3 4 5 6 7 8 9 10 111213141516171819202122 2324 25,26 272829303132333435363738394041424344 ,;5464748495051525354555657585960616263 64S5 66 676869707172 73 74 757677 78 79 80 ~

[ 5~. 55 51 5 555 5 55 515 55 555 555 555 5 555 55 5 ,5 55 5 55 55 5 515 5 55 555 55 515 55 555 5 5 5 5
1
55 55 555 55 5

1
5 55 5 5 ~

I
6. "66 61 6 666 65 66 6 6 66 66 666 6 6 616 6 6 6 G6 66 6 6 6 6 6 6 66 66 616 66 66 66 66 6,66 6 66666 666 6 6 666 66 6 666 66 6 ~ I
1 2 3 4 5 6 7 89 10 1112131415

1
,617,819202122 23 24251617 2a 29303132.3334353637383940414243444546474849505152 5.3 54 55 56 57 58 59 606162636465'66676869707172 73 74 75'76 77 78 79 80 Z

r- 1 7111 7 71111111 7 7111 7 1 7 7 1 711111 "" 7 1 7 7 717 7 7 7 11 7 1 7 7 1 7 7 7 7 7 7 7 7'1 7 11 7 7 1 7 7 1r7 7 7 7. 7 1 7 7 7 7I 7 7 7 7 1 ~
~ 01® ®I@ ®' ® (7) ® ®I@ ®I@ @.§ @I@I ~ ~ ~ ~ ~ ~ ~ ~ ~ ,~ 1~ 1~ ,~ ,~ 1~ ,~ ,~ I~ ,~ 2~ ~ 2~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~, ~ ~ ~950 ~ 5~ ~ 5~ 5~ 5~ 5~ 5~ 5~ 6~ ~ ~ ~ ~ ~I~ ~ 6~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I

I9 9 9 9 19 9 9 9 9 9 9 9 '19 9 9 9 9 9 9 9 9 9 9 9 9 9 9 j 9 9 9 9 9 9 9 9 9~9 9 9 9 9 9i9 9 9 9 9r; ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT
GLOBE 501674

BOTLINES Control Card (3.3.5)

Col umn ~ Name Format Description of Input Data

1~10 Al0 "BOTLINES" control card identifier

11-15 LINBD(l ) 15 Line number, 1 to 22 (indicate parameter to output, see

16-20 LINBD(2) 15 Table 9) when method 23 is· used

21-25 LINBD(3) 15

26-30 LINBD(4) 15

31-35 LINBD(5) 15

'36-40 LINBD(6) 15

41-45 LINBD(7) 15

46-50 LINBD(8) 15

51.-55 LINBD(9) 15

56-60 LINBD(lO) IS

61-65 LINBD(ll ) 15

66-70 LINBD(12) IS
,..

71-75 LINBD(13) IS

76-80 LINBD(14) 15

11-20 ITEMP Al0 ~'OFFu indicates to·~tscontinue printing the parameter(~)

speci'fted en a previous l~BOTLINESIl card

Cont r'o1 Ca rd 27.

1.81

BOTLINES card
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F~~EEFORt·l OFr
[ 2 :-~'-h 8 9 1 11; ·314151617 18 192 2122 2324 25

1

26 27 28 29 30 31323334353637383940414243444546474849 50 ~1 525354 555657585960616263646566676869707172 73 74 7576 77 78 7980

E , ""~ - ~'-r--r--r---r-+-r-~-r+-r-~--,.+,-...,..--r--T'--r+-r-...,...-r--r---r+-r-....,..--r--,~-,....-...,-...r--r-+-r-~r---r-h---.---r-,...-rl-,-~.,--.y-fE0 TT4 '1 'r ~',2 ',3 ',' ',' '6 " I. ,.2 2' 22232' 25 2.2728293031 32 333.35 3637 383.'0 ", .2.34 ••••6'7 '8'9505' 52 53 5' 5556 57,58 596.0

o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 00 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 3, 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 ~ 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 1 72 73 74 75 76 77 78 79 80

~ 1111111111111111111111111111111111111111111111111111111111
1
1111111111!1111111111

1
11111 ~

2 2 2 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 212 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 2 2 2 2 2 2 2 2 2 2 2 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15'16 17 16 1920 21 222324252627282930 31 32333435363738394041 42434445464748495051 5253 54 555~ 57 53 59 6 61626364656667686970 71 727374757677 78 79 80 ~

3 3 3 3 31 3 3 3 3 3 3 3 3 3 3
1

3 3 3 3 3 3 33 3 313 3 3'33 3,3 3·3' 313. 3 3 3 3 3 3 3 3 3'3 3 3 3 3 3 3 3 3 313 3 3 3 3 3 33.3 3!3 3 3 3 3 33 3, 3 3/3 3, 3 3 3 d
~ 444444 4i 44 444 441444444 444 4,4 44 44 444 4414 44 44444 4414 44 44 444441444444 444414 4444 444 441444 44 ~

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 192021 22232425.2627282930 31 32333435363738394041 42434445464748495051 525354555657585960 6i 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 7879 80 ~

. ~ 5 5 ' 515 555 555 55 515 5 55 55 555 555 55555 55 5,5 5 5555 555 515 5 5555555 515 555 555 55 5
1
55 55 55555 5/5 5555 ~

66 6_l6 666 . 66 66 6666 66 6 61666 66 6 666 666686 66 66 6,6 6666 66 6 66,6 66 66 6H 6 6,66 66 666 66 6,66 666 ffi I
1 2 3 4 5 6 7 8 9 10 11 12 131415

1
'617 18 192021 22 23 2425262728293031 32333435363738394041 424344, 454647,48495051 525354 5556 5758596 61, 62636465666768697071 7273 7,4 75 76 77 78,7980 Z

7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 71 7 71 7 7 711 7 7 7 7 7 7 77 7177 1 7 71 711 7 11 11 1 1 1 71 1f 7 7 71 77 771 1'1 7 71'1 7 7 1 7 7'1 1 7 7 7 ~
[§: , ® I ® @ I @ @) ® 0 ® ® I @ ® I @ @. 8 '@ I @

~ ~ ~ ~ ~ ~ .~ ~ ~ ,~ I~ I~ 1~ 1~ ,~ I~ I~ I~ 1~ 2~ ~ 2~ ~ ~ ~12~ ~ ~ ~ ~ ~ ~ 3~ 3~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I ~6 ~ ~ ~ 5~ 5~ 5~ 5~ ~ 5~ 5~ 5~ 5~ 5~ 6
8~ 6~~6~ 6~I~ ~ ~ 6~ 7~ ~ ~ ~ ~!~ ~ ~ ~ ~ I

~ 99 9 9 I 9 9 9 9 9 9 9 9 9 9919 9 9 9.... 9 9 9 9 9 9 199 999 9 9 9 9999 19 9 9 99ffi _ONE TWO THREE FOUR FiVE StX SEVEN EIGHT
GLOBE: 501~74

FREEFORM Control Card

Col umnc Name Format Description of Input Data

1-10 A10 "FRE.EFORMH control card'identifier

Do not use! Freeformanalyser not currently implemented

in version 78.03. Usage causes program execution to

terminate.

Control Card 28.

182

FREEFORM card
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II)

I
o

000 01000 0 0 o0 C0 ~to 0 0 0 0 o0 0 0 ~I:O 0 0 0 0 o0 0 0 0;1.0 0 0 0 0 00000100000 o00 0 o@ 0 ~ 0 0 o0 0 0 oJo 00 0 0 00 0 0 0,10 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 4243 44 4514647 48 4950 51 525354 5556575859 6e 61 62 63 64 65 56 67 68 69 10 71 72 73 14 75 76 17 78 79 80

111'1111111 11111111111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 11111
1
11111 11111

1

11111 1111111111 11 1 11
1
1 1 1 11

22; 2 212 2 2 2 2 2 2 2 2 212 2 2 2 2
!

2222222222 2222222222 2222222222 2222222222 2 2 2 2 2'2 2 2 2 2 2222222222
12345678910 1112131415'1617181920 21222324252627282930 31323324353637383940 41424344454647484950 51 525354 55 5~ 57 58 59 60 61626364656667686970 71727374757677787980

3 3 3 3 313 3 3 3 3 33333'33333 3 3 3 3 313 3 3 3 3 3 3 3 3 3'3 3 3 3 3 3 3 3 3 3
1
3 3 333 3 3 3·3 '3' 3 3 3 3 3 3 3 3.3 313 3 3 3 3 3 3 3 3 313 3 3 3 3

44 444444 4 4 4 4 414 4 4 4 4 4 44 4 4.4 4 4 44 4 4 4 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 44 4 414 4 4 4 4 4444 414 4 4 4 4
12345678'910 11121314151617181920 21222324252627282930 31323334353637383940 41424344454547484950 51525354555657585960 61626364656667686970 71727374757677787980

:5 5 515 5 5 5 5 5 5 5 5 515 5 55 5
I

5 5 5 55 5 5 5 5 5 5 5 5 5 5 5,5 5 5 5 5 5 5 5,5 515 5 5 5 5 5 5 5 5 515 5 5 5 5 5 5 5 5 5
1
5 5 5 5 5 5 5 5 5 5

1
5 5 5 5 5

6 6 6 6 616 6 6 6 6 6 616 6 666 6 6 6 66'S 6 6 6 6 6665666666 6 6 66 GIG 66 6 6 6 6 6 6 S,6 G6 6 6 6666666666 6666666666,
7172737475'767778798012345678910 11121314151617181920 21 22 23 2~ 25 26 27 28 29 30 31323334353637383940 41 42 43 44 4~ 46 47 48 49 50 51525354555657585960 61626364656667686970

7 7 77,7 71 7 7 7777717777 7 7 7 7 711 7 7 7 7 7111 717 7 77 11177777117 7 7 7 7 7'7 1 7 7 7 7 7 7 7 7171 7 7 7 1 7 71 7'7 7 7 7 7
Q) I ® ® I (4) ® ® @ ® ® I @ ® I @ @ · 8 @ I @

8888888888 8 8 8 8 8 8 8888 8 8 8 8 818 8 8 8 8 8 8 8 8 sla 8 8 8 8 8 8 8 8 8
1
8 8 8 8 8 8888888888 8 8 8 8 Sl8 8 8 88 888888888_

1 2 3 4 5 G 7 8 9 10 11121314151617181920 21222324252627282930 31323334353637383340 414243444541147484950 51525354555657585960 61626364656667686970 71727374757677787980

i 9 9 9 9 gig 9 9 9 B9 9 9 9 gig 9 9 9 919 9 g 9 9.9 9 9 9 9 9 9 9 9 919 9 9 9 9 9999999999 9 9 9 9 gig 9 99 9 9 9 9 9 919 9 9 9 9 9 9 9 9 gig 9 9 9 9
ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT

-[;
GLOBt:. 501674

olumns Name Format Description of Input Data

1-10 A10 "DEBUGu control card identifier

Do not use! For program development only, not avallable

to most users,. Usage has no effect on program execution

to users where the option ;s not available.

DEBUG Control Card (3.3.5)

C

Control Card 29. DEBUG card

183 u:sCOMM· ElU.



f ~'PRot'EDURt NAt1E '
•. 1 2 3 ~ ~ :7"8 , 10 11· iI3 I 15 16 17 18 19 20 21 22 23 24 2; 26 27 28 29 30 31 32 33 34 35

1
35 37 38 39 4€42 43 ;"-.#4~O 5, 5i53~5i 58 59 60 61 62 63 6' 65166 67 68 69 70

1
71 72 13 7. 7)16 71 78 79 80E . . . ---J_.- -,.-

,: r T- ~·T.? 10 II 1213 14 15 16 17 18 19221 2223 24 25!2162~1~~~~~.tt3~4:'4:24;34;44;5:4:64;74:8 4:9 5:0t~2 ~3 5;4 5:5:5;6 5> 5~ ~96FJ

E 0 00 0 0 0 0 0 00 000 0 0 0 0 0 00 0 0 0 0 0 00 0 0 0 0 0 000 0O~ 0 0 0~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2G 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 41 48 49 50 51 52 53 54 55 56 57 58 59 6 6162 63 64 65 66 67 68 69 70 1 72 73 74 75 76 77 78 79

Ell 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 11 1 1 1 1 1 1 1 1.1 1 .1 1 11/1 1 1 1 11 1 1 1 111 1 1 1 1 1 1 1 1 111 1 1 1 11 1 1 1 III 1 1 1 1 1 1 1 1 111 1 1 1 1

2 2 2 2 212 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 212 2 2 2 2 2 2 222 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 222 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
1 2 3 4 5 6 7 8 9 10 1112131415'1517 18 19202122232425262728293031323334353637383940414243 4445464748495051525354 55 5~ 57 58 5960 6162 63 64 65 66 6768697071727374757677 7879 80 ~

~ 333. 313 3 3 3 33 33 33'3 33 333 33 3313 33 33333 331333 3 3 3 3 3 3 3
1
3 33 3 3 3 333 313 333 33 333 313 333 3333 3313333 3 ~

- 444 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 4,4 4 4 4 4 444 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 44 4 4 4 4 4 4 414 4 4 4 4 ~
1 2 ,3 4 5 6 7 8 9 10 1112 1314151617 18 19202122 23 24 25 26 27 28 29 30 31 32333435353738394041424344454647484950515253545556 5'15859606162636465656768697071727374757677 78 79 80 ~

~ 5.5 5 5 15 5 5 5 5 5 515 5 5 5 5 5 555 5'5 5 55 55 5 5 5 5
1
5 5 5 5 5 5 5 55 515 5 5 5 55 5 5 5 515 5 5 5 5 5 5 5 5 5/5 5 5 5 5 5 5 5 5 5

1
5 5 5 5 5 ~

I

6 G 6 61 6 6 6 6 6 6 666 6 566 G6 6 666 616 6 6 6 666 6 6 G6 6 6 6 6 6 6 6 &6,6 6 6 6 6 6 6 6 6 6,6 6 6 6 6 6 6 6 686 6 6 6 6 6 6 6 6 6 6 6 666 ffi ·1

..

I 2 3 4 5 6 7 8 9 10 11 12 13 14 lS"6 17 18 19 20 21 22 23 2425 26 17 2B 2.9 30 .31 32 33 34 35 35 37 33 39 49 41 42 '3 44 45 46 47 .8 .9 50 51 52 53 54 55 50 57 58 59 60 61 62 63 6. 65'66 67 68 69 10 71 12 73 1. 75' 76 77 78 79 80 ~.

.1 1 7 7 7. 7 7 7 1 7 7 7 7 7 7 7 1 7 7 1 1 7 7 717 177 1 7 7 7 7 ,11 7 71 7 7 1 7 7 7 7 7 7 1 7 1. 7 7 7 7' 71 71 7 7 1 7 7 117 1 7 7 7 7 7 7 7 1
1
7 1 7 7 1 0

~01® ®I@ '@) ® 0 ® ®/@ ®I@ @'8 @I@
I .~ ~ ~ ~ ~ ~ .. ~ ~ ~ 1~1~ 1~ I~ 1~ 1~1,~ 1~ 1~ 1~ 2~ ~ ~ ~ 2~ ~I~ ~ 2~ ~ ~ ~ ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~B ~ ~ ~9~ 5~ 5~ ~ 5~ 5~ 5~ 5~ 5~ 5~ 6~ ~ 6~ ~ ~ ;16~ ~.~ ~ ~ ~ ~ ~! ~ ~ ~ ~! ~ I

9 ..1-9 919 9. 9 9 9 9.iJl.1L~9 ~ llJljJ..~-l.llj 9 9 9 9~JLl.l9 .~n_JL9.AlJLD. 9 9 9 9 9 Is. 999 9 a.1I.S.Jllll9 9 9JLQ~9 9 9 9ill. . . ONE TWO THREE FOU~ FlyE SIX SEVEN EIGHT
GLOBE 501674

PROCEDURE Control Card (3.3.6)

Columns Name Bormat

1-10 A10

11-20 ITEMP A10

Description of Input Data

"PROCEDURE II control card identifier

Use.r defined procedure name. Procedure definition.

follows th';s cardwi-'th a .se·t of: control cards terminating

with an END card.. "Dur;'ing pro~ramexecution, when a

control card is enceun'tered,,'with ITEMP in colums 1-·10

the entire set will be inserted.

Control Card 30.

184

PROCEDURE card

USCOMM • Ul,



END Control Card (3.3.6)

olumns Name Format Description of Input Data

1-10 A10 IIEND" control card identifier

Indicates end of a procedure definition (all cards between

PROCEDURE control cards and END card constitute procedure

defi ni ti on)

c

Control Card 31. END card

185



AtiTEtit-fR -, - 'r' ~r ~ - -'- . '.'OOf ~4. 01) ~6'7 .-58:3.-39f6.'76 ~ - - - - ...
23 *:-8 9 10 "1 11131415 16 17 18 19202122 23 24 25h'6" ~-2829 3431 32,134 :J36 37 38 i4a 41 42 ~4647,,49 50 51 52 53 ~5J 58 59 60 61 6263646566 67 6~ 69 70 71 72 73 74 75 76 77 78 79 80-E, ,-'-

n Tr 4, $: $ t + ~ (01(1 (2 (3 (4 1:5~~j9 2:0~:1 2;~~2~2:93:0'3:1 3;2 3>3:4*~3:94:~4:1 4:2413~~!5) 5:2 5;3 5:45:5:5:65>5:85:96:01
E ' ---~--. _. ,o'0 ~ "0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u .", l~ ~ 0 0 0 0 0 0 0 0 0'0 0 0 0 0 0 0 0 0 0 on 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4(l 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 6 61 62 63 64 65 66 67 68 69 70 1 72 73 74 75 75 77 78 79

11111 1111111 /1111 1 11111111 111111111 1111 1',' 1 1 1 111 1111111 111111111"'111'/', 1111 ~

E I I l I 1 0
22222222222222222222222222222222222222222222222222222222222222222'222222222222222 -
12345678 9101112131415'1617181920212223242526272829303132333435363738394041424344454647484950515253545551:575859606162636465666768697071721374751677781980 ~

~ 33' 3 313 3 3 3 33 33 3 3'33 3 3 3 3 3 3 3 31f 3 3 3 3 3 3 313 3 3 3 3 3 3
1
3 3 3 3 3 333 313 3 3 3 3 3 3 3 3 313 33 3 3 3 3 3 3 313 33 33 ~

- 4 4 4 4 4 4 4 4 444 4 4 4 414 4 4 444 4 4 4 4.4 4 4 444 4 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 44:4 4 4 4 414 44 4 4 ~
1 2 3 4 5 G 7 8 9 10 11121314151617 18 19202122 23 24 25,26 2128 29303132333435363738394041424344454647484950515253 5455555758596061626364656667 6B 69 70 1112 73 74 7516111819 80 ~

~ 5·' 5, ,.1 5 55 555 55 515 5 555 55 555 555 555 55 55
1
5 5 55 5 5 5 5 515 5 5 555 55 5 515 55 5 555 55 5

1
55 5555 55 55

1
555 55 ~

I
I ~ ~ ~ ~ ~I~ ~ ~ ~ 1~ ~ 1~ 1~ ~ 1~1~ ,~ ,~ 1~ ~ ~ 2~ 2~ 2~ 2~1~ 2~ 2~ ~: ~ ~ ~ ~ ~: 31~,: ~ ~ ~ ~: :1: 41:: 5a~ ~:: 5~1: ~ 5~: 6~ ~ 6~ ~ ~ :': ~ ~ ~ ~ ~ ~ ~ ~ ~': ~: ~: ~'I

7 7 7 7 7 7 7 777 1 7 7 7 7 7 7 71 777 7 7 711,7 711 7 111 717 7,,': 7 1 7 7 7 7 777 7 777 7 7 7'7 1 7 7 1 7 7 7 7 717 1 777 711 7 7'7 7 777 ~
@ CD 10 @) I ® ® ..0> (7) {!).-j~) I §. @ I @ @. e @ I @

I ~ ~ ~ ~ ~. ~ ~ ~ ~ l~ll~ 1~ 1~ 1~ 1~ ,~ 1~ 1~ 1~ 2~ ~ ~ ~ ~ ~I~ ;; ~ ~ ~ ~ ~ 33 ~ ~I~ ~ ~ 39 ~·41 42 ,; ~; ~51 ~, ~ 48 ~ ~ 5~ 5~ 5~ 5~ 5~ 5~ 5~ 5~ 5~ 6~ ~ ~ 6~ 6~ ~ 16~ ~ ~ 6~ ~ ~ ~ ~ ~ ~. ~ ~ ~ ~ ~ I
9 9 gl.il...U.5 9 9 9 9 g'g 9 9 9 9 9 9 9 9ll.uL9 9 9 9l.1JL· ~9JlJ19 9. 9 9 9 9 gig 9 9 9 9 9 9 9 9 9.LUJtL~ 9 9 9 9 9'9 W 9- r; ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT

ANTENNA CARD, TERMINATED RHOMBIC

Columns Name Format Description of Input Data

1-10 Al0 IIANTENNAII 1 .
11-15 IAT 15 1 for transmitter. 2 for receiver

16-20 IANTR 15 Antenna type = 1

21-25 AETA F5.1 Bearinq of antenna, degrees, E of N

26-30 ASIG F5.1 Ground conductivity, mhos/m

31-35 AEPS F5.1 ~elativedielectric constant

36-40 AND F5.1 Tilt angle, degrees (1/2 the large interior angle)

41-45 ANL F5.1 Antenna leq lenqth, meters (wavelengths if negative)

46-50 ANH F5.1 Antenna heiqht~ meters (wavelengths if negative)

51-55 Not us'ed for this antenna

56-60 Not used for this antenna

61-65 Not used for this antenna
66-70 .Nnt lJ~prl for this antenna
71-75 AFQB F5.1 Bnding frequency when more than one antenna is used

15 Antenna number indicator {each t'ransm1 tter or rece1ver
76-80 lAIN antenna can be defined bv UP to three different antennas

over the frequency range; default is one, if'IAIN 1S left
blank.

Control Card 32. Terminated rhombic card

l~l6
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III
I
o
o
II
4
o
«
l­
e:{
o
J
«

~ I
I

o0 0 010 0 0 0 0 o0 0 0 ~\,O 0 0 0 0 o0 0 0 °;10 0 0 000 0 10 00 0 0 0000,100000 00000.1,00000 o0 0 0 0)110 0 0 0 0 o0 0 ': 0.1 0 0 0 0 0
1 2 3 4 5 I 6 1 8 9 10 11121314151617 18 1920 21 22 23 24 25 26 21 28 29 30 31 32 33 34 35 36 31 38 39 ~ 41 42 43 44 45 4641 48 49 50 51 52 53 54 55 56 51 58 59 60 61 62 63 64 65 66 67 68 69 10 71 72 73 74 75 76 17 78 79 80

11111 111 11111111111 111111111 1 1 1 1 111 1 1 1 1 1 1 1 1 1
1
1 1 1 1 1 11111

1

11111 1111111111 1 1 1 1 111 1 1 1 .

2 2 2 2 212 2 2 2 2 2 2 2 2 212 2 2 2 2
J,

2222 2222' 2222222222 222 222222 2 2 2 2 2 2 22 2 2 2 2 2 2 2'2 2 2 2 2 2222222222
12345678910 1112131415'1617181920 21222324252627282930 :H 323334353637383940 41424344454647484950 51 525354 55 5~ 57 58 59 60 61626364656667686970 71727374757677787980

3 3 3 313 333 3 33333
1

33333 3 3 3 3 313 333 3 3 3 313 3 3 3 3 3 3 3 3'3 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 3 3 313 3 3 3 3

4444444444 44444144444 4 4 4 4 4.,4 4 4 4 4 4 4 4414 44 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4
12345678910 11121314151617181920 21222324252627282930 :11323334353637383940 41 42 43 ~4 45 4647484950 51525354555557585960 61626364656667686970 71727374757677787980

5 5 -.,I' 5 5 5 5 5 5 5 5 515 5 5 5 5
I

5555555555 5 5 5 5 5,5 5 5 5 5 5 5 5 5 .15 5 5 5 5 55555155555 5 5 5 5 5
1

5 5 5 5 5 5555.5,55555

6 6 6 6 616 6 6 5 6 6 6 6 6 616 6 6 6 6 S6 6 6 6f6 6 6 6 6 6666666666 6 6 6 6 6,6 666 6 666 6 6,6 6 6 6 6 6666666566 5.6 6 6 6 6 6·6 &8,
7172737475

1

767778798012345678910 1112131415161718192G 2122232425262728293u 31323334353637383940 41424344454647484950 51525354555657585960 61626364656667686970

7 77 7 7 7 7 7 7 7 7777777771 7 1 7 7 717 7 7 7 7 7 7 7 7 717 7 7 7 7 7777777777 7 7 7 7 7'7 7 7 7 7 7 7 7 7 7'7 7 7 7 7 7 7 1 7 7'7 7 7 7 7
CD 10 ® , @ @) . ® (9 ® (9) I @ ® I @ @'8 @ j @

8888888888 8888888838 8 8 88818 888 I! 8 8 sla 8 8 8 8 88.88
1
88888 8888888888 8 8 8 8 siS 8 8 8 8 8888 .. 88888

1234567 B 910 11121314151617181920 21222324252627282930 31323334353537383940 41424344454647484950 51525354555657585960 61626364656667686970 71727374757677787980

U9.llU999 9 9 9 9 gig 9 99 99 9 9 9 9.9 9 9 9 9 9 9 9 9 gig 9 9 9 9 9 99 9 9 9 9 9 9 9 9 9 9 9 9'9 9 999 9 99 9 919 9 9 9 99 9 9 9 gi 9 9 9 9 9
ONE TWO THREE FOUR F'VE SiX SEVEN EIGHT

-
r;

GLOBt:-. 501674

ANTENNA CARD, VERTICAL MONOPOLE

Columns Name Format Description of Input Data
I

1-10 Al0 IIANTENNAII 2

11-15 lAT' 15 1 for transmitter, 2 for receiver

16-20 IANTR 15 antenna . type = 2

21-25 Not used for this antenna

26-30 ASIG F5.1 ground conducti vity, mhos/m

31-35 AEPS F5.1 relative dielectric constant

36-40 Not used f.Qr this antenna

41-45 ANL F5.1 antenna height, meters (wavel engths If negativeJ.

46-50 ANH F5.1 qai n above a dipole, dB
0

51-55 Not used for this antenna
56-60 Not used for this antenna
61-65 Not used for this antenna
66-70 ..Notused for this antenna
71-75 AFQB F5.1 Endi'ng frequency when more than one antenna is used

76-80 lAIN 15 Antenna number ;ndicator····.(each transtnltteror recelver
antenna can bedefi'ned by -up to three di ffierent antennas
over the frequency range; default 15 one, if lAIN 1S left
blank.

Control Card 33. Verticalmqn9pole card

USCOMM • f.R1.



o0 0 0\ 0 0 0 0 0 0 0 0 0 ~IO 0 0 0 0 o0 0 0 0;1:0 0 , 0 o0 0 0 ;1.0 0 0 0 0 o0 0 0 OJO 0 0 0 0 o~. 0 .': OJO 0 0 0 0 o0 0 0 0JIO 0 0 0 0 o0 0 °.10 0 0 0 0
1 2 ~ 4 5 6 7 8 9 1011 1213 1415 161118 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3S 36 37 38 39 ..c 41 42 43 44 45 46 47 48 49 50 5152535455565758596Q 61 62 63 64 65 66 67 68 69 70 71 7273747576717879 SO

11111 1111111 111111 1 1 1 1 1 1 1 1 1 11 1 1 '
1

11 11 1 11111
1
11111 11111

1

11111 1111111111 11111,1111 '

2 2 2 2 2122 2 22

J

22 2 2212 22 2222 222 2 22 22
j

2222222222 22222222~-22222222222 2 2 2 2 2'2 2 2 22 2222222222
12345678910,112131415',6,7181920 21222324252627282930 31323334353637383940 41424344454647484950 51 52 53 54 55 5~ 57 58 59 60 61626364656667686970 71727374757617787980

33'~'33f333333333313333 ! 3 3 3 3 313 ~ 3 3 3 3 3 3.' 3'3 3 3 3 3 3 3 3 :- 3
1
3 3 : 3 3 3 3 :~'. 3 313 3 3 3 3 3 3 3 3 313 3 3 3 3 33:·3:133333

4 4 4 4 4 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 4.4 4 4 4 4 4 4,~ 4 414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 444 4 414 4 4 4 4
1234567891011121314151617181920 21222324252627282930 31323334353637383940 41424344454647484950 51525354555657585960 61626364656567686970 7172i374757617787980

5 - 5 '.1 555 555 5 5 515 5 5 5 5
1

5 5 5 5 ..l5 5 5 5 ~ __5555555555 5 5 5 5 5,5 5 5 5 5 5 5 5 5 515 5 5 5 5 555 5 5/5 5 5 5 5 5 5 5 5 5/5 5 5 5 5

6 6 6 6 616 6 6 S 6 6 6 6 6 6
1
6 6 6 6 6 6 6 6 6 616 6 6 6 6 6666666666 6 6 6 6 6,6 6 6 6 6 6 ~ 6 6 6,6 6 6 6 6 666 6 6.6 6 6 6 6 6 6 6 6 6 6 6 66 6

123456789'1"2'3'415'617'8'920 21222324252627282930 31 32 33 34 35 36 37 38 3~ 40 41424344454647484950 51525354555657585960 61626364656667686970 7172737475'7677787530

7777777777 7777777777 71 7 7 717 7 7 11 7 7 1 7 117 7 1 7 7 7771777177 7 7 7 7 7'7 7 7 7 7 77.177 117777 7 7 7 7 7'7 7 7 7 7
C01® 01@ @) ® (9 ® ® 1 ~ 0) f @ ®. , 8 @ I @

88888888888888888888 8 8 8 8 818·J 8 8 8 8 8 8 sl8 8 888 8 8 8 ,18
1
8 8 ! .. 8 8 88 888S888 8 8 8 8 Sl8 8 8 8 8 8888188888

1 2 3 4 5 6 7 8 9 '~ll1 12 13 14 15 16 17 18 1920 21222324252627282930 31323334353637383940 4I 42 43 44~ 5 -1 fl 47 48 49 50 51525354555657585960 61626364556567686910 71727374757677787980

.L9iS11iJ 9 9·9 9 9 9 gig 99 9 9 9 9 9 9 9.9 9 9 9 9 9 9 99 919 9 9 9 9 9999999999 9 9 9 9 g'g 9 9 9 9 99999199999 9 99 9 9'9 9 9 9 9
ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT

E
I 23'"'4 5 6 7

~

~
GL08t. 501674

'-'--r"'""-r-,--r+-r--~.....--,---r+....-.----r-.,---y-+-.-.....--.----r--~---r--..,.......,---r-f
89 10 11 12 13 14 15 16 17 18 192 21222324 25 26~~829 30 .31 3·~ 363738394041 42434445464748495051 52 53 54 55565758 5960

III
I
o
o
a:
4:
U

~
4:
o
..J
4:

il
I

ANTENNA CARD, HORIZONTAL DIPOLE

Columns

1-10

11-15

16-20

21-25

26-30

31-35

36-40

Name

IAT

TANTR

AETA

ASIG

AEPS

Format

Al0

15

15

F5.1

F5.1

F5.1

Description of Input Data

IIANTENNA II

1 for transmitter, 2 for receiver

antenna type = 3

bearing, degrees E of N

around conductivity, mhos/m
relative dielectric constant

Nnt lJspn for this-,.. .., ,-t.

3

41-45

46-50
51-,55

56-60

61-65

66-70

71-75

76-80

ANL

ANH

AEX(l)

AFQB

lAIN

F5.1

F5.1

F5.1

F5.l

15

antenna lenqth, meters (wavelengths if negative)

antenna heiqht~ meters (wavelengths if negative)

gain above 1/2 wavelength horizontal dipole, dB

Not used for-this antenna.

Not used for this antenna.

~otused for this antenna.
Ending frequency when more than one antenna is used
Antenna number lndlcator (each transmlt~er orr.ecelver
antenna can be defi'ned bv un to thrpp dl fferent antennas
gY~hk~hefrequency range;defaultls one, if lAIN is left

Control Card 34. Horizontal dipole card

188
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Ul
I

o
o
II
«
o

~«
o
.J
«
It

~ I

I

o0 0 010 0 0 0 0 o0 0 0 ~t,0 0 0 0 0 OOOO~IOO ; 0 o0 0 0 (~l.0 0 0 0 0 o0 0 0 0,\0 0 0 0 0 ooooJOOOOO o0 0 0 0illo 0 0 0 0 o0 0 0 0.\0 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 6! 61 62 63 64 65 66 67 68 69: 70 71 72 73 74 75 76 77 78 79 80

11111; 111 11111111111 1 1 1 1 1 1 1 1 1 , 1 11 1 111 1 1 1 1 11111
1
11111 11111

1

11111 1111111111 1 1 1 1 1
1
1 1 1 1 1

22 222122 222 2 2 2 2 212 2 2 2 2

! .

222222222 2222222222 22222222 2 2222222222 2 2 2 2 2'2 2 222 2222222222
12345678910 1112131415'1617181920 21222324252627282930 31323334353637383940 41424344454647484950 515253 55 5~ 57 58 59 60 61626364656667686970 71 72 73 74 75 76 77 78 79 80

3 3 3 313 3 3 3 3 33333
1

33333 3 3 3 3 313, ,3 3 3 333 !3133333 33 3 . :3'3 3 ~ 3 3 33 i3 133333 3 3 3 3 313 3 3 3 3 333 3 313 3 3 3 3

4444444444 4 4 4 4 414 4 4 4 :.~ 44444,44444 4 4;; 4414 4 4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 414 4 4 4 4
12345678910 11121314151617181920 21222324252627282930 31323334353637383940 41424344454647484950 51525354555657585960 61626364656667686970 71727374757677787980

5 5 I 5555 5 5 5 5 515 5 5 5 5
,

5 5 5 5 LI5 5 5 5 :;5555555555 5 5 5 5 5
1
5 5 5 5 5 5 5 5 5 515 5 5 5 5 55 55 5

1

5 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5

6 6 6 6 616 6 6 6 6 6 6 6 6 616 6 6 6 6 6 6 6 6 616 6 6 6 6 6666666666 6 6 6 6 6
1
6 6 6 6 6 6 6 6 6 6,6 6 6 6 6 6 6 6 6 6

1
6 6 6 6 6 6666666666

12345678910 11121314151617181920 21222324252627282930 31323334353637383940 41424344454647484950 51525354555657585960 61626364656667686970 7172737475'7677787980

7777777777 7777777777 7 7 7 7 717 7 77 7 7 7 7 7117 7 7 7 77777777777 7 7 77 7'7 7 7 7 7 7 7 77 7'7 7 7 7 7 7 717 7'7 7 77 7
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ANTENNA CARD, HORIZONTAL VAGI

Columns Name Format Description of Input Data

1-10 Al0 IIANTENNA II 4

11-15 IAT 15 1 for transmitter, 2 for receiver

16-20 IANTR 15 antenna t.ype = 4

21-25 AETA F5.1 beari nq of antenna, de·Qrees E, Of N

26-30 ASIG F5.1 ground conductivity, mhosjm

31-35 AEPS F5.1 rellative dielectric constant

36-40 Not used for this antenna.

41-45 ANL F5.1 antenna length, meters (wavelengths if negative)

46-50 ANH F5.1 antenna height, meters (wavelengths if negative)

AEX (1) F5.1 gain above 1/2 wavelength horizontal dipole, dB

56-60 Not used for this antenna
61~65 Not used for this antenna.
66-70

71-75 AFQB F5 .. 1
.Not used for thi s antenna.
Endi'ng frequency, when more than one antenna is used

76-·80 lAIN I5 Antenna number dindicat.or (each
t
" transmitter or recelverantenna can be eflned by upo tnree dltterent antennas

oyer the frequency range; default is one, if lAIN is left
bank.

Control Card 35. Horizont·a'l Vagi card
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11111 ,111 1 11 1 /1 11 111.111111 11 ""'1"1'1 111 11
1
11111'1"'

1
""1 11111 1111 111 11'

1
" 11 1
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I
i

2222222222 2222222222 22 2222222 2 22222222 22 222'2 22222222222222
12345678910 1112 13 14 15',6 17 18 1920 21222324252627282930 31323334353637383940 41424344454647484950 515253545551.:57585960 61626364656667686970 71727374757677787980
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I
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1
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,
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1
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ANTENNA CARD, VERTICAL LOG PERIODIC ARRAY OF MONOPOLES

Columns Name Format Description of Input Data

1-10 A10 "ANTENNA" 5

11-15 IAT 15 1 for transmitter~ 2 for receiver

16-20 , IANTR 15 antenna type = 5

21-25 No~usedfor this antenna.

26-30 ASIG F5.1 ground conductivity,mhos/m

31-35 AEPS F5.1 relative dielectric constant·

36-40 Not, used for this antenna.

41-45 ANL F5.1 antenna height, must,be'l/4wavelength (-,2~)

46-50 Not used for thtsantenna~

51-55 AEX (1) F5.1 gain above a 1/4 wavelength vertical

56-60 Notused'forthis antenna.
61-65 Not used for this antenna.
66-70 Not used for this antenna.,

AFQB F5.1 End;'ng frequency when more than one antenna is used

76-80
Antenn.. a.. numbe. r. 1n<:llcator.·· \e.acn. trans,1m. 1't;~efr or ,trlecet,verlAIN 15 antenna can be det1nedby up to three a1t eren . an ennas
over tne I r'~- .:1 range, aetault 15 one, 1f lAIN 1S left
blank.

NOTE: The vertical log periodic array of monopoles is estimated from a 1/4 wave
vertical monopole plus additional gain.

Control Card 36. Vertical log periodic card
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ANTENNA CARD, CURTAIN ANTENNA

Columns Name Format Description of.Input Data

1-10 Al0 IIANTENNA II 6

11-15 IAT 15 1. for transmitter. 2 for receiver

16-20 IANTR 15 antenna type = 6

21-25 AETA· F5.1 antenna bearing degrees E of N

26-30 ASIG F5.l ground conductivity, mhos/m

31-35 AEPS F5.1 rplative dielectric constant

36-40. AND F5 .. 1 number of bays

41-45 ANL F5.1 antenna element length, meters

46-50 ANH F5.1 antenna heiahtto first element. meters

51-55 AEX (1) .F5.1 number of elements per bay

56-60 AEX (2) F5.1 distance between elements centers, meters'

61-65 AEX (3) F5.1 vertical spacing of elements, meters

66-70 AEX (4) F5.1 ..dis tance from screen, meters

71-75 AFQB F5.1 ending frequency when more than one antenna is used

76-80 lAIN 15 Antenna numbgr dn!~i ca.aor; l eacn l:t~nSml atn or tec~lveran enna can e e lneyup toree 1 eren an ennas
over the frequency range; aerault lS'one, If lAIN 1S left
hlrtnk

Control Card 37.

191

Curt-a;/(l ca rd

USCOMM· ElL



ANTENNA CARD, TERMINATED SLOPING VEE

Columns N.ame Format Description of Input Data
~

1-10 Al0 IIANTENNA II 7

11-15 IAT ,IS 1 for transmitter. 2 for receiver

16-20 IANTR 15 antenna type = 7
.'

21-25 AETA F5.l be~ringof antenna degrees E of N
...... -c.'

26-30 ASIG FS .1 ground conducttvity, mhoslm

31-35 AEPS F5.1 relative dielectric constant·
.:.,

36-40 AND FS.l 1/2 apex angle i npl ane of wi res

41-45 ANL F5.1 antenna leg length, meters

46-50 ANH F5.1 antenna height, meters
'':'' "

51-55 AEX (1) F5.1 terminated height

S-6.. 60 Not· used for this" antenna~

61-65 Nnt 1I~l:'rI for this antenna
66-70 .. Not· used for this antenna~

71-75 AFQB F5 .. 1 encii'ng frequency when more than one antenna ;s used
Anlenria numb5r l~?lCa~ob (eacb tf~nsmldtff or fecelver.

76-80 lAIN 15 an enna can e de lne y up to ree 1 erenantennas
gnhk~he Trequency range; default lS one " f lAIN' s left

Cont ro1 Ca rd 38. Sloping vee card

192



r; ..ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT
GLOBE 501674

AtiTEHtiA - .. - - - -8"- -,. "g"'---~ '-.-O'Jf - -4.-0~· - ~'. 'ar;34 ~ru.~o~'" ~~. ~ ., ~,... _0. ":: __ ..o_.~ -3t'J; ·'·1
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ANTENNA CARD, INVERTED L

Columns
1-10

11-15

16-20

21-25

26-30

31-35
36-40

41-45

46-50

Name Format
A10

IAT 15

IANTR 15

AEAT F5.1

ASIG F5.1

AEPS F5.1

ANL F5.1

ANH F5.1

Description of Input Data
IIANTENNA II

1 for transmitter, 2 for receiver

antenna type = 8

antenfla' bea·ri ng degrees E of N

qroundconductivity, mhos/m

relative dielectric constant
Not used for this antenna.

antenna length~ meters

antennaheiqht. meters

8

51-55 Not used for this antenna.

56-60 Not used for this antenna.

61-65 Not used for this antenna.
66-70 Not used for this antenna.
71-75

76-80

AFQB

lAIN

F5.1

15

Ending frequency when more than one antenna is used
Antenna number indicator {each transmltter or reCe1ver
n .~ In can be defi ned bv UD to three di ffererit antennas
over the frequency range; default is one, 1f lAIN 15 left
blank.

Control Card 39.' Inverted'tcard
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ANTENNA CARD, TERMINATED SLOPING RHOMBIC

Columns
1-10

11-15

16-20
21-25

26-30

31-35

36-40

41-45

46-50

51-55

56-60

61-65

66-70

Name

IAT

IANTR

AETA

ASIG

AEPS

AND

ANL

ANH

AEX (1)

Format
Al0

15

F5.1

F5.1

F5.1

F5.1

F5.1

FS .1

F5.1

Descriotion of InoutData
IIANTENNA II

1 for transmitter, 2 for receiver

1I .~ l1 tVD~ = 9

.arrterl'na bear; nq degrees E of N

around conduct·;vi ty, mhoslm

r~lativedielectric constant

1/2 larqe interior anale in olane of wtre

leg length, meters

a ~~, III h~; aht II~.~ '~

terminate heiqht, meters
Not used for this antenna.

Not used for this antenna.

Not used for this antenna,

9

71-75

76-80

AFQB

lAIN

F5.1

15

Ending frequency when more than one antenna is used
Antenna number ;'ndi'cator (each 'transmitter or. receiver
allL~lllla can b~ defi'nea. bv UD to thr~~ dlfferent antennas
g'yer, the frequency range; defaul t ; s one, ; f IAI N is 1eft

ank.

Control Card 40. Sloping rhombic card
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ANTENNA CARD, INTERLACED RHOMBIC

Columns Name Format Deseri ption of Input Data

1-10 Al0 IIANTENNA" 10

11-15 IAT 15 1 for trans'mitter, 2 for receiver

16-20 IANTR 15 antenna type = 10

21-25 AETA F5.1 ':.allt'enfli bearing ·degrees E of N

26-30 ASIG F5.1 'ground conductivtty, mhoslm

31-35 AEPS F5.1 relative dielectric cO,hstant"

36-4·0 AND F5.1 1/2··1a'rqe·· interior angle in plane of wire, degrees

41-45 ANL F5.1 leq 1enqth, ··.meters

46-50 ANH F51 1owpY' a h~iaht.-~ In il~ ,... ~-

51-55 AEX (ll F5.1 vertica'l displacement, meters

56-60 AEX (2) F5.1 horfzontal feed point displacement, meters

61-65 Not used for this antenna.

66-70 Not: used for this' antenna.

71-75 AFQB F5.1 Endi'ng frequency when more than one antenna ;s used

76-80 lAIN 15 An~enna numbgr ~n?icaaOb (eacb tr~nsm1atff or tecetv~ranenna can e e 1ne y up to tree 1 eren, an ennas
over the frequency range; default 1S one, '1 t lAIN is left
n'~nrt

Control Card 41.
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o0 ' 0 010 0 0 0 0 o0 0 0 ~I:O 0 0 0 0 o0 0 ~Io 0 0 0 0 0 0 0,10 0 0 0 0 o0 0 0 OJO 0 0 0 0 o0 0 0 OJOO 0 0 0 o0 0 0 0;10 0 0 0 0 o0 0 0 OJ 0 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 121314151617 18 1920 n~~N~~n~~~~~~M~~~~~~ 41 42 43 44 45 46 47 48 49 50 51 525354 5556575859 6C 61 6263 64 6566 67 58 69 70 ~1 72 73 74757677787980

.11111 111 1 1 1 1111 1 1.:1 1 .1 11 1 1 11 1 11 1 1
1

111 1 111111
1
1 :111 11111

1
11111 1111111111 11111

1

11111

2 2 2 2 212 2 2 22
!

2222 '2222' 2 22 22122 2 22 22 2 22 22 2 22 2222222222 22 2 22 2 22 22 22222:22222 2222 2 22 222
12345678910 11 12 13 14 15'16 1718 1920 2122232425262728293031323334353637383940 41424344454647484950 51 52 53 54 55 5~ 57 58 59 60 51626364656667636970 71727374757677787980
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1
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5 5 ,.1 5 5 5 5 5 5 5 5515 5 5 5 5
I

5555555555 5 5 5 5 5,5 5 5 5 55 5 5 5 515 5 5 5 5 5 5 5 5 515 5 5 5 55 5 5 5 5
1

5 5 55 5 5 555 5
1

5 5 5 5 5

6 6·6 6 616 6 6 6 6 6 66 6 616 6 6 6 6 6 6 6 6 616 6 6 6 6 6666666666 66666
1
66666 66666

1
66666 66666,66666 6 6 6 666 6666

12345678910 11121314151617181920 21222324252627282930 31323334353637383940 41424344454647484950 51525354555657585960 61626364656667686970 7172737475'7677787980
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CD ® ® @ ® .® o ® ® I ~. ® 1 @ @ · 8 @ I @
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ANTENNA CARD, CONSTANT GAIN

Columns Name Format Description of Input Data

1-10 Al0 IIANTENNA II 12

11-15 IAT 15 1 for transmitter, 2 for receiver

16-20 IANTR 15 antenna type = 12

21-25 AETA F5.1 gain above isotropic, dB

26-30 ASIG F5.1 \H'UUHU conductivit.y, 'mhos/m

31-35 AFPS F5 1 relative dielectric constant

36-40 Not used for this. antenna.

41-45 Not used for this antenna ..

46-50 ANH F5.1 'antenna' eff.it:lencY't dB

51 ...,55 Not used' for this antenna.

56-60 Not used for this antenna.

61-65 Not used for this antenna.
66-70 Not used for this antenna.

71-75 AFQB F5.1 Endfng frequency when more than one antenna is used

lAIN 15
Antenna number indlcator teacn tr~nsmidtff or r:ece!ver

76-80 n,~ can be defined bY UP to tree 1 erent an ennas
over the frequency range; defaUlt 1S one, 1t lAIN 1S leT"t
hlank

Control Card 42. Constant gain card
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o0 . 0 010 0 0 0 0 0 0 0 0 ~IO 0 0 0 0 0 0 0 0 ~lo 0 0 0 0 0 0 0 0 OJO 0 0 gOO 0 0 0 0.10 0 0 0 0 0 0 0 0 OJO 0 0 0 0 0 0 0 0 0;1,0 0 0 0 0 0 0 0 0 0.10 0 0 0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 4243 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 16 i77S 79 80

1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 11 1 111 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 1 111 1 1 1 1

222 2 212 2 222 2 2 2 2 2 2 2 2 2 2 2 2 2 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 222 2 2 2 2 2 2 2 2 2 2 2 2
1
2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 22 2 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 '16 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 3334 35 36 37 38 394041 42 43 44 45 46 47 48 495051 52 53 54 55 5~ 57 58 59 60 61 62 63 64 65 66 67 68: 69 70 71 72 73 74 i5 76 17 78 79 80

3 3 i": 3 313 3 3 3 3 3 3 3 3 3
1

3 3 3 3 3 3 3 3 3 313 3 3 3 3 3 333 313 3 3 3 3 3 3 3 3 3
1
3 3 3 3 3 3 333 313 3 3 333 3 3 3 313 3 3, 3 3 3 3 3 3 313 3333

444 4 4 4 4 4 4 4 4 4 4 4 414 4 4 4 4 444 4 41 4 4 4 444 4 4 4 414 4 4 444 4 4 4 41 4 4 4 4 4 4 4 4 4 414 4 4 4 4 444 4 414 4 4,4 4 4 444 414 444
12345678910 11121314151617181920 21222324252627282930 31323334353637363940 41424344454647484950 51525354555657585960 61E263646566676EI6970 71727374757677787980

5_5.: J 5555 5 5 5 5 515 55 5 5
I

5555555555 5 5 5 5 5,5 5 5 5 5 5 5 5 5 515 5 55 5 5 5 5 5 515 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5 5 5 5 5 5
1

5 5 5 5 5

6 6 6 6 616 6 6 6 6 6666666666 6 6 6 6 61S6 6 6 6 6666666666 6 6 6 6 6
1
6 6 6 6 6 6 6 6 6 6

1
6 6 6 6 6 6666666666 6666666666

1112131415
1
1617181920

I
7172737475

1

767778798012345678910 21222324252527232930 31323334353637383940 41424344454647494950 5152535455565758596C 616263646566676S:6970

7777171177 1177777177 7 7 7 7 717 7 7 7 7 7 11 7 717 7 7 11 1777717777 7 7 71 7'7 7 7 7 7 7 7 77 717 7 7 7 7 1 7 71 7'1111 7
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1
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1234567 S 910 11121314151617181920 21 22 23 24 25 26 27 28 ~9 3D 31323334353637383940 41 42 43 44 45 4il 47 48 ~3 50 5152535455G657585960 61£26364656667686970 71 72 73 74 757677 78 79 80

9 9 9 9 gig 9 9 9 9 9 9 9 9 gig 9 9 9 9 9 9 9 9 9,9 9 9 9 9 9 9 9 9 gig 9 9 9 9il.9 9 9.Jl 9 9 9 9 99999199999 9 9 9 9 gig 9 9 9 9 9 9 9 9 919 9 9 9 9
ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT~

GLOBt:. 5Cl674

e

Columns Name Format Description of "Input Data

1-10 Al0 IIANTENNA II 18

11-15 IAT 15 1 for transmitter? ·2 for receiver

1"6-20 IANTR 15 antenna type = 18

21-25

26-30

31-35

36-40 -< Columns 21~55 not" used for this antenna ll

41-45

46-50

51-55 :....- Antenna type 18 (a). ' I f IAI N2: 0, then IAI N indicates56-60

61-65 the number of antennas to ski p forward from present

66-70 position on the antenna fil e (LU26 ) before reading the

71-75 desired pattern (b ) I F IAI N < 0, then the antenna fil

76-80 lAIN 15 1S rewound before s.earching for the antenna pattern.
-

The pa·tt.ero·thatis usedts llAINI" on -the ,antenna fil e

Control Card 43. Antenna patter~\read from file
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