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FOREWORD 

The Second E d i t i o n  o f  t h e  URSI Handbook o f  Ionogram I n t e r p r e t a t i o n  and Reduction (WDC-A Report 
UAG-23, November 1972) d i f f e r e d  g r e a t l y  from the  f i r s t  e d i t i o n .  I t  inc luded much a d d i t i o n a l  m a t e r i a l  
requested by  operators  w i t h  problems when cond i t i ons  were d i f f i c u l t ,  a l s o  r u l e s  and desc r ip t i ons  o f  
phenomena whose importance had no t  been r e a l i z e d  when t h e  f i r s t  e d i t i o n  was w r i t t e n .  

I n e v i t a b l y  mistakes and ambigu i t ies  were discovered, and some o f  t h e  r u l e s  f o r  parameters 
impor tant  f o r  t h e  I n t e r n a t i o n a l  Magnetospheric Study (IMS) needed f u r t h e r  ref inement.  Many o f  these 
c o r r e c t i o n s  and amendments were c o l l e c t e d  and publ ished i n  t h e  INAG B u l l e t i n  ( i n  p a r t i c u l a r  16, 17, 
21, and 23, and i n  the  High L a t i t u d e  Supplement ( W .  R. P i g g o t t  Report UAG-50, WDC-A October 1975)). 
The work o f  amending t h e  o r i g i n a l  Handbook i s  now very  considerable,  and t h e  Ionospher ic Network 
Advisory Group (INAG) and t h e  E d i t o r s  t h e r e f o r e  decided t o  r e p r i n t  t h e  f i r s t  f o u r  Chapters, which 
con ta in  most o f  t h e  changes. Th is  book i s  t h e  r e s u l t .  

It must be s t ressed t h a t  t h e  value o f  t h e  data f o r  reg iona l  o r  wor ldwide s tud ies  depends on t h e  
maintenance o f  cons is ten t  reduc t ion  and tabu1 a t i o n  methods a t  a1 1  s t a t i o n s ,  and proposals fo r  changes 
i n  o r  c l a r i f i c a t i o n s  o f  these r u l e s  should be forwarded t o  a  member o f  IIdAG. P a r t i c u l a r  care  i s  
necessary t h a t  l o c a l  "house-rules" a r e  n o t  i n  c o n f l  i c t  w i t h  these p r i n c i p l e s .  

Most sect ions o f  t h i s  book are  w r i t t e n  i n  t h e  form o f  d e t a i l e d  i n s t r u c t i o n s  t o  t h e  operators  a t  
ionospher ic  s t a t i o n s .  However, t h e  I n t r o d u c t i o n  and the  subsect ions marked .O a t  t h e  beginning o f  
each s e c t i o n  g i v e  t h e  p r i n c i p l e s  i nvo lved  i n  more general  fo rm together  w i t h  h i s t o r i c a l  notes where 
these may he lp  t h e  operator  o r  a d m i n i s t r a t i v e  s t a f f  t o  understand t h e  d e t a i l e d  ru les .  

Sect ion 0.2 i n  t h e  In t roduc t ion ,  on "General Considerat ions and P r i n c i p l e s " ,  i s  inc luded t o  show 
the  impor tant  r u l e s  t o  be observed i f ,  a t  any s t a t i o n ,  i t  i s  imposs ib le  t o  app ly  t h e  standard r u l e s  
and convent ions f u l l y .  

When us ing  t h e  Manual f o r  teach ing purposes, i t  i s  adv isab le  t o  teach t h e  simple r u l e s  f o r  t h e  
h o r i z o n t a l l y  s t r a t i f i e d  ionosphere f i r s t ,  then t o  add spec ia l  cases and the treatment o f  d i f f i c u l t  
ionograms. I n  t h e  o r i g i n a l  p lann ing o f  t h e  r u l e s ,  i t  was intended t h a t  a  few simple p r i n c i p l e s  
should.be app l i ed  t o  cover a  wide range o f  phenomena. Th is  was n o t  e n t i r e l y  poss ib le ,  and i n  a  few 
cases some a r b i t r a r y  r u l e s  must be learned. The accuracy r u l e s  a r e  essen t ia l  f o r  t h e  i d e n t i f i c a t i o n  
o f  accurate  values, and f o r  t h e  systemat ic use o f  t h e  l e t t e r  symbols, when accurate  data cannot be 
obtained. It i s  essen t ia l  t o  s t ress  t h i s  p o i n t  s ince  departures from these r u l e s  can cause g rea t  
d i f f i c u l t y  bo th  t o  those reduc ing t h e  ionograms and those us ing t h e  data obtained. 

Cross Reference t o  Ionograms 

References i n  t h e  t e x t  i n  t h e  form A.  .. g i v e  t h e  pages on which corresponding o r  add i t i ona l  
ma te r ia l  can be found i n  the  I G Y  Instruction ManuaZ for the Ionosphere, AnmZs of the  IGY, Volume 111, 
P a r t  I, Eng l i sh  t e x t .  The re ference shows whether t h e  a d d i t i o n a l  m a t e r i a l  i s  an ionogram (A (page) I, 
Fig.. ..), a f i g u r e  (A (page) F, F ig .  ...) o r  i s  d e s c r i p t i v e  (A (page) D ) .  

Since i t  was n o t  poss ib le  t o  i l l u s t r a t e  t h e  Handbook w i t h  ionograms, INAG and t h e  E d i t o r s  decided 
t o  supplement t h e  references t o  ionograms i n  t h e  ~ m l s  of the I G Y ,  Volume 111, Par t  I by  references 
t o  ionograms publ ished i n  t h e  Atlas  of Ionograms prepared by A. H. Shapley, World Data Center A, 
Upper Atmosphere Geophysics Report UAG-10, May 1970. These re ferences a re  denoted B (page) I F i g  ... . 

The High L a t i t u d e  Supplement (Report UAG-50) was w r i t t e n  p r i m a r i l y  f o r  those working a t  h igh  l a t i -  
tudes, and g i ves  many ionogram sequences showing t y p i c a l  h i g h  l a t i t u d e  phenomena. However, i t  a lso  
conta ins  many hundreds o f  ionograms which can be used t o  c l a r i f y  t h e  i n t e r p r e t a t i o n s  a t  lower l a t i t u d e s .  
Many o f  these have been annotated by t h e  E d i t o r  (W. R. P i g g o t t )  thus g i v i n g  examples o f  how t h e  r u l e s  
should be appl ied.  

It must be s t ressed t h a t  t h i s  p u b l i c a t i o n  (UAG-23A) i s  n o t  intended t o  be a  complete guide t o  
ionogram i n t e r p r e t a t i o n  and reduct ion,  and should be read i n  con junc t ion  w i t h  t h e  remaining chapters 
o f  UAG-23, and, where appropr ia te ,  UAG-50. I n  p a r t i c u l a r ,  t h e  chapters on tabu la t i ons ,  medians and 
f p l o t s  have n o t  been rev i sed  here, s ince they con ta in  few amendments and t h e  general i n t e r e s t  
chapters have been amended o n l y  where t y p i n g  e r r o r s  occurred o r  t h e  t e x t  was obscure. As i n  a l l  work 
o f  t h i s  type, the  f i n a l  document owes much t o  comnents made by  INAG members and consu l tants ,  and, i n  
p a r t i c u l a r ,  t o  Ray Conkright, Alan Rodger and Richard Smith. It could  n o t  have been produced w i t h o u t  
t h e  constant  i n t e r e s t  o f  Miss J. V .  L inco ln ,  and t h e  support  o f  WDC-A. The accuracy o f  a  document o f  
t h i s  type depends g r e a t l y  on t h e  care taken b o t h  by t h e  t y p i s t s  o f  WDC-A who prepared t h e  master copies,  
t h e  c a r e f u l  proof read ing by WDC-A s t a f f ,  and by those mentioned above. The E d i t o r  wishes t o  convey h i s  
thanks t o  a l l  concerned and, as Chairman o f  INAG, t o  convey t h e  thanks o f  t h e  users o f  t h i s  Manual, who 
w i l l  be saved much work by i t s  p u b l i c a t i o n .  
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0 INTRODUCTION 

0.0 H i s t o r i c a l  

The e a r l i e s t  r ou t i ne  ionospheric s ta t ions  were almost a l l  placed i n  temperate l a t i t u d e s  where the  
echo t races on the ionograms could usua l l y  be c l a s s i f i e d  as belonging t o  a  few e a s i l y  recognized 
patterns. These pat terns could be i n t e rp re ted  i n  terms o f  simple models o f  the s t ruc tu re  o f  the 
ionosphere. Na tu ra l l y  the main cha rac te r i s t i c s  o f  the  pat terns were named and measured r egu la r l y  
and attempts were made t o  i n t e r p r e t  nonstandard pa t te rns  i n  terms o f  the  nearest simple model. 
D i f f i c u l t i e s  arose dur ing periods o f  ionospheric storm and the establ ishment o f  a  s t a t i o n  on the 
magnetic equator, Huancayo, showed t h a t  wide departures from the conventional pat terns could occur 
even i n  qu i e t  periods. However, even g rea te r  dev ia t ions occurred a t  h i g h - l a t i  tude s ta t ions,  where 
the  ionograms n o t  on ly  showed many abnormal t races bu t  were a lso l i a b l e  t o  change fundamentally i n  
the space o f  a  few minutes. Many workers f e l t  t h a t  the range o f  i n t e rp re ta t i ons  poss ib le  i n  these 
circumstances was so great  t h a t  i t  was no t  p r a c t i c a l  t o  make h igh l a t i t u d e  observations comparable 
w i t h  those a t  temperate la t i tudes .  The f i r s t  major i n t e rna t i ona l  e f f o r t  t o  so lve t h i s  problem was 
made by the URSI Special Com i t t ee  on High La t i tudes  (SCHL) i n  a  r epo r t  publ ished i n  the U R S I  I n -  
formation B u l l e t i n ,  1955, No. 96, p. 44. The work o f  the SCHL showed t h a t  r a t he r  few ionospheric 
phenomena are r e s t r i c t e d  e n t i r e l y  t o  high l a t i t udes ,  though the incidence o f  complex o r  d i f f i c u l t  
ionograms var ies considerably w i t h  l a t i t ude .  Thus the techniques developed o r i g i n a l l y  f o r  c l a r i f y -  
i n g  phenomena a t  h igh l a t i t u d e s  could form a basis f o r  improving ionospheric observations f o r  the 
whole world. Furthermore, i t  became c l e a r  t h a t  ionograms obtained a t  low l a t i t u d e s  a lso  o f t en  d i f -  
fered from the simple standard medium l a t i t u d e  models. Attempts t o  reduce such ionograms were 
g rea t l y  in f luenced by the experience and knowledge o f  the operators a t  i nd i v i dua l  s ta t ions ,  so t h a t  
the numerical data produced were r a t he r  quest ionable and inhomogeneous. I t  was obviously des i rab le  
t o  at tempt t o  minimize these d i f f i c u l t i e s  before s t a r t i n g  the i n t ens i ve  observat ional program o f  
the I G Y .  

The Special Com i t t ee  on World Wide Ionospheric Soundings (WWSC) was appointed i n  September, 
1955, by the URSI/AGI Committee and d i rec ted  t o  consider the  r ev i s i on  o f  the procedures f o r  the 
production, reduct ion and presentat ion o f  ionograms and ionosphere charac te r i s t i cs .  The Committee 
has always attempted t o  mainta in  the c loses t  poss ib le  contact  w i t h  s t a t i o n  networks and i nd i v i dua l  
s t a t i ons  through i t s  members and consultants.  

The F i r s t  (Brussels) Report o f  the Committee was publ ished i n  the URSI In format ion B u l l e t i n  
No. 99, pp. 48-90. Two annexes t o  the r e p o r t  appeared i n  the URSI In format ion B u l l e t i n  No. 100, 
pp. 82-89. This F i r s t  Report, which i s  a  bas is  o f  the Handbook, was c l a r i f i e d ,  expanded and 
s l i g h t l y  amended i n  the Second (Tokyo-Lindau) Report. This was wide ly  c i r c u l a t e d  i n  May, 1957, 
as the well-known "Green Book". A t h i r d  meeting o f  the Comnittee, together  w i t h  almost a l l  i t s  
p r i nc i pa l  consultants and a number o f  espec i a l l y  i n v i t e d  par t i c ipan ts ,  was he ld  i n  Brussels, 
August-September, 1959. This enabled the experience and views o f  almost a l l  soundings networks 
and o f  t y p i c a l  i so l a t ed  s ta t ions  t o  be considered, and showed the need and des i re  f o r  f u r t h e r  c o l -  
l abora t ion  t o  enable wor ld  and regional problems i n  the morphology o f  t he  ionospheric layers  t o  be 
s tud ied e f f i c i e n t l y .  I n  pa r t i cu l a r ,  the Committee recognized the  need t o  c o l l e c t  the techniques 
found valuable i n  the I G Y  i n  the form o f  a  handbook o f  ionogram i n t e r p r e t a t i o n  and reduct ion s u i t -  
able f o r  use a t  the i nd i v i dua l  s ta t ions  o f  the wor ld  network. The f i r s t  e d i t i o n  o f  t h i s  volume was 
the r e s u l t  o f  the work done by the Comnittee and i t s  Consultants a t  Brussels and subsequently e lse-  
where, and the second e d i t i o n  has been rev ised by the ed i t o r s  i n  the l i g h t  o f  comments made by 
users. * 

0.1 Development o f  Systematic Ve r t i ca l  Incidence Soundings 

While the f i r s t  rou t ine  ionospheric soundings s t a t i ons  were se t  up p r i m a r i l y  f o r  s c i e n t i f i c  pur- 
poses - t o  discover the causes and cha rac te r i s t i c s  o f  the r e f l e c t i n g  and absorbing layers  i n  the 
ionosphere - the great  expansion o f  the network dur ing the Second World War was brought about by 
the need t o  make p red ic t ions  o f  rad io  propagation condi t ions over the world. The data obtained 
were used almost exc lus ive ly  f o r  p r a c t i c a l  purposes and remarkably few stud ies were made t o  d i s -  
cover t h e i r  s ign i f i cance  and meaning. It i s  probable t h a t  on ly  a  small percentage o f  the iono- 
grams obtained were examined by q u a l i f i e d  research workers and most ser ious research work was con- 
cent ra ted a t  a  few s ta t i ons  where q u a l i f i e d  s t a f f  were avai lable.  However, the researches made 
showed t h a t  the r e l i a b i l i t y  and comparabi l i ty  o f  the data were scarcely adequate even f o r  the 
s implest  invest igat ions.  This s i t u a t i o n  was r a d i c a l l y  changed by the spec ia l  procedures and s tud ies 
developed fo r ,  o r  as a r e s u l t  o f ,  the I n t e rna t i ona l  Geophysical Year. For the f i r s t  t ime s t a t i ons  
a l l  over the wor ld  used essen t i a l l y  the same de ta i l ed  conventions and methods, g i v i ng  an inva luable 
improvement i n  the un i fo rm i ty  o f  the data produced. The new researches made poss ib le  by the i m -  
provement i n  q u a l i t y  and the g rea t l y  increased quan t i t y  o f  data have suggested new ways o f  study- 
i n g  the ionosphere and provoked s i m i l a r  researches a t  o ther  epochs i n  the  so l a r  a c t i v i t y  cycle. 
Thus the spec ia l  e f f o r t  of the I G Y  s ta r ted  a new phase i n  ionospheric research which w i l l  be marked 
by much c loser  i n t e rna t i ona l  co l labora t ion  than had been usual i n  the past.  
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0-2 INTRODUCTION 

The l i t e r a t u r e  of ionospheric studies shows the great  value o f  having a wide geographic d is -  
t r i b u t i o n  o f  s t a t i ons  f o r  the study o f  the morphology o f  the ionosphere, the analys is  and under- 
standing o f  great  geophysical events, some o f  which are very in f requent ,  and the product ion o f  iono- 
spheric maps f o r  geophysical and rad io  propagation p red i c t i on  pro jects .  I n  general, space i n v e s t i -  
gat ions g ive great  d e t a i l  o f  the va r i a t i on  o f  the ionosphere w i t h  pos i t i on  a t  a f i x e d  time bu t  can- 
no t  i d e n t i f y  t ime development o r  separate t ime from space var ia t ions .  Thus the data obtained are 
d i f f i c u l t  t o  use unless monitored by ground based measurements. I n  the case o f  rockets  these show 
whether the  condi t ions dur ing the f i r i n g  were t yp i ca l  o r  abnormal. For sate1 1 i tes, ground based 
observations enable the dynamic behaviour t o  be studied, thus i n d i c a t i n g  the type o f  forces respon- 
s i b l e  f o r  the observed spa t i a l  var ia t ions.  They are a lso  essent ia l  f o r  separat ing changes i n  t ime 
from those i n  space - a shor t - l i ved  worldwide disturbance can look l oca l i zed  when observed by sa t -  
e l l i t e  as i t  i s  on ly  seen i n  the pa r t s  o f  the o r b i t  covered wh i le  i t  i s  act ive.  Both rocket  and 
s a t e l l i t e  data are much more valuable i f  the geophysical condi t ions on each day are known. This i s  
e a s i l y  done using synopt ic  ground based data. 

0.2 General Considerations and P r i nc i p l es  used t o  Es tab l i sh  the 
Operating Rules and Conventions 

0.21. The maintenance o f  an adequate network o f  s t a t i ons  and the c i r c u l a t i o n  o f  s u f f i c i e n t  data 
f o r  s c i e n t i f i c  and p rac t i ca l  purposes depend on the vo luntary  cooperation o f  organizat ions whose 
pr imary i n t e r e s t s  f a l l  i n t o  f o u r  d i f f e r e n t  f i e l d s :  

(a) Those p r imar i  l y  concerned w i t h  ear th  environment studies. 
(b )  Those i n t e res ted  i n  the exact form o f  the ionosphere a t  a spec i f i ed  time, e.g. f o r  com- 

par ison w i t h  rocket o r  s a t e l l i t e  data o r  f o r  studying t ime va r i a t i ons  i n  events. 
Those p r i m a r i l y  concerned w i t h  r ad i o  propagation problems, both surface and space. 151 Those invo lved i n  geophysical s tud ies which invo lve  the ionosphere o r  i n  which ionospheric 

sounding provides convenient monitor ing techniques. 

Prac t i ca l  experience shows t h a t  most ionospheric problems can on ly  be completely s tud ied by 
using data from groups o f  s ta t ions,  and hence demand the cooperat ion o f  many organizat ions and 
ind iv idua ls .  I t  f requen t l y  happens t ha t  data produced by one s t a t i o n  o r  group a re  mainly used by 
another, q u i t e  independent group having l i t t l e  o r  no d i r e c t  contact w i t h  the o r i g i n a l  observations. 
This s i t u a t i o n  i s ,  o f  course q u i t e  normal i n  geophysical studies. The value o f  comparable data 
obtained from a group o f  s t a t i ons  g rea t l y  exceeds the value o f  the data from each s t a t i on  considered 
separately. Thus, no mat ter  what the primary ob jec t i ve  o f  the s t a t i o n  may be, the greatest  r e t u rn  
i s  obtained i f  the  observations made a t  the s t a t i o n  can be used f o r  the f ou r  over lapping basic types 
o f  i nves t iga t ion :  

(a)  To monitor the  ionosphere above the s ta t ion .  
(b) To ob ta in  s i g n i f i c a n t  median data t o  evaluate long-term changes. 
(c )  To study phenomena pecu l i a r  t o  the region. 
(d )  To study the g lobal  morphology o f  the ionosphere. 

While i t  i s  advantageous t o  use the same techniques and conventions f o r  a l l  f ou r  purposes when- 
ever possible,  types (a)  and ( c )  may c a l l  f o r  l o ca l  procedures i n  add i t i on  t o  those necessary f o r  
(b) and (d). However, even i n  these cases, the  interchange o f  data and theor ies i s  g rea t l y  s imp l i -  
f i e d  i f  the  same conventions are used everywhere. 

Studies us ing new techniques, e.g. rockets, sate1 1 i tes, incoherent s ca t t e r ,  etc. ,  often" demand 

( i )  A knowledge o f  the median behaviour o f  the ionosphere. 
( i i )  Whether o r  no t  p a r t i c u l a r  days, f o r  which p a r t i c u l a r  measurements are avai lab le ,  were 

t y p i  ca l  average days. 
( i  i i )  The r e l a t i o n s  between geophysical condi t ions on p a r t i c u l a r  days and average days. 
( i v )  Deta i led va r i a t i ons  i n  t ime dur ing p a r t i c u l a r  events. 

Thus there i s  a need f o r  a . se t  o f  standard techniques and conventions app l i cab le  t o  the  major- 
i t y  o f  problems l i k e l y  t o  be inves t iga ted  i n  d i f f e r e n t  par ts  o f  the  world. 

0.22. I t  i s ,  i n  p r i nc i p l e ,  poss ib le  t o  develop the reduct ion o f  ionograms using f o u r  d i f f e r e n t  
po in ts  o f  view, each o f  which would suggest a p a r t i c u l a r  se t  o f  parameters f o r  measurement and 
interchange. These are: 

(a) To make a phenomenological desc r ip t ion  o f  the  ionogram. 
(b)  To g ive  a s imp l i f i ed  parametric descr ip t ion  o f  the ionosphere overhead. 
( c )  To determine the e lec t ron  densi t y l h e i g h t  p r o f i l e  overhead. 
(d) To i d e n t i f y  and measure parameters which determine o r  descr ibe the  physical  character is -  

t i c s  o f  the ionosphere. 
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GENERAL CONSIDERATIONS 

H i s t o r i c a l l y ,  most e a r l y  work on ionograms was i n f l u e n c e d  main ly  by t h e  f i r s t  p o s s i b i l i t y .  
Ce r ta in  i n v e s t i g a t i o n s  a t  i n d i v i d u a l  s t a t i o n s  a r e ' d i r e c t e d  towards ( c )  and (d) .  For t h e  wor ld-  
wide network as a  whole, t h e  second p o s s i b i l i t y  i s  most app rop r ia te  and the  cho ice o f  parameters 
and r u l e s  i s ,  t he re fo re ,  c o n s i s t e n t  w i t h  t h i s  concept. A  d i scuss ion  o f  t h e  t h i r d  p o s s i b i l i t y  
can be found i n  Chapter 10 o f  Report UAG-23. 

0.23. I n  cons ide r ing  what should be tabu la ted,  i t  i s  w e l l  t o  bear i n  mind t h a t  t he  tabu la t i ons  a re  
p r i m a r i l y  f o r  use by people who w i l l  n o t  see the records themselves and who a r e  i n t e r e s t e d  i n  prob- 
lems so l vab le  by t a b u l a t e d  data alone. 

The s e l e c t i o n  o f  s i g n i f i c a n t  parameters i s  always a  somewhat a r b i t r a r y  process determined fi - 
n a l l y  by t h e  purpose f o r  which the  s e l e c t i o n  i s  made. I n  p rac t i ce ,  i t  i s  a l s o  i n f l uenced  by the  
ease o f  measurements; f o r  example, a  h i g h l y  s i g n i f i c a n t  parameter which i s  very d i f f i c u l t  t o  meas- 
u re  may be rep laced by a  l e s s  s i g n i f i c a n t  one which i s  e a s i e r  t o  measure. Th i s  may increase the  
e f f i c i e n c y  o f  t h e  research as a  whole. 

There a r e  severa l  d i f f i c u l t i e s  i n  app ly ing  these p r i n c i p l e s  t o  wor ldwide i n v e s t i g a t i o n s :  

( i )  A dec is ion  must be made t h a t  c e r t a i n  phenomena a re  more impor tan t  than others. 
( i i )  Phenomena which a re  very  impor tan t  i n  some zones o f  t h e  w o r l d  can be almost o r  complete- 

l y  absent elsewhere. 
( i i i )  Parameters which a re  s i g n i f i c a n t  and easy t o  measure i n  some areas a r e  very  d i f f i c u l t  

t o  measure i n  others.  

Th i s  suggests t h a t  i t  i s  very  d e s i r a b l e  t h a t  t h ree  l e v e l s  o f  s e l e c t i o n  should be made: 

(a )  Parameters requ i red  a1 1  over  t h e  wor ld .  
(b)  Parameters r e q u i r e d  f o r  reg iona l  s tud ies .  
( c )  Parameters r e q u i r e d  f o r  l o c a l  s tud ies  a t  t h e  s t a t i o n .  

The p r i n c i p a l  i n t e r n a t i o n a l  parameters f a l l  main ly  i n t o  c lass  (a), though some a r e  n o t  meas- 
u r a b l e  i n  a l l  p a r t s  o f  the  world. They i n c l u d e  c e r t a i n  c h a r a c t e r i s t i c s  which a re  use fu l  f o r  i n -  
v e s t i  g a t i n g  t h e  inc idence o f  p a r t i c u l a r  phenomena, e. g., Es types. I n  general  t he  I ocal  parameters, 
c lass  ( c ) ,  a re  seldom u s e f u l  on a  wor ldwide basis,  main ly  because t h e  phenomena change w i t h  pos i -  
t i o n  and d e f i n i t i o n s  and r u l e s  which g i v e  u s e f u l  p r e c i s i o n  a t  one s t a t i o n  become s e r i o u s l y  mis lead- 
i n g  when a p p l i e d  i n  a  d i f f e r e n t  t hea te r  o f  operat ion.  

0.24. The b a s i c  r o u t i n e  sca l i ngs  a t  any s t a t i o n  should d e l i n e a t e  the  e s s e n t i a l  f ea tu res  o f  t he  
ionosphere overhead and should be used i n i t i a l l y  t o  produce rep resen ta t i ve  data  a t  r e l a t i v e l y  
i n f requen t ,  hour ly ,  i n t e r v a l s .  I t  i s  impor tan t  t h a t  these data  be as complete as poss ib le  and 
c o n t r o l  1  ed i n t e r p o l  a t i o n  i s  t h e r e f o r e  encouraged. (See Chapter 2 ) .  

The r e s u l t s  t a b u l a t e d  should n o t  be an exhaust ive  d e s c r i p t i o n  o f  t h e  reco rd  b u t  rep resen t  t he  
e s s e n t i a l  f ea tu res  o f  t h e  f i r s t  o rde r  v e r t i c a l  r e f l e c t i o n  r a t h e r  than t h e  c h a r a c t e r i s t i c s  o f  mu1 ti- 
p les ,  o b l i q u e  echoes and t r a n s i e n t  phenomena. M u l t i p l e ,  as we l l  as x- and z- t races,  should be. used 
as a u x i l i a r y  guides i n  the i n t e r p r e t a t i o n  o f  t he  f i r s t  o r d e r  o r d i n a r y  p a t t e r n  (see 1.03). Obl ique 
t races  shou ld  be i gno red  i n  the  i n t e r p r e t a t i o n  o f  f p l o t s  o r  i n  t h e  t a b u l a t i o n  o f  h o u r l y  values and 
should be omi t ted  when recognized, un less  they conTr ibute  t o  t h e  understanding o f  t h e  main t race.  

Whi le a t  temperate and low l a t i t u d e s  the  i n t e n t i o n  i s  c l e a r l y  t o  concent ra te  6n v e r t i c a l  i n -  
cidence t races i n  o r d e r  t o  descr ibe the  " ionosphere overhead", t he  s i t u a t i o n  i s  sometimes more i n -  
vo lved a t  h i g h  l a t i t u d e s .  There, i t  i s  o f t e n  va luab le  t o  study t h e  p r o p e r t i e s  o f  r i d g e s  o f  i o n i z a -  
t i o n  seen by ob l i que  r e f l e c t i o n ,  e.g., phenomena g i v i n g  f x l  g rea te r  than fxF2. These poss ib i  1  i t i e s  
a r e  discussed i n  t h e  "High L a t i t u d e  Suppl ement" (Report  UAG-50).  

I t  must be s t ressed t h a t  many ionospher ic  parameters, e.g., hlF, ~ ( 3 0 0 0 ) F 2  which a re  i nva luab le  
f o r  geophysical o r  p r e d i c t i o n  purposes, do n o t  d i r e c t l y  measure phys i ca l  phenomena and may be mis- 
l e a d i n g  i n  p a r t i c u l a r  circumstances un less  t h e i r  p r o p e r t i e s  a r e  c l e a r l y  understood. I t i s  c lea r1  y  
t h e  u s e r ' s  r e s p o n s i b i l i t y  t o  make h imse l f  conversant w i t h  the  s u b j e c t  so as t o  understand these 
p o i n t s ,  whereas i t  i s  t h e  o p e r a t o r ' s  r e s p o n s i b i l i t y  t o  reduce a  d i f f i c u l t  ionogram adequately ac- 
co rd ing  t o  t h e  e s t a b l  i shed ru les .  

0.25. The h o u r l y  t abu la ted  data  shou ld  be se l f -exp lana to ry ,  rep resen ta t i ve  o f  ionospher ic  condi-  
t i o n s  f o r  t h e  p e r i o d  centered a t  t he  hour and, as f a r  as possible,  n o t  m is lead ing  f o r  those r e c e i v -  
i n g  these data alone. I n  p a r t i c u l a r ,  t h e  use of  t he  standard i n t e r n a t i o n a l  des ignat ions,  foF2, 
f o F l  foE foEs, hlF, h'F2, fmin,  etc., i m p l i e s  t h a t  the  data  conform t o  t h e  reduc t i on  ru les .  - * - , - - - -  



0.26. 'The f o l l ow ing  po i n t s  are o f t en  overlooked: 

(a) Where data are n o t  published, adequate catalogues o f  the  unpublished mate r ia l ,  data o r  
ionograms, need t o  be kept and publ ished through the World Data Centers (WDCs). 

(b) Techniques which save some labor  a t  a s t a t i o n  a t  the cost o f  considerable inconvenience 
t o  the user are no t  r e a l l y  economical. 

( c )  It i s  most economical t o  pu t  data i n t o  a form su i t ab l e  f o r  computer handl ing a t  the ear- 
l i e s t  poss ib le  stage. A t  present most data are pu t  i n t o  t h i s  form sooner o r  l a t e r  and t h i s  i s  the 
p re fe r red  form f o r  i n t e rna t i ona l  interchange o f  data. 

(d) The f p l o t  * i s  a valuable t oo l  f o r  i d e n t i f y i n g  va r i a t i ons  i n  the  ionosphere and the i n t e r -  
p re ta t i on  o f  complex records p a r t i c u l a r l y  a t  h igh l a t i t udes .  

0.27. The r e l a t i v e  p r i o r i t i e s  o f  measuring d i f f e r e n t  parameters w i l l  change w i t h  the development 
o f  the science and w i l l  depend on the existence o f  p a r t i c u l a r  reg ional  o r  worldwide studies. Guid- 
ance on these po in ts  w i l l  be found i n  the current  URSI and INAG Informat ion Bu l l e t i n s .  

However, i t  i s  p a r t i c u l a r l y  important t o  ob ta in  representat ive numerical values whenever possi-  
b l e  f o r  the bas ic  parameters o f  the most va r iab le  layers :  foFE, M 3000 F2, foEs. I t  i s  a lso  irnpor- -w- t a n t  t o  measure fmin,.which i s  the so le  index o f  absorpt ion given y ionograms. For con t ro l  pur- 
poses, i t  i s  a1 so an ~ m p o r t a n t  parameter for  moni tor ing t he  behavior o f  the  ionosonde. 

Fur ther  research on the data, however, appears t o  be developing i n t o  two wide ly  d i f f e r e n t  d i -  
rect ions:  

(a) Studies o f  the de ta i l ed  s t r uc tu re  o f  the ionosphere demanding de ta i l ed  and accurate meas- 
urements o f  the instantaneous values o f  important ionospheric parameters. 

(b) Studies o f  t he  general s t r uc tu re  o f  the ionosphere and i t s  v a r i a t i o n  w i t h  o ther  phenomena 
demanding s t a t i s t i c a l l y  representat ive and, as f a r  as possible,  complete sequences o f  data. 

Instrumental ,  operat ional  and ionospheric f ac to r s  combine t o  make i t  poss ib le  t o  ob ta in  r e l a -  
t i v e l y  small q u a n t i t i e s  o f  h i g h l y  accurate data o r  a l t e r n a t i v e l y  t o  produce more complete sequences 
o f  lower grade data. The bes t  compromise depends on the equipment and s t a f f  ava i lab le ,  the pos i t i on  
o f  the s t a t i o n  i n  the wor ld  network, and the type o f  work regarded as most important. Provided t h a t  
the  i n t e rna t i ona l  r u l es  and conventions are observed, usefu l  work can be done even i f  the  most de- 
s i r a b l e  accuracy i s  no t  obtainable o r  a l l  the data on the ionograms cannot be c i rcu la ted .  However, 
i t  i s  essen t ia l  t h a t  the r e l a t i v e l y  few s ta t i ons  capable o f  producing ionograms o f  the h ighest  qual-  
i t y  should make every e f f o r t  t o  maintain the best accuracy p rac t i ca l .  

A s i m i l a r  problem ar i ses  w i t h  e lec t ron  dens i ty  p r o f i l e  ca lcu la t ions  where prec ise p r o f i l e s  de- 
mand f i r s t  c lass ionograms, very elaborate computing procedures and the  highest poss ib le  accuracy o f  
measuring v i r t u a l  he ight  and frequency. This i s  usua l l y  uneconomical where s t a t i s t i c a l  data are re- 
qu i red  and r e l a t i v e l y  simple techniques are then preferab le.  The former i s  a spec ia l ized problem not  
discussed i n  t h i s  volume and the procedures f o r  the l a t t e r  may be found i n  Chapter 10 o f  Report UAG-23. 

0.3 Wr i t i ng  Conventions 

By i n t e rna t i ona l  agreement, a l l  symbols which represent parameters which are o r  may be interchanged 
i n t e r n a t i o n a l l y  are designated by on-the-1 i ne  symbols f o r  example foF2, o r  M(3000)F2. 

Frequency, f ,  height,  h, the ord inary ,  ext raord inary  and z modes,-o x z, and Es types (see however, 
sect ions 1.9 and 4.8) are aTways w r i t t e n  w i t h  small ( lower case) l e t t e r s  except when produced by 
machines i n  which these a re  no t  ava i l ab l e  (Computer, Telex o r  Telegram outputs).  

As i s  normal s c i e n t i f i c  pract ice,  physical  quan t i t i e s  are designated i n  s u f f i x  form un1e;s they 
are ac tua l l y  measured. 

I n  t h i s  e d i t i o n  we have modernized the symbol f o r  magnetic f i e l d ,  subs t i t u t i ng  B f o r  H through- 
out.  Thus the e l ec t r on  gyrofrequency i s  now w r i t t e n  fB instead o f  f , the t r a d i t i o n a l  but  i n co r rec t  
form. This  i s  widespread bu t  no t  un iversa l  p rac t i ce  a t  present. ~hk! corresponding co r rec t i on  term 
i s  fB/2 instead o f  fH/2. 

Since the numerical fac to rs  i n  equations l i n k i n g  physical  parameters depend on the system o f  
u n i t s  used, we have adopted the convention t ha t  the parameter i s  d iv ided  by the u n i t s  i n  use. Thus, 
i f  the e l ec t r on  dens i t  N i s  measured i n  and the  plasma frequency fN i n  MHz, the r e l a t i o n  between 
N and R; N = 1.24'10'' ( f ~ ) ~ ,  becomes N/m-' = 1.24- 101° ( fN /Wz)?  (equations 1.1 i n  sec t ion  1.04). 
This i s  read as N i n  m-3 = 1.24.101° ( fN  i n  MHz)2. 
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1 FUNDCINENTAL CONSIDERATIONS AND DEFINITIONS 

1.0 General 

1.01. The ionosphere i s  t h a t  p a r t  o f  t he  atmosphere where f r e e  e lec t rons  occur i n  an apprec iab le  
d e n s i t y  so as t o  i n f l u e n c e  cons iderab ly  the  propagat ion of r a d i o  waves. I t  i s  convenient  t o  d i v i d e  
the  ionosphere i n t o  th ree  regions,  c a l l e d  D, E and F. 
D - The zone between about 75 km and about 95 km above the e a r t h  i n  which the i o n i z a t i o n  i s  found 

t h a t  i s  main ly  respons ib le  f o r  absorp t ion  o f  those h i g h  frequency r a d i o  waves which are  re -  
f l e c t e d  by h igher l . layers .  

E - The zone between about 95 km and about 150 km above the e a r t h  i n  which t h e  normal dayt ime 
E l a y e r  i s  u s u a l l y  found. Other l a y e r s  i n  t h i s  zone are  a l s o  descr ibed w i t h  t h e  p r e f i x  E, 
e.g. the t h i c k  l a y e r  E2 o r  the  h i g h l y  v a r i a b l e  t h i n  l a y e r  Es. 

F - The zone above about 750 km i n  which the most impor tant  r e f l e c t i n g  l aye r ,  F2, i s  u s u a l l y  found. 
Other s t r a t i f i c a t i o n s  i n  t h i s  zone are a l so  descr ibed w i t h  the p r e f i x  F, e.g.  the  temperate 
l a t i t u d e  r e g u l a r  s t r a t i f i c a t i o n  F 1  and the  low-1 a t i t u d e  semiregu lar  s t r a t i f i c a t i o n  F1.5. 

1.02. The standard ionosonde [A70D] (see foreword p. i and p. i i i ) produces photographic records known 
as ionograms, which show the v a r i a t i o n s  o f  t h e  v i r t u a l  h e i g h t  o f  r e f l e c t i o n  as a f u n c t i o n  o f  t h e  r a d i o  
frequency, h l ( f )  [ A 2 5 ~ ,  A 3 1 ~ 1 .  The f requency band normal ly  used i s  from about 1 MHz t o  about 20 MHz 
though some ionosondes can be operated down t o  about 0.20 MHz when i n t e r f e r e n c e  a l lows.  Shor t  descr ip -  
t i o n s  and copies o f  ionograms from most types o f  ionosonde w i l l  be found i n  the  A t l a s  o f  Ionograms, 
B sect ion ,  p. 1.1 - 1.11. The ionograms a c t u a l l y  show the  t ime o f  t r a v e l  o f  the  pu l se  s i g n a l  from 
the  t r a n s m i t t e r  t o  the cathode ray  tube, r e f l e c t i o n  i n  the ionosphere no rma l l y  o c c u r r i n g  a t i v e r t i c a l  
inc idence.  As t h i s  s i g n a l  always t r a v e l s  more s l o w l y  i n  the  ionosphere and i n  the  r e c e i v e r  than i n  
f r e e  space, t h e  he ights  observed-always exceed the t r u e  he igh ts  o f  r e f l e c t i o n .  I f  the frequency o f  
a r a d i o  s i g n a l  r e f l e c t e d  f rom a s i n g l e  t h i c k  l a y e r  i s  increased the v i r t u a l  h e i g h t  increases more 
r a p i d l y  than the  t r u e  he igh t .  When the l e v e l  o f  maximum e l e c t r o n  d e n s i t y  i n  the  l a y e r  i s  reached, 
the v i r t u a l  h e i g h t  becomes e f f e c t i v e l y  i n f i n i t e  ( F i g .  1.1). The frequency a t  which t h i s  occurs i s  
c a l l e d  the  c r i t i c a l  frequency o f  the l a y e r .  I f  t h e  r e f l e c t i n s  l a y e r  i s  ver.y t h i n ,  the increase i n  
v i r t u a l  h e i g h t  w i t h  frequency cannot be observed b u t  t he  ampl i tude o f  the  s i g n a l  appears t o  decrease 
r a p i d l y  above a c e r t a i n  frequency [A4001 [B s e c t i o n  1111. The h ighes t  f requency a t  which a c l e a r ,  
a lmost cont inuous t r a c e  i s  obta ined i s  c a l l e d  the  t o p  frequency o f  t he  t r a c e  [A40I, F igs .  31, 33, 341. 

F ig .  1.1 Re la t i ons  between v i r t u a l  h e i g h t  and t r u e  h e i g h t  (no magnetic f i e l d ) .  
i o n i z a t i o n  d i s t r i b u t i o n ,  ------ h t ( f )  p a t t e r n .  

1.03. The E a r t h ' s  magnetic f i e l d ,  i n  general causes a r a d i o  wave i n c i d e n t  on the bot tom o f  t h e  
ionosphere t o  be d i v i d e d  i n t o  two waves o f  d i f f e r e n t  p o l a r i z a t i o n  which a re  r e f l e c t e d  independent ly 
i n  the ionosphere IA26D1,. These waves are  known as magneto-ionic o r ,  p re fe rab ly ,  magneto-electronic 
component waves. They are  due t o  t h e  i n t e r a c t i o n  of t he  e l e c t r o n s  i n  t h e  plasma w i t h  the  magnetic - 
f i e l d .  Modern plasma theory  shows t h a t  t he  presence o f  i ons  can 'Introduce a d d i t i o n a l  modes and waves 
which can be observed exper imental  1 y and are  accu ra te l y  descr ibed as magneto-ionic waves. By analogy 
w i t h  o p t i c a l  double r e f r a c t i o n ,  one i s  c a l l e d  the  o r d i n a r y  wave and t h e  o the r ,  t he  e x t r a o r d i n a r y  wave. 
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FUNDAMENTAL CONSIDERATIONS 

Fig.  1.2 Re f lec t i on  coe f f i c i en t ,  R, o f  a  t h i n  and t h i c k  l a y e r  as a  f u n c t i o n  o f  frequency. 

- t h i c k  

--- t h i n  
-.- very t h i n  

The va lue o f  R a t  A  depends on the  shape o f  t h e  l a y e r .  

Since the  c o n d i t i o n s  o f  r e f l e c t i o n  f o r  t h e  two components a re  d i f f e r e n t ,  each produces i t s  own 
h l ( f )  p a t t e r n .  These a re  s i m i l a r  but  d i sp laced  i n  frequency, t h e  e x t r a o r d i n a r y  ray  having t h e  h igher  
c r i t i c a l  f requency when above f B  (F ig ,  1 .3) .  'The magneto-electronic theo ry  shows t h a t  t h e  r e f l e c t i o n  
l e v e l s  o f  t h e  two modes (o  and x)  depend on t h e  r a t i o  o f  t h e  e x p l o r i n g  frequency f t o  t h e  g y r o f r e -  
quency fB. These a re  g i ven  below, where X = f N 2 / f 2  and Y = f B / f  

I f  f < f E  o r d i n a r y  mode : X = 1 e x t r a o r d i n a r y  mode : X = 1 + Y 
I f  f > f B  o r d i n a r y  mode : X = 1 e x t r a o r d i n a r y  mode : X = 1 - Y 

For  any s e t  o f  circumstances, t h e r e  can o n l y  be two c h a r a c t e r i s t i c  modes but ,  because o f  
coupl ing,  t h e r e  may be more than two c h a r a c t e r i s t i c  t races.  

For ionogram r e d u c t i o n  i t  i s  more convenient  t o  denote t h e  t races  accord ing t o  the  cond i t i ons  
o f  r e f l e c t i o n :  

R e f l e c t i o n  a t  X = 1 
a t X = l - Y  
a t X = l + Y  

o - t race  
x - t race  
z- t race ( o r  t h i r d  magneto-el e c t r o n i c  component) 

Near t h e  gyrofrequency t h e  x-mode t r a c e  shows a  spec ia l  t y p e  o f  r e t a r d a t i o n  (F i g .  1.4(a) and 
Fig.  1.5) which does n o t  correspond t o  a  c r i t i c a l  frequency. As t h e  x  mode i s  more s t r o n g l y  absorbed 
than t h e  o  mode, very  r a r e l y ,  a  t r a c e  showing r e t a r d a t i o n  a t  f requenc ies  near bu t  below f B  i s  
found. Th i s  i s  a  z  t race .  f B  i s  seen o n l y  when abso rp t i on  i s  smal l .  The p a t t e r n s  which would be 
expected as t h e  o r d i n a r y  wave c r i t i c a l  frequency changes f rom f o  >> f B  t o  f o  $ f B  and f o  < f B  a re  
shown schemat ica l ly  i n  F ig .  14. 

1.04. Re la t i ons  between the  bas i c  magneto-electronic parameters 

The t h r e e  b a s i c  parameters t h a t  a f f e c t  r a d i o  sounding i n  a  magneto-electronic medium are  t h e  
e l e c t r o n  number d e n s i t y  N, t h e  t o t a l  magnetic i n d u c t i o n  B and t h e  angle between t h e  magnetic f i e l d  
d i r e c t i o n  and t h e  d i r e c t i o n  o f  propagat ion.  14 and B a r e  d i r e c t l y  r e l a t e d  t o  t h e  e l e c t r o n  plasma 
frequency, ftd, and t h e  e l e c t r o n  gyrofrequency, fB, r e s p e c t i v e l y .  



GENERAL 

f e fo f x f 
--+ N 

F i g .  1.3 Rela t ions between v i r t u a l  and t r u e  h e i g h t  w i t h  magnetic f i e l d .  
-- e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  - h ' f  p a t t e r n .  

and B/Gs = 0.35723 fEi/MHz 

o r  fB/MHz = 2.7993 B/Gs = 2.8 B/Gs. 

I n  these equat ions the  u n i t  o f  magnetic i n d u c t i o n  i s  the  Gauss (Gs). The corresponding MKS u n i t  
i s  t he  Tes la  (T) . 1T = 10'Gs . 
Note B and fB decrease w i t h  increase i n  he igh t ,  h, above the surface.  The gyrofrequency fB i s  t h e  
n a t u r a l  resonance frequency of the  e lec t rons  about a magnetic f i e l d  o f  s t r e n g t h  8. 

The v a l u e  o f  fB can be c a l c u l a t e d  from t h e  l o c a l  ground value, fBo, us ing  t h e  i n v e r s e  cube v a r i a t i o n  
w i t h  he iah t  < + h - 3  

f B  = fBo (% ) + fB0 (1 - 2) 
where ro i s  t h e  l o c a l  rad ius  o f  t h e  ea r th .  

If t h i s  i s  n o t  a v a i l a b l e ,  use the  d i p o l e  approximat ion (Sect ion  14.32). By convent ion,  h = 300 km i s  
used f o r  E l a y e r ,  h = 300 km f o r  F l aye r ,  h = 200 km when one va lue i s  used f o r  both.  

The r e l a t i o n s  between the  c r i t i c a l  frequencies fo, f x ,  f z  o f  the  o rd ina ry ,  e x t r a o r d i n a r y  and z-modes 
are: 

f x 2  - fx fB = f o 2  (1.5) 
g i v i n g  t h e  we1 1 known r u l e  

f x  - f o  1 fB/2 (1.6) 
which ho lds  prov ided f o  >> fB; 
and f z 2  + fzfB = f o 2  (1.7) 
o r  f x  - f z  = f B  (1.8) 



1-4 FUNDAMENTAL CONSIDERATIONS 

The expressions f o r  f x - f o  and f o - f z  g iven by the  magneto-e lec t ron ic  theory  are  
f x - f o  = f x f B / ( f x + f o )  

and f o - f z  = f z f B / ( f z + f o )  
which can d i f f e r  s i g n i f i c a n t l y  f rom the  usual  approximat ions 

f x - f o  = fB/2, f o - f z  = fB /2  
when f o  i s  n o t  l a r g e  compared w i t h  fB. For such cases f x - f o  i s  g r e a t e r  than fB /2  and fo-fz co r re -  
spond ing ly  s m a l l e r  so  t h a t  f x - f z  = fB.  I n  p r a c t i c e ,  the sepa ra t i on  . fx- fo does n o t  increase as r a p i d l y  
as would be expected f rom theory  when f o  decreases below fB.  However, t he  f u l l  express ion shown 
above shou ld  be used when s c a l i n g  low c r i t i c a l  f requenc ies .  I t  i s  conven ient  t o  make a  t a b l e  o r  
graph of values of  f o  corresponding t o  q iven values o f  f x ,  f z ,  us inq  t h e  l o c a l  value o f  fB. 

- 
f z  fo f B  f x 
Fig.  1.4 P a t t e r n  o f  o -  x- and z-mode t races  as f o  changes 

( a )  fo>>fa.  ( b )  f o  + fB. ( c )  f o i f B .  
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F i g .  1.6 z mode 
(a )  due t o  coup1 i n g  
( b )  due t o  s c a t t e r i n g  

(Note z t r a c e  i s  n o t  s c a t t e r e d  i n  ( b ) )  



1.05. The z mode: The z-mode t races  are generated by waves which have been propagated a long the  
magnetic f i e l d  u n t i l  they reach the z-mode r e f l e c t i o n  l e v e l ,  f z2  + f z f B  = f o 2 .  Th i s  can occur 
through coup l i ng  a t  l e v e l s  where the c o l l i s i o n  frequency i s  h i g h  o r  by s c a t t e r i n g  by i r r e g u l a r i t i e s  
o r  by  r e f l e c t i o n  i n  l a y e r s  t i l t e d  so as t o  be pe rpend icu la r  t o  the  l i n e s  o f  magnetic f i e l d .  The 
two types o f  ionogram are  very  d i s s i m i l a r  (F ig .  1.6). Coupl ing i s  impor tan t  below the  gyrofrequency 
(F igs .  1.5, 1.6) and a f fec ts  h ighe r  frequencies and h igher  l e v e l s  as t h e  d i p  approaches t h e  v e r t i c a l .  
Thus the  z t races  due t o  t h i s  cause are most complete on t h e  lowest  f requenc ies  and are most f re -  
quen t l y  observed a t  .h igh magnetic l a t i t u d e s  [A33I, F igs .  23, 24; A34F. F iq .  251, .[IIB-3 June, TIB-15 
Sept., I IB-17 Sept., 111-30 l a ] .  The z mode i s  o f t e n  observed on low frequency lonograms a t  n l g h t  
f o r  f requenc ies  below t h e  gyrofrequency (F ig .  2.5) and t h e  t r a c e  can be ' r e a d i l y  i d e n t i f i e d  by the-  
frequency separat ion  from t h e  0-and x-mode t races ,  by  i t s  smal le r  abso rp t i on  which g i ves  a s t ronger  
t r a c e  and by i t s  r e t a r d a t i o n  a t  both  fzE and foE [B I 1 1  30 l a ] .  

z -mde  echoes are  r e l a t i v e l y  comnon a t  obse rva to r i es  where t h e  magnetic d i p  i s  g rea te r  than 
65". The d i f f i c u l t y  o f  d i s t i n g u i s h i n g  a z-o mode p a i r  f rom an 0-x mode p a i r  can be minimized u s i n g  
t h e  f o l l o w i n g  c r i t e r i a :  

(a )  I n t e r p o l a t i o n  f rom t h e  sequence o f  ionograms between t imes when t h e  components can be 
i d e n t i f i e d  p o s i t i v e l y .  

( b )  The F l a y e r  z t races  a re  b e t t e r  de f i ned  and show l e s s  spread than t h e  corresponding 
o t races and a r e  o f ten  weaker. 

( c )  The x t r a c e  i s  u s u a l l y  miss ing o r ,  a t  best ,  i s  s i g n i f i c a n t l y  weakened f o r  about 0.5MHz 
above t h e  gyrofrequency and n o t  rece ived below t h e  qyrofrequency. Thus, x-mode c r i t i c a l  
f requenc ies  are  seldom observed below f B  + 0.5MHz. 

(d )  When two c r i t i c a l  f requenc ies  occur below t h e  gyrofrequency they must be a z-o p a i r .  

A t  h i g h  magnetic l a t i t u d e s  o r  when t h e  c r i t i c a l  frequency i s  near fB, t h e  z and o modes a r e  r e l a -  
t i v e l y  s t ronger  than t h e  x mode and care  i s  needed t o  avo id  confus ing z and o t races  w i t h  o and x t races .  
The x mode may be miss ing whenever the  absorp t ion  i s  s i g n i f i c a n t .  

I I 
f o F  f x E  f o F 2  f x F 2  f 

F ig .  1.7 I d e a l i z e d  ionogram when two 1 ayers are  present.  
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fbEs foEs f 

F i g ,  1.8 I d e a l i z e d  o r d i n a r y  r a y  p a t t e r n  when a t h i n  l a y e r  i s  p resen t .  
Note t h a t  t h e  q u a n t i t y  co r respond ing  t o  t h e  c r i t i c a l  f requency 
o f  a  t h i c k  l a y e r  always l i e s  between foEs and fbEs .  (Sec t i on  1 . 0 7 ( c ) )  

I 
L I _ .  -- L -_-I- 

2 3 4 5 6 MHz 7 
f a  

F i g .  1.9(a) T y p i c a l  day t i m e  ionogram w i t h  minimum v i r t u a l  h e i g h t s  h lE,  
h 'Es ,  h lF ,  h1F2,  and t h e  " p a r a b o l i c  h e i g h t "  hpF2. 
'These a r e  a1 1  r ead  f r o m  t h e  o  t r a c e  (b lack ) .  
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1.06. Most ionograms c o n t a i n  an immense amount o f  i n f o r m a t i o n  about t h e  c o n d i t i o n s  i n  t h e  ionosphere,  
b u t  t h i s  i s  i n  a  form which i s  p r o h i b i t i v e l y  i n e f f i c i e n t  f o r  many impor tan t  i n v e s t i g a t i o n s .  It i s ,  
t he re fo re ,  necessary t o  s e l e c t  c e r t a i n  f ea tu res  o f  t h e  ionogram which  a r e  p a r t i c u l a r l y  s i g n i f i c a n t  
f o r  s c i e n t i f i c  o r  ope ra t i ona l  s t u d i e s  and t o  develop techniques f o r  e v a l u a t i n g  t h e i r  c h a r a c t e r i s t i c s .  
Th is  process i s  c a l l e d  ' s c a l i n g  the  ionogram' . C l e a r l y  t h e r e  a r e  two main s teps  i n  t h e  s c a l i n g  pro-  
cess: t h e  s e l e c t i o n  o f  s i g n i f i c a n t  parameters and t h e  fo rma t i on  o f  r u l e s  f o r  recogn iz ing  and meas- 
u r i  ng t h e  s i g n i  f i c a n t  parameters. 

Usua l l y  i t  i s  s u f f i c i e n t  t o  assume t h a t  t h e  ionosphere i s  concen t r i c  w i t h  t h e  e a r t h  and s imple  
s c a l i n g  i s  based on t h i s  assumption. The ionograms can o f t e n  show when t h i s  assumption i s  n o t  t r u e  
and advanced s c a l i n g  enab'ies s i g n i f i c a n t  parameters t o  be deduced i n  these cases.  Th is  i s  more f u l l y  
exp la ined i n  sec t i ons  2.70 - 2.73. 

Ionagrams f requent1  y  show mu1 ti p l  e and m i  xed r e f l  ec t i ons  . 

A m u l t i p l e  r e f l e c t i o n  i s  t h e  name g iven t o  a  t r a c e  which has been r e f l e c t e d  from t h e  
ionosphere more than once. An echo which r e s u l t s  f rom two r e f l e c t i o n s  f rom t h e  same l a y e r ,  w i t h  an 
i n te rmed ia te  r e f l e c t i o n  f rom the  ground, i s  c a l l e d  a  second o rde r  ; t h r e e  r e f l e c t i o n s  g i v e  a  t h i r d  
order ,  and so on. Orders as h igh  as f i f t e e n  o r  more o c c a s i o n a l l y  occu r  when abso rp t i on  i s  ex t remely  
low.  These very  h i g h  orders  a re  s t i l l  be ing  r e f l e c t e d  between t h e  ground and t h e  ionosphere a f t e r  
a  t ime g r e a t e r  than t h a t  o f  t h e  t ime base p e r i o d  and consequent ly appear on t h e  ionogram. Fig.  1 .9(b)  
shows a  t y p i c a l  example o f  these ' round-the-t ime-base'  t r aces ,  o rders  8 t o  11 a r e  v i s i b l e .  

I t  i s  p o s s i b l e  f o r  mixed r e f l e c t i o n s  between the  E  and F l a y e r s  t o  occur  when sporad ic  E i s  
p resent .  The most common o f  these i s  a second o rde r  r e f l e c t i o n  f rom t h e  t o p  o f  a  sporad ic  E l a y e r  - 
t h e  M r e f l e c t i o n  a t  a  h e i g h t  (2h1F-h 'Es) .  The mixed mode F  r e f l e c t i o n  fo l l owed  b y  Es r e f l e c t i o n ,  o r  
v i c e  versa, a r e  a l s o  comnon a t  a h e i o h t  ( h ' F  + h'Es1. Both  a r e  shown i n  F i g .  1 .9 (c ) .  The M r e f l e c t i o n  
o f t e n  g ives  a  s t ronge r  t r a c e  than t h e  2F normal mode when abso rp t i on  i s  p resent ,  as i t  has o n l y  passed 
through the  absorb ing 0 r e g i o n  t w i c e  i ns teaa  o f  f o u r  t imes .  H igher  m u l t i p l e s  a l s o  occur  alld can be 
e a s i l y  i d e n t i f i e d  by  n o t i n g  t h a t  t h e  M and N t r aces  a r e  a  constant  d i s tance  (h lEs) f rom the  2F and 
1F t races ,  r e s p e c t i v e l y .  H igher  modes 2F + E, 3F - E, e t c . ,  a r e  i d e n t i f i e d  s i m i l a r l y .  A  t y p i c a l  
ionogram showing E ,  F  and mixed mode m u l t i p l e  r e f l e c t i o n  i s  shown i n  F ig .  1.9(d)  t oge the r  w i t h  t he  
mode i d e n t i f i c a t i o n s .  

Under normal c i rcumstances,  M and N r e f l e c t i o n s  are  n o t  sca led b u t  can be used o c c a s i o n a l l y  t o  
g i v e  a  numerical  value o f  foF2 when t h e  l a y e r  i s  t i l t e d  so t h a t  t h e  normal F  t races  a r e  miss ing .  

F ig .  1.9(b)  Ionogram showing very h i g h  o r d e r  F r e g i o n  r e f l e c t i o n s ,  a l s o  m u l t i p l e  
r e f l  ec t i ons .  Arrows i n d i c a t e  ' round-the-t ime-base'  t r aces .  
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1.07. The se l ec t i on  o f  p a r t i c u l a r  parameters as s i g n i f i c a n t  i s  determined by t h e i r  value f o r  f u r t h e r  
study. The main parameters are based on the features o f  the r e l a t i v e l y  simple ionograms o f t en  ob- 
ta ined a t  temperate l a t i t u d e s .  This has produced a number o f  simple, p i c t o r i a l  concepts - the c r i t -  
i c a l  frequency, the  minimum v i r t u a l  height,  the top frequency o f  an Es t race*  shown i n  idea l i zed  form 
i n  Figs. 1.7, 1.8 and on an ionogram i n  Fig. 1.9(a). 

The f o l l ow ing  de f i n i t i ons ,  se l ec t i on  ru les  and measurement conventions can be appl ied t o  any 
magneto-el ec t ron ic  component: 

(a)  Top frequency o f  a layer :  The h ighest  frequency a t  which an echo t race  i s  obtained from 
the 1 ayer a t  v e r t i c a l  incidence (weak discontinuous traces are i gnored) . 

(b) B lanket ing frequency o f  a layer :  The lowest frequency a t  which the l a y e r  begins t o  become 
transparent.  This i s  usua l l y  i d e n t i f i e d  by the appearance o f  echoes from a l a y e r  a t  g rea te r  he ight .  

( c )  C r i t i c a l  frequency o f  a layer :  The h ighest  frequency a t  which the l a y e r  r e f l e c t s  and t rans-  
m i ts  equal ly .  The d e f i n i t i o n  shows t h a t  the c r i t i c a l  frequency o f  a l a y e r  always l i e s  between i t s  
top frequency and i t s  b lanke t ing  frequency. 

I n  the  most comon case o f  a hor i zon ta l  t h i c k  layer ,  a l l  three cha rac te r i s t i c  frequencies are 
i den t i ca l ,  and are made c l e a r l y  v i s i b l e  by the r e t a rda t i on  a t  the c r i t i c a l  frequency. I n  the case 
o f  a t h i n  layer ,  the top and b lanket ing frequencies can be d i f f e r e n t .  The c r i t i c a l  frequency can, 
i n  p r i nc i p l e ,  be determined from the amplitudes o f  the  d i f f e r e n t  echoes. As t h i s  i s  impract icab le 
a t  most s ta t ions ,  both t he  top and b lanke t ing  frequency should be scaled f o r  a t h i n  layer .  This 
concept determines the ru les  f o r  s ca l i ng  Es traces. 

(d) Minimum v i r t u a l  he igh t  i s  the he igh t  a t  which the t race i s  hor i zon ta l .  For a t h i c k  l a ye r  
t h i s  can on ly  occur i f  there i s  a lower t h i c k  l a y e r  causing group re ta rda t i on  which balances the 
change o f  v i r t u a l  he igh t  w i t h  frequency due t o  the r e f l e c t i n g  1 ayer. I n  a1 1 these cases the ob- 
served minimum v i r t u a l  he i gh t  i s  above the t r u e  he igh t .  By convention, i f  the change o f  v i r t u a l  
he igh t  w i t h  frequency i s  no t  detectable a t  the lowest frequencies r e f l e c t e d  by the l a y e r  the ob- 
served value i s  considered t o  be exact ( ~ i g s .  1.4, 1.6, 1.7). 

(e) Maximum Usable Frequency (MUF): This i s  a propagation concept which i s  def ined as the 
h ighes t  frequency f o r  ionospheric transmission over an ob l ique path, f o r  a given system pe r f om-  
ance. To prevent confusion, the f o l l ow ing  d e f i n i t i o n s  have been adopted by C U R * * .  

(i ) Operational MUF i s  the h ighest  frequency t h a t  permits acceptable operat ion 
between given po in ts  a t  a given time, and under spec i f i ed  working condit ions. 

(li) Class ica l  MUF i s  t he  h ighes t  frequency t h a t  can be propagated by a p a r t i c u l a r  
mode between spec i f ied terminals by ionospheric r e f r ac t i on  alone; i t  can be 
exper imenta l ly  determined as the frequency a t  which t he  high- and low-angle 
rays merge i n t o  a s i ng l e  ray. 

(lil) Standard MUF i s  an approximation t o  the  classical MUF, t h a t  i s  obtained by app l i -  
ca t i on  o f  the conventional transmiss i o n  curve (sec t ion  1.5) t o  v e r t i c a l  - incidence 
ionograms, together  w i t h  the use o f  a distance f ac to r .  

Note: Note t h a t  the c l ass i ca l  MUF and standard MUF are t o  be app l ied  on ly  to-propagat ion 
i n v o l v i n g  the regu la r  1 ayers. 

The Operational MUF may exceed the Class ica l  MUF when ionospheric o r  ground s c a t t e r  I s  present. The 
Operational MUF may, therefore, vary w i t h  transml t t e d  power and r ece i ve r  s e n s i t i v i t y  whereas the  
Class ica l  and Standard MUF are determined by the geometry o f  the mode o f  propagation. A1 1 MllF values 
r e f e r  t o  a given d is tance and t h i s  should always be s ta ted.  These d e f i n i t i o n s  apply t o  the i nd i v i dua l  
measurements o f  MUF. Where median o r  mean MllF i s  intended the q u a l i f y i n g  words 'median' o r  'mean' 
must be included. 

- * These have been general ized by Rawer e t  al., J. A t n .  Terr. Phys., 1955, 6, 69-87 -- - 
** New Del h i ,  1970 C.C. I .R., Rec 373-2,  Vol . I 1  p a r t  2 ,  p. 45-46, pub1 ished by I .T.U. Geneva, 1971. 
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1-12 FUIJDAMENTAL CONSIDERATIONS 

1.08. Standard MUF(3000) as a  v e r t i c a l  inc idence  parameter. 

I n  p r i n c i  pie, i t  should be poss i b l e  t o  c a l c u l a t e  t h e  Standard MUF corresponding t o  a  g iven  i0n0-  
sphe r i c  t r a c e  b u t  t h e  numerical va lue depends s l i g h t l y  on t he  exac t  method o f  c a l c u l a t i o n  used. I n  
1953 t he  WWSC adopted t h e  standard t ransmiss ion  curve due t o  N. Smith, n o t i n g  t h a t  t he  o t h e r  c u r r e n t  
methods gave e s s e n t i a l l y  the  same r e s u l t s .  'The procedure descr ibed i n  sec t i on  1.5, i s  r e a l l y  a  
g raph ica l  ana l ys i s  t o  f i n d  t h e  apparent h e i g h t  o f  t h e  maximum e l e c t r o n  d e n s i t y  of  t he  l a y e r .  Th is  
exceeds t h e  r e a l  he i gh t  by an amount dependent on t h e  r e t a r d a t i o n  a t  l owe r  he igh ts .  The maximum 
usable frequency determined i n  t h i s  way depends on t he  shape o f  t h e  e l e c t r o n  d e n s i t y  p r o f i l e  and i s  
ma in ly  determined by t h e  r e a l  he i gh t  o f  maximum e l e c t r o n  d e n s i t y  and the  c r i t i c a l  frequency o f  t he  
l a y e r .  The s tandard  d is tance ,  3000 km, i s  f i x e d  by convention. It shou ld  be no ted  t h a t  t he  MUF 
f a c t o r  can have geophysical as w e l l  as p r a c t i c a l  a p p l i c a t i o n s  through i t s  c l ose  assoc i a t i on  w i t h  t h e  
h e i g h t  o f  maximum dens i t y .  

Whi le  i n  t h e  pas t  t h e  main importance o f  t h e  MUF f a c t o r  has been f o r  propagat ion a p p l i c a t i o n s ,  
i t s  ease of measurement and c lose  connect ion a t  any s t a t i o n  w i t h  t h e  he igh t  o f  maximum i o n i z a t i o n  of 
t he  r e f l e c t i n g  1  ayer  makes i t  an impo r t an t  parameter f o r  s t udy i ng  geophysical phenomena. Care must 
be taken when t he re  i s  much r e t a r d a t i o n  i n  t h e  l owe r  p a r t s  o f  t he  ionosphere s i nce  then  t he  apparent  
h e i g h t  o f  maximum deduced f rom t h e  f a c t o r  can be much h i ghe r  than t he  r e a l  he igh t .  The f o l l ow ing  
semi-empir ica l  r e l a t i o n s  have been es tab l i shed  between t h e  s tandard  MUF fac to r ,  ~ ( 3 0 0 0 ) ~ 2 ,  and the  
apparent  maximum h e i g h t  of  t he  F2 l a y e r ,  e.g. as deduced by t he  parameter hpF2 ( s e c t i o n  1.41) .  

C C I R *  hpF2 = -176 + 1490/M(3000) F2 (1.9) 

The CCIR r e l a t i o n  i s  w i d e l y  used. Un fo r t una te l y  i t  o f t e n  g ives too  h i g h  a  va lue  f o r  t he  h e i g h t  o f  
maximum of t h e  F2 l a y e r  p a r t i c u l a r l y  i n  sumner per iods .  Th is  i s  ma in l y  due t o  t h e  e f f e c t s  o f  r e -  
t a r d a t i o n  below t h e  F2 l a y e r .  'The formula shou ld  n o t  be used a t  h i g h  l a t i t u d e s .  

The r e l a t i o n  between hpF2, deduced f rom M(3000)F2 equat ion  (1.9). and some measured values o f  
hM, deduced by  a  f u l l  e l e c t r o n  d e n s i t y  ana lys is ,  i s  shown i n  F ig .  1.10. Measured values o f  M(3000)F2 
and hM are  p l o t t e d  as points.*** 

m a .  .- -L-.- -. .- 
0 . ..m . --..---.-... ... . ..-.. qr .+...... .... *.L.+-L--. (.-- . . . .  ....... -.?C .--. . . . .  
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-----. - . . . .Y-.. - . ... .... I: . .  0,320 a -  Medium Latitude Night - Time 

0. March 22- 31,1958 
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Bogota 
  rand Bahama 
Puerto Rico 
Belvoir 

Fig .  1.10 C o r r e l a t i o n  between l/M(3000)F2 and h ~ ( k m )  f o r  n i g h t  hours, medium l a t i t u d e  

* Shimazaki, T., J. Radio Res. Lab., Japan 2, 85-97, 1955 ** Lyon, A. J.  and Thomas, L,, J. Atmos.  err. Phys. ,3,  373-386, 1963 
*** Wright,  J. W. and McDuf f ie ,  R. E., J .  Radio Res. Lab., Japan 7, 409-420, 1960 
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1.09. For  the  purposes o f  e v a l u a t i n g  o b l i q u e  inc idence  ionograms, URSI recommends t h e  term J u n c t i o n  
Frequency (JF)  f o r  t h e  C l a s s i c a l  MUF, and t h e  te rm Est imated J u n c t i o n  Frequency (EJF) f o r  t h e  Stand- 
a r d  MUF which i s ,  however, widened t o  ' i nc lude  o t h e r  methods o f  e s t i m a t i o n .  -These d i s t i n c t i o n s  a r e  
n o t  i m p o r t a n t  ir v e r t i c a l  i nc idence  a n a l y s i s  where a l l  measurements r e f e r  t o  the  Standard MUF as 
d e f i n e d  by CCI R . 

Maximum'Observed Frequency (MOF), i s  t h e  h i g h e s t  f requency t h a t  can be d e t e c t e d  on an ob l ique-  
i n c i d e n c e  ionogram. 

1.1 Conventions f o r  I d e n t i f y i n g  C r i t i c a l  and C h a r a c t e r i s t i c  Frequencies 

1.10. The main r e f l e c t i n g  l a y e r s  vary i n  h e i g h t  w i t h  t ime, and near  s u n r i s e  and sunset,  when the  
s o l a r  z e n i t h  angle i s  near  90°, t r a c e s  due t o  normal E  can be found a t  remarkably  l a r g e  h e i g h t s .  
Apar t  f rom these t imes a  u s e f u l  general gu ide i s  t h a t  F - layer  t r a c e s  a r e  m a i n l y  found  above 200 krn, 
o r  a r e  cont inuous w i t h  t r a c e s  above t h i s  he igh t ,  whereas E - l a y e r  t r a c e s  a re  found below 150 km, 
u s u a l l y  neare r  100 t o  130 km. 

Wi th  the  excep t ion  o f  f x I  ( s e c t i o n  1.22) ,  i n t e r n a t i o n a l  frequency parameters areadef ined by 
the  o r d i n a r y  wave component ( F i g .  1.11). For  each c h a r a c t e r i s t i c ,  t h e r e  i s  a  corresponding e x t r a -  
o r d i n a r y  wave f requency def ined i n  t h e  same way b u t  w i t h  o r d i n a r y  wave rep laced  by e x t r a o r d i n a r y  
wave i n  t h e  d e f i n i t i o n .  

1.11. foF2: The o r d i n a r y  wave c r i t i c a l  f requency o f  t h e  h i g h e s t  s t r a t i f i c a t i o n  i n  the  F  r e g i o n  i s  
t o  be c a l l e d  t h e  F2 c r i t i c a l  frequency, foF2. Th is  conven t ion  a p p l i e s  when amb igu i t i es  a r e  caused 
by t h e  presence of F1.5 o r  o t h e r  s t r a t i f i c a t i o n s  b u t  n o t  i n  t h e  case where foF2 i s  known t o  be below 
foF1, P a r t i c u l a r  care i s  necessar,y a t  h i g h - l a t i t u d e  s t a t i o n s  where foF2 can be l e s s  than f o F l  f o r  
1  ong p e r i o d s  . 
1.12. . f o ~ l . 5 :  The o r d i n a r y  wave c r i t i c a l  f requency o f  t h e  i n t e r m e d i a t e  s t r a t i f i c a t i o n  between F1 
and F2 t h a t  i s  o f t e n  observed a t  c e r t a i n  m idd le  and low l a t i t u d e  s t a t i o n s  (used f o r  l o c a l  o r  r e g i o n a l  
s t u d i e s ) .  

1.13. foF1: The o r d i n a r y  wave F1 c r i t i c a l  f requency a t  low and h i g h  l a t i t u d e s  i s  t o  be i d e n t i f i e d  
by t h e  c o n d i t i o n s  of c o n t i n u i t y  w i t h  F1 a t  temperate l a t i t u d e s .  A t  temperate l a t i t u d e s  t h i s  i s  
u s u a l l y  m o s t l y  p resen t  i n  surmer months, though the  inc idence  v a r i e s  w i t h  s o l a r  c y c l e .  A t  low l a t -  
i t u d e s  t h e  genera l  s t r u c t u r e  o f  t h e  F  l a y e r  i s  more compl i ca ted  and i t  i s  o f t e n  imposs ib le  t o  iden-  
t i f y  any r e g u l a r  l a y e r  cont inuous w i t h  t h e  temperate l a t i t u d e  F1 l a y e r .  I n  t h i s  case no a t tempt  t o  
t a b u l a t e  f o F l  shou ld  be made. The r a t i o  f o F l / f o E  f o r  a  g iven  s t a t i o n  i s  u s u a l l y  remarkably constant ,  
though i t  v a r i e s  s l i g h t l y  w i t h  p o s i t i o n .  T h i s  can be used as a  guide when t h e  i n t e r p r e t a t i o n  i s  
d o u b t f u l .  

1.14. foE: The o r d i n a r y  wave c r i t i c a l  frequency cor respond ing  t o  t h e  l o w e s t  t h i c k  l a y e r  s t r a t i f i -  
c a t i o n  i n  t h e  E r e g i o n  which causes a  d i s c o n t i n u i t y  i n  t h e  h e i g h t  o f  the  E t race .  I n  t h e  absence 
o f  b l a n k e t i n g  low-type Es, t h e  t r a c e  g i v i n g  foE must be cont inuous i n  h e i g h t  w i t h  t h e  whole E  t r a c e ,  
o therw ise  i t  i s  E2. When the  i d e n t i f i c a t i o n  o f  t h e  a p p r o p r i a t e  d i s c o n t i n u i t y  i s  d o u b t f u l  t h e  
c r i t i c a l  frequency which i s  most n e a r l y  cont inuous w i t h  t h a t  found f rom t h e  sequence o f  ionograms 
o r  a t  t h e  corresponding t ime on o t h e r  days, i s  adopted as t h e  normal E- layer  c r i t i c a l  frequency. 
P a r t i c u l a r  care i s  necessary when an E2 t r a c e  may be p r e s e n t  and t h e  E  t r a c e  i s  n o t  v i s i b l e  be- 
cause o f  b l a n k e t i n g  (A) * ,  a b s o r p t i o n  ( B ) ,  o r  because t h e  t r u e  va lue  o f  foE i s  below the  lower  l i m i t  
o f  t h e  ionosonde (E) .  I n  t h e  presence o f  b l a n k e t i n g  Es o f  t h e  cusp type  ( s e c t i o n  4.83) the  E t r ? c n  
may need t o  be e x t r a p o l a t e d  ( s e c t i o n  4.24) i n  o r d e r  t o  o b t a i n  t h e  c r i t i c a l  f requency.  By convent ion 
e n t r i e s  o f  foE a r e  o m i t t e d  a t  hours when normal E  i s  n o t  norma l l y  observed, which i: u s u a l l y  because 
foE i s  below t h e  minimum frequency o f  t h e  ionosonde. 

1.15 P a r t i c l e  E: The ionogram shows t h e  presence o f  a  t h i c k  l a y e r  i n  t h e  E  r e g i o n  w i t h  a  c r i t i c a l  
frequency s i g n i f i c a n t l y  g r e a t e r  than  t h a t  o f  normal E  (1.14). I n  most cases p a r t i c l e  E  can be 
a t t r i b u t e d  t o  d i r e c t  o r  i n d i r e c t  i o n i z a t i o n  by p a r t i c l e  a c t i v i t y .  P a r t i c l e  E always causes group 
r e t a r d a t i o n  i n  any t r a c e s  f rom h i g h e r  l a y e r s ,  and t h i s  r e t a r d a t i o n  near  foE i s  s u f f i c i e n t  t o  i d e n t i f y  
t h e  c r i t i c a l  f requency.  T r a d i t i o n a l l y  t h i s  t r a c e  was c a l l e d  n i g h t  E  as t h e  c r i t i c a l  frequency o f  t h e  
normal E  was below t h e  lowes t  recordab le  frequency a t  n i g h t .  F o r t u n a t e l y ,  i n  a lmost  a l l  p r a c t i c a l  
cases, t h e  d i f f e r e n c e  between t h e  c r i t i c a l  f requency o f  t h e  p a r t i c l e  E  and o f  normal E  i s  l a r g e  -- 
much l a r g e r  than  t h e  d i f f e r e n c e s  between foE and foE2 (1.16). Thus a t  n i g h t  when foE f o r  normal E 
i s  between 300 kHz and 500 kHz p a r t i c l e  E u s u a l l y  g ives  foE above lMHz -- o f t e n  up t o  about 5 MHz. 
P a r t i c l e  E  i s  o f t e n  preceded o r  f o l l o w e d  by r e t a r d a t i o n  t y p e  Es ( E s - r )  o r  a u r o r a l  t ype  Es (Es-a); 
i n  such cases foE u s u a l l y  v a r i e s  r a p i d l y  w i t h  t ime.  When p a r t i c l e  E i s  p resen t ,  as i n d i c a t e d  by  
r e t a r d a t i o n  o f  t h e  t r a c e s  f rom h i g h e r  l a y e r s  o r  b y  t h e  c h a r a c t e r  o f  the  E  t r a c e  (see s e c t i o n  3.2 
l e t t e r  K  and s e c t i o n  4.24) i t  i s  i d e n t i f i e d  i n  t h e  t a b u l a t i o n s  by d e s c r i p t i v e  l e t t e r  K ( foE,  foEs, 
fbEs, h ' E ,  h 'Es  and Es t y p e  t a b l e s ) .  Note r e t a r d a t i o n  o f  a  h i g h e r  t r a c e  i s  enough t o  i d e n t i f y  
p a r t i c l e  E  ( foE) -K  i f  i t  obeys t h e  d e f i n i t i o n  g iven  above. P a r t i c l e  E  norma l l y  b l a n k e t s  normal E  
b u t  i s  sometimes seen a t  g r e a t e r  he igh ts  up t o  about 170 km. 

* For  e x p l a n a t i o n  o f  i e t t e r  symbols see Chaoter 3. 
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FUI.IDA14ENTAL CONSIDERATIONS 

fmin  foE foE2 foFl foF2 fmin foE foFO.5 foFl foF2  
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F i g .  1.12 D i s t i n c t i o n  between €2 and F0.5. In ( b )  h ' F  should be w r i t t e n  (hlF)UH 
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F i g .  1.11 Standard h e i g h t  and frequency parameters. 



NEW PARAMETERS 1-15 

1.16. foE2: The c r i t i c a l  frequency o f  an o c c u l t i n g  t h i c k  l a y e r  which sometimes appears between t h e  
normal E d  F1 l aye r s .  When t he  c r i t i c a l  frequency shows a  d i s c o n t i n u i t y  (e.g. a  t r u e  cusp) w i t h  
the  F  t r a c e  i t  i s  t abu la ted  as foE2; when t h e  t r ace  shows a  maximum b u t  no cusp t abu la te  as foF0.5 
(F ig .  1 .12) .  S ince t h i s  i s  always t r a n s i t o r y ,  the  value o f  h ' F  ( s e c t i o n  1.32) i s  n o t  r ep resen ta t i ve  
and i s  made doub t f u l .  The c h a r a c t e r i s t i c s  foF0.5, foE2 are o n l y  reduced f o r  l o c a l  o r  reg iona l  s t ud i es  
and more r e s t r i c t i v e  conventi,ons are a l lowab le ,  i f  desi red,  f o r  these purposes. 

1.17. foEs: The o rd i na r y  wave t o p  frequency corresponding t o  t h e  h i ghes t  frequency a t  which a  ma in ly  
cont inuous Es t r a c e  i s  observed. It f o l l o w s  from the  d e f i n i t i o n  t h a t  foEs t o  some e x t e n t  depends on 
t h e  c h a r a c t e r i s t i c s  o f  t he  ionosonde (see d e t a i l e d  i n s t r u c t i o n s  i n  Chapter 4 ) .  

1.18. fbEs: The b l a n k e t i n g  frequency o f  an Es l aye r ,  i .e. t h e  lowes t  o rd i na r y  wave frequency a t  
which t m s  l a y e r  begins t o  become t ransparen t .  Th is  i s  u s u a l l y  determined f rom the  minimum f r e -  
quency a t  which o rd i na r y  wave r e f l e c t i o n s  of  the  f i r s t  o rde r  a re  observed f rom a  l a y e r  a t  g rea te r  
he igh ts  (see d e t a i l e d  i n s t r u c t i o n s  i n  Chapter 4 ) .  

1.19. fmin: The l owes t  frequency a t  which echo t races  a re  observed on t h e  ionogram. L o g i c a l l y  
fmin shou ld  always r e f e r  t o  t h e  0-mode t race .  I n  p rac t i ce ,  however, t he  d i s t i n c t i o n  between o-rode 
and z-mode i s  o f t e n  d i f f i c u l t  t o  make accura te ly .  The ga in  i n  i n f o r m a t i o n  i s  smal l  s ince  fmin f o r  
t h e  o-mode i s  n o t  u s u a l l y  determined by absorp t ion  i n  these cases. Cases where t h e r e  i s  evidence 
t h a t  fm in  i s  g iven  by a  z-mode t r a c e  should be descr ibed  by l e t t e r  Z.; The convent ion i s  t h a t  -ob l ique  
o r  m u l t i p l e  o r d e r  t races  are ignored  and a l so  any very weak r e f l e c t i o n s  f r om  t h e  D r eg i on  (see de- 
t a i l e d  i n s t r u c t i o n s  i n  Chapter 2).  

1.2 New Parameters 

1.20. The URSI/STP Committee a t  Ottawa September 1969 approved and recommended the  use o f  c e r t a i n  new 
ionogram parameters n o t  used i n  p rev ious  years.  The d e f i n i t i o n s  a re  g iven  here and t h e  d e t a i l e d  
r u l e s  f o r  e v a l u a t i n g  and t a b u l a t i n g  'them are c o l l e c t e d  i n  Chapter 3. For  completeness t he  d e f i n i t i o n s  
o f  c e r t a i n  parameters used ma in ly  f o r  l o c a l  o r  r eg i ona l  s t ud i es  are a l s o  i nc l uded  i n  t h i s  sec t i on .  

1.21. Spread F  index, f x I :  The URSI/STP Committee**, n o t i n g  t h a t  a  measure o f  t h e  t o p  frequency o f  
spread F i s  u r g e n t l y  r e q u i r e d  f o r  CCIR purposes and a l s o  has s c i e n t i f i c  i n t e r e s t ,  and t h a t  a proposal  
t o  i n t r oduce  such an index  has been w ide l y  supported by those respons ib l e  f o r  s t a t i o n s ,  recommends 
t h a t  a  new ionospher ic  parameter denoted f x I  ( w i t h  computer symbol 51) be adopted f o r  i n t e r n a t i o n a l  
ana lys is ,  t a b u l a t i o n  and normal c i r c u l a t i o n  through WDCs and o t h e r  p u b l i c a t i o n  methods, de f ined  and 
app l i ed  accord ing  t o  t h e  i n s t r u c t i o n s  fo l low ing .  I t  i s  recommended t h a t  a l l  s t a t i o n s  a t  h i g h  l a t i -  
tudes o r  s u b j e c t  t o  e q u a t o r i a l  spread F t a b u l a t e  and c i r c u l a t e  t h i s  parameter, and t h a t  s t a t i o n s  a t  
o t he r  l a t i t u d e s  be i n v i t e d  t o  vo l un tee r  t o  ana lyze ' the  parameter as a  t r i a l .  Tests a re  p a r t i c u l a r l y  
impor tan t  a t  s t a t i o n s  where t h e  spread o f  f requenc ies  o f  spread F  o f t e n  exceeds fB/2 a t  c e r t a i n  hours. 
I t  i s  very  impo r t an t  t o  measure f x I  a t  s t a t i o n s  where spread F  causes t h e  foF2 count  t o  be small  a t  
c e r t a i n  hours.  Spread F  r u l e s  a re  g iven  i n  Sec t ion  2-8. 

The parameter f x I  i s  def ined as the  h i ghes t  frequency on which r e f l e c t i o n s  f rom t h e  F  r eg i on  a re  
recorded independent of  whether they  a re  r e f l e c t e d  overhead o r  a t  ob l i que  inc idence .  Thus, f x I  i s  
t h e  t o p  frequency o f  spread F  t races  i n c l u d i n g  p o l a r  o r  e q u a t o r i a l  spurs, b u t  n o t  i n c l u d i n g  ground 
back s c a t t e r  t races .  Since t h i s  parameter can be ga in  s e n s i t i v e  i t  shou ld  always be measured us i ng  
t he  normal ga i n  ionogram. Specia l  ca re  i s  needed when f o I  ( f o I  = f x I  - fB/2)  i s  near o r  below fB  
s i nce  abso rp t i on  can then h i de  f x I .  D e t a i l e d  r u l e s  a re  g iven  i n  s e c t i o n  3.3. 

1.22. Frequency spread d fS :  For s c i e n t i f i c  work, t he  frequency spread o f  t h e  s c a t t e r  p a t t e r n  has 
been measured a t  a  number o f  s t a t i o n s  and i s  recognized as an i n t e r n a t i o n a l  p a r a m e t e ~ . f o r  in te rchange 
on a vo l un ta r y  bas is .  The symbol dfS i s  adopted f o r  t h i s .  There a re  as y e t  no recognized i n t e r -  
na t i ona l  conventions f o r  t h i s  parameter  (see s e c t i o n  7.34) which seems t o  have f a l l e n  o u t  of use and 
may be ignored.  

The parameter d fS  i s  p r o v i s i o n a l l y  de f i ned  as t h e  t o t a l  w i d t h  i n  trequency o t  trequency 
s p r e a d r a c e s  f o r  t he  F  l a y e r .  The lower  boundary i s  de f i ned  by t he  z  o r  o  mode, t he  upper by t h e  
x  mode. Since dfS i s  p a r t i c u l a r l y  use fu l  f o r  reg iona l  s t ud i es  agreement shou ld  be sought w i t h  
c o l l a b o r a t i n g  i n s t i t u t e s .  I f  and when i n t e r n a t i o n a l  conventions are agreed, these w i l l  be pub1 i shed  
i n  t h e  URSI and INAG In fo rmat ion  B u l l e t i n s .  

1.23.. fmI: The lowes t  frequency a t  which frequency spread t races  are observed f o r  t h e  F  l a y e r .  
Th is  i s  o f t e n  equal t o  foF2. 

1.24. M i t o r i n g  o f  absorp t ion  by ionosondes : The v a r i a t i o n  o f  absorp t ion  w i t h  p o s i t i o n  and t ime 
appears t o  be more compl icated than can be adequately moni tored by e x i s t i n g  absorp t ion  s t a t i o n s .  
The URSI/STP has t he re fo re  adopted a  new a d d i t i o n a l  parameter, fm2. 

* For exp lana t ion  o f  l e t t e r  symbols see Chapter 3 
** URSI B u l l e t i n  No. 169 December 1968 p. 56.  
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D e f i n i t i o n :  fm2 i s  d e f i n e d  as t h e  minimum f requency  o f  t he  second o r d e r  t r a c e .  S ince  t h e  
abso rp t i on  l o s s  i n  dB i s  t w i c e  as g r e a t  f o r  t h e  second o r d e r  t r a c e  as f o r  t h e  f i r s t ,  fm2 i s  more 
s e n s i t i v e  t o  abso rp t i on  changes and l e s s  t o  equipment des ign  than  i s  fm in .  I t  can o n l y  be used 
when two t r aces  a re  u s u a l l y  a v a i l a b l e  and i s  n o t  va l uab le  when fm2 = foE.  

The f o l l o w i n g  a c t i o n s  w i l l  g i v e  an improved measure o f  a b s o r p t i o n  f o r  s y n o p t i c  purposes and 
shou ld  be adopted, as app rop r i a t e :  

(a )  A t  s t a t i o n s  where fmin i s  ma in l y  determined by abso rp t i on ,  a t  l e a s t  when i t  i s  appre- 
c i a b l e ,  t h e  o p e r a t i o n  o f  t h e  ionosonde shou ld  be such as t o  make t h e  fm in  values con- 
s i s t e n t .  I n  p a r t i c u l a r  i n  any month, d i u r n a l  ga i n  changes shou ld  be  made a t  f i x e d  
t imes  o f  day o n l y  and t h e  ga in  a t  f i x e d  t i m e  be kep t  as cons tan t  as poss i b l e .  Where 
p o s s i b l e  t h e  t imes  and ga in  changes i n  dB shou ld  be recorded and c i r c u l a t e d  w i t h  t h e  
f m i n  da ta .  

A t  s t a t i o n s  where the  fm in  f o r  t h e  second o r d e r  t r a c e ,  fm2, i s  ma in l y  determined by 
abso rp t i on ,  measurements o f  fm2 w i  11 usual  1 y  show abso rp t i on  changes more accurate1 y  
t han  fm in  and be l e s s  s e n s i t i v e  t o  i n t e r f e r e n c e  and equipment c h a r a c t e r i s t i c s .  

( b )  With some h i g h  s e n s i t i v i t y  t ypes  o f  ionosonde fm in  seldom shows changes o f  abso rp t i on  
excep t  d u r i n g  ve r y  l a r g e  even ts .  For such equipments, fm2 should b e  reduced and c i r c u l a t e d  
i ns tead  o f  o r  i n  a d d i t i o n  t o  fm in .  Note when fm in  i s  n o t  t abu la ted ,  t h e  a p p r o p r i a t e  va l ue  
of  fm in  should always be shown i n  t a b l e s  o f  o t h e r  parameters when t h e  parameter i s  below 
fmin, i .e.,  . . . EB; . . . ES cases. (Chapter  3 ) .  The s u b s t i t u t i o n  o f  fm2 f o r  fm in  a t  
s t a t i o n s  i n  group (a )  i s  p r e f e r r e d  when l o c a l  exper ience  shows t h a t  t h i s  g i v e s  a b e t t e r  
d e s c r i p t i o n  o f  abso rp t i on  changes. 

1.25. fm3: The parameter  fm3 i s  d e f i n e d  as t h e  l owes t  f requency f o r  t h e  t h i r d  o r d e r  r e f l e c t i o n  
(used o n l y  f o r  1  oca l  o r  r e g i o n a l  s t u d i e s ) .  The measurement o f  abso rp t i on  i s  more f u l l y  desc r i bed  
i n  Chapter  12. 

1.26. foI: f o I  i s  t h e  o-mode c h a r a c t e r i s t i c  corresponding t o  t h e  x-mode c h a r a c t e r i s t i c ,  f x I ,  ( n o t  
i n  use a t  p resen t  excep t  i n  exp lana t i ons ) .  

1 .3  Conventions f o r  I d e n t i f y i n g  and S c a l i n g  V i r t u a l  He igh ts  

1.30. The minimum v i r t u a l  h e i g h t  o f  r e f l e c t i o n  can o n l y  be determined a t  a  p o i n t  where t h e  t r a c e  
i s  e s s e n t i a l l y  h o r i z o n t a l .  I n  general ,  minimum v i r t u a l  h e i g h t s  shou ld  o n l y  be sca led  when t h i s  
condition i s  met w i t h i n  t h e  accuracy r u l e s ,  s e c t i o n  2.2. See use o f  E  (Chapter  3 ) .  

1.31. I n  c e r t a i n  cases u s e f u l  i n f o rma t i on  can be ob ta i ned  even when t h e  t r a c e  i s  n o t  h o r i z o n t a l .  
These occur  when t h e  t r a c e  i s  b l anke ted  by a  l owe r  l a y e r  o r  i s  s t i l l  f a l l i n g  a t  t h e  l owes t  f r e -  
quency of  t h e  ionogram. I n  these cases t h e  minimum h e i g h t  observed shou ld  be q u a l i f i e d  by E and 
i n t e r p r e t e d  'minimum v i r t u a l  h e i g h t  l e s s  than  . . . ' . 

Note t h a t  when t h e  t r a c e  shows an i n f l e c t i o n  p o i n t  w i t h  a  h o r i z o n t a l  t angen t  h 'F2  can be d e t e r -  
mined; i f  i t  shows an i n f l e c t i o n  p o i n t  w i t h o u t  a  h o r i z o n t a l  tangent ,  no measurement i s  p o s s i b l e  and 
t h e  symbol L a lone  i s  used. T r a n s i e n t  s t r a t i f i c a t i o n s  a re  t o  be d is regarded  i n  r o u t i n e  sca l i ng ,  
excep t  t h a t  t h e i r  presence i s  i n d i c a t e d  by  t h e  d e s c r i p t i v e  l e t t e r s  H o r  V. 

.'a 

1.32. - h ' F :  The minimum v i r t u a l  h e i g h t  of  t h e  o r d i n a r y  wave F  t r a c e  taken as a  whole. 

1.33. h1F2:  The minimum v i r t u a l  h e i g h t  o f  t h e  o r d i n a r y  wave t r a c e  f o r  t h e  h i g h e s t  s t a b l e  s t r a t i f i -  
c a t i o n  i n e  F r eg i on .  

1.34. u: The minimum v i r t u a l  h e i g h t  o f  t h e  normal E  l a y e r  taken  as a  whole. 

1.35. m: The minimum h e i g h t  o f  t h e  t r a c e  used t o  g i v e  t h e  foEs da ta .  

1.36. h 'E2 :  The minimum v i r t u a l  h e i g h t  of  t h e  o r d i n a r y  wave E2 - l aye r  t r a c e  (used f o r  l o c a l  o r  
r e g i o n a m u d i e s  o n l y ) .  

1.37. h l I :  The minimum. v i r t u a l  s l a n t  range o f  t h e  t r aces  which de te rmine  fx1  ( i n  use on a  
v o l u n t a F b a s i s )  . 
1.38. h'F1.5: The minimum v i r t u a l  h e i g h t  of t h e  o r d i n a r y  wave t r a c e  between f o F l  and foF1.5 
(used f o r  l o c a l  o r  r e g i o n a l  s t u d i e s  o n l y ) .  

1.39. m: The v i r t u a l  h e i g h t  o f  t h e  x  t r a c e  a t  foF2 (used f o r  l o c a l  o r  r e q i o n a l  s t ud i es  o n l y ) .  
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MUF FACTOR CONVENTIONS 

1.4 Convent ions f o r  De te rm in i ng  Other  H e i g h t  Parameters 

1.40. C e r t a i n  i n d i r e c t  measures o f  t h e  h e i g h t  o f  t h e  maximum d e n s i t y  o f  t h e  F  l a y e r  a r e  i n  use and 
t h e i r  d e f i n i t i o n s  a re  g i v e n  below.  Note t h a t  t hese  a re  n o t  exac t ,  t h e  v a l u e  o b t a i n e d  depends on t h e  
t echn ique  used and t h e  parameter  shou ld  o n l y  be t a b u l a t e d  u s i n g  t h e  i n t e r n a t i o n a l  symbol i f  t h e  i n t e r -  
n a t i o n a l  r u l e s  have been adopted. 

1.41. @: The v i r t u a l  h e i g h t  o f  t h e  o r d i n a r y  wave mode a t  t h e  f requency  g i v e n  b y  0.834 foF2.  
Fo r  a  s i n g l e  p a r a b o l i c  l a y e r  w i t h  no u n d e r l y i n g  i o n i z a t i o n  t h i s  i s  equa l  t o  t h e  a c t u a l  h e i g h t  o f  
t h e  maximum o f  t h e  l a y e r .  I n  p r a c t i c e  t h i s  i s  u s u a l l y  h i g h e r  t han  t h e  t r u e  h e i g h t  o f  maximum. 
A t  s t a t i o n s  a t  l ow  d i p  l a t i t u d e s ,  o r  when foF2 i s  l e s s  t h a n  about  1.3 foF1, hpF2 i s  h i g h l y  m i s l ead -  
i n g .  F o r  t h i s  reason i t  i s  n o t  recommended f o r  ~ e n e r a l  use. (Wr i .  h t ,  J .  W .  and McDuf f ie ,  R. E. ,  
J .  Radio Res. Lab . ,  Japan, - 7  409-420, 1960.  See a l s o  S e c t i o n  1 . 0 4 .  

1.42. hc: The h e i g h t  o f  t h e  maximum o b t a i n e d  by  f i t t i n g  a  t h e o r e t i c a l  h ' f  c u r v e  f o r  t h e  pa rabo la  
o f  b e s t f i t  t o  t h e  observed  o r d i n a r y  wave t r a c e  n e a r  foF2  and c o r r e c t i n g  f o r  u n d e r l y i n g  i o n i z a t i o n  
(See Chapte r  10, s e c t i o n  10.33, 10.4) .  

1.43. w: The h e i g h t  o f  maximum o b t a i n e d  by f i t t i n g  a  t h e o r e t i c a l  h ' f  cu r ve  f o r  t h e  pa rabo la  o f  
b e s t  f it t o  t h e  observed o r d i n a r y  wave t r a c e  nea r  foF2 w i t h o u t  c o r r e c t i n g  f o r  u n d e r l y i n g  i o n i z a t i o n .  
No te  f o r  hc  and hmF2 t h e  cu r ve  f i t  i s  made f o r  f r equenc ies  g r e a t e r  t h a n  0.9 foF2. 

1.44. Values o f  t h e  h e i g h t  o f  maximum deduced u s l n g  f u l l  computer  methods a p p l i e d  t o  b o t h  o-and x -  
mode t r a c e s  a r e  u s u a l l y  denoted hmaxF2 o r  h(Nm). 

1.5 Convent ions f o r  De te rm in i ng  MUF Fac to r s  

1.50. MIJF f a c t o r s  were o r i g i n a l l y  i n t r o d u c e d  as conve rs i on  f a c t o r s  f o r  o b l i q u e  p r o p a g a t i o n  computa- 
t i o n s .  The Maximum Usable Frequency co r respond ing  t o  a c e r t a i n  d i s t a n c e  can be e s t i m a t e d  b y  m u l t i -  
p l y i n g  t h e  c r i t i c a l  f requency  of  t h e  l a y e r  under  c o n s i d e r a t i o n  by t h e  co r respond ing  MUF f a c t o r .  T h i s  
d e f i n i t i o n  cor responds  t o  a  r a t h e r  s i m p l i f i e d  p r o p a g a t i o n  model and i t  i s  now known t h a t  t h i s  Stand- 
a r d  MUF i s  n o t  n e c e s s a r i l y  i d e n t i c a l  w i t h  t h e  Ope ra t i ona l  MUF o f  a  r a d i o  c i r c u i t .  Never the less ,  MUF 
f a c t o r s  a r e  e x t r e m e l y  u s e f u l  as a  b a s i c  parameter  f o r  p r a c t i c a l  p r e d i c t i o n s .  

The s t anda rd  t r a n s m i s s i o n  cu r ve  g i v e s  t h e  r a t i o  o f  t h e  e q u i v a l e n t  v e r t i c a l  and 3000 km o b l i q u e  
i n c i d e n c e  f r equenc ies  wh ich  a r e  r e f l e c t e d  f r om  a  g i v e n  v i r t u a l  h e i g h t  assuming a  s t anda rd  simp1 i f i e d  
p ropaga t i on  model.  Where 3000 km i s  adopted as a conven ien t  conven t i ona l  d i s t a n c e ,  t h e  p rocedure  
p rov i des  a  s i m p l e  g r a p h i c a l  s o l u t i o n  o f  t h e  c a l c u l a t i o n  o f  t h e  s t anda rd  MUF (3000)  and a l s o  o f  t h e  
co r respond ing  MUF f a c t o r  wh i ch  i s  d e f i n e d  by 

where f o  i s  t h e  o r d i n a r y  wave c r i t i c a l  f requency .  

The shape o f  t h e  t r a n s m i s s i o n  cu r ve  i s  d e f i n e d  by t h e  r a t i o  a t  each v i r t u a l  h e i g h t  g i ven  i n  
t h e  t ab1  e  be1 ow. ,a 

R a t i o  -220 .247 .274 -300 .325 -372 .417 .455 .490 

MUF f a c t o r  

I f  t h e  ionogram has a  l o g a r i  thrnic f requency  sca le ,  t h e  s t anda rd  t r a n s m i s s i o n  cu r ve  i s  made i n  
t h e  f o rm  o f  a  t r a n s p a r e n t  s l i d e r  ( F i g .  1 .13) .  The absc i ssa  s c a l e  o f  t h e  s l l d e r  i s  expressed as t h e  
MUF f a c t o r  g i v e n  above u s i n g  t h e  same s c a l e  u n i t s  as t h e  f requency  s c a l e  o f  t h e  ionogram b u t  I n  
o p p o s i t e  sense. When t h i s  c u r v e  i s  moved a l ong  t h e  f r equency  a x i s  u n t i l  i t  j u s t  touches t h e  o r d i n a r y  
r a y  t r a c e  ( t h e  h e i g h t  s c a l e s  ag ree ing  a t  t h e  t a n g e n t  p o i n t )  t h e  absc issa  v a l u e  g i ven  on t h e  s l i d e r  
a t  t h e  c r i t i c a l  f r equency  o f  t h e  l a y e r  i s  t h e  f a c t o r  M(3000) f o r  t h i s  l a y e r  (F i g .  1.14). If t h e  
ionogram has a  f requency  s c a l e  o t h e r  t han  l o g a r i t h m i c  a  s e t  o f  s t a n d a r d  MUF curves  i s  p repa red  f r om  
t h e  s t anda rd  t r a n s m i s s i o n  curve,  each cu r ve  co r respond ing  t o  a  c e r t a i n  MUF va lue  ( F i g .  1.15 ) .  The 
cu r ve  wh i ch  j u s t  touches t h e  t r a c e  g i v e s  t h e  MUF; t h e  M(3000) i s  o b t a i n e d  b y  d i v i s i o n  b y  t h e  c r i t i c a l  
f requency of t h e  co r respond ing  1  aye r .  
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M - Factor 1 0 8 6  4 3 2 I 

I I I I I 

Frequency scale on ionogram MHz 

Fig.  1.13 MUF f a c t o r  s l i d e r .  

Frequency scale on ionogram MHz 

M - Factor 1 0 8  6 4 3  2 I 

F ig .  1.14 Use o f  MUF f a c t o r  s l i d e r .  
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SOUNDING SCHEDULE 

M U  F 3 0 0 0 K M  U  R 19 
RANGES 1-4 

MClS 
K M  2 3 d 5 b 7 8 9 1 0  15 2 0  

F ig .  1.15 Typ i ca l  o v e r l a y  f o r  f i n d i n g  MUF's and MlJF fac to rs  f o r  ionograms w i t h  
non-1 o g a r i  thmi c frequency sca les .  

1.6 C h a r a c t e r i s t i c s  t o  be Scaled 

1.61. M o n i t o r i n g  t h e  ionosphere demands t h a t  foF2, M(3000)F2 and a reasonably s i g n i f i c a n t  ya lue  
f o r  foEs, o r  parameters which can be conver ted i n t o  these, must be a v a i l a b l e  f rom a l l  s t a t i o n s .  
These a re  w i d e l y  recognized as impor tan t  parameters f o r  s c i e n t i f i c  research also.  The parameters 
fmin and fm2 (See Sect ion  1.19 and 1.24) a r e  a l s o  p a r t i c u l a r l y  s i g n i f i c a n t  bo th  as an index o f  t h e  
behav ior  o f  t h e  ionosonde and as an index o f  impor tan t  changes i n  absorp t ion .  (See Chapter 12). 

The f o u r  parameters, foF2, M(3000)F2, foEs and fm in  are, t h e r e f o r e ,  t h e  most impor tan t  para- 
meters and shou ld  be c i r c u l a t e d  by a l l  s t a t i o n s  i n  t h e  fo rm o f  monthly t a b l e s  o f  h o u r l y  values 
arranged so as t o  be convenient  f o r  manual o r  machine man ipu la t i on .  

1.62. There i s  general  agreement t h a t  t he  impor tan t  parameters f o r  wor ld-wide r e d u c t i o n  and c i r -  
c u l a t i o n  are  a t  p resent :  

(a)  Frequencies: f x I ,  foF2, foF1, foE, foEs, fbEs, f m i n  o r  fm2 
(b )  Minimum v i r t u a l  h e i  h t s :  h 'F2,  h 'F,  h 'E,  h lEs  
( c )  MUF f a c t o r s :  M(3000?F2. M(3000)Fl o r  t h e  e q u i v a l e n t  MUF(3OOO)FZ and nUF(3000)f l  
(d) Es types:  (see Chapter 4)  

1.63. A t  many s t a t i o n s  p a r t i c u l a r  phenomena, wh ich  a r e  n o t  i n c l u d e d  i n  t he  w o r l d  l i s t  o f  parameters, 
a r e  impor tan t  f o r  l o c a l  o r  reg iona l  research.  Some t y p i c a l  c h a r a c t e r i s t i c s  o f  t h i s  type are  g iven 
i n  Chapter 12. I t  i s  advantageous f o r  these parameters t o  be reduced i n  a u n i f o r m  manner i n  a g i ven  
r e g i o n  and r e g i o n a l  I house-rul  es ' a r e  encouraged. 

1.64. The f p l o t  (see Chapter 6 )  i s  n o t  o n l y  an e f f i c i e n t  method o f  summarizing t h e  da ta  obta ined 
on i n d i v i d u a l  ionograms b u t  i s  a l s o  an e s s e n t i a l  t o o l  f o r  those types o f  wor ld -w ide and reg iona l  
s t u d i e s  i n  wh ich  t h e  ac tua l  day-to-day v a r i a t i o n s  i n  i onospher i c  phenomena a re  compared, f p l o t s  
ma.y be rep1 aced by c h a r a c t e r i s t i c  record ings  ( s e c t i o n  11.3) where these are  a v a i l  able.  

1.7 Soundings Schedules 

The minimum u s e f u l  schedule o f  r o u t i n e  soundings and r e d u c t i o n  programs needed f o r  s c i e n t i f i c  
research and i onospher i c  p r e d i c t i o n  purposes i s  kep t  con t i nuous l y  under review as i t  changes w i t h  
the  development o f  the  s u b j e c t  (see s e c t i o n  9 .1  f o r  d e t a i l s ) .  Fu ture  recommendations w i l l  be found 
i n  t he  INAG I n f o r m a t i o n  B u l l e t i n s  c i r c u l a t e d  t o  a l l  known s t a t i o n s .  

The minimum useful  schedule o f  r o u t i n e  soundings i s  one sounding p e r  hour  taken so t h a t  t h e  
f requency 3 MHz occurs as nea r  as p o s s i b l e  t o  t h e  hour f o r  t h e  nea res t  15" mer id ian  t ime,  i . e .  a t  
U.T. -I x hours w i t h  x an i n t e g e r .  The adopted mer id ian  shou ld  always be shown. The data  may be 
expressed i n  U.T. w i t h  t h i s  a l s o  shown. The p r e f e r r e d  schedule i s  q u a r t e r - h o u r l y  sounding, and 
t h i s  i s  t h e  minimum which i s  u s e f u l  a t  h i g h  l a t i t u d e s  o r  where l a y e r  t i 1  t i s  common. 

The minimum use fu l  c i r c u l a t i o n  o f  parameters i s  t h e  f o u r  p r i n c i p a l  parameters g iven i n  s e c t i o n  
1.61 above o r  t h e i r  e q u i v a l e n t  i f  n o t i f i e d  i n t e r n a t i o n a l l y  (e.g. fm2 i n s t e a d  o f  fmin ,  fbEs cou ld  be 
a1 t e r n a t i v e  f o r  foEs) .  Almost a l l  s t a t i o n s  c i r c u l a t e  t h e  s tandard  parameters, s e c t i o n  1.62. 
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An I n t e r n a t i o n a l  Wor ld  Day Ca lendar  i s  p u b l i s h e d  y e a r l y  by  t h e  IUWDS and reproduced  i n  t h e  URSI 
I n f o r m a t i o n  B u l l e t i n ,  INAG B u l l e t i n ,  STP Notes and e lsewhere .  T h i s  g i v e s  t h e  d a t e s  when s p e c i a l  
e f f o r t s  s h o u l d  be made t o  o b t a i n  more comple te  m o n i t o r i n g  o f  t h e  Ionosphere ,  e.g. by r e p l a c i n g  an 
h o u r l y  schedu le  by  a  q u a r t e r - h o u r l y ,  q u a r t e r - h o u r l y  by  s h o r t e r  i n t e r v a l s .  Even ts  o c c u r r i n g  on d a t e s  
g i v e n  i n  t h e  Ca lendar  a r e  g i v e n  p r e f e r e n c e  f o r  d e t a i l e d  w o r l d - w i d e  s t u d y .  There  i s  a l s o  an I n t e r -  
n a t i o n a l  n e t w o r k  f o r  c i r c u l a t i n g  a l e r t s  f o r  s p e c i a l  e v e n t s  w h i c h  i s  o p e r a t e d  b y  t h e  I n t e r n a t i o n a l  
U r s i g r a m  and W o r l d  Days S e r v i c e  t h r o u g h  i t s  Reg iona l  Warning C e n t e r s .  S t a t i o n s  a r e  encouraged t o  
c o l l a b o r a t e  b y  t a k i n g  s p e c i a l  measurements i n  some o r  a1 l o f  t h e s e  programs. 

1.8 S t a t i o n  O p e r a t i o n s  

I n s t r u c t i o n s  f o r  r o u t i n e  maintenance v a r y  w i t h  t h e  t y p e  o f  ionosonde i n  use and s h o u l d  be 
o b t a i n e d  from t h e  m a n u f a c t u r e r s  o r  o r g a n i z a t i o n s  p r o v i d i n g  t h e  ionosonde.  I t  i s  v a l u a b l e  t o  keep 
a  r e f e r e n c e  n o t e  book c o n t a i n i n g  n o t e s  on v o l t a g e s ,  c u r r e n t s  and waveforms as shown by  t h e  l o c a l  
t e s t  g e a r  w h i c h  w i l l  be used. I t  i s  e s s e n t i a l  t h a t  a l l  c i r c u i t  changes a r e  no ted .  I n  p r a c t i c e ,  
changes o f  s t a f f  u s u a l l y  o c c u r  sudden ly  and do n o t  a l l o w  p r o p e r  t e a c h i n g  on t h e  p e c u l i a r i t i e s  o f  
t h e  ionosonde.  The b e s t  i n d i c a t i o n  o f  p r o p e r  o p e r a t i o n  i s  t h e  ionogram and a  s e t  o f  r e f e r e n c e  
ionograms s h o u l d  be made t o  show t y p i c a l  day, n i g h t ,  summer and w i n t e r  c o n d i t i o n s .  I t  i s  a l s o  
v a l u a b l e  t o  have a  r e f e r e n c e  s e t  showing e f f e c t s  o f  changes o f  g a i n  and o f  p a r t i c u l a r  o p e r a t i n g  
f a u l t s .  I t  i s  easy t o  ' c u r e '  a  f a u l t  by  m o d i f y i n g  a  c i r c u i t  w h i c h  i s  o p e r a t i n g  c o r r e c t l y  s o  t h a t  
i t  compensates f o r  t h e  f a u l t y  (undiagnosed)  c i r c u i t .  When t h i s  has happened s e v e r a l  f a u l t s  may 
o c c u r  s i m u l t a n e o u s l y  g i v i n g  d i f f i c u l t  d i a g n o s i s .  

A  f u l l  s e t  o f  pe r fo rmance  checks s h o u l d  be made a t  r e g u l a r  i n t e r v a l s  and a f t e r  any m a j o r  ad- 
j u s t m e n t ,  and t h e  r e s u l t s  r e c o r d e d  s o  t h a t  t h e  s t a n d a r d  o p e r a t i n g  c o n d i t i o n s  can be r e e s t a b l i s h e d  
a f t e r  any f a u l t .  Ga in  changes s h o u l d  be made on t h e  f i r s t  day o f  t h e  month and recorded ,  I t  i s  
a d v i s a b l e  t o  examine t h e  p r e v i o u s  y e a r ' s  d a t a  so t h a t  t h e  opt imum changes a r e  made. T h i s  i s  p a r t i -  
c u l a r l y  i m p o r t a n t  n e a r  t h e  equinoxes when c o n d i t i o n s  change r a p i d l y  i n  t i m e  and t h e r e  may have been 
s e v e r a l  months i n  w h i c h  o n l y  s m a l l  g a i n  changes were necessary .  

Review each month 's  d a t a  and n o t e  w h e t h e r  t h e  g a i n  i n  use was s a t i s f a c t o r y ,  t o o  h i g h  o r  t o o  
l o w  so  t h a t  t h e  same m i s t a k e  i s  n o t  made n e x t  y e a r .  

I f  t h e  ionograms a r e  n o t  a n a l y z e d  as o b t a i n e d ,  i t  i s  s t r o n q l y  recommended t h a t  some e x t r a  i0n0-  
grams be t a k e n  whenever t h e  f i l m  i s  changed. These s h o u l d  be c u t  o f f  and deve loped  l o c a l l y  and i n -  
s p e c t e d  f o r  qua1 i ty.  

I t  i s  i m p o r t a n t  t h a t  t h e  f o r m a t  o f  t h e  ionogram i s  k e p t  c o n s t a n t  s i n c e  o t h e r w i s e  o v e r l a y s  canno t  
be used. A  c o n v e n i e n t  check,  e.g. i n k  marks on t h e  m o n i t o r i n g  ca thode  r a y  t u b e  t o  show t h e  s t a n d a r d  
t i m e  base s i z e s ,  i s  e s s e n t i a l .  Marks showing t h e  c u r r e n t  g a i n  a d j u s t m e n t  s e t t i n g s  a r e  more e a s i l y  
checked r a p i d l y  t h a n  a  t a b l e  o f  v a l u e s .  

Always keep f u l l  n o t e s  on t h e  causes o f  any f a i l u r e .  

The o p e r a t i o n  o f  t h e  ionosonde s h o u l d  be checked as f r e q u e n t l y  as c o n v e n i e n t  s i n c e  most f a i l u r e s  
o c c u r  w i t h o u t  much w a r n i n g .  I n c i p i e n t  d i f f i c u l t i e s  i n  r e d u c t i o n  due t o  t h e  o p e r a t i o n  o f  t h e  i o n o -  
sonde s h o u l d  be c o r r e c t e d  as e a r l y  as p o s s i b l e  - i t  i s  u s u a l l y  n o t  p o s s i b l e  t o  reduce  d i f i i c u l t  
ionograms u n l e s s  t h e  b a s i c  q u a l i t y  i s  good. Gradual  d e t e r i o r a t i o n  i s  u s u a l l y  a l l o w e d  t o  c o n t i n u e  
much t o o  l o n g  and t h i s  causes t h e  a n a l y s i s  t o  become c r u d e  and i n a c c u r a t e .  

1.9 Computer O u t p u t  

Parameters reproduced  i n  computer  f o r m  a r e  u s u a l l y  i d e n t i f i e d  b y  t h e  s t a n d a r d  c h a r a c t e r i s t i c  codes 
g i v e n  i n  s e c t i o n  7.3. These may be supplemented o r  r e p l a c e d  i f  d e s i r e d  by  t h e  c o r r e s p o n d i n g  paramete rs  
i n  computer  p r i n t o u t  form, e.g. ,  FOF2 f o r  foF2 ,  FMIN f o r  f m i n ,  e t c .  A l l  l o w e r  case  symbols a r e  r e p l a c e d  
by  c a p i t a l s  f o r  computer  r e p r o d u c t i o n  and a r e  r e g a r d e d  as e q u i v a l e n t  t o  t h e  i n t e r n a t i o n a l  c o n v e n t i o n s .  
Other  use o f  t h e  c a p i t a l  l e t t e r  fo rms  i s  p e r m i t t e d  on a  v o l u n t a r y  b a s i s .  

The use o f  c a p i t a l s  r a t h e r  t h a n  l o w e r  case symbols f o r  Es t y p e s  was adop ted  i n  1975 because i n  
p r a c t i c e  t h e  l o w e r  case  symbols a r e  o f t e n  d i f f i c u l t  t o  r e a d  on  workshee ts .  The o r i g i n a l  c o n v e n t i o n  
Es-a, Es-c e t c .  i s  p r e f e r r e d  i n  t e x t s .  I t  i s  p r o b a b l e  t h a t ,  as more computers become a v a i l a b l e  w i t h  
l o w e r  case  symbols, t h e  paramete rs  i n  computer  f o r m  w i l l  a l s o  r e v e r t  t o  t h e  o r i g i n a l  form. 

O r i g i n a l l y  l o w e r  case  symbols were d e v i s e d  f o r  Es t y p e s  so  as  t o  a v o i d  c o n f u s i o n  w i t h  l e t t e r  
symbols w h i c h  have q u i t e  d i f f e r e n t  meanings. T h i s  i s  i m p o r t a n t  t o  t r a i n e e s  b u t  n o t  i m p o r t a n t  t o  f u l l y  
t r a i n e d  o p e r a t o r s  who e a s i l y  r e c o g n i z e  t h e  d i f f e r e n t  c o n t e x t .  
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2 DETERMINATION OF HOURLY NUMERICAL VALUES 

2.0 General Conventions 

The pr imary  purpose o f  desc r ib ing  and measuring the  rep resen ta t i ve  fea tu res  o f  t he  ionosphere 
overhead i s  f u l f i l l e d  by in terchang ing numerical values which a re  s y s t e m a t i c a l l y  determined f rom 
the ionograms taken a t  t he  hour i n  Un iversa l  Time. These a re  tabu la ted  us ing  a  Local  Standard Tlme 
r e f e r r e d  t o  the  nearest  15' standard mer id ian.  A t  most s t a t i o n s  t h i s  i s  i d e n t i c a l  w l t h  Local  C i v i l  
Time. To avo id  a n b i g u i t y  t he  t ime used should always be shown on the t a b u l a t i o n  sheets. 

The f o l l o w i n g  s e l e c t i o n  r u l e s  a re  adopted t o  make the data  t o  be interchanged homogeneous: 

(a )  A l l  numerical t a b u l a t i o n s  except f o r  f x I  r e f e r  t o  the ordinary-wave t race.  The ex t ra -  
ordinary-wave t r a c e  o r  the  'z' t r a c e  should be measured f o r  a  frequency c h p r a c t e r i s t i c  when 
the  ordinary-wave t r a c e  i s  n o t  a v a i l a b l e  o r  i s  doub t fu l ,  and the equ iva len t  ordinary-wave 
parameter computed and tabu la ted  w i t h  the appropr ia te  q u a l i f y i n g  l e t t e r  (J o r  Z )  and de- 
s c r i p t i v e  l e t t e r .  

For f x I  t he  o rd ina ry  t r a c e  shou ld  be measured when the e x t r a o r d i n a r y  t r a c e  i s  miss ing 
( u s u a l l y  through absorpt ion,  B )  and the equ iva len t  extraordinary-wave parameter computed 
and tabu la ted  w i t h  q u a l i f y i n g  l e t t e r  0 and t h e  app rop r ia te  d e s c r i p t i v e  l e t t e r .  (See 
s e c t i o n  3.2) 

(b )  M u l t l p l e  echoes should always be examined and sca led when necessary t o  c o n f i r m  o r  a s s i s t  
the i n t e r p r e t a t i o n  o f  the  f i r s t  o r d e r  t race,  b u t  a re  n o t  i nc luded  i n  b a s i c  sumnary t a b l e s  
o r  graphs [A99I, F lg .  1021, (except fm2 where used). They a re  p a r t i c u l a r l y  va luab le  f o r  
showing whether the ionosphere i s  e f f e c t i v e l y  h o r i z o n t a l l y  s t r a t i f i e d ,  the  assumption im- 
p l i c i  t l y  made i n  the ana lys l s  o f  ionograms f rom most p a r t s  o f  t he  wor ld.  A t  h l g h  and low 
l a t i t u d e s  t h i s  assumption i s  o f t e n  n o t  t r u e  and i t  i s  e s s e n t i a l  t o  s tudy any m u l t i p l e  
r e f l e c t i o n s  present  t o  see whether t h e  assumption i s  t r u e  o r  n o t  o r  i f  I t  i s  l i k e l y  t o  be , 
changlng w i t h  t ime. The ana lys i s  r u l e s  when t i l t s  are  present  d i f f e r  s i g n i f i c a n t l y  
f rom those normal ly  used. ( s e c t i o n  2.7). 

( c )  Traces due t o  very weak r e f l e c t i o n s  should be ignored. Many ionograms show weak t r a c e s i n  
a d d i t l o n  t o  the t races  o f  the  normal r e f l e c t i n g  l a y e r s .  These t races  seldom represent  
phenomena which can be s t u d i e d  e f f i c i e n t l y  on a  world-wide bas i s  us ing standard ionosondes 
Even when they appear r e g u l a r l y  a t  t he  s t a t i o n s ,  they r a r e l y  represent  normal r e f l e c t l o n  
i n  the  ionosphere. They shou ld  be s t u d i e d  as a  s p e c i a l  research. 

Normal t races weakened by a t tenua t ion  phenomena o r  equipment f a u l t s  are always t r e a t e d  as 
s i g n i f i c a n t .  The deduced c h a r a c t e r i s t i c s  may be descr ibed by 0, R o r  C when appropr ia te .  
Thus when fmin  i s  h i g h  a  normal t r a c e  may l o o k  very  weak b u t  should be t r e a t e d ~ a s  a  s t r o n g  
t race .  

Note: The weak p a r t i a l  r e f l e c t i o n  f rom a steep g r a d i e n t  i n  t h e  D reg ion,  [ B  111.101 nor -  
ma l l y  a t  v i r t u a l  he igh ts  below 95 km, i s  a  va luab le  I n d i c a t i o n  o f  h igh  absorp t ion  and I s  
c l  a s s l f i e d  as Es t-ype d, (see s e c t i o n  4.83). The presence o f  ' t h i s  t r a c e  i s  ignored when 
determin ing fmin, foEs, fbEs o r  h 'Es.  If no o t h e r  ' t r a c e  i s  present ,  a l l  t a b u l a t i o n s  except 
Es types show 0 and Es t ype  shows d. 

( d )  Traces due t o  ob l i que  r e f l e c t i o n s  and o t h e r  t r a n s i e n t  phenomena should be ignored except  
as 1  i s t e d  below. These t races a re  most r e a d i l y  recognized by compar i son~ ,w l  t h  examples 
o f  the  comon standard types. D e t a i l e d  examinat ion .of c l o s e l y  s ~ a c e d  seouences o f  records 
[A96I, F ig .  911 [B 111 pp. 18-26] and o t h e r  spec ia l  experiments a re  a l s o  u s e f u l .  It i s  
recommended t h a t  each s t a t i o n  b u i l d s  i t s  own l i b r a r y  o f  d i f f i c u l t  records,  con f i rm ing  t h e i r  
i n t e r p r e t a t i o n  w i t h  INAG and draws on t h e  exper ience o f  o t h e r  groups o f  workers. 

Rule (d )  does n o t  apply t o :  

( i )  f p l o t s  where ob l i que  F reg ion  r e f l e c t i o n s  are always recorded; 
( i i )  s l a n t  Es which i s  t abu la ted  as an Es type b u t  n o t  used t o  determine foEs, 

fbEs o r  h 'Es.  (Sect ion  4.83). 
( i i i )  f x I  which i s  normal ly  generated by ob l i que  r e f l e c t i o n s .  ( s e c t i o n  3.3). 

2.1 Accuracy Considerat ions 

The accuracy w i t h  which ionospher ic  he igh ts  and c r i t i c a l  f requenc ies  can be measured depends 
on the i n h e r e n t  accuracy o f  the  equipment, t h e  accuracy o f  t h e  method o f  c a l i b r a t l o n  and the  read- 
i n g  accuracy used i n  reducing the  ionograms. Since every reduc t i on  imp l i es  some s i m p l i f i c a t i o n  o f  
the  f a c t s  and the  usable accuracy i s  o f t e n  l i m i t e d  by the  phys i ca l  p r o p e r t i e s  o f  t he  r e f l e c t i n g  
l aye rs ,  a  reasonable value f o r  read ing accuracy has been es tab l i shed  i n t e r n a t i o n a l l y .  Some research 
techniques, e.g. t he  accurate determinat ion of the e l e c t r o n  d e n s i t y  h e i g h t  p r o f i l e  by t h e  more 
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2-2 HOURLY NUMERICAL VALUES 

advanced methods demand a  g r e a t e r  accuracy than t h i s .  Conversely, v a r i a b i  1  i t y  i n  t he  ionosphere may 
demand lower  standards o f  accuracy i n  some areas so t h a t  a  reasonable sample o f  numerical data  can be 
obtained. I n  general , ionosondes should be capable o f  g i v i n g  ionograms w i t h  the r e q u i r e d  accuracy. 

For some geophysical a p p l i c a t i o n s  i t  i s  t h e  r e l a t i v e  change which i s  o f  i n t e r e s t .  For t h i s  rea- 
son i t  i s  wor th-whi le  t o  main ta in  a  good re1 a t i v e  accuracy even though t h e  abso lu te  accuracy may be 
l ess  c e r t a i n .  'The convent ion adopted i s  t h a t  t he  accuracy i m p l i e d  by the  numerical  values should be 
determined by t h e  read ing  accuracy and n o t  by the  abso lu te  accuracy o f  t he  measurements. I n  general, 
t he  abso lu te  accuracy o f  v i r t u a l  he igh t  measurements i s  very  much l e s s  than t h e  r e l a t i v e  accuracy con- 
v e n i e n t l y  a v a i l a b l e .  There i s  o f t e n  a  se r ious  sys temat ic  e r r o r  i n  a l l  h e i g h t  measurements f i x e d  by 
t h e  p a r t i c u l a r  technique employed. This can be impor tan t  f o r  comparison w i t h  rocke t  o r  incoherent  
s c a t t e r  experiments. 

2.11, Accuracy o f  c a l i b r a t i o n  o f  ionograms: The accuracy o f  frequency markers and o f  t h e  r e p e t i t i o n  
frequency o f  t h e  h e i g h t  markers can be e a s i l y  checked w i t h  the  a i d  o f  a  s u i t a b l e  frequency standard.  
I t  i s  recommended t h a t  t h e  accuracy o f  these sca les  should be maintained t o  + 0.1%. 

I t  i s  more d i f f i c u l t  t o  e s t a b l i s h  the  c o r r e c t  zero p o i n t  o f  t h e  h e i g h t  markers than t o  ma in ta in  
t h e  spacing accuracy. Even when automat ic  synch ron iza t i on  o f  t h e  t r a n s m i t t e d  pu l se  and h e i g h t  markers 
i s  used, a  sys temat ic  e r r o r  up t o  10 km may be present .  Th i s  e r r o r  can be e l i m i n a t e d  by a  s u i t a b l e  
c a l i b r a t i o n  procedure, e.g., by us ing m u l t i p l e  r e f l e c t i o n s .  I n  add i t i on ,  t h e  p o s i t i o n  o f  t he  lower  
edge o f  t h e  t r a c e  u s u a l l y  depends on the ampl i tude o f  t he  rece ived s i g n a l .  Th i s  phenomenon cannot be 
neg lec ted when accura te  h e i g h t  measurements (e,  g., + 2  km) are  requ i red  and s u i  tab1 e  c a l i b r a t i o n  i s  
then necessary. 

2.12. Techniques f o r  c a l i b r a t i o n  o f  t r a c e  h e i g h t :  The approp r ia te  technique depends on the  des ign 
o f  t he  ionosonde and t h e  e x t e n t  t o  which the  v i r t u a l  h e i g h t  recorded depends on the  ampl i tude o f  t he  
re f  1 ected s i g n a l  . There a re  two main c lasses : 

( a )  ionosondes i n  which the  h e i g h t  markers are  r i g i d l y  locked w i t h  t h e  ground pulse.  
( b )  ionosondes i n  which they can be s h i f t e d  r e l a t i v e  t o  t h e  ground pu lse.  

I n  case ( a )  i t  i s  e s s e n t i a l  t o  eva luate  the  average e r r o r ,  which i s  p r i m a r i l y  due t o  the  f i n i t e  
de lay  o f  t he  echo i n  pass ing through t h e  rece ive r ,  b u t  can a l s o  be generated i n  pu l se  shaping c i r c u i t s ,  
and can be equ iva len t  t o  a  h e i g h t  e r r o r  o f  up t o  10 km. Th is  should be determined (see below) and 
e i t h e r  be sub t rac ted  f rom a1 1  values b e f o r e  pub1 i c a t i o n  o r  a  note  o f  i t s  va lue i nc luded  wl t h  a l l  
he igh t  data.  I n  case (b)  t h e  h e i g h t  markers are ad jus ted so t h a t  t h e  h e i g h t  o f  t he  f i r s t  t r a c e  i s  
c o n s i s t e n t  w i t h  t h e  h e i g h t  d i f f e r e n c e  between f i r s t  and second ( o r  h i g h e r  o rde r )  t races.  Th is  i s  
b e s t  done us ing  t h e  mu1 t i p l e  t races  f rom f l a t  t o t a l l y  r e f l e c t i n g  Es. Great care  must be taken t h a t  
t h e  s e t t i n g  i s  c o r r e c t  and does n o t  d r i f t  w i t h  t ime. The d e t a i l s  o f  t he  phenomena have been d i s -  
cussed a t  l e n g t h  by A. J. Lyon and Moorat, J. Atmos. Te r r .  Phys. - 8, 309-317, 1956. 

A convenient  procedure, usable when the ionosonde t r a c e  w i d t h  i s  s e n s i t i v e  t o  ampl i tude changes, 
has been g iven by W .  R. P iggo t t ,  J. Atmos. T e r r .  Phys. - 14, 175-180, 1959. 

The a l t e r n a t i v e  approach i s  t o  use equipment w i t h  very  severe d i f f e r e n t i a t i o n ,  i . e . ,  a  very  s h o r t  
t ime constant .  Th i s  i s  s e n s i t i v e  t o  very  smal l  s i g n a l  l e v e l s  and can g i ve  more accurate he igh ts  when 
the  t r a c e  i s  due t o  a  s i n g l e  ray  and t h e r e  a re  no i n t e r f e r i n g  s i g n a l s .  I t  can, however, be ve ry  mis- 
l e a d i n g  and d i f f i c u l t  t o  i n t e r p r e t  when mu1 t i p l e  rays  o r  s c a t t e r e d  r e f l e c t i o n s  a re  present .  

For some s t a t i o n s  proper  c a l i b r a t i o n  i s  n o t  p r a c t i c a l .  The average c o r r e c t i o n  shou1d"cbe de te r -  
mined by comparison between the v i r t u a l  he igh ts  o f  d i f f e r e n t  orders o f  r e f l e c t i o n  and i n d i c a t e d  on 
a l l  h e i g h t  t a b u l a t i o n s .  Note t h a t  e r r o r s  i n  h e i g h t  au tomat i ca l l y  imp ly  e r r o r s  i n  t h e  M(3000) f a c t o r s  

I d e a l l y  t h e  o b j e c t i v e  i s  t o  measure v i r t u a l  he igh ts  t o  the  nearest  one km i n t e r v a l .  Th is  was 
a t t a i n e d  as e a r l y  as 1935 b u t  i s  n o t  always p o s s i b l e  w i t h  c u r r e n t  ionosondes, many o f  which can o n l y  
a t t a i n  t h e  nearest  5 km. 

2.13. Reading accuracy: The measurements should be made t o  a t  l e a s t  t h e  read ing  accuracy s p e c i f i e d  
i n  the  f o l l o w i n g  t a b l e :  

Character is  t i c  Reading accuracy 

E reg ion  F  r e g i o n  

E l a y e r  Es l a y e r  

He igh t  
Frequency 
M(3000) 

2 km 
0.05 MHz 

2 km 
0 . 1  MHz 

5  km 
0 .1  MHz 
0.05 
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Note: I f  ga in  runs are  made t h e  he igh ts  should be obta ined f rom t h e  ionogram w i t h  t h e  c l e a r e s t  
t r ace .  When expanded h e i g h t  ionograms are  a v a i l a b l e  every e f f o r t  shou ld  be made t o  read the  h e i g h t  
c h a r a c t e r i s t i c s  as a c c u r a t e l y  as poss ib le .  Under these spec ia l  c o n d i t i o n s  a  read ing  accuracy o f  1 km 
may be ob ta inab le .  When the  read ing  accuracy o f  t he  equipment i s  b e t t e r  than + 2 km, E - reg ion  he igh ts  
should be g i ven  t o  t he  nea res t  odd km a t  l e a s t .  When t h e  read ing accuracy i s  b e t t e r  than -+ 5 km 
E-region h e i g h t s  should be g iven t o  t h e  nea res t  5  km. When the  read ing  accuracy i s  worse than + 5 km 
h ' E  shou ld  n o t  be recorded, b u t  h'Es i s  s t i l l  va luab le  f o r  c l a s s i f i c a t i o n  purposes and shou ld  always 
be tabu la ted .  When the  c h a r a c t e r i s t i c s  o f  t he  ionosonde o n l y  enable he igh ts  t o  be measured t o  t he  
neares t  10 km no a t tempt  t o  t a b u l a t e  i n  5 km i n t e r v a l s  shou ld  be made. Such ionosondes are  now ob- 
s o l e t e .  

Where t h e  h e i g h t  accuracy o f  an ionosonde i s  l i m i t e d  t o  -+ 5 km, l i t t l e  s c i e n t i f i c  value can be 
obta ined f rom the  E-height values. These may, however, s t i l l  be needed f o r  e v a l u a t i n g  F - l aye r  e l e c -  
t r o n  d e n s i t y  h e i g h t  p r o f i l e s  and t h e  F-region read ing  accuracy then  a p p l i e s  t o  a l l  he igh ts .  The 
value o f  p r o f i l e s  when the  h e i g h t  accuracy i s  worse than * 10 km, i s  r a t h e r  smal l  and measurements 
shou ld  o n l y  be made t o  meet s p e c i f i c  purposes. 

I t  i s  no t ,  i n  general , wor th-wh i le  t o  app ly  t h e  more e labo ra te  computer methods, w i t h  co r rec t ' i on  
f o r  v a l l e y s  and u n d e r l y i n g  i o n i z a t i o n ,  un less  t h e  f requenc ies  and h e i g h t s  can be measured t o  a t   leas^ 
t h e  accuracy g i ven  i n  t h e  t a b l e .  The c o r r e c t i o n  terms vary  r a p i d l y  w i t h  t h e  d i f f e r e n c e  i n  h e i g h t  
between cor respond ing p o i n t s  i n  the  o  and x  t races  which must t h e r e f o r e  be determined accura te ly ,  
and se r i ous  e r r o r s  can be i n c u r r e d  w i t h  f requency e r r o r s  o f  1% f o r  t he  measurements near  c r i t i c a l  
f requenc ies  . 
2.14. T im in  : The nominal t ime  f o r  a  slow sounding i s  de f i ned  as t h e  t ime  when t h e  ionosonde records  
the  s t a d f r e q u e n c y  o f  3 MHz. The nominal t ime  o f  a  group o f  mu1 t i g a i n  record ings  i s  t h a t  o f  t h e  
medium ga in  ionogram. The nominal and scheduled t ime o f  t he  record ings  shou ld  n o t  d i f f e r  b y  more than 
0.5 minute. 

I f  f o r  any reason data  a r e  n o t  a v a i l a b l e  e x a c t l y  on t h e  hour,  a  r e c o r d  ob ta ined  w i t h i n  f i v e  
minutes o f  the  hour  may be used t o  s c a l e  the  h o u r l y  va lue  o f  t h e  c h a r a c t e r i s t i c  w i t h o u t  q u a l i f i c a -  
t i o n ,  p rov ided  t h a t  t he  sequence o f  ionograms i n d i c a t e s  t h a t  c o n d i t i o n s  are v a r y i n g  s low ly .  (See 
Chapter 7 f o r  d e t a i l s  o f  t a b u l a t i o n .  ) 

2.2 Accuracy Rules f o r  I n d i v i d u a l  Measurements 

2.21. -- General : The accuracy r u l e s  g i v e  t h e  d e s i r a b l e  accuracy appl i cable  when t h e  s t r u c t u r e  
o f  the  ionosphere and c h a r a c t e r i s t i c s  o f  t h e  ionosonde pe rm i t .  They a l s o  i n d i c a t e  t he  e x t e n t  o f  t h e  
u n c e r t a i n t y  p e r m i t t e d  f o r  doub t fu l  o r  ex t rapo la ted  values and enable such values t o  be i d e n t i f i e d .  
The r u l e s  imp ly  t h a t ,  i n  general ,  t he  r e l i a b i l i t y  o f  da ta  i s  determined by the  percentage inaccuracy  
a l lowed except when t h i s  percentage i s  l e s s  than  the  read ing accuracy A.  The general  p r o p e r t i e s  o f  
t h e  r u l e s  are  i l l u s t r a t e d  i n  Fig.  2.1, which shows, i n  g raph i ca l  form, t he  r u l e s  a p p l i c a b l e  t o  a l l  
c r i t i c a l  f requenc ies  w i t h  read ing accuracies A  = 0.1 MHz and A = 0.05 MHz. 

I t  must be remembered t h a t  t he  accuracy r u l e  l i m i t s  apply t o  reasonable doubt, no t  t o  abso lu te  
c e r t a i n t y .  Thus, i f  an F  t r a c e  shows some s c a t t e r e d  echoes beyond the  l i m i t  range and i s  such t h a t  
i t  i s  u n l i k e l y  t h a t  foF2 i s  r e a l l y  above the  l i m i t  range. A  numerical  va lue  f o r  foF2 shou ld  be sca led.  
The s c a t t e r e d  t r a c e s  are  scaled i n  accordance w i t h  t h e  r u l e s  o f  s e c t i o n  2.83. 

2.22. Conventions f o r  a s s i g n i n g  the  l e v e l  o f  accuracy: The maximum read ing  u n i t  ~b has been de f i ned  
i n  t he  t a b l e  o f  recommended read ing values g iven above ( s e c t i o n  2.13), Numerical values whose r e -  
l i a b i l i t y  i s  i n f l u e n c e d  by c e r t a i n  phenomena are q u a l i f i e d  by symbols ( s e c t i o n  2.3) accord ing t o  the 
f o l l o w i n g  r u l e s .  

( a )  I f  t h e  es t imated u n c e r t a i n t y  o f  a  value does n o t  exceed -t 2%, o r  + A, whichever i s  g reater ,  
then t h e  numerical  va lue  i s  u n q u a l i f i e d .  

( b )  If t h e  es t imated u n c e r t a i n t y  o f  a  va lue exceeds + 2X, o r  + A ,  whichever i s  g r e a t e r ,  b u t  
does n o t  exceed ? 5%, o r  ? 2  A, whichever i s  g rea te r ,  t he  va lue i s  cons idered doub t fu l  
and t h e  qua1 i f y i n g  l e t t e r  U i s  used w i t h  t h e  number t oge the r  w i t h  t h e  d e s c r i p t i v e  l e t t e r  
which most n e a r l y  represents  t h e  reason f o r  t he  u n c e r t a i n t y .  

( c )  I f  one boundary i s  c e r t a i n  and the  o t h e r  p o s s i b l e  boundary o f  u n c e r t a i n t y  l i e s  w i t h i n  
+ lo%, o r  + 3 A, whichever i s  g r e a t e r  f rom i t ,  the  most p robab le  va lue i s  taken as be ing  
midway between t h e  observed l i m i t s ,  and t h e  q u a l i f y i n g  l e t t e r  U i s  used w i t h  t h e  number 
and a p p r o p r i a t e  d e s c r i p t i v e  l e t t e r .  

( d )  When t h e  p o s s i b l e  e r r o r  exceeds t h a t  i n  paragraph (b )  , b u t  i t  i s  es t imated t h a t  t he  t r u e  
va lue l i e s  w i t h i n  20*, o r  5 a, whichever i s  q r e a t e r ,  o f  an observed boundary o f  
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poss ib le  p o s i t i o n s  o f  t he  p r i n c i p a l  echo, then t h i s  observed l i m i t  I s  t abu la ted  w i t h  the  
q u a l i f y i n g  l e t t e r  D o r  E, whichever i s  app l i cab le ,  and w i t h  t h e  app rop r ia te  d e s c r i p t i v e  
l e t t e r .  

(e )  When t h e  extreme l i m i t  o f  t he  p r i n c i p a l  echo i s  judged t o  d i f f e r  f rom t h e  t r u e  va lue o f  
t he  parameter by  more than 20%, o r  5  A ,  whichever i s  g rea te r ,  a  d e s c r i p t i v e  l e t t e r  
o n l y  i s  t a b u l a t e d  w i t h o u t  a  numerical value.  A d e s c r i p t i v e  l e t t e r  used i n  t h i s  con tex t  i s  
o f t e n  termed a  replacement l e t t e r  (See Sect ion 2.3).  

The r u l e s  f o r  f requencies are  summarized i n  F ig .2 . la .  

2.23. Accuracy r u l e s  ------- i n  t o t a l  -- range o f  u n c e r t a i n t y  forms: Operators who p r e f e r  t o  cons ider  t h e  t o t a l  
range o f  u n c e r t a i n t y  may use t h e  f o l l o w i n g  r u l e s  which a r e  equ iva len t  t o  those g iven above. 

(a)  I f  t h e  t o t a l  range o f  u n c e r t a i n t y  does n o t  exceed 4% o r  2 ~ ,  whichever i s  greater ,  then t h e  
numerical  va lue i s  unqua l i f i ed .  

(b)  I f  t h e  t o t a l  range of u n c e r t a i n t y  exceeds 4% o r  2A, whichever i s  greater ,  b u t  does n o t  exceed 
10% o r  4A, whichever i s  greater ,  t h e  va lue  i s  considered doubt fu l  and t h e  q u a l i f y i n g  l e t t e r  U 
i s  used w i t h  t h e  most probable value toge the r  w i t h  t h e  d e s c r i p t i v e  l e t t e r  which most nea r l y  
represents  t h e  reason f o r  t he  unce r ta in t y .  

( c )  I f  one boundary i s  c e r t a i n  and t h e  o the r  poss ib le  boundary l i e s  w i t h i n  10% o r  3A, whichever 
i s  g r e a t e r  from it, t h e  most probable va lue i s  taken as be ing midway between t h e  observed 
l i m i t s ,  and t h e  q u a l i f y i n g  l e t t e r  U i s  used w i t h  t h i s  va lue and t h e  app rop r ia te  d e s c r i p t i v e  
l e t t e r .  

( d )  When t h e  t o t a l  range o f  u n c e r t a i n t y  exceeds t h a t  i n  paragraph (b )  b u t  i s  l e s s  than 20% o r  5A, 
whichever i s  greater ,  o f  an observed boundary o f  poss ib le  p o s i t i o n s  o f  t he  p r i n c i p a l  echo 
t race ,  t hen  t h i s  observed l i m i t  i s  t abu la ted  w i t h  t h e  q u a l i f y i n g  l e t t e r  D o r  E, whichever i s  
appl i cab le ,  and t h e  app rop r ia te  d e s c r i p t i v e  l e t t e r .  

( e )  When t h e  t o t a l  range o f  u n c e r t a i n t y  exceeds 20% o r  5A, whichever i s  greater ,  a  d e s c r i p t i v e  
l e t t e r  o n l y  i s  t a b u l a t e d  w i t h o u t  a  numerical  value. 

The a p p l i c a t i o n  o f  these r u l e s  t o  F- reg ion f requency parameters A = 0.1 MHz and E-region parameters 
w i t h  A = 0.05 MHz a r e  shown g r a p h i c a l l y  i n  Figs. 2.1 (a )  and (b) ,  respect ive ly . "  
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Fig.  2 . la  Accuracy r u l e s  f o r  F r eg i on  frequencies A = 0.1 MHz i n  terms o f  t o t a l  range of  e r r o r .  
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Frequency, YHz 

Fig .  2 . l b  Accuracy r u l e s  f o r  E r eq i on  f requencies A = 0.05 MHz i n  terms o f  t o t a l  ranqe o f  e r r o r .  
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2.24. Miscel laneous Notes 

P r i o r  t o  1970 t h e  1  i m i  t s  f o r  use o f  D and E were lo%,  o r  3 A ,  and d e s c r i p t i v e  l e t t e r s  
were used when the  extreme 1 i m i t s  exceeded these values. The need f o r  numerical  values f o r  t he  
s tudy o f  p a r t i c u l a r  events and t o  increase the va lue o f  the  medians when the  1  i m i  t s  were o f t e n  re-  
corded has prompted t h i s  change. 

A numerical  va lue  obta ined b y  ex t rapo l  a t i o n  ( s e c t i o n  2.4) and n o t  qual  i f i e d  by  D o r  E shou ld  
never d i f f e r  by  more than 5 % ,  o r  2  A, whichever i s  greater ,  f rom the  extreme l i m i t  o f  t he  a c t u a l l y  
observed p r i n c i p a l  echo. 

I n  many cases i n s p e c t i o n  o f  t h e  second o rde r  t races  can p rov ide  i n fo rma t ion  on the  re1 i a b i l  i t y  
o f  t he  measurements. I n  p a r t i c u l a r ,  t h e  presence o f  t i l t e d  l aye rs  may be es tab l i shed  by comparing 
the v i r t u a l  he igh ts  and c r i t i c a l  f requenc ies  deduced f r o m  the  f i r s t  and second o r d e r  t races .  The 
accuracy o f  t h e  ope ra t i ons  denoted by the  q u a l i f y i n g  l e t t e r s  J, 0, Z i s  i n h e r e n t l y  n o t  measurable 
and may be small o r  l a r g e  compared w i t h  the 1  i m i  t s  imposed b y  the  accuracy r u l e s .  The accuracy 
r u l e s  should n o t  be a p p l i e d  when these l e t t e r s  are  used. 

I t  i s  p a r t i c u l a r l y  impor tan t  t h a t  t he  accuracy r u l e s  are  c o n s i s t e n t l y  a p p l i e d  when spread F 
i s  present  s ince  many researchers depend on count ing t h e  inc idence o f  d i f f e r e n t  l e v e l s  as shown by 
the  l e t t e r  symbols (Sec t i on  2.8). 

When t h e  normal accuracy o f  t h e  recorder  i s  inadequate t o  enable the  recormended i n t e r v a l s  
t o  be used, t h e  + 2%, 5 5% and + lo%, + 20% o r  -20% may be changed p r o p o r t i o n a l l y  so t h a t  t he  normal 
ionogram i s  u n q u a l i f i e d .  A no te  t o  t h i s  e f f e c t  shou ld  be c i r c u l a t e d  w i t h  t h e  data.  Every a t tempt  
should be made t o  improve t h e  equipment so t h a t  t h i s  i s  n o t  necessary, as the  va lue o f  t h e  da ta  de- 
pends l a r g e l y  on the accuracy r u l e s  be ing  obeyed. 

2.3 Qual i f y i n g  and D e s c r i p t i v e  L e t t e r s  

Cer ta in  ionospher ic ,  equipmental, o r  i n t e r f e r e n c e  e f f e c t s  can be observed on ionograms and may 
make i t  d i f f i c u l t  o r  imposs ib le  t o  o b t a i n  numerical  values t o  t h e  accuracy g iven i n  t h e  t a b l e  above. 
The q u a l i f y i n g  and d e s c r i p t i v e  l e t t e r  symbols l i s t e d  below are  used a long wi th ,  o r  i n  p lace of, t h e  
numerical values t o  i n d i c a t e  these ef fects (a1 1  l e t t e r s  are d e s c r i p t i v e  i f  n o t  o therwise designated).  
Q u a l i f y i n g  l e t t e r s  i n d i c a t e  the nature  o f  t he  u n c e r t a i n t y  as exp la ined below, and are  always accompa- 
n i e d  by  a  d e s c r i p t i v e  l e t t e r  i n d i c a t i n g  t h e  reason f o r  t he  unce r ta in t y .  D e s c r i p t i v e  l e t t e r s  may be 
used w i t h o u t  qual  i f y i n g  l e t t e r s  i n  two ways: 

( a )  t o  denote t h e  presence o f  a  phenomenon which does n o t  a f f e c t  t h e  s c a l i n g  accuracy. 

(b)  t o  rep lace  a  numerical  va lue when no measurement w i t h i n  the  accuracy l i m i t s  i s  impossible.  

I n  case (b )  t h e  d e s c r i p t i v e  l e t t e r  i s  c a l l e d  a  replacement l e t t e r .  

A - Qual i f y i n g  l e t t e r :  l e s s  than. Used o n l y  w i t h  fbEs. (See s e c t i o n  j.1,) 
D e s c r i p t i v e  l e t t e r :  Measurement in f luenced by, o r  impossible because o f ,  the  presence o f  a  lower 
t h i n  l a y e r ,  f o r  example, Es. 

B - Measurement i n f l uenced  by, o r  imposs ib le  because o f ,  absorp t ion  i n  the  v i c i n i t y  o f  fmin. 
C - Measuremnt in f luenced by, o r  imposs ib le  because of, any non-ionospheri c  reason. .A. 

D - Q u a l i f y i n g  l e t t e r :  g rea te r  than. 
D e s c r i p t i v e  l e t t e r :  Measurement i n f l u e n c e d  by, o r  imposs ib le  because o f ,  t he  upper l i m i t  o f  
t he  frequency range i n  use. 

E - Q u a l i f y i n g  l e t t e r :  l e s s  than. 
Desc r ip t i ve  l e t t e r :  Measurement in f luenced by, o r  imposs ib le  because o f ,  t h e  l ower  l i m i t  o f  t he  
frequency range i n  use. 

F - Measurement i n f l u e n c e d  by, o r  imposs ib le  because of, t h e  presence of frequency spread. 
G - Measurement i n f l u e n c e d  o r  imposs ib le  because the  i o n i z a t i o n  dens i t y  o f  t h e  l a y e r  i s  t o o  smal l  

t o  enable i t  t o  be made accura te ly .  
H - Measurement i n f l uenced  by, o r  imposs ib le  because o f ,  t he  presence o f  s t r a t i f i c a t i o n .  
I - Q u a l i f y i n g  l e t t e r  o n l y :  Miss ing va lue has been rep laced by an i n t e r p o l a t e d  value.  
J - Qual i f y i n g  1  e t t e r  on1 y: Ord inary  component c h a r a c t e r i s t i c  deduced f r o m  t h e  e x t r a o r d i n a r y  

component. 
K - P a r t i c l e  E 1  ayer present .  
L - Measurement i n f l uenced  o r  imposs ib le  because the  t r a c e  has no s u f f i c i e n t l y  d e f i n i t e  cusp 

between l a y e r s .  Mixed spread F present  (see s e c t i o n  2.8.) 
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?! - I n t e r p r e t a t i o n  of measurement quest ionab le  because o r d i n a r y  and e x t r a o r d i n a r y  components are n o t  
d i s t i n g u i s h a b l e .  , 

Qua l  i f y i n g  l e t t e r :  Used w i t h  d e s c r i p t i v e  l e t t e r  which shows why components n o t  d i s t i n g u i s h a b l e .  
D e s c r i p t i v e  l e t t e r :  Used when i n t e r p r e t a t i o n  i s  d o u b t f u l  and a  qua1 i f y i  ng 1 e t t e r  needed f o r  

o t h e r  reasons (e.g., U, D, E).  
N - Cond i t ions  a r e  such t h a t  the  measurement cannot be i n t e r p r e t e d .  
0 - Qual i f y i n g  l e t t e r :  Extraordinary-component c h a r a c t e r i s  t i c  deduced f rom t h e  o r d i n a r y  component. 

(Used f0r .x :harac ter is t i ' cs  only.)  
D e s c r i p t i v e  l e t t e r :  Measurement re fers  t o  t he  o r d i n a r y  component. 

P  - Man-made p e r t u r b a t i o n s  o f  t h e  observed parameter; o r  spur  t y p e  spread F present  (see s e c t i o n  2 .8) .  

Q  - Range spread present.  (See a l s o  Sect ion  2.8) 
R  - Measurement i n f l u e n c e d  by, o r  imposs ib le  because o f ,  a t t e n u a t i o n  i n  t h e  v i c i n i t y  of a  c r i t i c a l  

f requency.  
S - Measurement i n f l u e n c e d  by, o r  imposs ib le  because o f ,  i n t e r f e r e n c e  o r  atmospherics. 
T  - Q u a l i f y i n g  and d e s c r i p t i v e  l e t t e r :  Value determined by a  sequence o f  observat ions ,  the  ac tua l  

obse rva t i on  b e i n g  i n c o n s i s t e n t  o r  d o u b t f u l .  (See s e c t i o n  6.9. ) . 
U  - Q u a l i f y i n g  l e t t e r  on l y :  Unce r ta in  o r  doub t fu l  numerical  value.  
V - Forked t r a c e  which may i n f l u e n c e  t h e  measurement. 
W - Measurement in f luenced o r  imposs ib le  because t h e  echo l i e s  o u t s i d e  t h e  h e i g h t  range recorded. 
X - Measurement r e f e r s  t o  t h e  e x t r a o r d i n a r y  component. 
Y - Lacuna phenomena ( a l s o  Sec t i on  2.75) o r  severe F - l aye r  t i l t  present .  
Z - Qual i f y i n g  l e t t e r :  Measurement deduced f rom t h e  t h i r d  magneto-el e c t r o n i  c  component. 

D e s c r i p t i v e  l e t t e r :  T h i r d  magneto-e lec t ron ic  component present .  

I n  Chapter 3  t he  use o f  each l e t t e r  i s  d iscussed i n  d e t a i l .  

The fo1:owing d e s c r i p t i v e  l e t t e r s  a r e  used t o  show spread F types where spread F types a r e  t a b u l a t e d  
i n  t h e  Standard F  t a b l e s .  Thev then take  precedence over  a l l  o t h e r  l e t t e r s .  (See s e c t i o n  3.2, p .  74). 

F  - Frequency spread present .  foF2 and f x I  t a b l e s  on l y .  
L  - Mixed spread present.  foF2 and f x I  t a b l e s  only.  
P  - P o l a r  spur.fx1 t a b l e  o n l y .  
Q - Range spread p r e s e n t .  h '  F, h'F2 tab les .  Ra re l y  i n  foF2 o r  f x I  t a b l e s .  

2.4 E x t r a p o l a t i o n  

A t r a c e  may be e x t r a p o l a t e d  i n  h e i g h t  o r  frequency both  when a  c h a r a c t e r l s t i c  i s  n o t  c l e a r l y  
v i s i b l e  on the  ionogram f o r  i ns t rumen ta l  o r  ope ra t i ona l  reasons and when t h e  complex i ty  o f  t h e  iono-  
sphe r i c  phenomena changes the  meaning o f  t h e  apparent value o f  t he  c h a r a c t e r i s t i c .  Ex t rapo l  a t i o n  i s  
used t o  g i v e  the  most probable va lue o f  t h e  c h a r a c t e r i s t i c  i n  these cases. 

E x t r a p o l a t i o n  has been a l lowed i n  o r d e r  t o  avo id  sys temat ic  e r r o r ,  f o r  instance,  t he  presence 
o f  t r a n s i t o r y  deformations, b lanket ing ,  o r  d e v i a t i v e  absorp t ion .  L i m i t s  are p resc r i bed  so t h a t  t he  
e x t r a p o l a t i o n  i s  ' c o n t r o l l e d ' .  These l i m i t s  a re  determined b y  t h e  general accuracy requirements 
( s e c t i o n  2.1, 2.2) and t h e  pe rm i t t ed  range o f  e x t r a p o l a t i o n  i s  always l i m i t e d  by t h e  accuracy r u l e s  
g iven above. W i th in  t he  l i m i t s  i t  i s  impor tan t  t o  o b t a i n  numerical  values whenever p o s s i b l e  as t h e  
usefulness o f  t h e  tabu la ted  data  depends on t h e  number o f  numerical  values obtained.. 

The most common e x t r a p o l a t i o n  i s  the  v e r t i c a l  ex tens ion o f  a  t r a c e  near t he  c r i t i c a l  frequency. 
Th is  shou ld  be c o n t r o l l e d  by  examining ionograms where t h e  t r a c e  i s  more complete and the  s i g n i f i -  
cant  c o m n  p a r t s  a re  s i m i l a r  i n  shape. Th is  app l i es  a l s o  when t h e  r e t a r d a t i o n  a t  foE i s  decreased 
by  the  presence of spo rad i c  E, F ig .  2 .2 (a ) .  E x t r a p o l a t i o n  i n  h e i q h t  i s  a l s o  a1 lowed. Fiqs.  2.3, 2.4. 
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F ig .  2.2a E x t r a p o l a t i o n  t o  a  c r i t i c a l  frequency. 

The shape o f  t he  normal t r a c e  ( - - - )  f o r  s i m i l a r  cond i t i ons  i s  t raced  and 
moved t o  fit the observed t r a c e  ( t h i n  l i n e  i n  Fig.  2.2a. By t h i s  means the  ionogram 
t races (shown t h i c k )  a re  ex t rapo la ted  t o  g i ve  t h e  c r i t i c a l  frequency, 

Use accuracy r u l e s  t o  decide i f  qua1 i f y i n g  l e t t e r  needed. ( s e c t i o n  2.2) 
foE i s  ( foE)-A o r  (foE)UA 

foF2 i s  (foF2)-R o r  (foF2)UR 

E x t r a p o l a t i o n  i s  n o t  u s u a l l y  j u s t i f i e d  over g r e a t e r  frequency ranges, i ns tead  use 1  imi  t value 
and D o r  replacement l e t t e r  A o r  R. S i m i l a r  r u l e s  app ly  f o r  e x t r a p o l a t i o n  due t o  C ,  S, e t c .  

The range o f  u n c e r t a i n t y  due t o  e x t r a p o l a t i o n  extends from t h e  end of  t h e  observed t r a c e  t o  
t h e  deduced va lue o f  t h e  c r i t i c a l  frequency. Th is  has t h e  m e r i t s  o f  s i m p l i c i t y  and l ong  use. How- 
ever, t h i s  r u l e  r e s t r i c t s  t h e  number o f  numerical values a l lowed by  t h e  accuracy r u l e s .  The con- 
vent ion shown i n  F ig .  2.2b i s  a l s o  permi t ted.  Th is  can be s ta ted :  The ranges o f  u n c e r t a i n t y  
a1 lowed by t h e  accuracy r u l e s  a re  t o  be compared w i t h  t h e  ranges between t h e  l e a s t  and l a r g e s t  
va lue o f  c r i t i c a l  f requency pe rm i t ted  by t h e  ex t rapo l  a t i o n  process. 

I I l l  I  
1 2 3 4  f 

Fig .  2.2b Range o f  u n c e r t a i n t y  when e x t r a p o l a t i n g  t o  a  c r i t i c a l  frequency 

The observed t r a c e  ends a t  frequency 1. 
The most probable t r a c e  g ives a  c r i t i c a l  frequency a t  frequency 3. 
The l e a s t  poss ib le  va lue o f  t h e  c r i t i c a l  frequency i s  2. 
The g rea tes t  poss ib le  va lue o f  t h e  c r i t i c a l  f requency i s  4. The observed u n c e r t a i n t i e s ,  2-3 and 
3-4, o r  2-3 are  compared w i t h  t h e  a l l owab le  u n c e r t a i n t i e s  g iven i n  sec t i on  2.22 o r  2.23 r e s p e c t i v e l y ,  
e.g., i f  2-3 i s  l ess  than A, no q u a l i f i c a t i o n  i s  needed ( r u l e  a) .  
Note t h a t  t h e  range of  u n c e r t a i n t y  i s  u s u a l l y  l e s s  than t h e  range o f  e x t r a p o l a t i o n  g iven by t h e  
d i f f e r e n c e  1-3. 



EXTRAPOLATION 

F ig .  2.3 E x t r a p o l a t i o n  i n  h e i g h t  

Es t ima t ion  o f  e r r o r  f o r  use of E .  
( a )  h ' F  b lanketed by Es. 
( b )  Ionogram taken a t  same t ime o f  day so f o F l  and foE approx imate ly  the  same. 

AB matched t o  A' B '  near  A and A' so t h a t  d i f f e r e n c e  between h ' F  a t  fbEs i n  (a )  and c o r r e c t  
va lue of (b )  can be est imated. 

,*. 

Note: E r r o r  i n  foE can be determined s i m i l a r l y .  

Th is  i s  used t o  show when a  l i m i t  value i s  l i k e l y  t o  be use fu l  (see s e c t i o n  3.2 l e t t e r  G). 
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F ig .  2.4 ( a ) ( b ) .  Es t ima t ing  e r r o r  i n  minimum v i r t u a l  h e i g h t  a t  n i g h t .  ." 

( a )  h ' F  f a l l i n g  a t  lowest  frequency seen. 
( b )  Ionogram taken when foF2 much g r e a t e r  than i n  (a) b u t  cu rva tu re  o f  

t r a c e  s i m i l a r  AB, A ' B '  . 
Est imate  d i f f e r e n c e  between t r u e  h ' F  i n  (b)  and va lue a t  A .  (This 

can be done by an o v e r l a i d  t r a c i n g  if the frequency sca le  o f  the iono- 
gram i s  l o g a r i t h m i c .  Otherwise compare he iqh ts  a t  A and A '  where A '  i s  chosen 
so t h a t  t h e  frequency r a t i o  B/A i s  equal t o  t h a t  f o r  B ' / A 1  . )  

E x t r a p o l a t i o n  i s  p a r t i c u l a r l y  impor tant  when i t  i s  des i red  t o  compute e l e c t r o n  dens i ty  w i t h  
h e i g h t  p r o f i l e s .  D e t a i l e d  r u l e s  are  g iven i n  s e c t i o n  10.22. These procedures can be app l i ed  t o  
improve t h e  accuracy o f  standard parameters, e.g., h ' F  a t  n i g h t  by p r o v i d i n g  s tandard re ference 
pa t te rns .  ( F i g .  2.4 ( a ) ,  ( b ) ) .  Values deduced i n  t h i s  way should always be q u a l i f i e d  w i t h  U and the 
d e s c r i p t i v e  l e t t e r  which shows why e x t r a p o l a t i o n  was needed. The work i nvol  wed i s  apprec iab le  
and t h e r e f o r e  such procedures are  o n l y  used f o r  t r a i n i n g  o r  when t h e r e  i s  a  l o c a l  need f o r  g r e a t e r  
accuracy. 



INTERPOLATION 

-1ONOGRAM - 

a-- - - OVERLAY - -c- 

Fig. 2.4 ( c ) .  Es t ima t i ng  e r r o r  i n  minimum v i r t u a l  h e i g h t  a t  n i g h t  
o r  use o f  ove r l ay  based on Table 10.2 

A l t e r n a t i v e l y  Table 10.2 can be used t o  compute t h e  expected shape 
(see s e c t i o n  10.22 f o r  d e t a i l s ) .  

For l o g a r i t h m i c  frequency, card  over lays  a re  prepared f o r  d i f f e r e n t  
th icknesses o f  l a y e r  and matched t o  t h e  o  t r a c e .  The v e r t i c a l  l i n e  shows 
the  bot tom edge o f  t he  ionogram and t h e  h o r i z o n t a l  l i n e  t h e  e x t r a p o l a t e d  
va lue o f  h 'F .  

2.5 I n t e r p o l a t i o n  

I n t e r p o l a t i o n  i n  t ime i s  a l l owed  i n  o r d e r  t o  make t h e  t a b l e s  o f  h o u r l y  values as complete and 
r e p r e s e n t a t i v e  as p o s s i b l e .  I t  i s  very  impor tan t  t h a t  these procedures be s t r i c t 1  y  c o n t r o l  l ed .  
I s o l a t e d  m iss ing  h o u r l y  values can u s u a l l y  be rep laced by an i n t e r p o l a t e d  va lue us ing  t h e  r u l e s  
g iven i n  d e t a i l  i n  s e c t i o n  3 .1  under t h e  l e t t e r  I .  

2.6 Gain Runs 
* 

F requen t l y  t he  r e c e i v e r  ga in  s e t t i n g  which i s  bes t  f o r  s c a l i n g  one c h a r a c t e r i s t i c  i s  n o t  s u i t -  
ab le  f o r  another.  Thus, a  ga in  r u n  ( a  sequence o f  t h r e e  soundings a t  low, normal and h i g h  r e c e i v e r  
ga in )  taken a t  each hour  prov ides  more accura te  i n f o r m a t i o n  [AlOOI, 'Figs. 105, 1061. The s teps  i n  
ga in  shou ld  always be kept  t h e  same and, whenever poss ib le ,  t h e  d i f f e r e n c e s  i n  ga in  measured and 
s p e c i f i e d  i n  t he  s t a t i o n  ope ra t i on  l o g  books. For many s t a t i o n s  changes o f  ga in  o f  about + 1 5  dB 
appear t o  be adequate b u t  t h e  b e s t  va lue  must be found by exper iment.  

I n  h i g h  no i se  areas s m a l l e r  changes, e.g., + 5 dB, - 10 dB, may be needed whereas i n  very  q u i e t  
zones, e. g. , t h e  A r c t i c  and A n t a r c t i c ,  much 1  a r g e r  changes are  advantageous. 

Each c h a r a c t e r i s t i c  i s  sca led  f rom the sounding on which i t  i s  b e s t  d isp layed,  except  t h a t :  

( a )  Gain s e n s i t i v e  c h a r a c t e r i s t i c s  f x I ,  foEs, fbEs and fm2 o r  fmin  must be sca led  f rom the  
normal ga in  sounding. 

( b )  When t r a n s i e n t  phenomena a r e  present  t h e  most c o n s i s t e n t  va lue  i s  tabu la ted.  Gain runs a re  
p a r t i c u l a r l y  va l  uable f o r  i n t e r p r e t i n g  ionograms when spread echoes ( s c a t t e r )  a re  present .  
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2.7 Sca l ing  o f  T i l t e d  Layers and Obl ique o r  Spread Traces 

2.70. P r i n c i  l e s :  The g r e a t e s t  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  ionograms a r i s e  when the  ionosphere i s  
n o t  h o r i z o n t a l  -3- y s t r a t i f i e d .  Th is  may be due t o  e i t h e r  l o c a l i z e d  o r  l a r g e  sca le  phenomena. The 
ionosphere can be curved so t h a t  r e f l e c t i o n s  f rom severa l  d i r e c t i o n s  a re  p o s s i b l e  a t  t he  same t ime 
g i v i n g  several  t races .  F i e l d  a l i gned  i r r e g u l a r i t i e s  can a l s o  g i v e  s t r o n g  r e f l e c t i o n s  and add t o  t h e  
complexi ty o f  the ionogram. These phenomena are p a r t i c u l a r l y  impor tant  a t  h igh  and low magnetic l a t i -  
tudes. f x I ,  which r e f e r s  t o  ob l i que  t r a c e s  except when i t  i s  equal t o  fxF2, i s  d iscussed i n  Sect ion 3.3. 

The p e r t u r b a t i o n s  due t o  t i 1  t s  a re  o f t e n  used t o  study t r a v e l  1  i n g  d is turbances and many ex- 
amples w i l l  be found i n  t he  l i t e r a t u r e .  Fo r  synop t i c  ana l ys i s  purposes these cause pe r tu rba t i ons  
i n  t he  values o f  s tandard  parameters which are t r a n s i e n t  and the  o b j e c t i v e  i s  t o  o b t a i n  t he  mast 
probable va lue o f  t he  unperturbed parameter. 

For most hours a t  temperate l a t i t u d e s ,  except p o s s i b l y  near sun r i se  and sunset, and a t  some 
hours elsewhere l a r g e  sca le  t i l t s  a re  r a r e ,  so t h a t  i t  i s  j u s t i f i e d  t o  use i n t e r p r e t a t i o n s  which 
assume t h a t  the  main r e f l e c t i n g  s t ruc tu res  are  near h o r i z o n t a l l y  s t r a t i f i e d ,  any t i l t s  be ing l e s s  
than 5". When t h i s  i s  n o t  t r u e ,  completely d i f f e r e n t  r u l e s  are needed t o  i d e n t i f y  t he  most n e a r l y  
overhead t race.  Thus, t he  f i r s t  problem i n  ana lyz ing  complex ionograms i s  t o  f i n d  whether l a r g e  t i 1  t s  
a re  l i k e l y  t o  be present  o r  not .  In t h i s  con tex t  we use t i l t  t o  descr ibe  the  form o f  t he  surfaces o f  
constant  i o n i z a t i o n  dens i t y ,  F ig.  2.5, respons ib le  f o r  r e f l e c t i n g  the  s i g n a l s  and g i v i n g  the  observed 
t races.  These sur faces may be t i l t e d  as a  r e s u l t  o f  a  v a r i a t i o n  i n  e l e c t r o n  d e n s i t y  l o n g i t u d i n a l l y ,  
t he  he igh t  and th i ckness  o f  the  l a y e r  s t a y i n g  constant ;  t o  changes i n  h e i g h t  o r  th ickness,  t he  max- 
imum e l e c t r o n  d e n s i t y  s t a y i n g  constant  o r  t o  any combination o f  these e f f e c t s .  When two l a y e r s  are  
present  which vary  d i f f e r e n t l y  w i t h  d i s tance  the  surfaces can even be t i l t e d  i n  d i f f e r e n t  d i r e c t i o n s  
a t  d i f f e r e n t  he ights ,  g i v i n g  ve ry  complex ionograms. For most i n t e r p r e t a t i o n  purposes i t  i s  adequate 
t o  assume t h a t  a  g iven frequency i s  r e f l e c t e d  by  the  same e l e c t r o n  d e n s i t y  whether t h e  l a y e r  i s  h o r i -  
zonta l  o r  no t .  Th is  i s  s l i g h t l y  i n c o r r e c t  f o r  t he  second o rde r  r e f l e c t i o n s  where the  e f f e c t i v e  f r e -  
quency, f c o s i  (i i s  the  ang le  o f  inc idence) ,  i s  s l i g h t l y  l e s s  than the  work ing  f requency f. (For  a  
l a y e r  t i l t e d  a t  45", c o s i  = 0.92). A t  h i g h  l a t i t u d e s  a  t i l t  i n  t he  magnetic mer id ian  approximately 
complementary t o  t h e  angle o f  d i p  can cause the  o-mode r e f l e c t i o n  t o  be t ransformed i n t o  a  z  mode of 
r e f l e c t i o n .  

F ig .  2.5 R e f l e c t i o n  f r o m t i l t e d  l a y e r s .  

(a)  e l e c t r o n  d e n s i t y  i nc reas ing  w i t h  d i s tance  
(b) t i l t e d  l a y e r - h e i g h t  changing, e l e c t r o n  d e n s i t i e s  constant  

surfaces o f  constant  e l e c t r o n  density,N. 
1. F i r s t  o r d e r  r e f l e c t i o n  
2. Second o rde r  r e f l e c t i o n  



OBLIQUE OR SPREAD TRACES 2-13 

When m u l t i p l e  t races  a r e  present  t he  c r i t i c a l  t e s t  i s  the  cons is tency between t h e  he igh ts  de- 
duced from d i f f e r e n t  o r d e r  t races,  Fig.  2.6. The f a m i l y  of t races showing the g rea tes t  consistency 
i s  nearest  overhead. I f  the  he igh t  values are  cons i s ten t  ( a f t e r  a l l o w i n g  f o r  ampl i tude e f fec ts ,  
s e c t i o n  2.1) , t h e  i n t e r p r e t a t i o n  can be regarded as adequate. 

h t 
h max 

DISTANCE, d 
(a1 

F ig .  2.6 Simultaneous v e r t i c a l  and ob l i que  r e f l e c t i o n  

(a)  A case where hm i s  vary ing,  N max constant ,  showing modes present  
(b)  Corresponding ionogram 

Note: ( i )  R e l a t i v e  p o s i t i o n s  o f  V 1 ,  V2 ( v e r t i c a l  f i r s t -  and second-order t races ) ,  
01, 02 f o r  corresponding ob l i que  t races ,  depend on t i l t  present .  

( i i )  I f  N rnax va r ies  a l so  t h e  c r i t i c a l  frequencies o f  V t r aces  w i l l  d i f f e r  
f rom those o f  0. 

( i i i )  MUF nose on 02 t race .  The presence o f  t h i s  type o f  p a t t e r n  ( o r  t h i s  
reversed i n  f requency) always means t i l t  i s  present .  
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The e f f e c t s  o f  i r r e g u l a r i t i e s  g i v i n g  r i s e  t o  spread F t r aces  a l s o  depend on whether l a r g e  t i l t s  
a re  present  o r  n o t  and t h e  optimum ana lys i s  r u l e s  change accord ing ly .  H i s t o r i c a l l y ,  t h e  g r e a t  pre-  
dominance o f  a lmost  h o r i z o n t a l  s t r a t i f i e d  c o n d i t i o n s  has g iven r i s e  t o  a  s e t  o f  'normal ' r u l e s  a p p l i -  
cab le  t o  t h i s  case. I n  t h i s  e d i t i o n  we a t tempt  t o  make t h e  d i s t i n c t i o n  c l e a r e r .  

It i s  conven ient  t o  d i s t i n g u i s h  between t h e  two main types o f  spread F t r aces  though i n  some 
cases bo th  may be p resen t  s imul taneous ly  and one can t u r n  i n t o  t he  o t h e r .  These are: 

(a )  Frequency spread 

( b )  Range spread (See a l s o  s e c t i o n  2.74) 

The former shows spread near the  c r i t i c a l  frequency, t h e  p a t t e r n  o f t e n  showing f requency s t r u c t u r e  
as though a number o f  normal t r aces  were d i sp laced  i n  frequency and present  s imul taneous ly ,  (see 
F ig .  2.11 f o r  d e t a i l s ) .  [B. I I A  4 Sept; I I B  4  a l l ;  I I A  18 June; I I A  19 June; I I A  22 Dec; I I A  34 
Sept; I I A  35 Sept; !IA 40 Sept; I I A  53 June; I I B  6 a l l ;  I I B  14 Dec. F i r s t  and l a s t  3  ionograms o f  
I 1 1  201. The l a t t e r  shows 1  i t t l e  o r  no h e i g h t  v a r i a t i o n  w i t h  frequency, b u t  o f t e n  s t r u c t u r e  i n  
he igh t ;  i n  extreme cases i t  may l ook  1  i ke a  h o r i z o n t a l  band across t h e  ionogram, (see F ig .  2.14 f o r  
d e t a i l s ) .  [ B .  Sequence I 1 1  19; I I A  41 Sept. Syowa; I I B  41. June Syowa; I I A  10 Sept; I I A  17 Dec; 
I I A  59 June; I I A  72 Dec; I I A  74 Dec; I I A  82 Sept; I I A  83 June; I I A  85 Dec]. Some examples o f  com- 
b ined  f requency and range spread are  shown i n  t he  A t l a s .  [B. I I A  3 Sept; I I A  4  Dec; I I A  7  June 
Sept; I I A  8  June; I I B  3  Dec]. 

C l a s s i f i c a t i o n  o f  spread F types i s  considered i n  s e c t i o n  12.3. See a l s o  spread F  s c a l i n g  r u l e s  
i n  s e c t i o n  2.8. 

2.71. I d e n t i f i c a t i o n  o f  l a r g e  s c a l e  t i l t: Usua l l y  l a r g e  s c a l e  t i l t s  t ake  an hour  o r  more t o  b u i l d  
up a t  a  g i ven  s t a t i o n  so t h a t  a  s tudy  o f  t h e  sequence o f  ionograms i s  t he  b e s t  way o f  i d e n t i f y i n g  
t h a t  these are  l i k e l y  t o  be present .  I n  p r a c t i c e  t h e  t ime i n t e r v a l  between ionograms should n o t  
exceed 15 minutes. Large s c a l e  t i l t s  u s u a l l y  generate s i g n i f i c a n t  changes i n  t h e  ionograms be fo re  
and a f t e r  t he  t i l t e d  s e c t i o n  was overhead. When these a re  seen, t h e  i n t e r p r e t a t i o n  of t h e  iono-  
grams shou ld  be based on the  probab le  presence o f  l a r g e  t i 1  t s .  

The f i r s t  c l e a r  s i gns  o f  t h e  approach o f  a  t i l t e d  s t r u c t u r e  are: 

( a )  The h e i g h t  i n t e r v a l s  between h i g h e r  o r d e r  t r aces  a re  a l t e r e d  r e l a t i v e  t o  t h e  i n t e r v a l  
between ground pu l se  and f i r s t  o r d e r  t r ace ,  and t h e  shape o f  t h e  t races  can a l t e r ,  
F ig .  2.7. 

( b )  The sudden appearance o f  s a t e l l i t e  t r aces .  I f  these are seen f i r s t  on a  h i g h  o r d e r  t r a c e  
and l a t e r  on t h e  f i r s t  o r d e r  l a r g e  t i l t s  a r e  probab le .  

( c )  The sudden appearance o f  range spread t races .  

Note: I t  i s  p o s s i b l e  f o r  a  t i l t e d  s t r u c t u r e  t o  be present  near a  s t a t i o n  b u t  n o t  move 
overhead. I n  these cases t h e  p a t t e r n  shows t i lt b u t  does n o t  change g r e a t l y  w i t h  t ime. 

(d )  A  r a p i d  change o f  h l F  w i t h  t ime, when accompanied by a d d i t i o n a l  t r aces  o r  spread F, i s  .- 
a1 so a  good i n d i c a t i o n  t h a t  s i g n i f i c a n t  ti 1  t s  are  present .  

The most r e l i a b l e  t e s t  f o r  overhead t i 1  t i s  t o  compare the  v i r t u a l  he igh ts  h, h, h 3  . . . of 
t h e  m u l t i p l e  t races.  The h e i g h t  i n t e r v a l s  (h3-3hl) ,(h,-2hl), e t c .  show measurable d i f ferences when 
t h e  t i 1  t exceeds about 5 " .  

The r u l e  i s :  

If the  v i r t u a l  h e i g h t  i n t e r v a l  ground pulse,  G, t o  f i r s t  o r d e r  i s  d i f f e r e n t  f rom t h a t  between 
t h e  f i r s t  and second o r d e r  by  more than expected f rom normal ionograms (see s e c t i o n  2.11) t h e  r e -  
f l e c t i o n  i s  n o t  v e r t i c a l .  The p a i r s  o f  t r aces  f o r  which t h e  e r r o r  i s  l e a s t  i d e n t i f y  t h e  mode 
most n e a r l y  v e r t i c a l  and t h i s  t r a c e  shou ld  be analyzed, e.g., F ig .  2.6(b). The i n t e r p r e t a t i o n  
i s  based on the  assumption t h a t  l a r g e  t i l t s  a re  present ,  and t h e  r u l e s  i n  t h i s  s e c t i o n  a r e  used. 
Unless t h e r e  i s  p o s i t i v e  evidence o f  t h e  ex is tence o f  l a r g e  t i 1  t s ,  t hey  a r e  assumed absent g i v i n g  t h e  
normal anal y s i  s  r u l  es . 

When mu1 t i p l e  r e f l e c t i o n s  a r e  present  f o r  e i t h e r  v e r t i c a l  o r  o b l i q u e  t races ,  t hey  shou ld~a lways  
be used t o  show whether t h e  t r a c e  i s  o b l i q u e  o r  no t .  I t  may happen t h a t  one of t h e  t races  n o t  show- 
i n g  mu1 t i p l e s  i s  t h e  v e r t i c a l  t r a c e  and i t  i s  then useful  t o  know which t races  were o b l i q u e  i n  the  

4  2  
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sequence. I n  the s i t u a t i o n  when a  t rough and a  r i d g e  o f  i o n i z a t i o n  cross t h e  s t a t i o n ,  r e f l e c t i o n s  
f rom the  s ides o f  t he  t rough are  o f t e n  prominent u n t i l  the  r i d g e  i s  overhead, when t h e  mu1 t i p l e  t races 
r e f l e c t e d  f rom the  r i d g e  suddenly show v e r t i c a l  r e f l e c t i o n ,  h2  - 2hl = 0. 

F ig .  2.7 Changes i n  p a t t e r n  when l a r g e  perturbation approaches s t a t i o n .  

FREQUENCY ( MHz1 
3 5 8 3 5 8 3 5 8 

For t h i s  case hmF2 i s  increas ing.  

- 2 4  J -  

- 

240 km 1745 
1  I I  I I  I l l  

1745 Normal 

1800 3F t r a c e  r e f l e c t e d  a t  ob l i que  inc idence,  note  change o f  shape near  foF2. 

- 

250 k m  
- 

275 km - 
4 

- 
300 km 1830 1845 

I  1 I  I  I I l l  

2 

250 km I800 
I I I  I  I I l l  

i* 

1815 A l l  t r aces  ob l ique,  note c h a r a c t e r i s t i c  decrease i n  curvature  near 
foF2 and defocussing near foF2 ( l e t t e r  Y p r e f e r r e d  b u t  R acceptable) .  

-- 26;km, - 

- 
I 

265 k m  1815 
I I l I 1 I l .  

1830 - 1900 A l l  t races ob l i que  b u t  f i r s t  o rde r  r e f l e c t e d  from plane s t r a t i -  
f i e d  t i l t e d  l a y e r  s i m i l a r  t o  F ig .  2.5(b) as i s  shown by shape becoming 
near  normal. 

Note: Only o-mode t races  have been reproduced i n  t h i s  f i g u r e .  

The sequence o f  events du r ing  severe t i l t  a t  a  g i ven  s t a t i o n  o f t e n  tends t o  repeat  f rom day 
t o  day, though n o t  necessa r i l y  a t  t he  same speed o r  a t  t h e  same t ime. Complex p a t t e r n s  can o f t e n  
be i n t e r p r e t e d  unf que ly  us ing  several  sequences. 

When t he  c r i t i c a l  frequency values g iven by the  second o r d e r  t r a c e  d i f f e r  s i g n i f i c a n t l y  
(accuracy l i m i t s  f o r  U o r  more) f rom those g i ven  by the  f i r s t  o r d e r  t race ,  l a r g e  sca le  t i l t  i s  
present  ( t h e  converse o f  t h i s  r u l e  i s  n o t  always t r u e ) .  
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F ig .  2.8 C h a r a c t e r i s t i c  t races  when t i l t s  a re  l a r g e .  

Pa t te rns  o f  t h e  types shown i n d i c a t e  l a r g e  t i l t s  i n  t h e  lower  p a r t s  of t h e  ionosphere. 
They can occur  on any normal t r a c e  o r  on p o l a r  spurs.  

F ig .  2.9 Ray paths r e f l e c t e d  f rom a f i e l d  a l i g n e d  i r r e g u l a r i t y  
showing h igh  and l ow  ang le  modes. 

44 



OBLIQUE OR SPREAD TRACES 2-17 

Always t e s t  t h a t  t h e  development of the  c r i t i c a l  f requency i n  t ime, and the  changes i n  v i r t u a l  
h e i g h t  w i t h  t ime, are  cons i s ten t  w i t h  t h e  i n t e r p r e t a t i o n  adopted. Thus, an abnormal ly l a r g e  and 
r a p i d  change i n  h e i g h t  would be i n c o n s i s t e n t  w i t h  no t i l t  even i f  the  c r i t e r i a  g iven above were n o t  
seen. 

T i 1  t s  i n  t h e  lower  ionosphere o f t e n  show as ob l i que  t ype  t races  ( F i g .  2.8)  f o r  t h e  upper l aye rs .  
F i e l d  a l i g n e d  r e f l e c t i o n  can g i v e  t h e  same type o f  a t t e r n  when t h e  rays a re  bent  I n  a  normal l a y e r  
t o  be perpend icu lar  t o  the i r r e g u l a r i t i e s  ( F i g .  2.97. 

2.72. Normal i n t e r p r e t a t i o n  - t i l t s  smal l :  The normal r u l e s  apply t o  the  i n t e r p r e t a t i o n  when 
t r a v e l l i n g  disturbances,  d i u r n a l  changes, o r  s i m i l a r  phenomena cause o n l y  s l i g h t  t i l t  e f f e c t s ,  and 
t o  spread F pa t te rns  seen when ti lt of t h e  main l a y e r  i s  probab ly  smal l .  

T i l t s  and i r r e g u l a r i t i e s  can modi fy t he  i n t e r p r e t a t i o n  o f  t h e  t races f o r  any l a y e r  b u t  a re  most 
common and most impor tant  when modi fy ing F- layer  c h a r a c t e r i s t i c s .  The r u l e s  are  g lven f o r  t h e  de te r -  
minat ion  o f  foF2, M(3000)F2 and h'F; analogous r u l e s  apply t o  the  parameters f o r  o the r  t h i c k  l aye rs .  
Fo r  t h e  i n t e r p r e t a t i o n  o f  l e t t e r  synhols see Chapter 3, f o r  f $ l o t  symbols see Chapter 6. T i l t s  and 
i r r e g u l a r i t i e s  modif.vinq Es c h a r a c t e r i s t i c s  a r e  considered i n  Chapter 4. They a r e  impor tant  i n  gener- 
a t i n g  Es types a, r and s. 

When t i l t s  a re  smal l ,  ob l i que  r e f l e c t i o n s  w i l l  g i ve  t races  a t  g rea te r  v i r t u a l  he igh ts  than those 
fo r  t h e  near v e r t i c a l  r e f l e c t i o n .  Also denser clouds of ion i ,za t ion  which are  n o t  overhead can g i v e  
r e f l e c t i o n s  on f requencies above the c r i t i c a l  frequency. Ana lys is  shows t h a t  such r e f l e c t i o n s  g i v e  
t races  which have a  d i f f e r e n t  shape from normal r e f l e c t i o n s ,  Fig.  2.10. 

F ig .  2.10 Re f lec t i on  f rom a  c loud, o  mode on ly  -C 

(a)  E lec t ron  d e n s i t y  ( N )  i n  c loud l e s s  than N i n  l a y e r .  
(b)  E l e c t r o n  dens i t y  (N)  i n  c loud g rea te r  than N i n  l a y e r .  

1 - F i r s t  o r d e r  t race,  2  - second o rde r  t race.  
o  mode o n l y  shown i n  t h i s  f i g u r e .  x  t r a c e  o f ten helps d l s t i n g u l s h  p r i n c i p a l  t r a c e  
us ing  fxF2 - foF2 = fB/2. P r i n c i p a l  t races  a r e  normal ly  more s o l i d  than those f rom clouds.  

Any smal l  g rad ien ts  causing the  average i o n i z a t i o n  d e n s i t y  t o  be g r e a t e r  a t  ob l i que  inc idence 
w i l l  tend t o  g i v e  t races  s i m i l a r  t o  t h e  normal t r a c e  b u t  d isp laced towards h ighe r  f requencies.  
Fo r  these cond i t i ons :  

(a )  The t r a c e  w i t h  t h e  lowest  v i r t u a l  he igh t  i s  most 1  i k e l y  t o  be overhead. 
(b) The s t ronges t  t r a c e  i s  most l i k e l y  t o  be overhead. 
(c )  The i n n e r  edge o f  t h e  spread F  p a t t e r n  [F iq .  2.11) i s  most 1  l k e l y  t o  g i v e  the  bes t  va lue 

of foF2 and ~ ( 3 0 0 0 ) F Z  i n  the presence of spread, provided al lowance i s  ,,,ade for width as i n  Fig.  3.14. 
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Fig.  2.11 Frequency spread 

Note: (I) Second o rde r  t r a c e  t w i c e  h e i g h t  o f  f i r s t  o rde r  
(11)  Main t r a c e  c l e a r e r  on second o r d e r  
(111) I n n e r  edge s t r o n g  and c l e a r  

fxF2 - f0F2 = fB/2 
foF2 g iven by  i n n e r  edge o f  t r a c e  

( d )  The s t ronges t  t races  i n  the  m u l t i p l e  r e f l e c t i o n s  a r e  most l i k e l y  t o  be overhead (check 
h e i g h t  i n t e r v a l s ) .  

When range spread i s  present  ( a )  takes precedence over  (b) unless t h e  lowest  t r a c e  i s  
weak o r  sca t te red .  

( e )  The c r i t i c a l  frequency can be deduced from the  second o rde r  t race .  

These c r i t e r i a  should be used t o  con f i rm  each o t h e r  whenever poss ib le .  Note t h a t  parameters 
deduced us ing ( c ) ,  t h e  i n n e r  edge, should always be regarded as unce r ta in  ( q u a l i f y i n g  l e t t e r  U) 
f o r  i n t e r p r e t a t i o n  reasons. However, when two m u l t i p l e s  a re  present i n  spread F  cond i t i ons  and g i ve  
cons i s ten t  values o f  foF2 w i t h i n  the  accuracy r u l e  l i m i t s ,  t h e  value can be regarded as c e r t a i n  
a1 though no t  measurable on the  f i r s t  o rde r  t race .  

A  c o m n  cause o f  smal l  t i l t s  i s  t h e  presence of  t r a v e l 1  i n g  ionospher ic  d is turbances.  A  
t r a v e l l i n g  ionospher ic  d is turbance (TID) i s  t h e  name a t t r i b u t e d  t o  a  pressure wave which propagates 
i n  t h e  ionosphere. These can occur  a t  any l a t i t u d e  a t  any t ime,  b u t  t h e i r  e f f e c t s  on the  i o ~ o g r a m  
a re  most obvious d u r i n g  d a y l i g h t  p a r t i c u l a r l y  when F1 i s  present .  

F igure  2.12 i l l u s t r a t e s  the  sequence of  events produced by a  TID. Th is  f i r s t  pe r tu rbs  t h e  upper 
F  reg ion ,  then F1 and f i n a l l y  E reg ion .  Not a l l  t h e  pa t te rns  i n  the sequence a r e  observed as much 
depends on the v e r t i c a l  v e l o c i t y  component o f  t h e  pressure wave and t h e  i n t e r v a l  between ionograms. 
For t h e  sake o f  c l a r i t y ,  o n l y  t h e  o-component i s  shown. 

Although t h e  d e s c r i p t i v e  l e t t e r  H i s  most f r e q u e n t l y  used t o  denote t h e  presence o f  a  T IDY t h e  
p r e f e r r e d  s c a l i n g  o f  each parameter i s  g iven i n  Table 1. Examples a r i s e  i n  which t h e  o  and x  t races  
d i f f e r  g r e a t l y  and i n  such cases t h e  app rop r ia te  l e t t e r  i s  Y .  Thus these sequences o f  ionograms 
show i n  t ime  sequence some o r  a1 1  o f  t he  f o l l o w i n g  LB I I  I, 11, 12, 131 : 

( a )  a p e r t u r b a t i o n  o f  foF2 and fxF2 

( b )  a  fo rked  t race ,  V 

( c )  a  p e r t u r b a t i o n  o f  h1F2 

(d )  a  p e r t u r b a t i o n  i n  f o F l  
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( e )  f o rma t i on  of a F0.5 t r a n s i e n t  l a y e r  w i t h  p e r t u r b a t i o n  i n  h ' F  

( f )  h i g h  type Es o r  E2 l a y e r  

(9 )  o f t e n  an increase i n  foEs and f a l l  i n  h'Es. Es type changing f rom h  t o  c  o r  i n  extreme 
cases t o  R 

( a )  and ( b )  a re  u s u a l l y  accompanied by s i g n i f i c a n t  sideways mvernent o f  t h e  wave causing t h e  
1 dyer t o  1 ook t h i c k e r .  M( 3000) and t h e  h e i g h t  o f  t he  maximum are a1 t e r e d  and are  t h e r e f o r e  n o t  
r e l i a b l e ;  use UV o r  UH. 

Progression of Travelling Ionospheric Disturbance 

'Fig. 2.12 Sequence o f  ionograms showing t h e  progress ion o f  a  
Trave l1  i n g  Ionospher ic  Disturbance.  Colunins A and B 
show p o s s i b l e  a1 t e r n a t i  ve pa t te rns .  
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Table 1 

Preferred Scal ing o f  Ionograms shown i n  Fig.  2-12 

foF2 - h'F2 f o F l  h 'F f oE - - h'E - 
0 52 350 380 2 20 2 50 100 

056*H 350 380 220 2 50 100 

056*V 350 380 223 2 50 10 0 

052 350*H 380 220 250 100 

0 52 350-ti 400*H 220 2 50 100 

052 3 50 380 - H 220 250 100 

052 350 350*H 220 2 50 100 

0 52 350 380 220*H 250 100 

052 350 380 260*H 250 100 

052 350 380 220*A 250-A 100 

052 350 380 220 250-A 100 

052 350 380 220fA 250*A 100 

052 350 380 2 20 2 50 100*H 

052 350 380 22 0 250 100 

* Ind icates t ha t  use o f  qua l i f y i ng  l e t t e r  may be necessary. 

When the tilt i s  mainly East-West the o- and x-mode traces are modif ied i n  a s i m i l a r  way; 
when mainly North-South the shapes o f  the traces are d i s s im i l a r  o r  displaced i n  frequency r e l a t i v e  
t o  t h e i r  normal separat ion. Some t yp i ca l  examples are shown i n  Fiq. 2.13. It should be r e -  
membered t h a t  mixed and intermediate cases also occur. The separat ion o f  c r i t i c a l  frequencies fxF2- 
foF2, fxF1-foF1, o r  fxE-foE i s  a very sens i t i ve  index f o r  changes i n  c r i t i c a l  frequency along the 
magnetic meridian. T i l t s  i n  the reg ion near hmE can g ive pat terns which can be confused w i t h  the 
e f f ec t s  o f  s t r a t i f i c a t i o n  i n  the same zone. The cha rac te r i s t i c  d i f ferences are contrasted i n  Fig. 
2.14 (a)(b)(c) (d) tilt e f f ec t s  and (e) s t r a t i f i c a t i o n  e f fec ts .  

At  any frequency the obl ique incidence r e f l ec t i ons  may appear e i t h e r  above o r  below the v e r t i c a l  
incidence trace. 'The former i s  more c o m n  as the apparent v i r t u a l  he ight  f o r  a constant rea l  height 
o f  r e f l e c t i o n  w i l l  increase w i t h  the secant o f  the angle of incldence. 

It t t  t t t t t t  
fmin foE f x E  foFl fxFl  foF2 f x F 2  

foE2 fxE2 

Fig. 2.13 North-South t i 1  t s  showing d i s t o r t i o n  o f  t races 
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C s t i o n  F ig .  2.13. - 
Typ ica l  e f f e c t s  a t  d i f f e r e n t  l e v e l s  have been combine--usual ly  o n l y  
one o r  two w i l l  be seen on any g i ven  ionogram. E  t r a c e  normal. 

fxE2 - foE2 - fB/2. 
F1 o  and x  t races  d i ; s im i l a r  
F2 s a t e l l i t e  t r a c e  present 
F2 o  and x  t races  d i s s i m i l a r  
F2 o  t r a c e  showing s t rong t i lt d i s t o r t i m  (normal t r a c e  shown on 

dashed l i n e )  

I n t e r p r e t a t i o n :  (see Chapter 3, c h a r a c t e r i s t i c  enclosed i n  parentheses 
means apparent va lue  o f  t h e  parameter. ) 

fmin, foE normal 
For foF1. Measure (foF1. ( fxF1-fB/2)  and s a t e l l i t e  t r a c e  and t a b u l a t e  

(average va lue)  UH 
For foF2. As x  t r a c e  apparent ly  n o t  bad ly  d i s t o r t e d  t a b u l a t e  ( fxF2- fB/2)  

JH ( i f  x  t r a c e  bad ly  d i s t o r t e d  t a b u l a t e  ( foF2)  E Y ) .  
hlE normal 
h1E2 tabu la ted  i f  needed f o r  l o c a l  o r  reg iona l  purposes (h 'E2)  UH 
h ' F  tabu la ted  (h lF )  UH 
h1F2. Check second order ,  i f  t h i s  agrees use (h1F2) ,  if not  o r  i f  

s a t e l l i t e  p resent  and no second o rde r  t a b u l a t e  (h1F2)  UH 

2.73. I n t e r p r e t a t i o n  when l a r g e  t i l t s  a r e  present :  A t  h igh  and low l a t i t u d e s  l a r g e  t i l t s  sometimes 
exceeding 45" can be q u i t e  common a t  c e r t a i n  t imes o f  day. For these c o n d i t i o n s  t h e  normal 
ru les ,  s e c t i o n  2.72, can be h i g h l y  mis lead ing.  For example r a p i d  changes i n  hmF2 w i t h  p o s i t i o n  
can cause o b l i q u e  t races  t o  have lower  v i r t u a l  he ights  than the  v e r t i c a l  i nc idence  t race ,  
and cu rva tu re  o f  t h e  r e f l e c t i n g  surfaces can cause these t races  t o  be much s t ronge r  than the  most 
n e a r l y  v e r t i c a l  t r ace .  Such cond i t i ons  a r e  o f t e n  accompanied b y  f i e l d - a l i g n e d  i r r e g u l a r i t i e s  which 
can g i v e  range and frequency spread which a l s o  do n o t  obey t h e  normal r u l e s .  Thus, the  main problem 
i s  t o  i d e n t i f y  t he  near v e r t i c a l  t r a c e  i n  t h e  presence o f  o ther ,  o f t e n  s t ronge r  and lower t races  w i t h  
o r  w i t h o u t  t he  a i d  o f  m u l t i p l e  r e f l e c t i o n s .  Many examples have been g iven by  G. G. Bowman and G. A. 
M. King (P lane t  Space Sc i . ,  1969, 71, 777-796; Aust. J. o f  Physics, 1968, 3, 695-714). These and 
o the r  examples were c o l l e c t e d  i n  a T i g h  L a t i t u d e  Supplement t o  t h i s  Handbook pub l ished as UAG-50. 

The .most u s e f u l  t o o l  i s  u s u a l l y  t h e  sequence of ionograms, t h e  s i g n i f i c a n t  p r o p e r t i e s  of t he  
most n e a r l y  v e r t i c a l  r e f l e c t i o n  t r a c e  being:  

( a )  t h a t  the  h e i g h t  i s  va ry ing  r e g u l a r l y  w i t h  t ime over  pe r i ods  o f  t h e  o rde r  o f  an hour. 
( b )  t h a t  t he  c r i t i c a l  frequency i s  va ry ing  r e g u l a r l y  w i t h  t ime. 

Note: Changes i n  h e i g h t  o r  c r i t i c a l  frequency o f  the  near v e r t i c a l  t r a c e  can o f t e n  be used 
t o  p r e d i c t  t h e  most probable p o s i t i o n  o f  t h i s  t r a c e  on the  n e x t  ionogram whereas t h e  
ob l  i que  t races  tend t o  show more i r r e g u l a r  appearance and disappearance. 

Spec ia l  d i f f i c u l t i e s  can a r i s e  a t  sun r i se  when r u l e s  ( a )  (b )  can break down. The new F  l a y e r  
can be formed a t  a  d i f f e r e n t  h e i g h t - f r o m  t h a t  o f  t h e  res idua l  n i g h t  l a y e r ,  and the  E and F1 l a y e r s  
are  f i r s t  formed a t  g rea t  he igh ts  and r a p i d l y  move down t o  t h e i r  normal p o s i t i o n s .  An F - l aye r  
sequence near sun r i se  w i l l  be found i n  the  A t l a s  [ B I I I  p231. The b e s t  way t o  l e a r n  t o  i n t e r p r e t  
sun r i se  ionograms i s  t o  make some sample sequences a t  s h o r t  i n t e r v a l s ,  p r e f e r a b l y  every f i v e  minutes.  
The phenomena change w i t h  season and w i t h  the  l a t i t u d e  and l o n g i t u d e  o f  t h e  s ta t io rp .  For these 
per iods,  f p l o t s  can be ve ry  h e l p f u l  i n  dec id ing  on the  c o r r e c t  i n t e r p r e t a t i o n .  

When hmF2 i s  no t  va ry ing  much w i t h  p o s i t i o n ,  t he  c r i t i c a l  f requencies f o r  t he  h i g h e r  o r d e r  
t races u s u a l l y  show sys temat ic  s h i f t s  r e l a t i v e  t o  those f o r  the  f i r s t  o rde r  t r ace .  Th is  i s  o f t e n  
accompanied by excess range spread f o r  these t races  ( t h e  normal range spread f o r  an n t h  o r d e r  t r a c e  
i s  n  t imes o r  l e s s  the  spread f o r  t h e  f i r s t  o rde r  t r a c e ) .  [ B I I I  23 f i r s t  6  frames; B I I I  241. 

The i n t e r p r e t a t i o n  o f  some o f  these p a t t e r n s  by the  use o f  a i r c r a f t  i s  discussed, w i t h  examples i n  
s e c t i o n  11.6 p  260-270. These p a t t e r n s  should correspond w i t h  those g iven i n  the  Handbook 
Supplement on High L a t i t u d e  Ionograms, Report UAG- 50. 

2.74. Range spreading:  Range spreading, F i g .  2.15, i s  o f t e n  assoc ia ted w i t h  t h e  presence o f  f i e l d -  
a l i gned  s t r u c t u r e s .  When these are present  t he  sur faces o f  constant  i o n i z a t i o n  a r e  corrugated approx- 
ima te l y  a long and pe rpend icu la r  t o  t he  f i e 1  d, F ig .  2.16. The type o f  p a t t e r n  produced depends on 
whether t he  d i f f e r e n c e  i n  e l e c t r o n  dens i t y  i n  the  f i e l d - a l i g n e d  s t r u c t u r e s  i s  l a r g e  o r  smal l  com- 
pared w i t h  t he  ambient e l e c t r o n  dens i t y .  I n  t he  former case the  s t r u c t u r e s  a c t  as r e f l e c t o r s ,  o f ten  
t o  f requencies h i g h  compared w i t h  the  l o c a l  c r i t i c a l  frequency. Some t y p i c a l  computed t races,  ( a f t e r  
Bowman, Aust .  J .  o f  Physics,  1968, - 21, 695-7141 are  shown i n  F ig .  2.17. 
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F ig .  2.14 D i s t i n c t i o n  between e f f e c t s  o f  l a y e r  t i lt and in te rmed ia te  t h i c k  E l a y e r  
(a ) (b )  The c r i t i c a l  forms o f  o- o r  x-mode t races  when t i 1  t s  are  present  near  hmE. 
( c ) ( d )  Traces a f t e r  a1 l o w i n g  f o r  focus phenomena. 
(e)  Thick E2 l a y e r .  

Note: St rong t r a c e  due t o  p o s i t i v e  focus ing  a t  f requencies j u s t  above foE I n  case (e ) ,  
weak t r a c e  due t o  nega t i ve  focus ing  i n  cases ( c )  (d ) .  

The i n t e r p r e t a t i o n  of foE i n  ( c )  (d)  depends on t h e  u n c e r t a i n t y  shown by  the  b a r  r e l a t i v e  
t o  t h e  l i m i t s  g iven by the  accuracy r u l e s .  As t h i s  increases we have 

( i )  ( m a n  value o f  foE) 
( i i )  ( m a n  value o f  foE) UH 
( i i i )  case ( c )  (1 owest va lue o f  foE) OH 
( i v )  case '(d)'(highest value o f  foE) EH 
( v )  replacement l e t t e r  H 

The in te rmed ia te  t r a c e  i n  case ( c )  may be missing.  
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OBLIQUE OR SPREAD T K A C t S  

cL foF2 f x F 2  f 

Fig. 2.15 Range spreading 

Note: ( i )  Second order a t  twice height of f i r s t  order except possibly near foF2. 
( i i )  When trace s imi la r  to 0 present, strong t i l t  l ike ly  to  develop. 

(0 can be above or below 2F t race) .  
( i i i )  Range spread indicated by dotted s t ruc ture  and s a t e l l i t e  t races .  The l a t t e r  may be 

absent. 

300 - 

200 I 
I00 POLE - 0 100 DISTANCE k m  

Fig. 2.16 Reflection fmm i r regular  ionosphere 

Note: Electron density increasing towards pole. 
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F ig .  2.18 Traces r e f l e c t e d  i n  mode 1 ( p a r a l l e l  t o  f i e l d )  
and mode 2 (perpend icu lar  t o  f i e l d )  i n  F ig .  2.15 
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U B L I U U t  UR SPREAD TRACES 2-25 

When t h e  pert.urbatiops due t o  t h e  f i e l d - a 1  igned s t r u c t u r e  a re  smal l  as i n  F ig.  2.16, t he  l a y e r  
approximates t o  two t i l t e d  l aye r s  p resen t  s imul taneously .  Usua l l y  t h e  e l e c t r o n  dens i t y  i s  va r y i ng  
w i t h  d i s t ance  i n  t h e  magnetic mer id ian  i n  these cases and two f a m i l i e s  o f  t r aces  are generated. 

Group 1. Traces r e f l e c t e d  f rom the  d i r e c t i o n  a long the  f i e l d .  Th i s  g ives  a  f a m i l y  o f  t races  s i m i l a r  
t o  t h e  normal t r a c e  b u t  w i t h  t h e  c r i t i c a l  frequency decreasing when t he  e l e c t r o n  dens i t y  
decreases towards t h e  magnetic pole,  i n c r e a s i n g  when i t  increases i n  t h i s  d i r e c t i o n .  

Group 2. Traces r e f l e c t e d  f rom the  d i r e c t i o n  t ransverse  t o  t he  f i e l d  ( o f t e n  f rom f i e l d - a l i g n e d  
i r r e g u l a r i t i e s  dense compared w i t h  the  ambient dens i ty ) .  

The former show simultaneous range and frequency spread, t h e  most n e a r l y  v e r t i c a l  t r a c e  o f t e n  
showing t h e  l a r g e s t  c r i t i c a l  f requency ( t h e  oppos i te  t o  t h e  normal smal l  t i l t  c o n d i t i o n ) ,  F i g .  2.18. 
The l a t t e r  show range spread, u s u a l l y  w i t h  l i t t l e  o r  no r e t a r d a t i o n  a t  t h e  h igher  f requencies.  

It shou ld  be noted t h a t  t he  r e l a t i v e  s t reng ths  o f  t he  o  and x  t races  a r e  o f t e n  abnormal i n  
these cases and one o r  o t h e r  may be miss ing.  

P a r t i c l e  generated l aye r s  a t  h i gh  l a t i t u d e s  o f t e n  show w ide l y  d i f f e r e n t  c r i t i c a l  f requencies 
f rom normal and a r e  u s u a l l y  f i r s t  seen as a  range spread t r a c e  superimposed on t he  normal lonogram. 
To f a c i l i t a t e  s tudy  o f  these phenomena t h e i r  presence should be i n d i c a t e d  by descriptive l e t t e r  Q. 

2.75. Lacuna phenomena. Under c e r t a i n  circumstances, t he  t races  on ionograms which a r e  r e f l e c t e d  
from a  c e r t a i n  range o f  t r u e  he igh t  d isappear a l though t h e  remain ing t r aces  show t h a t  t h e  absorp t ion  
i s  e i t h e r  normal o r  o n l y  s l i g h t l y  increased.  The name Lacuna ( lacune i n  French) has been proposed 
f o r  t h i s  phenomenon, Lacuna being t h e  L a t i n  word f o r  "gap". When t h e  equipment s e n s i t i v i t y  i s  h i g h  
o r  t h e  phenomenon weak, i t  i s  poss i b l e  t o  see weak r e f l e c t i o n s  spread i n  frequency and he igh t  over  
p a r t  o r  a l l  o f  t h e  range where t h e  normal t r aces  have disappeared. Lacuna a r e  most o f t e n  seen 
du r i ng  dayt ime i n  summer months. 

The immediate cause o f  t h e  l o s s  o f  t r a c e  i s  a  change i n  t h e  mechanism o f  r e f l e c t i o n  so t h a t  t h e  
normal s t r ong  r e f l e c t e d  wave i s  rep laced  by an ext remely weak incoheren t  r e f l e c t i o n  from t h e  same 
he igh t .  Th i s  i s  be l i eved  t o  be due t o  t h e  presence o f  s t r ong  plasma i n s t a b i l i t i e s  i n  t he  l a y e r ,  
probably associated w i t h  t he  l o c a l  ion -acous t i c  waves. The t r a c e  d isappears suddenly when t he  
he igh t  o f  r e f l e c t i o n  f i r s t  reaches t h e  anomalous zone and normal r e f l e c t i o n s  appear suddenly when 
t h e  he igh t  o f  r e f l e c t i o n  reaches t h e  t o p  o f  t h e  zone. Thus when Lacuna s t a r t s  a  p o r t i o n  o f  the 
ionograni t r aces  suddenly disappears. The zone a f f e c t e d  most f r equen t l y  s t a r t s  i n  t h e  normal E l a y e r  
and extends t o  t h e  he igh t  of maximum o f  t h e  F1 l aye r - - t he  F1 Lacuna. Sometimes t h e  whole F  l a y e r  i s  
a f f e c t e d - - t o t a l  Lacuna, and i t  i s  c l e a r  t h a t  t h e  phenomena can sometimes e f f e c t  t h e  F2 l a y e r  alone-- 
F2 Lacuna. The imnediate cause i s  t h e  same i n  a l l  t h ree  cases b u t  i t  i s  l i k e l y  t h a t  t h e  genera t ing  
phys ica l  fo rces  a r e  d i f f e r e n t  f o r  F2 and F1 Lacuna. 

A t  s t a t i o n s  where Lacuna phenomena are  comnon, exper ts  have 1  i t t l e  d i f f i c u l t y  i n  recogn iz ing  
F2 Lacuna and d i s t i n g u i s h i n g  i t  f rom t h e  G c o n d i t i o n  (foF2 l e s s  than f oF l ) ,  t h e  main c r i t e r i o n  be ing  
t h a t  t h e  t ime  v a r i a t i o n  o f  foF2 i s  normal, t h e  t r a c e  suddenly d isappear ing  w i t h o u t  change i n  foF2, 
whereas f o r  a  G cond i t i on ,  foF2 decreases t o  below f o F l  and e v e n t u a l l y  reappears and increases 
r e l a t i v e  t o  i t .  Where F2 Lacuna i s  uncomon, e.g., o n l y  seen i n  e x c e p t i o n a l l y  a c t i v e  magnetic storms, 
u n s k i l l e d  s t a f f  should i gno re  t h e  p o s s i b i l i t y  t h a t  i t  can occur .  The o r i g i n a l  INAG r u l e s  d i d  n o t  
a l l o w  f o r  F2 Lacuna as t h e  d i s t i n c t i o n  i s  d i f f i c u l t  where Lacuna a re  r a r e .  

Lacuna appears t o  be c l o s e l y  assoc ia ted  w i t h  a c t i v i t y  a long  t h e  au ro ra l  oval  and i s  a l so  found 
a t  the  magnetic poles.  I t  may t h e r e f o r e  prove t o  be a  use fu l  t o o l  f o r  i t u d y i n g  a c t i g t y  i n  these 
zones. It i s  a l so  c l o s e l y  associated w i t h  s l a n t  Es seen a t  h i gh  l a t i t u d e s  and has been discussed 
under t h e  t i t l e  S l an t  E c o n d i t i o n  (J. K. Olesen, AGARD CP97, 1972, pp. 22.1-27.19, NATO Par is ;  
INAG 12, p. 14-19). 

The d i s t i n g u i s h i n g  f ea tu re  o f  Lacuna i s  t h a t  t he  ampl i tude of  s i gna l s  r e f l e c t e d  from a  c e r t a i n  
range o f  he i gh t s  i s  abnormal ly  sma l l ,  whereas o u t s i d e  t h i s  range t h e  t r aces  a r e  cons i s t en t  w i t h  t he  
presence o f  normal o r  s l i g h t l y  enhanced absorp t ion .  I n  con t r as t  an inc rease  i n  abso rp t i on  would 
cause fm in  t o  inc rease ,  t h e  x-mode t r a c e s  t o  weaken r e l a t i v e  t o  t h e  o-mode t r aces  and t he  m u l t i p l e  
t r aces  t o  weaken o r  disappear, these e f f e c t s  be ing  g rea tes t  a t  t he  lowes t  f requencies and l e a s t  a t  
t h e  h ighes t .  Lacuna o f t e n  extends t o o  c l o s e  t o  foE and foF1. I n  these cases t h e  t r a c e  suddenly 
disappears o r  reappears as t h e  frequency changes. I f  t h e  phenomenon were due t o  absorpt ion,  i t  
would g r a d u a l l y  weaken o r  reappear over  a  band o f  f requencies.  The d e t a i l e d  r u l e s  f o r  ana lyz ing  
Lacuna a r e  g iven  i n  Chapter 3,  l e t t e r  Y .  Some examples o f  a l l  t h e  cases o f  Lacuna seen a t  Ter re  Ade l i e  
a r e  shown i n  F i gs .  A-F below. The phenomenon i s  very cormnon a t  t h i s  s t a t i o n  and t h e  d i s t i n c t i o n s  Y ,  G, 
i.e., whether parameters ought t o  be present ,  a r e  solved by comparison w i t h  ionograms taken be fo re  and 
a f t e r  the  event. These f i g u r e s  show t h e  p r e f e r r e d  i n t e r p r e t a t i o n  t o  be used by exper ts ,  t h e  r u l e s  f o r  
nonexperts a r e  g iven  i n  Chapter 3. For example, t he re  i s  l i t t l e  d i f f i c u l t y  i n  d i s t i n g u i s h i n g  between 
t h e  very  weak Lacuna s c a t t e r ,  Y ,  and spread F, F, when many examples o f  bo th  have been compared b u t  
the  d i s t i n c t i o n  cannot be made r e l i a b l y  a t  s t a t i o n s  where t h e  phenomena a r e  r a r e .  
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Fig. A. "To ta l  F Lacuna" 
Observat ions:  All F r e g i o n  parameters and foE a r e  rep laced by Y .  
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F ig .  0 .  " F 1  Lacuna" 
Observat ions:  foE, h l F  and M3000F2 a r e  rep laced by Y. f o F l  can be deduced f rom t h e  

r e t a r d a t i o n  o f  t h e  F2 t r a c e  bu t  i s  d o u b t f u l ,  hence q u a l i f y  by U and 
desc r i be  by Y .  
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F i g .  C. "F2 Lacuna" 
Observa t ions :  A l l  F2 parameters a r e  r e p l a c e d  by Y .  I t  i s  i m p o r t a n t  t o  d i s t i n g u i s h  

between t h e  p rope r  use o f  Y and t h a t  o f  G i n  t h i s  t y p e  o f  p a t t e r n .  
The v a l u e  o f '  f o i l  i s  desc r i bed  by Y and q u a l i f i e d  o r  n o t  by U depend- 
ing on t h e  doubt  i n  t h e  r e l i a b i l i t y  of foF1.  (App l y  accuracy  r u l e s  
and compare w i t h  normal p a t t e r n s  f o r  s i m i l a r  t i m e . )  I f  i n  doubt ,  
use U. Note F1 x t r a c e  may be p resen t  o r  absent ,  as shown here.  
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F i g .  0. " Q u a s i - t o t a l  F Lacuna" 
Obse rva t i ons :  Use o f  Y and F  t o  i n d i c a t e  weakening ( Y )  and spread (F)  o f  t h e  t r aces .  
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Fig.  E. "Quas i -F l  Lacuna" 

spread, Y cou ld  i m p l y  no t r a c e  present .  

Observat ions:  Note t h e  presence o f  c l ean  F2 t r a c e s  makes t h e  i d e n t i f i c a t i o n  o f  
p a r t i a l  Lacuna F1 c e r t a i n .  M3000F1 cou ld  be rep laced by  F  o r  by 
Y, t h e  former i s  s l i g h t l y  p r e f e r a b l e  as t h e  immediate cause i s  t h e  

0.25 0.5 1.0 1.5 2.0 3.0 5.0 7.0 10. 15. 

DUMONT 

d'URVI LLE 800  

6 0 0  
Dale : 

400  

Heure : 200  

0 

fmin  I h'E 1 l oE  I hrEs I foEr I fbEs I typecs 
--- 

E I looZ I 260 1 G I G I G 

h'F I foFl I ~ 3 0 0 0 ~ ~ 1  h1F2 1 f0F2 ( ~ 3 0 0 0 ~ ~ 1  f x I  
--- 

1 9 5 ~  ( 4 0 7 )  350  1 Y I Y F 65 

F ig .  F. 'Quasi-F2 Lacuna" 

Many examples o f  ionograms showing Lacuna and S l a n t  Es c o n d i t i o n  w i l l  be found i n  t h e  H igh L a t i t u d e  
Suaolement (e.g., F ig .  2.45, 2.46, 2.51, 3.5, 5.26 and s e c t i o n  1 2 ) .  



OBLIQUE OR SPREAD TRACES 

2 + f t ? 
fmin f oE foF l foF2 f 

Fig. 2.19(a) F1 Lacuna 

Note: (a)  fmin and m u l t i p l e  t races normal. Therefore n o t  due t o  abnormal absorpt ion. 
(b)  Sudden appearance o f  F2 t race. Therefore no t  due t o  r e t a r d a t i o n  absorpt ion. 
(c)  Retarded p a r t  o f  E t race  u s u a l l y  missing b u t  E t race  he igh t  normal. This i s  not  Es. 
(d )  A weak d i f fuse o-mode t race  may a lso  be v i s i b l e  over p a r t  o f  the missing F1 t race  

when s e n s i t i v i t y  i s  h igh o r  the lacuna i s  weak. I t  i s  u s u a l l y  s t rongest  near foF1. 
(e )  A t  some s t a t i o n s  the  second order  t race  i s  n o t  seen dur ing  Lacuna condi t ions.  

km- 

500 - 

400 - 
300 - 
200 - 

Lacuna or 

Slant Es trace 

o 1 Expected foE 
t I  I  I I I 

I I I I I I I I I J  

1 MHz 2 3 4 5 6 7 8 9  H 1 3 1 5  

Fig. 2,19(b) Typical daytime ionogram w i t h  Slant  Es phenomenon a t  an aurora l  zone s t a t i o n  i l l u s -  
t r a t i n g  the  main c h a r a c t e r i s t i c s :  S lant  Es t race ,  Lacuna o r  Height Gap, F-spreadiness 
even i n  low p a r t  o f  F1-trace, and obl iques.  Narssarssuaq, June 15, 1969 a t  1559 h r .  LT. 
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2.8. Spread F types 

2.80, H i s t o r i c a l :  A f t e r  cons iderab le  d i scuss ion  INAG decided a t  Lima 1975 t o  adopt a s i m p l i f i e d  fo rm 
o f  spread F t y p i n g  and t o  recommend i t  f o r  general  use. The o r i g i n a l  proposals i n  s e c t i o n  12,34 were 
used as a basis.  Many examples o f  spread F t y p i n g  a r e  g i ven  i n  t h e  High L a t i t u d e  Supplement (Report  
UAG- 50 ) . 

While a l l  agreed t h a t  t h e  i d e a l  s o l u t i o n  would be t o  p rov ide  a spread F-type t a b l e  s i m i l a r  t o  t h e  
Es-type t a b l e  s e c t i o n  4.8, i t  was f e l t  t h a t  t h i s  would cause t o o  much work a t  s t a t i o n s  f o r  general  use. 
INAG recomnends t h a t  a separate spread F-type t a b l e  be produced where poss ib le ,  s e c t i o n  2.82, 

I n  o r d e r  t o  o b t a i n  widespread use and a v o i d  a d d i t i o n a l  work a t  t h e  s t a t i o n s  a compromise scheme 
was developed, see sec t i ons  2.83, 2.84, 

2.81. D e f i n i t i o n o f s e _ r ~ a d  F type:: 

( a )  Frequency spread; l e t t e r  symbol F. 

The t r a c e s  near  t h e  c r i t i c a l  f requencies a r e  broadened i n  f requency and may show 
a d d i t i o n a l  t r a c e s  s i m i l a r  t o  a normal c r i t i c a l  frequency t race .  Th i s  i s  t h e  
most comnon t y p e  of spread F a t  most l a t i t u d e s ,  F i g u r e  2.20. Other examples a r e  
shown i n  F igures  2.11, 2.18 t r a c e  z ,  2.19, 3.8, 3.11, 3.12, 3.14, 3.28, 3.35, 
3.39 a ,by 3.40 a,c,d; and f o r  f - p l o t  p resen ta t i on  6.4, 6.5, 6.6, 6.7, 6.8. Frequency 
spread f rom a t i l t e d  F l a y e r ,  F ig .  2 .21 i s  a l s o  i nc luded  i n  t h i s  c l a s s i -  
f i c a t i o n .  (See a1 so 6.10e). L e t t e r  F shou ld  be used whenever t h e  f requency 
range o f  t h e  spread exceeds 0.3 MHz. 

( b )  Range spread; l e t t e r  symbol Q. 

The t races  away f rom t h e  c r i t i c a l  f requency show broadening i n  range o r  t h e  pre-  
sence o f  s a t e l l i t e  t r a c e s  o r  bo th  F i g u r e  2.22. Other examples a r e  shown i n  
F igures  2.13, 2.17, 2.18 t r a c e  1, 3.13, 6.10. For u n i f o r m i t y  Q i s  used when t h e  
range spread exceeds 30 km i n  v i r t u a l  he igh t .  When broad pu lses  a r e  used so t h a t  
t h e  normal t r a c e  i s  w ide r  than t h i s  l i m i t  use Q when t h e  a d d i t i o n a l  broadening 
o f  t h e  t r a c e  exceeds 15 km. 

( c )  Mixed spread; l e t t e r  symbol L. 

The t races  a r e  broadened i n  b o t h  range and f requency and do n o t  show t h e  presence 
of d i s t i n c t  F and Q types. F igu re  2.23. Th i s  c l a s s i f i c a t i o n  shows a phys i ca l  
phenomenon d i s t i n c t  f rom those g i ven  by F and Q and INAG wishes t o  encourage i t s  
use on a v o l u n t a r y  bas is .  

(d )  Spur ( h i s t o r i c a l l y  p o l a r  spur, e q u a t o r i a l  spur) ;  l e t t e r  symbol P. 

Th is  c l a s s  i n c l u d e s  a l l  t ypes o f  spread F n o t  c l a s s i f i a b l e  under F, Q o r  L. I t  
i n d i c a t e s  t h e  presence o f  t r a c e s  f rom an o b l i q u e  r e f l e c t i n g  r e g i o n  which u s u a l l y  
r e f l e c t s  t o  a cons ide rab l y  h ighe r  f requency than t h e  F l a y e r  neares t  overhead. 
When as t h e  s t r u c t u r e  moves i n  t ime i t  may move overhead i n  which case the  . .+ 

c l a s s i f i c a t i o n  changes t o  F o r  Q as app rop r i a te .  F igure  2.24. Other examples 
a re  shown i n  F igu res  3.39 c, 6.10 c,d. 

2 .8 2 = B L e s  for_ x~ee- wi th-  A xr.e_aP!_!._t~~_e~ 

When a spread F t y p e  t a b l e  i s  made t h e  f o l l o w i n g  r u l e s  should be used. 

(a )  F i r s t  e n t r y  Spread F type used t o  g i v e  f x I ,  

( b )  Second e n t r y  Spread F type present  a t  expected va lue o f  foF2. 

( c )  T h i r d  e n t r y  Range spread i f  present.  

Note i n  most cases f x I  i s  g i v e n  by  a f requency spread t r a c e  
type F o r  by a range spread t r a c e  f rom near overhead, type Q, 
and o n l y  one e n t r y  i s  needed. 
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(d )  When L i s  n o t  used mixed type should be shown by e n t r i e s  o f  F, Q. 

(& )  Some p o s s i b l e  e n t r i e s  are:  

S ing le  e n t r y  F; Q; L. 
Double e n t r y  F, Q; P, F; P, L. 
T reb le  e n t r y  P, F, Q; P, L, Q. 

( f ) '  X may be used t o  show t h e  absence o f  spread F a t  t imes when i t  
would normal ly  be expected i n  t h e  spread F type  tab le .  

Fig. 2.20 Frequenc,y spread. Type F 

F ig.  2.21. Frequency spread. Type F 

Note: I n  l o g i c  f x I  should be read a t  the middle arrow b u t  t h e  standard f x I  r u l e  (read t h e  
h ighes t  frequency o f  spread v i s i b l e )  i s  e a s i e r  and more u s e f u l .  
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F ig .  2.22 Range spread. Type Q 

( a )  Shows an unresolved range spread Q i n  h ' F  t a b l e .  
(b) Shows resolved range spread Q i n  h ' F  t a b l e .  
( c )  Shows f x l  determined by a range spread p a t t e r n  Q i n  h ' F  and f x l  

( o r  foF2 t a b l e ) .  
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Fig .  2.23 Typical  mixed. Type L 

Note no st ructure  i n  hor izonta l  par ts  o f  t race .  Usual ly  no s t r u c t u r e  
i n  frequency spread as i n  ( a ) .  

Structured frequency spread (b) superposed on pa t te rn  ( a ) :  Use F i n  
f x I ,  L i n  h'F t o  g ive  exact descr ip t ion .  (Voluntary . )  
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F ig .  2.24 Spur. Type P 

Note t h e  P t r aces  may be above o r  below t h e  main t races  and may s t a r t  
a t  lower  o r  h i g h e r  f requenc ies  than shown. 
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2.83. U e s L o t - J y p i n g  spr.e_a_d-.F-i_nnst,a_njdrd Parameter tab les .  

Where a  separate spread F  t a b l e  i s  n o t  used, spread F  types should be shown i n  t h e  numerical t a b l e s  
us ing  t h e  f o l l o w i n g  r u l e s :  

( a )  D e s c r i p t i v e  l e t t e r s  represen t ing  spread F  types F, L, P, Q take p r i o r i t y  over  o t h e r  
d e s c r i p t i v e  l e t t e r s  i n  t h e  t a b l e s  t o  which they  apply .  (See t a b l e  below.) I n  t h e  remain ing 
tab1 es, t h e  a p p r o p r i a t e  d e s c r i p t i v e  l e t t e r  i s  determined by t h e  usual r u l e s  (Sec t ion  3.2) .  

( b )  The type  o f  spread F  used t o  eva lua te  f x I  i s  shown i n  t h e  f x I  t a b l e .  
Absence o f  spread i s  shown by d e s c r i p t i v e  l e t t e r  X (see f x I  r u l e s  s e c t i o n  3.3). 

( c )  Frequency spread, F, i s  shown i n  t h e  foF2 t a b l e .  I f  f x I  i s  a l s o  g i v e n  by F  
and has been t a b u l a t e d  i n  t h e  f x I  t a b l e ,  l e t t e r  symbols deno t ing  reason f o r  
doubt  may be used i n  p re fe rence  t o  F  i n  t h e  foF2 t a b l e .  

( d )  Range spread, Q, i s  shown i n  t h e  h 'F  tab le .  

( e )  When frequency spread o r  spur a r e  absent and f x I  i s  determined by a  range 
spread t r a c e ,  Q i s  used i n  t h e  f x l  t a b l e .  

( f )  Mixed spread, L, i s  shown i n  b o t h  h ' F  and foF2 t a b l e s  unless s t r u c t u r e d  t r a c e s  
Q o r  F  a r e  a l s o  p resen t  i n  which case these t a k e  p r i o r i t y  i n  t h e i r  
a p p r o p r i a t e  tab les .  

( g )  When L  i s  n o t  used, mixed type  t r a c e s  a r e  shown by F  i n  t h e  foF2 t a b l e ,  
Q i n  t h e  h ' F  t a b l e .  

( ) w i t h o u t  p r i o r i t y .  

T y p i c a l  Cases 

2.84. Rules when f x I  t a b j e s  a r e  n o t  a v a i l a b l e .  

(a )  D e s c r i p t i v e  l e t t e r s  r e p r e s e n t i n g  spread F  types take  p r i o r i t y  over  o t h e r  d e s c r i p t i v e  
l e t t e r s  i n  t h e  t a b l e s  t o  which they apply  o n l y .  I n  t h e  remain ing t a b l e s ,  t h e  a p p r o p r i a t e  
d e s c r i p t i v e  l e t t e r  i s  determined by t h e  usual r u l e s  (Sec t ion  3.2).  

- 

( b )  The t y p e  o f  spread F  which would be used t o  e v a l u a t e  f x I  (see f x I  r u l e s  s e c t i o n  3.3) 
i s  denoted by i t s  d e s c r i p t i v e  l e t t e r  symbol i n  t h e  foF2 t a b l e  ( p o s s i b l e  sym63ls 
F, P, Q o r  L). 

foF2 

- 
F  

(F 

( L )  

F 

Present 

No spread 

Spur, F  

( c )  The presence o f  range spread i s  shown i n  t h e  h ' F  t a b l e  ( p o s s i b l e  symbols Q, L ) .  
Note i n  t h i s  case i t  i s  imposs ib le  t o  descr ibe  f u l l y  t h e  ionogram and a  
p r i o r i t y  system has t o  be used. I n  t h i s  f x I  g r e a t e r  than  fxF2 i s  more impor tan t  
than deno t ing  frequency spread. 

h ' F  

- 
- 
Q 

L  

a 

f x I  

X 

P 

( d )  S t r u c t u r e d  t races  o f  types F  o r  Q a r e  always shown i n  p re fe rence  t o  L  when 
supcrposed. 

2.85. D i f f i c u l t i e s .  

F Q F  

L  I L  
! 

P F Q  P 
I 

The main d i f f i c u l t y  i n  p r a c t i c e  i s  t o  d i s t i n g u i s h  between spur  t r a c e s  and Es-a t races  seen a t  v e r y  
o b l i q u e  inc idence.  When a  c l o s e  sequence i s  a v a i l a b l e ,  e.g. t h r e e  g a i n  ionograms a t  t h e  hour, i t  w i l l  
be seen t h a t  t h e  Es t r a c e s  vary  cons iderab ly  i n  a  space o f  a  m inu te  whereas spurs change more s low ly .  
Spurs and h i g h  Es-a t r a c e s  tend t o  occur  t o g e t h e r  so  p o s s i b l y  a  unique s o l u t i o n  i s  n o t  e s s e n t i a l .  Spur 
p a t t e r n s  tend  t o  r e c u r  on d i f f e r e n t  n i g h t s  a t  s i m i l a r  l e v e l s  o f  magnetic a c t i v i t y ,  showing s i m i l a r  
p a t t e r n s  whereas Es-a i s  l e s s  r e g u l a r .  

C e r t a i n  types o f  spur  appear t o  i d e n t i f y  t h e  movement o f  t h e  a u r o r a l  ova l  over  t h e  s t a t i o n  (see 
High L a t i t u d e  Supplement, Report UAG-50) .  
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3 QUALIFYING AND DESCRIPTIVE LETTERS 3- 1 

3.0 Use o f  Q u a l i f y i n g  and Desc r i p t i ve  L e t t e r s  

L e t t e r s  are w r i t t e n  e x c l u s i v e l y  i n  c a p i t a l  (b lock)  l e t t e r s .  They are grouped i n t o  two classes, 
q u a l i f y i n g  and desc r i p t i ve .  The d i s t i n c t i o n  between these c lasses must always be kept  c l e a r  and 
l e t t e r s  must be entered on l y  i n  t h e  appropr ia te  p o s i t i o n  on the  d a i l y  tabu l  a t i o n  sheet (qua l f  fy -  
i n g  l e t t e r s  i n  t he  f i r s t  l e t t e r  column, d e s c r i p t i v e  l e t t e r s  i n  the second). 

The o l d  WWSC convention, w i t h  q u a l i f y i n g  l e t t e r  be fore  t h e  number and d e s c r i p t i v e  l e t t e r  a f t e r  
i t ,  was dropped f o r  general use as i t  was found t o  cause t r o u b l e  when the  data  were punched f o r  
computer use. This convent ion i s  convenient  f o r  manual work and i s  a l lowed where the  data a lso  
e x i s t  i n  computer form. When l e t t e r  symbols a r e  p r i n t e d  above t h e  number t h e  convention i s  t h a t  
the  q u a l i f y i n g  l e t t e r ,  i f  any, i s  placed above t h e  f i r s t  f i g u r e  o f  t h e  number and the  desc r i p t i ve -  
l e t t e r  above t h e  t h i r d  f i g u r e .  

The l e t t e r s  A,D,E,M,O,T,Z lare def ined both as q u a l i f y i n g  and d e s c r i p t i v e  l e t t e r s  and the  mean- 
i n g  i s  made c l e a r  by the convent ional  p o s i t i o n  o f  t he  l e t t e r  on the  t a b u l a t i o n  sheets. 

Wherever doubt a r ises ,  t h e  i n t e r n a t i o n a l  d e f i n i t i o n s  given under t he  appropr ia te  l e t t e r s  i n  
sec t ions  3.1. 3.2, o r  3.3 should be consuited. 

When the  data are tabu la ted by computer methods i t  i s  poss ib le  t o  compute the  des i red  character-  
i s t f c  f rom a measured value f o r  another mode. The I n t e r n a t i o n a l  conventions f o r  d e s c r i p t i v e  l e t t e r s  
0 and X have been modif ied t o  permi t  t h i s .  Thus, a tabu la ted value (fxEs)-X can then be .read by t h e  
computer t o  g i ve  (fxEs-fB/Z)JA. S i m i l a r l y  f o r  f x I  when no s c a t t e r  I s  present,  a- tabulated.  value 
( foF2) -0  can be read t o  g i ve  (foFP+fB/P)OX (no s c a t t e r  b u t  value deduced f rom o t race ) .  I t  I s  very  
undes i rab le ,  t o  use these conventions when t a b u l a t i o n  i s  done by hand. 

3 .1  Q u a l i f y i n g  L e t t e r s  

The q u a l i f y i n g  l e t t e r s  g i ve  an i n d i c a t i o n  o f  the r e l i a b i l i t y  o f  the  measurement o f  a tabu la ted 
value. These l e t t e r s  cannot be used t o  rep lace .a numerical value and must always be accompanied by 
a numerical value and by a d e s c r i p t i v e  l e t t e r .  

Q u a l i f y i n g  l e t t e r s  are used f o r  two purposes: as a lgebra ic  symbols, and t o  show t h a t  t h e  tab- 
u l a t e d  value has n o t  been deduced d i r e c t l y  from the t race  which i s  normal ly  considered. 

When no q u a l i f y i n g  l e t t e r  i s  used, i t  i s  imp l i ed  t h a t  there  was no ser ious  d i f f i c u l t y  due t o  
i n te r fe rence ,  no ise  o r  instrumental  de fec ts  i n  making the  measurement; t h a t  t he  i n t e r p r e t a t i o n  o f  
the ionogram i s  c l e a r  and unambiguous; and t h a t  t he  values tabu l  ated are  w i t h i n  the 1 im i  t s  o f  accur- 
acy requ i red  f o r  t h e  c h a r a c t e r i s t i c .  

I f  no q u a l i f y i n g  l e t t e r  app l ies ,  t he  space provided on the  t a b u l a t l o n  sheet i s  f i l l e d  w i t h  a 
dash (-) o r  l e f t  blank,' as may be appropr ia te  t o  avoid ambigui ty and according t o  the format o f  t h e  
tab le .  

The q u a l i f y i n g  l e t t e r s  are: A,C.,E,I ,J,M,O,T,U,Z. They have t h e  f o l l o w i n g  meanings: 

A - Less than. Used on1 when fbEs i s  deduced from foEs because tota l .  b l anke t i ng  o f  h ighe r  
layers i s  present*is must be ignored when computing medians - xxx A A  i s  t r e a t e d  as 
xxx, i .e . fbEs = foEs.(see sec t i on  4.6, p. 119). 

D - Greater than, ..- 

E - Less than. 

L e t t e r s  D, E g i v e  maximum o r  minimum 1 i m i t  values. Such values must be moved t o  t he  top  (D)  o r  
bottom (E )  o f  t h e  d i s t r i b u t i o n  when forming t h e  second median (Sect ion 8 ) .  

L e t t e r  A a l s o  imp l i es  a l e s s  than l i m i t  value b u t  t h i s  value i s  expected t o  be abnormally l a r g e  
and hence should not  be moved t o  t h e  bottom o f  t h e  d i s t r i b u t i o n  when forming the  second median. The 
connotat ion " l e s s  than" i s  thus ignored i n  forming the  medians. 

D and E are used as q u a l i f y i n g  l e t t e r s  when on l y  l i m i t i n g  values are  observed. Accuracy r u l e s  
f o r  the  use o f  D and E are given i n  sec t ions  2.2 and 2.7. 

When D and E are used i n  con junc t ion  w i t h  ionosonde l i m i t s  ( d e s c r i p t i v e  l e t t e r s  D,E,W) o r  1 i m i t s  
due t o  fmi-n, foE, foF1y d e s c r i p t i v e  l e t t e r s  B,G, i t  i s  essen t i a l  t h a t  t he  numerical  l i m i t s  should 
be r e a d i l y  ava i l ab le .  Since data are  o f t e n  handled by computer, notes i n  s t a t i o n  booklets can be 
l o s t .  I t  i s  t he re fo re  recommended t h a t  l i m i t  values be w r i t t e n  ou t  i n  f u l l ,  e.g. x)cyEE, unless i t  
i s  c e r t a i n  t h a t  the miss ing  values are e a s i l y  ava i l ab le .  Since median tab les  are o f t e n  separated 
from o t h e r  data a l l  median values should be w r i t t e n  i n  f u l l  whenever a numerical value i s  ava i l ab le .  
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I - Missing value has been replaced by an in te rpo la ted  value. 
I n t e rpo l a t i ons  may be performed over a  per iod not  exceeding two hours provided t h a t  

the sequence o f  records ind icates t h a t  condi t ions are varying slow1 y  , In te rpo l  a t ions  
should be done from an f p l o t  o r  a  d iu rna l  curve since the  cha rac te r i s t i c  need no t  vary 
l i n e a r l y  w i t h  t ime. I f  the gap i n  the observations i s  more than 2 hours, o r  i f  the char- 
a c t e r i s t i c  i s  n o t  bel ieved t o  be smoothly and s low ly  varying, no i n t e rpo l a t i on  i s  permitted. 

I n t e rpo l a t i on  may n& be used t o  provide a numerical value i n  the  fo l low ing  cases: 
(1 ) when the observed value i s  replaced by D,E, F, G, L, N o r  W, (2) f o r  any Es parameter, 
fmin f o r  f x I .  

I n t e rpo l a t i on  should be used whenever poss ib le  t o  provide a numerical value when the  
observed value i s  replaced by C, R o r  S. The same i s  t r u e  f o r  B i n  the  case o f  a  S I D  bu t  
no t  i n  the case o f  po lar  black-out.  

J - Ordinary component cha rac te r i s t i c  deduced from the ext raord inary  component. 
This l e t t e r  appl ies on ly  t o  measurements i nvo l v i ng  c r i t i c a l  frequencies and assumes 

fo = f x  - fB/2 o r  when fo  i s  near o r  below fB  the appropriate value o f  f x - f o  (sec t ion  1.04) 
[A1121, f i g .  138, A114D1. Whenever the  l e t t e r  J i s  used, the reason f o r  not sca l ing  t he  
ord inary  t race  must be ind icated by the appropr ia te  descr ip t i ve  l e t t e r .  

M(3000) niay be obtained even when the o rd inary  c r i t i c a l  frequency i s  deduced from the 
ext raord inary ,  provided t h a t  the po i n t  o f  tangency o f  the transmission curve and the ord inary  
t race can be located. M(3000) i s  scaled us ing the deduced o rd inary  c r i t i c a l  frequency, b u t  
i s  n o t  q u a l i f i e d  by J. The poss ib le  e r r o r  i n  deducing f o  i s  normal ly very small. 

M - Mode i n t e r p r e t a t i o n  uncertain.  
This l e t t e r  i s  used when there i s  n o t  enough evidence from the  ionogram o r  sequence of 

ionograms t o  show whether the mode was o rd inary  o r  ext raord inary .  I t  i s  mainly (but r a re l y )  
used w i t h  parameters f x I ,  foF2, foEs o r  fxEs (where tabulated).  The reason f o r  the d i f f -  
cu l  t y  i s  given by the most appropriate descr ip t i ve  l e t t e r .  The observed value i s  t rea ted  
as i f  the i n t e r p r q t a t i o n  was cor rec t  bu t  M impl ies a poss ib le  e r r o r  o f  fB/2 f o r  frequency 
cha rac te r i s t i c s  and an undefined e r r o r  i n  he igh t  and f a c t o r  charac te r i s t i cs .  

0 - Extraordinary component cha rac te r i s t i c  deduced from the ord inary  component. 
Th is  l e t t e r  appl ies whenever i t  i s  necessary t o  deduce the ex t raord inary  cha rac te r i s t i c  

from the o rd inary  wave trace. It can on l y  be used w i t h  cha rac te r i s t i c  frequencies def ined 
f o r  the  x  t race,  i n  p a r t i c u l a r  f x I  and fxEs. f x  i s  deduced by assuming f x  = f o  + fB/2 o r  
when fo  i s  near o r  below fB the appropr ia te  value o f  f x - f o  (sect ion 1.03, p  9 ) .  

When the q u a l i f y i n g  l e t t e r  0 i s  used the reason i s  given by: 

(a) The descr ip t i ve  l e t t e r  which bes t  shows why the ext raord inary  cha rac te r i s t i c  could 
not  be measured. 

(b) The descr ip t i ve  l e t t e r  M, when there i s  doubt about whether the o rd inary  o r  ext ra-  
ord inary  cha rac te r i s t i c  was measured. The cha rac te r i s t i c  i s  t rea ted  as 0. 

( c )  The desc r i p t i ve  l e t t e r  0, when there  i s  no doubt t h a t  the  o rd inary  wave characteristic 
was measured bu t  the reason f o r  the  absence o f  the ext raord inary  cha rac te r i s t i c  i s  
complex, doubt fu l ,  i s  near fB, o r  the x  mode could be seen b u t  was no t  used (see o 
under desc r i p t i ve  1 e t te rs ,  3.2). 

T  - Value determined by a sequence o f  observations, the actual  observat ion being incons is tent  
o r  doub t fu l .  

The l e t t e r  T i s  appl ied on l y  t o  numerical values obtained by 'smoothing' from the 
f p l o t  and always shows t h a t  the actua l  ionospheric condi t ions d i f f e r  from the representa- 
t i v e  value given i n  the table.  I t s  use i s  mainly conf ined t o  h i gh - l a t i t ude  s ta t ions  where 
the actual  value may be found f r o m  the f p l o t .  T  i s  never used t o  replace a missing value. 
I n  such cases i n t e rpo l a t i ons  should be performed i f  possible.  See sec t ion  6.9. 

U - Uncertain o r  doubt fu l  numerical value. 
A tabulated value may be uncer ta in  because the t race  i s  obscured by interference, 

noise, instrumental  defects, spread echoes, dev ia t i ve  absorpt ion, e tc .  , which make the 
ionogram d i f f i c u l t  t o  i n t e r p r e t .  See sect ion 2.2 f o r  the c r i t e r i a  f o r  use o f  the l e t t e r  U. 
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Z - Measurement deduced f rom t h e  t h i r d  magne to -e l ec t r on i c  component. 
The l e t t e r  Z, used as  a  q u a l i f y i n g  l e t t e r ,  i s  analogous t o  t h e  l e t t e r  J .  I t a p p l i e s  

o n l y  ( t o  c r i t i c a l  f requenc ies .  Whenever Z  i s  used t h e  reason f o r  n o t  s c a l i n g  t h e  o r d i n a r y  
t r a c e  must be i n d i c a t e d  by a  d e s c r i p t i v e  l e t t e r .  L e t t e r  Z  i s  used a l s o  as a  q u a l i f y i n g  l e t t e r  
when t h e  o-mode parameter i s  deduced f rom t h e  z t r a c e ,  e.g., foF2 = ( f zF2  + fB l2 )ZF.  T h i s  
i s  v a l u a b l e  when t h e r e  i s  no main t r a c e  o r  a  s e r i e s  o f  main t r aces  ( F i g .  3 .35) .  Note 
h ' z  < h ' o  < h ' x  so i t  i s  n o t  p o s s i b l e  t o  use q u a l i f y i n g  Z  f o r  h e i g h t  parameters. When f z  
i s  near  o r  below fB t h e  a p p r o p r i a t e  va l ue  o f  f o - f z  ( P  9) must be used. 

S ince  t h e  z component i s  r e f l e c t e d  o b l i q u e l y ,  except a t  t h e  magnetic d i p  po le ,  t h e r e  i s  always 
doubt  whether  o r  n o t  c o n d i t i o n s  have changed w i t h  she p o s i t i o n ,  and va lues  based on de- 
duc t i ons  u s i n g  t h i s  component a r e  regarded as d o u b t f u l  and a re  t h e r e f o r e  q u a l i f i e d  by 
q u a l i f y i n g  l e t t e r  Z. 

M(3000) may be ob ta ined  even when t h e  o r d i n a r y  c r i t i c a l  frequency i s  deduced f rom t h e  
t h i r d  magne to -e l ec t r on i c  component, p rov ided  t h a t  t h e  p o i n t  o f  tangency o f  t he  t r ansm iss i on  curve  
and t he  o r d i n a r y  t r a c e  can be loca ted :  M(3000) i s  sca led  u s i n g  t h e  deduced o r d i n a r y  c r i t i c a l  
frequency and i s  q u a l i f i e d  by Z. The q u a l i f i c a t i o n  i s  necessary because t h e  z  t r a c e  i s  a l -  
ways o b l i q u e  excep t  a t  t h e  magnet ic  d i p  p o l e  and t h e r e f o r e  t h e  deduced o r d i n a r y  c r i t i c a l  f r e -  
quency i s  unce r t a i n .  

A d d i t i o n a l  q u a l i f y i n g  l e t t e r s  a r e  used i n  t ops i de  soundings and a re  g i ven  i n  s e c t i o n  5.65 

3.2 D e s c r i p t i v e  L e t t e r s  

D e s c r i p t i v e  l e t t e r s  g i v e  t h e  main reason f o r  u n c e r t a i n t y  i n ,  o r  absence o f ,  a  numer ica l  v a l u e  o r  
i n d i c a t e  t h e  presence o f  c e r t a i n  phenomena. A l though two d e s c r i p t i v e  l e t t e r s  may be used when t h e  
form p rov i des  space f o r  t h r e e  l e t t e r  symbols, mechanical methods o f  a n a l y s i s  can handle o n l y  one 
d e s c r i p t i v e  l e t t e r .  There fo re  o n l y  t he  f i r s t  d e s c r i p t i v e  l e t t e r  can be recogn ized  as an i n t e r n a -  
t i o n a l  parameter  and i t  i s  most impo r t an t  t h a t  t h i s  l e t t e r  be c o n s i s t e n t  w i t h  t h e  r u l e s .  

The d e s c r i p t i v e  l e t t e r s  are:  A,B,C,D,E,F,G,H,K,L,M,N,O,P,Q,R,S.T,V,W,X,Y,Z. The f o l l o w i n g  
s e l e c t i o n  r u l e s  should be invoked when two l e t t e r s  seem e q u a l l y  a p p l i c a b l e :  

(a) Always use t h e  l e t t e r  wh ich  most n e a r l y  represen ts  t h e  cause of  t h e  d i f f i c u l t y .  
(b)  Always use a  l e t t e r  w i t h  a  r e s t r i c t e d  meaning i n  preference t o  one w i t h  a  more general  

meaning. (Th i s  p a r t i c u l a r l y  a p p l i e s  t o  t h e  ambigu i ty  between C and S, o r  between E  and G.) 

The d e s c r i p t i v e  l e t t e r s  have t h e  f o l l o w i n g  meanings: 

A - Iqeasurement i n f l u e n c e d  by, o r  imposs ib le  because o f ,  t h e  presence o f  a  l owe r  t h i n  l a y e r ,  f o r  
example, Es. When an Es t r a c e  i s  such t h a t  foEs cannot be d i s t i n g u i s h e d  and must be deduced 
f rom fxEs l e t t e r  A  i s  used. foEs = ( f xEs  - fB l 2 ) JA .  

H i s t o r i c a l l y ,  t h i s  case was t r e a t e d  us i ng  1  e t t e r s  JX b u t  t h i s  i s  m i s l ead ing  and obso le te .  A 
i s  n o t  used when foEs cannot  be eva lua ted  d i r e c t l y  because o f  i n t e r f e r e n c e  (use JS) o r  
i ns t r umen ta l  t t 'ouble (use JC). 

T h i s  l e t t e r  i s  used when a  h i g h e r  l a y e r  (such as t h e  F  l a y e r )  i s  ' b l a n k e t e d '  by a  t h i n  
l a y e r  (such as Es) .  B l a n k e t i n g  occurs  when an Es l a y e r  p reven ts  t h e  o b s e r v a t i m  o f  echoes 
f rom a  h i g h e r  l a y e r  ( F i g s .  3.1, 3.2, 3.3). 

Es can b l anke t  t h e  normal E  t r a c e  a l s o  i n  wh ich  case foE, h 'E a r e  rep laced  by A (F ig .3 .2 ) .  

When complete b l a n k e t i n g  occurs ( i . e .  no r e f l e c t i o n s  f r om  h i g h e r  l a y e r s  appear a t  a l l ) ,  
i t  i s  n o t  p o s s i b l e  t o  eva lua te  fbEs w i t h  c e r t a i n t y .  However t h e  s t a t i s t i c s  o f  fbEs l o s e  
much va l ue  if these h i g h  va lues  a re  n o t  numer ica l .  The s o l u t i o n  i s  t o  use fbEs = (foEs)AA 
i n  these cases. Th is  can be m i s l ead ing  i f  foEs i s  deduced f rom a  weak t r a c e .  When t h e  Es 
does n o t  va r y  w i t h  p o s i t i o n ,  t he  t o p  f requenc ies  of  the  m u l t i p l e  o r d e r  t r aces  decrease 
s l o w l y  w i t h  o r d e r  and t h e  t o p  frequency of  t he  second o r d e r  t r a c e  corresponds approx i -  
ma te l y  w i t h  t he  frequency a t  which an F t r a c e  cou ld  have been seen. The f i r s t  o r d e r  Es 
t r a c e  i s  a l s o  o f t en  s t r onge r  below tnan  above t h i s  f requency.  When t h e  Es i s  v a r y i n g  w i t h  
p o s i t i o n ,  t h e  second o r d e r  t r a c e  ( o r  more seldom h igher  o r d e r  t r a c e s )  can be seen a t  f r e -  
quencies h i g h e r  than t h e  t o p  frequency o f  t he  f i r s t  o rde r  t r ace .  I n  p r a c t i c e  when t o t a l  
b l a n k e t i n g  i s  found, t h e  d i f f e rence  between foEs deduced f rom the  s o l i d  t r a c e  and fbEs i s  
n e g l i g i b l e  compared w i t h  t h e  v a r i a b i l i t y  o f  fbEs i n  space and t ime.  Thus r u l e  ( a )  below 
i s  u s u a l l y  a p p l i c a b l e .  
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( a )  I f  t h e  t r a c e  i s  s o l i d  t o  foEs, t a b u l a t e  foEs AA ( F i g .  3 .1) .  

( b )  I f  t h e  t r a c e  i s  no t  s o l i d  t o  foEs, o r  i f  two o r  more m u l t i p l e  t races  a re  present  w i t h  
the va lue o f  t h e  t o p  f requency o f  t he  second o r d e r  t r a c e  much smal le r  than foEs ( F i g .  
3.2) t a b u l a t e  t h e  t o p  frequency o f  t h e  second o rde r  t r a c e  qua1 i f  i c a t i o n  AA respect ive1 y .  
(Note: I f  these values have t o  be deduced from t h e  x-mode t race ,  AA should be used i n  
pre ference t o  JA i n  cases (a)  (b)  . ) .  Values o f  fbEs deduced us ing  foEs deduced from the 
s o l i d  p a r t  o f  t h e  t r a c e  and r u l e  ( a )  should usua!ly agree w i t h  t h e  value deduced from 
r u l e  ( b )  w i t h i n  t h e  accuracy r u l e s  f o r  1  im i  t values.  

Es t races  may b lanke t  over  the lower  p a r t  o f  t h e i r  frequency range and n o t  over  the 
h i g h e r  p a r t ,  F ig .  3.3, [A88I, F ig .  77; A961, F i g .  871, [B I I B  54 Johannesburg noon, I I B  
55 Dec., 110 57 June, I I B  66 June]. Th is  i s  c a l l e d  p a r t i a l  b lanke t i ng .  

B lanke t i ng  d i f f e r s  f r o m  the  o c c u l t a t i o n  o f  a  normal l a y e r  (e.g. F1) by  a  lower  t h i c k  
l a y e r  (e.g. E) i n  t h a t  t he  t races o f  the  h i g h e r  l a y e r  w i l l  n o t  show any a d d i t i o n a l  group 
r e t a r d a t i o n  near the  b l a n k e t i n g  frequency [A88I, Figs.  76, 77, 78; A961, F ig .  901. Compare 
F ig .  3.3 and F ig .  3.4. 

Normal ly a  b l a n k e t i n g  Es t r a c e  i s  s t r o n g  b u t  when t h e  non-dev ia t ive  absorp t ion  i s  
g r e a t  - fmin  l a r g e  - the  t r a c e  may appear t o  be weak. Comparison o f  t he  Es t r a c e  w i t h  t h a t  
o f  t he  h i g h e r  l a y e r  shows c l e a r l y  when b l a n k e t i n g  i s  present,  F ig .  3.5. 

When t h e  minimum frequency r e f l e c t e d  from h ighe r  l a y e r s  i s  g rea te r  than foEs, desc r ip -  
t i v e  l e t t e r s  C, R, S o r  Y should be used t o  descr ibe fbEs as app rop r ia te .  The use o f  A 
should be r e s t r i c t e d  t o  cases where b lanke t i ng  i s  c l e a r l y  i n d i c a t e d .  Y i s  most commonly 
the  most appropr ia te ,  F ig .  3.6. (see a l s o  s e c t i o n  2.75, F ig .  2.19). 

A  d i f f i c u l t  s i t u a t i o n  t o  handle i s  when t h e  o n l y  t r a c e  appear ing on t h e  ionogram i s  
a  weak Es echo over  a  r a t h e r  smal l  f requency 'range w i t h  a  comparat ively h i g h  va lue  o f  fmin  
( F i g .  3.5). I n  such cases one should s tudy the se r ies  o f  preceding and f o l l o w i n g  ionograms 
t o  determine where the  F- layer c r i t i c a l  f requenc ies  a re  l i k e l y  t o  be, t o  decide whether the 
F-region c h a r a c t e r i s t i c s  should be sca led as miss ing because o f  b l a n k e t i n g  (A) o r  absorp- 
t i o n  (0) .  Another h e l p f u l  guide i n  t h i s  s i t u a t i o n  i s  a  knowledge o f  t he  expected range o f  
f requencies o f  t he  F-region' echoes, obta ined f rom the  prev ious day 's  s c a l i n g  o r  f rom monthly 
median values.  I f  t h e  Es echo f i r s t  appears i n  a  range o f  f requencies w e l l  above the ex- 
pected range o f  F-region echoes, t he  l e t t e r  B should be used. I f  the  v i r t u a l  h e i g h t  i s  
below 95 km, the weak t r a c e  i s  Es t ype  d, t he  absorp t ion  i s  g r e a t  and l e t t e r  B should be 
used fo r  a l l  parameters except Es type.  

Frequent ly  i n  e q u a t o r i a l  reg ions and sometimes a t  h ighe r  l a t i t u d e s ,  Es echoes ove r lap  
t h e  normal E-layer t r a c e  so t h a t  h 'E  i s  obscured. This f r e q u e n t l y  occurs w i t h  q type Es and' 
w i t h  t h e  common weak forms o f  pl t ype  Es. Though b lanke t i ng  i s  n o t  t a k i n g  p lace t h e  use o f  t he  
l e t t e r  A t o  descr ibe t h i s  obscura t ion  i s  pe rm i t ted  [A96I, F ig .  981. 

L e t t e r  A i s  a l s o  used when a  m u l t i p l e  o rde r  Es t r a c e  prevents accura te  measuremen; 
of h ' F  o r  h 'F2.  

A spec ia l  case occurs when p a r t i c l e  E, Es-k, comple te ly  b lanke ts  the F t r a c e .  L o s i c a l l y  
t h i s  would imp ly  t h e  use o f  G b u t  such use would cause d i f f i c u l t i e s  w i t h  the F- layer  medians. 
A lso  t h e  d i s t i n c t i o n  Es-r, Es-k i s  o f t e n  d i f f i c u l t  i n  t h i s  case. For s i m p l i c i t y  p a r t i c l e  E 
i s  regarded as  an Es t ype  f o r  t h i s  purpose and t h e  va lue o f  foF2 should be rep laced by  l e t t e r  
A. It i s  imposs ib le  t o  know whether foF2 was normal o r  no t ,  so t h e  accuracy r u l e s  do n o t  a l l o w  
E t o  be used. Thus t o t a l  b lanke t i ng  by Es o r  p a r t i c l e  E a r e  t r e a t e d  a l i k e ,  use replacement 
l e t t e r  A .  
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F ig .  3.1 Complete b lanke t i ng  

( i )  A l l  F - layer  parameters rep laced by A .  
( i i )  I f  x  t r a c e  d i s t i n c t  as shown here foEs can be read d i r e c t l y ,  fbEs = (foEs)AA. 
( i i i )  I f  x  t r a c e  n o t  d i s t i ngu i shed ,  foEs = ( fxEs - fB l2)JA.  

fbEs = (foEs)AA because o f  small d i f f e r e n c e  i n  t o p  f requency between f i r s t  
and second orders .  

( i v )  foE should be ex t rapo la ted  i f  poss ib le  t o  g i v e  (foE)-A, o therwise  use cusp 
value and UA, (foE)UA. (see sec t i on  2.4, p. 36, F ig .  2.2a). 

t t 
f bEs fxEs  f 

Fig. 3.2 Complete b lanke t i ng  w i t h  cons i s ten t  m u l t i p l e  t races 

(i) A l l  F - l aye r  and normal E- layer  p a r a m t e r s  rep laced by A. 
(ii) Deduce foEs f rom fxEs, foEs = ( fxEs - fB/2)JA. 
( i i i )  Deduce fbEs f rom m u l t i p l e s ,  fbEs = xxxAA. 
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I 
foE f b E s  foEs fxEs f 

Fig .  3.3 P a r t i a l  B l a n k e t i n g  

Note: I f  F t r a c e  n e a r l y  h o r i z o n t a l  (see e x t r a p o l a t i o n ,  Sec t i on  2.4).  use l owes t  va lue  o f  h l F  
w i t h  EA, (hlF)EA. When e x t r a p o l a t i o n  i s  n o t  a l lowed,  h l F  i s  r ep laced  by  A.  

F i g .  3.4 O c c u l t a t i o n  of F by a t h i c k  E Layer  

h'  

fbEs = (f0E)EG 
Note: I n  t h i s  case h l E  i s  g i v e n  as (hlE)EB 

h 'Es  i s  g i v e n  as (hlEs)EG 

t t t t 
foE foEs foFl foF2 f 
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0 
f min f t E s  f 

( b l  

F i g .  3.5 D i s t i n c t i o n  between A and 6 

( a )  absorp t ion  normal, corresponding t ime  o f  day t o  ( b )  
( b )  abso rp t i on  h i gh  

(i) I f  i n  (b )  fm in  >foE i n  (a) ,  h lE  and foE rep laced  by B 
<foE i n  (a ) ,  h lE and foE rep laced  by A 

( i i )  I f  i n  ( b )  fm in  >foF1 i n  ( a ) ,  h ' F  and foFl rep laced  by B  
<foF1 i n  ( a ) ,  h ' F  and foF l  replaced by A 

( i i i )  I f  i n  ( b )  fm in  >foFZ i n  ( a ) ,  h1F2 and foF2 rep laced  by B 
<foF2 i n  ( a ) ,  h ' F2  and foF2 rep laced  by A 

( i v )  I f  t he re  i s  l i t t l e  doubt t h a t  f t E s  i s  foEs, i . e .  t h a t  t h e  x mode i s  
absorbed foEs = ( f tEs ) -B  
I f  doubt e x i s t s ,  f o r  example i f  f t E s  - fmin i s  l a r g e  

foEs = ( f tEs)MB 
See sec t i on  4 . 3  f o r  d e t a i l s .  

I n  bo th  cases fbEs = ( f tEs)AA. 

f 4 4 4 + 
foE foEs fminF foFl f oF2 f 

F i g .  3.6 Lacuna Case 

Note: Same convent ion app l i es  i f  x t r a c e  i s  missing o r  
i f  the F t r a c e  shows no r e t a r d a t i o n  a t  lowes t  frequency. 

7 1 



3-8 QUALIFYING AtiD DESCRIPTIVE LETTtKS 

B - Measurement in f luenced by, o r  imposs ib le  because o f ,  absorp t ion  i n  t h e  v i c i n i t y  o f  fmin.  

Th i s  l e t t e r  a p p l i e s  o n l y  t o  t h e  e f f e c t s  o f  non-dev ia t ive  absorp t ion .  Absorpt ion  o f  
t h i s  type i s  rough ly  measured by fm in  (F igs .  3.5, 3.7, 3.8, 3.9) [ A l O l I ,  F ig.  111; A1121, 
Figs. 128, 129, 1441. 

I f  the  t r a c e  i s  w e l l  de f i ned  a t  l ower  f requencies and mlss ing a t  a h l g h e r  frequency, 
t h e  l e t t e r  B must n o t  be used. I n  such cases the  l e t t e r s  R o r  Y may be a p p l i c a b l e  (F ig .  3 . 9 )  
IA1121, F ig .  137; A881, Fig.  811. 

When n e i t h e r  Es nor  E echoes a re  observed b u t  fmin  i s  above t h e  l ower  l i m i t  o f  the  
ionosonde and absorp t ion  i s  c l e a r l y  I nd i ca ted ,  foEs and fbEs a re  tabu la ted  as l e s s  than 
the  numerical  value o f  fmin  w i t h  d e s c r i p t i v e  l e t t e r  B [A88I, F ig .  671. hlEs i s  rep laced 
by B (F ig .  3.7). 

Dur ing t o t a l  b lack-out  o r  SID, use B f o r  a l l  c h a r a c t e r i s t i c s  i n c l u d i n g  fmin.  Th i s  i s  
t he  o n l y  ins tance when l e t t e r  B can be a p p l i e d  t o  fmin.  

A t  s t a t i o n s  us ing  ga in  runs, i t  may happen t h a t  t h e  medium-gain ionogram i s  b lank 
because o f  absorp t ion ,  so t h a t  fmin  must be recorded as B. I f  t races  appear on the  h igh-  
ga in  reco rd  they shou ld  be sca led f o r  a l l  c h a r a c t e r i s t i c s  except foEs, fbEs and f x I  desp i te  
t h e  e n t r y  B i n  t h e  fmin  t a b l e .  

When fm in  i s  w i t h i n  about + 10% of a c r i t i c a l  frequency, t h e  numerical value i s  per-  
t u rbed  by  the r e l a t i v e l y  l a r g e  r e t a r d a t i o n  ( d e v i a t i v e )  absorp t ion  present .  The f a c t  t h a t  
fmin  i s  no l onger  a r e l i a b l e  measure of non-dev ia t ive  abso rp t i on  can be i n d i c a t e d  us ing  
the convent ion ( fm in )  UR f o r  these cases. Th i s  r u l e  i s  used a t  s t a t i o n s  where spec ia l  care  
i s  taken t o  make fmin  a q u a n t i t a t i v e  measure o f  absorp t ion .  

Care shou ld  be taken t o  d i s t i n g u i s h  between h i g h  absorp t ion  a t  n i g h t  ( l e t t e r  B) and 
absence o f  t races  due t o  foF2 b e i n g  below t h e  lowest  recorded frequency ( l e t t e r  E ) .  The 
i n t e r f e r e n c e  and no ise  l e v e l  on t h e  ionogram i s  u s u a l l y  de tec tab l y  l e s s  than on n o m a l  
ionograms i n  t h e  former case b u t  i s  unchanged i n  t h e  l a t t e r .  The t ime v a r i a t i o n  o f  foF2 
a l s o  u s u a l l y  suggests when an E c o n d i t i o n  i s  l i k e l y  t o  occur, Fig.  3.10. 

f m i n  f o F l  foF2  f 

Fig .  3.7 High abso rp t i on  i n  daytime 

Use o f  B, foE, foEs, f6Es tabu la ted  as (fmin)EB 
h'E,  hlEs rep laced by B 
h lF  rep laced by B unless w i t h i n  accurac 

l i m i t  of normal value, rnen use ( h ' f ) ~ ~  
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f min foF2  f o 1  f 

F i g .  3.8 High absorp t ion  a t  n i g h t  

Use o f  B, foEs, fbEs t a b u l a t e d  as (fmin)EB 
h '  Es rep1 aced by B  
h ' F  t abu la ted  as (YYYIEB 
f x I  t abu la ted  as ( f o I  + fB/2)0B 

F ig .  3.9 D i s t i n c t i o n  B and R 

foE i s  (foE.1-K o r  (foE)UR depending on gap w i d t h  (see accuracy r u l e s ) .  
Note: fmin determined by E  n o t  F t race.  
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C - Measurement i n f l u e n c e d  by, o r  imposs ib le  because o f ,  any non- ionospher ic reason 

C i s  used t o  e x p l a i n  m iss ing  records  due t o  equipment o r  power f a i l u r e ,  i n t e r f e r e n c e  
due t o  o t h e r  l o c a l  equipments (e.g. t r a n s m i t t e r s ) ,  o r  when i t  becomes necessary t o  take 
the  ionosonde o f f  t he  a i r  t o  prevent  i n t e r f e r e n c e  w i t h  o t h e r  i n s t a l l a t i o n s .  It i s  used t o  
e x p l a i n  a  doub t fu l  measurement where t h e r e  i s  u n c e r t a i n t y  rega rd ing  t h e  f requency o r  h e i g h t  
sca le  (unusual expansion o r  compression o f  the  record,  poor i d e n t i f i c a t i o n  o f  f requency 
markers, e t c . )  such t h a t  the  measurement i s  i n  doubt by  more than t h e  nominal accuracy r e -  
q u i r e d  o f  t h e  measurement. 

C i s  used t o  e x p l a i n  a  doub t fu l  measurement when t h e r e  i s  u n c e r t a i n t y  rega rd ing  the  
t ime o f  obse rva t i on  (poo r  l e g i b i l i t y  o r  absence o f  p r i n t - t i m e ,  c l o c k  e r r o r s )  such t h a t  t h e  
t ime o f  t h e  r e c o r d  i s  u n c e r t a i n  by n o t  more than 5 minutes.  I t  may be used t o  e x p l a i n  a  
d o u b t f u l  measurement due t o  poor  equipment response i n  p a r t  of t he  frequency range. 
C i s  used t o  e x p l a i n  d o u b t f u l  o r  m iss ing  values because of some f a i l u r e  o r  omission on the  
p a r t  o f  t he  ope ra to r  ( fogged o r  s t reaked  f i l m ,  o u t  o f  f i l m ,  e t c . ) .  F i n a l l y ,  C i s  used when 
i n t e r f e r e n c e  i s  caused by  r a i n  o r  snow s t a t i c  (See l e t t e r  S) .  

When p a r t  o f  t he  ionogram i s  unusable because o f  an i ns t rumen ta l  f a u l t ,  C ,  t h e  r u l e s  
f o r  e x t r a p o l a t i o n  o r  i n t e r p o l a t i o n  a re  the  same as f o r  l e t t e r ,  S. 

D  - Measurement i n f l uenced  by, o r  imposs ib le  because o f ,  the  upper l i m i t  o f  t he  normal f r e -  
quency range. 

Care shou ld  be taken i n  t h e  d a i l y  and monthly t a b u l a t i o n s  t o  d i s t i n g u i s h  t h e  desc r i p -  
t i v e  l e t t e r  D from the  q u a l i f y i n g  l e t t e r  D. When the  upper l i m i t  i s  a d j u s t a b l e  and i s  l e s s  
than t h e  pub1 i s h e d  upper 1  i m i t  o f  t he  normal f requency range, t h e  a c t u a l  upper l i m i t  f re -  
quency, xxx, shou ld  be recorded, xxxDD. 

E - Measurement i n f l u e n c e d  by, o r  imposs ib le  because o f ,  t he  l ower  l i m i t  o f  t he  normal f requency 
range. 

If foF2 i s  presumed t o  be a t  a  f requency below the  lower  l i m i t  o f  t he  ionosonde, t h e  
replacement l e t t e r  E  i s  used i n  p lace  of values foF2 and h l F .  ( F i  s. 3.10 ( a ) ,  ( b ) .  
where no p r i n c i p a l  F t r a c e  was present  and the  f p l o t  suggests f o ~ j  i s  below the  l ower  l i m i t .  
Ihe absence o f  t he  F t r a c e  i s  n o t  i n  i t s e l f  enough j u s t i f i c a t i o n  t o  use t h e  d e s c r i p t i v e  l e t t e r  
E. Always judge f rom a  seauence o f  records  and f rom the  no i se  and i n t e r f e r e n c e  present  on 
t h e  ionogram; t h e  l e t t e r  A, 6, o r  S  i s  f r e a u e n t l v  t he  aup rop r i a te  one [A1121, F ig .  1351. 

I f  foF2 i s  so c lose  t o  the  l ower  f requency l i m i t  o f  t he  ionosonde t h a t  t h e  t r a c e  does 
n o t  become h o r i z o n t a l ,  then the  h e i g h t  o f  t h e  echo a t  the  l ower  f requency l i m i t  o f  t h e  r e -  
co rde r  i s  t a b u l a t e d  f o r  h l F  w i t h  t he  q u a l i f y i n g  l e t t e r  E ( l e s s  than)  and t h e  d e s c r i p t i v e  
l e t t e r  E  ( F i g .  3.11). [A112I, F ig .  1431. 

Dur ing  n i g h t  hours when no Es echoes appear on the  ionogram and fm in  i s  below t h e  l ower  
f requency 1  i m i t  o f  t h e  ionogram, the  d e s c r i p t i v e  l e t t e r  E a lone i s  t a b u l a t e d  f o r  foEs, fbEs, 
h'Es and fxEs where t a b u l a t e d  (F iqs .  3.10 ( b ) ,  3.11). The d e s c r i p t i v e  l e t t e r  C i s  n o t  used i n  
t h i s  way when a  t r a c e  f rom a  t h i c k  E l a y e r  i s  p resen t  on the  ionogram (e.g. d u r l n g  d a y l i g h t  
hours)  (see l e t t e r  G). The d e s c r i p t i v e  l e t t e r  E may n o t  be used i f  fmin i s  g r e a t e r  than the  
1  ower 1  i m i  t o f  t he  ionosonde. 

When the  lowest  f requency o f  the  ionosonde i s  changed a t  d i f f e r e n t  t imes of day (as i s  
usual  f o r  ionosondes employing swi tched bands), i t  i s  impor tan t  t h a t  t h e  ac tua l  l owes t  f r e -  
quency i n  use be t a b u l a t e d  a t  l e a s t  i n  t he  fm in  tab les  whenever a  l i m i t  value,  (fmin)EE, 
i s  p resent ;  p r e f e r a b l y  t h i s  shou ld  be done f o r  a l l  parameters qua1 i f i e d  EE. 

When t h e  c r i t i c a l  f requency i s  l ower  than the  lowest  f requency o f  t he  ionosonde t h e  
app rop r i a te  symbol i s  E n o t  G. 

Care shou ld  be taken i n  t h e  d a i l y  and monthly t a b u l a t i o n s  t o  d i s t i n g u i s h  t h e  d e s c r i p t i v e  
l e t t e r  E  f rom t h e  q u a l i f y i n g  l e t t e r  E .  

Where t h e  o r d i n a r y  c h a r a c t e r i s t i c  i s  below t h e  lower  l i m i t  o f  t h e  ionosonde b u t  t he  co r -  
responding e x t r a o r d i n a r y  c h a r a c t e r i s t i c  i s  p resent ,  t h i s  shou ld  be measured and the  co r re -  
sponding o r d i n a r y  c h a r a c t e r i s t i c  deduced and q u a l i f i e d  by J and desc r i bed  by E. 
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X X X  foI 

Fig .  3.10(a) Sect ion  o f  f p l o t  showing use o f  EE F ig .  3.10(b) Ionogram a t  t ime T2, F ig .3 . l 0 (a )  
Lower 1 i m i t  frequency o f  ionogram xxw f x I  = ( f o I  + fB/2)0B. 
Near T 1  fmin  i s  yyyES A l l  o t h e r  parameters rep laced by E 
foEs yyyES (more accu ra te l y  xxxEE) 
fbEs yyyES 
Between T2 and T3 a1 1 parameters rep laced by  E 

(more accu ra te l y  XXXEL) 

I I I 

x x x  foF2 f x I  f 
F i g .  3.11 Use o f  EE 

Lowest freauencv on ionoararn i s  xxx 
fmin  ( x x x j ~ ~  & l e s s  accura te ly  E 
h ' F  (YYYIEE 
foEs, fbEs, fxEs and h' Es---E 

F - Measurement in f luenced by, o r  imposs ib le  because of, t h e  presence o f  spread echoes. 

The c r i t i c a l  frequency o f  a l a y e r  i s  u s u a l l y  mod i f i ed  by t h e  presence o f  
spread echoes, even when the  read ing accuracy of t h e  c h a r a c t e r i s t i c  i s  unaf fected,  
and t h e  d e s c r i p t i v e  l e t t e r  F should be used i n  these cases. Whenever poss ib le ,  
a numerical  value f o r  t he  c r i t i c a l  frequency should be tabu la ted,  bu t  cau t i on  
should be used n o t  t o  sca le  t races  which a re  l i k e l y  t o  be ob l i que  (see sec t i on  2.7) .  
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The procedures have been f u l l y  d iscussed i n  s e c t i o n s  2.7 and 2.8 and a r e  t h e r e f o r e  
on1 y summarized here. 

The f i r s t  s t e p  i s  t o  dec ide  whether t h e  main t r a c e s  a r e  due t o  a  h o r i z o n t a l  o r  a  t i l t e d  
l a y e r ,  s e c t i o n  2.7, F igs ,  2.6, 2.7, 2.8, 2.10. I f  t h e  former, as i s  most usual except  a t  
h i g h  l a t i t u d e s  o r  d u r i n g  s torms:  

( a )  t h e  f i r s t  cho ice  i s  t h e  p r i n c i p a l  t r a c e  ( F i g s .  3.12(a) and 2.10) [A98I,  F i g ,  101; 
A1001, F ig .  105; A1041, F i g .  122; A1121, F i g .  1361. 

(b) t h e  second cho ice  i s  guidance f rom t h e  m u l t i p l e s  (F igs .  3.12(b) and 2.11) 
[A104I, F igs .  123, 1241. 

( c )  t h e  t h i r d  cho ice  i s  a  w e l l - d e f i n e d  ' i n s i d e  edge' o f  t h e  spread ( ~ i g .  3.12(c) 
IA401, F i g .  29; A881, F igs .  68-70]. 

( d )  l h e  f o u r t h  cho ice  i s  a l i r n i t i n q  v a l u e  used w i t h  t h e  q u a l i f y i n g  l e t t e r s  D o r  E (see 
s e c t i o n  2.22, paragraph ( d ) .  

(e) t h e  f i f t h  cho ice  i s  t h e  d e s c r i p t i v e  l e t t e r  F w i t h o u t  any numer ica l  v a l u e  ( F i g .  3.131 
IA1041, F i g s .  124 and 1251. For  t i l t  cases see s e c t i o n  2.7. 

foF2 f x F 2  f 
F ig .  3.12(a) P r i n c i p a l  t r a c e  

( i )  The p r i n c i p a l  t r a c e  i s  u s u a l l v  more s o l i d  than  o t h e r  t r a c e s .  
( i i )  For  t h e  p r i n c i p a l  t r a c e  fxF2  - foF2 = fB/2.  T h i s  i s  n o t  

always t r u e  f o r  s u b s i d i a r y  t races .  

I 

f 
F i g .  3.12(b) Use o f  m u l t i p l e  o rders  

A p r i n c i p a l  t r a c e  can o f t e n  be seen I n  t h e  second o r  h i g h e r  o r d e r  when n o t  
v i s i b l e  on t h e  f i r s t  o rder .  Again i t  i s  u s u a l l y  r e l a t i v e l y  s o l i d  and fxF2  - 
foF2 i s  o f t e n  c l o s e  t o  fB/2. The l a t t e r ,  when t r u e ,  conf irms t h e  i n t e r -  
p r e t a t i o n  b u t  i s  n o t  e s s e n t i a l .  
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F ig .  3.12(c) Use o f  l i m i t  edge 

When the  main t r a c e  i s  due t o  a h o r i z o n t a l l y  s t r a t i f i e d  l a y e r ,  t he  lower  
frequency edge o f  the  spread g ives foF2. Very o f t e n  a p r i n c i p a l  t r a c e  can 
be seen t o  d e f i n e  t h i s  edge. (see a l so  F lgs .  2.4, 2.11). 

F ig .  3.13 No p r i n c i p a l  t r a c e  

Use o f  Q foF2 rep laced by Q. 
h 'F  xxx- Q o r  xxxU Q depend'i ng on 

whether o r  n o t  lower  edge c l e a r  

77 
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f 
F i g .  3.14 S c a l i n g  o f  M(3000) 

f r o m  Ionogram w i t h  w e l l  d e f i n e d  i n n e r  edge t o  s c a t t e r  p a t t e r n  

- observed i n n e r  edge 
- - - c o n s t r u c t e d  t r a c e  edge 

Procedures t o  be f o l l o w e d  i n  s c a l i n g  M(3000) when spread echoes a r e  p r e s e n t  a r e  as 
f o l l o w s :  

(a )  The f i r s t  m u l t i p l e  echo may be used as a  gu ide  t o  h e l p  d e t e r m i n e  t h e  l o c a t i o n  o f  
t h e  main echo. 

(b )  I f  t h e r e  i s  a w e l l - d e f i n e d  ' i n s i d e  edge' t o  t h e  t r a c e ,  proceed as f o l l o w s :  
c o n s t r u c t  a  curve,  each p o i n t  o f  w h i c h  i s  one echo w i d t h  below t h e  cor respond ing  
p o i n t  o f  t h e  i n s i d e  edge. S c a l e  t h e  f a c t o r  f r o m  t h e  r e c o n s t r u c t e d  t r a c e ,  
F i g .  3.14. 

( c )  I f  these  methods f a i l ,  t h e  d e s c r i p t i v e  l e t t e r  F  w i t h o u t  any numer ica l  v a l u e  i s  
tabu1 a ted .  

L e t t e r  symbol F  can never  be used w i t h  parameters h ' I ,  d fS,  as  these  c h a r a c t e r i s t i c s  
a r e  used o n l y  when spread F  i s  p resen t .  When F  i s  used t o  denote spread F  t y p i n g  i n  foF2 o r  
f x I  t a b l e s ,  i t  t a k e s  precedence o v e r  a l l  o t h e r  d e s c r i p t i v e  l e t t e r s  (see  s e c t i o n  2.8). 

L e t t e r  F  must b e  used whenever t h e  f r e q u e n c y  spread i s  equal  t o  o r  exceeds O.~*MHZ 
and shou ld  n o t  be used when i t  i s  l e s s  than  t h i s  v a l u e .  T h i s  r u l e  enables t h e  presence 
o f  spread F  t o  be compared a t  d i f f e r e n t  s t a t i o n s .  

G - Measurement i n f l u e n c e d  o r  i m p o s s i b l e  because t h e  i o n i z a t i o n  d e n s i t y  o f  t h e  r e f l e c t i n g  l a y e r  
i s  t o o  sma l l  t o  enab le  i t  t o  be made a c c u r a t e l y .  

T h i s  l e t t e r  i s  used when foF2 i s  equal  t o  o r  l e s s  than  foF1. I n  t h i s  case t a b u l a t e  
t h e  numer ica l  v a l u e  o f  f o F l  f o r  foF2 and use t h e  q u a l i f y i n g  l e t t e r  E ( l e s s  t h a n )  and t h e  
d e s c r i p t i v e  l e t t e r  G [A88I ,  F i g .  84; A1001, F i g .  1081. For M(3000) F2 and h ' F 2  t a b u l a t e  
t h e  l e t t e r  G w i t h  no numer ica l  v a l u e  ( F i g .  3 .15) .  
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The l e t t e r  G i s  used f o r  Es c h a r a c t e r i s t i c s  i n  a l l  cases when no Es t r a c e s  a r e  ob- 
served  a l t hough  normal E - l a y e r  t r a c e s  a r e  p resen t  ( F i g .  3.16). 

A  numer ica l  l i m i t  shou ld  a lways be g i v e n  w i t h  EG and i s  h e l p f u l  t o  t h e  u s e r  when f oE  
v a r i e s  g r e a t l y  i n  a  month. Usua l l y ,  however, t h e  v a r i a b i l i t y  o f  foEs i s  so much g r e a t e r  
than t h a t  o f  foE t h a t  a  median foE i s  adequate and t h i s  m in im izes  work. 

As a l l  median and q u a r t i l e  va lues  o f  foEs o r  fbEs shou ld  be numer ica l ,  t h e  va l ue  o f  
medlan foE i s  i n s e r t e d  i f  these  wou ld  o the rw i se  be G ( S e c t i o n  8 ) .  

If, because of  i n t e r f e r e n c e ,  i t  i s  n o t  p o s s i b l e  t o  o b t a i n  numer ica l  va lues  f o r  foE, 
y e t  t h e  presence o f  t h e  E t r a c e  i s  observab le ,  i t  i s  p rope r  t o  use G f o r  t h e  m i s s i n g  Es 
c h a r a c t e r i s t i c s  ( F i g .  3.17). 

G i s  used t o  e x p l a i n  a  d o u b t f u l  o r  l i m i t i n g  va l ue  o f  h 'Es  when t h e  low f requency  end 
o f  t h e  Es t r a c e  i s  a f f e c t e d  by g roup  r e t a r d a t i o n  and t h e  t r a c e  does n o t  become 
h o r i z o n t a l  (F i g .  3.18) IA1121, F i g .  1341. T h i s  a p p l i e s  i n  t h e  case o f  Es t y p e  c  and Es 
type  h. 

For Es types  P. and c, when foEs i s  l e s s  t han  foE, t h e  numer ica l  va l ue  o f  foEs and fbEs must 
be desc r i bed  by  t h e  l e t t e r  G (F i gs .  3.19 and 3.20). T h i s  i s  necessary f o r  median de te rm ina t i on .  

Note: Two comnon d i f f i c u l t i e s  concern t h e  p rope r  use o f  G o r  B and o f  G o r  E. F o r  G 
t o  b e x d  t h e r e  must be p o s i t i v e  ev idence  o f  t h e  presence o f  a  r e f l e c t i n g  l o w e r  t h i c k  
l aye r ,  i .e., any group r e t a r d a t i o n  due t o  i t s  c r i t i c a l  frequency- i s .  v i s i b l e  on t h e  ionogram. 
I f  t h e  t r a c e  i s  m i s s i n g  because o f  h i g h  abso rp t i on  t h e  a p p r o p r i a t e  l e t t e r  i s  ' B ;  i f  t h e  
c r i t i c a l  f requency  f a l l s  below t h e  l owes t  l i m i t  o f  t h e  ionosonde t h e  assoc i a ted  cha rac te r -  
i s t i c s  a r e  r ep l aced  by E. S t a t i o n s  making g a i n  runs  shou ld  use t h e  h i g h - g a i n  sounding 
t o  de te rmine  whether  t he  l e t t e r  G a p p l i e s .  

F ig .  3.15 G c o n d i t i o n .  No F2 t r a c e  v i s i b l e  

foF2 i s  g i v e n  by (foF1)EG ( l e s s  a c c u r a t e l y  by  G) 
h 'F2  i s  g i ven  by  G 
M(3000)FZ i s  g i v e n  by G 
Note  f o F l / f o E  w i l l  be app rox ima te l y  g i ven  by t h e  normal 
r a t i o  when foF2 i s  p resen t  ( S e c t i o n  1.13). 
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t t t t 
fmin f oE f o F  l foF2  f 

Fig .  3.16 G cond i t i on .  No Es t r a c e  v l s l b l e  

foEs given by (foE)EG 
fbEs given by (foE)EG 
h'Es replaced by G 

Fig.  3.17 Use o f  G,S when i n t e r f e r e n c e  i s  present 

More accu ra te l y  use median values of foE t o  g i v e  
~ O E S  = (foE)EG, f b ~ s  = ( ~ O E ) E G .  

A s i m i l a r  p a t t e r n  due t o  ins t rumenta l  f a u l t  would show C i ns tead  o f  5 .  
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F ig .  3.18 Use o f  G w i t h  h lEs 

h'Es = (hlEs)EG 

+ 4 4 
fbEs foEs foE f 

F ig .  3.19 Use of G t o  show foEs l e s s  than foE 

f o ~ s  i s  w r i t t e n  (frzEs1-G 
fbEs i s  w r i t t e n  ( f b ~ s ) - b  



foEs foE f 

F ig .  3.20 Use o f  G t o  show fbEs l e s s  than foE 

foEs i s  w r i t t e n  (foEs)-G 

I n  t h i s  f i g u r e  fbEs i s  l e s s  than t h e  lowest  f requency recorded xxx. 
fbEs i s  w r i t t e n  (xxx)EG o r ,  i n  approximate form, G 

t ! t t 
foE expected foFl  transient foF2 f 

Fig .  3.21 S t r a t i f i c a t i o n  H i n f l u e n c i n g  foF2 and M(3000)F2 

_ . _ . _ .  t ransmiss ion  curve touches abnormal t r a c e  
foF2 g i ven  by  ( foF2)-H 
M(3000)FZ g i ven  by  (M(3000)F2)UH 
h ' F 2  i s  t r a n s i e n t  and n o t  recorded 
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F ig .  3.22 S t r a t i f i c a t i o n  i n f l u e n c i n g  h'F 

h ' F  g iven by ( ~ ' F ) U H .  
(when t he  t r a n s i e n t  can be e a s i l y  seen U i s  needed.) 

H - Measurement i n f l uenced  by, o r  imposs ib le  because o f ,  t he  presence o f  s t r a t i f i c a t i o n  

Th i s  l e t t e r  may r e f e r  t o  t h e  t r aces  o f  any r e g u l a r  l a y e r .  I t  i s  used when t h e  t r a c e  
shows a  r e t a r d a t i o n  cusp o r  p o i n t  o f  i n f l e c t i o n  n o t  norma l l y  s ca l ed  a t  t h e  s t a t i o n  ( F i g .  
3.21). I n  most cases t h e  phenomena are  t r a n s i e n t  [A88I, F igs.  81, 83; A981, F ig.  91; 
A1281, F i g .  1481. I n  F ig.  3.21 t h e  expected value o f  f o F l  i s  a t  a much lower  frequency 
than t h e  s t r a t i f i c a t i o n  shown. 

The presence o f  abnormal s t r a t i f i c a t i o n  u s u a l l y  mod i f i e s  t h e  c r i t i c a l  frequency o r  
v i r t u a l  h e i g h t  o f  t h e  l aye r ,  as can be seen from the  f p l o t s  o r  h '  p l o t s  r espec t i ve l y .  
The d e s c r i p t i v e  l e t t e r  H i s  t he re fo re  necessary i n  these cases, even when t h e  read ing  
accuracy o f  t he  c h a r a c t e r i s t i c  i s  unaf fected,  F i g .  3.22. 

The qua1 i f y i n g  l e t t e r  U shou ld  be used when comparison o f  d i f f e r e n t  components, o rders  
o f  r e f l e c t i o n  o r  a  sequence o f  ionograms shows t h a t  the  u n c e r t a i n t y  o f  i n t e r p r e t a t i o n  ex- 
ceeds t h e  a l lowed l i m i t .  The d e f i n i t i o n s  o f  t h e  normal c h a r a c t e r i s t i c s  should be used t o  
i d e n t i f y  t he  app rop r i a t e  va lue i n  doub t f u l  cases. Thus, f o r  t he  F2 t race ,  t he  h i ghes t  
c r i t i c a l  frequency and l owes t  v i r t u a l  h e i g h t  shou ld  be tabu1 ated. 

L* 

M(3000) should always be determined us i ng  t h e  t r a c e  o f  the  r e g u l a r  l a y e r  as a  whole 
( e  .g., F2, F1 o r  F1.5 when sca led  s y s t e m a t i c a l l y )  (F i g .  3.21; point -dash 1  ine :  t ransmiss ion  
curve) .  

K - Presence o f  a  p a r t i c l e  E l a y e r  

Th is  l e t t e r  i s  used t o  d i s t i n g u i s h  cases where foE i s  determined by a  p a r t i c l e  E l a y e r - -  
a  t h i c k  l a y e r  i n  the  E  reg i on  generated by p a r t i c l e  p r e c i p i t a t i o n  and having a  c r i t i c a l  f r e -  
quency s i g n i f i c a n t l y  h i ghe r  than t h e  normal s o l a r  c o n t r o l l e d  E l a y e r .  Th is  l e t t e r  has been 
devised p r i m a r i l y  t o  draw a t t e n t i o n  t o  pa r t i c l e -gene ra ted  t h i c k  E l a y e r s  found a t  hours when 
foE due t o  t h e  normal E l a y e r  i s  a l s o  present ;  e.g., f o r  low f requency ionograms and f o r  
s t a t i o n s  a t  h i g h  l a t i t u d e  i n  summer months. The p r imary  i n d i c a t i o n  t h a t  p a r t i c l e  E i s  p resen t  
i s  t h e  presence of  group r e t a r d a t i o n  a t  t he  low frequency end o f  t h e  t r a c e  from t h e  h i ghe r  
l a y e r .  (F ig .  4.2, p. 105). A poss i b l e  phys ica l  d e f i n i t i o n  o f  p a r t i c l e  E i s  t h a t  i t  i s  a  t h i c k  
l a y e r  formed below the  F  l a y e r  d i r e c t l y  o r  i n d i r e c t l y  by t he  a c t i o n  o f  i o n i z i n g  p a r t i c l e s  
and having a  c r i t i c a l  frequency g r e a t e r  than t h a t  o f  t h e  normal E  l a y e r .  For  s c a l i n q  pur- 
poses t he  d e s c r i p t i v e  d e f i n i t i o n  i s  q u i t e  adequate. L e t t e r  k i s  i n s e r t e d  i n  t h e  Es-type t a b l e  
when p a r t i c l e  E, Es-k, i s  present. Es-k takes precedence over  a l l  o t h e r  Es t r aces  present  
o t h e r  than  t h a t  g i v i n g  foEs. 
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When the  E t r a c e  i s  t o t a l l y  b lanke t i ng  the  d i s t i n c t i o n  between a t h i c k  l a y e r  p a r t i c l e  E 
o r  a t h i n  l a y e r  w i t h  apparent r e t a r d a t i o n  a t  the  top  frequency (Es t ype  r )  cannot be c e r t a i n .  
I n  cases o f  complete doubt c l a s s i f y  as Es t ype  r. The f o l l o w i n g  c r i t e r i a  should be used: 

(a )  When absorp t ion  i s  smal l ,  p a r t i c l e  E gives both  o and x modes and one o r  more 
m u l t i p l e  t races extending t o  near foE; whereas Es type r e i t h e r  shows no m u l t i p l e  
t races o r  m u l t i p l e s  which s top  a t  a frequency appreciably lower than foEs. When 
any o f  the  m u l t i p l e  t races a r e  w i t h i n  t he  accuracy r u l e  l i m i t s  f o r  use o f  U w i t h  
foEs, t h e  d i s t i n c t i o n  type r o r  p a r t i c l e  E i s  n o t  s i g n i f i c a n t ;  sca le  as p a r t i c l e  E, 
foEs = fbEs = foE, e n t r y  (foE)-K. 

(b )  When absorp t ion  i s  h igh  a s o l i d  t r a c e  i s  more l i k e l y  t o  be due t o  p a r t i c l e  E than 
t o  Es type r, and a weak t r a c e  o r  t r a c e  showing spread i s  more l i k e l y  t o  be Es 
type r than p a r t i c l e  E .  

L - Measurement in f luenced by o r  imposs ib le  because t h e  t r a c e  has no s u f f i c i e n t l y  d e f i n i t e  cusp 
between 1 ayers. 

The l e t t e r  L i s  used f o r  F-region c h a r a c t e r i s t i c s  (F ig .  3.24). The c r i t e r i o n  f o r  de- 
c i d i n g  the  use o f  L i s  t h e  r e l a t i v e  slope o f  the  F1 and F2 t races.  (See a l s o  sec t i on  6.4 
f o r  de ta i  1 ed r u l e s )  . 

The conventions given below a r e  intended t o  g i v e  a q u a n t i t a t i v e  guide as t o  when L 
should be  used by comparing the s lope o f  t h e  F1 t r a c e  w i t h  the  s lope o f  t h e  t ransmiss ion  
curve. I f  t h e  l a t t e r  always c u t s  t he  former L must be used. I f  a tangent p o i n t  can be 
found (equal o r  g rea te r  s lope o f  F1 t r a c e  r e l a t i v e  t o  t ransmission curve)  a numerical 
value i s  poss ib le .  

(a) The conventions f o r  us ing  L when s c a l i n g  foFl are :  

(i) When t h e  shape o f  t h e  F t r a c e  shows t h a t  no F1 s t r a t i f i c a t i o n  i s  present 
no e n t r y  i s  made. (F  t races never concave downwards) (F ig .  3.23). 

( i i  ) When the  t r a n s i t i o n  f rom the  F 1  t r a c e  t o  t h e  F2 t r a c e  i s  smooth and ill- 
def ined,  t h e  probable e r r o r  i n  es t ima t i ng  t h e  t r u e  va lue of f o F l  w i l l  exceed 
20% and the  numerical va lue  i s  replaced by t h e  l e t t e r  L (Fig.  3.24). The 
M(3000) t ransmiss ion  curve w i l l  n o t  g i v e  a p o i n t  o f  tangency w i t h  t he  F1 t r a c e  
i n  these cases, c u t t i n g  t h e  F1 t race  a t  an angle, [AIOOI, F ig .  1101, (F ig .  
3.24). 

F ig.  3.23 Use o f  L 

- .  - .  - .  t ransmiss ion  curve touches o t r a c e  a t  one p o i n t  on ly .  
foF1, M(3000)Fl, h'F2 no e n t r y  i n  tab les .  f o F l  no e n t r y  on f p l o t .  
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F ig .  3.24 Use o f  L 

F2 t r a c e  n o t  h o r i z o n t a l  
foF1, M(3000)F1, h 'F2 rep laced by L 
L i s  p laced on f p l o t  a t  frequency shown 

(iii) When t h e  M(3000) t ransmiss ion  curve g ives  a  p o i n t  o f  tangency w i t h  the  F1 
t r a c e  b u t  t he  F2 t r a c e  does n o t  become h o r i z o n t a l ,  sca le  w i t h  qua1 i f y i n g  
l e t t e r  D and d e s c r i p t i v e  l e t t e r  L [AlOOI, Fig .  1091. (F ig .  3.25a). 

( i v )  When the-M(3000) t ransmiss ion  curve g ives  a  p o i n t  o f  tangency on t h e  F1 
t r a c e  and t h e  t race  shows an i l l - d e f i n e d  maximum o r  one which i s  o n l y  c l e a r  
on a  m u l t i p l e  r e f l e c t i o n ,  sca le  w i t h  the  q u a l i f y i n g  l e t t e r  U and the  des- 
c r i p t i v e  l e t t e r  L (F ig .  3.25(b)). 

( v )  When the cusp i s  s u f f i c i e n t l y  w e l l  de f i ned  f o r  f o F l  t o  obey the  c r i t e r i a  
f o r  an accurate measurement do no t  use L.  

,a 



F iq ,  3,25(a) Use o f  DL 
F2 t r a c e  i s  n o t  h o r i z o n t a l .  
f o F l  g iven by (foF1)DL measured a t  frequency a t  which F1 t r a c e  

s lope most r a p i d l y  decreasing (see s e c t i o n  6.4 f o r  f - p l o t  
r ep resen ta t i on ) .  

h 'F2  g iven by (h'F2)EL, (h1F2)Ut  o r  by L  depending on minimum 
s lope o f  F2 t race .  

1 
fmin foE  f o F l  f o F 2  f 

Fig.  3.25(b) Use o f  UL 

For f o F l  cusp equal t o  o r  l ess  than t h a t  shown and t ransmiss ion  curve 
can be made t o  touch F1 t r a c e  use (foF1)UL. 

Note when o-and x-mode t races  l e s s  s i m i l a r  than t h a t  shown, (foF1)l lH would 
be p re fe rab le .  
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(b )  The convent ions f o r  de termin ing  M(3000)Fl are based on t h e  f a c t  t h a t  t he  main 
source o f  e r r o r  i s  u s u a l l y  t he  de te rm ina t i on  o f  foF.1. F w  t h i s  case, t he  f i v e  
f o F l  cases g iven above g ive :  

( i )  M(3000)Fl l e f t  b lank  
( i i )  M ( 3 0 0 0 ) ~ l  rep laced by L  
( i i i )  M(3000)Fl deduced a t  t he  numerical value o f  foF1 and q u a l i f i e d  EL 
( i v )  M(3000)Fl deduced f rom t h e  numerical va lue  of f o F l  and q u a l i f i e d  UL 
( v )  M(3000)Fl unqua l i f i ed .  Do n o t  use L.  

( c )  The convent ions f o r  us ing  L  when s c a l i n g  are: 

(i) When t h e  shape o f  t h e  F  t race  shows t h a t  no F1 s t r a t i f i c a t i o n  i s  present,  
no e n t r y  i s  made (F ig .  3.23). 

( i i )  When the  F2 t r a c e  does n o t  show an almost h o r i z o n t a l  s e c t i o n  the  numerical 
va lue  i s  rep laced by t h e  d e s c r i p t i v e  l e t t e r  L  (F ig .  3.24) [A96I, Big, 88; 
A1001, F ig .  1091. 

( i i i )  When . t he  F2 t r a c e  i s  a lmost  h o r i z o n t a l  h  IF2 may be t a b u l a t e d  w i t h  q u a l i f y -  
i n g  l e t t e r  U and d e s c r i p t i v e  l e t t e r  L  [H96I, F ig.  861. 

( I v )  L  i s  n o t  used when t h e  F2 t r a c e  has a  h o r i z o n t a l  tangent [A96I, F i g .  871. 

Simi 1 a r  conventions may be used when a d d i t i o n a l  c h a r a c t e r i s t i c s  are  tabu la ted  f o r  l o c a l  
purposes, e.g., t h e  i n te rmed ia te  l a y e r  F1.5 (Chapter 12). 

I t  should be noted t h a t  t he re  can be occasions when t h e  app rop r i a te  l e t t e r  symbols can 
be d i f f e r e n t  f o r *  a l l  f o u r  F1 para-meters, e.g., h ' F  below fmin, e n t r y  V; M(3000)Fl tangent  
p o i n t  b lanketed by  [s, e n t r y  8; f o F l  a  qood cusp, unqua l i f i ed  en t r y ;  h 'F2 hidden b y  ' i n t e r -  
ference, e n t r y  S. The app rop r i a te  l e t t e r  symbols take precedence over  L whenever-rney r e -  
p resent  t h e  more impor tan t  source o f  inaccuracy o r  ignorance. 

I n  most cases, M(3000)Fl and f o F l  w i l l  show t h e  same usage o f  L.  I n  b o r d e r l i n e  cases, 
h1F2 w i l l  u s u a l l y  be more exact  than foF l  o r  M(3000)Fl and t h e  convent ions a re  t h e r e f o r e  
g i  ven separate1 y .  

L e t t e r  L i s  used t o  denote t h e  presence o f  spread F  type mixed and i s  used i n  spread F  
type,  foF2 o r  f x I  t ab les  o n l y  ( s e c t i o n  2.8). The i d e n t i f i c a t i o n  o f  spread F  t ype  L  i s  
vo lun ta ry  b u t  recomnended by INAG as be ing va luab le  s c i e n t i f i c a l l y .  When L  i s  used i n  t h e  
foF2 o r  f x I  t a b l e s  f o r  t h i s  purpose i t  takes precedence over  a l l  o t h e r  d e s c r i p t i v e  l e t t e r s .  

M - I n t e r p r e t a t i o n  o f  measurement u n c e r t a i n  because o r d i n a r y  and ex t rao rd ina ry  components a re  
n o t  d i s t i n g u i s h a b l e .  

Desc r i p t i ve  l e t t e r  M i s  used t o  show t h a t  i t  was n o t  p o s s i b l e  t o  d i s t i n g u i s h  which 
component was present .  It i s  ma in l y  used when t h e  presumption i s  t h a t  t h e  r e q u i r e d  
c h a r a c t e r i s t i c  was n o t  seen and t h e  numerical va lue  has been deduced. It i s  p re fe rab le  
t o  use M as a  q u a l i f y i n g  l e t t e r  wherever p o s s i b l e  g i v i n g  t h e  d e s c r i p t i v e  l e t t e r  showing 
why i n t e r p r e t a t i o n  was n o t  poss ib le .  ,* 

Th is  l e t t e r  i s  used p r i m a r i l y  f o r  t he  c h a r a c t e r i s t i c s  foEs and fxEs. I t s  use f o r  these 
i s  d iscussed f u l l y  i n  sec t i ons  4.4 and 4.5 (Es c h a r a c t e r i s t i c s ) .  

The l e t t e r  can a l so  app ly  t o  foF2 and f x I  when the re  i s  r e a l  doubt o f  whether t he  o  
o r  x  mode i s  observed. I t  shou ld  n o t  be used i f  the  doubt can be reso lved by us ing  a  se- 
quence o f  ionograms o r  by comparison w i t h  o t h e r  ionograms. The most common case occurs 
when foF2 i s  va ry ing  i r r e g u l a r l y  i n  t ime and i s  c l ose  t o  o r  below the  lowest  f requency of 
t h e  ionogram. 

M should be used as a  d e s c r i p t i v e  l e t t e r  when a  qual i f y i n g  l e t t e r  such as D, E, U i s  
app rop r i a te  and t h e  i n t e r p r e t a t i o n  i s  a l so  doub t fu l  and may be used when the re  i s  no main 
reason f o r  t he  doubt, e.g., ( )MM o r  ( )-M i m p l i e s  several  causes w i t h  equal weight .  

L e t t e r  M always i m p l i e s  an unce r ta in t y .  o f  fB/2 i n  frequency c h a r a c t e r i s t i c s ,  a? un- 
c o n t r o l l e d  u n c e r t a i n t y  i n  h e i g h t  p a r a m t e r s ,  and ~ ( 3 0 0 0 )  f a c t o r s  shou ld  n o t  be computed f o r  
da ta  descr ibed o r  qua l  i f i e d  by i t. I t  shou ld  be used as s p a r i n g l y  as poss ib le .  
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N - Cond i t ions  a r e  such t h a t  the measurements cannot  be i n t e r p r e t e d .  

Use t h i s  l e t t e r  as s p a r i n g l y  as p o s s i b l e .  Be c e r t a i n  no o t h e r  l e t t e r  desc r ibes  t h e  
d i f f i c u l t y .  U s u a l l y  a  c a r e f u l  examinat ion o f  a  sequence o f  records  w i l l  p r o v i d e  a  l o g i c a l  
i n t e r p r e t a t i o n  [A88I,  F igs .  66, 67; A961, F igs.  91, 92; AlD41, F ig .  1151. The most comnon 
use of t h i s  l e t t e r  i s  when o b l i q u e  echoes p reven t  unambiguous i n t e r p r e t a t i o n  o f  t h e  jonogram. 

N i s  used when t r a c e s  o f  d i f f e r e n t  o rders  a r e  superimposed so as t o  p reven t  an u n a h i g -  
uous i n t e r p r e t a t i o n  o f  the  t r a c e s .  I n  genera l  t h e  reason f o r  u s i n g  N shou ld  be shown i n  the  
remarks column. 

0  - Measurement r e f e r s  t o  t h e  o r d i n a r y  component. 
(See s e c t i o n  4.5 f o r  use when fxEs i s  tabu la ted .  j 

D e s c r i p t i v e  l e t t e r  0  shows t h a t  an o - t r a c e  c h a r a c t e r i s t i c  has been t a b u l a t e d  i n  an 
x-mode tab1 e  w i t h o u t  c o r r e c t i o n .  Where s u i t a b l e  proqrams e x i s t ,  the  computat ion f o x  + 
fB/2 = fxX can be more a c c u r a t e l y  done than  by hand. T h i s  should o n l y  be used when i t  i s  
known t h a t  t h e  f i n a l  t a b u l a t i o n  w i l l  i n c l u d e  t h e  c o r r e c t i o n .  The most common appl  i c a t i o n  
i s  when f x l  = f xF2  and o n l y  foF2 i s  evaluated,  use ( foF2)-0.  Note: 0  must t a k e  precedence 
o v e r  a l l  o t h e r  d e s c r i p t i v e  l e t t e r s  i n  t h i s  case and t h e  procedure i s  t h e r e f o r e  l e s s  u s e f u l  
than  t h e  d i r e c t  measurement o f  f x I  o r  i t s  c a l c u l a t i o n  f rom f o I .  A l s o  t h i s  cannot  be done 
when f o I  i s  n o t  equal t o  foF2, i .e., spread i s  present ;  i t  i s  then  necessary t o  c a l c u l a t e  
f x I  manua l l y  u s i n g  qua1 i f y i n g  1  e t t e r  0  and t h e  a p p r o p r i a t e  d e s c r i p t i v e  1  e t t e r .  For  example, 
w i t h  f o I  near  t h e  gyrof requency fB, c a l c u l a t e  f x I  = ( f o I  + fB/2) and t a b u l a t e  ( f o I  + fB/2)0B. 

S i m i l a r  r u l e s  a p p l y  f o r  d e s c r i p t i v e  l e t t e r  X .  The q u a l i f y i n g  l e t t e r  co r respond ing  t o  X 
has always been J. Sec t ion  1.04 g i v e s  more e x a c t  r u l e s  which s h r u l d  be used where necessary. 

P  - Man-made p e r t u r b a t i o n  o f  parameters - Presence o f  p o l a r  spur t r a c e s .  

P i s  used t o  show t h a t  t h e  ionosphere has been m o d i f i e d  by man-made pheonomena, e.g 
h e a t i n g  experiment, i n j e c t i o n  o f  f o r e i g n  substances. 

Spread F  types.  P shows t h e  presence o f  spur t y p e  spread F. When used f o r  t h i s  purpose 
i n  f x I  t a b l e s  P takes precedence o v e r  a l l  o t h e r  d e s c i p t i v e  l e t t e r s .  Many examples a r e  shown 
i n  t h e  High L a t i t u d e  Supplement (UAG-50). 

Q - Range spread p resen t .  

Q i s  used t o  show t h e  presence o f  a  range spread t r a c e ,  see s e c t i o n s  2.74 and 2.8, 
F igs.  2.14, 2.17, 3.13 and see s e c t i o n  2.3. It i s  t a b u l a t e d  w i t h  t h e  va lue  o f  h ' F  and takes  
precedence o v e r  F  when a d i s t i n c t  range spread s t r u c t u r e  i s  present .  The main o b j e c t i v e  o f  
t h i s  l e t t e r  i s  t o  i d e n t i f y  cases where a  range spread s t r u c t u r e  i s  observed a t  o b l i q u e  
inc idence  and cases where no main t r a c e  o r  f requency spread i s  present .  It i s  m a i n l y  used 
a t  h i g h  and low l a t i t u d e s ,  b u t  may be impor tan t  anywhere d u r i n g  ma jo r  ionospher i c  storms. 
Many examples a r e  shown i n  t h e  High L a t i t u d e  Supplement (UAG-50). 

R - Measurement i n f l u e n c e d  by, o r  imposs ib le  because o f ,  a t t e n u a t i o n  i n  t h e  v i c i n i t y  o f  a  c r i t -  
i c a l  f requency [A88I, F ig .  81; A1121, F i g .  1291 . 

The l e t t e r  R may be used t o  r e p l a c e  o r  descr ibe  a  numer ica l  v a l u e  o f  any c h a r a c t e r j s t i c  
(example: see F i g .  3.26). The a t t e n u a t i o n  must be assoc ia ted  w i t h  r e t a r d a t i o n ,  t h e  t r a c e  
s t a r t s  t o  move up towards t h e  c r i t i c a l  f requency and then  d isappears.  Wide gaps i n  t h e  t r a c e  
which cover  f requenc ies  where r e t a r d a t i o n  would be expected t o  be smal l  a re  due t o  l a y e r  t i l t, 
l e t t e r  Y; t o  i n s t r u m e n t a l  causes, l e t t e r  C; o r  i n t e r f e r e n c e ,  l e t t e r  5. When R i s  a p p l i c a b l e  
t h e  t r a c e  weakens g r a d u a l l y ,  when Y i s  a p p l i c a b l e  t h e  t r a c e  i s  s t r o n g  and s tops  suddenly  
(see Y ) .  

R can o n l y  be used when t h e r e  i s  ev idence f o r  t h e  ex is tence  o f  a  p r i n c i p a l  r a y  t r a c e .  
The t o p  f requency f o r  a  s c a t t e r i n g  l a y e r  cannot be a t r u e  c r i t i c a l  f requency even when t h e  
s c a t t e r  p a t t e r n  r i s e s  i n  h e i g h t  near  t h e  t o p  frequency; t h e  p roper  l e t t e r  t o  use i n  t h i s  
case i s  F. 



F i g .  3.26 Use o f  R 

Traces show beg inn ing o f  r e t a r d a t i o n  near  c r i t i c a l  f requencies and 
then disappear.  If no r e t a r d a t i o n  i s  seen, Y i s  l i k e l y  t o  be more 
app rop r i a te  (see l e t t e r  Y ) .  

The accuracy r u l e s  determine whether e n t r y  should be 
(foE)--, (foE)-R. (fcE)UR. (foE)OR. (foE)ER o r  R, 
and ( foF2) - - ,  ( f o ~ i l l - ~ ,  (foF2)UR. (foF2)DR o r  R. 

F ig .  3.27(a) Use o f  S 

foF2 g iven by ( f xF2  - fB/Z)JS 
h 'E  g iven by (hlE)ES 

89 
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F i g .  3.27(b) Use o f  S on low f requency ionogram 

foF2 g i ven  by ( f xF2  - fB/2)JS 
foEs and fbEs a i ven  by ( fs)DS 
h ' F  rep laced by S as no o r d i n a r y  ra.y t r a c e  i s  v f s i b l e  

Note: Th i s  shou ld  n o t  be used i f  foEs i s  u s u a l l y  above ft a t  t h i s  t ime  o f  da . 
Then ( f t )ES i s  more u s e f u l .  Th is  i s  o c c a s i o n a l l y  found i n  summer m o n t e .  

If an F t r a c e  i s  seen below fs and no F  t races  above ft, foF2 i s  b e s t  g i ven  by ( f t ) E S .  

F i g .  3.28 Use o f  S  a t  n i g h t  

h ' F  i s  g i ven  by ( h l ~ ) E S  
foEs, fbEs and f m i n  g iven by (fmin)ES 
h  'Es rep laced  by S 

9 0 
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S - Measurement i n f l u e n c e d  by, o r  impossib7e because o f ,  i n t e r f e r e n c e  o r  atmospherics. 

Th is  l e t t e r  should be used on l y  when cons iderab le  d i f f i c u l t y  f rom e i t h e r  o f  these 
causes af fects t h e  read ing o f  t he  c h a r a c t e r i s t i c  i n  quest ion;  i .e., o n l y  t o  e x p l a i n  a  
missing,  doub t fu l ,  i n t e r p o l a t e d ,  o r  'J' va lue  (F igs .  3.17 and 3.27) [A88I, F ig.  81; A1121, 
Fig.  138; A1131, F ig .  1451. 

When the  low frequency p o r t i o n s  o f  t he  t races are  obscured by broadcast  band i n t e r -  
ference, t h e  value o f  frnin shou ld  be tabu la ted,  q u a l i f i e d  by l e t t e r  E  ( l e s s  than) and 
descr ibed by l e t t e r  S (F ig .  3.28). Accuracy r u l e s  do n o t  apply i n  t h i s  case. 

A  spec ia l  d i f f i c u l t y  a r i s e s  w i t h  low frequency ionograms where the re  i s  o f t e n  a  wide 
band o f  b-roadcast i n t e r f e r e n c e  present  f o r  many hours. As the  l i m i t s  o f  t h i s  a re  u s u a l l y  
r a t h e r  constant  and c l e a r l y  recogn izab le  i n  t he  data, t he  accuracy r u l e  can be re laxed  
wl  t hou t  danger o f  confusion.  When an E o r  Es t r a c e  disappears i n t o  t h i s  i n t e r f e r e n c e  band 
and does n o t  appear a t  the  upper f requency l i m i t ,  i t  i s  a l lowed t o  use ( l i m i t  va lue)  DS 
w i t h o u t  app l y ing  an accuracy r u l e .  I n  t he  case o f  F- layer t races,  t h e  corresponding r u l e  
i s  t o  take the  upper l i m i t  o f  t he  miss ing  band w i t h  ES. These values are  u s u a l l y  abnormally 
smal l  r e l a t i v e  t o  the  median f o r  foF2 and abnormally h igh  f o r  Es, so t h a t  t hey  add t o  t h e  
median count w i t h o u t  g r e a t l y  i nc reas ing  t h e  d i f f e r e n c e  between f i r s t  and second medians 
(Chapter 8 ) .  

Dur ing  n i g h t - t i m e  hours when f m i n  i s  t abu la ted  w i t h  t he  q u a l i f y i n g  l e t t e r  E and the  
d e s c r i p t i v e  l e t t e r  S,  and no Es i s  present,  foEs and fbEs are tabu la ted  i n  the  same way as 
fmin, and h 'Es i s  rep laced by S (F ig .  3.28). 

I n  general , i n t e r f e r e n c e  known t o  be due t o  1  ocal causes, e. g  . , f a u l t y  generators,  
motors o r  lamps, snow o r  r a i n  s t a t i c ,  should be regarded as an ins t rumenta l  f a u l t  ( l e t t e r  C 
r a t h e r  than S).  

T  - Value determined by a  sequence o f  observat ions,  t h e  ac tua l  observat ion  be ing i n c o n s i s t e n t  
o r  doub t fu l .  

The d e s c r i p t i v e  l e t t e r  T should o n l y  be used i n  those r a r e  cases where an i s o l a t e d  
numerical  va lue  i s  so unrepresenta t ive  t h a t  i t  has been replaced by an i n t e r p o l a t e d  va lue 
from the  smoothed f p l o t .  Such values are  q u a l i f i e d  by the  l e t t e r  T  a l so .  This procedure 
i s  no t  a l lowed f o r  fmin,  f x I  o r  f o r  Es c h a r a c t e r i s t i c s .  Most s t a t i o n s  i gno re  T. 
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V - Forked t race,  which may i n f l u e n c e  t h e  measurement. 

Scale t h e  h i g h  frequency branch o f  t h e  o r d i n a r y  wave component ( F i g .  3.29) [A128I, 
Fig. 1491. Do n o t  confuse obvi,ous o b l i q u e  echoes, spread echoes o r  s t r a t i f i c a t i o n s  
w i t h  forked t r a c e  [A88I, Figs.  66, 67, 70,  71 ; A961, Fig. 91b; A1001, Fig.  105; A1041, 
Figs. 115, 122, 1241. 

W - Measurement i n f l uenced  o r  imposs ib le  because the echo l i e s  ou ts ide  the  h e i g h t  range recorded 
[A128I, F ig .  1501. 

With a  normal h e i g h t  range (about  1000 krr) cases where the  l e t t e r  W app l i es  t o  any 
ionospher ic  c h a r a c t e r i s t i c  a re  ex t remely  r a r e .  Care i s  needed t o  a v o i d  us ing  W f o r  F2 
c h a r a c t e r i s t i c s  when G i s  more app rop r ia te .  This can be bes t  decided by  examining a  
sequence o f  ionograms o r  f rom the  f p l o t .  I n  general  i f  foF2 i s  c lose  t o  foF1, G app l i es ,  
whereas i f  the  F2 t r a c e  moves b o d i l y  w i t h  l i t t l e  change o f  shape, W app l i es .  

When W i s  used as a  d e s c r i p t i v e  1  e t t e r  t h e  numerical va lue may be qua1 i f  i e d  by D o r  U 
W may a1 so be used as a  replacement l e t t e r  when e x t r a p o l a t i o n  i s  no t  a l lowed (F ig .  3.30). 

foF2 f 
<* 

Fig .  3.30 Use o f  W 
If h'F2 as shown b u t  foF2 cannot be ex t rapo la ted ,  foF2 rep laced by  W .  
If e x t r a p o l a t i o n  poss ib le ,  use (foF2)UW o r  (foF2)DW as g i ven  by accuracy values.  
I f  h ' F 2  t r a c e  n o t  seen and F1 t r a c e  goes above upper h e i g h t  l i m i t ,  f o F l  may need 

t o  be descr ibed by W,  foF2 rep laced by I.J, h  'F2 rep laced by W. 

X - Measurement r e f e r s  t o  the  e x t r a o r d i n a r y  component. 

L e t t e r  X shows t h a t  t h e  measurement was made us ing  t h e  x  t race .  I t i s  ma in l y  used t o  
show t h e  presence of an x-mode c h a r a c t e r i s t i c  i n  an o-mode t a b l e  and i s  analogous t o  de- 
s c r i p t i v e  l e t t e r  0 i n  an x-mode t a b l e .  

L e t t e r  X i s  used i n  f x I  t a b l e s  t o  show t h a t  no spread was present,  i . e .  f x I  = fxF2. (When 
more than h a l f  o f  the values a r e  descr ibed by X t h e  median of f x I  must be descr ibed by X.) 
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Y - Lacuna phenomena-severe 1  ayer  t i  1  t. 

L e t t e r  Y i s  used t o  show t h e  presence o f  wide gaps i n  t h e  t r a c e  p a t t e r n  due t o  t h e  
Lacuna phenomenon (see s e c t i o n  2.75).  When t h e  parameter i s  miss ing ,  Y i s  used as a  r e -  
placement l e t t e r .  Examples o f  t h e  use o f  Y when Lacuna i s  p resent  a r e  shown i n  F igs .  
3.31, 3.32 which rep resen t  t o t a l  F  Lacuna and F1 o r  p a r t i a l  Lacuna, r e s p e c t i v e l y .  I t  i s  
necessary t o  d i s t i n g u i s h  t h e  p rope r  use o f  Y f rom t h a t  o f  A, B, F, G and H .  

The accuracy r u l e s  are,  as usual ,  fo l lowed; use replacement l e t t e r  Y, DY, UY, o r  - Y  as  
g i ven  by t h e  r u l e s .  T h i s  ho lds  f o r  a l l  cases where Y i s  used, bo th  Lacuna and severe 
l a y e r  t i 1  t cases. 

The r u l e s  are :  

A - When b l a n k e t i n g  sporad ic  E appears t o  be present  always use A. 

B - The d i s t i n c t i o n  between t h e  presence o f  h igh  abso rp t i on  (B )  and Lacuna (Y) i s  based 
on t h e  f a c t  t h a t  abso rp t i on  causes g r e a t e r  weakening on the  low f requenc ies  than on 
t h e  h i g h  and a f f e c t s  t h e  x t r a c e  t o  a  g r e a t e r  e x t e n t  than the  o  t race,  whereas Lacuna 
causes an abnormal weakening o f  t r aces  r e f l e c t e d  f rom a  g i ven  range o f  he igh ts  on ly .  

( a )  I f  fmin  i s  g i v e n  by an E t r a c e  and the re  i s  a  wide gap i n  t h e  t races  a t  h i g h e r  
f requencies o r  they  a re  miss ing ,  Lacuna i s  p resent ,  use l e t t e r  Y (see H below). 

( b )  I f  fm in  i s  approx imate ly  equal t o  f o F l  and any o f  t h e  f o l l o w i n g  cond i t i ons  a re  
obeyed, Lacuna i s  present.  

( i )  The x-mode t r a c e  i s  v i s i b l e .  
( i i )  The second o r d e r  o-mode t r a c e  i s  v i s i b l e .  
( i i  i )  fm2, t h e  va lue  o f  fmin  f o r  t h e  second o rde r  F  t r a c e  i s  t h e  same as 

fm in  w i t h i n  t he  accuracy r u l e  f o r  an u n q u a l i f i e d  reading.  ( s t r o n g  
c o n f i r m a t i o n ) .  

I n  t h i s  case - 
A l l  E parameters a re  rep laced by  B 
h a  F  and 14(3000)F1 a r e  rep laced by Y 
fm in  i s  g i ven  by ( fmin)EY 
f o F l  i s  g i ven  by  (foF1)UY. 

( c )  I f  no t races  are  seen use l e t t e r  B even when sequence suggests Y may be present .  

F  - When weak s c a t t e r e d  F  l a y e r  t r a c e s  are seen b u t  t h e r e  i s  evidence t h a t  Lacuna i s  
p resent  Y should be p r e f e r r e d  t o  F: 

( a )  I f  the  upper end o f  t he  E t r a c e  i s  suddenly c u t  o f f  below t h e  normal value o f  foE 
and the  F  t races  s imul taneous ly  become weak and s c a t t e r e d  use Y n o t  F. 

( b )  I f  t h e  F2 t r a c e  i s  normal b u t  t h e  F1 t r a c e  i s  weak and s c a t t e r e d  use Y n o t  F. 
The E t r a c e  i s  most 1  i k e l y  t o  be c u t  o f f  b u t  may be n e a r l y  compl'gte. 

( c )  If p a r t  o f  t h e  F1 t r a c e  i s  miss ing ,  fmin  be ing g i ven  b y  an E t r ace ,  and the  
remainder i s  weak and s c a t t e r e d  use Y n o t  F. 

( d )  The presence 07 s l a n t  Es w i t h  any o f  above c o n d i t i o n s  conf i rms t h a t  Y shou ld  
be used. 

G - ( a )  When t h e  ionograms be fo re  and a f t e r  the  Lacuna event  show G c o n d i t i o n s  f o r  t h e  
F2 l a y e r ,  G should be used i n  pre ference t o  Y .  

( b )  When t h e  ionogram sequence shows F2 be fo re  and a f t e r  t h e  Lacuna event 
and t h i s  t r a c e  d isappears  i n  t h e  event,  F2 parameters a r e  rep laced by Y .  

H - When t h e r e  i s  a  gap between t h e  normal E t r a c e  and t h e  F  t race ,  F i g .  2.13(c), t he  
lower  p a r t  of the  F  t r a c e  showing r e t a r d a t i o n ,  use H n o t  Y .  (Th i s  r e s t r i c t s  the  use 
o f  Y t o  cases where l a r g e  t i l t s  a re  present  and may be recons idered l a t e r  by INAG). 
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fmin  i s  g iven by an E t r a c e  
foE would be expected a t  A 
h 'Es:  G. foEs, fbEs: G ( p r e f e r a b l e  (foE)EG) 

h' 

A1 1 F parameters rep laced by Y.  foE rep laced by Y 

# 
I 

- 4  

t t 

Note s i m i l a r  p a t t e r n  can occur  w i t h  group r e t a r d a t i o n  on 
E t r a c e  as shown by dots i n  which case foE i s  t abu la ted  as (foE)uY. 

f min A f 
F ig .  3.31 T o t a l  F Lacuna 

The F1 and F2 t races  are  miss ing .  

f min A f o F l  f o F 2  f 

F ig .  3.32 F1 o r  p a r t i a l  Lacuna 

F1 t r a c e  i s  m iss ing  
fm in  g i ven  by  E t r a c e  
foE would be expected a t  H 
( i f  foE i s  observed use ( ~ ~ E ) u Y )  

foE rep laced by Y (un less  observed) 
h ' F  rep laced by  Y 
f o F l  g iven by  (foF1)UY 
M(3000)Fl rep laced by Y 

Note: F2 t r a c e  appears suddenly a t  approx imate ly  foF1. 
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Note Lacuna i s  o f t e n  accompanied by  Es-s, and t h i s  i s  a l s o  o f t e n  seen when t h e  Lacuna 
i s  about t o  develop o r  i s  dy ing  away. The presence o f  s l a n t  Es i s  a c l e a r  d i s t i n c t i o n  , 
between l a y e r  t i  1 t and plasma i n s t a b i l i t y  which causes Lacuna phenomena. 

When Lacuna i s  present w i t h  Es-s t h e  two phenomena a r e  t r e a t e d  independent ly  f o r  s c a l i n g  
(see s e c t i o n  4) .  Es-s can a r i s e  from a normal E t race ,  a p a r t i c l e  E t r a c e  (Es-k), o r  
f rom a b l a n k e t i n g  Es t r a c e  ( u s u a l l y  f, b u t  h ,  c, it a l s o  p o s s i b l e ) .  For  convenience t h e  
r u l e s  a re  summari zed be1 ow: 

( a )  foEs i s  deduced f rom t h e  t o p  f requency o f  t h e  Es p a t t e r n  f rom which t h e  s l a n t  Es r i s e s ,  
foE i s  deduced i g n o r i n g  t h e  s l a n t  t r a c e .  

(b) S l a n t  Es cannot b lanke t .  

( c )  I f  t h e  Es t r a c e  i s  o f  a b l a n k e t i n g  type,  c h a r a c t e r i s t i c s  below t h e  es t imated 
va lue o f  fbEs should be rep laced  by A.  

(d )  For experts,  t h e  d i s t i n c t i o n  between G and Y (Sect ion  2 .75 )  when no F2 t races  a r e  
v i s i b l e  i s  easy and should be made. Where Lacuna phenomena a r e  ra re ,  m iss ing  F2 
t r a c e s  a re  t r e a t e d  as G c o n d i t i o n .  

( e )  I f  p a r t s  o f  t h e  F1 t r a c e  a r e  miss ing ,  t h e  m iss ing  F1 parameters are  rep laced by Y. 
(See accuracy r u l e  note. ) 

( f )  I f  b o t h  F1 and F2 t races  a r e  m iss ing  use G r u l e s  g i ven  above. 

( g )  I f  t h e  E r e g i o n  t r a c e  i s  Es, t h e  problem o f  whether Y shou ld  be used depends on 
whether foEs i s  l i k e l y  t o  be in f luenced by t h e  Lacuna phenomenon. For low, f l a t  
o r  au ro ra l  types o f  Es t h i s  i s  improbable. For  p a r t i c l e  E o r  re ta rda -  
t i o n  Es t h e  appearance o f  t h e  ionogram sequence w i l l  suggest when Y i s  needed, 
i . e . ,  when t h e  nose of t h e  t r a c e  i s  missing.  I f  t h e r e  i s  no evidence sugoest ing 
t h a t  foEs i s  af fected by t h e  Lacuna, i t  would appear b e s t  n o t  t o  use Y - we know 
Lacuna i s  p resent  from the F - l aye r  t ab les .  

( h )  A l though s l a n t  Es f r e q u e n t l y  accompanies Lacuna and i s  u s u a l l y  p resent  a t  some 
s tage i n  a Lacuna sequence, i t s  presence i s  n o t  e s s e n t i a l  on a p a r t i c u l a r  iono-  
gram. I f  t h e  F t r a c e s  a re  missing,  Y shou ld  be used f o r  t h e  m iss ing  parameters 
except where G above a p p l i e s .  I t  i s  accepted t h a t  s l a n t  Es i s  h i g h l y  ga in  sen- 
s i  t i v e ,  and, t h e r e f o r e ,  i t s  presence depends on t h e  ionosonde s e n s i t i v i t y .  

Severe l a y e r  t i 1  t s  present 

There a re  two impor tant  cases: 

( a )  Large t i l t s  a f f e c t i n g  apparent  va lue  o f  fbEs: I f  fbEs i s  g r e a t e r  than foEs, 
as i n  F ig .  4.22 use accuracy r u l e  t o  g i ve  app rop r i a te  use o f  Y .  When i n  
doubt use replacement l e t t e r  Y .  

( b )  Abnormal p a t t e r n  near foF2: When t h e  F2 l a y e r  i s  ve ry  t i l t e d ,  t h e  t+ace r i s e s  
i n  t h e  normal manner t o  a frequency near t h e  expected va lue o f  foF2 (as shown 
by sequence) and then  t u r n s  ove r  so as t o  r u n  h o r i z o n t a l l y ,  F i g .  3.34. When 
t h e  s igna l - t o -no i se  r a t i o  i s  good i t  stops suddenly. I n  t h i s  case the  wave 
has been r e f l e c t e d  a t  ob l i que  i nc idence  and t h e  va lue  o f  foF2 overhead i s  c e r -  
t a i n l y  l e s s  than t h e  l i m i t  f requency observed. Th i s  i s  p robab ly  t r u e  i n  a l l  
cases when t h e  t r a c e  i s  concave downwards: t h e  r e s i d u a l  doubt i s  l e s s  impor- 
t a n t  than o b t a i n i n g  a numerical  l i m i t .  Use t h e  t o p  f requency observed q u a l i f i e d  
by E and descr ibed b y  Y .  These c o n d i t i o n s  may l a s t  several  hours b u t  a re  u s u a l l y  
s h o r t  1 i ved .  Th i s  procedure can on1 y be used when t h e r e  i s  independent 
evidence o f  t i l t  o r  cu rva tu re  ( s e c t i o n  2.7) .  Convex o r  l i n e a r  t r a c e s  are  more 
l i k e l y  t o  be normal t r aces  which a re  absorbed, UR, DR o r  R,  when t i l t  i s  n o t  
p resent .  A s i m i l a r  e f f e c t  can be caused by inadequate antennas o r  ionosonde, 
l e t t e r  symbol C, and t h i s  p o s s i b i l i t y  should be considered i f  t h e  c o n d i t i o n  i s  
seen r e g u l a r l y .  Note t h e  use o f  Y t o  i d e n t i f y  severe l a y e r  t i l t s  i s  r e s t r i c t e d  
t o  t i l t s  i n  t h e  F2 l a y e r  f o r  phys i ca l  reasons. T i l t s  near F1 a r e  b e t t e r  
descr ibed by H. Only t i l t s  g i v i n g  t h e  type o f  ionogram i l l u s t r a t e d  i n  F ig .  
3.34 should be i d e n t i f i e d  by Y .  H i s  more app rop r i a te  i n  o t h e r  cases. 
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t lr t lr 
f min f o E f o  FI foFZ f 

F ig .  3.33 Weak F1 Lacuna 

The F1 t r a c e  becomes weak and s c a t t e r e d  b u t  i s  s t i l l  v i s i b l e .  
fm in  g iven by E t r a c e  
foE cusp n o t  seen foE rep laced by  Y 
foE seen foE g i ven  by (foE)UY 
h '  F rep laced by Y 
f o F l  g i ven  by (foF1)UY 
M(3000) F1 rep1 aced by Y 
Note: F 1  t r a c e  o f t e n  shows spurs i n  these cond i t i ons .  

/-- 

4 * + t I 
fmin foE f o  Es f x  FI foF2 f 

Fig .  3.34 T i1  t e d  1 ayer, c r i t i c a l  f requency i nc reas ing  
r a p i d l y  w i t h  d i s t a n c e .  Use o f  Y .  

foF2 i s  (foF2)EY f o F l  i s  ( fxF1 - fB/2)JL 
fxF2 i s  ( foF2 + fB/2)0Y h'F2 i s  L; fbEs = (foE)EG 

Note: x-mode t r a c e  can be s i m i l a r  t o  o mode o r  not ,  depending on whether t i l t 
i s  E-W o r  N-S. 
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Z - T h i r d  magneto - e l e c t r o n i c  component p r e s e n t .  

The c r i t i c a l  f r equency  o r  h e i g h t  parameter  i s  desc r i bed  by  Z o r  a  n o t e  made i n  t h e  
remarks column o f  t h e  d a i l y  worksheet  (Chapter  7 ) ,  F i g .  3.35, 3.36. D e s c r i p t i v e  l e t t e r  Z 
i s  p r e f e r r e d  t o  F  when e i t h e r  a r e  a p p r o p r i a t e ,  s i n c e  Z i s  u s u a l l y  seen o n l y  when spread 
i s  p resen t .  T h i s  i s  n o t  a p p r o p r i a t e  i f  spread-F s c a l i n g  i s  b e i n g  used. 

When a  z-mode t r a c e  ex tends  t o  o r  below fmin, t h e  v a l u e  o f  f m i n  shou ld  be desc r i bed  
b y  Z. T h i s  a p p l i e s  t o  a l l  c o u p l i n g  cases ( S e c t i o n  1.05). 

L e t t e r  Z i s  used a l s o  as  a  qua1 i f y i n g  l e t t e r  when t h e  o-mode parameter  i s  deduced 
f rom t h e  z  t r a c e ,  e.g., foF2  = ( f z F 2  + fB I2 )ZF .  T h i s  i s  v a l u a b l e  when t h e r e  i s  no 
ma in  t r a c e  o r  a  s e r i e s  o f  ma in  t r a c e s  ( F i g .  3 .35) .  No te  h ' z  < h ' o  < h ' x  so i t  i s  n o t  
p o s s i b l e  t o  use q u a l i f y i n g  Z f o r  h e i g h t  parameters.  When f z  i s  nea r  o r  below f B  t h e  
a p p r o p r i a t e  va l ue  o f  f o - f z  (p.9) must be used. 

M(3000)FZ can be deduced i f ,  w i t h  t h e  a i d  o f  t h e  z-mode t r a c e ,  an o-mode t r a c e  can 
be i d e n t i f i e d  a t  t h e  p o i n t  o f  tangency o f  t h e  t r a n s m i s s i o n  cu r ve .  

The z- and x - c r i t i c a l  f r equenc ies  d i f f e r  b y  t h e  gy ro - f requency  and t h e  o - c r i t i c a l  
f requency i s  app rox ima te l y  ha1 f-way between them (F i g .  3.35). I n  gene ra l ,  t h e  z  t r a c e  
i s  l e s s  spread t han  t h e  o t h e r  components ( F i g .  3 .35)  LA381, F i g s .  23, 24; A1041, 
F ig .  118a,b,c]. I t  i s  most commonly observed a t  h i g h - l a t i t u d e  s t a t i o n s ,  and may appear 
i n  a l l  l a y e r s  snowing magne to -e l ec t r on i c  s p l i t t i n g  -- F2, F1, E. ( F i g .  3.36) and c e r t a i n  
t ypes  o f  Es. 

The l e t t e r  Z  shou ld  be r eco rded  as a  d e s c r i p t i v e  l e t t e r  w i t h  t h e  f r e q u e n c y - c h a r a c t e r -  
i s t i c  o f  t h e  a p p r o p r i a t e  l a y e r .  A t  h i g h  l a t i t u d e s ,  t h e  c r i t i c a l  f r equency  f zF2  shou ld  be 
p l o t t e d  on t h e  f p l o t  whenever observed. 

The l o w  f requency  end o f  t h e  F  r e g i o n  z t r a c e  i s  o f t e n  m i s taken  f o r  s t r a t i f i c a t i o n  i n  
F1, r e s u l t i n g  i n  e r roneous  s c a l i n g  o f  h ' F  ( F i g .  3 .37)  (A1041, F i g .  118a,b]. Sometimes i t  
i s  a l s o  cbn-fused w i t h  m u l t i p l e s  o f  t h e  E o r  Es l a y e r s .  

S i nce  t h e  z  component i s  r e f l e c t e d  o b l i q u e l y ,  excep t  a t  t h e  magnet i c  d i p  po l e ,  t h e r e  i s  
a lways doubt  whether  o r  n o t  c o n d i t i o n s  have changed w i t h  t h e  p o s i t i o n ,  and va lues  based 
on deduc t i ons  u s i n g  t h i s  component a r e  regarded  as d o u b t f u l  and a r e  t h e r e f o r e  q u a l i f i e d  
b y  q u a l i f y i n g  l e t t e r  Z  ( s e c t i o n  3 .1 ) .  

f zF2 f oF2 fxF2  f 
F ig .  3.35 ; qode ir, F  r e g i o n  
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fzE foE fxE fzF2 foF2 fxF2 f 
F ic .  3 .36  z ,  o, and x modes i n  E and F  rerions 

f 
F i g .  3.37 z mode on low frequency end of F  t race  



3.3 Rules f o r  t he  Ana lys i s  o f  f x I  

3.30. D e f i n i t i o n :  The parameter f x I  i s  d e f i n e d  as the  h i g h e s t  f requency on which r e f l e c t i o n s  f rom 
the F  r e g i o n  a re  recorded, independent o f  whether t hey  a re  r e f l e c t e d  overhead o r  a t  o b l i q u e  i n c i -  
dence. Thus, f x I  i s  t h e  t o p  f requency of  spread F  t races  i n c l u d i n g  p o l a r  o r  e q u a t o r i a l  spurs,  b u t  
n o t  i n c l u d i n g  ground backsca t te r  t r aces .  

I n  p r a c t i c e  i t  i s  g i ven  by the  h i g h e s t  frequency a t  which F  t races  a re  seen on the  ionogram w i t h  
two except ions :  

( a )  Traces due t o  ground o r  sporadic-E backsca t te r  a re  ignored,  F ig .  3.38. 

( b )  When the  t o p  frequency i s  1  i k e l y  t o  be due t o  an o-mode r e f l e c t i o n .  

Typ i ca l  examples of  f x I  measurement a re  shown i n  F iq .  3.39. I n  general  t he  shapes of t he  pat -  
t e rns  can change r a p i d l y  and cons iderab ly ,  e.g., i n  some cases the re  i s  no apparent  r e t a r d a t i o n  a t  
f x I  o r  near foF2 and h ' I  can be e i t h e r  g r e a t e r  o r  l e s s  than h'F2. 

f x I  should be sca led f rom the  normal ga in  ionogram. When t h i s  shows t o t a l  b lackout ,  
( f m i n  rep laced by B); then replacement l e t t e r  B  should be used f o r  f x I .  

F ig .  3.38 Ground backscat te r  

The ground backsca t te r  t r a c e  G  i s  t a n g e n t i a l  t o  t h e  second o rde r  x-wave t r a c e  
( 2 ) .  Es backsca t te r  i s  t a n g e n t i a l  t o  t h e  M (2F-Es) t r a c e  ( 3 ) .  I n  t h i s  case 
f x I  i s  w r i t t e n  ( fxF2)-X.  

3.31. Accuracy r u l e s :  Accuracy r u l e s  o n l y  app ly  t o  f x I  f o r  d i s t i n g u i s h i n g  between cases when D  o r  
E shou ld  be used i n s t e a d  of  replacement l e t t e r s  C o r  S.  I f  the  p o s s i b l e  e r r o r  i s  l e s s  than 20% o r  
5A whichever i s  t he  g r e a t e r  use D o r  E  as app rop r i a te  (see D, E) t oge the r  w i t h  t he  d e s c r i p t i v e  l e t t e r .  
I f  the . p o s s i b l f  . e r r o r  i s  g r e a t e r  than t h i s ,  use the  d e s c r i p t i v e  l e t t e r  as a  replacement l e t t e r .  
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f x l  

F i g .  3.39 T y p i c a l  examples o f  f x I  
100 



f min f o F 2  f x I  f 
(a) 

f min f oF2 f 
(b l  

F ig .  3.40 H igh  A b s o r p t i o n  Convent ions f o r  f x I  

h' 

( a )  Normal f x I  = ( f x I )  
( b )  H igh  fmin,  only main t r a c e s  v i s i b l e  

f x I  = ( foF2 + fB/2)DB 
( c )  H igh  fmin, x  t r a c e s  m i s s i n g  

f x I  = ( f o r  + fB/2)0B 
( d )  foF2 n e a r  o r  below f B  

f x I  = ( f o I  + fB /2 )  OB 

t t t 
f B  f min foF2 f o I  f fmin foF2 f o l  f B f 

(cl (d l  

hl 

... . . . .  

... . .  . . .  . .... . ..... . ...... 
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. ..... . . . . . . . 
. . .  ... . . . . . . . .. ... ... . . .  

.. . .. . . . . . . . .,.... 
...... ...... ...... ....,. ): . . . . 

,- 



QUALIFY IiiG AND DESCRIPTIVE LETTERS 

F ig .  3.41 Use o f  C and S w i t h  f x I  

For foF2 more accura te  than 10% and miss ing band l e s s  than 20% o r  5A : 
Use ( foF2 + fB/2)DS. 

For foF2 more accurate than 10% and miss ing band w ide r  than 2U% o r  56 : Use S. 
For foF2 more accurate than 20%, (foF2)DS en t r y ;  and miss ing band l e s s  than 

20% o r  5A : Use I  to^ frequency of  miss ing band)ES. 
A l l  o t h e r  l e s s  accurate cases: Use S .  
The r u l e s  f o r  miss ing bands due t o  C-are i d e n t i c a l  except t h a t  S i s  rep laced by C. 
Note: I f  the  missing band i s  l e s s  than 10% o r  3A wide, t h e  c h a r a c t e r i s t i c  i s  g iven 

by  t h e  middle value f o r  t he  m iss ing  band w i t h  US (see accuracy ru les) ,  

3.32. Sca l i ng  ru les :  

(a )  Measure t h e  h ighes t  observed frequency of  t he  t races  d i r e c t l y  r e f l e c t e d  from the  F  l aye r ,  
e.g., o f  spread F  o r  p e l a r  spurs as shown on the  medium ga in  ionogram. I f  c l o s e l y  spaced 
lonograms show the presen.ce of a  s,pread s t r u c t u r e  which i s  r e l a t i v e l y  ga in  s tab le ,  t h e  
t o p  frequency o f  t h i s  s t r u c t u r e  i s  pre fer red.  Use the  ionogram which shows i t  most c l e a r l y .  

( b )  The normal d e s c r i p t i v e  l e t t e r  symbols should be used t o  show the reasons f o r  abseot e n t r i e s .  

( c )  Monthly t a b u l a t i o n  sheets be l e f t  b lank f o r  columns a t  hours fo r  which spread F  t races 
are  seldom o r  never seen, as i s  the  p r a c t i c e  f o r  E and F1 parameters. Most groups f i n d  i t  
mow e f f i c i e n t  t o  i gno re  t h i s  poCrit and t a b u l a t e  f x l  a t  a l l  hours. 

(d )  When spread i s  absent, t he  numerical va lue o f  fxF2 ( f xF2 )  i s  used w i t h  d e s c r i p t i v e  l e t t e r  X: 
( fxF2J-X. 

(e)  When t h e  spread F  s t r u c t u r e  i s  n o t  ga in  s t a b l e  the  value o f  f x l  f rom the  normal ga in  
i onogram i s  recorded. 

At  some s t a t i o n s  spread i s  found on the  o  t r a c e  b u t  no t  on t h e  x  t r a c e  even when absorp t ion  
i s  low. Th is  i s  due t o  t h e  f a c t  t h a t  t h e  two t races  a re  r e f l e c t e d  a t  d i f f e r e n t  p o i n t s  
separated by  t y p i c a l l y  about 50 km i n  t h e  magnetic mer id ian  plane. A smal l  movement of t h e  
s t a t i o n  would, there fore ,  cause t h i s  s i t u a t i o n  t o  change. As f x I  i s  in tended p r i m a r i l y  t o  
show the  ex i s tence  o f  spread F near t h e  s t a t i o n  i t  i s  p r e f e r a b l e  t o  deduce t h e  va lue from 
f o I ,  f x I  = ( f o I  + fB/2)0F (F, i f  spread F t y p i n g  i s  i n  use, o the rw ise  B ) .  Th is  a l s o  makes 
the  a n a l y s i s  s imple -- always l ook  a t  t h e  o. t r a c e  i f  t h e  x  t race  i s  c lean  and deduce 
f x I  from i t .  
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3.33 .  Use o f  d e s c r i p t i v e  l e t t e r s :  Apar t  f rom t h e  mod i f i ed  accuracy r u l e  g i ven  above, t he  use, o f  t h e  
f o l l o w i n g  d e s c r i p t i v e  l e t t e r s  i s  t h e  same as f o r  o t h e r  parameters: C,  D, E,  G, 5, Y .  

For l e t t e r s  A and B t h e  f o l l o w i n g  s p e c i a l  r u l e s  app ly :  

A  - The va lue o f  f x I  i s  rep laced by  l e t t e r  A  when the  presence o f  lower  t h i n  l a y e r s ,  such as Es, 
p revent  observat ion  o f  a1 1 F- layer t r aces .  

B - There a re  a  number o f  cases where d e s c r i p t i v e  l e t t e r  B  i s  app rop r i a te .  The p r i n c i p a l  r u l e s  
a re  g i ven  f i r s t  and then the  p a r t i c u l a r  cases. 

(a )  If a l l  t r aces  disappear as a  r e s u l t  of  abso rp t i on  use replacement l e t t e r  B. I f  t r a c e s  
can be seen on t h e  h i g h  g a i n  ionogram o n l y ,  use r u l e s  (b )  o r  ( c ) ,  as app rop r i a te .  

( b )  I f  the  spread t races  disappear as a  r e s u l t  o f  abso rp t i on  b u t  t h e  normal t r aces  can 
s t i l l  be seen, use (fxF2)DB. The numerical  va lue  ( f xF2 )  can be deduced f rom foF2, 
Fig.  3.40(b).  

( c )  I f  the  x-mode s c a t t e r  t r aces  a re  m iss ing  because o f  absorp t ion ,  use t h e  t o p  frequency 
o f  t h e  o-mode s c a t t e r  t r ace ,  f o I ,  p l u s  fB/2 together  w i t h  qua1 i f y i n g  l e t t e r  0  and de- 
s c r i p t i v e  l e t t e r  B  : ( f o I  + f B / 2 ) 0 ~ ,  ( F i q .  3 .40 (c ) ) .  

( d )  I f  fmin  i s  h igh ,  showing l a r g e  absorp t ion ,  and the  value o f  fminx  cannot be determined, 
use q u a l i f y i n g  l e t t e r  M ( i n t e r p r e t a t i o n  doub t fu l  : read ing  may be f o I  i n s t e a d  o f  f x I )  
and d e s c r i p t i v e  l e t t e r  B. 

Note: When the  s i g n a l / n o i s e  r a t i o  i s  low, f x I  i s  power s e n s i t i v e ;  when h igh ,  i t  i s  
u s u a l l y  independent o f  power as f a r  as i s  known a t  p resent .  

( e )  I f  fmin  i s  normal and f o I  i s  near o r  below fB,  fminx w i l l  be g r e a t e r  than fB  and f x I  
i s  g iven b y  ( f o I  + fB/2)0B, Fig.  3.40(d). The probab le  va lue o f  fminx  f o r  t h i s  case 
can be deduced f rom ionograms hav ing the  same value o f  fm in  b u t  l a r g e r  values o f  foF2. 

3.34 Use o f  z-mode t r a c e :  A t  n i g h t  i n  sunspot minimum years  foF2 can f a l l  i n t o  t h e  medium 
wave broadcast ing  band and be hidden by i n t e r f e r e n c e .  A  m iss ing  va lue o f  f x I  i n  these 
cases can be deduced f rom t h e  z-mode t r a c e  us ing  the  r e l a t i o n :  

The va lue o f  f x I  i s  g iven by  ( fz I+ fB)ZS.  

I f  the z t r a c e  i s  n o t  spread i n  these circumstances t h i s  i s  most l i k e l y  t o  be due t o  absorp t ion .  
Use ( fzF2t fB)DB. 

Th is  r u l e  i s  o n l y  u s e f u l  when an ionosonde ope ra t i ng  t o  low f requenc ies  i s  a v a i l a b l e  (e.g., down t o  
0.2 MHz). I n  o t h e r  cases t h i s  s e c t i o n  should be ignored.  





4 ES CHARACTERISTICS 4 - 1  

4.0 General Considerat ions 

The s c a l i n g  conventions f o r  the  Es parameters t o  be c i r c u l a t e d  on a wor ld-wide bas i s  are  based 
on a compromise. I t  i s  c l e a r  t h a t  a wide v a r i e t y  o f  phenomena a r e  i nc luded  under the  name sporad ic  
E ,  and t h e  s tudy o f  these phenomena i s  n o t  y e t  s u f f i c i e n t l y  developed t o  p e r m i t  them t o  be considered 
separa te l y  on a wor ld-wide bas i s  [A40I,  F igs .  31, 33, 34; A881, Figs, 64, 77-79; A961, F igs .  87-91, 
93-99; A1121, Figs.  130, 131, 141, 1421. Diagrams i l l u s t r a t i n g  Es have been g iven i n  F igs .  1.2, 1.8, 
1.9, 1.11, 2.19, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6. The d i s t i n c t i o n  between types of Es f a c i l i t a t e s  the  s tudy 
o f  t h i s  problem ( s e c t i o n  4.8).  An a d d i t i o n a l  d i f f i c u l t y  a r i s e s  because a g iven type o f  t r a c e  may 
a r i s e  f rom d i f f e r e n t  causes, p a r t i c u l a r l y  i n  w i d e l y  spaced p a r t s  o f  the  wor ld .  I t  i s  always tempt ing 
t o  regard  t h e  c u r r e n t  l o c a l  i n t e r p r e t a t i o n  as general  and t o  simp1 i f y  the r u l e s  accord ing ly .  Th is  i s  
advantageous f o r  l o c a l  s tud ies  b u t  can cause se r ious  d i s c o n t i n u i t i e s  i n  t h e  c o m p a t i b i l i t y  of data  from 
d i f f e r e n t  reg ions o r  epochs. 

The bas ic  r u l e  i s  t h a t  a l l  t r aces  f rom E r e g i o n  h e i g h t  except normal E (and E2), should be 
t r e a t e d  as sporadic E t races .  

The d i s t i n c t i o n  between b lanke t i ng  and non-blanket ing t races  i s  very  impor tant  both  s c i e n t i  - 
f i c a l l y  and o p e r a t i o n a l l y ,  and t a b u l a t i o n s  o f  t h e  b lanke t i ng  frequency fbEs can be a t  l e a s t  as 
use fu l  as those f o r  foEs. It should be noted t h a t  fbEs i s  determined a t  a w e l l  de f i ned  p lace-  
where the  r a y  pa th  o f  t he  f i r s t  h ighe r  echo goes through the Es l a y e r .  I n  c o n t r a s t ,  foEs cor -  
responds t o  t h e  h ighest  ordinary-wave frequency re tu rned  from Es i n  the  sounding cone (which u s u a l l y  
has an ape r tu re  o f  about r 10') by a r e f l e c t i o n  o r  s c a t t e r i n g  mechanism. I n  most cases a t  h i g h  
l a t i t u d e s  t h e  Es t races  found du r ing  d i s t u r b e d  c o n d i t i o n s  a r e  b lanke t i ng  when overhead and non- 
b lanke t i ng  when seen a t  ob l i que  inc idence.  Both parameters are  h i g h l y  v a r i a b l e  i n  t ime so 
t h a t  i t  i s  p a r t i c u l a r l y  impor tant  t h a t  t he  number o f  values which c o n t r i b u t e  t o  the medians 
should be kep t  as l a r g e  as  poss ib le .  

The Es c h a r a c t e r i s t i c s  t o  be sca led ( F i g ,  4.1) f a l l  i n t o  two groups: ( 1 )  numerical  measure- 

ments, e.g., foEs, fbEs, h'Es, which must be made s u f f i c i e n t l y  homogeneous t o  be use fu l  f o r  geo- 
phys ica l  s tud ies  and the p r e d i c t i o n  o f  r a d i o  frequency propagat ion phenomena; and ( 2 )  t ype  i nd i ces  
showing the  inc idence o f  d i f f e r e n t  types o f  Es t races  w i t h  t ime and p o s i t i o n  on the wor ld.  

fmin f bEs foEs fxEs f 

I n  t he  use of data  foEs has cons iderab le  advantages over  fxEs and the  p r o v i s i o n  o f  homogeneous 
tab les  of  e i t h e r  parameter i s  more va luab le  than a t a b l e  con ta in ing  a m ix tu re  o f  both,  even when 
i n d i v i d u a l  values a re  c l e a r l y  marked as due t o  0 o r  x components. The j n t e r n a t i o n a l  standard para- 
meters are, therefore,  based on the  ordinary-wave component though depar tures  from t h i s  convent ion 
are  pe rm i t ted  where r e a l l y  necessary. The r u l e s  given f o r  i d e n t i f y i n g  t h e  ordinary-wave component 
can, of course, be used t o  i d e n t i f y  t he  extraordinary-wave component a l so .  I t  i s  always i m p l i e d  
t h a t  values tabu la ted  as foEs have been obta ined us ing  the standard r u l e s  g iven below. Rules are  
a l s o  g i ven  t o  enable fxEs t o  be sca led  if t h i s  i s  found t o  be d e s i r a b l e  (see s e c t i o n  4.5). 

A t  s t a t i o n s  where the  advantage of s c a l i n g  fxEs r a t h e r  than foEs i s  g rea t ,  t ab les  o f  fxEs may 
be s u b s t i t u t e d  fo r  those of  foEs. For p r a c t i c a l  reasons t h e  b l a n k e t i n g  f requency fbEs and the  v i r t u a l  
h e i g h t  h'Es must always r e f e r  t o  the ordinary-wave component. The f o l l o w i n g  r u l e s  have been arranged 
us ing  the assumption t h a t  t he  c h a r a c t e r i s t i c s  scaled a re  foEs, fbEs and h'Es. They app ly  w i t h  appro- 
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p r i a t e  changes ( i n d i c a t e d  i n  s e c t i o n  4.5) i f  fxEs, fbEs and h 'Es  a re  t he  c h a r a c t e r i s t i c s  sca led .  
The s e l e c t i o n  r u l e s  f o r  foEs and fxEs a re  summarized i n  a  t a b l e  i n  sec t i on  4.32. 

Where t h e  data f rom a  s t a t i o n  are, ~ r o c e s s e d  mechan ica l l y  i t  i s  n o t  essen t i a l  t o  make t h e  o r i g i n a l  
reduc t ions  homogeneous, prov ided t he  d i f f e r e n t  components a re  c l e a r l y  i d e n t i f i e d  by one o r  o t h e r  o f  
t he  d e s c r i p t i v e  l e t t e r s  0  and X, or ,  i n  r e a l l y  doub t fu l  cases, M. The process o f  addinq o r  s u b t r a c t -  
i n g  fB/2 can be done mechanical ly  so as t o  produce homogeneous t a b u l a t i o n s  f o r  in terchange.  Th i s  
r e l a x a t i o n  o f  t h e  r u l e s  i s  a l lowed on l y  when t h e  ope ra to r  knows t h a t  the  c o r r e c t i o n s  w i l l  be made by 
computer and t h a t  he  has taken p recau t ions  t o  use symbols 0, X, M accura te ly .  

Storm types o f  Es t r a c e  (Es types a  and r )  o f t en  change i n t o  t h e  t r a c e  o f  a  t h i c k  E  l a y e r ,  
p a r t i c l e  E  o r  v i c e  versa. foEs and fbEs t hen  become equal t o  t h e  c r i t i c a l  frequency of t h e  p a r t i c l e  E  
(foE)-K. As d iscussed i n  d e t a i l  i n  sec t i on  4.2 t h e  c h a r a c t e r i s t i c s  foEs and fbEs a r e  shown i n  bo th  
Es and E  t a b l e s  when p a r t i c l e  E  determines foEs. 

4.1 Es C h a r a c t e r i s t i c s  t o  be Tabulated 

4.11. 'The f o l l o w i n g  c h a r a c t e r i s t i c s  a re  no rma l l y  t abu la ted  f o r  Es: 

foEs: The ordinary-wave t op  frequency corresponding t o  the  h i ghes t  frequency a t  which a  
ma in ly  cont inuous Es t r a c e  i s  observed. 

hlEs: The lowes t  v i r t u a l  h e i g h t  o f  t he  t r a c e  used t o  g i ve  foEs. 
fbEs: The b l anke t i ng  frequency o f  an Es l a y e r ,  i .e., t h e  lowes t  ordinary-wave frequency 

a t  which t he  Es l a y e r  begins t o  become t ransparen t .  Th i s  i s  u s u a l l y  determined 
f rom the  minimum frequency a t  which ordinary-wave r e f l e c t i o n s  of  t h e  f i r s t  o r d e r  
a r e  obssrved f rom a  l a y e r  a t  g r e a t e r  he igh ts .  

Note: foEs, fbEs and h 'Es  must a l l  be scaled us i ng  t h e  same Es t r a c e .  

A numerical va lue f o r  foEs, fbEs and h 'Es  ( w i t h  q u a l i f y i n g  and d e s c r i p t i v e  l e t t e r s ,  where ap- 
p r o p r i a t e )  o r  a  d e s c r i p t i v e  l e t t e r  r e p l a c i n g  a  value,  i s  en te red  on t h e  d a i l y  t a b u l a t i o n  sheet  f o r  
a1 1  of  t h e  24 hours. 

4.12. Es t es: There a r e  e leven s p e c i f i e d  ca tego r i es  i n t o  Which Es t races  a re  c l a s s i f i e d  (sec-  
t i o n  4.*- number seen a t  one s t a t i o n  i s  u s u a l l y  sma l le r .  

4.13. U n i t s  f o r  t a b u l a t i o n :  

foEs and fbEs: 0.1 MHz 
h'Es: 

(a)  w i t h  expanded he igh t  s ca l e  ionograms, 1 km; 
(b )  when s c a l i n g  accuracy i s  b e t t e r  than 22 km t a b u l a t e  t o  neares t  odd km a t  l e a s t ;  
( c )  when s c a l i n g  accuracy i s  b e t t e r  than 25 km t a b u l a t e  t o  neares t  5 km. 

4.2 Es Scal i n g  Conventions 

4.21. Since t h e  values o f  foEs and fbEs observed can change w i t h  t h e  s e n s i t i v i t y  o f  t h e  ionosonde, 
these parameters should be deduced us i ng  t he  ionogram obta ined a t  normal (medium) ga in .  

4.22. h 'Es should be sca led  us i ng  t h e  ionogram on which i t  can be measured most accura te ly .  

4.23. Traces due t o  t h i c k  o c c u l t i n g  l aye r s ,  such as 'E2' o r  o t h e r  ' i n te rmed ia te  l a  e rs '  i n  ,&he day 
should n o t  be i nc l uded  i n  Es t a b u l a t i o n s  ( t h i s  does n o t  app ly  t o  p a r t i c l e  E l ,  (see {e low).  

4.24. Rules when p a r t i c l e  E  i s  p resen t :  When foE a t  n i g h t  i s  g rea te r  than t h e  va lue  app rop r i a t e  f o r  
normal E  (K cond i t i on ,  sec t i on  3.2), p a r t i c l e  E i s  present .  Th is  i s  u s u a l l y  preceded by Es t ype  r .  
The c r i t i c a l  frequency of p a r t i c l e  E i s  u s u a l l y  much r e a t e r  than  f o r  normal E  a t  t h i s  t ime. Typ ica l  
stages i n  t h e  development from r e t a r d a t i o n  Es ( t y p e  r3 t o  p a r t i c l e  E  a r e  shown i n  F ig .  4.2. Occasion- 
a l l y  t h e  sequence o f  F ig.  4.2 i s  found w i t h  Es t y p e  a  t r a c e s  i ns tead  o f  Es t ype  r t r aces .  I n  p a r t i -  
c u l a r ,  t h e  F  t r aces  show t h e  same sequence, and w i t h  t h e  same i n t e r p r e t a t i o n .  (See High L a t i t u d e  
Supplement) . 

Case ( i )  No r e t a r d a t i o n  a t  low frequency end o f  F  t r ace ,  F ig.  4.2(a), Es t ype  r; h'Es, foEs, 
fbEs as shown. 

I f  foE below fmin, foE i s  (fmin)EB, h ' E  i s  B* 
I f  foE above fmin, foE i s  (fbEs)EA, h 'E  g i ven  by E  t r a c e  ( ve r y  uncommon except  on  
low frequency ionograms) . 

* Footnote: For  hours when foE, h '  E  a r e  n o t  u s u a l l y  recorded t h e  e n t r y  should be l e f t  b lank  un less  
p a r t i c l e  E  i s  seen t o  be p resen t .  h 'E  and h 'Es e n t r i e s  must be made when numer ica l  
values o f  foE and foEs a r e  a v a i l a b l e .  These may be numer ica l  o r  replacement l e t t e r s .  
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Case ( i i )  Retardat ion  a t  low frequency end o f  F  t races,  Fig.  4.2(b) ,  Es type r, foEs as shown 

fbEs i s  (foE)UK hlEs i s  xxx 
foE i s  (foE)UK hlE i s  A  

(There i s  always some doubt when on ly  h a l f  a  cusp i s  v i s i b l e ;  hence, U p re fe rab le .  
A1 so E 1  ayer cou ld  be above Es-r .  ) 

Case ( i i i )  P a r t i c l e  E, F ig .  4 .2(c ) .  

Es type k ( p a r t i c l e  E) 
foEs i s  ( foE)-K hlEs i s  (hlE)-K 
fbEs i s  ( foE)-K 
foE i s  (foE)-K h'E i s  xxx-K 

Note, unless fmin i s  h igh,  bo th  o  and x  t races w i l l  normal ly  be seen when 
p a r t i c l e  E i s  present.  

Whenever fbEs i s  g iven by a  p a r t i c l e  E t race,  fbEs = (foE)-K. The e n t r y  (foE)-K 
must be pu t  i n  bo th  the foE and the  appropr ia te  Es tab les  (foEs and fbEs). 

Case ( i v ) .  P a r t i c l e  E w i t h  another Es t.vpe present  (example no t  shown). Es types h, c, n and a  
occas iona l l y  occur superposed on a  p a r t i c l e  E t race .  I n  these cases foEs, fbEs, hlEs 
a r e  given by the  t r a c e  w i t h  t h e  h ighest  c r i t i c a l  frequency. The presence o f  p a r t i c l e  
E i s  shown i n  t he  normal E  t a b l e s  under foE, h ' E  w i t h  d e s c r i p t i v e  l e t t e r  K and i n  the 
Es types tab le .  When the  Es t ype  i s  no t  b lanke t i ng  t h e  normal G r u l e  app l ies ,  
fbEs = (foE)EG. 

4.25. When no Es echoes are  observed the  f o l l o w i n g  conventions are adopted: 

If a t r a c e  corresponding t o  a  t h i c k  l a y e r  i n  the E reg ion,  e.g., normal E, o r  r e t a r d a t i o n  i s  
present a t  the  low frequency end of the  ordinary-wave F- reg ion t race,  t he  d e s c r i p t i v e  l e t t e r  G must 
be us.ed; appropr ia te  r u l e s  are found i n  sec t i on  3.2 (G), (F ig .  4.3). 

I f  fmin  i s  g rea te r  than the  lower l i m i t  o f  t he  ionosonde and absorp t ion  i s  c l e a r l y  ind ica ted,  
foEs = fbEs = (fmin)EB and hlEs = B,  except when l e t t e r  G app l ies .  

I n  a l l  o the r  cases the  d e s c r i p t i v e  l e t t e r  used f o r  fmin should a l so  be used t o  descr ibe the  
absence o f  the  Es t r a c e  (e.g., C, E, S).  

4 + t 4 
fmin f o E  f o F l  f o F 2  f 

Fig.  4.3 No Es present.  Use of G .  

foEs i s  (foE)EG 
fbEs i s  (foE)EG 
hlEs i s  rep laced by  G 
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4.3 Techniques f o r  D i s t i n g u i s h i n g  between t h e  Magneto-electronic Components i n  Es Traces 

4.30. The e v a l u a t i o n  o f  foEs depends on d i s t i n g u i s h i n g  whether t h e  t o p  frequency, f tEs ,  observed i s  
due t o  an o rd ina ry ,  foEs, o r  ex t rao rd ina ry ,  fxEs, wave r e f l e c t i o n .  There a r e  a l a r g e  number o f  p o s s i b l e  
cases which a r e  discussed i n  d e t a i l  i n  s e c t i o n  4.31, paragraphs ( a )  t o  ( g )  and summarized i n  s e c t i o n  
4.32. These enable any d i f f i c u l t  case t o  be evaluated.  For most ionograms t h e r e  i s  1 i t t l e  d i f f i c u l t y  
s i nce  t h e r e  a r e  ample i n d i c a t i o n s  (e.g., 4.31(a),  ( b ) )  o f  whether f tEs i s  fxEs o r  foEs. I n  m s t  
p r a c t i c a l  cases i t  i s  fxEs. The s imp les t  c r i t e r i o n  i s  t o  see if F r e g i o n  x t r aces  are  present  a t  o r  
below f tEs ;  i f  so, i t  i s  fxEs, i f  n o t  foEs. When abso rp t i on  i s  n o t  p resent ,  e.g. ,  a t  n i g h t  f o r  most 
l a t i t u d e s ,  f t E s  equals fxEs i f  i t  i s  more than about 250 kHz above the  gyrofrequency fB  and foEs i f  
i t  i s  below t h i s  f requency.  Near fB i t  i s  foEs. Border1 i n e  cases should show e a s i l y  recognized, 
separate o and x t races .  Dur ing dayt ime hours, observe the  r e l a t i o n  between t h e  minimum frequency 
o f  t h e  x t races,  t h e  number o f  m u l t i p l e  t r a c e s  present  and t h e i r  minimum f requenc ies .  U s u a l l y  
abso rp t i on  c o n d i t i o n s  are  s j m i l a r  from day t o  day and hour t o  hour so t h a t  i f  f t E s  i s  seen a t  a 
frequency where x t r aces  are  u s u a l l y  seen i t  w i l l  be fxEs. Always t r y  t o  use severa l  t e s t s  i n  doubt- 
f u l  cases, and r e f e r  t o  t h e  paragraphs below t o  make sure t h e  c o r r e c t  i n t e r p r e t a t i o n  has been made. 
As fm in  increases due t o  absorp t ion ,  t h e  l ower  frequency p a r t  o f  t h e  x t r a c e  disappears and i t  
becomes more l i k e l y  t h a t  f tEs equals foEs. Always check t h a t  no F-1-ayer x t r a c e  i s  v i s i b l e  a t  o r  
below f tEs .  

If t h e  ionosonde i s  f a u l t y ,  a l o g i c a l  approach may n o t  be successful  . D i r e c t  comparison o f  t he  
d i f f i c u l t  case w i t h  ionograms w i t h  i d e n t i f i a b l e  Es t races,  o r  w i t h  no Es and s i m i l a r  absorp t ion ,  w i l l  
u s u a l l y  show c l e a r l y  whether f t E s  i s  fxEs o r  foEs. 

4.31. D e t a i l e d  r u l e s  f o r  d i s t i n g u i s h i n g  foEs: 

( a )  For normal t h i c k  r e f l e c t i n g  l a y e r s ,  d i f f e r e n c e s  i n  t h e  v i r t u a l  he igh t  o f  r e f l e c t i o n  o f  t h e  
two magneto-e lec t ron ic  components g e n e r a l l y  enable t h e  two t r a c e s  t o  be i d e n t i f i e d  e a s i l y .  
The daytime ' c '  and ' h '  types o f  Es g i v e  t r a c e s  which can o f t e n  be i d e n t i f i e d  by t h e  
changes i n  h e i g h t  o f  t h e  t r a c e  due t o  r e t a r d a t i o n  i n  t h e  normal E l a y e r  ( F i g .  4.1 ) .  
However, f o r  most types o f  Es t r a c e  the  two components are  superposed a t  e s s e n t i a l l y  
t h e  same h e i g h t  and o t h e r  c r i t e r i a  a re  necessary. 

( b )  When abso rp t i on  i s  p resent ,  a c l e a r  d i s t i n c t i o n  i s  o f t e n  p o s s i b l e  because t h e  abso rp t i on  
o f  t h e  x component i s  no rma l l y  g r e a t e r  than t h a t  o f  t h e  o component a t  t h e  same frequency. 
The x component i s  a l s o  g r e a t l y  weakened a t  f requenc ies  near  t h e  gyrofrequency,  even when 
the  normal abso rp t i on  i s  very  smal l .  

( c )  A t  n i g h t ,  when t h e  abso rp t i on  i s  u s u a l l y  n e g l i g i b l e ,  comparison o f  t h e  t o p  frequency o f  
t h e  Es t race ,  f t E s ,  and t h e  gyrofrequency,  fB, g i ves  t h e  f o l l o w i n g  r u l e s :  

If f t E s  < fB  ftEs = foEs (F ig .  4.4) 
I f  f t E s  > fB  ftEs = fxEs (F igs .  4.5 and 4.6) 

(d )  Systemat ic i n s p e c t i o n  o f  t he  ionogram can very  o f t e n  determine which component i s  p resent  
a t  t he  h igh  frequency end of t h e  t race ,  even i n  cases where b o t h  t races  a re  superposed and 
show no obvious d i s t i n g u i s h i n g  fea tures .  The f i r s t  method depends, i n  essence, on compar- 
i n g  f t E s  w i t h  t h e  minimum frequency o f  t h e  x-component t r a c e  f o r  t h e  ionogram as a whole, 
fminx. Th is  i s  n e c e s s a r i l y  above t h e  gyrofrequency. I f  Es t races  occur  a t  f requenc ies  
above fminx, t h e  e x t r a o r d i n a r y  component must be present .  Hence t h e  t o p  Frequency, f t € s ,  
must correspond t o  t he  e x t r a o r d i n a r y  component. I f  t h e  Es t r a c e  s tops  a t  a frequency be- 
low fminx t h e  e x t r a o r d i n a r y  component cannot be present.  

Thus i f  f t E s  2 fminx ftEs = fxEs 
and i f  ftEs < fminx ftEs=foEs 

The r u l e  can o n l y  break down i f  t h e r e  i s  a sudden change i n  t he  v a r i a t i o n  o f  t h e  sens i -  
t i v i t y  o f  t h e  ionosonde w i t h  frequency. Th is  should n o t  occur w i t h  p r o p e r l y  main ta ined 
modern equipment, b u t  i s  r e a d i l y  recogn ized when present.  C l e a r l y  i t  i s  n o t  necessary t o  
measure fminx, i t  i s  s u f f i c i e n t  t o  know t h a t  fminx i s  g r e a t e r  o r  sma l l e r  than f t E s .  
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f bEs foEs fB fminFx f 

F i g .  4.4 f tEs below fB a t  n i g h t ,  f tEs i s  foEs. 

F i g .  4.5 f t E s  above f B  a t  n i g h t  

f t E s  above fminFx so f t E s  i s  fxEs 
Note fmin  low so abso rp t i on  smal l .  
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(e )  The h igh  f requency end o f  the record  should be inspected f i r s t .  I n  most cases the re '  i s  
no d i f f i c u l t y  i n  recogn iz ing the  two components i n  the F t races and the  low frequency end 
o f  t h e  F- layer  x  t race  i s  e a s i l y  found. Th is  i s  c a l l e d  fminFx and prov ides a  use fu l  prac- 
t i c a l  c r i t e r i o n .  Three cases can a r i s e  i n  p r a c t i c e :  

( i )  f t E s  > fminFx (F ig .  4.7) 
The Es t r a c e  must c o n t a i n  an x  component and hence f t E s  = fxEs. 

( i i )  f t E s  = fminFx (F ig .  4.8) 
When the d i f f e rence  6  between f tEs and fminFx i s  l e s s  than h a l f  t he  g y r o f r e -  
quency, fB/2, t h e  t o p  frequency cannot be foEs w i t h o u t  an x t race  appearing 
a t  h i g h e r  frequencies. Therefore ftEs = %. This  i s  shown by an i n d i r e c t  
argument: Suppose t h e  Es t r a c e  v i s i b l e  up t o  fminFx-6 i s  an o r d i n a r y  t r a c e  
( 6  5 fB /2 ) .  Then the  corresponding x  t r a c e  should s top a t  (fminFx-6+fB/Z) 
and t h i s  i s  h i g h e r  than fminFx. Thus t h i s  t r a c e  cannot be absorbed and shou ld  
be v i s i b l e  on the  ionogram. As t h i s  i s  n o t  t r u e  i n  t h e  case we consider,  t h e  
hypothesis t h a t  we have an o r d i n a r y  t r a c e  must be wrong, so t h a t  f t E s  = fxEs. 

( i i i )  f tEs < fminFx 
Two subcases a re  poss ib le :  
(1) No E-region t r a c e  ( n e i t h e r  E no r  Es) appears w i t h i n  h a l f  the  gyrofrequency 

below fminFx ( F i g .  4.9). Th i s  shows t h a t ,  t a k i n g  the ionogram as a  whole, 
the  x t r a c e  stops a t  fminFx so t h a t  fminFx = fminx. Hence the  observed 
Es t r a c e  cannot be an x t r a c e  and f tEs  = foEs. 

( 2 )  An x  t r a c e  f rom a t h i c k  l a y e r  i n  the E reg ion  i s  present  (E o r  E2). I n  
t h i s  case the  arguments used above a re  repeated f o r  frninEx i ns tead  o f  
fminFx g i v i n g  the  three cases i l l u s t r a t e d  i n  Figs. 4.10, 4.11, 4.12. 

These r u l e s  can f a i l  i f  the equipment l i m i t a t i o n  mentioned i n  (d)  abbve i s  present .  

( f )  There remain the  cases where fminFx cannot be determined. I f  t h i s  i s  due t o  t o t a l  b lanke t -  
i n g  (F ig .  4.13), i n  cond i t i ons  f o r  which we would normal ly  expect  t o  see the  F t races we 
should presume t h a t  t he  miss ing F- layer x  t race  i s  replaced by an Es- layer x  t r a c e  and 
t h e r e f o r e  ft& = JXEL. 

Sometimes, b u t  r a r e l y ,  ionograms a re  obta ined which apparent ly  d i f f e r  f rom the cases d i s -  
cussed above, These d i f f e rences  are  most commonly due t o  l a y e r  t i l t s  causing ob l i que  
sounding r e f l e c t i o n s .  For example see t h e  d iscuss ion on fbEs (F ig .  4.22(a) ( b ) ) .  
The remaining case where fminFx cannot be determined a1 though an Fx t r a c e  i s  present  i s  t h e  
o n l y  d i f f i c u l t  one. Th i s  c o n d i t i o n  i s  found when both  components are  superposed ( F i g .  4.14) 
o r  when s c a t t e r  i s  present (F ig .  4.15). This i s  discussed i n  (g)  below. 

(9 )  I t  i s  o n l y  necessary t o  a t tempt  t o  i d e n t i f y  t he  Es t races d i r e c t l y  when t h e  frequency r u l e s  
cannot be app l ied .  When no absorp t ion  i s  present  r u l e  ( c )  always app l i es .  When abso rp t i on  
i s  present  we may use o u r  exper ience o f  t h e  usual behav ior  of the ionosphere, a t  most s ta-  
t i o n s ,  t o  prov ide a  bas is  f o r  informed reasoning of  t he  probable i n te rp reJa t i on .  

If ftEs i s  comparable w i t h  foE i t  i s  probable t h a t  the x  component o f  the  Es t r a c e  i s  ab- 
sorbed and ftEs = foEs (F ig .  4.16). Th is  c lass  i s  extremely r a r e  as almost a l l  cases can 
be solved by normal ru les .  

I f  f t E s  i s  cons iderab ly  h igher  than foE, assume t h a t  the  x t r a c e  i s  present and f t E s  = fxEs 
(F ig .  4.17). 

I f  absorpt ion  i s  present  a t  n i g h t  b u t  no p a r t i c l e  E i s  v i s i b l e  t h e  va lue o f  fmin may be used 
t o  es t imate  whether f t E s  = foEs o r  f t E s  = fxEs, h igh values of fm in  suggest ing t h e  former.  
I n  p a r t i c u l a r  i f  f t E s  i s  near fmin,  ftEs = foEs (F ig .  4.18). 

Summarizing these cons idera t ions i t  can be s t a t e d  t h a t  i n  a lmost every  r e a l l y  doub t fu l  case 
i t  may be assumed t h a t  ftEs = fxEs. 
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f B  fbEs  f x E s  f x I  f 
Fig .  4,.6 foEs a t  n i g h t  

Note fm in  low so abso rp t i on  smal l  (---weak t r a c e ) .  

F ig .  4.8 ftEs = frninFx 

112 

h ' 

h 

fbEs frninFx fxEs f 
F ig .  4.7 ftEs>frninFx 
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I t t t f 
fmin fbEs  fminEx f x E s  foF2 f  

h' 

Fig.  4.10 fminx g i ven  by fminEx 

4 f el< 
t t t  t t  t 

f  min f bEs foEs fminFx foFl foF2 f 

foEs = ( f x ~ s - f B / 2 ) J A  i f  foEs g r e a t e r  than foE 
foEs = (fxEs-fB/2) JG i f  foEs l e s s  than foE 
fbEs = (fbEs)-G 
Es t ype  low. 
I f  E t r a c e  no t  h o r i z o n t a l  h 'E  = (htE)EA. 
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F ig .  4.9 fminx g iven by fmin fx .  Dayt ime.  
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F i g .  4 . 1 1  f t E s  determined by fminEx 

f tEs i s  fxEs 

I t t t t 
fmin fbEs foEs fminEx f 

F i g .  4 . 1 2  f t E s  determined by fminEx 

f t E s  i s  foEs 
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t t 
f m i n  f x E s  f 

F ig .  4.13 T o t a l  b l a n k e t i n g .  Normal abso rp t i on  

f t E s  i s  most l i k e l y  t o  be fxEs 

l+ t 
f m i n  fxEs f 

F ig .  4.14 Superposed components 

f t E s  i s  most l i k e l y  t o  be fxEs i n  t h i s  case as abso rp t i on  smal l .  



Es CHARACTERISTICS 

F i g .  4.15 S c a t t e r  p resent  

h' 

I f  fmin  normal, f t E s  i s  l i k e l y  t o  be fxEs. 

+ t t 

I t 4 t 
fmin ( f o E )  f o E s  f 

fmin f B  fxEs f 

Fig .  4.16 foEs near expected va lue  o f  foE 

f tEs i s  most l i k e l y  t o  be foEs ( v e r y  r a r e  case).  



t t t t t 
f min foE f b l s  fxEs foF2 f 

Fig. 4.17 frninFx n o t  v i s i b l e ,  abso rp t i on  normal 

fm in  normal 
f t E s  occurs a t  f requency where x t r a c e  

would be expected t o  occur  
foEs = ( f xEs  - fB/2)JA 

t t 
fmin f o l s  f 

Fig.  4.18 fminFx n o t  v i s i b l e ,  abso rp t i on  l a r g e  

fm in  l a r g e r  t han  normal, mu1 t i p l e  r e f l e c t i o n s  missing.  
f t E s  probab ly  foEs as x t r a c e  u s u a l l y  much more absorbed 

than o t r a c e .  
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4.32 I n s t r u c t i o n s  f o r  d i s t i n g u i s h i n g  Es components 

Table 4.1 

Para. Conclusion t h a t  Conclusion t h a t  F igu re  
No. f t E s  = fxEs f t E s  = foEs 

General a,b Separat ion by  abso rp t i on  o r  by  group r e t a r d a t i o n  4.1 
r u l e s  c No abso rp t i on  4.5,4.6 

f tEs> fB  
c No absorp t ion  4.4 

f tEs<fB 
d  f t E s  2 f m i  nx f tEs<fminx  

When e  f tEs>fminFx 4.7 
f m i  nFx e  f tEs=fminFx 4.8 
known e  f tEs<fminFx (no E  4.9 

t r a c e  present  w i t h i n  
fB/2 o f  fminFx) 

e  ftEs>fminEx 4.10 
e  f tEs=fminEx 4.11 
e  f tEs<fn inEx 4.12 

When ( i )  Est imate when abso rp t i on  i s  absent 
f m i  nFx f To ta l  b l a n k e t i n g  
n o t  known f Superposed o  and 

x t races  
f F  l a y e r  sca t te red  

( i i )  Est imate when abso rp t i on  i s  present 
9  ftEs%foE 
9  ftE:>>foE 
9  f tEs%fmi n  
9  A t  n i g h t  f tEs>>fmi n>>fB 

4.4 S c a l i n g  o f  foEs 

4.41. The s e l e c t i o n  r u l e s  f o r  i d e n t i f y i n g  the  Es t r a c e  which should be sca led a r e  as f o l l o w s :  

(a )  Ignore  a l l  t races which i n d i c a t e  o b l i q u e  r e f l e c t i o n s  f rom evidence on t h e  ionogram o r  the  
sequence o f  i onograms . 

(b )  Ignore  a l l  very weak i n t e r m i t t e n t  r e f l e c t i o n s ,  e.g., F ig .  4.6. 

( c )  I gno re  a l l  r a p i d l y  va ry ing  o r  t r a n s i e n t  phenomena. For f a s t  recorders,  meteor t races  
which would o therwise resemble an Es t r a c e  can o f ten  be i d e n t i f i e d  by  the occurrence o f  
f a i r l y  r e g u l a r l y  spaced fad ing.  These t races  should be ignored.  

(d)  Se lec t  f rom the remaining t races  t h e  one which i s  main ly  cont inuous t o  the h ighes i i  f r e -  
quency. Th i s  t r a c e  should be used f o r  s c a l i n g  foEs, fbEs and h'Es. The h ighes t  f requency t o  
which t h e  t r a c e  i s  ma in l y  cont inuous i s  c a l l e d  i t s  t o p  frequency. The c u r r e n t  meaning 
o f  'main ly  cont inuous'  i s  t h a t  a  break i n  the  t r a c e  which can be ascr ibed t o  an occasional  
fade o r  change i n  the  s e n s i t i v i t y  o f  t he  ionosonde i s  ignored i f  the t r a c e  cont inues reg- 
u l a r l y  beyond t h e  break. Rules ( a ) ,  ( c )  do n o t  app ly  t o  Es t ype  a  and r. 

4.42. The r u l e s  f o r  measuring and t a b u l a t i n g  foEs are:  

( a )  When t h e  o r d i n a r y  and e x t r a o r d i n a r y  Es t races  are  separated i n  v i r t u a l  h e i g h t  o r  f requency 
(see s e c t i o n  4.3) o r  the  o r d i n a r y  component a lone i s  present  and i d e n t i f i a b l e ,  the  top  
frequency o f  the  ordinary.-wave t r a c e  i s  t he  r e q u i r e d  va lue o f  foEs. 

(b)  When the  o r d i n a r y  and e x t r a o r d i n a r y  t races  are  n o t  separated b u t  evidence e x i s t s  f rom the 
r u l e s  i n  s e c t i o n  4.31 ( d  t o  g; e s p e c i a l l y  e, i i i )  t h a t  ftEs = foEs, t h i s  va lue i s  sca led 
as foEs. 

( c )  When t h e  r u l e s  f o r  d i s t i n g u i s h i n g  between the components show t h a t  f t E s  = fxEs, t he  pre-  
fe r red method i s  t o  s u b t r a c t  fB/2 from t h e  observed va lue o f  f t E s  and t a b u l a t e  the  re -  
s u l t a n t  value q u a l i f i e d  by  J and descr ibed by A. 
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(d )  When t h e  d i s t i n c t i o n  between the components cannot be made b u t  i t  i s  most l i k e l y  t h a t  
f t E s  = fxEs, t he  p r e f e r r e d  method i s  t o  s u b t r a c t  fB/2 from t h e  observed value o f  f t ~ s  
and tabu la te  t h e  r e s u l t a n t  va lue q u a l i f i e d  by J and descr ibed by  M. 

( e )  When t h e  d i s t i n c t i o n  between t h e  components cannot be made b u t  i t  i s  most l i k e l y  t h a t  
f t E s  = foEs (an extremely r a r e  case i n  p r a c t i c e ) ,  sca le  f t E s  descr ibed by M. 

( f )  When no Es t r a c e  i s  present on the  ionogram the  d e t a i l e d  r u l e s  g iven i n  s e c t i o n  3.2 f o r  
d e s c r i p t i v e  l e t t e r s  B,  C, E, G and S a re  app l ied .  The main p o i n t s  may be summarized as 
f o l l  ows: 

B - fm in  i s  h igh;  foEs equal t o  the  numerical value o f  fmin  q u a l i f i e d  by E  and de- 
sc r i bed  by B. 

C - Ins t rumenta l  f a u l t ;  foEs rep laced by d e s c r i p t i v e  l e t t e r  C. 

E  - fmin equal t o  lower frequency l i m i t  o f  ionogram; foEs rep laced by  d e s c r i p t i v e  
l e t t e r  E. ( I n  determinat ion o f  median< a 1 1 . 1 . ~  1 1 s ~  minimum frequencv o f  ionosonde EE). 

G - Normal E  echo t races present .  f o ~ s  rep laced by d e s c r i p t i v e  l e t t e r  G, pre fe rab ly  (f0E)EG 

S - N i g h t  cond i t i ons ;  fmin tabu la ted  w i t h  q u a l i f y i n g  l e t t e r  E  and d e s c r i p t i v e  l e t t e r  S. 
foEs tabu la ted  i n  same way as fmin .  

( g )  For s t a t i o n s  w i t h  low frequency ionograms t h a t  have a  wide i n t e r f e r e n c e  band, see l e t t e r  S 
i n  s e c t i o n  3.2 f o r  use of l e t t e r s  DS w i t h  foEs. 

4.43. A t  s t a t i o n s  where most values o f  foEs must be deduced from fxEs, i t  i s  pe rm iss ib le  t o  om i t  
t h e  use o f  J A  i n  r u l e  ( c )  above. Es i s  t oo  v a r i a b l e  f o r  t h e  probable a d d i t i o n a l  e r r o r  t o  be s i g n i f -  
i c a n t  unless the  m a j o r i t y  o f  values are  d i r e c t  observat ions o f  foEs. Rules (d ) ,  ( e )  should be ob- 
served i n  t h i s  case. 

4.44. The i n t e r n a t i o n a l  r u l e s  a l l o w  two s i m p l i f i c a t i o n s  t o  be made t o  the s c a l i n g  r u l e s  ( c ) ,  ( d ) ,  
( e )  ( s e c t i o n  4.42) a t  s t a t i o n s  where cond i t i ons  do n o t  j u s t i f y  t he  work i nvo l ved  i n  c a l c u l a t i n g  foEs. 
When the  r u l e s  f o r  d i s t i n g u i s h i n g  between t h e  components show t h a t  f t E s  = fxEs, t a b u l a t e  ftEs w i t h  
the d e s c r i p t i v e  l e t t e r  X .  When the  d i s t i n c t i o n  between the  components cannot be made t a b u l a t e  f t E s  
w i t h  the  d e s c r i p t i v e  l e t t e r  M. The use o f  these s i m p l i f i c a t i o n s  must be c l e a r l y  i n d i c a t e d  on foEs 
tab les  f o r  interchange. 

4.5 Sca l i ng  o f  fxEs 

Tables o f  values o f  fxEs c i r c u l a t e d  i n  p lace o f  t ab les  o f  foEs must always be c l e a r l y  t i t l e d  as 
f o l l o w s :  

fxEs (z foEs + approp r ia te  mean va lue o f  t he  c o r r e c t i o n  term fB/2) .  

The s e l e c t i o n  r u l e s  and i n s t r u c t i o n s  f o r  d i s t i n g u i s h i n g  between the  two components are  i d e n t i c a l  
t o  those f o r  foEs. 

( a )  When t h e  o r d i n a r y  and e x t r a o r d i n a r y  Es t races  are  separated i n  v i r t u a l  h e i g h t  (gr frequency 
(see s e c t i o n  4.42 (a) ,  ( b ) )  t he  t o p  f requency o f  the  ex t rao rd ina ry  Es t r a c e  i s  t he  requ i red  
value o f  fxEs. 

( b )  When the  o r d i n a r y  and ex t rao rd ina ry  Es t races are n o t  separated b u t  t h e  i d e n t i f i c a t i o n  r u l e s  
show t h a t  f t E s  = fxEs, t he  top  frequency o f  t h e  ex t rao rd ina ry  Es t r a c e  i s  the  requ i red  va lue 
of fxEs. 

( c )  When the  top  frequency of t h e  Es t r a c e  i s  known t o  be foEs add fB/2 and t a b u l a t e  t h e  r e -  
s u l t a n t  va lue q u a l i f i e d  by 0 and descr ibed by the  l e t t e r  showing why fxEs was n o t  present,  
u s u a l l y  B, R o r  S.  

(d )  When t h e  d i s t i n c t i o n  between the  components cannot be made b u t  i t  i s  most l i k e l y  t h a t  
f t E s  = fxEs, t abu la te  t h e  observed va lue of  f t E s  descr ibed by M. 

( e )  When the d i s t i n c t i o n  between the components cannot be made b u t  i t  i s  most l i k e l y  t h a t  
f t E s  = foEs (an extremely r a r e  case i n  p r a c t i c e ) ,  add fB/2 and t a b u l a t e  the  r e s u l t a n t  
va lue q u a l i f i e d  by 0 and descr ibed by M. 
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( f )  When no Es t r a c e  i s  present  on the  ionogram, t h e  d e t a i l e d  r u l e s  g i ven  i n  s e c t i o n  3.2 f o r  
t h e  d e s c r i p t i v e  l e t t e r s  0 ,  C, E, G and S a re  app l i ed  (see a l so  s e c t i o n  4.42). 

( g )  For  s t a t i o n s  w i t h  low frequency ionograms t h a t  have a  wide i n t e r f e r e n c e  band, see l e t t e r  S 
i n  s e c t i o n  3.2 f o r  use o f  l e t t e r s  DS w i t h  fbEs. 

4.51. The use o f  J, 0, M and X f o r  foEs o r  fxEs i s  summarized i n  the f o l l o w i n g  t a b l e :  

Table 4.2 

foEs f xEs 

p r e f e r a b l e  s i m p l i f i e d  

o r d i n a r y  . . .  - - ... - - xxx 0  B 

ex t rao rd ina ry  ooo J A ( f tEs )  - X . . . - - 
unknown, 
es t imate  o  

.. - M ( f t E s )  - M xxx 0  M 

unknown, ooo J M ( f t E s )  - M ... - M 
es t imate  x  

Numerical example (1/2 f B  assumed t o  be 0.6). 

foEs f xEs 

p r e f e r a b l e  s i m p l i f i e d  

o r d i n a r y  
- - 

e x t r a o r d i n a r y  067 J A 

unknown, - 041 - M 041 - M - 047 0  M 
est imate  o  

unknown, 
es t imate  x 

Under1 i ned  values i n d i c a t e  t h a t  t he  numerical  va lue has been d i r e c t l y  obtained 
from t h e  ionogram. ,_ 
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4.6 Sca l i ng  o f  fbEs 

fbEs i s  always determined us ing  the  ordinary-wave t r a c e  f o r  the l a y e r  f i r s t  seen through the  Es. 

If severa l  Es t races g i v i n g  b l a n k e t i n g  are present  on the same ionogram, the value o f  fbEs t o  
be tabu la ted  i s  t h e  va lue o f  b l a n k e t i n g  frequency due t o  the  t r a c e  which gave foEs (F ig .  4.19 ( a )  and 
( b ) ) .  A l l  observed values o f  fbEs should be p l o t t e d  on the f p l o t .  

I + t I )  
fbEs  fbEs fxEs  f 
0 6 

t t t 
f bEs fxEs f + 4 

F ig .  4.19 Sca l i ng  o f  fbEs 

The f p l o t  symbols (Chapter 6 )  a re  a1 so shown. 
Note: (i) The tabu la ted  value of  fbEs i s  always g iven by t r a c e  w i t h  

h ighes t  va lue of  foEs. 
( i i )  A l l  values o f  fbEs a re  shown on t h e  f p l o t .  

12 1 



4-18 Es CHARACTERISTICS 

When the  Es t r a c e  g i v i n g  foEs i s  p a r t i a l l y  r e f l e c t i n g  a t  a l l  f requencies and a t h i c k  l a y e r  i s  
present, fbEs i s  g iven by the  c r i t i c a l  frequency of t he  t h i c k  E l a y e r  t r a c e  assoc ia ted w i t h  i t s  
lowest frequency q u a l i f i e d  by E and descr ibed by G, F ig.  4.20. 

f min foE fbEs foEs 

Fig.  4.20 Non-blanketing Es. 

This f i g u r e  shows both Es type h and Es type a 
foEs as shown 
fbEs i s  tabu la ted as (fbEs)EG. ( fbEs) i s  equal t o  foEs, 

the  c r i t i c a l  frequency o f  t he  in termedia te  1 ayer. 

Fig.  4.21 B lanke t i ng  i n d i c a t e d  by s t rong  second o rde r  Es 

h' 

fbEs g iven by second o rde r  (fbEs)UY, see Fig.  4.22. 
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DISTANCE 

foEs f min F f 

Fig .  4.22 Trace miss ing  due t o  a  severe ly  t i l t e d  l a y e r  
f b ~ s  = Y unless accuracy r u l e s  a l l o w  an es t imated va lue t o  be made. 
I f  i n  doubt use Y .  

Note: The presence of  t h e  t i  1 t w i l l  u s u a l l y  be detec ted by 
he igh t  d i f f e r e n c e s  between the  f i r s t  and second 
o rde r  F  t races,  (see s e c t i o n  2 . 7 ) .  
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The value o f  fbEs cannot exceed foEs w i t h i n  t h e  usual  accuracy r u l e s .  When t h e  minimum f re -  
quency r e f l e c t e d  from h i q h e r  l a y e r s  i s  g r e a t e r  than foEs, fbEs can on l y  be sca led i f  t h e  ionogram 
(F ig .  4.21) o r  sequence o f  ionograms i n d i c a t e s  t h a t  b lanke t i ng  i s  present.  The usual  accuracy r u l e s  
apply.  Re ta rda t i on  a t  fminF i n d i c a t e s  t h e  presence o f  d e v i a t i v e  absorp t ion .  I f  t h e  m u l t i p l e  F  - 
t r a c e  he igh ts  a re  c o n s i s t e n t  use R i n  pre ference t o  Y .  A  gap i n  frequency between the  Es and F  t r a c e  
i s  most o f t e n  produced by a  t i l t  o f  t h e  F  l a y e r ,  which i s  then sounded i n  an o b l i q u e  d i r e c t i o n  ( F i g .  
4.22 ( a )  and ( b ) ) .  The observed lower  frequency l i m i t  o f  t he  F  t r a c e  does n o t  correspond t o  over- 
head cond i t i ons .  The numerical value o f  foEs, q u a l i f i e d  by U and descr ibed by Y, i s  t abu la ted  f o r  
fbEs. Th is  case can o f t e n  be i d e n t i f i e d  by comparing t h e  f i r s t  and second o r d e r  F-region t races .  A 
d e s c r i p t i v e  l e t t e r  a lone (e.g., S, C, R, Y) i s  used i n  these cases where b l a n k e t i n g  i s  n o t  c l e a r l y  
i nd i ca ted .  

When Es i s  n o t  observed t h e  l e t t e r  used t o  rep lace  t h e  numerical  value o f  foEs i s  a l s o  used t o  
rep lace  t h a t  f o r  fbEs ( s e c t i o n  4.42). 

When complete b l a n k e t i n g  occurs ( i  .e., no r e f l e c t i o n s  f rom h i g h e r  l a y e r s  appear a t  a1 1) ,  i t  i s  
n o t  poss ib le  t o  eva luate  fbEs w i t h  c e r t a i n t y .  However, t h e  s t a t i s t i c s  o f  fbEs l o s e  much value i f  
these h igh  values a re  n o t  numerical .  Therefore, a  new convent ion has been adopted as s t a t e d  i n  
s e c t i o n  3.2, l e t t e r  A  us ing  fbEs = (foEs)AA unless t h i s  i s  c l e a r l y  mis lead ing.  

( a )  I f  t h e  t r a c e  i s  s o l i d  t o  foEs, t abu la te  (foEs)AA ( F i g .  3.1) 

( b )  I f  t h e  t r a c e  i s  n o t  s o l i d  t o  foEs, o r  i f  two o r  more m u l t i p l e  t r aces  are  present  
w i t h  t h e  value o f  t h e  top  frequency o f  t he  second o r d e r  t r a c e  much sma l l e r  than foEs 
( F i g .  3 .2 )  t abu la te  t h e  value o f  fbEs deduced f rom t h e  t o p  frequency o f  t h e  second 
o r d e r  t r a c e  w i t h  q u a l i f i c a t i o n  AA r e s p e c t i v e l y .  (Note: I f  these values have t o  be 
deduced f rom the x-mode t race ,  AA should be used i n  preference t o  JA i n  cases ( a )  
( b ) ) .  Values o f  fbEs deduced from t h e  s o l i d  p a r t  o f  t h e  t r a c e  and r u l e  (a )  should 
u s u a l l y  agree w i t h i n  t h e  accuracy r u l e s  f o r  1  i m i t  values w i t h  t he  va lue deduced f rom 
( b ) .  

The r u l e s  f o r  i n t e r p r e t i n g  foEs and fbEs have been summarized (R. Smith, INAG 10, p  5 - 6 )  f o r  
t r a i n i n g  purposes and a r e  reproduced i n  F igures  4.32 and 4.33. The diagrams omi t  t h e  x-mode t races  
and should be used as a  guide only.  D e t a i l e d  r u l e s  a r e  g iven i n  t h e  t e x t  above. 

4.7 Sca l i ng  of h'Es 

hlEs i s  t h e  lowest  v i r t u a l  he igh t  of t he  t r a c e  used t o  g i v e  foEs. I f  t h e  ionosonde i s  on ga in  
runs, t h e  h e i g h t  should be scaled from t h e  ionogram on which i t  can be measured most accu ra te l y .  

When the  low f requency end o f  t h e  Es t r a c e  i s  a f f e c t e d  by  group r e t a r d a t i o n  i n  a  t h i c k  
E  l a y e r  and the  Es t r a c e  does n o t  become h o r i z o n t a l ,  t a b u l a t e  t h e  value o f  t h e  lowest  v i r t u a l  
h e i g h t  observed. The tabu la ted  value i s  q u a l i f i e d  by l e t t e r  U o r  E  as requ i red  by the  accuracy 
ru les ,  and descr ibed by t h e  l e t t e r  G. 

When Es i s  n o t  observed, t h e  l e t t e r  used t o  rep lace  t h e  numerical value o f  foEs i s  used t o  r e -  
p lace t h a t  f o r  h 'Es  a lso .  <a- 

4.8 C l a s s i f i c a t i o n  o f  "Types o f  Es" 

4.81. C l a s s i f i c a t i o n  procedures: Whenever p o s s i b l e  a l l  Es t races  appearing on the  ionogram shou ld  
be 1  i s t e d  i n  t h e  column on t h e  t a b u l a t i o n  sheet p rov ided  f o r  Es types. The c l a s s i f i c a t i o n  i s  inde- 
pendent o f  the s c a l i n g  r u l e s  f o r  t h e  c h a r a c t e r i s t i c s  foEs, h'Es and fbEs. Thus types o f  Es cor re-  
sponding t o  weak o r  ob l i que  r e f l e c t i o n s  can be recorded even though they  are n o t  sca led  f o r  numerical  
values. A l l  observat ions  a v a i l a b l e  i n  t he  h o u r l y  sequence, i n c l u d i n g  the  h igh  g a i n  sounding, shou ld  
be used i n  j udg ing  the  types of Es present.  [ B  s e c t i o n  I 1 1  pp. 1-10]. 

4.82. Tabu la t ion  o f  Es types and mu1 t i p l e  echoes: When more than one type o f  Es t r a c e  i s  p resent  
on t h e  ionogram, t h e  t ype  f o r  t h e  t r a c e  used t o  determine foEs must be w r i t t e n  f i r s t .  The o t h e r  Es 
t races  a r e  arranged i n  sequence o f  descending o r d e r  o f  m u l t i p l e s  except when Es-k i s  present.  I n  
t h i s  case Es-k takes precedence over a l l  o t h e r  Es t races  except t h a t  g i v i n g  foEs. 

The f i r s t  two types tabu la ted  must each be fo l l owed  by  a  number i n d i c a t i n g  t h e  number o f  t r aces  
seen up t o  9. I f  o n l y  t he  fundamental i s  present,  however, number 1 must be tabu la ted .  The number 
o f  r e f l e c t i o n s  o f  a  g iven type should be determined f rom t h e  normal ga in  sounding. 
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4.83. Desc r ip t i on  of standard types: The n ine standard types o f  Es are  i d e n t i f i e d  by  lower  case 
l e t t e r s :  f, I, c, h, q, r, \a, s ,  d. These l e t t e r s  suggest t he  corresponding names: f l a t ,  low, cusp, h igh,  equa to r ia l ,  r e t a r d a t i o n ,  au ro ra l ,  s l a n t  and D  region,  respec t i ve l y .  I t  i s  s t r o n g l y  emphasized t h a t  these names are  n o t  r e s t r i c t i v e .  The o the r  two types a r e  k  and n, where k  denotes 
the  presence o f  p a r t i c l e  E and n  i s  used t o  designate any Es type which does no t  correspond t o  any 
o t h e r  o f  t he  t e n  types [A94D]. 

The standard types are:  

f: An Es t r a c e  which shows no apprec iab le  increase o f  h e i g h t  w i t h  frequency, Fig. 4.23. 
The t r a c e  i s  u s u a l l y  r e l a t i v e l y  s o l i d  a t  most l a t i t u d e s  [A961, Figs.  93 ( b ) ( c ) ( e ) ] .  
Th is  c l a s s i f i c a t i o n  may o n l y  be used a t  hours when a  t h i c k  E  l a y e r  i s  n o t  u s u a l l y  

observable ( t h e  hours f o r  which a  numerical value o f  foE cannot be obta ined) .  A t  
o t h e r  hours, apparent ly  f l a t  Es t races a r e  c l a s s i f i e d  according t o  t h e i r  v i r t u a l  
he ight :  h, c, o r  L. [B 111, 3, 9; I I A  59 Dec., 62 Dec., 63 June, 65 June, 70 June, 71 
Raratonga June and Dec., 74 Dec., 82 June, 83 Dec,]. Low frequency ionograms show 
t h a t  most cases o f  n i g h t  t ime f type Es would have been c l a s s i f i e d  as a  type though 
occas iona l l y  c  o r  h  type would be appropr ia te .  

a :  A f l a t  Es t r a c e  a t  o r  below the  normal E  l a y e r  minimum v i r t u a l  h e i g h t  o r  below t h e  
p a r t i c l e  E l a y e r  minimum v i r t u a l  h e i g h t  [A96I, F ig .  93(d)] .  [B 111, 3, 5, 9; IIB 36 
Sept., 42 Dec.]. (Fig.  4.24 ( a ) ( b ) ) .  

c: An Es t r a c e  showing a  r e l a t i v e l y  symmetrical cusp a t  o r  below foE. Th is  i s  u s u a l l y  
continuous w i t h  the normal E  t race,  a l though when the  d e v i a t i v e  absorp t ion  i s  la rge,  
p a r t  o r  a l l  o f  the  cusp may be missing.  (Usua l l y  a  daytime type.) [A96I, Figs.  
93 (d) ,  94, 953. [B 111, 4, 9. Many o the r  cases]. (F ig .  4.25 ( a ) ( b ) ) .  

h: An Es t r a c e  showing a  d i s c o n t i n u i t y  i n  he igh t  w i t h  t h e  normal E- layer  t r a c e  a t  o r  
aboye foE. The cusp i s  n o t  symnet r ica l ,  t h e  he ight  of  t h e  low frequency and o f  t h e  
Es t r a c e  being c l e a r l y  h igher  than t h a t  o f  t h e  h i g h  frequency end of  t h e  normal E  
t race ,  (Usua l ly  a  daytime type. )  [A96I, F ig .  971. [B 111, 4, 5;  I I B  42 ( a l l ) ,  
46 Sept. F re ibu r  , 51 Sept., 52 Dec., 55 June, Sept., 57 Dec., 61 June, 62 June Tsumeb, 
64 June, 83 Dec.3. (F ig .  4.26 (a) ( b ) ) .  

q: An Es t r a c e  which i s  d i f f u s e  and non-blanket ing;  comnonly found du r ing  daytime i n  the  
v i c i n i t y  o f  t h e  ma n e t i c  d i p  equator. The lower edge i s  u s u a l l y  r e l a t i v e l y  we1 1  
def ined (F ig .  4.277. Of ten Es types can be superposed on t h i s  pa t te rn ,  i n  p a r t i c u l a r  
Es-!L can cause b lanke t i ng  a t  t he  low frequency end. [A96I, F igs .  93(a),  981. [B 111, 
8, I I B  84 Ibadan, Kunasi June; 85 Dec., 86 a l l ;  87 a l l ] .  

r: An Es t r a c e  showing an increase i n  v i r t u a l  he igh t  a t  t he  h igh  frequency end, s i m i l a r  
t o  group r e t a r d a t i o n .  The t r a c e  i s  b lanke t i ng  over p a r t  o r  n e a r l y  a l l  o f  i t s  f r e -  
quency range. This i s  d i s t i ngu ished  from the  usual group r e t a r d a t i o n  (as i n  t h e  case 
o f  an o c c u l t i n g  t h i c k  E  l a y e r )  by t h e  l ack  o f  group r e t a r d a t i o n  i n  t h e  F - l ye r  t races  
a t  foEs and the  presence o f  an F l a y e r  t race  below foEs. [A96I, Figs. 93 t o  96, A1041, 
1201. [see Figs.  4.2, 4.28). 

a: A l l  types o f  very d i f f u s e  (spread) t races a re  combined i n  aurora l  f;pe Es. These can 
extend over several  hundred k i lometers  o f  v i r t u a l  he ight .  Typ ica l  pat terns  show a  
f l a t  o r  s low ly  r i s i n g  bot tom edge t o  the  pa t te rn ,  w i t h  s t r a t i f i e d  t races i n  i t  which 
vary r a p i d l y  i n  t ime. The w id th  o f  t he  t r a c e  i s  u s u a l l y  g rea tes t  w e l l  below foEs o r  
fxES, o f ten a t  f requencies near fminf ,  F ig .  4.29. The p a t t e r n  u s u a l l y  a l t e r s  r a p i d l y  
i n  t ime. Es type a  t races a re  due t o  ob l i que  r e f l e c t i o n s  and pa t te rns  a t  d i f f e r e n t  
v i r t u a l  he ights  o f t e n  va ry ing  independently (usual 1  y  because they come from d i f f e r e n t  
d i r e c t i o n s ) .  M u l t i p l e  r e f l e c t i o n s  a r e  no t  seen u n t i l  t h e  r e f l e c t i n g  s t ruc tu res  move 
overhead, when t h e  overhead t races  u s u a l l y  correspond t o  Es type f o r  Es type k  a re  
b lanket ing.  Temperate l a t i t u d e  types Es h, c, R can be superposed on Es type a  
pa t te rn  though t h i s  i s  r a r e .  

s: A d i f f u s e  Es t r a c e  which r i s e s  s t e a d i l y  w i t h  frequency and u s u a l l y  emerges f rom a  
normal E, p a r t i c l e  E o r  Es t r a c e  LA961, 93h, 981. The r i s i n g  t race  alone i s  c l a s s i -  
f i e d  as "s"; t he  ho r i zon ta l  t r a c e  i s  c l a s s i f i e d  separately.  Es t r a c e  "s" can a r i s e  
from foE, fxE; foEs, fxEs; o r  from an i n te rmed ia te  p o i n t  i n  the Es t race .  The pre- 
f e r red  s t a r t i n g  p o i n t  va r ies  w i t h  magnetic coordinates. Es type s  t races must no t  be 
used t o  determine foEs, fbEs o r  h'Es, bu t  should be inc luded i n  the  Es types t a b l e  
(see Lacuna sec t i on  2.75). [ B I I I ,  7, 8, 91 (Fig.  4.30 ( a ) ( b ) ) .  
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d: A weak d i f f u s e  t r a c e  a t  h e i g h i s  normal ly  below 95 km assoc ia ted w i t h  h igh  abso rp t i on  and 
l a r q e  fm in .  Th is  i s  n o t  s t r i c t l y  an Es t r a c e  though i t  appears s i m i l a r  t o  one, and should 
never be used t o  g i v e  values o f  fmin, foEs, h lEs.  It i s  never b lanke t i ng  bu t  t h e  associated 
abso rp t i on  may prevent r e f l e c t i o n s  from h ighe r  l a y e r s .  I n  p r a c t i c e ,  most o f t e n  seen 
a t  he igh ts  near 80 km, [B I 1 1  101 (F ig .  4.31). 

n: The des igna t i on  In1 i s  used t o  denote an Es t r a c e  which cannot be c l a s s i f i e d  i n t o  one 
o f  t h e  s tandard  types. When a  t r a c e  appears t o  be i n te rmed ia te  between any two c lasses 
a  choice should be made whenever p o s s i b l e  even i f  i t  i s  unce r ta in .  'n'  shou ld  be used 
s p a r i n g l y .  

Note: If a form o f  Es n o t  i nc luded  i n  t h e  s tandard  types g iven above occurs f r e q u e n t l y  
a t  a  s t a t i o n ,  i t  i s  pe rm iss ib le  t o  dev ise  a  new t ype  and des ignate  i t  w i t h  an appropr i -  
a t e  l e t t e r .  I t  should be c l e a r l y  d i s t i n g u i s h a b l e  f rom the  o t h e r  types and comple te ly  
descr ibed i n  the  s c a l i n g  notes.  Type d  o r i g i n a t e d  i n  t h i s  way b u t  i s  now recognized 
i n t e r n a t i o n a l l y .  Such proposals should be submi t ted  t o  JNAG f o r  comment. 

k :  The des igna t i on  k  i s  used t o  show t h e  presence o f  p a r t i c l e  E [B 111, 71. When foEs >foE 
( p a r t i c l e  E) t h e  Es type precedes k ;  e.g., r l ,  k2, h l .  A t y p i c a l  p a t t e r n  i s  shown i n  F ig .  
4.2(c). 

Note: ( i )  Es-r and Es-a t ype  t races  can be present  w i t h  normal E  o r  p a r t i c l e  E, Es-k. 
I n  these cases t h e  r e t a r d a t i o n  a t  t h e  low frequency end o f  t h e  Es t r a c e  i s  
ignored i n  dec id ing  t h e  type.  

( i i )  It i s  common f o r  Es- f ,  Es-h, Es-c t o  be superposed on Es-a, occas iona l l y  
on Es-r a l so .  I n  these cases f, h  o r  c  i s  g iven p r i o r i t y  over a, r f o r  
t h e  second en t r y .  Since these s t r u c t u r e s  a r e  l i k e l y  t o  be overhead, they 
a re  more impor tant  than showing two o r  more o b l i q u e  s t r u c t u r e s .  

4.84. M iss ing  data: By convention, Es types a re  o n l y  en tered when seen and the  app rop r i a te  spaces 
a re  l e f t  b l ank  whenever no Es t r a c e  i s  present.  No at tempt i s  made t o  show t h e  reason, i . e . ,  do 
n o t  use l e t t e r  symbols By  C, G, S, e t c . ,  i n  t h i s  t ab le .  

Fig.  4.23 Es type f ,  f l a t  

Use o n l y  when a  t h i c k  E l a y e r  i s  n o t  u s u a l l y  observable 
a t  t h e  t ime o f  t h e  ionogram. Otherwise use E.. 
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F ig .  4.24 ( a ) ( b )  Es t ype  1, low 

Note a  p a t t e r n  s i m i l a r  t o  F ig .  4.23 w i t h  h lEs  l e s s  than t h e  normal 
value o f  h lE  f o r  t h e  hou r  should a l s o  be c l a s s i f i e d  as type 1. 
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F i g .  4.25 ( a )  Es type c ,  cusp 

F i g .  4.25 ( b )  Es type c ,  cusp 
foE b lanketed by c type Es.  
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F ig .  4.26 Es type h, h igh 

(a )  The Es t r a c e  l i e s  s l i g h t l y  above the  E  t race .  The t races  
would n o t  e x t r a p o l a t e  t o  a common point except a t  a q rea t  
he ight .  

(b )  A cusp l i k e  p a t t e r n  from an in te rmed ia te  s t r a t i f i c a t i o n  i s  
a l so  h igh  - i t  i s  c l e a r l y  above the  normal E l a y e r .  
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Fig.  4.27 Es type q ,  e q u a t o r i a l  

A weak sca t te red  t r a c e  extends t o  ve ry  h igh  f requenc ies  and does n o t  
b lanke t .  Note Es type 1 can be superposed i n  t he  low f requency end 
of t h i s  t r a c e  and i s  then b lanke t i ng .  

F ig .  4.28 Es type r, r e t a r d a t i o n  

The t r a c e  i s  normal ly  b l a n k e t i n g  over  p a r t  o f  i t s  l eng th .  I n  t h i s  
f i g u r e  fbEs = foE, b u t  t he  F t r a c e  can a l s o  show no r e t a r d a t i o n  a t  
f rn inf ,  see Fig.  4 .2(a) , (b ) .  
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F ig .  4.30 Es type s, s l a n t  

Es type s can a r i s e  from any type of Es t r a c e  o r  from foE o r  f x E .  
I t  i s  most commonly seen w i t h  types f, 8 .  a, and occas iona l l y  q ,  r. 
Inc idence va r ies  w i t h  s t a t i o n  l o c a t i o n .  I n  t h e  upper diagram, t h e  
s l a n t  Es i s  denoted by t h e  d o t t e d  l i n e  and a r i s e s  f rom an Es t y p e  2 .  



I I 

fmin foF2 f 

Fig .  4.31 Es type d .  P a r t i a l  r e f l e c t i o n  from absorbing layer .  

A weak t r a c e  normally seen below 95 km and extending between I and 3 M H z ,  
sometimes higher in frequency. All o ther  t races  show high absorption o r  
a re  missing because of i t  (B  condi t ion) .  

Fig. 4.32 Rules f o r  in te rpre t ing  foEs and fbEs i n  daytime 

Note: ( a )  Diagrams show only the  ordinary t race .  '" 

(b )  For median determination, a l l  values described by G 
o r  replaced by G a r e  changed to (foE)EG. 

( c )  I f  gap exceeds 1 imi t  f o r  use of U,  use DY o r  replacement 
l e t t e r  Y according t o  accuracy r u l e s .  
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Fig. 4.33 Rules f o r  i n t e r p r e t i n g  foEs and fbEs a t  n i gh t  

Note: (a)  Diagranis shori on ly  the ord inary F trace. 
(b)  For p a r t i c l e  E ,  foEs = fbEs = (foE)-K 
( c )  No. 10 co r rec t  provided sequence shows foF2 above the 

minimum frequency o f  the ionosonde ( i n  t h i s  case 007) 
( d )  f B  = 1.2 MHz 

4.85. Notes on d i s t i ngu i sh i ng  between Es types: The fol7owing notes are intended t o  he lp  d i s t i n -  
guish the co r rec t  type where pa i r s  o f  types (e.g., f, a) may be confused. When i n  doubt the f i n a l  
decis ion i s  always t o  be based on the I n t e rna t i ona l  Rules, sect ion 4.83. Common bu t  not  essen t ia l  
features are stressed where these a i d  the i d e n t i f i c a t i o n .  

f .a: Except when high absorpt ion i s  present o r  foEs i s  below fB, f l a t  Es type f usua l l y  shows 
m u l t i p l e  traces and i s  b lanke t ing  over a t  l e a s t  p a r t  of the frequency range. I n  con t ras t  
Es type a seldom shows mu l t i p l e  traces. A l i t t l e  spread may be seen above Es-f on the 
f i r s t  order  when absorpt ion i s  low whereas Es-a w i l l  show great  spread f o r  the  same 
condi t ions.  

When h igh  absorpt ion i s  present i t  can be d i f f i c u l t  t o  d i s t i ngu i sh  between types a and f. 
A h igh  ga in  ionogram can be used t o  help i n  t h i s  case. For Es-a there  w i l l  be a s ig -  
n i f i c a n t  increase i n  spread w i t h  gain, for  Es- f  l i t t l e  o r  no change. I f  spread i s  seen 
under h igh absorpt ion condi t ions ( fm in  h igh) ,  t h i s  by i t s e l f  ind icates type a r a t he r  than 
f ,  since the weak sca t te r  o f t en  seen w i t h  type f under low absorpt ion condi t ions i s  quick- 
l y  removed by a small increase i n  absorpt ion. 

r,a: r traces usua l l y  show b lanke t ing  over p a r t  o f  the range and show a curved upper l i m i t  
c l ose l y  s i m i l a r  i n  shape t o  the retarded p a r t  o f  the normal E curve, w i t h  greatest  heights 
near foEs. I n  con t ras t ,  ts-a t races usua l l y  cover a greater  range o f  heights and o f ten  show 
maximum spread a t  a frequency we l l  below foEs. Qu i t e  o f t en  the  F t race  shows re ta rda t i on  
a t  a frequency appreciably lower than foEs suggesting the presence o f  p a r t i c l e  E, and the  r 
t race  i s  b lanke t ing  t o  near t h i s  frequency. 

L,d: A weak (1 t race  can sornetims resemble a h igh d t race,  bu t  i s  on ly  seen when the absorpt ion 
i s  low as denoted by a low value o f  fmin and m u l t i p l e  r e f l e c t i o n s  from higher layers.  The 
d type would be associated w i t h  h igh absorpt ion. Frequently a weak L t race  i s  seen on ly  
very near t o  foE, whereas t he  d t race  usua l l y  extends t o  the lowest recorded frequencies. 
Very dense type e Es can occur a t  low heights,  bu t  then usua l l y  shows m u l t i p l e  traces. 
Type d never shows m u l t i p l e  traces. 

q,L: When both are weak traces, q extends over a wide frequency range, R over a narrow, e.g., 
q  might extend over 1-20 MHz, (1 over 1 t o  3 MHz. When k extends over a wider frequency 
range i t  i s  b lanket ing over a t  l eas t  p a r t  o f  the range. 
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Where q 1s very  common, combined q,R t races  ( 2  s l i g h t l y  h ighe r  than q j  can be seen ocGa- 
s i o n a l l y  and d i s t i n g u i s h e d  by  t h e  b l a n k e t i n g  e f f e c t  o f  e a t  low f requencies,  and t h e  
normal va lue  o f  foEs i s  assoc ia ted  w i t h  t h e  q. C l a s s i f y  as q,,k!,. q i s  extremely r a r e  
except w i t h i n  about + 15" from the  magnetic equator .  

h,c: When abso rp t i on  i s  h i g h  near foE, l e t t e r  symbol R, compare r e l a t i v e  he igh ts  o f  h'E, h'Es 
w i t h  s i m i l a r  values f o r  c l e a r  cases o f  h,c. h'Es f o r  h  u s u a l l y  l i e s  a t  l e a s t  10 km above 
h 'E .  

e,z: A t  h igh  l a t i t u d e s ,  t h e  z-mode r e f l e c t i o n  f rom E i s  o f t e n  l ower  than t h e  o  made and can 
l o o k  s i m i l a r  t o  a  low Es t race .  S i m i l a r  f ea tu res  separated b y  about f3/2 suggest Ez-mode 
r a t h e r  than 4 .  The z-mode t r a c e  u s u a l l y  b lanke ts  t h e  lower  p a r t  o f  t he  E t r a c e ,  t h e  
b l a n k e t i n g  f requency v a r y i n g  v e r y  s l o w l y  w i t h  t ime. Low type Es t races  do n o t  always 
b l a n k e t  when foEs i s  l e s s  than foE, and t h e i r  b l a n k e t i n g  frequency u s u a l l y  v a r i e s  r a p i d -  
l y  w i t h  t ime.  

4.9 P r o v i s i o n a l  f p l o t  I n d i c a t i o n  o f  fxEs 

A number o f  s t a t i o n s  are  exper iment ing  w i t h  t he  a d d i t i o n  o f  the  top  f requency o f  Es ( f t E s )  t o  t h e  
f p l o t .  To encourage conformi t y  t he  f o l l  owing convent ions are  recommended : 

(a )  The s tandard  f p l o t  r u l e  t h a t  t h e  f p l o t  shows what was a c t u a l l y  observed should be s t r i c t l y  
obeyed. 

(b )  An open t r i a n g l e  A i s  recommended when f t E s  i s  equal t o  fxEs. 

( c )  A c l osed  t r i a n g l e  A i s  recommended 

( i )  i f  t h e  va lue i s  d o u b t f u l  
( i i )  i f  t h e  i n t e r p r e t a t i o n ,  fxEs, i s  doub t fu l  
( i i i )  i f  t h e  observed va lue  o f  f t E s  i s  foEs. 

(d )  L i m i t  values are  i n d i c a t e d  by adding the  app rop r i a te  d e s c r i p t i v e  l e t t e r  above t h e  s o l i d  
t r i a n g l e  i f  the  t r u e  va lue i s  g r e a t e r  than t h a t  g iven,  below i f  less .  

The a d d i t i o n a l  i n f o r m a t i o n  appears va luab le  p rov ided  i t  i s  r e s t r i c t e d  t o  t h e  Es t r a c e  used t o  g i v e  
foEs. 

Note: When no Es t races  a r e  present  d u r i n g  t h e  dayt ime, t h e  symbol f o r  foE takes precedence over  t h e  
symbol f o r  Es, i .e., use an open o r  c losed c i r c l e ,  n o t  a  t r i a n g l e ,  i n  these cases. The p l o t t i n q  of 

f t E s  o r  fxEs on f p l o t s  i s  p u r e l y  v o l u n t a r y  and i s  n o t  a t  p resent  recommended i n t e r n a t i o n a l l y .  
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"Abb rev ia ted  Calendar Record 1966-1967", p r i c e  $1.25. 
"Data on  S o l a r  Event o f  May 23, 1967 and i t s  Geophysical  E f f e c t s " ,  p r i c e  65 cen ts .  

" I n t e r n a t i o n a l  Geophysical  Calendars 1957-1969". p r i c e  30 cen ts .  
"Observat ions o f  t h e  S o l a r  E l e c t r o n  Corona: February  1964-January 1968". p r i c e  15 cen ts .  
"Data  on So lar -Geophys ica l  A c t i v i t y  October 24-November 6 ,  1968", p r i c e  ( i n c l u d e s  P a r t s  1 & 2 )  $1.75. 
"Data on Cosmic Ray Event  o f  November 18, 1968 and Assoc ia ted  Phenomena", p r i c e  55 cen ts .  
" A t l a s  o f  lonograms". p r i c e  $1.50. 

"Cata logue o f  Data on S o l a r - T e r r e s t r i a l  Phys i cs1 '  (now o b s o l e t e ) .  
"So lar -Geophys ica l  A c t i v i t y  Assoc ia ted  w i t h  t h e  Ma jo r  Geomagnetic Storm o f  March 8, 1970", p r i c e  ( i n c l u d e s  P a r t s  

1-3) $3.00. 
"Data on t h e  S o l a r  P ro ton  Event o f  November 2, 1969 th rough  t h e  Geomagnetic Storm o f  November 8-10, 1969, p r i c e  50 cents .  
"An Exper imenta l ,  Comprehensive F l a r e  Index and I t s  D e r i v a t i o n  f o r  'Ma jo r '  F l a res ,  1955-1969", p r i c e  30 cen ts .  
"Cata logue o f  Data on S o l a r - T e r r e s t r i a l  Phys ics"  (now obso le te ) .  

"Temporal Development o f  t h e  Geographical  D i s t r i b u t i o n  o f  Au ro ra l  Abso rp t i on  f o r  30 Substorm Events i n  each o f  IQSY 
(1964-65) and iASY (1969)",  p r i c e  70 c e n t s .  

" I onosphe r i c  D r i f t  V e l o c i t y  Measurements a t  J icamarca, Peru ( J u l y  1967-March 1970)".  m i c r o f i c h e  on l y ,  p r i c e  45 cen ts .  
"A Study o f  P o l a r  Cap and Au ro ra l  Zone l 'agnet ic V a r i a t i o n s " ,  p r i c e  20 cen ts .  
"Reeva lua t i on  o f  So la r  F l a r e s  1967"-, p r i c e  15 cen ts .  
"Cata logue o f  Data on S o l a r - T e r r e s t r i a l  Phys i cs "  (now o b s o l e t e ) .  

" P r e l i m i n a r y  Comp i l a t i on  o f  Data  f o r  R e t r o s p e c t i v e  Wor ld  I n t e r v a l  J u l y  26 - August 14, 197ZU, p r i c e  70 c e n t s .  
"Au ro ra l  E l e c t r o j e t  Magnet ic A c t i v i t y  I n d i c e s  (AE) f o r  197OU, p r i c e  75 cen ts .  
"U.R.S.I. Handbook o f  Ionogram I n t e r p r e t a t i o n  and Reduct ion" ,  p r i c e  $1.75. 
"Data on So lar -Geophys ica l  A c t i v i t y  Assoc ia ted  w i t h  t h e  Ma jo r  Ground Leve l  Cosmic Ray Events o f  24 January and 

1 September 1971". p r i c e  ( i n c l u d e s  P a r t s  1 and 2 )  $2.00. 
"Obse rva t i ons  o f  J u p i t e r ' s  Sporad ic  Radio  Emiss ion i n  t h e  Range 7 .6-41 MHz, 9 September 1968 through 9 December 1971", 

p r i c e  35 cen ts .  

"Data Comp i l a t i on  f o r  t h e  Magne tosphe r i ca l l y  Q u i e t  Pe r i ods  February  19-23 and November 29 - December 3, 1970", 
p r i c e  70 cen ts .  

"H igh Speed Streams i n  t h e  S o l a r  Wind",  p r i c e  15 cen ts .  
" C o l l e c t e d  Data Repor ts  on August 1972 S o l a r - T e r r e s t r i a l  Events" ,  p r i c e  ( i n c l u d e s  P a r t s  1-3) $4.50. 
"Au ro ra l  E l e c t r o j e t  Magnet ic A c t i v i t y  I n d i c e s  AE (11)  f o r  1968", p r i c e  75 cen ts .  
"Cata logue o f  Data on S o l a r - T e r r e s t r i a l  Phys i cs " ,  p r i c e  $1.75. 

" A u r ~ r a l  E l e c t r o j e t  Magnet ic A c t i v i t y  I n d i c e s  AE (11 )  f o r  1969", p r i c e  75 cen ts .  
"Synop t i c  Radio  Maps o f  t h e  Sun a t  3.3 m f o r  t h e  Years 1967-1969", p r i c e  35 cen ts .  
"Au ro ra l  E l e c t r o j e t  Magnet ic A c t i v i t y  I n d i c e s  AE (10)  f o r  1967", p r t c e  75 cen ts .  
"Abso rp t i on  Data  f o r  t h e  IGY/IGC and IQSY", p r i c e  $2.00. 
"Catalogue o f  D i g i t a l  Geomagnetic V a r i a t i o n  Data a t  World Data Center  A f o r  S o l a r - T e r r e s t r i a l  Phys ics" ,  p r i c e  20 cen ts .  

"An A t l a s  o f  Extreme U l t r a v i o l e t  Flashes o f  So la r  F la res  Observed V ia  Sudden Frequency D e v i a t i o n s  Du r i ng  t h e  ATM-SKYLAB 
M iss ions " ,  p r i c e  55 cents .  

"Au ro ra l  E l e c t r o j e t  Magnet ic A c t i v i t y  I n d i c e s  AE (10)  f o r  1966", p r i c e  75 c e n t s .  
"Master  S t a t i o n  L i s t  f o r  S o l a r - T e r r e s t r i a l  Phys ics  Data a t  WDC-A f o r  S o l a r - T e r r e s t r i a l  Phys ics" ,  p r i c e  $1.60. 
"Au ro ra l  E l e c t r o j e t  Magnet ic A c t i v i t y  I n d i c e s  AE (11)  f o r  1971". by Joe Haske l l  A l l e n ,  C a r l  C. Abston and L e s l i e  D. 

M o r r i s ,  Na t i ona l  Geophysical  and S o l a r - T e r r e s t r i a l  Data Center ,  Env i ronmenta l  Data Se rv i ce ,  February  1975, 
144 pages, p r i c e  $2.05. 

"H-Alpha Synop t i c  Char ts  o f  S o l a r  A c t i v i t y  For t h e  P e r i o d  o f  Sky lab Observat ions,  May, 1973-Marah, 1974", by P a t r i c k  
S. Mc ln tosh,  NOAA Env i ronmenta l  Research Labo ra to r i es ,  February  1975, 32 pages, p r i c e  56 cen ts .  

" t i -Alpha Synop t i c  Cha r t s  o f  S o l a r  A c t i v i t y  Du r i ng  t h e  F i r s t  Year o f  S o l a r  Cyc le  20, October ,  1964 - August,  1965". 
by  P a t r i c k  S. McIn tosh,  NOAA Env i ronmenta l  Research L a b o r a t o r i e s ,  and Jerome T. N o l t e ,  American Science and 
Engineer ing,  Cambridge, Massachusetts,  March 1975, 25 pages, p r i c e  48 cen ts .  

"Observat ions o f  J u p i t e r ' s  Sporad ic  Radio  Emiss ion i n  t h e  Ranrle 7.6-80 'rttz 11) December 1971 th rough  21 March 1975", 
by  James W .  Warwick, Georqe A. Oulk,  and Anthony C. Q i d d l e ,  D e ~ a r t m e n t  of Ast ro-Geophys ics ,  U n i v e r s i t y  o f  
Colorado, Bou lder ,  Co lorado 80302, A p r i l  1975. 49 pages, p r i c e  $1.15. 

"Cata log o f  Obse rva t i on  Times o f  Ground-Based Sky lab-Coord inated S o l a r  Observ ing Programs", compi led by Helen E .  
Coffey, World Data Center  A f o r  S o l a r - T e r r e s t r i a l  Phys ics ,  May 1975, 159 pages, p r i c e  $3.00. 

"Synop t i c  Maps o f  S o l a r  9.1 cm Microwave Emiss ion f r om June 1962 t o  August 1973", by  Werner Gra f  and Ronald  N. 
B racewe l l ,  Radio Astronomy I n s t i t u t e ,  S t a n f o r d  U n i v e r s i t y ,  S t a n f o r d ,  C a l i f o r n i a  94305, May 1975, 183 pages, 
p r i c e  $2.55. 

"Au ro ra l  E l e c t r o j e t  Magnet ic A c t i v i t y  I n d i c e s  AE (11)  f o r  1972",  by  Joe Haske l l  A l l e n .  C a r l  C. Abston and L e s l i e  
D. M o r r i s ,  Na t i ona l  Geophysical  and S o l a r - T e r r e s t r i a l  Data Center ,  Env i ronmenta l  Data Se rv i ce ,  May 1975, 
144 pages, p r i c e  $2.10. 

" I n t e r p l a n e t a r y  Magnet ic  F i e l d  Data 1963-1974", by  Joseph ti. King, N a t i o n a l  Space Science Data Center ,  NASA Goddard 
Space F l i g h t  Center,  Greenbel t ,  Mary land 20771, June 1975, 382 pages, p r i c e  $2.95. 

"Au ro ra l  E l e c t r o j e t  Magnet ic  A c t i v i t y  I n d i c e s  AE (11 )  Fo r  1973", by Joe Haske l l  A l l e n ,  Ca r l  C. Abston and L e s l i e  
D. M o r r i s ,  N a t i o n a l  Geophysical  and S o l a r - T e r r e s t r i a l  Data Center ,  Env i ronmenta l  Data Se rv i ce ,  June 1975, 
144 pages, p r i c e  $2.10. 
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"Synoptic Observations o f  the  Solar  Corona dur ing  Car r ing ton  Rotat ions 1580-1596 (11  October 1971 - 15 January 1973)". 
[Reissue w i t h  q u a l i t y  images] by R .  A. Howard, M. J. Koomen, D. J .  Michels ,  R .  Tousey, C. R. De tw i le r ,  D. E .  
Roberts. R .  T. Seal and J. D. Whitney, E. 0. Hu lbe r t  Center f o r  Space Research, NRL, Washington, 0. C. 20375 
and R .  T. and S. F. Hansen, C. J .  Garcia and E. Yasukawa, High A l t i t u d e  Observatory, NCAR, Boulder, Colorado 
80303, February 1976, 200 pages, p r i c e  $4.27. 

"Catalog o f  Standard Geomagnetic V a r i a t i o n  Data", prepared by Environmental Data Serv ice,  NOAA, Boulder, Colorado, 
August 1975, 125 pages, p r i c e  81.85. 

"High-Lat i tude Supplement t o  the  URSI Handbook on Ionogram I n t e r p r e t a t i o n  and Reduction", by W. R.  P iggo t t ,  B r i t i s h  
A n t a r c t i c  Survey, c/o SRC, Appleton Laboratory, D i t t o n  Park, Slough, England, October 1975, 292 pages, p r i c e  $4.00. 

"Synoptic Maps o f  So la r  Coronal Hole Boundaries Der ived from He I 1  3 0 4  Spectrohel iograms from the  Manned Skylab 
Miss ions ' ,  by J. D. Boh l in  and D. M. Rubenstein, E. 0. Hu lbe r t  Center fo r  Space Research, Naval Research Lab- 
o ra to ry ,  Washington, D. C. 20375 U.S.A., November 1975, 30 pages, p r i c e  54 cents. 

"Experimental Comprehensive Solar  F la re  Ind ices f o r  Cer ta in  F lares,  1970-1974", compiled by Helen W.  Oodson and 
E. Ruth Hedeman, McMath-Hulbert Observatory, The U n i v e r s i t y  o f  Michigan, 895 Lake Angelus Road North, Pont iac,  
Michigan 48055 U.S.A., November 1975, 27 pages, p r i c e  60 cents.  

"Desc r ip t i on  and Cata log o f  Ionospheric F-Region Data, Jicamarca Radar Observatory (November 1966 - A p r i l  1969)", by 
W. L. C la rk  and T. E. Van Zandt, Aeronomy Laboratory,  NOAA, Boulder, Colorado 80302 and J. P. McClure, U n i v e r s i t y  
o f  Texas a t  Dal las,  Dal las,  Texas 752313, A p r i l  1976, 10 pages, p r i c e  33 cents.  

"Catalog o f  Ionosphere V e r t i c a l  Soundings Data", prepared by Environmental Data Service, NOAA, Boulder, Colorado 
80302, A p r i l  1976, 130 pages, p r i c e  52.10. 

"Equiva lent  Ionospher ic  Current  Representat ions by a New Method. I l l u s t r a t e d  f o r  8-9 November 1969 Magnetic D is tu rb -  
ances", by Y. Kamide, Cooperative I n s t i t u t e  fo r  Research i n  Environmental Sciences, U n i v e r s i t y  o f  Colorado, 
Boulder, Colorado 80302 and Geophysical l n s t i  t u t e ,  U n i v e r s i t y  o f  Alaska, Fairbanks, Alaska 99701. H. W. Kroehl , 
Data Studies D i v i s i o n ,  NOAA/EDS/NGSDC, Boulder, Colorado 80302. M. Kanamitsu, Advanced Study Program, Nat ional  
Center f o r  Atmospheric Research, Boulder, Colorado 80303, J .  H. A l l e n ,  Data Studies D i v i s i o n ,  NOAA/EDS/NGSDC, 
Boulder, Colorado 80302, and S.-I .  Akasofu, Geophysical I n s t i t u t e ,  U n i v e r s i t y  of A1 aska, Fairbanks, Alaska 
99701, A p r i l  1976, 91  pages, p r i c e  $1.60. 

" I s o - i n t e n s i t y  Contours o f  Ground Magnetic H Per tu rba t ions  f o r  the  December 16-18, 1971 Geomagnetic Storm", by 
Y .  Kamide, Cooperative I n s t i t u t e  for  Research i n  Environmental Sciences, U n i v e r s i t y  of Colorado, Boulder, 
Colorado 80302 and Geophysical I n s t i t u t e ,  U n i v e r s i t y  o f  Alaska, Fairbanks, Alaska 99701 ( c u r r e n t l y  Guest worker 
a t  Data Studies D i v i s i o n ,  NOAA/EDS/NGSDC, Boulder, Colorado 80302), A p r i l  1976, 37 pages, p r i c e  $1.39. 

"Manual on Ionospher ic  Absorpticn Measurements", e d i t e d  by K. Rawer, 1ns:itut f u r  Physika l ische Weltraumforschung, 
Fre iburg,  G.F.R., June 1976, 202 pages, p r i c e  $4.27. 

"ATS6 Radio Beacon E lec t ron  Content Measurements a t  Boulder, J u l y  1974 - May 1975", by R. 8. F r i t z ,  Space Envlronment 
Laboratory ( c u r r e n t l y  w i t h  Wave Propagation Labora to ry ) ,  NOAA, Boulder, Colorado 80302 USA, September 1976, 
61 pages, p r i c e  $1.04. 

"Auroral E l e c t r o j e t  Magnetic A c t i v i t y  Ind ices AE(11) f o r  1974", by Joe Haskel l  A l l en ,  Car l  C. Abston and L e s l i e  D. 
Morr is ,  Na t iona l  Geophysical and S o l a r - T e r r e s t r i a l  Data Center, Environmental Data Service, December 1976, 
144 pages, p r i c e  $2.16. 

"Geanagnetic Data f o r  January 1976 (AE(7) Ind ices  and Stacked Magnetograms)" by J. H. A l len ,  C. C. Abston and 
L .  D. Morr is ,  NGSDC/EDS/NOAA, J u l y  1977, 57 pages, p r i c e  $1.07. 

"Co l lec ted  Data Reports f o r  STIP I n t e r v a l  I 1  20 March - 5 May 1976", e d i t e d  by Helen E. Cof fey and John A. 
McKinnon, Na t iona l  Geophysical and S o l a r - T e r r e s t r i a l  Data Center, Environmental Data Serv ice,  August 1977, 
313 pages, p r i c e  52.95. 

"Geomagnetic Data For February 1976 (AE(7) Ind ices and Stacked Magnetograms)" by J .  H. A l l en ,  C .  C. Abston and 
C. D. Morr is ,  NGSDC/EDS/NOAA, September 1977, 55 pages, p r i c e  $1.11. 

"Geomagnetic Data f o r  March 1976 (AE(7) Ind ices and Stacked Magnetograms)" by J. H. A1 len,  C. C. Abston and 
L .  D. Morr is ,  NGSDC/EDS/NOAA, September 1977, 57 pages, p r i c e  $1.11. 

"Geomagnetic Data f o r  A p r i l  1976 (AE(8) Ind ices and Stacked Magnetograms)" by J .  H. A l l en ,  C. C. Abston and 
L. D. Morr is ,  NGSDC/EDS/NOAA, February 1978, 55 pages, p r i c e  $1.00. 

"The In fo rmat ion  Explos ion and I t s  Consequences f o r  Data Acqu is i t i on .  Documentation, and Processing" by G. K. Hartmann, 
Max-Planck- Inst i tu t  fir Aeronomic, 0-3411 Katlenburg-Lindau 3, GFR, May 1978, 36 pages, p r i c e  75 cents. 

"Synoptic Radio Maps o f  t h e  Sun a t  3.3mn 1970-1973" by E a r l e  B. b y f i e l d ,  Space Science Lab., and Fred I. Shimabukum 
E l e c t r o n i c s  Res. Lab., The I van  A. Get t ing  Laborator ies,  The Aerospace Corp., E l  Segundo, C a l i f o r n i a  .<W,245, 
May 1978, 30 pages, p r i c e  75  cents. 




