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ABSTRACT 

Two Granger Model 911 ionospheric, sounder systens were operated 

during 1966 and 1967 at six sites in Thailand ranging between about 

7° and löP North peographic latitude (geomagnetic field dip anp'es 

from ^ S to 2CP N).  This report presents the results from scaling 

the vertical-incidence ionograms obtained for foF2, hIF2, ^oFl, h'Fl, 

foEs, h'Es, and percentage of occurrence of Es and spread F.  A 

comparison is made between foF2 values scaled from the Bangkok C-2/3/4 

sounder and the Granger sounder for two brief periods—6 April through 

7 May 1966, and 1 June through 19 June 1967—when both equipments 

were operated at the same site. 
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PRFFACE 

The work described in this report was performed with the support, 

and ining the facilities, of the Military Research and uevelopment Center 

(MRDC) in Bangkok, Thailand, The MRDC is a joint Tha'-U.S. organization 

established to conduct research and development work in the tropical 

environment.  The overall direction of the U.S. portion of the MRDC 

has been assigned to the Advanced Research Projects Agency (ARPA) of 

the U.S. Department of Defense that, in 1962, asked the U.S. Army 

Electronics Coimnand (USAECOM) and the Stanford Research Institute (SRI) 

to establish an electronicj laboratory in Thailand to facilitate the 

study of radio communications in the tropics and related topics.  The 

MRDC-Electronics Laboratory (MRDC-EL) began operation in 1963 [under 

Contract DA 36-039 AMC-00040(E)], and since that time ARPA has actively 

monitored and directed the efforts of UJAECOM and SRI.  In Bangkok this 

function is carried out by the ARPA Research and Development Field Unit 

(RDFU-T). The cooperation of the Thai Ministry of Defense and the 

Thailand and CONUS representatives of the ARPA and USAECOM ma..;e possible 

the work presented in this report. 

xiii 
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I  INTRODUCTION 

The Stanford Research Institute (SRI) has been studying factors 

pertinent to radiowave propagation on short (0 to 50 km) skywave naths 
* lot 

as part of the Advanced Research Projects Agency s SEACORE program. 

Part of this study has involved the operation of two Granger Associates 

Model 911 ionospheric sounders ^t various sites in Thailand (see Fig. 1 

and Table I).  This report summarizes the vertical-incidence data 

obtained by these equipments during 1966 and 1967 (see Table Ix for 

the site operating schedule—months during vhich some data w?re 

obtained). 

Technical information on the sounder systems as they vere employed 

for sounding at vertical incidence is presented in Table III.  The units 

are operated in the step-frequency mode, with 100-kHz steps in the 

4- to 8-MHz band, 200-kHz steps in the 8- to 16-MHz. band, and 400-kHz 

steps in the 16- to 32-MHz band.  Figure 2 shows the log-periodic antenna 

(LPA) used for sounding.  The data were recorded every half hour on a 

Granger 9190 electrostatic display.  A copy of an example ionogram is 

given in Fig. 3.  Thf equipment also had the capability to record 

signal-amplitude (ampligram) data; however, such data were on]y recorded 

occasionally and are not covered in this bulletin. 

The data are arranged by site and chronologically by calendar month 

for a given site. Monthly median values are summarized alter the hourly 

values  for each month, and plots of the most significant parameters 

are pre; ^nted, 

An acronym for Southeast Asia Conuriunications Research 

f 
References are given at the end of this report. 

Only hourly values were scaled, except for the Bangkok and 
Chfintaburi sites. 



PRACHUAB KHRI KHAl 

960|E 

PATH LAT. LONG. MAG. DIP LENGTH! 
rCHANTABURI 

-BANGKOK 

I2.50N 102.10E 6ÜN 
230 km 1 

I3.70N l00.5oE 10° N 

©■ 
•PRACHUAB 

:NAKON SAWAN 

;SONGKHLA 

-CHIENGMAi 

ll.80N 99.80E 40N 440 km 

I5.80N IOO.I0E I40N 
960km 

7.?0N 100.7 0N 5<»s 

1320 km 
I8,8CN 99.0oE 220N 

^N 

108' 
0-4240-I262R 

FIG. 1    MAP  OF   SOUNDER   SITES  IN  THAILAND 



Table I 

SOUNDER SITE COORDINATES 

Site Name 
Geographic Geomagnetic 

1 Latitude Longitude Inclination Declination 

Chlengmal ISPSO'  N 9^58'  E N 21° 59.9' w d^^' 

Nakon Sawan 1^36'   N IGCf 08'   E     

Bangkok 1^45'   N 10CP36'   E N  1CP27' W  tf 10' 

Chantaburi 12° 37'   N 102° 07'   E   — 

Prachuab 11° 45'   N 9^46'   E   — 

Songkhla ■^oe1 N IGCf 38'   E S     ^Ol^' E cP^.g* 

The computer printouts list these sites as Nakon Sawon and Prachaub. 

Table II 

SOUNDER SITE OPERATING SCHEDULE 

1966 & 1967 

^\Date 
Site ^N. 

Mur Apr May June July Aug Sept Oct Nov Dec Jan Feb Mar 

Bangkok X X 

Chantaburi X X 

Prachuab X X X 

Nakon Sawan X X X X X X 

Songkhla X X X X X X 

Chlengmal X X X X 
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FiG.2    LOG-PERIODi:  SOUNDER   ANTENNA 
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II TERMINOLOGY, SYMBOLS, AND FORMAT 

The terminolugy and symbols ussd in this data report are in accor- 

dance with the conventions established by the World Wide Soundings 

Committee (WWSC).9  A computer printout is used to present the tabulated 

and plotted data. The computer symbols v/ere not always identical to 

those established by the WWSC. The computer symbol actually used is 

presented in parenthesis after the established symbol in the listing 

below. 

A, 

B. 

Terruinology 

foF2 (F0F2)[  The ordinary wave critical frequency lor the F2 
foFl (F0F1))    . w, , ,.   , J        and Fl layers, respectively. 

foEs (FOES)   The ordinary wave top frequency corresponding to 

the highest frequency at which a mainly continuous 

Es trace is observed. 

h,F2 (H I'OF2) The minimum virtual height of the ordinary wave 

trace for the highest stable stratification in 

the F region. 

h'Fl (H F0F1) The minimum virtual height of the ordinary wave 

trace for the Fl layer.  Note that this is not 

necessarily identical with the more common para- 

meter h'F, which is the virtual height parameter 

for the lowest F-region stratification (i.e., 

H F0F1 is not delined for local nighttime). 

h'Es (H ES)   The minimum virtual height of observed echo froii. 

sporadic E. 

Descriptive Letters 

Certain effects observed on ionograms may make it difficult or 

impossible to obtain accurate numerical values.  The descriptive 

letters listed bciow, when used alone indicate, in general, the 



presence of a phenomenon that may have influenced the measurements. 

Qualifying letters (Sec, C) indicate the nature of the uncertainty. 

A   A lower thin layer present, e.g., Es 

B   Absorption In the vicinity of f . 
mln 

C   No frame, for any non-ionospheric reason 
* 

C   No trace 

F Spread echoes present 

FR F-layer critical  extrapolated when spread echoes present 

H Stratification present 

L No sufficiently definite cusp between layers of the trace 

M Ordinary and extraordinary components indirtinguishable 

N Conditions such that the measurement cannot be interpreted 

0 Measurement referring to the ordinary component 

R   Attenuation in the vicinity of a critical frequency—recorded 
value obtained by extrapolation 

S   Interference or atmospherics 

V Forked trace 

W   Echo lying outside the height range recorded 

X   Measurement referring to the extraordinary component 

Y Intermittent trace 

Z   Third m^neto-Ionic component present, 

C.  Qualifying Letters 

D   Greater than . . . 

E   Less than , . . 

1 An interpolated value 

J   Ordinary component characteristic deduced from the 
extraordinary component 

0   Extraordinary component characteristic deduced from the 
ordinary component 

T   Value determined by a sequence of observations, the actual 
observation being inconsistent or doubtful 

U   U.icertain numerical value 

Z   Measurement deduced from the third magneto-ionic component. 



D.   Description of Standard Types of Es 

The eight standard types of Es are identified by lower-case letters: 

f)   1, c,   h,  q; r, a, and s. These letters suggest the corresponding 

names, xiat, low, cusp, high, equatorial, retardation, auroral, and 

slant, respectively, but are not restrictive. The letter n is used tc 

designate an Es trace that does not correspond to one of the eight 

types.  The classifications are: 

f(F) An Es trace showing no appreciable increase of height with 

frequency, usually relatively solid at most latitudes. 

(This classification may be used only at night; it appears 

that flat Es traces observed in the daytime are classified 

according to their virtual height:  n or 1.) 

1(L) A flat Es trace at or below the normal E-region minimum 

virtual height in the day or below the E-region minimum 

virtual height at night. 

c    An Es trace showing a relatively symmetrical cusp at or 

below foE.  (This is usually continuous with the normal 

E trace, although when the deviativc absorption is large, 

part or all of the cusp may be missii:g--usually a daytime 

type.) 

h    An Es trace showing a discontinuity in height with the 

normal E-region trace at or above foE and an asymmetrical 

cusp,  (The low-frequency end of the Es trace lies clearly 

above the high-frequency end of the norma] E trace--iisually 

a daytime type.) 

q(Q)  An Es  trace that is diffuse and nonhlanketing over a wide 

frequency range, the spread being m.jjt pronounced at the 

upper edge of the trace.  (This type is conunon in daytime 

in the vicinity of the magnetic equator.) 

r An Es trace that ii nonhlanketing over part or all of its 

frequency range, showing an increase in virtual height at 

the high-frequency end similar to ^roup retardation.  (This 



is distinguished from the usual group retardation—as in the 

case of an occulting thick E region—by the lack of group 

retardation in the F traces at corresponding frequenciet and 

the lack of complete blanketing.) 

a    An Es pattern having a well-defined flat or gradually rising 

lower edge with stratified and diffuse (spread) traces 

present above it.  (THese sometimes extend over several 

hundred kilometers of virtual height.) 

s    A diffuse Es trace that rises steadily with frequency^ usually 

emerging from another type of Es trace.  (The rising trace 

alone is classified at. s; the horizontal trace is classified 

separately.  At high latitudes, the slant trace usually 

starts to rise from a horizontal Es trace, such as 1 or f, 

at frequencies that greatly exceed the E-region critical 

frequency, e.g., about 6 MHz; whereas at low latitudes it 

usually rises from equatorial-type Es, q, c, or h, at 

frequencies near the regular E critical frequency. Type s 

is never used to determine foE unless echoes clearly 

identifiable as Es echoes are seen.) 

n    An E trace that cannot be classified as one of the standard 

types.  (This must not be used for intermediate cases 

between any two classes.  A choice should always be made 

whenever possible, even if it is doubtful.) 

Only types f, 1, and q were distinguished during the scaling. 

Format 

Hourly values  of each parameter scaled (FOF2, H F0F2, F0F1, 

H F0F1, FOES, and H ES) are presented for each site by the calendar 

month.  At the bottom of each data table the median (MEDIAN) value, 

standard deviation (S.D. MED) — square root of second moment — about 

the median value, lower and upper quartiles (L QUART and U QUART) 

ano quartile range (RANGE) are presented.  On the bottom of the pages 

* 
Half-hourly values are presented for Bangkok and Chantaburi. 

10 



containing data on foF2l the number of blank frames (BLANK) when it was 

highly probable that foF2 was less than 4 MHz are g;ven, along with the 

observed percentage of Es (ES) and spread F (SPRD F), These percentages 

are given times ten to the minus two (e.g. 100% ■ 1.00).  The BLANK 

category was employed only between the hours of 0000 and 0800 local 

time when the foF2 dropped below the 4-MHz lower limit of the sounders 

part of the time. Thus, it was possible to calculate medians and 

quartiles for times closer to the pre-dawn minimum of foF2 more 

reliably using the information that a few of the values were below 

4 MHz for ionospheric reasons.  Plots of the monthly median values of 

the most significant parameters (foF2, foFl, foEs, h,F2, h'Fl, h'Es) 

and the percentage of occurrence of Es and spread F are presented at 

the end of the tabulated data for each month.  For months wli-.'n data 

were obtained on only a few days, the plots have been deleted since 

the data do not produce reliable estimators of the actual nonthly 

medians.  These plots have a local time scale from 0 to 25 hours 

local time; the plot program made it difficult to end at 24 hour.s, but 

the data begin at 0 hours at the left ii -rgin and end at 23 hours on 

the right. 

11 



Ill  ACCURACY OF DATA 

The accuracy of the data is difficult to estimatr  but the 

following comments and observations arc germane: 

(1) The ra* data did not always exhibit well-defined cusps 

at layer critical frequencies.  Consequently the highest 

frequency observed was extrapolated by following tho 

curvature of the trace, and some uncertainty arises 

from this source. 

(2) The data are somewhat less accurate near the 4-MHz 

lo.'er-f requency lim41 of the sounder, a= it was not 

always pcssible to deduce the cause of a blank frame 

when one occurred. 

(3) Scaling accuracy was about ±10 km for virtual range 

and about ±0.2 MHz for lay^r critical frequencies in 

the 4- to 8-MHz band, ^O.A  MHz in the 8- to 16~MHz band, 

etc.  Th? differences obtained when various data- 

reduction perbi r.nei scaled some of the same data tend 

to substantiate these estimates. 

(4) There were two periods when a Granger sounder was 

operated at Bangkok, the permanent location of the 

MRDC-EL C-2 vertical-incidence sounder.  The foF2 

data obtained by the two different sounder systRi>, 

and processed by the two different data reduction 

systems, are presented in the mass plots of Fig. 4. 

Identical readings by ^o:A  systems would fall on a 

line inclined at 45° .  In general, the agreement is 

* 
The sounder operates in the step-frequency mode rather than the swept- 
frequency mode; therefore, strictly speaking only certain frequencies 
are possible.  A smoothing did occur during data scaling, and the tab- 
ulated values do not necessarily correspond to the ac'.;ual sounder fre- 
quencies j however, they are close to the sounder frequencies. 
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quite good, although the Granger system tended to yxeld 

aomewhat higher values of foF2 than the C-2 system. 

Perhaps this  s due to the Granger's higher peak-pulse 

power (nominally 30 kW vs JO kW for the C-2) and larger 

pulse duration (nominally 100 |J.s vs 50 ^ts for the C-2). 

There are some significant departures from the 45° line 

in the vicinity of 7 and 9 MHz on the C-2 scale for the 

1966 sample.  The cause of these observed diflerences 

has not been determined. 

15 



IV IONOSPHERIC DATA 

This section conta'ns the hourly Ionospheric data by calendar 

.Tonth in chronological order by site, as indicated <n the Contents, 

Where appropriate, summary graphs of important ionospheric parameters 

are given following the data for a given site and month. 

17 
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IV  IONOSPHERIC DATA 

A,   Bangkol: 

Pages 20 through 40 present ionospheric data for the month of 
April 1966. 

Pages 41 through 58 present ionospheric data for the month of 
May 1966, 

19 
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IV IONOSPHERIC DATA 

B,  Chantaburi 

Pages 60 through 80 present ionospheric dF.ta for the month of 
April 1966. 

Pages 81 through 98 present ionospheric data for the month of 
May 1966. 
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IV IONOSPHERIC DATA 

C.  Prachuab 

Pages 100 through 120 present Ionospheric data for the month of 
June 1966. 

Pages 121 through 141 present ionospheric data tor the month of 
July 1966. 

Pages 142 through 160 present ionospheric data for the month of 
August 1966, 
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IV  IONOSPHERIC DATA 

D.   Nakon Sawan 

Pages 162 through 182 present ionospheric data for the month of 
June 1966. 

Pages 183 through 203 present ionospheric data for the month of 
July 1866. 

Pages 204 through 224 present ionospheric data for the month of 
August 1966. 

Pages 225 through 245 present ionospheric data for the month of 
September 1966, 

Pages 246 through 266 present ionospheric data for the month of 
October 1966. 

Pages 267 through 288 present ionospheric data for the month of 
November 1966, 
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IV     IONOSPHERIC  DATA 

E.       Songkhla 

Pages 290 through 310 present ionospheric data for the   Tiojit'  -i 
September 1966. 

Pages 311 through 331 present ionospheric data for the month of 
October 1966. 

Pages 332 through 352 present ionospheric data for thf> month of 
November 1966, 

Pages 353 through 373 present ionospheric data for the month of 
December 1966. 

Pages 374 through 394 prt"-* n^ lonospio-lc data for the month ol 
January 1967. 

Pages 395 through 418 present ionospheric data for the month of 
February 1967. 
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IV IONOSPHERIC DATA 

F.  Chiengnai 

Pages 418 through 435 present ionospheric data for the month of 
November 1966. 

Pages 436 through 456 present ionospheric data for the month of 
December 1966. 

Pages 457 through 477 present ionospheric data for the month of 
January 1967. 

Pages 478 through 498 present ionospheric data for the month of 
February 1967. 
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