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TERMINOLOGY AND SCALING PRACTICES 

The symbols and terminology used in this report are thoge adopted by 
the International Radio Propagation Conference, and given in detail on 
pages 24 to 26 of the report IRPL-C61, '’Report of International Radio 
Propagation Conference/' and in the Section on "Terminology", in reports 
IRPL-FX, 2* 3, 4, 5. 

Beginning with data reported for September, a new symbol, L, defined 
follows, is adopted for use in detailed tabulations of hourly values of 

ionosphere characteristics observed at Washington* 

L or 1 s critical frequency, muf, or muf factor for FI layer 
omitted because no definite and abrupt change in slop© of the hef 
curve occurs either for the first reflect!on or for any of the 
multiples« (See "Report of International Radio Propagation 
Confer©!!©®,M XRPL-C61, June 1944, VI 3©, p©37). 

In the past, ionospheric conditions were summarised on a monthly basis 
by using average or mean values, for each hour of the day, for each month® 
However, following the recommendations of the International Radio Propa* 
gation Conferonca, held in Washington 17 April to 5 M&y 1944, beginning with 
date for 1 Jan® 1945, median values w©r® used by XRPL wherever possible. 
Thus, median •salu®© are given for Washington, for all stations reporting 
directly t© the XRPL, for the Canadian stations, and for all others send¬ 
ing in detailed tabulations to the XRPL, from which medians can be computed. 

Where averages are reported, they are, at any hour, the average for 
all the days during the month for which numerical data existed. 

The monthly median values used here are the values equalled or exceeded 
on half the days of the month at th© given hour* The following conventions 
are used in determining th® medians for hours when no measured value® are 
given, because of equipment limitations and ionospheric irregularities. 
Symbols used are those given in the report referred to above, IRFL-C61. 
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a. For all ionospheric character!sties * 
Values missing because of A, B, C or F (sea terminology 

referred to above) are omitted from the median count® 

b# For critical frequencies and virtual height®! 
Values missing because of E are counted as equal to or less 

than the lover limit of the recorder* 
Values missing because of D are counted a@ equal to or 

greater than the upper limit of th© recorder® 
Values missing because of G are counted * 

1* For f<>F2, as equal to or less than f°Fl* 
2» For heF2, as equal to or greater than th© median* 

Values missing for any other reason are omitted from the 
median count* 

o® For muf factors (^factors) * 
Values missing because of G ar© counted as equal to or less 

than the median* 
Values missing for any other reason are omitted from the 

median count* 

do For sporadic E (Es)j 
Values of fEs missing because no Es reflections appeared, the 

equipment functioning normally otherwise, are counted as equal 
to or less than th© lower limit of the recorder® 

Values of fEs missing for any other reason, and values of 
h£s missing for any reason at all,are emitted from the median 
count* 

Beginning with data for November 1945, doubtful monthly median values 
for ionospheric observations at Washington, D*c*, are indicated by a 
parenthesis, in accordance with the practice already in use for doubtful 
hourly values* Th© following are the conventions used to determine 
whether or not a median value is doubtful? 

1* If only four values or less are available, no median value is 
computed, the data being considered insufficient* 

2* For the F2 layer, if only five to nine values are available, 
the median is considered doubtful* 

The E and Fl layers are so regular in their characteristics that, so 
long as there are at least five values, the median is not considered as 
doibtful* 

3* If more than half of the values used to compute the median are 
doubtful (either doubtful or interpolated), the median is considered 
doubtful* 

It is expected that this practice will b© of assistance in evaluating 
the monthly median Washington data* 
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MONTHLY AVERAGE AND MEDIAN VALUES OF IONOSPHERIC DATA 

The ionospheric data gimn here in graphical and tabular form were 
assembled by the Interserviee Radio Propagation Laboratory for analysis 
and correlation, incidental to IRPL predictions ©f radio propagation con¬ 
ditions ® Th® following ar© the sources of the data* 

Australian Council for Scientific and Industrial Research® 
Radio Research Board® Australia! 

Brisbane® Australia 
Canberra® Australia 
Cap® York® Australia 

British National Physical laboratory® and Inter-Services Ionosphere Bureau* 
Slough® England 
Great B&ddow, England 
Burghead,® Scotland 
Delhi, India 
Capetown® Union of So Africa 
CoXe®b©„ Ceylon 

Canadian Radio Wave Propagation Committee* 
Churchill® Canada 
Ottawa , C an&d& 
St® John’s® Newfoundland 
prise® Rupert® Canada 
Clyde® Baffin I« 

New Zealand Radio Research Committees 
Kermadec Is® 
Christchurch (Canterbury University College Observatory) 
Campbell I® 
Htoairn I® 
R&r©tonga 1® 

Interdepartment Ionosphere Bureau® UaSeS^R® Scientific Experimental 
Institute of Terrestrial Magnetism, Moscow, U®S»S®R®* 

Bukhta Tikhaya, TJ®S®S.R® 
TOmskf J®S®S®R» 
Sverdlovsk, U®S*S®R® 
Moscow, U®S®S®R« 
Leningrad, U«S«S®R« 
Alma At®.® 0 »S®S*R« 

Carnegie Institution of Washington (Department of Terrestrial Magnetism)* 
Ghrislawa® I® 
Fairbanks, Alaska (University of Alaska, College, Alaska) 
ifetti, Hawaii 
Trinidad, Brit® West Indies 
Huanoayo, Peru 
W@. there®, W® Australia 
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United States Army Signal Corps* 
Leyte, Philippine Is* 

national Bureau of Standards* 
Washington, D*C. 

Stanford University* 
San Francisco, California 

Louisiana State University* 
Baton Rouge, Louisiana 

University of Puerto Rico* 
San Juan, P.R* 

Harvard University* 
Boston, Massachusetts 

The tables of "provisional data" give values as reported to the IRPL 
by telephone or telegraph* Any errors in these values will be corrected 
in later issues of the F-series reports. In final data tabulations, any 
omission of values previously given in provisional tabulations is indi¬ 
cated by a dash* 

The tables and graphs of "final data" are correct for the values 
reported to the IRPL# but, beoause of variations in practice in the in¬ 
terpretation of records and soaling and manner of reporting of values, 
may at times give an erroneous conception of typical ionospheric charac¬ 
teristics at the station* Some of these errors are due to* 

a* Differences in soaling records where spread eohoes are present. 

b. Omission of values where f°F2 is less than or equal to f°Fl, lead¬ 
ing to erroneously high values of monthly average or median 
values* 

c* Ctaission of values where oritical frequencies are less than th© 
lower frequency limit of the recorder, also leading to erron¬ 
eously high values of monthly average or median values® 

These effects were discussed on pages 6 and 7 of th© previous F-series 
reports, IRPL-FI, 2, 3, 4, and 5, Discrepanoies between predicted and 
observed, values are often ascribable to these effects. 
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IONOSPHERIC DATA FOR EVERY DAY AND HOUR 

These data, observed at Washington, D.C®, follow the scaling practices 
given in the report IRPL-C61, "Report of International Radio Propagation 
Conference," pages 38 to 39, and the median values are determined by the 
conventions given under "Terminology and Scaling Practices'* above* 

IONOSPHERE DISTURBANCES 

.Table 65 presents ionosphere character figures for Washington, D®C«» 
during November 1945, as determined by the criteria presented in the report 
IRPL-R5, "Criteria for Ionospheric Storminess", together with American 
magnetic K-figuree which are usually covariant with them® 

Table 86 gives provisional radio propagation quality figures for 
North Atlantic and North Pacific areas, for 01 to 12 and 13 to 24 GCT, 
October 1945, compared with the IRPL daily radio disturbance warnings, 
and XSIB daily warnings, the IRPL seaiweekly radio propagation forecasts 
for the A-son®, and the half-day American geomagnetic K-figures* 

The radio propagation quality figures were prepared from radio traffic 
data, reported to IRPL, in the manner described in detail in report IRPL-RX3, 
"Ionospheric and Radio Propagation Disturbances, October 1943 through 
February 1945," issued 24 May 1945* 

SEASONAL VARIATIONS IN 12-LAYER CRITICAL FREQUENCIES 

The complexity of variations in F2-layer critical frequencies, which 
are manifest with changes in solar activity, geographical location, season, 
and time of day (Cf• IRPL-R4, "Methods Used by IRPL for the Prediction of 
Ionosphere Characteristics and Maxi maim Usable Frequencies") is such that 
their analysis is best effected by the separate consideration of each of these 
types of covariance® In the previous issue of this report, IRPL-F15, a pre¬ 
liminary survey was presented of geographioal-diurnaX variations of yearly- 
average f°F2 at a constant value of solar activity* World-wide distribution 
of purely seasonal variations, expressed by ratios of monthly-average f°F2 
to the corresponding yearly-average values, is presented herewith for the 
months of June, September, and December, as a survey of conditions typical 
of summer solstice, equinox, and winter solstice® 

The ratio of monthly-average to yearly-average f°F2 for any hour, at 
any given location, is nearly constant, although there sometimes appears a 
slight variation in this ratio with solar activity. (IRPL-R4, "Methods Used 
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by IRPL for the Prod lotion of Ionospheric Characteristics and Ifejclnsim Usable 
Frequencies’^ IRPJ>R11, HA Nomograpliic Method for Both Prediction and Ob¬ 
servation Correlation of Ionosphere Characteristics.w) In lie present report 
this slight ohange with solar activity is not considered, the ratios of 
monthly-average to yearly—average f°F2 given being the mean values of these 
ratios for all available data. 

Figs. 47 through 52 present variations of the ratios of monthly-average 
to yearly-average f°F2, at noon and midnight, for the months of June, September, 
and December. The reliability of the points plotted on these curves is con¬ 
siderably less than that of the yearly-average values, plotted in similar 
fashion, whioh were presented in the previous issue of this report, XRPL-F15, 
since these represent averages of one-twelfth as many measurements, and, in 
some oases, solar activity variations in the ratio are apparent. 

As in the case of the yearly-average values of f°F2, there is pro¬ 
nounced variation with longitude, as shown by the difference in variation 
belav@®n the series of values for ionosphere stations in the V/, I, and E 
sones of the IR PX.-D series prediction charts. There is likewise a dif¬ 
ference between northern and southern hemisphere values, apart from that 
due to ohange in solar declination, as Is shown by the discrepancy between 
the series of values for the given month in any tone, and the values plotted 
at revere© latitude for opposite season, (the month six months later or 
earlier). 

Because of constant sunlight on the north pole during June, and on the 
south pole during December, values of the ratio of monthly-average to yearly- 
average f°F2 are higher than unity in these cases, and less than unity during 
opposite seasons* Midnight values are particularly high in the southern 
hemisphere during December, and in the northern hemisphere during June, 
with equinox values approximating unity in both hemispheres. In September, 
the average solar declination is 3° north of the equator, and therefore 
northern-hemisphere values of the ratio are slightly greater than unity, 
southern-hemisphere value® slightly less than unity. In all oases, there 
appear slightly increased values of the ratio near the subsolar point. 
These variations in midnight values of the ratio are principally because 
of the great delay in Ionic recombination at F2-layer heights, probably 
caused by solar heating of the atmosphere. 

Midday variations in the ratio are far more complex, since they entail 
both this change in recombination rate, and the appearance of FI-layer 
ionisation, the former terxiing to increase the ratio with increasing amount 
of sunlight, the latter tending to decrease it. In general, less departure 
from yearly-average values of f°F2 is shown for midday. The values of the 
ratio more nearly approximate unity during all seasons, being generally 

low during June and high during December. 

Figs. 64 through 61 present world-wide variations of the ratio of 
monthly-average to yearly—average f°F2 for W, I and E zones, during Jur.e, 
September, and December, in the form of contour ©harts on a latitude versus 
local-time grid, where the contour lines represent values of the ratio. 
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These cherts were prepared by drawing, for each hour, latitude-variation 
curves of the type shcsrn in Figs. 47 through 52, plotting these values 
as contour points, and smoothing to obtain general consistency among them, 
then multiplying the smoothed values by smoothed yearly-average values 
for a constant sunspot number obtained in similar fashion from curves of 
the type shorn in Figs. 83 through 88 of IRPI/-F15, thus reproducing typical 
diurnal curves for each 10° of latitude, correcting these curves where 
neoessary (very little correotinn being needed, in general) to agree with 
actual data, as a cheok on smoothing estimation, and finally replotting 
the corrected values. 

The relatively low gradients shown by the contcur lines for September 
indicate, as might be expected, that values of f°F2 during the equinox 
season approximate yearly-average values. The generally high equatorial 
values during night hours may be due to the terrestrial temperature lag 
behind seasonal variations of solar radiation. 

The contour lines for the solstice months of June and December show 
that the most important variation of the ratio of monthly-average to 
yearly-average f°F2 is associated with the seasonal change of sunrise and 
sunset times at ionosphere heights. It is of interest that the contours 
of this ratio for these seasons are roughly similar to the contours of 
f°F2 for the opposite season, as may be seen by comparison of these charts 
with corresponding prediction charts of f°F2, issued in reports of the 

IRPL-D series. 

Reasons for certain seasonal variations, shown by these contour charts, 
gjf6 not readily apparent. It is possible that som© of these are not sig¬ 
nificant, inasmuch as there are as yet insufficient date for making precise 
estimates of seasonal variation for certain regions. Further acquisition 
of ionospheric data should, however, establish their significance, and 
further study of these seasonal variations, especially where significant 
departures from regular variation with solar declination are manifest, 
should afford information concerning upper-atmospheric circulation and 
possibly concerning the effects of solar-corpusoular ionization. 

ERRATA 

1. In Fll (issued July 1945), Table 29, 3aton Rouge, Louisiana, 
|*y 1946, f°F2 at 1700 should have been 7.6 instead of 9.6. 

2« In Fl3 (issued September 1945), Table 39, Slough, England, 
June 1945, f°F2 at 0300 should have been 4.7 instead of 4.6. 
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Table 65 

Ionospheric, Storainess, November 1945 

Tmj 

Hovmber' 
1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 

’24 
25 
26 
27 
28 
29 
30 

Ionospheric 
00-12 GCT 

Character* 
12-24 GOT 

Principal Storms/ 
Beginning EM 

GCT GCT 

Geomagnetio Character** 
00-12 GCT 12-24 GCT 

1 1 1 0 
1 2 0 1 
2 2 1 0 
1 2. 0 2 
1 2 2 1 
1 1 0 0 
2 2 0 1 
1 1 0 2 
3 3 4 3 
3 3 3 1 
3 1 3 2 
3 2 S 2 
3 2 2 2 

2 2 2 1 
2 1 2 2 
1 1 2 2 
1 1 2 1 
2 1 1 1 

2 2 1 1 

1 3 1 0 

1 2 0 1 

1 2 1 1 

1 1 1 1 

1 2 X 0 

1 2 0 1 

1 2 0 1 

2 2 1 1 

1 2 1 1 

1 1 2 2 

1 1 1 0 

* Ionosphere character figure (I-figur©) for ionospheric stominess at 
"Washington, D*C#, during 12-hour period, on an arbitrary seal® of 
0 to 9* 9 representing the greatest disturbance® 

♦^Average for 12 hours of American magnetic K-figure, determined by a 
number of observatories, on an arbitrary seal® of 0 to 9, 9 rep- 

resenting the greatest disturbance. 
/No major storms were observed at Washington during November 1945. 
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Fig. 14. SAN FRANCISCO, CALIF. OCTOBER, 1945. 
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-LIMITING FREQUENCY-5 Me 

-LIMITING FREQUENCY = 7 Me. 

, Fig. 18. MAUI, HAWAII OCTOBER, 1945. 

Fig. 20. SAN JUAN, PUERTO RICO OCTOBER, 1945. 
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IRPL REPORTS 

Telephoned and telegraphed reports of ionospheric, solar, geomagnetic, and radio propagation 

data from various places. 

Radio disturbance warnings 

Semiweekly; 
IRPL-J. Radio Propagation Forecast, 

Semimonthly; 
IRPL-Ja. Semimonthly Frequency Revision Factors for IRPL Basic Radio Propagation Prediction 

Reports (issued with IRPL-J series from 4 to 7 days in advance). 

Monthly: 
IRPL-D. Basic Radio Propagation Predictions - Three months in advance. War Dept. TB 11-499-. 

monthly supplements to TM 11-499; Navy Dept. (DNC-13-l( ), monthly supplements to 

DNC-13-1.) 

IRPL-F, Ionospheric Data. 

Bimonthly: 
IRPL-G. Correlation of D. F. Errors With Ionospheric Conditions. 

Quarterly: 

*IRPL-A. 

IRPL-B. 

•IRPL-H. 
♦♦IRPL-M. 

Recommended Frequency Bands for Ships and Aircraft in the Atlantic and Pacific. 

Recommended Frequency Bands for Submarines in the Pacific. 

Frequency Guide for Operating Personnel. 

Frequency Guide for Merchant Ships. 

Special Reports, etc.: 
IRPL Radio Propagation Handbook, Part 1. (War Dept. TM 11-499; Navy Dept. IJNC-13-I.) 
IRPL-Cl through C6l. Reports and papers of the International Radio Propagation Conference, 

17 April to 5 May 1944. 

IRPL-B. Unscheduled reports: 

Bl. Maximum Usable Frequency Graph paper. 

R2 and R3« Obsolete. 
R4. Methods Used by IRPL for the Prediction of Ionosphere Characteristics and Maximum 

Usable Frequencies. 

R5. Criteria for Ionospheric Storminess. 

R6. Experimental studies of ionospheric propagation as applied to a navigation system. 

R7. Further studies of ionospheric propagation as applied to a navigation system. 

R3. The Prediction of Usable Frequencies Over a Path of Short or Medium Length, 

Including the Effects of Bs. 

H9. An Automatic Instantaneous Indicator of Skip Distance and MUP. 

RIO. A method for study of the Ionosphere. 
Rll. A Nomographic Method for Both Prediction and Observation Correlation of 

Ionosphere Characteristics. 
R12. Ionospheric variations. 

R13. Ionospheric and Radio Propagation Disturbances, October 1943 through February 1945. 
R14. A Graphical Method for Calculating Ground Reflection Coefficients. 

R15. Predicted Limits for F2-layer Radio Transmission Throughout the Solar Cycle. 

Rl6. Predicted F2-layer Frequencies Throughout the Solar Cycle, for Summer, Winter, and 

Equinox Season. 

R17. Japanese Ionospheric Data - 1943. 

R18. Comparison of Geomagnetic Records and North Atlantic Radio Propagation Quality 

Figures - October 1943 through May 1945. 

R19. Nomographic Predictions of F2-layer Frequencies Throughout the Solar Cycle, for 

June. 

H20. Nomographic Predictions of F2-layer Frequencies Throughout the Solar Cycle, for 
September. 

R21. Notes on the Preparation of Skip-Distance and MUF Charts for Use by Direction- 
Finder Stations. (For distances out to 4000 km.) 

R22. Nomographic Predictions of F2-layer Frequencies Throughout the Solar Cycle, for 
December. 

R23. Solar-Cycle Data for Correlation with Radio Propagation Phenomena. 

R24. Effect of certain equipment characteristics on the usefulness of a navigation system. 

R25. The Prediction of Solar Activity as a Basis for Predictions of Radio Propagation 
Phenomena. 

R26. The Ionosphere as a Measure of Solar Activity. 

IRPL-T. Reports on Tropospheric Propagation. 

Tl. Badar Operation and Weather. (Superseded by JANP 101.) 

T2. Radar coverage and weather. (Superseded by JANP 102.) 

•Items bearing this symbol are distributed only by U.S. Navy in NONREC-ISTERED PUBLICATIONS 
MEMORANDA (NRPM). 

•''Distributed only by U.S, Navy. 
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