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TERMINOLOGY AND SCALING PRACTICES 

The symbols and terminology used in this report are those 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-FI, 2, 3, 4* 5. 



5 . 

Beginning with data reported for September, a new symbol, L, defined 
as follows, is adopted for use in detailed tabulations of hourly values of 
ionosphere characteristics observed at Washingtons 

L or 1 3 critical frequency, muf, or muf factor for FI layer 
omitted because no definite and abrupt change in slope of the h’f 
curve occurs either for the first reflection or for any of the 
multiples, (See "Report of International Radio Propagation 
Conference," IRPL-C61, June 1944, VI 3c, p.37). 

In the past, ionospheric conditions were summarized 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 Conference, held in Washington 17 April to 5 May 1944, beginning with 
data for 1 Jan. 1945, median values were used by IRPL wherever possible® 
Thus, median values are given for Washington, for all stations reporting 
directly to the IRPL, for the Canadian stations, and for all others send¬ 
ing in detailed tabulations to the IRP-L, from which medians can be computed. 

Where averages are reported, they are, at any hour, the average for 
all the days during th® 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 the given hour. The following 
conventions are used in determining th© medians for hours when no measured 
values are given, because of equipment limitations and ionospheric irregu¬ 
larities. Symbols used are those given in the report referred to above, 

IRPL-C61, 

a. For all ionospheric characteristicst 
Values missing because of A, B, C or F (see terminology 

referred to above) are omitted from the median count. 

b® For critical frequencies and virtual heights % 

Values missing because of E are counted as equal to or less 
than th© lower limit of the recorder. 

Values missing because of D are counted as equal to or greater 

than the upper limit of the recorder. 
Values missing because of G are counted t 

1® For f°F2, as equal to or less than f°Fl. 
B« For h*F2, as equal to or greater than the median. 

Values missing for any other reason are omitted from the 

median count. 

c® For muf factors (M-factors)s 
Values missing because of G are counted as equal to or less 

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

median count® 
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d. For sporadic E (Es)$ 
Values of fEs missing because no Es reflections appeared, the 

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

Values of fEs missing for any other reason, and values of 
hEs missing for any reason at all, are omitted from the median 
count. 

MONTHLY AVERAGES AND MEDIAN VALUES OF IONOSPHERIC DATA 

The ionospheric data given here in graphical and tabular form were 
assembled by the Interservice Radio Propagation Laboratory for analysis 
and correlation, incidental to IRPL predictions of radio propagation 
conditions. The following ars the sources of the data* 

Australian Council for Scientific and Industrial Research, 
Radio Research Board, Australia? 

Brisbane, Q», Australia 
Mte Stromlo, Canberra, NSW, Australia 
Cape York, Q., Australia 

British National Physical Laboratory, and Inter-Services Ionosphere Bureau? 
Slough, England 
Great Baddow, England 
Burghead, Scotland 
Delhi, India 
Madras, India s 
Simonstown. Union of S. Africa 
Colombo, Ceylon 

Canadian Radio Wave Propagation Committee? 
Churchill, Canada 
Ottawa, Canada 
St. John's, Newfoundland 
Prince Rupert, Canada 

New Zealand Radio Research Committee3 

Kermadec Is. 
Christchurch (Canterbury University College Observatory) 
Campbell I® 
Pitcairn I. 
Rarotonga I. 

Interdepartment Ionosphere Bureau, U.S.S.R. Scientific Experimental 
Institute of Terrestrial Sfeignetism, Moscow, U.S.S.R.1 

Tykhi Bay, U.S.S.R. 
Tomsk, U.S.S.R* 
Sverdlovsk, U.S.S.R® 
Moscow, U.S.S.R. 
Leningrad, U.S.S.R. 
Alma Ata, U.S.S.R® 
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Carnegie Institution of Washington (Department of Terrestrial Magnetism)* 
Baffin I*, Canada 
Christmas I* 
Fairbanks, Alaska (University of Alaska, College, Alaska) 
Reykjavik, Iceland 
Maui, Hawaii 
Trinidad, Brit* West Indies 
Raanoayo, Peru 
Watheroo, W. Australia* 

United States Army Signal Corpst 
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, Mass* 

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 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, because of variations in practice in -the in¬ 
terpretation of records and scaling and manner of reporting of values, 
say at times give an erroneous conception of typical ionospheric charac¬ 
teristics at the station. Some of these errors are due to* 

a. Differences in scaling records where spread echoes 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* 

* e* Omission of values where critical frequencies are less than the 
lower frequency limit of the recorder, also leading to erron¬ 
eously high values of monthly average or median values e 
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These effects wer© discussed on pages 6 and 7 of the previous F-series 
reports, IRPL-Fl, 2, 3S 49 and 5* Discrepancies between predicted and 
observed values are often ascribabl© to these effects. 

IONOSPHERIC DATA FOR EVERY DAY AND HOUR 

These data, observed at Washington, D.C., follow the scaling prac¬ 
tises given in the report IRPL-C61, "Report of International Radio Propa¬ 
gation Conference,” pages 36 to 39, and the median values are determined 
by the conventions given under "Terminology and Scaling Practices” above. 
Note that the table of values of F2-M3500 is no longer included, since 
these values can be readily derived from the values of F2-M3000. 

IONOSPHERE DISTURBANCES 

Table 82 presents ionosphere character figures for Washington, D.C., 
during September 1945, as determined by the criteria presented in the report 
IRPL-R5, "Criteria for Ionospheric Storminess”, together with imerican 
magnetic K-figures which are usually covariant with them. 

Table 83 presents sudden ionosphere disturbances as observed at ' 
Washington, D.C., during September 1945. 

Table 84 gives provisional radio propagation quality figures for 
North Atlantic and North Paoific areas, for 01 to 12 and 13 to 24 GCT, 
August 1945, compared with the IRPL daily radio disturbance warnings, and 
ISIB daily warnings, the IRPL semiweekly radio propagation forecasts for 
the A-zone, and the half-day American georngnetic 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»R13, "Ionospheric and Radio Propagation Disturbances, October 
1943 through February 1945,” issued 24 May 1945. 

ADDITIONAL IONOSPHERIC DATA FOR SOLAR ECLIPSE, 9 JULY, 1945 

In the previous issue of this report, IRPL-F13, issued September 1945, 
a preliminary account of eclipse data received by IRPL was presented. The 
major part of the data, particularly from locations where the eclipse effects 
were most pronounced, are still being analyzed, and have not yet been re¬ 
ceived at this laboratory. Some additional information concerning the 
effects of the eclipse has been received, however, and is presented herewith. 
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Possibly th© most interesting effect investigated is that of the 
corpuscular eolipse.' E. A. Milne (M.N. Roy. Ast. Soe. 86, 459, 578, 1926) 
has shown that neutral particles may be emitted by the sun because of 
radiation pressure acting upon atoms in the chromosphere. There seems 
very good reason to believe (Cf« IRPL-FX2, p.8, "Sporadic-E Variation 
with Intensity and Latitude of Solar Activity”) that sporadic»E ioniza¬ 
tion is caused by solar corpuscular radiation, not necessarily neutral, 
however. The eolipse of 9 July 1945 presented an excellent opportunity 
to determine the effeot of lunar shielding from such emitted corpuscles, 
inasmuch as such corpusoular ©mission arriving at the earth should be 
near maximum in the earth’s northern hemisphere in midsummer, near the 
minimum period of the solar-activity cycle. 

Calculations by E. A. Milne (loc. cit.), S.R. Pike (M.N. Roy. Ast. 
Soo. 88, 3, 1927), and S. Chapman (M.N. Roy. Ast. Soc. 89, 458, 1929j 
92, 413, 1931-2) predict the solar emission of a stream of neutral par¬ 
ticles, with a limiting velocity of about 1600 krn/s attained after they 

- had traveled about ten solar radii distant from the sun, nearly 90^ of 
which have velocities inclined less than 10° to a radial direction. The 
earth thus intercepts a very nearly parallel beam of these particles, 
emitted by an area subtending an angle of about 15° near the center of 
the solar diso, or having about one quarter the apparent diameter of 
the diso* 

As shown by S. Chapman (M.N. Roy. Ast. Soc. 92, 413, 1931-2), the 
o«B» of lunar shielding for such particles, at the earth, during a solar 
eolipse, has, therefore, a normal sectional diameter of about 1600 miles, 
with a penumbra of about 500 miles width, the latter about a fourth as 
much as the optical penumbra. 

Sinoo the particles are emitted approximately radially from the sun, 
the ratio of this radial velocity to the transverse velocity with respeot 
to the moon (the moon's velocity) gives a backward slope of about 1°. for 
the shadow cone, or about a 4300-mile lag at th© distance of th© earth's 
orbit. Th© moon's velocity being nearly parallel to that of the earth, 
but about 35 mi/min slower, the corpuscular eclipse thus occurs about two 
hours before the optical eclipse. If one assumes a 2600-mile noripal sec¬ 
tional diameter, as above, for the corpuscular shadow cone, the duration 
of eolipse is about hours for a transverse plane through the center of 
the earth. Beoause of the earth’.s rotation, the actual time of passage 
and occurrence before the optical eolipse will vary, as shown in the 
tables below, computed by the U.S. Naval Observatory, for three assumed 
corpuscular velocities of 1000, 2000, and 3000 km/s at a height of 100 km 
(approximately Es-layer height) above the earth’s surfaoe. 
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Total Solar Bcllpae 9 July 1945 

Middle of Traski of Corpu.cular Bcllpae. 

for Barth'a Surface aad Height of 100 taa. 

(Corpuaeular Veloeltle. 1000 , 2000. 3000 ka/a). 

Alee Caalrgj 1-lae of Visual itellpee at Surfaoe and 100 lea. 

(Data prepared by U.S.Saval Observatory) 

Tl.ual Eclipse Corpu.cular Eallp.e 
1COO ta»/e 

Burfaoo 100 km Surf.ae 100 ka 
OCT Let Hudo Loacltude latitude Loacltude OCT Latitude Longitude latitude Laagltud. 

h m h b 
a®*. 12 i}.8 ♦44*23' ♦115*57’ - - Beg. 8 56.5 + 32*52’ ♦ 60*17' ♦37* O' + 49* 4’ 

12 15 ♦4# 13 ♦ 107 44 ♦ 50*17' ♦ 100*21' 9 0 ♦39 l + 46 47 + 40 2 + 42 37 

12 30 ♦5« 57 ♦ 84 38 ♦ 58 59 ♦ 81 5 9 )0 ♦ 51 43 + 16 59 + 51 27 ♦ 15 21 
13 o ♦ 6« 3 ♦ 51 45 ♦ 67 18 ♦ 49 42 10 0 ♦ 56 49 - 5 8 ♦ 56 16 - 5 53 
13 30 ♦ 69 51 ♦ 13 50 ♦ 68 54 + 14 16 10 24.5 * 57 54 -23 8 ♦ 57 17 -23 8 
lW 0 ♦0* 52 -19 58 ♦ 64 17 -17 40 11 0 ♦ 54 55 -48 55 ♦ 54 26 -47 52 
14 30 ♦53 23 -48 49 ♦ 53 **3 -**5 7 11 30 ♦47 50 -70 28 ♦ 47 44 -68 34 
14 Wo ♦44 52 -65 46 ♦412 -58 10 11 45 + 41 33 -84 7 ♦41 58 -81 17 

C«rpui.ular Xallpa. CarpuMular icllpa. 
2000 In /. 3000 ta/a 

B.it.10 33.7 ♦ 38 24 ♦ 87 11 ♦ 42 36 ♦ 75 9 b««.u 6.6 ♦ 40 12 + 96 26 ♦44 37 ♦ 84 9 
10 Wj ♦ 49 47 ♦ 62 17 ♦ 50 3 ♦ 59 8 11 15 ♦ 50 16 ♦74 53 ♦ 50 20 + 72 6 
11 0 ♦ 55 46 ♦47 33 ♦ 55 33 ♦45 16 11 30 ♦ 57 3 + 58 48 ♦ 56 52 *56 12 
11 30 ♦62 9 ♦ a 1 ♦ 61 30 ♦19 53 12 0 + 64 4 ♦ 30 23 ♦63 23 ♦ 29 3 
12 0 ♦63 13 - 6 41 ♦ 62 - 6 26 12 30 + 65 21 ♦ 0 2 ♦64 33 ♦ 0 21 
12 30 ♦ 59 39 -32 49 ♦59 6 -31 a 13 0 + 6l 18 -28 9 + 60 44 -26 28 
13 o ♦50 55 -57 28 ♦ 50 56 -54 56 13 30 ♦ 51 46 -54 11 ♦ 51 51 -91 20 

_ 1i 40 .♦ALa. . rill l ♦ 49 41 -54 20 

From these considerations, one might expect lower sporadic-E ioniza¬ 
tion for a period of time about tv-o hours or so before lowered ionization 
occurs in the regular ionospheric layers, if sporadic-E ionization were 
principally caused by neutral corpuscles. 

Figs. 55 through 53 present values of fEs for 9 July, in comparison 
with those for control days before and after the day of eclipse, at Boston, 
?’assnchusetts; San Francisco, California; Baton Rouge, iouisiana; and 
gan Juan, Puerto Rico. It may be seen that the large daily variability of 
fEs is sufficient to obscure any but very pronounced corpiscular eclipse 
effects, which, since these stations were not in the path of totality, 
might not be expected to be great. However, not only at these stations, 
but also at all other stations for which eclipse observations were made, 
there was no conclusive evidence of neutral corpuscular eclipse effects. 
Since other considerations (of. IRPL-F12, p.3, M3poradic-E Variation with 
Intensity ana Latitude of Solar Activity) present good argument for the 
solar corpuscular origin of sporadic—S ionization, it seems most probable 
that the preponderance of these corpuscles is electrically charged.. 

Additional information received from the Canadian stations from which 
a preliminary report was given in the previous issue of this report, 

IKi L-F13, shows maximum eclipse effects in the S and 11 layers close to 
the maximum phase of the optical, eclipse, thus confirming the hypothesis 

of light radiation as their origin. F2-layer effects were more complex, 

and the determination of the significance of pre— eclipse or lag eifects 

is in process. At At. John’s, Newfoundland, and Churchill, Canada, 

maximum F2—lavor effects occurred near the maxi turn phase of the optical 

ecliuse. 

At Churchill, Canada, separation of FI and F2 layers was observed 

during the eclipse, with particularly great reduction (46/u) of F 1-layer 

ionization density at ISCOj, near maximum phase of the optical eclipse® 
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Normal separation of the Pi and F2 layers oocurred between 1245 and 1250 
on 9 July, and about 1300 on the control days, 8 and 10 July. At Prince 
Rupert, Canada, where the maximum of the optical eclipse occurred near 
sunrise, and much longer before normal separation of the FI and F2 layers, 
no separation was observed during the eclipse, but a reduction of about 
34% occurred in night F2-layer ionization density, - the greatest observed 
for F2 layer at any station. While evaluation of the significance of these 
results is still in prooess, they suggest the possibility of night separa¬ 
tion of Fl- and F2-layer ionization. 

ERRATA 

1® Provisional data for June 1945 for all the New Zealand stations, 
reported in IRPL-F10 as ’’average values” were actually median values. 
These stations were? Rarotonga I. (Table 20), Pitcairn I. (Table 21), 
Kermadec Is. (Table 23),' Christchurch, N.Z. (Table 26), Campbell I. 
(Table 27). 

2. A report from New Zealand dated 27 August 1945 stated that, be¬ 
cause of equipment difficulties, all values of heights reported for Raro¬ 
tonga I. for April, May, and June 1945 were erroneous and not amenable to 
correction. No heights were reported for June, but the height data for 
May appearing as final data in IRPL-F11, Table 34 and Fig. 26, and the 
height data for April appearing as final data in IRPL-F10, Table 31 and 
Fig. 26» should be disregarded. 
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Table 82 

Ionospheric Storminess, September 1945 

“Day Ionospheric Character* 
00-12 GOT 12-24 GOT 

principal Storms Geomagnetic Character** 
00-12 GOT 12-24 GOT 

September 

Beginning 
GOT 

End 
GCT 

1 

2 
3 
4 
5 
6 

7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

1 
2 
2 
2 
1 
2 
1 

0 

1 
1 

2 
2 
2 

*** 

2 
1 

2 
4 
3 
2 
2 
1 

1 

1 

2 
1 

1 

2 
3 
1 

1 

3 
1 

1 

0 

3 
1 

1 

3 
3 
1 

3 
2 
6 
5 
2 
1 
1 
1 
1 

1 
1 

2 
4 1200 ' 2100 

2 
1 

2 
2 

2 
1 
1 

2 
2 
1 

1 
2 
0 

1 

3 
1 

2 
1 
1 

2 
4 
4 
1 
1 
2 
1 
0 

1 

2 
2 
2 
X 

29 j1 -1 
30 ! 1 

1 

3 
1 

2 

★Ionosphere character figure (l-figure) for ionospheric stsrminess at 
Washington, D«C.a during 12-hour period, qti an arbitrary scale 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 scale of 0 to 9, 9 rep¬ 
resenting the greatest disturbance. 

***Ko readable record® , 
/bashes indicate continuing storm® 



Table 83 

Sudden Ionosphere Disturbances Observed 

at Washington, D.C. 

Day 
OCT 

Beginning End 
Locations of Relative 
transmitters intensity 

at 
mininum* 

September 

5 1959 2045 Ohio, D.C., England, 0.1 
Mexico, Brasil. 

26 1917 2000 Ohio, D.C., England, 0.1 
Mexico, Brazil. 

♦Ratio of received field intensity during SID to average field inten¬ 
sity before, and after, for station ^8XAL, 6080 kilocycles, 600 
kilometers distant. 
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Fig. 57 BATON ROUGE, LOUISIANA. 
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IRPL REPORTS 

Daily! 
Telephoned and telegraphed reports of ionospherio, solar, geomagnetic, and radio propagation 

data from various plaoes. 
Radio disturbance warnings. 

Semiweekly i 
1RPL-J. Radio Propagation Poreoast. 

Semlmonthlyi 
IRPL-Ja. Semimonthly Frequenoy 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 ll-499j Navy Dept. DNC-13-1( ), monthly supplements to 
DNC-13-1.) 

IRPL-F. Ionospherio Data. 

Bimonthly) 
IRPL-Q. Correlation of D.F. Errors with Ionospherio Conditions. 

Quarterly! 
♦fRPL-A. 

IRPL-B. 
♦IRPL-H. 

♦♦IRPL-H. 

Recommended Frequenoy Bands for Ships and Airoraft in the Atlantic and P&oifio. 
Recorameni^sd Frequenoy Bands for Submarines in the Paoifie. 
Frequency Guide for Operating Personnel. 
Frequenoy Guide for Merchant Ships. 

Special Reports, etc.> 
IjE&L feadio Propagation Handbook, Part 1. (War Dept. TM ll-499j Navy Dept. DNC-13-1.) 
IRPL-Cl throu^x C61. Reports and papers of the International Radio Propagation Conference, 

17 April to S May 1944. 
IRP1>R. Unscheduled reports i 

Rl. Maximum Usable Frequency Graph Paper. 
r2 and R3. Obsolete. 
R4. Methods Used by IRPL for the Prediction of Ionosphere Characteristics ami Maximum 

Usable Frequencies. 
R5. Criteria for Ionospheric storminess. 
R6. Experimental studies of ionospheric propagation as applied to a navigation system. 
R7. Further studies of ionospherio propagation as applied to a navigation system. 
HS. The Prediction of Usable Frequencies Over a path of Short or Medium Length, 

Including the Effects of Es. 
R9. An Automatic Instantaneous Indicator of Skip Distance and 1IUF. 
RIO. A method for study of the ionosphere. 
Rll. A Nomographic Method for Both Prediotion and Observation Correlation of 

Ionosphere Characteristics. 
Rl2« Ionospheric variations. 
R13. Ionospherio and Radio Propagation Disturbances, October 1943 Through February 1945. 
Id4. A Graphical Method far Calculating Ground Reflection Coefficients. 
Rl6. Predicted Limits for F2-layer Radio Transmission Throughout the Solar Cycle. 
R16. Predicted F2-layer Frequencies Throughout the Solar Cyole, for Summer, Winter, 

and Equinox Season. 
R17. Japanese Ionospherio Data • 1943* 
Rl8. 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 Cyole, 

for June. 
R20. Nomographic Predictions of F2-layer Frequencies Throughout the Solar Cyole, 

for September. 
R21. Notes on the Preparation of Skip Distance and MJF 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-Cyole Data for Correlation with Radio Propagation Phenomena. 
R24. Relations between Band Width, Pulse Shape ami-usefulness of Pulses in the 

Loran System. 
IRPL-T. Reports on Tropospheric Propagation. 

Tl. Radar 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 NONREGISTERED PUBLICATIONS 
MEMORANDA (NRPM). 
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