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.AUTHORIZATION 

1. Thi~ probleIL •uas authorized by the Bureau of Engineering in 
reference (n). Other correspondence pertinent to the subject is given 
in r eferences (b) to (d). 

Reference: (a) BuEng let • .t.6-2{F) (7-8-Vi8) cf 10 July 1935. 
(b) BuEng let.A6-2(F)(9-2A-W8) cf 3 Oct.1930. 
{c) NRL let. A6-2(A4206) cf 17 Oct.1930 with 

enclosed "Guide to Naval Radio Communi ca­
tions". • 

(d) NRL Report No. H-1259. 

STA~EMENT OF PP.OBLEM 

2. The object of this proble,1t was to collet e available theoretical 
8Cd observational data of' the frequency r&nge 10 kilocycles to 60 mega­
cycles and ebove for service use. 

GENERJ.L F AC'I'S 

3. The factors concerned with radio communications from one point 
to another may be divided int o two classes; t-hose susceptible of' vari e­
t i on by the transmitting operator and those conditions concerned with 
the propagation of radio waves through space which must be accepted as 
they exist a t ·the time of· the transmission. 

4. The possible number of variations which may occur in these 
condit ionn is so great that deviations of 100% from any general rules 
set up from experience are not uncolIIP.lon. 

5. Hence it must constantly be r emembered t hat whatever may be 
hereinafter set forth constitutes only a general guide to be followed, 
not a set of rules which will invariably yield the desired result. 

6. It will be asnumed in this report that optimum radio recep­
tion conditions always exif:t; t hat is, t hat the field str ength of' t he 
radio wave is of suf'ficient intensity at the receiving station to gh·e 
the necessary audio output consi dering t he particular . type of radio 
receiver available. 

7. Generally, the f actors varic:.ble at the vlill of the opera tor 
nre but two: the frequency of the trfinSI!lission and the radie.ted power. 
Frequencies useful for radio communications are cl&ssified in the fol­
l owing groups: long waves or low fre~uency to include the r ange from 
15 to 100 kilocycles (wave length A 20,000 to 3,000 meters respecti,ely); 
med1uL1 waves or medium frequency to include t he range from 100 to 1,500 
kilocycles(>. 3, 000 to 200 meters r espectively); intermedi ~te waves or 
mecliULG high frequency to i,nclude the rs.nge 1,500 to 6,000 kilocycles 
(>. 200 to 50 meters respectively); short waves or high freauency to 
i nclude the range 6,000 to 30,000 kilocycles (>. 50 t o 10 m~ters respec­
tively) and very short or ultra short waves or super or ultra frequency 
to incl ude all greater than 30,000 kilocycles (k les s t han 10 meters). 
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8. The cli:.ssification is an f•rbitrary cne e.dopted by an inter­
nat ional re.dio committee in 1929 for greeter clarity or uniformity in 
t echnical literature and attempts to group v;aves of similru.• properties. 
Opinic,ns as to t he line of denmrcetion be tvieen gr oups aro widely dif­
ferent.. For tho sake of some si1tplific&tion i n t r eatment , this r eport 
will consider the l ong and n:ediuo v.aves e.s one group nnd the inter.me.di~te 
ond short waves as one group. 

9 . Radiated power involves the power of the transmitter itself, 
t he efficiency of the mean:; employed t o transfer t he power of t he trans­
mitter to the antenna, anci the efficiency and type of the antenna itself, 
including the associated ground circui t. Any or all of these factorn 
n:ay influence greatly the desired r adio contact, but again it 1/lill be 
necessary to assUL1e that the maxi mum possihle radi &ted power is bei ng 
propagated with the available equipment just as it 'has assumed t ha t t he 
receiving equipment was used with maximum possible efficiency. 

10. The most important factors beyond control of t he operator are: 
the distance to be covered by the transm..i.sslon; the direct ie,n or bearir.g 
of the path along which the radio waves travel in passing from the trans­
mitting point to the receivir:g poi nt, this path to be hereafter referred 
to as the Great Circle Path; the "height" of the Kennelly-Heaviside Layer; 
s.nd the presence, if such there be, of 1tagnetic and electr:i.c storms. 

llo The phenomena of radio propagation are so intimately inter­
related thnt i t is not possible to distinguish clearly the effect duet~ 
a change in one of the factors by i tself. This f act must be ·kept in mind 
throughout this report. The broader, more useful view of a given phase 
of the subject may be included in several sectic,ns even though the gen­
eral facts may be gro~-ped for purposes of clas~ification in one section. 

SPECIFIC SUBJECTS 

Frequency and Distance 

12. Plates 1 and 2 are general curves of the possible distances 
covered by the indicated frequencies for t he conditions noted respective­
ly on each pl ateo These particul(II' curves were drawn for an assumed 
radiated power of 5 kilowatts. Tb.is was done because t hey indicate 
coverage up to distances equal to half way around t he v10rld, which is 
approximately 10,800 nautical Jlliles. · .All e t her conditions remaining 
the same, if the assumed radiated per.er is reduced, t hen t he ICW signal 
wouia be reduced by t he power rati o, and the CW signal reduced by the 
square root of the power ratio. 

13. The cross hatching cf t he curves indicates the time of yebr 
when the frequencies should serve for the various dif.ltances. The dot,.... 
tecl portions, "experimental var1ations11 , indicllt e possibilities pro­
vided other factors concerned i n the propagation are favorable. The 
boundaries of the various arees c.re only guides as to what may be ex­
pcctedo The curves, of necessity, r epr esent a cooposite picture of 
what has been obtained on the average. Under f avorable conditions or 
over water transmission, however, (especially i n the 2,000 to 6,000 
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kilocycle band). t he daytime ranger; may be extended to a consideruble dis­
tance beyond those shov:n by the chart. No systematic investigation has 
been conducted for a universal set of operating conditions. Each investi­
gator, who has published r esults on the ranges attair.ed with various fre­
quencies, has been concerned v.i th his ovm particulc,r problem, hence it is 
extremely difficult to present a picture which might be called accurate 
for all the various fo,ctors which may be encountered in the propagaticn 
of radic waves. 

140 Radio propagation of the frequencies betv,een 15 and 1500 kilo­
cycles is partly due to electromagnetic waves traveling along the ground, 
called surface waves, and partly to sky waves. Betvieen 1 , 500 and .30,000 
kilocycles the waves proceed largely through space either between the 
ground and the Kennelly-Heaviside Layer or by I'eflecticn, refrciction or 
both from the Kennelly-Heaviside Layer and t hese are called sky waves. 
Contact may be obt ained by one type or t he other or by a combination of 
t he twoo In t his range, particularly the l ower portion of it, the term 
sky waves is not wholly accurate but most nearly fits the characterist ics 
of the propagation. 

15. Above J0,000 kilocycles, the propagation may be said to be by 
virtue of space vraves, with the ranges l imited principally to those dis­
tances for which a direct optical path exists between the transmitter and 
receiver. In t he case of these very short waves, the optical range in 
nautical miles, corrected for r efr action is expressed by the equation, 

d :: 1.064 ( /hi" + 1112 ) 
• where d = distance in nautical mil es, 

h1 = height of transmitting antenna in feet, and 

h2 = height of receiving antenna in feet. 

In some loca.tions, and under favorable conditions, ranges up to four or 
five times the optical distance may be obtained, but can not be consider­
ed as normal reliable communication circuits. Practically, if there are 
obstacles which are large compared to the wave length of the radiation . 
between t he t ransmitter and receiver, the r ange may be l ess than tha t 
given by the above f ormula. On the other hand, if the radi ation beam is 
not too narrow, there may be r ef'lection from an object to one side of the 
direct path, and t he resulting r~nge may be greater than that giveh by 
the formula. 

16. The use of directional antennas at the transmitter and receiver 
may increase the r eliable range to 25% beyond the optical distance, but a 
greater advantage is the allowabl e reduction in transmitter power for a 
given distance. 

17. For frequencies above 300 megacycles, dif'ficulty is encountered 
in obtaining more thane. few watts of antenna power due t o t ube and cir­
cuit limitations. However, these wave lengths are sufficiently small so 
that a highly directive antenna. occupies a snall space. Only a few \':a.tts 
of energy are then r equired to communicate up to the optical distance. 
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26. Fer t he low and mediu:::i frequency range and the d.isu.i1ces usunlly 
covered by them, the direction is not so import~.nt . But for the mediun 
high and high frequency range , the direction might be termed a.11 importc.nt. 
It is with these frequencios that lcng range communication is obt ciined, and 
the conditions or status of t he Kennelly-Heaviside Layer along the path mny 
be quite different. 

27. V/hen both the s hort and long path between the trsnsmi tting and 
receiving points are considered, it will be found that the daylight-darkness 
diutribution over the path may have any one of the following poss5.bilit.ies; 
(a) all daylight , (b) all darkness, (c) daylight to darkness, (d) darkness 
to daylight, (e) daylight to da rkness to daylight, (f) darkness to daylight 
to darkness. Moreover, one station niay be experiencing a different season 
of t he yeBr from that of the other staticn. 

28. These t wo f actors, daylight-darkness distribution and aeason or 
the year, determine t hat state: or degr ee of i oni zation existing i n the 
Kennelly-Heaviside Layer, and i t is this degree of i oni zation which may 
affect so gr eatly the frequencies whi ch must be used to establish and main­
tain radio cont.act. 

29 . Experience has shown that often-times a transmitting stat ion 
may mnke contact by the l ong path instead of the s hort path. On the other 
hand, if t he receiving sta tion becomes the transmitting station it may be 
found t hat contact may be made over either the long or t he short path. In 
addition, one s tati on may be totally tmabl e to act as the transmitting 
s ts.tfon, not because of any par t i cular peculiE.rity at the station itself, 
but simply because of t he layer conditions along the path. Moreover, there 
i s plenty of evidence of the r ecepti on of signals which have traveled past 
t he r eception point then continuing on around the world and received af ter 
compl e ting the circuit. This i s the phenomenon sometimes called "multiple 
signals" or 11echoes 11 , being a 11i'or ward" or "backward echo11 according as the 
direction of depar t ure was ori ginal ly by the short or long path. 

300 Besides t he effect of' the Kennelly-Heaviside Layer condi tic•ns 
along the pat h, there are other factors which enter into the propagation 
such as the presence of magnetic stor ms or local electric storos and the 
di str ibuti on of l and and water. When the path passes close to either of 
the magnetic polar regions, sat isfactory coramunication is often difficult, 
and the peri od of t i me for which any given frequency mey be used is con­
siderably reduced. If the transmission is largely over water, then the 
attenuati on of energy is less than over l and, heavily forested areas in 
parti cular causing i ncreased absorpt i on or dispersion of the wave energy. 

31. Experi ir.ental results particularly in the 2 to 6 megacycle band 
indicate that usually a mile of overle.nd transmission results in several 
decibels (9 decibels en 4.5 megacycles) less regional field strength than 
for one mil e over watero Also, in the case of ship to shore transmission 
moving either ship or shore station so that it is one mile back from the 
coast line increases the attenuation some 8 decibels . 

320 From t he accumulated data in t he medium high and high frequen­
cy range, it i s evident that, for a given distru1ce and radiated power, 
it is desirabl e to use a higher frequency on a N-S transmission circuit 
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than on an E-W circuit for a given time of day or night, which, in 
general, results in higher efficiency for N- S circuits. 

33. ror a given distance, the frequency must be changed more 
often thorughout the 24 hour period to maintain communication on s.n 
E-W circuit than on a N-S circuit , provided that the N-S pa th doef'l not 
traverse a magnetic polar region. If the N-S path does traverse such 
a region, then i t may be necessary to change tbe frequency more often 
on the N-S rather than on the E-W circuit, although, even by attempting 
frequent changes, the maintena.~ce of communication will be very uncer­
tain, and it woul d be far more ,expedient to relay the message by one or 
more stations so that the relayed path does not pass tn.rough t he magnetic 
poiar regions. On a N-S circuit the greater differences exist, of course, 
between the summer and winter seasons in a given hemisphere. The condi­
tions during the spring and autumn seasons a.re similar. 

34. It is worth repeating th&t the direction and extent of the 
Gree.t Circle Path and season of the year determine t he dayl ight-darkness 
distribution over the radio path and consequently the Kennelly.:.Ileaviside 
Layer conditions encountered. 

' i 
Kennsll,r-Heaviside L_~_e.!: _ ~-

35. To account for t he phenomena of the trans:nission of radio 
waves over l ong distances, Heaviside and Kennelly independent~ postulated 
the existence of a conduct ing atmosphere above the surface of the earth. 

36. Subsequent investigation showed t hat the idea was correct and 
that the exi stence of the layer is brought about by radiation of one type 
or another f rom the sun. Due t o the effect of the earth's magnetic field, 
ionization i s also effected in that portion of the layer not directly il­
luminated b-/ the sun. 

37. I t is knowa that the lo~er boundary of the layer is fairly 
~ell defined and t hat the ionization or electron density increases with 
altitude to a series of mrur.ima and then f'alls off as the height is further 
increased. I t is customary to s peak of "the layer", as th0t1gh there ,vere 
but a singl e region and for purposes of explanation of radio waves this 
concept is sometimes adequate. EA-periraental work has shown that there 
are several l ayers which ooy be effective in influencing the propagation 
of the wave. These layers ha,,e been called the E, Fi and F2 layers, the 
F1 and F2 layers apparently merging at night into one, called the Flayer. 
A recent published summa..ry on t he range of the virtual heights of these 
layers has gi ven f or the E layer a height of f rom 59 - 65 nautical miles, 
for the F1 l ayer a height of from 97 - 130 naut ical miles , for the F2 
layer a height of from 151 - up nautical miles, and for the Flayer a 
height of from 129 - up nautical mil es. 

38. Alt hough these heights may seem rather large, relatively they 
are quite small when compared to the size of the earth and the ranges 
v1hich may be obtained on various frequenci es. 

39. The virtual heights and the electron density show marked di­
urnal and lesser seasonal changes, the layer being lo~er and the electron 
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density greater during a strong sunspot cycle and in the daytime and in 
su;nmer t han at night and in winter respectively. 

40. The radio wave has a greater velocity in the region of greater 
electron density and since this region is on the side of the layer, as a 
whole, away from the eart h, the effect on the wave is to tip the wave f~ont 
forward and hence bend the wave back to the earth. 

41. The exact path of the wave depends on the frequency, the elec­
tron density and the angle of incidence of the wave on the layer. If the 
angle of incidence is . less · than a certain "critical angle" for a given 
frequency, the wave passes through the layer and does not return to the 
earth. For values of the angl.e of incidence gimw than this "crit ical 
angle", however, the wave will. eventually be bent back to the earth. 
Thls phenomenon of the r eturn of the wave to the ear th from t he layer,re~ 
flection from the earth t o the layer and subsequent return to the earth 
may occur only once, a few times or many times (15 - 20 for great distances); 
the exact number of times depending upon such vari ables as the frequency 
and the original angle of .incidence upon the layer. 

42. For the medium high and high frequency range, as a result of 
the various factors previously mentioned, the question of whether comi~u­
nication may be maintained at a given time of day, season and for a given 
frequency has as many possiole answers as one may care t o include bet ween 
the terms 11excellent recepti on" and "complete sil!3nce11 • 

11Skip Dis t ance" and "Dead Spots11 

· 43. As the distance from the transmitt er increases, the att enua­
tion of the "ground wave11 inci·eases f ai:::-ly r apidly with increase i n fre­
quancy. Beyond this region of 11gr ound vyave11 r eception, there i s virtual­
ly no reception until the point is reached at which the sky wave first 
returns to the earth. It i s this intervening distance whi ch i s called 
the "skip distance11 • The magnitude of this depends upon the f requency, 
the l ayer height, and the original angle of incidence of the wave on the 
layer, In general, the skip dista.~ce increases with increased frequency. 
Since the r adiati on f r om the antenna is not the ray assumed for explana­
tory simplicity but a cone of energy, the zone of reception after the 
first skip distance may be large. Also in case of transmission over 
water , the attenuation of the ground wave may be so si:iall that in the 
case of the medium high :fr equency range, ships may .find an absence of the 
first skip zone. In the case of high power high frequency radiation, the 
first zone may be filled by scattered reflections. As the distance is 
still further increased, one may pass from the first reception zone of 
the sky wave into another or "second" ski p distance zone, and so on al­
ternately depending on the original condi tions of propagati on. Us1.l[,.}.ly 
the term skip distance is considered as applying to the first silent 
zone, but there is no inherent reason why there may not be a number of 
them, if the frequency is near the critical frequency. 

44. In addition, there may be silent zones at irregular distances 
and of i rregular shapes due to tNo poasible causes. At distances normal ­
ly ~ithin ground wave reception from the t ransmitter, there may exist a 
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reflected sky V/'ave of such magnitucle and phase as to annul the ground wave 
either partially, someti~es giving slow fading and sometimes rapid fadi~g, 
or completely. "Dead Spots11 , so caused, have limited the service areas of 
broadcast ing stations in a nUJ!lber of i nstances. 

45. The second cause is the act:ion or effect of the earth's mag­
netic field on t he sky wave, which is split into two components each 
traveling with slightly different velocities al.ong slightly different 
paths. The two component s may both be returned to the earth at tho same 
point but be of such phase as to cancel one another simil arly to the case 
of the ground and sk"J wave combination. Only a ver;r slight change in the 
Kennelly-Heaviside Layer condi t ions or the frequency Joay be sufficient to 
change the "dead spot11 into one of good reception. On the other hand, 
the condition of poor or no reception may persist for several hours. 

Sunspq,~t!a-Jmetic and Electrical Disttu•ba™ 

46. Since the degree o~ ionization or electron density in the Ken­
nelly-Heaviside Layer is affected by t he sun, dist urbances on the stm cause 
changes in the layer conditions. 

47. Plate 3 shows the yearly averages of great solar disturbances, 
which apparently pass through maxima a t intervals of slightly more than 
11 years. During these periods of maximum disturbance it has been found 
t hat, for a given distance and time of day or season of the year, it is 
necessary to use a higher frequency than durin~ a period of minimum dis~ 
turbance . 

48. Plate 4 shows the relative increase for daytime and Plate 5 
for nighttime. Attention should be drawn to the fact that, for a given 
distance, time of day .or night and period of a sunapot cycle, the upper 
and lo,,er frequency limits of both Plates 4 and 5 differ b--,r an amount 
approximately equal to t he lower limit. Sufficient data is lacking for 
distances greater than 6,500 nautical mi les so that the dotted portion 
of the curves indicates tbat they have been extrapolated on the basis 
of general knowledge of frequencies· which may be used for distances 
greater than 6,500 miles, rather than on specific data t aken duri.."lg the 
periods of maximum and minimum sunspot activity. The portion of each 
plate r elating to weak sunspot period was for the period 1933-34 and 
the strong period is f or the time 1927-29. 

49. Plate·3 shows that another maximum is oeing approached, cul­
minating perhaps sometime between 1938 and 1940, and present day ex­
perience on the use of these frequencies would indicate that the number 
of sunspots at the maximum will be even higher than during the 1927- 29 
period. 

50. There is also a correlation between reception condit ions and 
the day to day variations in the sunspot activit y, but the effect is 
not so noticeable as the longer period variation. In either case, the 
effect of the dist urbance is to increase the electron density effective­
ly lowering the layer and hence requiring a higher frequency t o maintain 
connnu_11ica tion. 
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510 On t he low frequencies both during and a few days after mag­
netic storms, t he dayt ime field strength is found to be increased ,,i th a 
less pronounced drop during swiset and a night field somewhat below the 
non-storm period average. On the higher frequencies, the effect of mag­
netic storms may be so severe as to render communication impossible dur-• 
ing the storm and result in low field strengths for perhaps a week or 
more afterwards9 This is particularly true if the Great Circle Patb 
passes through either of the magnetic polar regions, for which condition, 
t he disturbance may be effective for a peri od twice as long as for those 
paths which do not pass through these regions. Magnetic distw~bances 
lower the maximum usable frequency and increase the absorption along the 
patho The north magnetic pole is located approximately at 9(:P W 71° N 
and the south magnetic pole at approximatel y 156° E 7J0 S. Recent ex­
perience has shown that about each pole there are two regions in which 
t he magnetic storms are of such intensity as to make the regions 11dead11 

zones and "disturbed" zones as regards radio circuits whose paths pass 
through either of these zones .. The so-called _"dead" zone has a radius 
of about 900 nautical miles and t he "disturbed" zone a radius of about 
1700 nautical miles. 

52. Natural .electrical disturbances, such as thunderstorms, play 
their role more particularly at the end of the transmissi on than during 
the passage of the wave through space. Although the energy of t he wave 
normally reaching the receiving point might be suff'icient f or good re-­
ception, the presence of a local electrical storm may so decrease t he 
ratio of signal to 11noise11 or 11static11 level as to make intelligible 
reception impossible. Except by using directi ve receiving antennas and 
highly selective receivers, nothing can be done about it. Relatively, 
the static level is greatest at the lowest frequencies and in the tropi­
cal regions than elsewhere. At the low frequencies in the northern 
latitude the static intensity is greater at night and in sUilllJler. At 
moderate frequencies, however, static of relatively distant origin may 
be transmitted with little attenuati on and the level at night be equal 
to or greater than the daytime i~tensity, the daytime static being 
u~~ally of local origin and troublesome because of t he poor propaga­
tion of the moderate frequency carr ier wave during the daytime. On 
the high frequencies, the s tatic is more of a local.:ized character and 
whatever long distance static may exist usually- shows diurnal and 
seasonal variations in intensity similar to long distance short wave 
signals of the same frequency. 

Polarizat~ 

53. For the low frequency range, the received waves are usually 
plane polarized vertically with the plane of polarization remaining ap­
pro:id.mately constant except for slight variations during the sunrise 
and sunset periods, the magnitude of t he variat ion depending upon the 
distance between transmitter and receiver. 

54. In the medium frequency range , the received waves are usual­
ly circularly polarized with a time variation in the plans of polari­
zat iono 
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55. For the high frequency range, t he rec(1ived waves are usually el­
lipti,::ally polarized with a more rapid variation of the plane of polariza­
tion. Moreover the state of polarization at considerable distances from 
the transmitter appears to be independent of the original state of pol.s.ri­
zation at the transmitting antenna. 

56. In general, ordina..7 loop direction finders give good beari~gs 
(on signals of sufficient strength) at any frequanc-..r, under such condi­
tions that only a normally polarized (i . e . electric vector in a vertical 
plane) wave is received. Close to the transmitter the ground wave or 
normally polarized direct ray gives such conditions up to the di.stance 
at which a reflected wave component may become appreciable. 

57. Loop collectors operating in vertical planes show 90° errors 
when the signal polarization is rotated 90° from normal. Such a rota­
tion may occur in reflected waves and cause errors up to th:is value, but 
usually much less. 

58. Frequencies from the lowest to about 500 kilocycles usually 
permit good direction finding during daylight at any distance showing 
adequate signal. At sunset and sunrise periods, marked dir ectional 
variations may occur and the night period may show less distinct effects 
of a si milar nature. It is occasionally possible to show sharp direc­
tional observations which may vary · 30 or mor e degrees in a few seconds, 
but t hey are usually (especially at the higher frequencies) accompanied 
by balance disturbances result ing in broad minima. These effects may be 
so rapid as to defy human skill in following them. 

· 590 As frequencies are increased above 500 kilocycles, these sky 
wave errors creep in during daylight how·s as well as at night, since . 
the effective range of the ground wave is decreasing .as the frequency 
increases. The broadening of the minimum is more common at higher fre·­
quencies than the displacement of sharp minima. 

60. From ti~e to time normal conditions suddenly appear during 
periods of this so-called "night effect", so that it is often possible 
to obtain reasonably accurate bearings during extended periods of this 
sort.. When conditions permit· several consistent bearings to be taken, 
each reasonably sharp and with normal balance setting for the azimuth 
observed, the average of these bearings is usually quite accurate. 

6L The lower frequencies usually permit daylight bearings accurate 
to 1 or 2 degrees. This assumes well calibrat~d equipment and signal 
strength for minima not over 5° wide at distances which may range as high 
as 2,000 miles for the lowest frequencies and as low as 50 to 100 miles 
at 375 kilocycles. Under conditions of serious night errors, accuracy 
may be affected at from 100 to 200 miles on low frequencies to 25 miles 
at intermediate frequencies. 

620 At the higher frequencies, the ordinary loop is accurate at 
dist.ances within the shortest radius at which an appreciable sky wave 
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may appearo Beyond this point no consistent performance may be expected, 
although often i t may be possible to take occasional bearings with reason­
able accuracye Under these conditions, the most accurate results may be 
had from use of the Adcock type of collector, empl-:)ying spaced opposed 
vertical doublets, carefully balanced, or spaced opposed vertical antennas. 
This type excludes horizontally polarized com;;>onents. 

630 Such equipment gives consistent bearings on a ver-1 large per­
centage of received signals, and with plenty of signal should generally 
be within 5°. Scattered r eflections from beam high powered stations may 
give erroneous bearings, a s the great circle signal may be weake~ than 
the reflected signal, which may have quite a different Great Circle Path .. 
Stati ons at or near the ant ipodes will give bad bearings due to the fact 
that almost any path is a Great Circl e Path. The particular path over 
which the wave will travel will depend upon the frequency and ti~e of day. 
As the time of day changes it will generally be found that t he bearing 
will constantly shift indicating that the wave is arrivi ng over a dif'­
ferent Great Circle Path. 

640 The Adcock type direction finder has been successfully used 
up to 20 or JO megacycles in shore stat ions with careful ly selected sites. 
Such equipment greatly reduces the errors due to downcoming waves of odd 
polarization from aircraft, flying at r ight angles to the line of bearing. 

65. Above JO megacycles, most transmission is directed and is 
mostly effective over opti cal p~ths. The same type of directive array 
used for transmission is useful for r e.ception with the same degree of 
sharpness, and t he resulting directive gain. 

66. Shipboard installations, at low frequencies, give results 
substantially equal to Shure stations when wel:). located, compensated, 
and calibrated, t he only important additional er1•or being that in the 
determination of the ship's course. This may add from l to 5° to the 
possible errors, depending upon the type of ship, equipment, and the 
weather. 

670 Above 500 kilocycles, the difficulti es of operating direction 
finders aboard ship increase very rapidly, owing to the tendencies of 
rigging or hull structures to resonate with the received f requency. Ef­
forts are being made to solve the problem with the Adcock direction 
fi!ldero 

Illustrative Exampl~s 
I 

6a. The following examples are given as representing possible 
problems in radio communication and the principal features of each 
will be considered in como~ntar-✓ form. As has been pointed out pre­
viously, the frequency suggested for the given conditions can not be 
considered as a "sure-fire" proposition but is the probable frequency 
for obtaining the desired radio contact. I f this suggested frequency 
is not close to a Navy assigned frequency, then the only recourse is 
to choose that Navy frequency which comes t he closest to the desired 
cne. Furthermore , it may hc.ppen that t he avui.luble trarismit ter power 
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is insufficient to give contact, but this does not alter the reasons wbich 
must be applied to the original assumed conditions. 

690 In all tbe exan.ples, it will be assumed tha.t the ship located 
at the vari<lUS positions desires to transr:dt &t 0600, 1200, and 2000locr~l 
time or for t he equivalent Greenwi (.;h Mean Times fer the given position and 
that the season. in t he northern hemisphere is mid-aumrfler. 

70. Transmitt er Location -
Receiver Location 
Approximete Length 

of Short Path 

50° W 10° N 
NAA Washington 

2,300 nautical miles 

(a) At 0920 Greenwich 1lean Time, the short path is all dark. Refer­
€,r.ce to Plate 2 shows that for this distance and an e.11 d&l'k path the 
possible frequencies which might be used l ie betv1een 5 and 8.5 megacycles. 
Tr.e choice might then be t o take a frequency as near 6.5 megacycles ss 
possible. 

(b) At 1520 Greenwich Mean Time the short path is all daylight. 
Reference to Plate 1 shows that the band from which to choose lies be­
tv,een l~.5 and 17.5 megacycles and the.t from this 16 megacyclE:S might be 
the most suitable f r equency. At 2320 Greenwich Mean Time the path is 
~bout half dark - half daylight. For t r.is condition, experience shows 
that e. frequency approximately midway betV1een the day and night ones is 
desi rable, i n this case about 11.0 megacycl es. 

(c) I n the case of t his circuit, t he i ong path passes close to 
Guam, NPN. 

(d) Since t he long path from t he transmitter to Piashington passes 
through the disturbed north magnetic polar regions in addition to the in­
creased lengt h of pat h, i t is unl ikely thnt contact could be made by the 
lc>ng path. 

71. TranSl:litter Location -
Receiver Location 
Approximate Length 

of Short Path 

50° rl 10° N 
NBA Balboa 

1760 nautical ~iles 

(a) Since the transmitter location is the same and Balboa is abcut 
the same longitude as Washington, the daylight-darkness di stribution for 
the three per iods is approximately the same as for the previous case. At 
0920 Greenwich Mean Time t he 6. 5 megacycles might likevd se serve f or th.i.s 
distance, er if not , decrease t he frequency t o 5 megacycles . For 1520 
Greenwich Mean Time due to the decrease in dist ance 14. 5 megacycles f;hould 
serve the purpose better t han the 16.0 megacycles f or the Washingt on cir·­
cuits. At 23?.0 Gr eenwich Mean Time the .frequency would be an intermediate 
one bet?reen the day and night values or about 9. 5 to 10 megacycJ.es. 

(b) In this case, both the transmitter snd receiYing points are 
:i.n regions having frequent electrical s t orms and liable to interrupt ion:; 
because of them. 



72. Trans:cii t te:::- Loca tic•n -
Receiver Location 
Approximate Length 

of Short Path 

90° w 10° s 
NM ViasJ,..ington 

3,000 nautical miles 

(a) For t his circuit, t he short path is appro~imately half dark­
hnJ f daylight a t 1200 Greem·,ich Mean Time, ail daylight at 1800 Greenwich 
Mean Time and ell dark at 0200 Greenwich Mean Time. Reference to Plates 
land 2 shows thnt for the daylight and dark conditions 17.5 and 7.5 mega­
cycles are the frequencies to be chosen. Then for the h&lf dark half 
daylight condition the frequency should be approximately 12 megacycles. 

(b) From the transmitter to Washington, the long pa.th passes Yery 
close to the south magnetic pole and close to the 11dead" north magnetic 
pclar region so that there Vlould be little likelihood of making contuct 
via t he long path at sny time of the day or night. 

73. Transmitter Location -
Receiver Location 
ApproY.imate Length 

of Short Path 

90° Vi 10° S 
NBA Balboe 

1,270 nautics2 miles 

(a) Here the daylight-darkness dist ribution is, for 1200 Green­
wich Mean Time approximately 3/ 4 dsrkl/ 4 daylight, for 1800 Greenvdch 
Mean Time all daylight, and for 0200 Greemlich Mean Time 8.11 darlr. Sim.t­
larly to the riashington circui t.t refereuce to the pertinent charts gives 
a 13.0 megacycle frequency for daytime, 5 megacycles for darkness, and 
since the 1200 Greenwich Mean Time condition h&~ the greater portion of 
tr.e path i n darkness, a frequency of approximately 6.5 megacycles should 
serve for tbis condit ion. It might be well, however, considering th&t 
both s tat.ions ere located in the tropics to choose somewhat higher fre­
quencies f or this circuit. 

74. TranSl?litter Location -
Receiver Locati on 
ApproY.imate Length 

of Short Path 

20° W 30° N 
NAA Washington 

2,850 nautical miles 

(a) At 0720 Greenwich Mean Time, the path is practically all in 
darknes~~ although it is j t:.st about sur.rise at the ship or tra.nsi:d.tter, 
for which condition 7.0 megacycles would be the frequency. For 13.20 
Greenwich Mean Time, the path is all in daylight and 17.0 megacycles 
becomes the appropriate f1•equency. At .:2120 Greenwich Mean Time, the 
path is 1/5 dark and 4/5 daylight, so t hat the suit.able frequency is 
one nearer t o t he daylight frequency than the night value, so that 
15.0 megacycles is chosen. In this case , the long path to Washington 
passes near Tut uila. 

75. Transmitter Loco tion -
Receiver Location 
Approximate Length 

of Short Path 

20° VJ 30° N 
NBA Balhoa 

3,490 nautical miles 
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(a) The daylight- darkness distribution is the same as for the pre­
ceding case, but due to the increased distance the frequencies for the 
three times might be chunged to 7.5 megacycles for 0720 Greenwich Mean 
Time, 18 mega.cycles for 1320 Greemiich Mean Time and 16.0 mega.cycles for 
21.20 Gre~m,ich Mean Time. 

76. Transmitter Locaticn -
Receiver I,ocation 
Approximate Length 

of Short Path 

180° E 30° S 
NAA Washington 

7, 050 nnutlc6l miles 

(a) At 1800 Greenwich Mean Time, the short path is approximately 
1/10 dark end 9/10 daylieht, and if cont act is to be made,a frequency 
of 18 - 22 megacycles would have to be used. Over the lone path, the day­
light- darkness districution is 2./3 dark 1/3 daylight, but there is lltt.le 
likelihood that contact could be mnde by this path for the following rea­
sons. To cover the long dark portion (9,700 nautical miles) a frequency 
of about 9.5 megac-Jcles would have to be used. But this frequency would 
be too low because of the inc1·eased attenuation to cover the remaining 
J~,850 nautical. miles of daylight path. 

(b) At 2400 Greermich Mean Time, the short path is all daylight and 
again a high frequency of the order of 18 - 2.2 megacycles would have to be 
used without certainty of reliable commtmication. The daylight-darkness 
distribution over the long path at 2400 Greenwich Mean Time is approximate 
0.23 daylight - 0.74 dark - O.OJ daylight, and again the relatively long 
daylight portion is too great to periil.it t he use of a night frec;.uency for 
l'easons outlined under the 1800 Greenwich Mean Time condition. 

(c) At 0800 Greenv;ich Mean Time, t he short path is all dark and 
the approximate frequency is 9.5 megacycles. 

( d) The ·111ore satisfRctory solution for all the times would be to 
relay to Honolulu and thence to Washir.gton rather than attempt direct 
conte.cto 

77. Transmit ter Locatic,n -
Receiver Location 
Approximate Length 

of Short Path 

180° E 30° S 
NPM Honolulu 

3,280 nautical miles 

(a) The daylight-darkness distribution over the short path in this 
c~se is 1/3 dark 2/3 daylight for 1800 Greenwich Mean Time, all daylight 
for 2400 Greenwich Mean Tirne end n.ll dark for 0800 Greenwich Mean Time 
and would require approximately 12, 16 and 7 .5 megacycles respectively 
for t.he three times. 

(b) NPU Tutuile. is nenr the longer portion of thi::i Great Circle 
Path. It also passes through the south end north magnetic 1'dead11 zones. 

78. Transmitter Loc:atic•n -
Receiver Location 
Approximate Length 

of Short Path 

180° E .30° S 
NPG San Francisco 

5,300 nautical miles 
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(a) The daylight-darkness distri bution over the short path is 1/8 
dark, 7/8 day for 1800 Greenr,ich Mean Time, · all day for 2400 Greenwich 
Mean Time and all dark for 0800 Greenwich Mean Ti me; f or which coridi tions 
the respective f r equencies would be 18, .21, and 9 megacycles. The longer 
portic•n of this pat h passes through the nort h and south magnetic di sturbed 
zone. 

79. Transmitter Loc.aticn -
Receiver Location 
Appro::dma.te Length 

of Short Path 

p :o0 E 20° N .., . 

NAA Washir.gton 

6,350 naut ical miles 

(a) At 2000 Greenwich Mean Time it is practically sunrise at the 
transmitter with an all day path requir·ing a high frequency of about 21 
megacycles. At 0200 Greenwich Mean Time the path is about 3/ 4 day and 
1/4 night with 18 megacycles for the frequency. At 1000 Greenwich Mean 
Time, the path i s all in darkness with 9 .5 megacycles for t he f'requency. 

(b) In this case the short path passes through the north magnetic 
distt1..rbed zone and this coupled with the long distance vo;ould probably · 
require rel~ying to Honolulu or San Francisco and thence to Washington. 

80. Transmitter Location -
Receiver Location 
Approximate Length 

of Short Path 

150° E 20° N 
NPM Honolulu 

2,890 nautical miles 

(a) For both 2000 and 0200 Greenwich Mean Time, t he: path is all 
daylight and a f r equency of 16 megacycles appropriate. At 1000 Greenwich 
Mean Time, t he path is all dark with 6.5 megacycles for t he frequency. 

81. Transmitter Location -
Receiver Location · 
Approximate Length 

of Short Path 

150° E 20° N 
NPG San Franci sco 

4,550 nautical miles 

(a) The daylight-darkness distribution over the path if: simi lar to 
the Honolulu circuit being all daylight for 2000 and 0200 Greenwich Mean 
Time and all dark for 1000 Greenwich Mean Time. The 1·espective frequen­
cies are· 18 megacycles for the daylight times and 8.0 megacycles f or the 
night frequency. 

CONCLUSION 

82. Radie communi cation, particularly over long dist&nces1 is 
affected by physical phenomena wh~cb er e onl y predictable i n advance 
tdth a limited degree of certainty. Even commerci£-tl concerns working 
ever fixed point t o point circuit s which have been studied f or e. number 
c,f years, find tha t they must make .allowance f'or a certain percentage 
of 11lost11 time. The Navy has simih.r point t o point circuit s, but in 
addition hli.s many ship to shore and ship to ship contG.cts to be made 
s.nd maintE-ined. The latter in particular have t he added difficulties 
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of limited power and limited radiating stl·ucture~ as compared with most of 
the commercial point to poir..t circuits as well as t he difficulty resulting 
from their daily shifts in position, thereby changing not only the distE:nce 
but. al:;o the course of the Great Circle Path relative to the eurth. 

83. Consequently, a stu:dy of the usual published liter&ture does 
not supply the Navy wi t h a satisfctctory an~w;er to the many prcblems thut 
tilways arise in t he consideratic,n of the propagt.ticn of radio waves e.nd 
to those special problems which a.re of particular interest because of the 
exacting demands of the Naval Service. 

RECOMMENDATIONS 

84. To provide adequate information for the Navy radio service, 
therefore, it would s.ppear advisable t o make a. statistical study of the 
special condit i ons under which the service can operate and of the results 
which may have been obtained in the past, if there are such records, and 
of the results r.hich are obtained in the future. 

85. Any data collected in the futur6 in a ~ystematic fashion, an~ 
any past existing data, should be collected at a central point and there 
correlated and s tudied by a permanent indivi dual or staff. 

86 . Immedi ate results will not be obtained because, with our 
present knowledge .and, inability to control the natural elements which 
so markedly aff ect radio communicatfons, the studiJ must be a statititical 
one and such a t ask takes time. · 

87. Mor eover , at least a certain irreducible minimUIII emount of in­
formation must be supplied to obtain results which have any value what­
ever. Thia i nfor mation should be furnished in such a form that it could 
be readi l y transferr ed to a "punched card" for stFtistical machine 
analysiso 

88. A conference should therefore be held to deter mine the manner 
and the extent to which the service can be reasonably expected to under­
talte the task of supplying the requisite data, without overburdening 
the personnel with detail. 
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APPENDIX l 

Stereographic Pol.1;..r Proj ecti on Cherts 

1. The .~impl est way of finding the sllortest distance (called the 
Great Circle Path) between two ooints on t he surface of the earth is t.o 
use a narrow strip ,"If paper stretched on e. good gl obe. In the absence 
of such equipment , particul~rly on shipboard, it is necessary to use t hat 
type of map called ''St erecgrapbic Pol~r Pr ojection Charts11

, samples of 
which are given in t he back of the report, Maps 1 and 2. No pl&ne maps 
of the earth, except those covering only a ver-1 limit ed region, are free 
from dis tortion as regards distance. This stereographic projection type 
has the advantage, however, that circles project as circles, and the 
construction is a r elatively sin:ple geomet rical one. · 

2. The polar type may be constructed in the following manner: 

Suppose in Fig.l, NESW is the trace of the sphere from vrhicb the 
points are to be projected. 

Fig. 1 

Suppose PP1 is the trace of t he plane tangent t o the circle and perpen­
dicular to the diameter NS. 

3. If through any point on t he spher e, such as A, B, or E, a line 
is drav-m through the point from the pole S, the projection c,f the point 
will be obtained on the plane PP', such as points A1 , Bt , E' respectively. 
Now by ma.king N represent the North Pole of the earth the p1€.De maJi is 
si mplified because all the meridie,ns of longi tude will appear as equally 
spaced st raight lines radi1o. ting from the pole, and all the parallel~. of 
latitude will appear as concentric circles a.bout the point N. It will 
be noted from t he geometry of the figure that the proj ection cf the 
equator giving the radius NE1 is e qual to t he dismeter of the spher£~ NS. 

4. Furthermore, it may be shown t hat for a point of any given 
latitude the distance in the plane map of t he point f r om t he pole: vd.J.l 
he equal to the di runeter of the sphere (the magnitude to be chosen 
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arbitrari1y so as to give any desired size to the map) t imes the natural 
tangent of one-half the colatitude of the point. For example, if point 
Ji were in latitude 60° N and we chose NS or NE' to be 9 centimeters, A' 
the projection of A would lie at a distance from Non the plane pp• 
equal to nine t i mes t he natural t angent of 15°, i.e. NA'= 9 (0. 268) = 
2.412 centin:eters. Similarly, if B were i n l a titude J0° N, NB' would 
equal nine times the tangent of J0° (NB' = 9 (0.577) = 5.193 centi~eters). 
For points in south latit ude

0 
the distance would be, of course, nine 

times the taigent of 1/2 (90 + l a titude), d6oos = 9 (tan 75°) = 9(3.732) 
= 330588 centi.Iteters. 

5. Beyond 20° south l~iti tude the dist ortion in the plane map 
becomes quite evident, and since 60° south latitude includes practically 
all inhabitable l and and most of the na~"igable waters, 60° S was chosen 
es the boundary limit. 

6. Maps l and 2 were originally drawn with the equiYalent of 
NE' equal to 9 centimeters and then photographically reduced to approxi­
mately one quarter size. 

7. Map 1 gives examples of some or t he Great Circle Paths between 
various points on the surface of the earth. The heavy portion of any 
circle indicates the shorter part of the path and t he dotted portion 
the longer part. Visual inspection of any path which may be drawn does 
not tell which portion i s t he shorter . For instance, in t he case of 
the Great Circle Path from point J, Buenos Aires, S.A., to point 24, 
Wellington, N .. Z. , the shorter portion of the path on the earth appears 
as the longer one on the pr ojection. This i s due to ~he distortion 
caused by the met hod of constructing the map. In the case of t he path 
from point 12, Moscow, to point lf,, San Francisco, the longer portion 
of the path cannot be shovm fully on the project i on since a part of 
it approaches close to t he south pole which in the projection would be 
at an infinit e distance f rom the nor t h pol e. 

8~ The centers of the circles &bowing the Great Circle Path 
between any two points can be f ound in a relatively simple manner. 
Suppose we have t wo given points such es 10, ·Melbourne, Austl:·alia, and 
11, Mombasa, Tanganyika Terri t or y , Afric.a. Draw the meridian of longi­
tude through poi nt 10 and the north pole. At the pole erect a perpen­
dicular to the meridian, and f i nd the point of intersection of this 
perpendicular with the equator. · Call this point F. At F erect a per­
pendicular to the line F➔lO . Thia perpendicular will i ntersect the 
meridian through point 10 and give .t he -antipode 101 of 10. We now 
have three poil:ts 10, ll, and 101 which we know must lie on the same 
circle. To find the center of the circle, erect the perpendicular 
bisectors of t he lines 10➔11 and 101 ➔ 11 and t heir intersection is 
the desired point. If greater accuracy is desired t he antipode 11' of 
11 may be fouqd and the perpendicular bisectors of the lines 111 ➔ 10 
and 11'➔ 10' erected. If care is used the four perpendiculi1r bisectors 
should -intersect at one point. The circle constructed with this point 
as the center r epresents t he Great Circle Path between t he points 10 
and l lo 
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9. No difficulty will be experienceq in the construction of any 
path, except in the cf.se where both points •might lie at latitude!> greater 
than 60° north. In such cases the antipode of either point would lie 
without the boundary circle representing 69° south latitude. Under such 
circumstances, however, the sh~rt portion of t he path between the two 
points would be a straight line to a sufficiently close e'.pproxiir.ation. 

10. Map 2 is similu to Map 1 with the e:>:ception that points 25 
and 26 of Map l have been emitted from Map 2, and the reoaining points 
have not been numbered. The identity of any point of Map 2 may be 
established by t he legend on Map 1 and comparison .of ~~ttudes and longi­
tudes. Map 2 has been included so that any other Great Circle Paths 
than those of Map 1 m~r be constructed to meet individual needs. Havini 
once obtained a Great Circle Path on this particulB!' type of projection, 
its location with respect to continenw, navigable waters and the ,~ag­
netic polar regions may be determined h'J transferring the points of inter ·­
sacti on of the path with various meridians of longitude and parallels of 
latitu:ie to a ~ercator projectio~. 

11. Map 2 will serve equally well as a map of the world from the 
south pole to 60° north latitude by merely interchanging the latitude 
markings on the present map. Those -parallels now marked N would become 
Sand those now S would 9ecome n. 

12. The Grea t Circle bearing of one point with respect to any 
other point on the Great Circle Path may be easily determined. Draw 
tha line representing t he meridian of t he point of departure. At this 
point of departure, draw that portion of the tangent to the Great Circle 
Path Vlhich extends in the· direction (ei ther knorm or assu.'?led) neces~ary 
to reach tho point of arrhral by the shortest distance. Then the incl11ded 
a.~gle, measured in a clockwise direction, between the meridian and t he 
tangent is the Great Circle beari~g and may be me~sured to within a 
degree with the usual s:nall protrs.cto:.--. If the assUDed dirBction of 
depart ure i s by t he l ong path then the measured ·angle plus or minus 180°, 
depending on the respective locations of the points on t..he path rela tive 
t o t he pole, is the bearing via the short path. Owing to the reduced 
scale of the map, the construction of the tangent must be done carefully 
t o obtain the true bearing within 5°. · 
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13. La t:i t udes and Longi t1.1des of Point s on F4ap l taken as the 
followi'!:lg: 

L Balboa NBA 79° 
2. Batavia 106 
J. Buenos Aires 58 
4. Cavi te NPO 120 
5.* Christmas Island 

South of J avn 105 
6. Geneva 

(Prl:l!1gins) 6 
7 . Guam NPN 141 .. 
8. Honolulu N?ul 157 
9. Irkontsk 104 
10. Melbourne 144 
11~ Mombasa 39 
12. Moscow 37 
13. Paris 2 
14. Peiping llPP 116 
15. Rugby l 
16. SanFrancisco NPG 122 
17. San Juan NAU M 
18 •. Shanghai 121 
19. Sidney 151 
20. Tahiti 149 
21~ Tutuila NPU 170 
22. Vladivostok 131 
23. Viasbington NAA 77 
24. Wellington 174 

46' 
51 
31 
54 

24'1 Vi 
55 E 
4 VI 
7 E 

42 57 E 

15 11 
43 30 
57 57 
19 45 
54 9 
39 51 
17 30 
1,7 39 
25 . 35 
11 15 
16 42 

5 40 
29 0 
3 9 

29 15 
45 
53 15 
4 47 

45 55 

E 
E 
Vl 
E 
E 
E 
E 
E 
E 
w 
w· 
w 
E 
E 
w 
Yi 
E 
ri 
E 

90 7 1 
6 12 

34 45 
14 29 

10 29 

46 24 
13 .28 
21 21 
5.2 16 
37 46 
4 3 

55 44 
48 51 
39 53 
52 2.2 
38 5 
18 23 
31 14 
33 46 
17 30 
14 15 
43 7 
38 52 
41 16 

12" N 
10 S 
J? s 
37 N 

19 S 

.26 
30 
11 
45 
56 
li 
45. 
34 
58 
10 
50 
3 

15 

30 
5 

.26 

N 
N 
N 
N 
s 
s 
N 
N 
N 
N 
N 
N 
N 
s 
s 
s 
N 
N 
s 

* There is also a Christl:las Island in the Pacific Ocean at approY.imately 
157° 1 51 lJ , 1 ° 53' ~, approximately 2.0° S of the Island of Hawaii. 
Both isla."lds are possessions of Great Britain. 

14. Great Circl~ Paths shown on map are: 

Buenos Aires (3) to Wellington (24) 
Cavit.e (4) to Washington (23) 
Guam (7) to Tahiti (20} 
Melbourne (10) to Mombasa (11) 
Moscow (12) to San Francisco (16) 
Rugby (15) to Sidney {19) 

Assumed Position to As6'Ul:1ed Position 
SW of Crozet Is(25) S 0£ Aleutian 

Islands (26) 

Appendix I , page 4 

Genevn (6} Paris (13) 
Vladi v~stok (2.2) 

Viashington (23) 

Christmas Isla.~d (5) -
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AJ>PENDIX II 

Daylight - Da!•lmess Distri':>ution Chart 

1. The transparent scale, Plate 6, is for use witn Mup 2 to deter­
mine the approximate daylight-darkness distrii:r~tion of any Great Circle 
Path drawn on the :nap. 

2. The diS.llleter and the arcs of circles marked with the months 
represent the traces of the dividing line between daylight and darkness 
as they would be stereographlcally projected on to a plane. On March 21 
and September 2J the shadow line pas3es through the poles, henoo the 
project.ton is a straight line. Between these two months, Ma!-ch and Sep­
tember, any portion of the map within tho area of the appropriate lin~s 
is in daylight and the time scale, around the outer circle, reads in a 
counterclockwise direction from 6 a .m. local time to 6 p.ra. local time. 
On June 22, the axis of the earth is inclined 2J.5° towards the su."l so 
the north pole is in daylight, and the area to be conside~ed is between 
t he outar circle and that arc of the ci rcle which is marked June 22 at 
o~e end and December 23 at the other end. 

J. However, on December 23, the axis of the earth is i~clined 
2J.5° away from the sun so that the area Y/hicb was in daylight from 
March to September is in darkness from September to Uarch. 

4. The appropriate arcs of circles have been drawn for the la~te~ 
part of Februar'J, April, August, October, and January, May, July, No­
vember. For intermediate periods, the approximate position of the 
bounda.cy arc cnn be estimated with sufficient accuracy. 

5. From September to March, the time scale still reads in a 
counterclockwise direction but starts at 6 p.m. and continues through 
~idnight to 6 a.m. loc1.il. time. 

6. Suppose that a Great Circle Path has been drawn on the map as 
per the instructions in Appendix 1. To det~rrnine the appro7J.mate day­
light-darkness distribution over the path, 9roceed as follows: Pla~e 
the transparent seal.a over the map so that the outer circle coincides 
with the 60° S. latitude parallel. Now rotat e tne t ransparent scale 
about the center until the chosen local ti:ie, at which the distribution 
is desi:ed, coincides with the meridian of the point of departure. 
Then, that portion of the path which lies within the area bounded by 
the outer circle and the desir-ed month arc is in <;laylight if the season 
is between March 21 and September 23 or in darkness if tho season is 
between September 2J and i\larch 21. · 

7. The time circle has not been completed :,ut this causes no 
difficulty. Suppose the point of departure lies on the merirtian 20° W. 
Suppose it is desired to determine the distribution at 10 p.m. the 
latter part of May. All that is neces$ary is to place the transparent 
scale so that the 10 a.m. mark coincides ,vi t h the 160° E meridian. 

Appendix II, p~ge 1 



Tnis places the scale in the proper posit.ion so that the 2cf' fi meridian 
;,1:)uld coincide with the 10 p.JD. mark if the time circle had been COlllpleted 
and the May shadow line is properly placed with respect to the map. 

8. The general rule is that, if tbe de:,ired p.m. or a.ra. hour 
does not appenr on the scale, place that ti~e mark, either 12 hours 
earli~r or later, vrhich does appear on the scale, on that me:ldian which 
is obtained . by addi~g 180° to the meridian of the point of de:pe.rture. 

Appendi~ II, page 2 
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APPENDIX III 

Miscellaneous Conversion Factors, 

Great Circle Distances and Bearings 

g 

r()t------L­ Statute Nautical 
(\J 

.-.; 
a.. 

One Mean GrEl.!i C 
<f) 

Kilometer 
Statute -Miles 
Nautical Mile 

\Vashington -
San Fran cl s 

Washington-
" B 
ff 

" Ge 
(Pi-an 

" Par 
(Tour Ei 

" Rug 

1 
1.6094 
1.8533 

~IJ!eters Miles Miles 

69.096 60.000 
8533 1.1516 1.000 

101.33 ft.= 30.885 meters 

0.6214 
1 

1.1516 

es Nautical Mileo 

0.5396 
0.8684 

l 
.,_: . 

Great Oircle Distance 
in Nautical Miles 

Great Oir 
1st sta. 

d sta. 

of 
sta. to 
..:Ls~ 

2,101 
4,195 
1,791 
1,356 

28J.J0° 
281.08 
185.37 
151.93 

53.13 

51. 

SanFrancisco~HVJi,,~~-~·, 

3,533 

3,327 
3,132 
2,095 .25 

291.72 
287.13 
53.33 
45.67 n C 

" 
Honolulu-Cavite 
Balboa-Honolulu 

" Oavite 
" San Juan 

AM 
6 

PM 

i 

58 
• 
.80 
.6J 

314.28 
71.02 
85.60 
42 • .20 

236.90 

PL/ITE G 

• 1936 


