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ressure, and for that reason, the pressure slope has 
teen rrpresented somewhat steeper than the gradient 

uld indicate. 

This short study is an esam le of the application of the 
theory of the gradient win$. In  spite of the ninny 
obsesvational errors that may Cree into ilot-balloon 
data, especially when obtained by t X P  e sing e theodolite 
method, there is a striking congruity in the figures 
obtained. It is true that a t  present.tho making of such 
maps by this method is impracticable, not only because 
of the considerable computation involved, but also 
because of the number of aerolo-ical stations is too small 
to furnish RS much data as wouyd be recuired. Never- 
theless, the difficulties of the proposition f ie more large1-y 
with external circumstances t’han with the scicn tific 
reasoning. We must improve our methods of forecast- 
ing for aviation, and to do it we must have first-hand 
knowlecl e of what is going on daft-not in a desultory 

aerological stations. Those tile Weathcr Buresu is 
operating a t  present are doing escellent work, and the 
assistance of the Signal Corps is extreniely useful, but! 
still this is only a beginning and expansion in t.he aeroingi- 
cnl work is one of the greatest needs of the Weather 
Bureau. Such a method of drawing charts of tho upper 
air may prove to be useful in preparing wincl charts for 
aviators. 

CONCLUSION. 

and fitfu 5 manner, but in a solid, consistent network of 

FIG. 7.--Presurc 3t the 3-kilometcr level, In millibare, Mar. 27, 1920, S a .  m., 75th 
merldian time. 

THE WEATHER FACTOR IN AERONAUTICS.‘ 

By C. LEROY MEISIYGER. 
[Weather Buresu, Washington, D. C., Jan. ?0,19?1.] 

“S’colt and Cooke spend niuch t i m  at the clrnrt table. mensuring angles of drift mid cdcri laiiiig the cow-se. dtv-ial naviyatioir is inore eompli- 
caied fhnn iiazligatioir 01) the 8iil:fiice qf the sea. bllt thrrr i s  no renson w h g ,  ioheib w e  knoiv iiiore about the air a i d  its peculiarities, it should not be 
itlade just as accurate.”-Brig. Gen. M u i t l a d ,  in the log of the K. Sf. 

SYNoP.419. 

Despite the significant advances of commercial aeronautics siiicc the 
war, there remains a singular indifference of the public to the enter- 

. It is believed that a recognition of the importance of the weather 
rl%r will assist in  overcoming this indifference thruugli the increme 
of sJe ty  and efficiency. Since lightcr-than-air and heavier-than-air 
craft each have an irnporlant place i n  the d i e m e  of aerial trmspurt. 
their respective functions must be understood; the former is the proh- 
able carrier for long, non-stop flights, and the latter for the short fast 
tlights. 

The effect of winds on aircraft may he summed up in an equation, 
which expresses the speed along the course: 

I-= JT, COS el - T:, COS e 
wherein V, is the still-air speed of the craft, Tvw the wind speed, el the 
angle the craft milat turn relative to its course to overcome the effect 
of drift and e the angle between the wincl direction and the course. 

The experience of reat European commercial aerial transport entcr- 
prises has indicated tist the development of this form of transportation 
will naturally evolve a iield for the aeronautical meteorologist, whose 
work will consist eseentially i n  reducing for the benefit of his organiza- 
tion the detailed inforniation for the individual pilotd, a function too 
complex for any governmeutal agency to handle. 

A specific example of the effect of winds on flight is given which in- 
dicates the linea along which meteorological information may he or- 
ganized. 

In this connection. one research problem of profound iniportance.is 
that of the reduction of baronietric prewure to levels in  the free air. 
The succes3 of this problem is largely dependent upon the amount of 
upper-air observations collected. 

INTRODUCTION. 

Ciril aviation in tAe United States.-The trend of 
opinion among thoso who are most conversant with the 
results of the first Fears’ efforts in commercial aero- 

nautics snems t.o bo that, to the present, these efforts 
must be rcgarded as demonstrations rather than as suc- 
cessful business ont,erprises. Some in America, niake it 
Itppcnr that we must. look to the other side of the Atlantic 
for our object lessons in commercial aeronautics, thereby 
imgl.loct.ing thc escellcnt large-scde activities of .our own 
ninil son-ice and iiiinierous siicccssful smaller ent,er- 
iriscs. Wo :ire likcly to forget that the route between 
biiami and Habana, wliile perhaps not so difficult to fly, 
is about thc sanic length ns the much heralded London- 
Pmis rout.c: nnd that ever\. day the niail planes me suc- 
cnssful1:v- fl;.-iiig over laps of such lengths tlint the famed 
.European routes seem to diminish in im ortance as es- 
n.mplns. We fiiid tlint our activities are r ooked upon by 
Europoan nations with a considerable de reo of interest 
and our Aerial Mail rogrtrded by Maj. &en. Sir E’. H. 
S.:kcs, comptroller genernl of civil aviation, ~ 1 s  a ‘‘par- 
ticularl). interostin osperiment.”a Thore aro those who 

fmsh numcrous enterprises which stand read;\- to put into 
operation a large program of aerial t.ransport,ation. The 
legd problem invol\-c?cl is of considerable magnitude and 
profound inip or tn~icc.~ 

tho efforts, t,here a mars to be n sin ilar i n f ~ ~ ~ ~ ~ ~  

this may be attrilmtod in n large measuro to the lack of 
publicit;. given the venture.I In any event, thefact must 
>e recognized t.hat tlic confidencc of the public, one of the 

mint  out thnt n 7 ack of adequate laws is holding in 

t.he part of tho pu i\ ic t.o comniorcia T aeronautics. And 

Yet. with d l  the interest and encouraging 

2 Civil wintion abroad. 
1 Davis, Maj. W. Jefferson: Laws of thc air. 

L’. S. Air Srrr*ce. December 1920, pp. 24-28. 
U. 9. k i r  Surcice, December, 1920, pp. 

1 Prknted in part beforc tlie Amerirsii h:otcorolo@cal Socletv at Chicago, Ill., Dee. 
28, l a ,  and the Phil&ophical Society of Washington, Feb. 12, It&{. 

17.211. 

ll’eckl#, Nov.29,19-W,p.315. 
4.4crial mail 3s a promoter of commercial aeronautics. Editorial note. Aerial Age 
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most important factors in the consideration, has not yet 
reached that stage that it is willing to give its enthu- 
siastic support and approval to the institution of tho 
aerial transport; and until it  does reach such a, state, 
them will be a struggle against a areat obstacle in tho 
efforts to "keep tlie eagle in tlie air? 

A&eorobgy a8 an. aid to ohil aw:'at.ion..-It behooves 
comniercial aeronautics to look to thoso factors which 
will contribute toward the acquisition of the public con- 
fidence. Indeed, we may state. tlie argument in the 
form of a syllo ism of which the major premise is: An;,. 

through the elimination of accidents, tho saving of prop- 
orty, the more efficient maintenance of schedules, and the 
yielding of profits to the promoters and stockholders in 
aerial transport enterprises, is one of decidod importance 
to commercial aviation. The niiiior premise , which 
represents the phase of tlie ciuestion which it is t.he purpose 
of this paper to may be statccl thus: The weather factor 
is such an agenqr. Tho conclusion is obvious,-thnt t,lie 
intelligent use of weathur c1nt.a by ail? coniniercial aerial 
transport concern will cont.ri1mt.c to the acquisition of 
this very desirable asset. 

The application of nieteorology to rwronrtutks is two- 
fold: First, the study of climtitoloaicd data will bc nf 
profit in the preliminary selection 07 nir routes and luntl- 
ing fields; and, second, the consideration of the current 
weather conditions will be of immediate importance in 
the conduct of the craft in the air. Thc first of thcsc? 
applications has been discussed in ri.ii earlier The 
second will be considered here as fzw as it is possi'nle to 
point out in a general way tlie use of current meteorolog- 
ical information. 

agency that w' I f  1 serve to acquire the public coificlence, 

THE FUNCTION OF DIFFERENT T S P E S  OF AIRCRAFT. 

Speed, t7t.e c~,ie~cC,7ara~fe,.i.sfic.-To coiisicler this cluestion 
roperly, it  is necessary to have some a.ppre&tion of the 

Functions of the different t., es of aircraft. The question 

cial aeronautics, the airplane or the dirigible? Su t  it is 
generally conceded that this is liarilly a legitimate clues- 
tion, since each type has a place to fill, which, instend of 
encroaching upon the doniain of the other, is reall? sup- 
plementar to the other. Mr. G. Rolt Thom:bs,B nncl 

aeronautics have pointed out that tho coniiiiodity which 
the trans ort co If it can 
not supp Y T  y spee -greater speed than it is possible to 
obtain with any other known means of surface tranFpor- 
tation-it can not succ~ed: 

is well known. 

than can even be 

has been asked, Which is T t le more practical in commer- 

other of t K e iniportant men in tlie field of coininercinl 

oration has to offer is speed. 

The airp1an.e uug. the dzrip,.fZe 
the airplane does supply 

C. LeRoy: Climatologiral factors governing the seleetlon of air routes and 
f l ~ ~ ~ ~ ~  MONTHLY WEATHER R ~ v m w .  Seplembrr. 1~20. np. 525-527: reprinted 
In Aerial Age Wrekg, Dw. 13 19'20. pp. 366;7W snd 378: Ai%it/on aihl d C r 0 7 8 S Z l l ~ d  
hh&eering, Dec. 13, 1030, pp. d i 3 4 5 ;  sud Scicrrtific American Monthly, January, 1921, 
pp. 68-70. 

@Aerial transport. (-don), 1920, pp. M,7. 

it  can remain in tlie air for long periods and carry so 
iiiuch weight makes it appear as an efficient long distance 
carrier, such as might be used for transoceanic or trans- 
continental traffic.' The two types of craft do not, there- 
fore, encroach upon each other. 

The airplane is efficient for the short, hi h-9 eed trans- 

fonger, journeys. The airplane, someone has said, will 
be the feeder to the diriaible. The transoceanic dirigible 
will be loaded from a idanes  flying in from all directions 
to its terminals. The transcontinental dirigible will 
make few stops, but at  each it can take aboard the glean- 
ings of tlie airplane network in the vicinity of the airport. 
The reluy method now em loyed in the 'Post Office De- 

in relatively short, fast, flights. 
With this short micl very general cliscussion of the two 

types of ooiiiinerciltl craft, we iiiny examine into the use 
mid disseminntion of data regarding current conditions 
nncl yrob:ible future conditions by ti  commercial aero- 
nautic cor loration. The iniportnnt phenomena are, as 

self-evidcnt fact that the ariator wants to fly at  that level 
whwe he will receive the greatest assistance from the 
wind. But his question is, where are these favorable 
levels a 

ortation; the dirigible is suitalde for t i e  K f  s ower, but 

partment is an esaniple of t ?l e efficient use of the airplane 

iius often i eeii mentioned, winds and clouds. It is a 

THE EFFECT OF WINDS ON FLIGHT. 

T?ie @Fct qf wind com oneiit.s.-Before the above ques- 

relations between winds and the motion of aircraft 
which are, for the most part, well known but perhaps 
not fully appreciabed. Let us consider figure 1. Sup- 
pose that the direction AB re resents the direction of 

the craft in quiet air in unit t.ime. Let a wind b owing 
at  :in angle i3 to the course be represented by the vector 
Cd. If tlic craft were wholly subject to the wind, as 
is a frec-balloon, in unit time the craft would be carried 
t.0 C'. If, however, the craft were trying to remain on the 
course AB, it would be necessar for the ilot to turn 

mined by swinging an arc of radius equal to AB with C' 
as a center. Wliere this arc intersects the course AB 
at €I is located the final position of the craft after unit 
time has elapsed. The vector AH, therefore, is tlie re- 
sult.ant of the two forces or the diagonal of the parallelo- 
gram of forces AC'HF. 

I t  is inst,ructire, however, to break the wind up into 
two components, the first, CE, parallel to the course AB, 
and the second, CD, perpendicular to it. Since, as was 
shown above, the perpendicular component CD is the 
cause of t,lie t,urning of the craft through a certain angle 
e,? it is possible to show how much speed would be lost 
hy the craft if the perpendicular component alone were 
operative. This is shown by projecting the point F on 
AB. In other words, the oint G is the location of the 

alone. If the craft is moved backwar along its course 
by an amount equal to the parallel component CE, the 
point H is reached, as was shown above. 

The Cfict ?f the peryendicubr co.mpon.ent.-The amount 
of the loss of speed attributable to the wind corn onent 
perpendicular t,o the path is obviously given &y t.he 
equation. 

tion is discussed, it wil P be well to call atteention to the 

clcsired flight, and its length t K e distance the Ai ht of 

it through a cert.ain angle w E ich wou P d be deter- 

B 

9 craft after unit h i e  with t E e mind com onent CD acting 

17, = ~7~ (1 - COS e,) 
7 Maitland. E. Y.: The commercial future of airships. 27. 8. Air Sacice, JmUary, 

1921, pp. 22-28. 
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PIG. 1.-The effect of wiuds upon the movmnent of an airplane along a given course. 

in which V, is the loss of speed, and Va is the air speed of 
the craft. In  order to show quantitatively what the 
loss of speed due to this perpendicular wind component 
may amount to, figure 2 has been drawn. The ordi- 
nates represent component magnitudes, the abscissae, 
craft speeds. The lines slightly rising to the right are 
drawn for each mile per hour loss. By knowing the air- 
s eed of a given craft and the niagnitude of the perpen- 
gcular com onent, it  is possible to tell a t  once how much 
must be su tracted from the air speed to show the for- 
ward progress, neglecting the component parallel to the 
path. For slow craft and large wind component,s, this 

T7, . 
T7* 

sin =-sin e 
or, 

v 
Va 

e, = sin-' (--"sin e) 

where e, is the ande between the craft and the course 
and 0 is the angle getween wind and course, and V, and 
V, the speeds of the winds and craft, res ectivel 

If this equation is solved for various varues of &e ratio 

',, there results a family of curves which, for the pur- 

pose in hand, ma be most effectively lotted in polar 
Vi 

coordinates. Suc IT a diagram (fig. 3) wi P 1 show the cor- 

FIG. .?.-The angle FI craft must turn from the dosired coursc in mler to overcme the 
eRert of drilt, tor dilfereut ratios of wiud speed to craft speed. 

rect angle at  which the craft must be steered under the 
various conditions. It has been said that, in issuin in- 
formation of a meteorological character to the 8avy 
fliers when the NC planes started their trans-Atlantic 
'ourney, this angle was estimated and given to them, and 
{or it they seemed especially grateful. It is the meteor- 
ologist alone who can tell the aviator the value of this 
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nngle; and, kiiowing it.s value, the pilot can correct his 
ronipltss bearing accordingly and st.eer t,o offset. the wind 
without act,ually knowing what the wind is. This dia- 
m. wain is so plotked that tdie value of 8 represents the direc- 
tion, relat,ive to the course, froin which the wind is blow- 
ing, and r Ithe distance from t,lie origin to any point,) 
re resents values of in degrees. The speed rat.ios for 
wkch t:hcse curves were calculated are, successively, 
3, 1.5, 1 ,  0.75, 0.50, and 0.25. 

These curves :Ire rat,her interesting in their direct ap- 
plication to the steering of a.ircraft. For instance, when 
the wind speed is grenter than that o€ the craft (a con- 
dition which does not. oft.en obtain, nlt,hough it is quite 

ossible in the case of liglit,er-t,linn-air craft.) there will 
Re some wind a.ngle, less thnii 90°! where, in order t.0 
remain on the course, the craft must turn 90' t,o t.he 
path. If the wind is following (90' t>o lS0") progress 

FIG. 4.-The d b l e  speed along a given rourse ivith winds from any ande. for differmt 
ra&g of wind speed to craft speed, regardmg craft speed as unity. 

will be made along the desired path; if it  is o posing, 
(Oo to goo) the craft will be blown backward Jon, the 
course. Specifically, it will be seen that where the speed 
ratio is 2, the craft cannot stay on its course if the wind 
comes from an angle eater than 30'; if the ratio is 1.5, 

still smaller ratios the angle increases, up to the 
where the ratio becomes 1, or where the wind speec and 
craft speed are just equal. At that point, with the wind 
comin from any direction less than goo, the craft must 

wind comes from more than 90°, it  is clear that the craft 
will be materially aided on its course. When the craft 
is going faster than thc wind, as is usually the case, the 
curves become closed and, regardless of wind direction, 
there is no conditioii where the craft must be turned as 
much as 90' in order to make headway on its course. 
As the ratio becomes smaller and smaller, the maximum 

tho wind angle may I? e increased to about 42'; and for 

point 
head f lrectly into it in order to hold its own. When the 

ngle also decreases until the 1imit.ing case of a calm 
(ratio 0.0) is attained, when tho craft will be directed 
toward its destination a t  rill times. 

Final s p ~ d  d o n g  the course.-Knowing the value of 
thc angle 0, under all conditions, we are enabled to draw 
figure 4, which ives the resultant speed along the course 

represent ~a1ue.s of 8 in devrees and t,he ordinates V, or 
the resultant speed along %e course. These curves are 
drawn from the equation 

in terms of t E e craft speed (unity). The abscissae 

P= va COS e, - v,,, COS e 

wherein the ternis are the snme as those in the equa- 
tions above. The snme intoredng features of the 
curves which were noted in figure 3 are obvious here. 
For example, when t.lie wind s eed exceeds that of the 
craft, it. is only within cert,ain !knited wind angles that 
the craft can stay on its course at  all; and, if the wind 
is op osing, the values of P will he neaative, as curves 
3 an8 1.5 in the first quadrant show. ff the rat.io is 1 ,  
there is no headway for winds up to 90°, but H, rapid 
increase after that oint. For all ratios less than 1 
headwn can be ma (P e a.long the course. 

cation of t,he point, or wind angle, at  which the craft 
can proceed along the course a t  its own dill air speed. 
This value is given by tho value of the abscissa where 
the ciirves intersect the line T ' = l .  It should be re- 
marked that on1 those curves having a direct ph-pica1 

to the flbht, of craft have been 
plotted here; in a mathernaticaj discussion they are 
incomplete. Indeed, to the equation there are two 
solutions, only one of which has been plotted, and, in 
the case where the ratio is 1, one solution is used from 
8=Oo to 90°, and the other froni 0 = 90' t.0 180'. This 
remark applies also to the portion of the envelo e which 
is drawn a.s 21 dotted linc, and to which all t !I e other 
curves are tangent. The physical significance of this 
curve is that it shows the maximum possible value of 
1.' corresponding to a given value of 8 regardless of wind 
speed.8 . 

h o t  T ier intereshg feature of the curves is the indi- 

significance in reation T 

8 The eqtiatinn of the envelo e of this famil of curves is obtained as follows: 
11 we transpose all torms of &e resultant velbeity equatlon to one =de, we have 

v-1'. COS e,+ vW COS e-o 
in which, In this rlisrwdon, we may consider V. as unity, and el as sin -I[ 2 sin e] - 
VU, wheu evpreisel in terms of 1: as unity, may be regarded rn the variable parameter 
of the erprejsioii and it msy be simplified so that it becomes 

r - - J 1 ~ s i n * + V w r O S e = O  ................................ (I) 

If this expression is differentiated with respect to the variable parameter, we obtain 

cos:e d V.-[V% sin 4 e / (l-T.% sin:e)] dF',,-==o 

or, by dividing through by d&, 

COS: e-[% dn4 e /  ( 1 - v ~ ~  sin2 e)]=o ......................... .(2) 

Solving (2) for VW. we obtain, as the solution pertiuent to thls problem, 

cos e 
sin e 

VIP-*- .................................................... Q, 

The values of I'u for our practical purpose are always ositive so we may legitlmatel 
rnnridor the plus sign to hold in the Rrst qtmdranl anithe &nus in the second- and: 
since thc eiivelope will have no significance in the brst quadrant. the olus value ;an be 
ruled out of thii discussion, with-the provisiou that must lie in  the Lecond quadrant. 
Bearing thisin mind. wemay thus elirmnate 1'- by substituting (3) in (1). thus obtaining 

6'- J i I c X e -  (cm 2 e 1 sin e)-o 
and, sulving for V, 

Ir-(sin9 n + cos e) /sin e 
-1 /sin e 
-csc 0, the equation of the envelope. 

The author rknor ledges the kind assistance of Mr. Edgar Woolard In th r b u r u i o n  
of these  curve^.. 
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This discussion is an effort to combine in a manner 
which will be accessible to those int,erested, the chief 
factors involved in the effect of winds upon aircraft. 
In spite of the apparent siniplicitv of the question, there 
are many aviators and others who have not taken the 
trouble to think it through. It is hoped therefore that 
this discussion may serve a useful purpose. The aut,lior 
thanks the aeronautical department of the Gooclyear Tire 
& Rubber Co. for permission to use charts and material 
on the navigation of airships set forth in one of that 
com any's  publication^.^ 

Ot R Cr graphica.1 dr?wiccs.-Anot.her type of graphical illus- 
tration of the relations between wind direction and 
strengt.11 and the flight of aircraft has been made by Rev. 
Miguel Selga., of tlie Manila Observatory.1o His method 
is to draw two circles of equal radii, but with the dist.nnce 
between the centers proportional to the ratio between 
wind speed and craft s eed, e. g., if the craft speed is 
greater than wind s p e z  t.he cent,ers of t,he two circles 
are less than their radius apart; if tlie speeds are equal, 
the center of one is on the circumference of the other; 
and, if the wind is greater than craft s eed, t.he centers 
are a greater distance apsrt tlinn the rachis. Wit.11 three 
such systems of circles, one is enabled to show vectorially 
the ossible progress of the craft in any direct.ion with a 
win B of constant direction, or, conversely, to show the 
progress along a given path wit.h winds of various direc- 
tions. These vectors are obtained by projecting hori- 
zontally the point on the wind circle corresponding to tlie 
direction from which the wind is comina, until it  inter- 
sects the craft circle. A vector from tEe center of t,hc 
wind circle drawn to the projected point on the craft 
circle represents the resultant motion. This method does 
not seem as satisfactory as that presented above, although 
it is of interest. 

A mechanical device for correcting the route while in 
flight when the wind speed isunknown has been described 
by Lieut. Le Prieur." Such devices would be useful in 
correcting data previously given to aircraft, and in fol- 
lowing the changes of barometric pressure at  upper levels 

T H E  METEOROLOQIST A N D  COMMERCIAL AERONAUTICS. 

The evolution of the meteorologist. - J u s t  before digress- 
ing to take up the discussion of the effect of winds upon 
flight the uestion as to the aviator's ability to find tlie 

may feel that he can diagnose the air conditions suffi- 
ciently well to select his own flying levels; but at  best 
this is only a method of trial a.nd error, a method of 
approximation which not only is espensive ip time and 
fuel but which, in the end, may be unsuccessful. It is 
no exaggeration to say that the meteorologist, properly 
equipped, can tell the aviator with more consistent 
accurac where to fly than the pilot himself can deter- 
mine. Gost pilots are willing to ndniit this t.0-day, 
although it must be confessed that in the early days of 
the war many fliers were of the opinion that meteorolo- 
gists were presumin a little to offer advice. Experi- 

indeed, the necessity for them. It is no longer n ques- 
tion of the presumptuous meteorologist and the ponipous 
pilot, but of the pilot eager for more informat,ion and of 
the meteorologist exerting himself to the utmost to give 

most satis 9 actory flying levels wns raised. The pilot 

ence has shown bot i  7 the value of such ndvices, and, 

@ Good ear Dirigible Balloon Operating Instructicns, No. 32. Goodyear Tire & 

10 selr s'. J.: Velddad del viento y de 10s dirigibles. Rcz!i8ta de la Soeldad 

Correcteur de route dhve  aphe pour la nar~tiolla(rienneB1'estime. L'Aero- 

Rubber 80 Akron Ohio. 

.4alron dica e rpana tAm&ica .  September-October, 1920, pp. 63-a. 

Nils, Nor. 1-15,1820, pp. 326-33g 

it. In  fact, so important has become the field of aero- 
nautical meteorology that there esists to-day, and will 
esist to a much greater extent within a few years, a 
very interesting and estreniely practical field for the new 
vocation of aeronautical nieteorologist. 

than that wlticli comes 
ence of G. Holt 
stantiates the argument. Regarding the maintenance 
of a meteorological department in his company, Mr. 
Thomas says: 

Years ago I I T ~ S  311 ardent heliever in the value of this science to the 
airman when he has to fly rqilarly; and the more I realize ita poten- 
tialitics, the niure I know about it, the more I am convinced of the 
all-iinportant part it must play in t,he development of commercial 
ai!ronaiitirs. 

l o  this end, in o w  purely awial transport enterprise we have, aa 
I hare  a1rea.-ly nir?nt.ioned brieflv. taken t.he step of forniiug our own 
inetwmlogical clepart.nient; and already. in the practical collabora- 
tion I)c*tat.en this ilepartment auil the pi1ot.s wlio are called on to fly 
from day to day. we have achieved resiilts which are extremely inter- 
est i iirr. 

* * * Having one's own metrorolo~ical dqmrtment, ready always 
to answer questions is, as we have already proved, of the utmost value 
to an aprisl transport enterprise operating machiues daily along speci- 
fied routes. 

Again, H. 13. Pratt, chief engineer of the airship de- 
partment of the Vickers company, says:12 

Each aerodrome mould cont,ain a met,eorological office working in 
asso::iation with Government ineteoroln.~ical stations. to issue weather 
reports for tlie guidmce u l  airs!iip navipators and to transmit navigating 
inst.rurtioiis IJJ- wireless telegraphy to Llicm while in flight. 

It a pears therefore that the functions of a govern- 
nlentnr me t,eorological ngcncy must be twofold with 
respect to aeronautics. It must collect rind disseminate 
meteorological da.ta over the entire countr , and it must 

reflection in increaeed accuracy of forecasting. The 
funct.ions of the aeronautical meteorologist, by way of 
contrast, must be to interpret the collected data and to 
advise pilots in detail regarcling the weather along 
their routes, and to care for numerous other require- 
mmts which will develop with his office. 

No more convincing 
nnd the esperi- 

route, sub- 

r 1  

conduct researches which will eventual 9 y have their 

AN EXAMPLE OF THE METEOROLOGIST'S WORK. 

In  approaching an intimate view of the work of the 
aeronautical meteorologist it is, of course, necessary to 
theorize; and, in theorizing, the author does not pretend 
to do more than suggest the activities which seem most 
likely to be essential, drawing upon tlie imagination for 
details which, with experience, might be found capable 
of great improvement. Such theorizing is necessary 
because there probably does not esist t.o-day on this side 
of the Atlantic a single enterprise which rofits by the 

nc.tivities o P a meteorologist in connection with a flying 
route. If, then, practical objections may suggest them- 
selves relative to tho details of the following scheme, i t  
s!iould be remembered that the purpose is only to sketch 
broadly the activities of an office which does not yet 
esist. 

Eqim merit.-The reader is, therefore, asked to ima 'ne 

Aerial Transport Corporation. The o ce is equipped, in 
addition to charts and diagrams which experience has 
demonstrated to be the most useful, with a relief model 
of the territory over which the aircraft of the Blank 
Corporation fly. The meteorologist is intimately familiar 

steady em loyment and the thorough 7 y organized 

? himsel ? in the office of the meteorolo ist in the B ank 2 

12 CoinioerLM Airships (London!. 1920, p. 7:. 
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with this territory and all the peculiarities which the 
irregularities of the terrain introduce into the meteoro- 
logical phenomena in their vicinity; he is familiar with 
this not only through his howled 
atmosphere but also through 
ing over the routes. A410ng 
cipd cities and rela 
small vertical stan B ards properly graduated so as to 

point in any direction. A t  each level t ?l ere could be 

sentative of a given craft, and these stan rbol ards can repre- be 

o fi? ce and all of the company’s craft a.re equi ped with 

pro ress of each cra P t. 
Yt 

Weather Bureau, the meteorologist’s o d ce is in receipt 

show altitude above sea-level. These standards are so 
arranged t,ha.t nt 500-meter levels (English units could be 
used, if necessary) small arrows could be laced so as to 

arrows of several dili’erent colors. In  addition to these 
fised standards? there are provided slots in the base, with 
small movable standtircls, each carrying a s 

moved a t  will to indicate the position of any machine a t  
an time. There is wireless telephone apparatus in the 

similar apparatus, so t,hat, a t  all times, the o ‘ce can be 
in communication with its fliers. The meteorologist’s 
office becomes, in B sense, a sort of dispatcher’s office, 

.and it not only keep3 the pilots informed of weather 
conditions, but kee Y close track of t.he position and 

#ork.-With these brief and rather elemental notions 
of the meteorologist’s equi ment, let us endeavor to 
some idea of his work. Tfwough arran ement with t e 

of code messages wiving the upper-air data as they are 
collected. B s  he Begins his work in the morning the 
surface wind arrows on his relief model are set to corre- 
spond with the regular morning observations of the 
Weather Bureau; he has before h:m a copy of the morn- 
ing weather map, drawn either in his office from the code 
message or furnished by the local Weather Bureau office. 
The upper-air wind a,rrows are set to show the conditions 
aloft correspondin to the last upper-air observations 

are constantly being corrected u on the recei t of now 

basis of his bulletins, and these future conditions are set 
upon the relief model in arrows of another color, so as t,o 

conditions. Still other arrows 

forecast, so that estimated conditions at any time can be 
seen readily. Upon the basis of this constant stream of 
observed and forecast data the meteorologist is enabled 
to issue extremely detailed reports or bulletins to his 
fliers a t  frequent intervals regarding winds, cloudiness, 

2 

made a t  aerologica f stations during the night. And these 

observations. The flying weat R er forecast F orms the 

distinguish them from the arrows 

conditions interpolated 

- 
lkllo- 
meter. 

h. m. 
1 3 6  
3 36 
2 4 5  
4 1 8  
3 1 8  
2 2 4  
1 5 0  

-- 

- - 
and visibility. 

If conditions are normal, each pilot will communicate 

1 kilo- 
meter. 

h. m; 
a 4 8  
4 3 6  
3 5 4  

with the office every hour; givin’ his position and any 
information as to visibility, cloufiness, or unusual phe- 
nomena he may be encountering. This information kee li 
the meteorologist in immediate contact with the coni-  
tions and ives him a pers ective which no other indi- 

tion along all routes a t  all times and the o ce of the m e  
teorologis t thus will become an important clearing house 
for the latest information concerning the phenomena 
dong the route. 

Important phenomena.-There are many circumstances 
in which very definite and important phenomename oc- 
curring; as, for example, the progress of the wind-shift 
line in a stron cyclone. The rate of progress of this line, 

%I 
vidual can a ave. There wil P be craft flyin in each direc- 

the depth of t 5 e wind shift, and the occurrence of thun- 

2 kilo- 
meters 

h. m. 
3 0 0  
5 3 0  
4 1 8  

-- 

derstorms along it, are all conditions concerning which 
the pilot wants to know. Especially is this true of pilots of 
lighter-than-air craft. This system of hourly reporting, 
together with s ecial reports when unusual conditions 
justify them, wi R more than pay for itself in the resultant 
efficiency. Once the craft is well under way, the metero- 
ologist can tell the terminal station with considerable 
accuracy, barring mechanical acciden tu ,  when the cra.f t 
will arrive there. This will be important for those con- 
cerned with the transport.ation of baggage to and from the 
airport!; and it will mean untold convenience to the public 
which is to use the route. 

New York to Washlugton ... 
New York to C1ere:and.. ... 
C1eve:and to Chirago. .. .. .. . 
Chicago to Omaha.. -. . . .... 
Chicago to TwinCiti es...... 
Chirago toSt. Louis .._.._... 
Chicago to Indianapolis.. . . . 

WE.4THF.R CONDITIONS ON AIR ROUTES. 

M l m  
200 
410 
320 
440 
350 
280 
180 

7>1pr-air conditions on flying roictce.-In figure 5, to 
show the nature of the use of upper-aix information in 
t,his connection, t.he weather condit,ions have been drawn 
for several flying routes, giving especial regaid to winds 
and t,heir strengt.h. Across the bott,om of the figure is a 
map of several routes and above arc? sections along t,hese 
rouCes showing c1irec.t.ion and force of the wind. The 
New Tork-Omaha route has been given especial attention 
and the wind conditions drawn for 8 a. m., noon, and 3 
p. m., 75th meridian time. The 5 a. ni. and 3 p. m. data 
were ohserwd and tlle noon sect,ion interpolated between 
the two. For the shoit,er routes, t,hese conditions were 
shown for 8 a. m. only, since t.he time of a single flight, 
would be so short a.s to fall under t,hose representative 
conditions. In  the wind speed and direction sections of 
the diagram the arrows show spccd b barbs? each harh 

b the orientation of the arrows and by sniall 1ett.ers. 
d e  solid sect,ions at. t.he bottom of ench se.ct,ion repiesent 
the general elevations of the country over which the rout,e 
lies above sea level. 

Above t,he wind direction and speed sections are shown 
curves indicating the speed of the parallel and per en- 
dicular wind components in miles per hour for the t L ee 
levels, 1, 3, and 3 kilometers above sea level. The ordi- 
nates of the curves show directly the ma itudes of the 

IS indicated by small numbers (miles per hour) a t  various 
points along the curve. It is easy to calculate from such 
data and other curves, such as those in the preceding 
figures, all the necessary information on flying conditions. 

In Table 1 nre iven, for example, the length of time 
required for the kgh t  between the various points, at  
various levels, both on the outward and return journeys, 
assuming an airplane whose speed in a calm would be 
100 miles per hour. 

TABLE 1.- Tim.€ reqziircd forjlight between iiarioUs p‘ol:nts rct several 1eitele. 
with n crnft of stall-nir speed 100 ndes per h o w .  

corresponding to 5 miles per how, an B the direcbion bot11 

parallel component, while t,he peipendicu Y ar component 

Route between- 

i 

DIP 
tame 

Time. 

- 
2 kilo- 
meters 

h. m. 
1 a4 
3 la 
a 3 6  
3 48 
3 2 4  
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1 6 4  

- 
3 kilo- 
meters. 

h. m. 

- 
1 3 4  
3 14 
a u  
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2 6 4  
3 20 
2 2 4  
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An inspect,ion of this table will show a t  once t,hat con- 
siderable advantage is to be gained by the careful selec- 
tion of flyin levels. It is strikingly illustrated by the 
Chicago to Cfmahn, flight. By flying low toward Omaha 
much time could be ained, on this occasion nlmost two 
hours could be save$ by flyinw a t  tlie l-kiloniet,er level 
instead of the 3-kilometer leva. On t.he journey from 

hour could be saved by flying 
great as t u  hour are of con- 
delivery of mail, especially 

in which the ninil is talien 
and plnced on t,he t.rain. If 
there may be mot.her two, 

three, or four hours lost, before t.he mail woulcl get out of 
Omaha for the West. Indeed, the minutes are import:int 
in the making of connections with railway trains. 

Another interestino situation niight occur occnsionnllg. 
which would show %ow the met,eorolo ist's skill aiicl 
ingenuity could be brouoht into play. 8 o illustra.te the 
type of situation in minx, suppose there is a lowpressure 
area centered north of the Great Lakes, in such R manner 
that there are northwest minds blowing a t  Chicago and 
southwest a t  New Tork. 9 dirigible capable of 64 miles 

er hour in still air is to fly froni C'hicugo to New Tork. 
Let us assume the rt-tdius of the curvature of the wintl 
path through Chicngo and New Tork is 500 miles, and 
that the gradient is such ns to wocluce approximately R 
steady upper-air wind of 50 mi \ es per hour. It is seen 
that the speed of the ship will be higher if it  follows the 
curved wind path, rather than cuts a.cross isolm.s, as it  
were, in a straight line to get to its destinntion. In this 
case, its forward speed along the wind pi th  woulil be 
about 114 miles per hour, dong the straight line nbout 
102 miles per hour on the average. The path of tlie 
faster course is longer bv about 50 miles than the pi th  of 
slower travel. But by following the curved path the 
dirigible will arrive h New York about 20 minutes 
earlier thm if it  attempts to cut across.13 This gain is in 
this esample not articularly important nlthougli it  is 
representative of w R a t  might occur and the type of jurlg- 
ment the aeronautical meteorologist might be called 
upon to possess. 

The value of such an orgnnized system of detailing the 
information lies, as was suggested in the beginning, in 
the increase of safety in Hyin and in the incremecl 

head espense. A consistent program of detailed nieteor- 
ological information would undoubtedly effect tremend- 
ous financial savings, when the large fuel espenditure 
alone is taken into consideration." 

economy in the maintenance o B schedules and in over- 

CONCISWON. 

It will suffice, in conclusion, to review briefly the 
essential points of the discussion. A n  effort was made to 
show that a consideration of the weather factor in aero- 
nautics must lead to beneficial results in coniniercial 
aviation; and that the requirements of commercial avia- 
tion must eventually bring into being the vocation of 

m3vinc witlr difours. will. )I\- thrir air knoal:-rlcc done. 'ow many iiniirs OII 1 iiksFa 
and lm:i pasagts."--Rig. Gbu.Usitlon 1,in t.hc'loc of the R.31. rommrrl.ioldiralil*, 
Pratt. Anpeni'ix a. 3 1  

31. Cf. also 
DeHaviland on Civil Aviation, Aerial A'ie J d k i p . ,  Jan. 17,1921, p. 4%: '' 14 Report of Air'Mnil Service, Octobrr 1031 Ick l inn ,  Jau. 10, 1921 

aeronautical meteorologist. For the Weather Bureau, 
there will always be the domain of public service, even 
with respect to aeronautics, which no private enterprise 
could possihlg usurp: and that domain is the collection 
and dissemination of current and climatological meteor- 
ological infornin tion, a.nd the conduct of organized 
research. The a.ccurn te reduction of atmospheric pres- 
sure to levels in the free air must, if it  is successful1 

goverrimentnl agent-y is the only one that can accomplish 
t-his. And this lends to the theme which, while it can 
not grow old to those interested in upper-nir research, 
has often been seen in these columns? and that is the 
necessity for an enlarged program of aerological obser- 
vation. The rOlc of meteorology in aeronautics is not a 
minor one, important RS are niallp others: and it  is a safe 
prediction that tlie development of conimercial aero- 
nautics will evolve tlie metliocls for giving the necessary 
consideration to the weather factor. 

accomplished, result in untold value to aviation. 1 

CERTAIN RELATIVE INSOLATION VALUES. 

Br If'. J .  HVMPHREYB. 

The Irief t : hh  of  rc!!ative inwlst,ion values given on 
p g e  SO of Ih- is ' s  i"lem.e,stnwy Jfctrorohogy, and copied 
on pngo SI) of Huniplirap's P7i?y.~icics qf't7reAIiir,hns recently 
I)tf(:n quwtic..nc!d I-ly Prof. It. D. Calkins of the Cent,ral 
Michigan Noriii:~I School. Mount PlciLscnt, Mich. 

This t a l h  inclicntes that, mglecting atmospheric ab- 
sorptim, or n.t the limit of tho ntmosphore, the amount of 
solar energx doli\-crecl per dq- per unit horizontal surface 
is grc!nt.or a t  t,hc Equator a t  vcrnnl equinox than a t  
autumnal equinox: this is correct, and is because the 
onrth is nonrctr the sun on the fnrmer dnte than on the 
lnt. t.er. 

Tile table furt.her indicates that a t  20' north latitude 
loss inwlnt,im is reccived during the day at vernal than 
a t  nut.uiiinsl er iiinos: this is nn error. Insolation is 
greater 2Lt -,-orna!~ tlian at  autumnal eyuinos a t  all parts 
of thc wnrld. Fintdly, the table indicat.es that no 
inwlation is receind during the day a t  winter solstice 
u t  GOo north Ilitit,udu. This obvious1 is an error since 
1ntit.udo (;no N. is st,ill cmsiderably s x ort of the arctic 
Circle. 

I t  t.liorefore seemed worth while, perhaps, to recalculate 
the entire tablo. This wiis dcm, using the data of the 
Naut.icn1 Sl1i1iLmac for 1921, and the results ara giwn, 
\vi tli Prof. Dnvis's kincl approvd, in the accompanging 
tnble. Tlio ycnrl!y tottrls arc reduced froni d u e s  given 
in IL rliffurcnt unit by Angot, An.ni7.le.s d,u. Buwuu Central 
die'tdorologiyctc, for 1583. 

Rdntive 1~tluc8 OJ' total diuinnl i)rsnlirtb?i pcr iinit kori:ontal surface at 
ths h i t  I d '  tlrv ntmn~plwrt- .  

\'?mal e w i n o x  _.._._... LOO0 0.940 0.768 0.500 0.W 
Summwiostirc __....__ 0 . w  1.e1.I 1.107 1.093 i.?m 
,\\it umna equinox.. - -!i 0.987 1 0.937 1 0.735 1 0.494 1 0. OOO 
\?'interso.stile ......_... 0.941 0.676 0.357 0.0% O.Oo0 

Annual total ......I 348 I 329 1 275 I 19s 1 141 

SOllth 
Po.& 

0. OOO 
0. OOO 
0. ooo 
1 . m  

144 
-- 


