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THE FLIGHT OF AIBCBAFT AND THE DEFLECTIVE INFLUENCE OF THE EARTH’S BOTATION. 

By CHARLES F. MARVIN, Chief of Westher Bureitu. 

[Paper presented before thG Philosophical Society of Washington, March 29,1919.] 

It is well known that objects moving freely over the 
earth’s surface are deflecbed constantly to the right by a 
force given by the equation 

.f = 2 m. ti w sin tp (1 1 

in which mn.=niass of the body, t i  its relocity, w = the 
nngular velocity of the earth’s rotation, and tp the 
latitude. For each grani of matter moving a t  airplane 
speeds, say, 90 miles per hour (4,000 cni. p. 5.1 and a t  
latitude 50’ the force is, 

27r 
j -  2 x 4,000 ~6164 sin tp= .447 dynes. 

\+;---- 
I I I I 

to coume, oii1.y presently again to be found off COUKW. 
These o >crations of rect,ifying the flight of the craft are 

result that t,he craft practically follows the line a.S.  
The short arrows in figure 1 indicate the successive posi- 

tions and alignment of the axis of the machine just after 
t.he course has been rectified. The axis of the machine 
is defined bo be a line through t>he center of mass which 
coincides wit:h the instantaneous path of that center 
when t,he mnc.hine is flying normally t,hrough a st,at,ionary 
atmosphere over a stationary eart,h, or over the rotating 
earth ncar the Equator. 

With the enlarged arrow in figure 1 is shown the hori- 
zontal force F which is the resultant of all the horizontal 

repeatec 1 niuny times on a long course, with the supposcd 

An aircraft is a body subject to such an influence 
even though its course be c.ontiauously controlled by a 
pilot and it is interesting to ascertain the quantitative 
effects of this small force under practical conditions of 
flight, as, for example, over trackless wastes where 

ositions must be determined from the compass aided 
gy processes of dead reckoning. For this sbudy we Carl 
entirely disregard the influence of any winds or similar 
atniospheric motions, because if the conditions are 
known these effects can d lie accounted for separately 
and on their own merits. Such effects on our aircraft 

uite independent of the deflect.ive influences with 

wish now to consider are such as might be observed in 
still air. 

To ascertain how the deflective influence niodifies t’he 
course of an aircraft it is necessafy tao inake some assunip- 
tions tw to how it is directed and controlled. For this 
purpose we assume a pilot desires to fly from a t,o S 
(fi . 1 ) .  The conipass direction of .X from a is supposecl 
f d y  known, that is, d corrections, T-nrintions, errors, 
etc., are duly accounted for. 

The ilot is assuniod to set his cntft t,rue to course. 

shows him his craft is headed a greater or less angular 
amount away from course. The c rd t  is again set true 

wliic are i? alone we are now concerned. The actions UT 

Presen s y, however, close attention to thc coiiipass 

mot,or or air forces, resistances and reactions to which the 
machine is subject when in horizontal flight at a uniform 
velocity. The other force .f represents the deflecting 
force due to the earth’s rotation. If F and f are opposite 
ant1 equal t8he p t r h  of the plane will he rigorously a 
st<raight line,-+ eat circle. 

wishes to execute a relatively short 
turn the pilot has no control over, or knowled e of the 

to t,he right or the left of the course in an entirely acci- 
dental manner. When the pilot sets his craft on a 
straight-away course he imagines the force F is zero, 
and in occasiond ca.ses this may be true. In eneral, 
however, E’ will havo a finite value which, afthoiyh 
relative1 s m d ,  will generall be several times the va ue 

in d cases and swerve the nuwhine to the right or the 
left of t.he course somewhat as shown in figure 1. 

In so far  as the force F itself is concerned, it is be- 
lieved we mcty properly assume that its nature is such 
t.1ia.t erturhations from course due to it are quite acci- 
dent$, and in the many rectifications which must be 
made in any case t.he influences of F will tend to be auto- 
mnticdy eliminated or aver ed out. That is, ZP 

tinually tends to be zero. Accordingly, in a long flight 

Except when 

residual force P or the direc.tion of its action, w f ich falls 

of .f. T r le larger force will t K erefore dominate the flight 

for even a coniparativcly sm 3 number of casea con- 
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such aa indicated in figure 1,  if esecuted a t  or near the 
Equator, where .f is zero or inappreciable, the macliine 
would actually fly true to course. In higher latitudes, 
however, the forcef is larger, a.ud in the Northern Heniis- 
phere acts in a mnnner to swerve the machine always to 
the right. 

The assumi>t.ion that S F =  0 is iicsrly equivalen t (so 
far as the effects of the force f me concerned) to the 
assumption that on the averitge, when tlie pilot set,s his 
machine true to course, F- 0; blint is, there is no acci- 
dental error inherent in tlie se t,ting, and nccordingly the 
machine each time must fly t,ruc t.0 the coui~e set except 
for the dcflect,ive influenc.e. 

Possible side slip >ing has not h e n  considarctl as yet. 

controls, side slip iiig in nornid flight should he mi (111- 

sum of effects of side sli,ping must tend to ilvernge out.. 

which, however, is probably the most importsnt of all, 
namely, what is t.he average interval of time between 
necessary rectifictat.ions of t.hc course ? The value of t.he 
average angle of deviation n t  t.lie time of rect.ificntion is 
also of some consequence, but the nccideiitnl influences 
tend to make this nugle lrtrge and thus cause very fre- 
quent rectifications of the couise wliich might o thenvise 
be infrequent. For further niinlysis let t = t.he nrerttge 
inberval in seconds between rectifications of t.he course. 

Under the foregoing itssum ition mid condit.ions erery- 
thing which can modify or e r innge t,he horizontd course 
of an aircraft, esce ,t the earth’s deflective i!lflueilce, has  
been considered and dispose.il of. The t,heory of tlic oper- 
ation of the deflective influence niiiy, therefore, be 
developed ns follows: 

Since the deflection of a body moving ol-er the earth’s 
surface is due to the turning of the emth uiidcr the line 
of motion of the body, which line tends to mn.int.ttin a 
constant direetioii in s p c e ,  an airplane will seem to turn 
as its course seems to curvc, itnd will iiot be deflected 
by side-slippiiig. The so-cnlled .’ cleflective force ’* is 
equal to the force which would be recpirecl to make a 
body move in the same c.ompnss direction over the 
surface of the nioviiig earth, just ns “centrifugnl force” 
is equal to the force required to keep n body moving on 
n curved path Ironi flying of€ on n t,angent. The pitth 
followed will then be tlictt of n freely moving hodg 
acted UPOJI by no other deflec.tiiig force t4hnn that of the 
ir1fluenc.e of the earth’s rotittion. Its radius of curvn- 
ture is given by the equnt.ion: 

Escept for possib f e fault:)- nrrsngement of wings or 

tirely accidental f enture, and ns in tbe ease of F, the 

There now remains on \ y one fiiinl point of assumption, 

2, 
1’= 3w sin cp 

For distances r measured in meters and for velocities ‘v 
in meters per second, the equat.ion becomes 

(3 1 (10g-~3.83612)~ 
sin cp 

In figure 8, n X  is the desired couise of the aircraft and 
it sets out on this course nt a. After the brief intei-ml 
of time 1, just n t  rectificntion, the craft, on the nvernge, 
will occupy n position cr, f-t the riglit of tlie course mid 
it will be movnig 111 the direction CI, X’ which innlies mi 
nngle 2 e with the desired COUMC. 

‘1’ =. - -_ ---_ 

-- 
1 Relative tn the earth’s siirhce tllc dcflcctioii has R vertical % w ~ I 1  ‘JS 3 horizontal 

rompmiit. An onstword inovii;g I m I v  will w igh  Icss thon :in idviitii-d apstwsrd 
rnovmg body since their absolute speeds :UR inrrexsrd or decreased res~c l iwly .  In 
this p p c r  only 1 . h ~  horizontal cmnponviit of doflwtion will b considered. 

Let the latitude be 50° and let v=40 meters per 
second, which must be reckoned as velocity over the 
earth and not relntive to  the air. 

For t.hese conditions r =  35S ,OOO meters. 
The twc traversed in tinie t=v t .  
The nngle subtended = 3 6 0 ’ ~ ~  2 a = 3 8 

OOvt 360’ . :. e= -- or -- t s1n p,= (10g~3.63097) t sin cp. (4) 
TI’ 56164 

The nngle 0 becomes greater in proportion to the 
1y)se of time t bctwcen tlic rectification of t.hc co~ii’st? of 
tlie mttchine, nnd diiniiiivhes ns t.hc 1nt.i tude diminishes. 

X 

For pur loses of illustration we may assume t = 60 
This small 

nngle is oln-iously entirely hepond detection by the 
pilot, nevertheless in every interval of 60 seconds between 
rectificntions the machine swervcs to t.lie right by this 
migular amount. 

seconds w 1 ience 0 = 11.52’ and 20 = 23’. 

The values of x and y, figure 2, are 

= .r tan 0 or 3r. sin2 e = ,t:d sin e very nearly. 
The ‘lotern1 displncenieiit from t.he c.ourse when the 

flight. is rcct.ifier1 once each minutme is, therefore, 

Froni this result it  follows thnt a machine flying in 
ltttitude about 50’ 011 a 10-hours’ run with rectification 
of course no more 1101 less frequently than once R minute 
will tend systemttticdly to miss its destinntion bp nearly 
5,000 meters to the right thereof. This is doubtless a 
small error in a ruil of this magnitude, but the dis lace- 
merits y from course increase rapidly should the ;P engtli 
of time between rectifications incrense. 

Occasionally, as has been mentioned, the force F may 
be ac.tually zero after some of the rectifications and the 
craft will then seem to hold its course for several min- 
utes, that is, longer thnii usual, because the forcef alone 
is too sinall to smerve the mncliiiie out of course quickly. 
From (4) we have 

; r = ~  sin 2e= ot very nearly. 

y = 8.04 meters per minute. 

wliich is the time required for the deflective force to 
produce an angular deviation from course of 20 

If we ttssume that the pilot eit.1ie.r does not perceive or 
that he disregards deflections from course smaller than, say 
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one-quarter point on the compass, that is, about 3 O ,  then 
from (5) 

t =465.7 seconds = 7.51 minutes 

As may be seen from e uation (4) this angular cor- 

It is, therefore, 
Moreover. the 

rection depends only on the P atitude and the time interval 
t between rectifications of the course. 
indemndent of the velocitv of the craft. 

Compnss corrections to o~rercoinc the dejeetive iiajh-nee qf ihc surth's rofn- 
tion on the noiligation of iimrim and arrkl crcgl. 

(Based on a rrcfificafion o fhp cour$e el fnlrrvals of 60 sfcon&. Corrfctionsfor oat? 
t imi  inlrreals may bcfosad d inalli lying Ihe labular correclmn by Be ratio of the dcsired 
infrrual, mprcs8ed in  srcond, to E88cconds.) 

whole theory applies withYequal force to marine as'well 
as aerial navigation. 

In  conclusion there is given below a small table of 
compass correct,ions resulting from these studies. 

which is the time required under conditions assumed for 
the deflective influence acting done to produce an 
angular deflection from course of 3 O . I  The value Of Y in 
this case is 

y =490.7 meters. 

If controlled according to this condition the ilot would 

kilometers which would of course be a very serious 
matter. 

It is easy to see from the foregoin that if a ilot sets 

his flig % t according to the conditions assumedse will 
not traverse the line a X, but will tend to follow such a 
line as a, aI, a, . . . . . . . a, . . X' 

From the theory alread stated the angle 8 subtends 
one-half the arc traversei by the machine under the 

miss port at  the end of a 10-hour flight E y over 29 

out to o to a given point S from a, f gure 3, an B overns 

I Utitude. I 

a x 

deflective influence during the time between rectifica- 
tions of the couise. 
the pilot niust lay his course to the left of the known 
direction by an angular amount = e  which in a sense is a 
sniall angle having the nature of a compass correction. 

In tlie Niwtliern Hemis >here the course nlust be laid to 
To reach the point S, therefore, the left of the uncorrectei I course by the a n ~ l a r  amounts 

inclir.atetl, and vice rcrsa in the Southern fiemisphere. 

1 If the nuchine were left entirely nncontrolled that Is not rertified 3s to course still 
m i m i n g  F=O, we hsve tlie cme of the craft in bontinuhis flight at  iinifur? re1;c'itg. 
hut acted on so!ely hg the deflectlve influence of the earth's rotation. Mekmg8=1SJo 
in (5)  and reducing time to hours, T, we get, 

which Is the time re uired for any freely-movlng body to execute a romplrtc gyrdtirm. 
which will he nesrly(lut not quite a closed rircle. 

The general equntlon for the motion of tinil mass (1 gram) of a body moving in any of 
the rurved p t h 3  in figure 1 is 

~ = F f / = F & 2 r w  sin ~p (3) 

Phis for r' ht hnnd turns in the Northern Iremisphere, minus for left-linnd tiirns. 
solving'&) ior we get 

From (a) we may also get, with (4) 

c== JFr+(rw sin Ipj**rw sin p 

in which 2 B is the arc traversed in tlme 2 seconds. For fk 1 . 9  and L=GO seconds, 

( - + ) = 1 o s l 0 . ~ 2 n ,  or i.811 

:. F-(6.Sllf) for righbhand motion and (5.Sllf) 

These differences of force F nt.same velocity and hdi i  of turn are psible  only when 
for left-hand turns of same radius and same veloeitv. 

associated with different expenditures of power. See also pp. RS-89. 

UNITED STATES STILL HOLDS AIRPLANE ALTITUDE 
RECORD. 

[Reprinted frum .4viation, l'jew York, Mar. 15, 1918, Vol. 6, No. 4, p. 234.1 

America still holds the world's a,irplane altitude record 
with ?S,soO feet, set Septeniber 1s last b Maj. E. W. 
Schroeder, A. S., a t  Wilbur Wright Field, gayton, Ohio. 

Since January 2 it had been believed that Ca t. Lang 

feet in reaching a height of 30,500 feet in En land. On 
March 11, however, it cable me..sage from t % e London 

I iic to tlie autliori'ties of tlie Aeronautical Exposition 

Lang's instruments had fised his altitude a t  27,000 feet, 
leaving a clear margin in Maj. Schroeder's favor. The 
hnierican made his climb in an American-built Bristol 
airplane, equipped with a 300-horsepower Hispano- 
Suiza engine. 

of tlie Royal Bir Force hac1 topped this climb !I y 1,600 

in Gr'tl b adison Square Garden said that a rereading of Capt. 


