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By IV 0s Le Prieur . 

COmITander 1 e Pri eur, whose fli gh t experiences in a low-

speed seaplane we related in our number of Sept e~ber 27, 1 924 , 

invented, four years a go, an instrument destined to render very 

great service to aviators, na;·tlely, the Ifnavi graph, " designed to 

correct errors of orientation due to t ile effect of the winds 

dur:ng flight . Command er Lo Pri eur accompanied the Goys expedi

tion to Gao in order to test his navi graph on a long journey and 

over regions devoid of points of reference. On the return of 

the participants in t hi s expedi tion, we requested Mr . Le Pri eur 

to explain, for our readers, the principle of his instrument, 

whose efficacy was der.1.onstrated on the long monoto nous voyage 

over the Sahara . 

The Edi tor . 

. 
Colonel Goysl expedition had, among its objects, that of 

t est ing aer ial navigation r.1.ethods on a long journey . It was un-

der t his head that I obtained t he installation, on the "Roland 

Garros" and t he "Jean Casale," of a small inst rument , t he "navi-

graph," wh i ch I invented four years a go with the idea of prevent-

ing the repetition of sucn a ccidents as t he tragic loss, in the 

Sahara, of Colo nel Leboeuf and his pilot, Lieutenant Chatenay, 
*From "LI Illustration ," April 4, 1925 , pp . 317- 319 . 
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and of General Laperrine, still fresh in all our memories. 

I wi shed to i:'"JprO-l6 the opportuni ty to subj ect my navigraph 

to the severest test in t!a7ersing a desert where landmarks are 

rare and sometimes la-:. l~lng al together for more than 400 km (249 

miles) . 

I t was under such conditions that I departed from Buc on 

J anuary 18 , 1925, delighted to participate i n such an attractive 

voyage, wi th a crew consisting of such men as Co lonels Go ys and 

Vuillernn and Captains Pelleti er Doisy and Dagneaux . 

The reader should f i rst Y~Ow something about the special dif

ficulties to be overcome by the navigato r durlng the voyage. I f 

the r e were no wind , the p i lots coul d trust to their compasses 

alone ; but the errors due to the later al force of the wind, if ig

nored or poorly calculated , could attai n a hundred kilometers 

(over 60 miles) in a few hour s flight . Anyone can judge of the 

effect of the wind , who has seen an airpl ane or airship f l ying 

II crab fashion" and can understand why the axis of the aircraft 

does not necessarily indicate the direction of flight. 

Let us briefly consider this problem (Fig . 1). When an air

plane, starting from the point A, steers i n the direction AX, 

a lateral -:lind will cause it to deviate from this course AX. 

A t the end of the time i t woul d have taken, in still air, to ar

rive at B, it finds itself at C, having followed the route 

AZ. I f we assune that the airplane requires just an hour to fly 

.,. from A to B, in still air, the vector A B, in the triangle 

ABC, represents the hourly speed of the airplane in km/hr. with 
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reference to the air; t h e vector BO will represent t he direction 

of the wind and its velo ci ty in ki:1/hr.; and t he vecto r AO wi 11 

rep resent t he resultant path actually traversed in one hour with 

reference to the g round and also t ne resultant hourly speed . . The 

angle BAC is the drift or course error due to the wind . 

T~e same airplane s tarti ng from a point A' s ituated at the 

same distance AB froEl B and steeri ng in the direction A ' B, 

would find itself, uncler the influence of the same wind, likewise 

at C, having followed t he route AC . In the triangle A'BC 

the airspeed (sp c; ed of airplane with reference to the ai r) and the 

magni tude 2.nd direetion of the vlind hi.lve r emainecl the same. Only 

the ground-speed (speed of a i r p l ane wi t :i1 ref erence to the ground) 

and the drift have changed . 

An a irp l ane starti ng from any point on t h e c ircur:1i'ercnce !A' 

wi th a radius AB and steering toward B would fo llow a route 

passing ti1l'ough C. We can t :ms f ind. a point A" such that the 

d irec t ion AHc is t~1e direction to bc steered by the airplane 

in ord er to arrive a t its des ti nation O. 

The navi graph r ender s it po ssi b l e to r eproduce, on a small 

scale, the triangle wi t~ the three vectors A3 , AO and BO . It 

afford s the r.l eans for fo llo wing the most d irect route between 

any two points , I'fhatever c~1anges may occur in the d irection and 

velocity of t h e wind and ~~thout it s bei~g necessary to ident ify 

the regions fl own over . I t renders it possible to fly from one 

point to another by the short est route, without previ ousl y be i ng 
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acquainted wi th the region to be flown over . 

I t consists essentially of a small telescope connected with 

a pencil by a hinged parallelogram, whi ch keeps them parallel 

(Fig . 4) . The motions of the p encil and , consequently, of the 

telescope, are recorded on a strip of paper. Another piece of 

paper (this one circular) mounted on a graduated drum, serves 

for the graphic resolution of the triangle of velocities. 

Any point that is s i ghted on the ground through the tele

scope is indicated by the pencil on the paper strip (Fig. 5). 

If the telescope follows this point in its apparent motion under 

the airplane, the pencil traces a line whose general direction 

is that followed by the airplane with reference to the ground 

and which consequently gives the angle of drift. This direction 

is recorded by the operator by drawing a line along the hinged 

ruler on the paper circle . This line is termed the "drift line. 1I 

If the compass course of the airplane is then slightly changed 

and if the operator repea ts the same operations by following a 

new point on the ground, he wil l obtain a second drift line. 

The paper circle having, during tne change in the course, been 

turned by an angle equal to that through which the airplane has 

turned , the two lines intersect at a point 0 . The vector BO, 

which represents the wind. in magnitude ana.. direction, furnishes 

the key to the problem. A simple motion, in fact, enables the 

navigator to find) i mmediately and without calculation, the cor

rected course according to the vnnd. This course, followed by 
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the compass> if/ill keep the airplane in the precise direction of 

the goal. 

This course remains correct only so long as the wind does 

not change . The wind generally does change, however, as shown, 

for example, by the accompanying graph of the winds encountered 

on the Paris-Gao voyage (Fig . 2) . During the entire flight the 

navigator must, therefore, attentively watch for the slightest 

'Change in the wind . Hence he frequently puts his eye to the tel

escope of the navigraph, in order to d iscover the sli ghtest 

change in the angle of drift . 

In this connection, it is surprising to note, on the graph 

of the stage from Tessalit to Gao, that if the navigator had been 

content to follow the course as corrected on starting, the air

p lane would have been, .at the end of the 450 km ( 280 miles) stage, 

82 km ( 51 miles) off its course, instead of only 4 km (2.5 miles) 

due to frequent use of the navigraph . 

On both the !tRoland Garros" and the tlJean Casale," the in

struments comprised : 

3); 

A Vion compass (V) mounted in the axis of the airpl ane (Fig. 

A route compass (R) mounted in front of the pilot; 

A 1e Prieur navi graph (N); 

A table (T), convenient for navigation maps. 

The airplanes were particularly wel l adapted for the instal

lation of t h e instruments, due to t~1e comfortable and commodious 

room reserved for the navi gation service in t il e front 'end. of t he 

cockpit. 
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Th e ground was easily observed through glass windows. The 

navi gr aph was mounted on a horizontal shelf between the windo'.vs 

and the cockpit . A su itable opening in this shelf rendered it 

possible to make vertical ob servat ions through the telescopO. 

From t he nav i gation viewpoint, the route to be covered con

sisted of: stages where t he course could be followed on the 

ground fro m de t ai ls given on the map ; one stage of 200 km (124 

miles) over the s ea; stag es over t he Sahara without possibility 

of i d entifi cation . Tho s ta~es of t he f irst class were: Buc

Avoru-Perpi gnan-Alcazares; Oran-Colo mb Bechar-Beni Abbes; 

Ouallen-Tessalit . For these stages the mcthod of navigation com

b ined the usc of the nav i graph vtith the identification of the 

points flown ov er . 

Th e navigraph enabled me to know at all times the direction 

and veloci ty of the wind and to dedu ce from them our speed wi th 

reference to the ground , t h e la t ter bei ng naturally dispensed 

with during hours o f f li ght over known l andmar ks . 

Thi s knowl edge of the prevailing vli nd and of the corrected 

cou r s e constituted a 8Uar anty for cases where all landmarks were 

temporarily obscured by cloud s or f og . 

Cro ssi ng t h e 8rliterran.ean.- This stage of 200 km (124 

miles) was flown entirely by navi graph. We cho s e t he 10xodromic 

course of 185
0

, corrected t o 1800 by reason of a known east wi nd 

of 1 5 km (9 . 3 mi . ) per hour at the s tart and of 10 km (6. 2 mi.) 

at the fini sh . Thi s cou r s e brought the airplane to within 2 km 
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(1 . 24 mi . ) of the goal, . an error of only 1%. 

Stages above the Sahara.- These stages, t h e most difficult 

from the navigation viewpoint, were as follows: 

Beni Abb es-Adrar . - Di stance 320 km (about 200 mi.); lo xo

dromic course by compass, 1560 (Fi g . 6). It v~s decided, during 

this stage, to follow the direct course by leaving the customary 

trail on the left and at about 30 km (18 . 6 mi.) . During thi s 

s tage we encountered f ou r different winds: 

At 7 . 45 a. m. , a wind of 1200 at 10 km ( 6.2 mi . ) per hr. 

If 8 . 25 If II II 11 1200 
II 25 II ( 15 . 5 mi.) II II 

II 8.55 II II II 
II 600 

II 25 II (15 . 5 mi.) II II 

II 9 . 40 II If II 
II 1000 

II 45 II ( 28mi. ) II II 

At 8 . 50 , on the order of the chief of the expedition, we made a 

20
0 

change of course, in order to approach the trail (due to un

easiness about the running of the en gine) . 

At 9 . 20 , without ground observation, we resumed the estimated 

a nd corrected direct course toward Adrar and landed ~t 10 . 05 with 

an error of less th an 1 km (0 . 6 mi . ) . Had we followed the direct 

course by compass wi thout wind corrections, the error would have 

been 65 km ( 40 mi . ) to the right . If we had simply corrected 

for the known wind ,- t the s tart a CQse where we would have been 

supposed to :l1ake an aerological sounding), this error would hav e 

been 42 km ( 26 mi . ) to the right . 

Tessalit-Niger (Gao) .- Distance, 450 bn (280 mi.) without 

landmarks; loxodromic course by cor~ass , 2070 (Fi g . 7). This 
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course was adopted so as to reach a pr eci s e point on the Niger 

half-way between Bourem and Gao, The winds encountered on the 

rou te were: 

At 7.09 a . m. ) a wind of 900 at 35 km (22 mi . ) per hr . ; 

II 7 . 30 II 11 II II 2150 II 1 5 II (9 . 3 mi. ) II II 

II 8 . 10 II :-10 ~<]"ind; 

II 9.15 II a wind of 2100 at 20 km ( 12 . 4 mi. ) per hr ~ 

We fol l owed a rectilinear route anc_ came within 4 km (2 . 5 mi. ) 

of the desired point, an error of only 1% or 0 . 5°, Had we fol

lowed the direct course by compass, without wind correction, the 

error VJould have been 13 km (8 mi.) to the ri ght . I f we had 

simply corrected for the knovm wind a t the start, the error would 

hav e bee n 82 km (51 mi .) to the left. 

In short, this trip of 4200 km (2610 mi . ) enabled me to dem

onstrate that large ai r planes , like t h e 4-engine Bleriots, are 

really adapted for long trips and that, in part i cular, their 

navigation cabins leav e nothing to be desired . The navi graph 

always gave me the wind very exactly a.nd the navigation errors 

neve r exceeded 1 km in 100 km flown . The navi graph must there

fore be included among t he meteorological sounding instruments, 

since it determines the wind at the precise time and place 

where the course of the airplane needs to be corrected . Sound

ings wit~ a pi lot balloon or t heodolite gives t he wind at only 

one point and t hen \rith a delay t hat renders its value doubtful . 

It requires , i n order to b e of much value, a very extensive or-
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ganization in materiel and per sonnel . 

Accessibi lity of Engines During Fli ght . 

I cannot refra in from thinking of how much t hese great ships 

o f the air would be i mproved by rende~ing their engines easily 

accessible during flight . I t i s impossible to guarantee the un

interrupted functioning of an en~ine, howev er good it may be, if 

it remains inaccessible durinf; fli ght . I f we are to mal~e lo ng 

non- s top fl i gh ts (which is the tru e reason for the existence of 

aVi ation) , it will be necessary to rel y absolute l y on the con

tinuous funct io ning of the engi nes . I n the very great majo rity 

of cases , engine stalli ng is due to so me trivial cause, like the 

br eaking of a fuel pipe , the encrusting of a spark-plug or the 

burni ng of a ma~1eto . With easy access to the engine, any me

chani c could repair such troubles i n a few minutes and start the 

engine a gain . Due to the presence of other engines, such a brief 

ar rest of one engi ne would not prevent the airplane from continu+ .· 

ing to fly without loss of a lti tude 7 as I witnessed for ten min

utes on the departure from Adrar of the a irplane piloted by Col

onel Vuillemin. The great p roblem (and I venture to say the 

chief one), for the French air servi ce to sol ve as qu i ckly as pos

s i ble , is to create an a irpl ane of the type now i n use, but with 

easy access i b ility t o t h e engines during f li ght . Suefl..:'ap . ~i_:;-

plane is technically po ssibl e and several of our foremost con

structors have contemplated building one . They have hesitated , 

ho wever, on account of the great expense it would entail . 

l 
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Such an airplane would mean the real success of aviat ion, 

by making the engines capable of guaranteeing long non-stop 

flights, such as from Paris to Al giers, Paris to Buenos Aires by 

Dakar and Pernambuco, and Paris to New York. The successful 

crossing of the Atlantic by Alcock in 1919, on a single-engine 

airplane was a bold undertaking, but of no use for aviation in 

the long run. 

It would seem foolhardy at the p resent time to attempt to 

cross the Atlantic, even with our mUlti-engine airplanes which, 

sooner or later, would be compelled by engine trouble to descend 

to the water and to almost certain disaster, and still more fool-

hardy with only one engine , however excellent it might be. 

On the cont rary, multi-engine airplanes provided vath navi-

gation cabins and cabins for the engines, vall have no reason to 

envy the giant airships . They will be the acme of safety in avi-

ation and the real "ma sters of the air. 1I 

The French air service has the opportunity to take the step 

which I almost venture to call decisive . Let us not allow this 

opportunity to escape . 

Transla tiOIl by Dwi ght ~i1 ' Miner, 
National Advisory Committee 
f or Aeronautics . 
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