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PREFACE 

The Civil Air Regulatiorr>establlshing the Transport Category nere 
adopted by the Civil Aeronautics Authority May 28, 1940 as Amendment 
Number 56 thereto, to become effective July 1, 1940. Although these 
regulatxons have been the subject of a considerable revision which became 
effective July 1, 1942, they have fmm the beglrunng contalned a set cf 
operdting rules applicable to any transport category warplane when wed 
in scheduled operation carrying passengers. Due primarily to the outbreak 
of the war, the application of these operating rules with a single 
exception xr?olvlng the operation of a flying boat over orator, has been 
postponed nth the result that almost no experience mlth their appllcatlon 
has been obtamned. Because of this, and Fn anticlpatlon of the general 
application of these rules in the foreseeable future, a study has been 
undertaken to determine the nature of the problems involved in that 
appllcatlon. The results of the study are presented in this report. The 
report is addressed primarily to the hgineering Staff of Air Carrier 
Operators as an outline of methods which may be employed by them for the 
purpose of deterrmnlng the status of their operation UI respect of 
compliance with the operating rules. 

Any questions relating to the contents of G-us report should be 
addressed to Fkght Engmeering and Factory Inspection tivislon, however, 
any qwstlon relating to the actual operating on a schedule route or 
interpretation of the operating rules should be referred to the appropriate 
representatives of AU Carrier Division. 

The study has been aided by many helpful suggestions offered by the 
personnel of that Division. Vith assistance from 7allace M. Frsi, Lyle C. 
Bjorn, and Carolyne S. Fyle, the report has bean prepared by Omer Telling, 
Chief, Flight Analysis Section. 

Approved By: 

hctory Inspection Division 
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INTRCDlJCTION 

The transport category opsratlng rules are defined by CAR 6l.?l2 and 
muooeedlng sections of the Civil Air Regulations. The purpose of these 
rules ia to provide an approximately uniform level of safety throughout 
tb o~rationa governed by them. The Regulationg attempt to accomplish 

i #ir & epecllying certain minimum rates of climb which must exist at any 
altitude at which the operation is undertaken and a relation between the 
dimoneions of the flight path, when these are determined under certain 
specified conditions, and the dimensions of the route. For the purposes of 
this report the two perbaps most important characteristics of these ruler 
am tbc followingr 

1. The impact of all of the rules upon the actual operation is to 
impose a series of limitations upon the take-off weight. That is; 
with the sole exception that upon arrival at an Intended destination 
and, dru, to the direction and velocity of the wind, it being foound 
Impossible to land, the airplane must proceed to an alternate, which 
has been designated in the flight plan; compliance with all of tlm 
operating rules must bs considered before the airplane takes off. 
It is beUeved that a study of the text of CAR 61.712 will explain 
why this is true. 

2. 

b. 

Insofar as analysis of a route to bs floun is concerned, the unit 
of operation which must be considered, is a trip. This is actually 
a corollary of the characteristic identified Immediately above pnd 
is due to just the necessity to consider all of the operating 
limitations prior to take+ff. It uill be seen in the succeeding 
portions of this report that there will be for any airport of take- 
off a mazdmwn take+off weight which cannot be exceeded. For pay 
actual trip, however, the maximum permissible take-off weight may 
be lower than this because the enroute limitations or the land- 
limitations may dictate a lwrer take-off weight for that puticular 
trip. 

process of applying the operatins rules to a given route and .-. . . .- ..~ . requres assemung certam Daslc inrormatloh concerning the route, 
ita airports, the airplane, and the weather; conducting Bn analysis of this 
inlomstlon for the purpose of daterauning the mazdmum take-off weight 
pamitted by the rules for each airport of take-off and for each trip 
dimpatched from that airport; and finally the establishing of certain 
diepatching rules tich will set these maximum permissible take-off weights 
ti fhs conditions determining them. 

It is the purpose of this report, by means of discussion and an 
oxmaple of their apphcation to an actual airplane which has been the subject 
OS a great deal of operating experience, and to a routs over which this 
airplane has been flown in scheduled operation, to illustrate so far as 
posrible by this means the folloulng concerning the transport category 
operating rules: 

1. The nature of the rules themselves. 

2. The type, extent, and possible source of the basic information 
which Is required in order that they be applied. 



3. The various problems involved in and the process by means of 
which this information is applied tc an 8rla1ySiS Of a route, its 
airports, and the airplane to be operated over it to determine 
the conditions under which the operation must take place. 

4. Possible forms in-which to present the analysis identified above 
for the purpose of Showing the proposed operation to be in 
conpllance with these operating rulss. 

5. The nature and extent of the information required for the process 
of dispatching under these rules. 

6. The possible gain in the weight of the airplane which is permitted 
under these rules rasultiry; from toking advantage of certain 
refinements tiich the rules themselves permit. The principal om 
of these so permitted is au allowance that 50% of any head wind 
component may be considered in deterrmning the maximum ta!ce+ff 
weight upon 8 runway of given length. 

For the pmoses of this report the route from Chicago, Illinoie 
to Salt I&e City, Utah has been selected, primarily because it 
oontains terrain and airports of altitudes such as very nearly to 
cover the extreme ranges of altitude to be encountered any-where 
dthin the continental limits of the United States. The route 
selected foll6ws the cavil airways between the points designeted 
ard is the most direct such route. It eill bs noted that this is 
a route over which scheduled operation has been maintained for 8 
number of years and over which the airplane, which has also been 
selected for tne pur?oSes of this report (see below) has been 
.rsgularly operated. 

The Do&s DC-3 SlC3G airplane has been selected not only because 
it is the airplane actually operated over the route selected, but 
a&10 because the necessary airplane informationie available (see 
reference a). It is desired to point out that tiiis airplane has 
not been designea to comply mth the transport category- require- 
mnts, is not rhpressnt operated under the transport category 
operating rules, and is not now authorized to operate at 30me of 
the weights dealt with in this report. It happens, however, that 
the application of the performance requirements of the category, 
which are the only such requirements involved in the problem dealt 
dth in this report, permits the operation of the airplane at 
weights very olosely approximating those at which its scheduled 
operation has been authorized. The fact, therefore, that it ie not 
8 transport Category airplane in no way detracts fron its usefulness 
for the purposes of the report. 

As used in this rewrt, the word "tripe refers to an individual 
flight from a station tc the first intended destination or, if no 
landino is made there, to on3 of the alternates. It does not 
refer to a through flight involving intermeaiate stops. In other 
words a through flight involving intermediate stops is composed of 
a number of *tripan one greater than the number of intermediate 
stops. 
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BASIC INFOFW'IIO#R!X!UI~ 

This section of the report identifies and discusses the necessary 
basic infarmtlon concernmg the route, its airports, the airplane, and the 
weather to which reference has been tie above. 

The basic information concerning the route which is required for this 
purpose is essentidlly the topo&Taphy of the terrain included within the 
limits of the civil airway which the route follows. The amway 1s by 
definition ten miles wide and ordinarily consists of a series of straight 
courses joined at abrupt so&es occurrmg at radio range stations or at 
the intersection of two legs of the radio range emanating from two different 
stations. The most convement source mhlch has been found for this 
infox%aticn is the Sectional Aeronautical Charts published by the IJolted 
States Coast and Geodetic Survey, Department of Comerce, which are for sale 
at a price of 25t per chart. 

As has been stated under INTRODUCTION, the route selected for this study 
is that extending along green civil amay number 3 from Chicago, Illinois 
to the Fort Bridger, Wyoming radio range station about 70.rmles west of Rock 
Springs, morning, and thence along red airway number 1 to Salt Lake City, 
Utah. The terrain traversed by this route appears in the following Sectional 
Aeronautical Charts: 

U-3. . . . . . . Salt Lake City 

c-4. . . . . . . Cheyenne 

IF5. . . . . . . Lincoln 

u-6. . . . . . Des Koines 

tk7. , . . . . . Chxago 

The most convenient form in which to present the information for these 
purposes appears to be a composite profile along the center line of the 
airway showing, for any pornt along the center line, the altitude of the 
highest point of terrain at any point mthin the midth of the assay. This 
may be done by measuring along the airway on the Aeronautical Charts the 
distance from some arbitrarily chosen station to the intersection of 
successive contours zn.th the center line or boundary of the airway and 
plotting these points to a suitable scale of distance and elevation. This 
has been done for the route considered in this report and appears in Figure 1. 
During this process no situation was encountered at any point along the route 
which permits advantage to be taken of the provision contained in CAR 61.7125 
that a comparatively isolated region of comparatively high terrain extending 
for not more than twenty rmles along the airway may bs ormtted from 
consideration within the airway if rt extend into the airway less than fxve 
miles. In view of the fact that the terrain covered by this route involves 
some of the most rugged to be found anywhere within the United States, it is 
suggested that this provision may be found usable in only a few isolated cases, 
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AIRPGRT 

The raqured L~SIC anformation concerning an airport is perhaps best 
illustrated by neans of Figure 2 which presents this information for the 
airport at Cheyenne, p;Yono.ng. It may be noted that this Figure is actually 
a composite chart u-wohmg five separate but related disgrams. These will 
be discussed in order. 

This dlegram is merely a plan (to scale) of the rumrays. Its basic 
purpose IS to indicate their length and their angular relation one to 
the other. It may also be used to indicate the outline of the lending 
approach areas, where these exist or are of significance, as well es to 
indicate the course of anv take-off flight uath which. in order to avoid 
obstacles, departs from &e runway center line extended. The 
the airport, which is also necessary, is stated in this plan. 
convenient source for this information which we have found is 
instrument approach clurts also prepared and published by the 
States Coast and Geodetic Survey. 

t. Profiles along center line of runways. 

altitude of 
The most 

the 
United 

The purpose of this diagram is basically, to indicate the effective 
landing length as defined by CAR 61.7lti, as well as to provide a 
composite profile which may bs compared with the take-off flight path 
for the eirplans at various weights in order te determine the maximum 
weight permitted by the take-off requirements of CAR 61.7122. The 
principal source of this information has also teen the instrument 
approach charts, mentioned above supplemented bJ the quadrangle sheets 
published by the Geological Survey, Department of Interior, covering 
the srea In the neighborhood of the airport. 

c. Wind velocity producing unit cross comuonent on all runway 9. 

This is a working diagram the purpose of which will appear hereafter. 
It is merely a diagram in&cating for each of the runways the wind 
velocity which, when blowing from a given trus compass direction, will 
produce a urut cross component on that ~nrrsy. Mathematically it is a 
plot cosecantd vs.& where dr is the angle between ths wind direction 
and the center line of the r-y. 

d. Axial comuonent on all ~.UPWS produced bu unit wind velocity. 

This is also s working diagram and is simply e plot of cosine 
dvs,& . 

e. &al comuonent on each of other runways produced by a wind creating 
unit cross component on the main runwey. 

The basic purpose of this dxagram is to indicate the.tial component 
upon each of the other runways when the mind Is in such direction and of 
such velocity as to make operation upon the otherwise most suitable 
(usually longest or instrument approach) runway impossible. The diagram 



has been prepared by multlplylng, Sor each value of mnd mu-ect~ala, 
the value read from diqrdm c. above @ the value read from diagram d, 
for each of the other runways, at the s~,e mrmd duectun, 1% may be 
noted that this diagram as well as c. and d. above are all based upon 
a ant cross compcment of mnd velocity. 

They are also based upon the tacit assumption that fl%ght 
operatuxm will take place upon the most suitable runway cf any airport 
used so 10% as mnd conhtions do not make thhrs rmposs~n~i> Thu 
predicates a critxal cross wind component for any axplane to be 
operated III the axport. Since, however, this 'basic ~rircrmat;on is 
equally useful no matter mhat airplane may be consldercd, and the 
critical cross wxnd component msy differ from alrplane 'co airplane, U-I 
order to make It equally applicable to a~- airplane It is necessary 
that it be based upon uut values. 

It is believed that this airport diagram contains all of ths basic 
information concermw an airport which is requxred. It may be x&d that 
any appreciable grade in the rumzay surface may be represented upon this 
diagram in the profiles. InformAxon such as 1s contauxd lo the dxagrar 
must be assembled for each am-port, whether scheduled destinaixon or 
possible alternate, whxh tie operator desues authorization tc use. 

The required basic informatlon concerning the airplane 16 iho magmtude 
of certain items of performance whxh are identlflsd and discussed hereunder. 
Normally, most or all of this performance uformatlon will be contained m 
the airplane operating manual required by CAR 04.755-T to be furmshed with 
the airplane or may be derived therefrom. The source of the information 
contained in this report has been reference (a). The items of performance 
involved are0 

1. The m-mum take-off weight permitted by the regulations for the 
altitude of take4ff. This idormation appears in F%gurre 3 herein 
as a plot of take-off we&t versus atltltude and has bsen taken 
directly from Figure 5 of reference (a). It shouid ba noted that 
this maxmum take-off weight is independent of thy dimensions of 
the airport. 

2. The accelerate-stop distance at various we@t and altitudes. 
This appears in Fxgure 4 as a plot of the &stance against mielght 
at various altitudes and has been taken du-ectly r"rom FIgore l-4 cf 
reference (a). 

3. The take-cff flight path at various weights and altitudes. Th?~s 
appears in Figure 5 as a group of flight paths one for each of a 
series of airplane weights at each of a series of altitudes from 
sea level to 7,000 feet. This figure has baen prepared fpom the 
data of Table III of reference (a) and while It is eonven3.ent for 
the purpose of illustrating the general nature of tne varlatlon of 
the take-cff flight path, It is not especially convenient for the 
purposes of the necessary fnterpolatlon between tis arbltrarlly 
selected increments of weight and altitude which have been ased in 
its preparation. It is also not convenient xf the effect of mnd, 
which is permitted by the operating rules, is to bs conszdered 



because the nature of the effect of wind upon the &stanoe 
traversed during each of the elements of flight path is not 
identical from element to element.. For this reason, the SW 
information IS also presented in Figure 6 as s series of diagrams, 
one for each elsment in the take-off flight path, which shows the 
distance traversed during and, if any, the height attained by the 
airplane at the end of the element. 

The effect of mnd upon these dimensions is confined to the 
horizontal distance traversed and may be obtained by multiplying 
each of these distances by ar appropriate factor involving the 
velocity of the axial component of the nxnd. 
ground run shown in Figure 6a, this factor is 1 i” ~$jY8;fw~~ 

‘W is the actual axial wind velocity component, consideration of 
the effect of half of which is permitted by the regulations, and V 
is the airplane true airspeed. Since the airplane airspeed remains 
a constant lndlcated airspeed for al lane weights up to 27,000 
pounds equal to 96.8 MPH V = 96.8 x o/c . For greater weights, 
V - 96.e [co/Q ‘- w . 

F 

4 27,000 

For each of the other elements of the take-off flight path the 
factor is simply (’ - 2.1 

I+. The maximum one engine inoperative operating altitude. This appears 
m figure 7 and 1s a plot of the altitude at which the rate of climb 
with the enroute configuration of the airplane is .01 x V, . This 
information has been taken direotly from Eigure 4 of 0 

reference (a). 

5. The me&mum landing weqht permitted at the altitude of lending. 
Tins appears in Figure 8 as a plot of maximum landing weight against 
altitude and has been t&en from h,ue 6 of reference (a). This is 
also independent of the dimensions of the alrport of landing. 

6. The landing distance at various weights and altitudes. This appears 
in Figure 9 as a nomokrsph of landing dis+dnce vs. weight at various 
altitudes and mnd velocities. It has been derived from Xgure 7 of 
reference (a). The mnd velocities of the nomograph are the actual 
velocities of the axial component of the actual wind and the 
reductions in landing distance jndicated are those due to 50% of 
this axial velocity in accordance with tho terms *of CAR 6l..712f(b). 
Also, no wind velocity sradient with height has been considered. 
The nomograph may be entered w-~th an airplane reight, altitude, etc., 
to obtain a corresponding landing distance or it may be entered nith 
60% or 70% of an effective landink length, an altitude of landing, 
and a mnd velocity to obtain the maximum permissible landing weight 
on that runway, landing I” that direction, 

7. The crtnsmg performance of the airplane. This is necessary In order 
to estimate the amount of fuel consumed and, therefore, the amount 
b] which the werght of the a-plane is reduced upon reaching any . 
poxn along the route to be flown. The most convenient form for 
this information would appear to be a diasram shoting pounds of fuel 
per air rmle as a function of airplane speed. This appears in 
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8. 

!mATHTFi 

F1gur6 10 for the airplane considered in this report and has been 
prepared from unpublished test data it1 our files. 

The critical cross mnd component beyond whxh tie-off or landing 
operatxn~ become impossible or xnadvlsable. Reference EIS been 
mam GO khls m the discussxon of the axport Information above. 
To the bsst of our knonledga such a critical gross mnd component 
has never been established for the airplane considered in this 
i-eFOi-t a It has been variously estimated from 10 to 20 KPH and is 
assmed in thus report to be 15 MPH. 

The antimum of the necessary xxformatlon concerrung the weather anpars 
to be a forecast of weather conditions, including wxnds aloft, over the route 
to be flown valid for the period of time to be occupxad by the flight under 
consideration. This IS now normally a necessary part of the information 'Nhlch 
must be avaIlable before a trip is dxspatched. The signzficance of the 
forecast in respect of the subject of this study IS that it detsrmlnes whether 
or not alternate destlnatvons must be considered m dispatching the flight 
and lf soa whether one or more. Since the landing weight requirements must be 
met at the Intended destination and also at any alternate designated m the 
flight plan, this may affect the maxlm~ weight which msy be taken off for the 
trip. The forecast also lndlcates the probable ground speed for a glen 
cr~sing alsspeed and thus the txae reqlursd to reach any point along the 
route and, therefore, the amount by which the take-off weight KJ.S have been 
reduced upon arrival at such point. 

Althongh not absolutely necessary, certain climatolog~cal data, in 
particular the mnd rose, may be desirable, psztvcularly if It be desired to 
allo,w for the effect of wind upon the sx&anm weightuhlch may be taken off 
from a partxular runway due to Its dimensv~ns. Also, although not now 
permitted to be considered by the regulations, it appears possible that in 
the future there may be need for the establishment of mean temperatures at 
each of the airports for cerf3in seasonal periods. 

-7- 
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The analysis, evolving the above basic lnforniation, ahxh is required 
in the process of applying the operatlng rules to a route has for its 
purpose the establishment of the maximum weight permitted by the rules at 
whch the au-plane nay be dlsgatcned from a gave* station on a e,lv=n trip. 
Aside from the performance of the airplane winch IS, of course, cormnon to 
all routes and all trlpq on .vhlch ths ax-plans 1s flown, the elements tiich 
deternine this maxmum weight are essentially characterlstlcs of the route 
to te flown. Tne reralnder of this sectlon cf the report, therefore, 
discusses thm analysis required by consideration of each of these route 
characterlstlcs. 

ALTITIJDE 3F TA.X!+cjFF 

The marlmum take-off welEht -rhrch 1s permitted at the altitude of the 
take-off airport ma> be read directly from Figure 3 and, of course, remins 
the same for any trip dispatched from that airport. 

. . 

DIM-WIONS OF TAKE-OFF RCWAY 

The regulations require a compar~on between the dimensions of the take- 
off runway and those of two posslbl e take-off flight paths, each based upon F 
the assumption of en&a failure during the take-off. These are separately d 
consldered hereunder. ' 

a. Accelerate-stop distance. 

This distance may be read from Figure 4 of ttns report, and the 3 
regulations require that the actual lcnbth of the take-off runway 
equal or exceed this distance. In the event that it bP desired to 
consider the effect of vend upon the maximum weight permitted by 
the dmenslons of the take-off rurmmy, these dlstancms may be 
corrected for the effect of an anal component of ~Lnd along the 

multiplying the values read from &Sure 4 by the factor 
S5 where Vy is the actualveloclty of the axial component 

r 

/’ 

and V 1s the velocity of the airplane, namely, 96.8 xifb/e MPH for 
up to 27,000 pounds and, above that weight, 

-(27.000 
b. Take-off flwht-path. 

The dxsenslons of the take-off flight path are containsd in Figure 5 
and those of the various elements in the fli$t path in Figure 6. 
The regulations reqmre that the airplane, folloming this flight path, 
must have attaIned a helbht above the surface of the take-off runway 
of at least fifty feet before or at the moment of passing the far end 
of the -ay. They also require that, still following this flight 
path, the airplane clear all oostacles to flight elthnr by a vertical 
margin of fifty fppt or a horizontal margin of three hundred feet 
nthout requring an andle of bank in excess of 15' in order to 
provide this horizontal clearance. The effect of ~vlnd upon the 
dmenslons of the flight path has bean dlscussed under %'LSX 
INFORL\TION RE&lJIH?IP above. In crcer to deteraxe the maxmum 
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ad& permitted for take-off, it is nece.ssaFJ to cornpare ti-e 
e'mens~cns of the fl?gnt path at varlcus Trerghts tith a nrof~le 
,:$ each ii the runv,ays such as, for exdmple, those contained in 
F&or8 25, consiaerinb the take-off to be made flrsr in one 
direction, then another. In comparatively slnlple cases such as 
are ~llusrrdted by Figure Zb, lt IS usually possible to plcb by 
mspectlon a single crltlcal point at which the airplane must 
nave a certa.ln helsht. For example, assurmng a take-off made to 
the west in Figure 2b, It 1s necessary that the airplane have 
zttaned a hexght of 60 feet at 6,800 feet from the start of the 
take-off. Referrnng ncv to Figure 5, for an al~tude of 6,000 
fset and a heleht of 80 feet 6,800 feet from the start of the 
take-off, the maxupum weight, by Interpolatlan, 1s 24,OOS ponds. 
At an altitude of 7,000 feet the same process indxates a maxada 
welgnt of 22,900 pounds. The alntude of thzs all-port 1.5 6,1,0 
feet. Linear interpolation vnth altitude between the two m-el;hts 
estacllshed above gives a maximum take-cff weight at the altituds 
of the airport for a take-cff in that particular d~ectacn of 
23,846 pounds. 

This process must be repeated for each directlcncf +&e-off which 
1s to be considered. In other cases, a take-off to +h- southeast 
for example, there may be some uncertainty whether the critical 
nolnt be the fifty feet of he:el&ht which tie az-plane must have 
attained 6,800 feet from the start of the '%ke-off, or the ninety 
feet of he&t 8,300 feet from the start, and It may therefore, be 
necessary to try each of these m order to deterrmne ivhch 1s in 
fact crltical. If It be desired to avoid interpolation over so 
great a range of weight or altitude as 1s requ;red by the 
informatIon contained in Figure 5, a group of flight paths covering 
more closely spaced increrrents of airplane weel,ht and anply~y t,o 
tne precise altitude of the airport under consideration may be 
constructed from the data of Kgurs 6 and the above p-ocess carried 
on with tins diagram instead, or these fllcht paths zay be 
constructed upon transparent paper to the same scala as the alrport 
dis&,ran and superimposed directly upon the appropriate runway 
prof1ls. If it be desired further to consider the effect of mnd 
upon the ma&awn take-off weight pernctted by "Bs llrltatlon, a 
number of groups of take-off flight paths at the altitude of the 
airport, each croup representing a separate value of mnd velocity, 
isay be constructed from the data of figure 6 and the aoove process 
carried out for each value of the tind considered, thus estabhsh- 
ing a relation of the maxunum take-off weignt permitted for a 
take-off In that particular dlrection and the velocity of the vslnd 
whvch Lt 1s desired to consider. 

ALTITUDE OF ENROUTE TEXZAIN 

The regulatlans require that at any point of terran along the route to 
be flown the one engine inoperative operating altitude at '&a weight which 
the airplane is estmatad to have upon reaching that point shall exceed the 
altitude of the terrain by at least 1,000 feet. The maximum one engine 
lnoperatlve operating altitude at aw weight rn~ be ob+alned directly from 
Figure 7. It will ordinarily be possitle, by lnspectlon of the profzle of 
the route to be flown, to select one obviously ctitlcal point of terraIn or 
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S’GEWa~ ~OLSlb$ CZ'ltlCd FOllltS. For example, refsrrlng to Figure 1 and 
zo~ssdens.g a +r~p from Cheyenne, n$-om3ng to Salt Lake City, Utah, the 
firat pos:lbIs critical poFnt is that lying 3.4 miles west of Cheyenne having 
m altjtls& cs 8,500 feet. It is, however, not csrtaln that the two polcts, 
9% iymg 363 miles west 0 f Cheysnns and having an altltuds of 10,2CO feet 
and the othsr 388 miles rest of Cheyenne havms &I altltuds of 10,000 fest, 
may net be critical. In such cass itmll probably be nscsssary to 
rn?-estqaze all three of these points. The maximum wslght tilch the airplane 
may have on reaching these points may be read directly from Figure 7 by 
entsrmt, the diagram at ttfi altitude of the terrain ~nvolvsd plus 1,000 feet 
and rsaczng ths corrssponaing wslght. 

In orr',sr to deternune the maxhum take-cff wslght which this limltatlon 
~~posss, Ft 1s necessary to estimate ths asight of fuel which wall be 
cons-umsd from tlms of take-off to the time of arrival at any one of these 
po?nts to be consldersd. The rats of fuel consumption 1s a function of 
s;ixpeed, auplane weight, and altitude and, for a gxvsn sst of values of 
these, may be rsad dlrsctly from lQure 10. In order to arslve at the 
flsight of fusl consumed It 1s) therefore, necessary to know the altltuds at 
w!zch the fll.,ht 1s to take place, the true airspeed, and an estlmats of 
the w~nc veiocc.ty ccmponent along the Intended route from which ground speed 
may be sstlsated. The efistencs of a 10 MPH heaa tind along the routs ~nll 
Increase the air dlstdncs which must be flown cvsr +he actual grcund 
distance to be travelled by ths ratio of the crulsin,: airspeed to ths 
difference bstvresn the cruismg alrspssd and the wind velocity. From an 
estbata such as this the.wslght of fuel consumed may be determmnsd and when 
added to the maxannm 3veight pvmlttsd at any wlnt of terrain will @vs the 
~~XXTJJXI take-off lgelght v;hch this limxtatlon psrrmts. 

The maximum landing wlght psrmltted bf the regulations at the altitude 
of the landing airport may bs read directly from ngure 8. The maximum 
take-off nslght permxtted by the landing lirmtation rsquarss an estlmats of 
the weight of fuel consumsd in reacting the point of landing whch may bs 
made an the same manner as has been discussed lmmedlately abo-re and tbls 
latter acded to the maxim!nn permissible landing welsht. 

DIENSICNS 3F LAEIIJG RUNWAY 

The rssulations requze that, at the weight which shall exist upon 
arrival at the intended destination of a trip, the landmg distancs shall not 
exceed 60% of the effective landing Ion&h of the runway most suitable for 
landing in still air, and also that, If the lvlnd direction and velocity at 
the tims of aravai are Dsch as to make ths use of that particular runway 
cmnosslble, the landing dlstancs when corrected for 505 of any axial 
component of wind vsloclty upon the runway which It may, thsrefors, be 
necessary tc use, shall not exceed 6C$ o f the effectlvs length of such 
rurmay. 

The resulatlons further rsqmrs that if the first of these two 
condations can bs met at the lntenaed destination but not the second, there 
must be at least one alternate dest-inatlon spsclfisd in the flight plan at 
whach both may bs met, except that the landing &stance must not at the 
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Qeferrxng to figure 2c, for example, ana &svx~n~ 15 3W as the critrcal 
~roes -!nnd component beyond which operation of ths DC-3 dilrpiane 1s aswmed 
tr ba :mpossible, It may he seen that any conblnatlon of axnd velo:~-~~ 
:a~.vxkd bj 15) and duwctlon whxh, when ulotted upon this diazramp 1~5 
ab7ve th- curve therein cor~~sponoxng with ths Qst-Jest runway, but below 
the curve correspondlng mth the ?Jorthest-Southeast run;ray9 permts opsratlolA 
on the Ewthwest-Southeast runway mthout the crItIca ~'0s~ prlnd velocity 
for ma: rumay bang exceeded. Conslaerl% also, the nosslblllty of 
opwazon on tie NorthGouth runway9 the angular headlxs of such vnnds lie 
%WSR; ilb" and 158' or between 296' and 338". Referring no>+ +a F~ure ?a 
IL may hs seen that any v,nnd lylrg 'd&Inn this ran&e of duections .vh;ch 
produces a ut crow component upon tne Gst-!:est runway vnll also produce 
an anal component along the Nortnwest-southeast nxway varying from 2.65 
at PlOo to 1.00 at 15@. That lsg any combination oi xind veloczty and 
au-e~tim makmg It impossible to use the East4est runway for lar,dlng but 
desuaole to use the Northwest-Sc&heast run;vay will produce an exlal 
componeA on this latter runway equa- 1 to at l=?ast 100% of the critical cross 
Rind component or 1002 of 15 E*Th equals 15.0 KPII and the re,zubtlons perrut 
allowlry for the effect of 50$ of this vend velocity upon the land- 
dxtance, 

Extena~ng this type of reasoru.ng to the cvndltlons jzdlcatlng the 
nec?sslt;/ to use the North-South runway, It ~111 oe found that these ,nvolve 
-mnds having duectlon lying between 338' and 47' or 158o and 227' and that 
the ,xxal component along the runway under these canditlons ~1.11 be at least 
90% of 15 MPH or 134 EPH. Vhen allowance IS made for ths effect of half of 
this wind velocity upon the landwig distance, It w.11 be foL,nd tnat the 
'tin&n& wezght which the reg>Jlatlons pernut upon th? Forth-SouYa run~ray has 
been uxxeasod over that establlshsd by the slnplpr andlysx outlxnd above. 

It ma2 be noted that thu sethod of analysu presumes an operztlng 
procedure at such airports such that the declslon to use nns or another 
r-Jay rests solely upon the direction and velocity of the vnnd and upon a 
crltlcal cross component of wind velocity for any dlrplane operated there~. 
It also presm-s the posslbls existence of wind due&Ions and correspndug 
~locitles such as to render the use of the sntlre airport unposslble. FOl- 

example, any combination of wind velocity (dlvlded by the crltxal crosmind 
velocx-cy) and dlrection which whh-n plotted upon Figure 2c lies above any of 
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the three c.u,rves thereon 1s a combination producing cross components on all 
avallable runway-s U-I excess of the ma.x~~~~um peraussible. 

Zltheer of the analyses described above may also be applied to any 
altmmate destination which It has been necessary to consider either because 
of weather conditions or 'he x-AZlity of the azplane to comply fully nlth 
the landing distance lrrmtations discussed herein at the intended destlnstlon; 
and ths maximum take-off weight Ixrmlttsc! by the regulations involx%ng the 
dimsnsions of the landing runways is that resulting from the appropriate 
maximum lantilng weight, deterrmned by these analyses, plus the weight of 
fuel estimatsd to be consumed in flyxna from the point of take-off to the 
desknation. 

Figure 11 is a tabular form which has been designed to serve as a 
convenient sunrnary of the results of a trip analysis. This table does not 
provide for consideration of the effect of wind upon the dimensions Involved 
in the t&e-off, but does provide for the analysis of the effect ofwlnd 
upon the landing distance which has been suggested immedlataly above. This 
is, in part, a refiection of the nature of the regulations themselves, in 
that they require consideration of wxnd in deterrmrmng the landing distance 
limitations upon ths take-off weight, but merely perant Its consideration 
in determining the take-off flight path luutations. 
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ils hns been indicated in the introduction to this report, the basx. 
operation involved in the application of the operating rules to a route> 
onoe the necsssary mformation has bean assembled, 1s to analyze separately 
each tslp which is to become a part of the x&ended opvation. This scctioc 
of the report is devoted to the appllcatlon of the method of analysts 
descrlbad in the hdlately preceding sectlon to several possible trips 
along the route considered and to certain discussion of the results obtamed, 
Trip acalyses involved have been made by means of tifie form illustrated by 
Flg~Jrs NO. 11. 

The selection of the particular trips to become the subJect of t& 
analyses filch follow have been made m order to furnish lrfornatlon c'>A- 
cenurg the follting points2 

In order to In&cats the effect of the operating rules upon ths 
mm weight which may bs take-off at parlous tips alon& a 
through flight, the following trips have been analyzed. 

chlcago to caaha 

b&a to Cheyenne 

Ch~yeme to Salt Lake Zity 

In crdsr to illustrats tie fact that the madmum xelght nhh1ch 
may be carried on a single trip over a glvsn route depends upon 
the dxection along the route in which the trip 1s flown, the 
trip from Salt Lake City tc Cheyenne has been analyzed for 
comparison with the results of the analysis of the trxp from 
Cheyenne to Salt Iake City. 

In order tc indicate the effect, If any, of ths lengths of trip 
upon the maximum weight which may be carried, as well as to 
Indicate the nature of the information nhxh must be supplied to 
the dispatcher at a given statzon for any trip orlgxating at the 
statlon, the follcwlng trips have been analyzed. 

Cheyenne to Iaramie 

Cheyenne to Denver 

Cheyenne to North Platte 

Cheyenne to Rock Sprlxs 

In order t0 investigate the effect of the altitude of the station 
upon the ~~XZUU mlghts wh-ich ;aay be dlspatched for various trip 
lengths the fcllcwwg addltlonal trips have been analyzed2 

Quaha to Des Momes 

tiaha to North Platte 

The trip analyses follow Lmmediately XI the order in whrcn the trips 
have been listed above. 
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location of the gradient along ahe nanby it must b omoluded thpt n3 
generally apFhcable procedure for mrraotion is possitb. 

a. 

b. 

1. 

2. 

3. 

4. 
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6. 

7. 
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10. 
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&port Di~ramj Cbryenar,Wyoaiy 

Taka-Cff :leQht VS. Altitti 
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Take-Off Flight ?8ths 

E3smnta of T&e-Off Fl&ht Path 

the-Yngine Inopratlve Operating Altitd* 

Innding 'Neight vs. kltitrrdr 

Jading Metancs vs. Teight, Altitdr Ua Wbd 
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Trip Analysie FOIPL 
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pd.” ’ - ; T* 1* *+=J.<v : *” e7@$ L”” *L& _ . -^ _ _ bd’; j , ‘_. I z- 
destinatioa*%&pmz%ed&&%.eaEc-to b~~s,~e"-al~te'*des~~~~~s may'*= 
bs taken poor to reachmg the schedrled destination and may, as a 
ccnseqlrence, involve B more direct mute from the point whore the 
decision IS reached to the alte&a@,,,%h&n that via the scheduled 
destination. Such a procedure will involve the consmptian of less fuel 
than will the procedure followed-m this PQort-a* me-cases-%herethe 
conditions surrounding the lan&w are cr,tical, till int3'Cduce an error 
in the t&G-&f;f wefghtY'Pop-thesMMp .%~~etermned-. “This &ml&mppear to 
indicate the desirability of considering, in the trip analysis, possible 
alternative mutes to ar aiternate destiation where these may cr;tlcally 
affect the allowable tdke-off weightfor,the trip. 

;1- I 1 iv _ 1 -^- i I "rlj =. 
4. CAR 61.7l22(c) requires that correction be made to the results obtained 

from the compar~on of the am&e?ons cf~%he~runway of take-off mth 
those of the two alternative take-off flight paths for any appreciable 
gradient of the take-off swfnce. TRe trip analyses oontan-d in ths 
report have not consldered this possibility. They have Instead, assumed 
all t&e-off surf&s%o be perfebtly level; In order to provide some 
indication of the magnitude of the effect of surf&e gradient-upon the 
runway dmensions requmed it is necessary to consider sepsi%tely, tie 
portions of the flight gaths invol~~cg acceleration or deceleration along 
the take-off surface and those lnvolvlng steady climbing flight. In the 
case of the former, a lg gr$e pmducos dn adaltioml azceleration or 
deceleration, actmg do% gr&e,Jof CL32 ft/sec/sec. Since ths 
ncceleratlons or decelerations involved on a level surface are of the 
order 5 to 10 ft/sec/sec., 
decreased by a 1% 2 

the distances mvolved my be mcrsassd or 
tr$ 3 to 6%. In the case of the distances 

traversed during ste -Oliting flight, the effect of grdd9 is 
analogous to requlrmg more or less rate of club smce, for eraaple, . 
zf the fa end of the rhnway & t&e-off 1s 50 feet above the pomt at 
which the airplane leaves the ground It must, m the mtervenmg d~stacce, 
climb 100 feet in order to have attained a hslght of 50 feet above the 
tab-off surface instead o< $mbmg only jQ feet cn d level surface. 
Since the slope of the fllg?R path ~s'~~~~r~ally: . I _ 

r' 3: _ _ _ 
and for the a~rpl&e ~ons~dersd -+I? tba report, V = 96.8 :,J~I, t&rofore, 
the slope of the flight oath IS? - 

-jy;- 8s c ; $'.< .oool& "Z". n L ." 
x s- 2, % iIs" * q. _ 1. . - -_ _ 

The slope of a 1% grade 1s .Ol. It folJow that t@ increase In rate of 
climb required to compensate fe %&"'PncFee$se 111 reqmred sl&e ofthe 
flight path IS: ,$ '-L.-. - / I . 

The most troublesome aspect of correction for surface gradlent is that 
its distmbution along the rumay i s unlikely to be unifow or ldentlcal 
from runway to rumvay. When, In addltxon to this, it IS pointed out that 

- ‘; the magnitude of its effect IS also dependent u?on both the extent and 
: ' *. 

(-r *A: - 5 it+ 
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The most convenvnt unit Into xhhlch thx infor~tlon may be orgdruzed 
appears to toe that pertalnlne to a station. That E, for each station on a 
route there should be prepared a list of all trips originating at the 
station contalnlng, for each, the maxxnum melght authorized for the trip 
ano any special lnstructlon made necessary by operdtlng restrlctlons such 
as have oeen dlscussed above. Although the trips analyzed In this report 
have falled to dlsclose such a case, It 1s very possible that the -mum 
weight for a given trip may depend upon the partxxlar alternate or 
dlternates speclfleu In the flight plan. It 1s also possible that the 
crmsln:, conditions of altltuue, speed, and mnd velocity and tircctlon may 
mnfluence the maxunum trip weight. If so, this will require for each trip 
a 1lstLng of the trip weight for each slgnlficant csmblnatlon of alternates 
and of crluslne condltlons. Once this has been done for each statlon on the 
route, the opsratlng x-iformatlon 1s ocmplsta. 

1. 'tile the contents of this report may oe appropriate material from 
whxh to draw gerBra1 conclwions ConcernxIg the nature of the tr2nSpOrt 

category operating rules or of the process, Illustrated theraln by means 
of which compllancs rvlth these may be determined, It is suggested that 
no such conclusion may, vvlth the same propriety, bs drawn concerning the 
effect of these rules upon the maximum weight at which any airplane may 
be operated In scheduled operation or upon the axport dlmerslons 
rsqmred for the reason that, as has been pointed out in the introduction, 
the report has dealt with a slnglp airplane and that airplane has been 
neither designed to comply with the reqmremsnts of, nor certificated in 
the transport category. In other words, the report 1s by no means d 
definltlve treatment of the transport category operating rules, but 
rather, merely an lllustratave example of thex appllcatlon to a 
particular airplane and route. 

2. The preparatxn of the alrport diagrams (figures No. 2 and 12 through 19) 
has Involved selsctlw what CM 61.7l23(aj calls m--the lanting area 
most suitable for landlne in still ar," whxh has been assumed to be a 
runway. In makmg th1.s selection, conslderatlon wds given to the length 
of the runways and to that one equipped for Instrument approaches. In 
most cases, these two conslderatlons dxtated the selectIon of the same 
rummy. That x, the anstrwnent approach runway was the longest 
avallable or one of two of equal length. The two exceptions encountered 
were Des Moines, where the range leg 1s some dxtance from the axport, 
and North Platte, rrhere the range leg lines up with one of the shorter 
runways . Since the instrument approach procedures for these require 
weather ~~rumums sufflclently great to permit the pilot to select any 
runway after breaking throueh the bottom of the overcast, the longest 
runway was selected =TI each case. In the general case, It 1s suggested 
that still other features may warrant conslderatlon In making this 
splectlon such, for example, as width of paxng, convenience of location 
%nth respect to loading faclllties or dlractlon of destlnatlon, or of 
other runways, frequency dlstrlbutlon of pplnd velocity, and &rectlon, etc. 

3. The trip analyses contaIned In thl s report are based upon the assumption 
that the trip proceeds to the scheduled destination and, If oon&tions 
there make landing xnposslble, continues flight to one of the alternates, 
etc. It 1s recognxed that the decision to pass up the scheduled 
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Since the purpose of calculating these distanws 1s to compare them 
mth the actual length of the runways, that purpose may be served by the 
reclpracal process of dlvldmg the actual lengths by these factors dnd 
using these corrected lengths to enter Figure 4. The results, so obtained 
are as follows: 

R-Y NN-SE Y&w N-s NE-ST 

Actual Length 6,5-a 4,749 5,075 6,047 

Apparent Length b,54b 5,410 5,790 7,040 

Maximum Weelght 30,000) 

The next step is to calculate the effect of the minimum axial mind 
velocities upon the take-off flight paths, also at the altitude of Chicago, 
for various weights. The process has been described in Item 3 of the 
dlscusslon of the basic Information required concerning the s~rplane and 
involves using Figure do. 6. The corrected flight paths appear m Figure F;o. 
20. -fiRhen these are compared with the proflles 111 figure No. 19 for each 
direction of take-off, the following llmitatlons on the take-off weight 
result: 

Mrectlon M4 SE E W N S NE SW 

Wxnd 0 0 13.5 13.5 13.5 13.5 15 15 

Weight 28,000 25,680 ZL,OOO 26,900 26,900 24,200 27,250 28,100 

Gained 0 0 1,000 700 boo 875 1,080 425 

These results mdlcdte that, although consideration of the wind has 
resulted in gains in take-off weight ranging from 425 to 1,080 pounds, the 
gains are not great enough to ehminate the necesskty for further restrictions 
upon the take-off E, S, and SK In order to permit these to be rade at the 
maximum wslght perautted by the altitude of the take-off. In ether words, 
the application of the third alternative discussed above to the case of 
Chicago IS not adequate to accomplish the desired effeot. The results also 
lndlcate that, if the second alternative be adopted, the rmrumum a;ilal wind 
velodty in any of these dxrections would necessarily exceed 15 h!PH. The 
comparatively great difference between the weights permitted by the 
accelerate-stop distance and those perrmtted by the take-off paths 1s due 
primarily to the presence of obstacles of conslderable height at the ends 
of several of the runways (see Figure 19 ). 

INFORMATION FOR IjISPATCHL?RS 

The foregolng trip analyses and the ensung dlscusslon of the results 
of these have indicated generally the nature of the lnformatlon reqmrnd by 
the dispatcher in order to control the wslght of an airplane opwatrd under 
the transport category operating rules. Fundamentally, th~sinformationis 
obtained directly from the trip analyses but may be modified by the particular 
solution adopted in case the problem of restrictions In certain takeoff 
directions arises. 
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the anal component of w~.nd on any such runways at the time of the take-off 
which, although not Impossible, muld appear to 1nvolvr a tiffxult 
operating problem since the weight at whxn toe axplane 1s to be dispatched 
must be fixed sometune III advance of the take-off and wnds are notorlausly 
capricious. Finally, an operating procedure such as has been descrlbsd 
earlier 15 thx report III csnnectlon with the method of dnalysls to 
determux the maxunum landing weight persltted by the dimensions of the 
landing runway, whereby the declslon to use ally particular rzway for take- 
off rests solely u>on the due&ion and velocity of the mnd and upon a 
critical cross wind velocity for the airplan e may be adopted and, based 
upon this procedure, a matimum take-off weight in any passable direction may 
be established. The adopticn of this alternatlve requres an analysis, 
smilar XI nature to that made above for latii~s, tn establuh the maximum 
take-off weights. Since the process of this analysis differs in detail from 
that for lan&ng, it ~~11 be illustrated hereunder for the case of Chuago. 

EFF"GT OY XI?hD UPON l&UDKM 'lM?XIFF IVZIGHT AT Ch?CACO 

It IS assumed for this purpose that the eritlcal cross mnd velocity 
for take-off is 15 MF'H although It should be pouted out that the crltlcal 
value for take-off may very well differ from that for lating. Eleferrlng 
now to figure No. 19 and calling the V&S? runw&y most suitable for take-off, 
the rmnullum azual compownt of mnd velocity for each runway may be 
established and tabulated as follows* 

RLNfAY ~I!u?ILLIK AXIAL 'ilNlZ_ 

W-SE 0 

EFhYV 15.0 

N-s 13.5 

The next step is to calculate the effect of these wind velocities upon 
the accelerate-stop dutance of figure 4 at the altitude of Chlcago for 
varlous weights. As has been pointed out in gethod of Analysis esrller in 
the report, these distances are reduced by an amount obtained by multiplying 
the no-and values by the factor. 

Cl- 
> ) 1.85 

2v 

jubstltuting the appropriate values of 'W and V, the values of this factor 
for the mnd velocities involved are: 

KmJ FACTOR 

cl 1.00 

13.5 .876 
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RGtiICTED 
li.Axmm TAF+OFF 

TRIP wEImT CRITICAL ROUTE DLWNSION DIRGTI0Ni 

Chicago to Cmaha 26,120 Altitude of Teke-Off E., S., SE 

Onaha to Cheyenne 26,080 Altitude of Take-Off None 

Cheyenne to Salt Lake 24,070 Altitude of Take-Off N. ) s., m. 

Salt Lake to Cheyenne 24,565 Altitude of &route Terrau E., V?. 

Cheyenne to Iaramie 23,727 

Cheyenne to Denver 24,070 

CheyeMe to North Platte 24,070 

Cheyenne to Rock Springs 24,WO 

Altitude of Landlog 

Altitude of Take-Off 

Altitude of Take-?ff 

Altitude of Take-Off 

N., S, 

N- , s., 7. 

N-3 so, w. 

N., S., TJn 

Omaha to Des Moanes 25,274 fitltude of Ianting None 

haha to North Platte 26,013 Altitude of Lan&ng None 

The results, so arranged, illustrate what appear to be two charactsnstlcs 
of the operating rules. The first of thesa is that the shorter the trip the 
more likely are the llrmtatlons based upon the conditions involved III landing 
to govern the maxunum trip weight. Compare for example, the va~lous trips 
originating in Omaha or those orienating in Cheyenne; although for this 
latter groups the effect is obscured by the fact that all desknatIons except 
that for the-shortesttrip (Iaramie) are et lower altitudes than Cheyenne 
while this particular destination 1s at a greater altitude. The other 
characteristic is that a given height of enroute t.erraln 1s more llkeiy to 
be critical in respect of tslp welbht If It laps relatively near the point 
of take-off than if It lies relatively near the destmatlon. Compare the 
trip. Cheyenne to Salt Lake City with the trip Salt Lake City to Cheyenne. 

In the matter of restricting the take-off, upon which the table 
lnnnedlately above is based, there appear to be at least three possible 
alternatives. The most obvious and by far the simplest is tb abandon take- 
off in the due&ions involved altogether. 
too restruztlve. 

This may however, be entirely 
AlternatIvely, there can be establIshed for each direction 

a rmnlmum amdl component of wind velocity whhlch, when applied as a 
correctlon to the dimensions of the alrplane fllbht pati as outlined earlier 
in the report, will pernut take-off In that drrectlon at the maxirnm weight 
otherwise permitted, plus an operattng rule prohlbltlng take-off XI any of 
these directions unless the axial component of wind velocity for the 
particular direction equal3 or excaeds the cl=tical value so establlshed. 
This would require the du;?atcher to have means of knovvlw the velocity of 
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DISCUSSION 3F RZSUL'E 

Perhaps the first point which should be made cdncerning the result of 
the foregoing analyses 1s that In no case has the landing &stance limited 
the take-off weight at aither a scheduled or an alternate destlnatlon. Not 
only is this true but also the macd.mum take-off walght perrmttad b;r this 
partxular Mtation sxceeds the relght peraitted by the crltiwl llrmtation 
(and therefore, for the trip) by a wide margm in every case except at Des 
Moines, Iowa for the trip; Ctraha to Des Yoolncs. This result is regarded as 
characteristx of ths particular airplans involved and not necessarily of the 
proportions of the regulations thensalves. It appears much less likely of 
occurrence In the case of a four engine acrplane designed ta comply elth the 
requirements of the transport category and most probably involvcng appreciably 
higher wing loading. 

The renainder of the results may be conveniently summarized by means of 
the following tabla: 

TRIP 

Chicago to iknaha 

i&&ha to Cheyenne 

Cheyenne to Salt lake 

?IuLmmf 
WEI @ii 

23,m 

26,080 

22,700 

CiUTICAL ROUT'? DIMCNSION 

Take-Off East 

Altitude of Take-Off 

Take-uff North or South 

Salt lake to Cheyenne 24,260 Take-Uff Fast or V?est 

Cheyenne to Lararme 

Cheyenne to Denver 

ChwJenne to North Platte 

Cheyenne to Rock Springs 

Take-Off North or South 

Take-Off North or South 

Take-Off gorth or South 

Take-Off kixth or South 

Ckcaha to Des Moines Altitude of Landing 

Quaha to North Platte 

22,700 

22,700 

22,700 

22,700 I 

2537-c 

26,013 Altitude of Landing 

It may be noted concerning the results tabulated above, that in a 
majdrity of cases the macdmu~ weight permitted for the trip is determined by 
the dimensions of the runway involved in taking off in a particular direction. 
This suggests the possibility of increasing the maxmm weight by iaposing 
certain restrictions upon the direction of take-off or upon the rind 
conditions under which the take-off may be made in certain directions. The 
nature of the necessary restrictions is discussed hereunder but, if 
restrictions are tolerable, the foregoing table may be rewritten as follcwsr 
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