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Attached is a-yepor t   en t i t l ed  Conparison of Student P i l o t  Perfor#- 
- in Succe&ve Check Flichts a8 lkmumd bv P h O ~ P I ' a O h p C  Reoora 
by Seymur Wapner, Leon Festinger, and Henry S. Odbert. This report 

Pilots   la i th  the recommendation that it be included i n  the series of 
i e  mhitted bp the  Committee on Selection and Training of A i r c r a f t  

technical reports issued by the Division of Research, C i v i l  Aeronau- 
t i o s  Administration. 

P 

T h e  photographic records sere collected i n  connection  with the  
Midrest-Navy Raining Project. These records were analyzed to assess 

and the degree to which improvement o r  lack of improvement occurred frop 
the consistency of atudent   pi lot  performance in successive  check  flights, 

first to second flights. 

-The findings, although not  definitive  because of the 8ud.l stllaplss used, indicate  the need for extreme caution i n  accepting a s lng le   f l i gh t  
test as repreeentative of a pilotqs   prof ic iency.  The study hss furnished 
evidence that masums of some aspects  of performance at the ep1 of pr i -  
narg training are much more coneistent  than  othem, Fur ther  research is 
needed t o   i d e n t i f y  those aspects w h i c h  can be meacrured with  highest m- 

flight proficiency. 
liability and for combining suoh meaaures inti an over-all measure of I 
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.& Comparfson ai the m o  i ' 1 i ~ r . t ~  in toms of rem mores on each 
of the items revealed l i t t l e  evidence of Piga;il(fitant change in 

from first to second flights, 
the direction of oither mprnvemnt ox' dccline in  pcrfo-m 

used, indicate the need for  extmm, caution  in  accepting a silyle f l i g h t  
These results, although not defiuitlve becau~c o'f' \he . s m U  aamplea 

test aa representative of a pliot's proficiency-. The st~xly haa furnished 

others at. the end of prfnarg training. . Further efforts should be made to 
evidence that some aspecte of performance are much mre consistent then 

methoda should be developed C w  combbinin& such measures into an over-all 
identify those aspects RhiCh CM be measured w i t h  highest reliability, end 

measure of flight  proficiency. 



COYPAE'ISON O? STUDENT PILOT PEIPOSWBICE IH 
SUCCESSIVE CaEcK FLIGBTS As WRED EX 

PHOTOGFiMHIC WCORDS 

II?TROIRETIOB 
, .  

t he   ex t en t   t o  rhioh prformanoe during a single f l i g h t   t e a t  is represen- 
tative of the  actunl  proficiency of t he   p i lo t .  Clearly, aepeate oi per- 

be rellably  evaluated on the bash of a single f l i g h t  by a given p i lo t .  
f O ~ C 8  which exhibi t  -ked variebility from flight t o  f l i g h t  cannot 

of p i l o t  pemfomance from check p i l o t s  or obsemere, even under cond~ttions 
I t  has been extremely d i f f i c u l t  to  obtain  evidence as t o  the r e l i a b i l i t y  

in which t h e  administration  of the test flights la   carefu l ly   cont ro l led .  . 
(If a aingle  check p i lo t   admia is te rs   success ive   t es t   f l igh ts ,  his sub- 
jective  evaluation  of a e tadent   p i lo t ' s  performance on the first f l i g h t  
may influence  his  evaluation of performance on succeeding  flights.) On 
the   o ther  hand, if di f fe ren t  check p i lo t a  are employed on bucceaaive 
f l i g h t s  it is d i f f i c u l t  to determine  whether  differenoes in t h e i r  evalu- 
a t i o n  of the respective t e s t  f l i g h t s  are due t o  differences in the wal- 
ustive  standards  of. the obqervsr& or t o  differemas in the pirformancea * 

of the subjects. 

One troublesow, problem i n  the  evaluation of f l i g h t  p e r f o m a e  is 

t i a n  and Training  of Aircraft P i lo t s  provided a d q w  opp6rtunity t o  ds- 
t e rmhe  the consistency of s tudent   p i lo t  performance in, two  successive 
check f l i g h t s ,  alnce the two f l i g h t s  can be analyzed from objective 
photographic  records,  thereby  elimlriating the check pi lot   var iable ,  ' 

This   r epor t   dese r ibs  an analysis of the phOtOgraFhiC reaords of the 
two flights, which wag d e r t a k e n   t o  answer the follorriilg quoationsr 

The 19433-U Midwest-Ikmy Trainbg Project of the Committee on Selec- . 

1. How oonslstently does a studemL p i l o t  near the end of primary 

flying? 
training perPorm d w h g  two suocesslve chack f l i g h t s  w i t h  no lntemecin;! 

2, Were there  significant  chsngos i n  parformance  frcm fimt t o  sec- 
ond f l i gh t s?  

SOURSE OF DATA 
\ 

of t he Midwest-Karv T r a i n i x  P w .  The -pidwest-navy Train- 
ing  Pmjeot  was concerned not only with the consistency of stndent per- 
f o m c e  on successive check f l igh to ,  but also w i t h  otber problems, in- 
cluding  the  effeativsnsss of Cvlo train* &ids ( the  Ohio Sta te   F l igh t  

r ', 

. :  
Y 
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Inventd$ ardl Form ACA 342A),3 and the  a c m y  of inepec&dwS ratingn 
as obtained on vlh reoordlngs and on Form MA 342Z.b Although the  p m b  
ent   report  l a  not  concerned r i t h  them other problems, the general d.esign 

were oonosrqed prhmrily wlth theee other problems hnae lnfiuenoed the 
of the study muat be rmimd br i e f ly ,   shce   a spec t s  of the  design whioh 

tsataPsnt of the presant data. 

Sub ea ts  were Kar Training Servlos Program students in five trainlng 
sohools.~ Two suoceesim  classss in four aohboh were trained in aooord- , ' 

nnce with  traditional  procedures. The following two classes  rere given 
experimsntal instruction imolvlng t he  use of olio or the  other of t b  
tra in ing  aids. An d d l t i o n a l  cI~,!.aa in a f i f t h  eahool 1 ~ ~ 8  traW aowrd- 
ing t o   t r a d i t i o n a l   n e t h d s  at  the  conclusion of the  etudy to provide a '  
par?,ial. check on the Influence of weather  conditions. Ths study extended 
from October, 1943, t o  Februarg, 1941. 

Criter ion data -ere obtnhned by having each  student make Wo check 
f l i gh t& near the COQphtiOll Of pvimarp train-. A p a i r  O f  inepctors 
went f s n m  30h00l t o  school t o  make these cheok fllghtcl. (The t r i p  t o  
the  varloua  schoole to oheck a given clase ia'refeqed t o  .an a "mhg." 
'Thus, them were five mlnga in the c o m e  ofithe s t d p . )  Each atudent 
flew the erne standard  f l ight  twice in the same plane r i t h  different in- 
spectors. 

%he development of the  v a k w s  versions of t h i s  Inventory l e  de- 
saribed ln: Fdgerton, A. A , ,  and Walker, R.  Y. - - t 
pf the  Ohio Stet F and basic 

P l l o t a .  and demo- the 
July 19,!,5. A l a o ,  NFC Commit tee  on Selection sn8 T r a i n i n g  of Alrcraff 

O D  19L5. 

g e s e a r a .  Washington, D. C.I CAA Dlvielm of Research, Fi~port Ro. 47, 

o)& State Pl&& 1nven- 
21 i . Washington, D. C . I  CAB 

%om ACA 342.4 10 a form on ublch  tha maneuver grades and over-dJ 
grade3 of the   f l igh t   ins t ruc tora ,  f l i g h t  examinera, and CAA impeotora 

,can bb recorded. I t  also provides  for ratlqs 011 several aspect0 of m- 
ordination and oontrol, Judmnt ,  aptiturle, flying habits, and aocuraey. 

%'om ACA 3&?2 provides apace f o r  an mer-all grade, gradem on spa- 

An analyais of mtiugtl on t h l s  form m 3 e  by f l i g h t  inepeotara I s  described 
cific manewere, and ratings on apeclflc  aspects of f l i g h t  performanoe. 

i n r  Feet or Leon KO an t. S .  Odbat  H. S., and Wapner Seymour. 

b five t r a M n g  d o b o ~ s  w3m located at Bowl- Green, OUOJ 
Ihmoie, Indiana) Kalamaioo, Miahlgan; W o r d ,  Ohio; and Yil~aukee, 
Wisconsin. 

I 



The Stmdard Flight used i n  t N a  projaot included 27 mnn$uvers, Cmyn- 
era records wore Qbteined only on the follovlag 16 mnmvnrs9 numbered , ~ L I  
the order of their occurrenoe In the complete Standad Plj.ghtr 



tally having selected recorde =-rend by the 3am or another "orow* of film 

?,haze periodio obacks, io present@ in Appendix 2, In  terms of per, cent 
3P Inatanoas in -oh the tao rctad9nge d l o a g r d  b w a d  srbitrarily -tab- 
?inked tolerance l i m l t a .  

A carern Check on tho sccuraoy of the readings wam aade by psriodi- 

' x w d m .  Infosmtion on the rs l labi l l ty  of the read-, derived f r o m  

for  thase i t a n  in zhlch'a considerable amount of judgment was involvad, 
In general, the reliability of the resdinge wan aatiefaoto&, exoept 

for wminple, aileron-rudder coordination. 1 h 8  f o d  t o  be o f  low reli- 
ab l l l ty  were dlswrded ad, for the Item on -oh t h i n  report I n  based, 
tke Bmount of diaagrwment m s  mually lesa then 5%, as ehown in the 
b b l w  I n  Appmdir 2. 

marked dffferencea betmm planon in certain items auch as BoPo~utionn par 
Mlnute (RFU), ‘Airspeed, Rab of Climb, and B a l l  Bank, that it ma'dboided- 

This deaision m a  reinforod by b e p e c t o r  rsports that the Continental* 
to keep the reoorda of the two planes meprate throughout the rnalysim,8 

pnersd plane was easier to handle. 

-. The pre1lmimu-y frequency tabulatlonn r d d  suoh 

Prellmsinary tall ies also revealed that cer t . in  instrument readings 
wore not  euffioimtly  distributed to w m t  further analpis. raanJr ad- 
ditional it- ware eliminated bscauae o b s m t i o n a  in the f i e l d  a d  in 
the reading of the photogra auggestsd  that  the results muld be ambig- 
mu. ' In turns, for examp r e, rmdirtgs hnd hen reoorded for  the antry 

It tae obssrped, hwver, that the o a m m  frequtbntly wan not turned on 
I n t o  the turn d . r e o o v q  frorm the turn 18 well as for the turn itself. 

until *the mtry m a  started or waa turned off W o r e  the reaovery wns 

7Saaple &e& sheets and I detailed daaoription of ,the typw of obeer- 
vatioas rqulrsd are found in A p p e n d i x  1, which premntsr he, E. S., . 
Tnompon, A. S., and Vltdee ,  II. S. fo r  . 

' A e i x  3, 
a A ' . Q & 8 i l d  ooqmrimn of tho data fnrs th. two planes is pi& in 

, 
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I to Flight I1 188 evaluated by mema of Pearson product-moment cormla- 
tione whsrever continuouly measured vai.lnbles were involved, ioe., A i r -  

%or exaqle, the data f o r  the rate-of -chb lndioator presented In 
Appendix 4, Table 20, showed that the rate of climb i n  various maneuvers 
wan, in general, greater Curing Ywlngs 3 and k conduotd in the winter 
months, t b n  during Swings 1 and 2 conducted in the fall. Detailed eom- 
'parison of ths data obtained dl~ring Swings 1 and 2 and Swings 3 and 4 is 
preeented in Appendix 1. 

Consistenq of p e r f o r m a n o e  fmm Might 

- 

i 



, ,  
, . ~.. , . _. ~, ~ . .~ , . ,~ ~ 

.~ . ~ ,' _ .  , . 
~. 1. .  ,.~, ~ ' . _ ~  '.. :.< /. , , . , , 

. .  , . I  

_ r  , 
I (  

1. ,I , ,. 
0 

r , ,  . 
, ,  

, 
-6. 

? '~ . 
i 

speed, RPM, BuJf, >lt l tuds,  ad Fate o f  Climb. No correlations -re cow 
i; pted if the number of &sea fell belm 8. 

An exact .&luation of the s i p i f i c & c e  of  these  correlatione is  
rendered sowwbat diPficult  by the n a r k 4  deviations ,from nowal i ty  ob- 
served in the  bivariate  distributions.  It i s  obvioua t h a t  large sampling 
fluctuations fn correlations m y  be antleipatea with much emall N's. 
The general trend of the results is indicated by the media'd correlation 
f o r  each sample, a comparison of the numbar of  posit ive and ne f i v e  cor- 

~ 

d~ 
- ,  relatione,  arid the mrmber of correlat ions  s ignif icant  at  the  5 level. 

. .  ror all pract ioal  purposes categoriaatfone,  tabuhtions v0re made in 4 x 

Lr 
4 x & Tab&. For B a l l  Bank readings; w b r e  the  meseurements   ere 

4 tables. These t ab les  are presented for each item in which the W nae 
16 ar  p a t e r .  Becauacr of tbe wall number of '  cams, no d y e i s  was 
uxlortaken beyond a simple count of a numbar'ok inetaacee In which per- 

Taste of  aieniflcance of departure from cbanom expectation were not gab. .- . , fomance was more consistent or less coneietent  than  chanca  expectation. 

i 
me4 bo-. In addition  to  aonsistenoy of perforwmce on single . 

item in hpeoific mewmrs, a further aspeat of  mnaistency 182) rtudied, 

item for comparable manowera.' It wa8 rocognibed that mere ammation ici 

frequently differ f r o m  w a v e r  to imneuver, l'b number of cmma in any 
one sample, however, did not j w t l f y  more refined treatment. 

: ,, nnwely: conaiatemy in SCOI-OE obtained by summating measures on a speclfim 

r ~ a crude method of combfbtion, especially s i n w  the  standard  derirtions 

2: 

e . Tendencies for the " p u p  as a whole t o  exhibit 
b&m!%?~~~~p%%mance during the  second f l9ght  =em studied by 
computing t teets  between ths mans of P l i g h t  I and Fl ight  11. These 
oomperiao~ were of internet  in determining t& possible exlstbnce  of 
olearning" f r o m  f i r a t   t o  s e c o d  flight, prrticularly since fn this st* 

v 
?.'. the student4 had never flown the criterion p l b e s   b e f o r e  aad might have 
. been e x p e c t e d b  h e  saw trouble  adapting  to tbs g r a t e r  weight of 
L 
1 these . .  planes.10 
c 

B 
?. . 

The treatnrent  of the data, aa'describd above, vaa made t o  provide 
information on oonsiatency in performume of student  pilots f r o m  f l i g h t  
t o  flight and on cbsracter is t io   di i fersnces  between the two,flight8. 

. .  
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I's for WhiQh correlatione were computed range from 8 t o  27. The median 
corre la t ions   for   the  e l x  acmples range from .29 t o  .64. Five aorrelations 
are negative; 82 are positive; one is zero. Fort  two of tim 88 oorrek- 
t i o p s  are s igni f icant  at  or beyo& the 5% level. 5-, 

It can be seen tha t   the   cor re la t ions  range from -.26 to .97, and t h e  

Later Q O ~ S O ~  will show that these Average airep%%d Q O ~ ~ ~ i O ~  
a m  amcng the highest obtained for q of the measureo. 

Average Airspeed ma8 su~lmed f o r  Maneuvers 3, 7 ,  10, 11, 16, 17, 21, 
22, an8 23. O n l y  those cmes having complete data on all the manewere 
involved mre ued for this  numation. Other maneuvers had t o  be eLIm- 
h a t e d  f r o m  the  summation in order t o  retain an adequate number of ulse8. . ' 

Each Mividual thui received two E C O X J ~ ,  one for Flight I and one f o r  

F l igh t  11 were computed separately for each aample. Thee  correlations 
are presented m Item 1 in Table 9, which qmari.5es similar information 
f o r  other ma~up~s. Means, Stanhrd deviations, and the nmhr of cases 
involved a p  8100 shorn. Beside each c o r r e l a t i w  is presented, for the  
oorreapunding  sample, the median of the  correlations for the manemere 
involved i n  the summation, These medians furni6h only a very mpgh basis 
f o r  omparison, eince the individual  correlations genorelly Involve a 
larger number of cases than the correlations be%ween summed scores. The 
sor re la t ions   for   the  aummed scoras range from .4l to .85, whe~oea t h e  

correlation  represents an increase aver the  m e d i a n  correlation. I 

\F l igh t  11. Pearson prcduat-moment correlat ioni  between Fl ight  I and 

, tnedioa correlatione range from '23 t o  -51. I n  each c u e  the .mumation 

< .  
2. Rpy. T h e  RJ3l se t t ing  waa recorded in un i t s  of 50 RFaa. In Table 

2 the  correlat ione  for  RFbl are presented for 15 PIBIIGUVeiS0 W e w e t  8,  
Aormal Power-off S t a l l ,  m a  amitted b e c a s e  of inadequaciPs in the record- 
ing. This table, duplicates the form of Table 1. 

Ttm correlations range from -LLO t o  .%,- and the  10's Cor which corm- ' 
latiom were computed range from 8'to 27. T h e  median c m l d a t i o n a   f o r   t h e  
six samples range fpaa =3.& t o  .58. N i n e  correlat ions ere negqtive and 78 

?( 

are posit ive.  Of t he  W oorrelations, j9 are signif ioant  st or beyond the 
98 level. 

& ,':, 
, r  - 
,*; 

~ . C  

l l l n  thicr aud subsqwnt   ' t ab les ,   cor re la t ion   coef f ic ien ts   s ign i f icant  
r 

' V  

: ,. 
,-i at the 5% l e v e l  are .identified by aater isks .  The m m e  and s i w s  of tke 

distributions may be found in the tables in Appndix 5.  ,~ .. r .  

. I. 

.. 



23  26 -13 
423  225 -1.4 
20 26 I2 
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0- one Domelation is negative and the other 42 are posit ive.  k n t y -  
one ai the  43 correlat ions o significant. 

f d r  Average A i r s p e e d  end RPM. 
The correlat ions in t h i e  table c b e l y  resemble i n  mngnit.de those 

5 .  Bank Variatioq. The difference betwoen maximum and minimum bank 

re la t ione  f o r  Bank Variation a m  presented  for the 10 turn  maneuvers, The 
daring a turn provided a measure of Bank Variation. In Table 5 tbe cor- 

correlatione range from -.53 t o  .&. T h e  number of cases   for  which corre- 
l a t ions  were computed range from 8 t o  22. , T h e  m e d i a n  cor&lationd range 
from -.15 to -20. (No median correlat ions are presented for Swing 5 be- 

one is zeroj and 26 are  yjcsitive. 
oauae the data  were not adequate.) Sixteen correlat ions are negative; 

O f  the 43 a o r r e h t i m s ,  only one is signif icant ,  indicating l i t t l e  
consistenoy  from Flight I to Fl ight  I1 f o r  Baak Variation. 

Bank Variation KE~E summed for t he  six level  t u rn  mowers  .(I2 to 
17). Tbe correlat ions f r o m  Fl ight  I t o  Fl.igzit I1 fo r   t hese  summations 
ars preeentad as Itom 4 i n  Tab18 9. The sumation  correlat ions mngu f r cn  

t o  .16, In eeoh case th6 amnation  oorwlst lon is grea ter  than 'th come- 
.2h to whereas the cor respondiq  median correlat ions range from -.18 

aponding median CoFrdation. 

6 .  s i t u d e  Gain Or b a g ,  Sain or loss in a l t i t u d e  was.computed by 

beginning of the recovery from t h e  maneuver. Data on t h i s  item for 1p 
subtracting the  reading  at the end of the entry from the  reeding a t  the 

manewera are presented in Table 6. The correlations range f r o m  -.47 t o  
, 9 L  The m b e r  of OUQQ for vhich  correlations were computed range from 
8 t o  26, T h e  m d i m  oorrelntiom fo r  the  six samples rmge from .09 t o  .46. Forty-six  of the correlat ions 81g p i t i v e j  18 are negative,, 

Seventeen of the 64 correlat ions are s ignif icant  nt ths 5% l.evel, 
h e  of these is negative (-.67, A .I 13) .  The cor re la t iom  ind ica te  a 
degree  of  consistenq.Uo  sl ight as tc! be of l i t t l e  importance. 

Scores were sumed f o r  the seven level manelmars. The aimmation COF- 

reaponding median eorrelat ions range f r o m  .W t o  28. It wi ld .  be aeen 
relationa  presented 8s Item 5 In Tuble 9 range froin .05 t o  .?I,. The cor- 

that t t w c m r d a t i o n s  of Contlnent.al, Swings 3 and 4,  and Frankl in ,  t n h g s  
1 and 2,  ar6 approciabljr hisher than t ! > c  nedim oor lwht lons  of t h e  mmeu- 
vera used i n  the m a t i o n .  Them is !io appec lab le  change in the w T r e -  
l a t i ons  f o r  Ccntineatal, %inas 1 and 2, and Frankliil,  Swings 3 and 4.  

7. AltCtxk Vmistioq. The ~*:ad;.m vw2st;ion in a l t i t ude  during a 
manewer wan rocordad d t h o t r t  rcgard - t o  dlrsct iou.   3ata  on Altitude Var- 
i a t i o n   f o r  t b  seven l eve l  mneUm:'3 ay:rnar i n  Table 7. The c o r n l a t i o m  
range from m Q . 5 1  t o  -90; avd, 'GIB N"e f ron  8 to 27, The m d i d n  correlations 
f o r  the a i x  smples &&e from - 1g t o  .25. Trmity-four of the comYatione 
era  positive; 17 w e  negative; one 13 m r o ,  Levon of the  carrelat ions 

ji 

. .  
.I 

*. 
I '  
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TAW2% 5 

F-LIG-IT r - FLIGHT 11. I ;ORR~ATIOIB 

C O N T r n X T A L  FIihimuIB - SWhgti 
'U 

20 21 3 15 13 9 
-.38 ,: 35 "02 .w -66 

17 20 3 13 12 7 
-,23 o 17 - = 3 L  -.20 n 

19 21 3 16 u 6 
s 00 .18 0 -.17 -.1Q T 

21 22 3 16 13 8 
II 29 .11 '. .02 -.32 .68 
30 21 3 16 15 , 9 

.39 -.06 0 17 0 0 4  -,is 

20 22 3 16 16 7 
-.19 =nu .3L -03 e 

18 22 3 14 13 6 
.u .a - -.a -.31 - 
13 22 3 IO 13 5 
.a '31 - -.26 - 2 5  - 
20 18 3 10 8 3 

.' 

.15 "22 - 0 3 6  -e53 

19 . 14 3 10 7 3 
0 0 9  .21 I - .33 0 2 2  - 
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TABLE 6 

3. str. & L e v e l  B 17' 24 12  19  23  10 
r - 0 0 6  -.I3 221 -.lo .u. -.38 

loc 90' C1. Rllp R 
'450 Bank 

A 22 ' 25  13 20 26 10 
r 11 ,33 -20 a 1 5  .22 . la+ 

ll. 900 c1. Turn L 
450 Bank 

E 20 26 12  17 2.2 9 
r 0 0 8  .21 -874' ~ .66* .U* -.16 

12. 900 Turn L R 20 23 11 21 23 8 
1' -.LL .a2 - a 5 8  .E .05 -.lo 15O Banlr 

3 
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the ollmblng Mncnmere in f r o m  -.17 to ,70. The mgber of o . e a  for -oh 
aorrolat lons were wmputd range from 9 t o  26, The m e d i a n  aorrelatlona for 
the samples range from -.06 to .59. Four of t he  18 uorre la t iom a m  slgnlf -  
i c m t .  Six oorrelat lons are negativeql 12 are positive. 

- An shorn in It& 7 ,  Table 9, tho smed scores for thsse three itma 
exhibit   corraletlona which are generally  higher than the median oorrela- 

l a t i o n e  ranee m m  .35 to .43. 
tions,  although one rmains mlightly negative. The Wee p o s i t i w  corre- 

Correlations f o r  the three gl idlng maneuvers range frpn -.27 to .568 
the IVO range from 9 to 22. me m e d i a n  correlat ions f o r  ttm samplee range 
from -23 to .36. Eight correlations are posit lver 7 a m  negativel aod 
one is z m .  None of  the  correlations is  signif icant .  

Table 9) range f z w a  -.05 to .26. The ihcreaee of the summed correlaticna 
over the median correlat ions i s  not appreciable, 

The oorrelations for the aummed score8 for gliding maneuvers (Itm 8, 

,& general, comalet ions for  single  itms shorutt;le evidenoe or con- 
s is tency in either climbing or glldlng maneuvers. Correlations of mcd 
ItSms tend t o  be somewhat higher. 

9. n. Data were clerivd from the  Ball Benk Indicator l a  

the center position. Degree 1 l118 defined a8 any excursion o f  t he  hall 
t e r m s  of direation,  degree, and duration of the  deviation o f  the  ball frda 

from t h e  cen ter   pa iCion  lees than the radius of the bdl; Decree 2 w a ~  
an axauraion in rh ich  one-half the ball, but lesrr than t h e   e n t u e  ball, 
was outside the lubber liner Degree 3 was an excursion o f  the ball out- 
s i d e  the lubber line but in a posit ion lesrr t h n  the extreme posit ion; 
Degree 4 m e  the maximum possible excursion of the ball. Duratian 1 VFSE 

a temporary exoursion in which the  lmll did not come to resti Duration 2 
was an axcursion in whlch the  ball renaiad v i th ln  the lMts  of E givan 
degree f o r  lees than 50% of the  spccificd part of t h s  mneuverl  tion on 
3 m a  an excursion within the limits of tt given degree p s i t i o n  for m o m  

Duration 4 applied only if t h m  b d l  waa ia a givon  poeitlon  continuously 
tban 5C$ of the total duration,,   but lees  than the totsl durationl a d  

throughout the speolffed par t  of a maneuver. 

Reliminarg tallies indicated mmrlced dlfSferermcels between readlngs 
from the tso planes and filrther O~OHIXI ao few extrme deviations that 
acme epealal  treatment o f  the d n t a  vas requlred. In the present a~lpels  
it mas decided to use the following groupingma 

Category A I  steady OP a deviation of Deeree 1 OT Duration 1 in either 
direction. 

Category E8 r i g h t  deviations greater  than  Duration 1 and D e g r e e  1, 

Cabgory C: left deviations ~ e a $ e r  t%n Uurot:on 1 and Degree 1. 
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s imi la r ly   re la te3  to a feliance on Imtruaents;  since a degrebof-bank in- 
d i c a b r  m a  not obaervable by the students in t!~e sxperirpental planas. 
!i?m presence of conaietency from f l l & h t  t o  f l i g h t  does o t  mean that the  
p i l o t  ho tua lu   a t ta ined  the c o r r w t  or specifiect w.15 consistency in 
Average Bank merely means t h a t  the s t d e n t  pilot   tends to develop a fixed 
habi t  of a t ta in ing  the same degree of bank for B given maneuver. 

The conaietency observed ' i n  ths raqdings Jf Average, Bank Oannot be. 

, ,  

It is t o  be noted t h a t  the above three itms ,+er to  average perform4 
mnce during a maneuver. The remaining I t m a ,  on which the correlat ional  
analysis revealed l i t t l e  consistency -- Airspeed ' lariation, Bank, Variation, 
Alt i tude kin or LOSS, Altitude Variatfon,. and &:Khlm Rate  of Climb -- 
are more o l o s e l ~  r e l a t ed   t o  arnoothneas.qf perfomsnce than the other Items, 
Performance on t heae   I tme-muld  b more seriously  affected  by air cordi- 
t:ons. MorpBover, mair.tenance of bank, airspeed, and a l t i t u d e  requires m 
coordination of a k i l l b  not demanded by items nuoh as Average Alraped,  
Average Bank, ahd WM. 

Aa examination 'of the ,data suaaeats tSe ~ s e i b i l i t y  that a t  the 'com- 
.pletPon  of  approxbately 35 houro o? training; lndivid.& etudent  pilot8 
have not  yet   eatabllshed  specific h a M t b  of  p%rfcmance making for conais- 
t e n t   d i f f m t i a t i o n  f r o m  other student   pi iots .  .Rowever, there a r e  varioucl 

3 '. 
. ' o t h e k   p s a i b l l i t i e a  t?lat mst be considered  In  explaining  the low oorre1.a- ' 
4 ,. '. t ions  f r o m  f l i g h t  to f l igh t .  One f ac to r  may be t h ~  'mdsnoy of the  indivi-  ' 
:: dual t o  compensate on errors from one f l i g h t  to another. For example, lf 
i i  the individual spas conscious of too druch a l t i t u d e   v a r i a t i o n   a t  one time, 
. . .  he  might v e e  r& make a deliberate effort to m$uce his variat ion in al- 
;,. l l titucle a t  another time. This compensation might be aocomplished a t  the  

:.I 

.. . 
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of First  m. The "ond basio question 
ere a- ' 

o m  be presented briefly. 

F l i g h t  I and Fl ight  I1 dlst r lbut lone.on  each itam of performance m e a a u r e d ,  
using the  t test for matohed groups. No comparioone were made whm the 
number of aasea nus less tbarr eight, and d a t a  from SrFag 5 were omitted 
altogether bwauae of the generally wall number of ccrses. Detailed in- 
formation on these cornparisone appears A-IX 5.16 A summarp of the 

' oollparlsons appears I n  Table  12, whloh indicates the nrtmbsr Of wcmparisom 
medo .nd the mapber of difference8  elgnifioant a t  or belw the 5% lml. 

The significance of differences between means was d e t e m b e d  for the  

age Emk and Alti tcde Gain or b a a .  Refsrence %a Table 29 i n  Appendix 5 
showa that 4 of the 5 significant di f fe rences   in  Average Bank,represent 
iepmvd pemfomanoe, while 26 of t A e . b t a l  of 40 differences are in tha  
dirwtlon of Impmvment. (Negative differences represeat improvenent 
on U s  lkm, . s ince   the  average banks In P l i g h t  X were considerably below 
thoso required for saoh maneuver. ) On the other hand, Table 31 6hDm 

Fhe only slngle items which may deserve spec!al cucaminatlon -'Aver- 

16 
4, present the Is's, means, standard doviations,  differences batmen means, 
t values, and p valuee f o r  eaoh oonparieon. 

Theae tables, which are more detail&¶ t-bn  those in Appendices 3 and 



1. 
2. 
37 
I .  
5. 

7 ,  
6 .  

8. 

SrmslARY 

Averake Airspeed 
RPM 

T A B U  12  

TABLE OF FLIfXfT I - FLIGHT I1 DPFPP(ENCES 

noao, of , Total No. of Humbar signifloant at -- 
16 63 2 

... 15 60 
Airsped Variation 13 52 4 

10 Average BDnk 60 5 
Variation in Bank 1 0 40 . 0 
Alt i tude Gain or Loam 11 66 5 
Variation in Alti tude 7 28 1 
M W  Rate of Cliprb 6 -24 9 

3 .  

TOTAL 3 51 20 

coxLwsIom 
r 

The finding8 of the investigation may be srnmmarized as  fol lomr 

Airapesd, Average Bonk, aad RPld) yleldsd correlat ions of any appreoinble 
s ize  when a s ingle  mspaura i n  the first f'llgbt wns oorrelated  with the 
oarrespnding.single menme in the aeoond flight. 

1. O f  t he  nine aspots of perfonnance atudled, only three (Ayerage , 

2. Ilhm correoponding mewurea in swerd maneuvers were mrnanatd 
for each f l u h t ,   o o r r e l a t i o n s  tended t o  be somewhat higher t?lM the  med- 
ian correlat ions on s ingle  maneuvers. In moat Casea the  degree of oon- 
sistenoy ms 80 s l i e h t  tlrat may meemre8 would h v e  to be taken to ob- 
tain a aoore of adequnte , re l iab i l i ty .~  

Bank, Altitude, eto.) exbibitd generally low levels of ooneiatencp. 
3. ~ t s m p  r d a t d  to m o o t b e s s  of performance Cvnrbtioa A'-*, 

4. Comparison of & tm flighta in tsrms of mmn aoores on eaoh of  
the i t a  rwedld l i t t le evidence of aignif icant  change in the direct ion 
of either bprovmeu t  or deoline in performance from first to s w o ~  
flighta. 
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In oonneotion a t t h  the photographic andpsis of f l i g h t  perPormance, 
Film hdpsis  Check Sheots have been d e s l g n d   t o  provide  controlled end 
accurate observation of t h e  photographlo records, and t o   f a o i l i t & t e   t h e  
recording of c r i t i c a l  Information from these recorda. Sample6 of ,the 
cheok sheets are attached to this manual.' The entries cal led for in 
these check  sheets fall  under three  general, headings: 

1. "Degree" entries, expressed $n quantitatively  defined tern, 
based on observaticns of tha i n s t m t s  In the  photcgraphio 
records. 

2. n D u r a t i o n "  en t r ies ,  expressad in defined term, indioative of 
.~ the  "duration" of given readings. 

3. "Judgment" entries. These entr ies ,  of which there are re la t ive iy  
feu, ?e to be mads in tarma of non-qinntitative judgments of 
plane performance ae indj~cated by the photographlo  records, e.g.,. 
bank untored ngmoothly" or nirrsgularly.n 

The purpxe. of t h i s  ramal. is t o  outline the procedure for reading 
the  records, to   def ine tbe "Dogme" and "Duration" entries in qnantita- 
t i v s  tews, and t o  iasure t h a t  the "Judgentn  entr ies  are a e ' c l e a r l y  de- 
f i n e d  as poaa ib le ,~  

* 



A. 

DEFIBlTlONS i,F ?'OMS 

1. B a l l  bank: Observations of this instnmPent are aade in tern of 
whether the ball mves t o  the right, or to  the left. 

T h e  degrees descriptive of excursions of the ball ln.this Instru- 
m e n t  are outlined below: 

l&Lm2 Lower Limis UDWr L i m i t  

1 Any movement of ball from Less than one-hau of ball 

excursion lees than radiqs 
of ball. 

center position. outside "lubber" line, i .e . ,  

2 One-htilf, or moreg of bCU Mas than entire ball  outside 
outside *lubber" l ine .  'lubbor" line, i.e., excursion 

leso than diameter of ball, 



Pointer more than ona-.hl,!' (rf 
ita wldth b y o n d  the center 
mark 

posit ion greater  than mar 
"Leading a g e "  oQ p h t r r  i n  

edge of triangular markor.. 

"Leading edgem of p i n t o r  13 
posi t ion  greeter  than far 
edge of' trian@er marker,, 

"Leadlag edge" of pointer 
touchen far s i d e  of tri- 
angular mark,er, I , e - #  
pointer hand f luah  r i t h  
base of triangular marker, 

Maxlmur- exaurolon, 
. .  

e,* In tenns of miles per hour ;G specified points during  the ma- 
,, neuver, 

b, hi tern of ar 'eet!.Paute of the average a irsped  during a ms- 
nenver or part thereof. 

. 
c o  In t m  of the limit6 of the variat ion In alrspead.during 

the maneuver or part thsmaf, 

-1 Readings of  t h b  lnstmunen% are to be in abaolute 
terms, l o e m ,  Rate of Climb is  required to be recorded in term8 o f ,  , 
feet per  minute in h i t s  of 5(; fbpon..: 

a, A t  opacified pints during o&in maneuvers. 

bo In t e r n  of the maximum readin? ,during the manauver or prt  

-I Readings of a i s  instrument ere tc be'made in absolute 
tenna, ia mlt~ of 50 r,p.m. et apeai f led  p i n t s  during oertain PYL- 
neuvm.  

&: Readinge of t h i o  iastrrPment, are to be made & absolute 

thereof 0 

tOl'IU6, h UIli'b Of 10 feet8 ' 

a. A t  specifid points  during certain m m v e m o  

b, In t e r m  of t e e  limits of the variat ion in al t i tude  during the 

-1 Thio Fnstrumsnt sbars t h e  positions of the 
Throttle, AQsron, Elmtor, and Rudder, The s a l e  on rMch these 

maneuver or  p a r t  thereof,' 





Duration 

Figure 1 

3 ,  Definition of Eceaed temp- * 
Certain t e r n s  appear in the check sheets f o r  nea r lp  all -uVBrs, and 
may require explanation, The following term should be noted2 

a, v e r : "veries" or "fluduates" r6fer to -pa t o  the 'aiings of the  plane, as ob- 

fer to o m i l l a t i o n s  of t h e  instrument pointers from the zero point, 
aamd f r o m  the  artificial horiznn. In ell cases these tarme re- 

whenever the  instrment,pointera aring on both 
or f r o m  80me other  stated  referonce'point,  and are to. be checked 

a i d e  of the aero 
or reference point. Under these  citcmstancesr 

a, is  to be deternined i n  terms of tbe mdmm saing s?g 
&$& side of the zero or reference point. 

bo m t i o e  is t o  be determined in terms of the  i n t e r p a l ,  during 
which saah oscil lation occum. 



8 .  deuotsa the oondition in whioh during the change in 
ponitlon of the plane, or of the controls, rovemala in dirso- 
t ion  of change o m u r .  - 

bo S m r  C h e n g e e  in plane  pooltion or oontml  posit ion rhioh 
are not  l l l r regularR are defined as "smOOth.R 

40 I;ontral coor&?&&2 
t lons  of tho adequaoy of degree of control   moment  are not evident 
d i reo t ly  from the control indicator, and that the majority of the 
items are joncernsd with tRmporal relationships. 

a6 t Them entr ies ,  w h i c h  00dur 0- in 

. I It should be noted that in generil, indica- 

-d 3600 turns, should be checked in 
those a l tua t ions  in which! 

(1) Moverawtrr of the  rudder ani aileron in axeouting the 
entry or recovery from a bank are not simulixxieou~. 

' (2) Ybvemmta of the rudder and aileron in returning to 
streamlined position a f t e r   t h e  bank tias bean eastablished 
or recovered from, are not sbultaneous. 

5. t In rfmoordlkg Maximun Rate of Climb, disre-  

since they are pmbeblp due to rough air. 
f ,  and abrupt  f luotuations of t he  needle, 

plene in r!%rIng from a banlr and Is cheaked rhea the wings go 
so or -re the  level position. 

. 6 .  9naE 1'8oov - t This item re-fera to t h o  lateral control of the 

7. Cruising airspeed ehoul3 be rqpxxled as beheen 
68 and 75 milea per bour, unless def in i t e  evideaoe d a t e  that 
the airsped indicator  is not hulatlohing proporlp. 

8. -1 The f a c t  that the observer or oheok p l l o t  as- 
s16ted l a  Indimtad by a p w l o r - a l f l a e h  of the ai@ llght. The 
oheck p i lo t s  wore i n s t r u o t d  to depress a button,  lighting the 
O i g n d L  light, dpr- the l n t e p l  in whioh they were assisting 
the p i l o t  i n .  flying the  plene. 



.., 

i :- 

<. 
-, . 
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a. &$nt of Wxe-pff :  The Bheok p i l o t  v.4 inst ructed to f l a s h  
the algnal light, momentarily, a t  the  instant the plane left 
the ground. Xn aaee t h e   l i g h t  doea not flaeh during thie ma- 
nBwer, judgment aa to mment  of take-aff ahould be made in 
tenw of: 

(1) Cessation of vibrat ion of the instrumsnts,, . 

(2)  Observation  of  the  elevator indiontor. Usually a s l i g h t  
,baokwnrd m v m n t  of the dentor pointer (oorreeponding 
to an incremie in back preaaure on the atick) l a  mads 
jwt before, or an, the plane leavea the ground, 

b. off --I -Sa off I s  indloatod when 

thah one soale unit on the  oontrol indicator, just before, or 
there is a d e f i n i t e  beckward novsmant of the a t l ck  of greater 

aa9 t h e  plane leavea the ground on take-off, and when the a ir -  
speed, baaediately  af ter  take-off, l a  unduly lor, i.eo, 45 
miles per hour o r  d e r ,  

2. mr 

a. -n of neQ2X*r.." n n o n  The deternin- 
a t ion  of the duration of th-mvar I s  to be 
'made primarily in  terns .of control ~ ~ t ~ ~ m t e ,  end seoondasily 
. In  taw of the plandr  poei t icn  ae  lnd lcated by the artlfl- 
o i a l  horizon. 

(1) The should ba oonalderd  to begin with the first  
applloation or the oon t ro l s  in the  dlreot ion of the bmk, 
and ahould be considersd to end when the aileron control  
han been-raturned to the nputral position. 

(2) The.- i s  thst portion  of  the maneuver betosen tha  end 

(3 )  The shodd be oonsldared ta bagin with the first  
positive appliuation of the oontTolP in the d i m t i o n  op- 

deareaae in the angle of bank - i .e.,  t he  first poEitjVs 
posi te  to the bank, rhloh is  locompanied by a posi t ive 

application of the oontrols other than the holding of 02- 
pooelte allemn-ta ;aairrtaiwthe bank. The rewary ahould 
be consldesd to - a d  whm the plane returns t o  a s t a t i m  
level posttion, l u e O s  ovsPrcKl&ery should be oonslderd 
(LO (P part of t h e  reooverq, 

of the  entry and the beginning  ,of  the  recovmy. 



a. Readinga  on airspeed, altitud.e, and rate of climb  should be 
made a t  four p a l t i o m  in the manmert a t  the  beginning of 
the m~x~euver, a t   t h e  end of  the antry, a t  the beginning of 
the moovery, and at   the   conplet ion bf the maneuver. In ad- 

&$e of c m  
dit ion,   var ia t ions in afrapeed @ al t i tude,  and the  

t?lS D l n u e w e l r 0  

should be noted during the  "turn" portion of 

(1, Dstcminntion of " n h e  poeftlcn,n f r o m  t h e   a r t i f i c i a l  horizon 
shculd be made in terne of the d e r o n c e  oirole.  The "nose- 
on-+>rizonR posltj.on of the  a r t i f i c i a l  nnrizon abould be ea- 
timated from at ra lght  a& level f l igh t ,  aad the projestor ad- 

bar vlll biseot  the  reference olrols .  (If the q t i f i a i a l  
jwted BO t ha t  when the plan9 is in level f l l gh t   t he   ho r lmn  

horizon inetallation is one .Cn whloh the horlson is repre- 
sauted by two parallel bars, the projeotor should be adjusted 

the  cirole.)  
RO that each bar l e  Qquidistant from the l i c e  which bissota 

"Nose high" or  "nose l o d  l e  Indicated w h e n e v e r  the hdrlzon 
bar becomes tangent to the upper o r  lomr  halves, respsatlvely, 
of the periphery of the referenoe c i r d s ,  (IF the artificial  
h i z o n  instel lat ion is one in which the borlzon I s  represeated 
by two parallel ham, nose w h  or nom l o r  is indicated strum 
more than !mlf of the s p o e  between the parallel bars in out- 
aide of the periphery of the  oirols.) "Rose d e m n  is 
chwked whan the nose rsaahes both high and lorr positions. 

eo It should be noted that nose position  observations, in t e r n  
of the a r t i l l o l d  horizon, a r e  to ,be d e  o d y 4 n  level  turns,  
and not in the allrnblng and g l i d i q  turns. 

a. The pull-up i s  d e f i n e d  M bag- rhea the nose beglna to 
rise -- I..., If tho stall I s  entersd from a d e f i n i t e  glide,  
the glide should be disregarded in lpaklng mtriss on the 
oheak sheota. 
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(2)  Nose Position: DIscxepanc&s in absolute reading, both 
readings represwtlng undesirable aspect8 of peffomance. ' 
If one peper were marked "Nose Wandered," the otfiar "kse 

thle  would constitute a non-crltioal disarepnncy.' 

(3) Ball Bank: Dlacrepsncles In  absolute  rsadlngs, both 
reedlngs  representing undesirable aspwts  of perform- 
ance. If one paper were marked " R i g h t l ,  L e f t  3" and 

not mrked " thin would conatitute a non-critical dls- 
the other per were marked "Left 3 (r ight  aero, l o a . ,  

crrepancy. 
p" 

( 4 )  Aing pasittm In nuw:vorB, o,ther than turner Defined 

Lorn VB, W n g s  ilolled" cpnetitutes  a.non-cr1tIcal die- 
comparably fa Vcoe Poeltioo" above; for example, "Ring  

crepancy. 

( 5 )  Rate of turn Is mmmvera other than hrrns: Define 
comparably to " B a l l  Bank" above. 

(a) Row D2 repreoents ditr?lrapanaies outside taleranam 1Utn other 
t?ran non-cr i t i ca l   d l screpanc i~o  

(d) Row D all dlecrspanclee outside baslc to l emce   l imi t s .  
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%! 

Altitude 
Altitude EL 

Variation 

Airaped 

hte of Climb 

Average Bank 

T e a n  'Corn- 
-2.w 



BeLZ Bank- 
Degree 

WM 

1% 289 113 

29 
3 

69 
3 

33 
3 

32  72 36 
24 35 13 

261 '585 245 
20 
1 

35 14 
4 0 

21 
18 

?? 
36 

14 
' 1 1  

259 545 205 
26 . ' 47 21 
18 36 33 u 
17 

83 
32 

54 u. 
57  117 
0 

w 
9 

0 0 
19 

9 
15 

19 15 
14 40 16 

54 111 
0 0 

39 
0 

9 6 .  211 . '- 

0 . o  r~ 

0 1 
0 1 
4 8 

- -~ 
.- - 

285 630 ' 250 

2 
0 0 ' 0  

3 
2 

9 

13 
3 
27 

9 
11 

\ 

Team Team 
1 2 _. --. 

.- e 

"CG .02 
-21 .I7 
.21 ' .19 
.10 .08 

.l9 .17 

.27 .19 

.19 .17 

- - 
.01 .w 
.01 .oo 
.03 .04 

- -  - ,  

-. -, - 
.oo .01 
.oo .01 : 
.OL .OL 
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Altitude-Maximum 4 10 
Variation 

. D 2  1 
Dl - 1  

D 2  
0 0  

Airepeed A 35 
n; 0 
D; 0 
D O  
0 1  

Variation 
Airspeed A 3 L .  

10 
0 
0 

0 
0 

211 
0 
1. 
1 
1 

28 
0 

20 8 
1 0 
1 1 
2 
0 

1 
0 

0 
i 0 .oo 
1 
2 

0 .oo 
0 .03 

6, 
0 

26 
U - 

27 i 

-. 

- 

.03 .03 

.10 .08 . W ,  .05 

.03 .05 

. -  - - 

.03 .02 

.03 -02 

.03 .03 

. 



I 

Walke Rudder 

2 5 
h 

3 
13 10 

.- 2 0 

,'& 104 
0 0 

1 3  
0 

2 2 
2 2 

1 
1 

2 L 1 

- 
. o o  .oo 
,@3 10 

,03 .03 
03 ' .lo 

,oo 

(Climb and 
Glide only) 



A h p e e d  A 50 36 u6 35 
D 1 0  0 0 0 

0 4 L 2 
G 4 2 

0 10 10 20 8 
3 0  

0, 
D2 D 
0 

39 30 
5 6 
5 
10 e 

2 

0 1. 
1 2 

9 ~ ' I  
0 1 
2 0 
2' 1 
1 2 

69 
li 
7 
18 
23 

La 
1 
0 
1 
3 
16 
1 

' 2  
3 
3 

22 
6 

u 
9 

6 
0 
0 
P 
3 
6 
0 
0 

3 
0 

a 

h l k a  Budder A 39 37 76 30 
0 0 

6 2 8 
2 

6 -13 $05 .10 
E 6 2 3  - .05 

0 15 11 26 
. ,IO 

a ,25 022 e 2 6  

n, 0 0 - - - f * - 
' 3  6 

Flom off or A 11 8 19 5 
Stalled off 9 3 0' 0 0 

D2 0 0 0 n o  0 0 1 
1 

0 1  2 3 3 

-39 
-20 s 

* 
. 



Allemn in 
Stal l  

Altitude 

wing Posl- 
tion 

Landing - 
correction 
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!rake-off 
Sringa 1 k 2 

Flight I 
Flight 11 

swings 3 6r k 
R i g h t  I 
Flight I1 

straight all& 
Level 

SuIQga 1 & 2 
Flight I 
lgiuht I9 

s.inea-3 LQ 4 
Flight I 
Plight I1 

' ~ Straight Ciimb 
d Rwovery 

swirl@ 1 & 2 

s r i a g a 3 s r 4  

Flight I 
Flight If 

Flight f 
Flight I1 

17 
l9 73.9 

73.3 68.2 501 
68.7 5 3  

3.m 
3 e l 2 l  

8.608 
6.218 

2.1% 
3.571 

5.459 
30226 



srirrpo 1 & 2 



4P Bank 
'180° Rup R i g h t  

swings 1 & 2 
Flight I 
night I1 

Srlinse3%4 
Flight I 
Flight I1 

,3&0 steep Turn 
L e f t  600 Bank 

S a e a  1 & 2 
Flight I 
Fliuht I1 

slllJw3-3 it 4 
Flight I 
Flight  I1 

36d0 steep TIIm 
Right 600 Benk 

S l r i n R E  1 & 2 

R 
E l n o  

22 

24 

21 

23 

20 

22 

II 

u om 
* 01 i 



night I1 
900 Glidg Turn 
Right 15 

swims 1 & 2 

20 l9 70.1 
69.0 63.1 ' 5.9 

62.4 7.7 

23 694 62 e 3  7.1 
n . 3  63.4 7.9 

22 44.5 59.6 6b.O , 59.0 
bc9 
5.0 

f 

,21 66.4 60.5  5,.9 
lLS 66.0 59.8 6.2 

3.917 .a 
3.953 , .ffl 
5.996 
5.631 

0 0 1  

.a 

a -  '' 65.0 
65.2 59,7 5.5 5.w .m 

60.5  4.35  ,3.7lO .ol 



Taice-off 
Swlnge 1 & 2 

Plight I 
Flight I1 

Swlnga 3 k i, nl&t 1 
Flight I1 

Straight and 
Level 

sdngs 1 & 2 
Plight I 
Plight 11 

srlnge 3 & 4 
Flight I 
n l g h t  I1 

Straight C l i m h  
and Reoovery 

Swluge 1 & 2 

Fli&lt :I 
' Swing8 3 E 4 

Flight I1 

Flizhc I 

Flight I 

. , .  .,, . 
- ,  

. .. 

0 01 
e o 1  

. 
. 

. ,  

i 

. 



tl !&l&. Ria. 
Left 450 &alr 
9& Cllmbing Rull 

S r i n a a l l k 2  

aralae 

2045 2091 
203 5 2cs9 

2052 2091 
2056 2105 

2.U5 
3.378 

3.245 
. 2.469 night I 26 

Flight 11 2l 

2M5 2022 
2005 2034 

2026 1998 
2028 1992 

-29 
-7 

28 
36 

-30 
-4 

1.700 
2.563 

2.461 
.796 15 

29 

.740 

.TO 
1.031 
132 

~9minUs-3 & L _ .  .. . 



4 -  T o  - Rieht 
s T I n # p l k 2  

nlght I1 
Flight I 
Plight I1 

Plight I 

S.ing0 3 i3 4 

L e f t  60’ Bank 
360’ Steep ~l’urn 

Swiuga 1 & 2 
Plight I 
Fl-t I1 

Swings .3 & L 
night I 
night IY 

360° Steep Tusa 
Rlght 600 Bank 

Plight I 
s r f i g a  1 & 2 

3 - @ 3 & 4  
Flight I1 

Flight I 
Flight TI 

Straight Glide 
and Recwvery 

Swjrgs 1 & 2 

Flight TI 
Srings 3 & k 

Flight I 

Flight I 
n t g h t  XI. 

U. 

23 

26 

23 

26 

1.9 

26 

18 

22 

22 

,a 

20 

23 

17 

19 

667 
y22 

750 
716 

3.156 .m 
2 *740 . 01 



874 
845 

7343 
745 

895 
942 

750 
747 

736 192 
159 

750 

863 -u3 
885 -138 

1 394 
2.031 05 

- 

4*@7 ' 0 0 1  

2 947 .01 

Filgilt 1. 13 10 m st0 -ll3 ' 2.802 .a? 
, n9 810 -91 2.249 o 05 Flight I1 



' Straight Glide 
and Rwovsry 

SKInRa 1 &'2 

21 

23 

20 

24 

18 

21 

'9 

19 

190 
203 156 172 4.248 0 0 1  

206 in 5 . 5 s  
21 5 174 5.7% .a 

0 0 1  

3.544 .a 

189 
208 

136 ' 36367 
100 

D 01 
2 0917 001 

186- 233  7.747 e 0 1  
221 231 6.273 D 01 

-350 4 3 6  
-390 -255 

-316 -487 
-297 

7.470 
-451 

0 01 
7.234 P o l  

8,457 c (31 
3.872 0 0 1  

. 

. 



. 
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sringb 1 & 2 
Flight I 22 
Flight I1 

swingEli3 & 4 
R i g h t  I 
FSlght I1 

l8Oo Turn Left 
45' Daak 

Swings 1 & 2 
Flight I 2o 
Flight I1 

Swings 3 & 4 
Flight I 25 
P l i g h t  1: 

20 
7 

16 
-3 

u 
22 

21 
11 

10 
30 

57 
9 

-11 
2 

2 
7 

Em. 

u 
19 

-11 
-7 

18 
14 

u 
11 

7 
LJ+ 

a 
ll 

3 
-1 

3 
5 



night x 
 plight 11 

R i g h t  600 Bank 
360' Stsep hup 

Flight I 
F l lght  I1 

F l ight  I 
F l ight  I1 

sd.ltgB 1 & 2 

Swings 3 a 4 

22 . 22 4 -2 

23 21 -7 
1 

26 23 

. 19 20 

26 22 

1 5  
5 

-5 
-6 

2 
-u 

2 
1 -3  0349 - 
8 0 D O 0 0  

2 ,  .281 - 
11 -6 .9l9 - - 

-13 6 4 6 3  
-11 12 0770 

-24 . 39 3.788 
-1 ' 6 0 6 8 9  

-20 , 15 .1.125 
-11 3 .no 

15 1.401 
-3 1.ll1 *=3 -11 
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I 

Straight C l h b  and 
.Recovery (ih Climb) 

Continental 
Flight I 

Klight I 
night I1 

Flight I1 
fi*b 

900 Climbing Pun 
Right 45b Bank 

Contlnemtal 
Flight I 
Plight  I1 

F l i g h t  I 
Flight  I1 

Franklln 

900 Climbing l'urn 
Left 44O Bank 

Continental 
'' Flight I . 

Flight  I1 

Flight I 
Praclilin 

Plight  I1 

A 

20 

21 

22 

20 

20 

18 

Ti 

19 . 

-3+ 2359 
-31 0635 

6 i 233 
-32 1.381 

, .  



. 
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900 C l i m b i n g  Rull 
Rlght 450 Bsnk 

Continental 
F l i g h t  I 
Plight I1 

Flight I 
night I1 

F M I n  

93' Climbing Turn 

Continental 
Left 4P Eank 

Flight I 

Flight I 
Frabklfln 

Flight I1 

Flight  I1 

900 Turn Left 
150 Bank 

Contineatel 
Flight I 
n i g h t  I1 

'F i ight  I 
Flight XI 

Franklin 

2302 20,7 
26.0 22.2 

10,8 20.5 
16,3 16.5 

22.1 18,6 
22.2 20.7 

19.9 23.3 
19.4 2108 

". 
" 



16 l5 25,3 29.1 
23.5 27.1 -3.6 

-3.8 

19 22 26.1 2603 ' -.2 
28.2 28.6 - 0 . 4  

16 i 6  22.8 26.1 
25-3 25cO 

-303 
.3 

13 21 L1.8 4403 -2.5 
45.0 46.2 -1.2 

10 u 39.3 46.5 
1rb.9 42.6 

-5.2 
2.3 

3079 
e o 0 0  

1.651 
1,758 

.m 
s 191 

1.180 
0 1 2 7  

.. .. 





. .  

? 

d l  
t 

.. 
i Continental 

Plight I 18 22 10.0 10.7 - -7 .361 - 
Fliaht I1 11.9 10.2 1.7 ,920 - 

PrElnklL 
Flight I. 
Fligb’t 11 u 10.0 10.0 0.c .ooo - ‘3 . 9.3 11,6 -2 -3 .881 . 

3600 Steep Run 
Right 600 Baak 

Continental . 

m i g h t  1 
Flight I1 13 21 13.9 12.1 1.8 

l4.2 11.1 
-760 

3 SI. 1.1133 
D - 

Fl-anklia 
Flight I 10 night I1 

12.0  11.9 
l3 - 10-6 ~ 12.5 -1.9 . 58q  

.1 0037 - - 

. .  
; - 



9oo Rull L e f t  
15' Bank 



FranlrlL 
Flight I 
Flight, I1 

10 8 

90' Gliding Run 
Left 150 Bank 

Continemtal 

7.1 4.8 
7.8  10.6 -2.8 

2.3 

7,6 6.6 1.0 
7.2 5.8 . ,1.4 

8.5, 8,6 
8.7 6.0 

9.1 
2 07 



Take-off 
Continental 

F l igh t  I u 
Fl igh t  I1 

Fl ight  I 1 5  
Fl ight  I1 

FI.tUl!dh 

StraiFJt and Level 
Continental 

.Flight I 17 
Fl ight  11 

Flight  I 19 
Fl ight  I1 

Franklin 

St ra igh t  Climb md 
Reoooery (in Climb) 

Continental 

10049 
e 1 5 3  

1.734 
1.858 

51 3 
52 a 8  

49.3, 
d80.4 

1.536 
2.077 

.m 

.a9 

75 .A 
76.8 

6703 
6.5813 

-2.1 
-2 -9 

-9 
'4 

05 24 73.9 
' 73.3 

. .. 

~ , .  . . >  
, -1,6 

-.8 23 65-1 
65.3 

Fl ight  IT 
Flight  I 20 

Franklin 

P l igh t  XI 
Flight  I 21 

R i g h t  45O Bank 
90' ClFmbingJ Run 

Continental 
Pl ight  I 22 
Fl ight  11 

Fl?3llkliXl 

3 36 
2 -2 

697 
.737 

Z 095 
0345 

-,6 
-,8 

2.7 
"6  

-05 - Fl ight  I 20 61. D 1 
Fl igh t  XI . 59,6  

90' Climbing 1M 

Continental 
Left l+5O Bank 

Fl ight  I 20 
Fl ight  II 

Fl ight  I 17 
Fl ight  I1 . 

Fl-LlranWin 

.220 

.668 

2.031 
1.473 

26 62,L 
43 .. 1 -.3 - .B 

3 =2 
1 .? 



lSOo Turn Leiz 

Continental 
4 9  Bank 

Plight I 

Flight I 

Flkght 11 
FI.snHin 

Flight I1 

lS@ "urn Right 
450 Bank 

Continental 
Flight I 

I Planklin 
Flight I1 

Fllght I1 . 
Fl& I 

360° S t q  Tun 
L.lt6008.nL 

C o n t l n a h l  

Flieht If 
Flight I 

... ': 

0 05 
.. 

.a2 - 



3600 Steep Turn 
Bight 6 6  Bank 

Continentill 
p l igh t  I 

Franklin 
Fllght I1 

Fl ight  I1 
Fl ight  I 

Iio~rmal Poww-off 
Stall (a t  Break) 

Continental 
Fl ight  I 
Flight  'I1 

Flight  I 
n i g h t  I1 

FlWklin 

19 

20 

17 

11 



. 

\ 



n i g h t  I 21 
F l i g h t  I1 

20 
7 

u 
19 

28 
29 

41 
31 

18 
20 

36 
37 

u 
22 

18 
u 

batman 
Diii 0 

J k n L  

23 
-9 

25 
26 

-18 
1 

12 
-2 

-20 
-19 

13 
7 

-7 
11 

4 
3 

LmaBa 

2.5l3 
0900 

3.364 
1.726 

.1.9a2 
.112 

1.649 .w 

1,. 593 
2.592 

10.440 
1.197 

1,193 
,785 

.267 
a 3 0 9  



Flight I 
Flight I1 

Flight I 
Flight I1 

Frroklin 

450 Bank 
lioo Turn.Left 

Continental 
Flight I 
night 11, 

Franklin . 
nlght I 
Flight I1 

18@ Turn Rlght 

Contiaental' 
Flight I 
Flight XI 

450 BMk 

FES&tin 
night I 
Flight I1 

3600 stamp Tmp 
LOftWBantr 

Continental 
plight I 
nigh* If 

pllght I 
Fl*t I1 

Frantrlin 

22 
30 
3.0 9 1 .w 

57 -27 "622 

7 8 -1 -0% 
3 03% 

21 l6 14 . u  

20' 25 -11 2 

21 23 3 3 0 .m 
2 7 -5 .9m - -13 1.975 , e o 5  

-1 6 -7 1.079 - - 

22 26 4 8 -4 0 6 4 4  

-2 S -7 0974 

22 ~ 2 3  2 8 -6 .79l 1 11 -10 1.262 

23 26 -7 
1 

15 -22 2.294 e 0 5  
5 -4 3 %  - 



360' Steep Turn 
R i e h t  60' Bank - 

Continental 
Flight I 
Flight IS 

Franklin 
Flight I 
Flight If 

90' Glidiog , Turn 
Right 150 Bank 

Continental 
Flight 1 
Flight II 

plight' I 
Flight I1 

Franklin 

LePt 150 Ea& 
SOo Glidlng Turn 

-93- 

20 22 -20 -13 .-7 
-11 -3 -8 

-741 
0590 

.492 

.735 

0114 
0279 

1,279 
-330 ' 

J56 
1 o 5 4 4  

1.468 
. E 8  



A Mean 

Straight and L,evel 
Continental 

Flight I1 
R i g h t  I 

F m i n  
nl&t I 
Flight I1 

90'  urn Left 
IS0 Bank 

Continental 
Flight I 
Flight 11 

n i g h t  1 
Flight I1 

Franklin 

90: Turn Right 
15 Bank 

Continental 
Flight I 
Flight XI 

Franklin 
Flight 1 
Flight If 

450 LIank 
IS@ "urn Left 

Continental 
Flight 1 
Plinht II 

FranklLl 
Flight I 
Flight I1 

16 

19 

20 

20 

22 

21 

19 

21 

23 

23 

26 

23 

27 

22 

26 

23 

25,O . 13.1 

22,6 
29 .2 5 

30,O 
2530 

28,5 
27 .O 

22 57 
30 .> 5 

22,5 
21 04 

,U'J 
9"5 

26.2 
21.0 

D l f f  
b e k e n  
Mean8 

10,7 
-17,R. 

16,5 
-2.6 

109  
5 

-1.1 
7.0 

16.1 
323 

--la2 
09 

-1,5 
- 5 D 1  

400 
405 

LY&s 

1 e393 
2.268 

e339 
1.723 

.220 
,621 

1 ,162 
0101 

2.272 

9 1 6 2  
$1 51 

.n7 

' 1.274 
-311' 

-737 
8ll 

05 
. 
- .. 
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. 

I 



1 

.., 



Take-off 
Continmtnl 

S w h g E I l & 2  

STIngs 3 4 

Swl??&i 1 & 2 

S a i n g s 3 & 4  

Frahwin 

-99- 



I. 

.5 538 . 
" 5  &95 - 

.8  :7* ' . I  

i 

i 

I 
I 
I 

* 



1800 Turn R i g h t  
4 5 O  Bank 

Continental 
S . i n g s 1 & 2  

s r i n e s 3 c 4  

FlWM.in 
S a n g 6  1 & 2 

S m w 3 6 r 4  

2,2 

1 m3 

.5 

.8 

09 

103 

04 

1.3 

02 

1 .o 

-03 

.5 

I . 
i 



a 

. .  
.ffl 

- i 68.6 
1,6 

n . 0  
5.7 

- ! -8 0 537 

-2 .217 
5.1 

4501 
1.8 
&9 
2-1 

377.2 
4.3 
37.2 
2,e 

c.4 e 7 0 2  

0 9  "968 
393 

37.5 

' 37,2 
3,2 

2-5  



I 

.625 

.729 



46.1 1;4 
2.0 
45.4 .5 
1-8 

1.795 - I r 
.459 i 

.m . 

1 



Continental 
Swings 1 &  2 14 2029 

31 
2032 -3 

36' 

2157 -20 

18 2020 
63 



22  2055 
56 

2039 

26 2054 
45 

2054 
9 : 59 

16 

00 

1.340 

m o o 0  

19 2113 
% 

a11 
53 

24 2090 
68 

2102 
59 

2 

-12 

.u 
-843 

20 2845  2035 
65 

26 2052 
53 
20% 

10 

-4 

06% 

.270 
47 ' 5.5 

17 2091 
63 

21 2 m  
59 

2089 
39 

2105 
44 

2 '  

-u 
-094 

0594 

10 

-2 

-677 

.167 

-12 

4 
,972 

0422 23'. 199s 
55 

54 



2013 2010 3 
61 

2025 2000 25 
70 . 

69 57 

1998. 2007 
54 60 

-9 

2027 2020 7 
5 1  , &  

2037 2032 5 

2004 15% 10 
5s 47 

I6 42 

i 



-108- 

.' 1 

2070 
91 

59 67 

. ,  

! 

5 .  , .x9 - 
Franklin 

Swings 1 & 2 21 2138 
67 

2136 
86 

2 .123 

Srlnge 3 & 23 20% 2101. -6 
76 69 

360' Steep Tun 
Right boo Bank 

. 
Continental ' 

Sr lngs  1 & 2 . 19 

Swings 3 & 4  26 

Straight Glide 
and Beoovery 

Continental 
Swings 1 & 2 18 867 

173 

2040 8 
68 

2068 5 
87 

2313 
76 

-5 

2102 
89,  

-2 

473 

a 329 

e 3 5 8  

* 134 

D 

. 



! 

D i f f  a 

Ji!suuL 
betwerrn 

c! 
i 

29 

7 

1.065 

0 8 2 1  

-47 

3 

B 6% 

1 679 

c -11, 

-2% 

26 

e 

-a 5 

3 ca 

890 

1,609 



Straight Climb and 
Recovery 

Contiaental 
swings 1 & 2 

Saint48 3 4 

PI%lnklin 
Srringa 1 & 2 

S r i n g 9 3 & r ,  

90' Climb- Run 
R i g h t  45O Bank 

Continental 
S a n g 8  1 & 2 

swill@ 3 ' &  4 

sxings 1 & 2 

s l r lng53-44  

Franklin 

B 

17 

a, 

19 

23 

20 

23 

21 

23 

22 

26 

20 

24 

4 2  3.7 
109 2,5 
4 - 1  3.9 
2-0 2.e 

5 d  7-8 

3.9 
5.0 2.2 

3.5 

- .  ~ 

2.2 1.7 

736 
4.1 

800 
3.3 

10.0 ' 8 3  
5-0 5.7 

7,O 
4 2 

7 n 6  
3 - 2  

6.7 7 .7  
3 04 3.6 

2.8 2.2 
2,,8 205 

2.9 1.6. 

4.4 3.5 
3.0 2.L 
3-6 300 
2.0 l o 9  

4.1 2 09 

-735 

.267 

1 .Is1 

,615 

.345 

.759 

0455 

1.000 

d759 

2.069 

.865 

1 .03L 



TABLE 28 

AIRSPFJTI VARIATION (Continued) 

Continental 
Swings 1 R 2 

Suings 3 4 

Fl-adcl in 
swing8 1 & 2 

Salags 3 R I 

l! 

20 

26 

17 

21 

20 

25 

20 

23 

22 

27 

19 

22 

2.3 
2 01 
3.2 
2.8 

401 
2.2 

3.3 
I 3 o i  

300 
1..9 

b,? 
2,h 

I 

-03 

.1 

-08 

-1 e o  

1 , O  

1 >3 

-1 *o 
-.I-- 

- 07 
/12 

' 0  

;7 

. 

1.290 

i 0493 

1 538 

J 9 2  

"886 

313 

.ooo 
1 .%6 



3,O ' 1,5 

4.2 
2.1 

2.1 
-03 

2,6 
5.0 - -4 

2.9 
5.2 - > 3  

45O Bank 
1800 Turn Right 

Continentdl 
Sdngs  1 .& 2 23 4*7 4.4 "3 

3 .a 3.1 
Sringa 3 & 4 26 5.1 

2,7 
Franklin 

~. 

Swings 1 & 2 22 5.2 
. ,  

405 .6 
2 "1 

360' Steep Turn 
Left 600 Bank 

Continental  
Swings 1 k 2 23 4.8 

2.6 

Franklln 
4.1 

Swinus 1 a; 2 21 5.9 - 
2 03 

1 I 786 

.732 - 

.&7 - 

.370 - 

I 



- , ~ 3  

- :2  

r - nL 
.s 

Straight  Glide 
and Recovery 

Cont inenta l  
s w i n g s  1 & 2 

swings 3 & 4 

Sringe 3. & 2 

Salnga 3 & 4 

Franklin 

90' Gliding Turn 
Right 150 Bank 

Continental 
sr ings 1 & 2 

Swinga 3 & 4 

Franklin 
srrings 1 & 2 

s a g s  3 8 4 

-.1 

- > 3  

-J 19 5.3 
Z"0 

5 "i 
2,.9 

3.2 
1.7 
3.7 

02 

.9 
2.8 

L.2 . u  -.l 

-1*5 
2,5 
5.2 
2.6 

1 



.. 

i , 

'. 

i 



. ., 

23. 23,2 %!I -2,s 1.750 
7,O 6 .I 

t -  .5 

.LZ 



2.750 

0840 

0 02 

- 

16 8.6 
5 -1 

I4 7.3 
3.3 

9.6 -1 .o 

10.9 
5.2 

-3.6 

a 676 

1.809 
8.0 

26.8 -1 .o 
10,o 
26.8 " "8 

6 e 2  

25.3 
L.8 

-1.8 

-685 

0 533 

1.639 

.866 Saings 9 & I 29 ;1  -2.0 
6.7 

181%' Turn R i & t  
4 5 O  Bank (in Rum) . 

Continental 
Swings 1 & 2 19 26.1 28.2 -2 .i 

S m g s  3 & I 2 2 .  26.3. 28.6 -2.3 
8.5 7.3 

5.5 5.8 
Franklin 

1.2% 

2.371 .O5 

2.119 

* 764 

SWIGS 1 & 2 16  22.8 25.3 -2.5 

Swings 3 & 4 '16 26.1 25.0 1.1 
8.9 7.3 

6.1 5.5 



Continental 
S d n g s  1 & 2 18 40-7 38.9 1.8 1 .U8 

Swings 3 & 4 22 Q . 6  42.3 .- .7 .395 
8,O 7.4 

,5.9  7.9 

-2.6 1 .NO 
9,2 10.0 

Swings 3 & & 13 45.,5 43.5 2.0 1.316 
5 .I 5.7 

360' Steep Turn 
Right 60' Baak 

Continental 
Swings 1 & 2 13 41.8 45.0 -3 .% 1.221 

6.1 9.6 

6.8 7,9 
Swinge 3 & 4 21 44.3 46.2 -1.9 1.407 



13.0 4 .o 2.266 
3.7 



. Ai? 

Right 45' Bank 
900 Climb- Turn 

Continental 
Swings 1 & 2 

S.inge 3 & 4 

Swings 1 k 2 

Swings 3 k 4 

Franklin 

20 5,9 . 4.3 1.6 
2.8 

21 6.1 
403 
5 a 2  

4.0 
09 

3.3 

1.062 ~ 

1.628 - 

Left 45' Bank 
90' C l l m b i ~  Turn 

Continental 
swings 1 & 2 

Swings 3 L 

Franklin 
Swiugn 1 R 2 

swings 3 & 1; 

.:: . 
"160 r 

I 968 - 
_ Y  7 t  lr.7 

t"4 -2 :o  



swings 3 l% 4 
Y 

slrings .3 & 4 

21 7 &  8.3 -.9 .a 
2,7 4.8 

- 
22 5.0 5.1 - .1 .m - .  

3 *7 3.9 

16 8.6 
3.9 

13  8.2 

8.5 01 ,069 - 

20 8.3 7.1 1.2 1.053 

21 9.5 7 .'4 2.1 1.750. - 
- 

4 s 3  4.7 

11.2 3.1 

16 11.0 11.3 - a 3  .u3 ' - 
5.0 7.3 

3.5 7.0 
15 8.8 10.3 -1.5 .728 - 

20 I 8.2 
6.7 

22 9.1 
I. 5 

16 9.3 
4.3 

16 9.1 
. 4.2 

8.5 - *3 . 1% ., 
3.9 
9.1 .O .OOo 
3.0, 

9.4 -.l .069 
5.3 

7.5 

- 
- 

10.6 -1.5 .a5 - 

t 



3600 Steep Turn 
Left 600 Bank 

Continental 
Snings 1 & 

Swings 3 & 

swings 1 & 

sui .gs 3 8: 

Franklin 

. 360° s*.> Turn 
Right 60"' Bank 

Contir3nt-d 
SWZ lgg3 1 & 

Swf.3gs 3 k 

Frank3n 
su, .rigs 1 

Sw .ngs 7 & 

2 

4 

2 

4 

2 

4 

2 

4 

h 

18 

22 

u 
13 

13 

. 21 
10 

13 

20 

18 

SO 

8 

10.0 ll.9 -1.9 1.173 - 
5.5 6.9 
10.7 10.2 .5 e 3 3 8  - - 

6-3  4.4 

10,o 9 a 3  .7 372 

10.0  11.6  -1.6 e 556 - 2.7 
- 

5.6 

4.8 7.4 , 

12.1 
5.6 

11.1 1.0 &37 - 7.8 

7.0 4.4 

12.0 10.6 1.4 .455 - 
5.1 
11.9 12.5 

6.5 
-.6 ,174 - 

6.5 7.9 

7.8 7.1 

1C.6 
P , 7  





.I 

17 

24 

19 

23 

22 

25 

25 

24 

20 

26 

17 

22 

22 
7 

16 
36 
19 
68 
-7 
17 

29 
39 
28 
19 

31 
21 
33 
74 

20 
18 
39 
28 

37 

30 
23 

a2 

bstrsa 
DifY. 

13 

-19 

-5 

-4 

-1 

18 

10 

-PI 

-2 

-1 

-1 

-7 



L 

3 

-. 

- 11 
31 

30 
32 

-20 2 3 8  

1.138 

-7 

-3 

2 "309 

1,018 

-ll 
22 
2 
a 
3 
34 

28 
3 

-13 

-5 

4 

-3 

005 

. .  _ .  , 1 " 



22 

26 

22 

23 

23 

26 

21 

23 

19 

26 

20 

22 

20 
A 

8 
2 2  

26 
2 

8 
ai 

-7 
33 
15 
33 

L13 
50 

-24 
38 

-5 
27 
2 

33 

-20 
50 

-13 
IO 

-2 6 
27 

.m 
5 3 ,651 

22 

1 1 .w 
29 
ll -3 a 
23 

1 -8 ,738 

5 10 1 *946 
. 49 

27 

-11 -2 
52 

.277 

-1 -23 
33 . 

3 0324 

-a 3 .338 
30 -u 16 2 532 
35 

e l l  

37 
-9 0% 

-3 ' -10 ,968 
32 



. I , ,  
' , 

B 

22 

21 

17 

15  

21 

15 

18 

16 -1u 
64 



J 



i 
, r  

? 

9- 1 & 2  19 l L 7  9.5 502 

9- 3 & 4 26 16,2 U 0 6  1.6 
16.0 U 0 2  

- 
14.1, 12.8 .- 

. Ffankl ln  
S-a 1 & 2 21 26.2  21.0 

21 e 9  20.4 
17.0 4.7 

5.2 

22 17.7 
13.1 

25 18.8 
16.8 

12.7 

18.6 -.9 
16.9 
16.4 2 e 4  

16.2 

16.8 

1 a 7 3  - 
1.260 - 



J 



23 223 
83 

263 -40 
81 

24 206' 
C n '  95 

4 

20 325  308 
155 

17 
132 

26 , a 9  
129 

452 
152 

-33 
, .  

18 189 208 -19 I u 53 
2 1 x 3 6  221 -35 

Id, n 



15 

. I  


