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This appendix III to the NF-10UA Aerospace Trainer Evaluation Report presents 

most of the data used in report preparation. Two of the references used in 

writing the report are also included to make them readily available. 

Test day takeoff data, as obtained from the Askania phototheodolite cameras, 

are presented. Adequate information is included in the heading of each set of 

takeoff data to correct that data to sea level standard day conditions. 

Instrument corrected aircraft data are presented for the subsonic climb, 

acceleration, and level flight speed-power flights. The weather data used to 

correct this data to standard day conditions can be found after the data that 

pertains to each flight. The test day J79 engine fuel flow data can be found at 

the end of each section. 

Instrument corrected aircraft data are also presented for some of the zoom 

climb maneuvers conducted during the test program.  In addition, data obtained 

fron the Askania tracking cameras and the Nike radar are presented for some of 

the zoom climb maneuvers. Due to difficulties in tracking, the Askania and 

Nike radar data did not always include the entire zoom maneuver. The weather 

data used to "standardize" this data can be found at the end of the instrument 

corrected data for each flight. Occasionally the weather data and the Nike 

radar data are included on the same page as the instrument corrected data.  The 

test day J79 engine fuel flow data can be found at the end of the zoom climb 

data. 
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LIST OP SYMBOLS 

Symbol Definition Units 

A/CD object flight path heading clockwise from 
true north 

C/N counter number 

EGT J79 exhaust £as  temperature 

H altitude in feet above mean sea level for 
spherical earth 

MT Mach number 

PA ambient pressure 
2  3,5 Q impact pressure  = Pa x [(l+0,2Mct  )   *  -1] 

RC down range distance as an geocentric arc 
length,    (From origin toward heading is 
positive,) 

rpm J79 engine rotor speed 

T time 

TA ambient temperature 

TIC indicated temperature corrected for 
instrument error 

VRC velocity for RC 

VT speed along the flight path referenced 
to a fixed point on the surface of the 
earth 

VTW wind corrected speed along the flight path 
referenced to a fixed point on the surface 
of the earth 

VXR velocity for XR 

WD wind source direction from true north at 
point altitude 

WF H202 rocket engine oxidizer flow 

WF JPI rocket engine fuel flow 

WF TOT J79      J79 engine and afterburner fuel flow 

XR cross range distance perpendicular to the 
range headings  (left is positive) 

deg 

sec 

deg C 

ft 

dimensionless 

lb per sq ft 

lb per sq ft 

ft 

pet 

sec 

deg Rankine 

deg C 

fps 

fps 

fps 

fps 

deg 

lb per sec 

lb per sec 

lb per hr 

ft 





-* 

SHOUND 
I If« cisraNCL wimi VtUICITV ACCct.tR471?»l 
k\  5 FT,   n*iH fft T FT/StC FT/src/s-c 

•  ';•? ' ? , 5318.20 357,58 10.57 
'••   Q*.?J V. 547H.11 rt. 3AC.34 IC,58 
r. o*2' r* 561) <>.'>» -0.    - 365,78 9.79 
r»   r»2 . z-- 5751.Ti 0.11 367,97 9.20 
'•   .P»^" 5 5fl44.   % &.S7 3 7r,.12 8.91 
•    '•,!■ / . Sqift.Tj 0.72 372.34 9.62 
•  C«^<) j 6S?i.gr •).6b 374.23 «.74 

■:•  c-^ - .^1 61^3.44 1.77 376.40 «.94 
(■•  ^»21 TT 6313.10 4.06 381.14 9.43 
L«  '.•i'1 3; 64l>H,*3 5.79 183.71 9.2ft 

•    L. i 2'. 6^'.4.H4 r.2fi 1R6.C2 8.92 
•     L« * 5 6ft.: 1.75 9,03 398,38 8,39 •    !•' 7 i Af'-iJ.A* 11.42 39''.25 7.10 

ft   u"31 i, Ö/'J^.Ü» 14,23 392.17 5.63 
'■•   U»11 .'i 68(»5.S6 17.35 393.67 4.35 
■'•   0»3i v.. M9 1.W» ?0.<*9 393,90 1.T5 
•  nmn 7-i 7C91.^, ,5.17 394.35 '.73 
• r,«3:- 7l9t

,.lt ?'J.3 7 195.24 4, Tu 
•    • i; 7 5 f?»J.13 <4.CV 396.74 6.55 
•   .«w 5 MH.1.6.1 m.47 398.39 7.04 

7 • 7417.IS •i3.a4 400.84 9.73 
i • 11 • ] i 75'i<*,,l(. < 1.21 4PJ,B0 8.9« 
■ t  .■..■(■. ""& 7490.^7 .'.ii: 40&.90 »,63 
■ •  !■• n b, 77')?,47 ^H.if 407.77 8-03 
' •   "•? i r-. 78)4.^3 63,62 40n.60 7.42 
•   004 79'»7,54 69.44 411.37 7.29 

>■•   •-•^4 Jb 91^0.76 71.46 413.27 7.4 1 
•   f.«34 Si. 92.H.Ö3 P2.5C 41,,93 7.80 

■ ■•   .,•14 7-. R*n.78 90.24 41^,90 n. 19 ' •     !'«(', M41 ■.64 97.fl" 4 19.06 fl.33 
•   "BIS «Si '.3) 104.11 421.49 P.26 

"•   0«^,i b. 862.'.-JS 112.19 423.63 7.92 
t   3.55 7. 972'i,6a 120.42 425.35 7.39 
•   C»3( i; e»3i.l5 128.n 4'6.97 7.26 

'• ■:■?' :*> »943.14 117.IP 4?«.72 7.(-5 
•    mix. •> 9050,19 145.77 41i .3P ".64 
• - • j 9fl20.C3 JlO.-Ji 44^.51 e,45 

f.   0»3^ ^, 99)3.16 ??0.94 451.)5 7.43 
',•   C»S* 7j 1ÜÜ46,^ 230.HI 4V.66 6.«6 
r%   0»31 10159,43 240,51 454.49 6.99 '•   -•»') ?i 1027?.ll ?':f,.4P 4^f.JO 7.5^ 
"•    -ii'i T. 103«7.'- ?ft0.4J A '". r L H. 12 
■ ■:*i 7 ■ 105',.'-4l .'■n.^t 4 61  .2 1 ".ft • >:">'. K&lf.^o 28U2Ü 46-'...0 ^,07 

,• o»*. ?-. 10733.26 291,18 464.?e 9.4"* 
■:• r»4: *' 10P49.T') 3Ü1.47 467.17 9.74 
.•   C«4' Ti 10O6A.n4 311.58 469.54 •j-qi 
• i»*i 11C14. (5 3??,6" 472.27 IC, 0-5 
•  j**i ?■- 11201.17 332.71 47*.9', 1C.C7 

■ • f,.*! ^ , 11321.33 342.73 477.2* 10.17 
1«   C*Ml r; 11442.07 353.12 479.71 If. IC 
•    j«*."" t-t 1156?.15 363.14 482.24 10,13 

;• ':«4? ? > ll6Fi2.2} 373,47 4«5.04 1C24 
•   '".•4/ i UM4.C1 3«4.Cfe 4^.** IC.CC 

ri  "•* - 75 11936,56 194,84 490.i0 9.62 
r-m   0«4 '. i2C49.48 4C4.44 49;.54 9.31 
r» 0.4 3 2 j 12173.11 414.76 494.53 9.46 
I*   0»41 s 12296.40 424.9) 496.67 9.95 
'•   :«43 T1! 12421.S4 416,C7 499.H I?.7* 
'•   ■3«*'*. 12545,96 446.67 5-^.C5 11.76 
.•   ^»4'. i'- 12671.33 456.71 'i ■->, 14 1P.71 
1«   •.«'>4 •3  . 12799.41 466.^ 503.61 13.BC 
rt (j«4«i. T> 12926.29 477.01 511.92 14.B2 

lAKE-fTF   «NO LAUDING D<T« 

lar-mr rm sinTiiN snuriiN 

GROUND 
TIHf OIIUIKI HEIGHT vBiBcm ACCELliMTIFN 

H '   Ht  SEC FT,   It«fBO F£H FT/SEC FT/SEC/SIC 
c. oue.rt 9001.13 0. 344.19 10.14 
0.  0.29JD0 9087.91 0. 346.58 10.19 
0«  0.29^25 917«. 98 0. 34V.19 10.30 
'•   0M9.M 9282.2« 0. 391.72 10. 6 J 
0« O.J9«T5 9990.29 0. 994.19 10.91 
r.  O.SO.OO 9439.01 0. 397.22 11.98 
0«  0.S0-25 9528.94 0. 360.09 10.84 
0. OMC'SO «19. U 0. 362.90 10.61 
0. O.JC.»5 9110.97 0. 369.40 10.28 
ft» o.iijoo 5t02.lt 0. 367.79 10.12 
C»  0.91^9 9(94,94 0. 173.31 10.13 
t«  0«JIJ»U 9987.00 0. IT;1.78 10.29 
0» 0.»WT» 6080.94 0. 379.48 10.29 
')•  0.32JO0 4194.98 0. 378.14 10.04 
o. o.n.zs «289.79 0. 380.68 9.79 
n« o.K JO «>U.» 0. 387.97 9.93 
"•   0.»2.'75 »4M. 37 0. 389.21 9.39 
C.  0.33JO0 6997.92 -0. 387.44 9.45 
->•  0.9J-SÖ 6792 .«1 1.44 392.22 10.14 
0.  0«5.)U 6I91.U 1.89 994.94 10.38 
0.  DO.^00 »949.68 2.89 397.69 10.9» 
"•  0»)4^25 7049.» 2.89 400.33 10.39 
..  0»«JS<) 7190.32 3.80 402.99 9.89 
0.   0.«jT5 7291.39 4.01 409.64 9.29 
0.  0M5J2S 7499.99 9.04 409. 69 8.26 
1'  O.HJ50 7998.19 9.78 411.31 8.47 
» o.3s.n 7<41.39 8.77 413.44 8.8» 
:• 0*)6.'O0 7>«4.72 7.19 415.94 9.21 
;••  0.96.2» 786(.42 8.20 418.29 9.43 
0.   O.Jt.SO 7973.69 B.I7 420.89 9.24 
0.  0.J6.IS 8079.10 8.6» 423.17 9.04 
M o.rrjoo 8189.92 9.09 429.0« 8.96 
0.  0.37J75 UU.tl 9.7» 427.01 9.97 
0.  0«7^50 •»8.» 10.99 429.38 10.98 
■*  O.JTJTS M09.7» 11.99 432.20 11.49 
■> 0.3B.00 MM^U 12.49 435.72 11.68 
v.   0*38-25 8124.01 12.62 439.03 11.26 
0« MM^O H*4JCI 13.02 441.79 10.48 
0.  0.J8.-M K49.»> 14.73 «43.79 9.91 
0. 0.39*00 90M.i2 19.44 449.93 10.08 
0.  0.39.2S 9168.04 16.36 448.27 10.99 
M  O.M.SO 9280.07 I». 90 491.28 12.19 
0.  0.30.T5 9993.46 17.iO 494.68 12.89 
0. OM0«dO0 M07.99 18.29 498.32 12.93 
0« 0M0^2f ««2.M 19.39 461.66 12.36 
0«  0.<.0,»0 9798.« 20.(14 464.64 11.74 
o* o.*o,r5 9895.42 20.Jl 467.20 11.18 
n. O.%I*Oü 9912.H 22.33 469.68 11.25 
»•  CM 1.25 10090.22 22.87 472.66 11.67 
0.  0.«l,M 10208.10 29.96 479.40 12.30 
c. oMi.-n 10927.99 24.71 478.92 12.63 
K  0M2^OO 10M8.O9 29.60 482.14 12.93 
0«  0.»2;25 109»«.47 27.12 489.91 12.31 
i •   O.^i.W 10*90.«f 27.1)5 488.33 11.72 
'•   0.t2.7I 10112.94 28.16 491.')7 11.41 
•  OMS.OO 10«»» J« 90.03 493,95 11.28 

V  »•♦9-2« IMMJ» 30.71 496.93 11.92 

«a*»!« INE 
«»»-9»t lOMrn    9  DEC   I9W  1998 NF104-7« 
mOHT    J 
•UN 0 
Mlf       6-12-63 
tUIMO »EEC >7 mi FT/SEC 
•MONO SFBBO «1 tf m FI/SEC 
(MUNO tnn 81 90 FT 982 FT/IEC 
«W 877 H) W 
■MC    2.0 «MTS  >T   ||. o OM«nS     UOICTIC 
IWIMT   » 

««•UNO 8iLL 6«>8       Ft 
818  DISTANCE      9*80       PT 
G88S5 »EKHT 91878     las 
•NtlENT F8fS 97,71  n HE 
AIU1ENT   TEHF 19.7    OFG C 
Fl«F SETTING TO. 
f«»E« uitn HUIIUI ponn 

!& 

MOUM 
TWE DISUNGf HEIGHT «8L8CII« ACCELERATI8N 

HR NN SEC XT,   UM«) FEET FT/SEC FT/SEC/SEC 
0.  04 0. 0. 0. 9.76 10,04 
0. 04  1J00 13.« 0. 19.70 9.97 
C 0. 2JO0 99.I9I 0. 29.69 9.91 
0. 0. 9J00 73.6* 0. 39.60 9.84 
0. 0« 4.00 118.90 0. 49.41 9.8? 
0.  04  5-00 172.M 0. 99,09 9.98 
0.  04  6*00 297.38 0. 68.82 1C.31I 
0. 0. 7J00 no.n 0, 79,09 10.84 
0. 0. 8J00 m.*i 0. »0.03 11.91 
0« 0.  9-Ö0 48». U 0. 102.01 12.20 
!>•   041DJOO W4.6« 0. 114,86 12,76 
0. CW11JO0 716.18 0, 128,13 13,11 
0. 0.12-00 191 .«3 0. 141,70 13.25 
0. 0413-00 1000-It 0. 199,01 19.24 
0. 0.14JOO 1M1.4« 0. 168,11 13.1» 
0. 0.19J0O 1>3».»T 0. 181,22 19.04 
n*  0*16-00 1924.93 0. 194,29 12,94 
0.  0.17-00 1724.62 0. 207.20 12.84 
U.  0.18.00 1939.25 0. 219.93 12,72 
0.  0.19JOO 2168.9* 0. 292.«2 12.99 
0.  OUOJOO 2404.« 0. 249.16 12.4» 
o. omjoo 2&«9.7» 0. 297.93 12.26 
0.   0.22JOU 2919.79 0, 269.7« 12,04 
i(»  0.23-00 3199.»5 0, 281.72 11,79 
;•   0.24-0O 3484.2« 0, 293.43 11.43 
0.  0.29.00 9im.M 0. 304.73 11,06 
(J.  0.26,100 4093.4» 0. 919.92 10.69 
0. 0*26-'29 4172.«! 0. 918.18 10.62 
0.  0.26.90 4292.70 0. 320.86 10.60 
"•  0.26.J5 4393.49 0. 923.4? 11.93 
C»  0.27.00 4414.9» 0. 326.16 10,^ 
C  0.27^2« 4*9». m 0. 928.73 10.42 
C»  0*27jri 4«U-4t 0. 393.89 10.33 
<•• 0*28-00 4749-tl 0. 996.46 10.32 
"•  0.28-29 4»JC.6» 0. 939.'2 in.21 
'^   0.28.,5O 4.19.90 0. 341.66 10,17 

GROUND 
TIM DISTHiCC HEIGHT VELOCITY ACCELERATION 

Hit HN SEC FT  ZEROED FEET FT/SEC FT/SEC/SEC 

0. 0*49J*0 tllMJIZ 99,94 «99.94 11.80 
0.  0.49--99 11909.70 94,9» 902.53 12.05 
J*  0.44-00 II499.»* 34.63 905.72 12.31 
n. 0*44.29 11962.34 34.36 904.77 12.17 
Of  0*44,150 11690.15 37.65 911.84 12.1.. 
i*  0*44-99 11818.9» 39.39 914.96 12.14 
0* 0*«5J0U 11947.5t 41.07 91».l'T 11.91 
0. 0449.25 12077.31 42.57 52J.94 11.7N 
>:»  0*49.'90 12208.10 44.46 52 3.116 11.64 
r*  0*49-99 12999.62 «6.32 526.59 11.98 
'(•  0.46J0U U«n.46 48.2« 929.65 11,76 
■» 0*4»J29 IMS« ^22 90,34 932,91 11.87 
?•  0M6;SO IJD7.Z2 92,91 939,49 11.98 
■)•  3*44.79 12*12.21 99.01 538,70 11,97 
■'•  0.47-00 1900*.'«» 56.80 941.56 
it» 0*48-00 19914.72 67,81 993.55 I'll 1 
0.  0*49,00 i»n9^o 80,49 969.83 12.27 
0» OMO-W l«U9.6i2 91.55 977.93 12.97 
0»  0M91JOO 1H10.0* 104,6« 990.48 12.81 
(-•  0»92.00 191*8.08 U6.61 603.79 12,94 
D»  0.93J0O 1»«71,29 128.91 617.17 I2.12 
' •   0454-00 17090.62 141,29 63,'..2ä 10,80 
0»  0459JOO 17JW.22 193,31 643.27 8,80 
0» 0.96JO0 l«9«-*0 164,65 648.87 6.75 
u» 0497J00 1«0«9.!99 183,60 692,91 4.42 
0»  0*58,(00 19724.14 199,32 696,19 ^,09 
0»  0459-OÜ 20942,32 217,09 699,83 -0,24 



TAKE-IFF  IW LANDING DATA 

lAK^-gF.n IM0  SUT14N   SHWJTIf« 

«SKANI» mt 
M9->n   lAKEHW  06 DtC   J9M 0»*7 NF10*-T6 
retiHi   • 
NUN 0 
OAI.        k-li-tl 
mvm SRCEO AT mm FT/SIC 
mtmo SFE80  «   Tl        3«6   FT/SIC 
OMtJNO SBSfiO  AT  90 Fr ".Oft Pf/SEC 
«VG PTf KJ  Ht 
uwi  2.o   KNms AT asi. DBsnees   (uaimc 
M»W«<    22 

TlJt1? OISfANCE 1 m sec FT.   yeftflED 
,»  0«   1- ■I. 

f« 0»  uoo *.*l 
d» o* 2*m 76. M 
'» o» ?.()a »6*98 
•   ()•   *.[)0 9%..40 
'•   U»   'i.fXI IV) ^* I 
(•   0»   f-OO 21'J.61 
n» n* 7.00 504^1 
:•  U«   R.OO 400>fO 
•   0«   9.f>0 SLl.f:9 

>•   0» 10. 0(1 635.86 
'•   Otll.OU m.i9 
•   0«l?-UO 92^.(2 
•  U*13.0() 1091.73 

.,• o«i*^?ü IZ&9«»9 
<"• n^is.üo 1462.43 
• fi«ift, nn US«. 13 

'■•   0»1?,IJIJ 198;.73 
-;•   U*16.UU 211H.63 
'!• o»iy,oo 2363.03 
*■   0»20-O'. 2619.98 
• üii?i.rV' 2889,»» 
•   0^?.Jü HTi.st* 
• o«z*.0':) i4b*.99 

■■• II*?*.,-»* 3439.10 

i«   0»2>. 50 3615.J7 
^   U*2 3»T5 36?.'.,'8 
'•  0»2A.nr) 317r).Jl 

•   H»?4»?S 38*f.4S 
■•    Ü-/4.SU J927.25 

■)•  0«?^,-?5 4007."1 
c* 3«ü.:öU 408/.34 
0.   0»Z5..25 4166.68 
•  ^ZS.SR 4250,25 
'•    OB^.M 433^.14 

■ •  'J»?^.?S 449y.fi 

(MIIMD RHl 'lit       «T 
»I«  DISTANCE      »O«       PI 
OMSS  «EICHT il>7e     LflS 
AMBIENT PAES 27.93   !■! MB 
AMBIENT TEMP 7.0    OE C 
FLAP   SETTHr, '0 
PaNFB  tISfi; MAXIMUM  POWER 

CKOUND 

HEIOHT VBLICITV ACCElEAATm 
FEXt FT/SEC FT/SEC/5FC 
0. a.M 11.38 
0. 12.52 11.75 
0. J4.47 12.13 
0. 76. «3 12.51 
0. »9.2» 12.91 
0. 67.10 13.31 
0. 75.97 13.61 
0, 9?.l? 13.75 
0. 103.98 13.A1 
0. 117.63 11.73 
0. 131.27 13.65 
0. 1»».99 n.6: 
■J. 1M.»B 13.55 
0. 172.05 13.»7 
0. 183.52 13.37 '). 190.86 13.2« 
u. 212.01 n.™ 
0. 225.07 12.90 
0. 231.87 12.72 
0. 291.»6 12.55 
0. 262.87 12.39 
0. 275.21 12.31 
0. 287.3» 12.31 
0* 29J.52 12.39 
0. 302.83 12.3» 
0. 306.06 12.16 
0, 309.00 11.96 
0. 311.95 11.51 
0. 11». 79 11.29 
'J. 311.»9 11.19 
0. 320.18 11.17 
0. 323.11 11.21 
u. 325.89 11.30 
0. 328.7» 11.36 
a. 331.5» 11.31 
ll. 337.2» 11.5.' 

älßj •. -■ 
riw OISMMCB HEIGHT VHLttCrTY *CCELmAT|P 

+i' m sto PT.   2EH8BP F6I.T FI/KC f r/src/spr 
rj« 0V6JSD 4485.Ol 0. 34 0.12 11.55 
0«  0426.19 4CMw9B 0. 342.94 11.6<> 
0« 0«27.'00 4»«.,l>l -0. 346.C6 11.Al 
E»  0«7.2> 4843J09 0.?2 348.84 11,54 
0*   0*2TJZÜ 4930.16 0.33 351.88 U.)5 
"•  0«27.75 ms-iT 0.47 J54.62 11.10 
o» o»28-:oo 5108.08 0.47 357.32 11.03 
0« 0«28J25 9t97J80 0.54 359.99 11.U2 
)•  042BJW 5M8,07 0.62 362.72 11.16 
P»   0«2B.i?5 53118*91 0.S9 365.56 11.23 
-■'•   0«29-0li 54 »0.71 0.7/ 368.49 li.14 
(•   0«29^Z9 5463.39 0.9S 371.35 10.44 

V*  0«29^9tl S6M.A6 1.09 3/4.04 10,43 
0*  0«29*"75 S850.ISJ 1.65 376.51 9.9^ 
ii»   OäJO.'DO l»*4.99 1.82 378.P5 9.64 
'•   0«?f.50 6035,M ).4H 383.4? <).  . ! 
-•  0«3fJ,?5 A13l,.*4 4.80 385.".' 9. > 1 
m u»3l„oi> 6228.27 6.0/ 38fl.44 9. \ , 
'•   Ü431..25 6)25.62 7.™ 390,80 B,»' 

')• 013UW) 6«23.69 9.M4 393.11 7.9, 
t1«   0«31.H 6S22.42 12.32 394,7? 6.6/ 
'.•   Om-iP.OC 66^1.« 15.4/ 396.12 '.. '/ 
''•   ')«32*25 6^20.95 19, 71 397.48 4. 1 1 
"•   f)«3?,5u 6820.25 23,49 39<1.41 3.  1', 
m   0«3?.75 6920.^6 27,Sb 398.96 3. »1 
0»  0»33..0U 7019.76 31.92 399.'JO 4,68 
0»   f>«33j25 7120.29 36.99 401.13 5. 7S 
'!•   0 »3 3^50 7219.71 42.4b 40?, 72 6. 91 
'■■•   C-«?3. 7^ 7321.11 *n- n 40'-. 81 7. ■' . 
1«   0»34fcOU 74??.39 54.41 40/.'M l, i| 
tl»  0M4JZ5 7524.68 60.72 409,^9 /,'»* 
0-   P%J4,,50 7&27.U hB.1i5 410.9? 7. H ' 

L»  B«3*M]I5 7130,*8 75.8S 412.85 /.'./ 
i•  0»3S«fil Tiraqjw 84.U 414,/? 7.4/ 
' •   ri*35.;25 7937.-21 9? .73 41'.,68 '.  -1 
■ •   J«3S.SCI »0*i»W 102. tl 41 1.47 f.-, 

n» 0*35.75 B146.rJ5 111.30 42'-41 '.  - 
n«   0*T6.O0 8252.33 121.9H 42?.)8 '.•'1 
Om  0*36-Z!> 835/,Bl 131.90 4 24..'8 /.'IT 

'•   f)**6..VB 8463.95 141. "J 42'-. '3 /. ' . 
'•   0*36. 7*) 8->71.12 1 -. 3 . 1' 42H. M '. '1 

m ii»»f.,iio 8ftPH.Ii6 l'.4.'f'. 4 »■). i4 1. 1 ■ 

'..•   043/J29 8lfl.H8 1 74.,'4 432. n ». 4 ' 

.«   0**7J50 Ba9«./>i 1-18. I 9 4 V.. 7 7 ».H  1 
■)*   P**/.I5 900 3.24 I 99.'79 4»/.'./ 1   l.'l' 
'..•   0»3B^1.') 9 112.516 '12,.M 44 I. 18 ■i,*,? 
m   tJ»3H.2^ 9223. ^9 .»A.hl 44^. 7'J '.  '/ 
'• Q«irfl*.»ü 9»**. 74 ?if>. n 44'.. "1 /.'.'. 
■■* o»?«.« 94*6.49 Wt.*. i 445..'9 6.  7? 
•   0«39.:,),) 955H.22 '61.78 44/.41 6.',4 

■;• 0"»»9*?5 9*69.78 P/S.'J9 449.;( 7.1 1 
' •   Wl.^O 9787.Of .'•;t. i'. 451. 13 r. i'. 

•   tl«*9. 7'. 9«'»'.. is Si^.4« 45i.11 8. 1', 
' •   0»4ti.')j IOOOH.78 3 ! 6.'. / 45'.-.9 
I.»   ('»4 (>..?■. lfH,M.4l * 10.'.4 457.6/ 7. / ■ 

GROUND 
flMK oisuftce MFICHT VELICITY ACCHF.Uri(IN 

Wt Stfc RT»  KtKKD Ffl FI/SFC rr/s C/SEC 

'■   Ü»4ü,-5J I07»7.» 3*4,8 3 499.5« 7.24 
U»   OrtO»^ 1«393.01 958,43 461.33 6.96 
•  0»4|.'O0 10468.29 372.74 467.46 r.?4 

L.   0*4IJ?5 10584.57 388.32 464.47 7,71 

".   [).41«5'. 10701.00 403.39 466,44 1.43 

"•  0»4l.M 10816.61 416.92 468.96 9.28 

•   0*42.01 10935,09 432,93 ♦71.17 9,51 

' •   r..4i>.,25 11052.81 446. 30 ♦73.70 9.61 

•  0«4.-'.S.V U1/2. 32 462.00 476.39 9,3) 

.•   C)»42.75 11291.02 475.S1; ♦78.43 8.99 

•  0*4 3.00 11*10.96 4 93,68 4flO.Hl 8.1* 

m  0*43.25 11531.54 504-98 ♦82.65 7.31 

(■•   0*43,;5C 11652.14 519.45 ♦84.71 7.00 

"•  0*43.75 11174.21 533.68 485.76 7,21 

•   P^-.O'1 11095.74 548.22 ♦87.26 7.99 

•   0»44.25 12011.91 562.48 489.63 9.r^ 

•   0*44.5 J 12139.IS 5/5.59 ♦92.1? 9.99 
1%   0*44fc?5 1226^.99 ^90.50 ♦95.05 10,00 

0«   {>*«5J0U 17398.2* 603,90 ♦97,90 9,21 

0.   0*45*25 12512.51 619.26 50C,17 8.60 

ti    J*45..5;) 12638.10 633.22 501.64 8,44 

r»   (J*45.'7,> 12 763.86 645,»3 503.05 9.31 

1»   0*46.0U 12889.Jl 660,44 505.61 11.34 

0*   3*46.125 13015.85 673.86 508,64 13,90 

D»   0*46..i3 13142.84 688,39 512.66 16.21 

0*   0*46.75 13271.M 702.13 517.41 18.21 

■ '•   3*4 7-JO 13401.71 716.44 522.16 20,21 

;•   0*47.25 1353?.96 730.34 526.91 22,22 

fAKP-KFf   HHO   lAMIJNG   OAM 

7«C-JFP              TW?   SFflM/N   ^^I'lir^M 
An   fiJSlW:. 

W..-5          ' 7 

ASNANin enr Mass  w: ISM 

763-560   T^KMFF     «   Off.   l'»A*   1156  Nf|04 AM8[r^r  PR' 
F; |«Ht     8 »WTCNT   f'* Jt.1.     OhG  ( 
RUH           J FI_Af   St f tl .' r o 
DAT           5-12-6 1 ?**•>'    MSJ    1 ftytH»^ nwi B 
BR« JN'i sTFi-n flr HM*           i r/si > 
aftEUNü SPetü   M   t»       -   '    rr/5fC 
QRfliW)  SPEÜO   A7   50   M  '■] '   rrurr 
kH,   Pf/           l*J   Hi 
Wim     ,(,    Kr4HTS   \!    J0.6 i)P(.kt PS       "A^n:" 

BUHUAY    ?; 

rim; OISTANCF 
■  w» s;c PT,    7|R«r- 
"•  0*  'i. 
;• 0«  l.Oo 5,89 

r.m  0*  2.00 17.76 
if  0*   3»0ü 29,35 
ft» e« '.„co S4,48 
'■•   0*   5.^0 811.52 
J»  0*  A,Oü 139,09 
5»  0*   7J)0 202,1/ 
0»  0*  8*00 27 9..73 
1»  0*  9«0C 370.42 
'•   0«10^00 ♦74.90 
■•  0»11.0(; 59 1.48 
•  0*12*00 725.53 

>>•  0*|3.fiü «70-31 
1»  0*14.00 102V.42 
0*  0M5..-O0 1200 ..37 
m o*ifa.oo 1386..66 
y*  0*17.00 1594.79 
0»  0*18.00 1791.53 
i» 0*W**(NP 2070.02 
^ 0*20.,OU 2257,44 

■• 0*2 UOO 2506.89 
"•  0«22.')0 2 769.14 
•  0*23.00 304^.51 

■ •  0»24 JJC 33?«.IB 
0«   0*25«UO 3676.83 
r*  0*26.lO0 3936.26 
v»   0*27.00 425/.47 
)•  Ü»2 7^25 4338,99 
0»   0^7..5.0 ♦421,64 
'-•   0*28.00 45Jf8. 78 
•  0*28-75 4« 73.56 

'1*  r»28rf5U 4JK.S.V3 
->•  0*2B-Tt5 48*4 JB9 
"•  0*29.00 4*»*1.58 
•  0*29^75 501;.47 

^Pi-jilKI- 
ti-rsHr VFLifCITV 
FF-> Ff/Sr-C 
0. S.59 
0, 4.37 
0. 13,33 :)- ?2.29 
0, 3^.17 
0. 4 1.77 
0. 56.64 
0. 7i). 19 '). 8't. 13 
0. 97,77 
0. 111.43 
0. I2'..  il 
3. 13V.42 
0. 151.89 
0. 165.17 
0. 1/8.40 
1. I 91,',2 
0. 704,72 
0. 21 7. 74 
0- 2 3,i.52 
0. 243.2« 
0. 255.70 
0. .'6 7,88 
a. 2 79,87 
0. 291,76 
0. 303.45 
0. 315.06 
0. 326.29 
0, 378.96 
0. 3 31.65 
9. 337.17 
0. 139.49 
0. 34-'.79 
0. 345.78 
0. 3^8. 41 
It ^ .96 

7.16 

n. s i 
1 1.65 
M.6t 
I *. i.' 
1 3. '.4 
1 3. 36 
13.78 
I 1.2^ 
1 1. I.' 
13.1"? 
12.81 
12. 7' 
12.5) 
17. 33 
12.14 

II.SH 
11. (4 
11.0/ 

11.04 
IC,98 



c; ROUND 
11 m OISfA»*CE H^IOHT VELiCITV ACCELEIADIft 
»H  SEC PT,   ZCHBPO F<-CI F7/SIC F7/5FC/SeC 

'•   0929M3 5107,3« a> 593.70 10,81 
n*   0«24.79 ?I«5.M 0. l»6,94 11.19 
"•  O«)0^O0 »H.20 0. 399.07 11.37 
f«   0»JO.Z4 9975.T2 0. 362.05 11,30 
'•   0«10**C $466.4!« 0. 365.15 11.16 
!■• ««»p.rs IS*«.31 0, 367,83 10-77 
^  Oalt.OO MS0.23 0, 370,37 10.21 
0«  0«J1.2i SM3.S4 0. 372.91 9.«1 
'<•  0»3U50 »3A.93 0, 979.20 9.73 
■«  O^JI.Ti 5930.vr -0, »77,53 9.72 
■'•   0»l','»u bO?^.'."' 0.38 319.96 9,74 
.:•  r.« '^,?5 612C.«1 0,69 182.61 9,79 
'■•   B»i^.S*l 6216.74 1.32 385,01 9.77 
C»  0*U.79 6313.63 1.98 387.41 9-72 
■   D«33.[KJ 6410.3) 2,89 39«). 77 9.57 

'•   0»33.25 6MB ^19 3.48 392.19 9.50 
-• :>*«.5fi 6606. «5 4.62 394.66 9.13 
1»  0«3.1i 6T0%.5fl 5.86 396,91 8.20 
•   i>»34»O0 680^.39 7.4» »99.21 6.81 

0«   0*J»*-25 W05.70 ■y.67 400.84 5.36 
(•   Ü*34fc50 70W.69 :,'.<» 5 401.62 4.35 
•   0«J*.JI5 7106.»7 '■.36 402.12 3.91 

r»   0«J5.ttO 7?07,S2 i*. *n 4r2.a9 4.54 
•   Ü«35.25 T307.49 21.9'* 404.18 5,97 
•   0O9..S0 740H.50 ^5.45 »05.69 7.37 
•   0«35fc« 7ftlO.*7 29.14 40«.OJ 6.14 

(•   0«36*00 7612.7» 83,72 410,68 8.41 
| •   0«»6.Z5 771$.«6 )7.7 3 412.74 8. 3T 
i ■   0«J6.5u 71*19.36 42.«6 414.51 R. 11 

'•   0»36.75 7*23.39 47.55 416.36 8,17 
^   O»JT*O0 80?7.3S 53.43 418.38 8.80 
• 0»37.25 8131.93 59,12 420.60 9.93 

.'•   Ü«J7.»0 • 237.4.7 69.19 423.20 9.95 
•   li»37.rs »»3.6» 71.55 426,06 10.32 
t   0*39.00 8«0..5« 78.3? 4^8.67 9,76 

•   U»l«,25 8»8.17 84.72 430.91 9,16 

■•   0«3fl*50 U6A.31 91.86 433.07 8.55 
■•   a«3«.l!5 8174.Y* »9,37 435,17 «,3i 

«>■   O-S^JOU 8883.99 106.35 437.03 8.41 
^t   0«3SJ?5 8993.26 114,09 ♦ 39.'J2 8,60 
•   ü«31»,«ü 9135.4S 12?. J9 4*1.39 «.9 1 
•   Omit-K 9213.64 129.56 44 1. 70 9. l-i 
'*   0**0.00 9324.81 137.76 446.:)! 9,4i 
r»  UM0.2S 9437.06 145.14 ♦4«.40 9.37 

«   OMO.'SO 9549,24 1^3.42 45.0,9« 9.31 
• oMo.r» 9667.30 163.30 493.13 9.1 1 
•   OA^UU) 9775.79 170.78 451.32 1.7') 

>•   0»*1.75 9893.08 179.9? 457,6? f.V 
"•  '>«*1.SU 100CK.Ü7 139.32 459.71 p.r.3 
•   J«4U?5 10119.98 148.?2 461.57 7.84 

■ •  0»4Z-iO0 10235.64 2.'7,53 45 1.26 7.89 
(>•   0»*?^25 10351.74 ?ia.oo 465.1' 8.26 
' •   •.'•»?»5C lOAbR.OO 72t.jS 46 7, j 8.8 3 

•   (.•♦^.T5 10584.81 ?34.25 469.7. 9.35 
•   0*4 3.00 1070?.63 i1*«, i9 472.19 9.52 

GROUND 
mm oiinHoa HEI6HT Deinen» 

" m sco ft,  KHU fff? F7/5EC 

0. OMMZI 1MI1JU 219.28 «74.71 
0.  OMJ.-M lowers 2 ».10 417.12 
0. OMMH nnt.-m 2»1.09 479.Z» 
1. OM.JOO 111?».« 212.05 481.29 
0. 0.«*^29 11300.1» 902.71 483.» 
II. 0M<J40 1H21.U JH.42 489.99 
M 0W4JH tmi.ai! 129.42 •«7.9» 
0. OMUM lltUJI »7.17 «89.2« 
o. ounja UM7.1t Mt.tl •91.» 
M  OMJJW imi.oi «2.9/ 493.«5 
0«   !>»44*.lf 1JOM.4I J74.S5 495.96 
0.  0M6^OO izin.u nt.n 498.03 

0.  0M6.Z3 lOHjn «09.12 900.00 
0. OMi^W IMM.H «11.99 901.9« 
0«  0«6.'1B %am.v «26.T9 903.62 
0«  OMT.OO ll*UJU ««0.39 909.61 
5.  OMT.W mit.» «69.41 909.59 
0. OMT.-U iM«2jn «•2.99 911.» 

ACCEltMir« 
FT/SEC/ii'C 

»•»6 
».0» 
8.71 
8.37 
8-1} 
B-19 
•«11 
U4t 
B.M 
■•54 
«•»I 
8,0* 
7,7» 
7.71 
7.69 
7.75 
7,95 
8.04 

4 0f 

r*X&-«F   AND  LANDING   DATA 

7AK>7-|FP 7Hr   $7AT10N   SBIUTISN 

ASKANIA   »nh 
763-961   TAKFUPP  06  DEC  1963   14^2  NFlj4- 
FL1 *HT   10 
MUN 
OAT (»-12--6* 
8HC1.ND  SPEED Af NW8 P7/SEC 
GMtflJNO   SPEED   A7   70        3TS   FT/SEC 
OR#i;ND SPEBH  AF  50 fr"'  F7/SEC 
AV6   P77 Hi HO 
HINP    4.0  KN0TS  AT   33      Ot^RFBS      MAGJiLTIC 

RUKHAY    32 

GRaUNO RiU 
MR OISTANC 
C33SS   WEICHT 

AMBIEN7 TFHP 
FLAP SETTI^ 
P8MER   USfD   DAXINUX POWER 

6002 FT 
5S6B FT 

asao LAS 
73.17 ft* MS 
It.5 i)EG C 
TO 

(WOUND 
71 ME 0IS7ANCE HtlOHT »fHCI7T ACCELERAriHN 

5 m SfC FT,   ZtRSED ÜEIT FT/SEC fT/SfC/5iC 
•  0» 0. 0. 0. 66.10 13.05 

0.  0.  1JD0 74^9 0. 79.26 13.11 
• .  0. Z.'OO 199 Jl 0. 92.41 13.17 
0.   0.  3^00 297.0T 0. 109.60 13.21 
0«  0. «.300 369.8» 0. 118.71 13.27 
".   t).  i.'OJ 495.84 0. 132.19 13.27 
1 *   0. 6^00 634.71 0. 149.97 13.25 
r.   0.  TJOO Mt.96 0. 198.81 13.19 
1. 0. BJOO 9«2J« 0. 171.99 11.07 
0.   0.  9J00 1(91^6 0. 18*.96 12.95 
.  0.10JOO 1122.59 0. 197.86 12.85 

1»   O.UJOO (126.61 0. 210.94 12.75 
r. O.12MOO >1««.27 0. 221.30 12.6« 
0.  0,11-00 Mn.57 0. 215.96 12.94 
0. 0.14.00 22T5.86 0. 249.4* 12.44 
(M   OUUOO 2«U.92 0. 260.79 11.12 
09 0.16*00 213a.ll 0. 273.09 12.20 
t.   0.17^00 1017.07 0. 285.19 12.0? 
c« o.iaj» nM.55 0. 297.26 11.76 
!>•   0»i'»J»0 1611.77 0. 109.17 11.14 
0.   0419^25 MWjai 0. 111.60 11.00 
0.   0.1 »JO najm 0. 91*. 17 10.79 
C.  0.19.79 UHM 0. 317.16 10.59 
C.   9*20.79 4006.4» 0. 322.31 10.71 
0.  0.20.90 4087.21 0. 124.83 10.79 
u. 0«OJM 4M9J01 0. 327.94 10.84 
r.  0.21JZ3 «■m^u 0. 331.29 10.97 
0«  0.21J*0 «PI7.97 0. 316.06 10.86 
£*   0«1.75 «SOl.M 0. 138.68 10.47 
0.  0.22*00 4*87J5I 0. 391.92 10.10 
' .   0«2J9 4472.93 0. 343.93 10.21 
CM   0.22.30 «■•.9» 0. 346.2* 10.29 
f   0«2.T5 4M5J4 0. 348.7* 10.22 
0.   0.21^00 4wn.ai 0. 391.54 10.11 
IM   0.23 J 5 9021.47 0. 354.17 10.08 
1.   0.23^*0 9110.71 0. 396.57 9.8« 

GROUND 
nm Ü1S7AWF HilGMT VFL^CITV ACCFLEH»ri« 

H    m 5;?c FT,   HHWB FET FT/SCO FI/S'C/S'C 
f»  0423..H5 5209.U 0. 358.83 9.54 
'■•   0.24-.00 9290.0« 0. 361.35 9,44 
0«   0*2 4.2 5 5380.56 0, 361.60 9.41 
0.   fi.?4.5C 5*71.63 0. 365.^3 9.4 1 
"■   0424.75 5963. fW 0. 36*1. 17 9.39 
*   0«2S*0-? 5*56,10 -0. 170.65 9.59 

I«   U«2J-;25 5M8,*5 0,'.!H 373.04 9.93 
1»   0»2 5.'50 98»2..'iB 0,35 375.39 10.34 
0»   0*25*15 5936.44 0,6U 378.11 10,86 
•-*   ')4i,'6^0- 6031.43 0,)'; 381..4 11.O 
•   0*26^2b 6L27.,J1 1.42 383.H'l 11,11 

1•   04J6.50 6223.21 1.83 386,87 n.1* 
'■•   0426*15 6320.61 2.33 389,33 10.1? 
!■•   0»27.OO 6418.26 2,92 391.88 8.94 
!)•   0»27.'2i 6516.75 3.31 394.47 7,79 
'•   0»27.5C 661S.09 3.97 395.9J 7.1? 
!•   0*2 7.75 6714.81 4.2? 397..Jl 6.61 
(•   0*28,00 6811.11 4.74 398.60 7.15 
';•   Ü«28«Z9 6911.68 5,U 400.63 8.64 
'!•  0«8*S0 70li.25 5.44 402.48 10.31 
0»   0«28«?5 7115.08 6.19 405.56 11.16 
f»   0»29,*>Ü 7217.06 6.55 403.07 11,74 
0«   0429,25 731B.95 7.17 412,49 11.87 
'•   0«29.5O 742*. St 7.n 414,52 11.: 1 

11»   0*29*75 7926.73 8,61 417.68 10.18 
n* oaaojoo 7632.48 9.50 420.28 9.9'J 
C«   0*30.25 7T36.0B 10,14 42?,09 IC.4T 
"*   0«»0,50 7843,91 11.12 424.^l 10.5» 
U»  OmiO^l^ 7»49.56 11.8? 427.S? 11,v, 
f>»   0431*00 8056.01 12.68 43fl,77 11,5^ 
"•   0«»1^Z5 8163.73 13.99 433.42 11.27 
o» o«»i*-so 8274.3« 14.38 436.39 10.52 
0«   0»3l*75 •3«2J>* 15,07 439.17 10.17 
■■•   0»32.Jj S«»3*W 16,08 441.21 IC.2J 
•   0*32.75 •601.05 17.35 44J.Z6 1(1, 5i 

(Mt   Ü«32.5j 87i4.N 18.?P 446. 14 11.^4 
(*   0«»2_75 ••26.20 18.90 44S.29 11.52 
0» ■o«»*..DO M39.J» 19.88 «92.58 11.57 
U«  0«33.25 9052.73 20.86 455.33 11.9:J 
0«   04*3*50 9167*28 22.02 497.96 11.14 
"•   0»»3,r75 9281.89 2».<!5 46C.48 11.12 
0*   0*34.,00 9397.46 24,41 463.45 11,44 
0*   0*34.25 9512.97 25.66 466.33 11.75 
Om   0»34.50 »630.24 27.04 469.37 11,82 
m   0434.75 9T4R,*4 28.46 472.47 11.52 
o* onib^oc 9866.76 29.79 475.41 11.11 
r*  ■i*il>r2,> 998'., 14 31.a1) 47n,r.4 11,09 
r»  04 35*50 10105.89 32.6* 410.^O 11. H 
i.*   0«*!>.-75 10226.08 31.«7 481.43 11,Ti 
0»  0*36-00 10347.53 35,48 486.?6 11.81 
urn   0*36.25 10468*98 36,53 489.?fl 12.37 
Cl*  0*36^0 10592.06 37.81 49?.54 12.45 
*•   0 ■46*75 10115.25 19.S 1 49'».64 l'.?'' 
0*   0*37.00 10839,72 41.^g 49).n 11.7« 
•   0»'*1^2'i 10965.LI 4^.1 r 5'H.76 11.4 

I 

0fms''f 



1 

GROUND 
ime DltWWI HtlOHl veiicinr «CCEUIUmtN 

H» m SEO n, uiKc ficr F7/SK FT/StC/JEC 
u»  0*}1^W ItfOJU 49.04 »04.14 11.20 
o« o»r.ii naijt» 46. R6 906.94 11.10 
iw O*I>JOO UM*JM 4«. «8 909.94 11.49 
•  0*IflJ29 tum.o« 51.43 512.05 11.00 

"•  0»3a.50 nwo^o 54.42 519.70 11.63 
^« 0«3«.1I9 11UJ.M 57.01 518,90 11.96 
<• o*Mjao II«M.M 60.59 921.70 11.21 
0»   0«J»J» IIHM.M 64. JO 924.17 10.96 
o* oaj^-to 12121.«« 61.52 926. M 13.70 
,• OOt.TS IZJW.J» 71.67 929.70 10.75 
:<« ostojao 12JB7.M 74.79 532.31 10.06 
('•  0»4r.25 12K0.U 79.76 534.95 11.20 
IM   0MU*»ü 12M4.1U •3.74 937.06 11.90 
■n 0M0.-J5 um.M ■7.02 940.40 11.99 
3»   OMl.00 untja» 91.51 944.09 11.03 
1*   0ft4U2S »Ml ^9 96.37 547.16 11.30 
'■•  0MU50 iinr^M 100.62 95C.11 11.33 
'• OMUH mmj» 105.06 992.17 10.04 
f« 0*42MOO ifnt.-M 109.70 994.50 11.12 
I;»  OMJ^J isaj.« 114.29 990.20 11.02 
'• ÜM^rSO 1TM2.« 110.96 960.40 12.17 
r»  044/.7S umi.ii 123.IH 964.17 12.20 
•   0**3*00 I«0t6.61 120.22 567.72 11.93 

0«  0M4.Ü0 14606 J« 147.97 970.50 11.97 
0«   0M5J00 utn.n 170.90 909.70 10.90 

•  0«»6^00 inM.ia 195.94 600.20 10.82 

ü«  0*47.00 16M6.0t 223.09 611.28 10.77 
o* n«4H.oo 17013.» 255.10 621.93 10.70 
'•   0»*9.»0 17634.30 2R9.06 632.59 10.6* 

(>•  0*50*00 18277.24 319.96 643.24 10,57 

MKr-m    1'ID   LINDI-N'J   I)äU 

UKf-m              TNrf   STflfUN r,'H.<iitar 

ASKAMi   CNI 
lA4-*49*   ^FIOWolJ   IMfiPP m-'WM  095tJ 
FUIOHT      30 
HUN 
□»T:.     (IF7T>/fc* 
QRlUKß bPetü   AT   SW T/SFC 
0HBUKC   SPK0   AT   T '          *W r/^': 
OMUSO  SPEF.I   AT     .0   , (  SI« i/v-: 
AM   Pit           IN   Hi 
MMO  «,0   UKAT,   At 17.1    ;,  ; f l '      HUHCTIC 
»UNWAT    72 

II U^fA^CR 
IH  fti !,;'. FT,    /tmi: 
')■   ()#  H O.' 
Oi   0«   I .0') 2j;so 
o« cm ! oc Still 
0«   '<•    1 o.i 120.67 
'J«   0»   't Ü'J l»?,'?» 
0«   0«   "> Of, 2'.•5.51 
Q»   &•   A • o: 16'-. 77 
0«   f1«   7 01 4M.S(. 
Ü«   01   .' .OT r t^.'JJ 
()•  0«    ' 0(1 7«.a» 
Ot   rj»Il 00 ■ 7 7.*'. 
rt   r)Mi U'1 i't tT.'.l 
0»   Q*\? no i?n.T 
n» o«n m f. i?.f; 
0«   OM'j 0', iMK.if, 
n« o«!1- nc I ii*!.?7 
n« o«i'. on -,'>^.-'' 
0«   r»17 oc ." '5.7? fi«  ')•!.! or ? i ■'. m 
I«  OM1 0" ? ■-:<..L- 
0»   0*?') on 1(1 V.l? 
0«   OOJ 25 ilSl,^ 
n«  f;«7(l s: »;"%,H? 

0»   0«?1 7-. M'ia.77 
c» nt'i OT iw?.r^ 
()•   0».'l ^5 i't'.e.r g 
U«   J«?l ■i« •■■^1.9 ■ 
0«   EJ»?I 7' J'jy^.ü» 
()•   0»^' Or )'. r^.oi 
11« I«?-' ?, ' r: i, 91 

I^PUNO  IfLL «Ml     i r 
ir DiJTA'f ■       ?»••   rt 

AHPIPMl   M  ',   27,TO I * HG 
AMPIfNT   IC-«P   10*7    'HG C 
FLAP  Slffl« T.O. 
PrfWFH   USrOMXIK« POUCH 

0»   O».1", 1'-. 
o» o-iM.or 

II>MT VEL«CITV »CCfclE'dTlBN 
fF{;T cT/SfC M/StC/SfC 
0. l'/.*J 13,73 
C. U.li 13.7» 
0. *4.B7 13.72 
0. 60.«i H.T1 
0. 74,?4 13.67 
0. 8^.07 13,59 
0. 101,6'. 13,44 
0. in, 02 13*40 
0. 12H.?d 13.33 
0. l*i.4a 13,30 
.1. 154. PO I3,?y 
1. 16^.11 13.^(i 
0, 1H1.4J 13, ^4 
0. 194.71 13,14 
0, ?0?,^0 13,'J4 
0, 22f..d3 12.44 
(1. 231,62 12.^3 

24(.,Ü 12,7< 
Oi ?5 '.lo 12.' 1 
a. 271.73 12. . i ,, 254.15 12.15 
0. 237.13 12.07 
1» 29C,r,2 12.11 
T. ^i1.es 12.0'' 
1'. ^41'. 11 12.11 
f'. 29'.?J 11.95 
0. 30.'.^4 11. J9 
c. 10'.lb ll.Jfi 
c. 307.e3 11.21 
■v. 11.-.'.Z 11.16 ':, M)."J 11.20 

-■&, il6.?6 11,29 
ii.l'. Ui.CB 11.16 
1.27 )21. )1 1C, '9 
0,41 124.65 10, ci 
r.5i 32 7.12 1C,S7 

GROUND t 

I^ . isr».^, Hr UHT Vl.L.-VlTV -ICÖiiLtRAI \i 

Hi:   F^   \- L ,-rf    ' ; („-^ f Ert FT/SrC FT/S'.C/j-.C 
fi« f •''.,,>^ '^W.W 0,5» 329,6:) 10, 5 I 
0" n«,;4,?e 4 3'J'i..?'- 0,70 332.3o 10,64 
0» (i«.'*.-,'' 4'tM.'5n 0.82 335.13 1C.63 
Ü« 0«.'4./5 4' f^'-r" 0.33 33/, M 10.49 
tu i;«?^..!^ 4r,..7,'. .J.35 34 '.4T 10.04 
J« 0» 'J.''1: '. 7 ' J. 11 0.94 3412.95 ■;. ft. 
0» 0«^-i.->0 '.« i l.;' * t.I j 3*5, 2 j 9.r3 
d» (!•-' -.7^ 4'«' ■. f> 1.40 34 7. "J tf, ■ 
Ji n«;''.. )n V«--.'»! 1.4 3 34 »..1 9.02 ()• D«v.,,^^ ;o ■.().'," 2.2c 351.71 9.30 
nt ')•,'■   ;,   )'> -if^. /■» ?.^^ JS1..!? 9.;.!» ')• U« ^.7 ; ^ ■.■ 7 . < ■> 7.2S J1!!.. ,2 ir..;- !)• (■•..•'.<)C j V.'..  t| 1.3; 3:».24 11:. ?» 
.1« Ö»//.^ ■A ' 7.:1' 4.5 3 361.-3 I 0.1'' 
(j» (»•.•7.S0 T ^' 7. ^ ; '..93 3t,i.^ 4. 7' 
Ü« f«.'7, , 3 . i i '*. -t •. l>.69 lift,90 9.  '  ■ 
0» ■■71 1.' , ' . 19 36 *.Oo 9. O'i '.,» (>■ " , '5 . 't.'V.J" f .70 3 71.70 ":, ' > 
0' t;*7 i. .n '. ■ »7. 1 • 7.27 373. Jo J. ■ . ')• ''•." .. 'i ■ '»I I,-. 7,6? J7..71 9,  .2 
,)■ i:3»;'9.oo . i^ i, 7 ■ 7,72 3 7 7. ^ ■i.?l 
o« 0«" »..''a iJT-*, V 7.9? 36 0. H 9,4i ')• ('•.'■I. -iC 6^7=,?n ,:.34 30 2.62 9.     7 
0« ij«/ J-, H ft'?!!.«'» 3.94 111. C.Z 9.   4 ,!• 1. l.l, n i^'.?,^-' 9.3(1 33 7. -3 K.^. ()• C« *vf,',,S 6".^.';- 4.74 35-1,9(2 IC'.ü 
'J» r» UJ, i'1 o.'...2.4 • 10.50 39^.^6 9,'Jj 
0« (.•■■./' (>7'.I.li r:.?" I9'.29 9, /i! 
Ui o« a. n -n, ■;.;'. 11.21 39 7.j) ';. 7 7 
0« :)• '1.2'. .■■) = ■-,. 7 ■ 12.09 ■9 (.. U ■i. '2 
d« ('• -l.-'C 7n--').V • 13.13 '.0 ', ") 1.11 
0* • 31.7e. nsc.?-. 13.16 40 <.;;8 10,  .3 <)• c^i-'.o: 72 .?.n 14.91 407..'9 1 C , 1 3 
0« n» J2. '^ 7 3i4,'f. lb.77 U".33 9, 7-j 
D« n« r>. 'C 74 .7.'.ri 1 ..9? 4 1 ). 14 ?. '<(: 
n« !.'•  l,',7^ 7':7'1. J ■ I 7.9C 41 .,H 6.9:. 
j« U«i (.'JO 7 .7.:.   ,H IS. 93 41    ..M ■ . J t 
0« n«3 ),-*5 7 7 7 ) . > • 17.75 41 7.2 7 'j, 5-i 
0» O»!?, iG 7ri^4.3'' .-•0,62 4n,?i 6.73 
0« Q»T5.ri 79-11,1 ' ri.23 419.53 8,d7 
o«. c» Wi,).: il'l'VTt 21.9 4'>.?l 11,04 
u« ii» i'..;'^ ^ I 9 J , 1« 72.67 42^.9;) 12. ;*> 
0« »•14.V '■''1 j.'T, 7\,V' 42 9.70 13, i4 
0« 0« 14,7; ;4l'..f!i <n.09 433.24 13.74 
9« 0« t i.TJ r.-'i.'t? ?i .09 43 „»1 13.OS 
0« (.• il. '5 ^6*2.^7 P7.')7 44i„Jl 12,11 
0« ']• --..'.o 3 743.12 2 H . ü T A«.,', 77 11. 36 
0« 0*3"5. 7: (•'■■,.," 2H.^4 44'J,3a 10.41 
!)■ ')• -:,,O0 ■ I       .■! -9.77 447.'JO 11.06 
0« .J«.,..^": ■'H'1. ' "'.ie 45(:.f2 11.41 
n. n« V.. '.C n n. > * 3 1,1)9 453.57 12.14 
n. I!» V.. 7^ V '.-H,? ' M.76 456.81 12,b4 
0« 0« '7,-13 ■j'tn.-i 1 32.14 460,03 12,45 
in ')• *7. ' = J*- 1>..',).. >3,5fi 463.5 3 l?.o« 

.\K1t.Kr.r 

i^C M ,   ,'   D i ■• 
*7.iO 46vl. >^ 
31.75 »7.: 7. 9') 
31, JO 4t''5, 16 
3j.^r 1000 3.:; 7 
I'. /^ 101.-",74 
M. 7 ■. U)2'. '. j » 
9. ): l'.3- i.79 

(». ': 104 '4,1'i 
34. 5(. lÜ60i.31 
W. 7C 107 ■'..&' 
'•o. ir toi s'.,', = 
4'),  " 104 7 3.-l 1 

11 ■ '.77 

121 )6. ^ 
I2''il, »4 
12401.2 4 
1251';,01 
12S70.1I 
12^.'-.7 
1244',4 

V'L lr. ITV acc >- L U. -t 

IT/S   ;. FT/SIC 
46.-.. 41 tl. 
46!l,»,l 11. 
471.t2 11. 
474.65 11. 
477.4'J 12. 
48'-, 24 12. 
4^4,22 1-J. 

48 7, .2 i;. 

440.72 11. 

49i,f 2 i.'. 

53-9.19 

5*7,V9 

54 I,.: 4 

i 



MKE-tfFF   «NO  L*Wm(    DMA 

fAKE-trfPF fm  .»TftriKN   SftUTIBN 

ASKAKIA   SIHti 

tt^-ttth   '"I  I0*-7fc0   IttBlTO   08HAV6',    ÜTH* 
HJIGHT 71 
Rl'N 
DATE     OH/U'j/^'t 
ÜHIIUNn   SP66I)   AT   NHH FT/S, " 
nnm*,v speeo AT ?■      as» Kwsiir 
QfiBUMj  5Pr:rn   IT   Sfl   FT SOI  rt/SFC 
*VG   PTf If   H'; 
MIND i.o  KNars At ii.,s rrt.tFt ;    HAQHETIC 

RIMHAr    77 

l,A0Um   HALi 5297     f"! 
AM   tUjMNEt S9S3     FT 
r,R«ISS   t>i. IGHT nm  LAS 

ANhirNI   PHIS 27,69   M HS 
AHHIFNT   TEMP i8,ö    RfeG  C 
FLAP   SIM !.■;■ l.O. 
Ptfw^,   WiFJ NAXIHUH POn* 

GROUND 
T|»*t ÜISTANOE H' IGHT VFLCCITV ACcrl^RATIB^ 

HR m src PT,   /tRdELi t Fii r 'T/SEC I I/iL^ ".FC 
0«  u»   0, u. a. I  '. ?* 12.  .4 
0«   M   i,ov is.aa t;. 7, .il 12.75 
0«   0«   2-00 *7;^0 (!. 34.99 12.45 
0«  u«   J.or »fl.-IT n. 47.36 12.65 
o« o» '».on U'l.'OH 0. '-^,99 12.  '9 
o« c« 5,or WhW G. 7 %06 12.9« 
o» n« A.or 736.50 0, fl;. 33 13.1? 
0» 0«   T.Ofl .179-«»5 0. Ifl'J.S« 13,70 
o« o«i2.on 10 **.■}* 'J. 164, '(0 12. 15 
o« o»n,or l?l*.?3 Ü. I7 7.r.8 -12, '3 
o« u»i4.or li^H."^ u. 1 ) J.r3 17. 7f> 
0«   QtlS.Or mb.^ ('. .M.  ..7 7 12. '9 
0«   0*16.Of Ha'i.flo 0. < 1    .    .' 17. r)» 
o« o«i7.or za^H.u 0. ?i ..tT 12.47 
0»  ö*!"»»©" ??61.02 0. y«!-,»* 12. it 
n« o« i<i.on ?50'J.10 0. ^ä), ia 12,74 
0«   0«20.0"' 7769.05 0. ?&■>, M 1?.' 
n» f^ai.Oi' 30Al,0i '). .■7'.^ 1 1.    4 
O«   {}»22,0t }3,?5.I3 0. 2W4, ;-j U. ,(. 
0«   Ü»?*.0" 367Ü.U (1. ^0 '.73 11. 1 ■- 
0«   0«?3.2" 3*.95.67 II. iu '.77 11.  !*. 
o« o«iJ.5r 1TTU73 u. i'ly,'U ll..:i 
U«  0»?3.7E ^ä^M.'TJ c. MJ <,7o IC. "J 
C«   0»?*,0»' 3926.)5 (1. 511.6» 
n« »•?4.?« ^OO^.^U (,. il „ .17 lo.'. 
o« o«^4.sr tni»?.*! f). JI--,96 n.'-r 
0«   O«^'».?" Air>3;oj 0. 3tt.-6 10, '1 
o# ü«?5.or '.?A3^'I ■). 32^.70 IC, w 
0«   ')«?5,7«: 4374.1« '    .11 n . n 
0«   (l«75.5' 4405-ti6 ■ ), 17 /.7b ic. hi 
0«  amZb.or *571.25 0, 33   .V-y ü,.*.') 
0«   ü«26.2^ *4M.74 u. 33r.7 7 lu. .*4 
0« O^ö.Sr' 471B.-61 t'. 33".39 10. 37 
0»  0«26.7? *973.-7* 0. ,l*'i,fe^ 1C.37 
n« a*?7,0'- 4909.57 u. 34 3. »u 1 C . .' M 
0«   0«27,?t 4995-6? 0. 14' .'J9 1 C, MJ 

GROUND 
line D1STAN0I HflOHT VtLHClTV ACCELERAMVN 

HR m SEC FT* nnnc FEET FT/SIC FT/StC/IU. 
0»   0»27.5C 50SU95 -0. 34H.61 10, 78 
0«  0»27,7' »169.99 0.17 351.40 10,^7 
0«  ü«2B.0r iZ»?-'«? 0,57 354.71 10.14 
04   n«2B.,Z* »3**.'98 0.83 356.77 ».?6 
D«   0*28,90 9436^64 1.53 J5S.90 8.94 
0«  0»2t),7f 5526.'94 0.94 '60.49 8,70 
0«   0«7'»,0C 9616.'S5 1.24 '67,97 8,-.7 
0«   0«2?.7» STOT;« 2.22 365,05 a. 92 
0*   0*79.7', 9891.'48 3.49 169.fil 9,-.7 
0«   0»30,OC 9984^28 4,60 377.44 9, 7b 
0«   0«30.2* 6077;93 5.24 37'.. "3 9.66 
0«   0»30.5T 617U63 6,06 i77. )4 9.33 
0«   U«3Ü,7" 6766.94 7.15 379,73 8. 73 
o» o«ii,or 636U47 8.29 381.66 fl. 14 
0«  0«3|,2» 64 9 7,'49 9.41 381.66 7.70 
o» ooi.sr 6993,'73 10.39 3H6.41 7,35 
0«   0«31.7? 6650.16 11.55 387.13 7, ?2 
0«   0*32,?• 6844.39 12.77 i9C.B2 7. /1 
0«   lJ«37.^r 6947.43 -     13.47 39/. 76 R. 46 
0«   0»37.r* 7040.23 13,61 19' ,fü 9. 3.3 
0«   0«S3.or Tl^o.ia 13. IQ 197, 10 IC.M 
0«  0«33.2" 72 39.1? 14,20 »99.92 11.^9 
o« noi.jr 7318,'76 14,92 40;,Cl 12.57 
Ot   l)»33.7f 7440.49 15.71 406.27 i?. r? 
o« OH.or 7547.57 17.31 '.1 ;,o« 12.14 
0«   0«34.7^ Tf>'>5*U 18.30 41J.19 11.    1 
0«   U«34.5r 7749,,4a 17.91 41^,59 9.79 
o« e*3«,r^ 78 53;80 19.3? «17,:i. 8,  fi 
0«   f)»35.0<' T9S8JJ2 19.02 '.li.32 e. 71 
0«   ()»JS.7' 6063;46 70.09 '.7 1,4ft 9.',1 
0«   0»35,5t B15B;42 70,51 47^. .7 If., 4^ 
0*   0»35«7* «274.4^ 21.82 47^.ulJ 11. 13 
04   0«36.OT fl3B2^4l 22.70 4?'i.G5 11. S6 
04   U43ft,2, 84»');P9 ?).49 43-.15 li,;' 
04   0436.7t 870H.13 24.4^ 43   .76 12. 14 
Ü4   0»3 7.0f PfllfUO^ 74. W 441.f4 1 1. '1 7 
(»•   VM U.7« H')?8.4" 75.0(. '". .. M! 1(.    1 
0»   (l«37.^r 9040 .'3 7 7' - . . -t4 ■■.■.« 11.41 
0»   0-37.7' 9I52;':.7 ?-.li '. ^ | . 7 1 11.09 
o« n»9aaof •i?ht>*^ 7 r. 9 * r>i. '4 1 c. 7r> 
0«   0» 11. 7' 937'».^ 7P.-*'. 4i , 7a 11.c< 
o» u»3a,')t 94»?,3? W.Ot ^5 J. 70 11.. 7 
0«   ''•lrt,7* 96Üb;5Ü u.u 46 1. ■! 1 1.  .0 
04  n« in.or J724,33 32,OH 46-,99 11,    5 
0»   U-lfl.?* 9141-i)^ 37. 7 7 'ift-. 39 11./'' 
Ot   0«39.5'1 99^ .7 3 34. 11 '.7   .-8 IC. 79 
0*   04)4.7* lOOTf^v? 35,57 47!.13 to. ■■* 
0«   (»•40.Of l d I't 5 . 6 J 36.8'- 4,' ■. ;n l»:. ■■ 
0»   0440,2' 10 3 14,01 13,0' '.7.,14 ii. n 
0«   0*40.5T 10*34.31 39.57 '.auio 17. '!> 
04   0*40.7* 10554*6^ 40.90 4^ ■■,90 12,   J 
0«   0*41.or 10676.15 42.7^ ■• H   . > 4 12.-4 
04   0«4U7' 10798;87 44.?1 . J1. 17 n. 'i 
!)•   BMI.St 10973,?3 46.44 '< ■* 1, -J 3 11.  y 
0»   0»4l,7» IH)45.J1 '.7.99 u.   ' 
P»   044^.or in /n.4i 49. IJ ■tV   , ,> 1 ii,   ' 
Ü»   »•4?,?« 112«.40 ^[,00 MM. Jl 
0«   0447.5r 11421,48 •57.7h 50'j.^r 12, r^ 
04   0»47,7- n'.4a.39 i4.Sb jnj.t;* i *. if* 
n«  (.«^ l.or iiA7s;n9 56.6i .17.09 13.01 
0.   n«43.?« II804,\13 S9.2i -l    . 35 14.''*. 

TAKfr-fM   AND   LANDING  DATA 

TUFfflflF 7U8   STATIIN  S0LUTIBN 

«SKANIA   »HE 
764-aL«6   TAKFOFF   19  fCT  1964  NF-104 
PLIQHT 36 

MTE      19/IÜ/A4 
dRlUND  SPEEO   AT   IWI FT/SPC 
•»■UNO  SPEFM   AT   TC 362  FT/SEC 
riHflUNO  iPEcH   A7   '1   FT 500   FT/SPC 
«VG   PT7 IR   m 
HIN'?       0    KNBT5   AT     0     DEGREFS 
LIC-42«t  TIMf   |122 

RUMHAY    32 

G^flUND   ROLL 6745      FT 
AIR   DISTANCE 5215      F«T 
6R9S5   WtlCHT       32091   UBS 
ANBIENT   PnFS   37.89   IH HO 
AHBIENT   TEMP   20,0     WO  C 
FLAP   SPTTING    T  O 
PBHER   USED    KAXIMOM POWR 

GROUND 
r§4t OISTANCE HEfCHT fAKITT ACCELBRATIfft 

R m sec FT,   IFRB^O FBFT FT/SEC FT/SBC/SEC 
0«   04   0, 0. 0- 7.71 7.77 

0»   04   I.00 11.77 0. 16.43 8.34 
D« 0«  ?•on 32.47 0. 25.15 8,91 

04   0*   3.00 M.T2 0. 3 3.BA 9.49 

04 o« 4. on 100.76 0. 43.37 10.16 
QI n* 9. on 146.69 0. 53.75 10.99 

0«  0«   6.00 203.32 0. 65.30 11.H2 

04  0*   7.or 274.64 0. 77.87 12.46 

o* o* 8.on 398.63 0. 91.06 12.86 

01   0»   9,00 457.59 0. 10*.34 12.99 

0«   0410.00 568,49 0. 117,38 12.94 

0»   041 l.O^ 592,15 0. 130.21 12.79 
04 0*12.or 128.81 a. 142.89 12.63 

04   0413-00 978.46 0, 155.45 12.48 
0«  0414.00 1139.90 f>. 167.89 12,34 

o« 0415.or 1914.84 0. 180.15 12,16 
04 o*i6.on 1500.55 0. 192.27 12,01 
04 04tT.r)n 1699.20 0. 204.20 11.83 

0«   OMB.O" 1909.57 u. 21'J.91 11.65 
0«  Oalt.OO 2131.73 0. 227.90 11,47 

0*  0420,00 2364.8? 0. 233.85 11.31 

04   042t.00 2609.63 0. 250,04 11.14 

0«   04 2?. 00 7865.15 0. 761.11 10,98 
o« 042».'»r 3132,16 0. 272.07 10.79 

04 0474.on 34W.54 0, 282.7« 10.59 

0« 0425,on 3698.11 0. 293.31 10.41 

04 o«2&.or 3996,99 0. 30 1,44 10.26 

0«   04?/.00 4305.82 0. 313.62 10.17 

0«   0«28*00 4624.41 0. 321.67 10,14 
04 0429.on 4951.81 0. 333.78 10.09 

0*  0430.On 5231.74 0. 344.01 9,88 

0«   0430.?« 9378,07 0. 346.56 9.63 
0«   0*30.50 5464.77 0. 348.77 9,58 

04 043ft,7^ 5551.87 0. 350.9« 9,54 
04   0*31 .00 5540.34 0, 353.44 9.58 

0»   0431.?' 5729.14 0. 356,01 9.79 

GROUND 
True DISTANCE HEIGHT »ÄHCITV ACCELfiRATIRN 

R   fW   SFC FT.   ZERRFO FBET FT/SEC FT/5EC/SFC 

0«   04J1.50 «818,L5 0. 351.41 9,99 

0«   0-3I.T* 9908.08 u. 360.83 10.04 

0«   0*32.00 5998,70 (;. 36 3.39 10,17 

0«   0*32.2« 60m.61 0. 366.C5 10. 7 r. 

0*   0*37.50 M8I,7a 0, 368.63 10. 15 

0*   0*37.7« 62 74,1? 0. 371.18 9.43 

0*   0*33.00 6367,22 0. '73.69 9, :4 

0*   0*33.2P 6461.07 0. 37 5.94 '!, 19 

0*   0*33.50 6555.36 n. 378,27 ft, 67 

0*   0*33.75 6650,20 0. 3IIÜ.2S e, 69 

0* 0*34,or 67*5,53 0. 387,47 8.87 

0*   0*34.2e 6841,49 0, 3H4.57 «.17 

04   0*34,50 6937,51 0. 386.81 9.^3 

0*   0*34.7« 7034,9? 0, 389.11 9,14 

0«   0*35,or 7137,20 0, 392.08 10.01 

0«  0*35,7« 7730,50 -0. 394.69 9, 71 

0*  0*35.sc 7330.16 0.6*» 397.05 9.10 

0»   0*3S-7,: 7429.3B 1.23 399,37 8.fl7 

o« o«(fi,or 7579,50 I. »5 401.24 a.-'s 
0*  0*36,7^ 7630,2? 2,49 403.08 9,02 
04   0*36.5r 7731.14 3.24 405,80 9.40 
0*   0*36.75 7832,47 4.10 408.28 9. 78 
ft*   0*37,OC 7934.7*i 4.71 410.65 9,73 
0»  0*37,75 8038,67 5.29 413.30 9,01 

0«   0*37,50 8141.9fl 6.46 415,63 8.75 

0*   0*37.7« 8745.77 7.33 417.55 7.4| 

0*   0*38,Or 8350,90 8.38 418,98 6.57 

04   0*38,25 H455,82 9.46 420.96 6.32 

nm   0*38,5r 8561.79 10.6 3 471.99 6, 74 

04   0*38.75 8666.73 11.59 473.38 7,*>1 

0«  o*39,or 1777,52 12.39 425.49 1,57 

0*   0*19.7« 3879.03 13.12 471.00 9.bl 

0«   0*39-5r 8986.24 13.54 430.41 10. 17 

0*   0*37.7« 9094.55 14,35 433,41 10. Ott 

0*   0**0.00 9203.90 15.30 435.86 9,9B 

0»   0*40.2^ 9311.86 16.00 438.77 9.44 

0«   0*40.5*3 9422.84 l/i*86 440,34 9,74 
0*   0*40./^ 9537,52 17,60 44 1-05 9, H7 
o* 0*41,nc 96*3.78 '1.64 445.69 9.46 

P*   0*41.7« 9794.94 19.36 447,98 10,04 
0>   0*41.«r ■J8r.8.25 70.15 45(1,54 4. 7iS 

0*   0*41.TS 9990.77 21,30 4';3,Oü 9. 16 
n* o*42,or IU094.5? 22.5" 453,49 10.-^o 
0*   0*42.7« 10708.21 73.99 4«7,fa2 10,61 
0*   0*42-«r 10323.1'. 25.43 460. <S5 11.03 

U«   0*47.7« 10438.64 26.79 463,56 11,79 
0»   0*4 3,t)r 10554,54 77.B3 466.6 3 11. 3^. 
0*   0*43.7' lt)672,|0 79.7 3 469.33 11. !•> 
0«   0*411.50 10 7m.B(. 30.'»? 472.04 12,7! 
0*   0*43.TS 109^8.14 33.71 474,61 14.73 
0*   0*44.Of 11026.83 14.8'' 477.9H 17, =4 
0*   0*44,7* 11146.53 37,4« 48», 74 21, 38 
0*   0*44,5^ 11766.67 19,8 7 468.41 25.01 
0*   0*44,7p 11 390.0:1 41.8« 44',. 30 26.45 
o* o*45,or 11515.00 42,97 ■»01,11 24, 17 f. 













lAKf.-flFF   km  LiNDING  DAT* 

IHt.t-fff Ttttt   %1i\} U'N   SflLUTItN 

T6*-!-'ö8   TARgefip   HPMu-7fO   ""i   *§ 
Ptl'JHf        Sit 
HUN 

GRBIM    SPIED   AT   hwf> FT/SEC 
■JRILN»:   SPEED   AT   U 358   , T'StC 
ORÄINC   SQEhO   AI    ;0   FT 678   FT/5K. 
AV6 PTT IN HG 

CRBUNO   HÜLL 5536        PT 
AIR   CISIAKCL- I337«t        FT 
GROSS   htlGH) 21779     LH! 
AMaiENI   PR   ( 27.53   IN  HG 
AHHIENT   Tt^P 16.5    HEG   C 
FLAP   SETTING TO. 
P«WKP   LSfT    HAXIHUM FOHER 

ntHl   l.o    UMTS   AT 233. 
riKr    H57     I IC   9279 
RUNWAY  04 

CtGHI'jS       KAGNETICi 

GROOND 
Hit CISUNCt HEIOHT VtLBCITY ACCELERATI0N 

»■■   '\ Sf-C Fl, /F'iati; FEil FT/5KC fT/SFC/ScC 
*•    .:*    i.O: 0. 0. 7  ,71 1«.!9 
L • t ■• i*, o: 77.'7 f>. B7.7« U.17 
r« ti« =,o.; 1711.2C 0. 101.77 1'.96 
' •  0« A.O.) 2<.!7 f.. 115.79 I«.75 
:• :• T.oo "U6.29 u. 129.C6 13.52 
r» «i» «.oj 54   .97 0. 1«?.«« 12.28 
P»  C» 9.0'. 6''-'.09 0. I5i.«9 13.01 
I«   C«10.0. »55. ;ö 0. 168.(9 t^. 77 
•   C«ll.O. 10,40.70 0. 181.52 12.58 

'■ e»ia.ö-j 1219.19 0. 19i.95 12.'3 
0»   CtU.O- 1.19.211 0. 206.2« 12.18 
l« r.iu.o IrS.11.77 0. }\'.t'- 11.99 
C«   ü*H.(Jv 11   i.1? 0. JM.22 11.81 f» p»1ft,ö-( 2092..'9 n. 2111.91 11.6* 
r* jtu.no 2 3» 1.6« 0. 251..S 11.«5 
!'•    't«1b.0>. 2599.«2 0. 26«.8« 11.23 
t« 0.1«.o-. .'1170.17 0. .'76.07 11.19 
'• c.io.o: !1S2.3U 0. 287.13 11.05 
• •   u«21.0,. .-«.'5.2^ 0. 293.26 10.90 
f«   '«J.O, >rii9.oii 0, !09.01 10.72 
C.  C.33.0'; N063.IIC 0, 319.70 10.«" 
•■•   1-M3.25 »1113.69 0. <72.!J in.«9 
f«  C«23.5U «2211.39 0, !2«.e« le.so 
I«   >,.23.7'' U' !6.ie 0. 327.«6 10.51 
r» o.3u.oc «J19.M c. nt.is 10.62 
E«  0.214.25 «'i71.CC n. ;12.79 IC.79 
(•  0.21»,S. «5511.61 0, 335.«9 10.P« 
r.   0.2II.7] «6   8.92 0. 338.23 1",«2 
f»   0»2fi.00 «7:3.67 0. !«l.0h 10.7i 
r» li.2S.25 «H09,5t! 0. 3«'.67 IC,«7 
f*   l'.25,5l- «»95.5f 0. '«6,29 ic.n 
C   ^«25.75 «9^^.56 0. '«8.(1 9.?'i 
r«   0.26.00 5070.10 0. 351.17 9.61. 
f.   u.26.25 515S.2B 0, 351.50 9.',2 
"   0.26.5'.' 52«6.8e 0. ■55.81 9.«1 
('.   0.26.7: 51   6.12 -0. 358.25 9.«8 

OKIMO 
HUE CIS7>NCE HIKMI VSLiCIt« «CCElt»«!!»!. 

H-  Ht sec FT,   /B88EI1 FEST FT/SEC Ft/SfC/Sf' 
C 1.27.00 5«; 5.80 0.29 360.67 9,«4 
0.  '1.27.25 5514.J» 0.5« 26'.01 9,«7 
0.  0.27.50 5607.65 0.79 245.32 9,«« 
C.  0.27.75 5699.25 1.0» 167,6« 9,68 
0.  O.J8JJ0 5T91.22 1.2« 170.10 10.C« 
I.  0.28.25 5383.97 1.52 272.«« 10.29 
C.  0.28.S(.' 5977.28 1.71 17?.!« 1C.5J 
C.   0.28.75 607 1.90 2.02 278,12 10.51 
n  0.29.00 «166.19 2.31 280,81 9.94 
C. 0.29.25 6262.52 2.6C 38",2« 8.89 
B»  0«29.'5u 6H58.I9 2.92 285.61 7.89 
r.   0.29.75 6«5'..12 2.20 387.16 7.1C 
'.   O.SO.Ou 65,2.11 1.61 •98.50 6.rl 
r.  0.30.25 66   0.16 ».07 ■90.11 7,1,1 
C  0.30.50 671.4.»8 ».V« 391.83 8,-:i 
P.  0.30.75 681.5.1« «.8« 39 ,.99 9,8i 
Z*  O.SKO'i 69U3;6« 5.22 (96,71 10,84 
'•  0.31.25 7ü«3.«0 5.67 '101.2« 11,«« 

r«  0.31.5C 71U.1.56 5.96 «C!.06 11.5« 
t<   0.31.75 7?«5.0.' 6.22 «115,89 11.19 
'. 0.]2.'0C 71U7.13 6.51 «08.«9 IC« 
C.  0.32.25 7»«».«0 7.02 «11.19 1C.75 
T.  0.32-50 75^2.18 7.62 «12.70 10.84 
f..  0.32.75 76,6.00 8.12 «16,«2 10,97 
'.   0.33.0.' 7760.67 8.67 «19,37 11,23 
'.  C.5   .25 7865.7A 9.11 «22,22 12,';« 
r. 0.33.5t 7971.71 9.6= «2b,8« 12,56 
c. 0.33.7b 8078.32 10.39 «28,«1 12,89 
r.  J.Sk.OO eid5.«6 10.94 «21.97 12.6 
:•  :..1«.2i 82)2.2S 11.»9 «'5.26 12.Ci 
t.«   .-.3«.51. e«o«.0' 11.70 «28.29 10.6C 
r.  ;.5«.75 "513.3: 11..35 ««0,38 9.7.1 
r«  0.35.00 862».12 12.6« ««2,72 9.'2 
r.  u.35.2! 87)5.25 12.66 «««.27 9.9' 
•  0.35.50 88«li,99 13.08 ««7,15 11.07 

'•   .-.35.75 i!9-8.ie 13.51 «50,22 11.79 
'■• s.M.n, 9030.62 12.86 »51.H9 12.52 
:•  036.2.1 91 35.IG I«.2« »57.01 12.57 
1.«   0.36.50 9299.79 1«.«« «59.62 12.5« 
■•   3.36.7- 9bl«.6« U.72 «62.«« 12.62 
C. 1..37.00 95 30.8= 13.01 «66.0« 12.50 
' •   ..17.2- 96«7.   J3 15.0« «69.25 12.«'- 
'•   '•37.50 9745.1.7 1S.L'8 «7?,63 12.12 
'•   ' .37.7', 9^;«.«; 15.30 «7,,40 11.83 
(-•    ..iH.OJ 100J!.!2 15.42 »78,12 11.75 
C.  1..3f'.2-: 10171.52 14.00 «81.09 1 1.9'^ 
.'•  0.38.51. 1C2«'.5- 16.52 «83.99 12.«« 
■ •  : .38.7 ■ 1C36».6( 16.86 «87.20 12.61 
'•   G.19.0' iC«87,6£ 17.«1 «90,31 1?,«« 
t.  u.39.2: IC4I0.«1 17.90 «9it.ü; 12.?i. 
r.   0.19.-:', 1072«.15 18.0f «96,71 12,,37 
(.  ,'.39.7^ 101-9.59 11.«« «99,-7 1 1,'33 
L.  1..110.0.' 1098«. -,0 IB.4« 502,«« 12.M 
'-.   !..«0.25 11109.49 19. 15 50'-,65 1 '. 3 6 
L9   ..'.«0.'.^ 11524.43 19.35 508.87 I ;. ' 5 

12 

,iä»iS«"'»;Ä 

CnOUND 
nm CISFANCE HEICN7 »a »cm «CCELERHIli 

3- m src FT»   3881260 fEFI FT/SEC FT/SEC/srC 
• ;'.«t.7i 1126«.« 19,47 517.78 13.77 

'•  Cl.Ol 1U93.35 19,90 516.56 12.»2 
r. t.»1.25 1162.'.69 20,22 519.67 13.05 
f. ',.«1.50 11753.22 20,«I 522.66 12.52 
.   0.»1.75 1188».52 20,86 525.»8 12.2-3 

C. '.«7.0,: 12015.8 20,11 528.83 12.65 
r«  o.»2.2! 121»8.57 20,85 521.67 12.87 
•   '-.»2.50 122   1.»8 21.21 5-5.19 12.9» 

-•  C.«2.7j lt»I«.5C 21,37 518.6« 12.5" 
f.   fl.»3.0c 12551.03 31.61 5«1.76 12.»0 
' •   3.»2.2'; 17487.11 21.91 5»'i.7B 12.»« 
•   '■•«!.5^ 12"32.75 32,1« 5«7.«0 12.9- 

r»  .'.»3.75 12960.7' 22,«5 550.66 1».0C 
3.   (i.»».Ol 12098.89 72,52 55«.26 1«.98 
C.   f.«».25 15237.32 22.8« 558.51 15.52 
•   0.«».5r 13277.»! 22,06 562.96 1«.71 

it   i!.»».7*. 12519.32 22.«6 566.73 13.13 
1.   ■.«5.0. 12461.72 23.71 570.02 11.»2 
(•   ',.«5.25 12805.IC 2«,01 •71.8« 10.22 
'-. Crt5.5r 1'9»7.9F 2«.80 573.76 10.01 
r. C.«5.75 1«Q»1.7* 2».95 574.25 11.58 
ft   C.96.00 1«23».67 2».27 579.22 12.94 
,-•   ,-.«6.2^ t»2-'n.57 2«.2C "87.«9 15.81 
r. o.»6.5-. 1»5,7.1C 25,76 58^.11 14.18 
•■•   0..6.7 1667».2» 75,01 593.76 15.77 
t.   C.»7.00 H821.32 75.86 596,72 1«.17 
'• r.»7.2= 1»975.ül 25,73 5«8,92 11.49 
i. n.«7.->0 15121.»1 26.05 402.20 11.20 
r. ('.»7.7: 15375.12 »5.6! 60».12 12.1« 
' •   Ci«8.0- 15».'2.29 25.58 604.00 U.15 
'■    '.U8.2j 15578.0- 25.55 611.21 1».»7 
3.   C..8.5,: 15738.97 25.6« 615.58 15.11 
(. o.«e.7i! 1288».'« 25.»1. 670.65 12.92 
•   i.»9.0. 16-«1.5' 75.68 421.75 10.09 
•    ,.«9.'3 14197.27 25.91 62   .7« 7.25 

r.   '.«9.-, ■ 14,'».«9 26.'5 47«,«0 5.97 
.-.   6.«9.7 1407.«6 26.32 677.19 7.1« 
r. ü.50,oc 16649.?9 77,19 627.27 9.71 
'•   r,.50.25 16919.26 28.26 62''.«2 1«.79 
, •   C.50.5,- 14985.26 29,»« 6-5.02 17.«0 
•   ,,'.5C.7 , 17134.':- 0.68 6«0.22 2C.6« 
•   3.53,0 17100.87 ■2.17 6«7.6' 2C.5(! 
•   •1.51,?; 17«42.»6 ■ «.5'; 6^0.92 19.2" 

■.   3.51.': 17529.72 '5.02 657.56 17.39 
1 ■  3'.51.7: 17793.»9 6,67 659.85 1'.44 
-• (.52.0; 179-7.2« ■8,66 46'.86 1».5i 
'•   v.52.?5 icp ;.09 «1,2« 667.02 12.Cl 
[.   •.•53,5' 1B'vo.77 «2,61 471.24 K.^P 
'«   0.5'.75 1r«6,l.V' «6.2! 672.22 7.9» 
r.   J.52.n,., 18479.74 «8.96- 47«. 18 5.10 
•   ffti.Js lB79,(,-)3 1.31 67,. 12 2.25 

'. ' .s:,.?" '89c.«.96 :«.77 674.04 -0.40 

SUBSONIC CLIMB DATA 

■jjp-" 

am 





rnnit uHim   ti T. 1*1  rj|«»f 

lul^ww 
'.'■-■■■■*<■ 

•I'.II. 11'WH 

I'll*.»!*••« 

71*." 

;:;:; 
o.knnoc l*^S^.0'Jf)n^ 144, 1 
t.bon'ta HlftD.T^aM l^t'J 
..smno VAMl!l9XTI »*l.T 

«if w n lent   unn** 
Fwf.iif Mmr cfMnntfNt 

»un   ^>tf i»rc wiir-m 1    i"*r,*i 
'od   rrM»Fa«iutr      i.n 
M»D»»r.fi pfRüiin»  s*in 
«»OMf.rw Bttmnt   TfuPt 
M*« «inMj    r/Mi.    i 

HM   -   W^rtNir   til« 

UN-"»»»  Ij«f» 
«i«r»»ri ^»r« 

CWlf» Ml"«*» 1*8 
M"»                             trc 
«i»wf*n              R-«^!! 
MTIIUM (r-i*i       rrn 
»iinunt  iiFWini    >trt ft«. 

FKfi    il-P  >Kr.           nn, r. ^1.? 

»Pi                                          L 
r-si. 

«1«C»i»t   MT* 
cmiin» Hn-nrw **i 
M"'                                'irr MM;. **''•' 
j,,..1(nf  ..rW,n  j^ fcOIH.             1 

6111.« 

tin.i 
im.> 
uri.o 

C*W wrtpt ,t 
ni».« 

^T6 
IS»|T 

1»** 
IM 

11« 
*71* 

01* U77 

SPEED POWER DATA 

14 

J 



i 
HIOHt  HU     2i       KU«  M:       ^ 
a&Jt ur niGiir      B/ -i/t.-, 
t\ul\L   SriKT   CUmiJlflUAS 

rUI    SPuCIHC   KCIoHT 
11 G 

/     LB/(,4L 
C 

MYJKOuCi,   CcKllXlPt    Sl'l.r.lllC   »CIÜHT      U.61     LB/üAl 
nKiwcut « Ccojxiiic  rLMPt-'.ruKL    11.6   otj L 

(.KLSS    W   HIMT       ?lHft),       l'\ 

TEST - LtVEL FLIGHT SPEED POU1.R DAT* 

ON-BOARD DATA 
AIRCRAFT DATA 

POINT DUMBER 
COUNTER NUMBER 
AIRSPEED KNOTS 
ALTITUDE (C-19) FEET 
TIC DEG C 
HEIGHT LB 
FUEL FLON LB/HP 

1 2 3 it 5 
1U75 1700 20'<3 2337 2810 

316.5 2914.5 276.5 256. 315.5 
3U920. 31985. 35610. 35610. 36080. 
-11.5 -15.6 -20.0 -23.0 -10.0 

;73U6. 17197. 16955, 16772. 10336. 
2998. pmB, 2360. 2360. 3U59, 

FU.,hr   VJ      ?3 iL'g   i.U 
ÜATE  üt   H ir.nl     1 if   •»/•) , 
t■«,;*<.  •";! \  1 L J .r 11 lu .J 

1 i.ui   i" z it r,, u. |.J-*I 

I L, I      I. 'I';   iM !,U ,1 . 
lit!»-.' I,.1    .    P. '»UJ I ,1": 
»■1MMOi'    •    '^   <;   X I :   L      f\y 
■,'■.:■■'. A. \.yii    r:'-j-j,. 

I ;t/i.,U 

IliHI 

TEST LEVEL  FLICKT  EPL'LL  I'OWLF  DATA 

ON-BOARD DATA 
AIRCRAFT DATA 

POINT SUHBES 
COUNTER NUMBER 
AIRSPEED KNOTS 
ALTITUDE (C-19) FEET 
TIC DEG C 
HEIGHT Lb 
FUEL FLOH LB/H? 

1 2 
IS»'.' 2250 

296.5 315.5 
36360. 31580. 
-IS.7 -13.5 

160Ub. 15782. 
24 67. 2612. 

FLr.HI    NC      32 W'l   UL I 
DAT!    U(    PLIGHT       18/9/61 
tNjI'J-"    STAhT   CUf4DlTlU\S 

I UCL   SPLCIFIC   WllüHT       «.13        LU/bA 
lun   rE«PEi<ATuRr     23.5    PEU C 

M»l)KÜGCi«   PERCXIilE   SfLClFl'".   WUCHT 
HVOKOJCK   PclUxrit   riKPSAAFURt      .*■ 
•KOSS «. ir.nr     2i«%?i      U1.'. 

11.7 

DEG 

TEST -  LEVEL FLIGHT SPEED POWEt   DATA 

ON-BOARD DATA 
AIRCRAFT DATA 

POINT NUMBER 
COUNTER NUMBER 
AIRSPEED KNOTS 
ALTITUDE (C-lg) FEET 
TIC DEG C 
HEIGHT LB 
FUEL FLOH LB/HR 

1 3 1 

1675 2270 2570 2J?5 
261.0 2 76.5 295.5 31V. 3 
U2<J5. 31500 35075. 35195 
-21.0 - 1Ö.0 -12. -8.0 
711;. 10336. 16625. 16255 
2350. 2306. 2121. 2883. 

FtIGHT   HV     51 PUN   W ? 
MTf    ("F    H  IGHT        21/1]/C1 
FNGINf    START   CPNtllFIi'HS 

run   SPrriFic «FICHT     6.52     LP/GAL 

FUFI     tFMPFRATURF     12.0        nFG   r 
HVDPlT.FN   PERCXIOF   SPFCIFIC   WFIGHf - Lfl/GAl 
Hyo>i(»Gf\ PFocxinc  TFMPFPArtioF      -        ntr, c 
GRUS^   WEIGHT    19350    .      LflS 

TEST - LEVEL FLIGHT SPEED POHER  DATA 

ON  BOARD DATA 
AIRCRAFT DATA 

POINT NUMBER 1 2 3 1 5 6 7 8 
COUNTER NUMBER 235 11.3 639 735 855 895 976 1067 
AIRSPEED KNOTS 315.6 32«.6 289.2 268.2 301.5 322.1 289.0 298." 
ALTITUDE (C-19) FEET 32150 32865 33110 33539. 33870. 31122. 31329. 31612 
TIC DEC C -11.0 -17.5 -23.5 -29.0 -23.2 -M,-.l -26.5 -23.1 
WEIOllI LB 17671. 17 161. 17101. 16907. 16613. 16 3'.,.■. 16033. 1577-.. 

FUEL  FLOH LB/HR 1100. 27(11. 2301. 2265. 2361, 2755. 2257. 213 1. 
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ACCELERATION DATA 

Flight Number 

10 

12 

17 

18 

19 

21 

22 

21 

25 

26 

29 

30 

36 

61 

Rocket Engine Operating Mach Numbers 

2.03 to 2.28 

1.66 to 1.83 

1.58 to 1.92 

1.614 to 1.88 

1.01 to 2.02 

1.13 to  1.45,   1.87 to 2.00 

1.12 to 1.13, 1.89 to 2.02 

1.12 to 1.17,  1.88 to 2.08 

1.13 to 1.16, 1.96 to 2.08 

1.16 to 1.11, 1.90 to 2,15 

1.13 to 1.11, 1.89 to 2.03 
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I I CUT   . 

IfS' 
NUV   ^ 

»UU   i»tCtMC   «flCfl       *.*s     H/Sil. 
'UlL    tlH*(UIUU      JO.O     DtG  C 
H»0«H,l:N  HnniOl   IPICIFIC   «flSHt     II.**     H/ML 
"«1HI0(N  *(R«l|Dt   IIt«»(»*(U4(     II.»     fltC  C 
t"»V!>   -(ft-.!     I1US.      Ill 

t^I   -   «CEItlUIIf* 

•N-Mim am 
»l«C<«fT   p»fl 

CS-Ü^IH   NÜMRt« Ufa IITO mo mo 1700 1110 1110 11)0 11*3 
nit 

•ll|IU0(   (C-l»l 

MC mo. H'l. UNO. 1140. 1JU0. IIIU, 1110. 1111. 11*0. 
«>HTi »00.0 lao.r 111.1 111.1 1*1.• )**.6 161.0 iro.9 1TI.1 
HIT l*JOf. itlir. »i*J5. mis. lint. )!«•*, 1*111. nut. IS11I. 

*L»IIWi|   IltSKI HI i s*m. i*i«*. imi. UMS. 11T*I. 116 IB. Hilft. ISllt. ISIII. 
MC QIC C -II.i ■ii.* -i*.■ -it.* -i.t -f.T -t.t -1.1 -1.* 
'Ult   l«W lie DES  C '•i.i M.l *!•• *J.O *J.I *1.) *l.l • 1.) *).! 
mi re«» I/I DIG  C ii.J Ü.» Sl.l 10. T so.s SO.S »0.1 •9.9 •i.r 

IGT 
1101, t»Oj. r*(>o. Hit. T4*S. Mil. r**i. 7411. T*S1, 

OIQ   t hit. »«. SNI. SIS. SI*. SI*. SI*. 91*. 11*. 
RICntT  0*1* 

CMHt« »«ItUH »SI 0. u. 0. a. 0. 0. 0. 
K'  HJH it/lit 0> 0. 0. 0. 0. 0. 3. D. 
Uf   if* LI/SIC 0. 0. 0. 0. 0. 0. 0. 0. 

HUlUfl   DtTl 
ClUNTI*  NUME1 uto liifl mo IJtl IMI llbl 1161 llbl llbl 
TI"E iEC mo. 1110. mi. Wbl. mi. 1761. 1161. lit). lit*. 
• UI»*FJ «1ITS m.« Stl.l »I.I it*.* • 00. T *OI.O •01.1 *Dt.l 
«IITUOI   IC-ltl HIT )»IST. m»*. HUT. )'>!,". «m. ism. JJ09T. 1S091. iiort. 
UMIUOI   IKINin MET 1>I«0. 111*1. ism. I'JI.M. in u. ISIOb. »*19I. IS09I. nan. 
TtC 3EC C -1.) i.i 1.' I.l i.* 1.6 I.t 1.1 i.l 
FIKL Tt«P MC oes c • 1.1 *i.i *1. 1 *n *). 1 *].l • 1.) *).! 
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1.-1)1 Ftft )t9|T. 1*917. 14947. 
•it-OU 14941. 1*967. 1491b. 
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FIIEl   IE*» EIC OEC  C 41.S 41.* *I.T 
flEl   Tf*" »/« JEC  C 

( I./II 
f   jf« 

Lft/SEC 
i.6/SEt 

EttMfl   ttltl 

«EiiUBF 
F1F 

616.1999« 
511.00000 
41 r,«oooo 

TEVPEBttJlE 
0E3  C 

.•o.roooo 
•*»,50000 
-57.70000 

)   »EllCITV TAFCLIIIt    «IT,  ,1^0  omiCTIIN 
KHIIS 'IET                 DECBIEl   TRUE 

*I.*ÜOOD )||76,S99RS              DO. 10000 
66.40000 HIT«,(«971              J*).70000 
»■.•0000 )9l««,0OOOÜ              <•«.90000 

HEBDING 
EIS TMUE 
'»l.OOOOO 
S).00000 
51.00000 

FitGHt it   is     RUN M      I 
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HTDBICEN  »ERIIIDE   7E<tPER6lLIRF     14.1     "IC   C 
i.**i^   MEICHt      lllll,      LBS 

tfST - *C:ELE*«TIBN 

0'<-B»*>lO   DAT* 
•IRC**Ft   Ott* 

C»mlf*   NJ1BER 130) 1013 lü/Ü 
TINE SEC too*. 1013. in/o. 
1IBS6EED «NITS JOS   0 115,1 
ILTtlUOf   [C-ltl FEET ii»r*. -ii*1i. 1)*»». 
ILTMUOE    IBENir« FEET 1)61*. 1)510. 11*90. 
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CHRNBER   «USSJRE: PSI 0. 0. 0. 0. 
MF   HUI ii/Stc 0. 
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RlRCIRFt  0*1» 
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RIRSFEEO «N»'S 19),r 198.1 19».1 itf.t 
aiTIFUDE   IC-I9I FFEI J*))7, HvlT. 1*91). 
«LlllUDE   IHENSIJl FCtI 1*9)1, 1*914, 1*91*. 14H.. 
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TIME SEC 1090. 1090. 1091. 109J. 
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aiTITUOE   (C-I9I FEET 1*617. 149B7. J*S*T. 14917, 14917. 
BLItTUOE   (iENOil FIEI 1468*. 1*6*7. 14617. 14991. 149TT. 
IIC OEC  C 11.1 14.• 19.9 17,6 
FUEL  tEN» ENC OEC  L *l.l *l.9 41.1 41.1 41,1 
FUEL   TEN»  a/B DEC   C *T.b *7.S 
l»M T460. 7*60, 7460. 7*60. 7440. 
ECT OIC  C »89. IBS. 9*1. 185. 581. 

RICRET oara 
CHaHBER  »RESSJRE "SI 190. 199, »95, 190. 595. 
«F   Hill LB/SEC 11. 11. 11, 11, 
HF   i»« LB/SEC *. 1. 4.' 
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MO*». »"•i. MIO. ITM«. ITltt. 1T44). 

-i*.« -l».l •14.1 
44.T 4«.l 4t.T 

• 1.0 •1.0 d.C »1.0 »1.0 »1.0 • t.a 
TJOJ. m». •11». •OIT. 1110. Utl. 
4M. it». 1«. 1». 141. 111. 111. 

1»T* Iftl» UTt I»<0 l»it lii« i»l» 
1»T4, i»r». UU, UIO. Uli. l»*4. UU. 
IM.» 240.» llt.C 

t*U». MT1«. l*ll«. »»I»). 
)»•■•. It 14«. »m. 
-lt.* -11.« -IS.? -11.J -If.l 

4«.l »•.T 44.1 44.1 4«.T 
«l.C »1.0 •1.0 •1.0 

IT«. 1TTI. 1141. Mil, MM. 1«!. »«•I. 

1*11 
UM. 
«0.1 

1I41S. 
lit.? 

11411. 
I)»»». 
-14.1 

-C. 

1»** 
1»«. 
1)4.4 

JIIIS. 
19411. -!•.« 

44.) 
(l.C 

UM. 
114.1 

»14?. 
tlllO. 
-IT.G 
44.) 
• 1.0 

11101. 
SHOT. 
-I?.I 

•n. 

1?01 
1T0I. 
1*4.« 
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1»T.« 

14401. 
1)001. 
•1T.I 

• 1.0 
»451. 
lit. 

• IMH   IMll 

TtMIMTUM HIND  VdOCIIT 
Ht DIG e «Mori 

»1».1*444 -40,00000 
lit.00000 -10.10000 11.40000 
•IT.ftOOOO -•1.00000 IT.10000 
liJ.IOBOO -»T.40000 lo.ioaac 
ICt.lOOOD -•4.40000 10.I0O00 
Ut.lOODO -»T.40D0O 4.10000 
104,40000 •»i.iooeo 4.00000 
ti.toooo -H.OOOOO 4.40000 
•l.iCCOD •14.10000 11.10000 

-ii.aoooo n.toooo 
10.40000 -41.10000 41.IOOO0 

mn )44lt 
11*0) •44tC 
•01M 044(1 
440)1 )<4*l 
1400 444)1 
»10)0 144)1 
»1114 ococt 
TMTT £44(1 
MiCi 044(1 
414(4 C44(l 

lOlftll ooccc 

MIND oiMciim      */c t-ElCJUC 
OfHEIS  Mill      CtC* it mui 

»1.40000              1 T.mooo 
■0.10000              1 r.5oooo 

).10000 
«4.10000              1 T.1G000 
11.10000              1 T.ianoo 
ll.ioaoa          i T.M000 
40.10000              1 T.10000 

1*4.00000              I1 T.10000 
in.eoooo         i T.10OOO 
1*0.10000             1 r. loooo 
1ti.T0OO0              15 T. 10000 

UKtNl* 0»' 
»«IB   tf TOTAL NSL DTWBIC 

TIME CLIM VKiCITI »LtlTUDI >IIIS)UM IUCH 
StCONDS fJ/itC »T/StC FEET Li./ta.fT 

0. -«0.1 10)1.1 J49T1.J HI). HIT» l.OTM 
LOW J0.4 2010.9 16UT.2 1511.94141 2.0TT> 
?.O(J0 91.1 20)1.J M4i«.a 1MI.1)460 
i.noo 141.7 1014.1 36T1D.T 1509.!.>I10 1.08)6 
4.00U 101.s 201*. 9 1*401.1 HD4.4041) l.OIB) 
•>.000 16T.. 20)S.d JTUi.O l*44.4»»l) 1.09)> 
fa. 000 1JI.0 2039.1 )T4II.O l*M, 0*514 1.0974 
T.OOO 400.6 2011.0 1TT91.4 1454.14101 2.1007 
».000 4M.0 20)9.4 Mll/.l 1412.14197 1.10)1 
4.000 51». 9 20)2.9 )BT».0 14O0.42267 1.1041 

1C.0O0 61)1.1 2021.1 )4)0).l 1)64.101)• 1.106) 
li.aao nM.s 101).1 19944.1 1121.61)7) I.I 014 
11.000 Til.« 201T.1 40641.1 III1.0146) 1.lOBB 
li.ooo TT4.i 2011.T 41404.0 1114.16101 1.10M 

14.000 ■ 14.1 200*.1 61211.T IIU.UMO 1.1090 
11.000 ■»1.0 2001.4 4)0TT.! 1114.41)11 1.09B« 
u.aoo «H.T 194T.i 4)4»9.T I0T«.*U41 2.0914 
IT.000 «14.1 1W4.) 44•■».O IO)l.)1174 2.1021 
IB.000 4l*.l If91.5 «■IT.) 9*1. Mt) 1 2.1011 

W.OOT IfOt.O 4*1*4.T »*f.ti«49 2.1111 
?o,oon 410.1 19B4.T 4TT2I.2 401.01191 2.1111 
11.000 9»).l HB4.I 4S6M.1 11I.4I1)1 2.1041 
11.000 ■»»».T |9»2.» 4*6*7.1 It».6)4)4 1.1017 
?5.000 441.0 Hil.1: 90611.7 776.«»«ll 1.10*1 
?*.00» 447.0 19B0.■ M^97.S 740.UB11 ^.IDB* 
15.000 41t.T I4T9.4 12111.1 TOI.HIO» 1.1101 
/A.OOO 411.» 14TB.» 9)HT.l 6)1.0441T 1.104) 
il.OOV 94T.1 UTT.i 9449T.I »».TM)4 I.1010 
IH.OOO 442.0 l»»).i 11401.0 60T.20)I« 1.10*1 
14.000 4JA.4 1*11.> 16)41.1 11T.)I04I 2.1010 
IO.ODI) 4)|.l 1411.) 1T1T9.) 547.I)T16 2.091* 
* 1.000 9ir.« 1968.' »■204.1 5l7.*«iri 2.OB*) 
11.000 911.4 14*6.0 49124.7 4«0.U1*1 2.0TB* 
»).0Ki 414.V 14*).] 60091.1 464.64116 1.0*06 
14.000 919.» 19*0.1 60910.) 44). MIO* 1.07M 
14.000 910.9 19)T-T »1**4.5 41). 44)1) 7.0*44 
1A.O0O ■*0».5 14)4.9 ii2T4*.0 401.6H19 1.0*1« 
IT.000 •M.f. 1412.1 *)t96.T 1I0.9U4I I.0S1B 
10.000 ■ 4J.I 19*4.1 64)91.7 141.62)10 1.0*69 
14.0*. • U.O l«*k.4 614*1.1 144.64100 2.0*00 
40.000 •T«.» 144).l 66)«*.T 124.)104 7 1.0»9 
41.000 ■ TO.) 1919.1 »T141.3 n4<U41) i.om 
41.000 • *I.I 19)4.« 61109.0 14t<UO0l 2.020« 
41.000 ■ 91.■ IM9.T &M61.T iM.niTt 1.020* 
44.000 • 92.1 1424./ «•■I1.7 110UT16T 2.0121 
41.0*0 112.4 IflB.T T0649.1 1)T.I16TI 1.00)1 
M.0D0 •22. T 1911.1 T14TT.0 14I<MI1T i.««n 
4T.00« ■ l».0 190T.T 72249.0 2M>aMT« 1.4*71 
»■.000 ■ 0>.0 1901.) 7)101.7 211.M224 1,971« 
44.000 T41.4 1*4».9 7)901.T 21I,U16« 1.4101 
40.000 Ti7.» IMl.i 74690.1 70).Ill)) 1.96H 
41.000 TT2.1 IBB*.4 79467.T I44,li440 1.91)1 
47.000 T*2.V IBIl.^ 761)1,0 It6.1«61« 1.94IB 
»1.DM J9J.1 IBTt.l 76940,1 iri,ui96 1.9*21 
t4.000 r»!.* iBTl.f »7740,0 ITO.MIIO i.9m 
14.000 Tjf. r I**«.» «479,7 1»I,M))) 1.911« 
1*.000 Tlt.l 1069.1 T921D.U 117.24141 1.922) 
IT.000 11).0 IMt.t T992».0 11D,M0T2 1.9U1 
50.0M TOZ.fa HIT.« 10611.7 I46.«1«T4 1.9102 
14.000 441.1 un.r ■)111.0 1)4.9*119 1.90*« 

R4T1  IF 7* Til "SL DTUnlC 
CLINN VILICITT »LTITUOI MtUUFE M8CH 

1FCIS01 F7/sec FT/S*C fSFT IB./SO.FT 
60.000 612,6 U10.6 ■2018.T 1)4.««274 1.9001 
hi.oao 6T2.5 1MT.6 ■16*6.5 I14.TO)01 
61.000 661.9 M)6*.2 111.10796 ÜB*)« 
M.OOO lt*2*l 8*1111.) 111.1*68« I.S917 
6«.Q0U bull 1*)9.1 84664.0 iir.*si78 t.M97 
64.000 614.8 11)7.9 BllOD.T 111.79)61 1.8*81 
66.000 610.« 18)6.! 81*18.? 110.29T49 1.S86B 
11.000 1««.9 1*)4.5 »*52).2 106.90151 1.88)9 
es.300 511.3 1*32.1 ■Till.7 10).60*95 1.8804 

9*0.T 1*19.1 ■T681.* 100,111*1 
ro.ooii 1BI4.6 8«116.) 91.1217« 1,8699 
71.001) lau.i B*T6T.l 94.01)6) 1.8611 
7?.00U 106.0 1*10.' «•110.1 90.90)50 1.8519 
H.MO 4B3.T 1*01.5 B«TT6.T 87. T1I9» 1.8*10 
T4.000 4*2.9 1791.1 W212.T ■4.79)17 .B101 
TU. 000 **0.) 17*0.C «(IT06.T 11.9)13* 1.8141 
76.000 *11.9 1766.9 *I1)).0 T*.26)88 
71.000 )95.8 1T58.I 915)1.1 T6.T9in urn* 
TB. 000 )T«.6 1747.« 41421.1 74.42120 I.T81B 
74.000 11*. ) ITM.O 92181.T 71.)l)7a I.TT50 
■ 0,000 11«, 9 1T2B.5 91611.0 70.1)1*6 
tl.OOO )l*.9 1119.1 «1916.1 ••.11*14 IITI«I 
81,000 199.4 1710.) 91160.1 «t. 1«))) 1.T441 
l),000 ir*. a 1101,5 9))48.D 69,11105 1.7341 

IS*.» 16)2,« 91111.1 b<l.691Tl 1.7110 
81.000 1)1.7 1684,1 «4011.1 fal.11610 1.7156 
«6.000 211.7 1671,4 441BB.0 60.9O*)6 1.7061 
8 t.OOO m.T 1666.4 94*46.1 )*.*«1«0 1.696* 
■■.000 iao.« 1*11.* 94617.0 9*.*«*)0 1.6*67 
•9.000 ia2.4 1641.6 «4111.0 IT. »10* 1.677« 
■(O.OOO 1*9.0 1*40.* •1010.1 56.» TO« 1.66*7 
41.000 121.1 1*19.1 91141.) ».«■15* 1.6604 
91.000 11).* l«l*.4 9«*). 2 9*.M*92 ).»1)1 
4).000 H.B 1*19.9 49)64.0 )).9I«10 1.64T0 
44.000 •).7 161).* 416*2.r 9).IM49 1.6*01 
41.000 «1.* 1*0*.* 49941.0 91. HIT) I.ISIIO 
M.OOO 90.1 IS». 7 «9*01.9 11.01*66 1.6119 
47,000 ».) 1191.1 91642.T H.4«l«8 1.6191 
44.000 12^0 DM." 94667,0 )1.0«179 1.61)1 
««.000 I)64.U 9>6T1.» 50.611*7 1.6091 

100.000 -94.) 1911.1 44654.1 90.M171 1.601) 
101.000 -62.0 19*0.5 4i«0I.T 10.T1224 1.6061 
1D2.0B0 -».0 mo. 5 «9)2.1 90.99176 1.606* 
10).COO -U«.) 19«1.) «•416.1 51.14211 1.697* 
104.000 -1*4,* l)*).l 9119). T 91. 7*917 1.609T 
101.OOD -111.9 mi,3 9)1)1.) 92.111*7 1.612* 
104.000 -20»,9 19BT.9 «*44).l 92.912)4 1.619* 
101.000 -221.9 l)«0,l *4T)0.) 5). 7165* 1.61*6 
10«.000 -191.2 1991.0 •44M.0 94.92«)) 1.611T 
109.000 -IT«.* 119).) 94112.2 91.41010 1.614« 
110.000 ~)0>.2 IMO.O 9)9)1.) 56. )100* l.»l*t 
111.000 -)II.1 1601.1 9)61).0 )7.11291 l.»)2D 
112.000 -))0.4 160).t «)2T6.0 fl.t«*0 1.4)»« 
11). 000 -)T2.7 1610.0 41911.) •*. 11482 1U411 
114.000 1«*.l 1*11.7 «211).9 •I. 10267 1.64«* 
119. DM -«l».T 1*11.4 «1114.0 *).*&>9T 1.656T 
11*.000 -4*1.» I61T.> «IMT.T •).24t9* 1.66)0 
11T.0M -49«. 1 16)1.« 9111).! •7.I9190 1.6661 
in, ooo -*»»,2 1*96.1 «OTH.T 64.12)07 1.(162 
11«. 000 -««>.T 1**).* 90197,0 TI.24H0 I.6101 

^ssssa»*"»-«-' 
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*iiic**ri cm 
CIUNTM  NUMBII 1TC0 IT02 1 TO* 1IÜ4 
TIME Stt I TOO. 1T02. ITC*. ITOb. 
*!*iP*iO «xm 21*.1 215.« nut j*o.i 
•LTITUOf  IC-1V1 FEII *l*t2. «■ITI. «Til«. *MOI. 
AlTITUOt   IIENDII mi «■120. *I2SI. *mi. 4T»*T. 
TIC OtG C -n.2 -»2.* -12.2 -Jl.l 
fUEL   Ii»P  tNG Dti C bt.o •«.□ 
tun unr kit MC C *(..* «o!i • L.5 IC.i 

1*12 
11.12. 
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Itl*. 
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TIHl 
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ALTITUDE t-lft 
ALTITUDE BENDIl 

»UEl   II"» ENG 
FUEL   UM* «/IS 
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KfCKEI 0*1» 
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CfUXIfR  NUOIER 
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11*2. 
211.1 

*1*I2. 

MEftTHE«   T*»IE 

t 
FUEI    TEN»  ENC OtG  C **.U »*.o «6.U **.<! ftt.U *t.a 6t.0 66.U 66.0 

FU(.   TtM  */l DU.  t •0,1 ■ 0.4 10.5 eo.l ■C.l «C.l BC.5 

«»n 
CGI OIG  t 

iilO. 
*1, 

J290. 
*1. 

)290. 
*4, 

J2«C. 
*5. 

jiii. 
ii. 

■ili. 121*. 
15. 

J,CQ. »11«. 
J5, 

HU EI  0*1* 
CNftME*   FIllSUIE KM 0. 0. C. 0. 

*f   M«I LI/SEC c. 0. 0. 0. c. 

mt i*» IttiiL 0. 0. 0. 

*UCI*FT  MI« 
CMNTIR  NUHBE* its* 114* IT!« ir*o 11*2 I>b* litt 116« ITTC 

TinE iEC ITS*. 1156. 114«. 11*2, im. |l«(. 17T0. 

•l«l*EED *N»ti 21«.* 2«B.« JtO.M 291.1 104.5 »Ü6.S ■JOB,4 

klTItUOE   (C-I4I FEEI 19111. 19212. i«9*9. 11**5. 11242. iton,. 11102. 1119*. 111*6. 

*LTITUOE   lalNDK FEtI 195*2. 19215. )•«*•. )•*■>. ]|}12. iKkb. 1TI24. ;I«JS. 

TIC OEG  C -25,1 -21.1 -21.1 -.2.1 -21.* •21.6 

Ft'Il   T|H»  ENG BH,   C *6.0 **.0 66.0 6*.0 66.0 66.0 66.0 

FOIL   «H»  */« OtG  C «0.1 «0.5 • 0.1 «0.4 ■US «0.» «0.4 ao.5 HO.4 

1171. 11*1. 11*1. 1|TI. im. llll. Uli. -21). 

ECI OfC  C 15. ii. 25. !4. 2!. 15. 

<n*n G*I* 

CHkMtlE*   »»HiK«i »il t. 

MF   Hitl C. &'. C C 

■ f   J»* LO/iEC 0. Ü. 0. 0. 0. C. c. 0. 0. 

*INCIl*FI  0*5* 
MUhTI*  NUMHI ITT2 ITT* Ill* ITT« i?»a 1IB2 (T*t IT« 

TIME IIT2. ITT*. illt. 1110. 1)12. ITI*. im. 

ll«t»IEO ««IIS 111.4 in.a Jll.O JIÜ.O 101.5 iu6.4 IC*. 4 102.1 

UTIIUOE  U-l*> FEEt Iftlll. iftsiu. 1*1*1. 1*102. 1*011. 1491*. 1119*. 15**b. m«. 
ALIITUOE   IMlMDtJI FEEI 1**1*. l*S4i. ICltO. l*l»i. JtUll. um. 11*01. 11*91. 15S1S. 

TIC OEG  C -21.2 -10.1 -2..1 -20.1 -19.9 -15.* -19.1 -20.1 -20,1 

FUCl   If"»  IW PEG  C **.o t*.o b*.g **.o kt.O **.o 66,0 • *.U *t>.U 

FUlL   Tt«»  */■ OtG  C BO.l •a.» ■0.1 (0.5 tü.l •0.4 SU.4 

«C« 1211, 1215. 12I5. 1215. 1200. 111«. 114t. ■1*1. )1>), 

ECT DEC  C 11. 14. 11. n. 11. 15. 

MCM1 M" 
tH»"iE« mssuftf »il 0. 0. 0. 

HF.HII2 K/HC c. 

HF   J»* Ll/ltC c. a. 0. Q, 0. 

«US.««!  D*t* 
ClUhll«  NUMIfl 1190 itn 1T9« 1T9* 119. 

tlBE SiC 1190. 1192. tT9*. 1T9*. 1191. 

II Mil 5 100,Ö 2«^.l 2*1.5 2S6,? 

tLMTWI <C>I*I FEET 1**1», HUT. mit. 1*9*1. 1*I9T, 

klllTuOi   IlEHDIl (ttl ll««*. i92«0. 1)1*1. 1*9T«. i*a«i. 

IIC DEC  C -20.1 -10.1 '2C.1 -21.0 •21.2 

FUE1   TIW  ENG OEG  C **.o **,a «*,0 tft.O **.o 

full   IE"» */• DEC  l • 0.1 • 0.5 ■b.S •0.1 •»" 109*. 10**. SO**. Ml*. 2999. 

IGT OIG  C 11. 1!. 15. 5. 1. 

■i«II 0*1* 
C«**EH  TtiWt m 0. 0. 0. 0. 

Hl   M2W ll/itC 0. 0. 0. 0. 

■F   J»* Ll/Stt c. 0. 0, 0. 0. 
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II »0)00 
10 *ouoo ' ICUUC 

l.OOCOLi 

I.OOLCL.' 

34 









^ 

«MCftApr o«r« 
tOUNTIR   «UN«» ii»a mo I'll ITS* 1794 ITS» 17*0 1741 17*4 atacaaFT otTa 
riM 1IC iraa. 1TS0. mi. IPS*. III». iTsa. ir*o. 1741. IT**. GOtMTtH   tUMEa 1410 tau lilt iai* iaia iaio 1*12 Ill» 1) 
MNUHO KMOTI «j.i 104.) na.f nt.s 1*0.1 ]*0.i 191.1 191. r 1*1.s 7iat tic iaio. 1S11. iai4. 111*. ma. iaio. 1M)1. 
H.TIIUH   IC-lfl FIET »mi. 4»40S. 44410. 4)lf4. 41110. »0441. 9410*. 17»97. ***)*. aiasaaEO KUDTS 104.1 24*. S Wl.l 1*1.4 2*7.G 1*4.1 Z-H..-, ,«1.1             ) 
»itrruot (MNDin   Fin aiuTa, 44441. 44U1. 41170. »ITlt. 40191. 9a4j«. 9774T. 1**70. ainruoi IC-I«I FIET «11«*. 41441. *II7I. «CTS1, *D)20. 1**71. 14*11. 1*019.           11 
MC OK C «s.a 41.1 4a.* 40.» «a.o 4*.a 41.» M.O »LTITUUE   IIENOII FIIT *II91. *ia4l. «1111, «071 7. «0171, 1*4*1. f*91. i»nio.        )• 07 

FUtL   TCW  INS 0(G  C 4>.t 49.1 *«.* *9.» ***• •9.7 »».a 49.4 *i.a IK DI6 C -11.1 -11.1 -11.1 -12.* -11.4 -12.* -l*,l -i*.l *■ 
fuu ut» «/a am c M.O fl.O M.O Tl.O Tl.O 71.0 71.S FUtl   Http  EMC DIG  C *4.9 *«.! **.l «4.9 49,9 •*.5 *. 

SIIO. »44a. IS*«. 1**7. i»ia. saio. 9411. S«J. FUEi   TEHF  4/1 DEC  C TJ.l 71.1 71.1 Tl.O 7).'s Tl.O 7)lo >■ 
(GI DEC C m. I TO. »•». 140. 110. mo. 1*0. 179. 1*1, «an 1*1*. S941. 1411. 1*S). • 101. 404*. • 001. 9141.             1 

«UCKIt  oar« 167 OIC   C 14». 110, 1*1. 111. 141. 140. 111. 110. 00 

cmnaia Ndluai 'SI 0. 0. a. 0. 0. 0. 0. 0. ROCHET   0»T« 
«a NIO; ta/iic 0. p. ol 0. 0. 0. 0. 0. cmMia aaEisuai asi 0. 0. 0. 0. 0. 9- 0. 0. 
aa ja« ia/iic 0. D. o! 0. 0. 0. 0. 0. 0. » mat LI/SEC 0, 0. D. 0. 0. 0. 0. 0 

amaaar mi» 
m ja* ia/ttc 0. 0. 0. 0, 0, 0- 0. 0. 0 

CouNiia Nunaia ma ma i no 1712 1714 177» 1770 1700 mi aiacaaFT oau 
rmt lac 1TH. i?4a. im. 177*. 1174. ITT». 177a. Mao. 1711, COUNtEK   NkMMR I41B 1440 11*1 1*** 1*41 ia*a 1S90 IB9i • 9 
*i*s»(te KNOTS IfcT.O ITO.» »9.» 141. S 1*1.0 isi.a »*T.) 1*4.4 TINE tic ma. 1440. li«l. 114*. 11«». ii*a. iaio. 1191.              1 4» 
•tmioi ic-lW ailT S»«l. 944». «144D. 111*1. 11(47. 91444. 9044*. 9114*, 10*14. aiaiFEED RNCTS »1.9 101.1 w*.s 10*. 0 K4.0 109.9 109.9 110.0             > t. 
«LtlTUDI   laiNDIIt     ailT iiara. 94Tai. IHOI. 11*4*. 11110. um. nan. 100*1. SOI**. »17171101   IC-1*I «IT ITI71. iTTai. 17)11. 5**77, 1*5)0. 14117, 97)9. «MM.         )» 97 
TIC DIC   C aa.« >1.4 n,i 17.0 14.« 11.4 17.4 14.1 I1.I »kTltMlt    iHiltOII FEET iai*a. 11740. 1711). 1»**T. )»100. 14114. SToa. 111*1.          )* 
■lilt   ICW  EM OK C *s.» 44.0 44.0 44.1 44.» **.s 47.0 *7.1 *7.l tic 016  C -H.o -19.» -14.1 -ir.i -17.1 •IT.l -IT.* -IT.* 7. 
ritti »aa At» OIC C n.f Tl.O f|.0 Tl.O Tl.O 71.0 Tl.O 71.0 71,0 FUEI   IE"F  tNC DEC  C *4.9 *4.9 *4.S **.j **.S 44.1 44,9 ««.» 
aai S»*l. aan. 14». S47S. 1*41. 94*9. 9»*>. laai. mil. FUEL  IFMF a/a DIG  C 71.0 11.0 71.0 71.0 T).B Tl.O T),0 71.0 
■ST 016 C 190. 141. 1*0. IIS. 110. 110. 100. 49. »». 4 a« 9*«r. 40*4. to*«. 40**. tc**. 40)4. • 0)4. »017.             1 

■««fi oaf» EST DEC  C 1*0. 140. 111. no. 1)0. 1)0. 129. HI. .■0 

dunaca aaistuac »SI 0. 0. 0. 0. 0. 0. ■OC«EI  0*14 
aa utai Li/SIC 0. 0. 0. 0. 0. 0. 0. CM««»:» FattsiME FSI 0. 0. c. 0. 
* JN la/sac a. 0. 0. 0. 0. 0. ■r Hioi IB/JEC 0. 0- 0. 

tiacaaar e»(« ■a JF* IH/ltC 0. 0. 0. 
couNu* ftuMam ira* 1744 lf*a Ml» 1T41 IT«« 1T44 1740 1100 
rmf I EC i »a*. if 44. ina. mo. 1141. 1T4*. IT 4*. 1799. 1*00. 
• utacfD KNCIS m.a m.i wi.a «O.J m.i 114.0 III.9 10a. 0 
aLTiTini (c-i»i FEET 10414. 90144. 10DI*. *«*Ji. 44J71. »aiT*. 4494*. *aiTo. 4741*. HEalNia   T*bLE 

»tTiiuo« laiNon FEET soiia. *0«'. *m}. ***!*. **»». »aaia. 4441«. 4I144. »mo. 
trc PE6 C a.a 4.4 4,1 1.1 1.1 0.1 -0.4 -1.4 -1.4 MUSURE TtMCEaaTuaE INO mociTr «Fill« »II.    KINO  OjaECTIrH. 
run «aa inc DEC  C »i.» 4T.a 41.0 «a.o «a.o *a.i 44.4 «1.7 **.■ FSF DEC  C «NOTS am Otc«tEi  »»ot tt% T<t[i[ 
ami trap a/i flK C n.i Tl.l 'J.9 n.i n.o TJ.O 71.0 Tl.O Tl.O 1*7.10000 -40 »OOOO i04.roaoD notT 1***1 21).90000 TOJl'U 
aa« saio. 9T49. 1IW. 949«. 9144. ill*. 9444. 9411. 4 »a. «•».9U000 -so 40000 i).1000a 11114 S*4tl 24).900O0 fOUOIl 
Ml PEC  C «0. as. T». TO. 70. TO. TO. 49. *o. *SI.0U000 -5! 40000 ai.10000 1T100 a**«o 11*.TOOOO *e ;oui>o 

■Klltl  0*T« 141.90000 -SI »oooo 72.10000 *oiia ii*ai 21J.20OC0 ** 
CM*MM   KEItUaE as i 0. 0. a. 0. 0. 0. 0. 0. 0. 1*1.10000 -9» JÖUOO *■.aoooo «ua* lOOCO 242.*ü000 
W  HJ» ia/SEC 0. 0. 0. 0. 0. 104.40000 -SI 40000 11.90000 *il*T 14**0 14*.40000 • * 
ar ja* la/SEC 0. 0. 0. 0. 0. 0! 241.10000 -40 »0000 10.40000 «till 24410 24»,TOOOO 

tiacaaaT oara 11a.00000 -1* 70000 I4.*0000 10**1 1***0 1«. 40000 TCOU'J 
COUtTEa  NUHtlR 1101 1404 1004 isoa lato 1411 1414 181* taia 

111.10000 -»1 »0000 i<(,*oooa 91*4* lOOCO 291.40003 
t|ME SEC lil». ia04. 1404. looa. mo. lati. 

las.aoooo *0000 11.00000 11*77 0**41 ITB,«OOOO 7; jr.-. 
aiasaiED «NCTS 104.0 J04.0 HI.O (01.9 m.i 110.s 10«. i 

1*1.10000 -*0 10000 n.ioaoo 9 7)10 *«*7I ira.aoooo 70-^0 
aintuoa ic-iai FICT *l*lt. 4ma. 449S0. 4410*. 49941. 4S1I*. 44971. 4*140. «iiaa. 

190.10000 -42 10000 11.10000 S4T41 OOOCD 177.40000 4» >0L:.:- 

«LTttUOl   UIMDII aiET 4T444. 47047. *4»tt. *41S1. »»t*I. 4911*. 44791. 4*199, 41TS4. 
117,4 0000 -94 10n00 10.20000 »1177 2*100 141.10000 TUJII'- 

TIC DIG C -4.1 -10.T 
lu.aooao -41 10000 11.«0000 414*4 »94*1 17 7.40000 4*. fOQOO 

Hit\.   TEKa  ENB 016 C *a.v 4«!o *i!s 47!l *a'o 10*.90000 -94 aoooo ii.soaoa asm 11**1 ITS.10000 »6. 7O00Ü 
FUEL  TEW a/a DI6  C Tl.O Tl.O nlo 71.00000 -9» TOOOO 17.00000 nu* 11*11 l*9.oonno ** 
aa« »ai. MIS. 114*. »ui. 9041, 4*aa. 4407. *a*i. 1002. 

9*.100 00 -41 4 0000 11.40000 so** a 19*40 114.40OP0 
act DEC  C as. 99. 90. so. 10. 41.00000 -»1 10000 IS.70000 ■«*«i 2*140 111,10000 700 CÜ 

aocKEi oaTa 11.90000 •1* 40000 ii,»oono 141* 1 m*i 119.90000 
tH*«ai« aaESsuat asi 0. 0. a. 0. 0. 

0. 
0. 

24.10000 -IS 400 HO li.tOOOU «)*)2 '1410 ID.IOOOO 70U(J0 
aa titai li/SK 0. 0. 0. a. 0. 

0. 

29.IUO0O -SO 0OCÜ0 It.70000 •*t19 74«»0 2*9.)aooo 70U00 
w »*, ia/iic 0. 0. n'. 0. 0'. ol ll.SOOOO -4* T00ÜO h.TOOQO lll*lt »»*41 1*9,looio »b. imo" 

a*iE ra TBtai a« ovoaaic " 
•ait aa favai •it MMtMC 

1IM Cl|4# viiaciTT ai7|IW()E FKFlSOBf MUM TIM UINF «•I.KI7« ai1MW> MI a mat MCX 
ICFN05 mw. FT/ltC FefT la./io.Ft 11 »MS at/iic ar/sac FM» (.•./la.FT 

«47.; 1549.2 70OOT.0 l7B,*7aH l.»*3l •i.aaa -ira.* HM.e »Mka.» 90.42064 l.lkll 
1.00*. aao.i 1917, J Toe«*.o I4a.**a«4 (.♦SOI »HBM -IM.l 11(7.3 «kill.« n.idhi 1.25(7 

^.00.. «*a.r 1579.i 7IT4fl.O 19«.9*171 i.tir» •*.••• -SI«tS 111»,7 aaatt.s ia.i«»io (.iaei 
a«.-» IS*!,? 72«-0.2 iso.ii««« l.*lkB •s.eaa -ias.* IIU.1 «MM. 7 Sl.lSk** 1.1*8* 

*Ioofl a**.; 1991.a 71474.', t*i.aBi;i l.*IK U.«M -IM.C 13». 1 •itM.a H.i«a*a I.1T97 
.0(;C 9'?.- 1940.2 T4)I4.S 1)4.1(1'* l.5««k •f.lM -kte.s 1145.4 •]•«•.9 l9.»l(rT Mail 

■.OOC »11.■ IM«.l 75I4<.0 IIT.0».M0 1.58T* -kill« usa.o •aan.a I«.)t0l* i.iaa« 
7.000 aio.- III«. 4 7996«.2 120,8l«»« I.STH •»JtM -kj|,i USt.) •aw^.o 1».144*1 ui*a4 
F.OOO ra«,? ISI1.J 7474«.9 119.1*412 1.9711 nuM -k7k.) 11*7.4 ♦ ISM,9 ■•«•TIT« 1.1044 
*.00'J ra*.* 1909.) 77941.1 (10.1*5*4 1.9*78 71,•M -•«9.2 ia»*.) tia79.« ••.II5TS Min 

in.oo'> T72.* 1901. 1 7a«42.a IOS.I4l'T I.S««) Tl.tM -9IS.« ItH.t •«ra.» fcUMUl (.1111 
11.00.1 T5 7..' t*«a. 1 7*110.2 101.7)071 I.SMO UM* -9j*.r It«*.I •Mkr,9 ki.sam ■.ml 
t?.ÜOC Tu:. lkV*.9 T9II/.0.7 •7.7*8*8 I.Stlk 7k.M« -917.1 ISM.^ •fSM.T •9.•0*11 1.1*98 
li.ODU f?».l 1440.) »0SB9.T «l.«47i( 1.99*1 nsm -977,4 ill*.a Mtai.a »»,7*911 Dial 
I*.000 TU.' i»as.A BMI).7 •«.18129 (.9918 rt*«M -9««.a ISM.a •Mki.r M.trtn 1.1702 
I'.OOO T02.- ikn.o 820(9-2 H,«4«S« 1,5kl* IÄ -•tl.7 1   19.1 •7TI).« •a.12*71 i.iaie 
If .000 • «t,i 14*9.« 01714.2 •(.«■IbS I.SMI -•ii.T 1 kS.« «riM.a M.M9S8 1.14*1 
17.000 • 79. (•ST.7 81*0*.1 18.1*7*0 1.92JT t»!«M -«Sl.k 1   91.9 ••»71.S 9».941«! 1.4071 
ita.aoo •47.. 1450,v Bk077,5 74.*»*74 1.9198 -*M.O 1   •!.• «••r.a ae.»««*k 1.420' 
it.aau • SS.- ikkS.o a47<9.2 i(.*67*a t«9«aa • I4M -•M*9 1 ra.r •its«.» •s,*••♦• i.anr 

»«•M *43.* ikja.o aasar.« aa.«M3S I.SMI U.M« -rocs ISM.« •kkia.a •r. laon l.447( 

ItrfH »■*.* tkU.4 Milt.« ••■trill l.kaia WrfM -Fkk.O 1*17.4 aiaM.» »•.inn i.kiia 

mm als.« 1*29.) •«MT. V •I,«IS1I I.Mia ujm -717.4 »417. S • 1911.9 •a.Mkia i.*»i« 
li.H0 «BI.B uia.k •71ft.t M.MI«! l.kTM •7.«M -77^.8 Ikl7,l •079«.1 aa.raaiT 1.50)1 
i».ata lan^ l«ll.k •7Mt.t H.t«T(4 I.MIk M««M -»•1.0 IkM.« »••»•.9 «i.Ma*a (.UK 
Ji.»e %n.? Ikol.i ■uat.x 9*.ois«a 1.4*1* M^M« -»•1.« 1499.a »«1M.t «».••IF« t.si«* 
HMt 1S«>! 1462.2 •MM. 7 si.anoa l.Mti M.M» -•••.* Ikll.S »aiaa.a IM. 10157 1,5154 
»Mt 91»** (IM. 4 M«M.« • I.MII« i.kMi •UM* -tar.j lk/«.t »»9»».9 1*9.1(118 1.5)10 
Ta.aaa sir.4 ISM.i tMai.2 M.MK« i.aatr tl^M -•II,I lk»9.k 7a7M.9 11*.2IB!« i.iiaa 

»JMI» aai.i ISU.k tHM.S H*HI7I ».*«« nm* -•»••a Ik«.4 ««•.7 m.aiik* (.1*18 
.'a.iM »ri.o im.» awai.» M.rais« 1<kll2 •k^M -Ml.A IMS.« 7im.9 tai.aarai i.ssaa 
n^aa »»«.* is*2.a VISK.f a«. Ml at UM2* «•^•^ -•19,8 1901.2 7klM.2 Ili.kfse« 1.998» 
u.Ha •tr.* (ISO.7 «it«».9 •I.IIM« I.IMk H,«M ••»•.I liM.a 7 »79. 9 iis.aaMa l.*M* 
H.«H tar** iiir.» ttM«.* • UMIM l.»7M «7*M» -•l«.l t9lk.k 7l*kk.l 140.71114 \.%m 
vt>mt Ml^ i»f.a ttTtt.f ••«Will I.IHt M4M -•at.r lllt.k 71119, a ikr.9ikkr I.5T41 
».HI 1««.c mo.« t]|«*.f «.ar«« I.MM M.«M (911.1 78an,o ISk.kitii 1,5831 
HAM •«1*0 IIM.4 «»lf.S •a. »an I'lMt iM«Ma 192*.• »•!«•.• lai.Mtaa t.saaa 
»7,S»I »l.t iiar.i * IM I.I il.aaaa« t.MM tOLMB isia.a •»It*,« ia«.M7«r 1.911* 
«.aea fta.i lira.a MIM.« »■HI«« i.itia lei.M« I9H.1 •891».« m.oaari 1.5111 •#.«»« 174.1 liar. 1 MM«.« »■raaes I.IMk IILMB I9H.9 •77M.a Ml. 7788« 1.1*51 

*e.aa* «0.» IIM.O akti«.t il.raMl i.atir (Ok.Ma -JM.* i9S%.a •»•81.0 l«l.89*09 i.itar 
•i.aaa ur.s I«»«.* «kM7.> ii.ata*4 UMia ies.Mt -»M.I 19»»» •atM.« MI.1IMI uta** 
Wrf« in.a l2k1.S »1UI.I II.tHO» tjJTäia IM^M -711,1 (9H.a •siia.» iM.isita ^•••4 

*iJtM 112.4 ltM.2 fMM>« H.amt I.IM) t«T^M -rra.i ISM.I «•9*1.» au.Misi I.MJ* 
»«■Ma is«.a utr.r «•••!*• M.7MT» t.tM« |M4«M -»9».« (91».2 •irra.« iai. 89717 (.1*17 

»I.IM ur.o IM'.I «MTL« at. it«» l.lkM IM^M -»»j.a ISM*« •Hli, a 111.07411 (.94*1 

44 «Ml 114.1 uia.s «■•«•>7 M.r«iH l.tkl« n*-M* -»«,1 ISU.k •ia«i,a lit. Ul«7 MiW 
•T.HI «1.* llll.k MM7*« M.IU» i.tiaj llld«M -711*1 isas.t «19*1.• ak«,*e8fa 1.91]« 

«IJMrt 41.7 I1M.S «•«••■T ».•i«5a t,au> naoM -••«.a IMI.T MM«.* tsa.iksie 1.58*1 
•».aaa kl.» «01.T «MM. 9 IT.7MB* 1 .«an lllrfM -*»ita tsis.t •41 »9, 7 Mi.MMB l.l»*s 

9a«H« 12.1 ll«T.« •Mt«.» 17.11187 1«««M llkJ«M -•91.* ii*». r •aiM.^ M».B«lll (.1781 
llrfH -l.t im.s •«Ml.« sr.niki i.iifla III.9M -811.1 190a.« •aaas.s 271.18(9» 1.9**1 
S1.MI •29.9 iiaa.s •aa79.« 17. HIM i,aiH l(*«M« -•••.^ IktS.S saa»(.o ITB.IBl'B (,59** 
«.a» •44.0 liai.« «MM.« IT. »144 ».air» HLM« -••««1 '"•Ü'I l»Mi.* aB9.k«a9i (■SIM 

-»1.7 nai.* aiar«*» 17.141 et i.atr« 111 J#M 'IS*.I tkrr.s 97(fl.» aa«. MM* I.MI* 

II4M -«4.1 Itai.a fuat.s 17.•••aa 1.1 IM 11«JMI -91«it IBM.« ••ia«.a ati.r^aia i.siia 
U4M •11«.! litt.i ••r«s.t ft.m») r.aiM IH.AM ••M.* 1494,1 9Mlk.S aM.MM» I.SlbT 
»i.m -IM.4 nai.i IMM.T >7.MMt i.at«i iai««M -•10,4 Ikkl.t 55914.1 2M. 11112 I.KIT 
».ta» -IM.« iiti.« MIH.< M.aiue i.ain m^M -kkl.o IBtt.« 999»].T »•.MkJ« 1««««* 

il^N -IM.« im*] »«7.9 ••■•••ra l4iMi tll-M« -kilt« HI*, a •MM.» Ml.kMBk (.4894 
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•tnf.t    v>«' 
ül?.« MO- 

NIKt HAOAK DAT* 

I.     11J.0 
111114.0] 

*«0-  1I1.J 

J/^P?.      »c  i n 

iiiiii.Oi    vt. 

I>    111.0 
Uiiir.ot 

I*     IIT.O 
1J1114.0* 

I 

IM»./       KD- 

!■     110.0 

f>     IJl.O 
IJIbOl.^i 

ntam Hi   *»     «UN HI     ) 
DAK  ff  FUGHI      '■  '0 M 

[NGINf   STtKr   :lNDirifNS 
FUEL   IKZlftC   MEICHt        1.11     il/GU 
FUtl   lEHfEIIA'U«!      10,D     DEC   ' 
HVMfCIN  »EMllDE   iPfCint   MEI.HT     U.ll     LI/etL 
HTMICEH rtililOE   TEOrtRATuRF       7.1    DIG C 
Mm  «EICHt     1121*.      IBS 

ffIT > cimi 

A/LU«   h1*».* 

11-HUD DATA 
AINCIAFt   OAU 

CPUNTE«   HUHlt« 
11ME 
A J" SPEED 
4LIIIU0E   ic-m 
«triruoE  IitMOM 

«■ClkEI   DAIA 
CXAHBER  fltSS5J«l 
■ )   Hltl I 
■ >    ,1** t 

AIRCRAFT   DATA 
ClUNrER  NUMBER 
tIMI 
AlRSPtt^ 
AlfltUOE   tC-191 

IllUOf   IBEIOMJ 
ML 

It»! Ell, 

RICAl OATA 
CHINBfll   «fSSU«t 
■f  Hl§i 
It   J*» 

AIRCR 
COUNTER 

ICMJI 
ti'ituof !«£■*>(» 

"ICKEI   DAT* 
i,>'»«»tR   MfS^iHt 

K!   Jf* I, 

AIRCAAFT   DATA 

RICNET   OAtA 
CHAMItl  MESlltRE 
Nl    H7I1 I 
■ '   J'A I 

»I'. • T». «II. in. «•>. •11. 
;i.o '11.0 • 71,1 • 10.* (tt.4 1*7.1 

111». lAITt. 17111. III». 40141. 41117. 
■»u. 1141T. IllA«, 17177. HUM. 40101. llfll. 4)101. ;».' in.r 111.0 in,A 110.1 100.1 M.» II. 1 
ii.9 ?).0 n.T »4. i 11. 1 1S.T 
JI.I ii,0 2/.0 ?J.I 11.0 14.0 14.1 Jl.l 
**9. T»M. 1*7». 7*14. 7H4. t»4. 717». 7I11. 
AID. «01. 101. 401. •01. •01. Ml. •01. 

»♦1 m «T 1001 1001 1001 1007 10«l ■ Oil 
14». 1M. 147. laoi. 1001. 1001. 

117,7 J*».J 17».9 111.« 111.1 
biar. 4**00. iioa«. 1**14. 1900«. *I0*1. • 1174, 
714». *«*•*. 1104«. 1**10, «11.0. •III*. 111*4. •1417, 
•I.i 7*.fc • 7.1 47,7 •1.1 

11.0 29.1 10.0 11.1 
11.0 41.0 

7614. 7619. 7*14. 1*01. 7*01. H17, r»oi. 74». 7411. 
• 11. Ill* •i;. til. *41. • 11. • ii. • H. •10. 

1011 1011 1017 101» 1011 1011 IOII loir 
1019. 1011. 1011. 

110.1 101.0 m.e 
9/1)4. 7107*. 71190. 74779. 7*171, 77IH. 71141. 

7t»M. 
17.t 
11.1 

*i.a • 4.0 • 7.0 
74*7. 74*7. J44I, 7141. 
»10. • 1». • 11. III. 411. 

1011 101) 10)1 1017 101« 
1041. 10*1. 1041. 
117.4 1)1.1 111.4 

«41M. um. •im. M* »1. 
•HIT. 

11.1 l».l 
11.9 is.« 11.1 IS.« 

• 7.0 • 7.0 • 7.0 
71*7. »1». •IS». •091. 

411. •79. *7S. 4M. 
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•M-UUD  MI« 
«IMCIilFt  04T1 

ctuMtirt mm%lt 104« 10*1 1011 1015 10IT 10»« 10*1 10»! 10*1 
tun IIC ID**. 1011. 1041. 10». 10IT. 10)*, 10» 1. 1001. 10»). 
tlWtttf KMITS ni.r Ilf.l 11S.1 111.4 101.1 10), ■ 101.* toe.» »a.T 
HUlVOt   tC-i*l »IIT <4MV. 41.1»*. 4»m. 4UT*, »••02. fT4ir. tmt. »tin. »><*2. 
«TITUOI   tHM3ll Fill «2«ll. «I«ll. 44411. 4!) »11, ••■»1. «Til». «•Tf«, •«•••. 10041), 
nc DfC  C /».* »•• 14. 1 14. 5 IT.» IM 2T.2 1T.1 2». 2 
fvli. n*r fNC OtC  I Il.t 11.4 i».4 »1.4 1).4 1*.» )).* 11.« 11.« 
mti nmt */• 0{S  C »T.O •r.o »T.O »T.O «T.O • T.O •T.O • T.O • T.O ■w »014. i«j. Hi*. 1110. HIT. )»)2. DM. ))oa. 
161 Dlb C 4»0. **9. 4«l. 4»1. 441. 4*1, •«. 4»), 

MCMT  DAT« 
CHAIWM »RISSUKI Fil Hi. 11. 0. 0. 0. 0. 0. 
mr Hftl li/IIC ti. 0. 0. 0. 0. 0. 0. D. 0. 
*f JK» LI/SIC D. 0. 0. 0. 0, 0. 0. 0, 

«IIKR4FT Ott* 
CWNIM   NIMIE« |0tT 106« I0T1 ion lor) lOTT 10T» 1001 1011 
nil tic 10*T. 10»«. lOTI. 10 ?l. 10T1. 10 TT. IOT«. IO»l. ion. 
AIBSPIID «KITS »1.» IT.« fT.I 4M »I.T 100.1 101,0 10).l 10«, 1 
mririioi ic-iti KIT »•001. »•001. 4T4M. 4M01. «TM4. »Til«. »Till, »••1». f IOIT. 

ILTtTuOt   IKN0I1 rut 1001«!. IdOtH. 100141. 1C0MI. 100*11, «««TT. »«;■». «lira. «'Til, 
TIC 016 C 1»,* M.» H. 1 »».4 24.2 1» 21.4 i).i 11.1 
Full   II«P IW Of! C 1!.« 11.4 11.« ».« 1*.* }*.« 19.« )«.« 1).« 
FUfk  TiHF */■ OH c 4T.0 •T.O »T.O »T.O • T<0 • T.O • T.O • T.O 1.0 
MM S41*. fill. 11)1. *1«. )2)T. 1200. )l)4. 111». )0».. 
to» Die c 4fl. «41. 4«*. '  4«*. »41. 491, »«0. 440, 4M. 

«««(T  OAT* 
iH»mt* FMitijMi m 0. 0. 0. 0. 0. 0. 0. 0. 0. 
•F  HlfJ Lime 9. 0. 0. 0. 0. 0. 0. 0. 0. 
f   JF4 Li/IIC 0. 0, 0, 0. 0. a. 0. 0. 0. 

aiUlAFT  MT4 
(.•UhTIK NUMlia ion 100T 101* ton 10«) 10«T 10»» 1101 
TIM IIC tan. HIT. 1014. 1041. 10431. IDH. IO«T. 10»«. 1101. 
ttKSFllO om it«.r llf.» 114.1 111.2 in,» I«), r 194.« 1M.0 ITt.« 
ALTMUDf   IC-lll HIT ts»i. «4141. «im. «lit«. •Oir«. •l)T2. tai»T. MT*». •10«), 
«LTITUOE   IHNOII »IIT f4«|I, 140». •*»01. «1)41. «in*. •0*12. ■KIT. IT»«. IMOI. 
TIC 016 C 11.1 t).J »».« 14.» 29.1 lt.1 19,1 1T.1 !•.» 
FJfL   !(■»   eNC DIG C 11** 11.4 «.« 11.4 11.4 )).» 11,« ».4 11.4 
- m MM «/■ DEC C • T.O «T.O •r.o • T.O •T.O •T.O »T,0 • T.O •T.O 

•001. 4410. t«ii. 441). »■I«. 410). 4T*a. «TU. «TJ«. 
IG 016 C ••0. «70. 4t*. 4)). 4)0, 44). 449. 44t. «40. 

«•»IT   0*'« 
;M«WI« MIIIJHI m 0. 0. 0. 0. a. 0, 0. 0. 0. 
«F  Ml) Ll/tIC 0. 0. 0. 0. 0. 0. 0. 0. 0. 
4t   J»» time 0. 0. 0. 0. 0. 0. 0. 0. 

*l«C««l  MT* 
(•UNTIR NUMII 110» 1101 HOT 110» mi mi mi HIT Ill« 
IIHI uc 1101. 1101. HOT. 1104. 1111, mi. in). HIT. HI». 
«N SMI If KNIlt 1M.2 101.0 111.9 11». • 11T.^ 2)1.0 1*1.• ID.) 111.« 
»LMTMOI   (C-I»l Mit mu. •1440. •0011. TM»l. T*J*i. T4|0», na»«. TO«94. •«144. 
«LHTliDI   IIIMOM FltT • J041. •mi. T4M0, TWS«. T*)«l. moo. m»t. T0l«l. •fill. 
tic 01« c M.« ii.i Jl.O IT. 4 J».0 4t.O 41.0 42.1 41.4 
fun. nn* toe 018 C 11.* »1,4 14.« »).» *%.» 1».» )).» II,« II.« 
full   IMF  «/• Die c •T.D • T.O •r.o • T.O • T.O •T.O • T.O • T.O • T.O 
UM 4m, 4TJ4. 4I*I. 4tM. 4M1, «•44. *«2«. 101*. ll»4. 
IGT DIG C 410. 41*. 14». m. IT«. 1». 14). DO. 10). 

MCNtT  01 TA 
CHANfCa  MISIUM Ftl 0. 0. 0. 0. 0. a. 9. 0. 0. 
mf HtW LI/SEC 0. 0. fl. 0. 0, 0. C. a. 0. 
■ F  Jf* LI/IIC 0. 0. 0. 0, 0. 0. 0. 0. 0. 

•K-iiMO  0*1* 
»taCMFT  Oil» 

couNTaa MIMM mi mi Ill) nir 1124 11)1 llli 11)9 IIP 
TINE IIC 1111, HI). 112), HIT. 111«, n». H». 11)9. HIT. 
•laifiio INITl 1««.) )14.) 114.» »T.O no.» !)*.• J»l.) )»T.O )»r.o 
•LTlTWf   IC'lll FIIT • Tl»?, Dili. »41**. »fill. •a»9i. *««l». 9T»»a. 9»tO|. )))•). 
•ITITUPI   (»NOIIi Fill • ID«. •no». »»T4. •1)11. •0*10. )44»4. IT»)«. 9»*l«, Di it. 
TIC OIS C 4).0 4T.0 40.0 4T.1 •r.» 44.1 4).4 «1.0 ii. * 
Füll   TIM IM6 016 C 19.» 1*.» )9.« 19.» 19.» »).« )).» )S.» 11,4 
FUlt   TIM  •/• OIC C »T.O •T.O »T.O »T.O »T.O »T.O »T.O »T.O • T.O 
aFH 9111. 1141. 14*1. 99*4. I»*!. »TT1. »••). ««11. 14tl. 
I6T 016 C 141. IT*. IM. 149. 120, W). ID. ID. 1T0. 

aiCHir o*T» 
CMMon nnim Ftl 0. 0. 0. 0. 0. 0. 0. 0. C. 
HI   Hli2 LB/IK 0. 0. 0. 0. 0. 0. 0. a. 
HF JP4 U/1EC 0. e. 0. 0. 0. 0. 0. 0. a. 

»lH?f     OIT« 
CMMTII NJHaia Ill« 1141 114) 1149 HAT 114» 1191 Ill) 11» 
Tl« SEC 111». 1141. 1141. 114). 114T. 1144. 11)1. 111). mi. 
• iai»iio RMTS IT).) 1T4.0 )»).0 I»».) 1»).9 HI. 9 »a.o 1)1.2 141.1 
•ITITMQE   IC-1») Fill 14)1». )1)»4. 91»«1. ma». 904a». HOI«. i0»I*. S01AT. toot*. 
•ITITUOI   tOENDIX FEIT 94)1). )ll«t. i)o»r. 91l»l. 91)J). »»*•. o»>a. loira. «»111. 
TIC DIG  C ]••• 11.1 i».i 1).) 21.» 1». r IT.« 14.1 1.1 
FUEL  IMF 1*6 016 C I).» 11.» )9.4 )).« 19.» ».» )).« 11.« 19.« 
FUEL   TfM */» 016  C »r.o •T.D »r.o »T.O »r.o •r.o »T.O »T.O • T.O 
Km )«ii. •Oil. »02 r. )»»T. 99»a. )»». )!•). la». *I10, 
1ST 016 C DO. 14). 140. 1)0. 110. 119. 10). «). II. «aCmT oar« 
cMxaia FaismaE «1 0. 0. 0. 3. 0. 9. 0. 
NF mti la/HC 0, 0. 0. 0. 0. 0. 0> 
■F   JF« LI/IIC 0. 0. 0* 0. 0. 

«l»Ca*FT   D*T» 
CFUMTfa   NllUE« U»l ID* n»i 11*1 11*9 nai 11»« 11TI HD 
II« SIC HIT. 111». ii»i. lit). IUS. 11*7. H*«. ll'l. 1ITJ. 
»laiFiio •NITS 1)9.« 110.1 119. r 114.» 111.1 IIT.« 11).* 112.9 10». 0 
•ITITIWI   IC-1»1 FEET 4)T04. 4»)0T. ««2»«. »•»11. *a»T4. 41914. »•»a. »ain. «TD2, 
•LIITUDI   HINDU FEIT 4«T14. 4««»). 4«)»*, »•«ar. »AT*«. 419)0. 4IM1. 4I|Tl. «1021. 
IIC 016 C »,4 1.1 0.« t.l -1.4 -1.1 -9.1 -*.* -1.1 
FUtL   TIMF   EM DIG C 19,» 11.4 19.» ii.» 34.« 1),« 14.« II.« il.« 
Full   TIM  t/t 016 C •r,B • T.O • T.O • T.O bi.n ftT.O • T.Ü •r.o • r.o 
II FD 9T41, IMT. D92. 1)14. 990». »*ri. )«ta. mi. 9.11. 
IGT D€6 C »1. »1. •9. T9. TO. TO, TO. 111. 

«ICHIT  0*1« 
CHAHilft  FBEISUai FlI 0. 0. 0, 0. D. 
NF  HttI LO/)K 0. 0. 0. 0. 0. 0. 0. 0, 
Mf   JF4 li/HC 0. 0. 0. 0. 

• IU>FFT  Oil« 
CIUNTH  ruNa» IIT) 1ITT IIT« 1101 Ill) 1U9 HIT It» mi 
IT« SIC 11T). llfT. 11T4. mi. nai. 11». 1187. 1141. 
«laiFiio AMTS 104.) )00.0 1*1.0 14).0 m.» 2«r.2 »»0,* iw.i 
•LTITUOE   tC-l»l FEU «TT14. 4191*. 4741), 4ri)T. *T02«. «•TOO. '»9)0, 4*11). 
•iTiTuoi    aiNgiii    FEET «•111. 41141, «T*l*. 4T4)4. «Till. >»4I1. »»•I. 44421, 
TIC 016 C -10.1 -10.9 -11.4 -11.1 -11.1 -11   1 
FUtl   TfM  HSG OEG  C I).» 19.» )).• ii.t 34.4 5).» )), . »i.t 
FUEt   TIM   «'• OEG  C • T.O «I.D • T.O 4T.0 61*0 »T.O »».0 «T.u 41.0 
RFH 4010. »01*. »0»T. • 0*4, »0*1. •0)*. •0)4. »oi r. «017. 
IGT OEG C ISO. 1)0. 1?0. 11). 11). 110 109. 109. 10'. 

RiCKET  OAT« 
CHAMEA   FalSSUAE FIl 0. 0. 0. 0, 0. 0. 0. 
HF   HJtj LI'SIC 0. 0. 0. 0. 
#F   JF4 11/UC 0. 0. 0. e. 0. a. 0. e. 

:WNT|H MUM»» H«l 11«1 HOT II«« 1101 110» 1101 1101 uo* 
IIM                                    SIC H»l. H«l, 11»T. H«». 1101. 110), 1109. HOT. HO«. 

HBIFUD                      KMll 3«2.9 «l.l 2«i,r 241.1 1*1.0 1«»,) 299.* 2a«.T HI.« 

ilTITUOt   IC-1«I         Fill •9*»r. 4»)l). «««»a. •44«». 41199. 4)9M, 4112). «ir4r. «11T0. 

(LTHUPI  l»IIDUI    Flit 4)112. «lart. ««aoi. •9201. 44I40. 4iT«a. «1)1«. •1TI1. 41 til. 

TIC                                 016 C -14.1 '14.1 -1*.) -19.0 -14.1 -14.4 -19.« -IT.) -IT.) 

FUEI  TIM ENO             0E6 C 11.« 11.« )).« )).» 19.« )).» )»,« )9.« J1.4 

FUll  TIM A/t           DEO C »T.O »T.D •T.O • T.D »T.D »T.O *T.O • T.O «r.o 
IM 14D. • 101, »111. »204. •104, «147. •i»r. »111. • HI. 

IGT                                  016 C no. 14). 1«). 141. 141. 149. i«). 14). 1*9. 

MMIT OAT A 
CHaHtM niisuai      FII 0, 0. 0, 0. 0. 0. 0. 0. 0. 

M Mil                      10/1IC 0. 0. 0. 0. 0. 0. 0. 0. 

«F  JF«                         la/itC 0. 0. 0. 0. 0. 0. 0. 0. 

AlACaATT   OAT* 
CIUNTW WMMA 1211 Uli Ill) HIT Ill« 1111 122) 1219 HIT 

IIHI                                         SIC till. 111). 121). HIT. 1214. 1121. 121). 1129. HIT. 

AIDPHO                      AMTS 21).* ID.l lai.r 114. T !•*,• 2«).) i«a.i 241.) 140.1 

AITITUH   IC-t«l         Fi|T 401)1. 4021). ma*. 400*1. »111. ITTBl, ilia*. »••0». IM«). 

ALTITUOI  liiNBIIt    KIT 40112. 401)2. )»))!. ia»*a. 111». ITTI«. mio. »•«»1. m». 
TIC                                  DE6 C -IT.0 -ii.a -la.B -IB.» -1«.T -IB.» -ia,i -20.) -ii.i 

FUll TIM INS           DI6 C 19.« is.» )).« 19.« )9.« 19.» D.» )).« )).« 
FUll   TIM  A/B             016  C »T.O •r.o •r,o »T.O »T.O •r.o •r.o »r.o • T.O 

IFH • l»0. »141. •in. »ioa. »101. MB». •ot*. •04«. •0)*. 

IGT                                 016 C 14). 14). 14). iti. 149. 140. 140. 1)9. 1». 

«««IT OAT» 
CHAMIN  NltllMf          Ftl 0, 0. 0. 0. 0. 1. 0. 0. 0, 

MF Hill                      10/»C 0. 0. 0. 0. 0. 0. 0. 0. 

NF JF»                      iimc 0. 0. 0. 0. 0. 0. 9* 0, 0. 

AtHMAFT DA» 
ctuHTn Numti 122« 
mi                      tic 111«. 
AiatFIBO                      KNrif 240.1 
AITITIM   IC-l«l          'Lkf »MB, 
AlTlTtM   IBIMIRI     FIIT HIT«. 
TIC                                 DI6 C -21.1 
FML TIM [M6           016 C 11.» 
FMl  IIMF A/0           016 C »T.O 
■ FN •014, 
■61                                 DIG C 121. 

AfUIT DATA 
CHAIVIN nillMI         FII 0. 
HF HtH                      LB/UC 0. 
NF   iF*                            LO/IIC 0. 

ATHE»   TABLE 

FRESSUIF rtNFEIATUIIE MIND macm TAKUII  Alt. alHD   OIBECIlIN •/c Ht«nms 
FSf DEC  0 KNITS «IT Bfa»lii   TNill        OEOAEtl   'Rut 

• *4.)»4M -»«.40000 «•.«0000 19291.IDOLC 795.10000 271.10000 
)*r,iooao -*• • 0000 io*.Toaoo ))0*T.l«9t| l«J.10Cfl' in.iocoo 
*B«.50000 -10 «ooon 4J.10100 11419.S9961 291.50500 171,10000 
»ll.OOODS -11 11.90000 )r203,M»»B :9*.T0OIJO 171,98000 
J42.SO000 -11 •0000 «.10OO0 »0110.19961 Jtl.iOOC 2 71.50000 
1» 1.^0000 10000 ••.0(1000 «USB. 10000 19/.«oooo ■7..S030O 
I04.S0O0O «oooo 11,40000 «114T.a9990 2^«.90000 171.10000 
lai. HOOD ■40 »0000 10.90300 ««111.29910 294.700OO JH.lOuOB 
2II.O0000 -94 70000 u.bonoo »0*6l,l«990 291.9OC00 2 71,10000 
II1.100M -4i •üono ^«.»0100 419*6,10000 2e7.*OCOO 17I.50L00 
lOt.BODOO .00Ü0 19.00.100 SS«M.099«,! ,»»8.9(1000 ITI.SOOOO 
lb».IO(100 -6J ioool ll.lOMD 1TJ40.699H ;Ta,80ono ;7i.)(woo 
110.10000 10000 ii.eojoo 19(91.00000 277.9ÜC0O /Tl.lOJOO 
irr.*ooDO 20000 10.10100 •iirr.j99io III.ICL'OO 27I.50COO 
117.80900 -6/ 10000 II.«0000 64a««.l9«*l J7f.90UOO IT1.50000 
104.10000 ■it 40000 12.»0000 •••)2.194*1 2T5.100OO 271.90000 
M. 00000 ■I» roooo 1i\l.t.l19U 291.00C0Ü ITI.lOtiOO 
S4.3000O -61 -0000 11,90000 ««^•.29980 296.4BCÖ0 27I.40CC0 
«j.imooo 10000 ll.TOOOO a* «ii s. 2 9"» o Ill.jOOOO iri.iooon 
11.10000 -1* •0000 i i.t o.ioo • 91»!.»99*1 "il.10000 271,50000 
tt.13000 -11 *Qono K.IOOOO »i*)2.mio m.iooco 2r i.«oooo 
11.10000 -10 DOCDO Je.Toooo 96«9».r99«i 261.»CfDa ITDCOOO 
H.10DO0 roooo 111688.(99*1 265.»0000 2 Tl .40000 

L 



■ »ii   '» 
riw WIIKIT 

I70t.r 
ft/SIl 
169?.■ 
US*.» 

11»*.' UfS.ft 
.00 It'*.1 UiK.r 

UM.I 

MM.' Itl9,» 
1IU!./ un.< 
ton.) IS9».I 
1046.- mt. i 

U.OO' lO1^.'. im.* 
i  .one n*«.;- 
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iDaii. 

211.* 

tit»2. ma* 
till». •ira) 

la.o it. 
10.2 «. 
n.o n. 

nakl. •rra 

»•*.! rao.o rra.« r«».! aii.r an.i 
onor. 10012^. »am. 98311. •arn. )lia*. »1M2. 
2St.r lil.r, ?sa.r iia.a Jin.« m.a »sa.k 

0.10 O.li J.l! 0.11 o.ji O.kD 0..I 
-ss.» -iS.j -S».l -ii.i ■M.J -11.3 
• 01. •0». •oa. «3«. •0*. 
?r.r 2r.i 2*.l 11.0 ii.a la.* ir.i 

i4ji 1101 1101 isor 110* mi till 
1101. 1*0S. I13T. 1109. mi. 141). 
ira.i sei.i 1*8.3 111.0 lla.B liik.D 

aaoi«. ai*««. aioir. rar«». rrtii. 

»oi*-1. aa»*». 
•a.} 

aMii. »■«08. 
11.« 

araor. 
19.1 

•OOlt. rrraa. 

50.S 19.1 40.1 
n.c n.o n.o rj.s n.o n.o M.3- 

«I DEI, c ••i. ••1. • ii. •24. «01. 
aauifi oar» 

CWMia aaEitiiai 0. 0. 0. 0. 
*f HUI 0. 0. 0. 0. 0. 
4*   JW* ii/HC 0. 3. 0. 0. 

aaa»a a»ia 
aa«sM«ra aat.a aar.i ail.a 
aiiiTuoi n.i.i fttt aaiaa. aaras. a»aar. airro. 80U1. 
«/C NMDt«& DEbtlE na.i iia.i J1B.1 li«.l 241.1 

«aim« oaia 
anaitNt »acsiuai tt-Hti o.ao g.ai 
BMKItl   II«» -lO.a -10.1 '•*,* -10.2 ■40.a 
l»tll   alHU  OlMKlaaN  OEG • 13. • 2«. •24. 
HMD afia;ii* 'Nai4 10.« ii.» 

no.' 
10313*. 

lia.a 

!••* 
U9*. 
tll.S 

um! 
• 2.* 
43.1 

• n«. 
»44. 

jao.r 
riaia. 
na«9. 

aiHL»» i D*r 
CiuMTEa   •nlHRE« 
TIME 
• atisFflfn 
•(.tnuuE i-iii 
aimuue MMUI 
Tit 
FUEL   n »a • m 

mi 142) Ill» I42f 
mi. 1123. 1127. 
in.i J^l.l )•».9 isa.i 

aa9)i. eroao. •mi. biaaJ. 
6a*Si. a.si.. bia)«. 

rr.a rr.a r«.i 
40.1 
rj.t- n.o 

IJOr. 11*4. «r». liio. 

** jp« la/ie; 3. 0. 

aiatPHED 'Nan ioia.6 1021.1 \0i9.i 10«».l 
•LfirjDE ir.L.i «Er 6*e«4. •fa*'. 64411. •mi. 
a/C Heaoiab DM.» Et 218.1 iia.o 141.1 218.1 

■EBIHE» nsi» 
aHBiEii aatsiüai tl-MJ I.II >>•• 
•NBIfNT   IE«» oea c -^1.» -18.5 
raue «i-to }|«E:I HI   OK • 01. Jio. 
MIMD  VELfCtT* *Nan 11.9 9.1 r.a S.a 

I9«4.t 
ir»;». 
nr.i 

i.»i 
■tit,} 
iff. 
H.r 

SBUHTB«   Mj-BES tssr 14)* Mil mi VI«» n«r 14«* 
l»NE if: ISlf. 14J*. llhl. I4»l. ll«l. ll«7. 14.a. 
nnntn <*»rs ««4.1 »n.i «Tl.O »64.1 »51.» 
•LlltUUE  I:-I*I FEU 41M>, 411*9. • »r«s. •B4li. • nor. ••lai. .4111. 
•fcTiruOE   tDEIUI» 4H84. 41» J2. •*)I6. ««W2. »S*«l. .64»'. 
rac DES  C M.I »1.1 • t.i 5P.0 ii.» •4,2 
KUCI rt«* tut DEI  C 10.4 40.4 10.1 10.4 10.s 10.4 13.4 
»Utl   »f«P  »»B 3E&  C n.3 n.3 75.0 71.0 n.o n.o 7J.J 
a an 6)10. •no. 6110. • 110. 6291. 6146. 61.1. 
EST 3EG  C 144. Ik4. Ul, III. 1)0. in. 14. 

aaoufi u«r» 
CHaaaFft aaElUtE FSl 9. 9, 0. V. a. 0. 
•(*   H2B? IB/iK ö. 0. 0. 0. 0. 3. 3. 
KF    JP« ii'iE: 0. 0. 0. 

a»u»B nart 
«»Bil-H  1 \31i.t IOM.8 989.1 m.3 9«I.O «a*.8 
UTiiiiue ii,i.t FEEI 41)41. 49*1). •»na. •aaa». «rrai. »nrr. •ii»l. 
*/C H6»:)i«^ ()£t.aEE »i.r 141.1 24«.a 21«.• 24«.a 141.6 

■taini» oar» 
aftBiEii cac)sj4( !.l| 1.11 1.75 •>.•>? ..34 .. 16 
• •«■(FXT   IE«» ■»6.6 -61.6 -63.» -4*.« -4ft. J -47.1 
TiuE  «iio  )i>it;nai DEü jaa. 146. 141. 140. 240. 1»9. 1.». 
MIND   VUICITI • NITS • r.i 41.1 48. 1 • 1.6 »).• *».» 
C«uNTB« «uaata 1444 I44f 1449 1461 lift) 1464 liar 
TME Ht 1544, i4ir. 1449. 1461. 1461. 1464. I4a7. 
aaatopFD • 09. S )93.B 184.) ISO. 7 Ufc.O IS).» 
airniK't r.-l'i FEtl >H6». .4?!«. «409J. ••914. »»*9r. ..119. MI61. 
•iiiiiiüt :acDU FiEI »4r«i. »4.J;. .4182. •4011. «««72. •.712. ••411. 
IK »ea c 2*.l 2».l 20.a 1S.> M.! 
FUEL   it«a  EMS nu, '- 40.4 10.4 49.4 43.4 40.4 4j!4 43.4 
Fjit   i,«» tta n.3 Tl.O 7).3 n.3 '1,0 71.3 7J.3 
*am •an. •OH. 1961. 5«tt4. 40156. laio. 47.1. 
SOT •4. 81. 74. ro. 70. %•>. »1. 

«ar.»Bi  sal« 
OiaMB*  »«E-iSii«E i. 0. 3. 0. i. 3. 
MF   Hi a? i»/irc 0. 0. 0. 0. 
a^   J"« IM/lEC a. 3, 0. 0. 3.' 9. 

aiasFGEO «NBTS •f, r 714.1 raB.i '41.# 7««.0 Hf-.i 71'.1 •mi. •1114. •»•12. «4210. • 1074. «»rar. 
B/C   HB*IMil> 140.1 l«i.r 2*r.i l»i.4 I«).a 2«>.« Ml.} 

«Faint« naia 
aoaiEtl  p«tiiy*i «.U «.16 «.)» >.«1 ..40 
»»Bit-it   tt«F -44.1 5«.» -4».4 -4».? -41.8 -41.« 
taut «isu iii-itr •N   DEG 1«*. 1*8. HB. 2«B. 1»8. 
<4tm> aELii:ii> ««rs tr.^ w.» • 8.1 6B.4 M.9 • 9.1 6*.* 

14)1 
Stl. 

14« 
1414. 

111. ihiaa. 

'1.1 
SD.4 
71.0 
11*. 

7i.l 
43.4 
7J.0 

«1*1. 

19)1.) 
4)»1». 
14». I 

10.4 
ri.3 

4611. 
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1 

••»••MRU  OAU 
Mir.ftAM   OAI» 

ClUhftM   -«UHNf« 
ItMf 

uiiiuur u-m 
tllltUUE    IIINDIl 
IK 
»Uli    HH»   tN« 

I5M 1*»S IITf II» IWI mi it» HIT Ill* 
l»fl. lilt. lifr. iirt. <lll. nti. mi. 111?. 111*. 
m.r It.*.* HI.« i«i.i I»l.l iif.i in.y nr.o 

«ISM. «1*»». 
l*M. 

*. r 
•in». »lot». ■ int. 

t.t 
•If». 

•».0 
»in». »ton. -!.• 

10.1 10.1 *».* •i.i IKO 
n.o n.o n.o 

IWk. >*M. t»i«. «110. ii*r. II*I. in». 111«. 1191. 

• •OKU    Jtf« 
CMMt*   «H1J4I PU 
•* Hitt 
Mr JH<I LH/ttC 

NtU*«   DtU 
• wirein »till 
UIITUDI-   II,l.k fffl 

OfMtl 
■HIMH   D1U 

KMIOI   ^«tllu^l I'M«! 
»•lENI    II«» UfS C 
Uut   HIND   :)I«(CMI<<  □(« 
*i«o m«;m «NIII 

*INC«afl   lä«Tt 
Cfci^tBK    H\i**t', 
I »HI n; 
*Mimo «till 
uinunt t:-i*i 
ainiunt   idf«:)i« »ctt 

»■1.1 
1HI. 
III.* 

»n.i 
«iii>. 
m.i 

»•1.1 
»1»*. 
II».0 

MM 
»111«. 
nt.i 

mr.i 
«mi. 
m.» 

• )l.* 
•int. 
tll.I 

tll.I 
•I)«l. 
III.* 

».tl 
-1J.) 

».rr 
-II. I 

«.•1 
-11.1 

».■* 
•91.1 

• .*! 
-11.1 

1..B3 
-M.I 

LOT 
•11.0 

tl»l II*I 11*1 I»*T it*« IMI ItM ItOl ■tot 
1*1, mi. 11*1. lilt. ii**. UO'l. Uli. URS. UDt. 

m.t 11«.0 
in. «a««]. »our. IWI«. mil. ii])i. mil. 
ItT. »lOtT. «»tn. 

-t.t 
•••ti. 

-i.i 
»Olftl. 

•a.i 
mi*. 

-i.« -).» mis. 
-10.1 •10.1 

tl.O •1.1 tt.i tt.i ti.» • 1.0 tl.D tl.O ti.i 
n.i fl.l n.s n.o n.o tt.o tl.» n.o rt.o 
in. «tit. •in. t»*. •ZM. tl»l. til*. tut. tut. 
ui. 111. in. ill. 1». 111. 111. in. 

«•Ceil   tltTt 
CHkNItM   MLSSIMI fll 0. 1. 0. 0. 0. D. 0. 0. g. 
MR   Hi»! IN/IEC 0. 0. 0. 0. 0. 1. 1. 0, B. 
M(   J*« l«/iEC 3. 9. >. 0. 0. 0. a. 0. 

«tDta   Otlt 
»l*lMtD »mil 114.0 •SI.» tai.i •01.1 WI.O 11».t SB«.! sn.i irt.t 
•LfllUOO   It.L.l »IMt. •II«A. »II»*. «en*. M>»0t. «IHI. ivrio. ititi. mir. 
t/c netQisj ütbH(£ m.i iM.r IW.f i*i.» ur.» m.t iti.« IT».t iTo.r 

W*«lHi*   DIM 
»«I'NI miiHHt S.I« S.ll S.lt i.»i i.si i.»i S.tl S.ll l.H 
»MOIEHT   ItHI* ata : -11.1 -11.1 -11.1 -D.» -10. t -nt.i -n.i -it.O -11.» 
(auf ■IND >i»tcri«N ota 1«S. »«. I«b. I»». i«i. l»i. i«i. I«t. Ikl. 
• im vti.ir.iiv «Nirt tl.O M.O tl.» to. I TO.» to. 1 •I.» tt.i tl.l 

ll«Ct*FI   OITt 
CluNte* NUMUCN ItO* ItM ttll Itll itir Iti» IMI Itli U1S 
twi SEC ito». UM. Itll. ItlS. int. itt*. itn. ■m. Itll. 
t|ltl*GtD »MIS II*.0 III,? II*.1 lit.a 110.1 «CM itt.) II».4 in.a 

«LlllUOC   U-I«l fhti inn. itm. ItOll. iftti*. lftl«l. llll«. I1ISS. ]«frr. »sir. 
•LlltuDf   tntmuix fitf sribi. mit. IMtf. i»i»i. itll». iitst. ISUf. lkf»t. itsii. 
IK DEC  C ■n.i -Ih.l -IS.ft -it.i -it.« -ir.t -it.* 
fUCl   ft**   {NO DES c n.i ti.* Ollf ft«.3 tN.O • ».0 t*.i Ik.D »«.0 
«IKL   »H»»   «*B DEC  C ri.s n.s tl.l tt.i n.s Tl.O Ts.ry rn.a fl.O 
RUH HOI. till. •111. tils. MOI. ftOM. to». toi«. 
■at Mi   C IIS. ui. III. its. ItO. 110. ItO. HJ. It». 

RKKCT   Qttt 
CNtMBN   MfS)U4t fM 0. D. 0. a. 0. g. 3. I. 
M   Nl» l«/IK 0. D. 9, a. 0. 0. a. s. 
*   J»» LH/tEC 0. a. 0. 0. 0. 0. 0. 3. 0. 

HtO*»   Ott* 
«IHtOiCD <1iIS WI.O itt.t ltl.4 Sftl.l i«.o MCT.t sis.« IS».6 111.1 
«KTUOt   II.1.1 fat i 1161«. 11110. inn. irits. iiftr. IMST. iwvr. ISftSI. IMSt. 
t/c Hetoi<t& Di&«Et Itt.« IU.« m.t tl«.• no.« its.» i«i.t 1IT.S II).1 

■CtlHEIl   Dtlt 
•miiCNi »ICSIJ^I IN-HC ».a» t. It 6.11 t.»3 •.it t.ts ft, i» S.". t.lT 
«MICNT   It*» -SI.I -SI.» -SI.» -si.a -II.8 »1.0 -SI.I -si.r -11.1 
ItUE   HIND   UllfCI iN  DEC Ibl. l«l. Ikl. I»I. 2hl. IM. 1»1. i««. its. 
•IND mum «NITS tl.l tl.l St.l St.I 11.1 Iff.« »r.f «i.i «1.1 

■N-iit«n uti* 
tltCRtri  [>tu 

CllWtl»   NU»HtM IMf 
T»W                                          IEC u^r. 
tMtPKO                       «ItlS lit.* 
tlTIIUDf   l'.-l?l           HIT 
UIITUDI   lltNDIH     FEFT IttOB. 
tK                               nib t, 
»Uli   TIN»   tNO            nie  I ftk.O 
luti IINR »en         Ms c n.g 
RRH ftO)«. 
III                                   Ml. C its. 

RRCKit   tltl« 
INIMHI   »RFtSl>4l           »St 

K»   J»»                             itliU 
•«Ott   0*1* 

»WH»«f>                          «NIIS l«*.t 
tinruot ii.t.i       »Eft l»ll*. 
t/C  HltDINC                Of«.«!« -0. 

■iltHIR   Dtlt 
tWMINI   RtcllUOE      IN'HG t.II 

TRUE   »INO   OIRECIIR',   CM Iftft. 
HIND  maCltV             INitS 

AIMANI« DAT* AMIMJA DATA 

TRT»! 
VEIKI 

Ft/SE 
146) 

*t.^ ion «.( IOJI 

1GJ0 
171.) 1074 
ICt.J 
i?S.7 
Sti.t iftl 
STS.I 19BI 

I9TT 
tftt.C 146» 
111.' 1954 
»CS.l 19«1 
IT».3 191* 

1C*1.7 1911 
not.* lilt 
lltt.T lit« 

1BSS 
111C.I 11?» 
ll«0.^ leu 
mi.' 
mt.t IT95 
inc.* ues 
mi.i 1771 
1S|«.( Ittl 
mi.. 
net.; 17*C 
II'*!.': IflO 
Ilfl.l ITI1 
tin.3 1711 

lObt.i 
101t, ' 1!«) 
1011.« mi 
IC17.; 1*?0 
11)01.« 
9H.V i«va 
It*. 1487 
911.4 14Tb 
tlt.l l*t4 
«K.f 

»REtSU«! 
l»./SC.»I 

•»•CM 

UlS.DODtO 
1411.11971 

7.01!» 
1.UIJ7 

1**7. ItCO 1.0349 
ttti.titii I.O*tV 
i*T9.fttnt 
1*94. «CS>S I.UbTB 
IKT.'IT?) 7.07tR 
l!ll.bS7St I.Otl* 
ISD.TtEU i.atift 
1101.1*1*4 I.OICiI 
1*74.97719 l.Ottt 
1*41.C1C1 I.OftlO 
1*10.19191 1.0S7T 

lllD.tTTII l.OIIl 
1.0134 

HIT.««til t.aiii 
Ult.tltTO 1.99« 
loi.nui 1.979* 
IC1I.11!*! 1.9tti 

967.101)0 1.9S41 
ICI.tlttl 1.91T3 
ItO.tlTSS 1.9110 
m.iitt« 
Tlt.tllM 
tll.lOKB 

1.<I91S 
l.lltt 

119.Itll* 
Mt.iocei l.lltt 

I.Rftftl 

40.417-1 
ITS.kllll 
l*T.IIlLl 1.8111 
»1.09071 1.7991 

J91,*11'T 

711.I0CI« 

«tu er TRIAL M'L DVNIMIC 
TtHE CLINK VEIRtlfV »niiijnt ME S SURE 

SECRNDS »t/SEC in./so.Ft 
fO.OOff RtT.* 1*14.7 SS,*!!^ I.4SII 
fl.OCO 1*9.«> 1*11,« a,'«i.i 11,10471 1.4411 
t: .ooo 131.1 1407.7 fOTM.I 11.RODS 1.4338 
63.000 ll*.7 im.e 10,)9»'9 1,4156 

ntft.t 4».041^4 1.4IT6 

"iono V.l\\ 
11S7.6 

■KMI'.'. 
4S.i»ltl 
41,«07^8 

67.000 ■I'UI-.'.; *I,884J) i'.im 
tB.000 120.; 9**75.0 40. litt* 1.31C0 
69.000 701.9 I'.DT.O )R.t31fi9 1.1BSB 
70.000 6H7.r 11S1.4 1i-»0.T 17.l«ltt 1.1471 
71.000 t«;.; 11*7.i *t't*.I ll,t(tH 1.1797 
7/.000 ms.t ■)7i':.7 l*,t)T)l I.Itt« 
71.000 • 71.* «nao. T l),*tOU0 l.)T39 
7*. GOO 603.C lilt.I 11.3919T 1.1711 
7S.0O0 IRI.4 1331.1 9"»»t.7 H.llti* 1.3t9* 
7*-.000 161,1 1114.1 99S10.0 lO.tlt   1 
77.OOO SIR,« 1314.4 IOC 111,1 19.4*4>3 l')bll 

US.3 ma.* I0l,f*9. t 11.101'3 l.)5T8 
♦ 9C.t 1110.t iuint..o It.SKcl UllCT 

CO.000 414.t 1301.3 I'JI'.H.I lb.S4T>t 1.1410 
fl.ODO 41T.-) 1191.1 in^uBT.o tl.Sff.« l.Dtl 
•I.OOC 41C,7 I1R0.1 loisn.i It.bl'Ll 1.111* 
• i.OOr. sei.^ 1169.7 137 «7.1 H.RlTrO 1.11C4 

1!*.* 11S».1 D'nt.s 11.01110 1.7995 
171.1 ll*?.-. l(')*t9.1 11.1T910 1.1691 
79t.s 17)1.4 n.bm* 

CT.1,UC 11)0.1 ti.oia.i lilTII 
F-»,0O0 J!».6 IIIl.E ]'-i<.tl..l 10.1B1-E l./bl« 
(■■«.COC 111,1 lilt.*. |(J*tM.7 lO.lTlli 1.7175 
-' .COC IR».-. 1110.t |.i*.,Pl.fl It.»urn I.751B 
■ll.n.lr! ISt.6 llOS.t l9.*B7^» 1.7*66 

III.P 1100.« I9.7C7'I? 1.7*11 
100.~ 119»,r 1B.^7»IE 1.1377 
Tl.- 18.796.1 1.7343 
47.4 lN.a«»'7 1.7117 

■-HIOU-! 
1*.. 

-♦5,1 
MR9.1 
118«,! \.'-T'\'.'] ■ «.iti.; 

-TI.' USft.t 
1( O.QÜÜ -9*.;* UR9. J UMU. < 11.715.« 1 ..' 301 
li-l,ROC -11T., 1191    4 
ir/.ruo -IS4.7 1193.9 
If*.DOC -Itl.l 1197,1 

ic.noo 
-lOi.t. 
-71*.., 

1101.4 
1106.1 

lit.000 ■159.9 
KT.CüC -llt.( 
1,1.0.000 -111.7 1271.* 
HI.OJO -1)1.) 
no.ooo -Ib4.l 
ill.rue 
117.OuC -41*,*.. 

17*1.f 

-440.1 llftl.9 
1171.f 

115.000 -493.. 1183.1 
116.000 -111.^ 
117.000 -190,. 1106.^ 
111.01... 
11«.one, 

-179,, 
-409., 

ItlB.'. 

170.000 -tlR,<. 1345.1 

li; 81!-1 1,757S 
)73JO 1.7617 

1.7704 

73 IE7tl 1.7855 
01114 1.7918 

1.1077 
76915 

it, 777<,' I.1II0 

79 
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am <.f IIT41 PA ofHtmt 
UM turn- VILKITV «IIIIIMI »fllU*« WCH 

(El HUI tutu FT/IIC la./ie.rf 
IJI.OUll -*M.r 11«*.1 tni'.i ii.in** l.l«)0 
Hi,one -**!,- IIT1.J *»»»7. l*.»«fvl 1.4044 

-ni.T IIIT.F »wri." ll.«*«'.J l.*l»T 
wt.ono -i*i.« 1401.1 »i.eiTp? l.*llt 
IfitllUU •i**.. 141«.4 *i.iiifi 1.4411 
\ii.ono -Tll,^ 1*7«.1 41.410'* i.**ri 
UT,COU -IGT,, i*»*.» *•.101^1 I.4T17 
Uh.fiW -111..' 1*14.) 9, ü»/.; ii.noii l.*«)0 
UI.COL -IM.i. ItTU.» tiiit.f I4.C4IC* 8.4**0 
IIO.OCI, -ITI.I 1*1*.I in ■■'?,/ iT.iiur t.lil* 
liLOfin -lll.l 1100.f • »•!'.f 40.1*770 l.'.7»5 
1J;.CüU •«l«.l llll.t «"■. r..; **.TIl,t l.**)J 
DJ.oi'a -tlO.' 111*.f »itn.l 4».1*0'4 i.'iiT* 

11*4./ Tl.ltftl I.1T77 
\i\.ouo •ui'.i ISM. f IlTin* ••.0>0I* 1.90** 
lit.one • tu.* IlTl.I »*-IT.(' ll.ltt«! 1.40CI 
iir.nnc •IM. HIT.* 11^1.-. ll.*T14f l.t117 
IJD.Ul.' -1011.> 1401.< üMJ.i »*.«14-T l.»lr<* 
i n.m-u -ID;I.C 1414.T n i9 .* IÜ1.I0»*J 1.44*7 
MU.OHO -ic*e.' Uli.» tüT'.'. ? 10 T, 1*0 II 1.41*4 
1*1,fOO -io»;.» i**t,l J'lt ..'1 II1.071H 1.4T)i 
1*?.0U0 -1C»I.' 1411.1 T» 0 I7I.I4IM l.»'T4 
l*t.Oitü -IOII.I 14*4.C T7-.1(,C III.7Ü«7» l,TCC4 
|**.0('U -1010.t ItT«.^ Ih'C, 1 140.1**10 l.TDO 
\f,.ei>o -IM».» I4M.T 7-*i-.y 1*». 4*114 i.mT 
it«.cue •Itll.l u«r.* T*I;'.T i«.i7i-e 1.71*0 
MT. UIC -10*1.' ITOT.I T>??-, J IT0.)«7r» i.no« 
Htt.OI'O •UOli' ITU.i III.Ill** I.T414 
nt.oeu -II01.>. lTt*.G HOI*,'. (»l.lTTtl I.T7I1 
■»o.oto -HOC* ino.* fl-ill.,! 70T.C77*! i.mo 
lli.OM -10«.A ITH.U »•■17... 771.Kl' 7 1.7»»* 
IV2.0ÜC •10*0.* lT*(i.* *T7l*,? JlS,i|T?i 1.4041 
m.ono -101).1 1T*1.) (■»■TI.J 711.0»»'-! 1.41*1 
li*.OÜO -1011.* IM*.4 411«   .i 74T.1|4^C 1.47»! 
l*»,nüo •10*1.4 1T4I.0 714.711)1 I.aiio 
t».<100 -IO*T.J 1T*I.1 »00.17*01 I.OI** 
rT.000 -10».' 1TU.0 114.T0I11 l.tlTO 
itt.anu -1014.- IT44.0 111.14*1) l.*)4> 
1 i.ouo -**».• iUU' ^D**. s 14».)1*4T l.i>4* 
1»0.0<>0 -»7».I ITM.O H.»*.* »«.«oir'i Ulli* 
lri.nno -m.-. IT14.! )»l.l4lt7 l.«7*T 
lii.ÜüO -»it.■ 1T/T.P )««.ll«*f 1.4760 
IM.QUO •Hl.' ITU.I 14V».0 4U.14C11 1.4110 
(e».0uu -IT*.t 1T0T.1 *«4'.,* 4)0.I14ri 1.1105 
IC.000 -•«.' Itfl.I 1*TT'.T 44).*«(*« i.r»** 
IfUCPO -104.•• 1411.T ll-)*5.1 **l.l<d'>4 l.TOIt 
UT.OOO •JTJ.T 1*41.C üi'i.i *«).»1)IT l.T*fl 
Ul.ObO -?J(.i. 1**1.1 tlS*1.2 «Tl.tlKT i>T*»f 
ItX.OOC -»*».* 1414.; Mrli.i *TT.11411 1.71)7 
ITO.UCO •41».« 1414.1 *f».M*7* 1.701» 
ITi.noo -iie.f l(*T,l trt^.t *»l.17114 l.t7Tf 
11?.000 -»!.* ISTT,* **17t.7 *IO.*7»0T 1.49|4 
IM. 000 -»».f 11*4.* *4JH.2 • T». 1*7*T 1.47*) 
IT*. DOS •*II.T 19».* 4*771.? *M.ill4* l.«02l 
Ilt.OOO •«)«,€ 1)11.« Miti.2 4T0.11*74 1.1T** 
IT». 000 -1*1.4 1*1»,» *Tf«0. 7 4*nf*U4 1.S4I« 
ITI.OOC -111.'. 1*41.1 »T*T*. I 4«9,7t*IT l.SIO* 
1 Tl.000 -lOT.l MIT.) *T1*?,C 44*.0**1» 1.491» 
IT*.(JOD •iti.1 141b.» »»(ISV.O «l).*ll»0 1.4*11 
110.000 -lll.t ilii.i M »JO.T 4Il.TItll 1.41» 

4IMNIA DATA 

im» 
14 71   ft 
fill" 
f7/tr 

VlltClt 

i^lll'Oi- 
-ii».< 
-I17.I 
-114.! 

im.'. 
Mil." 
17*0.J 

iii .>'■■; • tt,' im.7 

[!>'.'■]'■' ;;;• 11*.' 
IU>**.' 

.*J.l 10»).t 
-IC^.. 10'7.7 

-HO.' 10*1.1 

-11T.7 
ai.cuo -17C.4 10)1.1 
707.000 -1«./ 1071.* 
tOD.OOC -177.1 1011.T 

701.000 -I7f.r 1011.0 
710.000 -111.« 100».J 
ill.noo -lll.l 1001. >- 
111.000 -Hl.7 »»».< 
JD.OOD -1)7.> »»0.« 

111.000 -1)».7 »14.V 
-1*0.7 

11T.000 -1*1.1 

14»* 1.117* «•*'* 1.1770 
1*C>1 1.1104 

■ ItCl i.o*ri 
l4»ro 
111*0 1.07*1 
•4*' » 1.0771 

1.U4)) 
t57'« 1.0*1* 
P**T7 1.0*1* 
7VI70 

in)*. 7      7*«.ti4' 
.4*071 

0.C7I   * 
:C.4)1'    C 
>l.lCCt4 

HIGHT M   *I    im H»    I 
041t $r »LICHT     IT/17/44 
INCIHf SI4IT cnoiriMi 

full  i'KIFIC MtlMT       fe.*l    (.«/CU 
FML   TfflMI4TU«f       1.0    M6 C 
HT0aKfM HRIllBf  tPICiriC  HftSMT    11.IT    U/SAl 
HirpiKIM HRBIIM   ll(t»f«*tU«f       t.B    DH C 
Mfll   neiCNI     771)1.     Ltl 

Ittl  -   IMH  CLIMH 

•tt-IURD 04T4 
41R»«FT  DAT* 

CfUNtiR mut* 1107 110* 120* 1201 1110 1711 1114 III* 1711 
Tim IK 1701. 1104. 120*. 170*. 1110. Uli. 1714. 1214. 171*. 

«KtMfO KNITS 7M.1 TM. 7 14 7.7 T14.> 4»*. 4 *T|.l »11.0 »91.1 «0.9 
»KtlUOf   K-l«l FIIT ■Mit. »1101. S*1I2. ITMT. Jim. »9990. 419T1. 4*1»). 4**2*. 
Wtiruoi iiiwii Fill »079. »IM. 1*1>*. 11221. 114*0. 40I»1. 4149*. **Tll. 470*2. 

TU MG C 1*0.» IM.7 (j*.a m.i 111.4 121.» 119.0 111.4 101.1 
Ulli.   It«"   ENG OfG C »T.* 17.* 2G.0 71.) 71.1 79.0 19.» 10.0 11.0 

fUfl   II»*   4/1 ate c 77.» IT.« 2*.0 II.) 19.1 w.o 11.8 11.» 11.0 

■M 77|4. . T714. 7T1*. T714. TTM. 7 TO*. 7*99. 7*99. 7*7*. 
HT Oifi c »Tl.-' »IT. ••2. »12. 111. »11. »11. »11. Mi. 

■KKIT  DAT* 
CWNtia MiltuM MI MO. MO. 9H. »■«. »10. »10. 9H. »19. »•*. 
M  Hill ll/lfC 1». 14. 22. 11. 11. 21. 71. 21. II. 
w ja* Ll/tfC 4. »■ 4. *. 1. 4, «. •• •■ 

*IICt4af DAT« 
ciuNTEa mnniL 17» 1127 1224 122* ma im 11*1 1214 12 »• 
Tim »c 1770. Uli. 1224. 112*. 1)11. I2S0, 1712. 17)4. 121*. 
AiaiPfio KMIt »11.0 41T.* *1*.T M2.9 IT».0 Ml.* »(».* 290.* 1*9,1 
«iitiuof a-i»i FifT *»«7. SIIH. »♦••9. »T*T7. *01**. HÖH. «70». *II2T. 70279. 
AltllUOi   IIINDII FIIT 4*4«. »11*4, 94«*0. »7791. *0**l. 41144. 4»ll». Mill. TOTJO. 
TK DIG C 91.* •1.* 7*.* 72.1 4T.1 **.T *».t 19.1 »7.0 
run rjNf fi« DIG C 11.» 17.0 »1.0 11.» )*.! 11.0 »).» )4.0 1*.* 
lUCL  TfN»   4/1 »6  C »4.0 ».0 IT.O ii.o *o.a 47.0 44.0 41.9 47.0 
■ IM 7*7». 7*7*. 7*7*. TMl. 741*. T*2*. 741». 7»?4. r*T». 

IGT MC C >••. »«*. M*. *0). 41). All. *l). 19*. »•7. 
IICKII  DATA 

CMMfa HlttUM «1 »90. »9». 999. »9f. 19». )*». *0O. 19». ♦00, 
<*   Mill LI/UC 11. 11. 22. 12. 1). 77. 11. 11. 17. 
M  JI4 LI/HC •• *• 4. *• *• *• *• *. 

*■ 

KRCIAfl  DAT* 
CHMTIR NUNMI Uli 1140 I74T 1744 17** 1241 17*0 17*1 12(4 

um m Uli. 11*0. 1247. II**. 17*4. 1241. 11*0. 1717. 1194, 

Aiaiaiio KMT» MT.O an.» 211.0 I»*.0 1*1.1 in.i 1*1.9 1*1.9 l«.l 
«LTITMf   IC-191 FIIT 7iai>. »07». T4010. 719*4. aio»*. •11*0. 1*014. »•ata. •■»II. 
UHTUOf lifNOia Fill 710». I»I*T. 77*09. 7»lt9. ■UM. ■101». •41T*. ■•i*a. I74T0. 

TIC MG C »»,0 97.4 49.0 41.0 41.4 »9.0 )I.O 17.0 

fVIL   TFMI IM DEC C 17.0 »7.9 11.0 11.* 1».» 19.1 40.0 

aUIL   TfMI  A/l OtC  C 47.0 »T.O 47.0 4T.0 *7,1 41.0 41.0 *».» 49.0 
IM 7*7*. 7Mt. M27. T»2T. r**a. 714T. 49*). *■*•. 4*99. 
IGT MG C M7. »*1. 912. »9*. ii». •TO. 4». *»». 

•KKIT DATA 
CMANm  IIIIlMr Fit MO. WH. »«». 400. 40*. 401. 409. »0*. M*. 
ir HUI LI/MC II. 71. 22. 17. I). 17. 77. 17. 21. 

HF  Jl* LI/IEC 4. •■ *■ 4. 
*■ *• •■ *• *■ 

■*-H4ao  041* 
IIMK«5I  047» 

CIMIEK  WU»«t» l/*» 171* UM 17*1 17»* 114* 1741 1170 1777 

Tl« «C 1716. 171». 12*0, 1741. 174*. II**. II4B. 11 70. 1777. 

lialFEEO KMTS 1)1.) 111.0 121.7 114.* 110.0 101.) I0O.4 94.» »1,0 

ALTITUDI   IC-I9> FEET 1991». »14*0. 9J190. 944Tl, 91* T*. »MO*. 97*10. 41)71. 99007. 

AlllTUDI   llfNOIK 'FIT ia4»7. »9*19. 9019>. 90)10. •07)7. 917*1. 97714, •S**l. *44I0. 

TIC f)(C  C 11.0 J1.0 11.0 17.0 11.0 11.0 10.S 
FUFl   (EOF  fill. nie C *I.O 41.0 41.1 *l.l 41.» 47.0 47.0 «7.1 
FUEl   TfN»  t/n Ofr. c 49.0 49.1 10.0 10.0 10.0 »0.0 90.0 11.0 

■M 6fc7». 4111. *4TI. •1*7. 4t**. *2I1. •1*1. •0 71, 

IGT Die [ 4*S. 470. »71. *»». *91. *»1. 49*. ««I. 

KICKET   J4IA 
CMMEK  FtEHuaf FSl i   "": •0». • 0». •0». •Of. Ml. 401. »OS. 

Hf   H7I7 «/«t 11. 11. 11. 17. 12. 11. 71. 
HF   JF4 tl/SK *. 4. 4. *• *■ 4, ♦• •• 4> 

AiaCKAFT   DATA 
CnWIEl NUHIEN 17 7* 117* 12T» 1210 iiai 120* 121* 111* 1190 

TlfK UC 17 T4. 117». lila. 1210. 11*7. 12*4. 1214. im. 1790. 

AlIf'EID üMIIS 91.0 • 9.1 M.2 Il.l •1.1 ■ 1.4 79.1 71,> 17.2 

AlTITUOI   IC-191 FEIT 99*9». 191)4. lOOflU 1009)T. 100901. toiiia. 10111). I0I1M, 10170*. 

•ITtTUOf  («WM FEE* 91117. 9*4*4. 99*11, ••MT. M1I9. lOOllT. 101441. 107101. 101*10. 

TIC DEC C 11.1 Il.l 21.T 21.2 IM 21.1 14.7 M.2 27.J 

FUfl  TENF  ENG DEC  C *2.* 41. U *>.o 41.0 •1.0 41.1 41.1 *1.» 44.0 
FUEL   TEMF  */■ DFG  C 11.0 »1.0 11.» »1.1 11.« 17.0 11. n »2.0 »1.0 

um »911. »•11. »■10. »Tl». »*»9. 111*. 1101. $441. 1411. 

IGT DES C 49». 101. »oa. »01. 101. MI. »01. 10«. «01. 
■■CKET  DATA 

CHAMM*  FlflSMI Fll 110. »11. 2»». 0. 0. 
HF  Hill LI/IEC 7*. II. 11. 0. 0. 0. 
HF   JF* Li/m •• 1. 9. 0. 0. 0. 0, 0. n. 

AfacaAET  DATA 
ClUNTta  NUHIE* 17*1 119* 129« 119» 1100 1)01 1»* 1)0» 1)04 
TINE SK 17*7. 179*. 119*. 17*1. 1100. 1102. 1(0*. 

»IltFEtO »um T4.0 T*.» Tl.7 TJ.7 71.7 74.9 77.7 Tl.) 
UTITUDE  IC-191 FEEI 101719. 101747. 10IT1«. 101779. 101*97. 1011*1. lOltlf. 1010*4. IO0 709. 

«LliruOf   IIEHOU MEt 10**40. 101*1*. 10*71». 107*91. ioa9ii. I09»)l. I0MM. 10BI19. 10719*. 

TK DEC C 7*.* 71.* 21.* 71.1 11.* 71.9 71.* 77.1 70.» 
FUEL  nur EMC DIG  C 44.» 44.» *».o 41.9 41.1 44.0 *4.0 
FUEl  UM  t/| Off. t 11.0 *).0 «1.0 11.1 11.1 1*.0 «*.o 

MM Uta. 1H7. »III. 120 T. 11*9. 1114. 10*1. **••■ «***. 
Ifil DIG C »01. 109. »04. 10«. loa. 10*. *oa. IDI. 10*. 

IKKET  041* 
CMAIMfa  MflilME Fll 0. 0. 0. 0. 0. 0. 
m Hin LI/IIC 0. 0. 0. 0. 0. 0. 0. 0. 0. 
HF   JF* l»/«C 0. 0. 0. 0. 0. 0. 0. 0. fl. 

AiacatfT DATA 
C0UNIEK NUNifK 1)10 1)11 1114 1114 ma 1110 1)17 H7* U7» 
tin MC 1110. 1)11. 1)14. 1114. Mia. 1170. 1117. 1)7*. 1)7». 
AHiafio »NHI* •1.4 •«.7 91.0 91.* 101.1 IIO.Ü 117.* II*.* 117.* 
ALllTUM   IC-19t flET 1001*1. 100011. 991*1, 99114. 9MT1. »■717. »•111. *1)97. 9)477. 

ALTIlUDt  IIINOIK FEET 10*71*. 1S17*). 10**»!. IDIIM. 107011. 100*2». «1717. 9707«. *170O. 

TIC DIG C 71.* 17.» »1,9 1».* 11.1 IT.* 79.* )).0 11.* 
FUEL   ttNF ENG DEC C 44.1 *4.1 *».* 44.1 • T.O 47.0 *T.O *7.9 «7.1 
FUEL   H*f   4/1 DEC C 14.0 14.0 14.0 »4.» 14.» **.* 1*,0 19.0 
■IN *»11. **4|. 471». 4 7**. *7I0. 449». 4419. 4427. 4401, 
IGT OtG C »01. »01. 491. 491. 4*1. 499. 49». 471, 470. 

• KMT DATA 
CMWfK  MltfUM ltl 0. 0. 0, 0. 0. 0. 0. 
HF  H1I7 L»/tLC 0. 0. 0. 0. 0. 0. 0. 
HF   JF* ll/lfC 0. 0. 0, 0. 0. 0. 0, tl. 0. 
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• I;TT*I.     o • 

*t.a      Mt*    i,' 

Hi»,') 

tin*,     IN* nri/«. 

It,. nn**. e > 111.TO 
«■ -IM*.1 

1*0.0 

«01*0.        ■••   |ll«l«, 
im.*   »«■■    -»/;.* 
i/«».*     »ft*     jfo.o 

•L< ;it04|,      g • 

«■ i;*i**. 
VIC*     -II«.f 

!•«• I*.l 

UUO.l ■IV1.» 
J.9 »d-        Jtr 

U»f.l MN- -■,.  ■.» 
i*ir.i MO-     /}>■. 

rrifi. «■ UM». 
i»n.» v)** -«16.1 
i*ri.« MIX      ^rn.n 

HO   mi9<). 

-««Ul      »He« 
;ro.o     »•• 

M.C ■*> fil*i. ««• «c- f;»6 
»*'l»i.01 Vl> I1M.0 VIR< ««{- -M •   /•!.• VIII> 1141.0 ■0- tin.a «. 1 

11.t N. «IMf, «. IMllh. •r. I?** 
»I- Uli.T 

mi.r 
VIC 
■0- »fO.O 

V«- -n 

.'•uril.OI    vl> 

l?ll»«.        rlC   77t>*bT. 
1,<     VM-     -«*.! 

•ITH. 
IMt.fc 
1*11.6 "Si 11*14*. 

210.n 
1*1.n 
t*.c 

e • 
i.44rr 
lM,t 

1401*1 H0' 

11)111. 
-W1.7 
110.0 

vit- 
11- 

114III. 
-nt.t 

o • 

i*. 

a • 

M.*4 
1.4111 
1M.1 

1)114.1 .1). IfO.O »*■ T». 1«.« 

■ 4111. IH. 111*». «t- II*III*. e ■ 64.1b 

HH.J      nD- 

cs*oi».0 
• !■• 

1114.» vi'' Ifo'.n 

[:*£; ■ I* 
48114. 
110«.1 
1104.1 HD- 170.0 

■    »«.(. «. «llfl. 1«- ic^-in. 

•c» iiiitr.      a ■ 

■c- liiiii.      o ■ 1011«'. 
1IM.1 
ll't.l 

!•       oe.i.          H. lOiNC), »1-   ll'lfcf). »C*   11)0*1. Q   .            jr. 
t^io».;.! »!■ iin.fi *'*•    -««).i yuc-    -H).l >»T« i.ino^ 

*/CL-  i»/r* VTH> mi.ft Mi).      iro.o »«•        7i.i to «oq.i 

»/IL-   .O^.- «IH' lift».! HO-         .'T'i.l> <■*■            jn.O I*. *()■),■ 

■ •      IU.L       H- ioi«ift. Mt-    ««b«r. RC* Ultra. g ■         m. 
CS4l0b.l.l vt* 1164. A VI* •   -10OK.0 VKC*     -1)4.1 Ht> I.1T1B 

IMJi-   16*.* VtH- 1164.1 HO-         170.0 ►*■             10.4 I** »10.1 

I.      u.i.        «. inis*t>. in-    «Sbrq. BC«  7/7641. o ■          !<". 

*/tt.'   lt.*.» IHM" 116».) HO'         7f0.0 **•             I«.* t*- »10.4 

I-          f^.L             »• IU4087. »»-      «76^6. "C-    7774«l. 0   ■                IB. 
C>l»U.M.l(i ll- 1167.6 V>H.     -i07§.^ V*l>         -I)*.« ■!• 1.1646 

I-          fl.1.            M* ii3*^fe6. »■"      «6604. K-   111147. g   •                IK.II 
^»HJiy.ul Vl> UOI.H VII-    -10 )4. I /•€•       -114 .7 Hl. I.16R4 

4/LL*   .6^.6 via- 1161.1 «0*        770.0 Pi-           I'.4 7** 411.0 

(;■        II,'.          H. in^'.fJI. >«-     «4^16. P( ■   ?77li  I. u   ■             17. 
UV-lll.    1 VI- lllft.l ■Tin-   -1"SS.; VBC       -1)7. ) B|. I, IM 4 

t/i-i,-   76..0 >!■• 1116.1 ■!>■         7'0.C Pi-             IH.7 1»> 411.■> 

■ ■            iB.i;              M« lUS-)*7. '«■       *)*•'. BC«     771«76. 0    ■                   16.' 
£••4111.01 «f ll»*.6 H««'      lOSI.* W«t-      -H7.0 wt. i.n*i 

»/4L'   1«1  • VtH- 114«.6 HO-        770.' •'i-           If." ?«- 417.•; 

I*          II,li           H> 106m. W      «.*nl. «C-    771171. U   ■                I''.' 
i.S«III.CI Vl> 1140.7 VO-     -ifM.I VBf            114.' «I- 1.144* 

*/kL-   7bi.t ylH- 11*3.1 HO-        7Pn.n P*-           I'.s 7». 4M. I 

l>            Jo,.              M. 106/41. ■»-        «Df*. BC-     771661. g    >                   14.' 
l,^«U4.i]l .1. 11*0.4 V««-    -1061.7 VNt-       -IH./ Hf. 1.1 M) 

LS4ll!i.Cl ,|. 1170.1 ¥<1"   -1060.7 vPC -       -HI. 7 "I- 1.17 7 4 
«/t.U-    *6,.« VlB> lllU.l HP-           ItD.O P*«                16.'I II- 41*. I 

(■         Bli.i.           H. li-.JMt/. I«-      ••)7W. *C-    7714t». J   -               14. 
OV*il6.U* .;■ 1111.4 .UN-        IPbO.b VI-         -M".6 ■)' I.1M4 

*71U'    («l.e VtH- 1111.* HU'           771,0 PI.                14.7 1*. 4 14.*- 

1-         dl.C «. 10764'*. !«■      8I1H1. B( -    771*7«. Q    •                14.' 

■>»• -104).4    «e- 

l<       »r.O n«        lOfli«).        it-     SIS1G.        PI.   77' 
CV.i7a.0i       HT> 1060.*      VIP'     -1146.1       VBC>       -I 

'k.L'   .(H.C VtH- 1060.1 «U- 770.0 P«- 

"•        tO«01S.        11 
Vl> I04M.7      V« 
VtH- ICS,7 Ml 

X.I VtH' 1061.4 Btl' 

707»»,        «L-   UMKm 
l'4S,l      »<C*     -IVt. 
.'0.0 Pf IN. 

■0-        770.0        »*• 

Itl.        PC-   17(!i 
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ASKANIA    DATA 

TIDE 
SECINDS 

124.000 
12).000 
12».000 
127.000 
12*.000 
12«.000 
130.000 
111.000 
132.000 
133,000 
I 3«.000 
135.000 
136.000 
137.000 
13«.000 
134.000 
140.000 
141.000 
142.000 
143.000 
144.000 
145.000 
146.000 
147.000 
149.000 
149,000 
150.000 
151.000 
152.000 
153.000 
154,000 
155.000 
156.000 
i-..7,000 
15»,000 
1   9,000 
ItO.OOO 

MTE  (F 
cum 

FT/IEC 
-953,0 
-975.3 
-996.9 

-1011.0 
-103«.2 
-1057.6 
-1076.0 
-1093.6 
-1110.7 
-1127.2 
-1141.J 
-1151.3 
-1171.6 
-1193.0 
-1192.6 
-1200.8 
-1208.1 
-1214,3 
-1216,6 
-1220.V 
-1219.9 
-1215.7 
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FLIGHT RESEARCH DIVISION 

OFFICE MEMO 

Capt C. D, Zaleski 

December 1964 

NF-104A LATERAL-DIRECTIONAL STABILITY ANALYSIS 

Part of the NF-104A flight test program was to investigate 

the lateral-directional stability at high Mach numbers with the speed brakes 

extended.    This flight condition was encountered during the entry following 

a zoom mission and no previous data were available.    The data available for 

the speed brakes retracted configuration indicated that the directional 

stability parameter, C     decreased with increasing Mach number, and it was 

also known that the sp«red brakes detracted from the stability.    The study 

received impetus when a lateral-directional oscillation was encountered on 

several NF-104 flights during the recovery from the high altitude portion 

of the zoom mission.    In each case where these oscillations were encountered, 

the following conditions existed. 

1. High Mach number 

2. Angle of attack greater than 5 degrees 

3. Jet engine shut down 

4. Rocket engine off 

5. Stability augmentation on 

6. Speed brakes extended 

7. Reaction control system (RCS) damper inactive 

The pilot was able to damp these oscillations by lowering his 

angle of attack. (Figure 1). On flights 5 and 8 of the flight test program, 

the oscillations built up almost immediately after the RCS dampers were switched 

off. On flight 10, the oscillations occured during a period of no RCS inputs, 

and they were damped out when the RCS damper inputs came on. 
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TEST MliTllOD 

In order to study the lateral-directional characteristics 

of the NF-104 at these zoom recovery conditions, a low,  flat zoom trajectory 

was devised using the NF-104 three degree of freedom simulation.    (Reference 1). 

This mission enabled the duplication of the Mach number,  angle of attack, 

and dynamic pressure of a zoom recovery, but did not require the high angle 

of attack for a safe recovery.    Thus, lowering the angle of attack was a 

safe means of getting out of trouble at any time during the lateral-directional 

investigations. 

The technique   used to get the stability data was to light the 

rocket at Mach 2 and pull up to a pitch attitude of 25*.    At an altitude of 

65,000 ft, the pilot pushed over to zero "g" and came level about 80,000 ft 

and Mach 2.    The rocket engine and jet engine were then shut down,  the speed 

brakes extended, and the aircraft stabilized at the desired angle of attack. 

The pilot then turned off the roll and yaw stability augmentation and per- 

formed a rudder pulse at constant angle of attack wile making a minimum of 

aileron inputs.    Because of the rapid deceleration in order to get the high 

Mach number data point, it was necessary to leave the engines on until after 

the angle of attack was stabilized, the speed brakes extended,  and the dampers 

turned off.    In Table I, the Mach number, angle of attack, dynamic pressure, 

weight,  and center of gravity of the test points have been summarized.    The 

Mach numbers ranged from 1.3 to 2.1 and angle of attack from 4 degrees to 

13 degrees. 

METHOD OF ANALYSIS 

The object of the analysis was to determine the stability 

derivatives Cn    and C}  .    The analog matching technique was the primary 

method of analysis.    This method entailed the use of an analog computer 

simulation of NF-104  lateral-directional aerodynamics.    The procedure was 

to duplicate on the simulator the flight conditions and aircraft weight and 

center of gravity at each data point and introduce into the computer the 

same control surface inputs which occurred in flight.    The stability derivatives. 
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primarily Cno and CiQ, were then varied until the time history of the 

computer response in roll rate, roll angle, sideslip angle, and yaw rate 

matched as closely as possible the history of the aircraft response which 

had been recorded by an oscillograph.    When the responses closely matched, 

the values of Cn    and Ci    which had been required by the simulation were 

recorded as the results of the analysis.    This method of analysis is valid 

regardless of control inputs by the pilot, since they can be introduced into 

the simulation and taken into account.    Thus it was possible to obtain 

results from the oscillations encountered on the earlier high zoom re- 

coveries despite large control inputs by the pilot during the maneuver. 

In Reference 2, the analog matching technique has been described in more 

detail. 

A secondary method of analysis was to use the natural fre- 

quency of the oscillations and the best known value of C,    to calculate Cna 

from the following body axis equations for the lateral-directional stability 

parameter (C *):    (Appendix I) 
nß 2 

,        u      I I 
C      - a C      cos a - yH C.    sin a 

nß qSb   (57.3)        nß x       ^ 

I 
♦ -Ü    [c,    coso- C     sin a] 

x 6 S 

The analog matching results were checked by substituting Cn   and Cj    into 
* *      S ß 

the equation for Cn    and comparing with the value of Cn   obtained using 

the natural frequency wn (rad/sec) obtained from the flight data.    Figure 2 

shows the comparison of results.    The value of Cn    had a range of values in 
ß 

some cases because the period of the oscillations varied slightly during 

the maneuver. 

ASSUMPTIONS 

The equations used in the analog matching were the lateral- 

directional equations of motion of a rigid airplane with linearized stability 

derivatives assumed (Appendix I).    Consequently,  angle of attack was assumed 
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to be constant and pitch rate to be zero.    In addition, dynamic pressure 

was assumed to be constant for each maneuver.    Angle of attack generally 

stayed within _* 1/2 degree of the average value used in the calculations, 

and dynamic pressure was +^10% of its average value. 

In the equation used to calculate Cn    from the natural 

frequency and a known Ci   , all the side force terms, the damping derivatives, 
0 

and the control derivatives were neglected in addition to the assumptions 

made for analog matching. 

DISCUSSION OF RESULTS 

The results of the analysis are presented in Figures 5 

through 10 showing Cn   corrected to center of gravity of 21% and 25% and 
3 

Cng and Cift in both body axes and stability axes.    This is done for con- 

venience in making comparisons.    The NF-104 stability axes wind tunnel 

data are also presented in Figure 11.     (Reference 4). 

The effect of the speed brakes was to lower the  level of CL nß 
(Figure 5)  and Cj    (Figures 8 and 10).    Mach number had only a slight effect 

on Cj     (Figure 6 and 8), but Cn    decreased with Mach number in both speed 

brake configurations.    It should be emphasized that C,    continued to decrease 

as Mach number increased above Mach 2.0 although not as rapidly as at the 

lower Mach numbers, 

Insufficient data were obtained and scatter was too great to 

quantitatively define the effect of angle of attack on Cn    and Ci   .    It may 
3 ß 

be noted from any of the Cn    plots  that between Mach 1.6 and 1.8 there are 

several points above the faired curve.    These points are high angle of attack 

points,  and it can be stated that in this Mach region Cn    increases with angle 
ß 

of attack at  least until a =  13°,    The effect of angle of attack explains the 

scatter of the brakes extended points on Figure 2.    The two curves on this plot 

were calculated from the single curves of Cn    and C,    on Figure 6 usinf; two nß        h 
different angles of attack in order to show the effect of angle of attack on the 

* 
lateral-directional stability parameter C    . 

"ß 
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There were several data points for which the phase of yaw 

rate and roll rate could not be matched simultaneously.    The cause of this 

was not determined and was attributed to either instrumentation errors or 

aircraft flexibility effects.    Although the phase matching problem existed, 

it was felt that in each case the analog match obtained was valid, because 

as C„    and C,     were  varied from the chosen values,  the match became nro- nß ig ' i 

gressively worse.    The closeness with which the calculated values agreed 

with the values obtained by analog matching also tended to verify the analog 

matching values.     (Figure 2). 

A significant discrepency between the analog response and 

some of the flight test data was found.    When compared with the analog 

response to the same control surface inputs,  the aircraft response seemed 

to be excited by an additional forcing function which caused the oscillations 

to diverge to a limit cycle amplitude.    This divergence could not be duplicated 

with the analog simulation even though the phase and frequency could be 

matched,  and any constant amplitude could be obtained by varying either 

rudder effectiveness or the initial conditions on the sideslip an^lo,  roll 

rate and yaw rate.     It was concluded during the program that both the 

lateral-directional oscillations encountered during zoom recoveries and the 

limit cycles encountered following rudder pulses during the test program were 

caused by an external forcing function which was not accounted for by the 

normal NF-1CM aerodynamics as represented in the analoq simulation.     During 

flight 34,  the  last stability flight,  the jet  engine was allowed to run 

during the rudder pulse at Mach 2.12.    After about two cycles of a damped 

oscillation,  the jet engine was shut down.     Immediately the oscillations 

diverged to approximately +5° of sideslip.    The oscillation damped out gradually 

as       angle of attack was lowered and Mach number bled off.     (Figure 3A and 3H). 

It was then concluded that the forcing function which caused the divergence was 

an oscillatory duct spillage condition that occurred at certain angles of attack 

and Mach numbers when the engine was off.    An approximate boundary for these 

oscillations in terms of angle of attack and Mach number has been given in 

Figure 4.    The F-104 aircraft had an earlier history of oscillations induced 

by unstable inlet duct conditions.    The duct splitter was installed as a 

solution to a problem which arose as a result of divergent lateral-directional 

oscillations following compressor stalls,     (Reference 3). 
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Aside fron the duct spillage problem,  the results of the 

lateral-directional stability analysis indicated that the levels of static 

stability,  Cn^ and Cj  , were sufficient to provide satisfactory handling 
i5 ß 

qualities up to at least Mach 2.12  (the highest Mach number tested) under 

the conditions which normally existed during a zoom recovery  (listed on 

page  1).     A "worst fairing" of brakes extended data showed that Cn    could 
ß 

go to  zero at Mach 2.3  (Figure 6).    However, total static lateral-directional 
* 

stability,  as indicated by the parameter Cn    ,  appeared to be positive to at 

least Mach 2.5 (figure 2).    The dynamic instability,  apparently due to duct 

spillage at high Mach numbers and angles of attack,  indicated restriction 

of the practical use of the aircraft with the jet engine shut down to below 

approximately Mach 2.0.     (Figure 4). 

CONCLUSIONS 

Values for the stability derivatives Cn     (yawing moment due 
B 

to sideslip)  and C^    (rolling moment due to sideslip)  were determined from 
o 

flight  test  data for the NF-104 between Mach 1.3 and 2.1 with the speed 

brakes  retracted and extended. 

At Mach numbers  above  1,6 and high angles of attack with the 

let engine shut down,  the  lateral-directional mode of the aircraft was 

excited by engine air inlet duct spillage.    This duct spillage condition 

was oscillator' and caused the oscillations of the aircraft to diverge to 

a  limit cycle amplitude at some  flight test conditions.     (Figure 4). 

Although the static  lateral-directional  stability appeared 

to be satisfactory even above Mach 2,12, the dynamic instability due to duct 

spillage  indicated restriction of the practical use of the aircraft to below 

approximately Mach 2.0 with the jet engine shut down. 
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TABLE I 

FLIGHT PULSE 
# 

MACH 
# 

ANGLE 
ATTACK 

OEG 

DYNAMIC 
PRESSURE 
lbs/ft2 

WEIGHT 
lbs 

e.g. 
% mac 

DRAG 
BRAKES 

EXTENDED OR 
RETRACTED 

5 1.87 7.7 325-425 15,500 16.5 ext 

8 1.78 8 320 15,667 18.0 ext 

10 1.93 5.25 522 15,037 18.6 ext 

16 1 1.93 4.5 170 15,980 14.0 ret 

2 1.88 8.4 199 ret 

3 1.79 8.0 241.8 ret 

4 1.67 10.0 242.2 ret 

5 1.46 10.2 188.8 ext 

17 1 1.89 9.8 184 15,980 14.0 ret 

2 1.75 9.6 188 ext 

3 1.56 5.8 190 ext 

18 1.81 7.0 160.2 15,800        14.2 ext 

23 1 1.78 10.9 144 16,262 15.0 ext 

2 1.69 6.1 142 ext 

3 1.64 10.0 174 ext 

4 1.48 11.1 180 ext 

5 1.33 5.4 160 ext 

24 1 

2 

1.70 

1.63 

10.6 

12.0 

116.5 

119 

15,835 16.3 ext 

ext 

31 1 1.77 10.5 213 15,538 16.8 ext 

34 1 2.12 8.2 257 16.103 13.5 ext 

Representative 
Moments of 

Inertia 

'.- 
4240 

'»■ 
• 4500 

h' 75,000 
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APPENDIX I 

Summary of Equations 

1.    Equations used in Lateral-Directional Analog Matching: 

p r a K l 

S = P sin a - R cos ot + 4) 4- cos a + qSb  [C    ß + C      6    + C      6 ] 
yß y6    r        y6    a 

r a 

IR=IP + qSb[CS + C      6+C      6+C      S^+C      Ä z xz       M      l n. nx    r       n,    a       nn 2V        nn 2VJ 

p o or K r a 

2.    Assumptions used in matching: 

sin $»((,;  ßay-;  ßa7 

* 
3.     Equations used to derive analytical expression for C    : 

2 
n  z    „        z ^  .i     xz *   "- I- I- I 

C  = ,r* tK    ol a c  cos a - T- ci sin a + "7— [C, cos a - C  sin a] nß  (57.3) qSb   nß       Ix lß       Ix  ^ lß       nß    J 

I  P = I  R + qSb C. 
x    xz   l   lg 

ß = P sin a - R cos a 

I R » I  P + qSb C ß 
z    xz   ^   nß 
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4. Additional assumptions for C  equation: 

6=6=0 
a   r 

C. = C  = C  = Cn « 0 
P   1R       nP    R 

C  =C   »C   » A » 0 
yß    y6    y& 

r    a 

5. equation used for center of gravity correction: 

c     . c     * cy F 
(-25 c • c>!!,) "St.25c)   "6(c_c0   h 

liach point was corrected for e.g., and the curves were corrected 

by using average e.g.".152 c. 

6. Transformation between body axes and stability axes: 

C   = C   cos a - C,  sin a 
n«    n«        1a 3s   ßB        h 

C.  = C,  cos a ♦ C   sin a 

Each point was converted separately using the appropriate ot. The curves 

were converted using average a » 8°, 
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LIST OF SYMBOLS 

Symbol .Definition Units 

P roll rate rad/sec 

Q pitch rate rad/sec 

R yaw rate rad/sec 

x,y»z 
moment of inertia 
about body x, y, z axis 

slug ft2 

hz product of inertia slug ft2 

a anqle of attack degrees 

ß sideslip angje radians/* 

* bank angle radians 

u velocity along body x axis ft/sec 

V velocity along body y axis ft/sec 

q dynamic pressure lbs/ft2 

S wing area (F104A Ref) 196.1 ft 

b wing span (F104A Ref) 21.9 ft2 

c mean aerodynamic chord 9.55 ft 

6 
a 

aileron position degrees 

6_ rudder position degrees 

V    V    V    np 

n5      h     n 
r a a 

lateral-directional per degree 
stability parameter 

yawing moment coefficient derivative   per degree 

per degree 

damping derivatives per radian 

control derivatives   per degree 

rolling moment coefficient 
derivative 

&        16 y6 y6 i r r a 

side force derivative 

natural frequency 

acceleration of gravity 

per degree 

rad/sec 

ft/sec2 
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NF-104A And F-i04A ANALOG SIMULATION SUPPORT 

I.    INTRODUCTION 

An analog simulation of the NF-104A was used in support of the 
NF*104A flight test program«   This memo describes the mathematical model 
which was simulated and the manner in which.the simulator was used during 

the test program*   This memo should provide flight test engineers and 
computer programmers with a better understanding of the potential uses of 

analog computer equipment to support flight testing activities and the 
amount and type of data-required, to perform an adequate simulation. 

F-104 analog simulation work was begun in January 1964, in 

support of the NF-104A flight test program. At this point in the flight 
test program, one aircraft had been lost after it became uncontrollable 

at an altitude of about 115,000 feet and entered a flit spin. Also, the 
lateral-directional stability with speed brakes extended at high Mach 
numbers had not been investigated and large lateral-directional oscilla- 
tions had occurred during several zoom recoveries. 

In order to have a working simulation as soon as possible, it 
was decided to program two simulations of limited and different scope 
rather than program one complete six degree of freedom simulator.        The 
two simulations were: 

(1) A three degree of freedom simulation used to study 

performance.   This simulation was a wings-level, flight path simulation 
including the pitch plane rotational dynamics. 

(2) A five degree of freedom simulation used to study 
handling qualities»   This simulation included all the rotational dynamics 
for a chosen constant Nach number and altitude. 
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These two siaulations were adequate for all the engineering 

studies perfomed.    Later, a six degree of freedoa simulation was programed 
for the ARPS to be used as a procedural trainer« and it was used in sub- 
sequent engineering studies.   When the complete six degree of freedom 
simulation was used to study handling qualities, the Mach number and 
altitude were usually held constant; and when this simulation was used to 

study performance, the bank angle was held to zero.    A complete six degree 
of freedom simulator is usually needed only for procedural training or in 

support of detailed test flight planning.    For engineering work, a five 
degree of freedom simulation satisfies most handling qualities study 

requirements, and a three degree of freedom simulation satisfies most 
performance study requirements. 

II.    THREE DEGREE OF FREEDOM STUDIES 
The three degree of freedom simulator was programmed with 

lift, drag, thrust, weight, and the longitudinal dynamics.    It was flown, 
only in pitch, from a stationary cockpit, and the altitude. Mach number, 
angle of attack, "g"* flight path angle, pitch attitude, pitch rate, and 

elevator position were recorded on strip recorders in real time.    Before 
using the results of this simulation, the lift and drag and engine thrust 

curves were adjusted slightly until critical performance parameters 
recorded during an actual NF-104 aircraft zoom mission were closely 
duplicated.    The longitudinal dynamics were also checked against flight 
data before quantitative studies of aircraft performance and longitudinal, 
handling qualities were begun. 

See Part IV for a complete description of the simulation. 

a.    Spin Chute Study 

A study of the use of the drag chute for spin recovery was made 
on the simulator.    On the crash flight the drag chute had pitched the nose 
down and recovered the aircraft from the flat spin.   The aircraft accelerated 
straight down to about 180 knots with the chute fully deployed.    When the 
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drag chute was released, the aircraft immediately pitched up and entered 
another flat spin.    An abrupt nose up trim change which resulted from the 
release of the chute caused the pitch up,    A successful procedure for 
chute release was found using the simulator and wind tunnel chute 
characteristics.    The procedure was to set in full forward trim while 
the chute was deployed and use stick force to fly straight down while 
accelerating to flying speed.   Just prior to chute release, the stick 
was neutralized.    This procedure counteracted the trim change due to 
drag chute jettison, and the aircraft could be recovered by a normal 

pullout.    The minimum altitude for recovery was found to be about 
25,000 feet.    References 1 and 10 have described in detail the recommended 
spin recovery procedure developed on the simulation.   Reference 2 has 
described the NF-104A maneuvers during the drag chute deployment, re- 
lease, and the spin prior to crash. 

b.    Planning Stability Mission 

In support of the NF-104A lateral-directional stability 
investigation,  the three degree of freedom simulator was used to devise 
a zoom profile which would duplicate the Mach number, dynamic pressure, 
and angle of attack encountered during recovery from high altitude zoom 
missions, but at a shallower flight path angle.    It was not desirable 
to duplicate the steep flight path angle which required that high angles 
of attack be used to recover since the stability problem was worse at 
high angles of attack.    Therefore, a low, flat zoom mission was devised 
which resulted in high Mach number and level flight at an altitude of 
about 80,000 feet.    The procedure developed was to light the rocket engine 
at Mach 2 and pull up at approximately constant Mach number to about 65,000 
feet; then push over to zero "g" to reach level flight at about 80,000 feet. 
The engines were then shut down, the aircraft was stabilized at the proper 
flight conditions, and the stability pulses were performed.    The simulator 
was used to modify this procedure in order to obtain data above Mach 1.9. 
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In order to keep the Mach number up, it was found necpssary to leave the # 
rocket on until after the aircraft was stabilized at the proper conditions 
and the speed brakes were extended.    Approximately nine of these low 
zoom flights were flown during the test program, and the project pilot 

practiced the first few on the simulator before flying them in the aircraft. 
Reference 3 describes the NF-104A lateral-directional stability analysis 

in detailo 

c.    Energy Management Planning 

In support of the NF-104A performance testing, the three degree 
of freedom simulator was  used to determine ground rules for mission conduct 
or abort when confronted with non-standard acceleration runs.    The pullup 
for a zoom mission was normally made upon accelerating to a predetermined 
Mach number.    However, it was necessary to have the zoom mission terminate 
close enough to Edwards so that a flameout landing could be made in the 
event the engine did not relight.    In a normal minion, the aircraft was 
flown to a turn-around point about 100 miles from Edwards, and the accelera- 
tion run was made toward Edwards at an altitude of about 35,000 feet. Jg 
Consequently, Edwards could be overshot if too much time were consumed in 
the acceleration run.    It was found using the simulator, that pullups should 
not be initiated any closer to Edwards than 40 miles.    A minimum fuel con- 
straint was also computed allowing enough fuel to safely return to Edwards 
with required fuel safety margin following the mission.    The final result 
was a flight plan which called for pullup when the first of the following 
conditions was met; the desired Mach number was reached, the radar track 
indicated that the aircraft was 40 miles from Edwards, or the fuel re- 
maining reached 1200 pounds.    A minimum pullup Mach number of 1.7 was 
required at the pullup point or the mission was to be aborted.    The hand- 
book (Reference 10) gives the energy management planning procedure in detail. 

dc    Optimizing Acceleration Time 

The simulator was also used in a study to optimize the accelera- 
tion run with respect to fuel remaining at pullup by using the rocket engine 
during the acceleration.    It was desirable to have as much fuel as possible 
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at pullup in order to keep the eg. forward for improved stability at 
the top of the zoom and during recovery and to increase the fuel re- 

maining safety margin during the landing pattern. 

Since the excess thrust is lowest between Mach 1.1 and 1.4, 
the rocket engine was used during the acceleration through these Mach 
numbers.    It was then started up again at Mach 1,9 for the zoom.    The 
fuel weight savings at pullup derived from the faster acceleration 

resulted in a more forward e.g.  of about 2% MAC, 

e.    Zoom Performance Study 

The NF-104A zoom altitude performance data was generated 
using the three degree of freedom simulator and spot checking the results 
with actual zoom flights.    The flight test maximum altitudes were within 
1000 feet of the simulator predictions at the high climb attitudes — 
50° tc 60° but were up to 5000 feet low for the low climb angles — 30° to 

40°.    Mach numbers and dynamic pressures at peak altitude were predicted 
quite accurately by the simulator.    The performance study obtained zoom 
altitude as a function of pullup Mach number, climb attitude. Mach number 
for rocket engine light, initial weight, pullup "g", pullup altitude, and 
nonstandard temperature.    Each of these parameters could be varied while 
holding the others constant at some nominal values. 

The initial weight, jet fuel remaining, and rocket fuel 
remaining at pullup calculated from the acceleration study were used as 
initial conditions on the zoom performance study,    A zoom mission consisted 
of making a constant "g" rotation at a certain Mach number until a specified 
climb attitude was attained.    This climb attitude was held until a certain 
angle of attack was reached after which this angle of attack (11° maximum) 
was flown all the way over the top. 
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The most significant factors in determining peak altitude 

were found to be pullup Mach number and climb attitude. The highest 

allowable pullup Mach number (about 2,2) and a climb attitude of about 

65° resulted in the highest peak altitude  The lowest "g" pullup and 

highest possible pullup altitude at which the optimum climb angle could 

still be reached also increased peak altitude. The highest angle of attack 

which could be held after climb attitude began to fall off resulted in 

slightly higher peak altitudes. The effects of the other variables were 

less important o The effect of using the rocket engine during acceleration 

was a penalty of about 1000 feet at peak altitudee Reference 1 includes 

carpet plots of peak altitude as a function of Mach number for rocket 

engine light, pullup Mach number, and climb attitude. 

f„ F-104A Spin Accident Study 

An F-104A spin accident on a zoom mission occurred during the 

NF-104A simulation program and the simulator was used to provide information 

regarding the flight to the accident investigating board (Reference 13). 

With the altitude vs range plot and the velocity at peak altitude from the 

radar data available, it was possible to closely duplicate the flight 

profile of the aircraft up to peak altitude, which was the spin entry condition. 

These conditions (Mach number, dynamic pressure, and altitude) were then 

duplicated on the five degree of freedom simulator so that the handK .^ 

qualities could be examined at the conditions of spin entry. 

III.  FIVE DEGREE OF FREEDOM STUDIES 

See part V for a complete description of the simulation 

The five degree of freedom simulator was programmed with the 

pitching, yawing, and rolling dynamics as well as lift and side-force character- 

istics c The simulation was flown from the same cockpit as the three degree of 

freedom simulation. The control surface positions, body attitudes, body 

rates, angle of attack, sideslip angle and "g" were recorded on scrip re- 

corders in real-time. The primary lateral-directional stability parameters 

in the simulation were updated with flight test results as they become available. 

f 
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After the dynamic response of the simulation closely matched the aircraft 
response at several flight conditions, the simulator was used for handling 
qualities evaluations at various flight conditions of constant Mach number 
and altitude. 

a.    Lateral-Directional Handling Qualities Evaluation 

The primary use planned for the five degree of freedom simulator 
was in conjunction with the NF-104A lateral-directional stability test program 
(Reference 1 and 3),   Some large lateral-directional oscillations had occurred 
during several high Mach number zoom recoveries, and it was suspected that 
this was due to a deterioration in the directional stability with Mach number 
above 2.0 with speed brakes extended.    Consequently, the handling qualities 
of the NF-104A were expected to get worse as Mach number increased.    The 
plan for testing was to obtain initial test data at Mach numbers below 2.0. 
The lateral-directional stability parameters extracted from this data were 

then to be extrapolated to high Mach numbers and programmed into the five 
degree of freedom simulation for a predicted handling qualities analysis at 
higher Mach numbers.    Additional test data were then to be obtained at higher 
Mach numbers updating the extrapolated data and handling qualities.    By this 
method, a safe testing approach to an area of possible uncontrollability was 
planned.    Two developments kept the plan from being implemented effectively. 
First, and early error in data reduction resulted in values of C     which 

nß were much too low, resulting in a prediction of zero C     and roll control 
reversal at a much lower Mach number than expected.    Flight test revealed 
this discrepency.    It was discovered subsequently that the oscillations en- 
countered at high Mach numbers were a primary result of engine air inlet duct 
spillage when the jet engine was off and not due solely to low directional 
stability (although directional stability is quite low; Reference 3).    Using 
the final results of the stability analysis in the five degree of freedom 
simulation, the extrapolated handling qualities were found to be satisfactory 
at least to Mach 2.2 with speed brakes extended and the jet engine on. 
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b. Study of Parameters Affecting Pitch-up 

A study of methods to prevent the NF-104A from pitching up 

led to a five degree of freedom simulator study of the parameters which 

influence pitch-up. The simulator was also used for a similar study of 

the l-iü4A with strakes, and this study is documented in Reference 4. 
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i itch-up occurs when an increase in angle of attack results in more positive 

1 nose up) pitching moment. The stick kicker is the primary device used to 

keep the F-1U4A from pitching up. It is actuated by the sum of angle of 

attack and pitch rate. When the kicker is actuated, the elevator is driven 
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toward *1° (nose down] from the trim position producing a step increase 

in stick force. The normal stick kicker actuation point is slightly 

below the angle of attack for neutral stability. The actuation angle 

of attack is 13.8° for zero pitch rate, and 20o/sec pitch rate for zero 

angle of attack. Changing the kicker setting to lower values was 

considered for the NF-104A to prevent inadvertent pitch-up at very 

high altitude and changing the setting to higher values in order to 

improve the subsonic maneuvering capability was studied for the F-104A. 

The results of these studies were analyzed by plotting maximum angle 

of attack reached as a result of pulling into the kicker at different 

pitch rates and noting the critical pitch rate at which the angle of 

attack overshoot resulted in pitch-up. 

*> 
<* 
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MACH    AfUMOf* 

cgtnctc 
pirci* n*re 

V 

/»/re*   RATg    AT     KICKSx.   fiCruATiON 
(Jei  /*ec) 

This critical pitch rate was affected by several parameters; dynamic 

pressure, elevator trim position, Mach number, and kicker setting. 

Understanding the effects of these parameters was important in the 

NF-IÜ4A flight test program and the F-104A strake tests. 
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It was found that as dynamic pressure decreased,, the 

angle of attack overshoot increased following a stick kicker actuation, 

thus a lower dynamic pressure decreased the critical pitch rate for 

pitch up and thereby caused the stick kicker to be less effective in 

preventing pitch-up,, 

Since the kicker moves the stabilizer one degree forward 

of trim,, as the aircraft is trimmed to higher angles of attack» the 

kicker becomes less effective and critical pitch rate is reduced« in 

fact if the aircraft is trimmed above the kicker actuating angle of 

attack, the kicker becomes completely ineffective. 

Mach number is important in that the maximum pitching 

moment required to pitch the aircraft up increases with Mach number. 

This increase is abrupt at Mach one, and thus it is significantly 

harder to pitch up when supersonic  Forward c.g, also results in 

larger stabilizing pitching moments and higher critical pitch ratesc 

As expected, reducing the kicker actuation angle of 

attack and pitch rate increases critical pitch rate for pitch up 

Increasing the kicker settings reduces the critical pitch rate, 

however, it was found that kicker settings as much as 2,5° above tue 

angle of attack for neutral stability were adequate in preventing 

pitch up for most normal flight conditions 

A reaction control system nose down kicker firing at 15° 

angle of attack was evaluated on the simulator  This RCS kicker 

increased critical pitch rate at low dynamic pressure^ and it was 

incorporated in the NF-104A to reduce the possibility of inadvertent 

pitch-up at high altitudes, 
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■ 'S 
<.    Handling QuaJnies Study at Low Dynamic Pressure 

An F 104A enetered an inadvertent spin at the top of a zoom 

at a dynamic pressure (q) of about 8 psf0 and the pilot was unable to 

recover. The pilot bailed out safely and his comments indicated that 

he did not feel the pitch up and spin were a result of a simple increase 

in angle of attack beyond the pitch up angle of attack  Near the peak 

altitude he felt what he thought was a kicker, he pushed forward on the 

stick generating a large downward pitch rate no avoid a pitch-up» The 

airplane yawed left and became uncontrollable, and the subsequent man- 

euver eventually stabilized m the spin. The five degree of freedom 

simulation was then used in support of the accident investigation to 

study the low dynamic pressure 'q.i handling qualities0 Two significant 

results were found. First, it was found that the damping became negative 

as q became very low because of one of the terms in the damping formula 

s 

sm  * 
-g ^r— cos 9P 

which became dominant at low q   Thus at low q .. a dynamic lateral - 

directional instability was found  Secondly,- and more important<< it was 

found that the engine gyroscopic effects which couple pitch rate into 

yawing moment and yaw rat« into pitching moment became significant at 

low dynamic pressure where aerodynamic restoring forces became low, For 

example» in the F'104A accident a nose down pitch rate probably produced 

a left yawing moment due to gyroscopic coupling  Since q was low, the 

aerodynamic restoring moment m yaw was not great enough to overcome the 

gyroscopic yawing moment, and a left yaw rate developed  The development 

of a large sideslip angle caused an aerodynamic rolling moment^ and the 

aircraft soon became uncontrollable  Both gyroscopic effects and aero- 

dynamic effects were equally significant at the low q encountered, and 

the aircraft controls were not effective enough nor was the pilot trained 

to handle both effects  Duplicating on the simulator the F-104A pilot 

inputs which occurred prior tu the spin entry resulted in the uncontroll- 

able maneuvers described by the pilot  Reference 5 gives more detail on 
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gyroscopic effects.    Reference 13 describes the F-104A accident and 

gives the analog simulator results. 

It was then decided by the NF-104A test engineer to use 

the simulator to help define a minimum dynamic pressure to which the 

NF-104A should be zoomedr    This minimum dynamic pressure would then 

be verified by flight test.   Defining criteria for evaluating what 

dynamic pressure should be the minimum was somewhat a matter of pilot 

judgment since the aircraft had been flown to very low   q   and con- 

trolled by use of the reaction control system,,   (RCS).    It was also 

noted that if the body rates were kept very low, a zoom below 10 psf 

could be safely accomplished without RCS.    The criteria adopted were 

that the pilot should be capable of recovering from the coupled man- 

euver which results when tM stick kicker is actuated by using only 

aerodynamic controls and no rudder (and without RCS).    The selected 

trim conditions were 5° angle of attack at Mach 1.0,    The minimum   q 

arrived at on the simulator was around 20 psf.    The trend toward 

dynamic instability caused by the 

sinit cos  6 g-i ~ 

term became noticeable about q = 15 psf.    The mechanical simulate     cf 

the stick kicker was considered inadequate for a realistic evaluation, 

and consequently the flight test verification of minimum q was made by 

an incremental approach starting at about 40 psf.    This was done despite 

the fact that the pilot had successfully flown the aircraft at lower 

dynamic pressure with reaction controls after repeated kicker actuation. 

The flight tests verified that the minimum q for satisfactory handling 

qualities   was   about  20 psf.    At this qr  the reaction control training 

was fairly realistic if the aircraft was flown at the trim angle of 

attackr    Thus corrections with the RCS were made about aerodynamic trim 

conditions at q > 20 psf. 
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;f IV.    THREE DEGREE OF FREEDOM SIMULATION DESCRIPTION 

a. General Description 

The three degrees of freedom simulated were horizontal 

motion, vertical motion, and pitching motion.    Therefore, this simulation 
was programmed with lift, thrust, drag, weight, moment of inertia, 

pitching moment, and center of gravity location.    The simulation was 
suitable for studies of wings level performance and longitudinal control 
characteristics. 

b. Equations of Motion 

Equation of horizontal motion (stability axes); 

e 

mV ■ T cos a ' D - g sin y 

Equation of vertical motion (stability axes): 

Equation of pitching motion (body and stability axes): 

Q-f 
y 

Angular relationship for wings level attitude: 

• 0 
Y"Q-o;   Y "ö-a 

Calculation of lift: 

L-(CL ♦ CL a)qS 
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Calculation of dra^: 

D » jc. ♦ Ä. C2 *  AC. ♦ AC.        \ qS 
\ o  C        speedbrakes    drag chute j 

I 

Calculation of pitching moment: 

M ■ C    ♦ C^  öO ♦ C, ACg. ♦ AC qSC 
\ m(a)   m6e 

e   L        "drag chute / 

Calculation of maximum afterburner jet thrust (zero above 

72,000 feet) 

dTJ TJ • -air(h " 72'000) + ATJ 

Rocket Thrust: 6250 lbs 

Rocket Burn Time: 103 Seconds 

Rocket Thrust Line: 9° below the positive body x axis 

c. Weight, e.g., and Moment of Inertia 

The weight and eg. were programmed as variables using the 

data given below» This data were obtained from Figures 29 and 30.  g was 

used as a constant. 

Empty Weight 13,950 lbs 

Max, Gross Weight 22,000 lbs 

JP-4 Capacity 5,000 lbs 

Rocket Fuel Capacity 

(H202) 2,600 lbs 

JP-4 Mass Flow Rate .194 slugs/sec 

H.O Mass Flow Rate .842 slugs/sec 

e.g. Movement rate(jet only) .000169 (per sec) 

e.g. Movement rate(rocket only).00176 (per sec) 

Moment of Inertia (I) 70,800 (slug ft2) 
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f d. Flight Control System 

The stick signal« trim signal, and damper signal were 

summed and used directly as the elevator signal. 

Elevator Limits 

Stick Command Limits 

Trim Command Limits 

Damper Command Limits 

Damper Gain 

♦50. -17° 

♦6°, -17° 

♦2°, -11° 

♦1°, -1° 

6e 
»- ■ .095 deg/deg/sec 

The pitch reaction control system consisted of manual 

system, a damper system, and a kicker system. The manual system fired 

two reaction jets, and the damper system fired one. The kicker fired 

the two nose down jets when a exceeded 15 degrees. 

4| r 

Manual RCS Conuand 

RCS Damper Command 

RCS Damper Dead Band 

RCS Kicker Actuation 
Angle 

Q ■ 4.5 deg/sec 

Q 

Q 

a 

2.25 deg/sec4 

♦ 2 deg/sec 

15° 

e.    Atmosphere 

Using the U.S. Standard Atmosphere, 1962, standard density 

and temperature were programmed into the simulation.    Non-standard tem- 

peratures were accounted for by computing an equivalent altitude increment 

corresponding to the increment of non-standard temperature.    This altitude 

increment was then added to the standard altitude before air density was 

computed. 
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h « hs * ' 
ih 

x 104 
AT
a 

Ah ■ 2,09 
a 

Ts 

T 
s 

^ 217° 

Ah » 96.3 &Ta 

p > stored function of altitude  (h) 

The non-standard temperature increment was added to the standard 

temperature, and the speed of sound was computed using the total 

value. 

T   ■ T    ♦AT a       s a 

a » 65.6 /T'TT) a 

f. Drag Chute and Drag Brakes 

AC, for drag brakes was .052 

AC, for drag chute was ,4 

With drag chute deployed, the pitching moment curve was 

described by the following equation (e.g. > .25): 
3C 

c«-c«   *1C7CL 
0     L 

C« - • .12 m 
o 

*r"" '373 
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g.    Cockjüt 

The cockpit used during roost of the simulator work was the 

X-20 centrifuge cockpit,    A side-arm controller with a trim dial was 

used for pitch control»    An NF-104A RCS stick was also used.    A three 

axis attitude indicator displayed pitch angle.    Angle of attack, 

altitude, Mach number, and rate of climb were presented in the cockpit. 

A drag chute switch and speed brakes switch were also provided:    Since 

the three degree of freedom simulator was used primarily for performance 

studies,  a true cockpit simulation was not of primary importance. 

V.    FIVE DEGREE OF FREEDOM SIMULATION DESCRIPTION 

a.    General Description 

An analog computer simulation in five degrees of freedom 

of a rigid body F-104 was developed.    The five degrees programmed were 

three rotational degrees (pitch, yaw,   and roll) and two translational 

degrees  (angle of attack and angle of sideslip).    Angle of attack and 

sideslip were considered as translational degrees of freedom due to 

their derivation from force equations.     (See Appendix 4) 

The sinualtion was used with a static cockpit in which 

a, 3,   g» and the aircraft attitudes were displayedc    The simulation 

could be controlled in roll, pitch, yaw, and rate of climb with a two 

axis side stick and rudder pedals.    The simulation was suitable for 

studying the handling qualities in all axes at a fixed Mach nurober and 

altitudeo 

Altitude and Mach number were held constant but could be 

set to any values.    The aerodynamic coefficients, weight, moments of 

inertia, and eg,  position were set for each desired flight condition, 

and it was necessary to change these parameters when a new Mach number, 

weight, or eg,  was desired 
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k° Equations of Motion 

lo  iranslational Equations of Motion 

(Derivation of these equations is in Appendix 4). 

The translationaJL equations of motion used in the sim- 

ulation were 

(C, cos a ♦ Cn sin a ) 3* ♦ g COS *  COS e = Pß * Q L        D       mu       mu x 

\ 3l , i iSE^iL^S^-l. ♦ S -    C        «    ^  C      L^ ^ » fe Z^LJL^ZZJL ♦ Pa ^ R 
•   « r v mil mil 

5r 
y.      r       y.       mu mu 

o_ ß 

2u    ^tational Equations of Motion 

(Derivation of these equations is in Reference 12) 

The rotational equations of motion    including engine 

gyroscopic effects (Appendix 5)    used in the simulation were; 

2 

QR  (1^       Iyy.   -  (R  -  QP)   (Ixz) 

Iyy Q -   (Cn(a)   * C        6e . CL&Ct,gO  qSc *  (CO) ^ 

e ^ 

PR (I I    J  * (R2  ^  P2)   I      -  IflR 
XX 2Z '      XZ 

130 



■„ » • \>  * \  ä. * V 4r' & ' <\* * C»I)
P' ^ 

v PQ Clyy  ixx) * P (i„) * inQ 

Wher« Cn8 -^        * Cy ^ÄCogo) 

0c.go - o25    ß 

These equations were solved in the body axis system» Solution of these 

equations yields angular rates in radians per second. 

Principal axis moments of inertia were obtained from 

Figure 31, The moments of inertia were transformed to body axes by use 

of the following equations; 

K * 1 lK   * 1,  ^ 4 J lK   '  ^ ^cos 2e A    A    Ap      2.p      i AQ      £p 

2   ^   2p    Xp    ^   
zp    Xp 

XZ   2 v 2n    X 
i 

I«, " T C1.  = 'v ) sin 2« 
P    Xp 

Where e is the angle between the body x axis and the principal x axis, 

and e is positive when the body x axis is above the principal x axis at 

the nose of the aircraft, 

3.. Euler Angles 

The Euler angle equations used were: 
o      r. 

$ « )j» sin | ♦ P 

I . Q »in » ♦ R cos » 
r       cos 

9 ■ Q cos ^ • R sin ^ 

/ 
/ 
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c, flight Control System 

1„ Basic Contro1s 

a. Deflection Limits. 

d  « 17° to ■» 5' 
c 

6   iOc to • 1U3 
a 

6   6" to ♦ 6- 
r 

bo Elevator Stick Authority; 

It was possxbie to attain *70„  ~17„50 elevator travel, 

providing that trim was not such that the elevator reached a limit before 

stick travel limits were reached 

c. Trim Authority 

6  ♦ 2' to   IT 
eT 

Aileron trim was not simulated. 

d' Rate Limits 

6 limited to ♦ 20o/sec 

6 f 6 rate limits were not simulated 
a  r 

2, Damper System 

a. General; 

The flight control system dampers were approximated by 

the following transfer functions. 

\ 
-TT" " Ü95 deg/deß/äec 
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M .0294S ..    , „ 
r" {.1155 ; i)    deg/deg/$ec 

rd „       1.46S .     ..     .„ 
T" (.6855 ♦ 1)    deg/deg/sec 

b.   Damper Limits: 

6.   ■ ♦ 1° 
ed    ~ 

6 , 6   damper limits were not simulated 

3.    Reaction Control System and Dampers (NF-104A only) 

a.   The reaction control system was an "on - off" system 

which provided airplane control at low q areas through a reaction force 

which produced an angular acceleration about one of the body axes, 

ba    The values used in the simulation of the reaction control 

system were, 

Controls 

P > 25.00 deg/sec2 

2 Q > 4,50 deg/sec 

2 R • 4,50 deg/sec 

Dampers 

P > 12r50 deg/sec2 

Q > 2,25 deg/sec2 

R * 2.25 deg/sec2 

Dead Band 

P » ^ C5 deg/sec 

Q ■ ^   2 deg/sec 

R » ♦ .2 deg/sec 

c,    A "shut-out" control was simulated, preventing the 

occurrence of damper inputs while the manual RCS controls were in use. 

133 

mm ä 



4.    Stick Kicker 

Although the movement of the stick following kicker actuation 
was not simulated, the effects of the stick kicker were simulated. 

Angle of attack and pitch rate were sensed and the elevator 

was deflected ♦1° trim elevator position when the critical or pitch rate 
was reached.    This deflection was maintained until the stick was returned 

to the neutral position by the pilot»    A wash-out effect on the sensed 
pitch rate was also simulated.   The wash-out time constant was .5 seconds. 
The critical combination of angle of attack and pitch rate which fired 

20 the kicker was -n—   a + Q <■ 20.    For example,  13.8° a or 20o/sec pitch 
rate caused kicker actuation. 

d.    Cockpit 

1. Displays 

An X-20 centrifuge cockpit was used with the simulation in 

which were provided the following displays: 

a. Angle of attack on a strip indicator and on the attitude 

indicator as a horizontal bar. (ILS needle). 

b. Angle of sideslip on a strip indicator and on the 

attitude indicator vertical bar, (ILS needle). 

c. Pitch, yaw, and roll angles (Euler) appeared on a standard 

3 axis attitude indicator. 

d. Normal acceleration appeared on a dial indicator. 

2. Pilot controls were provided through a two axis sidearm 

controller, providing elevator and aileron control and standard rudder 

pedals for yaw control, 
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APPENDIX    I 

SYMBOL INDEX 

NOTE    F-104A reference dimensions were used in the simulation 

SYMBOL DEFINITION "NITS 

deg or rad a Anj;lc of attack 

ä Sideslip angle 

P Roll rate 

Q Pitch rate 

R Yaw rate 

* Roll angle 

e Pitch angle 

« Yaw angle 

Y Flight path angle 

M Pitching moment 

c„ Pitching moment coefficient 

0 

c Wing cord length 

V Total velocity 

fTc 
N 

yy'  xx'  zz 
Moments of inertia about Y,   X,  Z axes 

deg or rad 

deg/sec or rad/sec 

deg/sec or rad/scc 

deg/sec or rad/sec 

deg 

deg 

deg 

deg 

ft lb 

m 
V 

i C  foO Pitching moment coefficient as a function 
| of (a) 

3 Cm 
C Ulcvator effectiveness derivative =          per degree 

mx n A 15 3 o e e 
as 

C Longitudinal damping derivative   3 C per degree 

9.55 feet 

FPS 

Slug ft2 
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SYMBOL 

xz 

£ 

C 

DHFINITION 

Cross product of inertia 

Rolling moment 

Rolling moment coefficient 

Rolling moment derivative due to ß = -—• 

Aileron effectiveness derivative ■ *-»■=■ 
a 

Rudder cross control derivative = ,—j— 

Lateral cross damping derivative = —«~ 

2V 

)C 
Lateral damping derivative » —£ 

i Pb 
"27 

h'ing span 

Yawing moment 

Yawing moment coefficient 

3 C 
Yawing moment derivative due to ß « —-— 

i P 

3 C 
Aileron cross control derivative = r-r— 

a 

) C 
Rudder effectiveness derivative = .—r— 

3 C 
Directional cross  damping derivative « —RT- 

UNITS 

slug ft2 

ft   lb 

per degree 

per degree 

per degree 

per degree 

per degree 

21.9 feet 

ft Lb 

per degree 

per degree 

per degree 

per degree 
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SYMBOL 

P 

q 

s 

m 

6 

h 

h 
s 

T 

r 

a 

T 
s 

AT 
a 

a 

D 

Cd 

3Cd 

\2 

DEFINITION 
_» 3Cn 

Directional damping derivative « -m- 

Air density 

Dynamic pressure 

Wing area 

Mass 

Elevator deflection 

Aileron deflection 

Rudder deflection 

Altitude 

Standard day altitude 

Total thrust 

Jet engine thrust 

Rocket engine thrust 

Ambient temperature 

Standard day temperature 

Nonstandard temperature increment 

Speed of sound 

Drag 

Drag coefficient 

Drag coefficient slope 

Zero lift drag coefficient 

UNITS 

per degree 

slugs/ft 

lbs/ft2 

196.1 ft' 

slugs 

degree 

degree 

degree 

feet 

feet 

lb 

lb 

lb 

0K 

0K 

0K 

ft/sec 

lbs 
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SYMBOL DliFINITIDN UNIT 

L Lift lbs 

C Lift coefficient 

C. Zero    lift coefficient 
o 

C. Lift curve slope per degree 
'a 

e.g. Center of gravity fraction of c 

^C.R. (C.R.  -  .25) fraction of c 

n Engine RP.'I rad/sec 
100?. = 781 raü/sec 

I J-79 engine moment of inertia 18.16 slup  ft" 

c Angle between  the body x axis and the principal x axis; 
positive when  the body x axis is above  the principal x 
axis at the nose of the aircraft. 

1,1     ,1 Principal moments of inertia slug ft" 
XP      yP      ZP 

-> 

■ 

I 
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APPENDIX 2 

AERODYNAMIC DATA 

SOURCES 

The two primary sources of data were Lockheed Report 

No.  10794 (Reference 8) for the F-104A, and the two Lockheed NF-104A 
reports (References 6 and 7).    LR 10794 is a complete aerodynamic 

description of the F-104A except for drag.    The two NF-104A reports 
contain lift» drag, and pitching moment data through the entire Mach 

range» and C-   and Ci    only at M ■ 1.43 and above.    For the three 
degree of freedom simulation»  the lift, drag, and pitching moment 
data came from the NF-104 reports, and the elevator effectiveness and 
the      pitch   damping coefficients came from LR 10794.    For the five degree 
of   freedom simulation, all data below M - 1.43 was F-104A data.    Above 

Mach 1.43,  lift, pitching moment, (^    and Cj   were changed to NF-104A 
data, but all other data were F-104A data. 

Two recent sources of F-104A data were used to up date 

the five degree of freedom simulation.    Lockheed provided lift and 
pitching moment data through the entire Mach range to update LR 10794. 
In connection with an F-104A strake evaluation, some lift, pitching 
moment, C     and C,    data were obtained from NASA LAngley for the F-104A nß 18 
both with and without strakes.    This Langley data covered the Mach 
numbers .5,   .8,  .9, and 1.03 and is contained in a Lockheed report 
(Reference 9),    Updated values of Cn    and Ci   were also obtained 
from flight tests at Mach numbers above 1,3. 

It should be pointed out that both NF-104A and F-104A 
performance studies done on the three degree of freedom simulator 
used the same data.    Also, both F-104A and NF-104A handling qualities 
studies made at Mach ,5 up to 1.03 used the Langley strakes-off 
data for the F-104A. 
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DETAILED DESCRIPTION OF PROGRAMMED AERODYNAMICS 

The data which were prograomed were obtained from a 

combination of the referenced wind tunnel data and flight test data. 

In the areas where simulation effec    -»ere known to be minor, approx- 

imations were made to the wind tunnel data in order to program it on 

the analog computer.    The data presented in the Figures in Appendix 

III represent the combined wind tunnel data (after approximations 

were made) and flight test data which were programmed on linear 

segment diode function generators on the analog computer. 

FIVE DEGREE OF FREEDOM SIMULATION 

The same control derivatives were used for F-104A and 

NF-104A (LR 10794),    The elevator effectiveness was considered to be 

a linear function of a at Mach numbers 1.4 and below. 

C       ■ K. a ♦ K- ♦ {AC       6    (positive 6   only)} m. i i. m,     e e 
e e 

K. and K. are functions of Mach number (Figure 2) „ AC  6 (Fig 2) 
*    * m,  e 

6e 
was a factor added only for positive elevator deflection, and was 

obtained from NASA RN A57-K05,    For five degree of freedom studies 

above M > 1,4, C       was considered to be independent of 5   and a, and 

\ 

was given as a function of Mach only (Figure 3). C   was switched to 

"«e 

zero at a ■ 22°. The other control derivatives were converted to body 

axes and used as functions of Mach number only (Figure 4). Above Mach 1.2 

the difference between stability and body axes was neglected, and the 

control derivatives were used as functions of Mach number only and were 

taken directly from LR 10794. 

t 
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■cr V 

4» 

The damping derivatives were taken from LR 10794.    The pitch 

damping derivatives C     and C     were added to get C and mul- 

tiplied by Q to get a AC „    C was considered    to be a function 
m   m(Q*;) 

of Mach number only (Fig 5), The lateral-directional damping deriva- 

tives were taken from LR 10794 and converted to body axes. Below 

Mach 1.2 C  and C. were considered to vary linearly with a. C np    ^p ^p 
also varied with Mach number, but the variation in C. with Mach 

P 
number was neglected. C  and C  were considered to be functions 

R R of Mach number only, 

C     ■ C -  o03a np       np 
(o - 0) 

C      » -   „4 ♦   o026o 

C.  , C     and C as functions of Mach number are given 
R     ^ "V.O) 

in Figure 6.    Above Mach 1,2, the variation between stability axes and 

body axes was neglected, and values of damping derivatives were taken 

directly from LR 10794 at each Mach number. 

For both the F-104A and the NF-104A, the lateral-directional 

static stability parameters C.    and C     were obtained from the Langley 
A, n3 

data at Mach 1.03 and below.    They were programmed as functions of angle 

of attack at each Mach number (Figs 7, 8, 9, 10).    Above 1,03, the 

effect of angle of attack was neglected and the data from NF-104A 

flight test were used (Fig 11)o 

For both the F-104A and NF-104A, the pitching moment curves 

were taken from the Langley data at M ■ 1.03 and below (Figs 12, 13, 

14, 15). The updated LR 10794 data at Mach 1.4 (Fig 16) were used at 

Mach 1.4 and above since the longitudinal characteristics are similar 

at high Mach numbers, and the handling qualities studies in this Mach 

rang« were lateral-directional and not longitudinal. 
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For both the F-104A and NF-104A, the lift curves at Mach 

1.03 and below were from the Langley data (Figs 17, 18, 19 and 20). 

At Mach lo4 and above, the Mach 1„4 lift curve from the updated LR 

10794 were used (Fig 21)„ Since drag was of oily secondary importance 

in the five degree of freedom simulation, only one drag curve was 

used for all Mach numbers (Fig 22). 

Three Degree of Freedom Simulation 

The elevator effectiveness was obtained from LR 10794 and 

programmed as a function of Mach number only (Fig 3), except that C m& 
e 

varied linearly from -,0185 at a = 22° to zero at a «= SO0. 

The pitch damping derivative was obtained from LR 10794 and 

programmed as a function of Mach number only (Fig 5), 

The pitching moment curves for zero elevator deflection were 

obtained from the NF-104A reports and programmed as a function of a 

at several Mach numbers o    The proper pitching moment was fed into the 

simulation by interpolating between the Mach numbers at which data 

were stored (Fig 23),,    Above angle of attack of 22°,  only one set 

of data was used, and the curves for all Mach numbers were faired 

to this single curve between a of+ 18° and 22°. 

The lift data were also obtained from the NF-104A reports, 

and C     was stored as a function of Mach number (Fig 24), and C 
a o = 0 

was -.03.    For angles of attack greater than 18°, C.  was limited to 

its value at a > 18°. 
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J The drag was obtained from the NF-104A reports and was 
programmed as: 

8Cd   2 

*V 

ac 
T 

*L 

3Cd 
where Cd and -^-j. were functions of Mach number (Figs 25, 26). 

The thrust was obtained from the J-79 engine manual and 

was programmed as: 

T - ijjL (h - 72,000) ♦ AT (h) 

where -n- was a function of Mach number and AT(h) was a function of 
altitude (Figs 27, 28)„ 
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APPENDIX 3 

FIGURES 

FIGURE TITLE 

1 Axis System and Sign Convention 

2 Stabilizer Effectiveness Functions, LR 10794, F-104A, 
e.g.  * .25c 

3 Stabilizer Effectiveness«  F-104A,  LR 10794,e.g. "  .25c 

4 Rudder and Aileron Control Derivatives», e.g. ■  .25c 

5 Pitch Damping Coefficient,  F-104A, LR 10794, e.g. ■  .25c 

6 Yaw and Roll Damping Functions vs Mach Number,  Body 
Axes,   LR 10794, c„gn  »   ,25c 

7 Mach ■ l,03c Strake Study,  Langley Data, F-104A# 

C      ■•• C.    vs Op Body Axis,  e.g.  a  ^Sc 
"ß ß 

8 Mach »  ,9, Langley Data,  F-104A,  Strake Study, 

C      and C.    vs os  Body Axis,  e.g.  = ,25c 
"ß 8 

9 Mach « .8, Strake Study,  F-104A,  Langley Data^ 

C      and C,    vs a, Body Axis,  eg.  » 025c 

10 Mach » öS,Strake Airplane,  F-104A, Langley Data, 

C      and C.    vs a,  Body Axis,  e.g.  = .25c 
nB 6 

U NF-104A Flight Test Data, C      and C,    vs Mach Number, 
^ß ß 

Body Axis, eg, =  »25c, Speed Brakes Extended 

12 C    vs o, Mach * 1,03,  Strake Airplane, Langley Data, 

F-104A,c.go » o25c 

13 C   vs a. Mach * „9, Strake Airplane, Langley Data, 

F-104A,  e.g. ■ .25c 

14 C    vs a. Mach > „8, Strake Airplane, Langley Data, 

F-104A, e.g. « o25c 
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15 C   vs a,, Mach > .5, Strake Airplane, Langley Data, 
in 

F-104A,, e.g. « .25c 

16 Cn vs a. Mach 1.4, Updated LR 10794, F.104A, e.g. ■ .25c 

17 CL vs a. Mach 1.03, Strake Airplane, Langley Data, F-104A 

18 CL vs a, Mach .9, Strake Airplane, Langley Data, F-104A 

19 CL vs or Mach „8,, Strake Airplane, Langley Data, F-104A 

CL vs o, Mach öS,, Strake Airplane, Langley Data, F-104A 20 

21 CL vs a, Mach 1.4C F-104A, Updated LR 10794 

22 C- vs a, F-104A, AU Mach Numbers (5 Degree of Freedom 

Simulation Only) 

23 Pitching Moment Coefficient, NF-104A Data at a<220, 

e.g.  ■  <,25c 

24 Lift Curve Slope NF-104A Data vs Mach Number 

25 Zero Lift Drag NF-104A vs Mach Number 

3CD 26 NF-104A Datq, Drag Slope, g^vs Mach 

L ÄTJ 27 Analog Thrust Generation, Thrust Slope -n—. vs Mach 

AT 
T. ■  (—Hh - 72,000)  ♦ AT.,  h <  72,000 

J        Ah J 

Standard Day 

28 Analog Thrust Generation, A Thrust vs Altitude 
AT 

TJ ' (Äir) (h' 72»000J * ATj»h *72'000 

Standard Day 

147 



r 

29 

30 

31 

Center of Gravity Travel With Reaction Fuel, NF-104A 

Center of Gravity Travel Without Reaction Fuel, NF-104A 
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APPENDIX 4 

DERIVATION OF THE TRANSLATIONAL EQUATIONS OF MOTION 

The basic equation was; 

F"m3t 

or     f ■ m (V t ♦ u x ^) 

Now     w x ^ ■ i fQw  Rv) ♦ j (-Pw ♦ Ru) * t  (Pv - Qu) 

and     vt «lu + jv + icw v 

P   * (u ♦ Qw - Rv)ra (1) x 

and     f   ■ (v - Pw ♦ Ru)m (2) 

and     ? » fw * Pv - Qu)m (3) 
it 

From equation (2) 

P « (v - Pw ♦ Rujin 

f 
-X - I - PÜ ♦ R 
mu  u   u 

The small angle assumption was made, 

v    v   • 
u   ' u 

I 



and w      A 
u    ' u 

-X- ft 
mu ß - Po ♦ R 

g s Jl ♦ Pa , R 

But     F * C qS ♦ g sin $  cos 6 

(C   6 ♦ C 8) qS ♦ g sin ^ cos 9 

qS  g sin ^ cos 6 c ß-(C   6*C  S)^-* B •"" T — - ♦ Po - R 
6r      ß 

From equation (3) 

£ ■ (w ♦ Pv - Qu) m 

2   W   Pv   rt   « — ♦ Q 
mu  u  u   ^ 

As in equation (2) 

-£ » a ♦ Pß - Q mu      ^  x 

or 
mu      ^ 

But 

and 

C qS 
F    z   + g cos 0 cos 6 
z   mu      mu 

C ' - C cos a - C sin o 

i - C- Cf cos a- Cn sin a) & *  ? COS.t cos 9 - Pß * Q D mu mu 
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APPENDIX 5 

JET ENGINE GYROSCOPIC EFFECT 

The engice gyroscopic terms IßR and IßQ were added to the normal 

aircraft rotational equations by taking the angular momentum of the jet 

engine into account in the derivation of the moment equations.    Total 

aircraft moment (M.) expressed as the rate of change of total aircraft 

angular momentum (tL) has been expressed in vector form as: 

dilj,     dHT 

V-at ■-3ttHT 
+ uxil^ 

where:        Uj. - HA ♦ He 

t,.   " unit vector in H_ direction 
HT T 

u - aircraft angular velocity 

w-Pt   + Q t„ ♦ R t x     ^   y z 

it. ■ airfraae angular momentum 

tt ■ angular momentum of jet engine c 

it   ■ I    fit    (in body axis x direction) 
0 X 

The engine gyroscopic terms are included in the w x it   term.    The terms due 

to engine gyroscopic moment are: 

w x it   - IflR   I    - IflQ t e y z 

These two terms are added to the moment equations written about the 

y and z axes. 

182 



APPENDIX 6 

WIRING DIAGRAMS 
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