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ABSTRACT 

The results of an in-flight investigation of the short-period handling 
qualities requirements  for the up-and-away portion of the mission of a wheel- 
controlled airplane with a  low to medium load factor are reported and discussed. 
Two groups of configurations with constant short-period damping  ( £jp ~ .7)  but 
different "^./a's and '/^g^s were investigated.     A brief study was conducted 
to determine the effect on the airplane handling qualities of variations  in 
stick motion per normal acceleration and the PIO tendencies resulting from a 
reduction in short-period damping from ^o ^  .7 to ^o » .1.    The results  are 
presented in terms of pilot  rating and pilot comment  data.    Comparisons with 
the proposed Recommendations  for Revision of MIL-F-8785(ASG)  "Military 
Specification - Plying Qualities of Piloted Airplanes" are made and the data is 
correlated with various  suggested short-period handling qualities criteria. 
The vehicle used for the in-flight evaluation was a three-axis variable stability 
T-33 equipped with a wheel controller. 
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^ SECTION  I 

INTRODUCTION 

The purpose of the investigation reported herein was to examine the 
longitudinal handling qualities  fn- a selected range of dynamic flight charac- 
teristics for an airplane with a  low to medium limit  load factor utilizing a 
wheel  controller.     The parameters varied were W« ,   ^^ and f  / >r,. 

This experiment was designed primarily to support concurrent work being 
performed on Reference  1,  "Recommendations  for Revision of MIL SPEC-F-8785 
(ASo) Military Specification - Flying Qualities of Piloted Airplanes."    Much 
work has been done to define the longitudinal handling qualities of airplanes 
in terms of short-period frequency and more recently in terms of short-period 
frequency and ^I/OL ■    Unfortunately this work has been divided between low to 
medium load factor airplanes with wheel controllers operating at  low values of 
>?,/<* (max * 12)  and high load factor fighter type airplanes wi:h center stick 
controllers operating at high^./^'s.     For this  reason the present experiment 
was conducted to extend the investigation of wheel-controlled airplanes with 
low to medium  load factors to higher values of n /a . 

This was accomplished by installing a wheel controller in a variable 
stability T-33 airplane,  defining a flight mission compatible with a  low to 
medium load factor airplane and establishing a moderate maximum  -.llowable "g" 
limit. 

In support of Reference 1,  the MIL-F-8785 revision,  each  configuration 
was evaluated twice.    The first evaluation was performed at a fixed value 
of F£W/ 'Ht    •     This   fixed value was  constrained to  lie within the ^ / ^j 
limits of Reference  1 and varied as a  function of «Jjp   according  to the results 
of Reference 2.     On  the second evaluation,   the pilot was allowed to select 
the value of ^^/rt    he considered to be  the optimum.     The  two results  arc 
compared. ' 

Additional objectives of the program were to take a brief look at pilot- 
induceJ oscillation   (PIO)  problems as they relate to a wheel controller and to 
examine variations  in pilot opinion with changes in the wheel motion gradient 
while holdinr stick force per "g" constant. 

This  report  includes a detailed description  of the experiment,   eval- 
uation procedure,   test program and equipment  used,  and discusses   the maneuvers 
performed and the airplane parameters varied.     The experimental  results are 
presented in the   form of pilot  comments  and pilot  ratings. 



SECTION  II 

TECHNICAL DISCUSSION 

To adequately describe the effect of varying any handling qualities 
parameter,   it would be  ideal   if the effect of the varied parameter could be 
directly related to the airplane responses the pilot  is  attempting to control. 
Although much work has been done to define which longitudinal response, 6 , 77 
orqi,   is most  important  in a particular flight  regime  there  still remains     ° 
considerable controversy as  to which is best.    Much original  longitudinal 
handling qualities work. References 3-5,  attempted to define acceptable longi- 
tudinal  handling qualities  in terms of the longitudinal  transfer function 
denominator characteristics,   i.e.,  assuming constant  speed,   in terms of short- 
period frequency and damping.     More recent handling qualities research.  References 
6-10,  have shown the importance of the parameters^    , 1/   and ".*/«c as well  as 
wSP and^p .     As  indicated in Reference 7,   it  is equally important to specify 
desirable numerator characteristics as it is to specify denominator character- 
istics . 

References 5,  8, 9 and  12  indicate that the pitch rate response is of 
primary importance during low-speed maneuvering and that the control of normal 
acceleration is of primary importance at high speeds.     This  leads to the 
conclusion in References 8 and 9 that the short-period frequency should be a 
function of ^ at low speeds,   (when»-./«^ is  low), and a function oin^joc when 
n,/cLis  large.    Reference  12  attempts to combine the effects of the pitch rate 
and normal acceleration responses to a step stick force command that  is a 
weighted sum of both ^ and  77, .     This combination of responses  is further 
developed in Reference  13 to define a relationship between  initial pitch accel- 
eration and steady state normal acceleration.     References   10 and 13 relate this 
parameter to short-period frequency and 'T./* •     The present report will show 
the correlation of the experimental data obtained during this  investigation 
with each of the recommended criteria. 

Reference 6 showed through a ground simulator program that a change in 
true speed at a constant ^at caused a variation  in pilot  rating.    The changes 
in -t-oc or ^/T^Hn the present  investigation were obtained through a variation in 
velocity,  therefore it is difficult to determine what  change is most directly 
responsible for the variation  in pilot rating,   i.e.,  the change in y^or the 
change  in true velocity.    Unfortunately, all in-flight variable stability 
handling qualities data obtained at different values of^-ctor v^ have used a 
speed variation to obtain the desired^ or Y^a^   changes.    This method being 
used primarily because of the performance  limitations  imposed by the large 
altitude changes required to cause a significant change in />   .    With this in 
mind,   it  is worthwhile to look at the constant-speed  longitudinal transfer 
functions as they are affected by variations in '/r     and'or velocity. 

Note:        __ =         £—±1—ie—* when the  lift due  to the elevator is 

negligible,       i.e.   j.^ *. o,    //     = 1 
-        ''la      * 



The following simplified transfer functions are developed in Appendix I 
and do not assume that the lift due to elevator deflection, t^ , is negligible: 

6(S) **e(s* ^) 
s* / Z tsp Usp s * 0JSP 

rt+tS) '/     / Mj 

LW       1    V  SX*2$*S* a; JSP 

u (S) -^A 

S    + ZtsP^SP3*  ">** SP 

It  follows  that ^y«. is: 

a.   *    3 ra 

Time histories have been calculated to show the effect on the  longitu- 
dinal responses of varying some of the parameters in the above transfer 
functions.     The input was an elevator step with amplitude adjusted to provide 
the same steady state normal acceleration for each set of responses. 

If ^^ and other factors could be varied without  changing velocity so 
that the«/«*'« transfer function could be kept unchanged,  i.e., ^jp, fj-pand Aij 
remain constant, then the 'V/^t transfer function would change only by a 
proportional  constant but  the ö/^. transfer function would  change  in phase 
as well as amplitude since '//^ appears as a numerator zero.    As shown in 
Appendix  I,   for a sine representation of the short-period oscillatory roots, 
the phase angle of the & response at  the  short-period  frequency can be 
expressed as: 

Sav 
'SP 

V/- 
*;, 

/ 

*s*. 

* t&r? 
-/ (^J7P SP 

'SP 

The ratio of the maximum pitch rate overshoot to the steady state value 
can be expressed as: 

»/w^y 

ss 
1 - VTTP f'ttJ^pty^sP7*)  e SP %' 

*s. -i 
tan 

/ sin fan 

In the time histories shown in Figure 1, the value of/^ has been doubled while 
holding/, «fy, , Jf^, and A*^ constant.  Note that the amplitude of the elevator 
step input has been adjusted to provide the same steady state ^, response.  The 



increased angle of attack response required to produce the same n,  response 
at the lower '/r^  is readily apparent as well as the decrease in pitch rate 
overshoot for the higher '//^ . The phase shift in the ^ response can be 
observed by comparing the relative difference in time between the two peak <9 
values. It can also be seen that there is no change in phase in the «- and 
^7 responses. There is also a large change in the initial pitch acceleration. 

If it were further possible to vary velocity while holding //^ , "^ , 
/JP and ^g  constant, there would be a change in the relative magnitudes of the 

<x. and ö responses with respect to the T, response. The magnitude changes are 
proportional to the velocity change. 

The time histories in Figure 2 show the effect of doubling the velocity 
while holding Vr*   ,  Zjpand "-^constant and adjusting the elevator step input 
to normalize the steady state *, response. Thus the only effect of a change in 
velocity under these conditions is to change the relative magnitudes of the 
responses with respect to each other and does not affect their shape or 
phasing. 

Since it was necessary in this experiment to vary the velocity to change 
VTez,   it is necessary to consider the combined effects that changes in velocity 
and//^t have on the responses. The time histories in Figure 3, which are 
normalized with respect to the steady state v« response, show the combined 
effect of doubling the velocity and y?",, while holding %Sp  and ^^ constant. We 
can conclude that a change in velocity and ^/^ at a constant short-period fre- 
quency and damping ratio results in three major changes. The amplitudes of the 
various responses are changed with respect to one another, the ratio of 6^44 
to dis   is changed and the phasing of the pitch rate response with respect to 
the other responses is changed. Thus for a constant short-period frequency and 
damping ratio, the phase relationship of the responses will vary only as a 
function of '/TQ, .    Also the initial value theorem (Appendix I) can be used to 
show that for a step input ät/<fc - Mfe  . Thus when normalizing with respect to 
"« steady state, a change in velocity directly affects the sensitivity of the 

longitudinal response, and correlating flight test data with &0  to some extent 
accounts for the change in velocity. 

With this background, consider the effect a change in short-period fre- 
quency will have on each of the transient responses while holding the damping 
ratio, ■//^ and velocity constant. The time histories in Figure 4 show the 
effect of doubling the short-period frequency while holding £jp   ,   Yrg    and V 
constant and normalizing with respect to 'T* steady state.  It can be seen that 
the pitch rate overshoot has changed quite markedly and, though not so obvious 
because of the change in period, the phasii g of the 6  response has changed but 
not those of the ct   and ***  responses. The initial pitch acceleration has also 
changed.  Thus a change in short-period frequency at a constant VTQ   ,   £jp   and 
velocity results in a change in phase of the &   response with respect to the 
other responses and a change in the ratio of 6       to 0.P  . 



If we consider for the moment that the pilot  is a linear controller, 
then he is  capable of compensating for the changes  in velocity that occur at 
a constant '/r^j   , ^o and ^o by adjusting his gain;  however, he cannot compen- 
sate for the change in the phasing of the   ^   response that  results from a 
change  in ^^ by changing his gain only.    Since a change in ^J^ at a constant 
C^v and ^ does result in a shift in the phase of the   £   response,  it is 

possible that,  for a change in ^7^   ,  the pilot will   find as optimum the 
short-period frequency that gives the desired phasing of the responses. 

Consider the results of selecting a short-period  frequency that results 
in the same phasing of the responses  at a different ^r^ but at the same 
damping ratio.    The transient responses in Figure 5 which are normalized with 
respect   to   ^»steady state show  the effect of doubling ^7>   , ^jy,  and   / while 
holding /fto constant.     It can be seen  that each of the responses has the same 
shape,   that the initial  pitch accelerations are the same,  that the ratio of 
^Atss  t0    *ss   is a const mt  and,   although  it is  less obvious,  the phasing of 
the responses is the same.    This means that, at a constant short-period 
damping ratio,  a constant value of u;^ %   insures that two of the important 
characteristics of the   ^   response  ( ^^l^ss an^   ^fjfi      J  will be constant. 
Since the phase angle of the   9  response includes the effects of co3p , %SP 

and /^j , this would possibly allow short-period frequency requirements as a 
function of   5jp and vr^   to be expressed in terms of an optimum phase angle of 
the 6/fz   transfer function at  the short-period frequency.    Unfortunately this 
experiment was conducted at a constant  short-period dampxng ratio so that only 
those conclusions that apply to a constant damping ratio can be reached. 



SECTION III 

DESCRIPTION OF THE EXPERIMENT 

3.1 TEST PROGRAM 

The primary purpose of this test program was to study the effects of 
,/T0tt   and ^ , or ^j/ac   ,  on the longitudinal short-period handling qualities 
for a low to medium load factor airplane with a wheel controller. 

The short-period investigation was accomplished by varying the longitu- 
dinal short-period frequency at a constant damping ratio ( ^o ~ .7) for two 
values of ^/a (16.5 and 56.2). The handling qualities were evaluated by two 
different evaluation pilots in a variable stability T-33 airplane equipped 
with a wheel controller. 

The variation in ^/a was obtained by flying the T-33 variable stability 
airplane at two different indicated airspeeds at 5500 feet pressure attitude. 
As shown in Appendix II, 77j/ct and'^/7^ are functions of weight dS  well as air- 
speed. Therefore, speed variations were made as fuel was consumed to keep the 
values of ^j/a and v7^ within acceptable bounds. The average indicated 
airspeeds were 225 knots and 372 knots, corresponding to true airspeeds of 
411 ft/sec and 685 ft/sec respectively. The minimum ?r,/a: (16.5) used was 
aetermined by the minimum speed at which the T-33 could pull 2 g's without entering 
stall buffet. The maximum "«/* (56.2) used in this experiment was determined by 
the maximum speed at which sufficient thrust was available for maneuvering. 

At the lovrr*fac  (16.5), the short-period frequency was varied from 
2 rad/sec to 8 rad/sec. At the high TJ/ä (56.2), the short-period frequency 
was varied from 3 rad/sec to 14 rad/sec. The limitations on the natural 
frequencies which could be obtained were determined by the limitations on 
the elevator gain settings. The variations in damping ratio from a nominal 

%JP   of 0.7 were primarily a function of the accuracy with which the variable 
stability gain setting could be estimated to keep the damping and frequency 
constant as a func' on of fuel remaining. 

The two groups of configurations evaluated had the following nominal 
characteristics: 

Group V<£) '/^(W; ^ ^SP ^/sec) \ 

I 16.5 411 1.29 0.7 2  to  8      | 

II 56.2 68.r> 2.65 0.7 3 to  14    j 

The flight program was conducted in essentially two parts. Each con- 
figuration was evaluated at a fixed value of ^w/^-y-    This fixed value was 
constrained to lie within the few/-*.*  limits of Reference 1 and varied as a 
function of short-period frequency according to the results of the experiment 
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in Reference 2. The desired variation is shown below: 
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The evaluation pilot was then given the opportunity to select the ewf-n, he 
considered to be optimum and evaluate the configuration a second time. The 
value of  SJEW/

71
? 

was held constant at    1 in./g. 

Two additional   in-flight experiments were performed.     One was a brief 
study of PIO problems that  result  for a low value of short-period damping. 
This was accomplished by having one evaluation pilot  evaluate three different 
short-period frequencies at the low  tt/a- and three at the high "»/^ ,  for a 
short-period damping ratio of 0.1.    Each of these configurations was evaluated 
twice,  once at a fixed ^sw/^^ an^ then again at  the ^^/^ selected by the 
evaluation pilot.    The second additional experiment was a study of how 
variations in wheel motion, while holding wheel  force per "g" constant,  affected 
the short-period handling qualities.    This was accomplished by taking a "good" 
low ^,/a. configuration that had been evaluated at  1   in./g and evaluating it at 
2,   3,  and 4  in./g. 
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A set of "good" lateral-directional characteristics was selected for 
the Group I configurations and a different but equally "good" set for the 
Group II configurations  These characteristics were held constant within the 
variations caused by fuel remaining (i.e., no attempt was made to correct the 
lateral-directional characteristics as fuel was used). The following nominal 
lateral-directional characteristics were used: 

Group I Group 11 

1  o^ « 2.77 rad/sec ^ « 2.65 rad/sec 

h* •" 4 ~~      -U 
o^ « 2.66 rad/sec u)    » 2.50 rad/se ; 

^ a  .13 tä   *      -19 

l^-l a 1.19 tl » 1.85 

^ * 'U sec ^  «  .22 sec     ! 

*s    ~      70 sec ^  »  23 sec     1 

The following lateral-directional feel system characteristics were also held 
constant for both groups evaluated: 

AILERON RUDDER          | 

\   u)    =25 rad/sec 
AT 

Ks= 0-70 

| ^= .42 lb/dep 

«>fS   = 25 rad/sec 

^j- = 0.70 

-3^- - 120 lbs/in.  i 

3.2 EVALUATION  PROCEDURE 

The short-period handling qualities  investigation was  conducted with two 
evaluation pilots.     Because the selection of ^I^/^JW

35
 

t0 ^e an  important part 
of the evaluation program,   it was advisable to have two pilots with varied 
experience to participate  in this part of the experiment.    Since each pilot 
evaluated the  same configurations,   the pilot  ratings could be compared directly. 
The flight experience of the evaluation pilots  is  summarized below. 

Pilot A    -    Cornell Aeronautical Laboratory Evaluation Pilot with extensive 
engineering and in-flight demonstration experience in variable 
stability airplanes.    The majority of his  flight experience of 
4050 hours has been in  low to medium load factor multi-engine 
airplanes. 

8 
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Pilot   B    -    Cornell Aeronautical  Laboratory Evaluation  Pilot with extensive 
experience as an evaluation pilot  in handling qualities  investiga- 
tions employing variable stability airplanes and ground simulators. 
His  flight experience of 4500 hours  includes over 2000 hours in 
low to medium load factor multi-engine airplanes.    However,  the 
majority of his  diversified flight experience has been in  fighter 
type airplanes. 

Since  large-airplane characteristics were being simulated in a small 
airplane equipped with a wheel  controller,   it was necessary to clearly define 
the airplane mission requirements before any meaningful  evaluation of the 
handling qualities  could be  accomplished.     The airplane  evaluated was  consid- 
ered to have a  low to medium  load factor  (+3 g),  to be  flown with a wheel 
controller,  and to be  in the  50,000 to 100,000  }b  category.     The mission was 
expected to include many hours   in  straight  and  level  flight  with the possibility 
of straight  and level  or small-angle  (10° maximum)  dive bomb deliveries.     It 
was expected that the airplane would be able to fly formation well enough to 
permit air-to-air refueling and maneuverable enough to perform low altitude 
terrain following.    The airplane should also be able to perform the reconnaissance 
mission, which requires precise altitude and airspeed control.     It was considered 
as  possibly a multi-manned airplane but perhaps with only one pilot, which would 
mean  that the pilot would have  to perform more cockpit  duties  than  in a multi- 
piloted airplane.     The mission  as described above was  discussed at  length, 
individually and collectively,  with the evaluation pilots to ensure that each 
pilot  was evaluating the configurations  for the same mission  requirements. 

Although the mission  involves many tasks,  an evaluation of the vehicle 
handling qualities,  regarding their suitability for the mission,  can be 
accomplished by having the evaluation pilots  perform a  series of maneuvers 
representative of those tasks  anticipated  in the mission.     The representative 
tasks  employed  in this evaluation program included only the up-and-away 
maneuvering requirements  for the mission  in  visual   flight.     Tasks not  adequately 
simulated,  such as   formation  flying,   in-flight  refueling and  instrument   flying, 
were  assessed on the basis  of the evaluation maneuvers  performed.     The  terminal 
tasks  of approach and  landing were not  included.     The  piloting tasks used to 
evaluate  the  configurations  were performed at  two nominal   flight  conditions, 
225  knots  and 372 knots  indicated airspeed at  5500  feet. 

The evaluation  pilot  was   instructed to perform the  following tasks: 

1. Check ability to trim and to perform small  perturbation 
maneuvers  about   level  flight. 

2. Pitch attitude  tracking  - Check  ability to  acquire  and 
maintain desired attitude within  ±10 degrees  from  level. 

3. Check ability to acquire  and stabilize on  a  new altitude. 



4. Symmetrical pullups and pushovers  - +1  incremental  "g". 

5. Turning flight - constant altitude. 

a. Small bank angles   (less than  10°). 

b. Large bank angles   (up to 45°). 

6. Climbing and descending turns. 

7. Attitude conunand tracking tasks. 

8. Check handling qualities with disturbance inputs. 

The evaluation pilot performed these maneuvers  in order,  making comiaents as he 
desired on the wire recorder. 

Two attitude tracking tasks were used to aid the pilot  in his evaluation. 
The first,  or discrete-error,  pitch attitude tracking task was mechanized by 
displaying the error between the actual pitch attitude and a programmed pitch 
attitude command signal on a horizontal needle in the Lear remote attitude 
indicator.     The pitch attitude command signal  is shown  in the sketch below, 
and the attitude  indicator in Figure 3.    The signal commanded pitch attitudes 
up to +5 degrees,  which represented full  scale   (+1 inch)  deflection of the 
tracking needle.     The attitude changes presented to the pilot were  a sequence 
of step and ramp inputs.    Tnis  combination of inputs was used primarily to 
keep the airspeed variations in bounds during the tracking task.     To keep the 
error to a minimum the pilot had to maneuver rapidly and precisely.     The 
duration of the tracking task was controlled by the evaluation pilot; however, 
the programmed signals repeated every four minutes.    This repetition period 
was considered  long enough to prevent the pilot  from anticipating the magnitude, 
direction and time of each succeeding command. 
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The second,  or random-error, pitch attitude tracking task was mechanized 
by displaying the error between the pitch attitude and that commanded by the 
random noise signal  similar to the one shown below.    This task required the 
pilot to continuously maneuver the airplane to keep the error to a minimum. 
Maximum pitch attitude commanded was  +3.5 degrees.    This value was selected 
during the calibration phase of the program and remained constant for both 
groupj-  of configurations. 
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As part  of the evaluation,  the pilot was  asked to look  at  the config- 
uration in the presence of random disturbance inputs.    The random noise 
generator described in Section IV was used to supply disturbance inputs to all 
three control surfaces   (ailerons, elevators and rudder).    The magnitude of the 
random input to the ailerons and rudder remained constant but at a different 
value for the two flight conditions evaluated.    The inputs to the elevator 
were varied as a function of short-period frequency, as shown below.    This 
variation was  incorporated because the airplane is more difficult to disturb 
with the elevator as the short-period frequency of the airplane is increased. 
During the calibration phase, acceptable magnitudes for the random disturbance 
were obtained  for a number of short-period  frequencies  and the relationships 
shown below were developed and used to determine  the  random input  levels  to be 
used at the remaining short-period frequencies.     It  should be pointed out  that 
the random noise inputs  do not and are not intended to simulate realistic 
atmospheric turbulence.     The elevator can only provide pitching inputs and 
thus cannot provide the heaving motion normally experienced in turbulence. 
The random noise  inputs do provide the pilot  with an additional  and valuable 
evaluation aid. 
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Pilot comments were recorded at any time the pilot  felt comments were 
appropriate and at the end of the evaluation.    The pilot was asked for all 
evaluations to comment on the specific items  listed on the  Pilot Comment Card, 
Table  I,  as well as to make summary comments and to assign an overall pilot 
rating and a PI0 (pilot-induced oscillation)  rating to each configuration. 

The pilot assigned a PI0 rating to the airplane according to the six- 
point rating scale established in Reference 2 and shown  in Table II.    The PIO 
rating has meaning only because of the words associated with  it from the rating 
scale and acts only as a convenient shorthand to discuss the tendency of the 
airplane toward pilot-induced oscillations. 

An overall pilot rating was assigned by the pilot to the configuration 
in accordance with the ten-point  rating scale established in Reference  13 and 
shown in Table III.    This rating included the effects of the random disturb- 
ances.     Once again,  the pilot rating number assigned to a configuration is 
dependent on the words from the   rating scale associated with it.    Reference  13 
gives an excellent description of the process an evaluation pilot uses to 
determine a pilot rating.     Briefly,  the pilot decides whether the configuration 
is controllable or uncontrollable  in the required mission.     If it  is deemed 
controllable,  it is then assigned to the acceptable or unacceptable category. 
If the configuration is considered to be acceptable,   it  is then determined to 
be satisfactory or unsatisfactory and is further broken down according to the 
descriptive phrases that most adequately describe the handling qualities.     If 
a configuration is considered to be unacceptable,  the pilot  is primarily eval- 
uating its controllability in performing the mission. 

For both the PIO rating scale and the pilot rating scale, half ratings 
were used when the evaluation pilot  felt that a given configuration did not 
exactly fit  in one of the described categories.    As a matter of convenience, 
the  letters in front ot the pilot ratings have been dropped when discussing the 
pilot ratings and on the  figures  in this report. 
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The configurations were essentially evaluated in a random manner with 
normally three configurations evaluated on each evaluation flight.     Because of 
the attempt  to keep nil<*- and  /^within prescribed limits as the weight of the 
airplane changed due to fuel usage,  a low ^/^ (Group I)  configuration was 
always evaluated first and a high '**/a-   (Group II)  configuration  last.    The 
middle evaluation was randomly a Group I  or Group II configuration.     The 
evaluation pilot had approximately 25 minutes  for each configuration to perform 
the necessary maneuvers, make the appropriate comments to accomplish the 
evaluation,  and obtain calibration records. 

A short in-flight  investigation was  conducted to study the effects on 
the short-period handling qualities and  the PIO tendencies  that  result when the 
short-period damping was reduced from Zjp ~   .7 to   %Sp ~ .1.    One pilot evaluated 
three short-period frequencies   ( cjJp =»   2,  4 and 6 rad/sec)  at the  low "$./'*■ 
and three short-period frequencies   {cOjP^ 3,  6 and 10 rad/sec)  at the high "«/« 
with /fto^O.l.     Each configuration was evaluated at the fixed ■5-jr/%that corre- 
sponded to the ^/^ and   ^jp used in the main part of the experiment.    This was 
followed immediately with the^w/?? selected by the evaluation pilot. 

At the conclusion of the flight program, one flight was devoted to a 
brief investigation of wheel motion per normal  acceleration, ^£w/^. .    This was 
accomplished by evaluating a "good" low- "x/oc configuration at three different 
values of ^rwy^.at a constant ^fw/n       For this investigation,  a Group I 
configuration with cOjfi^> A rad/sec w'as evaluated at values of ^ru^/7^ of 2  in./g, 
3 in./g and 4  in./g.     During the primary evaluation, <?£#/>? had been neld 
essentially constant  at   1 in./g. * 

It is  important during any handling qualities investigation to ensure 
that the various  configurations evaluated are  adequately identified.     To 
accomplish this,  the  following in-flight  oscillograph records were  taken  for 
each configuration that was evaluated: 

1. Response to automatic step. 

2. Response  to manual step. 

3. One minute discrete-error pitch attitude tracking. 

4. One minute  random-error pitch  attitude  tracking. 

These records were analyzed during and after the completion of the 
flight test program.     Since it is not always  feasible to take the  time  to  find 
the smooth atmospheric conditions necessary to obtain good transient response 
records on an evaluation flight, the values used to generate the responses 
presented in this report were selected from calibration and evaluation  flights on 
which these conditions were obtained.    However,   the transient  responses  obtained 
on the evaluation  flights were adequate to ensure  that the configurations 
evaluated were set up properly and that  the  responses presented in  this  report 
are representative of those evaluated. 
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SECTION  IV 

EQUIPMENT 

The evaluations were performed in a three-axis variable stability T-33 
airplane modified and operated by the Cornell Aeronautical Laboratory for the 
Air Force Flight Dynamics  Laboratory, Air Force Systems Command.    The variable 
stability equipment  is described in Reference 14.    The airplane is  shown in 
Figure 6.    The variable stability T-33 was  further modified for this program 
to include a wheel controller in the front cockpit. 

Briefly,  the system operator in the rear cockpit, who also serves as 
safety pilot, may vary the handling characteristics about all three axes by 
changing the settings of response feedback gain controls  located on his right 
hand console.    The handling characteristics are altered so that the evaluation 
pilot  in the front cockpit has no knowledge as to how the gains are changed. 
Since the evaluation pilot is only connected electrically to the control 
surface servos, he does not feel any of the control surface motions due to the 
variable stability signals.    The block diagram shown below illustrates the 
mechanism of the in-flight simulation: 

DISPLAYS 
VISUAL CUES 

ACCELERATION 
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PILOT 
CONTROL WHEEL 

AND 
FEEL SYSTEM 

CONTROL 
INPUT 
GAINS     | -~®~ 

RANDOM NOISE 
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CONTROL 
SURFACE 
SERVOS 

VARIABLE 
STABILITY   I 

SYSTEM 
GAINS 

T-33 

VEHICLE 
RESPONSES 

SENSORS   » 

The wheel controller, as installed for this program, is an NAS 348 
wheel which has been modified to include the installation of strain gauges and 
a control button for variable stability system disengage. The wheel installa- 
tion and the cockpit dimensions pertinent to its installation are shown in 
Figure 7. 
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Control  feel to the wheel and rudder pedals  is provided by electrically 
controlled hydraulic feel servos which provide opposing forces proportional to 
the control wheel and rudder pedal deflections  (i.e.,  a simple  linear spring 
feel system).    The aileron and rudder feel  system dynamics,  spring rates, and 
friction characteristics were held constant throughout the program.     For a 
complete discussion of the elevator feel system refer to Section V. 

The evaluation pilot's  instrument panel  is shown in Figure 8.     The 
flight  instruments used by the evaluation pilot are all  standard instruments 
with the exception of the Lear remote attitude-director indicator,  type ARU-2/A. 
This  instrument  functions primarily as  a normal attitude indicator, but  in 
addition,   it  presents  an  indication of sideslip and a pitch  attitude tracking 
task to the evaluation pilot.    The sideslip  is  indicated by a vertical needle 
that moves horizontally across the  face of the attitude indicator.     Center 
position of the needle indicates  zero sideslip,  and full scale movement of the 
needle  is  equivalent to ±4 degrees of sideslip.    The pitch  attitude tracking 
tasks  are presented to the evaluation pilot by means  of a horizontal  needle 
that moves vertically on the face of the attitude indicator.     The tracking tasks 
are described in detail in Section  111. 

During each of the longitudinal evaluations a random noise source was 
used to provide an external disturbance to the airplane.    Although the random 
disturbances were not  a true simulation of turbulence,  they did provide the 
pilot with  an  additional  evaluation  aid.     The random disturbances  were obtained 
by driving the T-33 control  surface  actuators by a random noise  signal.     The 
signal was  generated by 3 gas  tube white noise source passed through a bandpass 
filter.     The  filter has the  frequency response shown  in  "igure 9 with a second- 
order break point  at   .1  rad/sec and a  second-order break point  at   18.8 rad/sec. 
The amplitudes  of the disturbance  signals  going to the elevator,   ailerons,  and 
rudder were varied  independently. 
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SECTION V 

ELEVATOR FEEL SYSTEM CHARACTERISTICS 

The importance of the attenuation of the feel system and the flight 
control system actuators on the closed-loop response of an airplane has gained 
increased recognition in recent handling qualities studies. References 2, 15, 
and more recently Reference 16, have attempted to describe the contributions of 
the feel system to the closed-loop airplane response. 

The mechanism of the variable stability T-SS's elevator feel system is 
shown below: 

The pilot's force input is made through strain gages on the wheel. 
These inputs pass through a notch filter into the feel servo control network 
where the frequency and damping of tie elevator feel servo are controlled. 
The result is a positioning of the control column with the gradients, frequency 
and damping determined by the feel «'.ystem gain settings. The position of the 
column is then modified by the S, /s     gain and used as the S    signal for the 
elevator actuator. ' 

The equation of the notch filter is given below and the frequency 
response is shown in Appendix III. 
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The response of the feel system to an elevator wheel force command is 
then determined by the following transfer function: 

^MJ''**™*) SV  ** 

(*'* £ ?F3 "rsJ + UJft){sl+ /7S. 3S + ^739) 
(2) 

For this program:   «A   = 23.0 rad/sec,   £    =   .66 

The   <?;#  signal  generated by the feel system and modified by the ^/^ 
gain is applied to the elevator through the elevator actuator.    The    (f,/V, 
transfer function can be represented  (Reference 14)  as / 

JFtf 

£W 

S    (S) 
JtW' ss 

* Z ha ^e* S * "t* 
(3) 

For this program:    co     =63 rad/sec,   ^e£i=   -70 ea. 

Thus the angle of attack,  pitch rate and normal  acceleration responses 
to a wheel force input  can be represented as follows: 

(X IS) 

W7' 
a (S)       Sti-i;     S^/s) 
Sjs) ^     F*w'3) (4) 

6(3) 0(s)    Sr (s)     £,/-$v 

*t(3)     $„«>     $„<*) (5) 

w (S)      St (S)     6fjs) n3 (S) 

(6) 

Substituting the individual  transfer functions shown above into 
Equations 4,  5,  and 6,  the following transfer functions  result  that describe 
the airplane response to a wheel  force input: 

a(S) oOrs ^el (s'+Wl)"^ (~tXs  i 
w>' {*** z ^„s *">;„){*''Z!rs~FJs * "^{s'+jn^^s+^ys'* z 7S.3J: VJW) 

(7) 
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(8) 

(9) 

The subscript ss   refers to the steady state gain values or asymptotic 
values at the low frequencies.    Thus the effect of the attenuation of the feel 
system and elevator actuator  in the open-loop response of the airplane can be 
calculated using the above transfer functions. 

One method used to describe the effect of the feel system dynamics on 
the open-loop airplane response  (Reference 2)   is to define a nondimensional 
parameter that represents the ratio of the maximum pitch acceleration including 
the effects of the feel system dynamics to the initial pitch acceleration with- 
out the feel system dynamics for step wheel  force inputs. 

The pitch acceleration transfer function to a wheel force input at 
constant speed without feel system or elevator dynamics can be written from 
Equation  (8)  as: 

dis) 

WJ 
s 6(s) 

Ws) 
'SP     SP (10) 

For a step wheel  force input we can use the initial value theorem to 
determine the initial pitch acceleration. 

6 =   i-irn 
ets)     F£w 

Ws)   s 

*  M 

S —*-oo 

(11) 

The actual airplane response including the feel system" dynamics can 
then be normalized by the 'nitial pitch acceleration without feel system 
dynamics by dividing by the corresponding B   .    Thus: 
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For an instantaneously applied step input, the nuximum pitch acceler- 
ation occurs at the instant of step application if the elevator and feel system 
dynamics are not included.     However, when the elevator and feel system dynamics 
are included, the maximum pitch acceleration occurs at some finite time after 
the step application and the initial pitch acceleration is zero.    Because of 
the complexity of the equation defining the time at which maximum pitch accel- 
eration will occur when the elevator and feel system dynamics are accounted 
for,  time histories for each of the responses  (   B^ and   6^ ) were generated 
and the maximum values  for each were obtained.    Thus: 

^ =   (*nd)MAJ(   \  fei, [ex.   ^ MM     "e   \*fwUS\
FMw'ss     '* CM) 

'     • f'J     ^   (-IT) f-r*)    *>* as) 

Plots of ( frf^/tfjf are shown in Figure  10 and represent the attenuation 
of the elevator actuator and feel system dynamics on the  ^/^ response of the 
open-loop airplane.    From these plots ^it can be seen that the feel system has 
quite a large effect on the open-loopfl   response to a step input at the high 
short-period frequencies simulated. 

This development assun.es that the pilot continues to fly the airplane 
with step inputs at all  frequencies.    Experience indicates that piloting tech- 
niques change as a function of short-period frequency and v^ or^v/etand thus 
the marked attenuation of the airplane responses indicated by the prior 
development may not necessarily be representative of the actual attenuation felt 
by the pilot.    It does, however,  serve to show the importance of the feel system 
in the closed-loop analysis. 

The ti'ao histories in Appendix IV show the difference in the airplane 
responses to ars elevator step through the elevator servo and an elevator wheel 
step that includes the elevator and feel system dynamics. 
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SECTION  VI 

DISCUSSION OF RESULTS 

The objective of the experiment was  to evaluate the effect on  the 
pilot's  opinion  of the   longitudinal  handling qualities  of a  low  to medium 
load factor airplane with a wheel  control  caused by a variation  in short- 
period frequency  at  a  constant  damping  ratio  for two values  of 77 /<*.     The 
nominal  values  for the  two groups  of configurations  are  shown belov low: 

GROUP ^ (g/rad) 14 (Tt/sec) 'icsec"1, **. ^(rad/sec) 

I 16.5 411 1.29 0.7 2  to 8 

II 56.2 685 2.65 0.7 3  to   14 

The variation in /T^  and ^/a was obtained by flying the variable 
stability T-33 at two different true airspeeds at a constant pressure alti- 
tude.  The variations in short-period frequency were obtained by varying the 
St/ac ,   <St/oc   and £/£ gain settings in the variable stability system. 
Appendix V gives a more detailed discussion of the in-flight simulation tech- 
niques . 

Both groups of configurations we^e evaluated twice; once at a fixed 
value of 5^^ and again at the^/T, selected by the evaluation pilot. The 
fixed value of ^^/^r was constrained to lie within the acceptable limits 
established in Reference 1 and varied as a function of «^oaccording to the 
results of Reference 2.  The feel system is discussed in Section V.  Wheel 
displacement per normal acceleration ( °**'  ) was held essentially constant 
at one inch per g. % 

A set of good lateral-directional characteristics was established for 
each group and held constant throughout the evaluation program. The charac- 
teristics are listed in Section III. 

All of the configurations are defined in detail in Appendix IV. Each 
of the configurations was identified by the analog matching technique 
described in Reference 17.  Briefly, the in-flight oscillograph recordings 
of the pitch rate and angle of attack responses to an automatic elevator step 
are matched by the output of an analog computer programmed to compute the 
pitch rate and angle of attack transfer functions. 

Transient responses are shown in Appendix IV and the pilot comment 
summaries are presented in Appendix VH.  The transient responses were com- 
puted in a digital computer using modal characteristics representative of the 
various configurations evaluated. Two responses are shown for each config- 
uration. One response shows the open-loop airplane response obtained when an 
automatic elevator step input is applied directly into the elevator servo and 
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includes the elevator actuator dynamics. The other shows the response that 
results from a half-inch elevator wheel input and includes the attenuating 
effects of the feel system and  °e  gain settings. 

The experimental results are discussed in three parts.  First the 
pilot rating variations for a particular group are discussed for both groups 
and then the variations between groups are examined.  Pilot ratings are 
related to "^/^ . CAP, &     If   .CAP', re^ , ^ and interpreted in terms of 

/    Oi ' '    MAX I £W 2    1"   '      4 
the pilot comment data. .yp 

6.1 DISCUSSION OF  RESULTS  FOR GROUP   I   (%/«*16.S,—   a 1.29,  /=   411   ft/sec 

The experimental  results  for the group  I   configurations  are discussed 
in  this  section.     The  Ö/Vg  transfer function pole   locations  that  correspond 
to  the  various  short-period  frequencies  evaluated  are  shown below along with 
the  average ///§,   zero.     The  experimental   results  are  presented  in Figure  11. 
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0/Se  TRANSFER    FUNCTION   POLE    LOCATIONS   FOR   GROUP  I 

The pilot   ratings  and pilot  comment  data   for these  configurations were 
quite consistent.     The  only difference observed between  the  two pilots'  data 
is  that  Pilot  B's  ratings  peak  at  a short-period  frequency approximately one 
half a radian higher than  Pilot  A's  ratings.    This   is  not  considered to be  a 
significant difference.     Based on the faired curves  of the combined pilot 
rating data,   the  range  of satisfactory short-period   frequencies   (PRt 3.51   is 
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from 2.4 to 7.0  rad/sec with the best  pilot rating occurring at ujsf3 ^ 4.7 
rad/sec.    This  corresponds to a      r.   oJ,0 a 3.64. 

The pilot  comments  indicate that at a short-period frequency of 
2 rad/sec the initial response of the airplane is quite sluggish and slow, 
requiring rather  large pilot inputs to start the airplane to respond.     How- 
ever, once the airplane starts to respond there is a strong tendency to 
overshoot the desired attitude and normal  acceleration.    The pilots complain 
that they attempt  to drive the airplane to respond quicker than the dynamics 
will allow and then find that the large initial input must be taken out to 
avoid the overshooting tendency.     The pilots  report that they must  anticipate 
the control   input  required to stop  the airplane at  a desired attitude.     The 
sluggishness of the initial response,  followed by an apparent buildup in 
pitch rate and normal  acceleration,  causes the pilot to adopt a technique of: 
pulsing the control to get the response started,  anticipating the  final 
attitude,  and pulsing the control  in the opposite direction to stop the air- 
piano response. 

Another common complaint, for both the fixed and selected ^^/»r. values, 
is that the initial wheel forces are quite heavy and that they tend to lighten 
up as the airplane begins to respond. This follows logically from the pilot's 
description of the airplane response. The compromise here in the selection of 
a desirable wheel force per g is to get forces that are light enough to get 
the airplane to respond initially,but heavy enough to prevent the airplane 
from being overstressed due to the strong tendency to overshoot or overcontrol 
in pitch rate and i..    This  is a difficult compromise to make. 

The third common complaint was that it was difficult to perform a tight 
tracking task without getting into a low-frequency PIO.    The pilots comment 
that there  is no problem if they maneuver relatively slowly and smoothly, but 
that it was easy to induce a PIO that could only be eliminated at  the sacrifice 
of task performance.    TTie figure below shows  a root  locus diagram for the 
e/Se trpjisfer function in which the pilot  is  considered to be a pure gain 

NOTt: 
NOTCH FILTER AND FEEL 
SYSTEM ROOTS INCLUDED 
BUT NOT SHOWN 

10   -9 

ROOT   LOCUS   DIAGRAM   OF   NOMINAL  SHORT  PERIOD   FREOUENCIES,   GROUP I 
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Controller  closing on  attitude with  the elevator.     It  includes  the dynamics  of 
the  feel  system.      It   can be  seen  that  a  relatively  low pilot  gain  is  required 
at  the  low  frequency to produce  a  low-frequency PIO. 

As  the short-period  frequency  is  increased  to around 4  rad/sec,   the 
initial  response   is  described as quite good,  quick but  not  overly sensitive, 
and very nice.     Both  pilots   report   that   the  attitude    and normal  acceleration 
control  are  very  good.     The only complaint   is  that   there  is  a  slight  tendency 
to bobble the airplane   for abrupt   inputs.     Pilot   B  reports  that  there was  a 
general  tendency  to keep his  gain  up quite  high   for a  tight  tracking maneuver 
and that  this  resulted   in  a bobble  tendency.     Pilot  A reported that  unless 
you  really  tightened  up your  control   there  was  no tendency to bobble.     These 
statements  arc certainly compatible and  indicate a very nice  feeling,   respon- 
sive,  but not  over',   sensitive  airplane,   capable of tight  precise  control. 
'ITie two configurations  given a pilot  rating of 7 by  Pilot  A at  this  frequency 
were not  downgraded because  of the  short-period   response.     'Ilie pilot   felt   that 
he could  inadvertently overstress  the  airplane because of the   light  wheel 
forces.     The  pilot   comments  do not  justify  these unacceptable  ratings,   there- 
fore  these data points  have  not  been  considered   in  the  fairing of the pilot 
rating  curves.     It   should also be pointed  out   that   this  same  configuration was 
evaluated at  essentially the  same   ^      /»  and given  a pilot  rating of 3. 

At 6   rad/sec  the  configurations were   slightly downgraded due  to  a much 
stronger tendency  to bobble  the airplane  for tight   or precise  tracking maneu- 
vers.     There was  no  indication that  the  initial   response was  abrupt.     There 
was  an  attempt by both  pilots  to divide the  response  into two parts,   as 
requested on  the  pilot   comment  card:     an   initial   and  a  final   response.     They 
both  agree  that   the   initial   response   is  quite  good,   however,   there   is   a   tendency 
to overshoot   the  desired g  and bobble about   the  steady state value.     A brief 
look at  the  transient   responses  in Appendix   IV  shows  the  three primary effects 
of increasing  short-period  frequency for constant f/fg   and damping  ratio.     The 
step  input  magnitudes  were  selected to give  equal  ^i.^    ■     Hie  initial  pitch 
acceleration  or maximum pitch acceleration   is   increased,   the  initial  pitch rate 
is   increased  as well   as  the pitch  rate overshoot.     This  results  in  a morn  rapid 
pitch angle  change   initially,  followed by the  same  steady state.     If the pilot 
is  closing on attitude,  his   initial   reaction  will  be  to reduce his   input  because 
the  initial  pitch  angle  change  or  initial   pitch  acceleration will  be  greater 
than he expected.      If he  in   fact   reverses  his   input,   the  result  would be  a 
tendency to bobble  the  airplane. 

Around 8  rad/sec  the  initial  response  is  described as being quite  fast, 
a   little bit   sensitive   or  fairly  fast,   and  approaching being  abrupt.     Each 
configuration was  downgraded because of the  tendency to "bobble" the  airplane 
when attempting tight  attitude or ^j control.     This bobblinj: tendency was 
especially noticeable  for small  corrections  and   led to "longitudinal  oscillations" 
in  two  cases. 
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6.2 DISCUSSION OF  RESULTS   VOR GROUP   II   ( n / * 56 . 2 , '/r,  »2.65,  1/ - 6H5  ft/sccj 

The experimental   results   for the Group  II  configurations  are discussed 
in  this  section.     The  */<fe transfer  function pole  locations  that  correspond to 
the  various  short-period  frequencies  evaluated are shown below  along with  the 

zero.     Hie experimental   results  are presented  in  Figure   12. average //r 
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O/S TRANSFER FUNCTION   POLE   LOCATIONS   FOR   GROUP H 

The pilot  ratings between  the two pilots were  not  as  consistent  for the 
Group  II  configurations  as  they were  for Group  I.     In  general,   the  faired pilot 
rating  curves  show the  same  trends  and peak at  the  same  short-period  frequen- 
cies,  however,   Pilot  B's pilot   ratings  are consistently  one  to  one and a half 
pilot  rating numbers higher than  those of Pilot  A.     Based  on  the  faired  curves 
of the  combined pilot  rating data,   the  range of satisfactory  short-period  fre- 
quencies   (PR^3.5)   for Group   II   is   from 5.5  to  12,2  rad/sec,  with the best 
pilot  rating occurring at   ^^-S-S  rad/sec.     This  corresponds  to a  7-<^ ~ 3. 32 . 

At  a short-period  frequency  around 3 rad/sec,  both pilots  complain  that 
the  initial response of the airplane is very sluggish.     There  is a strong 
tendency to force  the  initial  response by applying a   larger than normal   input; 
then when the airplane does  respond,   it appears to build up in acceleration 
much  faster than  anticipated,   resulting  in overcontrolling  in pitch and normal 
acceleration.    This often resulted in a mild  low-frequency  PIG.    Pilot A 
reported  that  the normal  acceleration  seemed to build  up more  rapidly than he 
expected  for the  amount  of pitching motion he was  seeing,   and that  the phasing 
between the two responses seemed to give him less precise control than he 
would have  liked.     It was  difficult  to maintain tight   control  of the airplane 
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due  to the  sluggish  initial  response  and  indefinite  final  or steady state 
response.     The  initial wheel   forces  seemed quite high,  bvt  once  the airplane 
began  to  react  it   felt   like  it wanted  to "dig in" with a  resulting  lightening 
of the  forces. 

At  4  rad/sec,   Pilot  A again  commented that  the phasing between  the 
normal  acceleration  and the pitch  rate  response was   less  acceptable than just 
having a  low-frequency sluggish airplane.     At one point,  he  commented that  it 
felt  as  if the normal  acceleration was  sort  of leading the  pitch  rate,  or at 
least  the phasing between the two responses  was different  than you normally 
tend to see.     The normal  acceleration  response cannot   lead  the pitch  rate 
response  unless   the pilot  is  sufficiently ahead of the e.g.   to  feel  a signifi- 
cant  contribution  to  '7, from pitch  acceleration or the airplane has  some  form 
of direct   lift  control   (neither  factor was  present).     The normal   accelerations 
felt  by the  pilot  due  to his   location  with  respect  to  the  airplane  center of 
gravity are  treated  in more  detail   in   Reference  18.     The nominal   location of 
the pilot   in  this experiment  was  89.9  inches  ahead of the center of gravity. 
However,   it  may be possible that  the phasing between  the  ^ and pitch rate 
responses  could be different  enough  to  cause  the pilot  to  comment  about  their 
unnaturalness . 

Around 6  rad/sec,  both pilots   liked  the  responsiveness of the airplane, 
even  though  Pilot  B commented that  the  initial  response was  slightly abrupt. 
The normal   acceleration  and pitch  attitude  control  were good with  some slight 
tendency to overshoot  or overcontrol   for tight  tracking tasks.     Pilot  A again 
mentions  the  apparent  phasing of the  pitch  rate and normal  acceleration 
responses.     He  commented that  they seem to be  like two different  responses. 
The normal   acceleration seems  to come  on so quickly that  you  seem to feel  the 
g before you see  the  attitude  change  very much.     Although  the pilot  comments 
that  the  feeling of separate  responses   is   initially objectionable,  he  concludes 
that   it  sort  of helps  him in attitude  tracking because  the g  gives iiim a clue 
that  the airplane  is  going to move. 

As  the  short-period  frequency was  increased  to 8  rad/sec,   Pilot   B 
continued to  call  the  initial  response a  little abrupt.     Although  the  airplane 
was  fairly  responsive,  there was very  little  tendency to overshoot  and the 
pitch attitude and normal  acceleration  control  were considered good by both 
pi lots. 

At   10  rad/sec,   the  initial  response  is  described as  quite  good  and very 
precise.     Pilot  A comments that he  feels  the g coming on  very quickly and that 
he doesn't  have  to wait  for the airplane to  rotate very much.     He  also  comments 
that  the g seems  to almost  lead the pitch  rate but   that  the  rate  of change  of 
attitude and  g onset   is quite natural.     Both pilots  agree that   they have 
excellent pitch  attitude and normal  acceleration control.     The pitch  attitude 
tracking was  considered quite good.     Pilot  B  reported a very slignt   tendency 
to bobble  the  airplane  for tight  tracking maneuvers. 

25 



For the highest frequency evaluated of 14 rad/sec, Pilot A describes 
the initial response as very, very quick but good while Pilot B describes it 
as somewhat snappy and too abrupt initially.  These may seem at first as 
conflicting observations until one considers the differences in wheel forces 
selected by the two pilots.  The maximum pitch acceleration to a step wheel 
force input can be described as: 

^ ' cv*)*5 (w>ü (16) 

In  the  two  configurations  discussed above,   Pilot  A was  operating with an 

(   ^ky  )       = 49.0  Ib/g and Pilot  B with an  ( —^   )       =  32.0  Ib/g.     It  is 

believed that  this   large  difference  in  selected   ^^Z77-accounts  for the 
difference  in the observed  initial  response  characteristics.     At  the   lighter 
wheel  forces selected by Pilot  B there was  a slight   tendency to overshoot 
during tracking maneuvers  that  was not  observed  for  the higher wheel  forces 
selected by Pilot A. 

6.3 COMPARISON OF  RESULTS OBTAINED FOR GROUP  I   AND GROUP   II 

A brief review of the two previous subsections  shows that for Group  I 
the  range  of acceptable  short-period  frequencies   (PR- 3.5)   is  from 2.4 to  7.0 
rad/sec with the best pilot  rating at ^^ * 4.7 rad/sec.     For Group  II,  the 
range  of acceptable  short-period  frequencies   (PR-3.S)   is  from 5.5 to  12.2 
rad/sec with  the best  pilot  rating occurring at ^p ^ 8.8 rad/sec. 

The pilot  comments   for  the  configurations  corresponding to the  short- 
period frequencies  above  and below the optimum frequency for each group are 
nearly identical.    At  the   lower than acceptable short-period frequencies,  the 
pilots  complai-  about  the extreme  slowness and sluggishness  of the  initial 
response which makes  the pilot  attempt to force  the  airplane  to respond by 
putting  in  a  large  pulse  type   input.     This  results   in  a more rapid buildup  in 
pitch  rate  and normal   acceleration than anticipated,   leading to overcontrolling 
and mild,   low-frequency  PIO tendencies.    At  the higher than  acceptable  short- 
period  frequencies,   the major complaint is  the  sensitivity or abruptness  of 
the  initial  response and the  strong tendency to "bobble" the airplane during a 
tight  tracking task. 

The pilots  find that  they must  accept  a compromise  in their selection of 
a desirable wheel   force per g at both extremes of short-period frequencies. 
For the  lower  frequencies  there  is  a desire  to have   light wheel  forces  initially 
to get the airplane to respond; however,  the  light wheel forces result  in over- 
controlling and overstressing   (g-limiting)  problems  which heavier wheel  forces 
improve.     Thus  the  selected  ^^/^is  a compromise.     At  the higher frequencies, 
the reverse is true.    The  initial response is sensitive or abrupt presenting a 
requirement  for heavier wheel   forces  initially, but  then  the  steady  state 
maneuvering forces become  excessive;  thus,   another compromise. 
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At  the best short-period  irequencies  for the respective groups evaluated, 
the pilots describe the  initial response as quite good in both cases,  as quick 
but not  overly sensitive.     In general  the pilot can keep his  gain up quite high, 
accept   lower wheel  forces per g,  and not  "bobble" the airplane during tight 
tracking tasks.    These configurations are called precise with very good attitude 
and normal  acceleration control. 

It   is  clear that   the short-period  frequency  requirements  are quite 
different   for the two groups  of configurations evaluated.     It   is  also clear  that 
the acceptable band of short-period  frequencies becomes wider as  the value of 
V7**or ^sA* ^s  increased  and that  this band is shifted  in  the direction of 

higher frequencies.     The next   logical  questions  are:    why does  this  occur?     Is 
there a common relationship that  allows the desired variation  in short-period 
frequency  requirements to be determined  at  other values  of ^ to. , f/T

B    and (^ 

The  concepts which   lead  to the control  anticipation parameter  (CAP) 
developed  in Reference  12,  and extended to  include  the  attenuating effects  of 
the  feel  system  (CAP']   in  Reference 2   ,   seem to provide  a good explanation of 
the  closed-loop difficulties  the pilot  experiences,   in particular,  with regard 
to the  initial  responses.     The  CAP theory is based on the premise  that  the 
pilot  must be able to anticipate the  final  response of the  airplane,  and that 
this  anticipation signal   is provided through the pitching  acceleration of the 
airplane  to a pilot  input.     Thus  at   the   lower than  optimum short-period 
frequencies,  the sluggish  or slow  initial   response  does  not  provide the pilot 
with  the  desired  anticipatory  cue  that he expects.     This   causes him to  increase 
his  input  to the extent  that  when  the airplane does   respond,   a  large change   in 
pitch  rate  and normal   acceleration  results with a  corresponding overcontrol  or 
overshooting tendency.     This  same  cue  is  missing when the  pilot  attempts  to 
stop  the  airplane  response  and,   ?s   indicated  in Reference   12,   can  result   in 
a PIO. 

At  the higher than  acceptable  short-period  frequencies,   the CAP theory 
explains  that  the pilot  experiences  such  a  large pitch  acceleration,  and 
therefore  a very high  icvel  of anticipatory cue,   for the  small  steady state 
flight path  correction desired,  he will  immediately  limit  or partially retract 
some of his  control  input.     This  action will  result   in a  smaller flight path 
correction  than desired and the pilot,  in  repeating the  same  sequence of inputs, 
will bobble  the airplane or possibly enter a  PIO. 

Figures   13,   14,  and  15    show the variation of pilot   rating as a function 
of CAP.     It  can be  seen that  there  is  very good agreement  between  pilots.     The 
faired pilot  rating curve  shows  a  range of acceptable CAP  vaues  from   .43 to 
2.4  rad/sec   .     The  lower boundary correlates  quite well  with  the  lower acceptable 
limit  of  .436  rad/sec^ established  in  Reference  12 whi  h  does  not  give  an upper 
limit.     It   should be pointed out  here that  the parameters   that  make up CAP are 
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only airframe open-loop parameters and,  as  indicated in Reference 2,  may not 
necessarily describe  the actual pitch acceleration response of the airplane 
because of the attenuating effects of the feel system. 

It  is  generally  accepted that  the pilot  flies  the airplane by  force 
inputs  rather than position  inputs and that the parameter 'Sv/^^is  quite 
important  to the  overall   longitudinal  handling qualities.     In view  of the 
importance given to the  initial pitch acceleration by the CAP theory,   it   is 
worthwhile  to consider the  attenuating effects  of the  feel  system and the 
effects  of variations   in  F£w/nxox^ this parameter.     As  shown  in  Section V  for 
satisfactory short-period dampn^  ^ %Sp ~ -7),   the maximum pitch acceleration 
to  a step  force  input   can be written: 

"MA* 
U}< («U *flx 

R ew It 
(17) 

where ( &
nU)Ar/f^ accounts for the attenuation of the feel system on the maximum 

pitch acceleration to a step input and {*,/<*).     and (^u,/7?) are steady state 

Parameters which are not affected by the feel system.  Since this parameter 
contains two of the quantities considered to be important in longitudinal 
handling qualities, it should possibly give a better indication of the 
closed-loop handling qualities than just the open-loop parameters of CAP. 
Thus Figures 16 and 17 show the variation of pilot rating as a function of 
ä  /^ .  In general there is not very good correlation between pilot rating 

sri^   9/H/IXI
F£w  •  This is especially true between the two groups.  The ratings 

of the two pilots are quite compatible for a giv^n group, but there seems to 
be no common relationship existing between the ratings for the different 
groups. 

This is primarily due to the large attenuation of the feel system on the 
maximum pitch acceleration to a step input at the high short-period frequencies. 
Much better correlation between the groups of data is obtained when the 
attenuating effects of the feel system are neglected, as can be seen in 
Figures 15, 14, and 15 which show pilot rating versus 0/^^..  In general, 
correlation is good at the lower than optimum short-period frequencies but not 
very good at the higher frequencies.  This is primarily due to the trends 
exhibited by the two pilots in their selections of *£#/*}.     This is discussed 
in greater detail in Section 6.5.  Briefly, Pilot A tended to follow the basic 
pattern established in Reference 2 for the selection of f£w/rft^'s'  a function of 
short-period frequency and ^/a , while Pilot B tended to select lower wheel 
forces as the short-period frequency increased at both ^/a's. Thus Pilot B 
experienced higher values of ö/^^than Pilot A.  This is confirmed by the 
pilot comment data which indicates that Pilot B felt the higher frequency 
configurations were more abrupt in the initial response than Pilot A. 
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Although the  importance  of the pitch  acceleration  is  well  established, 
there  are  indications  that  pitch  acceleration  does  not  tell   the entire story 
and therefore  is not  necessarily the only variable  the pilot   is  attempting to 
optimize.     The selection of ^n/Aj .   at  the higher and   lower than  acceptable 
short-period  frequencies,   for the  two  groups  evaluated,  was  a compromise based 
on both  the  initial  pitch  acceleration  and the  steady  state  forces  required to 
maneuver the  airplane.     Briefly,   at  the  lower short-period  frequencies,  the 
pilot  would  like to have   light  wheel   forces  to  get   the  airplane  to respond 
initially but he overcontrols   in  the  steady state  if the  forces  are  light.     At 
the higher short-period  frequencies,   the pilot  would   like  to have heavy wheel 
forces  to reduce  the  abruptness  of the  initial   response but  he  objects  to  the 
resulting heavy steady  state  forces.     Thus  the  compromise  the  pilot must make 
in the  selection of  a desirable  ^j^/^jis not based  solely on  the  initial 
response  or  initial  pitch  acceleration but  also on  the  steady  state maneuvering 
forces. 

If we  assume  the pilots  can  consistently optimize the '^/"j.for a  given 
short-period  frequency,  even though  serious  compromise's are  required,  we 
should be  able to  look  at        dyyt** which  includes   the attenuation of the 

(yss 
feel system but does not include the effects of/£^u//^. This yields the param- 
eter (CAP1) developed in Reference 2 and is defined as: 

Ö 
CAP    = 

Hrit 

^v« (18) 

This  parameter  is  simply  the control  anticipation parameter developed  in 
Reference  12,  but with  the attenuating effects  of the  feel  system included. 
If the pilot  used only  step  inputs,   then CAP'  would  probably be more  repre- 
sentative of the actual pitch accelerations  felt by the pilot   following a 
control  input.     Figures  21,   22,   and 23 show the variation of pilot  rating as 
a function  of CAP'.     Once  again we  see  good correlation between pilots  for 
each  of the  groups,  but  very poor correlation of the  pilot   ratings between  the 
two groups.     This  is  especially true  at the higher  frequencies where the 
attenuation of the  feel  system  is  most  noticeable.     It   appears  that  there  is 
an upper  limit  of CAP'   for both  of the groups.     For  Croup  I   there  is  an upper 
limit  of CA."   =  1.25 while Group   II  has an upper   limit  of CAP'   =   .77. 

Both  the CAP and CAP'   developments place  unwarranted emphasis  on  the 
initial  pitch  acceleration  response  to  an  ideal   step  input.     Although pilots 
may use  abrupt  control   inputs  to  initiate maneuvers,   they  do not  normally use 
sharp or  ideal  step  inputs  to  fly  the  airplane.     1110  pilot  comments  in  this 
experiment  indicate the  importance  of both the   initial  and  the  steady state 
responses  to control   inputs.     The  initial  response has  meaning  to the pilot 
when  abruptly initiating maneuvers and    also  in  tracking  type   inputs where no 
steady  state  is established.     The  steady state  response  has meaning during 
steady maneuvers  such  as pullups  and steady turns.     It   is  worthwhile then  to 
look  at  the magnitude  and phase  relationships  that  exist  between  the  airplane 
responses  and an elevator wheel   force   input.     These   relationships  are  illus- 
trated  in  Figure 24 where the  asymptotic Bode plots   for the   longitudinal 
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airplane responses  are shown.     From these plots, we can see that  the   6   gain 
at  the  frequencies where the pitch  acceleration  is  in phase with the wheel 
force  input   is  essentially  M? The   n*  gain at the  frequencies where   w- is 
in phase with the wheel force  input  is       ^"W   .    Note that  the first of 

these two statements  applies only when the  feel  systen and control  system 
frequencies  are widely separated  from the  short-period  frequency.     This 
condition did exist  in this experiment.     Reference  16 presents  an  investiga- 
tion of the effects when this  is not  the case.     If we take the ratio of these 
two gains as being representative of the two important response characteristics 
discussed above,  we have: 

OiV M 
£W SP 

F. £W\ SS 

Me 

6z    sp 
^. 

This  is  recognized as  the CAP parameter developed  in Reference  12, 
however,  the expression has been developed without the dependence on  an ele- 
vator wheel  step  input  assumed in  Reference  12.     The  reasoning behind the 
above development seems to be more compatible with the pilot  comments.    This 
is especially true concerning the  comments that result  from the pilot's 
selection of the  control gain.    These  comments emphasize the  importance of 
both the  initial  and  final  responses  and make  the point  that  the  sensitivity 
of importance  and the  steady control  gain  of importance may  involve different 
responses  and even  separate maneuvers  or tasks. 

Reference  6  concluded from a  ground simulator program that   for values 
of ^fl/ct greater than ten, pilots desire to have precise control of normal 
acceleration.     This   is  further modified by Reference 9 to a value  of "»/« 
greater than  fifteen before the pilot  changes  his  reference of control   from 
pitch  attitude  to normal  acceleration.     Since  this program was  conducted at 
^/oc's of  16.5  and 56.2,   it  is worthwhile  to consider how pilot  ratings vary 
with normal  acceleration characteristics.     Reference 9  suggests  the use of 
03/cc) /'^o as  a parameter that  should  reflect  airplane normal  acceleration 
characteristics  at^«/a:'s greater than  15.     Figures 25 and 26 show how the 
pilot  ratings  varied as a function Qt ir7a/<*j/uie,'     There  is excellent  agreement 

between pilots within a group but very poor correlation between groups. 

So far it has been shown that those parameters which attempt to include 
the  attenuation  effects  of the  feel  system to  a step  input  or wheel  force 
per g have given poor correlation between pilot ratings obtained for the two 
groups  of configurations.     It has  also been shown that  pilot  rating versus 
(>-/*)/o^ has  not   correlated very well  at  different  values  of r',/«;.     The best 
correlation has been  obtained  for the parameter o0,p /('>7i/a') •     This   is  the 
parameter chosen  to establish  short-period  frequency  requirements   in  Reference  1, 
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The major objective of this program was to investigate the short-period 
frequency requirements for a low to medium load factor wheel controlled air- 
plane at a high range of ?7a/ctfor comparison with the requirements proposed 
in Reference 1.     Figure 27 shows the pilot  rating data obtained during this 
experiment plotted on the proposed M1L-F-8785 specification requirements. 
Within the level   1,  Flight Phase Category A boundary,  the airplane must have 
a pilot  rating of 3.5 or less and within the level 2,  Flight Phase Category A 
boundary, a pilot  rating of 6.5 or less,   for the task of precision maneuvering. 
The  faired pilot  rating data of this experiment   possibly indicates that   the 
upper limit on t^3P as  a function of ^/a is  a  little high,  and that  the  lower 
limit might  converge slightly toward the upper  limit  at the high ^/<K . 

The technical  discussion presented earlier suggests that perhaps  the 
best short-period  frequency,  at  a given $sp , will be the one that gives  the 
pilot the best combination of ^ and «,  responses.     The author does not neces- 
sarily hold with the conclusion  that, at high speed or high ^/oc  ,  the pilot 
is attempting to control  »» precisely at the expense of the pitch attitude 
response.     In the steady state, the pitch rate and normal acceleration 
responses are directly related by the velocity    ff'V)     -   g (*&)]'    At ^igh 

speed, and therefore high "j/oc  , the pilot  reaches the acceleration limits of 

the airplane  long before he reaches a value of   0     that might be objectionable. 
This means that ^ ,   though certainly more important at high speed than at   low 
speed,  is not normally controlled tightly unless the pilot is near the ^ limits 
of the airplane.    Experience tends to bear out that  the pilot will rotate the 
airplane from target  to target at the maximum "« consistent with pilot arid 
structural  limitations  in order to minimize acquisition time; however,  when 
structural   limitations  are not paramount,  the pilot  will  close on pitch attitude 
in order to track.     Since  6    and ^are both  important,  a reasonable approach, 
consistent with the piloting task,  is to observe  the ^  response while normalizing 
the n* response.     Since the pilot does close on attitude,  the 6 response maintains 
its  importance at high *V/<*: and therefore could possibly be used to correlate 
longitudinal handling qualities  at high as well  as  low speeds.     Figure 28 shows 
the actual pole  locations  for the 0/(fc transfer function that were used during 
the evaluation program.     It can be seen  in  Figure 28 that  the best  short-period 
frequency,  as determined  from the  faired pilot   rating curves  for both groups, 
occurs  at approximately the same phase angle with  respect  to the zero determined 
by the Vr^ of the configuration.    Since this  angle  is  a  function only of  ^p , 

^o and    '/fj   this means  that  in  this experiment  the best  short-period  frequency, 
for the two groups evaluated,  occurred at  essentially the same value of T6 oo    . 

Therefore  it was worthwhile to plot  pilot  rating as  a  function of T   uJ   , 

This approach   is not new as it  is suggested  in Reference 9  for values 
OUTT /ec less  than  15 g/rad.     However, here  it   is extended to much  larger values 

of rr /u and the parameter T* UJ  is used in place of  ~        as suggested  in 

—-   is not  as  clearly understood as Reference 9, because  the significance of 

a  variation in «^.     It   is  also better to correlate with a parameter that 
increases with increasing   ^^ and does not   "blow up" as   «^.^ approaches  zero. 

when ^-J. ~ 0. 



Figures 29, 30 and 31 show the variation of pilot rating with a change in 
T0K ^jp '     ^ can *:)e seen that there is excellent agreement between pilots for 

each group of data, as well as very good agreement between groups. The faired 
pilot rating curves, for both pilots for both groups cf data, show that the 
best pilot ratings occu at r

s  ^^^3.6.  It also shows that acceptable short- 
period handling qualities (PR t 3.5) occur for a range of ^ ^^between 2.2 and 
5.3. *■ 

By maintaining a constant value of ^^ "^-p at a constant damping ratio, 
the shapes of the longitudinal responses to a step input ?.re preserved. This 
also means that the pitch rate overshoot ( S   .„/A ) and the phasing of the e 

response with respect to the oc and -n   responses is held constant. 

From the two equations developed in Appendix I and shown below. 
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having a constant value of 7"^  ^p    and    ^will maintain a constant pitch rate 

overshoot,    (—^Ü  ]  ,  and as  shown  in Section  II,  will keep the  same phasing 

between the # , cc and >?- responses.     In this experiment,  the optimum short- 
period frequency occurred at  a value of  Tff  co     =«3.6 with  a range  of 

2.2  ^ Te uJSp £ 5.3  for acceptable short-period handling qualities   (PR - 3.5) 

From Figure  28 and Equation 21,   it  can be seen that a constant value of 
r^   uJjP   (at a constant damping ratio)   results  in a constant phase angle for the 
e   response to a step input.    As pointed out  in Section II, one of the effects 

of changing the value of 7"^ is to change the phase relationship of the » 
response with respect to the  ct   and'T* responses.     If there  is,   in  fact,  a 
desirable phase relationship between the & and ^a responses,  then  it  should be 
possible to correlate pilot  rating with   ^     .     Figures  32,   33 and 34  show how 

pilot rating varied as a function of the phase angle of the 9 step response at 
the short-period frequency.    Although the damping was not varied in this exper- 
iment,  these phase  angles  include  the actual measured damping Jitios  obtained 
for each configuration.    Although there  is  good correlation at the phase angles 
less than the optimum,  there is very poor correlation for those phase angles 
greater than the optimum.    This is primarily the result of the small  change In 

Y-   that occurs  for even a large change  in   UJ    at values of   ^     greater than 
Bsp if "sp 

optimum.     The evidence of poor correlation  lies  in the  large changes  that occur 
in pilot  rating  for very little change in   if-     at the high phase angles. 
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Since it has been shown that the pilot rating data correlates as well 
CO 

z 
with r   tj    as  it  does  with  ——^   ,   it   is  reasonable  to  ask  which of these 

parameters is the more correct^ correlating parameter?   ^^/ctis approximately 
equal  to   [~')

,
/TA   and thus  J^£.   ~   3~ (oj.D\ (ra   cuco)    .     Unfortunately,  the 

only  conclusion  that  can be  reached from this  experiment  is  that  the  optimum 
short-period  frequency was  different   for the  two  groups  evaluated.     Whether 
this  variation was  due  to the  independent  effect  of 1/ or yTg   ,  or a combination 
of both,   cannot be  ascertained.     There i^.  however,   a grouni simulator exper- 
iment,  Reference 6,   that   shows  that  piiot  rating varies  as  a  function of 
velocity at  a constant ^   ,     Based  on  these  ground  simulator results,   it  would 

seem that     £f       is  the better of the two correlating parameters.     Since 

rr /„    contains    T&    ^       and ——   ,   if there  are variations   in pilot  rating due 

to the  independent  effects  of velocity,  they can be  accounted  for by ,— 

whereas  they cannot by    T.   ^/, alone.     Neither  T* UJ    nor -n in  contain  the J      0Z   SP Sg   SP j/0- 
effects that variations in short-period damping impose.  Thus we must conclude 
that any parameter that contains only two of the three variables oo     , /and 

>/r   , has no chance of covering all possible cases. 

The primary objective of this investigation was to ascertain the 
desirable values of short-period frequencv at high W./ti   for wheel-controlled 
airplanes with low to medium limit load factors.  A second objective was to 
compare the results obtained in this program using a wheel controller to those 
obtained in Reference 2 with a 'tick controller.  Although a comparison can 
be made,  it should be pointed out that the mission requirements for the two 
programs were quite different.  The pilots in Reference 2 evaluated an airplane 
for the fighter mission and the pilots in this program evaluated a task 
representative of a much larger, less maneuverable airplane with a wheel con- 
troller.  Figure 35 presents the pilot rating data versus short-period frequency 
from Reference 2 plotted on the corresponding data from this experiment.  The 
most significant result is that the short-period frequency requirements for 
a wheel-controlled airplane are identical to those of an airplane with a 
stick controller.  Tliis is an important conclusion because it allows direct 
comparison of short-period frequency data obtained in airplanes with either 
type of controller.  Although the short-period frequency requirements arc the 
same, one major difference in the pilot rating data was evident,  lor the 
Group I configurations, in the lower than acceptable short-period frequencv 
range, the pilot ratings for the stick-controlled fighter airplane dropped 
off quite a bit more rapidly than those for the medium load factor wheel- 
controlled airplane.  This same trend was not as evident for the Group II 
configurations.  The dropoff in pilot rating is primarily attribute! to the 
mission requirements where the desire for increased maneuverability in the 
fighter is greatly impaired by the slow initial response characteristics 
exhibited in this short-period frequency range. 
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6.4   DISCUSSION OF RESULTS OF PIO INVESTIGATION 

Pilot A made a brief evaluation of four Group i and three Group II 
configurations for which the short-period damping ratio was reduced from a 
nominal value of ^.p ~ 0.7 to a value of £,„- 0.1. All but one of these 
configurations were evaluated twice; once for a fixed ^w/^y and a second 
time with the opportunity for the evaluation pilot to select a desired value 
of'£Jf,/'7.  Table IV-III lists the configurations evaluated. 

For Group I with fixed ^^/»r values, each of the configurations except 
the one at 6.09 rad/sec was rated as unacceptable because of a tendency to 
overstress the airplane due to light wheel forces rather than because of PIO 
tendencies. When the ^f,/''

,«was increased, the pilot ratings became better. This 
does not mean that the pilot did not experience PIO tendencies, because the 
pilot comments indicate that these problems did exist.  For both the 1.96 rad/sec 
and 4 rad/sec configurations, the pilot indicated that when he attempted to 
tighten his control loop, he found that the oscillations just got larger. 
Increasing ^.^/^ reduced these oscillations.  At 6.09 rad/sec, the pilot 
experienced similar oscillations which were considered objectionable, but his 
major complaint was the reaction of the airplane to the random noise disturb- 
ance inputs. 

The low frequency configuration evaluated in Group II had such a 
heavy ^w/*7}  that the airplane was extremely difficult to maneuver. The 
configuration was considered to have a hobbling tendency but this was 
completely overshadowed by the heavy wheel forces. At 6.0 rad/sec the pilot 
indicated that he could track fairly well at low gain in smooth air. The 
major complaint for this configuration, as in the Group I case, was that the 
control in the presence of the random elevator disturbances made the airplane 
unacceptable. The same comments were found for the configuration evaluated 
at 10.3 rad/sec. There was a greater tendency to bobble the airplane when 
attempting to tra*k in smooth air than at 6 rad/sec, but the characteristic 
that made the configuration unacceptable was again the performance in the 
presence of the random noise disturbance. 

Intuitively it would seem reasonable that a high-frequency airrlane 
would be more susceptible in pitch to external disturbances, especially at the 
low damping ratio (^^.l) evaluated. This suggests that there is possibly 
an upper boundary to the short-period frequency for light shorjt-period damping 
ratios due to the airplane pitch response to external disturbances. This seems 
to be the case here; unfortunately there are very few data points and the random 
noise disturbance does not realistically simulate natural turbulence, i.e., the 
elevator input applies only pitching moments and does not simulate the heaving 
motion normally found in natural turbulence. 

It can also be concluded that PIO problems did exist for most of the 
configurations.  It was also possible to reduce the consequences of these 
oscillations by increasing the wheel forces.  For this experiment, it can be 
said that for short-period frequencies of 6 rad/sec and greater, and at a 
damping ratio of ^j ~ .1, the major complaint of the pilot was the response of 

the airplane to the random noise inputs through the elevator and that this 
occurred for both the high and low ?i~/* cases. 
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6.5   CO'PARISON OF RESULTS OF SELECTED —- VALUES 
} 

Each of the configurations was evaluated at least twice, once with a 
fixed'SW«', determined to lie within the proposed ^^/^requirements estab- 
lished in Reference 1 and varied as a function of A^.^ according to the result 
of the experiemnt conducted in Reference 2, and again with the opportunity for 
the pilot to select what he considered to be an optimum ^/%- 

Figures 36 and 37 show a comparison of the values of '^/■"'j ar' a functi 
of short-period frequency at a given value of%/<xbLtween those fixed during the 
evaluation and those selected by the evaluation pilot. 

The ffw / *?■*  values selected by Pilot A show the same trend as those fixed 
in the experiment, however, they are generally 5 to 10 pounds heavier than the 
fixed values.  The two obviously heavy ^r^/'? values selected by Pilot A at 3.6 
and 4.2 rad/sec for Group I were felt neces^iry to give structural protection 
in a symmetrical pullup, but admittedly resulted in forces that were a little 
high in a steady g turn.  It is interesting that he evaluated this same 
configuration two other times at an ''Vn'/j ~ ^0 lb/g and rated it as 
acceptable satisfactory once and as unacceptable the other time.  The un- 
acceptable rating was due to the pilot's concern about overstressing the 
airplane because of the light ^^/^j .  It is the author's opinion that the 
pilot comments do not justify an unacceptable rating, particularly when they 
are compared with the comments for the same configuration at essentially the 
same f    /?? value evaluated earlier. 

£W/    $ 

The   ^7 ^values   selected by Pilot   B do not  show the same  trend  as 
those  fixed in the experiment;   as the short-period  frequency increased,   the 
selected values  of /^.^/^ continued  to decrease.     The  result was  that   Pilot   B 
had more complaints about   the  initial  response being sensitive or abrupt  at 
the higher short-period  frequencies.     The   low  value  of ^^/^ selected at 
5.3 rad/sec  for Group   II   was  admitted by  the pilot   to be too  light. 

A comparison of the pilot  ratings  as  a  function of short-period  frequency 
and y^/^is shown  in  Figures  37 and 38  for the  levels and flight phase categories 
presented  in Reference   1.     Essentially,     the airplane must have  a pilot  rating 
of 3.5 or less within  the  Level   1,  Flight   Phase Category A boundary and a pilot 
rating of 6.5 or  less within  the  Level  2,   Flight   Phase Category A boundary  for 
the task of precision maneuvering.     It  can be seen  that   in general,  these 
criteria have been met  with  the exception of a  few discrete points. 

The wheel   force   requirements   in  this  experiment were quite different 
from the stick  force  requirements established  in  Reference 2.     It   is difficult 
to make a direct  comparison because of the  significantly different   limiting   load 
factors and the different  mission  requirements   for  the two experiments.     There 
was  a stronger tendency  to use  the control   force   level  to provide  structural 
protection  for the wheel-controlled airplane than  for the stick-controlled 
fighter.     This cDuld  indicate  that  control  force  per g  is more  important   for 
structural protection  in  a  low to medium  load  factor airplane than  in a high 
load  factor airplane where  the human  tolerance  to normal  acceleration becomes 
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the more important consideration.     In other words,   for low ^V structural   limits, 
the pilot's perception of the  limiting g is not very good in comparison with 
the case of a high n.   structural   limit    where considerable pilot discomfort  and 
physiological changes may occur.    Thus the higher wheel  forces accomplish two 
things:     they provide the pilot with an increased degree of ^    perception and 
physically make the airplane more difficult to overstress. 

6.6 DISCUSSION OF RESULTS OF THE -^HL STUDY 

One  flight during the  in-flight  evaluation program was  used to evaluate 
the effect on the short-period handling qualities of variations  in^^/^r 
The configuration used was  a Group  I  configuration that had been rated acceptable 
satisfactory with a ^/^ - 1   in./g.     Additional  values  of ^y" equal  to 2,  3,  and 
4 in./g were evaluated while holding^/% essential ly constant.     The 
configurations were evaluated by Pilot  B. 

The  original  configuration was  evaluated three  times  at   a ^A, ~ 1   in./g 
and given  ratings of 1.5,   2.0 and 2.0.     The wheel  displacements were described 
as comfortable  in the  first  evaluation and moderate  in  the  last  two.    The 
configuration,  in  general,  was  quite  good with  good  tracking capability 

With "^/^ increased to 2.05  in./g,  the wheel  displacements were 
described as  a "little on the high  side."    The  increased displacements were 
slightly more noticeable and caused the pilot  to comment:   "there was something 
about  the  feel  of the aircraft  that  made  it difficult   for me  to tell whether 
the stick  displacements were  large or whether the  response was  just  slow."    The 
pilot,   though  commenting about  the wheel  displacements,   seemed to feel his 
difficulty  in a tight  tracking maneuver was due mostly to the  airplane dynamics. 
The configuration was given a pilot  rating of 3, 

At  a. <%-w-l't= 3.3  in./g,   the  increased wheel displacements were quite 
noticeable,   described as  "rather  large," and were   listed  as  an objectionable 
feature.     The pilot  found  it was  often easy to get  out  of phase with the 
tracking needle during the  random error tracking task  and commented that  he 
could not  do  any very tight  tracking.     The  configuration was  given a pilot 
rating of 4. 

For the highest ^-^/^ evaluated of 3.94  in./g,   the pilot  reported that 
it seemed to take a lot of wheel  input  to get any amount  of initial  response 
and that  the wheel  displacements  seemed quite  large.     Once again  the pilot 
reported that  his  tracking was poor.     The pilot   listed as  an objectionable 
feature that  the  control   inputs had to be  large  to get  anything out  of the 
airplane and he rated the airplane a 5. 

Figure 39 shows the variation in pilot rating as a function of d^/iu. 
The pilot  ratings deteriorate with  increasing <^>^/^5 and  indicate  chat  the 
handling qualities were  less  than  acceptable satisfactory  for" values  oi.^£^jn 
greater than  about  2.5  in./g.     Figure  40  shows  the comparison  of the pilot 
ratings  obtained at  the various values  of ^^/% Kitri the proposed  levels 
established  in  Reference  1. 

36 

 MM 
in' 



SECTION VII 

CONCLUSIONS 

A  flight  test  program was conducted  to  investigate the  short-period 
handling qualities  requirements  at  a  constant  damping ratio   ( ^sp~ ■^)  at;  tw0 

flight  conditions  for a wheel-controlled airplane with a  low to medium  load 
factor.     The two flight  conditions  consisted of two velocities at  a constant 
altitude.     This  resulted  in two values of    f/r * i     and two true  speeds. 
The  following conclusions were  reached: t 

1. The short-period  frequency requirements were different   for the 
two flight  conditions.     As    V7^      and velocity were  increased, 
the band of acceptable  short-period  frequencies was widened 
and shifted  in the direction of higher frequencies. 

2. Pilot  opinion of the   longitudinal  short-period handling 
qualities  was  found to deteriorate  for frequencies  above 
and below an optimum frequency,   for essentially the  same 
reasons  at both  flight  conditions.     For those  frequencies 
below  the  optimum,  the pilots  complained about  the 
sluggishness   of the  initial  response  and the tendency to 
overcontrol  and possibly  enter a   low-frequency  PIO.     At 
the higher than optimum  frequencies,   the pilots  complained 
about  the  abruptness  or sensitivity of the  initial  response 
and the  tendency to bobble  the  airplane. 

3. Selection  of an optimum '^v/ ^ is  a compromise between 
desirable  initial  response and acceptable  steady state 
forces   for those  frequencies  above  and below the optimum. 
At  the   lower than optimum short-period frequencies,   the 
pilot  wishes  to have   light wheel   forces  to make the  airplane 
respond  initially but  this   leads  to overcontrol  and over- 
stressing  tendencies.     For the higher than optimum short- 
period  frequencies,  the pilot  would  like heavy wheel   forces 
to reduce  the  abruptness  of the   initial  response,  but  then 
he  finds  the  steady state  forces  excessive. 

4. Pilot   rating data was  shown  to  correlate with  two 
parameters:  «£, f%/acjand   ^SP 

Tez   .    The following 
limits were established  for acceptable satisfactory pilot 
ratings   (PR ^  3.5):   (.43 ^  &£/(rL/ec) * 2.A)  and  (2.2^^-5.3). 
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5. For the constant damping ratio cases  investigated, the 
optimum short-period frequency occurred at the same phase 
angle of the short-period mode in the   6   time history response 
to a step elevator input. 

6. The short-period frequency requirements  for a  low to medium 
load factor airplane with a wheel controller are nearly 
identical with those for a fighter type airplane with a stick 
controller.    The only significant difference is that the 
pilots are more tolerant of lower than optimum short-period 
frequencies for the mission of the wheel-controlled airpUne than 
they are for the same conditions for the fighter mission.    This 
is an important conclusion because it allows direct comparison 
of short-period frequency dita obtained with either wheel-  or 
stick-controlled airplanes. 

7. Pilot opinion of longitudinal handling qualities  is 
significantly influenced by the amount of wheel motion 
required to pull an incremental rormal acceleration.     It 
was shown that  aS^'^Z.S in./g or greater resulted in 
unsatisfactory handling qualities. 

8. Reducing the short-period damping ratio to *SP ~ .1 greatly 
increased the tendency  toward pi lot-induced oscillations. 
For this experiment,   it was found that   for short-period 
frequencies  of 6  rad/sec  or greater at  a damping ratio of 
$JP~.\,  the major cause for the unacceptable pilot ratings 
was the response of the airplane to the random noise 
disturbances to the elevator. 
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Table I 

PILOT COMMENT CARD 

A. MAKE COMMENTS AT ANY TIME AS DESIRED. 

B. MAKE GENERAL COMMENTS ON LONGITUDINAL HANDLING QUALITIES. 

C. COMMENT ON THE FOLLOWING SPECIFIC ITEMS. 

1. ABILITY TO TRIM ■ ANY DIFFICULTIES WITH AIRSPEED CONTROL? 

2. FEEL SYSTEM CHARACTERISTICS 

a. STICK FORCES 
b. STICK DISPLACEMENTS. 

3. AIRPLANE RESPONSE TO PILOT INPUTS- 

a. INITIAL RESPONSE 
b. FINAL RESPONSE 

4. PITCH ATTITUDE AND NORMAL ACCELERATION 
CONTROL AND TRACKING CAPABILITY. 

5. ALTITUDE CONTROL -ABILITY TO ACQUIRE AND 
STABILIZE ON A NEW ALTITUDE. 

6. LONGITUDINAL CONTROL IN TURNS: 
ENTRY - MAINTAINING - RECOVERY. 

7. CLIMBING AND DESCENDING TURNS. 

8. COMMENT ON ATTITUDE TRACKING TASKS. 

9. COMMENT ON CONTROL IN THE PRESENCE OF 
RANDOM DISTURBANCE. 

10.  WAS LATERAL-DIRECTIONAL CONTROL SATISFACTORY 
AND DID IT DETRACT FROM THE LONGITUDINAL 
EVALUATION? 

D. SUMMARY COMMENTS ON OVERALL EVALUATION. 

1. GOOD FEATURES. 
2. OBJECTIONAL FEATURES. 
3. SPECIAL PILOTING TECHNIQUES. 
4. PIO RATING 
5. PILOT RATING BASED ON MISSION PHASE- 

WORDS AND NUMBER 
6. PRIMARY REASON FOR HATING. 
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Table II 

PIO TENDENCY RATING SCALE 

DESCRIPTION 

NUMERICAL 

RATING 

NO TENDENCY FOR PILOT TO INDUCE UNDESIRABLE 
MOTIONS. 

1 

UNDESIRABLE MOTIONS TEND TO OCCUR WHEN 
PILOT INITIATES ABRUPT MANEUVERS OR ATTEMPTS 
TIGHT CONTROL THESE MOTIONS CAN BE PRE VENTED OR 

ELIMINATED BY PILOTTECHNIOUE. 

UNDESIRABLE MOTIONS EASILY INDUCED WHEN PILOT 
INITIATES ABRUPT MANEUVERS OR ATTEMPTS TIGHT 
CONTROL.   THESE MOTIONS CAN BE PREVENTED OR 
ELIMINATED BUT ONLY AT SACRIFICE TO TASK PER- 
FORMANCE OR THROUGH CONSIDERABLE PILOT 
ATTENTION AND EFFORT. 

OSCILLATIONS TEND TO DEVELOP WHEN PILOT INITIATES 
ABRUPT MANEUVERS OR ATTEMPTS TIGHT CONTROL 
PILOT MUST REDUCE GAIN OR ABANDON TASK TO 
RECOVER. 

DIVERGENT OSCILLATIONS TEND TO DEVELOP WHEN 
PILOT INITIATES ABRUPT MANEUVERS OR ATTEMPTS 
TIGHT CONTROL. PILOTMUST OPEN LOOP BY RELEASING 
OR FREEZING THE STICK. 

DISTURBANCE OR NORMAL PILOT CONTROL MAY 
CAUSE DIVERGENT OSCILLATION . PILOT MUST OPEN 
CONTROL LOOP BY RELEASING OR FREEZING THE 
STICK. 
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APPENDIX   I 

LONGITUDINAL TRANSFER  FUNCTIONS 

The  longitudinal equations of motion using the following assumptions: 

1. Stability axes 

2. Constant speed 

3. Incremental  effects of gravity are neglected 

can be written as 

0 * M^e + M&v + M^OL + MseSe (1-1) 

?      9 

(1-2) 

(1-3) 

The following transfer functions  in  Laplace notation are written 
assuming the wings  are always  level  so that   G   =J£ =  ^   and that  the dependent 
variables   G    ,   a.   and  c^  are  incremental  values  from the  reference  condition: 

(1-4) 

^(s)    _ -L^s *i^ *M<iMg) 

Seis) **■> (Lu -M^- Mi)5 - (% *M^LJ (1-5) 

(1-6) 

Assuming that the product of small terms is negligible { l* /y ~/. M -KO) 

Ai±     ^(^[-^xr-^]) 
St(%) *Z*iLx-M(i-Mi}s-iM< + M^LJ 
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ÖCJS) 

Se(5) 

V 
'fit. i.-.-M„uSt -<x       'oc ~oej l^fSp/-<x-A1'XlSt 

T-J + l 

(1-8) 

Y       sz+{Llt-MrM^-iM<t^tlL^) (1-9) 

The short-period natural  frequency and damp 

^SP     =   -Mä.-MtL* 

d damping ratio can be expressed: 

(1-10) 

2^P^SP  -  L^-M^-Mi 

L^-M^Mi 
35P 2j-MoC-MqLe 

(I-H) 

(1-12) 

^<fe ^  -  "a- LSi 

T9 
M 

(1-13) 

(1-14) 

r„ ^ 

J "Se 'oc - MoC Ve 

(1-15) 

Making these substitutions        ^^ Mg^ (s+^J 

*<.{*) s*+2Zspu>sp5 <- atsp* 
(1-16) 

«(s)        Ms^jt^s-m) 
Se(s) 52^?3Pa;sps+^sp (1-17) 

/       ^J^^^-^j^O (1-18) 
Set*)   '1   TtSZ<.2Ssp*}iPS'0>, SP 
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For almost  all conventional  airplanes,  ?"«. is quite small  and can usually be 
neglected,  t*. is likewise negligible for most conventional  airplanes, however, 
it increases  m importance for airplanes on which ^^   is  large and/or the tail 
length  is quite short.     In this experiment, the tail   length was  sufficient to 
make ^^ negligible.    Thus assuming,   ^ * ± ?^ * ^ ^d making the above 
substitions,  we have: 1 

6(S) 
(1-19) 

QC (S) Mst 

Z K      uJ „ n S -f  uJ 
•'SP    SP SP 

(1-20) 

^ (S) "S6 

/     ^ 03P     Sp ■** 

(1-21) 

The following relationships are derived from the rbove transfer functions 

vis) 

*fM/st (s) V 
cc(5)/fe(s) S     Tez 

(1-2^) 

/     ^ 

Qh)     '     e(s)/se (s) J T6     S*l/Tg 

(1-23) 

     —     e   

St(') W 
'^e (**%*) 

+ 2**p*>SP**"'s*i 
(1-24) 

The  initial pitch acceleration,   dt  ,   for a step elevator input can be 
obtained by the initial value theorem: 

öo Cifft 

S-* °o 

Cim 
S-» oo 

1* (1-25) 

9, 
Ms (1-26) 
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By the final value theorem,  the steady state pitch rate to a step input 
is  obtained: 

0., Lim 
%-*o 

Urn 
M^i^'/r^) 

s,*2t,Pa>SP**o>spt 
(1-27) 

öss M^ 
(1-28) 

rtf.^5P
2 

The time history for the 6   response to a unit elevator step input 
(Sm  = 1) can be described as: 

e. w/e ^. 
e^f  ^V »Z7^ HP/'-r l 

(1-29) 

where 

A t^lfElZ]^^^"^' 
z.> 
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^«" *****«' 

v=^ - ^#/^^>^;^/, e
w »'"^y^^ ^j 

■^eJ^H;k(%;^Ql 'e**^ osi^fU1** ^ 

(1-30) 

/V/>*-«' 
The time at which the maximum pitch rate overshoot,   ^/iifJy   , will occur can be 
obtained from the conditions for   0   =0: 

?.» 
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t = 
0), tp FU1 tu-{iHzyK 

i = - / 

*W/-V' 

Thus we can define 

e» 

'« ^7 ^Mifr^J1* ^ 
J^L<(jk& tun '46yJ. 

61,1 tv'/JEsr\ (1-31) 

which  reduces to: 

(1-32) 

9, 
r„ 

/^ 
'4 -**'"*■ 

sin tan '/^T7 

87 

gH^gjIH^gg^gUgg^gng^ggggmg ____B^BaaM ^«■M 



APPENDIX II 

CALCULATION OF '/t   AND n. r 
The test program was  designed primarily to evaluate the  effect of Wj./* 

or /T6t   on the short-period handling qualities requirements.     In order to 
investigate as wide a range of-"-/aas possible,  a low value of 16,5 g/rad 
and a high value of 56.2 g/rad were selected.    The low value was determined 
primarily by the minimum speed at which the evaluation pilot could pull 2 g's 
without entering stall buffet.    The high value was determined by the T-SS's 
performance  limitations. 

The method used to minimize variations in **■,[<*■ 
configuration was based on the following analysis: 

The equation for   /r    can be written as 

and for each 

\ 

W c. 
?e

Cm<x 

w. 
(II-l) 

If we assume constant speed and neglect the incremental effects of 
gravity,  then  r?  / <x   can be approximated by: 

06 3      \ 
fiV*S c, 

cC 

'CL 

c 
*>&* 

(11-2) 

It can be seen that as the aircraft weight decreases due to fuel con- 
sumption,  the velocity would have to be decreased proportionately to maintain 
a constant    /TSg    •     If a constant  /^    were maintained,  then ^/cc   would have 
to decrease.     Thus,  a compromise must be accepted wherein the variations of 
l/T.      and %/cc    during an evaluation  are held to a minimum. 

Since /'i, varies directly with velocity and ^j/or    varies directly with 
velocity squared,   it was decided that 1/T6l should be tne  freer parameter.    Based 
on the predicted aircraft weight change due to fuel consumption,  two airspeeds 
for the  low speed configurations  (Group I)  and two airspeeds  for the high speed 
configurations   (Group II) were chosen that would give an essentially constant 
mean  "j/«   for both flight regimes.     The program was designed to ensure that 
all the low speed configurations would be evaluated at aircraft gross weights 
between 15,400  lb and 13,270 lb,  and all high speed configurations would be 
evaluated between 14,350 lb and 11,800  lb.    The two airspeeds  for the low speed 
configurations were then chosen to give a mean  *«/*   of approximately 16.5 g/rad 
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and a mean   /T6l  of approximately 1,29 per sec.     The airspeeds for the high 
speed configurations were selected to give a mean    "j/a of 56.2 g/rad and a 
mean   f/T$z of 2.65 per   sec.    The data upon which the selection of these airspeeds 
is based is presented in Figures  II-1  and 11-2.     The actual airspeeds 
corresponding to the various gross weight ranges  and the respective   ^-i/    's 
and    '/r 's are shown  in Tables  11-1 and II-II. 

'*z 
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12 13 14 

T-33 GROSS WEIGHT-THOUSANDS OF POUNDS 

15 16 

Figure n-2   ^, V« VS. VELOCITY AND GROSS WEIGHT FOR GROUPH 
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Table 11-II 

VARIATION IN ~   AND njtc  WITH AIRSPEED AND FUEL REMAINING 
'a} f 

VELOCITY 
TRUE - KT 

WT. CHANGE 

LB (RANGE VALUE] (RANGE VALUE) 

2H9 

M =.394 

700 FR - StO FR 

15W0 - U350 

(16.1 - 17.3) (1.23 - 1.32) 5.87          | 

238 

M =.367 

5'*0 FR - 375 FR 

11*350 - 13270 

(15.6 - 16.9) (1.25 - 1.35) 5.83          | 

MEAN VALUES 16.5 1.29 5.85          | 

T:      v    « 2W 
JL_=1 X^I   =   WV3   (CL  - -£*   C%  ), ^-5® 5500'   =   02.2)   (.00202)   (234.8)  = 7  65 

■ w. 

2H9 KT = Wl   FT/SEC 

J-V  (7-65)   (^l)   (5.87) 
JeJ^' woo 

,  I   \       (7.65)   (H21)   (5.87) 
=  1.23       ~\=~ — — -=1.32 r« 

'5/? U350 

238 KT = H02  FT/SEC 

J   \      (7.65)  (402)   (5.83) 

16.1 

7L 
'fi/l 14350 

=  17.3 

, 1 A        7.65      402      5.83 
=  1.25      l~]=- — — -=1.35 

9£/2 13270 

i = 15.6 ^ -■ 16.9 
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Table U-U (Cont.) 

VARIATION  IN   ^-AND ",./*  WITH AIRSPEED AND FUEL  REMAINING 

VELOCITY 

TRUE -  KT 

WJ.   CHANGE 

LB (RANGE VALUE) 

i 

(RANGE VALUE) 

413 

M =.637 

5t0 FR -  375 FR 

U350 -   13270 

(5'*.3  -  58.6) (2.H9 - 2.70) 6.70 

396 

H =.610 

375 FR -   150 FR 

13270 -   11790 

(52.7 -  59.5) (2.53 -  2.810 6.65 

MEAN  VALUES 56.2 2.65 6.62 

i_^ z K2> = SPV5 

V    *   cc 2W Q, j e &_ 
Cm_ 

« 5500' 
(32.2)   (.00202)   (23U.8) 

= 7.65 

"♦13  KT = 698  FT/SEC 

]   >!  _  (7.65)   (698)  (6.70) 

r^ U350 

396  KT = 669 FT/SEC 

2 ^_  (7.65)  (669) (6.55) 

13270 

/;    \      (7.65)  (698)    6.70) 
= 2.1*9 //-   = — — '= 2.69 

\^e 13270 

=  2.53 
l_\ _ (7.65)  (669)  (6.55) 

•J " 11790 
2.911 
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APPENDIX   III 

FEEL SYSTEM NOTCH  FILTER CHARACTERISTICS 
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w    «< 

F     NOTCH FILTER FREQUENCY RESPONSE 

100 1000 
FREQUENCY/^ RAD/SEC 

Few NOTCH FILTER FREQUENCY RESPONSE 

10 

FREQUENCY-' RAD/SEC 
100 1000 
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APPENDIX IV 

CONFIGURATION IDENTIFICATION AND TIME HISTORIES 
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*■ *-■* 

Table H-I 

SHORT-PERIOD HANDLING QUALITIES CONFIGURATIONS 

PILOT  A GROUP I 

FIT 

HO. 

Use 
«»O/SEC ^ 5K-1 Ll/g ln/g 

«93 2.06 0.71 IS.« 1.23 61.2 1 . ' 1 

682 2.07 0.66 1   03 

m l.th 0.60 0.98 

900 3.M 0.6i< 1 . 13 

900 3.11 0.66 1 ,01 

its 3.BS 0.68 1   03 

tsi »».0 •0.7 *I6. 1 XI 1.03 

(9ii ».2» 0.66 1.26 

(»S S.HC 0.6« 1.09 

»96 6.62 0.67 1.06 

179 e. is 0.76 1 , 10 

19% 7.116 0.67 1.88 

ts» 7.66 0.66 1 ,06 

«17 7.66 0.66 1. 16 

906 7.66 0.66 1.16 

*SSP IP 
»«o/stc 

i.93 

2.61 

3.U2 

H.69 

4,9', 

6.26 

6.61 

6.31 

6.36 

9.22 

10,06 

10.21 

9.91 

10,01 

fal (««O/SIC)2 

2.39 4.20 

2.16 4 30 

J.73 8,10 

.60 13.0 

3.79 13.0 

Uli 16   1 

II  CORDS 

11,27 18,0 

11.74 29.8 
.67 30.6 

.21 38,2 

60 66.6 

.91 67.0 

.03 67,0 

7.00 67,2 

C1P 

> HU2 

0.27 

0.77 

0.62 

0 81 

0.79 

0.91 

1.09 

1 ,71 

i  76 

2 26 

3.16 

3.60 

3.21 
I  Of, 

to Z 
PR Pi OR 

-.IliCliC 

1   67 143,6 4,0 10 ns 
1   66 143   1 4,0 l   0 «0 

2,28 164.6 2  0 1   0 «0 

2,82 160 6 7,0 2,0 «0 

2,77 160,7 4,0 2,0 »ts 
3,0'. 162.6 7   0 2,0 «0 

- 3,0 1,6 «0 

3,23 163.7 3  0 1,6 Y[., 
4    10 167.0 1.5 l   0 »0 

4.22 166.8 3,0 l  6 in 
4.83 170.8 3,0 1   0 »0 
6.66 171,4 6,0 3.0 tis 
e,06 171   9 4,0 S.O NO 

6.'8 170.9 4,0 2,0 >0 

L1J!_ 170.8 U.O 2.0 ^ J 

PILOT  B GROUP I 

1 m 
»o/iec ^ ICC' tl/l l*/f ■iD/SCC w (•«O/ilC)' //sic' H 0£» PIO« 

jmtTto 1 

697 1.97 0.69 16.8 47,9 1.00 2.17 3.80 0 24 1 ,66 140.3 4,0 3.0 «0 

890 2.00 0.70 1«  7 41   0 0.86 2.41 .00 0.27 1   72 1 44. 9 6.0 3.0 • 0 

899 2. i: o.to 17.4 66.4 1  06 1  92 ,60 0.26 1   69 4   6 2.0 YfS 

899 3.0« 0.61 17. 1 60.6 1.00 2.96 9,60 0,66 2.36 j,0 2,0 »0         | 

668 4.06 0.6' 16.7 37.9 1.00 4.2« 16.4 1 ,04 3,24 1   6 l  0 • 0 

»OK 4. 16 0.66 16.9 41, 1 1 -06 4.2' 17   2 1,08 3,28 2,0 2,0 ao 
902 «.20 0.«7 16.6 63.6 1 . 11 4.3 I   .6 1,07 3,20 3,0 2,0 '(5          ! 

891 4.30 0.61 16.6 »I.I 1 .10 4.2« 19,6 1 , 19 3,48 2.0 1,6 «0 

902 6.77 0.66 16.1 62.4 III 6, 10 33,3 .',07 4.61 2.C 16 r(s     j 
IM «.2» 0.66 16.4 64. 1 1.19 6,38 39,4 2.40 4.81 3.0 2.0 »0 

890 6.6« 0.74 16.8 61. 1 1.09 .29 43,0 2,67 6  12 170,9 2.6 1   6 ■0        j 

901 7.26 o.ee 18.4 43.0 0.99 .77 62.6 2.6'. 6. 16 70,6 3.0 2.0 'is     i 

68» 7.H6 0.69 17.7 86.4 1 .23 10.34 .37 66 6 1. 14 6.62 17 1,; 6.0 3.0 «o     1 
891 8.00 0.69 16, 1 1.20 69.0 0.90 11,07 9.24 64.0 4.24 6.67 173, 1 |     4.0 1.6 «0        i 

100 



XXXX  AIRPLANE + ELEVATOR ACTUATOR DYNAMICS 

 AIRPLANE + FEEL SYSTEM + ELEVATOR ACTUATOR DYNAMICS 

^ 
T1ME-5EC 

o T ^^ -r -v ^ 
TIME-SEC 

FigureI3Z:-1  TIME HISTORY OF RESPONSE TO FLEVATOR STEP INPUT 
GROUPI, (J^ = 1.96, /„ = .694 

Sfi 

101 



XXXX AIRPLANE + ELEVATOR ACTUATOR DYNAMICS 

 AIRPLANE + FEEL SYSTEM + ELEVATOR ACTUATOR DYNAMICS 

2.01 

e 
DEC 

6 
DEG/SEC 

8-1 

6- 

4- 

2- 

0 

401 
30- 

9   220| 
CEG/SEC 

T 1 1 1 

1 1 -T 1 

TIME-3EC 

DEC 

O.CK^ ' ' ' ' 

Bi 

DEG/SEC 

TIMt-SEC 

FigurenC-2 TIME HISTORY OF RESPONSE TO ELEVATOR STEP INPUT, 
GROUP I. ^ = 3.08, JSF = .628 

102 

-- --■ 1     HI   



DEG 
6 

^  ■ 

n 

XXXX AIRPLANE + ELEVATOR ACTUATOR DYNAMICS 

 AIRPLANE + FEEL SYSTEM + ELEVATOR ACTUATOR DYNAMICS 

at 

DEG 

2.Ch 

1.5 

1.0- 

0.5- 

0.f> t 1 1 1 1 

Hi 

Ir 

e 
DEG/SEC DEG/SEC 

9 
DEG/SEC2 

o   ~V~T ~Y^-\ 
TIME-SEC 

0.8n 

0.5- 

*      0.4 
g's 

0.2 

0.0 

o   ^~T~Y~J 
TIME-SEC 

Figure IY"-3 TIME HISTORY OF RESPONSE TO ELEVATOR STEP INPUT 
GROUP I. Uif, = 4.05,^,= .655 

103 



e 
DEG 

XXXX AIRPLANE + ELEVATOR ACTUATOR DYNAMICS 

 AIRPLANE + FEEL SYSTEM + ELEVATOR ACTUATOR DYNAMICS 

T 1 1 

2.On 

1.5- 

•   l.Ch 
DEG 

0. 

r 

DEG/SEC 

Q 
DEG/SEC2 

I I I 

i   5   5   r ^ 
TIME-SEC 

r T 1   r i 
TIME-SEC 

Figure GW TIME HISTORY OF RESPONSE TO ELEVATOR STEP INPUT, 

GROUP! H/. = 628'V-663 

104 

- 



DEG/SEC' 

XXXX AIRPLANE + ELEVATOR ACTUATOR DYNAMICS 

 AIRPLANE + FEEL SYSTEM + ELEVATOR ACTUATOR DYNAMICS 

2.0! 

*     i        i       i        i 

T~~$    5    ^     ^ 
TIME-SEC 

DEG 
1.0 • 

8i 

oc 

DEG/SEC 

*, 
9s 

TIME-SEC 

Figure IZ-5 TIME HISTORY OF RESPONSE TO ELEVATOR STEP INPUT, 
GROUPI ^ = 7.55, fSP = .678 

105 



Table U-EI 

SHORT-PERIOD HANDLING QUALITIES CONFIGURATIONS 

PILOT » GROUP n 

1 "■' ^s* 
^ y« Ä VA 

"» 1«/,' 

-^'-A* ZSM ~J. or 
•^ 1 SUKTtol 

1 "0 •10/SEC j/4U> »«D/S1C («»0/S[C)J //ssc' n PlO« W", 
«•5 3.0« o.;o 51. i 0.95 «.26 1.7« 9.60 0  1« 1.25 127.6 7.0 2.0 «0 
»Oi 3  33 0.60 w.g 1.K5 3.9« 1.52 111 0. 19 1   27 130. 1 6.0 1.5 tts 
a93 «. li 0.13 S7.6 1.71 6.85 2.5« 16.9 0.29 1.56 1»2.2 5 0 l .0 NO 
*ao «.'6 0.S3 St.t l . 16 5.03 I.«5 22.7 0   .1(1 1   76 1«6.3 « 0 1. 5 YES 
IM S.U O.i« S»,6 1.17 5.65 2.12 26  1 0.«9 1.97 161 .0 2  0 10 »(S 
u« S.M 0.(0 (1 ,7 1.0« M« 2.52 35.« 0.5« 2.10 161.9 3 0 1.0 «0 
(•3 6. OK 0.S7 «1.9 0.90 6.90 2.«2 36.5 0.59 2.12 162.0 1   0 1.0 «0 
>th 10.30 O.W ss.o 1.21 13.60 5.07 10«.0 1  19 3.«6 166.« 2 5 1.0 «IS 
»n 10.  0 0.72 60.7 1 . 16 15.1» 5.«2 112.« 1.16 3.79 167.2 1   0 1.0 »0 
■9« 13. SO 0.73 57.« SO. 3 1.   1 19.«« 7.«« 112.2 3. 16 6.06 17   . 1 3 0 1 .0 rts 
US 1«.20 0.«b 57.5 5».7 1.20 II.«3 6.95 201.6 3.5 5.35 170.« 5 0 1.0 no 

PILOT e GROUP n 

1 "•' <*>JP k v« '/r w»», **"*! ̂ rH Wt -/ 
C"        1 ̂  T    \t»J0 ! 

SElfCIEO   j 

■0. ««0/J1C f/me sec ' li/l I«/» • «D/HC |«»o/sic 2 //stc' "4 1 Of» ft not W*V 
901 3.1« 0.63 51.J 52.3 1.17 3.«9 10.0 0.19 1.2« 130 3 5.6 2.0 YES 

III 3.50 0.61 51.1 (2.9 l.«7 «.37 12.2 0.2« l.»2 136.6 6.5 1.5 «0 

IM 3.6« 0.13 59.1 54.« 1   22 6.0« 13.2 0.2« 1.3« I3«.l S.O 2.0 • 0 

990 «.30 0.69 51.5 53.3 1.19 5.93 1«.6 0.31 1.5« l«0.5 5.5 1.0 •0 

199 5.3« 0.55 51.0 30. 1.00 6.15 21.6 0.53 2.0« 16 .0 3.0 1.6 YES 

III 5.70 J 6« 60.0 11.9 0.90 6.31 32.5 0.6« 2.0« 161.0 «.6 1.0 DO 

• 97 «.50 0.51 51.2 «3.1 1.13 6.15 «2.2 0.73 2.«2 155.9 3.5 2.0 10 

K» 7.10 0.73 51 2 37. 1.05 II. «7 60.« 1.0« 2.M 162.7 3.5 1.6 YES 

102 9.10 0.77 55 2 M. 1.19 15.19 M.O 1.7« 3.70 167.« «.0 2.0 YES 

m 10.20 0.51 61  1 «7.0 1.19 12.01 10«.0 '.61 3.51 16«.« «.0 2.0 • 0 

117 10.20 0.67 59 1 «5.0 1 .16 13.71 10«.0 1.76 3.7« 16«.« 3.0 1.5 •0 

90« 13.50 0.«5 51 2 32.3 1.07 17.5« 1.75 112.2 3.13 5.03 170.2 «.0 2.5 YES 

119 U.20 0.70 51 7 2.71 59.« 1.26 19.M 201.« 3.«« 5 25 171.1 6.5 10 
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Table  11-111 
PIO   INVESTIGATION CONFIGURATIONS 

FLT % 
^SP ^ H,^ \ P£ PIOR. SELECTED 

898 1.29 1.96 .077 .234 41.0 7 4 No 

898 1.96 .077 .234 70.0 b 4 Yes 

906 
no oscillograph  record 

= 4.0      | «=.1         | =.620 s40.0 7 2 No 

906 
no osc 

5 4.0 
illograp 

* . 1 
i  record 

» .620 «60.0 5 _ Yes 

908   4.02 .624 48.0 7 2.5 No 

908 4.02 .624 93.5 4 - Yes 

907 6.09 .944 67.0 7 4 No 

907 \ ( 6.09 .944 53.4 7 4 Yes 

908 2.65 3.40 .11 .282 139,0 7 1.5 No 

906 
no oscillograph  record 

«6.0      | «.1         | c.453 »40.0 7 3.5 No 

906 
no osc 

= 6.0 
i Uograp 
= .1 

i  record 
= .453 = 40.0 7 3.5 Yes 

907 10.3 .11 .855 59.0 7 4 No 

907 1 f 10.3 .11 .855 40.0 7 4 Yes 
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APPENDIX V 

SIMULATION OF SHORT-PERIOD FREQUENCY AND DAMPING 

With the assumption that velocity changes are negligible, the longitu- 
dinal short-period equations of motion for an airplane can be written as: 

* • e - ^ « - ^r/e 

9 - M^Q + M^+Mt&tMs  §€ 

(V-l) 

(V-2) 

The solution of Equations V-l and V-2 in terms of the dimensional stability 
derivatives yields the following expressions for the undatrped natural frequency 
( co3p ) and damping ratio ( ^o): 

cJ,„ = -L^M-M. 5P tc    q 

2^P^'-  ^-MrMk 

9P 

(V-3) 

(V-4) 

(V-5) 

Thus, by varying the values of the derivatives  in Equations V-3 and V-4, 
the airplane's short-period frequency and damping ratio can be varied.     In the 
variable stability T-33,   it is only possible to vary ^a by varying the aircraft 
flight condition, which in turn varies the other derivatives.     For this 
experiment, ^a was held fixed at two different  values as discussed in 
Section III.     If the T-33 elevator lift   (^5e )   is neglected,  it can be shown 
that the remaining derivatives can be varied independently by changing the 
gain settings  in the  response  feedback   loops  to the elevator of the T-33 as 
shown below: 

(V-6) 

(V-7) 
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%-KU#)K)r.„ (V-8, 

The quantities   ^e/cc   ,  ^e/öc , and Se/f are the constant static gain 
settings to the elevator as a function of the airplane <x , i , and   (f.  responses. 
The derivatives in Equations V-6, V-7, and V-8 are the T-33 derivatives for a 
given flight condition.    The airplane short-period frequency and damping can 
then be varied by changing the gain settings to modify the T-33 derivatives. 

Equations V-6, V-7,  and V-8 indicate that each derivative is an inde- 
pendent function of only one gain.    However, due to various sensor lags, 
coupled with the dynamics of the elevator actuator,  the derivatives in actuality 
become a function dependent on all three gains. 

Equation V-3 indicates that  for a fixed ^the short-period frequency 
can be varied by changing either Mg or ^a .    The choice to vary one or the 
other of the derivatives or to vary both of them is somewhat arbitrary.    The 
same holds true for the damping ratio which can be varied by changing A^ , 

Afä or  Afcc for a fixed  ^   .    Since this program was originally designed to 
be a follow-on to the program described in Reference  10, it was decided that 
the derivatives would be modified in a manner similar to that used ir. Reference 
10. 

The preliminary gains  for the calibration flights were determined 
analytically from the measured data obtained during the program described 
in Reference 10.    The least-square-fit equations derived in that program 
related the short-period frequency and damping ratio to the aircraft fuel 
remaining and the feedback gains.    These equations were modified to fit the 
wheel program and then used to calculate the static gains necessary to 
simulate the desired range of frequencies at a constant damping ratio  ( S^p   =   .7) 
These gains were then flight  tested in the initial calibration flights and 
subsequently modified as necessary to approximate the desired frequencies and 
damping ratio as closely as possible. 
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APPENDIX VI 

SIMULATION OF WHEEL FORCE PER a AND 
CONTROL DEFLECTION PER ^ 

The transfer function for    n^w/f^fs) including the effects of the 
airplane's short-period dynamics, tne feel system and notch filter as described 
in Section V,  and the elevator actuator can be written as follows: 

"Js) ^tt±M,e)(£)j4zjj,'.™) 
rmJs) (S** 2r9PV„3*<a,P*)(s*+ 2?P5<OrSS *6)„*)(* l*ZSeaVeA5<-vJ)lsZ< 27S.3S 44739) (VI-1) 

The steady state normal acceleration can be obtained from Equation VI-1 by 
using the final value theorem. 

(»>)..'?:.['">(•>]■ -*- 
CO, SP 

Thus, the steady state wheel force per a   can be expressed as: 

M 1 »a /ss 

03. SP 

'Je \     /JW) 

(VI-2) 

(VI-3) 

One of the design requirements for this experiment was to maintain the 
control deflection Ver d^fwl77^ at ^ in'/g. In order to accomplish this, 
the above expression was written in the following form: 

5s£) lh*\   - /is?)   - ^gp 

3 \    se («Wss 

(VT-4) 

For a given flight condition,  the control deflection per  /   is only a 
function of  oJsp and ( dc/d^) ss To obtain a ( <S£v / ■*$ }£;     of 1 in./g it 
was simply a matter of calibrating the ( ^e / ^y i,j. gain to correspond to the 
various simulated frequencies. A spring rate of 50 lb/in. was selected for 
use in this calibration. During the calibration flights, the { ^"e/ ^y)ss 
gain was then varied for each simulated frequency to obtain a wheel force per y 
of 50 Ib/g. Once this was accomplished, the control deflection was essentially 
fixed at 1 in./g for all configurations at/^/'^ = 50 Ib/g. To change the 
wheel force per ^ , the safety pilot had only to set the spring rate gain at 
a value equal in magnitude to the desired wheel force per $ ,  this resulted in 
the proper variation of ^^/>Vwhile maintaining a control deflection of 1 in./g. 
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(IMIU if i Htl M'M Tt M 
IM IMU Mtl M I 'ftl* M*il- 

IM HMI TIKIIM. TM T ItM. IIIMIft' 
kit Nil ft UIUI MMll. if I Mil 
■ It ft TfttMT ftiCiLI Mt 11* T| |IM 
IM IliniM MMll« UlMUl. mi ■ 
IWrill Mil   I  MStlVII  IBMfi»       FM 

■ I MWmitM. TM MMtl it Ml 
ftlMH «M TM ftltniM IMtilt MlTI 

ICH*. 

tITlllt» IM «MMftL 
CMTMI il lilt M« 
I  Mlltl   il  tlftl   '- 
iftfit iirvtt mo in 
Mill.   TM   ftllPlM 

ft(t(llll< iM 
IRI   MIT   mi« 

i TIT TI mi ii 
#   ftl    ft   fft|li(Ulftft 
MMIII  ft  ViTTll. 
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MM »UPTWt 
TIKI IM CMIMi   II  MIUHf 

i •mm» tiiTMUKia (IfMII'.E  (EIIWI1 MilCTIMHU  fllTNEI 
MIHHT  II11M1 

tm fuot iiiiMi 

Ml  UCELIUTI« CM 
I U   l MM.»  lit!   II 
Mtu niTiu mmu 
RTIIIM •* m ItlCI 
MTI  Uli MIM. 

N CMIITI. 1  DOO'1   tllii  TM  IMMH »ISTVniKII 
IfflCtIO Hf  MIIIIL  CMIMl   TO  Mf 
HUT  EITIIt. 

TRI   IIMIMI   II MU  OlMr».     THfll 
11 M  TEMEICT   t| ONOIE   IMMO 
«HE   tllCIIH  1  IIMII. 

INI   .UTili IISMMI   l| UMIiH.    TM 
HlCe  EMCII  IMIH   10 *nm   UMtll 
HTMII  TRf    INtTlll   IIPUT  MO  '■(   HEIOT 
ItftTE. 

1*11   TRIl  CMflMOITIOi   to  TR|  WltlltlKIMT 
■ IIIH  NCW1E   1  MWIO  HIE   TO 1EE   I0H  MM 
•ME  M   IT.      1  MWLO  illl   t| HI   1MITIIM 
OMI  IMHI   TM  UMCIM   lilTUL  OESMIIE  HO 
Til  1PPUIIT   UMTIIIM Of  rnCII OMIM  TRI 
HlfMII       MCHII  m   IRIII  HfiCUBClEI.   1 
■ ill  Mil   Till CMflMOITIM  H  !-•. 

■»I  KCILIMTtM C»- 
TH  «H.T  rtMLEH ■•Kl 

1 ft MNLI Mil TK« 
tCMTM. 

1  Mi't   Till!   iMtl  OT  niftMMCf   11 
HI   »t'iTMW   TIACIIM  Hil Ml  If- 

H»CP ■* TU ftitrtHi OYiwin    m 
niiNMWfl   IIIMB  Tl  Vf   Mir 
MMiltlt   W  WM  PtfCIIILt   1  WMTH 
TO IT« HITI   TRf  ■(l»LI. 

fM (WTtOl   II  TH  PtIUME  M   twm 
0I1TUIHKE1.   1   Mi't   tllll   Till   TM 
llOPil«  OTtMiCS MOE   '"(  CMII  i.  MT 
MOSE   TIM  IM MUlO IMULLT  ElfECI 
iO SEE  JMT  MM   TO  TIE  OISTMIMCEI. 

TNI  liMlHI  Flit  MM III   IMMO. 
til   lllllll  lllMMf.  M«  TK 
IIILitT  TO TIICI  PIECHELT   HO 
ICCMItlli MM   MM. 

TRI  mil  MJICIIHIlit  UltMl NMIO M 
HE   lUMT   TIIHICf   10 0MOII  MIR  IW'H 
TIKIIM  «EIT  TIMTLT. 

1  MHIO  UTE   till IIMlHE  H  l-l   II1T(H 
Of  if l-l   MCWIE  H   TRI  HIT  IHHI 
tlMtUf   TO  HMil   HOMO  Til   PMUT 
«El TM-IE  MIRUIRll«  KHt  CHIIOi. 

Mi  «CtlLdlTlOU 
r IKE »KT tu I 
HHIt   ■■  IMHUO» 
m * UTUI 
Mm. 

MUM  HI   IflUIIM   Till     THII  Ml  » 
Kiwi HMCMT TO m aowo.    u T« 

rvi  »IST   Iir«l|   IIIO  TK[  tLl*>TM *w 
Hit 1  IIIMKT   TO NWI  UWM  k llTTU. 
«ill nifMHIi«  ITIIIftNT  niU-H*-!  TO 
ITll «IT!  TRI   tlUIlM Ifttlf.   1  »0M» 
It  .(IT  UIT   TO iMtMC«  N «ITNOT 
■flilUM   It.      1   CH  SM  Mill   rHUI 
MHLI  M   1  tIRDIKV   TO Ofllttaill  HI 
lltTUM   1'   It   MC«n  MCtlUIT  TIMil 
1 HPl» PWLL  M. 

■ HMH DISTUIMKE1 CEITIHlf  COMWMD 
TRI  POMiEH Of   TITIH   '0  HICI  1   UMEt 
MICI1ILT.     ROMVII.  MIMl  (ORHOi    11 
tRI   MEHKE  Of  IHOOH OUtMOUCEl Ml 
Nl  0*|llf  DiMICVit. 

It'l  1  MIIH  IICE  IIMLUI   Jill  in 
■MIUVIIIO UMIT  HD SMOOTIIT. 

TIE  MJECtiOIMLE   TlltWEl   IICIMI.   1 
IIIOIICT   TO  IOM1I  Mil  T0U-II MIR- 
IlilIRt   MO»'   CMTHl  MIU   'IICIIM 1 
TIIOET  H» 1   III0EICT  10 DVEI 0  TRI 
lltPlUE   IR  1 IICOVEil  H  ftlLl M. 

I MUlO Olfl   IT  1  riO IIIIU Of   1.   OECW1I 
Mil  TOV   IIITim   H  MIUfT HHIUVII 01 
ITTfMT   TIHT  CMHOl   TRUE   11   1  TIMIICT 
TO IMOK   UOUVD.   NOHffl   If   TOM IEBWCI 
TOUI IHR   till   TIIOIRCT  plUmMI.     TNI 
lil<.tlft  N4<   m  OOJECIiHIIll  OK   titlC» 
II TRIT   Tltlt   11 1  TERtllCT   t» 0*fl 0  HE 
UMlHE  MIR  TOH'IE  MIITIIIII«  EtMl 
CHHOi.      1   OM't   rim   Illl «III   III 
IIICMft  MMCfflMLl   Mt   Ml  Ctlt>illl 
MIITllflCTMT.     1   TIIRI   TM COULB  PflfOM 
TNI  MIllIM  M0   1  »M'T   IRIII   til  kUTll 
MHU  IIMEICT  Mill   TIACIIIi MUlO 11 
EROMM Of   1 MFICIEMT   TO IIM   TNI   l/C 
HicciruoiE.    i M rim mr i fuot 
MDEI CMUT   1TIII1 MUlO 01 III i HI»  llfl 
1  TIRDERCT   TO MEt  0   -Hi   UMlHI  H  »MU 
MTI.     KCWlf   Of   till.    I'M WIM TM 
ItMlMI   U-T. 

Hi   •»'<   HIIC 
pit '0 »vi ii 
U i puiicviu 
Ihn i LiiTii. 

1   THIM m  ftlfMMVCl   II  HE   IMCIlH 
lllll   11  ITIICTL1  MPIIOIIT   m   tl( 
LlVIl  Of  Mil   I   Ml   10  Ell   tH|   lll- 
F'.MI.     1  OM-1   TNIII   TM  UMLMI 
HTIKTI  »MM NT  PflEMMB'l   IT  IU. 

IHOOH DIlTUMtfCI   llfUIl  M ROt   CRHtf 
III  tltHMI   CMTIOL   CRUKIEtHIICl  I 
MOK   .01.      1   CIO  III  HT  PIIIOIMKI   U 
MM IICWM  Of   til  IMOW DitlMOMCEl. 
OUt   1   OM't   Till!  IRE   IIIPLM1   OTRIMICI 
CMTHMtf  men  TO  HU  MMUItlM Of 
niFMMMCI. 

Till   11 1 IICI   rilllM.   tllPHlKE 
Hirtlll.     ItlCI  fMCEl  III  IIIIH- 
lllf   Mil   ■   HUT   |  RUmll   !■» 
EfiimiM '(111 Old MIR   i  M 
IIICIII« M  IIMIllKM  1MI   IM 
IE(E1   t(Hlil-fOlL0lti|( H  flTIH 
rOOMIlH.     IRE   IIMIMI   MV   Ulli 
RICE   HO   TIHT:    IT'S  I0T   MfilV 
llStlllfl,   TM  IIIMRlltl   IROMI 
TRAT   1  UM  flilli  UM CORTiOi. 

INI   HIT  OtJICTIMIOll   'l»'tMH   11   INI 
lUfiNI  »M0l(    I   U<  MIR  1  ITTCMI 
llWt.   IHM'  CHUOl  0«   HE  UMlHI. 

1 

IMitl   11  1  UlTLf   BOMil   II   TW  IIIEMT 
tiHt  CHtlOl.     1   TIIRI   Ml  1  ptOI Of 
1.1.     1   TRIII   TRf   lilliHE   11  UTilflCIHT. 
TNIK   ||   nit  UltlE   IMILT   TIROERO.  NT 
MTNIM   1  MWiO CMPllll  *[|T  NEIVILT 
I0MT. 
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1IC 

rit»T 
HTlfll Ckmc'iiii'>cJ • 1 

Till   •!  1  VIII  MM  »»»iMIf     'liM- 
ULITT HO fttllPtIB CffTHl  MI  H'l 
MM.   «*  Mill"   '« KfHiK  MO HI- 
Uli«   (•»•!• AlTirvM Ml MM 
lM«iTMIt«l CM't«   II ttm m 
CUMIH M MICINiH  FMtt MS MOO. 

ITiti «MCII «III II»» 0«M. 
■ Id M OBJKTiMI 10 *■( IT 
BlPlACIMI'S. 

I'l^iHl  «fimau    0 fiO'    iM'l MKl 
MOO tu unoo   m n^ iti'MU   i 
■ id   «H M'   tliur-   §01  SLttWiil"     M 

M'  Ml*  Ml'   tfci  fi'rC   '0  HI»  MM 
'OV »Vn ■•'O I MMfiil 'Hi 1MM i 
'tM M(l 'Ou »IK- 1 lt(U> l'*i(, 

f-Uti.  KlfMSf   fl   »111  liCi 

HTC«  »'■   'UOI   MO  »MML   ICCt.Cl 
'IQ* CM'MI til MOO ra >•( -.rief 
'IICKOt  MMlvl*     ■■!»(      t   t   »It* 

Snom  ifHi«c> to« rul »ou    r •   ' 
UtV«0  t   l'»tv|   11   'Ob  «V     ■ 
IITIIMll  «MU''   'tni'i    <M  iMMl 

■ »•Vi     nOMtil    f«i|     St  fll»  ■   ; 

i S   SO«*  01 -»0. 
il 

iM"'   ■t»f   HT   tfM   01"  CUL'*  !>'" 

nil CM* iMHTiM    M »MO.O "0L3 *, 
m oonMi a? • »Miicout i"i'vo( 

Mil   »•   »»!■.   IL'irwf   COt'lOi,   't (OM 
\ LOM  U  t» Mt(   CMMS IM'TIL' 

.Mir      i  MO M MMLIM «T  144 ■"" 

■ I'fM'Ml  CM'Oti   ■■  n/Ml 

1T<CI  «MC(1  IK« «ItlOitOlf   'M   t   ) | 

■ imMH     <   Mi"   '»»i  i«.  MUL3   I|. 

MvflUiTkt  Kltrt.i!   ■(  t[ffi.Mt.   ' 
BiM'1  iill  M'  CM1C  OKI  MMroiSI 0' 

Ot  t'iCl  D  IPLKIMHI    10   i'O   M» 
»«f  Ml  KIlMIOki 

'"I     I   fill   «n'OBII     % MOD       '   '-!(« 

■0 COM   Oi   ivV     ni   ••■   -x   BM'     ' 

■0'   '00  'IS'  01   -Q«  SkM     'nl   > ill^ 

RIS^MSi     S «iitl   'Ob sit  t  .   ".f   nc- 

III«    r)   ■*. Uli    *'i •^*  'MCitM 
«Uui<lt   (.El''- It     I  r  l(     oOWiM 

1   'flli  Ml   Mt)   IMIE1S  <!   ■   '■   'Oti 
■ »VI   ••!   I t*.tMi   '(MS   '0  MOOL.! 

01 J.Hi-OC'   t  .   ",.(     ■    ■[  f   Utt 

»fSHBil 

«OLOII^  M   l"'tU0f  Oi  «i I'»  ■  *(,   I 
SMtO'-S't't   t  H to MOOLIM    cm.     ml» 

'OU'K    Mllb   <(•■    - rj»'    'ltd    I,    )0 
'Ob >o' ci  t« ■ s. in* MOO. i-j 
rustic 

« »fiiO*«** CI « I   "tKH 
M «i oi LIS: i J« 0*  0)  « 
0 HI« -c«;.- ■ ■ • It jiiu«-. i 
J (■ OIIE: 

ICIi*' 
*' ■ 1 v»w :i 

nil «IIUII*   s IO' oi MOO ti > 
•*LO nil 'o in   m MU -i -o 'n* 
MI run» MM   fm Mooiim uisi 

M(l  fM  TIT   10 Mil   |W..  »fl'iHTOt'OI 
Wlvlll  MOMO  itflk  fuM'     if   TM 
«!*!■ «NiCii.'   r»l iitiioti iimiuT 

Ml»  «(IT  I(|PM1<([   WW     T  l||lT|t|l 
ITIItl IHICII«  «Mil  HD  'llOS  'I 
•Mill   •■OUdO  I  I't     Tfll  CM'IOL   il  'UMS 
il OUIOIiLf (HILT MOO   «OMffl    i'  <0« 
■ill, iiTo '"i run iiiio.* MD *I< IO 

ITMlkin   frCii',   'M »|1  'III  I'O» MS 
M KTiM.    i<   *M  UN   ilTe  '■(   TMfli 

'■III     S  M  »tOOLl«, 

lilTiliif  'HI  1T>CI  'MCtS  KE«  '0  11 

Oil'     11  «M  l»fl«KN   I i  M   U   '"I 
'OiCIS  MEN  '0  M   I   ki'lil   TM  »III». 

i   EIITIlli»  JM'*   '■'■l  'fci MUL3   i»- 

UvEWin' »ua OM* ) |. S'ICI Di- 

»LKIHII'S «CM  «MD 

*■(  I »»iMt   'S   il  "lu'   •(•■   IIS'QI- 

I   IF      •111     '   |(|«1     Q NFS   '!'(   M; 

I'M'  Jl Ml I       '   Kill  t'll  I   I'O» 
M: io ■>»( M'<M   '"i ■ »i. •ii»oiii 

iM-'   '0  Oi   I  .   "vl   M)l>' 

.5   LOU.  *1   'X  ■* ■■!  ■   t   i'SIji   I" 
uot '-r i i».«! '. is ■<  .   ■■ x .i» 
ni« >ou '!• '3 Mil  f»i  i"*.,»,-  :o»- 
ic oi *■( I»».M( S"M"i ■; j'c  .ii* 
(Ki "»fl   '0  D'  H*S(   'Ou*  bl »   ;,   jt  ,• 

WD   UJf   OI'D   '»(   •««'   ll>i'    '•!■ 
»ii;<i(i 'Mt  i fin- i  j»   **;*(   >ix ■« 

il   U   lOlU'     MMkll     «■[■    'J,      ■'    '] 

00   .om   ■■ »■.  l|lu»*,'   ii i  .II," 

IMtllfil     'OL   61'   '"I   Mi.   ■       -> 
S'll'i  MO)   ».,   ■■!■  Ml-  0'   «n     its» 

'U   »C   '«Il  lt»*S  Ou'   '..•  a 

'111   -1  I  III!  |i|»LtM  ■''»  I  II  V 

tliofic  TO MHif IMMi'  II i riKiti 
TtKltll M(i M'   IT   IB IW'  I till 
OlMiCHi' MMll«    MM IK'.CUi" 
il riiwisi  r*!  niniM !''■ l lii»' 
'IMtK'   '0  Müll   '«I  Hl'lMI   MOU' 
?•(   rim  Kli'iM. 

ni   SUM'  S'l'l   S'<Ci  <MCI1  «IM 

MDiiN*  r0  MIC   '0«i M IMl   MOO   ] 

nt'lC'iM  MO M »IMUl  IS  '*•  IS 

ITltl DiUlMEMI'S     'M U|  W  1^1 

'0   »DLL   '"I   lil»lM(   If«'. 

'M    I'IL   »">'»•   mfu   TQU   IK 

■iiiia i IM.,   omr w   <, ot -t 

us*    liTMHM io1  «d, ■  iUi 
till,   HI   lit' .|.  irS»MSI     1  CUM Ii' 

Obd  MD  i  ..   ■■.(   I  '   Mill ' iM     r"l 

i  II.  itSiMSt     \   itU   iNH  ll'il- 

MC'M*.   D(»|IB>IC  M  "0«  '   M'   nu 
■ >ll  TO  CM'»Oi   'tM  1"   'UOI   'M  U' 

I  iiMil   MiOK  «IB   'OH  'I'   Tf  SIM 

TM  flBM  MliM     'Oi   SiOMl   iMWH 

TM UM  i ruin MiCill  UinMI »o 

TM   MOM'   6»   MMlt   M*li"l   |I0lCTl» 
M M« t ii«'  TM   i,mo  ri ILI   rat 

liI'LMI 

■>'.« *      'j-,   M: aoivi.  i    >  HI 

o»  :oa'io.     : m,.' ao **oi -■    lila 
'"Mb*   'Ob   «1-    HI     at    SM..I    1011   ■ 

'   '(IDS   '0 D  JIMUl    >   *■(   EOwlll   0* 

«Mbfdl'ab     I'llO'   S'l'!    I   M?   $'II0' 
S'l'l   Ii':«   IIMI   *ll   JlriJ(»(!fll' 

•M   H  'IBC   <0  MMlt   HI   Id».«j 
Mia   i'in'iaiaf, J* 01  -owi i"    «OI 

CM'tH     Mil  'I'M  'at   IIMiMI   liO«t ■ 
'Mr  DO  »C    Ml   HI   Mill I 

•Mill    f[iOS •1 • »n 
• ■   '-I  »ao    J • ■   >■' ■3 1 
■ II          D<N   I 1 It '    '1' . • i' 
aoti,     ail at 111 1.   ■' • iilU 
iM«»«.. 
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'lirOflllLl   ilt'gMS ttJtf .W-IL!   »H'J.'M 1  rut*  HTIMU 

i" rußt TttCI lb ItSI 

. IM Of '■! HS' «t • 
ILl   '0  '<*CI  »S  Mic im- 

«DOM 0  S'j»!. 

i»   iM»1   El'l»' 

'■I    l   >»lMii    PfllS    «It*    bOW 'N( 
'MCf^ m*l •UIOillLf UD THl |(. 
i'OHl «1! '■[ '•»( 'NAT i tMi 'o 

)f[  mil   I  tt HM(UV[lilG 

to U»IBC« TO ■■eva Monua N»tiaii 
»Iftl-I.     ML«  Mfl  TM  fL*   i»l  tIKUft 111« 

IITIMLI  «MU^I   itnitl M IM MI   tfTIiill 

UiO(lllllL(.     TRMI   IS  A  «Itl  lim"   i(IMiC» 

(0  MMlE   U«UB0  THI   TUU>.     I  MHIB UM   it 
M   l-l.*  OVIIALL. 

■ •  MKflMaCt   I«   '»I   TIHIHG   rtlfl MS 

■e*i » k(SS i funciii» Of m un.     « 

o'-H «IDS.   mr »M'MMICI  ■*! ■0' 
(!('[■  ni'E?  I'   .J|   oriMi'.s  Of   rN( 

HICIIfT 

TM   IM00H G<<- 

11      "*■   'OU   »CHJ.- 

(   DM' '   -Hill  •■ 
tITlliHtKO  I' 

'IMIMCI   W   "01 

EiMC.     '  OOP' '   rrnt«   '«I« M] 

*■'   MUlBfiHl   tiTCIiC'iff   ll'vfli 
'»I Dii^uiiucti MO '»( ai»m cs of 
'■I   tilPLMt. 

i   M,.MH    «II    14   »L-    JOOO   KlfOlD ifrMT    IltCI ■« iu«[imis IHIII MS 1 
10  OVUIHMT  01  MWLE 

■«  TIWIRCT   10   IWKI  '10.      I'll  lilt   il 
I  1.     TR{  AilPiMf   IS  KCI'TMU  HO 

SinsfWTCir.    i cawiD oo r«i ansili.   • 

MULD ■!«(   TM«  MHlfS  f HID   I'  NltllU, 
I'LL  UH   IT   M  1-1. 

| —■■ML.— !■■■■■--!!■■— 

«odiiiiLt «niras m IISILT IOMKID 

*>f fn '^o' HITH'H «MU»- ■wivmi 
at fii**'i TiflMi CMTIOI.   TR(SI «IIMS 

CM  || PI|-(|T|3  M  UiNiRI'ED    Hfl Hit 
i* lAkincii« Uli mroMHCE-   ■ ram 

i "at of i is IMO 'M mi iiinMt. 

'   CElllllLT   30  MIL   Hu:    i   MtlLB  till   TO 

in m Pfnciticm ■ OIICHHO IHEO. 

»MCfM i M 'UL ran i CWL0 MIIMH 
Mil ms (M ram   i  is M <mn  'NH > 

I 4 IICIUSE TOU 0« I lULLi IIIB CO«- 
SiOEIISlE ».LO' CI*UII1i». fOU CM 

Ul'lt C«W|lllf| 100 II MT TWO Oft. 

'OtMUCE   T[IDj  io BETIIiMITt.     '  «MLO 

IITI IT u i.« oicusf o»  ran rEiOtoct 

TO  OOMll   MOIWO m  HE   ru«T ml»  T». 

Mit rML. "•«< c«iin>Ms. 

*•( i'J» 110 JC IC 

laCl 'Ovi ICCHlKf 
||ll    «Mi  'W   '•> 

'itfil'   ■ 

tMIUCES 
Mlf   ',   »IS   'CH,     H 

:ai'iQi.  JUS' •*■"!» ' 

'0  »It»   '"l   »   ».»»''   0« 
■ C   "( iflCf   5'   •"MM  D 

»•• MULL  :3"f:' w »o- 

.»M   'i  0 I.   ''   fvOM 
1IC  MifUifHO  UML' 

THE   i'O*  mt>  (.0   'T'E   >   ■   »   THE  IHCIIM 
II"  |M   ••  llS*0Klf   '0  «Mu»'   il'uM 

'"I   ion. •:■  MIDtVCT  *"(« Mine SlWtl 
COHEC  OlS   IIOU'   Lift.   rLißlt, 

IM   -uOI   'MC« 'IC   '4SI.    '*   'Oi 

;»i     Ml*   '   W   COI'IOi     1   SM.. 
Tit::. ro tiMCi  TOM M »I waici 

*ilO-  W'O   I   »i»'      '0  TilCI   'Nf 

'RI »im»»i ion (■, nouio >JM»"t 
n   rat   *IE1|ICE   0>   'H|   lUOOH  DM- 

'yi|**ai  IU'   '   301   '   'Itrii ■'   Ml 
'OOllMCt   .1  3U»»0f:i   I  -»0.(   .□• 

n aiitiiL   is i 
I'   'OU  CU  00 «  ' 

MILL' Itl ■"( 

rat iMi,. oeoiit TOU sti n ■" 
*»■■ oi rat II^LMI Uifmn 

j«t igtiiii. Hovtui. im ii 
' I0R   Of   HO»   I    i»'    TOV   1TT[HRI 

CBiHOL   i' 

JHDfMIIK   MBTitOS  MM   '0 OCCM  Mtl 
rai »it»T IUTUTII i imim «■IUTII 
W   'HI  CHI  M   nilllMO  It  ll»W(>IG 
»ILOT «III 

UK  Ml  OICMU'I«  HT   0*11*..   >|l 

•III >   H   TNI   MIUM «ID 
I'll   T| Hf   ril|   TfiOIRCT   if 

''iio.   rai MIN i(fic>i«CT IS rail 

MROIRIT   '0  MtlLE   TRf   IttriHI  MIR 
Tftl U|  riTiRR 10 iix» tllRHf    Re- 

fill     III!   IS ROT   tM NUCR  Of   1 POMLlM 
II   T||  nOI   TIRD1   to  SLICI  Off  m HI 
carati ura 
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jf e ^ 
mi 

PIT» 
CiMACtllilllCI 

ntfrnu rt 
ntJT unrTi 

PITU ATTlTMM 
Ui HttMIL 

MCillt*n«i CMItOi 

Till   II A  flit  CWIiwitTiM     Mr 

niNUT  MJfCTlM  II  TUT   It'l A 

LIITLi   1IM4IW.     TIIMIIIITT  Ml 

AMfMIf.     ilTlTHt   C«nMt. Ml M 

»■MUM.     LMItTWIMl  Mini   II 

HNWI. tsm tm MCfvm. >in-T 

MfM  TM Ur.     I   TMMIT  I  CMU 

M i 'tu m m MUM inn 
TMU.     PlfClltM CMTt«,  tT  UTI 

« CUM M MKIH M3 I  UTTLI 

»irnCILT   II  T«MB.     IT-I  JWI 

MT  rtlClll  [MMi FM fll»  MIU 
tmt:cumi 

ITICl  FMCII Mil  MHIATI       TMT  CEI 
TAIIU Hltl'T  MITT.   I  Nifrlll  ■««[ 

Ulli MIT  ILIMUT  Uli  TMCI.     I 
MT   TM   IIM.IIlM  I  Ml IHM 1 

PMTrr mi MMIT IT ITICI iiin.K(- 

MflT.     I   HIM   till Ml  niMillT 

MCAMf   I  ■«  TIT IM  IS IPfll IP  TM 

AIIPLAH lEIMUf. 

I   TMHMHI   Til   IHMU  ICIPMK MI 
i  UTTLI   IU»MIU.     I  Ml 1 

M'"I K   ItlHKT   TO I»  Tl t*H 
Nl*f   TM  HlfUH   IHTIULT. 

M«-i   «IMilf   MSI'T   TM MO. 

IM   ILUHIlMftl Ml  MOJI   iD'UMtlt 
II  TMI   men  ii-iIWH   Ml lOMUl 

iCCUtKtiOi  CWHOl        I   HD  1   SttOM 

TfMCKT  TO MIISIMI  MI"   tl iTTI- 

IWO*   UO AtCCLCUTlM.     Mil   I 

iMVITIO MT Mil.   I  COULI  IIMCI   HT 
MfltM«!   Tl tLMSI  fEM.      IH 

TIKilM CAMIUin Ml f*ll  TO POM 

TM CMll  TUKI XIMUT  MIIUOOTIM 

WI  Ml*  IT  MMITIM TMI  Mil  10 
tl   10 Ml  TMCE   IH   tllPLUf 

)  TIIM  IM  1IIPLNN   II  HMIUU   TM 

lutMin FM t mm TIKHM HKUO. 

U UtMT  M  Iff!'«*  'I  IM  ItFMUH 
H(U:M.   TM «iinui nm HIT m 

MTT       ICt  HMI  HUM FHIHIMT 
Mir Ik  ««ITI  IM MT  TM MMPIM  tl 

NM      I Ml tM IIMIOin IITU- 
UHIN I ITIMT  ITITI f  tl  TM«. 

I MM Ml MM »IMICILTT (I EtTU- 
UHIM I MlltfO 1111  Of  CUM M 

HKCIT   II  TMM-     HtT   I  Mt  Tl M 
Ml   TO MU  I UTMI  .UM   IIPVT. 
TMI  TIM  MM  M   IT  MT  Tl IflP 

IVm OmiMOriM  TM  «HMf C. 
TM  PI4JT ITTCMTI  TO Mltl  TM 

IIIPUW T| «»MM «llCni T»U 

TM «IIPUM MIMICI IIU ULM. 

TM   Lirilii-liHCniML  CMTO«  III 

■UN Tf MM MM imCT M M 

MMmii*. ciMCttm.   i MI m 

TIIUM  TMT  TM   UnUl  IIIPMM 

Ml  J»II   IM lUMIM.     I  mtl»l 

PIltTlM TICMIfM   II ««IIH»   tl 

TUT  TM  PILOT  MT«   II I tUIP 

I0MI  TO MT  TM  HIPMSI   MIM. 

«M TMI TUCI HI   TM   I0P*I   Tl  CflP 

FMM miMMTIH-     II IIM* MM. 

m Mt  TO FLT  n  HIM  FMH   TTM 
IMDTI. 

I TIIMII TM ITICI FNCII MM MMI 
• IE AM TM ITICI IIIPLiCIMITI MMI 

in TO LilM. II UEMI »I TMMI TNI 

IIIPLiCCMIII CMIIIHTIO !• TM in- 

MU «f TM FIEL MO Till ll UTI TM 

lUFMIU MIPMll 

TM IIIIUL MIMMI M HE 1IKIUI 
ll TM ILM I MUC WC« FfEFEl k 

Wmt IdPMIIfl HICIUT. TtTlM II 
MUll A HEkfT HUE 0 II HMMil 

OF 1 PMOiOl. I IIVUIUU 0«EIIMOI 

TM  MSIIED |.     Iffl MMI  I lE- 

MKCI m iimi uii, i iTiit o*fi- 
WOI   IIMMAT. 

mill   11  A  MFIIITf   TfMtKT   10  OTflM« 

MSIIED PITCI iTTUMfl  ««  0  LtVCLt. 

FlICH  AITITVM  CMHM   CM  H   IMFllfCD 
IT  Mill« 11MII   IIMII.   MI   HEI  TOV 

il«l   t  KIT  ILHMIH  KtPUMt. 

I   IMMMI  TUT  OfflALL  Till  II 

I MIT «Mi CMFIOMATIM FM TH 
«IHM.   TM  MLT ICHIUTlM   I   MO MU 

TMI  MTM  TM  ITICI  FMtll MM  A 

IMTU  M TM 11« IIM.   I'M MT  MA11T 

MM 0»  Till. MWVII,  IIIU   I Ml   1011 
MFFET  AT  AOMI   I.I  (KIHEITU. fl.   Ml 

IKI  TMP  I  FILT  TUT  MTM  TM   »M«l 

MM  A LITTLI IIM.   TM  lllTIU FMCCI 

MIMI Tl H  MMMTMLI.  MTM  (MO A 

Linu  UMT.   TM  TIIMIILITT Ml IIClL 

Lfll.   ALTITIM  CMTtOt MU #«ITI  (AIT. 

MM 00M.   IMKIMIUI CMTIM   tl  TM* 

UTIIII,  MIITAIIIM TK  IMt.  AM 
MCMIIT   I  TMMOT  MS  ItCIUIIT     I 

TMHIT CLIMIM «■ MK(MIM  TMM 

«H  TtlT  UST  TO MM. 

fM   IHTIM  ITICI FSOU MU MM     IF 

AffTTIIM   IT  MT  UVI  Mil SUHUT 

LIHT.   ITICI OIIPliaNOTS APnUCI  T 

M  CIMMIAiU.   10 STUKTIICAL  FIILL- 
IPI  TM ITICI FMM HAOIIIT F(LI 

MTU»  TIM   IT III  II A  ITIMT  TWO. 

TM   FMCI   II  TM   TMI «AS JMT 
(■MM  HOMI   HA*  TUT   II  TM 

ITMCTtlCAl PVLL-IP II MM M   TIIM 

IT  Ml  A  UTTLI   TM MATT. 

TM 10ITIAL AIIPMtt Ml ffMTI I 

FM Till CUSI AtlPUM. TMM I 

PtOTUH II MIITAIIIM I ITIAOT 

(ICIPT   TUT   I   Fill   TM  fMUl H 

umi iiu. 

ACCIUIAI 
EICILKIT 

I IMA  CMTt« I 

ittOi   I   ' 

II MMIAL A  PMIT»  OOM AIIPUM;   I 

(MI  Ml  MTTIIM UMSLT   iPAMfMTI 

AOMT  Till AIMUM.   I   TIIM  I  MMll 
PMIHIT  UK  TO MM   TM  AIIPUM   A 

Limi  MM  MlfMIl«   II PITCI.   I   Lltf 

TM  ITICI FOOCI  MM1UT,  AlTMMO   IT 

II ILIMTl* UMT »m TMM  II A IHM' 
TUNMT TO OTIIMilT  II TM TUCI IM 

Um    TM OMMU  IMMIHM  II TUT 

IT'I A OOM AIIPUM. 

I  LIMI TM  ITtAOT ITAIf  HlCI  (OKI 

tm   10 MMUL  FILI  TM   FOKII MM 

OOM MT  PMHOLT  FM Till CLiSS M 

AIKUFI  TMT  OIUI  M  JMT A  LITTLI 

M  TM   UMT  IIM,  FMUILT MI MtN 
Ml  SLIMTll.  MCMH M  TM MMIAII 

HOOT  PIIIM FMfMMT   I  MUIM   I 

Mff  A  IINfKT   TO POUIILT MIHOITI 

TM  AlOfUH  A  UIUI  AH  THI  HMI 

TM   IMMSHH M  LAOMI ITICI MTIH: 

OM  A MMI MUT  HT HTICIHU. 

I NMJ BAT  TM  ITICI OISPUUMOTI 
HI  MOflATI 

I   Mill«   TM   imilAl HIPMM Ml 

HIT A  UIILl  SIT  ILMHU AM  I  ft 

A  11'Ml TtMfMf   10 OKISOMI  II  TM 
MIAL  MIPMll     PMItILT   I  «I M(l 

MIHM  TM   »liPlMI   A UTTU  HI  H 

TM   HIAOT  Hill  MS MAT  AM  TM 

UILITT  TO CMTtfc   TM  AIIPIA«  IIP 

MAll   AMLITOM   AttiaiATlHI   II A 

HMO OAI  IATNI  OOM 

PITCI  AMilwf  AM iMMi   ACC(L(IAtiM 

CMIMi  OAH-I  fOIII   Al OOM  At   i   flFVC'l» 

IF   I  MPT  m IAH 00H   I  VAI  A  LIITLI 

HI  UM  10 HMKIM  TM   HACHM  (»I0» 

II /(ll AM  IF   I   PICMO M  Uli  IP.   t  IW 
A  KMtKT   Tl MfMIMT     TM   HACHI« HI 

(All  TO OOM Ml  MT  At OOM At   I   «OVU 
UK   T| HI   II:   t   IHM   I  MOU  NAVI   LIKO 

A MMI   HIPOHIfl  AIMIAM     OOMTII.   F«  A 

MMIAIIL*   LAO«  AIIPUM   TH  POOOAILT 

IM-I OHT   TO  mil   IT  A000OO «V'K   IMT 
(AIT H  IT HIMT Mil M  «UT. 

Till HIM Tl N A PMITT 00H Aii- 

CIAH.   TM  ITICI NOCIt AT. MHT  Mill 

FMfOORT  MM TO MATCO MU FM  (III 
CUM AIM«*PT:  MMMO. M IM  MM- 

IIM  TAtll    TM  AIIPVAM   HIM»  TO 

MM  A MPT  Fill  TO  IT.   t OOOU UT 

TM  tnCI MUIM MU MMIAII.   I  010 
MM  A SUHT IfMOKT  10 MIONOT 

HHO-  THCHM.  M H «MULL   IMttS- 

II«  Iff  TMT   IT'I A MM AIKMFI  HT   IT 

CMKJ ■ IIIH1LT  IMMUO.   I OH M 

POHt—   II  TOM 'ITtT  « MIITAIIIM 

UMI  TOMS.  H POMUM  l| CUHIH  H 

' MAUMIM IMM.   I  OH OHO CMIMI  « 

UTI « CUM AH MKIOT. 

I IMOHT TM ITICI FMUl Mil «IK 
OOM. TMT «T (TO M IIIMTLT UMI 

H«C( TM PILOT «U MM TCOMKT T« 

MOIIlllll «MO M'l TIKHM MTM 
MtT «IM UIH. HlCI HIPUKCMOTt 
A« MMUTI. 

KtPHWI  AH  < 

I  IM  MIT «OH  PUC«  AIliTW«   HO IOMO 

ACCIUIAIlH CMTMH  MMlM ALL M  TM 

MOMTIU.   I  CHU «OUI A  MHHI A  M 

OOHM   10 A OV 0 UMI «IT« I 

: 
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tHITMf 
TltCIIM 

tun 

II   INI   SMP  riUlli«  Uli.   '"»   llVMIt» 
■ [» W   '«II  tllPLMI MIM   II  flüill  UIT 
10 OvtlMMI   UM ViflClilHl.      ■■   '■( 
IUMM   IIPVT   TAU.   I  ■« Iftl HOtt   Tll- 
»(■CT   10  MtntIVi   Ili  IIIPIHI       INltf 
jwsi iw'i ml ntciiia TUT TM «11» 
tOI   tHf   MUH  HVtllMf   IIKUH  lUH. 

IIM   OtUriCIHilT'CJ   IMt   I  ■«*!  MICIliU 
il  lllfMlWifll  IM  m   IHMIKI   10 0*1« 
DII*( me Pile« iMitmi MO Mtnui ic- 
CELttlDM Mit  flRIIITfl  10  TOI  ITfP 
iiiciioo tm MO mi IMOW lonT iui. 
i otvfo otiuT nil ii i*mm i ou OMO 

t i«ii iTiitwr cooitoi 

TM  lUP   tOPKI   TIACIIM TUI Ml  plM 
(ill   UD   I   TOIOI m PtlfOWMKI HS  fHlT 
«M».   IMIf  Mit 4  lUWI   UOMKT  10 
tvcicaiToti fM HOT, «IT MIL IONTS. 

m   TOI   IMNM  liFVT  IIKUH.   I   '**» 
IUI!   I   IM  10 CWI   MT UIO MW  TO HIP 
FMH »VUIWOTIH.   I  C«1D  STILL  TtKI 
UCMITtlT  ■!  FM  HIT IWU.   »OtllPI 
I0PWTI   tmif  «U I IIOMiCT TO NMLI. 

Ii  TOI   Ulf ITIITOM   niCIlH IUI   I  UO 
MM OHFICMLtV 10 tfJMSTiH Wl UIO M 
TUT I Cttfl» IIMKI IK lU« AWLtriM 
(ItOOS   10  HOO  UO IT  IM  UM  IIM Mt 
tnisaMT. i mi i HI to p«i im on. 
um sowuii IM itlK'i ■**< HIT 

HUI  CMTOOl  0>   TU  TIOCHH. 

I  0» 0  Ofniltl   IfMHOCT   TO OfUIMOT 
10  HH   TIOCIHM TUUr UMVU.   I  MiLO 
«IT  WIOSMOT  OKI  «00 IMO  LKi OIHT 
MT«  TM  MDOU  illinM Hin M OUi 
• IM icmiT. i Mm OIII roi nociiM 01 
0MTI  OM*    IM  iUMH  lim  TIMIIM 
IMICOTfl i unit MM HintCUiT TUI 
TM  PILIT  OU  II  WJOIT  0IS UIO M 01 
MHi»  OVflUMI     I  Ul  IMi   H  MUn M 
loon «i IM mir io HIP TMH mi- 
MMIIM.   IM  OOUAL  ICMOCT   II  11 
UfP »MO Uli M TllllT IIM. MMMI; 
IM!  TM  MtlIMITiM TIMCMT. 

CMUM   <■  POIStOCI 
0*   lUWOM  biSIMIMCIl 

OISTWWCIS  HIO 00 MFKI 
ii in m m PiiroMuci. TOI IIIPIHI 
•ISPUltO  HIT  lUUUT   10  till   Od 

toi iiocoui oiD on itspwe VüT 
MCM  IT   ALL   tO  TOI   IftODW  lOPVIS. 
m   lONIS 010 UPt   TOI  ItlltUH 
C0OII01   SLIHTLT  Mil   OiMicuiI   M 
Mt   Ui  MOi   SO  tNU  TOU MUIO 
IIPICT  fOM OMMl   IMWLfOCI. 

I  IM'T  tllll 101   IliPLUI  IISPWOII 
MUHT   TO  TNI  IWOM   lOPVIl.   I  TEL' 
TUT  MI  ITT I IMI   CMIIM.  ■»»  OMO 
I0MM  M  Uli   I   CMLD  TtMOlLT  DO 
ii-KiHi itrwini. 

Ill I0MM OlSTMIMCI HSIMMI 
TM ilirUM I ltMI-T| MMIIITI 
IMMI. TOOCilM 10 TU PHUKl 
0» TM UMM OISIMUKI MU I 
IITTLI Mil M I PMMn MI I 
CEOIillLT TOIOI II MILi M KCIP- 
IMU  «0 MM.0  OHM M   M   HOC! 
PMmii. 

TM  IlICUH  MIT  II0OMM0 MMf 
IITIIT   II IM  UMM OlllMIMCIS. 
IMOI Mil M MMItUKt »UK- 
Uliintl IUI MTUCTU FHM W 
TIOCIIM UIUILITT MT MM TOM 
«MIO M IIPICIEI TOM OMML MM 
MUMS. 

IIVMIIK   KltMfl 

MIO PltCN  D4MP>U MD  tOI   IP- 
ruciui Motoiti snci IMIIS 
Mlf   1000  HITUKS. 

TOI IIICIUI IIS «000 IMCiIWIOAl 
SMOT PtllOO MMPliO MD Till IHM 
tMCI WIDIIOI DID OOT SUN 10 M 
HOT  HtlVT. 

TOI  IIICIIM OIS «LL IMOtO,   IOC 
MOMUIf   WM1  PfllOI  IlIfWIOCT   I 
CMPITIILf  IHM  THIS CLISS  III- 
CUM. 

iiiH tot   -Kl fucis uf ca 
«Ulli.   PutllllT I LltlLE   im 

TM  MIPIUE  NU MM UMIH.   It 
lEtPMSI.   MI MM ftCrilEUTIM 

OUICtiMIILi   rilTMIl 

HE  SLHWlSMfSS  II  Hl   lOilill  ItSPUSI 
««I MJfCIlMllli. 

INI   TEIMOCT  TOOHISOMT.   TOf   UCI Of 
PlECISIM C0OTIO1  M   PITCH  IltlTMt 
UO  ICCtUUltN.   IM  SIMItSH  IISPOOSI 
M   IM  IIICUFT  MO  TM   SW T  ttti TW 
«I  Uf  III  MJfCIINULt   ItlTMII. 

I  IIH  I Mill WJICIIM II I0f  tuWUt 
■ (ITT   ITtlOT  SIITI   SIlCI  TMCEI  MO  10 
IIIS  SLIMT  IliMKT  10 Mlllf   FM SWLL 
HfWU. 

ALIMMU NT  I  *EIT  i UM   MJECIlM, 
IM   11 IMI  MOHT  0*   MtlMMIlH IEI- 
HKT MICM   I  HllfH   II CMPlEO Olli 
IM MOMIIII  SOMI  PfllM  rifIMICT NU 
OITICEUlt. 

IM IIIPtJM'S SLIHTLT »MI FEIlIM 
II TM MIT OUrCIlMULt FtITMt. I 
MMJ UH  IIIEI I  ullif  MOI  PltClIl 

PlieiUT  IEUMS 
TM  PlLII  UIIIU 

I  M NAH  MM  PIO  ttIHKT.   >  III 
U IHIIOMt  UT  IIM   I  IHEHPt  HUT 
CMHIl.   I'll  OIII   II   I  1 HCMni   I'M 
MT  OEULT  WIE   HE  PUCI  CU lilMlUH 
THESt  MIIMS. 

I   IRIII  INE  IIIPLUI   II CMtlllLUll. 
ICCIPliOLI.   IM MUIlSTICIUT.     IT'S 
DiMicuu io *m»iii rrtiWMiio« Mio 
TW'lt   IIMUM.   I'LL  IAH   IT  U 
Al. 

II  MI CIIIAIILT  HIT  TO  IMKE  PIO  At 
TW «AO  TO UCIlflCI  PEMOMHCt   10 
ILIMIOATI   PIO. 

I INIOI TM IliPIME II CEIIIIILT CM 
HCILAIII FM Till CUIt AlinUf I 
MNtO IAT IT'S ACCEPIAILI MI Hl 
UIISIACIMT. It HAS A MMEIATlLT 
MJECtlMillt MFICIEKT II HAT IHI 
«CIALL TIKIIO« PfMOmuCf II PMl 
l  MULO UTI   IT   M  1-4- 

I  IM'T  TOIOI   I'll IHI CMIIMI TUT 
■MIL IM  TCMCKT   II  TIE  PH IAIIH. 
I'LL IAH   II  A  I.     FM  TM  PIUI  lATIM 
TM MUTIII MM MAHLT  10 MIM    IMIE 
MIOM OOJtCIiOMI     I  Mill  I'll UTE   H 
M 1-1.i. 

I UH II UMII IMH l| IMI TCMCKT 10 
MIOMMT. MMHO. I CM PIEHII Till IT 
MMLT  OFTIIM M'>   m UH.   H IUCIAL 
II lt A POIIIT MM AllPtUf: ll'l CM- 
TMllAIlf . ACCEPIAIK, I MM PLUIMI 
Hll-KUVU  AHflMI. 

IM  Alltt-ME OU I HIV ILIMI  ItMCOCT 
FM PIO. I'll UTE II I ii. IM AIICOATT 
II CMTfOtlAlLf , AUEPIAHI. lilllFAC- 
IMT FM IM MIIIIM IM IT IS CtllAlOLT 
A MM, PLIUMI. MLL-MUHI IHPUH. 
t MILI HfMII A SLIMT IMPIOHHHI I« 
Till TCMCKT I| ITUMMI. l'U UH 
II  U  A-t. 

TTT 
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• nn»« 
tiuin« C«TI«L )■ ratmu PIIMUT HIMtl 

Ml • tin •»   ttmom Oi|H»M«H UfMUlI FtlTWU OW(tTI«iilL(   flltUtIS F« rilW IITIMS 

MmcitriM ■NUI   ill  1  9EMIITE   nWlBf   TD OUtHHOOT m iiiciii« rtifOiHiKE «it Dfi. THf   IIIHMI   IS  »ILL  DIHP1D.    i   LIIE THE   SiflP'   Itltl   STICI  fOOCfS  Uf  1 Tllll   11  IM  PIO  TUHKT.  WT   IT'S HII- 

■mui n «■ Wl MtHCO  «TTiIUDf   DUIilb  ruf   TUCH» ■ lUU  DET||lOI*T(D IT   T«   itiDOM THE   liiUlL  lElPOVSf. LHILE   01   THE  Hl«n  SlOt.   THIII MS  SOM IHW.   m  IHPuai   II  KCtPTUlC  IM 
in mi THIS    TM  OVIIIHMTS  TMI  1  COUPLI   If DISIMIUCES.   EVfl  TMVW   Tttf  U- TIIDIICT  TO OOlllf   THf   IIICIIFT. IITIIflCIMI.   IT IU  MHI HlilLT  WPUI1MT 

Ulli CTCUS IS DM» «IT  ll'Otl   r«J CMlO IH 

ESIUuliXD m  I"t  »TTrTBtl. 

PHTUDE  Of   Ittl  DISIWDWCEI ItS 
•Mill   IT  Ml HUP TO MIE   THC 

TIKIHM  EllOtl  tWLL  IICIUSE   THE 

"IflUdC*   0»   Tlf  DUTWMMCES MS 

JUSI  TOO f«t fM T«l PHOT  TO 

HIP UP »ITU. 

CIUICTIIIITICI, 

LcclllllTIW DUIII6  IHI   tITitUOt   IIKIII«  Tt|i   1   QID IT  M| lOTirEIHT »Oil   DtMiCUlt   TO TH|   IIRTLMI  MS   P1IITT  OOOD.   Ili- 10 IEIL  OUICDOIIBLE  PUTtMCS. THIIl'l 1 ILIOHT  PIO  TUKKT.   MM  M- 

F lim  lOMf   TtlDIICT  TO  OvfllMMT  TNI  | ISTIItltH  k  HVfl ITTITUOl   ■■  THE fmitH,   HO  THE   SHOPt   PtHOO HKIilLl HtTI« Mil MCM WT CM M r ME* i NU in  ilftlT Uli MT HP:  «MfvEl. PtIIIICf  Of  liKPOW DIHUIIUCES. DW»PiM »I WOO.   THE  SliCl fOICf UIUI PtltOTU IT 1 ICMCTIM II 
f  CMLO HOP  Tut  «I'HUM  CMIUM  JUS' ««Mill   THl  limut  DID  M'   El- MUKI'S  110  THE  OVIIIU  Pill PILOT WH-   I'M MIM TO IITI   IT  1  PIM 

tMUT miti   i  «UTID   II.    IE   1   DID  O.fl Hllll  UT  WUSUIL CMIICTtllSTiCS IffMCD  tlltWULl. Of   I.I.   TXUt  Mlf  JKST  CHWM  THIMI 

IHOOI    (1 US (III U1T   10 MIE  m  cot O'MH   THl» «UT   TW HlftHT   ElPtCT    (■ TMV   1  OlM'T  LI«.   PUTlCKLWtT   II  HM 

■ [CUM  TO Hi!«   II  •*£«   TO  IIIO.   Til   lu ■ OMIt,   TWMIMCE. TIICIIM  Till «0   II  THl  IIIPMOI   <■ 
OOM IDiSf   IIKIII« lit!  M   1  LlTTLt NME IMHilllCf   TMT   1  «ILL IITI   IT  A 

IIMIlE  HCWkf Mil MUM UUU   M»LI- a 1-1.4. 
IU9f  Eim  CMItCÜW)   l   DU RMI  i  I[R- 

DIIC<  10 WHIE. 

ACCUfimoi m  TltCHM  PIIFOMAKI  W  'ill.   I   "»D THE   «IDE   li  THE   KEIEOCE   Of   IM THC   AIIPLUE   IS  HELL  DlltPfO  UO N1S INf  lUVI   fOOCd  "I   THE  MOST  0»J(C- TKII Ml 1 ILIMT  TIWCKT  FM  PH  TO 
klO  MV( THE   MU1M   IIITIALIT  Till   1  MULD  OMIll DOM DiUMBUCCS MS  1  111  CNOPn. 1  1000   IHTilL  IESWSE. TIOMOLt   FlilUlf. KCUI.   I'll OIVl   IT 1 PIO IITIM OP   li. 
k ILIMTIT. TKf  iil^Ui.   Uli   THIl   IliOUCT  «AS  IT  1 FM  III1U  DIITWIUCIS  THE   IIIPLME I'D UT  TM   IIKlin   II CMTMLLMLI,   IT 

MIIIIM.   AH   lOOIUIfi  IflDCK«   0>D   »MM l| OUT.   NT   ITS  IflfOIMICE   II It iCCIfUILE    «0 Til HIT fKITIM  l| 

UP 1 LlTTLf  HMf   II   IHf   IIKOM   llfVI 'HE   PtllEICI  Of   UIIE  ^ISTUIIUCES WITIO   IT   11 I1TIIFUTMT M  Uüll'H- 
TliClllfi.    1   mill  THIS   IS HCIUU  Of   THE CIVLO  If   IHPIOVtB. FICTMV  lUlO M  THl  IIIVT  STICI  PMCII. 

IHIU  UtPUIUDt   ID^UTl  1'  NI*M  PHOT I  THEII Till l| 1 HUM MT MMTIH 
mis. IIFICinCT IITI  IIMMCMIT K«MITU. 

1   TUN  1  CM M TH MIIIIM  MT  OUMM 

Of Til IMVT FMCCI 1 MMU) Mil M M» 

III) MID-     I'll UTE   IT   H  I-«. 
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TABLE  n-III       PILOT COMMENT SUMMARY,   PILOT A, FIXED   ■£* 1  nVk.k,         M^M.          1 7      '   • • 7 

**ip nil IW inriiM lilCI IIKTMI I 
nmi **p <s »it»» »If ■MM I mu» "f HfMII   10 «M MOMl II 

m. tn mum UTIM CM» II CIHKTIIllIlCI i»/» moi iirvn KCIlIUTiM CMHk 

Mt I.M ■ 70 7 2 Till   irlfLMM    1)   IIIUT   MT   MT   I'l 

Liu it in rm Hit 'i^i HiniM   nt 

1 LITTii  liWIii» AM '* M*l A MI- 

NK'   II MIICMIMi    TM  HI   MHI   1 
M* PIT»  UH   THM  TM MIT  MOull 

TM lift   Tt PVT  IK* LilM   imfTI   II 
If HT  TM   iftf   MVIN   lllTllllT. 

TU   IIKI  'MCfl  MIMI  Tf  UMTII 
Will  IM  Mil  tIMIIf  If Mtfl     MCI   TM 

tiinuf   lit  UTUlf MT  IT   MM 

Hilf* triii i in rftcit iffH if M 

MIT  *  IITTLI   IIMI.   I  Hill »tt» IMH 

IMCII TM CMlf   IIMltlTIITli Mli- 

tiuit tu iiiruu   «.'Ci fisnuu 
Milt MM  MIT 

U.I TU   IIITili IIIMItl   IIMI   '0  II   » 

llttll  tllWHI     IU   Fllll  MIIMK 

It  00M 111  HIUi 

M tOMMIIl IMH Mt 1 UIMi 

TM   lUCIH«  'Uli 
«1 1 MWlf Mil 11 

WIMf« MH « IM 
i Ul CUtui;  lie 

Ml 1. II •1 1 
, 1  Mi'T  rUIICMMLV  I'U   II  MCAll» 1  IHM  TM  1IICI  IMCII  HI   •f»IM rt.o TU   illlill  MIMIU   H   ILVMH«     H'l MCI   IU   HirUM   MtrMll   I'll M   n unMUi HI mm 

ll'l *  llMfltl AliPlMf  tM UlIliLLT MU   If IITI   TMI  tllKTMIl   MITIC- *|IT  HIM   MflHI       HIM   11  H Mill   TO  Uli   OH   MIMI  HI! Hit' II  MMIM MHf i 

MT  U  Uli  HlfMflM  U   If  llli   If ||( Tip.  IMITII  TUT  MM  If MftfCI OfCilLUMT   TIIUKT   IM  HI   HUi OUT   il   Mil   UMI'   irtui  IW  1 til Utl ■ ULlT  MUH«   IT 

'M mi nn m MrtuM.    n *PM*II TfM HIIWII  IfHWIT HCiUll   ff   IM ■itrMii it soiii Hi mini. Mil i 1110  I |   UO  HOLD   i'  Hi« IfiH lllll IT UM'!   Hf It« 

TUT m ■ IMI •» Liui IN rue» itu llMfit« IIIMMI HIT  10 Mil   1  KUMmi  Uli   iMU' LIIUI   OlMiCUlM     Ml*  TftTll •l'U'»    f HI   lllfll   fWiff 

M IT  Ulli   TM  f  hUHM   II  ■(MltflT TU  IIIIUM   Milt  SLMOit«  NT  till III   ililili   MlfMlf   <0v «II   LOOil  Uli 

tWM T« MfWUI  TIM  If  Ul Mia  II  ITMft MTiif TM   ■ »Oft  01 

COMt M 90'CMI   'Ml   i   IlMd  HO   i 

IM UT UHiM 1 LITTU MM   'MI   1 

MITII     IT   »Mil   1  Mil   It  COWDIIIOU 

It   i  MUU  UM 

lit  IMI   0»   Di6«il«   1« t UIUI 

Hi   IllCf  HI HUOi   MD 0  lUUD 
OMU   l  fill  HCI   f..  lilt  tl( 
TIOl   H   TIICIIIC     HI  MM  DIP 

IM SMLL  lltttOM CMIICIiMl 
IIMI   f HIUIMIl 

'U M> 

U' JVI' 
HI  CH 

ICWH 
'Nil   IM 

•n i.n •0 1 , 
1  Uft  M «IL  CMTUHIt MM'   m   III. IM ifilru Ititi 'OKII ma 111.4- Ml TNI mnii uiPMtf it Tilt fuid    rl PITCH  ITIilUDI   UD KWUL  ltd Ml'iOl I'M Ifl   IMI   «11« 

PLIM. MI   IT Mil fMM'I 7111 II MM TKILT  IIMI.   TM  «'  lUMII   rilTH. Ul« 'I COM M ail" «II01T lit CMTIOL  tllM  <0 01   '«0 Di'Mifii   liiii) it UlPH« H  "iMl 

U   1  Mill  llll.     HI   TlIM   1   III   II tiUMI | UtHlU Mil TM IIMI   TO IMMI.   i  Oil   HI   MIUI«   Till   '«H   IM IMUVOi   did   ,   lOiTiluT   Ml» « 11 ■It IliCKI«   USI     1  M 

TUT iiiiiAui ni a line If UM Mil. it TM rvu me i HIMU «. |  C0MI W  UtlU   HM   I0U «WLO DifMlill   IIIMltil    H(  « (    10« 10 CIIIIH« MT   MIMil 

TM riTCI Mil.   r« »IN if Ml f M TM  'MCll f(I  1  LiIUI   IM MITT. HMCi IM 1 livli MOUii 0*   IliiiUOi fU'CHT    INII    TOV   Mil    i'   IliOi 'Ot  111 MIM   I   Mil   It  Ml 

Til  HinMM   MIMI  TM  IUl'/l   (1. IIITIIUT  IM  IMCII  Mil   IIIH  Tf »MM. TU   IHHUOI   CUHI   Til'  MIC«. <i tu* 

«NI  TtflM If CMTMl  TM   ITTtTHM  »M H  1 LIIUI   UMI  'M Mil   IM MWlf Of   ML'l   '(Hi   llllllui   ■■   ItlClli« 

UM   Tf CMCI  IM   ILIVITM   If MLl HI fiMCI    tnci Ht^LKIMUl Mil MM. • ((lull    IT   «>rll  TOv  1 ClUI   II 1 >il 

MM MIH   *M VMI   IT.   if MMIM HMtilf    ii MH«   'C lUI'  «■ •«. 
TM CM TIKI  MITIT Mil «IT«  TM   llf- IMIifl   '0  %<0r OU 1   lUIti   'On «Kl   t| 

fUW.   iMtlTMHAL  CMIItl   II  TWII CMCI   IM   (ÜUIM    WCf   'OKI M 

■ 1 MflCHf •'  Till »iruu  TUT  ■ Hi   IU«I'   HI   CMHOl  «IW  < II «ooc 

UMI  TK  HIM IITI.   MCI   TM «1   ITf- 
ftlinf  II  1  TWM  III  CMTMt   Iflll 

tarn. 

Ml «.M .17 , , Till  fllfUM   It  rtft  MM  4U  UfMM IU Mil  l'HH   if «Mill Hf IM II.s mriMi utrMM TO uruit it *iii OltCI  IMiltfOI   MO ■MWi   UCU iinu III   «IIiTfW    'lUil 

1  fM'I  11*1   MT  CMfllHTI  M  •■' mri IMCII  II HITlUlW Ml lit* Ml"   IIHIIUT.   MI   HT   tf  M'CI   HIT CMHU   it  OOM    H  HMflCT  '0 Otll 11  HI  MIT   till  M 

TIIU   I'll   Ulf    IMflTMlUl  CMTIM MM 1« I 1 • lltfiMI, (W MH10 OMIlltllt   IM   HiriMI CMHOl till M HI Mint 

II  TWMl   It  Till   MM.   IMITTIIIf   II TM nui ittMiU it fin «Mr i« 
Mil  IIP   If M     II   11 UST  Tt Ml( CM UM IM mnui uirwui TM UII 

illlTMf cmffi HI nuuin M HI to 
If« IlIUNM. 

U7 10.« ,7| l 1 Till   It  I1IUT  M!  0'   TM  IIUH   HI- H: tnci fMtn MM itiiMau M.I TM   :iiTiii MIPMII   it «UT «tUHI rile» IIIMUDI  no IMHIL ittii HUM IMCIIffi  (lUliLITI 

ftmii i »«I im i« TU. Tin mem fM 1 1 « lillLMI.   IM   It-Ill« IITI TM UT   IU  till U  (IM«I  0*   IIHIUOI CMHOt   Mil   Mil  «1!  IiClllll 101 in HUPI ificnai 1 

CMTMl.   HI»  MH   D4MI0     H  TiMIIC ■11 ifi MH'Mi'li  M0 m    MIIlM II  IM  ■ MtH   HI'   It  10 IHUIIL   M IMMI   ICCKUII'M  (MfOi   'M t     1 10 i am  '   HUI iM 1 

If NMU     TUT  Milt MM  III   TM  MI, ft (M niftai vis if) »IMCIO 

■I  HT  VMtUtl   ITICI  OHIlltlMIM 

UMI  IM  liirilM   Mil   Mil   il   it 
iuui) w fiiuiiM oi HI mot. IM 
Ulli  HtfMli   it  IfblUT  «OM     TM 

■ 1(1   Hi   llinlT   10  llfT Mill   TM  Uli 

MD  TOL'  CM  HMtl   IIIU  O*   Ml'   'On 
«MI   HO  TM  «Ml   It, 

IllOliCi   10  MOftl     'OV Mil   '■ 
CM<I« 0«   (fll   »iCIii     '01' DM 

II in I   fM   HI   IHPIUI   '0 10' 
III «   IlUt   'I  UMI'   illO  '«I 
IMiluM   taMCI 

1 
I   Hill 

1 '(■ 

us I1.1 ■ M 1 i i   I.HO  IM   lllliMt   •«   HKIH« IM   tlUDi  lilt!   lUCI  'MCI   Ml •   it M.7 IM   Ll<l«(  MMMflll   H|   IIOlLMI   Ml' i'   Mill  IIMT   MD  'lud  Mil  I )• 10« tMII  (Mild» 

III  Itltl  'MCI   H*  1  'I   'M «ill IM UM    llltl  MM  10 lOTiCdOll MKI  U0  liUMtJ-    fM  Mill       »IK iU«l   MMlTltl    IM  '"1   Mil. •Pv'i Tim H viti' i M 

MM Til |Tl(l  D'iritCIMlTl UMI   11  Mill  1(11  I'd      IM   lltrWM 

it 00«     M   Mill  11«   UD  lOiiO.   TOU 

CM  Mil  llttl U»  H Mill   TM  HU   W0 

HO'   Il     HIM   it  M  tfHIK)   '0 

MHK 

ii mm fii' «MD IICIiMt HI IHH 

UMfiM 



I LOT A,  FIXED  -If GROUP H {% «2.65. V~ 56.2 g/RAD, /^«G.?,^  = 685 FT/SEC) 

fm IM HUM 

M IlttKIfa (MUH   II  MISiKI PtWMT MUMN 
CCiilti IU«$ K   «HMH «I1IMVMIS llfMIHI  MUMII MJICnM««ll  MITHII TM Plltt HI MM 

i't*l  Ml  *   KlpdCT   10 Oltl'.MItOl   >■ ii CMCilt. II  SIM.   Ill) MIMMIIM  IM   lli- III   IHILMI   «IS  1  SIHMIS«   lilTlftl  111- nilt   Ul  MMIiaULI MUMS MB  TM 
III   illtliH  "SIS.   1   UM''   IS  MIC>1I «tMI   IS  SlUil  Hl   IM  MT. «MSI     IMOI   IS  1  IIMfKT   II MIKMU* lllfllll  UHTT HMMTtll     TM*  CU 
11   i  MV10  Uli   t« Hill   Uli.   i   «AS M 1IU-| HI niriMl. ■  PtUMIII IT  lUCIIM Ml   M  TM 
UTIiifc «MI   6   '•»■   1   HU  imCMO Mil CMTMll. 
i  ««1  CMIII«   1H|   «MDil TM  TM  «HUM.   nit  «ItPUM   ll MM 

CUT1M.I     1   HIM  TM CMl#   IHMfl- 
TIIUT «IllUltll  IT.   Till MMO MM 
ii M mil. i HU mi •! i «-'■ 

KlPOill   IIHTl.   0 11T«MM  INI   IIKHJWI   <S  tllli?   SiWMiS« ni  «IMM OUTUHMCI   >in(l  IIM'I IM   MM UlIHil MM   IH   Utt IM  IMC1IMMII  'UIMII  MI   Uli   II TMM   ll M  IMMKT   TM  IM  PILd 
«IMI  TMI   i  ilPfd II MIIIH MIM MI   IS MSI  TM SLM   II SUM  ID   IfMCl   INI   IIIPIMI   TUT I«1T   II US IIILIT (mi Mtl  TM II 1 HIT  ITIM-UUIN lllftAM.   Il'l Tt IMMI MMWUMI MUIM.   IM «ItnMI 
nuf no • cu mi ■ ULK  Hftli«   11   11 M  IMINIM  (IK. «Kl  MD 01   CWISI  ■ITI  I  IM  f«i- Ml   It Mill   TN «mil  II M •in ILMHM rrt* :N IHTIIUT UtUI 11 CIIIUIIT Ml WUMMIfT.   1 MHO U« 

IT um iiunmi II MH'I   '10 OiMicini   to StIT  «IT« «MflCT   IIIPlMf   TM «Mil MI   IIHC1 «III  M  milLalMl   IIMfKT. TM  Ul   I  MIT  «i   IIMIM-II  IIMCKT ii MI mi UMIM-II riMOCf ui».  < 
MNB  TOV'lt   FuiiUfc  f t«|  IIIOLI   WliH  IM   TIKIIM  IUII TU  iil»lftt   II  il   OilIMOID  *IIT Mill   IM  1  UMI  ft SMI   M   llW  IM Pill   •  CMU M TM «IUIH MT   IT   II 

K   TOU 61'   IMI1 Uli «Kl IT  UM!«  lllfMIKT  IISIUI- PITCI  1ITIIMI.   'M  IMUti.   IIMH« HUKTMUT  «UfPIlMI.   IM  f PUUM «in 
I  11 i  llTTU.   IM NT IMCfS. CMHCIIMt IH PHII MCH'I iiTI  ■ PITM   II MHIIIM  nun 1  itl'll  IIT  uu 

I  M0 fc IdlLO ur MIT «IIT  «KCIII  UILIM M   WIM  H  CM UCIfTUU   nM  JMT llftM  TM   IM 
Ml Uli mciK CM- SIM  III  IIIPIAH. TllfMMi  KMI1H  1HPLUI 
IT'I HMI OKMCUII 

[ COIKCTIMI IMI rot 

• IMIUL   KCUdlliM 1« lOt   lUtf   Ml tflfl   tut    llltlkt   6   MSI' ■D CMMIU. I«l   0MO  lUIHIl Mit   I«lt   MM 1   Ulli  IM  UfUM   Uli   IM   IMIIMI IM« Ml M IIMUC1  ll  1I1MMKI  HMUI- 
|  T«0 OiMfKII   IHIIII. i| Mirilfi H  HiMIIIII «   II   l«l «IS  «0   KMIRtT  'g 0N0U    UWM  M MO 1 IIIIMUI  Ul   IIPH1TI   lUPMSIS ULI  MUMS.   1   ni«l   IM  »UflMI   i| UHS- 
IITIILII  IHM 10 U   IM TIKIII«  till     1  OM'I   Um   11  «IS  M- 1   IMIII  IM  »0»' CMll Miltll« llllllLLT   It   MJtCt IMMK fKTMT.   1  IM't   11(11  lilt  MVniM 
it.  rut I COWS 01 It Clillilb «T  'tl|0MMCI  tUT   11   JUli IIMl'CMUOl   II HI  SMUT  um «IS  U M  Mill HI   I«t  I HUT   11 ttlLMT 
mi ii iifoti 'ou in Mitl'1   Mtl   11  MM  11   i   "Uno   Uli NPllllUI     1  MHt «HI   IT  H  l-l.                          { 
M   »IM  Mit«,   il  M9T 
UlLT   II  TIKliM 
«tu  1 CIWi   'HD    "1 

IC Ulli *|IK, 
■ A iHMT TM aui If 
1.   MCI   TM'M  01 
UMi tun IC lf UM 

HMHt Kaiiuim 111  irtiiMI   tiicmt mi «IS Uli   to M 10 CDMIII11 IffllTlllH 111  W«    IKI.   nil   MS- IMI. 1   niH  TH  lltPLMI   IS MUT  PM  TH 
1 irniic ir o»(i- II  Ml  II«  UlT   10 Mil   CMIICItMS   10 

1111  M  Hl  ■CPU 
«MBll« IliflUf  «II« M TfMfKf 
10 «TllllMI  M Mfl-l HI   HIPIIM 
MSI   IIILl MM  Hl  UM». 

NIISIH. 

1 •OtK«i   KCCUMII* HKKH UniHilT   II  IICIUIH     III II  IN   niSIMI    f  l«t   «MIM itiiTiiiRt IMUI lid cMiiwai- MOOJlCliMllll   U1IMIS   II1I   1   CM IM  III  »HUM  IS   1   filif«   IT.   IM   110- 
HIT  IKIlllit     »M ftttllUOI   IlICiil«   Uli  Ml   lllllT   IOM OUtWIMCIl   Hl   1I««IH1   HMHI 1iM «IS MM    «CUt  IIUIIII. Hi- PLHf   IS  *I«T  PIICIH.   MSI  MM  ILL  UMM. 

1 C'MlMl   Hill   il  N i  Ml'l   IKlii  TM  cwii M MT  Mtlft. UMBf  fvni   1  Hl     litMMM   tOW« «Ml  lMif»(   tMKM.  ««01« 
. •'«* mi i»f i Hl)««  «IKOIMMd  «Ml« 11   » «ISIMSI   lllliU  IM  1I1CIIK MO 
E*.lT     TW Ml  '  nlfl UIOID   Hl   1IIMUM   UCMUMl Mill!«  6.   «11(111  CHIIH.  M 
Viui   r« Htm. «III  III  «IlltT  |l|i,   it   IS 01" ICII11 IIBMKT   10 MMU     MSI  IMI 111 
Mi iKi tu mw ID MMtl Otft   l«l   OiSIMMKI 

iirutl 
UMM. 

VNCI'LIII 'W Ill  Mill  (MI1CKM1   1«   IM   li*(«ilt l«|  IMOW OIUMOIICII  D'M't II   IS  1  «U    Mlii IIUiH «It- lt  UUS  LIU   1  IIWI   II   III   LUH M IIMIKT   IHUtl  Pll 11  H.1.   1  MM 
V m Min ii^'i Hill   il «ISl'l   1*0    »M   IM   IHM   CM »HUT  Hl«|   «tu   HIKI   M   '•! «IMI     «HI«  fM Ul MUM SMll MPUIUM   «Mlflll. •• MM lllf   TM  IIIPUM   MC MSI   M   TM , ■ UtiMl   Hl   liinill   MUS  «il**   m tun Ml CMIUIiMS   II   II UlttH   Ml IIHHIMHIS   II  LU«I   IMllIWf   WUwitUI 

ItuM'l« llllll TM  MUT  IMCII Ml  MMIIIUT M- 
JiCUMAlU   Ml   1  «ML«  LIU   II HI   IM« 
IMtMII 
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TABLE H-n   PILOT C0»i4ENT SWKARY, PILOT B,  FIXED -f?    GROUP 

*,' 
■^"- ^^^ 

mi IT IWUM »I'M ATTITMI ATTITMI                         J 
I num 9*0 

I* 
ni* nt ■■Mi Mirui •» HiriBM Tl M» MMIl TIACHH                            1 

1     • m MfW MTMI CMMcmnnu '•/f piui iMvn WMUUTiM CMTMI Iftlll                              j 

1   «i i.n •.II I.I I.I m iiiTiM iwtim« m mi IIKIWT 

II THT   IT  »(III TUT HMT  MM   il Ml 
tllf M».   m f«»CII «M TM HIVI 
H» TM   IIITtU tllPWU   II  TM UMIIH 

TH  ITItl  »MCll Ml MO  TM HAT*. 
TH »MCll IIMIHI Tl MM Til HIM! 
Tl M HIM   TIM IMH ilM'tiB T» 
MIITAII A ITIUT ITATI.   TM   ITlCI 1  \\ 

U 1 TH   IIITIU  AUILUATIM IM  »ITM 
HlfMU  II M"l  MM.   TM   IHTlAl 
IIWMH  II MCI TM UMIIM.   I M 
MU T| MIITAI» 1 MM ITIM* 

»ITU ATTITMI   AM MiML  ACCIlllATlM 

CMTML MU MM   H TH IIHt THT TM 

CHL» WIITAII   A Hlllll AITITVM 

M  UCILUATIM:   MHTU.  Hl   Tl  TU 

IT Rtl »llliCUll  T» M*I   TM   RMJ 

Tl Ml MUAt  je. »f   TliCHH    | 
ITI»  tiUllli  Uli  IRIIl  iftl  | |J 
"»"«in »YiiuMt. »i IT T9 

CMUN^I T<«  t« «T TM A ■ m mi ciui^ncnrr; • IA IM "" niemiri uvn ti M Liftr. m • ITITT » n TM »Uli »flMllt »r flMIlM iriMMt   It IHR 1 «rUTITftT 
»IM ion» nifriM. i u« »irricviiT niM  Til»   !| Mi   II MY   TITIH tu «iKtArt »ULI TUT HAT*. IMA  IlM   II  »IACI  TH Mlllll ATTlT«M lll»IM.     I  AH   UU   IH(   tl«  |l 
IITMIIHIM HH 1*1* •» Clt« IT m Tl Ml»  TM  AIMtMl  T| l||»M» Mil   | M  ACClLUAIiM.   ALM.   It «U lirriMLt II ClRClLtlH «1   TM  »ITC«  11    \ 
rtiPii »iima. Tin, urn vin UHM M'CIIT TIM   ITI »THHIGI MILL  ALLM T| MU   MALL  CMIICIIMI IM TM» CM- liiH ui IM LM(    rat luow 1 
Tl CMMI »«II HTTIIW. MM TM Nl«- IIMIULI   »Uli   AIIUTIU. TIICKH HI  «EP   liltlM   MCft«d 
■ IM  IMMUT  »in .«11     MTU MtllM Ml..  CMTIIMUI  CMUCIIHI  I     ■ 
IT   IT,   MMlll,   i   CMLf NT   TM  lll»LHI H RUf                                                1 
II MM  TIIH.   1» HTtll k HI »ITITMI   1 

IM  t»  MTICIMTI  l(TU-*M   IM  LIU  1 
||<T|  1  IIT  11*1 m   IMVTI.   1  CMU M 

rillL* NCir lltlL TMM. MT TM CM 

TMll MLT VfM MATT.   CUMIM »M 
NKIMIM  TMil Mil  MT  TM IM.  MT   \\ 

TM» 1 CMUHtUil  HMMT M Tin  r» 

HKt Til MUM« CMKTIM.   ■ IM Tl M 

M'TI   ft IIT  M  »«Ml MIlPVLftTlM WIT» 
Till  »IICIftfT.   HITN  Til»  »LMMlM  lIM - 

,     TMUftl  CMTMI   '   »LM MT   TM  »HUH 

TMT  HI  IftTIML-IHICTIMftl  CMTIfti 
Ml  liNIIM.   1   TIIH  Till HI  W  T| MT 

»ITIMI  »IM ■HIM  M lAM  T| CMTMI 
Til  ftllCIWT. 

1    M* I.H I.I 1 t nil il IIT ft MIT MIIIULI CMMIMft- 

TlM  niHUUT  MCHH  M   ITI IIH ITlCI 

IMCII  Ml UMIIIl IIMMM. 

ItlCI  IMCII Mil  TM  MATT  AH  IM 
ITlCI  BI|»LACIMII» HH   HAL 

M * TM   tllTllL »ll»MII   11  TUT.   «tl'. 

UM    Hl   'UAL  tfIMill  HM'T   TM 

IM 

1   AA»  A  UROIICT   10  HIICHIIIL  Hill 

TIKIIH.   IT   UtWO   i   HllO  II  IMCE   H 

IIITIAL  i|l»MU   IT   AMLTIH MCA  LUIII 

THU  MMAl   'IIC11    HII  IAI   AII»LHt 

1 HALLT  ■(*(. HD   11   lltMB  Al  IIMM  TM 

ftCClLIIAHM  KILO  U» «tl HCfi  fftltll 

TIM   i   HA»  MIIC'»AtlD. 

IMII  Ul  4  TtHIICT   10 OltlH  ■ 
HltLlM     lUfCilUI   >■   tu   iff ■ 
Uli                                              1 

NO •.i I.M I.I 1 1  IIM'I   III!  mi  CMflHtftTlM 

MIMULT  FM Ml   HUM.   Til  tLUMIU 

»IIMili ftM MATT ITlCI TMCU W 1 

CMIHIIM M  TMIf   TM  THIMI 11(1 

T«  IHCl  »MCll fill  MKI*   IM HM.      ' 
IM  ITiCl HIiMI IIM'I  UIM [ICH- 
Ulf, MT  IM ITICI HS cianiiLi 
M*IM.   1 CMU MU 1 l'l MUlMaiMJ 
MT  MD  |T  MLD'AA I  »III  AMMT  M 

U.l 1   IMUMT   Hl   IIIMMCl     AlIlAL   |(|. 

Min io rat riLOT'i tirvn IAI TM 

ILH.   I  IA» tiMiCHLM  »Hill  IAI   Hl  l 

UMMU M MlftlltM HS MIIIAMiH 

I OiD  ROT   THIRI  «ICH  01   TM   »IT:«  ATTl- 

TUOt   MD  NMfti   ftCCIltllTiOl  CMI»0L. 

II «Al  HAIP   TO  MUIH  HD MIITAII  M 

AMI IMI  M  KUlUATlM Al FUt  U  TM 

TMII  Ul  UIU li'  M OtKUMll 
M '"(  tUCItU 'Uli     i  COULM 
IH!  4  »'.Ml   is  Hl'   1!      Mut    ■ 
MAA«      MU  1» MU  MI   RM  1 »MH 

TIC HIIALL   iMtllUM  Till   THE  HftfLill 1 IITII ftCULllftliM.   HKt   i  OiO MiMI   till   HCAUU  0*   IAI  AIICIUT'I HO >-'                                                    1 
Ml MIT  m MM I» MTf ftlflWO    i TMCI.   il A IM« IM  »MCll »igNiAIO ■ATI   IINIll  HUI«  ifTfl   TMII   .'H ILMHW  HlfWll. 
IIM'T  IA*I  A«T  »UTICHLAI  »IMiCVLTI I» ML»  1 i'l MH  HTICIAIIT  MJIC- MIITAIHM  1 IIVCI  |  LITIL.   1   Hl» II 
TIIIMIII.   IT  |I0   TAil  M   1  UTUI   i«i» 1 TlMAIll. Uli  TM   limit  AH  MlAi  »llfMIl 
nM MMfti  T|  ill« 10  1  MVL» IIT  tl| 

TIIMULITT  Ml MIT   »All.   ALllTMi  CM- 

TMI HH'T   TM Ml.   I  IM  UM   TIIML 
IBTIIIH  TVMI IH  MUIH  Til  »dim 
|   II  TVMI. 

M4 1.7 .H I.I 1 1  IIM'T  »AtTKILMLT  ill!   Till  CMttt- 

HATIM.   1   TIIH   TM  Mil  IIAIMl  'Ot 

Till  Ml   TM   I1ICI  »MCII  Ml/U 

MTiMl     I   TMMIT   II HI  MIT   ft KM- 

UM IIIPLMI,  MT   UMIH AT  TM   Tüll 
• MI-IM»   •   1«   THT   IT'l  ft»»UUUT 

»ftllll  KM  »HfMKT.   10   1   Mfll MIT 

HTI  M   Til   IMHIIIM  0'   UMIitMIll 
HI  Til  ITlCI »MCI1  MO DimAUMITl 

I IA»   A   UTU|  »IMICUlM   T» INIII«   fll 

IIKIM1.   Tüll MT  IAH  Mil Ml   II  Til 

t-lt'l Nil   LM ATTITMI   IT  IIM  1*11» 

IT   II IA» T| NT  HI»  Tl HUH  TU 
MM  n«T   LH.     1   ALU IM  IMI  »KM- 

UlTT   II  ALTlMM  CHTHl.   MT   UA<> 
Till MAT  RA*[  Mil  Mf   II Till Mil  LH 

ITTIMM.   i IM IM  IDMi »irriCVLii 

II MUM  LITIL   THM1.   1  MUH IIT 

TM  LfMITMiHL  CMTMI   II  IMII HI 

ML«  »Al». 

TM   ITICI  'öttn  All  M  Hl  HM  liDt 
AI  I 1   IICIfMITIL.   I   »IIT   IM   ITlCI 

IMCII M(i(  M"! "t*»*  u0 TU   ITICI 
Di|»LACiWiTl  MTl   LAIH     Hl   IHM' 

■ iCAl   »VU-UPI  D'M'I   KIM  HO  IU 

IM      IMliIMI   tAAMIl  »'MT   IHM 

fMHl   Al  »AO  IlTIW,   MT   fM   LAAAf 

AMkilMt   ftTTiTwM   CHAIUS.   i   TMMb«' 

IM  rHCtl Mfll   m  TM  Mft«'  HDI 

II » i HI iMf rt(LiR| rau rai AIUIMI 

MUMU ■** * mui   Siittöil".  H.'   i 
um   •   IHM   IT   HS   IH(   l'IPLUI   $ 

DTHMiCl     I   IHM   il   Ml  {»'»Oi   Uli 

TRAT  Uli  M   til   iMftmiM   '"AT   IM 
IHIIlL  IIIPMSI  ill   UM     W   Min        i 

IIIAHll  IM MITT)  WM    AllHMH   1 
D<P MH  10»n   UlMT   IIHliC   10 MI»  1 

Wli  TITIM 'B Ml» *  ITIM*  lUH   A 

i   Itill   i  Ml  PIHAIU  1(111111 M> 
IACI  NIIIWI  HiUl   i   CMIC'Wli' 

raiMMT  AMVT   II   AM0  NlLC   il   il   "MU 

ItWl   1?  tUMO  TM   o «AHUIO  t  Ulli 

Ml*  Hl   TH IAO 

HU»  «iMiuOi   HD  lOIMK.   fttCIKIlTiM 

CMHOt   MS  <*■■  fill HCAUll   i   >Iti   i 

COViO  10'   »Ul   IM   ROH   Mt*(   i   RMTID 
i'   111'   IROUCx 

IM  IM»   ••»V   'Hl ■  ■>< HS  "0    1 
OHM..    KMI'ti       '■Outox'       « ll 
COt'IC.i IM 1  '•  •   '•*» '      *       »1 
MK   'Nl   III0I            »ftl    'MI   '11   ■ 
l   141   N   *    'OC  »UU»'   ■   'o   TUCH 
TM  ■!»«    ■'<-'   '»»'  »U  "Oll  ■ 
CHluIHl           6»'l   '"1   »1CI   1    ■ 
IHI,'   Mtffc-  •        '■:       "»!   SMS 
tO 1  II   i           M101   ■■   il»l   1        1 
»mm     '"i    ■ ' i   ii4i' H «a 
Lftui UM»    in   '«r '"ii ' cd 
i>OW   4IC   t.   10   -C   liSl    '«1   K      J 

TRIJ Ml l CM'  »■ ■'■ '   'il*    "OB 
thiit  Ml  «1 1 "AS  1  'JA' '   »  OF 1 

iMf    'uOI   0'   '"1   IAROH    i^VI    1 

1  '*' \.\ U I.I 1 1  HMU  CAil  Mil  A  »III  CIWIIMftTIM ITICI  IMCII  Hl «IT   TM  Up     i   CMLO U  1 iiitilL MUMll   Tl »Uli   IIMTI   i|  i 1   O'O  RftTl   1   MROIMI   TO OvillHOOl MI ib  'M  11*    i^     'IftCI'M  J 
IC  »0 i    I'  0'   Wl  HII»VLAT  ■ llll   II  1 MUMIirt   lllflMI.   Ill  fli- »VLL   I   IKtlMIIAL  l'l  IIAIMUlT  Mt   . tiMU  IMV»T  IM  LAAM   AMuiwM «■fl   HICHII     Hl   AWuIUOI   Of   I»l 

M(KT  UIM ilM  AM  ni  HMlM i'l  IAI  IM   Till [LAU  AllfkIM   TM MMNIIM    URU  AIIMIli   1IIH0  0»»' OYIISMMT   OiM   1   IHM  10  11   KIT CMlIOtlAtl'        "IH   '0  U-   ■  ■ 
MM-   TH  »III  M   TH   AllfLHI   l| Mil IMCft  IM   »All,   tMII   Hl  A   LITTU   I  I LUD   1'   Au     •  HlllO  MU   TM   TIACHIb Ml'   0(   1«   ''MI   IM   '0A   '■!    Lifl 

1  HI  TMMll.  MY  HtlAll   IMMIHIM MIO  T» M   AMI'I  ll'A   IIITIIt   HMII. CUMUITT  |l   IRII  AIRCIAn   'Hl   10 »IC'OAI   <   Ml'  0M' '   "Kl   (RWfl 
HI  THT   TM  riCI  »MCll  CHl» Hfi imCiALLT   <■  TM  MIAIIYI   1  »i»l(1>M »MO ■ITA 0M   lAM    0  '».       A  IRI   AfCfl 
NU  A  UTUI  llMTI».   NT  MllITT  T| HTM  TU   Hill  IMCII  AM   A  UTUI iLlll'Ot       III'   Ol't"   "H   iOA    ■ 
IHM HI MIT »Al».   I   IM  Tl Ml!  1 mm- LIMI  TM  MAIL  M»LiI|lM  MMHtlll   MO H»IUM .a i'in       »w1 ia|4 
Ml 1»   MALI   MMTI M  TM   HI« T| HTM   ft  LITTU  MIT*   'M   Hl   Lftllll   Al» lIDd  '0 H   •  miL»  ."Al    ■**■ 
■IACI  1  ITIMI ITATI.   HI  MCI   IM  TIW LITMI MMVIVUI    ITICI  »llKKIMill i   FiiC  TRA'      **•'■>    M   ■"IAI 1 
»MITIM  HI  niAIUMO.   HI   ll»»lAH l'l  IAT  ftM  MMIITi 11  IMIRII       '»  >  SIC0H   'Rll    ■ 
HIITAIM»   It  HIT  MIL.   M  »UMCIIAI CAU1I1 n   '0 OiflSROO'       '«'1  •■ 
PMOifH HTI  kllTMl  CMIIM     1  IH HUtRC  Hl  »U'iCOi   ■>'     IVI   M 
IM  »IMICIITT Mira  LIMITMIIAL  CM- ■lVi i.i « DilfC'M          M II      1 
TMI   II  TMMI,  MT   1   HLIIVI   11  HI 10 *'    a lilll RUA'   ll   (    ■•KM 
■MTLT  Ml   Tl TH   TACT   THT   It   || INCR 0»   ii>l  HdlxOO'   itMtK«            J 
IUMI  U H.itlil  A »KM  »Ullilft  At • It*  TM UM1      "**l   •-■•!■ 
Till IIH  Ml».     ni   IITIT   MM »1. 1  |I U  Rl>l   •   'IMIKi   '0  ^4 
CMU*  »MÜ  TMM HI MIT.   CUMiH ■ IM  tl)   LAU'     UWI  AM   HYIIH 
AM MKIHIM TMMI.   AAAI».   1  H»  WW IM  SW.i   i|»Uf|           HviO  11     ■ 
»IfflMlTT  UM  fHCIHM CMTIti.   HI INM    'IRHAC   ll   '■!   IUOH    M 
IT HI  »Al». lAACI'Rt  TAIII  Ul  -     :        '«   «i 

MllfUB ■ "ci' "i  rai  UiMMH 
HlTiftl  ■ll'Hli   I4'-1(   IRU  nfl 
IM*   'IRMK'                                        1 
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LOT B. FIXED ■fr   enoup n (Vst^^.es, *y/g*i%.i Q/RAO, jr„*c.7,i/ = 585 FT/SEC) 

TIKI IM 
Ulli 

CMTML <■ niMKi 
IMMM IIITIMtMCII MIMWI  fliTWd «jfCTiawLi ruiMii 

«IBM» HAM» 
r« Fit»' »TlMt 

MML  KCUtllll« 
m in» TUT m 
rtii ITTITWI 
(fll.  Ml   T| Til 
TOTI I iruTiiftt 
II HIIHI (TTiTIM 
I, IT «U IIMIMlT 
IllBI MO TMI CH- 
IT l«. 

II »Al »IfflCViT n M*I m NU AMMI 
TIM I NttIT M« ff TUdlN. II TM 
IIP  TUCfli«  Uli   TMtl  HI  Vl»  LITUI 
TlNUlUa »VIIMMT,  »T  IT TMI I 
cmwVu TiHi n vt m titfiui r» 
IIIMM.     I  NIT  rfLT  TM  TIM  ILIMIT 
IICUCII4IM WT   TMI   PITCI ITtlTMl 
IHM HI IM LM«.     TM IUMM llMT 
TIICIIM Ml «IT   TIMM« HU«H tf HI 
MLL CtrtiWMUl  CMif'TIMI  H*l IM T| 

TMI  IIKHII   II  CIITIIIIT  t Til MIT  MJICT.MAIU  fUIUIl   It  TM 
MMT ITICI mCl.    UM, TM IKT nil 
I  CMiM'T ULI Mini! Ot NT ill III- 
PUMt  11» «TVMD  TO  IT|  'DU CNftlTlM 
HI WilCTlMIHI.    TM IllfUCI'l 
111*0111   11  TM ILMIIIR. 

I III «CiUMULT  Ml I HINT III 
TtMCIC.      I  HILL IITI   IT  ft MM W 
I   I/I.    TM ftlllLMC   II UfTIKUIU. 
TM  ITICI  fHCII HI   TM ■(*"  IM 
TM KINlIf   TM  UUMlll.   M MII>MM 
ICCirTftM.1   II TM C'»,      I'M Mill Tl 
IftTf   IT  M  l-f.l. 

IflltMTIlL mu 
I TllfO Tl IMti HI 
im* IM Wn LMMI 
Mil '11 IIIILMI 
HMD It TMWM t> 
» M3 WCI fiDii 
tl- 

mil  Ml ft  TIMIICT   Tl  MINI HE  TM 
lllfUM.   llffCULLT   II  Tit  IMMM  Hfl 
Till. 

TNI  PIIIIKI Of  IftMM OlSTUIIUCII 
IEIM  TO  ftCCIITWftTI   TM   TIMCKT 

TO 0«CI  CMTHL  W < LI   TIICHll, 

IWT  TM   IIIILftll'l  ftCTHftL  IIIIMII 

TO TM  OltlUIOftkCII MCU'T  |f[M 

TO M   TM LftMU   IT  AIL. 

TM  »imtlpl   HAI  t 
Til IHIT  »(HOD. 

Bf  TM  PITtt fei'   ■ 
.HAT III  COitn 

I «D MIITAH « 
IM Al I All  N T« 
Til ftllCIAM'l 

!«•[ Jftl CHTftllLT M 0VIIII9Q1 THMKT 

■ Til THCIII« Tllll. I COULMM NlVl 

Til <.l If Uli ft| FAIT Al I MULO Llll. I 

M»'T mm 4f MIL MT   IM INMI Uli 

CHTIil !■ THI OEUICI OF IMMM 

OUTW.'OAICII Hto'T TM IAO. MT 
■ T  IHMD 11  TiOUftl  ITEITTRIH 

IM TO U »OH  II KM MUM. 

m  »000 DAMIIft   )l  PITCH AID   '■! 
FKI  WAT  THllt  HI 10  fiO  T|l- 

HICT  CMLO H   COIIIDIIEO  WOCI 

fUfMtl. 

TM   NJlCTlOUILt   FfftTUHl  *»i   HIMIILT 
TM   SLUMIlH  IflfOlK  MD  TIE  lEtTT 

ITICI  FOICI1- 

TIIM   l|  ft HILO HO  TUMIO.     Til 

ftllPUIt   l| CMTIKU9LI,   ACCimHE, 

MT  CflTAIILT  «UTIIFftCTMT,     I 

Tllll  T^l  JUIT  IAVI   TO Nil  TM NAIO 

TO FLT  «11  AimHI. 

OOJfCIlMAlLl   FIATUIES  IICLVOI  III 

ILIUIIH Ofll LMf IIIPMH MO lurr 

ITICI FOICI1 mien CO«:« TO om 

IN  HUAll   IHUEIHOI UftT  TIE   lllfUM 
II m  lUFFlCIEITLT lEI'MIIVf  Tfl 
PILOT   UMTS. 

TRUE HI  10 "0 TIMIICT.      ;   Tllll 

THT  TM   AIIPLMI   II  CMTIOUAIU,  WT 

IT  MIN HUM  IMPMUNIT.     Ml 

rani TIAT MWUMCI TIII HIILMI H 
TIE FACT THAT I DM' T THHI I ClUlD 

NHIUVII TM AHIUat TO ITI UIIND 

ACCILEIATIH LIHITI «ITMUT ft MIAT 
MAL Of IIIMT. I Tllll Till l| HTMII 

MOEIATYLT HO UIT OWICTIMAILi 10 
I'LL  liTl    IT   H  A-t.S. 

iccdiiiiioi mi mi uniT IIACIIIO ifti IOT TM üO 

HCftUll   I   F(LI   I OTllftLL:   «MKtl   I   UMHT   I  HS  O.fl 

■ UTID C«II0LL1|«  A  FKI   IMUI'   II   TITHG  TO 

HI«  TM  |II0»        I   IH   TIE  MIlIM  TN11 
• HI  HIM  TM  IIIUIT  «ITR  IH(   HlfLlRE. 

TM  IftNM  HIUT   Till HI Mil  01  I 

CilLLENI.      I   AIM   TM  IHI  llll  PILOT  1 

fftllLT  MM"  HOE   AI0   I  HO 1IM   lEIMKT 

T0 00IILE.      I  HUI  m   IIPUTI   II   TM 

PHUS:      Til    IIHliL   lUCTlH HI 1   IATHEI 

LlllE   HNPT   HPU'  HO Till  I   'IT W IAH 

Vm  AH  THEO  TO  '   II   TNI  lEEOLl   II MIT 

Hil HI  ft CMTlMi....   Uli  INUI<<.   10  I 

IHN!  W  IAH  HI  A  FMCTlN Of   Til 

HPLnUM   Of   UE   HMW  HfHTI. 

T«f   l^llfi  QUAliTT   I«  THE   PIEIEKE 

01   lAIDOH DiS'UllliaS  HI  IQIiCEftlL 
LESS  -.»Oftil  i   TNftH   SOME   CMIi[iulft- 

IiMI.     t  ICUlH   «I  PIVOT  TftSi 
HULD  IE   COISIDKHIT  N0>{   OiFFlCULT 

II  SUCH  ftidS IS  lEIUELUG 

•*t SHOP' »moo is ruiLT IELI 1   OUIC 

DftMPED 110  THl   fPtQUlIC*    l|  IftlllT MOTiMS 
GOOD.     'HI  ftlllLHI   IS  IHRIT 

It^POISifl 

TO   I«   ITlCI 'OPCES HP ■f   C1H ILIMIHTE  AIT   P10  TEIOUCT  I* 

IEMCIN   THE   0111.      I'LL  IftTE   THIS  1 1, 
i   THIHI THE  HIPLftlE   il lowmir 

msiTfsncToiT M TM UH« OF THE ITICI 

fOPCIS  M0  STICI  OIITLftCIMITl.     j  WOULD 
fFll   THSE  MMtlftTELT   OUEl'lMftlLE 

OEFICitlCHS       I'LL  I1TE   IT A I  l/J. 

II IVEIIMOT 
fLlTWI   OF    THI 

TO H TUT 

CALL  THI   TIKI Hi 
pcpin mi TO 

HUM  TM  HEP   liniT   THCIIN  I   1H 
Tl M ft ifT «f   PMI MIlIVLinn. 

CHIEfWIlTL»,    I   IAH   T« FLT llll HI IAN 

HIT «F  IH   TIN  AH fM  Till  LAI«  CM 

■ICTIMI  I  MIT »MM HVl INMI P«MI 
KTI ON  «AH   10  IVT   II  TRi  IICIWIT 

IL1VATH.     fUT  MTU  TM  COHICIlMl 

HK MH   II ITin.     I   NT  II HIT   I CM- 

1IHI T« K ft Mllll Ulli   ilfVT HI Till 

i  FIRO  IHT   I'M MT filial   TIIH M I  FVT 
II ftM'RII       Till  IIC«H   IRPUT  HwiUi 

Clulll N   T« Off|MH«T.     Till 01EIWM' 

IENC«CT Ml  »UTICVLAILT   INI   II  IM 

•Hin»!  | «IMCTIN.      I'M TUT MIlTMI 

TO NT   >■  lit«  MtATIVl  «  IHVII IICAU» 

H  lltl «MlftMtT   TIMfK».     If  I   .1» 

■ III  TM HHI   I   Hfl HKI IHTII »CCIII. 

I ITILL MM  A TIMCKT  Tl HMIINOI 

IITI  TM   UHI   HPVTI  AH  HUHNI  «Itl 
IM  MALI   IMVTI.      I  MM,» IAT   TM  «»El- 

HMT   TIHUKT   H   TM  «HIM  HIVT 

TPICIIN Tllll HI NIL«.     TM   TIIH  THT 

MIMICI H  NHT HI   TM   AMHTM1I   H  TM 
HlTlAl  NINHIf   lATIII  TIM  HE  HCULA- 

T«lf   TINtK» 

IH IMMM OlflUIIMUS ftF'ICTtl 
TM ftllPLAIE OlM IE ft 01 T. I IT« 

TRI IAH0H DlSTUIftHCIl PREI1RT. 

Til ITIMT-IUlf ftH HM*U*IIIM 

iriCI f«tCEl II'M Mft»IEI. I M«' 
■M* WETRll TRII II mi M IOT. 

NT   TNAri   IRE  H»   H   Pitt». 

I   LIU  IRE  lEtPMIlVlMII  HO  HE 
»AMPIM IEEH «OM. 

TM   SLIIIT   TIROtlC»   TO OTEICMIIOL 

M OFEIIMMT.   UP  THI  IIPUPTIISS 

II  THE    HlTiftL  IISPMSC  VEIE 

OtJECMMAIU. 

I'l OOH«   TO  (III   IT   ft  PIN  «F   I.     I   HIM 

TM  UHLME   ll  H   TIE   OMMIUIE  IIHIII 
IftTllFACTMT  HO MIAII |FftCT«tT  MCMIE  If 

A LOT Of   LITTLE   Tlllll.     TM  ITICI  FMCII 

HIH A  LIITLl  lift«».   TM   HtuPIMU    I 

TM   IKTlAL   HIPMIE.   AH  THE   Ef'ECT   IRE 

IHOM  IRFMH  HH  M   IRE   «HPLUI  ILL 

CNIPINTI   10 HIE   M   Fill   IRE   llfPLlRI   ll 

MT  fcllTE   Al  «OM  AS   IT   HWL£ H       I'LL 

HIE    11 ft-l«. 
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K*0 ■■fill 
C«HIT| 

MIL 
IIITI« 

CtM*.   .»llMfl 

«llflMt 
ItlNilC  Tt 

HL0I   llfMTI KCfLEIITIIi CMTItl 

III I TiWf 

■■(■•iLI   i   Mi'T   Ulli  III  tltnui 
rtO  IAO   II  WH   IllfUrj     I   TMiii  fni 
»ii riii« (i MU iwris. in ntM 

MJICKM  II 111  IIM ITICI rilCII.  I 
MM  »IMlCVlTf  fllMlil.   II  If (MB 

TMVW   IT  ItM  M   I lirtLI  lOMd 
Tt  Tlir  TIM   I  wmiit IIM   Ulli.   III- 
tfll» CMTIIl  «tl  IfltMU (  MIIIH 

MIM.      I   I»  MMI  in«*'  OlfFlCtlLTf 
■ III «limil CWTIM.   I  ■*'(  II MMI* 
fUllTI   TM   IMITTLl  1 111  Til NIIIUII 
ItllPIII  M   I  III  MM  Tl.«. CIMI1  MD 

Mlllfl   Uli  CMI1I  IM  llfflCULM 
II liTtlWt  C«THl.   i  IW IM  «e- 
M.CN ■IT!  LIMITWIUl tMUM   II 
UHUS. MIIIIIIIH, Ml iicmini 
ftm  IWII.    I  IM «11  DlMlilULTT KTI 
lill  91   tim tM'ICl.   MCI   '* MI   til 

MU f mm ii'*ii.irce u MM'I IM 

Till t'l'LUi   II lit IM l*|.   I ffii 
in inti 'Mm MO inn MOiiMi mi 

I  Til  IIM  I ill     I  »0 II IVIICMTIOI 
TIHIICHI. i (»no fuu i i'i rtiiii 
mu iLTMMH Til itici rwcii mi « 
llTtll UM.   'liMULiM |«| »IT.   na. 
Iflll  CMUOl  Ul «11*.   T^l  TIKIII« 
U^MiLITr I»   lill lllflMI  Ml fVITt 

I-    I   CCHO Mil   III  lllflMl  TIKI 
fliliT «III,  Fftllll i*»ioi', vili HIT 
i MIT iiiMi moiKT reiittiiMi. 
HMTHOI   CMTIQi  Ml MM.   LOMUMlIll 
CM'lli   II  TMfll  Ml «Ulli  «000 
I BiD  11*1   I  UITU  TlOUIil  ItTIIUlllM 
H met MM 9' urn M IIKIIT II 
HI   TWMl  Kt   I   Hill  IU1   II  rilUT  MH 
II HI   IIIIIIIVITT  11   Til  lliriMI 

UM mioi. 

HI   IMUT  IIITI   ITicI  fMCII  IIIMO 
I« II M HI NUn UM-   '"( oi|fi»ci- 
«III  IIIMtO  TO II  MMII1TI.   IT 
HtMD  TMI   I  JUIT 110 ID Uli  TM WCI 
IHCI   10 OIUII  1  1TIUT   ITiTI  « Of 
i)   10  1   'ICIEMIITII. 

INI   IIIIIll  IIIPMIi  MM'I  II1UT 
TOO IU.    I   KOULO  Hilf   10 M*l  Til 
IIITI1L  llirMII   I  UTUI  MITII.   TMI 
FIML  IIIPMII   .1  TNI  ITUOf II1TI 
MSP'T  IUU.1   'M  •**     M"   n   IllXfO 
TO M   TMI   I  MO  10 »Ml  Hill» 
MID  TO HOLD  III   6 JUH  UUUM   0' 
TH1  IIIVT  ITICI   FHCI. 

I MD SOMf SLIMI DimCUlTT it fUCH 
1TTITVDI CMUOL. FM Fill PITCH ITIi- 
IUDI CMTtOl W(l Hllllt WILL HPUTI. 
THIIE MS 1 ILIHI TtlOIICT TO MIIU- 
N1IIUIIIM 1 KTUOT 11*11 ICClLCHTiOa 
DIMM S([N TOO MID. i MlWt MITlUI 
TMI CMTIOl PIKiUM HCHfO ID II 
III ItM ■ IOIM POtlliVI MD llftill«! 
DUICTiHS. 

>   '-  »»  MI   't*«0lHtir|    it  mi  ST| 
IIICHM   '111   BIS  •liSONii;'  tiDOl 
M   SIIMO     -O»! (| n      IHtl    i   »10 

QUI M   1   lEIOEKT   '0 O.MtO"'IOi 
'm iiiNrir« HPui '»si 

HI mci foicts siiHtP TO it i ■n 
i  III  NI1VT   SIDI   II  INI   IKMT  1UTI 
ID   1110  Fill   1   LITUI   1TIFF   FM   f« 
UlL  WPKTUOI   IIPUIl.   1IICI  DilPUCf 
■ T|  IIIMD  TO |i   1  uTUI   Lll«[. 

in KiPMii m «um MOO    IT 
CMLD  «ill   M'N  MT|[   JUST   I  LlULl 

Till.   IT  DlDI'T  Fill   Vlli  1MUPT   AID 
DiDNM   M*|   UT   IIIDtNCT   TO  0*(l- 

JNOm   TO SPIil  OF.   I  DID  'III   TNA)   TH[ 
ITICI  FMCtl  Hit   1  UTUI  Nflvt  Ml 

f   THIT   9111    LlftNTII   I   MT   NO'   MV( 
LIIIO   '"(    IIITUl  IHPMK.   TH[   FiMl 
IIIPMII  «IS 1 lit M til  NI1VT JIDI 
IM  Till  TTPf  Of   IIICIIFT.  HMlFll. 

UT  lOt  l[   100 IID,   IUt   |  «QUID 
CEIIlill>   PltKI  LilHIII  FMCIS. 

Pi'CH  ITIiTUDI   IT  IMMl  ACCUfllllM 
CMtlOl Ml gunt «M. 

'n| i uf,u.[ s NitlOIMIN" IN ri|| 
1'' 'JDI 'HCI-lli US« 111 bOOO ( 
CiP' mi' OCtiSiMtLi» II '001 «I 
IB l 0> 'Ofi ID Mill IB lllltj 
CMHäl i COblG Hilf l*»H[l LIM 

HPu". •■'"OU' O»lli"00' NO NT 
'!».' O""--» I IN INI UNDO« 'NPVl 
'■ICiiNC   -1SI   MS   ItSO  9UIM MM 
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H ITHIUM 

I IHMl 
IHM CMTIOi 

BiFI ICUITY   ii  PITCH 

»oi Mil PITCH ini- 
nb uuiL unjii. 

r l!i(l(«l   '0 HUK 
IT»M   ICCEUIlliOi 

.    I   NlUlT   N[ll ICM 

mcH m<t(o IQ K 

Ml" III   uc »Ki-   -I 

0*   itROOM  3I11UIIH 

> ■»';»■(   'S fll'liiit 

«Oul.l   ■■! ilC   '0 •( 

»(Ii   KSWiSt ii 

i   1  HIGH  Fl(- 
|lL l|>(    >0U   .1 

II. 
•01'   »l   JUS'   ■! 

itf   iO«'«0>   ■■ I 

I SI   «UOCM     «''. 

OiOliliF   'fl'lJIIS 

<<I0       ■   'IH W.I   ■■!, 

iQulllF   ffltUtfl 

OIJI i ■ rMIIK 
• -■'    '    LilOttl' 

rilHMT   litSWl 
>M  »HO'   li' im 

THiil   S ROt  «ICH  Pi0   rupiK.   [|C|PI  fM 

UULI   '«nrs  «louan  mi   Tim 'On'   »0 
wd  iW ll   riTIH HIT   lifMTll   !■  tu 

tIKillfi   III«. 

IHI   IIICliM   II  COVTIOlLllll   UO ACCiPHIlt 
wi  i  mm  n  is msiMsttctoiT     i  mm ■( 
mouiD iwmoM mi tnc- FMCIS     in Mm« 
to mi  u a.«. 

I 10««».   ICCiKIlt 10« "f S    ^f • 

UDl 

0IM1M 

kM   mi 6 MC 

'■ m»' ouiS'CÄin' 11 'ooi oi   ■ 
)   '     ■    (Off   IQ  Mil    '■   i*' i 'uDf 

CHM6I        ■   COULO MM)   •*""(•   .IKJ! 

•u-1 ■ ■"O^1 OftlStHW i»6 »" 
ltllO»Mlll(t ■■ 'Ht tiiro* I*1." 

fllCiild   'IS*   BIS   »   -■    (Ui'l  MOO 

If IS HO«! »I i^CH ■ 
UIMRCM 'Min «i 

liHlllt    Iblill   >i 

■■Si»     > ' 

IKOHIOI" 

Mt    »(Df 

it s'emi   w (.000 
'liDIK'    10  0.11- 

IOILIS ■ii"  soHta 
m  M'   0«s  ■1(1 

1x00'   0»   Oil > 

• «S  QOOC 

mtif  i k «IIT    .ii'  MIW  tfioiic 
'OKilD'-   PlO    JO    ill    Mil    IT    I    ij. 

tQM   SUCHT   mrtOdMIT   COUlO  If   iMOf 

!■ Tut IIIPlMi S JTICI 'OKI', liO 

Slid MUMS SO 'OH (.OULD SU "Mt 

MtC<S<M «I>H  LlSl  'UOl   trioti       i   i 

cm mis u II 
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TABLE U-J   PILOT COMMENT SUMMARY,  PILOT A, 

"mJti 

SELECTED BY PI 

fin 
■TlflM 

ciiatcMiiitici '9 fllOI   ■i'U'I HIT M caa'ioi 

Til  mrut«  il FlilW  »no  I»  i(IH 
■r  MT  «MHIIH iHVIO   '«(   IIT  NT   \1", 

t   Li'Uf  III  ILVMIU   '• (UauirlliM 

il  ^iCIilt     -(   SI ICI   'MCI   »It  |.   i 

lOUiD   IT  mil   t  iFti   COHMIOM'SI   •!- 

IVffl    If TIRO    10    IMPIOVl    MT    IPKO   0' 
'llClitC Oi   PUCK  IITI  UMIUITT  I' 
•(«uciB«  tm   jtici roici ■ '"«r 
C0Hf«QHili«6   mi   SIIAD'   IHII   1TICI 
fMCf   'd  (  «1   Fll  1|  ITIlKlMti 

PIOMCHOi   IS  CMdMIO     I   lAUCKLt 

nCUt  1  |T)CI  'Wet   Kt   i  IMI  H'l 
»i ftitfUif  jrivciytii raoricnw 
MD  COBNOHiSIO «t   TUCIilt  WlllTI 

imtmtt.    I   «OULB  Miff    UIIO   HftHTFI 

FWCd  'M  Kill'   TUCH««  tlHliL'» 

'")    lliTiti  IfSfMtf   Of    INI   limn 
TtiOS   to  ■(   lOMiwitT   '..n.u   '■•■     rOu  (»0 

V*  1MT  0'   ^VUiib  «HO  ((LUSHO   'I 

'0*:i   >■ otoM io sfi  ixt «iifiiii 

• im   W >*■       if   «Hi  ^UU   'DO  mi 

ifs siM iruLi TO »cum  » WOOtH 
FtUl   HifmU  ■I'NOI"   1   'IMflO 
Mllil   IMOtl    il  SIIUE1   DOM 

) ««ill  i(Hi i 
rflU' 

'   GO. "1 
filC»   Itllll/OI   110   lOIMl,    i(Cfifl*'n 

COi'lOl    li     ••■      rnii,,    rj 1   'liDIRCi 

on»c*ti(n ■■ « uiiiis    »titisi 'n 
STIC« 'MCI w i Mm i LIIOI ittiim 

cmioi     K  'Ou DO 'NIIOI Ufai'  SO 'i 
M>     t*l   t; ■   «*IL»  USH«   llf   SNOIt 

PfllOC C'liUKl,   i  DOi"   111  «fTMItl 
DI'UMH'ii. 

11   JT|P |1' i luo.   riACIM 

o»  «ten  THi  men 111 
'0   til !( IPlTl   vtlill 

«ILIISI  ';■■"■>■   nmr. 

f   p   Niirf   TO  iC i   IS  l 

'Oil.  CMTIOUir   i   c. 

•OI.      IF    i   SI**    il   THI  I 
iiuouSLT i HID 'o osc in 
It: OITTIIG Itl( IIITrll I 
I i Mil II I IM(S 

HO THI COAHOl 110 ««IT 

I    IT  HIS  SOUS  AID   "uiSII 

T»I innjwi ii ttu.ii fvm iici. 

II  FIIILT «inillll  Ml  HI  IMVll 

il M«. TiKitH Mm mm «m 

THIIf  läl  M  MMlIM  IIT«  Itici  O'S- 

PLUfMnn. TU inct >«CII ■ ricito 
Mil »(TIMiMl  UlKlilT  »Ot  I'duC 

'M«i nmcTiv it iriWT • im- 

«TIICH Wti-»«. tutmß an »fiiii 
■ I"«,   Til   FMCfl  n mC.D  I  HfUT  I 

II i rwii in i UTTU in II«.   IF  i 

LimiFi u» m TII F«ic(i nrif n i 
TIWIICT  T| llHMirt   '■(   I  OH  * 
PWU-MT.   Ml   jf'l  TH|  «LT  Tl«   I 

IfTlCI  IT,  M  TUT III  Til  HllWi- 

■ iH fur«  n m SILCCTIM.  IICIM 
'M   fit  ITIUT  ITirt  ITICI  FMCI   11 
i nm. it nil) rim* IM». 

lilt Il   KSfDM IS   «W 'i *<K* 

Tt    ^ Cl  Ml'  10' 0»(lLT Slllin 
JVIT mt MOD. ill r mi • f i- 

It  M III1   *IT( neu» 

<   «40  (,000  (DIKOi  01   fi'lKll   HD  0 
*0U  COULD |[   «(■>   MICiSi   n  TOUI 

IHLIfT ID W IM[ lOSl »"III ■■>. VOULD 
I ill i IHOUftx' Nt IHtlTf Tg '■,., HO 

■OiP   ft  ■!)   «Ill   ,OW 

TN'     IllCfllfl    I    TKIll    il   IfIU 

nii'H.   <ou en Miif IT in 
roo «lit   >'.     Wilts  'Ju  If«) 

uf 'Mi caiTioi. t«ti il II 

Kllil        i   DID  »0- ICE   FM  l(| 

'■..;■(   CWHOL,    I   COVlD   ilMCf 

■OIILI  'dOdt' 

in i IICI i\tfußi. iF-i nicill II 
HIM If CMTMUIIUin FM til rfK 

■ l||l« TW Mill imCT t| niFMH. I 

III MT ICI TUT If TW TIM T| M Mir 
MMfT IITI TH IIIIUH. TW ITMT it 

ITT I lUWI MCILUTI« CltlfiM IITI 

TM llirMli 1 NTT Tllll TUT 'M 
MMJ M riTIM TM lilfilM tl TIMT 1 

I  Ml MCI  Tllll  MMU1 tMMI I».   M. 

«tfiUL rm IIIPUII riui MM   M 
MMLM MttiM Tt I Mil WTtflW Ml 
MtliM IT. M >M»l— «ITI LIMitV- 
»IUI CMTKK II TUMI U UM II Tlf 
IIPVTI MIM'* IUUT MMPT. CUMiM 
H» MKIMIM  TIMI MMfl M  «MUW 

i..(   ITICI  FMCI   i   MltCTII Ml  Mi- 

MUIIT  MT(Hiil[|  IT  MIT   I   TUMHT 

■II MCfllUT   io  Hfl  m   ITItfCTMIl 
nttlCTiM   II  ITMTIKIL  PVU-WTI. 

Till  TliM  mil  IUUT  MT   TM  liFFII- 

IIT  FIW Mit   I  MVl»  »ITI   ratio 

F«  Tl|  ITIUT  I   'Ml     THf   «MCI   i 

Pltltt Ml  lUIMUll  FM   I  I  I 111- 
Plill.   1  Oll MT  MT  Tl(  HfLIIN  Till 

I  Ml WTTIM  MT  irMICIULI   ITICI 
• n'IMJMIM 

tui mnii mumu  tt MDIUH gu'Ct. 

IT   I]  IICI  FH  TU)  UPI  MIISIM.   'K 
rilll   KIPMIE  Mil  lift   ISM   lUINT 

MUH umirv MvfTfi. FM wn 
HltliW,   Mill   THiii   MU10  If  M  T(IT 

»UD lUIUlTil  M.   I   tllll   THI  IIIPMII 
II   OUT. 

■Ot  iiCmt HHUI-il  IG     il   rout!  fllilC i   DiD«''  lOTICt   111  00' J'llOI 

IIT0  1  TilJl     HO  DOI   '   Uli   '0 Mill  IIT II   ln(   'IICIIIO  'ISIS 16111 

«1JT cOMICi  '■■■.   TOIp «ll.  Mil,'  MftUI. 'OVISfL'   TO  KULT   OUT (    II' 

IF   TOU  DO  IIRO  '0 00  i-iISS  1  IITTK   FIJTM Nlio.   rid  TOV     "   SIE i um 
mi TM IIII sn i tfiMict io OTU- '0   lOllLt 

HMT i LUiu.  i cji ' ntii nil m 
w T« npuri i«t   i «t.o » h/fii« n 
DVHK  1  IMMl!   M  IIiO«  «OULO  M   SVC«   fll! 
Tlf   ILIMI   lOli^l    '(«DUCT   MUir   1»0« UP 

"nr IH  IIIPUM  II MH« IM  U  L«l 11 
TM  CM  MMMTfl  tLMIT,  Mil  M  UIT 
■ IMTI   filCI  CMIICTIMI.   IM  Ftl   !■ 
MMTI Al|.   TIM  f.tfMMUCI  IITIIll- 
IITII  »IIT  IIPIKT  ma MI'M «MIL 
MMTT   IIIVTI M MO flTIH  Ii  tMM- 
LBKI       TMM  Ml M Mill   MMUH «IT! 
TIHMIM.   TM M TIM Tf MT  I llTTLI 
MMU nm TU innMi MU MUM 

PUT  Tim CUMfl    TMII  Ml M Pit- 
KM MPMIM HM Till CMI'IIM III- 
im» CMTMl Ml fllllT MM. 111111 
It MfMII IM ITUILI» M I in 
UI'TMH  Ml MM.   M  nMtU IITI 
LlMlTMlill  CMTMl  Ii  TMM.   TMII 
II I  IflCiU  PKfliM  TICMIfM   II 
TMT TM un n lecfft mi IMH CM- 
iMt Mnrfi TIM TM HMJ UII. T« 

Mff T» (AM itri niMi AM Mn TM 
«T «AT  T« MIT. 

mi   AliniM   II Ml   TM IMIAUiAMi 
IT  IU  I MM  ItlMfltf  MI   TMH   II  I 
•I IMT   TIMOCT  T| MMU   II  Pi Id ■ITI 
TIMT CMTMl. 

Til ITICI FMCI I WlUil 

TIIM l(| bJICALlT IT Mill! 

HHiiiiMI ii i ;TMHTIICII 

• fill rm Ltfll «f 'MCi ■ 
Il l((P ■ ff« Mft-ft-tM Fl 

PtH(. I IIMM MTIC( MT 1 
PLACUdTI.    i   Fill  AS  TMMB 

Ml M- 
Ktl et»- 

FIT flUI   IT   FMCf 

TM IKC 'MCll MJI MTIMIMI IT 
MAT I Pill Ml M(MI FM ITMKIMAl 
PMTICTI« 11 I ITMBIIICM. P«ll-WI, 
CMtfpUTlT TM ITICI 'Mtll Ml I 
llTTLI 1 M Ii TW IT|»T ITITI NT 
TMT Mf ACklPTAtil. IK ITICI Hl- 
PLACPUU MM   MI MIiCUIll. 

»I! 

Tl|   lillill  KIPMIf     1  MU  IICI 

11  MMTI  AM  PflCIK   I   Tllll.   IT 
MT  UMIIM  MO   H   II MI   OT(IL 

PMI1TI.   TM  Flili IIIPMII   I| M(lf 

TM  IIPPlOriTT |TMT|.     IP  TM Mil   I 

tMttl.  WUP   nPVT   IM   TIM   t| Mt 

Ml  H  IM  MMUI  llfMl   TW  lltIK 
MM  M  IK   tMlfT.   if   TW  CM  Itu 

■ IMT MTO I tum IlTMir  «im«  MT 

LAU HIMK  CMIICTIMI  TW Mi't 
Ml   ti'l  MMU     MMTll.   FM  MALI 

PiICI CMIICTIMI M  II CKMM   TUMTS 
AM  ACfbill   I if« Mf.   TW  MFiUMlT 

■ III  HI   Tllll  MMUI 

Tl|    IIIIlAl   IIIPMII   II   T|f   PUII'S 

iirjT   i|  |  IICI  FIIUM.   TW  Oft   llf 
PlTCI   lltl   TW'I   Uli   t|   Ml.       II   T|| 

IISAL  IIIPMII   TW t|M  T» MT I CMPU 

If  MHMMtl HFMI   it  MiTLfl 0»m 

If   TW Ml  MlltllilM  TIMI   CMTItK 

KCI  ITti'MI  CM'IOl  VIS GOOD 1)  LMI 

1  (W MAMflfl  iLWl'   UO  SMOO'HL'' 
W M,   MMTfl     RAVE   i  IOIIURG  'I*.. 

F  TW  TIT  TO If   1HUP'     IMH1L  ICCILIPI 

WTIM   il  PAItt»  MM  SiltF   T0V MM1' 

MMlL'  UTE   TO  HAfl   1  i0I  01   SULt 
MKCTiWI 

Tlf   ilitili  filCI  ICCIllllTiM UD     HC« 

IAU   Hilt IITUIIL     MM     tlf   KIPMSt   l| 
Mi   10  AMUPT   tUI   il  ITUUfl   TM  U0 

IT'I Ml   10 tiHMiU  TPAl   TW  llf   NITIII  l| 

PVU  (flTl  1 HIiCIAIlf   FMCI   H'Mf   111 
Mtf  Mill    IMHAl   KCfltlHiM  CMTIIl 

II     IHii  |l   MUiM  I  HIUT  I   i|  10  FtllLtH. 

Ill   DIuPtf o« • » : I'l -Du  JU 
CAM   ■   ul' •Al i> THIl I0IIL 
TflOflC K   ■ ' s 'fP    i IfU'l 
WSli i  (tl 1HCV "0 o«cr o» m 
tl'OM    'I- no »1 Mf   ■ •  IT? 

O«    tl|    tU w '\;
l 

'■4. nib 

■ i »mor HP0! II '0 'IT     H 

'IICIill   ■ I0U ' ■ Cf    i «5 IM 
IIOUIC io»^m- 

'.  I«|   'IICI ■■(<  ■ 

nowiiii    mi 
CMII01   bin 

MID  10  «lOMMS 

' iGH'Hf D  il*  M 

"ID   I   I'll   'IC   Tf 

L 



MW 
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f?««- 

,   «Kf   'OU' <( 

io GO. rai 

l  tCCf UttlrM 

S  1  TFMDt 

< lELftlE 
L«IGE  ITT 

WS   SLOWLI    |l 
I   TNI   SHOIT 

HE   ii'iHi.G 

TO 

1' 

kTTITWt   tio   Q 

III   I.   TMl 

I mm TW MM 

|ITT  TO  run   HO 
10 

fOU'IE  Einilfl 

T »kii ro "i«f  »■> 

FiiiLf piccm. 
in«) I LITTLE  nsrii 
MIICT TO 0*11- 
T TNIII   THtT  tar 

UlO If  njTTia«  ii 

I «OULD H I'JCN r«t 
IICT MILD  IHM UP. 

MS IMO  IS  LOM 

MD SMOOTHLT- 
WMiiH rEH.::,;f 

HMM#L  ICCtlflAT 

|IIC(  TW MTT 

I LOT OF  SMILL 

triTIN  "0  PITCH 

T« ttifmn II 
nun TW tu 
|T  TM  Ul  HA* IM  Tt 

Meet  M'Oil   TM 
Tl«  CMTI«. 

HUT IHM  NMiEM. 

ITIlTWQf 

riKiii« 
mit 

M    '«(    11EP   ITMTUOi    TI1CIII6   tut.    *OU 
SHT   }l   ICCfFT   tH(   Hilft UTE   TW SET  »0 

NiTE   10 UlTIClMtt «Hfli   TW BUT  ro STOP 

IMO  ItLEUE   'Old   lliniT,     M   IRE  OTMEI   rill 

«H(l(   I   HivE   T0  Kl   IS  1 CMtilUWl  »10 
PQinaaic COITIOLLCI.   I (MM OO i IEIT 

0000  JO!.      IF   I   STtT   !■   IRE   COlIIOl   LOQF 

CMTHUOUSLT   I   TflO  10 0ICIU1TE  IfCIUSi 
I'M «O-  SETTIIB  INE   lOITill  lESPOIlE   I 

TNIII   I   HIT  II   IiMfS.     ■  EHOIO UF 1011  0F 

fULSilG  THE  C0ITR0L   »0 illTIM  10 SEE 
WEIE   IT  .AS  OOHO HO  PVLSED  IT  TO S'O' 

t-'   nicmo i '-■■*  n ifiuT IKE. IEIL 

PIECUE.     TW  Cll  HllE   IT   ITQf llftHT  WEIE 

TOU «UT   IT.     MIED  TM lEKir   TIUITEH 

Uf  TWI  CONTIOL.   THiai   IS 00  TEIOfICT  T» 

•Olli!       I   DID HOTICE   'M  •(»!   UftHT   1TTI- 

TUDE  CNTIOL,   I  COI>L0   IWM(   I  UT'iE 

iOklU.   'laocac 

I   DIOD'T  lOTICE  UT  OUTITlIOill  PIOlLEHS 
la  THE  Tlirill« Tim.     Itlii.   IF   TW fOflCE 

TWISELF   TO HILL'  DI.Tl.   THE  ItlPLUE 

HMD.   TIEI   TON CU  SEE  I  lUWT   TEIDEOCT 
TO HIKE. 

IF TOu aiar TO oo THE  TIICHI« HTM 

IHT  OEUEE  Of   IIPIOITT.   TW  JIM' 

CU'T   GET   »AT  FROM  rail  IMILiOC 

TEHDEIO.     (M   '"(   STEP   HPUTS   I   FWMD 
iniELF o.nsHOO'iaG mil ot Tmcr 
■EFOIE .(»'iiad Q» TRf IE! ITTHUOE. 

OH TNE tMOOH IIPUT TtKHill I FWM 
H ILMOSI IHPOSSlllf TO STIT BIT- TIE 

ritciiai afEOLE  lit«   • "1 lOMl nfi 
IIOUBO  COlSIIITL>. 

■MEH I ILEV THE Ultlllfi MUS 

I lOWII Uli I HID 10 PtOlliNv 

HOMTEI. «HEI I TlftHTEIIO UP •■ 
COiTIOl ilia i MD I HltLiiC 1 

KMT. 

■  PIEIIICE 
I DilUMUKES 

i oiori itiiL' sti i wHOLf LOI o 
OiSruilKCE IN Iltl IHPiiai II 1 

RESULT CK THE «laOOM DiSruilllCE 
H   MIDIT   IfFfCtfO MT  COHTIOL. 

I   FELT   i-l   HtMITUOE  Of   THE  IIIOOM 
HfUt  «IS  ROT   OTEILT  HIM  «10   i 

OlM'T   SEE   IflT  PtOlLEM   11  TITiafi 

TO   STIT   HITH   THE   IIIPIME   110   Plt- 
FMHIHO   TNE   TISIS. 

I OIDH'T 'EEL THIT THE llflDOM OiS- 

TUilMCEl «flf HiaDEIiHS Hi PH- 
fMHWCE TO UT WEIT EITIII. I 
DIWI'T ffEL THAT TNE OTHUtltS OF 

THE IIIPLUE «CIE ClUSIMt UT [I* 

IMfllTi« IU THE DIUIDITIOI OF 
COBTIOL  WE   TO  HE  IHOOM   >HPUTS. 

m IMPIESSIO« IFTE« FlTiaG TNiS HI- 

PURE ■« Tat PRESERCE 0' IIHOOM l-S- 

lUIIINCIS   IS   TN1I   THE  HIPLIHE  «WLO 

IE    TCIT    DIFFICULT    TO   COMTIQl      ■ 
TUiPULCtCF TW MULH'T II IHE TO 

■UIE SMILL COtlEC'iOHS. I FNiai rOU 0 
JUST Hlvt 10 EISE iRTD TaiRfiS SLOMIT 

UO HOPE TW COULO STIT OR 'HE III6ET 
iO»u ERW6N "i TI1CI lEfOIE TaE IM* 

»ULEKE   IWRCEO  TW  Off 

i OiOi'T fEEl THII IHEIE IIS IR* DE- 
TEHMiriOi OF m PEIIOMUCE DUE TO 

MT IRTEIICTiW lETVEfl THE «IIPLME 

DTRIMICS  «9   THE   IHOOM lOlSE. 

uoiiiii   ru'VIIS 

IT'S GOOD II 'ME i(as( THAI Tal 
HIPlIHE it ao' '■■ ,,*■()•' t«: 

OHCt IW fill i ' HNlli TOU »in. 

II   is SOuO IHO aid 

THE   IIIPLUE   iS  VEIT  IISPOISITE . 
TW  lOIT  Of   IHtll  «MIT   TCV  HIRT 

UO   IT  NIPPEI1       TnE   DIMPIHG   l| 

IJOOO   110   FOt   HOST   MUEUTfUH« 
THERE   IS ao  liHOEHO   TO  iOMlE 

UO   TaE   'RICiilG   II   PIE'TT  (iOM 

GOOD  FtlTUREl   IRCLUOE   THE  PIECISE 
(ESPMSE  UO  TNE   GOOD.   TiftriT  c«- 

TIOL   TW  NlTE   MHEH   'ITlRG   TO 
HIHEUTEI  01   iliTilIE   I  «MEUVEI. 

Ml   ITICI   '0*i[   UD  HIPLIRE   lE- 
IPOIS:  SEEM  10  GO MELL   KNETNEI. 

THE tllPLUE IS HI TllLL) QUI T[ 
RESPONSDE >0U LIT MllRUia U 

HI HUDE (ElT aiCELT IS LOIG II 

TNEM   Uf   NO  OiSTURIUCES. 

TaE  IIIPLUE   FIT   S   (ElT  lESPOi- 

11*1,     OiCE   TW'RE   SIIIILI7E0  OR 
IIIHT     THE   HRPLUE   IS  SOLID 

OIJECliMHll   iliruifl 

ll  (iEl'iRG HMfRl   rOU  aiar    H   TQ GO.   TMI 

IIIPLl«   IS  I  Li'Tll  «lORt   SLUGGISH  TNJU 
I HOULO Lilt. I IllLLT HID '0 COH- 

FROMiSl MT Titciiac IIHiT) I' MtllHG 

'HE JtlCI 'ORCES -t»r i. THII < HOULO 

CUE TO GUI SIlUC'UIlL i'üD't-, ■ 0« il 

>W ITtIT 10 EISE HID I NIOHER Nl- 
■EUVtl 'OU TEND TQ OVflSHOOT «HIT TW 
illTIILLT   THIRI   -0»,   ...   OOiaC   ro GIT. 

EiCIPT   FOI   Tai   SLIQIIT   TEROEICi   TO  lODILE 
SOMEMIT  mEa  TW'RE  ItlLLT   IlTIIG  TO 
PIH  DOW  I  TtlbEI   WICH   is   SOMEOTir  Wi. 

SIDE  Of   inf  SCOPE   Of   THE   HRPlUE.   I 

CU'I   SEE   UT 1(11  OIJECTiMIILE  F[1TUIIS. 

THE MLT OUECHOIIIll FitTUIE HWlD I 
THE SliOHT TEIOEBCT TO lOOIlt HMfi TOi 

■UillliRiao EiTIEMILr  IIGHT  COHTIOL. 

N|   SOU.   »! 
HI  .OH--:;. 

TEaOlRCr  FOR   SMlu   HPuTS  IHD 

■  Tuiluiiact   Uf   04JFCT lOHIlLE 

il   rOU  TIT   10 CLOSE   THf   iHP   TOO  I 

TOU  GET   I   SMll  IMILE   ESPECULL*  I 
Ml     •!    IITIRO   TO   PIP   DOMI   I   IUOEI 

PIIH'IT   IIIHBI 
'91  PILOT  IIIIMI 

■  OOM*I   (EEl   THE 

■H.U, ■ s  ao  P>0   Maofac.     HI 

JTlCI   FORCE   PEI  Q   i   CtlllllL1 

»HPURt     IS   SU ISFICIOIT.    HOlETlR      »OU   Cll 

COMPERSHF   FOR  THE   LIC1 Of   RESPOISE   IT  PULLIU 

H1RD  1*0  ItLUtiaG  TOUR   ilPUT  IS  TOU  IPPROICH 

THE   OtSUlO  IU I'UDE 

THIS   ONE    ■'   C'fllllLT    III I1F1CTCHIT   (01    la[ 

HilSiO« i IUUI vOULM'T tu mil latiaiiS 
•I FIIED. HOWEVER. KCIUSE Tail luftHT 'lao 

ERCT '0 MlilE THE IIIPLUE ll PIESIH, US 
EHOU  "   TO OIQP  THE   HUM  '0 I  iW IHHFICTM* 

iT'l ROT  I '10 IIIIRG Of   i   lECIUSE  Of   THIS 
SHQHT   TEHOEICT   TO lODILE  WEI  rW'RE  HlliRC 

IHUPT   MIIEUVEIS.      I'LL  tITt   Ml   ij. 

i   MULO  RITI   iT  ir   THE   lOMO«  iao  OF   THE 

1ITI1FICT(HT  Itl'Ol  lEIDfHG  THII   IF  TW 

TIT   i'O OUTE   THf  AlirUM  I  LITTLE   III 

HIIDEI   II  THE  NISSKH   THEI  <W HILL   SEE 

TNIS  MtlLE .      I 'Ll  HIE   II  II 1-1. 

PiO'l   IK   USUILL'   INDUCED WEN  TOU   IRMIHE 

U   IHUPT  HIHEUTER  OR  IMEHPI   TiGHl  COHKOl 
ll   DOESR   T   inf  CORSIDEHILE   PiLOT  IIIU- 

iiO*   IUT   <W  MIT  H1«E   TO  SICIiUCI   PERFORM- 

IRCE   IICIUSE   r« MIT  HOT  IE   IlLi   TQ  HOP   THE 

NOSE  «"ERE   'OU  «UT   IT.      i  «WLD  RITE   IT  I  J, 

THE HRPLIIE    I  ia  THE uasir isFiciORT REGIOR 

lECIUSE   OF   THtlE  OSCiLLIIOlT  MOHOIS.      ■   F(E. 

TOu  COULD  DO  TH|  MiSSiOi  RIIH   THf   liRCIIFT 

I'M GOING   TO  OOwaiiDf   mis  COKIGURITIM 

MIULT   DUE   TO  HE   PIRFOIHUCl   'OU  CWLD 

EIPEC   il   TuiWiEHCE        I   FEEL   n  «WLD  If 
»ERT   DIFFICULT   10  IPICI  PIEC  SEL'       I'LL 

IITE   IT   U  l-l. 

tun  is i SOLID PIOR OF  ;     W0[|IIULE 

■«TIOHS   DO   IEHO   '0   OCCUR   WEI   TNI   PuOT 
iTHIEl  IIIUPT  CMTROL  IUT   TH[r  CU IE 

IMIHIUD   f   PILOT   TECHRiQVI 

THE   DffiCiEIC'fl   I   SEE   HE  HiHOI   UO   ■   0 

TO SEE   THEM CHUGED    HU   I  CU 00 THE 
iSSiOi.      I   v   .HE   TO  SEE   IRE   lOllLfl   H 

' lilL  RESPOtSE   F IIEO       I'LL   RITE   IT  U 
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AlfPlMf PITCfl IIIIIMI IIT MOM 
mtm »*p 

*., 
HUI »it 1MHI flntn ■# HSfMttl   Tf IM «MMi TUCIIM 

• •c Mfin UtfM MHBTI CMlKHIiHICl •/T PlLtT   ifMTI «CIKIHiM CMTtfl 

ttt Ml M «.* I nu ii i iiMiu »itn«i     m «n- 
P\JM   Mill  IM Mfl       IM   IIIIUl 
■ SnUI   It Ml  MM IMW If TUI 
l«   fill!   M*  It MMIIff   TH  HiriMf. 
TIINIillllT Ml fill.     «Mi  !■  IMti 
'MCI   1  CMU.   Tilt  II MIT 1  fill 
iiMurr. 

TM   IIICI  IMKII MM  CfMfi «II« IIMC 

«TIM.      If   1   PICU» fMCII  LIMT  (MM« 

FM m   ItilM.   IMi   1  «*• 1  IlflMKT   TO 
fflKMIf«  M  WltMIVf   TM   «llflMK 

TM   ITICI MIIMI  ffll  1  Him   HI 

UMC. 

Ml lilTlll   MIPMSI   '1   IM SIM«I1*       1 

■III   1« MK   LIH1   IffVTS   liilliLIT 

It If   IHIMI  MIK.   IM«i«IICiMTt 
IM   llfll  inilMf    1  «UT  1«  PUT   II 

U  lfm   II   '■(   OPPMiK   IIIICTIM 

IM   MUl   KIPMSI   lit«  tUT,   Ml 

II  tMt  MI« IMI   It Mil  UT 

CMtlCliH   1   "*»'    10  W   TH   ITICI 
1  UflT  Mil 

PiICI ITTIIMi  AM tOMUl  ACCflflAHM CMIMl 

it  MIT  Fill       TMIt-l  1 Dlfllill   ItMffCi   10 

OnitMfl  IU1MH  TM   MCIMWTI  AtCI'l 
*IIT  LAMI 

IM  Itf   ITIP  TIACIil«  'At..   II   IM 

LflM  MM   TO  /lie   III   EIIM  tlMM 

111   OitflAT    TM  110  T« Mill   lAMl 
PUTt  Itfl   TUI   H  MT  MO  til  «HI 
Mil   M't«  10  HO «P    IM  111   II« 

I1PVI   IUI   II   tfMO Uli   XilTIII 

■It llPPttl««  II  tlM MUM.   TMi 
It «ITICIPATI  CMUM   UPVTl MKf | 

UAI tMMI. 

«.] .r 1 > If tiflUl.   1   TfMMI   tl',1 Ml 1 
film  MM «IflfUM       NMVII.   1   ■4» 
TM   IWUtM IMT   1  Mf  It   "li  IM 
llirvAM   1 IIMLI 

1   TilM   1  MT  UVI  MM   1 fllMI  (IMI 
1« PICIIN  TM   ITICi  »MC(I.     TMT  MT 
UM   M(i 1  III M  I«f  Min  IIM 
Uf  It «11  t  CMMMlltl   It ffffCI   IM 
tIMfKT   m fTIKM'ifl   II  TM   TIUI 
IM  TUI«       1  Uf I  IfMIKT   Tt Mil 
MMT IM Msmt «ninm UMIII- 

CMUT  M  1   CMU   IM   MKIII  fMCI 
TM   ITICI tllPUWfMfTI HfMf  MM 
Mil  M  TM   LU«   SIM.     MTM   Till 
Ml HCAMI   1  US  *n«IM M  Mil 

Ul IM   IIITlll   MIPMII   «11  WITT 

MM  IM   IHS CLItl Of   iilPUH        11 

CIITAIIIT  UMM  AHUPI       IMI   IIUl 

HIPMHI   MS  »UT.   HINOM«   i   MAO 

TM   ItiuM  'Ml   II   i   «AIIIO   It  PVll 

1   l/l   IKHNIIil   |'t   H   MiftMI   Mil 
HHMWT  M  IH   t|t(T   UM 

PITCH ITIilim.  MIMl  ACCflllHIM  CMIMl 
AM   ItACIIM  CAPAIUIIT   MM   P«f I IT   1,000        • 

■AD  IHI   IKUM  TUT   1  IIM'T  U«i   KAi   IiftflT 

CMIMl   01   II.  MT   II «AM't   IM UO 

1   IAD  1  fEIT  tUMI   IfOMICT   ID M 

MM'   11   III   SKP  TIACIIIC  Iltl.   1 

111   IMMM  I1PVI   iltl   '  "«■  1  Mil 

tlM«ll   IIIPIM UP «IT«  111   ClAMC 
T«(   UMAl   AH  Mil   I  «AS  «i«»M  A 

A  LITTU  fflHO     i   'OMD IR«l|   M 
111   AIICIAII   1  MllLl   HI  AOMMf 1 

III« Pflll     II   I   AOJUSUI MT  Ulf 

CMLI  IIMC1   TH   MflUl«  MOMfCT 

TMI   OTIIAU   UACIIl« ICCMKT  «MM 

M) t.n %\ 1 I.I 1   TMMfT   Uli llirUM Ul fflll raiH  MfMILT   1  «ML! Uli   «UMIIT UJ IM   lilllll   IflPWII   Mt  pUHi   MOO PIICH iniTMl  AM «MUl  ACCIlillllM  CMIMl 
THII  «It  1  tUMI   HMflCT   ID Ofl 
CMTIfl   II   TH   IMP  Illtlll«  TUt. 

BMI  SUN  TMWM   HU   ■   L«  (., i   f| 

«Mf.     1   Mftf'l  Uli MT  CJUUCIII- IMHI  IHM  IMCI1   TUI   1   PICUI IM TM   MUl  KtPMSI   tl(MD  KAIM i   laiil.   Alf   Htm  «MO 
IIIIU MICI MMLf Hfl M   Ml «MAT 
»IMICMI1.     IHM  Ml  MM  tMMI 

■ II  CfMIMflllM.     MMVII,   TM 
MCfl   1   CMM   M HHKI   TM   TIIMICI 

AfU       1  CU IfK«  A  ITIiOT   tTATI 

HIT  IAIILT  AM  Till  «l(   tWn 
TIMffCT   If fffKMIMl  fM Wit 
«rtiiMi ifnni. 

t fVifCMTifl   1«  TH   TIMT   IMtllH 
*S(1     TM   lltift   |Un   ttkCU  UIH 1 
inu m IM «Uf* IIH.   iiici iii- 

UrCMfTI  «M   MfMill 

CMMCIiMl  «MUl   IM   ITIAOT  ITATI 
«Mfl N  THMfll 

«IT! JN|1   1 «IIM  CMIKIIW  /IM 

l«l   PITC1  AIIITMI   III«     HI   MM 

CT   Tt tVllCMTMl  «II 1  UHU  Ml 
MTICIAIK   11   Uf   IU0M  UPVI   TM 

HI ' n ■ M 
, 1 Tilt   11  k  PlfTM   III!  «llflAM        IT l  MT   TM   »HUM  fM  Mill   IfPNU «1.0 TM   IIITlll   H1PMU    It   FAULT   'All PUCR llliluoi   AID iMWl  ACllitlllin CMTMl M   HI   SKP AIIHMt   UICIIII.   1  ■ 

NtMI M  JMI 1 LITTU   IM UAPfT tfMM  IM   Til« Mill,   TUT   IM   ITICI AM   IT'l  AfPtMC«!««  KIN  IMUPI MS  Uiln  «000 ITCIPI   IM   INI   i|«Ha  '   10          lovillMOI   t  UHIi   M<lf   CUCHKtf 
'M  Mill   Ifffll.     II «  (in  II«KI 'MCtl IM  MTM   1  LITTU   lit  M  TM TMI>   rl  1   IftHICT   It  OVfllNMT   IHI MflLf   SIIMUT '■(   (IIM   HMIl.   Uf   I14TUI  ItM 
IMCIIM  TUI  IMH   II  1   TfMCKt   II .IMI  SIM;   MMVII.   IM   lltMT  mil HIIHI  ITTHUM   AM  MMU   tUHUT ItilMD  10  M   1  Ullli   IHUPI   >M Ii 
MMK   I«   HtnAM  I  LITTU.     IM •fCIJ  MIM IfWI   IIWT       TH   ITICI TM   HIPLAJK   >t Mil   OAKPfD  U TM lAltll   ITIP      1   IAD   i   UMIICT   Tt M 
nifUM ii nn HiMHin. IIMMT MVUctHin in" HIUUIII     ft Mr  OffllMOI   ILIMTIT  Ml   "Xi  JVS1 loiKi   mi   AilPiA«   i i MUf     ii TM 
riMUl LIB. UT   TMT'H   «MIIK ■HAI  IN  IMH   UMI   IACI  M   IM 

tltllfO  IIIITMf         II   JUST   TAAIS   1 
«AfDM   UPVI   IIACIIP«   IASI   1   Ulfl 

t|«HKI   ID  MMU   US  Mil Mil 
LITIll   ItMII  IM«  «OMHl       INI   IIIAL pOIittAIlt 
■ IIPM3I   10 PUtl   IRPVTS  «IS  QUMI 
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riiciiM 
I Uli 

CNtMl   II  rwiMKt 
»   tIMm »HTWIMCf J rirMUH   MilMfi OtJKTiMUll   fllTMfl I  fi|»t   ■tUMl 

HUI   tCCf LIIUlM   .0*1-01 

1   *   :■: i   »   't    IflDltCT   TP 

OVIIIHOOM  Mfi-I 

IM   '«I   HIP  TIACHIt  I>I1     11   10*»  1 

IMC  II«   TO  ZOO  III   IHM   lifil«!   M 

IHt   OlSPliT.    rOU   NU   10 Miir       U(,l    II 
KIS   Tin   »ill    II   OUI   UO   1U   Mtlf    tM 

«Ml   Mill  TO  >•"  UP    »M   til   lUMH 

HPUI   IUI   1'   1MMD  mi   tVflTTHIK 

• * ,   llPPtlllC   ■■   M*   HOI'S.    TOU   »ill 

TO  MTKIHTI  C0ill"l   liruTJ NKfl HOtl 

nu lonui 

III 4IIPIMI 010 101 IIIMID MUCH 
10 IHf lUMM DIHMiMCH NT (« 

■ ■01   MS 101   »ffCHD. 

tit   Nlt*T   IMC!  fOtCI   I   PKIII. 

Iltll   «AM'T   MKI  OftltlMOl 
KIOIBO 

rod ft«' r iiri  KIT  t ii 

INI   lIMTUDt     iir  Wlft 
■ TIM   01 
S   IIMAIM. 

titlt  111 I HUB  UMIKT  TIMfOl pi|. 

Ilflt  Ml  I   IHOtlf'   TO IIIiaMOI.   NT 

III! COVl» M  IllWIUni  IT  PHOT   IfCI 
OlfM     I'll  l*T(   IT  1  HM Of   I. 

I   THtll  Til   iliPtW   II CMTK^.ULi. 

WCIfTIBU,   WT   IT   If MUTIVK'MT. 
IT  Mtll   lirMVCMII.    I  MMiO LIU   TO 

it  ton  TO oivi iiwiii racEi wo MH 

Till   ITIMCIIflU   PttfltTlJi.    I'U   HTf    II 

tt.l  

*u.f iii< <m COITIOl 
1   Mil »»1 n iOOO 

DlOl 1     HI I ML urn 
HM' 00 Ut> 

I    MM»   1   HIT    SUSHI    '(■OIIC    TO   0*tl 

MWI   II  Tl(   l!IP  IIMIIIG   '«Si.    il 

INI   ItMNW  HPUI   'til   I   »U>  *  lilllf 

HOVIK   IliPHb UP IITO   Hf   ClUftt    il 

III   HOIil   U»  Ml'   i  IAS  HMTS  JVH 
k   LIIILf   IfRIIO     I   -OUKi HTSUI   OMOLIil 

in iiiciui i mtii in umm iit 
TUN  POlll      ><    l   AOJU1TI0  f   Uli   I 
COVl» IfHKI   HI   «HU Ht  TfioilCT  OUI 

Tit   OVfltll    HUlllt  1CCMUT   iWtO   M 

mi  »uom o'HUiiiicis tMHiio 
IHf   IKPlAli   «OIIIIIIT. 

Til «liClttl IIS iOOO OAMPili 

■OlAI'.i MtHBItirillSS. MO I 
(lllir   MM>   HACIHb CIPIIIM'I 

< nu HI   Mdiib  [in   i  nut  10 (CUt 

INI   IHPIUI   JUST   I   tITTLl    10   ht l    Til 

IISPQISI    '   IIITtD   <i   IIKIIH-    TO* 
SMll   IHPlllUPI    ItPVIt   Hill   «U   I   III 

OliCi   ID OvilSHOOl   ILIIRTIT.    HI   HUOT 

1I1TI  S1ICI IMCIS IIIMO k LlTlll   W 

THI  RIW  SiOl   ItCiuSI    I  IU   10 CMPfO 

NISI   MIMII 6O0D HiCI  fOOCIS  «M  CM- 

IMIlAIH ITT 

PIO um 

INI I 
II   1   J.    Tl mi   il i 

III   HtPU»   <S CMTWUIUI.   KCIP- 
TUtl   UO UMlllCTflT.   Tllll   Ul   UM 
MILftll  «PKAIMI  CIUUTIIIITICS  M 
I'll   UTI   IT l-|. 

m loaiui icciiiimoi com 
n KOOO Iltll  Ml I  SlIMI   TllOflC   >0  Ovfl 

COITIOl   II  Til   IlfP  IIICIII«   Till    II 

1  IHM TMW«   Till   i   CM  UI   IIOM 

POIII   TO  »OTIII   «Il   IIPIDK   AID 
UTI JVIT  1 MIBM  COtlKMO«   ;IIO OUT 

PIT»  ATllTim   IIIH      III    TilOil 
CT   Ti tfllOOIItOl  «11 1  i Hilf   MMI 

IICIAIll   II   lit  IMOOH   HPtll   TUX. 

i HITUIUK: AMICTIO 

III   IllCttfl  HODIIATiLi     I   COU'O 

COITIOl   III   IAIM   MPIIIUOf   Dii 

IUIMICII io Mb fiTtii km i 

COUIÜ   CUT   CVI   DON   m   DPtl-IMP 

IICWIIOM   II  PHCI  SO  IK 

CM'IOl   MUT   TOO IA0- 

Illll   III    PHCI   tfMVM   AID 
HI   OMPHfi Mil   OBOD    T|(  JTICI 

(HCII   I   PlCIID Mil   IIAMIillT 

«OOP 

THII   HU I  I1IMT   ItMfKT  THUtl 
PIO-I MNI TM in n HIT nainr. 
■IK II I PlM Of ij. T|| «ilPiMI 

CilTIUlT COOTNUUK. *CtlPIIiti 
HIAfTOiT.  #00.  Mi MU-«IA(I0. 
■ ITI    IT   l-I 

lOMUL   ICCIIIIAMOl COHMl 

[HI»     TOO   "tl    KIHiCi   10 
HI   SlfP  IIIIIMI    HACIilft.    I   MUID 

OttRSWOT  I  LIITU  MHU   CUCIIIII6 OUT 
HIM   IIMAI,    ni    HJIlAl   IISPOISI 

SflMD   10 ■   1  MIUI   IHUPT   »01  I 

LMOfl  SUP     i  IAO  I  'IIOIICT   TO  0*11- 

i HI iiinAm i HIHI    H HI 
«■   lim    TIACHIt   IUI    I    Hill   HI 

TtlOIKT  10 OtMLl   MAS  fvll  «Ml 

TiCIIIU 

HI    IHCIAfl   IAS   A  PIMM   «MO HOI 

II   IK    PtflllCI   Of    HI   IMOOH IOISI 

IIPUTt     INt   AIIPLIHI   IfSPOMID 

9IIII   A OIT   tO  Hi   IIPUH   H   HI 

11«  Fli^ilCt  IMfil     Hfli   Ui   SOM 

PilTIT   SHAIP  MOIKMS   11*01(10.   MUCI 

Uli   *«U'0  lit    II  CUM  I'l   IMW 

LIKI      TK    IIACIIIC tWOII   HI» 
COiOITIOOS   IS  fliliT OlMICUlT. 

Mil   II    IS   I  IISPI 

PlUf   AM   II    IS  «1(1 

1   «11    IHf Ml II« HII II    1 1   HIT ro 
0»tlOliil INI IIIPIMI 110 Hill 1 
1  TtWIK 10 ■III •   Mill« nun 
TIACHI« 1SI 

Tlfll    II  A   TIMflCT   (0   HWCi   OICU 

lATHK  NI   HIT  CM  M   fllNIIITIO 
IT  PIIOI   MCMIfOI.      I'll  lAK    II  A  f. 

1  llff   IKXIIH  OOJIcilOaS   10  Til  Hi- 

PlMI   TO SAT   IT'S Ml  A IM» AIIPIMI. 
H'l  Jill   A  IIIIH   IM  lUPPT       I'll 
IITI   II  M l-I. 
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mm 

tJtf 

rii«T m 
1 

PltL   ITIUM 'f klKfUM   HIPMIi   TO PIT«  4TTIIMI   MD II MINI 

m. KC *., Mim UIIM •Uf»l C«MITI auBKTinina 
Ll/I 

Pilfli  urvu MtN4i  4CClLil4IIM II4C1II« 
CMIIOl lilll 

M in •0 i I.I m titnm i tttrmti n ILM IIITIIL- 

Hi 'M un > in u nici lum.   f« 
•MI m i MM riiuM >m «fit m t 
II MIM II M. 

TM ITICI nacn mi MUCTIP '« 
mviiT mi tmutM TM tuntu 
II i iTMTiiui mi-tf. »mitt 
IM'   IIMT  MIL  TM WnUIUlU 

U.i TMI1   II  k  MFiHK   li«  «TMll  TM 
II«   TM  ITICI   15  »IHfCTID  MW «MI 
TM   ntPmU   IIIITl   10 kWflk»  TO  TM 
PILOT       MCI   fur   MiPMIi   Mil 

T«l  PIICM  illlTMf   HIM  TO  LliO   IM   • 

Hill   tl  1  IHM!  HUT  FOILMIII  TU   linil 

Tlfl  IM   |  IHM   TO  WIL0  UP NMI   I4PI0LT 

riii TM «DiD iiPtci FM IM kmmmi « 

IHItl  «U 1  IlMIKT   10 «tUCMTW 
4TIITNI   II4C       i  14111  MCMII  tf 
ILUMI» 0f  lk .IM  IltPMIf.   It  9 
iimv   IMUIIIU   10  IT«  H   INI  ■ 
ll   !■(   ■4aMM  IIPKl   till.   IM   41» 
is UN ii U'IIH «ni. H ma ■ 
«MLl  S'UI   10 M*l   IM   NU   H  MI 

TIOLUH.   I'D OVIIIMH 

II  TM   l'l«r  IMTI       TM  ItlCI 
HiriACfMIII  mn  IftT  MTICEHU 
m miT «TI A iMMT FtiiiM <■ 
TM  MKll 

ITIII.   IT   LMI1  tLMOH  flMMHlti 
TM   «HfUM'l  FlWl  IflPMIE   ll  VflT 
HIMT 

PITCH 0411   IUI   TM «T       Till   '|-*lillH' 

lllit  M   Llll PIlCill   CMTIOi   ■*»*   I   «MLÜ 

L'II 

m in •1 i 1 I IMKMI  nil I«  lllruM   II «Mill 
MI Mm «ii Mum.   i MI vir 
RIIIU M IM  IMCIlM IU1;   1  CMll 
MU HIT MIU CMMCTIMI U0 ItlLLT 
IT» M IM  UMIT HIT IUUT      til 
MIT TIIM MT M'TI Tl MT HUM II 
Till TIMUCI IMUli 1 irstT (HUM 
II ni CMTHU.     TMII III  »in 
HIIIIII IM MTiCum III» MliWI 

1 MI'I TIIII Fill Ml HTUCIIN TM 
MCI Ii« TM MIUU IHIMTIM, HT 
IT Ml TMH. IM  IT Ml MTICUHI. 
M nmam n niaiNi unmi 
CMTIti I» MM.    M MMlIa »ITI 
IITITMI CMTMI.    MTIIM Ml Tl IIT 
MMT IMCITMIHl CMTMI II TM« 
iiniT TUT i «T mi mw ruiiM 
au i nr TM i M II m TMB. 

CUM IM IM MKIMIM TM» MM»! 
M MWUM 

TM itici r«cti MM luiciie m 
•Hi'   f«  ITMKTVUl  «TtHciiM 
MMiM  ITM«IIIUI  PVU-MTl       1 
»>M-T   rill  TMT   Till  IMCI  Ml  TM 
U*  m HMLM MMCVViriM.     1 
Mi'T  Tiiil TM «Mil H »Mil« TM 
M» W   i   MV'i   TIIH  THM MVL* 
«  Uf   TimiCT   Tfl milTMII  T« 
*IIH*M       1  CMll Hi   »M  Fill  f« 
ITICI IIIPLKIMITI IITI  Till CM 
ritMiii«     r Mri « INMT FIIUN 

II  TM   CMTMI. 

»i r IM   ItlFMK   IHM   10 l(   lUMTl) 
MLlTfO   IIITI4UT        l'H CfITIIILT 
Will   W   PVLL IM  MCI  M  TM   ITICI 
Um  Uli«  l«M   ITICI  «UM 0(FM( 
TM   IltPMli   IHITI;   MMMI,   «MO 
IM   OlirMli  Mil  HUI.   IM  |   il 
HUI   M  TMM   11  IMi  il  TMOI'I il) 
«TiM  m   TM   ntl       1  HM"   Flii 
Till Al «illlMim.   41  4 MITtl M 
FKT.   IF  im-U   HI  MIN  4IT10IN 
MIT  UPilLT   il  |4*i   TM 4  llil 
mem ntf—u    IM cMU PVH «P 

4« HM Vtr  fU'CILI       TU  FIUL 
Mimil  «il  MM «i TR «o  TIMCKT 
Tl  MMU   M  MC<LL4TI 

PIICI  ITTIfl«  CMTMOl   II  MW «Hill   MIM 

TIMT   TliCHM M  MUM  IWIL   CMtlCTIMl 

II  IM   MMtfl  4CMlIilTiM  CMIIOl   FM   TKI 
■ •Mil  ■ «Hniia.   TM  Hl   1   JfQMT   FKLIH 

II  IM  CMIItll  4  LITIU   H     ^CFMI   IM 
«DM IT4ITI      MCI  TW'il   IH0  TM   | 

INIMI  FIlL  M4L  |)CI   4M  ITtiOT 

im  iriiTyni  iiuiii» um HM'T 
Pflllli  4IT  PIOIIIMI     1   Fill   lliT 

MHI 1  UlllT  «0«  JCI  4M UHil 

MT  PfllMMUCI   «41  11  «M  U  CMHI 

1 IPKUD 

Mt 10.1 M it Till   II fllTI 1 IlCf rllllM IIIPUII. 
IT'I fit? mil. miiT mifluin 
MI MI nilll IUI Ml IM UM      IM 
HIM i imciiui ii'i II IM 'Met 
IHCWUIlin      THII 1 M IIMOO 
Tl MMU  II III      IM CM MU mil 
CMHCIIMI IM III»  IT IIHT Mill 
IM MIT if.   n-iMiiiin i« in- 
inii CMTMI Mi MM     UTinw 
CMTIM VU M Mill IT III.    KTITWf 
CMIItl »1 MM.     IIMIIMIMI 
CMTMI  II IMM Ml MAT ficirr   Till 
IT  UIKI  II M  TMT  in  ITICI IMCII 
ii m THM MM i unit mm. 

> UMI  nt ITICI FMCI  11 ■ H mn 
CMflMUTIM.     1  MCI1I 11   II tmi 
It UTUn   TM   ITMCTMH  PMTKTIM 
IITflTlM   II k ITMtlliUl   W.L-MT 
TM  ITICI  FMCI  TMT   1  mid Ml 
«1*111   T1UI   1   Llil  HC>«f  T« Hilf 
Tf «Ml  TM UM.   MT   I   Fill   1  WO  10 
UVI   IT  Ml*)   ft M*l   |  rtOTKTiM. 
■   ILlt  Fllt  TUT   TRI  ITICI   l| 1  UTTlf 
Mt!   'IPMW*  TMM  1  DU.     1 rifi 
TUT   1   «t  1 N'IIIM   IT'« IHPUCi- 
Mll  M'Mt   T«  HIPLAM «IPM»I       l 
MT M»  IHM  Tllffi  THI   l  *wiD 
fiPICI 

Ml IM  iiitui iriPMii  ii iir 'Hern. 
in 4 ni* PMCI« liiPU« IM i 
Fill   TUT   1  Hi*!   MW CMTIIl  MTl 

II   TM   liltm  4ID   II  '1141 
HIMIU1      «MI  TOU'it  LIHIM 

FM  i  UtiTM  t   !■  *   'M'  '"( 
ilOPLill   Nil   HIN  10  FIEL  1 

IITTU   ITIFF        II'I  4  LtTTU 

Hi*T  HC4«f   W   TU   ITICI 

FMCI   THI   1   HCIID 

PIT«  4IIITVM   CMTIOi   II  MM «MI  TM  II 

MUH IN4U  COHICIiHl       INlIl'l  H 

TiMiic' io woiii     IT nui ni* Ptiou 

*M CU  HOP  il  Mill   T0U  «il'       HtML 

iCClLlUTi« CMIIOl   Ulli  Nl»n    II   IM 

TMll.   iLIMMa   <   CM  «OLD   1'   Hl?   ItiOiLT 

III  f  CM'HL   il   'NI   PVLIUP   ll  1WCI   II4I   i 

MI'T   TIIM   <  «Mil   0*11  f   flH   liitkiFT 
«Mill  TM MT  MI   4L«4Ti  Ut   IM   f  Ttit 

TM imci       TMll  «41   rill   MWIKT   FM   IM 

I   10  INT   t»   lliP  ll  1   IITTU   HI   Mtll   TMI 

TH NIM'  MI' 

if   PIIIHIUKI   ■■   m   ITTIHIM   Ii« 

Till Ml  *!»> 6000    «III  Illi  Hin 

TW CM  HIT  PflClltlT  ftM   10 «Hf« 
TOU  «41     10 (.0     'Rill   >1 10  IIMI« 

•OMU   U01MD     i   Mf'i   THIII   i   C«H 

M4((   Mt!   1 IIMII  JH IITI  Mi   0« 
CMMMI4TI« 

•*• ii.I .n i IM IIIHMf   II Min mem.   FllllT 
HIIMlin, IM NMIN II MM IM 
TMH   II M nMIKT  Tl MMU  UMW. 
1 MTICI Hi MWIM lil'IKKI HTMII 
m nici un IM 1   m I HIM I« 
CM  M IIMT4MT MI  IT MtM'T 
MlllI MTMI «. 

'M   ITICI  FMUI mm   MTtM<MI I" 
T« FMCi um nui i riLT un m 
ITMCTMH  M9TICTI«   il  1  ITM   ll- 
Cii  PVll MT       TM   FMCII Hl 
nwAHT k iiTTU Hkty ii k mir 
I1ITI   TM« MT   1   HIT  Tllil  TWH 
in  i» MIIIIMU TM HlfU«.     > 
M  Ftll  TUT   1   Hfl  MIICULI   ITiCI 
IttfUCCHfTI Nil   I  MMWni  IIM 
IltfU«.     TM  MHSl   II  «IIMII«  Tl 
rtii k iiTTU -MMT- ii IM um 
TMT   1   Fill   l'tt«TTiMMI  MTIM 
1HI   l   MM iinci   Tf HI   Tl MU 
T«   TIIM Fill  «AL  MICIU.     IT 
tiuiT niM-i HTUCT um im 
MM«*(«iM.   II  «IT  MIHM  Ulli Tl 

Ml TM   illliiL   HIPMII   II  MM       IT   i| 

*IIT     fll*   «IMCI       TM     1    UMI  T0 

CM   M  iüMH   HH1  M4I       i   Cii 

fllt  tCCM4lKI  «1   TM  4<iPLMI 

MIM  iM  HM   IT   ICH   PUC'MLI  MHI 

1  MUT   10 

PIICI 4IIIIUM   kMt lOtWi   IcaiEMTIM 
CMIIOl  Mil   *ll*   MW       HI   L4IMI 

ITICI  IM«»   0WJ  Ml   Hl«  10 MHiCi 
FtM Til  OvIUti  CiP4t IM 

INI   IMCHII Cl'illl Mi   .5   TUT   MM 
Fill  Mil   i   •!'   tliCHM   'Hl'   i   CHI 
■ HUT   RlTt      »<    IIIKI 

1           1 «  i|  HCf   41  MMT   l'ff  Hit HfMI 
L  

J 
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TIKIIM CÜTHl   II  nfHKI 
•f tmm •UTttUKd Flt«UU  KtTMd tUttl.l Hi runms F«t HUn UTIM 

i m t 
* m II^IT 
If UrilLI 
■MI f 

■f-nuiiM' 
IBM   I  MVIP 

tH(H MU  t  TIMCKT   It ffllKMTWl   II  Tl[ 
«nintf iiiciti« uui Mctnc •* m 
ILUHiia M LAMIM »imii.   IT wu 
kumi immntu n n» m iut nun 
II   m  lUMM  lirvi   TAU.   TW   «IIPUM 
II  ll*B  II  MTTIH Hilt,   M WU   I 
MUU ITUT   TO MOVE   TH  «tt  VI  tVIICM- 
TISLUH,   1*0 MtlMMI. 

TH  IMMH BHIWIMKfl  III Ml 
UlTiTI  Til  «llfLMI  (111 MKI. 
nt TiMiiH ntnmtau MI 
MT  IMKUI «KM- 

MCI   III  AIKIWT   II M  TMMI WlTI 
M CMIICTIM1   ft Mil.   II   II  VIIT 
ITCHY.   IT   HUH   't  IIM  *LL   II 
TMWLIICI. 

ni itv« i s« M LAM IN ntrmu. iw 
IPMtT  fill   II  Til  CMTHL  IM  TNI   in 
MtCT  It lUICMTMl  Uf  MMC- 
TIMtKI. 

Si* I  T» « 

MO m riLtr »TIBTTI TI« 

I'll   MTI   IT  I PIM m  I.».     I'LL 
un rat ninjM MMTUHCTWT. ■ MNU 

IIH n HI AU M TM MJICTIMUll 
fUTMfl MIM     E'U Uli   IT  M A-l. 

nt  ITTITMI   TIKIIM  TUII ItM'I 
ftlHIT  U1   nMLDtt.   I  riLT  TMT   I  Ml 
Mill I rilllT  MM  *•  IM CUTII11T 
W PIIIMMICI lil II MM U CMll M 
IlMCT». 

I IIM'T Ul tMi PUTICNLU CM- 
TMl fMtlMI Ml I« TM IMMH 
• IITMMKII. 

Til   lllflMI  Ml  ffIT  mCIH  IM 
Mil»  II   TM   TIKIIM Ulli    M 
ICMOCT  Tl  MMU  MMM 4M M 
MCIUITIM  TCMUC1. 

Til  MIT MJKTIW   I   tun   IS  Till 
Fill IM TWMM  I  UTTU  SMI 

TMM Ml MlilM  II CMU M  TB MTI 
Till «TMI THB I  t  IM Ptf. 
COIKMT TM lltfUM   II UIIMICTHT. 
i PUT IT Mi mm amm TUT MTII« 

HlUT IM T» H f itU. Ml MM « 
TM  MMM PUltM,   I'U t*TI   IT M 1-1. 

lit mciw. 
MM» 

1   II IM 
II'  KMILT 
MCI IU1   1 
Alff'kiFI: 
I« i urn 
KKt >M IM 

m PIVMHUCf II TIE ITTITMC TIKIIM 
Till MS «IT MM. ■n» Till lltPLMI 
TOV CM »(IT PtlCHUT HI TB Mill TM 
T« MT T» M. T1EIE II 11 TCMCKT Ti 
«Mil *MMB I Ml'I T1IH I CMU 
Hit MBI I HTTII JM VIT1 MT BTBII 
rHIIMIITlM. 

I  IEII   TUT m WITIMMCI   II 
TM  PtlSUCE  K   m  IIBMM 111 
TMMBCES MS MPfMElT M  MIT 
l  CMU> Hit   HUM« 11»  TM  III- 
PLHI.   I  IIM'T  FIEL  TUT   TH 
irUHICS If  TH  IIIPLMI   II  TIE 
hHUKE  If   m   IISTMMKE 
mn  CIMtM IB   I1TU  PMBLEM 

Till   II I  f|IT  PtEClSf  IIIPLME: 
H  TIMCKT   TBWIIS UT  «ICiu* 
IIMI Bf   MT  IMT:   HIT  FltCHE 
It MUM MlLi  PirCl CMHCTIM1 

m MLT BBJfCTIM  TI  Till CMPIMBA- 
TIM   II TIE  ITICi  FSB«   I   PICICB  IM  f 
PMTICTIM   II I  LITTLE   UiMI  TllM   I 
LIU  fM MMHL MMKHIIM.  MT 
»Uli Tilt   II MT  MEIPSMIIH.   IT  «IT 
«Ul TM IITE  T| MBR  I UTT'.E 

TBIM   II CUTIIIIT I 
Pit.   I BMLl MTI   IT I  I. 
TM IIBPtMl   II CEITIIHT  UTltfKUlt; 
I MBll MT BMI WTTBIM «BOB M. 
MMHI.  MCMU Bf  TM  L—11111 
TUT   I UB TS Mil  KIT!  TM  ITICI  FMCII 
rM | PtfTlcilM,   I  BWIB UT  TM  All- 
PUM CMU ■   IMIBH».   I'll UTI 
IT  t ti 

III TIKIIII CIPIIUITT IS HIT BBU. I 
FELT MCI I HS TIKIIII TUT I CMIM'T 
■IIILT PIH  MBE  HTTII. 

II TU  PllSnCI  m   TM IIHW Kl- 
TNHBCI   Till US  Uf MIT  JMIllli 
UMBB   I   FELT.   MMHI,   I  CMU 
TIM  TB  Min  MT   fH  IIH  HO 
TIKI  H1SMUL1 «LL 

TH MM (EITHIS Hl TUT IT I! 
HIT SBLIO FltLIII llinMI, HI 
• ISPMSIH  HITR 10  TIBHKT   10 

10 M*CTIMULl  FEITWII  EKIPT  TUT   I 
MVLI  UT  TUT  Tilt   IS  HIMM   TiU  ITPlCM. 
ll'lCI  Il»»f I   TUT   I   AfflU  TB UH Mil 
I'M  lilTIITIll I HMHIHI.   IT  TIMS  TB 
Mil   TH  CMTML  FEIL  I  HITII   ill 
SPMIT  MT   ll'l  HIILT  NT  HWICIIUHU. 

TBCH  II M TUBOCT  11  IMKI  MT 
PIlffT OKUUTIUS.   TM  IIIPUM   II 
CUTHBLT UTIIPKTMT Ml  «Bill  BMB 
II TMCHM.   I BILL UTI IT * IM 
MTIMKIMT MCMH M m IPBHT 
FIFLIU II TM ITICI. MB MB'T HCH 
TO MM 111*1 U IBM I HIL U TM 
M>U  UM 
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/ 

M. 
ttp 

 , 

■MIM 
«■la l 

CMSITI 
iVtTfN 

ClUAttEllltlCI 

11IPlAB1 

«IPMII  TO 
PILOT   IOPUTI 

PITCH ATTITMf 
AM MtML 

ACCILIUTIM  CMtlOl 

ItTiTMl 

riicii«« 
TUil 

m l.ll « I.I i 1  liM'T  UM  THII  CMMWttTIM.   IHf 
ITICI rttcn trnufft to n «wni utMi 
ue ITICI Miieis uimo >MT ot HIM, 
TNI  «liriUt  IIEMD  TO UNI   TO  'Oil   ll* 

WT[|   U   IIPUT   «11   APfLIIO.   lO   OVIIiLL 
nUIVI ■*!   TUT   1   DlOI'T  Nt«l   HiT 

TiWI  COiTIOl  Of   TRI  tniTU»  Ot   M 

IIIOWT, 

1  ItOtO Uf Hit« WH   i  COiSiDtl 

MOEIIU  ITItl  fOtCIS     i   OOJiCTED  10 

niwiiir -"i COMIIIHOH o* itici 
fOICE   »D ITICI  DHHKCI«iT   mit   I 

OAO.   It  1EEMD  THAT   IM   OUPlACE- 
MBt] Mit  IliNd  Lll«(. 

U.I TRI   iBItUi  IIIPMSI   II  IOC SlUMiSR 
AID   tHt   fill   ItSPOiSi    II  HOI   TOO   IAD. 

'•Ol^li'   fAII. 

PITCH  ATtiTUDE  AID ROW*»   ICCtlflAHO« 

CMTIOl   1   tHOMHI  «Ell   POM. 

IB  THE   SMP   ilPUl   HACII 

IAI«I   SUPS.   < t   MAI  OH 
PlAHl   «Al   «til   1,0»  IE! 

fMCI    tHt    IIIPLAMI    TO   | 

PM1I   tRiR   IM  tl'   1«! 

All   OVfBDIiTiB«   IT   MO 

i in.  men «is M CM 
PLAHI   «IS   (III   IIWMIMI 
Mill    IQMI    «A IR| I   l IBM 

1IACII««   1ASIS     THII  M 

BOMCfAlli    IB   IHI   RMH 

m I.M .11 1 i.l <   Tllll   TM  OVUALL   ntl   11  «DIM  0000. 

1  riCUD  TH[  ITICI  fCICU  1 LITUI 
LIWTEI  IHM  INtT  MTH   SHOULD »kit   IE». 

i THIII i nciEo THI ITICI ftwcrs 
ILIMTIT »  THI  UftHT  JID(.   juit   l 

LlTTll  HOIE  lOOCE  HIT  Nlvl  MADI  «E 
ItEl  A  IITTK  MtTEl  IfCIUll   i   fOIS'- 

•It  VOULOTT  DtElltlESS  IRE   lll»LAHi 

0«   tHE  OTREI  RIHD.   '01 HAHUEvEl IH6. 

1   tHIHI  THI  KMCEl COULD HlvE   IEEH 

lUOMUT  LIOHIEI.   THE  IttCI  DISPLICI- 
Nlitl «III  1 UTTLI  tICEllllE.   MT 

HT  KILLt  OfTllNflTAL   '0   THE   OVEI 

ALL   FEEL. 

10. 1 THE   iBiTHi   ItlPOBIl   HAT  It   SliftHUT 

AlOUPt.   MT  BOT  VEIT  MUCH  SO     1  FMBO 
HTSELF   HAIIB6   PltTTT   HPiD   IIPLITl.   El- 

ffCilLlt   IB  THE  HlOATiil  ,  DIKCTiOfl 

THIS   OAVl   ME   IHI   dlHBG   THIT   TH| 

IBltlll   If&POBK   HAS   lUOHUT   IIBUP1. 

THE   F iHAL   IISPEMIt  '111   COHIOIIIOll   UO 
1   THIBI   M    11   JUIt   II».'   lllRT   101 

tBIl  Cllll  AilClitt. 

PitCH  AtTHUOl   CMIIOl   «AS  PtUTT  ftOOO. 

BMMlL   ACCtltlATiOB.   >   tHOWMt   i   CMlD 

CMTIOl   «III     tRlll   il   IW(   lEBOIBCT 
TO   0VIISNM1   FOR   TUT   SMAU    IBPVTI,   Ml 
BOT   Till   «CH 

iR   tH|   SUP  111 i TUOI   1| 

1   ttBDEBCT   TO MMlt   A 

MIT  HIKH     IB   iHi   URM 

Till,    i   RAO   to  IIMiCE  0 

DO  1   -OCK,  JOB  0<    tiiCII 
PUtl.     1    HU   1      IRl'IRCT 

101   HO  HI iluDt   CHMOI 

it  1   LlTUI   FOh   SMILL  | 

DIM't   fill   11   IMOUM   1 
TIICHBQ   AMD   i   iHOUMT 

TRI   (MtROlI  1  l it HI   1 

«M T.I .71 M .$ THII 111 101   1  WO liirtMl,   NT   11 

«ItH't  OrilNUM  IT  UT MUl. 

I RAO  TO CROOSI   THE   11 ICI  'MCI   to 
HI'  THE   liltlli   lljrORM   DOM.   1HE 

fOOCEl   1  fllllLt  CHOSi  «Elf   SOMMAT 

«N  THE  HEIH  HOE   IB  tR|   JTEAO«   HAtf 

MT   TNET  MtNED   TO  If  fAIILT   COMfOI- 

TAILE   FM  THE   SMALL  AMfLitUOl    iHhJTS 

II mi  Rlltl'LIVCi  COIOiliO«.   TH( 

ITICI  FOOCEl  lEEMCD MOEIIU. 

17. . tHE   IHITUl  IIIPOISE  «11 Mlr||   1  LtttLI 

AHUPt.   TM|   FIBAI  lESPIMSi   «IS  Oil* 
BO 0S( ■imo»'   TIROtBCT. 

PlICH   AtMTUDf    UO  HOBNAl   ACCIllllIiDB 

COBIIOL   «III    FAII   TO   (000 

IB    TH|    ITIP    IRPUt    »'in 

IT   SltNlD   THAI   i   NU  Tfl 
LAI«I     «*■■    ■  M'   i   OIOW 

DIBC   '0  OTIIINOO-      1   01 

flELlOB   l'   timi   tRAt   | 

1IIUP'       'Hi    IIMOOM      RPWl 

lITIli   MOD    ilOUKI    M«U 

tOMI   TlfDtHCT   '0 OVIIMl 
PlH  OCM«   T»|   in i TUOE   «1 

IBPUIS  «IS   1   UTTtl   MO« 

«ITH    IHI     HEP      RPU'l. 

•01 *.• .T7 4 i Wt  KHIIIL   IMPfllSIOi  Of   1H(  IIICIIfT 

■11  THAT   11   11 JUII  fill  AID  HU  lOME 

OIJICtlOillLt   ftltuitl.   1   NAD  IQMI  DifM. 

CULTI  TRTIM  10  DfTIIHIHC  M>lt   It  «Al 
tRIT  Ul  KitiiO  Hf   TtOUlLl. 

1  HAD  1  UtTLE  Dlff ICULTt  PiCUHfl   iNf 

StlCI  fOICES  101   IRIS  COHf lOUIIMO«     i 
THIII   Til   mMT-|T»TI   FOICI   MAT   It   1 

LlTTll   Hilf,  MT  OB   THE   OTRII  MIBO.    i 
CAB  0EBEI1T(   J   iflCKMfllll   I'S  lATHil 
IAHDIT.   i  BET   TRf   IMPIESHOB   'RI1   1HI 

SllCe  fOOCEl  »II    IRITIALLT   1  UIUE 
LitHt   MT   l|   TOU  BEACN   THE   ITfiDT   ITATt . 

TH(T  SIEH 1  LlTTll   tDO H(tll,    ■«( 
FMCE1  JUIt  DIDH't  Suit  H .   MT   i 

CAB't  IflUT  PUT  IfY  FIMtl  0«   TMf 

OlfflCUltT. 

M. I IRI    iRMili   IISPOBSI   101  Lllttf   IHPn 

TUOI    IHPUM «U  A  UTTLI   TQO  lERSM '»I. 
THt   Fill     IIS'OBSI   UM't    TOO  HD.   MT 

It  MADI   THE   V KI  'OlCiS  Mil   »  LlTlLl 

111   0«   ixi   Mil,!   SlDI 

PltCH  AlIitUDI   COR'IOi   BHC  tlACHBG 

(APIIUi'i  RISB   i   100  IAD     •  «MID Hilt 
SOME   lATdtl   LMSI    iBPUtS  IBO  Hill   HO» 

tH|   llRPLAHl   lEltmili   UOSI   iO «Rill 
i   HU'li       I   -»;    l   IIBDIBit    tO   OTIISHOOt 

1   LITIH    il  BOIMI.   ACCItlll'iOB  (OR'IOl 

•OR  MDOlliti   ICCUIIItlMS 

ouiiBt, iR< HIP imrMI 

l   >OURC   MTSI ll   MlliH«   Il 
IHPVtS      IHII   «U   PlIMCl 

iR   'Ml   BEBAIlll   i  DIBEC1 

OOH   iHPUt   'All  Mi   '■II»« 
Fill       If ID   SUM   to M( 

Ml'-    ■■■■    «III    1    .1 till    || 

lOIHit    1H0    •    DiO   RlTt    M 
OHISHOOI 

IM II.» ■ IS t M TH".  limm  OOliOUtlT  HAI  1  HIM  ftl- 

fWKT  MOtT  PIIIOO.   i   Mt   THI   IMMfl- 

HN    THII  T«f   IMUli  f  tOACIIM 

Mi«|VIIt Mil  1  LlTTtl  HAIDCI  TRM   THI 

LIIMI  «»Li'lWf  HAHUEIEII. 

tHt   Hb flDILEH  11  CHOOHBI  tHE   ITICI 

FOiCi  «AS  tD l«P DM«  TR(   IBIIIIL 

■ Ein»lf   Of   TRf   AlinABf      THt   FIRAL 

ITICI  'OtCt   IHII   i   CROSi  «11  POIHILT 
1  IITTLI   OR   tHE  HflTT  SIDE   IB  1  tUIH, 
Mt   it  »1 luiif   EA1T   TO «ET  7   IRCtl- 

MtHtAi  |   II  1 «ilOI-Lim  COWiTiQ«. 

«ItH  A   UOHtil   FORCE    1   FELt   TH[   All- 
CIlfT  ■1^0*11   «IS MUCH  tM AHUPt 

IHITIIL'     10  1  HID  10 COMPfMiSI   Oi 

THE  fMCE.   ITICI  OUPLACEMIBTl  F|LT 

MIOflltElT  LAIII 

II  S THI    IBITIAL   IISPOBSI.    1   fEU.   BAI   IOMI 
WAT   IBIPPT   IM   THII   UAH   AHPlABI 

THI   FIBAL   ItSPWSI   «AlB'T   IM  IAO      i 

BAO   A   Til-   SUBHT   UIDIBC1   TO  0»H 

SBM1   Ml   i   CMLD HAiUliR  1  ItHOT 
Itllt   1UM  fill   «41, 

THI   PUCK   IMitUDI   HO  MOMll   ICtllfU- 
-   nm   COB'IOi   «IS  »HI     i   RID  tMI 

'III IB«   tRAt    ■■(    II1P0ISI   HU   '00   1IIUP1 

«Bit HU'   M'    TRIR   11   OTRII   IIMfl   i   Mil 
<   HtO   TO   PUSH   THI   HIPllBI    KOu«;    01 

OTllDlitl    H 

RO  (QWIIR1 
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TIKI HI 
TUI1 

■TIOl   II  PtfSIICf 
UOOH DISTIMtMCI 1 UfMMlf  '(ITWtl OtJfCTIMUK   FUIMII 

fllHUT II«SMS 

tm rtiti uiiHi 

MIL «i 11. n*  KM 

«til  'ooi 

II   Tit    ■.'"    llhJT    lliCHI«   Till   101   IHI 

.i«.,t    HIPS,    rl   IAS   OIVKHII   INK    III   til- 

PlMI   ■*'.   HIT  SlO« KlhMOlifi     II   TOU 
'Olli     TNI    «liriUI    TO   1'liD   U*   HI    IIS 

PMSi    'Mil    TOU   LI  ■    HI    IflLIIA   IN«1    '(HI 

ill   OvttDlimifa   II   UID  iOu MAi  OvIltHOat 

I  IM      ntll   IIS M  9U(inoi   TIA1   THI   111 

•i*«l    ■*',   ICH   SlUMiM     'OU  Hill   TO 

Mil   UWI   IliHfl  illil   HPUU   II  KM" 
lUtllVI   TtliJ     THIS »1  MtHCUUlLt 

■ OTICIilLi    il   'HI   IMDM   linj'   II1C1IIG 

ItlDO« DiSlUllilCIS 

l. . ■   «   I 111 C T   01   II 

THIK   IS ODOO DIH'IK  II nici. TNI   SILI««IV<  ■ISPOSI,   Til   HIDIICI 

OVdMiTI  01  OVIICMHOl   III   «II- 

riut, uo in ius( in« MUMS 
Ul    All    Ot.K ' 10«»I* I 

MOfSHilLI  MOIIMS  M «'HI  «[■  T«U 

Mil   *■   Wttn   IIPVI,   NT   TIIBI  CM If 

iLlHIIllfO  UllLI  «III  PIIQI   TICMIfUl 

10 I'll  1*11   IT   i  MOS  Of   I. 

Ill   illPlWf   II  CMMIWUM-   IM T« 

coui» oo in HisiiM it wm 111(11 
iirnMR i tmi n moi mh-WMii 
11 HI  IIVMlf.    I I   II HIWll l-l 

tie i-i.   i'ii mi IT %'%,%. 

IS   SOKI    'IIOIIv 

T SHiu nmti. 

MtHAl   KCillllIt(M 

TO  6000 

M '   I 

IHOEIC* 
■1   MUCM 

I TUOI    'IICHIG     *   '      <   H*0 

OMU   1  I mil .   IUI  HI 
NE  IIIDOH ilhll  HICirM 

1111,    ■   HU   10 IICHICi   "'   GUI  1  LITTU   10 

DO > aooo JOI OF IIACIIIG rm smu  n- 
PUtf.    I   NU  I   TIMIICT   TO 0«(ICOI1IOl 

fOI  HG   IITIIUDI   CHUbi)  110   TO  11   MNIIO 

IT   I   UTTH   101   SHlU   HTlTUOl   CHU6IS      I 
DlM't   an   IS   iHOutn   i   MID  llll   liMT 

TIICI'IG   UD   i   THOUbHi   i   HID   'I MM 
THI    COSTIOlS   1    IIITH    TOO   MUCH 

'Ml   HIPiUI   tISPOIDID   MODOITILT 

10  Wl   IIIOOM   ilPUTS     II   SIIMD   '0 

IN niT ni suet IOICIS nil 

IMVIII   IIIH    TNI    IIIOOM    IIPVI 

IPPL HI)   INII   Wll    I I-S   NOT.    Illl 

IS OILI   101  HirulllillS   IOICIS. 

SHUT  SIIH   fOICIS   IIIH  III   SIM 

THI  IIIOOM DilIUIIIICIS VOUlD Hill 

TNI    PHOT   «Oil   I   HOOtllH    IMMill 

*I0»(   IID   MTMD   SK001H   HI 

optii' \m 

'■   inl   HIP   HPIJi   1TIIIU0I   mein«  Uli 

M   SflHIO    TH|1    f   HID   (3 Mill   SOM(   IIIRIT 

LIISl    ilPUTS   Ml   I   OIOI'I   III   *■'   Ml 

OIKI   10  OVdSnOOl      i   OiD  NIM   IHf 

MilUG   I'   IIMS   HIT   i  wiS   HU«  IM 

IllUPf      III   IINOOM   ilPUI   Till  81*1   Ml   1 

LlTTtl   MOli    TIOUIll  Mill   <   I)  I  Hid 

SOM   TIIOIICT   'Q  OTIIJHOO-     rtviM   I« 
Pll   00«M   INI    IITlTUOl   HIN   THI   IIIDOM 

IHPU'S  III  I   tlTTLl   MOI'   01   I  ClOfl   1HIN 

■ <TM   THE    SUP   HPUU. 

IH( IIIOOM aiiruuuci ciiTini) 

IIIICUD  THI  HIPIIK.    H   II  10HI- 
«HII   Of    I   PI0IL1M    TO   TIICI   «ITH    ll 

II  Til   PltlEKI   Of    THI   DilIUIIIICIS. 

I   IKII  IHI  1TICI  fOttl   WIOKHS 

tl|   DWrill IITIO.   MO  [HI   TIK- 

■ llt CIPIIUHT  Hit   III  GOOO 

MHUItl 

i "lo i luwi owicnoi to iNi met 

HOI   MS  MO  III   SLIMI   IHIl ll» 01 

M  OKIWMI II«  tllMICT 

Iltll    II   I   fllT   SUW*   UMtlCT    IMMD1 

Pll.    I'll   llll    It   I   l|. 

IHI   lllfLMf   IS  CMIIHLIIL1.   «CIP 

lUil.   llIIWJUtWT.   IM   It   II  MM.  MIL 

MllftD.     'llll   Ml   IM  ■Ulli  MPUIIMT 

CIMKIIIIIIICI  M   I'll  1111   IT  l-|. 

IHI IIMLMI IS Uiln 

HO THEIf IS HOT HUCN 

OVdlMMI  M  IMIU. 

Ill  Hill  OtJICtiM   I  IIVI   II   tilt   I 

HAO  10  PICI   INI   IIICI  IMCf   IM Hllfl 
IM    It   STiAOT  IUTI   II MOfl  10 

IflP  IHI    lllllll  KirOill   fKW lliil 

10  IMVPI. 

•CCItiMlllT   i   IM  IKU   WMllllill 
MIIM1  MH   I«   III   IMUfTim     I'll  11*1 

I  Pll Of   I.I. 

til   IIIPIMI   11  CMTIOlLlftli.   ICCIP 

tlMf,   MD  PtMAM*  m  THI   ■Mill I« 

IIIWIIH   litlifACTM*  IM «IlTliritIMT 
I  OIM'T  llll   IHI   ITIMT  STIIf   IIICI 

FMCII,   TI(T M|(   TOO HIV*.   I'll  Hit 

It  II  l-I.S. 

■IOL   UO IIICI NU 

[TOO 110 ■  woo D HI 
IliPyiS   IHD   511 I ■o» 

■HI*      CLOSI   ro mill 

inioii.' ID 0VEI1 Ml 
L UCftfll UM ON »01 

OUIING    '"I    SUP   IITIIUDI   IlltHIO   Till 

I IDUID   HTSlLl   MIIIIG  HtNII   LIIGI    IIIUPT 
IIPUIS     Till  US  PIIIICUUILT  lOIiCfllll 

II THI   IIGIIIM   I OIIICIiM.    II  «NI   IU- 

OOM      HPUT    TISI   MT    P1IFMHMCI    IIS   PII'M 
«III I    n>0   SIIH    TO   Ml    IHI?    IHI    SIICI 

«onOHS  «III   I   LITTU   IH   LlMIl   '"»■ 
lOIMK   IID   i   dO  Hid   SOM   tllOIIO   10 
OvllSHOOT. 

TR( IIROOM OlSIUtlAHCI IMKUD 'HI 

'HI   lilCllfl   MWllI'lLT.    IH(    lll- 

PIUI itiPMOto gum i m to INI 

NIGH mguncT coi'in oi IHI DIS- 

TUIIIICIS   'Nil Givis TOU i iimt 
I0U0I  HDL    IT'S  I   d"  CNOPPT   IT*| 

HSfOISI     i i-S   »(IT   OHI ICUH   10 
'■ICI   II   'HI   PIISIICI  01   IHISI   O'S- 

rumicis Hdun  mi ion  n 
JUHPH«  IIOUID  SO IIPiOlT     MOMTII 

IHI   WPH'UOIS  Of INI   IIIPMSI   Mil 

flllLI   Will   10   I Hill   TOU  COULD 

PtMlll'   ITUl  00 il-li.i«II 

■ nun us 

MM   DAMPING    II    PITCH 11 ISMAIL * 
GOOD   IIIPMSI   AID   FAII III I ITT   tl 

ItACI 

III   SOI I   Fill   TNI   IIIPlMt  III IM  IHALl 

MPlltUDl   IIPVII  MD  III  H(I*T  MIL   II 

HI  II  lllfill   |    l  IM  III   IIIUM  Till 

StiCI MOIIMl HI!   IIVIM W   III   flt- 

• UM  111111  UM  IIICI  IMCI1. 

'Hfll    IS 10  ITMH  PiO  TIHtKT  It  ILL. 

IM   OTIIIHOOMH*  linCIIILT  IM  IM« 
INPUTWll.      I'll  Uli   IT  l-I.     nt 
IIIPllll  Ml  ACCIP'AIU,   «I   I   Tllil 

II'S  WUTIIfUTMT  FM  HIS  CUSS 

IllPlUf.      I'l  U*   It  MS MOfllTUT 

MJfCllOUILI  OfFICUKIII  UO  IMPItrt 

«It   IS  ■(EMI.      I   CMLM-I  CM  I  ITIfil 

fMCl   'MI   I   FllT  NITCMD  IH   IIIPIMI 

Til* «III.      I   Cil'T  MCIM  tllCTLT «It 

It   IS   till  ■COS   TO M   FIIIO  WI   I'LL 
IIT1   IT  I.H. 

0 »Oim    ICCILIIA 
.    I    NAO   IHI 

IIPMll •* - TOO AIIUPT 
0TH1I IINCI I IlLT 

HP'  til   AIOMO  M 

mi AiiPiui m micno i um 
DHL   IT   THI   IMOOH  DitJMIMCtS 
i   MULD IIVI   SIIIOUI  OMITS  I0M1 

■ (FUfl III  MOII   THllt   CMOltlMl 
IHI   IIIPLUl'l   PlIfOIMAICt    ll   Cfl- 

TAIILt   OfllHOIATIO   I*   INI   OH- 

TUIIUCIS 

111  WM 3WPII«.   Ill  IICI   Uli   I 
»M'l   TNUI  1  MUlO   lUDTlltllUT 

OVlllIlflS   III   IIIPIMI.   MO   III 

UIIIIL   HlPMll   TO IM llll 

linill  111   «MO  FtlTMll. 

in AMUPTHIIS owiM niii niciiii 

HIM,   MO  IH   IflLIH It   IIMl  HIT   t 
Hl*f   TO   PKM   III   lllfLMl   AIOUID  III 

JU1CIIMUL1   KltUllS. 

Ill UOUPTIttl II TU IIITIIL tltPWII 

It 101 I PIO WT II l| CtlTllll* H m- 
OCIIIULl  MUM.    I'M «ll«  10 Ulf 

mis i PIN of 2.s.    i mm mi iririMt 

IS  CWIMUIHI.   AT   IS KCfPIUU.  IM  It 

is MuiiiiiciMT    nt OficiiMi rut I 

lift   Mfl'i   TM  IIIM«  M  I'll   llll   It  l-l. 

135 
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1 TMMir ni«t ««fiftu tin 11 «• 
■Nu.* « VIIT ww c«f <fnari«a '•• '"i 
mtutm. TH Mi* ifMivati« 1 «w 
«U   TUT  WTM   I«  IIICI  *«Cfl Mil 
a unu m TBI nai HH   ■'■ ••■ 
««ut MM m TMii. MMtu. iisci 1 
•n litt nrrn >t MMT ii IKKM» 

T*i f. HT IT» tm».  1 MLI n«? 
«TH IM («us «n * uttti ■■■■ 
m MiTiM riKii uiM* T» M tmm 
TWU, mim C«M * nrru UMII. 
fM rtMMiitrr «1 (iciuiit   airnvH 
flMTt«,   Ml   «*if|   lUf.   fllT   «MB 
iMtlTMHAi  CMIMI   It   («HI     ailill. 
«DlftiKM  TM   TIM    I 
twmmi MI ucnifii. 

* tictniT 1 

fill  UBS  Tt ■   I rtlTM  MM  «itt»*M 
IM  ITICI  »Mtll •• MMT  IHM III- 
IMKT UIM re MTCB «u IM reu aus 

KUfl     MMffU.  M  TM   TIKHM  '•»"! 
fM   HiriAM   MIMI  ■• MVI   ■  M*t  •III 
re IT.  1 «MU w ret IIICI MTIMI 

I  MMII'I      1  til U«l   *  IllMT   Un- 
it» re «TUMMI MUM rucitM. w 

m MitAii iwtmm 11 TUT if'i t 
• lltCMII   MI   It  CMU M   litMU* 
«MU.   I  «M m MMiCM   II   TMi 

(■TIT M «IITirei«! (JTfl   TM«    M 
«LO  II CilMiM M MUIMIM  TMM 
m MM CMrm m IITI M CUM 

MKfiT. 

H lk 
friua 

IBI   IIHIAI   I-KI   fMtl   ■«!  MM     .> 
«TtiiK  II  MT  MK   Mil  tliWi' 
LIMI     ITIM  HiriKIMIil  IWlillO 
'• m c««M'Mii   •■ imttiiui 
^Ml-Vft  fM   irici  IH(I   WWHI' 
HI'  Mlttl  riM  M  HI  1« t  in«- 
TMI.     IH  IMCI   ■■   til   IM«  Ml 
JMT   IMWP  •■«(■   'IM   Till   11   'm 
ITMKTIiCIL  P1lll>MI  10 Mil   m 
HIM   it  Ml  *  LllUI   IH  •«•»• 

TMM»' ■•» I'm tmnts Mil 
M|T<   MM     mil M(  (Ml  HIM   Mil 
iUMTLI  UM'   HKI   i"l   ru»i   ill 
MM   IfMIM*   ■• MÜMMt  Mil  ll'J 
TIKliM «>IM  (II'  a'M  M>M 
IM(i ailfLMIMIM  Ml   MOMiM 

MM  iH'iMt 
•Mil'   IIMIM«" 

II MM III   I P9t 
CAt'l  Ul   MTTRII 

T Tilt HinMC. 1 IHM 1 MM 
MSIillT   till   T|  MTl   TM   HiriMI 
iiTTLi MM iiif««ivi 11 Hita. 1 

Ilia 'MCI MM)»'. «I'Mwr- 
II UIMILI   LIMT   Ml  TMII   l|   »  >L 

BC* It MIIMMT It IM TIKI' 
t»MJ     IM  MUlU   IMtllliM   it  ri 
II   IS I MM «IMUW 

HIS   '«(   HIM'   lUH   |ii€l  'MCI 
II UMlAi  Hi'   '■!   'MC(1  Mil 

9 M'  iVllill'  IM   'ail  CltS)  0* 
IHCIV   HIT  ■)«■'  M  Mi'   1  I"'.I 

IM   UM    HM     MMIItf  •;    M(" 
SUMUT.   HCM1I   «   HI   MOMi'i 

■•M'   IHM  HIMflCf   1   Ml •Ol   •   "*<l 
I  IIM(M>   It «tlltir  t>|tMi»l   Til 
ntnm 1 Li'in MD HI: ctis HI 

M   iMPIflliM m   iMHI  IMC« «'i 
«t I MJM »••■' M< MUCIMlf 1 
MKI Ui Hf IMCI HI'lMIMHl M 
MIIIM 

»UH    ■••VM 

H| lillll »n>MM Ml QUHI MM 
•M mi CUI1 t'lPllll Hill Ml 
I« »tMU«  11 MllUltlM I  )l|ltt 
inn   nee nit  r im lii 
'Mil: Mil   1  1 Kin   UM 

HI    i'l'LWf    t    III) 

MSIWSII lit  MM 

IS' ll   lit   liW 
■u * iiiM'  tiwiM>  ro tidW* 
■ Hf p Uli IllPMSI MSHlii 

««IICfiliM H| I'IPlMI I l-'U 
H| !'!«• |t|l| MS Ml< M 
1 • 10 CM'IH H| iiirtMi 1 

MIL MPiUMI UCdlllUMS •■ 
un Ml  III1II MM 

•(   '.MHtt  »U  MM    IMMI 
i  CWti»!    1   iMVtai  MS |l. 

'ill*   »IH   liOl    MS  MIMi 
lOl   DVtlM   *i .   0'    H| 
0  MiP   *   OllillO   1 01 

'0   *   •»"   I   IKIl   ■' ' 

• i'!«   «tl-tvOI   MO   MtMi   »Clllll'iM 
CM'ltl  ■111   t   fu1'!   •'  MM  IS  MMCIO 
1*   1   ir*i  m  UH MM  1 Ml I 1   IHI   in 
lit«   II  IIMKHb  HI   IlKHIC  H'M   10  /IM 
MO   II    1   fiCKD f  btin tf»     .   ll«   t   illOllf' 
t0 IvIllMO'     HI   IIUHM '»'■  Uli   H 
MM  Mt  ■«•   11  to«   II   <  MUiD  nil   10  Ml 
11      .   Hm   •  MuiT  "*»l   1 HI:-  1 Mil 
Ill^MSiTl   HlltMi     ittMill     IM  t MOI 
IHIl*   IMU   IlinWI   <M  IMIti'  0M   1 
Ml1   tc  »\s*   ll   UtMW  fl|[l   '"*'   '»ll   U 
i'   ■■W>1   Mi'   M   M«' 

HI i'\* HPV' Hillllt tm mi 
lil< Ht> 1 Hill mi mm I'H'ot* 
guitf MM Hill MI 1 SUMT M 
10 OVIKMIIOl IM TUT lll> 
lint] M HI lilpM Uhll HICI 
IDUIO t«|1 1 «M tO CWt MT Uli I 
■ IIP >■» 0*IIIMt'Hi (WH I 
IIICI   KCMItll      K     III   TllT 
*Hiii   nni'i HUI MI 1 tm 

1   i>*l    1   (11 ■ ■•    ■ (    ■ 1 •[>!•' <    10   0T|| 

It    IW    till III«    Hill      -OH .1 I       I 

MVil   »ll   OdllKMi   0X1   *•'    I« 
• <Wii   MID   '"I   CMliliO   •■        uOI   ) 
■ 0 Hit   lii> XUIIT     1   wCKj.i   IHI 
HI'I ll(   11   M"!   MOO     HI   I« 
HICHK   HO'O'ID  *   U'ltl   Ml 
i(.IU<   'IH   'HI   '  16I   «ID  '0  II 
■ il |iii M ■' MUiO 0»it\«CK 
kit I '0 I«i'f «' ■'v 1' Ml 1 
10 Uli IIM DTiii>00'Hi, Hl M 
0|B( • ij 10 III» '»il Uli ■■ ill 
NOMtH     'mil   H|   OlItSMM'Hb   I| 

H   im   ii»  »"1 'wOl   HI; ■'■( 
■10    (■■■  ouiKiriiT   n IDJUIIH 

(111   \0    Hl<     •    ■ »■; '    IIOUCI     'HI    I 
Wfi ''UOI   IIIM'    '0   .'i TO   M0 
1IM   ' "•   BO1   O'KMKtO' Mill 
n,-.- HI  III»IIII   O"«H»    UD n 
■ III   ll I*   ' iMI   C9I'I94   0*   HI   I| 
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0'    IMOttl   BrVlHHMClJ ■ KMIKI    Ml'lKd ■ «til   'lOWIl 

TDl    HIP    limi    TIKIISft    Mil   ■»   «Hill 
iai «» i rim mi mm fuonuct MI 
«UiTI   IM*.   tRfli   MS  t  llltMl   UI>'IK> 
io OTiicfliint FM «IIT. «in nun 
unm. m mi WNW itmi ructiH. i 
(OMI   '■•!   •  ■*•  ro  <V>  BT  Uli  NW  ID 
HIP raw iviiH«im. i CMIO IMU 

ilKi KCWilllT »I  rw «IIT HHiL, 
tann  tinni  mdi MS • IIMIICI <• 

i   Mi'   I^i»   til   «HPiHM   iriNWI: 
MIHl*   '0  <"f   lUMH   IIPUH     I   Ml 
lUI  m  «IIITMI   C«tM(  MS  MM 
fMU*  SO  lUI   <  CMil  fMMHT M 
ILfLIWl  IfftNl iM 

(■l tiictiM Ml MU »mmo IKI 

NMdlM SMtT PIIIH .'tffMKT It 
CMPtdlU  ilf«   IRH Cltll  ilflCIHI. 

>  Hlfl   I mio  MJHiiW   II !■!   JiiWHi 
HiilT  HiWi-IUTf 1TICI («ttii «a '• 
tan man KWIKT it MHU >M 

■ tm-i mm ru ivai CWKMI mi 
ILI«I MmiM TIMIKT «■ m n« 
iiiiat. ru mi IT it.   F« TM iiitT 
■ »UM  I'M HMTIM M» MAffILT Tt 
«IM   mu MINI mjttumi. i «KII 
I'LL  UM   IT   »-!(. 

>   «A;   t *flifl>M   riROlK*   10 O«tiS»O0' 
>■    TNI    UMIII«   Hill      «■fill,    I 

•OVID  «IT   BIOS»*«'   OKI   Mu  till  LOCI 

IfMI    »10   INI    Kllfll   •    l.'UOf    HTB 

10 IIU  OKriCNllT.    I  VOUID Itlt   IN( 

laVVIN U  ptTI   MM     HI   IHMM  IIPV' 
IIK1IK   IMICIII0  »  liTlll  M«i   ««'■•> 
ICUIT   '■»'    '"'    'HO'   MO .TO  WJVS' 

us uii m m MUU OfiisMO'    i us 
ton it s»n m iifvi it out nn 

TO  KIP TNH OimnOOMBk     i«l   WH*'«   Tl 

otiti is ie HIP Ttwi ftin UP mil' ml* 

HOMill     TWS   'il   OVIISHMIII«  HiailC 

il IM SUP tTTHUDf 'ItClilb '111 i 

MO IM DIM ICHI IT tm k9Mi'-I* *• 

6111  S«  IMI   i   CauiD  ItttlCI   Hf   Lllll 

«iriirtiM loo«! '0 /IM wo ti m 
SIM H« Ml tlilSMOl -i Mit i MO 

PVS« Til ftilPiWf StMWH Ml' DiOi" 

Mil   HIT   TIWI  tMTItl   t>   IK|    ttKtll 

mi mciif' MIT ■n'ONin. 

NC^tMUl'   TO   IHI ■ UMM  01 

IM(IS     mi Mil ■0  UNOIS 
cnuldiPiS' CS   IN IT   DI 'MC 

fit* vr   IIMIIK. CIPItil<" 
Ml(   TDW  MUlD  tl 1 iPICTtO 

•OMUL   tUItU INO 

iR(   tUPiHI   1140  M«  OHVIU. 

MOO  KSPMSI   MO WOO  ICCIUMHON 
TNI   IIIPUHI'S   SUINU SOft fKLIH IS 

MITVII. i «MiD 

'I   PtlCHf   CMIOtL 

'«I PHOOM Di S'WIOlNd »il'UlMB 

THI tilP.MI I UMT tO-MblMM 

WOUH' TMCIHIi i« THI PPiSliCI 
01 ■<•< IMOOM OilUJIOiNCf ■*■■ i 

I'Mll Mil 0* * PfOtll* tU' > Cli- 
'tiILT TMIM II MULD tl auiPTUU 

MO  MUlD  tu.* M   tt  tiACi   PIQPIIt' 

•»(   V iCI  131(11  HI   C« 

lOITtlil .    POUllLt 

OU'   UMO 

1LIMUM ID'   t  HU   LMU  OUICHM.   ' 
iLifiRt    MWNT    0«   0IIISMO1III  MIOINCT 

WICH   i   HL'III   IS  CtUPHO Nit«  TN| 
MOI^III   SMMi   PtH«  'IIPKICT MS 

■OtlCtllLt 

Tlf   HtPiMf  US  I *|tT  ILIMT  Tll- 

MKT  TM  Pi».   I'll Olli   If  I   li.   TM 

IllCtlfl   II CMTHilUII.   KCinHll. 
IIIISftCTMT  IM   INI  HIUIM;   IM  Iff 

ciiTiim i MM. PLiuwt   mu- 
HNK»  lilPiwi     I  NMtf ttpitT  I 
11 IMI   mPMUMII   li  Till  TIMOCT  Tt 
tVIISMtl.   «'LI  tlTI   IT   h-i. 

I Mil   Tt  aMil   THIII   it  MM   ICHUKI 
It tlltMMI.   MWift     I   CM PtnUT 
IBIS  IT  «lid  UTTIM MM ■* WH.   10 
Kiiiii ii ii i mm MM iionwi. 
II IS  CMIItllUkl.  KCIPTMll.   I  WM 
PLIUMT  «Ll-HUIIt HIPIWI 
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1    HtH 
M. 5. 

MUT 
UTIM ■iTIMI 

«MMl 
CMCITI 

j                                   MIL 

(MIMTCIIITIU 

[7 

4 
«IIPLiM 

Hiniii 'o 
PlLIT   IIPVTI 

fiTM imrnt» 
MO   iMMt 

UCUfllTiM CMTI01 

ITTITMI 

!                   titcnu 
Tllll 

1          m 
I.M •.i 

7 • 

nil rmt ■■ CMM nMU* MM« 

TM  IITIMP1   TlWI   TUUIH        II 
rawuKi rt*i iwMimi' 

t«  irici rMCi   It Ml*       IT lift 
m   limMI   tllKrMIl   »MrttKH 
Km TM   triMt  |T»TI  fMCII IM  Mr 
tHILl   MITT        i   ItM'l   M'iCI   *■ 
MMMt mei mrucmiTi 

if * 

ii.« 

IM   llllllt   HiaoiK   'D   'HOI   ilFVll 
H HI   IM UP       I'   'M-il   MUM 
HMU  CNHCliMt   '''1   mllT   ncl 
MMHI     F«  kliM>   HhTTI   rM   MID 
II III 11  LHI1   1  M   • DrliSHMM     I 
IM   Hill  illPMSI   IHMi    it   MTTl   1 

»■MHI »IMI  ttllCttM^if/ff« 

i "CUB i mci 'oid  fin  <  TNIII HI 

MIT  I llttU   UMUt   nu  INI   H<|illl 
■1     I'KHI  MMI   UM««     i  Mi  Mil    M 
IM   Ml 

IM   Pnca  I'Tituoi   CMIIOi   it   POM      Mil 
Tflu'il   iMtMP'ill   TlMl   rilCDM   IT'»   «IT 
BiMiCUl'   10 MDlO   Wi   1011   Mill   'M all' 
il       TM  111   »Mil <■■ UP 110 MM  ILL   TM 
TiM       K  »M 1111" 1 1" 110 I'.ClPi 1 01 
• OitllaM'l  1H DM   '  Klfl   TO Mil   111 
NOK    IIPVTI   IM  CM  IITllUlP   1   Hill'   IMIOT 
IMuuof       I0IMI   ICCIllllliM  CMTHl   il   T« 
inui inn   i «o PiMua 

II   III    IT'ITUOI    tllCIIII   TUI   FHI   P||.       I 
'0M1ICI  alt  'HI  10 f«W 

•M m% ar. 7 

T J.\ 

IMM1! t Mill »1 XflfllKI HfMU 
na MifMnuKi ii aMTi m IM T« 

ff»»««Kt    II   iMHlfKl       It  («-II 
WT iMirT  II MOU tu m »■mi« 
il Uilif nttiM.    i' «M'lunm   f 
HM   CMtMl   M  Mil   'MM   ll^T   iMWT 
la-U III  1  LITTU MtilUIM«  UIMKI 

'». in« »MCII »n * Li'tu in 
n»m, uncnuT n HN nur IT* I 

1    Tllil   IMT   CWt*   M    UaiTIltD   II 
MM   ■  HtTII   II*!« lilMII       It,   ■ 
umiaHiii itt nrnimi HI a 

^ o lit   il'Iiti  Kimtf    '1 1H'  01   1 
«D>UM  flu   U   Hl'MM         IM    lllllll 
1«  Hill   IllPMlil  CM  HU  U   Hi» 
min «u CM'iiuir r 'M Mtai 
il   TM   Cl>l   01    IM   lalill    HPU'S   >DU 
Hi   1 I Hill   MMll    It   'M   ' Uli 
MtNMI 

CMMail «HI tiilcnaiW/') 

i   HllCHG  1 lUMUT   (.Mil  li ICI 
(•■ct M il Hirr * M u aue 
TO «IMIill 

PJitl IMHuOl   CMHOi   '1  MltlOID tOM- 
Ml-   ••   «an   IPPdPl   '0  II   11 HMlml 
IMM'   '.-.'   JTlCI   'llrll   H'Oli   ixl   IDS! 
mci 'o ta|  UPI       'PH 'i «lU' nut 
01   lai  9tiiCi.   laiip   HPUH      a»'" JiM 
UPV'l   TOU til  (M'lOi   III   iltllgW   Fill- 
IT  Ifii       10  PlOlila «OlOiK,  1 I'EID'   | 

it   »M   in    1  IIICI »III   iiMtn   TM   il     1 
'0  HMK     li  iM UK  UP JUtt  1 itiiil M 
<MI «in 'M en imi  mci iiiiit •>     1 
110 101   Ml   IKI   MHIM                                          1 

m i«.i 

r 

1 tail  11 IfU«   il IMCCIMULI      IT'IH 
.IWU1  BWftl   tUI  Mil  TM H'   11   m   . 
tVUICI   il'l  i«M|i|Ll   ilHtlTTIiH 
iTItl  'MKll AH   *   unil   •   nt|  HlfT 
UN. 

inet mai m * Lintl RiM, TH-II 

■MUM IM im tu m itn.  i iito 
MT  IM  fMUM  'Mi  i  Mt WiiH  '■(    | 
imi no«n fniTi i in HFMI in 
ll«»UM  ttirMBIB 

u. 

»0 

TM   lllllll   IIIIMlt   IIIW   10  Uli   1 
IttftM   MH'  M  114   li  iflltiM   TO 
Til   ITlCI   lirvl        IB   Tl|   i Uli    «t 
■PMlt TOW am i iMliiM rtlHBCi 

C»MilTl  Hill   tUUliM W/'S 

> rim tu inci »Mil  i ficifD 
Ml 1 llfttl   IIIIUI    -i»  'a( 
M'inii    i TIHO 'o »in   |i AIT 

IIIITT   IHUM   10   IDI    III    LIP'Ml 
ITIVCIVIll   PIDMli'M 

Pi'ca HT.IUM  (M'Mi  116 tlKt'M t'»»                   j 
ULIII   it Wta  mi   ,■  >0U'li   II'HI TO                    | 
niiiiiii mat CM<M(  '■( niPiiii 
•MUM   IIMBO fU'll   l  |l1       M   lOU till 
UP  M  IMI  tin,   WI   IHIill  MtHIK   '0 

BOMMl   ICtlllllHM  CM'ISl   n  IM   ITHO» 
1I1II   H HI   IM WO 11  iMfi  11  iM  Htl                      j 
WP   II   IM   MtHIO •                                                                  | 

ii  HI   I'-iiuw   niciii« tltl  II «ii    i-     1 
Mil    'HlQll'lLI    10 111   Mil   IIOH 1   LI   iL[     1 
Mllli    WIB   <(w   11   MUBI   UM.,    .Win             j 
"Ml    <M  'ai   ITIB  UICIIH  HI».  MCI 
• 0U  W   M   '»I   KiOll   HI   HIPllll   MUL0      i 
in  llill'Tlli  CMIHII     n  tai  IUOIW          { 
IIPU'   Tin HU, vt) , ifmiad ie toiiif    1 
IIOMU  liMJl CMIiWMt't                                       j 
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MTC« imruM 
IM  IMNIL 

[UII*'<M CMTlOl 

«TTlTttftC 
TMCllM 

mil 

aa'iu,    II  nCIEiCt 
01   IHOOH  OilTMIMCIl UiMllil   HAtMIl «•JICTiMAlU   '■ituin 

niMiT nIM») 

IM ULti aitiMi 

ITVDI   CHtlOi   H  »OM      mil 
IIH  '  Ml  tUEIHI    i  1  .(•• 
no m ion ««uf -JK ■(■' 
Mi H «' »o MW tu r« 
ll.tl   •   111   »C  ICO''   1  01 
• 001      Nl'l    '0 Mil   *■' 
1 CU  ll'lfil-  1   UtllT   IMIOT 
»i icctuuitH   »■■t   n HI 

I to rtMLtx 

■  '■(   ii'ifuoi   'litin» 'iti  la|   »n 
•OMIICI   Ml   HI   TO   'Mi 

-m   CMtiOt   rl   TU   toiaci   0»  lU- 
0« OITUIIMd] iUu>   «IM   im 
ITMLUI      OUT    Tm   «   IDO*         >I'|   •». 
-)lf   l.i    '0   IH'   M  1   'Mttll   'Wll 
JUl'   KMI 'M   rii   UM     tm   ii 
TOO  DM   '  «III   Ml   CMIIt'iMl  MO 

mil   inuni   In   UMIO   T"l   TM- 

•i'      "   TM  •!'    il'O   TR|   IM»   «p 
Tit   'Oaiilllil   IIHI   CM'M).   TM 
JOI' iMtKi'i  Tm iirvai IM 

IT'CI IMCII ill  MM    IK   HiTHi 
Hl'OUt    l|  10'   'M  «.C      UM  «IMI 
Itim I'MVi  IMMlfKi   H  ■"' 
IM   111) 

il   UM'   TIMIII«   'M'll   lOMUM «i 
Mil  FI|  »L*ct    mil TM'II  HUM 

il   mtMUKI    H'l   iMVIMll   10 M 
MITHM 

IH   MCULlliMI  M III   MCM   UTINIIT 
Ml   'It'  Ml   fill!     Ill   IM   UM     I'll 
tin   M i »IM M  •      mi litfUM   il 
WimiMU   M<   MCMU   m   l«l   IITll 

•»«I   II  IMMlIKI    ll   II «UCtflUll 
1   i MU ii i t-r. 

i   MW.t Ml  llll   «TTIIM OiMIBIK   T 

CO»   •       ll  OtSllOiO   t(M 
«.»     o ii ii Ht t'liu 
TliHi   It'.-''    '"I   lOSI 

If«'        '■.!     1   MIU'    'lUI 
Mir   it*UIl       ii-«   ■    - 
{»'■Öl    '»1    1"    'U0I    Ii   ■ 
H.l-    -(«.      «L    t    J'llO-      ) 

.i   rou Tii   i« ruci rffli  riüni  fOt i{n 
'0   »Mil      ll   '0.   llll   \)f  JUT   1   llIUI   n 
'Ml   ■*■■   «M  CU  11   Ll   TIKI  .in,.   Hit 
«in IOT at' '■! Mlikit 

-HI    CH'fOl      ■   '«I    'tlllOCt    0«    tu 
MW   Qil'UIIUCIl    .•'"■■.    rH|    M'T«. 
OU'   01    («tUTNIII                1   ■(!•    '0 
.MWi  III   -0  111)  M 1   imi'     IM 
Ul   JU1'   lu   0*11   III   lir 

■ 0   IH.   iOOO   MHUlll '«1   PULI   MMu   Mil   TW  1TIIW 
TIMT  CM'IOt      THl   tlCinil   IMM'  W 
S1ICI   'llfll   «M   HI   11(1   '•!'   til   tnci 
'Mm nil  i mill -n»' HI 

MJICiiMllll   IllfUIll 

nit  It l »IM |.   l.l MCMll   M   rii 
tlfMMKI   il   Ilf   r«||IKI   01   IMVM 
IlllNiWtll     IM   IltIVtU   II   HI   IM 
tm  IHIMIMCII  Mill   III   HIPlMI 
MMCtr-Ud     < M«l»  l ill   I» in   rvi 
MHiiiln MI ill iiciuifi  in« iiirtt 
■•up    i'U  M.I   iS |t||   n • r 

'n   «Ifl   U   1  »IM •■   11   MCMll 
m   IM   »IIINHIKI    il   HI   MltlKi   %t 
Hf   IMMM  »HIMUKIl      I'll    •   •< 
in mriAM I K-T    n  n mu  m 
IM   liMLMI   IK(»T   II    ll   IM   1   LIIIll 
lUIII  H H. ■Ill  ill   uami  11  Cl 
'Mdl 

■ Mi  UO  tlKliM tl" 
I r« •«« fit.« 'o 
moi   riii i.i*uw 
II 1 1'      Pl   TOU tm 
H MlfKl HClim   '0 
■ C«   nC  «»  ■!'"   'Nt» 
• COillOl   il   '«   I'llD» 
H»  11   l«K  11   TOU   mi 

ft- 

H   INI   ItTiTMl   ificua«   UM   il   «ll   l| 
■DM  iMmii.hi  TO |fi um .fi- i , rui 
WHH   *»>i   iM  if   NMfM   «"LI   LMHC 

1     IM   'W   iTI»   IIMHH   'HI.   O«! 
M'   M   IM   liiOll   >il   IlI'Lttt   MULO 

]>     IlLlTifll'   CMl'U'     II   IM   IUOM 
«'V    Till   IMftl   ■!]  1   'Itaili -   10  »011,1 

HOMO   ILMII  CMMMMUlu 

'   i "•omhi  'o TIKI o« 'o oo 
UT'N<i(   il   'H|   MIUMI   01    HI   IM 
0«       ■■ ■-«4«, c,     TM OM  1     ;M      a 
'101    »-      TO«   Ul    Ml'   •[>■(,    'NIQvbi 
Mil  CMl'M'   OUiiil'iM     •»>■   TOU 
lit   TO Ml   IflTI   TW   cAITIOi   ,00» 
'OU   'IIB   10 Mil    IT   .Mil.   M'    IT 
«Mi MT so piiliwii 

■ 0  Iflkil   iMO   »IHUIIl til   MMl'   IIIOIIO     III   lOWIiail 
mei nidi «ii IM 'K io HMumi 
MD   111    »IIIOIMUU    Fl   'UIMHIFI    Ul 
ill    110 

MCMM   «   HI   TMMIfatl   IMfCI   I'M 
MlM  10  llll   II   1  »IM •«   «       !■! 
• KHlIlM IMTM   >l   IM   »lt»l   IlKM 
ll   HI   I'fllWUJtl    il   HMWIIKI      it   n 
CMIHttllll   MI   '*   MSI  CM'   l'"   III 
MHHM     I'll   UM   Uli' 

•Mill    MM.*    HI     IM«    IM   IlTil«} 
UM II tu IM 
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it «•* i.i«ni< M»u    wci mm 
■ ra tiMii   m «II»UW MKI 

ft», an ««• TM1« rtitH Tf MTIJ 

I I «MliOUi  I 'M MIMMI im 

MMHH*        ll'l A il'Ul   M«   Tfl   NIB 
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