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ammo» AKäLTSZS TECHKCAL waKMsnxm m, $ 

SÖBJSGT? Teci?iiqae» for Field Analysis of Fighter Retisle Camera Film 

SUMMARY. 

This memorandus is intended to proride methods of analysis 
of fighter reticle «wn film, sui table for use by units in the 
field.    Ths tsr-kniqnes presented do not hate the accuracies 
required, ar the breadth of application necessary for engineering, 
laboratssy^ or proving' ground 80ftJbrae.Se    Th* tyr»«« of analyses 
presented are* 

a»    Calculation of Sang« and Angle Off • 

b. Determination of Tracking Accuracyo 

c. Kstiaiatlca of Number of Hi    , falls, Probable Kills, end 
Damages in Firing Passes. 

The Calculations of Siege shd Angle Off are presented in Part I» 
The Determination of Tracking Accuracy is presented in Part II. 
The Estimation of Hits and Sills is presented in Part III-    Part 
III has a security classification of SS06ET and is bound separately. 



:PART I 

CÄLC9UTI0KS OF RAHÜE AND ÄKGLE OFF 

.1«    This pert is devoted to the determination cf ranges and angles 
off. $Tca film obtained during caaera. firing passe« at aerial targets. 
H$» techniques apply to either reticle camera installations or OS*? 
eeasra installations. 

2,    It is assumed that the cmera installed in the fighter was the 
standard l6aa fjgjKP camera, with a 1 3/8" focal length lens.   ?or analysis 
of the film, any l6ma projector will suffice, "net a sasgnj f Ication of 
?S;.?3 should be specified.    This magnification ^assents the. screen-seals 
of 1 inch • 1C ails.   ">.* W~2 assessor is con*?*B&ent« eines the scale 
is already established.    With the W-2 ÄSseago^   *>©» prop«? säele »*y us. 
obtained by adjusting tiie distance fron fch» projector to the screen until 
the projected frame dissensions are 30.1 inches x 21.3 inches.    This 
distance will be focr-d to be about 100 inches« or 6 feet k inches. 

3*    &•    The f^llojiitiß seasureiMmt* will -bo i$Kiftr fit the projection 
of the tSuiet on the screen? ••'•••£•*• 

(1)   The distance frop» wing tip -f> wiaijftip (or iron tip 
tank; to tip task in aireraf1£&£ »Äijjped)*    This 
distance will be called.^"«Kj gzfifi''- 

(2) Tho.distance from left wing'tip to the center of the 
tail. -This distance will be*e£!*& BL%    The precise 
definition of what is meant ty "the center of the 
tail" «ill be varied with specific aircraftj it is 
the  center of the taildpe1 on single engine jet 
fighters,' the point of the i^ilcoae ou conventional 
aircraft, and the center of 'the taiiplane an aircraft 

.with boom-type empennage» 
V 

(3) The distance from the right wing tip to the center 
of the tail. This will be called "R". 

b. For making measurements on the screen it will be convenient 
to use a ruler ssr&ed-off in fiftieths of en inch» One fiftieth of an 
inch is apprdxis&taly the accuracy to which nnasrEfentente can be taken 
from the screen Image« In addition, subsequent calculations require 
that the readings be expressed in decimal form, rather -than in inches 
and fractions« The conversion of readings in fiftletht^'of aa! inch to 
decimal form* is a simple process • The procedure is to multiply the 
naaber of fiftieths by two, and then point off two places. As an 
eicaftpl», auppyae that ä measurement is 39 fiftieths of an inch., Two 
tisas 39 is ?8S Pointing off two places gives .t8 inches. Similarly, 
if the reading had been £ 22. inches, the decimal form would have been 
2.?8 inches. 50 



• c» The three points involved in the measurements—the. two wing tips., 
and the center of the tail—form a triangles or, in some special case«, all 
three 11« ott- * straight line» This fact may be used as a rough check on the 
measurement«. If the three points do not lie on a straight line; the smallest 
two meaeureaent-s added together should be larger than the largest iaee«urenent'' 
If the points lie on a straight line* the smjrl-lest two measureaer.ta" added ' 
'together should be exactly equal to the largest measurement* If these 
condititiQ» «re not satisfied, a reaeaj&urement is '-«quired* 

U» ••• The next step in calculation is to divide E by S and to divide 
iby S. The results of these two divisions will be called, as usual, S and 

respectively. 

• -J h L 
.v;    b. The ratios, 3 and xj, should, in general, be calculated to two 

det&eal places to avoid large rounding-off errors in subsequent calculations• 
.ros -«MJQ. value« of the ratios (say« less than one), a third cecisuuL place 
can be used, and will improve the accuracy of the final result«» 

c» Tha ratios may be calculated; of course, by ordinary hand long 
diriaionj however, this method is laborious when large numbers of ratios 
are to be taken» A slide rule will get the ratios such more easily for those 
who are familiar with its use.     •.,.':• 

*>• a« In addition to the quantities already mentioned, it will be 
necessary to determine another quantity called BqM« This is doae "s* means 
of Figure 1» 

b. Figure 1 will be used twice—once with R and S, and. once with 
L and 3. The result of using R and S will be called qR? the result when 
using L and S will be q*» 

Co To be specific, instructions on the use of Figure 1 will be 
given for the determination of qDo The steps to be taken, for either case, 
are as follows V 

(1) Locate the» vertical line corresponding to the value 
of .'$ read from the screen by reading along the scale 
at th-4 bcttcj» of the chart« 

(2) Locate the horisov^al line corresponding to the value 
of E r&*d from the' screen by reading up the scale 
on the left hand side of the chart» 

(3) Locate the point on-the chart where the horizontal 
and vertical lines intersect,; 

(h)    Read off q,. by referring to the values of the curved 
lines on the chart, between which the point of 
intersection fsllc* This may be done with sufficient 
accuracy by visual interpolation between the two' • 
adjoining lines» It should be noticed that if the 
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ooint of intersection is in the lower right hand 
corner of the  chart, below the straight line slanting 
upward diagonally from the lower left hand o.t  the 
chart,  the value of q--  is negative,  or minus; if the 
point of intersection is in the  upper left hand 
portion of the chart above the straight line,  qp will 
be positive,  or plus» 

d»    The  value q will be obtained by  adding together the values 
of qp and q, .    If one or the other of these two values is negative,  it 
will,  of course, be substracted.    As a check on the work,  it can be said 
thet in no case where the work has been correctly carried out will both 
q    and q    be negative;  and in every case where one of the two values is 
negative the other (positive) value will be numerically larger so that the 
net result will always be positive or plus» 

6.    «,    The first quantity to be calculated is "angle off."    Angle-off 
is defined as the angle between the center line of the fuselage of the target 
and  the line from the attacking fighter to the  target.    Zero degrees angle- 
off corresponds to an attack directly on the tail of the target—the six 
o'clock level position»    It should be understood that angle-ofi  so defined is 
neither the azimuth (horizontal)  angle or the elevation angle, but a 
combination of both.     That is,  an attacking aircraft can be  at 30° angle  off 
Kir    honn«     o+     o4 v    «t»%1»».*V    »s-! + V».-. •».    V. •! ~U     ~~    1 .      J •»- -t W~      -4-       l^O -) _      _4»^» Dj    CuiHg   C\>   3J.^V   \j   ^J_\^.I\   So-vUS*    iüj^ii   Ci    iv*)     i. u   i.aii   ai.su    uc    a. u   J\J       BngXS    Uli. 

by being level at seven o'clock or five o'clock»    More commonly,   an angle-off 
will be composed of some deflection in both azimuth and elevation.    In other 
words,  attacks are seldom exactly level or exactly at six o'clock. 

b»    In order to determine angle-off, it is necessary to use the 
angle-off chart appropriate to the target aircraft,  that is, the aircraft 
of which the picture is taken.    These angle-off charts are labeled under 
the assumption that the attack is being made from the target's right side. 
iince the aircraft is symmetrical,  however,   these same charts may be used 
when the attack is made from the  aircraft's left side by interchanging the 
values of |» and §•    These values themselves will tell whether or not 
reversal is necessary.    The smaller of the two quantities will always be  used 
as  trie ordinate  (read off the scale on the left side of the chart),  and the 
larger of the two quantities will always be used as the  abscissa  (read off 
the scale along the bottom of the chart).    If this method is used,  it will 
never be necessary to distinguish between attacks made 1'rom the right and 
from the  left sides,   and the correct value of angle off can be read directly 
from the chart. 

c»    tach angle off chart,is in two parts:    a large scale chart 
for use when both the quantities # ai«i ±* are less than one,  and a small 
scale chart for use when one or both of^the values of § and i is greater 
than one.    There is n« difference in the use of either of ths two sections 
of the. chart.    The division into sections was merely for convenience in 
reproduction. 

d«    In using the chart,  the horizontal line corresponding to 
the smaller of the two values of & and i is  found by reading along the 
scale on the left margin*    The vertical'Xine corresconding to the larg rger 



HL .«f"Mm- values g and g is found by reading along the scale at the hotten 
»f th» chart« "Values vhich do not appear as lines marked on the chart 
«ay be found by Interpolation in both instanceso 

•*.#•    The intersection of the horisental line and the vertical 
line rri.ll b? e point on the charto    When this point has bean found the 
angle off may be determined by comparison with the two adjacent curved 
iT7iiB iffRxcn Awprsaen», _>    J.U^«M V«_I.3 in tugin V^AO    «US «aug.!.« mi **«gr  u« 

' «atäsatsd- to tha nearest degree by visual interpolation between the two 
-e^aeeot lisae.    This value will be recorded« 

' 7»    a*    The final step in the confutation is the determination of 
' the rang«.    This will require the angle-off!; found in paragraph 6 above, 

and q, found in paragraph 5 above» 

b. In the ra?ge graph for the appropriate target aircraft., a 
vertical lins corrospeftding to angle »off will be located reading along 

- the 'scale at the bottom of the chart. 

c. The hcsrisontsuL line corresponding tc q will be found by 
reading up the seals along the side of the chart.    The use of this seals 
en the Ifift hand elds of the chart requires caution, since it is 
•logarithmic.n    The principal difference between logarithmic papsr and 
WUHV7 ipfäph pijjiwr is that the difference in value» between the 
successive lines on the grapn is not constant,    it tne zapoi the graph 
the difference between Wo successive linen is 505  at the bottom cf the 

..graph the difference between two successive lines ie «00£*    pare mast be 
tsjpsm both in locating the two UJIGB between which the given value of q 
lieSj» and also in interpolating between those two lineso 

d«    When the correct horizontal and vertical lines-have been 
. located their- point of intersection is found.    The range ia feet, is 
read off £y interpolating between the two adjoining curved Unas as in 
previous graphs. 

0«    a.    It will be convenient to have data sheets set up on which 
t& Jpbctard the readings and the intermediate step« of the range and 

^•pglif-fflff computationso    Figure 2 is a suggested form for a computation 
sheet.    This sheet has »pace for eight range and angle-orr computations. 
Tte fixat column* labeled sFr*Me Identification*s say be need to record 
**ch iÄf*apa»tdon as pilet's nsssj, aircraft number * mission sas.bsr„ piss 
numtasr».fOr. outer appropriate Identifying lnformetloßo    The balance of 
MB colanas a*s f or th;? film readings 3 the intermediate c ompm tat ions, 
and the final results. 

b«    Example 1 is worked out in the first block of Figure ?» 
In this example it is assumed that the dia&viun appearing in the angle- 
off graph for the F-86F is the iaag« which is  foond on th» ecreesi^ 

(1)    The distance as measured from right wing tip to tail is 
about 65 fiftieths of an inch.    Multiplying 65 fey.two* 
and pointing off two placess we enter 1.30 opposite & 
in 'th« coiuan headed "film readings.• 

6 - 
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(2) Similarly we measure Ls. ttom  the left wing tip to the 
tall2 a» 28 fiftieths of an i nch, and Su tl» distance 
bstüsss the two*'wing tips» as 61 fiftieth« of an inch« 
Accordingly we enter L on the sheet &e »56» and S as 
1022. 

.3. ~'- ths r.cxt CSIVMUU on tha werk shsöt headed "ifatiö©«*5 

He unter the ratios § and i» £ is. 1,30 divided by 1.22. 
or lo07o ^ ie .56 dfvided°by 5i<»22* or „i|6. 

(U) The next step is to ceapnte q« Using Figure 1. we find 
the line corresponding to 1.30 (R) by reading along the 
«sale at the left hand side of the chart« W» find the 

. vertical line corresponding to lo22 (S) bj reading along 
the scale at the bottom of the chart» The point of 
intersection pf these two lines lies between the curved 
lines labeled q ' 1 and q * 1*5 ° ly visual estimation 
we interpolate qR to be 1<,3HS and enter the result on 
the ^or?? shestv 

(5) To find q„s the sane vertical'line corresponding to 
S - 1*22 mil be used, but along the scale at the left 

'   of the chart w* will locate ttie horisontal line 
. corresponding to «56 (L)0 The- intersection of these 
two liftes lies between the straight line for q « 0 and 
\he carved line för a • «£. ßy interpolation we estimate 
qg • °o06» 

(6) Adding Q« to q_ (resembering that-q» was negative), 
obtain q> 1.26« . 

, J- ^7 
(7) |t» smaller than g so the angle-off graph will be used 

•5 labölvue Gn the angle-off graph it will round that 
the section on the right hand side of the page mast be 
used because § isTgreater than 1» The horizontal line 
corresponding to £ * «lio is found by reading along the 
graph at the left of the right han<L,0ection of the chart« 

*   The vertical line corresponding to£B 1*07 is located 
by reading the scale along the bvttSs of the chart, 
interpolating between the lines corresponding to 1.0$ 
and lolO«    The point of intersection of these two lines 
will be found to lie between the carved lines .labeled 
63* and 66°> a littls closer to the 63° line*    As a 
consequence we write on the working sheet 6U° under 
"angle~off«n 

(8) Prodeeding to the rang* graph for the F-86F we fiad 
q * 1«26 by reading along the logarithmic seal* at 
the .left hand side of the graph»    Lines are labeled 1   - 
shd 2.,  and the intermediate line vmlabeled between 

8 
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the« correspond* to 1>5^    fcsssequentl^r the horizontal 
14i» correApcadlBg' to'q «• lo26 lies about nldvay 
betww»a tfc© Hae lafeellfri 1 «rid the u»labeled. line 
above it;  slightly closer to tha latter.    The vertical 
line cerriwiponding to ?*$ angle off of *h° is found ty 
reading «long the eoila et the bo*toe of the graph. 
T&e ici*rgecti3ü of ihase ttto line* «1X1 be found to 
lie betsfeeoa the curved lines labeled 1^0 feet and 

„ 1500 feet3  a little cloeer to the iaitero    As a 
sonseqpBeneXj, we enter under ersngen ItOO feet* 

e«   SjouHpls« 2 end -3»  applying to an F~öMG and a 3-«50 respectl~eäy, 
or« preeeofcad in the second and third block« of Figure 2,    The !ifi2a readdLaga" 
«4-mafe .far 'tifteaa .examples are iaaginaryj  and are used only for illustration 
Fallowing "Wscpough these computations vlll give additional practice in 
eoapnteaiisi cf range and angle-off • 

T*   'Bange nod Angle-off graphs are attached as folio»» 

a'.    F-ooF. iappllcable also to other.models sf the S~66) 

b»    F-BUO (Applicable a3#o to. other straight-ying supdele of the 
F-SU) ,        •>.•:*•  l<* V 

e. Br&) (Applicable also to B-29) 

d« Meteor 

•*.•'• Ttxpire 

fo Canberra 

9 



,'VHT  II 

THir   ! 'TitRi'lNATrON  UF TuAC'.'.ING ACCURACY 

1« a» This part d^ais with the estimation of tracking accuracy from 
reticle camera film.    It is not possible to determine tracking accuracy from film 
eh+pined   V,tr    an   nrri-yrmir'vr   !'t;JP   «-»omer-a    i no* all ot.i fm . 

b,     it is supposed that range  and angle-off have been calculated for 
several points  in a burst by the methods  of «art Ie 

•- 9 -j ? - • \« v«.«. ts A. !_»** ti *.     ^ J-^ HI    * v ''uiii^-j     on-     *  <^v^ v J.A v* \a     vw     v.' w wuj.1i      «/A avriiug     avV '-•.>• ciw > « 

The   first step in obtaining these film reaaings is to separate the frames of 
film into the groups which constitute a "burst."    A burst starts with the first 
frame in which the over run marker in the upper left hand corner of the film 
does not appear,  and stops with the last frame oeiorc the over run marker 
appears» 

b»     (1)     The next step is to count the tot'al number of frames in 
the burst»    'ihls will be called No 

(2^    The next step is to count the total number of frames in 
which the center of the pip is  on the target»    It will 
bear repeating that the center of the pip must be on the 
target, rather than the edge of the pip.    At short ranges 
this distinction will make little difference,  for the 
screen image of the target will be large compared to the 
size of the pip,  and usually when the center of the pip is 
on the target the entire pip will also be on the  target. 
ft long ranges,  however,  the pip may be approximately 
the same size as the image  of the target and appreciable 
differences may be introduced.    At long range it may be 
also necessary   to estimate whether the  center of the pip 
is on the target since the image or the pip on the screen 
may obliterate part of the  ima^e of the target.    The 
number of the frames in which the center of the pip is on 
the target will be called n. 

3. a. The first s'oep in computation will be to divide n by N. This 
ratio will be called p, the percentage cf frames with center of pip on the 
target. 

b.     The next step is to determine the average range and average 
angle-off of the burst.    It is not extremely important how this average is 
obtained.    If a number of range and angle-off determinations have been made 
daring the burst,  an observation near the irlddle of the burst may be used 
as the average.     If the range and angle-off at the opening of the burst and 
at the closing of the burst have been computed,  the ordinary arithmetic 
average of the opening and closing ranges,   and opening and closing angles-off, 
will be  adequate. 

Li.    The  cirea presented by any aircraft varies with the type  of aircraft, 
and also with the angle-off from which it is viewed»    In addition, the tracking 

in 



problem presented to the pilot is an angular problem-"*that is» his presentation 
is in loils,  rather than in feet»    It is  therefore important to find cut the 
"angular area" presented to the pilot by the  target aircraft»    Ihe  conversion 
from area of target in square feet to ares  in angle measure Involves the range. 
angular Prea Tables are presented for each target aircraft,     !.n these Angular 
Area Tables the a/erage range i3 located by reading down in the  left h?nd 
Column»     Ihe  average angle  off is located by reaalng  »pros?  the  top-     For 
most puyoses  the «jeaiest value to the  average  range ana eversce  angle  off will 
be adequate»    For greater accuracies,  it is possible to interpolate in the 
Angu 1 *> Y* /rea Tables* 

5» a» Tracking error is aetermiied by use of Figure 3» The quantities 
necessary for /he ua« of Figure 3 '^re p (found in paragraph }i  above), and the 
angular .^rea of the aircraft, (found in paragraph h  above)» ^he result read 
fro«: Figure i will be the tracking ?/-rira.~y in mils» The definition of this 
tracking accuracy is the one usually used, and is more precisely defined as 
the standard deviation of the bivaiiate normal density distribution of tracking 
errors» -ft is beyond the scope of this memorandum to RO into aetail about 
the technicaJ definition, but it may be stated that in most ca.^es approximately 
UO? of the time the center of the pip will be within one standard deviation 
of the cente: of the target, 

b« In the use of Figure 3* the angular area is reaa in the scale 
along the left hand side of the chart, and the corresponding horizontal line 
determined» This scale is "logarithmic", and is used like the similar scale 
on the nange Graphs, described in Fart I« p, the percentage oi frames with 
center of pip on the target, is read in the scale along the bottom of the 
chart. The vertical line corresponding to the observed value of p, and the 
horizontal line corresponding to the observed value of the angular area, 
intersect in a noint» This point will be used, as in the other graphs, for 
the reaüing of tracking accuracy from the curved lines of the chart» 

6« :.xamplft: 

a. Suppose the following situation.' 

Target aircraft F-R6F 

Opening Range 2600 feet 

Closing tujige 2200 feet 

Opening Angle-Off 19° 

Closing Angle-Off 11° 

Number of Frames in hirst * 63 

Number of Frames with Center of rip on 'target * 17 

11 
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b« Tn this situation, 

n n   17 
P • n  • 7x  " »2-, 

19° ^  11° 
aversge angle off • ——v? "  • lb" 

2600 - 2200 
average range    *     ~£   "*"""" * 21*00 feet» 

C* From the angular Area lable for th3 J--86F, using the average 
angle-orr of i?°. md  an average range of 2u00 fett, we obtain (by interpolation) 
kk  aa the angular area. 

d» By use of figure 3» with p * .27, and angular area • hh?  we estimate 
tracking accuracy as U mils. 

7» Attached at the end of this part are Angular Area Tables for the same 
aircraft as were listed in • art I, paragraph 9» 
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ANGULAR AREA TAKLE 

F-86F 

*• Average 
| Range 

(Fe*ij 

Average Mgle-Off 
.. 

0°  | 15° 30° | U5° 60° K° 0 
90 

i      ?=;n 9019  1 
1 

• i 
• 

8192 11.920 1 

"    1 
13,680 

1     ' 15,UW) 

500 728 896 8 1372 
• 

i 
20U8 2980 ; 3^20 3860 

1000 182 22a ! 31*3 512 7U5 855 965 

2C00 1*6 56 86 128 186 21U 2iil 

3000 20 25 38 57 83 95 107 

U000 11 Hi 21 32 1»7 53 60 

5000 7 o Ü4 20 30 31 39 

6000 5 6 10 1U 21 2u 27 

7000 it 7 10 15 17 20 

8000 3 r   3 
1 
1   5 8 12 13 

1 

15 

9000 2 '1    k 6 9 
1 
,   11 
L ,. -J 

12 



ANGULAR AREA TABLE 

F-8UG 

——i 
Average j 
Usage 
(reet) 

r-  Average Angle-Off 

0° 15° 30° US0 j 60° 75° 90° 

2$0 
• 

25oo 29hh U59* 6928 11 t£\. 

500 592 736 11U8 1732 2360 2916 3300 

1000 1U8 131* 287 U33 590 I w 825 

2000 37 U6 72 108 JLU8 
1     { 

ion 
MJC 

j 
206 

3000 16 20 32 U8 66 81 92 

Uooo 9 12 18 27 37 1*6 52 

5000 6 7 11 17 2k 29 33 

6000 It 5 8 12 16 20 23 

7000 3 u 6 9 12 15 1? 

8000 2 3 U n 
t 9 il 13 

9000 2 2 h 5 1'  7 9 !   10 
1 

• 



ANGULAR AKciÄ TAtaE 

B-50 

Average Angl«-0.ff 

Bmgt 
(F«ei) 

0?    i    15° 30° 1*5° 60° 90° 

250 22,512 | 2U,928 31,776 1*1,152 50,736 58,lliU 61,616 

0628 6232 791*1* 10,288 12,681* 3i*,536 15,1*01* 

100Ö U*ö7 i35o 
 ,r"'• •""••• 

2572 ;»3.71 3851 

2000 352 390 1*9? 61*3 793 909             963 

3000 1?3 221 286 352 liOU 1*28 

04) 
7'. 

int. 
AC«* 4«A 158 227 

5000 56 62 79 103 126 11*5 15U 

6000 39 1*3 
• 

55 72 88 101 107 

;   7000 29 ; 32 U 52 65 tu 79 

I   8000 22 31 «•V ».0 

• 
60 

i 9000 
5 

1? 
1 

19 21* 39   l     U5 
3 

U7 
 ! 



ANGULAR AREA TABU 

?tete? 

 — 
9 Anrege Angle »Off 

Average 1 
R&age 
(feet) 

0° «• 30° 1*5° 
• 

60° 
1 

75° 90° 

250 2512 3168 5ö2U fo*2 10,U6i» 12,928 11*, 592 

500 628 792 1256 1908 2616 3232 36U8 

~ 1 
198 3lU U77 651» 808 912 

<VWVk tvuu .»7 
,, pw 79 119 1* 202 228 

3000 17 22 " 35 53 73 90 101 

Uooo 10 12 20 30 Ul 51 57 

5000 6 8 13 19 26 32 36 

6000 b 6 9 13 '   iT~ 22 25 - 

7000 3 U 6 • 10 13 16 19 

8000 .-1 *"  3 5 7 10 13 1U 

9000 2 

— !•„-,-      , 

2 u 

• 

6 s 10 11 



AKGUIAR AREA TAPIS 

TJ_ a .  



ANGULAR AREA TABI£ 

Canberra 

Average 
Range 

Average Angle -§ft 

0°  1 *•' U5° 60° 75° 90° 

250 5120 638U 998U 15,072 20,62k 25,536 28,96ö 

500 
1 

1280 1596 2U96 3768 5156 638U 72UO 

1000  | 320 399 

_ _ .„ 
i 

62U j 9U2 1289 1596 1810 

200^ 80 100 156 j 236 322 399 U53 

3000 36 kk 69 105 1U3 177 201 

ilOOO 20 25 39 59 81- 100 113 

5000 13 16 25 38 52 6U 72 

6000 9 
11 

17 26 36 kk 50 

jj  7000 
• 

7 ft 13 
! 19 26 33 37 

8000 5 6 10 15 20 25 28 

9000 U 5 8 12 16 20 22 



ANGULAR AREA TASSE 

B-**7B 

Average AT9T&S4 An&X&'mO?f 
Hange 
(F*9fc) 

0* 
„.. -p.... 

30° 1*5° 60° -       ^n "90^ 

250 8336 11,821* 21*760 35,856 51,328 65,152 7U,992 

500 2081; 29^6 5!U*o 8961* 12,832 16,288 18,71*8 

1000 521 739 1360 221*1 3208 1*072 1*687 

2000 130 185 3U0 560 802 1018 1172 

3000 58 82 1Ä 2U9 U52 521 

1*000 33 1*6 85 11*0 201 255 293 

500C a 30 5U 90 128 163 187 

6000 11» 21 38 62 89 113 130 

7000 n 15 28 1*6 65 83 96 

8000 8 12 21 3^ 50 61* 73 

9000 6 9 17 28 39 





F-86 RANGE GRAPH 

* • 12 IS » £1 24        27        30       33 3S        »       42       4*i        4fe        91 94        97        6O        63        6«        S9        72        79        7(1 81 84       87       »G 

ANGLE    Of    (DEGREES) 





F-84 RANGE GRAPH 

0        3 8 9        II:       IS        18 2*       27        30       33       36        38       42       45       48        51        54        J7       60       63        6S      f69       72        75       78       61        84       87        90 

ANGLE       OFF    (DEGREES/ 





8-50   RANGE   6RAPH 
I 0 0.0 
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METEOR RANGE GRAPH 
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VAMPIRE      RANGE CRAPH 
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CANBERRA    RANGE GRAPH 
ICOO 

ANGLE       OFF   (DECREES) 
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