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This report summarizes design studies of new dichromatic neutrino 

beams to replace the old dichromatic target train1 which was used 

primarily for experiments by the CIT-FermilabGroup. The old train 

could run for hadron momentum below 170 GeV/c. Its targetting angle 

was 6 mrad with a solid angle acceptance of 12 µsr. The primary 

design goal for the new train is to raise the hadron momentum to 

350 GeV/c in order to utilize the accelerator operation at 400/500 

GeV/c, to reduce wide band and wrong sign backgrounds by orders 

of magnitude, and to improve momentum definition. 

We will discuss two new designs, Train N-30 and Train Q-30. For 

comparison, we will also discuss a "hypothetical" old train which 

can run at 300 GeV/c (for convenience, the horizontal and vertical 

planes are interchanged with respect to the actual old train) • 

Train N-30 and Train Q-30 employ conventional iron magnets and have 

point~to-parallel focussing in both horizontal and vertical planes. 

They fit in the present target tube of 200 feet in length. Other 

focussing modes, such as point-point-parallel2 , do not seem tn be 

feasible without lengthening the target tube. Details about optical 

properties for the new trains will be described elsewhere3 • 
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HYPOTHETICAL OLD TRAIN 

Details about the old train are discussed in Reference 1. Beam 

parameters are summarized in Table I. Some properties are shown 

here in order to stress clearly some improvements made for the new 

train. Figures 1 and 2 show computed fluxes 4 of neutrinos and 

antineutrinos for a detector of 1 m radius. The train is set to 

300 GeV/c for primary protons of 500 GeV. Collimators are set to 

the normal open conditions. Wide band backgrounds and wrong sign 

backgrounds are also shown. 

Figure 3 shows the momentum acceptance computed by the TURTLE 

program5 which assumes input particles with a uniform momentum 

distribution. It has a tail on the higher. momemtum side, 

A two dimensional plot of x v8rsus 6p/p at the end of the train is 

shown in Figure 4. In order to reduce the flux of particles with 

higher momenta, an angle slit was closed at the negative angle side 

in some of the actual runs. The poor momentum definition is a severe 

disadvantage of this train. 

N-30 TRAIN 

Figure 5 shows a schematic drawing of the N-30 Train. The 

targetting angles are 11.737 and 1.283 mrad in the horizontal and 

vertical directions, respectively. Beam properties are summarized 

in Table I. The first five quadrupole magnets are horizontally 

defocussing and are displaced to give negative bends as indicated. 

Bending magnets, Dl, D2 and D3 are rotated about their longitudinal 

axis by 30° c.w., 24.38° c.w. and 20° c.c.w., respectively, in order 

to give vertical deflections. All the bending magnets, Dl-DS are 
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are Main Ring Bl magnets (10 or 20 feet long} and quadrupole magnets 

are also Main Ring quadrupole magnets (7 or 4 feet long) . Table II 

gives operational parameters for the magnets. Excitation currents 

are 5000 A or less at 350 GeV/c. 

The first bending magnet, Dl, is very effective in suppressing 

the wrong sign background. The vertical deflection is introduced 

to reduce the wide band background. 

Figures 6 and 7 show computed neutrino and antineutrino fluxes 

for a detector of 1 m radius. The momentum of the train is set to 

300 GeV/c for primary protons of 500 GeV. Wide band and wrong 

sign backgrounds from the two-body decay are also computed and 

shown. 

To illustrate how the wide band background has been reduced, 

neutrino fluxes and wide band backgrounds for two earlier versions, 

Train K and Train N, are shown in Figures B and 9, respectively. 

Train K does not have any vertical deflection; otherwise it is 

exactly the same as Train N-30. Train N is identical to Train N-30 

0 except for 30 rotation of the first bending magnet in the latter. 

Figure 10 shows a computed momentum acceptance. A uniform 

momentum distribution is assumed for input particles. Two dimensional 

plots of correlations between horizontal and vertical production 

angles (x and y ) and momentum (~p/p) are shown in Figures 11 and 12. 
0 0 

A strong correlation between x
0 

and ~p/p is seen. Particles with 

higher momenta correspond to large negative production angles. Since 

the production cross section for these particles at high energies is 

very small, a long tail at the high momentum side is suppressed. 
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This is also true at the low momentum side. Therefore, an effective 

momentum acceptance is considerably smaller than that shown in 

Figure 10. No correlation between y and ~p/p is seen. 
0 

Particle 

distributions for the horizontal and vertical planes at the upstream 

end of Enclosure 100 are shown in Figures 13 and 14. Figure 15 shows 

a correlation between the two distributions. 

TRAIN Q-30 

A schematic drawing of Train Q-30 is shown in Figure 16. Magnets 

with large apertures, 6-3-120 Beam Line Dipole magnets and 4Ql20 Beam 

Line Quadrupole magnets are used for a triplet focus arrangement. The 

narrow vertical aperture of Main Ring Bl magnets (1.5") precluded a 

triplet arrangement in Train N-30. 

Table I summarizes beam properties of Train Q-30. One of the 

advantages of the triplet arrangement of this train is that beam 

optics can be made symmetric in the horizorttal and vertical planes. 

Magnifications at Enclosure 100 can be matched to allow a reasonable 

muon beam in the Muon Laboratory. A larger aperture gives more 

neutrino flux and it is particularly advantageous at lower energies 

where production cross sections of mesons have a wider angular spread. 

Figures 17 and 18 show computed neutrino and antineutrino fluxes 

for a detector of 1 m radius. The momentum of the Train is set to 

300 GeV/c for the primary protons of 500 GeV. Intensities and spectra 

are essentially identical to those for Train N-30. Wide band and 

wrong sign backgrounds from the two-body decay are also shown. The 

wrong sign background is effectively reduced by the first bending 
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magnet as in Train N-30. The wide band background is reduced mostly 

by vertical bends which are provided by rotations of the first 

six bending magnets. 

Large cross sectional dimensions of the magnets, 70 cm H x 

65.4 cm V, make such arrangements extremely difficult inside the 

target tube of 180 cm in diameter. 

Train Q-30 represents the extreme limit of rotations and 

displacements of these magnets within the confines of the target 

tube, though some modifications in bed plates and changes in the 

beam line in the Neuhall are still required. Momentum acceptance 

is shown in Figure 19. The distribution has a sharper fall off at 

the high momenta than that for Train N-30. This is a result of the 

smaller value of the 1, 2 component of the transfer matrix for the 

triplet in the horizontal plane when compared with the doublet. 

Figures 20 and 21 show two dimensional plots of x versus ~p/p 
0 

and y
0 

versus ~p/p. Horizontal and vertical particle distributions 

and correlation between the two distributions are shown in Figures 22, 

23 and 24. 

CONCLUSION 

Train N-30 seems to be preferable to Train Q-30 for the following 

reasons: 

1. The wide band backgrounds are much smaller for Train N-30. 

2. Neutrino flux gain due to the large aperture magnets in 

> Train Q-30 is at most, 10% at higher energies (~300 GeV/c) 

and only about 30% at lower energies. 
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3. Train N-30 requires minimum changes in Neuhall for the 

500 GeV accelerator operation. On the other hand, 

Train Q-30 requires sizable beam steering in both the 

horizontal and vertial planes in Neuhall. 

4. Costs of the magnets with two spare magnets (one quad and 

one bend) are $100K and $406K for Train N-30 and Train 

Q-30, respectively. 

5. Mechanical construction might be more difficult for Train 

Q-30 because it uses heavier and larger magnets. 

Some of the disadvantages with Train N-30 are: 

1. A large magnification in the vertical plane at Enclosure 100 

reduces muon intensity in the Muon Laboratory. 

2. No spaces are available for beam absorbers before the end of 

the fifth quadrupole magnet. Therefore, the beam must be 

dumped inside the magnets on fixed aperture collimators. 

One of the significant advantages of Q-30 is the flexibility 

derived from the remotely controlled, variable aperture 

collimators. 

3. At sufficiently low energies, fluxes fall off due to the 

limited solid angle acceptance of the train. However, in 

any event, other train systems are more advantageous in 

h 1 . 6 t e ow energy region 

4. Coupling between momentum and solid angle acceptances in 

worse than with Train Q-30. 

Since the primary beam must be dumped near the target, very 

localized and fast heating problems must be solved. 
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TABLE I 

SUMMARY OF BEAM PROPERTIES 

TRAIN OLD N-30 Q-30 

Nominal Maximum 170 350 350 
Momentum 

(GeV/c) 

Production Angle 0 0 0 
(mrad) 

Targetting Angles 
(mrad) 

Bend Plane 6 11.7 9.7 
Non-Bend Plane 0 1.3 2.3 

Angular Acceptance* 
for !J.P = 0 (mrad) 

Bend :Plane 1,17 1.31 2.16 
Non-Be:rid J.?lant 2 ,34 2.20 1.81 

Solid Angle Acceptance 11.0 11.5 15.7 
for !J.p = 0 (µsr) 

* The angular acceptance for !J.p = 0 is defined by the apertures of 
the bending magnets only. 
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TABLE II 

OPERATIONAL PARAMETERS FOR THE MAGNETS IN TRAIN N-30 AT 350 GeV/c 

POWER SUPPLIES :MAGNETS FIELDS CURRENTS POWERS 

1 Dl - D4 18.84 KG 5000 A 444 KW {DC) 

2 D5 9.1 2400 17 

3 Ql - Q5 248 KG/m 4600 438 

4 Q6, Q7 243 4500 ·182 
. .. . ~ ~· 

1081 

{Train Q~30 uses 800 kW(DC) total for 350 GeV/c.) 
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T~~ C-QlLOWING IS ~ HISTOr.RaM OF' OP/P F'OR 25BO RAYS 

---·-------·-~----------- -·------ -··-·----- .-..... ··---·· .... ··•··· ···-··· ··-· ----· ....... -
I NTE 0 .v ~L SCALE FACTOR: iCO X•S EQUAL 201 RAYS 

... ~ r:"" S T ~ r. 'I - ~ n • ~ :i fJ (' -"r. 00:1 rn :..1+5.J;~ --- o·-· -- -· ---··,-·----·----·---·---···--·-· 
-1.~.1~-; "'ti -t..'l.JC 1: • 5 X". 
-4r.,.·1 rr -'s.1ra .... _____ 12 _____ xxxxx __ 
-3.,.,r:J Tl"! - 7 ri.110 21 x:n:-<xxxxxxxxx 
-:i:.'!r.: ro -2c;, j'.·c 54· xxxxxx:i:xxxxxxxxxxxxxxxxxxx 
-2 r.. ~ '.~ ') i (' -'.'C. ;) .J ..... _ 1?2. ___ xxxxxxrxxxxnxxxxxxxxxxxxXXXXXXXXXX)'XXXXXXXXXXXXXXXXXXXXXXXX 
-?-1.JQJ Tn -1s. JOC 1&7 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
- 1 r.Jr• rr -1c. ;co 1so xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
-1' .... c ~ T n . '. c:;. 1::' ".' ···•··· •.• 1 q .. >:'<XXXX>'.XXXY.XXXYXXXXX XXXXXXXYYXXllXXXXXXXXXXXX >:xxxxxxx·xxxx xxxxxxxxxxxxxxxxx xxxxx 
-~. :·1 TO • 2~r 2?1 xxxxxxx~xxxyxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxllxxxxxxxxxxxxxxxxxxx 

.~r~ rn ~. i~o 1eB xxxxxxxxxxxxxxvyxxx~xxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx)xxxxxxxxxxxx 
r.~~~ T0 1~. l~C ____ 167 _ X~X~XXXXYX~XXXXXXXXXXXXYXXX)XXX~XXXXXXXXXXKXXXXXXXXXXXYXXXXXXXXXXXXXXXXXXXXXXXXXMXX 

1c.o~, TO 1s.1cs 157 XXXXXXXXXXXXX)XXXXXXXXXXXXX)XXXYXXXYXXXXXXixxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxx 
1~.~~~ Tn ?r.1oe 12& xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
? r •• '.l 0 ~ -r 0 2 c-. 'HJ~ __ ···--· 91 ______ XXXXXX X XX.X XXXXXXXXXXXXX ;(XXXXXXX YXXX> XXXXX XX.XX 
?~.~sJ r~ 3:.~~o 101 xxxxxx~xxxxxxxyxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
3'. 0 ··" TO :is. ;n;; 67 XXX.'<XXYXXXXYXXXXXXXXXXXXXXXXXXXXX 
~ r, ;Jr-; Tfi __ 4:1, ~~C _____ 7? ·--·· X:·O')'.XX}'.XXXXXY.XXYXXXXXXXXXXXXXXX>"X:XXXX 
4r,'l~" Tn 45, .iC~ 75 XXXXY.lO'.XXXXY.XX:>:XXXXXXXllXXXXXXXXXXXXXX 
~~.~~J ro sr.10Q f6 xxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxx 
c•.i0~ Tn 55.)C" ~1 XXXXXXXXXXXXXXXXXXXXXXXXX 
Sr;, r:] C T!" --- F,( • '°''}°) ·---·----·r.;0--·- XXXf<XXXXXXXXXXXXXXXXXXXXXXX ····· --- ..... ······· 
~--~.:) ~ ~ rn r-,i;. ~(I 0 ?9 XXXXXXXXXXYXXXXXXXX 
~r.1·:~ -:"" 7~. JC·J ________ i;;q _ .XXXXXXY.XXXXXX)'.XYX'<XYXX)l'XXXXXX 
F. ~ :~ TO 75. ~'1~ r..g XXXXXXY.'<XX·>'XXXXXXXXXXXXY. 
7r.J~~ TO sr.~00 ~7 XXXXXXXXXXXYXXXXXXXXXXXXXXXX 
pc. 'B'.' T 0 ·- qi;;, 'Jv f) _________ 71t. ____ xxxxx•.O'X)<.XX)( XXXXXXXXXXXXXXX)IXXXX'(XXX - --
'1 S • .Jr '1 TO qi), ~:'l !...~ XXXXXXXXXXXXXXXX.lCXX 
Qf. ~ ~: TfJ gc;; J~ ~ oi. xxxxxxxxx·o.xxxxi<:xxxxxxxxxxxxxxx 
q", ~~c ro _ 1:1::>, aac• __________ :;3 ___ x:o.xxxx:o:xxxxxxxxxxxxxxxxx _________ _ 

G >:? E tT "' ~ TH Pl 10 !! , ~O 0 0 

·--------·ffr~·TE~-;;--·-T9~4~1-··-·-R~·s·-HALF-\~IOTH-·;;-·-····34;·a·s-z··--------------. 

'-lO 5 OF ~P/~ IN PC 19. 20'.l i:"T FP.O~ THE TARGET,FL4G AT 157,000 ~T 

Figure 3 
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TWO OI~E~SI1NAL PLOT OF X VS QP/P 

,.Ji)O lOG.COO TOTALS 
I4•---•·---4•---••---••---••---~•r--------

-:3-,orc __ rn :-.2.~c1r r c 
-2.8~lJ TO -2.6Gf• I 421 I 1 

2.soo TO -2.4~J I 135756744 24212 I 53 
2_._4 Qf1 ___ J_O_ _____ :-:2-11_2".21_ :c _____ 3 __ J,f3_!l_G £+~.!+: 2 ___________ .. _________________ 2 2 _ _ _? __ J -~-8 _ 
2.2ou TO -2.000 I 66CC799571 121195 I 93 
2.aon ro -1.soa r 142884A6799446 13522 r 95 
1~.-3.00 ____ IP _ -.. --.1· 5f.!O I_ ____ J_;3:3_?_G757-71+~rn5-~~_:1, ______ 2?:t,. __ 12_±~_J_ 96 
1e6Cry TO -1.40~ I 2568A7783797325212 412S14533 I L27 
1.400 TO -1.20" I 56A793977884B36552131222221 I L33 
1.~ZJ1JL_IP ___ .'."'_1_._0.Q.O __ J _____ 35_9.f~.o-~_E\.£32.1..1:+ 3_1.§_? __ ~_?_? ~-§-~§9 t~_1 _ _! l4 7 
1.000 TO ~.~aa I ~~6A~766A285212227221 4223 I L01 
-.son TO -.60~ I 2g99g7SB6476525 21 211412 I L11 

.:::.t..9J>...Q-1_Q _________ "':_,_ ~cu ____ I _______ .!t_8-.7Ztl~_l}_'.3Ji_J. 3 5-_4- ~ ~g_~t ~_2 ___ .3-t2J._ .. J 1 o o 
-.4on TO -.20D I 69C8796344461 341132332155 I 112 
-.2Gn ~o .o~a I 2Bsa11ass12232s2 31211s111 r 96 

__ .!...QJ1_~ _ _IQ _________ ! __ aO_!l __ ~----------~ 8~_?_A_?_§..53_5-§_;32?_~?5~J3}~_~_41,_~ ~J._g_ 
.2crn TO .400 I 76A799A5474362723 1346313 I 122 
.400 TO .630 I 6908A85324~764323 721 112 I 114 

____ ._ 6 flJL.I_Q __________ ~JHL~'..._J __ ---~--2-.l_+_§.§.Q_§.~_~_t}.§_5-_1!342~o ___ ?J_. g_? __ ~ 97 
.aory TO 1.000 I 4C87EAC428 35 122 32 123 I 106 

1.00~ TO 1.200 I 3E7AF876124 626314443342 I 119 
_1_.._z_p_Q__L0 ______ _1._1if'.!L.J_ _ __ §.§_9 7~__§-~~~~!+-~2_2 i_?_g_~ ~J._~J ___ J g 3 
1.400 TO 1.600 I ~7A67416243231141381 1 I 79 
1.6~0 TO 1.sca I 29A874623442413 2123222 I 83 

, 1..JJOJL_ I.O ________ 2_. _D.D iJ __ :C ___ ___ 95 ?§_Q.f>l!+ _ ? ~-'±5-_6_?.?J:.~J,J~ 2-_J __ 9\L 
::.z._ooc ro 2. 21J!J r 1sao51+1+22E.323432114 35 l 12 
2 • 20 0 T 0 2. 4 0 ~ I 4 8 6 6 97 3 5 4 5 3 2135 3 21121 l 61 

.. ,2._!t_OtLJJ': .... __ 2 •. 6C 0 I. .. _____ Z_31,~Q~ir 2.~2 ?_~_2_2JZ __ J,:!,~-~--J 61 
2.soo ro 2.1=101 r 111 12112 1 1 1 12 
2e.Stl!) TO 3.000 I J 0 

I I 
I I 

---------------· ··--·- -- _______ !, ..... ______ 1.,__;1,.JJ,_?J._11,1,_1, _________________ ··· ___________ _L __ __ 
I 1252685~86529067765535457465 I 

TOTALS I 052742707187761175561699974043 I 2580 

TOT .l\L N UM 8'-::R OF ENT RI !:S ::: 258D INCLUDING UNDERFLOW ANO OVERFLO~ 

U~DERFLOW OVERFLOW 
---~----------· -·-------------c;c-Ross _________________ ---·-i;-------·------····-----·-0--------------·-·----------

oow N c c 

NO 21 TWO OI~ENSIONAL 0 LOT OF 
0010 IN DC 157.000 FT 

v IN IN 1~7-"Sl ~T 

Figure 4 
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THE FOLLOWING IS A HISTOGRAM OF OP/P FOR 2309 RAYS 

LFSS THAN -40.000 0 
-4C.:)Cf3 TO -38.00C 0 
-3~.ooa TO -36.000 0 
-3E-.aoo TO -34.000 0 
-:; 1 •• ~cJ TO -32.0t'O 0 
-32.QOO TO ..:30 .oco 0 
-3~.ooc TO -28.0CO 0 
-2P.QQ~ TO -26.000 0 
-2t.(J'.l0 TO -24.000 0 
-24,~Q.) TO -22.000 7 
-22.2r:~ TO -2C,GJ~ zq 
-2.:.cou TO -111.coa 45 
-if."J() TO -16.0GO 58 
-H.C:OO TO -14.000 87 
-14,C:JO TO -12.000 8 3' 
-12.GOO TO -10.000 ll6 
-1c.cco TO -a.a co 119 
-~ • UJ TO -5.000 127 
-f. c (!'.) TO -4.00~ 12~ 
-1.. o o a TO -2.000 128 
-2.coo TO a.coo 140 

c. a a a TO 2.000 137 
? • CJC TO 4 .c 0 0 139 
I.. 0 c 0 TO 6. 0 0 0 12'3 
E • l'1 'J 'J TO e. o ca 1aq 
e. a a: TO 10.000 '32 

it. c '.)'! TO 12. (. 0 (' 10 e 
12. ::' 0 0 TO 14.000 111 
11..,(":C TO 15.COO 70 
H. OGS TO 111.000 74 
18.iJ(;ti TO 2 c. 0 011 56 
20.~ori TO 22.000 4~ 
22.'.)00 TO 24,0t'O 41 
2<.,0JC TO 26.GOD 34 
2?~~G1J TO 2 8. (1 ('. (! 28 
ZP,000 TO 30.000 32 
3C. 0 0 0 TO 32,COO 24 
32.000 TO 34.000. 14 
3L,QQO TO 36.000 22 
3E. (':)[ TO 38.00C 1B 
? a. o ac TO 40.000 13 

GPFATfR THAN 40.000 0 

CENTER = 

SCALE FACTORS 100 x~s EQUAL 140 RAYS 

xxxxx 
xxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxyxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxrxxx 
xxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xx( 
XXXXXXXXYXXXXXYXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXYXXXX ' 
xx xx xxx x xxx xxx:oxxxxxxxxxxxxxx xnx xx xxxxxxxxxxxx'x xxxxx xx xx xx xx xx xx xx x xxx xo xx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXX~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXiXXX 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXX)XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)XXXXXXXX 
XXXXXXXX)XXYXXXXXXXXXXXXXXXXXYXXXXXXXXXXXXXXXXX . 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxx~xx~xxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxx 
xxxxxxxxxx 
xx xx xx xx xxxx xxx 
XXXXXXXX>:XXX 
xxx~xxxxx 

3 .10 2 RMS HALF WIOTH = 13.467 

~O 20 OF OP/P IN PC 178 .. 51+6 FT FROM THE TARGET 

Figure 10 
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TWO DIMENSIONAL PLOT OF XPR vs OP/P 

-40.DOO -20.oon c.ooo 20.000 40.fJOG TOTALS 

r~·---·~---••---••---~·---~~---~•---~~---~•r--------
-2.nao TO -1.800 I 324393669645563 I 74 --

-1. 8 00 TO -1.600 I 2 867B8ABAC2A7333 I 113 
-1.600 TO -1.400 I 27B6F 3689854A61 I 98 
-1.400 TO -1.200 I i qoG 8CF8D8 7632 I 127 
-1. 2no TO -1.000 I 130EFOFFEHC67 I 11+7 
-1. 0 00 TO -.800 I 129C68AHE98A2 I 108 

-.eoo TO -.600 I 909080 GC 87 A1 I 124_ 
-.600 TO -.400 I 9F79FF88FA52 I 121 
.... t+-00 TO -.200 I 78BEOK8A987 I 115 
-.200 TO .onn I 5GOCOF9NC45 I 127 
.oon TO .200 I 3DEGOHKGCD4 I 141 
• 200 TO .400 I 17CJFAKHA94 I 124 
.400 TO .600 I ECBF9EGLA72 I 133 .. 

.GOO TO .800 I 8BMACOC992 .. 108 ... 
• 800 TO 1.0.00 I K55CB£EG81 I 106 

1. 0 00 TO 1.200 I 958BAAD761 I 85 
1.200 TO 1.400 I 8CJAA9A781 I 72 
1.400 TO 1.600 I 9898BG811 I 74 
1.GOQ TO 1.800 I 3C9LAA971 I 82 
1.800 TO 2. 0 0.0 I 8CFDC6 l 66 

I 
1 I 
I 111111111 1 I 
I 13478812224332090866533?221 · I 

TOTALS I COOD0000~1397269708079992817999453228893 I 2145 

TOTAL NUMBER OF ENTRIES = 2309 INCLUDING UNDERFLOW AND OVERFLOW 

·UNDERFLOW OVERFLOW 
ACROSS 0 Q 
DOWN 107 ?7 

NO 11 TWO DI HE NSIO NAL FLOT OF 
DP/? IN PC .770 FT FROM THE TARGET 

Y.PR IN MR • 77fJ FT FROM THE TARGET, FLAG AT 178.546 FT 

Fiqure ll 
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TWO OI~ENSIONAL PLOT OF YPR VS OP/P 

-2.000 TO 
-1. 8DC: TO 
-1.600 TO 
-1.400 TO 
-1. ZOO TO 
-1.GOQ TO 

-.1300 TO 
-.600 TO 
-.400 TO 
-.200 TO 

• 000 TO 
• 200 TO 
• 400 TO 
• 600 TO 
.aoo TO 

1. 0 00 TC 
1. 200 TC 
1. 40'0 TC 
1.600 TC 
i•. 800 TC 

-4o.ocn -20.ouo C.GOD 20.noo 40.000 TOTALS 
r••---·~---~•---••---•~---••---••---••---••1--------

-1.soo I 2 12 13&2121s213s 12 I t..6 
-1.600 I 3 351186636224321 441 121 I 69 
-1.400 I 215159986A7658511443522~ 111 I 116 
-1.200 I 111 3213E458A64889563933113 111 T 117 
-1.00D I 2 443S25528666845646132231ii4 I 113 

-.800 I 1 451868876575886714631336671 52 I 151 
-.600 I 129A3397997BA6B19548712333323 4 I 168 
-.400 I 216649469535A3B46555453S42323222 I 147 
-.200 I 121145A878694A964645645632331262 I 153 

.000 I 45255488DA65197A645774364632511 I 166 

.zoo I 134455393AB97A8B6876477~f21 i2~ -~ 161 

.400 I 133539868BB7983568A244~1112 1 I 144 
·600 I 1654533887C677762546426 1 1 I 126 
.800 I 11476487584985580214312 I 116 

1.000 I 366D27799787FA6654253 I 140 
1.200 l 232442543283A41746411 I 80 
1.400 I 2365Lt96179C764 231 I 8 7 
1.600 I 223255873635184221 I 72 
1.aoo I 16556595722341 r 61 
2.000 I 21527432431 I 34 

I I 
I I-· 
I 111111111 1 I 
I 2458781212333209076764432321211 I 

TOTALS I OD00000079565957797665780578347148144283 I 2267 

TOTAL NUMBER OF ENTRitS = 2309 INCLUDING UNDERFLOW ANO OVERFLOW 

ACROSS 
DOWN 

NO 12 TWO DIMENSIONAL FLOT OF 

UNDERFLOW 
c 

27 

OVERFLOW 
Q 

15 

OP/P IN PC .770 FT FROM THE TARGET 
YPR IN MR .770 FT FROM THE TARGET, FLAG AT 

Figure 12 

178.546 FT 



THE rOLLOWING !S A HISTOGRAM OF FOR 2309 ·RAVS 

INTERVAL 

LJ:SS 'r'!-lAN -8.00C 
-e.cco TO -7.500 
-7.'30C TO -7.000 
-7.G'JO TO -6. 500 
-E.500 TO -6 ,(i '.) 0 
-E.000 TO -5.500 
-5.5ao TO -s.ooo 
-5.000 TO -4.500 
-4.500 TO -4.000 
-4,000 TO -3.500 
-3.SJO TO •3,COO 
-3.(100 TO - 2. 5 co 
- 2.:;; 0 () TO -2.0 co 
-2.coo TO -1.500 
-1. ;;oo TO -1. o ac-
-1.~oc TO -.500 
-.~0~ TO - • 0 0 0 
-.~cc TIJ .5ao 

(:'·"'."" 
• .,, .... 1_, TO 1.cac 

1.noo TO 1.500 
1.500 TO 2.000 
2.000 TO 2.soo 
Z. 51JV TO 3. 0 0 •J 
3.CGO TO 3.500 
::.r. ~a (I TO 4.000 
l.. 0 0 c TO 4.500 
t., 5 :JO TO s.ooo 
r;;.ooc TO S, SOD 
5.500 TO 6.000 
E:, G 0 C TO 6 .so 0 
E-.500 TO 7.0 c 0 
7. c J" TO 7.500 
7.500 TO a.coo 

GREATER THAN 11.coo 

NO 23 OF' X IN IN 

0 
1 
6 

15 
24 
30 
45 
55 
74 
85 
77 

100 
112 
138 
175 
2Ga 
274 
190 
14,, 
1'0 5 
102 

8il 
71 
51 
40 
34 
17 

2 
0 
0 
0 
a 
0 

0 

CENTER = 

SCALE FACTORI 100 x~s EQUAL 

xx 
xxxxx 
xxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXX>XXXXXXXXXXXXXXXXXXX 
XX XX XX XX XXX X '<XX XXX X XXXXXXXXXXXXX XXXX 
xxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

274 RAYS 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxx>:xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXYXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXYXXXXXXXXXXX>' 
xxxxxxr.x~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
XXXXXXXX)XXXXXXXXXXXXXXXXXXX 
XXXXXXXX>XXXXXXXXX 
XXXXXXXX >.XXXX)' 
XX XX XX XX Y.XXY 
xxxxxx . 

-.739 RMS HALF WIDTH = 2 I 40 8 

1318.51+6 F.T FROM THE TARGET 

JP 1gure .J. J 

L 
N 
I-' 
I 



THE f:'OLl..OWING IS A 

INTE~VAL 

LESS THolN -a.coo 
- ll. au o TO -7.500 
-7.SJQ TO -7.COO 
-7.Q~O TO -6.500 
-€:. soo TO -6.CQO 
-6. r:' () '.} TO -s.soo 
-5. t;QJ TO -s.ooo 
-5. 000 TO -4.50C 
-4.500 TO -4.QOO 
-4. 0 00 TO -3.500 
-2. 5~0 TO -3.QGO 
- 3.:: c !) TC -2.soo 
-?.SQQ TO -2.c co 
-2.coo TO -1.sco 
-t.500 TO -1.000 
-1. i:.. 0 c TC' -.soc 
-.soo TO -.o 00 
-. fJ 0(1 TO .500 

• 5 00 TO 1. 0 c 0 
1.ooc TO 1.500 
1.soo TO 2.000 
2, r; 0 G TO ?..500 
2.::: r.c TO 3. (; c (! 
3. ': 0 c TO 3.500 
3. r; 0 0 TO 4.000 
4. 000 TO 4.500 
4,50C TO 5 .o 0 0 
s. r: 0 ~ TO r;. 5 c IJ 
:- • :. :J 0 TO 6. G 0 O 
(-. Q c 0 TO 6. 5 (, 0 
f. 5 0 0 TO 7.000 
7. G 0 C TO 7. SG ('I 

7.SCO TO 8.000 

GQEATEP THAN a.oco 

NO 24 OF Y IN IN 

HISTOGRAM OF 

4 
8 
7 

17 
16 
213 
28 
27 
44 
57 
60 
9C 

101 
143 
174 
175 
18'3 
156 
190 
1&3 
1. 44 
L18 

83 
3q 
35 
35 
21 
2C· 
27 
14 
13 
14 

9 

3& 

CENTER = 

v FOR 2309 RAYS 

SCALE FAC~ORi 10C X•S EQUAL 190 RAYS 

xx 
xx xx 
xxx 
xxxxxxxx 
XXXXXXXX> 
xxxxxxxxxxxxxx 
XXXXXY.XXXXXXXX 
xxxxxxxxxxxxxx . 
xxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxrxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxrxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxrxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxYxxxxxxxxxx( 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxYxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxyxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXKXXXX 
xxxxxxxxxxxxxxxxxx 
xxxxxxxxxxx 
XXXXXXXXl<X 
XX)'l\XXXXXXXXXX 
xxxxxxx 
xx xx xx 
xxxxxxx 
xx xx 
xxxxxxxxxxxxxxxxxx 
• or :s RMS HALF WIDTH = 2.99: 

1318.546 FT FROM THE TARGET 

Ficrure 14 

I 
IV 
IV 
I 



-23-

TWO OI~ENSIONAL PLOT OF y vs x 

_: 8. 0 0 0 TO 
-7.500 TO 
-7.000 TO 
-6.500 TO 
-6.000 TO 
-5,.500 TO 
-S.000 TO 
-4.500 TO 
-4. 000 TO 
-3. 50 0 TO 
-3.000 TO 
-2.500 TO 
~2.UOO TO 
-1 .. 500 TO 
-1.000 TO 

-.SOO TO 
•.000 TO 

• 500 TO 
1.000 TO 
1.500 TO 
2.000 TO 
2.soo ro 
3.000 TO 
3.500 TO 
4.00C TO 
4.500 TO 
'1.3• 0 00 TO 
S.500 TO 
6.ooo ro 
6.500 TO 
7.noo To 
7.50(1 TC 

-8.01JO -3.000 2.000 7.000 TOTALS 
r•~---~~---~~---~~---••---~•---~·--r--------

-7 .50Cl I 1 2311 I 8 
·7.GOO I 1 2111 1 I 7 
·6.500 I 2 2322311 1 I 17 
·6.000 I 2 2 1452 1 1 r 18 
·5.SOO I 21 4210421122 [ 28 
·5.000 I 1 3494411 1 r 28 
·4.500 I 11 22314462 1 I 27 
·4.000 I 1 21 535G42i 121 r 44 
·3.500 I 213123548858 3 1 r 57 
·3.000 I 11124i2267F886442221 1 I 80 
·2.500 I 1 22 236~7A9E6762322111 I 90 
·2.000 I 22 1275558600&L62212414 I 101 
·1.5GC I 1348455575DFFB94247835 I 143 
-1.000 I 1111386342SJDDHCFA7886433i I 174 
-.SOO ! 2 1324554999CSEGBDB887441 I 175 
-.ODO I 1132448AA833AGBJBEK691352 I 169 

.500 I 34323366Fg9SGB68AB594521 I 158 
1.000 I 11Z38BA5ACAHIAA889C55662 I 190 
1.soo I 143123734A8FGHF96AA45 622 I 163 
2.000 I 33427776883DFAC36C1S 4 I 144 
2.soo I 11335342446AHF7968621 1 I 118 
3.0CC I 1113322422438CF9312122 I 63 
3.500 I 1 1131236731162 1 I 39 
4.000 I 1 1 122496421 11 I 35 
4.500 I 1 2 22169622 11 I 35 
5.00G I 11121 132252 I 21 
5.500 I 1 11 211373 I 20 
6.000 I 1 11311 12 1861 I 27 
6.500 I 1 11 1211321 I 14 
7.000 I 1 1 1121 1221 I 13 
7.500 I 1 2 211 1 41 1 I 14 
8.0CG I 1111 2 111 I 9 

r••---• 4 ---•¥---••---••---••---••--1--------
I I 
I I 
I 111221111 I 
I 122451879037578300875431 T 

TOTALS I 16539441159762806452071047200BOO I 2269 

TOTAL NUMBER OF ENTRIES = 2309 INCLUDING UNDERFLOW ANO OVERFLOW 

OVER.FLOW 
ACROSS 
DOWN 

NO 25 TWO DIMENSIONAL PLOT OF 

UNDERFLOW 
iJ 
4 

X IN IN 1318.546 FT FROM THE TARGET 
FROM THE: TAR.GET V IN IN 1318.546 FT 

Figure 15 

0 
36 
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TKE FOLLOWIMG !S A HISTOGRAM OF OP/P FOR 

INTP~I/ AL 

.<o:SS T 1-iA'J -r..o. croc 
-4C'.OCO TO -:rn. O!lO 
-B.CCO TO -36. OOQ 
-~&.~CC Tel -31+. 030 
-:t..01)~ TO -12.JQ(I 
-.~2.or.~ TO -30.~0£1 
-~ 12.::cr: TO -28.DOO 
-2~.f')Oi.l TO -2 6. '.lO 0 
-26.l'.ICO TO -21+.ooo 
-21., '.)Qt} TO -2 2. (}.O o. 
-2 '.!' t) '.: 0 Tl') -20. noo 
-2c.ooc TO -113, JOU 
-t~.~C0 TO __ -16oJOU 
-H>,Ou'J TO -11+ I 00 0 
-14.0CO TO -12.000 
-12,1100 TO -10, 'JOO 
-1c.occ TO • Pi. an c 

-8.0CD TO •6, :J(!O 
-i::.o~n TO •!+, '10 c -i.. 0 t' D TO -2.000 
-2.occ TO 0. 000 
c.ouc TO 2, OD 0 
2. 0 CIC TO '*· ~o o 
4, c () 0 TO &, 00 0 
6. 'l ca TO 8. 0 il 0 
I'-. 0 c :J TD 10. IJO fJ 

H.ooo TO 12 • llC 0 
i 2. I': c i) TO 11+.rioc 
lL,~0.) T ti 1 o. ~o o 
16.'JCG TO 181 JG 0 
ill.()01'.'. TO 2 0. 00 0 
2~.0QO TO 22.~oo 
22.000 TC 21+. 00 0 
2:.. IJCiJ TC 2 &. il a o 
2'-.CC~ re 2 8. co 0 

? "· n~ TC' 3 0. i)\) 0 
3'.J.OCO Ti 3 2. 1)0 0 
32.CCIJ TC 3 r... 00 0 
34.000 TC Hi. :JOO 
3~.onc TC :rn.ooo 
!P,'1CO TC It c. 00 tl 

0 
ll 
3 
0 
D 
0 
0 
D 
0 
0 
a 

20 
I.I+ 
70 
80 
'H 

127 
141t 
151_ 
134 
1!+S 
154 
11+ ft 
1H 
HO 
1C7 
100 

82 
66 
&I+ 
51 
32 
34 
20 
22 
1& 
J~ 

5 
5 
It 
6 

SCALE f'ACTORI 100-X~S EQUAL 154 RAYS 

xxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxYxxxxxxxxxxxxxxxx( 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~XXXXXX 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXXXXXXXXXXXXXXYXXXXXXXXXXXXXXtXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXkXXXXXXXXXXXXXXXXK(X 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxrxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
·xxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXYXXXXXXXXXXXXXXXXXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxx 
xxxxxxxxxxxxxx 
XXXXXXXXX)( 
xxxxxx xxx --
xxx 
xx 
xxx 

CEIHE~ ·= z.11s RMS HALF WIOTH = 11.27Z 

NO 23 OF OP/O IN PC 193. 500 r:r FROM THE TA~GET 

Figure .L9 

I 
rv 
-.J 
I 
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TWO DIM~NSIONAL PLOT OF ~PR VS OP/P 

-4c.aao -2c.ooo D.DDO 20.ooc 40.00ll TOTALS 

-~2._000_ JO 
-1.~oo ro 
-1. 500 TO 
-J,.~QP- __ J_~ 
-1. 200 TC.. 
•1.000 TO 

::_ ... _.JtO Q __ T Q 
-.600 TO 
-.400 TO 
-_,_~1HL1-9 __ 

.!JOG TO 

.2l20 TO 
-~-~ JHLI_Q_ 
.&DO TO 
.aoo ro 

_!_!' OJl .Q_~_Q_ 
1.200 TO 
1.400 TO 
_+._!'J?._~_Q__l-9 
1.soo ro 

:-1.800 I 
-t.600 I 
-1.400 I 

__ -:,t,_._20 o_ I 
-1. 00 0 I 

-.61JU I 
--~-'_Ji_Q_Q_J_ 

-.40 0 I 
•

1
• 20 0 I 
! ___ Q_QJ)__J __ _ 
• 20 tJ I 
• 4a t! I 

_ _--__ §_Q_Q __ J 
• 800 I 

1. 00 O I 
1. 20 O I 

--1~--41ro-t 

1. &09 I 
____ !~_8 ~ p_J 

2.000 I 

1111146 I 
14473951+ft. I 

12359665A6~ I 
468AF9C87747 I 

-- - -i5BHGCECGEC8B41______ I 
7700869GC98966 I 

8FEHOFAFFAA7F71 I 
r+iM~7AOE-SBGCC9S I 
BJ9BEDJ9BABBA1 I 

_ ___ _2_fJE~_\3_s<3t-J_Q6 AS 2 I 
2BFEHOGKHFH063 f 
66CJFAIJOOF96 I 

-~h_~_G_Ff;E rl~ D HJ 6 I 
7AONBODCEEEC1 ~ 

3Jo6CqEGJC73 I 
77CDBGI76 I 
FAA-C982- -- t-

49C9731 I 
87022 I 
53 t 

15 
41 
57 

100 
154 
131 
172 
167 
159 
160 

-179 
167 
183 
157 
128 

93 
66--
45 
35 

8 I••----• .. _ ... _ .... __ ,..,,,. .. __ ...... ___ ..,.. ..... _ .... ., ___ ...... __ _._. .. I----· ..... -........ 
I I 
I I 
I 11111111111 I 
I ~47892453454~~0086&5332211 I 

Tor A"L s I 0 D DOO fJ 0 0 000 4!fo-17ii.1~54i.:io 70 2 8 41240· 250 5 546- I 2217 

TOTAL NUMBER Q~~ENTRIES = 2217 INCLUDING UNDERFLOW AND OVERFLQij 

UNDERFLOW OVERFLOW 
fJ 
c 

AC~OSS 
-· . -- ~- - .--··- -
f')OWN 

NO 14 TWO __ Q_'t~f:]_?_~_() _ _N~L PLOT OF 
JP/P IN PC 0-~ ob n FT 
XPR IN MR OeOOC FT 

0 
0 

FR0"1 THE TARGE:l 
FROH THE TA~GET, FLAG AT 

Figure 20 

193.500 FT 



-2 9-

TWO DIMENSIONAL PLOT OF YPR VS OP/P 

-40.000 -20.oao o.ooo 21).000 40.000 TOTALS 

-?._!'ilCO _ _TO ·1.BQ_Q _ _I _ __ 1 14224747537361+61 211 1 I 
-1.son TO -1.600 I 315A33AA8595343311541 2211 I 

-"': .. i• 6UO TO -1. 40 C I 33738B9C70975BS2255~3112 I 
_'.'.'"1e!:+9_Q _T_() ___ ~J-~_2DJL_J___ _ ___ 33247668A747AA663713211 1 I 
-1.2co ro -1.000 I 242546G2ASG885·4744-31--11-··1 --- I 
-1.000 TO -.800 I 22 7&6C955669C771562121343 1 2 I 
-.809 TO -.600 I . 1351396E77BB6A 7~474 21221 I --:-.-5-,ia-·--:fo------:.-.-4rfo_i _______________ ----1 s-·21i5&si7A3s4746-22-1+1i13 -- i----2- --r 
-.400 TO -.200 I 13396784A38A7384~4&2322111 I 
-.2oc TO .ooo I ... 3143267EC&52A97631+75 3212 .. 1 I -.-o oo--ro -----. -i[iO-- i-- -- --- -·· -- -- --3133232 BA-9 79&-9;3 a 6 43 533 _____ ----- I 2 --I 

.200 TO .~oo I 333897ACB876664771442241 11 I 
-~-~Jl_Q ___ JQ_ ___ ._9_{) ~Lt ________________ ?J_;!_~~~ 88_B61'.!7!_4"!-_? ~? ____ ~2 ~~~--- _______ I 
.600 TO .6DO I 235288885A6778C~ 42 1 I 
.BOD TO 1.uoo I 21g1&SA88858A57438722 I 

1. ono TO 1. 200 I 132324332839358586 . I 
·1~·2aor_o ___ 1 ;t;o~-0---r--------- ---1l;ssfAt is s ca 944 21 -----------------------t 
1.400 TO 1.660 I 142749846252C73 I 
1.600 TO 1.aoo I 23276668A6A5542 . I 
1~-a-on-:r·a--·---2:-o-o-ri--1------------ ----------252e,3 as-3 -1s3 -- ------------------1 

I I 
I y 
I 1111111111 I 
I 1367823434~4430q8665332211 I 

72 
103 
135 
116 
105 
133 
130 
107 
123 
125 
129 
1'37 
115 
110 
123 

78 ---·95 
76 
62 

"'9 

TOTALS I BODOOOOOOD98ii2i.962393tf.74<}17412402&05SZ+6 I 21Z.5 

TOfAL NUMBER OF ENTRIES = 2217 INCLUDING UNDERFLOW ANO OVE~FLOW 

ACROSS 
DOWN 

UNDERFLOW 
0 

17 

OVERFLOW 
0 

55 

NO 15 TWO OI~ENSIONAL PLOT OF o-p-1-p·---r·N-- -- ·r;c---·--·--~·---·-cr;-·cro a Fr -FROH THE TA~GET 
VPR IN MR o.oon FT FROM THE TARGET~ FLAG AT 

Fiqure 21 

193.SOll FT 



T4E FOLLOW!~G IS A HISTOGRAM OF x FOR 2217 RAVS 

INTE~lf AL 

LF.:SS THA'I ::-8.000 
-8, 0 OfJ TO -1.sco 
-7,5~'.J TO -7. 00 0 
·7 •"Cu T C1 •6,SCO 
-E-.sc~ TO -&. ace 
- r-. 0 (:; Tl"! -s.soc 
- 5. CiQ 1:i TO -5. 00 0 
-5. ri 0 (J TO -i..sco 
-4,SCC T !) ·4, CiOO 
-i..;:ro TO -J,50C 
-:.t.5JJ TO -3. 0()( 
-1'.,JCG ro -2. '5C1J 
- ') h "'I"' 

L •• ) • •J TO -2. 'Hi~ 
-2.urc TO -1. 50 0 
- 1. sc o TO -1. JJ 0 
-1.00J TO - • 5() 0 
-. "'I.. 0 TO •• ilO 0 
-., Q 13~ TO • soc 

• Sr D TO 1. :JO D 
1.oco TO 1.soc 
1.scc TO 2. 00 c 
?. () ~ ,, TO 2.soo 
2 ot SC 0 TO 3. 00 J 
:•. 0 a o TO 3. 50 I) 

3,%G rri 1+. Ga 0 
t.., 0 0 0 TO I+• SC C 
4.5CC TO s. ;rno 
t";. 0 u \j HI s.soo 
s.sro TO 5, '1J ') 
"'. 0 (! 0 TO &'. 5 0 0 
6o5CC TO 1, !)() 0 
7,f,00 TO 7, 50 0 
-r,soo TO 6 • :JO 0 

G~!" ATER l"J.f A~ a. oo a 

NO 26 OF' 

__ Q_ 
a 
0 
0 
0 
0 
G 
D 
0 
n 
0 

20 
01 

10 6 
3!+1 
392 
213 
151+ 
123 
1:?3 
105 
103 

77 
95 
99 
&3 
65 
!I+ 
25 

0 
Q 
D 
ll 

D 

392 RAYS 

xxxxx 
xxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxr.xxxxxxxxxxxxxxxxxx 
XXXXXXY.XXXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxx w 
xxxxxxxxxxxxxxxx 0 

.xxxxxxxx 
xxxxxx 

RHS HALF W!OTH = 2.030 _,.. .. .__ ----·-·--··-• oo~p·-··--~-·••• ••·- - . 

!?igure 22 



THE FOLLOWING IS A HISTOGRAM OF y FOR 2Z17 RAYS 

···-

I NTE'P.1/ At. 

LESS THAN -s. oo a 
-11.000 TO -7 •SJ 0 
-7.500 TO -r. oo o 
-7.000 TO -fi·. 50 0 
-fi, sea TO -6.000 
-5.0CO r ri -5.50() 
-:;. sar. TO -5, Oil D 
-'i. 0 (10 TO -i.. 50 !) 

·'<• 5C 0 TO -1+.000 
-4.000 TO -3.500 
-i:.sco TO -3. 00 0 
- 3. !H 0 TO -2. ?C 0 
-2.sao Tf' -2. 00 () 
-2.oto TO -1.500 
-1. 5C C TO -1, 'JCO 
-1. 71 a '1 TO -. 5:1 c 
-.sco ro -. QC 0 
- , oar: TO • 50 0 

, 5C 0 TO 1, 00 0 
1.000 TO 1. 500 
1.soo TO 2. 00 0 
2.000 TO 2. 50 c 
2.::oc TO 3. or o 
3.ao; TC 3. 50 !: 
3. 5 (J 0 TO i.. 00 0 
:.. • a o fl TO I+. 50 0 
i..scc TO 5. oc 0 
5, (l 0 n TO 5. 50 0 
5. 5\1 J TO 6, JO 0 
6. (' u (J r o 6 .. 500 
6.500 ro 7. :JO C 
7,000 TO 7.500 
1.soo TO 8, OD 0 

G~::ATER 'fHAN R, 00 0 

---
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28 
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1CJ5 
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10 8 
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78 
F:.7 
H 
7& 
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2 lt 
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1R 
24 
10 
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxrx 
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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·xxxxxxxxxxx·xxxxxx>C 
•• 33'3 -~~S HALF WIDTH = 

:f:f43'.soo FT FROM THE TA~GET 
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TWO OI~ENSIO~AL PLOT OF y vs x 

-8.000 -3.000 2.000 1.000 TOTALS 

a.oco _TQ___ -:1.so.o_ I_________ J, __ }~011 21s 2 1 1 r 26 
r.sco TO -7.DOD I 11153 1123111132 I 27 
7.or.n TO -6.?0~ I 25422 3 ~1 I 22 
&. 5C __ Q ____ T0 _____ ':'_6'_!._00 _ _9 __ t___ ____ 24522123 22132 1 I - 32 
6.ooo ro -s. soc r ----II636112i-Tii2211 t 31 
s.soo ro -s.aoo r 1 5524222111 613 I 37 
?~ ()_ o_q_r_o _______ ~!±:!?QJL_I. _________________________ _?~21 __ :121143?11 ______ I_ 2 B 
4,500 TO -4.00C I 1355~34252424413 1 I 59 
4.00G TO -J.500 I 2268C3 642213322 I 58 
~_,_5QO __ I__Q _____ :_ 3 ._JI_(~ Q_ __ J ________________ _!J_~ ~ti 4 42 7 2 3 G 53 312 2 I 7 3 
3. O 0 n T 0 -2 • 50 0 I 1895 433 322433t+ -2- -------- !------- 5& 
2.soo TO -2.oco I 24EFBA38235311111 I 85 
_z ._QJJ_l)_T_9 _____ ~:J_! _ _5_0JL1_ _________________ 4_~ ~_!::I~ 9551+14 345 4 I 8 9 
1. 50 0 TO -1. UG C I 125IRB8l+984rt55-2--2i------------~( - --T1.6 
1.00G TO -.SDO I 137K$QIJ4E36442&11 I 17& 
.".:.!._?_Q!)_J_Q ___ _-:_~--~Q__O_*----- _____________ !J_~_9_:_~[1_h_~_?-~?_!_?_2212 I 13 8 
-,000 TO .500 I 27WVLMFJCA4451r+"fi~--------r·-- 195 

.500 TO 1.000 I 1150QOFA774167412 I 1~5 
l_,_Q_po TO 1._~9.JLJ _________________ _&~~F2585A31&3311 I 106 
1.sct: TO 2.oao I 1250L776Y1t-"9£;.-28"12i __________ I _______ 112 

2.000 TO 2.soc I 24CF654556335 21 I 7B 
z_~ 2.~Jl_I_Q_ ____ ~_!_Qi!JL ): ___________________ _:!. J9C5 2 3A 3 44631111 I 6 7 
3.000 TO 3.500 I 359B21"242-427-321f2 ________ I ---------61 

3.sco TO 4.000 I 121H~4243~6124242 I 76 
,lf.-.JUJJLJ_() _________ ~_.5_qo ___ ;r_____________ _ 135932232 15411 2 I 4~ 
"4e 500 TO 5. 000 I -------iii5s3123;f-324-i4-- --- ----I 41 
~~ooo TO s.soo I 6221 1 211332 I 2~ 
:5. _5 QJt_J() ________ Q·~_po_p I_ _______________________ )._~_5}1:? 1 2 43?2 }_12 I 3 5 
&. 0 C 0 T 0 6'• 50 0 I 1 3 31 214 2 1 I 1 e 
&.s.oo ro 1. oao I 12 334 111 23 111 r 2~ 
:1JdLQL10_ _ ____ l_• 5 IJ 9 __ I 11111 1 1111 I 1 ~ 
7• 5 D 0 TO 8 • O!l D I 21131 I -- E 

! I ---------·------· 
l I 
l 33211111 I 

TOTALS 
] 1~9170523007995632 I 
r o o oo o o o <i"Go555-<f33ii23&s-f69·03300 oo·- 1-- ·-- --21~:.-o 

TOTAL NUMBER OF ENTR!FS = 2217 INCLUDING UNDERFLOW ANO OIJ E~FLOH 

UNDERFLOW OVERFLOW 
AG~OSS {) u 
OOWN 80 ----·-37 

wn Z8 TWO OI~E~SION~~-?L9! OF 
x IN IN 1343. 500 FT FROM THE TA~GET 
'( IN IN 1343. 5ll0 FT FROM THE TAR.GET 

Figure 24 


