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A GRAPHICAL FI%&NG TABLE MODEL
D

A COMPARISON OF THE ACCURACY OF THREE
UTILIZATION SCHEMES

ABSTRACT

This report presents a mathematical description of a
graphical firing table and discusses three differcat
schemes for using the table in the solutfion of artillery
fire problems., A comparison of the effectiveness of the
three schemes is made on the basis of the accuracy of the
solutions obtained.
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I. Tic GRAPHICAL FIRING TABLE

A graphical firing table (GFT) is an instrument close-
ly resemblinn a stide rule (Fiaure 1) that is used bv the
U, S, artillervman tao make a fast, manual computation of
the aiming data necessarv to hit a tarnet range under non=-
standard conditions,

The nrincipal scale printed on the body of the GFT is
that of range. Using a set of standard conditions for
"met" and materiel, a one-to-one relationship is estab-
lished betwe n ranqge and elevation, range and fuze settina,
range and drift, etc. and transferred to the GFT, Con-
sequently, knowinn the linear distance along the range
scale to any range “x" will automatically qgive the dis-
tance to all aiming data corresponding to that "x" under
standard conditions (Ffnure 2).

One of the two kev relationships needed to describe
the GFT then is a function relating the linear distance,
S to range "x." The required function is

SX = [(109 X = log Xm)/(loﬂ Xy = loq Xm)]~ ST’ (])

where Xy = maximum range on GFT, Xy * minimum range on GFT,
and sy = total length of ranqge scale (generaliy Sp = ).

In the case of a charged weapon, Xy and X chanqge from
charge to charqe. The reason the range scale is printed
according to a logarithmic rule is to simpliify the computa-
tion of the corrections, as will be shown in Section II,

In the utilization of the GFT, a line representative
of the elevation necessarv to hit a target under nonstandard
conditions must be drawn cn the cursor. This "adjusted ele-
vation gageline" prescribes the standard elevation corre-
sponding to the adjusted rannge, xpe found bv the equation

PRECEDING PASF ALANK




XA = X7 + AX.T = XT *+ AX/X‘XT-X]‘p (2)
where Xp = target range, &Xy = total rangé correction to
xy to covredt fov nonstandard conditione, and Ag!g!x =
percentage change fin X1 due to nonstandard conditions
(Range K).*

The ~levation gageline is drawn in a manner such that
the distance between it and the manufacturer's hairline,
ASX s corresponds to the total range correction, Axys
needed to compensate for nonstandard conditicns (Fiqure 3),

Therefore, a second key relationship required to
express the functioning of the GFT is one which relates
Axt and asxpo a$ shown below:

85y, " [s¢/(1og xy-109 x,)].109 (Ax/xlxT s 1), (3)

or
- lo -lo »AS: -

oxp *® Axlxlxr'xr'-'{1£(*g *N ”g“x")"“S*T/s7] -l}-xT'(A)'
From equations (1) and (3), it is found that the linear
distance to the adjusted range, and therefore the adjusted
elevatjon, is

*By replacing Ranqe K with Fuze X, the equations appearing
in this section and the next will apply to the problem of
determining the time gageline, Fuze K is defined as the
difference between a given range "x" and the range which
under standard conditions has the same time of fliqght re-
quired to hit "x" under the nonstandard conditions divided
bv "x".

A1l adjusted aiming data on a GFT can be found bv us-
ing the elevation gageline and time gageline. For details,
see FM6-40,
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sxA=stfAsxT= (Vog X7 ° log x ).ST/(]og xy = 109 xm)

+[sp.T0g (ax/x], +1)] / (Tog xy-1og x,).

One observation shou]d be made and that is that
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linear function of sx as follows:

As = ms +b, (6)
where "m" and "b" are thexslopexand the intercent, respec-
tively, of the elevation gaqeline and will be determined
in Section II.

In summary, the mathematical model for a GFT consists
of eauation (1) which locates each niece of aiming data on
the bodv of the GFT, and equation (5) which lTocates the
“adjusted aiming data." The auxiliarv eauation (6) will
be helpful in the discussion of the GFT schemes in the
section that follows.

I, THREE GFT SCHEMES

The artilleryman usually computes the percentage
change in range due to nonstandard conditions, Ax/x.,
at only one ranqge, say XRe In reality, the value of
Ax/x varies with range and the three schemes to be dis-
cussed differ in the assumptions that thevy make concerning
how ax/x varies.

A. Constant Range K (Scheme A)

For Scheme A, it is assumed that Ax/x|XR is valid at
all ranges; that is, the variation from range tec range is
0. Therefore, AsxT must be a constant, implving that m =
0 and b = 8sx g in equation (6) where

AS*R =[S;.70g (ax/x| R+1) (1og xy-log x,)- (7)

To use the GFT, a line is drawn on the cursor parallel
to the manufacturer's hairline at a distance determined bv

9




enuvation (7). 1f the range scale were not printed accord-
inn to a logarithmic rule, ASX 1 would not be a constant
and the constant Ranqge K Scheme would not be as simple to
anply, In fact, this is the ve:v reason that the log-
arithmic scale was chosen,

B. Averane Slope (Scheme B)

In Scheme B, Ax/x is assumed to follow an average rate
of channe, To anproximate this rate, an average Ay/y
was theoreticallv determined from 50 nonstandard trajectories
at each of five ranges(xl. .. xs).

Usina these five values for Ax/x, 1t 1s possible to find
an optimum slope, m, for equation (6) tv minimizinn the
error function,

5 ~ [{1og xy~10g xm).(msx1+b)/sT] 2
Fimpp) = {AX/X|X1 -[10 -1}

employinng a nonlinear least squares techniaue,

To utilize this scheme, the artilleryman comnutes
AX/XIXR’ {.e., the Range K at a renistration range XR* This
fixes the value Asx at s, and so b = As - msx where

_ R R XR R
“m" is the optimum slone found above. Therefore, Asx ]

established for each range and, as can be seen from equation
(4}, ax/» 1s also determined, To assist the artillervman

in drawinn a straight line on the cursor so that asy will
actually take on the desired values, a Range K line is
printed on the GFT with the renuired slopne (Fiqure 1),

C. Two-Point Scheme (Scheme C)

With this scheme, it is assumed that the true values
of Ax/x are known at two ranges, x2 and X, Then Asx2 and

10
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As, are also known and a straighi line is drasn on the

cursor connecting these two noints. Thus the slope becomes

moa (AS - AS 5 -5
( Xa A Xn)/( Xa X')).

£. ‘r [ 5

and the value ot "b" 1¢ fixed by enuation (6) as
b = As -ms_
X4 Xy
where 1 = 2 or 4,

[T,  TEST CONDITIONS

The accuracy with which each of the three GFT schemes
can predict the adjusted elevation was determined for the
following weapon/charqge combinations, using the nonatandard
conditions 1isted in Tables la, Tb, and lc,

Weapon Charqe
105mm How., M104 1 -7
155mm How., MI10Y 16« 46, 34 « 8
170mm Gun, MI107 [N

IV. ACCURACY COMPUTATIONS

Five ranges, corresponding te elevations hoetween (06
and 000 mils, were chosen for esch weapon/charge combina~
tion. The true value of Range K st each of these ranges
for cach set of nonstandard conditions was found in the
following manner:

Ran’)(-‘ K = A)(,‘J/x,i; i n ]. IR hoand \1 = 1‘ v ey -l)“.

where Axi = the difference hetween X 4 and Lthe ranqge
achieved under standard conditions using the elavation re-
quired to hit X under jth set of nonstandard conditions,

A number of cases could not he computod hecause Lhe
predicted range exceeded the maximum range for the partic-
ular charqe involved,

11
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The Karnge K values predicted by each scheme were
computed as shown bolow:

ig

Scheme A

h
For the jt” set of nonstandard conditions, the Ranqge K

| at the fourth range (registration range), AX41/Xa was
: considered true for all ranges within a weapon/charge
combination,

Scheme B

; For the ith set of nonstandard conditions, the Range K

at the jth ranqe was comnuted using the rule

[{Vog xy = 109 Xm)'Asx11/sT]

Ax"'{/xi ].
where As = ms + by M = uptimum slope for the weanon/
xij Xy J
charge combination, and b1 T AS - ms , and as is
J X4J X3 X4j

computed using equation {3) with

AX/XIXT = AX4j/X4-

Scheme C

Two ranqges, X2 and Xqr of each weapon/charge combina-
tion were chosen as registration ranges, Therefore, for
jth set of nonstandard conditions the Range K at the
range is

[(log xy = log x.).a8_, /s.]
bxy3/xq = 10 M LA P L

where
ASY ., = M,5 + b
%117 M7k

m. = (as - s )/(s -5 ),

12
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V. COMPARISON OF ACCURACY RESULTS

isechmiiel it

To compare the accuracy of the assumptions made bv each
of the three schemes, the errors in the predicted Ranqge K's
were converted to range errors bv computing the difference
between the true Range K and a predicted Range K at each
range for each set of nonstandard conditions and multiplying

this difference by the r .,ge being considered. For example,
if the true Range K for the second set of nonstandard con-
ditions was +5% at 10,000 meters and one of the three pre-
dicted values was +3% at this range, the error in ranqge
would be (-.02) X 10,000 or -200 meters.

For all weapon/charge combinations, the mean and ,
standard deviation of the range errors were computed at the
chosen ranges to reveal, as a function of range, the averaqe
ranqge error and standard deviation caused by the various
sets of nonstandard conditions. Computed values are listed
in Tables I'a and IIb.
The means and standard deviations were then statis-
tically combined with the probable errors in range described
be1ow]. This converted the range errors into a correspond-
ing decrease in the percent of rounds falling within plus
and minus one and two probable errors. If there were no errors,
50% of all rounds would fall within plus and winus one
probable error and 82.3% within plus and minus two probable
errors, A probable error of 0.3% of range was used to
describe the round to round dispersion about the target
range and a normal distribution of rounds about these ranges -

]The statistical methods employcd may be found in Introduc-

tion to the Theory of Statistics, A. Mood and F, Gravbill,
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These percents found for all weapon/charge/range com-
binations are listed in Tables IIla and IIlb,

VI, SUMMARY AND CONCLUSION
A, Summarz

Summary of Results

The percent of rounds falling within plus and minus
One probable error Two probable errors

Weapan For a probable error equal to 0,3% of range

Graphical Firing Table Scheme
A B c A B c

105mm 38.95 41.59 49,03 | 67.95 71.64 81.24
155mm 38.37 41,39 48.66 | 67.01 71.30 80.79
175mm 28.23 32,60 46.86 | 50.36 57,69 78.52

35,18 38.53 48.18 | 61.71 66,88 80.18

NOTE: 1If there were no errors involved, 50% of all rounds
would fall within * ore probable error and 82.3%
within + two probable errors.

B. Conclusion

This study indicates that Scheme C provides a better
representation of the variation of Range K with range than
does either Scheme A or B, As a result, it produces more
accurate adjusted data for a GFT and permits wider transfer
limits, Although Schemes A and B are both easier to apply,
since only one Range K value is required, it is recommended
that whenever time permits Scheme C should be employed,

14
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‘Table 1a. Nonstandard Conditions for 108mm How., M108.

>

[

]

35

alft Y 0§ O P~ i Oemtont o O PP LN OGP et N 5 ) O st O\ F G0 OO 100 st (N O NVt o DN O o O IO O

W | MOMEOOOMMC ONOmY T HOR—E=MNMOMND T ONHO~T NONMOOTMOOMON
b 131N O SO 00N IODIEPROEOPOO P OCRCOPP OO NS e00 0000 0000600 000OF
=il 2000000 NOUOA0OVCOOI0OV0OIVOOROCITOICOOROBTRAOC AN

uﬂ NN R E A R R R E AR R A R R R R R R R R A R A R R R AR A A ]

~ND>»

~

>

X

z

T VPO DN DN NV ODUND 4N D AN OUNE (N NN OO O OO (€ =4 D N G Ot =111 NS CONT 0 -FTN
b {7, ] .0...QO..Q.0..0..0..&..0.0‘0....0...00............
- OND OO ONE DNPDOP OMNPAN O 0 el rd O NN D O O F 74 O eI ONON DO NV O O et O vt~ o PP

woe Ll L -l - -0 ~ et o~ N ~ =t N -

(L4 L1y ] ’ ’ [} LI [} ] [ I I | ]

ZX

«

a

w

S

[ e Qrtert OO N O A O F O PPN M Dt e O DO D =N O+t OOt ot N OO (N OO =N O O N YN
< .QC..O....ol.‘l...‘..'l..‘...l........'.......l....
o PO M $ QO Pt D AP CUNTI PP O O M N O D4 SNAP NG P A DO PN O O et Dbt O UND
w COCONCORDOOTOTPOCIOOOONIOTOOOOT NI COTNIAODITOODOTOIO
” el o L I N ) v ol gl b ol =t ol efomond -d L L T RS T P B R B |

us

[,

>

- =_ONSSQOMONFTHDVTPAOMRAAOOVOONDE SN OORI 0 DINMNO O =il O =t (T N OM

S LA EIAE A A E RN A E R E R E X E B A R A R E R Y N Y]

W PP CONNON G F O Bt red™ DO QN O 3 NN & OO =0 M~ N DO OO0 § DM DN D D M0t (XD

Z COV=F ORI OBNDODRCRORNDODVRITCP PPNV TDOR DONDICID

w -t ey - - -t -t

[a]

[

(=% 0N O U D P 00 VO rat NN S N O 0 O O et NN NOD P 0 VO md ONINE NO PO O N 1 F VWO D OO
2 vt ol et vl eb st o vmsd =4 NHNL L N NN NN AR A AW A A 8 F 8 8 S0 SN

[ Y -

17

[P —




Table Ib. Nonstandard Conditions fer 155mm How,.,, M109
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Nonstandard Conditions for 175mm Gun, M107

Table Ic,

J
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r Table [1a, Mean Range Errors Caus#ed by the Various Sets K
nf Nanatandard Conditions

WPN/CHG RANGE MEAN RANGE ERROR NGO, OF
METERS NETERS CASES - !
GFT SCHEMES
A 8 C

1000 =341 O.11 0.84 50
16C0 =368 -0.62 0,00 50
105MM ] 2200 ~20%59 -0.78 -Qs4l 50
2800 0. 00 000 06060 50
o 3400 445 2019 1274 50
1000 -3.84 Qeb? 1.05 50
1700 -heb0 -0s51 0.00 50
2 2400 -3,15 -0.81 -0.51 50
3100 0,00 0400 0.00 50
3809 5040 2056 2,08 50
1500 -06032 0.08 la36 50
2300 -6e 49 =107 0.00 50
3 3100 -hoh2 -1225 -0:63 50
3900 0400 00,00 0,00 50
4700 T¢29 3038 e b2 50
1500 -Te b3 Oel3 167 50
2500 -Bs26 ~la36 0.00 50
4 35400 -5.,7T2 =159 -0.78 50
4500 0.00 0.00 0.00 50
5500 9226 40,08 2,09 50
ﬁ‘ 2000 |~13,28 0e 70 2039 50
. ' _ 3400 |~14,09 =lek8 0,09 50
- : 5 4800 =951 ~1le94 -1.06 50
. 6260 0,00 0.00 0,00 50
: T76G0 14,928 Sehb 437 50
2500 [=1T7.24 Ce69 1,56 50
4000 |-16,27 =070 00,00 50
6 5560 |~10,T1 -1e50 «1e10 50
7000 0.00 0.00 - 0.00 50
9000 23029 Te b6l 7.00 50

3500 [~24,12 -0e22 =3,07 50 ,
5300 |~17.58 249 0.00 50
7 7100 [~1157 Oalé =135 50
8900 000 006 0.00 50
10700 20425 5,89 Te 78 50
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; Table IIb. Standard Deviations Caused by the Various Sets
\ of Nonstandard Conditions

: WPN/CHG RANGE STANDARD DEVIATION NO. OF
: METERS METERS CASES
: _ GFY_SCHEMES
: A B c
: , 1000 4402 4004 1,03 50
@ 1600 4438 4440 0400 50
: 105MM 1 2200 3412 3.13 0453 50
; 2860 0,00 0,00 0.00 50
; 3400 SeT4 5¢76 2,55 50
: 1000 | 4a45 4048 1.25 50
: 1700 5¢13 5016 0.00 50
; 2 2400 3,71 3,73 0,63 50
5 ' 3100 0,00 0400 0.00 50
4 3800 6467 6469 2.82 50
1500 T+28 7433 1461 50
2300 Te52 7457 0,00 50
3 3100 Se18 5¢ 20 0. 77 50
3900 0.00 Ge 00 0.00 50
4700 8497 9.00 3.58 50
1500 8470 8477 1494 50
2500 946 952 0,00 50
4 3500 6e57 6e61 0.95 50
4500 0400 0400 0.00 50
5500 | 10490 10494 3491 50
2060 | l4e4b 14,68 3473 50
3400 | 15,00 15417 0,00 50
5 800 | 10,29 10.38 1.89 50
6200 000 Ge0C 0400 50
, 7600 | 17,74 1782 Be49 50
2500 |27.71 28013 5¢10 50
4000 | 22,92 23029 0.00 50
6 5500 | 13,32 13,54 2490 50
7000 0,00 0.00 0400 50
9000 |27.03 27+31 18,14 50
3500 | 40495 41s46 3,71 50
%300 |[35665 36406 0,00 50
g 7 7100 | 20642 20468 3,06 50
: 8900 0,00 0400 0.0¢ 50
, 10700 | 28439 28076 16421 50
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‘ r Table IIa. Mean Range Errors Caused by the Various Sets
5 of Nonstandard Conditions {Continued)

Eoot
o WPN/CHG RANGE MEAN RANGE ERROR NO. OF
; HETERS HETERS CASES
: GET SCHEMES
\ A 8 c
: 1000 | =3,10 0o 34 0.71 50
: 1600 | =~3,431 -0e32 0400 50
: 155MM 16 | 2200 | -2.28 ~0s51 -0¢ 32 50
g 2800 | 0,00 0+ 00 000 50
: 3400 3463 la43 14 20 50
g 1500 | =Se91 0666 le22 50
: 2300 | ~6.03 ~0u47 0400 50
g . 26 | 3100 | -4.08 ~0482 -0455 50
; 3900 | 0,00 0.00 0000 50
: 4700 | 6,53 2.52 2.19 50
[ .
P 1500 | =696 0475 le66 50
: 2500 | -7,67 ~0e80 0400 50
I - k1o 3500 -5433 ~1le 22 =075 50
: 4500 | 0.N0 . 0600 0400 50
3 5500 | Be47 3432 2.73 50
[ .
i . 2000 |-12.23 1433 2499 50
' 3400 |-13,69 ~le4b 0400 50
46 . *000 '9.56 -2422 '1035 50
6200 0,00 000 000 50
7600 | 15049 6e 25 5018 50
2500 |~-19.80 0092 1482 50
t 4200 |=-19,29 ~0e 75 0.00 50
‘ 56 | 5900 |-12.70 ~1e59 =lelb 50
: 7600 | 0000 06 00 0400 50
9300 | 18436 4043 3493 50
2000 | ~-8492 0.89 1e69 50
3000 | -8.8% <0465 0,00 50
W 4000 ~5¢87 -1.10 -0e72 50
¢ S000 | 0,00 000 0.00 50
; 6000 | 8499 3015 2.70 50
: 2000 [~12.94 0697 3440 50
3500 |~14496 ~2.19 0,00 50 :
: W | 5000 |~10.57 -2485 “1.54 50
; 6500 | 0,00 0. 00 0.00 50
i 7500 | 10475 4045 3.39 50
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Table IIb, Standard Deviationa Caused by the Various Setu
of Nonstandard Conditions {(Continued)

WPN/CHG RANGE STANOARD DEVIATION
METERS FETERS
- GET SCHEMES
A B C
1000 Jab43 3445 0.82
1600 3069 3071 0.00
155MM 16 2200 257 2,58 0439
2800 0600 0,00 0.00
3400 4e26 4e28B 1456
1500 6e48 6e52 le42
2300 be 68 be 2 0.00
26 3100 4e58 4e61 0s67
3900 0. 00 000 0.00
4700 T2 91 7694 3.15
1500 Teb4 Te50 le85
25Q0 8227 B8e32 0,00
36 3500 5081 e84 087
«500 0,00 0. 00 0,00
5500 9465 969 3,49
2000 12,50 12064 3.05
3400 13,98 14210 0.00
4G 4800 9.84 991 leé$
6200 0400 J.00 04090
7600 1707 17«16 6460
2500 254,68 Rba12 8612
4200 21495 226433 0.00
5G6 5900 13,80 14«00 4,16
7600 U, 00 Ce 00 0.00
9300 21,88 22405 13.86
2000 9458 9 66 1490
3000 9458 9+ 65 0.00
3w 4000 be44 be 4B J.87
5000 0600 0.00 0.00
6000 104,40 10645 3663
2000 13,53 13.68 3450
3500 15443 15+56 000
4M 5000 10,93 11,01 1e63
6500 0.00 0400 0.00
7500 11,53 11,60 3,99

0. OF

CASES
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Table Ila. Mean Range Errors Cauwved by the Various Sets
of Nonstandard Conditions { Gontinued)
HENICHE RANGE MEAN RANCE ERROR MO, OF
METERS METERS CASES
GFT SCHEMES
A 8 [4
2500 [~18422 le 04 1,31 50
4000 [-16,91 -0e18 0.00 50
155MM 5K 5500 |-10,95 ~1s05 -0e 96 50
7000 0e 00 06 GO 0400 50
9000 21463 4,78 4e67 50
3500 |-30.75 429 “2e62 50
S5N0 |-24.21 Se86 0.00 50
6W 7500 (=-16.52 lel9 =2430 50
9500 0,00 0,00 0,00 50
11500 29463 8.15 1147 49
5000 [~43.48 151 -12.79 50
7000 [=244,50 1153 000 50
™ 9000 |-11.29 9424 2604 S0
11060 0,00 Je 00 0,09 50
13500 31,55 0. 80 9.81 50
24
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Table IIb, Standard Deviatione Caused by the Varicus Sets

ot Nonstandard Conditions ( Continued)

WPN/CHG RANGE STANDARC OEVEIATION NO. OF
METERS METERS CASES
GFY HENMES ‘
A B C
2500 25403 25042 6006 50
4000 20448 20082 0,00 50
155MM 5W 5500 12.09 12,28 3,40 50
7000 0.00 0,00 000 50
9000 2%e41 24064 lbel4 50
3500 4155 4227 4,84 50
5500 39,31 38,90 0.00 50
oM 7500 22436 22,75 5.01 50
9500 0,00 0,00 0600 50
11500 28646 28,91 1927 49
| 50060 494,00 %0.03 19,70 S50
| 7000 42002 42,63 0«00 50
W |.. 9060 | 25,00 25632 -3el? -50
11060 0.0C 0,00 6«00 50
13500 364,87 37.50 15.58 50
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r Tahle T2 Mean Range Errors Caused by the Various Sets 5 -
: of Nonstandazd Conditions { Continued) : ]

WPN /CHG RANGE MEAN RANGE ERROR NO. OF |

METERS METERS CASES
GFT SCHEMES
_ A B8 C

Y ‘500 '77.10 3.68 ’1.64 50 ‘
i 7000 | ~54.55 4~ 72 NN $0
y L7588 1 3530 | -34429 6e35 3449 5¢
12000 0,00 0. 00 . 000 50
14000 31,11 =Te48 ‘=lobl 49
: 7500 128478 =7440 9e24 50
' 10500 11005 -12,98 0«00 50
: ' 2 13500 | -58.92 -3.66 3460 - 30
16300 0.00 0,00 0.00 50
195¢0 31445 ~34e 76 =43420 50
R 12000 [-229.90 22,17 5432 50
1 1 17000 188,19 1508 0,00 50
: 3 22000 | -97.30 1875 9,70 50
' 27000 0.10 0.00 0,00 50

3

A

i 30000 | 68,47 -10.88 -11e17 49
i

, ‘
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"' : .Table IIb. Standard Deviations Caused by the Various Sets

L Y W, DU, T o e at . N oav . 3%
[ UL AV WARLRIIUG O W WA LMALKLWIILE L W/ WilkLiA MGy

i WPN /CHG RANGE STANDARD DEV TATVION NO. OF
: METERS METERS CASES
} GFV SCHEMES |
: A 8 ¢
; 4500 | 61,40 61,88 26,88 50
7000 | 62474 62483 0,00 50 :
\ 175MM 1 9500 | 39,83 39,85 5653 50 )
! 12000 0,00 0400 0400 50 :
% , ' 14000 | 32.84 33,02 684 49 ;
[ 7500 | 106062 109077 14495 50
| 10500 | 86.08 88,55 000 %0
. , 2 13500 | 44,31 45,53 15497 50
r, : 16500 0400 000 0,00 S0
19500 | 59.04 59428 64e 64 50
12000 | 250403 260084 29450 50
) 17000 | 21959 228443 0,00 | S0
3 22000 | 142479 147,88 25084 .50,
27000 0,00 0000 0000 50
& 30000 | 104,03 107.07 38461 49

21
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UBNILHG ANGE | PERCENT OF ROUNDS FALL! NGe OF
MET&RS WITHIN ONE PROBABLE ERROR CASES -
XPROBABLE ERROR=43% OF RANGE)
GFT_SCHEMES
A ) C
1000 | 33.74 3824 48418 50
16060 | 39.81 43,27 50,00 50
105MM 1 2200 | 46465 47482 49,90 50
2800 | 50400 50 30 504 00 50
3400 | 45.63 46,18 49413 50
1000 | 30.84 36644 47433 50
1700 | 38,12 ©2419 50400 50
2 2400 | 46,01 4747 49,88 50
: 3100 | 50600 50600 50,00 50
3800 | 45.18 46e57 49,10 50
. 1500 | 29404 35,03 | 47497 50
. 2300 | 36471 41,11 50400 50
3 3100 | 45440 47405 49,89 S0
3900 | 50400 5000 | 50400 50
4700 | 4442 46400 49,06 50
1500 | 25434 3171 47408 . 50
2500 | 33,91 39,01 50,00 . 50
4 "3500 | 44e29 46436 49487 50
4500 | 50,00 504 00 50000 50
5500 | 43485 45472 49,13 50
2000 | 20459 27431 45438 50
3400‘ 30.05 36. 53 50.00 50
5 4800 | 42,52 45046 49,78 50
6200 | $0.00 50400 50400 50
7600 | 42400 44,452 48437 S0
2500 | 16485 1958 45469 50
4000 | 27466 31,77 50600 50
6 5500 | 41480 44o44 | 49,66 50
7000 | 50,00 50000 50600 50
9000 | 38417 41,79 45459 50
3500 | 16432 184 74 48,06 50
5300 | 26476 284 T4 50400 50
7 7100 | 4le11 42474 49,76 50
8900 | 50000 50,00 80,00 50
10700 | #1422 43,61 47,19 50

28




" Table IIb. Percent of Rounds Falling Withiri Two Probable Errors A

WPN/CHG RANGE | PERCENT OF ROUNDS FALLING NGe OF
METERS| WITHIN  TWO PROSADLE ERROR | CASES
(PROBABLE ERROK=43% OF RANGE)
GFT SCHEMES
A B
1000 | 60691 68.19 80.38 50
1600 T)edb5 T4aT4 82427 50
[ 105MM 1 2200 T8 72 719499 82617 50
| 28u0 | 82427 82427 8227 50
| 3450 | 77457 7Re84 81,37 50
‘ o 1000 | 57453 65468 79,47 | 50
: 1760 6821 T3e41 82,27 50
2 2400 T8e01 7961 82.14 50
3100 | 82427 82427 82,27 50
3800 | T7.05 78461 8le35 50
1500 | 54467 63462 80415 50
2300 | 6626 12402 824217 50
: 3 3100 | 77.31 79.15 82415 50
5 3900 | 82427 82427 82427 50
3 , 4700 | 76417 17696 | 81430 50
|
15G0 | 48452 58,60 79,19 50
25C0 | 62423 69624 82,27 50
‘ 4 3500 | 76402 18437 82,13 50
3 ! 45300 | 82427 | 82427 82.27 - 50
; : 5500 | 75450 77465 8138 50
| _
| 2000 | 40el6 51e52 17.27 50
3400 56438 65,80 82_.27 50
5 4800 | 73492 17034 82,04 50
6200 | 82427 82427 82,27 50
7600 | 73.24 16025 80,57 50
2500 | 33,00 38400 17662 50
; 4000 | 52425 58670 82,27 50
: : 6 5500 | 72499 16615 81e92 50
, 7006 | 82427 82427 82427 50
9000 | 68.28 12490 77450 S0
3500 | 32,01 3be4é 80.25 50
5300 | 50664 53,88 82427 50
| ' 7 T100 | 72405 14409 82,02 50
; 8900 | 82,27 82627 82427 50
| 4 17700 | T72.24 T4e91 79.30 50
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Table Illa, Percent of Rounds Falling Within One Probable Error
(Continued)

-

WPN/CHG RANGE | PERCENT OF ROUNDS FALLING NOe OF |
METERS| WITHIN  ONE PROBABLE ERROR | CASES:
[ PROBABLE ERROR=43% OF RANGE)
GFT_SCHEMES
A B [

100U | 35440 40453 48,76 50

; 1600 | &4l.78 45,00 500G 50

: 155MM 16 2200 | 47453 48452 49494 50

¥ 2800 | 50400 50000 50400 50

! 3400 | 4Te27 48420 | < 49464 50
3

: 1500 | 30.83 36495 48,38 50

: 2300 | 38434 42,68 50400 50

2 26 3100 | 46417 47,70 4992 50

4 3900 | 50,00 50400 50400 50

= 4700 | 45.46 46490 49429 50

i 1500 | 27.70 34,51 47024 50

: 2500 | 35,84 41402 500G 50

! 36 3500 | 45.18 4Te12 49.88 50

: : 4500 | 50000 50.00 50,00 S0

L 5500 | 44.88 46062 49431 50

.- 2000 | 22449 30411 45460 50

- 36400 | 30497 3Te T4 56,00 50

- 4G 4800 | 42.75 45476 49,82 50

] | 6200 | 50.00 50400 50,00 50

; 7600 | 42406 44e 70 48,71 50

: 2500 | 16455 20483 41,07 50

3 4200 | 27,40 33,48 50400 50

: 56 5900 | 4le4é 44,76 49443 50

! 7600 | 50,00 504 00 50400 50

j 9300 | 41.93 44465 47¢59 50

2000 | 28447 35,15 48432 50

3000 | 36450 41450 50400 50

3N 4000 | 45046 47431 49,91 S0

5000 | 50,00 50000 ° 50,00 50

6000 | 45,05 46076 43439 50

2000 | 21430 28464 4444 50

3500 | 29467 36450 50000 50

4w 5000 | 41,99 45.18 49,78 50

6500 | 50,00 50400 50400 30

7500 | 45.73 47028 49,48 50
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Tahle TTTh  Parcent nf Rannda Falling Within Two Drohakle BErsars

no
{ Continued)
WPN/CHG RANGE PERCENT OF ROUNDS FALLING NO, OF
METERS|WITHIN  TWO PROBABLE ERROR | CASES
[PROBABLE ERROR=¢3% OF RANGE)
GFT_SCHEMES
A 8 C
1000 | 64e44 71.27 80,99 50
1600 | 72499 76481 8227 50
155MM 16 2200 | 79468 8074 82421 50
2800 | 82427 82427 82,27 50
3400 | 7940 80439  81e90 50
1500 | 57457 66440 8059 50
2300 | 68452 74401 82027 50
26 3100 | 78419 79,86 82,18 50
390 | 82427 824,27 82627 50
4700 | T71437 7898 8l.54 50
1500 | S2.57 62,87 79436 50
2500 | 65407 7191 82427 S0
36 35C0 | 77407 79622 82,15 50
4500 | 82427 82,27 82,27 50
S500 | 76e72 78466 8l.56 50
2000 | 43.68 56,08 7755 50
3400 | 57.88 67,50 82,27 50
4G 4800 | T4e21 7769 82.08 50
6200 | B82.27 8227 82,27 50
7600 | 73434 76046 80,94 50
2500 | 32450 40626 71.98 50
4200 | 51499 61e32 82627 50
5G $900 | 7257 76454 8le 69 50
7600 | 82427 82627 82427 5GC
9300 | 73617 76440 7973 50
2000 | 53.83 63481 80453 50
3000 | 66601 72453 B82.27 50
3w 4000 | 77439 7943 82.18 50
5000 | 82,27 82,27 824 27 50
6000 | 76491 7882 81.65 50
2000 | 41451 53,70 T6e22 50
3500 | 5582 65476 82427 50
4 S000 | 73.27 77.03 82,05 50
6500 | 82,27 82,27 82,27 50
7500 | 77469 79.38 8le 74 50
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Table IlIa, Percent of Xounds Fralling Within One Frubable Eicui

(Continued)
I
! ' wenscHo RANGE | PERCENT OF ROUNDS FALLING | NOo OF
: METERS| WITHIN  ONE PROBABLE ERROR | CASES
(PROBABLE ERROR=o3% OF RANGE)
GFT_SCHEMES
A B c
25C0 | 17.39 21430 YWY 50
4000 | 284495 33,88 50,00 50
155MM 5y SS5C0 | 42434 45431 49,56 50
7000 | 50600 50400 . 50400 50
9000 | 39.58 43423 464 6C 50
3500 | 14478 18035 47,59 S0
5500 | 24474 27483 50400 50
6W 7500 | 39,36 42425 49,43 50
9500 | 5000 50400 5000 50
11500 | 39,65 434,92 46431 49
5000 | 15498 - 21458 35,49 50
7060 | 28412 30,23 50,00 50
3 . , ™ | 9000 | 42.18 42441 | 49,78 50
‘ 110006 | 50,00 50,00 50,00. 50
P _ 13500 | 39,73 43427 48,09 50

32




Table IIIb. Percent of Rouads Falling Within Two Probable Errors

{ Continued)
WPN/CHG RANGE PERCENT OF ROUNDS FALLING NO. OF
METERS| WITHIN TWO PROBABLE ERROR CASES
KPROBABLE ERROR=¢3% OF RANGE)
GFT :
A ¥} c
*2500 34,07 41410 16,13 50
4000 53,74 6le92 8227 S0
1955MM 54 5530 T3.69 1717 8le.82 5C
7000 | 82427 8227 | 8227 50
90u0 706117 T4e 69 78+ 64 50
3500 2913 35, 74 79 T4 50
500 47626 52,38 82.27 50
.1 7500 69,81 Tieh? 8lab68 50
9500 82427 82627 82.27 50
115QO T0e34 75053 78632 49
5000 31,51 41061 64039 50
7000 5293 56428 82,27 50
™ 9000 T3.40 73,68 82.04 50
11000 82,27 82627 82027 50
13500 | 70435 Té4a T4 80,28 50
33
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T Tahle ITa. Parcent of Rounds Falling Within One¢ Probable Error :
* ( Continued) I

PN SCHS RANGE | OEBCENT OFf ROUNDS FALL ING NO. OF
METERS| WITHIN ONE PROBABLE ERROR | CASES
{ PROBABLE ERROR=¢3% OF RANGE)
ET SCH
A ) ¢

4500 Bell 1be 42 31.26 50

7000 | 1561 23,49 5000 50

175MM 1 9500 | 32.05 37e 43 49449 50
12000 | 50,00 50600 . 50400 50

14000 | €le20 44465 49463 49

7500 8.29 15052 44490 50

1050C | 13471 24450 50,00 30

Z 13500 | 31l.11 40086 48,48 50

16500 | 50400 50,00 - %0,00 S0

19500 | 40461 40,21 38627 50

12000 Teh9 10,72 44435 50

17000 | 12.%8 16,75 | 50.00 50

3 22000 | 25455 28.87 48,38 50

27000 50,00 50,00 50.00 50

30000 | 37461 40004 48416 49




Table IiIb. Percent of Rounds Falling Within Two Probable Errors

b

{Continued)
WPN /CHG RANGE PERCENT OF ROUNDS FALLING NO. OF
METERS| WITHIN  TWO PROBABLE ERROR | CASES
{PROBABLE ERROR=,3% OF RANGE)
GFT_SCHEMES
A i) c

4509 16027 32.15 57490 50

7000 30697 44499 82427 50

175MM 1 9500 | 59.42 6707 81,75 50
12000 82427 82427 . 824217 50
14000 72.28 76640 81,89 49

7500 16,67 30645 Tée 71 50

10500 | 27.68 46674 82,27 50

2 13500 | 50459 71.70 80,69 50
16500 82427 82.27 82,27 50
19500 71640 70489 68431 . 50
12000 | 14496 21424 76405 50
L7000 | 24095 32,78 82427 50

3 22000 | 48468 54409 80458 50
27000 | B2.27 8227 82,27 50
30000 | 67441 70,63 80435 49

A
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