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A GRAPHICAL FIRING TABLE MODEL
AND

A COMPARISON OF THE ACCURACY OF THREE
UTILIZATION SCHEMES

ABSTRACT

This report presents a mathematical description of a

graphical firing table and discusses three differont

schemes for using the table in the solution 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. TIL GRAPHICAL FIRING IABLE

A granhical firing table (GFT) is an instrument close-

ly resemblinn a slide rule (Finure 1) that is used by the

1U. S. arti!!aryman to make a fast, manual computation of I
the aiming data necessary to hit a tarnet range under non-

standard conditions.

The principal scale printed on the bod, 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 range and elevation, range and fuze settinn,

range and drift, etc. and transferred to the GFT. Con-

sequently, knowinj the linear distance along the range
scale to any range "x" will automatically give the dis-

tance to all aiming data corresponding to that "x" under

standard conditions (Finure 2).

One of the two key relationships needed to describe
the GFT then is a function relating the linear distance,
s x to range "X." The renuired function is

s X [(log X - log Xm)/(log xt1 - log Xm)]J ST, (1)

where XM= maximum range on GFT, Xm * minimum range on IFT,

and sT * total length of range scale (generally sT - I).

In the case of a charged weapon, xM and x M change from

charge to charge. The reason the range scale is printed
according to a logarithmic rule is to simplify the computa-

tion of the corrections, as will be shown in Section I1.

In the utilization of the GFT, a line representative

of the elevation necessary to hit a target under nonstandard
conditions must be drawn on the cursor. This "adjusted ele-

vation gaqeline" prescribes the standard elevation corre-

sponding to the adjusted ranle, XA, found by the enuation

7
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I

wA Xtr T + AXT XT + bX/XI XT (2)

whee x - argt rnge &x -total range correction to

perc0entage fo nontanear coIito andi AX/NI
xT -U #rr.• ,J IU.=, -. . .- .XT

percentage change in XT due to nonstandard conditions

(Range K).*

The olevatlon gageline is drawn in a manner such that

the distance between it and the manufacturer's hairline,

ASXTP corresponds to the total range correction, AXTO

needed to compensate for nonstandard conditions (Fiqure 3).

Therefore, a second key relationship required to

express the functioning of the GFT is one which relates

AXT and ASXT. as shown below;

SXT aEST/(loq xN-loq Xm)Jolog (AX/XI X 1), (3)

or

"&XT AXXIXTTXT oT 4XT,

From equations (1) and (3), it is found that the linear

distance to the adjusted range, and therefore the adjusted

elevation, is

*By replacing Ranqe K with Fuze K, the equations appearing

in this section and the next will apply to the problem of

determininq 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 fliqht re-

quired to hit "x" under the nonstandard conditions divided

by "X".

All adjusted aiminq data on a GFT can be found by us-

inq the elevation gageline and time gageline. For details,

see FM6-40.

8



I
Ssx +AsXT =T- (log XT - log xm).ST/(1og XM - log Xm) (5)

+[s*.9 (Ax/xI +1)] / (log xjt-log Xm)

One firial observation should be made and that is that
.,..y o-,u,,J,,• lawrI ori the I curtsur uf Lite GFT can be

written as a linear function of s as follows:
x

As = ms +b, (6)
x x

where "m" and "b" are the slope and the intercept, respec-

tively, of the elevation gageline and will be determined

in Section II.

In summary, the mathematical model for a GFT consists

of enuation (1) which locates each niece of aiming data on

the body of the ,FT, and equation (5) which locates the
"adjusted aiming data." The auxiliary equation (6) will

be helpful in the discussion of the GFT schemes in the

section that follows.

II. THREE GFT SCHEMES

The artilleryman usually computes the percentage

change in range due to nonstandard conditions, AX/Xo

at only one range, say XR. In reality, the value of

Ax/x varies with range and the three schemes to be dis-

cussed differ In the assumptions that they make concerning

how Ax/x varies.

A. Constant Range K (Scheme A)

For Scheme A, it is assumed that Ax/XlxR is valid at

all ranges; that is, the variation from range to range is

0. Therefore, AsXT must be a constant, implvinn that m -

0 and b = ASXR in equation (6) where

SR [S. log (Ax/X XR+l)J / (log XM-loG Xm) (7)

To use the GFT, a line is drawn on the cursor parallel

to the manufacturer's hairline at a distance determined bv

9



equation (7). If the ranqe scale were not printed accord-

inq to a loqarithmic rule, ASXT would not be a constant

and the constant Range 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 change. To annroximate this rate, an average Ax/X

was theoreticallv determined from 50) nonstandard trajectories

at each of five ranges(x . . . x5)
15

Usinn these five valuei for AX/x, it Is Possible to find

an optimum slope, m, for equation (6) bv minlmizinq the

error function,

5~m~b) - [(log XM-lO Xm).(MSxt+b)/sTl -

employinq a nonlinear least squares techninue.

To utilize this scheme, the artilleryman comnutes

Ax/XI R, i.e., the Range K at a registration range XR. ThisXsR

fixes the value As at SxR and so b As XR msX. where

"im" is the optimum slone found above. Therefore, As ISx
established for each range and, as can be seen from enuation

(4), Ax/x is also determined. To assist the artillervman

in drawinn a straight line on the cursor so that ASx will

actually take on the desired values, a Range K line is

printed on the GFT with the renuired slope (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 sX and

1 0



As are also known and d stralqht line is dravn or the

cursor connectinq these two noin tso Thu•, the 1ove becormey

m A (As - AS - S ),X A X , X A × '

and the value ot "b" ir, fixed by equation () ar,

b AS - Mh
Xi Xi

where i - 2 or 4.

I T['.T COlNDITION';

The accuracy with which each of the three 1FT schomes

can predict the adjusted elevation was determined for the

followlnq weapon/charqle combinations, using the non'tandard

conditions listed in Tables la, TII, and Ic.

Weapon Charge

105mm How., MI011 1 - 7

1b5mm How., M109 - rG ,3W 8

17bmm Gun, MI U7 1 - 3

IV. ACCURACY COT¶PUTATI }NS

Five ranges, correspond i n to clevation!i, Iutwuen 10

and 60J0 mil s , were chos em for each weapon/ chdrrqe combh nit-

ti on. The true value of Range K ct each Of these ranrjg-.

for each set of nonstandard conditilos was found In 'hl

following manner:

Range K - AXi j/Xi; i - l" i .s , ind ... !)10

where AXij - the di fferen ce between and tI Ii ri nmq v

ciChieved under standard conditions ii,;nq Ohw oo nvdt ion) r'e-

quired to hit xi under .1th xet of non,;tamdar'd (,ondl i )n,,,

A number of cases could not be computed hbvctniv Lhi(

predicted range exceeded the mlcaxitimim ran,le for tho pltrtic:-

ular charge involved.

II
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lhu ~kanqe K vdlueus predicted by each scheme were

colmpluted as shown olIow:

Scheme A

For the j" set of nonstandard conditions, the RFange K

at the fourth range (registration range), Ax4 j/x 4 was

considered true for all ranges within a weapon/charge

combination.

Scheme B
t 1h

For the , set of nonstandard conditions, the Range K

at the ith range was comnuted using the rule

[(log XM - log Xm).As /ST]AXi,!/xi 10 lOxiji -

where AS M ins + bi, m = oiptimum slope for the weanon/weeAxii xi

charge combination, and b AsX4J X4 s and x4j is

computed using equation (3) with

AX/Xj XT x 4,1/x

Scheme C

Two ranges, X2 and X4, of each weapon/charge combina-

tion were chosen as registration ranges. Therefore, for

the jith set of nonstandard conditions the Range K at the

ith ranqe is

[(log xM - log Xm).As Xi -TIAxi /x = I0-1

where

ASxj = mlS + bi.JXi

M - As )/(s - s ),
x4i X~j X4 X2

12
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V. COMPARISON OF ACCURACY RESULTS

To compare the accuracy of the assumptions made by each

of the three schemes, the errors in the predicted Range K's

were converted to range errors by computinq 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 range

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
range error and standard deviation caused by the various

sets of nonstandard conditions. Computed values are listed

in Tables I.ýa and lib.

The meains and standard deviations were then statis-

tically combined with the probable errors in range described

belowI. This converted the range errors into a correspond-

inq decrease in the percent of rounds falling within plus
and minus one and two orobable errors. If there were no errors,

50% of all rounds would fall within plus and minus 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
ranqf and a normal distribution of rounds about these ranges

The statistical methods employud may be found in Introduc-
tion to the Theory of Statistics, A. Mood and F. Gravbill.

13
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These percents found for all weapon/charge/range com-

binations are listed in Tables IIIa and IXlb.

VI. SUMMARY AND CONCLUSION

A. Summary

Summary of Results

The percent of rounds fallinq within plus and minus

One probable error Two probable errors

Weapon For a probable error equal to 0.3% of ranqe

Graphical Firinq 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: If there were no errors involved, 50% of all rounds

would fall within + one probable error and 82.3%

within + two probable errors.

B. Conclusion

This study indicates that Scheme C provides a better

rcpresentation of the variation of Ranqe 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 Ranqe 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 105mm How. * MIOS

NO. DENSITY TEMPERATURE RANGE WIND MUZZLE VELOCITY
KNOTS VARIAT ION

I. 97.1 99.8 J3
2 107.3 99.1 3
3 88.2 103.1 :18.7 :0934
4 110.N 104.6 -16.6 -48
5 92 96.9 10.6 -0 07
6 95.7 98.7 0.2
7 100.0 107.2 -13.3
8 92.5 99o6 14.1 :.33
9 94.9 101.5 8. -3.31

10 94.8 98.1 2.2 -0.01
11 99.7 101.9 9.3 -0.04
12 99.a 99m4 -1800 :8:413 91.4 103.2 0.5
14 10 9 95.8 19.6 -0.17
is:8 98.9 - 6.1 -0.47
16 98.0 97.7 3.2 -0.43
37 78.7 107.2 9.8 - .24

18 88.3 99.8 - 2.8 -9.05
19 102.9 1047 -1 .3 101089 9 10008 -: -0. 16
H 94.0 83.1 8.0S-0a722 105.6 182.1 21.5

3 95.0 96.0 4 -0.34
,84. 99.8 3 -0.25

25 972 106.6 - 24 -031'26 90.a 95+. -8'z o ,03
27 86.4 101:1 AN.36
28 97,4 106. - 82 -0.21
29 88.4 102.0 9.6 -0602
30 83.9 103.4 6.6 -0.4
31 97.3 97.1 24.0 -48
32 95.9 95.6 - 1.2 :8833 98.9 99.6 6.3 -009
34 90.7 99.7 21.1 -0.3
35 98.9 l03.1 2.8 -A6

S99e6 98.9 11 2i-0.11
17 94e5 99.6 -16.6 :438 88.3 99.6 9.2 so

39 97.0 102.3 2.140 88.3 100.6 3.1 -0.2541 95.1
42 96.1 0.6 0.5 -0:31
43 96,7 1 - 6.8 -0.07

46 87.3 10102 -1 .2
47 91.4 99.8 -:4 :84
48 92.3 103*2 24.8 -0.35
49 94.6 1583 7:______ _ 0.3-17oA __ __ _:_ __ __ _

o0 88.7 131

L -
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rI
Table lb. Nonstandard Conditions for 155mm How., M109

NO. DENSITY TEMPERATURE RANGEWIND MUZZLE VELOCITY

1 97.1 99.8 260
2 107.3 99.1 -10

l 99.6 -0.10
7 88,,0 1303. -11,7 812

WeS9. 9906. 94
94*9 1915 19.Il

10~ e 94,86 -1,. 2:1l

19 129 0.7 .3.01

.07* --. 8
7 10996 99*4 ,1 0

13 91,4 10025
14 10119 9018 19:6 "2,4715 87.3 9809 - 6.1 v20416 98S 0 97, 7 3,0- 76

3440 - 61

32 102,9 24e? " :3 :24

* 910: ?
98b.9 103

38 945 99:. 4

3 S 5, 99.6 .2

4 -8.3 901 -6I
42 , 12.3 :321 985. 10 .6 .

47 9 1, as4 9
6 837.9 • .020

48 92.3 1031 24.8 -8

35 988. 1003 386H

4 :6 8



Table Ic. Nonstandard Conditions for 175mm Gun, M107

N5.1 DENSITY TEMPERATURE RAMGE WIND MULZ.LE" VML!TY
I~ ~ ~~NB YA i________ At I A ________ M/$

2 g7A 99.1
3 .38.2 103o1
4 110.1 184e6 -16. -19.4
5 92.0 96.9 1"
6 95. 98.7 8:
7 100: 107I 2 -13.3 - 003.8 92. 99:6 14:,1 -o6
9 94:9 Ll. S a a I
D 948 98.1 2.2 0.0

990142-80T9 9c.3 -0.
13 919 132 -5 0-

S1.9- .16 -
16 9?. 97:7 31 -:.7:9

7 6. 1%:i
047 -113 - 0.623•: 9- 0.•, -.

~~jj.9 1*3 f~
214 0-2. -17.222 1o1 2:1 2. -5 0.,

28 97.4 -6.2 *
23 83. 1603. 6.6 -18695.65,,-96. -10.1

24 8.9 99.6 O63 - 84.25 97. L06. -11:4 : I;:
26 90. 95. 3
27 869 1031 -12.5 -17.2

30 839 103. 6b6 -18 .32

954 95.6
36 998. 99*6 6:3 :1?0734. 90.7 99.7 21.1 :b|
35 9870 103l 2.8 - 0
36 99. 94.9 -Iv.37 94.. 99.6 - :9:1?
38 88.a 996 -2 S,3:
39 9 7:0 10203 24. -1Ono

41 954. o53 7:15 - 0.142 96,7 9411 6

44 93, Mo I0IS*
4.5 98,1 •014
4.6 87.3 101*2 3-
4.7 ;1 : 99.0 -0.

4 9 3 103 2 24- 16e943 94&6 95:3 7.4 00o1
88-07 100.3 -17.2 -11.2

L .
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r Table Ila. Mean Range Errors Caused by the Varioue Sets

CAf wnnataneiarii r'n~eltinfix

WPN/CMG RANGE MEAN RANGE ERROR NO. OFI
METERS METERS CASES-

GFT SCHEMES
A 0 C

1000 -3.41 0.11 0-84 50
1600 -3.68 -0.62 0.00 50

105MM 1 2200 -2.59 -0.78 -0.41 50
2800 0.00 0.00 0.00 50
3400 4.45 2,19 1.74 50

1000 -3.84 0.47 1.05 50
1700 -4.40 -0.51 0.00 50

2 2400 -3.15 -0.8 -"0.51 50
3100 0000 0.00 0.00 50
3800 5.40 2.46 2.08 50

1500 -6.32 0.08 1.36 50
2300 -6.49 -1.07 0.00 50

3 3100 -4.42 -1625 -0.63 50
3900 0000 0.00 0000 50
4700 7e29 3.36 2e62 50

1500 -7.63 0O13 1.67 so
2500 -8.26 -1.36 0.00 so

4 3500 -5.72 -1059 -0.78 50
4500 0.00 0.00 0.00 50
5500 9o26 4.08 3.09 50

2000 -13.28 0.70 2039 50
3400 -14.09 -1.48 0.00 50

5 4800 -9.51 -1.94 -1.06 50
6200 0.00 0.00 0.00 50
7600 14.98 5.46 4.37 50

2500 -17.24 0.69 1.56 50
4000 -16.27 -0.?0 0000 50

6 5500 -10.71 -1.50 -1.10 50
7000 0.00 0.00 0.00 50
9000 23.29 7.61 7*00 50

3500 -24.12 -0.22 -3.07 50
5300 -17.58 2.49 0.00 50

7 7100 -11.57 0.14 -1.35 50
8900 0. 00 0.00 0 .0 50

J 10700 20.25 5.89 7.78 50

20



Table lib. Standard Deviations Caused by the Various Sets

of Nonstandard Conditions

IWPN/CHG RANGE STANDARD DEVIATION NO* OF
HETEP.S METERFSeAS

GFT SCHEMES
A B C

1000 4.02 4.04 1.03 50
1600 4.38 4.40 0.00 50

105mm . 2200 3.12 3.13 0.53 50
2800 0.00 0.00 0.00 50
3400 5.74 5.76 2.55 50

1000 4.45 4.48 1.25 50
1700 5.13 5.16 0.00 50

2 2400 3.71 3.73 0.63 so
3100 0.00 0.00 0.00 50
3800 6.67 6e69 2.82 50

1500 7.28 7.33 1.61 50
2300 7.52 7*57 0.00 50

3 3100 5.18 5.20 0.77 50
3900 0.00 0.00 0.00 50
4700 8*97 9.00 3.58 50

1500 8.70 8.77 1.94 50
2500 9*46 9.52 0.00 50

4 3500 6.57 6.61 0.95 50
4500 0.00 0.00 0.00 50
5500 10.90 10.94 3.91 50

2000 14.46 14m68 3073 50
3400 15eO0 15e17 0.00 50

5 4800 10.29 10.38 1.89 50
6200 0.00 0.00 0.00 50
7600 17.74 17.82 8.49 50

2500 27,71 28.13 5.10 50
4000 22.92 23.29 0.00 50

6 5500 13.32 13.54 2.90 50
7000 0.00 0.00 0.00 50
9000 27.03 27.31 18.14 50

3500 40.95 41.46 3.71 50
5300 35.65 36.06 0.00 50
7100 20.42 20.68 3.06 50
8900 0.00 0.00 0.00 50

10700 28.39 28.76 16.21 50

21



Table Ila. Mean Range Errors Caused by the Various Sets
of Nonstandard Conditions (Continued)

jWPNICHG RANGE MEAN PANGE ERROR NO. OF

A 8 C

1000 -3.10 0.34 0.71 50
1600 -3.31 -0.32 0.00 50

155MM IG 2200 -2.28 -0.51 -0.32 50
2800 0.00 (, 00 0.00 50
3400 3.63 1.43 1.20 50

1500 -5.91 0.66 1.22 so
2300 -6.03 -0.47 0.600 50

2G 3100 -4.08 -0.82 -0.55 50
3900 0.00 0.00 0.00 50
4700 6.53 2.52 2,19 50

1500 -6.96 0,75 1.66 50
2500 -7.67 -0.80 0.00 50

3G 3500 -5933 -1.22 -0075 50
4500 0.f0O 10.00 0.00 50
5500 8.47 3932 2.73 50

2000 -12.23 1.33 2o99. 50
3400 -13.69 -1.46 0.00 50

4G 4800 -9,56 -2.22 -1o35 50
6200 0.00 0000 0.00 50
T600 15.49 6.25 5.18 so

2500 -'19.80 092 1.82 so
4200 -19.20 -0.75 0.00 50

5G 5900 -12,70 -1.59 -1.16 50
7600 0.00 0.00 0.00 so
9300 18.36 4.43 3s93 50

2000 -8.92 0.69 1.69 50
3000 -8.85 -0065 0.00 50

3W 4000 -5087 -1.10 -0.72 50
5000 0.00 0000 0.00 50
6000 8.99 3.1S' 2.10 50

2000 -12.94 0.97 3.40 50
3500 -14.96 -2.19 0.00 50

4W 5000 -10057 -2.85 -1.54 50
6500 0.00 0.00 0.00 50
7500 10175 4.45 3.39 50

22



Table [1h. Standard LDeviationa Cauaed by the Varifou Setw

of Nonstandard C(onditions (Continued)
WPN/CHG RANGE STANDARD DEVIATION NOS OF

METERS P'ETERS CASES

GFT SCHEMES
A B C

1.000 3.43 3.45 0.82 50
1600 3.69 3.71 0000 50

155MM IG 2200 2.57 2.58 0.39 50
2800 0.00 0000 0,00 50
340n 4.26 4.28 1.56 50

1500 6.48 6.52 1.42 50
2300 6.68 6.12 0.00 50

2G 3100 4w58 4.6. 0.67 50
3900 0000 0.00 0.00 50
4700 7.91 7.94 3.15 50

1500 7.44 7.50 16,85 50
2500 8.27 8.32 0000 50

3G 3500 5.81 5.84 0.87 50
4500 0000 0.00 0000 50
5500 9e65 9.69 3.49 50

2000 12.50 12.64 3.05 50
3400 13.98 14ol0 0.00 50

4G 4800 9.84 9.91 1.45 50
6200 0.00 0.00 0.00 50
7600 17.07 17o16 6.66 s0

2500 25.68 26.12 8o12 50
4200 21095 22e33 0.00 50

5G 5900 13.80 14.00 4.16 50
7600 0.00 0.00 0.00 50
9300 21.88 22.05 13.86 50

2000 9058 9.66 1.90 50
3000 9058 9,65 0000 50

3W 4000 6o44 604e 0.87 50
5000 0000 0.00 0.00 50
6000 10.40 10045 3.63 50

2000 13.53 13.68 3.50 50
3500 15.43 15.56 0000 50

4W 5000 10.93 11.01 1o63 50
6500 0000 0000 0000 50
7500 11.53 11.60 3.99 50
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Table Ila. lean Range Errorb Cauved qiy, the Various Sets

of Nonstandard Qonditions tuonzinueffy

ME'TERS METERS CASES

GFT SCHEMES
A B C

2500 -18.22 1.04 1.31 50
4000 -16.91 -0.18 0.00 50

155MM 5W 5500 -10.95 -1.05 -0.96 50
7000 0.00 0.00 0.00 50
9000 21.63 4.76 4.67 50

3500 -30.75 4.29 -2.42 50
550O -24.21 5086 0.00 50

6W 7500 -16.52 1.19 -2.30 50
9500 0.00 0.00 0000 50

11500 29.63 8.15 11e47 49

5000 -43.48 L1.5 -12.79 50
7000 -24.50 11053 0.00 50

7W 9000 -11.29 '9.24 2064 50
11000 0.00 3000 0.101 50
13500 31.55 0.80 9081 50
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Table Ilb. Standard Deviations Caused by the Various Sets
of Nonstandard otonditions (Continued)

WPN/CHG RkNGE STANDARD DEVIATION NO. OF
METERS METERS CASES

GFT SCHEMES
A B C

2500 25.03 25.42 6.06 50
4000 20.48 20e62 0.00 50

155MM 5W 5500 12.09 12.28 3.40 50
7000 0.00 0.00 0,00 50
9000 24.41 24*64 16.14 50

3500 41.55 42.27 4.84 50
5500 38.31 38.90 0.00 50

6W 7500 22.36 22.75 5.01 50
9500 0.00 0.00 0.00 50

11500 28.46 28.91 19.27 49

5000 49.00 50.03 19970 50
7000 42.02 42.63 0.00 50

7 W 9000 25.00 25.32 3.17 50
11000 0.00 0.00 0.00 50
13500 36.87 37.50 15.58 50
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r Irs1. TT h-•fpxn Ranwot Errors Caused by the Various Sets

of Nonstandard Conditions (Continued)

WPN /CHG RANGE MEAN RANGE ERROR NO. OF

METERS METERS CASES

GFT SCHEMES
A B C

4500 -77.70 3.68 -1.64 50

7000 -64.55 4-7% 0lt0i0 so

175MM 1 9500 -34.29 6.35 3.49 SP

12000 0.00 0000 0.00 50
14000 31.11 -7.48 -4.63 49

7500 -128.78 -7.40 9.24 50
10500 -110.05 -12.98 0.00 50

2 13500 -58.92 -3w66 3.60 50
16500 0.00 0.00 0.00 50
19500 31o45 -34.76 -43.20 50

L2000 -229.90 22.7? 5.32 50
17000 "168.19 15.08 0000 so

3 22000 -97.30 18.75 9,70 50
27000 0. )0 0.00 0.00 so
30000 68.47 -10.88 -11.17 49
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• Table 1Ib. Standard Deviationb Caused by the Vpriomm, Sets

FPN /CHG RANGE STANDARCD EV WATION NO. OF
METERS METERS CASES

GFT SCHEMES
A B C

4500 61*40 61.88 26088 50

7000 62.74 62.83 0000 50
175MM 1 9500 39.83 39.85 5.53 50

12000 0.00 0.00 0.00 50
14000 32.84 33.02 6.84 49

7500 106.62 109077 14.95 50
10500 86.08 88055 0.00 50

2 13500 44031 45o53 15.97 50
16500 0.00 0000 0*00 50'
19500 59.04 59.28 64.64 50

12000 250.03 260.84 .29.50 50
17000 219.59 228-43 0000 50

3 22000 142.79 147.88 25.84 .50
27000 0000 0000 0.00 50
30000 104.03 107.07 38.61 49.

L
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sr,~s3 ~ N~ ~ ~ ~L '~ ~eMETERS WITHIN ONE PRBBEERROR IAES
(PROBABLE ERROR=*3% OF RANGE)

_______GFT SCHEMES
A a C

1*1000 33914 38924 48.18 s0
1600 39.81 43.27 50.00 so

105MM 1 2200 46.65 47.82 49.90 50
2830 50.00 50.00 50.00 50
34o0 45.63 46o78 49.13 so

1000 30e84 36.44 47.33 so
1700' 38.12 42419 50.00 50

2 2400 46.01 47.47 49.88 50
3100 50900 50.00 50.00 s0
38040 45.18 46.57 49.10 50

1. 500 29.04 35.03.. 47.97 50
2300- 36.71 41.11 50.00 50

3 3100 45.40 47.05 49.89 50
3900 50.00 50.00 .50.00 50
4700 44.42 46.00 49.06 50

1500 25.34 31.71 47.08.- 50
2500 33.91 39.01 50.00 .50

4 '3500 44.29 46.36 49.87 s0
4500 50.00 50.0 50.00 so
5500 43.85 45.72 49.13 s0

2000 20.59 27*31 45.38 50
3400- 30.05 36.53 50.00 50

5 4800 42.52 45.46 49.78 s0
6200 50.00 50.00 50.00 s0
7600 42.00 44.52 48.37 50

.2500 16.85 19.,58 45.69 50
4000 27.66 31.77 50.00 50

6 5500 41.80 44o44 49.66 50
7000 50.00 50.00 50.600 50
9000 38.17 41.79 45o59 so

3500 16.32 18.74 48.06 50
5300 26.76 28.74 50.00 50

7 7100 41.11l 42.74 49.76 s0
8900 50.000 50.0 50.00 50

_______10700 41.22 43.41 47.19 [50
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Table IIIb. Percent of Rounds Falling Within Two Probable Errors

WPN/CHG RANGE: PERCENT OF ROUNDS FALL14G NO, OF

(PROBABLE ERROR..3%o OF RANGE)

GFT SCHEMFS

A 8 C

1000 60s91 68.19 80.38 50
1600 79.45 74.74 82.27 50

105MM 1 220U 78.72 79.99 82.17 50
28u0 82.27 82.27 82.27 50
3430 77.57 78.84 81.37 50

1000 57.53 65.68 79.47 50
1700 68.21 73.41 82.27 50

2 2400 78.01 79.61 82.14 50
3100 82.27 82.27 82.27 50
3800 77.05 78.61 81.35 50

1500 54.67 63.62 80.15 50
2300 66.26 72.02 82.27 50

3 3100 77.31 79.15 82.15 50
3900 82.27 82.27 82.27 50
4700 76.17 77.96 81.30 50

15G0 48.52 58v60 79,19 50
25C0 62.23 69.24 82.27 50

4 35ýO 76.02 78.37 82.13 50
4500 82.27 82.27 82.27 50
5500 75.50 77.65 81.38 50

2000 40e16 51.52 77.27 50
34U0 56.38 65.80 82.27 50

5 4800 73.92 77.34 82.04 50
6200 82.27 82.27 82.27 50
760; 73.24 76.25 80.57 50

2500 33.00 38.00 77.62 50
4000 52.25 58.70 82.27 50

6 5500 72.99 76.15 81.92 50
7000 82.27 82.27 82-i27 50
9030 68.28 72.90 77.50 50

3500 32.01 36.46 80.25 50
5300 50.64 53.88 82.27 50

7 7100 72.05 74.09 82.02 50
8900 82.27 82.27 82:27 so

1M700 72.24 74.91 79.30 50
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Table IlIl&. Percent of Rounds Falling Within One Probable Error

(Continued)

WPN/CHG RANGE PERCENT OF ROUNDS FALLING NO* OF
METERS WI fHIN ONE PRORABLE ERROR CASES-

PRaBABLE ERROR".3% OF RANGE)

GFT SCHEMES
A B C

1000 35.40 40.53 48.76 50
1600 41.78 45.00 50.00 50

155MM IG 2200 47.53 .48.52 49.94 50
2800 50.00 50000 50.00 50
3400 47.27 48.20 49.64 50

1500 30.83 36.95 48.38 so
2300 38.34 42.68 50.00 50

ZG 3100 4b617 47.70 49.92 50

3900 50.00 50.00 50.00 50
4700 45.46 46.90 49.29 so

"1500 27.70 34951 47.24 50
2500 35.84 41.02 50.00 50

3G 3500 45.18 47.12 49e88 50
4500 5000 50.00 50.00 50
5500 44.88 46.62 49.31 50

2000 22.49 30.11 45.60. 50
3400 30.97 37*74 50000 50

4G 4800 42.75 45.76 49.82 50
6200 50.00 50.00 50200 50
7600 42.06 44.70 48.71 50

2500 16.55 20.83 41,07 50
4200 27.40 33.48 50.00 50

5G 5900 41.44 44.76 49.43 50
7600 5000 50.00 50.00 50
9300 41.93 44.65 47.59 50

2000 28.47 35.15 48.32 50
3000 36.50 41.50 50.00 50

3W 4000 45.46 47031 49.991 50
5000 50.00 50.00 50.00 50
6000 45.05 46.76 49.39 50

2000 21.30 28.64 44.44 50
3500 29.67 36.50 50000 50

4W 5000 41.99 45.18 49*78 50
6500 50000 50.00 50000 50
7500 45.73 47.26 49.48 50
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(Continued)
WPI-H RA G '________ _T RANtE I P.RCENi Ft K0UNDS FALLING NO. OF

METERS WITHIN TWO PROBABLE ERROR CASES
PROBABLE ERROR.#3%OF RANGE)

GFT SCHEMES
A a C

1000 64.44 71.27 80099 50
1600 72.99 76*81 82.27 50

155MM 1G 2200 79.68 80074 82.21 50
28U0 82.27 82.27 82.27 50
3400 79.40 80.39 81.90 50

1500 57.57 66.40 80659 50
2300 68.52 74.01 82e27 30

2G 3100 78.19 79o86 82018 50
3900 82e27 82.27 82s27 50
4700 77.37 78.98 81.54 50

1500 52.57 62e87 79.36 50.
2500 65.07 71;91 82.27 50

3G 35CC 77.07 79s22 82.15 50
4500 82.27 82.27 82.27 50
5500 76072 78.66 81.56 50

2000 43.68 56.08 77e55 50
ý1400 57.,88 67.50 82.27 50

4G 48U0 74.21 77e69 82.08 50
620C 82.27 82.27 82.27 50
7600 73.34 76.46 80.94 50

2500 32.50 40.26 71.98 50
4200 51,99 61.32 82.27 50

5G 5900 72.57 76.54 81.69 50
7600 82.27 82.27 82.27 50
9300 73.17 76.40 79073 50

200U 53.83 63.81 80.53 50
3000 66.01 72.53 82.27 50

3W 4000 77.39 79.43 82o18 50
5000 82.27 82.27 82,27 50
6000 76091 78.82 81.65 50

2000 41.51 53.70 76.22 50
3500 55.82 65.76 82e27 50

4W 5000 73o27 77.03 82.05 50
6500' 82.27 82o27 82.27 50
7500 74.69 79e38 81.74 50
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I
Table llla. Percent of Rtounds raliwng W-ihin One •ru6•-%•©1 .,Xo

(Continued)

WPN/CHG RANGE PERCENT OF ROUNOS FALLING NO. OF
METERS WITHIN ONE PROBABLE ERROR CASES'

"(PROBABLE ERRORe.3% OF RANGE1

GFT SCHEMES
A B C

2500 17139 21.30 44.42 50
4000 28.49 33,88 50.00 50

155MM 5W 5500 42.34 45.31 49e56 50
7000 50.0,0 50.00 50.00 50
9000 39.58 43o23 46.6C 50

3500 14.78 18.35 47s59 50
5500 24,74 27*83 50.00 50

6W 7500 39.36 42.25 49.43 50
9500 50.00 50.00 50.00 50

11500 39.65 43.92 46,31 49

5000, 15.98 21058 35.49 50
7000 28.12 30.23 50.00 50

7W 90U0 42.18 42.41 49.78 50
11000 50.00 50.00 50.00 50
13500 39.73 43.27 48.09 50
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I

Table IIlb. Percent of Rou'nds FalUg Within Two Probable Errors
t %wonzinuedl

WPN/CHG RANGE PERCENT OF ROUNDS FALLING Noe OF
METERS WITHIN TWO PROBABLE ERROR CASES

(PROBABLE ERROR,,3% OF RANGE)

GFT SCHEMES

'2500 34.07 41.10 76a 13 150

4000 53.74 61.92 82.27 50
155MM 5W 5500 73.69 77017 81.82 50

7000 82.27 82o27 82e27 50
90U0 70e17 74o69 786.64 50

3500 29.13 35.74 79074 50
5500 47.26 52038 82s27 50

6W 7500 69.81 73*.47 8l.68 50
9500 82.27 82.27 82o27 so

11500 70a34 75.53 78.32 49

5000 31*51 41.61 64.39 50
7000 52.93. 56a28 82.27 50

7W 9000 73.40 73.68 82,04 50
11000 82.27 82.27 82.27 50
13500 70.35 74.74 80.28 50

L
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Tal-lA TTTa. Percent of Rimde Fallins WVtdn One Probable Error

(continued)
"Ls01p ,ut. I OANIC ocarDCDr ne a imnitins PALLING NO. OF 0I

METERS WITHIN ONE PROBABLE ERROR CASES

PROBABLE ERROR,,3% OF RANGE)

.FT SCIHEMS.
A 5 C

4500 "8.11 16.42 31.26 50

7000 15.61 23.49 50.00 50

175MM 1 9500 32905 37s43 49e49 50

12000 50.00 50.00 50.00 50

14000 41.20 44.65 49.63 49

7500 8.29 150.52 44.90 50

10500 13.71 24.5O 50.00 50

2 13500 31.11 40086 48.48 50

16500 50.00 50600 50.00 50
1'9500 40.61 40.21 36*27 50

12000 7.49 10.,72 44.35 50
17000 12.58 16O " 50.00 50

3 22000 25.55 26:87 18.38 so
27000 50.000 50.00 50000 50

30000 37.61 40.04 4,8.16 49

L
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Table IlIb. Percent of Rounds Falling Within Two Probable Error"
(Continued)

WPN /CHG RANGE PERCENT OF ROUNflS FALLING Moe o:
METERSI WITHIN TWO PROBABLE ERROR CASESPROBABLE ERRORm*3j*o OF RANGE)

GFT SCHEMg,
AB C

4503 16.37 32e15 57.90 50
7000 30.97 44.99 82.27 50

175MM 1 9500 59.42 67.07 81.75 50
12000 82.27 82.27 82027 50
I40U0 72.28 76.40 '81.89 49

7500 16.67 30.45 76,71 50
10500 27o68 46.74 82.27 50

2 135U0 50A59 71.70 80.69 50
16500 82.27 82.27 82.27 50
19500 71.40 70.89 68.31 50

12000 14.96 21624 76.05 50
17000 24.95 32.78 82.27 50

3 22000 48.68 54,09 80.58 50
27000 82.27 82,27 82.27 50
30000 67.41 70e63 80.35 49
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