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CHAPTER |
INTRODUCTION

Section [. GENERAL

I. Purpose and Scope

This manual describes the military slide rule for solving Field Artillery
problems, mecluding its use, adjustment, and care, and also gives solu-
tions for typical problems.

2. References

The theory and principles of the Field Artillery problems in this manual
are covered in FM 6-40 and FM 6-120.

Section Il. DESCRIPTION

3. General

The military slide rule (fig. 1) is a specially designed Mannheim-type
slide rule for solving Field Artillery survey problems. It can also be
used for other arithmetic and trigonometric calculations.

4, Component Parts

The rule consists of a body, a shide, and an indicator (fig. 2).
«¢. Bopy, The body includes the base, upper and lower guides, and
table.

(1) Base. The base is a piece of mahogany to which the upper and
lower guides and the table are fastened,

(2) Upper guide. The face of the upper guide is marked with two
scales and three gauge points.

(a) Scales. Both guide scales are labeled OPPOSITE ANGLE.
The upper scale is graduated in degrees and minutes; the lower, in mils.
These scales are used with the APEX ANGLE scales on the slide to
solve oblique triangles (par. 24),

(b) Gauge points. Three gauge points are used with the C scale on
the slide and are marked 55=3682, DEG/MIL, and M/YD. The
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gauge point 55 ==369.2 is used in sound range plotting (par. 30). The
gauge point DEG/MIL is used in converting degrees to mils, and the
M/¥YD gauge point is used in converting meters to yards (par. 18).

(3) Lower guide. The face of the lower guide is marked with the
RANGE or I scale and the A scale,

(4) Table. The table on the back of the base contains trigonometric
reference data which aids in solving Field Artillery survey problems.

b. Svme. The sliding part of the rule is called the slide, It is marked
with scales on both the face and back.

(1) Scales on face. The face of the slide has four scales,

(a) C scale. The lower scale is the BASE or C scale and is used
with the RANGE or D scale on the lower guide in multiplication and
division and as a BASE scale in solving oblique triangles.

(&) CI scale. The scale above the C scale is labeled CI (inverted C
scale). Tt is used with the 1D scale in multiplication and division,

(¢) APEX ANGLE scales. The two upper scales on the face are
the APEX ANGLE scales, used with the OPPOSITE ANGLE scales
on the upper guide in solving oblique triangles. The upper scale is
graduated in mils and the other in degrees and minutes,

(2) Scales on back. There are four additional scales on the back of
the slide.

(8) C scale. The lower scale is labeled C and is identical with the
BASE or C scale on the face of the slide.

() SIN, SIN-TAN, and TAN scales. The three scales above the
C scale, labeled SIN, SIN-TAN, and TAN, are used in trigonometric
calculations (pars, 19 to 22).

¢. Invicaror. The indicator consists of two guide bars and a glass
with a vertical hairline engraved on the lower surface of the glass. Tt
aids in reading and setting figures.
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CHAPTER 2
PRINCIPLES OF SLIDE RULE OPERATION

Section |. GENERAL
5. Scope

This chapter discusses in detail the various scales on the military slide
rule and methods of using them to solve arithmetic and simple trigo-
nometric problems. The solution of oblique triangles, the computation
of traverses in surveying, and other problems in Field Artillery survey
are discussed in chapter 3,

6. Suggestions to Student

While reading these chapters, the student should keep the rule before
him, make all seitings indicated in the illustrative examples, and com-
pute answers for the exercises. The correct answers to each set of exer-
cises are listed in the appendix,

Section ll. SOLVING ARITHMETIC PROBLEMS

7. D Scale

The D scale is the basic slide rule scale (fig. 4).

¢. Privary Dvisions. The Db scale is divided into nine parts by
primary divisions numbered 1000, 2000, 3000, and up to 10000 (fig. 3).
Each of these divisions represents the first digit of a number. Thus, the
division numbered 3000 stands for 0.003, 003, 3, 30, or 3,000, The
primary divisions numbered 1000 and 10000 are known as the fe_ft and
right indexes of the scale,

b. Secowpary Dmvisions. The space between any two primary di-
visions is divided into ten parts by nine secondary divisions. Between
primary divisions 1000 and 5000, the center secondary division is num-
bered (1500, 2500, and 30007}, Each of these secondary divisions repre-
sents the second digit of a number. Thus, the third secondary division
to the right of the primary division numbered 2000 represents 0.023,
0.23, 23, or 230,

¢. Terrrary Drvisions. (1) Finally, the space between any two sec-
ondary divisions is divided by fertiory divisions which aid in obtaining
the third digit of a nomber, The number of tertiary divisions between
adjacent secondary divisions varies along the scale. From 1000 to 2000
there are 10 divisions; from 2000 to 4000, 5 divisions; and from 4000
to 10000, 2 divisions.

E11287"—4B—23
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(2) Thus, if the third and fourth secondary divisions to the right of
the primary division 2000 represent 230 and 240, the four tertiary di-
visions between them represent 232, 234, 236, and 238. Likewise, if the
third and fourth secondary divisions to the right ef the primary division
5000 represent 530 and 540, the tertiary division between them repre-
sents 535, Readings between successive tertiary divisions must be
estimated. Thus, a position halfway between tertiary divisions 131 and
132 is read 1315, a position halfway between tertiary divisions 326 and
328 is read 327, and a position two-fifths of the way from tertiary di-
vision 535 to sccondary division 540 is read 537,

(3) Therefore, numbers to the left of primary division 2000 can be
read to four digits and numbers to the right to three digits, Additional
digits which cannot be read on the scale are disregarded,

d. TrrusTRaTiVE Examrres. Read from figure 5 the numbers as-
sociated with the marks above the scale numbered (1), (2), (3), and so
on, and compare your readings with the following:

(1Y 2, (2) 5 (3) 17, (4) 26, (3) 137, (6) 244, (7) 363, (8) 525,
(%) 748, and (10) 1614

8. C Scale

The C =eale, which iz the bottom scale on each side of the slide, is di-
vided into the same number of parts as the I scale. However, the
divisions are numbered 100 to 1000 instead of 1000 to 10000. For con-
venience, the zeros are dropped in future reference to these scales. Thus,
200 on the C scale or 2000 on the D scale is referred to as 2.

9. Multiplication with D and C Scales

g. ProcEDURE. To mulitply with the D and C scales, proceed as
follows :

(1) Move indicator hairline to either of the factors on the ID scale.
(with practice, this step can be omitted.)

(2) Set either the left or the right C scale index under the hairline
or ofposite the factor on the D scale directly if step (1) is omitted,

MNore: Two positions are said to be opposife if the hairline can be brought to
cover both pogitions at the same time without moving the slide.

{3) Mowve hairline to other factor on the € scale,

{(4) Read product on the IJ scale under hairline.

Nore: If the product cannot be read because the second factor is on that part

of the slide projecting bevond the Ir seale, repeat above operations uwsing other
C seale index in step (2) abave.

b. ILLusTRATIVE Examreres, (1) To multiply 2 by 4 (fig, 6), set left
C index opposite 2 on D scale. Move indicator hairline to 4 on C scale
and read product 8 under hairline on D scale.




(2) To multiply 3 by 5 (fig. 7), set right C index opposite 3 on D
scale. Mowe indicator hairline to 5 on C scale and read product 15 under
hairline on D¥ scale.

Nore; If left C index had been used, the seccond factor would have been on
that part of the slide projecting beyond the D scale. Therefore, the right C
index was used,

¢. Pracing Decimar. Poixrt. (1) To determine where the decimal
paint should be placed in the answer, round off the factors and multiply
them.

(2} Table I shows sample calculations for placing the decimal point,

Table I. Sample calculations for _:"iu-ciﬂg decimal poini

T!lc pradust j=—

To multiply— Found of fo0— Il Appraximately | Fram ruaie
134x 218 15!2‘] | 202
I2Ex 294 3x 30 971
476, xB.13 50Dx 8 3870
1462 x 00724 12008 ﬂ.{'IS 0.1058

d. Exercises. Solve the following problems on the slide rule:

(1) 3% 2 (8) 3.05%5.17 {15) 0.495 %< 0.0267
(2) 3.5 2 (9) 433 % 115 (16) 0.00205 3 4080
(3) 45X 15 (10) 5.56 3 634 (17) 1.047 X 3080
(4) 23< 455 (11) 1.536 < 30.6 (18) 52

(5) 203 1673  (12) 0.0756 < 1.093 (19) 1.736 3 1.756
(6) 1.75% 5.5 (13) 1.876 926 (20) 4.98 ¢ 4.98
(7) 3X5 (14) 1876 5.32 (21) 3.14 < 3.14

10. Division with D and C Scales

& ProcEpure.  To divide with the IV and C scales, proceed as fol-
lows:

{1} Move indicator hairline to divident on I) scale,

(2) Set divisor on C scale under hairline.

(3} Read quotient on D scale opposite € scale index:

b. IntvstraTive Exampie (1) To divide & by 4, move indicator
hairling to 8 on D scale. Set 4 on C scale under hairline. Opposite C
index, read quotient 2 on D scale. This operation is the reverse of the
multiplication illustrated in figure 6.

(2) To divide 876 by 20.4, move indicator hairline to 876 on D scale.
Set 204 on C scale under hairline. Opposite C index, read quotient 429
an D scale,

¢. Pracivg Decimar Porwt. The decimal point is placed by ap-
proximate computation as described in paragraph 9c. For the problem
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in b (2) above, the rough caleulation 900 +- 20==45 indicates that the
answer is 42.9,

d. Fxercises. Solve the following problems on the slide rule:

(1) 87.5+37.7 (5) 000377 =529 (9} 272+3.14
(2) 3.75-= 00227 (6) 2875+ 37.1 (10) 342 <817
(3) 0.685-=893 (7) 8710 0468 (11) 69.8-+ 3.49
(4) 1029970 (8) B710+-9.83 (12} 193.4 +—0.34
11. Cl Seale

a. Genesar., The CI is like the C and D scales except that it is in-
verted ; that is, the numbers represented by the divisions on these scales
increase from right to left. The numbers on the scale are printed red to
remind the operator of this.

b, Recrerocars. The reciprocal of a number is obtained by dividing
1 by the number. Thus, 34 or 0.5 is the reciprocal of 2, 2/3 or 0,660 is
the reciprocal of 3/2, and 14 or 0.25 is the reciprocal of 4. The C and
CI scales are arranged so the reciprocal of any mwmber is read on the
CI scale opposite that number on the C scale.

. Intustrative Examreres, Move the indicator hairline to each of
the following numbers on the C scale and read the reciprocal of the
number on the CI scale: (1) 2, (2) 25, (3) 4, (4) 08, (5) 16, (6) 0.143,
and (7) 0.362. Compare readings with the following: (1) 2=05,
(2) 1/25—004, (3) %4 =025, (4) 1/08=1.25, (5) 1/16=0.0625,
(6) 1/0.143=7, and (7) 1/0.362=2.76.

12. Multiplication Using Cl Scale

a. Ust The product of two numbers can be determined by dividing
one of the numbers by the reciprocal of the other, using the CI and D
scales. Multiplying with the CI and D scales is usually more satisfactory
than with the D and C scales, because the answer cannot fall off the D
scale, and because the answer falls opposite one of the C indexes of the
slide, permitting a successive operation without resetting the slide,

b. ProcepuRe. Multiplication is performed using the CI and I scales
as follows:

(1) Move hairline to cither of factors on D scale.

(2) Set other factor on CI scale under hairline.

(3) Read product on D scale opposite C index.

(4) Place decimal point by approximate computation as described in
paragraph 9¢.

(5) To multiply an additional factor, move hairline to factor on C
scale and read final product under hairline on D scale.



e, TrrustraTIvE Exaneies. (1) To multiply 8 X 2.5 (fig. 6), mave
hairline to 8 on D scale. Set 25 on CI scale under hairline opposite C
index and pead product 2 on D scale. The rough calculation 8 3 2 == 16
indicates that the answer is 20.

(2) To multiply 876 »¢20.4, move hairline to 876 on D scale. Set
204 on CT scale under hairline opposite C index, and read product 17 87
on 1) scale. The rough calculation 900 3¢ 20== 18,000 indicates that the
answer is 17,870

(3) To multiply 3.65 3 76.2 > 218, move hairline to 365 on D scale.
Set 762 on CI scale under hairline. Move hairline to 218 on C scale.
Under hairline, read product 6 0 6 on D scale. The rough calculation
4 5¢ 70 % 200 == 56,000 indicates that the answer is 60,600.

d. Exemcises. Solve the following problems and the exercises in
paragraph 9 on the slide rule, using the CI and D scales.

(1) 4225003 (4) 793 2.64 3¢ 523
(2) 52.5% 2370 (5) 63.4 223X 222
(3) 0,173 1.51 X 93.4 (6) 25.7 25.7 X 730

13. Division Using Cl Scale

@ Use. Division can be done on the CI scale by multiplying the
dividend by the reciprocal of the divisor. This is especially convenient
when dividing a quotient determined by a previous operation or a product
determined on the CI and D scales.

b. Procenures To divide using the CI and D scales, proceed as
follows:

(1) Move hairline to divident on D scale. (This step may be ormitted.)

(2) Set either left or right C index under hairline, or opposite
dividend on D scale directly if step (1) is omitted.

(3) Move hairline to divisor on CI scale.

(4) Read quotient on D scale under hairline.

(5) If quotient cannot be read because second factor is on part of
slide projecting beyond D scale, repeat above operations using other C
index in step (2). However, in this case, it is usually preferable to
use the C scale as described in paragraph 10.

e. TrrvstraTive Exampres, (1) To divide 2 by 25 (fig. 6), set C
index opposite 2 on D scale. Move hairline to 25 on CI scale, Under
hairline, read quotient (.08 on D scale.

(2) To divide 468 by 278 and then divide the quotient by 63, move
hairline to 468 on D scale. Set 278 on C scale under hairline. Opposite
C index, read first quotient 1.683 on D scale, Move hairline to 63 on
CI scale and read second quotient 0.0267 on D scale,
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(3) To multiply 631 by 7.68 and then divide the produet by 5.29,
mave hairline to 631 on D scale. Set 768 on CI scale under hairline.
Opposite C index, read product 4850 on 1) scale. Move hairline to 524
on CI scale. Under hairline, read quotient 916 on I> scale.

d. Exercises. (1) Using C and D seales, divide 169.5 by 5.66. Using
CI scale, divide above quotient by 1.25.

(2) Using C and D scales, divide 4.81 by 0.172. Using CI scale,
divide above quotient by 8.46,

(3) Using CI and D scales, multiply 7.23 by 221. Using CI scale,
divide above product by 23.1.

14. A Scale

The scale below the D scale on the lower guide consists of two identical
scales. referred to as A left and A right. Tt is used only with the D
scale for determining squares and square roots of numbers. When the
hairline is set to a number on the I} scale, the square of that number is
read under the hairline on the A scale.

15. Squares of Numbers

The square of a number can be determined either by multiplication using
the C and D scales, or the CI and D scales, or directly using the A and
D scales, Use of the C and D or !CI and I scales is explained in para-
graphs 9 and 12,

o. Procepure. To determine the square of a number using the A and
) scales, move hairline to number on I} scale, and read square of that
number under hairline on A scale.

b. Irrvstearive Examreres. (1) To find 3%, move hairline to 3 on
D scale. Under haitline, read square 9 on A scale.

(2) To find 7%, move hairline to 7 on D scale. Under hairline, read
square 49 on A scale,

(3) To find 378%, move hairline to 378 on D scale. Under hairline,
read 143 on A scale. The rough calculation 400 > 400 = 160,000 in-
dicates that the answer is 143,000,

¢. Exercises. Determine the following squares using both the D and
A scales and the CI and D) scales,

(1) 25* (5) 89 (9) 1753
(2) 32° (6) 733 (10) 0.334*
(3) 612 (7) 4722 (11) 0.00356°

(4) 750 (8) 2.08° (12) 0.953*
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16. Square Roots of Numbers

Square roots can best be determined with the A and D scales. The first
step is to point off groups of two digits starting at the decimal point. If
the number is greater than 1, the number of places in the root is equal
to the number of groups. If the number is less than 1, there are as
many zeros between the decimal point and the first significant figure as
there are groups of double zeros. Determine the greatest square root
which can be extracted from the leftmost group containing significant
figures, This is the first figure of the desired square root.

a Procepvre. To determine the square root using the A and D
scales, divide the number into groups. If there is only one figure in
the first group to the left, move hairline to number on A left scale and
read square root under hairline on D scale. If there are two numbers in
the first group to the leit, move hairline to number on A right scale ana
read square root under hairline on D scale.

b, TurustraTivE Examrie. (1) To determine square root of 67,431,
divide number into proups, (6) (74) (31). Since there are three
groups of figures, there are three figures to the left of the decimal point
in the root. The first digit in the root is 2. Since there is only one
figure (6) in the first group to the left, move hairline to 674 on A left
seale, Under.hairline, read 2595 on D scale. The desired root is
2595,

(2) To determine square root of 3461.8, divide number into groups
(34) (61).8. Since there are two groups of figures, there are two figures
to the left of the decimal point in the root, The first digit in the root
iz 5. There are two figures in the first group to the left. Therefore,
move hairline to 346 on A right scale, Under hairline, read 588 on
D scale. The desired root is 58.8,

{3) To determine square root of 0.00034618, divide number into
groups O.(00) (03) (46) (1B), Since there is one group of double
zeros, there is one zero to the right of the decimal in the root, The first
digit in the root is 1. There is only one figure in the leftmost group
containing significant fipures. Therefore, move hairline to 346 on A
left scale. Under hairline, read 186 on D scale. The desired root is
0.0186.

I7. Propertions

a¢. GEreEraL. The ratio of two numbers can be written as a raction,
A statement of equality of two or more ratios such as 2/3=6/9,
x/5=7/11, and 2/3=x/5=7/y = 9/z are proportions. Proportions
may be solved using the C and D scales.

b. Procepurk. If the numerator of any ratio in-a proportion 15 set

on the C scale opposite the denominator of the same ratio on the D
BI12RT ' —4E——3
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scale, then the numerator of any other ratio in that proportion falls on
the C scale opposite the denominator of the other ratio on the I scale,
If the desired number falls off the range of the scale, move hairline to
€ index and then shift other C index under hairline.

e. ILLusteatTive Examrie  In the proportion 3.15/5.29=x/4.35=
37.6/y=2/14, determine x, ¥, and =,

(1) Set 315 on C scale opposite 529 on I scale,

(2) Opposite 435 on D secale, read x=2.5% an C scale,

{3) Opposite 576 on scale, read y ="96.7 on I scale,

(4) Move hairline to left C index.

{5) Set right C index under haitline.

(6) Opposite 14 on D scale, read z ==28.34 on C scale, To determine
positions of decimal points, notice that each demominator must be less

than twice its associated numerator, since in original fraction 5.29 is less
than twice 3.15.

18. Special Proportions

g. ConverTING Meters 1o Yarps. The gauge pont on the upper
guide marked M/YD is used to convert meters to yards. The gauge
point is opposite 0.9144 on the I scale, the number of meters equivalent
to 1 yard. The procedure is as follows:

(1) Set C index opposite M/YI) gauge point.

{2) Move hairline to value in meters on D scale.

{3) Read value on C scale under hairline, The solution is that of
the proportion 0.9144/1 = M/YD.

b, ConverTing DEcreEes To Mius. (1) Using C end D scales. The
gauge point on the upper guide marked DEG/MIL is used to convert
degrees to mils, This gauge point is opposite 0.0562 on the D scale, the
number of degrees equivalent to 1 mil. The procedure is as follows:

(@) Convert minutes to decimal parts of a degree,

(&) Set C index opposite DEG/MIL gauge point.

{¢) Move hairline to value in degrees on DD scale,

{d} Read value in mils on C scale,

{e) To place decimal point, remember that 1 degree equals 17.77 mils
or approximately 20. The solution is that of the proportion 0.0562/1 =
DEG/MIL.

(2) Using APEX ANGLE or OPFPOSITE ANGLE scales. To con-
vert angles greater than 2° 30¥ directly to mils, move hairline to value in
degrees on APEX ANGLE or OPPOSITE ANGLE scale in degrees
and read value in mils under hairline on corresponding APEX ANGLE
or OPPOSITE ANGLE scale,
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Section Ill. TRIGONOMETRIC PROBLEMS
19. SIN Scale

Black numbers on the SIN scale are used in determining sines of angles
from 100 to 1600 mils. Red numbers are used in determining cosines
of angles from O to 1500 mils (the black 1600 being used as the 0 point).
The method used to divide the scale is similar to that for the D scale
(par. 7).

a. Use. (1) To find the sine of an angle, move hairline to black
number representing angle in mils, and read sine under hairline en C
scale. If C and D scale indexes coincide, the sine may be read on the
D scale.

(2) To find the cosine of an angle, move hairline to red number rep-
resenting angle in mils, and read cosine under hairline on C scale.

(3) Since sine of 1600 mils (90°) is 1.0, right index of C scale is
1.0 and left index is 0.1 when reading sines of angles set on SIN scale.

b. ILLustRATIVE ExaMpres. Determine (1) sine 600 mils, (2) sine
160 mils, (3) sine 523 mils, (4) sine 400 mils, (5) cosine 1200 mils,
and (6) cosine 1362 mils. Compare the answers with (1) 0.556, (2)
0.1564, (3) 0491, (4) 0.383, (5) 0.383, and (6) 0.2315,

20. SIN-TAN Scale

Numbers on the SIN-TAN scale represent angles from 10 to 105 mils.
Since the tangent approximately equals the sine for angles less than 100
mils, the SIN-TAN scale can be used to determine either the sine or
the tangent of an angle.

a. Use. (1) To find the sine or tangent of an angle, move hairline
to number representing angle in mils, and read sine or tangent under
hairline on C scale. If C and D scale indexes coincide, the sine or tan-
gent may be read on the D scale. To determine the sine or tangent for
angles less than 10 mils, move hairline to an angle 10 times the desired
angle, |

(2) Since sine or tangent of 100 mils is approximately 0.1, right
index of C scale is 0.1 and left index is 0.01 when reading sines or tan-
gents of angles greater than 10 mils set on SIN-TAN scale. For angles
less than 10 mils, right index is 0,01 and left index is 0,001,

(3) To determine cosines of angles greater than 1500 mils, set the
complement of the angle on the SIN-TAN scale. Thus, the cosine of
1578 mils = sine 22 mils, and the cosine of 1593 mils = sine 7 mils.

b. TreusTRaATIVE Exampres. Determine (1) sine 40 mils, (2) tan-
gent 52.5 mils, (3) sine 3.4 mils, (4) tangent 5.8 mils, (5) cosine 1543
mils, and (6) cosine 1391 mils. Compare answers with (1) 00392,
(2) 0.0515, (3) 0.00334, (4) 0.00570, (5) 0.0559, and (6) 0.00884,
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21. TAN Scale

Numbers on the TAN scale represent angles from 100 to 800 mils and
angles from 800 to 1500 mils, Black numbers are used in determining
tangents between 100 and 800 mils, and red numbers in determining
cotangents between 800 and 1500 mils. The tangent of angles greater
thian 800 mils is found by first determining the cotangent. Then convert
by the relation that the tangent of an angle is the reciprocal of the
cotangent of that angle (tane=1/cota). The tangent of an angle
greater than 800 mils can also be read directly using the TAN scale and
C and I7 seales,

a. Use. (1) To find the tangent of an angle, move hairline to black
number representing angle in mils, and read tangent under hairline on
C scale,

(2} To find the cotangent of an an angle, move hairline to red num-
ber representing angle in mils, and read cotangent of angle under hair-
line on € scale,

(3) To find the tangent of an angle greater than 800 mils, move
hairline to either D index, set angle on red numbers of TAN scale under
hairline, and read tangent on D scale opposite C index.

(4) Since tangent of 800 mils (45°) is 1.0, right index of C scale is
1.0 and left index is (.1 when reading tangents of angles set on TAN
scale.

b. Tiusteative ExamPrLes. Determine (1) tangent 300 mils, (2)
tangent 555 mils, (3) tangent 1350 mils, and (4) tangent 1422 mils.
Compare answers with (1) 0.303, (2) 0.606, (3) 3.99, and (4) 5.66.

22. ARCTAN

The expression “arctan 0.341" means the angle which has a tangent of
0.341. Knowing the tangent, the angle can be determined. If the tangent
is less than 1.0, the angle is less than 800 mils,

a¢. Procenure. (1) To determine an angle less than 800 mils when
tangent is known, set hairline at tangent on C scale. For tangents be-
tween 0.1 and 1.0, read angle on TAN scale. For tangents between 0.01
and 0.1, read angle on SIN-TAN scale. For tangents between 0.001
and 001, angle is one-tenth of value read on SIN-TAN scale.

(2) If tangent is between 1.0 and 10, set either C index opposite
value of tangent on D scale, move hairline to D index, and read angle
on red divisions of TAN scale under hairline, If tangent is between 10
and 100, read value on SIN-TAN scale and subtract from 1600 mils.
If tangent is between 100 and 1000, read value and subtract one-tenth
of value on SIN-TAN scale from 1600 mils,

e mm——
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b. TervsTRATIVE Exanmrirs. Determine angles corresponding to (1)
arctan 0400, (2) arctan 0462, (3) arctan 0.0068, (4) arctan 00668,
(5) arctan 2.45, (6) arctan 24.5, and (7] arctan 2450. Compare
answers with (1) 388 mils, (2) 441 mils, (3) 600 mils, {(4) 63.1 mils,
(5) 1205 mils, (6) 15584 mils, and (7) 1595.8 mils,

Section IV. ACCURACY

23, Limits of Accuracy

Accuracy of the military slide rule depends on how exactly the least
accurate figiire in the problem can be set on the rule. If none of the
figures in the problem can be set as accurately as they were measured,
another method of calculation must be used. However, if any one figure
can be set on the rule as accurately as it was measured, accuracy of the
slide rule answer cannot be improved.

a. Irrvsteative Examrres. (1) In solving an oblique triangle, the
angles are measured as 2231.4 mils and 21529 mils to within ==0.1 mil
and the base is measured as 893.2 yards to within £ 0.1 yard. The
angles can only be set on the slide rule to within == 3 mils and == 0.2 mils
approximately, and the length of base to within == 1 yard. Since nof
one flem can be set as accurately as measured, a more accurate answer
can be obtained using natural functions or five-place logarithms.

(2) If the length of the base in the example above were measured as
893 yards to within = 1 yard, this one item of the problem could be set
on the rule as accurately as measured. The accuracy of the answer could
not be improved by any other computation method.

b. DerexyiNing Merions oF ComMputaTion, To decide whether a
value determined on the rule should be used as a final answer or merely
a5 a check on more accurate methods of computation, consider both the
accuracy of the data and the accuracy required in the answer. For ¢x-
ample, in locating a target, the accuracy obtained using the slide rule is
usually adequate, On the other hand, if the location of a survey control
point is being determined, a highly accurate answer is required and the
slide rule probably would not be accurate enough,




CHAPTER 3
FIELD ARTILLERY SURVEY PROBLEMS

Section |. GENERAL PROBLEMS

24. Solving Short Base Problem

The OPPOSITE ANGLE and APEX ANGLE scales are used in con-
junction with the BASE or C and RANGE or D scales for solving the
short base problem. The fourth section of the table on the back of the
rule (fig. 8) is a convenient reference, Designation of angles used by
the field artillery observation battalion for this problem is illustrated in
figure 9.

a. DETERMINATION OF B WHEN ANGLES A' AnD B AND SIDE € ARE
Kwoww. (1) If angles 4 and B and side ¢ are known, b is computed
by solving the proportion b/e==Sin B /Sin C. Apex angle C is de-
termined as A'— B,

(2) To find value of b, if ¢ =636 yards, A* =830 mils, and B==712
mils: Subtract 8 from A to find C (830 —712=118). Move hairline
to 712 on OPPOSITE ANGLE scale. Set 118 under hairline on APEX
ANGLE scale, Move hairline to 636 on BASE scale, Under hairline,
read b== 3540 on RANGE scale.

b, DETERMINATION OF A WHEN ANGLES A AND B AND SIDE C ARE
Kwrown. (1) If angles /4 and B and side ¢ are known, side a is com-
puted by solving the proportion a/c= Sin A/Sin C.

(2) To find value of a, if ¢==872 yards, A'=2332 mils, and B=
2094 mils: Subtract B from A4 to find C (2332 — 2004 =238). Maove
hairline to 2332 on OPPOSITE ANGLE scale, Set 238 under hairline
on APEX ANGLE zecale. Move hairline to 872 on BASE scale, Under
hairline, read a =2835 on RANGE scale.

¢. DETERMINATION OF A WHEN Awcies A AND B AwD SIDE € ARE
Kuown, (1) If angles 4 and B and side ¢ are known, side a is com-
puted by solving the proportion a/c= 5in A/5in C.

(2) To find value of a, if c=428 yards, 4 = 638 mils, and B = 2481
mils. Subtract 4 L B from 3200 mils to find C (3200 — (638 -{- 2481)
=81). Move hairline to 638 on OPPOSITE ANGLE scale. Set 81
under hairline on APEX ANGLE scale. Move hairline to 428 on BASE
scale. Under hairline, read a= 3158 on RANGE scale.

d. SoLuTioNn WHEN Basg LENcTH Farirs Orr THE RANGE Scalke
(1) If base length falls off RANGE scale, change C indexes and exer-
cige care in placing decimal point.
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sin A~ sinB " sinC

C = A-B
_smB

b= sin C°
_5|nA

S 5|nC
_s.lnﬁkl

u_5|nC

¢ = base

C = Apex Angle

Alor Aor B = Opposite Angle

a orb = Range

Figure B. Short base triangle and formulas (from table on reverse of rule),
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Figure 9, Short base triangle for use of field artillery observation baltalion
{fraom table on reverse of rule),

{2) To find value of b, if ¢=393 yards, A'=—1419 mils, and
B = 1042 mils. Subtract B from A* to find C (1419 — 1042 = 377).
Move hairline to 1042 on OPPOSITE ANGLE scale. Set 377 under
hairline on APEX ANGLE scale. Maove hairline to right C index. Set
left C index under hairline. Move hairline to 393 on BASE scale, Under
hairline, read b="928 on RANGE scale.

¢. DETERMINATION OF ¢ WHEN ANcLEs A' anp B AnD SIDE B ARE
Kwrown. (1) If angles /' and & and side b are lmown, length of side ¢
is computed by solving the proportion b/c== Sin B/Sin C,

(2) To find value of ¢, if b=5622 yards, A'==2467 mils, and
B=2343 mils: Subtract 8 from A' to find C (2467 — 2343 =124).
Move hairline to 2343 on OPPOSITE ANGLE scale. Set 124 under
hairline on APEX ANGLE scale: Move hairline to 5622 on RANGE
scale, Under hairline, read c=916 on BASE scale.
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f. SoruTion ror ANGLE MrASURED 1N DEGREES AND Minures. If
angles are measured in degrees and minutes, solve short base problems
listed above using degree and minute graduations on OFPPOSITE
ANGLE and APEX ANGLE scales

g. SoLution or Snort Base ProsLEMs BY PROPORTION. (1} It may
be necessary to solve a short base problem when the opposite angle is
less than 500 or more than 2700 mils, or the apex angle is less than 45
mils, These problems cannot be solved using the OPPOSITE ANGLE
and APEX ANGLE scales, but they can be solved on the C, D, and SIN
scales by using the proportion a/Sin A =:b/Sin B =c/5in C.

(2) To find value of b, if c==1213 yards, A'=2%40 mils, and
B —72763 mils: Subtract B from A* to find C (20— 2763 =177).
Move hairline to 1213 on D scale. Set 177 under hairline on 5IN scale.
Since angle B is between 1600 and 3200 mils, supplement {3200 — 2763)
is used. Move hairline to 437 on SIN scale. Under hairline, read
b=2918 on D scale,

k. Exercises.  Solve the following problems for the side indicated:

Angle A Angle AL Angle B a b ¢

(1) s 1067 mils 940 mils e 7 7E5 vards
(2} oA 1540 mils 1327 mils ? i 636 yards
(3} 605 mils o 2432 mils - ! 033 vards
(4} e 1391 mils 1192 mils o 7 1282 vards
(3) - 2343 mils 2024 mils A ¢ 324 vards
i 2 073 mils B48 mills o 5120 yards

] i 2332 mils 2181 mils 8625 yards & 7

(&) 7 2122 5 mils 20592 mils ¢ o BAR yards
{9} 5 593 mils 473 mils o ? 441 yards

25. Computation of Coordinates

When bearing and length of a line are known, the X-component i de=
parture) of the line is determined by multiplying the distance by the
sine of the bearing. Also the Y-component (latitude) is determined by
multiplying the distance by the cosine of the bearing.

@. Bramincs. The bearing of a line is the acute angle hetween the
line and the Y-axis (north-south line). In figure 10, line A in the first
quadrant has a bearing of N700E (read north 700 east), line B in the
second quadrant has a bearing of S900F, line C in the third quadrant
has a bearing of §1100W, and line D in the fourth quadrant has a hear-
ing of NGDOW. Bearings in mils are always expressed as indicated
above, giving first the letter N or 5 indicating from which end of the
north-south axis the line deviates, then the angular deflection in mils, and
finally the letter E or W indicating the direction of deviation. Bearings
of lines having azimuths of 0, 1600, 3200, and 4800 mils are expressed
as north, east, south, and west,




Figure 10. Method of derignating bearings,

b. Cowverring Azimurns To Dramiwcs. In field artillery survey,
the direction of a line is usually expressed as an azimuth, The first
section of the table on the back of the rule (fig. 11) is a convenient ref-
erence for converting azimuths to bearings and determining coordinates.
In figure 12, which shows a small portion of figure 11, the Roman
numeral II indicates the second quadrant. The signs < — under the
numeral II indicate that the X-component is - and the Y-component
is —, In figure 11, the — - signs over the numeral IV indicate that
the X-component is — and the Y-component is 4-, The solid line with
cos printed alongside indicates that the Y-component is equal to the dis-
tance multiplied by the cosine of the bearing, The dotted line with sin
printed underneath indicates that the X-component is equal to the dis-
tance multiplied by the sine of the bearing. There are four equations
under the diagram in figure 11. Under the abbreviation Quad, the
quadrant designations are given by number and by compass direction.



a-= Bearing Angle

Quad.

I (N'E] a = AII
OG-E): a = 3200-Az,
mGE-W: e = Az-3200
IV (N-W): ¢ = 6400-Az,

sin a = &TX

c0s a = %i

tan a = -

AY

Figure 11, Unit-circle diagram for converfing asimuths to bearings
(from table on reverse of rule),
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Thus I (S-F) indicates an angle in the second guadrant with a bearing
south so many mils east. The equation following the quadrant desig-
nation indicates the computation required to obtain the angular deviation
of the bearing. TFor example, a line with azimuth 1862 {falls in the
second quadrant, The angular deviation is 3200 — 1862 =1338, the
bearing is 51338E, the X-component (A X) is plus (), and the
Y-component (AY) is minus (—).

5

Y- e

Figure 12. Disgrom of second quodnani, unit circle,

¢. DeETeRMINING CoORDINATES. Field notes for a traverse from point
A to point X are shown on the sketch in figure 13. Coordinates of point
A are known, but coordinates of peoint X must be determined,

(1) First, tabulate data in a convenient way such as in Table II,
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Leg | Distance T-hzimth Bearing Ak e
+ | = |+ |=
A-1] 542 |[1952
1-2| 105 91
g=31405 12151
35-4| 329 | 3414
=X K15 9395
Table [T

(2) Fill in bearing column, using upper section of table on back of
slide rule. Line out spaces which will not be used in A X and A Y col-
umns. The tabulated data then appears as in table 111,

AX AT
Leg Distance T=Azimuth Bearing
+ | = | + | -

A-1! 542 11952 |S1248E e ——
1-2| 105 91 _INIE - o
2-3] 405 |2131 |S1069E P e
3-4| 329 | 3414 |S214W |— —
4-X] 115 | 4943 |[N145IN|— —_

Tabls 111

{3) For each leg of traverse, set C index opposite distance on D
scale, move hairline to value of bearing on SIN or SIN-TAN scale,
and read X-component on D scale under hairline. Then, move hairline
to value of bearing on COS scale, and read Y-component on I scale
under hairline.

(4) Total X- and Y-components and add each total to coordinates of
point A. The form then appears as in table IV, The X-component of
AX is -+ 687 yards. The Y-component is — 587 yards. Therefore, the
coordinates of point X are (28.687 — 73.413).

(5) In this example, computation of X- and Y-components was made
after completing the field work, but it is frequently desirable to compute
the traverse while field work is in progress. In such case, coordinates of
suceessive points are determined immediately after measuring the dis-
tance and azimuth of each leg. This requires only slight modification of
the procedure,
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ax | ,Ar

Leg Distence Y-hzimuth Pearing - -

. —+ i o =
A-1]1 542 | 1952 |s1248E |510 |— |—|184
=21 105 41 [N 91E q|— |108|—
2=3| 405 | 2131 [SI069E |351|— |[— |202
34| 329 | 3414 |S214W|— | 69| — |322
4-X| 115 4943 [NI451W|— | 114 | 16| —

+870-183+121-708

-183 121

1687 -581

28.000 74.000

Coords. Pt.X=28687 — 73413

Table 1V

Pigure 13. Survey field notes,
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26. Determining Direction

a. DETERMINATION oF BEARING. When X- and Y-components of a
line are known, the bearing of the line is determined using the TAN or
SIN-TAN scale.

(1) When AX is less than AY, the bearing is less than 800 mils. For
this case, the relation tan a=AX /AY (fig. 11) is used. Dividing this
equation by AX results in the following proportion:

tana 1

AX AY
Therefore, fo determine bearings less than 800 mils (AX less than AT,
set € index opposite Y-component on D scale and move hairline to
X-component on 1Y scale, Read bearing directly from TAN or SUN-
TAN scale. For tangent of bearing, read under hairline on C scale,

(2) When AX is greater than AY, the bearing is greater than 800
mils, For this case, the relations Cot =AY /AX and cot a=tan
{1600 — &) are used. By combining these two equations, the following
iz obtained

eot e=tan (1600 —a) =AY /AKX

Dividing this equation by AY results in the following proportion:

cote  tan (1600 —a) 1

G TP S TR
Therefore, to determine bearings greater than 800 mils (AX greater than
AY}, set C index opposite X-component on D scale and more hairline
to Y-component on D scale. Cotangent of bearing angle is then under
hairline on C scale. Read complement angle of bearing (1600 —a)
directly from TAN or SIN-TAN scale. To determine bearing, subtract
angle read from 1600. Bearing can be read directly on TAN scale,
using red figures which represent complementary angles.

(3) To determine a bearing, set C index op posite larger component on
D scale and wmove hairline to smaller composent on D scale. If X-com-
ponent is less than Y-componen!, read bearing divectly from black
figures on TAN or SIN-TAN scale. If Y-component is less than X-com-
ponent, read bearing directly from red figures on TAN scale or subtract
value read on SIN-TAN scale from 1600 mils. If ratio AX/) AY or
AY/ AX falls between 0.1 and 1, read bearing on TAN scale. [f ratio
AX) AY falls between 001 and 0.1, read bearing from SIN-TAN scale.
If ratio AX/ AY falls between 0001 and 001, bearing is one-tenth of
value read from SIN-TAN seale.

b. DeTerMiNaTION oF AZiMuTH. After bearing is determined, cal-
culate the a2zimuth as follows: In first quadrant, bearing and azimuth
are the same. In second quadrant, azimuth is the bearing subtracted
from 3200, In third quadrant, azimuth is the bearing plus 3200, In
fourth quadrant, azimuth is the bearing subtracted from G400,




28

¢. Exercises.  Determine bearing and azimuth of each of the fal-
lowing lines;

(1) 2y () R e L L i
AX-4123 —298 --89.3 4241 4 36 —598 | 46 -|-806
AY4208 123 241 —893 —598 — 36 4896 —46

Continue traverse computations in paragraph 25 by solving for bearing
and azimuth of AX.

27. Determining Distance

g. ProcEDURE. When coordinates of two points are known, the
length of the line between points is determined as follows:

{1) First, ind X- and Y-components by subtracting coordinates of
one point from those of other point,

(2} Next, determine bearing of line, using components as described
in paragraph 26.

(3) To find length of line, divide X-component by sine of bearing
(SIN a—=aAX/d or d—=AX/5IN «) as follows: Set value of bearing
on SIN scale opposite value of X-component on I3 scale, and read imgﬂ.l
of line opposite index on D scale. Since cos e=AY/d, length of line
can also be found by dividing Y-component by cosine of bearing.

b, IirusTRATIVE Examprr. Continue traverse computations from
paragraph 25 to find distance AX. The X-component of AX is -- 687
yards, and bea.nng of AX is SBROE (par. 26¢(9)). Therefore, Ieng1h
of AX is 687 / sin BED. Move hairline to 687 on D scale. Set 820 on
SIN zeale under hairline. Opposite C index, read distance 904 yards on
D scale. If Y-component (— 587 yards) is used, length of AX is
587 /cos BB =9 yards.

¢. Exercises. Determine distance between two points in following
exercises. For 1 through 8, use bearings determined in paragraph 26,

(1) {2) (3) (4) (3) (6) (7) (8)
AX 123 — 208 1 BUS L 241 L 36— foR L. 45 | #oR
AY 4298 + 123 4+ 241 — 803 — 598 — 36 -|- 896 — 46

Coordinates point A Coordinales point B
3) 852.937 — 1292.631 853220 — 1202971
{10} 50194 — 200631 49831 — 199322
(113 103.298 — 500.162 101,007 — 501298

28, "Point P" Method of Determining Length of Short Base

g. Procepure, The following method is used to find the distance
between two observation posts which are not visible to each other. L is
the left observation post, B is the right observation post, and P is a point
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that is located so bath L and R are visible and the distances LP and PR
can be taped or computed.

(1) Determining angle L. Measture distances LP and PR and angle
P then, compute angle L by the formula:
i T i PR.Sm P .
LF — PR cos P
In applying the above equation, remember that the cosine of an angle
less than 1600 mils is positive, and the cosine of an angle between 1600
and 3200 is negative. 1f cos P is positive and quantity (PR cos P is

greater than LP, then tan L is negative and angle L is greater than 1600
nils. The second section on the back of slide rule (fig. 14) has this

formula for ready reference.

P

PRsinP

fan L= T —u

LP-PRcosP

Figure 14, Diogram for use in “poind P method (from table on reverse of rule).

(2) Determining distance LE. After angle L is determined, find dis-

tance LR by applying the law of sines in the following way
.  PRSinP
LR = Sin L

b TrrvsteaTive Exampee. (1) TP is 362.4 yards, PR is 482.6 yards,
and angle P is 1843.8 mils.

(2) Determine angle L from formula

tan L — P_R SinP
IP—PRcos P

(a) Set C index opposite value of PR, 483, on D scale. Move hairline
to 1356 (3200 — 1843.8) on SIN scale, using black figures. Under hair-
line, read (PR sin P) equals 469 yards on D scale,

as follows
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(b) Move hairline to 1356 on SIN scale, using red figures. Under
hairline, read (PR cos P) equals — 114.8 yards on D scale.

{¢) Subtract —114.8 from 362.4 (3624 — (—114.8) = 4772}

{d} Set £ index opposite 477 on D scale. Move hairline to 469 on
D scale,

{e1Since AX or (PR sin P) is less than AY or (LP — PR cos P),
read angle L under hairline on black figures of TAN scale as 791 mils.

{3) Determine distance LR from formula

TR Mus follows :
sin L

{(a) Move hairline to 469 (value of PR sin P from (2) (&) above) on
D scale,

{B) Set 791 on SIN scale under hairline,
(¢) On D seale opposite C index, read LR = 662 yards.

(4) If greater accuracy 15 required, make computation with logarithms,
using this rule merely as a check.

29 Determining Short Base by Sine Law

In some cases, two observation posts are visible to each other, but dis-
tance LR cannot be taped. Fowever, it can be determined by running
a traverse to an auxiliary point P, measuring angles P and L, and com-
puting LR with sine law.

Section Il. SPECIAL OBSERVATION BATTALION PROBLEMS
30. Sound Range Plotting

The direction used in sound range plotting with a range-deflection fan
can be computed with the military slide rule. (For additional details of
theory and practice consult FM 6-120.)

¢. TEEOoRY. The time of arrival of a sound (gun or shell burst) at
each microphone is recorded. The difference between times of arrival in
seconds (t) is computed. The direction to the source of sound, an angle ©
measured from the perpendiclar bisector of the line connecting a pair of
microphones, 15 determined from the equation:

Sine © 1
A e

t 8

Where s iz the distance M M, (sub-base fig. 15) is expressed in sound
seconds. One sound is 369.2 yards. A ray is then plotted in the correct
direction with a range-deflection fan, The ray is plotted to the right if
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the time interval is positive (sound arrives at M, first) and to the left if
the time interval is negative (sound arrives at M, first).

More: Corrections (see FM 6-120) must be applied to the measured time
interval (t) beforc a final plot is made,

SOUND
SOURCE

e

S

Figure 15, Dvagram for sse in computing direction of sound source of field
ariillery observation battalion,

b. Use oF Mititary Sue Ruie, To solve cquation for angle 9, set
C index opposite sub-base length in sound seconds on D scale, Move
hairline to time interval in seconds on 1D scale. If ratio t/s is greater
than 0.1, read © under hairline on SIN scale. 1f ratio t,/s is between 0.01
and 0.1, read @ on SIN-TAN scale. If ratio t/s is between 0.001 and
0.01, @ is one-tenth of value read on SIN-TAN scale.

¢. TLiusTRATIVE EXAMPLE, A sub-base of a sound-ranging base is
9230 yards. The value of s is 2.5 sound seconds (923.0/3602=25).
The measured time interval t is 1.137 seconds. Angle @ is found as fal-
lows; Set C index opposite 25 on D scale. Move hairline to 1.137 on
D) scale, Under hairline, read @ = 481 mils on SIN scale,




CHAPTER 4
ADJUSTMENTS AND CARE

31. Adjustments

a. Inpicator. (1) Assemble indicator on rule so spring slides along
edge of upper guide and hairline on window is down.

{2) Set indicator hairline precisely over left A index on lower guide.
Hairline should fall over 500-mil graduation of OFPPOSITE ANGLE
scale on upper guide. If it does not, loosen lower screws holding indica-
tor glass and adjust glass to obtain correct alignment, Tighten screws,
being careful not to change position of glass; then, check adjustment
again.

b. SupE. If the guides are not properly aligned, the slide may be too
loose or too tight; or it may be loose at one end and tight at the other,
To eliminate these conditions :

(1} Loosen serews which fasten upper guide to base.

(2) Adjust position of guide to produce desired amount of friction
on shide.

(3) Tighten screws and test feel of slide by moving it back and forth
a few times. Readjust if necessary,

32. Care

o. Precavtions iv Hanprivg. (1) Avoid rough handling to prevent
chipping or denting face and edges of scales or defacing scale gradua-
tions.

{2} Do not jam indicator against stops which prevent indicator from
sliding off rule. Be especially careful when inserting or removing rule
from carrying case.

(3) Avoid abrasion, bending, or impact because indicator glass is
brittle.

(4) Do not expose rule to excessive heat, Temperatures above 1207 T.
injure nitrocellulose seales.

b, Luericatior. (1) When slide is new or movement sticks, lubricate
by rubbing edges with taleum powder. Tssue foot powder is satisfactory.

(2} NEFER use oil, grease, or tallow as a lubricant,

c. CLeantng, (1) If scales are dirty, wash with cloth moistened
slightly with soapy water. After scales are clean, remove all traces of
soap with clean slightly damp cloth, and dry carefully with tissue or soft
clean cloth,

(2) Do not clean scales with commercial solvents such as alcohol or
acetone, and avoid using too much water.
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ANSWERS TO EXERCISES

APPENDIX

Poragraph Od, page

¢l .00 {6 0.62 (1L} 47.0 (16} 837
(2) 700 (7) 150 (12)  0.0826 (17) 3225.
(33 e o gay ibar (i3 1 (18) 100
(4) Q.10 (9} 49.8 i14) 998 (19) 3.08
{(5) 340, (10) 3325, (13) 01322 (20) 248
(21) 987
FParagraph 104, poge
0 U R T Y (7) 18,610, (10) 00419
(2) 1652 . (5) 0000713 (8) @86, (11) 200
£ 00767 (6) #73 (2] 0866 (12) 207
Paragraph 124, page
CERNERTS (3) 24 4 (5) 31,500
(23 7350, (4) 109500 (6) 482,000
Paragraph 134, page
(1) 299 (2) 279 (3) 1,508, (4) 39,400.
239 33 4,410 1,708,
Paragraph 15d, poge
N (4 5625 {7 204,000, (10) 01116
(25 10240 (5% 7920, (B 433 (11) 000001267
(3) 3720,  (6) 537000,  (9) 308 (12) 0908

Paragraph 24h, page

{1) =533 yards
(2) a=315hyards
(3) b=06,327 yards

Foragraph 26, page

(1) N399E, 399
(2) NI201W, 5199
(3) N361E, 361
(4) S1239E, 1961

Paragraph 28c, page

(1) 3223
(2) 3223
(3) 2570
(4) 2570

(4) b=06,081 vards
{53) b= 956yards
{6) c= ‘86l yards

(5) S61.3E, 3138.7
(6) S1539W, 4739
(7) N52E, 5.2

(8) SI504.8F, 1605.2

(5) 599,
(6) 599
(7) 900.
() 900.
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(7) e= 1,692 yards
(2) a=12178 yards
(9) b= 3,585 yards

(9) S88OE, 2320
(9) 488

(10) 1358.
(11) 2557.
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