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We present with pride

SECOND(THOROUGHLYREVISED )EDITIONOF THE FAMED

FIELD ARTILLERY GUIDESuccessive printings of the first edition
contained all changes to

press date. This COMPLETELY REWORKED SECONDEDITION:

IS UP-TO-THE-MINUTE, WITH MATERIAL PUBLISHEDTHROUGH JUNE,
1944

DIGESTS THE NEW SERIES OF FIELD ARTILLERY FIELDMANUALS

CONTAINS OTHER AUTHORITATIVE MATERIALPURCHASABLE NOWHERE
ELSE

IS ESPECIALLY STRONG ON SUCH SUBJECTS AS:Communications Loading
ChartsCommand and Staff Functions R. S. O. P.Tactics and Technique
Field Fortification

BENEFITS FROM THE EXPERIENCE OF COMBAT IN ALLTHEATERS

Nearly 20,000 copies of the first edition are in daily use, most
ofthem overseas. New material in this second edition makes it
evenmore useful. Like the earlier version, it is:

STURDILY BOUND

CASED IN DURABLE STURDITE

PRICED AT $2, subject to quantity discounts for remittance with
order:2 to 4 copies: 10%5 to 12 copies: 15%Over 12 copies: 20%

AVAILABLE IN LEATHER, WITH YOUR NAME EMBOSSED, for$5.00

U. S. FIELD ARTILLERY ASSN.1218 Connecticut Avenue, N.W.
Washington 6, D.C.
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LT. COL. JOHN E. COLEMAN, EditorMAJ. BERTRAM H. WHITE,
AssistantLENNA PEDIGO, Business Manager

ON OUR COVER appears the latest use of the

105-mm howitzer. Mounted in the M-4

("Sherman") tank, it combines the mobility of an

M-7 motor carriage with full armor protection. It

gives this medium tank its heaviest firepower to

date.

LINED UP for next month is one of your

J ournal'smost important articles of the year: Maj.L. O.
Rostenberg's detailed description of how to

locate and identify enemy artillery from analysis of

shell craters. Also scheduled is a group of articles

on observation and fire direction for the "heavies"

of special value to those units, but of use and

interest to every artilleryman.

Artillery is now being reinforced by tank

destroyers, 4.2 chemical mortars, and even by

tank guns. This topic will be covered by several

officers who are well versed on what is being done,

and how.

And Capt. Pike (see p. 702 herein) will have

another article, this one on use of oddments for

practical field fortification.

FOR THE FUTURE we are arranging fordetailed combat accounts,
complete with names

and numbers, places, movements,

accomplishments the "What and how," so to

speak. Battle lessons can readily be drawn from

such narratives, but those stories will make good

reading in themselves just as soon as

circumstances permit them to be published. In

some instances that will not be until after the war.

In the meantime, however, we want YOUR tale of

YOUR operations.

MORAL OF ALL THIS is that your

Association is a continuing organization. It has

been for over a third of a century, and will carry

on long after this war is past.It is also a mutual association.
You members

own it and run it. Your interest is its strength.

Your cooperation through the years has built it up.

Your contribution of articles has been outstanding.This too will
continue long after this war is

past. And remember, even when many of you

return to civilian life you still remain eligible for

Association membership, for yourJ ournal, and forthe other
benefits of your Association.

The United States

Field Artillery AssociationORGANIZED JUNE 7, 1910

PresidentMajor General Lewis B. Hershey

Vice-PresidentBrigadier General Jesmond D. Balmer

Executive Council

Major General C. C. Haffner, Jr.Major General Lewis B.
HersheyBrigadier General William H. SandsBrigadier General Edmond
W. SearbyColonel Stuart A. BeckleyColonel Ralph C. BishopColonel
Michael Buckley, Jr.Colonel Alan L. CampbellLieutenant Colonel
James P. Hart, Jr.

Secretary-Treasurer

Lieutenant Colonel John E. Coleman
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MUZZLE BRAKE VARIANTS

Typical of the earliest German muzzle brake is this bulbous
one

on a 7.5-cm KWK, here shown on a PzKw IV in the
Libyandesert.

KnowYour

Enemies'

Weapons

German muzzle brakes' evolution has passedthrough the three
stages shown here.

Regardless of minor variations that might befound, all Nazi
brakes fall into one of theseclasses. This gives a clue not only to
therelative age of the brake, but sometimes to

the approximate date of adoption of theweapon or this particular
use of it.

PAK 40s (75-mm AT guns) use the latest version of the muzzle
brake. Notice(above and right) that on her AT guns Germany uses a
"right-handed" slidingwedge breech block, instead of the
"left-handed" type found on standard field

pieces.

Germany's ingenious adaptation of captured materiel is well
illustrated here: aCzech muzzle brake on a French 75 on the
carriage of the German PAK 38 (5-cm AT gun), in the combination
known as the PAK 97/38.

On the Italian M3 medium tank is mounted a 75/18 field gun.
Itsbarrel has an extra jacket(armored), and being only 18
caliberslong yields a very low velocity. Its muzzle brake is
peculiar to

Italian designs, and probably isn't really much more than
ahopeful flash-hider.
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NNEEWW TTIIMMEE FFIIRREE TTEECCHHNNIIQQUUEESSBy Lt. C. A.
Chapin, USMC, and Lt. H. W. Oliver, USMCR

EDITOR'S NOTEAs a result of research by Lieutenants Chapin and
Oliver, theMarine Corps has adopted the methods here described. Due
to the

close association between Army and Marine artillery, field

artillerymen should be familiar with this system. It is well to
bear in

mind that "complementary site" is misnamed: it is really

"complementary elevation," realization of which makes this

treatment of fuze setting appear most logical.

If time fire is to be most effective, it must be used in massed
fireof battalions or larger units. With methods now in use
correctionsare determined and applied so that such massed fires can
beexecuted with devastating effect. Much of our artillery,
however,

both Army and Marine Corps, is confronted with
mountainousterrain in the several theaters of operation; and it
must be noted

that these massed time fires are accurately adjusted for height
ofburst only where the point of registration was at about the
samealtitude as the target. When considerable changes in angle of
siteare introduced an adjustment has to be made for each target
unlessa change is made in the methods of determination and
applicationof time corrections.

Recent experimentation at the Field Artillery School,
MarineCorps Schools, has shown that these transfers do not work
withlarge changes in site, and has pointed the way to new
methods

by use of which time transfers will work at any angle of
sitewithin transfer limits for range and deflection. It has also
resultedin a procedure for obtaining quick and accurate vertical
control bytime fire. This should prove very useful, as much of the
terrainwhere vertical control is of prime importance makes
connectionsurvey operations difficult and slow.

BALLISTICS

Firing tables list the time of flight to a target at the
samealtitude as the gun. If the target is at a different altitude
from thegun the time of flight differs, being greater for targets
at agreater altitude and less for targets at a lesser altitude. In
suchcases, when complementary angle of site is included in
thequadrant elevation the trajectory passes through the target but
atime setting appropriate for a target at the level point will
causethe projectile to burst too soon (high and short) for the
highertarget or too late (graze) for the lower target. In other
words, acorrection to the time setting must be applied to
correspond tovarying angles of site.

Consider the case of a plus angle of site. The
complementaryangle of site is the increase in the angle of
elevation necessary to

make the projectile travel to a target at the range for
elevationand at a greater altitude than the guns. The time of
flightcorresponding to combined elevation and CAS is almost the
timeof flight to a target at a plus angle of site. This larger time
offlight reading is not so large as the true time of flight. With
theM54 fuze (a powder train fuze), however, the rate of burning
isdecreased because of lower average air density as the
trajectoryis raised. This decrease in rate of burning produces a
slightlylarger time of flight to point of burst. This increase in
time offlight has been found to be the difference between the time
offlight reading for elevation and CAS (combined) and the truetime
of flight. As a result, the correct fuze setting may be read

opposite the elevation and CAS (combined). See diagram and

explanation below.The case of a plus angle of site was used for
illustration; the

same considerations govern the case of a minus angle of
site,where the correction results in a decreased time of
flight.

An important corollary of this phenomenon (and in a measurea
proof of it) is the fact that for any given time setting, the
angleof site to the point of burst varies in exactly the amount
that thequadrant is varied. That is, for a single time setting,
sitesubtracted from quadrant elevation yields the same figure,
nomatter what the quadrant elevation. The conclusion may bedrawn
that this figure, the combined elevation and CAS, is aconstant for
the given time setting. This has been found to betrue by
experimentation with both the 75-mm Pack Howitzer andthe 105-mm
Howitzer using the M54 fuze, testing up to 230 milsangle of site to
point of burst.

The following data, taken from some of the test
firing,illustrates this principle:

75-mm Pack Howitzer, 6 rounds at each quadrant elevationSite
measured with aiming circle at gun positionTime of flight measured
by stop watch

Using present

Ch Quad Time Site El+CAS Ti Corr.

Time

of flight Elmethod Ti

Corr.

1 490 18.4 30.2 459.8 + .75 19.0 450 +1.1550 18.4 95.5 454.5 .9
19.1 425.9 1.9610 18.4 155.5 454.5 .9 19.1 412.5 2.3

4 250 15.4 34.5 215.5 + 1.3 15.57 214.5 +1.4310 15.4 94.4 215.6
1.3 15.68 212.8 1.55370 15.4 154.1 215.9 1.3 15.75 211.3 1.6450
15.4 232.6 217.4 1.2 16.22 210.4 1.7

With the time setting unchanged, the site varies by
almostexactly the amount of the change in the quadrant elevation.
Thefigure remaining when site is subtracted from quadrant

Target 1 is a target at zero angle of site and at horizontal
range X.

Target 2 is a target at plus angle of site and at same range X.A
represents time of flight for elevation for range X and also
the

point where a projectile with FS corresponding to this time
offlight will burst.

B represents the same time of flight as to A.C represents the
point where a projectile with FS corresponding to

time of flight B will burst, because of decreased rate of

burning of fuze.D represents time of flight corresponding to
elevation for range X

plus CAS(for range X and site to Target 2).E represents point
where a projectile with FS corresponding to time

of flight D will burst, because of decreased rate of
burning.
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elevation is the elevation and CAS combined. Although
theelevation and the CAS are in different proportions at the
differentquadrant elevations, their sum appears to be a constant
for the timesetting used. The time correction listed is the
correction to the rateof burning, and contains no false element
caused by the angle ofsite used for the registration.

The times of flight listed were clocked without calibration
ofwatches or timers. They should not be considered as exact
times,

but they do illustrate the variation in the rate of burning
resulting

from the variation in average density.Corrections computed by
present methods are included for

comparison. Note that the corrections are different at each
angle ofsite. Each one of these corrections will work, if the
target is atabout the same angle of site as the point of
registration.

Similar data were obtained from firing the extreme and themean
charges for the 105-mm Howitzer, as well as other chargesfor the
Pack Howitzer. Firings were done in different seasons andwith
different ammunition lots to insure that the results were notcaused
by some combination of circumstances not likely to occuragain.

TIME CORRECTIONS

Let us assume that standard conditions prevail so there is
no

correction to the rate of burning in the fuze. Then the
firecommands should be determined as follows: the site is
computedfor vertical interval guns to target (plus 20 yards for
proper heightof burst), and this is the site to be commanded.
Elevation is takenfor horizontal range and must have combined with
it the CAS,which is computed by multiplying the tabular CAS factor
listed forthe elevation by the number of mils of site. The
elevation and CAS(combined) is the elevation to be commanded, and
is the figureopposite which to read the time setting either in the
firing tables oron the GFT.

Since standard conditions seldom prevail, a correction must
bemade for the rate of burning. The methods previously used
todetermine this correction produce a correction applicable only
totargets at approximately the same angle of site. A correction
whichcan be applied to targets at any angle of site can be
determined in

the following manner:Known factors are the adjusted quadrant
elevation, the angle of

site to point of burst, and the adjusted time setting, all of
whichmay be determined by several types of registration to be
discussedin Time Registrations below. The angle of site to the
point of burstis subtracted from the adjusted quadrant elevation,
leaving a netfigure of elevation and CAS (combined). The hairline
of the GFTindicator is placed over this figure (elevation and CAS)
and a

pencil gauge mark is made on the indicator above the
adjustedtime setting. To apply this correction for firing on a new
target, thehairline must be placed over the elevation and CAS
(combined) forthe new target and the new time setting read under
the pencilgauge mark.

It is to be noted that the setting of the GFT for range is
still

dependent on adjusted elevation in the usual sensethat is,
theCAS must be stripped from the elevation and CAS (combined)
sothat elevation alone can be set opposite the range to the point
ofregistration.

An example of the determination and application of
correctionsfollows:

Registration with 105-mm Howitzer, Ch. 5.Rn.: 6,000 yards.

Adj. QE: 398

Adj. Ti: 20.4 sec.Site guns to burst: +58 .

Elevation and CAS (combined): 340.CAS per mil: +.13.*

CAS for 58 ; +8 .

Adj. Elevation = 398 (58 + 8) = 332.GFT setting = 6,000/332.Time
gauge mark: hairline over 340, pencil gauge mark over 20.4.1*Note
that the CAS factor used corresponds to the resultant adjusted

elevation. In making the computation, this factor must be
selected byapproximation; when the elevation is found, check
opposite it to see if the

original CAS factor was appropriate for this elevation. If the
factor was notthe correct one, recompute using the correct one. An
example:

Registration with 105-mm Howitzer, Ch. 5, Adj. QE 468, Site
+50mils. Estimating total CAS to be +7 mils, the estimated
adjustedelevation is 411 [468507]. CAS per mil for elevation 411 is
+.25.Therefore, the first computed adjusted elevation is 405
[46850(.2550)]. CAS per mil for elevation 405 is +.24; therefore,
recompute

the adjusted elevation using +.24; the result is 406
[46850(.2450)]. CAS per mil for elevation 406 is still +.24, so
thecomputation is correct.

To fire on target at range 6,500, site +28, slide indicator
untilhairline is opposite 6,500, read elevation 371. CAS for
thiselevation is +.18; therefore total CAS is +5. Slide indicator
hairlineto 376 and read time 22.4. Pertinent commands are: Ti 22.4,
Si 331

(328 + 3 for 20-yard height of burst at 6,500 yards),
Elevation

376.

TIME REGISTRATIONS

There are two types of registration for adjusted quadrant,
site,and time setting.

High Burst

Present methods using bilateral observation apply.
Adjustedquadrant and time setting are as fired. Site guns to bursts
is ascomputed in the normal manner. Since bilateral observation
isused, the range to bursts is also found in order to make a
GFTsetting.

To determine the time setting correction alone, a high burstmay
be fired with observation only from the battery position.With the
same quadrant elevation and time setting, 6 roundsare fired at a
quadrant elevation sufficient to permit the

executive to measure the angle of site to the bursts with
hisaiming circle. The site readings to the 6 bursts are
averaged.The adjusted quadrant elevation and time setting are as
fired,and the site is as averaged. No range correction may be
found

by this technique alone. It is often desirable, however, to
findquickly the latest correction to rate of burning when the
rangecorrection may be known from meteorological data. Thismethod
is also necessary for shooting in the site as explained inVertical
Control by Time Fire, below.

Time Precision

The adjusted quadrant elevation is fired in on an
identifiablecheck point by either OP or FO methods. The time
precisionregistration is begun in the normal manner. When a .4-sec.
timesetting bracket is split, 6 rounds (instead of the usual 2) are
fired

and each is sensed as "air" or "graze." If equal "air" and
"graze"sensings are obtained the adjusted time setting is as fired.
If 4 "air"and 2 "graze" sensings (or 2 "air" and 4 "graze") are
obtained, theadjusted time setting is .1 second greater (less) than
the settingused. If 5 "air" and 1 "graze" sensings (1 "air" and 5
"graze") areobtained, the adjusted time setting is .2 seconds
greater (less)than the setting used. If 6 "air" sensings (6
"graze") are obtained,the adjusted time setting is .3 seconds
greater (less) than thesetting used. (Computations at varying
ranges and charges were_____________

1When using 12 GFT it is more convenient to put the elevation
gauge mark(instead of the hairline) over 340, since thereafter all
settings that do not involvecomplementary angle of site can be read
with a single setting.Ed.676 FIELD ARTILLERY JOURNALOctober,
1944
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made with a "12ths" rule and a computed time fork.
Identicalresults were obtained with the arbitrary method explained
above.The simpler method is therefore advocated.) The adjusted
quadrantand time setting are as explained above, and the site is as
takenfrom the chart or computed by survey.

A 6-round time precision registration is to be preferred to
thepresent 2-round method as experimentation has proved that
mixedsensings can be obtained at as many as five different time
settings.The 6-round method gives the adjusted time setting with
a

maximum error of .1 second. The six rounds fired in the high
burstmethod more frequently give exact results since the variation
inheight of burst can be exactly measured. Again the error will
not

be greater than .1 second.

VERTICAL CONTROL BY TIME FIRE

When survey operations are slowed up because of
difficultterrain, the angle of site to a check point may be shot in
using acombination of time precision registration and executive's
high

burst registration. The observer fires in the adjusted QE and
theadjusted time setting to a check point, the site to which is
desired.Using the adjusted time setting so obtained and a
quadrantelevation sufficient to allow observation, the executive
fires 6rounds and measures the angle of site to each. The average
site issubtracted from the quadrant elevation, leaving the
elevation and

CAS (combined) appropriate for the adjusted time setting.
Sincethis figure is the same for this time setting at any
quadrantelevation, the difference between it and the adjusted QE
for thecheck point is the angle of site to the check point. This
givesvertical control and also allows a more accurate back plot for
theobserved fire chart, if used. Once the time correction is known,
thesite to other points may be shot in using the 2
precisionregistrations alone. A sample problem:

Results of registration on check point using 75-mm PackHowitzer,
Ch. 4:

Adj. QE: 264.Adj. Ti: 15.4.

Results of high burst registration by executive using Ti 15.4,QE
450 (this quadrant was necessary because of a high mask):Average
site, +233.

By subtracting the executive's site from the quadrant
elevation,the elevation and CAS (combined) is obtained: 450 233 =
217.

By subtracting this figure from the check point Adj. QE, the
site

to check point is obtained: 264 217 = +47 .

The adjusted elevation to check point is 217 1 (CAS) = 216.For
back plotting on the observed fire chart, a range of 4,840 may

be used, and the vertical interval guns to check point may
berecorded as +227 yards. This back plot can be made moreaccurately
if metro corrections are considered.

MECHANICAL TIME FUZES

The above techniques apply specifically to use with weaponsusing
the M54 fuze. For use with the M67 fuze, these techniquesare an
improvement over the present ones, but may not beexpected to give
exact results. Since the M67 is a mechanicaltime fuze and does not
have a variable rate of burning due todifference in density,2 the
use of the CAS factor to correct thetime setting will only
partially result in the necessary increase

(decrease) of time of flight for a target at a greater
(lesser)altitude. For exact results there should be available an
additionalcolumn in the firing tables listing the increase
(decrease) in fuzesetting for each 10 mils increase (decrease) in
site. Until thisinformation is available, use of the above
described techniqueswill produce more accurate results than firing
with the presentmethods._____________

2Not entirely correct: rate of burning does vary with rotation
and retardationof projectile, both of which are functions of air
density. As the authors imply,however, present available
information is not much-help to us.Ed.

TIME PLOT OBSERVED-FIRE CHART

By Col. George D. Crosby FAAs this time plot method of
constructing an observed-fire chart

has proved most acceptable in local tests, information
concerningit will doubtless be welcomed by artillerymen generally.
It wasdeveloped to overcome the difficulties experienced in
obtaining a

proper height of burst in time fire when using the chart
plottedwith ranges corresponding to quadrant elevations, site
beingunknown. The latter plot (hereafter referred to as the
"quadrantelevation plot") gave much trouble, particularly on rough
terrain.Even when percussion fire was massed properly, time fire
oftenfailed because fuze settings did not correctly correspond
toelevations: bursts appeared on graze, or too high in the air to
beeffective.

This limitation of the quadrant elevation chart can
beeliminated, or at least minimized, by use of correct sites in
plottingthe chartthat is, plotting ranges corresponding to
elevationsrather than to quadrant elevations. Unfortunately, much
delayoften is experienced in establishing vertical control,
especially indifficult country where it is most needed. Since the
outstandingvirtue of the observed-fire chart is (or should be) that
it can be putinto immediate operation, emphasis properly has been
on the useof the chart without vertical control, to avoid the
delays incident todetermining altitudes.

Since site need not be known, the time plot chart avoids thebad
effect of these delays. In most cases it not only will give

satisfactory results with time fire, but also improves
themassing of percussion fire. It is, of course, subject to the
rangelimitations inherent in the 25-second time fuze, and since
the

probable error of the time fuze is large at extreme ranges itmay
fail if registration at ranges much over 7,000 yards
isnecessary.

CONSTRUCTION

Register all batteries with the time fuze, to determine
bothadjusted quadrant elevation and adjusted time. Plot batteries
indeflection as prescribed in FM 6-40, but plot the
rangecorresponding to the adjusted time. Note the
elevationcorresponding to the adjusted time; the discrepancy
between it and

the adjusted quadrant elevation is considered to be site.
Transformthis site into altitude difference by the mil relation
(using plottedranges) and determine battery altitudes. Thereafter
plot all targets,after adjustment, at a range corresponding to the
adjusted time,determining their altitudes by the differences
between adjustedquadrant elevation and the elevations corresponding
to the plottedranges. It is necessary, of course, to strip
20/R.

Use graphical firing table in the closed position. No timegage
line is needed. Corresponding elevations, ranges, andtime
corrections all appear under the hair line, discrepancies

October, 1944FIELD ARTILLERY JOURNAL 677
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between them all having been lumped together into false site
.

It should be clearly understood that the observed-fire chartset
up with time shell will give good results with percussionshell,
even though a change in ammunition lot is called for.Registration
both with time and with percussion shell is notnecessary. Only a
small error results from ballistic differencesof ammunition,
provided all batteries change. For one batteryto change lots when
the others do not may cause failure tomass, of course.

ACCURACY

It is not possible to state just how accurate the time
plotmethod is in comparison to the quadrant elevation method, asthe
reasons for inaccuracies of the two are different. The errorof
massing to be expected of the time plot method varies withthe size
of the time correction. In the quadrant elevationmethod, size of
the error depends largely on how much site is

present. It can be stated, however, that the quadrant
elevationmethod is to be preferred only on very flat terrain where
a verylarge time correction is present. With a time correction of
notover one second, the time plot method is quite dependable.

In this connection, it must be remembered that the
timecorrection is not the difference between adjusted time and

tabular time corresponding to range; it is the differencebetween
adjusted time and time corresponding to adjustedelevation. Anything
that causes the projectile to arrive at atarget abnormally early,
thus necessitating a decrease in normaltime of burning, will also
result in a decreased adjustedelevation (minus K). Hence, time
correction has a tendency toremain small. At Fort Sill, not once in
300 recorded problemsdid it exceed 0.8 seconds.

ADVANTAGES

A very practical advantage of the time plot chart is
thefollowing: After the chart is set up, true altitudes can
bedetermined. If vertical control thus becomes available,
altitudeson the time plot chart are changed to correct altitudes,
the timecorrection is determined from the original registration
data. and

the time gage line is marked on the indicator of the GFT in
theconventional manner. The chart continues in use. If, however,the
quadrant elevation chart is established initially,
subsequentdetermination of altitudes requires that all batteries
and targets

be replotted. In effect, the char t must be thrown away and anew
one constructed.

The time plot chart is well adapted to determination ofvertical
control by measuring the vertical angle to a high burstcenter from
a battery position. Any one of the three batteriescan do this,
thereby determining site and time correction forthat battery. The
time correction so determined is assumed tohold for the other
batteries. Recomputed altitudes will be verynearly correct. The
observed-fire chart should then approachthe accuracy of a surveyed
chart, although the lack of a knownscale will of course prevent
delivery of unobserved fires. Themethod of determining time
correction from high bursts isdescribed in detail in par. 402d,
Change 3, FM 6-40.

WHYS AND WHEREFORES

It is interesting to consider why certain types of observed-fire
chart do or do not work. A common misconception is thatthe presence
of a large K is a source of error. It is true that Kcauses
erroneous range plots, but as long as K is uniformamong the
batteries of a battalion it causes no distortion inrelative
locations on the chart. Hence the chart is accurate, but

of an unknown scale. The resulting chart K, however, isopposite
in sign and equal to the actual K, and in theory thechart works
perfectly.

The quadrant elevation plot does have relative positionswarped
by the inclusion of site in the range plot. This willcause
deflection errors to appear under many conditions.

At targets near base point range batteries will mass forrange,
but on targets 1,000 yards or more from base point

range the compensating effect usually is lost and rangesbecome
erratic.

To illustrate this range error of the quadrant elevation
chart,consider B Btry (105-mm H) at the same altitude as and
3,000yards from the base point. It is the adjusting battery. If
weassume (for simplicity) that Kis zero, it plots 3,000 yards
fromthe base point. If it now adjusts on a target at 4,000 yards,
thetarget plots 4,000 yards away (if at base point altitude).Assume
C Btry, also at 3,000 yards from the base point butwith a site of
+15. It plots (Charge 4) 3,180 yards from the

base point and 4,180 yards from the target. Elevation to
thetarget indicated by the observed-fire chart is 325. It should
be318, so the battery fails to mass by 70 yards.

What has happened is this. The 15 mils of site should havebeen
decreased to of 15 mils , since range became 4,000instead of 3,000.
However, the 180 yards which took care ofthe 15-mil discrepancy at
3,000 (where yards per mil ofelevation is 12) becomes 18 mils at
4,000, where yards/mil is10. So instead ofdecreasingsite to 11
mils, it was increased to18 mils. 70 yards is not a prohibitive
error, but in the generalcase this inverse effectincreasing site
that should bedecreasedrapidly grows worse at range changes greater
than1,000 yards.

Assume further that in the above case the true timecorrection is
zero. B Btry will determine a zero time correctionand will have no
trouble adjusting on the target. C Btry,however, will carry a time
correction at base point range ofminus 0.7 seconds, since its
quadrant elevation is 15 mils fromits elevation. At range to the
target this time correction

becomes minus 1.0 seconds (on the GFT). The burs t range is3,950
yards, which is close to the target, but since the batteryfired 70
yards over the bursts are 41 yards too high (slope offall:
1/2.9).

The reason for this is the proportional increase of a
timecorrection which actually did not exist. The use of a
flatcorrection would have been better in this case. But the user
ofthe observed-fire chart cannot know how close his timecorrection
is to the real one, which gives better results whentreated
proportionally.

The time plot chart avoids much of the error consideredabove.
Ranges at which batteries are plotted include bothKandthe time
correction. But since tests have shown that the timecorrection,
like Kcorrections, is roughly proportional to range,the plot is not
warped so far as relative locations areconcerned. Deflection errors
will be smaller.

As far as percussion fire is concerned, the time plot
chartintroduces an error very similar to that of the
quadrantelevation chart, in that while the latter treats site as a
K, theformer treats time correction as site. Time correction should
betreated proportionally with range and site should be treated
ininverse proportion, so we have the same effect that causestrouble
with the quadrant elevation chartan increment whichshould be
increased actually is decreased, or vice versa. Thereis, however,
this important difference: time correction

presumably is the same for all batteries, whereas site is not .
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battery, then, is given a false altitude, but unless there
isconsiderable echelonment of batteries in depth the amount of
falsealtitude for each is about the same. After the adjusting
battery hasadjusted on the target the correction made necessary by
its falsealtitude is about the same as the corrections for the
other batteries.The fire of the battalion will mass. It is quite
true that the quadrantelevation method will give good results if
batteries have littleechelonment in depth and if they are near the
same altitude, butthe italicized condition need not be present to
insure accuracy of

the time plot chart.

The larger the time correction, the more false altitude goesinto
the time plot chart. The chart may fail if batteries are not
soclosely grouped as to all be affected nearly equally. If it
isknown, however, that the time correction is consistently largesay
minus 2 secondsthis can be carried as the time correction,the range
plot is that corresponding to the adjusted time plus 2seconds, and
only the difference between true and predicted timecorrection is
converted into altitude. Again, massing should besuccessful.

The ability of the time plot chart to mass time fire
successfullyis apparent when it is understood that the Kprinciple
is applicableto the time correction. Actually, ranges taken from
the chart arenot ranges at allthey are corrected fuze settings,
expressed in

terms of yards. Since these are proportional to ranges, the
plottedlocation of a target is as correct for one battery as for
another. The

plot is not warped any more than it is by inclusion ofK. In
theorythe burst range will always be correct, even though an
errorappears in percussion fire. In fact, tests at Fort Sill
indicate that thetheory is not far wrong.

TEST RESULTS

A consideration of the figures that follow, taken from Fort
Silltests, will show why it is believed that the time plot method
issuperior to the quadrant elevation plot, actually as well
astheoretically. Yet it must not be assumed that these figures
are

proofs. Some of the figures herein are based not on
roundsactually fired, but on where rounds should have fallen had
they

been fired. In nearly all cases, however, the charts
wereconstructed on the basis of actual registration. It must
beremembered too that the time correction at Fort Sill is
invariablysmall, a fact that is highly favorable to the success of
the time

plot method.

One test was fired in its entirety. Three howitzers (105-mm,M2)
were set up to represent base pieces of batteries of a
battalion.Conditions were severe. Echelonment of batteries in depth
was1,500 yards, in width, 800 yards. Altitudes ranged from 425 to
536yards. Targets were from 3,000 yards over to 2,000 yards short
ofthe base point. Mixed ammunition lots were used. Registrationwith
Charge 4 was followed by firing with Charges 5 and 7. Thetest was
repeated, registering with Charge 5 on a second base pointand
firing on targets with Charges 4 and 7. For each of two base

points, three targets were fired on after adjustment by the
centerpiece, by the two non-adjusting batteries. The following
figuresare the average errors (in yards) of the 12 resulting
centers ofimpact.

Time fire:

Deflection Range

Height ofBurst

No. ofGrazes

Quadrant Elevation 61 178 40* 5Time Plot 26 56 23 None

*Grazes were considered as zero height of burst. Had the
distance whichthey would have gone into the ground been known, the
average would have

been lower.

Percussion fire was then used, without further
registration.Errors were:

Deflection Range

Quadrant Elevation 61 121Time Plot 27 56

Eleven other tests of a similar nature were conducted
withvarious conditions and calibers. Actual fire was not,
however,

placed on all targets. Total results (averaged together)
were:

Time fire

Deflection RangeHeight of

BurstNo. ofGrazes

Quadrant Elevation 38 94 77 21Time Plot 16 26 41 15

Percussion

Deflection Range

Quadrant Elevation 45 167Time Plot 28 89

The errors above generally are larger than may be expected,since
the tests were run under conditions unfavorable to
successfulmassing, in order to bring out failure of the methods and
tominimize effect of incidental errors.

You should note a fact implied by this article, but
notsufficiently emphasized until this point: the source of
almostall troubles with observed-fire charts is false site. Unless
sitesare known there is no sure way to avoid failure of any type
ofobserved-fire chart, unless it be to group a battalion so
closelyas to have almost a 12-piece battery. There are many
errorsother than site, of course, but these seldom are large
andusually are compensating. False site, on the contrary,introduces
an error which may be so large as to makecompensation by other
errors impossible. Nor can this error beminimized by accurate work
or by careful adherence to

procedure. It is inherent in the method.It is perfectly true
that vertical control may not be available

when the observed-fire chart is set up. As soon as it can be
madeavailable it should be used. If lack of time shell, or
rangelimitations, require the use of the quadrant elevation
plot,vertical control turns it into an elevation plot, which will
workwell either for time or for percussion fire. If the time plot
methodis used, introduction of correct altitudes and use of the
timecorrection which known altitudes render determinable,
willremove all error inherent in the method. To fail to take
advantageof the opportunity to introduce vertical control is to
accept anerror which may be large enough to make the observed-fire
chartworthless.

No altitude determination, nor any method yet devised, can

overcome errors caused by dispersion, faulty registration,
poorcalibration, tricky ammunition, or a host of other reasons.
Yet,time shell being available for use with the time plot method,
thewithdrawal of the restriction on site determination and the
moregenerous grading scale for height of burst, should combine to
takethe curse out of AGF Battalion Test I. Barring errors which
should

be avoided, the observed-fire chart will give results.

If in combat the time plot chart is as satisfactory as it has
provenitself to be on the ranges of Fort Sill, it is a valuable
contributionto the job at hand.
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SUPPLY DISCIPLINELt. Gen. Ben Lear, Commanding General, Army
Ground Forces,

has just issued in pamphlet form a letter on the above subject.
It is

patterned after a similar one issued by name to all officers of
the

First United States Army under the signature of Lt. Gen. O.
N.

Bradley. In his foreword, Gen. Lear states that "the experience
of

our Armies overseas has impressed upon them indelibly
theimportance and necessity ofsupply discipline. These lessons,
learnedthe hard way, must be impressed upon each officer and
enlisted man

and never forgotten. They are detailed here for easy reading."
The

letter itself opens with "I desire that you study and remember
these

Notes on Supply Discipline and use your influence and example
toinstill in every man the habit of

CONSERVING SAFEGUARDINGMAINTAINING SALVAGING

food, clothing, weapons, fuel, motor transportation, materiel,
and

supplies of all kinds."

680 FIELD ARTILLERY JOURNALOctober, 1944

GENERAL

1. No plan of operations, however good, will succeed
unlessadministration has been emphasized from the start. Supply
discipline goeshand in hand with military discipline.

2. The production of our equipment involves enormous efforts on
the

part of workers in our homes in the United States and it all has
to betransported across seas at great risk to our seamen and
ships.

3. In any operation, transportationwhether by sea, rail,
motorvehicle or airwill neverbe adequate to meet all our
requirements.

To request more than you need is inefficient.To waste what you
have is sabotage.

TRAINING

1. The training of the individual insupply discipline is as
important asany other form of training. Your training program will
set aside regular

periods for this. Prepare what you have to say, your
demonstrations, yourpractical work, as you would for any other
training. The support of the menmust be won. Ingenuity will be
required. Emphasize the protection of

property in guard duty. Remind each man that he is a taxpayer,
quotingprices.

2. a. Food: It is a standing order of the AGF that no one should
helphimself to more food than he needs nor leave any on his plate.
Greases and

bones are used in manufacturing explosives; teach your men the
varioususes for which garbage is saved.

b. Clothing: Impress your men that a "stitch in time saves
nine," andthat laundering of socks, fatigues, etc., increases the
life as well as thecleanliness of clothing. In battle it is more
important to use transportation

for ammunition than for clothing.c. Weapons: Teach your men that
"for want of a nail a horse can be

lost," and that in combat a missing rifle part means not loss of
pay or K.P.but immobilization of a weapon.

d. Fuel: Train all handlers of gasoline and oil to avoid
spilling a dropwhen making transfers.

e. Motor vehicles: Have your drivers do 1st echelon
maintenanceat stops and periods of waiting instead of only at
"motor stables." As

long as 1st and 2nd echelon maintenance is kept up, our vehicles
willkeep rolling.

f. Hygiene and sanitation: Get your men to observe the
principlesinstinctively. The best fighter is no good if he gets
sick; unnecessarysickness must be avoided.

3. Administrative directives are not the sole concern of the
supplyservices. Learn about their contents yourself.

It is not suf ficient to have a good "S-4" or supply
sergeantevery man

must be something of an S-4 or supply sergeant himself.

IN COMBAT

1. The boarding of supplies and equipment by individuals results
inoverloading of vehicles and undue wear and eventual breakdown
oftransportation.

2. Throwing away prescribed equipment by individuals to
lightenpersonal loads involves resupply at a later date and
unnecessary demandson transportation. To prevent this, give thought
to confining personal loadsto what is necessary for the
mission.

3. The formation of unauthorized reserves and dumps at battery
andother positions will result in shortages of supplies where most
needed.

4. To abandon a supply of ammunition however small may
beequivalent to disarming yourself or your fellow soldiers at a
later date.

5. Vehicles, tools, and spare parts are always short of
demand.Units which retain more than they are entitled to, prevent
the speedy re-equipment of other units.

6. Cannibalization of tanks and vehicles prevents these tanks
andvehicles from becoming available quickly as replacements
anddisorganizes repair and replacement services.

7. There must be no unnecessary use of transportation.

8. Gasoline and oil represent a very large percentage of tonnage
tobe moved. Trucks and vehicles cannot advance a yard without
it.Uneconomical use and spilling is sabotage.

9. It is of the utmost importance that damaged valuable
equipmentsuch as radio sets, weapons, and spare parts be salvaged
for repair and

reissue. New stocks cannot be provided in sufficient quantities
without theassistance of efficient salvage.

10. It is important that captured enemy materiel and supplies of
allsorts be reported and brought under centralized control, intact,
without

pilfering or cannibalizing. Such supplies may prove of the
greatest value inassisting planning and speeding an advance.

11. Administration must win the confidence of troops by i ts
efficiency.Organization and units, on their side, must show
confidence in their

administrative service. There can be no excuse for the forming
ofunauthorized reserves and dumps, holding of excess equipment
andhoarding and overloading of vehicles.

No matter how hard the fighting, our battles will not be won
without

good supply discipline.

NORMANDY EFFECT

The following paragraph was extracted at a high headquartersfrom
a report by a Motor Battalion Commander of a BritishArmoured
Division on the fighting in Normandy:

"Although virtually cut off during the day, we were not out
ofreach of American artillery, in particular their SP 155s who
had

been supporting us throughout. We had an OP Officer
called'Chunk' Badcock, a bloody great monster of a man who
certainlyknew all the answers. As the firing died down it was known
thatthere were quite a number of German infantry in a certain wood
toour right front. The American OP then called for a special

concentration on it. For it, every gun within range had to
engage;and it was a type that could only be ordered by an
AmericanGeneral. However, it came down within about a minute and a
halfand it certainly was a real pandemonium. Afterwards 2
Germanswho surrendered said that arms and legs were flying right
and leftin the wood and they must have had some 800 or 900
casualties.Although this is no doubt a gross exaggeration, it will,
I think, giveyou some idea of the sort of shoot it was. It may have
causedtelegrams from Washington due to the colossal amount
ofammunition expended, but it certainly put 'finis' to any
furtherGerman attack that evening or that night, and must have done
a lotof damage."
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Normandy Armored RSOP and SurveyBy Lt. David E. Olson, FA

Shortly after D-day the forward elements of our armoredartillery
battalion hit the beach in Normandy and were met byour glider-borne
Liaison Officer who gave us first-handinformation on the terrain
into which were soon to disappear

and the hazards that awaited us. "Just like the jungle," he
said.Map reconnaissance had indicated that the fields were
small

and the terrain flat (a hundred-foot hill was mountainous!).Foot
reconnaissance showed tree lines bordering each field,narrow
twisting lanes with steep banks on each side, deepditches along the
tree lines which proved to be obstacles forour M7s in some areas,
and (most important of all) an utterlack of observation from the
ground. It became apparent thatwe would have to change some of our
SOPs, especially thoseconcerned with RSOPs and Survey, in order to
meet the

problems confronting us.First of all we changed the composition
of the Bn Comdr's

party. Now we use 3 -tons: the BnC's, the RO-and-SurveyO's, and
the Com O's. When the area into which we must go

into position is given to us by the DivArty Officer, these
threevehicles with their officers plus 5 reconnaissance and
surveymen take off for the new area. The five enlisted men help

perform the survey, but they also provide some protectionagainst
the machine pistol artists and snipers who will likelystill be
lurking in some Normandy hedges long after theArmistice is
signed.

The Communications Officer immediately selects the CP andthe
Battalion Commander and the Reconnaissance and SurveyOfficer choose
the GPs. Routes of entrance, availability ofalternate positions,
and the proximity of other installations areconsidered. A stake is
driven in the center of each gun position.

Berigny, south of the Forest of Cerisy, is surrounded by typical
Norman terrain.Hedgerows on low banks make fine defensive positions
and snipers' posts. Roadintersections shown here are typical of
this entire area; they make good sites for AT

guns, for use against any type of traffic.

The Battalion Commander and the Communication Officerreturn to a
rendezvous point previously agreed

upon, where they meet an officer and the wirecrews from each
battery. These representatives(they may be the BCs, Executives, or
AssistantExecutive Officers) are shown their positionsand given
suggestions by the BattalionCommander as to how the positions can
beutilized most advantageously. Wire crews beginto lay wire to the
CP, which had been indicatedto them by the Communications Officer.
In themeantime the Reconnaissance and Surveysection have begun
their survey, usually startingwith the registering battery. Often,
if thesituation is moving rapidly, the representative ofthe
registering battery will bring along one M7

which will begin registering immediately so thatcorrections will
be available when the remainderof the battalion comes into
position.

After the officer representative has analyzed thesituation he
returns to his battery, and it is displacedforward in the order
specified by the BattalionCommander. The Communications Officer
bringsHeadquarters Battery and the forward echelon ofthe FDC up so
that fire missions will not beinterrupted during the
displacement.

An Armored Artillery Survey setup

combining the survey and reconnaissance sections andstreamlining
both of them, plus the jungle-like countryside of

Normandypresents a discouraging picture from the surveypoint of
view. There is one redeeming feature, however, and

that is the map situation. The 1/25,000 battlemaps are
excellenthorizontally, although not too good vertically.

After the positions are selected by the Battalion Commanderand
Reconnaissance and Survey Officer, a position area surveyis
initiated. The poor observation makes it difficult to pick up

points identifiable both on the map and on the ground
andsuitable for obtaining initial direction. As a result we use
thecompass needle (on what we call the Master Instrument) on
theregistering battery's orienting line, and from there
carrydirection to the remaining orienting lines. To catch large
errorswe check the computed azimuth against the azimuth
obtained

by measuring with the master instrument.At each position the
Survey Sergeant draws a base line from

a grid intersection in the center of our sector (which serves as
a

Base Point) and the battery position. Thus a base angle can
beplaced on the executive's stake just as soon as the azimuth ofthe
orienting lines is ascertained. The Executive sends thisinformation
(if the Survey Officer hasn't already) in hisexecutive's report,
along with the coordinates of his positionand the grid intersection
that he's tied in on. Just as soon as theReconnaissance and Survey
Officer is free he returns to thenew CP and checks the plots, base
angles, and the laying of the

batteries by comparing the compasses with the azimuths of
thebase lines which have been measured or computed from thechart.
Alternate position surveys are run by the battery teams.Coordinates
of the new position and the azimuth of theorienting line, computed
from the azimuth of the initial OL,
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are sent to FDC. In the event that the alternate position must
beoccupied, a base angle is awaiting in the new position.

Distance is handled by inspection or by inspection and
shorttraverse. Vertical control is usually carried, especially if
thearea is the least bit rugged or any doubt arises
concerningvertical control on the portion of the map we are
using.

Our rapid occupation, which we have yet to use here inNormandy,
is the Fort Sill "shoot from the hip method."

As far as tying the battalion together is concerned, thebattery
executive reports to FDC the coordinates of his

position, the azimuth of his OL, and the base angle onwhich he
is laid. As soon as possible, the Reconnaissanceand Survey section
locates the battery positions accuratelyand carries direction to
the OLs. Then any correctionnecessary can be made and the battalion
can again be tiedin on any point.

We think the Fort Sill methods are absolutely sound. Somust some
of the Nazis captured here in France, because they

have a great deal of respect for what they stillinsist on
calling"Automatic Artillery."

THE CORPS R.O. IN COMBATBy Lt. Col. J oseph R. Couch, FA

Russian 76-mm gun fitted with Germanmuzzle brake and mounted on
an ex-

Czech chassis (known as Pzkw-38),destroyed on a mountainside
near

Esperia.

Few duties performed by an artilleryofficer, in fact by any
combat officer, aremore important than those of the battery RO.In
the final analysis it is observed fire thatcauses the greatest
damage to the enemy,and the RO must direct a large part of
suchobserved fire. The successful RO must

possess physical stamina, skill, initiative,courage, and
aggressiveness, all of thehighest order. In our battalion of
155-mmM1 howitzers, Corps Artillery, we haveattempted to train the
ROs to perform theirduties in line with the missions of the
CorpsArtillery. In many respects their duties willdiffer from those
of an RO or forwardobserver with a direct-support battalion.
Bystudy, trial, and error during the NorthAfrican, Sicilian, and
Italian campaigns wehave developed the principles outlined
here.Each RO is thoroughly instructed and

provided with a brief list of his duties. His

activities are checked constantly by hisbattery commander and
officers of thebattalion staff. His general missions (listedin
order of importance) are to (1) direct the fire of his
battalionupon hostile batteries, (2) direct fire upon enemy
tanks,vehicles, troop concentrations, and strong points in
reinforcingthe fires of the divisional artillery, (3) provide
accurate andtimely information of enemy and friendly troops, and
(4) in adefensive role serve as a sentry, always alert to prevent
damageor destruction to his battalion and to supported troops
byenemy shellfire, enemy attacks, and counterattacks.

PREPARATION FORHIS DUTIES

An RO must prepare himself carefully and completely

before setting out to locate and establish his OP. He must
bethoroughly instructed by the battalion commander and
battalionstaff officers before he departs. The successful
accomplishmentof his mission will depend largely upon his
preliminary

planning and preparation. His preparation should be
conductedaccording to the following plan:

1. The RO reports to the battalion CP for instructions. If
adisplacement is underway and no battalion CP is set up hereports
to the battalion commander or S-3 on reconnaissance.

2. His battalion commander or S-3 explains to him:

(a) Enemy and friendly situation.Location of front lines and
support troops.

(b) Mission of the battalion.(c) Our fire possibilities and
capabilities,

including maximum ranges, right and leftlimits, and ammunition
status.

(d) The terrain as known to them. A map

is generally used. Upon rare occasions partof the situation can
be pointed out on theground.

(e) Communications, including anyvariations from normal
procedure.

3. Then the RO checks his equipment.He must have in his
possession (a) maps, (b)instruments, (c) radio with extra
batteries, (d)hand reel and wire, (e) prearranged codes,codex
machine, radio call signs, and (f) foodand bedding.

4. The RO must constantly bear in mindthat an observer without
communications is

of no value. Before he leaves plans must bemade for wire laying,
relay stations, andnecessary steps to insure constant and

reliable communications. This is the observer's
responsibilityand cannot be delegated not excused.

LOCATION AND ESTABLISHMENT OF THE OPOnly after he has completed
his preparation does the RO set

out to locate and establish his OP. He should bear thefollowing
points in mind at all times:

(1) He must always know his location. He should takespeedometer
readings, follow his maps carefully, take compass

bearingsin short, he must be able to report his location at
anyinstant.

(2) The RO always checks with friendly troops as he goesforward.
This is highly important, as situations change rapidlyand the
battalion commander seldom possesses completeinformation when he
sends the observer forward.

(3) The most obvious or most conspicuous OP should notbe
selected if a less obvious one can be employed. This mayprevent
spotting and neutralization by the enemy.

For Corps Artillery purposes height is a more importantfactor
than proximity to the front lines, for the observer's

primary mission is to see far back into enemy territory
wherehostile batteries will be locatedbut both height and
proximityto the front should always be sought.682 FIELD ARTILLERY
JOURNALOctober, 1944
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(4) Having located his OP, the RO proceeds to get it readyfor
operation. He should dig in, on a rear slope if possible, andmake
careful use of camouflage. Radio communications areestablished at
once. Wire is laid as soon as it becomes evidentthat the OP is to
remain in position for a sufficient length oftime to warrant its
use.

88-mm multi-purpose gun destroyed near Pontecorvo

OP OPERATION

The observer's first report to his battalion should include
his

location (in code) and the fact that he is ready to observe.
Hebegins immediately to study the terrain in his sector. Using
hismaps, he locates known points, roads, towns, and
streams.Employment of his compass, measurement of angles fromknown
points with the BC 'scope, and estimation of ranges willall help to
build up his knowledge of the terrain.

All types of movement are reported. If worthwhile targetsappear
the observer requests fire on them, explaining to the

battalion S-3 his ability or inability to adjust the fire.He
must not forget his primary mission of locating enemy

batteries. He constantly studies the terrain for enemy
gunflashes and smoke puffs. Listening to the sound of enemygunfire
will often help the RO to locate enemy artillery. Herequests fire
on any enemy guns that he locates, and adjusts, if

possible, by the most accurate methods.Enemy shelling reports
are among the most valuable of his

reports to the battalion CP.Allenemy shellings observed will
bereported, without exception. Even fragmentary reports
fromobservers enable the Corps Counterbattery Officer to compile
hisenemy battery lists, and assist the Flash and Sound bases to
makeaccurate locations. Shelling reports should include location
ofarea shelled, azimuth to enemy guns (visual or sound), numberof
rounds fired, estimated number and caliber of guns, exact timeof
shelling, and damage (damage never sent in clear).

Even at night the observer furnishes any possibleinformation of
enemy artillery. Before dusk he should zero hisinstrument on a
known point in order to give accurateazimuths. He should never fail
to make reports because of the

fact that his information is limited or fragmentary.The
artillery observer is one of the most important sources

of S-2 information. He should make frequent reports in code
of

friendly actions. Activities such as small arms fire,
enemyflares, demolitions, and patrols should be sent to his
battalionS-2 accurately and regularly. Negative reports are
highlyimportant, and are frequently neglected. Information to
theeffect that there is no movement or action on a certain road
orin a sector may be of great value to higher headquarters.

Each RO must constantly strive to improve his gunnery.Careful
location of targets is of little value unless he can place

accurate and rapid fire on them. A great many
inexperiencedofficers have the "get-out-of-your-chair-talking"
complex. Itwill seldom pay dividends in combat. Five or ten minutes
spentin accurate computation of data will enable the first round to
beclose to the target, and the adjustment can be completed
withgreat speed.

The observer must assist his S-3 in estimation of the
correctamount of ammunition to be used on a fire mission. A
commonfault is to employ too little ammunition on enemy
batteries.Our rule is that any observed mission merits
sufficientammunition to destroy the target completely. It is not
sufficientmerely to neutralize it.

Lastly, the RO should always seek to keep his OP where itwill
best enable him to accomplish his mission. Often it will be

necessary for him to push forward or change his position uponhis
own initiative. In so doing it is necessary to obtain

permission and directions from his battalion CP.

SURVEY ASPECTS IN S.W.P.A.By Lt. J ohn W. Hughes, FA

A SURVEY SOP

Btry Detailis responsible for:

1. Short-basing of terrain features relative to base point.

2. Location of Btry position on grid sheet, photo, or map

as required by Bn.3. Reporting of coordinates of all positions
to Bn when

they are known.

Bn Survey Section is responsible for:

1. Location of Btrys on grid sheet, photo, or map.2. Providing
Btrys with common orienting line.3. Completing a connecting area
survey where required.4. Completion of target area survey.5.
Conversion to Div Arty control when available.6. Reporting
coordinates of all positions to Div Arty

when they are known.

Div Arty Survey Section is responsible for:1. Providing common
control of all Bns.2. Checking photos and maps that are
available.3. Completing target area survey when necessary.4.
Collection of coordinates of all positions as they

become known.5. Conversion to Corps control when available.

All survey sections must be proficient in:1. Traverse carrying
direction.2. Computation of coordinates obtained through
traverse

or short-base.3. Location of position by inspection on photo or
map.4. Location of position by resection.

Bn and Div Arty Survey Sections must in addition beproficient
in:
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1. Use of altimeters.2. Use of the liaison airplane.3. Use of
K-20 camera mounted in liaison plane.4. Rotation of coordinates to
conform with control

furnished by higher echelon.

SUMMARY OF SURVEY OPERATIONS

The situation tempers the exact actions, but wheneverpossible we
follow the principles discussed here.

The first condition is a fast-moving situation where noaccurate
maps or mosaics are available, and registration ismade on
occupation; initially an observed-fire chart is to beused.

(1) Obtaining initial data for nonregistered batteries:
Thesurvey officer goes to the center battery and measures
theapproximate compass and distance to the right and left

batteries. The center battery having completed registration,
theapproximate locations of the nonregistered batteries are
polar

plotted on the chart in relation to the center battery. Initial
datafor their registration are read from the chart.

(2) The battery detail at the OP: The OP detail has 200yds. of
W-130 wire knotted in 10-yd. lengths. If observationis possible, it
stretches this as a base and obtains by short

base the ranges to important terrain features, relative to
thebase point.

(3) Location of OPs on an observed firing chart: (a) If theOPs
do not have a line of known direction, one round of high

burst is fired by the same gun at each of three separated
points,plotting on the firing chart. Angles between the bursts
aremeasured at the OP, and by resecting with these angles on
thefiring chart the OPs are located. (b) If the OPs have
direction,one round of high burst, fired at two separated points
plottedon the firing chart, may be used. The OP reads azimuths to
the

bursts and they are located on the firing chart by intersection
ofback azimuths from the plotted locations of the bursts.

(4) Location of OPs on a grid sheet survey: The Bn surveysection
sets up a short base in the position area from which it

can survey in bursts. One round of high burst is fired at
threeseparated points (two points may be used if OPs
havedirection). OPs read angles between (or azimuth to) the
burstswhile the Bn survey section short-bases in the bursts
andobtains their coordinates. OPs are located by resection (or
backazimuth) from the survey coordinates of the bursts. When
thecoordinates of the firing piece are obtained, Kand
deflectioncorrection can be computed. Should the burst be visible
fromthe gun position the angle of site to a burst can be read
andtime correction determined.

(5) Completion of target area survey: OPs located by anyof the
above means can read azimuths or angles from otherOPs to targets,
and thus complete a target area survey. OPshaving been located, the
front lines can be sketched on the

firing chart and important terrain features added as theybecome
known.
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(6) Position area survey: The Bn survey section establishesan
orienting line and the relative locations of the batteries.These
facts are plotted as an overlay. Upon completion of aDiv Arty check
point registration by one gun, the adjusted baseangle is read by
the adjusting gun and the orienting line is

plotted on the firing chart. The survey overlay is then
orientedand the locations of nonregistering batteries are
determined. Byutilizing one altimeter in the position area and one
at an OP,

relative altitudes can be determined. A coordinated Div
Artyaltimeter reading will determine the relative altitudes of
Bns.

(7) The liaison plane equipped with a K-20 camera cantake
obliques of the target area to supplement the firing chart.If
conditions permit the liaison plane to cross the front lines theBn
will mark points in the target area with smoke and vertical

photographs (including points marked) will be taken,
furthersupplementing the firing chart. If the Bn survey section
has

established a base, the plane can be surveyed in the instant
avertical photograph is taken.1

Coordinates of the plane are thecoordinates of the center of the
photograph. All targetsidentifiable on two overlapping photographs
whose centers areknown can be fired upon.

(8) Bn grid sheet survey: The Bn survey section completesa grid
sheet survey based on Div Arty control as soon as thatcontrol is
available. Div Arty control may consist of points Aand B, or an
altimeter reading and the coordinates of two ormore points visible
to the Bn. The Bn can then compute a two-or three-point resection
to obtain the coordinates of its point A.If no points on the ground
are intervisible between Div Artyand the Bns, using coordinated
radio communication theliaison plane may mark the three points
required. These same

methods may be used by Bns for carrying control forward totheir
OPs.The second condition is a fast-moving situation where an

accurate photo mosaic is available. The photo mosaic is
thefiring chart and Btry positions and OPs are located byinspection
or short traverse. An orienting line is run, and givendirection
through registration. Direction at the OPs is theelement that is
most often in error, and should be checked byfiring as soon as
possible. Altimeter readings are the bestmeans of carrying vertical
control, though a third point,identifiable on the photo and visible
from position and OP area,is an alternate means. A grid sheet
survey using Div Artycontrol is completed as the situation
develops, using allmethods previously described.

The third condition is a fast-moving situation where anaccurate
1/20,000 or 1/25,000 map is available. The map is thefiring chart;
positions are located by inspection, elevation isread from the map,
and direction for an orienting line and forOPs is taken from the
map. This third condition is the expectedcondition, and all
principles which apply to the first twoconditions may be utilized
as warranted.

SURVEY USING ARTILLERY LIAISON AIRPLANE

Methods and Results

(1) The survey section located and marked two stations in
theposition area. Distance between stations giving best results
wasone yard of base for two yards of range. The liaison plane
wouldfly from 3,000 yards in rear of the control points,
successively on

the lines Station 1Target and Station 2Target. By radio theplane
would signify when it was on the line, and readings (backazimuths
to the target) were taken. Computing the resultant short

bases, 25% of results were 25 yds. or under in error, 25%
werefrom 25 to 50 yds. in error, 40% were from 50 to 100 yds. in
error,and 10% were over 100 yds. in error.

(2) Through radio communication, the liaison planemarked three
points. The plane was surveyed in at these three

points. An OP (by reading the angles between the three
markedpoints) could be located within 20 yds. through
resection.________________

1See p. 452 of this JOURNAL for July, 1944.Ed.
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(3) The plane flew the GT line behind the gun position.This back
azimuth to the target averaged 5 in error.

(4) The liaison plane, flying at 2,500 feet, flew directlyabove
points to mark them. The error in location of the pointwas
approximately 200 yds., and it varied 50 yds., dependingon the
judgment of the observer.

K-20 mounted in liaison planeMount for K-20 camera in liaison
plane

(5) A K-20 camera mounted to take vertical photographswas
installed in the liaison plane to definitely determine the

point the plane was over when it radioed "Mark."
Trackingexercises proved that different sets of observers would
locatethe plane within 7 yds. of one another. The center of a
vertical

photo taken the instant the plane was surveyed did not
increasethis error when care was taken to level the camera. This
issufficient accuracy to control a series of verticals flown by
the

Air Corps. Photos taken by the liaison plane for this
purposemust include important terrain features to facilitate
location byinspection on air corps verticals. Two overlapping
verticalsflown by the liaison plane and surveyed in may be used
tosupplement firing charts and to facilitate accurate
unobservedfire.

(6) Strips of the target area were flown by the liason planewith
the K-20

camera. This proveduneconomical due tothe small coverage of

photos taken. Stripsflown by the AirCorps are preferable.

CONCLUSIONSurvey operations

in jungle terrain canbe speeded upwithout loss ofaccuracy by use
ofthe liaison plane. Airsurvey can be run

over terrain throughwhich ground surveycannot
beaccomplished.

MINE SWEEPER, LAND STYLEBritain has developed a "flail" device
to facilitate tanks'

passage through mined areas. Essentially it is a rotating
drumwhich is projected ahead of the tank chassis; heavy chainswhirl
like a flail as the tank advances, exploding any

mines in its path. It has been adapted to different models:
upperleft photo shows "The Baron," mounted on a Matilda chassis,and
in lower left is the "Crab."

NOTICE OF ANNUAL MEETING, U. S. FIELD ARTILLERY ASSOCIATION

In compliance uncil has fixedwith Article VII, Section 1, of the
Constitution, notice is hereby given that the Executive Co

5:30 P. M., Monday, December 18, 1944, as the time of the annual
meeting of the Association to be held at the Army and

Navy Club, 1627 Eye St., N. W., Washington, D. C.

The business to be disposed of will be the election of three
members of the Executive Council (two Regular Army, and

one Organized Reserve), and the transaction of such other
business as may properly come before the meeting. Nominations

may be made by proxy, or from the floor of the meeting.
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CELEBES By Col. Conrad H. LanzaCelebes (accent on second
syllable) is the intermediate

sland between the Asiatic and Australian types. West ofelebes,
Borneo, Java, and Sumatra are distinctively Asiatic

iC

as to fauna and flora; to the east, the islands represent
thepeculiarities of Australia.

The islands of Sumatra, Borneo, and Java are separatedfrom each
other and from the Malaya peninsula of Asia byshallow seas which
seldom exceed 200 feet in depth. They

probably all had land connections with Asia at some pasttime.
Celebes is separated from Borneo and Java by verydeep water,
suggesting no previous land communication. Onthe north the sea
passage between the island and Mindanao isalso deep.

The fauna of Celebes is distinctive. None of the largeanimals of
Asia and Australia are present. In their place arefound types
intermediate between the two. The local monkeyis found nowhere
else. A special type of oxen, quite small, is

common. The babirusa resembles a cross between a deer andpig.
More than half the species of birds are peculiar, and thesame is
true of the insects.

A similar situation exists as to flora. Rice is produced in

Celebes, but it is inferior in quality to that found on the
Asiaticislands and superior to that of islands still further
east.

Celebes has an area of about 77,000 square miles. This is as

large as all of New England plus that part of New York Stateeast
of the Hudson. It consists of four peninsulas (pointingnortheast,
east, southeast, and south) all having a common

base. The northeast peninsula has an average width of but
50miles; the others are double this.

Down each peninsula is a range of mountains of volcanicorigin,
with individual mountains exceeding 10,000 feet inaltitude. Active
volcanoes are limited to the northeast

peninsula.The interior of the country is generally rough, with
deep

ravines, chasms, and gorges. It differs from Java in that
thevolcanoes, active and retired, are part of a mountain range
inCelebes, whereas in Java they are often detached mountains.The
Celebes mountains are in general densely wooded.

Plateaus under cultivation, and level spaces near the coast
andalong stream lines, afford space for the native population.

Monsoons affect the south half of the island, and the westside
more than the east. The northwest monsoon brings rain
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from November to March; the southeast monsoon during
theremainder of the year is materially drier. The northeast

peninsula is exempt from the monsoon, and its rains, whichmay
amount to 100 inches or more a year, have no connectionwith the
monsoons. In monsoon territory rainfall on the coastexceeds 150
inches per annum.

Celebes fishing boat

The population is entirely Malay, belonging to six
differentgroups, speaking somewhat different dialects, and with

variations in customs. Last Dutch census reported
4,226,586inhabitants, which is twice what it was supposed to be at
thebeginning of this century. This rapid increase occurred
becauseCelebes only recently passed under complete Dutch
control.The last wars ended in 1906. Prior to thatdate head hunting
and inter-tribal wars werecommon; they kept the population down.
TheDutch abolished these undesirable customs,much to the apparent
delight of the nativesthemselves. The latter have eagerly
acceptedDutch rule as infinitely better than their own

previous lives under native rulers.The Dutch did not dethrone
the former

rulers. They remain, but in consideration of a

salary paid to them annually by the DutchGovernment they have
each designated andauthorized a Dutch Resident to administerthe law
in their respective states. TheResident is also authorized to issue
licensesfor rights relating to mines, forests, and other public
resources.

Wtih exceptions the Malays are nominally Mohammedans,and to some
extent follow their religious principles althoughwithout being
fanatic. The Dutch Residents do not interferewith religious
customs, which the native rulers control.Furthermore, the Residents
regularly consult the native rulerson important matters relating to
their people. They supervisethe succession among the rulers, to
assure that they arecompetent and ready to comply with the Duch
rule.

There has been no movement regarding independence. Untilthis
century Celebes was split among numerous tribalchieftains. Only
lately, then, have the people been able to travelfreely within
their own island. They have been so satisfied withthis that prior
to Japanese occupation they had shown no desirefor greater
liberty.

Dutch garrisons have been smallusually not over onecompany at
but a few places. Naval vessels regularly visitedthe ports. There
is a native police, which is omitted in manydistricts as
unnecessary. Local disputes are generally settled bya headman, who
is sometimes elected and sometimes succeeds

by heredity. In general the people have become unusuallypeaceful
and law abiding, and apparently were well contentedwith Dutch
rule.

From a military point of view there are only two
importantlocations in Celebes, at the extreme southwest and
northeastcorners.

Makassar is the capital of the Residency of Celebes, whichcovers
the south and southeast peninsulas and the west coast. Itis a city
of 87,000 people and the principal commercial center.There is good
roadstead for ships; it is satisfactory during thesoutheast
monsoon, but liable to be rough during the northwestmonsoon. As
piers and warehouses are available, the port issuitable for a minor
military base. There is a good system ofhard surfaced roads in the
vicinity. These were not connectedwith roads in the center of the
island or beyond. The Dutch

have had a project for extending the road system fromMakassar
all the way to Manado (Menado) at the northeastextremity, where
there is another local road net. This had not

been undertaken at the date of Japanese occupation. Unless
thishas been done, Japanese forces at Makassar are isolated byland
from other supporting troops. With loss of sea and aircontrol
eventual reduction is bound to follow a serious attack.

There are good beaches both north and south of Makassar

(Mangkassar on some maps). The central part of the town hasstone
houses. Many houses have gardens, but enclosed by highstone walls,
usually painted white. This part of the city lendsitself to
defensive positions for street fighting.

The government center has a goodadministrative building, a post
office, hotel,quarters for the Resident (here designated asa
Governor), and an old fort erected in 1650with granite walls, still
suitable for closedefense. Inside the fort are barracks forabout
two companies. The wholearrangement would be convenient for a
basestation. Leading from the government centerare two fine avenues
with numerous

European houses, some of which are official.About 20 miles south
of Makassar is Goa,which is the headquarters of the local
Sultan,often designated as the King of Goa. Likeother native
rulers, his prerogatives and

dignities are confirmed by solemn treaty. In case of
invasion,especially by non-Mohammedan forces, strict respect to
localrulers is likely to be more than repaid by a willingness
tocollaborate in many matters which are bound to arise.

Makassar is a good base, then, but by no means a first classone.
Its main value lies in operations against Java, about 400miles to
the west. There was an airport at Makassar, and it is

probable that the Japanese have considerably enlarged it.

The hill country back of Makassar lies at elevations between

2,000 and 3,000 feet. It is considerably cooler in the hills,
andgood sites for hospitals, rest centers, and replacement campsare
available.

Six hundred miles in an air line northeast of Makassar is
theMinahassa country, designated as the Manado Residency,
withheadquarters at a town of the same name. Just as Makassar is
anatural site for a base for operations against Java, Manado
andadjacent ports form a natural base for operations
againstMindanao. It is 400 miles to Davao in a
north-northeastdirection, and the same distance to Jolo, in the
Sulu Islands, ina northwest direction.

Thirty miles southeast of Manado is the bay of Amoerang,with a
small town of the same name. This is the best harbor inthe
Minahassa. It is, or was, completely undeveloped from a

military viewpoint. The town is small and unimportant. Thereis
considerable flat country in the vicinity, suitable for airfields,
bivouacs, etc. This part of Celebes resembles Java inthat volcanoes
of nearly perfect conical shape rise high abovethe surrounding
areas. Three are classified as active.

The natives belong to a special tribe of Malays. Theyresemble
Japanese. They have songs and certain wordsresembling Japanese so
strongly as to indicate that there mayhave been some connection
with Japan long ago, of which thereis now no record. The natives
have been widely converted by
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missionaries to Christianity, partly Protestant and
partlyCatholic. Wearing of European clothes is common. There
aremany good roads. The entire country is cultivated. Forestsremain
only on the higher altitudes of the volcanoes.

Towns are regularly laid out with streets at right angles in
anorderly manner, and are very clean. Houses are often raisedabove
ground on piles to reduce insect pests within buildings.Usually the
houses follow the European type with doors,

windows, porches, and the customary furniture. They aresuitable
for use of invasion forces.

Makassar

The back country, at an elevation of 2,000 feet or so,contains
lakes. Tondano Lake is the

best known, and is a suitable placefor rest, recreation, and
hospitalsites.

Manado is the capital andheadquarters of the Resident. Thelong
jetty at Manado can not beused by launches under certaincondition
of weather. There is a fine

bay, but it is open toward the west.When the wind blows from
this

direction it is so rough as to preventunloading of ships.
Anchorage islimited due to the water's being verydeep close to
shore. (For thesereasons Amoerang would be a

better site for a base, with Manadoas a sub-base, for ships up
to thelimited facilities of the port. In theabsence of piers,
mooring buoys areadvisable.)

There is an European section, anadministrative building,
quarters forthe Resident and some otherofficials, post office,
etc., and two

hotels. There are good private residences. The native section
isseparated from the European by a river.

Across the Minahassa peninsula is the sub-port of
Kema,undeveloped but available. It contained a fuel depot for
theDutch Navy and commercial ships. When Manado istemporarily
unavailable for unloading ships, due to high westwinds and a heavy
sea, Kema is perfectly quiet. This little portis connected by a
good road with Manado, which is about 30miles away.

On the southwest end of the Minahassa peninsula is the portof
Gorontalo. Commercially it is the most important in thedistrict. It
could be used as a military base. Its location is suchas to be
sheltered from attacks from the north.

The central part of Celebes is renowned for the beauty of
its

scenery. Due to lack of roads it has little military value,
andserves chiefly to separate the Macassar and Minahassa areas.
Itis practicable for only small parties to go overland from one
ofthese areas to the other. There is practically no danger
thatJapanese troops in one of the areas could attack the other
bymarching 400 miles through mountain jungle.

SANGIRISLANDSFrom the northeast tip of the Minahassa the Sangir
Islands

extend in a due north line to within 60 miles of Mindanao.There
are nearly 40 small islands in the group, excluding islets.

The largest island is Taroena (Taruna on some maps), whichis
near the center of the group. On it is Mount Aboe, a veryactive
volcano. The Sangir Islands are thickly populated, andhave been
doing a thriving trade in copra. The natives havegenerally been
converted to Christianity by missionaries, whowere also responsible
for introducing and cultivating thecocoanut palm. Contrary to the
usual situation, the cocoanut

palm here grows better on the slopes of the volcanoes than

close to the sea shore. Consequently practically all of
theislands are cultivated.None of these islands is suitable for a
military base. They

are
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