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PLANE TABLE MANUAL. 

By D. I3. UAINWILIOIIT, IIydrographic and Geodetic Engineer. 

PRE-INARY STATEXENT. 

A topographic map is the delinoation upon a plttne surface, h y  
means of conventioiinl s i p s ,  of the nnturnl and nrtilicinl features of u 
l p l i t  y. 

Every point of the dmwing corresponds to some geographic position, 
according to some method ndoptod for ropresenting the surface of the 
splicroid on a plnnc, which is called the projeotion. 

Since i t  is a representation in niininturo, the distance between niiy 
two pointa on the map is a' certain definite fiaction of the distance 
between tho mine pointa in  nature. 

Each point, besides beiiig projected on a horizontnl plnne, has its 
elevntion rolntive to a level surface, in sonic wny indicated. The level 
surface adopted for the map is cnllod the datum plane nnd the rep- 
resontation of the vnrintions in the vertical eloment, the inodeling 
of the roriiitry, i H  cnllctl tho relief. 

This ratio is called tho scale. 

CONTILOL. 

A11 topographic eurveys of iinportnncw nro Imed upon n system 
of triangulation. 

A sufficient number of pointe, whoso goopphicnl positions h n w  
been determinod by  triangulation, properly distributed over the area 
to bo surveyed, forms tho framowork for coiitrolliug the accurnte 
locntion of the varioue details. 

1 



I N S ’ l ! R ~ N T S  AND ADJUSTXENTS. 
TEE PLANE TABLE. 

The principal instrument in uae by the Coset and Geodetic Survoy 
for mapping details is the plane table. For this purpose it is a uni\ el - 
sd instrument. All tho neceaaary operations for producing a map a1 e 
executed with it in the field directly from the country as a model. 

Other instruments are employed 88 auxiliaries to i t  under certain 
conditions, aa will be seen later on under the head of “Field practice, ” 
but in general it fulfills all requirements alone. 

Hietorical note.-The invention of the plane Wble is an intererrting 
example of two well-known and exceedingly simple appliances being 
combined and adapted to a novel use and then as the wido scope-of 
tho combination waa realized its gradual evolution from its s*le 
form to a complex surveying instrument highly specialized in itrJ 
mechanical details. 

In ita earliest form the plane table consisted of nothing more elab- 
orate than a sketching board with a she‘et of drawing pnper farrtened 
on one fnce, and an ordinary wooden ruler with a needle a t  each end 
as a convenient means for sighting one cdgo of tho ruler toward a dii- 
tant object. In  addition, on tho upper faFo of the ruler there was 
drawn a scale of equal parts. 

The novel UBO of this simplo apparatus consisted in locating tho 
salient features of an area by the graphic solution of the problem of 
a triangle with two known angles and one known side. 

A baae line was actually measured on the ground 6y means of 
wooden rod# or a knotted rope. The subsoquont operations were 
similar to those of our modorn graphic triangulation. 

This elementary form is so useful and convenient for a rapid recon- 
naiwnce, securing in a limited time a map with details relatively 
well located, that it is still employed, particularly in connection 
with military op6kntions. 

A more elaborato design waa invented in the latter part of the mx- 
teenth century by Johann Praotoriiis and is doscribed by his pupil, 
Daniel Schwentor, in a tract published in 1620. Tho design included 
a box compaaa attached to tho board, and the latter waa mounted on a 
simplo tripod. A device was providod for meaauring heighte. 

2 
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So. L-EarIy iliiictratinn of granhic trianmlatinn. 0 
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No. 2.--Practorlan plalir tablo. 
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No. I.--IInsulrr plnno tnhln. 



No. &-Saction topographic shoct, cwly survcy . 
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NO. 6.-Sootinn topngraphic shrrt, mnrn rccrnt survoy. 
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No. 7.--Plnno tnblo and nlidsdo, 1RF6 typo. 
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No. 8.-Plano tnhlo. U. 8. Gcologfcnl Survoy, 1803 typo. 
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JOHNSON PLAN L-TABLI HUD 



So. 10.-Plane table and a!idade. 



IXSTRUMENTB AHD ADJUSTSIENTB. 13 

I n  the succeeding century a tripod head with a crude ball and 
socket movement waa mentioned, and it waa pro@ to replace the 
alidade sights wi th  a telescope. 

There was no general demand for the employment of the plane 
table in topographic surveys until the beginning of the nineteenth 
century, and although the foregoing useful features had been pro- 
p o d  from time to  t ime they wero not combined i n  an efficient da ign  
until the plane table was adopted a standard surveying inatrument 
by the European Governments and in this country. 
In tho latter part of 1815 I'erdinarid IIaaslcr, who lator became the 

first Superintendent of tho Coat  SUrVQy, returned from London hring- 
ing with him, among other instrumento, two plane tal~lee which he 
had constructed to mrve as models for others to bo made in th is  country 
for the survey of the coast which was then i n  prospect. They were not 
used until 1854, as Hamlor's plans were interrupted by congroaeional 
action. At this data the eyetomatic topovaphic surveys were corn- 
menced, and sheet No. 1 is  a plane-tahle shoot which includes the 
n o q  shore of Great South Day, Long Island, from Patchoye to baby- 
Ion? It waa surveyed by C. Reynard in November and December. 
The surveyed area extends back from the shore as far as the main road 
connecting the two towns. The details rep-ntod include the shore 
line, all roads, the limits of marshy and woodland areaa, and individual 
buildings. The symbols representing the woods are tinted green and 
the marsh areas blue. 

During the first 10 yeare eoveral of the beet features of the plane 
table were ignored i n  practice. Only the most salient pointa of the 
&ore line were delineated and located with any d o m e  of accuracy, 
the bights and coves heing sketched with the groateat freedom. The 
hills were represented by hachuros and also freoly sketched. Tho first 
improvement in  plane table practice wns i t e  UBO to furnish additional 
control by graphic triangulation and the mom accurate determination 
of sketching stations by the graphic solution of the three-point problom. 
The next step waa tho repmentation of the relief by a eyetem of con- 
tours instesd of by hachures or shade lines. The adoption of thia 
system by the coast Survey WBB coindident with itsadoption i n  Europe, 
but it is believed it WBB developed indopendently of foreign aoums.1 
On t ravem linea it waa customary to make the meaeurementa with 

a chain along the line and also from sketching stations to important 
tietails too distant to rely on pacing. Under the beat of conditiom 
thb  was a slow method, but it waa not displaced for a number of years. 

Up to 1861 the chain was used wi th  the transit in making topographic 
surveys by tho U. S. Lake Survey. Tho etadia rod was then intro- 

1 Herbert a .  Ogden In paper prepardfor IntertiatlonalEnglneIng Congreas,Colum- 
Man Exposition (1SW). 
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duced to replace the chain; but ita uea did not become general until 
aome yeara later. Previous to 1865 the stadia rod became a part of 
the plane-table outfit. The first plane-table manual, published in 
1865, refers to it aa an exceedingly useful improvement, but also 
described the 20-meter chain in detail and states that it is  not likely 
it will be entirely superseded by the stadia. In the manual published 
in 1880 the chain is not mentioned. 

The plane table waa uaed in the survey of the Rocky Mountain 
region between the years 1869 and 1877 and when the Geological 
Survey was organized i R  1879 it waa adopted as the standard instrument 
for their topographical surveys. 
Description (illuatration lo).-The plane table is composed of D 

well-seaaoned drawing board about 30 inches in length, 24 inches in  
width, and three-quarters of an inch thick, with beveled or rounded 
edges. It is commonly made of several pieces of white pine, tongued 
and grooved together, With the grain running in different directions 
to prevent warping. It ia supported upon three strong brass arms, 
to which it is attached by screws passing through them and entering 
tho underside of the board, the threo holes for the reception of the 
acrews being yarded by brass bushings and situated equidistant 
from each other and from the center of the table. By means of them 
screws the board can be removed at will. 
The movements.-The principal parte of the movement and their 

functions nre aa follows: 
1. The arms for attaching table board. 
2. Cone-shaped axis at center of lower casting. 
3. Hollow cone a t  center of upper caating which fits over axis. 
4,5.  Flangea on e d g b  of upper and lower castings furnishing circular 

bearing faces of wide diameter for the rotary movement of the upper 
upon the lower caating. 

0. Clamp attached to the flange of the lower casting. 
7. Tangent slow-motion screw connecting the upper caating with the 

8. Tripod head, metal block of hollow and ribbed construction. 
9. Bolt passing upward and through center of tripod head and into 

the center of the lower part of the lower caating. The upper end of the 
bolt expandsin the shape of a hemiaphorical head which fitain a socket 
inside the lower caeting. This arrangement of bolt head and socket is, 
in fact, a ball and socket device, by which the plane of rotation of the 
movement can be placed at an angbwith the tripod head. 

10. Milled h a d  nut working on lower end of bolt and which claniplr 
the movement to the tripod hend. 

11. Milled hend leveling screws. 
12. Bolt for attaching tripod leg to tripod hend. 

clamp. 
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MOUNTAIN PLANE TABLE. 

-1 small planc table, with a board menallring only 14 by 1 7  inchrs, 
i R  employed in  reconnaissnnce, mountain work, or aa an allxiliar!,r to 

No. Il.--Plano tshlo movomont, 1903 typo. , 
one of the standard Rim. A11 tho vnnonfl pWtR arr  rrdnrrd in size 10 
correqond with ihe lmnrtl, ant1 the constructioll of t hc  movclrieiit 
simplified. 

' 



16 PLANE TABLE MANUAL. 

THE ALIDADE. 

The type of alidade in general use (illustration 12) consiste of a skele- 
ton rule (12 inches long by 2% inches wide) nickel-plated underneath, 
from and perpendicular to which rises a metal column (3 inches high), 
amoun ted  by Y's, receiving the transverse axis of the telescopo, to 
one end of which axis is firmly attached a graduated arc of 30°, ench 
mde of a central Oo, an accompanying vernier being attached to the Y 
support. The arc movea with the teleecope as it is raiaed or depreaaed, 
and it is used in  the meaeurement of vertical angles to determine 
heights. A clamp and a tangent ecrew placed on the other side of the 
telescope, opposite the arc, controls its vertical movement. 

The telescope is fitted accurately near its center of gravity within a 
cloaely fitting cylinder, to which is mlidly attached tho transverse axis. 
The telescope revolves within tho cylinder 180°, stops being fitted for 
that range. This affords an easy mode of adjusting the croaa lines to 
the axis of revolution, and for correcting with a striding level the errors 
of level and collimation and revolution of the telescope. 

Upon the tube of the telescope are turned two shoulders, on which 
rest a striding spirit levol, which can be readily reversed or removed at 
pleasure. The eyepiece carries the usual reticule with screws for the 
collimation adjustment, and to this is attached a glass diaphragm, 
having one vortical and threo horizontal lines engraved upon it. One 
of the horizontal lines croaaes tho middle of the diaphragm, the other 
two are placed equidistant from it ,  one above and one below. The 
interval between them' remains a constant chord for the measurement 
of distance upon a graduated staff or rod. In some caaes short auxiliary 
lines have been added, dividing the interval into still smaller chords. 

Several of the alidades aro furnished with a micrometor eyepiece so 
attached that the thread is horizontal, and has a vertical movemept 
for meeeuring the angular distance of a fixed length on a rod which 
remains a constant chord. 

To the rule of the alidade are attached two spirit lovela, one in the 
longitudinal direction of the rule and the other a t  right angles to it. 

Dealinatoire.--A declinntoire (shown in Uuatration 10) accom- 
panies the alidade and is carried in the aame packing box. It consiste 
of a rectangular braes box 6% inches long by 2# inchee wide, With an 
arc at  each end graduated to 8' 30' on each side of the 0'. It containa 
a needle long enough to extend from arc to arc, and resting on a pivot 
midway the box. The sides running l eng thhe  the box are parallel 
to a line connecting the zero marks of the two arce. 
Metal clamps.-The metal clamps for holding the projection on 

the board are of two kinds: U-ehaped for the ends and the side clamps, 



No. 12.-Alidade, 1x93 type. 
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the latter being made of thin mctal strips about 12 inches in length, 
with two or more springs attached to grip the iindcmide of the board. 

Adjustmente.-From the nature of the sorvice in tmme sections of 
the country thc plane table is often necessarily subjected t o  rough 
usage, and there is a constant liability to a disturbance of the adjust- 
ments; still, in careful hands, a well-made instrument may be iised 
under very unfavorable conditions for a long time without being per- 
ceptibly affected. One should not fail, however, to make ocwional 
examinations, and while a t  work, if any difficulty be encountered which 
can not otherwise lm accounted for, i t  should lead directly to an 
examination of the adjustments. 

1. The fd&l edge of 1 1 ~  rule.-This should be a true straight edge. 
Place the rule upon a smooth surface and draw a line along the edgo, 
marking also the lines at the ends of the rule. Reverse the rule and 
place the opposite ends upon the marked points and again draw the 
line: If the two lines coincide, no adjustment is necessary; if  not, 
the edge must be made true. 

There ia one deviation from a straight line, which, by a very rare 
,possibility, the edge of the ruler might mume, and yet not be shown 
by the above teat; i t  is when a part is convex and a part similarly 
s h a t e d  at the other end concavo, in exactly the mme degree and pro- 
portion. In  this m, on reversal, a line drawn along the edge of the 
rule would be coincident with the other, though not a true right line; 
this can be teated by a true straight edgo. 

2. The levels attached to the tuZe.-Place the instrument in the middle 
of the table and bring the bubble of either level to the center by m a n s  
of the leveling screws of the table; draw lines along tho edge and ends 
of the rule upon the board to show its exact position, then reverse 180'. 
If the bubble remains central, it is in adjustment;'if not, correct it 
one-half by r n w  of the leveling screws of tho table, and the other 
half by the adjusting Bcrews attached to the level. ThL should be 
repeated until the bubble keeps its contra1 position whichever way 
the rule may be placed upon the table. This prerrupws the plane 
of the board to be true. The other level should now bo examined and 
adjusted in a like manner. 

Great a r e  should be exercised in manipulation leat the table be 
disturbed. 

3. ParalZux.-Move the eyeglass until the crow haire aro perfectly 
diatinct, and then " h e c t  the telescope to mme dietant welldefined 
object. If the contact re& perfect when the position of the eye is 
changed in any way, there is no parallax; but i f  i t  does not, then the 
focus of the object glass must be changed until there is no displacement 
of the contact. When this L the case, the crow hairs are in tho common 
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focus of tho objoct and eyeglass. I t  may occur thnt the truo focus of 
tho cross hairs is not obtained at'firat, in which caae a readjustment is 
necessary, in order to ECQ both them and the ohject with equal die- 
tinctness and without parallax. 

4. A.z& of revolutkn.Sinco tho boarings of the pivots are fixed, tho 
axis of revolution is m m e d  to remain parallel to tho plane of the rule. 

5. Vertical Zinc of diaphrapn.-Point the intersection of the vertical 
and the middle horizontal lines of tho diaphragm on aome well-defined 
distant object; revolve the telescope in  ita collnr 180' and a p i n  ohserve 
tho object. If the intersoction covers it, tho adjustment is perfect; if 
not, one half the error must be corrected by moving tho diaphragm, by 
means of tho adjusting scrows, and tho other half with the tangent 
screw of the tnblo. This operation should he repoatod until tho adjust- 
ment is perfect. 

6. iUiddle horizontal line of diaphragm.-(1) Adjust tho striding levol 
by reversing i t  end for end and correcting ita error-half the difforenco 
by its own adjustment, half by tho tangent screw of the tolescope. 

(2) Point the telescope to a tnrgot and note the rending or mako a 
mark where tho wiro points whon tho hubble is in the middle. 

(3) Revolve the telescopo in  ita collar 180" and noto the reading or 
mark the placo whero tho wire points whon the buhhle is in  the middle. 
(4) The mean of tho two pointing is tho true levol liho upon which 

the wiro is to be adjusted, which may bo done in  this way: Keep the 
bubble in tho middle and by means of tho adjusting scrows bring the 
middle wire to bisect a point half way between the two readings or 
marks. The adjustment may be verified by revolving the telescope 
as in (2) and if the middle wire again bisecte the point the adjustment 
is perfect. 

( 5 )  I f  it is now desired to make the vomier rend zero on tho vortical 
arc, tho table must bo carefully IOVCIQ~; and in  order to do this more 
perfectly than can he dono with tho IOVOIS on the ruler, i t  may ho dono 
by observing the striding lovel; tho telescopo remaining clamped, the 
striding levol should read the same in  O V ~ T  position of the alidade 
when th6 table is perfectly lovel. (In general, this will be found too 
delicate a teat, aa the  tahle is not sufficiently even for do eanaitive a levol 
to be employed.) The tablo being loveled, move the teleacopo with , 

the tangent mrew until the hubble is in  the middle, and then set the 
ve&r to read cero; the Bcrew holetl in it aro oblong, 80 that it admits 
of being pushed either way. 

(6) It ie easy to have the adjustmonta near enough to mrve for run- 
ning cuwa of, equal elevation, but in determining the heighb of 
stations it iS beat to mako tho observations complots, with rovoresls, 
both of level and of telescope, taking tho mean of the observations by 
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which the errors of adjustment are eliminated. This, in fact, ki always 
done with the theodolite, and should'be done with the alidade when 
precision is required. 

The following may serve as an example: 

TELESCOPE DIRECT. 

Reading of vernier, level dlrect wlth hubhlolncenter.. .................... + 0' 1' 
0' Reading of vernier, levo1 revers4 wlth bubble I n  center.. .................. 

-- 
Mean ................................................................ + 0' O ' d  

Statlon,readlng.. .......................................................... + 2' 17' 

Angle of elevatlon (dlfleronce). ....................................... 2' 1W.5 

TELESCOPE INVERTF.1). 

Readlng of vernler, level direct wlth bubble I n  contcr.. .................... - 0" 2' 
Reading ofvernler, level reversed wllh l)iihl)leln conler. ................... - 1' 

Mean ................................................................. - 0." 1'.5 
Btatlon ..................................................................... + 2" 12' 

Angle of elevation (dlflorence). ...................................... + 2' 13'.6 

Meon ................................................................ 2' 16' 
-- 

It will be seen, from analyzing these observations, that the level waa 
one-half minute out of adjustment, the horizontd wire one and one- 
half minutes, and that revolving the telescope i n  ita collar 180' changed 
ita relation to the index on the vernier by  1'. The mean is free from, 
all errors of adjuetment. 
Stadia rod.-The stadia rod a (illustration 13), used i n  the Coat  and 

Goedetic Survey, k~ simply a scale of equal parts painted upon a 
wooden rod about 10 feet long, 4 inches wide, r.nd 14 inches thick, so 
graduated that the number of divisions up;n i t ,  ea seen between tho 
upper and lower horizontal wires of the telescope when the rod is held 
a t  right angles t o  the line of eight, is equal to the number of unita in  
the diatance between the instrument and the rod. 

Gtadmtion.-In all casea the rod should be graduated for the par- 
ticular instrument, and, if the best result8 are to be obtained, to suit 
the convenience of tho obaerver. 
In practice tho alidade is mounted on a stand, and itcl center is 

plumbed over one end of a hundred-metor baee, measured on level 

1 For further detalls of the theory of stedla measurements see: Elemente der Vermes- 
sunpKunde, Dauernfelnd, 1673, p. 322; Hendbuch der Vermassungs-Kunde, Jordan, 
1888, p. 554; Theory and Practlce of Burveylng, Johnson, 1910, p. 273; Glllespie's Hlgher 
Surveying, Btaley, 1W7, p. 311; Experimental Study of meld Mothods, Bmlth, Dulletln 
of Unlverslty of Wls.?onsln, Engfneerlngserlq Vol. I, No. 6; U. 8. Coast end Oeodetlc 
Survey Special Publlcatlon No. 28, pan. 169 and 170. 



KO. 13.Stadia rod, 1915 type. 
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ground. A line, representing the zero of the graduation, having been 
dnwn about 5 inch- from onc cnd of the rod, thc  latter is  held ver- 
tical a t  the othcr end of the base, zero mark upward. The observer 
a t  the alidade then makes tho upper horizontal lino of the diaphragm 
coincide with the  zero and directs the rodsrnnn by ~li~mals where to 
draw a line which coincides with the lowcr horizontal lino. This 
intercepted space on the rod is  subdivided to read mcters and tho 
graduation continued to within a Abort distance of the bottom. 

This gnduation is rcprcwntcd by the equation 

where d t h e  distance from the ccntcr of instrument to rod (in this case 

/=the focal Icnafh of the telescope (which is>5°m for the average 

i=the distnnce between the upper and lower wires of the dia- 

s=the length of the interccpted portion of the rod (lm.185); 

c=the dirrtanco from object glum to center of instrumcnt -- 
As indicated i n  the prcccding equation. tlic readingfl of a rod gradu- 

ated in  this manner arc not quite true for tlistnnccs above or below 
100 meters, Rincc the vertices of the constant and similar anglcs (one 
subtending the chord rcprescnted by the interccpted space on the rod 
and the other by the Hpace between tlie upper and lower wirca) do 
not lie a t  the center of thc instrument, but a t  II. distance beyond tlie 
object g1m equa! to the focal length of the telescope, and therefore 
ihc intercept on the rod will not be proportional for all distancca from 
the center of the instrument. To have it  so, the instrument should 
he mounted n t  a distance back from tho cnd of the base equal to one 
and-a-half times the focal length of the telescope (f+c). To all rcnd- 
ings of a rod graduated according to this last mothod the conatant 
quantityf+c must be added. 

The correction for the first method is small and can be ignored for 
mapping on a scalo of 1-1oooO or smaller. 
The formula for the correction i R :  

100 meters) ; - 

aiidadc) ; 

phragm (4mm); 

(-9 

K=(C+P) ( 1 - 4 )  

Where K =correction i n  meters, 
B =distance rend on rod i n  metem. 
B’=lqngth of base, i n  meters, for which the rod w88 graduated. 

Tho correctiona for 60,200, 300. and 400 meters are +0.202, -0.625, 
-1.050, -1.675 mcters, rcapcctivcly. 
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Inclined sights.-Whon the rod is held at  a point above or below the 
inatrument, the  line of sight is inclined at an angle with the horizon, 
and a correction has to bo applied to tho reading to obtain tho horizontal 
distance. If the rod is held perpendicular to the lino of sight the ro- 
duced diatance i s  simply the product of the cosine of the angle of in- 
clination into tho rod reading. If the rod is held vertical, which is 
the usual and also the safe&, method, there is an additional correction 
on account of tho oblique view of the rod. These corrections can bo 
ignored in the ordinary work of the survey; that is, on a scale of 
1-10000 or'smdler, Bince for short distances they are too small to plot, 
and when tho diatancea are long enough for thom to bocomo appreciablo 
they aro still small aa compared to the uncertainty of the  rod reading 

For the convonience of tho topographer ongaged on largo scale work. 
tables for reducing readings of inclined sights can bo found at the end of 
the Manual. 

Micrometer  eyepiece.-When a micrometer oyopieco ie used in 
placo of the stadia lines, a rod about 3.7 meters i n  length is employod, 
attached to which are two targets. A Ime is measured on level ground 
and tho inatrument either plumbed over ono end or back of it a dietance 
equal tof+c,  depending upon the manner tho rod is to be hold for an 
inclined sight. Tho rod is then taken to ono of tho subdivisions of the 
base, consisting of an cvcn multiplo of the unit adoptod; say 100, 200, 
or 300 meters, and the uppor tnrget being fixed, the lower target is set 
and fixed EO that the angular measure of the interval by tlie microm- 
eter will consist of a n  even multiplo of turns of the micrometer scrow. 
The rod is now held at the other subdivisions of the baee and the read- 
ings tabulated. A dktanco tablo is then prepared, by interpolation, 
for the intormediato distances. 

Plane-table sheet.-From the standpoint of officioncy the plane- 
table sheot is the least satisfactory portion of the planetable equip 
ment. Owing to ita hygrometric naturo it is very susceptiblo to atmm- 
phoric changes, expanding and contracting unceasingly. This would be 
but an insignificant sourco of error or annoyance i f  it were equal in all 
directiona. The map or plan would then simply change i ts  scale, for 
which an allowance could readily be made. But  tho objectionable 
feature arises from the unequal expansion and contraction which 
changes the relative distance and directions of tho points. I t  haa been 
determined by  oxporiment that strips cut  longitudinally from drawing 
papor varied from 10 to 26 por cont more than strips cut  transversely 
from tho samo paper. 

Various substitutGs8 havo boon tried, but  nono havo proved entirely 
satisfactory. The,United States Geological Survoy, to oliminato tlriR 

~~ 

aCollulold shoots hsvo boon u s e d  111 Alaska. Tho p o n d  llnos aro nolthcr washo:l out 
nor blurred by wetor accumulatliig on 1110 shoot. 
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distortion, employs two sheets of paragon paper the size of the plane- 
table board, mounted with the grain a t  right angles, and with cloth 
between them. 

This method ia applicable to small scale surveys where a sheet the 
size of the table board covers a large area of country, or, on the other 
hand, to large scale cadaatral surveys where the great amount of detail 
makes the rata of progress slow. But  for intermediate scales and a n  
area containing a moderate amount of detail, a longer sheet is muc4 
more economical, because a smaller number of points are needed to 
keep the work yithin the control of the triangulation than would bo 
required if it waa limited to the size of the table. A certain amount of 
overlapping work, of which there i s h o r e  or less at the junction of the 
two sheete, would also be avoided. 

The planetablo sheet of tho Cowt and Geodetic Survey conaiste of 
a sheet of Whatman’s cold-pressed, hand-made antiquarian paper, 
52 by 30 inches. I t  is backed with muslin, which extends about 1 
inch beyond the edge of the paper to protect it  from fraying. 

To reduce the distortion to a minimum a sheet should bo thoroughly 
seasoned before it is taken to the field or a projection laid down on it. 
This is  effected by  exposing it alternately to a very damp and a very 
dry atmosphere. On tcsting a sheet after a ‘week of such exposuro 
it will be found to have much less tendency to expand or contract 
unequally. 

Paper stored away, piled up  i n  stacks, does ngt properly season. 
Sco2e.-The selection of the scale to be employed depends so much 

on the character of the country to be surveyed, the amount of detail 
to be included, and the uses to which the completed map will be put, 
that no general rule can be given for guidance. I t  must be remem- 
bered, however, that nothing is gained, either i n  economy or rapidity, 
by the use of small scales when the details to bo shown are plentiful. 
The minute drawing involved proves a tax on the topographer and is 
a great timo consumer. 

The scale adopted by tho Coast and Geodetic Survey for the coaat 
line from hlaine to 1)elawaro Bay is 1-10000; from Delaware n a y  
southward, 1-20000. Special surveys have been made on a scale aa 
large aa 1-1200. 

l’IIOJECTION8 FOIL PIELI) BIIEICTB. 

I t  is w u m e d  that determination haa been made, by triangulation, 
of pointa most suitable for the use of the topographer who follows with 
the plane-table work, and that a sketch of the same is at hand, giving 
an approximate skeleton map of the area to be surveyed. The selec- 
tion of the limits of the sheet is then baaed upon several important 
cowiderations. 
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I t  may be taken a~ a rulo that the intervisibility of the pointa ex- 
tends acroes valleys, from summit to summit, or across rivers, bays, 
and other bodiea of water. So that generally the lino of grcateet de- 
prc.3sion of the valley (thalweg) should follow aa nearly aa practicable 
the middle of tho sheet, regard being had for any abrupt chango of 
direction or importance of lateral featurm; or, in other words, the 
a r e a  to be surveyed should be divided 8~ far aa possible into water 
luuins, extending from divide to divide, nnd not center upon a ridgo 
forming portions of two basins. Tho reason for this being that from 
either slope of the basin pointa are x5sil)le on the opposite summits 
which will be common to the sheeta which include the adjoining val- 
leys, while from the middle of the valley pointa will bo vieible on 
both summita. 

From tho written dacriptions of tho points determined, diecrimina- 
tion should bo made in  regard to their temporary or permanent char- 
acter. A flag i n  a troo iR likoly to have disappeared soon after ita 
determination, and the usual cut of a triangle in  ita bark may have 
disappeared Ileforc tho 1uml)erman’s ax, while a church spire, a light- 
house, a house chimney, or standard Rtntion mark is more likely to be 
recovered and to be of sorvico to the topographer. 

Two intervisible points, one of which may be occupied. or three 
inacccesible pointa, are all that aro absolut~ely neccwry for tho com- 
mctnccment of work, aa they will serve ~1 n Imsis for the extension of 
the control to all parts of tho sheet by graphic triangulation. 

1 t i s  dwirablo to cover an area with ns few sheets as possible, but this 
o-)ject Hhould not be athined at  the sacrifice of important control or a 
sufficient ovorlap of adjoining sheets to include points i n  common. 

The draftsman will be materiallyaesisted in  laying out thc limits of 
the projection by drawing on n piore of tracing mllum a plan of the 
sheet corresponding in  aizc to the ‘scalo of tho triangulation skct,ch. 
Take, for example, a sheet 52 inchca in  length by 30 i n  width. on which 
a projection on a SWIO of 1-10000 is to he drawn, the triangulation 
elcctch being an a scale of 1-100000. The dimensions of the plan will. 
then bo one-tenth those of tho sheet, viz ,  6.2 by 3 inches. Placing the 
pattern over tho sketch and shifting ita position about over tho 1ocalit.y 
to bo eurveyed,,the limits which include the most favorable conditione 
for the projection will soon become apparent. 

Polyconio projection.-The Polyconic projection hasbeen adopted 
by tho Coast and Geodetic Survey for mapping its work. The method 
of constructing one is as followe: 

Tho limita of the shcct having been determined, the middlo meridian 
A (800 illustration 14) is located and drawn; then itsintersection with 
themoet central parallelis found. and thcpcrpendirularB erected there. 

’ 

-- .. . . - 

4 See Elements of Mop Projoctlon, Bpoclnl PubllcstIon No. OR. 



W 

So. Il.--l)iagmm, mnstruction of projection 
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Next turn to the page of thc “Tables for a polyconic projection of 
maps” in  which is given the degree of latitude which includes the 
limits of the sheet. In  this instance the latitude is 40°, to be found 
on page 91 of the tables. The number of minutes of latitude on the 
central meridian, abovc and bdlow the central parallel, being known, 
take the corresponding distance from the column headed “ Continuous 
sums of minutes from latitude 40’ 00”’ and lay it offi (C) above nnd 
bclow the central parallel, and with the same distance as radius 
strike arcs D D D D above and below, from near the extremities of 
the perpendicular B. With a well-tested straightedge draw lines 
E E through the north and south minutes on the central meridian 
and tnngcnt to the two arcs D D to the right and loft. This gives 
three parallel lines perpcndicular to the central meridian. On the 
opposite page 90, from under the hcad of “Arcs of the parallol in 
motors,” take out the value corresponding to the number of minutes 
of longitude c u t  and wcst of the ccntral meridian and lay off the whole 
distance 17 F’ I?// on each perpendicular, taking each distance from 
its appropriate latitude. 

For the arcm usually covered by plane-table sheets the corrections 
X, for dotermining the abscissas from the arcs of parallele (p. 90, hcad 
“Coordinatcs of curvature”). are inapprccinblo and may be disre- 
garded, the ordinntee Y only boing used. Them give tho distances 
to be set off from the lines B and E, perpcndicularly toward tho pole, 
for earh minute of longitude counting from the central meridian. For 
ordinary field projections of scale 1-1OOOO the ordinato of the extreme 
minute only need be used, and tho parallel drawn a right line from 
the point so found to tho central meridian. This ordinate H being 
eet off on each of the  parallele, the meridinns are all drawn in with a 
fine ruling pen, then subdividcd into minutes, and the parallele 
carefully ruled i n  through the pointa of subdivision. 

The projection is verified by  applying the mcaaure of a number of 
minutos of latitude and longitude, and by  a comparison of diagonal 
measurements on different parts of the sheet. 

All moarurements should be carefully taken from the scnle with n 
koonly pointed l,eam-compam, and the marks pricked i n  the paper 
should be aa light m possible to be seen, so aa to  imure the greatcat 
poesible accuracy. 

The draftsman is supplied with a list of triangulation points, which 
give8 their relative distancw, their latitudes and longitudoe. and aleo 
the equivalents in  meters of the srcond.9 of latitude and longitude, 
according to which the points are now plotted on tho shoot by meneur- 
ing from tho corresponding minutes. Thus in tho disgrnm the distance 

Subdivide these into minutes G G /  G”. 

- . - - -__  _. _ _  ... .._ 

Unitod Statas Coost and Oeodotlo Survoy Special Publication No. 6, 4th  od. 
0Hw)Q0-22-3 
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J represents the seconds of latitude; K ,  the seconds of longitude of 
the trigonomet,ric point. 

The accuracy of the plotting is tcstcd by a mc:asurcmcnt of t.he re- 
spective distances 1)etween the points with a beam cornpass, these 
distances being nlso fiivcn. The latitude and 1ongit.ude nre then 
plainly marked, usually on the north and emt sidea of the sheet. at 
one extremity of each parallel and meridian, and the pencil marks 
errteed . 

I t  sometimes hecomes necessary to base topographic work upon a 
detached scheme of triangulation, before tlic usual mtrononiic otmcr- 
vations h a w  I m n  made. In thiH case the only elemcnlH given arc? the 
diatanccs from tho pointa to two projected arcs of rectangular coordi- 
nates (which are assumed) and the distances l ~ t w c e n  tlic pointa. 
The project,ion for plott,ing tlicsc consists simply of axe8 of ordinat,cs 
and ahscimacl so laid on the sheet. that i t  will embrace all the points 
re uircd by the surveyor antl in thc manner most convenient for his 

two arcs with ilic tlktances of the points from tho axes as radii, citlicr 
north or south, cast or weat of the n x a ,  as the plus or minus sign given 
may indicate. The only test ie b y  the distanccs I)ctwccn tho points, 
and there should he a t  Iemt two from each. If the work be correctly 
done. a regular projection can he cons(ruct.ct1 on the sheet after it b 
finished and the required astronomic work is completed. 

I n  case it so happens that for some special purpose it, 1)ccomes urgent 
to undertake a piccc of topography, when ncit.licr the data for pro- 
jections nor coordinates arc a t  hand. plott.ing I)y tlistancev ie the only 
reflourcc left, and, of course, peak care is ncccmnry. 

When a sheet Iim no projection-that is. no mcridiansnnd parallels- 
it is adviaahlo to draw squares of 1.000 or any Hpccificd numlxr of 
meters on it,  by means of which the projection can ultimately bo laid 
down corrcctly. 

Accessories.-The usual acccmries for plane-table work are: 
Large umbrella for shading tdh, binocular, pocket compass. 10 or 20 
meter steel tape, Locke's Icvel, clinometer, metal scale, dixidera, 
pencils, rubber, block of emory or sand paper. table of hcighta, note, 
and sketch 

A metal chart case should alrnwya accompany tho talde to aecure the 
sheet from suddon rain and other injury liable to o c ( w  in transportation 
of the sheet to and from the field and for ita e+-kecping when not in  
me. Ita diameter should not bc 1c.s~ than 3 inchos, for na sheet rim be 

c For tho Locko'ti lovel, clinomotor, nnd pwkot compas n Cnsclln pockot nlt-nzlmuth 

T 4 ork; antl the points are plotted from these by t.he intcraection of 

. . . . . - .  . . .  I________._. . .  -.. - -  

instrument mny bosub.stiLutd, nslt cotnbincsnll Lhrcoiri n vory convoniorit form. 
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rolled to a less diameter without serious rupturo of tho fibor of tho 
paper. It  is also advisablo to hilvo a rubbor cloth for covering the 
table when it is carried from Btation t o  station. 

Approximate weights.-Plane-tablo movement, 8% pounds, 
boxed, 244 pounds; plano-table board, 81 pounds, boxed, 264 pounds; 
plane-tnble alidado, 7 pounds, boxed, 21 t pounds; plane-table tripod 
le&%, 1 1  pounds; 2 fltadia rods, 1Gf poiinds. hfountuin phno table, set 
up cotnpletc with alidade, 1'31 pounds, boxed, SG pounde; 2 stadia 
rods, 121 pounds. 



FIELD WORK. 

ORGANIZATION OF PARTY. 

In organizing a party for field work i t  is n e c m r y  to have one man 
to carry tho table. His duty is to remnin constantly with the instru- 
ment, never to leave it unguarded; and while tho topographer is a t  
work he  holds tho umbrella to s h d o  the t b l o  from the sun nnd thus 
protect the observer’s eyes from tho glaring reflections from the paper 
and inatrumenta. The table bearer should be taught a t  the beginning 
of the  work the mode of sotting tho tablo ovor a point and tuking i t  up 
from the m e .  In  the first instnnco to grasp firmly two legs of tho 
tripod and with the knee to extond the third one until it reaches the 
ground at the proper distance from the point, and then place the other 
two in poaition. The distances from tho point will vary, us tho ground 
may be  levo1 or sloping, i n  order to keep tho tripod head vertically 
over tho point.and approximately horizontal, securing the latter con- 
dition’by sighting over tho hend to the horizon. In  taking up tho 
tablo two legs should bo grasped firmly and tho tablo raised, resting 
upon the other leg, upon which the first two nro closed, when tho tnblo 
ifl r h o d  in place upon the shoulder. 
Two rodsmen are needed, and the rapidity with which the work 

is executed largely depends upon their eficiency. When well trained 
they Ahould be  able to recognizo the salient points of the features to 
be mapped, so that the topographer can draw i n  corroctly the details 
from the leaat nwnl)er of readings, in  the al)sencc of an nid to make a 
sketch of the intricate portions. 

The amount of mistance an aid can give to his chief is limitod only 
by hie skill and experience. The logical inference being that he is in  
training to  become a topographer hhself ,  ho takes charge of an increae- 
ing share of the work as he  becomes more and more familiar with tho 
methods employed. This enables his chief to turn hi8 attention i n  
other directions, which will expedite the S U N C Y  and increme tho 
output. 1 

An outlino, merely, of hie duties can be suggcated: Building signals, 
drawing plans of intricato d e t d s ,  sketching contours, selecting sta- 
tio- in advance, running traverse lines with auxiliary instruments. 
and finally in taking charge of tho plano tablo in  the almnce of his 
chief, who is thus afforded tho opportunity of inspecting some difficult 
area and formulating Borne plan to mcot -tho conditions found there. 

30 
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The additional number of men required to complete tho party will 
depend mainly on the means of transportntion-automobile, wagon, 
howolmck, or boat. 

preliminary reconnaiesance.-l3eforc commenring the instru- 
menhl  work, a reconnaiwncc of tho country should be made for the 
purpose of recovering triangulation Atation# and to locate signals at 
suital)le points for subsequent determination and use. I n  the location 
of signals, either ne permanent pointe or tlirnply for tcmpornry forward 
lines, a great deal depends upon thc good judgment of the person 
placing them. Two purpmes are to 1)e subserved: l‘irst. the seeing 
of sufficient known points to give a good determination; and, second, 
to command a view of as great an arm of country, and 0s many natural 
and artificial features for filling in the topogrnphy ne possible. It 
should bo remarked, also, that in  the couwo of prosccution of the 
regular work no fa\*ornblo opportunity niust be allowed to pnas for 
locating a signal or determining a point which may a t  somo future 
time Im of service. Advantage sliould I)c taken of open places i n  the 
woods commanding roads or ravines. Piers or draws of bridges, or 
pilcs, giving lines up and down streams. which have precipitous and 
wooded I)anks; trees of unusual appearance i n  prominent positions, 
or bearing flags placed upon them for tho purpose; points of rock, 
orblloro or otherwise; lightning rods, cupolas, weathercocks, chimneys 
o€ factories, and other peculiar and marked objecta come within this 
category. In fact, it may lie set down as a rule that well-determined 
signals located at convenient distances over the shcct are more likely 
to be too few than too many. 

’ S I G N A L  POLES. 

Signal poles should be straight and pcrixndiculnr, and tho flngs 
upon them adapted i n  color to the Imckground ngins t  which they will 
I)o seen when oliserwd upon. 

(iIIAI’IIIC TRIANOULATIOh’ 

Signalc having I)ccn erected a t  cach triangulation stntion, and ah0 
on all prominent l i i l l~  within tho area of the sheet, whcro they will 
be U S O ~ U I  i n  providing additional control, the next proceeding will bo 
to occupy one of tho former points. 

Carl3 should bo cxcrcised in  clioosiug a day for this portion of the 
work, a8 it is essential to havo favorable weather for a satisfactory 
test of tho plotted pointa in  the field and for the determination of now 
ones. 

On arrival at the station the table is scbt up approximately over tho 
center mark, and tho sheet secured to the tnble, so that it will bo hold 
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lirmly and evenly and not Le disturlxd i n  ita position by the friction 
of tlie alidade. nor by ordinary winds. As thc lorigest side of the board 
is usually made equal to the width of tlie slieet,, and the slicet is usually 
longer than this width, the CXCCYY of lcngtli is rolled up inward, turned 
underneath the sides of the tutile and fastened with a nictal spring 
clamp, biting from tlie top of the altect, on the table to the inside of 
the roll boneatli. Ono clamp a t  each end of the roll sci-ves 1.0 hold 
the roll ends securely. The eides of the sheet arc sometimes held 
to the table by similar but shorter clamps, but i t  is preferable for tlic 
free movement of the alidade, and more secure ngainst strong winds, 
that a metal strip, the lon$h of the Ride hetwccn the end clamps, 
with spring clumps fastcncd 1.0 the outer cdgc, and 1)iting the untler- 
side of the table, bo used for holding down tlic cdgcs of the paper. 

The chief and coiitrolling condition in  work with the plane table, 
and without which no accurate work can be done, is thnt tho table shall 
I)c oriented-tliut is, that all lines joining points on the sheet shall I E  
parnllcl to t.hc corrcspontliiig lirics of not urc. 

Let T, T’, T”, T”’ ( f i ~ .  1, illustration 15) represent tho board of 
tho plalie table, upon which is spread the sheet; the plotted triangula- 
tion point n upon the sheet representing the signal A upon the ground; 
L, the spire 1 3 ;  (’, tlie signal C ;  and p ,  t . 1 ~  stntioii 1’; tho small letters 
on the sheet rcprcsenbirig tho centers of the  signals on the ground, 
which are referred to by corresponding capital letters. 

Tho table is p1ac:cd approximately level over the smtion occupied, 
I’, and oriented, ulso approximately, by the eye, 80 11i;it. tlic plotted 
points on tlic sheet arc in  npproxiiiintc range with the st.ution P and 
the signal8 or objects they rcprwcnt in  tho field. Tllcn plumb the 
point p over the station I’, firing the legs of the table firmly in  tho 
ground. 

I n  malm of large scalo i t  is important to plumb the plotted point 
exactly over tho station, but on the u ~ u a l  licld scnIcs of the Const nnd 
Geodetic Survey (1-10000 and 1-20000) an approximation with the 
eye is all that is requisite. To cfrcct i t  nioro closely a snudl stono is 
held undcrnentli the point and then dropped to tcst the poyition, or a 
plumb bo11 fnstcncd to tlio table below tlie point serves the mme pur- 
pose. Plumbing arms or forks are made and sripplicd by tho instru- 
incnt dcalertl. 

The plotted point having been plumbed over tho stntion as accu- 
rately a8 the  scale of the work dcinands, place the nlidudo on tho table 
80 thot the rule shull extend across and pnrnllel ’with tlio lino joining 
two of the lcvcling screws; loosen the largo c h n p  screw under tho 
tripod head and with the leveling screws bring tho bu\)l)lcs of the two 
l c v c l ~  011 the rule to the center; clamp tlic screw under the tripod head, 



and the table is level. Xow, unclamp the revolving plate, place the 
edge of the rule upon the plotted points p qnd b,  the telescope being 
directed toward the spire 13, n~ shown by the arrow hend of tho figure, 
and revolve the table until I3 is seen in the field of the telescope clnmp 
the revolving plate, and with the tangent screw of tho movemerits 
bisect the top or center of the spire 13 with the vertical wire of the telc- 

The table is now oriented, if the points havo been correctly 
plotted and the proper objects sighted. To verify this, place tho rulo 
upon the point p ngain, and upon tho points a and c, consecutively, 
and if the two signals A and C are biiected by the vertical wire of the 
telescope, the position is w u r c d ,  and the lines connecting points of the 
sheet ate parallel with the corresponding lines on the ground. 

The failure to bisect A and C would indicate an error of plotting or nn 
unequal change of the dimensions of tho paper (distortion), which 
must be examined, and i n  cam of tho former, corrected, and in  c u e  
of the latter, nllownncesmade for, 0s indicated later on. (See ditortion 
errors, p. 4 i l . )  

The next proceeding is to draw the lino to the next point which it is 
desirable to occupy or determine, either some natural object which 
can be occupied, or a temporary fflgnnl placed for that purpoee, as the  
signal D. 

Tho edge of the rule ie  placed upon the point p ,  and moved about 
that point na a center until the signal D iR bisected by the vertical 
wire, and then a line, f ,  is drnwn along the edgo of tho rulo from p far 
enough to reach the estimated position on the sheet of the point d, and 
at each end of the rulo the diort check lines n n are drawn. Them 
check lines can be used in reversing the alidade with the accuracy that  
is obtnined by the gra tes t  Imgth of a rurige line. They may be indi- 
cated on the sheet, with names of objects, ns in  fig. 2--ch., chimney; 
t . ,  tree; t u p . ,  cupola; a] ) . ,  spire; w. VI., windmill; or numhered, and 
a record kept of tho objects sighted, where details are complex. 

In  the same manner lines should bo drawn to such objects na it is 
deeired to determine. This determina only tho ono element of direc- 
tion; i t  will be necemnry to determino the distance from the point 
occupied either by memurement or hy intemection from some other 
fixed point, at an angle not less than 30' nor more than 150' ; wherever 
possible intersections mu&, be verified by a direction from a third 
point. 

The t a l h  is moved to the station A (Fig. 2) and placed over the point, 
oriented approximately, leveled, and the nxis of revolution clamped ns 
a t  station P. The rule is  then set upon tho line a p ,  tho tcleecopo 
directed toward the Rignnl P, and tho table p a  in position i n  the 
manner dcecrihcd. Then, keeping the edge of the  rule upon o ,  d i rwt  

' scope. 
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the telescope to the aignal 1) and draw the line a d, intersecting./, and 
determining the position of the point d upon thesheet, corrcaponding to 
D, and bearing the same relation i n  directions and distances from the 
points p ,  a, b ,  and c as the signal D does from P, A, B, and C .  All Linea 
to other objects which were drawn from p ,  and which can bo seen from 
A ,  are intersected and determined i n  tho samo manner. 

When a direction hna been drawn from a station to any undetermined 
point that may be occupied, the position of the point may be deter- 
mined by occupying i t  with the table, and orienting the tabln by the 
line drawn to i t ,  and resecting upon a signal whoso corresponding point 
ie plotted upon tho eheet. 

The table is placed over tho point D (Fig. 3),  oriented approximately, 
leveled, etc., as at tho previous stations. The edgo of the rule is then 
placed upon tholinc d p ,  pwsing through the point p ,  so that tlic checks 
n n are just visible along the cdgc, and the telescope directed toward 
the eignnl P, and the table oriented. The rule is then placed with ita 
edge bisecting one of tho plotted points, such as b ,  which will give a 
good intersection (the nearer 90' the better) with tho line!, and is 
moved about thnt point as a center until the spire B is bisected by the 
vertical web. A line is now drawn accurately along the edge of the rule 
through b,  crossing the linof. If this line intersects tho Lincfat the 
point d,  the poaition of the latter is assured, and a small hole wit11 tho 
dividers should be pricked at tho point, surroundod by asmall circle in 
pencil. 

Resection upon any othor determined point will voriry its position. 
From this point, d, directions aro observed and drawn to verify tho 

previous intersections upon chimnq, tree, cupola, windmill, etc. 
Thcro are occasions whon occupying somo station that several objecte 

aro seen whoso position it is dcsirablo to determine by prosection, but  
there is doubt of their being recognized from other stations. A new 
station is then occupied c~lose by tho first one and,new lines drawn to 
tho objects. The intcmction thus obtained will neccasnrily bo acute, 
but will matorially assist i n  their idcntification from other localities. 

All lines should bo drawn lightly and carefully, close to the cdgo of 
the rule, with a hard, finelyshnrpened pencil. If thetableandalidade 
be in proper condition, the contact of tlic cdgo of tho rule with the paper 
will hc perfect throughout its length. ant1 i n  drawing a line along the 
edge car& must bo taken to prcserw the Hame inclination of the pencil 
and to keep it sharp. 1 f tho rulo ehoultl h raised from the paper at any 
part, p e n t  care is to be obscrvetl that t h  poncil does not run under tho 
edgc and thus doviato from a straight line. 
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Amount of control. ’-There is no fixed ratio between the number 
of determined points and the number of square miles of the region to 
be surveyed or square inches of plane-table sheet. 

The greater the  number of points well distributed o w r  the latter the 
less likelihood of error due to distortion of the paper. 

A large number also makes i t  easy for the topographer to determine by 
resection subordinate stations for mapping the detaiki, and in come- 
quencc fewer traverse lines need be run. 

Btandard of accuracy.-The (:east and Geodetic Survey has pre- 
scribed that the position of any part of a well-defined and permanent 
shore line shall not be in  error more than 10 meters, whcre tho shorc 
line is lees than 1,000 metera from a triangulation or other control 
station; not more than 20 nieters for distance8 between 1,OOO and 4,000 
metera from such a station; and not more than one-half of 1 por cent 
of the distance from a control station where the distance is greater 
than 4,000 meters from such a station. 

When the details are important, such as improvements along a 
water front, including docks and prominent buildings, a control point 
should be established a t  a diutancc? not greater than 500 metore from 
such improvements. 

THIS THREE-POINT I’ILOIILEM. 

A subordinate station is located at any desired plnw whcre a good 
view of the surrounding features can be obtained. I f  the position of 
this point hes not been previously determined i t  is now effected by 
means of the resection of lines from three fixed points. 

The specia! advantages of tho plane table n . ~  a mapping instrument 
are due to the rapidity with which i t  obtains resulttl by the method of 
graphic triangulation and to tho facility it affords the topographer in 
determining his position a t  an unknown point by the graphic solution 
of the three-point problem. 

When the latter method is applicablc-that is, when the country is 
open and signals can be easily seen-its superiority over a system of 
traverse lines is manifest. The topographer i R  then at lilm-ty to choose 
his ground without reference to his la8t station or to one sucwxding. 
H e  is not tied down to a backsight nor restricted by  the. conditions 
imposed by a foresight. He need not Net up his instrument on a n  area 
barren of detail nor cut his way through obstrrcle~ (bushes. hedges, 
trees) to  estal)lish a station at a commanding point of view. The 
number and situation of the stations are governed solely by the amount 
and location of the information to be mapped. On the other hand, 
traverae stations are chosen on account of their intervisibility, and 

_ _ _ _ _  - .- 
1 S O ~  Bprcinl I’iiblicntion KII. 26, piirs. It6 nntl 147. 
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manyof them are of no service whatever beyond carrying tho line 
forward. 

Fig 1 I 

I Fig. 3 

fig '2 

ng. 4 

No. I0.--Tlirco-poiiit 1)roblorn 

When tho tablo is ilnporfectly orientod, tho linos drawn from illo 
thrce projected points, when sighting on tho corraponding actual 
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points, will not intersect at one point unless all four are on tho circum- 
ference of a circle. (See illustration IG, Fig. 3, Indeterminate posi- 
tion.) Except i n  this cme, two of the lines will bo parallel. inter- 
sected by a third (see Fig. 4 ,  Station on range line between two fixed 
pointa, and Fig. 2, Station on prolongation of range line), or they will 
form asmall triangle called the tricingle ojerror. (Figs. 1, 3, 5 ,  and 6.) 
The solution of the three-point prohlem determines the location of 
the station occupied and orients the table simultaneously. 
The relalive pOsilwn8 of the three j x e d  points with rcfcrence to the new 

sfution have an important bearing on the strength of ita determination. 
I n  the following statement in  regard to the different groupings of 

points met in  practice, for the sake of brevity, the term “fixed poinb” 
will be underetood to mean points already determined and plotted on 
the sheet; the “great triangle” referred to is  one formed by the three 
fixed points, and the “great circle” is the circle p m i n g  through them. 

When the new stcllwn w outside the great circle, the strength for determi- 
nation of a position will he wcak when the middle point as seen from 
the new station is the farthest of the three and the angles are small. 
(See illustration 16, Fig. 3.) If the new station is located outaide t h e  
circle, and some distance below it, the angles are small and the determi- 
nation correspondingly weak. 

The determination increasm i n  strength for given angles m the middle 
point approaches the new station. 

When one angle is small or Oo (point8 i n  range), the detcrinination 
will be strong, provided the two points making the small angle or range 
are not too near each other when conipared to the distances to the new 
station and to the third point; provided a h  the angle to the third 
point is not too small. 

Whm the new slation lies on or mar tlie great drcb, ita position is in- 
determinate. 

WItn the new sfation is within the great circle, tho strength of ita de- 
termination increases m i t  approaches the center of gravity of the great 
triangle. (Fip. 3, 4, 5.) 

There are a number of graphic solutiom, but  many of them are Iwttcr 
suited to the drafting room with i i H  appliance8 than to conditions which 
exist i n  the field. The fimt two methods following solve by estimation 
imtead of by actual construction. Thry utilize ccrtain geometrical 
relations of thc linw and pointa to serve IW Kui(lc8 in  making an mti- 
mate. They are the most rapid melhods in t h c i  hnndn of an experienced 
topojppher, but for those who may have only occrUriom1 use for a 
graphic solution the tracing-paper protractor mcthod i8 rec.ommczndcd. 

Lehmann’e method.-The directionHaro Rtated in  the forniof rulrs. 

(Fig. 1.) 

(Fik. 2.) 

(See illustration 16, fig. 3.) 
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The term “point aought ” will be understood to mean the true position 
on the sheot of tho projected point of the station occupied. The Bur- 
voyor ia ssaumed to be facing tho Signals, and tho directiom right and 
left are given accordingly. 

Rule 1.-The point sought is always distant from each of the three 
lines drawn from tho throo fixed points in proportion to the distances 
of the corresponding actual points from tho station occupied,8 and i t  
will always be found on the corresponding aide of each of the linw 
drawn from tho fixed points.’ 

The simpleat cam for tho application of this rule o c c m  when the 
station to be determined is within the triangle formod by the three 
fixed points; the point sought muat then be within tho triangle of ermr 
to satisfy tho conditions. 

Although rulo 1 is sufficient i n  itself for tho Bolution of the problem, 
there are two spbordinate rulea which materially aseist tho topographer 
i n  reaching a decision aa to the proper location of the point sought with 
reference to the lines from tho fixed points. 

Rule -?.-When the point sought is without tho great circle it is always 
on tho same a d o  of the lino froin tho most distant point 88 the intoreec- 
tion of tho other two lines. 

Rule &-when tho point sought falls within oither of the throe E%- 
menta of the great circle forrncd by the sidw of tho great triangle the 
line drawn from the middlo point lies betweon tho point sought and 
the  intersection of tho other two lines. (See illustration 16, Rga. 3, 
4, 6.) 

Application of rules.-In practico the topographer first decides thc 
relation of t ho  new station with referonco to the fix& points, whethor 
it is within tho great triangle or i n  one of tho segmonta or outaido the 
great circle. HQ then dotormine8 tho poaition of tho point sought with 
refcronco to one line (if within ono of tho sqmenta or without tho 
great &CIG by rule 2 or 3); it then follows from rulo 1 that it must be on 
the corrosponding Bide of tho other two lines. Finally, ho catimates 
tho relativo distances of tho threo actual pointe from him and ma.rh 
iho position of the point sought a proportionato distance from tho threo 
lines. 

(see illustration 16, n g .  6.) 

. 

(See illustration 16, I’ig. 1.) 

8 twnonsfra/ion.--h, B, C (Illustration 18, Plg. I )  aro projoctloris of tho throo slgnnls 
Irom which It Is  desued to dotormino by rosoctlon tho pcrsltlon of n fourth polnt, D. 
The tablo k i n g  out 01 pmltlon to tho rlght, tho trlanglo of orror formed by tho thmu 
linea from A, B, and C Is ab, ac, bo. Tho true poht occup~od lies at D, h l n g  at the 
intorscotion of tho clrcles AI3 ab, AC DC, DC bo. Now, if porpondioulan h drawn 
from D to tho lines drawn from A, B, and C, wo shall havo 

Da: Db :: DA : DU or Db:  Dc :: DB : DC. 
0 That Is, 11 It Is on tho right sido of on0 Ilno, it Is on tho rl& sido of ooch on@ of tho 

othor two, and 11 on tho loft sldo of ono, I t  I s  on tho loIt sldo of eaoh on0 of tho othor two. 



40 PLASE TALILE MANUAL. 

Emmnples.-Illustration 16, Figure 1: When the point sought is  
without the great circle, the intersection of the lines from 13 and C 
fall to the right of tho line from A,  the most distant point; therefore 
(rule 2) the point sought must be on its right, and also (rule 1) on t h e  
right of the line from B and C. Ita exact position is then estimated 
according to rule 1. 

Illustration lG, I 4 p  2: When the point sought is on or near the pro- 
longation of a range line, it must be outaido the parallol lines on thc 
side of the line to the nearest fixed point of the range. I n  tho figure 
it will be Been that the point sought must be outaide the lines from A 
and B, and to their right to satiafy rule 1, and also to the right of 
the line from C. 

Illustration 1G, Figure 3: When the point sought is on the circle 
passing through tho three fixed pointa, the position is indeterminate, RH 
the threo lines will intersect at one point, although the table is imper 
fectly oriented. 

Illustration IG, IGgure 3: When the point sought falls within one of 
the segmenta of the great circle, the line drawn from A, tho middle 
point is to the right of the intersection of the lines from I3 and C; 
therefore (rule 3) the point sought must he on its right side, and also 
(rule 1) to the right of the line from B and from C. Locate it exactly 
according to rule 1. 

Illustration lG, Izigure 4: \Then the point sought is on or nesr the 
rango line between the fixed pointa, the point sought mu& be between 
the parallel lines to aatisfy the conditions of rule 1. Ita position with 
referende to the intersecting line follows from tho aamo rule. I n  the 
figure the point sought being between the lines from U snd  0, is to tho 
right of each, therefore i t  is to the right of tho line from A. 

Illustration 10, I3gure 5: When the point sought falls within the 
great triangle, it must fall within the triangle of error. No other posi- 
tion would aatisfy the conditions of rule 1. 

Illustration 16, Figure G: When tho throe fixed pointa am i n  a straight 
line. In  this casc the points aro considered ae being i n  tho circumfer- 
ence of a circle of infinite diameter and the point sought slways lying 
in one of the segmentfl of tho p e a t  circle. Tho treatment of this crwc 
is then identical with that  of illustration lG, Iq'igure 3. 

The preceding c a w s  are all examples of tho conditions which may 
occur when the table is deflected to tho right. By t u n i n g  the printed 
side of the illustration to the light snd looking at tho figures through 
the paper they will appear roversed, and they will then be oxarnples 
of conditions which mny occur when tho table is tleflectod to the left. 

Repetition.-When the true point has been estimated and marked 
on the d e e t  in accordance with the foregoing rules, a new orientation 
is  made. If the lines from tho three stations now intersect at'that 

Another selection of points must be made. 
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point, it provos tho eetimate to have heen correct and the position is 
determined. If a new triangle of error is  formed, it indicates an erro- 
neous estimate, and the operation rnusl be rcpeatcd. 

Inkmecling arcs.-If an arc of a circle is constructed so that  it will 
paw through two of the fixed pointe and the intersection of tho lines 
drawn from them which form one of tho vertexes of the triangle of error, 
it will also pass through the point sought. 

Advantage is takcn of this geometrical relation to estimate by in- 
spection the trace of these arcs. Their intersection depending on thc 
accuracy of the estimate is a more or less accumtc locatioii of the point 
sought. With the plane table i n  approximate orientation, the triangle 
of error will be small and the point sought will lie clow to t h i s  triangle. 
Hence only very short sections of arcs will bo needed. Each short 
section will be controlled by tho condition that it must pass through 
ita appropriata vertex, and owing to this fact a sufficiently accurate 
control of its direction may be obtclined by eye oatimate. These 
short, Lightly sketched arcs will usually intersect at tho point sought 
on first trial. Aftor somo practice i n  eye estimate of location of tho 
circles, tho sketching may be omitted and the point directly 
located by pencil dot. 

Orienting by catimatwn.-A s m d  triangle of error is tho result of a 
close orientation which the  topographer endeavors to accomplish at 
the f i t  trial by taking advantage of any range that  may exist either of 
signals or other details alruldy plotted on the  sheet. It will wrw the  
eame purpoee if they are near enough i n  line to estimate a direction on 
the sheet to the farthest objoct, and then to orient by  it. 

The declinatoire may be u d ,  but  it iS a S ~ O W  and inaccurate method 
of orientation. 

f i i e  employed for this p u r p  by  placing the  straight edge of the box 
containing t h e  needle upon a magnetic meridian, previously traced 
upon the  map, and revolving the  tnble until the  needle poitita to 0", 
or north, on the  graduated arc at tho end of the  box. The magnetic 
meridian is roughly determined at any welldetermined station, when 
tho table is properly onontod by tho uee of the  declinntoire it&!, the 
meridiun line being drawn upon the slicet along the  straight edge of the 
box when t h e  noodle pointa to 0". Or tho table may bo oriontcd by 
making t h e  straight edge of the  box coincide with one of the  meridians 
of t h e  projection and then turning the board until the needle pointato 
the  right or left of the  zero, according to t h e  amount and direction of 
the  magnetic variation. 

Basel's method by inscribed quudrilateral.-This is the simpleet 
method by construction, Tho objection to  it a& from the fact that  
in  practice the  intersection of the  conetructios linee often falle beyond 
tho limit of tho board. 

(Illustration 18, Fig. 1.) 
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By this method a quadrilateral itl constructed with all the angles in 
the circumference of a circle, one diagonal of which passoa through the 
middle one of the three fixed points and the point sought. On this line 
the alidade is set, the telescope directed to the middle point, and the 
table is in position. Ilosection upon the extreme points intersects in 
this line and determinea the position of the point sought. 

Let a b c be the points on the 
sheet repreijenting the signals A B C on the ground. The table is set 
up a t  the point to be determined (d), and leveled. The alidade is 
aet upon the line ca, and a directed, by revolving the table to its cor- 
responding signal A, and the table clamped; then, with the alidade 
centering on c, the middle signal B is sighted with the teleacope and 
the line ce drawn along the edge of the rule. The alidade is then aet 
upon the line ac and the telescope directed to the signal C, by revolving 
the table, and the table clamped. Then, with the alidade centering 
on a, the telescope is directed to the middle signal, D, and the line 
ae is drawn along the edge of the rule. The point e (the intersection 
of theee two linea) will be in the line pasing through the middle point 
and the point eought. Set the alidade upon the line be, direct b, to 
the signal 13 by revolving the tahle, and. the table will be in position. 
Clamp the tahle, center the alidade upon a, direct the telescope to the. 
signal A, and draw along the rule the line ad. This will intersect the 
the line be at the point sought. Resection upon C, centering the ali- 
dade on c in the same manner as upon A ,  will verify its poaition. 

The opposite angles of the quadrilateral adce being supplementary, 
Lace and ,! ade are subtended by the same chord ae, and f cae and 

Lode are subtended by the same chord ce; conaequently, the intersec- 
tion of ae and ce a t  e must fall on the line db; or, the segmenb of two 
intersecting chords in a circle being reciprocally proportional, the tri- 
angles df and cef are similar, and the triangles .IIJ and aef are similar, 
and d , f ,  and e must be in a right line pawing through b. 

I n  uaing this method the triangle formed by the three fixed pointa 
can he contracted or extended, tu may be desirable, by drawing a line 
parallel to  the one joining the two extreme points, and terminated by 
those joining the extremes with the middle point. The graphic eolu- 
tion can then proceed in  t h e  aame manner 88 that  described for an 
original triangle. 

!l'raCing-cloth protractor.-The third method consists in laying off the 
angles between the three known points on tracing cloth or paper, and 
using this aa a protractor, determine the position of the unknown point. 

Faden a sheet of tracing cloth or paper to the board, marking upon 
it a point to represent the unknown point, Draw through it linea 
toward the three known pointe. Then shift the tracing cloth over the 

Illuetration 17, figures 1, 2, 3, and 4. 
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eheet until each of the three lines paws  through the plotted point 
corresponding to the point toward which i t  ie drawn. The position of 
the unknown point will be at the intemction of theso liriee. 

Fig. 2 

Fi i .4  
No. 17.-Bussol’a solution of throo-polnt problom. 

This method is less exact and not BO convenient 89 the other two 
pmviouely described, and is impracticable when the .wind blowe. 

0mo--22----I 
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TWO-POIST I ~ R O D L E ~ i .  

The occasion may arise where i t  is dairablo to place the table in posi- 
tion at agiven point, from which only two determined pointsare visible. 
This may be done by the following methods: 

One method possesses the virtue of requiring no linear meaaurementa 
and demonstrata in a very aatisfactory manner the effectiveneea of the 
table i n  determining position by raection. 

(Illustration 18, Figs. 2, 3, 4,  and 5): Two pointa, A and B, not con- 
veniently accessible, being given, by their projections a and b,  to put  
the plano table in  position at a third point, C. (Tho capital letters 
refer to pointe on the ground and tho small ones to their corresponding 
projections.) 

Select a fourth point, I), BO that the intersections from (’ and D upon 
A and U make sufficiently large angles for good determinations. P u t  
the table approximately i n  position at D, by estimation or by compass, 
and draw the lines A a  and T%b, intemcting a t  d; through d draw a line 
directed to C. Then set up  at C, and assuming tho point c on the line 
dC, at an estimated distance from d, and putting the  table i n  a position 
parallel to that  which is occupied at D, by means of the  line cd, draw 
the lines from c to A and from c to 13. These will iiitersoct the  lines d A  
and df3 at points a’ and b’, which form with c and d a q7mdrila&ral 
m m i h  to the  true one, but erroneous in size and position. 

The angles which tho lines ab and a’b/, mako with each other is the 
error i n  position. By drawing through c a line cd’ making the  Bame 
angle with cd aa that  which ab makes with a‘b‘, and directing this line 
crl/ to D, the  table will be brought into position, and the truo point c 
can be found by tho intersectione of aA and b B .  

Inetesd of transferring tho anglo of error by construction, we may 
‘conveniently proceed aa follows, observing that  tho angle which tho 
line a’b’ makes with ab L the  error i n  the position of the table. As the 
table now stands, a’b’ is parallel with AB, but  we want to turn it eo 
that ab shall bo parallel to tho aame line. Place tho alidade on a’b‘ 
and ect up  a mark in  that  direction, then place tho alidade on ab and 
turn the table until i t  again points to tho mark, then ab will be parallel 
to A n ,  and tho table is i n  poeitioti. 

Another method isas follows (illustration 18, Fig. G): 
Two points, A a d  B, not conveniently accmeible, being given by 

their-projections (1 and b,  to put  the plane-tablo in  position a t  a third 
(undetermined) point C. 

Set up  the table at the point sought as cloeely oriented aa can be done 
by eetimation, and rmect upon A and B, intersecting the fine bc at 6’. 
The angle a d b  is the true angle at the point occupied, subtended by 
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AB, being the angle of nature actually drawn; therefore, the true point 
must bo on tho circumfercnco of the circle p k n g  through ab&. Con- 
struct this circle. Measure off a basc, CD, at leaat half tho length of 

Fig. 2 

__.-.-- 

-. -. -. 
%.+' 

Pig. 3 
10 

Fig. 6 
No. 18. --Tbrw-polnt and tw*poInt probloms. 

CB, at right anglea, or nearly EO, to bc, in oither diroction moet conven- 
ient. Set up a signal at D,  and with the alidade draw the line c'd. 
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Remove the tablo to  D ,  and, by meana of a signal at C (the p i n t  
sought), and the line dc', bring the table into a position parallel to that 
which it occupied at C. With the  alidade centering on d, observe the 
signal B, and draw the line db'intersecting cb a t  b'. c'b'is tho distance 
of the point C from B, and this distance laid off on the circle uc'b as a 
chord from b will give c", the true position of the point C.  A fourth 
p i n t  may-then he occupied, and by resection upon A ,  13, and the 
accuracy 6f the determination of C verified. 

Where it is possible to get the two signals A and B in range, i t  is ewy 
to determine the positipn of a third point by a method long practic-cd 
b y  topographers. 

Set up the table anywhere on tho range line. and orient by the latter. 
Resect on the unknown point, drawing tho line anywhere on tho shcct 
moat convenient. Leave a signal at the occupicd point on the range 
line and set up  tho instrument at the unknown point. Orient by the 
line drawn when at the station on tho range line, sighting on the lattcr 
dation. The table mill nom bein a parallel position to that  when 011 the 
range line. which is the truo position, and the unknown point may ))e 
determined by resection upon the two fixed points and their projec- 
tions. 

Deflection of long lines.-In adjusting lines of iritersection upon 
a point or object from a series of stations, when these lines do not coin- 
cide i n  one point, na they are usually derived from signals a t  unequal 
diatnncca, tho error should not be divided equally among them, but 
in proportion to their lengths if the diacrcpancies are not eliminatod 
by  the rules for distortion errors given Inter. 

It should be borne i n  mind that very short lines from a determined 
pin-, for instance, to the cornere of a fenced road, whero the tablo 
occupies the center of the intersection of two roads-may be taken with 
no apparent error when the table is deflected to some extent from its 
true azimuth, but i n  this cam a prolonged line will be considerably 
out at its further extremity. 

A long line should never be obtained by the prolongation of a short 
one from a back station where there is  no small check line, or somo 
other point in that prolongation already fixed. 

It will bo apparent that the more nearly at right angles intersecting 
linea croas each other tho more clearly the  point will be defined; acute 
intersections, a8 far n~ poeaible, should bo avoided, nnd, oven when 
they are crosod by a thjrd line at a satisfactory angle, a fourth line, or 
an accurate rod reading from a well-determind point,. is advkable 
if within reach. 

Sometimes a position is established by measuring along the cstimatod 
direction from a near-by fixed poipt and orienting by this neaumed 
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position and a distant point. This method should 'bo used with 
caution, but is generally rcliablc for rodding tho detail in  tho 
vicinity. 

Distor t ion errors.lO-The distortion of a plane-table sheet destroys 
the perfect proportions which exist between the fixed points and their 
plotted representatives on the sheet. 

The diagram illustrutes the effect distortion. would have in the 
detcrniination of a point. 

A ,  B, C, otc., are plotted in  their truo relations. After the sheet has 
contracted, u ,  6 ,  c, etc., represent tho relations thoso points have 
asaumed. The paper contracts at a uniform but different rate in  each 
direction. 

Tlie plano talilc is suppotred to IJC at A', the exact center of the figure, 
and is required to determine the position by the distorted points a, b ,  c ,  
ctc. By reversing the telescope, wo immediately ascertain that. wo 
arc directly on the lino IZD. Rovereal will also show that we are on 
the linw B E ,  CG, and B F .  But tho distortion is not apparent until 
the telescope is pointed a t  the signals, and the lincs.nre drawn on the 
sheet. Then if we orient by thc lino IID,  we shall produce t,lie figure 
of tho diagram, giving iivo determinations, 1, 2, 3 , 4 ,  and X, each mado 
with four well-conditioned points. Any one of these conditions would 
be considered satisfactory if we had not tho other points to show that. 
something was wrong. T o  orient by the line BF will produce the sanio 
result. But if we take the disgonal A E ,  wo shall have two positions 
at 5 and 7, formed by tho intersection of the diqonal  points, with tho 
lines from the other points running wild. Using tho dingonal CG mould 
give two points a t  G and 8, with the lines from tho other points running 
wild as before. 
Position by compromise.-There is no question that out of the nine 

positione&voloped by  these settinge, that at X is the only true cpm- 
promiae. Whon tho sheet is distorted, all position8 aro compromiaoe; 
and X is tho true compromise i n  this w o ,  for it is on the lines CQ, 
AE,  etc.: a below and e above, tho line connecting A and E,  by oqual 
quantities. A line drawn through tho distorted points a and e must 
pass through the middle point X .  Tho positions 6 ,  6, 7,  and 8 can 
not be  true, becauso lines forming them will not pass through tho 
opposite points when extended, which we know to be the condition 
that must be filled. 

Rulee: 
(1) A station mado with three pointa that aro on tho lines of con- 

traction, tho resecting lines forming nearly right angles a t  their inter- 
c__ .. ~ . 

108eo Dlstortion of Plano Tnblo Ehcots, Ogdon, Scicnco, Vol. XI, h'o. 270. 
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section, dl give the true position in relation to all poiutn i n  the sllp,q, 

(2) A similar condition of right-angular intersection at the station. 
bu t  the lines fonning diagonals t o  the lines of contraction, will give the 
worst. p w i b l e  position for the etntion (ae a, c ,  and e ) .  

(3) A station made with three points on one of the  lines of con- 
traction will give the correct orientation of the table (a,  h,  and (*) but 
not the correct position. 

(4) In  cstimatingerrors of the point due to distortion, those situated 
on the line8 of contraction require no allowance, however distant. 

Bpplicalz'on.-!f the  change i n  tlie sheet due to contraction or 
expansion givea the 8ame percentage of the units of length, both 
lengthwise and transverse of the sheet, the pointa are still i n  their true 
relative position, and the projecstion is practically a8 good aa when 
laid on the paper, but is on a slightly altered scale. When the per- 
centage of change in the units of length is greater i n  one direction .than 
the other, the sheet and projection arc distorted; and to make a station 
by the three-point problem. the change of scale in  each direction 
must bo allowed for. The difiiculty i n  making such allowances is 
not great, if the principal effects of distortion in  tho sheet are borne 
i n  mind, I t  would not be permissible, even were i t  practicable, to 
make new pointa on the sheet, 88 this would destroy the geographic 
position. I t  is necessary. therekore. to assume the new pointe by mti- 
mation, applying the percentage of change to the distances measured 
between the points on the lines of change-that is, on lines parallel 
to the edges of the  sheet. If the point occupied and the point eightcd 
to are on a line parallel, or ncarly so, to one edge of the sheet, ita move- 
ment from the distortion can only be along that line. When the 
position of the point sighted to is found situated to one side of the line 
parallel to the edge of tho sheet, the diatortion will also aff& it i n  the 
direction a t  right angles to that edge, and tho effect of tlie distortion 
will be most apparent when the angle of deflection is 45" and tho posi- 
tion at aa great a distance from the point occupied aa the paper will 
permit. As the angle of deflection increaaa above 45' the effect be- 
comes lees and diaappears at 90°, when the poaition will fall again in  a 
line parallel t q a n  9dge of tho sheet. 

b f o m n g  to the diagram, illustration 19, to mako a station with tlic 
three pointa a, b ,  c: If the  sheet wero not distorted, the station would 
be at X ;  A ,  B ,  and C being the true posjtions plotted when the pro- 
jection was drawn. But  the sheet having contracted, a, b ,  and c 
show tho relative p i t i o n s  of these pointa; therefore we make such 
allowance for the  contraction derivod from measuring the unit of 
length that we can place or imagine u and c to be where they belong. 

( a s h ,  b ,  4. 
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a t  A and C. b requiretl no change, as i t  is on a line parallel to the edge 
of thesheet. To locate A we must know the distances (afiproximately) 
h to n and h to X ,  which, multiplied by the percentages of contraction 
(in this case), will give the distance of A above and to the left of (I. 
The same process locates C. 

I f  t h e  station were to be made with the points a, c, and e,  all three 
poinls would have to bo imagined in a new position by the Hame 
process that A has been located. 

Stations made in this way will be good for all local sketching aitliin 
an area that the contraction of the sheet is inappreciable; but to take 
cuts on distant objecte from such a station the orientation of the table 
must be changed. If an object is somewhere near the  direction of a 
and the talde a t  the compromise station X ,  the  table must be oriented 
by a and A’, the imaginary position A being discarded. 

The same procenses apply to all positiom on the sheet for the Htation 
occupied: 

Height of instnunent.-Uaving obtained the horizontal position 
on the sheet of the occupied point, the next proceeding in  tho logical 
sequence is the detorminat‘ion of the height of the instrument above 
mrne datum plane, in  order to locate and draw the contours of the area 
surrounding the station. The angle read and the distance between 
the occupied point and tho obaervcd point measured from the map, 
the height is computed by  means of the tables to be found a t  the end 
of the Manual, or the reeult can be obtained mechanically by using 
the hypsogaph. 

Hypsograph.-This instrument was designed by  Fremont Morse, 
hydrographic and geodetic engineer, for use in  the Const and 
Geodetic Survey and differs from the ordinary form of topographic 
slide rule used by  engineers i n  three particulars: E’irat, it is circular 
instead of rectilinear; second, it doe8 not five elevations i n  tho eamc 
unit aa the diatnncm, but gives heikhta in  feet when the distances are 
measured in meters; and, third, the argumenta used for determining 
the heighte are the horizontal distance and angle of elevation instead 
of inclined distance and angle of elevation. 

The inatrument will indicnte the difference of height (uncorrocted 
for curvature and refraction) for any distances and anglw encountered 
in  ordinary topographic work, with an error much smaller than tho 
probable error of observation of the plane-table alidade. 

For complete description and directions for use, ECC Appendjx 4, 
Report for 1902. 

Relief.-There are three methods of representing it-by hill shading, 
by form linea, and by contours. 
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IIilZshading is generally effected by a system of linefi, called hachures; 
When it is steep, the hachnres are 

On the othcr hand, a gentle incline will be 

Form Zincs o c c ~ p y  an intcrmct1i:ttr place h i w e e n  hachures and 
They have been used by the topopphcr  i n  the field to  

drawn in the direction of tho dope. 
thick and closely spaced. 
indicated by fino lincs widcly ~epnrnted. 

contours. 

I 
No. 20. - IIypsorrmph. 

indicate tho modeling of the terrene ant1 later to serve as guides for 
drawing the hachures i n  the ollicc. They are also  sed in place of 
contours when it is important for the benefit of the navigator to includo 
a large area of rugged country back from the shore, so that its general 
configiration will be indicated and the peaks and hilltops charted to 
serve as landmarks. They are given a definite vnlue and their l o a -  
tion is controlled by as many determined heights as it is practical to 
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secure, but not a sufficient number to conform to  the standard of accii- 
racy usually required for contours. 

The CoaFit and Geodetic Survey has prescribed the use of form lincs 
for indicating the relief i n  Alaska and the Philippino Islands, exccpi 
in the case of a large-scale siirvey. I n  general, the dctermined heights. 
reference points, together with the elevations of prominent mmmits, 
shall be distributed over the area so that there will bc a t  lewt one 

511,: "lCW TOP V I f W  

No. 21.--IIypsogroph, sortloti nrid virwli. 

reference point for every 4 square inches of field sheet, with such addi- 
tional clcvations as can be obtained witbout unduly delaying the 
progrew of the work. 

~ ~ o ~ ~ ~ ~ ~ . ~ . - ( ~ o n t o u r s  I t  or horizontal curves are the outlines of hori- 
zontal scctions of ground a t  diffcrent elevalions with designated equal 

11 For ~ntrrestinji nrticloq oJ1 tho clin~!rnnirnnlicb propcrliw of tho cmtorlr lirio SCP: On 
Contour nntl Slrrpo Lincs, Cnylay, London k Ell. hlng., 14i(l, pp. !2fli-?lly O n  Ilills 
nritl Ilnlc't, ('lork Mnxwoll, ibid., 1870, pp. 421-420; I'roperlirs of Mnttor, ' h i t ,  1x90, 
pp. 7 S X 1 .  
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intervals between their planes, delineated in their true positions 
relatively to each other and to the rest of the map, and conforming to 
the scale of the map itself; or, briefly, a contour is a curve produced 
by the intersection of the horizontal plane with the surface of tho 
ground. They may also be doscribed imaginary shore lines formed 
at stated or regular elevations by water which is supposed to rise 
successively to  these elevations over the face of the country. 

PmJiZP.--.\s each curve has equal vertical ordinate2 at all poiuts, 
the elcvation or profile of a hill, as wcll as a niodcl in relief, can be 
constructed from the map, when it is accurately executed on a large 
scale, without further field measurements. 

A profile of a hill is the outline or trace formed with ita surface by a 
vertical plane .cutting the hill in any direction. 

Illustration 22 shows the profile through tho lino A’ B’ of tho hill 14 
aa represented on a topographic map. The full parallel lines upon tho 
profilc rcprcsont the successive heights or sections of the hill of 20 
feet, and the Iiroken or internicdiate linea x x x thoso of 10 feet. A 
reference to tho letters of the diagram is all that is necessary to a full 
understanding of tho subject: a is the shore line or high-water line 
upon the map, z z z are the auxiliary 10-foot curves; f’ the coincidence 
of curvw upon the chart a t  the perpendicular face of the hill f, upon 
the section. This is the only caae where coptours of different heights 
run into each other upon a topographic plan. D’ is a depreesion in the 
face of the hill, represented on the profile by D. d’ iS a barranca or 
d e ,  broken gully, and I c‘ a watercourse. 

It wilI be plain that if we were to supposo the water to rise to a height 
of 20 feet above the high-water line, to lr on the profile, tho 2@-foot curve 
upon the map would become tho shore line and tho d e p r d o n  D’ 
would fill up and become a pond of water; and i f  the water were to 
rise to a height of 30 feet, the dottod broken line would form a shore 
line, and the knoll G would become an island. 

Advantagea and disadvantages of hill shading and contours.-In a 
mountainous country the method of hill shading prcaenta a picture 
which cxprcssca moro forcibly to the eye tho configuration of the 
country than a system of contours. But the objection to s i t e  eole use 
arisca from the fact that, although one ridge is perceived to bo higher 
than another, there is no guide for stating in terms of eOme linear unit 
this difference in elevation. It a h  obscurea the eyinbols repreaenting 
other details on the surface. 

A system of contoun furnishes a convenient means for obtaining the 
heights on any part of a map but doos not adapt itaelf to the repreeonta- 
tion of the small but important accidents of the ground, such aa gullies, 
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ledges, rocks, etc. ; nor does it satisfactorily dclineate such features m 
cliffs, bluffs, quarries, railroad cuts, and embankments. 

For these remons the Coast and Geodetic Survey has adopted both 
methods, employing hachurcs for the smallcr fcaturcs and where the 

k ! 

steepnem of the slope would make ihc contour lines approach togcthcr 
so closely that individual lines would become indisfinguishal~lc and 
rclying on the contours to delineate less precipitous ground. 

The two Rystems can be Reen combined when it is nccemary to indi; 
cate a rocky and broken mountain face. (Illustrations 23 and 24.) 
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Contour intmi~aZ.-Thc contour interval customarily used on tho 
Coast and Geodetic Survey field Ahccta is 20 feet. When, however, 
the contour runa very near to mme remarkable accident of ground, 
aa a prominent spur or indentation, a slight deviation abovo or bcloiv 
it8 true plane is admisiblc to iriclude this feature, although i t  is 
preferable to avoid doing so, if possible, by the introduction of an 
auxiliary curvc. 

out of position more tliun one-half the horizontnl tlifitancc between 
each niiccessive contour. 

Datum pZane.--Prol)al)ly tho bcwt plnno of reference for lieighta of 
points on the earth’s Hurface in the nicaii level of the Rea, since the incm 
of the rise and fall of the tides is npproximatcly this Icvcl. I n  prac- 
tice, however, m a n  high water is usually taken, aa i t  includes all land 
not covered by tho tide range and is the lixio dividing land and water. 

Iic/Errncc signaZ.--I t is advisable in  commencing the survey of a 
region bordering on tide water to locate one or more signals at tlw 
aasumed high-kiter line, carefully noting the height of the top of the 
flag above the same, to be used in memuring angles of dcprcsyion for 
heights from points occupied during the progrees of the graphic trinn- 
gulation. AR the heights of other points are determined i n  tho course 
of the survey and verified from observations from two or three other 
points, these i n  turn may lm used for tho samo purpose. 

The following arc the methods of Rurveying curvcs of equal elevation: 
First. Tho determination of the position and heighta of a number of 

characterivtic pointa of the terrene, and with thcso aa guidcs tracing tho 
contour lincs. 

This is the method generally used i n  surveys embracing such arcaa 
w the shecta of tlie Coaat and Geodetic Survey on scales of 1-10000 and 
1-20000. 

In open conntry on slopes of 5’ or less no part of a contoitr should be, 

Second. Surveying and leveling the skeleton and ita traverses. 
Third. Surveying hnd loveling tho profilo lines. 
The profile is n trnvcme line on which aro determined the heights of 

t h e  pointe a t  which the surface changrs S I O ~ C .  The pointa whero thie 
lino is intcmccted by the succcarivo contour interval aro cmily dcter- 
minal)le with tho level and rod. 

Fourth. Surveying and leveling the baao of each level scrtion. 
To dctcrniino the h e  of each level section tho table is sct up i n  

position whcro this level intersects tho profile, and using the alidade 
as a leveling ilwlrumcnt, with a targot iixcd on tlie rod at the height of 
the optical axis of tho tclmcope, tho line is traced hy locating the rod 
i n  Niicccsrivc povitionu at charwtwidic pointe of the tcrrcnci, w h c ~  tho 
target conics i n  the horizontal plane of the optical axis, direction and 
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distanc,c of the rod being determined and drawn i n  each cue.  A line 
drawn through these points, recognizing features between the stations, 
locates the CUNC. In this operation allowance should be made for 
curvature and refraction when the distance becomes sufficiently great 
to make it a factor. 

Fifth. Surveying and leveling the parta of several level sections 
from one station. 

When parta of several level sections arc run from one station, set up 
the table at a point on a contour, and observe on a staff the height of 
the optical ax& of the alidade. Set a target on the staff above this 
height aa many contour intervals aa its length will include. The aid 
carria the staff below the instrument and is signaled to stop when tho 
target c o m a  in  the horizontal plane of the optical axis and a t  succeiwive 
steps trwcmea’the lower curve. The target is then lowered on the staff 
one contour interval and the next curve above is traced in the same 
manner, continuing the proceeding until the level of the instrument 
is reached, when the table is moved to an upper station and tho pro- 
ceeding continued until the summit is reached. (ApplieR only to 
very small cpntour intervals.) 

Sixth. The division of the  terrene into squaros, triangles, or pnral- 

By the  mode of regular division of the surface into rrquara, triangles, 
or parallelograms, pegs are driven a t  regular intervals, and their heights 
determined by level i n  the  way that may be most convenient, a spirit- 
leveling instrument being the  most accurate. 

1elOgaIllE. 

BTATION IIOUTINE. 

The topographer having determined his position on tho sheet and 
also the height of the instrument, proceeds to mnp the  natural and arti- 
ficial details of the area surrounding the atation. For this purpose tho 
direction of each detail is obtained by pointing the telescope upon it,  
the  edge of the rule cutting the station point; ita distance is determined 
by reading the stadia rod held thore for the purposc. This distance is 
then taken off the metal scale with a pnir of dividers and plotted along 
the edge of the rule. 

While this is  in progress the alidade is used both as a level for tho 
observation of objects of the m e  height a~ tho instrument and for 
memuring anglcs of elevation and deprewion to such of the plotted 
details whose position a t  critical points of the contours would materinlly 
m i s t  the topographer i n  trncing them. 
Number of elevatione fo be determined.-No rule can be  lnid 

down aa to tho number of elevations that should be determined from 
each plane-table station or for a given area. It will depend on the skill 





FIELD WORK. 57 

of the  topographcr and tho modeling of the ground. The number will 
bo adequate when ho is confident of tracing, by  their aid, the contour8 
with an accurncy suflicient for tho S C ~ I O  and the purpoee of the SUNOY. 

It would indicate careless and slovenly work i f  the  contours were 
found on oxamination to deviate frequently froin thoir true position 
on the shoot by more than half an interval for a slope of less than 5' in  
an open country. When tho E ~ O ~ Q  is steeper, or in wooded regions, a 
greator latitudo is pormiesible, but even here, in  roproscnting the crests 
of ridges, prominent hilltops, and valloy floors, this limit of half an 
intorval should not bo departed from for good work.Ia 
Contour eketching.-Tho topopphor  will be w k t o d  in  skctvh- 

ing contours, where tho modeling is intricate, by lightly drawing a 
skeleton composed of the ridge lines and thalweg linos (lowest lines of 
valleys) i n  thoir proper positions around thestation. On theridgelinee 
will be found the extrenic outward or convex bonds of the contours, 
and on tho thalweg lines tho extreme inward or concavo bonds. 

It can bo readily imagined that if oach spur and cnch m a l l  depression 
was reprmnted by ita appropriate line, and on oach of t h a n  wore 
located, either by ohsorvation or esthnat ion, points having olevations 
equal to some multiplo of the contour interval, it would bo only neces- 
m y  to connect those pointa having the m e  elovation with a smooth 
curve to have a correct plan of contours. 

I t  will simplify the sketching at  a station to draw tho highest, lowest, 
and middle contour8 first, a~ they will then serve aa guides for estimating 
the position of the others. 
-Typical contour groups (illuntration 25).-It should be romem- 

bored that a contour novor s p h ,  218 shown i n  figuro 1; nor do two 
contours run into one, 218 shown in figure 2; nor croes each other, except 
i n  tho rare instance of an overhanging cliff, aa shown i n  figure 3. 

When an auxiliary contour is introduced, no more of i t  is drawn than 
is sufficient to delinento the special featuro which makes it necoeaary. 
A principal contour, on tho other hand, can not havo an end within 
t ho  map; i f  i t  commences a t  ono edge it must terminato a t  another. 

A closed contour oncircled by one or more closed contours is oithor 
a hill, as shown i n  figure 5 ,  or a depression, as shown in figure 6, tho 
arrowsshowing tho direction i n  which water would run. Thesummib 
of all tho hills of impmtanco should have their olevations dotormined 
and marked on t h e  map. All depreasions without an outlet and which 
do not contain a pond or lake should be marked with a D at thoir 
lowest point. 1 

A ~erios of contours, as shown i n  figuro 4 ,  is either a croupe (the end 
of a ridge or promontory) or a valley. If a croupo, tho contours will 

11 Boe 8pcclal Publlcatlon Xo. 20, par. 152. 



58 

/ Pig. 1 

"g. 3 / 

Pig. b 

. PLzISE TABLE MANUAL. 

No. 25,--Typlml contour groups. 

Fig. 2 

Pig. 6 

Fig. 8 
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have their concave sides toward the higher ground; if a valley, the 
contouin will have their concave sides toward the lower ground. 

A combination of four sets, like figure 7, with convex sides turned 
toward each other, represonte a dip i n  a ridgq or the  junction of two 
ridges, and is  called a saddle. 

A pmsin amountdnrangegenerally takes the form shown in figure8. 
Order of development of contours.-As tho progress of topo- 

graphic work is  usually from the shore line inward, this d o r d s  the 
moat favorable direction for drawing the curves of equal elevation, 
and us i t  i s  desirable that all work a t  a station shall be completed 
when i t  in first ocdupied to avoid tho nccemity of returning to  it, the  
curvesehould bo drawn by estinintion from the slioro line to tho points 
tlighted and determined for position and height, to bo checked by 
drawing from those points when i n  turn occupied. The heights of a 
sufficient number of points must be determined to guard against any 
wido range of estimate of height by the eye. 

I n  abrupt slopes of considerable extent the use of a pocket clinometer 
is valuable in  deterniining the degree of slope and in order to draw 
t h e  curves by  tho widths of their zonee (the cosines of angles of slope) 
from a paper scale prepard  for the purpose. (See illustration 44.) 
Filling in.--1Taving completed tho work at a given etntion, tho 

t o p o p p h e r  proceeds with his party and instruments to an adjoining 
locality, where ho selects n new station from which he can gather tho 
details of nn area bordering upon tho one last surveyed. In  this 
manner the skeleton map is filled i n  by succeseively occupyingstntions 
over tho whole expanse of tho sheet. 

Traverse lines.--\f’hon tho country is not open or tliorc nro other 
conditions which do not afford tho required number of well-placed 
fixed points to dotermino tlie position of tho instrument by rcsoction, 
the method of traverse lines is employed to ninp tlie detnils. 

Main trai:rrsc.-Tlie standard tabla is uecd  on all shore l i n a  of im- 
portnnre and on tho main roads. Tho height of instrument, for con- 
touring is ccirried aloiig with the line by observing vertical anglee 
With tho alidado upon Rome mark on tho stadia rod, taking foro sights 
and back sights at alternate stations. 

The traverse lino is stnrted by occupying some point previously 
determined and sending tlie stadia rod ahead to a place solected 
for ita advnntngoous position, i n  reforonce either to the surrounding 
features or facility in  obtaining n. new tlocdion of tho trnvoreo. 

Having sighted to this point, rcnd and plotted 1 Iio distance, short 
wide linea should 110 drawn along tho cdgo of tho rrilcr a t  both ends 
and numbered or lctterctl, so t h y  inay lm identitied from others of 

0(IIyH)0--22--.i 
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like chnracter. The table is then moved to the forward station, ap- 
proximately oriented by estimation, and the plotted point carefully 
plumbed over the one on the ground. 

The alidade is now placed on the table, and the table oriented by 
bringing the edge of the ruler close up to the guide linea; then revolv- 
ing tho table until the vertical wire bisects the rod or signal left for 
that purpose at the la& station. 

The eame processes which were employed a t  the initial station are 
now repeated; the detail is mapped and the new station in  advance 
occupied in  turn, the line progrwing in this manner by succew- 
ivo stepe. 

I n  running traversee, great caro should be taken to sight aa low as 
poesible upon the fore and back s ipals ,  80 na to avoid any error of 
deflection which might arise from the inclination of the signal poles. 

Subordinute traverse.-When the line is unimportant and few features 
present themaelves to be noted, an auxiliary plane table orientod by  
a declinatoire may be employed. 

When this method is pursued with a second table tho forward rod 
station ia not occupied, but another is chosen in  sdvanco of it, from 
which it can be seen where the instrument is set up and oriented 
with the declinatoire. Sighting the alidade to what is now the back 
station, the distance is rend and plottod along the edge of tho ruler, 
and the point eo determined represents the one occupiod by the table. 

The pivot on which the declinatoire needle rests should be examined 
frequently, na the least roughness will cause the needle to drng and 
introduces serious deflections in azimuth. 

1\11 traverso lines should start and end at well-determined points.13 
This will serve to check the accuracy of the work. If tho closing error 
is not too large, the line should be adjusted by  distributing i t  through- 
out ita length. The line is run on a spare sheet when an auxiliary 
tablo is used; then trnccd, “swung in ,”  and adjusted between the 
two fixed points. 
Determinations for hydrography.-Where the topography sur- 

veyed includes the shore line of a body of water the hydrographic 
survey of which ie intended to follow the topographic work na i n  the 
Coast and Geodetic Survey, it ie the duty of the topographer to locate 
and determine the shore signals, and it is only n o c m r y  to state that 
they should be 80 placed as to furnish the hydrographic party with na 
many pointa aa is deeirablo for the determination of poeitiona on the 
water. 

1: Special I’ubllcatlon No. 20, par. 14i .  
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Natural or artificial objecte along the shore, or in plain Bight from the 
water, s w h  as fence ends, rocks, prominent homes, etc., should bo 
determined and marked upon the sheet. 

Linea to buoys and other prominent floating objects at anchor should 
be, aa far na practicablo, taken a t  the anme stage of the tide or direction 
of current. 

The mean low-water mark should be delineated, and when it is 
beyond tho roach of the plane-table and presents no marked points 
for determination, or is of a character that will not permit the uee of 
the instrument-aa along the swumpy shores i n  the South, where the 
muddy shoals are of p e a t  extent, and among the shifting quicksands 
of our great estuaries and baya-it may be left to be traced by the work 
of tho hydrographic parties. Tho channels through mud flab of this 
rharncter should be indicated, howover, i f  only approximately, by 
cuts and tangents, or the determination of stakes a t  the turning points. 
Where the fall of tho tide exposce rocks and ledges, sliingle beachea, 
et(:., their rharacter and extent should be delineated and diaiinguished 
from the eandy beaches, na theso featurea aremost difficult and labori- 
ous for the hydrogaphic survey to represent. 
High-water sad storm-water he.--In tracing tho shore line on 

an expoaed aandy coast cam should be taken to diacriminnto between 
the average high-water line and the  storm-watcr line. 
Determhatlon of inaacesdble points.-On a precipitous coaat, 

where the shore line is inaccessible and can not be determinod by 
ordinary methods, the adient features are located, when occupying 
commanding stations, by obscrving the vertical ang1t.a upon them 
and drawing direction lines to thorn. Then, ueing the elevation of 
each station BB a b m ,  the  distance to each feature is computcd and 
plotted. 

Tho same method applice to outlying rocks and is often omploycd 
where there is any doubt of their being identified from different places. 
Large-scale swlreys.--hs hne been previously stnted, 1-1oooO and 

1-20000 are tho scala customarily used in the execution of tho topo- 
graphic work of the Coast and Geodetic Survey, as they are tho onea 
bcet suited for tho charting of the coast line and harbors of the Unitod 
state8. 

Other surveys for special purposes have been mado from time to 
time on scala  both larger and smaller, and the field practice has been 
modif id  according to the requiremonte of the scde used. 

A topographic eurvey ol the  1)ietrict of Columbia outsido the  thickly 
populatcd limite of the city of M’nehington ~ 8 8  mado between the 
Yeam 1880 and 1891 on a scdo of 1-4800. 
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The methods pursued arc hcrc dcscribed, m they are typical of other 
surveys on a large scale. 

I h e d  on a sufficiently miriuto triangulation, the plane-table ant1 
stadia, wpc level, and rod w-crc used for all determinations of dctnils. 
The relief was elaborately indicated by contour intervals of 5 feet. 
The datum plane is  the earnc na iiscd by the engineer department of 
t h e  District, on which is bnaed all the levels uscd for grades of strccts 
and sewers in the city of Wmhington, the  survey being made for thc 
purposo of extending streets and avenues beyond the city limits. 

From this datum, along all roads, avenues, and railroads, and whcrc 
roads were infrequent, acroea country, lincs of level were run, niicl 
after careful checking in the usual mnnncr bench marke were placed 
in  position corivenient to all parts of the region. 

Tho plane-table stations were cstablishcd 80 m to easily overlook 
every pntt of the  field and EO close together that  each was surrounded 
by the others within the  range of a single rending of tho stadia rod. 

The mode of proceduro wm, in  general, as follows: 
The plane-table wna placed in position by a graphic Rolution of thrcc- 

point problcm. At the eame time the height of the  level was deter- 
mined above some near bench mark and the  tnrgct of the lcvol rod 
fixed, so that when i t  WIM in  the line of Right of the  level the bottom 
of the rod would rest on the ground where the elevation corrwpontled 
to that  of eome contour. The levcl rodman then bcgan his journey 
along this imaginary horizontal line, holding the rod for tho observn- 
tion of the  levclmnn at cnch noticeable change in the configuration of 
the ground. The levclman directed thc rodman by signals a t  cnch 
point until tho rod was in position on the contour line, when the stadia 
rod was substitutcd and its distance rend and plottcd on the  plunc- 
tnblo sheet. The rodmen followed the contour lino in both directions 
from the  table a8 fur &B the  stadia rod could bo convenient.ly read. 
Generally two and somctimca three contours wore run from one level 
station, and on their complction a turning point was fixed and the 
level shifted to higher or lower ground, as the circumstances required. 

A survey of Craney Island, Va., wna made in the same mnnncr on a 
Bcalo of 1-1200. 

RAPID BURVEYH. 

'Use of sextant and theodolite.-Where located signals are iii sight 
and tho shore is lined with snamp or mangrove, and in  other Rituntionfl 
preacnting no suitable locations for the  table, the scxtnrit may bo 
used to advantage i n  filling i n  topography by loce,ting each pnncipnl 
fcaturo by  two or preferably three sextant anglm, with additional 
anglee to tnngenb of points and othcr objects. A continuous sketch 
shoultl bo made in a sketchbook, with the angles written opposite thc 
corrwponding points on the sketch. ('mea may also arke where the 
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topography may be obtained advantageously with a thoodolito trnverae 
line (the transit and stadia or chain method). 

A rapid and suficieritly accumto method of mapping rivers which 
are comparatively unimportmt yet navigable by small boata is by a 
modification of tho stadia method, in which the distance readings aro 
mado on a stadia rod by  a plano-tablo nlidnde, supported on a board 
nailed on top of a pole thrust into the river bottom at the side of the 
boat, the  angles being menaured by a scxtant. 

When any of that auxiliary methods are usod, tho work should be 
plotted and combined by the topographer and .added to the general 
topographic s hcct . 

With compaae and notebook.-Plane-table methods can be uti- 
lized to advantage when compm, p o n d ,  notebook, and rulor are the 
aubstitutes for an instrumental outfit. The book serves aa the ahcct 
and board rombinod, and the ruler, 0s it waa in  tho oarly days of t!ic 
art, becomes the alidade.14 

Photogrammetry.ls-In the topographic reconnnimnce mndo for 
the Alaaka Iloundary Survey by the roost and Geodetic Survey, t l i r  
camera with constant focal length has been used aa nn adjunct to tlic, 
small mountain plane table. Tho lntter waa uscd to plot tho ahorc 
line and adjacent topography, also to determine DB many peaks of tlic 
interior country as possible by  the intersection of lines of direction. 
A11 camera stations were determined geopaphically and hypsomet- 
rically, and plotted upon the plane-table sheet. The topographic 
details beyond tho reach of tho plane table were added to the map in  
1 ho offiro by the photopnmmetric methods. 

The rugged mountains of eoutlicnst Alaska appear particularly well 
adapted for this mode of procedure, na identical poirita can be rosdily 
picked out from different panorama Views, owing to tho characteristic 
Hhapcs of tho mountain peaks, snow fields, glac.ier6. otc. 

Periods of fair weather are also very short and of rare occurrence in 
that locality, and R great deal of topographic material can bo gathered 
photographically i n  a short timo, which wlicn plotted will cover a 
largo territory if a’sufficient number of rcferenco pointa on tho V ~ O W S  

have 1)een located instrumentally. . 
Tho plotting proper can be carried out to any dogreo of minutoncss 

and detail; the only requiromont is that a suflicient number of camera 
stetions shall have been occupiod to fully cover the territory i n  ques- 
tion, so t,lint overy topographic feature of promincncc hna been seen or 
photogmphcd from a t  lca8t two stations. 

1 4  Yco o‘Skotchlng witliout instruments," In Topography, Drawing, and Skotclilng, by 

15 Sco Unltotl Stnta Coast and Goodotic Burvcy Roport., 180.1, Appondix3, and Report 
1,icut. IIcnry A.  Rood, U. 8. Amy, IW. 

for 1W7, Appndlx  10. 
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By this application of photogrammetry the plane-table methods of 
determining t o m a p h i c  details are extended to the office, inasmuch 
as the samo features are selected from the panorama views and plotted 
geographically which would have been located by the plane table. 
But  the actual time spent i n  the field is reduced at tho expenae of the 
time needed for office work. 

Survey in advance of triangulation.-Where it is necewry to 
make a topographic survey i n  advance of the determination of points 
by  triangulation, a reconnaknco iS firat made for the location of a 
base line and selection of points to be determined with the plane 
table. 

The base is  m m u r e d  with sufficient accuracy and conveniently, 
with a steel tape which haa been compared with a standard at a fixed 
tenaion, and to one end of which is attached a spring balance to securo 
the same tension during mcaaurement. The succcesive lengths are 
marked by lines cu t  on copper tacks driven in  wooden stubs firmly set 
in  the ground. The temperature is noted a t  frequent intervals aa tho 
work progresses, and tho corrections are applied to tho length of the 
base when completed. 

'rho base is then properly located on tho sheet i n  reference to the area 
to be embraced and ita length carefully set off. I t  is well at tho same 
time to  mark i n  three or four different parts of the sheet lengths of 1,000 
meters for the purposo of determining at any time tho true scalo of the  
sheet, variablo by  the different hygrometric conditions of tho atmoa- 
phere. 

Signals ha\<ng been erected a t  the selected points, the extremes of 
the baae are occupied with tho tablo and the points, as far aa may be  
rvached with good interwpctions, determined from them and lines of 
direction drawn to all the  points visible, to serve aa checks upon their 
determination from other points furnishing directions for good inter- 
sections. The survey then proceeds aa usual. 

It is well at the beginning of work to draw (using the declinatoire) 
the magnetic meridian, a t  8omo determined point near tho middle of 
the sheet for the purpose of putting the table in approximate position 
at any station with the declinatoire. The manner of doing thie is 
dcecribed elsewhere. 

Before finishing the field work it is important. when the sheet haa no 
projection, to provide data for drawing a true north and south line. 
This is done by drawing from a point upon the sheet, when the table 
is in  position, a line i n  the vertical plane through Polaris and the point 
occupied and recording tho timo of observation. Tho'azimuth of the 
etar at that time being known, a true north and south line can accord- 
ingly be act off. 
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If a small transit inqtrument iu a t  hand and carefully adjusted for 
movement in  vertical plane, an w i s t a n t  with a lantern ran be located 
where the vertical plane through Polaris and the point occupied inter- 
sects the ground, at as great a distance from the point as the ground will 
admit within the limit of communication by light signals. When such 
a position is marked the direction from the point occupied may be 
determined by daylight. 

If, i n  the absence of a transit, the alidade has not vertical range suffi- 
cient to observe Polaris, an illuminated plumb line max be u ~ o d  for the 
alignment. 

OFFICE WOI1K. 

All tho topographic features of a survey should be drawn i n  pencil 
upon the sheet i n  the field, while they can be seen. Sketching and 
plotting in the office from notes, unless tho country be near at hand 
for ready reference in  CDSQ of doubt or defective data, is  objectionable. 
When this is unavoidablo, the sketches should be transferred to the 
sheet as soon na possible after being made, while fresh i n  the mind of 
the pereon by whom they were made. and by  whom thoy should bo 
plotted. Days which, from inclemcncny of the weather, arc unfavorable 
for out-of-door work should be allotted to this purpose, and advantage 
should be taken of them, also, for retouching any details of the sheet 
which may have become indistinct, as it is very important that  they 
should not be left indefinite or become o b h r a t e d ;  for when the inking 
is done, as it generally is, at a distanco from the field of opcrntions, the 
neccaaity for this caro is obvious. Nos. 4 and 5 pencils are good for 
this purpose, for which very hard or very soft and I h c k  pencils are 
eq us11 y unsui tcd. 

I n  the inking of a topographic sheet threo roqubites to its proper 
appearance when finished should be borne i n  mind-cleamcss, neat- 
ness, and uniformity. 

The lines and objects should be clear and sharply defined, nothing 
being left obscure or doubtful; the paper should be kept unsoiled, and 
erasures avoidod aa far as possible, and tho style and strength of the 
drawing should be the same throughout. It is an important matter 
that a n  easy and natural appearanco should be given to the sheet, for, as 
beiore remarked, a mere riked adherence to conventional signs is not all 
that is n e c w r y ;  while there should be no deviation in  this rospect, a t  
the same time the draftaman should strive to rcprcsent the country. 
Thereis a h p a t  difference with regard to this among topgraphere. Two 
correct sheeta of tho same section of ground, executed by different pcr- 
sons, may lie inked. and while one will have a stiff and unpwelul  look, 
tho other will appear artistic- and natural. giving a t  once the imprc!wion 
of a true rcpresrntation of the country surwynd. 
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Office work should not be commenced untjl the topography i.q cn- 
tirely completed, BR no inkcd or partially inked sheet should ever bc 
used i n  the field. Sometimes. for the special examination of old worl:, 
or for the insertion of some recent artificial or naturnl vhanges, this 
becomes necousary, but thcre is always a risk of injuring an inkcd 
sheet by  exposure to the wcather or by using i t  upon R plane tnhlc. 

The inking should h g i n  with the high and low water lines. The 
high-watcr line or shore l ine  proper should. in  all cmes. he full a~itl 
black, the hcavicst line on the sheet. and i n  this, 0s in  all the rest of 
the ink work. the linea of the surveyor should be strictly adhered to. 

drawn i n  the field is supposed to he correct wlwn 
the sheet is finished, and no oftice amendments or changes ure admin- 
sible. The low-water line is drawn, not 80 ful l  as the former. but clear, 
black,and uniform. consisting of a (lotted line for sand aiid niud and tlic 
conventional sign where i t  is formed hy shells, rocks, or coral rcefe. 

Neither the inner border of a marsh nor a shoal coverotl a t  high t.itlo 
has a distinct continuous line to mark its limits, each ]wing rcprescritctl 
in  ita proper form and within ita area by ita conventional sign only. but  
the shape should be well and correctly defined. All objects Iwtwccii 
high and low water, covered at full tide, should be represented Iws 
boldly than the other features on the Rhcet, but  not faintly or indefi- 
nitely. 

The roads ehould be inked plainly and evenly, with their sides 
parallel, except where the survey shows a deviation from the general 
width. Main thoroughfarm when fenced are drawn with a full line, 
8ubordinate roads where fenced diould be shown by the usual sign, and 
where there is no inclosure a line of dnahc?s should indicate the roadside, 
and then should follow the fences and hoi~scs. In drawing the latter, 
(:arc must tw taken thnt t,lm coriicrs und angle8 exhibit a sharp, clcur 
outline, which adds much to the appcaranw of the sheet. 

The general skeleton of the eurvey being now completed, the con- 
tours ure drawn with a bold, uniform, plain red line, without break, 
over all the other work, following accurately the full range of level of 
each of the contours on the sheet. 

After this comes the general filling in, by coriventional signs, of w i d ,  
marsh, gram, cultivntion, orcllards, rocks, hachures, etc. Some prac- 
tice ie  needed to execute the sand work regularly and neatly. It 
should never be done hurriedly, though of course rapidity i n  this re- 
spect follows practice. TJic Jiries representing ninrah, and thc delin- 
eation of g r w  on the faat ground, should nlwnys run in  the ty~ixic diruc- 
tion over the whole sheet and be parallel to the top of tho sheet and the 
title. TI!e appended drawings (illustrations 26 lo 39) give the con- 
ventional signs us adopted by the IJnitod States Geographic Board. 

The topography 
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It is expected that every topographer shall have learned to draw 

sufficiently well to ink his sheet in n clear and distinct innniicr nnd 
letter it with some regard to neatness and grapllic effect, as the appenr- 
nnce of an otherwise well-inked sheet is marred by carelm or in- 
different lettering. Accuracy, neatnoae, and clearness nre neceseary, 
rather than fine drafting. 

The location of the names upon the sheet should be such ns not to 
cover or obliterate nny detail or fenture of the survey, and the letters 
ehould be put  on nently and gracefully, and in  point of size and form 
according to the sperimens furnished. The title should follow, with 
such notm aa may be necessary to explain nny peculiarity of the sheet 
or The title and lettering should, aa far aa prncticable, be 
EO placed that when the shcet is held with the top (the north end of the 
map) from you it can be easily rend; in other words, aa nearly parnllel 
to the top or upper end of the sheet as the nature of the work will admit. 
All nnmes well established nnd rccognized in n neighborhood, both 
general and local, should be collected during the survey, nnd their 
correct orthography aacertained, nnd in c u e  of any doubtful or dis- 
puted orthography a report should lie made giving any traditions or 
authorities which bear upon the subject. No illuminated or German 
text, old Englidh, or what is known as “fancy printing,” should be 
indulged in, a strict adherence to simplicity being required. 

Tw-o plats showing standard lettoring adopted by this service for 
field sheete and charta arc given. 

The minutoe of the parallels of latitude and meridians of longitude 
should- be marked in ligures a t  the upper and right-hnnd ends, re- 
spectively, the degrees on the center parallel and center meridian 
only. 

When buoys are determined by the topographer, nnd their names, 
colors, numbers, or kind nre known, they should be plnced on the t h w t  
and EO mnrked. 

The triangulation points should be surrounded by a small red triangle. 
Barns, houses, prominent trees, and other objects detorniined by the 
plnne-table that mny be used a8 points of reference in making ndditions 
to the sheet subsequent to the survey should be indicatod by a smell 
blue circle. 

16 ‘rho tOpOhTOphOR3 In tho Coast aiitl Ocodctlc Surroy nro roqulrod t o  writ0 tho titlo 
and iiotcs 011 a soparato short of pnpcr und attach it to tho plmo-tnblo shout. l’hls 
portion of tho lottorlng is dono at tho ofllw. 
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When i t  is desired to use the preceding table, a sight must be attached 
to the rod or the proper position of the rod left to the judgnieiit of the 
rodsman. The usual and safer way is to have the rod held vertical 
for nll readings. 'I'hcre are then two corrections to be applied, one to 
reduce the iriclinetl distanc-e to a horizontal one and one for the oblique 
view of the rod. 

The equation for reducing the readings is: 

IIorizontl distance=r  OH^ ,I,+ (c+J) COB v 

Where r=reading of verticnl rod; 
z=ariglc of elevation or deprewion; 
c=distnc:c of o1)jcc-t g l m  to miter  of instrument; 
/=focal length of tclcscopc. 

The following table gives the coefiicicnt of reduction by which the 
rod rcadiiig is to be multiplied. I t  i H  Imed on the wurnption that 
c+f is to be added to the reflult 10 obtain the distance to the center of 
the instruinerit. 

ICxamplc: Given an angle of elevation or tlcpreseion 8' 10' und the 
reading of the inclined sight on vertical rod= 173.1 meters. 

Prom the statement: 
blotors. 

Factor for 1 inctcr for 8' I W  niultipliorl 1))' LOO.. .................................. Oi.9J 
lk%or for i metor for 8' I W  multlplicd by In.. . 
Factor lor 3 moter for 8' 1(Y ...................................................... 2. U4 
Factor for 0.1 metor for 8' Ilk'.. .................................................. .oU 

IIorlzontnl distunco.. ...................................................... MU.  tiO 

To which c +!is to be added. 
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Table o/coeflcientsfor reducing reudings of ,inclined sights on n wrtical rod 
to horizontal distance. 
.- .._ . - - . . . -. . . __ .- . . - .- -. . . . . . . . . . . _. .. - -_ -. - .. -. - . . .  . 

I 
I I I o r l z o n l n l  projeclloii ol- 

- -. . . . . . . -. . . . . . . . A n  Irol 

tion. 
ln'f - -. -. . . 

8 1nu 
I in. I 2 in. 3 in. I 4 in. 1 5 in. -1  (1 111. I 7 in. 1 x in. 9 111. __ I I . . .... . -- . . . . . . .- 

1 
.00781 . DOclU5 . lnnili2 . Owjn 
.00.5UI . nom 

1.ou.L.52 

1. WJ324 
I .  m, 
1. Wlk2  
1.Wllni 

1. owin) 
2.00178 
?.lK)(!.% 
2. IIUUMi 
2. o w 2  

2.1lslii0 
2.0~773 

4. Willl 
4. UM74 
4.11H3(w 
4. US136 
1. ru*% 
4. 07716 

G UU.57 li.0M)ru 
5. UX1I'~!l 6. u7wJ 
5.07V72 G .  071134 
6. U771i4 li. 07301 
5. W5Hi li. Wl37 
5 07318 Ii.U'%71 

300 
10 
20 
30 

50 
4n 

1.0KXl27 
1.08044 
1. 0WJn 
1.0H700 
1. URli70 
1 . 0 W )  

?. OK540 
2. UMlIi 
2. 0 n ~ 7  
2.08153 
2.1lt!O14 
2.078711 

3. URIL54 

3.07716 
3.07w7 
3.97352 
3.0711iO 

3. cnnnn 
4. WM17 
4. 073M) 
4. 07146 
4. wiun 
4. WY\!N) 
4. NilM 

4 00 
10 
20 
311 
40 
MI 

7. MilOW A. ox>21 
7.05771; 8. U5240 
7.0543'1 8. WMi2 
7. 05076 X.W4(i(l 
7.!)47M 9. u4043 
7. WZII P. u3li11 

1. OH4Rl  

1. u8n2 

1 .  Uxo!jIl 
1. u7034 

1. 0u7n  

1. unit3 

2.07721 
2. u7w7 

2.07244 
2.07078 
2. U(IU(1I 

2. 07418 

4. Ni202 
4. u5u4.5 
4.U~i!!iI 
4. UM07 
4.051% 
4.0483.5 

. w240 . W18" . 013( i  . r n 8 1  

. m i 7  

. in)o2c, 

.00907 . UWI1 . U871w 

b W l  
10 
20 
311 
40 w 

0 .  u4323 
ti. 03u52 
li. 03570 
li. 03175 
0. mci9 

2. uti722 
2. WhV8 
2.1nsru 
2. U(i1.55, 

i.msi4 
1. 071102 
1 .u7w i  
1.074311 
1.U7301 
1.0716il 

3. WiUI 
3. 0mM 
3.05132 
3. (UP73 

4.111537 
4. 04230 
4. u3015 
4. W5U1 
4. U32lIl 
4. WJ21 

5.03445 
6. Wll77 
5. WiU8 
5. mIn 
5. UlU13 
5. u1:m 

. VU718 . YU162 . u w  
3.04!iI@l 
3.04337 
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8 IY)I 0 . ~ ~ ~ 2  
in: .v7vxz 
201 .v7x(J!1' 
30 .V7WI5 

ienlajor reducing readingo ojinclined si!&s on 
to horizontal clialance-(lor~tiriuctl. 

. .- .. . . - . - - . .. . . _ _  .. . .  

Iforironlnl ~irojcclion of-- 
... ____ 

2m.  I 3 m .  I rm.  1 s m .  j Om. i 7 m .  I 
- 

I -- I --I-1-- -1 

i . i%ai 2.xxO'lS 3 . w n i !  ~ . W ) I M  5.701.?2 
I.OIXT2 2.87732' 3.X3043 4.70553 5.75404 
1. VI500 2.X73kji 3. K11Ho 4.7Kl74 5.7470V I I 

a w r t  ical rod 

.. . . .. .. . -_ . .  

7.75X78' 8. 72861 

7.7425V; 8. 71042 
7 . 7 ~ 7 4  x. 71059 

7. r i m  H. 4 7 m  
7.5!!)Wl 8. 4IUKMl 
7. Sf(wIX 8. 44x40 
7.40,Wfl 8 ,  4357s 
7.48712 8. 421112 
7.47M7 8. 41013 

7. :iU'IX H .  31WJ 
7.311113 8. ZUXl5 
7.ZUK1.5 8. 140W 
7. IT,U):i 8. OqM? 
7.Mi.ll0 7.VJ718 

7. m n 8  8.30710 
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T.inr,E I.-Table showing t h  heiqhl i?i ,feel  corresponding lo n gicen anglr 
ojcleiwlwn Wid n giren distance in me1ers.l 

- .  .. . . 

Frtl. 
0.3 . I\ 

.0  
I. 2 
1.5 

1.8 
2.1 
2.4 
2.7 
2. U 

3. 2 
3. 5 
3. H 
4.1 
4.4 

4 . 7  
4.0 
5 .2  
6 . 6  
5. H 
0.1 
0 4 

li. u 
7 . 2  

7. 5 
i. H 
H .  1 
H. 4 
H. 7 

11.5 
14.4 
17.2 
a,. 1 

25. H 
28.7 
31.0 

34.4 
4 3 .  (1 
51.11 
IO. 1 
MI. u 

n. 7 

n. n 

.- 

- 
41x) 

Fctl. 
0.4 

.8  
1.2 
1.5 
1.0 

2.3 
2.7 
3.1 
3. 5 
3.8 

4 . 2  
4 .0  

6.4 
6.7 

0 .  5 
0.0 
7 .3  
7.7 

H .  4 
n. x 
u. 2 
U. (i 

0.0 

10.7 
11.1 
11.5 

15.3 
10. 1 
22. iI 
ai. 7 

: 9 . 5  
3 4 . 4  
3H. 1 
42.1' 

45 .  b 
67.3 
nu. )i 
KO. 4 
U1.b 

5. n 

n. 1 

n. n 

in. :i 

Fcrl. 
0. 1; 
1.0 
1.5 

2.4 
2. n 

2.0 
3. 4 
3 .U  
4.4 
4 .  u 
5.3 
5. H 
6. 3 
6 ,  x 
7.2 

7 . 7  
n. 2 
H. 7 
0. I 
U. li 

IO. It 
11. I 
11.5 
12.0 

12.5 
13.0 
13.4 
13. u 
14.4 

1u. 1 
23. 
'B.,  
33. 5 

AH. 3 
43.  I1 
47. b 
52. (I 

57.4 
71.7 
MI. 2 

I('). .- 
114.t 

in. 1 

- 

Fcrl.  
0. I1 
1.2 
l . H  
2.4 
2.0 

3.5 
4. I 

5.2 
5 .8  

4 . n  

n.  4 
n. 0 
7.5 
H. 1 
6. 0 

0.2 
u. H 

10.4 
10. u 
11.5 

12. 1 
12. It 
Kl. 2 
13. N 
14.4 

14.0 
15. 5 
IB. 1 

17.2 
in. 7 

22.i 
zx., 
3.1. 4 
411. 1 

45. H 
5l.(i 
57.3 
liii.0 

M. U 
M;. n 

109. 2 
Izo.  . I  
137. i 

Fcrl. 
0. H 
1 .5  
2.2 
2. H 
3.5 

4 . 2  
4.8 
5. 5 
0. 2 
u. R - -  , . a  
H.2 
n. n 
U. 5 

in. 2 

in. x 
11.5 
12.2 
12. x 
19.5 

1 4 . 2  
14. U 
15.5 
10. 2 
Ili. u 
17.5 
1x. 2 

10. 5 
20. 2 

'2n. 0 
:xi, 5 
41). 1 
41;. U 

ii3.0 
00.:1 
(io. I1 
73. I1 

80 
1(x) 
l!Xl 
141 
l l i l  

1n.u 

_. - 

800 
- 
Prrl. 

0. U 
1.7 
2.5 
3. 2 
4.0 

4.8 
5.5 
11. 3 
7. I) 
7. x 

0.3 
10. 1 

11.0 

12.4 
13. 1 
13. 
14., 
15.4 

I O .  2 
17.C 
l i .  i 
18. ! 
1u. 3 

20. ( 
20. > 
21.! 
?& :. 
21. I 

:lo. i 
:w,: 
411. I 
53. I 

H .  n 

in. a 

n i . :  
OW.( 
711. ( 
H 4 . :  

02 
115 
13M 
101 
1x4 

- 
INMI' 
- 

Frrl .  
1.n 

2. n 
l . u  

3. I\ 
4.5 

5. 3 
1). 2 
7.1 
7.0 
H. 8 

0.0 

11.4 
12.2 
13.1 

13.U 
14. X 
15.7 
10. 5 
17.4 

in. 5 

-. . 

1 ,OM 
_. 

Frrl. 
1.2 
2. 1 
3. I 
4.1 
5.0 

5.0 
0.0 
7.0 
8 . 8  
0.  x 

in. i 
11.7 
12. li 
13. ll 
14.5 

1s. 5 
Ill. 5 
17.4 
in .  .I 
lU. 3 

.. - - 
I,lIK) 

F f d .  
1.3 
2. 4 
:I. .I 
4.5 
5.5 

11. (i 
7.1; 
8.7 
u. 7 

Ill. 8 

11.x 
12.0 
13.0 
15. I 1  
IIi. 0 

17. I 

Ill. 2 
20. 2 
21.3 

22. 3 
23.4 
24.4 
25.5 
ai. 5 

27. R w. 0 
20.7 
30. i 
31.N 

42.3 
5'2.7 
(Pi. 3 
T I .  8 

64.2 
04.; 

115.7 

12f1 
I Is4 
IO 
221 
2.53 

in .  I 

ins. 2 
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TAIJLE I.--iPalb ahowin the lceiyht i n j e c t  corresponding to u given angle 
v j  elevation anc?u gicen distunm i n  me&rs-Continued. 

Feel. 
1.1 
2. ( 
3. I 
4. 1 
0. I 

7.2 
8.4 
0. ! 

10. i 
11.L 

13. ( 

15. ' 
10.4 
17. I 

18.7 
10.8 
21.U 
22.1 
21.3 

24. 4 
2 5 . 5  
20.7 
27.8 
20.0 

30. 1 
31.3 
32.4 
:43.0 
3 5 . 7  

40. I 
57.0 

MI. 5 

01.0 
103.4 
115 
120 

13H 
172 
207 
24 1 
270 

14.! 

00. n 

- 

Fed. 
1.7 
2.9 
4.2 
5.4 
0.6 

7.0 
0.1 

10.4 
ll.f 
12.f 

14.1 
15.: 
10.6 
17. t 
19. ( 

m. 3 
21.: 
22. b 
24.0 
25.2 

211.5 
27.7 
29. I1 
:in. 2 
31.4 

32. 7 
38.9 
35.2 
30.4 
37.0 

50.0 
02.4 
74. H 
87.2 

88.0 
112.0 
124 
137 

140 
1WI 
224 

280 
mi 

.._ . - 
1,400 

Fed. 
1. I 
3. 
4.1 
5. I 
7. 

ti.! 
0. I 

11. I 
12.: 
13. t 
15.1 
IO.! 
l7.I 
10. I 
20. ! 

21.t  
21. I 
24.: 
25. F 
Zi. i 
a. I 
29. b 
31.1 
32. 5 
3 3 . 8  

35.2 
30.5 
37. x 
30.2 
40. ,; 

.a. 0 
07.2 
8). 0 
03.9 

107.3 

134 
147 

120. 7 

101 
201 
241 
281 
322 

1 ,m 

Fed. 
2.0 
3.4 
4.8 
0. a 
7.7 

9.1 

12.0 
13.4 
14.9 

10. n 

10.2 
1i . t  
10. 2 
20. li  
22.0 

23.5 
2.1.9 
21i. 3 
27.7 
20. 2 

Fed. 
2.2 
3.7 
5.3 
0.8 

0. 8 
11.4 
12. 9 
14.4 
15.0 

17.5 

20.5 n. 0 w. 0 

25.1 
ai. 0 w. 2 
20.7 
31.2 

n. 3 

1o.n 

3i. 8 
30.2 
40. 0 
42. I 
43.5 

57. x 
72.1 
Mi. 4 

Ion. 7 

119.1 
130 
144 
158 

172 
215 
2'0 
312 
345 

40.4 
41.0 
43.4 
45. 0 
411.5 

61.7 
77.0 
!U, 3 

107.5 

123 
13H 
153 
I00 

184 
zin 
Z i t i  
322 
:ion 

__ - 
1,700 

Fed. 
2.: 
3. j 
5. f 
7.2 
H. t 

in. 4 
12.! 
1:i. , 
15.3 
111. Q 

18.0 
a). 2 
21. P 
23. 4 
2;. 0 

TI. 7 
2'4.3 
20.0 
3 L . G  
33.2 

34. H 
311. 4 
3x. i t  
30.0 
41.3 

42. 0 
44.5 
4u. I 
4 i .  X 
49. 4 

81.8 
08.0 

114.3 

131 
147 
103 
170 

105 
244 
203 
342 
39 1 

o.;. n 

__ - 
1 ,m 
- 

Feel. 
2.  
4. 
5.1 
7. I 
0.I 

11. 
12. I 
14.! 
10. : 
17.j 

10.. 
21.' 
zi. 1 
24.t 
241. ! 

w. 2 
30. ( 
31. i 
xi. 4 
35. I 

36. E 
38.: 
40.2 
42.0 
43.7 

45.4 
47. 1 

52.3 

00. 4 
Ho. 0 

48. n w. 0 

104 
121 

1 38 
155 
173 
100 

2'4 

3112 
414 

207 

sin 

. __ 
Feel. 

2.7 
4.5 
0.3 

0.0 

1 l . i  
13.5 
16.3 
17.2 
19.0 

n. I 

20. x 
22. 11 
24.4 
20.2 
2x. It 

20. 0 
31.7 
33.5 
z5.3 
37.1 

38.0 
40.7 
42.5 
44.3 
40.2 

48.0 
40. H 
51.1) 

55.2 

73.3 
01.6 

ra. 4 

1 IO 
12% 

140 
104 
1H2 
200 

218 
273 
3% 
3x2 
437 
. .. . 

Feel. 
2. n 
4.7 
(1. 0 
8.0 

10.5 

12.4 
14.3 
111. 2 
In. I 

21.0 
23.8 
25.7 
27.0 
20. 5 

31.4 
33.4 
35.3 
37.2 
30.1 

20.0 

41.0 

48. u 

42.9 
44. H 
411.7 

XI. J 
52.4 
54.3 
Cfi. 2 
55.2 

77.3 
on. 3 

115 
13.1 

1\54 
I73 
I92 
211 

230 
W i  
:i4 5 
4112 
4(io 
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Example of use o j tab le  of heights. 

[.\ngleof olevation from point A to point n,  distnnt from ooch othor 1,750 mctorj-1” So’.] 

. 

1 50 I 1,700 
1 5 0  50 

0 iz I 1,700 
000  50 
0001  0 

Fmt. 
-- 

179.00 
5.20 
.a3 

10.40 .a 
0.4 

I I , _  . . . ~ .  .:I - fy2J 
Point B is 195.62 feot above point A. 
Formula j o r  delcrmining hcights by (1 iw t i ca l  a n g k  and distancr.-The 

differelice of level consista of two p n r g t h a t  which arises from the 
angle of elevation above the horizontal plane of the station and that 
which is due to  tho curvature of the earth. The foriiier depends 
upon the angle and distnnce, the latter upon tho distarico ond tho 
earth’s radius If a’ be the angle of elevation in minutes of arc, d tho 
distance, h the height, then, ra the tangent of I’ is  wo have for 
tho first part l~=&~a’d,  i f  h and d are both expressed in  the suno 
units of length, but i f  d is expreesed in  metors and A i n  feet, one meter 
being 3.28 feet, WQ get h=,&a’d. For tho fraction sb4a wo may 
conveniently and with suflicient accuracy put  r$aa less & of and 
thus find the rule: iliulliply the didance in inetcrs by tlie number of minutea 
of arc, poin t  o f t h e  thousandth part, and subtract the twentieth part ojthe 
n u m b s  tliw obtained. This will give the first portion of difference of 
height, whether elovation or depression. 

The second term, depending on the curvature, varies as the square 
of the distpnce, and amounts to 0.22 foot in  1,000 meters, including tho 
offect of ordinary refraction. As with tho instruments under con- 
sideration oxtremo accuracy is  not attainable, i t  is plain that for dis- 
tances under 1,000metere this tern1 may be neglected. When tho 
distance is groator, we have tho following rule: Take the tltousandth 
part of the distance in meters, squure the s a w ,  h m i n g  rrgard to thr Jret  
deciinul Jigure, and mul t ip ly  by 0.22. This term is alwnys positive. 
If tho first term be an elevation, i t  is increased; if a deprcmion, it is 
diminished by the fiecond term. 

Ezample.-Disteiicc=5,500 meters; angle of elevation, 36’. 
,*d Xa’-IQH000 ,&,,a - s.5 
YU trnct U.U vlilnto -30.2 -- inultiply by o.n 
flmt tcrin 1x8 1 
nolocorid t ~ r i r i  0 0 wcond torin 0.04 -~~ ~ 

sum 191.7-dillomnco of dovntlon in foot. 
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TABLE 11.-Table showing the heirJht in  meters, corresponding to giren 
angles of elevation anddistances an i n r l t w . '  

- 

- 
0 ,  

0 1  
2 
3 
4 
5 

0 0  
7 
9 
n 

in 

0 11 
12 
13 
14 
15 

17 

10 
2n 

0 21 
22 
ZI 
24 
25 

OW 
21 w 
20 
30 

w 
1(KI 
1 111 
1 8  

1 3fl 

1.54 
2 M  

2 3( 
30( 
3 31 
40( 

0 16 

in 

0 40 

1 4c 

- 
1 ('iirvatiiro nntl rcfraotion tokon into nccou~lt for n i i ~ l i ~ s  of cluvullon. Tllls 1nl)lo 

alrould not tic usod for unglus of deprewoii. 
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TABLE 11.-Table showing the lreiyht, in 7neter8, corresponding lo girwr 
angles o j  elevation and divtames in melm-Continued. 

. - . _. 

0 ,  

2.571 
2. os, 
3.30; 

0 8  
7 
X 
0 

10 

2.80 
3.43 
3. b9 
4.30 
4.82 

3.20' 
3.84' 
4. a<; 
4.51. I i 

10.54 11.21 I I  &5' 12 4X 13 12, 13 78 14.40' 15.W 15 69 
11.07 11.74 W ~ O I  13.07 13.7% 14.40 15.07! 15.74 10.42 
11.57 12.26 12.05: 13.05 14.:)41 15.04 15 74 10 44 17 14 
12 (01 12.78 13.51 14.23 1 4 . ~ 3  15.08 10.41 17.141 n :x7  
12. M' 13.31 14. 00! 14.81 16.57 10.32 17. a! 17.84 111. (H) 

I 1 
13.W 13 IC{' 14 (I1 15 30 10 l j  10 80 17.751 18:64 10.32 
13.55 14.351 15: 10 15. US 10.7Ui 17.00 18.421 10. Zi  20. hi 
14.Ul! 14  ff l  15.72 10.fA 17.40 1W 24 19.W1 19.93 20.7H 
14. :a; 15.4o1 1u: 27 17: 11 in. 011 ix. M io. 701 20 w 21.51 
1G.U 15.02 10 La 17 72 18.02 10.52, 20.42 21 33' 22.21 

io. 071 21. 10 22.35. 21 M 21.73 25 wl 27.12: %.:%I 20. XI 
~ 4 . ~ 2  20.40 ~ 7 . ~ 1  20.36 30.84 32.32: 33. 811 35.20 30.78 
20.~7' 31 04 33.41 % 18 30.05 38.721 40.60' 4z.w 4.1 w 
30.70, 42.10 44.40; 40.8 40.17 51. X 3 ;  53.W. W. L5 S . 0 1  

I '  

34 H I 1  3ll:KI 3H.U1! 41:lY) 4 3  (Mi 45 1 3  47. IO! 40.2(3 51:El 

4.01 6 . ~ 1  

6.42 
6 . B  0.09 ,"I1 7.15 

0 11 

14 
15 0.241 

0.  05 

7.m 
8 2 8  

8 6 3  
9.00 
0.60 
9.00 

10.31 

7. 13 
7.50 
8.00 

8. w 
n. 44 

I o ai  

WI 
81 

0.31 

10.10 

1l.W 

0.751 

IO. 021 

0.041 
10. 41 

11.34 
10. IWI 

i i .n i1  

11.13 
11.53 
11.84 
12.35 721 12.27 

12.741 
13. 20 

14. 131 
13.071 

11.50 
11.03 
12 37 
12. W) 
13.24 

io. 421 17.00 
21.87 

XI 
30. 711 
&5. Mi 

18.70 
23.44 
2t). 10 
32.75 
37.41 

30.78' 
40 n7 
41: "41 
40. U2, 

30.431 
43. W I  
4H 10 
82.53 

05. M 
7x. 70 
01. MI 

105.01 

44.71 47.351 40 
4U.U 82.80 65. 
5461 67.W 01. 
69. %I 03.071 00. 

1 30 
1 40 

2 (K1 

2 30 
3 00 
3 30 
4 M  
- .  

42.07 
40.73 
61.38 m. (H 

73.51 
85.70 
0s. w 

. -  

1llii.stratian 4!) is n dingrum slioning the method af coiistrrirting u 
~ c s l o  for taking off tho heights corrcupinding to IL given l ~ r l g l ~  nrld 
cl  iHt uncc. 

oxw..)o- - 2 2 - 4  
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0. (1874 

0. HIM) 
0. H70l 

1. ( n u 1  
1. (Xilo 
1.1207 
I .  1041 
I. 250.1 

0. 7574 

0. 0 inx 

PLASE TABLE MANUAL. 

T a n m  III.--Fmtorsfor cornpitting difcrmces in elecatwn. 

[To obtniii tho differoncc in elcvntioii ill fcct mi~ltlply the horlaontnl tlistnnco in meters 
by l h o  factor i n  this table corresponding to tho obsorvetl nnglc of clovnlion or doprw 
sion. Tho lnctors nre giveu lor cnch 10 mitiutos, but thc  vnltic for tho tieurwt miiiiilo 
mny lie iritcrpolnted, cisitiy: tho coliimii of diflcrcriccs for 1 minirtc. The  rasdt is slill 
to bc corrected where riwassnry for ttic ollwt of curmturc niid rcfriwlioii.] 
. .  

A I tgle. 

( I  
I 
2 
5 
4 
5 
0 
7 
X 
9 
IO 
I I  
12 
I 3 
11 
I5 
lfl 
17 
In 
I0 

21 
22 
23 
24 
25 

20 

n. (KKK) 

n. mi 

0. 0.573 
0. 1 1.111 
0. 1710 

0. 2x70 
0. 314q 
0. 4 0 2 X  
0.4111 I 
0.510i 
0. 57x5 
0. (i377 
o.ny7i ' 

n. 7574 
n. XIXO 
n.x791 : 
0.01nx 
1.nn:i1 
1. O(lli0 
I .  I297 
1. 1011 
1.2501 
1. 3255 
1. R92fl 
I. 41n7 
1. s2yg 
1. (wWY2 
1.0717 
I. 74.44 
I .  Xlno 
I. xu42 
I.MI3 
2. OW1 
2.13w 

2. mi3 
23x47 
2.4723 
2. 5n33 
2. lisnx 
f .  7530 
2. K5U) 

,d. 0501 
3. IO&? 

?. 2i:m 

2. OM I 

0. m 5  
0. MXiU 
0.1241 

0.2380 

0.354.5 
0. 4 12:, 
(1. 470x 
0.h201 
0. 6nx4 

0. 7fi7.5 

0. w o 3  
0. 051 I 

1. (1708 
I .  I4(H 
I .  2n-fi 
I .  27M 
I .  33G7 
I. 4n39 
1. 4722 
I.SlI5 
1.8120 
I .  (1x37 
I .  7567 
1.1011 
1. IXUiI) 
1. ox43 
2. ou31 
2. 1442 
2 . 2 2 8  
2.3115 

2. .tu73 
2.57x7 
2.67u) 

2. MvW 
2.9714 

3. I%U 

n. 1x15 

n. 2057 

n. 8470 
n. 7073 

n. ~ 2 x 2  

1. 0135 

2.3on3 

2. 7nw2 

:i. 0773 

2n' 

n . m i  

n. 191 I 
n. ~ X T ,  
n. :w:i 
n. 3(w I 
n. 4222 

0.07(1 I 
0. 1337 

0.4.496 

0. 59x2 
0.057n 
0. 7173 
0. 77711 
n. n w  
n. urn:) 
n. 81115 
I .  0240 
I .  w 2  
I. 1511 
I. 21.5~ 
1.2813 
1. : M i x  
I .  4132 
1.4m 
1. 5532 
1. (1230 
I.  norm 
I .  76W 
1. x430 
1.0107 
I .  8074 
2.0787 

0. rhTo'2 

?. i m  
2 2 4 0 ~  
2: m n  
2. x u 3  
2.41:Ml 

2.5012 
2. IiW? 
2.7kYi 
2. xK57 
2. ow 
3. OWIR 
3.2nrYI 

30' 

0. 02w, 
0. o!Go 
0. 1432 
0. UWl7 
n. 2542 
n. 3 I 
n. 373u 

n. 4 ~ 1 3  
n. ran 

n. mi 
n. ~ 4 3 5  

n . 0 7 1 ~  
1.0344 

0. 4:i10 

0. MIX1 
0. O'i75 

0. 7x77 

0. uow 

1. n97x 
1. I ( i l X  
I .  n o l i  
I .  28% 
1.35M) 
1. 4261) 
I. 4052 
1. .SI140 
1. n35Y 
I .  7079 
1.7x11 

1. 0820 

2. DMll 
2. 1715 
2.2irlX 
2. 34n2 
2.4277 
2.5175 ?. lUlU7 
2. 7M5 
2. W2I 
2. %mi 
8. nMi3 
3. 1 1 3 1  
3.224 I 

I .  nqu 

?. 010s 

0. 03x2 
0. ow5,-, 
0. 16w 
0. 21112 
0. 2n7x 
0.3255 

0. 4.111; 
0. 5001 
0. 5 . w  

n. : ~ i 5  

n. 11170 
n. 077.1 
n. 7374 
0.707x 
0. XT,YCi 
0.0201 
0.OX22 
I .  cu40 
1. 10% 
1. 1724 
1. 23i5  
I .  3034 
1. 3702 
I .  .437!l 
1. HW17 
I. 571w 
I. n477 
1.7200 
1.7037 
I .  MiKH 
1.0451 
2.0250 
2. 10:3l1 
2. IY'l3 
2. S(iX0 
2. 354'; 
2.4425 
2.5327 
2.02',3 
2.7203 
2. HIMI 
2. (1107 

3. I:llli 
3.2420 

3. ( r m  

n. 0477 
(I. IO511 
0. lfi2.1 
0. 'LIUX 
0. '27i.l 
(1. :i:i52 
0. 3032 
0. .I.5l-l 
0. %W!+ 
0. rIfix7 
0. n n x  
0. IN74 
0. 7.174 
0. W)70 
n. x w  
0. !):io1 
0. W11i 
1. n.->55 
1. 1100 
I .  I V X  
I .  2455 
1.3144 
1. :is14 
1.4103 
I. 5lh3 
1. W S I  

I. 73'12 
I .  M).il 
I .  W I D  
I .  9rSc4 

2.1171 
2. lWl 

2. 3001 

2. 5170 
2. FdlO 
2. 7X7 
2. KlS.3 
2. 93OW 

.d. 141KI 
3. XIIU 

I. n507 

2. miix  

2.2nT I 

?. 4574 

3. (M 10 

- . . I  

I 

0.5 

9.0 

9. 0 
0.0 
0. 
0. 4 

9. x 
0. n 
0.0 
0.9  

10. 1 
10. 2 
10. 3 
10.4 
111. 5 
IO. 0 

11.0 
11.2 
11.4 
11.5 
11.7 
I I .  !I 
12. I 
12. 4 
12.8 
12.0 
13. I 
13.4 
1% 7 
1.1. 0 
14. 4 
14. x 
15. 2 
1.5. I\ 

10. 5 
17.0 
17.0 
I X .  I 
18. n 

0. n 
8. n 

in. n 

in. 7 
in. u 

in. ( I  
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TABLE: IV.-C'orrcclionsJor curcwlwc and rcfrnclion. 

77 

(Tho corractlon 111 foot for tho combiiml offoct of ciirvnlilro nnd mlrnctlon is givon far 
cndi 100 motors' clistnncc, tho thoiisniids of iuctors lmliig givon In tho coliimn to 1110 loft 
uiitl tho huudrodu i n  tho uppar liiio. Tho cormciion is l o  Iw nddotl to tho dlfcrctlcr of 
olovntion for uuglos of tZeLufion arid sdlrncfed for nngles of deprcsnion, or It is nlwuys lo 1x1 
utlclcd to tho iiiicorrcctcd elexatton o i  tho polnt to \m dotorminod from polnt of olsorvu- 
tlori. 1Sxurnplu: At u stutlon whoso clevntlon is 1,OW fro1 (a t  toloscope), nnglo t o  sic- 
nnl-3" clcvntloii, Iiorizontul distnnco--:i,000 xuctors. From TnMo I l l  fnc*tor Is 0.1710, 
wliich multildiod by 5,(XXI=X;i0.5 fcot. From Tnblo I\' cmrcclion is5.5 focl. V o r r w t d  
tlilTrrouco of o I ~ v n t i o i i ~ ~ 5 ~ 1 . ~ + 5 , ~ ~ ~ ~  fcct, whirh ncltlod to 1,m- I,%; fcwt for nlcvut l..m 
olslgnul. I [  tho uliovo nnglo to slgiinl I)c 3' dolmssioti, then corroc.tot1 (1itTcrciiin ofclovii- 
tIon-%U.5--5.5-KrA foul, which rnnkcs lirigllt 01 sigiinl- l,iMMl-&rA- I40 fcrt.] 

I)ls- i 
t1inc.o , l l  
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meters. ,  
. .. , __ 

J'crt. 
0.0 
.2 . u  

2.0 
3. 5 
5 .5  
8.0 

10.9 
14.2 
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20. 8 
31.u 
37.4 
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3.7 
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33.0 
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- 
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M I .  3 
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rii. 2 

- 
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Fer!. 
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1.6 
2.0 
4.7 
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12.8 
10.4 
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24.0 

3:,. 2 
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47.2 
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U I . 0  
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Frc!. 
0. I 
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13.1 
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41.6 
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77. 5 
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01. n 
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0.1 
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5. 1 
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13.5 
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:io. 3 
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O(Y1 
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3.4 
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13.8 
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_ _  
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-3. 5 
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x. ( I  

10. 0 
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26. x 
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43. .I 
4% x 
50.7 
04.0 
71. x 
110.0 
t(s I \  

?. 0 

.. . 
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TABLE V.-Factors for computing diJcrencea in elevation. 

[To obtain the dlRorenco In olovatlon In mclern, inultlply tho horlzontal dlstanco In 
metors by tho factor In this table correspondlug to  tho observed snglo or olovatlon or 
doprosalon. Tho factors 8ro glvon for onch 10 mliiutcs, but tho mluo of the nearat  
mliiiite may bo intcrpolatol, nslng tho column of dlfforoncos for 1 minutr. Tho resiilt 
Is still to bo wrrectod whoro necessary for the ell& of curvatiiro and rorr8ctlon.j 
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2 
3 
4 
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7 
8 
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11 
12 
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15 
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20 
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21) 
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34 
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30 
37 
3R 
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40 
41 
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o m  
,0175 
,0349 
,0524 
.m99 . OX75 
.IO51 
.I228 
,1405 . 1.581 
.I763 
.I944 
.2120 .m 
. a 9 3  
,2071) 
. m 7  
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.3249 
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,4040 
* 4245 
.4452 
.w 
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,8803 
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.mu2 . WIO 
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.I703 . It183 
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,2132 
,2017 
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,3378 
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.3772 
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,7445 
.77m 
,8002 
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0.0145 
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,0870 . IW4e 
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.I554 
* 17x3 
.1914 
.'MQG 
,2278 
.2482 .mu . WUI 
.3028 
.3217 
,3411 
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.4ooo 
.4210 
.MI7 
,4828 
.4841 
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,6731 
.5WY 
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.74w 
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.8O.i2 
.W71 . wo1 
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n. 0175 
,0349 
.I1521 
.oew . OR16 
,1051 
.1m . 1405 
.IW 
,1783 
. I844  

.23m 

.a83 . M7i) 

. m 7  

.sa57 

.3249 
,3443 . ..wn 
.3K19 
.4040 
.4245 
.4152 
. a 3  
.4877 . .bo95 . h317 

,6774 .m 
.0249 . e494 
.0745 
. 7 m  

.75m 

.7813 . mu . a 9 1  . en93 . goo4 . Q725 . (((157 
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. rhw3 
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2 9  
2.9 
2 9  
2 9  
2 9  
2 9  
2.9 
2 9  
3.0 
3.0 
3.0 
3. 0 
3.0 
3.1 
3.1 
3.1 
3.2 
3.2 
3.2 
3.3 
3.3 
3 3  
3.4 
3.4 
3.5 
3.5 
3 0  
3.7 
3. X 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4 4  
4.6 
4.0 
4.7 
4.9 
G. n 
6.2 
6 4  
5 . 0  
5.7  

-___- 
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700 

0.03 

.gi 

.I9 
-49 

1.47 
2.17 
3.00 
3.W 
5.05 
6 . z  
7.84 e. 1s 
10.78 
L21 
14.12 
10. 44 

9.89 
B.33 
5.m 

1881 

79 

- - - - 

800 Qoo 1OOO 

0.04 0.06 (107 .n .24 .n 
.62 .68 .W .m 1.01 1.07 

1.64 1.60 1.67 
2.24 2.32 240 
3.08 8.18 3.27 
4.08 4:10 4.27 
6.10 6.28 6.40 

10.92 11.10 11.27 
12.71 1289 13.08 
14.01 14.81 16.01 
10.66 10.87 17.08 

21.13 21.37 21.01 
23.68 23.63 24.08 -3 20.16 20.42 28.88 

0.41 0.64 a07 
7.78 7.03 am 
8.28 9. G 8.01 

iatu 19.05 18.28 

TABLE VI.-Corrections for curvature and refraction. 

.. 

200 

- 
0.00 
. lo  
.32 
.e8 

1.18 
1.80 
2. &4 

4.49 
6.85 
8.94 
1137 
9.63 

11.02 
13.46 
16.41 
17.61 
19.73 
22.10 
24.60 

a. 40 

[Tho corrwtlon In mrltrs for tho comblnod offwt of curvnluro nnd rofrnction Is glvon 
for each 100 motors dlytanco, tho thousands of motors bolng glvon I n  tho column to tho 
loft wid tho hundrdu in tho uppor kno. Tho corrocllon is l o  bo n d d d  to tho diflcrencr 
of clovntlon for anglos of eZevalion nnd subtrnctod for nnglos of dcprcasfon, or I t  is nlwnys 
to bo nddod lo tho uucomwtod elemlion of tho point to bo dotorminod from point of 
obscrvntlon. Exnmplo: At n station whoso olovatlon is 304.80 motors (ut tolwcopo), 
nnglo to  signnl 3O olovatlon, horizontal dslanco 5,000 motors. From Tnblo V factor is 
0.a524, which multiplied by 5,000-202.00. From Tnblo VI correction Is 1.07 motors. 
Corrcctrd dlfforonco of olovntlon-282.00+1.07-~.07 motors, which nddod to 301.HO- 
568.47 motors for olovntlon of slgnnl. If tho nbovo nnglo to  signal ho 3O doprmsion, thon 
cnrrwtcd dlflnronco of olovntlon 202.00-1.87-200.33 motors, which makos holght of 
signnl-301.H0--200.33-44.47 metors.] 
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0.01 
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1.23 
1.87 
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7.08 
8.62 
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11.80 
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19.88 
22.34 
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3.55 

Dh- 
lnnco 

in 
motor8 

0 
1, 000 
2 000 
3: 000 
4, 000 

7' 000 
8: 000 
9, 000 

10 Mo 
11'WO 
12'000 
13: OOO 
14, OOO 
16 OOO 
18' 000 
17: OOO 
18 000 
18: OOO 

- 

2E 

- 

3.2808 
0.5817 
9.8425 

la. lP3 
10. w 
19. e lm 
P.gocJ1 
28.2107 
29.6275 

0 

__ - 
0.00 
.a7 .n 
.Bo 

1.07 
1.87 
2.40 
3.27 
4. 27 
6.40 

8.07 
9.61 

11.27 
13.08 
16.01 
17.08 
19.28 
21.81 
24.08 

0. 07 

I 

, 
, 

I 

-. . .. . .  

100 

0.00 
.08 
.29 
.lw 

1.12 
1.74 
2.48 
3. SB 

'4.3n 
6.62 
0.80 

9. TI 
11.45 

16.21 
17.30 
18.61 
21. ne 
24.34 

a22 

13. m 

- 

-. .. - 

400 

0.01 
.13 
.38 
.TI 

1.29 
1.94 
2.73 
3.85 
4.71 
6.89 
7.22 

10.28 
11.96 
13.83 
16. E2 
17.85 
20.19 
22.68 
25.11 

a 67 

0.02 . 16 
.42 
.82 

1.36 
2.02 
2. m 
3.76 
4.82 
0.02 
7. I 

10.42 
12.10 
IC oa 

a. 43 
2283 
25.37 

a@ 

io. 03 
ia 17 

0.02 
.17 
.46 
.la 

1.41 
2.08 
2.91 
3.86 
4.63 
0.16 
7.60 
0.88 

IO. 69 
12 34 
14.12 
16.24 

m. BB 
a. 08 w. tu 

La XI 

Comparison ojJcet and meters. 

11 mOter-3.28083LJfWt.1 

i.(otors. I Foot. 11 Motors. I Fm. 
. . 

I 
l !  
2 
3 
4 
6 

7 
8 
9 

e 

a 3048 

1. aim 
.m 
.e144 

1.6240 
1.8388 
2 1336 
2 4384 
2.7432 
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WORKS AND STRUCTURES 

........................ i ......................... 
+ 

Aqueduot or %2&8fpj&3, _ _  _ _  - - I _ _ _  
Aqueduot Tunnel _ _ _ _ _  . - - . _ _  .. - - .\-....,...- 

..................... Ganal Look (point up 3tream)'__._____I_.._._. 

Malaled,,., - - _- - .. -. 
Good".. ................. 
Poor or Private, . _ _  ........................... 1 On small-scale maps-- _. - 

Wagon Roads. 

Trait or Path __..._______._________ c. .... ________I_---- ...... 
Railroad OJ dny kind --------- , . . c-cI 

Double Track __.____ _ _ _ _ _ _  c 

(or Singla Track) 

Railroads 
Juxtaposition d ........... .- . . .  

Electric - ___ - - - _ _ _ _  - - - - - 
c 

r 
In Wagon Road or Streat - - 

Tunnel - ........ - 
Railroad Station of any kind ..... --.- . . . .  - 

jSymbol(modl/ledb~low)i * - * * 1 * 

Along mad ____- _ _ _  - . I . , , , , . , Telegraph Line 



FIELD W O R K .  s1 
WORKS AND STRUCTURES 

CONTINUED 

any kind ---__-_ .___________ ____ L _...... 
(or  board fence) _______________ __ .-’ 

Bridges 

Ferries 

Fords 

Dam _ _ .  

General Svmbbl 

Drawbridges (on large-scale _ _  
charts leave channel open) 

bo1 ...-. ._... ..... ...... 

,Infantry and Cavalry.. .................... i Cavalry ............................................... 

(or  Wagon and Artillery) 

-...-.__.- .-- -*- -.~~---l_.̂ .r...... ..... 

No. 27.-Convontional slgtis. 
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WORKS AND STRUCTURES 
CONTlN U ED 

Buildings in general _ _  - - ~  . y! q 
:.I., R u i n s  .-. .- .._.. ............. ..................... .. ....._ ..................... 

Church :(. _ .......................... .._ ................. ..* or + 

_ ....... _. .... 1.- ....._ .... 

Schoolhouse ... ..t. ........... I,. 

Post Offioe .......................................................... - .._..... ................... PO 

...... _ ..”.._._..”._ ... ...- -_ ..... ._ ...... 1 or . s nf 

. 

Telegraph Office ..__.__ -... .- -..... - _- - a or .TO 

. Water works-- . _.”. . - __ - - . - ._. ........ . Y Y 

Windmill .. I . __ - -_ . _ _  ___. .............. 8 

Giry, Town, or Village , - __ - _. ___. , 

.- 

C a  Town, or Villagelgeneraliled) I 

I 
[Other Towns . . o  

......... 
: CCI : ,-.. 

Cemetery- .,.I.,..I l.. I . . . . .  ._... ....................... .i.. ..... witi 

Mine or Quarry of any kind (or open out) -...--.-- 9 

No. PR.--Conventional signs. 



83 

WORKS AND STRUCTURES 
CONTINUED 

Prospecf. ...... ~ ._.. .................. ..-.-....--.. x 

Shaff . . . . . . . . . .  ",.. ........... _... ... _. . - _.-._ . .  ._" __._._ ~ ..._.-.._*... e 

Coke Ovens ............. ._.. _,_ .................. ......_.... ............................ - 
DRAINAGE 

Lake or Pond in general _____ -, -_------ -- --& -- 
(wi lh  or wilhout iinl. waferlining. elc.) 

Salt Pond I broken shorelinb tf intermiffefitt------- 0 

No. 20.4onventional signs. 
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Glaciers 

DRAINAGE 
CONTINUED 

I Form Lines showing flow-.--- 

LETTER I NG 

Names of nalural land features. uertlcal Ieltermg 
Names of natural water features. slantmg lettering 

RELIEF 
(Shown by oontours. form lines. or shading as deairad) 

I Form lines. haahures. 
stipple. 

or other shading 
Hill Shapes - - - __ __. 

Contour System __ - ---_ - - .. .  

Depression Contours, if otherwise .. 
ambiguous, haahured thus 

No. 30.--Convr.ntionei slgns. 



FIELD WORK. 

RELIEF 
CONTINUED 

85 

Rooky ( o r  use contours) ...- - _._. I 
(her than rocky (or use contoursl.- 

Bluffs 

Levee ............................................... ..- 

LAN D CLASS I FI CATION 

Marsh 

NO. 31.--Canventionnl signs. 
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LAND CLASSIFICATION 
CONTl N U ED 

1 Flat green t/nt I Woods of any kind (oras shown below) 

Palmetto;..-. ._. .._-..,._ . __ ..__ ~ ._-.._.. 



FIELD WORK. 87 

LAND CLASSIFICATION 
CONTl N U ED 

Orchard .............. - .- .._ “”._........ 

.. AI//, .. I 

Cultivated Fields in general I ...._......__........._̂ .... . 



88 PLANE TABLE MANUAL. 

LAND CLASSIFICATION 
CONTINUED 

Sugar Cane .---- 

Corn ..__ _I___ 

BOUNDARIES. 
MARKS, AND MONUMENTS 

Netional, State, or Province .Line 

County Line--- _ . -  - - - -  
Civil Township, District , 

Precinct, or Barrio 
Reservation Line ._ ................................................................. -- . - - 
Land-Grant Line.. ....._ - - 

~ .............- - - - 

City, Village, or Borough.. ............ _..I ........._._...-I _________-___-__ 
Cemetery. Small Park. etc ....... I. ................................. _. .............................. 

Townshlp, Section. and Quarter Section 
Lines (any one for fownship.line ebne. eny 
two for township end section lines) 

I Township and Section Corners Recovered-+, -+- .- & 
NO. 34.--Converitio1ial signs. 



89 

BOU N OAR I E S, 
MARKS, AND MONUMENTS 

CONTl NUEb 

Triangulation Station ~ .. I. -_ _ _  - _ _  - - _- _ _  
Bench mark. ................I I _______.______ :, . . . .  

,A2 

U S. Mineral Monument ..... _ _  ...-.-__ 

B M  

HYDROGRAPHY, DANGERS, OBSTRUCTIONS 

Surveyecf.. . ..... ~ ...... .......... ....-. 
h w v e y e d  ................................................. ; -_____- -.- - -_ _ _ _ _ _ _  _ _  Sfiorelines ( 

Shores and 
Low- Water Lines 

Udal Flats of any kind 
(or as shown below) 

Rocky Ledges ........ 

No. 36.--Convrntionnl sljins. 
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HYDROGRAPHY. DANGERS, OBSTRUCTIONS 
CONTINUED 

Coral Reefs __.....I...I ~ . ." ..... I 

Kelp ~ _ ........................... 

t '?! Rook under water _ ~ ~ ............. ~ ................................ ~~ ..."..... ....... ............ 

Rock awash (at any nfage o j  fhe fide). -._.". * '* 

t P D  Rock whose position is doubtful .. ___ ___ I_ 

Rock whose exfstence is doubtffll-. - __ __ ~ 
+ E D  

- -  e=-,=--- . ---=?== Overfalls and Tide Rips. . -- =" --z 
-- 

.............. Limiting Danger Line ................................................ _. . . . . . . .  - ........ ........... 
..................................................... Whirlpoo1s and Eddies, 669 

.. Wreck of any kind (oi Submerged Derelict). --... ......_ 'Ir 

Wreck or Derelict not submerged ~ - --- - - - -zL 

Cable (wi th  or wlthout letteringJ - - - - - - - - - - - I  

Current, not tidal, velocity 2 knots I . ~ - Sa@%. 

Flood, 1% knots .............................................. 

........... I ....... _. ........ L k L  

Flood, 2d hour ................... ...- or - I Ebb.ddhWr .... - 01- -. 

Tidal Currents 

NO bottom at 50 Fathoms .................................................... $3 E% 

No. 36.--Convrntioiinl sijitis. 



FIELD WORE. 91 

HYDROGRAPHY DANGERS. OBSTRUCTlONS 
CONTINUED 

Depth Curves 
1 Fathom or 6 Foot ffne ____ ................ I ............. 
2 Fathom or 12 Foot Line.. . . . . . . . . . .  _ _  ....................... 

d Fathom or 18 Foot Line. ...... .- -- .... 
4 Fathom Una.- _. w..-.-..-- - .... .....__... 

I%Fathom L i n k  ._ ...--.--.-- -- 
6 Fathorf) L f n L  __._______. __-_ ..................... ...- 
6 Fathom Line-.. . .. _ _ _  _ _ _  _ _ _  _ _ _  __- 
IO Fathom U n a  ---.-..-... . . . . . . . . . . . . .  ___._ - - -  -.--.-.-.- 
eo Fathom Una--.. _,._. . . . . . . . . . .  _.._ .-.._..-..-.._..- e 

. 30 Fathom Urn . . . . . .  _.. - - _...- .._ .- .. 
40 Fathom Una ..... . . . .  . . . .  _... _...._ ..._ _... .. 
SO Fathom Line.- .. ..... -. . _ _  .. -.... _ .....-...., - 
100 Fathom Une . _ _  - ....-...,.....--..-. 

200 Fathom Lina.-.- .-.., . .,., _ _  _ _  _ _  _ _  - 
a00 Fathom Line ..... . . .  ._ . . . . . . .  .___  _ _ _  . ._ .__ _ _ _  
600 Fathom Una . . . . . . . . . . . . . . . .  

1000 Fathom Una. . . . . . . . . . . . .  ._ . .  - .. ..._ ........._ ......._ 

2000 Fathom Une ._.. . - . . . . . . . .  - ..,_ - ._..__ ........ 
3000 Fathom Una.. 

. . . . .  

- -. --- --_-- 
\ 

................. _ _ _  .... _ _ _  
Abbrevlations relating to Bottoms 

M mud. S. rand, 0. #ravel, Sh. ahdla. P pebbler. Sp. m h .  
GI. olay. St. rdner. Go. coral. Oz. ooze. bk. black, wh. white. rdmd. 
yl. yellow. gy. pray, bu. blue, dk. dark. It. Ilght. an. amen. br bmwn, 
hrd. hard. aft. roft. fne. flne, crs, omme, rky. m&y, a*. a&@ 
brk. broken, lrp. large, rml. 8 d .  8(l. etlf.., ad. aa auvoua. dm: 
decayed. rot, rotten, epkapeoklbd. fly. flinty. gty. gritty. g r d a r ~ u n d .  
air rtmaky. uol,voloanla. 

No. S7.--Convontlol18l SlplS. 

O s B O Q ~ - l 2 - - ?  



92 PLANE TABLE MASUAL.  

AlDS TO NAVIGATION. ETC. 

Ligbt Vessel of any kind-- ___ - - - - - _ _  -..A 

Light Vessels showing number 01 masts __ - I d. tf 
' 

Q *  Ugbf wifh Wireless --_- 
Light Vessel with Wireless ____ _ -  --. @ 

- -----3 * 
Light Vessel with Submarine Bell --- 

Light with Submarine BelL-. 

- 4  

,9 * bgbt wilb Submarine Bell and Wireless,-.-..- 

Ligbt Vessel with Submarine Bell and Wireless -.- @ 

Sectors, shown by dol!,od line3 

Abbreviations relating .to Lghts 

F, Jixed, Flg./lashing, PI. /lash, PIE. /lashes, Sea bector, RET. reitolw 
In& E. electric, W. white, R red,  V. varied by. Orp. #row, Occ. 
occulting, Int lnlermNtenf Alt. dfernsflnfl. m. miles. min. minulor. 
3s. Eeconds 

No. 38.4onvontIonal signs. 



FIELD w o m .  

Blhok-. _ _  . - . .  - - _ _  _ _ . - _  . t  
Striped hbrizontdly - . _ _  0 

9 

Checkbrad - - .  ? 

Striped ueffically - - - - - . - _  - _  

93 

Buoys 

AIDS TO NAVIGATION, ETC 
CONTINUED 

with word " whistlfng "J 

word "bel l")  

Lighted- - - _ _ _  _ _ _  ~ ~ 

Spindle O r  Stake (add word spind1C - . - - . _._-..-. I 
U space allows) 

Abbreviations relating fo Buoys 
C a m ,  N. nun, S. spar. H. S. horisontd atrlper. 8. black. R m, w while V S. vertical rtripes, 0. green. K yellow. Ch. ohoakbred 

Mooring Buoy . - -  _.. . _. ---..e 

Range or Track Line _ _  _.__ .. .----------. . - 
No. 30.--Collvurlliollal Ykl11.9. 



No. 40.4tandard lettering for C. k C.. S. Aeld sherts. 













abcde fghijklmnopg rs tuvwxyz3 
5: 

abcdefghij klmnopqrstuvwxyz 

12.3.4.S.6'2.8.9.0 1. -2, .3. .4.5. .6. .7- .8- .9. -0. 
KO. 41.Standard lettering for C. & G. S. charts. 

CD 
en 
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Slope 

I' 

7 
3' 

4' 
6. 

Id 
15. 

2 0. 

25. 

30' 

35.. 

40' 
45' 

'50' 

55. 

so' 

1 t o  57 

1 t o  29 

1 (0 LO 

f I O  I6 

I to I1 

1 t o  0 

1 to 4 

1 1 0  3 

1 to 2 

1 t o 1  7 

1 to 1.4 

110 1.2 

1 I O  I 

1 140.8 

1 t o 0 7  

l t o O . 6  

57 29 

2864 

19 OR 

14 30 

11 43 

5 07 

3 ra 
2 i 9  

2 14 

I 73' 

I .43 

1 10 

1 .oo 
0.84 

0 . 7 0  

0 .58  

1144 0 

572 B 

301 G 

286 0 

228.0 

113 4 
74.6 

S O  

42 0 

34 G 

2O.G 

23 .a 
20 .o 
16.8 

14 0 

11.6 

.m&kh nf Diu 

< ,D rn.U?* ) 

349 .1 

114.5 

110.3 

B? 1 

Ob.7 

34.0 

2 2 . 7  

16.7 

13 1 

10 5 

0 . 7  

7 2  

8 .1  

5 . 1  

4.3 

3.6 

ofr.l~Hrr~lI 

NO. 47.-Hlll curvon for ovwy 20 Iwt dllIuroi~a, ol  levul. Scala 



98909'-22. (To face pago 97.) No. 49.-Diagram of reading elevation. 



0 

U.S. C.AND G SURVEY SCALE OF SHADE I 
A B 
C O 

E F 

G H 
I L 
L M 

I I 

No. 48.--ScsIe of sbade. 


