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PREFACE 

The U. S. Coast and Geodetic Survey type Geodetic Level and its 
companion instrument, the Level Rod, originally designed by Rfr. 
E. G. Fischer, have been used in what is essentially their present form, 
since about 1900. A t  that time, oiily o, few instruments were required, 
and maintenance was not a serious problem; consequently their de- 
signs were basically functional. 

I n  recent years, the expansion in geodetic leveling by the Coast and 
Geodetic Survey in this country, and the conduct of similar work 
outside continental United States by other organizations which have 
relied on this Bureau for servicing of the equipment, has necessitated 
redesign of these instruments from the production and maintenance 
viewpoint, more particularly the liod. 

As originally finished in painted or decalcomania-transfer surfaces, 
level rods usually required partial refinishing after 1 year's service, 
and complete refinishing after 2 years, a t  the most. 

As a great deal of hnnd work WRS involved, the cost of n coniplete 
refinishing was a sizable percentage of the rod's first cost, and it 
became imperative that this work be speeded up and that expense be 
reduced. This has been effectively accomplished, and it is the purpose 
of this publication to explain the niethocls developed with the  bop^ 
that, the inforiiiat,ion will prove useful to others coiifimtecl with sinii- 
lar problems. 

This publictLtion has been prepared under the diiwtion of Adniirnl 
11. F. A. Studds, Director of the Bureiiu, and grateful aclcnowledge- 
ment is made of the assistance and suggestions made by Dr. L. V. 
rJudsoii, Chief, Length Sectioc of the National Bureau of Standards, 
Mr. H. S. Rappleye, former Chief, Section of Leveling, Geodesy Di- 
vision, u. S. Coast, and Geodetic Surrey, and Rlr. William L. Goode, 
Instrument Maker, U. S. Const :ind Geodetic Survey, whose akist- 
ance has been invnlunble in working out of construction procedures. 

V 



GEODETIC LEVELING INSTRUMENTS 
U. S. Coast and Geodetic Survey Design 

INTRODUCTION 
The two principal instruments used in geodetic leveling are the 

Level itself and its companion instrument, the Level Rod. Bnsic:dly, 
these instruments are similar to those used in operations of less tliitn 
geodetic accuracy, but tlie requirements for first-order leveling nre 
such that various details of desim workmanship, and materials of 

b. ' construction of these instruments differ materially from those for work 
of a lower order. Among these are the effects of comparatively small 
changes in temperature, closeness of nieclianical fit of parts, qu:ilitg 
of optics, and accuracy of calibration. The Survey has used the snine 
general type of instruments for inany yenrs, but recent changes in 
nccuracy requiiwneiits, and a desire for greater ruggedness, and durn- 
bility of finish on the rods, has led to their rather extensive redesign 
in numerous details. 

The purpose of this publication is to furnish a description of the 
latest design aiid methods of construction of these instruments extnnt 
at the time of its preparation and, in considering them, it is of vnlue 
to appreciate the quality of the work which they are called upon to 
perform. The Survey's lines of levels tire extended to great distnnces, 
the requirements being that the probable accidental errors inust not 
exceed A1 mm. per km., regnrdless of the topographical characteristics 
of the country over which the operations are carried on. 

GENERAL DESCRIPTION OF LEVEL 
The eleinents which cause these levels, which are of tlie I>umpy 

t,ype, to difl'er from the inore customary instruments are : 
1. The sensitivity of the bubble, which is from 1.6 to 2.0 sec. of ai'c 

per 2-mm. graduation. 
2. The construction of certain of the telescopes of CL material having 

a low temperature coefficient of expnnsion, to prevent or minimize un- 
corrected errors due to uiieveii heating of the parts of the instrument. 

3. Reading of the bubble from the eyepiece end, so that observn- 
lions upon the bubble apcl tlie rod will be made simultnneously. 

1 
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4 U. S. COAST AND GEODETIC SURVEY 

4. A powerful telescope with large-size objective, giving better field 
of view, high magnification, and sharpness of image, so that long 
sights may be made without sacrifice of accuracy. 

THE TELESCOPE 

All metal parts of the telescope with the exception of tlie eyepiece 
:issembly and its holder are made of stainless steel. For instruments 
that must operate a t  extremely low temperatures, an alloy such as 
invar or lovar is used. 

The telescope is mounted on cylindrical bearings, placed a t  and 
iiormsl to the vertical axis so that tlie tilting of the telescope when 
:tdjusting by its micrometer screw will not cliange its elevation with 
respect to the earth. 

E CI 
‘1 -- 

The level-vial holder is mounted in an opening in the top of the 
telescope body, and placed as near to the optical axis as is possible 
without interfering witli the vision. The body of the telescope is 
eitlier ground truly cylindrical or is providecl with two raised rings, 
one near each end, which are similarly ground for the purpose of 
fnciljtating the adjustment of tlto opticnl axis to coincide with the 
geometrical axis. Adjustment is performed wit,li the. telescope dis- 
iiiountecl from the rest of tlie instrument and p1:iced in the wyes OS a 
testing fixture, observation being made npon ti suitable collimntor. 

The objective lens has a clear aperture of 42 min. and an outside 

mm. The focal length is 410 mm. + 0.0 overall diameter of 44 mm. - - 0.2 
2 1 0  mm. The lens is of the achromatic type with its elements 
cemented together with stick balsam or optical cement, and its outer 
diameter groiincl tiue with its optical center. Two Steinheil eye- 
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FIGITRIO 4.-Section of nRsrmhlg n t  C-C (indirnttvl i n  fig. 3) showing micromrter screw. 

pieces of !P/! and 12% mm. focal leugth are provided to give magni- 
fications of 43 and 32 cliaineters, respectively. Hard coating of the 
optics is recommended. 

The vial is of the cliambered type to  permit regulation of tlie length 
of the bubble, as temperature conditions inny require. The gradua- 
tion lines are 2 mni. apart, and each division represents an arc of 
from 1.6 to 2.0 sec. A short line ruled at  tlie top of the vial and 
p:~r:dlel to the longitudinnl axis is placed at  each end to facilitate 
calibration and mountiiig in proper position. The vial is mounted in 
:L tube of the same material as the telescope, and is held in place by 
cork rings which :we suficiently resilient to perinit such slight longi- 
tudinal expansion as may occur, without setting up strains which 
might cause a clmnge in its curvature. 

The holder is supported at one end by two pivot screws which per- 
mit the adjustment of the axis of the vial into parnllelisin with tlie 
line of colliination in the horizontal plane. 

A square-headed, fine-pitched screw, also of the same material as 
the bocly of the telescope, passes through tlie other end of the holdel. 
with a shoulder which forces the holder down against two stiff helical 
springs, fitting in recesses in the holder, and bearing on the telescope 
body. This screw is for tlie purpose of adjusting tlie vial so that its 
axis is parallel to the line of colliniatioii in the vertical plane. 

THE BODY 

The housing or main body of the instrument is a casting of any 
suittible mnterittl, snch 11s cast iron, or preferably brass. This part 
carries the bearing on which the telescope is supported, the bearing for 
the microineter leveling screw, niicl the bubble-rending device. 

346114@-55--2 
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A tnperecl steel vertical axis is attnclied to this lionsing, and rot,ntes 
in n cast-iron socket cast integral with a 8-armecl leveling head. It 
is essential that the vertical :txis have a c:trefully grou~icl shonlcler 
n t  the top which sli:tll bear upon the top of the socket in such manner 
us to t:ilte the tlii~ist of the weight oi’ the i*otating elements, :tilt1 :it 

the same time the tapered part must correctly fit in its bearing to serve 
its purpose :is a guide. No other thrust be:wilig is required, but a 
i iu t  at the bottom prevents tlie telescope :tsseinbly flwm falling out, in 
case the instrument is inverted. ‘I’his nut in tlie noi~iiial position must 
not toucli the leveling head in nny way. A lug is attnclied to the 
lower front end of the body to farnisli a bearing for the slow-motion 
tangent screw. 

At the rear of the body is 1oc:itccl :I sni:dl eccentric, wliich, by means 
of an external lever, may tilt the telescope away from the micrometer 
screw to avoid damage to its point ~rlien the insti-nment is being tr:~iis- 
ported. The eccentric bears against n plate of jirnpliite-impregn:~t,etl 
bakelite, set into tlie lower side of the telescope, and, when tilting 
the telescope, compresses :I spring :inel plunger locatecl near tlie ir-ont 
end of the housing. For  the approximate leveling of the instrument, 
R small spherical level-bubble is nttnclied to the side of the body with 
a 45’ ghss or metallic reflector, so that the bnbl)le m:iy be observetl 
npon from the eyepiece end of the instrument. This bubble i s  mounted 
upon three :Ldjiisting screws. 

The telescope and vi:d :we protcctecl from clust ancl dirt by means 
of thin flexible leatliei* shroiicls held to the telescope : ~ n d  lioi~siiig 
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by means of tliiii metallic clamping bands. This leather is of fine 
qunlity and is usually macle of wlint is known as sheepslriii skivers, 
such as are used in the manufacture of org:ui bellows or similar musi- 
cal instruments. 

The opening over the level vial, thi*ough which i t  is observed upon 
by tlie rending device, is eiiclosecl by x tight-fitting glass plate to keep 
out dust mid dirt. 

THE LEVELING HEAD 

The :l-:~rined 1ie:icl is of cast iron, with wide-spre:ding legs. The 
radial distance to tlie center of the leveling screws is 21/2", mid the 
size of the leveling screw lias been st:t~iclardizecl a t  one-half-inch dinm- 
eter, with a 32-pitcli United States stniiclnld foiwi tlii.end. The elids 
of the legs are split with ;L 11:1ri-ow saw cut to permit clainping, aiid 
the tlirendecl hole i s  covered with :L light nietnl cap to keep out dust 
m c l  dirt. This is attacliecl to oiie side of the leg only, to avoid inter- 
ference mlieii c1:~mpiiig. 

"lie levc?ling s c r e ~ s  are of stjninless steel, nnd :we fitted with 2" 
(lininetci* fluted Iia~*d-rubbe~~ tliiiinb whrels which prcwide ndeqnate 
leveixgc for ttirning, the flutes peimitting ;L firm gr ip  to be obtained 
without uiiduc discomfort iii cold wrntlier, 
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THE LEVEL-READING DEVICE 

It is important that the reading of the rod be m:de at  the instant 
when the level bubble indicates horizontnlity of the line of sight. 
The bubble is viewed through a prisimt,ic reading device, s h o \ ~ n  in 
figure 7, which is a modification of that used by Berthelemy. It con- 
sists of two 4 5 O  prisms mounted upon sliding brackets connected to a 
knob by a linltage in such a manner that tlie distance between them 
can be varied to compensate for variations in the length of the bubble 
due to temperature change. 

The faces of the prisms directed toward the eye are ground to such 
curvatures as will bring the images of both ends of the bubble to a 
common focal plane. For the benefit of the observer who may need 
to wear glasses, the eye cap is arranged to hold a lens which will 
enable him to observe without them. 

I 

The entire reading meclianis~n is mounted in R tube and nttnched 
to the side of the body of the instrnment, with ndjnstment for vary- 
ing tlie intci-ocul:~r clistxnce to accommodnte the ilidividunl observer. 
h m i i ~ o r  is supportecl on brncliets over the vial to reflect the image of 
the bubble into the prisms. 

THE TRIPOD 

The tripod height is such that the user can observe through the 
telescope without stooping or cramping the body. This is of im- 
portance in the speedy conduct of the work. 

The tripod legs are att:iched to the tripod head through a form of 
ball-and-socket joint. Plates of fabric-base bakelite, having spheri- 
cally shaped faces, are attached to the inner sides of the legs, and fit 
into similarly shaped recesses in the tripod head. A brass bolt and 
wing nut pull these elements together, but the rigidity of tlie tripod 
is not dependent upon the quality of the fit between the bolt and its 
hole, as is the usual case. Instead, the bolt is only a tension element 
to tighten the ball-and-socket joint, which, when clamped, is free from 
play. 

I3:ikelite was chosen for the ball plate after accelernted tests indi- 
cated a probable life at least three times as great, as for brass, the 
material originally used for this part. 
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The level is fastened to the tripod by n flat, h r m e d ,  steel spring, 
wlijch, by ineiuis of elongatecl holes, slips over eiilargements 011 the 
eiicls of the leveling screws. The screws must be removed from the 
level in order to :u%acli this spring, aiid wlieii in place tlie spring 
c:uinot be lost off. A 1:uyp t h u ~ i h  nut iii the tripod head is :itt:Lcliecl 
to n threttdecl liub : k t  tlie centel, of tlie spring niicl applies tlie iieces- 
snry tension to hold the iiistl*iimrnt i n  place? the :tdvantnge of this 
design being that no stress is inti-otlnced into the leveling head, and 
coiisequeiitly no possibility of deformation of the bearing surf aces. 

JBlle11 tlie iiistruiiieiit is niomited 011 the tripod, one of the leveling 
screws rests in a ciip-slinpecl depression, a second in a radial V-shaped 
groove :md tlie tliird 011 n p1:iiie surface, thus elirniiintiiig any possi- 
bility of iiiipro,per seating of the insti*ument due to  differences in 
position of the leveling screws in different, iiistruments. 

LEVEL RODS 
I n  geodetic leveling, tlie rods are used in pairs, units of a pair being 

carefully selected so that calibration data are identical or similar 
within 0.1 mm. 

It has been the usual practice to  finish the rod with paint or enxmel, 
with grndiintion ideiitificntioii in the form of decalcomania transfers. 
These materials 1i:we only n limited useful life ns they wenr rather 
qi~iclrly and wliite finislies li:117e :I tentleiicy to turn yellow with iige 
and exposure to sunlight,. 
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FIGURE 10.-Lerel rod. details of f ront .  rear, and cross sertion. 
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The rods to be described hare been designed with a view to longer 
life, elimination of objectionable color change, reduction in cost of 
reconditioning, and to  strengthen certain structural weaknesses that 
have led to excessive breakage in the past‘. 

The rod coiisists cssentially of a metal footpiece, and an invar strip 
secured to this footpiece, as is a wooden support, or backing piece, for 
the invar strip. 

The foot,piece is an assembly of two parts, a malleable iron or bronze 
L-shaped casting, to which is welded or brazed a piece of steel tubing 
whose lower end has been closed with a hardened steel plug. The bot- 
tom and step of the footpiece are finished by grinding squarely with 
respect to the center line of the part. 

The invar strip is 0.04” thick x 1” wide, approximately 10 ft. 
long and has a temperature coefficient of expansion lying between 
0.000001 and 0.000002 per degree centigrade. This strip is attached 
to the footpiece by menns of ti 1” x 1” x y$lo’’ brass angle, carefully 
squared, and attached to  the lower end of the invar strip by means 
of a machine screw and two carefully fitted steel tapered pins. A 
large brass machine screw is used to fasten the angle to the footpiece. 
Wear u t  the lower end of the footpiece is compensated by introducing 
thin brass shims between this angle and its seat, so that rod calibration 
is not affected by the work of reconditioning the instrument. 

The wooden backing is made of clear, straight-grained, well-sea- 
soned, ponderosa pine, or basswood. It is fastened to the footpiece by 
four long brass machine screws, which pass through the wood and 
thread into a strong aluminum plate a t  the bnck. The face of the 
backing piece is routed out to form a shallow, protective recess for 
the invar strip, which is held in place by six circular aluminum guides 
set into the wood in such manner that the strip is not in contact with 
the mood, and slides freely in any relative expansion or contraction 
of the two parts. 

A spring and plunger arrangeinent is set into the top of the backing, 
the plunger being attached to the invar strip in such a manner that it 
is held under considerable tension, so that there is no sagging of the 
strip due to its own weight. 

The sides of the wooden backing piece are protected by strips of 
a special magnesium extrusion designed to present a smooth, rounded 
surface to  the user’s hands, and to overlap the edges of the segmental 
marking units of the front and back of the rod. The top of the rod is 
capped by a U-shaped precision aluminum casting. 
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FINISH 

Invar Strip.-Invar is a material to which paints and lacquers do 
not ordinarily adhere well, as tlie metal has a “greasy” character 
which is not eliminated by use of the conventional cleaning agents. 
Treatment of the strip by a material known as “Metal-Prep,” how- 
ever, chemically cleans it and lightly etches its surface, so that priming 
coatings, and paints and lacquers adhere firmly. A white primer- 
surfacer is used, with as many as seven coats being applied, depending 
upon the condition of the strip, each coat being lightly rubbed down 
with wet or dry abrasive paper. The finished surface must be flat 
j i i  order that when spraying, paint will not flow under the mask, and 
the edges of the markings will be straight and sharp. 

Wooden Element.-The wooden element is finished with a lacquer 
type sealer, and waxed with auto body type wax. 

Exposed metal parts of the rod and its accessories are finished in 
gray enamel, where such a finish is desired for decorative purposes. 

GRADUATION 

Invar Strip.-Griduation of this elcnient must be considerBd in fwo 
parts, or steps, tlie first being the ruling of four reference limsroii tlie 
basic invar strip, and the second the application, by painting 03 a 
checkerwork of alternate and staggered black and white rectan& of 
1 cm. width. 

Reference Lines.-Reference lines are necessary for calibration 
purposes and for registration of the markings. There is a reference 
line a t  positions 0.2,1.2,2.2 and 3.2 m. from tlie bottom of the footpiece. 
Lines are ruled with a diamond and are only a few thousandths of nn 
inch wide and approximntely Ys’’ long, cut into a small polislied urea 
a t  the center of the strip. TI’lien painting, a X’’ diameter area is 
masked off over the line. 

Special tools are used to lay off tlie initial, or 0.2 in. interval. The 
unit of footpiece and strip is held erect on a surface plate, and tlie line 
ruled with a scribing tool made up of an assembly of precision gage 
blocks, the top element being knife-edged. The height of the column 
of blocks is selected so that the iniddle of the scribed line is the line of 
reference. With this tool, no difficulty is experienced in laying off 
these intervals within the prescribed tolerance of 0.2000~.0001 m. 

Using the above line as an initid, three siniilt~r lines are ruled on the 
invar strip, one meter apart, the work boing performed in a special 

3461 14’-66-3 
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I~‘I(;UI:II ll.-‘l’(~ol\ for h c r i l i i i i x  i i i i l i ; i l  ri-It~r+~iii.i* Iiii(1. 

comparator built for the purpose. I<h.3i meter intervnl must be cor- 
rect in length within * .OOOI m., with the further requirement that each 
line must be correctly positioned with respect to the bottom of the roc1 
within +-.0001 m. After cnlibrntion, the rods are mated in such 
inanner that no refel-ence line, even thoiigli i t  falls within the pre- 
scribed tolerance, shall differ in position from its similar line 011 tlie 
mating rod by more than .0001 in. J h t n  relative to calibi~ation and 
pairing are entered on a cnrd and filed nncler the rod’s serial iinmbrr. 

A microineter niicroscope type height gage is used to  check the .‘LOO0 
m. intervd against :L set of gage blocks before siibmitting thr rot1 to 
the National Bureau of Stantlards for cnlibrntion. 

Checkerwork.-The “working” graduations 011 the invar strip :we 
in the form of a bl:Lclr :Lnd white chcclterwork, the blocks being .01 fi: 
.0001 m. in width. These are applied by spraying black lacquer 
through tz 100 opening mask, made of invxr of tlie same category as 
the rod strip so that changes in temperature which may occiir cluriiig 
the progress of the work, may be ignored. 
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This in:islc is specinlly designed :uicl constiwtrcl, iisiiig L-shaped 
blocks mountecl in chnnnels in :i frnme, the position of each block being 
clleclted with gage blocks during ;~sseiiibly to insure that, the mnsk 
opeiiiiigs :ire correctJy positionecl within the prescribed tolerance. 

The coriiers of the blocks located at 0 and 1 111. :we clipped ap- 
prosiinntely 1/8” to provide :hi1 opening for observing tlie reference 
lilies on the invtw. IVlieii prepwing to paint, the niaslr is placed upoii 
tho inv,w st rip :11itl carefully rrgisterrd by observing tho reference 
lilies and edges of tlie mnslring blocks through :L siiiall niicroscope to 
insuie that they :we in nliiieiiient. 

‘I’he weight of the ii\nsk is siifliciciit to liolcl it iii pI:ice, ancl tho opm- 
liigs : I I*P  si)i*:tyml wit11 :I q i i ivlc  tlq~iiig dull blnclr 1:icquc~. The process 
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is repeated until the entire rod is completed, after which tlie surface 
of the strip is given a light spray coating of clear pyroxylin base 
lacquer and, when tlioroughly dry, n coating of auto body \\-ax. 

Backing graduations.-The rod is of the self -reading type and RS 

there is insufficient space on the invar strip for numbering the in- 
tervals, an identification system is applied beside the strip, on the 
nToocl. 

The system used 011 the fnce of the rod is to in:u*k each decimeter by 
a1 ternate and staggered black :ind wlii te :tre:is, each decimeter line be- 
ing appropriately numbered, the number lying :istiicle tlie line with the 
bottom of the footpiece being zew, with ’:in intermediate number at the 
half-decimeter point. 
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I~’I(II 111: 1 ~L-Ni18k for ~ ~ i i i i i t i i i g  ~- l iock~-r ivo~l ; ,  Iiottom Y i m . .  

The reverse side of the rod carries n co:irse scale, in feet : ~ n c l  tenths, 
which is observed upon cluriiig leveling operntions, :is a rough clieclr 
agi inst  major errors in reading the face of the rod. 

Tlie material used in ~ii:~kiiig the iiinrlrjng :ind scale elernents is :I 
1;unin:~ted phenolic plast,ic, coinposed of ai1 inner layer of black mate- 
l id,  lying between two outer layers of white, and the reverse for  nlter- 
nate colored markings. “lie numbers nncl other mnrlrings are formed 
by routing in ~ i i  engraving i i~~cl i i i ie ,  which cuts through the outer 
layer to expose tlie iiiiier inaterial. Fxiiig nuiiibers are  produced by 
placing :dternate bl:~ck aiicl white b1:inlrs in the engraver, oiid to  end, 
cutting the desired iiunibers across the jnnctions. 

Units are assembled to the bnclting by me:ms of wood screws, throngli 
holes carefully located in a j ig  so t h t  n damaged eleii~enl may easily be 
replaced. 

ACCESSORIES 

‘Yhe rod lias R small splierical level riiouiited a t  the side on an alumi- 
num angle, or  step, far enough down on tlie rod so t h d ,  the observer 
may view the bubble with n iniiiiiiium of pnrtdlax. 

A thermometer is mounted in the back of tlie rod, with its bulb stein 
bent a t  4 5 O ,  the beiicl being of suflicieiit length for  the bulb to extend 



18 U. S. COAST AND GEODETIC SURVEY 

through the wood and permit its tip to touch the underside of the inv:ir 
strip. This thermometer has a range from -15” to +55” C., ancl 
reads to half degrees. 

The h:irdwoocl liaiiclle mounted 011 one side is located to give the i-otl 
proper balance when carrying, with the forward end slightly rnisecl. 

The inetal cap a t  the top of the roc1 is threaded to fit a sm:t11 br:iss 
post, wliich has three rings att:iclied to a collilr. This post unit is for  
tlie purpose of permitting the attachment of guy wires when it is 
desired to support the rod witliont :in :tttencl:int. 

SHIPPING CASES 
The shipping case for a pair of rods is made of 1” white or ponclerosa 

pine, with sponge rubber lined supporting and clamping blocks. Tlie 
liingec~ cover lias three special closure screws, w ~ i i c ~ i  c:uiiiot be Ibst 
:iccident:illy. The box is painted 011 the outside and Iins foldiiig steel 
hantlles at e:ich end for carrying. A similai~ly constructed c:ise is 
p ~ ~ i t l e d  for the level. For c:in.ying, this case 11:~s :L lenther strap 
iiiste:id of metal 11:indles. 

THE BENCHMARK 
WIii1,e this publicatioii deals prirnnrily with the two instruments 

nsed in conducting leveling surveys, it moixld liardly be complete with- 
out mention of the tablet used to permnnently madr the terr:tiii 
surveyed. 

This takes the form of a brass or bronze tablet, or “bencliniii~~lr’‘ 
permanently set in a iiatural rock outcrop, if available, or in posts or 
blocks of concrete, if necessary. 

For many years this tttblet h:is been made as a casting in bronze, enc.li 
weigliiiig almost exactly one pound. 111 order to co~~sei*ve critical 
iii:itei+ials, and to produce tliese miits wi tli the use of coniparntively 
I I 11 ski 11 ed 1 itbor , the tilbl et was reclesigl~ ecl Tor media II i citl f :i h i  cii t i 011, 

and is now made from sheet a i d  tube stock, with the legencl cleeply 
impressed iu the top surface by :L suitable die, a press of appi*oximxtel-y 
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200-tons capacity being required. After inipressioii of the legend, the 
top piece is slightly cupped, legend uppermost. 

The tubular stem is next hard soldered in place, and its lower end 
pressed flat to forin a key, to hold the tablet in place when set in cement. 
The small hole which mny be noted a little to one side of the center is 
foi’ release of uir tr:ipped beneath when setting the innrk in cement. 
This prevents the forination of voids wliicli might later fill with water, 
with subsequent duinage to the miirk by freezing. 

Markers produced by this method weigh only half as inucli as cast- 
ings, uiid the legend is deeper and clearer. While this type of marker 
is somewhat easier to damage by :i determined viind:il, yet its removtil 
froin its setting is mucli more difficult, due to its yielding cliaracter. 
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