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A surveyor's level is an instrument 
with a telescope and a level bubble, or the 
equivalent attached to the telescope. The 
telescope has a reticle, commonly called 
crosshairs, and there are adjustment 
screws that allow one to raise or lower the 
horizontal crosshair so that it can be posi
tioned at the optical center of the tele
scope. When the level instrument is 
rotated about its vertical axis, the instru
ment must stay in the same horizontal 
plane.

Leveling is the operation of determin
ing differences in elevation between 
points on or relatively near the surface of 
the earth. It is also the determination of 
the elevation of points (orthometric 
heights) relative to some level surface 
called a datum. (See box at end of article.)

Field Procedures for Leveling
Referring to Figure 1, the leveling in

strument is positioned so that a rod held 
on a position of known elevation (bench 
mark) can be read with ease. The 
eyepiece on the telescope magnifies the 
viewed image, and the readable distance 
from the level to the rod depends on the 
eyepiece m agnification . G enerally  
speaking, the maximum readable dis
tance is less than 300 feet. The surveyor 
observes the rod reading where the 
horizontal crosshair intersects the rod, 
and this rod reading is recorded in the 
field book. The rod reading, called a 
backsight, is added to the elevation of the 
bench mark to get the height of instru
ment (HI). This HI is the elevation of the 
horizontal plane that contains the 
horizontal crosshair in the level. The rod 
on the bench mark is now moved along 
the level route and positioned at a dis
tance from the level approximately equal 
to the distance of the level from the start
ing bench mark. This ground point is 
called a turning point (TP). The TP can be 
a rigid natural object or a special 
baseplate used specifically for this pur
pose. The rod is positioned on the TP and 
the surveyor observes the rod reading 
where the horizontal crosshair intersects 
the rod. The rod reading, called a 
foresight, is subtracted from the HI to 
determine the elevation of the TP. The rod 
remains on the TP, the level is moved

along the level route, and the process just 
described is repeated until the final 
elevation is established or a tie is made to 
another bench mark.

It is important that the distance from 
the level to the backsight rod be nearly 
equal to the distance from the level to the 
foresight rod. These distances should not 
vary by more than 30 feet. As the level 
party progresses along the level route, 
the sum of the backsight distances should 
also be nearly equal to the sum of the 
foresight distances. (The total difference 
should not exceed 30 feet.) By maintain
ing near equality between backsight and 
foresight distance, an error caused by the 
horizontal crosshair not being in the op
tical center of the level telescope is can
celed out.

Accuracy of Levels
Before development of the automatic 

level, all leveling instruments used 
tubular vials to determine the level plane. 
The inner surface of the level vial is the 
arc of a circle, and the sensitivity of the 
vial is expressed in seconds-of-arc per 
2mm division. Divisions on all level 
v ials, w hether it be a spirit level, 
theodolite, or total station, are 2mm 
apart. A rule of thumb for the setting 
accuracy is 1 /3 the sensitivity of the vial. 
This means that a dumpy level with a 60 
second bubble has a setting accuracy of 
approximately 20 seconds-of-arc. On the 
more precise tilting levels, a coincidence 
bubble is installed that provides a setting 
accuracy of less than one second-of-arc.

The standard measure of level instru
ment accuracy is the standard deviation 
for 1 kilometer (3280') double run level
ing. You will see it in all manufacturers' 
brochures. For higher priced levels, the 
standard deviation can be as low as 
0.2mm; the less expensive levels may 
have a standard deviation as large as 
10mm.

What are the characteristics of a good 
level? A good textbook answer would be: 
The most important requirements are 
stability and a proper relationship be
tween the sensitivity of the compensator 
and the resolving power of the telescope. 
A level can vary in design and quality 
from the most basic instruments used by 
contractors for site preparation to the

very precise tilting and automatic levels 
used for First-order geodetic leveling. 
The price difference between the basic 
automatic level and the more sophisti
cated level is very little, compared to the 
increased accuracy that is obtained. In 
today's market, the list price of a basic 
automatic level, with a standard devia
tion of 8mm to 10mm, is about $500; the 
best Second-order automatic levels 
(without parallel plate micrometers), 
with a standard deviation of 0.5mm, 
have a list price in the $1500 to $1700 
range.

It is beyond the scope of this newslet
ter to delve into the characteristics of the 
different levels. What we will try to do is 
answer the question: Is there such a thing 
as a very good level, or is a level just a 
level? To answer this question, we must 
look at the telescope and the compen
sator.

Properties of
the Telescope and Compensator
The purpose of the telescope is to 

produce a sharp image and to project the 
crosshairs through its optical center. The 
illumination or brightness of the image 
depends on the magnifying power, the 
size of the objective lens, and the quality 
of the glass and craftsmanship used to 
produce and assemble the telescope. If 
the objective is small, the magnification 
must be low to have good illumination. 
As the magnification increases, the size 
of the objective lens must also increase to 
have good illumination. This charac
teristic is evident when you visit your 
instrument dealer and compare auto
matic levels. The lower-priced instru
ments are small, with magnification of 
about 20x. The 24x and 26x instruments 
are larger because the objective lens must 
be larger for good illumination. The 30x 
and 32x levels are even larger. As the 
magnification increases, some manufac
turers install two-speed focus and con
tinuous tangent screws.

Automatic levels with a compensat
ing device are the standard of the in
dustry today. The compensator consists 
of one or more reflecting elements, usual
ly prisms, set in the line of collimation in 
the telescope. One of the reflectors is 
suspended within the instrument by
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either wires, bands, or strips of nylon, 
depending on the manufacturer. The 
orientation of this movable element is 
changed by gravity whenever the align
ment of the instrument is changed. The 
design of the compensator is such that the 
path followed by a ray of light, entering 
at the center of the objective, is deflected 
to intersect the center of the crosshairs. A 
compensator automatically makes the 
line of sight horizontal and maintains it 
in that position. When the instrument is 
approximately leveled by means of a cir
cular bubble, the movable component of 
the compensator swings free to a position 
that makes the line of sight horizontal. 
The compensator has a wide working 
range, up to 15 minutes-of-arc. This is 
why the circular bubble, with a sensitivity 
of 8 to 10 minutes-of-arc, need only be 
leveled to the extent that it stays inside the 
setting circle of the circular bubble vial. 
When you hear a rattling sound inside an 
automatic level, the level is not broken. 
This is the normal sound associated with 
compensator movement.

In addition to the convenience of not 
having to watch the bubble, automatic 
levels have a much higher setting ac
curacy than spirit levels (coincidence 
levels, or split bubbles as they are called, 
are an exception).

The following table illustrates the characteristics of severallevels that are available
from your instrument dealer.

Magnification Setting Accuracy Standard Deviation for 1km 
Double Run Leveling

19x
20x
24x
32x
32x

20.00" (level vial) ± 10.0mm
0.80" (compensator) ± 2.5mm
0.50" (compensator ± 1.5mm
0.30" (compensator) ± 0.7mm
0.25" (split bubble) ± 0.2mm

The next timeyour instrument dealer recommends a higher manification level, 
saying it is well worth the price, believe him. Leveling is the most accurate of all the 
surveying disciplines, but it requires a good level. The answer to the question "Is there 
such a thing as a very good level?" is "Absolutely YES.' j—j
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Prior to the development of the link chain 
in the late 1500s, surveyors used wooden 
poles and rope or cord for the direct meas
urement of horizontal distances. Aaron 
Rathborne was the first person to develop 
a link chain for measurement. In his book, 
The Surveyor, Rathborne describes the 
principal instruments of his time:

"This Book tendeth chiefly to matter of 
survey, wherein is first described and 
declared the several Instruments, fit for 
that purpose (with their use in practice) 
as the Theodelite, the Playne Table, and 
Circumferentor, whereunto I have 
added an absolute Instrument, which I 
call the Peractor, together with the 
making and use of the Decimal Chayne, 
used only by myself."

Rathborne's chain had ten links to the 
pole, and each link was marked with ten 
increments.

In 1620, Edmund Gunter, an English 
astronomer, developed what became the 
most widely used chain. Despite its clumsi
ness, the Gunter's chain remained the 
surveyor's standard measuring device for 
nearly 280 years - until the development of 
the steel tape in the mid-1800s.

The original Gunter's chain was 66' (four 
poles) in length and was composed of 100 
links. A 33' (two poles) version was more 
commonly used for its ease in handling. 
Each heavy wire link was connected to the 
others by two rings that were generally 
oval, sawed, and well-closed. The ends of 
the wire forming the hook were filed and 
bent close to the link to prevent kink
ing. Brass tally markers of various design 
identified every tenth link. The accuracy of 
the chain was enhanced by the length ad
justment at the handles, which compen
sated for the lengthening of the chain 
through use. Gunter's chain also lessened 
the possibility of measuring errors because, 
unlike Rathborne's chain, it could be used 
with either end forward.

In 1843, one of the larger makers of link 
chains, Chesterfield of Sheffield, England, 
patented a cloth tape reinforced with fine 
wire. The first American patent for a steel 
tape was issued to Eddy and Company, 
Brooklyn, New York, in 1867. Chains were 
quickly replaced by their 100' steel tape, but 
the term "chaining" continues to be used 
interchangeably with "taping." There were 
many variations on the chain, and the fol

lowing brief descriptions should help in 
their identification:
Engineers chain 50 or 100' long;

50 or 100 12"links 
Spanish vara chain 10 or 20 veras long;

50 or 100 links 
French meter chain 10 or 20 meters long'

50 or 100 links 
Pennsylvania chain 33 or 66' long'

40 or 80 links 
Grumman's Patent The links were formed 
chain so that it could be

folded, thus eliminating 
the need for rings.

The Gunter's chain was used extensively 
for all types of surveying work in the 
United States, including the public lands 
survey during the 1700s and 1800s. Chains 
with brazed links (rather than pressed 
closed) were required for government 
work after 1881, and they are generally of 
later manufacture.

Chains can be found in very limited num
bers at auctions or antique shops. Antique 
instrument dealers advertise chains, but 
they usually require that you also purchase 
an antique instrument. Retail prices for 
chains are currently in the $175 to $225 price 
range. □
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