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What Is A Calibration Base Line?

A series of stable monuments (marks) in a straight
line (to within 2 arc minutes) whose published
mark-to-mark distances and horizontal distances
between all marks compare favorably with the
National Standard of Unit Length.

« The National Standard of Unit Length is determined by the
National Institute of Standards and Technology (NIST).

* NIST calibration services link the makers and users of
precision instruments to the basic and derived units of the
International System (SI) of measurements.

For more information see http://www.nist.gov/public_affairs/guide/
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Background

The NIST Reference on
Constants, Units, and Uncertainty

www.physics.nist.gov/cuu/Units/meter.html

International System of Units (SI)

Historical context of the Si

meter kilograrm second ampers kelvin mole candela histary of S

Unit of length {meter) Abbreviations: CGPM, CIPM, BIPM

The origing of the meter go back to at least the 15th century. At that time, there were two competing approaches to the definition
of a standard unit of length. Some suggested defining the meter as the length of a pendulum having a hali-period of one second;
others suggested defining the meter as one ten-millionth of the length of the earth's meridian along a guadrant {one fourth the
circumference of the earth). In 1791, soon after the French Revolution, the French Academy of Sciences chose the meridian definition
aver the pendulum definition because the force of gravity varies slightly over the surface of the earth, affecting the period of the
pendulum.

Thus, the meter was intended to equal 1077 or one ten-millionth of the length of the meridian through Paris from pole to the
equator. However, the first prototype wias short by 0.2 millimeters because researchers miscalculated the flattening of the earth due to
its rotation. Still this length became the standard. (The engraving at the right shows the casting of the platinum-
iridium alley called the "1874 Alloy ") In 1889, a new international prototype was made of an alloy of platinum with
10 percent iridium, to within 0.0001, that was to be measured at the melting point of ice. In 1927, the meter was
more precisely defined as the distance, at 0%, between the axes of the two central lines marked on the bar of
platinume-iridium kept at the EIFM, and declared Prototype of the meter by the 15t CGRMW, this bar being subject to
standard atmospheric pressure and supported on two cylinders of at least one centimeter diameter, symmetrically
placed inthe same horizontal plane at a distance of 271 mm from each other.

The 1889 definition of the meter, based upon the artifact international prototype of platinum-iridium, was replaced by the CGPM
in 1960 using a definition based upon a wavelength of krypton-86 radiation. This definition was adopted in order to reduce the
uncertainty with which the meter may be realized . In turn, to further reduce the uncertainty, in 1983 the CGPM replaced this latter
definition by the following definition:

The meter is the length of the path travelled by light in vacuum during a time interval of 1/299 792 458 of a second.

Mote that the effect of this definition is to fix the speed of light in vacuum at exactly 299 792 458 ms!. The original international
prototype of the meter, which was sanctioned by the 15t CGPM in 1888 15 still kept at the BIFM under the conditions specified inQJ’-
1889, :



How Are the Distances on a Calibration
Base Line Compared to this Standard?

The instruments used to establish the base line are traceable to the
National Standard of Unit Length.

Before and after a series of calibration base lines are established, the
instruments are compared to the lengths on the Corbin Calibration
Base Line located at the National Geodetic Survey’s Instrumentation
and Methodologies Branch at Corbin, Virginia.

All lengths on Corbin base line were established with a series of
calibrated 50 Meter Invar Tapes. These tapes were calibrated by the
National Bureau of Standards (NBS), now the National Institute of
Standards and Technology (NIST) and were directly compared to the
National Standard of Unit Length.



What Is The Purpose Of A CBL?

The purpose of a CBL is to check the accuracy of
electronic distance measuring instruments (EDMI).

Regular checks and documentation of EDMI calibration
over a CBL provides surveyors with valid evidence of the
proper function of their distance measuring equipment.

To assure the measuring capabilities of an EDMI have
not significantly deteriorated, known distances forming a
calibration range or base line is required.

EDMI observations made over a CBL provide a direct
link to the National Standard of Unit Length.
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When Should An EDMI Be Checked At A

CBL

When an EDMI is new and no previous
measurements have been made at a CBL

After a repair has been made

Anytime there Is a question to the accuracy of
the EDMI

When it is dictated by law, management
authority, or policy

When it is an agreement between the contractor
and client
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How Are Calibration Base Lines Configured?

CBL monuments are set in a straight line on flat or even
sloped terrain, or on terrain with a slight depression in the
middle.

Monuments are usually set at approximately 0 m, 150 m,
430 m and 1400 m.

— The distance to the mark farthest from the 0 meter point must be
1000 meters or more.

Some have a tape calibration monument (chaining mark)
at 100 feet from O m point either along the base line or
perpendicular to it.

Elevations published on marks are usually NOT to be
treated as benchmarks.

— In North Carolina most CBL marks are also benchmarks
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CBL Monumentation

Without stable monumentation a
calibration base line is worthless.

For this reason, a heavy, poured
concrete monument is required.

The figure at right depicts this type
of monument.

Experience has shown that
monuments with significant mass
placed in relatively undisturbed
soil have the best long-term
stability.

CALIBRATION BASE LINE MONUMENT
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Figure 2. -- Diagram of installation of typical calibration baseline monument.
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Hump Shaped CBL Terrain 1400 M
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Wild T2000 Electronic Theodolite
(Figure 2) - The T2000 is used primarily
as a support for the two EDMI
instruments, but is also used for
checking the alignment of the base line,
performing trigonometric leveling, and
establishing the 100 ft monument.

Figure 2 - Wild T2000 Tachymester

Two Wild Lieca DI2002 EDMI (Figure 3)
- The DI2002 is very accurate short
range (2000 m) electronic distance
measuring instrument. It's specifications
are 1 mm + 1 ppm. Two DI2002s are
used to measure every segment of the
base line in both directions on two
different days. This is the primary piece
of equipment for establishing the
calibration base lines.

Figure 3 - Wild DI2002 ECMI






LEICA EDMIC
MODEL: DI2002
S/N: 180065 NOAA: 63743
CBL EQUIPMENT SET #1




Wild Zenith/Nadir Collimator ZBL16
(Figure 12) - This little collimator is used
during setup of the tripods and collimating
the tribrachs. Since the GDF-23 tribrachs E S E
do not have optical plummets, it provides

the means to collimate very closely before
final collimating with the NL collimator. ' L

3 1] P

Figure 12 - Wild Zenith/Nadir Collimator

Wild NL Collimator (Figure 4) - The NL
collimator is a self-leveling collimator
that provides the ability to collimate

(plumb) over a mark to withing 0.2-0.4 L
mm. It is used to assure that both the

EDMI and the reflectors are plumbed { C ]
over the base line marks as accurately ===

as possible. This is very important when | el
establishing a CBL and when calibrating
an EDMI as well.

Figure 4 - Wild ML Collimator
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Day 1 — First Occasion

.l_
!
L.

Instrument at Pt. 1 — Reflector starts at Pt. 2 Measure:

Pt. 1 to Pt. 2 - EDMI A then C; Observation AF1-2 and CF1-2

Pt. 1 to Pt. 3 - EDMI C then A: Observation CF1-3 and AF1-3

Pt. 1 to Pt. 4 - EDMI A then C; Observation AF1-4 and CF1-4
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Day 2 — Second Occasion

.l_
I
L.

Instrument at Pt. 4 — Reflector starts at Pt. 3 Measure:

Pt. 4 to Pt. 3 - EDMI A then C; Observation AS4-3 and CS4-3

Pt. 4 to Pt. 2 - EDMI C then A: Observation CS4-2 and AS4-2

Pt. 4 to Pt. 1 - EDMI A then C; Observation AS4-1 and CS4-1

¢
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1st Day - 120 EDMI A + 120 EDMI C
274 Day - 120 EDMI A + 120 EDMI C

= 240 Total Measurements
= 240 Total Measurements *J



Sample Data Collector Screen

Set—Id: AS1-2 EDMI OBSERVATION SET ENTRY FORM 11:24 031004
From 1Pt (0M) To 2 Pt (150 M) Temp Pres Slope Dist
Elev Mk: 234.063 | Elev Mk: 234.483 .
- . Begin 149.9948
Hygt Tri: 1.425 | Hgt Tri: 1.197 _ .
Hgt Inst: 0.236 | Hgt Inst: 0.1g2 | EDMI: 13.0 Dl‘: 2027 IN 149.9948
- - REFL: 12.7°C 29.24 IN 149.994 3
s cr eraa e 149.9949
Elv EDMI: 2357 ) 062
- [ Distance Check | = 29.27 IN 149.9948
_ Setlid From To Distance Diff Alwd 29._24 IM 1492994?
———————————————————————————————————— 149.9946
AF1-2 0 150 149.95716 29.26 IN 149.9945
AF2-1 150 0 149.95714 0.0 1.7 PM: 7.1 _149.9948
AS1-2 0 150 149.95739 e 1“%'?]93;25
AS2-1 150 0 149.95740 0.0 1.7 SR .
____________________________________ [1] ) ___0.00106
_ | Mean 1st Occasion 149.95713 istance : 149.95722
Mean 2nd Occasion 149.95740 0.2 1.5 istance : 149.95739
Notes:

Enter any appropriate remarks

4{!



EDMI Error

« Constant Error
— Stated by the manufacturer as a fixed + or - value
— Same in sign and magnitude regardless of length

— Error is systematic (accumulative)
— Number of measured distances added together, the error

In the total equals the number of distances multiplied by
the constant error value



EDMI Error (Continued)

e Scale Error

— Proportional to length of the measured
distance

— EXxpressed as +/- parts per million (PPM)

— Magnitude of error is equal to the length of
the measured distance multiplied by the
error in PPM times 10°



Atmospheric Measurement Errors

 Distance errors caused by atmospheric
measurements errors

— 1 degree Celsius in air temperature = 1 PPM
— 1/10 inch of mercury in barometric pressure = 1 PPM

— 1 degree in wet or dry bulb temperature = 0.01 PPM



EDMI Measurement Error Sources

 Constant Error

— Plumbing Errors

 Cross Hairs out of adjustment
 Level bubble out of adjustment

* Prism constant error



EDMI Measurement Error Sources

e Scale Error

— Error in measuring the atmospheric conditions that affect the
velocity of light

 Air temperature
« Barometric pressure

 Relative humidity



“Standard” Calibration Base Line

0 150 430 1400
O O O O
o150 M o
o 430 M .o
o 1400 M ‘o
o 280 M .o
o 1250 M o
o 970 M ‘o




NC EDM CALIBRATION BASELINES
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Smithfield EDM Calibration Baseline - Windows Internet Explorer

COIRE AR

5@: - |g, hitkp: #fwie, nogs, stake,nousfbaselines/smithfigld, html

Garmin 540

File Edit Miew Favorites Tools  Help

g% - | Searchweb,.. 0O v<|- [ R |:§:| SR @ @ .

{\i‘ ‘19!" [ @ Smithfield ECM Calibration Baseline l l

@ - B @ * | Page ~ '@Tgﬂls -

)
Smithfield EDM Calibration Baseline
FRCOM STATICW TO STATICH HOR DIST (M) MARK TO MAREK (M) STD ERRCR (MM)
SMITH 000 SMITH 150 150.0008 150.0281 0.1
SMITH 000 SMITH 400 399.8772 400,0222 0.1
SMITH 000 JNX B 1100.0001 1100.0168 0.2
SMITH 150 SMITH 400 2439.3764 249.9360 0.1
SMITH 150 JHX B 249,5991 950.0045 0.1
SMITH 400 JNX B T00.0226 T00.0226 0.1
STATION NGVD 29 ELEVATICN IN METERS
SMITH 000 47.4594
SMITH 150 44.631
SMITH 400 41.487
JNX B 41.431
THE BASE LINE IS5 LOCATED ABOUT 5.4 (3.4 MI) NWNORTHWEST OF SMITHFIELD, N. C. AND 13.1 EM (8.2 MI)
SCUTH SCUTHEAST OF CLAYTON, N.C. AT THE JOHMNSTON CCUNTY ATRPCRT (PERMISSION WEEDED FOR RCCESS SEE
EELCH) .
THE BASE LINE IS5 A NORTH-SOUTH LINE WITH THE O-METER PCINT CN THE NCRTH END. IT CCNSISTS OF THE
0, 150, 400 AND 1100 METER POINTS. THERE IS5 NO 100 FI. TAFE CALIBRATION MREE.
TO REACH THE O-METER POINT FRCM THE JUNCTICN OF US HIGHWAY 70 BUSINESS AND STATE ROUTE 1501
(BUCKET JOMNES ROAD) LOCATED ABOUT 6.4 EM (4.0 MI) NCRETHWEST OF SMITHFIELD, N.C., GO SOUTHWEST ON
STATE ROUTIE SR1501 FOR 1.0 EM (0.6 MI) TC THE ENTRANCE TOC JOHNSTCON COUNTY RIRPORT CON THE LEFT,
TURN LEFT AND GO EAST RLONG ENTRRNCE ROAD FOR 0.03 EM (0.05 MI) TO BRICK AIRPORT FRCILITY
BUILDING. PASS5 THRCUGH GATE CON THE NCRTH SIDE OF THE BUILDING ZND GO SOUTHWEST FOR 0.3 FM
(0.2 MI) ALCHNG THE TAXIWAY TC THE O-METER POINT WEAR THE SOUTHWEST CCENER CF THE APRCHN.
THE O-METER POINT IS5 A NCGS HORIZONTAL CONTIRCL DISE STRMPED "SMITH 000 19387" SET IN THE TOP OF 2
30 CM (12 IN) DIAMETER CONCRETE CYLINDER FLUSH WITH THE SURFACE OF THE GROUND. IT I5: 112.8 M
(370.0 FT) NCRTHWEST OF THE CENTERLINE OF THE RUMWRY, 10.7 M (35.0 FT) NORTH NORTHEAST OF THE
Mn T T AAPMET AE COWCRETE SAMTINA AR TRvTEAY ST mean mAeTTTAM STea nnt 5 ot ar tan a e v
Dore & Internet H00% v

—



> Shelby EDM Calibration Baseline - Windows Internet Explorer

mrv |§, hittpe: f v, negs. skate. ne . us/baselines)shelby  hkml V| || % |LiveSearch
File Edit Wiew Favorites Tools Help
£ + | Searchweb., [ 0O = 4 ] - - N - _-@@,
e o [@Shelby EDM Calibration Baseline l l @ - B @ - | Page - .@ Taals ~
-~
Shelby EDM Calibration Baseline
TS DEPARTMENT OF COMMERCE - NOAR CALTIBRATICHN BASE LINE DATA QUAD: N350813
NOS5 - NATICNAL GECDETIC SURVEY BASE LINE DESIGHNATICON: SHELBY CBL HORTH CRRCLINA
SILVER SPRING MD 20910 PROJECT ACCESSICN NUMBER: 15482 CLEVELAND COUNTY
NERREST TCOWN: SHELEY
LIST CF ADJUSTED DISTANCES { 7/20/2004)
ADJ. DIST.(M) ADJ. DIST. (M) STD.
FRCM STATICH ELEV. (M) TC STRATICH ELEV. (M) HORIZCONTAL MARF - MARK ERRCRE (MM)
CLEV 000 1998 256.730 CLEV 150 1998 257.659 149.9983 150.0012 1
CLEV 000 13938 256.730 CLEV 400 13938 255.8935 400.0068 400.0076& .1
CLEV 000 19358 256.730 CLEV 1000 1938 253.38%9 995.93%81 1000.0037 L2
CLEV 150 13938 257.659 CLEV 400 1938 255.8935 250.0085 250.0145 .1
CLEV 150 19358 257.65% CLEV 1000 1938 253.38%9 549.9399%9 §50.0106 .1
CLEV 400 13938 255.935 CLEV 1000 13938 253.389 599.9914 599.9968 .1
DESCRIPTICH CF SHELBY CBL
YEAR MELASURED: 2003
LATITUDE: 35 15 25
LCHNGITUDE: 81 35 55
RZTMUTH: 224
CHIEF OF FARTY: MRBRK BOCTHE
THE BASE LINE IS5 LOCATED ABOUT 6.8 EM (4.1 MI) WEST-SCUTHWEST COF SHELBY AT THE SHELBY MUNICIPAL ATRPCRT. 6.5 FM (3.5 MI) EAST CF
BOILING SPRINGS; 9.5 KM (5.7 MI) NCORTH OF THE NORTH CARCLINA/SCOUTH CRROLINA STATE LINE.
THE BASE LINE IS5 & NORTHEAST-SCUTHWEST LINE WITH THE O-METER POINT ON THE NORTHEAST END. IT CCNSISTS CF THE 000, 150, 400, AND
1000 METER POINTS.
TC REACH THE O-METER PCINT FRCM THE JUNCTICH OF NC 150 AND NC 18, LOCATED IN SCUTH SHELBY, GO WEST COW NC 150 FCOR 3.25 EM (1.385 MI)
TCO THE JUNCTICHN OF THE AIRPCRT ENTRANCE, TURN RIGHT AND GO NCORTHWEST FOR 0.3 FM (0.2 MI) TC THE ATRPCRT TERMINAL. CONTINUE
HORTHWEST FCR O0.16 EM (0.1 MI) ACROSS THE PARKING APRCN AND ALCNG THE NCORTHEAST TAXT RaMP TO THE TAXIWAY. TURN RIGHT AND GO
NCRTHEAST FOR 0.2 EM (0.12 MI) ALONG THE TAIWAY TC THE STATICH ON THE LEFT IN THE GRASS MEDIAN BETWEEN THE TAXIWAY AND RUNWAY.
THE O-METER POINT IS A STANDRRD NCGS DISK STAMPED "CLEV 000 18%8" SET IN THE TCP OF A 26 CM (10 IN) DIAMETER, SQUARE CONCRETE POST
RECES5ED 2.5 CM (1 IN) BELCW THE SURFACE OF THE GRCOUWD. IT IS 47.% M (157.0 FT) WORTHEAST COF THE CENTER OF & DROP INLET, 45.7 M
(150.0 FT) SOUTHEAST OF THE CENTERLINE OF THE RUNWAY, 44.8 M (147.0 FT) WEST-SOUTHWEST OF THE CENTER OF A DROFP INLET AND 30.1 M

b

Dione e Internet
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- My Survey Station Map at Google - Windows Internet Explorer

@u‘ 4 v | g http:/fxappsdev.enr.state.nc.usflr/monuments2/monurm

File Edit View Favorites Tools Help

w '{Q? @ My Survey Station Map at Google

o

Imagéiy@ZO a

&

Q Internet

% 100%




/= My Survey Station Map at Google - Windows Internet Explorer @

Tools Help

c@ 0@ -

North Carolina Geodetic Survey
My Survey Stations at Google™ Maps

o Y
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File Edit ‘iew Favorites Tools  Help

‘= Back = = - @ il | @Search [3g] Favorites @Media @ | %v = =

Address I@ kb f s, ngs. noaa, govPC_PRODICALIERAT]

HNGS Home

PC Products

Geodetic Tool Kit

Other Products
and Services

Search

PC Software Dovwnload - CALIBRAT

CALIBRAT - Version 1.0

[Aprl, 1992]

Description

This program 15 used to determine the scale and constant corrections for electronic
distance measuing instrumnents by making measurements over previously
determined baze lines. The formulas used m the program are found m MOA L
Techmecal Memorandum MNOS NGET0: Use of Calibration Base Lines,

s Download the PC executable
o ViewDownload the Turbo BAZIC source code

s View the program decumentation.

o ZIP'ed archive of entre CATEBEAT distnbution [82.8 EE]

Dizclaimer

FRELATED SOFTWWARE: GETHR2MI]L can be used to factitate the creation of
the input constrant file for CATIBRAT.

o Download the PC executable

[
I_ I_ I_ |4 Internet \.QJ




; http:/ /www.ngs.noaa.goy,/PC_PROD;/CALIBRAT /calibrat.html - Microsoft Internet Explorer

File Edit ‘“ew Fawvorites Tools  Help

W Back + = - @ v | @Search [3e] Fawarites @Media @ | %v = N

Address Eil ikt f v ngs . noaa, gov PC_PRODJCALIERAT calibrat, hkml

Li

THI3 PROGRAM I3 USED TO DETEERMINE THE SCALE AWD CONITANT
CORRECTICN OF ELECTRONIC DISTANCE MEASURING IN3ITRUMENTS BY MAKING
MEASUREMENTS COVEER FREVIOUILY DETERMINED BA3E LINES. THE FORMULAS
T3ED IN THE PROGERAM ARE FROM THE NOAL TECHNWNICAL MEMORANDUM O3S
MN33-10. THE T3E OF CALIBRATION BA3E LINES.

ENCLOSED I3 A DISE CONTAINING A COPY OF BOTH THE TUREOQ BASIC
SOURCE CODE (CALIBERAT.BA3) AND EXECUTABLE MODULE (CALIERAT.EZXE)
FOR THE CALIBRATING OF AN EDMI VIA A "LEAST 3QUARED SOLUTICH™.

PROGRAM CON3ITRAINTS:

(1) THE BA3E LINE MEA3ITURED MU3IT HAVE MORE THAN 2 POINTS AND
LE33 THAN 16 FOINTS.

(2) THE NUMEER OF USER OBIERVATICNS MUIT BE MORE THAN 2 AND
LE33 THAN Z211.

THE PUELISHED BASE LINE DI3TANCES AND USER CEB3IERVATIONS ARE
INFUTTED WIA FILES RATHEER THAN BY OBIERVATICNHNAL FROMFTI WITHIN
THE PEOGRAM. EBOTH THE PUBLISHED BA3E LINE DISTANCE FILE AND USER
OBEIERVATION FILE (WHO3E FILENAMES AND LOCATIONS ARE TOTALLY TP To
THE USER) MU3T HAVE RECORDI OF THE FORHM:

FROM POINT NUMEEE, To FOINT NUMEEER, DISTANCE

THE BECORDI CAMN BE IN ANY CEDER AND 3JIEPARATED BY EITHER COMMAI CR
BLAWES. THE POINT WUMBERI MNEED CNLY To BE UNIQUE; THEY DO NOT
NEED T BE CON3IECUTIVE. (I.E - YOO CAN USE POINT DESIGNATICNS FOR
THE FPOINT NUMBERS.)

EXAMFLE:
150,500, 650.2545
OR 500 150 650 2345
FOR AW 'MN' POINT BASE LINE, THERE ARE N * (N - 1) / 2 ZEGMENTS.

THE PREOGEAM PROMPTS ARE 3ELF-EZPLANATORY. HOWEVER A NULL
RESPCONSE FOFR EITHEE THE PUBLISHED BA3E LINE DISTANCE FILENAME OR

|:E:| Done

I_ I_ I_ |4 Inkernet



EDM Calibration

(Baseline)
(Date)
EDM Owner:
EDM Brand: Model:
Temperature: ) Barometric Pressure: ’ (inches of mercury)
PPM Setting: Prism Offset:
to to to to
‘ FORM_EDM Calibration Created on 09/07/01

4



MANUFACTURER'S SPECIFICATIONS: +2 MM
+2 PPM

SCALE ERROR

+24.2216 PPM

STANDARD ERROR OF SCALE = +0.9907 PPM
CONSTANT ERROR = +0.0320 METERS
STANDARD ERROR OF CONSTANT = +0.0003 METERS
VARIANCE OF UNIT WEIGHT = +0.0487
COVARIANCE = +0.2704
CORRELATION = +0.898¢6
PUBLISHED OBSERVED DIFFERENCE RESIDUAL
(METERS) (METERS) (METERS) (METERS)
150.0268 149.9910 +0.0358 +0.0002
150.0268 149.98910 +0.0358 +0.0002
150.0268 149.93910 +0.0358 +0.0002
150.0268 149.5%810 +0.0358 +0.0002
150.0268 148.9920 +0.0348 -0.0008
150.0268 148.939190 +0.0358 +0.0002
419.7585 419.7160 +0.0425 +0.0003
419.7585 419.7170 +0.0415 -0.0007
419.7585 419.7170 +0.0415 -0.0007
419.7585 419.7160 +0.0425 +0.0003
419.7585 419.7160 +0.0425 +0.0003
419.7585 419.7160 +0.0425 +0.0003



SCALE ERROR = 7154 PPM
STANDARD ERROR OF SCALI = 3246 ©PPM
CONSTANT ERROR = -0.0467 METERS
STANDARD ERROR CEF CONSTANT = 077 METERS
VARIANCE OF UNIT WEIGHT = 5868
COVARIANCE = 48.1133
CORRELATION = +0.9835

PUBLISHED OBSERVED

(METERS) (METERS)

9390.2270 990.215¢C -0.0005
290.2270 980.2160 { -0.0015
990.2270 990.2130 0140 +0.0015
9906.2270 980.2130 0140 +0.0015
990.2270 990.2140 +0.0136 +0.0005
9580.2270 9380.218¢C +G.0030 -0.0035
1259.9591 1259.92890 +0.0311 +0.0025
1259.9581 12598.833¢C +0.0261 -0.002%
1259.9591 1259.931¢0 +0.0281 -0.0005
12598.58591 1259.8360 +0.02%1 +0.0005
1259.9591 1259.933C +5.0261 -0.002¢8
1259.9591 1259.8220 +0.0371 +0.008:
1409.98¢0 1409.39530 +0.03 .0045
1409.8860 1409.94390 C.03 -0.0005
1409.9860 1409.9360 : +0.0125
1409.9860 1405.9580 -0.0095
1409 9860 1409.9480 +0.000¢8
1409.9860 1409.8510 -0.00Z22



SCALE ERROR

STANDARD ERROR OF SCALE

CONSTANT ERROR

STANDARD ERROR OF CONSTANT

VARIANCE OF UNIT WEIGHT

COVARIANCE
CORRELATION

PUBLISHED
(METERS)

990.2270
990.2270
990.2270
990.2270
990.2270
990.2270
1259.9591
1259.8591
1259.9591
1259.9591
1259.9591

et 1259.98591

1409.9860
1409.9860
1409.9860
1409.9860
1409.9860
1409.9860

OBSERVED
(METERS)

990.2280
990.2260
990.2280
990.2280
990.2270
990.2280
1259.9580
1259.9590
1259.9610
1259.9610
1259.9580
1259.9590
1409.9870
1409.9860
1409.9860
1409.9870
1409.9880
1409.9870

-0.4533
+1.3473

I

+0.0000
+0.0016

+0.1041
+2.1597
+0.9892

[T

DIFFERENCE
(METERS)

-0.0010
+0.0010
-0.0010
-0.0010
+0.0000
-0.0010
+0.0011
+0.0001
-0.0019
-0.0019
+0.,0011
+0.0001
-0.0010
+0.0000
+0.0000
-0.0010
-0.0020
-0.0010-

PPM
PPM

METERS
METERS

RESIDUAL
{METERS)

-0.0006
+0.0014
-0.0006
-0.0006
+0.0004
-0.0006
+0.0016
+0.0006
-0.0014
-0.0014
+0.0016
+0.0006.
-0.0004
+0.0006
+0.0006
-0.0004
-0.0014
-0.0004




Questions?




