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The Collimation Error Test—
The U.S. Coast and Geodetic Survey Method

by Herbert W. Stoughton

Introduction

The U.S. Coast and Geodetic Survey’s test
for the collimation error in a geodetic level
was developed, in its present form, between
1899 and 1901. The published instructions on
performing the test appeared in 1903 (Hay-
ford). The procedure outlined in Rappleye
(1948) is unchanged from the earliest pub-
lished procedure.

Derivation

Set two level rods in a level area no more
than 100 m distance from each other (a dis-
tance of 50-60 m is preferred). Set the geo-
detic level near one level rod and then the
second level rod as illustrated in Figures 1
and 2. At each instrument setup, the level is
leveled, i.e., the bubble is centered, and the
rod intercepts are observed. Also, the dis-
tance from the level to each level rod is meas-
ured. The ratio of the two distances at each
setup is between 1:5 and 1:10. The latter ratio
approaches the optimum.

The analytical expression for the condi-
tion equation resulting from the observations
(Figs. 1 and 2) is:

01+02 =0 (1)

Where O; are the data collected/observed at
setup i. Expanding equation (1}

Py =T+ Ty —Tp=0
Rearranging:
(rys+15)—f{ry+15)=0 2

The “line of sight” is actually the “line of
collimation.” Before continuing with the deri-
vation, it is appropriate to state rigorously

the definition of certain technical terms.
Failure to do so will result in misunderstand-
ing.

Line of Collimation. The line through
the second nodal point of the objective of a
telescope and the center of the reticle.

Collimation Axis. The line through the
second nodal point of the objective of a tele-
scope perpendicular to the axis of rotation of
the telescope.

Error of Collimation. The angle be-
tween the line of collimation of a telescope
and its collimation axis. Error of collimation
is a systematic error and in a series of obser-
vations is usually treated as being of the con-
stant error type. When the error of collimation
is zero, the line of collimation of the telescope
and its collimation axis coincide. (Mitchell,
1948)

Figure 3 illustrates the collimation er-
ror, collimation axis, and line of collimation
relationships for observations in Figures 1
and 2. The collimation error is the angle .
The error in any level rod reading due to a
collimation error is:

€;=stan B
Where:

€ =error in the level rod reading,

s = the sight distance from the vertical
axis of the level to the level rod,

B¢ = the collimation error.
Recall:

tan ¢ = d_+ 8%/3 + 26%/15 + 1747/315
+62¢°/2835 + ...
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Figure 1. Setup No. 1.
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Figure 2. Setup No. 2.
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Then:
tan ¢ = ¢ (1. +¢%(1/3 + ¢3(2/5 + ¢2(17/315
+ .00
6, =¢"*4.848136811*10°
62 =(¢")2 * 2.35044305*10° 1
If ¢ equals 100 arc seconds, then:
¢, =4.848136811*10*
¢2  =2.35044305%107
Then, because 6, <100":
€. =stan 0, (3.a)

or:
— 5 0,1+ (13162 (3.b)

Then, the maximum difference of employing
either equation (3.a) or (3.b) is:

de; = (1.496%10-10)s

Recall, the maximum value of s is 106 level
rod units, i.e., mm, mft, myd, etc. Therefore,
the maximum value of &€ is 1.496%10-level
rod units. Then:

€c =s0tarcl’ (4)

Assume that a collimation error, 9(;, exists.
Then, disregarding all other error sources,
equation (2) becomes:

(r s+sys0care 1" +ry +s,,0¢arc1”)

—(ry)+s;)0carel” +roy+s,,0carel1”)=0
Rearranging:

(Pl,s + rz,s) =T+ rZ,I) + [(Sl,s + SZ,s)
—(sy;+89)] 0care1” =0

Then:
0 arcl” =
(ryg+Tgg) = (ry;+1y) (5)
(811+82)) — (815 + 85.5)
Where:
(rys+ry,) =sum of the near rod readings.
(r;),+ry) =sum of the far rod readings.

(s),+ Sgy) =sum of the far sight distances.

(s, s+ Sg) =sum of the near sight distances.

0;arc1” = collimation error (angle) in ra-
dians.

Note: The above discussion has addressed the
general case of determining the collimation
error.
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Figures 4 and 5 illustrate the observing
program for the U.S. Coast and Geodetic
Survey procedure for three-wire differential
leveling.

From Figures 4 and 5:

ris =(1/8)ry s+ Ty oM+ Typ)
ras =(1/3)Mry 7+ Togp +Taep)
ry; =(1/30ry g+ M+ Toup)

ry; =(1/3)(ry 1+ o p+ T2 p)

61.5 =T1sT~T1sB

025 = TosT~T2sB

51,1 =TT~ T1B

‘52.1 =Ty~ T2)B

Recall from the laws of optics that:
s=K 8 cos28 +(C + ) cos

Where:

S = the horizontal distance from the cen-
ter of the instrument to the level
rod.

K = the instrument’s stadia interval fac-
tor for a pair of wires.

6 =the difference between the two sta-
dia wire readings.

0 =the vertical angle from the horizon

for the line of sight.

(C + f) = the stadia constant — sum of the focal
length and the distance between the
objective lens and the instrument’s
vertical axis.

For leveling, 0 equals 0°, Then:
s =Kd+(C+1
Then, the sight distances are:
515 =K 0,,+(C+1)
Sps =K 8y, +(C+1)
sy =K 8,+(C+D
Sg; =K 05, +(C+1D
And:
(51;+5g) =K 8, +K 85,+2(C +1)
(514+ 85 =K 8, +K 85,+2(C+1)
(s1)+85) — (S14+ a0 =
K[( 0y;+ 85— (8,5+ 65,

Then, equation (5) becomes:
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{r o+ Tog) — (1 +2,)
K[( 61'1 + 62_1) - ( 61_5 + 62_5)]

Note: in the general usage of the stadia inter-
val factor, the units are: m/mm, yd/myd, etec.
To obtain 8¢ are 1" (a unitless number), K
must be mm/mm. ete.

(5.a)

Finally, the collimation error equation can be
written:

C=K fO¢arcl’ =
(ryo+Tpd) = () + 1) (6)

( 61,1 + 62'1) - ( 61'5 + 62'5)
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Figure 4. Setup No. 1.
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