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The peg test is used to determine if the line of sight is perpendicular to the vertical axis of the instrument.  This report will discuss the current procedures used at Fermilab to perform this calibration and recommend an alternative method that promises to save time without compromising existing standards.





The current three wire level program uses a minimum of two setups as follows:





�





In the first setup, rod readings A1 and B1 are determined as well as distances d1 and d2.  In the Second setup, rod readings B2 and A2 are obtained as well as the distances d3 and d4.  The total distance between the two rods or scales is 12 meters (about 40 feet) and the distances d1 and d3 are typically about 2 meters (about 6 feet) each. 





The computation first determines the change in elevation from the base of from Rod B to Rod A for each setup, the DH (Delta Height) 





	DH1= A1-B1 and DH2= A2-B2





NOTE:   Since the DH1 is computed from Rod B to Rod A, opposite of the observation sequence of the first setup, the results will have the opposite sign in the determination of slope of the line of sight.   


The next step is the computation of the difference between the changes in elevation observed by the two setups, known as the Delta Delta Height (DDH), it computes like this:


 


	DDH= DH1-DH2





The next step is to compute the IMBALANCE in the length of the sights for both setups as follows:





      Imbalance = D2-D1+D4-D3 is more often referred to as the sum of the Delta Stadia or SDS





The Slope of the line of Sight is then calculated





	Slope = DDH/SDS





and the error ratio follows





  	Error Ratio= ABS Value [(1/DDH) X SDS]





Error Ratio is used to determine whether the instrument needs adjustment in the Fermilab 3-wire program as follows:





	Greater than or equal to 500,000 no adjustments made


	Between 100,000 and 500,000 adjustment not recommended


	Between 40,000 and 100,000 instrument is marginal


	Less than 40,000 adjustment is mandatory.





Since the C value(or slope) has traditionally been used for a criteria for evaluating the accuracy of the line of sight, the following table has been generated to better understand the error ratio criteria for implementing any adjustments: 


 


ERROR RATIO=ABS VALUE [(1/DDH) X IMBALANCE)]�
Slope= DDH/IMBALANCE�
�
�
�
�
�
C Value�
�
�
ERROR RATIO�
IMBALANCE�
1/DDH�
DDH�
SLOPE�
SLOPE(arc sec)�
�
�
�
�
�
�
�
�
500000�
68�
7353�
0.000136�
0.000002�
0.4�
�
100000�
68�
1471�
0.000680�
0.000010�
2.1�
�
40000�
68�
588�
0.001700�
0.000025�
5.2�
�












and the correction for the far rod is computed with





	ADJ = (Slope X d4) + A2 if an adjustment is necessary.





If an adjustment is made with this procedure, the readings are then repeated at the 2nd setup position, for what actually would be the 3rd setup.  The instrument is moved back to the 1st setup location for a 4th set of readings.  The error ratio is computed again to determine if the instrument requires more adjustment.  Each additional adjustment requires two additional setups.  Check out the following sketch:





�





Each rod reading is comprised of two components: The ideal reading H and the error resulting from the deviation in the line of sight of the instrument.  This error is proportional to the length of sight and can be expressed as being the C error times the Distance.  Once the instrument is adjusted, all of the computed data is no longer valid because the C value will have been changed.  This requires the re-determination of all of the parameters for the procedure.  The Kukkamaki Method for determining and correcting the C error eliminates some of these setups.





	


 


Kukkamaki's Peg Test


 


The Kukkamaki peg test is another method used to determine if the line of sight is perpendicular to the vertical axis of a level instrument.  Procedures are provided to adjust the horizontal cross hair in the event the test shows the instrument to be out of tolerance.  See the following figures for the configuration of the test.�








In the first setup, one of the rods is designated to be the near rod, rod A, with readings A1 and B1 determined as well as distances D1 and D2.   Distances D1 and D2 are not to be more than 0.2 meters (7.87inches) out of balance.   The thrust behind this close tolerance is to eliminate the "C" error in the first setup.  If the C error is eliminated or smaller than our least reading, there is no need to reoccupy the first position in the Calibration procedure even if multiple adjustments are required to reach the calibration specification.  Review of the following chart :





Error of Delta Height Determination with different stadia imbalances and varying C Values�
�
�
�
Error resulting with these Stadia imbalances�
�
�
�
Equiv Angle Err�
1.96 inches�
3.94 inches�
5.91 inches�
7.87 inches�
�
C Value�
in seconds�
0.05 metres�
0.10 metres�
0.15 metres�
0.20 metres�
�
�
�
inches�
inches�
inches�
inches�
�
0.000001�
0.2�
0.000�
0.000�
0.000�
0.000�
�
0.000002�
0.4�
0.000�
0.000�
0.000�
0.000�
�
0.000004�
0.8�
0.000�
0.000�
0.000�
0.000�
�
0.000008�
1.7�
0.000�
0.000�
0.000�
0.000�
�
0.00001�
2.1�
0.000�
0.000�
0.000�
0.000�
�
0.00002�
4.1�
0.000�
0.000�
0.000�
0.000�
�
0.00004�
8.3�
0.000�
0.000�
0.000�
0.000�
�
0.00008�
16.5�
0.000�
0.000�
0.000�
0.001�
�
0.0001�
20.6�
0.000�
0.000�
0.001�
0.001�
�
0.0002�
41.3�
0.000�
0.001�
0.001�
0.002�
�
�
�
�
�
�
�
�
�
Equiv Angle Err�
�
�
�
�
�
�
in minutes�
�
�
�
�
�
0.0004�
1.4�
0.001�
0.002�
0.002�
0.003�
�
0.0008�
2.8�
0.002�
0.003�
0.005�
0.006�
�
0.001�
3.4�
0.002�
0.004�
0.006�
0.008�
�
0.002�
6.9�
0.004�
0.008�
0.012�
0.016�
�
0.004�
13.8�
0.008�
0.016�
0.024�
0.031�
�
0.008�
27.5�
0.016�
0.032�
0.047�
0.063�
�



It can be seen that a stadia imbalance of 0.2 meters or approximately 8 inches will only introduce a 0.001 inch error n the determination of the DH for the first setup if the instrument has a C error of .00008 or 16.5 arc sec.


 


This 1 mil error would introduce an error in subsequent C determinations of 1mils/295.+  or 0.003mils/mil (0.07 arc sec).  





Bearing in mind that the error ratio currently in use requires an adjustment when the line of sight exceeds 5.2 arc/seconds, this 16.5 arc/second error is quite gross.  Once the C error has been determined either a cut off value can be determined to require setting up at the midpoint (1st setup) again or a computation can be performed to correct for the error in the DH of the first setup if it is deemed necessary to be ultraconservative.  But it should be remembered that a 2.5 minute error in line of sight produces 5.8 mils error in the DH over the 8 inches length, which in turn will compromise subsequent C determinations, by .02 mils/mil or 0.4 arc/second.  





Moving towards the designated near rod "A", the rod readings A2 & B2 are taken as well as determining the distances D3 and D4.  





The C determination or Slope solution can then be computed as follows:





C= DDH/DS2





C=Slope = [(B2-A2) - (B1-A1)]/[D4-D3]





C =Slope= (DH2 - DH1)/(D4-D3)





and the correction to the far rod at setup 2 computes 





Corr'n Far Rod= (C X D4) + B2





Once the adjustment is made, the instrument is reset in the same location, with a different HI and rods A and B are read again to determine the new rod readings A3 and B3 and distances D5 and D6.





C=Slope= {{B3-A3} - {DH1}}/{D6-D4}











