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This study contains test results, procedure and discussion of survey study done using the 2-peg test method.   The readings were obtained and recorded on two tables followed a deep analysis of the results. The accuracy of the results was validated. Collimation error was also included in the results. 
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[bookmark: _Toc39346454]Theory
This lab exercise was carried out to determine whether the telescope line of sight and the leveling bubble are parallel. The main objective of this lab exercise was to determine the collimation error of the leveling bubble instrument. Distance survey and angle can be used to determine the position of two points that are located on the surface of the earth. Even though the distance and the angle could be measured so easily, the information would still be incomplete without the difference in height between the two points. (Brinker & Minnick, 2015). The process of determining the height difference between such two points is called leveling.
[bookmark: _Toc39346455]Procedure and Experimental Setup
[bookmark: _Toc39346456]Equipment
i. Two staff bubble sets
ii. Level and tripod 
iii. Staffs 
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[bookmark: _Toc39345826]Figure 1: The experimental setup
[bookmark: _Toc39346457]Procedure
a. Two points that were 40 m apart were marked as point A and B.
b.  The leveling equipment was set at point C in the middle of points A and B.  
c. The staff at point A(S2) and B (S1) as shown in the figure below. 
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[bookmark: _Toc39345827]Figure 2: Measuring staffs S1 and S2 at point Band A respectively.
d. The leveling equipment was later moved to a distance near point B. the new distance between the leveling equipment and point B was L/10.
e. The staff A(S3 ) and D(S4) were measured and measurements recorded in a table. 
f. The distance between the two pegs were adjusted to 50 m, and the whole process repeated again.(Bhavikatti, 2018).
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[bookmark: _Toc39345856]Table 1: For midway between points A and B
	point
	Reading 
	

	A
	 1.352 m 
	

	B
	1.402 M
	



Table 2: For levelling equipment near point B
	point
	Reading 
	

	A
	 1.444 m 
	

	B
	1.1379M
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S1 = 1.402 m, S2= 1.352 M
S3= 1 .1379 m,   S4= 1.444 m

Collimation error 

e= (s1  S2) - (S3-S4)
    = (1.402 m – 1.352 m) – (1.379 m – 1.444 m)
     = 0.115 m 

For the leveling instrument being L/10 from point B, the readings obtained from staff A are 
S’4 = 1.444 – [] 55 
= 1.3175 m 
 This can be validated by finding the (S3 s4) and by comparing (S1 S2)  as shown below;

S’3 = 1.379 –[] *5
 = 1.3675 
= (S1 – S2) 
Hence 
(S’3 –S’4) = 1.3675 – 1.3175 
= 0.05 
= (S1-S2) 
Therefore, it holds.
The two peg tests are quite simple yet are very accurate as can be seen by the values of the (S’3 –S’4) and (S1-S2) obtained from the experiment.  The difference in height between the two staff was 0.05 m according to the calculations done (Bhavikatti, 2018).  While the error was 0.115 m, with proper adjustments, results with higher accuracy are possible to achieve. 
[bookmark: _Toc39346460]Conclusions
For a normal level, the results from the calculations ought to be smaller than 0.002. When the results are higher than that, steps to service the level should be taken.  However, as since the results obtained from the above exercise was greater than 0.002 m, (results was 0.05 m), the level had to be serviced (Brinker, & Minnick , 2015).  The objectives of the study activities included finding the collimation errors which was done and the error was found to be 0.115 m. In future, the performance and the reliability of the instrument can be checked via a series of test. For more accurate results in future, it is recommended that recently calibrated instruments should be used. 
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