Vertical Angle Measurement Errors  with  Topcon GTS 2B   
                                         by B. Pennino   issue 1    Submitted to Navlist 3/27/2013
Goals: 1. Determine scatter (error)  in  angle  measurements on fixed line  prior to measuring dip   

                angles to a wavy water surface (horizon) .

            2. Establish best procedures for measuring dip angles to minimize error in measurements.

General info:

1. Topcon GTS is a theodolite/total station with an internal through the lens electronic distance measuring capability. The angles are measured/read  with internal optical scales, directly readable to 3 seconds of arc; easy to estimate 1.5 seconds.  Specifications seem to say precision/accuracy? is about 3 seconds of arc.

2.  0* , or zero degrees, is a zenith angle, 90* is horizontal normal /front face operation, 270* is back face or inverted mode operation.  Heavy duty  surveying tripod used for stability. Instrument leveled with base plate bubble and “all around”  rotating bubble. Data sighted sequentially when in a  “facing”  mode. 
3. Data recorded with index going up to high point being measured (u), index moving down (d) to point/line sighted , sometimes (u) and (d) means going in both directions with index before settling  on point/line to be sighted.

4. For  sighting Mount Wachusett, the highest mean tops of the highest trees were sighted (not a single tree or lift tower).

Data Set 1 : Sighting  up on Mount Wachusett Peak from bedroom within home through storm window. Index vibrates probably because of refrigerator or furnace or heating system vibration. Outside temp  40F, blue/gray  sky, peak somewhat hazy. The peak of Mt Wachusett is higher than a horizontal  line of sight.         Distance is  12.5 miles.    Data recorded  3/16/2013.
                               Vertical Angles Measured in degrees, minutes, seconds

Normal mode,    Normal Mode,         Back Face     Back face     
        All  (u)           all  (d)                    all (u)             all (d)
88 53 36               88 53 27               271 05 57        271 06 03
88 53 45                    53 21                      06 09               06 15     
     53 54                         36                      06 27               05 54 
     53 35                         30                      06 23               06 12
          53                         39                      05 59               06 29
          24                         42                      06 14               06 27
          35                         24                      06 20               06 25
          42                         42                      06 09               06 05
          20                         44                      06 18               05 55
88 53 48               88 53 39               271 06 25        271 06 09 
Topcon error determination for dip measurement

                                                                        (2)

Data Set 2: Sighting on Holden  water tank  narrow strap  on side of  tank. Strap appears to hold lights and lighting rods . Theodolite set up on corner of  Lee and Prospect Streets,W. Boylston  about  2.5 miles from tank.   Sunny , bright , blue sky 40 F.   Index does not vibrate, calm day no wind.  Tank is higher than a horizontal line of sight. Data recorded 3/18/2013.  
Normal/Front Mode          Back Mode   (Note 11 sights        Data Set 2 a  -- Sight on very top
                                                                     each,  set 2)        of tank where vent pipe goes                               
                                                                                                 through tank cover, very distinct point

87 34 12  u & d                  272 25 39  u & d                                         Back mode
     34 15  u & d                         25 51  u & d                                         272 26 57  u & d not recorded
     34 09  u & d                              51  u & d                                                27 03
     34 07         d                              53         d                                                26 57
          18  u                                     42   u                                                      26 57
          17         d                              43         d                            stopped taking sightings because    
          11  u                                     51   u                                   repeatability error  small
          01         d                              51         d

          13  u                                     49   u

          15         d                              54         d
87 34 03  u                         272 25 45  u

Data Set 3 :  Sighting on very top of trees on Mount Wachusett.  Instrument on Rt 12, 

W. Boylston, MA @ reservoir, near causeway, sighting along powerline tree cut to see
mountain top. Distance about 12. 5 miles. Visibility good, clear, blue sky , cold, 35 F +/-.

Index does not vibrate.

Front /Normal mode                 Back / reverse mode

88 18 21          d                         271 41 19         d

88 18 35          d                                41 16   u

     18 35    u                                      41 35          d  

     18 23          d                                41 29   u
          26    u                                           36          d

          17          d                                     21   u

          33    u                                           27          d

          26          d                                     24   u

          33    u                                           21          d

88 18 40          d ?                      271 41 18   u
