
 

 

 

 

1 

CE6404 SURVEYING II 

 (FOR IV – SEMESTER) 

 
 

 

 

UNIT – I 
 

CONTROL SURVEYING 

 
 
 

 

 

 

 

 

 

 

 

Prepared by, 
 

G.GNANASUNDAR M.E;  

ASSISTANT PROFESSOR 

DEPARTMENT OF CIVIL ENGINEERING 

SIR VIDYA COLLEGE OF ENGINEERING & TECHNOLOGY  

VIRUDHUNAGAR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



 

 

 

 

2 

UNIT -I 

 

CONTROL SURVEYING 

        

 

Working from whole to part  

- Horizontal and vertical control methods  

Triangulation  

- Signals  

- Base line  

- Instruments and accessories  

- Corrections  

- Satellite station  

- Reduction to centre  

Trignometric levelling  

- Single and reciprocal observations  

- Modern trends  

– Bench marking 

 

Trigonometric leveling 

 

 Trigonometrical levelling is the process of determining the differences of elevations of 

stations from observed vertical angles and known distances, which are assumed to be either 

horizontal or geodetic lengths at mean sea level. The vertical angles may be measured by 

means of an accurate theodolite and the horizontal distances may either be measured ( in the 

case of plane surveying ) or computed ( in the case of geodetic observations ).  

Geodetic surveying  

 

 The object of the Geodetic surveying is to determine very precisely the relative or 

absolute positions on the earth’s surface of a system of widely separated points. The relative 
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positions are determined in terms of the lengths and azimuths of the lines joining them. The 

absolute positions are determined in terms of latitude, longitude, and elevation above mean sea 

level. However, the distinction between Geodetic surveying and Plane surveying is 

fundamentally one of extent of area rather than of operations.  

Triangulation 

In triangulation, the system consists of a number of inter-connected triangles in which 

the length of only one line, called the base line, and the angles of the triangles are measured 

very precisely. Knowing the length of one side and the three angles, the lengths of the other 

two sides of each triangle can be computed.  

disadvantages of using triangulation 

The defect of triangulation is that it tends to accumulate errors of length and azimuth, 

since the length and azimuth of each line is based on the length and azimuth of the preceding 

line. To control the accumulation of errors, subsidiary bases are also selected. At certain 

stations, astronomical observations for azimuth and longitude are also made. These stations are 

called Laplace Stations.  

objects of Geodetic Triangulation 

 (1) To provide the most accurate system of horizontal control points on which the less 

precise triangles may be based, which in turn may form a framework to which cadastral,  

topographical, hydrographical, engineering and other surveys may be referred.  

 (2) To assist in the determination of the size and shape of the earth by making 

observations for latitude, longitude and gravity. 

well-conditioned triangle 

There are various triangulation figures and the accuracy attained in each figure depends 

upon (i) the magnitude of the angles in each individual triangle, and (ii) the arrangement of the 

triangles. Regarding (i), the shape of the triangle should be such that any error in the 

measurement of angle shall have a minimum effect upon the lengths of the calculated side. 

Such a triangle is then called well-conditioned triangle.  

 In a triangle, one side is known from the computations of the adjacent triangle. The 

error in the other two sides will affect the rest of the triangulation figure. In order that these 

two sides be equally accurate, they should be equal in length. This can be attained by making 

the triangle isosceles.  
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Name the corrections to be made to the base line of a triangulation network. 

  

After having measured the length, the correct length of the base is calculated by 

applying the following corrections:  

1. Correction for absolute length  

2. Correction for temperature 

3. Correction for pull or tension  

4. Correction for sag 

5. Correction for slope 

6. Correction for alignment  

7. Reduction to sea level.      

 Satellite station 

In order to have well conditioned triangles or for better visibility ,objects such as 

church spires ,flag poles, towers, etc. are some times selected as triangulation stations.When 

the observations are to be taken from such a station ,it is impossible to set up a instrument over 

it. In such a case, a subsidiary station, known as satellite station or eccentric station or false 

station is selected as near to the main station and observations are taken from the satellite 

station and corrections applied. 

reduction to center 

The angles measured from satellite stations has to be corrected to what they would have 

been if they were measured from the true station. The operation of applying correction due to 

the eccentricity of the station is generally known as reduction to center. 

bench mark 

 Bench mark is a relatively permanent point of reference whose elevation with respect to 

some assumed datum is known. It is used either as starting point for leveling or as a point upon 

which to close a check. 

Traveller 

 A traveler is a special type of boning rod in which the horizontal pieces can be moved 

along a graduated vertical staff, and can be conveniently clamped at any desired height. 
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Horizontal control and its  methods employed 

 The horizontal control consists of reference marks of known plan position, from which 

salient points of designed structures may be set out. For large structures primary and secondary 

control points are used. The primary control points are triangulation stations. The secondary 

control points are reference to the primary control stations. 

Reference Grid  

 Reference grids are used for accurate setting out of works of large magnitude. The 

following types of reference grids are used: 

  1. Survey Grid 

  2. Site Grid 

  3. Structural Grid 

  4. Secondary Grid 

Survey grid is one which is drawn on a survey plan, from the original traverse. Original 

traverse stations form the control points of the grid. The site grid used by the designer is the 

one with the help of which actual setting out is done. As far as possible the site grid should be 

actually the survey grid. All the design points are related in terms of site grid coordinates. The 

structural grid is used when the structural components of the building  are large in numbers and 

are so positioned that these components cannot be set out from the site grid with sufficient 

accuracy. The structural grid is set out from the site grid points. The secondary grid is 

established inside the structure, to establish internal details of the building, which are otherwise 

not visible directly from the structural grid.  

 

Vertical Control & methods 

 The vertical control consists of establishment of reference marks of known height 

relative to some special datum. All levels at the site are normally reduced to the near by bench 

mark, usually known as master bench mark. 

 The setting of points in the vertical direction is usually done with the help of following 

rods: 

   1. Boning rods and travelers 

   2. Sight Rails 

   3. Slope rails or batter boards 

   4. Profile boards 
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Boning rods: 

 A boning rod consist of an upright pole having a horizontal board at its top, forming a 

‘T ‘shaped rod. Boning rods are made in set of three, and many consist of three ‘T’ shaped 

rods, each of equal size and shape, or two rods identical to each other and a third one 

consisting of longer rod with a detachable or movable ‘T’ piece. The  third one is called 

traveling rod or traveler. 

Sight Rails: 

 A sight rail consist of horizontal cross piece nailed to a single upright or pair of 

uprights driven into the ground. The upper edge of the cross piece is set to a convenient height 

above the required plane of the structure, and should be above the ground to enable a man to 

conveniently align his eyes with the upper edge. A stepped sight rail or double sight rail is used 

in highly undulating or falling ground. 

Slope rails or Batter boards: 

These are used for controlling the side slopes in embankment and in cuttings. These consist of 

two vertical poles with a sloping board nailed near their top. The slope rails define a plane 

parallel to the proposed slope of the embankment, but at suitable vertical distance above it. 

Travelers are used to control the slope during filling operation. 

 

Profile boards : 

 These are similar to sight rails, but are used to define the corners, or sides of a building. 

A profile board is erected near each corner peg. Each unit of profile board consists of two 

verticals, one horizontal board and two cross boards. Nails or saw cuts are placed at the top of 

the profile boards to define the width of foundation and the line of the outside of the wall. 

 

trigonometric leveling 

 

 Trigonometrical leveling is the process of determining the differences of elevations of 

stations from observed vertical angles and known distances, which are assumed to be either 

horizontal or geodetic lengths at mean sea level. The vertical angles may be measured by 

means of an accurate theologize and the horizontal distances may either be measured ( in the 

case of plane surveying ) or computed ( in the case of geodetic observations ).  

 We shall discuss the trigonometrically levelling under two heads:  
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1.   Observations for height and distances, and  

2.  Geodetical observations.  

In the first case, the principles of the plane surveying will be used. It is assumed  

That the distances between the points observed are not large so that either the effect of 

curvature and refraction may be neglected or proper correction may be applied linearly to the 

calculated difference in elevation. Under this head fall the various methods of angular levelling 

for determining the elevations of particular points such as the top of chimney, or church spire 

etc.  

 In the geodetical observations of trigonometrically levelling, the distance between the 

points measured is geodetic and is large. The ordinary principals of plane surveying are not 

applicable. The corrections for curvature and refraction are applied in angular measure directly 

to the observed angles.  

 

methods to determine the heights and distances of object by trigonometric leveling 

 

Case 1: Base of the object accessible.  

   Case 2: Base of the object inaccessible. Instrument stations in the same                                       

                  Vertical plane as the elevated object.     

Case 3: Base of the object inaccessible. Instrument stations not in the same   

               Vertical plane as the elevated object.    

An instrument was set up at P and the angle of elevation to a vane 4 m above the foot of 

the staff held at Q was 9° 30′. The horizontal distance between P and Q was known to be 

2000 metres. Determine the R.L. of the staff station Q given that the R.L. of the 

instrument axis was 2650.38.  

Solution: 

 Height of vane above the instrument axis 

    =  D tan α = 2000 tan 9° 30′ 

    = 334.68 m  

 Correction for curvature and refraction  

          C = 0.06735 D² m,  when D is in km  

                                            = 0.2694 ≈ 0.27 m ( + ve)  

 Height of vane above the instrument axis  
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    = 334.68 + 0.27 = 334.95  

             R.L. fo vane = 334.95 + 2650.38 = 2985.33 m  

                            R.L. of Q = 2985.33 – 4 = 2981.33 m  

 An instrument was set up at P and the angle of depression to a vane 2 m above the foot of 

the staff held at Q was 5° 36′. The horizontal distance between P and Q was known to be 

3000 metres. Determine the R.L. of the staff station Q given that staff reading on a B.M. 

of elevation 436.050 was 2.865 metres.  

Solution: 

 

 The difference in elevation between the vane and the instrument axis 

    =  D tan α  

    = 3000 tan 5° 36′ = 294.153 

 Combined correction due to cuvature and refraction 

           C = 0.06735 D² metres , when D is in km  

    = 0.606 m.  

 Since the observed angle is negative, the combined correction due to curvature and 

refraction is subtractive.  

 Difference in elevation between the vane and the instrument   axis   

      = 294.153 – 0.606 = 293.547 = h.  

 R.L. of instrument axis  = 436.050 + 2.865 = 438.915 

             R.L. of the vane  = R.L. of instrument aixs – h  

       = 438.915 – 293.547 = 145.368  

                                       R.L. of Q  = 145.368 – 2 

      = 143.368 m.  

 In order to ascertain the elevation of the top (Q) of the signal on a hill, observations were 

made from two instrument stations P and R at a horizontal distance 100 metres apart, the 

station P and R being in the line with Q. The angles of elevation of Q at P and R were 28° 

42′ and 18° 6′ respectively. The staff reading upon the bench mark of elevation 287.28 

were respectively 2.870 and 3.750 when the instrument was at P and at R, the telescope 

being horizontal. Determine the elevation of the foot of the signal if the height of the 

signal above its base is 3 metres.   
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Solution: 

 Elevation of instrument axis at P = R.L. of B.M. + Staff reading  

                        = 287.28 + 2.870 = 290.15 m   

Elevation of instrument axis at R = R.L. of B.M. + staff reading  

                        = 287.28 + 3.750 = 291.03 m   

 Difference in level of the instrument axes at the two stations                                    

 S   =291.03 – 290.15 = 0.88 m.  

   α -- = 28° 42 and α ---- = 18° 6′ 

                        s cot α--- = 0.88 cot 18° 6′ = 2.69 m  

     

    = 152.1 m.  

 

         h-- = D tan α-- = 152.1 tan 28° 42′ = 83.272 m    

  R.L. of foot of signal = R.L. of inst. aixs at P + h-- - ht. of signal 

           = 290.15 + 83.272 – 3 = 370.422 m.  

   Check    :   (b + D)       = 100 + 152.1 m = 252.1 m  

               h-- = (b + D) tan α-- = 252.1 x tan 18° 6′ 

         = 82.399 m 

 R.L. of foot of signal = R.L. of inst. axis at R + h--+ ht. of signal  

    = 291.03 + 82.399 – 3 = 370.429 m.    

To find the elevation of the top (Q) of a hill, a flag staff of 2 m height was erected and 

observations were made from two stations P and R, 60 metres apart. The horizontal angle 

measured at P between R and the top of the flat staff was 60° 30′ and that measured at R 

between the top of the flag staff and P was 68° 18′. The angle of elevation to the top of the 

flag staff was measured to be 10° 12′ at P.  The angle of elevation to the top of the flag 

staff was measured to be 10° 48′ at R. Staff readings on B.M. when the instrument was at 

P= 1.965 m and that with the instrument at R = 2.055 m. Calculate the elevation of the 

top of the hill if that of     B.M. was     435.065 m.   

Solution: 

 

Given  :               b = 60 m  
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             θ-- = 60° 30′  ;            θ-- = 68° 18′  

              α--= 10° 12′  ;            α-- = 10° 18′  

                           PQ-- = D = ------------------------- 

and     h =  

 

 

       = 12.87 m 

          R.L. of Q    = (R.L. of instrument axis at P ) + h-- 

       = (435.065 + 1.965 + 12.87)  

                  = 449.900 m.  

Check 

 

  

         = 12.78 m  

             R.L. of Q = R.L. of instrument axis at R + h-- 

         = (435.065 + 2.055) + 12.78  

         = 449.9 m.  

          

classification of triangulation system? 

 

 The basis of the classification of triangulation figures is the accuracy with which the 

length and azimuth of a line of the triangulation are determined. Triangulation systems of 

different accuracies depend on the extent and the purpose of the survey. The accepted grades of 

triangulation are: 

1. First order or Primary Triangulation  

2. Second order or Secondary Triangulation  

3. Third order or Tertiary Triangulation 

First Order or Primary Triangulation: 

 The first order triangulation is of the highest order and is employed either to determine 

the earth’s figure or to furnish the most precise control points to which secondary triangulation 

may be connected. The primary triangulation system embraces the vast area (usually the whole 

of the country). Every precaution is taken in making linear and angular measurements and in 
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performing the reductions. The following are the general specifications of the primary 

triangulation: 

1. Average triangle closure    : Less than 1 second  

2. Maximum triangle closure   : Not more than 3 seconds 

3. Length of base line    : 5 to 15 kilometers  

4. Length of the sides of triangles  : 30 to 150 kilometers 

5. Actual error of base    : 1 in 300,000 

6. Probable error of base   : 1 in 1,000,000 

7. Discrepancy between two 

    measures of a section    : 10 mm kilometers 

8. Probable error or computed  

    distance      : 1 in 60,000 to 1 in 250,000 

9. Probable error in astronomic 

    azimuth     : 0.5 seconds  

 

Secondary Order or Secondary Triangulation  

 The secondary triangulation consists of a number of points fixed within the framework 

of primary triangulation. The stations are fixed at close intervals so that the sizes of the 

triangles formed are smaller than the primary triangulation. The instruments and methods used 

are not of the same utmost refinement. The general specifications of the secondary 

triangulation are :  

1. Average triangle closure    : 3 sec  

2. Maximum triangle closure   : 8 sec 

3. Length of base line    : 1.5 to 5 km  

4. Length of sides of triangles   : 8 to 65 km 

5. Actual error of base    : 1 in 150,000 

6. Probable error of base   : 1 in 500,000 

7. Discrepancy between two 

    measures of a section    : 20 mm kilometers 

8. Probable error or computed  

    distance     : 1 in 20,000 to 1 in 50,000 

9. Probable error in astronomic 
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    azimuth     : 2.0 sec  

 

Third Order or Tertiary Triangulation: 

 The third-order triangulation consists of a number of points fixed within the framework 

of secondary triangulation, and forms the immediate control for detailed engineering and other 

surveys. The sizes of the triangles are small and instrument with moderate precision may be 

used. The specifications for a third-order  triangulation are as follows :  

 

1. Average triangle closure   : 6 sec  

2. Maximum triangle closure  : 12 sec 

3. Length of base line   : 0.5 to 3 km  

4. Length of sides of triangles  : 1.5 to 10 km 

5. Actual error of base   : 1 in 75,0000 

6. Probable error of base  : 1 in 250,000 

7. Discrepancy between two 

    Measures of a section   : 25 mm kilometers 

8. Probable error or computed  

    Distance    : 1 in 5,000 to 1 in 20,000 

9. Probable error in astronomic 

    Azimuth    : 5 sec. 

the systems of triangles employed in triangulation 

 

 A triangulation figure is a group or system of triangle such that any figure has one side, 

and only one, common to each of the preceding and following figures. The common Figures or 

Systems are:  

 (1) Single chain of triangles [Fig 6.1 (a)] 

 (2) Double chain of triangles [Fig. 6.1 (b)]  

 (3) Central point Figures [Fig. 6.1 (c)] 

 (4) Quadrilateral [Fig. 6.1 (d)] 
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Single chain of triangles 

This figure is used where a narrow strip of terrain is to be covered. Though the system 

is rapid and economical, it is not so accurate for primary work since the number of conditions  

to be fulfilled in the figure adjustment is relatively small. Also, it is not possible to carry the 

solution of triangles through the figures by two independent routes. If the accumulation of 

errors is not be become excessive, base lines must be introduced frequently.  

Double chain of triangles:  

It is used to cover greater area.  

Centered figures:  

 Centered figures are used to cover area, and give very satisfactory results in flat 

country. The centered figures may be quadrilaterals, pentagons, or hexagons with central 

stations. The system provides the desired checks on the computations. However, the progress 

of work is slow due to more settings of the instrument.  

Quadrilaterals: 

 The quadrilaterals with four corner stations and observed diagonal forms the best 

figures. They are best suited for hilly country. Since the computed lengths of the sides can be 

carried through the system by different combinations of sides and angles, the system is the 

most accurate.  

  

Criteria for selection of the figure :  

 The following factors should be considered while selecting a particular figure : 

 (1) The figure should be such that the computations can be done through two 

independent routes.  

 (2) The figure should be such that at least one, and preferably both routes should be 

well-conditioned.  

 (3) All the lines in a figure should be of comparable length. Very long lines should be 

avoided.  

 (4) The figure should be such that least work may secure maximum progress.  

 (5) Complex figures should not involve more than about twelve conditions.  
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Framework of a large country :  

 In very extensive survey, the primary triangulation is laid in two series of chains of 

triangles, which are usually placed roughly north and south, and east and west respectively. 

The enclosed area between the parallel and perpendicular series is filled by secondary ad 

tertiary triangulation figures. This system is known as the grid iron system, and has been 

adopted for France, Spain, Austria and India. In another system, called the central system, the 

whole area of the survey may be covered by a network of primary triangulation extending 

outwards in all directions from the initial base line. The central system has been adopted for 

United Kingdom.  

 The probable error of direction measurement is 1.25 seconds. Compute the maximum 

value of R if the maximum probable error desired is 

(a) 1 in 25,000 

and   (b) 1 in 10,000. 

Solution: 

 (a) Since L is the probable error of a logarithm, it represents the logarithm of the ratio 

of the true value and a value containing the probable error.  

  In this case,  L = the sixth place in log  

         = the sixth place in log (1  0.00004) 

 

 From seven figure log table,  

        Log 1.0000 = 0.000000 

           Difference for 4 = 173 

     log (1 + 0.00004) = 0.0000173 

 The sixth place in the log = 17  

 Hence             L =  17  

               L² = 289  

 Also    d = 1.25  

 Now              L² = 4/3 d²R  

     

or Rmax  =   ------------------------------------------ 
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     (b) In this case, L = the sixth place in log ( 1 + 1/10000) 

              = the sixth place in log ( 1  0.0001)  

 =  43… (since log 1.0001 = 0.0000434)  

                        L² = 1849  

            d = 1.25  

                    d²   = 1.5625 

 

                    Rmax  =  ---------------------------------------- 

     

signals and towers   used in trigonometric surveying. 

 

TOWERS: 

A tower is a structure erected over a station for the support of the instrument and 

observing party and is provided when the station, or the signal, or both are to be elevated. The 

amount of elevation depends on the character for the terrain and length of sight desired. The 

triangulation tower must be built in duplicate, securely founded and braced and guyed. The 

inner tower supports the instrument only and the outer supports the observer and the signal. 

The two towers should be entirely independent to each other. Towers may be of masonry, 

timber, or steel. For small heights, masonry structures are most suitable, but otherwise they are 

uneconomical. Timber scaffolds are most commonly used, and have been constructed to 

heights over 50 metres. Steel towers made of light sections are very portable and can be easily 

erected and dismantled. Mr.J.S.Bilby, of the United States Coast and Geodetic Survey, evolved 

such a portable type of tower (Fig. 6.8) made of steel sections and rods which can be 

assembled and dismantled very easily. The Bilby tower can raise the observer and the lamp to a 

height of 30 m or even 40 m with a beacon 3 m higher. Five men can erect the tower, weighing 

3 tonnes, in 5 hours.  

 

SIGNALS: 

A signal is a device erected to define the exact position of an observed station. The 

signal may be classified as under:  

(1) Daylight or non-luminous (opaque) signal;  

(2) Sun or luminous signal; and  
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(3) Night signal.  

 A signal should fulfill the following requirements :  

 (i) It should be conspicuous (clearly visible against any back ground). 

 (ii) It should be capable of being accurately centered over the station mark.  

 (iii) It should be suitable for accurate bisection.  

 (iv) It should be free from phase, or should exhibit little phase.  

 

Non-luminous or Opaque Signals:  

Daylight or non-luminous signals consist of the various forms of mast, target or tin cone types, 

and are generally used for direct sights less than 30 kilometres. For sights under 6 kilometres, 

pole signals [Fig. 6.9 (a)] consisting of round pole painted black and white in alternate section 

and supported on a tripod or quadripod may be used. A target signal [Fig. 6.9 (b)] consists of a 

pole carrying two square or rectangular targets placed at right angles to each other. The targets 

are made of cloth stretched on wooden frames.  

 The signals should be of dark colour for visibility against the sky and should be painted 

white, or in white and black strips against a dark background. The top of the mast should carry 

a flag. To make the signal conspicuous, its height above the station should be roughly 

proportional to the length of the longest sight upon it. A height in the vertical plane 

corresponding to at least 30’’ is necessary. The following rules may serve as a guide : 

 Diameter of signal in cm = 1.3 D to 1.9 D, where D is in kilometers.  

 Heights of signal in cm = 13.3 D, where D is in kilometers.  

Luminous or Sun Signals: 

Sun signals are those in which the sun’s ray’s are reflected to the observing theodolite, 

either directly, as from a beacon, or indirectly from a signal target. They are generally used 

when the length of sight exceeds 30 km. The heliotrope and heliograph are the special 

instruments used as sun signals. The heliotrope consists of a plane mirror to reflect the sun’s 

rays and a line of sight to enable the attendant to direct the reflected rays towards the observing 

station. The line of sight may be either telescopic or in the form of a sight vane with an 

aperture carrying crosswires. The heliotrope is centred over the station mark, and the line of 

sight is directed upon the distant station by the attendant at the heliotrope. Flashes are sent 

from the observing station to enable the direction to be established. Because of the motion of 

the sun, the heliotroper must adjust the mirror every minute on its axes. The reflected rays from 
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a divergent beam have an angle equal to that subtended by the sun at the mirror viz. about 32 

min. The base of the cone of the reflected rays has therefore, a diameter of about 10 metres in 

every kilometer of distance. Since the signal is visible from any point within this base, great 

refinement in pointing the heliotrope is unnecessary. However, in order that the signal may be 

visible, the error in alignment should be less than 16 minutes. Another form of heliotrope is the 

‘Galton Sun Signal’.  

Night Signals: 

 Night signals are used in observing the angles of a triangulation system at night. 

Various forms of night signals used are; 

 (1) Various forms of oil lamps with reflectors or optical collimators for lines of sight 

less than 80 kilometers.  

 (2) Acetylene lamp designed by captain G.T.McCaw for lines of sight up to 80 

kilometers.  

Phase of Signals: 

 Phase of signal is the error of bisection which arises from the fact that, under lateral 

illumination, the signal is partly in light and partly in shade. The observer sees only the 

illuminated portion and bisects it. It is thus the apparent displacements of the signal. The phase 

correction is thus necessary so that the observed angle may be reduced to that corresponding to 

the centre of the signal.  

 The correction can be applied under two conditions : 

(i) When the observation is made on the bright portion. 

(ii)  When the observation is made on the bright line.  

 

factors to be considered while selecting base line. 

 

The measurement of base line forms the most important part of the triangulation 

operations. The base line is laid down with great accuracy of measurement and alignment as it 

forms the basis for the computations of triangulation system. The length of the base line 

depends upon the grades of the triangulation. Apart from main base line, several other check 

bases are also measured at some suitable intervals. In India, ten bases were used, the lengths of 

the nine bases vary from 6.4 to 7.8 miles and that of the tenth base is 1.7 miles.  
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Selection of Site for Base Line. Since the accuracy in the measurement of the base line 

depends upon the site conditions, the following points should be taken into consideration while 

selecting the site:  

1. The site should be fairly level. If, however, the ground is sloping, the slope should be 

uniform and gentle. Undulating ground should, if possible be avoided.  

2. The site should be free from obstructions throughout the whole of the length. The 

line clearing should be cheap in both labour and compensation.  

3. The extremities of the base should be intervisible at ground level.  

4. The ground should be reasonably firm and smooth. Water gaps should be few, and if 

possible not wider than the length of the long wire or tape.  

5. The site should suit extension to primary triangulation. This is an important factor 

since the error in extension is likely to exceed the error in measurement.  

In a flat and open country, there is ample choice in the selection of the site and the base 

may be so selected that it suits the triangulation stations. In rough country, however, the choice 

is limited and it may sometimes be necessary to select some of the triangulation stations that at 

suitable for the base line site.  

Standards of Length. The ultimate standard to which all modern national standards are 

referred is the international meter established by the Bureau International der Poids at 

Measures and kept at the Pavilion de Breteuil, Sevres, with copies allotted to various national 

surveys. The meter is marked on three platinum-iridium bars kept under standard conditions. 

One great disadvantage of the standard of length that are made of metal are that they are 

subject to very small secular change in their dimensions. Accordingly, the meter has now been 

standardized in terms of wavelength of cadmium light.    
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UNIT – II 

 

 SURVEY ADJUSTMENTS 

                

Errors Sources- precautions and corrections – classification of errors – true and most 

probable values- weighed observations – method of equal shifts –principle of least 

squares -0 normal equation – correlates- level nets- adjustment of simple triangulation 

networks. 

. 

 

Independent Quantity. 

 An observed quantity may be classified as (i) independent and (ii) conditioned. An 

independent quantity is the one whose value is independent of the values of other 

quantities. It bears no relation with any other quantity and hence change in the other 

quantities does not affect the value of this quantity. Example : reduced levels of several 

bench marks.  

Conditioned Quantity.  

A conditioned quantity is the one whose value is dependent upon the values of one or 

more quantities. Its value bears a rigid relationship to some other quantity or quantities. It 

is also called a dependent quantity. For example, in a triangle ABC, A + B + C 

=180°. In this conditioned equation, any two angles may be regarded as independent and 

the third as dependent or conditioned.  

Direct Observation.  

An observation is the numerical value of a measured quantity, and may be either 

direct or indirect. A direct observation is the one made directly on the quantity being 

determined, e.g., the measurement of a base, the single measurement of an angle etc. 

Indirect Observation.  

An indirect observation is one in which the observed value is deduced from the 

measurement of some related quantities, e.g., the measurement of angle by repetition (a 

multiple of the angle being measured.) 

Weight of an Observation.  

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



 

 

The weight of an observation is a number giving an indication of its precision and 

trustworthiness when making a comparison between several quantities of different worth. 

Thus, if a certain observation is of weight 4, it means that it is four times as much reliable 

as an observation of weight 1. When two quantities or observations are assumed to be 

equally reliable, the observed values are said to be of equal weight or of unit weight. 

Observations are called weighted when different weights are assigned to them. 

Observations are required to be weighted when they are made with unequal care and 

under dissimilar conditions. Weights are assigned to the observations or quantities 

observed in direct proportion to the number of observations.  

Observed Value of a Quantity.  

An observed value of a quantity is the value obtained when it is corrected for all the 

known errors.  

True Value of Quantity.  

The true value of a quantity is the value which is absolutely free from all the errors. 

The true value of a quantity is indeterminate since the true error is never known.  

Most Probable Value. 

 The most probable value of a quantity is the one which has more chances of being 

true than has any other. It is deduced from the several measurements on which it is based.  

True Error.  

A true error is the difference between the true value of a quantity and its observed 

value. 

Most Probable Error. 

 The most probable error is defined as that quantity which added to, and subtracted 

from, the most probable value fixes the limits within which it is an even chance the true 

value of the measured quantity must lie.  

Residual Error. 

 A residual error is the difference between the most probable value of a quantity and 

its observed value.  

Observation Equation. An observation equation is the relation between the observed 

quantity and its numerical value.  

Conditioned Equation. 
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 A conditioned equation is the equation expressing the relation existing between the 

several dependent quantities.  

Normal Equation.  

A normal equation is the one which is formed by multiplying each equation by the 

co-efficient of the unknown whose normal equation is to be found and by adding the 

equations thus formed. As the number of normal equations is the same as the number of 

unknowns, the most probable values of the unknown can be found from these equations.  

Most Probable Value 

 As defined earlier the most probable value of a quantity is the one which has 

more chances of being true than any other. It can be proved from the theory of errors that 

:  

(i) That most probable value of a quantity is equal to the arithmetic mean if 

the observations are of equal weight.  

(ii) The most probable value of a quantity is equal to the weighted arithmetic 

mean in case of observations of unequal weights.  

 normal equations 

 A normal equation is the one which is formed by multiplying each equation by the 

coefficient of the unknown whose normal equation is to be found and by adding the 

equation thus formed. As the number of normal equations is the same as the number of 

unknowns, the most probable values of the unknowns can be found from the equations.  

Types of errors 

 

 Errors of measurement are of three kinds: (i) mistakes, (ii) systematic errors, and 

(iii) accidental errors.  

  (i) Mistakes. Mistakes are errors that arise from inattention, inexperience, 

carelessness and poor judgment or confusion in the mind of the observer. If a mistake is 

undetected, it produces a serious effect on the final result. Hence every value to be 

recorded in the field must be checked by some independent field observation.  

 

 (ii) Systematic Error. A systematic error is an error that under the same 

conditions will always be of the same size and sign. A systematic error always follows 

some definite mathematical or physical law, and a correction can be determined and 

applied. Such errors are of constant character and are regarded as positive or negative 
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according as they make the result too great or too small. Their effect is therefore, 

cumulative.  

 If undetected, systematic errors are very serious. Therefore:  

 (1) All the surveying equipments must be designed and used so that whenever 

possible systematic errors will be automatically eliminated and (2) all systematic errors 

that cannot be surely eliminated by this means must be evaluated and their relationship to 

the conditions that cause them must be determined. For example, in ordinary levelling, 

the levelling instrument must first be adjusted so that the line of sight is as nearly 

horizontal as possible when bubble is centered. Also the horizontal lengths for back sight 

and foresight from each instrument position should be kept as nearly equal as possible. In 

precise levelling, everyday, the actual error of the instrument must be determined by 

careful peg test, the length of each sight is measured by stadia and a correction to the 

result is applied.  

 (iii) Accidental Error. Accidental errors are those which remain after mistakes 

and systematic errors have been eliminated and are caused by a combination of reasons 

beyond the ability of the observer to control. They tend sometimes in one direction and 

some times in the other, i.e., they are equally likely to make the apparent result too large 

or too small.  

 An accidental error of a single determination is the difference between (1) the true 

value of the quantity and (2) a determination that is free from mistakes and systematic 

errors. Accidental error represents limit of precision in the determination of a value. They 

obey the laws of chance and therefore, must be handled according to the mathematical 

laws of probability.  

 The theory of errors that is discussed in this chapter deals only with the accidental 

errors after all the known errors are eliminated and accounted for.  

 Law of accidental errors . 

 

 Investigations of observations of various types show that accidental errors follow 

a definite law, the law of probability. This law defines the occurrence of errors and can be 

expressed in the form of equation which is used to compute the probable value or the 

probable precision of a quantity. The most important features of accidental errors which 

usually occur are:  
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(i) Small errors tend to be more frequent than the large ones ; that is they are 

the most probable.  

(ii) Positive and negative errors of the same size happen with equal frequency 

; that is, they are equally probable.  

(iii) Large errors occur infrequently and are impossible.  

principles of least squares. 

 It is found from the probability equation that the most probable values of a series 

of errors arising from observations of equal weight are those for which the sum of the 

squares is a minimum. The fundamental law of least squares is derived from this. 

According to the principle of least squares, the most probable value of an observed 

quantity available from a given set of observations is the one for which the sum of the 

squares of the residual errors is a minimum. When a quantity is being deduced from a 

series of observations, the residual errors will be the difference between the adopted 

value and the several observed values,  

 Let V1, V2, V3 etc. be the observed values 

   x = most probable value  

laws of weights.   

 From the method of least squares the following laws of weights are established: 

 (i) The weight of the arithmetic mean of the measurements of unit weight is equal 

to the number of observations.  

 For example, let an angle A be measured six times, the following being the 

values: 

A  Weight    A   Weight 

       30° 20′ 8”      1        30° 20′ 10”                   1 

       30° 20′ 10”     1        30° 20′ 9”                      1 

       30° 20′ 7”      1        30° 20′ 10”                1 

         Arithmetic mean 

        = 30° 20′ + 1/6 (8” + 10” + 7” + 10” + 9” + 10”) 

        = 30° 20′ 9”.  

       Weight of arithmetic mean = number of observations = 6. 

 (2) The weight of the weighted arithmetic mean is equal to the sum of the 

individual weights. 
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For example, let an angle A be measured six times, the following being the values : 

A   Weight   A   Weight 

       30° 20′ 8”       2       30° 20′ 10”              3 

       30° 20′ 10”      3       30° 20′ 9”                     4 

       30° 20′ 6”       2       30° 20′ 10”                  2 

Sum of weights    = 2 + 3 + 2 + 3 + 4 + 2 =16 

Arithmetic mean  = 30° 20′ + 1/16 (8”X2 + 10” X3+ 7”X2 + 10”X3 + 9” X4+ 10”X2) 

       = 30° 20′ 9”.  

       Weight of arithmetic mean = 16. 

 

 (3) The weight of algebric sum of two or more quantities is equal to the 

reciprocals of the individual weights. 

 

For Example   angle     A = 30° 20′ 8”, Weight    2  

    B = 15° 20′ 8”, Weight    3 

 

Weight of           A + B = 

 

 (4) If a quantity of given weight is multiplied by a factor, the weight of the result 

is obtained by dividing its given weight by the square of the factor. 

(5) If a quantity of given weight is divided by a factor, the weight of the result is 

obtained by multiplying its given weight by the square of the factor. 

(6) If a equation is multiplied by its own weight, the weight of the resulting 

equation is equal to the reciprocal of  the weight of the equation. 

(7) The weight of the equation remains unchanged, if all the signs of the equation 

are changed or if the equation is added or subtracted from a constant. 

distribution of error of the field measurement . 

 Whenever observations are made in the field, it is always necessary to check for 

the closing error, if any. The closing error should be distributed to the observed 

quantities. For examples, the sum of the angles measured at a central angle should be 
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360°, the error should be distributed to the observed angles after giving proper weight age 

to the observations. The following rules should be applied for the distribution of errors:  

 (1) The correction to be applied to an observation is inversely proportional to the 

weight of the observation.  

 (2) The correction to be applied to an observation is directly proportional to the 

square of the probable error.  

 (3) In case of line of levels, the correction to be applied is proportional to the 

length.  

 The following are the three angles α, β and y observed at a station P closing the 

horizon, along with their probable errors of measurement. Determine their 

corrected values.  

    α = 78° 12′ 12”  2” 

    β = 136° 48′ 30”  4” 

    y = 144° 59′ 08”  5” 

 Solution.  

 Sum of the three angles    = 359° 59′ 50” 

 Discrepancy         = 10” 

 Hence each angle is to be increased, and the error of 10” is to be distributed in 

proportion to the square of the probable error.  

 Let c1, c2 and c3 be the correction to be applied to the angles α, β and y 

respectively. 

  c1 : c2 : c3 = (2)² : (4)² : (5)² = 4 : 16 : 25   … (1) 

 Also,   c1 + c2 + c3 = 10”      … (2) 

 From (1),             c2 = 16 /4 c1 = 4c1 

And       c3 = 25/4 c1 

 Substituting these values of c2 and c3 in (2), we get      

c1 + 4c1 + 25/4 c1 = 10” 

or            c1 ( 1 + 4 + 25/4 )   = 10”     

                                        c1 = 10 x 4/45 = 0”.89 

                              c2 = 4c1 = 3”.36 

And                   c3  = 25 /4 c1  = 5”.55 
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 Check:    c1 + c2 + c3 = 0.”89 + 3”.56 + 5”.55 = 10” 

 Hence the corrected angles are  

    α =  78° 12′ 12” + 0”.89  = 78° 12′ 12”.89   

    β = 136° 48′ 30” + 3”.56 = 136° 48′ 33”.56 

and     y = 144° 59′ 08” + 5”.55 = 144° 59′ 13”.55 

              ------------------------- 

     Sum        = 360° 00′ 00”+ 00 

An angle A was measured by different persons and the following are the values :  

 

  Angle     Number of measurements 

       65° 30′ 10”  …    2 

       65° 29′ 50”  …    3 

       65° 30′ 00”  …    3 

       65° 30′ 20”  …    4 

       65° 30′ 10”  …    3 

 Find the most probable value of the angle.  

 Solution.  

 As stated earlier, the most probable value of an angle is equal to its weighted 

arithmetic mean.  

   65° 30′ 10” x 2 = 131° 00′ 20” 

   65° 29′ 50” x 3 = 196° 29′ 30” 

   65° 30′ 00” x 3 = 196° 30′ 00” 

   65° 30′ 20” x 4 = 262° 01′ 20” 

   65° 30′ 10” x 3 = 196° 30′ 30” 

                             ------------------ 

                   Sum = 982° 31′ 40” 

  Σ weight = 2 + 3 + 3 + 4 + 3 = 15  

                      Weighted arithmetic mean 

      = 982° 31′ 40” 

-----------------------------   = 65° 30′ 6”.67 

                 15 
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  Hence most probable value of the angle = 65° 30′ 6”.67 

 

The telescope of a theodilite is fitted with stadia wires. It is required to find the most 

probable values of the constants C and K of tacheometer. The staff was kept vertical 

at three points in the field and with of sight horizontal the staff intercepts observed 

was as follows. 

   

Distance of staff  

from tacheometer D( m) 

Staff intercept S(m) 

150 1.495 

200 2.000 

250 2.505 

 

Solution: 

 The distance equation is  

  D = KS + C 

 The observation equations are 

  150 = 1.495 K + C 

  200 = 2.000 K + C 

  250 = 2.505 K + C 

If K and C are the most probable values, then the error of observations are: 

   150 - 1.495 K - C 

  200 - 2.000 K - C 

  250 - 2.505 K – C 

By the theory of least squares 

(150 –1.495 K –C)
2
 +(200 - 2.000 K– C )

2
 +(250 - 505 K – C )

2
 = minimum---(i) 

For normal equation in K, 

 Differentiating equation (i) w.r.t. K,  

2(-1.495)(150 –1.495 K –C) +2(-20.)(200 - 2.000 K– C) 

 +2(-2.505)(250 - 505 K – C ) = 0 

208.41667 – 2.085 K – C = 0  -------- (2) 

Normal equation in C 
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Differentiating equation (i) w.r.t. C,  

2(-1.0)(150 –1.495 K –C) +2(-1.0)(200 - 2.000 K– C) 

 +2(-1.0)(250 - 505 K – C ) = 0 

200 – 2 K – C = 0   --------- (3) 

On solving Equations (2) and (3)  

  K = 99.0196 

  C = 1.9608 

The distance equation is: 

 D = 99.0196 S + 1.9608 

The following angles were measured at a station O as to close the horizon. 

  75".28'4283AOB   weight 3 

26".43'15102BOC   weight 2 

22".27'3894COD   weight 4 

77".23'2379DOA   weight 2 

 Adjust the angles by method of Correlates. 

 Solution: 

  75".28'4283AOB   Weight 3 

26".43'15102BOC   Weight 2 

22".27'3894COD   Weight 4 

77".23'2379DOA   Weight 2 

  ____________________________________ 

 Sum         = 00."03'00360  

 Hence, the total correction E = 360º - (360º0’3”) 

     = -3” 

 Let e1 ,e2, e3  and e4 be the individual corrections to the four angles respectively. 

Then by the condition equation, we get 

  e1 + e2 +e3 + e4 = -3”    -------- (1) 

 Also, from the least square principle, Σ(we
2
 ) = a minimum 

3e1
2
 + 2e2

2
 +4e3

2
 + 2e4

2
 = a minimum ------- (2) 

Differentiating (1) and (2), we get 

δe1 + δe2 + δe3 + δe4 = 0   --------- (3) 
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02423 44332211 eeeeeeee
  --------- (4) 

Multiplying equation (3) by –λ and adding it to (4), we get 

δe1(3e1 – λ) + δe2(2e2-λ) + δe3(4e3-λ) + δe4(2e4-λ) = 0 --------- (5) 

Since the coefficients of δe1,δe2,δe3,δe4 must vanish independently, we have 

 3e1 – λ = 0 or e1 = 
3

  

 2e1 – λ = 0 or e2 = 
2

     ---------- (6) 

`4e1 – λ = 0 or e3 = 
4

  

2e1 – λ = 0 or e4 = 
2

  

Substituting these values in (1), we get 

3
2423

 

 3)
12

19
(  

 
19

12*3
 

Hence  "63.0
19

12

19

12*3
*

3

1
1e  

"95.0
19

18

19

12*3
*

2

1
2e  

"47.0
19

9

19

12*3
*

4

1
3e  

"95.0
19

18

19

12*3
*

2

1
4e  

  _______________ 

 Sum =  -3.0” 

  _______________ 

 

Hence the corrected angles 

 

  

AOB    = 83º42’28”.75 – 0”.63  = 83º42’28”.12 
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 BOC   = 102º15’43”.26 – 0”.95  = 102º15’42”.31 

 COD   = 94º38’27”.22 – 0”.47  =  94º38’26”.75  

DOA   = 79º23’23”.77 – 0”.95 = 79º23’22”.82 

  _______________ 

       360º00’00”.00 

      _______________ 

The following round of angles was observed from central station to the surrounding 

station of a triangulation survey. 

  A = 93º43’22”  weight 3 

  B = 74º32’39”  weight 2 

  C = 101º13’44” weight 2 

  D = 90º29’50”  weight 3 

 In addition, one angle BA  was measured separately as combined angle 

with a mean value of 168º16’06” (wt 2). 

 Determine the most probable values of the angles A, B, C and D. 

 Solution: 

  A + B+C+D = 359º59’35”. 

  Total correction E = 360º - (359º 59’ 35”) 

     = + 25º 

  Similarly, BA  = (A+B) 

  Hence correction E’  = A + B - BA  

      = 168º16’01” – 168º16’06” 

       = -5” 

  Let e1 ,e2, e3 ,e4 and e5  be the individual corrections to A, B, C, D and 

BA respectively. Then by the condition equation, we get 

  e1 + e2 +e3 + e4 = -25”    -------- (1(a)) 

  e5 – e1 – e2   = -5”    -------- (1(b)) 

 Also, from the least square principle, Σ(we
2
 ) = a minimum 

3e1
2
 + 2e2

2
 +2e3

2
 + 3e4

2
 + 2e5

2
= a minimum ------- (2) 

Differentiating (1a) (1b) and (2), we get 

δe1 + δe2 + δe3 + δe4 = 0   --------- (3a) 

  δe5 - δe1 - δe2 = 0   ---------- (3b) 
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023223 5544332211 eeeeeeeeee
  --------- (4) 

Multiplying equation (3a) by –λ1, (3b) by -λ2 and adding it to (3), we get 

δe1(3e1–λ1+λ2) +δe2(2e2 -λ1+ λ2) + δe3(2e3-λ1) + δe4(3e4-λ1)  

+δe5(-λ2 +2e5) = 0 --------- (5) 

Since the coefficients of δe1,δe2,δe3,δe4 etc. must vanish independently, we have 

 03 121 e   or 
33

21
1e  

02 221 e   or 
22

21
2e  

       02 32 e   or 
2

1
3e   ------------ (6) 

    03 41 e   or 
3

1
4e  

       02 52 e   or 
2

2
5e  

 Substituting these values of e1 ,e2, e3 ,e4 and e5  in  Equations (1a) and (1b)  

  )1(25
322233

112121 afrom  

   or  25
6

5

3
5 2

1  

    5
6

1

3
2

1   -------- (I) 

   )1(5
322332

21212 bfrom  

5
6

5

3
4 1

2    --------- (II) 

 Solving (I) and (II) simultaneously, we get 

   
11

210
1  

11

90
2  

Hence   64".3
11

"40

11

90
.

3

1

11

210
.

3

1
1e  

`    45".5
11

"60

11

90
.

2

1

11

210
.

2

1
2e  
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     55".9
11

"105

11

210
.

2

1
3e  

     36".6
11

"70

11

210
.

3

1
4e  

______________ 

      Total   =   +25”.00 

  Also  

.09"4
11

90
.

2

1
5e  

 Hence the corrected angles are 

   A = 93º43’22” + 3”.64 = 93º43’25”.64 

B = 74º32’39” + 5”.45 = 74º32’44”.45 

C = 103º13’44” + 9”.55 = 101º13’53”.55 

D = 90º29’50” + 6”.36  = 90º29’56”.36 

   ___________________ 

  Sum  = 360º00’00”.00 

      ___________________ 
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UNIT V

ADVANCED TOPICS IN SURVEYING
Celestial Sphere.

The millions of stars that we see in the sky on a clear cloudless night are all at varying

distances from us.  Since we are concerned with their relative distance rather than their actual

distance from the observer.  It is exceedingly convenient to picture the stars as distributed over

the surface of an imaginary spherical sky having its center at the position of the observer.  This

imaginary sphere on which the star appear to lie or to be studded is known as the celestial sphere.

The radius of the celestial sphere may be of any value – from a few thousand metres to a few

thousand kilometers.  Since the stars are very distant from us, the center of the earth may be

taken as the center of the celestial sphere.

Zenith, Nadir and Celestial Horizon.

The Zenith (Z) is the point on the upper portion of the celestial sphere marked by plumb

line above the observer. It is thus the point on the celestial sphere immediately above the

observer’s station.

The Nadir (Z’) is the point on the lower portion of the celestial sphere marked by the

plum line below the observer. It is thus the point on the celestial sphere vertically below the

observer’s station.

Celestial Horizon. (True or Rational horizon or geocentric horizon): It is the great circle

traced upon the celestial sphere by that plane which is perpendicular to the Zenith-Nadir line, and

which passes through the center of the earth. (Great circle is a section of a sphere when the

cutting plane passes through the center of the sphere).

Terrestrial Poles and Equator, Celestial Poles and Equator.

The terrestrial poles are the two points in which the earth’s axis of rotation meets the

earth’s sphere. The terrestrial equator is the great circle of the earth, the plane of which is at right

angles to the axis of rotation. The two poles are equidistant from it.
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If the earth’s axis of rotation is produced indefinitely, it will meet the celestial sphere in

two points called the north and south celestial poles (P and P’). The celestial equator is the great

circle of the celestial sphere in which it is intersected by the plane of terrestrial equator.

Sensible Horizon and Visible Horizon.

It is a circle in which a plane passing through the point of observation and tangential to

the earth’s surface (or perpendicular to the Zenith-Nadir line) intersects with celestial sphere.

The line of sight of an accurately leveled telescope lies in this plane.

It is the circle of contract, with the earth, of the cone of visual rays passing through the

point of observation. The circle of contact is a small circle of the earth and its radius depends on

the altitude of the point of observation.

Vertical Circle, Observer’s Meridian and Prime Vertical

A vertical circle of the celestial sphere is great circle passing through the Zenith and

Nadir. They all cut the celestial horizon at right angles.

The Meridian of any particular point is that circle which passes through the Zenith and

Nadir of the point as well as through the poles. It is thus a vertical circle.

It is that particular vertical circle which is at right angles to the meridian, and which,

therefore passes through the east and west points of the horizon.

Latitude (θ) and Co-latitude (c).

Latitude (θ): It is angular distance of any place on the earth’s surface north or south of the

equator, and is measured on the meridian of the place. It is marked + or – (or N or S) according

as the place is north or south of the equator. The latitude may also be defined as the angle

between the zenith and the celestial equator.

The Co-latitude of a place is the angular distance from the zenith to the pole. It is the

complement of the latitude and equal to (90°-θ).
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7. Write about longitude () and altitude (α).

The longitude of a place is the angle between a fixed reference meridian called the prime

of first meridian and the meridian of the place.  The prime meridian universally adopted is that of

Greenwich.  Te longitude of any place varies between 0° and 180°, and is reckoned as Φ° east or

west of Greenwich.

The altitude of celestial or heavenly body (i.e, the sun or a star) is its angular distance

above the horizon, measured on the vertical circle passing through the body.

Co-altitude or Zenith Distance (z) and azimuth (A).

It is the angular distance of heavenly body from the zenith.  It is the complement or the

altitude, i.e z = (90° - α).

The azimuth of a heavenly body is the angle between the observer’s meridian and the

vertical circle passing through the body.

Declination () and Co-declination or Polar Distance (p).

The declination of a celestial body is angular distance from the plane of the equator,

measured along the star’s meridian generally called the declination circle, (i.e., great circle

passing through the heavenly body and the celestial pole).  Declination varies from 0° to 90°, and

is marked + or – according as the body is north or south of the equator.

It is the angular distance of the heavenly body from the near pole.  It is the complement

of the declination. i.e., p = 90° - .

Hour Circle, Hour Angle and Right ascension (R.A).

Hour circles are great circles passing though the north and south celestial poles.  The

declination circle of a heavenly body is thus its hour circle.
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The hour angle of a heavenly body is the angle between the observer’s meridian and the

declination circle passing through the body.  The hour angle is always measured westwards.

Right ascension (R.A): It is the equatorial angular distance measured eastward from the

First Point of Aries to the hour circle through the heavenly body.

Equinoctial Points.

The points of the intersection of the ecliptic with the equator are called the equinoctial

points.  The declination of the sun is zero at the equinoctial points.  The Vernal Equinox or the

First point of Aries (Y) is the sun’s declination changes from south to north, and marks the

commencement of spring.  It is a fixed point of the celestial sphere.  The Autumnal Equinox or

the First Point of Libra ( Ω ) is the point in which sun’s declination changes from north to south,

and marks the commencement of autumn.  Both the equinoctial points are six months apart in

time.

ecliptic and Solstices

Ecliptic is the great circle of the heavens which the sun appears to describe on the

celestial sphere with the earth as a centre in the course of a year.  The plan of the ecliptic is

inclined to the plan of the equator at an angle (called the obliquity) of about 23° 27’, but is

subjected to a diminution of about 5” in a century.

Solstices are the points at which the north and south declination of the sun is a

maximum.  The point C at which the north declination of the sun is maximum is called the

summer solstice; while the point C at which south declination of the sun is maximum is know as

the winter solstice.  The case is just the reverse in the southern hemisphere.

North, South, East and West Direction.

The north and south points correspond to the projection of the north and south poles on

the horizon.  The meridian line is the line in which the observer’s meridian plane meets horizon

place, and the north and south points are the points on the extremities of it.  The direction ZP (in

plan on the plane of horizon) is the direction of north, while the direction PZ is the direction of

south.  The east-west line is the line in which the prime vertical meets the horizon, and east and
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west points are the extremities of it.  Since the meridian place is perpendicular to both the

equatorial plan as well as horizontal place, the intersections of the equator and horizon determine

the east and west points.

spherical excess and spherical Triangle

The spherical excess of a spherical triangle is the value by which the sum of three angles

of the triangle exceeds 180°.

Thus, spherical excess   E = (A + B + C - 180°)

A spherical triangle is that triangle which is formed upon the surface of the sphere by

intersection of three arcs of great circles and the angles formed by the arcs at the vertices of the

triangle are called the spherical angles of the triangle.

Properties of a spherical triangle.

The following are the properties of a spherical triangle:

1. Any angle is less than two right angles or .

2. The sum of the three angles is less than six right angles or 3 and greater than two

right angles or .

3. The sum of any two sides is greater than the third.

4. If the sum of any two sides is equal to two right angles or , the sum of the angles

opposite them is equal to two right angles or .

5. The smaller angle is opposite the smaller side, and vice versa.

Spherical Trigonometry

The six quantities involved in a spherical triangle are three angles A, B and C and the

three sides a, b and c. Out of these, if three quantities are known, the other three can very easily

be computed by the use of the following formulae in spherical trigonometry:

1. Sine formula:
C

c

B

b

A

a

sin

sin

sin

sin

sin

sin


2. Cosine formula: cos A =
cb

cba

sinsin

coscoscos 

Or cos a = cos b cos c + sin b sin c cos A

Also, cos A = - cos B cos C + sin B sin C cos a
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systems used for measuring time

There are the following systems used for measuring time:

1. Sidereal Time

2. Solar Apparent Time

3. Mean Solar Time

4. Standard Time

various measurements of time.

Due to the intimate relationship with hour angle, right ascension and longitude, the

knowledge of measurement of time is most essential. The measurement of time is based upon the

apparent motion of heavenly bodies caused by earth’s rotation on its axis. Time is the interval

that lapses, between any two instants. In the subsequent pages, we shall use the following

abbreviations.

G.M.T.      … Greenwich Mean Time G.M.M.               … Greenwich Mean Midnight

G.A.T.       … Greenwich Apparent Time             L.A.N.    … Local Apparent Noon

G.S.T.       … Greenwich Sidereal Time               L.M.M.    … Local Mean Midnight

L.M.T.       … Local Mean Time L.Std.T.   … Local Standard Time

L.A.T.        … Local Apparent Time N.A.        … Nautical Almanac

L.S.T.       …  Local Sidereal Time                        S.A.        … Star Almanac

G.M.N.      … Greenwich Mean Noon

Photogrammetric surveying

Photogrammetric surveying or photogrammetry is the science and art of obtaining

accurate measurements by use of photographs, for various purposes such as the construction of

planimetric and topographic maps, classification of soils, interpretation of geology, acquisition of

military intelligence and the preparation of composite pictures of the ground. The photographs

are taken either from the air or from station on the ground. Terrestrial photogrammetry is that

Brach of photogrammetry wherein photographs are taken from a fixed position on or near the
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ground. Aerial photogrammetry is that branch of photogrammetry wherein the photographs are

taken by a camera mounted in an aircraft flying over the area. Mapping from aerial photographs

is the best mapping procedures yet developed for large projects, and are invaluable for military

intelligence.

Terrestrial Photogrammetry And Aerial Photogrammetry

The photographs are taken either from the air or from station on the ground. Terrestrial

photogrammetry is that Brach of photogrammetry wherein photographs are taken from a fixed

position on or near the ground. Aerial photogrammetry is that branch of photogrammetry

wherein the photographs are taken by a camera mounted in an aircraft flying over the area.

Mapping from aerial photographs is the best mapping procedures yet developed for large

projects, and are invaluable for military intelligence. The major users of aerial mapping methods

are the civilian and military mapping agencies of the Government.

Plane Table Photogrammetry

The plane table photogrammetry consists essentially in taking a photograph of the area to

be mapped from each of the two or three stations. The photograph perpendiculars may be

oriented at any angle to the base, but usually from an acute angle with the latter. The main

difficulty arises in the identifications of image points in a pair of photographs. In the case of

homogeneous areas of sand or grass, identification becomes impossible. The principles of stereo

photogrammetry, however, produced the remedy.

Terrestrial stereo photogrammetry.

In terrestrial stereo photogrammetry, due to considerable improvement of accuracy

obtained by the stereoscopic measurement of pairs of photographs, the camera base and the

angles of intersection of the datum rays to the points to be measured can be considerably reduced

since the camera axes at the two stations exhibit great similarity to each other. The image points,

which are parallactically displaced relative to each other in the two photographs, are fused to a

single spatial image by the stereoscopic measurement.

Shoreline Survey

The shoreline surveys consist of:
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(i) Determination or delineation of shore lines,

(ii) Location of shore details and prominent features to which soundings may be

connected,

(iii) Determination of low and high water lines for average spring tides,

The determination or delineation of shorelines is done by traversing along the shore and

taking offsets to the water edge by tape, or stadia or plane table. If the river is narrow, both the

banks may be located by running a single line of traverse on one bank. For wide rivers, however,

transverse may be run along both the banks. The traverse should be connected at convenient

intervals to check the work

SOUNDING

The measurement of depth below the water surface is called sounding. This corresponds

to the ordinary spirit levelling in land surveying where depths are measured below a horizontal

line established by a level. Here, the horizontal line or the datum is the surface of water, the level

of which continuously goes on changing with time. The object of making soundings is thus to

determine the configuration of the sub aqueous source.

Uses Of Soundings

The object of making soundings is thus to determine the configuration of the sub

aqueous source. Soundings are required for:

(i) Making nautical charts for navigation;

(ii) Measurement of areas subject to scour or silting and to ascertain the quantities of

dredged material;
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(iii) Making sub-aqueous investigations to secure information needed for the construction,
development and improvement of port facilities.

Equipments Needed For Soundings

For most of the engineering works, soundings are taken form a small boat. The

equipment needed for soundings are:

(i) Sounding boat

(ii) Sounding rods or poles

(iii) Lead lines

(iv) Sounding machine

(v) Fathometer.

Sounding boat

A row-boat for sounding should be sufficiently roomy and stable. For quiet water, a flat

bottom boat is more suitable, but for rough water round-bottomed boat is more suitable. For

regular soundings, a row-boat may be provided with a well through which sounds are taken. A

sounding platform should be built for use in smaller boat. It should be extended far enough over

the side to prevent the line from striking the boat. If the currents are strong, a motor or stream

launch may be used with advantage.

Sounding lead

Sounding lead is a weight (made of lead) attached to the line. The weight is conical in

shape and varies from 4 to 12 kg depending upon the depth of water and the strength of the

current. The weight should be somewhat streamlined and should have an eye at the top for

attaching the cord. It often has cup-shaped cavity at the bottom so that it may be armed with land

or tallow to pick up samples from the bottom. Where the bottom surface is soft, lead-filled pipe

with a board at the top is used with the lead weight. The weight penetrates in the mud and stops

where the board strikes the mud surface.

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Fathometer

A Fathometer is used in ocean sounding where the depth of water is too much, and to

make a continuous and accurate record of the depth of water below the boat or ship at which it is

installed. It is an echo-sounding instrument in which water depths are obtained be determining

the time required for the sound waves to travel from a point near the surface of the water to the

bottom and back.  It is adjusted to read depth on accordance with the velocity of sound in the

type of water in which it is being used.  A Fathometer may indicate the depth visually or indicate

graphically on a roll, which continuously goes on revolving, and provide a virtual profile of the

lake or sea. The method of plotting the soundings depends upon the method used for locating

the soundings. If the soundings have been taken along the range lines, the position of shore

signals can be plotted and the sounding located on these in the plan. In the fixes by angular

methods also, the plotting is quite simple, and requires the simple knowledge of geometry.

However, if the sounding has been located by two angles from the boat by observations to three

known points on the shore, the plotting can be done either by the mechanical, graphical or the

analytical solution of the three-point problem.

TIDES CAN BE PREDICT

The two elements required in the prediction of tide at a place are:

(i) Time of occurrence of tide

(ii) Height of tide above datum.

There are two principal methods of tide prediction:

1. Prediction by use of non-harmonic constants.

2. Prediction by use of harmonic constants.

Map

When making a map one consideration is to recognize that for areas of any size it is

necessary to decide how to take a three-dimensional surface and flatten it onto a piece of paper.
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That is one has to make a projection. In obtaining a map for use in a GIS program it is important

to know what projection was used. If two maps are to be merged they must use the same

projection.

Cartography.
Cartography is about maps. This includes the art, science and technology of map making,

the use of maps as research tools and as sources of information, and the study of maps as

historical documents and works of art. Cartography has always been closely associated with

Geography and Surveying.

Cartographic Communication Process

Advantages of Echo sounding.

Echo sounding has the following advantages over the older method of lead line and rod:
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1. It is more accurate as a truly vertical sounding is obtained. The speed of the vessel

does deviate it appreciably from the vertical. Under normal water conditions, in ports and

harbors an accuracy of 7.5 cm may be obtained.

2. It can be used when a strong current is running and when the weather is unsuitable for

the soundings to be taken with the lead line.

3. It is more sensitive than the lead line.

4. A record of the depth is plotted immediately and provides a continuous record of the
bottom as the vessel moves forward.

5. The speed of sounding and plotting is increased.

6. The error due to estimation of water level in a choppy sea is reduced owing to the

instability of the boat.

7. Rock underlying softer material is recorded and this valuable information is obtained

more cheaply than would be the case where sub-marine borings are taken.

Methods Employed In Locating Soundings

The soundings are located with reference to the shore traverse by observations made (i)

entirely from the boat, (ii) entirely from the shore or (iii) from both.

The following are the methods of location

1. By cross rope.

2. By range and time intervals.

3. By range and one angle from the shore.

4. By range and one angle from the boat.

5. By two angles from the shore.

6. By two angles from the boat.
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7. By one angle from shore and one from boat.

8. By intersecting ranges.

9. By tacheometry.

Reduction Of Soundings

The reduced soundings are the reduced levels of the sub-marine surface in terms of the

adopted datum. When the soundings are taken, the depth of water is measured with reference to

the existing water level at that time. If the gauge readings are also taken at the same time, the

soundings can be reduced to a common unvarying datum. The datum most commonly adopted is

the ‘mean level of low water of spring tides’ and is written either as L.W.O.S.T. (low water,

ordinary spring tides) or M.L.W.S. (mean low water springs).
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