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Summary of the lesson 

Lesson plan: The principle of measuring horizontal and vertical angles. Devices for measuring angles. The design and optical scheme of the theodolite. Classification of theodolites according to GOST. Requirements for theodolite. The structure and theory of the vertical circle. Verification and adjustment of the theodolite. Measurements of horizontal and vertical angles. The accuracy of measuring angles.

In geodetic works, instruments for measuring horizontal and vertical angles of any magnitude are widely used.

If it is necessary to measure the angle between two directions on the ground, then usually the two points of sight are not in the horizontal plane passing through the point of standing of the device. In geodesy, horizontal angles are used, which are projections of angles on a horizontal plane.

Suppose there are points A, B and C on the terrain (Fig. 35) located at different heights. It is necessary to measure the horizontal angle at the vertex B. The horizontal angle will be the angle abc = β formed by projections ba and bc of the sides of the angle ABC on the horizontal plane Q. Consequently, the horizontal angle P is the linear angle of the dihedral angle between the vertical projecting planes P and P}, passing respectively through the sides of the VA and VS angle on the ground. The horizontal angle β will be equal to any other angle whose vertex is located at any point of the perpendicular edge Bb of the dihedral angle ABC, and the sides lie in a plane parallel to the horizontal plane Q.

If a horizontally located graduated circle is placed at point b', the center of which lies on the vertical edge Bb, then an arc a'c' can be marked on it, enclosed between the planes of the dihedral angle. This arc, being a measure of the central angle a'b's’, will also be a measure of its equal angle abc = β.

Therefore, to measure horizontal angles on the ground, the angle measuring device must have the following basic elements:

1) limb is a graduated horizontal circle, the axis of which falls with a vertical line ZZ, which serves as the axis of the device;
2) collimation plane – a movable vertical plane passing through the vertical line ZZ (the axis of the device) and rotating around it.

By sequentially combining the collimation plane with the sides of the dihedral angle with the help of a sighting device, by taking samples along the limb on it, it is possible to mark the beginning and end of the arc a's'. If the divisions of the circle are digitized clockwise, then the angle β is defined as the difference of the readings along the limb a' and c', i.e. β — a' — c'.

The described geometric principle of measuring the horizontal angle is carried out in an angle measuring device — theodolite.
The vertical angles of the directions to the point of sight lie in the vertical plane.

The vertical angles measured from the vertical line ZZ to the directions to points A and C are called zenith distances z1 u z2 (see Fig. 35).

When counting vertical angles from horizontal projections of lines to their directions on the ground, the angles of inclination v1 and v2 are obtained.
	When performing geodetic works, the horizontal projections of the angles of the terrain are measured. To determine the magnitude of such a horizontal angle with the help of a special device – theodolite, the sides of the angle of the terrain ABC are projected with vertical planes onto some horizontal plane P, rising above the vertex of angle B. Such a plane is a horizontal circle digitized from 00-3600, called a limb. Limbo is the basis of theodolites.
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The main parts of the theodolite: the telescope, the counting device, the levels, the limb.
[image: image2.jpg]Fig. 39. The telescope:
a - longitudinal section; b - the course of the rays in the telescope




                        Counting device of theodolites T30 and 2T30 
[image: image3.jpg]Fig. 38. Field of view of the scale microscope of theodolites

Counts:
a - on a horizontal circle 124'42,1'; on a vertical circle 358'15,5"
b - on a horizontal circle 241'46,7'; on a vertical circle 0'02,6";
B -- on a horizontal circle 124 18,5'; on a vertical circle - 0'26,5";
T -- on a horizontal circle 323'55'28"; in a vertical circle 90'21'57"




The existing types of theodolites differ in accuracy, type of counting devices, design of the system of vertical axes of the horizontal circle and purpose.

Depending on the accuracy of measuring horizontal angles, theodolites can be divided into three types.

1. High-precision T05 and T1, designed to measure angles in triangulation and polygonometry of the 1st and 2nd classes.

2. Accurate T2 — for measuring angles in triangulation and polygonometry of the 3rd and 4th classes; T5 - for measuring angles in triangulation networks and polygonometry of the 1st and 2nd digits.

3. Technical T15, TZO and T60 — for measuring angles in theodolite and tacheometric courses and survey networks, as well as for performing center work on the ground.

In the symbols of theodolites, the figure means the average square error of measuring the horizontal angle in one step in seconds; for theodolite T5 tv = 5", for TZO tv = 30", etc.
According to the design of the system of vertical axes of the horizontal circle, theodolites are divided into non-repetitive and repetitive.

In non-repetitive theodolites, the limbs have only fixing screws or devices for turning and fixing it in various positions. Repeating theodolites have a special repeating system of the axes of the limb and the alidade, which allows the limb together with the alidade to rotate around its axis. Such a theodolite allows alternating rotation of the alidade several times to postpone (repeat) on the limb the value of the measured horizontal angle, which increases the accuracy of measurements.

According to the purpose, the following types of theodolites are distinguished.

1. Geodesic (actually theodolites) — designed to measure horizontal and vertical angles.

2. Total stations — designed to measure horizontal and vertical angles and determine distances using a filament rangefinder or optical rangefinder attachments, which allows you to use them to perform a total station survey. All technical theodolites (T15, TZO, etc.) are total stations.

3. Special purpose theodolites: astronomical theodolites (AU2‘710“, AU2‘72") — designed to determine latitude, longitude and azimuth based on astronomical observations; surveying theodolites (T15M, TKOM, 2T30M) for measurements in underground mine workings; specialized theodolites — gyrotheodolites, phototheodolites, laser theodolites, code theodolites , etc.

In engineering practice, optical theodolites of the TZO, T15 and T5 types have become the most widespread.

The angle of inclination is measured using a vertical circle (VC) of the theodolite. The VC has a limb tightly bonded to the telescope and rotating with it around the horizontal axis of the tube. The limb is signed in a certain way from its initial, zero stroke.  

In order to obtain the values of the tilt angles using VC readings, it is necessary to know the location of the VC zero. The place of zero is called the counting along the VC limb with the horizontal position of the sighting beam of the telescope and the level bubble in the middle. Usually MO 0o. There are KP and CL.
 For theodolite 2T30:                               
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Measurement of horizontal and vertical angles. The order of work at the station.

Let's say you need to measure the angle of the SAV. 

After the verification of the tool, a theodolite is installed above point A, and hangers are installed at points C and B. Centering, leveling of the theodolite is performed.  Then the telescope (with the KP circle) is aimed at the rear point C and the countdown is taken along the horizontal circle (a), then with the alidade detached, the telescope (with the KP circle) is aimed at point B and the countdown is also taken along the horizontal circle (b).

Angle (= а-в. 

Such a measurement is called a half-reception. To control and mitigate the influence of instrumental errors, the angle is measured at the second position of the vertical circle of the CL, sweep the limb at an angle close to 90 °. Two such dimensions make up the reception. The average value of the measured angle is calculated from the measurement results.
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Before starting the measurements, the theodolite must be carefully inspected and checked, since even mass-produced devices have their own individual characteristics. First of all, its mechanical parts are checked and adjusted, paying attention to the condition and operation of all the screws of the device: lifting, clamping and guiding screws of the limb and alidade, the guiding screw of the vertical circle level, corrective (adjusting) screws of the levels, columns, thread grid, etc. The rotation of the limb and alidade should be smooth, without jamming and hesitation. Horizontal and vertical angle circles should not have mechanical damage; images of scale divisions and thread grids should be clear. The telescope should be balanced (the center of gravity should be in the area of its axis of rotation) and have free rotation. The presence of dust and dirt on the optical parts of the device is not allowed. After an external inspection of the theodolite, its verification and alignment are performed.

Actions aimed at establishing compliance with the geometric conditions imposed on the design of the device are called verifications.
To ensure the fulfillment of the violated conditions, the device is adjusted (adjusted).
The task for the SRS

1. To study the verification of theodolites. Make a synopsis. [1] pp. 40-42.

The task for the SRSP

1. Report form: abstract, volume 8-10 pages, deadline in 10 days. [2] pp. 20-25.

The control of the completed task will take place at the SRSP classes (according to the schedule of classes).
А) Control questions for the written exam 
1. How can the theodolite be brought into working position?

2. The purpose of the theodolite and its main parts?
3. Classification of Theodolites?

4. The order of work at the station?

5. What is MO?
Б) Test tasks for computer testing 
1. What is the process of establishing a theodolite over a point called?

          A) centering;

          B) leveling;

          C) Sight;

          D) installation of theodolite;

          E) guidance.

2. What types of work guarantee the serviceability of geodetic instruments?

          A) research;

          B) completeness;

          C) verification;

          D) inspection;

          E) correction.

3. Is it possible to take readings in a vertical circle, if during the countdown the level bubble at the alidade is not in the zero point? 

         A) you can't;

         B) it is possible if the terrain is flat;

         C) it is possible if corrections are introduced after measurements;

         D) you can;

         E) it is possible, in clear weather.
4. The theodolite's telescope was pointed at a distant object at the position of CP and CL, while the following limb counts were obtained: КП=+2(15(, КЛ=-2(17(.Determine the magnitude of the collimation error .
А) 0(01(,

В) 11(01(,

С) 0(21(,    

D) -0(04(,

Е) 0(31(,

5. The readings along the vertical circle when pointing at an object at two positions of the theodolite telescope turned out to be equal to КП=3(20(, КЛ= -3(16(. Determine the exact location of the zero of the vertical circle.
А) 0(02(;

В) 0(04(;

С) -0(02(;

D)356(42(;

Е)359(58(.

6. A countdown is given along the vertical circle  КП=2(25(. Determine the angle of inclination of the telescope of the theodolite 2T30, if  МО=0(02(:
A) +2(23(;

B) -2(2(;

C) 357(33(;

D) -2(27(;

E) 2(27(.

7. What is the name of the vertical circle count with the horizontal position of the sighting axis of the pipe and when the level bubble is at zero point ?
                       A) zero location;

B) horizontal angle;

C) angle of inclination;

D) collimation error;

E) vertical angle;

8. What are the screws with which the theodolite can be brought into a horizontal position?

A) lifting screws;

B) elevator screws;

C) fixing screws;

D) guiding screws;

E) cylindrical level.
9. What is the theoretical difference of the readings along the limb of the horizontal circle obtained after pointing the pipe at the same object with CP and CL?
A) 1800;

B) 900;

C) 2000;

D) 00;

E) 3600.
Related Glossary
	№
	Rus/kaz/English
	Explanation

	1
	Поверки теодолита
	Checking of the device

being prepared for accurate measurement of geodetic works



	
	
	

	
	Check Theodolite
	

	2
	Вешки
	Used as a temporary sign 

	
	
	

	
	hatrack
	

	3
	Угол наклона
	-vertical circle

	
	
	

	
	angle of lag
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