
INTRODUCTION TO METROLOGY 
 

The word 'Metrology' is derived from two Greek words such as metro which means 

measurement and logy which means science. Metrology is the name given to the science of  

pure.  measurement.   Metrology   is   also   the   science   of  measurement   associated   with the 

evaluation of  its  uncertainty.  The  most  important  parameter  in  metrology  is  the length. 

Engineering Metrology is restricted to measurements of length and angle 

 
Need and  Importance of Metrology 

 

The  importance  of  metro  logy  is  summarised    as  follows:  I) To  achieve  the  quality  control  in 

production. 

2). To achieve up to date production knowledge of the measurement required. 

3) To-reduce the rejection rate with the help of quality  control. 

4) To minimize the cost of production. 

5) To develop the inspection procedure. 

6) To calibrate the measuring instrument time to time 

 
CONCEPT OF MEASUREMENT 

 

Measurement    is   a   comparison   of    a   given   unknown   quantity   with   one  pf   its 

predetermined standard values adopted as a unit. Measurement provides us with 1eans of 

describing various phenomena in quantitative terms. Measurement is a complex of operations 

carried out by means of measuring instruments to determine the numerical value of the size 

which describes the object of measurement. It plays an important role in all branches of 

engineering and science. 

There are two important requirements for the measurement: 

(a) The standards used for comparison must be accurate and internationally 

accepted, and 

(b) The apparatus or instrument and process used · for the comparison must be 

.  provable. 

The sequence of operations necessary for the execution of measurement is called process 

ofmeasurement. There are three important elements of a measurement system as follows: 

(a) Measurand: 

Measurand is the physical quantity or property such as length, angle, diameter, thickness 

etc. to be measured. It is the unknown quantity which is to be measured. It is  the  input 

quantity to the measuring process. 

(b) Reference: 

This unknown quantity is compared with the available standard quantities such as length, 

mass  and time  to  produce  a  result.  Reference  or  standard  is  the  physical  quantity  or 

property to which quantitative comparisons are made. 



(c) Comparator: 

It is the means of comparing measuring measurand with reference measurand. Figure 

represents the fundamental process of measurement 

 

 
 

 

 

 

 
 

Need for High Precision Measurements 

1. To determine the true dimensions of a part. 

2. To increase our knowledge and understanding of the world. 

3. To ensure the public health and human safety. 

4. To convert the physical parameters into meaningful numbers. 

5. To test whether the elements which constitute the system function as per the design. 

6. To evaluate the performance of a system. 

7. To study the basic laws of nature. 

8. To ensure the interchangeability with a view to promote the mass production. 

9. To evaluate the response of the system to a particular point. 

10. To check the limitations of theory in practical situations. 

 

11. To establish the validity of design and finding new data and new design 

 
 

Terminologies in Measurements 

 
1. Accuracy: 

_Accuracy may be defined as the ability of an instrument to respond to a true  value  of  a 

measured variable under the reference conditions. It refers to how closely the  measured  value 

agrees with the true value 

2. Precision 

Precision  is  defined   as  the  degree   of  exactness   for  which   an  instrument  is  designed   or 

intended to perform. It refers to repeatability or consistency of measurement when  the 

measurements are carried out under identical conditions at a short interval of time 



3. Sensitivity 

sensitivity may be defined as the rate of displacement  of  the  indicating  device  of  an  

instrument with respect to the measured  quantity.  It  denotes  the  smallest  change  in  the 

measured variable to which the instrument responds 

 
4. Calibration 

Calibration is the process of checking the dimensions and tolerances of a gauge or the 

accuracy of a measuring instrument by comparing it to a instrument/gauge that  has  been 

certified as a standard of known accuracy. Calibration is done by detecting and adjusting any 

discrepanies in the instrument's accuracy to bring it within acceptable limits 

 
 

 
No. 

Difference between Accuracy and Precision 

 

Accuracy 

 

 

Precision 

1. 
Accuracy is a measure of 

rightness. 

 
Precision is a measµre of exactness. 

 

2. Accuracy   refers  to  how  closely  a    Precision     refers    to     how     closely 

measured  value  agrees  with  the  individual  measurements  agree  with 

correct value. each other. 

3. Accuracy relates to the quality of a 

result which relates to the quality 

of   the   operation by which the 

result is obtained. 

Precision relates to the quality of the 

result by which a result is obtained. 

4. If the· temperature   is  28°C  outside    If  on   several   tests,   the   temperature 

and a  temperature  sensor  reads  sensor  matches  the  actual  temperature 

28°C, then the sensor is accurate. while the actual temperature is held 

constant, then  the  temperature  sensor 

is precise. 



ERRORS IN MEASUREMET 

Error in measurement = Measured value - True value 

T.he errors  in measurement can be expressed  either as an absolute  error or relative  error 

TYPES OF ERRORS 

Errors are generally categorized under the following three 

 
Gross Error 

Gross error is also called parasitic error. Gross errors mainly cover the human mistakes in reading 

instruments, recording and calculating measurement results. It occurs generally due to the fault of the 

person using the instruments. For example, errors such as incorrect reading, incorrect recording, 

incorrect use etc. come under this category. These errors cannot be treated mathematically and they 

cannot be eliminated but they can be minimized. They can be minimized  only  by  taking   care   of 

all  instruments  while  using  and  reading  the measurement.  In general,  these errors  can  be 

avoided by adopting two means: 

 

a. Greater care must be taken in reading and recording the data. 

b. Two, three or even more reading should be taken for the quantity under the 

measurement 

 

 
Systematic Error 

systematic errors are errors associated with a fault in the equipment  (such as defective 

or worn parts, effects of the environment on the instrument) or  in  the  design  of  the 

experiment. Systematic errors cannot be estimated by repeating the experiment with the same 

equipment. It is caused by any factors that systematically affect the measurement  of  the 

variable across the sample. The causes of these errors may be known or unknown. The errors 

may be constant or variable. Systematic errors are regularly repetitive in nature. 

 

In general, systematic errors can be subdivided  into  static  and  dynamic  errors  based  on  the 

nature of the error. 

(a) Static error: 

It is caused by the limitations of the physical nature of various components in a 

measuring device or the physical laws governing its behaviour. The environmental effects and 

the other properties which influence the apparatus are also the reasons for static errors. 

(b) Dynamic error: 

It is caused by the instrument not responding very fast enough to follow the changes in a 

measured variable. It is due to time variations i n the measurand. The dynamic erro r s  are  

caused by inertia, friction and clamping action. Systematic error is further divided into the 

following three different categories based on errors of measurement. 



(i) Instrumental error 

(ii) Observational error 

(iii) Environmental error 

 

ABBE'S PRINCIPLE OF ALIGNMENT 

The axis or line of measurement s h o u l d coincide with the axis  of  measuring 

instrument or line of the measuring scale. The length  recorded  will  be  more  than  true 

length called cosine error. 

 

The scale of a linear  measuring system should  be  collinear  with  the  spatial dimension  

or displacement to be measured. If this is not the case, the measurement m u s t be 

corrected for the associated Abbe Error. 

 

Abbe Error= (Abbe offset) x (sine of angular misorientation) 

Abbe offset: 

It is the distance between the desired point of measurement and the reference line of the 

measuring system. 

BASIC STANDARDS OF LENGTH 

Standard provides a reference for assigning a numerical value to a measured quantity. A 

standard is setup and established by authority as a rule for the measurement of quality and value. 

Each basic measurable quantity has associated with it an ultimate standard 
 

 
According to the instrument design, the length (in either yard or metre standard) can be 

measured by using following standards: 

 

(i) Line standard 

 
(ii) End standard 

 
(iii) Wavelength standard 



 

Line Standard 

The measurement of distance may be made between two parallel lines  or  two  surfaces.When  a 

length (metre/yard) is measured as the distance between  centres  of  two  engraved lines (as  in  a  

steel rule), it is called line standard. Line standards are used  for  direct  length comparison and  they 

have no auxiliary devices. Metre is the line standard. Yard or metre is defined as the distance 

between  scribed  lines  on  a  bar   of  metal   under   certain environmental  conditions.  These  are 

the legal standard 

Standard metre: 

This standard was e s t a b l i s h e d originally by I n t e r n a t i o n a l Bureau of Weights    

and Measures  in  1875.  The  prototype metre  is  made  of platinum  iridium  alloy  (90% platinum  

and 10% iridium)  The  bar  has  a wing-like section  with  a web  whose  surface lines are  on the 

neutral axis. The upper surface of the web is highly  polished  and  it  has  two  fine  lines engraved 

over it. It is oxidized and it can  have  a  good  finish  required  for ruling  good  quality lines. The bar 

is kept at 0°C under normal atmospheric pressure. 

End Standard 

 

When the length is expressed as the distance between two flat  parallel  faces,  it  is 

known as end standard. For examples, measurement by slip gauges, end bars, ends of 

micrometre anvils, venire calipers etc. 

 

End  standards  are  in  general   use   in   precision   engineering   as   well   as   in 

standard laboratories such  as  the  National  Physical  Laboratory  (NPL).  Except  for 

applications, where microscopes can be used, scales are not generally convenient for the direct 

measurement of engineering products 

Wavelength Standard 

 

In  order  to  overcome  the  above  draw  backs  of  line   and   end   standards,   it 

became necessary to have a standard of length which will be accurate and invariable. Jacques  

Babinet,  a  French  philosopher  was  suggested  that  wave  length  of  monochromatic l ight  

can be used as natural and invariable unit of length. According to this standard, a metre  was  

defined  as  equal  to  1650763.73 wavelength of  the  red  orange  radiation of  krypton isotope 86  

(kr-86) gas.  The  accuracy is  about 1   part  in  10.  Now, the  metre  and  yard  can  be refined in 

terms of wave length of kr-86 radiation as follows: 

 

1metre= 1650763.73 wave-lengths · 



 
 

TYPES OF LINEAR MEASURING INSTRUMENTS 

 

The linear measurement    includes t h e  measurement    of_ length, d i a m e t e r ,    height 

a n d  thickness.  The  basic  principle  of  linear   measurement   is   the   comparison   of 

measured  dimensions  with  standard  dimensions  on  a  suitably  engraved  instrument   or 

device. Various devices used for measuring the linear measurements are as follows 

 

 
1. Vernier caliers 

2. Micrometer 

3. Slip gauge or gauge block 

4. Comparator 

 

Vernier Calipers 

The Vernier caliper has two steel  rulers  which  slide  on  each  other.  One  of  the  

longer scales is named as main scale which is graduated on a solid L-shaped frame as 



shown  in Figure  The  vernier  caliper  consists  of  three  elements  such  as  beam,  fixed  jaw 

and sliding jaw or movable  jaw.  The  movable  jaw  slides  over the  main scale according to  

the dimension of the specimen to be measured. Before starting the  measurement, i t  is  ensured  

that the scale is checked for zero reading when two measuring jaws are in contact  with each  

other. During measurement, t h e fine adjustment of the movable jaw is done by adjusting an 

adjustment screw. At the same time, both jaws should touch the part to be measured during 

measurement.  After doing  the  fine adjustment, the lock nut B is tightened.  A final  adjustment 

to be done depends on the correct feel of the operator which is based on the experience of an 

operator.   After the  final  adjustment has  been done,  the  locknut A  is also  tightened to  note 

down the readings. Verniers are used to measure both internal and external dimensions 
 

 

Vernier Height Gauge 

 
I t  i s  also  a  vernier  caliper  but  it  is   attached   with   a   special   base   block   and 

other attachments. The  whole  assembly  is made  in  such a way  to measure the  height  of parts  

to be measured. A removable clamp is attached between measuring jaw and vernier. Both  the  

upper and lower ends of measuring jaws are parallel to the base of vernier  height  gauge.  A 

scribing attachment is fitted  to  mark  scribe  lines  on  the  parts  where-  it  is  required. 

Sometimes, measuring jaws of vernier caliper are replaced by a dial gauge according to the   type   

of  measurement  required.  The  surface  of  a  surface  plate  is  a  datum  or  reference while 

doing the measurement by using any measuring instrument 



 
 

SLIP GAUGES 

Slip gauges are used as  measuring  blocks.  They  are  also  called 

precision gauge blocks. The  individual  gauge block is a hardened alloy 

steel or ceramic block of rectangular cross• section. These blocks are  that 

has been precision ground and lapped to a specific thickness. Figure shows 

the slip gauges of two different sizes. The distance between two  opposite 

faces indicates the size of the gauge. Gauge blocks come in  sets  of blocks 

with a range of standard lengths. Different sizes of slip gauges are 

manufactured in standard sets of 32 pieces, 45 pieces, 88 pieces etc. 
 

 

Wringing of Slip Gauges 

 

In use, the gauge blocks are stacked to make up the desired length. The blocks are joined or 

stacked by a sliding process called wringing which causes  their  ultra-flat  surfaces  to  cling 

together. The process of wringing involves the following four steps: 



1. Wiping a clean gauge block across an oiled pad 

2. Wiping any extra oil off the gauge block using a dry pad 

3. The block is then sliding perpendicularly across the other block while 

applying a moderate pressure until they form a cruciform. 

4. Finally, the block is rotated until it is in lined with the other block. 
 

Grades of Slip Gauges 

a) Grade 2 (or B): 

It is a workshop grade  slip gauge  used  for setting tools,  cutters  and checking  dimension: 

roughly. It has a low tolerance (tolerance +0.00025 mm to - 0.00015 mm). 

b) Grade 1 

The grade l i s used for precise work in tool rooms. The tolerance for this type of grade Is± 

0.00005m m 

(c) Grade O (or A): 

It is the inspection grade of slip gauges and it is mainly  used  by  inspection departments. It has 

the tolerance ranging from +0.00015 mm to -0.0005 mm. 

(d) Calibration grade (AA) 

 

It is the actual size of the slip gauge and it is calibrated on a chart supplied by  the 

manufactures. It has the tolerance ranging from +0.00010 mm to - 0.00005 mm 

(e) Reference grade  (AAA): 



Grade AAA i s the reference grade. This gauge is having t he highest precis ion a n d 

accuracy 

SURFACE PLATE 

 
Surface plate is a solid flat plate  used  as  the  main  horizontal  reference  plane  for 

precision inspection for marking out (layout) and tooling setup. The  surface plate  is mainly used   

as the baseline for all measurements to a work piece. So, one primary surface is finished extremely 

flat with accuracy up to 0.00001 in or 250 nm for a grade AA or AAA plate 

 

 

COMPARATORS 

 
comparators are  one  form  of  linear  measurement  devices  which  are  quick  and  more 

convenient for checking the large  number  of identical  dimensions.  Comparators normally  will  

not show the actual dimensions of the work piece. They work on relative measurements, i . e . 

during measurement, a comparator is able to give the deviation of the dimension from the set 

dimension. It cannot be used as an absolute measuring device but it can only compare two 

dimensions. 

 

Advantages of comparators: 

 

1. Not much skill is required on the part of an operator in its use. 

2. The   calibration  of an i n s t r u m e n t over f u l l r a n g e is   of no i m p o r t a n c e as 

t h e comparison is done with a standard end length. 

3. Zero error of instrument also does not lead to any problem. 

4. Since the range of indication is very small, a high magnification resulting into greater 

accuracy is possible 

Mechanical Comparators 

Mechanical comparator employs mechanical means for magnifying small deviations. The 

method of magnifying small movement of the indicator in all mechanical comparators are effected 

by means of levers, gear trains or a combination of these elements. Mechanical comparators arc 

available  having the magnifications from 300: 1  to 5000: 1.  They are mostly used for inspecting 

small machined parts having close limit 



Dial indicator type comparator 

Dial indicator or dial gauge is used as a mechanical comparator. The essential part to the 

instrument is a small dial with a plunger projecting at the bottom as shown in Figure 1.37. A  very 

slight upward movement of the plunger moves it upward and  the  movement is indicated by the 

dial pointer. The dial is graduated into 100 divisions. A full revolution of the pointer about this scale 

corresponds to l mm travel of the plunger. Thus, a turn of the pointer by one scale division 

represents a plunger travel of 0.01mm 
 

Electrical Comparator 

An electrical comparator consists of the following three major parts. 

(i) Transducer 

(ii) Display device as a meter 

(iii) Amplifier 

(i) Transducer: 

An iron armature is provided between two coils held by a leaf spring at  one  end. 

The other end is supported against a plunger. The two coils act as two arms of an AC 

Wheatstone bridge circuit. 

(ii) Amplifier: 

The  amplifier  is  a  device  which  amplifies  the  given   input   signal   frequency   into 

the magnified output. 

(iii) Display device or meter: 

The amplified input signal is displayed on some terminal stage instruments. Here, the 

terminal instrument is a meter. 



Working principle: 

If the armature is centrally  located  between  coils,  the  inductance of  both coils  will  be  equal 

but in opposite direction with the sign change. Due to this,  the  bridge  circuit  of  AC  

Wheatstone Bridge is balanced. Therefore, the meter will read zero value. But practically, it is not 
possible. In real cases, the armature may be lifted up or lowered down by the plunger during 

measurement. It would upset the balance of the Wheatstone bridge circuit. Due to this effect, the 

change in current or potential will be induced correspondingly. On that time,' the meter will indicate 

some values as displacement. As this induced current is too small, it should be sustainably amplified 
before displaying on the meter 

 

 

 

Optical Comparator 
 

In this type of comparator, a small plunger displacement is amplified by both mechanical 

And optical systems. The amplification is first done by a pivoted lever and then by a simple 

optical system. 
 

Construction details: 

The optical comparator consists of the following parts: 

i. Pivoted lever 

ii. Objective lens 

iii. Scale 

iv. Plunger 

v. Table and base 

vi. Mirror. 

(i) Pivoted lever: 

 
The pivoted lever amplifies the plunger movement mechanically. It 

is pivoted near the plunger. One end is fitted with the plunger and the other 

end is fitted with a mirror. 



(ii) Objective lens: 
 

The main function of an objective lens is to convert the incoming 

light rays from the source into parallel beams. 

(iii) Screen and Scale: 

It is a final display device from which the readings can be  obtained.  It is a semi- 

transparent glass 

(iv) Plunger: 

It is a reciprocating member. During measurement, the plunger actuates. 

(v) Table and Base 

The work is placed on the table to carry out the task.  The base i s a  rigid s u p p o r t 

o v e r 

Which the table is mounted 

(iv) Mirror: 

It reflects the incoming light rays  from the  source  which  is  hinged  at the  other  end 

of the lever. 

Working principle: 

 

During measurement, t h e vertical displacement of the plunger is magnified by the ratio of 

the  lever arm.  The  lever tilts  the  mirror about  its  hinge  to  again  magnify.  The light rays from the 

lamp are condensed by a condensing l ens.  Then, the condensed l i g h t falls on the objective lens. 

Here, the light rays are converted into parallel beams. Again, t h e  parallel beams  of  light ray fall 

on the mirror. The mirror reflects the light rays on a screen. As the screen is  a  semi- transparent glass, 

the image of the work placed on  the  table  will  be  reflected.  Then,  the  magnified master drawing 

is placed over the screen. Now, the projected image  is compared  with the master drawing. This type 

of comparator can also be used for inspecting small parts such  as screw threads gear teeth, saw teeth, 

cutting tools, needles, cam profiles etc. 

Pneumatic Comparator 
 

The term pneumatic is associated with the pressurized air. The pressurized air  is 

used as the working medium i n a pneumatic comparator. It works on the principle of 

pressure  difference  generated  by  the  air  flow.   Air  is  supplied  at  constant   pressure  through  the 

orifice and the air escapes in the form of jets through a restricted space which exerts a back 

pressure. The variation in the back pressure is then used to find the dimensions of a 

component. Air gauging has rapidly increased recently due to the following important 

characteristics 

Flow or Velocity type 

 

The readings are obtained by sensing and indicating the rate of airflow through a tapered  

glass tube containing a small metal float. The glass tube is already calibrated to the required 

dimension by a s uita  ble device such a s s l i p gauge. Then, the c o m p r e s s e d air f r o m 



a  compressor  is  passed t h r o u g h   the filter and pressure r e g u l a t o r .   Then,  i t   is passed    

t h r o u g h a tapered glass tube from which the air is passed through a plastic tube to the 

measuring head 

The  m e a s u r i n g  head  has  t w o   diametrically  opposed  orifices   through  

which the a i r  escapes to  atmosphere.  The  position  of a  float depends  on  the amount of  

air flowing through the gauge head which in turn depends on the gap between bore to be 

measured and measuring head 

 

 
 

 

Types of Angular Measuring Instruments 

1. BEVEL PROTRACTORS  

Bevel protractor is probably the simplest t y p e of angular measuring instruments.  

It is to measure type angle between two faces of a component.  

Vernier Bevel Protractor 
 

 
 

Vernier bevel protractor is attached with acute angle attachment. The  body  is designed 

such that its back is flat and no projections are beyond its back. The base plate is attached the 



main body and an adjustable blade is attached to the circular plate containing a vernier scale. The 

main scale is graduated in degrees from 0° to 90° in both directions. The adjustable blade can be 

made to rotate freely about  the  centre  of the  main  scale  and  it  can be  locked any desired 

position. 

For measuring the acute angle, a special attachment is provided. The base plate is made 

flat for measuring angles and it can be moved throughout its length. The ends of the blade are 

beveled at angles of 45° and 60°. The main scale is graduated in such a way that one m a i n 

scale division is equal to 1° and vernier scale is graduated into 12 divisions on each side o f zero 

Sprit Level 

 

Sprit level is one of the most commonly used instruments for inspecting the  

horizontal surfaces for both straightness and flatness. It is used to evaluate the direction and 

magnitude of minor deviation  from  the nominal condition.  It  consists  of  a  closed  glass tube 

of accurate form called vial. It is filled almost entirely with  a  liquid  and  it  has  a  small 

space for the formation of an air or gas bubble. Generally,  low  viscosity  fluids  such  as 

ether, alcohol or benzol are used for: fi l l ing the vial. Due to the nature of greater specific 

weight of the liquid, the lower portion is completely filled in the closed space. 

The upper side of the vial  is graduated in linear units.  In the  spirit  level,  the  block 

is moved along the line on the surface to be tested  and the  angular variations  of the  block 

are measured by the sensitive level on it 
 

 

 
Clinometers 

 

A clinometer is an instrument for measuring the angle of slope (or tilt), elevation or 

depression of  an object with respect to gravity.  It is also known as a  tilt meter,  tilt indicator,   slope 

alert,  slope  gauge,  gradient  meter,  gradiometer,  level  gauge,  level  meter, declinometer  and pitch 

and roll indicator. A clinometer is a special case of application of spirit level for measuring the 

surface in the vertical plane and the inclination of a surface in relation to the basic horizontal plane 

over an extended range 



 
 

Sine Bar 
 

Sine bars are normally used in conjunction with slip gauge set and dial gauge for the 

measurement of angle and taper from horizontal surface very precisely. They are used to 

1) Measure angles very accurately. 

2) Locate the work piece for the given angle with very high precision. 

Construction of sine bars 

Generally, sine bars are made from high carbon, high chromium and corrosion resistant steel. 

These materials are highly hardened, ground and stabilised. In sine bars, two cylindrical rollers of 

equal diameter are attached at ends with its  axes  mutually  parallel to  each  other  as shown in 

Figure .They are also at the equal distance from the upper surface of the sine bar. The distance 

between axes of two cylinders is mostly 100 mm, 200 mm or 300 mm 
 

 

 
The working of sine bar is based on trigonometry principle.  To  measure the  angle  of 

a given job, one roller of the sine bar is placed on the surface plate and another  roller  is 

placed over the surface of stacked slip gauges as shown in Figure. 



Now, ‘h’ be the height of the slip gauges and 'L' be  the  distance  between 

roller centres, then the angle is calculated by the following equation: 
 

 

Sine centre 
 

 

The conical  work  is  difficult  to  mount  on  sine bars.  To  overcome  this  difficulty,   a  sine center is 

used. Sine centers are useful for testing the conical work centered at each end up to 60°. In a sine 

center, two blocks are mounted on the top surface of sine bar at each end. These locks have centers 

and the centers ensure correct alignment of the workpiece at any position. The centers can be  

adjusted for the required length  of  the  workpiece.  The  procedure  for  setting is  similar  to  the 

sine bar. The dial indicator is moved on to the job till the reading is same at the extreme position 



ANGLE DEKKOR 
 

 

It is also a type of autocollimator. In this system, there is an illuminated scale  in  the 

focal plane of the collimating lens outside the field of view of a microscope eyepiece as shown   

in   Figure    1.79.   This   illuminated   scale   is   projected   as   a   parallel   beam   by   the 

collimating lens and it strikes a plane reflector below the instrument. It is reflected  and  

refocused by the lens so that its image is in the field of view of the eyepiece. In the  field  of  

view of the microscope, there is another datum scale fixed across the center of a screen. The 

reflected  image  of the illuminated  scale is received  at right  angle to the fixed scale as shown  

in Figure Thus, the reading on the  illuminated  scale  measures  angular deviations  from one 

axis at 90° to the optical axis. The reading on the fixed scale gives the deviation about an axis 

mutually at right angle to the other two. This  arrangement  enables angular errors in two planes 

to be dealt. 
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