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1. What are the basic elements of a generalized measurement system? 

The basic elements are, 

 Primary sensing element which is generally a transducer. 

 Data conditioning element which further consists of variable conversion element 

and variable manipulation element. 

 Data transmission and presentation elements which include data transmission 

system and data display system. 

2. List any four static characteristics of a measuring system. 

The various static characteristics of a measuring system are accuracy, precision, error, 

resolution, sensitivity, reproducibility, stability, linearity etc. 

3. Define the term accuracy. 

The accuracy is defined as the degree of clones with which the instrument reading 

approaches the true value of the quantity to be measured. It indicates the ability of an 

instrument to indicate the true of the quantity. 

4. Define the term precision. 

It is the measure of the consistency or repeatability of measurements. It denotes the 

amount by which the individual readings are departed about the average of number of 

readings. 

 

 

 

 



5. What is an error? 

The algebraic difference between the indicated value and the true value of the quantity to 

be measured is called an error. 

6. What is calibration? 

Calibration is the process of making an adjustment or marking a scale so that the readings 

of an instrument agree with the accepted value and the certified standard. 

7. Classify  the  errors  that  may  occur  in  an  instrument ? 

i. Gross errors 

ii. Systematic errors   

iii. Instrumental errors 

iv. Environmental errors 

v. Observational errors 

vi. Random Errors 

8. What are the sources of errors in DC voltage measurement? 

 In DC voltage measurement, the various possible errors are, 

 The friction in moving system 

 The heat generated changes the resistance of working coil, causing errors. 

 The aging of permanent magnet and control spring. 

9. What is a transfer instrument? 

 A transfer instrument is one which is calibrated with DC source and used without any 

modifications for AC measurements. It has same accuracy for AC and DC measurements. 

10. Write the two conditions to be satisfied to make an AC bridge balance 

  

 

11. Define Standard deviation? 

 The  standard  deviation  or  root  mean  square  deviation  of  a  sample  is  both  

mathematically  more  convenient  and  statistically  more  meaningful  for  analyzing  

grouped  data  than  is  the  average  deviation  by  definition, the  standard  deviation  of  

a  sample  is  given  by  

  S=    =   

 

 



12. What are all the different types of standard? 

 International  standards  

 Primary  standards 

 Secondary  standards  

 Working  standards 

 

13. Define arithmetic mean? 

 The   average  value  or  arithmetic  mean  value  is  the  most  probable  value  

obtained  from  a  series  of  readings  of  a  given  quantity.  As  a  general  rule  the  

more  readings  the  more  closely  the  computed  average  represents  the  most  

probable  value.  The  average  value    is  calculated  by  taking  the  sum  of  all  the  

readings  and  divided  by  the  number  of  readings,  so  that 

 

    =    =    

 

Where     = the average value or arithmetic mean 

  = the value of the i th reading 

 

               n = the number of readings 

 

14. What is meant by average deviation? 

 The  mean  or  average  is  a  measure  how  much  the  data  is  varied  from  the  

average  value.  The  mean    is  calculated  by  adding  all  the  absolute  values  of  

deviations  of  a  set  of  measured  values  and  dividing  this  sum  by  the  number  of  

observations  ‘n’   so  that 

 

    =    

 

        =   

15. What is a standard? 

 A  standard  is  a  physical  representation  of  a  unit  of  measurement.  A  known  

accurate  measure  of  physical  quantity  is  termed  as  standard. 

16. Define   systematic   error? 

 The errors that occur due to instrument errors, environmental errors and 

observational errors are classified into instrumental errors. 

 

 



17. What are all the types of systematic errors? 

- Instrumental  errors 

- Environmental  errors 

- Observational  errors 

PART-B (16 Marks) 

1. Explain and detail about functional elements of an instruments? (AU APRIL 

2007,2009)                (16) 

 Figures  shows  the  functional  elements  of  a  generalized  measurement  system  most  

of  the  measurement  systems.  Contain three main functional elements. 

1. Primary  sensing  element 

2. Variable  conversion  element 

3. Data  presentation  element 

 

 

Primary   sensing   element: 

  

    The  quantity  under  measurement  makes  its  first  contact  with  primary  sensing  

element  of  a  measurement  system   here,  the  primary  sensing  element  transducer.   This 

transducer converts measured into an analogous electrical signal. 

Variable   conversion   element: 

 The  output  of  the  primary  sensing  element  is  the  electrical  signal.  It  may  be  a  

voltage  a  frequency  or  some  other  electrical  parameter.  But this output is not suitable for 

this system. 



 For  the  instrument  to  perform  the  desired  function,  it  may  be  necessary  to  convert  

this  output  to  some  other  suitable  form  while  retaining  the  original  signal.  Consider  an  

example,  suppose  output  is  an  analog  signal  form  and  the  next  of  system  accepts  input  

signal  only  in  digital  form  .  Therefore  we  have  to   use  and  to  digital  converter  in  this  

system. 

Variable   manipulation   element: 

 The  main  function  of  variable  manipulation  element  is  to  manipulation  element  is  

to  manipulate  the  signal  presented  to  it  preserving  the original   nature  of  the  signal.  Here,  

manipulation  means  a  change  in  numerical  value  of  the  signal. 

 Consider  a  small example,  an  electric  amplifier  circuit  accepts  a  small voltage  

signal  as  input  and  produces  an  output  signal  which  is  also  voltage  but  of  greater  

amplifier.  Thus voltage amplifier acts as a variable manipulation element. 

Data   presentation   element: 

 The  information  about  the  quantity  under  measurement  has  to  be  conveyed  to  the  

personal  handling  the  instrument  or  system  for  control  or  analysis  purposes.  The  

information  conveyed  must  be  in  the  form  of  intelligible  to  the  personnel.  The above 

function is done by data presentation element. 

 The  output  or  data  of  the  system  can  be  monitored  by  using  visual  display  

devices  may  be  analog  or  digital  device  like  ammeter,  digital  meter  etc.  In  case  the  data  

to  be  record,  we  can  use  analog  or  digital  recording  equipment.  In  industries ,  for  control  

and   analysis  purpose  we  can  use  computers. 

 The  final  stage  in  a  measurement  system  is  known  as  terminating  stage  .  when  a  

control  device  is  used  for  the  final  measurement  stage  it  is  necessary  to  apply  some  

feedback  to  the  input  signal   to  accomplish  the  control  0bjective. 

 The  term  signal  conditioning  includes  many  other  functions  in  addition  to  variable  

conversion  and  variable  manipulation.  In  fact  the  element  that  follows  the  primary  

sensing  element  in  any  instrument  or  instrumentation  system  should  be  called  signal  

conditioning  element. 

 When  the element  of  an  instrument  is  physically  separated,  it  becomes  necessary  

to  transmit  data  from  one  to  another.  This element is called transmitting element.  The  

signal  conditioning  and  transmitting  stage  is  generally  known  as  intermediate  stage. 



2. Explain  the  static  and  dynamic  character  of  an  instrument  ? (AU APRIL 2005,2006) 

                   (16) 

 Static   characteristics: 

   The  static  characteristics  of  a  instrument  are  consider   for  instrument  which  are  

used  to  measure  an  unvarying  process  condition.  All  the  static  perform ate  characteristics  

are  obtained  by  one  form  another  of  a  process  called  calibration.  The  main  static  

characteristics  are   accrued  sensitivity,  resolution,  precision,  drift  static  error,  dead zone  

etc. 

Accuracy: 

   It  is  a  measure  of  the  closeness  with  which  an  instrument  measure     the  true  

value  of  a  quantity. 

Precision: 

   It  is  a  measure  of  the  consistency  or  repeatability  of  a  series  of  measurements.  

Although accuracy implies precision, precision does not necessarily imply accuracy.  A precise 

instrument can be very inaccurate. The precision of a  given  measurement  can  be  very  

inaccurate.  The precision of a given measurement can be  given  by 

   Precision = 1-  

Sensitivity: 

   It  is  a  measure  of  the  change  in  reading  of  an  instrument  for  a  given  change  in  

the  measured  quantity. 

Resolution:  

   It  is  the  smallest  change  in  the  measured  quantity  that  will  produce  a  deductible  

change  in  the  instrument  reading. 

Error: 

   Error  is  the  deviation  from  the  true  value  of  the  measured  quantity . Error can be 

expressed as absolute quantity or as a percentage. 

    % error =   

Range: 

   The  range  of  an  instrument  describes  the  limits  of  magnitude  over  which   a  

quantity  may  be  measured.  It  is  normally  specified  by  stating  its   lower  and  upper  limits.  



For  example  an  ammeter  whose  scale  reads  from  0  to  1 MB  is   said  to  have  a  range  

from  0  to  1  MA 

Span: 

   The  span  of  an  instrument  is  the  algebraic  difference  between  the  upper  and  

lower  limits  of  the  instrument  range  for  a- 10 MA  to  +  10  MA  galvanometer,  the  span  

is  than  20  MA 

Drift: 

   It is the variation of the measured value with time. Perfect reproducibility means that the 

instrument has no drift.  There are 3 types of drifts.  They are zero drift and zonal drift.  Drift  is  

an  undesirable  quality  in  industrial  instruments  because  it  is  rarely  apparent  and  cannot  

be  easily  compensated   for  thus  it  must  be  carefully  guarded  by  continuous  prevention,  

inspection  and  maintenance. 

Dead   zone: 

   It  is  defined as  the  largest  change  of  input  quantity  for  which  there  is  no  output  

of  the  instrument.  The  factors  which  produce  dead  zone  are  hysterias  and  back lash in  

the  instrument. 

Threshold: 

   It  is  clear  that  if  the  input  into  the  instrument  is  increased  very  gradually  from  0,  

there  will  be  some  minimum  value  below  which  no  output  change  can  be  detected.  This 

minimum value defines the threshold of the instrument. 

Dynamic   characteristics: 

   The  dynamic  behavior  of  an  instrument  can  be  determined  by  applying  some  form  

of  known  and  predetermined  input  to  its  primary  element  and  then  study  the  output ,  

movement  of  the  pointer  generally  the  behavior  is  judged  for  three  types  of  inputs. 

   

 



Step   change: 

   In  this  case  the  input  is  changed  suddenly  to  a  finite  value  and  then  remains  

constant. 

Linear   change: 

   In  this  case  the  input  changes  linearly  with  time. 

Sinusoidal   change: 

   In  this  case  the  magnitude  of  the  input  changes  in  accordance  with  a  sinusoidal  

function  of  constant  amplitude. 

   The  dynamic  characteristics  of  any  instrument  is  defined  and  evaluated  by  the  

following  terms. 

Speed   of   response: 

   It  is  the  rapidly  with  which  an  instrument  responds  to  changes  in  the  measured  

quantity. 

Lag: 

   It  Is  the  retardation  or  delay  in  the  response  of  an  instrument  to  changes  in  the  

measured  quantity.  The  measuring  lag  can  be  either  of  retardation  type  in  which  case  the  

response  of  the  instrument  beings  immediately on  a  changes  in  measured  variable. 

 

 

Generally   the dead   time lag is very small.  Instrument  having  appreciable  dead  time  are  not  

satisfactory  for  measuring  a  variable  than  fluctuates  rapidly.  The  dead  time  can  also  be  

caused  by  a  finite  dead  zone  in  the  instrument  as  a  result  of  friction.  In  such  cases,  the  

instrument  does  not  respond  for  a  certain  time  delay  and  acts  only  sufficiently  to  

overcome  the  starting  friction.  The  dead  time  due  to  this  cause  depends  on  how  fast  the  



measured  variable  is  changing  and  on  the  extent  of  the  instrument  dead  zone.  It is shown 

in figure. 

 

     

 

3. Explain in detail about error? (AU APRIL 2003,2004,2006.DEC 2005)        

(16) 

   A  major  skill  in  taking  measurements  is  the  ability  to  interpret  results  in  terms  of  

possible  errors.  No  matter  how  carefully  the  measurements  are  taken  and  no  matter  how  

accurate  the  instruments  that  are  used,  some  error   will  always  be  present.  The  tree  

systematic  errors  and  random  errors. 

Grass   error:  

  This  class  of  errors  mainly  covers  human  mistakes  in  reading  or  using  instruments  

and  in  recording  and  calculating  measured  values.  As long a human beings are involved.  

Some gross errors will definitely be committed.  Although complete  elimination  of  gross  

errors  is  probably  impossible,  are  should  try  to  anticipate  and  correct  them.  Some  gross  

errors  are  easily  detected  while  others  may  be  very  difficult  to  detect.  The experiment 

may grossly misread the scale.   

 Great care should be taken in reading and recording the data.   

 Two  ,  three or  even  more  readings  should  be  taken  for  the  quantity  under  

measurement.  These  readings  should  be  taken preferably  by   different  experimenters  

and  the  readings  should  be  taken  at  a  different  reading  point  to  avoid  re-reading  

with  the  same  error.  Never  place  complete  dependence  on  one  reading  but  take  at 



least  three   separate  readings.  Preferably  under  conditions  in  which  instruments  are  

switched  off-  on. 

Systematic   error: 

  These  types  of  errors  are  divided  into  three  categories  such  as  instrumental  errors. 

Environmental errors and observational errors. 

Instrumental   errors: 

  These  errors  arise  due  to  inherent  short  comings  in  the  instruments  misuse  of  the  

instruments  and  loading  effects. 

Environmental   errors: 

  These  errors  are  due  to  conditions  external  to  the  measuring  device  including  

conditions  in  the  area  surrounding  the  instrument.  These  may  be  effects  of  temperature,  

pressure,  humidity,  dust, vibrations  or  of  external  magnetic  or  electrostatic  fields.  

 The connective measures employed to eliminate to reduce these undesirable effects. 

Random   errors: 

  This  occurs   are  due  to  unknown  causes  and  are  observed  when  the  magnitude  

and  polarity  of  a  measurement  future  in  an  unpredictable  manner.  Some  of  the  more  

common  random  errors  are: 

(i) Rounding  error: 

 This  occurs  when  readings  are  between  scale  graduations  and  the  reading  is  rounded  

up  or  down  to  the  nearest  graduation. 

(ii) Periodic  error: 

 This  occurs  when  an  analog  meter  reading  swings  or  fluctuates  about  the  correct  

reading.  In  addition,  the  meter  reading  quickly  changes  in  the  immediate  vicinity  of  

the  corrected  value, but  changes  slowly  at  the  extremes  of  the  swing.  Since  it  could  

be  easier  to  read  the  meter  when  it  is  slowly  changing,  the  correct  value  would  be  

less  likely  read  than  an incorrect  value.   

 The  other  random  errors  are  due  to  noise  backlash  and  ambient  influence.  Random  

errors  cannot  normally  be  predicted  or  corrected  but  they  can  be  minimized  by  

skilled  observes  using  a  well maintained  quality  instrument. 

 



4. Define calibration and explain difference methods of calibration? (AU APRIL 2007, 

Dec 2008)                    

(16) 

   All  measuring  instruments  are  to  prove  themselves  their  ability  to  measure  

reliably  and  accurately . For  this  the  results  of  measurement  are  to  be  compared  with  

higher  standards  which  are  traceable  to  national  or  international  standards.  The procedure 

involved is termed as calibration. 

   Calibration  is  thus  a  set  of  operations  that  establish  the  relationship  

between  the  values  that  are  indicated  by  the measuring  instrument  and  corresponding  

known  values  of  measured. 

Primary   calibration: 

   If  the  instrument  is  calibrated  against  primary standards,  then  the  calibration  

is  called  primary  calibration.  After  the primary  calibration,  the instrument  can  be  used  as  

a  secondary  calibration  instrument. 

 

Secondary   calibration: 

   The  secondary  calibration  instrument  is  used  as  secondary  for  further  

calibration  of  other  devices  of  lesser  accuracy.  This  type  of  instruments  are  used  in  

general  laboratory  practice  as  well  as  in  the  industry  because  they  are  practical  

calibration  sources. 

 

 

Secondary calibration can further be classified into two types. 



 Direct  calibration 

 Indirect  calibration  

Direct calibration: 

  Direct  calibration  with  a  known  input  source  is  in  general   of  the  same  order  of  

accuracy  as  primary calibration.  So,  the  instrument  which  are  calibrated  directly  are  also  

used  as  secondary  calibration  instruments. 

 

 

Indirect  calibration: 

  This  procedure  is  based  on  the  equivalence  of  two  different  devices  

adopting  same  similarity  concept. 

 

 

 

 

 



5. What  is  the  standard  and  write  and  detail  about  different  types  of  standards? (AU 

APRIL DEC 2003)                    (16) 

A  standard  is  a  physical  representation  of  a  unit  of  measurement.  A  known  

accurate  measure  of  physical  quantity  is  termed  as  standard.  These  standards  are  used  to 

determine  the  values  of  other  physical  quantities  by  the  comparison  methods. 

In  fact ,  a  unit  is  realized  by  reference  to  a  material  standard  or  to  natural  phenomena,  

including  physical  and  atomic  constants.   For  example,  the  fundamental  unit  of  length  in  

the  international  system (SI)  is  the  meter  defined  as  the  distance  between  two  fine  lines  

engraved  on  gold  plugs  near  the  ends  of  a  platinum-iridium  alloy  at   c  and  

mechanically  supported  in  a  prescribed  manner.  

 Based   on  the  functions  an  application.  Standards are classified into four categories as  

(i) International  standards 

(ii) Primary  standards 

(iii) Secondary  standards 

(iv) Working  standards 

International   standards: 

   International standards are defined by international agreement.  They  are  

periodically  evaluated  and  checked  by  absolute  measurement  in  terms  of  fundamental  

units  of  physics .  They  represent  certain  units  of  measurement  to  the  closest  possible 

accuracy  attainable  by  the  science  and  technology  of  measurement .  These  international  

standards  are  not  available  to  ordinary  users  for  measurements  and  calibrations.   

International   ohms: 

   It is  defined  as  the  resistance  offered by  a  column  of  mercury  having  

a  mass of 14.4521gms,  uniform  cross  sectional  area  and  length  of  106.300 cm,  to  the  

flow  at  constant  current  at  the  melting  point  of ice. 

International   Amperes: 

   It  is  an  unvarying  current ,  which  when  passed  through  a  solution  of  silver  nitrate  

in  water  deposits  silver  at  the  rate  of  0.00111gm/5. 

Primary   standards: 

   The  Principle  function  of  primary  standards  is  the  calibration and  verification  of  

secondary  standards.  Primary  standards  are  maintained  at  the  National  standards  



Laboratories  in  different  countries.  They  are  not  available  for  use  outside  the  National  

Laboratory.  These  Primary  standards  are  absolute  standards  of  high  accuracy  that  can  be  

used  as  ultimate  reference  standard . 

Secondary   standards: 

 Secondary  standards  are  basic  reference  standards  used  by  measurement  and  

calibration  laboratories  in  industries.  These  secondary  standards  are  maintained  by  the  

particular  industry  to  which  they  belong.  Each  industry  has  its  own  secondary  standard  

to  the  National  Standards  Laboratory  for  calibration,  the  National  Standards  Laboratory  

returns  the  secondary  standards  to  the  particular  industrial  laboratory  with  a  certification  

of  measuring  accuracy  in  terms  of  a  primary  standards. 

Working   standards: 

 Working standards are the principal tools of a measurement laboratory.  These  standards  

are  used  to  check  and  calibrate  laboratory  instruments  for  accuracy  and  performance  for  

example,  manufactures  of  electronic  components   Such  as  capacitors  resistors  etc.  Use  a  

standard  called  a  working  standard  for  checking  the  component  values  being  

manufactured   a  standard  resistor  for  checking  of  resistance  value  manufactured. 

6. Maxwell inductance Bridge. (AU DEC 2004, APRIL 2005)          (16) 

The maxwell bridge is used to measure unknown inductance in terms of calibrated 

resistance and capacitance. Calibration-grade inductors are more difficult to manufacture than 

capacitors of similar precision, and so the use of a simple "symmetrical" inductance bridge is not 

always practical. 

 Because the phase shifts of inductors and capacitors are exactly opposite each other, 

capacitive impedance can balance out an inductive impedance if they are located in opposite legs 

of a bridge, as they are here.  

Another advantage of using a Maxwell bridge to measure inductance rather than a 

symmetrical inductance bridge is the elimination of measurement error due to mutual inductance 

between two inductors. 

 Magnetic fields can be difficult to shield, and even a small amount of coupling between 

coils in a bridge can introduce substantial errors in certain conditions. With no second inductor to 

react with in the Maxwell bridge, this problem is eliminated. 



 

 As shown in Figure, one arm of the Maxwell bridge consists of a capacitor in parallel 

with a resistor (C1 and R2) and another arm consists of an inductor L1 in series with a 

resistor (L1 and R4).  The other two arms just consist of a resistor each (R1 and R3).  The 

values of R1 and R3 are known, and R2 and C1 are both adjustable. The unknown values 

are those of L1 and R4.  

    

Like other bridge circuits, the measuring ability of a Maxwell Bridge depends on 

'balancing' the circuit. Balancing the circuit in Figure 1 means adjusting C1 and R2 until 

the current through the bridge between points A and B becomes zero.  This happens when 

the voltages at points A and B are equal.  

 When the Maxwell Bridge is balanced, it follows that Z1/R1 = R3/Z2 wherein Z1 is 

the impedance of C2 in parallel with R2, and Z2 is the impedance of L1 in series with R4.  

Mathematically, Z1 = R2 + 1/(2πfC1); while Z2 = R4 + 2πfL1. 

Thus, when the bridge is balanced,  

(R2 + 1/(2πfC1)) / R1 = R3 / [R4 + 2πfL1]; or 

R1R3 = [R2 + 1/(2πfC1)] [R4 + 2πfL1]; 

          

When the bridge is balanced, the negative and positive reactive components cancel out, so 

R1R3 = R2R4, or R4 = R1R3/R2 

 



7. Schering bridge (AU APRIL DEC 2006)           (16). 

A Schering Bridge is a bridge circuit used for measuring an unknown electrical capacitance and 

its dissipation factor. The dissipation factor of a capacitor is the the ratio of its resistance to its 

capacitive reactance. The Schering Bridge is basically a four-arm alternating-current (AC) bridge 

circuit whose measurement depends on balancing the loads on its arms. Figure 1 below shows a 

diagram of the Schering Bridge. 

 

In the Schering Bridge above, the resistance values of resistors R1 and R2 are known, 

while the resistance value of resistor R3 is unknown. The capacitance values of C1 and C2 are 

also known, while the capacitance of C3 is the value being measured. To measure R3 and C3, the 

values of C2 and R2 are fixed, while the values of R1 and C1 are adjusted until the current 

through the ammeter between points A and B becomes zero. This happens when the voltages at 

points A and B are equal, in which case the bridge is said to be 'balanced'.  

When the bridge is balanced, Z1/C2 = R2/Z3, where Z1 is the impedance of R1 in 

parallel with C1 and Z3 is the impedance of R3 in series with C3. In an AC circuit that has a 

capacitor, the capacitor contributes a capacitive reactance to the impedance. The capacitive 

reactance of a capacitor C is 1/2πfC.  

As such, Z1 = R1/[2πfC1((1/2πfC1) + R1)] = R1/(1 + 2πfC1R1) while Z3 = 1/2πfC3 + R3. Thus, 

when the bridge is balanced:  

2πfC2R1/(1+2πfC1R1) = R2/(1/2πfC3 + R3); or  

2πfC2(1/2πfC3 + R3) = (R2/R1)(1+2πfC1R1); or  

C2/C3 + 2πfC2R3 = R2/R1 + 2πfC1R2.  



When the bridge is balanced, the negative and positive reactive components are equal and cancel 

out, so  

2πfC2R3 = 2πfC1R2 or  

R3 = C1R2 / C2.  

Similarly, when the bridge is balanced, the purely resistive components are equal, so  

C2/C3 = R2/R1 or  

C3 = R1C2 / R2.  

Note that the balancing of a Schering Bridge is independent of frequency. 

8. Kelvin double Bridge (AU APRIL 2007)              (8). 

 

A Kelvin bridge (also called a Kelvin double bridge and some countries Thomson 

bridge) is a measuring instrument invented by William Thomson, 1st Baron Kelvin. It is used to 

measure an unknown electrical resistance below 1 Ω. Its operation is similar to the Wheatstone 

bridge except for the presence of additional resistors. These additional low value resistors and 

the internal configuration of the bridge are arranged to substantially reduce measurement errors 

introduced by voltage drops in the high current (low resistance) arm of the bridge  

ACCURACY  

There are some commercial devices reaching accuracies of 2% for resistance ranges from 

0.000001 to 25 Ω. Often, ohmmeters include Kelvin bridges, amongst other measuring 

instruments, in order to obtain large measure ranges, for example, the Valhalla 4100 ATC Low-

Range Ohmmeter.  



The instruments for measuring sub-ohm values are often referred to as low-resistance 

ohmmeters, milli-ohmmeters, micro-ohmmeters, etc  

PRINCIPLE OF OPERATION  

The measurement is made by adjusting some resistors in the bridge, and the balance is achieved  

when:  

Resistance R should be as low as possible (much lower than the measured value) and for that 

reason is usually made as a short thick rod of solid copper. If the condition R3·R`4 = R`3·R4 is 

met (and value of R is low), then the last component in the equation can be neglected and it can 

be assumed that:  

Which is equivalent to the Wheatstone bridge 

9. PMMC  Instruments (DEC 2010)             (16) 

 

The permanent magnet moving coil instruments are most accurate type for direct current 

measurements. The action of these instruments is based on the motoring principle. When a 

current carrying coil is placed in the magnetic field produced by permanent magnet, the coil 

experiences a force and moves.  

As the coil is moving and the magnet is permanent, the instrument is called permanent 

magnet moving coil instrument. This basic principle is called D’Arsonval principle. The amount 

of force experienced by the coil is proportional to the current passing through the coil. 

The moving coil is either rectangular or circular in shape. It has number of turns of fine 

wire. The coil is suspended so that it is free to turn about its vertical axis.  

The coil is placed in uniform, horizontal and radial magnetic field of a permanent magnet 

in the shape of a horse-shoe. The iron core is spherical if coil is circular and is cylindrical if the 



coil is rectangular. Due to iron core, the deflecting torque increase, increasing the sensitivity of 

the instrument 

The controlling torque is provided by two phosphor bronze hair springs. 

The damping torque is provided by eddy current damping. It is obtained by movement of 

aluminum former, moving in the magnetic field of the permanent  

 

The pointer is carried by the spindle and it moves over a graduated scale. The pointer has 

light weight so that it deflects rapidly. The mirror is placed below the pointer to get the accurate 

reading by removing the parallax.  

The weight of the instrument is normally counter balanced by the weights situated 

diametrically opposite and rapidly connected to it. The scale markings of the basic d.c PMMC 

instruments are usually linearly spaced as the deflecting torque and hence the pointer deflections 

are directly proportional to the current passing through the coil. 

The top view of PMMC instrument is shown in the below image. 

The various advantages of PMMC instruments are, It has uniform scale. 

With a powerful magnet, its torque to weight ratio is very high. So operating current of PMMC is 

small. The sensitivity is high. The eddy currents induced in the metallic former over which coil is 

wound, provide effective damping. It consumes low power, of the order of 25 W to 200 mW. It 

has high accuracy. Instrument is free from hysteresis error. Extension of instrument range is 

possible. Not affected by external magnetic fields called stray magnetic fields 



UNIT-II 

BASIC ELECTRONIC MEASUREMENTS 

PART-A (2 Marks) 

1. What is vector voltmeter? 

The voltmeter which is defined as the ratio of power stored in the element to the power 

dissipated in the element. It is also defined as the ratio of reactance to resistance of the reactive 

element. It is also defined as the ratio of reactance to resistance of the reactive element. 

2. What are the main parts of CRT? 

The main parts of CRT are 1) Electron gun, 2) Deflection system, 3) Fluorescent screen,     

 4) Glass tube and 5) Base. 

3. Define deflection sensitivity of CRO. 

The horizontal deflection x is proportional to the horizontal deflection voltage Vx applied to x 

input. 

4. What is fluorescence? 

The material like phosphor converts electrical energy to light energy. Thus phosphor emits 

light when bombarded by the electrons. This emission of light due to excitation of phosphor is 

called fluorescence. 

5. What is the principle of sampling oscilloscope? 

Using sampling procedure, high frequency signal is converted to the low frequency signal. 

Thus instead of monitoring the input signal continuously it is sampled at the regular intervals. 

These samples are presented on the screen in the form of dots. Such samples are merged to 

reconstruct the input signal. The very high frequency more than 300 MHz performance can be 

achieved using sampling technique used in the sampling oscilloscope. 

6. What is an electronic voltmeter? 

The voltmeter which uses rectifiers, diodes and other supporting electronic circuits to 

produce a current proportional to the quantity to be measured is called electronic voltmeter. 

7. Define Q factor of coil. 

The Q factor is defined as the ratio of power stored in the element to the power dissipated in 

the element. It also defined as the ratio of reactance to the resistance of the reactive element. 

Thus for a coil it is defined as Q = XL / R. 

 



8. State the advantages of chopper amplifier. 

 Chopper eliminates the need for a high gain DC amplifier which has drift and stability 

problems. 

 The input impedance is very high for direct current. 

 A very high gain of the order of 10
5
 to 10

6
 can be achieved. 

9. What is the function of focusing anodes? 

The electron beam consists of many electrons and all are similarly charged. Hence the 

electrons repel each other. Due to such repulsive forces, the beam tends to diverge. To 

compensate for such repulsive forces and produce sharp beam spot, an adjustable electrostatic 

field is created between the two cylindrical anodes which are called focusing anodes. 

10. What is the function of trigger circuit? 

It is necessary that the horizontal deflection starts at the same point of the input vertical 

signal, each time it sweeps. Hence to synchronize horizontal deflection with vertical 

deflection, the trigger circuit is used. 

PART-B (16 Marks) 

1. Vector voltmeter. (AU APRIL 2003,2005)          (16).  

The vector voltmeter gives on line both, phase and amplitude of the ERG (electroretinogram) 

response to a flickering stimulus. This makes the apparatus useful in determining spectral 

sensitivity functions and dark adaptation curves of man and animals, in particular since it enables 

automatic measurement of these functions. The limitations and applications are briefly discussed. 

In electroretinography (ERG) the use of the averaging computer has become standard 

practice for extracting the often low responses from the background electrical noise. If, besides 

the response magnitude the waveform of the response is of interest to the experimenter, the 

averaging technique indeed is a powerful tool.  

There are situations however, in which the waveform of the ERG is not of primary interest, 

for instance for the determination of spectral sensitivity functions, or the recovery of sensitivity 

after exposure to a very bright light (dark adaptation curve).  

The usual way to measure, e.g., spectral sensitivity, is to obtain a set of response vs. intensity 

curves and then, for each wavelength, to determine the intensity necessary to evoke a certain 

criterion response. In this particular application the averaging technique is an inefficient and time 

consuming way of data reduction:  



One measures by hand the amplitude of the waveform from the obtained records while the 

waveform itself is disregarded in the final sensitivity curves. Besides being time consuming the 

averaging technique constitutes more problems.  

 

Because of uncontrollable non stationarities (e.g., eye movements, blinks) the accuracy is 

considerably limited, as the averaged response is only available off-line after, e.g., plotting on a 

recorder. These drawbacks cumulate if one wants to measure dark adaptation curves, as they 

represent a change of sensitivity in time. Recently a so called "vector voltmeter" has become 

commercially available, which operates essentially with a flickering stimulus. The apparatus selectively 

amplifies the stimulus-locked part of the ERG, canceling at the same time the non stimulus locked 

background noise. In this respect its action is comparable to an averaging computer, but with the 

enormous advantage that it gives on line, the response magnitude as a DC (direct current) voltage.  

This opens the possibility of adjusting the light intensity such that a criterion response is obtained, 

which is analogous to what is done in psychophysical sensitivity measurements.  

With an extension of the basic system even automatic measurement of the spectral sensitivity 

functions and the dark adaptation curve becomes possible. In this paper, a short description of the 

operation of the vector voltmeter in ERGs will be given, together with examples of its performance in the 

measurement of spectral sensitivity and dark adaptation. 

2. Solid state electronic multimeter (AU APRIL2003,2005)         (16). 

A multimeter or a multitester, also known as a volt/ohm meter or VOM, is an electronic 

measuring instrument that combines several measurement functions in one unit. A typical 

multimeter may include features such as the ability to measure voltage, current and resistance. 

Multimeters may use analogor digital circuits—analog multimeters and digital multimeters 

(often abbreviated DMM or DVOM.) Analog instruments are usually based on amicroammeter 

whose pointer moves over a scale calibration for all the different measurements that can be 



made; digital instruments usually display digits, but may display a bar of a length proportional to 

the quantity measured.  

A multimeter can be a hand-held device useful for basic fault finding and field service work 

or a bench instrument which can measure to a very high degree of accuracy. They can be used to 

troubleshoot electrical problems in a wide array of industrial and household devices such as 

electronic equipment, motor controls, domestic appliances, power supplies, and wiring systems.  

 

 

 

 

The first moving-pointer current-detecting device was the galvanometer. These were used 

to measure resistance and voltage by using a Wheatstone bridge, and comparing the unknown  

quantity to a reference voltage or resistance. While useful in the lab, the devices were very 

slow and impractical in the field. These galvanometers were bulky and delicate.  

The D'Arsonval/Weston meter movement used a fine metal spring to give proportional 

measurement rather than just detection, and built-in permanent field magnets made deflection 



independent of the 3D orientation of the meter. These features enabled dispensing with 

Wheatstone bridges, and made measurement quick and easy. By adding a series or shunt 

resistor, more than one range of voltage or current could be measured with one movement.  

Multimeters were invented in the early 1920s as radio receivers and other vacuum tube 

electronic devices became more common.  

QUANTITIES MEASURED  

Contemporary multimeters can measure many quantities. The common ones are:  

 Voltage, alternating and direct, in volts.  

 Current, alternating and direct, in amperes. The frequency range for which AC 

measurements are accurate must be specified.  

 Resistance in ohms.  

ADDITIONALLY, SOME MULTIMETERS MEASURE:  

 Capacitance in farads.  

  Conductance in siemens.  

 Decibels.  

 Duty cycle as a percentage.  

 Frequency in hertz.  

 Inductance in henrys.  

 Temperature in degrees Celsius or Fahrenheit, with an appropriate temperature test 

probe, often a thermocouple.  

 

DIGITAL MULTIMETERS MAY ALSO INCLUDE CIRCUITS FOR:  

 Continuity; beeps when a circuit conducts.  

Diodes (measuring forward drop of diode junctions, i.e., diodes and transistor 

junctions) and transistors (measuring current gain and other parameters).  

 Battery checking for simple 1.5 volt and 9 volt batteries. This is a current loaded 

voltage scale. Battery checking (ignoring internal resistance, which increases as the 

battery is depleted), is less accurate when using a DC voltage scale.  

VARIOUS SENSORS CAN BE ATTACHED TO MULTIMETERS TO TAKE 

MEASUREMENTS SUCH AS:  

 Light level  



 Acidity/Alkalinity(pH)  

 Wind speed  

 Relative humidity  

DIGITAL  

While a digital display can easily be extended in precision, the extra digits are of no value 

if not accompanied by care in the design and calibration of the analog portions of the 

multimeter. Meaningful high-resolution measurements require a good understanding of the 

instrument specifications, good control of the measurement conditions, and traceability of the 

calibration of the instrument.  

 

ANALOG  
Resolution of analog multimeters is limited by the width of the scale pointer, vibration of 

the pointer, the accuracy of printing of scales, zero calibration, number of ranges, and errors 

due to non-horizontal use of the mechanical display. Accuracy of readings obtained is also 

often compromised by miscounting division markings, errors in mental arithmetic, parallax 

observation errors, and less than perfect eyesight. Mirrored scales and larger meter 

movements are used to improve resolution; two and a half to three digits equivalent 

resolution is usual (and is usually adequate for the limited precision needed for most 

measurements).  

 

3. Explain the working principle of Q meter. (AU APRIL, DEC 2006)       (8) 

 

The Q Meter has frequently been described as one of the most flexible instruments 

available with applications limited largely by the ingenuity of the person using it. It is our 

desire here to delineate some of those techniques, not normally  encountered in everyday 

work, in the hope that wider dissemination of information gathered through many channels, 

will prove of some value. In order to approach our specific problems in a general way, it 

might be well to review some basic facts relative to the operation of the Q Meter. The Q 

Meter is always operated with a coil connected to its coil terminals. 

 If we are interested in measuring the Q of a coil, this coil will be connected to these 

terminals and it will be measured in one operation. If we are interested in making other 

measurements; (i.e., the Q of a capacitor, the impedance of a circuit, the parameters of a 

tuned circuit; etc.), we still need a coil, even though we are interested in that particular coil 

only as .a reference. This so-called “work coil“ would probably be a shielded unit to prevent 

stray coupling, hand-capacitance effects, etc.; and might be selected for its inductance, Q; 

etc., as needed for the particular application  involved.  



In making measurements (other than the Q of a coil} of circuit parameters there will be 

two steps involved. The first will be with the work coil mounted on the Q meter, where the 

resonating capacitance (Cl), circuit Q (Ql), and frequency will be recorded. The second will 

be with the unknown connected in addition to the work coil and once again the above reading 

will be noted, this time as C2 and Qz.  

From this data the desired parameters can be determined using the appropriate formula 

selected from those shown in figure 2. High impedance circuits are measured by connecting 

them in parallel with the Q Cupacibor; i.e., across the “Capacitor” terminals, and using the 

formulas shown under the heading “Parallel Connection to Q Circuit”. If the unknown 

consists of more than one parameter, it should be noted that the equivalent parallel 

parameters are obtained in this manner. 

 Low impedance circuits are measured by connecting them in series with the “Low” side 

of the coil. In like manner the “Series Connection to Q Circuit” formulas are used to yield the 

equivalent series $urdmeters of the circuit involved. With the above in mind, it might be well 

to resolve some specific problems. 

4. CRO ( Cathode ray oscilloscope) (AU APRIL 2003, 2004 DEC 2005) 

 

The device consists mainly of a vacuum tube which contains a cathode, anode, grid, 

X&Y-plates, and a fluorescent screen (see Figure below). When the cathode is heated (by 

applying a small potential difference across its terminals), it emits electrons. Having a 

potential difference between the cathode and the anode (electrodes), accelerate the emitted 

electrons towards the anode, forming an electron beam, which passes to fall on the screen.  



 

When the fast electron beam strikes the fluorescent screen, a bright visible spot is 

produced. The grid, which is situated between the electrodes, controls the amount of 

electrons passing through it thereby controlling the intensity of the electron beam. The X&Y-

plates, are responsible for deflecting the electron beam horizontally and vertically. A sweep 

generator is connected to the X-plates, which moves the bright spot horizontally across the 

screen and repeats that at a certain frequency as the source of the signal. The voltage to be 

studied is applied to the Y-plates. The combined sweep and Y voltages produce a graph 

showing the variation of voltage with time. 

 

BLOCK DIAGRAM 

 

 

 



TECHNICAL INFORMATION 

Some technical parameters: 

 

 Bandwidth: 0 –20 MHz to 0 –few GHz 

 High input impedance 

 Sensitivity: From μVcm-1to few 100 Vcm-1 

 

Basic Classification:  

 

 Manual  

 Programmable  

 Automatic 

 Averaging 

 

CLASSIFICATION 

 

 Storage Oscilloscope 

 Sampling Oscilloscope 

 Digital Oscilloscope 

 

Storage Oscilloscope: 

 

 Special CRT which can store a waveform  

 Used to capture and examine non-repetitive signals 

 Used to store signals with low frequencies (10Hz) 

 Highest frequency that can be recorded : 0.1MHz 

Sampling Oscilloscope: 

 

 Used in the case of repetitive waveforms 

 Equivalent Sampling:  

 One sample is taken from every period 

 Shape of signal is acquired when displayed sequentially 

 Frequency limit: 10-50GHz 

 Sensitive to noise  

 

Random Sampling:  

 

 Samples of signal and time base are taken randomly 

 Samples are displayed randomly rather in sequence 

 No frequency limitation (theoretically) 

 

 

 



Digital Oscilloscope: 
 

 Contain memory facility for storage or precision measurement 

 Uses input signal sampling, A to D conversion or DSP 

 Plotters can be attached to oscilloscopes to obtain hard copies of recorded signal 

 Instrumentation interfaces can be used for interconnected measurements 

 

5. CRT (AU APRIL 2003)                                     (8). 
 

A Video Display Controller or VDC is an integrated circuit which is the main 

component in a video signal generator, a device responsible for the production of a TV video 

signal in a computing or game system. Some VDCs also generate a sound signal, but in that case 

it's not their main function.  VDCs were most often used in the old home-computers of the 80s, 

but also in some early video game systems.  

The VDC is always the main component of the video signal generator logic, but 

sometimes there are also other supporting chips used, such as RAM to hold the pixel data, ROM 

to hold character fonts, or perhaps some discrete logic such as shift registers were necessary to 

build a complete system. In any case, it's the VDC's responsibility to generate the timing of the 

necessary video signals, such as the horizontal and vertical synchronisation signals, and the 

blanking interval signal.  

Most often the VDC chip is completely integrated in the logic of the main computer 

system, (its video RAM appears in the memory map of the main CPU), but sometimes it 

functions as a coprocessorthat can manipulate the video RAM contents independently  

Video Display Controllers vs. Video Display Processors and Graphics processing units 

The difference between a VDC and the more modern Video Display Processor (VDP) is not that 

the VDCs could not generate graphics, but they did not have the special hardware accelerators to 

create2D and 3D images, while a typical 1990s VDP does have at least some form of hardware 

graphics acceleration. Also VDCs often had special hardware for the creation of "sprites", a 

function that in more modern VDP chips is done with the "Bit Blitter" using the "Bit blit" 

function.  

One example of a typical Video Display Processor is the "VDP2 32-bit background and 

scroll plane video display processor" of the Sega Saturn. Another example is the Advanced 

Graphics Architecture (AGA) chip that was used for the improved graphics of the later 

generation Amiga computers.  



This said, it is not completely clear when a "Video chip" is a "Video Display Controller" 

and when it is a "Video Display Processor". For example, the TMS9918 is sometimes called a 

"Video Display Controller" and sometimes a "Video Display Processor". In general however a 

"Video Display Processor" has some power to "Process" the contents of the Video RAM (filling 

an area of RAM for example), while a "Video Display Controller" only controls the timing of the 

Video synchronisation signals and the access to the Video RAM.  

The Graphics processing unit (GPU) goes one step further than the VDP and normally 

also supports 3D functionality. It is the chip that is now used in modern personal computers.  

Types of Video Display Controllers  

Video Display controllers can be (arbitrarily) divided in several different types (here listed 

from simple to complex);  

Video shifters, or "Video shift register based systems" (there is no generally agreed upon 

name for these type of devices) are the most simple type of video controllers; they are, (directly 

or indirectly) responsible for the video timing signals, but they normally do not access the Video 

RAM directly. They get the video data from the main CPU, a byte at a time, and convert it to a 

serial bitstream (hence the technical name "Video shifter"). This serial data stream is then used, 

together with the synchronisation signals, to output a (colour) video signal. The main CPU needs 

to do the bulk of the work. Normally these chips only support a very low resolution Raster 

graphics mode.  

A CRTC, or Cathode Ray Tube Controller, generates the video timings and reads video data 

from a RAM attached to the CRTC, to output it via an external character generator ROM, (for 

text modes) or directly, (for high resolution graphics modes) to the video output shift register. 

Because the actual capabilities of the video generator depend to a large degree on the external 

logic, video generator based on a CRTC chip can have a wide range of capabilities. From very 

simple (text mode only) systems to very high resolution systems supporting a wide range of 

colours. Sprites however are normally not supported by these systems.  

 Video interface controllers are much more complex than CRT controllers, and the external 

circuitry that is needed with a CRTC is embedded in the video controller chip. Sprites are often 

supported, as are (RAM based) character generators and video RAM dedicated to colour 

attributes and pallette registers (Color lookup tables) for the high-resolution and/or text-modes.  



Video coprocessors have their own internal CPU dedicated to reading (and writing) their 

own video RAM, and converting the contents of this video RAM to a video signal. The main 

CPU can give commands to the coprocessor, for example to change the video modes or to 

manipulate the video ram contents. The video coprocessor also controls the (most often RAM 

based) character generator, the colour attribute RAM, Palette registers and the Spite logic (as 

long as these exist of course).  

UNIT-III 

SIGNAL GENERATORS AND ANALYZERS 

PART-A (2 Marks) 

1. What are the general requirements of signal generator? (AU APRIL 2007) 

 The output frequency of signal generator should be very stable. 

 The amplitude of output signal of signal generator should be controllable from low 

values to relatively large values. 

 The amplitude of output signal must be stable. 

 The harmonic contents in the output should be as low as possible. 

 The output signal should be distortion free. 

2. What is an Oscillator? 

The oscillator uses an active device such as an operational amplifier. The output of an 

operational amplifier is fed back in phase with input. This positive feedback causes regenerative 

action resulting an oscillation. 

3. What is a function generator? (AU APRIL 2007) 

The function generator is an instrument which generates different types of waveforms. The 

frequency of these waveforms can be varied over wide range. The most required common 

waveforms like sine, square, saw tooth, triangular and DC pulses.  

4. What is sweep frequency generator? (AU NOV 2004) 

Sweep frequency generator provides a sinusoidal output voltage whose frequency varies 

smoothly and continuously over an entire frequency band. The process of frequency modulation 

may be accomplished electronically or mechanically. 

 

 

 



5. Give short notes on wave Analyzer. (AU APRIL 2010) 

A wave analyzer is an instrument designed to measure relative amplitudes of single 

frequency components in a complex waveform. It can analysis of waveforms includes the 

determination of amplitude, frequency and phase angle of the harmonic components. 

6. What are the two types of wave analyzer? 

 Frequency selective wave analyzer. 

 Heterodyne wave analyzer. 

7. List few applications of wave analyzer  

 To measure the harmonic distortion of an amplifier 

 To carry out complete harmonic analysis 

 To measure the signal energy with the well defined bandwidth. 

8. What is meant by harmonic distortion? (AU APRIL 2005,2006) 

The distortion caused due to the nonlinear behavior of the circuit elements is called harmonic 

distortion. 

9. Give few useful applications of spectrum analyzer (AU APRIL 2006) 

 Modulation measurement. 

 Continuous wave signal frequency stability. 

 Harmonic distortion measurement. 

 Noise measurement. 

 Examining pulse modulation.  

PART-B (16 Marks) 

1. Describe the working of function generator with the block diagram. (AU APRIL, NOV 

2004,2005)           (16) 

The function generator is an instrument which generates different types of waveforms. The 

frequency of these waveforms can be varied over wide range. The most required common 

waveforms like sine, square, saw tooth, triangular and DC pulses.  

The function generator can be phase locked to a standard frequency of the source. Then all 

the output waveforms of the generator will have same accuracy and stability as that of standard 

source. 

 

 



Block diagram 

 

Frequency controlled voltage 

It is used to regulate two current sources namely upper current source and lower current 

source. 

Upper and lower current source 

The upper current source supplies constant current to an integrator. The lower current 

source supplies opposite current to the integrator.  

Integrator 

The output voltage of integrator then increases linearly with time. Hence this controls 

frequency. The output of the integrator has triangular waveform. The frequency of this triangular 

waveform is determined by the magnitudes of the currents supplied by upper current source and 

lower current source. 

Voltage comparator or multivibartor 

 This circuit changes the state of the network when the output voltage integrator equals the 

maximum predetermined upper level. To get square wave the output of the integrator is passed 



through comparator. The voltage comparator delivers square wave output voltage of same 

frequency as that of input triangular. 

 

Diode resistance network 

 The sine wave is derived from triangular wave. The triangular wave is synthesized into 

sine wave using diode resistance network. In this shaper circuit the slope of triangular wave is 

changed as its amplitude changes. This results in a sine wave with less than 1 % distortion. 

 The two output amplifiers provide two simultaneous, individually selected outputs of any 

of the waveform functions. 

 The function of the signal generator is to supply signals of known amplitude and known 

frequency. 

Features of function generators 

 The frequency range is 0.01Hz to 100 KHz. 

 Accuracy + 1 % 

 Can be phase locked to another external signal source 

 Can produce various waveforms. 

 

2. Describe the working of spectrum analyzer with a block diagram. Explain the various 

applications of the spectrum analyzer. (AU APRIL 2007, NOV 2005, 2008)  (16) 

Based on the technique used, the spectrum analyzers can be classified as scanning type 

and non-scanning type. The scanning type analyzers use swept technique, while the non-

scanning type is called real time spectrum analyzers. 

Let us discuss the basic spectrum analyzer using swept technique. This analyzer uses a 

swept receiver of superhetrodyne type hence this analyzer is also called swept 

superhetrodyne spectrum analyzer. 



 

Block diagram 

 

The basic blocks of the swept superhetrodyne spectrum analyzer are 

I. Wideband input mixer 

II. Swept local oscillator driving wideband mixer 

III. Resolution bandwidth filter, deciding intermediate frequency 

IV. Detector and video filter. 

V. Display 

Input attenuator 

 The attenuator decides the level of the input signals so as to keep it within the operating 

range of other blocks of the instrument. Generally spectrum analyzer can handle 0 to 10 dBm. 

Input filter 

 The input filter is used to reject unwanted signals. It suppresses the spurious signals. This 

is necessary because mixer responds to both sums and differences of frequencies. Mostly the 

filter is low pass filter. 

Wideband input mixer 

 It multiplies the input signal from filter and the local oscillator signal. It provides two 

signals at the output which are proportional in amplitude to the input signal but having 



frequencies which are sum difference of frequencies of the input signal and the local oscillator 

signal. 

Intermediate frequency (I.F) section 

 This is most important stage in analyzer where real analysis takes place. The stage 

function is to provide a wide selection of resolution bandwidth filters. These filters are described 

by their 3-dB bandwidth. These filters decide the resolving power of the analyzers. 

Log amplifier 

 It processes incoming signal in a logarithmic fashion. The logarithmic processing allows 

a large range of incoming signals to be measured and compared 

Detector 

 The detector used in the analyzer is called linear envelope detector. This is exactly 

similar to the detectors used in A.M. radios. The detector receives a signal from log amplifier 

which is compressed one. This is somewhat releases the large linear range requirement of a 

detector. 

 

Video filter 

 These filters are used for post filtering or averaging the detector output. The bandwidth 

setting of video filter is same or larger than resolution bandwidth filter. If the signal is along with 

noise, averaging is necessary. Averaging removes the random noise and pure signal remains. 

Display 

 The output of the video filter is given to CRO for display purpose. 

Swept local oscillator 

 The swept local oscillator puts a limit on the stability and spectral purity in many 

performance areas.  

Applications  

 Modulation measurement. 

 Continuous wave signal frequency stability. 

 Harmonic distortion measurement. 

 Noise measurement. 

 Examining pulse modulation.  

 



3. Describe the working of a sweep frequency generator. (AU APRIL 2004, 2010, NOV 

2003,2006)           (16) 

The sine wave generator discussed in earlier sections generates output voltage at a known 

and stable frequency. But in some applications such as measuring frequency response of 

amplifiers, filters and other networks, a variable frequency source is used. In such cases sweep 

frequency generators are used. 

  

 

In the early days, the method for varying frequency electronically was not invented. Some 

other methods were used to get variable frequency source. Reactance tube modulator used was 

providing very little frequency variation, so most of the times, electro-mechanical systems such 

as motor driven capacitors were used. 

The sweep generator is very much simple signal generator. In the simple signal generator, an 

oscillator is tuned to fixed single frequency. In the sweep generator, an oscillator is electronically 

tuned and by using voltage controlled oscillator variable frequency is obtained. As name 

indicates, a sweep voltage generator provides voltage, known as control voltage, to the voltage 

controlled oscillator (VCO). 

 The function of voltage controlled oscillator is to provide various frequency sweeps 

according to voltage provide by sweep voltage generator. But the relationship between sweep 

voltage and frequency is nonlinear. To obtain linearity, a compensation circuit is provided 

between sweep frequency voltage and oscillator tuning voltage. The compensation circuit is 

called linearizing circuit. 



4. Give the principle of wave analyzer with the help of suitable diagrams. (AU APRIL, 

NOV 2009)           (16) 

A wave analyzer is an instrument designed to measure relative amplitudes of single 

frequency components in a complex waveform. It can analysis of waveforms includes the 

determination of amplitude, frequency and phase angle of the harmonic components. 

 

Types of wave analyzer 

 Frequency selective wave analyzer. 

 Heterodyne wave analyzer. 

Frequency selective wave analyzer 

 

 

 

 The waveform to be analyzed is passed through an adjustable attenuator. This acts as a 

range multiplier. 

 The driver amplifier feeds the waveform to a high Q filter. 

 This filter consists of cascade arrangement of RC resonant sections and filter amplifiers. 

 The capacitors are used for range changing. 



 The potentiometer is used to change frequency within the selected pass band. 

 The entire AF range is covered in decade steps by the switching capacitors in the RC 

section 

 The final amplifier stage supplies the selected signal to the meter circuit and to an 

untuned buffer amplifier. 

 The function of buffer amplifier is to drive the output devices, such as the recorders, 

electronic counters etc. 

 The analyzer input must have low input distortion. 

 The meter has several voltage ranges as well as decibel scale marked on it. It is driven by 

an average reading rectifier type detector. 

Heterodyne wave analyzer 

 

 

 

 This is RF range analyzer works on the principle of mixing i.e. heterodyning. 

 In this type of wave analyzer the input signal is heterodyned to a higher intermediate 

frequency (IF) by an internal local oscillator. 

 Tuning the local oscillator shifts the various signal frequency components into the pass 

band of the IF amplifier. 



 The output of the IF amplifier is then rectified and applied to the metering circuit. 

 The input is applied first to the attenuator section. This gives the output frequency in the 

range of 0 to 18 MHz 

  The untuned amplifier amplifies this signal and gives it to the first mixer. 

 The first mixer heterodynes the input with the frequency from local oscillator. This 

oscillator has frequency range 30-48 MHz 

 The output of the first mixer difference frequency of 30 MHz  

 The IF amplifier amplifies this signal and gives it to the second mixer. 

 The second mixer heterodynes the signal with 30 MHz frequency crystal oscillator. 

 Thus at the output of second mixer the zero difference frequency is obtained. 

 The active filter having controlled bandwidth and symmetrical slopes of 72 dB per 

octave, then passes the selected component to the meter amplifier and detector. 

 The output from the meter detector is then used to obtain final indication on the output 

meter which is having a decibel calibrated scale. 

 The output from detector may be applied to a recording device. 

Applications of wave analyzer  

 To measure the harmonic distortion of an amplifier 

 To carry out complete harmonic analysis 

 To measure the signal energy with the well defined bandwidth. 

5. Explain the distortion analyzer with the help of suitable diagrams. (AU APRIL 2006, 

NOV 2007)           (16) 

The application of purely sinusoidal input signal to an amplifier should result in purely 

sinusoidal signal at the output. But practically output waveform is not exact replica of the input. 

This because of presence of various types of distortions. Such distortions due to the inherent 

nature of amplifier or nonlinear characteristics of various components used. 

The distortion caused due to the nonlinear behavior of the circuit elements is called 

harmonic distortion. 

Suppression Distortion Analyzer 

This is used to measure the distortion factor (T.H.D) rather than the contribution by each 

component. In this analyzer, the input is applied to such a network that suppresses or rejects the 

fundamental component but passes all the harmonic frequency components for the measurement. 



 

The analyzer consists of four major sections 

I. Impedance converter 

II. Rejection amplifier 

III. Metering circuit 

IV. Power supply. 

 The impedance converter provides a low noise, high impedance input circuit. 

 The rejection amplifier rejects the fundamental frequency, 

 The metering circuit measures the harmonic distortion present which provides visual 

indication of the T.H.D in terms of a percentage of the total input voltage. 

 The power supply provides the supply for proper circuit operation. 

There are two modes of operation: 

Voltmeter mode 

In this, it acts as a normal AC voltmeter. The input is applied through 1: 1 and 100: 1 

attenuator which selects proper meter range. The impedance converter bypasses the rejection 

amplifier as shown dotted. The meter measures the RMS value of the AC input voltage. 

 



Distortion mode 

 In this, output of the impedance converter is applied to the rejection amplifier. But before 

applying to the impedance converter, now the input signal is applied to 1 MΩ input attenuator 

which provides the 50 dB attenuation in 10 dB steps. This is controlled by a front panel control 

named sensitivity. Due to low noise high impedance provided by impedance converter, accurate 

measurement is possible. 

 The rejection amplifier circuit consists of a pre-amplifier, a wien bridge and a bridge 

amplifier. 

 The pre-amplifier provides further amplification at extremely low distortion levels.  

 The bridge is connected as an interstate coupling between the pre-amplifier and the 

bridge amplifier. 

 By the front panel, the bridge is tuned and balanced, no output results due to balancing.  

Hence fundamental frequency component is rejected. 

  For other frequencies, wien bridge provides varying output which is amplified by bridge 

amplifier. 

 The output is then given to meter circuit through post attenuator. 

Heterodyne Harmonic Distortion Analyzer 

 

 

 

 The variable frequency oscillator output is mixed with each harmonic of the input signal, 

with the help of balanced mixer, either the sum or difference frequency is made equal to 

the frequency of the filter. 



 The quartz crystal type highly selective filters can be used as each harmonic frequency is 

converted to a constant frequency. 

 This allows selecting constant frequency signal related to a particular harmonic and 

passing it to the metering circuit. 

 The balanced mixer consists of a balanced modulator and it eliminates original frequency 

of the harmonic. Generation of low harmonic distortion is the advantage of the balanced 

modulator. 

 In some cases, the meter reading is calibrated directly in terms of voltage while in some 

cases the harmonics are compared with a reference voltage, which is representation of the 

fundamental component. 

 As the calibration in terms of voltage is the feature of direct reading heterodyne harmonic 

distortion analyzer, they are also called frequency voltmeters. 

 These instruments are also called carrier frequency voltmeters and selective level 

voltmeters. 

UNIT-IV 

DIGITAL INSTRUMENTS 

PART-A (2 Marks) 

1. What is digital voltmeter? 

The digital voltmeters generally referred as DVM, convert the analog signals into digital 

and display the voltages to be measured as discrete numerical instead of pointer deflection, 

on the digital displays.  

2. Give classification of digital voltmeters? (AU APRIL 2004) 

DVM mainly classified into two types. 

I. Non integrating type.  

II. Integrating type. 

Non-integrating type DVM. 

i. Potentiometric type 

a) Servo potentiometric type 

b) Successive approximation type 

c) Null balance type 

ii. Ramp type 

a) Linear type 

b) Staircase type 



Integrating type DVM 

i. Voltage to frequency converter type 

ii. Potentiometric type 

iii. Dual slope integrating type 

3. What is the principle of ramp type digital voltmeter? (AU APRIL 2005) 

The basic principle of such measurement is based on the measurement of the time taken by a 

linear ramp to rise 0 v to the level of the input voltage or to decrease the electronic time interval 

counter and the count is displayed in the numeric form with the help of a digital display. 

 

4. What are the essential parts of the ramp type DVM? (AU NOV 2004) 

 Comparator 

 Oscillator 

 Attenuator 

 Gate  

 Counter 

5. What are the advantages of digital instruments? (AU APRIL 2006) 

 Very high accuracy 

 No loading effect. 

 No moving parts 

 Auto range and polarity 

 Very high input impedance 

 Reading speed is high 

 Computerized control 

6. Why period mode is preferred for measurement of very low frequency in a frequency 

counter? (AU NOV 2006) 

The time period T = 1/f. So if the frequency to be measured low, then the accuracy of the 

frequency counter decreases as less number of pulses are connected to the gating circuit. Thus in 

low frequency region it is better to measure period rather than the frequency 

7. What is the importance of gate time in frequency counter? (AU APRIL 2007) 

The gate time and gating circuit is used to adjust the train pulses in the frequency counter. 

This will done by using the selector switch S in the time base generator. 



8. How trigger time error reduced? (AU APRIL 2007) 

To limit the trigger level error, we can use the large signal amplitudes and fast rise times in 

the signal. 

 

9. What is the difference between analog and digital instruments? (AU APRIL 2008) 

SL.NO Parameter Analog Digital 

1.  Accuracy Less upto +  0..1 % Very high upto + 0.005 

2.  Resolution Limited High 

3.  Power Power required is High Power required is Low 

4.  Cost Low High 

5.  Frictional errors  Errors due to movimg parts No movong parts so no errors 

6.  Range and polarity No facility of auto ranging and 

polarity 

Has the facility of auto ranging and 

polarity 

7.  Speed Reading speed is low Reading speed is very high. 

 

 

PART-B (16 Marks) 

1. Draw and explain the circuit of a digital frequency meter. (AU APRIL 2007,2010, NOV 

2006,2008)           (16) 

The frequency is the measure of repeatation of any signal. The frequency is nothing but 

the number of cycles of the signal per unit time. 

Working principle 

 

 

The signal waveform whose frequency is to be measured is converted into trigger pulses 

and applied continuously to one terminal of an AND gate. To the other terminal of the gate, a 



pulse of 1 sec is applied. The number of pulses counted at the output terminal during period of 1 

sec indicates the frequency. 

 

 

Digital Frequency Counter 

 For the unknown frequency measurements the digital frequency counter is the most 

accurate and reliable instrument available. 

 

 

The major components of the digital frequency counter are as given below 

1) Input signal conditioning circuit 

2) Time base generator 

3) Gating circuit 

4) Decimal counter and display unit.  

 



 

Input signal conditioning circuit.  

In this circuit, an amplifier and Schmitt trigger are included. The threshold voltage of the 

Schmitt trigger can be controlled by sensitivity control on the control panel. First of all the input 

signal of unknown frequency is fed into the input signal conditioning circuit. There the signal is 

amplified and then it is converted into square wave by Schmitt trigger circuit. 

Time base generator 

 The crystal oscillator produces a signal of 1 MHz or 100 MHz depending upon the 

requirement. In general, the accuracy of the digital frequency counter depends on the accuracy of 

the time base signals produced, thus the temperature compensated crystal oscillator is used. Then 

the output of the oscillator passed to the other Schmitt trigger circuit producing square wave 

output. Then it is fed to frequency dividers connected in cascade. Thus the train pulses are 

obtained after each frequency divider section. Using time base selector switch S the gate time 

can be adjusted. 

Gating circuit 

 The gating circuit consists of AND gate. When the enable signal is provided to the AND 

gate, it allows a train pulses to pass through the gate for the time period selected by the time base 

circuit. The pulses are counted and then the second pulse generated from the time base generator 

disables AND gate and thus closes it. 

Decimal counter and display unit 

 In this unit, decade counters are connected in the cascade. The output of the AND gate is 

connected to the clock input of the first decade counter. Then the output of this counter to the 

clock input of next and so on. Using these counters the number of pulses are counted and are 

displayed by the display unit. As the number of pulses are counted are proportional to the input 

signal frequency, the final display is proportional to the unknown frequency of the input signal.   

 



 

 

2. Explain with a neat block diagram, the operation of ramp type digital voltmeter. (AU 

APRIL 2007,2010, NOV 2007,2008,2009)       (16) 

Ramp type DVM 

 It uses a linear ramp technique or staircase ramp technique. The stair case ramp technique 

is simpler than the linear ramp technique. 

Linear ramp technique 

 The basic principle of such measurement is based on the measurement of the time taken 

by linear ramp to rise from 0 V to the level of the input voltage or to decrease from the level of 

the input voltage to zero. The time measured with the help of electronic time interval counter and 

the count is displayed in the numeric form with the help of digital display. 

Block Diagram 

 

 Properly attenuated input signal is applied as one input to the input comparator 

 The ramp generator generates the proper linear ramp signal which is applied to both the 

comparators. 

 The input comparator is used to send the start pulse while the ground comparator is used 

to send the stop pulse. 



 When the input ramp are applied to the input comparator and at the point when negative 

going ramp becomes equal to input voltages the comparator sends the start pulse due to 

which gate opens. 

 The oscillator drives the counter. The counter starts counting the pulses received from the 

oscillator.  

 Now the input ramp is applied to the ground comparator and it is decreasing. Thus when 

ramp becomes zero, both the inputs of ground comparator becomes zero and send it the 

stop pulse due to which gate closed. 

 The sample rate multivibartor determines the rate at which the measurement cycles are 

initiated. 

Staircase Ramp Technique 

 In this type of DVM, instead of linear ramp, the staircase ramp is used. The staircase 

ramp is generated by the digital to analog converter. The technique of using staircase ramp is also 

called null balance technique. 

Block Diagram 

 

 The input voltage is properly attenuated and is applied to a null detector. The input to null 

detector is the staircase ramp generated by the digital to analog converter. 

 The ramp is continuously compared with the input signal. 

 The logical control circuit sends a rest signal. This signal resets the counter. The digital to 

analog converter is also resetted by same signal. 



 The output counter is given to the digital to analog converter which generates the ramp 

signal. 

 At every count there is an incremental change in the ramp generated. Thus the staircase 

ramp is generated at the output of the digital to analog converter. 

 This is given as the second input of the null detector. 

 The increase in ramp continues till it achieves the voltage equal to input voltage. 

 When the two voltages are equal, the null detector generates a signal which inturn 

initiates the logic control circuit. 

3. Explain with a neat block diagram, the operation of successive approximation type 

digital voltmeter. (AU NOV2008)        (16) 

 

 The potentiometric used in the servo balancing type DVM is a linear divider but in 

successive approximation type a digital divider is used. 

 The digital divider is a Digital to analog (D/A) converter. 

 The servo motor replaced by an electronic logic. 

 The basic principle of measurement by this method is similar to the simple example of 

determination of weight of the object. 

 The object is placed on one side of the balance and the approximate weight is placed on 

the other side. 

 If this weight is smaller than the object, another small weight is added weight is removed 

and smaller weight is added. 



 Thus by such successive procedure of adding and removing, the weight of the object is 

determined. 

 The successive approximation type DVM works exactly on the same principle. 

 In successive approximation type DVM, the comparator compares the output of digital to 

analog converter with the unknown voltage. 

 Accordingly, the comparator provides logic high or low signals. 

  The digital to analog converter successively generates the set pattern of signals. 

 The procedure continues till the output of the digital to analog converter becomes equal 

to the unknown voltage.  

 

4. Explain with a neat block diagram, the operation of servo potentiometric type digital 

voltmeter. . (AU APRIL 2006)         (16) 

Block diagram 

 

 

 In this potentiometric type voltmeters internal reference voltage is provided. 

 A voltage comparison technique is used to measure the input voltage. 

 The unknown voltage is compared with the reference voltage with the help of the setting 

of the calibrated potentiometer i.e. potential divider. 

 The arm of the potentiometer is varied to obtain the null condition i.e. balance condition. 

 The internal reference voltage is present at the two terminals of the potentiometer. 

 When the null condition is obtained, the value of the unknown voltage is indicated by the 

dial setting of the potentiometer. 



 Practically, the null balancing is not obtained manually but is obtained automatically. 

 Such a voltmeter is called self balancing potentiometric type DVM. 

 The servomotor is used to vary the arm of the potentiometer hence it is also called servo 

balancing potentiometer type DVM. 

5. Describe a “digital multimeter” with a help of a block diagram explain its working. (AU 

NOV 2009)           (16) 

Block diagram 

 

 In the digital multimeter the quantity measured by the meter is displayed by using 7 

segment LED displays, alphanumeric displays or liquid crystal displays (LCDs), in the 

digital converters and other digital processing circuits. 

 The digital multimeter is an instrument which is capable of measuring AC voltages DC 

voltages, AC and DC currents and resistance over several ranges. 

 The current is converted to voltage by passing it through low shunt resistance. 

 The AC quantities are converted to Dc by employing various rectifier and filtering 

circuits. 

 While for the resistance measurements the meter consists of a precision low current 

source that is applied across the unknown resistance while gives DC voltages. 

 All the quantities are digitalized using analog to digital converter and displayed in the 

digital form on the display. 

 



 The analog multimeters require mo power supply and they suffer less from electric noise 

and isolation problems but still the digital multimeters have the following advantages 

over analog multimeters. 

 Accuracy is very high. 

 The input impedance is very high hence there is no loading effect. 

 An unambiguous reading at greater viewing distances is obtained. 

 The output available is electrical which can be used for interfacing with 

external equipment. 

 The prices are going down. 

 Small in size.  

 

 

 

 

 



UNIT-V 

DATA ACQUISITION SYSTEMS AND FIBER OPTIC MEASUREMENTS 

PART-A (2 Marks) 

1. What is meant by data acquisition? (AU NOV 2008,2009) 

The system used for data processing, data conversion, data transmission, data storage is 

called data acquisition system. 

2. What are the objectives of Data Acquisition system? 

 The data acquisition system must acquire the necessary data at the correct time. 

 It must use all the data efficiently to inform the operator about the state of the plant. 

 It must monitor the operation of complete plant so that optimum online safe operations 

are maintained. 

 It must provide effective human communication system. 

 It must be able to collect, summarise and store data properly for diagnosis and record 

purpose of any operation. 

3. What is Multiplexing? (AU APRIL 2006, 2009) 

Multiplexing means combining different signals. In data processing and handling it is the 

frequently required to combine number of analog signals into a single digital channel. Both 

digital signals and analog voltages can be multiplexed.  

 

PART-B (16 Marks) 

1. Explain the generalized block schematic of a Digital Data Acquisition system.  

2. (16 marks)  ) (AU NOV 2008) 

3. Explain the various techniques of multiplexing? (16 marks) (AU NOV 2006,2009) 

4. Explain the block diagram of optical time domain reflectometer.  (16 marks)  

(AU APRIL 2007, NOV 2009) 

5. Write short notes on IEEE 488 bus.   (16 marks) (AU APRIL 2010, NOV 2007) 

6. Explain microprocessor based measurement. (8 marks) (AU APRIL 2005, NOV 2005) 

7. Write short notes on VI (Virtual Instrumentation) 

 
 


