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Measuring instrument and portable tools

ST – 03(A)
L E S S O N – P L A N

DURATION:  06 DAYS (EQUIPMENT COURSE) .

DESCRIPTION: MEASURING INSTRUMENTS AND USE OF HAND
AND  
                                                PORTABLE TOOLS FOR ESM/MSM/SM

STAGE : ESM / MSM /SM

CONTENTS

Sl No. TOPIC Theo Practical Theo Equipment &
Instrument Tools
used

1. Voltmeter 1 1 OHP,
Black
Board

Instrument, Meters
& Tools.

2. Ammeter 1 1 -DO- -DO-
3. Analog Multimeter & Digital

Multimeter
3 3 -DO- -DO-

4. Megger 4 4 -DO- -DO-
5. Oscilloscope 2 2 -DO- -DO-
6. Freq. Meter 1 1 --
7. Earth Measuring

Meter/Earth Leakage
Detector

2 2 -DO- -DO-

8. Hand Tools 6 4 -DO- -DO-
9. Electric Drills, Grinders, 2 2 -DO- -DO-
10. Soldering Iron and Soldering

Technique
2 4 -DO- -DO-

Total 24 Hrs. 24 Hrs.
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ST – 03(A)

L E S S O N – P L A N

DURATION  :  04 DAYS (INITIAL COURSE) .

DESCRIPTION: MEASURING INSTRUMENTS AND USE OF HAND
AND  
                                                PORTABLE TOOLS FOR ESM / MSM  / SM

STAGE : ESM / MSM / SM

CONTENTS

Sl No. TOPIC Theo Practical Theo Equipment &
Instrument Tools
used

1. Voltmeter 1 1 OHP,
Black
Board

Instrument, Meters
& Tools.

2. Ammeter 1 1 -DO- -DO-
3. Analog Multimeter & Digital

Multimeter
1 1 -DO- -DO-

4. Megger 2 2 -DO- -DO-
5. Oscilloscope 1 1 -DO- -DO-
6. Freq. Meter 1 1 -DO-
7. Earth Measuring

Meter/Earth Leakage
Detector

1 1 -DO- -DO-

8. Hand Tools 4 4 -DO- -DO-
9. Electric Drills, Grinders,etc. 2 2 -DO- -DO-
10. Soldering Iron and Soldering

Technique
2 2 -DO- -DO-

Total 16 Hrs. 16 Hrs.
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ST – 03(A)

L E S S O N – P L A N

DURATION:  02 DAYS (REFRESHER COURSE) .

DESCRIPTION: MEASURING INSTRUMENTS AND USE OF HAND
AND  
                                                PORTABLE TOOLS FOR ESM / MSM /SM

STAGE : ESM / MSM /SM

CONTENTS

Sl No. TOPIC Theo Practical Theo Equipment &
Instrument Tools
used

1. Voltmeter, Ammeter,
Analog Multimeter & Digital
Multimeter

2 2 OHP,
Black
Board

-DO-
-DO-

Instrument, Meters
& Tools.

-DO-
-DO-

2. Megger 1 1 -DO- -DO-
3. Oscilloscope, Frequency

Meter
1 1 -DO- -DO-

4. Earth Measuring
Meter/Earth Leakage
Detector

1 1 -DO- -DO-

5. Hand Tools 1 1 -DO- -DO-
6. Electric Drills, Grinders, etc. 1 1 -DO- -DO-
7. Soldering Iron and Soldering

Technique
1 1 -DO- -DO-

Total 08 Hrs. 08 Hrs.
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ST – 03(A)

DESCRIPTION: MEASURING INSTRUMENTS AND USE OF HAND
AND  
                                                PORTABLE TOOLS FOR ESM / MSM / SM

STAGE : ESM / MSM /SM

CONTENT

VOLTMETER

AMMETER

ANALOGUE & DIGITAL MULTIMETER

MEGGER

OSCILLOSCOPE

FREQUENCY METER

EARTH MEASURING METER

1. Use of Hammer, Chisel, Wrench, Spanner, Box – spanner, Screw Drivers and
precautions while using them.

2. Using of Electric Drills, Grinders, Vacuum Blowers, Cleaner, Principles of their
working and adjustments.

3. Soldering Iron and soldering technique.
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VOLTMETER

The basic meter movement can measured a maximum voltage of  Im  x  Rm  which is
very small. However, its voltage range can be extended to any value by in reducing a
large value of resistance in series with it. The series resistance is called multiplier
resistance because it multiplies the voltage reading capability of the meter many times. It
is usually connected inside the voltmeter case.

But it should be noted that the voltmeter should be connected in parallel with load
across which voltage is to be measured.

Calculation of series resistance Rs is to be connected.

Example :-

A basic meter movement have Im = 50 µ A and Rm = 1K Ohm
Calculate the value of Rs to measure 50V.

So, Resistance in series       Rs = V/Im – Rm.
= 50V/50µ A – 1 K
= 50/50 x 10 -1000
= 50x10  /50  -1000
= 1000000- 1000
=999,000
= 999KΩ

where V= voltage to be measured, Rm= Internal meter resistance, Im= FSD.

For multiple voltages range the arrangement is as follows.

                       RS3              RS2     RS1

          50V    25V
5V

    Im X Rm
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LOADING EFFECT OF VOLTMETER

When the internal resistance of voltmeter is not much high compared to the resistance
of the circuit across which it is connected, the measured voltage becomes low. The deviation
of voltage of voltmeter is depending upon the sensitivity of the meter. This is called loading
effect of voltmeter.

R=15K     A
(1)

+

R2=15K   
      50V -

   B

(2) R=15K    A

+

100V
R2=30K   

      40V -

  B
R=15K     A

(3)

+

100V
R2=10K   

      40V -

 B
Consider a circuit having two 15K resistances in series across a 100V battery. So

point A B will have 50V drop. If a voltmeter having 30K internal resistance is used to
measure the voltage at point A B due to loading effect the voltmeter will read 40V instead of
50V.
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15K parallel with 30K=10K.  So, drop across 10K= 10/10+15 X 100 =40V

Loading effect can be minimize by using a Voltmeter whose resistance is as high as
possible compared to that of the circuit across which it is connected.

Correction Formula

The loading effect can be centralised by using the following formula.

V corr = V meas + R1 R2 / Rv (R1 + R2) x V means.
Where  , V meas = measured voltage reading

   V corr = Corrected voltage reading
   Rv = Voltmeter resistance 
   R1,R2 = Voltage divider.

In the above case,
V corr  = 40 + 15 x 15 / 30 (15+15) x 40

= 40 + 15 x 20/30
= 40 + 10
= 50 Volt.

For A.C Voltage measurement :-

The D.C Voltmeter can be converted to A.C voltmeter by simply adding an extra
rectifier.

OHMMETER

The basic meter movement can be used to measure resistance if it is combined with a
battery and a current limiting resistance as shown in fig.
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For measuring resistance, the Ohmmeter leads are connected across the unknown
resistance after switching off the power in the circuit under test. Only in that case the
ohmmeter battery can provided current depends on the amount of external resistance, the
meter scale can be calibrated in ohm instead of mA.

The following points about the Ohm-meter worth nothing:

1) The resistance scale is non-linear i.e. it is expanded at the right near zero ohm and
crowded at the left near infinite ohm. This non-linearity is due to the reciprocal
function I=V/R.

2) The Ohmmeter reads up-scale regardless of the polarity of the leads because direction
of current determined by the internal battery.

3) A half-scale deflection, external resistance equals the internal resistance of the
ohmmeter.

4) The test leads should be shorted and ‘ZERO OHMS’ control adjusted to being the
pointer to zero on each range.

Analog Multimeter :- (AVO)

For general purpose instruments like Voltmeters, ammeters of Ohm-meters are
basically indicating type permanent magnet moving coil deflection. Meter movement is
subject to current sensitive.

The characteristics of moving coil meters are as follows -
1) Full scale deflection current (Im)
2) Internal resistance of the coil (Rm)
3) Sensitivity (S).

1) Full-scale deflection current (Im) 
It is the current needed to deflect the pointer all the way to the right to the last mark
on the calibrated scale. Typical values of Im for moving coil may vary from 2µA to 30
mA.

2) Internal Resistance (Rm)
It is the DC Ohmic resistance of the moving coil . A movement with smaller Im has
higher Rm and vice versa. Typical value of Rm range from 1.2 Ω for 30 mA
movement, 2KΩ for a 50 µA movement.

3) Sensitivity (S)

It is also known as current sensitivity or sensitivity factor. It is given by the reciprocal
of the full-scale deflection current (Im).
S= 1/FSD = 1/Im Ohm/volt.
For example, the sensitivity of a 50 µ A meter movement is 
S = 1/50 µA = 1 / 50 x 10-6  Ω / V

      =  20,000 Ω /V = 20KΩ /V.
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AMMETER

Measurement of direct current.
The basic meter movement can carry a maximum current of Im i.e, FSD in

very small amount.
To increase the amount of current to be measure it is required to introduced

low resistance shunt (Rsh ) resistance less than that of Rm (internal resistance of coil) ,
is parallel with Rm. It will never allow current more than Im through the coil.

Calculation of the value of Rsh

Example: A basic meter having 5mA with 20 Rm.
     A 5A current to be measured.

Solution: Current to be measured (I) = 5Amp.
FSD           Im= 5mA =0.005 Amp.

    Current through the shunt Ish= ( 5-0.005) Amp.
    Internal resistance of the coil Rm= 20 ohm.

So, Rsh= Im x I-Im x Rm
= 0.005/ (5-0.005) X 20
= 20/99 = 0.02 Ohm.

For multirange ammeter the arrangement is as follows.

Digital Multimeter:
Such meter displays measurements of DC or AC voltages, current, resistance

as discrete numerals instead of pointer deflection on a continuous scale as in analog
instrument. In a single meter facilities are provided to measure I) DCv ii) ACV ii)
Resistance, iv) DCA, iv) ACA, v) Capacitance, vi) Diode and frequency in a wide
range. It has greater speed, higher accuracy and resolution, no parallax error, reduce
human error, etc.

MEGGER

FUNCTION:
In high voltage system, the insulation of conductors should be such as to

permit a negligible current leakage. If the current leakage becomes applicable, a high
temperature is produced causing the insulation to burn and completely break down.

To determine the insulation, its amount of resistance is measured by this instrument
for resistance in the order of 10 Mega ohms or more.
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CONSTRUCTION:

It is consisting of a hard drive D.C. generator and a moving coil system of
display. The permanent magnet provided the magnetic field for the hand driver D.C.
generator and the indicating instrument. Voltage coils are V1 and V2 are in series and
connected across “C” is in series with the generator and the Rx. No controlling spring bearing
is used, so that the printer may rest at any place when not in used. While testing the insulation
of material of any resistance or capacitors or cables the generator should be rotated with a
constant speed.

BRIDGE MEGGER:

The bridge megger is an instrument combining the normal functions of an
ohmmeter with the help of a wheat stone bridge. A rotary switch changes the internal
connection to Megger, Bridge or varley as required. A second rotary switch gives the ratio
value. When the switch is set to Bridge, the circuit is arranged in the form of Whetstone
Bridge. The two ratio arms and the adjustable resistors form three arms of the bridge, which
is completed by the resistance under test. The current coil of the ohm –meter serves as the
galvanometer and the control force is provided by the pressure coil, which is independently
supplied from the generator terminals. When no current passes in the current coil , the force
exerted by the pressure coil brings the pointer to the infinity position. The infinity reading
therefore, corresponds to a balanced condition of the bridge.

Before commencing bridge tests it is important to check that the true point of
balance is at the infinity mark. To do this, the switch is turned to the Megger position and
with the terminals disconnected; the handle is turned at the correct speed.

P/Q= Rx / R where, P and Q are the ratio arm. R is the variable resistance 
and Rx is the unknown resistance.

OSCILLOSCOPE
INTRODUCTION:

The instrument made for viewing the amplitude variations on a time base scale
of an electrical wave is called an oscilloscope.

CONSTRUCTION:
It mainly consists of a cathode – ray tube, sweep oscillator, horizontal and

vertical stages.
WORKING:

On supplying the appropriate voltages to the electrode of a CRT, the electron
beam appears in the form of a dot on the CRT’s screen. Now, the dot is adjusted on the centre
point of the screen with the help of horizontal and vertical deflection controls. Now on
applying the input signal to CRT, the waveform of the signal is displayed on the screen. The
time for the input signal is set by the time base circuit.

PANEL CONTROLS: 
The complete operational description of the panel controls of an oscillator is

supplied by the manufacturer in the form of an instruction book. Some principal controls of
the instrument are as follows:
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i) ON/OFF Switch -- For switching ON/OFF the main supply to the instrument.
ii) INTENSITY -- For increasing and decreasing the brightness of the dot or line 

on the screen.
iii) FOCUS -- For varying the thickness of the line.
iv) HOR -- For adjusting the dot in horizontal deflection (Up/down).
v)  VERT -- For adjusting the dot in vertical deflection (Up/down).
vi)  TIME BASE -- For changing the time period of the input signal display.
vii) AMPLITUDE -- For changing the amplitude of the input signal display.
viii) TRIGGER -- For controlling the rolling of signal display on the screen.

In addition to above stated controls, there are X and Y input terminals on the panel of
the instrument.

USES :
i) The R.F and I.F alignment of a receiver can be done with it.
ii) The presence and quantity of signal distortion present in a receiver ,

amplifier etc. can be determined with it.

iii) The shutter speed of a camera can be determined with it.
iv) The dynamic characteristics of the vacuum tube /transistors can be

determined with it.
v) It is used for a number of testing in the industries.
vi) The amplitude and frequency of a signal can be determined with it.

OPERATIONAL PRECAUTIONS :

i) The brightness of the signal display on the screen should not be of a higher
order, because it may damage the CRT screen as well as the vision of the
viewer.

ii) Select a high amplitude range for a signal of unknown voltage in the start and
then reduce the same of required.

SPECIFICATION OF AN OSCILLOSCOPE:

A single channel  oscilloscope should have the following abilities.
i) Band width --  D.C to 50 MHz.
ii) Sensitivity  --  5MV/ DIV to 0.1 MV/DIV.
iii) Time Base   --  0.5 sec/Div    to 0.1 sec /Div.
iv) CRT            --  8 x 10 rectangular.
v) Trigger        --  Auto Normal TV line and frame.
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DUAL TRACE CRO :
Such oscilloscopes are used extensively by industrial firms and research

laboratories. They produce a dual-trace display by means of electronic switching of
two separate input signals. As shown in the block diagram, these are two vertical
input circuits marked channel A and B with identical preamplifiers.

FREQUENCY METER :

The Frequency meter is utilized to measure frequency of the following
signaling circuit. I) Axle counter circuit, ii) Frequency modulated token less block
instrument, iii) AFTC etc.

The instrument is calibrated to measure any type of frequency range from 10
Hz to 1 GHz or more. 

Type of meter : It may be analog or digital type.

Earth Measuring Meter
The measurement of an earth resistance is done by Earth Measuring Meter.
There are two patterns of Megger Earth Tester.
They have been designed that undermost practical condition. The effects of

electrically back emf and stray current in the soil may be neglected. These instruments
operate on the full of potential method and require temporary current and potential electrodes.

They are more over, extremely simple to use, contain their own testing supply and
give directly the value of an earth resistance in ohms without any calculations.

Each instrument contains a direct reading ohmmeter and a hand driven generator,
which supplies the testing current.

A.C from the hand generator passes through the primary of the current transformer to
the electrode under test (E), returning through the coil to terminal L2. The current from the
secondary of the transformer, produces a Potential difference between A & B which is
adjusted by the resistance ( R ) until it is equal and opposite to the a.c. potential between (P1)
and (P2). Balance is shown by a multireading of D.C micro-ammeter (M), the current to the
latter being rectified by the rotary rectifier on the generator shaft.

The adjustable resistance ( R ) consists of three decade resistance . The actual
resistance measured in this value multiplied by the range factor in use. Total value in the
circuit being indicated by a row of figures.

Normal method of test : The normal method of test and the one for which the instruments
are intended and it is as follows : 

Two   spikes acting as current and potential electrodes are driven into ground at
suitable distance s from the earth electrodes are driven into ground at suitable distances from
the earth electrodes under test, and connected up. The generator handle is then turned and
meqsurement made.
Spacing of electrodes : The current electrode should be about 100 ft from the electrode
under test, the potential electrode being about 50 ft away.

Earth Leakage Detector
This equipment is installed to detect cable fault at a glance in most vital signaling installation. 

As per SEM Part-II all Railway signaling circuit, for new works, shall only be carried on
cables. The use of Earth Leakage detector is desirable in all electrical signaling installation,
such as RRI, PI & SSI etc. 
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Installation procedure : Vital cable conductors are grouped as per working voltage of the
core such as 110V DC, 60 V DC, 24V DC, 12V DC & 110 V AC, etc. For each group of
circuit individual Earth Leakage Detector to be installed. Whenever any of the working cores
connected to the Earth Leakage detector become faulty due to earth leakage, a visual &
audible indication is appeared.
To detect the faulty core each conductor of the group is to be individually disconnected & a
reset push to be operated. On disconnection of the actual faulty core the indication will
disappear & the faulty core to be separated to be attended individually.
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HAND TOOLS
Hand tools are those various tools, which helps a craftsman to perform different

technical oriented jobs. It also helps the job perfection & to achieve job satisfaction.

HAMMER : Hammers are used for hammering any metals or nails.

CLASSIFICATION : Hammers are classified by weight.

TYPES OF HAMMER :  1. Engineers Hammers :-
1.a. Ball Pen Hammer
1.b. Straight Pein Hammer
1.c. Cross Pein Hammer
2. Shaft Hammers :-
2.a. Riveting Hammer
2.b. Sledge Hammer.

SPANNER

USE :- It is used to driving Nuts and Bolts. It is also used to tightening and loosing .
CLASSIFICATION :- It is classified by the, material and size. Spanners are made of
high carbon steel or chromium steel and vanadium steel.

TYPE OF SPANNER :- i. ‘C’ spanner, ii. Ring spanner, iii) Box spanner, iv. Set
spanner,      
                                         v. Adjustable spanner.

The spanners jaw may be set of between 0 to 300 angles.

SCREW DRIVER 

USE : It is used to driving screws in and out. It is made of high carbon steel.
CLASSIFICATION : Screw drivers are classified by length of the blade.
TYPE : 1. Flat type, 2. Philips type, 3. Allan key type. 

The handle of the screwdriver may be made of wood or plastic material.

FILES

USE :- Files are used to reduce excess material of any metal. Files are made of high
carbon steel with harder and tempered.
CLASSIFICATION : Files are classified by shape, grade and length. It is graded by the
type 

of cut.
1) Single cut and 2)Second cut.

      TYPES :- a. Flat file, b. Round file, c. Half round file d. Hand file, e. Square file, f.
Triangular 
                          file.
      Special type files : a. Knife file, b. Warding file, c. Neddle file d. Rasp file.
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DIFFERENT PARTS OF FILES:

a) Point, b) Face of file, c) Tong of file, d) Edge of file, e) Length of file, f) Head of file.

PLIER

USE:-  It is used to pick up on or to hold any metal  for laying wires , cables for twisting
electric wires etc.
CLASSIFICATION : Pliers are classified by total length. Pliers are made of mild steel.

Types :- 1) Flat plier, 2) Flat nose plier, 3) Round nose plier, 4) Gas plier.

PUNCH

USE :- Punch is used for marking on any metals .
CLASSIFICATION :  It is classified by total length.
TYPES :    1) Centre punch, 2) Hollow punch.

It is made of high carbon steel.

VICE

USE : It is used for normal bench work.
CLASSIFICATION : It is classified by weight and length of Jaws.
TYPES : 1) Hand vice,   2) Bench vice

Body of Vice is made of cast Iron where as Jaws are made of cast steel.

HACK SAW

USE : Hack-saw are used for cutting any metal into required measurement.
CLASSIFICATION : Blades are classified by length and teeth per inch. It has two parts,  

       1) Frame, and 2) Blade.
      Frames are made of mild steel and blades are made of 

high carbon steel or high speed steel with harden and tempered.
      TYPES OF FRAME :- 1) Fixed , 2) Adjustable.

The length of blades may varies between 8” to 14” ; width = ¼”
to 1”.

TYPES OF BLADE:- 1) Course and 2) Fine.
Fine blade will be 24 to 32 teeth per inch and course blades are 
14 to 18 teeth per inch.
Length of Blade is calculated from centre to centre holes.

DIES

USE :- Dies are used to cutting external screw threads.
CLASSIFICATION :- Dies are classified by the size. Dies are used with diestock. 

They are made of high carbon steel with harden & tempered.
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TYPES : 1) Circular dies, and  2) Two piece dies.
Circular dies are used for smaller jobs where as two piece are used for 
longer threads.

TAPS

USE:- Taps are used to make internal screw threads. These are made of high carbon
steel 
  or high speed steel. The threaded portion of its is tempered.

The Tap sank is round and it has a squire head to use tap wrench. It has got
four 

flutes and four cutting edges.

CLASSIFICATION: Taps are classified by the diameter.

TYPES :- Taps are divided into two classes.
1) Parallel :- It has got its threaded portion parallel through out.
2) Tappered : It’s threaded diameter gradually decreases downwords.
A set of taps  consists of three taps. They are numbered as first tap (Taper tap),
second tap and third tap (Plug tap).
To Tap a hole all these three are made used of in the order of first, second and
third. The first one has a smaller diameter, than the required measurement.
The second one has little greater diameter, than the first one. The third tap has
exact diameter as required for the job.

CHISEL

USE : Chisel are used for cutting and chipping away pieces of metal.
Chisel are made of carbon steel.

TYPES:- Flat chisel, cross cut chisel, half round chisel, diamond point chisel, side
chisel.

CLASSIFICATION: Chisels are classified by the cutting angle which determines 
mainly by the nature of metal to be chipped.

Type of Chisel Steel Cast Iron Copper &
brass

Zinc &
Aluminium

Flat 70 60 45 35
Cross-out 70 60 45 35
Diamond point 60 60 60 60
Half round nose 45 45 45 45

Precaution while use

Type of chisel should be chosen coarsely depending upon material to be cut.
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GRINDER

Grinding is done by the Grinder machine. It is the process of removing metal
usually 0.25 to 0.50 mm in most operation, by the use of a grinding wheel. The accuracy
in grinding is in the order of 0.000025 mm.

The work for grinding is self pressed against the wheel, which revolves at a
high speed, and the metal gets reduced by abrassion. A grinding wheel is made up of
particles of hard substance called the abrasion embedded in a matrix called the bond.
There abrasine from the cutting points in a wheel and are termed as grains. There are two
kinds of abrasines          1) natural and 2) artificial. Emery and corundum are two natural
abrasive while carborundum and aloxite are artificial abrasives.

TYPEs :- 1) Portable                            - Single wheel
    2) Fixed or bench    --------------------- Single wheel

     Double wheel.
In fixed or bench type grinder machine may having single or double wheel. In double

wheel grinder one wheel in course and another wheel is fine.

PRECAUTION WHILE USE :
Leather hard gloves, and goggles should be use during grinding.

ELECTRIC DRILLING MACHINE

USE  :  The Drilling Machine is one of the most important machine tools in
workshop. It 

is designed to originate a primary hole by means of drill bit.

TYPES: 1) Portable drilling machine
   2) Sensitive drilling machine bench mounting and floor mounting.
   3) Deep hole drilling machine both hoz. Or vert. Type.

Parts of Machine : 1) Body made of cast iron.
2) Drill head – It is made of mild steel and having adjustable 

drilling and folding mechanism.
3) Motor – AC/DC type mounted inside the body.

DRILL BITS :- It is usually consists of two cutting edges. Set at an angle with the axis. 
  There are three types of drill bit. 1) Flat, 2) Straight fluted 

3) Twisted ---- Parallel Shank, Tapered shank.
Flat & straight fluted bit has many disadvantages and are not generally used in
fitter shop. Twisted bits are universally adopted. The best cutting angle is 1800

and to obtain the correct diameter of the hole, the drill bit should be grounded
with both limbs at 590 to the axis of drill with the length of the cutting edge
exactly equal.
Parallel shank are made 0.2 mm to 40 mm size
Tapered shanks are made 3 mm to 100 mm.
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VACCUME  BLOWERS AND CLEANERS :- It is used to clean dust particles by 
 blowing or suctioning method from different electronic equipment and tools. 

It has two different methods of operations-
1) It can be use as a blower where the dust particle are require to remove from

the surface of the equipment.
2) It can be use as a suction where the dust particle is required to taken off

outside from the covered equipment.
In spite of that it has various type of attachment for multipurpose job.

SOLDER AND SOLDERING

SOLDERING IRON :-

USE : It is used for joining two wires. 

CLASSIFICATION: - It is classified by working voltage and wattage. It is divide 
into four parts. 1) Handle, 2) Body, 3) Filament, 4) Bit and tip.
Filaments are made of nichrome wire and bits are made of 
copper.

SOLDERING :- It is a process of joining two metal pieces permanently like metal 
     plates,   wires etc.

SOLDERING PROCESS : Metal pieces are first clean with help of sand papers or
knives and then heated at the place to be joint, by the bit of the soldering iron. When
the place is sufficiently heated, a little flux is to be applied so that the moisture or any
oil; and grease, this is being removed by chemical action. A  little solder is applied on
the point, which melts away and flows through the entire heated surface of the
material. Now the soldering iron or the heat is removed from the jointing place and
the joint is allowed to cool-down which will make a strong permanent joint.

SOLDER :-  It is an alloy of different metals like lead, tin, bismuth, cadmium etc.
mixed in different percentage to obtain different melting temperature.

RESIN CORE SOLDER :- It is a wire type solder flexible and soft, which inner core
is hollow , which is filled with resin powder. The resin powder function as ‘FLUX’
with the solder.

FLUX :- To removed oxidized layer, any oil, greese etc, flux is used to clean the
surface of metal. Flux is made of resin, borex, HCL, ZnCl2, salammoniac.
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TYPES OF SOLDREING PROCESS :-There are three process of soldering 1) Soft 
soldering , 2) Hand soldering and  3) Silvering soldering.

SOFT SOLDERING

Pb Sn Bi Cd C

27% 13% 50% 10% 60

25% 25% 50% -- 130

40% 60% -- -- 190

50% 50% -- -- 214

60% 40% -- -- 235

HARD SOLDER

Silver Copper Zinc C

60% 30% 10% 690C to 750C

44.4% 33.3% 22.3% 705C to 760 C

SILVER SOLDER (BRAZING)

Copper Zinc C

50% 50% 870

60% 40% 890

55% 45% 915
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ANALOG MULTIMETER
SPECIFICATION:

D.C VOLTS.

Ranges : 0.3/1.2/12/30/120/3000/1200 V
   +  0.15/0.6/6/15/60/150/600 V at centre 0.

Input Impedance : Approx. 10 M oHm  3 M Ohm at 3000 mV range only.
Rated accuracy : Within   + 2.5% DC of full scale on all ranges.

A.C VOLTS 

Ranges :     RMS    3/12/30/120/300/1200 V.
       Peak +  Peak 0.8.4/33/84/330/840/3300 
       RMS  1200 V (Peak to Peak 3300v) on separate jack.

Input Impedance : Approx. 3.5% A.C of full scale on all ranges. 

D.C CURRENT 
Ranges : 0.01 uA/0.3/3/30/300 mA, 12A
Potential Drop : 300 mV
Rated accuracy : Within + 2.5% full scale, all ranges.

A.C. CURRENT
Ranges : 0.12A, within + 3.5% full scale D.C, A.C 12 Amp ranges on separate jack.

Resistance : R x 1 0.1 K Ohm (Centre 10)
R X 10 0.10 K Ohm Centre 100ohms)
R X 100 0.100K Ohms (Centre 1K Ohms)
R X 10K 0.10 M Ohms (Centre 100K Ohms)
R X 1 M 0.1000M Ohms (Centre 10Mohms)

Accuracy :   + 2.5 arc.

DIGITAL MULTIMETER

General Specification:
Max. voltage between any terminal and ground : 1000v RMS.
Fuse protection for a input : 10A/250 V Fast.
Continuity beeper     : 3 KHz Approx.
Display     : 8000 Counts

Accuracy Specification :

D.C Voltage
Range  Resolution       Accuracy
80.00 mV 0.01 mV +  ( 0.5% rdg + 8)
800.0 mV 0.1 mV +  ( 0.3% rdg + 8)
8.000 V 1 mV +  ( 0.3% rdg + 8)
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80.00 V 10mV +  ( 0.3% rdg + 8)
800.00 V 0.1 V +  ( 0.3% rdg + 8)
1000 V 1 V +  ( 0.3% rdg + 8)

A.C Voltage

AccuracyRange Resolution

50Hz –600
Hz

500Hz-1KHz 1KHz-  KHz

800.0mV        0.1mV +(1.0% rdg+8)

8.000V 1mV +(1.0% rdg+8) +(3.5% rdg+8) +(5.0% rdg+8)

20.00V 0.01V +(1.0% rdg+8) +(3.5% rdg+8) +(5.0% rdg+8)

750.0V 0.1V 50Hz-400Hz    +(1.0%rdg+8)

Resistance
Range Resolution       Accuracy
800.0 ohm 0.1 ohm + (0.5% rdg +8)
8.000K ohm 1 ohm + (0.5% rdg +8)
80.00 K ohm 10 ohm + (0.5% rdg +8)
800.00 K ohm 100 ohm + (0.5% rdg +8)
8.000 M ohm 1 K ohm + (0.5% rdg +8)
80.00 M ohm 10 K ohm + (3.0% rdg +8)
80.00 ns 0.01 ns + (0.5% rdg +8)
True RMS Digital Multimeter
Electrical Specifications-
D.C.Current
Range Resolution Accuracy Overload  Protection
20 mA 1 micro Amps +(0.5%rdg + 2 dgt) 300mA/250V
200 mA 10 micro Amps +(0.3%rdg + 5 dgt) fused
10A 1 micro Amps +(2%rdg + 10 dgt) 10A/ 250V fused

A.C. Current (True RMS)
20 mA 1 micro Amps +(1.0%rdg + 20 dgt) 300mA/250V
200mA 10 micro Amps +(2%rdg + 20 dgt) Fused
10 A 1 Micro Amps 10A/250V fused.

Capacitance
Range Resolution Accuracy
20nF 1PF
200nF 10PF + (2.0% rdg + 10 dgt)
2 microAmps
20 1nF +(2.5%rdg + 30 dgt)
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A.C Voltage (True RMS)
Range Resolution Accuracy(40-400Hz) Input Impedance
200mV 10 micro V } +(0.8%rdg + 21 dgt) 10 Meg. Ohms
2  V 100 micro V }
20 V }
200V 10mV             } +(1.0%rdg + 50 dgt)
750 V 100mV }

D.C.Current 
Range  Resolution Accuracy Input Impedance
200 mA 1 micro A +(0.5%rdg + 3 dgt) 10
2 A 100 micro A
20 A 1 micro A
1200 A 10 micro A
1000 A 100 micro A +(0.1%rdg + 5 dgt)
Frequency
Range Resolution   Accuracy              Max.Input Voltage  Overload
protection
200Hz 1Hz +(1.0%rdg + 20 dgt) 30 Amp rms   230 Amp rms
200KHz 10Hz
Resistance:
Range  Resolution   Accuracy              Max.Input Voltage  Overload
protection
200 ohms 10 mOhms   +(0.1%rdg + 5 dgt)
2K ohms 0.1 Ohms         }  +(0.1%rdg + 2 dgt)  230V DC/AC rms   3V DC(approx)
20K ohms 1 ohm  } 
200K ohms 10 ohms }
2 M ohms 100 ohms }
20 M ohms 1 K ohm }  +(0.3%rdg + 2 dgt)

INSULATION TESTER
Accuracy As per IS 2992 – 1980
Scale length Logarithmic 90 mm approx.
Speed of rotation 160 rpm or above.
Ripple of content Less than 5% of the rated voltage
Insulator resistance Better than 50 Meg Ohm at 500V DC.
High voltage Flash Test Withstand 2KV (RMS) between the electrical & the
casing 

or handle for one minute
Size 195 X 110 X 125 mm (approx.)
Weight 2.5 Kg. (approx.)
Accessories (Optional) Leather carrying case .

A pair of testing leads ordinary mtr for high voltage 2 
mtr length.
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15 MHZ DUAL TRACE OSCILLOSCOPE
CRT   : Measuring area  : 8 x 10 Div ( 1 Div = 1 cm)

Screen Type : B 31
Total acceleration voltage : 2 KV

Vertical amplifier  : Display Modes : A, A and B
B (Chopped in RMS alternated in us position)

Input coupling : AC/DC
Band width : DC : 0Hz  - 15 MHz (-3dB)

  AC : 10 Hz – 15 MHz (-3 dB)
Deflection accuracy : + 5%
Input Impedance     : 1 Meg Ohm  1135 pf
Max rated input voltage : 400 V( DC + AC peak) – (no damage)
Chopper frequency : 120 /Div – 0.5 us /Div in 2 x 9 calibrated steps (1-2-5 sequence) 
with 5 x magnifier max 0.1 us/Div
Coffecient error :  + 5%
Additional error for x5 magnifier : + 2%
Trigger   : Source : Ch A : Ch B Ext.

     Mode  : AC/TV
Sensitivity : INT : 0.75 Div }  Trigger freq.

        EXT : 0.75 Volt}  at 100 KHz.
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RECORD SHEET
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EXPERIMENT SHEET ON OHM METER
(NO.1)

When measuring resistance, a 1.5V cell is coming in series with the meter movement.

                                                     +

                                                              -
B

Inserting the black lead on the common jack and the red lead into 1M, 10K,jack, the
test pins are started to adjust the pointer of the meter by turning the center knob to have it rest
in “O” ohm position at the extreme right of the scale.

The pins are then opened and connected the resistance to measure to read the
indication of the meter.

The upper figure appearing on the ohm scale indicate UR resistance measured or 1M
ohm range, the lower once indicated ohm scale in non-linear.

Make a path for measuring 100 ohm resistance .

                 +            -                       9-9.4 Kohm            638 ohm                326 ohm                    

10Kohm                                                                                                                                     C   

Batt                                                       
                                                                

102 ohm
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EXPERIMENT SHEET ON AMMETER
(No-II)

For current measurement the resistor is connected in parallel.

Some important characteristics of meter—

1. Internal resistance(R m)
It is the D.C.ohmic resistance of the wire at the moving coil. A movement with

smaller Im has higher Rm and vice versa.
Typical value of Rm range from 1.2 for 30 mA movement of 2K for 50µA movement.

 2. Sensitivity
It is known as current sensitivity or sensitivity—factor. It is given the reciprocal of

full scale deflection current Im.
S= 1/Im  ohm/V

                 
          Im X Rm

RSH1

RSH2

RSH3 INPUT

By introducing shunt resistance we can increase the range of the meter for
measurement of current. A small amount of current is passed through the meter coil and
range amount of current is passed through the shunt resistance.
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EXPERIMENT SHEET ON VOLTMETER.
(No.III)

The basic principle of voltmeter is “D” Arsenal movement.

A coil is wounded on aluminium former, which is pivoted so that it may rotate in the
magnetic field of a permanent magnet, which is of horseshoe type. The forma is placed
around a soft iron core so that the magnetic field is intensified and also made radial. The
current is fed to the coil via two phosphor bronze springs. One acting as input lead and the
other as output lead. The pointer, which is fixed to the coil at right angles move over a
calibrated scale, the actual current is proportional to the angle of deflection.

The important parameters of a meter are constant.

Em=  Full scale voltage of meter.
Im=   Full scale current.
Rm= Resistance of meter.

Now the relation is established by the formula Em X Rm ( By Ohm law).

Instruction for use.

Measurement of Voltage and Current.
Into the jack on the lower of the face panel marked ohm( common) is inserted the

shorter pin of the black test lead, and that of the red test lead the prescribed jack. In case of
D.C. the red test probe is applied to +VE potential and the black one to –ve potential to read
the indication of the meter.
For multirange voltmeter.

I
N      RS3      RS2     RS1
P
U
T

Im
Rm
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EXPERIMENT SHEET ON MULTIMETER
(No.IV)

Brief Description: A multimeter also known as VOM (volt-milli-ammeter) is a
voltmeter, ohm meter and a current meter all contained in a single case. Multimeter is
essentially a current measuring device utilising the Principle of ‘D’ Arson Val movement.

A coil is wound over aluminium former, which is pivoted so that it may rotate in the
magnetic field of a permanent magnet, which is of Horseshoe type. The forma is placed
around a soft iron core so that the magnetic field is intensified and also made radial. The
current is fed to the coil via two Phosphor bronze spring. One is acting as input lead and other
as output lead. The pointer that is fixed it the coil at right angles move over a calibrated scale;
the actual current is proportional to the angle of deflection.

The meter movement is used to measure all the three quantities voltages, resistance
and current. Various multipliers, shunts and batteries are all contained inside the case,
selector switches are provided on the front panel to select a particular range for that function.
A single selector switch often selects the function as well as the range for that function. In
certain multimeters jacks or sockets are used, instead of selector switches, to selector
switches to select the function and the range. A single volts, ohms and mill amperes with a
number of ranges for each quantity is generally used. Most multimeters are designed to
measure both DC and AC quantities with a selector switch to select DC or AC function of the
multimeter. 

The important Parameter’s of a meter are constant

Em  = Full scale voltage of meter
Im  = Full-scale current.
Rm = Resistance of meter

Now the relation is established by the formula
Em  =  Im   x  Rm  (By Ohm Law)

This constants related to the basic unit and in typical cases, will full scale current may
be 500mA, 1 mA , 5mA,  or can be 10 mA. Similarly the voltages may be made to vary
according to the resistance of meter. In actual practice measurements ranging from very low
to very high ranges have to be taken and this ranges are obtained by suitably connecting
resistors in series or parallel to the meter. Resistors in series known as multiplier resistors are
connected to use the meter as voltmeter and depend upon the ratio of required full sale
voltage range and basic full scale voltage range. 

If this ratio is “N” then Rs = Rm ( N-1), where Rs = Series resistance with meter.
Similarly for current range the resistor is connected in parallel and if the ratio of the

range is “N” the value of shunt resistor is RSH= Rm/ N-1
SOME IMPORTANT CHARACTERISTICS OF METER

1. The maximum deflection that the pointer can indicate on the scale is called Full-scale
Deflection (F.D). Typical values of Im for ‘D’ Arson Val movement vary from 2µA to
mA.

2. Internal Resistance (Rm) 
It is a DC Ohmic resistance of the wire of the moving coil. A movement with smaller
Im has higher Rm and vice versa. Typical values of Rm ranges from 1.2 Ohms for a 30
mA movement to 2 K Ohms for a 50 µA movement. 
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3. Sensitivity :

It is also known as current sensitivity or sensitivity factor. It is given by the
reciprocal of full scale deflection current Im.

S = 1/Im Ohms per volt.
For VOM type of Multimeter at best sensitivity 20000 ohm/volt (Typically). A high
sensitivity means a high quality meter movement.

INSTRUCTION FOR USE:-
1. Measurement of voltage and current.
In to the jack of the lower of the face panel marked Ohm.(Common) is inserted
the shorter Pin of the black test lead, and that of the red test lead the prescribed
jack. In case of D.C. the red test probe is applied to +potential and the back are to
–ve potential to read the indication of the meter.

In measuring voltage, the tester is connected in parallel to the lead, while is in
series to measure current.
2. Measurement of Resistance.

(a) Inserting the black lead on the common jack and the red lead into
1M,10K jack, the test pins are shorted to adjust the pointer of the
meter by turning the center knob to have it rest in “O” ohm position at
the extreme right of the scale.

(b) The pins are then opened and applied to the resistance to measure to
read the indication of the meter.

(c) The upper figures appearing on the ohm scale indicate the resistance
measured on 1M-ohm range, the lower once indicate on the 10K ohm
range.

PRECAUTIONS FOR HANDLING MULTIMETERS.
1. Selecting the correct function before inserting probes.
2. Select correct range before measuring.
3. While measuring unknown quantities start with the high range.
4. Keep the meter in the case when not in use.
5. Replace the cell when exhausted.
6. Keep the meter set to maximum voltage scale when the meter is not in use.

REVIEW QUESTION:
1. Find out the sensitivity of a meter having full scale deflection of 50µA.
2. Write down the procedure by which you can measure 40mA current through your

meter.
3. Write down the path for measuring voltage  100V A.C. ,current =1 mA D.C. and

100 ohms resistance.
4. In your working station what type of meters you are using and what are fields you

are using this meter ?
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DIAGRAM OF P3-SANWA OR TESTICA.

DO’S

1. Check all the batteries of the active measuring instrument once in 6 months.
2. Calibrate all the instruments once in a year.
3. Check all the measuring probe Once in a year.
4. Keep always higher range and then measure in any active meter.
5. All the hand tools are to be lubricated once in a month.
6. During use of hand tools & high voltage measurement, gloves should be used.
7. Meter should be handle with care.
8. The measurement should be done with proper manner.
9. At the time of high voltage measurement rubber mat should be used in floor.
10. At the time of cutting metal pieces by hacksaw, cutting oil should be used for

avoiding heat.
11. To measure any electrical quantity the polarity of meter should be connected

properly.
DON’TS

1. Do not hold the chisel by hand; it should be gripped with proper instrument.
2. Do not hammer on the top of the screwdriver.
3. Do not put taps and dies in wrong threads.
4. Do not keep any hand tool the contact of open air to avoid the corrosion.
5. Do not switch on the vacuum cleaner for a long time to safe electrical motor.
6. Do not over tight the hacksaw blade.
7. At the time taking any reading in multimeter the range selective switch should not

be kept at lower range.
8. In any meter, low battery should not be used.
9. Capacitors should not be discharged through meter.
10. In oscilloscope the input voltage should not be rised more than 100V p-p.
11. Keep intensity of the oscilloscope as minimum as possible for long life.
12. At the time of meggering precautions should be taken for avoiding electric shock

as megger generates high voltage during operation i.e., for cable, the voltage is
100V and for overhead, the voltage is 500V.

13. Do not use ammeter without shunt resistance.
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TRAINING PACKAGE
ON

MEASURING INSTRUMENTS
AND

USE OF HAND AND PORTABLE
TOOLS .

MODULE NO. ST- 03 B

FOR
TCM / WTM
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ST – 03(B)
L E S S O N – P L A N

DURATION  :  06 DAYS (EQUIPMENT COURSE) .

DESCRIPTION: MEASURING INSTRUMENTS AND USE OF HAND
AND  
                                                PORTABLE TOOLS FOR TCM/WTM

STAGE : TCM / WTM

CONTENTS

Sl No. TOPIC Theo Practical Theo Equipment &
Instrument Tools
used

1. Voltmeter 1 1 OHP,
Black
Board

Instrument,
Meters.

2. Ammeter 1 1 -DO- -DO-
3. Analog Multimeter & Digital

Multimeter
2 2 -DO- -DO-

4. Megger 1 1 -DO- -DO-
5. Oscilloscope 2 2 -DO- -DO-
6. TMS Kit 2 2 -DO- -DO-
7. Psophometer 1 1
8. LCR Meter 2 2 -DO- -DO-
9. Power Meter 1 1 -DO- -DO-
10. SLM 2 2 -DO- -DO-
11. DB Meter/ Attenuation

Meter
2 2 -DO- -DO-

12. IC Tester 1 1 -DO- -DO-
13. Caliber  verniar, spirit-level 1 1 -DO- -DO-
14. Freq. Meter/ Freq. Counter 1 1 -DO- -DO-
15. Earth leakage Detector,

Earth Measuring Meter
1 1 -DO- -DO-

16. Hand Tools 3 3 -DO- -DO-
Total 24 Hrs. 24 Hrs.

1. Use of hammer Chisel, Wrench Spanner Box spanner screw drivers and precautions
while using them.

2. Use of Elec.Drills, Grinders, Vaccume blowers, Cleaners, Principles of their working
and adjustments.

3. Soldering iron and soldering techniques.
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ST – 03(B)
L E S S O N – P L A N

DURATION  :  04 DAYS (INITIAL COURSE) .

DESCRIPTION: MEASURING INSTRUMENTS AND USE OF HAND
AND  
                                                PORTABLE TOOLS FOR TCM/WTM

STAGE : TCM / WTM

CONTENTS

Sl No. TOPIC Theo Practical Theo Equipment &
Instrument Tools
used

1. Voltmeter 1 1 OHP,
Black
Board

Instrument,
Meters.

2. Ammeter 1 1 -DO- -DO-
3. Analog Multimeter & Digital

Multimeter
1 1 -DO- -DO-

4. Megger 1 1 -DO- -DO-
5. Oscilloscope 1 1 -DO- -DO-
6. TMS Kit 1 1 -DO- -DO-
7. Psophometer 1 1 -DO- -DO-
8. LCR Meter 1 1 -DO- -DO-
9. Power Meter 1 1 -DO- -DO-
10. SLM 1 1 -DO- -DO-
11. DB Meter/ Attenuation

Meter
1 1 -DO- -DO-

12. IC Tester 1 1 -DO- -DO-
13. Caliber & verniar, spirit-

level pumping
1 1 -DO- -DO-

14. Freq. Meter/ Fre 1 1 -DO- -DO-
15. Earth leakage Detector,

Earth Measuring Meter
1 1 -DO- -DO-

16. Hand Tools 1 1 -DO- -DO-
16 Hrs. 16 Hrs.

1. Use of hammer Chisel, Wrench Spanner Box spanner screw drivers and precautions
while using them.

2. Use of Elec.Drills, Grinders, Vaccume blowers, Cleaners, Principles of their working
and adjustments.

3. Soldering iron and soldering techniques.
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ST – 03(B)
L E S S O N – P L A N

DURATION  :  02 DAYS (REFRESHER COURSE) .

DESCRIPTION: MEASURING INSTRUMENTS AND USE OF HAND
AND  
                                                PORTABLE TOOLS FOR TCM/WTM

STAGE : TCM / WTM

CONTENTS

Sl No. TOPIC Theo Practical Theo Equipment &
Instrument Tools
used

1. Voltmeter ½ ½ OHP,
Black
Board

Instrument,
Meters.

2. Ammeter ½ ½ -DO- -DO-
3. Analog Multimeter & Digital

Multimeter
½ ½ -DO- -DO-

4. Megger ½ ½ -DO- -DO-
5. Oscilloscope ½ ½ -DO- -DO-
6. TMS Kit ½ ½ -DO- -DO-
7. Psophometer ½ ½ -DO- -DO-
8. LCR Meter ½ ½ -DO- -DO-
9. Power Meter ½ ½ -- --
10. SLM ½ ½ -DO- -DO-
11. DB Meter/ Attenuation

Meter
½ ½ -DO- -DO-

12. IC Tester ½ ½ -DO- -DO-
13. Caliber & verniar, spirit-

level pumping
½ ½ -DO- -DO-

14. Freq. Meter ½ ½ -DO- -DO-
15. Earth leakage Detector,

Earth Measuring Meter
½ ½ -DO- -DO-

16. Hand Tools ½ ½ -DO- -DO-
TOTAL 08 Hrs. 08 Hrs.

1. Use of hammer Chisel, Wrench Spanner Box spanner screw drivers and precautions
while using them.

2. Use of Elec.Drills, Grinders, Vaccume blowers, Cleaners, Principles of their working
and adjustments.

3. Soldering iron and soldering techniques.
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ST – 03(B)

DESCRIPTION: MEASURING INSTRUMENTS AND USE OF HAND
AND  
                                                PORTABLE TOOLS FOR TCM/WTM

STAGE : TCM / WTM
CONTENT

VOLTMETER

AMMETER

ANALOGUE & DIGITAL MULTIMETER

MEGGER

OSCILLOSCOPE

TMS KIT

ATTENUATION METER

LCR METER

POWER METER

SELECTIVE LEVEL METER

DB METER

IC TESTER

FREQUENCY METER

4. Use of Hammer, Chisel, Wrench, Spanner, Box – spanner, Screw Drivers and
precautions while using them.

5. Using of Electric Drills, Grinders, Vacuum Blowers, Cleaner, Principles of their
working and adjustments.

6. Soldering Iron and soldering technique.

DRAWING:
 From Page No. 72     to    Page No. 88



CAMTECH/S/2002/ME/SER-5 36

Measuring instrument and portable tools

VOLTMETER

The basic meter movement can measured a maximum voltage of  Im  x  Rm  which is
very small. However, its voltage range can be extended to any value by in reducing a
large value of resistance in series with it. The series resistance is called multiplier
resistance because it multiplies the voltage reading capability of the meter many times. It
is usually connected inside the voltmeter case.

But it should be noted that the voltmeter should be connected in parallel with load
across which voltage is to be measured.

Calculation of series resistance Rs is to be connected.

Example :-

A basic meter movement have Im = 50 µ A and Rm = 1K Ohm
Calculate the value of Rs to measure 50V.

So, Resistance in series       Rs = V/Im – Rm.
= 50V/50µ A – 1 K
= 50/50 x 10 -1000
= 50x10  /50  -1000
= 1000000- 1000
=999,000
= 999KΩ

where V= voltage to be measured, Rm= Internal meter resistance, Im= FSD.

For multiple voltages range the arrangement is as follows.

                       RS3              RS2     RS1

          50V    25V   5V

Im X Rm
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LOADING EFFECT OF VOLTMETER

When the internal resistance of voltmeter is not much high compared to the resistance
of the circuit across which it is connected, the measured voltage becomes low. The deviation
of voltage of voltmeter is depending upon the sensitivity of the meter. This is called loading
effect of voltmeter.

R=15K     A
(1)

+

R2=15K   
      50V -

   B

(2) R=15K    A

+

100V
R2=30K   

      40V -

  B
R=15K     A

(3)

+

100V
R2=10K   

      40V -

       

 B
Consider a circuit having two 15K resistances in series across a 100V battery. So

point A B will have 50V drop. If a voltmeter having 30K internal resistance is used to
measure the voltage at point A B due to loading effect the voltmeter will read 40V instead of
50V.
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15K parallel with 30K=10K.  So, drop across 10K= 10/10+15 X 100 =40V

Loading effect can be minimize by using a Voltmeter whose internal resistance is as
high as possible compared to that of the circuit across which it is connected.

Correction Formula

The loading effect can be neutralised by using the following formula.

V corr = V meas + R1 R2 / Rv (R1 + R2) x V means.
Where  , V meas = measured voltage reading

   V corr = Corrected voltage reading
   Rv = Voltmeter resistance 
   R1,R2 = Voltage divider.

In the above case,
V corr  = 40 + 15 x 15 / 30 (15+15) x 40

= 40 + 15 x 20/30
= 40 + 10
= 50 Volt.

For A.C Voltage measurement :-

The D.C Voltmeter can be converted to A.C voltmeter by simply adding an extra
rectifier.

Fig.

OHMMETER

The basic meter movement can be used to measure resistance if it is combined with a
battery and a current limiting resistance as shown in fig.
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For measuring resistance, the Ohmmeter leads are connected across the unknown
resistance after switching off the power in the circuit under test. Only in that case the
ohmmeter battery can provided current depends on the amount of external resistance, the
meter scale can be calibrated in ohm instead of mA.

The following points about the Ohm-meter worth nothing:

5) The resistance scale is non-linear i.e. it is expanded at the right near zero ohm and
crowded at the left near infinite ohm. This non-linearity is due to the reciprocal
function I=V/R.

6) The Ohmmeter reads up-scale regardless of the polarity of the leads because direction
of current determined by the internal battery.

7) A half-scale deflection, external resistance equals the internal resistance of the
ohmmeter.

8) The test leads should be shorted and ‘ZERO OHMS’ control adjusted to being the
pointer to zero on each range.

Analog Multimeter :- (AVO)

For general-purpose instruments like Voltmeters, ammeters of Ohmmeters are
basically indicating type permanent magnet moving coil deflection. Meter movement is
subject to current sensitive.

The characteristics of moving coil meters are as follows -
4) Full scale deflection current (Im)
5) Internal resistance of the coil (Rm)
6) Sensitivity (S).

4) Full-scale deflection current (Im) 
It is the current needed to deflect the pointer all the way to the right to the last mark
on the calibrated scale. Typical values of Im for moving coil may vary from 2µA to 30
mA.

5) Internal Resistance (Rm)
It is the DC Ohmic resistance of the moving coil . A movement with smaller Im has
higher Rm and vice versa. Typical value of Rm range from 1.2 Ω for 30 mA
movement, 2KΩ for a 50 µA movement.

6) Sensitivity (S)

It is also known as current sensitivity or sensitivity factor. It is given by the reciprocal
of the full-scale deflection current (Im).
S= 1/FSD = 1/Im Ohm/volt.
For example, the sensitivity of a 50 µ A meter movement is 
S = 1/50 µA = 1 / 50 x 10-6  Ω / V

      =  20,000 Ω /V = 20KΩ /V.
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AMMETER

Measurement of direct current.
The basic meter movement can carry a maximum current of Im i.e, FSD in

very small amount.
To increase the amount of current to be measure it is required to introduced

low resistance shunt (Rsh ) resistance less than that of Rm (internal resistance of coil) ,
is parallel with Rm. It will never allow current more than Im through the coil.

Calculation of the value of Rsh

Example: A basic meter having 5mA with 20 Rm.
     A 5A current to be measured.

Solution: Current to be measured (I) = 5Amp.
FSD           Im= 5mA =0.005 Amp.

    Current through the shunt Ish= ( 5-0.005) Amp.
    Internal resistance of the coil Rm= 20 ohm.

So, Rsh= Im x I-Im x Rm
= 0.005/ (5-0.005) X 20
= 20/99 = 0.02 Ohm.

For multirange ammeter the arrangement is as follows.
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Digital Multimeter :
Such meter displays measurements of DC or AC voltages, current, resistance

as discrete numerals instead of pointer deflection on a continuous scale as in analog
instrument. In a single meter facilities are provided to measure I) DCv ii) ACV ii)
Resistance, iv) DCA, iv) ACA, v) Capacitance, vi) Diode and frequency in a wide
range. It has greater speed, higher accuracy and resolution, no parallax error, reduce
human error, etc.

MEGGER

FUNCTION:

In high voltage system, the insulation of conductors should be such as to permit a
negligible current leakage. If the current leakage becomes applicable, a high temperature is
produced causing the insulation to burn and completely break down.

To determine the insulation, its amount of resistance is measured by this
instrument for resistance in the order of 10 Mega ohms or more.

CONSTRUCTION:
It is consisting of a hard drive D.C. generator and a moving coil system of

display. The permanent magnet provided the magnetic field for the hand driver D.C.
generator and the indicating instrument. Voltage coils are V1 and V2 are in series and
connected across “C” is in series with the generator and the Rx. No controlling spring bearing
is used, so that the printer may rest at any place when not in used. While testing the insulation
of material of any resistance or capacitors or cables the generator should be rotated with a
constant speed.

BRIDGE MEGGER:
The bridge megger is an instrument combining the normal functions of an

ohmmeter with  those of a wheat stone bridge. A rotary switch changes the internal
connection to Megger, Bridge or varley as required. A second rotary switch gives the ratio
value. When the switch is set to Bridge, the circuit is arranged in the form of Whetstone
Bridge. The two ratio arms and the adjustable resistors form three arms of the bridge, which
is completed by the resistance under test. The current coil of the ohm –meter seems as the
galvanometer and the control force is provided by the pressure coil, which is independently
supplied from the generator terminals. When no current passes in the current coil , the force
exerted by the pressure coil brings the pointer to the infinity position. The infinity reading
therefore, corresponds to a balanced condition of the bridge.

Before commencing bridge tests it is important to check that the true point of
balance is at the infinity mark. To do this, the switch is turned to the Megger position and
with the terminals disconnected; the handle is turned at the correct speed.

P/Q= Rx / R where, P and Q are the ratio arm. R is the variable
resistance 

and Rx is the unknown resistance.

OSCILLOSCOPE
INTRODUCTION:
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The instrument made for viewing the amplitude variations on a time base scale
of an electrical wave is called an oscilloscope.

CONSTRUCTION:
It mainly consists of a cathode – ray tube, sweep oscillator, horizontal and

vertical stages.

WORKING:
On supplying the appropriate voltages to the electrode of a CRT, the electron

beam appears in the form of a dot on the CRT’s screen. Now, the dot is adjusted on the centre
point of the screen with the help of horizontal and vertical deflection controls. Now on
applying the input signal to CRT, the waveform of the signal is displayed on the screen. The
time for the input signal is set by the time base circuit.

PANEL CONTROLS : 
The complete operational description of the panel controls of an oscillator is

supplied by the manufacturer in the form of an instruction book. Some principal controls of
the instrument are as follows:

i) ON/OFF Switch -- For switching ON/OFF the main supply to the instrument.

ii) INTENSITY -- For increasing and decreasing the brightness of the dot or line
on 

the screen.

iii) FOCUS -- For varying the thickness of the line.
iv) HOR -- For adjusting the dot in horizontal deflection (left/right).
v)  VERT -- For adjusting the dot in vertical deflection (Up/down).
vi)  TIME BASE -- For changing the time period of the input signal display.
vii) AMPLITUDE -- For changing the amplitude of the input signal display.
viii) TRIGGER -- For controlling the rolling of signal display on the screen.

In addition to above stated controls, there are X and Y input terminals on the panel of
the instrument.

USES :
i) The R.F and I.F alignment of a receiver can be done with it.
ii) The presence and quantity of signal distortion present in a receiver ,

amplifier etc. can be determined with it.
iii) The shutter speed of a camera can be determined with it.
iv) The dynamic characteristics of the vacuum tube /transistors can be

determined with it.
v) It is used for a number of testing in the industries.
vi) The amplitude and frequency of a signal can be determined with it.

OPERATIONAL PRECAUTIONS :
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iii) The brightness of the signal display on the screen should not be of a higher
order, because it may damage the CRT screen as well as the vision of the
viewer.

iv) Select a high amplitude range for a signal of unknown voltage in the start and
then reduce the same of required.
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SPECIFICATION OF AN OSCILLOSCOPE:

A single channel  oscilloscope should have the following abilities.

vi) Band width --  D.C to 50 MHz.
vii) Sensitivity  --  5MV/ DIV to 0.1 MV/DIV.
viii) Time Base   --  0.5 sec/Div    to 0.1 sec /Div.
ix) CRT            --  8 x 10 rectangular.
x) Trigger        --  Auto Normal TV line and frame.

DUAL TRACE CRO :
Such oscilloscopes are used extensively by industrial firms and research

laboratories. They produce a dual-trace display by means of electronic switching of
two separate input signals. As shown in the block diagram, these are two vertical
input circuits marked channel A and B with identical preamplifiers.

TMS KIT ( TRANSMISSION MEASURING SET) :
The Transmission Measuring Set is used for transmission testing on voice

frequency circuit.
The transmission measuring set comprises of the following units.

OSCILLATOR:
This is a single value oscillator which can generate only one of the 12

frequencies 300Hz, 400Hz, 600Hz, 800 Hz, 1000 Hz, 1200 Hz, 1400 Hz, 1600 Hz,
2000 Hz, 2400 Hz, 2800 Hz, and 3000 Hz. The output level is adjusted to 0, +10 and
– 10dB at all frequencies across 600 ohms. A meter is provided to indicate the
sending level of the oscillator. By operating the “ADJ” control, the output can be
verified.

ATTENUATOR:
This is a valuable H type pad which provides a total attenuation of 25.0 dB

with a 5 dB steps. Accuracy of the attenuator at any setting is + 0.25dB.
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DECIBEL METER :
This is used to measure the signal level in dBs over a frequency range 300 Hz

to 3000Hz.

Circuit Description : 

OSCILLATOR: -
This is good tuned oscillator consisting of tank circuit with the coil L1 and

condenser C1. The feedback is controlled by R2 and C2. The Oscillators output
appears across the terminal SK1 and SK2 through ‘T’ pads. The DC voltage is
required for the anode of the value V1 is derived from the A.C mains through half
wave rectified W1, associated with filter comprising R4, C3 and C4.

ATTENUATOR :
This consists of a 5 pads, with the values of 5, 10, 15 20 and 25 dB. The

required attenuation can be set with the help of switch SW4 and the output is taken
from the terminals SK5 and SK6.

DECIBEL METER /ATTENUATION METER :
This consists of sensitive micro-meter (M2) with a Bridge rectifier. The

incoming A.C signals are rectified and fed to the meter, which is calibrated in dBs to
read the input levels. In the loss position the meter can read from –30dB to + 22 dB
with 600 ohms as the input impedance and in the level position from –20 dB to +22
dB with high input impedance.

OPEARTING INSTRUCTIONS:
Switch on the instrument and allow to warm up for 5 minutes. set the switch

(SW1) to the required frequency. Adjust the switch (SW3) for the required  level. The
oscillator output appears across terminals SK1 and SK2. Feed the signal to the input
terminals SK3 and SK4. Adjust the attenuator is taken from the terminals SK5 and
SK6. Set the meter range switch (SW5) to the highest range. This is to avoid damage
to meter movement due to over loading.

Feed the signal to the meter input terminals SK7 and SK8. Adjust the meter
range switch (SW3), it is necessary to obtain convenient reading.

SLM ( SELECTIVE LEVEL METER) ( APLAB MODEL NO. 2037A):
It is designed for both wide band and selective level measurement in the

frequency range of 2Khz to 620 KHz.
A signal level encountered in a carrier system can be measured on wideband

mode if that signal the only one present. For composite signals measurement has to be
made in the selective mode.

It is designed for higher accuracy and sensitivity. It can do on line selective
measurements on channels without disrupting the whole group.  The frequency range
covers line frequency band of balanced cable system, open wire telephone lines. It has
a facility for balanced measurement at 75, 125, 150 & 600 ohms and unbalanced
measurement at 75 ohms only are possible with the same accuracy.
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OPERATING PROCEDURE 
 The level meter operates on 230V A.C 50 Hz mains and is also equipped with
internal rechargeable battery. Prior to operating the instrument in battery mode, put
the unit CHEK BATT mode and confirm the pointer position within the green band
on meter dial. This decided the battery operation of the unit. For recharging the
battery correct the mains to the level meter and put the power switch on CHARGE
position. The charging time is a approximately 12 to 14 hours. Over charging of
battery will be damaged.

CALIBRATION:
The instrument must be check for its calibration prior to any accurate

measurements.

SELECTIVE CALIBRATION:
Set the front panel controls as follows

1) Function switch to selective
2) Frequency range =  to 2 to 160 Khz
3) Attenuation =  to CAL
4) Impedance =  to CAL.

Now adjust the tuner to obtain maximum needle deflection. Adjust (CAL)
potentiometer to bring the needle to 0dBm mark.

WIDE BAND CALIBRATION :
Set the controls as follows

1) Function switch to wide band
2) Attenuation =  to CAL
3) Impedance =  to CAL

Adjust wide band potentiometer to bring the needle to 0 dBm mark (CAL).

SELECTIVE MEASUREMENT:
Set the switch as follows

1) Function switch to selective 
2) Impedance = to derival value.
3) Freq. Range =  to be adjusted to the range, in which input signal present.

With the aid of coarse tuning control and fine-tuning control, the instrument is
tuned to the input frequency as indicated by the maximum deflection. By means of
attenuation switch a measurement reading is of sufficient accuracy.
The level of signal is then the sum of the value selected by attenuator switch and
reading on the meter.

WIDE BAND MEASUREMNT:
 Set the switch as follows.

1) Function switch to wideband.
2) Impedance = to desired value.

Position of attenuation switch should be selected for an indication on meter as
close to 0 dBm mark as possible. This ensures maximum accuracy of the
measurements.
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DESCRIPTION OF SLM :

In selective measurement mode input signal is applied via the balanced input
transformer and attenuator to the input amplifier. Then the signal is passed through
620 KHz low pass filter. Then the input signal is mixed with local oscillator range of
1.000 MHz to 1.620 MHz. The local oscillator frequency is indicated on digital
frequency counter.

The mixer output is passed through 1 MHz crystal filter. The crystal filter
output of 1 MHz is mixed with a crystal oscillator output of 998.5 KHz to produce 1.5
KHz filter. It is then detected and measured by meter circuit. The attenuator provides
power level switching for different impedances.

In wideband measurement mode, signal from input amplitude is directed fed to
meter circuit to give wideband measurements. For 0dBm calibration, 10 KHz
oscillator is internally provided in ‘WIDE BAND  CAL’ position. The meter should
read o dBm (for 600) and on ‘SELECTIVE CAL’ positive tuning is required to obtain
the 0dBm reading. The power supply consists of battery charger and voltage
regulators and 12V internal battery for battery operation.

I.C. TESTER
I.C tester is used generally at Lab. With the help of this equipment an I.C can

be tested whether it is OK or faulty.

The feature of this equipment are as follows:

1. Facility to test most of the 14, 16, 18, 20, 24, 28, and 40 pin digital
I.Cs. The list includes TTL (L, H LS, S, cq plain) and CMOS I.Cs for
a) Gates, b) Counters, c) Flip Flops d) Buffers, e) Shift registers, f)
Encoders, g) Decoders, I) Multiplexers, j) Demultiplexers, k)
Dynamic and Static RAMs, l) Microprocessors and peripherals, m)
EPROMs etc.

2. Automatic testing of the variety of I.Cs. It does not require any add
on plug in hardware for each type of I.C and all the required
hardware is inbuilt.

3. Potential free 20 & 40 pin ZIF sockets are provided to cater to the
testing needs for I.Cs upto 40 pins with care of insertion and
removing of thr I.Cs.

4. 16 digit 7 segment LED display to have friendly interaction with the
user.

5. Protection for wrong and reverse insertion of I.C under test.
6. Facility to test open collector output points, tristate output points and

even with common output and input.
7. Single step mode enable the user to test the I.C step by step with

visual discrete LED indication for each I.C pin. 
8. Automatic testing of I.Cs with supply voltage of 4.75 voltage .00

volts and 5.5 volts. This facility enables the user to locate marginally
bad I.Cs.
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9. Facility to test I.Cs continuously (Loop) until being asked by the user
to stop.

10. If same type of I.C is to be tested repeatedly the device number need
not be entered every time. The system will remember it till a
different I.C device number is entered.

11. Self test facility to test the internal modules of I.C tester.
12. Measure the supply current consumable by the I.C under test and

displays the same digitally automatically.
13. Audio alarm for fault indication.
14. Another superior feature is to identify the I.C number (AUTO

SEARCH) of unknown I.C. This facility is available for selective
I.Cs only.

POWER METER

The basic circuit of Power meter is a Whetstone Bridge in which one of the
ohms is a Thermister. The bridge is applied with a D.C bias as well as audio freq.
Voltage of around 15KHz. Initially the bridge is balanced by varying the D.C bias
before applying MW power. Where is terminal is to MW power the bridge becomes
unbalanced and by the Self calibration technique the A.F voltage is automatically
decreases to balanced the bridge again.

The difference in the A.F voltage is directly proportional to the MW I/P power
and hence the scale is calibrated in dBm or MW.

Instead of exposing the thermister full MW power O/P of 1 watt, a known
sample is taken via Directional coupler and applied to thermister mount. The Z-mitter
baser O/P is the sum of the meter reading and the direction coupler coupling factors,
which will be around 24 dB.

To prevent the effect of ambient temperature variation a 2nd Whetstone Bridge
is used with an identical thermister, which is not exposed to MW power.

FREQUENCY METER :

The basic element of MW Freq. Meter is a cavity resonator, which is a tuned
cct at MW frq. range. The MW O/P via directional coupler is fed and the cavity is
rotated to tune it to the incoming freq.

When cavity’s resonant frequency does not match the I/P Freq. The meter
reads a high value and when they  match a meter shows a dip in the reading.

The cavity movement is stopped and frequency can be read directly from the
dial of the cavity.

Now a days Digital Freq. Counter is available at MW freq. range.
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LCR METER :

It can measure the inductance of a coil, capacitance of a capacitor and
resistance of 
a regular. The basic working principles of LCR Meter is Whetstone Bridge principle.

WHEATSTONE BRIDGE:

When switch ‘S’ is put on, the current I flows to A, then divide into I1 and I2,
flowing to C through RX,R1 and RX2 R2, R3 and back to battery. If the value of Rx, R1,
R2 and R3 are so adjusted that current through galvanometer is zero. So, voltage drop
from A to B is equal to voltage drop between A to D.

Therefore, Voltage drop between A to B  =  R1 x i1
      Voltage drop between A to D  =  R2 x i2.

Similarly, i1 R 1 = i2 R3
Therefore,  i1 Rx / i1 R1 = i2 R2 / i2 R3

              Rx /R1 = R2/R3
  Rx = R1 R2 / R3

Now if any of the three resistances is known value, the 4th resistance can be find out
easily by the above formula.

Controls of L.C.R Meter :-

1. Test Terminal -- Component under test is to be connected 
between the Hi and DET (the) terminal.

2. Earth Terminals -- It is provided for earth connection.

3. Function switch -- Select L, C and  R switch to suit with the 

component to be measured.

4. Range switch -- Adjust to suit the components. Its 
approximate value is known, set balance
control to one and meter deflection to
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half the full scale and then select range
giving lowest meter reading

5. Balance Meter -- Adjust control for minimum reading 
check zero before making D.C 
measurement.

6. Sensitivity Control -- Adjust initially to give half scale meter 
reading.

7. Multiplier switch -- Adjust this to get minimum deflection in 
the meter.

8. Fine Balance Control -- It is a control balance.

9. Loss Balance Control -- Adjust for final balance in conjunction 
with fine balance control.

10. D – Q switch -- It selects range appropriate to component 

under test. It is used for inductance and
capacitance measurement, but
inoperative for resistance measurement.

11. Battery Main Switch -- This switch selects either 220 Volts AC 
main Or 9V DC internal battery.

RESISTANCE MEASUREMENT:

All resistances are measured by using 1 KHz internal Osc. Frequency.

Procedure :-
1. Component under test to be connected to the test terminal  (Hi – DET).
2. Set the function switch to ‘R’ INT a.c (RN).
3. Set the range switch to its highest position (1 M)
4. Set the Balance control to position one.
5. Adjust the sensitivity control to give a meter, deflection half of the full scale.
6. Rotate the range switch to get the lowest meter reading.
7. Balance the bridge by adjusting the coarse and fine balance control to minimum meter

deflection, if necessary by advancing the sensitivity control as required.
8. The resistance value of the components under test in given by multiplying the setting

of the balance control reading will the range scale reading.
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Precaution :
Keep the sensitivity control to minimum (fully anti clockwise) while changing the

function. Mon. switch.
Capacitance values of 1 PF to 1100 F may be measured at 1 KHz freq. From the

internal oscillator or at 20 H to 20 KHz freq. From an external source.

Procedure :-
With 1 KHz internal Osc. used.

1. Correct the component to the test terminals (Hi-DET) keeping leads of the
components shorted for discharging before corrected.

2. Set the function switch to ‘C’
3. Set the D-Q switch to ‘D’ – 0.03 or 01.3 for electrolyte.
4. Set the loss balance to midrange of the fine and coarse balance control to position 1

(one) and set the sensitivity control to give a metal deflection of ½ of the full scale.
5. Adjust the course balance control to obtain a minimum meter reading, when the

approximate balance position has been found adjust, the loss balance control to give a
sharp-null advancing the sensitivity control as required.

6. Finally adjust fine balance control to obtained as near as possible to zero meter
reading.

The capacitance of the component under test is given by multiplying the setting of the
main balance control with the range switch selected scale.

Precaution :
1. Before connecting the component under test to discharge.
2. Sensitivity control should be minimum when changing the function switch.

PSOPHOMETER
Psophometer is a portable set designed for use in the measurement of voice band

noise level that is produced in communication lines, signaling & other transmission   circuits.
It is basically used to measure the interfering effect of noise in telephone equipment caused
by amplifier noise, fundamental & harmonic frequencies of the AC line supply as well as by
intelligible or unintelligible cross talks from neighbouring lines.

This meter is also used to measure metallic noise, longitudinal noise, line symmetry,
cross talk etc in communication/signalling cable.

One of the primary function of the set is to measure weighted noise produced in
telephone circuits such as metallic noise and noise to ground i.e. longitudinal noise. The
weighted filter in this set is designed to match the characteristic by the CCITT
recommendations. 

In general metallic noise measurement are made by connecting the circuit under test
to input terminals. Select the proper filter on filter switch operate the range switch from 0
dBm level to down ward s till on scale meter indication is observed. The metallic noise level
is the algebraic sum of the indication of the dBm meter scale and the dBm range switch
setting
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CALIBER VERNIAR, SPIRIT LEVEL

It is a precision engineering tool, which is utilised to measure of dimensions of nuts,
bolts, screws, any internal or external diameter of any materials with cent percent accuracy.

SPRIRIT LEVEL

It is a hand tools, which is used for leveling plane surface horizontally. 

Earth Measuring Meter
The measurement of an earth resistance is done by Earth Measuring Meter.
There are two patterns of Megger Earth Tester.
They have been designed that undermost practical condition. The effects of

electrically back emf and stray current in the soil may be neglected. These instruments
operate on the full of potential method and require temporary current and potential electrodes.

They are more over, extremely simple to use, contain their own testing supply and
give directly the value of an earth resistance in ohms without any calculations.

Each instrument contains a direct reading ohmmeter and a hand driven generator,
which supplies the testing current.

A.C from the hand generator passes through the primary of the current transformer to
the electrode under test (E), returning through the coil to terminal L2. The current from the
secondary of the transformer, produces a Potential difference between A & B which is
adjusted by the resistance ( R ) until it is equal and opposite to the a.c. potential between (P1)
and (P2). Balance is shown by a multireading of D.C micro-ammeter (M), the current to the
latter being rectified by the rotary rectifier on the generator shaft.

The adjustable resistance ( R ) consists of three decade resistance . The actual
resistance measured in this value multiplied by the range factor in use. Total value in the
circuit being indicated by a row of figures.

Normal method of test : The normal method of test and the one for which the instruments
are intended and it is as follows : 

Two   spikes acting as current and potential electrodes are driven into ground at
suitable distance s from the earth electrodes are driven into ground at suitable distances from
the earth electrodes under test, and connected up. The generator handle is then turned and
meqsurement made.
Spacing of electrodes : The current electrode should be about 100 ft from the electrode
under test, the potential electrode being about 50 ft away.

Earth Leakage Detector
This equipment is installed to detect cable fault at a glance in most vital signaling installation. 

As per SEM Part-II all Railway signaling circuit, for new works, shall only be carried on
cables. The use of Earth Leakage detector is desirable in all electrical signaling installation,
such as RRI, PI & SSI etc. 
Installation procedure : Vital cable conductors are grouped as per working voltage of the
core such as 110V DC, 60 V DC, 24V DC, 12V DC & 110 V AC, etc. For each group of
circuit individual Earth Leakage Detector to be installed. Whenever any of the working cores
connected to the Earth Leakage detector become faulty due to earth leakage, a visual &
audible indication is appeared.
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To detect the faulty core each conductor of the group is to be individually disconnected & a
reset push to be operated. On disconnection of the actual faulty core the indication will
disappear & the faulty core to be separated to be attended individually.

HAND TOOLS
Hand tools are those various tools, which helps a craftsman to perform different

technical oriented jobs. It also helps the job perfection & to achieve job satisfaction.

HAMMER : Hammers are used for hammering any metals or nails.

CLASSIFICATION : Hammers are classified by weight.

TYPES OF HAMMER :  1. Engineers Hammers :-
1.a. Ball Pen Hammer
1.b. Straight Pein Hammer
1.c. Cross Pein Hammer
2. Shaft Hammers :-
2.a. Riveting Hammer
2.b. Sledge Hammer.

SPANNER

USE :- It is used to driving Nuts and Bolts. It is also used to tightening and loosing .
CLASSIFICATION :- It is classified by the, material and size. Spanners are made of
high carbon steel or chromium steel and vanadium steel.

TYPE OF SPANNER :- i. ‘C’ spanner, ii. Ring spanner, iii) Box spanner, iv. Set
spanner,      
                                         v. Adjustable spanner.

The spanners jaw may be set of between 0 to 300 angles.

SCREW DRIVER

USE : It is used to driving screws in and out. It is made of high carbon steel.
CLASSIFICATION : Screw drivers are classified by length of the blade.
TYPE : 1. Flat type, 2. Philips type, 3. Allan key type. 

The handle of the screwdriver may be made of wood or plastic material.

FILES

USE :- Files are used to reduce excess material of any metal. Files are made of high
carbon steel with harder and tempered.
CLASSIFICATION : Files are classified by shape, grade and length. It is graded by the
type of cut.

2) Single cut and 2)Second cut.
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TYPES :- a. Flat file, b. Round file, c. Half round file d. Hand file, e. Square file, f.
Triangular file.

      Special type files : a. Knife file, b. Warding file, c. Neddle file d. Rasp file.

DIFFERENT PARTS OF FILES:
b) Point, b) Face of file, c) Tong of file, d) Edge of file, e) Length of file, f) Head of file.

PLIER

USE:-  It is used to pick up on or to hold any metal  for laying wires , cables for twisting
electric wires etc.
CLASSIFICATION : Pliers are classified by total length. Pliers are made of mild steel.

Types :- 1) Flat plier, 2) Flat nose plier, 3) Round nose plier, 4) Gas plier.

PUNCH

USE :- Punch is used for marking on any metals .
CLASSIFICATION :  It is classified by total length.
TYPES :    1) Centre punch, 2) Hollow punch.

It is made of high carbon steel.

VICE

USE : It is used for normal bench work.
CLASSIFICATION : It is classified by weight and length of Jaws.
TYPES : 1) Hand vice,   2) Bench vice

Body of Vice is made of cast Iron where as Jaws are made of cast steel.

HACK SAW

USE : Hack-saw are used for cutting any metal into required measurement.
CLASSIFICATION : Blades are classified by length and teeth per inch. It has two parts,  

       1) Frame, and 2) Blade.
      Frames are made of mild steel and blades are made of high carbon

steel 
      or high speed steel with harden and tempered.

      TYPES OF FRAME :- 1) Fixed , 2) Adjustable.
The length of blades may varies between 8” to 14” ; width = ¼”

to 
                                                 1”.

TYPES OF BLADE:- 1) Course and 2) Fine.
Fine blade will be 24 to 32 teeth per inch and course blades are

14 
to 18 teeth per inch.
Length of Blade is calculated from centre to centre holes.
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DIES

USE :- Dies are used to cutting external screw threads.
CLASSIFICATION :- Dies are classified by the size. Dies are used with diestock. 

They are made of high carbon steel with harden & tempered.
TYPES : 1) Circular dies, and  2) Two piece dies.

Circular dies are used for smaller jobs where as two piece are used for 
longer threads.

TAPS

USE:- Taps are used to make internal screw threads. These are made of high carbon
steel 
  or high speed steel. The threaded portion of its is tempered.

The Tap sank is round and it has a squire head to use tap wrench. It has got
four 

flutes and four cutting edges.

CLASSIFICATION: Taps are classified by the diameter.

TYPES :- Taps are divided into two classes.
4) Parallel :- It has got its threaded portion parallel through out.
5) Tappered : It’s threaded diameter gradually decreases downwords.
A set of taps  consists of three taps. They are numbered as first tap (Taper tap),
second tap and third tap (Plug tap).
To Tap a hole all these three are made used of in the order of first, second and
third. The first one has a smaller diameter, than the required measurement.
The second one has little greater diameter, than the first one. The third tap has
exact diameter as required for the job.

CHISEL
USE : Chisel are used for cutting and chipping away pieces of metal.

Chisel are made of carbon steel.

TYPES:- Flat chisel, cross cut chisel, half round chisel, diamond point chisel, side
chisel.

CLASSIFICATION: Chisels are classified by the cutting angle which determines
mainly 
 by the nature of metal to be chipped.

Type of Chisel Steel Cast Iron Copper &
brass

Zinc &
Aluminium

Flat 70 60 45 35
Cross-out 70 60 45 35
Diamond point 60 60 60 60
Half round nose 45 45 45 45
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Precaution while use
Type of chisel should be chosen coarsely depending upon material to be cut.

GRINDER

Grinding is done by the Grinder machine. It is the process of removing metal
usually 0.25 to 0.50 mm in most operation, by the use of a grinding wheel. The accuracy
in grinding is in the order of 0.000025 mm.

The work for grinding is self pressed against the wheel, which revolves at a
high speed, and the metal gets reduced by abrasion. A grinding wheel is made up of
particles of hard substance called the abrasion embedded in a matrix called the bond.
There abrasine from the cutting points in a wheel and are termed as grains. There are two
kinds of abrasines          1) natural and 2) artificial. Emery and corundum are two natural
abrasive while carborundum and aloxite are artificial abrasives.

TYPEs :- 1) Portable                            - Single wheel
    2) Fixed or bench    --------------------- Single wheel

     Double wheel.
In fixed or bench type grinder machine may having single or double wheel. In double

wheel grinder one wheel in course and another wheel is fine.

PRECAUTION WHILE USE :
Leather hard gloves, and goggles should be use during grinding.

ELECTRIC DRILLING MACHINE

USE  :  The Drilling Machine is one of the most important machine tools in
workshop. It 

is designed to originate a primary hole by means of drill bit.

TYPES: 1) Portable drilling machine
   2) Sensitive drilling machine bench mounting and floor mounting.
   3) Deep hole drilling machine both hoz. Or vert. Type.

Parts of Machine : 1) Body made of cast iron.
2) Drill head – It is made of mild steel and having adjustable 

drilling and folding mechanism.
3) Motor – AC/DC type mounted inside the body.

DRILL BITS
 It is usually consists of two cutting edges. Set at an angle with the axis. 

  There are three types of drill bit. 1) Flat, 2) Straight fluted 
6) Twisted ---- Parallel Shank, Tapered shank.
Flat & straight fluted bit has many disadvantages and are not generally used in
fitter shop. Twisted bits are universally adopted. The best cutting angle is 1800

and to obtain the correct diameter of the hole, the drill bit should be grounded
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with both limbs at 590 to the axis of drill with the length of the cutting edge
exactly equal.
Parallel shank are made 0.2 mm to 40 mm size
Tapered shanks are made 3 mm to 100 mm.

VACCUME  BLOWERS AND CLEANERS
 It is used to clean dust particles by 

 blowing or suctioning method from different electronic equipment and tools. 
It has two different methods of operations-

3) It can be use as a blower where the dust particle are require to remove from
the surface of the equipment.

4) It can be use as a suction where the dust particle is required to taken off
outside from the covered equipment.

In spite of that it has various type of attachment for multipurpose job.

SOLDER AND SOLDERING

SOLDERING IRON :-

USE : It is used for joining two wires. 

CLASSIFICATION :- It is classified by working voltage and wattage. It is divide 
into four parts. 1) Handle, 2) Body, 3) Filament, 4) Bit and tip.
Filaments are made of nichrome wire and bits are made of 
copper.

SOLDERING :- It is a process of joining two metal pieces permanently like metal 
plates,   wires etc.

SOLDERING PROCESS : Metal pieces are first clean with help of sand papers or
knives and then heated at the place to be joint, by the bit of the soldering iron. When
the place is sufficiently heated , a little flux is to be applied so that the moisture or any
oil; and greese, this is being removed by chemical action. A  little solder is applied on
the point, which melts away and flows through the entire heated surface of the
material. Now the soldering iron or the heat is removed from the jointing place and
the joint is allowed to cool-down which will make a strong permanent joint.

SOLDER :-  It is an alloy of different metals like lead, tin, bismuth, cadmium etc.
mixed in different percentage to obtain different melting temperature.

RESIN CORE SOLDER :- It is a wire type solder flexible and soft, which inner core
is hollow , which is filled with resin powder. The resin powder function as ‘FLUX’
with the solder.
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FLUX :- To removed oxidized layer, any oil, greese etc, flux is used to clean the
surface of metal. Flux is made of resin, borex, HCL, ZnCl2, salammoniac.

TYPES OF SOLDREING PROCESS :-There are three process of soldering 1) Soft 
soldering , 2) Hand soldering and  3) Silvering soldering.

SOFT SOLDERING

Pb Sn Bi Cd C

27% 13% 50% 10% 60

25% 25% 50% -- 130

40% 60% -- -- 190

50% 50% -- -- 214

60% 40% -- -- 235

HARD SOLDER

Silver Copper Zinc C

60% 30% 10% 690C to 750C

44.4% 33.3% 22.3% 705C to 760 C

SILVER SOLDER (BRAZING)

Copper Zinc C

50% 50% 870

60% 40% 890

55% 45% 915
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ANALOG MULTIMETER
SPECIFICATION:

D.C VOLTS.

Ranges : 0.3/1.2/12/30/120/3000/1200 V
   +  0.15/0.6/6/15/60/150/600 V at centre 0.

Input Impedance : Approx. 10 M oHm  3 M Ohm at 3000 mV range only.
Rated accuracy : Within   + 2.5% DC of full scale on all ranges.

A.C VOLTS 

Ranges :     RMS    3/12/30/120/300/1200 V.
       Peak +  Peak 0.8.4/33/84/330/840/3300 
       RMS  1200 V (Peak to Peak 3300v) on separate jack.

Input Impedance : Approx. 3.5% A.C of full scale on all ranges. 
D.C CURRENT 

Ranges : 0.01 uA/0.3/3/30/300 mA, 12A
Potential Drop : 300 mV
Rated accuracy : Within + 2.5% full scale, all ranges.

A.C. CURRENT
Ranges : 0.12A, within + 3.5% full scale D.C, A.C 12 Amp ranges on separate jack.

Resistance : R x 1 0.1 K Ohm (Centre 10)
R X 10 0.10 K Ohm Centre 100ohms)
R X 100 0.100K Ohms (Centre 1K Ohms)
R X 10K 0.10 M Ohms (Centre 100K Ohms)
R X 1 M 0.1000M Ohms (Centre 10Mohms)

Accuracy :   + 2.5 arc.

DIGITAL MULTIMETER

General Specification:
Max. voltage between any terminal and ground : 1000v RMS.
Fuse protection for a input : 10A/250 V Fast.
Continuity beeper     : 3 KHz Approx.
Display     : 8000 Counts

Accuracy Specification :
D.C Voltage
  
Range  Resolution       Accuracy
80.00 mV 0.01 mV +  ( 0.5% rdg + 8)
800.0 mV 0.1 mV +  ( 0.3% rdg + 8)
8.000 V 1 mV +  ( 0.3% rdg + 8)
80.00 V 10mV +  ( 0.3% rdg + 8)
800.00 V 0.1 V +  ( 0.3% rdg + 8)
1000 V 1 V +  ( 0.3% rdg + 8)
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A.C Voltage

AccuracyRange Resolution
50Hz –600
Hz

500Hz-1KHz 1KHz-  KHz

800.0mV        0.1mV +(1.0% rdg+8)

8.000V 1mV +(1.0% rdg+8) +(3.5% rdg+8) +(5.0% rdg+8)

20.00V 0.01V +(1.0% rdg+8) +(3.5% rdg+8) +(5.0% rdg+8)

750.0V 0.1V 50Hz-400Hz    +(1.0%rdg+8)

Resistance
Range Resolution       Accuracy
800.0 ohm 0.1 ohm + (0.5% rdg +8)
8.000K ohm 1 ohm + (0.5% rdg +8)
80.00 K ohm 10 ohm + (0.5% rdg +8)
800.00 K ohm 100 ohm + (0.5% rdg +8)
8.000 M ohm 1 K ohm + (0.5% rdg +8)
80.00 M ohm 10 K ohm + (3.0% rdg +8)
80.00 ns 0.01 ns + (0.5% rdg +8)

True RMS Digital Multimeter
Electrical Specifications-
D.C.Current
Range Resolution Accuracy Overload  Protection
20 mA 1 micro Amps +(0.5%rdg + 2 dgt) 300mA/250V
200 mA 10 micro Amps +(0.3%rdg + 5 dgt) fused
10A 1 micro Amps +(2%rdg + 10 dgt) 10A/ 250V fused

A.C. Current (True RMS)
20 mA 1 micro Amps +(1.0%rdg + 20 dgt) 300mA/250V
200mA 10 micro Amps +(2%rdg + 20 dgt) Fused
10 A 1 Micro Amps 10A/250V fused.
Capacitance
Range Resolution Accuracy
20nF 1PF
200nF 10PF + (2.0% rdg + 10 dgt)
2 microAmps
20 1nF +(2.5%rdg + 30 dgt)
A.C Voltage (True RMS)
Range Resolution Accuracy(40-400Hz) Input Impedance
200mV 10 micro V } +(0.8%rdg + 21 dgt) 10 Meg. Ohms
2  V 100 micro V }
20 V }
200V 10mV             } +(1.0%rdg + 50 dgt)
750 V 100mV }
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D.C.Current 
Range  Resolution Accuracy Input Impedance
200 mA 1 micro A +(0.5%rdg + 3 dgt) 10
2 A 100 micro A
20 A 1 micro A
1200 A 10 micro A
1000 A 100 micro A +(0.1%rdg + 5 dgt)
Frequency
Range Resolution   Accuracy              Max.Input Voltage  Overload
protection
200Hz 1Hz +(1.0%rdg + 20 dgt) 30 Amp rms   230 Amp rms
200KHz 10Hz
Resistance:
Range  Resolution   Accuracy              Max.Input Voltage  Overload
protection
200 ohms 10 mOhms   +(0.1%rdg + 5 dgt)
2K ohms 0.1 Ohms         }  +(0.1%rdg + 2 dgt)  230V DC/AC rms   3V DC(approx)
20K ohms 1 ohm  } 
200K ohms 10 ohms }
2 M ohms 100 ohms }
20 M ohms 1 K ohm }  +(0.3%rdg + 2 dgt)

INSULATION TESTER
Accuracy As per IS 2992 – 1980
Scale length Logarithmic 90 mm approx.
Speed of rotation 160 rpm or above.
Ripple of content Less than 5% of the rated voltage
Insulator resistance Better than 50 Meg Ohm at 500V DC.
High voltage Flash Test Withstand 2KV (RMS) between the electrical & the
casing 

or handle for one minute
Size 195 X 110 X 125 mm (approx.)
Weight 2.5 Kg. (approx.)
Accessories (Optional) Leather carrying case .

A pair of testing leads ordinary mtr for high voltage 2 
mtr length.

15 MHZ DUAL TRACE OSCILLOSCOPE
CRT   : Measuring area  : 8 x 10 Div ( 1 Div = 1 cm)

Screen Type : B 31
Total acceleration voltage : 2 KV

Vertical amplifier  : Display Modes : A, A and B
B (Chopped in RMS alternated in us position)

Input coupling : AC/DC
Band width : DC : 0Hz  - 15 MHz (-3dB)

  AC : 10 Hz – 15 MHz (-3 dB)
Deflection accuracy : + 5%
Input Impedance     : 1 Meg Ohm  1135 pf
Max rated input voltage : 400 V( DC + AC peak) – (no damage)
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Chopper frequency : 120 /Div – 0.5 us /Div in 2 x 9 calibrated steps (1-2-5 sequence) 
with 5 x magnifier max 0.1 us/Div
Coffecient error :  + 5%
Additional error for x5 magnifier : + 2%
Trigger   : Source : Ch A : Ch B Ext.

     Mode  : AC/TV
Sensitivity : INT : 0.75 Div }  Trigger freq.

        EXT : 0.75 Volt}  at 100 KHz.

L  -  C -  R  –   Q   BRIDGE   METER

Parameters measured:

Range Auto selection Resolution

L 0.1 µ H  - 9999 H 0.1µ H

C 0.1PF - 9999 µ F 0.1 PF

R 0.001 Ohm  - 100 Mohm 0.001 Ohm

Q 0.99

Test frequency : 100 HZ / 1KHZ

Accuracy of test frequency  : 0.025 %

Basic Accuracy of Measurement :

L – C – R  0.25 % of rdg + 1 digit. 

SELECTIVE LEVEL METER

TECHNICAL SPECIFICATION

Sl No. Items Description
1. Frequency Range 200 HZ to 620 KHz ( Wideband mode)

2 KHz to 620 KHz (Selective Mode)
2. Frequency Display The tuned frequency is displayed on a 5 digit counter with

10 Hz resolution & accuracy 10 PPM + 1 digit (at 250C)
3. Level Measuring Ranges Selective Modes (125 , 150 , 600 Ohms)

100dBm to + 20 dBm
Selective Mode ( 75 Ohms)
90 dBm to + 30 dBm
Wideband Mode ( 75 ohms )
40 dBm to + 30 dBm
Minimum Measurable level is –120 dBm in selective Mode

4. Attenuator accuracy + 0.25 dB w.r.t 100KHz
5. Frequency response + 0.25 dB w.r.t 100KHz
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Sl No. Items Description
6. Input Impedance 75 Ohms unbalance & high (6K) approx.

75 Ohms balanced and high.
125 ohms balanced & high.
600 ohms balanced & high.
High impedance 10K ohms.

7. Band width 80 Hz ( 3 dB points)
Attenuation at + 400 Hz 50 dB.

8. Internal Harmonic
distortion

Better than 70 dB for 2nd and 3rd Harmonic when sensitivity
is increased by 50 dB.

9. Dynamic Range 70 dB ( 50 dB attenuation & 20 dB on meter scale)
10. Image Rejection At FC + 21 F1 60 dB

At FC + 21 F2 80 dB

11. Sync. Output This output serves to synchronies output of Level
generator.

12. Internal Cal. Signal 0 dBm x 600 Ohms at 10 KHz 
13. Power 230 Volt AC + 10% 50 Hz or 12V internal rechargeable

battery provision for external battery input.
14. Size 430 L x 350 D = 133 H (millimeter)
15. Weight Approx. 12.5 Kg. (With battery)

DIGITAL IC TESTER
IEC – DIT 2040

Type of IC covered : 14, 16, 18, 20, 24, 28 & 40 Pin dual in live package Ics.
Type of socket provided : 20 Pin & 40  Pin 21 F socket.
Test range : Tri State / Open collector / bi-directional TTl/ CMOS / digital Ics.
Test Voltage : 4.75 volts, 5.00 volts & 5.25 volts.
Display : (i) 16 digit 7 segment LED display.

   (ii) Pin status indicating discrete LEDs for 20 ZIF pins.
Duration of Testing : Depends on + L
Supply voltage : 230 V AC + 10% 50 Hz + 2 Hz.
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RECORD SHEET
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EXPERIMENT SHEET ON OHM METER
(NO.1)

When measuring resistance, a 1.5V cell is coming in series with the meter movement.

                                                     +

                                                              -
B

Inserting the black lead on the common jack and the red lead into 1M, 10K,jack, the
test pins are started to adjust the pointer of the meter by turning the center knob to have it rest
in “O” ohm position at the extreme right of the scale.

The pins are then opened and connected the resistance to measure to read the
indication of the meter.

The upper figure appearing on the ohm scale indicate UR resistance measured or 1M
ohm range, the lower once indicated ohm scale in non-linear.

Make a path for measuring 100 ohm resistance .

                 +            -                       9-9.4 Kohm            638 ohm                326 ohm                    

10Kohm
C   

Batt                                                       
                                                                

102 ohm



CAMTECH/S/2002/ME/SER-5 66

Measuring instrument and portable tools

EXPERIMENT SHEET ON AMMETER
(No-II)

For current measurement the resistor is connected in parallel.

Some important characteristics of meter—

1. Internal resistance(R m)
It is the D.C.ohmic resistance of the wire at the moving coil. A movement with

smaller Im has higher Rm and vice versa.
Typical value of Rm range from 1.2 for 30 mA movement of 2K for 50µA movement.

 2. Sensitivity
It is known as current sensitivity or sensitivity—factor. It is given the reciprocal of

full scale deflection current Im.
S= 1/Im  ohm/V

                 
          Im X Rm

RSH1

RSH2

RSH3 INPUT

By introducing shunt resistance we can increase the range of the meter for
measurement of current. A small amount of current is passed through the meter coil and
range amount of current is passed through the shunt resistance.
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EXPERIMENT SHEET ON VOLTMETER.
(No.III)

The basic priniciple of vo;tmeter is “D” Arsonal movement.

A coil is wounded on aluminium former which is pivoted so that it may rotate in the
magnetic field of a permanent magnet which is of horse shoe type. The forma is placed
around a soft iron core so that the magnetic field is intensified and also made radial. The
current is fed to the coil via two phosphor bronze springs. One acting as input lead and the
other as output lead. The pointer which is fixed to the coil at right angles move over a
calibrated scale, the actual current is proportional to the angle of deflection.

The important parameters of a meter are constant.

Em=  Full scale voltage of meter.
Im=   Full scale current.
Rm= Resistance of meter.

Now the relation is established by the formula Em X Rm ( By Ohm law).

Instruction for use.

Measurement of Voltage and Current.
Into the jack on the lower of the face panel marked ohm( common) is inserted the

shorter pin of the black test lead, and that of the red test lead the prescribed jack. In case of
D.C. the red test probe is applied to +VE potential and the black one to –ve potential to read
the indication of the meter.
For multirange voltmeter.

I
N      RS3      RS2     RS1
P
U
T

Im
Rm
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EXPERIMENT SHEET ON MULTIMETER
(No.IV)

Brief Description: A multimeter also known as VOM (volt-milli-ammeter) is a
voltmeter, ohm meter and a current meter all contained in a single case. Multimeter is
essentially a current measuring device utilising the Principle of ‘D’ Arson Val movement.

A coil is wound over aluminium former, which is pivoted so that it may rotate in the
magnetic field of a permanent magnet, which is of Horseshoe type. The forma is placed
around a soft iron core so that the magnetic field is intensified and also made radial. The
current is fed to the coil via two Phosphor bronze spring. One is acting as input lead and other
as output lead. The pointer that is fixed it the coil at right angles move over a calibrated scale;
the actual current is proportional to the angle of deflection.

The meter movement is used to measure all the three quantities voltages, resistance
and current. Various multipliers, shunts and batteries are all contained inside the case,
selector switches are provided on the front panel to select a particular range for that function.
A single selector switch often selects the function as well as the range for that function. In
certain multimeters jacks or sockets are used, instead of selector switches, to selector
switches to select the function and the range. A single volts, ohms and mill amperes with a
number of ranges for each quantity is generally used. Most multimeters are designed to
measure both DC and AC quantities with a selector switch to select DC or AC function of the
multimeter. 

The important Parameter’s of a meter are constant

Em  = Full scale voltage of meter
Im  = Full-scale current.
Rm = Resistance of meter

Now the relation is established by the formula
Em  =  Im   x  Rm  (By Ohm Law)

This constants related to the basic unit and in typical cases, will full scale current may
be 500mA, 1 mA , 5mA,  or can be 10 mA. Similarly the voltages may be made to vary
according to the resistance of meter. In actual practice measurements ranging from very low
to very high ranges have to be taken and this ranges are obtained by suitably connecting
resistors in series or parallel to the meter. Resistors in series known as multiplier resistors are
connected to use the meter as voltmeter and depend upon the ratio of required full sale
voltage range and basic full scale voltage range. 

If this ratio is “N” then Rs = Rm ( N-1), where Rs = Series resistance with meter.
Similarly for current range the resistor is connected in parallel and if the ratio of the

range is “N” the value of shunt resistor is RSH= Rm/ N-1
SOME IMPORTANT CHARACTERISTICS OF METER

4. The maximum deflection that the pointer can indicate on the scale is called Full-scale
Deflection (F.D). Typical values of Im for ‘D’ Arson Val movement vary from 2µA to
mA.

5. Internal Resistance (Rm) 
It is a DC Ohmic resistance of the wire of the moving coil. A movement with smaller
Im has higher Rm and vice versa. Typical values of Rm ranges from 1.2 Ohms for a 30
mA movement to 2 K Ohms for a 50 µA movement. 
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6. Sensitivity :

It is also known as current sensitivity or sensitivity factor. It is given by the
reciprocal of full scale deflection current Im.

S = 1/Im Ohms per volt.
For VOM type of Multimeter at best sensitivity 20000 ohm/volt (Typically). A high
sensitivity means a high quality meter movement.

INSTRUCTION FOR USE:-
3. Measurement of voltage and current.
In to the jack of the lower of the face panel marked Ohm.(Common) is inserted
the shorter Pin of the black test lead, and that of the red test lead the prescribed
jack. In case of D.C. the red test probe is applied to +potential and the back are to
–ve potential to read the indication of the meter.

In measuring voltage, the tester is connected in parallel to the lead, while is in
series to measure current.
4. Measurement of Resistance.

(a) Inserting the black lead on the common jack and the red lead into
1M,10K jack, the test pins are shorted to adjust the pointer of the
meter by turning the center knob to have it rest in “O” ohm position at
the extreme right of the scale.

(b) The pins are then opened and applied to the resistance to measure to
read the indication of the meter.

(c) The upper figures appearing on the ohm scale indicate the resistance
measured on 1M-ohm range, the lower once indicate on the 10K ohm
range.

PRECAUTIONS FOR HANDLING MULTIMETERS.
7. Selecting the correct function before inserting probes.
8. Select correct range before measuring.
9. While measuring unknown quantities start with the high range.
10. Keep the meter in the case when not in use.
11. Replace the cell when exhausted.
12. Keep the meter set to maximum voltage scale when the meter is not in use.

REVIEW QUESTION:
5. Find out the sensitivity of a meter having full scale deflection of 50µA.
6. Write down the procedure by which you can measure 40mA current through your

meter.
7. Write down the path for measuring voltage  100V A.C. ,current =1 mA D.C. and

100 ohms resistance.
8. In your working station what type of meters you are using and what are fields you

are using this meter ?
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DIAGRAM OF P3-SANWA OR TESTICA.

Experiment on TMS-kit.
(No.V)

Purpose: 
a) Study of Periodical Testing and Transmission Measurements on cable & Overhead 

lines.
b) Study of Varley loop test method of localising an earth fault with the help of          

Bridge Megger. To know about different periodical testing conducted in central circuits
/ both 2W CNL and 4W CNL for their efficient working and also to the megger, Bridge
Megger and transmission measuring set kit, and localisation of earth fault in cable or in
overhead lines.

Theory: In the Overhead transmission or transmission through under ground cable 
generally three types of tests are conducted  Quarterly/Monthly. These tests are
namely.
Sl
No.

Name of the tests Period
Rly. O/H Lines

Railway Cable

1. Conduction Test Quarterly Monthly
2. Insulation Test Quarterly Monthly
3. Transmission Test Quarterly Monthly

1. CONDUCTION TEST (Purpose) – It gives the loop resistance of the transmission 
lines. It indicates the condition of joints.
Time of Test:  This test is done during hottest time of the day.
Instrument:  Bridge Megger or Approved Meter.
Procedure: I. Resistance between L1 & L2 lines (Loop).

II. Resistance between L1E (Line L1 to Earth).
III. Resistance between L2 E (Line L2 to Earth).
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Recommended Value as follows:
a. For R.E Main cable of 0.9 mm dia the loop-resistance should be less than 56
Ohms/KM.
b. For A.C.S.R (6/1/1.5) the loop resistance should be less than 5.62 ohms/KM.
c. For 300 ibs GI wire the loop resistance should be less than 22.2 ohms/KM.

2. INSULATION TEST : By the help of insulation test we know the extent of leakage
between the transmission lines. It indicates the insulation resistance (in Mega Ohms)
of insulation between two wires or Quads.
Time of Test : During coldest time of the day early in the morning ( 04.00 A.M to
06.00 A.M).
Instrument : Megger : It is an instrument is having D.C generating course with Ohm 

             Meter scale in M Ohm. Megger are two types one 100V
Megger, which is used U/G cables. And other is 500V Megger which
is used in overhead transmission lines. The voltage output of the
Megger is in D.C.

Procedure : 1. a) L1 and L2 (Cross Insulation ).
b) L1 and Earth (Line 1 to Earth ).
c) L2 and Earth (Line 2 to Earth).

Recommended Values as follows :-
a) For U/G cables the insulation resistance should not less than 625 M Ohm/KM at 16°C

temperature.
b) For overhead transmission lines.

I. In wet weather it should be more than 1.6 M Ohm/KM .
II. In Dry weather it should be more than 8 M Ohm/KM.

3. Transmission Loss Test : It gives the transmission loss of the Overhead lines or cables.
Time of test : For this test transmission measuring kit is required or Oscillator of V.F
range and dB Meter is required. The transmission measuring kit consists of –

I. Oscillator of fixed frequency with 800 Hz or 1000 Hz or
different frequency ranging from 300Hz to 3000Hz in some
steps, selected by knob switch.

II. Attenuator.
III. DB Meter.

Recommended values :  I. For loaded cable R.E it is 0.25 dB/KM.
II. For A.C.S.R (6/1/1.5) it’s transmission loss is 0.038 dB/KM.
III. For 300 lbs of of G.I wire it is 0.1875 db/KM.

2. MODEL BOARD : This prepared artificial a section of 11 to 12 KMs cable, with
transmission lines L1, and L3 (For section A to P) with seven block stations.
I. Measure the loop resistance in line measuring test model, with the help of Multimeter.

For L1 & L2
a) A to P =          c)  A to H  =
b) A to J = d)  A to D  =

For L1 & L3
a) A to P =          c)  A to H  =
b) A to J = d)  A to D  =
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      II. In A to H section what will be the resistance for 
a) Line L1 to Earth ._________________________________________
b) Line L2 to Earth._________________________________________
c) Line L3 to Earth._________________________________________.

3. Measure the Cross Insulation (A to P section) with the help of Insulation tester.
a)   Line L1 and L2 ._________________________________________
b)  Line L2 & L3._________________________________________

      c)   Line L1 & L3._________________________________________.
4. What will be the transmission loss in A to J section for –

a) L1 & L2
b) L1 & L3
c) L2 & L3.

5. The common type of Fault & Rectifications: -
a) Contact fault – This fault is due to penetration of water in the joint and

can be removed by sectionalising the faulty Multimeter or the Bridge
Megger, knowing the loop resistance /Km of the cable.

b) Disconnection Fault: This may occur due to damage caused by the
working parties engaged in excavation or by cable theft. This can be
removed by foot patrolling and testing the emergency sockets.

c) Low Insulation Fault: Corrosion of Aluminium sheath to excess
percentage of salts in the soil which causes low insulation and moisture
penetration in the paper insulated Cu-conductor and to determine the
possibility of faults with the help of Whetstone Bridge principle used as
i) Varley loop test , ii) Murray loop test. 
To locate fault on conductor line, a second conductor must be the same
resistance per unit length and without fault.

BRIDGE INSULATION TESTING SET
A) Insulation Tests:
  i)  Set the function switch to Insulation.
ii) Without making any connections, turn the handle and insure that the pointer

infinity.
iii) Connect suitable leads to L (Line) and E (Earth) terminals taking care that the

other ends of the leads are not in contact with anything, turn the crank again
the pointer should again read infinity, if it does not do so there is a leak in the
lead themselves.

iv) Connect the circuit to be tested turn the handle at a speed greater than 160
r.p.m while doing so read the insulation value in the scale.
(Note: To discharge capacitive circuit after testing set switch to “Discharge”
position after testing and wait approximately wait a minute before
disconnecting).

B) Bridge Test:
i) Set the function switch to Bridge.
ii) Connect circuit to be tested to terminal ‘L’ and ‘G’ (Faulty line to terminal ‘G’

and good line to terminal ‘L’).
iii) Use Bridge ratio switch and decade dials as ordinary Wheat stones Bridge.

Power being supplied by turning the handle set the decade dials for null of
galvanometer and Note down the decade dials value ‘L’ Ohm (say).
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C) Varley Test:
i) Connect terminal ‘G’ to faulty line.
ii) Connect terminal ‘L’ to looped line.
iii) Connect terminal ‘E’ to good earth.
iv) Set switch to ‘Varley’ and set the decade dials for null of galvanometer.
v) Note down the dial reading ‘R’ (say).

Apply the following table

Ratio switch Distance of fault from terminal ‘G’ in ohm

X 1 D = L-R
      2

÷ 10 D = 10 L-R
     11

÷100 D = 100 L-R
     101

Review Question :

1. What will be loop resistance for 11 Kms. section for  a) G.I 300ibs. b) ACSR 6/1/1.5
c) Cable of 0.9 mm dia Cu-conductor.

2.  The Cross insulation measured for 10 Km section found 500K Ohms.(in O/H lines
wet weather ) give the argument whether the line is OK or not.

3. The dB loss for 6 Km U/G Main cable (0.9 mm dia) measured 5 db give the argument
whether the line is OK or not.
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EXPERIMENT SHEET ON SLM.
STUDY OF SELECTIVE LEVEL METER AND LEVEL.

(N0.VI)
Introduction: 

Aplab Selective Level Meter model 2037A is designed for both wideband and
selective level measurement in the frequency range of 2KHz to 620KHz. A fine
digital frequency counter is provided on the front panel to measure accurately the
selective frequency. The level meter has a good sensitivity because of crystal filter.
The meter scale is calibrated in dBm for 75,125,150 and 600 ohms impedances in
balanced mode and 75 ohms in unbalanced mode. All the necessary balanced mode
and unbalanced measurement on carrier frequency systems and equipments during
their production testing and maintenance can be using this level meter. The selective
level meter can be used in connection with level generator Model 2038A to form a
complete level measuring system. Once synchronized, both the instruments can be
tuned simultaneously from the level meter frequency controls. This avoids
independent tuning of both level meter and level generator.

A signal level encountered in a carrier system can be measured on wideband
mode if the signal is the only one present. For composite signals, measurement has to
be made in the selective mode.
Following selective measurements can be taken:

1. Single side band measurements.
2. Frequency response check.
3. Pilot level measurement/ carrier leak.
4. Intelligible cross talk.
5. Unintelligible cross talk.

Selective Level meter
In selective measurement mode input signal is applied via the balanced input

transformer and attenuator to the input amplifier. Then the signal is passed through 620 KHz
low pass filter. Then the input signals is mixed with local oscillator having a frequency range
of 1.002MHz to 1.620MHz. The local oscillator frequency is indicated on digital frequency
counter.
(The MSB is eliminated i.e, 1.002 MHz is displayed as 2.00KHz and 1.620KHz is displayed
as 620.00KHz).

The mixer output is passed through 1MHz crystal filter. The crystal filter output of
1MHz is mixed with a crystal oscillator output of 998.5KHz to produce 1.5KHz I.F. This is
amplified and filtered by 1.5KHz filter. It is then detected and measured by meter circuit. The
attenuator III provides power level switches for different impedance.

In WIDEBAND mode signal from input amplifier is directed fed to meter circuit to
give wideband measurements. For 0dBm (for 600 ohms) and on “SELECTIVE CAL”
position, tuning is required to obtain the 0dBm reading. The power supply consists of battery
charger and voltage regulators and 12V internal battery (rechargeable) for battery operation.
Level Generator

1MHz+5KHz oscillator provides  +5KHz control for the generator output frequency.
This signal is passed through low pass filter or 1MHz to remove harmonics. 1MHz signal is
then mixed with internal oscillator signal (1.0002)- 1,620MHz) or local oscillator signal for
selective level meter in EXTSYNC. position. The mixed signal is passed through low pass
filter 620KHz to filter out a low frequency signal of 0.2 to 620KHz. This signal is fed to the
amplifier and buffer. Signal level at generator output is indicated on meter. Output frequency
is also indicated on digital frequency counter. In “EXT SYNC” position, signal from
selective level meter is used. In this condition output frequency of level generator is
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synchronised with selective level meter and frequency can be changed by level meter
controls. 1MHz LPF also has ACC control to maintain output of amplifier within 0.05dBm.
The output attenuator consists of u-metal transformers, which give good frequency response
and accuracy over frequency range.

EXERCISE:A

i) Sketch a neat block diagram of the meter 2037A and 2038A. 
ii) List out the function of the following switch—

a. Meter range switch,
b. Coarse frequency tuning, 
c. Fine frequency tuning
d. Calibration potentiometer.

EXERCISE: B
Measure the M/Osc freq and carrier level frequencies and their levels (with

600  
                        ohms) I ITI MUX Equipment.
SL NO MEASURING POINT MEASURED LEVEL
1 1KHz M/Osc panel Osc out

Channel 1 carrier 12KHz
Channel 2 carrier 16KHz

2

Channel 3 carrier 20KHz
Signalling OSC (3.825KHz)3
Socket at front of the panel
Subgroup carrier level socket at front of the panel.
Subgroup 1                  120KHz

4

Subgroup 2                  108KHz

EXERCISE :C
Measurement of the speech & signaling levels on the trans side.

PROCEDURE:

MEASUREMENT OF LEVEL IN DTL MUX EQUIPMENT:

Feed a tone of 800Hz , 0Dbm at 600 Ohms, from test panel osc. To 2W u-link panel
at Equpt. Side and measure the level at different points as below:

a) TX Direction

4W TX/ 600 Ohms HF- XMT /75 Ohms
Speech Speech     /  Signalling

b) RX – Direction 4W RX  / 600 Ohms

HF – REC / 75 Ohms 4W RX  /  600 Ohms

Speech          Signalling Speech
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Review Questions:
1. What is “Selective measurement” and how it can be done?
2. What do you understand by “Calibration” of an instrument? How

selective and wideband calibration can be achieved?

DO’S

1. Check all the batteries of the active measuring instrument once in 6 months.
2. Calibrate all the instruments once in a year.
3. Check all the measuring probe Once in a year.
4. Keep always higher range and then measure in any active meter.
5. For MW power measurement thermistor mount should be fitted correctly then

open the window.
6. All the hand tools are to be lubricated once in a month.
7. During use of hand tools & high voltage measurement, gloves should be used.
8. Meter should be handle with care.
9. The measurement should be done with proper manner.
10. At the time of high voltage measurement rubber mat should be used in floor.
11. At the time of cutting metal pieces by hacksaw, cutting oil should be used for

avoiding heat.
12. To measure any electrical quantity the polarity of meter should be connected

properly.
DON’TS

1. Do not hold the chisel by hand; it should be gripped with proper instrument.
2. Do not hammer on the top of the screwdriver.
3. Do not put taps and dies in wrong threads.
4. Do not keep any hand tool the contact of open air to avoid the corrosion.
5. Do not switch on the vacuum cleaner for a long time to safe electrical motor.
6. Do not over tight the hacksaw blade.
7. At the time taking any reading in multimeter the range selective switch should not

be kept at lower range.
8. In any meter, low battery should not be used.
9. Capacitors should not be discharged through meter.
10. In built battery of SLM should be charged for an regular interval.
11. Before any measurement calibration of SLM should be required for perfect ness.
12. In oscilloscope the input voltage should not be rised more than 100V p-p.
13. Keep intensity of the oscilloscope as minimum as possible for long life.
14. At the time of meggering precautions should be taken for avoiding electric shock

as megger generates high voltage during operation i.e., for cable, the voltage is
100V and for overhead, the voltage is 500V.

15. Do not use ammeter without shunt resistance.

*************************
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DIAGRAM 
OF 

MEASURING INSTRUMENTS 
&

 HAND AND PORTABLE TOOLS

Srl No. Description Page No.

1. Voltmeter & Ammeter
2. Analog Multimeter (AVO Meter)
3. Digital Multimeter
4. Insulation Tester/ Megger
5. 15-20 MHz Dual Trace Oscilloscope
6. Transmission Measuring Set
7. Psophometer
8. L-C-R Bridge Meter
9. Selective Level Meter
10. IC Tester
11. Frequency Counter
12. File, Spanner ,Plier
13. Hammer, Screw Driver
14. Hack-saw
15. Taps  &  Dies
16. Soldering Iron
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