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CHAPTER ·. 

Electric Welding 

22.1. Introduction 

Process of welding consists in joining together two or more pieces of metal, of similar or 
dissimilar composition, by heating to suitably high temperature with or without application 
of pressure and application of a so called filler material. Welding may be plastic welding or 
fusion welding. 

Plastic Welding. In plastic welding, the metal parts to be joined are heated to a plastic 
state and then joined under application of pressure. 

Fusion Welding. In fusion welding, the metal parts to be ]oined are heated to molten 
state and then allowed to solidify forming a localized homogeneous union of the two parts. 

Plastic welding is further divided into three groups : (i) electric resistance welding 
(ii) forge welding and (iii) thermite welding with pressure. 

Similarly fusion welding may be of three types : (i) electric arc welding (ii) gas welding 
and (iii) therrnite welding without pressure. 

We here consider only electric welding methods namely (a) electric resistance welding 
and electric arc welding. . 

22.2. Classification of Electric Welding Methods 

Electric Weldirig 

/ 1· 
1 

E~ric Resistance Welding 
(i) Spot welding 

(ii) Butt welding 
(iii) Seam welding 
(iv) rojection welding 

~'lash welding 

ctric Resistance Welding 

1 
Electric Arc Welding 

(i) Metal arc welding 
(ii) Inert gas arc welding 

(iii) Carl;>on arc welding 
(iv) Atomic hydrogen arc welding 

/ 

Electric resistance welding consists in joining together two or more metal pieces by 
passing short duration heavy de or ac current through the areas of contact to be welded. The 
duration of current may be from a few milli-seconds to several seconds depending on the job 
requirement. Electric control of the duration and magnitude of the welding current has made 
possible precise welding of even such materials as aluminium and stainless steel. ' II 
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514 POWER ELECTRONICS 

The welding process is based on the resistance to current flow through two metal pieces 
where weld heat is produced. 

The welding thermal energy w produced is given by, 

f tw 
w = 

0 
i2

. rdt ... (22.1) 

where r is th esistance between the pieces to be welded {ohms) tw is the time during which 
welding c eht. flows (seconds) z is the instantaneous C!Jrrent (amperes) 

C rrent·i may be either alternating current or short pulses of unidirectional current. 

asic Circuit Arrangement of AC Electric Resistance Welding 

Fig. 22.1 gives the block diagram of basic circuit. The main constituents are: 
(i) Power transformer feeding 50 Hz supply 

(ii) Circuit breakers 
(iii) SCR contactor or Igni~ron contactor 
(iv) Weld timer 
(v) Welding transformer 

(vi) Welding electrode and welding assembly. 
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heat control 
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F.ijJI22.1. Block diagram of a. c. electric resistance welding system. 
Power transformer feeds to ac (50 Hz) power a suitably high voltage to the machine. The 

circuit breaker controls this ac power and feeds it to the contactor. The nature of line contactor 
depends on. the nature of job. For metals which can be easily welded, the contactor may be 
simply a magnetically controlled contactor or even a manual switch. On the other hand, in case 
of metals requiring critical timing of operation, SCR (or ignitron) contactor is used. Earlier 
ignitron contactors were used exclusively but currently these have been largely replaced by 
SCR (thyristors) contactors. The function of the contactor is to connect the primary of the 
welding transformer to the ac supply during the desired welding interval only. The welding 
transformer is a step down transformer. The secondary of the welding transformer has 
relatively small number ofturns typically only one and is rated for several volts, ~0 to 15 volts 
typically but hundreds or thousands of amperes for heavy welds. In order to handle this large 
current, the secondary is in the form of a thick conductor. The secondary winding is connected 
to the winding electrodes through which the welding current passes into the job to be welded. . . 

Ideally the complete heat energy w should be produced and concentrated at the spot to 
be welded i.e. the entire resistance should occur at this place. Hence the tips of the welding 
electrodes must be kept clean for making good electric contacts .. Unfortunately, however, a 
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part of the resistance and the corresponding temperature rise occurs (i) throughout the sheets 
(ii) in the contacts between the sheets and the electrodes and. (iii ) in the two electrodes 
themselves. Hence there exis~s a pos3ibility that the electrodes themselves may weld to the 
material or a hole may be caused in the material. · 

In order to avoid welding of the electrode to 
the sheet, the electrodes are made of metals having 
high electrical and thermal conductivity and at the 
same time they are properly cooled by flow of water. 
As a result, the electrodes produce less heat and at 
the same time the heat is removed away by the flow Work pieces 
of water. Hence maximum temperature rise takes 
place at the weld. For the purpose of water cooling, 
the spot welding electrodes are generally made hol­
low with provision for circulation of cooling water as 
shown in Fig. 22.2. A hard copper alloy is gene.rally 
used for electrodes. This can stand the electrode 
pressure and can keep the temperature low to i~i.oo 

prevent deformation of electrode tip. Fig. 22.2. Water cooled welding electrode. 

Difficulty is sometimes created by high transient voltage across the transformer caused 
by very rapid rate of change of current in the primary of the welding transformer resulting in 

high voltage ( v = L ~~ ) . Such a high voltage may endanger the insulation of the transformer. 

To overcome this.difficulty, a thyrite resistor is usually connected across the primary as shown 
in Fig. 22.1. The impedance of the thyrite reduces with the increase of voltage across it. Hence 
a properly designed thyrite resistor connected across the primary damps the transient voltage 
to a low value thereby eJiminating the possibility of breakdown of insulation. 

The metal pieces are forced together _by tile electrodes with high pressure resulting in 
decreased resistance between the melal pieces to ensure proper weld. The welding current is 
made to flow for only a fraction of a second with the help of the contactor. The contactor closes 
several times to make a number of welds. 

By proper choice of electrode pressure and magnitude and duration of current, it is 
possible to spot weld satisfactorily metal sheets of thickness varying from about 10-3 em to 
several ems. Further a large number of metals may be spot welded readily. 

The quantum of welding heat needed depends on the metal to be welded. Thus for ~eel 
having high resistance, welding heat is easily produced. On the other hand, aluminium has 
low resistance and hence the welding heat is difficult to get. Further, in the case of aluminium, 
the heat is required to be produced in a very short duration because of its high conductivity 
and this has a tendency to get welded to the electrodes . . · 

Operation times invol.ved in Welding 
Squeeze Time. To make a ~eld, a push button or fast switch is pressed to actuate a 

solenoid. This applies pneumatic pressure to an air cylinder causing the upper electrode to 
move down to press the work piece. This operation is called the squeeze operation and its time 
period is called the squeeze time, t. ... 

Weld Time. The timer circuit actuates the contactor which supplie~ power to the welding 
transformer for the desired time period called the weld time tw . 

. Hold Time. On completion of welding, the job is held still under pressure for a duration 
called hold time th t.o permit weld to harden. No welding current flows. 

~-
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Off Time. Once the weld has hardened, pressure is released, the electrodes separate and 
welded material job is removed. 

Merits of Electric Resistance Welding. (i) quick welding (ii) very little waste of metal (iii) 
process may be accurately controlled (iv) consistently uniform weld. 

22.5. Types of Electric Resistance Welding 

Resista e welding may be classified as below : (i) Spot welding (ii ) Butt welding 
(iii ) Seam w ding (iv) Projection welding and (v) Flash welding. 

(1\) ot Welding. This is the simplest and the most widely used method of making lap 
welds in in metal sheets of thickness upto maximum of about half inch (12. 7 mm). Basically 

. it uses a ·step down transformer to produce a high current at low voltage. Spot welding is done 
by clamping together between the two pointed welding electrodes, two or more sheets or pieces 
of metal. The pointed electrodes ensure proper localisation of current. The block diagram of 

· the equipment is as shown in Fig. 22.1 while Fig. 22.3 (a) gives the basic arrangement of 
electrodes. Fig. 22.3 (b) shows the spot welds along a line. 

lectrodes 
w'tt h pointed 
ends 

Spot 
welds 

(a) Electrode arrangement (b) Spot welds along a line 
Fig. 22.3. Basic electrode arrangement of spot welding. 

Apart from high thermal conductivity, the electrode material should have very high 
strength to minimise the wear and tear at the tips of the electrodes. Electrodes are made of 
special copper alloy. The diameter of the electrode tip is equal to Vi where t is the sheet 
thickness. 

The time period of flow of current varies with the thickness of sheets and the kind of 
metal. For thin sheets, the time period is about 20 ms for sheet thickness of about 0.3 mm. 

Applications. Spot welding is used mainly for : 
(i) fabricating all types of sheet metal structures where mechanical strength rather 

than water or air tightness is needed. 
(ii) welding of sheets 

(iii) fabrication of boxes, cores and enclosing cases. 
(B) Butt Welding. In butt welding, the ends of the two 

bars, rods or tubes to be welded are firmly butted together El~ctrodes 
under ~xial pressure as shown in Fig. 22.4. A heavy current 
flowing through the butt generates heat in the high contact 
resistance or the joint raising its temperature. The faces of the 
work pieces should be edge prepared. When the desired 
temperature is reached, the two work pieces are rammed 
together either manually or automatically resulting in a 
bulged weld. Butt welding may be used to weld together bars Fl 22 4 B ld. g. . . utt we mg. 
of diameter upto several centimetres. 

Applications of Butt Welding. The main applications of butt welding a~e: 
(i) for end-to-end or edge-to-edge joint 

(ii) for welding pipes, tubes, wires and rods. 
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(C) Seam Welding. In seam welding, two overlapping sheets of metals are welded 
together through a series of spots .&long a continuous line by moving the sheets between two 
wheel shaped electrodes through which the welding 
currents flow at short intervals. Fig. 22.5 illustrates 
the general principle. In slow speed seam welding, 
general practice consists in allowing welding current 
of 6 cycles and permitting break of 6 cycles. In high 
speed seam welding, on the other hand, with rate of 
rolling of the order of about half a metre/second, the off 
period becomes zero and half cycles of current produce 
welds that overlap each other. 

II \ ~....--. ~---J 
SE?c. w1nd in g 
of wqld ing 
transformer 

The main object of overlapping spots is to 
produce gas and liquid leak-proof lap joints. The weld Fig. 22.5. Seam welding. 
may be cooled by splashing water over it. The intermittent overlap weld technique is used for 
metals which are critical to heat treatment. 

Applications of Seam Welding 
(i) For making lap and butt welds 

(ii) For pressure tight and leak-proof tanks for various purposes, circular or radial 
containe.rs, ca:r body sections and transformer radiator units. 

(D) Projection Welding. In projection welding, instead 
of using pointed electrodes, slight projections are formed on 
one or both of the work pieces at a location where welding is 
desired as shown in Fig. 22.6. Projections are made by a special 
set of dies. 

ye:r.ts of Projection Weld 
(i) Welding may be done at more than one spot simul­

taneously. 
(ii) It needs low current density and low pressure. Hence Fig. 22·6· Projection w~lding . 

the life of electrodes is increased. 
(iii) Better finished appearance is obtained. 
(iv) Locations of welds are automatically fixed at the desired points of projections. 
Applications. Projection welding is specifically used in assembling parts made by 

punching or stamping and for welding s~uds , nuts to pl~tes etc. 
(E) Flash Welding. It is similar to butt welding but for the difference that in this case 

welding current is applied to the parts before they are brought together with the result that 
when they meet, arc or flash takes place. The two work pieces are clamped strongly in a flash 
winding machine. As the points are brought together, the resistance to the current heats the 
c.ontact surfaces. Once the temperature reaches the optimum melting point, the current is shut 
off and the pieces are quickly brought together. under considerable pressure. Fig. 22.7 gives 
the general arrangement. Due to higher pressure, the squeezed molten metal gives off sparks 

Clom~ --------p ~- - - -----p, Prqssurll - - - ---- -- - - -- - -- - Pressurll 

II 
(a) Basic arrangement (b) Welded pieces 

Fig. 22.7. Flash welding. 
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·Or fl ashes and the work pieces are heated to their plastic state and they fuse together and also 
slag out of the joint making a good weld as shown in Fig. 22.7 (b). 

Applications. Flash wel~ing is widely used in production works specially in welding 
together rods, pipes etc. 

22.6. Electric Arc W.elding 

Electric arc welding utilizes the fact that when electricity passes through an air. gap 
from one electric conductor to another, a very intense 
·and concentrated heat is produced with temperature 
between the two conductors being approximately 3500° 
to 4000°C. At this high temperature, intense heat in the 
arc at the point of welding melts a small portion ofm·etal 
in the work piece. Further welding electrodes also melt 
slightly and the molten material gets deposited in the 
small pool of molten work metal. Subsequently the 
metal pool cools down under a protective cover of slag 

Electr ic . · 
Itt ad 

left by the electrodes. On cooling, a perfect joint gets Earth 

formed between the two molten pieces. Fig. 22.8 -gives clomp 
the general circuit arrangement Fig. 22.8. Electric arc welding. 

An electric arc may b~ defined as the flow of electric energy through a gas accompanied 
by generation of heat and bright light. Thus an electric arc gets created on first short circuiting 
two electrodes ·and then suddenly withdrawing them apart. During this withdrawal of the 
electrodes, the area of contact of electrodes first reduces ~ncreasing the resistance. Hence on 
actual separation of electrodes, the tips of electrodes get red hot. The electrons leave the 
cathode, move under the accelerating force due to potential gradient existing between the 
electrodes and on their way collide with the atoms and molecules in the air ionizing the same. 
Hence air or gas in between the electrodes provides the conducting path for the arc. 

Arc welding may use either ac current or de voltage. The ac supply voltage requirement 
is between 70 V and 100 V while that for de is between 50 V and 60 V. Once the arc strikes, 
the voltage requirement reduces to 20 V and 30 V for ac and de respectively. 

DC Welding Set. A de generator with drooping characteristic is needed. This may be 
achiev.ed by using shunt and series fields opposing each other. Welding current may be 
obtained by varying either the shunt or both shunt and series fields. A <;onstant potential is 
used obtained through using compound generator. 

In case only ac supply is available, then a motor generator is used, the motor being a 
squirrel cage induction motor. 

AC Welding Set. Here the normal mains voltage is stepped down to the value equal to 
the striking voltage. Drooping characteristic can be achieved by using suitable resistance and 
reactance. Resistance so used, reduces the efficiency while the reactance reduces the power 
factor. Harmonics may be prevented by designing reactor to operate under saturation point on 
its magnetic circuit. 

22.7. Types of Electric Arc Welding 

Electric arc welding may be of the following types : (i) Metal arc welding (ii) Inert gas 
·arc welding (iii) Carbon arc welding and (iv) Atomic hydrogen a;c welding. 

(A) Metal Arc Welding. This uses an electrode of the same metal as the job being 
welded. The electrode also serves the function of filler i.e. provide molt~n metal to the point of 
the job. At the high temperature of the arc, the job metal as well as the electrode melt. Metal 
arc welding may use.either ac or de supply. In case of de supply, arc characteristic is controlled 
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by changing the polarity of the electrode. Principal 
drawback of de metal arc welding is the occurrence of 
arc blow many times under certain conditions. Arc 
blow is the distortion of arc stream from desired path 
caused by any nonuniform magnetic field. Arc blow 
makes welding difficult and further increases con~ 
sumption of energy. Arc blow is quite low in ac arc 
welding. 

The electrode is fitted into a holder as shown in :b"~ 
Fig. 22.9. Electric power is fed to the holder thro~gh a Fl 

22 9 
M t 

1 
ld' 

cable while the return lead is connected to the job piece. g. · · e a arc we 1ng. 
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A switch (usually hand operated) feeds the power and arc is struck between the work and the 
metal rod. The arc so produced melts the. rod and the surfaces get welded. Voltage needed for 
arc lies in the range 50 V to 60 V for de arc welding and 80 V to 90 V for ac arc welding. 

For good weld, reaction of oxygen and nitrogen over the molten metal is prevented. 
Further fluxing and slagging ingradients are used for removing impurities. 

(B) Inert Gas Arc Welding. This method of welding is used for welding aluminium 
and i.ts alloys, magnesium and its alloys. The arc is produced between tungsten electrode and 
the work piece in an inert atmosphere of helium or argon to prevent oxidation of the welded 
joint. Fig. 22.10 (a) gives the 'general view of hand held m~chine while Fig. 22.10 (b) gives a 
section of the nozzle for holding the electrode and passage of inert gas. 

(a) General view (b) Sectional view of nozzle 
Fig. 22.10.1nert gas arc welding. 

The operating voltage may be ac typically 100 V or de typically 70 V. AC welding is 
suited for aluminium and its alloys, stainless st~el and high alloy steels, nickel a:lloy, and 
copper alloys with work thickness upto about 0.3 em. DC welding is suited for other common 
metals but is ·essential for copper, stainless steel and other alloys with thickness exceeding 
1cm. 

Merits of Argon Arc Welding 
(i) Because of use of inert gas, flux is not formed. 

(ii) It is possible to concentrate heat an:d thereby reduce distortion. 
(C) Carbon Arc Welding. It uses only de supply. Initially arc is struck between the 

work piece and the electrode made of graphite or carbon. The work or job to be welded fuses. 
To complete the weld, a metal filler rod is melted and it flows into the gap in the work 
completing the deficiency of metal. The filter rod, howevet, does not form a part of the electrode, 
and no current flows through it. Carbon electrode when used, is placed on the negative side of 
the arc to ensure stability of arc and to avoid the weld from getting brittle due to absorption -
of carbon monoxide from the vapour of the electrode. Graphite electrodes have longer life than 
carbon electrodes. · 





Cathode Ray Oscilloscope (CRO) 

21.1. Introduction. The cathOde ray oscilloscope (CRO) is a very useful and versatile laboratory instrument ,. 
used for display, measurement and analysis of waveforms and other phenomena in electrical and electronic 

circuits. CROs are in fact very fast X- Yplotters, displaying an input signal. versus another signal or versus 

time. The "stylus" of this " plotter" is a luminous spot which moves over the display area in response to 

an input voltage. The luminous spot is produced by a beam of electrons striking a fluorescent screen. The 

extremely low inertia effects associated with a beam of electrons anables such a beam tQ be used for following 

the chruwes in instantaneous values of rapidly varying oltages. The extremely low inertia of electrons as 

compared to metallic conductors used in an electromechanical Duddell's oscilloscope enables a CRO to 

be used at frequencies much above the highest on hich the Duddell's oscilloscope can be used. 

The normal form of a CRO uses a horizontal · o1tage which is an internally generated ramp voltage 

called "Time Base". This horizontal voltage mo res the luminous spot periodically in a horizontal direction 

from left to right over the display area or screen. 1be vertical input to the CR 0 is the voltage under 

investigation. The vertical input voltage moves the luminous spot up and down in accordance with the 

in<>tantan~ous value of the voltage. 1be luminous spot thus traces the waveform of the input voltage with 

respect to time. When the input voltage repeats itself at a fast rate, the trace (display) on the screen appears 

stationary on the screen. The CRO thus provides a means of visualizing time varying voltages. As such, 

the CR 0 has become a universal tool in ~ kinds of electrical and electronic investigations. 

CR Os operate on voltages. However, it is possible to convert current, strain, acceleration, pressure 

and other physical quantities into· voltages with the help of transducers and thus to present visual representations 

of a wide variety of dynamic phenomena on CR Os. 

CROs are also used to investigate waveforms, transient phenomena, and other time varying quantities 

from ·a very low frequency range to the radio frequencies. , 

Oscilloscopes have been evolved continuously·, and they. are · now available . which. can -ineasure 

frequencies upto I GHz, and observer events as small as 20 Hz in duration. 

Many additional features are available with some oscilloscopes and these include built in digttai 

multimeters and counters. The oscilloscopes are progressively getting smarter, and many are microprocessor 

controlled. They have the ability to calculate several features, such as rise time or pulse width of the measured 

waveform, and to display these val1:1es along with the display of waveforms. They are easier to use and internal 

routines often act as a guide for the user, and display a warning if there is any error in setting. 

Many oscilloscopes are now available with IEEE 488 bus capabilities, so that they 'Can be used as 

a part of measurement test bed, with the instrument's controls set at a rem9te _location, and the readings 

digitised and retreived for the purposes of recording and analysis. 
Although, most oscilloscopes are monochromatic, colour oscilloscopes are finding increasing applications 

in computers and in television 

The applications of oscilloscopes have beet enhanced on account of many recent developments. Most 

present day oscilloscopes are capable of accepting two or more inputs displaying them simultaneously. Thi~ 

may be achieved through using a split beam or by using a multiple beam tube. Sampling oscilloscopes are 

used for rugh speed applications. These oscilloscopes employ time sampling and through their use it is possibe 

to measure signals of about 20 GHz. They can only detect a repetitive waveform, and work on the principle 

of taking a sample once every cycle, over several cycles, each sample point being shifted from the previous 

point. The complete picture of the waveform is stored, and can be displayed as a stantionary signal. 

784 
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Storage ·oscilloscopes can be used for capturing transient signals, and then display them- tor periods · 

which may vary from a few minutes to several years. An an:ilog ocilloscope uses a modified form of a 

conventional cathode ray tube to store the trace. 'The di'gital storage oscilloscope first converts the analog'-­

signal to a digital form and stores it in digital memory. The signal can then be recalled for display as and • 

when required. 

21.2. Cathode Ray Tube (CRT). A cathode ray oscilloscope consists of a cathode ray tube (CRT), which 

is the heart of the tube, and some additional-circuitry to operate the CRT. The main parts_ of a CRT are: 

ti) Electron gun :.tssembly, (ii) Deflection plate assembly, (iii) fluorescent Sl..Teen, (iv) Glass 

envelope, (v) Base, through which connections are made tovarious parts. 

The main parts of a c.RT are · Electron gun 

shown in Fig. 21.1. Before going into Pre-acceleratin9 anode 
details of working of various parts of a p· · Heater Focusmg anod 

CRT, a summary of func~ons ·of the ms""" n-/--~r:=t======t==-:/" 
different parts is given below : 

The "Electron gun assembly " 

produces a sharply focused beam of 

electrons which are accelerated to high 

velocity. This tocused beam Qf electrons 

strikes the fluorescent screen with 

sufficier t energy to cause a luminous .. 

Horizontal 
deflection 
plates 

spot on the screen. Fig. 21.1. Internal structure of a CRT. 

screen 

After leaving the electron gun, the electron beam passes through two pairs of "Electrostatic deflection 

plates". Voltages applied to these plates deflect the beam. Voltages appli~d to one pair of ·plates move the 

beam vertically up and down and the voltages applied to the other pair of plates move the beam horizontally 

form one side to another. These two movements i.e. horizontal and vertical are independent of each other 

and thus the beam may be positioned anywhere on the screen. 

. The working parts of a CRT are enclosed in an evacuated glass envelo~ so that th~ emitted electrons 

are able to move about freely from one end of the tube to the other. 

21.3. Electron Gun. · The source of focused and accelerated electron beam is the electron gun. The electron 

gun, which emits electrons and forms them into a beam consists of a-heater, a cathode, a grid, a pre-accelerating 

anode, a focusing anode and an accelerating anode. 

In smaller CR Ts, connections to tqe various e.Iectrodes are brought out through pins in the base 01 

the tube as shown in Fig. 21.1. Large and medium sized high performance tubes operate at very high 

voltages, and these leads are usually brought out through the sides of the glass envelope. 

Electrons are emitted from the indirectly heated cathode. A IJyer of barium and ; rrontiuru v.xiJe is 

deposited on the end of the cathode-which is a cylinder-to obtain high emission of ele~trous at 111uderak 

temperatures. The typical values of current and volta~~" required by an indir~ctedly heated cathode are 600 

mA at 6.3 V. High efficiency syst~ms use 300 rnA at 6.3 V. The special low power designs use 140 mA 

at 1.5 V. These electrons pass through a small hole ii~ the '1-control grid". This comrol grid is usually :: 

nickel cylinder, with a centrally located hole, co-axial with the CRT axis. This is usually a metal cup o1 

low penneability steel, about 15 mm in di~m1eter ~md l5 mm long. An aperture of about 0.25 mm is drilled 

in the cap of the grid for the electrons. to flow through. 'The intensity · of electron be:un depends upon the 

number of electrons emitted from the; cathode. The grid with its negative biat: controls the number of electrons 

emitted from the cathode and hence the intensity is controlled by tht- grid. 

The electrons, .emitted from the cathode ~Uld passing through the boie in the control grid .lft> a-.:celer:ued 

by the high positive potential which is applied to the "pre-acceleratii:g11 and "accelerating anodes". 
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10. Astigmatism. · In most modem oscilloscopes there is · an ·a<:J.runonat focusing control marked 
Astigmatism. This is used to correct an effect which exactly is analogot.Js1to astigmatism in optical lenses. 
T() focus .the spot correctly, it is necessary to stop it near the centre of the screen by switching off the time 

1 
and adjusting the X and Y positionm. · g controls. The spot is then made as sharp as possible by successive 

stment of focus and astigmatism controls. . :' . . 

8. Observation of Waveform on CRO. In order to obser\re wavefonn on a CRo: the waveform 
of vol:age under test is applied to Y plates and a voltage obtained from · a sa~tooth generator is applied to 
X plates. Let us assume that the sawtooth· wavefom1 has an idealized waveshape. · 

When simultaneous!y with the horizontal sawtooth (ramp) voltage', an input voltage is: applied to vertical 
defledion (Y) plates, the beam Is under the influence of two forces : (i) one in the honzont~ cprection moving 
the beam at a linear rate from left to right, and (ii) second in the vertical direction moving the beam up 
and down. Since the deflection is proportional to the voltage applied to the deflection plates, the horizontal 
movement is proportional to the voltage ·applied to X plates at any instant and since the ramp voltage is 
linear it traces a straight line on the CRT screen. The vertical deflection is proportional· to the voltage applied 
to the Y plates at any instant and thus the beam moves up and down according to the magnitude and polarity 
ofl the input voltage. Fig. 21.29 shows the waveform displayed, on a CRT tube due to an 1nput_sinusoida1 
voltage. ' .. . . 

. At the end of one sweep cycle, th~ sweep .voltage abruptly drops dowq an~, ~~f spot i~ immediately 
transferred to its original position. The process is then r~peated again, with the result, that a stationary image 
is seen on the screen. · · 

For the case shown' the ft:equency of the input voltage is twice that of sawtooth (swe~p) voltage. To 
, rve more ·than one cycle of the input voltage, the sweep voltage frequency has to be a submultiple of 
mput voltage frequency. ·· . 

9. Measure~ent of Voltages and Currents. The expression for electrostatic ·deflection, . given in 
Eqn. 21.16; shows that the deflection is proportional to the defleCtion-plate voltage. Thus the cathode-ray 
tube will measure voltage. It is usual to calibrate the tube under the given operating conditions by observing 
the deflection produced by a known voltage. Direct voltages may be obtaine~ from the static deflection of 
the spot, alternating voltages from the length of the line produced when the voltage is applied to Y plates 
while no voltage is applied to X plates. The length of this line corresponds to the peak-to-peak voltage. When 
dealing with sinusoidal voltages, the rms value is given by dividing the peak-to-peak voltage by 2~2. 

Laboratory oscillographs frequently incorporate voltage-measurement facilities by including constant­
. gain: amplifiers and calibrated shift controls. The Y-sbift control is adjusted so that positive. peak of the test 
voltage coincides with some datum line on the screen ; the shift control is then operated until the negative 
peak coincides with the datum. The movement of the control is arranged to read directly the peak-to-peak 

ltage. The value of a current can be obtained by measuring the voltage drop across a known resistance 
onnected .iri the circuit. 

.20. Measurement of Phase and Frequency (Lissajous Patterns). It is interesting to consider the 
characteristi~ of patterns that appear on the screen of a CR T ~when sinusoidal veltages are simultaneously 
appliedto horizontal and vertical plates. These patterns are called 'Lissajous Patterns'. 

When two sinusoidal voltages of equal frequency which are in pha~e with each other are applied to 
the horizontal and vertical deflection plates, the pattern appearing on the screen is a straight line as is clear 
frt)lll ' Fig. 21.30. 

Thus wben two equal voltages of equal frequency but .with 90° phase displacement are applied to a 
CRO, the trace on the screen is a circle. This is shown in Fig. 21.31. 

'/ 
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dQ dH 
Q =2.5. H 

dQ = ± 2.5 x 0.2506 x 0.01/0.5 = ± 0.0153 m3/s. 
Hence, the discharge can be written as 0.2506 ± 0.0153 m3/s. 

• .6. Transducers. An electronic instrumentation system consists of a number of components to perfonn 
measurement and record its results. As explained earlier a generalized measurement system consists of 

major components. 
(l) an input device, 

(iz) a signal conditioning or ·processing_,device, 
(iii) an output device. 

The input device receives the measurand or the quantity under ineasurement and ·oelivers a proportional 
~alogous electrical signal to the signal conditioning device. Here the -signal i~: amplified, attenuated, fiitered, 

modulated, or ot11erwise modified in ·fonnat acceptable · to the output device. 
TI1e input quantity for most insrumentation ·systems is a' 'non-electrical quantity". In order to use 

Jectrical. methods and techniques for measurement, manipulation or control, t11e non-electrical quantity is 
0 enerally converted into an electrical fonn by a device called a "trcmsducer'. We can define a transducer 
a8 a device which, when actuated transfonns energy from one fonn to another. 

TI1e broad definition of atransducerincludes, for example, devices which convert mechaniccd.force 
into an electrical signal. These devices fonn a very large and important group of transducers commonly . 
used in industrial instrumentation area:The instrumentation engineers and technologists are therefore primruily 
concemed wit11 this area of instrumentation. Many ot11er physica~ parameters such as heat, intensity of light, 
flow rate, liquid level, humidity . and pH value may also be converted into electrical form by means of 
transducers. These transducers provide an output signal when stimulated by a mechanical or a nmHnechrulical 

. r 

input : a photoconductor converts light intensity into change of resistance, a thennocouple converts heat 
energy into electrical voltage, a force produces a change of resis~ce in a strain gauge, an acceleration produces 
a voltage in a piez~electrical crystal and so on. In all cases, however, the electrical output is measured by 
standard m~thods, · giving the magnitude of the input quantity in tenns of an analogous <.iutput. 
25.7. Ele~trk· Transducers. The art· of electrical measurements has been chiefly used for measurement of 
electrical quantities but its value in making measurements of non-electrical quantities in t11is new era of 
automation is rapidly growiri~ In order to measure non-electrical quantities a detector is used which usually 
converts the. physical qua'1tity-into a displacement. TI1is displacement actuates an electric transducer, which 
acting as aseoondary transducer, gives an output that is electrical in nature. The electrical quantity so produced 
is measured by standard methods used for electrical measurements. The result (electrical output) gives tlu! 
magni~ude -of~ the physical quantity or condition being measured. 

_,. ~~· ~~ciu signal may be a current or a voltage or a frequency and production of t11ese signals 
iS based·upou electriCal effects whiCh may be resistive, capacitive, inductive etc. in nature 

ne fmt stage of a measurement system may simply be called a transducer stage instead of detector 
transducer stage by redefming a tralisducer: A-transducer, in general fonn, may be detined as a device 
which converts energy from one form to another. However, this definition has to be restricted, many a time 
es~ially in the field of electrical instrumentation. Keeping this restriction in view, a transducer may 
be defined as a device which converts a physical quaritity or a physical condition into an electrical signal. 
Another name for a transducer is pick up. 

25.7.1. Advantages· of Electrical Tranducers ~ There are a number of transducers which transfonn 
a variety ofphysical quantities and phenomena into electrical signals. The reasons for transfonning a physical 
phenomenon into electrical forn\. are numerous. The advantages of C(lllveriing physical quru1tities into £malogous 
electrical quantities are : · 

•' 
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(i) Elecuical amplification and attenuation can be done ea.~ily and that too with static devices. 
(ii) The ma~s-inertia effects are minimized. In fact, when dealing with electrical or electronic signals, 

the inettia effects are due to electrons which have negligible mass. In many situations, we do not come across 
mass or inertia problems at all. , 

(iii) The effects of friction are minimized. 
(iv) The electrical or electronic systems can be controlled with a very sma11 power level. 
( v) The electrical output can be easily used, transmitted and processed for the purpose of measurement. 
(vi) Telemetry is used in almost all sophisticated measuren1ent systems. The entire aerospace research 

and development is based upon telemetry and remote control. The ever enlarging fiert1 of radio monitt'lring 
in space resedrch has left us with no altemative but to resort to electronic means. This completely eliminate:·, 
tlle data transmission iirrough mechanical means and hen~c electrical and electronic principles have to be 
employed for these conditions. The remote indication or recording is an essential part of modem day 
instrumentation technology. . 

(vii) There has been an ~xplosive development in the field of electronic components and devices. This 
develnnmr.nt is on accvunt of the fact that el~c:~C'TJ ic (lP.vkes arc ·, ery amenable to miniaturization. Components 
which are compact, have always an, advantage. JVIiniatu!ization on account of use of ICs (integrated Circuits) 
has completely revolutionised the field of instrumentation. 

In short, it can be said that the reasons for transfmming a physical phenomenon into electrical fonn 
is that the electrical output can be easily used;· transmitted and processed for the purposes of memmrement. 
Modern digital computers make the use of these transducers absolutely essential. 

When the definition of transducer is confined to ~device that covers the entire d-.tector transducer 
stage, wherein the u·ai1sducer convetts a non -electrical quantity into an analogous elecu·ical signal, the 
transducer may be tl10ught of consisting of two important and closely related parts. These two parts are : 

(i) Sensing Element, and (ii) Transduction Element. _ 
n1 addition t11ere may be many otl1er auxiliary parts, such as amplifiers and other signal processing 

equipment, power supplie~. calibrating and reference sources, ~d mechanical mounting· features. 
I. Sensing or Detector Elemfmt. A detector or a sensing element is tl1at part of a transducer which 

re~.ponds to a physical phenomenon or a chang~ in a physical phenomenon. The response of the ·sensing 
d ement must be closely related to the physical phenomenon .. 

2. Tranduction element. A transduction element transforms the output of a sensing element to an 
elecu·ical output. The transduction element~ in a way, acts as a secondary transducer . . 
25.8. Cla~sification of Transduc.ers. The transducers can be classified 

(i) on the basis of transduction form used, 
.. (i i.) as primary and secnndary u·ansducers, 
(iii) as passive and active u·ansducers, 
(iv) as analog and digj,tai· u·ansducers, 

and (v) as transducers and inverse u·ansducers. 
' ' 

25.8.1. Classification based upon Principle of Transduction. The transducP;rs. can be classitied_ on 
tl1e basis of principle of transduction as resistive, inductive, capacitive etc ~ depending ·upon how t11ey convert 
tl1e input quantity into resistc1rl!ce, inductc111ce or capacitance respectively. They cru1 be classified as piezoelectric, 
tlletmoelectric, magnetorestrictive, electrokinetic and optical. Table 25.2lists t11e classification of trru1sducers 
based upon pri11ciple of ·transduction. 

25.8.2. Primary and 'Secondary Transducers. Let us consider t11e case of a Bourdon's tube as shown 
in Fig. 25.26. The Bourd~n tube ncting as a primary detector senses the pressure and converts tl1e pressure 
into ~ displacement of its free end. The diSplacement of tl1e free end moves the core of a linear variable 
differential transformer, (L.V.D.T.) which produces an output voltage which is proportional to t11e movement 
of the core, which is prori~ortional to the disPlacement of tl1e free end which in tum is propot'tional to the 
pressure. Thus, tJ1ere are two stages of transdlllction, firstly the pressure is converted into a displacement 



-:::;- _ ~-\R Y SENSING ELEMENTS AND TRANSDUCERS 
1 
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~ Types of Electrical Transducers 
··--------------------~------------------------~------------------~ Electrical parameter and -

class of transducer 
Principle of Operation Typical applications 

1 '~----------------------~------------------------------~--------------------~ 

Resistance 
Potentiometer device / 

Resistance strain· gau~e 

Pirani gnuge or hot wire 
meter 

Resistance thetmometer 

Thennistor 

Resistance hygeometer 

Photoconductive cell 

Capacitance 
Variable capacitance 
pressure gauge 
Capacitor micropho~1e 

Dielectric gauge 

' Indu.ctance 
Magnetic circuit transducer 

Reluctance pick up 

Differential tranSfmmer 

Passive transducers (externally powered) 

Positioning of the slider by an 
external force varies the resistance in a 

·potentiometer or a bridge circuit. 
Resistance of a wire or 

semiconductor is chm1ged by elongation 
or compression due to extemally applied 
stress. 

Pressure, displacement. 

Force, torque~ 
displacement. 

Resistance of a heating element is Gas now, gas pressure. 
varied by convection cooling of a 
stream of gas. 
Res.ist~mce of pure metal wire with a Temperature, radiant heat 

l£l!ge positive temperature co-efficient 
of resistance varies with temperature. 

Resistance of certian metal oxides Temperature, now 
-with negative temperature coefficient of 
resistance varies with temperature. r 

. Resist£mce of a conductive strip chm1ges Relative humidity. 
with moisture content. 

Resistance of the cell as a circuit Photosensitive relay . 
element vru·ies with incedent light. 

Distance between two parallel plates 
is varied-by an externally applied force. 

Sound pressure varies the capacitance 
between a fixed plate and a movable 
diaphragm. 

Variation in. capacitm1ce by changes 
in the dielecuic or dielectric constant. 

-
Self-induct.:'Ulce or mutual induct£mce 

of a.c. excited coil is varied by changes 
in the magnetic circuit. 

Reluctm1ce of the magnetic circuits 
is vruied by chmlgi_ng the position of the 
iron core of coil. 

The differential voltage of two 
secondary windings of a trmtsformcr is , 
varied by positioning the magneti~ core 
through an extemally applied force. 

Displacement, pressure. 

. Speech, music, noise. 

Liquid level, thic_kness. 

Pressure, displacement. 

Pressure, displacement, 
vibrations, position. 

Pressure, force, 
displacement, position. 



Electrical parameter and 
class of transducer 

Eddy current gauge 

Magnetost:riction gauge 

Voltage and Current 
Hall erfect pickup 

Ionization chamber 

Photoemissive cell 

Photomultiplier tube 

_) 
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Principle of Operation Typical applications 

Inductance of a coil is varied by the Displacement, thickness. 
proximity of an eddy current plate. 

Magnetic properties are varied· by Force: pressure, sound. 
pressure and stress. 

A potential difference is generated 
across a semiconductor plate 
(germanium) when magnetic flux 
interacts with an applied current. 

Electron flow induced by ionization 
of gas due to , radio-active radiation. 

Electron emission due to incident 
radiation upon photoemissive surface. 

Secondary electron 'emission due to 
incident . radiation on photosensitive 
cathode. 

Magnetic flux, cmtent, 
power 

Particle counting, 
radiation. 
Light and radiation .. 

Light and radiation, 
photosensitive relays. 

I · 

Self-generatin~ transducers (n9 external power) . ' 
~---------------------r------------~-------------r~----~----------~ 

Thermocouple· and 
thermopile 

Moving coil generator 

Piezoelectric pickup 

Photovoltaic 

An emf is generated across · the 
junction of two dissimilar · metals ·or · 
semiconductors when that junction is 
heated . . 

Motion of a coil in a magnetic field 
generates a voltage. 

An emf is generated when an external 
force is applied to certain .crystalline 
materials, such as quartz. 

A voltage is generated in a 
semiconductor junction device when 

· radiant energy stimulates the cell. 

Temperature, heat flow, 
radiation. 

Velocity, vibrations. 

Sound, vibrations, 
acceleration, pressure 
changes:·· 
Light meter, solar celJ . 

by Botirdon tube ~en the -displacement, is con~erted into an analogous voltage, by L.V.D.T. The Bourdon 

tube is called a "Prim;.ry Transducer" while th~ L.V.D.T. is called a 'Se~()ndary Transducer' .. · 

Le.t us take the another example which is the case of measurement of a compressive force with the 

help of a load cell in conjunction with strain· gauges as shown in Fig .. 25.27. (Load tells and strain gauges · 

are explained later in this chapter). 

. The load cell is a short column or a strut with resistance wire strain gauges bonded to it. The measurand, ~ 

. in this case, is a force and is applied to the column tll~reby producmg strain. The force is first detected 

by· the column and is converted into strai~ which is a mechanical displacement. The higher the force, ·the 

. higher is the strain and thus the input signal (force) is converted into an analogous·output (strain) ~ This strain · . 

·changes the resistance of the strain gauges. Tiuis we have an output which is a change in the value ofresistanee 

i.e., electrical inform. Hence, in this case, it takes two processes to conv.ert an input into an analogous output. · 

The fm;t process involves conversion o(foree into mechanical displacement which is done by the column, 



Free end 

Cord · 

P ul\ey 

Core 

.. ~Pnmary 
Uwinding 

I 
Pressure 

Fig. 25.26. Measurement of pressure u_sing Bourdon tube an L.V.D.T. (Example of primary and Secondary 

.transducers). 

rbile the second process involves conversio!l of 
mechanical displacement into change of resistance which 
· done hy strain gauges. 

Thus we see that the force is detected by the colmrit~ 
in the--first stage and hence it is called a Primary · . 
Transducey·. The· output signal from the primary 
transducer is converted subsequently into a usable output 
by the strain gauges ·and therefore they are known as ' . . 
Secondary Transduce1·s. 

In most of measurement syst~ms, there is a suitable 
working combination wherein a ~echanical device acts 
as a primary detector transducer and the_ electrical 
device acts as the secondary transducer with mechanical 
displacement serving as the intermediate signal. 

25.8.3. Passive and Active Transducers. 

Strain 
gauges 

\ 

\ 

~Force 

Force 

Load 
celt 

Transducers may be classified according to whether they Fig. 25.27. Force measurement with load cell and 

are passive or active strain gauges. 

1. Passive Transducers. Passive transducers derive the power required for transduqion from an auxiliary 
power source. They also derive part of t11e power required for conversion f~om the physical quantity under 
measurement. They are aiso known as "externally powered transducers" Typical examples of passive 
transducers are resistive, inductive and capacitive transducers. 

A typical example of a passive transducer is a 'POT' which is us~d for measurement of displacement. · 
A 'POT' is a resistive transducer powered by a source voltage e; as shown in Fig. 25.28. This 'POT' is 
used for measurement of linear displacement X;. 

or 

Suppose Lis tl1e total length of potentiometer whose total resistance Rc. The input displacement is xi. 

:. Output voltage 
X· 

.eo= L e; 

X;= ( :~ ) L 



... L 
eL Rt 

'-. 

Wiper 

fxi 
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In the. .absence of external power, the transduc.er .· 
cmmot work m1d it hence is called a passive transdllcer. 

2. Active TI·ansducei·s. Active transducers are .. 
those which do not require an auxili<u·y power source 
to produce theii· output. They m·e also known ali ,\~e~f 
generating type since U1ey develop their own voltage · 
or current output. The energy required for production 
of output signal is obtained from the physical quantity 
being measured. 

Fig; 25.28. Linear potentiometer (POT), a passive transducer. 

used for mealiw·emcnt of acceleration as 

Velocity, tempcratw-e, light inten~ity m1d force 
Cllil be transduced with the help of active transducers. 
These transducers include tachogenerat.<.)rs, 
thermocouples, photovoltaic cells and piezoelectric 
ctystals. Consider U1e case of a piezoelecu·ic 1.. .. vstc:tl 

shown in Fig. 25.29. The crystal is 
sandwiched between two metallic 
electrodes; and the entire sandwich is 
fastened to a b<)Se which may be tJ1c floor 
of a rocket. A fixed mass is placed on the 
top of the sandwich. 

The property of the piezo-electric 
c1ystals is that wheri a force-is ·applied to 
them, they produ~e m1 output voltage; Th~ 
mass exerts a certain force on account of 
acceleration on the crystal due to which a 
voltage is generated. The acceleration is 
applied to the base, due to which the mass 
produces a force. The mass being fixed, the 

Moss 

Metallic 
electro des',_JIII•C•r•y•st•a•l •-=::;-~ 

1 ease 1 
rrr.r/, .· .. . ,,.- /"', /// , / 

Direction of 
acceleroti on 

Output · 
vo ltoge 

force is · proportional to acceleration. Fig. 25.29. Piezo-electric crystralmeasuring acceleration-an active tramducer. 

The voltage output is proportional force and hence is proportional to acceleration (the mass being fixed). 

It should be noted from above U1at this trm1sducer called "accelerometer".which converts acceleration 
into elect.Iical voltage does not need any auxiliruy power sow·ce to convett a physical phenomenon (acceleration 
in this case) to an electrical output (voltage in U1is case) m1d therefore is m1 active transducer. 

25.8.4. Analog and Digital Transducers. The transducers can be classified on the basis of the output 
which may a continuous function of time or the output may be in discrete steps. 

1. Analog Transducers. These· trm1sducers conw!·t ~ !:e input qmmtity into an analog . output which 
is a continuous function of !ime. Thus a strain gauge, an L.V.D:T., a thermocouple or a thermistor may be 
called a~ "Analog Transducers" as U1ey give an output which is a continuous function of Lime. 

2. Digital Transducers. These transducers convert. the input qumltity into an eJectrical output· which 
is in the fon~ of pulses. 

As tl1c bimu·y system uses only two symbols 0 ~md 1 it can be easily represented by opaque m1d 
transparent areas on a glass scale or non-conducting ~md conducting areas on a metal scale. A scale tonsu·ucted 
to show the linear position on a movable object ~md having five . digits is shown in Fig. 25.30. The complete . 
hinary numher denoting positiori is obtained by sccuming U1e pattem across U1e scale at a stationm-y index mark. 



PRIMARY SENSING ELEMENTS AND TRANSDUCERS 

Glass. scales c~m be read optically hy means 
of a light somce, an oplical system mH.l 
photocells. Metal scales are scmmed by bmshes 
making elecu·ical contact. with ind!vidual tracks. 

The resolution depends upon the digits 
comprising the binary number and is 1 12n of full 
scale where n is the number of digits. 

941 

25.8.5. Transducet·s and Inverse Fig. 25.30. 5-digit scale for digllal indication ot: linear positi(llt of a 

Trai1sd\tcers. There is a strong association of movable obje~:t. 

control with measurement. The basi.c requirement for control of physical quantities such as position. speed. 
temperature, pressure ~mel 11ow rate in an indusu·ial plmlt is the ability to measure these quantities. The control 
action is only possible if the physical4um1tity can be measured. For exmnple, in a position control system 
callt,:d "servomechanism", it is desired to control the position of a shaft. This requires an ·accurate method 
for measurement of tlleshaft positiOI1 in order that its position be accw·ately controlled. Funher. if it is desired 
that the shaft be accelerated in a conu·olled manner, then the position measuring device must be able to 
measure( shaft pgsition for rapid changes i.e. the device must have a fast dynamic response. 

Fig. 25.31 shows the block diagnun or closed loop controlsystcm. The controlled (output) quantity 
is .usually a non electrical quantity. The contt'ol action is through an input quantity tl1at conesponds to the 
desired output (non electrical qumltity). The input. quantity called reference input is usually an ele~trical 
quantity. The controlled quantity is measured and converted into an analc>gous qu<intity hy ti·ansducers which 
form the t·eedback l<.)op. The loop input quantity (elecu:ical in nature) is cnmpmed witl1 the electrical quantity 
proportinal to the output in a comparator. In case, the two m·e not equal an error sigi1al is produced. This 
eiTOf signal is amplified and applied to ~Ul act.twtor in the forward path, which corrects the output quantity . 
tm tl1e output qumn.ity reaches tl;e desired level. 

. ._ erJgfnt :- -F- - -f -- -d 1 f -----J 
r( t) ... ~)'\ . 1 eed or war 1.., _ 1 Actuator __,_...,. c (t) - ---.-'~r- -- _...., · network 1 ~ 

R~~ereoc.)e' i' :._ ~~~~l~f~=~)_j L ___ _ Contra lied 
(toP ut 1 q.u{)ntity · 
e tectrjc.o 1 1 (non-electric at) 

· 1 r-----: 
1 , Measur rng 
L-- - - -' in·strumeni 

1 or transducer 
I. 
~ .. ------~-,_,. 

- · - - ~ - · Ele.drical units or ~ignnl~ 

_ _ . _ M~·cha.nil'nl unit~ or signal.~ 

Fig. 25.31. Feedback control systelll for control of not~-~.~k·ctriL:al IJllantit i.·~ . 

1. Traat~ducers. A u·ansducer can be broaJiy de tined m; a device which converts a non-dertrka.l quantity 
into an electrical quantity. 

2. Inverse Transducet·s. An inverse transducer is detlncd as a device whkh cmtvcrts an eb.:triral 
. I 

qmmtit.y into a non-elecu·ical quantity . It is a precision actuator which has an electtiral input and a low power 
non-elecu·ical output. A piezoelecu·ic cry sial acts as ;m inverse wmsducer because when a voltage is appl icd 
across its surfaces, it changes its dimensions causing a mechanical displacement. 

A current cruTyinq coil nioving in a magnetic field is also an inverse transdun:r because cum.:nt C:IITied 
by it is converted into a force which causes tr<U1S<(tional or rotational diapkcm~:nt. Many data indicating 
and recording devices are inverse transducers. An analog ammeter or voltmeter converts mn·~:nt into mechanir:tl 
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Solut'ion. The v~ue of resistance in case tl1e temperature i, not to exceed 150°C can be calcul~ted 
a under. -

. R1so = 10 [1 + 0.00393 (150 - 20)] 
= 15.11 n. 

Example 25.25. A temperature alann unit with a time constant of 120s is subj ected to a sudden riSe '. 
of temperature of sooc because of fu·e. If an increase of 30°C is required to ac tuate the alarm, what will 
be the delay in sudden temperature increase ? 

Solution. Assume tl1e termometer be a frrst order system, the variation of indicated temperature 8, 
to a step input temperature eo is, 

or 

8 = 80 [1 - exp (- t/'t)] 
30 = 50 [1 - exp ("'- t/120)] 

t::::: 110 s. 
The alarm would be delayed by 110 s. 
25.20. Thermistors : Thennistor is a contraction of a term "thermal resistors". Thermistors are -

generally composed of semi-conductor materials. Althou'gh positive temperature co-efficient of units (which · 
exl1ibit an increase in tl1e value of resistance with increase in temperature) are available, most thermistors 
have a negative coefficient of temperature resistance i.e. their resistance decreases witl1 increase of temperature. · 
The negative temperature coefficient of resistance cru~ be as large as several percent per degree celcius. This 
allows U1e tl1ennistor circuits to detect very small changes in temperature which could not be observed witl1 
an RID or a thennocouple .' In some cases tl1e resistance of thennistor at room temperature may decrease ~ 

as much as 5 percent for each 1 oc rise in temperature. This high sensitivity to temperature changes makes 
U1ermistors extremely useful for precision temperature measurements control and compensation. 

Thermistors are widely used in applications which involve measurements in--the i·ange of- 60°C to 
I 

l5°C. The resistance of Ulermistors·ranges from 0.5 Q to 0.75 MQ. Thennistof is a highly sensitive device. 
The price to be paid off for tl1e high sensitivity is in tenns of linearity. The thennj__stor exhibits a highly 
non linear characteristic of resistance versus temperature. 

25.20.1 Construction of Thermistors. Thermistors are composed of sintered mixture of metailic oxides 
such as manganese, nickel, cobalt1 copper, iron and uranium. They are available in variety of sizes and shapes. 
The thermistors may be in tl1e fmm o·f beads, rods and discs. Some of the commercial forms me shown 
in Fig. 25.65. 

(a)' Bead 

(c) Disc 

Glass coated 
bead 

(b)Probc 

(d) Rod 

Fig, 25.65. Different forms of construction of thermistors. 
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_/ A thermistor in the fonn of a bead is smallest in size and the bead_ may have a diametei" of 0.01 5, 
nun td 1.25 mm. Beads may be sealed in the tips of solid glass rods to form probes which may be easier 
to mount timn ti1e beads. Glass probes have a diameter of abo~t 2.5 mm and a length which varies from 
6 mm to 50 mm. Discs are made by pressing material under high pressure into cylindrical flat shapes with 

' diameters ranging from 2.5 riun to 25 mm. 
25.20.2. Resistance-Temperature Characteristics of Thermistors. TI1e mathematical expression for 

ti1e relationship between tl1e resistance of a thennistor and absolute temperature of thennistor is : 
-,- -

Ri1 = Rn exp [ ~ ( i, -A ) ] ... (25.76) 

'- where · Rn ·= resistance of the thermistor at absolute temperature 
T! ; 0 k, 

Rn .= resistance of tl1e thermistor at absolute temperature 
T2; ok 

and ~ = a constant depending upon the material of thermistor, 
typically 3500 to 4500 °k 

The resistance temperature characteristics 
of a typical t11ennistor are given in Fig. 25.66. 10 ~ 
TI1e resistance temperature characteristics of Fig . . 
25.66 show that a thermistor has a very high 

' negative temperature co-effici ent of resistance, 
making it an ideal tem-perature ~ransducer. 

Fig . 25.66 also shows the resistance­
temperature characteristics of platinum which is 
a . commonly used material for resistance 
thennometers. Let us compare tl1e characteristics 
of the two materials.' Between -1 oooc and 
400°C, the thennistor changes its resistivity from 
105 to 1o-2 Qm, a factor of 107, while platinum 
changes its resistivity by a factor of about 10 . 
within the same temperature range. This explains 
the high sensitivity of thermistors for 
measurement of temperature. 
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The characteristics of t11ennistors are no 
doubt non-linear but a linear approximation of 

10 
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Temperature oe the resistance-temperature curve can be obtained 
over a small range of temperatures. Thus, for a Fig. 25.66. Resistance:temperatute characteri stics of a typical thermistor 

and platinum. 

limited range of temperature, the resistance of a thennistor varies as given by Eqn. 25.77. 
Re = R80 [1 + ~0 ~8] ... (25.77) . 

A thennistor exhibits a negative resis\£lnce temperature co-efficient which is typically about 0.05/°C. 
An individual thennistor curve can be: tlosely approximated ,through tl1e Steinhart-Hart equation : 

1 . , R)3 T -=-A.± lUPge R + C (loge · .. . (25.78) 

· where T = temperature ; 0 k, 
R = resistance of thermistor ; n, 

\ . . 
A B, C = curve fitting constants. 
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A, Band Care found by selecting three data points on the published data curve and solving the ~uee 
simultaneous equations. When the data points are chosen to span no more than 100°C \ ithin the nominal 
centre of thermistors temperature range, this equation approaches a remarkable ± 0.2°C cur e fir. 

· A simpler equatlori is : 

' T = loo ~~A - C ... (25.79) 
oe 

where A, Band Care found by selecting three (R, T) data points and solving three resul tant simul wneous 
equations. Eqn. 25.79 must be applied over a narrower temperature range in order to approach the accuracy 
achieved by Steinhart-Hart Equation ~ - Another, relationship that can be conveniently used for resistance-
temperature curve of, thermistors is : · · 

Rr = aR0 exp (biT) ... (25.80) 
where, Rr.Ro = resistance of thermistor at t.empyrature r'k and ice point 

respectively. i 

25.20.3. Voltage-Current and Current-Time CharacteristicS of Thermistors. Three impoitant 
characteristics of thennistor make them extremely useful in measurement and control applications. These m·e : 

(i) the resistance-temperature characteristics, 
(ii) the voltage current characteristics. 
(iii) the current-time characteristics. 
1. Resistance Temperature Characteristics. The resistance-temperature characteristics have already 

been described in Art. 25.20.2. The other two characteristics are described below: 
-- _ l. '\' oltage - Current Characteristics:-" rhese chaiacrefisucs are sh;wn i~1 Fii,l5.67. Fig. 25.67 shows 

Resistance (n) 
that the voltage drop across a thennistor increases with 
increasing current until is reaches a peak value beyond 
which the voltage drop decreases as the current 
increases. In tl)is portion of the curve, the t11ennistor 
exhibits a negative resistance characteristic. If a very 
small voltage is applied to t11e .thermistor, the resulting · t 
small current does not produce sufficient heat to raise 1 0 I--_,.'-*'., 
the temperature of the thetmistor above ambient. Under >. 
tl1is condition, Ohm's law is followed and the current • 

0\ 
is proportional to the ~pplied voltage. Larger currents, ~ · 1 ~:......._~~-~~-~=---:-'""" 
at larger applied voltages, produce enough heat to raise · 0 
the · thermistor temperature ·above the ambient > 
temperature and its resistance then decreases. As a 
re~ult, more current is then drawn and the resistance 
decreases furtller. The current continues to increase 

10-~ ,o-s 10 ""4 -" 

cu rrent, A _.. 
until. the heat dissipation of the thermistor equals the Fig. 25.67. Voltage-currents characteristics of thermistors. 

power supplied to it. Therefore, under any fixed ambient conditions, the resistance of a t11ermistor is largely 
. a function of the power being dissipated within itself, provided that there is enough power available to raise 

its temperature.above ambient. Under such operating conditions, the temperature· of the thennistor may rise 
100°C or 200°C and its resisum~e may drop to one-thousandth of its value at low current. 

This characteristic of se(f-heat provides an entirely ne~ of use~ for the thefllliStor. In the self-heat 
state, the thermistor is sensitive to anything that chariges "tlle rate at whiCh heat is conduced away from it. 

. I 

It can so be used to measure flow, pressure, liquid leyel, composition of gases, et . _If, on the other hand, 
the rate of heat removal is ftxed; then the th.!!rmistor is sen~itive to power input and can be used for volfllge 
Or pOWer-leVel COntrOl. \ - _. I 
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3. Current Time Characteristics. The cuiTent-time characteiistics shown in Fig. 25.68 indicate the 
time delay to reach maximum cuiTer.t as a 
function of the applied voltage. When the heating 
effect just desciibed occurs in a thennistor 
network, a certain finite time is required for tl1e 
thennistor to heat and the cmTent to build up to 
a maximum steady-state value. This time, 
although fixed for a given set of circuit 
parametei~s. may easily be varied by changing tl1e 
applied voltage or tl1e series resistance of tl1e 

50 

t 40 
ex: 
E_ 30 -~ 
~ 20 

EJaov 
v 

L 

IL // 
....... 

--!!J '; "" 
~ ~ / 

70 
-60 

50 
40 

/ 30 

v ~ 

-1-----
circuit. This time~cmTent effect provides a simple 0 1 2 3 4 5 6 7 8 9 
and accurate means o achieving time delays T j me·J s ~ 
from milliseconds many minutes. Fig. 25.68. Current time __ characteristics of thermistors. 

25.20.4. A lications of Therrilistors. Altl10ugh m~jor applications of tl1ermistors ate meao;;urement 
and control f mperature, they may be used for a number of o~er applications. The various applications 
of thennis or are : 

1. surement of Temperature : A thermistor produces a large change of resislc:'lnce with a small 
ch< 1ge · he temperature being measured. This large sensitivity of thennistor provides good accuracy and 
reso ion. A typical industrial-type tl1ermistor witl1 a 2000 .Q resislc:'lnce at 25°C and a resistance temperature 
co-efficient of 3.9 percent per oc exl1ibits a change of 78 .Q per degree oc change is temperature. When 
tl1is the1mistor is connected in a simple series circuit consisting of a battery and micro-ammeter as shown 
in Fig. 25.69, any change in temperature causes a change in tl1e resistance of t11ermistor and conesponding 
change in the circuit cunent. The micro-ammeter may be directly calibrated in terms of temperature. The 
micro-ammeter may be able to give a resolution of 0.1 oc: -

Battery 
E 

l Thermtstor 

4 Micro-ammeter 
r coltbroted · in 

terms of temp. 

Fig. 25.69. Simple series circuit for measurement of temperature using a thermistor. 

5V C1 c 

\ 

Ambient . 
compensotton 

10kfi ·,f des"trect 
---·, 

I 

4kil 

Fig. 25.70. Measurement of tempeni'ture using a :i1ermistor and a bridge circuit for getting higher sensitivities. 

\ 
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The use of a bridge circuit as shown in Fig. 25.70 g:ves higher en iti itie . The 4 kQ thennistor used 
will readily indicate as small changes as 0.005°C in temperature. 

The high sensitivity together with high thermistor resistance which may about 100 ld1, makes t11e 
thermistor ideal for remote measurement or control, as the changes in contact or transmi ion line resistances 
due to change in the ambient temperature have almost a negligible effect on the accuracy of measurement 
or control. For example a 150m long transmission line made of copper when subjected to change of 25°C 
will affect the accuracy of measurement or control by approximately 0.05°C. 

3. C~ntrol of Temperature. A simple temperature control circuit may be constructed by replacing 
the micro-ammeter shown in the typical thermistor temperatue control circuit of 25.70 with a relay. This 
is shown in tl1e typical thermistor temper-ature control circuit of Fig. 25.71. It uses a 4 kQ thennistor connected 
in an a.c. excited bridge. The unbalance voltage is fed to an a.c. amplifier whose output excites a relay coil. 
The relay contacts are used to control the cuiTent in the circuit which generates the heat.. These circuits can 
be controlled to a precision of 0.00005°C. 

Thermistor control systems are inherently sensitive, stable and fast acting and require relatively simple 
circuitry. The voltage output of the standard bridge circuit at 25°C is about 18 mV/°C using a 4 kQ tJreimistor 
in the configuration of Fig. 25.70. 

- 4. Temperature Compensation. Because thermistors have a negative temperature coefficient of 
resistance-opposite to the positive c~fficient of most electrical conductors and semiconductors-they are 

10 kil 

5V 

4kn 

Fig. 25.71. Typical thermistor temperature control circuit 

10 k.Q 

Thermistor 
4kfl 

widely used to compensate for the effects of temperature on bOtll component and circuit performcmce. Disk­
type thermistors are used for this purpose where t11e maximum temperature does not exceed 125°C. A properly 
elected thermistor, mounted against or near a circuit element, such as a copper meter coil, and experiencing 

the same ambient temperature changes, can be connected in such a way tl1at the total circuit resistcmce is 
constant over a wide range of temreratures. This is shown in the curves of Fig. 25.72, which illustrates the 
effect of a cqmpensation network. 

The compensator consists of a thermistor, shunted by a resistor. The negative temperature coefficient 
of this combination equals the positive coefficient of the copper coil. The coil r~sistance of 5,000 n at 25°C, 
varies from approximately 4,500 nat ooc to 5,700 Q at 60°C, representing a change of about ± 12 per 
cent. With a single thermistor compensation network, this variation is reduced to about ± 15 n or ± ~ per 
cent. Witl1 double or triple compensation networks, variations can be reduced even further. 
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(ii) Resistance of thennistor at 25°C = 10,000 n. 

:. Frequency of oscilla · ns = ----
1
---- Hz= 31.83 kHz. 

21t X 7500 X 500 X J0-12 

(iii) Resistance of ennistot at 30°C = 10,000 [1 - 0.05 (30 - 25)] = 7500 n. 

oscillations = 
1 

Hz = 42.44 kHz. 
21t X 5700 X 500 X JQ-12 

25.21. Ther oc uples. The operation of the~ocouples has been e-xplained in Chapter 9 (see page 340). 
The emf od ced in a thennocouple circuit is given by : 

E::; a (~9) + b (~9)2 (Eqn. 9)1 or page -340) 
= difference in temperature betwen the hot thennocouple junction and the reference 

junction of the thennocouple ; °C, 
and a, b ·= constants. 
a is usually very large as compared with b and therefore emf thennocouple is £::::.a (~9) or ~9:::::.£/a. 

In a thetmocouple temperature measuring circuit, the emf set up is m_easured by sending a current 
thiough a moving coil instrument, the deflection being directly proportional to.the emf. Since emf is a function 
of temperature difference ~9, the instrument can be calibrated to read the temperature. The emf may also 
be measured by a potentiometer. 

Fig. 25.74 shows a typical circuit of an iron constantan theinocouple. 
Since the thenno-electric emf depends upon the difference in temperature between the hot junction 

and the reference junction, the temperature of the latter should remain absolutely constant in order that the 
c4Jibration holds good and there are no errors on account of ch~nge in ambient temperature. The temperature 
of the reference junction is controlled for this purpose·: The.-t:eference junction temperature is usually 0°C. 
Thermo,::ouple~ are used for measurement of temperature up to 14t)ooc: The common types of thennocouples 
are given in Table 25.7 together with useful temperature range. It should be mentioned here that the combination 
of metals be so chosen that a rise in temperature should always produce a linear rise in emf i.e. the value . 
of 'b' (Eqn._ 9.71) should be negligible. 

Iron 

Constantan 

Thermo couple 

tron lead 

Constantan 
\ead t 

c 
_, 

Copper 
lead 

c1 

Tern p. co ntro\led 
·_junction box 

Fig. 25; . Measurement of temperature with thermocouple. 

1 
Moving coil 
mstrument 

The emf of many thennocouples follows the quadratic relationship given by Eqn. 9.71. Fig. 25.75 shows 
curves for several combinations of metals, when one of the junctions, reference junction, . is kept at a 
temperature ooc ·and the temperature of the other junction, the detecting junction, is the variable temperature 
(i.e. the temperature to be measured). 

arnab
Text Box
THERMOCOUPLE
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It sbould be bome in mind that thennocouples are active transducer unlike R TD and t11ennistors 
·hicb are passive transducers. 

60~~--~~--.--.~~-.--.--,---r-. 

Positive 
Wire 

Negative 
wire 

Temperature 
range (°C) 

Spot maxi-
mum (°C) 

Charac-
teristics 

f 
501--~--~~r-~~--~ 

40 f-· -+---+ 

Base-metal -couples 

Copper Iron Chrome[ 90% Clzrom.el 
Cr. 10% Ni 

Constnfltan Constantan Alumel 94% Constantnn 
40% Ni, 60% Ni, 2% AI, 
Cu approx. + Si w1d Mn 

-250 - 200 -200 to, - 200 to 
to + 400 to + 850 + 11 00 + 850 

500 1100 1300 1100 

Resisl'l Low cost. Resistant to Suitable for 
oxidising and Corrodes in oxidising but oxidising but 
reducing the presence not to not for 

. atmospheres of moisture reducing reducing 
up to 350°C. oxygen, and atmosphere. atmospheres, 
Requires sulphur- Susceptible to carbon-
protection bearing gases. attack by bearing gases 
from acid Suitable for carbon- and cyanide 
fumes. reducing bearing gases fumes. High 

atmospheres. sulphur, and emf. 
cyanide 
fumes. . 

Rare metal couples 

Platillum 90% Tw1gsten 95% Rhodium -

rhodium 10% ·rhenium 5% iridium 

Platinum · Tungsten 72% iridium 
rhenium 26% 

0 to+ 1400 0 to + 2600 Oto+ 2100 

1650 

Low emf. For use in Similar to 
· Good non-oxidising platinium 

resistance to atmospheres rhodium-
oxidisjng onl y. The 5% platinum. 
atmospheres, rhen.i um arm 
poor with is brittle at -. 
reducing room -
atmospheres. temperatures. 
Calibration is 
affected by 
metallic 
vapours. and 

\ 

contact with 
metallic 
oxides. 
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resulted from a temperature difference equal to the amount by which the reference junction is above 
0 C. (This is because the thermocouples are calibrated with temperature of reference junction as 0°C). · 

Now Er = Er + E0 where Er is the total emf at temperature T, Er is the emf on account of temperature 
· erence between detecting (hot) and the reference junction and E0 is the emf due to temperature of the 

reference junction being above 0°C. Since, there exists a non-linear relationship between the emf and the 
temperature, it is important that temperatures are determined by the above process rather than converting 

emf to temperature and then adding it t~ ambient temperature. 
25.21.5. Lead Compensation. In many applications it is desirable to place the reference junction at 

a point far removed from the measurement junction. The connecting wires from the thennocouple head to 
tb meter are, therefore, very long and are usually not at the same temperature throughout their length. This 

uses errors, which can be avoided by using connecting wires made of the same material as the thennocouple 
, · es. The implementation of this arrangement may not be possible in many cases due to cost and other 
onsideration. Under ti1ese circumstances, materials are chosen such timt the relationship· between emf and 

t mperature is the same or almost tile same as that for thermocouple wires, These wires ti1en called 
Compensating Leads. 

25.21.6. Advantages and Disadvantages of Thermocouples 
Advantages. 1. Thermocouples are cheaper than the resistance ti1ennometers. 
2. Thermocouples. follow the temperature changes with a small time lag and as such are suitable for 

recording comparativ0ly rapid changes in temperature. 
Thermocouples are very convenient for measuring the temperature at one particular point in a piece 

of apparatus. 
Disadvantages. 1. They have a lower accuracy and hence they cannot be used for precision work. 
2. To ensure long life of thermocouples in their operating environments. they should be protected in 

an open or closed-end metal protecting tube or well. To prevent contaminati6n of ti1e thetmo-couple, when 
precious metals like platimum ·or its alloys are being used, ihe protecting tube has to be made chemically 
inert and lvacuum tight. . . · 

3. The thermocouple is placed remote from measuring devices. Connections are thus made by means 
·of wires called extension wires. Maximum accuracy of measurement is assured only when compensating 

. I 

wires are of the same material as the thermocouple wires. The circuitry is, tl~us, very complex. 
Example 25.30. Calculate the t11ermoelectric sensitivity of a device using bismuth and tellurium as 

the dissimilar metals. Estimate the maximum output voltage for a 100°C temperature difference at room 
temperature using one junction. The sensitivity of bismith is - 72 Jl V /°C and that of tellurium is 500 Jl V JDC. 

Solution. Sensitivity of thermocouple= 500- (- 72) = 572 JlV/°C . 
:. Voltt:tge output for a temperature difference of 100°C = 572 x 1Q-6 x 100 = 57.2 mV. 
Example 25.31. A chromel-alumel hot junction is connected to a potentiometer. This is at a temperature · 

I 

of209C and gives a: reading of27.07"mV. Determine the measured temperature assuming the tliermocouple 
to conform to the values given in Fig. 25.75 which .are based on reference junction at 0°C. The emf 
corresponding to a temperature of 20°C is 0.8 mV. Consult curves given in Fig. 25 .74. 

Soiution. The measured emf is t11e algebraic sum of emfs at the hot and reference junctions . 
. :. Required emf is Er = Er + E0 = 27.07 + 0.8 = 27.87 mV. 
Corresponding to this emf the temperature is 620°C . . 
Example 25.32. A thermocouple circuit uses achromel-a1umel thermocouple which gives an emf of 

33.3 V when measuring a temperature of 800°C with reference temperature 0°C. The resistance of the m~ter 
coil, Rm is 50 nand a current of 0.1 rnA gives full scale deflection. The resistance of junctions and leads, 
Re, is 12 n. Calculate : 

(a) Resistance of the series resistance if a temperature of 800°C is to give full scale deflection. 
(b) the approximate error d* to rise of 1· n in Re. 

. I 

arnab
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(c) the approximate error due to a rise of HrC in th.e copper coil of the meter. The resistance temperature 
co-efficient of coil is 0.00426/°C. 

Solution. (a) Emf E = i (R111 + R{ + Re) or 33.3 x I0-3 = 0.1 x I0-3 (50+ Rs + 12) 
or series r~sistance Rs = 271 n. . . 
(b) C . 33.3 X I0-

3 
. = 0.0997 rnA. urrent in the circuit with increased reststance = (50 + 271 + 1 + 12) . 

A . . 0.0997 - 0.1 800 2 4oc :. pproxtmate error m temperature= O.l x =- . . 

(c) Change in resistance of coil with a temperature increase oC10°C =50 x 0.00426 x 10 = 2.13 n. 

C . th . . 'th . . . f il 3333 x IQ-
3 

A 0 09936 A . urrent m e ctrcmt __ wt mcrease reststance o co = 50 + 2.13 + 271 + 12 = . IIi · 

A 
. . 0.09936- 0.1 

800
· 

5 12
oc 

:. pproxtmate error m temperature = O.l x = - . . . 

Example 25.33. The simple potentiometer circuit of Fig. 25.80 is to work from a platinum/platinum 
rhodium 10 per cent thermocouple and have a measuring range of 900°C - 1200°C. 

· The scale readings are to be correct for a reference -· 
junction temperature of 20°C. The ·slide wire resistance 
is 2.5 n and the circuit is standardized to give 1.08V 
between A and B. Find the values of resistance R1 and R2• 

Data from thermocouple tables for platinum/platinum­
rhodium 10 per cent with ooc reference junction 
temperature is : . 

emf for 20°C = 0.112 mV, 
emf for - 900°C = 8.446 m V, 
emf for 1200 o = 11.946 mV. 
Solution. The resultant emfs at the detecting 

.i unction temperature of el attd reference junction 
temperature of e2 = 20 °C, are 

Fi&.l5.80. Diagram of Example 25.33. 

at 900 °C, £1 = 8.446- 0.112 = 8.334 rnA 
and at 1200°°C £2 = 11.946- 0.112 = 11.834 mV. 
With the same standardising current, the emfs are : 

Eac = R IiO~ R x R1 = 8.334 x I0-3 ... (i) 
1 + . + 2 

and Ead = R 
1i0~ R x (R1 '+ 2.5) = 11.834 x 1o-3 

.. . (ii) . 
1 + . + 2 

. . . .. . Rt + 2.5 Jl.834 R 5 95 n 
Dtvtdmg (u) by (t), we have R

1 
= S.3_?4 or 1 = · u 

Substituting the value of R1 in (i), we get R2 = 762.6 n. 
25.22. Integrated circuit Temperature Transducers. Each of the thr_ee temperature transducers 

described earlier, i.e. R TD, thermistors and thermocouple_s have ·some significant limitations. For example, 
thennocouples have a low outpu~ signal which varies non-linearly with temperature. Also they need some 
form of.reference compensation with regards to ice point, RIDs are more linear than thennocouples but 
the changes in U1eir resistance is very small even for large change in input temperatUres i.e. they have low 
sens~tivity. The U1ennistors have a large change in resistance with temperature and thus have a high sensitivity. 
However, they exhibit a highly non linear resistance-temperature characteristics. Their typical properties are 
shown in 25 :st .' · 
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Fig. 25.81. Properties of temperature transducers. 
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For each of these transducers, electronic compensation circuits have to be used in order to overc()me 
their shortcomings. Also, additional circuitry may be needed to increase their voltage or cunent outputs. 
Usually, this additional electronics circuitry L:'lk:es the fofm of monolithic integrated circu i t~. Thus, it requires _ 
to combine the temperature sensing element with signal conditioning electronics to produce single monolithic -~ 
integrated circuit package. 

Three integrated circuit (IC) package are described in this section. They are : 
(i) LM 335- it provides an output of 10 mV/0 k. 
(ii) LM 34 - it provides an output of 10 m V /0 F. 
(iii) AD 592 - it provides a cunent output of l ~N°k . 
1. LM 335 Series. The LM 335 is a temperatur__e sensitive zener diode, which when reverse biased 

into its breakdowp regiou, gives an output of : -

where 

v. = _!Q_ e .. T mV 

T = temperature ; 0 k 
e = temperature ; oc. 

... (25.81) 

The size of degree kelvin and degree celsius ru·e the same, and therefore there is 273" offset 
Hence Eqn. 25.81 can be wriue.n as : 

, ... Vz = 2.73 x 103 + 108 mY' 
'•, 

... (25.82) 
The three temperature ranges available are· listed in Table 25.8. Notice that none of these ranges come 

closer to the. temperature rang~ofthennocouples or RTDs. This is inherent in the silicon m9.t.erial of integrated 
circuit. 1 - -

- ~ Ta~le 25.8. LM/135/2 5/2335 Temperature Ran~es I 

Device Range (°C) ' Use J : 
' f ... 

LM 135 - .55 to+ 150 Defenl'£ 
LM 235 -45 to+ 125 Ind-usti1al 
LM 335 -45 to+ 100 · Commercial 
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