B.E.
Sixth Semester Examination-2010
Measurements & Instrumentation (ME-310-E)

Nale ; Atiempt any five questions. All questions carry equal marks.

(). 1. {a) Enlist functional elements of the Instruments. Give five examples of transducer
clements.

Ams, There 15 another way in which instruments or measu ement systems may be classified. This
classification 1s based upon the functions they perform. The three main functions are explained below

(i} Indicating Function : Instruments and systems use different kinds of methods for supplying
information concerning the variable gquantity under measurement. Most of the time this informanon 15
obtaincd as a deflection of a pointer nf a measuring instrument. In this way the instrument performs a
function which s commonly known as indicating function. For e g.. the deflection of pointer of a
speedometer indicates the speed of the automobile at that moment. A pressure gauge is vsed fur
mdicabing pressure.

{1i) Recording Function : In many cases the instruments makes a written record, usually on paper
ot the value of the quannty undes measurement arainst time or against some other variable, Thus, the
imstrement performs o recording function. For e g, a potenniometne type of recorder wsed for
monitonng temperarure récords the instanianenus values of temperature on a strip chart recorder.

{iii) Controlling Function : This 15 vne of the most important funclions especialiy o the held of
indusiiinl control processes. In this case, the informanon 1s used by the mstrument or the sysieny w
contiol the argmal measured gquantity.

Vhis. there are three mam proups of instruments, The largest group has the indicating function
Nestoin line 15 the group of instruments which have both indicating and or recording function, The last
croup fails into a special category and perfonns all the three Functions, Le . indicating. recording and
contralling

i tins test main emphasis is laid upon instruments whose functions are. mamly indicating anl
recording especially those instruments which are used for engineening analysis purposes. The contiul
fumetion will be analysed in those cases where controllimg enters as an integral part of the imdicating s
recording functions of mairymenis,

When the definition of transducer s confined to a device that covers the entive detector transdueer
stage wherein the transducer coverts a non-electrical guantity inwo an analogeus electnval sienal. the
mansducer may be thought of erpsisting of two important and closely related parts.

I hose 1w parls are !

(i} Sensing Element : A detector or sensing element 15 tnat part of a transducer which responds to
a phasical plenomenen or a change m a physical phenomenon. The response ol the sensing element must
he closely related o the physical phenomenon.

i) Vransduetion Element : A rransd ction element transform the output of a sensing element 1
an clectncal output. The transduction element 1 a way, acts as a secondary ransducer,
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The wransducer can be classified -

(1) O the basis of ransduction form used.

(113 As passive and dctive transducer,

(i) As primary and secondary ransducer.

). 1. {b) Explain various methods of calibrations,

Ans. Static Calibration ; All the sratuc performance characteristics are obtained 1n one form or
anuther by a process called static calibration. The cabibration of all instrument is important since it
affords the opportunity to check the mstrument agamst the known standard and subsequently to find
errars and accuracy Calibrabion procedures involve a comparison of the particilar instrument with
eithes i) @ primasy standard (1i) a secondary standard with 2 higher accuracy than the instraument *o be
calibrated o1 (1) an insiruiert of KNOWR alCuTdcy.

Acteally all working instruments i.c., those insiruments which are actually used for measurcrient
work instrumentis i tarn must be calibrated agammst instrument of still higher grade of accuracy, er
against primary standard or aganst other standards of known accuracy. It 1s essential that any
measurement made must sltimately be traceable 1o the relevant primary standards.

Error Calibration Curve : Error calibration means that an instrument has been celitrated ag ainst
a suitable standard and its static erron determined at a no. of pejnis on its scale. These data formian errar
cuive whuch can he used for correcting instrument readings. A tyorcal error curve 15 shomn fn fpnre,
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). 2. {a) Derive the expressicn for overall internal uncertainty in compound gquantities.

Ans, Kline & MeClimtock have preposed a methad hased npon probability and statistics which
anaivaes the data employing vncertainty distebution, They have defined the uncertainty distributiom 4s
the errar distrrbution the experrmenter believes would exist if the situation  rmits multissrmpling

Kline and McChntock suggests that a single sample result may be expressed in terms of a inean
value and an uncertamty interval based upon stated odds.

The 1esult may be written as follows
I=XN+wibto )
A = The value if only one reading is available on the arithmet'c mean of several reading

w = Lincerramry imierval
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b =0dds or the chance that the true value lies within the stated range, based um the apinion of
the experimenter,

The concept of uncertainty may be explained by the following example :

The results of temperature measurement may be expressed as

8=100C £ 1°C \

The means that there is an uncertainty of £19C in the result. In other words, the experimenter 15
starting in precise term the accuracy of results with which they have been made according to him. This
brings about another dimension in measurements and that is how far a further specification anses. As
mentioned earlier, Kline and McClintock proposed that the experimenter specify certain odd for the
uncertainty, The aforesaid results may be given as

B=100°C +1°C(Z, to 1)

Mow the results expressed in the above form become more specific in nature, This is hecause the
expernimenter 1s willing to bet Z; to 1 odds that temperature measurement which h,, has made are within
+19C of 100°C.

This approach 1s of a particular value is sefting up an experiment, especially when it involves
expenses in term of manpower, time and equipment. 1t provide essentials for establishing basis for
predetermin-d estimates of reliability of results through a study of propagation of uncertainty.

Propagation of Uncertainties : The uncertainty analysis in measurement when many variants are
mvolved 1s done on the same basis as 1% done for error analysis when the results are expressed as standard
deviation or prokable errors.

Suppose A s a function of several variables,
X=f[.ﬁ..l’:-..x:. ......... .-'.'".J
Where. x, . x5 ¥ x, are independent variable with same degree of odds.

Let w, be the resultant uncertainty amd w, .owe, W, o w, be the uncertaintics in the
independent varables v, xs, Xy ..., respectively, The uncertainty i result 15 given by

f 2 2

'[ aix a fax)s ax ;
Wil == | Wy H == g Hovinns e W

U,axl X 5 ax, "

(. 2. {b) Explain various considerations lor selection of instrumentation,

Ans. [he selection most appropriate instrument for a particular voltage measurement depends on
the performance required in the given situation. Some important consideration in selecting a vollmetey
a5 given below :

{i] Input Impedance : In order to avoid loading effects, the input resistance or impedance of the
valtmeter should be atlewst an order of magnitude higher than the impedance of the circuit under
reasurement. %

The input impedance of the voltmeter is a function of iuevitable shunt capacitance across the input
termuinals. The loading effect of the meter is particularly noticeable at the higher frequency, when the
input shunt capacitance greatly reduces the input impedance.
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In some application. a passive voltage deviation probe can be used ro reduce the input capacitance
21 the point of measurement at specific of perhaps 20db of sensitivity, With such a prebe measurcmicnts
can be easly made ai random point without disturbang the circuit under test,

(ii) Voltage Ranges : The voltaee ranges on the meter scale may be in 1-3-10 sequence with [0db
of separation or in the 1-5-5-15 sequence, or in a single scale calibrated in db. In any case the scale
division shouvld be compatible with the accuracy of instrument. For e ., a linear meter »with a 1 percent
iull scale accuracy should have 100 divisions on the 1 2V scale so that 1% can be eastlv resolved. An
mmstrument with an acenracy of 1% or less should afso Yave a mirror backzd scale to reduce parallax and
be fmproece gooaracy,

(i) Decibels - Tise of décibel scale can he ve oy effective in reasurements that sovar a wide rane s
o' vollag=s. A measurement ol *his kird is found for 2.g., in the frequency re<ponse curve of an amplifier
ora Mlee whete the output voltage is measured os a funcuon of fiequency of apphiad input volage.
Almost alf s olimeier with db scales are calibrated in db m. referenced to some particular impedance, The
a-db m retereace tor a H00-02 system is 0 7746V, For a 50-€2 system 1t is 0.2236V. In meny epplication
only a (-db reference is needed, In this case, 0dbV can be used for any impedancs sysiem ;

(iv) Sensitivity Versus Bandwidth ; Noise is a fanction of bandwidth. A volimeles with a broal
bandwitth will pick up and gen=rate mare ncise than one operating over a narr~w range of freguancies,
In ueneral, an instrument 2ath a band width of 10H2 w 10MIL: has 2 sensitivity of TV A velimerer
whose bandwidth extends onlv to 5 Milz could have a sensitivity of 100 pV.

iv) Battery Operation @ For fiefd work, 2 voltmeter povered by an internal battery 15 casential 1
an arca comlams troublesome groundlocys, ¢ battery powered instrument is preferred over a masss
powered voltmater to remove the ground paths.

(vi) A Current Measurement ; Current mzsore can e made by seasitive ac voltine e aad a
series resiztance. in the usual vase, howcer an ac curreni probe is used which enables the operator to
measure an ac current withowt disiurbimg the corcunt wuder test. The current pucbe simply clips around the
wire carryiny the unkoown current and in effect makes the wore = 52 han primary of s transfoner formed
by @ rerite core and many turn scceadary within the Yurrent probe body, The sicnal madvoos i the
sccondarvy winding in amplified and the output voltaze of the amplificr 15 applied to 4 svitabic a:
valtmerer for measurement, Normally the amplifies s designed sothat 14 i the wire beoag measured
produces tmY at the amplifier oatpatl, The current 15 then read directiy oo the voltmet=r using the same
scale as tor veltage measurements,

Q. 3. (a) Explain step response of a lirst order system,

Ans. Response of a First Order System to a Unit Step Input = Let - wmt step input et ) he
zpphied 1o a first order system. Now,

i y=uliYor Riz)=Vs
The transfer function {dimensionless) of a first order system is

I
Gis)= f‘_

+ 15
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htput ' C(s)= c:{sm{s}_ﬁ___] e R
i flvrs) 5 l+1s

It 15 seen that the outpul nses exponentially from zero value to Ihe final value of unity. The ininal
slope of the carve 15 grven by :

H‘I-—r

—lexpi—r,h* =
i=0

ile|
ri".'|r g X
Thus, if the initial rate of change is maintained the system will reach its final value in time, 1 the
lme consiang
The cutput at £ =115
O ) = 1—expl-1/t) = 0632
Thus, for rising exponential function the fime constant 1is defined as the time to reach 63.2% of 1ts
finzl value, It is ebvious that all first order system will scttle to their final value at ¢ =

. 3. (b} A voltmeter with internal resistance of 200 kQ is connected across a resistance. It
reads 250V, A millisammeter (with very small resistance) is connected in series of the same
resistance reads 10mA. Determine apparent resistance, acfual resistance and loading error.,

Ans, Let us reduce the circuit w its Thevenin's equivalent circuit, The open circuit w:nlt.'lgf: E..
appeatiug acress terminais 4 and B is £
£, =100x 200/400
=50%
The nutput impedance of the source as looking into erminals 4 and £ is :
_ 200~200
* 2004 200
=100K2

The voltage across terminals 4 -snd B under loading condition iz
E-l]'
1+Z ] I'E
50
"1+ 10011000

E}_ =

= 4545V

545~
Loading error = ‘—1——;]——! 100

=—31%
Accuracy = |00 - % loading error
=100-91=909% Ans,
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Q. 4. (a) Explain the working principle of capacitive type transducer.

Ans. Working : The principle of operation of capacitive transducer is based upon the fanuliar
equation for capacitance of parallel plate capacitor.

Capacitance, C=ed/d=e; ey Afd
A = Owverlapping area of plates; m’
i = Distance between two plates: m
e=g; £, = Permittivity of medium; P/m

£, = Relative permittivity

,=Permittivity of free space; 885% 107" Fim

A capacitor transducer work on the principle of change of capacitance which may be caused by
physical variables like displacement, force and pressure in most of the cases. The changes in capacitance
may be caused by change in diclectric constant as is the case in measurement of liquid of gas levels.

The capacitance may be measured with bridge circuits. The output impedance of capacitive
transducer 1s X =/ 2nfC, where ( = capacitance and [ =f-equency of excitation in Hz.

In general the output impedance of capacitive transducer 15 high. This fact calls for a careful
design of the output circuitry.

The capacitive transducers are commonly used for measurement of linear displacement, These
transducer use the following effects :

i1} The change in capacitance due to change in aveclapping area of plates.
{11} Change in capacitance due to change in distance between the two plates.

Q. 4. (b} A first order instrument is to measure signals with frequency content up to 100 Hz
with an amplitude inaccuracy of 5%. What is the maximum allowable time const. What will be the
phase shift at SOHz?

Ans. From above it is clear that the thermometer is subject to a step input of 100°C
0 =8,[1-expll-1/1)]
= 100 1—exp{1-15/3.5))
= 34.86°C
Time to reach equilibrium conditions =5t =10 ¢

Time constamt g ]_g =25

Now we have, 6 =0,[1-exp{—t/1)] or 88, =1-[exp(—1/1}]
The ume to read half of the temperature difference can be calculated as
05 = l-exp(~1/2)
r=13%9sec. Ams.
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Q. 5. (a) Explain the working principle of pneumatic amplifying element,

Ans. Working : Consider a simple pneumatic system. A pneumatic souoce is supplying air to the
pressure vessel through a pipe. If the pressure drop in the pipe line is smal!, the flow is laminar and hence
lincar differential equation may be vsed to describe the dynamics of the system.

Lel, P=Pressure of the air of the source under steady state conditions; N/m’
P, =Pressure of air in the vessel under steady state conditions; N/m®
p, =Small change in air pressure of the source from its steady state value; N/m’
7, =Small change in air pressure of the vessel from its steady state value, Nim’
The resistance to flow (air) rate nto vessel is defined as,

S
po=p, Nm”

1.
i m /s

Re
Where. i = Rate of flow of air on account of differential pressure, m'/s.

The volume of air at pressure F, which gets stored in vessel to raise the pressure inside the vessel
by r, is proportional o it assuming the temperature to be constant.

o Volume " =0Cp,

Constant ¢ is defined as capacitance of the vessel,

- C'apacitance = .I'_ E'T
Pa N"I m-

From above rate of storage in the vessel

av _ -dp,
t dt
Thus, we have, ¥= qu'! = J‘{M}ﬂ
L~ R
", From above., rate of storage in the vessel
Ll Sk
ot R

Equations (i) and (ii) we have following differential equation describing the dynamics of a pneumatic

system,

d
RC = 2" +p, =p

Q. 5.(b) Give an arrangement of an op amp to produce an o/p e, such thate, =2+ 3¢, ¢, s
i/p voltage.
Ans. In many instrumentation problems, non-lincar conditions arise. They may include the effect

of magnetic saturation. the non-linearity of the voltage produced by a thermocouple as a function of
temperature, the air speed expressed in matched mach number as a function of wind wnnel pressures,
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trizonometric functions 2tc. One simple method of solving these non-linear functions is by the use of
nup=linear polentiome s,

A standard self balancing potentiometer 1s used to produce a displacement proporlional to the
inpul voltage ¢, 1s shown in figure. This displacement also operates a non-linear resistance which
produces an output voltage ¢, which is the desired function of the input voltage ;. This operation is
lbusirzted in the following example.

Let the input voltage ¢, varies from 0 1o 10V, The desired function of this voltage is shown in
froure g

v, =2+ 3c,
Lincar polentiometer

tad
—

]
I Zz 3 4 5 & 7 8 9 10

Q. 6. {a) Explain Data Acquisition System,

Ans. The field is produced by a fixed coil. This coil is divided into two sections to give a more
uniform field near the centre and to allow passage of the instrument shaft. The instrument as shown in
figure may be a milliammeter or may become a voltmeter by the addition of a series resistance. The fixed
coils ar¢ wound with Fine wire for such applications.
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Fixed coils are usually wound with heavy wire carryving the main current in ammeters and
wattmeters. The wire is stranded where necessary to reduce eday current losses in conductors. The coils
are wsually varnished and baked to form a solid assembly. These are then clamped in place agamnst the
cotls supports This makes the construction grid so that there 15 no shifting or change in dimensions
wlich might effect the calibration.

{'he mounting supports are preferably made out of ceramic, as metal parts would weaken the field
of the tixed coil un account of eddy currents.

Torque & Power Measurement Technigues : Flux linkages of conl |

yry =Ly iy + M,

Flux linkages of coil 2 yr. = Ly1; + M,
Electrical input energy = ¢y dyalt + eyl
=hdy +iydy,

iyt o ihy 5

4 =— @ =—=

ilr : di

=‘l'”“£rjl'-1 + l“ﬁz )+ F.__!ll'“f.-zjz + J"ﬂ] }
=iy Lydiy + i dLy + iy i dM + i Mdiy + iy Ladiy +izdLy +iyisdM + iy Mdi,
Energy stored in the magnetic field

l .3 1.5 s
=— iy +=i3L, +E i, M
Gt TS
" |_1l 1.]' 4
Change in encrgy stored = —I:r,[q +;;_;_I.;, +ip iy M

=iy Lyiy + (i [20L, + iplydliy + (i3 /2Ly + iy Mddiy + &y Mdiy + iy ipdM
From principle of energy conversion.
Total electrical input energy = Change in energy stored + Mechanical energy

Then, mechanical energy = a;-_ifeﬂ_.t +%1§d.{.1 1, iy dM

Now, the self inductances L, & L, are constant and therefore dl, and dL; are both equal to zero,
then .

Mechanical energy =iy iz dM
Suppose T, is the instantaneous deflecting torque and A9 is the change in deflection, then
Mechanical energy = Word done =T,48
Thus, we have T;dB8 =i i, dM
Or T =iy o Ans.
i)
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Q. 6. (b) Explain Torsion Dyaamometer. Enlist various Torque and Power measurement
techniques.

Ans. Pendulum dynamometers are preferably used in the best machines for testing materials with
static loads, [he exisung designs of torsion dynamometers have as yet no substantial advantages as
compared with those of the pendulum type.

Further attempts in producing low-inertia torsion-dynamometers for static machines should simat
providing torsion bars with large twist angles, of the order of 0.5-0.7 rad. Torsion dynamometers in
combination with inertialess indicators are preferable to those of the pendulum type for use in machines
intended for high-speed loading and deformations.

Function and Applications : Torsion dynamometer to measure small forces or investigale
electrostatic and magneftic interactions berween bodies.

Benefits :
(1) Force compensation (ii) Zero point adjustment
{1ii) Eddy current damping element {iv) Front and side scales

iv) Overloaa protection and a stem.
Equipment and Technical Data :

(i) Range front scale : 10mMN
i11) Range side scale : +3I mN
;iu;‘Raw subdivision : ImMN
t1v) Fine subdivision : 0, 1 mN
iv) Maximum lever load : 0, 2N
ivi) Scale diameter : 170mm
(vii} Length of lever arm ! 240mm

Torque and Power can be Measure by Power Meter :

Crankset : Crankset power meters measure the torque applied to both pedals via strain gaupes
postiioned within the crank spider. A calculation of power is derived from the deflection of the strain
gauges and pedaling cadence. These units require specific crank sets, but can be relatively siraple to
interchange between bikes depending on compatibility. ;

Bottom Bracket : Bottom bracket power meters rely on the torsional deflection in the BB shaft.
this is done by the shaft having a disc at each end with perforations, these perforations are detected using
non-contact photo-electric sensors that detect when torque is applied to the left pedal and then doubled.
Data 15 sent dignally to 2 handle bar mounted computer unit.

Freehub : A freehub power meter uses the same strain gauges that are present in the crank power
meters but are located in the rear wheel hub and measure the power after the drive chain, because of this,
power should theoretically be measured less than the crank based power meters. Because these units are
built into the rear wheel it is simple to interchange between bikes as long as the wheels are compatible,

Chain : At the heart of chain units is essentially a guitar pick-up that mounts to the cycle's chain
stay. With this system the pick up detects the chain vibration and speed and mathematically converts it to
a power output.

downloaded from http://studentsuvidha.in/



http://studentsuvidha.in/forum

Opposing Foree : This method of power measurement relies on Newton's Second Law : applied
minus opposing forces musts equal mass times acceleration. Crankset, bottom bracket, frechub, and
chain systems measure applied forces and, therefore, require placement of sensors near the bibe pedal.
Opposing force power meters measure hill slope (gravity), wind speed, bike acceleration (inertia), and
frictional drag. Opposing force power meters place all key sensors in the computer head, resulting in
lighter weight, extreme bike-to-bike portability, and lower cost.

Direct Applied Force : This method monitors the forces applied to the pedal by the eyclist's foot
Sensors in the shoe or pedal measure the forces as the cranks rofate, and calculate the power ba-ed on the
magnitude and direction of the applied force, and the angular velocity of the crank. Advantages of this
technique include independent measurement of power for each leg, measurement of efficiency of
pedaling style, and (depending on placement of sensors) avoiding the need to replace bike components.

0. 7. Explain any one method to messure high pressure. Derive the expression for sensitivity
of hot wire pressure transducer,

Ans. The Bourdon tubes are made out of an elliptically flattened tube bent in such a way that to
produce the above mentioned shapes. One end of the tube is scaled or closed. The other end is apen for
the Muid to entre. When the fluid whose pressure 15 1o be measured enters the tube, the tube tends 1o
straighten out on account of the pressure applied. This causes a movement of the free end and the
displacement of this end is amplified through mechanical linkages. The amplified displacement of the
free end may be used to move a pointer on:a scale calibrated n terms of pressure or may be apphied to a
electrical displacement transducer whose output .nay be calibrated in terms of the pressure applicd.

Bourdon tube clemenis have several distinct advantages and these include low cost, simple
construciion. high pressure range, good accuracy except at low pressures range and improved designs at
the pressure for maximum safety. Their greatest advantage 1s that they are easily adapted for designs for
ohtamming electrical outputs. ' '

The disadvantages of Bourdon tubes are : their low spring gradient which their use limits for
precision measurements upto a pressure of IMN/m’, are sugcepuble to shocks and vibrations and are
subject to hysteresis.

Q). B. Write short notes on :
(i} Thermocouple

{ii} Pitnt-static tube meter
(iii) Galvanometric records
{iv) Photovoltaic transducer

Ans. (i) Thermocouple : Thermocouple is the one of the simplest and most commonly used
method of measuring process temperatures. The operation of a thermocouple i1s based upon Seeback
effect. Seeback discovered that when heat is applied to junction (hot junction) of two dissimilar metals
an emf 1s g:n:mtéd which can be measured at the other junction (cold junction), The two dissimilar
metals form an electric circuit, and a current flows as a result of the generated emfas shown in figure,

This current will continue to flow as long as 7} >T7,. Metal B is described as —ve with respect 1o
metal 4 if current flows into 11 at the cold junction.
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I . ! Curreni 1
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Hot = ) Cold
junctian 1 Metal Bi-) junction
temp, T T T temp. T
mp. 1y : Ty>T, : 2

The emf produced is funcuon of the difference in ll:mp::rature of hot and cold junctions and 15
given by
E=oAf
Where A8 = Difference between temperatures of hot and cold junctrons.

{ii} Pitot-Static Tube Meter : Pitor tubes are one of the most common forms of fow rae
measuring devices which works on the principle of converting kinetic energy of the Nuid being metered
into a static head. Pitot tubes are essentially laboratory type of instruments are not normally used for
industrial applications. Figure shows a pitot tube installed in a pipe line for measurement of flow rotes
The wube actually consists of two concentric tubes.

The open end of the inner tube faces the incoming flow. The outer tube has a closed end, but this
has a number of holes in its walls. Both the tubes contains the same fluid as is flowing in the main
sipelime. The pressure in the outer rube 1s the static pressure in the pipeline.

Holes

/ ]
Futot tube

Inclined
whe Y

Marnometer

- “\
h’ﬁ-’n"“ﬁﬁﬁ

The total pressure in the inner tube, however is greater than this static pressure. The additional
pressure on the inner tube is on account of the impact of the fwid stream on stationary inoer tube,
Apphicanon of Bernoulli's theorem shows that the velocity at this poant in the cross-section is ;

“mfr[h@
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P, =Static pressure, N/m®

/= Pressure ar the entrance of tube; 1 it

i = Density of liguid; hg'm’
& thus, the veloeity at a particular point may be determined from the pressure differential from the
pressure differential generated by the pitot tube which 15 measured by an inclined tube manometer.

{iii) C2alvanemetric Records : These recorders use a d'Arsonval galvanometer. The pointer is
cquipped with a recordimg pen mechanism (stylus). A cut away view of the moving coil element. As
current flows throngh the coil, 1t deflects, The greater the amplitude of the incoming signal (which is
proportional to the auantity heing measured), the greater is the deflection. When the pointer comes 1o
rest on account of controbimg torque exerted by szomgy the stylus also comes to rest, Thus, the value of
quantity 1s recerded. This 1s neczssitated by the fact that ‘n recorders the movement of the large moving
vorl situatod g strony roseeetic feld,

{iv' Photovoltaic Transducer : Photoveltaic transducer or solar transducer as it is sometimes
catted produces an elecimical current when connected to a load. Both silicon ( 5i) and sclenium types are
wird, !t may oe used in ne of apphicatiors. Mulliple unit s:licon vo'taic devices may used for sensing
Foebtar 2 means of readiry punchest cards o the data processieg industry. Geld doped germanicm cells
wath csneeailed epestral responses act as phatovaltaic devices in the infra red region of the spectrum and
mey browsed as infre red detector, '

Application of Phoatovoltaic Cell : The charactenisti of a photoveltaic ccll is logantkmic in
aacice Adorantheac charactensacs may have weeful apphcation in practice. When the transducer is
rerioie from the amphifier. any noise proked vp or connecting leads may be atienuated by using high
¢ {1HR (common mede rejection ratied of the amplifier The input impedance assuming R is small in
compani-on with B s £ since junction R and R - is a virtual earth. The veltage gain is R /R.

Photo-y nitaic czll

B e
TR S
R

Ope rutional amplifier
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