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Indian Institutz of Technology, Bombay
Department of Electrical Eugmecrmg
EE 617 Sensors in Instrumentation

Wed nesd:;:ﬂ* Novcrﬁbm, 2004.
2:30 to 5:30 PM.

Important: Question 1(20 marks) is Compulsory & 5 (16 marks each) out of balance
8 questions.

1) Describe the Sensor and its application based on the ‘Study for Presentation’.
“Discuss merits, Demerits, Source impedance, Interface requirements etc. (Do not

"discuss Capacitance, Strain-gdge & Thermocouple sensors discussed in the
lecture).

2) A} D=ime Piezo Electric Constants: d, h & k
B) Calculate the Voltage developed and Charged accumulated of Piezo crystal
with the data provided as below:
Force Applied: 1 Newton; Area ﬂmess section of crystal- lem x lein;
Thickness of Crystal: lmm; Perpnittivity constant of Crystal- 1200, _12
Piezo Constant ‘d 33 -110x 1 , Permittivity of Free space-8.8 x 10 C/V m.
C) Discuss how one can measure ﬂcmicmiiﬂn usin~ Piezo sensors.

~ 3} A)Explain Seebock, Paltier £ Thomjsson Effect.
B) Discuss Widiar's Temperature CPTAT civcuit.
C) How can one use multiple CPTAT devises to
i) measure Average temperature,’
i) measure minimum temperature,
of an enclosed space.

4) A) Discuss the Hall effect Principles. %
B) How will one measure the following using Hall sensors:
Vibration or displacement & Angular displacer.:ent,
C) Explain how to measure Power of an Electrical Circuit using Hall effect
Smmr

5) .A) Explain Gage factor & Pmssuns btram ,
B)Ry, Ry, Ra& Bgare four arms of a Strain gage bridge, placed in a clockwise
manner. Ry& Raare of Strain gages of value 350 Ohms & gage factor 2.0 and
Rz& R,are fixed resistances of value 500 ohms. The bndgc is‘excited wﬂh 105 i
Volts.
—1).-—_Find the bridge sensitivity? o ;
< i) If e bridge has a total lead re:s;stanc.c uf 100 ohms, what is the reduction
e sitivity? e
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6) A) A capacitance sensor has two plates of thickness ‘t’ mm, area of cross section
: ‘A’ Sqmm and distance between plates is ‘y’ mm in free space. A dielectric :
material of thickness “x” mm (x<y) of dielectric constant “Gis introduced between

‘the two plates,
i) What is the capacitance of the sensor,
ii) What is the sensitivity of the thickness measurement of the Dielectric
material.

-iscuss Blumin Bridge for differeatial capacitance measurement. -
t .:scuss the difference between electromagnetic & Capacitance interference.
“What techniques would one use to reduce the interferences? -
: B) What type of ADC would one use & why for the following signals,

i) Slow varying DC signals with mains frequency noise, . — S‘ﬁ-r-'e
it 1
ii) Bipolar signals with frequency component up to 100KHz, __ 'Cﬂ Aa

iii)  High frequency signals up to 100MHz— Frqp, Corrgr e
iv) Scnsu_Current ﬂutput upto3 dec.ades =_ e
______ ~de 1
8) A) Discuss the following aspect of Op-Amp in interface design>
i) Slew rate with respect to Frequency response of amplifier,

ii) Open loop and closed loop frequency performance,
4 iii)  Offset currents & Source impedance, :
B) Discuss Input Impedance for
i) ‘MNon'inverting Amplifier &
i) invertng Aaupiifier, with wespoct of OP-Amp input impedance and Cpen
loop gain (Avol). " .~ . g L

9) A) How does a guard ring help in design of capacitance sensor?
B) What is a ‘Phase sensitive detector’? Derive the nqu.atmn for specific \g& V,
under conditions of same & different frequencies.
C) Discus why one should not Ground “shields’ at both ends of a shielded cable.
How does it degrade the performance of a Data Acquisition system?
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Indian Institute of Technology, Bombay -
Department of Electrical Engineering
EE 617 Sensors In Instrumentation

Tuesday, 22™ November, 2005.
9:30 AM to 12:30 PM.

Important: Question 1(20 marks) is Compulsory & 5 (16 marks each) out of balance
8 questions.

1) Describe the Sensor and its Interface requirements based on the ‘Study for .- -
Presentation’. Discuss merits, Demerits, Source impedance, Interface details etc.

(Do not discuss Capacitance, Strain-gage & Thermocouple sensors discussed in
the lecture).

2) A) Define Piezo Electric Constants: l:l1 h & k (5)
/

. .B) Calculate the Voltage developed and Charged accumulamd of P'mzo Clj‘StHl
Wlﬂ'l the data provided as below:

- Force Applied: 1 Newton; Area of Cross section ot cr:ystal lem x lcm,c

’ @ x'I'tucknessc!fErystal 1mm; Permittivity constant of Grystal- 1200, ..

* #1:4 Piezo Constant d 33’ -110x 10 C/N, Permittivity uwacspac&-S 8. x..lﬂ-(.‘ﬁf
m(6)
W Q) Dmss-how one can mcasure Am&lﬁ'atmn usmg Elezu Sensors. {5) £

) A) Explain Seeback, Peltier & Thompson Effect. (6) - )
‘'« B) Discuss the LVDT sensor and interface mqulrﬂnmts umludmg Phase
@! sensitive detection. (10) .

4) A) Discuss the Hall efféct Principles and interface needs. (6)
B) How will one measure the following using Hall sensors:
Vibration or displacement & Angular displacement, (6)
C) Explain how to measure Power of an Electrical Circuit using Hall effect
Sensor. (4)

—

5) A) Explain Gage factor & Poisson’ Strain. (6)
B) Ry, Rz, R: & Ry are four arms of a Strain gage bridge, placed in a clockwise
- manner. Ry & R; are of Strain gages of value 350 Ohms & gage factor 2.0
and R; & R4 are fixed resistances of value 50{] ahms The bridge is excited

@ with 10.0 Volts.
i) Find the bridge sensitivity? ~

i) [f the bridge has a total lead resistance of 100 ohms, what is the reduction
in sensitivity? (10)
- P.T.O
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6) A) A capacitance sensor has two plates of thickness ‘t’ mm, area of cross section
ﬁ\ A ‘A’ Sq mm and distance between plates is “y’ mm in free space. A dielectric

t},./ material of thickness ‘x" mm (x<y) of dielectric constant * ’is introduced between
- the two plates,
i) What is the capacitance of the sensor,
ii) What is the sensitivity of the thickness measurement of the Dielectric

material. (8)
B) Discuss Blumin Bridge for differential capacitance measurement. (8)

7) A) Discuss the difference between electromagnetic & Capacitance interference.
W hat techniques would one use to reduce various interferences? (8)
B) What type of ADC would one use & why for the f—::-lic:-wmg signals,
i Slow varying DC signals with mains frequency noise,
i) Bipolar signals with frequency component up to 100KHz,
iii) High frequency signals up to 100MHz
> - iv) Sensor Current output up to 3 decades. (8)
|

: B) A) Miscuss the ﬁ::lluwmg aspect of Op-Amp in.interface design:
- i Slew rate with respect to Frequency response of amiplifier,
-’._i -_] 'me loop and closed loop frequency pclfnnmnne g

; 5 : i) Offset currents & Source Impedanoe, (8) En
~ e n) Dm(:u!is input Impedance for i n
. i): Non inverting Amplifier & :
b

i) Inverting Atnphﬁcr with respect of OP-Amp mpu’t nnpedmr:.e nnd Open
: lmp gain (A.vol) {8)

- 9) ' A) How does a giiard ring help in desigi of capacitance sensor? (3)
- : B) Discus why one should not Ground “shields’ at both ends of a shielded cable.
How does it degrade the performance of a Data Acquisition system? (4)
C) Ciscuss, which is the best point (A or B or C or D) to ground in the Input
i ¢ rcuit presented below to a Data Acquisition system. (9)
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| Iassible grounds where system and source have
differing ground potentials.
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4,7) Explain how a diode can be used as a temperature sensor?
b) The circuit of fig.4 shows a VPTAT with a sensitivity of 10 mVIE .
) What is the output voltage at 25 C.

ii) Assume I,/ I; to be 10 and the current through Ryto be 1.0 mA. What are the

" values of the string qf resistors R, , Ry and Ry .

iii) [s the output impedance of the VPTAT high or low compared to the load
impedance? Explain.

<) Explain Seebeck, Peltier and Thcrmpsnn effects, Lo

——

E.\L ; Izi R,

;;_TF< -

b Wi |

L__'_‘_ 1 £ F—t)?l’

L;:/,zn.} Discuss the re.!,atwe merits and demerits of using i) D.C. ii) A.C. iii) Square wave

excitations for electromagnets in electromagnetic flow meters. How are the errors with
these excitations reduced?

b¥y Explain the working of a Coirolis flow meter.
.59 Explain the need for the calibration coeflicient in orifice tlow meters.
6. 2) What type of ADC woulid vou choose for the following signals and whjr"
i) Low frequency d.c.signzls with mains noise.
ii)Low d.c output current with a current range of over three decades.
iii) T.V.signals
b) The leakage capacitances between E and G and Band E are approximately 1000 pF
each. What are the C.M. and q“M voitages at the input of DVM?. If the DVM hasa

common mode rejection of 10, what is the mdicatmn on the DVM?
=) Explain the differences

[
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Indian lastitute of Technology, Bombay
Department of Electrical Engineering

EE-617 Sensors in Instrumentation
Saturday, 29th Nov. 2003

2.30 To 5.30 P.M.

|.aY Explain the terms gage factor and cross sensitivity for strain gages. While designing
strain gage how do you increase the gage factor and reduce cross sensitivity?

b) Ry, Ry, Ryand Ry are four arms of a Wheatstone bridge connected sequentially in a
clockwise direction. Of these Ryand Ryare active strain gages of 100 ohms each and gage
factor 2.0. Ryand R, _ are fixed resistors of 500 ohms each.

i) Find the bridge sensitivity if the bridge is excited by6 V.

ii) What would be the sensitivity if R, and Ry are strain gages of 100 ohms and R
and Rjare fixed resistances of 500 011m37 Based on the-above suggest how the supply
and detector should be connected in a bridge for higher sensitivity.

iii) [f the lead wires connecting the supply to the bridge have a l‘f‘s1stancc of 100 ohmis
each, what would be the seus-rmt;. in ( i )Jabove.

Ef,a}l A capacitance sensor has two plates each of thickness*t’ mm and area of cross

section *A’ sq. mm. The distance batween the plates is *y' mm and is filled with air. A

dielectric material of thickress ‘x’” mm(x<y) of dielectric constantéis introduced betwean

the plates. What is the capacitance of the sensor? If the sensor is used to find the
ihickness of the dielectric, what is the sensitivity?

b) Derive an expression for the Sr‘rsifﬁrity of an inductively coupled ratic arm curien:
comparator bridge circuit for measuring differential capacitances. Compara lhc sensiti
of this bridge with_that of a resonance bridge.

3,2) Define piezoelectric constants d,h and k.

b) A piezoelectric transducer has a capacitance of 1000 pF and a sensitivity of 10”
Coulombs/cm. The connecting cable has a capacitance of 300 pF while the oscilloscopz
has an input impedance of 1Mohm and a capacitance of 50 pF.

i) What is the sensitivity V/em of the transducer only.

i) What is the frequency at which the amplitude error is 5%7

iii) What value of capacitor should be connected to have an error of 5% at 10 Hz?
iv) What is the high frequency sensitivity?

!,_
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#3. A) A vallage V =20 5ia(100(+ 5 /3) + 20 sin 530¢ is 2pplicd €2 onc of the i puts of
) a phase sensitive demodulatar (I'SNY). The other input to the IS is a square
wave of unity amplitude and frequency 100 rad/s. The output of the I'SD is
applied ot low pass Glter{LEPE), Find :Im mznru[udc of the outpul of L. l’f: :
4
L) Find the eml gt_ll(.‘.l“llfd in an c[cc_{:ortnﬂuc_nc flow meter il the liguid in it s
fiowing at the rate of Q =5 litres per sccond. The pipe diameteris 8 cn. and the

Nlux density is 400 T. (3
C) List the sources of ervor in a currend teansformer? How ace (hey caused?
Using a Iall coystal, show hiow these ervors can be reduced. (3)

{ A)Differeatiate befween Seelieck:, Peltier, and Thomson effects. (<)
by B Fr" 5 shows a Gwo-terminal [C temiperature teansducer with a sensitivity of 1.0
U[\d vir. All transistors can be assumed (o be identical except that transistor

« luais an active avea whicl is 8§ times the active area of transistor Q; . Find the
valuc of / in the circuit. Assume kk=1.38 x107, q = 1.6 x10™” C. " (0)
C) A random signal x(t) las a power 5|mc[[1.|:m g.’r W) whicl has a constant

magaitude A uj. to a frequency W, and is zero fcr l’rrqucnc:e.s above W, .Derive
an expression fur the auto corvelation function. : ()

5. sA) Diseuss the conditions under which the fai!ﬂwing Gwo fypes of converiers are
~ preferved in inuustiy —-successive :L;:[lrd ximiation aud dual siopz converiers.
1 ["l‘,j
B} DitTerentiate between common miade and isolation mode voltages. How wauld
you ensuze high isolation between soasor and signal conditioning cireuil? (3]
C)Discuss how 5"-'.|:‘.1{i:':1¢ reduces capacitive coupled noise. (33

-

1‘-'/-:'\} A quaniz PO ceystai bas the following specifications;

area =L $g.cm, thiciiness = 1 mnat.

Youne 3 maduius =2 «10 " i 48 char EC-SLnﬂhnl:i' =2 pC/N,
gt e 14

relative pesmittivite = 5, resislivity o = 10 ohm-cm.

A 20 pF capacita ce and a LOOM olun resistor are connected across the
clectrodes of the ¢ ystal A force F = 0.02 5in1000% is applied. Find

i) resistance and capacitanee of th: crystal |

i} the peak-to-neak voltase uc__nc.l"‘ltcd across the clectrodes

iii) the maximum cliange in the erystal thickness. (9)

AX B) Describe a DC put module n( a FLC. (3)
X C) Write tletadd: - diagram io represeat a mbtor to be m‘l[chcd on by pressing |

a push button and remizios an Ll another stop button is pressed. (1)

= £
P = | R
l K= 136> :
=l .
o, t}—l_-_'}gﬂ'*‘
:?Eil
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INDIAN INSTITUTE OF TECHNOLOGY.
Department of Electrical engineering
‘Semester-end Examinalion i
Course 00.& name: EEG27 Transducers in Instrumentation

Tussday, 27(hiNov, 2000 2.30 (0 5.30 P.M.

Note: Answer all the STX questivns, Marks for each part arc indicated i m*: "ll [-—--"—'_
parcitieses, far a tatal af 70. [ i

. Al Four capacitors of values 36.3 4T, 3.8524 u ¥, 34.002 o T, 34.2 pF are A

ol |
E
connecled in pacallel. Wh=t is ¢he combined mpacimncc? Give mll_f signil’:c:mt 3.5
fizures in your answer. - (2)
_!_IJ A single arm active strain gage with 120 ohms n:.sutfancc nnd 1 gage I"Ictcu of
20is [:Izccd in an cqual arm Wheatstone bridge. The gage is subjected to a
strain.of 1000 mu:l ‘o strain. \What will be the output of the bridze, lrﬂlﬂ Lritoc
supply curcent is 20 A (2)
% OF A palcnimmehfc transducer is shown in Fi iz.l R is the resistance of e
potentiometer and | reprosenis the fractionsl dtsu'lact uent (x varying belween O
and 1).
i) Derive an cxpression ov e e tn terms of x.
i) What is the maximum non-linearity ervor whea R /R = 1. (o

o
0

r"k_} A capacitive seasor is made vp of two paralicl plates af area of cross seclin A
and the senacation between the niates is t. A diclectric mataial ef fhizkness - (x<
1) is pl: I.Cftr berween the pliufes and covers the eatire arca A. Derive an exprassian
far the sonsitivily of thic sensor for persentage changes in t (See Fig.2). (3] j !

) i heizhit of a liquid columi o a eylindrical metallic tank el diameter 17 and
Ligighet T is measured by incasuring the capacitance belween a cylindrical

clectrode in {ne tanli and the tank as shown in Fig.3. The clectrode has a
dimmeter & and height I 11 the heipht of the liguid in the tank is b ahd its
diclectric is g,... Find an expression for (the capacitance measured fn ferni: of v
height ol the liguid. (1)

In (he Bluemlein®s bridae, a d:ﬁc-curml capacilance is connected as shown in
Tie.d The coupling coeMicient of the 1: 1 {eansformer.is k, and (he s~If inducia:.ce
al the umt‘:nf‘ is L. Nerive ~n expression for the searitivity of the uridge, fur (i

{‘1
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[ndian institute of Techuology
EE Deparunent
Sensors in Instrumentation :
Second class Test T Ol ke

I lx,, I'LL 1\5, and [\, constituie four arms of a Wheatstone Bridue ol which Kjang K.
“are strain gages n[' 100 ohms cach and R;. and R, are fixed resistors of 11‘)[\‘{! vhyar
cach. Il the br wee is excited by 10V supp y, what is the s"nsuu ity of the bridog
"'-."tnl would be the sensitivity if in the above bridge R, R 4‘ are stroun waves and R

l{'a‘ are lxed resistors 7

o B 1|‘IL;IT'IDC01I|‘.I|!L voltage measuring scheme is shown in Fig2.In the fig V' is the
therimo couple voltage. R is the cable resistance, C is the leakage capacnance. the
difference in ground potentials is 100 V. 50 Hz.

a) Find approximately the C.M. and D.M. voltages at the input of DV,
b} 1 the DV M has a CMRR of 1ﬁfﬁnd the maximum and minimum voliaves

. indicared on the DYM.
¢) What modilications will you suguest 10 reduce the errors?

31 What is a PSD? Show a scheme to measure the direction and magimiuae of

“ digplacemen: with LVDT using a PSD. If there is a phase diflerence of 30 degress
betweeen input and relereace voltnees, wiat is the percentage crror in indication”?
v —e
i b o
i T L
X P
\_.L, =~ N b
et
1 & R
e L A . ¥
B 41




Departmient of Efectrical Engincering
EE-627 Trausducers in lustrumentation

Date: Nov, 6, 2001 ; Time. | hour
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- 2)An clastic force sensor has a seismic mass of 0.1Kg ,a spring stiffness of 10 Nim,
and a damping constant of 1.4 Ns/m, CRi S cand y V0 5'7dl’"‘--
1) Find the natural frnquc.my o - -
1) What is the sensor damping ratic? '
1)What is the transfer function relating displacement to force?

b) If the maximum crror (up to natural resonance frequency) is to be limited to 10%, rnd
the optimum damping ratio.

<) Design a R L C network to make the damping ratio r.:-Fthf: combination to be 0.5.
2.The input signal 1o a phase sensilive demodulator is 10 sin(100t + [1/3 ) and the

\/ reference signal is 2 sin 100t, | 1
' g - e ‘_
a) What is the magnitude of the output signal Parset th— L7

b) If the inpet signal is 10 sin(100t + T1/3 ) 42 sin 40 ¢, find the output reference
X siznal is the same as above.
3 Figure below shows a pizzocleciric acceleromeler in which 2 mass of 0.05 Kg is
< conetrained 10 move vartically by a quanz crystal of area | sq. cm and thickness 0. 3mn:.

The stenal fiom tise erystal is ‘ed 10 2 charge amplifier. Quanz has an clastic modules &7
2277 Mo and a diclectric consiant o' 4 3 clarge floice coetticient. of Tk 10" Chs '
21 Wihat s the stillness cuellicien: of quartz?
) Wit isthe resonance frequency?
cl What s the capacitance of the senscr?
@} What is the voltage output tor 0.3 N force?”
21 What shouid be the value of feedback capacitor il the ous :'-'UI 15 1o be |V fer 0.1 \
(neglect freguency efiect). ; iy
it What value of 55 resistance is 1o be connecied across ihe C*'il-"?‘:“a““ {f::-un:i IR it iy O
2bove).il’ the measuremeni is e be up to 10 KHz.? sl I

- - :‘|
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i 1\ = - =
= e
llﬂ-‘ Wil -
- ‘_:idd-'l‘"— r
{: {\I_'n’- :
G. = (i
. % 3 =
/ R s
Vi, ‘:‘-__f‘_ ‘Jc,,.j,.wf. e c v - .{+L}, - a-:':}f "
Ky 1 Tk Lo T
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- Department of Electrical Engineering
EE-617 Sensors in [nstrumentation
Class test- Ihursdﬂ}, 18th Scptﬂmber, 2003.
Time-5 1o 6.13 Do,

L. a) In the circuit of Fig.1 assume the op-amp to be ideal. Find the gain and

input impedance of the circuit.
b) If the op-amp in fig.1 has a finite gain of 10,000, and ditlerence mode input
impedance of 100K, what are the values of gain and impedance of the

amplifier? _1ook
N T, W
E 1o
@ Ft'é. f
U 4
i 10Y . -
[ a) Four sirain gages Ryto R are connected to form a Wheatstone bridge for

maximum scaswivity. Gages Ryand Ry measure axial strain Rgand Ry, Poisson strain. The
current in each gage is to be limited to 2'* mA. The gage factor Gf'hﬂ strain gages is 2.1,
The axial strain t% 2.4 X 10° . Find the output voltage of the bridge. R, cBasRas Ry=leov .
b) A fixed resistance RF.is connected across Ry Assuring no axial strain
find the value ef"E”;;o aive the sama output as in 2a |
¢} What is radiometric methed? Why is it used?

il aj A square wave source of peal to paak amplitude 2E at a Ereql.-ﬂ-nc;, fis
applied to the circuit in fig.3. Derive an ex ression for the current in the circuit as a
function of G-G;. Assume the diodes to be ‘deal.

b) Why is a guard circuit used?

¢)_Why is the gage factor of semi iconductor gages lm.ch higher than metal -

L"l.g,es" e

—




Indian Institute of Technology, Bombay - -
Department of Electrical Engincering '
EE-617 Sensors in Instrumentation
Saturday, 29th Nov. 2003
2.30 To 5.30 P.M,

.f

lain the terms  gage factor and w strain gages. While designing
sﬁ%ﬁge how do you 1mmas?ﬂ1_a%gggﬂ__faﬂamglgﬁrg§§_sen§igmﬁ :

b) Ry, By, Rjand Rbﬂrc four arms of a Wheatstone ge connected sequentially in a
clockwise direction. Of these R,and R,are active strain gages of 100 ohms each and gagn
factor 2.0. Ryand R, _are fixed resistors'of 500 ohms each. - (J},

|} Find thﬁEﬂcigigg_nmtwuy 1f the : bridge is excited b:p' 6 V ; e
and Rgarf. fixed resistances of 500 nhms'? Based on the above suggest how the supply
and detector should be connected in a bridge for higher sensitivity.

iii) If the lead wires connecting the s supply to the bridge have a resistance of [00 cims
l:ach what would be the sensitivity in (i ]abcve

s:.ig..a} A capacitance sensor has two plates each of thickness*t’ mm and area of cros-
section ‘A’ sq. mm. The distance betwccn the plates is “y! mm and is filled with air A

“dielectric material of thickness ‘x’ mm(x<y) of dielectric constantgis introduced be ween

the plaies. What is the capac:tance of the sensor? If the sensor is used to*find the _
thickrniess of the diclectric, what ic the censitivity? \

b) Derive an expressiou for the sensitivity ofan mductwely coupled rauo arm current
comparator bridge circuit for measuring differential capamlanccs Ct}n'ipare the ser !twu}r
of this bridge with that of a resonance I:nndgc o

g,a} Define piezoelectric constants d,h arui k.

b) A piezoelectric transducer has a mpac'tnme of w a sensitivity of Jlrﬂ
Coulombs/em. The connecting cable has a capamtameﬁﬂ'ﬁﬂ pF while the oscillos “a:-pc.

. has an mput impedance of 1Mohm and a capacitance of 50 pF.

i) What is the sensitivity V/cm of the transducer only.

ii) What is the frequency at which the amplitude error is 5%?

ili) What value of capacitor should be connected to have an error of 5% at 10 Hz?
iv) What is the high frequency sensitivity?

Vel f
% Iﬁaﬂrf-ﬂﬂ“‘??iw*““”“y |

y (/2N "'*-f . . ;
&R
g pc, of-omf’ '



4,4) Explain how a diode can be used as a temperature sensor?
b) The circuit of fig.4 shows a VPTAT with a sensitivity of 10 mV/¢ .
i) What is the output voltage at 95C,
if) Assume I/ I, to be 10 and the current through F;to be 1.0 mA. What are the

values of the string of resistors R, , By and Ry .
' iii) Is the output impedance of the VPTAT high or low compared to the load

impedance? Explain. =5
<) Explain Se:ebe.ck Peltier and Thompson effects, -
=

—— g

e T

S S
| $ %Rs i g

5,a) Discuss the relative merits and demerits of using i) D.C, ii) A.C. iii) Square wave
excitations for electromagnets in electromagnetic flow meters. How are the errors with
" these excitatipns reduced?
¥ Explain the working of a Coirolis flow meter.
) Explain the need for the calibration coefficient in erifize flovw meaters,
6. a) What type of ADC would you choose for the following signals and Why?
i) Low frequency d.c.signals with mains noise.
ii)Low d.c output current with a current range of over three decadm
iii) T.V.signals
b) The leakage capacitances between E and G and Band E are approximately 1000 pF
- each. What are the C.M. and [).M. voltages at the input of DVM?. Ifthe DVM hasa
common mode rejection of 10, what is the indication on the DVM?
-2) Explain the differences bBtWﬁf.‘Il electromagnetic and capacmm inferferences. What
methods will you adopt to reduce these merfﬁmm? ;

le—Dvm
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Indian Institute of Technology, Bombay
Department of Electrical Engineering
EE 617 Sensors in Instrumentation

Wednesday, 17% November, 2004.
2:30 to 5330 PML

Important: Question 1(20 marks) is Compulsory & 5 (16 marks each} out of balance
8 guestions.

1)

2)

Ladt
A

4)

5)

.I'-r" e S

Describe the Sensor and its application based on ﬂthtUdy for Pmsentatmn

-ﬁacuss merits, Demerits, Source impedance, Interface requirements etc. (Do not
“discuss Capacitance, Strain- -gage & Thermocouple sensors discussed in the

lecture).

A) Define Piezo Electric Constants: d, h & k.
B) Calculate the Voltage developed and Charged accumulated of Piezo crystal
with the data provided as below:

Force Applied: 1 Newton; Area of Cross section of crystal- lem x lem,;
Thickness of Crystal: lmm; Pegpittivity constant of Crystal- 1200, _2
Piezo Constant “d 33" -110x 1 ., Permittivity of Free space-8.8 x 10 C/V m.
C) Discuss how one can measure m:s:.eleratmn using Piezo sensors.

A\' r'-""""'l"' ] S‘:‘.‘.‘!’..‘;..ﬁl Daleior 3; ..J.-.O;-.u.lmul.l L..F{;l.h

B} iscuss Widlar’s Temperature CPTAT circuit.
C) How can one use multiple CPTAT devises to

i) measure ﬁverage temperature, o 5
ii) measure minimum t:mpmttu.re, .
of an enclosed spme.

A) Dlscuam the Hall eﬁecl Pnllclplﬁ.
B) How will one measure the following usmg Ha]l sensors:
Vibration or displacement & Angular displacement,

C) Explain how to measure Power of an Electrical Circuit using Hall effect
Sem;nr

.A}_Egp_lg_@_gngn__cmr & Poissons” Strain.

B) Ry, Ry, R3 & Ryare four arms ns of a Str Stmn_gggc bridge, placed in a clockwise
__manner. Ry& Rare of Strain gages of value 350 Ohms & gage factor 2.0 and
R__-_.;&__R,erc fixed m:stxnces of value 500 ohms. The bridge is excited with 10.5

i —

i) Find the bridge sensitivity?
ii)  .Ifthe bridge has a total lead resistance of 100 ochms, what is the reduction
in sensitivity?
e e PTO
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6) A)A capamtancc sensor has two plates of thickness ‘t’ mm, area of cross section
‘A’ 8q mm and distance between plates is ‘y’ mm in free space. A dielectric

material of thickness X’ mm (x<y) of dielectric constant “€Jis introduced between '|.
the two plates,

i) What is the capacitance of the sensor,
ii) What is the sensitivity of the thickness measurement of the Dielectric
material.

B) Discuss Blumin Bridge for differeatial capacitance measurement.

7) A) Discuss the difference between electromagnetic & Capacitance interference.
What techniques would one use to reduce the interferences?
B) What type of ADC would one :'se & why for the fnllumng signals, »-7
i) Slow varying DC signals with mains frequency noise,
i) Bipolar signals with fr.guency component up to IIEIGK_HZ,
i) High frequency signal~ up to 100MHz
iv) Sensor Current output up to 3 decades.

8) A) Discuss the following aspect of Op-Amp in interface design:
|} Slew rate with respect o Frequency response of amplifier,
iy . D_pen innp and close | loop frequency performance,
iii)  Offset currents & Sc urce impedance, = — -
B) Discuss Input Impedance fc-
i) Non'inverting Amp' fier &
i) inverting Avupiifier, wiil wspoct ol OF "rulll.l mpm. unpadar = and Open

_loop gam (Avnl]

9) A) How does a guard ring helf in design of capacitance sensor?
}7 i ‘_} B) What is a “Phase sensitive cetector’? Derive the equation for specific Vs& W,
)E% ——Ii_ under conditions of same & ditferent frequencies. -
I ) ~ C) Discus why one should not Ground *shields’ at both ends of a shielded cable.
)u.'L"e o How does it degrade the p« formance of a Data Acquisition system?
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Department of Electrical Engineering
EE —617 Sensors in Instrumentation

Mid Semester Exam
Time 10:00AM to 12:00 PM — | 8-09-2 004

Attempt six questioas (min two questions from Srnos 1 to 4
and min two questions from 5 to 10).

| -@),Dcng: the ge:ne:ra] Equation for a Strain gage Wheatstone Bridge output with
“=strains £, 4o £a k£, and all gage resistances equal to R.

By 1f the gage resistances have a temperature co-ef of strain ( E;l e.t—::.] how does the
bridge output ge.t modified. g
. 3 ¥
2 - A) Four Strain gages R to R_ﬁ[e.ach of 1000 ohms rt:snstanl::e:} in a Wheatstone bridge
rovide maximum sitivity. Gages R, & E.,_ measure axial straln and R, &
measure Poisson strain The bridge i T6d by a constant current sol source of 40 mA.

The gage fm:mrofthestrmugagcs is 2.0. The axial strain is 2.5 x 10~. Find the
output voltage. }1 =0-35

B) One technquctuml“brﬂtﬂthﬂ bridge is to shunt one DfﬂmBndg resistances (say
wi amwlnnne Rp. Fmdvn]mupr tupmwdetlmsanmnu:putasmm

3- _Liﬂ.agw mdimd?_‘h_i@y is it um_:d?

)_Derive ﬂmaqumun uf_(_lu!_;:lut vol ufa stw_.ngagchndgeusmgm Strain
%mﬂ:mmd L. Assume all other resistances of the bridge

msam:asygemstanc:k.

paie \_"D,esm‘bemyoncwduuqurtuim tha:nug;_ltwnhrwpmmo{

4- A) Derive the equation ¢ ni'Strmnfur bridge with single gage resistance based on
““measurement of Unstrained and Strained output voltages.

w;‘[ﬂﬁm technique help in measuring strain?

:"Ej) One technique to measure an unknown value Cxﬂft Capacitor Sensor istouse a
“Variable frequency (o )voltage source’ with either a series or parallel resonance
circuit mnp[oying a known value of inductor ‘L’. Derive the equations for
capacitance in terms of L & t0.

B) What are the major disadvantages in this technique? Is there a m:thnd to avoid
the problems of Stray capacitances.

>
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C)  Find out the uncertainty in measurement of Capacitance with respect to
measurement of L and 43, Assume full scale values for capacltﬂnc&, inductance and

frequency.

6- A) Derive the equation for measurement of linear displac:ment *d’ with
capacitance sensor using differential capacitance.

B) A square wave source with 2E as pak to peak amplitude at a frequency *f is
applied to the circuit in Fig 2. Derive an exprzssion for the current in the circuit as a
function of Cy - Cyp. Please state your assumptiors.

Ty i T

7 — A) How does a guard ring help in the design of a Capacitance sensor?
B) What is a phase sensitive detector? Derive the equation for a specific V= & Vg
; under conditions of different & identical frequencies.
wia v i C) How does one measure noise using PSD circuit?

8-A) Derive the equation for the transformer ratio bridge in measurement of dlffe.rmt:al
: capacitance. Please state the assumptions in this derivation.

" B) Why does one use the Blumlein l:nndgc for measurement of differential
~ capacitance?

9 - A) Draw the essential circuit to fmeasure directly Liquid level in a tank and explain
the various parts of the circuit and techniques implemented.
. B) Derive the equation for liquid height? = =

10 - A) How will you measure Humidity using Capacitance smsﬂr‘:'
: : B) Design an electronic Spirit level to measure the angle of Tilt of a horizontal

. planar surface with respect to vertical usa:g d:ﬁ‘mnnal capacitance tndmiqm:
Explain the technique used

S —




b

Lo
,

1
f.‘r_}

L _/4‘} A) Discuss the Hall effect Principles and interface needs. {6]

Indian Institute of Technology, Bombay
Department of Electrical Engineering
EE 617 Sensors In Instrumentation

Tuesday, 22™ November, 2005.
9:30 AM to 12:30 PM.

Important: Question 1{20 marks) is Compulsory & 5 (16 marks each) out of balance
8 questions.

1) Describe the Sensor and its [z;terface: requirements based on the *Study for
"Presentation’. Discuss merits, Demexits, Source impedance, Interface details etc.

(Do not discuss Capacitance, Strain-gage & Thmomuple sensors discussed in
the lecture).

t_2) A)Define Piezo Electric Constants: &, h & k. (5) |&
L ;.

B) Calculate the Vﬂltanc developed and Charged accumulated of Piezo crystai
with the data provided as below:

Force Applied: 1 Newton; Area of Cross sectionof crystal- lem x lem;
Thickness of Crystal: [mm Permittivity constant of Crystal- 1200, =+ — -

. Piezo Constant *d 33%-110x 10 CJN,—Eerrmttlwty of Free space-8:8 x*10 C/V .
m.{6)

CJ Dls.cuss how one can measure Acceleration using Piezo sensors. (5) = . -

e

Discuss the LVDT sensor and interface req reqmrem:nts lncludmg Phase

k)} A) Explain Seeback; Peltier & Thompson Effect. (6) - . w8 bl L@}

sensitive detection. (10) @ 7

~ B) How will one measure the following usmg Hall sensors:

Vibration or displacement & Angular displacement, (6)
C) Explain how to measure Power of an Electrical Circuit using HaIl effect
Sensor. (4)

3 AL}.Explam Gage factor & Poisson” Strain. (6)
B) R, Rz, Ry & Reare four arms of a Strain gage bridge, plaoed ina clockwm-

-
I'J

=

-

/'_:r.
&

-

S “manner. Ry & R; are of Strain gages of value 350 Ohms & gage factor 2.0 1.

T'R; & R4 are fixed resistances of value 500 ohms. The bridge is excited
- with 10.0 Volts.
i) Find the bridge sensitivity?
ii) If the bridge has a total lead resistance of 100 ohms, what is the reduction
in sensitivity? (10)

P.T.O
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/6) A)A cap«ac:tance sensor has two plates of thickness *t" mm, area of cross section
*A’ 5q mm and distance between plates is *y" mm in free space. A dielectric
material of thickness *x” mm (x<y) of dielectric constant * ’is introduced between
the two plates, =
i) What is the capacitance of the sensor, "" f
ii) “What is the sensitivity of the thickness measurement of the chlmmc
" material. (8)
1\_{ B) Discuss Blumin Bridge for differential capacitance measurement. (8)

Voo 7) A) Discuss the difference between electrom: metic & Capacitance interference.

- What techniques would one use to reduce various interferences? (8)
f; \ B) What type of ADC would one use & wh. for the following signals,
: i) Slow varying DC signals with m«ins frequency noise,
- } ii) Bipolar signals with frequency component up to 100KHz,
5, iii) High frequency signals up to 100MHz
= iv) Sensor Current output up to 3 decades. (8)

8) A) Discuss the following aspect of Op-An: 1 in interface design:
L) Slew rate with respect to Frequ. ncy response of amplifier,
ii) .::‘Open-loop and closed loop frec iency performance, e}
iii) - Offset currents & Source |mpcr'1ncc IE} : L

B) Discuss Input Impedance for : : . 7 P
. i) . =Non inverting Amplifier & : feafin glh |
R .+ ii) Inverting Amphf’ ier, with respect 0. OP-Amp input unpedancc and Dpea
: loop gain (Avol). (8) %

9) A)How does a guard ring help in design or capacitance sensor? (3) o g R
B) Discus why one should not Ground shlﬂ-lds' at both ends of a shielded cahlc 8
How does it degrade the performance ¢ ~a Data Acquisition system? (4)
C) Discuss, which is the best point (A or B or C or D) to ground in the Input
circuit presented below to a Data Acquisition system. (9)

—
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Possible grounds where system and source have
differi ring ground potentials. ok
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