Ref. No. Ex/IEBE/T/214/2019

BIEE, 2™ Year 1% Semester Examination, 2019

SUBJECT: Fundamentals ¢f Insirumentation
Time: Three hours Full Marks 100
All guestions are compulsory.

{).No. Marks
I. i) | Answer any 2: 5

a) What are the uses of a variable manipulation element and a data

presentation element in an instriment? Give examples. t

b) What are interfering and modifying inputs in a measuring system?
Specify their effects on zero and sensitivity of the instrument

¢) State the functional representations of a step input and an impulse input.
Which of these are usable in practical systems and how?

d) What are the typical electrical sensing elements used with load cells?
What is the placement of these sensors on the load celis? Why are they so
placed?

i Derive the expression for the amplitude modulated signal when a 10
sinusoidal carrier signal is modulated by a sinusoidal modulating signal,
stating assumptions if any. Draw the typical frequency responses of the
modulating signal and the DSBSC signal.
OR

Derive from 1" principles the condition for balance in a Wheatstone
Bridge circuit and the general expression for the unbalanced voltage in this
_ W.B. circuit. Discuss the placement of the gages and the performance of 4
o W.B. when i) one arm has an active strain gage i) the bridge has one
-activeand-one dummy gage iii) bridge has two active gages and iv) all |
four arms have active gages. :

1i) [Write notes on (any one) 5
i}. Through and across variables :
i) Electrical equivalents of mechanical systems

.. | A voltmeter has range of {4V, 20V} and resolution is 1mV. Determine its
20 dynamic range in dB. Differentiate between threshold and resolution. 2+4
OR
A non-linear pressure sensor has an input range of O to 10 bar and an
output range of O to 5 V. The output voltage at 4 bar is 2.20 V. Calculate’
the non-linearity in volts and as a percentage of span. Describe linearity

and sensitivity.

iy ! Define precision and accuracy. Compare these parameters in the analog | 4
and digital modes of operation.




{).No.

Marks

2,

i)

i)

ii)

ii)

The following results were obtained when a (linear) pressure transducer
was tested in a laboratory under the 3 following conditions: 1 Nominal:
Aimbient temperature T, =20 °C, supply voltage V= 10 V; II T, =20 °C,
V=12 VI T, =25 °C, V=10 V
Input (barg) 0 2 4 6 8 10
Output I 4 7.2 104 136 168 20
(mA) I 4 8.4 128 172 216 28

il 6 8.2 124 156 188 22
(a)ustify and determine the values of Ky K, o and K associated with the
generalised model equation O = (K+ Kyl +a+ K1,
b} Predict an output value when the input is 5 barg, V¢ = 12 V and ambient
emperature is 25 °C,
OR
Write notes on (any two) ‘

a) Ramp response of an unc’iefdamped second order systemn
b) Static characteristics of a system
¢) Dynamic range and Bandwidth of a system

A platinum resistance sensor, which measures temperatures within 0 to
200C, follows the relation Ry=Ry(I+aT+BT%, where Ry=100.0 Q,
Rjw=138.50 Q and Ryy=175.83 . Calculate o and B: and the non-
linearity at 100°C as % fsd.

OR

R=0.0585 exp(3260/T). Design a deflection bridge for this element for;
input range 0 to 50C, output range 0 to 1.0V and an approximately linear
input-output relationship.

errors are standard deviations. What is the charge on the capacitor?

A sample of 100 dry cells, tested to find the length of the life, produced
the following results: mean = 12 hours, standard deviation o = 3 hours.
Assuming that the data are normally distributed, what % of battery cells
are expected to have life i) more than 15 hours, ii) less than 6 hours? What
is the 50% expectancy range of battery life?

OR
For 4 rectangular rod, the measurement of its dimensions (in inches)

mean=0.5, 5.d=0.002 and c) height: mean=16.5, 5.d=0.40. Find the
nominal volume and its standard probable error.

Test the goodness of fit of the data given using chi square test.

The resistance R(Q)} of a thermistor varies with temperature T(K) as: |

A capacitor of (1.0+0.1)uF is charged to a voltage of (20+1)V, where-

yield the following: a) length: mean=2.0, 5.d=0,005 b} breadth:.

Height(m) 1.52- 1.57- 1.62- 1.67- 1.72-
1.56 1.61 1.66 1.71 1.76

No. of students 5 18 42 27 8

Given x20_95=5.99; 120,05:-0. 103,
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Q.No,

Marks

i)

iil)

Vi)

Derive the output voltage of an actual potentiometric transducer in
response to an input displacement. Express the % nonlinearity N(x)
considering x = R,/ Rand m =R /Ry If e/ ¢; = 0.5 and m = 1, then
determine the value of x. : '

Draw, dertve and compare the outputs of a 3 lead vs. 2 lead wire systems
in terms of signal Joss factor and temperature compensation in a double
strain gage W.B, circuit. ‘

OR
Compare a bonded wire strain gage and a semiconductor strain gage in
terms of construction, gage factor, gage characteristics, accuracy,
precision, linearity, sensitivity and stability.

| Draw and describe a capacitive proximity sensor. Derive the relation of the

displacement to the output voltage considering an op-amp based charge
amplifier,

OR
Derive the output transfer function of a loaded LVDT from first principles.
Determine and comment on the gain and phase of this system. '

A variable dielectric capacitive displacement sensor consists of two square
metal plates of length 5 em, separated by a gap of 1 mm. A sheet of
dielectric material, also 1 mm thick and of the same area as the plates can

Edicicaric=4, calculate the capacitance of the sensor when the edgewise input
displacement of the dielectric x = 0.0, 2.5 and 5.0 cm. Express the

OR
Explain the working principle of a Hall effect transducer with diagram. A
Hal} probe of thickness 2mm, carrying a current of 300mA is placed in a
magnetic field of 0.5T. If the probe output is 0.5V, what will be the Hall
coefficient?

Draw the standard axis system and define the g, d and h constants of a
piezoelectric transducer. Derive the relation between these three constants.

Explain the principle of operation of a pyroelectric detector stating all
assumptions. Discuss its sujtability for dynamic measurement.

OR '
Explain the principle of operation of an optical pyrometer with diagram.
What are the functions of a) absorption filter, b) red filter in it?

OR

Write notes on (any two)

1) Eddy current type displacement transducer

i) Comparison of wirewound and conductive plastic potentiometers
iii) SQUID Magnetometer '

iv} Differential pressure pick up

‘be slid between them edgewise. Given that &, = 8.85x10~12 F/m, e=1,

sensitivity of the sensor as a function of the input displacement and state,
| values. Comment on the linearity of the sensor.

6
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Ref. No. Ex/IEBE/T/214/2019

BIEE, 2" Year 1" Semester Examination, 2019
SUBJECT: Fundamentals of Instrumentation
Time: Three hours PFull Marks 100
All guestions are compulsory.
Q.No. : Marks
I. i) | Answer any 2: 5

a) What are the uses of a variable manipulation element and a data
presentation element in an instriment? Give examples. ¢

b) What are interfering and modifying inputs in a measuring system?
Specify their effects on zero and sensitivity of the instrument

¢) State the functional representations of a step input and an impulse input.
Which of these are usable in practical systems and how?

d) What are the typical electrical sensing elements used with load cells?
What is the placement of these sensors on the load celis? Why are they so
placed?

i) Derive the expression for the amplitude modulated signal when a 10 .
sinusoidal carrier signal is modulated by a sinusoidal modulating signal, W
stating assumptions if any. Draw the typical frequency responses of the B
modulating signal and the DSBSC signal.
OR

Derive from 1™ principles the condition for balance in a Wheatstone
Bridge circuit and the general expression for the unbalanced voltage in this
W.B. circuit. Discuss the placement of the gages and the performance of a
- W.B. when i) one arm has an active strain gage i) the bridge has one
active-and-one dummy-gage iii) biidge Has two active gages and 1v) all
four arms have active gages.

1ii) [Write notes on (any one) 5
i} Through and across variables
ii) Electrical equivalents of mechanical systems

.. | A voltmeter has range of [4V, 20V] and resolution is 1mV. Determine its
200 dynamic range in dB. Differentiate between threshold and resolution.

OR
A non-linear pressure sensor has an input range of 0 to 10 bar and an
output range of 0 to 5 V. The output voltage at 4 bar is 2.20 V. Calculate
the non-linearity in volts and as a percentage of span. Describe linearity
and sensitivity.

2+4

i) | Define precision and accuracy. Compare these parameters in the analog | 4
and digital modes of operation.

Q.No,

Marks

2. iih)

i)

iif)

The following results were obtained when a (linear) pressure transducer
was tested in a laboratory under the 3 following conditions: 1 Nominal:
Ambient temperature T, =20 °C, supply voltage V= 10 V; I T, =20 °C,
V=12V, I T, =25 °C, V=10V
Input (barg) 0 2 4 6 8 10
Output 1 4 7.2 104 136 168 20
(mA) I 4 8.4 128 172 216 28
1 6 9.2 124 156 188 22
(a)Justify and determine the values of Ry, K), a and K associated with the
generalised model equation O = (K + Kyl +a+ K, I,
b} Predict an output value when the input is 5 barg, Vs = 12 V and ambient
emperature is 25 °C.
OR

rite notes on (any two) Co

a) Ramp response of an underdamped second order system

b) Static characteristics of a system

<) Dynamic range and Bandwidth of a system

A platinum resistance sensor, which measures temperatures within 0 to
2007C, follows the relation Re=Ro(1+aT+BT%, where Re=100,0 Q,
Ryp=138.50 Q and Ryy=175.83 Q. Calculate ¢ and B; and the non-
linearity at 100°C as % fsd.
OR

The resistance R(Q) of a thermistor varies with temperature T(K) as:
R=0.0585 exp(3260/T). Design a deflection bridge for this element for:
input range 0 to 50°C, output range 0 to 1.0V and an approximately linear
input-output relationship.

A capacitor of (1.0£0.1)uF is charged to a voltage of (20+1)V, where
errors are standard deviations., What is the charge on the capacitor?

A sample of 100 dry cells, tested to find the length of the life, produced
the following results: mean = 12 hours, standard deviation ¢ = 3 hours,
Assuming that the data are normally distributed, what % of battery cells
are expected to have life i) more than 15 hours, ii) less than 6 hours? What
is the 50% expectancy range of battery life?

OR
For a rectangular rod, the measurement of its dimensions (in inches)

‘mean=0.5, 5.d=0.002 and ¢) height: mean=16.5, s.d=0.40. Find the
nominal volume and its standard probable error.

Test the goodness of fit of the data given using chi square test.
Height(m) 1.52- 1.57- 1.62- 1.67- 1.72-
1,56 1.61 1.66 1.71 1.76

yield the following; a) length: mean=2.0, 5.d=0.005 b) breadth:.

No. of students |5 18 42 27 8

Given x20_95=5.99; Xzo,oszo. 103.

10

10

#

Q.No. . Marks

4 1) | Derive the output voltage of an actual potentiometric transducer i | 6
response fo an input displacement. Express the % nonlinearity N(x)
considering x = R/ Rand m= R / Ry, If 5 / ¢, =05 and m = 1, then
determine the value of x.

ii) | Draw, derive and compare the outputs of a 3 lead vs. 2 lead wire systems | 6
in terms of signal loss factor and temperature compensation in a double
strain gage W.B. circuit.

OR
Compare a bonded wire stiain gage and a semiconductor strain gage in
terms of construction, gage factor, gage characteristics, accuracy,
precision, linearity, sensitivity and stability.

... | Draw and describe a capacitive proximity sensor. Derive the relation of the
iii) | digplacement to the output voltage considering an op-amp based charge | ©
amplifier,

OR
Derive the output transfer function of a loaded LVDT from first principles.
Determine and comment on the gain and phase of this system., '

A variable dielectric capacitive displacement sensor consists of two square
metal plates of length 5 cm, separated by a gap of 1 mm. A sheet of
v dielectric material, also 1 mm thick and of the same area as the plates can
be slid between them edgewise. Given that g = 8.85x10~12 F/m, ey=1,
Egicleemic=4, calculate the capacitance of the sensor when the edgewise input
displacement of the dielectric x = 0.0, 2.5 and 5.0 cm. Express the
sensitivity of the sensor as a function of the input displacement and state
values. Comment on the linearity of the sensor.
OR

Explain the working principle of a Hall effect transducer with diagram. A
Hall probe of thickness 2mm, carrying a current of 300mA is placed in a
magnetic field of 0.5T. If the probe output is 0.5V, what will be the Hall
coefficient?

v) | Draw the standard axis system and define the g, d and h constants of a 4
piezoelectric transducer. Derive the relation between these three constants.

vi) | Explain the principle of operation of a pyroelectric detector stating all | g
assumptions. Discuss its suitability for dynamic measurement.
OR
Explain the principle of operation of an optical pyrometer with diagram.
| What are the functions of a) absorption filter, b) ted filter in it?
OR

Write notes on (any two)

i) Eddy current type displacement transducer

if) Comparison of wirewound and conductive plastic potentiometers
iii) SQUID Magnetometer

iv) Differential pressure pick up
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