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(I) Provide suitable figures, sketches and block diagrams wherever required.
(II) The following tables are permitted: Cumulative normal distribution table, Student t-distribution

table, Chi-square distribution table, F- distribution table.
(III) All sub-questions of a question should be answered in one place.

Questions 1 a) to 1 n): Answer any TWELVE. One marks for each sub-question.

I a) Sketch a sample-and-hold circuit.

1 b) Sketch a decoder used in digital systems and explain how it works.

I c) Sketch a null type DC Wheatstone bridge circuit.

1 d) Sketch a Wheatstone bridge circuit having apex balancing.

Ie) Write down the expression for the response of a first-order instrument system.

I f) Sketch the response of a first order instrument system to step input.

I g) Sketch a non-inverting amplifier configuration of an operational amplifier circuit. Write down the
expression for its output.

1 h) Sketch summing amplifier configuration of an operational amplifier circuit. Write down the expression
for its output.

I i) Sketch the amplitude modulated wave of radio frequency telemetry.

I j) Sketch the basic network of a first order low-pass signal filter.

I k) Sketch a position telemetering system.

11) Sketch and illustrate pulse amplitude modulation of signal.

1 m) Sketch a pneumatic displacement device and explain its working.

1 n) Explain how a resistive hygrometer works.

Questions 2 i) to 2 v): Answer any FOUR. One marks for each sub-question.

2 i) A length 10.0±0.20 mm is subtracted from 18.0±0.25. Calculate the uncertainty after the subtraction.
Express it in percentage.

2 ii) A 3 volt DC power source required for a circuit is obtained by connecting together two 1.5 volt battery
cells in series. If the error of the output voltage of each battery is specified as ± 1 per cent, calculate the
possible error in the 3 volt power source which they make up.

2 iii) An elastic force sensor has an effective mass of 0.1 kg, a spring stiffness of 10 N/m and a damping
constant of 14 N-s/m. Calculate the sensor damping ratio.

2 iv) An output of 2 mV appears across the terminals of an LVDT when the core moves through a distance
of 0.2 mm. The output of the LVDT is amplified by a factor of250 and then measured by a voltmeter.
Calculate sensitivity of the setup.
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2 v) A strain gauge having a ~auge factor 4 is used for testing a machine. If the gauge resistance is 100 Q

and the strain is 20 x 10- , what would be the change in resistance of the strain gauge when the strain
was imposed?

Questions 3 A) to 3 M): Answer any FIVE. Two marks for each sub-question.

3 A) With the help of block diagram explain working of a counter type analogue-to-digital converter.

3 B) Derive expression for the gauge factor of electrical resistance strain gauge.

3 C) A column type load cell has square cross-section. Two strain gauges were fixed along the direction of
load and two across. Draw the Wheatstone bridge circuit that uses these strain gauges. Write down the
expression for its voltage output clearly indicating the meaning of the symbols used.

3 D) The output of a measurement system is a function of three variables XI, X2 and X3.

R = R(xt, X2, X3)

Estimate uncertainty in the output when uncertainties L\XI = 0.16; L\x2 = 0.86; L\x3 = 0.75; and
aR aR aR
-a = 0.8; s: = 1.24; -a = 0.5.
Xl Xz X3

3 E) Four strain gauges are used to form a Wheatstone bridge circuit. It is initially balanced. The gauge
factor of the strain gauge is 2.3. Resistance of one of the gauges is increased by 0.3 per cent. If the
excitation supply is 5 volts calculate the bridge output voltage.

3 F) In a Wheatstone bridge circuit made of 4 strain gauges, the permissible current in each strain gauge is
9 mA. Calculate the maximum value of excitation supply voltage if the nominal resistance of one
strain gauge is 120 Q.

3 G) In a wire wound linear resistance type displacement device the resistance of the wire is 5 kQ and the
internal resistance of the voltmeter is 25 kn. Calculate the magnitude of error in the output voltage
when the displacement is 65 per cent. Derive the expression (if any) used.

3 H) A parallel plate capacitance transducer uses plates of area 500 mm2 which are separated~ a distance
of 0.2 mm. Calculate the value of capacitance when the dielectric is air having a permittivity of 8.85 x
10-12 F/m. Calculate also the change in capacitance if a linear displacement reduces the distance
between plates to 0.18 mm.

Questions 4 a) to 4 f): Answer any FOUR. Three marks for each sub-question.

4 a) The actual amount of instant coffee that a filling machine puts into '4 - ounce jars' may be looked
upon as a random variable having a normal distribution with o = 0.056 ounce. If only 2 per cent of the
jars are to contain less than 4 ounces, what is the mean fill of these jars?

4 b) Eighty observations were made on the daily sulfur dioxide emission (in tons) from an industrial plant.
x = 18.85 and S2 = 30.77. Construct a 99 % confidence interval for the plant's average daily emission
of sulfur dioxide.

4 c) Test whether the thermal conductivity of a certain kind of cement brick is 0.340, as has been claimed.
The mean of n = 35 determinations is found to be x = 0.343. From information gathered in similar
tests, we can expect that the standard deviation in such determinations is given by c = 0.010. The level
of significance is 0.05.

4 d) The specifications of a certain kind of ribbon call for a mean breaking strength of 180 pounds. If five
pieces of ribbon (randomly taken from different rolls) have a mean breaking strength of 169.5 pounds
with standard deviation of 5.7 pounds, test the null hypothesis u= 180 pounds against the alternative
hypothesis ~ < 180 pounds at the 0.01 level of significance.

4 e) A company claims that its light bulbs are superior to those of its main competitor. If a study showed
. . . ..
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~ standard deviation of 27 hours, while a sample of n2 = 40 bulbs made by its main competitor had a

mean life time of 638 hours of continuous use with a standard deviation of 31 hours, does this
substantiate the claim at the 0.05level of significance?

4 f) The following random samples are measurements of the heat producing capacity (in millions of
alori t) f . f al f tw .cones j>er on 0 sQeclmens 0 co rom o mmes:

Observations

Mine 1 8260 8130 8350 8070 8340 ---
Mine 2 7890 7950 7900 8140 7920 7840

X SL

8230 15750
7940 10920

Use the 0.02level of significance to test whether it is reasonable to assume that the variances of the
two populations sampled are equal.

5. Carry out regression analysis, and test the significance of regression coefficients and regression.
Construct a 95 per cent confidence interval for the predicted value of yield at 90 kg/ha nitrogen level.
(6 marks)

Nitrogen level (kg/ha) 0 50 100 150
Grain yield (kg/ha) 4330 5567 6811 7325

6. Carry out analysis of variance for the effect of hardwood concentration on tensile strength of paper
considering the one way classification fixed effects model. Has the hardwood concentration affected
the tensile strength of paper? (6 marks)

Hardwood concentration (per cent) Tensile strength of paper (psi) (replications are shown)

( 1) ( 2) (3) (4)
5 7 8 9 10
10 12 17 16 15
15 14 18 18 18
20 19 25 19 20
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