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Problem 1:

{a) Indicate whether each statement of the following is correct () or false ().
[10 Marks]
- Current transformers are utilized essentially in the measurement of very small currents.
()

- Lisajous patterns are patterns that appear on the oscilloscope display when twa signals
are connected to its two channels in XY mode and can be used to measure the frequency
ratio given that the numerator and denominator of the frequency ratio are integers. |

Digital valtmeter is more accurate than analog voltmeter but its input resistance is low or
than analog voltmeter. [ )

Voltage to time digital voltmeter has —in general- less conversion time than voltmeters
that utilize analog to digital converter. | )

Trigger controls in an oscilloscope controls the vertical scale of the display screen |
‘When DC-coupling setting is selected in the oscilloscope, anly the DC-average of thr sova
is displayed. [ )

The tube of CRT oscilloscope is filled with a gas at high pressure, [ )

Available chart recorders output their measurements on paper only. ()

Dot matrix displays can be used to display numbers only. [ )

10-  Regression technigues can be used reliably only if at least one of the variables is

measured with very good certainty. | )

{b) A bridge is used to measure an unknown capacitance Cx as shown in Figure 1, The
resistance R1 is adjusted till the bridge is balanced.




Derive an expression for
the unknown
capacitance C, in terms
of Ry, Cy, Rz, Ra.

Given that Ry=1 KOhm,
R:=2KOhm, Rs= 5 KOhm,
and C;=1 WF, Find the
value of C. and R..

5 Marks]

(c) A dual slope digital
voltmeter is used for
measuring an unknown
voltage V. The unknown
voltage V, is applied to Figure 1
the input of an
integrator for a known fixed time interval Ty, then a known negative voltage =V
applied to the input of the integrator till the integrated voltage is zero after U
Derive an expression for the unknown voltage V, in terms of the reference volt:
Ty, and Ts.
If T1=5 ms, Tz =10 ms, and V=10V, Calculate the unknown valtage V. [ 5 Marks

Problem 2:

{a) Select the correct answer: 3 Marks]

1. Asinusoidal signal is displayed on an oscilloscope. A& complete oycle spans 5 horizonial
divisions. The time per division setting of the oscilloscope is 10 ms. The measurad
signal frequency is:
al S0Hz b)20Hz c) 20 KHz d) 1 KHz

. Inthe previous question, the time per divison setting is changed to 20 ms with
everything else fixed. The measured frequency will be:
al 20Hz  b)10Hz c}40Hz d} 60 Hz

. Inthe previous question, A complete cycle of the signal spans how many horizontal
divisons?
a} 5divisons. b) 2. 5divisions,  ¢)10divisons d) 2 divisons
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. Inthe previous question, the signal frequency is changed 1o 5 Hz. What s the number
of horlzontal divisons of one complete gycle of the measured signal?
a) 20 b) 10c) 5 d)other
A sinusoidal signal of amplitude 5 V is displayed on an oscilloscope. Which trigger level
setting of the following is not valid?
a) -2V b) OV c) 3V d) 6V
As the number of turns in the secondary winding of a current transformer increases,
the secondary measured current w...,
a) Increases. b) decreases c) ne change.

. An oscllloscope with two channels have a number of time/division control knobs equal
B

a) Oneknob. b} two knobs c) three knobs, d) other

. Two signals with a frequency of 2 KHz are connected to the two channels of an
oscilloscope. One of the signals have a phase lead of 902 with respect to the other.
the time per divison setting of the oscilloscope is 0.1 ms. One of the signals will ix
displaced horizontally with respect to the other by ..., Horizontal divisons.
al 1.5 b)3 ¢j1.25 d) 2

b} The characteristics of a chromel-constantan thermocouple is known to be
approximately linear over the temperature range 300°C-800°C. The output e.m.. was
measured practically at a range of temperatures and the following table of resulis
ohtained. Using least squares regression, caleulate the coefficients a and b for the
relationship E=a T + b that best describes the temperature(T) versus e.m.f. (E)

characteristic. (show details of your work). [7 Marks)
Temp #C | 300 | 325
2

325 [ 350 | 375 [ao0 425 J4s0 [475 [so0
32 | 250 |269 [286 (313 [328 [350

i

emf (mv) | 210 |

Temp 8C ]| 525 | 550 | 575 | 600 625 |650 675 | 700
e.mf(mv) | 38.5 7_| 430 476|495 |511

Temp 8C | 750 [ 200 |
omf (mv] F"IE._J

Problem 3:

(3) Indicate whether each statement of the following is correct (V) or false (%):
[10Marks)
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. The width of an ultrascnic beam decreases as the frequency of the ultrasonic wave
increases. [}

. Ifan ultrasonic source is maoving far away from a stationary target, the target receives
the ultrasonic wave with a frequency less than that generated by the source. [ )

. The 3-D position of a moving object can be determined using an ultrasonic trans mitter
attached to the body and at least two ultrasonic receivers placed at known reference
positions. | )

. The radiated power from a hot body is dependent anly on its termperature. | )

. Thermoelectric effect temperature sensors are contact-less sensors while pyrometers
are contact sensors. { )

. Semiconductor strain gauges have lower sensitivity than conventional metallic strain
gauges. [ )

7. A piezo-electric transducer is a sensor that converts stress to a change in resistan:
8. Dead weight gauge is used for in-field guick measurement of pressure. [}

9. A pirani gauge is a pressure sensor used for very high pressures, ()

10. Bourdon tube measures pressure by converting it to a measurahle deflection. |

(b}An Utrasonic transmitter is attached to a flying object, Three ultrasonic receivers are
attached to ground at the positions (0,0,0) and (6,0,0) and (0,C,0), The ultrasonic
receivers measure the propagation delays from the transmitter ta each of them and
are given by: 46 ms, 35 ms, and 50 ms respectively, The scund velocity is 340 m/fs.
Derive an expression for the moving body position in terms of the ground receivers
locations and the distance between each receiver and the transmitter,

Calculate the flying object position if B=10 m and C=20 m. [10 Marks]

Problem 4.

(a) Selact the correct answer: [10 Marks]

1. Which afthe fallowing temperatures cannot be measured using a manual optica
pyrometer?

a) 400°C b)80O09C «c)9002C d)7002C

2. Which of the following rotational displacement devices have a range from 090 to 350
2L,

a) Rotational differential transformer  b) Resolver ¢} Gyroscope  d) The synchro.

3. The minimum number of rate integrating gyroscopes required to measure the full
orientation is:

a) 2 b)2 )4 d)s
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4. Bellows is a pressure measurement device that converts changein pressuretoa
change in

a) Resistance b) inductance c) deflection d) current

5. Ina Hall-effect sensor, the current flows in the x-direction while there is an applied
magnetic field in the y-direction. The induced hall volitage is in

a) X-direction. b) ¥- direction ¢} Z-direction

6. A sound wavehas a frequency 1XHz. Given that the sound velocity=340m/s. The
wavelength is:

a) 0.GEm b)0.34m ¢j017m d)lm

7. Which of the following temperatures can be measured using a radiation pyrometer?

a) 1002C b 4002C c)10008C djal

8. Which of the following rotational displacement sensors is suitable for harsh
environments?

a) Optical incremental shaftencoders. b} circular potentiometer. c) The gyroscope
d] magnetic digital shaft encoder.

9. Which of the following sensors can measure rotational displacement mora than 2607 ¢

a) Resolver b) helical potentiometer. ¢ incremental encoder. d) none

10. Which of the following devices employ the electromagnetic induction in its
operation?

« &) Incremental encoder. b)) bourdontube. ) synchro d) thermisiiy

{b) Ina particular industrial situation, a nicrosil-nisil thermecouple with nicrosil-nisil
extenson wires is used to measure Lhe temperature of a fluid. |nconnecting up this
measurement system, the instrumentation engineer responsible has inadvertently
interchanged the extension wires from the thermocouple. The ends of the extension wires

are held at a reference temperature of 0°C and the output e.m.f. measuredis 21.0mV. |Ftne
junction between the thermocouple and extension wires is at a temperature of 50°C, what
temperature of fluid is indicated and what is the true fluid temperature?

You are given the following data:

BE nigrostmarsoc = 1.339 mV AE nerosa e sioc = 21.0 mV

BAE izt nind rnac = 23.68 mV

[ 5 Marks]
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(c) A Mcleod gauge is used to measure an unknown Uk
pressure as shownin Figure 2, The volume of the l pressura (P,)
¥ tube is V, = 1 litre and the liquid density p =
1000 kg/m>. The Y-tube cross-sectional area=10
em’ and the liquid height after measurement is b=
20cm.

= Derive an expression for the unknown pressure p,,

- Calculate the unknown pressure P,

[5 Marks]

Prablem 5:

(a) Discuss in brief why it Is preferable to utilize gray
code shaft encoders than binary code shaft
encoders. [+ 3 Marks]
(b) Explain how the fibre-optic angular velocity
gyroscope operates. [+3 Marks]
() Discuss the working principle of the manual Figure 2
pyrometer and how it is used to measure an
unknown temperature. [+4 Marks|
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