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1- Answer the following questions briefly. 

a. Define Variable Reluctance Transducers: 
Variable inductance transducers that use a nonmagnetized ferromagnetic medium to alter the 
reluctance (magnetic resistance) of the magnetic flux path. 

 

b. What is the main difference between Eddy Current and Variable Inductance proximity 
sensors in applications? 

For eddy current proximity sensor the object can just have a conductor plate, while for the other 
one, the object should be from a ferromagnetic material. 

 
c. What is the main reason of using semi-conductor strain gages rather than usual foil type 

strain gages? 
 For measuring very low strains, as they have very high sensitivity (gage factor). 

 
 

d. What is the main disadvantage in using motor current sensing for torque measurement? 
 Motor torque is not exactly load transmitted torque, which we are measuring. 

 It also includes, rotor inertia and friction torques. 
 

e. What is Seebeck Effect? 
When temperature change at the junction formed by 2 unlike conductors, electron configuration 

Changes due to heat transfer, which results in producing voltage. 
 

2- Which one of the followings is NOT a feature of LVDT? 
a) Low mechanical wear   b) Low electrical loading 

✓c) High output impedance   d) Fine resolutions available  
 

3- Which one of the followings is NOT a feature of the piezoelectric sensors? 
a) Light weight    b) Wide useful frequency range 
b) High electrical loading   ✓d) Low output impedance 
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4- In which of the following strain gage bridge configurations for torque measurement, axial or 
bending compensation is not happening? 

 
                         (a)   ✓ (b)                    (c)    (d) 

 
5- Which one is NOT correct? 

a. ✓ Helical Tube is working based on balancing the pressure with an opposing force. 
b. Bellows is working based on subjecting the pressure to a flexible front-end member and 

measuring the resulting deflection. 
c. Diaphragm is working based on subjecting the pressure to a front-end auxiliary member and 

measuring the strain. 
d. Pitot tube is working based on measuring the pressure, which brings the flow a static 

condition. 
  

6- Assume that we have a strain gage tactile sensor. Tactile force P results in readings of 𝑅! = 𝑅! =
10, and 𝑅! = 𝑅! = 5, from the load cells. Assuming the square side is 30 mm, find the amplitude 
and position of P. 
a) 15 , (15,10)     b) 15 , (10,15) 

✓c) 30 , (15,10)    d) 30 , (10,15) 
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7- Write down the complete names of the following transducers. 

	
   	
   	
  
	
  

....Rotameter.......	
   	
   ..Bourdon	
  tube....	
  	
  	
  	
  	
  	
  	
  Direct	
  deflection	
  torque	
  sensor	
  
	
  

	
  	
  	
  	
  	
   	
  
	
  

Variable	
  reluctance	
  torque	
  sensor	
   	
   ......Strain	
  gage	
  accelerometer........	
  
	
  

	
   	
  
	
  
......RVDT........	
   	
   	
   	
   	
   .........Synchro	
  Transformer.......	
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8- In the LVDT figure shown below, assume that the secondary circuit leakage inductance and the 

load inductances are zero. Assuming that the net secondary circuit voltage 𝑣! equal to 𝑣!𝐾𝑥, where 
𝑣! is the primary circuit voltage across 𝐿!, 𝐾 is a constant value, and 𝑥 is the measurand, what is 
the phase shift between output voltage 𝑣! and the reference voltage 𝑣!"#? Note that 𝜔 is the 
frequency of the reference voltage. 

a) 90!    

b) 90! + 𝑡𝑔!! !!!
!!
   

✓ c) 90! − 𝑡𝑔!! !!!
!!

   

      d) 0! 

 
 

9- In the ideal strain gage bridge with 4 active gages the relationship between bridge input and output 
voltages is !!!

!!"#
= !!!

!
𝜖. Consider the following bridge with the compensating resistor 𝑅!. If bridge 

resistors and 𝑆! are changing with temperature as 𝑅 = 0.1×(1+ 0.01.𝛥𝑇) and 𝑆! = 100×(1−
0.005.𝛥𝑇), find the value of 𝑅! such that the output is not affected by temperature changes. You 
can ignore the terms than contains 𝛥𝑇!.  

✓a) 0.1  𝛺  b) 1𝛺 

      c) 10𝛺             d) 100𝛺 

 
 

10- In the linear charge amplifier shown below, assume that 𝐶!"# = 1  𝜇𝐹, 𝑥 = 1  𝑐𝑚, 𝑉!"# = 10  𝑉, and 
𝐾 = 4×10!!  𝐹. 𝑐𝑚. What is the value of output voltage 𝑉!? Assume the Op amp is ideal.  

a) 2.5 V   ✓b) -2.5 V 
      c) 0.5 V   d) -0.5 V 
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1- Answer the following questions briefly. 

a. Name four advantages of using digital signals instead of analog signals. 
Digital signals are less prone to noise and disturbances. 

Complex signal processing with high speed & accuracy is possible. 
They will increase the reliability of the system. 

They enable storage of large amount of data, easily. 
Fast data transmission with no attenuation is possible. 

Overall, they have lower costs. 
b. Name the two main types of shaft encoders. 

Absolute encoders / Incremental Encoders 
Note that optical, sliding contact, magnetic, and proximity-based systems are different SIGNAL 
GENERATION methods for encoders. They ARE NOT specific encoder types. 

 

c. What is the advantage of using Gray code instead of binary code?  
Each transition in Gray Code involves one bit switch; hence, less prone to errors.  

 
 

d. What is eccentricity? 
Distance between center of rotation of the track and the geometric center of the circular code track.  

Note that eccentricity error is the error that arises because of the existence of eccentricity. 
 

e. Describe how we can find the direction of rotation with checking the edges of the encoder 
pulses? 

Check the edge of v1 when v2 is high. Rising edge in v1 when v2 is high, means CW rotation, while 
falling edge in v1 when v2 is high means CCW rotation. 

 
 

2- Which one of the following configurations has the disadvantages of friction and wear? 
a) Optical encoder   ✔b) Sliding contact encoder 
c) Magnetic encoder   d) Proximity based encoder  
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3- What is the physical resolution of an optical encoder that has N number of bits and r number of bits 
in the output register, and also both quadrature signals and rising and falling edges are being 
considered for measurement? 

a) !"#
!!!!

     b) !"#
!!!!

 

b) !"#
!

     ✔d) !"#
!!

 

 
4- Write down the complete names of the following transducers. 

	
  
	
  

..........Digital	
  Resolver.........	
  

	
  	
  	
  	
  	
   	
  
	
  

..........Digital	
  Tachometer..............	
   	
   ........Magnetic	
  Encoder.......	
  

	
   	
  
	
  

.........Optical	
  Encoder.........	
   	
   	
   ................Sliding	
  Contact	
  Encoder.........	
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5- Assume 𝑣! and 𝑣! are the two output pulses of an optical encoder. Also, assume that we are timing 
the pulses with a high frequency clock signal. Suppose that the time starts when 𝑣! starts to rise. If 
𝑛! is defined as the number of cycles until 𝑣! rises, and 𝑛! is the number of cycles until 𝑣! rises 
again, what can be inferred if 𝑛! < 𝑛! − 𝑛!? 
 

a) CW rotation   b) CCW rotation 
✔c) No information can be inferred for the direction of rotation.   

Note that the rotation direction depends on the position of the sensors (i.e., which one is leading the 
other one). 

6- Suppose that an incremental encoder has 900 windows on code disk, as well as 10 bits of output 
word size. What is the final resolution of the encoder if quadrature signals are used and both falling 
and rising edges are considered?  
 

a) 0.1o   ✔b) 0.35 o 

c) 0.17 o  d) 0.4 o 

 

 
7- What is the minimum number of tracks, and number of output word size for an absolute encoder, if 

the desired resolution is 0.1o ? 

 
a) 11 , 11   b) 11 , 12 

✔c) 12 , 12   d) 12 , 13 

Note that for the absolute encoder, as you have a code for each position in the revolution, you do 
need more bits than the tracks number. 

8- Assume the shaft, track, and assembly eccentricities mean and standard deviation as (0.1, 0.002), 
(0.2, 0.004), and (0.2, 0.004), respectively. All the data points are in millimeter. Estimate the 
overall eccentricity at a confidence level of 90%.  

 
a) 0.3 mm   b) 0.306 mm 

✔c) 0.312 mm   d) 0.318 mm 
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