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1. A platinum resister sensor is to be used to measure temperatures between 0 
and 2000C. given that the resistance CRT

0Tat   Ω is given by 
)1( 2

0 TTRRT βα ++=  and R0=100.0, R100=138.50, R200=175.83, calculate：：：：15%                 
1) The value of ββββ and αααα 
2) The non-linearility at 1000C as a percentage of full-scale deflection. 

 
2.  An iron vs. constantan thermocouple is to used to measure temperature 

between 0 and 300oC. The e.m.f values are given in Table 8.2(attached).             
15% 

1) Find the non-linearity at 100oC and 200oC as a percentage of full scale 
2) Between 100 and 300oC the thermocouple e.m.f is given by 

2
210, TaTaET += , calculate a1 and a2 

3) The e.m.f is 12500uV relative to a reference junction of 20oC and the 
corresponding reference junction circuit voltage is 1000uV. Use the 
result of 2) to estimate the measured junction temperature. 

 
3. A piezoelectric crystal, acting as a force sensor, is connected by a short cable of 

negligible capacitance and resistance to a voltage detector of infinite 
bandwidth and a purely resistive impedance of 10M,                  15% 

1) Use the crystal data given below to calculate the system transfer 
function and to sketch the approximate frequency response 
characteristics of the system. 

2) A time variation of input force is a square wave of period 10ms. Explain 
why the above system is unsuitable for this application. 

3) A charge amplifier with feedback capacitance CF=1000pF and feedback 
resistance RF=100MΩΩΩΩ is incorporated into the system. By sketching the 
frequency response of the modified system, explain why suitable for 
part 2). 

Crystal data   
   Charge sensitivity to force =2pC N-1 
   Capacitance            =100pF 
   Natural frequency       =37kHz 



   Damping ratio          =0.01 
 
4. Incremental shaft encoders are used in angular position measurement. Given a 

DC motor with an encoder of 1000ppr attached on the shaft. 
1) Explain how the angular displacement can be measured 
2) How a HCTL-2000 Chip can be used in this application? 
3) When the motor rotate an angle of 180o, what will be the change of the 

counter content in HCTL-2000?                             15% 
 
5. When using bonded strain gage to measure force, 

1) Give the favorable features and limiting factors of this type of sensor 
2) Show that a deflection bridge circuit can convert the measured strain to 

a voltage. 
3) Show that a three-wire connection in deflection bridge is required for 

precision measurement when only using one single strain gage. 
4) Estimate the possible voltage level when the supply voltage is 10 Volts in 

the bridge circuit. (Use the strain gage example given in the text book 
pp.142)                                              20%          

 
6. Try to give a design using an LVDT to measure the opening of a two-fingered 

robot gripper.                                                  10% 
1) Try to give a description of your design. 
2) Discuss how to calibrate your system. 

                                                                  
7. Suppose we wish to measure the temperature T1°°°°C of a liquid inside a vessel 

with a chromel v. alumel thermocouple (type K). The measurement junction is 
inserted in the liquid and the reference junction is outside the vessel, wheree 
the temperature is 25°°°°C. The measured e.m.f. is 5.1878mV using a voltmeter 
inserted at the reference junction. The value of E25, 0 is 0.9918mV using the 
thermocouple table (see the handout given in the classroom). Try to find the 
liquid temperature.                           

                                                                 10% 
 


