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課程名稱：感測與介面（課號：DCN3701/1123） 
作業#2  (Due Wednesday 3/27 10:00AM) 
This homework covers the contents of Dynamic Characteristics of sensor devices. 
 
1. Give an example to show that an high gain negative feedback can be applied to a 

sensing element for improving the its dynamic characteristics. 15% 
2.  A. Explain what is the meaning of bandwidth of a sensor. 10% 

B. How to determine (or sometimes estimate) the bandwidth of a first order 
element 5% 

C. How to determine the bandwidth of a second order element with damping 
ratio < 0.7? 5% 

3.  A temperature sensor can be represented as a first order element with time 
constant 5 sec and steady state sensitivity 40x10-6 µV/°C, calculate the output 
of this sensor for the input signal given by  

 ∆TT(t) = 75[sin (t) +1/3sin(3t)+1/5sin(5t)+1/7sin(7t)]    15% 
4. Suppose we use a copper-constantan thermocouple to measure small fluctuations in 

temperature around 200°C. The thermocouple has a time constant of 5 sec.  The 
steady state sensitivity of the sensor at 200°C is 50 µV/°C 
A. Find the general expression of the input-output relation of this sensor. 5% 
B. Suppose the sensor has constant steady state sensitivity up to 200°C and the 

equilibrium condition has been obtained at 200°C. Now the temperature is 
suddenly increase from 200°C to 210°C; find an expression of the output voltage 
as a function of time.  10% 

5. A. What is the single parameter to describe the dynamic characteristics of a first 
order element? 5% 

B. Give at least two methods to determine this parameter by experiments.  10% 
6. A force sensor has a mass of 0.5kg, stiffness of 2x102 Nm-1 and a damping 

constant of 6.0N s m-1. 
A. Calculate the steady-state sensitivity, natural frequency and damping ratio for 

the sensor.   5% 
B. Calculate the displacement of the sensor for a steady input force of 5N.   5% 
C. If the input force is suddenly increased from 5 to 10 N, derive an expression for 

the resulting displacement of the sensor. 5% 
D. From C, what about if after 10sec, the force is suddenly decreased from 10N 

back to 5N?  Derive an expression for the resulting displacement of the sensor 
in this situation.  5% 


