EE426: Principles of Instrumentation
Lesson Objectives
A student in EE426 is expected to…
Introduction and Chapter 1
· Appreciate that measurement has a rich history.
· Understand how standards are essential for establishing units and regulating commerce.
· Sketch a block diagram of a general measurement system
· Break down a known measurement system and show how the components correlate to generic measurement system blocks.
Chapter 2: Static Characteristics of Measurement System Elements
· Define range, span, non-linearity, sensitivity, hysteresis and resolution 
· Given data, calculate the non-linearity at a point or the maximum linearity as a percentage of full scale.
· Given data for an instrument under different conditions, determine sensitivity and sensitivity to modifying and interfering inputs. Calculate expected signal variation in response to such inputs.
· Describe what is meant by the traceability ladder.
· List the 6 SI base units and understand how all other SI units are derived from this set. 
Chapter 8: Sensing Elements
· Describe how thermal resistors, strain gauges and photoresistors work.
· Calculate resistance change for a strain gauge subjected to an axial load. 
· Describe how capacitive sensors work.
· Calculate the capacitance change resulting from motion in a capacitive sensor. 
· Describe how inductive and electromagnetic sensors work.
· Use a magnetic circuit analogy to derive the inductance of an inductive sensor.
· Design a variable inductive displacement sensor to specifications.
· Describe how elastic sensors work.
· Given the spring constant for an elastic sensor, calculate the response of the sensor to a particular force.
· Describe how Hall Effect sensors work.
· Calculate the Hall Voltage for a Hall Effect sensor under specified operating conditions.
· Design a Hall Effect sensor to specifications.
· Describe how thermoelectric sensors work.
· Summarize the five “laws” of thermocouple behavior.
· Given a table of e.m.f. versus temperature for a specific type of thermocouple, determine the non-linearity of the sensor over a range and use the table to translate a voltage signal into a temperature reading. 
· Describe the direct and inverse piezoelectric effect.
· Given crystal data such as charge sensitivity to force, capacitance, natural frequency and damping ratio, give the transfer function for a piezoelectric force measurement system and sketch its frequency response.
· Given its frequency response, determine the suitability of a piezoelectric force measurement system for a particular application. 
Chapter 9: Signal Conditioning Elements
· Identify a deflection bridge and describe how it is used with resistive or reactive sensors.
· Calculate the Thevenin equivalent circuit for a deflection bridge.
· Design a deflection bridge for a particular application.
· Design a buffer amplifier.  
· Describe how and why instrumentation amplifiers are used.
· Design an instrumentation amplifier.
Chapter 10: Signal Processing Elements and Software
· Understand and apply the Nyquist criterion.
· Describe and calculate quantization error.
· Calculate the binary code that would result for a particular analog input in a specified A to D conversion system.
· Describe two methods for converting a frequency into a digital signal. 
· Design and implement a DAC.
· Describe a Flash ADC and a Successive Approximation ADC.
· Describe virtual instrumentation software.
· Use virtual instrumentation software to design a variety of measurement systems.
Chapter 11: Data Presentation Elements
· Describe how a pointer-scale indicator works.
· Calculate the sensitivity of a pointer-scale indicator. 
· Compare and contrast LED, CRT, LCD and EL displays.
Processors , Telemetry & Communications for Instrumentation Systems
· Describe how the “brain” of a instrumentation system is chosen
· Compare and contrast microcontrollers, computers, and FPGAs
· Define “telemetry”
· Describe how AM and FM transmission works and make calculations such as necessary bandwidth for transmission.
· Describe a wireless sensor network
EXAM I

Chapter 3: The Accuracy of Measurement Systems in the Steady State
· Given the output equation for a measurement system and information about the error for the different inputs, determine the error for the output.
· Describe 6 common error reduction techniques.
· Calculate the response of a system with feedback.
· Given an open-loop system description at the block diagram level and a list of additional system blocks, add the additional blocks to the system to create a feedback path.

Chapter 4: Dynamic Characteristics of Measurement Systems
· Give the form of a generic first-order system.
· Sketch the step response of a first-order system.
· Sketch the frequency response of a first-order system.
· Given the geometry and thermal properties of a thermal sensor, calculate its time constant.
· Calculate the response of a first-order system to a given forcing function.
· Give the form of a generic second-order system.
· Sketch the step response of a second-order system for the cases of underdamping, critical damping and overdamping.
· Sketch the frequency response of a first-order system.
· Given the characteristics of a mass-spring system, calculate its undamped natural frequency and damping ratio.
· Calculate the response of a second-order system to a given forcing function.
· Understand how dynamic response relates to dynamic error.
· Determine whether or not a sensor has the appropriate dynamic response to be useful for a desired measurement.
· Describe what is meant by dynamic compensation.
· Perform calculations for a system that has been dynamically compensated (like identifying the bandwidth for the new system, or the dynamic error for a measurement at a particular frequency).
Chapter 5: Loading Effects and Two-Port Networks
· Find the Thevenin equivalent circuit for a given sensor circuit.
· Convert between Thevenin and Norton equivalent circuits.
· Sketch the two-port voltage amplifier model.
· Given a verbal description of a multi-stage measurement system, draw the equivalent circuit model.
· Use the equivalent circuit model to calculate voltages and currents.
· Use the equivalent circuit model to determined desired equivalent resistance values.
· Describe what is meant by loading, and how loading effects can result in measurement error.
Chapter 6: Signals and Noise in Measurement Systems
· Distinguish between interference signals and noise.
· Define power spectral density.
· Given the power spectral density function for a measurement system with a specified bandwidth, calculate the noise power, the rms noise signal, and the signal to noise ratio.  
· Describe common noise sources and methods for reducing noise.
· Calculate noise power, rms noise voltage, and the signal to noise ratio for systems that include filtering and averaging for noise reduction.
· Describe how and why autocorrelation is used, and sketch the output of an autocorrelator.
EXAM II
Chapter 15: Optical Measurement Systems
· List the elements of an optical measurement system.
· Describe the advantages of optical measurement systems over electrical measurement systems.
· Calculate the response for a thermal light detector given sensor properties and lighting conditions.
· Calculate efficiencies and power levels for a general transmission system.
· Evaluate the suitability of a measurement system for a particular task. 
Chapter 16: Acoustic Measurement Systems
· Describe the elements of a basic ultrasonic transmission link
· Given the system transfer function for a transmitter or receiver, identify the natural frequency and damping ratio.
· Define “characteristic acoustic impedance” and “mechanical quality factor”
· Relate speed of sound to the material properties of the transmission medium
· Calculate acoustic intensity
· Describe the Doppler effect, and calculate the expected frequency shift for a particular condition.
· Calculate the relationships between incident, transmitted and reflected acoustic waves.
· Describe how a pulse echo system works.  Calculate the response of a pulse echo system.
Manufacturing Technology and Microelectromechanical Systems
· List the categories for materials; give examples of how they’re used and how they’re formed.
· Describe the operation and limitations of conventional drills, saws, milling machines and lathes.
· Describe the operation and limitations of 3D printing.
· Describe bulk micromachining and surface micromachining. List the limitations of these technologies. 
· Define microfluidics.
· [bookmark: _GoBack]Describe methods for “top-down” and “bottom-up” nanomachining. 

