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1 The Ideal Op Amp

2 The Inverting Configuration
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6 DC Imperfections
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8 Large Signal Operation of Op Amp 
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hided solution 

hided solution 

SOLVE THE FOLLOWING CIRCUITS
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3. THE NON-INVERTING CONFIGURATION
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THE VOLTAGE FOLLOWER
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THE INVERTING INTEGRATOR

CURRENTS: OUTPUT VOLTAGE CALCULATION:

5. INTEGRATORS AND DIFFERENTIATORS
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THE INVERTING DIFFERENTIATOR

CURRENTS: OUTPUT VOLTAGE CALCULATION:
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6. DC IMPERFECTIONS
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7. EFFECT OF FINITE OPEN-LOOP GAIN AND BANDWIDTH
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8. LARGE SIGNAL OPERATION BEHAVIOUR
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SLEW RATE
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1. CAPACITIVE REACTANCE

Capacitive Reactance Xc is the 
complex impedance of a capacitor 
who’s value changes with respect to 
the applied frequency

Capacitive Reactance against f
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FILTERS

2. THE PASSIVE LOW PASS FILTER
A Low Pass Filter is a circuit that can be 
designed to modify, reshape or reject all 
unwanted high frequencies of an 
electrical signal and accept or pass only 
those signals wanted by the circuits 
designer 

Z = impedance
+
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2. THE PASSIVE LOW PASS FILTER
A Low Pass Filter is a circuit that can be 
designed to modify, reshape or reject all 
unwanted high frequencies of an 
electrical signal and accept or pass only 
those signals wanted by the circuits 
designer 

Z = impedance
+

“CUT-OFF”, “CORNER” OR “BREAKPOINT” 
FREQUENCY IS DEFINED AS BEING THE 

FREQUENCY POINT WHERE THE CAPACITIVE 
REACTANCE AND RESISTANCE ARE EQUAL,
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3. THE PASSIVE HIGH PASS FILTER

A High Pass Filter is the exact opposite to 
the low pass filter circuit as the two 
components have been interchanged with 
the filters output signal now being taken 
from across the resistor

Frequency Response:
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SECOND ORDER HIGH PASS FILTER
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4. THE PASSIVE BAND PASS FILTER

Passive Band Pass Filters can be 
made by connecting together a low 
pass filter with a high pass filter

Frequency Response (2nd order):

Band Pass Filter Example No1. 

A second-order band pass filter is to be constructed 
using RC components that will only allow a range of 
frequencies to pass above 1kHz (1,000Hz) and 
below 30kHz (30,000Hz). Assuming that both the 
resistors have values of 10kΩ, calculate the values of 
the two capacitors required.
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4. THE PASSIVE BAND PASS FILTER

Step 1:

Band Pass Filter Example No1. 

A second-order band pass filter is to be constructed 
using RC components that will only allow a range of 
frequencies to pass above 1kHz (1,000Hz) and 
below 30kHz (30,000Hz). Assuming that both the 
resistors have values of 10kΩ, calculate the values of 
the two capacitors required.



ESSENTIAL INSTRUMENTATION
FILTERS

4. THE PASSIVE BAND PASS FILTER

Band Pass Filter Example No1. 

A second-order band pass filter is to be constructed 
using RC components that will only allow a range of 
frequencies to pass above 1kHz (1,000Hz) and 
below 30kHz (30,000Hz). Assuming that both the 
resistors have values of 10kΩ, calculate the values of 
the two capacitors required.

Step 1:

Step 2:
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1-Active Low Pass Filter (1st order): 
By combining a basic RC Low Pass Filter circuit with an operational amplifier 
we can create an Active Low Pass Filter circuit complete with amplification 
a) The frequency response of the circuit will be the same as that for the 

passive RC filter 
b) The DC gain will be:     (1+R2/R1)

2-Active High Pass Filter (1st order): 
An Active High Pass Filter can be created by combining a passive RC filter 
network with an operational amplifier to produce a high pass filter with 
amplification

3-Active Band Pass Filter (1st order): 
The principal characteristic of a Band Pass Filter or any filter for that matter, 
is its ability to pass frequencies relatively unattenuated over a specified 
band or spread of frequencies called the “Pass Band”.

Problem: draw for all circuits the output signal you would expect
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FOURIER 
TRANSFORM 

ANALYSIS



FOURIER ANALYSIS
PARTICLE PHYSICS 

ANGULAR DISTRIBUTION
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PARTICLE PHYSICS 

DECONSTRUCTING THE AZIMUTHAL DISTRIBUTION

MORE IMPORTANT AMPLITUDES THEN OTHERS:
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PARTICLE PHYSICS 

DEPENDENCE WITH NEW PHYSICS

TYPE OF RESULTS:
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GRAVITATIONAL WAVES
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GRAVITATIONAL WAVES
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TOOLS AVAILABLE: ROOT  (THERE ARE MORE)

https://root.cern.ch/building-root
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3 Determining the Parameters

4 Example
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2 ORTHOGONALITY OF FUNCTIONS
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3 DETERMINING THE PARAMETERS
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PROBLEM 1

PROBLEM 2

Calculate the Fourier transform of the following functions: 
1) f(t) = sin2(𝛚t) 
2) f(t) = 1 - 2cos(𝛚t) 

3) f(t) = 2 - 2cos(𝛚t) sin(𝛚t) 
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ANALOG-TO-DIGITAL  &  DIGITAL-TO-ANALOG  CONVERTERS

1 Introduction
2 DACs

3 ADCs
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1. INTRODUCTION

We live in an analog world

Everything in the physical world is an analog signal 
Sound, light, temperature, pressure 

Need to convert into electrical signals 
Transducers: converts one type of energy to another 

Electro-mechanical, Photonic, Electrical, … 
Examples 

Microphone/speaker 
Thermocouples 
Accelerometers 
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Need to Sample an analog 

signal and,

then convert to digital by 

A/D converter

Most signals are analog 

Figure  The process of periodically sampling an analog signal. (a) Sample-and-hold (S/H) circuit. 
The switch closes for a small part (τ seconds) of every clock period (T). (b) Input signal waveform. 
(c) Sampling signal (control signal for the switch). (d) Output signal (to be fed to A/D converter). 

1. INTRODUCTION
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2. DIGITAL ANALOG CONVERTERS (DAC)

Normal Output from Digital domain is a staircase 

Filtered to produce smooth Analog output


Figure: The analog samples at the output of a D/A converter are usually fed to a sample-
and-hold circuit to obtain the staircase waveform shown. This waveform can then be 
filtered to obtain the smooth waveform, shown in color. The time delay usually introduced 
by the filter is not shown. 
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2. DIGITAL ANALOG CONVERTERS (DAC)

ANALOG IS CONTINUOUS 

BUT DIGITAL IS DISCRETE 

LIMITED BY NUMBER OF BITS 

CONVERSION ACCURACY: EG 2-BITS 
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CONVERSION ACCURACY: EG 3-BITS 

Eg 5V  divided into 8 levels – each 0.625

Each binary representation is a “range”


Quantization levels
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3. ANALOG TO DIGITAL CONVERTERS (ADC)

Analog to Digital process:

2 steps 
! Sampling and Holding (S/H) 
! Quantizing and Encoding (Q/E) 
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Sampling and Holding:

! Holding signal benefits the 
accuracy of the A/D 
conversion 
 
! Minimum sampling rate 
should be at least twice the 
highest data frequency of 
the analog signal 
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Quantizing and Encoding:

! Resolution  
The smallest change in analog signal that will result 
in a change in the digital output 

∆V  = Vref  / 2N 
      Vref = reference voltage range 
       N   = number of bits in digital output 
       2N  = number of states 
      ∆V  = resolution
! The resolution represents the quantisation error inherent in 
the conversion of the signal to digital form
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Quantizing and Encoding:

• Quantizing: 
Partitioning the reference signal 
range into a number of discrete 
quanta, then matching the input 
signal to the correct quantum. 

• Encoding: 
Assigning a unique digital code to 
each quantum, then allocating the 
digital code to the input signal. 
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Quantizing and Encoding:
There are two ways to best improve the accuracy of 
A/D conversion:  

!    increasing the resolution which improves the 
accuracy in measuring the amplitude of the 
analog signal.  

!    increasing the sampling rate which increases 
the maximum frequency that can be measured.  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Quantizing and Encoding:
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Types of A/D Converters:

!  Dual Slope A/D Converter 
!  Successive Approximation A/D Converter 
!  Flash A/D Converter 
!  Delta-Sigma A/D Converter 
!  Other 

! Voltage-to-frequency, staircase ramp or single 
slope, charge balancing or redistribution, switched 
capacitor, tracking, and synchro or resolver 
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Types of A/D Converters:

!  Dual Slope A/D Converter 
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!  Other 

! Voltage-to-frequency, staircase ramp or single 
slope, charge balancing or redistribution, switched 
capacitor, tracking, and synchro or resolver 



ESSENTIAL INSTRUMENTATION
3. ANALOG TO DIGITAL CONVERTERS (ADC)

Dual Slope A/D Converter:
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Successive Approximation A/D Converter
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HOW DOES IT WORK?
Successive Approximation A/D Converter
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Successive Approximation A/D Converter
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Successive Approximation A/D Converter
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Successive Approximation A/D Converter EXAMPLE
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Types of A/D Converters:
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Flash A/D Converter
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Flash A/D Converter HOW DOES IT WORK?
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Flash A/D Converter
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Flash A/D Converter
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Types of A/D Converters:

!  Dual Slope A/D Converter 
!  Successive Approximation A/D Converter 
!  Flash A/D Converter 
!  Delta-Sigma A/D Converter 
!  Other 

! Voltage-to-frequency, staircase ramp or single 
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Delta-Sigma A/D Converter
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HOW DOES IT WORK?Delta-Sigma A/D Converter

OR EQUIVALENTLY



ESSENTIAL INSTRUMENTATION
3. ANALOG TO DIGITAL CONVERTERS (ADC)

Delta-Sigma A/D Converter
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ADC Comparison
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INFORMAÇÕES 

Segundo trabalho laboratorial:
1- Avaliação, próxima Quinta-Feira, dia 6 de Junho, as 14h00

Último trabalho laboratorial:
1- Parte teórica, dia 11 de Junho (terça-feira), as 09h00-13h00 
2- Parte Laboratorial, dia 17 de Junho (em vez do dia 14 de Junho), as 14h00
3- Proposta de data para Avaliação deste módulo, dia 3 de Julho, 14h00
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TRANSDUCERS: SENSORS AND ACTUATORS

1 Introduction
2 Transducers: interfacing the real world 
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Transducer 
a device that converts a primary form of energy into a corresponding 

signal with a different energy form 
Primary Energy Forms: mechanical, thermal, electromagnetic, 

optical, chemical, etc. 
take form of a sensor or an actuator 

Sensor (e.g., thermometer) 
a device that detects/measures a signal or stimulus 
acquires information from the “real world” 

Actuator (e.g., heater) 
a device that generates a signal or stimulus 

real
world

sensor

actuator

intelligent
feedback
system
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Typically interested in electronic sensor 
convert desired parameter into electrically measurable signal 

General Electronic Sensor 
primary transducer: changes “real world” parameter into electrical signal 
secondary transducer: converts electrical signal into analog or digital values 

Typical Electronic Sensor System 

usable
valuesreal

world
analog
signal

primary
transducer

secondary
transducer

sensor
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Example Electronic Sensor Systems
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Primary Transducers
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Example of Primary Transducers
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Displacement Measurement
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Temperature Sensor Options
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Fiber Optic Temperature Sensor
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    SOURCES AND DETECTORS OF RADIATION


