
IEC IAT 2 Solutions 

 

(a) Operational Amplifier (Op-Amp) 
An Operational Amplifier (Op-Amp) is a high-gain, direct-coupled differential amplifier that 
amplifies the voltage difference between two input terminals. It has two inputs, namely the 
inverting input (−) and the non-inverting input (+), and a single output terminal. Op-amps are 
designed to provide very large voltage gain, very high input impedance, and very low output 
impedance. 

Op-amps are widely used to perform various linear and non-linear operations such as 
amplification, summation, subtraction, differentiation, integration, filtering, oscillation, 
voltage comparison, etc. These functions made op-amps popular in analog signal processing, 
measurement systems, and control circuits. 

Op-amps were originally developed to perform mathematical operations in analog computers, 
hence the name operational amplifier. 

Characteristics of an ideal Op-Amp 
An ideal op-amp has: 

 Infinite voltage gain 
 Infinite input impedance 
 Zero output impedance 
 Infinite bandwidth 
 Zero input offset voltage 
 Infinite CMRR and Slew Rate 

Although practical op-amps deviate from the ideal characteristics, modern IC op-amps like 
μA741 approximate these features closely. 

 



 

 



 

 

 

 

 



A simple form of astable oscillator that produces a square wave output can be built using just one operational amplifier, as 
shown in Fig. 9.10. The circuit employs positive feedback with the output fed back to the non-inverting input via the 
potential divider formed by R1 and R2. This circuit can make a very simple square wave source with a frequency that can 
be made adjustable by replacing R with a variable or preset resistor. Assume that C is initially uncharged and the 
voltage at the inverting input is slightly less than the voltage at the non-inverting input. The output voltage will rise rapidly 
to +VCC and the voltage at the inverting input will begin to rise exponentially as capacitor C charges through R. Eventually 
the voltage at the inverting input will have reached a value that causes the voltage at the inverting input to exceed that 
present at the non-inverting input. At this point, the output voltage will rapidly fall to −VCC. Capacitor C will then start to 
charge in the other direction and the voltage at the inverting input will begin to fall exponentially. Eventually, the voltage 
at the inverting input will have reached a value that causes the voltage at the inverting input to be less than that present at 
the non-inverting input. At this point, the output voltage will rise rapidly to +VCC once again and the cycle will continue 
indefinitely. The upper threshold voltage (i.e. the maximum positive value for the voltage at the inverting input) will be 
given by: 

 

 
b) 

 



The diagram represents a typical Instrumentation System used for measuring physical 
quantities using sensors, conditioning the signal, processing it, and finally displaying or 
recording the result. 

The system mainly consists of the following blocks: 

 

1. Physical Quantity 

A physical quantity is the parameter that needs to be measured from the environment. 
Examples include: 

 Temperature 
 Pressure 
 Light intensity 
 Sound 
 Humidity 
 Force 
 Displacement 
 Speed, etc. 

This physical quantity itself cannot be directly used by electronic systems, so it must be 
converted into an electrical signal. 

 

2. Sensor (Transducer) 

A sensor or transducer converts the physical quantity into an electrical signal. 
Example: 

 A temperature sensor converts temperature → voltage 
 A microphone converts sound → electrical signal 

The output signal from the sensor is usually very weak and may contain noise. 

 

3. Signal Conditioning 

The weak sensor signal is not suitable for direct processing. Therefore, signal conditioning is 
required. 

Signal conditioning includes operations like: 



 Amplification (increase signal strength) 
 Filtering (remove unwanted noise) 
 Isolation 
 Linearization 
 Analog-to-Digital conversion (ADC) (if needed) 

After conditioning, the signal becomes clean and usable for further processing. 

 

4. Signal Processing 

In this block, the conditioned signal is further processed for interpretation and decision-making. 

Signal processing may include: 

 Analog or digital processing 
 Computation 
 Conversion 
 Scaling 
 Correction 

Often, a microcontroller, DSP, or computer performs this task. 

 

5. Display 

The processed signal can then be shown visually through a display device. 

Examples: 

 Digital meter 
 LCD/LED display 
 Oscilloscope 
 Computer screen 

This allows the user to understand the measurement in readable form. 

 

6. Recording 

In some systems, the data must be stored for future analysis. 

Recording devices include: 



 Data loggers 
 Memory units 
 Computers 
 Storage systems 

This is useful in industrial monitoring, research, medical diagnostics, etc. 

 

7. Data Output 

Finally, the processed information is output for external use or control applications. 
This data can be: 

 Used by another system 
 Sent to a controller 
 Transmitted to a network 
 Used for automation or feedback control 

 

Explanation of the Block Diagram of a 
Control System 
The figure represents a closed-loop control system that uses negative feedback to regulate and 
stabilize the output. The goal is to make the output follow the input demand as accurately as 
possible. 



 

Major Blocks and Their Functions 
 

1. Input (Demand) 

 The input represents the desired output value or reference signal. 
 It specifies how the system should behave. 
 Example: 

o Desired temperature in an AC system 
o Desired position in a motor control system 

 

2. Comparator / Error Detector 

 The comparator compares the input (desired) with the feedback signal (actual output). 
 The difference between them is the error signal. 

Error=Input−Feedback\text{Error} = \text{Input} - \text{Feedback}Error=Input−Feedback  

 If error = 0, system output is perfect. 

 

3. Power Amplifier 

 The error signal is usually weak and cannot drive the load directly. 
 The power amplifier increases the signal strength. 
 It draws power from the energy source and supplies amplified power to the controlled 

device (actuator). 

Example: 

 Motor driver in robotics 
 Servo amplifier in control systems 

 

4. Controlled Device (Plant / Actuator) 

 This is the part of the system that performs the actual work. 
 It receives the amplified error signal and produces the required output. 



Examples: 

 Electric motor 
 Heater 
 Valve 
 Hydraulic actuator 

 

5. Output (to Load) 

 This is the actual value produced by the system. 
 The output should match the input demand as closely as possible. 

Example: 

 Actual temperature 
 Motor speed 
 Position of a mechanical arm 

 

Feedback Loop 
 

6. Sensor 

 The sensor measures the actual output. 
 Converts physical quantity into an electrical signal suitable for feedback. 

Example: 

 Thermistor for temperature 
 Encoder for position/speed 
 Flow sensor for fluid systems 

 

7. Signal Conditioning 

 The sensor signal may be noisy, weak, or non-linear. 
 Signal conditioning improves the feedback signal by: 

o Filtering 
o Amplifying 



o Linearizing 
o ADC conversion (if needed) 

After conditioning, the signal is fed back to the comparator. 

 
 

 
 
Non inverting Amplifier 

 

A non-inverting amplifier is an op-amp configuration in which the input signal is applied to the 
non-inverting terminal (+), and the inverting terminal (−) is connected to a feedback network. 

The output signal is amplified and remains in phase with the input. 

 



 
 

 
 
 
 



 
An integrator using an operational amplifier is
function to that of a differentiator (see
the input function rather than its rate of change. If the input voltage remains
V) the output voltage will ramp up or down according to the polarity of
voltage remains 
at a particular value the larger the value of output
input and output waveforms for an integrator are shown in Fig. 8.16. Notice how the
converted to a wave that has a triangular shape. Once again, note that the

Integrator 
 

 
 

An integrator using an operational amplifier is shown in Fig. 8.15. This circuit provides the
function to that of a differentiator (see earlier) in that its output is equivalent to the area 

its rate of change. If the input voltage remains constant (and is other than 0 
will ramp up or down according to the polarity of the input. The longer the input 

at a particular value the larger the value of output voltage (of either polarity) will be produced.
integrator are shown in Fig. 8.16. Notice how the square wave input is 

triangular shape. Once again, note that the output waveform is inverted.

shown in Fig. 8.15. This circuit provides the opposite 
 under the graph of 

constant (and is other than 0 
the input. The longer the input 

voltage (of either polarity) will be produced. Typical 
square wave input is 

output waveform is inverted. 



 
 
 

 

 



 
 



 
 

 

 

Basic Communication System – Block 
Diagram Explanation 



A communication system transfers information from one point (source) to another (destination) 
through a medium (channel). The given block diagram shows the general form of such a system. 

 

1. Information Source 
 Generates the original message that needs to be communicated. 
 Message may be text, speech, image, video, data, etc. 
 Examples: 

o Human voice (speech communication) 
o Data from computer (digital communication) 

 

2. Input Transducer 
 Converts the physical message into an electrical signal. 
 This electrical signal is known as the baseband message. 

Examples: 

 Microphone: sound → electrical signal 
 Camera: image → electrical video signal 
 Keyboard: keystrokes → binary data 

Resulting signal is s(t). 

 

3. Transmitter 
 Processes the baseband signal to make it suitable for transmission. 
 Major functions: 

o Modulation (AM, FM, PM, digital modulation) 
o Encoding and compression 
o Filtering 
o Amplification 

After processing, transmitted signal becomes x(t). 

 



4. Channel 
 The medium through which the signal travels. 
 Examples: 

o Free space 
o Optical fiber 
o Coaxial cable 
o Twisted pair cable 
o Water/air medium (for acoustic waves) 

The channel introduces noise and distortions. 

Noise is represented as n(t). 

 

5. Receiver 
 Performs the reverse operations of the transmitter. 
 Major functions: 

o Demodulation 
o Decoding/decompression 
o Filtering 
o Amplification 

The output becomes recovered baseband signal s(t). 

 

6. Output Transducer 
 Converts the electrical signal back to physical form to reproduce the message. 

Examples: 

 Loudspeaker: electrical signal → sound 
 Monitor: video signal → image 
 Printer: data → printed text 

 

7. Final Destination 



 The location/person/system that receives the actual information. 
 Examples: 

o Human listener (in audio communication) 
o Computer (for data communication) 
o Display screen (for video communication) 

 

 



 

 



 

 



 

 



 

 

 
 



b) 

 



 

 

 



 
 
 

 
 

TYPES OF COMMUNICATION SYSTEMS 
Communication systems can be classified based on two major aspects: 



1. Physical Infrastructure (how the signals physically travel) 
2. Signal Specifications (type and nature of signals being transmitted) 

 

A. Classification Based on Physical 
Infrastructure 
This classification focuses on the medium or path used to transfer information. 

Two main types: 

 

1. Line Communication Systems 

In line communication, communication takes place through physical wired media. 

Examples of line media: 

 Twisted pair cables 
 Coaxial cables 
 Optical fibers 
 Telephone lines 

Examples: 

(a) Landline Telephony 

 Uses copper telephone lines 
 Completely wired 
 Two-way communication (duplex) 

(b) Cable Television 

 Uses coaxial cable 
 Signal distribution over a physical network 

 

2. Radio Communication Systems 

Here the communication uses wireless radio waves as the medium. 



Examples: 

(a) Radio Broadcasting 

 Purely wireless 
 Transmitter → Antenna → Free space → Receiver 
 Typically simplex (one-way) 

(b) Satellite Communication 

 Uses microwave links to/from satellites 
 Example: GPS, DTH, VSAT 

(c) Mobile Communication 

 Uses cellular radio networks 
 Example: GSM, LTE, 5G 

 

Simplex and Duplex (Direction of Information Flow) 

Directionality differentiates communication further: 

Type Meaning Example 

Simplex one-way only Radio/TV broadcasting 

Half-duplex two-way but not simultaneous Walkie-talkie 

Full-duplex two-way simultaneous Mobile phone, landline phone 

 

B. Classification Based on Signal 
Specifications 
This classification is based on the form, frequency, and characteristics of the signal being 
transmitted. 

Two important categories: 

 



1. Analog and Digital Communication Systems 

(a) Analog Communication 

 Signal varies continuously with time and amplitude 
 Examples: AM, FM, TV broadcasting, Voice radio 

Characteristics: 

 Sensitive to noise 
 Requires modulation techniques for long distance 

(b) Digital Communication 

 Signal is discrete (binary 0 and 1) 
 Examples: Computer networks, Mobile data, Digital TV, Internet 

Advantages: 

 Less noise 
 Data compression possible 
 Encryption/security possible 
 Easier error detection and correction 

 

2. Baseband and Carrier Communication Systems 

(a) Baseband Communication 

 No modulation 
 Message transmitted directly as low-frequency signal 
 Example: Ethernet (wired LAN), audio signals 

Limitation: 

 Suitable only for short distances 

(b) Carrier Communication 

 Message modulates a high-frequency carrier signal 
 Used for long-distance and wireless communication 

Types of modulation techniques: 

 AM (Amplitude Modulation) 



 FM (Frequency Modulation) 
 PM (Phase Modulation) 
 Digital modulations (ASK, FSK, PSK, QAM) 

Advantages: 

 Long distance possible 
 Multiplexing possible (more users) 
 Better signal-to-noise ratio 
 Less interference 

 

 



 

 



 

 


