UNIT 1
1. DEFINE BANDWIDTH?
Bandwidth is defined as the range of frequencies (the width of the spectrum) occupied by a signal or the range of frequencies a transmission medium can effectively pass. It represents the difference between the highest and lowest significant frequency components of a signal. 
Bandwidth is a critical determinant of a communication channel's capacity to carry information, measured in Hertz (Hz).

2. EXPLAIN WHY MODULATION IS NECESSARY OR DESIRABLE?
Modulation is the process of superimposing a low-frequency message signal (data, voice, video) onto a high-frequency carrier signal. It is necessary for efficient and reliable communication, as baseband (original) signals are usually low-frequency and unsuitable for direct transmission over long distances.

3. DEFINE GAIN AND DECIBELS
Gain is a measure of an amplifier's ability to increase the power, voltage, or current of a signal, calculated as the ratio of output to input. Decibels (dB) are a logarithmic unit used to express this gain (or loss) as a ratio, allowing for easier manipulation of wide-ranging values 
4. EXPLAIN THE GENERAL MODEL OF COMMUNICATION SYSTEM
Key Components of the General Communication Model
· Information Source: The originator of the message (human or machine).
· Encoder/Transmitter: Converts the message into a signal format suitable for transmission (e.g., turning voice into electronic signals).
· Channel/Medium: The channel through which the message is transmitted (e.g., air, fiber optic cable).
· Noise: Unwanted interference that disrupts the signal during transmission, causing a difference between the transmitted and received message.
· Decoder/Receiver: Converts the received signal back into the original message.
· Destination: The ultimate person or machine receiving the message. 
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5. WHAT IS THE FORMULA FOR THE SINE WAVE MODULATING SIGNAL ?
The formula for a sine wave modulating signal, often represented as 
 𝒎 (𝒕)=𝑨𝒎 sin (𝟐𝝅𝒇𝒎𝒕)
This defines the baseband signal (like audio) that varies the characteristics of a carrier wave. Key components are 𝐴𝑚 (peak amplitude) and   (frequency in Hz).

6. EXPLAIN THE TYPES OF ELECTRONICS COMMUNICATION
Main Types of Electronic Communication
· Email (Electronic Mail): The most used type, enabling instant sending of messages, documents, and media files.
· Instant Messaging (IM) & Chat: Real-time text-based communication apps like WhatsApp, WeChat, and Skype.
· Voice over Internet Protocol (VoIP) & Video Conferencing: Tools like Zoom and Microsoft Teams allow voice and video conversations over the internet.
· Telephony Systems: Involves landline (wire-based) and mobile telephony (wireless) for voice communication.
· Satellite Communication: Utilizes satellites to transmit signals for long-distance communication, satellite phones, and GPS.
· Broadcasting: Radio and TV systems that transmit audio and video signals from a single source to many recipients.
· Social Networking: Digital platforms that allow users to share information and interact socially.
· Facsimile (Fax): Sending documents over telephone lines, still used for secure document transmission. 
Classification by System Type
· Analog Communication: Data is communicated via signals that vary continuously in frequency or amplitude, commonly used in traditional radio and telephony.
· Digital Communication: Data is transmitted as binary code (11s and 00 s), facilitating faster and more secure communication (e.g., modern internet, mobile communication).
· Line Communication: Communication systems that require a physical wire or cable (e.g., fiber optics, landline phones).
· Wireless Communication: Information is sent through the air/space (e.g., radio, Wi-Fi, satellite). 

7. DEFINE THE COMMUNICATION CHANNEL
A communication channel is the medium, pathway, or technology used to transmit a message from a sender to a receiver. These channels are crucial for conveying information, enabling feedback, and connecting participants in both professional and technical environments, spanning from face-to-face conversation to digital networks

8. DEFINE FREQUENCY TRANSLATION?
Frequency translation, Frequency translation, or frequency mixing/heterodyning, shifts a signal from one frequency band to another within a communication system using a mixer and a local oscillator. This technique allows signal translation between baseband and radio frequency (RF) bands, facilitating easier amplification, filtering, and demodulation. It is critical for up conversion during transmission and down conversion to fixed intermediate frequencies (IF) during reception.

9. DEFINE ELECTROMAGNETIC SPECTRUM?
The electromagnetic (EM) spectrum is the entire range of all types of EM radiation, organized by frequency, wavelength, and energy. It spans from long-wavelength, low-energy radio waves to short-wavelength, high-energy gamma rays, with visible light occupying a small middle portion. All EM waves travel at the speed of light. 
NASA Imagine the Universe (.gov) +4
Key Components of the Electromagnetic Spectrum (Longest to Shortest Wavelength):
· Radio Waves: Longest wavelength, lowest energy. Used for communication (radio, TV, mobile phones).
· Microwaves: Used in microwave ovens and radar.
· Infrared: Emitted by hot objects and felt as heat. Used in night vision goggles and TV remotes.
· Visible Light: The small portion of the spectrum detectable by the human eye.
· Ultraviolet (UV): Emitted by the Sun; can cause sunburn. Used in sterilization.
· X-rays: High energy; can penetrate soft tissues, used for medical imaging.
· Gamma Rays: Highest energy, shortest wavelength. Produced by radioactive atoms and in space
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UNIT 2
1. DEFINE  MODULATION AND TYPES OF MODULATION?
Modulation is the process of varying a high-frequency carrier signal's characteristics—amplitude, frequency, or phase—to encode information (data, voice, video) for efficient transmission over long distances. It transforms low-frequency data into a high-frequency wave suitable for radio or wire transmission, reducing interference and enabling smaller antennas
Key Aspects of Modulation:
· Purpose: Enables transmitting information efficiently by modifying a stable, high-frequency carrier wave with the information signal (message).
· Types of Modulation:
· Amplitude Modulation (AM): The height (strength) of the carrier wave varies according to the data.
· Frequency Modulation (FM): The speed/rate of the carrier waveform varies to match the data.
· Phase Modulation (PM): The timing (phase) of the carrier wave is shifted, commonly used in Wi-Fi.
· Demodulation: The reverse process, occurring at the receiver to extract the original information from the carrier signal.
· Application: Essential for radio broadcasting (AM/FM), Wi-Fi, television, and internet connectivity via modems. 
The device that performs both modulating and demodulating is called a modem. 
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2. DEFINE THE OVER MODULATION AND UNDER MODULATION?
Under modulation (𝑚<1) and over modulation (𝑚>1)
Under Modulation (Modulation Index, 𝒎<𝟏)
· Definition: The maximum amplitude of the modulating signal is less than the amplitude of the carrier signal (𝐴𝑚<𝐴𝑐).
· Usage Examples: Used in standard radio broadcasting for high-fidelity audio transmission without distortion.
Over Modulation (Modulation Index, 𝒎>𝟏)
· Definition: The modulation signal amplitude exceeds the carrier amplitude (𝐴𝑚>𝐴𝑐), causing the envelope to cross zero and "invert".
· Usage Examples: Typically avoided in radio, but sometimes used intentionally in special transmitters for aggressive, high-volume sound at the cost of fidelity.

3. DEFINE CARRIER SIGNAL ?
A carrier signal is a high-frequency, constant electromagnetic waveform (usually a sine wave) that is modulated to carry information, such as voice, data, or video, over long distances in communication systems. It acts as a vehicle, allowing lower-frequency data to travel efficiently through radio, television, and satellite transmission

4. WHAT IS MODULATION INDEX?
· The modulation index is a measure of the extent to which a carrier signal is modified by a modulating (information) signal, representing the ratio of their amplitudes in Amplitude Modulation (AM) or frequency deviation in Frequency Modulation (FM). It dictates signal quality, with values generally kept ≤1  to prevent distortion
· Definition (AM): It is the ratio of the amplitude of the modulating signal (𝐴𝑚) to the amplitude of the carrier signal (𝐴𝑐), often denoted by 𝑚=𝐴𝑚/𝐴𝑐
.
· Definition (FM): It is the ratio of frequency deviation (Δ𝑓) to the maximum modulating frequency (𝑓𝑚), expressed as 𝑚𝑓=Δ𝑓/𝑓𝑚
.
· Importance: It determines the signal-to-noise ratio and the bandwidth required for transmission.
5. COMPARE PAM , PWM AND  PPM? 
The comparison between the above modulation processes is presented in the table.									 			 
	PAM
	PWM
	PPM

	Amplitude is varied
	Width is varied
	Position is varied

	Bandwidth depends on the width of the pulse
	Bandwidth depends on the rise time of the pulse
	Bandwidth depends on the rise time of the pulse

	Instantaneous transmitter power varies with the amplitude of the pulses
	Instantaneous transmitter power varies with the amplitude and width of the pulses
	Instantaneous transmitter power remains constant with the width of the pulses

	System complexity is high
	System complexity is low
	System complexity is low

	Noise interference is high
	Noise interference is low
	Noise interference is low

	It is similar to 
amplitude modulation
	It is similar to frequency modulation
	It is similar to phase modulation




6. DEFINE PULSE CODE MODULATION ?
Pulse Code Modulation (PCM) converts analog signals to digital by sampling at uniform intervals, quantizing amplitudes to discrete levels, and encoding them. Key components include: Sampling (measuring amplitude at discrete time intervals), Quantization (mapping samples to the nearest discrete level), and Step Size (Δ)
7. DEFINE SAMPLING?
 The process of converting a continuous-time signal into a discrete-time signal by measuring its amplitude at regular time intervals (𝑇𝑠or frequency 𝑓𝑠=1/𝑇𝑠).
 According to the Nyquist theorem, the sampling rate must be at least twice the highest frequency of the analog signal to avoid aliasing.

8. DEFINE QUANTIZATION?
The mapping of sampled continuous analog amplitude values into a finite set of discrete, predefined levels. This process rounds off values and is irreversible, resulting in "quantization noise".
· Quantization Step Size (Resolution): The difference between two consecutive quantization levels, usually denoted as Δ or 𝛿.
· Formula: 
Δ=𝑉𝑚𝑎𝑥−𝑉𝑚𝑖𝑛/𝐿, where 
𝐿 is the number of levels. 
· A smaller step size reduces quantization error but requires higher precision (more bits).
· Encoding: The final step, where the quantized values are converted into a binary code (stream of 0s and 1s)
9. DEFINE Digital Modulation Techniques?
Digital modulation techniques (ASK, FSK, PSK, QPSK) represent digital data (11s and 00s) by varying the amplitude, frequency, or phase of a high-frequency carrier wave. ASK changes amplitude, FSK changes frequency, and PSK/QPSK shift the phase. QPSK (Quadrature Phase Shift Keying) improves efficiency by encoding two bits per symbol using four phases Key Digital Modulation Techniques

· Amplitude Shift Keying (ASK):
· Principle: The amplitude of the carrier wave is switched between distinct levels to represent binary data.
· Characteristics: Simple to implement, but highly susceptible to noise interference.
· Example: On-Off Keying (OOK) where '1' is a set amplitude and '0' is no signal.

· Frequency Shift Keying (FSK):
· Principle: The carrier frequency shifts between pre-determined values to represent binary 1 (mark) and 0 (space).
· Characteristics: More robust against noise compared to ASK but requires more bandwidth
.
· Phase Shift Keying (PSK):
· Principle: The phase of the carrier signal is changed to represent data, keeping amplitude constant.
· Binary PSK (BPSK): Uses two phases (0∘ and 180∘) for 1 bit per symbol.

· Quadrature Phase Shift Keying (QPSK):
· Principle: A form of PSK that uses four different phase shifts (45∘,135∘, 225∘ , 315∘).
· Advantage: Encodes 2 bits per symbol, allowing twice the data rate of BPSK within the same bandwidth.
· Application: Used extensively in satellite communication and cellular networks.

10. COMPARE DIGITAL MODULATION TECHNIQUES ?
	Technique 
	
	Parameter Varied
	
	Efficiency
	
	Noise Resistance

	ASK
	
	Amplitude
	
	Low
	
	Low (Weak)

	FSK
	
	Frequency
	
	Moderate
	
	High (Strong)

	PSK
	
	Phase
	
	High
	
	High (Moderate)

	QPSK
	
	Phase (4 levels)
	
	Very High
	
	High (Moderate)







UNIT 3
1. DEFINE SATELLITE COMMUNICATION
Satellite communication is a wireless method of transmitting voice, data, and video signals over vast distances using artificial satellites orbiting Earth. It acts as a relay in space, receiving signals from a ground station (uplink), amplifying them, and retransmitting them back to another location on Earth (downlink). 
Key Components and Working Principle
· Uplink: Signals are sent from an Earth-based transmitter to the satellite.
· Transponder: The satellite's onboard equipment, which receives, frequency-shifts, amplifies, and retransmits the signal.
· Downlink: The amplified signal is sent back to receiving Earth stations.
 
Key Aspects of Satellite Communication
· Types of Orbits: Satellites can be in Geostationary (GEO) orbits (appearing stationary) or Low Earth Orbits (LEO) (forming constellations for lower latency).
· Applications: It is widely used for television broadcasting, satellite internet, GPS navigation, and telephone services, particularly in remote areas.
· Advantages: Offers wide global coverage and is not restricted by Earth's curvature, unlike terrestrial towers
2. EXPLAIN ABOUT THE SATELLITE ORBITS ?
Common Types of Satellite Orbits
· Low Earth Orbit (LEO): Located 160–2,000 km above Earth, commonly used for imaging, weather, and scientific satellites. These satellites orbit rapidly, completing a circuit in roughly 90–100 minutes.
· Medium Earth Orbit (MEO): Situated at altitudes of 2,000–35,500 km, frequently used for navigation systems like GPS.
· Geostationary Orbit (GEO): Positioned 35,786 km directly above the equator, allowing satellites to stay in a fixed spot in the sky to support continuous communication.

3. DEFINE TYPES OF SATELLITES?
· Communication Satellites: Used for telecommunication, television broadcasting, radio, and internet services, often placed in Geostationary Orbit (GEO).
· Earth Observation/Remote Sensing Satellites: Monitor environmental changes, map land/water resources, and track weather (meteorological satellites).
· Navigation Satellites: Provide precise geolocation and timing data, such as GPS (USA), GLONASS (Russia), and NavIC (India).
· Astronomical Satellites/Space Telescopes: Orbit in space to observe distant stars, galaxies, and planets, avoiding atmospheric interference (e.g., James Webb Space Telescope).
· Scientific Research/Exploration Satellites: Study the Earth's atmosphere, solar system, and space physics.
· Military/Spy Satellites: Used for intelligence gathering, surveillance, and secure communication
4. DEFINE SATELLITE SUBSYSTEMS?
· Power Supply Subsystem: Generates power through solar arrays and stores it in batteries for operation, especially during eclipses.
· Attitude and Orbit Control System (AOCS): Uses sensors and actuators to maintain the satellite's orientation and keep it in the correct orbit.
· Communication Subsystem: Comprises antennas, transponders, and receivers to relay data between the satellite and ground stations.
· Telemetry, Tracking, and Command (TTC&M): Monitors the health of the satellite systems and manages commands from the ground station.
· Propulsion Subsystem: Provides thrust for initial orbit injection, station-keeping, and maneuvering.
· Thermal Control Subsystem: Regulates the temperature of the components to function in the extreme temperatures of space.
· Structure and Structure Subsystem: The structural frame (bus) that houses, protects, and supports all other components.
· Onboard Computer (OBC): Acts as the brain of the satellite, processing telecommands and managing data flow
5. DEFINE GROUND STATION SATELLITE APPLICATIONS ?
· Earth Observation & Remote Sensing: Downloading imagery from satellites like Landsat or Sentinel for agriculture, environmental monitoring, and urban planning.
· Satellite Communications (SatCom): Gateways for broadband services (e.g., Starlink, OneWeb) and maritime or aviation connectivity.
· Meteorology: Receiving real-time weather data from satellite constellations like GOES, Himawari, and Fengyun.
· Defense & Surveillance: Secure, high-speed data transmission for military intelligence and reconnaissance.
· Spacecraft Operations (TT&C): Tracking, Telemetry, and Command to manage satellite health, orbit positioning, and data downlink.
· Search and Rescue (SAR): Receiving distress signals from, aircraft, and maritime beacons via COSPAS-SARSAT
6. DEFINE GPS APPLICATIONS?
· Driving & Traffic: Waze (real-time, community-driven), Google Maps, Apple Maps.
· Offline/Outdoor Hiking: Gaia GPS, Komoot, Backcountry Navigator.
· Tracking/Location Security: Geo Tracker, Prey Anti-Theft.
· India Specific: Map my India/Mappls, Petal Maps. 
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Common Features of GPS Applications
· Real-time Navigation: Voice-guided directions and traffic re-routing.
· Offline Maps: Downloading maps for use without cellular service.
· Location Sharing: Sharing current locations, particularly for safety.
· Point of Interest Search: Finding gas stations, restaurants, and parking.
· Custom Mapping: Creating personalized routes, such as with Google My Maps.
· Speed Alerts: Monitoring speed limits. 
Common GPS Application Areas
· Navigation: Tracking, mapping, and routing to destinations.
· Tracking: Monitoring vehicles, assets, or family members.
· Surveying & Mapping: Creating property surveys and mapping land.
· Outdoor Activities: Tracking hikes and bike rides
UNIT 4

1. DEFINE OPTICAL PRINCIPLES?
· Reflection: Light bouncing off a surface, where the angle of incidence equals the angle of reflection.
· Refraction (Snell's Law): The bending of light as it passes between materials with different densities, causing a change in speed and direction.
· Total Internal Reflection: The complete reflection of light back into a denser medium when hitting an interface at a shallow angle, crucial for fiber optics.
· Dispersion: The separation of light into its constituent colors (wavelengths).
· Diffraction and Interference: The bending of light around obstacles and the pattern resulting from overlapping waves.
· Optical Power: The degree to which a surface converges or diverges light, determining focal length in lenses
2. WRITE A SHORT NOTES ON FIBER OPTIC CABLES?
· Structure: Comprised of a core (transmits light), cladding (reflects light back into the core), and a protective buffer coating.
· Transmission Principle: Light pulses, representing data, travel through the core, confined by the cladding’s lower refractive index.
· Types:
Single-mode (SMF): Small core, used for long-distance, high-speed data transmission (telecom, internet).
Multimode (MMF): Larger core, designed for short-distance transmissions, such as within buildings or data centers.
· Advantages: Immune to electromagnetic interference (EMI), higher bandwidth, faster data speeds (up to 100 Gbps), and lighter than copper.
· Applications: Internet backbone networks, telecommunications, medical imaging (endoscopy), and data centers
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3. WRITE ABOUT RAY THEORY TRANSMISSION ?
· Total Internal Reflection (TIR): Occurs when light travels from a high-refractive-index medium (core) to a lower-index one (cladding) at an angle of incidence higher than the critical angle, causing total reflection back into the core.
· Refractive Index (n): Measures the speed of light in a medium (𝑣=𝑐/𝑛), 
Where c  is the speed of light in a vacuum.
· Meridional Rays: Rays that pass through the axis of the fiber core, making them the simplest to model, as shown in this diagram.
· Skew Rays: Rays that do not intersect the fiber axis, which travel in a helical path and are more complex to calculate.
· Numerical Aperture (NA): A measure of the fiber's ability to accept light, determined by the refractive index difference between the core and cladding.
· Acceptance Angle: The maximum angle at which light can enter the fiber and still be propagated via TIR
4.STATE  RAY TYPES AND PROPAGATION?
1. Guided Rays: Rays that satisfy total internal reflection and remain trapped in the core.
2. Leaky Rays: Rays that partially refract out of the core into the cladding

5.WHAT ARE  SKEW RAYS IN OPTICAL FIBER?
Skew rays in optical fibers are light rays that travel in a helical or spiral path, propagating down the fiber without ever passing through its central axis. Unlike meridional rays which pass through the axis, skew rays move in multiple planes and generally stay in the outer annular region of the fiber core, often leading to higher optical intensity at the cladding boundary.

6.WRITE  DIFFERENCES BETWEEN SKEW AND MERIDIONAL RAYS?
· Path: Skew rays follow a helical/non-planar path, while meridional rays follow a flat, 2D zigzag path.
· Center axis: Skew rays never cross the fiber axis; meridional rays pass through the axis.
· Intensity: Skew rays create low optical intensity at the center and high intensity at the edge of the core
7.WHAT ARE  OPTICAL TRANSMITTERS AND RECEIVERS?
Optical transmitters and receivers are the key components of fiber optic communication systems, designed to convert electrical signals into light pulses for transmission, and then back into electrical signals at the destination. Transmitters utilize LED or laser sources (like DFB or VCSEL) to create light signals, while receivers use photo detectors (PIN diodes or APDs) to detect light and reconstruct the signal.

8. WHAT IS WAVELENGTH DIVISION MULTIPLEXING (WDM)?
Wavelength Division Multiplexing (WDM) is a fiber-optic transmission technique that increases bandwidth by multiplexing multiple data signals, each using a different light wavelength (color), onto a single optical fiber. By using different wavelengths (e.g., 670 nm to 1550 nm), WDM enables bidirectional communication and significantly boosts capacity, allowing simultaneous transmission of multiple data streams

9.STATE SOME APPLICATION OF OPTICAL FIBER CABLE?
· Telecommunications & Internet: Provides the backbone for internet connectivity, broadband services, and long-distance telephone networks.
· Data Centers: Connects servers and high-speed networking equipment, supporting cloud computing and cloud storage.
· Cable TV & Streaming: Delivers high-definition video and audio signals to subscribers.
· Industrial Automation: Used in factories for reliable communication between machines, as they are unaffected by electromagnetic interference.
· Medical Applications: Used in imaging devices like endoscopes and in surgical lasers.
· Transportation Systems: Employed in railway communication, signaling, and for transmitting video from traffic cameras on highways.
· Military & Defense: Used for secure, reliable communication and in sensitive data transfer, often offering better protection against eavesdropping.
· Military & Defense: Used for secure, reliable communication and in sensitive data transfer, often offering better protection against eavesdropping.

10. WRITE THE APPLICATION OF OPTICAL COOMUNICATION?
1. Telecommunications & Internet: Fiber optic cables are the backbone of modern internet connectivity, providing high-speed, reliable data transmission over long distances (e.g., fiber-to-the-home (FTTH) networks).
2. 5G & Data Transmission: Essential for 5G deployment, optical fiber is used for high-speed voice, video, and data transfer, serving as the link between users and network infrastructure.
3. Data Centers: Extensively used within data centers to provide high-speed communication between servers and networking equipment.
4. Medical Imaging (Endoscopes): Flexible, thin optical fibers allow doctors to view internal body parts with minimal invasiveness.
5. Defense & Aerospace: Used for secure communication, and in high-speed, secure, and light-weight data networks in military and aerospace applications, including sonar systems.
6. Broadcasting & TV: Used to distribute high-definition, high-bandwidth Cable TV (CATV) signals and video-on-demand.
7. Industrial & Smart Systems: Used in manufacturing for sensor data, and in smart city infrastructure for monitoring and communication networks.
8. Emerging Technologies (QKD): Quantum Key Distribution (QKD) utilizes optical networks to create ultra-secure communication channels.

UNIT 5
1. DEFINE CELLULAR TELEPHONE SYSTEMS?
Cellular telephone systems are wireless networks that divide geographical areas into smaller, low-power coverage zones called "cells," allowing for frequency reuse and high-capacity communication. They utilize a network of base stations (towers) connected to a Mobile Switching Center (MTSO) to manage calls, handoffs, and connectivity to the public telephone network.

2.  WHAT ARE THE COMPONENTS OF CELLULAR TELEPHONE SYSTEMS?
Components of Cellular Systems
· Mobile Station (MS): Handheld devices (phones) that operate as transceivers for voice and data.
· Base Station (BS): Antenna sites that cover a cell, transmitting and receiving radio signals from mobile units.
· Mobile Switching Center (MTSO): The central hub (also known as MSC) that manages connection handoffs between cells, call processing, and billing.
3. WHAT IS HANDOFF (OR HANDOVER IN CELLULAR TELEPHONE SYSTEMS?
Handoff (or Handover): The process of transferring an ongoing call from one base station to another as the user moves between cells to prevent disconnection
4. WRITE THE EVOLUTION OF CELLULAR TECHNOLOGIES?
Evolution of Cellular Technologies
· 1G (First Gen): Analog systems launched in the early 1980s, primarily in Japan and the Nordic countries.
· 2G (Second Gen): Digital systems (GSM/CDMA) allowing for text messaging and better security.
· 3G/4G/5G: Advanced data-driven systems allowing for high-speed internet browsing, video calling, and increased network efficiency

5. WRITE ABOUT GSM ?
GSM (Global System for Mobile Communications) is a worldwide standard for second-generation (2G) digital cellular networks, enabling voice and data transmission via technology like SIM cards. Developed by ETSI, it enables global roaming and uses frequencies like 850/1900 MHz (Americas) and 900/1800 MHz (rest of world). 

6. WHAT IS SIM ?
A SIM (Subscriber Identity Module) card is a removable smart card in a mobile device that securely stores data, including a unique serial number (ICCID) and an international mobile subscriber identity (IMSI) to authenticate users on cellular networks. It enables voice calls, SMS, and data connectivity.
7. CDMA AND WCDMA DIFFERENCES?
WCDMA (Wideband Code Division Multiple Access) is a 3G technology offering high-speed data, whereas CDMA (specifically CDMA2000/IS-95) is a 2G/3G technology known for voice efficiency. WCDMA uses a wider 5 MHz band (compared to 1.25 MHz in CDMA), allowing for faster data rates and greater capacity to handle mobile internet services

8. WHAT IS A WIRELESS LOCAL AREA NETWORK (WLAN)?
A Wireless Local Area Network (WLAN) is a technology that allows devices like computers, smart phones, and IoT devices to connect and communicate wirelessly within a limited area—such as a home, office, or campus—using radio waves rather than physical cables. Operating mainly under IEEE 802.11 standards (Wi-Fi), it uses access points to bridge wireless traffic to a wired network

9. WHAT ISW PAN ?
WPAN : Wireless Personal Area Network in short known as WPAN. Actually WPAN is PAN (Personal Area Network) where the interconnected devices are centered around a person's workspace and connected through wireless medium. That's why it is also called as Person's centered short range wireless connectivity. Typically the range is within about 10 meters means very short range. Plugging in is one of the key concept in WPAN as within a close proximity WPAN-equipped devices communicate with each other as like they are connected through cable. Unlike WLAN (Wireless Local Area Network) where there is a requirement of infrastructure setup, in WPAN connection involves little or no infrastructure. 

10. DEFINE BLUETOOTH ?
Bluetooth is a short-range, low-power, wireless technology operating in the 2.4 GHz radio frequency band, allowing nearby devices (usually within 10 meters) to exchange data or communicate without physical cables. It forms a Personal Area Network (PAN) and creates a "digital handshake" to connect devices

11. WHAT SIS PICONET IN BLUETOOTH?
A Bluetooth piconet is an ad hoc, short-range network formed by one master device and up to seven active slave devices (8 total) that share a common channel and synchronized clock. It serves as the basic unit of Bluetooth networking, allowing devices within $\sim$10 meters to communicate, typically in a star topology.

12. DEFINE ZIGBEE?
Zigbee is a low-power, low-data-rate, and highly reliable wireless mesh networking standard designed for IoT devices, smart home automation, and industrial applications. Operating primarily on the 2.4 GHz ISM band, it allows battery-operated devices to communicate over long periods and creates a self-healing mesh network for extended coverage.

13. DEFINE WiMAX?
WiMAX (Worldwide Interoperability for Microwave Access) is a wireless broadband communication standard (IEEE 802.16) designed to provide high-speed, long-range internet access over large areas, often acting as an alternative to cable or DSL. It supports fixed and mobile connections, offering speeds up to 1Gbps, though it was largely superseded by 4G LTE
14. DEFINE MAN?
A Metropolitan Area Network (MAN) is a computer network that interconnects users with computer resources in a geographic area, such as a city, town, or large campus, typically spanning 5 to 50 km. Larger than a LAN but smaller than a WAN, it connects multiple LANs using high-speed fiber optic links.

15. DEFINE INFRARED (IR) WIRELESS COMMUNICATION ?
Infrared (IR) wireless communication uses invisible light waves (300 GHz to 400 THz) for short-range, secure data transfer. Common in remote controls, computer peripherals, and home automation, IR requires line-of-sight and cannot penetrate walls, limiting it to single-room use. It offers high speed, low cost, and no licensing requirements, though it faces interference from sunlight

16. DEFINE RFID COMMUNICATION?
Radio Frequency Identification (RFID) is a wireless communication technology that uses electromagnetic fields to identify and track tags attached to objects, commonly used for inventory management, access control, and supply chain logistics. It enables contactless data transfer between a tag and a reader, operating without requiring a direct line of sight
17. TYPES OF RFID TAGS?
1. RFID Tag: Comprises an integrated circuit (IC), an antenna, and a substrate to hold data.
2. RFID Reader: Uses radio waves to read or write data on tags.
3. Passive Tags: Powered by the reader’s electromagnetic field, offering shorter read ranges.
4. Active Tags: Contain a battery, providing longer reading ranges and constant transmission
18.WRITE  DIFFERENTOPERATING  FREQUENCY RANGES IN RFID SYSTEMS?
RFID systems operate in different frequency ranges: 
· Low Frequency (LF) – 125–134 kHz: Short range, slow data rate, commonly used for animal identification.
· High Frequency (HF) – 13.56 MHz: Used for smart cards and NFC, providing 10 cm to 1 m range.
Ultra-High Frequency (UHF) – 860-960 MHz: Provides long-range scanning (up to 10+ meters), ideal for inventory and supply chain tracking

18. WRITE A SHORT NOTES ON UWB?
Ultra-Wideband (UWB) is a short-range, pulse-based radio technology (3.1–10.6 GHz) that provides high-precision, centimeter-level positioning (10-30 cm accuracy) and secure ranging. Known for low energy consumption and high bandwidth, it is widely used for secure keyless vehicle entry, indoor navigation, smart home asset tracking, and industrial real-time location systems (RTLS).
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