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Preface 
 
 

 
This book is crafted as a guide for aspiring and practicing physiotherapist assistants or 

physiotherapy technicians/aids, providing basic insights of Physiotherapy profession. The 

instructional materials are created keeping in mind, the main objective of technical training under 

Punjab Medical Faculty in Pakistan, which is to help an individual to master technical skills in the 

profession of physiotherapy. 

As a physiotherapy technician, you are on the front lines of healthcare, working tirelessly to restore 

and improve the functional abilities of your patients. This book aims to be your companion on this 

rewarding journey, offering a blend of theoretical knowledge and practical skills essential for 

success in the field. 

From foundational principles to advanced techniques, each chapter is designed to equip you with 

the expertise needed to address a spectrum of musculoskeletal and neurological conditions. The 

integration of theoretical and practical knowledge to ensure that you not only understand the 

concepts but can apply them effectively in diverse clinical settings. 

This book endeavors to keep you up-to-date with current practice, emerging technologies, and 

innovative approaches in technician physiotherapy. 

Whether you are a student beginning your educational journey or a seasoned professional seeking 

to refine your skills, this book aims to serve as a valuable resource. As you delve into its pages, 

may you find inspiration, knowledge, and practical insights that empower you to make a 

meaningful impact in the lives of those you serve. 

Best wishes on your pursuit of excellence in the field of technician physiotherapy. 
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CHAPTER: 1 

ELECTRO MECHANIC AND ELECTROTHERAPY 

 

1.1 Currents for treatment 

Electricity is produced through power generation plants. These plants convert various 

forms of energy into electrical energy or current which is mainly divided into two types; 

alternating current (A.C.) and direct Current (D.C.) 

 

 

 

1.1.1 Sinusoidal and Faradic currents 

SINUSOIDAL CURRENT:  

Sinusoidal current is an alternating current of low voltage and milliamperage. Its low frequency ranges 

from 50 to 1,000 oscillations per second. The current increases gradually through the zero point until it 

reaches a negative level equal to the positive rise. From this negative point, it returns to zero again to 
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complete one cycle. Thus, each cycle contains an equal amount of positive and negative electricity and 

is therefore neutral --having no polarity or chemical effect on tissue as galvanic current would. 

Sinusoidal current produces muscle contraction, thus it can be used in the stimulation of weak and 

paralyzed muscles. 

FARADIC CURRENT: 

Faradic is an interrupted direct current that has a frequency of 50:100Hz with a pulse duration from 

0.1-1MS. This frequency and duration cause contraction and relaxation in innervated (nerves intact) 

muscles. It does not work on muscles that are denervated muscle; to cause the same effect a short 

pulse duration would be required. When applying faradic stimulation, the stimulation of the sensory 

nerve can result in the patient experiencing a pricking sensation due to the short duration of the 

pulse. The stimulated nerve causes a reaction in the motor fibers which makes the muscle contract. 

1.1.2 High frequency current production 

High-frequency currents refer to electrical currents with frequencies higher than the typical power line 

frequencies. These currents are often employed in various applications, and their characteristics make 

them suitable for specific purposes. 

Key aspects of high-frequency currents: 

Frequency Range: 

High-frequency currents generally have frequencies ranging from several kilohertz (kHz) to megahertz 

(MHz) or even gigahertz (GHz). 

Applications: 

1. Medical Diathermy: 

High-frequency currents are used in medical diathermy for deep tissue heating and therapeutic 

applications. 

2. Telecommunications: 

Radio frequency (RF) currents, falling within the high-frequency range, are crucial in wireless 

communications, including radio and television broadcasting. 

3. Induction Heating: 

High-frequency currents are used in induction heating for applications like metal hardening and cooking 

appliances. 

4. RFID (Radio-Frequency Identification): 

RFID systems utilize high-frequency currents for data transfer and identification purposes. 

5. Microwave Ovens
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Microwaves operate at frequencies around 2.4 GHz, using high-frequency currents to heat food. 

6. Radio Frequency (RF) Currents: Frequency Range: 

RF currents typically range from 3 kHz to several hundred GHz. 

7. Microwave Frequencies: Frequency Range: 

Microwaves fall in the high-frequency range, commonly around 300 MHz to 300 GHz. 

8. Dielectric Heating: 

High-frequency currents can cause dielectric heating in certain materials. 

1.1.3 Low Frequency Currents 

Low-frequency currents generally refer to electrical currents with frequencies in the range of a few hertz 

(Hz) to several kilohertz (kHz). These frequencies are lower than those commonly associated with power 

systems or high-frequency electronic signals. 

Low-frequency currents cover a range of electrical signals with frequencies typically below a few kilohertz. 

The specific types of low-frequency currents can be classified based on their applications and 

characteristics. Here are some common types: 

Direct Current (DC) Frequency: 

DC has a frequency of 0 Hz (constant). 

Characteristics: Current flows in one direction, and it is often used in electronics, battery- powered devices, 

and certain industrial applications. 

Faradic Current  

Faradic current, named after Michael Faraday, is a type of electrical current characterized by interrupted 

or pulsed direct current. It typically involves short bursts of electrical pulses with controlled duration and 

frequency. 

Applications: Commonly used in physical therapy and muscle stimulation for therapeutic purposes, 

particularly in muscle rehabilitation. 

Galvanic Current 

Galvanic current is a direct current (DC) that flows continuously in one direction without interruption. It is 

named after Luigi Galvani, a pioneer in the field of bioelectricity. 

Applications: Used in various electrotherapy treatments, particularly in skincare and beauty applications for 

processes like iontophoresis and galvanic facials. 

Interrupted Direct Current 

Interrupted direct current involves direct current that is periodically interrupted or switched on and off. This 

results in a pulsating current. 

Applications: Used in certain electrotherapy applications and muscle stimulation for therapeutic purposes. 

Alternating Current (AC) 

Alternating current is an electrical current that periodically changes direction. The flow of electric charge 
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reverses at regular intervals. 

Frequency: Standard power line frequencies are typically 50 or 60 hertz (Hz). 

Applications: Widely used for power distribution in electrical grids and in a variety of electronic devices. 

Modified Current 

"Modified current" is a general term that could refer to an altered or customized form of electrical current. 

Without specific context, it may not have a standardized definition.  

Applications: The term would be specified based on how the current is modified and for what purpose. It 

could include any intentional alteration to the characteristics 

1.1.4 Electrodiagnosis 

Electrodiagnosis refers to the use of electrical signals and measurements to diagnose and assess the 

functioning of the nervous system or muscles. This diagnostic approach helps healthcare professionals 

evaluate the electrical activity generated by muscles and nerves to identify abnormalities or disorders. 

Electrodiagnostic tests are commonly used in neurology and physical medicine and rehabilitation. Two 

primary types of electrodiagnostic tests are electromyography (EMG) and nerve conduction studies (NCS). 

Electromyography (EMG): 

EMG measures the electrical activity produced by skeletal muscles. It involves the insertion of a needle 

electrode into the muscle to record the electrical signals when the muscle is at rest and during contraction. 

EMG can help diagnose conditions such as muscle disorders, nerve disorders, and disorders affecting the 

connection between nerves and muscles (neuromuscular junction disorders). 

Nerve Conduction Studies (NCS): 

NCS assess the speed and strength of electrical signals as they travel along nerves. This test involves 

applying small electrical shocks to specific nerves and recording the time it takes for the electrical impulses 

to travel along the nerve pathway. NCS can help diagnose conditions such as peripheral nerve disorders, 

carpal tunnel syndrome, and other nerve-related issues. 

1.1.5 Interferential Therapy 

Interferential therapy (IFT) is a type of electrotherapy commonly used in physical therapy for pain 

management and rehabilitation. It involves the use of low-frequency electrical currents to stimulate nerves 

and muscles. Interferential therapy is a form of transcutaneous electrical nerve stimulation (TENS) but with 

a key difference in the frequency of the electrical currents. 

Here are some key points about interferential therapy: 

1. Frequency Interaction: 

• Interferential therapy utilizes two medium-frequency electrical currents that are slightly out of phase 

with each other. When these currents intersect (interfere) within the tissues, it creates a lower frequency 

known as the "interference frequency." This interference frequency is thought to penetrate tissues more 
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deeply than the individual frequencies. 

2. Pain Management: 

• One of the primary applications of interferential therapy is in the management of pain. The electrical 

stimulation is believed to promote the release of endorphins (natural painkillers) and may interfere with pain 

signals, providing relief. 

3. Muscle Stimulation: 

• Interferential therapy can be used for muscle stimulation, helping to prevent muscle atrophy and 

improve muscle strength. It is often employed in rehabilitation settings, especially for individuals with limited 

mobility. 

4. Edema Reduction: 

• The electrical currents used in interferential therapy may help with reducing edema (swelling) by 

promoting blood circulation and fluid movement in the affected area. 

5. Improved Blood Flow: 

• The therapy is thought to enhance blood flow to the treated area, which can contribute to tissue 

healing and recovery. 

6. Orthopedic Conditions: 

• Interferential therapy is commonly used in orthopedic conditions, such as musculoskeletal injuries, 

joint pain, and post-surgical rehabilitation. 

 

7. Non-Invasive: 

It is a non-invasive therapy, with electrodes placed on the skin over the targeted area. 

1.2  Electro Checks/Electrical shocks 

1. Electrical Safety Checks: 

• This could involve inspecting and testing electrical systems, wiring, and devices to ensure they meet 

safety standards. This is crucial in homes, workplaces, and other settings to prevent electrical hazards. 

2. Electrical System Checks: 

• Routine checks on electrical systems within buildings or industrial settings to ensure proper 

functioning, identify potential issues, and prevent electrical failures. 

3. Electrical Equipment Checks: 

• Regular inspections and testing of electrical equipment to ensure it operates safely and efficiently. 

This could include appliances, machinery, or any devices powered by electricity. 

4. Vehicle Electrical Checks: 

• Inspecting the electrical systems of vehicles, including checking the battery, alternator, wiring, and 

other components, to ensure proper functionality. 
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5. Instrumentation and Control System Checks: 

• In industrial contexts, electric checks may refer to the testing and verification of instrumentation and 

control systems to ensure they operate within specified parameters. 

6. Electrical Testing and Measurement: 

• This involves using specialized tools and instruments to measure electrical parameters like voltage, 

current, resistance, and continuity. Electric checks may involve diagnostic testing and troubleshooting. 

7. Compliance Checks: 

• Ensuring that electrical systems and components comply with relevant codes, standards, and 

regulations. 

 

ELECTRICAL SHOCKS 

Electric shocks occur when the body comes into contact with an electrical current. The severity of the shock 

depends on several factors, including the amount of current, the duration of contact, and the pathway the 

current takes through the body. Electric shocks can range from mild to severe and may result in various 

injuries. Here are some key points to consider: 

1. Effects of Electric Shocks: 

• Mild Shocks: A mild shock may cause discomfort, tingling, or a jolt sensation. It might not cause 

serious harm but can be unpleasant. 

• Moderate Shocks: More severe shocks can lead to muscle contractions, burns, and potential injury 

to internal organs. 

• Severe Shocks: Extremely high levels of electric current can cause significant injuries, including 

severe burns, damage to internal organs, cardiac arrest, and even death. 

2. Common Causes of Electric Shocks: 

• Faulty Wiring: Exposed wires, damaged cords, or faulty electrical appliances can increase the risk 

of electric shocks. 

• Wet Conditions: Water is an excellent conductor of electricity, so working with electrical devices in 

wet conditions increases the risk. 

• Damaged Insulation: Damaged insulation on electrical wires can expose the current and lead to 

shocks. 

• Faulty Appliances: Malfunctioning or damaged electrical appliances can pose a risk. 

3. Preventing Electric Shocks: 

• Inspection and Maintenance: Regularly inspect and maintain electrical systems and appliances to 

identify and address potential issues. 

• Proper Wiring: Ensure proper installation of wiring and use qualified electricians for electrical work. 

• Ground Fault Circuit Interrupters (GFCIs): Install GFCIs in areas where water and electricity may 
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come into contact to quickly shut off power in case of a fault. 

• Electrical Safety Practices: Follow safety guidelines when working with electricity, such as turning 

off power before making repairs, using insulated tools, and wearing appropriate protective equipment. 

4. Immediate Response to Electric Shock: 

• Safety First: Ensure your safety before attempting to help someone who has been shocked. Turn 

off the power source if possible. 

• Call for Help: If the person is unconscious or not breathing, call emergency services immediately. 

• Do Not Touch: Avoid touching the person until the power source is turned off to prevent becoming 

a secondary victim 

 

1 . 3  Physical effects of heat and temperature  

Heat 

Heat is a form of energy that flows from a region of higher temperature to a region of lower temperature. It 

is the transfer of thermal energy between two bodies or systems. 

Unit:  The unit of heat is the calorie (cal.) or joule (J). One calorie is the amount of heat needed to raise the 

temperature of one gram of water by one degree Celsius. 

Temperature 

Temperature is a measure of the average kinetic energy of the particles in a substance. It does not depend 

on the amount of substance but reflects the intensity of heat. 

Scale:  Common temperature scales include Celsius (°C) and Fahrenheit (°F), with Kelvin (K) being the SI 

unit. The Kelvin scale is often used in scientific contexts. 

Physical Effects of Heat: 

i. Expansion: Most substances expand when heated and contract when cooled. This phenomenon is 

used in applications such as bimetallic strips in thermostats. 

ii. Change of State: Heat causes substances to change their state. For example, adding heat to ice 

causes it to melt into water, and further heating causes the water to vaporize into steam. 

iii. Change in Temperature: Heat transfer leads to a change in temperature. The specific heat capacity 

of a substance determines how much heat is needed to change its temperature. 

iv. Thermal Conduction: Heat conducts through materials from regions of higher temperature to lower 

temperature. Good conductors, like metals, transfer heat efficiently. 
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v. Convection: In fluids (liquids and gases), heat transfer can occur through the movement of the fluid. 

Warmer, less dense fluid rises, and cooler, denser fluid descends, creating a convection current. 

vi. Radiation: Heat can be transferred through electromagnetic waves. All objects emit thermal 

radiation, and the amount depends on their temperature and emissivity. 

1 . 3 . 1  Transmission of heat 

1.3.2 Wave length frequency 

Wavelength is the distance between two consecutive points that are in phase (have the same position in 

their respective cycles) in a wave. 

• Wavelength is typically denoted by the symbol λ (lambda) and is measured in units such as meters, 

nanometers, or any other appropriate unit of length, depending on the scale of the wave. 

 

 

1.4  Infrared rays and its sources  

The electromagnetic spectrum is the full range of electromagnetic radiation, organized by frequency or 

wavelength. The spectrum is divided into separate bands, with different names for the electromagnetic 

waves within each band. From low to high frequency these are: radio waves, microwaves, infrared, visible 

light, ultraviolet, X-rays, and gamma rays. The electromagnetic waves in each of these bands have different 

characteristics, such as how they are produced, how they interact with matter, and their practical 

applications. 



12 
 

 

 

Infrared radiation,also called thermal rays, is a type of electromagnetic radiation with longer wavelengths 

than visible light. 

Sources 0f IR: 

Common natural sources are solar radiation and fire while artificial sources include heated metals, molten 

glass, home electrical appliances, incandescent bulbs, radiant heaters, furnaces, welding arcs, and plasma 

torches. 

 

 

Therapeutic Effects of IR: 

• Pain Relief: IR therapy is often used to alleviate musculoskeletal pain and joint stiffness. It helps 

increase blood flow, promoting better oxygenation and nutrient delivery to the affected areas. 

• Muscle Relaxation: IR rays penetrate deep into the muscles, promoting relaxation and reducing 

muscle tension. 
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• Wound Healing: Infrared light can enhance cellular repair processes, contributing to faster healing 

of wounds and injuries. 

• Improved Circulation: IR therapy dilates blood vessels, leading to improved circulation, which can 

be beneficial for cardiovascular health. 

1.5  Ultraviolet ray and its sources. 

Ultraviolet (UV) rays are a type of electromagnetic radiation with shorter wavelengths than  

visible light but longer than X- rays. UV radiation is often divided into three categories  

based on wavelength: 

 UV-A (Longwave): Wavelengths from 320 to 400 nanometers. 

 UV-B (Mediumwave): Wavelengths from 280 to 320 nanometers. 

 UV-C (Shortwave): Wavelengths from 100 to 280 nanometers. 

 UVC is largely absorbed by the Earth's atmosphere and does not reach the surface under normal  

conditions. 

Sources of Ultraviolet Rays: 

i. Natural Source:  

 Sunlight: The sun is a primary natural source of ultraviolet radiation.  

Sunlight contains UVA, UVB, and a small amount of UVC. 

 Effects: UV radiation has various effects, including suntanning and sunburn, and  

plays a role in the production of vitamin D in the skin. 

ii. Artificial Light Sources:  

 Fluorescent Lamps: Certain types of fluorescent lamps and compact fluorescent  

bulbs emit a small amount of UV radiation. 

 LEDs: Some types of ultraviolet LEDs emit UV light for various applications. 

iii. Tanning Beds:  

Artificial Emission: Tanning beds emit UVA and UVB radiation to induce skin tanning.  

However, excessive exposure can increase the risk of skin damage and skin cancer. 
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iv. Arc Welding:  

 Industrial Process: Arc welding processes can produce UV radiation as a byproduct.  

Proper protective measures, such as welding masks with UV filters, are necessary for the  

safety of workers. 

v. Certain Discharge Lamps:  

 Specialized Lamps: Some discharge lamps, such as mercury vapor lamps and  

metal halide lamps, emit UV radiation as part of their spectrum. 

 Applications: UV lamps are used in applications such as sterilization, insect traps,  

and counterfeit detection. 

vi. Black Lights:  

 Fluorescent Effect: Black lights emit UV radiation, and certain materials fluoresce  

or glow when exposed to this UV light. 

 Applications: Entertainment, artistic displays, and counterfeit detection. 

Therapeutic Effects: 

 Vitamin D Synthesis: UVB rays stimulate the  

production of vitamin D in the skin, crucial for bone  

health, immune function, and overall well-being. 

 Psoriasis Treatment: Controlled exposure to UVB  

light is a common treatment for psoriasis, a chronic  

skin condition. 

 Anti-Inflammatory Effects: UV radiation has anti-inflammatory properties, which can be beneficial in  

certain autoimmune conditions. 

 

1.5.1 Choice of UV lamp for treatment. 
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 Choosing the right UV lamp for your needs requires considering several factors. Here are some key 
considerations to help guide your decision: Purpose of irradiation, UV Spectrum, Intensity and Output, Lamp 
Type, Safety Considerations, Quality and Reliability of lamp. 

 

3. Techniques of Irradiation 

Ultraviolet (UV) therapy in physiotherapy, also known as ultraviolet light therapy or  

Phototherapy has been reported to be very effective in destroying bacteria and promoting wound 

healing and therefore a promising adjunctive therapy for chronic wounds infected with resistant 

bacteria. The use of different types of UV radiations in physiotherapy on the basis of its dominant 

biological effects is given below: 

UV - A 320 - 400 nm Encourage wound healing 

UV - B 280 - 320 nm Skin erythematous region 

UV - C 100 - 280 nm Germicidal region 

Considerations for UV Therapy in Physiotherapy: 

1. Dosage Control: 

The duration and intensity of UV exposure are carefully controlled to prevent  

overexposure and minimize the risk of side effects. 

2. Protective Measures: 

Eye protection: Patients and therapists often use goggles to protect the eyes from UV  

radiation. 

Skin protection: Areas not intended for treatment are usually covered to prevent  

unnecessary exposure. 

3. Skin Type Assessment: 

The patient's skin type and sensitivity are considered to tailor the therapy to their  

individual needs. 

4. Monitoring and Evaluation: 
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Physiotherapists closely monitor the patient's response to UV therapy and adjust  

treatment plans as needed. 

5. Collaboration with Dermatologists: 

Collaboration with dermatologists is common, especially in cases where UV therapy is  

part of a broader treatment plan for skin conditions. 

1.6  Sound Waves 

A sound is a vibration that propagates through a medium in the form of a mechanical wave. The medium 

in which it propagates can either be a solid, a liquid or a gas. Sound travels fastest in solids, relatively 

slower in liquids and slowest in gases. 

In physics, the sound is defined as a vibration that propagates as an audible wave of pressure, through 

a medium such as a gas, liquid or solid. 

A sound wave is the pattern of disturbance caused by the energy travelling away from the source of 

the sound. Sound waves are longitudinal waves. This means that the propagation of vibration of 

particles is parallel to the energy wave propagation direction. When the atoms are set in vibration they 

move back and forth. This continuous back and forth motion results in a high-pressure and a low-

pressure region in the medium. These high- pressure and low-pressure regions are termed 

compressions and rarefactions, respectively. These regions are transported to the surrounding medium 

resulting in the sound waves travelling from one medium to another. 

The number of rarefactions and compressions that occur per unit time is known as the frequency of a sound 

wave while the distance between the successive compression and rarefaction is known as the wavelength 

of a sound wave. 

The amplitude of the sound is the magnitude of the maximum disturbance in a sound wave. The amplitude 

is also a measure of energy. Higher the amplitude higher the energy in a sound wave. 

Humans can hear a limited range of frequencies of sound. Physicists have identified the audio frequency 

spectrum of the human ear to be between 20 Hz and 20,000 Hz. 

The speed at which sound waves propagate through a medium is known as the speed of sound. The speed of sound 

is different in different media. The speed of sound is highest in solids because the atoms in solid are highly 

compressed. The interaction between atoms in a particle is highly dependent on the distance between them. Higher 

the interaction between the atoms, the quicker the energy is transferred. As the interaction of the particles in solids 
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is high, the speed of sound is faster than liquids and gases.Ultrasonic, which involve the use of high-frequency 

sound waves beyond the range of human hearing, have various therapeutic applications in medicine and 

physical therapy. 

Sound is a form of mechanical wave that propagates through a medium, typically air, but it can also travel 

through liquids and solids. For sound to be produced, several factors must be present. These factors are 

essential for the generation and transmission of sound waves. Here are the key factors necessary for the 

production of sound: 

1. Vibrating Source: 

• Description: A vibrating source is essential for the production of sound. It can be any object or 

substance that vibrates, creating disturbances in the surrounding air molecules. 

• Examples: Vibrating vocal cords in humans, vibrating strings on musical instruments, vibrating 

diaphragm in speakers. 

2. Medium: 

• Description: Sound requires a medium through which it can travel. While sound can travel through 

solids, liquids, and gases, it is most commonly associated with air. 

• Examples: Air is the primary medium for sound propagation, but sound can also travel through water, 

wood, metal, etc. 

3. Mechanical Disturbance: 

• Description: The vibrating source generates a mechanical disturbance in the surrounding medium. 

This disturbance creates a series of compressions and rarefactions, forming a pressure wave. 

• Examples: When a drumhead is struck, it vibrates, creating compressions and rarefactions in the air 

that we perceive as sound. 

4. Elasticity of the Medium: 

• Description: The medium must have elasticity to allow particles to return to their original positions 

after being disturbed. This property is crucial for the transmission of sound waves. 

• Examples: Air molecules are elastic, allowing them to compress and expand as sound waves pass 

through. 

5. Propagation Medium Temperature: 



18 
 

• Description: The temperature of the medium affects the speed of sound. In general, sound travels 

faster in warmer air than in colder air. 

• Examples: Sound travels faster on a hot summer day than on a cold winter day. 

6. Density of the Medium: 

• Description: The density of the medium affects the speed of sound. In general, sound travels faster 

in less dense media. 

• Examples: Sound travels faster in air than in water and faster in water than in solid materials. 

7. Speed of Sound: 

• Description: The speed of sound is the rate at which sound waves travel through a medium. It 

depends on the properties of the medium, such as temperature, density, and elasticity. 

• Examples: The speed of sound in air at room temperature is approximately 343 meters per second 

(m/s). 

8. Wavefronts and Wavelength: 

• Wave front, imaginary surface representing corresponding points of a wave that vibrate in unison. 

When identical waves having a common origin travel through a homogeneous medium, the corresponding 

crests and troughs at any instant are in phase; i.e., they have completed identical fractions of their cyclic 

motion, and any surface drawn through all the points of the same phase will constitute a wave front. 

 Wavelength is the distance between two consecutive points in a wave that are in phase. 

 

 

 Currents from cell and Main’s supply 

https://www.britannica.com/science/wave-physics
https://www.merriam-webster.com/dictionary/homogeneous
https://www.britannica.com/science/phase-mechanics
https://www.merriam-webster.com/dictionary/constitute
https://www.britannica.com/science/wave-water
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An electrical cell is an "electrical power supply". It converts stored chemical energy into electrical potential 

energy, allowing positive charges to flow from the positive terminal to the negative one through an external 

circuit. This is called a current. 

To complete the circuit, the charge must flow from the negative terminal back to the positive one inside the 

cell. Electrical forces of repulsion oppose this, but the chemical reaction provides larger forces on the 

charges enabling them to reach the positive terminal ready for another journey around the electric circuit. 

The voltage across the cell depends on the chemical reaction - a typical value being 1.5V. To obtain larger 

voltages, we put the cells in series to make a battery. There are six tiny cells inside each rectangular 9V 

battery, for example. 

These paragraphs make the usual assumption that it is positively charged objects which move around an 

electric circuit. Actually, any charged particle will do the job. Positive charges would go one way, negatively 

charged particles (like electrons) would go the other. When we talk about a direction of current, we refer to 

the direction a positive charge would go. 

Main’s electricity is the term used to refer to the electricity supply from power stations to households.  

Mains electricity is supplied as alternating current (A.C.) and constantly changes i.e. the current flows 

in one direction and then in the opposite direction, again and again (continuously). A.C. supply goes 

in one direction and then in the opposite direction 50 times in one second.  Therefore, the frequency 

of A.C. supply is 50 cycles per second or 50 hertz and mains voltage is 230 Volts. 

 Alternating current can easily be converted to higher and lower voltages by a transformer. By 

transporting the electrical energy from a power station at a high voltage and low current is more 

efficient as if a high current and low voltage was to be used most of the energy would be wasted as 

heat due to the resistance in the power lines. Converting D.C. to the high voltage low current form is 

very difficult and cannot be done efficiently. 

Mains electricity generated from power stations is supplied to households via the National Grid. 
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Mains electricity (electricity from the power station) enters the house via the Live wire. The live wire 

carries the incoming electricity and is therefore at 230V and so very dangerous. Mains voltage is 

more than enough to kill somebody. 

The neutral wire is also supplied from the power station and is used to complete the circuit. it is 

earthed back to the power station. Therefore, once the electricity from the live wire has given its 

energy to the appliances in the household the current travels back out of the house via the neutral 

wire – hence the neutral wire has a lower voltage than the live wire. 

The earth wire is used for safety purposes and carries the current away when there is a fault.  

 

 

1.6.1 Ohm’s Law 
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Ohm's Law relates electric current (I), voltage (V), and resistance (R) through the equation I = V/R. Electric 

power (P) can be calculated using the formula P = VI, where V is voltage and I is current. 

Ohm's Law states that the current (I) flowing through a conductor between two points is directly proportional 

to the voltage (V) across the two points and inversely proportional to the resistance V=I⋅R. 

Ohm's Law is a fundamental principle that relates voltage, current, and resistance in an electrical circuit. It 

can be expressed in three forms: 

1. V=I⋅R (Voltage equals current multiplied by resistance). 

2. I=RV (Current equals voltage divided by resistance). 

3. R=IV (Resistance equals voltage divided by current). 

1.6.2 Electrical Units.  

1.6.3 Resistance in series and parallel.  

Resistance (R) 

Definition: Resistance is the opposition that a material offers to the flow of electric current. Unit: The unit of 

resistance is the ohm (Ω). 

Resistance in series and parallel 

In an electrical circuit, resistors can be connected in two primary ways: in series or in parallel. 

Resistance in Series 

Definition: Resistors are connected in series when the end of one resistor is connected to the start of the 

next, forming a single pathway for the current to flow. 

Total Resistance (R total): 

The total resistance in a series circuit is the sum of the individual resistances. 

Formula: R total = R1 + R2 + R3 + …..) 

where (R1, R2, R3,) are the resistances of individual resistors. 

Resistance in Parallel 

Definition: Resistors are connected in parallel when both ends of each resistor are connected to the same 

two points in the circuit, creating multiple pathways for the current to flow. 

Total Resistance (R total): 
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The reciprocal of the total resistance in a parallel circuit is equal to the sum of the reciprocals of the 

individual resistances. 

Formula: 1/Rt = (1/R1 + 1/R2 + 1/R3 +……) 

where (R1, R2, R3,) are the resistances of individual resistors 
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CHAPTER: 2 

ELECTROTHERAPY 

(Application of Electromechanics to Electromedical work) 

2.1 Technique and application of Galvanic current. 

 

Galvanism is a direct current with a low voltage and amperage. Galvanic current, named after Luigi Galvani, is 

one of the oldest forms of therapeutic electricity. The waveform is a continuous or pulsed flow of electrons. The flow 

of electrons in the direction of the negative pole results in electrochemical effects at the poles of the circuit. The 

electrochemical effect results in certain physiological alterations to the tissues at the site of application. Eliciting 

physiological changes of the tissue based upon the effects of the current is referred to as medical galvanism. It plays 

a significant role in various applications, including beauty and skincare treatments, electrotherapy in 

physiotherapy, and certain industrial processes. 

Types of galvanic waveform 

Rectangular surging: the current turn on and off intensity abruptly.  

Trapezoidal surging: it slow rise and slow fall. 

Triangular surging: it raises slowly, plateau’s and then falls slowly.  

Sawtooth surging: the gradual rise of current and abruptly falls.  

 

 

 

Mechanism of action and physiological effects 

The galvanic current produces predictable electrochemical and physiological effects at the site of 

application. The physiological effects of the positive pole of the galvanic current are somewhat analogous 

to the effect of cold applications and the negative pole to hot applications. 

In order to elicit the polar effect of the galvanic current, two unequally sized electrodes are required. The 

smaller electrode is the active pad and is typically at most only half the size of the larger ‘dispersive’ 
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electrode. The milliamp rule limits the amperage density to 1 mA/square inch of the active electrode. The 

smaller pad will demonstrate stronger polar effects as compared to the larger dispersive pad because, as 

the size of the electrode decreases, the current density will increase. 

 

Application of Galvanic current: 

Medical galvanism, or the use of galvanic stimulation, uses direct current modalities that deliver a unidirectional, 

uninterrupted current flow within the tolerance of the patient and without the destruction of tissue. This type of 

modality can be used to directly stimulate muscle following a nerve injury, to produce ionic changes within the tissues 

and decrease edema, or to introduce topically applied medications into the skin (iontophoresis). The purpose of 

this electrical stimulation is primarily for the vasomotor effects, i.e. increased circulation. Under the electrodes, ions 

accumulate in the skin. The sensation experienced acts as a physiological stimulus to the sensory nerve endings, 

producing reflex vasodilatation.93 These vasomotor effects can assist in resolution of inflammation, relief of pain, and 

reduction of interstitial edema through electro-osmosis and the shifting of water toward the electrical cathode. 

Safety and contraindications 

The galvanic current is relatively safe. Observation of the milliamp rule reduces the likelihood of burning 

the patient from application of too high amperage. Caution should be observed for allergic sensitivity to 

ions applied. Electrode pads should not be applied over broken skin. Patients with electronic implants 

should not be treated with galvanism as there is a risk of interference with the operation of the implant. 

Tissues that have impaired pain sensation should not have electrodes applied to them  

 

2.2 Technique and application of Faradic current. 

Faradic current, named after the renowned scientist Michael Faraday, refers to a a short duration 

interrupted direct current with a pulse duration ranging from 0.1 to 1 ms with a frequency of 50 to 100 

Hz. Faradic current is surged to produce tetanic contraction and relaxation of innervated muscle. 

Treatment with faradic current also known as faradism. It does not work on muscles that are 

denervated muscle. When applying faradic stimulation, the stimulation of the sensory nerve can result 

in the patient experiencing a pricking sensation due to the short duration of the pulse. The stimulated 

nerve causes a reaction in the motor fibers which makes the muscle contract. There are different types 

of faradic waveforms e.g. 

• Trapezoidal surging - the impulse increases gradually followed by a gradual decrease. This is 

used in mild to moderate injuries. 

• Sawtooth surging - the impulse increases gradually then suddenly falls. This is used in severe 

injuries. 
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Physiological Effects; 

• The physiological effect of faradic and galvanic are almost the same except faradic for 

innervated muscle and galvanic for denervated muscle. 

• Both current increase blood flow to the area treated that make the area slight redness 

due to vasodilatation. Also, both current make contraction the muscle similar to voluntary 

muscle contraction. To prevent fatigue the faradic allow the muscle to relax after 

contraction. 

• The faradic and galvanic current increase metabolism and remove waste products and 

bring more blood supply and nutrients to muscle thus increase demand of oxygen and 

nutrients to the muscle. 

• Electrical stimulation will re-educate muscle action. 

The electrical stimulation can help to minimize the extent of muscle atrophy 

Indications; 

1. Facilitation of muscle contraction when inhibited by Pain. 
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2. Muscle re-education: muscle contraction is needed to restore the sense of movement. In cases 

of flat foot or in muscle transplantation. the brain appreciates movement not muscle actions so 

current should be applied to restore normal movement. 

3. Training of new muscle action. 

4. Improved venous and lymphatic drainage as oedema and gravitational ulcer by pumping action 

of muscle contraction and relaxation. 

5. Prevention and loosening of adhesion. 

6. Painful knee syndrome. 

7. Electrodes are placed on facial muscles for aesthetic and therapeutic purposes. 

8. Controlled Faradic stimulation is applied to muscles experiencing spasms or tightness. 

Contraindications; 

1. Certain dermatological condition as psoriasis, tinea and eczema. 

2. Infection 

3. Inflammation 

4. Thrombosis 

5. Loss of sensation 

6. Cancer 

7. Cardiac pacemakers 

Practical Guidelines 

• The patient is positioned so that the part to be treated is comfortably supported with the muscles 

to be stimulated in a shortened position although this may be modified with movement produced 

e.g. slight knee flexion allowing quadriceps stimulation to cause extension. 

• The skin surface must be examined for any cuts or abrasions, treatment area should be washed 

to remove sebum and epithelial cells using hot water to lower resistance. 

• Size of active electrode is chosen to considering size of treatment area. 

• The electrode should be smaller than the pad to prevent the edge of the electrode being bent 

down on the skin. 

• the pads should be soaked in warm tap water, saline or sodium bicarbonate solution before 

applied to the skin. 

• Fixation is achieved with a rubber strap or by body weight. 

• explain to the patient sensation. 
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• when muscle is to be stimulated the active electrode is placed over motor point and small current 

is applied. The current may need to be increased and then decreased as the motor point found 

and good contraction obtain with less current. 

• when muscle group is to be stimulated the active electrode placed at end of muscle group so 

current spread through the whole group. 

 

 

 

 

 

 

 

 

 

 

 

Short Wave Diathermy 

 

Shortwave diathermy is a therapeutic modality that utilizes electromagnetic waves in the shortwave frequency range 

to generate heat within deep tissues. This form of deep tissue heating is commonly used in physical therapy for 

various musculoskeletal conditions and pain management. 

2.2.1 Heating of Tissues 

 

The heating of tissues in Shortwave Diathermy (SWD) is achieved through the application of high-frequency 

electromagnetic waves with a frequency typically set at 27.12 MHz. Unlike some other heating modalities that 

primarily affect superficial tissues, shortwave diathermy is designed to penetrate deeply into the body. The 

electromagnetic waves can penetrate through the skin and subcutaneous tissues, reaching muscles and other 

deeper structures. 
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The electromagnetic waves cause heating through a process known as dielectric heating. As the waves travel 

through tissues, they encounter resistance from the body's natural electrical resistance. This resistance leads to the 

generation of heat within the tissues. One advantage of SWD is that it allows selective heating of targeted tissues. 

The waves tend to be absorbed more by tissues with higher water content, such as muscles, compared to tissues 

with lower water content, like bones or tendons. This selective heating can be advantageous in focusing the 

therapeutic effects on specific areas. The generated heat induces vasodilation, leading to increased blood flow to 

the treated area. This enhanced blood circulation can promote tissue healing, reduce muscle spasms, and alleviate 

pain. The increase in temperature also influences metabolic processes. It can enhance cellular metabolism, leading 

to improved nutrient delivery to cells and removal of waste products, contributing to tissue repair and recovery. 

 

 

2.3.3 The machine circuits 

1. Power Supply: Provides the electrical energy needed to operate the SWD machine. Which Converts electrical 

power from a standard power source (e.g., mains electricity) to the required voltage and current levels. 

2. Oscillator: Generates the high-frequency oscillations required for shortwave diathermy. The oscillator 

produces the electromagnetic waves at the desired frequency, typically around 27.12 MHz. 

3. Amplifier: Boosts the power of the generated signal to the necessary levels for effective diathermy. It ensures 

that the electromagnetic waves have sufficient strength to penetrate tissues and induce therapeutic heating. 

4. Applicator Circuit: Connects to the output of the amplifier and delivers the electromagnetic waves to the 

patient's body through the applicator or electrodes, depending on the design, the applicator circuit may include tuning 

elements to optimize the transmission of the waves. 

5. Patient Interface (Applicator/Electrodes): The part of the circuit that comes into direct contact with the patient's 

body. The applicator or electrodes are designed to efficiently deliver the electromagnetic waves to the targeted 

tissues. 
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6. Controls and User Interface: Panel with controls that allow healthcare professionals to set parameters such 

as intensity, duration, and mode (continuous or pulsed). 

Safety features and indicators to monitor and adjust the treatment settings. 

7. Safety Features: Overcurrent protection to prevent excessive power output. Monitor temperature to avoid 

overheating. The emergency stop or cutoff mechanisms for immediate cessation of treatment if needed. 

8. Cooling System: Some SWD machines may include a cooling system to dissipate heat generated during 

operation, preventing the equipment from overheating. 

9. Display and Feedback: Display panel showing treatment parameters, time elapsed, and other relevant 

information. The audible or visual feedback indicators to alert users of any issues or the completion of a treatment 

session. 

 

Short Wave Diathermy Circuit 

 

2.2.2 The patient circuits  

1. Applicator or Electrodes: The applicator is the part of the patient circuit that comes into direct contact with the 

patient's body. It can take various forms, such as capacitive plates or inductive coils, depending on the specific design 

of the SWD machine. 

2. Connection Cables: Cables connect the applicator to the output of the SWD machine, ensuring the 

transmission of the electromagnetic waves from the machine to the patient. The cables are designed to handle the 

high-frequency signals generated by the SWD circuit. 
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3. Patient Contact Interface: The portion of the applicator that makes contact with the patient's skin. This is 

where the transfer of electromagnetic energy to the patient occurs. Patient contact interfaces may be covered with 

insulating materials to prevent direct contact with metal components. 

4. Tuning Elements (Optional): In some designs, tuning elements may be included in the patient circuit. These 

elements are used to optimize the impedance matching between the SWD machine and the patient's tissues, 

ensuring efficient energy transfer. 

5. Cooling Mechanism (Optional): Some applicators may include a cooling mechanism to prevent excessive 

heating of the skin during prolonged treatments. This could involve the circulation of a cooling medium within the 

applicator. 

6. Strain Relief and Insulation: Strain relief is incorporated into the cables to prevent damage from bending or 

stretching. Insulation materials are used to ensure that the electrical signals are confined to the desired pathway and 

do not leak to unintended areas. 

7. Applicator Placement and Straps: Applicators may come with straps or other securing mechanisms to keep 

them in place during treatment. The design of the patient circuit should consider the ease of application and comfort 

for the patient. 

2.2.3 Physiological effects of SWD 

SWD effects can be divided into thermal and not thermal. Thermal effects induce vasodilatation, 

elevation of pain threshold, reduction in muscle spasm, acceleration of cellular metabolism, and 

increased soft tissue extensibility. The non thermal effects are likely the result of cell’s energy 

absorption from oscillating electrical fields, inducing or enhancing cellular activity. They include 

increased blood flow, decreased joint pain and stiffness, reduced inflammation, faster resolution of 

edema, and accelerated wound healing. Short-wave therapy can be delivered either in a continuous 

or a pulse mode. 

 

2.2.4 Therapeutic effects of SWD 

Shortwave diathermy, a therapeutic modality utilizing electromagnetic waves in the shortwave frequency range, 

offers various therapeutic effects when applied in physical therapy. Here are some key therapeutic effects: 

1. Deep Tissue Heating: 

Shortwave diathermy provides deep tissue heating, reaching structures such as muscles, tendons, and joints. This 

deep penetration is beneficial for promoting tissue relaxation and increasing blood flow. 

2. Muscle Relaxation: 
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The heat generated by shortwave diathermy contributes to muscle relaxation, helping to alleviate muscle spasms 

and reduce muscle tension. This can be particularly useful in treating conditions associated with muscle tightness. 

3. Increased Blood Flow: 

Shortwave diathermy promotes vasodilation and increased blood flow to the treated area. Improved circulation 

enhances oxygen and nutrient delivery to tissues, supporting the natural healing process. 

4. Pain Relief: 

The combination of deep tissue heating and increased blood flow contributes to pain relief. Shortwave diathermy is 

often used to manage pain associated with musculoskeletal conditions, arthritis, and joint stiffness. 

5. Joint Mobility: 

By promoting muscle relaxation and reducing stiffness, shortwave diathermy can improve joint mobility. This is 

valuable in conditions where restricted joint movement is a concern. 

6. Connective Tissue Extensibility: 

The application of shortwave diathermy may contribute to increased extensibility of connective tissues, such as 

ligaments and tendons. This effect can be beneficial for enhancing flexibility and range of motion. 

7. Reduced Inflammation: 

The therapeutic heat generated by shortwave diathermy can help reduce inflammation in the treated area. This anti-

inflammatory effect is beneficial for conditions involving acute or chronic inflammation. 

8. Acceleration of Metabolic Processes: 

Shortwave diathermy may accelerate metabolic processes within the tissues, supporting cellular activities involved 

in tissue repair and regeneration. 

9. Improved Nerve Conduction: 

The application of heat through shortwave diathermy can enhance nerve conduction, potentially providing relief in 

conditions involving nerve-related pain. 

10. Facilitation of Stretching and Exercise: 

Shortwave diathermy can be used as a preparatory modality before stretching or therapeutic exercises. The heat 

helps prepare muscles for stretching and may enhance the effectiveness of exercise interventions. 

11. Non-Thermal Effects: 

In addition to thermal effects, shortwave diathermy can induce non-thermal effects, such as changes in cell 

membrane permeability and blood flow, contributing to its overall therapeutic impact. 
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2.2.5 Dangers in SWD 

 

The primary danger associated with shortwave diathermy is the potential for burns. The deep tissue heating 

can cause burns if the treatment parameters are not carefully monitored, and if the patient's skin is not 

adequately protected. 

2.2.6 Methods of SWD application 

SWD can be applied in following different ways; 

2.2.7 Condenser field/contra planar Method. 

Electrodes are placed on each side of the treated part, separated from the skin by an insulating material. 

The electrodes act as plates of a condenser, while the patient’s tissues form the dielectric. When the current 

is applied rapidly, alternating charges are set up on the electrodes, causing a rapidly alternating electric 

field between them. The electric field influences the materials which lie within it and produces heat. 

 

i. Cross fire 

In this technique, half of the treatment period is given with the electrodes in one position and then they are 

moved to be at right angle to that obtained during the first part of the treatment. For example, for the knee 

joint, during the first half of the session, the electrodes are placed on the medial and lateral aspects of the 

knee. On the opposite, during the second half of the session, the electrodes are transferred to the anterior 

and posterior aspects of the knee.  
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ii. Co Planar.   

In this technique, electrodes are placed side by side on the same aspect of the part, provided there is an 

adequate distance between them. The distance between the two electrodes should be more than the total 

width of spacing. In this method, the heat is more superficial and suits certain areas such as the spine, 

where one electrode is placed over the dorsal region, while the other placed over the lumbar one.     

 

iii.  Mono Planar. 

The active electrode is placed over the site of the lesion, while the indifferent one is applied to some distant 

part of the body. This method is used for very superficial lesions . 

 

                                                                 Mono planar application 

2 . 2 . 8  Cable method 

The cable is coiled in relation to the patient’s skin but separated from it by a layer of insulating material. As high-

frequency currents oscillate in the cable, an electric field is set up between its ends and a magnetic field around its 

center. These fields affect the tissues that lie within them.  
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Cable application of SWD 

 

2 . 2 . 9  Special Techniques/considerations: 

SWD is a high frequency treatment modality with many dangers besides its beneficial use 
therefore following points must be kept under consideration.  

2 . 2 . 1 0   Dangers and precautions.  

1. Burns: 

One of the primary dangers associated with shortwave diathermy is the potential for burns. The deep tissue heating 

can cause burns if the treatment parameters are not carefully monitored, and if the patient's skin is not adequately 

protected. 

2. Superficial Heating: 

Shortwave diathermy has the potential to cause superficial heating, especially if the treatment area is not well-

controlled. This can lead to discomfort, erythema, and, in severe cases, burns. 

3. Overheating: 

Overheating of tissues can occur if the temperature is not adequately monitored during treatment. This can result in 

discomfort, tissue damage, or burns. 

4. Metal Objects: 

Metal objects in the treatment area can reflect shortwave diathermy energy and cause local heating. Patients should 

be instructed to remove any metal objects, such as jewelry, before treatment. 

5. Pregnancy: 
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Shortwave diathermy is generally contraindicated over the abdomen during pregnancy due to potential risks to the 

developing fetus. 

6. Implanted Electronic Devices: 

Patients with implanted electronic devices, such as pacemakers or defibrillators, may be at risk of interference from 

the electromagnetic fields generated by shortwave diathermy. 

 

7. Skin Sensitivity: 

Patients with skin sensitivity or a tendency for allergic reactions may need careful consideration before undergoing 

shortwave diathermy. 

8. Impaired Sensation: 

Patients with impaired sensation may not be able to provide accurate feedback on the level of heat, increasing the 

risk of burns. 

2 . 2 . 1 1  Contraindication of SWD 

 

1.  Metal Implants or Objects: 

Shortwave diathermy is contraindicated in areas where patients have metal implants, plates, screws, or 

other metal objects, as these can reflect energy and cause local heating. 

2. Pacemakers: 

Individuals with pacemakers or other electronic implants should avoid shortwave diathermy due to potential 

interference with electronic devices. 

3. Pregnancy: 

Shortwave diathermy is generally contraindicated over the abdomen during pregnancy due to potential 

risks to the developing fetus. 

4. Skin Sensitivity: 

Patients with skin sensitivity or a tendency for allergic reactions may need careful consideration before 

undergoing shortwave diathermy. 

5. Poor Blood Circulation: 

Areas with poor blood circulation may be more susceptible to burns, and caution is needed when applying 

shortwave diathermy to such regions. 
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6. Central Nervous System Disorders: 

Individuals with certain central nervous system disorders, especially those affecting temperature regulation, 

may require special consideration due to potential sensitivities to temperature changes. 

7. Implanted Electronic Devices: 

Shortwave diathermy is contraindicated for individuals with implanted electronic devices due to the risk of 

interference and potential harm to the devices. 

8. Impaired Sensation: 

Patients with impaired sensation may not be able to provide accurate feedback on the level of heat, 

increasing the risk of burns. 

9. Recent or Active Bleeding: 

Shortwave diathermy is contraindicated in areas with recent or active bleeding, as it may exacerbate 

bleeding and delay the healing process. 

10. Malignancies: 

Shortwave diathermy is generally avoided over known or suspected malignant tumors due to concerns 

about potentially accelerating tumor growth. 

 Healthcare professionals should carefully assess patients for indications and contraindications before 

administering shortwave diathermy and consider alternative modalities when necessary. Individualized 

treatment plans, patient education, and close monitoring during sessions are crucial for ensuring safe and 

effective application. 

2 . 2 . 1 2  Indications of SWD 

1.Musculoskeletal Pain: 

Shortwave diathermy is commonly indicated for managing musculoskeletal pain, including conditions such 

as arthritis, myofascial pain, and joint stiffness. 

2.Muscle Spasms: 

It can be used to address muscle spasms and promote muscle relaxation. 

3.Joint Stiffness: 

Shortwave diathermy is beneficial in cases of joint stiffness, helping to improve flexibility and range of 

motion. 
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4.Soft Tissue Injuries: 

It is indicated for soft tissue injuries, such as strains and sprains, to facilitate healing and reduce pain. 

5.Bursitis and Tendinitis: 

Shortwave diathermy can be applied in conditions involving inflammation of bursae (bursitis) or tendons 

(tendinitis). 

6.Osteoarthritis: 

Individuals with osteoarthritis, particularly those experiencing pain in weight-bearing joints, may benefit 

from shortwave diathermy. 

7.Chronic Pain Conditions: 

It is sometimes used in chronic pain conditions, providing relief and improving overall function. 

8.Postsurgical Rehabilitation: 

Shortwave diathermy can be part of postsurgical rehabilitation programs to manage pain and promote 

tissue healing. 

9.Connective Tissue Disorders: 

In some cases of connective tissue disorders, shortwave diathermy may be used to address symptoms 

such as pain and stiffness. 

10.Reduced Range of Motion: 

Conditions associated with reduced range of motion, whether due to muscle tightness or joint limitations, 

may benefit from shortwave diathermy. 

 

Infra Red Rays 

 

Infrared (IR) or thermal radiation is a band of energy in the complete electromagnetic 

spectrum. IR are the radiations of longer wavelength than the red end of the visible 

spectrum and extend to the microwave region, i.e., from 760 nm to 1 mm. [1] IR radiation 

is generated by Sun. Many ancient therapies have utilized sunlight for wound healing 

and pain relief. When Sun rays reach the ground, they get absorbed by gases or water 

molecules in the atmosphere. The human body is made of 70% water, so it can 

https://www.physio-pedia.com/Infrared_Therapy#cite_note-:1-1
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potentially accumulate a large amount of energy that could modulate biological 

processes by strong resonant absorption of IR radiation from sunlight mediated by water 

molecules. 

 

IR includes wavelengths between the 780 nm to 1000 μm. IR is divided into different bands: 

Near-Infrared (NIR, 0.78~3.0 μm), Mid-Infrared (MIR, 3.0~50.0 μm) and Far-Infrared (FIR, 

50.0~1000.0 μm) as defined in standard ISO 20473:2007 Optics and photonics -- Spectral 

bands. 

The Near infrared rays are also known as 'luminous' as they have some visible light with 

wavelength of 770 to 1500 nanometers. The luminous source is found to be more effective in 

tissue-heating as it penetrates deeper and energy is distributed in larger areas of  the tissues. 

The Far infrared (FIR) also called non-luminous are within 1500nm to 0.1 mm. The non-luminous 

with peak around 4000nm is absorbed in the skin. FIR wavelength is too long to be perceived 

by the eyes; however, the body experiences its energy as a gentle radiant heat which can 

penetrate up to 1.5 inches (almost 4 cm) beneath the skin. A randomised controlled trial found 

FIR effective in reducing chronic low back pain. Another clinical prospective randomized 

comparative study showed FIR after arthroscopic rotator cuff repairs effectively and safely 

reduced postoperative pain, thereby facilitating rehabilitation and better ROM in the early 

postoperative period. 

 

Sources of Infrared Rays: 

 

i. Thermal Emission: 

 

 Objects at Temperature: All objects with a temperature above absolute zero emit infrared 

radiation. The hotter the object, the more intense the emitted infrared radiation. This is known 

as thermal emission e.g. warm bodies, heated surfaces, hot water bottle. 

 

ii. Infrared LEDs and Lasers: 

 

 Semiconductor Devices: Infrared light emitting diodes (IR LEDs) and infrared lasers are 

designed to emit light in the infrared spectrum e.g. Remote controls, communication systems, 
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and certain medical devices. 

iii. Hot Gases: 

 

 Emission Spectra: Hot gases emit infrared radiation with characteristic emission spectra e.g. 

Certain industrial processes, combustion flames. 

iv. Infrared Heaters: 

 

 Electrical Devices: Infrared heaters use electrical elements to generate heat, and part of this 

heat is emitted as infrared radiation e.g. Heating systems in homes, outdoor heating, and 

industrial processes. 

 

 Infrared Rays Generators 

Different kinds of lamps are used for production of therapeutic infrared: 

Non-luminous generator - An electric current is passed through a coil of wire wound on an 

insulating material (like porcelain/fireclay) which produces heat. The infrared emitter is placed 

at the focus of parabolic reflector to reflect the radiations in a uniform beam. The heated  wire 

and heated material emits IR. Non-luminous requires some time to heat up before the emitted 

rays reach maximum intensity and so must be switched on at an appropriate time prior to use.  

Luminous generators - IR is produced by incandescent lamps in the luminous generator. The 

lamp consists of a wire filament (tungsten) enclosed in a glass bulb that may be evacuated or 

filled with an inert gas at a low pressure. When an electric current is passed through the tungsten 

filament, it gets heated and emits IR, visible and few ultra-violet (UV) rays. The front of the bulb 

is red to filter out shorter visible and UV rays.  

Power of lamps varies, for smaller lamps it is 250 to 500 W for both generators and for large non-

luminous - 750 or 1000W and large luminous 600 to 1500 W. 

Absorption and Penetration of IRR 

Some rays are reflected from the skin surface. Some penetrate in the skin, get scattered, 

refracted and ultimately absorbed in tissues. Water and protein in the tissues strongly absorb 

IR. Research suggests penetration of IR depends on the structure, vascularity, pigmentation of 

skin and wavelength of the rays. Penetration depth is the depth at which approximately 63% of 
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radiation energy is absorbed. Far infrared rays penetrate up to 1.5 inches (almost 4 cm) beneath 

the skin. 

2.2.13 Physiological effects of Infra - Red Rays 

o Local cutaneous vasodilation; due to the release of chemical vasodilator (histamine) as well 

as possible effect on the blood vessels, occurs after 1-2 minutes. 

o Evident erythema; The rate and intensity of erythema depends on rate and degree of 

heating. 

o Reflex dilation of other cutaneous vessels occurs to maintain normal heat balance. 

o Prolonged heating leads to sweating and eventually to cooling. 

 

 

 

2.2.14 Therapeutic effects of Infrared rays 

 

Infrared is used for the following purposes: 

• Pain relief 

• Decrease muscle spasm 

• Increase the sensory nerve conduction velocity, increase in endorphins influencing the pain 

gate mechanism 

• Acceleration of healing and tissue repair  

➢ IRR is used prior to electrical stimulation/testing or biofeedback to make the skin a better 

conductor 
 

2.2.15 Technique of irradiation 

Patient is placed in a comfortable position and the area to be treated is exposed. Nature and 

effects of treatment are explained. Skin is examined and thermal sensations are tested. Eyes 

are shielded in case they are irradiated. To achieve maximum penetration, the lamp is placed 

at right angles to area to be treated.  Distance from the lamp can be about 60-75 cm for large 

lamp (750-1000W) and 45-50cm for smaller ones. Intensity of heat is controlled by altering the 
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position of the lamp or in some lamps by altering the resistance thereby the current to the 

element. Non-luminous lamp has to be switched on up to 15 minutes before application to allow 

maximum emission. 

2.2.16 Dangers and precautions 

 

1. Burns and Skin Damage: 

• Prolonged or intense exposure to infrared radiation can cause burns or damage to the skin. 

It's important to follow recommended time and distance guidelines to prevent overheating. 

2. Superficial Heating: 

• Infrared rays can penetrate the skin and affect underlying tissues. However, prolonged 

exposure or improper settings may lead to discomfort or superficial heating, particularly in 

sensitive areas. 

3. Dehydration: 

• In certain applications, such as infrared saunas, there is a potential for increased sweating. 

Prolonged sessions without adequate fluid intake could lead to dehydration. Users should 

stay well-hydrated during and after infrared sessions. 

4. Overheating in Certain Medical Conditions: 

• Individuals with certain medical conditions, such as cardiovascular issues or multiple 

sclerosis, may be more sensitive to temperature changes. Overheating can exacerbate their 

symptoms, and caution is advised. 

5. Pregnancy: 

• Pregnant women should exercise caution, especially when using whole-body infrared devices 

or saunas. Elevated body temperature, particularly in the first trimester, may pose potential 

risks to the developing fetus. 

6. Eye Safety: 

• Direct exposure of the eyes to intense infrared radiation can cause damage. It is essential to 

avoid looking directly into infrared lamps or beams. 

 

Precautions: 
 

1. Follow Manufacturer's Guidelines: 

• Adhere to the recommended guidelines provided by the manufacturer of the infrared device. 

This includes guidelines on duration, distance, and intensity settings. 

2. Limit Exposure Time: 
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• Avoid prolonged exposure to infrared rays. Limit the duration of sessions to prevent the risk 

of burns or overheating. 

3. Adjust Intensity: 

• When using devices with adjustable intensity settings, start with lower settings and gradually 

increase if needed. This allows for a more controlled and comfortable experience. 

4. Stay Hydrated: 

• Maintain adequate hydration, especially during activities that induce sweating, such as 

infrared sauna sessions. Proper hydration helps prevent dehydration. 

5. Monitor Skin Sensations: 

• Pay attention to any sensations of discomfort or overheating during infrared sessions. If you 

experience discomfort, stop the session and allow your body to cool down. 

6. Consult with Healthcare Professionals: 

• Individuals with pre-existing medical conditions or concerns should consult with healthcare 

professionals before undergoing infrared therapy. This is particularly important for those with 

cardiovascular issues, skin conditions, or other health considerations. 

7. Protective Measures: 

• Use protective measures such as towels or clothing to cover sensitive areas, e.g. eyes, during infrared 

sessions. This can help prevent direct contact with intense infrared radiation. 

Indications in Physiotherapy 
 

IRR is helpful in managing following conditions in addition to other physiotherapy modalities; 

• Osteoarthritis 

• Rheumatoid arthritis 

• Ankylosing spondylitis 

• Capsulitis 

• Psoriasis 

• Joint stiffness 

• Oedema 

• Pain 

• Muscle spasm  

Contraindications of IRR 
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• Impaired cutaneous thermal sensations 

• Defective arterial cutaneous circulation 

• Dermatitis or eczema 

• Tumors 

• Skin damage due to ionizing radiation 

• Tuberculosis 

• Photosensitivity 

• Hyperesthesia 

• Mental retardation 

• Metal implant 

• Fever 

 

 

Ultrasonic/Ultrasound 

 

2.5.1 Introduction 

 

Ultrasound (US) is a form of mechanical energy (not electrical), and therefore, strictly speaking, not 

really electrotherapy at all, but does fall into the Electro Physical Agents grouping. Mechanical 

vibration at increasing frequencies is known as Sound Energy or sound. The normal human sound 

range is from 20 Hz to something approaching 20,000 Hz. Beyond this upper limit, the mechanical 

vibration is known as ultrasound. The frequencies used in therapy are typically between 1.0 and 

3.0 MHz (1 MHz = 1 million cycles per second). 

Sound waves are longitudinal waves consisting of areas of compression and rarefaction. Particles 

of a material, when exposed to a sound wave will oscillate about a fixed point rather than move with 

the wave itself. As the energy within the sound wave is passed to the material, it will cause 

oscillation of the particles of that material. Clearly any increase in the molecular vibration in the 

tissue can result in heat generation, and ultrasound can be used to produce thermal changes in the 

tissues, though current usage in therapy does not focus on this phenomenon . The Ultrasound 

instrument consists of a high-frequency generator. This is connected to a treatment head or 

transducer circuit by a co-axial cable for the production of ultrasound waves. 1 MHz or 3MHz 
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frequency is needed. When this varying potential difference or frequency applied on quartz crystal, 

via a linking electrode, the crystal being 

fused to the metal front plate of the 

treatment head. Any changes in the 

shape of crystal (Compressed and 

Relaxed), produces an ultrasonic wave. 

It generates ultrasound waves by a 

Piezoelectric effect. In addition to 

thermal changes, the vibration of the 

tissues appears to have effects which 

are generally considered to be non-

thermal in nature, though, as with other 

modalities (e.g. Pulsed Shortwave) 

there must be a thermal component 

however small. As the US wave passes 

through a material (the tissues), the energy levels within the wave will diminish as energy is 

transferred to the material. The energy absorption and attenuation characteristics of US waves have 

been documented for different tissues. 

2.5.2 Characteristics of US 

FREQUENCY is the number of times a particle experiences a complete compression/rarefaction cycle 

in 1 second, typically 1 or 3 MHz 

WAVELENGTH is the distance between two equivalent points on the waveform in the particular 

medium. In an ‘average tissue’ the wavelength @ 1MHz would be 1.5mm and @ 3 MHz would be 

0.5 mm. 

VELOCITY is the speed at which the wave (disturbance) travels through the medium in a particular 

direction. In a saline solution, the velocity of US is approximately 1500 m sec-1 compared with 

approximately 350 m sec-1 in air (sound waves can travel more rapidly in a denser medium). The 

velocity of US in most tissues is thought to be similar to that in saline. 

These three factors are related, but are not constant for all types of tissue. 

Therapeutic Ultrasound Machine 
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Essential treatment parameters for therapeutic ultrasound include frequency, 

intensity, treatment mode (i.e., duty cycle), treatment time, and treatment area 

 

2.5.3 Physiological effects 

Biophysical effects of ultrasound are traditionally separated into thermal and nonthermal effects. It 

is incorrect to assume that only one effect is present at any time and that physical therapy treatment 

may be classed as either thermal (that is, continuous wave exposure) or nonthermal (that is, pulsed 

exposure). The reality is that the 2 effects are not separable and indeed it is rarely true that one 

class of effects may be ignored completely. For all situations, it is best to assume that nonthermal 

effects will always be accompanied by some heating because the interaction between ultrasound 

and tissue is simultaneously thermal and mechanical. Nonthermal effects are those usually 

associated with cavitation and its associated effects. 

The physiological effects of therapeutic ultrasound, include increased tissue temperature, 

hyperdynamic tissue metabolism, increased local blood flow, increased extensibility of collagen 

fibers, and reduced viscosity of fluid elements in the tissue. 

2.5.4 Physical effects 

The non-thermal effects of US are now attributed primarily to a combination of cavitation and 

acoustic streaming. There appears to be little by way of convincing evidence to support the 

notion of MICROMASSAGE though it does sound rather appealing. 

Cavitation may be defined as the formation of tiny gas bubbles in the tissues as the result of 

ultrasound vibration while acoustic streaming is described as a small-scale eddying of fluids 

near a vibrating structure such as cell membranes & the surface of stable cavitation gas bubble. 

This phenomenon is known to affect diffusion rates & membrane permeability.  

 

2.5.5 Therapeutic effects of US 

 Therapeutic effects of ultrasound are decreased inflammation, localized soft tissue relaxation & healing 

and pain relief.  

 

Deep Tissue Heating: Ultrasonic waves generate heat when absorbed by tissues. This heating effect 

leads to vasodilation (dilation of blood vessels), increasing blood flow to the treated area and this improved 

circulation can enhance the delivery of oxygen and nutrients to tissues which induce localized relaxation of 
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tense or tight structures (muscle knots/ trigger points), the deep tissue heating also induce localized 

lengthening of tissues; again, helpful for their relaxation.   

 

    Pain Relief: Ultrasonics can stimulate nerve cells, which may help in reducing pain and discomfort. It can      

interfere with pain signals, providing relief in conditions like musculoskeletal pain, arthritis, and injuries. 

 

    Reduced Inflammation: Ultrasonic waves can cause tiny gas bubbles to form in the tissues; a 

phenomenon known as cavitation. The collapse of these bubbles produced micro- massage acoustic 

streaming effects that help reduce inflammation and promote the healing process 

 

Soft Tissue Healing: Ultrasonic can stimulate fibroblasts, the cells responsible for collagen production 

Collagen is crucial for the repair and regeneration of soft tissues, making ultrasonic therapy beneficial for 

wound healing. 

 

2.5.6 Technique of application. 

Therapeutic ultrasound is commonly used in physical therapy to promote healing, reduce pain, and improve tissue 

flexibility. Here are some common techniques of applying therapeutic ultrasound: 

1. Continuous Wave Ultrasound: The ultrasound transducer emits a continuous stream of sound waves at a 

constant frequency. It is typically used for deep tissue heating which is beneficial for increasing blood flow, promoting 

relaxation, and enhancing tissue extensibility. Commonly used for conditions like muscle spasms, strains, and joint 

contractures. 

2. Pulsed Wave Ultrasound: Ultrasound is delivered in pulses, with periods of rest between each pulse. Pulsed 

ultrasound is often used for non-thermal effects e.g. to reduce inflammation by promoting the removal of cellular 

debris and increasing tissue repair. Effective for acute injuries, such as sprains and strains. 

Methods of application: 

Direct Contact technique is used when the body surface to be treated is fairly regular then after 

application of coupling medium (aqua sonic gel) the ultrasound transducer is moved in a circular or linear 

motion over the skin. The movement ensures even distribution of the ultrasound waves over the target 

area. 

The water immersion technique is used when bony bumps and other irregular surfaces are being treated 

with ultrasound. With this technique, the body part to be treated is immersed in a bucket or tray filled with 

water. The ultrasound sound head is then moved over that body part. It does not contact the body in this 
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technique; rather it is held about 1 cm above your body part. Body parts that are most often treated with 

water immersion ultrasound are the hands and feet. 

Phonophoresis is a physical therapy technique that combines ultrasound and topical medications. A 

topical medication is a medication that's applied directly to your skin. Ultrasound waves then help your skin 

absorb the medication into the tissues beneath. Common medications used include anti-inflammatory gels 

or analgesic creams. 

 

Important Considerations: 

The choice of ultrasound frequency and intensity depends on the therapeutic goals and the depth of the target 

tissues. 

Superficial tissues may require higher frequencies, while deeper tissues may benefit from lower frequencies. 

Duration of Treatment is typically determined by the therapist based on the specific condition being treated. 

A coupling gel is applied to the skin before the ultrasound transducer is placed to ensure proper transmission of the 

sound waves. 
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PRACTICALS OF ELECTROTHERAPY 
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LOW FREQUENCY CURRENTS 

 

   Electrical stimulation 

 

Question Sample answer 

Which types of currents are used for 

electrical stimulation (Low Frequency 

currents) 

Transcutaneous Electrical Nerve 

Stimulation (TENS) 

Galvanic current 

Faradic current 

Microcurrents 

 

TENS Machine Used for? 

 

 

 

  



50 
 

 

 

Placement of TENS electrodes/ Study of electrodes and their application. 

 
➢ How to place TENS electrodes on 

different parts of the body in different 

cases? 

➢ Sample answer; Fig.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identification of main parts, electrodes and connections 

 

Name different parts of TENS; 
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        Indications for use in Bell’s Palsy 

What are the motor points to be stimulated in Bell’s 

Palsy? 

Points 

 

• Frontalis 

• Orbicularis oculi 

• Orbicularis oris,  

• Buccinator 

• Platysma muscles 

 

 

Question Sample Answer 

Methods/modes of use of TENS Conventional narrow pulse duration 

High pulse rate 

Low Frequency  

Burst 

Modulation 

Hyperstimulation 
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Question: Write down the Safety precautions of TENS for self and for patients. 

 

Sample Answer 

SELF: 

Remember that not all muscles are of equal strength, you cannot expect smaller muscle group to be able to 

receive the same current intensity as a larger group of muscles. 

1 Ensure always that all intensity dials are at zero before applying. 

2 Test the machine on yourself prior to application. 

3 turn up the intensity only during the surge period. 

Do not overheat the muscle before TENS application 

 

PATIENT: 

 

check always the condition of the wires & electrode pads before connecting. 

4 Ensure the electrode pads are moistened with sufficient saline solution or water. 

5 Ensure that they have a clear view of the treatment 

6 Do not move the electrode when the current is surging. 

7 TENS should be used under the guidance of healthcare professionals. 

8 Individual response to TENS can vary, and its effectiveness may depend on factors like the type and 
cause of pain. 

9 TENS is generally considered safe, but it may not be suitable for everyone, especially those with certain 
medical conditions

 

  

Do not stimulate muscle that do not require strengthening for example the corrugator 

muscle. 
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What are  methods to avoid electric shock? 

1. Inspection and Maintenance: Regularly inspect and maintain electrical systems and 

appliances to identify and address potential issues. 

2. Proper Wiring: Ensure proper installation of wiring and use qualified electricians for electrical 

work. 

3. Ground Fault Circuit Interrupters (GFCIs): Install GFCIs in areas where water and electricity 

may come into contact to quickly shut off power in case of a fault. 

4. Electrical Safety Practices: Follow safety guidelines when working with electricity, such as 

turning off power before making repairs, using insulated tools, and wearing appropriate 

protective equipment. 

 

 

 

Name  the situations in which burns may occur? 

1. Spinal cord injury 

2. Scar Tissue 

3. Neuropathy 

4. Peripheral nerve injury 

 

 

Possible different faults in the system and their effects. e.g. TENS 

1. Low battery 

2. Damaged wires 

3. Poor pad contact 

4. Machine circuit faults 
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HIGH FREQUENCY CURRENTS 

1. Developing a general diagram of Shortwave Diathermy and 

Studying different parts at the machine available in the lab. 

Shortwave Diathermy Unit Instrument (Fig 1) 

See the Below Diagram, identify the machine and write down the 
names of parts 

Sample answer 

 

➢ SWD 

➢ A. Power Switch 

➢ B. Timer 

➢ C. Power meter (monitors 
current from power supply not 
current entering patient-volume 
control) 

➢ D. Output intensity (%max 
power to patient) 

➢ E. Turning control (tunes output 
from RFO) 
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Studying Pads, Disc, & cable 

Question Sample answer 

Name different SWD applicator types?  ➢ Pads 

➢ Disc electrodes 

➢ Cable electrodes 

 

 

Question Sample answer 

How to place electrode in different parts of body? ➢ Shoulder: Contra planar discs 

➢ Knee; ?? 

➢ Low Back: cable coil, coplanar discs 

➢ Ankle: ??  

 

 
 
 
Cable method for different parts o (Fig 1,2,3) 
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Study of therapeutic effects of SWD 

1.Deep Tissue Heating 

2.Muscle Relaxation 

3.Increased Blood Flow 

4.Pain Relief 

5.Joint Mobility 

6.Connective Tissue Extensibility 

7.Reduced Inflammation 

8.Acceleration of Metabolic Processes 

9.Improved Nerve Conduction 

10.Facilitation of Stretching and Exercise 

11.Non-Thermal Effects 

 

Study of indications for use of SWD 

➢ Musculoskeletal Pain 

➢ Muscle Spasms 

➢ Joint Stiffness

➢ Soft Tissue Injuries 

➢ Bursitis and Tendinitis 

➢ Osteoarthritis 

➢ Chronic Pain Conditions 

➢ Postsurgical Rehabilitation 

➢ Connective Tissue Disorders 

➢ Reduced Range of Motion 
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Study of methods for avoiding burns and contraindications. 

1.Metal Implants or Objects: 

2.Pacemakers: 

3.Pregnancy: 

4.Skin Sensitivity: 

5.Poor Blood Circulation: 

6.Central Nervous System Disorders: 

7.Implanted Electronic Devices: 

8.Impaired Sensation: 

9.Recent or Active Bleeding: 

10.Malignancies: 

11.Electrode adjustment  

12.Intensity control 

 

Study of applications of SWD on soft tissues 

such as eyes 

 

Electromagnetic waves may selectively heat 

water; therefore, areas with excessive fluid 

accumulation, such as edematous tissue, moist 

skin, eyes, fluid-filled cavities, and a pregnant or 

menstruating uterus, should be avoided for both 

SWD and microwave treatment. Towels are 

usually necessary to be placed between the SWD 

applicator and treatment area to absorb moisture 

and avoid focal hot spots on body surfaces. A rule 

of “no water and no metal” is generally 

recommended when using both SWD and MWD. 

 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/therapeutic-procedure
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CHAPTER: 3 

BIO-MECHANICS 

Biomechanics is the study of forces acting on and generated within the body and of the effects of these 

forces on the tissues, fluids, or materials used for diagnosis, treatment, or research purposes. 

Human beings are able to produce a variety of postures and movements giving them the ability to move 

from one place to another, i.e. the locomotive function. This is made possible by our musculoskeletal 

system that supports body loads and movement of body segments. This function is embedded in the 

principles of human biomechanics which is considered to be one of the underpinning principles in 

physiotherapy practice to provide optimal care for movement-related injuries or conditions. 

Physiotherapists make use of biomechanical principles in e.g. 

1. Therapeutic exercises: range of motion; active and passive insufficiency; concave-convex rule etc. 

2. Ergonomic training and the design of modern orthopaedic devices like advanced walking aids are 

based on the application of the biomechanics concept. 

There are two domains of mechanics (biomechanics): 

1. Static: describes mechanics that analyse the bodies at rest or in uniform motion 

2. Dynamics: the study of conditions under which an object moves.  

The dynamics concept can be further discussed under kinematics and kinetics. 

• The kinetics concept: deals with body motion and the forces that cause it to move.   

• Kinematics describes: body motion without regard to the forces that produce that motion. 

3.1 Force 

3.1.1 Measurements of force and its effects. 

 

In Physics, force is defined as: The push or pull on an object with mass causes it to change its velocity. 

Force is an external agent capable of changing a body's state of rest or motion. Force is a vector 

quantity which has magnitude and a direction. Mathematically, force (F) is often expressed using 
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Newton's second law of motion: F = ma Where: “F” is the force, “m” is the mass of the object, and “a” 

is its acceleration. 

 

Unit of Force: 

 

In the International System of Units (SI), the unit of force is the Newton (N). One Newton 

is defined as the force required to accelerate a one-kilogram mass by one meter per 

second squared. kg. m/s2
 

Application of Force on the Human Body: 

 

When force is applied to the human body, several factors come into play: 

 

2.1.1.1 Direction: 

 

Force Vector: Force is a vector quantity, meaning it has both magnitude and direction. 

The direction of force is crucial in understanding how it will affect the body. For example, 

pushing and pulling exert forces in different directions. 

 

2.1.1.2 Magnitude: 

 

Force Magnitude: The magnitude of force determines its strength. It's crucial in 

assessing the impact on the human body. For instance, a gentle push and a hard push 

may have different effects due to differences in force magnitude. 

 

2.1.1.3 Resultant of Two or More Forces: 

Net Force: If multiple forces act on a body, the resultant force is 

calculated by vector addition. This resultant force determines the 

overall effect on the body. Forces in the same direction add up, 

while forces in opposite directions subtract. 
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3.1.2 Tensile & compressive forces. 

Tensile and compressive forces are types of mechanical forces that act on materials, causing them to experience 

different types of deformation. These forces are defined by the direction in which they act relative to the material. 

1. Tensile Forces: 

• Definition: Tensile forces act to stretch or elongate a material. They are pulling forces applied 

along the length of a material, attempting to increase its length. 

• Effect on Materials: Tensile forces cause materials to experience tensile stress and strain. In 

response to these forces, materials tend to elongate and narrow, and the ultimate result can be 

failure through fracture or tearing. 

• Examples: 

• Stretching a rubber band. 

• Applying force to opposite ends of a rope. 

2. Compressive Forces: 

• Definition: Compressive forces act to squeeze or shorten a material. They are pushing forces 

applied along the length of a material, attempting to decrease its length. 

• Effect on Materials: Compressive forces cause materials to experience compressive stress and 

strain. In response to these forces, materials tend to shorten and widen, and the ultimate result 

can be failure through buckling or crushing. 

• Examples: 

• Compressing a spring. 

• Stacking books on top of each other. 

 

Tension: Tension forces pull or stretch materials. In the context of exercise, this often refers to the forces exerted 

on muscles and connective tissues. 

Exercise Implications: 

Exercises that involve stretching, such as yoga or Pilates, apply tension forces to muscles and promote flexibility. 

Resistance training with resistance bands or cable machines creates tension in the muscles throughout the 

range of motion. 
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 Compression: Compression forces push materials together. In exercises, this involves forces that compress 

bones, joints, and other anatomical structures. 

Exercise Implications: 

Weight-bearing exercises, including squats and lunges, apply compression forces to bones, helping to maintain 

bone density. 

Resistance training using weights applies compression forces to muscles, promoting strength and hypertrophy. 

3.2 Moments 

In physics, a moment is a mathematical expression involving the product of a force and perpendicular 

distance from the point of action of the force. Moments are usually defined with respect to a fixed 

reference point and refer to physical quantities located some distance from the reference point. 

3.2.1 Its kinds 

1. Moment of Force (Torque): 

The moment of force, commonly known as torque, is the rotational equivalent of force. It is the product of the 

force applied to an object and the perpendicular distance from the axis of rotation to the line of action of the 

force. 

2. Moment of Inertia: 

•The moment of inertia is a measure of an object's resistance to changes in its rotation speed. It depends on the 

distribution of mass relative to the axis of rotation. 

3. Bending Moment: 

• In structural engineering, the bending moment is a measure of the bending or flexural force experienced 

by a structural element subjected to external loads. It is often represented by the symbol M. 

4. Torsional Moment (Torsion): 

• Torsion refers to the twisting or rotational deformation of a structural element subjected to torque. The 

torsional moment is the torque applied to produce this torsional deformation. 

5. Magnetic Moment: In electromagnetism, the magnetic moment is a measure of the strength and 

orientation of a magnetic source, such as a magnetic dipole or a current loop. 

3.2.2 Effects of opposite moment 

Opposite moments, or opposing torques, can lead to various outcomes depending on the conditions and the 

system involved: 
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1. Balanced System: 

• When opposite moments are equal in magnitude and act in opposite directions, they create a balanced 

system. In this case, there is no net rotational force, and the system remains in rotational equilibrium. 

2. Rotation: 

• If opposite moments are unequal, there will be a net rotational force, causing the system to rotate. The 

direction of rotation is determined by the direction of the stronger moment. 

3. Moment Cancellation: 

• Opposite moments can cancel each other out if they have equal magnitudes. This cancellation effect is 

crucial in designing structures or systems to maintain stability and prevent rotation. 

4. Static Equilibrium: 

• In a system at rest, opposite moments are balanced when the system is in static equilibrium. This is a 

fundamental principle in statics, where the sum of all external torques acting on an object is zero. 

3.2.3 Principle of moments. 

The Principle of Moment says that when a system is in equilibrium the sum of its clockwise moments 

will be equal to the sum of its anticlockwise moments. Some examples where moments i.e. turning 

effects are applicable will involve levers, like seesaws, opening and closing doors, nutcrackers, can 

openers, and crowbars. 

Moment =force F x perpendicular distance from the pivot d. 

1. Work Input and Output: 

• In an ideal situation, the work input to a machine (the work done on the machine) should be equal 

to the work output (the work done by the machine). 

• In reality, due to factors like friction and inefficiencies, the work output is often less than the work 

input. 

2. Mechanical Advantage: 

• The mechanical advantage of a machine is the ratio of the output force to the input force. It is a 

measure of how much a machine multiplies force. 

• Mechanical Advantage (MA) = Output Force/Input Force Input Force/Output Force 

• A machine with a mechanical advantage greater than 1 makes it easier to lift a load. 
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3. Efficiency: 

• Efficiency is a measure of how well a machine converts input work into useful output work. 

• Efficiency (η) = Useful Work OutputTotal Work Input×100%Total Work InputUseful Work Output

×100% 

• It is expressed as a percentage. 

4. Energy Conservation: 

• According to the principle of conservation of energy, the total energy input to a machine should 

be equal to the total energy output. In practice, some energy is often lost as heat due to friction. 

5. Types of Machines: 

• Different types of machines, such as levers, pulleys, inclined planes, and hydraulic systems, use 

various mechanisms to lift or move objects. 

• Each type of machine has its own mechanical advantage and efficiency. 

3.3 Power 

Power is the rate at which work is done or the rate at which energy is transferred or converted. 

Example: Weightlifting. If you lift a heavy weight quickly, you are exerting more power 

Mathematically, power (P) is expressed as the amount of work (W) done or energy (E) transferred or converted 

per unit of time (t): 

P=tW 

P=tE 

where: 

• P is power, 

• W is work, 

• E is energy, 

• t is time. 

The standard unit of power in the International System of Units (SI) is the watt (W). One watt is equal to one 

joule per second. Therefore, if one joule of work is done or one joule of energy is transferred in one second, the 

power is one watt. 
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1 Watt=1 Joule/Second1Watt=1Joule/Second 

3.3.1 Power of engines & pumps its mechanical efficiency. 

1. Engine Power: 

• Internal Combustion Engines (e.g., Car Engines): 

• The power output of internal combustion engines, such as car, motorcycles, and trucks, is 

commonly measured in horsepower. The power of these engines can range from a few 

horsepower for small motorcycles to several hundred horsepower for high-performance 

cars. 

• In some contexts, particularly in the field of electric vehicles, power might be measured in 

kilowatts (kW). For example, an electric car may have a power rating of, say, 150 kW while 

larger engines, such as those used in ships, power plants, or aircraft, often have power 

ratings in kilowatts (kW) or megawatts (MW). 

• Electric motors, commonly used in various applications, have power ratings in watts or 

kilowatts. 

2. Pump Power: 

Pumping energy is one piece of the puzzle that is important to consider. Pumping power is 
calculated as thevolume of the fluid per unit time (flow capacity) times the density of the fluid 
times the gravitational constant times the pumping head (vertical distance to be pumped)  

 
MECHANICAL EFFICIENCY OF ENGINES AND PUMP: 

 

Mechanical efficiency is a measure of how well a machine converts input power into useful output power, taking 

into account losses and inefficiencies. It is expressed as the ratio of the useful output power to the input power, 

and it is often given as a percentage. For engines and pumps, mechanical efficiency is an important parameter 

to assess their overall performance.  

Let's break down mechanical efficiency for engines and pumps: 

1. Mechanical Efficiency of Engines: 

• In the context of engines, such as internal combustion engines or electric motors, mechanical efficiency 

is particularly important. It accounts for losses due to friction, heat, and other factors that reduce the efficiency 

of energy conversion. In case of internal combustion engines, mechanical efficiency is influenced by factors like 
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friction in the piston-cylinder system, heat losses, and energy losses in the transmission system. In electric 

motors, mechanical efficiency losses in the motor's windings, bearings, and other components. 

2. Mechanical Efficiency of Pumps: 

• Mechanical efficiency is also crucial for pumps, which are devices designed to move fluids. It accounts 

for losses in the pump system, including friction losses, heat losses, and inefficiencies in the impeller or piston-

cylinder system. The mechanical efficiency of engines and pumps can be influenced by various factors, including: 

• Friction in moving parts 

• Heat losses 

• Fluid dynamics within the system 

• Inertia and mechanical losses in the transmission system 

• Wear and tear of components 

3.3.2 Transmission of motion & Power 

• Transmission of Motion and power is achieved through gears which are toothed wheels that mesh with 

each other. They are used to transmit rotary motion from one shaft to another. By changing the size and 

arrangement of gears, the speed and torque of the output shaft can be modified relative to the input shaft 

The power transmitted is proportional to the product of the torque and rotational speed of the gears. 

 

3.3.1 The inclined plane and screw. 

An inclined plane is a flat surface that is tilted at an angle to the horizontal. It allows objects to be moved 

up or down with less force than lifting vertically. The inclined plane reduces the amount of force required 

to move an object by increasing the distance over which the force is applied. The basic principle of an 

inclined plane is to trade off the force required to lift an object against the distance over which the force 

is applied. The longer the inclined plane, the easier it is to move an object vertically e.g. ramps, staircases, 

and winding roads on hills are examples of inclined planes. 

1. Screw: 

A screw is an inclined plane wrapped around a cylindrical post. It has a helical thread that winds around the 

shaft, forming a spiral inclined surface. When the screw is rotated, it moves through a material or lifts an object 

along its helical path. The inclined plane of the screw allows it to convert rotational motion into linear motion. As 

the screw rotates, the helical thread engages with a surface, causing the screw to either move forward 



66 
 

(advancing into a material) or lift an object e.g.  Screws used in fastening materials, bottle caps, and threaded 

bolts are common examples of screws. 

 

3.4 ENERGY: 

 

Energy is a fundamental concept in physics and is often described as the ability to do work or cause a change. 

It is a scalar quantity, meaning it has magnitude but no specific direction. In various forms, energy plays a central 

role in describing and understanding the behavior of the physical world. 

Here are key points about energy: 

1. Forms of Energy: 

• Kinetic Energy: The energy possessed by an object due to its motion. The kinetic energy (KE) 

of an object with mass m and velocity v is given by =1/2KE=21mv2. 

• Potential Energy: The energy stored in an object based on its position or state. Common types 

include gravitational potential energy (gravityPEgravity) and elastic potential energy 

(elasticPEelastic). 

• Chemical Energy: The energy stored in the chemical bonds of molecules. It can be released 

during chemical reactions. 

• Electrical Energy: The energy associated with the movement of electric charges. 

• Thermal (Heat) Energy: The energy associated with the motion of particles in a substance. 

• Nuclear Energy: The energy stored in the nucleus of an atom. 

2. Units of Energy: 

• The standard unit of energy in the International System of Units (SI) is the joule (J). One joule is 

equal to the work done when a force of one newton is applied over a distance of one meter. 

3. Work and Energy: 

• Work (W) is closely related to energy. The work-energy principle states that the work done on an 

object is equal to the change in its energy. Mathematically, W=ΔE, where ΔE is the change in 

energy. 

4. Renewable and Non-renewable Energy: 
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• Renewable Energy: Derived from sources that are naturally replenished on a human timescale, 

such as sunlight, wind, rain, tides, waves, and geothermal heat. 

• Non-renewable Energy: Obtained from finite resources that cannot be quickly replaced, such as 

fossil fuels (coal, oil, natural gas) and nuclear fuels. 

3.5 APPLICATIONS OF PHYSICAL PRINCIPLES TO BODY SYSTEM: 
1. Medical Imaging: 

• Principles Applied: X-ray, CT scan (Computed Tomography), MRI (Magnetic Resonance 

Imaging), ultrasound. 

• Application: These imaging techniques use different physical principles to create detailed 

images of the internal structures of the body. X-rays pass through tissues, and their attenuation 

is recorded to create images. MRI uses the principles of nuclear magnetic resonance, and 

ultrasound employs sound waves to visualize internal structures. 

2. Radiation Therapy: 

• Principles Applied: Ionizing radiation. 

• Application: In cancer treatment, ionizing radiation is used to target and destroy cancer cells. 

The goal is to selectively damage the DNA of cancer cells while minimizing damage to surrounding 

healthy tissues. 

3. Electrocardiography (ECG or EKG): 

• Principles Applied: Electrical activity of the heart. 

• Application: ECG measures the electrical impulses generated by the heart during each 

heartbeat. It is widely used in diagnosing and monitoring heart conditions, such as arrhythmias 

and heart attacks. 

4. Ultrasound Imaging: 

• Principles Applied: Sound waves. 

• Application: Ultrasound is used for imaging internal organs, monitoring fetal development during 

pregnancy, and guiding minimally invasive procedures or for therapeutic purposes. It is non-

invasive and does not involve ionizing radiation. 

5. Physical Therapy and Rehabilitation: 

• Principles Applied: Biomechanics, forces, and kinetics. 
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• Application: Physical therapy applies principles of mechanics to rehabilitate and improve the 

function of muscles and joints. Therapists use exercises, stretches, and various techniques to 

address musculoskeletal issues and injuries. 

6. Prosthetics and Orthotics: 

• Principles Applied: Mechanics, materials science. 

• Application: Prosthetics replace missing body parts, and orthotics support or correct existing 

body parts. These devices are designed using principles of mechanics and materials to restore 

or enhance physical function. 

7. Biomechanics: 

• Principles Applied: Mechanics, forces, motion. 

• Application: Biomechanics studies the mechanical aspects of living organisms. It is applied in 

areas such as sports science, orthopedics, and ergonomics to optimize performance, prevent 

injuries, and design equipment for comfort and safety. 

8. Blood Pressure Measurement: 

• Principles Applied: Hydrodynamics, pressure. 

• Application: Blood pressure is measured using the principles of hydrodynamics. 

Sphygmomanometers measure the pressure exerted by blood against the walls of blood vessels, 

providing important information about cardiovascular health. 

9. Ophthalmology and Optics: 

• Principles Applied: Optics. 

• Application: Optics is crucial in understanding vision, correcting refractive errors (glasses and 

contact lenses), and diagnosing eye conditions. Techniques like ophthalmoscopy use principles 

of optics to examine the interior of the eye. 

10. Diagnostics and Monitoring: 

• Principles Applied: Various physical principles depending on the diagnostic method. 

• Application: Diagnostics involve a range of physical principles, including spectroscopy, nuclear 

medicine, and biochemistry. Monitoring devices, such as pulse oximeters and glucose meters, 

use principles of light absorption to measure physiological parameters. 



69 
 

 

3.6 MODE OF TRANSMISSION OF HEAT: 
1. Conduction is the process of heat transfer through direct contact between particles of a substance. In 

this mode, heat energy is conducted from the hotter part of a substance to the cooler part through 

molecular collisions e.g., When one end of a metal rod is heated, the heat is conducted along the rod, 

causing the entire rod to eventually reach a uniform temperature. 

2. Convection involves the transfer of heat through the movement of fluids (liquids or gases). In this mode, 

heated particles become less dense, rise, and are replaced by cooler, denser particles. This creates a 

continuous circulation of fluid, transferring heat throughout the substance e.g., Boiling water is a common 

example of convection. The heat at the bottom of the pot causes the water to circulate, transferring heat 

to cooler regions. 

3. Radiation is the transfer of heat through electromagnetic waves, such as infrared radiation. Unlike 

conduction and convection, radiation does not require a medium for transfer. It can occur in a vacuum 

e.g., the Sun emits heat through radiation, and the Earth receives this heat energy in the form of sunlight. 

Similarly, a hot stove radiates heat to the surrounding environment. 

3.7 LIGHT: 
Light is a form of electromagnetic radiation that is visible to the human eye. It is a type of energy that travels in 

the form of waves and exhibits both wave-like and particle-like properties. Light is an essential aspect of the 

electromagnetic spectrum, which encompasses a broad range of electromagnetic waves, including radio waves, 

microwaves, infrared radiation, ultraviolet radiation, X-rays, and gamma rays. 

Key characteristics of light include: 

1. Wavelike Nature: 

• Light behaves as both waves and particles (photons). When considering its wave-like nature, light 

is characterized by properties such as wavelength, frequency, and amplitude. 

2. Speed: 

• In a vacuum, light travels at a constant speed of approximately 299,792 kilometers per second 

(186,282 miles per second). This speed is denoted by the symbol c and is commonly known as 

the speed of light. 

3. Electromagnetic Spectrum: 
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• Light is just a small portion of the electromagnetic spectrum. The entire spectrum includes a range 

of wavelengths, from long radio waves to short gamma rays. Visible light, the portion detected by 

the human eye, falls within a specific range of wavelengths. 

4. Colors: 

• The colors of visible light are often represented by the acronym ROYGBIV, corresponding to red, 

orange, yellow, green, blue, indigo, and violet. These colors are associated with different 

wavelengths of light. 

5. Reflection, Refraction, and Diffraction: 

• Light exhibits behaviors such as reflection (bouncing off surfaces), refraction (bending as it passes 

through different mediums), and diffraction (bending around obstacles or spreading out when 

passing through small openings). 

6. Particle Properties: 

• In certain experiments, light also displays particle-like properties known as photons. Photons are 

discrete packets of energy associated with electromagnetic waves. 

7. Dual Nature: 

• The wave-particle duality of light is a fundamental concept in quantum mechanics, acknowledging 

that light can behave both as continuous waves and as discrete particles, depending on the 

experimental context. 

8. Sources of Light: 

• Natural sources of light include the Sun and other celestial bodies. Artificial sources include light 

bulbs, LEDs, and other devices that emit light through various mechanisms. 

9. Practical Applications: 

• Light has numerous practical applications, including illumination, photography, 

telecommunications (fiber optics), medical imaging (optical coherence tomography, endoscopy), 

and scientific research 

3.8 WAVE MOTION: 
 

Wave motion refers to the propagation of disturbances or oscillations through a medium, often transferring 
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energy from one point to another without a net movement of matter. Waves can manifest in various forms, 

including mechanical waves, electromagnetic waves, and matter waves in quantum mechanics. 

1. Types of Waves: 

• Mechanical Waves: These waves require a medium (solid, liquid, or gas) to propagate e.g., 

Transverse Waves are Particles of the medium oscillate perpendicular to the direction of the wave. 

Example: Light waves & Longitudinal Waves are Particles of the medium oscillate parallel to the 

direction of the wave. Example: Sound waves. 

• Electromagnetic Waves: These waves can propagate through a vacuum (absence of a medium) 

and include: Radio Waves, Microwaves, Infrared Waves, Visible Light, Ultraviolet Waves, X-rays, 

Gamma Rays. 

• Matter Waves (Quantum Waves): Described by quantum mechanics, these waves are 

associated with particles like electrons and exhibit both particle and wave characteristics. 

2. Characteristics of Waves: 

• Amplitude: The maximum displacement of particles from their equilibrium position. For 

transverse waves, it's the height of the wave; for longitudinal waves, it's the compression or 

rarefaction. 

• Wavelength (λ): The distance between two consecutive points in a wave that are in phase (e.g., 

crest to crest or trough to trough). 

• Frequency (f): The number of oscillations or cycles per unit of time. It is measured in Hertz (Hz). 

• Velocity (v): The speed at which a wave travels, often calculated as the product of wavelength 

and frequency v=f*λ). 

3. Wave Equation: 

• The general wave equation is given by v=f*λ, where v is the velocity, f is the frequency, and λ is 

the wavelength. 

4. Wave Interference: 

• When two or more waves meet, they can interfere constructively (amplitudes add) or destructively 

(amplitudes cancel) depending on their phase relationship. 

5. Wave Reflection and Refraction: 

• Reflection: The bouncing back of a wave when it encounters a boundary. 
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• Refraction: The bending of a wave as it passes from one medium to another with a different wave 

velocity. 

6. Wave Diffraction: 

• The bending of waves around obstacles or the spreading out of waves when passing through 

openings. 

7. Polarization: 

• The orientation of the oscillations in a transverse wave. Waves can be linearly or circularly 

polarized. 

8. Standing Waves: 

• Result from the interference of two waves with the same frequency traveling in opposite 

directions. Nodes and antinodes are characteristic points in standing waves. 

9. Doppler Effect: 

• The Doppler effect is the change in the frequency of a wave in relation to an observer who is moving 

relative to the source of the wave. 
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3.8.1 DIFFRERENT KIND OF WAVE MOTION REFLECTION 

AND REFRACTION OF WAVES 
 

Reflection and refraction are two fundamental phenomena associated with wave motion, and they occur when 

waves encounter boundaries between different media. These phenomena are observed in various types of 

waves, including mechanical waves (such as sound waves) and electromagnetic waves (such as light waves).  

Reflection of Waves is the process by which a wave encounters 

a boundary and bounces back into the medium it came from. 

Characteristics: 

1. Law of 

Reflection: The law of 

reflection states 

that, on reflection from 

a smooth surface, the 

angle of the reflected 

ray is equal to the angle of the incident ray. . (By 

convention, all angles in geometrical optics are measured 

with respect to the normal to the surface—that is, to a line 

perpendicular to the surface.) 

2.  Reflection of Transverse Waves: For transverse waves (e.g., light waves), the polarization of the 

reflected wave may change depending on the orientation of the wave with respect to the reflecting 

surface. 

3. Reflection of Longitudinal Waves: For longitudinal waves (e.g., sound waves), the compression and 

rarefaction patterns are reflected at the boundary. 

Applications: 
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• Mirrors reflect light waves, allowing us to see images. 

• Echoes in acoustics are a result of sound wave reflection. 

Refraction of Waves is the bending of a wave as it passes from one medium to another with a different wave 

velocity. 

Characteristics: 

1. Change in Speed and Direction: The change in speed causes a change in the direction of the wave. 

2. Law of Refraction (Snell's Law): n1⋅sin(θ1) =n2⋅sin(θ2) where: 

• 1n1 and 2n2 are the refractive indices of the two media. 

• sinθ1 and sinθ2 are the angles of incidence and refraction, respectively, measured with respect 

to the normal. 

 

 

 

3. Critical Angle: 

• There is a critical angle beyond which total internal reflection occurs. This phenomenon is crucial 

in understanding optics and fiber optics. 

Applications: 

• Lenses in optics use refraction to focus light. 

• Prism disperses light based on different refractive indices. 

Differences between Reflection and Refraction: 
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Property Reflection Refraction 

Interaction with 

boundary 

Wave bounces back into the same 

medium. 

Wave enters a new medium and 

bends. 

Angle relationship 

Angle of incidence equals angle of 

reflection. Law of Refraction (Snell's Law) holds. 

Change in medium Stays in the same medium. Enters a new medium. 

Common examples Mirrors, echoes. Lenses, prisms, optical fibers. 

 

3.9 SOUNDS, FACTORS NECESSARY FOR PRODUCTION OF SOUND: 
 

Sound is a form of mechanical wave that propagates through a medium, typically air, but it can also travel through 

liquids and solids. For sound to be produced, several factors must be present. These factors are essential for 

the generation and transmission of sound waves. 

 Here are the key factors necessary for the production of sound: 

1. Vibrating Source is essential for the production of sound. It can be any object or substance that vibrates, 

creating disturbances in the surrounding air molecules e.g., Vibrating vocal cords in humans, vibrating 

strings on musical instruments, vibrating diaphragm in speakers. 

2. Sound requires a medium through which it can travel. While sound can travel through solids, liquids, and 

gases, it is most commonly associated with air e.g., air is the primary medium for sound propagation, but 

sound can also travel through water, wood, metal, etc. 

3. Mechanical Disturbance: The vibrating source generates a mechanical disturbance in the surrounding 

medium. This disturbance creates a series of compressions and rarefactions, forming a pressure wave 

e.g., When a drumhead is struck, it vibrates, creating compressions and rarefactions in the air that we 

perceive as sound. 

4. Elasticity of the Medium: The medium must have elasticity to allow particles to return to their original 

positions after being disturbed. This property is crucial for the transmission of sound waves e.g., Air 

molecules are elastic, allowing them to compress and expand as sound waves pass through. 
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5. Propagation Medium Temperature: The temperature of the medium affects the speed of sound. In 

general, sound travels faster in warmer air than in colder air e.g., Sound travels faster on a hot summer 

day than on a cold winter day. 

6. Density of the Medium: The density of the medium affects the speed of sound. In general, sound travels 

faster in less dense media e.g., sound travels faster in air than in water and faster in water than in solid 

materials. 

7. Speed of Sound is the rate at which sound waves travel through a medium. It depends on the properties 

of the medium, such as temperature, density, and elasticity e.g., The speed of sound in air at room 

temperature is approximately 343 meters per second (m/s). 

8. Wavefronts and Wavelength: Sound waves consist of compressions and rarefactions forming 

wavefronts. Wavelength is the distance between two consecutive points in a wave that are in phase e.g., 

In a sound wave, the distance between two consecutive compressions or rarefactions represents the 

wavelength. 

3.9.1 SOUND AS AN ENERGY: 
 

Sound energy is the result when a force, either sound or pressure, makes an object or substance 

vibrate. That energy moves through the substance in waves. In simple terms, sound energy 

comes from vibrations moving 

through something. Solids, 

liquids, and gases all transmit 

sound as energy waves. 

Sound sources may be pleasant 

or unpleasant to the human ear, 

depending on loudness, 

different pitches, types of sound, 

sound source, and sound intensity. Regardless, sound energy travels and depending on the 

sound source and the intensity, sound can sometimes be considered a pollutant. 

So, what is sound energy, exactly? Sound energy is turning sound into electricity. Though the 

science of turning sound energy into electricity is still emerging, it has been done. For example, 

microphones and speakers are examples of sound becoming electrical energy. 
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In fact, a group of young high-school students figured out how to produce enough electricity with 

sound energy to turn on a light bulb. Admittedly, that’s a long way from generating enough 

electricity to power a home or an entire city. But it’s a beginning and the science behind it is 

developing. Let’s learn more about the intriguing world of sound, including sound energy 

examples. 
 

3.9.2 THE NATURE OF SOUND: 

Sound is a mechanical longitudinal wave as a result of variation in pressure on some 
medium. There is no sound in outer space. 

 

 

1. Wave Nature: 

• Sound is a longitudinal wave, meaning the vibrations occur parallel to the direction of wave 

propagation. In a sound wave, particles of the medium (air, water, or solids) oscillate back and 

forth in the direction of the wave. 

2. Mechanical Wave: 



78 
 

• Sound requires a medium to propagate. It cannot travel through a vacuum because it relies on 

the physical interaction of particles in the medium. Air is the most common medium for sound 

transmission, but sound can also travel through liquids and solids. 

3. Compression and Rarefaction: 

• Sound waves consist of alternating regions of compression and rarefaction. Compression is 

where particles are closely packed together, and rarefaction is where particles are spread apart. 

This creates a series of pressure variations that propagate as a wave. 

4. Speed of Sound: 

• The speed of sound depends on the properties of the medium, including temperature, density, 

and elasticity. In general, sound travels faster in warmer, less dense media. In air at room 

temperature, sound travels at approximately 343 meters per second (m/s). 

5. Frequency and Pitch: 

• Frequency is the number of oscillations or cycles per second and is measured in Hertz (Hz). The 

frequency of a sound wave determines its pitch. Higher frequencies result in higher-pitched 

sounds, and lower frequencies result in lower-pitched sounds. 

6. Amplitude and Loudness: 

• Amplitude is the maximum displacement of particles from their equilibrium position during one 

cycle of a sound wave. It determines the loudness of the sound. Larger amplitudes correspond to 

louder sounds. 

7. Wavelength: 

• Wavelength is the distance between two consecutive points in a sound wave that are in phase. It 

is related to the frequency and speed of sound. Longer wavelengths are associated with lower 

frequencies. 

8. Reflection, Refraction, and Diffraction: 

• Sound waves can undergo reflection when they encounter a boundary, refraction when they pass 

from one medium to another with different properties, and diffraction when they bend around 

obstacles or spread out. 

9. Interference: 
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• When two or more sound waves overlap, they can interfere constructively (amplitudes add) or 

destructively (amplitudes cancel), affecting the overall intensity of the sound. 

10. Attenuation: 

• Sound waves tend to lose energy as they travel through a medium, leading to a decrease in 

amplitude. This phenomenon is known as attenuation. 

11. Transverse Nature in Solids: 

• While sound waves are longitudinal in gases and liquids, they can also propagate as transverse 

waves in solids, where particles move perpendicular to the direction of the wave 

3.9.3 PROPAGATION OF SOUND IN AIR, WATER AND SOLID: 
The propagation of sound waves varies depending on the medium through which they travel.  

Propagation of Sound in Air: 

• Mechanism: In air, sound waves propagate through the compression and rarefaction of air 

molecules. A vibrating source, such as a speaker or vocal cords, compresses and expands air 

particles, creating a pressure wave that travels through the air. 

• Speed: The speed of sound in air depends on factors such as temperature, humidity, and 

composition. At room temperature (around 20 degrees Celsius or 68 degrees Fahrenheit), sound 

travels at approximately 343 meters per second (m/s) in dry air. 

2. Propagation of Sound in Water: 

• Mechanism: In water, sound waves also involve the compression and rarefaction of molecules, 

but since water is denser than air, sound travels more efficiently. Water molecules are closer 

together, allowing the mechanical vibrations to transmit more effectively. 

• Speed: The speed of sound in water is faster than in air. It's around 1,480 m/s in freshwater at 

room temperature. The speed increases with higher temperature and salinity. 

3. Propagation of Sound in Solids: 

• Mechanism: In solids, sound waves can travel through the vibrational motion of particles. The 

particles in a solid are tightly packed, and when one particle is displaced, it transfers its energy to 

adjacent particles, creating a wave. 
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• Speed: The speed of sound in solids is generally much higher than in air or water. It depends on 

the type of material and its mechanical properties. For example, sound travels faster in denser 

and stiffer materials. 

 

3.9.4 CHARACTERISTICS OF SOUND: 
The five main characteristics of sound waves include wavelength, amplitude, frequency, 

time period and velocity. Decibel (dB) is the unit of measurement for the intensity of sound. 

  

1.Wavelength: 

The minimum distance in which a sound wave repeats itself is called its wavelength. That 

is it is the length of one complete wave. It is denoted by a Greek letter λ (lambda). We 

know that in a sound wave, the combined length of a compression and an adjacent 

rarefaction is called its wavelength. Also, the distance between the centers of two 

consecutive compressions or two consecutive rarefactions is equal to its wavelength. The 

S. I. unit for measuring wavelength is meter (m). When a wave passes through a medium, 

the particles of the medium get displaced temporarily from their original undisturbed 

positions. The maximum displacement of the particles of the medium from their original 

undisturbed positions, when a wave passes through the medium is called amplitude of 

the wave. In fact, the amplitude is used to describe the size of the wave. The S.I unit of 

measurement of amplitude is metre (m) though sometimes it is also measured in 

centimeters.  

3. Time-Period 

The time required to produce one complete wave or cycle or cycle is called time-period 

of the wave. Now, one complete wave is produced by one full vibration of the vibrating 

body. So, we can say that the time taken to complete one vibration is known as time-

period. It is denoted by letter T. The unit of measurement of time-period is second (s). 

4. Frequency 
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The number of complete waves or cycles produced in one second is called frequency of 

the wave. Since one complete wave is produced by one full vibration of the vibrating body, 

so we can say that the number of vibrations per second is called frequency. For example: 

if 10 complete waves or vibrations are produced in one second then the frequency of the 

waves will be 10 hertz or 10 cycles per second. Do you know that the frequency of a wave 

is fixed and does not change even when it passes through different substances? The S.I 

unit of frequency is hertz or Hz. A vibrating body emitting 1 wave per second is said to 

have a frequency of 1 hertz. That is 1 Hz is equal to 1 vibration per second. Sometimes 

a bigger unit of frequency is known as kilohertz (kHz) that is 1 kHz = 1000 Hz. The 

frequency of a wave is denoted by the letter “f”. The frequency of a wave is the same as 

the frequency of the vibrating body which produces the wave. 

5. Velocity of Wave (Speed of Wave) 

The distance travelled by a wave in one second is called velocity of the wave or speed of 

the wave. It is represented by the letter v. The S.I unit for measuring the velocity is metres 

per second (m/s or ms-1). 
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PRACTICALS 

 

 

Question  Sample answer 

How to find the Centre of gravity of an irregular 

shape body? 

 

You can find the center of gravity in an object 

experimentally by hanging it from several points 

and using a plumb line to mark the vertical line. 

The intersection of two or more vertical lines from 

the plumb line is the center of gravity for the 

object. Hang a plumb bob in front. Mark plumb 

line with marker. Repeat with other holes. Where 

the lines cross is the center of gravity.  
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Question  Sample answer 

 Verify the principle of lever load x load = Effort x 

effort area 

 

In a lever system, the effort arm is the distance 

between the fulcrum and the point where the effort 

is applied, while the load arm is the distance 

between the fulcrum and the point where the load 

is placed. 

The principle of lever states that the effort and 

load are inversely proportional to their respective 

arms. 
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Question Ample Answer 

To resolve the forces 

of a weight rolling 

down on an inclined 

plane 

In the case of inclined planes, we resolve the weight vector 

(Fgrav) into two components.. The force of gravity will be 

resolved into two components of force – one directed parallel 

to the inclined surface and the other-directed perpendicular to 

the inclined surface. V = 2 g h (1 + O 2 R 2), where h is the 

height of the inclined plane, R is the radius of the body and K is the 

radius of gyration (rolling object). 
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Question Sample Answer 

To resolve the different 

forces at different angle on 

a single joint and to find 

their net effect on that joint. 

 

Using the rule for a right-angled triangle 

cos θ=adjacent hypotenuse θ = a d j a 

c e n t h y p o t e n u s e the length of 

AB is F*cosθ F × cos ⁡. Resolving the 

force in the direction of the motion is 

finding this value. Note: θ is the angle 

between the force and the direction - 

not always the angle given 

 

 

 

 

 

Question Hint 
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How will you find the center of 

gravity of a lever area place on 

a fulcrum under specific 

loading? 

 

Find the center of gravity using 

lever principles. 

 

 

 

 

 

Question Hint  

How will you find the unknown reaction of 

a lever under a specific concentrated 

loading? 

 

Find the center of gravity using 

lever principles. 

 

 

  

Question Sample Answer 

Resolve an inclined force 

making an angle  with X-

axis and to find the 

component forces of that 

inclined force by making 

use of trigonometric 

function. 

When a force makes an angle with the 

x-axis, it can be resolved into its 

perpendicular components using 

trigonometric functions, such as sine 

and cosine.  Let's denote the given 

force as \ (F \) making an angle \(\theta 

\) with the x-axis.  

In the case of inclined planes, we 

resolve the weight vector (Fgrav) into two 

components. The force of gravity will be 

resolved into two components of force 

– one directed parallel to the inclined 

surface and the other-directed 

perpendicular to the inclined surface.  
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CHAPTER: 4 

ELECTRO-MAGNETISM 

4.1 Introduction  

In physics, electromagnetism is an interaction that occurs between particles with electric 

charge via electromagnetic fields. The electromagnetic force is one of the four fundamental forces of 

nature. It is the dominant force in the interactions of atoms and molecules. Electromagnetism can be 

thought of as a combination of electrostatics and magnetism, which are distinct but closely intertwined 

phenomena. Electromagnetic forces occur between any two charged particles. Electric forces cause 

an attraction between particles with opposite charges and repulsion between particles with the same 

charge, while magnetism is an interaction that occurs between charged particles in relative motion. 

These two forces are described in terms of electromagnetic fields. Macroscopic charged objects are 

described in terms of Coulomb's law for electricity and Ampère's force law for magnetism; the Lorentz 

force describes microscopic charged particles. 

The electromagnetic force is responsible for many of the chemical and physical phenomena observed 

in daily life. The electrostatic attraction between atomic nuclei and their electrons holds atoms together. 

Electric forces also allow different atoms to combine into molecules, including 

the macromolecules such as proteins that form the basis of life. Electromagnetism also plays several 

crucial roles in modern technology: electrical energy production, transformation and distribution; light, 

heat, and sound production and detection; fiber optic and wireless communication; sensors; 

computation; electrolysis; electroplating; and mechanical motors and actuators. 

 

 

 

 

 

 

 



89 
 

4.2 The structure of the atom 

An atom is a particle of matter that uniquely defines a chemical element. An atom consists of a 

central nucleus that is surrounded by one or more negatively charged electrons. The nucleus is 

positively charged and contains one or more relatively heavy particles known as protons and 

neutrons. 

Atoms are the basic building blocks of matter. Anything that 

takes up space and anything with mass is made up of 

atoms. 

The structure of an atom consists of three main subatomic 

particles: 

i. Protons: 

Positively charged particles found in the nucleus, located at 

the center of the atom. 

ii. Neutrons: 

Neutrally charged particles also present in the nucleus alongside protons. 

iii. Electrons: 

Negatively charged particles that orbit the nucleus in electron shells or energy levels. 

The nucleus, containing protons and neutrons, forms the central core of the atom. 

Electrons, much lighter than protons and neutrons, move rapidly in specific regions known 

as electron shells or energy levels surrounding the nucleus. 

4.3 Isotopes 

Isotopes are variants of a chemical element that have the same number of protons but different numbers of 

neutrons in their atomic nuclei. This means isotopes of a given element have the same atomic number (and, 

therefore, the same chemical properties) but different atomic masses. The term "isotope" comes from the Greek 

words "isos," meaning equal, and "topos," meaning place, emphasizing that isotopes of an element occupy the 

same place in the periodic table. 

Here are key points about isotopes: 

1. Same Element, Different Mass: 
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• Isotopes of an element have the same number of protons in their atomic nuclei, giving them the 

same chemical properties. However, they have different numbers of neutrons, resulting in different 

atomic masses. 

2. Symbolic Representation: 

• Isotopes of an element are often represented by the element's symbol along with the mass 

number (the sum of protons and neutrons). For example, carbon has isotopes with mass numbers 

12, 13, and 14, and they are represented as carbon-12 (12C), carbon-13 (13C), and carbon-14 

(14C). 

3. Natural Abundance: 

• Many elements exist as a mixture of isotopes in nature. The natural abundance of isotopes is the 

percentage distribution of each isotope in a naturally occurring sample of the element. 

4. Stable and Radioactive Isotopes: 

• Some isotopes are stable, meaning they do not undergo radioactive decay. Others are radioactive 

and undergo decay over time, emitting radiation in the process. Carbon-12 and Carbon-13 are 

stable isotopes, while Carbon-14 is radioactive. 

5. Applications in Science: 

• Isotopes have various applications in scientific research, industry, and medicine. For example: 

• Radioactive isotopes can be used in dating archaeological artifacts (e.g., Carbon-14 

dating). 

• Stable isotopes are used as tracers in biological and chemical processes. 

• Isotopes are employed in medical imaging and cancer treatment 

4.3 Ionization and excitation 

If all the electrons are in the lowest energy level, we say the atom is in its ground state and when the 

electrons in an atom absorb energy and move to higher energy states, we say the atom is excited. 

Excitation only occurs if the electron absorbs exactly the right amount of energy to move to higher 

energy levels. 

If an electron in an atom absorbs enough energy to leave the atom completely, the atom is said to 

be ionized and by gaining or losing an electron, it becomes a charged particle (i.e. an ion). 

The ionization energy is the minimum energy needed to remove the electron from the atom completely 
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4.5 Electric charges 

Electrical charge is a fundamental property of matter that results from the presence of charged particles, 

specifically electrons and protons. In an atom of matter, an electrical charge occurs whenever the 

number of protons in the nucleus differs from the number of the electrons surrounding the nucleus. If 

there are more electrons than protons, the atom has a negative charge. If there are fewer electrons 

than protons, the atom has a positive charge. 

1. Types of Charges: 

• Positive Charge (+): Protons carry a positive charge. Protons are found in the nucleus 

of an atom. 

• Negative Charge (-): Electrons carry a negative charge. Electrons orbit the nucleus of 

an atom. 

2. Charge Conservation: 

• Electric charge is conserved in isolated systems. This means that the total electric charge 

in a closed system remains constant over time. Charges are not created or destroyed but 

can be transferred between objects. 

3. Quantization of Charge: 

• Electric charge is quantized, meaning it comes in discrete units. The elementary charge 

is the charge of a single electron or proton. The magnitude of the elementary charge is 

approximately 1.602×10−191.602×10−19 coulombs. 

4. Coulomb's Law: 

• Coulomb's law describes the electrostatic force between two charged objects. The force 

is directly proportional to the product of the magnitudes of the charges and inversely 

proportional to the square of the distance between them. 

5. Neutral Objects: 

• An object is neutral when it has an equal number of positive and negative charges. In a 

neutral atom, the number of protons equals the number of electrons. 

6. Charging by Friction, Conduction, and Induction: 
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• Friction: Charging by rubbing two objects together, causing the transfer of electrons. 

• Conduction: Charging by direct contact, where electrons move from one object to 

another. 

• Induction: Charging by bringing a charged object near another object, causing a 

rearrangement of charges. 

7. Electric Field: 

•  An electric field is an invisible force field created by the attraction and repulsion of the 

electrical charges (the cause of electric flow), and is measured in Volts per meter (V/m). 

The intensity of the electric field decreases with distance from the field source. 

• An electric field surrounds a charged object and exerts a force on other charged objects 

within its influence. The direction of the electric field is defined as the direction a positive 

test charge would move. 

8. Polarity: 

• The polarity of a charge refers to whether it is positive or negative. Like charges repel 

each other, and opposite charges attract. 

9. Units of Charge: 

• The unit of electric charge is the coulomb (C). One coulomb is equal to the charge of 

approximately 6.242 × 10^18 electrons. 

10. Superposition Principle: 

• The electric field and electric forces obey the superposition principle, which states that 

the net electric field or force at a point due to multiple charges is the vector sum of the 

individual electric fields or forces at that point. 
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4.6 Electric introduction-electroscopes 

 
Electric charge is a fundamental property of matter that arises from the presence of charged particles, such as 

protons and electrons. There are two types of electric charges: positive and negative. Like charges repel each 

other, and opposite charges attract each other. 

Charging Methods: 

Objects can become charged through various methods, including: 

1. Friction: Charging by rubbing two objects together. 

2. Conduction: Charging by direct contact with a charged object. 

3. Induction: Charging by bringing a charged object close to but not in contact with another object, inducing 

a separation of charges. 

Electroscope: 

The electroscope is an early scientific instrument used to detect the presence of electric charge on a 

body. . It detects charge by the movement of a test object due to the Coulomb electrostatic force on it. 

The amount of charge on an object is proportional to its voltage. 

 

The basic components of an electroscope include: 

 

1. Metal Leaf or Foil: Suspended from a metal rod or 

a pivot, the metal leaf or foil is a lightweight conductor 

that can move freely. 

2. Metal Cap: Connected to the metal rod or pivot, the 

metal cap allows charges to be transferred to the metal 

leaf. 

 

                              Electroscope 
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Working of Electroscope: 

 when an object with a charge is brought near an electroscope, one of the two things can happen. 

• When the charge is positive, electrons in the metal of the electroscope are attracted to the charge 

and move upward out of the leaves. This results in the leaves having a temporary positive 

charge, and because like charges repel, the leaves separate. When the charge is removed, the 

electrons return to their original positions, and the leaves relax. 

• When the charge is negative, the electrons in the metal of the electroscope repel and move 

toward the leaves on the bottom. This causes the leaves to gain a temporary negative charge, 

and because like charges repel, the leaves again separate. Then when the charge is removed, 

the electrons return to their original position, and the leaves relax. 

An electroscope responds to the presence of a charge by moving electrons either into or away from 

the leaves. In both cases, the leaves separate. It is important to note that the electroscope cannot 

determine if the charged object is positive or negative – it is only responding to the presence of 

an electrical charge. 

Applications: 

• Qualitative Detection: Electroscope is used to detect the presence and sign of charges 

qualitatively. 

• Charge Measurement: While not precise, an electroscope can give a rough indication of the 

relative strength of a charge. 

4.7 Electric charge an electrical potential 

Electric Charge is a fundamental property of matter that gives rise to electric forces. It comes in two 

types: positive and negative. 

Electric potential, the amount of work needed to move a unit charge from a reference point to a specific 

point against an electric field. Typically, the reference point is Earth, although any point beyond the 

influence of the electric field charge can be used. 

The diagram shows the forces acting on a positive charge q located between two plates, A and B, of 

an electric field E. The electric force F exerted by the field on the positive charge is F = qE; to move the 
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charge from plate A to plate B, an equal and opposite force (F′ = −qE) must then be applied. The 

work W done in moving the positive charge through a distance d is W = F′d = −qEd. 

4.7 Capacitance and capacitors 

A capacitor is a two-terminal electrical device that can store energy in the form of an electric charge. 

It consists of two electrical conductors that are separated by a distance. The space between the 

conductors may be filled by vacuum or with an insulating material known as a dielectric. The ability of 

the capacitor to store charges is known as capacitance. 

       Capacitors store energy by holding apart pairs of opposite charges. The simplest design for a 

capacitor is a parallel plate, which consists of two metal plates with a gap between them. But, different 

types of capacitors are manufactured in many forms, styles, lengths, girths, and materials. 

 

 

Working Principle: 

For understanding the working of capacitor, let us consider the most basic structure of a capacitor – 

the parallel plate capacitor. It consists of two parallel plates separated by a dielectric. When we connect 
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a DC voltage source across the capacitor, one plate is connected to the positive end (plate I) and the 

other to the negative end (plate II). When the potential of the battery is applied across the capacitor, 

plate I become positive with respect to plate II. The current tries to flow through the capacitor at the 

steady-state condition from its positive plate to its negative plate. But it cannot flow due to the separation 

of the plates with an insulating material. However, an electric field appears across the capacitor. The 

positive plate (plate I) accumulates positive charges from the battery, and the negative plate (plate II) 

accumulates negative charges from the battery. After a point, the capacitor holds the maximum amount 

of charge as per its capacitance with respect to this voltage. This time span is called the charging time 

of the capacitor. When the battery is removed from the capacitor, the two plates hold a negative and 

positive charge for a certain time. Thus, the capacitor acts as a source of electrical energy. If these 

plates are connected to a load, the current flows to the load from Plate I to Plate II until all the charges 

are dissipated from both plates. This time span is known as the discharging time of the capacitor. 

Voltage across a Capacitor is the potential of a capacitor which is determined by the amount of charge 

stored and the capacitance. The higher the charge or capacitance, the greater the potential across the 

capacitor. In the context of capacitors, "capacity" usually refers to the capacitance of the capacitor. It 

describes the ability of the capacitor to store charge. Capacitance is measured in farads (F), where 1 

farad is equal to 1 coulomb of charge per volt of potential. 

In summary, a capacitor (or condenser) stores electric charge, and its ability to do so is defined by its 

capacitance. The potential (voltage) across the capacitor is directly related to the stored charge and 

capacitance. The term "capacity" in this context is commonly replaced with "capacitance." 

 

4.9 Electric current-ampere, volt, resistance 

 

Electric Current (I): 

Electric Current is the rate of flow of electrons in a conductor. Electrons are minute particles that exist 

within the molecular structure of a substance. Sometimes, these electrons are tightly held, and other 

times they are loosely held. When electrons are loosely held by the nucleus, they are able to travel 

freely within the limits of the body. Electrons are negatively charged particles hence when they move, 

a number of charges moves, and we call this movement of electrons as electric current. It should be 

noted that the number of electrons that are able to move governs the ability of a particular substance 
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to conduct electricity. Some materials allow the current to move better than others. Based on the ability 

of the material to conduct electricity, materials are classified into conductors and insulators. 

Conductors: these materials allow the free flow of electrons from one particle to another. Conductors 

allow for charge transfer through the free movement of electrons. The flow of electrons inside the 

conducting material or conductor generates an electric current. The force that is required to drive the 

current flow through the conductor is known as voltage. 

Examples of conductors: Human body, aqueous solutions of salts and metals like iron, silver and 

gold. Silver is the best conductor of electricity. 

Insulators: Insulators are materials that restrict the free flow of electrons from one particle to another. 

The particles of the insulator do not allow the free flow of electrons; subsequently, the charge is seldom 

distributed evenly across the surface of an insulator. 

Examples of Insulators: Plastic, Wood and Glass 

The motion of free electrons is normally haphazard. The force that acts on the electrons to make them 

move in a certain direction is known as electromotive force, and its quantity is known as voltage and is 

measured in volts. 

The magnitude of electric current is measured in coulombs per second. The SI unit of electric current is 

Ampere and is denoted by the letter A. Ampere is defined as one coulomb of charge moving past a 

point in one second. If there are 6.241 x 1018 electrons flowing through our frame in one second, then 

the electrical current flowing through it is ‘One Ampere. The instrument used to measure current is 

called ampere meter or ammeter.  

                                                   1 ampere = 1 coulomb / 1 second 

 

Current is flow of electrons, but current and electron flow in the opposite 

direction. Current flows from positive to negative and electron 

flows from negative to positive. 

 

  

 

Ammeter 
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As we know that electric current is the result of the flow of electrons and the work done in this 

movement is known as electrical energy. Electrical energy can be converted into other forms of 

energy such as heat energy, light energy or chemical energy etc. For example, in an iron box, 

electric energy is converted to heat energy. Likewise, the electric energy in a bulb is converted 

into light energy and when an electric current passes through a solution, the solution ionizes and 

breaks down into ions. This is because a chemical reaction takes place when an electric current 

passes through the solution. Electroplating and electrolysis are the applications of the chemical 

effect of electric current. 

There are two types of electric current known as alternating current (AC) and direct current (DC). 

The direct current can flow only in one direction, whereas the alternating direction flows in two 

directions. Direct current is seldom used as a primary energy source in industries. It is mostly 

used in low voltage applications such as charging batteries, aircraft applications, etc. Alternating 

current is used to operate appliances for both household and industrial and commercial use. 

 

 Voltage (V): 

Electric current is flow of electrons in a conductor. The force required to make current 

flow through a conductor is called voltage and potential is the other term of voltage. 

For example, the first element has more positive charges, so it has higher potential. 

On the other hand, the second element has charges that are more negative so it has 

lower potential. The difference between two points is called potential difference. 

Electromotive force means the force which makes current continuously flows through 

a conductor. This force can be generated from power generator, battery, flashlight 

battery and fuel cell, etc. 
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Volt, abbreviated "V", is the unit of measurement used interchangeably for voltage, 

potential, and electromotive force. One volt means a force which makes current of one 

amp move through a resistance of one ohm. The instrument used to measure voltage, difference 

potential or electromotive force is called voltmeter. 

 

 

 

. 

 Resistance (R): 

Electrons move through a conductor when electric current flows. All materials impede flow of electric 

current to some extent. This characteristic is called resistance. Resistance increases with an increase 

of length or decrease of cross-section of a material. The unit of measurement for resistance 

is ohms and its symbol is the Greek letter omega (Ω). The resistance of one ohm means a conductor 

allows a current of one amp to flow with a voltage of one volt. 

 

Voltmeter 



100 
 

All materials are difference in allowing electrons flow. Materials that allow many electrons to flow freely 

are called conductors such as copper, silver, aluminum, hydrochloric solution, sulphuric acid and 

saltwater. In contrast, materials which allow few electrons to flow are called insulators such as plastic, 

rubber, glass and dry paper. Another type of materials, semiconductors have characteristics of both 

conductors and insulators. They allow electrons to move while being able to control flow of electrons 

and examples are carbon, silicon and germanium, etc. The resistance of conductor depends on two 

main factors; types of material and temperature of material.

 

Current is analogous to the flow rate of water, voltage is the pressure pushing that water through a pipe, and resistance is the 
width of the pipe 

 

The instrument used to measure resistance is called test meter or multimeter. The multimeter or test 

meter is used to make various electrical measurements such as current, voltage and resistance. It 

combines the functions of ammeter, voltmeter and ohmmeter. 

 

 

 

 



101 
 

 

 

 

 

4.10 Resistance and ohms law 

 

Ohm's Law: 

Ohm's Law is a fundamental principle that relates voltage, current, and resistance in an electrical 

circuit and  states that the electric current through a conductor between two points is 

directly proportional to the voltage across the two points. 

 It can be expressed in three forms: 

1. V=IR (Voltage equals current multiplied by resistance). 

2. I=V/R (Current equals voltage divided by resistance). 

3. R=V/I (Resistance equals voltage divided by current). 

 

The electrical resistance of a conductor is dependent on the following factors: 

• The cross-sectional area of the conductor 

• Length of the conductor 

• The material of the conductor 

• The temperature of the conducting material 

Electrical resistance is directly proportional to length (L) of the conductor and inversely 

proportional to the cross-sectional area (A). It is given by the following relation; 

                                                                       R=pL/A 

where ρ is the resistivity of the material (measured in Ωm, ohm meter). Resistivity is a qualitative 

measurement of a material’s ability to resist flowing electric current. 

Multimeter 
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Resistors can be placed in circuits in two ways, in series, that is one after the other and in parallel, 

next to each other. Resistance varies dramatically if the resistors are in series or in parallel. The 

total resistance of a circuit with resistors in series is equal to the sum of the resistors. Whereas 

the total resistance of a circuit with resistors in parallel, is actually less than that of each of the 

individual resistors. 

 

4.11 Circuit laws. 

 

Circuit laws are fundamental principles that govern the behavior of electric circuits. There are primarily two circuit 

laws: Ohm's Law and Kirchhoff's Laws. 

1. Ohm's Law: 

Ohm's Law relates the voltage (V), current (I), and resistance (R) in a circuit. It states that the current flowing 

through a conductor between two points is directly proportional to the voltage across the two points and inversely 

proportional to the resistance. 

Mathematically, Ohm's Law is expressed as: 

V=I⋅R 

where: 

• V is the voltage across the conductor, 

• I is the current flowing through the conductor, and 

• R is the resistance of the conductor. 

2. Kirchhoff's Laws: 

Kirchhoff's Laws are two principles that describe the conservation of charge and energy in electrical circuits. 

These laws are named after the German physicist Gustav Kirchhoff. 

a. Kirchhoff's Current Law (KCL): 

Kirchhoff's Current Law states that the total current entering a junction (or node) in a circuit is equal to the total 

current leaving the junction. In other words, the sum of currents at any node in a circuit is zero. 

Mathematically, KCL is expressed as: 

∑in=∑out∑Iin=∑Iout 
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where: 

• ∑in∑Iin is the algebraic sum of currents entering the node, 

• ∑out∑Iout is the algebraic sum of currents leaving the node. 

b. Kirchhoff's Voltage Law (KVL): 

Kirchhoff's Voltage Law states that the sum of the electromotive forces (EMFs) and the products of currents and 

resistances in any closed loop of a circuit is equal to the sum of the potential differences (voltages) across the 

components in that loop. 

Mathematically, KVL is expressed as: 

∑EMF∑Vloop=∑(I⋅R) +∑EMF 

where: 

• ∑Vloop is the algebraic sum of voltages in the loop, 

• ∑(I⋅R) is the algebraic sum of the products of currents and resistances in the loop, 

• ∑EMF∑EMF is the algebraic sum of electromotive forces in the loop. 

Kirchhoff's Laws are crucial for analyzing complex electrical circuits, especially those with multiple components 

and loops. They provide a systematic approach to solving circuit problems and understanding the relationships 

between currents and voltages in a circuit. 

 

4.12 Energy and power. 

Electrical energy is the ability to do work through the movement of electric charges. It is the energy transferred 

by an electric current in an electrical circuit. The unit of electrical energy is the watt-hour (Wh) or kilowatt-hour 

(kWh). 

Power is the rate at which energy is transferred, used, or transformed. In the context of electricity, it represents 

the rate at which electrical energy is consumed or produced. Power (P) is calculated using the formula: 

                                                                     P = E/t 

where (P) is power, (E) is energy, and (t) is time. 

 

The unit of power is the watt (W), where 1 watt is equivalent to 1 joule per second. 
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4.13 The heating effect of electric current 

We are aware of the heating impact of electric current. The heat is produced due to the collision 

electrons in the wire. You might have wondered about the amount of heat generated during the flow of 

current through a wire and the parameters and conditions it is based upon. To answer all these 

questions, Joule gave a formula that describes this phenomenon precisely and called it Joule’s Law. 

Joule’s law is a mathematical description of the rate at which resistance in a circuit converts electric 

energy into heat energy. 

  

 

The English physicist James Prescott discovered that the amount of heat per second that develops in 

a current-carrying conductor is proportional to the electrical resistance of the wire and the square of the 

current, given below as a mathematical expression: 

Q = I2 R T 

Where, 
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• Q indicates the amount of heat 

• I show electric current 

• R is the amount of electric resistance in the conductor 

• T denotes time 

• The amount of generated heat is proportional to the wire’s electrical resistance when the current 

in the circuit and the flow of current is not changed. 

• The amount of generated heat in a conductor carrying current is proportional to the square of 

the current flow through the circuit when the electrical resistance and current supply is constant. 

• The amount of heat produced because of the current flow is proportional to the time of flow when 

the resistance and current flow is kept constant. 

 

Practical Applications: 

1. Incandescent Bulbs: 

• Incandescent light bulbs use the heating effect of electric current to produce light. The 

filament in the bulb is a conductor that becomes so hot that it emits visible light. 

2. Electric Heaters: 

• Electric heaters use the heating effect to generate warmth. The current passes through a 

resistive element, which heats up and transfers the heat to the surroundings. 

3. Toasters and Ovens: 

• The heating elements in toasters and ovens also rely on the heating effect of electric 

current to generate heat for cooking or toasting. 

4. Electrical Appliances: 

• Various electrical appliances, such as kettles and hairdryers, utilize the heating effect to 

perform their functions. 
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Sources of electrical energy 

There are 10 main different sources of energy that are used in the world to generate power. While there 

are new sources being discovered all the time, none of them has reached the stage where they can be 

used to provide the power to help modern life go. All of these different sources of energy are used 

primarily to produce electricity. The world runs on a series of electrical reactions – whether you are 

talking about the car you are driving or the light you are turning on. All of these different sources of 

energy add to the store of electrical power that is then sent out to different locations via high powered 

lines. 

Here is an overview of each of the different sources of energy that are in use, and what’s the potential 

issue for each of them. 

 

1. Solar Energy 

Solar power harvests the energy of the sun through using collector panels to create conditions that can 

then be turned into a kind of power. Large solar panel fields are often used in deserts to gather enough 

power to charge small substations, and many homes use solar systems to provide for hot water, cooling 

and supplement their electricity. The issue with solar is that while there are plentiful amounts of sunlight 

available, only certain geographical ranges of the world get enough of the direct power of the sun for 

long enough to generate usable power from this source. 

2. Wind Energy 

Wind power is becoming more and more common. The new innovations that are allowing wind farms 

to appear are making them a more common sight. By using large turbines to take available wind as the 

power to turn, the turbine can then turn a generator to produce electricity. While this seemed like an 

ideal solution to many, the reality of the wind farms is starting to reveal an unforeseen ecological impact 

that may not make it an ideal choice. 

3. Geothermal Energy 

Geothermal energy is the energy that is produced from beneath the earth. It is clean, sustainable and 

environment-friendly. High temperatures are produced continuously inside the earth’s crust by the slow 
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decay of radioactive particles. Hot rocks present below the earth heats up the water that produces 

steam. The steam is then captured that helps to move turbines. The rotating turbines then power the 

generators. 

Geothermal energy can be used by a residential unit or on a large scale by an industrial application. It 

was used during ancient times for bathing and space heating. The biggest disadvantage with 

geothermal energy is that it can only be produced at selected sites throughout the world. The largest 

group of geothermal power plants in the world is located at the geysers, a geothermal field in California, 

United States. 

4. Hydrogen Energy 

Hydrogen is available with water (H2O) and is most common element available on earth. Water 

contains two-thirds of hydrogen and can be found in combination with other elements. Once it is 

separated, it can be used as a fuel for generating electricity. Hydrogen is a tremendous source of 

energy and can be used as a source of fuel to power ships, vehicles, homes, industries and rockets. It 

is completely renewable, can be produced on demand and does not leave any toxic emissions in the 

atmosphere. 

5. Tidal Energy 

Tidal energy uses rise and fall of tides to convert the kinetic energy of incoming and outgoing tides into 

electrical energy. The generation of energy through tidal power is most prevalent in coastal areas. Huge 

investment and limited availability of sites are few of the drawbacks of tidal energy. When there is an 

increased height of water levels in the ocean, tides are produced which rush back and forth in the 

ocean. Tidal energy is one of the renewable sources of energy and produces large energy even when 

the tides are at low speed. 

6.Wave Energy 

 Wave energy is produced from the waves that are produced in the oceans. Wave energy is 

renewable, environment-friendly and causes no harm to the atmosphere. It can be harnessed along 

coastal regions of many countries and can help a country to reduce its dependence on foreign 

countries for fuel. Producing wave energy can damage the marine ecosystem and can also be a 

source of disturbance to private and commercial vessels. It is highly dependent on wavelength and 
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can also be a source of visual and noise pollution. 

7. Hydroelectric Energy 

What many people are not aware of is that most of the cities and towns in the world rely on hydropower, 

and have for the past century. Every time you see a major damn, it is providing hydropower to an 

electrical station somewhere. The power of the water is used to turn generators to produce the 

electricity that is then used. The problems faced with hydropower right now have to do with the ageing 

of the dams. Many of them need major restoration work to remain functional and safe, and that costs 

enormous sums of money. The drain on the world’s drinkable water supply is also causing issues as 

townships may wind up needing to consume the water that provides them power too. 

8. Biomass Energy 

Biomass energy is produced from organic material and is commonly used throughout the world. 

Chlorophyll present in plants captures the sun’s energy by converting carbon dioxide from the air and 

water from the ground into carbohydrates through the process of photosynthesis. When the plants are 

burned, the water and carbon dioxide is again released back into the atmosphere. Biomass generally 

includes crops, plants, trees, yard clippings, wood chips and animal wastes. Biomass energy is used 

for heating and cooking in homes and as a fuel in industrial production. This type of energy produces 

a large amount of carbon dioxide into the atmosphere. 

9. Nuclear Power 

While nuclear power remains a great subject of debate as to how safe it is to use, and whether or not 

it is really energy efficient when you take into account the waste it produces – the fact is it remains one 

of the major renewable sources of energy available to the world. The energy is created through a 

specific nuclear reaction, which is then collected and used to power generators. While almost every 

country has nuclear generators, there are moratoriums on their use or construction as scientists try to 

resolve safety and disposal issues for waste. 

10. Fossil Fuels (Coal, Oil and Natural Gas) 

When most people talk about the different sources of energy they list natural gas, coal and oil as the 

options – these are all considered to be just one source of energy from fossil fuels. Fossil fuels provide 
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the power for most of the world, primarily using coal and oil. Oil is converted into many products, the 

most used of which is gasoline. Natural gas is starting to become more common but is used mostly for 

heating applications although there are more and more natural gas-powered vehicles appearing on the 

streets. The issue with fossil fuels is twofold. To get to the fossil fuel and convert it to use there has to 

be a heavy destruction and pollution of the environment. The fossil fuel reserves are also limited, 

expecting to last only another 100 years given are basic rate of consumption. 

 

 

4.15 Magnetism 

4.15.1 Introduction: 

Magnetism is the force exerted by magnets when they attract or repel each other. Magnetism is caused 
by the motion of electric charges. Every substance is made up of tiny units called atoms. Each atom 
has electrons, particles that carry electric charges. Spinning like tops, the electrons circle the nucleus, 
or core, of an atom. Their movement generates an electric current and causes each electron to act like 
a microscopic magnet. 

In most substances, equal numbers 
of electrons spin in opposite directions, which 
cancels out their magnetism. That is why 
materials such as cloth or paper are said to be 
weakly magnetic. In substances such as iron, 
cobalt, and nickel, most of the electrons spin in 
the same direction. This makes the atoms in 
these substances strongly magnetic—but they 
are not yet magnets. To become magnetized, another strongly magnetic substance must enter the 
magnetic field of an existing magnet. The magnetic field is the area around a magnet that has magnetic 
force. 

All magnets have north and south poles. Opposite poles are attracted to each other, while the same 
poles repel each other. When you rub a piece of iron along a magnet, the north-seeking poles of the 
atoms in the iron line up in the same direction. The force generated by the aligned atoms creates a 
magnetic field. The piece of iron has become a magnet. 

Some substances can be magnetized by an electric current. When electricity runs through a coil of 
wire, it produces a magnetic field. The field around the coil will disappear, however, as soon as the 
electric current is turned off. 
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Electromagnetic Coil 

 

4.15.2 The magnetic effect of electric current 
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When an electric current passes through a wire, it behaves like a magnet. This is the magnetic effect 

of the electric current. If the electric current does not passes through, it loses its magnetic effect. These 

coils of wire are called electromagnets. The generation of a magnetic field around a conductor when 

direct current is passed through it is called the magnetic effect of current. The relationship between 

electricity and magnetism is called electromagnetism. 

4.15.3 Applications of magnetic effect. 
The magnetic effect of currents is applied in devices like electric motors, generators, transformers, 

and magnetic resonance imaging (MRI) machines. The magnetic effect of current, also known as 

electromagnetism, is a fundamental principle that underpins many modern technologies. 

4.15.4 Electromagnetic induction: 
Electromagnetic induction is a phenomenon where an electromotive force (EMF) or voltage is induced in a coil 

or conductor when exposed to a changing magnetic field. This process was first discovered by Michael Faraday 

and forms the basis for many electrical devices. 

 

 

 

 

 

 

 

 

Principles of electromagnetic induction 

The principles of electromagnetic induction are based on the fundamental observations and laws established by 

Michael Faraday and subsequently formalized in Faraday's Law of electromagnetic induction. Here are the key 

principles: 

● Faraday's Law of Electromagnetic Induction: 
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The electromotive force (EMF) induced in a closed circuit is directly proportional to the rate of change of 

magnetic flux through the circuit. 

Mathematical Expression: 

EMF = N(dΦ/dt) 

where EMF is the induced voltage, dΦ is the change in magnetic flux, and dt is the change in time. 

Units: EMF is measured in volts (V), and magnetic flux is measured in Weber (Wb). 

 

● Direction of Induced EMF (Lenz's Law): 

The direction of the induced current (or EMF) is such that it opposes the change in magnetic flux that 

produced it. This law ensures conservation of energy. 

● Magnetic Flux: 

It is a measure of the total magnetic field passing through a given area perpendicular to the magnetic field. 

Mathematical Expression: 

 

ΦB = BA cos θ 

where (B) is the magnetic field strength, (A) is the area, and (θ) is the angle between the magnetic field and 

the normal to the area. 

EMF Due to Changing Flux: If the magnetic flux through a coil changes over time, an EMF is induced in the 

coil according to Faraday's Law. 

Magnitudes and Directions: The magnitude and direction of the induced EMF depend on the rate and 

nature of the change in magnetic flux. 

4.15.5 MUTUAL INDUCTION AND SELF INDUCTION:  
Mutual induction and self-induction are phenomena associated with the behavior of 

inductors in electrical circuits. Both are related to the production of an electromotive force 

(EMF) in a coil or inductor due to changes in current. 

1. Self-Induction: 

Self-induction occurs in a coil or inductor when the changing current in the coil produces 

an electromotive force (EMF) within the same coil. This phenomenon is described by 

Faraday's law of electromagnetic induction. 

• Faraday's Law: 
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• The induced EMF (e) in a coil is directly proportional to the rate of change 

of current (di/dt) in the coil. 

• Mathematically, e=−L⋅dtdi, where L is the self-inductance of the coil. 

• Self-Inductance (L): 

• Self-inductance is a measure of how much a coil opposes changes in the 

current flowing through it. 

• The unit of self-inductance is the henry (H). 

2. Mutual Induction: 

Mutual induction occurs when the changing current in one coil induces an electromotive 

force (EMF) in an adjacent coil. This is the basis for transformers. 

• Faraday's Law for Mutual Induction: 

• The induced EMF (2e2) in the second coil is directly proportional to the rate 

of change of current (di1/dt) in the first coil. 

• Mutual Inductance (M): 

• Mutual inductance is a measure of how effectively one coil can induce a 

voltage in another coil. 

• The unit of mutual inductance is the henry (H). 

Summary: 

1. Self-Induction: 

• Occurs in a single coil due to changes in current within the same coil. 

• Described by Faraday's law with self-inductance (L) as the proportionality 

constant. 

2. Mutual Induction: 

• Occurs between two coils in close proximity. 

• Described by Faraday's law with mutual inductance (M) as the 

proportionality constant. 

Practical Applications: 

• Transformers: 
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• Transformers utilize mutual induction to transfer electrical energy between 

coils with different numbers of turns. 

• Inductors in Circuits: 

• Inductors, such as coils or chokes, exhibit self-induction in electrical circuits. 

They store energy in a magnetic field when current changes. 

• Electronic Devices: 

• Understanding self-induction and mutual induction is crucial in the design of 

inductors and transformers used in various electronic devices and power 

systems. 

 

4.16 Introduction of A.C. 

 

Alternating current (AC) is an electric current that periodically reverses direction 

and changes its magnitude continuously with time, in contrast to direct current 

(DC), which flows only in one direction. Alternating current is the form in which 

electric power is delivered to businesses and residences, and it is the form of 

electrical energy that consumers typically use when they plug kitchen appliances, 

televisions, fans and electric lamps into a wall socket. The abbreviations AC and 

DC are often used to mean simply alternating and direct, respectively, as when they 

modify current or voltage. 
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Current Types 

 

 

The usual waveform of alternating current in most electric power circuits is a sine 

wave, whose positive half-period corresponds with positive direction of the current 

and vice versa (the full period is called a cycle). In certain applications, like guitar 

amplifiers, different waveforms are used, such as triangular waves or square 

waves. Audio and radio signals carried on electrical wires are also examples of 

alternating current. These types of alternating current carry information such as 

sound (audio) or images (video) sometimes carried by modulation of an AC carrier 

signal. These currents typically alternate at higher frequencies than those used in 

power transmission. 
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4.17 Transformers 
Transformer, device that transfers electric energy from one alternating-current circuit to one or more 

other circuits, either increasing (stepping up) or reducing (stepping down) the voltage. Transformers 

are employed for widely varying purposes; e.g., to reduce the voltage of conventional power circuits 

to operate low-voltage devices, such as doorbells and toy electric trains, and to raise the voltage 

from electric generators so that electric power can be transmitted over long distances. 

Transformers change voltage through electromagnetic induction; i.e., as the magnetic lines 

of force (flux lines) build up and collapse with the changes in current passing through the 

primary coil, current is induced in another coil, called the secondary. The secondary voltage 

is calculated by multiplying the primary voltage by the ratio of the number of turns in the 

secondary coil to the number of turns in the primary coil, a quantity called the turns ratio. 

  

 

 

Transformer Types based on Voltage Level 

A Transformer can have multiple types of construction. Transformer does not have any electrical 

connection from one side to another; still, the two electrically independent coils can conduct the 

electricity by electromagnetic flux. A transformer can have multiple coils or windings on the primary 

side as well as on the secondary side. In several cases, multiple primary sides, where two coils are 

connected in series, often called as a center tapped. This center tapped condition can also be seen 

on the secondary side. 

Transformers can be constructed in a way that it can convert the voltage level of the primary side to 

the secondary side. Depending on the voltage level, the transformer has three categories. Step 

Down, Step Up and Isolation Transformer. For the Isolation transformer, the voltage level is the 

same for both sides. 

1. Step-Down Transformer 
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Step down Transformer is used in both Electronics and Electrical domain. A step-down transformer 

converts the primary voltage level to a lower voltage across the secondary output. This is achieved 

by the ratio of primary and secondary windings. For step-down transformers the number of windings 

is higher across the primary side than the secondary side. Therefore, the overall winding ratio of 

primary and secondary always remains more than 1. 

In electronics, many applications run on 5V, 6V, 9V, 12V, 24V or in some cases 48V. To convert the 

single phase power outlet voltage 230V AC to the desired low voltage level, Step Down transformers 

are required. In instrumentation as well as in many electrical types of equipment, Step-Down 

transformer is the primary requirement for the Power section. They are also used in power adapters 

and cell phone charger circuits.  

In electrical, step down transformers are used in electrical distribution system which works on very 

high voltage to ensure low loss and cost-effective solution for long distance power delivery 

requirements. To convert the high voltage to a low voltage supply line, Step down transformer is 

used. 

2. Step-Up Transformer 

Step Up transformer is exactly opposite of the step-down transformer. Step up transformer increase 

the low primary voltage to a high secondary voltage. Again it is achieved by the ratio of primary and 

secondary winding ratio. For the Step Up transformer, the ratio of the primary winding and the 

Secondary winding remains less than 1. That means the number turns in secondary winding is 

higher than the primary winding. 

In electronics, step up transformers often used in stabilizers, inverters etc where low voltage is 

converted to a much higher voltage. 

A step-up transformer is also used in Electrical power distribution. High voltage is required for power 

distribution related application. Step up transformer is used in the grid to step up the voltage level 

before the distribution. 

3. Isolation Transformer 

Isolation transformer does not convert any voltage levels. The Primary voltage and the secondary 

voltage of an isolation transformer always remain the same. This is because the primary and the 

secondary winding ratio is always equal to the 1. That means the number of turns in primary and 

secondary winding is same in isolation transformer. 
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The isolation transformer is used to isolate the primary and secondary. As discussed previously, the 

transformer does not have any electrical connections between primary and secondary, it is also 

used as an isolation barrier where the conduction happens only with the magnetic flux. It is used for 

safety purpose and to cancel noise transfer from primary to secondary or vice-versa. 

 

 

 

 

 

 

 

 

 

4.18 Transformer-practical aspects 

 

Transformers must be well designed in order to achieve acceptable power coupling, tight voltage 

regulation, and low exciting current distortion. Also, transformers must be designed to carry the 

expected values of primary and secondary winding current without any trouble. This means the 

winding conductors must be made of the proper gauge wire to avoid any heating problems. 

An ideal transformer would have perfect coupling (no leakage inductance), perfect voltage 

regulation, perfectly sinusoidal exciting current, no hysteresis or eddy current losses, and wire thick 

enough to handle any amount of current. Unfortunately, the ideal transformer would have to be 

infinitely large and heavy to meet these design goals. 
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Additionally, winding conductor insulation is a concern where high voltages are encountered, as they 

often are in step-up and step-down power distribution transformers. Not only do the windings have 

to be well insulated from the iron core, but each winding has to be sufficiently insulated from the 

other in order to maintain electrical isolation between windings.

 

 

4.19 Introduction A.C. circuits 
An electric circuit is a closed path or loop through which charges or electric current flow 

continuously. It is a closed conducting path for electrons which is also known as an 

electrical circuit or electrical network. In electricity, circuits can be found in various types 

such as open, closed, series, parallel, etc.  

An AC circuit is a type of electric circuit which is powered by an alternating source such 

as alternating currents or voltages which are sinusoidal and change periodically in 

direction and magnitude. In other words, voltage or current oscillates in a sine wave 

pattern and varies with time. 
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The current repeats its value after 

each time interval. This is called the 

time period of the current. In the 

condition of alternating current, half of 

the time this current remains positive 

and gets negative for the other half of 

the time period. 

 

 

 

An AC circuit consists of three main 

components; a resistor, capacitor and an inductor which resist the flow of electric current in their 

own unique ways. These are the passive components of an AC circuit as they continue to consume 

electrical energy. These components in an electrical circuit can be used in an infinite number of 

combinations and designs. 

 

4.20 REACTANCE: 

Reactance is a concept in electrical circuits that describes the opposition that an element, 

such as a capacitor or an inductor, presents to the flow of alternating current (AC). 

Different wave forms of AC current 
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Reactance is frequency-dependent and is denoted by the symbol X. There are two types 

of reactance: capacitive reactance (XC) and inductive reactance (XL). 

Capacitive reactance is the opposition to the flow of AC caused by a capacitor. It is 

inversely proportional to the frequency of the AC signal. 

. 

Inductive reactance is the opposition to the flow of AC caused by an inductor. It is directly 

proportional to the frequency of the AC signal. 

 

4.21 RESONANCE: 

Resonance is a phenomenon that occurs in a system when the frequency of an external 

force or driving frequency matches the natural frequency of the system. It results in a 

significant increase in amplitude or energy transfer within the system. Resonance can 

occur in various physical systems, including mechanical, electrical, acoustic, and 

electromagnetic systems. 

 

4.22 IMPEDENCE: 
Impedance is a complex quantity that represents the opposition that a circuit presents to 

the flow of alternating current (AC). It encompasses both resistance and reactance and is 

denoted by the symbol Z. Impedance is expressed in ohms (ΩΩ) and is a vector quantity, 

meaning it has both magnitude and phase angle. 

Understanding impedance is crucial in designing and analyzing AC circuits, especially in 

applications where accurate control of the relationship between voltage and current is 

necessary. 

4.23 POWER FACTOR- POWER IN SINGLE PHASE CIRCUIT: 
Power Factor is a measure of how effectively incoming power is used in your electrical system 

(energy efficiency) and is defined as the ratio of Real (working) power to Apparent (total) power. 

Real Power (kW) is the power that actually powers the equipment and performs useful, productive 

work. It is also called Actual Power, Active Power or Working Power. 

Reactive Power (kVAr) is the power required by some equipment (e.g. transformers & motors) to 

produce a magnetic field to enable real work to be done. It’s necessary to energise this equipment 

however it does not perform any productive work. 
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Apparent Power (kVA) is the vector sum of Real Power (kW) and Reactive Power (kVAR) and is 

the total power supplied through the mains that is required to produce the required amount of Real 

Power for the load. It is also known as the ‘demand’. 

Power Factor expresses the ratio of real power actually used in a circuit to the apparent power 

delivered to the circuit. The total power demand on the network is usually greater than the real 

power. The ratio of the real power to the total power is your power factor, a number between 0 and 

1. The higher the power factor the more efficient your site is at utilising the supplied power. 

The ideal power factor is unity, or one (1.0) which means that all the energy supplied by the source 

is consumed by the load. Anything less than one means that extra power is required to achieve the 

actual task at hand. Power factors are usually stated as "leading" or "lagging" to show the sign of 

the phase angle. Capacitive loads are leading (current leads voltage), and inductive loads are 

lagging (current lags voltage). 

 

The beer analogy to power factor 

 

The power factor is the ratio between Real Power and Apparent Power. 
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2.24 SINGLE PHASE CIRCUIT THREE PHASE, COMPARISON AND CONTRAST: 
Single-Phase Circuit: 

1. Waveform: 

• Consists of a single alternating current waveform. 

• Voltage and current vary sinusoidally with time. 

2. Phases: 

• Only one phase is present. 

• Voltage is measured between the phase and neutral. 

3. Power Generation: 

• Commonly used in residential settings for lighting, small appliances, and 

other low-power devices. 

4. Motor Operation: 

• Suitable for small motors and appliances. 

• Less efficient for larger industrial motors. 

5. Power Delivery: 

• Simple and straightforward power distribution system. 

• Single hot wire and a neutral wire. 
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6. Usage: Commonly found in households, small businesses, and light commercial 

applications.

 

Three-Phase Circuit: 

1. Waveform: 

• Consists of three alternating current waveforms with a 120-degree phase 

difference. 

• Each phase has a sinusoidal waveform. 

2. Phases: 

• Three phases are present: A, B, and C. 

• Voltage is measured between phases (line-to-line voltage). 

3. Power Generation: 

• More efficient for power generation and transmission. 

• Common in industrial power systems and large-scale power distribution. 

4. Motor Operation: 

• Well-suited for industrial motors. 
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• Provides smoother operation and balanced torque. 

5. Power Delivery: 

• More complex power distribution system. 

• Three hot wires and a neutral wire (in some cases). 

6. Usage: 

• Commonly used in industrial machinery, large motors, and power 

distribution networks. 

Comparison: 

1. Efficiency: 

• Three-phase circuits are generally more efficient for power transmission and 

large-scale industrial applications due to the balanced power delivery. 

2. Motor Operation: 

• Three-phase motors provide smoother operation and are more efficient than 

single-phase motors, especially for high-power applications. 

3. Power Distribution: 

• Single-phase circuits are simpler for power distribution in residential areas, 

while three-phase circuits are more common in industrial settings. 

4. Load Balancing: 

• Three-phase systems inherently balance loads, reducing the impact of 

harmonics and improving system stability. 

5. Voltage and Current Levels: 

• Line-to-line voltage in three-phase systems is √3 times higher than the 

phase voltage, making it more efficient for power transmission. 

6. Complexity: 

• Single-phase systems are simpler and easier to install for smaller 

applications. 

• Three-phase systems are more complex but offer advantages in terms of 

efficiency and power delivery. 
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4.25 ELECTRICAL DISTRIBUTION SYSTEM IN PAKISTAN 
Electric Power Generation, Transmission and Distribution: 

Electricity in Pakistan is generated, transmitted and distributed by two vertically integrated 

public sector companies, first one being Water and Power Development Authority 

(WAPDA) responsible for the production of hydroelectricity and its supply to the 

consumers by electricity distribution companies (DISCOS) under the Pakistan Electric 

Power Company (PEPCO) being the other integrated company. Currently, there are 12 

distribution companies and a National Transmission And Dispatch Company (NTDC) 

which are all in the public sector except Karachi Electric in the city of Karachi and its 

surrounding areas. There are around 42 independent power producers (IPPs) that 

contribute significantly in electricity generation in Pakistan. Pakistan's power generation 

mix includes a combination of sources such as thermal (including coal and gas), 

hydropower, and a smaller share from renewable sources (wind and solar). As of 2016 on 

average, more than 80% of Pakistan's population had access to electricity. 

 

The power sector in Pakistan has faced challenges, including issues related to 

infrastructure, transmission losses, and financial sustainability. Load shedding and power 

outages have been historical issues, although efforts have been made to address these 

challenges. 

The Government of Pakistan has undertaken initiatives to improve the power sector, 

enhance generation capacity, and address distribution inefficiencies. This includes 

projects focused on adding new power plants, improving transmission infrastructure, and 

reducing technical losses. 

 

Pakistan has been working on incorporating renewable energy sources into its energy 

mix. Projects related to wind and solar energy have been implemented to diversify the 

generation portfolio and promote sustainable practices. 

The China-Pakistan Economic Corridor (CPEC) includes energy projects aimed at 

increasing power generation capacity and improving the overall infrastructure in Pakistan. 

Efforts have been made to introduce smart grid technologies for better management, 

monitoring, and control of the electrical distribution system. 



128 
 

The tariff structure is regulated, and the determination of electricity prices is overseen by 

regulatory bodies such as the National Electric Power Regulatory Authority (NEPRA). 

. 

 

4.26 DIFFERENT SUPPLY SYSTEM: 
1.Single-Phase A.C. System: 

• Characteristics: 

• Consists of a single alternating current waveform. 

• Commonly used in residential settings for lighting, small appliances, and 

other low-power devices. 

• Applications: 

• Homes, small businesses, and light commercial applications. 

2. Three-Phase A.C. System: 

• Characteristics: 

• Consists of three alternating current waveforms with a 120-degree phase 

difference. 

• More efficient for power transmission and suitable for industrial applications. 

• Applications: 

• Industrial machinery, large motors, power distribution networks. 

3. DC (Direct Current) System: 

• Characteristics: 

• Consists of a continuous flow of electric charge in one direction. 

• Voltage remains relatively constant over time. 

• Applications: 

• Battery-powered devices, electronic circuits, certain industrial processes. 

4. HVDC (High-Voltage Direct Current) System: 

• Characteristics: 
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• Involves the transmission of direct current at high voltage levels. 

• Used for long-distance power transmission with lower losses compared to 

AC transmission. 

• Applications: 

• High-voltage transmission lines, interconnecting power grids. 

 

5. Variable Frequency Systems: 

• Characteristics: 

• Allows for the adjustment of the frequency of the alternating current. 

• Used in some specialized applications such as certain types of motors. 

• Applications: 

• Variable speed drives, some industrial processes. 

6. Split-Phase System: 

• Characteristics: 

• A type of single-phase system with a split in the winding of the transformer. 

• Used in residential settings for providing both 120V and 240V power. 

• Applications: 

• Residential electrical systems. 

7. Polyphase Systems: 
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• Characteristics: 

• Refers to systems with more than three phases. 

• Less common than single-phase and three-phase systems. 

• Applications: 

• Specialized industrial applications, research. 

8. AC/DC Hybrid Systems: 

• Characteristics: 

• Combines elements of both AC and DC systems. 

• Used in certain applications where the benefits of both systems are required. 

• Applications: 

• Some renewable energy systems, hybrid vehicles. 

9. Railway Electrification Systems: 

• Characteristics: 

• Specialized systems for electrifying railway tracks. 

• Can include both AC and DC systems depending on the region and 

technology. 

• Applications: 

• Electric trains and trams. 

 

10. Smart Grids: 
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• Characteristics: 

• Utilizes advanced communication and control technologies for efficient 

power distribution. 

• Integrates renewable energy sources and improves overall grid resilience. 

• Applications: 

• Modern power distribution networks. 

 

4.27 A.C IN THREE PHASE SYSTEM: 
In a three-phase AC (alternating current) system, three sinusoidal waveforms are 

generated, each with a phase difference of 120 degrees. This three-phase system is 

widely used in electrical power generation, distribution, and various industrial applications. 

Let's explore the characteristics and key aspects of alternating current in a three-phase 

system: 

 

1. Three-Phase Waveforms: 

• Three sinusoidal waveforms, often 

denoted as A, B, and C, are 

generated. 

• The phases A, B, and C are 120 

degrees apart in terms of phase 

angle. 

2. Phase Sequence: 

• The order in which the phases A, 

B, and C follow each other is known 

as the phase sequence. 

• The common phase sequences 

are ABC (ascending) or CBA 

(descending). 

3. Generation: 
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• Three-phase AC power can be generated using a three-phase generator or 

alternator. 

• The coils in the generator are arranged to produce the three phases with the 

required phase difference. 

4. Advantages: 

• Constant Power: Three-phase systems provide a more constant and balanced 

power output compared to single-phase systems. 

• Efficiency: Higher efficiency in power generation and distribution compared to 

single-phase systems. 

5. Representation: 

• The three-phase system can be represented by a phasor diagram, showing the 

magnitudes and phase angles of the three sinusoidal waveforms. 

6. Power Transmission: 

• Three-phase AC power is commonly used for long-distance power transmission. 

• Transmission lines often have three conductors, one for each phase. 

7. Distribution: 

• Three-phase power is distributed to industrial and commercial users for various 

applications. 

• Distribution transformers are often used to step down the voltage for local use. 

8. Balanced Loads: 

• In a balanced three-phase system, the loads on each phase are equal. 

• Balanced loads result in a symmetrical distribution of power and minimize the 

impact of harmonics. 

9. Motor Operation: 

• Three-phase AC motors are commonly used due to their efficiency and simplicity. 

• Induction motors are a common type of three-phase motor. 

10. Color Coding: 

• Wiring in three-phase systems is often color-coded for easy identification. 
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• Common color codes include red, yellow, and blue for the phases, and black or 

white for the neutral. 

Frequency: 

• The frequency of the three-phase AC system is typically standardized, such as 50 

or 60 hertz, depending on the region. 

Three-phase AC systems are prevalent in the electrical power industry due to their 

efficiency, balanced power distribution, and suitability for various applications. They are 

extensively used for powering motors, industrial machinery, and large-scale electrical 

systems. 

4.28 Introduction to electrical machines 
Electric machines are devices capable of transforming any form of energy into electrical 

energy and vice versa. They are classified into three major groups: electric generators, 

electric motors and transformers. Electric generators transform mechanical energy into 

electrical energy, while electric motors transform electrical energy into mechanical energy. 

In turn, electric motors are classified into DC motors and AC motors. Unlike the previous 

ones, the transformers conserve the same type of energy, only transforming the voltage 

levels. The operation of electrical machines is based on the principles of 

electromagnetism. 

4.29 Generator-A.C. & D.C. Principle, working-main parts 
D.C. Generator Principle: 

In a DC generator, the electrical current flows only in one direction. In an AC generator, the coil 

through which the current flows is fixed while the magnet moves. The construction is simple and 

costs are less. In a DC generator, the coil through which the current flows rotate in a fixed field. 

Parts of a DC Generator 

• Stator 

• Rotor 

• Armature Windings 

• Yoke 

• Poles 

• Pole Shoe 

• Commutator 

• Brushes 
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A.C. Generator Principle: 

An AC generator is an electric generator that converts mechanical energy into electrical energy in 

the form of alternative emf or alternating current. An AC generator works on the principle of 

“Electromagnetic Induction”. 

 

A typical AC generator has the following parts: 

• Magnetic field. 

• Armature. 

• Rotor. 

• Stator. 

• Slip rings. 

• Carbon brushes. 
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4.30 MOTOR PRINCIPLE, MAIN PARTS WORKING 
Motor Principle: 

The basic motor principle is governed by Ampere's Law and the Lorentz Force Law. When 

a current-carrying conductor is placed in a magnetic field, a force is exerted on the 

conductor perpendicular to both the current direction and the magnetic field lines. This 

force causes the conductor to move, resulting in mechanical motion. In an electric motor, 

this principle is applied to generate rotational motion. 

Main Parts of an Electric Motor: 

1. Stator: 

• The stator is the stationary part of the motor that provides the magnetic field. 

It typically consists of a frame, core, and winding. The winding is connected 

to an external power supply, creating a magnetic field when current flows 

through it. 
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2. Rotor: 

• The rotor is the rotating part of the motor. It is usually mounted on a shaft 

and placed within the stator's magnetic field. The rotor carries the 

conductors and windings that experience the force due to the interaction 

with the magnetic field. 

3. Armature: 

• The armature is the part of the rotor that contains the conductors. In a simple 

motor, it may consist of a coil of wire wound around a core. The armature 

carries the current and experiences the force that generates mechanical 

motion. 

4. Commutator: 

• The commutator is a rotary switch that reverses the direction of the current 

in the armature windings at specific points in the rotation. It ensures that the 

torque is produced in a continuous, unidirectional manner, resulting in the 

rotation of the rotor. 

5. Brushes: 

• Brushes are conductive components in contact with the commutator. They 

maintain electrical contact with the rotating armature and allow the current 

to flow through the windings. 

6. Shaft: 

• The shaft is connected to the rotor and provides the mechanical output of 

the motor. It rotates as a result of the forces acting on the armature in the 
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magnetic field.

 

Working of an Electric Motor: 

1. Starting Position: 

• The motor is initially at rest, with the rotor in a specific starting position. 

2. Application of Voltage: 

• When voltage is applied to the stator winding, it generates a magnetic field. 

3. Rotor Movement: 

• The rotor, with its armature and conductors, experiences a force due to the 

interaction with the magnetic field. This force causes the rotor to start 

rotating. 

4. Commutator Action: 

• As the rotor rotates, the commutator switches the direction of the current in 

the armature windings, ensuring continuous and unidirectional torque 

production. 

5. Rotor Rotation: 

• The rotor continues to rotate, and the mechanical output is transferred to the 

shaft. 

6. Stopping the Motor: 
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• When the power supply is turned off, the motor comes to a stop. 

 

4.31 ELECTRICAL MEASURING INSTRUMENTS AND MEASURMENTS: 
Voltmeter: 

• Measurement: Voltage (potential difference). 

• Types: Analog voltmeters use a pointer on a scale, while digital voltmeters display 

readings numerically. 

2. Ammeter: 

• Measurement: Current (flow of electric charge). 

• Types: Analog ammeters measure current using a pointer, while digital ammeters 

display readings numerically. 

3. Ohmmeter: 

• Measurement: Resistance. 

• Working: Applies a known voltage to the resistor and measures the resulting 

current to calculate resistance. 

4. Wattmeter: 

• Measurement: Power (rate of energy transfer). 

• Types: Analog and digital watt meters measure both real (active) and apparent 

power in AC circuits. 

5. Energy Meter: 

• Measurement: Electrical energy consumption. 

• Types: Electromechanical and electronic energy meters measure cumulative 

energy consumption over time. 

6. Frequency Counter: 

• Measurement: Frequency (number of cycles per second). 

• Working: Counts the number of cycles within a specific time interval. 

7. Power Factor Meter: 
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• Measurement: Power factor (cosine of the phase angle between voltage and 

current in an AC circuit). 

• Working: Indicates how effectively electrical power is being converted into useful 

work. 

8. Multimeter: 

• Measurement: Voltage, current, and resistance. 

• Types: Analog and digital multimeters combine the functions of voltmeter, 

ammeter, and ohmmeter in one instrument. 

9. Oscilloscope: 

• Measurement: Voltage and current waveforms. 

• Working: Displays electrical signals graphically, showing amplitude, frequency, 

and time characteristics. 

10. Phase Sequence Indicator: 

• Measurement: Phase sequence in three-phase power systems. 

• Working: Indicates the order in which the phases of a three-phase system are 

connected. 

11. Megohmmeter (Insulation Resistance Tester): 

• Measurement: Insulation resistance. 

• Working: Applies a high voltage to test the integrity of insulation in electrical 

equipment. 

12. Clamp Meter: 

• Measurement: Current without breaking the circuit. 

• Working: Clamps around a conductor to measure the magnetic field induced by 

current. 

 

4.32 INDICATING INSTRUMENTS- TYPES, PRINCIPLE AND WORKING: 
“Indicating instruments are those which indicate the magnitude of an electrical quantity at 

the time when it is being measured.” Their indications are given by a pointer moving over 

calibrated dial.  
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Types of Indicating Instruments: 

1. Moving-Iron Instruments: 

• Principle: Attraction and repulsion between iron pieces carrying current. 

• Working: A movable iron piece is attached to the pointer, and a fixed iron 

piece surrounds it. When current flows, the iron pieces experience forces, 

causing the pointer to move. 

2. Moving-Coil Instruments (Galvanometer): 

• Principle: Magnetic effect of current. 

• Working: A coil of wire carrying current is placed in a magnetic field. The 

interaction between the magnetic field and the current-carrying coil 

produces a torque, deflecting the coil and indicating the current. 

3. Moving-Iron Ammeters and Voltmeters: 

• Principle: Attraction and repulsion between iron pieces carrying current. 

• Working: Similar to moving-iron instruments, but calibrated for measuring 

current (ammeter) or voltage (voltmeter). 

4. Electrodynamic Instruments: 

• Principle: Interaction between the magnetic fields produced by current-

carrying coils. 

• Working: Consists of two coils, one fixed and one movable. When current 

flows through both coils, they produce magnetic fields that interact, causing 

the movable coil to deflect. 

5. Hot-Wire Instruments: 

• Principle: Heating effect of current. 

• Working: A wire is heated by the current passing through it. The change in 

resistance due to heating causes deflection of a pointer. 

6. Thermocouple Instruments: 

• Principle: See beck effect in thermocouples. 

• Working: Uses the voltage generated by the See beck effect in a 

thermocouple to indicate temperature. 
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7. Digital Instruments: 

• Principle: Conversion of analog signals to digital form. 

• Working: Analog signals (voltage or current) are converted into digital 

signals, and the digital information is displayed on a digital screen. 

8. Piezoelectric Instruments: 

• Principle: Piezoelectric effect. 

• Working: Utilizes the mechanical deformation of a piezoelectric crystal in 

response to an applied voltage to indicate pressure, acceleration, or other 

physical quantities. 

9. Capacitance Meters: 

• Principle: Change in capacitance with respect to the physical quantity being 

measured. 

• Working: Measures the capacitance of a capacitor, which changes based 

on the quantity being measured (e.g., level, displacement). 

 

4.33 THERMIANIC EMISSION AND P.N. JUNCTION: 
Thermionic emission is the process by which electrons are emitted from the surface of 

a material when it is heated. In the context of electronic devices, it is a crucial phenomenon 

for the operation of vacuum tubes and certain types of electron sources. 

Key Points: 

1. Heating Effect: When a material is heated, the thermal energy supplied to the 

electrons at the surface enables them to overcome the work function of the material 
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and escape into the surrounding space.

 

2. Vacuum Tubes: Thermionic emission is commonly observed in vacuum tubes, 

where a heated cathode emits electrons into a vacuum, and these electrons can 

then be controlled and manipulated to create electronic signals. 
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3. Work Function: The work function is the minimum energy required to remove an 

electron from the material. In thermionic emission, the thermal energy provided by 

heating is sufficient to overcome this work function. 

P-N Junction: 

  P-N junction is the boundary or interface between a P-type semiconductor (with positively 

charged holes as majority carriers) and an N-type semiconductor (with negatively charged 

electrons as majority carriers). 

 

Key Points: 

1. Formation: A P-N junction is typically formed by doping a semiconductor material 

with impurities to create regions with excess positive charge carriers (holes) and 

regions with excess negative charge carriers (electrons). 

2. Depletion Region: At the junction, a depletion region is formed due to the 

migration of charge carriers. In this region, there are no majority carriers, creating 

an electric field. 
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3. Forward Bias: When a voltage is applied with the P-side connected to the positive 

terminal and the N-side to the negative terminal (forward bias), the depletion region 

narrows, and current can flow across the junction. 

4. Reverse Bias: When a voltage is applied in the opposite direction (reverse bias), 

the depletion region widens, preventing significant current flow. Only a small 

reverse saturation current may flow. 

5. Barrier Potential: The potential barrier at the junction, caused by the electric field 

in the depletion region, hinders the flow of majority carriers across the junction. 

6. Applications: P-N junctions are fundamental components in various 

semiconductor devices, including diodes, transistors, and integrated circuits. They 

play a crucial role in rectification, amplification, and signal processing. 

Combining Thermionic Emission and P-N Junction: 

• In some semiconductor devices, thermionic emission is utilized to generate 

carriers. For example, in vacuum tubes, a heated cathode undergoes thermionic 

emission to release electrons into a vacuum, and these electrons are then 

manipulated by the electric field created by a nearby P-N junction or other electrode 

structures. 

 

4.34 DIODE STRUCTURE AND WORKING: 
 

A diode is a semiconductor device with two terminals, an anode and a cathode, and it 

allows current to flow in one direction while blocking it in the opposite direction. The most 

common type of diode is a semiconductor diode, typically made of silicon or germanium. 

Let's explore the structure and working of a semiconductor diode: 

Structure of a Semiconductor Diode: 

1. N-Type Semiconductor: 

• The semiconductor material on one side of the diode is doped with a small 

amount of pentavalent impurity (e.g., phosphorus). 

• This creates an excess of free electrons in the material, making it an N-type 

semiconductor. 

2. P-Type Semiconductor: 
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• The semiconductor material on the other side is doped with a small amount 

of trivalent impurity (e.g., boron). 

• This creates "holes" or vacant spaces where electrons can move freely, 

making it a P-type semiconductor. 

3. P-N Junction: 

• The boundary between the N-type and P-type semiconductors is called the 

P-N junction. 

• At the P-N junction, electrons from the N-type material move across to fill 

the holes in the P-type material, creating a region near the junction with no 

majority charge carriers (depletion region). 

4. Depletion Region: 

• The depletion region acts as a barrier to the flow of current due to the 

absence of majority charge carriers. 

• It creates an electric field that opposes the further movement of electrons 

and holes across the junction. 

Working of a Semiconductor Diode: 

1. Forward Bias: 

• When a voltage is applied across the diode such that the positive terminal is 

connected to the P-type material (anode) and the negative terminal to the N-type 

material (cathode), it is in forward bias. 

• The external electric field opposes the built-in electric field at the junction, reducing 

the barrier for electron and hole movement. 

2. Reverse Bias: 

• When the voltage is applied in the opposite direction (positive to N-type and 

negative to P-type), it is in reverse bias. 

• The external electric field strengthens the built-in electric field, increasing the 

barrier for electron and hole movement. 

3. Forward Bias Conduction: 

• In forward bias, the potential barrier is overcome, and current flows through the 

diode. 
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• Electrons move from the N-type material to the P-type material, and holes move in 

the opposite direction. 

4. Reverse Bias Blocking: 

• In reverse bias, the potential barrier increases, preventing significant current flow. 

• Only a small reverse saturation current, due to minority charge carriers, may flow. 

Characteristics of a Semiconductor Diode: 

1. Forward Voltage Drop: 

• There is a characteristic forward voltage drop (typically around 0.7 volts for 

silicon diodes) when the diode is conducting in the forward bias. 

2. Reverse Breakdown Voltage: 

• If the reverse bias voltage exceeds a critical value, the diode may break 

down, and a significant reverse current may flow (Zener breakdown in Zener 

diodes). 

3. Rectification: 

• Diodes are commonly used for rectification, converting alternating current 

(AC) to direct current (DC) by allowing current flow in one direction only. 

4. Light Emission: 

• Light-emitting diodes (LEDs) are a special type of diode that emits light when 

forward biased. 

 

4.35 CHARACTERISTICS OF DIODES: 
Diodes are semiconductor devices that allow current to flow in one direction while blocking 

it in the opposite direction. They play a fundamental role in electronic circuits, serving 

various functions such as rectification, signal modulation, and protection. Here are the key 

characteristics of diodes: 

1. Forward Bias: 

• Conductance: In the forward bias, when the voltage across the diode is positive, 

it conducts current. 
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• Voltage Drop: A forward-biased diode exhibits a relatively constant voltage drop 

(typically around 0.7 volts for silicon diodes). 

2. Reverse Bias: 

• Blocked Current: In the reverse bias, when the voltage across the diode is 

negative, it blocks the flow of current. 

• Reverse Leakage Current: A small reverse leakage current may exist, especially 

in practical diodes, but it is typically minimal. 

3. Threshold Voltage: 

• Turn-On Voltage: The threshold voltage, also known as the turn-on voltage, is the 

minimum voltage required to start the conduction in the forward bias. 

4. Forward Voltage Drop: 

• Voltage Drop: In the forward bias, diodes have a characteristic forward voltage 

drop. The exact value depends on the type of diode (e.g., silicon diodes have a 

typical drop of around 0.7 volts). 

5. Reverse Breakdown Voltage: 

• Breakdown Voltage: In the reverse bias, if the applied voltage exceeds a critical 

value known as the breakdown voltage, the diode breaks down, and a significant 

current may flow. This is typically undesirable unless deliberately used in Zener 

diodes. 

6. Current-Voltage (IV) Characteristics: 

• IV Curve: The relationship between the voltage across a diode and the current 

flowing through it is often represented by an IV characteristic curve. 

• Exponential Behavior: The forward-biased current-voltage relationship is 

exponential due to the exponential dependence of carrier concentration on voltage 

in a semiconductor. 

7. Dynamic Resistance: 

• Incremental Resistance: The dynamic resistance is the incremental or small-

signal resistance of the diode in the vicinity of its operating point on the IV curve. 

8. Speed of Response: 
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• Switching Speed: Diodes exhibit different speeds of response based on their type. 

Fast-switching diodes are designed for applications where rapid switching is 

essential. 

9. Temperature Dependence: 

• Temperature Sensitivity: The characteristics of diodes are temperature-

dependent. The forward voltage drop decreases with increasing temperature. 

10. Applications: 

• Rectification: Diodes are widely used for rectifying AC signals to produce DC 

signals. 

• Clipping and Clamping: Diodes are used in clipping and clamping circuits for 

signal shaping. 

• Voltage Regulation: Zener diodes are employed for voltage regulation. 

• Signal Demodulation: Diodes are used in demodulation circuits in communication 

systems. 

• Switching and Protection: Diodes are used as switches and for protection against 

voltage spikes (e.g., Schottky diodes). 

 

4.36 TRIODES ITS WORKING AND CHARACTERISTICS: 
A triode is a type of vacuum tube or thermionic valve that consists of three electrodes: a 

cathode, an anode (plate), and a control grid. Triodes were widely used in early electronic 

applications and played a crucial role in the development of electronic amplification and 

switching circuits. 
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 Here's an overview of how triodes work and their characteristics: 

1. Components of a Triode: 

• Cathode (K): Emits electrons when heated. 

• Anode (A): Collects electrons emitted by the cathode. 

• Control Grid (G): A mesh or helix placed between the cathode and anode that 

controls the flow of electrons from the cathode to the anode. 

2. Working Principle: 

• The cathode is heated, causing it to emit electrons through a process called 

thermionic emission. 

• A negative potential is applied to the control grid. This potential can be varied, 

affecting the flow of electrons from the cathode to the anode. 

• When a negative voltage is applied to the control grid, it repels electrons, reducing 

the current flow from cathode to anode. 

Examples of low power triodes from 1918 (left) to 
miniature tubes of the 1960s (right) 
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• By varying the voltage on the control grid, the current flowing between the cathode 

and anode can be controlled, allowing for signal amplification. 

3. Triode Characteristics: 

• Amplification: Triodes can be used to amplify signals. The small variations in the 

voltage applied to the control grid result in significant changes in the anode current, 

allowing for signal amplification. 

• Voltage Gain: The voltage gain of a triode is the change in anode voltage divided 

by the change in grid voltage. 

• Current Gain: The current gain is the change in anode current divided by the 

change in grid voltage. 

• Transconductance: Transconductance is a measure of how much the anode 

current changes in response to a change in grid voltage. 

4. Triode Characteristics Curve: 

• The relationship between the anode current and the control grid voltage is often 

represented on a characteristic curve. 

• The characteristic curve illustrates the nonlinear relationship between the anode 

current and control grid voltage, providing a visual representation of the triode's 

behavior. 

5. Applications: 

• Audio Amplification: Triodes were extensively used in early audio amplification 

circuits, such as in radio receivers and amplifiers. 

• Switching: While not as commonly used for switching applications as modern 

transistors, triodes can be employed as electronic switches. 

6. Limitations: 

• Power Consumption: Triodes consume more power and are less efficient 

compared to modern solid-state devices. 

• Size and Fragility: Vacuum tubes, including triodes, are bulkier and more fragile 

than solid-state components. 
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4.37 RECTIFICATION: 
Rectification is the process of converting alternating current (AC) into direct current (DC). 

In AC, the electric current periodically changes direction, while in DC, the current flows 

consistently in one direction. Rectification is commonly used in various electronic devices 

and power supply systems to provide a steady DC voltage. 

 

There are two main types of rectification: 

1. Half-Wave Rectification: 

In half-wave rectification, only one half-cycle (either positive or negative) of the AC 

waveform is allowed to pass, and the other half is blocked. This is achieved using a diode, 

which acts as a one-way valve for electric current. The resulting waveform is characterized 

by a pulsating DC voltage with gaps during the blocked half-cycles. 

 

Half Wave Rectifier 

2. Full-Wave Rectification: 
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Full-wave rectification allows both halves of the AC waveform to be utilized, effectively 

doubling the frequency of the resulting waveform compared to half-wave rectification.

 

Full wave rectifier 

 

 

 

4.38 INTRODUCTION TO AMPLIFICATION  
Amplification is the process of increasing the strength or magnitude of a signal, often 

represented by voltage or current, without altering its essential characteristics. Amplifiers 

are electronic devices or circuits designed to perform this function, and they play a crucial 

role in various applications, including audio systems, communication systems, and 

electronic instrumentation. Here's an introduction to amplification: 

Key Concepts: 

1. Amplifier: 

• An amplifier is a device or circuit that increases the amplitude of a signal. It 

takes a weak input signal and produces a more powerful output signal. 

2. Amplitude: 

• Amplitude refers to the maximum value of a signal's variation from its 

average or zero level. In the context of amplification, it's the extent of signal 

strength or voltage. 

3. Gain: 
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• Gain is a measure of the amplification provided by an amplifier. It is the ratio 

of the output amplitude to the input amplitude and is often expressed in 

decibels (dB). 

4. Signal-to-Noise Ratio (SNR): 

• SNR is a measure of the quality of a signal. Amplification should enhance 

the desired signal without introducing excessive noise. 

5. Frequency Response: 

• Amplifiers often have a specified frequency response, indicating the range 

of frequencies over which they can effectively amplify signals. 

6. Distortion: 

• Distortion occurs when an amplifier alters the shape of the input signal. 

Good amplifiers aim to minimize distortion. 

Types of Amplifiers: 

1. Audio Amplifiers: 

• Used in audio systems to amplify signals from sources like microphones, 

musical instruments, or audio playback devices. 

2. Radio Frequency (RF) Amplifiers: 

• Amplify radio frequency signals in communication systems, such as those 

used in radios and wireless communication devices. 

3. Operational Amplifiers (Op-Amps): 

• Versatile amplifiers with a wide range of applications in electronics, including 

signal conditioning, filtering, and mathematical operations. 

4. Power Amplifiers: 

• Designed to provide high power to drive speakers or other loads, typically in 

audio systems. 

5. Instrumentation Amplifiers: 

• Used for precise amplification of signals in instrumentation and 

measurement applications. 

6. Differential Amplifiers: 
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• Amplify the difference between two input signals and are commonly used in 

audio and data transmission. 

Applications: 

1. Audio Systems: 

• Amplifiers are crucial components in audio systems, including amplifiers for 

speakers, headphones, and musical instruments. 

2. Communication Systems: 

• RF amplifiers are used in radio transmitters and receivers, providing the 

necessary signal strength for communication. 

3. Medical Instruments: 

• Amplifiers are used in medical devices for amplifying signals from sensors 

and probes. 

4. Industrial and Test Equipment: 

• Amplifiers play a role in industrial automation, control systems, and various 

test and measurement applications. 

5. Consumer Electronics: 

• Amplifiers are present in a wide range of consumer electronics, from TVs to 

portable devices. 

 

 

 


