
Dimension & Dimensional Formula of Physical Quantities 

Every measurement has two parts. The first is a number (n) and the next is a unit (u). Q = nu. For Example, the length of an object 

= 40 cm. The number expressing the magnitude of a physical quantity is inversely proportional to the unit selected. 

Fundamental and Derived Quantities 

• The quantities that are independent of other quantities are called fundamental quantities. The units that are used to 
measure these fundamental quantities are called fundamental units. There are four systems of units namely C.G.S, 
M.K.S, F.P.S, and SI. 

• The quantities that are derived using the fundamental quantities are called derived quantities. The units that are used to 
measure these derived quantities are called derived units. 

 

 

Principle of Homogeneity 

The principle of homogeneity states that the dimensions of each the terms of a dimensional equation on both sides 

are the same. 

Using this principle, the given equation will have the same dimension on both sides. 



 

Its application- 

The dimensional equations have got following uses: 

To check the correctness of a physical equation. 

To derive the relation between different physical quantities involved in a physical phenomenon 

To change units from one system to another. 

 



 

 

Angle of projection 

In the first angle projection, the object is placed in the 1st quadrant. The object is positioned at the front of a vertical 

plane and top of the horizontal plane. First angle projection is widely used in India and European countries. The 

object is placed between the observer and projection planes. 
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Methods to reduce friction 



 

 

 

Kepler's three laws of planetary motion can be stated as follows: (1) All planets move about the Sun in elliptical 

orbits, having the Sun as one of the foci. (2) A radius vector joining any planet to the Sun sweeps out equal areas 

in equal lengths of time. ... Kepler's second law of planetary motion. 



In astronomy, Kepler's laws of planetary motion, published by Johannes Kepler between 1609 and 1619, describe the orbits 
of planets around the Sun. The laws modified the heliocentric theory of Nicolaus Copernicus, replacing its 
circular orbits and epicycles with elliptical trajectories, and explaining how planetary velocities vary. The three laws state that: 

1. The orbit of a planet is an ellipse with the Sun at one of the two foci. 

2. A line segment joining a planet and the Sun sweeps out equal areas during equal intervals of time. 

3. The square of a planet's orbital period is proportional to the cube of the length of the semi-major axis of its orbit. 

The elliptical orbits of planets were indicated by calculations of the orbit of Mars. From this, Kepler inferred that other bodies in 
the Solar System, including those farther away from the Sun, also have elliptical orbits. The second law helps to establish that when 
a planet is closer to the Sun, it travels faster. The third law expresses that the farther a planet is from the Sun, the slower its orbital 
speed, and vice versa. 

Isaac Newton showed in 1687 that relationships like Kepler's would apply in the Solar System as a consequence of his own laws of 
motion and law of universal gravitation. 

Angular displacement 
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Angular acceleration 

In physics, angular acceleration refers to the time rate of change of angular velocity. As there are two types of angular 

velocity, namely spin angular velocity and orbital angular velocity, there are naturally also two types of angular acceleration, called 
spin angular acceleration and orbital angular acceleration respectively. Spin angular acceleration refers to the angular acceleration 
of a rigid body about its centre of rotation, and orbital angular acceleration refers to the angular acceleration of a point particle about 
a fixed origin. 

Angular acceleration is measured in units of angle per unit time squared (which in SI units is radians per second squared), and is 

usually represented by the symbol alpha (α). In two dimensions, angular acceleration is a pseudoscalar whose sign is 

taken to be positive if the angular speed increases counterclockwise or decreases clockwise, and is taken to be negative if the 
angular speed increases clockwise or decreases counterclockwise. In three dimensions, angular acceleration is 

a pseudovector 

Simple harmonic motion-Definition and parameters of S.H.M.-amplitude 
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Transverse and Longitudinal waves 

• Transverse waves cause the medium to move perpendicular to the 
direction of the wave. 

• Longitudinal waves cause the medium to move parallel to the direction 
of the wave. 

 

Wave Parameters: Wavelength, Amplitude, Period, Frequency & Speed 

Wave Parameters 

So, we've learned a little bit about waves, right? We've learned that waves originate from vibrations, which are oscillating motions 
over a fixed position. A vibration can cause a disturbance to travel through a medium, transporting energy without transporting 
matter. This is what a wave is. But, how do we properly talk about waves? How do we compare them to one another? Can we 
measure the size and speed of a wave? How do we know how much energy it carries? 

To find out, we'll need to look at the major wave parameters: the ways in which we measure waves. We'll learn how to characterize 
a wave by its period, frequency, amplitude, speed, and wavelength. Once we get to know the right way to use these parameters, 
we'll be able to learn more about how the different waves work. 

Period and Frequency 

The period is the time it takes a wave to complete one cycle. We measure the period in seconds, and we symbolize it with the 
capital letter T. You can think of the period as the time it takes for one particle in the medium to move back and forth. If this were a 
water wave, all the particles in the water would be moving up and down as the wave travels through. The time it takes for one water 
molecule to move up, move back down, and then return to its original position, is called the period. 

Knowing the period of a wave is fine, but we often need to talk about waves in terms of how often the wave cycles are coming. In 
other words, we want to know the frequency of a wave. A wave's frequency is the number of cycles that are completed in a certain 
amount of time. The symbol for frequency is the lowercase f, and we measure it in cycles per second, which is the same as the 
unit hertz. A wave with a frequency of 20 Hz completes 20 wave cycles every second. 

Amplitude and Energy 

So, now we know how to measure a wave based on cycles and time, but what about the height of a wave? Can we measure how 
high a wave's crest reaches or how low the trough dips down? 
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The Doppler effect or Doppler shift (or simply Doppler, when in context) is the change in frequency of a wave in relation to 

an observer who is moving relative to the wave source.[3] It is named after the Austrian physicist Christian Doppler, 

who described the phenomenon in 1842. 

A common example of Doppler shift is the change of pitch heard when a vehicle sounding a horn approaches and recedes 

from an observer. Compared to the emitted frequency, the received frequency is higher during the approach, identical at the instant 
of passing by, and lower during the recession. 
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S.I. unit 

 

International System of Units 
The International System of Units (SI, abbreviated from the French Système international (d'unités)) is the modern form of 

the metric system. It is the only system of measurement with an official status in nearly every country in the world. It comprises 

a coherent system of units of measurement starting with seven base units, which are the second (the unit of time with the symbol 

s), metre (length, m), kilogram (mass, kg), ampere (electric current, A), kelvin (thermodynamic temperature, K), mole (amount of 

substance, mol), and candela (luminous intensity, cd). The system allows for an unlimited number of additional units, called derived 

units, which can always be represented as products of powers of the base units 
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Total internal reflection & Critical Angle-Definition 

 

 



 

Magnetic Lines of Force 

Magnetic Lines of Force is a an imaginary line representing the direction of magnetic field such that the tangent 

at any point is the direction of the field vector at that point. 

 

Magnetic flux 
In physics, specifically electromagnetism, the magnetic flux through a surface is the surface integral of the normal component of 

the magnetic field B over that surface. It is usually denoted Φ or ΦB. The SI unit of magnetic flux is the weber (Wb; in derived units, 

volt–seconds), and the CGS unit is the maxwell. Magnetic flux is usually measured with a fluxmeter, which contains measuring coils 

and electronics, that evaluates the change of voltage in the measuring coils to calculate the measurement of magnetic flux. 

The magnetic interaction is described in terms of a vector field, where each point in space is associated with a vector that 

determines what force a moving charge would experience at that point (see Lorentz force).[1] Since a vector field is quite difficult to 

visualize at first, in elementary physics one may instead visualize this field with field lines. The magnetic flux through some surface, 

in this simplified picture, is proportional to the number of field lines passing through that surface (in some contexts, the flux may be 

defined to be precisely the number of field lines passing through that surface; although technically misleading, this distinction is not 
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important). The magnetic flux is the net number of field lines passing through that surface; that is, the number passing through in 

one direction minus the number passing through in the other direction (see below for deciding in which direction the field lines carry 

a positive sign and in which they carry a negative sign).[2] In more advanced physics, the field line analogy is dropped and the 

magnetic flux is properly defined as the surface integral of the normal component of the magnetic field passing through a surface. If 

the magnetic field is constant, the magnetic flux passing through a surface of vector area S is 

 

Parallel Plate Capacitor 

Parallel Plate Capacitor 

What is a Parallel Plate Capacitor? 

Parallel Plate Capacitors are formed by an arrangement of electrodes and insulating material or dielectric. A parallel plate capacitor 
can only store a finite amount of energy before dielectric breakdown occurs. It can be defined as: 

When two parallel plates are connected across a battery, the plates are charged and an electric field is 
established between them, and this setup is known as the parallel plate capacitor. 

Parallel Plate Capacitor Formula 

The direction of the electric field is defined as the direction in which the positive test charge would flow. Capacitance is the limitation 
of the body to store the electric charge. Every capacitor has its capacitance. The typical parallel-plate capacitor consists of two 
metallic plates of area A, separated by the distance d. 

The parallel plate capacitor formula is given by: 

 

Where, 

• ϵo is the permittivity of space (8.854 × 10−12 F/m) 

• k is the relative permittivity of dielectric material 

• d is the separation between the plates 

• A is the area of plates 
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Parallel Plate Capacitor Derivation 

The figure below depicts a parallel plate capacitor. We can see two large plates placed parallel to each other at a small distance d. 
The distance between the plates is filled with a dielectric medium as shown by the dotted array. The two plates carry an equal and 
opposite charge. 

Here, we see that the first plate carries a charge +Q and the second carries a charge –Q. The area of each of the plates is A and 

the distance between these two plates is d. The distance d is much smaller than the area of the plates and we can write d<<A, thus 

the effect of the plates are considered as infinite plane sheets and the electric field generated by them is treated as that equal to the 

electric field generated by an infinite plane sheet of uniform surface charge density.  
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Biot Savart’s Law 

 

 

 

 



Faraday’s Laws of Electromagnetic Induction 

 

 

How a Laser Works 

Basic Principle 

A laser oscillator usually comprises an optical resonator (laser resonator, 

laser cavity) in which light can circulate (e.g. between two mirrors), and within 

this resonator a gain medium (e.g. a laser crystal), which serves to amplify the 

light. Without the gain medium, the circulating light would become weaker and 

weaker in each resonator round trip, because it experiences some losses, e.g. 

upon reflection at mirrors. However, the gain medium can amplify the circulating 

light, thus compensating the losses if the gain is high enough. The gain medium 

requires some external supply of energy – it needs to be “pumped”, e.g. by 

injecting light (optical pumping) or an electric current (electrical 

pumping → semiconductor lasers). The principle of laser amplification 

is stimulated emission. 
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A laser can not operate if the gain is smaller than the resonator losses; the 

device is then below the so-called laser threshold and only emits some 

weak luminescence light. Significant power output is achieved only for pump 

powers above the laser threshold, where the gain can reach (or temporarily 

exceed) the level of the resonator losses. 

Types of Lasers 

Laser technology is a rather diverse field, utilizing a wide range of very different 

kinds of laser gain media, optical elements and techniques. Common types of 

lasers are: 

• Semiconductor lasers (mostly laser diodes), electrically (or sometimes optically) 

pumped, efficiently generating very high output powers (but typically with 

poor beam quality), or low powers with good spatial properties (e.g. for application 

in CD and DVD players), or pulses (e.g. for telecom applications) with very 

high pulse repetition rates. Special types include quantum cascade lasers (for mid-

infrared light) and surface-emitting semiconductor 

lasers (VCSELs, VECSELs and PCSELs). Some of those are also suitable for pulse 

generation with high powers. 

• Solid-state lasers based on ion-doped crystals or glasses (doped insulator 

lasers), pumped with discharge lamps or laser diodes, generating high output 

powers, or lower powers with very high beam quality, spectral purity and/or 

stability (e.g. for measurement purposes), or ultrashort 

pulses with picosecond or femtosecond durations. Common gain media 

https://www.rp-photonics.com/gain.html
https://www.rp-photonics.com/laser_threshold.html
https://www.rp-photonics.com/luminescence.html
https://www.rp-photonics.com/semiconductor_lasers.html
https://www.rp-photonics.com/laser_diodes.html
https://www.rp-photonics.com/beam_quality.html
https://www.rp-photonics.com/pulse_generation.html
https://www.rp-photonics.com/optical_fiber_communications.html
https://www.rp-photonics.com/pulse_repetition_rate.html
https://www.rp-photonics.com/quantum_cascade_lasers.html
https://www.rp-photonics.com/infrared_light.html
https://www.rp-photonics.com/surface_emitting_semiconductor_lasers.html
https://www.rp-photonics.com/surface_emitting_semiconductor_lasers.html
https://www.rp-photonics.com/vertical_cavity_surface_emitting_lasers.html
https://www.rp-photonics.com/vertical_external_cavity_surface_emitting_lasers.html
https://www.rp-photonics.com/photonic_crystal_surface_emitting_lasers.html
https://www.rp-photonics.com/solid_state_lasers.html
https://www.rp-photonics.com/laser_crystals.html
https://www.rp-photonics.com/laser_glasses.html
https://www.rp-photonics.com/doped_insulator_lasers.html
https://www.rp-photonics.com/doped_insulator_lasers.html
https://www.rp-photonics.com/lamp_pumped_lasers.html
https://www.rp-photonics.com/laser_diodes.html
https://www.rp-photonics.com/high_power_lasers.html
https://www.rp-photonics.com/high_power_lasers.html
https://www.rp-photonics.com/ultrashort_pulses.html
https://www.rp-photonics.com/ultrashort_pulses.html
https://www.rp-photonics.com/picosecond_lasers.html
https://www.rp-photonics.com/femtosecond_lasers.html
https://www.rp-photonics.com/pulse_duration.html


are Nd:YAG, Nd:YVO4, Nd:YLF, Nd:glass, Yb:YAG, Yb:glass, Ti:sapphire, Cr:YAG and 

Cr:LiSAF. A special type of ion-doped glass lasers are: 

• Fiber lasers, based on optical glass fibers which are doped with some laser-

active ions in the fiber core. Fiber lasers can achieve extremely high output 

powers (up to kilowatts) with high beam quality, allow for widely wavelength-

tunable operation, narrow linewidth operation, etc. 

• Gas lasers (e.g. helium–neon lasers, CO2 lasers, argon ion lasers and excimer 

lasers), based on gases which are typically excited with electrical discharges. 

Frequently used gases include CO2, argon, krypton, and gas mixtures such as 

helium–neon. Common excimers are ArF, KrF, XeF, and F2. As far as gas 

molecules are involved in the laser process, such lasers are also called molecular 

lasers. 

Not very common are chemical and nuclear pumped lasers, free electron 

lasers and X-ray lasers. 

Laser Sources in a Wider Sense 

There are some light sources which are not strictly lasers, but are nevertheless 

often called laser sources: 

• In some cases, the term is used for amplifying devices emitting light without an 

input (excluding seeded amplifiers). An example are X-ray lasers, which are 

usually superluminescent sources, based on spontaneous emission followed by 

single-pass amplification. There is then no laser resonator. 

• A similar situation occurs for optical parametric generators, where the amplification, 

however, is not based on stimulated emission; it is parametric amplification based 

on optical nonlinearities. 

• Raman lasers utilize amplification based on stimulated Raman scattering. 

Laser Applications 

There is an enormously wide range of applications for a great variety of different 

laser devices. They are largely based on various special properties of laser light, 
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many of which cannot be achieved with any other kind of light sources. 

Particularly important application areas are laser material processing, optical 

data transmission and storage and optical metrology. See the article on laser 

applications for an overview. 

Still, many potential laser applications cannot be practically realized so far 

because lasers are relatively expensive to make – or more precisely, because 

they are so far mostly made with relatively expensive methods. Most lasers are 

fabricated in relatively small volumes and with a limited degree of automation. 

Another aspect is that lasers are relatively sensitive in various respects, for 

example concerning the precise alignment of optical components, mechanical 

vibrations and dust particles. Therefore, there is ongoing research and 

development for finding more cost-effective and robust solutions. 

For business success, it is often vital not just to develop lasers with high 

performance and low cost, but also to identify the best suited applications, or 

develop lasers which are best suited for particular applications. Also, the 

knowledge of the application details can be very important. For example, in laser 

material processing it is vital to know the exact requirements in terms of 

laser wavelength, beam quality, pulse energy, pulse duration etc. for optimum 

processing results. 
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