
Physical Quantities and Units

Mole - Amount of substance containing equal number of particles to the Avogadro constant.

Avogadro constant – The number of atoms in 0.12 kg of carbon -12 (NA = 6.02 x 1023 mol-1)

Scalar*- A physical quantity which does not have direction

Vector* - A physical quantity which has direction

Measurement Techniques

Systematic error* - An error of the same magnitude and sign each time the measurement is repeated under the same conditions.
Random error * - An error of different magnitude and sign, with readings scattering about a mean value when the measurement is repeated under the same conditions

Precision * - The degree of agreement among a series of measurements of the same physical quantity (small random error)

Accuracy * - The degree of agreement between the experimental result and the true value

R = R1 + R2,

∆R = ∆R1 + ∆R2 
R = 2D
           
∆R = 2∆D 

R = 0.5D
∆R = 0.5∆D etc …

R = R1 x R2,
∆R = (∆R1 / R1) (∆R2 / R2) (R)

R = R1n

∆R = n (∆R1 / R1)

Kinematics

Distance* - How much ground the object has covered during its motion. 

Displacement* - The change in the objects position.

Speed* - Rate of the total distance travelled (distance travelled / time)

Velocity* - Rate of displacement. (∆ Position / time = displacement / time)

Acceleration* - Rate of change of velocity. 

4 Kinematics Equations – v = u + at, v2=u2 + 2as, s = ut + at2/2, s = (u + v)t/2

Thermal Energy 1

Temperature – A measure of the degree of hotness of an object. [t in °C = (xt – x0)/(x100 – x0) x 100°C, T in K = ((PV)T / (PV)tr ) x 273.16K]
Thermal equilibrium* - When two or more bodies in thermal contact has no net heat flow between them i.e. they are at the same temperature.

Specific heat capacity*, c - The quantity of heat required to raise the temperature of a unit mass of the substance by 1K. ΔQ = mcΔθ + mL = IVt
Heat capacity* - The quantity of heat required to raise the temperature of an object by 1K. 

Specific latent heat of fusion*, L - The quantity of heat required to change a unit mass of a substance from solid state to liquid state at its melting point without a change in temperature.

Specific latent heat of vaporization*, L - The quantity of heat required to change a unit mass of a substance from liquid state to gaseous state without a change in temperature.

Internal energy (of a system)*, U - The sum of the kinetic energy and potential energy associated with the random distribution of all the particles that make up the system. U = K.E. + P.E
Forces

Hooke’s law* - Within the limit of proportionality, the extension produced in a material is directly proportional to the load applied. (F=kx, k=spring constant, x = extension)

Centre of gravity* - The single point through which the entire weigh of a body may be considered to act. 

Weight – The vector sum of the gravitational forces acting on the individual elements (the atoms) of the object.

Mass – The quantity of matter in an object.

System in equilibrium* - When both the resultant force and the resultant torque acting on the object about any axes is zero.

Moment of a force* - The product of the force & perpendicular distance from the line of action of the force to the point from where the moment is measured (Fd sin θ)

Couple – A pair of equal magnitude and oppositely directed parallel forces whose lines of action do not coincide.

Torque of a couple* - The product of one force and the perpendicular distance between the 2 lines of action of the forces. (Fd, d = distance between forces)

Dynamics

Linear Momentum* - The product of the mass and velocity of a body (p=mv). 

Principle of Conservation of Momentum* - The total momentum of a system of bodies is constant if no external net forces is acts on it. [m1u1 + m2u2 =m1v1 + m2v2 ]
Newton’s First law* - (Law of Inertia) A body remains in a state of rest or constant velocity unless a net force acts on it.

Newton’s Second law* - (F=ma) - The rate of change of momentum of a body is directly proportional to net force acting on it and it occurs in the direction of the force.

Force* - Push or pull due to the interaction between object which produces or tends to produce motion, stops or tends to stop motion.

Newton’s Third law* - (Action-Reaction Law) – If body A exerts an action force on body B, then B exerts a reaction force that is of equal magnitude and opposite direction on A.

Impulse(of a force)*-The change in momentum that the force produces on a body. (I = Ft = mv – mu) 

Elastic collisions* - Collisions where the total kinetic energy of a system is conserved.

 (u1 - u2 = v2 - v1, relative speed of approach is equal to the relative speed of separation.)

Work, Energy, Power

Work* - The product of the force & displacement of the body in the direction of the force (W=Fs cos θ)

Energy – The measure of the ability of a particle to do work.

Conservation of Energy* - Energy cannot be created or destroyed. Energy can be converted from one form to another but the total energy of a closed system remains constant.

Power* - Work done per unit time OR the rate at which energy is transformed. (Power = Fs/t = W/t Average Power <P> = ∆W/∆T = F <v> , Instantaneous Power, P = Fv )
Efficiency* - The % of useful energy output from the total energy input of a machine. (useful energy output / total enery input x 100% )
Motion In a Circle

Angular Displacement , θ - An object in circular motion with a uniform speed v round a fixed point O has an angular displacement (in rad) of the ratio of the arc length travelled, s to the radius, r. (θ = s/r , s = rθ)

Angular Velocity, ω – The rate of change of angular velocity / change in angular velocity per unit time (ω = θ/t, unit rad s-1)

Period, T- Time taken for the object to complete one revolution (T = 2π/ω, ω= 2π / T)

Frequency, f – number of revolutions of cycles per unit time (f = 1/T, ω = 2πf)

Linear velocity / Tangential velocity – The speed of the moving object in the direction of the tangent of the circular path at the specific point. (v = r ω)

Uniform Circular Motion – Motion in a circle at constant speed, where the magnitude of velocity remains constant but the direction of the velocity is continuously changing.

Centripetal Acceleration – The acceleration of an object undergoing circular motion which is directed perpendicular to the velocity, i.e. towards the centre of the circular path (radially inwards) (a = v2/r, a = (rω)2/ r = r ω2)

Centripetal Force - The radially inwards resultant force acting on a body undergoing circular motion that causes the body to undergo centripetal acceleration. (Fc= mac=mv2/r = mrω2)

Thermal Physics II

Mole – The amount of substance containing a number of particles equal to the Avogrado constant.

Avogadro constant – The number of atoms in 0.12 kg of carbon -12 [NA = 6.02 x 1023 mol-1]

Boyle’s Law – The pressure of a fixed mass of gas at constant temperature is inversely proportional to its volume. [P =k/V, PV = k when T= constant]

Charle’s Law – The volume of a fixed mass of gas at constant pressure is directly proportional to its absolute temperature. [V = kT, V/T = k when P = constant]

Pressure Law – The pressure of a fixed mass at constant volume is directly proportional to its absolute temperature. [P = kT, P/T = k when V = constant]

Ideal Gas – A gas which obeys the 3 gas laws (Boyle’s, Charle’s and Pressure) exactly.

Ideal Gas Equation – pV = nRT = NRT/ NA = NkT, where N= total number of molecules and k is the Boltzman constant, k = R/NA  = 1.38 x  10-23 JK -1 

Assumptions of an Ideal Gas – 

(i) Large number of molecules

(ii) Obey Newton’s Laws of Motion, but move randomly

(iii) Intermolecular forces are negligible except during collisions

(iv) * The collisions are perfectly elastic

(v) * The total volume of the molecules is negligible compared to the total volume of gas

Pressure of an Ideal Gas is proportional to the density ρ of the gas P = (1/3)(ρ)<c2>  where <c2> is the root mean square speed.

Translational Kinetic Energy of One Molecule is directly proportional to the thermodynamic temperature T.  [K.E α T] [(1/2) m<c2> = (3/2)kT , k is Boltzman constant ]  

First Law of Thermodynamics The increase in internal energy of a system is equal to the sum of the heat supplied to the system and the work done on it. [∆U = Q + W, Q = heat supplied to the system, W = work done on the system]

Internal Energy, U – The total sum of the kinetic energy and potential energy associated with the random distribution of all the particles that make up the system [ U = K.E + P.E or  U = K.E for ideal gas].

Heat, Q – the transfer of energy across the boundary of a system due to a temperature difference between the system and its surroundings.

 Work Done on Gas – [W = -p ∆V or W = (area under a Pressure - Volume graph)]

Oscillations

Periodic Motion – Any motion that repeats itself in equal intervals of time

Oscillatory / Vibratory motion – Moving back and forth over the same path

Free Oscillations – Oscillations where no frictional forces act on the oscillating particle

Harmonic Motion – Motion where the displacement of the particle can be expressed in harmonic functions (sine and cosine functions).

Period, T – The time required to complete one oscillation / vibration / cycle of motion.

Frequency, f – The number of completer oscillations / vibrations / cycles per unit time.

Equilibrium Position – Position at which no net force acts on the oscillating mass.

Displacement, x – Linear distance of the oscillating mass from its equilibrium position at any instant in time (Vector quantity)

Amplitude, A – the maximum value of displacement of the oscillating mass from the equilibrium position (scalar quantity)

Phase – An angle in either degrees (°) or radians (rad) which gives a measure of the fraction of a cycle that has been completed by an oscillating particle or wave.

Phase difference – A measure of how much one oscillation/wave is out of step with another

Simple Harmonic Motion – The motion in which the acceleration of a body is directly proportional to the displacement of the body from a fixed point and in the opposite direction to the displacement. [a α –x, a = -ω2x, v = +ω√ (x02 – x2) ] 

	
	Equilibrium Position at t = 0
	Amplitude Position at t = 0

	Displacement
	x = x0 sin ωt
	x = x0 cos ωt

	Velocity
	dx / dt = v = x0ω cos ωt
	dx / dt = v = -x0ω sin ωt

	Acceleration
	d2x / dt2 = a = -ω2 x0 sin ωt = -ω2x
	d2x / dt2 = a = -ω2 x0 cos ωt = -ω2x


Total Energy, ET – ET = ½ kx2 

Damped Harmonic Motion – When the amplitude of a freely oscillating particle gradually deceases due to frictional forces. 

Damping - The process whereby energy is taken from the oscillating system

  Slight Damping – Definite oscillations but the amplitude of oscillation decrease with time

  Critical Damping – No real oscillation; time taken for displacement = 0 is minimum. [t = T/4]

  Heavy Damping - No real oscillation; System returns slowly to equilibrium [t > T/4]

Forced Oscillations – Motion produced when a system is acted upon by an external force. System will oscillate with the frequency of the driving force and not its natural frequency.

Resonance – A system forced to oscillate at its natural frequency will oscillate at a large amplitude [if of driving force = f, f0 = natural frequency, resonance at f = f0]

Wave Motion

Wave motion – the propagation of disturbance (displacement from equilibrium positions) from one region to another

Progressive Wave – A wave motion characterized by the movement of the wave profile with transfer of wave energy and momentum

Stationary Wave – A wave motion characterized by non-moving wave profile with no transfer of energy and momentum from point to point

Electromagnetic Wave – A wave motion which involves the disturbance or vibration of electric and magnetic fields which can exist in free space (vacuum).

Mechanical Wave – A wave motion which requires a medium to have a vibration or disturbance set up

Displacement, x – The distance that a particle of the medium is being displaces from its equilibrium position

Amplitude, A – The greatest displacement of any particle from its equilibrium position

Period, T – Time taken for any particle to undergo a complete oscillation

Frequency, f - The number of cycles that any particle undergoes per unit time. /The number of wave passing a particular point per unit time

Wavelength, λ – The distance between any particle and the nearest (adjacent) particle of the same phase.  

Speed – The distance the wave travels per unit time

Wave Front – The surface over which the disturbance has the same phase at all points, perpendicular to the direction of the wave motion.

Phase ​– A measure of the fraction of a cycle that has been completed by an oscillating particle or by the wave.

Phase Difference – A measure of how much one oscillating particle is out of step with another.

Intensity – The rate of flow of energy per unit area perpendicular to the direction of travel of the wave OR power transmitted per unit normal area. [I = P / 4πr2]

Inverse Square Law – For a fixed power, the intensity is inversely proportional to the radius (distance travelled) squared. Assumptions: The point source is emitting uniformly in all directions with no reflection or absorption by uniform medium.

Transverse Wave – A wave in which the direction of the vibration of the medium particles is perpendicular to the direction of the wave travel 

Longitudinal Wave ​– A wave in which the vibration of the medium particles is in the same direction of the wave travel.

Superposition

Principle of Superposition - When 2 or more waves are present at a point simultaneously, the resultant displacement at that point is the vector sum of the displacements produced at that point by each of the wave separately.

Interference – The superposition of two or more waves travelling in the same direction to give a resultant wave. (Observable interference conditions: coherent, (almost) equal amp)

Path difference – The difference in paths travelled by the two waves from the two sources to a point concerned. 

Coherent Sources – Sources which produce waves of the same frequency with a fixed phase difference.

Fringe Separation – the distance between any 2 consecutive bright fringes (x = λD/d)

Diffraction – The spreading of waves through an aperture or round an obstacle observed when the width of the aperture is of the same order as the wavelength of the waves.

Diffraction Grating – d sin θn = nλ

Stationary Waves are formed when 2 progressive waves of equal amplitude and frequency travelling with the same speed in opposite directions are superposed.

Node – The point of zero amplitude on a stationary wave.

Antinode – Point of maximum amplitude on a stationary wave

Resonance Frequency (Stationary wave on string)– Frequency where standing waves are created. f = nv/2L where L is the length of the string, n = 1, 2, 3 …
First Harmonic (Standing wave in closed pipe) – L + e = λ/4, f = v / 4 (L + e) , e is end correction.

Current of Electricity
Electric Current - 

· An electric current is a movement of electric charges (flow of electric charges)

· Current : Rate of flow of electric charges through a given cross section of the conductor. I = ΔQ / Δt , units of I = Ampere

· Steady current : I = Q/t → Q = It

Ampere, A – The amount of constant current in two straight parallel conductors places 1 m apart which produces a magnetic force per unit length of 2 x 10-7 Nm-1 on each wire

Charge – 

· The property of some elementary particles which give rise to an interaction between them and consequently a host of material phenomena described as electrical.

· Charge, Q : The quantity of electricity passing a given point when a current is flowing through it in a given time. Q = It

Coulomb, C – The quantity of electric charge that passes through a given section of the circuit when a current of 1 Ampere flows for one second, 1 C=1 Ampere x 1 second =1 As

Potential Difference V between two points is equal to the amount of electrical energy (W) converted to other forms of energy per unit charge that passes from the point at higher potential to the point of lower potential V = W/Q

· Or the power dissipated (rate of conversion of electrical energy to other forms of energy) per unit current V = P/I

Power – 
· Rate of production of all forms of energy, P = VI

· Power dissipated across a circuit component of resistance R, P = I2 R.;  

1 Volt, V is the potential difference when the amount of electrical energy converted to other forms of energy is 1 Joule per Coulomb of electric charge 1 V = 1 J C-1  = 1 W A-1 

Resistance

· The property of the material that restricts the movement of free electrons due to their collision with one another and with the atoms of the crystal lattice

· Resistance, R – The ratio of the potential difference across a conductor to the current flowing through it. R = V / I 

Ohm, Ω – The resistance of a conductor through which a current of 1 A flows when a potential of 1 V is applied across it. 1 Ω = 1 V / 1 A

Ohmic Conductors – Ratio of V / I remains constant → R is constant

Semiconductor Diode – Current Flows in 1 direction only 

· Forward Direction : Allows conduction more easily

· Reverse Direction : Has a very high resistance.

Filament Lamp – Resistance ↑ as current ↑ [Temperature ↑]. Gradient of I–V graph ↓ as I ↑

Thermistor – Resistance ↓ as current ↑ [Temperature ↑]. Gradient of I – V graph ↓ as I ↑

Ohm’s Law – The current through a metallic conductor is directly proportional to the potential difference between the its ends if the temperature and other physical conditions are kept constant. V/I = R (constant)

Resistivity, ρ of a material is numerically equal to the resistance of a sample of a unit length and a unit cross sectional area at a certain temperature. R = ρl/A , ρ = RA/ l, units of ρ=Ωm 

Electromotive Force, E.M.F. of a source (eg a battery etc)- the energy (eg chem, mech etc) converted into electrical energy when a unit charge passes through it. [ V < E ; E=W/Q=P/I, units of E = Volt; E = I (R+r) → I = E(R+r) → VR = ER / (R+r) ; Vr = Er/(R+r) ]  

Output Efficiency, η = Power to external circuit / Total Power used = R / (R+r)

Maximal Power Theorem – Maximum power is delivered to the load when the load resistance R is equal to the source internal resistance r. Pmax = E2 / 4r , R = r

Gravitational Field

Gravitational Field – A region of space in which a mass experiences a force because of the distribution of other masses

Field Line / Line of Force – Represents the direction in which a small test mass would experience a force if placed in the field

Uniform Field – A field within which the field strength is the same at all points

Gravitational Field Strength, g at any point in the field - force per unit mass on a small test mass placed  at that point. (g = F/m).

· Independent of the mass of the unit: (g = GM/r2 )

· Numerically equal to the potential gradient (g = -Δ φ / Δ r ) 

Newton’s Law of Gravitation – The force of attraction F between two point masses is proportional to the product of their individual masses and inversely proportional to the square of their distance apart. (F = -GMm/r2 ; -ve sign indicates attractive force)

Gravitational Force – The force of attraction between 2 masses, forming an action- reaction pair.

Gravitational Potential, φ   at any point in a gravitational field is the work done in taking a unit mass from infinity to that point. (φ  = -GM/r)  

Equipotential Surface – one on which the potential is the same at all points.

Gravitational Potential Energy, U – The energy used to move a mass from infinity to the point at which the mass is at. (U = mφ = -GMm/r ; Units of U = J)

Change in Gravitational Potential Energy, ΔU of a mass that is moved through a change in gravitational potential – work done on the mass to produce the move (ΔU = mΔφ)

Kepler’s Third Law  - (T2 =  4 π 2 r3 / GM = kr3 ; T is period of revolution in a circular orbit)

Geostationary Orbit – A circular orbit around the earth on which a satellite would appear stationary to an observer on the Earth’s surface. 

Electric Field
Field – A region in which a body experiences a force as a result of the presence of some other body or bodies

Electric Field – a region in which an electric charge experiences a force because of a distribution of other charges. 

 Electric Field Strength, E at any point in the field – the force per unit charge on a small positive test charge placed at that point. (E = F/q = Q/4πεor2 ; units of E = NC -1 or V m-1 )  

· Equal to -ve rate of change of potential (-ve potential gradient). (E = -ΔV/Δr)  

Coulumb’s Law - The force F between two point charges is directly proportional to the product of the charges and inversely proportional to the square of the distance between them. (F = + Qq/4πεor2 or  -Qq/4πεor2 depending on the nature of the charges)
Electric Potential, V at a point in the field – The work done in bringing a unit positive charge from infinity to that point. (V = W/q = Fd/q = Q/ 4πεor = U/q ; units of V = V)

Electric Potential Energy, U of a charge q within the electric field of a fixed point charge Q -  the work required to move that charge q from infinity to that point. U= Vq=Qq/4πεor2 ; Units of U = J ) 

Potential Difference, V – The work done in moving a unit positive charge from one point in the field to another point. V = W/q ; Units of V = J C-1 or V.  
D.C. Circuits

Ohm’s Law – V = IR

Kirchoff’s First Law – At any junction (or point) in a circuit, the total current entering the junction is equal to the total current leaving the junction.

Kirchoff’s Second Law – In any closed loop of a circuit, the total voltage drop is equal to the total voltage rise. 

Series Circuit  RT  = R1 +  R2 + R3 ; IT = I1 = I2 = I3 

Parallel Circuit  IT  = I1 +  I2 + I3 ; RT = (R1 -1 +  R2 -1 + R3-1 )-1 

Ideal Ammeter – Zero resistance → will not have a potential diff

Ideal Voltmeter – Infinite resistance → will not draw any current

Potential Divider and Potentialmeter –  [refer to circuit diagrams in notes]

Electromagnetism

Magnetic Field – A region of space in which a magnetic force is experienced by a moving charge of a permanent magnet.

· Can be set up by moving electrically charged particles and elementary particles (i.e. electrons) with an intrinsic magnetic field around them.

Magnetic Force on a Current-Carrying Conductor – The force experienced by a conductor with current flowing through it when placed in a magnetic field

· Magnitude of F = BIL sin θ ; direction of Force following Fleming’s Left Hand Rule

· F between parallel current-carrying conductors, F1 on 2/L2 = μoI1I2/2πr and vice versa 

Magnetic Flux Density, B (Magnetic Field Strength) of a magnetic field is the force exerted per unit length per unit current on a conductor placed perpendicularly to the magnetic field. (magnitude of B =  F/IL , units of B = T = Nm-1 A-1 )

· B at a distance r away from a straight current carrying wire, B = μoI/ 2πr 

· B at the centre of a flat circular coil with N turns and radius r, B = μoNI/2r

· B at the inside and ends of a long air-core solenoid with number of turns per unit length n, Binside = μ onI , Bend = Binside /2 = μ onI/2 

Tesla, T – the magnetic field strength of a magnetic field when a force of 1N is exerted on a conductor of length 1m carrying a current of 1A and placed perpendicularly to the field.       (T = Nm -1A -1 ) 

Magnetic Force on a Moving Charge – The force exerted on individually charged particles moving through a magnetic field

· Magnitude of F = BQv sin θ ; direction following Fleming’s Left Hand Rule 
Cyclotron frequency – the frequency of the circular orbit of an electron injected at 90o into a magnetic field, f = Be/2π, e is charge of an electron

Velocity Selector – Electrons inserted parallel to a pair of charged plates (providing a uniform electric field), and through a uniform magnetic field oriented perpendicular to both the direction of electrons and the charged plate. Such that the electric field and magnetic field exert the same force on the electron (but in opposite direction) . 

· FE = FB  → qE = Bqv → E = Bv → v = E/B  hence only electrons one velocity undeflected

Electromagnetic Induction
Magnetic Flux – the product of the magnetic flux density and the area normal to the field through which the field is passing. φ = BA cos θ , units of φ = Weber

Magnetic Flux Linkage, Φ – The total flux through a coil with N turns and a magnetic flux linking each turn of φ, Φ = Nφ = NBA cos θ units of Φ = Weber – turns or Weber

Faraday’s Law – The induced e.m.f. E is directly proportional to the rate of change of magnetic flux linkage (rate of flux cutting). (magnitude of E = Δ (Nφ) / Δ t)  

Weber – The magnetic flux that induces in a one-turn coil an e.m.f. of 1 volt when the flux is reduced to zero in 1 second.

 Lenz’s Law – The direction of the induced e.m.f. is such that it produces effects to opposed the flux change causing it.  (E = - Δ Φ / Δ t = -N [Δ (BA cos θ )] /Δ t )

Induced E.M.F- Moving straight conductor with velocity of v = x/t, length l, moving through a uniform magnetic field with strength B, E = ΔΦ/Δt = B(ΔA) = Blx/t = Blv 

A.C. Generator – A rectangular coil rotating in a uniform magnetic field so that the flux linkage is continuously changing. 

· Φ = NBA cos θ = NBA cos ωt, (N: number of turns of coil, ω: angular velocity of coil

· E = - ΔΦ/Δt = ΔNBA cos ωt/Δt = NBA ω sin ωt [diffentiation] = Eo sin ωt , Eo is E.M.F. max 

Eddy Current – Current caused by induced E.M.F.s inside any metal moving in a magnetic field or exposed to a changing magnetic field.

Alternating Currents
Alternating Current – A current that varies in magnitude and direction with time

Sinusoidal a.c. equations : I = Io sin ωt = Io sin 2πft , V = Vo sin ωt = Vo sin 2πft, ω=2πf    

Mean Power 
·  P = VI = (Vo sin 2πft)(Io sin 2πft) = VoIo sin2 2πft → Pmax = VoIo 

·  Pmean = ½ Pmax = ½ VoIo  = ½ Io2R = (Ir.m.s)2 R = (Vr.m.s. )2 / R 

Root-Mean-Square value of an a.c. – The equivalent value of the steady d.c. which would dissipate heat at the same average rate as the a.c. in a given resistance. 

· For sinusoidal a.c , Ir.m.s = Io/√2 and Vr.m.s = Vo/√2

Transformer – A device used for stepping up or stepping down a given a.c. supply voltage using the mutual induction principle

· VS / VP = NS / NP = IP / IS 

Quantum Physics 

Photoelectric Effect – Emission of electrons from the surface of a metal when electromagnetic waves of high enough frequency fall on it

Stopping Potential, Vs – The value of the negative potential difference which just stop the electrons with maximum energy from reaching the anode. (K max = ½ mv2 = eVs = hf – φ, Vs = (h/e)f - (h/e)fo= (hc/e)λ– (h/e)fo , c is speed of light. )
Photon – A quantum of electromagnetic energy, E with energy hf. (E = hf) 

Work Function Energy, φ  – Represents the minimum energy with which an electron is bound in the metal. (hf = φ + eVs = φ + ½mv2)

Intensity, I of the incident light, I = nphf /At where np is the number of photons.
Threshold frequency, fo – The minimum frequency which causes emission. (hf o=φ, hf = hfo + ½mv2 , hf =  hfo + eVs ) 

Wave- particle duality – Matter and light has both a wave and particle state. 
de Broglie hypothesis ​– For any object that is moving with a momentum ρ, it has an associated wavelength, λ (λ = h/ρ) 

Energy Level Difference – The amount of energy which the electron has to absorb in order to move from the lower energy level to the higher energy level orbiting a nucleus (f = Ep / h = E1–E2/h)

Absorption Spectrum occurs when light passes through a cold gas at low pressure and atoms in the gas absorb at characteristic frequencies and re-emit the light in different directions giving rise to dark lines in the spectrum

Emission Spectrum produced by hot gases at low pressures in which the atoms do no experience many collisions (low density), where excited atoms emit only certain frequencies placed at discreet lines long a frequency scale forming an emission spectrum.

X-Ray Spectra – the spectrum formed when high-energy electrons or other charged particles bombard a metal target. 
· Consists of a broad continuous band plus a number of sharp lines (due to characteristic x-rays)

· Characteristic x – rays emission when a bombarding electron causes the removal of an inner shell electron from the atom, and the vacancy is filled when an electron from a higher energy level drops down into it,

· releasing a photon with energy equal to the difference in energy levels.

Cutoff wavelength, λmin – below which the continuous spectrum does not exist, corresponding to a collision in which an incident electron loses all its initial kinetic energy (K o ) in a single head on collision which a target atom, appearing at as the energy of a single photon. K o  = hf = hc/λ min 

Heisenberg Uncertainty Principle – if a measurement of position is made with a precision of Δx, and a simultaneous measurement of linear momentum is made with precision Δp, the product of the two uncertainties can never be smaller than ћ/2. ΔxΔp >= ћ/2 where ћ = h/2π & ΔEΔt >= ћ/2

Wave function, Ψ of an ideal free particle with a precisely known momentum ρx [its wave function is an uninterrupted sinusoidal wave with wavelength λ = h / ρx] the particle has equal probability of being at any point along the x-axis. Ψ(x) = Aeikx where k = 2π/λ, A is ampliture. 

Probability density, |Ψ|2 – the probability per unit volume that the particle will be found at any given point in the volume
Schrodinger’s Equation – d2Ψ/dx2= -2m(E-U)ψ/ ћ2 . For an electron trapped in a 1-D infinite potential well width L, where 0<= x <= L, Ψn (x) = A sin (nπx/L) for n = 1, 2, 3 …

Transmission coefficient T – the probability that quantum tunneling takes place. T + R(reflection coeffieint) = 1, T = approx e-2kL where k = (√ 2m(U-E) ) / ћ    
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