Condensed physics notes.
Units pages 65 to 71 in tables.  Conversion factors page 45. Physical constants pages 46 & 47

Light.
Laws of reflection (light rays bouncing): I, r, and normal all in the same plane.
		                                         Angle of incidence = angle of reflection ( i = r)

Parallax = the apparent movement of an object due to the motion of an observer.

Real image = The actual intersection of rays of light. The image can be produced on a screen.
Virtual image = Apparent intersection of light. Image cannot be produced on a screen.

Refraction = The bending of rays of light as they pass from one medium to another.

Laws of refraction = I, r and normal all in the same plane.
			Snell's law: n = sin i/sin r
Critical angle = The angle of incidence who's corresponding angle of refraction is 90 degrees.

Total internal reflection = When the incident angle exceeds the critical angle the ray of light does not pass out of the first medium but is reflected back into it. Application: Fibre optic cables (cheap, fast, no interference).

For mirrors: 
If object is outside focus in concave mirror the image is real. Ergo, inside f = imaginary
The image is always virtual and diminished in a convex mirror.

For Lenses.
If object is outside focus in convex lens the image is real. Ergo, inside f = virtual.
The image is always virtual and diminished in a concave lens.

The power of a lens is measured in m-1 (per metre)

The eye (labels): Lens, retina, iris, ciliary muscle, pupil, optic nerve.

Short sight(myopia) = sees near objects, image focused short of retina. (Long sighted = opposite (hyperopia)).

All formulae for light available pages 59 & 60 of tables.

Mechanics
Velocity = speed in given direction. Units = ms-1.
Acceleration = Rate of change in velocity. Units = ms-2.

Acceleration due to gravity = 9.8m/s/s and this figure is used in problems when objects are thrown upward or dropped.

When motion is in a straight line use formulae page 50 & 51. 1st half of each page.
You must derive equations of motion (see main notes.)

Time is measured on a sulfur track by using the mains electricity. The mains cycles every 50th of a second. So a line and a gap on the sulfur track is equal to 0.02 of a second.

Vector quantity has magnitude and direction (velocity). Scalar quantity has magnitude only (time).

Resultant of two vector forces in lab. Use three spring balances tied together. The resultant of any two is the reading on the third balance.

Force is anything that causes the velocity of an object to change. Unit = Newton.
Weight of a body is the force that the earths gravity puts on it. Weight is a force so unit = Newton.

Momentum of a body is its mass multiplied by its velocity. Unit = kgms-1. 
Conservation of momentum = When two bodies collide their momentum is the same after the collision  as it was before the collision.

Laws of motion. 
1. everybody will stay at rest or keep moving unless an unbalanced force acts on it.
2. If unbalanced force acts on the body the body's rate of momentum change will be proportional to the force and takes place in the direction of the force.
3. For every action there is an equal and opposite reaction.

Density of a substance is its mass per unit volume. Unit = kgm-3.
Archimedes principle = when object is partially or totally immersed in water it will feel an upthrust that is equal in magnitude to the weight of the water it displaces.

Law of flotation = The weight of a floating body is equal to the weight of fluid it displaces.
Pressure in a liquid increases with depth, is perpendicular to all surfaces and is equal in all direction

Boyle's law states that at constant temperature the volume of a fixed mass of gas is inversely proportional to pressure. Page 57 tables.

Newton's gravitational law = The force between 2 masses is proportional to the product of the masses and inversely proportional to the square of the distance between them. Page 56 tables.

Explanation of inverse square law = If the distance between the objects is doubled the force becomes 4 times weaker. If the distance is trebled the force becomes 9 times weaker.

Derive formula for weight. 
w=mg		w= Gmm/R 2.
mg=GMm/R2.		Canceling m's we get		g= GM/R 2.

An object is said to be in equilibrium if the sum of all the vector forces acting on it is zero. It hyas zero acceleration. It is not moving.

Couple = 2 parallel forces with the same magnitude acting in the same direction.
Lever = rigid body free to rotate around a fixed point called a fulcrum.

Principle of conservation of energy = Energy cannot be created or destroyed just changed from one from to another. Energy unit = Joule.

Kinetic energy = E due to motion.	Potential energy = E due to position.	Tables page 55.
Remember that Ek and Ep values can usually be interchanged in questions depending on info given.
Renewable energy = An energy source that doesn't get used up.
Power = rate at which work is done. Unit = watt = joules/sec. Tables page 55.

All formulae for circular motion page 51. 

Relationship between linear speed and angular velocity. Derivation of  v = rw.
Θ = s/r.   Divide both sides by t.     θ/t = s/t  X 1/r.   But θ/t = w and s/t = v.   So w=v/r. So v = rw.

Relationship between the period of an orbit and its radius. Derivation of T2 = 4п2R3 /GM
V2 = GM/R and T = 2пR/v. Squaring T gives T2 = 4п2R2/v2.  Sub in V2 . And get T2 = 4п2R3 /GM

Angular velocity = The rate of change of an angle with respect to time. Unit = radian.
Centripetal force = The force towards the centre of a circle which keeps a body moving in a circle.
Centripetal acceleration = acceleration the rotating body has towards the centre of the circle.
Period of an orbit is the time taken for one revolution. 
Geostationary / parking orbit =Orbit which leaves the orbiting body at the same point above equator
Gravity is the centripetal force which keeps satellites in orbit.

Hooke's law = The restoring force is directly proportional to displacement for a stretched body.
A body is in simple harmonic motion if, its acceleration is directly proportional to a fixed point on its path and if its acceleration is always towards that point.
One cycle per second = one Hertz.
Formulae for simple harmonic motion = page 54 tables.

Heat

Temperature = A measure of the hotness or coldness of a body. Unit = Kelvin (k)
Thermometric property = A physical quantity that changes measurably with temperature.  Eg = resistance
Degrees Celsius + 273.15 = Degrees Kelvin. 
Types of thermometer = Mercury, alcohol, digital.
Heat capacity = Energy needed to increase temperature of an object by one degree Kelvin. Unit = j/k
Specific heat capacity = Energy needed to heat 1kg of a substance by 1 degree Kelvin. Unit = j/kg/k 
Latent heat = heat energy needed to change the state of a substance but not its temperature.
Specific latent heat = Heat energy needed to change state of 1kg of a substance without a temperature change.
Specific latent heat of fusion =  Heat energy needed to change 1kg of a substance from a solid to a liquid.
Specific latent heat of vaporization = Heat energy needed to change 1kg of a substance from a liquid to a gas.
Conduction = Transfer of heat in solids by vibrating molecules.
Convection = Transfer of heat in fluids or gas by circulating currents.
Radiation = The transfer of heat from one place to another by electromagnetic means.
U value = the heat energy conducted per second through 1 m2 of a structure when a temperature difference of one degree Celsius is maintained between the ends. Units = W/m2/k.
Solar Constant = The average energy from the sun falling on one meter squared of the earths atmosphere.
Formulae for heat page 58

Waves, wave motion, sound and light wave nature.

Travelling mechanical wave = Disturbance carrying energy through a medium with no overall media movement
Travelling wave =  weather electromagnetic or mechanical it transfers energy from a source to other areas.

Transverse wave = direction of vibration is perpendicular to the direction in which the wave travels.
Longitudinal wave = direction of vibration is parallel to the direction in which the wave travels.

Frequency is the number of wavelengths that pass a point in one second and the unit is Hertz.
In a wave the distance from a node to the next antinode is ¼ of a wavelength.
Wave parts = crest, wavelength, node, antinode, amplitude, trough. Draw a wave and place these labels on it
Reflection is the bouncing of waves off an obstacle in their path.
Refraction is the changing of direction of a wave due to a speed change of the wave.
Diffraction = Sideways spreading of waves into an area beyond a gap. 
Interference = When two waves meet, the resulting new wave is the algebraic sum of the two original waves.
Constructive interference = When 2 waves meet the resulting new waves amplitude is greater than the algebraic sum of either of the two original waves. Destructive = algebraic sum less than either original wave.
Interference pattern = when two waves meet this is the pattern produced..
Coherent Sources = If two wave are in phase or have a constant phase difference. 
Polarisation = this is when a wave is made to vibrate in one direction only. Only transverse waves can be polarised. Light is a transverse wave.
Stationary wave = When two waves with equal frequency and amplitude move in opposite directions they interfere producing a standing wave.
Doppler effect = Apparent change in frequency of a wave due to the motion of a source or observer.
Distance from node to next node is half a wavelength. From node to antinode is quarter wavelength.
Sound displays all of the above characteristics of waves and therefore is a wave. (longitudinal wave).
Overtones = Frequencies which are multiples of certain frequencies. F = frequency, 2f & 3f = overtones.
Harmonics =  Frequencies which are multiples of certain frequencies. F the frequency is 1st harmonic.

Spectrometer: (parts) Base, turntable, collimator, astronomical telescope, eyepiece, Vernier scale.
(Setup): focus cross hairs, focus telescope on distant object, adjust slit width, ensure turntable is level.

Diffraction Grating: A transparent material containing opaque lines that are very close together.
Grating Constant:  This is the width of one line and one slit on a diffraction grating. 
Calculating Grating constant: 600 lines per mm = 1/600,000 = 1,666X10-6m .

Dispersion: The breaking up of white light into its different colours or wavelengths. Can be done using prism.
Recombination: The bringing together of the wavelengths (colours) that make up white light. Use two prisms
Primary Colours = Red, Green Blue. Secondary Colours = Yellow, Cyan Magenta.
Complementary Colours = A mixture of a primary and secondary colour that results in white.
Electromagnetic Spectrum: Gamma, X and UV rays. Visible light, infrared, microwaves and radio waves. 
Greenhouse effect: heating of earth due to heat being trapped in the atmosphere by insulating gases.

Electricity

Insulator won't let electricity to flow through it. Conductor allows electricity to flow through it.
Gold leaf electroscope uses: detect charge, tells approximate size, tells weather it is positive or negative.

Electric charge unit = Coulomb C. Static stays on the outside of a conductor and go's to the pointed end of it.

Coulomb's Law = Force between two charges is directly proportional to the product of the masses and inversely proportional to the square of the distance between them. Page 61 tables  (inverse square law)
Permittivity:  Is a measure of the effect the medium around two charges will effect the size of the force..

Electric Field: Any region where charge experiences a force other than gravity.
Potential Difference: Work done in bringing 1C of charge from one point to another ( unit = volts)
Electric current: Flow of electric charge.
Capacitance: Ratio of electric charge on a conductor to its potential. (Unit = Farad).
Parallel plate capacitor = Two parallel plates separated by an insulator called a dielectric.
Factors effecting the capacitance of a parallel plate capacitor are the area of overlap of plates, the distance between the plates and the permittivity of the diaelectric.

Three effects of electric current = heating (bulb), magnetic (compass), chemical (electrolysis of water).
Current measured using an ammeter in series with a circuit reading in amperes.
Voltage measured using a voltmeter or Galvanometer always connected in parallel to a circuit.
Current at a junction in a circuit : Current entering junction = current leaving junction.
Electromotive force (emf): This is a voltage when applied to a circuit.
Sources of Emf's: Primary cells: Is a cell that cant be recharged usually called dry cell batteries eg. zinc-carbon. A secondary cell can be recharged usually called wet cell batteries eg. Car battery, lead acid.

Resistance ®: The ratio of potential difference across a conductor to the current flowing through it. (Ohms).
Measure resistance: use an ammeter and voltmeter and V=IR,    or an ohmmeter.

Resistors connected in series are added together.	    R = R1 + R2 + R3
Proof:  V = IR (equ 1)------------------------V1 = IR1		V2 = IR2		V3 = I R3
so:	V1 + V2 + V3 = I(R1 + R2 +R3)	 (equ 2)
Equ 1 & 2 gives:		I R = I (R1 +R2 +R3)	So: R = R1 +R2 +R3.

Resistors connected in parallel can be calculated using:    1/R = 1/R1 + 1/R2 +1/R3
Proof:    I1 = V/R1		I2 = V/R2		I3 = V/R3
I = V/R1 + V/R2 + V/R3           I = V( 1/R1 + 1/R2 + 1/R3)      From Ohm's law: I = V/R   V/R =  V (1/R1 +1/R2 +1/R3)
Canceling the V on both sides gives:	 1/R = 1/R1 +1/R2 +1/R3

Factors effecting the resistance of a conductor include temperature, length, cross sectional area and material.

Resistance can also be measured using a Wheatstone bridge or a meter bridge (3 known and 1 unknown).
Joules Law: Rate at which heat is produced in a conductor is directly proportional to the square of the current at constant temperature.
Electricity is transported to home using high voltage because this minimizes heat loss due to high current.

Current voltage relationship for different conductors: Metallic = ohmic resistance as I increases so does V.
Filament bulb = As I increases so does V up to a point where heat causes rising resistance due to collisions so later as V increases I fails to increase any more. Semiconductor = As V increases I increases due to heat caused by current many extra conduction electrons are produced and so later as V increases I increases dramatically.
Gas = gas always has some ions being formed for conduction and so conduction starts later it stops due to all conduction ions being used up later still it conduction starts again due to potential difference in gas tube creating more conduction ions due to collisions. Vacuum = No current carriers present, but if a metal is heated in a vacuum it will undergo thermionic emission (the giving out of electrons by a hot metal) the produced conduction electrons can then be used for conduction as V increases I increases, later however as V increases I no longer increases as maximum thermionic emission is a limiting factor. Ionic solutions = Active electrodes produces ohmic resistance as V increases I increases. Inactive electrodes, a small back Emf must be overcome and once this happens as V increases I increases.

Domestic circuits: Devices with large current Eg. Oven require a Radial circuit power circuit for this device only. Sockets are usually connected using a ring circuit ie all sockets ina room connected effectively in series.
Miniature circuit breakers (MCB): Bimetallic strip and electro magnet. If the current is too high the circuit is broken. 
Fuse: Melts if a current above a preset value flows through it.
Bonding and Earthing: For safety all devices connected to a live mains brown wire or devices that are simply large and metal must be connected to the earth. Thus if they become live the charge will be carried to earth.
Kilowatt hour: Amount of energy used by a 1000 watt device if it runs for an hour ( equals 1 electrical  unit).

Semiconductor: Between a good conductor and an insulator. ie semiconductor diode also called a thermistor.
Intrinsic conduction: conduction ability of natural semiconductor.
Doping: Introduction of extra charge carriers into a semiconductor.
Extrinsic conduction: The improved ability of a semiconductor to conduct after doping.
N type semiconductor: Improved conductivity due to extra electrons eg: phosphorous in silicon.
P type semiconductor: Improved conductivity due to extra holes eg: Boron in silicon.
Holes: A positive area in an atom due to the absence of an electron.
PN Junction: When a p type and N type semiconductor are put together.
Depletion Layer: The moving of electron from N type into holes of p type in a PN junction.
Junction voltage: when depletion layer builds up a voltage is seen across it.
Semiconductor in a circuit:
Forward Biased: when the positive of the battery (the long end) is connected to the wide end of the diode.
Reverse Biased: when the negative end of the battery (the short end) is connected to the wide end of the diode.
When in forward biased a circuit will conduct electricity and when in reveres biased it will not.
Rectification is the conversion of alternating current AC into direct current DC for use in devices.

All electricity fomulae page 61 & 62 tables



Magnetisim

Magnetic field: Any region of space where magnetic force can be felt.
Magnetic field line: A line drawn in a magnetic field so that the tangent to it shows the direction of the field. 
Show 1. Magnetic field lines = paper and iron fillings 2. Magnetic field = compass (deflects in magnetic field).
          3. Plot of magnetic field in conductor = Thread card onto wire and use compass to plot the field.

Right hand grip rule: The right hand clasps a conductor with the thumb pointing in the direction of the current (ie. From positive to negative) then the fingers give the direction of the magnetic field. 

Electro magnet: Soft iron core inside a solenoid with current passing through it. No current no magnetism. 

Current in a magnetic field experiences a force which is perpendicular to the field. 
Shown by: Strip of tin foil connected to a battery. Tin foil placed between the poles of a U magnet. 

Magnetic forces between 2 current carrying conductors = Shown by:  A loop of tinfoil connected at one end to the positive of a battery and at the other to the negative. The side of the loop will be attracted to each other.

Fleming's left hand rule: Thumb = Force,  Index finger = magnetic field, Middle finger = Current. (FBI).
Magnetic flux density (B) = A Vector force with magnitude one Tesla when all else in F = BIL is also one.
If an electron enters a magnetic field it will move in a circle following Fleming's left hand law.

Electromagnetic Induction = A changing magnetic field in a coil produces an emf.
Faraday's Law = The size of the emf produced is directly proportional to the rate of change of flux.
Lenz's Law = The direction of the induced emf opposes the force producing it.
All the above are shown using a coil, magnet and galvanometer.

Electric generator = Device converting me chanical to electrical energy.

Mutual induction = Where a changing magnetic field in one coil causes an emf to appear in another nearby coil.	(Induced emf will increase if: coils are close together, on the same iron core, have more turns)
Self Induction = Where a changing magnetic field causes a back emf in itself, which opposes the main flow of current through the coil. Shown by: Coil on iron core, battery, bulb. Close switch bulb takes a second to light.

Rms values. Value given to AC's DC equivalent. Eg: 5A rms in AC has the same effect as 5A DC..

A charged capacitor will not allow DC to flow but it will allow AC to flow.

Transformer:Device which can change the value of an alternating voltage.   
Use two voltmeters to show this action. One measures input voltage and the other output voltage. 

Modern Physics.

Electron properties: Small mass, orbits nucleus, negative charge.(Stoney named it, Millikan measured charge)
Thermionic emission: The giving off of electrons from the surface of a hot metal.

Photon: A packet of electromagnetic energy. Energy given by    E = hf         where f = frequency of the light.
Photoelectric effect: The giving off of electrons by a metal when light of high enough frequency falls on it.
Work function (Ф)  : Minimum energy needed to release the loosest electron from the surface of a metal.
Photocell: Conducts electricity when light of suitable frequency falls on it. Light intensity increases current
Einstein's photoelectric law: The velocity of the emitted electrons ranges from zero to a definite maximum and the kinetic energy of the electrons increases with an increase in the frequency of the light. hf = ½ mv2 + Ф 

Electron volt: W = eV  	 1.6X10-19.(1) = 1.6X10-19 j = one electron volt.
Cathode rays: Streams of high speed electrons moving from a cathode. (have kinetic energy, are invisible).
Cathode ray tube: 1.Element heats cathode 2. thermionic emission occurs 3. electrons are accelerated to anode by high voltage 4. deflection plates guide the cathode rays 5. the electrons give up their kinetic energy as light.

X rays: High frequency electromagnetic radiation, produced by cathode rays as they strike at target.
Discovered by Rontgen. 	X ray production is said to be the opposite of the photoelectric effect.

Atom: Nucleus containing protons and neutrons with electrons orbiting.
Rutherford experiment: Fired helium nuclei (alpha particles) at a gold foil. Most just passed through, a few were deflected and fewer still were deflected a 90 degrees. He concluded that atoms were mostly empty space with a positively charged area in the middle.

Energy levels: If an atom is given extra energy (eg: by heating) its electrons can jump to a higher energy level orbit. Very quickly they fall back to the original energy level and give out the extra energy as light..
Line spectrum: The name for the type of light given out by the electron that falls back from high Energy level.

Atomic number (Z): The number of protons an element contains.
Mass Number (A): The number of protons and neutrons an element contains.
Isotope: Atom's of the same element which contain different numbers of neutrons.

Ionising: Is the ability of radiation to knock electrons off an atom.
Radioactivity:Decay of certain atoms with the emission of one or more types of radiation.
Alpha: Fast moving helium nuclei ejected from the nucleus of radioactive atoms.
 Positively charged. Low penetrating power stopped by paper, high ionising ability.
Beta: High speed electrons ejected from the nuclei of radioactive atoms. 
Negatively Charged, medium penetrating power stopped by aluminium, medium ionising ability.
Gamma: High frequency electromagnetic radiation emitted from the nuclei of radioactive atoms. 
No charge. High penetrating power stopped by lead, low ionising abiltiy.

If an alpha particle is lost from an atom it will become the element that is two places to the left on the periodic table. If a beta particle is ejected by an atom, it becomes the element one place to the right on the table.

Half life:The time taken for the activity of a radioactive element to decrease by half.
Detect radiation: Geiger Muller tube, works by ionization of argon gas. Solid State detector, a p-n junction.

A  non- radioactive isotope can be made radioactive by bombarding them with neutrons.
Uses of Radioactive isotopes: Food irradiation, Carbon dating, Smoke detectors, Medical therapy & Imaging.

A mole of any substance is the amount of that substance that contains as many particles as there are in exactly 12 grams of Carbon. This number is 6.02X1023 and is known as Avogadro’s number. 
An atomic mass unit (AMU) is 1/12th the mass of a carbon atom.

Fission: Splitting of large nucleus into two smaller nuclei with the release of energy.
When U235 is bombarded with neutrons (especially slow moving ones) it undergoes fission.
Fission reactor: Fuel = Uranium, Moderator = graphite, slows neutrons. Control rods = Boron, slows reaction. Shielding = Lead, stops radiation leaks. Coolant = removes heat to heat exchanger to drive turbine.

Fusion: The joining of two small nuclei to form a larger one with the release of energy.
Advantages over Fission: Less radioactive waste, can never have a meltdown, fuel easy to get (water).

In a nuclear reaction Mass-energy electric charge and momentum are conserved.
The neutrino: Wolfgang Pauli proposed this particle when it seemed that momentum and charge were not conserved. He said the neutrino took accounted for the missing momentum and charge.

Walton & Cockroft: 1st artificial splitting of atom:	7Li3 + 1H1  4He2 + 4He2 + Energy
They made the first linear particle accelerator which used high voltage to accelerate hydrogen atoms.
Walton & Cockroft were the first to verify experimentally Einsteins Equation E = mc2.

Antimatter: A particles anti particle has the same mass as the original particle and it also has the same charge but the charge is the opposite charge to the original particle.

The positron: Discovered by Carl David Anderson. He found a particle with the same mass as the electron but with a positive charge (equal but opposite charge to that of electron).
The positron is the antiparticle of the electron.

Pair Production: Creating of two particles from energy. In this process a particle and its antiparticle are produced. Momentum and electric charge are conserved. 
This was first done by placing a lead plate into a cloud chamber and bombarding it with gamma rays. An electron and a positron were produced. 
Pair production occurs when a gamma ray loses its energy (hf) is converted into an electron and a positron and the energy left over is the kinetic energy each particle has.
hf = 2mc2 +  Ek1 + Ek2.
Pair Annihilation: An electron and a positron that lie close together and are almost at rest, join together and are annihilated producing energy. The matter they are made of disappears. 
The momentum of the system before annihilation is zero and so must be zero after the annihilation. Thus two photons are produced and they travel in different directions to conserve momentum. 
Pair annihilation  e+ +  e-  2hf.

The Four Fundamental Force’s of Nature.
1.Gravitational: Act’s on masses. Always an attractive force. Infinite range. A weak force. 2.Electromagnetic: Binds atoms and molecules together (can be attractive or repulsive) Much stronger than the gravitational force between the same particles. Infinite Range. 2nd strongest.
3. Strong Nuclear: Short range. Binds the nucleus. Electrons do not feel it.  Strongest force.
4.Weak Nuclear: Force between particles not affected by or subject to the strong force. Beta decay occurs via the weak nuclear force. Short range. Stronger than gravitational only.

Elementary particle: A particle with no other particles inside. Eg Electron.
Lepton:A particle that does not feel the strong force. Eg: Electron.
Hadron: A particle that feels the strong force. Eg: Protons, Neutrons
Quarks: Elementary particles from which Baryons and Mesons are made.
Baryon: Made up of any three quarks or any three anti quarks.
Mesons: Made up of a quark and an anti quark.
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