Grade 12 Physics Chapter Summaries
Speed and Velocity in One and Two Dimensions
• A scalar quantity has magnitude but no direction.
• Average speed is the total distance travelled divided by the total time of travel.
• A vector quantity has both magnitude and direction.
• Position is the distance with a direction from some reference point.
• Displacement is the change of position.
• Velocity is the rate of change of position.
• Average velocity is change of position divided by the time interval for that
change.
• Instantaneous velocity is the velocity at a particular instant.
• Instantaneous speed is the magnitude of the instantaneous velocity.
• The slope of the line on a position-time graph indicates the velocity.
• The area under the line on a velocity-time graph indicates the change of position.
• In two-dimensional motion, the average velocity is the total displacement divided
by the time interval for that displacement.
Acceleration in One and Two Dimensions
• Average acceleration is the average rate of change of velocity.
• Instantaneous acceleration is the acceleration at a particular instant.
• The tangent technique can be used to determine the instantaneous velocity on a
position-time graph of accelerated motion.
• The slope of the line on a velocity-time graph indicates the acceleration.
• The area under the line on an acceleration-time graph indicates the change in
velocity.
• There are five variables involved in the mathematical analysis of motion with
constant acceleration and there are five equations, each of which has four of the
five variables.
• In two-dimensional motion, the average acceleration is found by using the vector
subtraction ∆v=vf-vi  divided by the time interval ∆t.
Acceleration Due to Gravity
• Free fall is the motion of an object falling toward the surface of Earth with no
other force acting on it than gravity.
• The average acceleration due to gravity at Earth’s surface is g= 9.8 m/s2 [down].
• The acceleration due to gravity depends on latitude, altitude, and local effects,
such as the distribution of mineral deposits.
• The constant acceleration equations can be applied to analyze motion in the vertical
plane.
• Terminal speed is the maximum speed reached by an object falling in air or other
fluids.When a falling object reaches terminal speed, its downward acceleration
becomes zero and its velocity becomes constant.
Projectile Motion
• A projectile is an object moving through the air in a curved trajectory with no
propulsion system.
• Projectile motion is motion with a constant horizontal velocity combined with a
constant vertical acceleration.
• The horizontal and vertical motions of a projectile are independent of each other
except they have a common time.
• Projectile motion problems can be solved by applying the constant velocity equation
for the horizontal component of the motion and the constant acceleration
equations for the vertical component of the motion.

Frames of Reference and Relative Velocity
• A frame of reference is a coordinate system relative to which motion can be
observed.
• Relative velocity is the velocity of an object relative to a specific frame of reference.
(A typical relative velocity equation is vPE=vPA+vAE where P is the observed object and E is the observer or frame of reference.)
Forces and Free-Body Diagrams
• We commonly deal with Earth’s force of gravity, the normal force, tension forces,
and friction forces.
• Static friction tends to prevent a stationary object from starting to move; kinetic
friction acts against an object’s motion. Air resistance acts against an object
moving through air.
• The free-body diagram (FBD) of an object shows all the forces acting on that
object. It is an indispensable tool in helping to solve problems involving forces.
• The net force ∑F is the vector sum of all the forces acting on an object.
Newton’s Laws of Motion
Dynamics is the study of forces and the effects the forces have on the velocities of
objects.
• The three laws of motion and the SI unit of force are named after Sir Isaac Newton.
• Newton’s first law of motion (also called the law of inertia) states: If the net force
acting on an object is zero, the object maintains its state of rest or constant
velocity.
• Inertia is the property of matter that tends to keep an object at rest or in motion.
• An object is in equilibrium if the net force acting on it is zero, which means the
object is either at rest or is moving at a constant velocity.
• Newton’s second law of motion states: If the external net force on an object is not
zero, the object accelerates in the direction of the net force. The acceleration is
directly proportional to the net force and inversely proportional to the object’s
mass. The second law can be written in equation form as a=∑F/m
 (equivalently, ∑F=ma
• Both the first and second laws deal with a single object; the third law deals with
two objects.
• The SI unit of force is the newton (N): 1 N 5 1 kg?m/s2.
• The weight of an object is the force of gravity acting on it in Earth’s gravitational
field. The magnitude of the gravitational field at Earth’s surface is 9.8 N/kg,
which is equivalent to 9.8 m/s2.
• Newton’s third law of motion (also called the action-reaction law) states: For
every action force, there is a simultaneous force equal in magnitude, but opposite
in direction.
Applying Newton’s Laws of Motion
• It is wise to develop a general strategy that helps solve the great variety of types
of problems involving forces, no matter how different each problem may at
first appear.
• The skill of drawing an FBD for each object in a given problem is vital.
• For motion in two dimensions, it is almost always convenient to analyze the
perpendicular components of the forces separately and then bring the concepts
together.
Exploring Frictional Forces
• As the force applied to an object increases, the static friction opposing the force
increases until the maximum static friction is reached, at which instant the object
begins to move. After that instant, kinetic friction opposes the motion.
• The coefficients of static friction and kinetic friction are the ratios, respectively,
of the magnitude of the static friction force and the kinetic friction force to the
normal force between an object and the surface with which it is in contact. These
coefficients have no units.
• Internal friction in a fluid is called viscosity and depends on the nature and temperature
of the fluid.
• Laminar flow of a fluid occurs when the layers of the fluid flow smoothly over
one another.
• The irregular flow of a fluid is called turbulence; this problem can be reduced by
streamlining.
• Bernoulli’s principle states:Where the speed of a fluid is low, the pressure is high,
and where the speed of the same fluid is high, the pressure is low. Among the
illustrations of this principle is the throwing of curve balls in baseball.
Inertial and Noninertial Frames of Reference
• An inertial frame of reference is one in which the law of inertia (Newton’s first
law of motion) holds.
• An accelerating frame of reference is a noninertial frame where the law of inertia
does not hold.
• In a noninertial frame of reference, fictitious forces are often invented to account
for observations.
Uniform CircularMotion
• Uniform circular motion is motion at a constant speed in a circle or part of a
circle with a constant radius.
• Centripetal acceleration is the acceleration toward the centre of the circular path
of an object travelling in a circle or part of a circle.
• Vector subtractions of position and velocity vectors can be used to derive the
equations for centripetal acceleration.
Analyzing Forces in CircularMotion
• The net force acting on an object in uniform circular motion acts toward the
centre of the circle. (This force is sometimes called the centripetal force, although
it is always just gravity, the normal force, or another force that you know already.)
• The magnitude of the net force can be calculated by combining Newton’s secondlaw
equation with the equations for centripetal acceleration.
• The frame of reference of an object moving in a circle is a noninertial frame of
reference.
• Centrifugal force is a fictitious force used to explain the forces observed in a
rotating frame of reference.
• Centrifuges apply the principles of Newton’s first law of motion and centrifugal
force.
• The Coriolis force is a fictitious force used to explain particles moving in a
rotating frame of reference.
Universal Gravitation
• Newton’s law of universal gravitation states that the force of gravitational attrac- For question 12
tion between any two objects is directly proportional to the product of the
masses of the objects and inversely proportional to the square of the distance
between their centres.
• The universal gravitation constant, G = 6.67 3 10211 N?m2/kg2, was first determined
experimentally by Henry Cavendish in 1798.
• The law of universal gravitation is applied in analyzing the motions of bodies in
the universe, such as planets in the solar system. (This analysis can lead to the
discovery of other celestial bodies.)
Satellites and Space Stations
• Satellites can be natural (such as moons of planets) or artificial (such as the
Hubble Space Telescope).
• The speed of a satellite in uniform circular motion around a central body is a
function of the mass of that central body and the radius of the orbit. The speed is
constant for a given radius.
• Any interplanetary space travel for humans in the future must involve artificial
gravity aboard a spacecraft.
Unit 2
Work Done by a Constant Force
• Work is the energy transferred to an object when a force F #$, acting on the object,
moves it through a distance Dd.
• The SI unit of work is the joule (J).
• If the force causing an object to undergo a displacement is at an angle to the displacement,
only the component of the force in the direction of the displacement
does work on the object.
• Under certain conditions, zero work is done on an object even if the object experiences
an applied force or is in motion.
Kinetic Energy and the
Work-Energy Theorem
• Kinetic energy EK is energy of motion. It is a scalar quantity,measured in
joules (J).
• The work-energy theorem states that the total work done on an object equals the
change in the object’s kinetic energy, provided there is no change in any other
form of energy.
Gravitational Potential Energy
at Earth’s Surface
• Gravitational potential energy is the energy possessed by an object due to its elevation
above Earth’s surface. It is a scalar quantity measured in joules (J).
• Gravitational potential energy is always stated relative to a reference level.
• The gravitational potential energy of an object depends on its mass, the gravitational
field in which the object is located, and the object’s height above a reference
level.
The Law of Conservation of Energy
• The law of conservation of energy states that for an isolated system, energy can
be converted into different forms, but cannot be created or destroyed.
• The work done on a moving object by kinetic friction results in the conversion of
kinetic energy into thermal energy.
• The law of conservation of energy can be applied to solve a great variety of
physics problems.
Elastic Potential Energy and
Simple Harmonic Motion
• Hooke’s law for an ideal spring states that the magnitude of the force exerted by
or applied to a spring is directly proportional to the displacement the spring has
moved from equilibrium.
• The constant of proportionality k in Hooke’s law is the force constant of the
spring, measured in newtons per metre.
• Elastic potential energy is the energy stored in objects that are stretched, compressed,
twisted, or bent.
• The elastic potential energy stored in a spring is proportional to the force constant
of the spring and to the square of the stretch or compression.
• Simple harmonic motion (SHM) is periodic vibratory motion such that the force
(and thus the acceleration) is directly proportional to the displacement.
• A reference circle can be used to derive equations for the period and frequency of
SHM.
• The law of conservation of mechanical energy can be applied to a mass–spring
system and includes elastic potential energy, kinetic energy, and, in the case of
vertical systems, gravitational potential energy.
• Damped harmonic motion is periodic motion in which the amplitude of vibration
and the energy decrease with time.
Momentum and Impulse
• The linear momentum of an object is the product of the object’s mass and
velocity. It is a vector quantity whose SI base units are kg?m/s.
• The impulse given to an object is the product of the average net force acting on
the object and the time interval over which that force acts. It is a vector quantity
whose SI base units are N?s.
• The impulse given to an object equals the change in momentum experienced by
the object.
Conservation of Momentum
in One Dimension
• The law of conservation of linear momentum states that if the net force acting on
a system is zero, then the momentum of the system is conserved.
• During an interaction between two objects in a system on which the total net
force is zero, the change in momentum of one object is equal in magnitude, but
opposite in direction, to the change in momentum of the other object.
• For any collision involving a system on which the total net force is zero, the total
momentum before the collision equals the total momentum after the collision.
Elastic and Inelastic Collisions
• In all elastic, inelastic, and completely inelastic collisions involving an isolated
system, the momentum is conserved.
• In an elastic collision, the total kinetic energy after the collision equals the total
kinetic energy before the collision.
• In an inelastic collision, the total kinetic energy after the collision is different
from the total kinetic energy before the collision.
• In a completely inelastic collision, the objects stick together and move with the
same velocity, and the decrease in total kinetic energy is at a maximum.
• Elastic collisions can be analyzed by applying both the conservation of kinetic
energy and the conservation of momentum simultaneously.
Conservation of Momentum
in Two Dimensions
• Collisions in two dimensions are analyzed using the same principles as collisions
in one dimension: conservation of momentum for all collisions for which the net
force on the system is zero, and both conservation of momentum and conservation
of kinetic energy if the collision is elastic.
Gravitational Fields
• A gravitational field exists in the space surrounding an object in which the force
of gravity is exerted on objects.
• The magnitude of the gravitational field strength surrounding a planet or other
body (assumed to be spherical) is directly proportional to the mass of the central
body, and inversely proportional to the square of the distance to the centre of
the body.
• The law of universal gravitation applies to all bodies in the solar system, from the
Sun to planets, moons, and artificial satellites.
Orbits and Kepler’s Laws
• The orbits of planets are most easily approximated as circles even though they
are ellipses.
• Kepler’s first law of planetary motion states that each planet moves around the
Sun in an orbit that is an ellipse, with the Sun at one focus of the ellipse.
• Kepler’s second law of planetary motion states that the straight line joining a
planet and the Sun sweeps out equal areas in space in equal intervals of time.
• Kepler’s third law of planetary motion states that the cube of the average radius r
of a planet’s orbit is directly proportional to the square of the period T of the
planet’s orbit.
Gravitational Potential Energy
in General
• The gravitational potential energy of a system of two (spherical) masses is
directly proportional to the product of their masses, and inversely proportional
to the distance between their centres.
• A gravitational potential energy of zero is assigned to an isolated system of two
masses that are so far apart (i.e., their separation is approaching infinity) that the
force of gravity between them has dropped to zero.
• The change in gravitational potential energy very close to Earth’s surface is a special
case of gravitational potential energy in general.
• Escape speed is the minimum speed needed to project a mass m from the surface
of mass M to just escape the gravitational force of M.
• Escape energy is the minimum kinetic energy needed to project a mass m from
the surface of mass M to just escape the gravitational force of M.
• Binding energy is the amount of additional kinetic energy needed by a mass m to
just escape from a mass M.
Electric Charge and the Electrical
Structure of Matter
• The laws of electric charges state: opposite electric charges attract each other;
similar electric charges repel each other; charged objects attract some neutral
objects.
• There are three ways of charging an object: by friction, by contact, and by
induction.
Electric Forces: Coulomb’s Law
[image: ]• Coulomb’s law applies when the charges on the two spheres are very small, and
the two spheres are small compared to the distance between them.
• There are similarities and differences between Coulomb’s law and Newton’s law
of universal gravitation: Both are inverse square laws that are also proportional to
the product of quantities that characterize the bodies involved; the forces act
along the line joining the two centres of the masses or charges; and the magnitude
of the force is accurately given by the force that would be measured if all the
mass or charge is concentrated at a point at the centre of the sphere. However, the
gravitational force can only attract while the electric force can attract or repel.
The universal gravitational constant is very small, while Coulomb’s constant is
very large.
[image: ]
[image: ]

[image: ]



[image: ]




[image: ]





[image: ]







[image: ]





[image: ]





[image: ]





[image: ]








[image: ]




[image: ]




[image: ]





[image: ]










[image: ]




[image: ]









[image: ]













[image: ]





[image: ]






[image: ]






[image: ]




[image: ]




[image: ]
[image: ][image: ]
[image: ]










[image: ]
[image: ]






[image: ]



















[image: ]
[image: ]








[image: ][image: ]




[image: ]
[image: ]
[image: ]












[image: ]






[image: ]



















[image: ]












[image: ]
[image: ]






[image: ]


image7.png
171713 Magnetic Force on Moving Charges L

+ Acurrent can exert a force on a magnet, and a magnet can exert a force on a
current.

« Fy = qvBsinf

« The direction of the magnetic force is given by the right-hand rule.

« The speed of an electron in a cathode-ray tube can be determined with the help.
of magnetic deflecting coils and electric deflecting plates. The same apparatus
then gives the charge-to-mass ratio of the clectron. Combining this determina-

tion with the charge of an electron from the Millikan oil-drop experiment yields
the mass of the clectron.
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/7718 Magnetic Force on a Conductor

+ The magnitude of the force on the conductor Fis in a direction perpendicular to
both the magnitude of the magnetic field B and the direction of the current I:in
Sl units, F = I1Bsin 6.

« Reversing cither the current direction or the magnetic feld reverses the direction
of the force.
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(VL8 Ampére’s Law

« Ampere’s law states: B Al = gy L

« Sl defines an ampere as the current in each of two long, straight, parallel
conductors 1 m apart in a vacuum, when the magnetic force between them is
2% 1077 N per metre of length.

« Sl defines the coulomb as the charge transported by a curent of 1 Ain a time of 1 5.
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R/ d Electromagnetic Induction

« The law of electromagnetic induction states that an electric current s induced in
2 conductor whenever the magnetic field in the region of the conductor changes.

« The greater the change in the magnetic field per unit time, the larger the induced
current.

« Lenz's low states that when a changing magnetic field induces a current in a con-
ductor, the electric current i in such a direction that its own magnetic field
opposes the change that produced it.
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KYV7LT: 7@ Waves in Two Dimensions

« The wavelength of a periodic wave is directly proportional to its speed.

+ The frequency of a periodic wave s determined by the source and does not change
as the wave moves through different media or encounters reflective bariers.

+ Al periodic waves obey the universal wave equation, v = fA..

+ The index of refraction for a pair of media i the ratio of the speeds or
the ratio of the wavelengths in the two media % = %‘1 )

sin 6,

sin by,

+ When a wave passes from one medium to another,the wavelength changes and
partial reflection—partial refraction can occur.

« Snell’s law (n ) holds for waves and for light.
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171 L1:'@l Diffraction of Water Waves

* Waves diffract when they pass by an obstacle or through a small opening.

« Waves of longer wavelength experience more diffraction than waves with a
smaller wavelength.

« For a given opening or aperature, the amount of diffraction depends on the ratio
2 - For observable diffraction, 5 = 1.
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Interference of Waves in
Rl Two Dimensions

* A pair of identical point sources operating in phase produces a symmetrical pat-
ter of constructive interference areas and nodal lines. The nodal lines are
hyperbolas radiating from between the two sources.

* Increasing the frequency (lowering the wavelength) of the sources increases the
‘number of nodal lines.
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7L Light: Wave or Particle?

+ Newton's particle theory provided a satisfactory explanation for four propertics
of light: rectilinear propagation, reflection, rfraction, and dispersion. The theory
was weak in its explanations of diffraction and partial reflection-partial
refraction.

« Huygens’ wave theory considered every point on a wave front as a point source of
tiny secondary wavelets, spreading out in front of the wave at the same speed as
the wave itself. The surface envelope, tangent to all the wavelets, constitutes the
new wave front.

« Huygens'version of the wave theory explained many of the properties of light,
including reflection, refraction, partial reflection—partial refraction, diffraction,
and rectilinear propagation.
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Wave Interference:
SUMMARY Young’s Double-Slit Experiment

* Early attempts to demonstrate the interference of light were unsuccessful because
the two sources were too far apart and out of phase, and the wavelength of light
is very small.

* Thomas Young’s crucial contribution consisted of using one source illuminating
two closely spaced openings in an opaque screen, thus using diffraction to create:
two sources of light close together and in phase.

* InYoungs experiment a series of light and dark bands, called interference fringes,
was created on a screen, placed in the path of light, in much the same way as
those created in the ripple tank.

ionshipssin8, = P U € S

+ The relationships inf, = 7" (n 3 )7 and 5 = % permit

unknowns to be calculated, given any three of &, Ax, L, 6, d, and n.

+ Youngs experiment supported the wave theory of light, explaining all the proper-
ties of light except transmission through a vacuum.
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177 @ Colour and Wavelength

* White light is made of all of the colours found in the visible spectrum, cach with
its own range of wavelengths.

« Dispersion occurs because the refractive index of light i slightly dependent on
the frequency of the light.
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/i@ Polarization of Light

« Polarization of light can be achieved in the following ways: double refraction,
reflection, scattering, and a polarizing filter.

« Polarization provided the proof that light is a transverse wave.

« Polaroid can be used to detect the presence of polarized light and the orientation
of the planc of polarization.

« Scattering occurs when light from the Sun passes through our atmosphere and
encounters small particles that scatter the light.

« Polarizing filters have many uses,including glare reduction, stress analysis, and
photography.

« The optical activity of certain materials can be used to help identify some
substances.
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Diffraction of Light through
SUMMARY [ Single Slit

« Light passing through a single slit creates a diffraction pattern. The pattern con-
sists of a bright central region with dark regions of destructive interference, alter-
‘nating with progressively less intense areas of bright constructive interference.

« The smaller the slit width, the larger the distance between maxima and minima.

« The longer the wavelength, the greater the distance between maxima.

+ Minima, or dark ringes,occuratsin, = = (n = 1,2,...).

« Maxima, or bright fringes, occur at the centre of the pattern and also at

o (m =12,

sinf,, =

« The separation Ay of adjacent maxima or minima i given by the relationship

8y = 2L 2nd the central maximum width s 24y.

v

* Youngs double-slt interference pattern results from the interference of two
single-slit diffraction patterns.

« Resolution, or the ability of an instrument to separate two closely spaced images,
islimited by the diffraction of light.
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K7L @ Diffraction Gratings

« The surface of a diffraction grating consists of a large mumber of closely spaced,
parallel slts.

« Diffraction gratings deliver brighter interference patterns than typical double-slit
Setups, with maxima that are narrower and more widely separated.

« Diffraction gratings are governed by the relationship sin f,, = %, where dis
the distance between adjacent gratings, and m s the order of the maxima.
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KX/ 72T 7@l Interference in Thin Films

« For reflected light in thin films, destructive interference occurs when the

minﬁlmhuamidmssom,%l.%

at thicknesses of %% 54 . ..., where . is the wavelength in the film.

« For transmitted light in thin films, destructive interference occurs at

% 3% 5k e 2, 3
1 g »and constructive interference oceurs at 0, 3 4, 5

is the wavelength in the film.
« Air wedges can be used to determine the thicknesses of very small abjects

through the relationship Ax = ,_(%)

,and constructive interference occurs

where &,
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KX/ TLT @l Applications of Thin Films

« Newton's rings can be used to determine the “flatness” of objects.

« Thinly coated lenses reduce or eliminate unwanted reflections and UV radiation.
If the coating is % thick, destructive interference effectively reduces reflected
light.

+ CDsand DVDs use principles of thin-film interference and polarization.

« DVDs have a much higher capacity than CDs: their tracks are narrower; they can
record data on two levels; and they use both sides of the disc.
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K7L Holography

« Holography is the process of storing all o the light radiated from an object
and then reproducing .

« Holography is used for three-dimensional viewing, security, scanning, and
quality control.
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LY/ TLT: @l Michelson’s Interferometer

« Interferometers can measure distances as small as a wavelength of light, using
interference fringes.

* Interferometers have been used to define the standard metre and to measure the
speed of light in various media. Interferometers were used historically to verify
that the speed of light is a constant.
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377170038 Electromagnetic Waves and Light

« Maxwell postulated and Hertz proved that light and al radiations travel as elec-
tromagnetic waves through space at the speed of light (3.00 X 10° m/s).

« Electromagnetic waves consist of clectric and magnetic felds that oscillate in
phase and perpendicular to cach other and to the direction of wave propagatio

« Electromagnetic waves exhibit the properties of interference, diffraction, polar-
ization, reflection, and refraction.

« The electromagnetic spectrum makes up all the radiations that originate from
source with a changing clectric or magnetic ficld.

« The electromagnetic spectrum consists of radio waves (including microwaves)
infrared waves, visible light, ltraviolet light, X rays, gamma rays, and
cosmic rays.
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Some Applications of
SUMMARY Electromagnetic Waves
« Radio waves originate from an oscillating electric field in an antenna and involve
a carrier wave modulated by an audio and/or a video wave.

« Infrared radiation originates from a hot object that radiates progressively higher-
frequency light as its temperature rises.

+ Infrared radiation can be detected photographically and with infrared-sensitive.
cameras.

« Ultraviolet light has a high enough frequency that the rays can damage human
tissue.

+ The electromagnetic spectrum is further divided into two parts: ionizing and
nonionizing radiation.

« By 1890, it was firmly established that light is an electromagnetic wave that
travels at 3.00 X 10° m/s in a vacuum.
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L7/7/.1:i@ Frames of Reference and Relativity

* Any frame of reference in which the law of inertia holds is called an inertial
frame of reference.

« Anoninertial frame is one that is accelerating relative to an inertial frame.

« The laws of Newtonian mechanics are only valid in an inertial frame of reference
and are the same in all inertial frames of reference.

* In Newtonian mechanics, no experiment can identify which inertial frame is
truly at rest and which is moving. There is no absolute inertial frame of reference.
and no absolute velocity.

* Michelson and Morley’s interferometer experiment showed that the ether does
not exist.

« The two postulates of the special theory of rlativity are: (1) alllaws of physics
are the same in all inertial frames of reference; (2) light travels through empty
space with a speed of ¢ = 3.00 X 10° mys in all inertial frames of reference.

« Simultaneity of events is a relative concept.
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Relativity of Time, Length,
Rt 2nd Momentum

* Proper time A, s the time interval separating two events as seen by an observer
for whom the events occur at the same position.

« Time dilation is the slowing down of time in a system, as seen by an observer in

‘motion relative to the system.

A,

« The expression At,, = ———— represents time dilation for all moving objects.
-
N

« Time s not absolute: both simultancous and time duration events that are simul-
fancous to one observer may not be simultancous to another; the time interval
between two events as measured by one observer may differ from that measured
by another.

« Proper length L, i the length of an object, as measured by an observer at rest rel-
ative to the object.

« Length contraction occurs only in the dircction of motion and is expressed as

N

« The magnitude p of the relatvistic momentum increases as the speed increases.

m

according o the relationship p = ———.
B
-5

« The rest mass m of an object s ts mass in the inertial frame in which the object
s at rest and is the only mass that can be uniquely defined.

« ltis impossible for an object of nonzero rest mass to be accelerated to the speed
of light.
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771778 Mass and Energy: E = mc2

« Rest mass is the mass of an object at rest.

* Only the rest mass is used in relativistic calculations.

« Einstein's famous massenergy equivalence equation is E = mc?.
mc?

« Rest mass s a form of energy that is convertible into other more common and
usable forms, for example, thermal energy.

« The total energy of a particle is given by Eyoy
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XY@ Foundations of Quantum Theory

« Ablackbody of a given temperature emits electromagnetic radiation over a con-
tinuous spectrum of frequencies, with a definite intensity maximum at one par-
ticular frequency. As the temperature increases, the intensity maximum shifts to
progressively higher frequencies.

« Planck proposed that molecules or atoms of a radiating blackbody are con-
strained to vibrate at discrete energy levels, which he called quanta. The energy of
asingle quantum is directly proportional to the frequency of the emitted radia-
tion, according to the relationship = hf where his Planck's constant.

« Photoelectrons are cected from a photoelectric surface when the incident light is
above a certain frequency f, calld the threshold frequency. The intensity
(brightness) of the incoming light has no effect on the threshold frequency. The
threshold frequency is different for different surfaces.

« The cutoff potential is the potential difference at which even the most energetic
photoclectrons are prevented from reaching the anode. For the same surface the
cutoff potential is different for cach frequency, and the higher the frequency of
the light, the higher the cutoff potential.

« The energy of light is transmitted in bundles of energy called photons, whose:
energy hasa discrete, fixed amount, determined by Planck's equation, E = hf.

« When a photon hits a photoelectric surface, a surface clectron absorbs its energy.
Some of the absorbed energy releases the clectron, and the remainder becomes it
kinetic energy of the liberated electron, according to the photoclectric equation
Eg=hf— W.

« In the Compton effect, high-energy photons strike a surface, ejecting electrons
with kinetic energy and lower-energy photons. Photons have momentum whose

h

‘magnitude s given by p =
« Interactons between photons and matte can b classifed int reflection, the

photoclectric cffect, the Compton effect, changes in electron energy levels within
atoms, and pair production.
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B8 Wave-Particle Duality

« The behaviour of a single photon was predicted by the wave theory: The clectro-
‘magnetic wave predicts the probability that a photon wil register at a ertain
‘position on a detecting surface at a given instant.

« Light is not just a wave and not just a particle but exhibits a “wave-particle
duality”

« Understanding both the wave and the particle properties of light s essential for a
complete understanding of light; the two aspects of light complement each other.

* When light passes through space or through a medium, its behaviour is best
explained using its wave properties; when light interacts with matter, its behav-
four is more like that of a particle.

* The wave-particle model of light has superseded Newton's particle theory and
‘Maxwells electromagnetic theory, incorporating clements of both.

« A particle of nonzero mass has a wavelike nature, including a wavelength %,
found by de Broglie o cqual 5.

* Matter wavelengths of most ordinary objects are very small and thus
unnoticeable.

« Matter waves predict the probability that a particle will follow a particular path
through space. The diffraction of clectrons revealed these wave characteristics.

« Electron microscopes use the principles of quantum mechanics and matter waves
to achieve very high magnifications, in some cases exceeding 2 million times.
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X7/ 72T 7@l Rutherford’s Model of the Atom

+ The a-scattering experiment revealed that the great majority of a particles
passed straight through the gold foil; only a few  particles were scattered by siz-
able angles; a very few were deflected by 180°.

+ Rutherford’s model proposed that the atom consists of a small, extremely dense
positive nucleus that contains most of its mass; the atom’ volume is mostly
empty space; and the Coulomb force holds the clectrons in orbit.

« Further work on o scattering revealed that Coulomb's law, F, =

to the clectric force between small charged particles even at distances smaller
than the size of atoms; the positive charge on the nucleus i the same as the
atomic number.
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* Some substances or combinations of substances have metastable excited states.
A population inversion occurs when more atoms are in a metastable condition
than in the ground state.

+ For laser action to take place, both population inversion and the conditions for
stimulated emission must exist in the lasing medium.

+ Lasers are of two types: continuous and pulsed.
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Atomic Absorption and
SUMMARY Ry Spectra

+ A continuous spectrum given off by a heated solid is caused by the interactions
between neighbouring atoms or molecules. An emission spectrum or line spec-
trum s emitted from electrically “excited” gases.

+ An absorption spectrum occurs when some of the light from a continuous spec-
trum s absorbed upon passing through a gas. Atoms absorb light of the same
frequencies that they emit.

« The Franck-Hertz experiment showed that the kinetic energy of incident clec-
trons is absorbed by mercury atoms but only at discrete energy levels.

* An atom is normally in ts ground state. The excited states or energy levels are
given by the discrete amounts of energy the atom can internally absorb.

+ lonization energy is the maximum energy that can be absorbed internally by an
atom, without triggering the loss of an electron.

« In the emission spectrum, the energy of the emitted photon equals the change in
the internal energy level: E, = E, — E.

« When a photon is absorbed, its energy is equal to the difference between the
internal energy levels: E, = E, — Ep

« Atoms can receive energy in two ways: by collisions with high-speed particles,
such as electrons, and by absorbing a photon.

+ Once raised to an excited state, an atom can emit photons cither through sponta-
‘neous emission or through stimulated emission. Light amplification requires
stimulated emission.
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L7118  The Bohr Model of the Atom

« Balmer devised a simple empirical equation from which all o the lines in the

visible spectrum of hydrogen could bemmpukd:% = R(”ll - %)
7
His equation allowed the energy levels for hydrogen to be predicted as

PRI

(n=123..).

7
« The work of Franck and Hertz, and the analysis of emission and absorption

spectra had confirmed that there are discrete, well-defined internal energy levels
within the atom.

+ Bohr proposed that atoms only exist in certain stationary states with certain
allowed orbits for their electrons. Electrons move in these orbits with only certair
amounts of total energy, called energy levels of the atom.

+ Bohr made the following three postulates regarding the motion of electrons
‘within atoms:

1. There are a few special electron orbits that are “allowed,”cach characterized by
a different specific electron energy.

2. When moving in an allowed stationary orbit, an electron does not radiate
energy.

3. Electrons may move from a higher-cnergy orbit to a lower-energy orbit, giving
off a single photon. Similarly, an atom can only absorb energy if that energy is
equal to the energy difference between a lower stationary state and some
higher one.

+ Bohr combined classical mechanics with quantum wave mechanics to produce a
satisfactory model of the atomic structure of hydrogen.

« The lone electron of a hydrogen atom normally resides in the ground state
(n= 1) By absorbing energy from photons, however, or from collisions with
high-speed particles, it may be boosted up to any of the excited states
(1=2,3,4,...). Once in an excited state, the electron quickly moves to any lower
state, creating a photon in the process.

+ Bohr's model was quite successful in that it provided a physical model of the
hydrogen atom, matching the internal energy levels to those of the observed
hydrogen spectrum, while also accounting for the stability of the hydrogen atom.

+ Bohr's model was incomplete in that it broke down when applied to many-
electron atoms.
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[/ VL@l  Probability versus Determinism

+ In classical mechanics, the objects we identify as particles always behave like par-
ticles, while wave phenomena always exhibit pure wave properties.

+ In quantum mechanics,light is composed of photons possessing distinct particle
characteristics, and electrons behave like waves with a definite wavelength.

+ Heisenberg proposed that an inherent uncertainty exists in the simultancous
determination of any measured quantity due to the quantum-mechanical wave
aspect of particles.

+ We are unable to measure both the position and the momentum of the clectron
with unlimited accuracy. Heisenberg was able to determine the limits of these

inherent uncertaintics and to express them mathematically as AxAp = zl
=

+ Physics now considers the electron in an atom as a probability cloud of negative
charge distributed around the nucleus rather than as a particle moving in a cir-
cular orbit. The cloud s denser in arcas of high probability and less dense in
arcas where the clectron is lesslikely to be found.

+ An electron's position and velocity are impossible to predict; we only know the
probability that the electron will be found near any point. The shapes and dimen-
‘sions of these probability distributions can be determined mathematically.




image1.png
« Coulomb’s law states that the force between two point charges is inversely
proportional to the square of the distance between the charges and directly
ka,q,

proportional to the product of the charges: Fy
k=9.0 % 10°N-m2/C2.
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1711l Radiation and Radioactive Decay

« Alpha decay oceurs when an unstable mucleus emits a particle, often denoted as
4 He, which consists of two protons and two neutrons. The resulting daughter
‘mucleus is of a different lement and has two protons and two neutrons fewer
than the parent.

+ Beta decay assumes two forms. In 8~ decay, a neutron is replaced with a proton
and a8~ particle (a high-speed clectron). In B+ decay, a proton s replaced with
ancutron and a B+ particle (a high-speed positron).

* The analysis of 8 decays reveals that additional particles, either antineutrinos or
neutrinos, must be produced to satisfy the conservation of energy and lincar and
angular momentum.

* Gamma decay is the result of an excited nucleus that has emitted a photon and
dropped to alower state.

« The twin phenomena of pair production and pair annihilation demonstrate
‘mass—energy equivalence.
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37717703 @ Rate of Radioactive Decay

« The half-life, which is unique to any given isotope, is the time required for one-
half of the original to decay.

« The activity A, in decays per second (Ba), s proportional to the number N of
unstable nuclei present.

* The amouni of radoactive substance N left afersome time tis gven by
N=N, ( )n,. where N is the initial quantity and 1, is the half-life.

« The activity, 4, in becquerels, after some time is given by A = ,«0( )n., , where
Aqs the original activty.

* If the half-life of a radioactive isotope, the level of radioactivity, and the original
activity or amount are known, then the age of a material can be estimated.




image39.png
(VL@ Working with Particles

« We gain much of our information about the atom through collision experiments
in which high-encrgy particles are made to collide with stationary atoms or with
one another.

« Particle accelerators are used to accelerate charged particles, such as protons and
electrons, to very high kinetic energies.

+ The eyclotron, an early high-cnergy accelerator, operates by accelerating particles
as they cross the gap between two hollow clectrodes.

« Synchrocyclotrons impart higher kinetic encrgies than the classic cyclotron by
varying the frequency of the accelerating voltage in compensation for relativistic
‘mass increase.

« Linear accelerators use clectric fields to accelerate charged particles on a straight
path through many scts of oppositely charged electrodes.

+ Synchrotrons accelerate objects in a circle with constant radius. Both the fre-
quency of the radio-frequency accelerating cavity and the strength of the bending
‘magnets are adjusted to compensate for the relativistic mass increase.

« Synchrotrons typically collide oppositely moving particles, thereby greatly
increasing the energies of the collisions.

« High-cnergy particles in synchrotrons such as the CLS emit a full spectrum of
electromagnetic waves. This synchrotron light is well suited to the task of probing
the fine structure of matter.

* Particle detectors work in tandem with accelerators to provide information about
clementary particles.

+ Cloud chambers and bubble chambers display the trajectories of charged parti-
cles as trails of vapour. Strong electromagnetic filds can be applied to deflect the
charged particles, which provide clues to masses and kinetic energies.

« The detectors in contemporary accelerators are often integrated nits, com-
prising a tracking detector and electromagnetic calorimeters.
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X7 L1@l Particle Interactions

« The electromagnetic force can be scen as a particle exchange. The particle, a vir-
tual photon, is invisible.

« The theory of quantum clectrodynamics describes interactions in terms of the
exchange of particles.

+ AFeynman diagram is a shorthand way of depicting particle interactions. The
two-dimensional diagrams can be seen in terms of space and time.

« The meson, originally thought to be the carrier of the strong nuclear force, was
predicted in 1935 by Yukawa and finally detected in 1947 by Blackett.

« The weak nuclear force can be explained in terms of an exchange of particles.
“The carriers of this force, the W and Z bosons, though difficult to observe, were
detected in 1983.

« Gravitons are the hypothetical carriers of the gravitational force; they are capable
of self-interaction, so the formulation of a theory of quantum gravity i proving
difficult.

« The Sudbury Neutrino Observatory detects the three types of neutrinos; it is able:
to accomplish this by detecting the radiation emitted when a neutrino is scat-
tered or stopped by a D0 molecule.
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VL@l The Particle Zoo

+ Elementary particles have been organized into groups according to their funda-
‘mental properties, including mass and spin.

+ One clasification scheme treated particles as gauge bosons, leptons, and
hadrons.

+ The hadrons are further divided, by mass and spin, into two subclasses: the
mesons and the baryons.

+ When some hadrons were observed to behave strangely,in having unexpectedly
long decay times,the spin quantum number was supplemented with a number
for strangeness.

+ Gell-Mann used the new quantum mumber to organize the hadrons into three
distinet groups, each with eight partcls, based on spin.

+ Hadrons were found not o be elementary particles. Three new fundamental
particles called quarks—up, down and strange, with charges +2,— % and— %
and strangenesses 0,0, and — I—were accordingly proposed.

+ Baryons are assumed to consistof three quarks, and mesons to consist of a quark
and an antiquark. The various quantum numbers of a complex particle are the
sums of the quantum numbers of ts constiuents.

+ The colour force was devised as a possible solution to the problem of applying
the Pauli exclusion principle to quarks. It is assumed that each flavour of quark
comes inthree different colours. Baryons contain al three colours. Mesons cycle
rapidly through the colours.

« The strong force carrier is no longer believed to be the meson. Instead, the medi-
ators of the strong force are believed to be ghons.

+ The original three quarks have been supplemented with an additional three:
charm, bottom, and top.
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Case Study: Analyzing Elementary
SUMMARY [ESTN Trajectories

+ Some properties of fndamental particles can be identified by analyzing bubble
chamber photographs.

* In the analysis of the 7 and X particles, we determine the momenta of the two
particles and the angle § between the momentum vectors at the point of decay.
“This leads to calculation of the mass of the invisible particle, which can then be
compared with a table of known masses to identify the particle.




image43.png
The Standard Model and
Rkisisbuitll Grand Unified Theories

« The standard model, sometimes referred to as the most complete and well-
developed model in the history of science, describes the universe in terms of two,
classes of particles: fermions, the matter makers, and bosons, the force carriers.
Fermions are further divided into two subelasses: the leptons and the quarks.

« The standard model,although well developed, is not mathematically elegant and
leaves several important questions unanswered.

« Grand unified theories have generally exploited symmetry in an attempt to recon-
cile the electroweak and strong nuclear forces. At very smal distances,the carrier
of this unified force is thought to be the extremely massive X, the Higgs boson.

« The interactions of the X boson, when coupled with concepts of quantum
‘mechanics, result in a small, but not zero, probability that a proton will decay and
50 lead to a view of matter as inherently unstable.

« Attempts to observe proton decay have been unsuccessful. This, in turn, has
increased interest in other types of theories, particularly those relating to strings.

« The currently preferred version of string theory, superstring theory, takes the
fundamental entities in the universe to be extremely tiny, multi-dimensional
strings. Although strings are regarded as composed of 10, or perhaps more,
dimensions, only 3 of the spatial dimensions are visible.

« According to superstring theory, the three currently observed dimensions
increased in importance immediately after the theoretical big bang, causing the
remainder to be hidden from view.
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KX/ TLT. @l Electric Fields

« A field of force exists in a region of space when an appropriate object placed at
any point in the field experiences a force.

+ The electric £ field at any point is defined as the electric force per unit positive

F

charge and is a vector quantity: 75

« Electric field lines are used to describe the electric field around a charged object.
Fora conductor in static equilibrium, the electric field is zero inside the con-
ductor; the charge is found on the surface; the charge will accumulate where the
radius of curvature is smallest on irregularly-shaped objects; the electric field is
‘perpendicular to the surface of the conductor.
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7 L1:@l  Electric Potential

+ The electric potential energy stored in the system of two charges g, and g, is
ka,a,

By T kg
+ The clectric potential a distance r from a charge gis given by V = -

* The potential difference between two points in an electric feld is given by the
change in the clectric potential energy of a positive charge as it moves from one
AE

point to another: AV = £

* The magnitude of the clectric ficld is the change in potential difference per unit
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The Millikan Experiment: Determining
SUMMARY [T Elementary Charge

« There exists a smallest unit of lectric charge, called the elementary charge, ¢, of
which other units are simple multiples; ¢ = 1.602 % 10~1° C.
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The Motion of Charged Particles
Rutlil in Electric Fields

« Acharged particle in a uniform clectric field moves with uniform acceleration.

« From conservation principles, any changes to a particles kinetic energy result
from corresponding changes Lo it electric potential energy (when moving in any
electric field and ignoring any gravitational effects).
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Natural Magnetism
SUMMARY PP Electromagnetism
o The law of magnetic poles states that opposite magnetic poles attract and similar
magnetic poles repel.

* A magnet is surrounded by a magnetic force field

« The domain theory states that ferromagnetic substances are composed of a large
number of tiny regions called magnetic domains, with each domain acting like a
tiny bar magnet. These domains can be aligned by an external magnetic field

« The principle of electromagnetism states that moving electric charges produce a
magnetic field.




