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GLOSSARY

absolute temperature scale A scale for measuring temperature in which 0 K
corresponds to absolute zero.

absolute zero The temperature at which all thermal energy has been removed
from an object or system of objects. Because it’s impossible to find and remove
all the thermal energy from an object, absolute zero can be approached but
is not actually attainable.

acceleration A vector quantity that measures how quickly an object’s velocity is
changing: the greater the acceleration, the more the object’s velocity changes
each second. It consists of both the amount of acceleration and the direction
in which the object is accelerating. This direction is identical to the direction
of the force causing the acceleration. The SI unit of acceleration is the meter-
per-second?,

acceleration due to gravity A physical constant that specifies how quickly a freely
falling object accelerates and also relates-an object’s weight to its mass. At the
earth’s surface, the acceleration due to gravity is 9.8 m/s? (or 9.8 N/kg).

accelerometer A device that senses acceleration by measuring the position
of a test mass suspended in stable equilibrium on springs or other elastic
supports. As the overall device accelerates, the test mass shifts away from
its equilibrium position because it requires a net force in order to accelerate
with the device.

acid A chemical that when dissolved in water increases the density of hydrogen
ions in solution and lowers the water’s pH.

acidic Having a pH of less than 7.

activation energy The energy required to initiate a chemical reaction. This energy
serves to break or weaken the bonds in the starting chemicals so that the
reaction can proceed to form the reaction products.

adverse pressure gradient A region of fluid flow in which the fluid must flow
toward higher pressure. The fluid’s momentum and kinetic energy carry it
through this situation, although the fluid does slow down.
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conserved quantity A physical quantity, such as energy, that is neither created
nor destroyed within an isolated system when that system undergoes changes.
A conserved quantity may pass among the objects within an isolated system,
but its total amount remains constant.

constructive interference Interference in which two or more waves arrive at a
location in space and time in phase with one another and produce a particularly
strong effect.

convection cell A loop of fluid flow that is propelled by convection. Fluid in a
convection cell normally rises in a hotter region and descends in a colder
region,

convection current A fluid flow propelled by convection.

convection The transmission of heat by the movement of a fluid. Convection
normally entails the natural circulation of the fluid that accompanies differences
in temperatures and densities.

converging lens A lens that bends the individual light rays passing through it
toward one another so that they either converge more rapidly than before or
at least diverge less rapidly from one another. A converging lens has a positive
focal length and often produces real images.

convex mirror A mirror that is bowed outward at the center, like the outside of
a bowl.

corona discharge A faintly glowing discharge that surrounds a small, highly
charged object in the presence of a gas. In the discharge, electric charge is
transferred from the object to the gas molecules.

coulomb (C) The SI unit of electric charge. One coulomb is about 1 million times
the charge you acquire by rubbing your feet across a carpet in winter.

Coulomb constant The fundamental constant of nature that determines the
electrostatic forces two charges exert on one another. Its measured value is
8.988 x 10° N-m?/C~.

Coulomb’s law The magnitudes of the electrostatic forces between two objects
are equal to the Coulomb constant times the product of their two electric
charges divided by the square of the distance separating them. If the charges
are like, then the forces are repulsive. If the charges are opposite, then the
forces are attractive.

covalent bond A strong chemical bond between atoms in which the two atoms
share one or more pairs of electrons in the region of space between them.

crest A peak positive excursion of an extended system that is experiencing a
wave.

critical mass A portion of a fissionable material that is able to sustain a fission

chain reaction. The amount of material required depends on its mass, shape,

and density.
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crystal An orderly arrangement of atoms or molecules that has both positional
and orientational orders, The particles are organized in a simple, geometrical
pattern that repeats endlessly in all directions.

crystalline Having its atoms arranged in an orderly pattern that extends for many
atomic spacings in all directions.

current The amount of electric charge flowing past a point or through a surface
per unit of time. The SI unit of current is the ampere.

cycle-per-second (1/s) The SI unit of frequency (synonymous with hertz).

cyclotron motion The circular or spiral motion of a charged particle in a magnetic
field. The charged particle tends to loop around the magnetic flux lines.

decimal The digital representation of numbers in terms of the powers of ten.
The number 124 is represented in decimal as 124, meaning 1 hundred (10?),
2 tens (10%), and 4 ones (10%.

demagnetization The disappearance of magnetic polarization in a material,

density The mass of an object divided by its volume. The SI unit of density is the
kilogram-per-meter®.

depletion region The nonconducting region around a p-n junction in which all
of the valence levels are filled with electrons and there are no conduction
level electrons.

deposition The phase transformation whereby a gas becomes a solid.
destructive interference Interference in which two or more waves arrive at a
location in space and time out of phase with one another and produce a

particularly weak effect.

diffraction A wave phenomenon that limits the focusability of light and alters the
way in which it travels after passing through an opening.

digital representation The representation of numbers by decomposition into
digits that are then individually represented by discrete values of physical
quantities such as voltage, charge, or pressure,

diode A semiconductor device that allows charge to flow through it only in one
direction. Diodes are commonly formed by bringing n-type silicon into

contact with p-type silicon.

direct current An electric current that always flows in one direction. Abbreviated
as DC.

direction The line or course on which something is moving, is aimed to move, or
along which something is pointing or facing.

discharge A flow of electric current through a gas.

dislocation An incomplete sheet of atoms that appears as a defect in a crystal.
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electrostatic force The force experienced by a charged particle in the presence
of other charged particles.

electrostatic potential energy Energy stored in the forces between electric
charges.

elementary unit of electric charge The basic quantum of electric charge, equal
to about 1.6 x 107 C.

emissivity A surface’s capacity to emit or absorb thermal radiation, relative to
that of a perfectly black object at the same temperature.

energy The capacity to do work. Each object has a precise quantity of energy,
which determines exactly how much work that object could do in an ideal
situation. The SI unit of energy is the joule.

English system of units An assortment of antiquated units that were used
throughout the English colonies and remain in common use in the United

States today. Units in this system include feet, ounces, and miles-per-hour.

entrainment The phenomenon in which a particle or portion of fluid is carried
along in the flow of another fluid.

entropy The physical quantity measuring the amount of disorder in a system. The
system’s entropy would be zero at absolute zero.

equilibrium position The point at which an object experiences zero net force
and doesn't accelerate.

equilibrium The state of an object in which zero net force (or zero net torque) acts
on it. An object that is stationary or in uniform motion is in equilibrium.

escape velocity The speed a spacecraft needs in order to follow a parabolic orbital
path and escape forever from a particular celestial object.

eutectic An alloy or solution of two or more materials that has a lower melting
temperature than any of the individual materials.

evaporation The phase transformation whereby a liquid becomes a gas.
excited state A configuration of a system having excess energy; its electrons (or
other particles) are in an arrangement of quantum waves (e.g., orbitals or

levels) that has more than the least possible energy.

exhaust velocity The velocity of exhaust gas relative to the rocket engine from
which it emerged.

explosive chain reaction A chain reaction in which each fission induces an average
of much more than one subsequent fission and the fission rate skyrockets.

eyepiece The final lens of a telescope or microscope; the lens that prepares the
light for your eye.

Apple Inc.  Exhibit 1020  Page 40




Apple Inc.  Exhibit 1020 Page 41



666

GLOSSARY

force An influence that if exerted on a free body results chiefly in an acceleration
of the body and sometimes in deformation and other effects. A force is a
vector quantity, consisting of both the amount of force and its direction. The
SI unit of force is the newton.

forward biased A p-n junction in which the voltage of the p-type semiconductor
has been raised relative to the voltage of the n-type semiconductor.

freezing The phase transformation whereby a liquid becomes a solid.

frequency modulation A technique for representing sound or data by changing
the exact frequency of a wave.

frequency The number of cycles completed by an oscillating system in a certain
amount of time. The SI unit of frequency is the hertz.

friction The force that resists relative motion between two surfaces in contact.
Frictional forces are exerted parallel to the surfaces in the directions opposing
their relative motion.

fundamental forces The four basic forces that act between objects in the universe—
the gravitational force, the electromagnetic force, the strong force, and the
weak force.

fundamental vibrational mode The slowest and often broadest vibration that an
extended object can support.

gamma rays Extremely high-energy photons of electromagnetic radiation, often
produced during radioactive decays.

gas or gaseous A form of matter consisting of tiny, individual particles (atoms or
molecules) that travel around independently. A gas takes on the shape and
volume of its container.

general theory of relativity The physical rules governing all motion, even motion
involving speeds comparable to the speed of light and occurring in the presence
of massive objects.

glass A non-crystalline material having no long-range order.

glass transition temperature The temperature below which the atoms in a liquid
are no longer able to rearrange and the material responds elastically to shear

stress.

glass—rubber transition regime A regime in which the atoms of an amorphous
polymer can move freely enough to make it pliable and leathery.

glassy regime A regime in which the atoms of an amorphous polymer can’'t move
relative to one another, making it rigid and hard.

grain A tiny crystallite that is part of a polycrystalline material.

grain boundary The thin layer of atoms between two separate crystals or grains
of a polycrystalline material.
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lever arm The directed distance from the pivot or axis of rotation to the point at
which the force is exerted.

lift forces Forces exerted by a fluid on a solid that are at right angles to the fluid
flow around that solid.

light See visible, infrared, and ultraviolet light.

linear momentum A conserved vector quantity that measures an object’s motion.
It is the product of that object’s mass times its velocity. The SI unit of linear
momentum is the kilogram-meter-per-second.

liquid A form of matter consisting of particles (atoms or molecules) that are
touching one another but that are free to move relative to one another. A

liquid has a fixed volume but takes the shape of its container.

liquid crystal A liquid consisting of rod-like or disk-like molecules that exhibit
orientational order.

liquid flow regime A regime in which the chains of an amorphous polymer reptate
quickly enough to support liquid flow. The polymer is a viscous liquid.

longitudinal wave A wave in which the underlying oscillation is parallel to the
wave itself.

long-range order Uniform spatial structure that extends for many nanometers
in a solid.

Lorentz force The force experienced by a charged particle when it moves through
a magnetic field.

lumen A common unit of total radiated light as perceived by a human eye.

luminescence The emission of light by any means other than thermal radiation.

magnetic dipole A pair of equal but opposite poles separated by a distance.

magnetic domains Regions of uniform alignment within a magnetic material.

magnetic field An attribute of each point in space that'exerts forces on magnetic
poles. A magnetic field has a magnitude and direction proportional to the
force it would exert on a unit of north magnetic pole at that location. The SI
unit of magnetic field is the tesla.

magnetic flux lines Abstract strands following along the local magnetic field
direction and having a density proportional to that local field. Flux lines can

only begin at north poles-and end at south poles.

magneticinduction The process whereby a time-changing magnetic field initiates
or influences an electric current.

magnetic monopole An isolated magnetic pole, either north or south. None has
ever been observed.
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oscillation A repetitive and rhythmic movement or process that usually takes
place about an equilibrium situation.

out of phase The relationship between two waves in which they complete opposite
portions of their oscillatory cycles at the same time and place.

parallel (wiring arrangement) An arrangement in which the current reaching
two or more electric devices divides into separate parts to flow through those
devices and then joins back together as it leaves them, Current experiences
the same change in voltage in each device.

particle density The number of particles in an object divided by its volume. The
particle density of water is about 3.35 x 10% molecules-per-meter®. The particle
density of air at sea level is about 2.687 x 10% molecules-per-meter?.

pascal (Pa) The SI unit of pressure (synonymous with newton-per-meter?).
Atmospheric pressure at sea level is about 100,000 pascals. A 1-millimeter-
high water droplet exerts a pressure of about 10 pascals on your hand.

Pascal’s principle A change in the pressure of an enclosed incompressible fluid
is conveyed undiminished to every part of the fluid and to the surfaces of its

container.

Pauli exclusion principle An observed property of nature that indistinguishable
Fermi particles must each have their own unique quantum wave.

period The time required to complete one full cycle of a repetitive motion.

permanent magnet An object that can be magnetized and that retains that
magnetization for a long time.

permeability of free space The defined constant that relates two poles and the
magnetostatic forces they exert on one another. Its value is 47t x 107 N/A2

pH A measure of the hydrogen ion concentration, equal to the negative of the log
base-10 of the molar hydrogen ion concentration.

phase A form of matter, notably solid, liquid, gas, and plasma.

phase equilibrium A situation in which two material phases coexist stably, neither
one growing at the expense of the other.

phase transition A transformation from one material phase to another.

phosphor A solid that luminesces (emits light) when energy is transferred to it
by light or by a collision with a particle.

photoconductor A solid that is an electrical insulator in the dark but that becomes
an electrical conductor when exposed to light of the correct wavelength.

photodiode A diode that permits current to flow backward across the p-n junction
when exposed to light. Light provides the energy needed to move charges across
the junction’s depletion region in the wrong direction. The current flowing in
the reverse direction through-a photodiode is proportional to the light intensity.
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photoelectric effect The process in which an atom absorbs a photonina radiative
transition that ejects one of the electrons out of the atom.

photon A particle or quantum of light, having energy and momentum but no
mass.

pitch The frequency of a sound.

Planck constant The fundamental constant of quantum physics, equal to the
energy of an object divided by the frequency of its quantum wave. It is about
6.626 x 107 Js,

plane polarized A light wave in which the electric field (and the magnetic field)
fluctuates back and forth in a plane as the light travels through space.

plasma A gaslike phase of matter consisting of electrically charged particles, such
as ions and electrons. The strong electromagnetic interactions between its
particles distinguish a plasma from a gas.

plastic deformation A stress-induced change in shape that involves permanent
rearrangement of the atoms in a material. The material doesn’t return to its
original shape when the stress is removed.

plasticizer A chemical additive that lowers a polymer’s glass transition temperature
and reduces its crystallinity.
X
p-n junction The interface between an n-type semiconductor and a p-type
semiconductor that gives the diode its unidirectional characteristic for
electrons.

Poiseuille’s law The volume of fluid flowing through a pipe each second is equal to
(rt/128) times the pressure difference across that pipe times the pipe’s diameter

to the fourth power, divided by the pipe’s length times the fluid’s viscosity.

polar molecule A molecule that is electrically polarized, effectively having a
positive end and a negative end.

poles Objects that carry a magnetic pole.

polycrystalline Composed of many individual crystallites.

polymer A giant molecule that forms when many monomer molecules bind
together in a permanent chain. To be called a polymer, the chain must be

about a thousand or more atoms in length.

polymerization The process in which individual monomer molecules are chemically
bound together to form a polymer chain.

population inversion A nonequilibrium population of quantum systems in which
more are in a higher energy state than in a lower energy state.

position A vector quantity that specifies the location of an object relative to

some reference point. It consists of both the length and the direction from
the reference point to the object.
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positional order The characteristic of particles that are uniformly spaced and
aligned so that they form a lattice.

positron The antimatter counterpart of the electron. The positron is positively
charged.

potential energy The stored form of energy that can produce motion. Potential
energy is stored in the forces between or within objects.

power The measure of how quickly work is done on an object. The SI unit of
power is the watt.

precession The change in orientation of a spinning object’s rotational axis that
occurs when it’s subject to an outside torque.

pressure drag The drag force that results from higher pressures at the front of
an object than at its rear.

pressure gradient A distribution of pressures that varies continuously with
position.

pressure potential energy The product of a fluid’s volume times its pressure.
However, this energy isn't really stored in the fluid. Instead, it’s energy that’s
provided by a pump (or other source) when the fluid is delivered.

pressure The average amount of force a fluid exerts on a certain region of surface
area. Pressure is reported as the amount of force divided by the surface area
over which that force is exerted. The SI unit of pressure is the pascal.

primary colors of light The three colors of light (red, green, and blue) that are
sensed by the three types of color-sensitive cone cells in our eyes. Mixtures
of these three colors of light can make our eyes perceive any possible color.

primary colors of pigment The three colors of pigment (cyan, magenta, and
yellow) that absorb the three primary colors of light (red, green, and blue,
respectively). Mixtures of these three pigments can be applied to a white
surface to make it reflect any possible mixture of the three primary colors of
light and thus to make our eyes perceive any possible color.

principle of equivalence The principle that gravitational mass and inertial mass
are truly identical and therefore that rio experiment you can perform in a small
region of space can distinguish between free fall and the absence of gravity

proton The positively charged subatomic particles found in atomic nuclei.
p-type semiconductor A semiconductor such as silicon that contains impurity
atoms such as boron, aluminum, gallium, indium, or tellurium that remove

electrons from the semiconductor’s valence levels.

quanta The fundament, discrete units in which an item is emitted, absorbed, or
otherwise observed, reflecting the particulate character of that item.

quantized Existing only in discrete units or quanta. Quantized physical quantities
are only observed in integer multiples of the elementary quantum.
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quenching Cooling rapidly from high temperature so that the material doesn’t
have time to adopt its normal low-temperature state.

radian The natural unit in which angles are measured. There are 2 radians in a
full circle, so 1 radian is 180/1 degrees or approximately 57.3".

radian-per-second (1/s) The SI unit of angular velocity or angular speed. An
object turning at 1 radian-per-second completes a full revolution in just less
than 6.3 seconds.

radian-per-second? (1/s?) The SI unit of angular acceleration.

radiation The transmission of heat through the passage of electromagnetic
radiation between objects.

radiation trapping The phenomenon in which a particular wavelength of light
has trouble propagating through a material that eagerly absorbs and emits
it. The light passes from one atom or atomlike system to the next and makes
little headway.

radiative transition The shift of an atom or atomlike system from one state to
another through the emission or absorption of an electromagnetic wave,

radio waves Electromagnetic waves, usually with wavelengths longer than about
1m,

radioactive decay The spontaneous decay of a nucleus into fragments.

ramp An inclined plane that allows work to be done over a longer distance, thereby
requiring less force.

Rayleigh scattering The redirection of light due to its interaction with small
particles of matter.

real image A pattern of light, projected in space, that exactly reproduces the
pattern of light at the surface of the original object. A real image forms after
the lens that creates it and can be projected onto a surface.

rebound energy The amount of kinetic energy returned to two objects as they
push apart following a collision.

reflection The redirection of all or part of a wave so that it returns from a boundary
between media.

refraction The bending of a wave’s path that occurs when the wave crosses a
boundary between media and experiences a change in speed.

relative humidity The actual humidity as a percentage of the humidity required
to achieve phase equilibrium between liquid and gaseous water.

relative motion The movement of one object from the perspective of another

object. Two objects that are moving relative to one another have different
velocities.
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relativistic energy An object’s energy according to the relativistic laws of motion
and including its rest energy.

relativistic laws of motion The laws of motion in the special theory of relativity.
. They correct deficiencies in the Newtonian laws of motion that appear primarily
at speeds comparable to the speed of light.

relativistic momentum An object’s momentum according to the relativistic laws
of motion.

reptation A thermally induced slithering motion of polymer chains, backward
and forward, that allows them to get past entanglements in order to flow.
Reptation is so named because of its similarity to the motion of snakes.

resistor An electronic component that impedes the flow of electric current,
converting some of its energy into heat.

resonant cavity A simple resonant circuit consisting of a carefully shaped
conducting strip or shell and equivalent to a capacitor and an inductor. Energy
flows back and forth between the cavity’s electric and magnetic fields.

resonant energy transfer The gradual transfer of energy to or from a natural
resonance caused by small forces timed to coincide with a particular part of
each oscillatory cycle.

restoring force A force that acts to return an object to its equilibrium shape. A
restoring force is directed toward the position the object occupies when it’s
in its equilibrium shape.

reverse biased A p-n junction in which the voltage of the p-type semiconductor
has been lowered relative to the voltage of the n-type semiconductor.

Reynolds number A dimensionless number that characterizes fluid flow through a
system. At low Reynolds numbers a fluid’s viscosity dominates the flow, while
at high Reynolds numbers a fluid’s inertia dominates.

right-hand rule The convention whereby the specific direction of an object’s
angular velocity is established, According to this rule, if the fingers of your
right hand are curled to point in the direction of the object’s rotation, your
thumb will point in the direction of the angular velocity.

root mean square (RMS) voltage A measure of AC voltage defined as the DC
voltage that would cause the same average power consumption in an ohmic
device.

rotational equilibrium The state of an object in which zero net torque acts on it. An
object that has constant angular momentum is in rotational equilibrium,

rotational inertia A property of matter by which it remains at rest or in steady
rotation about the same rotational axis unless acted on by some outside
torque.
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directly into useful work. Other names for thermal energy include internal
energy and heat.

thermal equilibrium A situation in which no heat flows in a system because all
of the objects in the system are at the same temperature.

thermal motion The random motions of individual particles in a material due to
the internal or thermal energy of that material.

thermal neutrons Neutrons that move with only thermal energies so that their
kinetic energies are consistent with the local temperature.

thermionic emission The emission of electrons that occurs when thermal energy
in a hot surface ejects those electrons from the surface.

thermistor A semiconductor temperature sensor that experiences a dramatic
increase in electric conductivity as its temperature increases.

thermocouple A metallic temperature sensor in which two dissimilar metals
joined at two junctions respond electrically to temperature differences
between the junctions.

thermoplastic A polymer composed only of individual chains. In principle, a
thermoplastic can melt and flow, although some thermoplastics decompose
or burn before melting.

thermoset A polymer in which the individual chains have been cross-linked
with covalent bonds so that it’s one giant molecule. A thermoset can’t melt
or flow.

third law of thermodynamics As an object’s temperature approaches absolute
zero, its entropy approaches zero. This law points out that absolute zero is
the unattainable state in which an object has no disorder.

thrust A forward, propulsive force.

tidal forces The differences between one celestial object’s gravity at particular
locations on the surface of a second object and the average of that gravity
for the entire second object. Tidal forces tend to stretch the second object
into an egg shape.

timbre The mixture of tones in an instrument’s sound that are characteristic of
that instrument.

torque An influence that if exerted on a free body results chiefly in an angular
acceleration of the body. A torque is a vector quantity, consisting of both
the amount of torque and its direction. The SI unit of torque is the newton-
meter.

total internal reflection Complete reflection of a light wave that occurs when that

wave tries unsuccessfully to leave a material with a large refractive index for
a material with a small refractive index at too shallow an angle.
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viscous forces The forces exerted within a fluid that oppose relative motion.
Layers of fluid that are moving across one another exert viscous. forces on
each other.

visible light Light having wavelengths between about 400 nanometers (violet) and
750 nanometers (red). This small portion of the electromagnetic spectrum is
all that we are able to detect with our eyes.

volt (V) The SI unit of voltage (synonymous with joule-per-coulomb). The voltage
on the positive terminal of a common battery is about 1.5 volts above that
on its negative terminal.

voltage drop The amount of electrostatic potential energy that each coulomb
of positive charge loses in passing through a device. It's equal to the voltage
of the charges entering the device minus the voltage of the charges leaving
that device.

voltage gradient A gradual slope in the voltage across a region of space. A voltage
gradient is an electric field.

voltage rise The amount of electrostatic potential energy that each coulomb of
positive charge receives in passing through a device. It’s equal to the voltage
of the charges leaving the device minus the voltage of the charges entering

that device.

voltage The electrostatic potential energy of each unit of positive electric charge
at a particular location. The SI unit of voltage is the volt.

volt-per-meter (V/m) The SI unit of electric field (synonymous with newton-
per-coulomb).

volume The extent of a three-dimensional region of space bounded by a particular
enclosure. The SI unit of volume is the meter®.

vortex A whirling region of fluid that is moving in a circle above a central cavity.

vulcanization A process in which the individual chains of a thermoplastic are
cross-linked to produce a thermoset.

wake deflection force A lift force experienced by a spinning ball when it deflects
its turbulent wake to one side. The wake deflection force points toward the
side of the ball moving away from the onrushing airstream.

wake The trail left behind by an object as it moves through a fluid.

water hammer The impact of a moving mass of water that is suddenly stopped.

watt (W) The SI unit of power, equal to the transfer of 1 joule-per-second. One
watt is the power used by the bulb of a typical flashlight.

wave velocity The speed and direction of the moving crests of a wave.

wavelength A structural characteristic of a wave, corresponding to the distance
separating adjacent crests or troughs.
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