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Aberration --A shift of direction (or location) from the onegglicted by a
simple calculationAbberation of starlight--a small shift in the observed

position of stars, due to the Earth's orbital vit¢yoc

Absolute temperature-temperature in degrees centigrade (also known in
this case as "degrees Kelvin" K°) measured fromattsolute zero of -
273.1° C, the temperature at which all atomic amtecular motions are

expected to cease.

Absorption lines Dark lines interrupting a continuous color spettyu
caused by a cool gas between the light sourcerendhiiserver. Cool gas
absorbs light in the same frequencies as it enfiesmvwhot, e.g. double
yellow line of sodium. Such dark lines in the Swepsctrum were
discovered by Joseph Frauenhofer.

Acceleration -- Rate at which velocity changes (negative acagtan--
slowing down--is also known as deceleration). Aeraion is avector

quantity.

Adiabatic invariant A quantity conserved in periodic motion--a bit thay

energy is conserved, but here it is just approx@matliabatic invariants of
electrons orbiting nuclei were once thought to ligext to quantum rules,
but that turned to be a false lead. Later howeslgteatic invariants (on a
larger scale, not atomic) turned out to be impdrtamadiation belt physics.

Algebra A branch of mathematics. Originally (and stillhigh school
context), it refers to the art of calculating withknown quantities,
represented by letters. Modern algebra has expahgetb manipulating
symbols represented by letter, following certaileswhich may differ from
the ones applying to numbers, e.g. vector algebadrix algebra etc.

Algebraic equation A relation involving unknown numbers, which is
satisfied only for a certain value (or values)hlaide numbers. Finding those
values is "solving the equation.”

Algebraic expansionAs used here, representing an algebraic expression
involving a small quantity by a sum of terms whrelpidly decrease. By
omitting the small term, an approximate solutioryrha obtained. In an
iteration, the procedure is repeated again and again, siagethe accurac



Algebraic formula A relation between undefined quantities, each
representing a variable. For instance, after trsggahe velocity v of a
stone thrown vertically with velocity u is, in medésecond, (neglecting air
resistance) v = g * t + u where * marks multiplicatand g = 9.81 is the
acceleration due to gravity. Unlike n equation,fttrenula has no specific
solution: but if you replace g, t and u by the amprate numbers, it will giv
the value of v.

Algebraic identity A relation between symbols (usually letters) repreing
unknown numbers, which is always correct, regasdtégshe numbers the
symbols represent. For instance, if a2 is therspower (a squared) anc
denotes multiplication, then (a”2)-(b"2)=(a+b)*(p-Bometimes
distinguished by replacing the ymbol = with oneteimng three parallel
lines.

Alpha radioactivity , The radioactive decay of heavy nuclei by emissibn
an alpha patrticle, a nucleus of helium. Made pés$pquantum tunneling
See alsgadioisotopes

Angle of attack--in the theory of airplane wings, the angle betwienwing
profile (roughly, measured along its bottom) anel\thing's motion relative
to the surrounding air.

Angular momentum A measure of the momentum associated with rotation
around an axis; a vector, its direction determibgthe axis. For a mass
rotating around the axis at distanceith velocityv, the angular momentum
is mrv. Angular momentum can only assume certain disaatees ("is
quantized") in the quantum theory of atoms.

Anomaly -- in orbital motion, one of the angles which gasighe motion of
a planet or satellite around its orbit, increasigg360 every revolution. Th
true anomaly f equals the polar ang{gin polar coordinateswith origin at
the center of the motion (e.g. Sun or Earth). iff@&an anomalyis a related
angle which increases in direct proportion to theetelapsed (the true
anomaly does not--the motion is faster near théecgrmheeccentric
anomaly is an auxiliary angle used in relating true angngadich is
observed) and mean anomaly (which is calculated).

Aphelion -- the point in a planet's orbit furthest from ®en (Helios is
Greek for Sun). Segerihelion, apogee

Apogee-- the point in a satellite's orbit furthest aweym Earth (see
perigeg aphelion).

Apollo (project)--the US mission to land humans on theMand bring
them back safely.

Apparent motion -- The observed motion of a heavenly body across t
celestial sphere, assuming the Earth is at thergjsha@enter and is standing
still.

Astronomical unit (AU). Mean Surkarth distance, used as scaling diste
in the solar system. Using Kepler's laws, it isydasderive distances in this
system as measured in astronomical units. Indep¢mnageasurement of one
distance in that system then fixes the magnitudaldhe rest.

Atlas -- An early liquid-fueled rocket, used by US astrats and still in use
for unmanned launches. Because of its lightweighstruction it needs no



staging to achieve Earth orbit, but only drops tiids engines.

Atom A fundamental constituent of matter. All substancensist of atoms,
usually combined chemically into molecules.

Aurora, polar Light emitted around an altitude of 100 km by asowhthe
upper atmosphere hit gst electrons arriving from spgagsually at near-
polar latitudes. Most observed auroral light corfnesh oxygen atoms,
elevated to relatively long-lived "excited" eneilgyels.

Azimuth and elevation-- Two angles which give the direction of a
surveyor's telescope (theodolite). Azimuth is th@tion angle of the
telescope around a vertical axis, measured frormdué, clockwise from
above; that is, the directions (north, east, soust) have azimuth (0°, 90°,
180°, 270°). Elevation is the angle the telescsg#éted above the
horizontal plane.

[In 3-dimensional polar coordinates centered on theunstnt, azimuth i
360°-¢ (sinceo is measured counterclockwise), elevation is 90the
direction of straight up has elevation 90° but 0].

Ballistic pendulum -- A device often used for measuring the energy of
motion of a bullet, adapted by Goddard to measwedhrust of small
rockets with various nozzles. For a bullet is leeavy block of wood or
sandfilled box, hanging by a string; the bullet is wieggl, then fired into th
pendulum, and the distance the pendulum rises altbe/bullet's velocity to
be deduced.

Balmer series. A series of 4 visible colors emitted by glowingdhogen,
appearing as a series of 4 "lines" in the specarogsf hydrogen light
(additional lines can be observed by instrumerggphd the range of the
human eye). Johann Balmer, a high-school teaclsmgwered in 1885 a
simple but accurate formula connecting the wavgueacies of these colo
which provided the first clues to processes insibens, starting a process
which ultimately led to quantum physics.

Big Dipper A prominent constellation in the northern sky. 8ese it is
close to the north pole of the sky, it rarely sekow the horizon and is
visible on most clear nights.

Binding energy of an atomic nucleud he energy holding a nucleus
together, balancing the attraction of the strongjear (attractive) force and
the electrical repulsion of a large number of pesiprotons, confined
together in a small space.

Binomial Theorem--A formula first derived by Newton, givind+z)?2, the
result of raisingl + zto an arbitrary powes, as a sequence of form

(+z)2=1+Az+Az2+Az3+ ..

where the termé, (i = 1,2,3...) are given by the formula and whe@n be

positive, negative, fractional or whole. When thagmitude otz is less than
1, the higher powers get smaller and smaller aeaddimula can be made as
precise as one wishes by including enough of tHenz(of small

magnitude, 1-2 terms are sufficient), althoughrésailt is never exact. For
magnitudes of z equal to 1 or more, the formuly twolds for values od
which are positive whole numbers. In that caseaforz, the result is exact
and the sum of terms with powerszadoes not go on arbitrarily but ends



with z 2.

Black body radiation--light or otherelectromagnetic radiatioemitted due
to heat by a solid, liquid or dense gas, with nlercof its own (hence
"black™). Distinguished by a continuous distributiof spectral color, with
its peak of emission shifting towards shorter wamgths as the temperature
increases--e.g. infra-red for a warm hand, recfbot iron bar, yellow for
the glowing filament in a lightbulb.

The spectrum of black body radiation createtss theoretical
difficulties at the turn of the 20th century. Thegre only resolved after
Max Planck in 1900 proposed the spectrum couldxpéaed, if the energ
of emitted radiation waémited to "quanta” of energwhose size increased
with the frequency of the radiation. His theory keatt the beginning of
quantum physics.

Black hole--an extremely compact object, collapsed by grawitych has
overcome electric and nuclear forces. It is beliethat stars appreciably
larger than the Sun, once they have exhaustedeatiiuclear fuel, collapse
to form black holes: they are "black™ because gbtlescapes their intense
gravity. Material attracted to a black hole, thoughins enormous energy
and can radiate part of it before being swallowed3ome astronomers
believe that enormously massive black holes emittieé center of our gala:
and of other galaxies.

Bohr model of the hydrogen atonThe first model of the atom explaining
thehydrogen spectrurby imposing "quantum conditions” by which angular
momentum in an atom had to equal a multiple of ék@nconstant h. Later
expanded by Sommerfeld to explain many qualitdtsatures of atoms and
their spectra, but quantitative calculations wertly possible aftewave
mechanicswas introduced.

Boyle's law A fundamental law in the behavior of ideal gasieemperatur:
is kept constant, the density D of a gas variepganally to its pressure
P. Actual gases usually approximate ideal onesypnetll as long as the
temperature is far above their boiling point, @itrogen and oxygen in
ordinary air.

Bradley's aberration. An apparent motion observed in all stars, shgftin
their celestial position around a small ellipsehvat1-year period.
Discovered by the British Royal Astronomer JameadRay, it can be
viewed as the result of the vectorial additionta velocity v due to Earth's
orbital motion and the velocity c of light. Thisas'first order effect"
involving v/c (not its square) and as such doescoatradict relativity.

Bulge of the Earth The extra extension of the Earth's equator, cabgehe
centrifugal force of the Earth's rotation, whiclghktly flattens the spherical
shape of the Earth. The Earth's bulge causes déneplof satellite orbits
inclined to the equator (but not polar) to slowdyate around the Earth's
axis.

Buoyancy-The lifting force acting in a fluid on bodies arehions less
dense than their surroundings. The buoyancy oéinethe force that also
lifts hot-air balloons--is the main cause of weattetated flows in the
Earth's atmosphere. Also seanvection

Calendar -- A system of marking days of the year, usuadlyided in a way
to give each date a fixed place in the cycle ofges.



Calorie -- Unit used in measuring the energy of heat enubal energy. A
"small" calorie is the heat needed to warm up aaengof water by 1 degree
centigrade and equals about 4jd8le. A "kilocalorie" or "big calorie"
equals 1000 calories and is the unit usually usetkscribing the energy
content of food.

Cartesian coordinates-- A system of uniquely marking the position of a
point on a plane [or in 3-dimensional space] -2d$] numbers (its
"cartesian coordinates") giving its distances ff@fi3] mutually
perpendicular lines ("cartesian axes"). The disgtarand the axes to which
they are parallel are usually marked (x,y) in aapland (x,y,z) in space; the
"origin” is the point at which the axes intersect.

Celestial coordinates-- see "right ascension and declination."”

Celestial pole-- One of the two points in the sky around whicé telestial
sphere seems to rotate.

Celestial sphere-- An immense sphere surrounding Earth, to whieh t
fixed stars seen at night appear to be attachedoédh strictly speaking
such a sphere does not exist, it is often usedcasenient tool for
mapping the position of stars and other heaventijydso In a similar way,
although it is clear that the apparent rotatiothefcelestial sphere is really
due to the Earth rotating around its axis, thatroh is often used for
convenient description of apparent motions sudhesising and setting of
stars.

Center of gravity -- (CG), also known (more precisely) @nter of mass
In a distributed mass, an appropriately definectfage location" of its
parts. If the mass is a rigid (=undeforming) bodigjsct to the earth's
gravity, then if it is supported at the CG, it vathy balanced and not tilt to
any side.

In a system subject only to internal forces, theter of gravity always sta
in the same spot; hence the Earth-Moon systemeotabund its mutual
center of gravityrfot around the Earth's center), and a rocket fliewdots
when it ejects a high-speed stream of gas backwards

Centrifugal force -- A force which must be included in the calcidatof
equilibria between forces in a rotating frame of referengg (@tating
carrousel, rotating space station, rotating Eatthjhe rotating frame, the
forces on a body of massare in equilibrium (as evidenced by the body
staying at the same place) only if all forces agon it,plus a "centrifugal

force" mv4/R directedaway from the center of rotation, add up to zero. See
Coriolis force.

Centripetal acceleration-- The acceleration associated with motion around
a circle, directedo the center of the circle.

Centripetal force -- The force making a motion is a circle possiblejays
directed to the center of the circle. To make aa{hrobject of massn move
with velocity v around a circle of radil& a centripetal force of magnitude

mvZ/R must be applied.

Chromosphere-a reddish layer in the Sun’s atmosphere, theitian
between th@hotospherand thecorona

CME--seecoronal mass ejection




Chronometer An accurate clock used to derive the local lordgtérom the
position of the Sun in the sky.

Circulation (atmospheric, also known as "global circulatioh'grge scale
flows of air in the atmosphere, distributing to g latitudes (and
ultimately returning it to space via radiation) theat deposited by sunlight
near the equator (ultimately returning it to spaeeradiation).

Climate The average pattern of weather variation at airelbcation,
throughout the year.

Color--a quality of light, depending on its wavelengdpectral color of an
emission of light is its place in the rainbow spect. Perceived color(or
visual color) is the quality of light emission amweeyed by the human eye,
combining the impressions of 3 types of light-sewsicells which the eye
contains. Perceived color can be the responset@iceombinations of
spectral colors, e.g. brown responds to greenaadar blue, yellow and
red).

Comet--a body of dust, frozen water and gases fallingrvsurd from the
outer regions of the solar system. Comets becogiel@iwhen they
approach the Sun, as sunlight evaporates their lgypers and creates long
tails of dust and ions. Comets are believed tcebenants of the formation
of the solar system; some of them (like Halley'siet) are diverted by the
attraction of planets into orbits of relatively shperiods around the Sun.

Component of vector-When a vector isesolvedinto a sum of vectors in
specified directions, each of those vector isctmponentof the given
vector in the specified direction.

Conic Sections- The family of curves generated by planes ieting
with a cone. Several cases are distinguished, depgon the angle
between the plane and the axis of the cone. Prdefg@tions exist for eacl
but in general terms, when the plane is:

--Perpendicular to the axis, the curve Srale.

--Moderately inclined to the axis, the curve isedlipse

--Parallel to one of the straight lines which geaterthe cone, the
curve is goarabola.

--Even more steeply inclined, the curve isyperbola.

Conservation of EnergyA fundamental law of physics (and chemistry):
total sum of energy in a "closed system"--one wldichs not interact with
others around it--stays unchanged as time advances.

Conservation of momentum-A fundamental law of motion, equivalent to
Newton's laws: in a system of bodies (=object®,(trector) sum of all
momenta cannot change due to any internal interasti

Constellation -- A named grouping of fixed stars, e.g. Oriornhw Big
Dipper.

Convection A circulating flow in a fluid, carrying heat awépm its
source. Convection in the atmosphere carries heat the sun-warmed
ground to higher layers, where it is radiated am&y space; the lower
levels do not radiate efficiently because of gheenhouse effect
Atmospheric convection is the engine that drivesEharth's weather.
Convection is also believed to occur in a certaptd range below the Sul




surface, helping carry away heat from the Sun’'s cegion.

Coordinates Numbers which define the position of a point sudace (twc
numbers) or in space (three).

Copernican System- A theory of planetary motions, proposed by
Copernicus, according to which all planets moveiiaular orbits around
the Sun, the ones closer to the Sun moving fasidr,the Earth itself a
planet orbiting between Venus and Mars.

Coriolis force -- A force which must be included in the calcidatof

motion in a rotating frame of reference, if the body n®iresuch a way
that its rotation velocity changes. In generaieiitds to preserve that part of
its velocity. The Coriolis force is responsible tbe swirling of hurricanes
and large weather systems--for air flowing int@gion of low pressure,
counterclockwise north of the equator, clockwisets@f the equator
(reverse directions for air flowingut of a high pressure region). See
centrifugal force.

Corona--the outermost layer of the Sun’s atmospherehleiso the eye
during a total solar eclipse; it can also be olegthrough special filters a
best of all, by X-ray cameras aboard satelliteg ddrona is very hot, up to
1-1.5 million degrees centigrade, and is the soaft¢kesolar wind

Coronal hole--an area in the Sun's corona that appears dark wheed in
the far UV or in the long-wavelength end of theay-range. Coronal holes
seem associated with sources of fast solar wirahgily because their field
lines do not curve back to the Sun. Over most @f3tn their shapes are
changeable and irregular, but the Sun's polar nsggeem to contain
"permanent" coronal holes.

Coronal mass ejection(CME)--a huge cloud of hot plasma, occasionally
expelled from the Sun. It may accelerates andelectronsand may travel
through interplanetary space as far as the Easthisand beyond it, often
preceded by ahockfront. When the shock reaches Eartimagnetic storm
may result.

Crab nebula --a cloud-like nebula observed in the Crab cofetteh, the
remnant of aupernovaxplosion observed in China in 1054. It contains a
very rapidly rotating (and hence, young) pulsariclhs probably the
remnant of the supernova. The emissions of radies/and light from this
nebula suggest the presence of high energy pauticle

Crater (impact crater). A generally round depressionteetay the impact
of a large compact mass on a planet or moon. Ingrattrs mark the Moo
also Mercury and Mars, and many satellites in tlarsystem. Notable
ones on Earth include Meteor Crater in Arizona sliashicougan lake in
Canada.

Cross staffA cross-shaped device to measure the elevatitdmedbun or a
star above the horizon, or the angle between tieetthns of two heavenly
objects. The staff is aimed halfway between thedbj then the cross-piece
is slid until aiming points at its end cover thetabjects. Widely used for
navigation at sea in the 15-17th century, latepldised by the more
convenient sextant.

Date line (international)An imaginary line across the Pacific Ocean, with
dates on its west side one day ahead of thoss éadt. To simplify time



keeping, the globe is divided intione zonesat whose boundaries local time
(usually) jumps by one hour. A date line had toristituted to limit time

gain or loss from crossing such boundaries totleams 24 hours. Much of it
follows longitude 180° across empty ocean, deviptinmake the date in t
Aleutian islands the same as in Alaska, and th&tjinTonga and some
smaller islands the same as in New Zealand.

Deceleration(spell with one "c"!) Negative acceleration, slagidown of
motion.

Declination -- One of the two angles uses to specify locabiorthe celestial
sphere. Declination is like latitude, but unlikétlade, it is measured from
the north pole. The pole has declination 0, theaaO0 degrees, the
southern celestial pole 180 degrees. I8¢ ascension and declination

De Laval nozzle-- A device for efficiently converting the energla hot
gas to kinetic energy of motion, originally usedsome steam turbines and
now used in practically all rockets. By constrigtitne outflow of the gas
until it reaches the velocity of sound and thetirgtit expand again, an
extremely fast jet is produced.

Diffraction grating A flat optical surface, transparent or reflectinged
with many parallel grooves at precisely spacedadists. The active parts
are not the grooves but the flat sections left betwthem, which act like a
large number of precisely spaced slits. The ligates passing those slits
resonate with each other in a way which dependsawelength, causing
different wavelengths to be steered in differenéctions. The overall effect
on light containing different wavelengths is liket of a glass prism: the
intensity of the light deflected is much smallearitwith a prism, but the
ability to separate close colors is much better.

"Dirty bomb" . Name given by the press to a possible terromstpen, a
load of nuclear waste from a nuclear power statombined with an
ordinary explosive charge. Set off in some pulte, such a bomb would
cause few or no casualties, but considerable disruy contaminating tr
area in which it is set off. That area would havée sealed off and would
need an expensive clean-up effort, giving the tetothe publicity and
exposure which they seek.

Drag--the air resistance encountered by a moving obigrety is one of the
four forces sensed by an airplane, the others higinthrustandweight

Duality . The property of light (and other electromagneditiation), also of
atoms, to behave as waves in some situations aparasles in others.

Earthshine The faint glow which dimly illuminates the darkrpaf the new
moon (seen as a narrow crescent). The Moon atithatobserves a "full
Earth,” completely illuminated by the Sun, and ikahe source of
earthshine light. Earthshine has been used to orahié amount of sunlight
reflected by the Earth.

Eccentricity -- Number between 0 and 1, gauging the elongatialiptic
orbit. The eccentricitg of the orbital ellipse is one of the "orbital elents"
characterizing it.

Eccentric anomaly Seeanomaly

Ecliptic -- A line around the middle of the celestial sgh@onnecting the



points occupied by the Sun over the year. The namahthe visible planets
also appear to move very close to that line, whidis the celestial equator

at an angle of about 23.5Seeplane of the ecliptic

Einstein's law. A fundamental relation proposed by Einstein i03,9
according to which light of frequeneycycles/second transmits its energy
only in chunks of energy ("photons") equahy whereh is Planck's
constant

Electromagnetic field (EM field)--the regions of space near electric
currents, magnets, broadcasting antennas etoonegi which electric and
magnetic forces may act. Generally the EM fieltegarded as a
modification of space itself, enabling it to stared transmit energy. See
also (below) "electromagnetic wave" amagnetic field

Electromagnetic waveor "electromagnetic radiation"--a combination of
oscillating magnetic and electric fields, spreadmgiavelike fashion
through space at a speed of about 300 000 kmaeesIClerk Maxwell's
theory in 1864 suggested that light was such a wawe today we know th
such waves include all forms of light--also infedrand ultra-violet, as well
as radio waves, microwaves, x-rays and gamma rays.

Electron--a lightweight particle, carrying a negative eftextharge and
found in all atoms. Electrons can be energizedsrengorn from atoms by
light and by collisions, and they are responsiblenfiany electric
phenomena in solid matter and in plasmas. (Abautibcovery of the
electron in 1897, clickere)

Elevation of Sun The angle between the position of the Sun's camtbe
sky and the point nearest to it on the horizon.

Ellipse -- A closed curve resembling a flattened cirche (hadow of a
circle tilted towards the light is an ellipse). Mg defined:

1. Asthe collection of points whose distances, (R2) from two given
points (the foci of the ellipse--in singular, foy@sld up to the same
sum.

2. Orelse, ipolar coordinates(r,p), as the curve whose points
satisfy a relation r = a(1 - e)/(1 + e gbsvherea is the semi-major
axis, half the width in the direction through thetfoci. One of the
foci is then at the origin anglis the eccentricity, a number ranging
from O (circle) to 1 (parabola).

3. Orelse, in cartesian coordinates with the arigalfway between tr

foci, as the curve of all points (x,y) whose cooedes satisfy (x/§)+
(yby =1

El Nifio. A disruption of usual global wind flows, causegdumusually warr
sea temperature in the western Pacific Ocean. @agegularly at intervals
of several years.

Energy -- Ability to perform work, i.e. to advance agdinssistance, for
instance lift a body against gravity, or drag iamgt friction. See als@é/ork.

Epicycle -- A circle around a point which (in the simpléstm of Ptolemy's
systen) moved steadily around the celestial sphere. Gasglonomers
proposed that planets moved along epicycles arthea&un or around other
points which circled around the sky; later addigibcorrections were added.



The theory of epicycles was the earliest explandto the irregular
apparent motion of the planets--prograde (forwat@nretrograde

Equatorial axis -- Among the two mutually perpendicular axes of a
telescope, the one that points at the celestial. da keep a star in view, the
telescope must be rotated around this axis ataime sate as the Earth turns.

Equilibrium (of forces) -- A situation when more than one force acts on a
body, but because the sum of forces is zero, ncoomogsults.

Equinox -- the time of the year (around March 21 and Septr 23) when
the position of the Sun in the sky (following thaipgtic) crosses the celest
equator. To a good approximation, the length ofddne and night are then
equal, and the Sun rises exactly in the east asdezgactly in the west. .
Equinox is viewed as the beginning of spring arid fa

The term is also used for each of the two paintthe celestial sphere at
which the ecliptic and the celestial equator irgetsi.e. the points occupied
by the Sun at equinox.

Ethiopian calendar The calendar of Ethiopia, containing 12 month8®f
days plus a short month of (usually) 5 days.

Explorer 1 -- The first US artificial satellite, launched 3anuary 1958 by a
4-stage modified military rocket. Provided the et observations of the
Earth's radiation belt.

(Nuclear)Fallout. Debris containing fission fragments from a nuclea
explosion, lifted high in the atmosphere by thengsheat of the explosion.
may later come down hundreds of kilometers fromsikeof the explosion.
With a large nuclear bomb, the nuclear radiatiosedoom fallout may stay
at lethal levels for a week or more, requiring thosits path to seek shelter
under thick barriers. Even after that, danger sgithains from ingesting
radioactive materials of the fallout.

Fast (nuclear)fission Nuclear fission caused by fast neutrons, direaitigr
they are released by the fission of a heavy nucldnbke "thermal fission"
used in most nuclear reactors, where neutronsratesfowed down by
multiple collisions, this process will produce athreaction only in
relatively pure uranium-235 or plutonium. Fastibesmakes atomic bombs
possible; their fuel must be assembled very rapidlyet the chain reaction
produce many fission events before the explosikease of energy blows
everything apart. "Fast" nuclear reactors usingffasion have also been
built; they have some important advantages, bug pagchnical challenge
of rapid removal of great amounts of heat from alssolume.

Field The region in which a particular type of force ¢t@nobserved,;
depending on the force, one can thus speak ofdtgfeeld, magnetic field,
electric field (or when the two are linked by fastillations,
electromagnetic field) and nuclear field. The laphysics suggest that
fields represent more tharpassibility of force being observed, but that
they can also transmit energy and momentum, dightawave is a
phenomenon completely defined by fields. For teason a field is often
viewed as a space which was modified by the sowtt® force which the
field represents.

Field line preservation A property of an idegblasma well approximated i
real plasmas, characterizing the way the flow aépia may deform the
magnetic field in which it is embedded. The lawpodservation states, "If




two particles in a flowing plasma are initially te same magnetic field
line, they continue doing so in the future.”

Firmament -- The celestial sphere and the collection of stdrssg positiol
is fixed on it.

First point in Aries -- Another name for the position on the celestlere
of thevernal equinox It is called so because in ancient time that {poas
in Aries, a constellation of theodiac. It is currently moving from Pisces to
Aquarius.

Flare (Solar flare)--a rapid outburst on the Sun, uguallthe vicinity of
active sunspots. A sudden brightening (only raselgn without special
filters, isolating the red light of hydrogen) mag tollowed by the signatur
of particle acceleration to high energies--x-ragslio noise and often, a bit
later, the arrival of high-energy ions from the Sklares appear to be
associated with rapid energy releases high abavphbtosphere, apparer
from the magnetic fields of sunspots. Their linictmonal mass ejections,
which may also be powered by magnetic energyilisiatlear.

Fly-by maneuveranother name for (planetary or lunar) "gravityistS®r
"swing-by" maneuver.

Force -- In mechanics, the cause of motion. It is a@equantity, in the
direction of the acceleration it causes.

Frame of ReferenceThe system of coordinates (and the objects that
determine it) in which motion or any physical etkeare calculated or
measured. Einstein's principle of relativity statest the laws of physics are
exactly the same in two frames of reference mowit constant velocity
along a straight line relative to each other. Wbeea of the frames is
accelerated, however, the two are not equivaleathEotating around its
axis fits Newtonian mechanics, the Sun going araufiged Earth does not.

Frequency (Often denoted by/the Greek letter letter nu.) --the number of
back-and-forth cycles per second, in a wave or wikeeprocess. Express:
this way, the frequency is said to be given insunitHertz (Hz), named
after the scientist who first produced and obseraglib waves in the lab.
Alternating current in homes in the US goes thro6@ltycles each second,
hence its frequency is 60 Hz; in Europe it is 50ley and 50 Hz.

g -- The symbol used for the acceleration due toityraAt the Earth's

surface it averages 9.81 meters/sepditected towards the Earth's center.
In common talk, "g forces" are stresses due tolact@n, e.g. on
astronauts or payloads. In the same vein, "zeis tjie condition when no
acceleration is sensed, because gravity is alriedighemployed supplying
the centripetal force which holds the object imoitkit (or alternatively from
the rotating frame of reference, because gravitylig balanced by the
centrifugal force).

Galaxy. Originally, the large wheel-shaped collectiorst#rs to which our
sun and other stars visible to the eye belong. \&e this wheel edge-on,
stretching around the sky as the "Milky Way," fodvi®y the glow of many
distant stars. Later it was found that the unives®ains dauge number of
somewhat similar objects, much more distant. Theynaw called
"galaxies" too, whereas the Milky Way isur galaxy."

Gamma rays-electromagnetic waves of the highest frequerkaesvn,



originally discovered as an emission of radioactiubstances. See also
radioactivity.

Geodesy-- The study of the shape of the Earth, e.g.etgations from an
exact sphere.

Global Positioning System(GPS), a navigation system using about 20
satellites in 12-hour orbits, distributed evenlguward Earth. These satellites
continually broadcast their positions. and a sinalirument, receiving
signals of 3 or more such satellites, can calcutatgosition within about 1
meters. The system was created by the US militéinych can get from it
even more accurate positions. The Russian GLONAS®® is similar.

Gnomon -- The part of aundial which casts the shadow, usually a rod or
fin pointed at theelestial pole

Gravity (or "gravitation"), one of 4 main forces in theiwarse (others:
electro-magnetic, and 2 types of nuclear forcegrizvnass exerts a
gravitational pull on any other mass, inverselypamional to the square of
the distance between them. This was first propbyadewton, based on his
calculation of orbits of planets and of the Moon.

Gravity-assist maneuverAnother name for thplanetary swingoy
maneuver

Gravity gradient. The variation of gravity with location--e.g. when
approaching a planet. The gravity gradient of Eaids to make elongated
objects in orbit around it make their long axisrido the Earth's center.
This effect has apparently caused the Moon's artageriod to equal ithe
Moon's orbital period, causing the Moon to pregearth with the same sic
Near a black hole the gravity gradient is closeughato tear apart stars and
other objects.

Greenhouse effeciThe surface of the Earth is, on the average siate of
equilibrium between heating and cooling: that istlze average, the rate at
which sunlight heats it equals the rate at whidbsées heat.

If no atmosphere existed, all that loss would talleee by infrared radiatior
from the surface. The Earth's atmosphere, howabsqrbs infra-red, which
heats it up and slows down the escape of heatsdime process occurs in
glass-covered greenhouses, whose panes let sunligat absorb the infra-
red emitted back, keeping their interior warm ewewinter. For that reaso
the process is known as the "greenhouse effect.”

Some gases which constitute only a small portiothefatmosphere--water
vapor, CQ (carbon dioxide) and CHmethane)--are major contributors to

the greenhouse effect. Burning coal and oil inléisé century has markedly
increased the CQcontent of the atmosphere, which is why some tisisn

credit the warming trend experienced in the lastdes of the 20th century
to an increased "greenhouse effect.”

Gregorian calendar-- Introduced in 1582 by Pope Gregory the 13tis, th
calendar modifies the Julian calendar for greatecipion, decreeing that
century years such as 1900 are not leap yearspiektee number of
centuries is divisible by 4 (e.g. 2000).

H-bomb SeeHydrogen bomb.




Hadley Cell. A scheme of global wind flow proposed by Hadley v 35, by
which warm air rises around the equator, flows walel at higher altitude
while cooling, then returns equatorward closeh®gurface. It exists, but
only near the equator.

High Energy Particles-charged atomic particles moving rapidly, oftemat
significant fraction of the speed of light. Theyngaenetrate matter, ionize
the material which they traverse and emit energetatons(e.g. of x-rays).
See als®olar energetic particles

Hohmann orbit. Also known as the "Hohmann transfer orbit," firesents
the most energefficient orbit for transferring a spacecraft frame circulai
orbit to another in the same plane. This orbit kealerian ellipse touching
the larger orbit at its greatest distance and tialsr orbit at its smallest
distance.

Hydrogen bomb A type of extremely large nuclear bomb, releasusgon
energy of heavy hydrogen (or in later versiongjditn) as well as fission
energy of plutonium and uranium. Tests of such mhdve released 100-
1000 times more energy than the nuclear bomb dbjpp&945 on
Hiroshima.

Hydrogen spectrumThe simplesline spectrunof any element, consisting
of a number of separate sequences of lines, the bheach getting closer
and closer together as they approach a limit. koes are in the visible
spectrum and belong to tBalmer sequengdut other sequences also
satisfy formulas like Balmer's

Ice ages- Times in the geological past when great glacigtsreled far int
Europe, Asia and America.

Inclination, orbital--the angle between the orbital plane sétellite or
planet and some reference plane, usually linkeddaenter of attraction
(e.g. Earth equatorial plane, or plane of the &chpThe angle between two
planes is defined as the angle between their pdipdars, at any point of
their intersection. Orbital inclination is one obfbital elements.

Inertia -- The property of matter to resists accleratiodeceleration, i.e.
any motion which is not in a straight line and wetinstant velocity

Inertial balance an instrument for comparing masses using only thei
inertia, and not relying on gravity. Examples dreihstrumentused for
monitoring astronaut mass aboard space stationaBkgnd thesawblade
devicedescribed in "Stargazers."

Inertial force A force which must be added to the equations dfanavher
Newton's laws are used in a rotating or otherwiselgrating frame of
reference. Some call it a "fictional force" becaw$en the same motion is
solved in the frame of the "outside world&," théseces do not appear.

Infra -red radiation (or infra-red light). The region of the electromagjc
spectrum adjacent to that of visible light, buthwidnger wavelengths (0.65-
10 micrometers, typical). Infra-red radiation isiged by hot objects and by
excited molecules. See algeeenhouse effect

lon--usually, an atom from which one or mailectronshave been torn off,
leaving a positively charged patrticle. "Negativesbare atoms which have
acquired one or more extra electrons, and clusfeatoms can also become



ions.

lonization--the process by which a neutral atom, or a clusiteuch atoms,
becomes aion. This may occur, for instance, by absorbtion gififi
("photoionization™) or by a collision with a fasaicle ("impact
ionization™). Also, certain molecules (such aséaddlt or sodium chloride,
NaCl) are formed by natural ions (like Na+ and @k)d together by their
electric attraction, and they may fall apart whessdlved in water (which
weakens the attraction), enabling the solutioroimdaict electricity.

lon rocket. A propulsion device used in long-range spaceionss
generating its thrust by a beam of positive iorseberated electrically. That
thrust is small (making such rocket unsuitableldoinch from the ground),
but the propulsion is very efficient, since thergyegiven to the ions comes
from solar cells or a nuclear power source, andatioeleration can be
maintained for a long time. Because of the sepg@ateer source, the ener
each ion gets is much larger than the energy givemolecules in the jet of
ordinary chemical rockets, which is limited by wifa chemistry of the
rocket fuel provides.

Isotopes-Variants found in many chemical elements, difigrslightly in
weight because the number of neutrons in theirenditifer. Chemically
they all behave a like, but some may be unstaldeadioactive

Iteration --The repetition of a process of calculation agad again, each
time improving the accuracy of the result. For aareple of iteration (with
"Kepler's Equation"see here

Jet Propulsion Lab -- An outgrowth of the Guggenheim Aeronautical
Laboratory of Caltech, in Pasadena (near Los Aisg€lalifornia). JPL was
the center of US rocket development in World Warltl was founded by
Theodore Von Karman and Frank Malina. Today ihesfiocus of NASA's
exploration of the planets and of distant space.

Jet Stream The core of fast air flow associated with thesterlies
occurring close to the top of thposphereBecause of its high speed, it
may also affect airliner schedules.

Jewish CalendarThe calendar traditionally used to determine Jewis
holidays. It is @Metonic calendar based on the motions of both Sun and
Moon.

Joule -- (pronounced like "jewel" or "jool"). Unit of engy: the ability to

overcome one Newton along 1 meter (assuming gmet@r/seg, it is also
the energy required to lift 1 kg by 0.1 meters)méa for James Prescott
Joule, one of the first to measure the "rate oharge" between mechanical
energy and heat.

Julian Calendar -- Introduced in 46 BC by the Roman ruler Juliea&ar,
this calendar assumes a year of 365.25 days, &sdausycle in which 3
"ordinary" years of 365 days are followed by a plgaar" with 366 days.
Leap years are the years whose number is divibipke

Kepler's laws --
Three laws of planetary motion, published by Jolearitepler using

accurate observations by Tycho Brahe and showsdgclNewton to be a
direct result of his theory of gravitation and lag/s of motion:



1. Planets move in ellipses, with the Sun at onadoc

2. The line connecting the planets to the Sun swegpal areas in equal
times.

3. The square of a planet's orbital period is propoal to the cube of its
mean distance from the Sun.

Comments:

1st law This corrected the simpler model of Copernicusiciv assumed
circles. More accurately, the focus is at the aeoftgravity of the Sun and
orbiting body (discounting other planets) and nenigdic motions along
parabolas or hyperbolas are also possible.

2nd law. The second law expresses the way a planet spipadlen
approaching the Sun and the way it slows down veltawing away.

3rd law: The third law gives the exact relation by whidangts move
faster on orbits which are closer to the Sun,¢ejus moves faster than
Earth (seeetrograde motion). For a more precise formulation, "mean
distance" should be replaced $gmimajor axis

Kilowatt -hour -- (KWH). The amount of energy supplied by onewiatt
(1000watt) for 1 hour (3600 seconds), equal to 3 600 00&jdziectric
bills are usually figured by the number of KWHs somed.

Kinetic energy -- Energy stored in the motion of a mechanicatesys-e.g.
by a rolling car, or a turning flywheel.

Kuiper objects. A large collection of icy asteroids outside tlmbibof
Neptune, many with orbital periods determined bytNee (e.g. 1.5 times
longer). Some are quite large, and Pluto may ptpjpeiong to this class.

Lagrangian points -- In a system of two large bodies (Sun-Earth antle
Moon), these are the points where a small third/lvaitl keep a fixed
position relative to the other two. Named for Fileastronomer Louis
Lagrange (1736-1813) who first studied them and shmwved there existed
5 such points. In the Sun-Earth system only twdraportant, both on the
Earth-Sun line--the L1 point 236 Earth radii sundvaf Earth, and the L2
point at a similar distance on the night side. Theyoint is a good "early
warning" outpost intercepting shocks and partiel@stted by the Sun and
its vicinity has been occupied by several spacedhkitbgetherfive
Lagrangian pointgxist in the Earth-Sun or Earth-Moon system.

Lapse Rate The rate at which temperature decreases witle@song
altitude. Depends on humidity.

Latitude and longitude -- Two angles which specify a location on Earth. |
a line is drawn from the Earth's center to the gikaeation, thenatitude is
the angle between that line and its projectionhengiane of the Earth's

equator (latitude also equals®®, where the "co-latituded is the angle
between the line and the axis of the Earth).

To define longitude, imagine a large number ahpk ("meridional
planes") all of which contain the axis of the EaAlsuming the equator i<
circle, divide it into 360 degrees and fractionsle§rees: then each
meridional plane can be labeled by the angle attggsection of the
equator, and thiengitude of a point is the angle marking the meridional
plane on which it sits. Longitude is similar to #egleg of 3-dimensional
polar coordinatesor toright ascension but is measured from a zero
longitude chosen as the longitude of the Greenwiidervatory near
London, Great Britain.



Law of areas-- Another name for Kepler's 2nd law.

Libration A periodic back-and-forth swing of the elongated af the
Moon across the Moon-Earth line, apparent to a @ream Earth. So named
because it resembles the swings of two-pan sdalésiin, "Libra") around
their points of equilibrium.

This is almost entirely aapparent motion: actually, the Moon rotates at
an almost constant rate, but by Kepler's lawsyritétal motion around the
Earth is not constant. If it were, we would alwage the same face of the
Moon, but actually the Moon sometimes falls belonéddvances ahead,
allowing more to be viewed.

Because of its libration, the Moon shows E&nthw and then) areas
beyond the 50% of the surface facing Earth. Otkea(l) effects which also
expand the viewable area are included under "ldomats well.

Lift --the lifting force on a flying object (in parti@n, a wing or an aircraft),
due to its motion relative to the surrounding hift is one of the four forces
sensed by an airplane, the others beiirzgy thrustandweight

Lightning A sudden electric flow between a thunderstormdland the
ground (or another cloud), for a brief instant praidg heat and light along
its path (and the heat, in turn, producing a suddgransion of air, which
initiates the thunder). Lightning removes electhiarge, created in
collisions of freezing raindrops. Large drops talvn, while small ones,
carrying charges of the opposite sign, rise up liee#he force of gravity
pulling them down is overcome by upward-blowing #8nThe work
performed by separating opposite charge ends efeasic energy, at high
voltages.

Liquid fueled rockets -- Rockets in which a liquid fuel (kerosene, lidjui
hydrogen) is combined in a combustion chamber wiiquid oxidizer
(usually liquid oxygen, also fuming nitric acid lmydrogen peroxide). Very
efficient and controllable, such rockets are gdheused in spaceflight.
Unlike solid fueled rockets, they can be shut gffé&mote command,
simply by closing off their fuel line.

"Lunar Prospector” Small polarsatellite of the Moomaunched 6 January
1998, whose observations seemed to suggest possgibtence of ware-ice
in deeply shaded lunar craters near the polesedtiion.

MKS system A consistent system of units in physics, basedistances
measured in meters, mass in kilograms, time inrmscd-ormulas using
MKS units can be used together with no errors dumaismatch.

Magnetic field--a region in which magnetic forces can be obser8ee
"electromagnetic field," a more general field alscuding electric forces.

Magnetic field lines-lines in space, used for visually representimggnetic
fields. At any point in space, the local field line paim the direction of the
magnetic force which an isolated magnetic poléait point would
experience. In a plasma, magnetic field lines glsde the motion obns
andelectronsand direct the flow of some electric currents.

Magnetic poles(1)Magnetic polesf a magnetare points near its ends, at
which the magnetic force seems concentrated.

(2) The magnetic poles the Earth are the point towards which a
horizontal compass needle tends to point. Sevéeahative definitions
exist, giving slightly different locations, e.gethdip pole" is where the



magnetic force is purely vertical.

Magnetic polarity Electric charges come in two varieties, denotgdafl (-
). Similarly , the poles of a magnet have diffeneraignetic polarities, "north-
seeking” (N) and "south-seeking” (S). If the magadteely suspended (e.g.
a compass needle), the (N) end turns to face nivh(S) turns to face sou
Like electric charges, poles of the same kind repfebpposite kinds attract.

The names are usually abbreviated to "nortkd"'anuth” poles, which
occasionally causes confusion. If the magnetic @nigs of the Earth came
from it being a giant magnet (rather than from glecurrents in its interior
then the magnetic pole close to its northern ggagcgoole would in fact be
an "S" pole or "south seeking" pole--sincatiracts the north-seeking pole
of the compass needle!

Magnetic storm--A large-scale disturbance of theagnetosphereften
initiated by the arrival of aplasma cloudriginating at the Sun.

A magnetic storm is marked by the injection wfagpreciable number of
ionsfrom the tail regions of the magnetosphere irtte jtear-Earth
magnetosphere, a process accompanied by increasmdlalisplays. The
injected particles cause a world-wide drop in theatorial magnetic field,
taking perhaps 12 hours to reach its greatestsitigriollowed by a more
gradual recovery.

Magnetosphere-- The outermost environment of Earth, dominatgdhe
Earth's magnetic field. The magnetosphere is tieeo$ithe radiation belt ar
many intricate phenomena. Ssdar wind.

Mass-- The mass of a body can be loosely defined asrttwaiat of matter |
contains. That is expressed in two ways:

1. inertial mass, the resistance of the matter to acceleration or
deceleration, as given by the factoin Newton's 2nd lar = ma

2. gravitational mass the force exerted on the matter by gravity
("weight"), given near the surface of Earthfby mg.

According to all experiments, the two are equalistag all bodies subject to
gravity only (near the surface of the Earth) todthe same acceleratiar

a.

Maxwellian distribution The distribution of molecular energies (or
velocities) in a hot gas, derived by James Clerkwil. At any
temperature, a mean energy exists, but collisietsdren molecules spread
out the distribution and a few molecules are alwaysh faster than the
average.

Mean anomalyAn angle used in calculating orbital motion obeyitepler'
laws, increasing by 360 degrees each orbit. Thar@wigle of an orbiting
object around the center of attraction--tkrel€ anomaly'--also increases t
360 degrees each orbit. However, while the truematp changes unevenly--
faster during closest approach--the mean anomaigases steadily, in
proportion to time. The mean anomaly is one ofl@ital elementsdefining
Keplerian motion.

Metonic Calendar -- Named for the Athenian astronomer Meton, liased
on the moon, counting each cycle of the phasdseolMoon as one month.
Days are kept approximately in step with the seasgrincluding 7 leap

years of 13 months in each cycle of 19 years. Wyetie Chinese and the




Jews.

Microwaves Electromagnetic waves longer than infra-red botteh than
radio, with typical wavelength 0.1-10 centimeters.

Milankovich theory -- Theory by which ice ages were caused by slow
changes of the motion of the Earth in space, inotuthe coupling between
the 26 000 year cycle of tipeecession of the equinoxeand the annual
variation of the Earth-Sun distance.

Momentum (plural: momenta). The momentum of a moving obigthe
product (result of multiplication) of its mass arelocity; like velocity,
momentum is a vector. The law of conservation ofmantum states that
when two or more objects interaet-cannon fires a shell, a rocket shoots
a fast jet of hot gas, a bowling ball scattersaugrof pins--the total vector
sum of their momenta is unchanged. That, too, iscarivalent formulation
of Newton's laws.

Month A division of the year, corresponding roughly tpexiod of the
Moon. Some calendars start all month at the sfahlteoMoon's period, or
close to it.

Moon The natural satellite of the Earth; satellite®tbfer planets are also
often called "moons" (uncapitalized)

Multiplet A closely spaced group of spectral "lines" (wanglhs),
suggesting that a single energy level was split #gtveral closely-lying
ones, by some additional factor such as electrom sp

Muslim Calendar -- Based on a year of 12 months, each correspgrdin
one cycle of the Moon, but without thMetonic correction. Its months
migrate through the seasons.

Naw Ruz The Iranian name for the new year holiday on thesign
calendar, occurring on the spring equinox.

Neutron A particle found in the nuclei of atoms, similaraprotonbut with
no electric charge. Among light nuclei (helium,lmam, nitrogen), the ones
that are most stable contain equal numbers of psadod neutrons. In
heavier elements, the most stable ones have nyagdniteutrons, growing
with mass. Varieties of nuclei also exist ("isotsfevhich have other ratios
between their numbers of protons and neutronswhat the departure fro
the "most stable ratio” becomes large, neutronscoarert to protons +
electrons (or vice versa), producing one form digactivity.

Neutron star A star (approximately sun-sized or larger), a rantrof a
supernovaxplosion, in which gravity has caused all matberollapse to a
giant nucleus, composed only of neutrons. The ps#as also expected to
greatly amplify any magnetic field present in te-pollapse star, as well as
speed up enormously any rate of rotation. It iselved thapulsars,

pulsating radio sources with very precise pulsatienods, are neutron stars
of radius about 10 km and rotation period abowtcbed. Their magnetic
axis spins and beams radio waves, in a way sirtaltre way a lighthouse
beams its light. We detect pulsars when the Earih one of the directions
swept by the beams.

Newton -- Unit of force, the force which, when appliedaioe kilogram
mass, causes an acceleration of 1 metét/sec



Newton's laws of motion-- Three laws which form the foundation of
classical mechanics, i.e. of the theory of ordimagtions (not motions on
an atomic scale, covered by quantum mechanicspainat velocities close
to that of light, covered by relativity). The lawdroduce the concepts of
force andmassand state (in modern terms)

1. Inthe absence of forces, an object ("body"at stays at rest, and an
object moving in a straight line with constant \alp persists in doin
SO.

2. A (small) body subject to a force accelerates;atceleration is in the
direction of the force and proportional to its migte, and inversely
proportional to the mass of the body= ma.

3. Forces are produced in pairs, in opposite divastand equal
magnitudes.

Newton's laws (2) and (3) Mach's formulation reduce to:" When two
small bodies act on each other, they acceleragpposite directions and the
ratio of their accelerations is always the same."

North. The direction opposite &outh At middle latitudesouth of the
equator, the direction to the noontime sun is veatials.

Nuclear bomb A device for explosive release of nuclear enefgijowing
fission by fast neutrons.

Nuclear fireball A sphere of extremely hot gas (or part of a spHere

explosions near the ground) formed around the sigiocof a nuclear bomb.
The heat radiated by the fireball is probably thestdamaging effect of the
explosion, starting widespread fires and burningpae caught in the open.

Nuclear fissionThe breaking up of a heavy nucleus in two parts of
comparable masses, typically, 1/3 and 2/3 of tigir@l mass, associated
with a great release of energy. Since both fragsleate a positive electric
charge, they repel each other vigorously, causiegitto be ejected with
great speed in opposite directions. The kinetieggnef that motion,
ultimately converted to heat, is the source of'theclear energy" of fission.

Nuclear forcesThe short-range forces acting on protons and oesitin
atomic nuclei. Two types actually exist, the "sggdarce" which holds
nuclei together, and the "weak force" which detessithe ratio between t
numbers of protons and neutrons.

Nuclear fusion The process of releasing energy by combining hyeino
atoms to form helium, or more generally, to combighkt nuclei into
heavier ones. Nuclear fusion appears to be thesairthe energy of the
Sun and of stars.

Nuclear power Power obtained from nuclear fission in nucleactess,
ultimately converted to electric power.

Nucleus(atomic; plural: nuclei). The small concentratafrprotons and
neutrons, positively charged, at the center of atorhe nuclei of atoms are
positively charged and contain by far most of time#ss (all but about
0.05% or less).

The existence of the nucleus vdasiuced in 191by Ernest Rutherford,
from experiments on the scatteringatipha particle®y nuclei.




Orbit -- The path of a body in space, generally undeiiriiuence of
gravity.

Orbital elements -- Variables which characterize the motion of anitong
body. For a planet or satellite in an elliptic ori6i orbital elements exist: the
semi-major axisgives its sizegccentricity its shape anthean anomalyits
position along the orbit, at the given time. Theethother elements are three
angles which give the orientation in space of itstal plane, e.g. that
plane's inclination (to the plane of the Earth'sagqgr or the
ecliptic,depending on choice of coordinates).

Orbital period -- The length of time required for a body to coatplone
full (closed) orbit.

Orbital (noun). One of the basic modes of electron wave functioras
atom, defining energy levels etc. Earlier, befarehselectrons were treated
as wave phenomena, an older theory viewed themyaerbiting spheres
and tried to classify atomic energy levels by asegrthey represented
different classes of orbits of such spheres. Slasses were later replaced
by wave modes, but the name "orbitals" stuck tanthe

OzoneA gas, an alternative form of oxygen in which 8mas of oxygen
rather than 2 join to form a molecule. Even thoaogbne forms in the
atmosphere only in very small quantities, it hagnagportant impactOzone
near the groundis produced as part of industrial air pollutiondasince it

is chemically very reactive, it is undesirableegtrodes masonry, it causes
paint to darken and is unhealthy to brea®eone in the high atmospherg
around 25-30 km., is formed by solar ultra-violght. It absorbs such light
and prevents it from penetrating to the ground,relitecould be harmful to
the eyes and to skin.

Parallax The angle between the directions in which an dbgeseen from
two different positions. The parallax of an objseén with the left and right
eye helps create depth perception. $tedlar parallax (stellar=of a star) is
the angle between the directions a star appears tohen viewed from
opposite sides of the Earth's orbit, half a yeartaven though that
distance is 300 million kilometers, the stars arensich more distant that
even for the closest star the parallax is onlydd/d4 second of arc. See

parsec

Parsec(From PARallax + SECond). A unit of distance bedwetars. A star
would be one parsec from Earth if its (stellar)gilax (see above) were 1
second of arc. One parsec is about 3 1/4 lightsyear

Particle--in general, a charged component of an atom,ishah ion or
electron.

Pelton turbine A water turbine invented by Lester Pelton in tB&0s,
converting the kinetic energy of a fast jet of wai¢o the rotation of a
turbine wheel. The collision between the wategjed cups attached to the
moving wheel has some similarities to the encouméween a spacecraft
and a moving planet in @tavity assist' or "planetary swing-by"
maneuver.

Perigee-- the point of a satellite's orbit closest totBgseeperihelion,
apoges.

Perihelion -- The point in a planet's orbit when it is clasesthe Sun



(Helios is Greek for Sun). Seghelion, perigee

Periodic table. When listing chemical elements in order of theégheof
their atoms, it was observed (by Mendeleev ["MeegeV"]) that certain
sequences of chemical behavior tended to repeatrédson, we now know,
is that chemical properties of an atom depend kaige the number and
arrangement of "outermost” (weakest bound) elestrds atoms get
heavier, their number of electrons increases: tfes anore tightly bound
tend to arrange themselves in closed "shells" @idthy rules of quantum
physics, and as each shell is filled, the arrangemieoutermost electrons
may repeat itself.

Persian CalendarA calendar used in Iran and some of its neighldbrs.a
solar calendar, counting its years from the sanginbéng as the Moslem
calendar. SebBlaw Ruz

Photon --colloquially, a "particle of light." Althoughdiht spreads as an
electromagnetic wayét can be created or absorbed only in discreteusts
of energy, known as photons. The energy of a phistgneater the shorter
the wavelength--smallest foadio wavesincreasingly larger for
microwaves, infra-red radiation, visible light amitra-violet light. It is
largest forx-raysandgamma rays

Photosphere-The layer of the Sun from which all visible ligletaches us.
The Sun is too hot to have a solid surface anglia¢osphere consists of a
plasmaat about 5500 degrees centigrade.

Planck's constant A fundamental constant of nature, denoted bydtterh

and equal to 6.626068 ”ﬁf‘joule-sec. Introduced by Max Planck in 1900,
the constant h plays a central role in all quanpln@nomena, which
dominate physics at the atomic scale.

Plane of the ecliptic-- (also called "the ecliptic" for short) The ddiiplane
of the Earth around the Sun. The line of ¢leéiptic on the celestial sphere
formed by the intersection of the plane of theptiwith that sphere. The
reason the major planets and Moon appear in thelskg to the ecliptic is
that the solar system is flat, and its orbital p&are very close to each
other. We observe their motion (very nearly) edge-o

Planets-- Celestial bodies such as the Earth which dhgtSun (and by
extension, similar orbiters around distant staEgunting from the Sun
outwards, planets visible to the eye are Mercusnus, (Earth), Mars,
Jupiter and Saturn. The telescope also sees thedmstant Uranus, Neptu
and Pluto, as well as smaller asteroids (mosterhtinside the Jupiter orbit)
andKuiper objects (in the outer solar system). See alswograde motion

Planetsof distant stardlany distant stars have orbiting planets, most
commonly revealed by a subtleoscillation of theitpms of the main star, as
it and the planet revolve around a common centgrafity.

Planetary swingby maneuver-- The encounter between a moving
spacecraft and a moving planet or moon, affectiegspacecraft's motion
like an elastic collision (in which no energy ist@o heat). Depending on
the details of the encounter, the spacecraft canagdose appreciable
amounts oknergy, and appreciable changes in the direction of don
can result.

Swing-by maneuvers with the Moon have been tsedach the L1
Lagrangian point; fly-by maneuvers with the planets have played an




essential role in space missions exploring ther sylstem. Lunar fly-by is
similar and is also used.

Plasma--a gas containing fraens andelectronsand therefore capable of
conducting electric currents. A "partially ionizphsma" such as the Earth's
ionosphere is one that also contains neutral atoms.

Polar Coordinates-- An alternative system of marking a point onanp
by its radial distance (r) from an "origin" and @ar angle ¢). Polar
coordinates in 3-dimensional space use (r) andomar anglesq,) giving
the direction from the origin to the point.

When 3-dimensional polar coordinates overlapreesean (X,y,z) systen®,
is the angle between the line to the origin andztiagis, whileg is the angle
(counter-clockwise when viewed from +z) betweenghagection of that
line onto the (x,y) plane and the x-axis. Concegr{thy), see alsdatitude
and longitude, declination and right ascensionazimuth and elevation

Polaris (Pole Star, North Star)-- A fairly bright star, the last star in the tail
(or handle) of the constellation of the Little DggUrsa Minor). Currently
located within a fraction of a degree from the set north pole, the point
around which the celestial sphere appears to tdtatee northern
hemisphere, the direction towards Polaris is vegrily due north.

Potential energy-- Energy stored in the set-up of a mechanicaksyse.g.
by a weight able to descend (in the presence oftgjaor by a compressed
spring.

Power -- The rate at which energy is supplied. Sedt.

Precession- A modern term, derived from tipeecession of the equinoxes
and meaning a motion around a cone of the rotataof a spinning body.

Precession of the Equinoxes A slow motion of the axis of the Earth
around a cone, one cycle in about 26000 years.r@sudt, the celestial pole
moves around a circle in the sky, and in ancienes, for instance, was

quite far fromPolaris. Discovered by Hipparchus around 130 BC as a slow
shift of thevernal equinox around theacliptic (i.e. around theodiag).

Primordial microwaves A diffuse microwave radiation apparently filling
the entire universe, a remnant of gamma rays aiyethe primordial
fireball" in the early universe, following the "Big Bang\% the universe
expanded, the frequency dropped and is now in ibeomave range, but it
still follows a black-body spectrum.

ProminenceA cloud of cooler plasma extending high aboveSha"s
visible surface, rising above the photosphere timéocorona.

Propeller pitch--the angle at which the propeller blade (or p&it)dbites”
into the air, itsangle of attack

Proton --an ion of hydrogen and one of the fundamentdtiimg blocks
from which atomic nuclei are made.

Ptolemy's System- The explanation given by ancient Greek astrononw
the motion of planets around the sky, describesiliook by the Greek
Ptolemy, around 150 AD. It regarded Earth as tmeeceof the universe and
assumed the motion of planets was a superpositiomonlar motions (see

epicycles.




Pulsar. Seeneutron star

Pythagoras, theorem of- A proved assertion in geometry, that in a Hght
angled triangle which has sides of length (a, hif €)is the long side facing

the right angle, therfar b2 = @

Quantum level A discrete level set by the laws of quantum phg;dimiting
the angular momentum of an atom or its energy taicewell-defined
values. In-between values are not allowed.

Quantum physicsThe laws obeyed by matter on the atomic scal@|vimg
Planck's constargnd wave properties of matter.

Quantum tunneling. Atomic particles sometimes face a barrier whih,
Newtonian mechanics, would take too much energydss, even though its
width is limited. Bywave mechanicsthe particle's wave has a finite (if
small) value outside the barrier, too, giving tlaetigle a finite (if small)
probability of materializing there, as if it "turied" through. Once outside,
the particle has enough energy to proceed. In 188&ffect explained
alpha-radioactivity, and it has since then beenriegin the quantum
physics of solid matter and elsewhere.

Radiation --a term used for phenomena that spread rades|yecially of
two:

¢ In the narrow sense, some typestd#ctromagnetic waveadio,
microwave, light (infra-red, visible or ultra-vid)e x-rays or gamma
rays are all types of electromagnetic radiation.

o Colloquially, an abbreviation ofdnizing radiation” meaning any
spreading emission which can penetrate matteramae its atoms.
That includes x-rays and gamma rays, but also argrgyions and
electronsemitted byradioactivesubstances, accelerated by laboratory
devices or encountered in space (e.g. the "radisigdt” and "cosmic
rays," also known as the "cosmic radiation").

Radiation balance The condition that when the atmosphere is in
equilibrium, incoming radiation must balance outgpradiation. (Radiation
balance also occurs inside stars and planets flmouose, different
processes are involved.)

Radioactivity --Instability of some atomic nuclei, causing thenthange
spontaneously to a lower energy level or to mothynumber of protons
and neutrons they contain. The 3 "classical" tygfgadioactive emissions
are (1)alpha particlesnuclei of helium (2petarays fast electrons and (3)
gamma-rays, high-energy photons.

Radioisotopes-Unstablelsotopeswhich areradio-active They may convel
spontaneously--after seconds, hours or years, dspenthe type of isotope-
-into other elements; for instance if a neutrothi@ir nucleus converts to a
proton, plus and electron which is ejected. Thegss always lowers the
energy of the nucleus.

Elements heavier than lead are often unstadsause too many protons
their nuclei repel each other. They expel extragn® as "alpha particles”,
nuclei of helium--two protons and two neutronseaystable combination.

Radio waves-Electromagnetic waves of relatively low frequency



Reaction force-- The added force implied by the lack of motion
(equilibrium) when an applied force exists (e.qufly).

Recoil The motion of a gun in the opposite direction fribra shot, a
consequence of Newton's 3rd law. Readily calculbtedsing the
conservation of momentum.

Re-entry (atmospheric re-entry) -- The return of a spacecraft from orbit to
Earth, in which the kinetic energy of the orbitabtion is converted into
heat. Since that heat is sufficient to melt thecepeaft, if the spacecraft is to
land intact, the heat must be safely dissipatedidrssistant shields of
various types are used, and the reentry is atlloghangle, to stretch out
the process.

Relativity, principle of A fundamental principle formulated by Einstein,
that laws of physics remain unchanged when mowrany frame of
reference moving at constant velocity. Newtoniarcimaaics by itself obeys
it, but trying to accommodate electricity and magme as well forced far-
reaching changes in the overall structure of play$aws, including the
concept of time.

Retrograde motion-- Temporary reversal of the apparent motion of a
planet along the ecliptic. Caused because (by Ke@ed law) a planet
moves faster the closer it is to the Sun, so fleatijstance) Jupiter appears
to move backward when the faster-moving Earth aked it.

Right angle -- The angle formed when two straight lines irgetsand the 4
angles at their crossing are all equal. When medsuardegrees it equals

aC°.

Right ascension and declination- Two angles marking the position of a
star on the celestial sphere. Imagine a line floendbserver to the star, and
draw its projection (like a shadow) onto the ceéstquator. Declinatiod

is the angle between the line and its projectipn X - 6, wheref is the
angle to the direction to the celestial pole)sihegative south of the
equator. RA is the angle between the projectionthadlirection to the
vernal equinox or first point in Aries .

Ritz principle The observation that pairs of frequencies of atoeniergy
levels often have the same difference, to greatigion. That was an early
clue to the existence of atomic energy levelsltitnately allowed
representing a great number of spectral linesimypeh smaller number of
energy levels, also tracing which jumps betweeelkewere allowed and
which were not.

Rocket -- A device shooting out a fast jet of gas, inesrtb produce a force
in the opposite direction. Seenter of gravity, alsoNewton's laws of
motion in Mach's formulation.

Rossby waveA large-scale north-south wave in the ovenadkterly global
air flow at middle latitudes. It helps spread the coolifithe atmosphere
and thus is one of the drivers of global weather.

Rotation axis of the Earth-- The imaginary line around which the Earth

turns. Its inclination of about 23 %o the ecliptic is the reason for the
seasons of the year.




Rydberg constantA constant appearing Balmer's formulafirst explainec
by theBohr modelof the hydrogen atom.

Saturn V -- The biggest rocket built to date, weighing 270@s fully
loaded. It was used to launch NASA's Moon missiod the Skylab space
station.

Second law of thermodynamics- A fundamental law of energy exchange,
one of whose formulations is "no process is possidsiose only net effect
the flow of heat from a cold body to a hot one.t@sequence of this is tf

in any system only part of the heat energy candowerted to other forms;
the rest of the heat flows to lower temperature.

Semimajor axis-- a property of an ellipse, equal to half itsagest width,
as measured along the line connecting its two oe semi-major axis of
an orbital ellipse is one of the "orbital elemendkaracterizing it, and is
directly related to the energy of the motion.

Shock-A sudden transition at the front of fast flowgésma or gas, when
that flow moves too fast for the undisturbed gasitve out of its way. Als
occurs when a steady fast flow hits a magnetiobd ®bstacle.

Sidereal dayThe true period of rotation of the Earth, aboutifutes

shorter than 24 hours. Tingean solar dayis the average time from noon to
noon, between two southward passages of the She sky, but during that
time the Sun's position relative to the stars cbantpo. If we were to
measure a day between two southward passages efstan("sidus"=star),
we would get a sidereal day.

Sodium spectrumThe sodium atom is somewhat similar to that of
hydrogen. Its spectrum has similaritythat of hydrogenbut with a more
general scheme of energy levels.

Solar activity A general term for those processes and changdsediun
that rise and fall with the sunspot cycle, e.geffa

Solar cycle(or sunspot cycle)--an irregular cycle, averagibgu 11 years
in length, during which the number of sunspots (ahitheir associated
outbursts) rises and then drops again. Like themais, the cycle is
probably magnetic in nature, and the polar magtietid of the Sun also
reverses each solar cycle.

Solar energetic particles-high energy particlesccasionally emitted from
active areas on the Sun, associated sathar flaresandcoronal mass
ejections The Earth's magnetic field keeps them out ofargiclose to
Earth (except for thpolar cap9 but they can pose a hazard to space
travelers far from Earth.

Solar wind -- A fast outflow of hot gas in all directions frothe upper
atmosphere of the Sun ("solar corona"), which dshtot to allow the Sun's
gravity to hold on to its gas. Its composition ni&ts that of the Sun's
atmosphere (mostly hydrogen) and its typical véjoisi 400 km/sec,
covering the distance from Sun to Earth iB days. The solar wind confin
the Earth's magnetic field inside a cavity knowrtheesnagnetosphereand
supplies energy to phenomena in the magnetosphelneas polar aurora
("northern lights") and magnetic storms.

Solid fueled rockets-- Rockets which burn a solid mixture of fuel and




oxidizer, and have no separation between combushamber and fuel
reservoir. Gunpowder is such a mixture and wagé#nkest rocket fuel.
They are somewhat less efficient than the besidituel rockets, but are
preferred for military use because they need ngtlgnpreparation and are
easily stored in ready-to-fly condition. They algoaused in auxiliary
rockets that help heavily loaded liquigel rockets (Space Shuttle, Delta)
off and go through the first stage of their flight.

Solstice-- The time of the year when the Sun's positiainéssky is most
distant from the celestial equator. To a good aypration, north of the
equator the day (around June 21) and the nightif@r®ecember 21) are at
their longest at the summer and winter solsticed,that is when those
seasons are assumed to begin (the dates themdwvwes;er, are known as
midsummer day and midwinter day, respectively). Bi@mnorth of the
equator coincides with winter south of it (and wegsa), and solstice nan
are also interchanged there.

South The direction at middle latitudes in the northbemisphere, to whe
the Sun is at noon, when g&evationabove the horizon is largest.

Space StationA habitable orbiting structure with a rotating wrand
regular resupply.

Spectral line A narrow range of spectral color, emitted (or abed) by a
specific atom (or molecule).The energy of its phatorresponds to the
difference between two energy levels of the atamd, such photons are
emitted when the atom "falls” from the higher letgethe lower one.

Spectrum In the original meaning, the spread of colors sedhe rainbow,
covering all pure colors the eye can sggectrum of a substancee.g. of
an atomic element, is the collectionspiectral lineemitted by it.

Spin of an electronintrinsic angular momentum of an electron, affegt
energy levels of atoms and such phenomena asdeey of elements in
the periodic table. To explain spin, the electraswriginally viewed as a
spinning sphere, which also seemed to explain Wwhyetectron was
magnetized in the same direction. The numbers alidith however, and
later Dirac explained spin using relativity. Pratand neutrons also have a
(much smaller) spin; proton spin in medicine is Itlasis of magnetic
resonance imaging.

Sputnik ("satellite™) -- The first artificial Earth satellite, orbited tthe
Soviet Union on October 7, 1957, using Korolev'g Rycket.

Staging of a rocket-- The placing of smaller rockets on top of largees,
increasing the lifting ability of the combined sat-

Stellar evolution (stellar=of a star). The different phases in tfegiine of a
star, from its formation out of gas and dust, ®@tilme after its nuclear fuel
Is exhausted. Based on observations of stars mugastages of their
evolution, astronomers have developed a generahtlug stellar evolution,
by which the Sun is a typical "main sequance” stathe middle of its
evolutionary lifespan

StratosphereThe layer of the atmosphere above the troposphetbe
tropospheretemperature decreases fairly rapidly with incnegsiltitude, in
the stratosphere it changes only slowly--approxétyatonstant at the lower
edge (10-16 kilometers), rising moderately at 25«40due to heating by



ultra-violet sunlight, which is absorbed theredzpne The difference arise
because in the troposphere, heat is carried away thhe Earth mainly by
up-and-down flows associated withnvection in the stratosphere heat is
radiated outwards, with little flow motion.

Sundial -- A device for telling time of day by the shadaich sunlight
produces on the instrument. Sg@mon

Sunspot-An intensely magnetic area on the Sun's visiatef For unclear
reasons, it is slightly cooler than the surroungihgtospheréperhaps
because the magnetic field somehow interferes tivéloutflow of solar hei
in that region) and therefore appears a bit dakenspots tend to be
associated with violent solar outbursts of varikingls.

Supernova(More accurately, type Il supernova.) When a stainb up all

its fuel, it collapses and the released gravitai@mergy blows off its top
layers, creating a supernova explosion. What resnafithe star depends on
its mass. Low-mass stars crush their atoms andi@etite dwarfs, about
as big as Earth. High mass stars collapselit#ok holesvhose gravity
prevents any light from escaping. Stars with mabséseen those extremes
collapse intameutron starsconsisting of extreme dense nuclear matter held
together by gravity and nuclear force, with a rad@ithe order of 10 km.

Sweepback-the angle by which the wing of an airplane is gingack,
measured from the direction perpendicular to tiselage.

Synchronous orbit-- The circular orbit above the equator at a disteof
6.6 Earth radii, in which a spacecraft has an aripieriod of 24 hours. Such
satellites stay above the same spot on Earth antharefore ideally suited
for transmitting communications and broadcasts.

Synodic period The time it takes for a planet until it returpsiie same
position relative to the Earth.

Thermodynamics The branch of physical science dealing with cosioer
of energy from one form to another, especially lniva heat.

Thrust--the force acting on a rocket or an airplane, poed by the action
of its motor and pulling it forward. In an airplaribrust is one of the four
forces sensed by an airplane, the others ddinglragandweight

Thunderstorm An atmospheric process involving particularly vigas
convectionof humid, warm air. Such air stores energy ndt figsheat but
also through its humidity, and as it rises and gétsf its water by
producing rain, the latter form of energy givesxtra heating and helps it
rise even higher, to the base of the stratosphdrere the thunderstorm
flattens out. As the rising air cools, some drapfeteze, and collision of
frozen droplets carried in the rising air with largpnes dropping due to
gravity leads tdightning.

Tilt -wing airplane. An airplane whose wings are pivoted around as axi
perpendicular to the direction of flight, allowinge wing to be swept
forward and the other backward. An idea studietNBYA but shelved
because it made control of flight too difficult.

Time--local and universalMost of the world's inhabitants use their own
local time, adjusted so that noon is approximately the tirnemthe Sun is
the farthest from the horizon (for that day).




Universal time (UT) is a world-wide measure of time, the same
everywhere; a common scheme is based on the tithe ateridian of zero
longitude in Greenwich, at the edge of London, Bndl(it is also called
Greenwich Mean Time or GMT; astronomers may defliiedifferently).
UT is used to give the times of world-wide evergarthquakes, magnetic
storms, planetary encounters by spacecratft, etc.

Time zonesFor conveniencdgocal timein most countries is defined to have
the same value in a broad strip, typicallyl5 degreele in longitude (whic
averages a range of 1 hour in "precisely” defimedlltime). Some countri
define local time to be the same everywhere ircthentry.

Trade winds. Global winds circling the globe at low latitudesg. in the
central Atlantic Ocean. Sailing ships used thernnawel west, later using ti
westerlies further poleward for the trip home.

Transit of Venus. The passage of Venus in front of the Sun's dikls
rare astronomical event (transits occur in paisienthan a century apart)
was proposed by Edmond Halley as the basis of hadeif measuring the
astronomical unit

Trigonometry Study of triangles (trigon=triangle), in particulzt
applications usingrigonometric functions to reconstruct triangles if only
some of their sides and/or angles are known.tltefoundation of land
surveys.

Trigonometric functions Originally, the names given to the 6 possible
ratios between pairs of sides in a right-anglezhgle (sine, cosine, tangent,
cotangent, secant, cosecant). Usually the triasgleawn with resting on
one of its shorter sides, and these functions iamged as depending on the
bottom acute angle (angle smaller than 90 degrear the definitions
were extended for any angle, using timé circle. Though initially
introduced as a tool of land-surveying, today tnigimetric functions play a
key role in many areas of mathematics.

Trigonometric identities Relations between trigonometric function which
hold for any anglef-or instance if U2 means U squared, for any angle A
the identity (sinA)*2 + (cosA)*2 = 1 . For otheeittities,see here

Tropic of Cancer The line ofnorthern latitude 23.5°, north of which the
Sun is never at zenith on any day of the year. Tiopical zone,"” where
Earth receives the highest rate of solar heatsgetween the tropic of
cancer and the tropic of Capricorn (below).

Tropic of Capricorn. The line ofsouthern latitude 23.5°, south of which
the Sun is never at zenith.

Troposphere The lowest layer of the atmosphere, in which wesath
processes take place. S#atosphere

True anomaly The polar angle of an object in a Kepler orbitasweed
from in the orbital plane from the position at @esapproach. Seeean
anomaly, alsoorbital elements

Ultraviolet (UV)--electromagnetic radiation resembling visibght, but of
shorter wavelength. UV cannot be seen by the eyepauch of it is
absorbed byzone a variant of oxygen, at altitudes of 30-40 kmieBide
telescopes, however, can and do view stars anfiuhen UV, and even in



the extreme UV (EUV), the range between UV and y&ra

Unit Circle A circle of radius=1 around the origin of (x,y)ardinates, used
for extending the definition dfigonometric functions to angles larger the
90 degrees.

Unit vector A vector of unit length. Vectors have both magaéwand
direction, but in some calculations it is convenhi@nseparate the two.
Denoting vector by an underlina vector Vcan be represented by two
factors multiplying each other, a unit vectqr §iving just the direction, and

a magnitude V, i.e., the vector isV V.

Urca processin the final rapid collapse of a supernova, thergn release
causes nuclear reactions. Most of the energy tbes dot produce heating,
but is instead drained away as neutrinos. Heatavioave counteracted the
star's collapse, but the "Urca process” by whiehethergy is drained away
allows it to proceed very rapidly. It is therefoesponsible for the
supernova "explosion."

V2 -- Abbreviation of "Vergeltungwaffe 2" (vengeangeapon 2), a 12-ton
German rocket carrying a 1-ton explosive chargedus World War lI,
starting in 1944. The V2 had a range of aroundr@d6s, used a liquid-fuel
rocket and was the first large military rockdick herefor a calculated
example involving the acceleration of the V2.

Van de Graaff generator A machine for creating voltages up to several
million volts. Electric charge is sprayed onto Abar band, which carries it
into the inside of a metal sphere, insulated frbenground, where it is
picked up and added to the charge already on therepThe energy
invested by the band, overcoming the electricallsapn of charges already
on the sphere provides the energy for creatindpidgfie voltage.

Vector -- A quantity having both magnitude and directiery.
displacement, velocity, acceleration and force.tviecare added when, for
instance, one moves in a frame that itself is mpwo (e.g. swims across a
flowing river). Vectors are added like arrows, ¢aend, and the sum (for
two) is the vector from the tail of the first vecto the tip of the second.

Vector resolution--The representation of a given vector as the sim o
vectors in given directions. Seemponent

Velocity -- Rate of position changeyactor quantity.

Velocity, escapeThe velocity needed to escape the gravity of aqilar
other celestial body. The escape velocity fromleetl1.3 km/sec.

Venus transit SeeTransit of Venus

Vernal equinox -- Theequinox which starts spring north of the equator.
The term is also used for the point occupied bySte at that time, one of
the two intersections on the celestial spher, betvibe ecliptic and the
celestial equator. Also known &sst point in Aries .

Watt -- Unit of power, the rate at which energy is supplied. One wdties
power which supplies 1 joule per second, 1 kilowatD00 watts. A grown
human climbing stairs (e.g.) supplies about 10Q;viabhorsepower = 736
watt. Named for James Watt, inventor of the modéeam engine.



Wave A disturbance spreading in space, obeying a cefteave equation.”
Sound waves, ocean waves a&hectromagnetic wavesre some of the
examples; other, more complicated types of wavaspeead irplasmas

Wavelength (Often denoted by\/ the Greek letter letter lambda.) The
distance between two crests of a propagating whaesmgle frequency/
If v is the velocity at which the wave advancesivs

Wave number A term used for the inverse of the wavelength foel/A

Weather General name for processes in the atmosphere-syviah,
thunderstorms etcdriven by the heating of Earth by sunshine. That he:
to be returned to space, and weather processésearesult. See
troposphere andstratosphere

Wave mechanics The mechanics of atoms and combination of atoms,
handling them not as point particles (as in Nevanmmechanics) but as
represented by waves in space, obeying quanturs. rule

Weight -- The force exerted on mass by gravity.

Weightlessnesgor "zero g") the condition when no force (suchwasght) is
sensed. Occurs in orbit or free fall, when gragitgady produces its full
acceleration and can produce no further effect.

Westerlies The global winds at middle latitudes, from weseast. The
westerlies are the reason why weather patterrigeitd& often migrate from
west to east. Sget stream

Work -- The overcoming of a resisting force over aatise. The work
performed when a force F overcomes an equal negiitirce along a
distance x in the same direction equals Fx, i8nEs X.

If the force is not in the direction of the noot, only the vector
component of F in that direction enters the caliha

Energy can be defined as the ability to perfaronk.

X-1 -- A rocket-powered research airplane, the fodtyt faster than sound,
on 14 October 1947.

X-rays--electromagnetic waves of short wavelength, capabpenetrating
some thickness of matter. Medical x-rays are preduxy letting a stream of
fast electrons come to a sudden stop at a metal, ias believed that X-
rays emitted by the Sun or stars also come frotrelastrons.

Zeeman effectThe splitting of the frequency of light emitted &pms,
when the emission occurs in a strong magnetic,fietd two or more
closely spaced frequencies. The Zeeman effecgbf from sunspots gave
in 1908 the first clue that these regions werenisédy magnetized.

Zenial day Day of the year when the noontime Sun is exactbrioead.
Happens only in the tropics (between ttupic of canceand theropic of
capricorn twice each year.

Zodiac -- Twelve constellations dividing thexliptic into approximately
equal parts. Each month the Sun is in a differenstellation of the zodiac.
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