Chapter 1

Charting the Heavens
The Foundations of Astronomy
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Astronomy: The Oldest Science

* Study of the universe
—all space, time, energy, and matter

Questionsto ponder

What isthetiniest object you have ever seen?
Thelargest?

What wasthelongest timeyou ever spent
doing one activity?

How doesthat time compareto your lifetime?

What isthelongest distancethat you have
ever traveled?

How doesthat distance compar eto the size of
theEarth?

Scale

* Scale-relativesize and distance

» Astronomy scalerangesfrom atomsto
the observable univer se.

1:1,000,000,000,000,000,000,000,000,000,000,000,000

or
1:10%
(scientific notation)

Video: Powersof Ten (9 minutes)

Large Numbers

e Largenumbersall around us.
* #cdlsin human body
— ~100trillion or 104
« annual federal budget
— ~$itrillion or 102
— ~number of garsin 10 galaxies




Metric System
* Length meter (M) ~vyard
kilometer (km)=1000m 0.6 miles
=10°m
* Mass gram (gm) ~ Advil
kilogram (kg) = 1000 gm 2.21bs.
= 10%gm
* Volume m?3
cm3=10°%m? sugar cube
* Time second ()

Speed of Light

* EM energy or light travelsthrough a
vacuum with a constant speed.

» Speed of light = 300,000 kilometer s/second
= 3x 10°km/s

A light year isthedistancetraveled by EM
energy (or light) in one year.
e 1Ly=1x108km

Speed of Light: Calculation

* QUESTION
If the Earth is~ 150 x 106 km from the Sun,
how long doesit takelight to travel
from the Sun tothe Earth?

e Digance=vdocity xtime OR d=vt
e t=d/v=(150x 106km) /(300,000 km/s) =500s

¢ 500 sec x (1 min/ 60 s) ~8 minutes

Measuring Distancesand Size

¢ Common methods used in astronomy to
determine distanceto distant objectsand
their sizesare:
—triangulation
* surveying
— parallax
« pencil; depth perception
— angular measure
* penny

Triangulation: Measuring Distances
e Surveyorsoften use

simple geometry and
trigonometry to
estimatethedistanceto [= | =F =
afaraway object. | il
e Tousetriangulation to |- :
measuredistances, a | 5 ;
surveyor must be
familiar with
trigonometry, the i . )
mathematics of " N
geometrical angles.

Triangulation: Anglesand Baselines
* Atriangle of fixed e ————————

baseline (distance i b

between points A and B)
isnarrower thefarther
away the object.

8

« Since planetsare quite e .
distant, alarge baseline s
and an accurate meansto i s
measuresmall anglesis : ;

needed. £ i




How are distances and sizes
measur ed in astronomical
applications?

Measuring Solar System Distances

Triangulation gives the distance: measure angles
{a & b} and distance (B) befween the obsarvation
points. Derive the distance to the nearby object

Par allax and Pencils

demo: pencil

If you took a photo out
of onewindow of your
house, you might seea
treetotheright of a
distant hill ...

he tree is
o the right
af the hill

... but if you move
through the house and
take a photo out of
another window, you
may seethetreetothe
left of thehill instead.

e Thisiscalled parallax.

* Thecloser thetreeistoyou, and
thefurther it isfrom the hill,
the mor e pronounced the effect
will be.

istant tree:
not much
difference
in views

Close tree
ery different

views

¢ The distance between
your two observation
pointsisthebasdline.




I mproving Accuracy

» Toimprove accuracy, we need
—large baseline
- and
—accur ate angular measur ements.

* How can we increase basdine?

Earth’sRevolution and
Measuring Distances

« Apart from thefact that if it didn’t orbit the Sun the Earth
would plummet to a spectacular and fiery doom, theway the
Earth spendsitstime moving quietly from one side of the solar
system to theother isextremely useful.

Twice every year our point of view of distant objects changes
quiteradically.

Parallax in Practice

* Theapparent displacement of a star against a
backdrop of “fixed” starsismeasured many times,
over many half-years.

» If astar seemsto havealarge displacement compared
to other stars, then the star’s position
(A) isrelatively near Earth,
(B) isrelatively far from Earth,
(C) cannot bedeter mined from infor mation given.

Very
distant
& stars

Large
displace-
ment
Earth, 6 months later '?

Angular Measurement

» Angles are measured in degrees, minutes
and seconds of arc.

« Acircleisdivided into 360 equal slices,
each representing one arc degree.
- Circle=360°=360arcdegrees
- larcminute=1 =1/60arcdegree
- larcsecond = 1" = 1/60 arc minute

=1/3600 arc degree

Angular Measure Compared to
TimeMeasure

Part of a Angular TimeM
Cirela M encira ImeMeasure
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M easuring Angles and Distance

» One method for measuring distance
involvesmeasuring
—theangular size (angular diameter)

of aknown object measured at a
known distanceto

—theangular size of an object of
unknown diameter.




Distances from Par allax

« Want to know thedistanceto a planet.
« Distance fromA to B =baselineon Earth.

* Anglea =parallax angle observed from Earth.

« Comparea tofullcircle._.-=~" " ~~ S~o
// ~. Circumference=
/ N 2p xradius
/ N or
,’ \ 2p xdistance
360°%in a !

full circle

« Comparebaselineto full circle circumference.

Distances from Parallax
* Then, comparingtoafull circle,

basdline _ parallax andle
2 p x distance 360° _emT T ~~
-7 N
/7 AN
/! N\

Digtance = (baseline x 36(°) / (2p xparallax angle)

Size M easurements

« If distanceto an object isknown, then itis
simpleto calculatethe object’ssize by
measuring it'sangular diameter.

Measuring Size of Object

I“ Distant

Observer » object
1)

%- Fngular diameter ;

3607

Distance N
known (LelnlZHEY
( ) (LJ!n known

Diameter _ angular diameter
2 p x distance 360°

Re-arranging yieldsthesmall -anale formula

Diameter = distance x (angular diameter/ 57.3)

Chapter 1: Problem 10

Given that theangular size of Venusis55” when the
planet is 45,000,000 km from Earth, calculate
Venus' sdiameter (in km).

« Thesmall-angleformularelatesangular diameter, distance,
and size (diameter)

diameter =distance x (angular diameter/ 57.3°

« So, for thisproblem

e angular diameter =55"=55"x (1'/60”) x (1%60’) = 0.015°
. distance = 45,000,000 km

. diameter = 45,000,000 km x ( 0.015% 57.3° = 12,000 km

The View from Earth




What do you seein the sky?

* What do you seeduring theday? night?

» Doeswhat you see change over time?
— Within hours, days, months, years?

» Can you predict the changes?

» How would you communicate what you see
in thesky toafriend livingin Maine?

» Doyou seethesamethingsif you arein
Australialooking at thesky?

Describethe sky.

From Earth,
— the sky appearsto bea hollow, spherical shell with
the Earth at the center.

— The Sun, Moon, and starsriseand set asthe Earth
turnswithin thisimaginary shell.

How do the Sun, Moon and stars appear to

move acrossthe sky when viewed from Texas?

— Sun and Moon risein the east, move smoothly
acrossthesky, and set in the west.

— Starsfollow a similar pattern.

Modeling the View
from Earth

e Early Greeks- Cdestial Sphere
— unaware of Earth’srotation
—imagined that a celestial sphererotated about axis
through Earth, carrying afixed pattern of stars.
— Sun, Moon, and wandering star s (planets) change
position (wrt fixed stars) on day-to-day basis.
» Mode developed till used today asa
convenient tool for locating objectsin the sky
asseen from Earth.

The Celestial Sphere

o

Coordinate Systems

1. TERRESTRIAL COORDINATE SYSTEM
— Latitudeand Longitude
2. CELESTIAL COORDINATE SYSTEM

— Thiscoordinate system isan extension of the
terrestrial system on to the celestial sphere.

3. THE ECLIPTIC SYSTEM
— Based on the Earth'sorbit around the Sun.
4, THE HORIZON SYSTEM

— A completely local system that isbased on an
observerslatitude and longitude and thetime.

TERRESTRIAL
COORDINATE SYSTEM

L atitude = north/south measurement (degrees).

—Latitude isbased on ascaleof 90° at poles
and 0° at theequator.

Longitude = east/west measurement (degrees).

—Longitudeisbased on 0° at Greenwich and
180° at International Date Line.




CELESTIAL COORDINATE
SYSTEM

*Thiscoordinate system isan extension of the
terrestrial system on tothecelestial sphere.
—Declination = north/south measurement
*Unitsof degrees.
*Based on 9(° at polesand 0° at the equator.
—Right Ascension = east/west measur ement
*Unitsof time.
*Based on 0" at March Equinox point in the sky.
*Measured continuously from Oh to 24h.

Celestial Coordinates

MNorth celestial

pole
Betelgeuse:
RaA, = shazm
dec = 724"

fashingt
P latitude =
[ longitu

Right
ascension

Celestial
sphere

South celestial

pole

THE ECLIPTIC SYSTEM

» Based on the Earth'sorbit around the Sun.
* Eclipticisthe plane of the Earth's or bit
projected on tothe celestial sphere.

— The 12 zodiac constellations arelocated in
aband following the ecliptic.

— The Sun, Moon, and planets are found
on or near theecliptic.

— Theeclipticistilted 23.5° with respect to
the celestial equator.

THE HORIZON SYSTEM

*Thehorizon system isacompletely local system
that isbased on an observer’slatitude and
longitude and thetime.

—Altitude = vertical measurement.
« Altitudeisbased on, 0° at horizon and 90° at the zenith.
— Zenithisthe point in the sky directly over the observer.
—Azimuth = direction measurement.
e Azimuth isbased on:
north =0° east = 90°, south = 180°, west = 270°.
—Themeridianisavertical circlethat runsdue N/S.

* When celestial objectstransit the meridian,
they arehighest in the sky.

Handy Tools

A helpful tool for using any method of finding your way
around isfound conveniently at theend of your arm.
«By extending your hand at arm'slength, you can
approximate a many degree measur ements.
— Apparent width of onefinger at arm'slength isabout 1°
— A fist coversabout 10°.

*With a star map, aworking knowledge of the
coordinate systems, and a few waves of the hand,
any observer can find almost any object visible.

Pennies and Angles

Distancefrom Angle subtended by

eyeto penny penny
1 meter larcdegree=1"
60 meters larc minute=1
3.6 km larcsecond =1"




ToTry at Home

» At adistance of about 1 meter,
apenny subtendsan angleof 1°.

» Somenight (preferably near full moon), hold a penny
at armslength from your face and estimatethe
following (in degr ees):

(1) the Moon’ sdiameter,

(2) theangular distance between the
pointer starsof the Big Dipper,

(3) theangular distance between the
starsin Orion’sbelt.

The Sky from Denton: 33.5°N

*North Celestial Poleis 33.5° above northern horizon.
*Celestial Equator is56.5° above southern horizon.
«Circumpolar starsliewithin 33.5° of N-Celestial Pole.

*Rising & setting starsarevisiblefrom 33.5° away
from South Celestial Pole.

« Star s within 33.5° of South Celestial Polearenever
visible from Denton.

The Earth’s Rotation
¢ TheEarth'swest to east rotation causesthe celestial
sphereto appear torotatefrom east towest in 24 hrs.
+ LOOKING SOUTH

— The Sun, Moon, planets, and stars appear torisein the east,
crossthe meridian due south, and set toward the west.

— Celestial objectsaresaid totransit when thecrossthe
celestial meridian in the southern sky.

« Thisiswhen they are highest in the sky.
¢ LOOKING NORTH

— Thestarsappear tocirclearound the North Celestial Pole
(near Polaris) oncein 24 hours.

— Starswithin the angle of the observer'slatitude away from
the North Celestial Pole never riseor set. They are always
above the horizon (circumpolar stars).

What’sin the Night Sky?
Winter Sky

Summer Sky

Constellations

*Congellations:
groupings of starsthat
outlinethe shape of
something
(something usually with
mythological significance).

«88recognized
constellations.

«Namestrace back to as
long as 5000 year s ago.

Groupingsof Stars

e TheBig Dipperisa
familiar grouping of
stars, but it is
NOT a constellation.

* TheBigDipper ispart
of alarger grouping
called the Big Bear or
Ursa Major thatisa
constellation.




The Constellation
Orion

Oneof themost easily
recognizable star
fieldsin the winter
nighttime sky isthe
familiar constellation
Orion.

Thisfield of view spans
roughly 100 light-
years, or 10%
kilometers.

Orion: Historical View

T

* Thepictureat theleft isan
ornatestar chart printed in
1835 showing the great hunter
Orion.

¢ Orionisholdingalion'shead
instead of histraditional bow
or shield.

* Hehasan eager look in his
eyeashestalksTaurus, the
Bull.

« Behind him, isfaithful dog,
CanisMajor, ischasing
Lepus, theHare.

Orion: Star Chart View

« Whenyou look in asky atlas, #&*

you might seediagramslike =, e
that shown to theright. £ s
« Obviougly, thisisvery N T
different from the photo. 2 Namdese T
» Thistype of schematic s Y
drawsthe star sas different RN
sizesto represent different Sy gl e
brightnesses. =" *

Constellations: Apparent vs. Real
Positions of Stars

i
« Apparent groupings of starsinto constellations seen on
celestial spherearenot true, physical groupings.

. Starsin constellations are often at
different distances from us.
* They appear to be grouped becausethey liein
approximately the same direction.

Apparent Motion of the Sun
Ecliptic - apparent path of the Sun on the celestial sphere

Zodiac Constellations

* The zodiac:
collective namefor the
13 constellations through
which the Sun passesasit
moves along the ecliptic. *

e Timerequired for the
constellations to complete
onecyclearound sky and
return to starting points
asseen from agiven
point on Earth isone
sidereal year.




The following animations might help relate the zodiacal
constellations to the way the Earth orbits the Sun each year.

siteline from Eartl -
it
diacal around the Sul
- sl . s
cpr RS C.a T — ius (?apri pp—— — 10) S
quar - E;r <~ N\bra guari {/”— ~“\\ ra
(
Pisc S~ Su - Virg: Hisce S~ ,/’ irgo
: SZE——r--—= . b o Sl
Aries ~ Le Aries | Leo
emini emini
From out viewpoint\ppn EarpAthe Sun is “in” Taurus: May 13- June 21 The Sun is “in” Gemini: June 21 - July 20
Precession
¢ Precession: e
i 3 Vi le sl
aslow changein the {cument pole star) 14, AD)
direction of the axis TP e e
. . . —y—p AT =
of aspmnlr'ng object. ," “. {Tl(’;léb:tgl' ',-
_Eart_h sa_mschanges i 3000BC)
itsdirection over ; 5
time like a spinning Eu?nrgg%rl‘s
top that rotates k\'
rapidly on itsown =
axiswhilethat axis Etliptic
slowly revolves JAAT:

The Sunis “in” Cancer: July 20 - August 11

about the vertical.

Earth'saxiscurrently pointstoward the star Polaris.
12,000 year s from now (~ halfway through one cycle of precession)
Earth'saxiswill point toward Vega.
Orion will become a summer constellation.

The Effects of Precession

» Causesthepolestar to change.
— Thuban (in Draco) wasthe pole star in 3,000 B.C..
— Polaris(inUrsaMinor) isthe polestar now.
— Vega(inLyra) will bethe pole star in 14,000 A.D.

» Causesintersection point of eclipticand
celestial equator to shift.
— "Ageof Aries" occurred 2,000 year s ago.
— "Ageof Pisces" isnow.
— "Ageof Aquarius" will begin about 400 year s from now.

M otion of the Earth Rdativeto the Sun

(a) Ecliptic-
apparent path of the Sun
on thecelestial sphere

(b) Actual relation to Earth's
rotation and revolution.

The seasonsresult from the
changing height of the

Sun above the horizon.
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Earth’s Seasons

« Equinox - equal night -Sqlstice—sun _stand
pointswher e the ecliptic point on celestial sphere
inter sects the celestial where the Sun reaches its
equator greatest distance N or S of
«Vernal - March?21 thecelestial equator.
«Autumnal - Sept. 21 -Su_mmer - June2l
*Winter - Dec.21

The Earth’s Orbital Motion:
The Reason for the Seasons

* TheEarth’sorbital motion causes

—theapparent eastward motion of the Sun along the ecliptic
of about 1° per day.

—theannual motion of the Sun through the 13 zodiac
constellations.

—the seasonal visibility of starsand constellations.

« Thetilt of Earth’srotation axis by 23.5° causes
—tilt of the ecliptic with respect to the celestial equator.
—the Sun'sdeclination to change during the year.

—seasonal variationsin thealtitude of the midday Sun, length
of day & night, and rising & setting directionsof the Sun.

Measuring Time

* To establish a way of measuring

time, peoplelook for eventswhich
areboth

—recurring

—predictable
—universal

» Must choose a frame of reference.

The Earth’sMotion and Time

* Earth
—rotatesonitsown axis

* Theday isameasureof therotational rate of the
Earth rotating on itsown axis.
» TheEarth rotatesat arate of 15° per hour.
- (360%24 hour s = 15%hour)
— revolvesabout the Sun
« The year isameasur e of theorbital period of the
Earth about the Sun.
« TheEarth orbitsthe Sun in 365 days.
» The Earth movesthrough space~ 1° per day.
—(360°%year = 360%365 days = 0.986%day)

M otion of the M oon

* TheMoon revolves about the Earth in an
eliptical orbit that tiltsabout 5° to the ecliptic.
— orbital period about the Earth

« synodic month (relativeto the Sun) =29.5 days
—Moon moves ~12° per day across the sky
»  (360°/29.5 days=12.2°/day)

—or itsown diameter 0.5°in about an hour.
» (12°/day = 12°/ 24 hours= 0.8/hour)

« TheMoon rotateson itsaxiswith a period
that isthesameasitsorbital period.
— called * synchronous rotation”
— result: same face of M oon alwaysfacesthe Earth

TheMoon’sLight

When viewed from
space, it isclear that
the phases of the Moon
aredueto our viewing
varying proportions of
sunlight & shadow
fromtheSun
duringeach month.

11



Lunar Phases
* Because the Moon
orbits Earth, e =
the visible fraction I - |
of the sunlit face T
that weseediffers "
from night to )
night.
¢ Thecomplete
cycleof lunar
phasestakes~29
daysto complete.

Question on Lunar Phases

The phase of theMoon isrelated to thetimeon
moonrise and moonset.

At what time of day
or night isthe %‘
1¢ quarter moon & | A
highesinthesky? -
S

Answer: Sunset

Thrst, igiarter

« .4
Tell mpen s HEW Wi

i i sined

Eclipse Geometries

« One consequence of the Moon's orbit about the Earth isthat
the M oon can shadow the Sun'slight asviewed from the Earth or
the Moon can passthrough the shadow cast by the Earth.

e f solar eclipse:

i the Sun’slight isblocked from

tenls regionsof the Earth by the
shadow of the M oon.

lunar eclipse: ;

the Sun’slight isblocked
from the Moon by the
Earth’sshadow.

Recor ding Eclipses

* Oldest record of lunar eclipse
>4000 years ago in M esopotamia.

* Oldest record of solar eclipse
a few hundred years later in China.

» Greeks understood cause of

solar eclipses, but not lunar eclipses.

Solar Eclipses

Asseen from Earth, a solar eclipse occurswhen
Moon’s shadow blocks Sun’slight from Earth.

Path o
Tolaliy b

Earth




The Moon’s Shadow
»

*The M oon’sshadow averages 371,000 km in length.
*Averagedistanceto Earth is 378,000 km,
so shadow doesn’t quite reach Earth most of the time.
*Moon’sumbral diameter at Earth’sorbit is< 270 km.
— Path of Moon’s shadow across Earth called
eclipsetrack .
—Peopleon eclipsetrack seeatotal solar eclipse.

* Longest possibletotal eclipselasts 7' 40” at any one spot
(most see only 2-3 minutes).

Solar Eclipse Geometry
o— ,0

Total Eelips Aqmiter ol ipee L
" o - - ; 4 - H I l
e [’:h.__ = =x53
A = B e Porcmbra
Bun Moon 0 s
Parti Eelipas

* TheMoon'sshadow on Earth during a solar eclipse consists of
theumbra, wheretheeclipseistotal, and
the penumbra, wherethe Sun isonly partially obscured.
« IftheMoonistoo far from Earth at the moment of the eclipse,
thereisnoregion of totality; instead, an annular eclipseis seen.

Umbra and Penumbra

Bho- ST 2011
Py F5
W e,

- Regions of the Earth that will seetotal or
annular eclipses between 2000 and 2002.

Little Known Facts About Solar Eclipses
» Thelongest duration for atotal solar eclipseis 7.5 minutes.
* Atotal solar eclipseisnot noticeable until the Sun ismorethan 90

percent covered by the Moon. At 99 per cent cover age, daytime
lighting resembleslocal twilight.

* Eclipseshadowstravel at 1,100 miles per hour at the equator and
up to 5,000 miles per hour near the poles.

» Thewidth of the path of totality isat most 167 mileswide.

* Themaximum number of solar eclipses (partial, annular, or total)
is5 per year.

* Thereareat least 2 solar eclipses per year somewhereon the
Earth.

* Total solar eclipseshappen about onceevery 1.5 years.

» Every eclipsebeginsat sunriseat somepoint initstrack and ends
at sunset about half way around theworld from the start point.

« Local temperaturesoften drop 20 degrees or more near totality.

Lunar Eclipse Geometry

One consequence of the M oon's orbit about the
Earth isthat the Moon can passthrough the
shadow cast by the Earth, causing alunar eclipse.

kioon
Eaein

*13



Earth’s Shadow

« Earth’sshadow averages 1,380,000 km in length

and extends far beyond Moon’s or bit. Sl L P 1
. — LT | ke Eah 2 s
» At average distance to Moon, ; g
Earth’sshadow is9,200 km acr oss. PR W sﬂ;_"-

— Moon’sdiameter = 3,476 km 4 =i T —
» Moon crosses shadow in ~3 hoursand can be completely el B Nl

within umbral shadow for ~100 minutes. ; — R

. . . e | ———
» Peopleon night side of Earth can seelunar eclipse. o . ")
P-_,- Wiooe Eaith Mg

Tilt of theMoon’s Orbit

* How often do solar and lunar eclipses occur?
e Solar and lunar eclipsesoccur lessoften than
expected because of two factors:

—the small tilt of the Moon's orbit with respect to the
plane of the ecliptic and

The Moon’s orbit about the Earth does not quite
coincide with the ecliptic.
Theorbit isinclined at ~5° to the ecliptic plane.

The 2intersections of Moon’s or bit with ecliptic
are called the nodes of the M oon’s or bit.

Eclipses and the Phase of the M oon

eInclination of Moon’sorbit meansthat not every new or
full Moon phase produces a solar/lunar eclipse.

*Eclipses occur only when the Moon isnear one of the
nodes of itsorbit at the sametimethat it isnew/full phase.
*Timeswhen theline of nodespointsnearly at the Sun are
called eclipse seasons.

Eclipse Seasons

*Each eclipseseason lasts about one month.
—Seasons are separ ated by intervals of 5.7 months.
*Eclipseyear isinterval between successivetimes
when same nodeis aligned with Sun
—Eclipseyear = 2 x eclipse season interval
= 346.6 days

ECLIPSES

« TheMoon'sorbit isinclined about 5°to the
ecliptic. That'swhy therearenot eclipsesevery
month.

« Inorder for an eclipseto occur, the Earth, Moon,
and Sun must be nearly perfectly aligned.

¢ All eclipses occur when the Moon crosses the
ecliptic.

— Solar eclipsesarepossibleonly at the New Moon phase,
when the Moon iscrossing the Earth's orbital plane
(ecliptic).

— Lunar eclipsesarepossibleonly at Full Moon phase,
when the Moon iscrossing the ecliptic.

.14



SOLAR AND LUNAR ECLIPSES

» Solar Eclipses

— Earth movesinto the Moon's shadow.

— Occur only the the New Moon phase.

— Visibleonly over anarrow path acrossthe Earth.

— Can betotal, annular, or partial.

— Total solar eclipsesare possible because the angular size of

the Sun and Moon arevery nearly equal.

e Lunar Edlipses

— Moon movesinto Earth's shadow.

— Occur only at the Full M oon phase.

— Arevisibleover theentirenight side of the Earth.

— Can betotal, partial, or penumbral.

— Atotal lunar eclipse doesnot get completely black, because
somelight from the Sun isbent around the Earth by the
Earth'satmosphere.

Planetary Configurations
In their orbital cycles,
planets assume various configurationsrelative to
the Sun-Earth line as viewed from Earth.

Planetary Configurations:
Superior Planets

*For aplanet farther from Sun than Earth:

—opposition - planet isclosest to Earth and
appearsto be oppositethe Sun
(asviewed from Earth).

—conjunction -planet isfarthest from Earth and
Sun lies between planet and Earth

—quadrature - planet is90° from the Sun-Earth

line.

Superior Planet Configurations

Quadrature

Opposition
Earth-Sun line

Planetary Configurations:
Inferior Planets

* For the planets closer to the Sun:
—inferior conjunction - closest to Earth
—superior conjunction - farthest from Earth

—maximum elongation - maximum angular
distance from the Sun
asseen from Earth.

Inferior Planet Configurations

Sw(per iok conjunction

M axjmum elongation

nferjef conjunction

Earth-Sunline

*15



* Dothey apply to
observers on
Venus?

Question

» Do these samedefinitionsfor planetary configurations
apply to an observer on Mars?
e Explainyour answer.

Chapter 1: Charting the Heavens
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*Measuring distanceand size
— triangulation
— parallax
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