COLLEGE ALGEBRA CONIC SECTIONS

COLLEGE ALGEBRA CONIC SECTIONS REPRESENT A FUNDAMENTAL AND VISUALLY CAPTIVATING AREA OF STUDY WITHIN
MATHEMATICS, OFFERING A UNIQUE PERSPECTIVE ON GEOMETRIC SHAPES FORMED BY THE INTERSECTION OF A PLANE AND A
DOUBLE-NAPPED CONE. THESE CURVES — THE CIRCLE, ELLIPSE, PARABOLA, AND HYPERBOLA — ARE NOT MERELY ABSTRACT
CONCEPTS BUT POSSESS ELEGANT MATHEMATICAL PROPERTIES AND PRACTICAL APPLICATIONS ACROSS VARIOUS SCIENTIFIC AND
ENGINEERING DISCIPLINES. UNDERSTANDING THE STANDARD FORMS OF THEIR EQUATIONS AND HOW TO MANIPULATE THEM IS
CRUCIAL FOR SUCCESS IN COLLEGE ALGEBRA. THIS COMPREHENSIVE GUIDE WILL DELVE INTO THE DEFINING CHARACTERISTICS OF
EACH CONIC SECTION, EXPLORE THEIR STANDARD EQUATIONS, AND DEMONSTRATE HOW TO IDENTIFY AND ANALYZE THEM. WEe
WILL COVER THE PROCESS OF GRAPHING THESE CURVES, EXTRACTING KEY INFORMATION SUCH AS FOCI, VERTICES, AND
ASYMPTOTES, AND DISCUSS THEIR INTERRELATIONSHIPS.
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INTRODUCTION TO CONIC SECTIONS

CONIC SECTIONS ARE A FAMILY OF CURVES GENERATED BY SLICING A DOUBLE-NAPPED CONE WITH A PLANE. THE ANGLE AT
WHICH THE PLANE INTERSECTS THE CONE DETERMINES THE SHAPE OF THE RESULTING CURVE. THESE FOUR FUNDAMENTAL SHAPES —
THE PARABOLA, ELLIPSE, HYPERBOLA, AND CIRCLE — ARE CORNERSTONES OF ANALYTICAL GEOMETRY AND PLAY A VITAL ROLE IN
MANY AREAS OF MATHEMATICS AND SCIENCE. IN COLLEGE ALGEBRA, THE STUDY OF CONIC SECTIONS FOCUSES ON THEIR
ALGEBRAIC REPRESENTATIONS, PRIMARILY THEIR STANDARD EQUATIONS, AND THE GEOMETRIC PROPERTIES THEY EMBODY.

THE BEAUTY OF CONIC SECTIONS LIES IN THEIR UNIFIED ORIGIN FROM A SINGLE GEOMETRIC CONSTRUCTION, YET THEIR DISTINCT
PROPERTIES AND EQUATIONS. MASTERING CONIC SECTIONS IN COLLEGE ALGEBRA EQUIPS STUDENTS WITH POWERFUL TOOLS FOR
MODELING REAL~WORLD PHENOMENA , FROM THE TRAJECTORIES OF PROJECTILES TO THE ORBITS OF PLANETS AND THE DESIGN OF
ANTENNAS AND TELESCOPES. THIS EXPLORATION WILL PROVIDE A DETAILED UNDERSTANDING OF EACH TYPE OF CONIC SECTION,
ENABLING YOU TO IDENTIFY, GRAPH, AND ANALYZE THEM EFFECTIVELY.

THE PARABOLA: A SINGULAR Focus

A PARABOLA IS DEFINED AS THE SET OF ALL POINTS IN A PLANE THAT ARE EQUIDISTANT FROM A FIXED POINT (THE FOCUS) AND
A FIXED LINE (THE DIRECTEIX). THIS UNIQUE GEOMETRIC DEFINITION LEADS TO A DISTINCTIVE PARABOLIC SHAPE, CHARACTERIZED
BY ITS U-LIKE FORM. PARABOLAS ARE FUNDAMENTAL IN UNDERSTANDING PROJECTILE MOTION, THE SHAPE OF SATELLITE DISHES,
AND THE REFLECTION OF LIGHT AND SOUND.

STANDARD EQUATION OF A PARABOLA

THE STANDARD FORM OF A PARABOLA’'S EQUATION DEPENDS ON ITS ORIENTATION AND WHETHER IT OPENS VERTICALLY OR
HORIZONTALLY. FOR A PARABOLA WITH ITS VERTEX AT THE ORIGIN (0,0), THE EQUATIONS ARE:

o OPENS UPWARD: $x"2 = 4pY$, WHERE $p > 0%$. THE Focus IS AT $(0, P)$ AND THE DIRECTRIX IS $v = -P$.



o OPENS DOWNWARD: $x"2 = 4pv$, wHERE $p < 0%. THE Focus IS AT $(0, P)$ AND THE DIRECTRIX IS $Y = -P$.
o OPENS RIGHTWARD: $Y"2 = 4px$, WHERE $p > 0%. THe Focus IS AT $(P, 0)$ AND THE DIRECTRIX IS $x = -P$.

o OPENS LEFTWARD: $Y"2 = 4px$, WHERE $p < 0%$. THE Focus IS AT $(P, 0)$ AND THE DIRECTRIX IS $X = -P$.

\W/HEN THE VERTEX IS SHIFTED TO A POINT $(H, k)$, THE EQUATIONS BECOME:

o OPENS UPWARD: $(x-H)"2 = 4pr(v-k)$
e OPENS DOWNWARD: $(x-H)"2 = 4p(v-k)$
o OPENS RIGHTWARD: $(Y-k)"2 = 4p(x-H)$

e OPENS LEFTWARD: $(v-k)"2 = 4p(x-H)$

Key FEATURES OF A PARABOLA

(UNDERSTANDING THE KEY FEATURES OF A PARABOLA IS ESSENTIAL FOR GRAPHING AND ANALYSIS. THESE INCLUDE:

® VERTEX: THE TURNING POINT OF THE PARABOLA.

Focus: THE FIXED POINT USED IN THE DEFINITION OF THE PARABOLA.

DIRECTRIX: THE FIXED LINE USED IN THE DEFINITION OF THE PARABOLA.

AXIS OF SYMMETRY: THE LINE THAT PASSES THROUGH THE VERTEX AND THE FOCUS, DIVIDING THE PARABOLA INTO TWO
SYMMETRICAL HALVES.

LATUS RECTUM: THE CHORD THROUGH THE FOCUS PERPENDICULAR TO THE AXIS OF SYMMETRY. |TS LENGTH IS $|4p|$.

GRAPHING PARABOLAS

TO GRAPH A PARABOLA, LOCATE ITS VERTEX, DETERMINE ITS ORIENTATION (UPWARD, DOWNWARD, LEFTWARD, OR
RIGHTWARD) BASED ON THE SIGNS OF THE COEFFICIENTS AND VARIABLES, AND FIND THE FOCUS AND DIRECTRIX. PLOTTING A FEW
ADDITIONAL POINTS, ESPECIALLY THE ENDPOINTS OF THE LATUS RECTUM, CAN FURTHER REFINE THE SKETCH. FOR PARABOLAS
NOT CENTERED AT THE ORIGIN, REMEMBER TO ACCOUNT FOR THE HORIZONTAL AND VERTICAL SHIFTS REPRESENTED BY $H$ AND
$k$ IN THE STANDARD EQUATIONS.

THe ELuipse: A UNIFIED EMBRACE

AN ELLIPSE IS DEFINED AS THE SET OF ALL POINTS IN A PLANE SUCH THAT THE SUM OF THE DISTANCES FROM TWO FIXED POINTS
(THE FOCI) IS CONSTANT. THIS CONSTANT SUM IS EQUAL TO THE LENGTH OF THE MAJOR AXIS. ELLIPSES ARE CRUCIAL IN
ASTRONOMY FOR DESCRIBING PLANETARY ORBITS, AND IN ENGINEERING FOR DESIGNING SILENT ROOMS AND WHISPERING GALLERIES
DUE TO THEIR REFLECTIVE PROPERTIES.



STANDARD EQUATION OF AN ELLIPSE

THE STANDARD EQUATION FOR AN ELLIPSE CENTERED AT THE ORIGIN $(0,0)$ Is:

o HorizoNTAL MAJOR AXIS: $\FRAC{X"2}{Aa"2} + \FrRAc{Y"2}{8"2} = 1%, wHErRE $A > &$. THE FOCI ARE AT $(\PM
c, 0)$, wHere $¢2 = A™2 - 8"2%. THe VerTICES ARE AT $(\PM A, 0)$ AND THE CO-VERTICES ARE AT $(0, \PM
B)S$.

o VERTICAL MAJOR AXIS: $\FRAC{X"2}{B" 2} + \rRAC{Y"2}{A"2} = 1%, wHere $A > 8%. THE Foci ARe AT $(0, \PM
C)$, WHEre $¢”2 = A2 - 8" 2$. THe verTIces ARE AT $(0, \PM A)$ AND THE co-VERTICES ARE AT $(\PM &, 0)3.

FOR AN ELLIPSE CENTERED AT $(H, K)$, THE EQUATIONS ARE:

o HorizonTAL MAJor axIs: S\FRAC{(x-H)"2}{ a2} + \rrac{(v-k)"2}{B"2} = 1%

o VErTICAL MAJOR AXIS: $\FRAC{(Xx-H)"23}{8"2} + \rrAac{(y-k)"2}{A"2} = 1%

Key FEATURES OF AN ELLIPSE

IDENTIFYING THESE FEATURES IS KEY TO UNDERSTANDING AND GRAPHING AN ELLIPSE:

o CENTER: THE MIDPOINT OF THE MAJOR AXIS AND THE MINOR AXIS.

e Focl: THE TWO FIXED POINTS THAT DEFINE THE ELLIPSE.

® VERTICES: THE ENDPOINTS OF THE MAJOR AXIS.

o CO-VERTICES: THE ENDPOINTS OF THE MINOR AXIS.

o MaJOR AXIS: THE LONGER DIAMETER OF THE ELLIPSE, PASSING THROUGH THE FOCI AND VERTICES.

® MINOR AXIS: THE SHORTER DIAMETER OF THE ELLIPSE, PASSING THROUGH THE CENTER AND PERPENDICULAR TO THE MAJOR
AXIS.

GRAPHING ELLIPSES

GRAPHING AN ELLIPSE INVOLVES LOCATING ITS CENTER, DETERMINING THE LENGTHS OF THE SEMI"MAJOR AND SEMI~MINOR AXES
($A% AND $8%), AND IDENTIFYING THE ORIENTATION OF THE MAJOR AXIS. THE VALUES OF $A% AND $8% DICTATE THE EXTENT OF
THE ELLIPSE ALONG ITS AXES FROM THE CENTER. PLOT THE VERTICES AND CO-VERTICES, AND THEN SKETCH A SMOOTH OVAL
SHAPE CONNECTING THESE POINTS.

THe HyperBoLA: A DIVERGENT DANCE

A HYPERBOLA IS DEFINED AS THE SET OF ALL POINTS IN A PLANE SUCH THAT THE ABSOLUTE DIFFERENCE OF THE DISTANCES FROM
TWO FIXED POINTS (THE FOCI) IS CONSTANT. THIS CONSTANT DIFFERENCE IS EQUAL TO THE LENGTH OF THE TRANSVERSE AXIS.
HYPERBOLAS ARE USED IN NAVIGATION SYSTEMS (LIKE LORAN), IN THE DESIGN OF LENSES, AND IN UNDERSTANDING THE PATHS



OF COMETS THAT DON'T RETURN TO THE SUN.

STANDARD EQUATION OF A HYPERBOLA

THE STANDARD EQUATION FOR A HYPERBOLA CENTERED AT THE orIGIN $(0,0)$ Is:

o HorIZONTAL TRANSVERSE AXIS: $\FRAC{X"2HA"2} - \FrrRac{Y"2}{8"2} = 1$. THe Foci ARe AT $(\PM ¢, 0)3,
WHERE $¢™2 = A2 + 8" 2%. THe VERTICES ARE AT $(\PM A, 0)$. THE ASYMPTOTES ARE $v = \PM \FrRAC{B}H A}x$.

o VERTICAL TRANSVERSE AXIS: $\FRAC{Y"2}{Aa"2} - \FrrRac{x"2}&"2} = 1$. THe Foci ARe AT $(0, \PM C)$, WHERE

$c"2 = A"2 + 8" 2%. THe VerTICES ARE AT $(0, \PM A)$. THE ASYMPTOTES ARE $v = \PM \FRAC{AHBIX$.

FOR A HYPERBOLA CENTERED AT $(H, K)$, THE EQUATIONS BECOME:

o HorizonTAL TRANSVERSE AXIS: $\FRAC{(x-H)"23}{ a2} - \FrrAac{(yv-k)"2}{"2} = 1%

o VERTICAL TRANSVERSE AXIS: $\FRAC{(v-k)"2}H A2} - \rrAac{(x-H)"2}{"2} = 1%

Key FEATURES OF A HYPERBOLA

KEY COMPONENTS OF A HYPERBOLA INCLUDE:

o CENTER: THE MIDPOINT BETWEEN THE FOCI.

e Focl: THE TWO FIXED POINTS THAT DEFINE THE HYPERBOLA.

® VERTICES: THE POINTS WHERE THE HYPERBOLA INTERSECTS THE TRANSVERSE AXIS.

® TRANSVERSE AXIS: THE LINE SEGMENT CONNECTING THE VERTICES.

o CONJUGATE AXIS: THE LINE SEGMENT PERPENDICULAR TO THE TRANSVERSE AXIS THROUGH THE CENTER.

o ASYMPTOTES: LINES THAT THE HYPERBOLA APPROACHES BUT NEVER TOUCHES. THEY INTERSECT AT THE CENTER AND
GUIDE THE SHAPE OF THE BRANCHES.

GRAPHING HYPERBOLAS

GRAPHING A HYPERBOLA INVOLVES IDENTIFYING ITS CENTER, DETERMINING $A% AND $B$, AND ASCERTAINING THE ORIENTATION OF
THE TRANSVERSE AXIS. CONSTRUCTING A BOX USING $(\PM A, \PM B)$ RELATIVE TO THE CENTER HELPS VISUALIZE THE
ASYMPTOTES, WHICH ARE DRAWN AS DIAGONALS OF THIS BOX. THE HYPERBOLA'S BRANCHES THEN EXTEND FROM THE VERTICES,
APPROACHING THE ASYMPTOTES.

THe CIRCLE: A SPeCIAL ELLIPSE



A CIRCLE IS A SPECIAL CASE OF AN ELLIPSE WHERE THE TWO FOCI COINCIDE AT THE CENTER. |T IS DEFINED AS THE SET OF ALL
POINTS IN A PLANE THAT ARE EQUIDISTANT FROM A FIXED POINT (THE CENTER). THE CONSTANT DISTANCE IS THE RADIUS.

STANDARD EQUATION OF A CIRCLE

THE STANDARD EQUATION OF A CIRCLE WITH CENTER $(H, k)$ AND RADIUS $R$ IS:
$(x-H)"2 + (y-k)"2 =r"2%

FOR A CIRCLE CENTERED AT THE ORIGIN $(0,0)$, THE EQUATION SIMPLIFIES TO $X"2 + ¥"2 = R"2$. NOTE THAT IN THE
ELLIPSE FORMULA, IF $A = B$, THE ELLIPSE BECOMES A CIRCLE.

Key FEATURES OF A CIRCLE

o CENTER: THE FIXED POINT EQUIDISTANT FROM ALL POINTS ON THE CIRCLE.
® RADIUS: THE DISTANCE FROM THE CENTER TO ANY POINT ON THE CIRCLE.

o DIAMETER: THE DISTANCE ACROSS THE CIRCLE THROUGH ITS CENTER (T\X/ICE THE RADIUS).

GRAPHING CIRCLES

GRAPHING A CIRCLE IS STRAIGHTFORWARD ONCE ITS STANDARD EQUATION IS KNOWN. IDENTIFY THE CENTER $(H, K)$ AND THE
RADIUS $R$. PLOT THE CENTER, THEN MEASURE OUT THE RADIUS IN ALL DIRECTIONS TO FIND POINTS ON THE CIRCUMFERENCE.
SKETCH A SMOOTH CURVE THROUGH THESE POINTS.

IDENTIFYING CONIC SECTIONS FROM GENERAL FORM

CONIC SECTIONS CAN ALSO BE REPRESENTED BY A GENERAL SECOND-DEGREE EQUATION IN TWO VARIABLES: $AX"2 + Bxy +
Cy"2 +Dx + Ey + F = 0$. THE TYPE OF CONIC SECTION CAN BE DETERMINED BY EXAMINING THE DISCRIMINANT, $B*2 - 4AC$.

e [F$B™2 - 4AC < 0%: THE CONIC IS AN ELLIPSE, A CIRCLE, A POINT, OR HAS NO GRAPH. IF $A=C$ anD $B=0%, IT's A
CIRCLE.

® [F$B"2 - 4AC = 0%: THE CONIC IS A PARABOLA, TWO PARALLEL LINES, ONE LINE, OR HAS NO GRAPH.

e [F$B"2 - 4AC > 0%: THE CONIC IS A HYPERBOLA OR TWO INTERSECTING LINES.

COMPLETING THE SQUARE FOR $X$ AND $Y$ TERMS WILL TRANSFORM THE GENERAL FORM INTO ONE OF THE STANDARD FORMS,
ALLOWING FOR DETAILED ANALYSIS.

APPLICATIONS ofF CONIC SECTIONS

THE STUDY OF CONIC SECTIONS EXTENDS FAR BEYOND THE CLASSROOM, WITH NUMEROUS PRACTICAL APPLICATIONS!:



® ASTRONOMY: PLANETARY ORBITS ARE ELLIPTICAL, AND THE PATHS OF COMETS CAN BE ELLIPTICAL, PARABOLIC, OR
HYPERBOLIC.

® ENGINEERING: PARABOLIC REFLECTORS ARE USED IN SATELLITE DISHES, TELESCOPES, AND HEADLIGHTS TO FOCUS WAVES.
HYPERBOLIC SHAPES ARE USED IN COOLING TOWERS AND IN SONAR SYSTEMS.

e ARCHITECTURE: ELLIPTICAL ARCHES PROVIDE STRUCTURAL STRENGTH AND AESTHETIC APPEAL. W/ HISPERING GALLERIES
UTILIZE THE REFLECTIVE PROPERTIES OF ELLIPSES.

® PHYSICS: PROJECTILE MOTION FOLLOWS A PARABOLIC PATH (IGNORING AIR RESISTANCE).

* NAVIGATION: HYPERBOLIC AND CIRCULAR PATTERNS ARE USED IN NAVIGATION SYSTEMS TO PINPOINT LOCATIONS.

FAQ

Q: \WHAT IS THE FUNDAMENTAL DIFFERENCE BETWEEN AN ELLIPSE AND A HYPERBOLA IN
TERMS OF THEIR DEFINITION?

A: THE FUNDAMENTAL DIFFERENCE LIES IN THE SUM VERSUS THE ABSOLUTE DIFFERENCE OF DISTANCES TO THE FOCI. FOR AN
ELLIPSE, THE SUM OF THE DISTANCES FROM ANY POINT ON THE CURVE TO THE TWO FOCI IS CONSTANT. For A HYPERBOLA, THE
ABSOLUTE DIFFERENCE OF THE DISTANCES FROM ANY POINT ON THE CURVE TO THE TWO FOCI IS CONSTANT.

Q: How DOES THE VALUE OF ‘P’ AFFECT THE SHAPE AND ORIENTATION OF A
PARABOLAP

A: THE SIGN OF ‘P’ DETERMINES THE DIRECTION IN WHICH THE PARABOLA OPENS: POSITIVE FOR UPWARD OR RIGHTWARD,
NEGATIVE FOR DOWNWARD OR LEFTWARD. THE ABSOLUTE VALUE OF ‘P’ DICTATES THE DISTANCE BETWEEN THE VERTEX AND
THE FOCUS (AND THE VERTEX AND THE DIRECTRIX), WHICH INFLUENCES HOW “WIDE” OR “NARROW " THE PARABOLA IS. A
LARGER ABSOLUTE VALUE OF P’ RESULTS IN A WIDER PARABOLA.

Q: CAN A CIRCLE BE CONSIDERED A TYPE OF ELLIPSE? IF SO, HOW?

A: YES, A CIRCLE IS A SPECIAL CASE OF AN ELLIPSE. IN AN ELLIPSE, THE DISTANCE FROM THE CENTER TO THE VERTICES ALONG
THE MAJOR AXIS ($A%$) AND THE DISTANCE TO THE CO-VERTICES ALONG THE MINOR AXIS ($8%$) CAN BE DIFFERENT. FOR A
CIRCLE, $A$ AND $8% ARE EQUAL, MEANING THE DISTANCE FROM THE CENTER TO ANY POINT ON THE CURVE IS THE SAME (THE
RADIUS). EFFECTIVELY, THE TWO FOCI OF AN ELLIPSE MERGE INTO A SINGLE POINT, THE CENTER, TO FORM A CIRCLE.

Q: WHAT ARE ASYMPTOTES, AND WHY ARE THEY IMPORTANT FOR GRAPHING
HYPERBOLAS?

A: ASYMPTOTES ARE LINES THAT A CURVE APPROACHES INFINITELY CLOSELY BUT NEVER TOUCHES. FOR HYPERBOLAS, THEY ARE
CRUCIAL BECAUSE THEY DEFINE THE “BOUNDARIES” OR THE “SHAPE” OF THE HYPERBOLA’'S BRANCHES. BY DRAWING THE
ASYMPTOTES, YOU CAN ACCURATELY SKETCH THE TWO DIVERGING BRANCHES OF THE HYPERBOLA, ENSURING THEY CURVE
OUTWARDS TOWARDS THESE LINES AS THEY EXTEND.

Q: How CAN YOU DISTINGUISH BETWEEN AN ELLIPSE AND A HYPERBOLA FROM THEIR



STANDARD EQUATIONS, EVEN WITHOUT GRAPHING?

A: THE KEY DIFFERENCE IN THEIR STANDARD EQUATIONS LIES IN THE SIGNS BETWEEN THE SQUARED TERMS. FOR AN ELLIPSE
CeNTERED AT $(H, K)$, THE STANDARD FORM IS $\FRAC{(Xx-H)"2}{Aa"2} + \FrRAc{(v-k)"2}{s"2} = 1%, WHERE BOTH
SQUARED TERMS ARE POSITIVE. FOR A HYPERBOLA CENTERED AT $(H, k)$, THE STANDARD FORM INVOLVES ONE POSITIVE AND
ONE NEGATIVE SQUARED TERM, SUCH AS $\FRAC{(x-H)"2}{A"2} - \rrRAC{(¥-k)"2}{&"2} = 1$ (HORIZONTAL TRANSVERSE
axis) or $\FRAC{(v-k)"23}{a"2} - \rrAc{(x-H)"23{B"2} = 1% (VERTICAL TRANSVERSE AXIS).

Q: WHAT IS THE ROLE OF THE DIRECTRIX IN THE DEFINITION OF A PARABOLA?

A: THE DIRECTRIX IS A FIXED STRAIGHT LINE USED IN THE GEOMETRIC DEFINITION OF A PARABOLA. A PARABOLA IS DEFINED AS
THE SET OF ALL POINTS THAT ARE EQUIDISTANT FROM A FIXED POINT (THE FOCUS) AND A FIXED LINE (THE DIRECTRIX). THE
DIRECTRIX IS ALWAYS ON THE OPPOSITE SIDE OF THE VERTEX FROM THE FOCUS.

Q: How po THE VALUES OF ‘A’ AND ‘B’ RELATE TO THE FOCI IN AN ELLIPSEP

A: IN AN ELLIPSE, THE RELATIONSHIP BETWEEN $A% (THE SEMI-MAJOR AXIS), $8% (THE SEMI-MINOR AXIS), AND $c$ (THE
DISTANCE FROM THE CENTER TO EACH FOCUS) IS GIVEN BY THE EQUATION $C*2 = A"2 - 8" 2$. THIS MEANS THAT THE FOCI
ARE LOCATED ALONG THE MAJOR AXIS AT A DISTANCE $C$ FROM THE CENTER.

QI ARE THERE ANY REAL-WORLD SCENARIOS WHERE PARABOLIC , ELLIPTICAL, AND
HYPERBOLIC SHAPES ARE ALL RELEVANT?

A: YES, CONSIDER ORBITAL MECHANICS. PLANETS ORBIT THE SUN IN ELLIPSES, SOME COMETS FOLLOW PARABOLIC PATHS THAT
BRING THEM CLOSE TO THE SUN ONCE, AND OTHERS FOLLOW HYPERBOLIC PATHS THAT TAKE THEM AWAY FROM THE SOLAR
SYSTEM ENTIRELY AFTER A SINGLE PASS. ALL THREE CONIC SECTIONS ARE CRUCIAL FOR DESCRIBING CELESTIAL MOTION.
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