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Conic	sections	are	formed	by	intersecting	a	cone	with	a	plane	at	various	angles,	resulting	in	shapes	such	as	circles,	parabolas,	ellipses,	and	hyperbolas.	The	angle	of	the	cut	determines	the	type	of	conic	section	produced.	A	circle	is	formed	when	the	cutting	plane	is	parallel	to	the	base	of	the	cone,	while	an	ellipse	forms	when	the	intersecting	plane	cuts
at	an	angle	to	the	surface	of	the	cone.	paraphrased	text	here	The	standard	form	of	the	equation	of	a	hyperbola	with	center	(h,	k)	is	given	by	the	formula:	(x−h)2/a2	-	(y−k)2/b2	=	1.	This	type	of	conic	section	has	its	x-axis	as	the	principal	axis	and	the	origin	(0,0)	as	the	center.	The	vertices	are	at	(±a,	0),	and	the	foci	are	located	at	(±c,	0).	For	an	ellipse,
the	standard	form	is	represented	by	the	equation	c2	=	a2	-	b2,	while	for	a	hyperbola,	it's	defined	by	c2	=	a2	+	b2.	When	a	circle	intersects	with	the	cone,	the	resulting	conic	section	has	its	focus	at	the	center	and	represents	a	symmetrical	open	plane	curve	formed	by	cutting	the	cone	across	different	sections.	The	Eccentricity	of	Conic	Sections	-
Understanding	Its	Applications	and	Importance	Conic	sections	have	been	studied	since	ancient	Greece,	where	mathematicians	like	Menaechmus,	Appollonius,	and	Archimedes	were	fascinated	by	their	properties.	They	are	formed	by	intersecting	a	plane	with	a	cone,	which	has	two	identical	parts	called	nappes.	A	right	circular	cone	can	be	generated	by
revolving	a	line	around	the	y-axis.	Conic	sections	are	categorized	into	four	types:	parabolas,	ellipses,	hyperbolas,	and	circles.	Parabolas	are	generated	when	a	plane	intersects	a	cone	parallel	to	the	generating	line,	while	a	circle	is	formed	if	the	plane	is	perpendicular	to	the	axis	of	revolution.	An	ellipse	is	created	if	the	plane	intersects	one	nappe	at	an
angle	other	than	90°.	To	identify	the	graph	of	a	conic	section	from	its	equation,	we	need	to	examine	the	coefficients	A	and	C.	If	both	are	equal	and	non-zero	with	the	same	sign,	it's	a	circle.	If	they	have	different	signs	and	are	non-zero,	it's	a	hyperbola.	If	either	is	zero,	it	becomes	an	ellipse	or	parabola.	A	conic	section	can	also	be	defined	in	terms	of
distances.	A	parabola	is	the	set	of	all	points	equidistant	from	a	fixed	point	(focus)	and	a	fixed	line	(directrix).	The	distance	between	these	two	points	is	represented	by	the	variable	p.	Using	this	concept,	we	can	derive	an	equation	for	a	parabola.	The	properties	of	conic	sections	have	significant	applications	in	various	fields,	such	as	astronomy,
architecture,	and	engineering.	They	are	used	in	designing	radio	telescopes,	satellite	dish	receivers,	and	even	in	constructing	buildings.	By	understanding	the	characteristics	of	conic	sections,	we	can	unlock	their	secrets	and	harness	their	power	to	create	innovative	solutions	for	real-world	problems.	In	this	section,	we	will	delve	deeper	into	the
properties	and	equations	of	parabolas,	ellipses,	and	hyperbolas.	We	will	explore	how	to	identify	these	curves	using	eccentricity	values	and	write	polar	equations	for	conic	sections	with	given	eccentricities.	By	mastering	the	concepts	of	conic	sections,	you'll	gain	a	profound	understanding	of	mathematics	and	unlock	new	possibilities	for	creative
problem-solving.	The	distance	between	two	points	in	a	coordinate	plane	can	be	found	using	the	formula	$d(P,Q)=\sqrt{(x_2−x_1)^2+(y_2−y_1)^2}$.	This	concept	is	also	relevant	to	parabolas,	which	are	defined	as	sets	of	points	equidistant	from	a	fixed	point	(the	focus)	and	a	fixed	line	(the	directrix).	For	a	parabola	opening	upwards	with	vertex	at
$(h,k)$	and	focus	at	$(h,k+p)$,	the	equation	in	standard	form	is	given	by	$y=\dfrac{1}{4p}(x−h)^2+k$.	This	theorem	provides	a	way	to	determine	the	equation	of	a	parabola	based	on	its	vertex	and	focus.	In	addition	to	the	standard	form,	there	are	also	other	forms	of	equations	for	parabolas.	The	general	form	of	a	parabola	is	$ax^2+bx+cy+d=0$,
which	can	represent	parabolas	that	open	up	or	down	(Equation	\ref{para1})	or	left	or	right	(Equation	\ref{para2}).	These	equations	can	be	converted	to	standard	form	using	the	method	of	completing	the	square.	Completing	the	square	for	the	equation	$x^2−4x−8y+12=0$	yields	the	standard	form	$y=\dfrac{1}{8}(x−2)^2+1$,	where	the	vertex	is	at
$(2,1)$.	Similarly,	for	the	equation	$2y^2−x+12y+16=0$,	the	standard	form	is	given	by	$x=2(y+3)^2−2$.	Parabolas	also	have	interesting	reflective	properties.	A	parabolic	dish	can	collect	signals	from	a	satellite	in	space,	reflecting	beams	of	electromagnetic	waves	off	its	curved	surface	and	directing	them	towards	the	focus.	The	parabola's	reflective
surface	directs	incoming	radio	waves	from	a	satellite	to	a	small	receiver	at	its	focus.	The	reflected	signals	are	then	collected	and	decoded	by	the	receiver.	This	principle	allows	for	a	compact	receiver	to	capture	signals	from	a	wide	angle	of	the	sky.	A	similar	concept	applies	to	flashlights	and	car	headlights,	which	concentrate	light	onto	a	focal	point
using	parabolic	mirrors.	Radio	waves	received	from	a	satellite	are	directed	towards	a	small	receiver	located	at	the	focus	of	a	parabola's	reflective	surface.	The	receiver	decodes	the	digital	signals	allowing	it	to	gather	information	from	a	wide	angle	of	the	sky.	A	flashlight	or	car	headlight	works	in	reverse,	with	the	light	source	positioned	at	the	focal
point	and	a	reflecting	surface	on	a	parabolic	mirror	focusing	the	beam	forward.	An	ellipse	can	be	defined	by	its	distances	from	two	fixed	points,	referred	to	as	foci.	These	foci	are	located	along	an	axis,	with	each	focus	equidistant	from	the	origin.	The	sum	of	the	distances	from	any	point	on	the	ellipse	to	these	foci	is	constant.	The	equation	for	an	ellipse
can	be	derived	using	the	distance	formula	and	the	properties	of	right	triangles.	Starting	with	the	definition	of	an	ellipse	as	the	set	of	all	points	where	the	sum	of	their	distances	from	two	fixed	points	(foci)	is	constant,	we	apply	the	distance	formula	to	find	this	constant	sum.	To	demonstrate,	suppose	a	point	A	on	the	ellipse	has	coordinates	(x,y).	Using
the	distance	formula,	we	can	express	the	sum	of	its	distances	to	the	foci	as:	d(A,F)+d(A,F′)=2a	Squaring	both	sides	and	simplifying	leads	to	an	equation	representing	an	ellipse	in	standard	form.	The	standard	form	for	an	ellipse	centered	at	the	origin	is	given	by:	(x/a)^2	+	(y/b)^2	=	1	Here,	'a'	represents	half	the	length	of	the	major	axis,	while	'b'
corresponds	to	half	the	length	of	the	minor	axis.The	standard	form	of	an	ellipse	equation	depends	on	the	orientation	of	its	major	axis,	with	a	horizontal	major	axis	resulting	in	Equation	\ref{HorEllipse}	and	a	vertical	major	axis	resulting	in	Equation	\ref{VertEllipse}.	The	foci	are	located	at	$(h	±	c,k)$	for	a	horizontal	major	axis	and	at	$(h,k	±	c)$	for	a
vertical	major	axis,	where	$c^2	=	a^2	-	b^2$.	The	equations	of	the	directrices	are	given	by	$x=h±\dfrac{a^2}{c}$	for	a	horizontal	major	axis	and	$y=k±\dfrac{a^2}{c}$	for	a	vertical	major	axis.	The	whispering	gallery	in	Statuary	Hall	is	a	remarkable	example	of	how	sound	waves	can	be	manipulated	to	create	an	unusual	acoustic	effect.	Located	in
the	U.S.	Capitol	building,	this	elliptical	chamber	has	been	famous	for	its	ability	to	amplify	and	project	voices	across	the	room,	making	it	an	ideal	location	for	clandestine	meetings	and	whispered	conversations.	The	whispering	gallery's	unique	shape	is	the	key	to	its	remarkable	properties.	The	ellipse's	foci	are	located	at	either	end	of	the	major	axis,
which	means	that	sound	waves	traveling	towards	one	focus	will	be	reflected	back	towards	the	other	focus,	creating	a	sense	of	amplification	and	resonance.	According	to	legend,	John	Quincy	Adams	was	said	to	have	had	his	desk	placed	on	one	of	these	foci,	allowing	him	to	eavesdrop	on	conversations	from	anywhere	in	the	room.	While	this	claim	may	be
exaggerated	or	apocryphal,	it	highlights	the	remarkable	acoustic	properties	of	the	whispering	gallery.	In	reality,	the	original	ceiling	of	Statuary	Hall	was	so	resonant	that	it	required	carpets	to	be	hung	from	the	ceiling	to	dampen	its	acoustics	and	prevent	echoes	from	becoming	too	overwhelming.	It	wasn't	until	the	ceiling	was	rebuilt	in	1902	that	the
whispering	gallery's	unique	properties	became	fully	apparent.	Other	famous	whispering	galleries	can	be	found	at	locations	such	as	Grand	Central	Station	in	New	York	City,	where	visitors	often	come	to	propose	marriage	or	make	other	declarations	of	love.	Meanwhile,	hyperbolas	have	their	own	unique	set	of	properties	and	equations.	In	fact,	a
hyperbola	is	defined	as	the	set	of	all	points	where	the	difference	between	their	distances	from	two	fixed	points	(the	foci)	is	constant.	By	analyzing	these	differences	in	distance,	we	can	derive	the	equation	of	a	hyperbola	in	standard	form.	The	process	involves	starting	with	the	definition	of	the	hyperbola	and	manipulating	the	variables	to	isolate	the
desired	relationship.	In	the	end,	this	yields	an	equation	that	describes	the	shape	of	a	hyperbola	in	terms	of	its	foci,	axes,	and	constants.	For	example,	the	equation	of	a	hyperbola	with	center	(h,k),	horizontal	major	axis,	and	vertical	minor	axis	can	be	expressed	as:	\[\dfrac{(x−h)^2}{a^2}−\dfrac{(y−k)^2}{b^2}=1	\label{HorHyperbola}\]	This
equation	not	only	provides	a	clear	definition	of	the	hyperbola	but	also	reveals	its	foci,	asymptotes,	and	directrices.	paraphrased	text	here	To	calculate	the	eccentricity	of	a	conic	section,	it's	essential	to	understand	its	definition	and	how	it	relates	to	other	parameters	such	as	directrices	and	foci.	The	eccentricity	of	a	hyperbola	is	greater	than	1,	while
that	of	an	ellipse	is	less	than	1.	This	distinction	can	be	attributed	to	the	positions	of	their	foci	relative	to	their	vertices.	The	formula	for	calculating	eccentricity	involves	determining	the	values	of	'a'	and	'c',	where	'c'	represents	the	distance	from	the	origin	to	the	focus.	The	conic	is	horizontal.	If	sine	appears,	then	the	conic	is	vertical.	If	both	appear	then
the	axes	are	rotated.	The	center	of	the	conic	is	not	necessarily	at	the	origin.	The	center	is	at	the	origin	only	if	the	conic	is	a	circle	(i.e.,	\(e=0\)).	Identify	and	create	a	graph	of	the	conic	section	described	by	the	equation	$r=\dfrac{3}{1+2\cos	θ}$.	The	constant	term	in	the	denominator	is	$1$,	so	the	eccentricity	of	the	conic	is	$2$.	This	is	a	hyperbola.
The	focal	parameter	$p$	can	be	calculated	by	using	the	equation	$ep=3.$	Since	$e=2$,	this	gives	$p=\dfrac{3}{2}$.	The	cosine	function	appears	in	the	denominator,	so	the	hyperbola	is	horizontal.	Pick	a	few	values	for	θ	and	create	a	table	of	values.	Then	we	can	graph	the	hyperbola	(Figure	$\PageIndex{13}$).	$θ$	$r$	$θ$	$r$	0	1	π	−3	$\dfrac{π}
{4}$	$\dfrac{3}{1+\sqrt{2}}≈1.2426$	$\dfrac{5π}{4}$	$\dfrac{3}{1−\sqrt{2}}≈−7.2426$	$\dfrac{π}{2}$	3	$\dfrac{3π}{2}$	3	$\dfrac{3π}{4}$	$\dfrac{3}{1−\sqrt{2}}≈−7.2426$	$\dfrac{7π}{4}$	$\dfrac{3}{1+\sqrt{2}}≈1.2426$	Figure	$\PageIndex{13}$:	Graph	of	the	hyperbola	described	in	Example	$\PageIndex{5}$.	Identify	and	create
a	graph	of	the	conic	section	described	by	the	equation	$r=\dfrac{4}{1−0.8	\sin	θ}$.	Hint	First	find	the	values	of	$e$	and	$p$,	and	then	create	a	table	of	values.	Answer	Here	$e=0.8$	and	$p=5$.	This	conic	section	is	an	ellipse.	A	general	equation	of	degree	two	can	be	written	in	the	form	$Ax^2+Bxy+Cy^2+Dx+Ey+F=0$.	The	graph	of	an	equation	of
this	form	is	a	conic	section.	If	$B≠0$	then	the	coordinate	axes	are	rotated.	To	identify	the	conic	section,	we	use	the	discriminant	of	the	conic	section	$4AC−B^2$.	One	of	the	following	cases	must	be	true:	$4AC−B^2>0$.	If	so,	the	graph	is	an	ellipse.	$4AC−B^2=0$.	If	so,	the	graph	is	a	parabola.	$4AC−B^2
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