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What	is	the	discriminant	in	a	quadratic	equation

The	quadratic	formula	was	covered	in	the	module	Algebra	review.	This	formula	gives	solutions	to	the	general	quadratic	equation	\(ax^2+bx+c=0\),	when	they	exist,	in	terms	of	the	coefficients	\(a,b,c\).	The	solutions	are	\[	x	=	\dfrac{-b+\sqrt{b^2-4ac}}{2a},	\qquad	x	=	\dfrac{-b-\sqrt{b^2-4ac}}{2a},	\]	provided	that	\(b^2-4ac	\geq	0\).	The	quantity	\
(b^2-4ac\)	is	called	the	discriminant	of	the	quadratic,	often	denoted	by	\(\Delta\),	and	should	be	found	first	whenever	the	formula	is	being	applied.	It	discriminates	between	the	types	of	solutions	of	the	equation:	\(\Delta	>	0	\)	tells	us	the	equation	has	two	distinct	real	roots	\(\Delta	=	0	\)	tells	us	the	equation	has	one	(repeated)	real	root	\(\Delta	<	0	\)
tells	us	the	equation	has	no	real	roots.	Screencast	of	interactive	2	, 	Interactive	2	For	what	values	of	\(k\)	does	the	equation	\((4k+1)x^2-6kx+4=0\)	have	one	real	solution?	A	quadratic	expression	which	always	takes	positive	values	is	called	positive	definite,	while	one	which	always	takes	negative	values	is	called	negative	definite.	Quadratics	of	either
type	never	take	the	value	0,	and	so	their	discriminant	is	negative.	Furthermore,	such	a	quadratic	is	positive	definite	if	\(a	>	0\),	and	negative	definite	if	\(a	<	0\).	Detailed	description	of	diagram	Show	that	the	quadratic	expression	\(4x^2-8x+7\)	always	takes	positive	values	for	any	value	of	\(x\).	Solution	In	this	case,	\(a=4\),	\(b=-8\)	and	\(c=7\).	So	\[
\Delta	=	(-8)^2	-	4\times	4	\times	7	=	-48	<	0	\]	and	\(a=4	>	0\).	Hence	the	quadratic	is	positive	definite.	For	what	values	of	\(k\)	does	the	equation	\((4k+1)x^2-2(k+1)x+(1-2k)=0\)	have	one	real	solution?	For	what	values	of	\(k\),	if	any,	is	the	quadratic	negative	definite?	Screencast	of	exercise	5	Next	page	-	Content	-	Applications	to	maxima	and
minima	Learning	Objectives	Define	the	discriminant	and	use	it	to	classify	solutions	to	quadratic	equations	The	quadratic	formula	not	only	generates	the	solutions	to	a	quadratic	equation,	it	tells	us	about	the	nature	of	the	solutions.	When	we	consider	the	discriminant,	or	the	expression	under	the	radical,	[latex]{b}^{2}-4ac[/latex],	it	tells	us	whether
the	solutions	are	real	numbers	or	complex	numbers,	and	how	many	solutions	of	each	type	to	expect.	The	table	below	relates	the	value	of	the	discriminant	to	the	solutions	of	a	quadratic	equation.	Value	of	Discriminant	Results	[latex]{b}^{2}-4ac=0[/latex]	One	repeated	rational	solution	[latex]{b}^{2}-4ac>0[/latex],	perfect	square	Two	rational
solutions	[latex]{b}^{2}-4ac>0[/latex],	not	a	perfect	square	Two	irrational	solutions	[latex]{b}^{2}-4ac0[/latex],	then	the	number	underneath	the	radical	will	be	a	positive	value.	You	can	always	find	the	square	root	of	a	positive,	so	evaluating	the	Quadratic	Formula	will	result	in	two	real	solutions	(one	by	adding	the	positive	square	root,	and	one	by
subtracting	it).	If	[latex]b^{2}-4ac=0[/latex],	then	you	will	be	taking	the	square	root	of	[latex]0[/latex],	which	is	[latex]0[/latex].	Since	adding	and	subtracting	[latex]0[/latex]	both	give	the	same	result,	the	“[latex]\pm[/latex]”	portion	of	the	formula	doesn’t	matter.	There	will	be	one	real	repeated	solution.	If	[latex]b^{2}-4ac0$	we	have	no	zeros.	for
$\alpha=0$	we	have	a	single	zero.	for	$\alpha	0.	(3)	It’s	very	easy	to	also	find	the	y-intercept	of	the	parabola.	We	simply	substitute	0	in	for	x	into	the	equation.	So	we	get	y	=	7.	It	follows	that	the	y-intercept	of	the	parabola	is	the	point	(0,7).	Negative	Discriminants	Up	until	now,	we’ve	looked	at	the	cases	where	the	discriminant	is	0	and	positive.	Today
let’s	talk	about	what	happens	if	the	discriminant	is	negative.	If	the	discriminant	of	the	quadratic	equation	ax2	+	bx	+	c	=	0	is	negative,	then	we	wind	up	with	a	negative	number	under	the	square	root	in	the	quadratic	formula.	The	square	root	of	a	negative	number	is	an	imaginary	number.	We	therefore	wind	up	with	two	complex	solutions.	Graphically,
if	the	discriminant	is	negative,	the	graph	of	the	function	y	=	ax2	+	bx	+	c	is	a	parabola	that	does	not	intersect	the	x-axis.	An	example	is	given	by	the	yellow	parabola	in	the	image	above.	Example:	Find	the	discriminant	of	x2	+	4x	+	8	=	0.	Then	describe	the	nature	of	the	roots	of	the	equation,	and	describe	the	graph	of	the	function	y	=	x2	+	4x	+	8.	I	will
post	a	solution	to	this	problem	tomorrow,	and	then	discuss	what	happens	if	the	determinant	is	negative.	Feel	free	to	post	your	own	solutions	in	the	comments.	If	you	liked	this	article,	please	share	it	with	your	Facebook	friends:	Comments	comments	Several	questions	on	how	to	solve	quadratic	equations	using	the	discriminant	and	the	quadratic
formula	are	presented	along	with	detailed	solutions.	We	also	discuss	the	relationship	between	the	number	and	nature	of	solutions	of	a	given	quadratic	equation	and	the	sign	of	its	discriminant.	More	questions	with	answers	are	at	the	bottom	of	this	page.	More	questions	on	quadratic	equations	and	their	detailed	solutions;	and	also	Step	by	Step
Quadratic	Equation	Solver	are	included.	A	quadratic	equation	in	one	variable	is	an	equation	that	may	be	written	in	the	form	a	x	2	+	b	x	+	c	=	0	where	a,	b	and	c	are	constants	with	a	not	equal	to	zero.	There	are	several	methods	to	solve	quadratic	equations.	In	this	tutorial	we	use	the	the	quadratic	formulas	and	the	discriminant.	The	solutions	to	the
above	equation	are	given	by	the	quadratic	formulas.	x1	=	(	-	b	+	√(b2	-	4	a	c)	)	/	(2	a)	and	x2	=	(	-	b	-	√(b2	-	4	a	c)	)	/	(2	a)	The	quantity	Δ	=	b2	-	4	a	c	under	the	radical	above	is	called	the	discriminant	and	gives	important	information	about	the	number	and	nature	of	the	solutions	to	the	quadratic	equation	to	be	solved.	Three	cases	are	possible:	If	Δ	>	0,
the	equation	has	2	real	solutions.	(see	example	1	below)	If	Δ	=	0,	the	equation	has	1	real	solution.	(see	example	2	below)	If	Δ	<	0,	the	equation	has	2	conjugate	complex	solutions.	(see	example	3	below)	Questions	with	Solutions	Question	1	Use	the	quadratic	formulas	and	the	discriminant	to	find	all	solutions	to	the	quadratic	equation	given	below.	x	2	+
3	x	=	4	Solution	to	Question	1	Given	x	2	+	3	x	=	4	Rewrite	the	given	equation	with	its	right	term	equal	to	zero.	x	2	+	3	x	-	4	=	0	Find	the	discriminant	Δ=	b2	-	4	a	c	Δ=	b2	-	4	a	c	=	32	-	4(1)(-4)	=	25	Since	the	discriminant	is	positive,	the	equation	has	two	real	solutions	given	by.	x1	=	(	-3	+	√25	)	/	(2*1)	=	(	-3	+	5	)	/	2	=	1	x2	=	(	-3	-	√25)	/	(2*1)	=	(-3	-	5)
/	2	=	-	4	Check	Solutions	x	=	1	Left	side	of	the	equation	=	x	2	+	3	x	=	1	2	+	3(1)	=	1	+	3	=	4	Right	side	of	the	equation	=	4.	x	=	-4	Left	side	of	the	equation	=	(-4)	2	+	3(-4)	=	16	-	12	=	4	Right	side	of	the	equation	=	4.	Conclusion:	The	solutions	to	the	given	equation	are	1	and	-4.	Question	2	Use	the	quadratic	formulas	and	the	discriminant	to	find	all
solutions	to	the	quadratic	equation	given	below.	x	2	/	3	+	3	=	2	x	Solution	to	Question	2	Given	x	2	/	3	+	3	=	2	x	Eliminate	the	denominator	by	multiplying	all	terms	in	the	equation	by	3.	3	(x	2	/	3	+	3)	=	3	×	2x	Simplify	and	rewrite	the	equation	with	the	right	term	equal	to	zero.	x	2	-	6	x	+	9	=	0	Use	the	quadratic	formula.	The	discriminant	Δis	given	by
Δ=	b2	-	4	a	c	=	(-6)2	-	4(1)(9)	=	0	Since	the	discriminant	is	equal	to	zero,	the	two	formulas	giving	the	two	solutions	of	the	quadratic	equation	become	one	solution	given	by	x	=	-	b	/	(2	a)	=	-(-6)	/	(2*1)	=	3	Check	Solutions	x	=	3	Left	side	of	the	equation	=	x	2	/	3	+	3	=	3	2	/	3	+	3	=	6	Right	side	of	the	equation	=	2	x	=	2(3)	=	6.	Conclusion:	There	is	one
real	solution	to	the	given	equation:	x	=	3.	Question	3	Use	the	quadratic	formulas	and	the	discriminant	to	find	all	solutions	to	the	quadratic	equation	given	below.	x	2	-	4	x	+	13	=	0	Solution	to	Question	3	Given	x	2	-	4	x	+	13	=	0	The	discriminant	Δis	given	by	Δ=	b2	-	4	a	c	=	(-4)2	-	4(1)(13)	=	-36	Since	the	discriminant	is	negative,	the	square	root	of	the
discriminant	is	a	pure	imaginary	number.	sqrt(D)	=	√(-36)	=	√(-1)√(36)	=	6i	where	i	is	the	imaginary	unit	defined	as	i	=	√(-1).	Use	the	quadratic	formulas	to	find	the	two	solutions.	x1	=	(4	+	6	i))	/	(2*1)	=	2	+	3	i	x2	=	(4	-	6	i)	/	(2*1)	=	2	-	3	i	Check	Solutions	x	=	2	+	3	i	Left	side	of	the	equation	=	x	2	-	4	x	+	13	=	(2	+	3	i)	2	-	4(2	+	3	i)	+	13	=	4	-	9	+	12	i	-
8	-	12	i	+	13	=	0	Right	side	of	the	equation	=	0	x	=	2	-	3	i	Left	side	of	the	equation	=	x	2	-	4	x	+	13	=	(2	-	3	i)	2	-	4(2	-	3	i)	+	13	=	4	-	9	-	12	i	-	8	+	12	i	+	13	=	0	Right	side	of	the	equation	=	0	Conclusion:	The	given	equation	has	two	imaginary	solutions	2	+	3	i	and	2	-	3	i	conjugate	of	each	other.	Question	4	Find	all	values	of	the	parameter	m	in	the
quadratic	equation	x	2	+	m	x	+	1	=	0	such	that	the	equation	has	one	solution,	2	real	solutions,	2	complex	solutions.	Solution	to	Question	4	a)	Given	x	2	+	m	x	+	1	=	0	Find	the	discriminant	Δ	=	b2	-	4ac	Δ	=	b2	-	4ac	=	m2	-	4(1)(1)	=	m2	-	4	For	the	equation	to	have	one	solution,	the	discriminant	has	to	be	equal	to	zero.	m2	-	4	=	0	The	equation	m2	-	4	=
0	has	two	solutions.	m	=	2	m	=	-2	Below	is	the	graph	of	the	expression	in	the	left	side	of	the	given	equation	for	m	=	2	and	m	=	-2.	Note	that	in	each	case,	the	graph	has	1	x	intercept	only,	hence	one	real	solution	to	the	equation.	b)	For	the	equation	to	have	2	real	solution,	the	discriminant	has	to	be	greater	than	zero.	m2	-	4	>	0	The	inequality	m2	-	4	>
0	has	the	following	solution	set.	(-∞	,	-2)	U	(2	,	+∞)	&infty;	Below	is	the	graph	of	the	expression	in	the	left	side	of	the	given	equation	for	m	=	5	and	m	=	-3.	Note	that	in	each	case,	the	graph	has	2	x-intercepts,	hence	the	given	equation	has	2	real	solutions.	c)	For	the	equation	to	have	2	complex	solution,	the	discriminant	has	to	be	less	than	zero.	m2	-	4	<
0	The	inequality	m2	-	4	<	0	has	the	following	solution	set.	(-2	,	2)	Below	is	the	graph	of	the	expression	in	the	left	side	of	the	given	equation	for	m	=	0	and	m	=	1.	Note	that	in	each	case,	the	graph	has	no	x-intercepts,	hence	the	solutions	to	the	equation	are	not	real	but	complex.	More	Questions	with	Detailed	Solutions	1)	Use	the	quadratic	formulas	and
the	discriminant	to	find	all	solutions	to	the	quadratic	equations	given	below.	a)	x	2	-	3	x	+	2	=	0	Detailed	Solution	b)	x	2	/	2	=	-	8	-	4x	Detailed	Solution	c)	x	2	-	4	x	+	5	=	0	Detailed	Solution	2)	Find	all	values	of	the	parameter	m	in	the	quadratic	equation	x	2	+	x	+	m	+	1	=	0	for	each	case	below:	the	equations	has	one	solution,	the	equations	has	2	real
solutions,	the	equations	has	2	complex	solutions.	Detailed	Solution	More	Questions	(with	answers	below)	Solve	the	following	quadratic	equations	a)	-	x	2	+	2	x	=	-	3	b)	(1	/	2)	x	2	+	(1	/	3)	x	=	1	/	6	c)	x	2	+	9	=	0	d)	-	0.2	x	2	+	2.0	x	=	+	5.2	e)	[	3	x	2	+	2x	]	/	2	=	2	Answers	to	Above	Questions.	a)	-1	,	3	b)	-1	,	1	/	3	c)	3	i	,	-3	i	d)	5	-	i	,	5	+	i	e)	√(13)	/	3	-	1	/	3	,
-	√(13)	/	3	-	1	/	3	More	References	and	linksProof	of	the	Quadratic	Formulas	and	Questions.	Solve	Equations,	Systems	of	Equations	and	Inequalities.	Step	by	Step	Quadratic	Equation	Solver.	Quadratic	Equations	Calculator	and	Solver.	report	this	ad
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