Quadratic Expression

An expression of the formax? + bx + ¢, where a, b, c € Rand a # 0 is called a quadratic
expression in x. So in general, quadratic expression is represented by f(x)=ax? +bx +cor

y=ax®+bx +c.
(1) Graph of a quadratic expression:We have y = ax? +bx +c = f(x)

b D D b\
=a||x+—| — =>y+—=a| x +—
4 [( ZaJ 4a2] 4 4a ( 2aJ

Now, Iety+£=Y and X:x+i
4a 2a

YoaX'=x2=1y
a
(i) The graph of the curve y = f{(x) is parabolic.
(i) The axis of parabolais X =0 or x +2i =0 i.e. (parallel to y-axis).
a

(iii) (a) If a > O, then the parabola opens upward.

(b) If a < 0, then the parabola opens downward.
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(a) X-axis: For x axis, y =0 =>ax* +bx +c=0=x =
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For D > 0, parabola cuts x-axis in two real and distinct point'si.e. x = —.
a
For D = 0, parabola touches x-axis in one point, x =-b/2a.
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For D < 0, parabola does not cut x-axis(i.e. imaginary value of x).
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(b) y-axis:Fory axis x =0, y =c¢

(2) Maximum and minimum values of quadratic expression:Maximum and minimum value of
quadratic expression can be found out by two methods:

(i) Discriminant method:In a quadratic expressionax? + bx +c.
(a) If a > 0, quadratic expression has least value at x = —b/2a . This least value is given by
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(b) If a < 0, quadratic expression has greatest value at x = —b/2a . This greatest value is given by
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(ii) Graphical method:Vertex of the parabola ¥ =aX?is X=0, Y =0

ie., x+i=0,y+2=0:>x=—b/2a,y=—D/4a
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Hence, vertex of y =ax? +bx +c¢ is (-b/2a,— D/ 4aq)

(a) For a > 0, f(x) has least value at x = —2i. This least value is given by
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(3) Sign of quadratic expression:Let f(x)=ax’ +bx +c or y =ax’ +bx +¢

Where a, b, c € Rand a # 0, for some values of x, f(x) may be positive, negative or zero.

This gives the following cases:
()a>0and D < 0,so f(x)>0 forall x e R i.e, f(x) is positive for all real values of x.

(ila<0and D <0, so f(x)<0 forall x € Rie, f(x) is negative for all real values of x.
(iii)a>0and D = 0so, f(x)>0 forall x e Ri.e, f(x) is positive for all real values of x except at
vertex, where f(x)=0.

(ivya<0and D = 0so, f(x)<0 forall x € Ri.e. f(x) is negative for all real values of x except at
vertex, where f(x)=0.

(vya>0and D >0

Let f(x)=0 have two real roots aand B(a < B), then f(x)> 0 forall x e (-, a)U(B,©) and
flx)<0 forall x e (e, B).

(vi) a<0andD >0

Let f(x)=0 have two real roots aand B(a < ),

Then f(x)< 0 forall x € (—0,a)U(B,0) and f(x)>0 forall x e (a, )



