SQUARE ROOT FUNCTIONS
Given the graph of y=f(x), it is often useful or necessary to draw the graph of y =/ f(x) and the graph of y* = f(x).

To graph these functions, it is important to find out where f(x) <0, as ,/ f(x) is not defined for these values of x
(because the square root of a negative number is not a real number). Similarly, y* = f{x) will not be defined for these
values of x, because y* cannot be negative.

Remember that /0 = 0 and \/1 = 1. Therefore, for 0 <fix)<1, ‘/f(x) > fix); for fix) > 1, flx) > ,/f(x).
Graphically this means that for 0 < f{x) < 1, the graph of y =/ f(x) is above y = f(x), and for f{x) > 1, the graph of
y=4f(x) is below y = fix).

Example 4
In each part, use the graph of the given function to draw the graphs of y=/f(x) and y* = fi{x).

(@) Given y=x, draw (b) Given y=2x+ 1, draw (c) Giveny=1-x,draw
y=Jxandy’=x. y=+2x+landy’=2x+1. y=Jl-x andy’=1-x.
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Solution

(@) The graph of y=/x is undefined for x < 0.
x=+/x atx=0, 1. Graphs intersect at (0, 0) and (1, 1).
For 0 < x < 1, the graph of y = J/x is above the graph of y = x.

The graph of y* = x is undefined for x < 0 as y* cannot be negative.
It has two branches, y=J/x and y=-/x.
y=xand y° = x intersect at (0, 0) and (1, 1).
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SQUARE ROOT FUNCTIONS

(b) The graph of y=/2x +1 is undefined forx<-L. , .
x+l 1 _ 2z A
2x+1=2x+1 atx:—? 0. Graphs intersect at (-E,O)and (0, 1). Ny
For—%<x<0,thegraphofy=\/2x+lisabovcthegmphofy=2x+1_ 2 -’,’ o s
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The graph of y* =2x+ 1 isundeﬁnedforx<-%.

It has two branches, y=+2x+1 and y==2x +1.
Graphs intersect at (-%, 0) and (0, 1).

(c) The graph of y=+/1- x is undefined for x> 1.
1-x=J1-xatx=0,1. Graphs intersect at (0, 1) and (1, 0). Mo

For 0 < x < 1, the graph of y = \/1- x is above the graph of y=1-x. S
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Thcgraphofyz=l-xis undefined for x> 1. N y=l-x

It has two branches, y=+/1-x and y=—=\1-x. s

Graphs intersect at (0, 1) and (1, 0). \
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SQUARE ROOT FUNCTIONS

Example 5

(a) Given y=x2. draw (b) Giveny=(x- 2)?, draw
y=\/JFandyz=xz. y=y(x=2)* and y* = (x - 2)~.

(c) Given y=(x+2)(1-x),draw

y= J(x+2)(1=x) and

¥ =(x+2)(1-x).
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Solution

(@) The graphof y= Jx? is defined for all x.
The function is never negative.

The graphs intersect at (=1, 1), (0, 0) and (1, 1).
The resulting graph is the same as y =|x].

The graph of y* = x* is defined for all x.
The graphs intersect at (=1, 1), (0, 0) and (1, 1).
The resulting graph is the same as the graph of y =*x.

(b) The graphof y= J(x=2)? is defined for all x.
The function is never negative.
The graphs intersect at (1, 1), (2, 0) and (3, 1).
The resulting graph is the same as the graph of y =|x - 2|
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SQUARE ROOT FUNCTIONS
The graph ofyz=(x-2)2 is defined for all x.
The graphs intersect at (1, 1), (2, 0) and (3, 1).
The resulting graph is the same as the graph of y =%(x - 2).

(c) The graph of y=/(x +2)(1 = x) is undefined for x <=2 and x> 1.

The maximum value of (x + 2)(1 —x) is %and occurs at x =—l.

The greatest value of \/(x +2)(1=-x)is %and occurs at x =-%.
=2<Xx<1:0SysS1S.

Further algebraic investigation shows that the graph is a semicircle
in the upper half plane, centre (<0.5, 0), radius 1.5.

Thegmphoff:(x+2)(l—x)isundeﬁnedforx<-23ndx>l. y
—2<x<1:=-15<y<15. N
Further algebraic investigation shows that the graph is a circle, y=lx+2)1-2 . |

centre (=0.5, 0), radius 1.5.
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SQUARE ROOT FUNCTIONS
Example 6

(a) Givmy:x’,dmwy:JFmdf:x’, (b) Given y=x(x+1)(x=2),draw y= {x(x +1)(x = 2)
and y* = x(x + 1)(x = 2).

y=x(x+1)x-2)

(¢) Giveny=(2-x)(x+ 1)?, draw

(d) Giveny=x"+2¢+1,drawy= Vx+2x2+1 and
y=J(2=x)(x+1)" and y’ = (2= x)(x +1).

yY=xX+27+1
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Solution

(@) The graph of y=\/x_’ is undefined for x < 0.
X = \/F at x=0, 1. The curves intersect at (0, 0) and (1, 1).

The graph of y* = x’ is undefined for x < 0.
The curves intersect at (0, 0) and (1, 1).

y*=xis equivalent to y = i\/?.

Section 2 - Page 5 of 6



(b) The graph of y= \/x(x+l)(x—2) is undefined forx<=1,1<x< 2. y

(¢) The graph of y=+/(2=x)(x+1) is undefined for x> 2.

SQUARE ROOT FUNCTIONS

The graphs meet at (=1, 0), (0, 0), (2, 0).

’:x(g l)(x-2)
Forx>2, ,/x(x +1)(x =2) > x(x+ 1)(x = 2) until the RHS becomes

y=4.‘(x¢ INx-2)

greater than 1. :
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The graph ofy2=x(x+ 1)(x = 2) is undefined for x< =1, 1 < x < 2. y £
The graphs meet at (=1, 0), (0, 0), (2, 0). yzx(x: +{1)x-2) ;'
2 y

The maximum turning point of y = (2 = x)(x + l)2 is (1, 4), so
the maximum turning point of y = \/(2 —x)(x+1) is(1,2).
(=1, 0) is not called a turning point of y = /(2 = x)(x + 1)* because

at this point the curve changes sharply, not smoothly. Instead this
point is called a cusp.
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The graph of y2 =(2 = x)(x + 1)* is undefined for x> 2.

The maximum turning point of y = (2 = x)(x + 1)*is (1, 4),
so the maximum turning point of y2 =(2-x)(x+1)is(1,2)
and the minimum turning point is (1, =2).

y=Q2-x)x+1p
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