Chapter 9 Rational Functions

9.1 Exploring Rational Functions Using Transformations,

pages 442 to 445
1. a) Since the graph has a vertical asymptote at
x = —1, it has been translated 1 unit left;
2
Blx) = x+1
b) Since the graph has a horizontal asymptote at
y = —1, it has been translated 1 unit down;
A =21
c) Since the graph has a horizontal asymptote at
y = 1, it has been translated 1 unit up;
Dix) = % + 1.
d) Since the graph has a vertical asymptote at x = 1,
it has been translated 1 unit right;
_ 2
Cx) = =1 = T .
2. a) Base function y = 2 * yﬁ
vertical asymptote \ 5 \ v
X = -2, c X
horizontal
asymptote y = 0 4 &0 2 | X
Y= !
Vi T H2

b)

)

d)

3. a)

b)

Base function yﬂ
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Il
X |-
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1 .
y=% vertical >

asymptote x = 3,

horizontal

asymptote y = 0 =

i
i
]
]
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£

Base function

y= %; vertical 1

i

asymptote x = —1,
horizontal

asymptote y = 0

A

Base function y \

1. ..
y= = vertical

asymptote x = 4,
horizontal \

asymptote y = 0

x|+

Apply a vertical
stretch by a factor of
6, and then a
translation of 1 unit
left to the graph of
V=%

domain

(x| x# —-1,x €R},
range
yly#0,yeR)]

no x-intercept,
y-intercept 6,
horizontal
asymptote y = 0, vertical asymptote x = —1
Apply a vertical iz
stretch by a factor of \
4, and then a 4
translation of 1 unit

up to the graph of 2 —
v=%

domain

(x| x#+0,x€R},
range
yly#1LyeR)
x-intercept —4, no
y-intercept, horizontal asymptote y = 1, vertical
asymptote x = 0
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christine_arnold
Rectangle


4
X+ 6
vertical asymptote x = —6, x-intercept —2,
y-intercept —0.33

c) Apply a vertical vA  y= — 1; horizontal asymptote y = —1,
stretch by a factor of
2, and t.hena 18| _a
translation of
4 units right and -

5 units down to the

A
XY

(]
a

Yy

1 ros

I

|
w1

@

graph of y = % X

|
—

==

domain Y

x| x#4,x€R} J

range {y | y # —5, y € R}, x-intercept 4.4, —16 —T2~-8 | —410] 4 3 112
2

y-intercept —5.5, horizontal asymptote y = —5,
vertical asymptote x = 4

d) Apply a vertical vA , -8
stretch by a factor of M= e
8 and a reflection in
the x-axis, and then
a translation of
2 units right and
3 units up to the oI o|-d-

-

|
e ——
i
=y
=
X
t
|
u

nJ

y= + / For f(x) = %:

* Non-permissible value: x = 0

» Behaviour near non-permissible value: As x
approaches 0, |y| becomes very large.

* End behaviour: As |x| becomes very large, y

x
n

S\ o

graph of y = %

A
N
=2

?;Tn;ii S =8 12410 f approaches 0.
x| x#2, . Hoif * Domain {x| x# 0,x € R}, range {y | y > 0,y € R}
{ylgy;ES yER) v Iy * Asymptotes: x =0,y =0
] g Forg(x)=_—8:
x-intercept ==, (x + 6)*
e Non-permissible value: x = —6

y-intercept 7, horizontal asymptote y = 3,

vertical asymptote x = 2 e Behaviour near non-permissible value: As x

approaches —6, |y| becomes very large.

4. a) [A=iER+10H-4T horizontal asymptote
) ks y=2 yop e End behaviour: As |x| becomes very large, y
_ =2,
"| vertical asymptote approaches 0.
S x=4, ymp e Domain {x | x # —6, x € R}, range {y | y < 0, y € R}
‘-'"1 x-intercept —0.5 * Asymptotes: x = —6,y =0
1 . . _ 4
=i y=-oE y-intercept —0.25 For h(x) = ¥ _axia 3
b) F=CER-2h e horizontal asymptote * Non-permissible value: x = 2
- y=3, » Behaviour near non-permissible value: As x
————| vertical asymptote approaches 2, becomes very large.
. ymp pp i y larg
x=-1, e End behaviour: As |x| becomes very large, y
x-intercept 0.67, approaches —3.
=i Jll-= - y-intercept —2 e Domain {x| x # 2, x € R}, range {y | y > —3, y € R}
€) [T horizontal asymptote * Asymptotes: X =2,y = —3 .
y=—4 Each function has a single non-permissible value, a
- . 1’ vertical asymptote, and a horizontal asymptote. The
% vertical asymptote . . K
s x= —2 domain of each function consists of all real numbers
— . : except for a single value. The range of each function
— x-1ntercept 0.75, : N
.., . consists of a restricted set of the real numbers.
=g =1L y-intercept 1.5 .
) |y] becomes very large for each function when the
d) [H=iz-BELAE-E IIJ horizontal asymptote values of x approach the non-permissible value for
v y = -6, the function.
0 vertical asymptote _ 4 _ 1
| x=5, ra) y=-x b V=333
Illl.f' x-intercept 0.33, 0 y=- 8 S +a d y= X—41 _6
- - -intercept —0.4 - -
#20 Y=o ¥ P 8.a) a=-15k=6
5.a) y= % + 11; horizontal asymptote y = 11, b) N
vertical asymptote x = 0, x-intercept —1.09, ___.-"‘
no y-intercept
y 5 P . —
b) y= <8 " 1; horizontal asymptote y = 1, II"
vertical asymptote x = —8, x-intercept x = 0, u=ii vz

y-intercept y = 0
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10.

11.

12.

13.

14.

15.

|
<« >
y

domain {x | x # 2, x € R}, range {y | y # =3, y € R}
c) No, there are many functions with different values

of a for which the asymptotes are the same.

a) When factoring the 3 out of the numerator, Mira
forgot to change the sign of the 21.
po 3212142

x—7
 3(x—7)—19
- x—7
_ 19
Y=x-7 3

b) She could try sample points without technology.

With technology, she could check if the
asymptotes are the same.

_ -2 1
A vy=332%3
b) HIZ N
1
i 4
1 2 _I
! L
L N~ N L
2 y X+ 2
+
ler1-1- S L
-4 | 2 2 X
A
1
T
| Y
M=IER-EL Y x-intercept %, y-intercept
1
- —g, horizontal asymptote
== y = 1.5, vertical asymptote
}( x=-15
H=n = -1.666667

As p increases, N decreases, and vice versa. This
shows that as the average price of a home increases,
the number of buyers looking for a house decreases.

a) /= 2W4 b) As the width increases,
T the length decreases
to maintain the same
area.
ll
',
T
i=H =z
a y=430
b) [rA=umnH c) If 4000 students
contribute, they
| will only need to
'... donate $1 each to
e L reach their goal.
A=l =zl

16.

17.

18.

19.

20.
21.

d)

a)
b)

d)

a)

b)

)

d)
a)

b)

)

a)
b)

0

4000
Y="x
translation of 1000 units up.

+ 1000; This amounts to a vertical

_ 100x + 500 _ 60x + 800
y= X »S T X

|

!

b,

o,
'H._'\‘_-.
L

Inkeroeckion o . o o« .
H=r.E W=156.5666E"

The graph shows that the more years you run the
machine, the less the average cost per year is.
One of the machines is cheaper to run for a short
amount of time, while the other is cheaper if you
run it for a longer period of time.
If Hanna wants to run the machine for more than
7.5 years, she should choose the second model.
Otherwise, she is better off with the first one.
12

X+ 15
Domain {x | 0 < x < 100, x € R}; the graph does
not have a vertical asymptote for this domain.
=1z T+ 1ED A setting of 45 Q is
3 needed for 0.2 A.

H=YE Y=
In this case, there would be an asymptote at x = 0.

_4x+20 _ 5x+10
- X ST X

Inkerseckion
=i =R

The graph shows that for a longer rental the

average price goes down.

No. For rentals of less than 10 h, the second store

is cheaper. For any rental over 10 h, the first store

is cheaper.
100t + 80
T t42

(R ENE DR RS

= ‘=B

Horizontal asymptote y = 100; the horizontal
asymptote demonstrates that the average speed
gets closer and closer to 100 km/h but never
reaches it. Vertical asymptote t = —2; the vertical
asymptote does not mean anything in this context,
since time cannot be negative.

4 h after the construction zone

Example: Showing the average speed is a good
indication of your fuel economy.

—4x -4

x—6
y:—x—s b) y:5(X—4]
x—1 x—6
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22. ‘1=H.-‘(H*23‘“2H-HIZI.-‘IS}-}-EII

[T
=

Y=z

C1 Answers may vary.
€2 a) Domain {p | 0 < p < 100, p € R}; you can nearly
eliminate 100% of emissions.

b)

)

d)

This rational function has
two vertical asymptotes
(x=-2and x = 2) and
appears to have a horizontal
asymptote (y = 2) for values
of x less than —2 and greater
than 2.

H=E L= I-"I The shape of the graph
k indicates that as the
E percent of emissions
. _.e"j eliminated increases,
T so does the cost.
A=y ok X i x]

It costs almost 6 times

as much. This is not a

linear function, so doubling the value of p does
not correspond to a doubling of the value of C.
No it is not possible. There is a vertical asymptote

at p = 100.

€3 Example: Both functions are vertically stretched
by a factor of 2, and then translated 3 units right
and 4 units up. In the case of the rational function,
the values of the parameters h and k represent the
locations of asymptotes. For the square root function,
the point (h, k) gives the location of the endpoint of
the graph.

9.2 Analysing Rational Functions, pages 451 to 456

1. a)

Characteristic

_ X—4
y= X2 —6x+8

Non-permissible value(s)

x=2,x=4

Feature exhibited at each
non-permissible value

vertical asymptote, point of
discontinuity

Behaviour near each
non-permissible value

As x approaches 2, |y| becomes
very large. As x approaches 4,
v approaches 0.5.

Domain

{X|x+2 4 xR}

Range

{yly+005yeR}

b) There is an asymptote at x = 2 because 2 is a
zero of the denominator only. There is a point of
discontinuity at (4, 0.5) because x — 4 is a factor

2. a)

b)

of both the numerator
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and the denominator.

X v Since the function does
15 | _45 not increase or decrease
drastically as x approaches the
-1.0 -4.0 A .
non-permissible value, it must
=05 | -35 be a point of discontinuity.
0.5 -2.5
1.0 -2.0
1.5 -15
e v Since the function changes
sign at the non-permissible
1.7 40.7 . .
value and |y| increases, it
18 608 | must be a vertical asymptote.
1.9 1209
2.1 —-1189
2.2 —-58.8
23 | -387

)

d)

. a)

b)

. a)

b)

)

d)

. a)

e v Since the function changes
sign at the non-permissible
-3.7 74.23 . .
value and |y]| increases, it
-38| 1206 must be a vertical asymptote.
-39 260.3
—-4.1 | —3003
—4.2 | —1606
—-43 | -114.23
= v Since the function does
not increase or decrease
0.17 1.17 .
drastically as x approaches
0.18 118 the non-permissible value,
0.19 119 it must be a point of
0.21 1.21 discontinuity.
0.22 1.22
0.23 1.23
IR kS S R L] M=l +E =20 042 =
-
-
-~
| =
— -
-
o
-
i Il = i =

Both of the functions have a non-permissible
value of —3. However, the graph of f(x) has a
vertical asymptote, while the graph of g(x) has

a point of discontinuity.

The graph of f(x) has a vertical asymptote

at x = —3 because x + 3 is a factor of the
denominator only. The graph of g(x) has a point of
discontinuity at (—3, —4) because x + 3 is a factor
of both the numerator and the denominator.

-

—

[H=CRz 0 ST+ AR+ T

Vertical asymptote

H= -y f

-
&

1

T=

X = —b;
point of discontinuity
(—4, —4);

x-intercept 0;
y-intercept 0

'1‘1=(EH2-5}-}-133.-'IZH2-13

‘-l .,

Vertical asymptotes
X = #1; no points
- of discontinuity;

e
=l

Y=z

x-intercepts —0.5, 3;
y-intercept 3

IR TR - FE R ] Vertical asymptotes

b\

X = —2, 4; no points

~———| of discontinuity;

e
=1l

)

L

x-intercepts —4, 2;
y-intercept 1

REEEEEERTS

SRS Vertical asymptote

x = —1.5;
point of discontinuity

=it

f

| i

(1.5, —1.083);
x-intercept —5;
y-intercept —1.67

The graph of A(x) =

x(x + 2)

T 2 has no vertical
X

asymptotes or points of discontinuity and
x-intercepts of 0 and —2; C.



10. y =
1.

La) y=

X =2 _as a vertical
x(x — 2)

asymptote at x = 0, a point of discontinuity at

(2, 0.5), and no x-intercept; A.

+ 2

¢) Thegraphof C(x) = — X =
) graph of € = 6+ 2)
asymptote at x = 2, a point of discontinuity at
(—2, —0.25), and no x-intercept; D.

b) The graph of B(x) =

has a vertical

d) The graph of D(x) = );'[X274X-2] has a vertical
asymptote at x = —2, a point of discontinuity at

(0, 1), and no x-intercept; B.

. a) Since the graph has vertical asymptotes at x = 1

and x = 4, the equation of the function has factors
x — 1 and x — 4 in the denominator only; the
x-intercepts of 2 and 3 mean that the factors x — 2
and x — 3 are in the numerator; C.

b) Since the graph has vertical asymptotes at x = —1
and x = 2, the equation of the function has factors
x + 1 and x — 2 in the denominator only; the
x-intercepts of 1 and 4 mean that the factors x — 1
and x — 4 are in the numerator; B.

c) Since the graph has vertical asymptotes at x = —2
and x = 5, the equation of the function has factors
x + 2 and x — 5 in the denominator only; the
x-intercepts of —4 and 3 mean that the factors
X + 4 and x — 3 are in the numerator; D.

d) Since the graph has vertical asymptotes at x = —5
and x = 4, the equation of the function has factors
x + 5 and x — 4 in the denominator only; the
x-intercepts of —2 and 1 mean that the factors
x + 2 and x — 1 are in the numerator; A.

x* + 6x x* —4x — 21

x* 4+ 2x b y= x*+2x—3

_ (x+10)(x —4) (2x + 11)(x — 8)

T x+5)x—5) (x + 4)(2x + 11)

x+2)(x+1) x(4x + 1)

) LR A e Ty

a) b) y=

. a) Example: The graphs will be different. Factoring

the denominators shows that the graph of f(x)
will have two vertical asymptotes, no points of
discontinuity, and an x-intercept, while the graph
of g(x) will have one vertical asymptote, one point
of discontinuity, and no x-intercept.

b) [A=ti-Zi Hz-Ei-E! == -ER+E]

3x—2)x+3)

(x —2)(x+3)

a) The function will have two vertical asymptotes
at x = —1 and x = 1, no x-intercept, and a
y-intercept of —2.

b) ‘1=(EH1¥EJHfHETil

i

i ==z

) i) The graph will be a line at y = 2, but with
points of discontinuity at (—1, 2) and (1, 2).
ii) The graph will be a line at y = 2.

12. a)

b)

)

d)

13. a)
b)

)

14. a)

b)

)

b)

)

16. y =

17. a)

500

= wtzs0 W F 20

IR ST e L3-T]

I

0

"

&

u="EN | Y=z.t

When the headwind reaches the speed of the
aircraft, theoretically it will come to a standstill,
so it will take an infinite amount of time for the
aircraft to reach its destination.

Example: The realistic part of the graph would be
in the range of normal wind speeds for whichever

area the aircraft is in.

t= W‘i 4
T1=WH(H¢HJ
I'l,"
Sw
=g Y=z

siwl—4<w=<4, weR)

As the current increases against the kayakers, in
other words as the current reaches —4 km/h, the
time it takes them to paddle 4 km approaches

infinity.

The non-permissible value will result in a vertical
asymptote. It corresponds to a factor of the

denominator only.

paElEAle BT

J

-

=En *TEnn

It is not possible to
vaccinate 100% of the
population.

Yes, the vaccination process will get harder
after you have already reached the major urban
centres. It will be much more costly to find every

single person.
IR R : EERS BLE ]

L e L .
H=B (RN T

The only parts of
the graph that are
applicable are when

0<x< V125,

As the initial velocity increases, the maximum
height also increases but at a greater rate.

The non-permissible value represents the vertical
asymptote of the graph; this models the escape
velocity since when the initial velocity reaches
the escape velocity the object will leave Earth and

never return.

—(x+ 6)(x — 2)
2(x + 2)(x - 3)
RERETIRECYIN
I ll:;;
'\-\._\_\_\_-
Pl .x

"=B \ =iz
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18.

19.

20.

21.

22.

23.

1

c2

c3

b) The image distance decreases while the object
distance is still less than the focal length. The
image distance starts to increase once the object
distance is more than the focal length.

¢) The non-permissible value results in a vertical
asymptote. As the object distance approaches the
focal length, it gets harder to resolve the image.

a) Example: Functions f(x) and h(x) will have
similar graphs since they are the same except for a
point of discontinuity in the graph of h(x).

b) All three graphs have a vertical asymptote at x = —b,
since x + b is a factor of only the denominators. All
three graphs will also have an x-intercept of —a, since
X + a is a factor of only the numerators.

The x-intercept is 3 and the vertical asymptote is at

3
. x*—4x+3

Y= o _18x-20
a) y= (x + 4)(x — 2)(3x + 4)

T (T ST

X — X X —
e P )

They are

reciprocals since
when one of
them approaches
infinity the other
approaches 0.

v
<

-8
xi—4

XI=
g(x) oah

y

a)~Thereare'two vertical-asymptotes at x = +2.

b) There is a point of discontinuity at (5, 6?5) and a
vertical asymptote at x = —4.

Examples:

a) No. Some rational functions have no points of
discontinuity or asymptotes.

b) A rational function is a function that has a
polynomial in the numerator and/or in the
denominator.

Example: True. It is possible to express a polynomial

function as a rational function with a denominator of 1.

Answers may vary.

9.3 Connecting Graphs and Rational Equations,
pages 465 to 467

1.
2.

3.

a) B b) D ) A d) C
a) x=-2,x=1
b) x=-2,x=1
SERT R | e -~
~ ~
- -~
-~ -~
iy _-"'.- Iy .\_,1"'-
o 1|' - f
- -
~ -
-~ -
- -
R =0 = =0

c¢) The value of the function is 0 when the value of
x is —2 or 1. The x-intercepts of the graph of the
corresponding function are the same as the roots
of the equation.

7 b) x=4

__7 6
a) x= 2

d) X:—5

N|w

) x=
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10.
11.
12.

13.

14.
15.

16.
17.

C1

c2

c3

a) x=-8,x=1 b) x=0,x=3
) x=4 d) x=1,x= %
.a) x=—-0.14,x=~3.64 b) x= —2.30,x=0.80
) x=-241,x=041 d) x= —5.74,x= —0.26
.a) x= —% b) x=1
¢ x=-5 d) x= _%

. Example: Her approach is correct but there is a point

of discontinuity at (1, 4). Multiplying by (x — 1)
assumes that x # 1.

2
Lx=-1,x= -7
. No solutions
2.82 m
20.6 h
15 min 0 )
5Xx +
A V=38

b) After she takes 32 shots, she will have a 30%
shooting percentage.

a) 2004 K b) 209.3 K
_ 0.01x + 10
a) Clx) = ~X 4200 b) 415 mL
X =~ 1.48
a) XS—14—301“X>1 b) -8<x<-6,2<x<4

Example: No, this is incorrect. For example, % =0
has no solution.

Example: The extraneous root in the radical equation
occurs because there is a restriction that the radicand
be positive. This same principle of restricted domain
is the reason why the rational equation has an
extraneous root.

Answers may vary.

Chapter 9 Review, pages 468 to 469

1.

a) Apply a vertical V.
stretch by a factor of
8, and then a 8
translation of 1 unit
right to the graph of 4
y-t
domain
x| x#1,x€R}
range
yly#0,y€eR)
no x-intercept,
y-intercept —8,
horizontal
asymptote y = 0, vertical asymptote x = 1
b) Apply a vertical
stretch by a factor of
3 and then a
translation of
2 units up to the
graph of y = %
domain
x| x#0,x€R},
range
vly+2y€eR), A
x-intercept —1.5,
no y-intercept, horizontal asymptote y = 2,
vertical asymptote x = 0

XY




¢) Apply a vertical
stretch by a factor of
12 and a reflection
in the x-axis, and

then a translation of
4 units left and
5 units down to the
graph of y = %
domain
{x| x# —4,x € R},
range
vly+-5y€R}
x-intercept —6.4,
y-intercept —8, horizontal asymptote y = —5,
vertical asymptote x = —4
2. a) =Rz Horizontal asymptote
1 y=1
L — vertical asymptote
h X = -2,
x-intercept 0,
=i | =it y-intercept 0

b) ‘1=l:EH+E-:I.-‘I::-:-:I.:l'|l' Horizontal asymptote
", y= 2)

vertical asymptote

" x=1,

x-intercept —2.5,
y-intercept —5

w1 ¥=-E
) ‘1=l:'5:-:-3:l.-'li|;-:-ﬁ:l Horizontal asymptote
o y=-5
e i vertical asymptote
_—| Xx=06,
|.-"# x-intercept —0.6,

y-intercept 0.5

Ky
i =k

Trt £ =4
hix) = Xe—+12x-+36

For f(x) = 1.

x?

¢ Non-permissible value: x = 0

¢ Behaviour near non-permissible value: As x
approaches 0, |y| becomes very large.

¢ End behaviour: As |x| becomes very large, y
approaches 0.

e Domain {x | x # 0, x € R}, range {y | y > 0, y € R}

e Asymptotes: x =0,y =0

6

For g(x) = m +2

¢ Non-permissible value: x = 3

¢ Behaviour near non-permissible value: As x
approaches 3, |y| becomes very large.

¢ End behaviour: As |x| becomes very large, y
approaches 2.

¢ Domain {x | x# 3, x € R}, range {y | y > 2, y € R}

e Asymptotes: x =3, y = 2

.a) y= X

For h(x) = % .
x* + 12x + 36

» Non-permissible value: x = —6
e Behaviour near non-permissible value: As x
approaches —6, |y| becomes very large.
» End behaviour: As |x| becomes very large, y
approaches 0.
e Domain {x | x +# —6, x € R},
range {y | y < 0,y € R}
* Asymptotes: x = —6,y =0
Each function has a single non-permissible value, a
vertical asymptote, and a horizontal asymptote. The
domain of each function consist of all real numbers
except for a single value. The range of each function
is a restricted set of real numbers. |y| becomes very
large for each function when the values of x approach
the non-permissible value for the function.

35x + 500 =R+ B0

b) The more uniforms
that are bought, the I
less expensive their \

average cost. e _—ETN
¢) They will need to buy —= =
100 uniforms.
. a) [FEEEERE - linear with a point of
o~ . . .
- discontinuity at (0, 2)
- "
-
-
-
-
=i Y=
b) [fr=fiz-LEniE-ln T linear with a point of
.~ discontinuity at (4, 8)
-~
-~
."‘--
"= =
) [ASERI-F-ELAEE-EL linear with a point of
- discontinuity at (2.5, 3.5)
L
-
‘_.-’
-
-
3 ¥=
. The graph of A(x) = —=~—= has a vertical
grap x) T Tr—

asymptote at x = 1, a point of discontinuity at (4, %)

and no x-intercept; Graph 3.
(x+4)(x+1)

The graph of B(x) = T=+1

asymptotes or points of discontinuity and x-intercepts

of —4 and —1; Graph 1.

The graph of C(x) = — %=1 has vertical

graph of € = e 7 2)
asymptotes at x = +2, no points of discontinuity, and
an x-intercept of 1; Graph 2.

has no vertical

A ) IS EC TR FT ) ," b) As the percent of
! the spill cleaned
& up approaches 100,
f.-*" the cost approaches
i infinity.
—T
H=EQ ek U]

c) No, since there is a vertical asymptote at p = 100.
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624 MHR ¢ Answers

Chapter 10 Function Operations

10.1 Sums and Differences of Functions,
pages 483 to 487

1.

2.

3.

a)
0
a)
o)
a)
b)
o)

. a)

b)
)
d)

h(x)=|x—3|+ 4 b) h(x) =2x-—3
h(x) =2x*+3x+2 d) h(x)=x*+5x+4
h(x) =5x+ 2 b) h(x)=-3x*—4x+9
h(x) = —x* —3x+ 12 d) h(x) =cosx — 4

(

h(x) = x* — 6x+ 1; h(2) = -7

m(x) = —x*> — 6x + 1; m(1) = —6
px)=x*+6x—1;p(1) =6

y=3x*+ 2+ VX + 4; domain {x | x> —4, x € R}
y=4x —2 — vVx + 4; domain {x | x > —4, x € R}
y=+VX+4 —4x + 2; domain {x | x > —4, x € R}
y = 3x* + 4x; domain {x | x € R}
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