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Investigate, page 518

1. a) The edge of the shadow forms a circle.

b) The circle becomes larger as | move farther from the wall, and
smaller as | move closer to the wall.

¢) The circle becomes smaller and smaller until it is the same size as
the clear plastic cover over the bulb.

2. a) An ellipse looks like an elongated circle.
b) It becomes more elongated until the pointed ends split apart and
move away from one another.

¢) The ellipse turns into a hyperbola.

3. a) The hyperbola is curved around the flashlight and then moves off
into two straight lines directed away from the light source.

b) The two lines come closer together and become almost vertical.
¢) The hyperbola turns into an ellipse.

4. a) The angle of elevation is about 45°.
b) The curve appears to be a parabola.
¢) The flashlight is positioned at an angle of about 45° to the wall.

5. a) The ellipse becomes larger as | move farther from the wall, and
smaller as | move closer to the wall.

b) The ellipse is at its minimum size when the flashlight touches
the wall.

¢) The hyperbola becomes larger as | move farther from the wall,
and smaller as | move closer to the wall. The hyperbola is at its
minimum size when the flashlight touches the wall.

9.1 Exercises, page 522

4. Explanations may vary. Suppose that the cone has nappes and
generators of infinite length. Then every plane will intersect the cone,
whether very close or very far from the vertex. As the planes move
farther away from the vertex, the circles get larger. As the plane move
closer to the vertex, the circles get smaller. For the plane that crosses
the vertex, the circle is a point.

5. a) The conic sections on the other plane will be circles or a single
point. If the second plane is closer to the vertex than the first, then
the circle will be smaller. If the second plane is further from the
vertex than the first, then the circle will be larger. If the second
plane intersects the cone at the vertex, then the conic section will
be a point.
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8.

10.

b) i) The conic sections on the other plane will be ellipses or a single
point. If the second plane is closer to the vertex than the first,
then the ellipse will be smaller. If the second plane is further
from the vertex than the first, then the ellipse will be larger. If
the second plane intersects the cone at the vertex, then the conic
section will be a point.

ii) The conic sections on the other plane will be parabolas or a
single point. If the second plane is closer to the vertex than the
first, then the parabola will be smaller. If the second plane is
further from the vertex than the first, then the parabola will be
larger. If the second plane intersects the cone at the vertex, then
the conic section will be a point.

iii) The conic sections on the other plane will be hyperbolas or a
pair of intersecting lines. If the second plane is closer to the
vertex than the first, then the hyperbola will be larger. If the
second plane is further from the vertex than the first, then the
hyperbola will be smaller. If the second plane bisects the cone
(intersects the cone at the vertex), then the conic section will be
two intersecting lines.

Descriptions may vary. If a plane is perpendicular to and touching the
vertex, it intersects the cone in a point. If a plane bisects the cone and
passes through the vertex, it forms a single line as it intersects the
base of the cone and forms two intersecting lines as it cuts the
generators.

. Explanations may vary. A single orbit of a moving comet may exceed

the lifetime of interested scientists. Tracking and identifying specific
comets as they journey far beyond the sun also presents a sizable
challenge.

a)

! /

b) No. The last diagram in part a looks like it might be a hyperbola
or parabola, but if the cylinder is made tall enough, the plane will
intersect it as in the second diagram of part a.

¢) Descriptions may vary. Visualize shining a light source on a ball at
an angle greater than 45° with the floor. The shadow of the ball
forms an ellipse on the floor.
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1.

12.

13.

14.

15.

a) i) When the angle of elevation is 0° a circle is formed.
ii) When the angle of elevation is between 0° and 45° an ellipse
is formed.
iii) When the angle of elevation is 45° a parabola is formed.

iv) When the angle of elevation is between 45° and 90° a hyperbola
is formed.

b) When the angle of elevation is between 90° and 120° an ellipse is
formed. This is just pointing the flashlight in the opposite
direction.

a) The edge of the shadow is a circle witeis 0° and 180°.

b) The edge of the shadow is an ellipse whes between 0° and
45° between 135° and 225°, and between 315° and 360°.

¢) The edge of the shadow is a parabola whén45°, 135°, 225°,
and 315°.

d) The edge of the shadow is a hyperbola wlés between 45° and
135°, and between 225° and 315°.

a) A circle is produced whefi is 0° and 180°.

b) An ellipse is produced whefis between 0° and 45°, between
135° and 225°, and between 315° and 360°.

¢) A parabola is produced whehis 45°, 135°, 225°, and 315°.

e) A hyperbola is produced whehis between 45° and 135°, and
between 225° and 315°.

circle: the plane is perpendicular to the central axis

ellipse: the plane is between perpendicular to and 45° to the

central axis

parabola: the plane is parallel to a generator

hyperbola: the plane is between 45° to the central axis and parallel to
a generator

The second diagram in exercise 10, part a shows how an ellipse is
formed when a plane intersects a cylinder.

Investigate, page 527

1.

a)

The graph is a circle of radius 4 centred at the origin, since,

according to the formula, the distance from any point on the curve
to the origin is 4.

b) For positive constants, the graph remains a circle. For a zero

constant, the graph is the point (0, 0). For negative constants, there

are no points that satisfy the equation.
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2. a) The square root & provides the radius of the circle.lf> O,
then the radius of the circle k. If k < 0 then+/k is undefined
and the circle cannot be drawn.

b) Suppose thdt > 0. As k increases, the radius of the circle
increases. Ak decreases to 0, the radius of the circle decreases
until it becomes a single point. kf< 0, then the circle cannot

be drawn.
3. a) oY b) ol
e
-8|x2+y2 =49 —8|x2+y*=30
L/

The graph is a hyperbola with verticegl{ 0) and (4, 0). Two
branches reach out from each of the two vertices. In the first
and third quadrants, the branches approacly the line. In

the second and fourth quadrants, the branches approach the
y = =X line.

b) For positive constants, the graph is a hyperbola with vertices on
thex-axis. For a zero constant, the graph is the nestx. For
negative constants, the graph is a hyperbola with vertices on
they-axis.

5. a) k provides the location of the vertices of the hyperbola.

b) k > 0: As kiincreases, the vertices move farther away from the
origin along thex-axis.
k = 0: The graph is the lingg= +x.
k < 0: As k decreases, the vertices move farther away from the
origin along they-axis.

6. Descriptions may vary. Fdr> 0, the graph ok® + y> = k is an
ellipse and the grapkf — y? = k is a hyperbola. Fdk < 0, the
graph ofx? + y? = k is not defined but the graphxf- y? = k
is a hyperbola.
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The first screen shows the graphséot y? = k where k = 5, 10, 15,
20, and 25. The second screen shows the graptfs-of° = k where
k = +5, £10, +15, +20, and+25.
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7. e) Consider a plane that is perpendicular to the axis of a cone and
that intersects the cone in a circle. As the distance between the
plane and the vertex decreases, the radius of the circle of
intersection also decreases. When the plane intersects the vertex in
a single point, the radius of the circle is 0.

Consider a plane that is perpendicular to the base of a cone and
that intersects the cone in a hyperbola. As the distance between
the plane and the vertex decreases, the two branches approach
each other. When the constant term becomes negative, the cone
and plane diagram on page 521 is rotated 90° so that the plane is
parallel with the flat surface.

y
452 +y?=0

10. a)

b) Whenk = 9, the graph is a rectangular hyperbola with vertices
(£3, 0).Whenk = 0, the graph is the lingg= +x. Whenk = -9,
the graph is a rectangular hyperbola with vert{@est3).

11. The cone must be a right circular cone. This means the maximum
angle formed by the generators, at the vertex of the cone, is 90°.
If the cone is not a right circular cone, then the hyperbola will
be skewed.

12. No. If the cone is not a right circular cone, the hyperbola will be
skewed so that it is no longer a rectangular hyperbola.

13. a) To ensure that the conic section is circudar; B. If A > 0then
clearlyB > 0 and soC < 0. If A < Othen itis also true th& <0
and soC > 0. This ensures that the radiugC, is defined.
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b) i) To ensure that the conic section is a rectangular hyperbola,
A = -B. To ensure that the vertices of the hyperbola are on the
x-axis,C must have the same signBisThus, ifA > 0 then
B<0andC<0.If A<OthenB >0andC > 0.

ii) To ensure that the conic section is a rectangular hyperbola,
A = -B. To ensure that the vertices of the hyperbola are on the
y-axis,C must have the same signAsThus, ifA > 0 then
B<0andC>0.If A<OthenB>0andC <0.

Investigate, page 535

2. (xa, 0) are thex-intercepts and0, +b) are they-intercepts.
Sety = 0 to find thex-intercepts.

(3) =2
=1

X = ta
Similzarly, setx = 0 to find they-intercepts.

1. a)

o>

(5) =1
L =21
y=4b
4. a) Y
N X
-8 ~_0 7 8
(5P+y*=1
-4

This is an ellipse witlx-interceptst5 andy-interceptstl.

b
) gl?

’
SEREN

-8

This is an ellipse witlx-interceptstl andy-interceptst5.
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TN
—20)

XV
4| 16t4=1

This is an ellipse witlx-interceptst4 andy-interceptst2.
d) y

\ |
j :
X2 Y_q

2
4%16=

|
I\)OT\

5. a)

This is an ellipse witlx-interceptst2 andy-interceptst4.

| /1\

The graph o‘(%)z -y? = 1is a horizontal expansion by a factor
of 3 of the graph of? — y? = 1. This is because if the poi(t, )
satisfies<® — y? = 1, the point(3x, y) satisfies the equation

(%)2 -y? = 1. The graph ok? = <%)2 = 1is a vertical
expansion by a factor of 2 of the graphx®f y? = 1. This is
because if the poirfk, y)satisfies<® — y? = 1, the point(x, 2y)

2
satisfies the equatioff = (l) =1.

2

b)

The graph 0%2 - % = 1is a horizontal expansion by a factor
of 3 and a vertical expansion by a factor of 2 of the graph of

Y

x?—y?>=1.Thisis becaus%2 - 7 = Llis the same as

X 2 y 2 ;
(§> - (§> = 1. Use the results of part a to describe how the

graphs are related.
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6. +a are thex-intercepts. Sef = 0 to find thex-intercepts.

X_2:1
2

X2 = a?
X =ta

a andb also give us information about the asymptotes. Consider what
happens to the branches of the hyperbola as the value 1, on the
right-hand side of the equation, decreases to 0. The hyperbola will
approach the asymptotes. When the constant term is 0, the equation
represents the asymptotes. Thus, set the left-hand side of the equation
equal to 0 and solve fgrto find the equations of the asymptotes in
terms ofa andb.

2
X —
2w Y
b2 — a?y? = 0
b2 = ay?
yz — b»é
-
y = +9X

—a
a also provides us with the horizontal expansion factortand
provides us with the vertical expansion factor of the graph
2 _\2 =
xXc—y-=1.

b)

~

This is a hyperbola witk-interceptstl and asymptoteg = +5x.
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7.

¢)

d)

a)

b)

Y
\
A}
\
-8 (0]
’
/4
7
U
’
’
=
J2
z

This is a hyperbola witk-interceptst4 and asymptoteg = t%x.

\ 4
-4 0
III _4
This is a hyperbola witk-interceptst2 and asymptoteg = +2x.

2
The graph o‘(%) -y? = -1 is a horizontal expansion by a

factorof 3 of the graph of - y? = -1. This is because if the
point (x, y) satisfies<? — y? = -1, the point(3x, y) satisfies

(5) =

The graph 0%2 - % = -1 is a horizontal expansion by a factor

of 3 and a vertical expansion by a factor of 2 of the graph of

2y
&

x? - y* = -1. This is becausg
2 2
(%) - (X> = —1. Use the results of part a to describe how the

= -1 is the same as

2
graphs are related.
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10. b are they-intercepts. Set = 0 to find they-intercepts.

—-1
yet
y = b

As in question 5, the equations of the asymptotey ar&%x.

12. a)

> 2
~
N
~
~
~
~
~
~

7
’
v
’
’
.
.
2
.

Thisis ah

[ee)

N .
N e
~ |-
Ox‘
e 0Y
7 ~

y*=-1

\y,'

¢
’
, -+

/

X

yperbola with-interceptstl and asymptoteg = *EX

\
- Ox\
\

l

N

A
A
AN
\
N
\
8 ~
Y
Al

ThIS is a hyperbola witl-interceptst5 and asymptoteg = £5x.

1

-8 ,,0 X2 YA
L 16 \z}
,/,, —4
This is a hyperbola Wltbl interceptst2 and asymptoteg = %x.
alY
;(3
R

3
N
N
S
N
N
ES
AN
N
N
N
*
4 I
’
’
7
.
.
7
.

\

This is a hyperbola with-interceptst4 and asymptoteg = £2x.
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3. a) M=

H=n =0

The graph ofy = (2x)? is a horizontal compression by a factor of
% of the graph of = x2. This is because {f, y) satisfiesy = x?,
then (%x y) satisfies the equation= (2x)°.

¢) The graph of/ = (kxX)? is a horizontal compression or expansion

by a factor o% of the graph of = x°. Suppose the poirfk, Y)

satisfies the graph gf= x2. Consider compressing the horizontal
or x component of this point so that it will be a point on the graph

of y = (k¥?2 Thus,(%x, y) satisfies the equatign= (kx)2.

14. a)

The graph ofy = (2x)? is a vertical compression by a factor—%of
of the graph ok = y2. This is because {i, y) satisfies the
equationx = y?, then <x, %y) satisfies the equation= (2y)2.

¢) The graph ok = (ky)? is a vertical compression or expansion
by a factor of% of the graph ok = y2. Suppose the poirfk, Y)
satisfies the equation= y?, then (x, %y) satisfies the equation
x = (ky).

16. a)

This is a parabola with vertex (0, 0). Its axis of symmetry is the
y-axis and it opens upward.
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b)

This is a parabola with vertex (0, 0). Its axis of symmetry is the
x-axis and it opens to the right.

9.3 Exercises, page 542

2. a) h) Eﬁ

3. Answers may vary. For part a:
a) The ellipse becomes wider and narrower. ¥etercepts move
farther away from the origin and tlyeéntercepts remain fixed.
Eventually, the ellipse becomes two straight lineg attl.

b) For an ellipse, the plane intersects the cone through both sides at
an angle. As the number in the denominator increases, the angle
becomes larger and larger, until the plane is lying on the side of
the cone, and no longer forms an ellipse, but a straight line.

N/

5. Answers may vary. For part b:
a) The ellipse becomes narrower. Thatercepts move very close to
(0, 0) and thex-intercepts stay the same. Eventually, the ellipse
becomes the straight line= 0, defined on the intervall < x < 1.

b) For an ellipse, the plane intersects the cone through both sides at
an angle. As the number in the denominator increases, the angle
becomes larger and larger, until the plane is lying on the side of
the cone, and no longer forms an ellipse, but a straight line.
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6. a) b) Diagrams may vary.
y

IS
><|\)
+
ol
1
'—\

x

S

—4 f—;vg: 1
1. a) b) Diagrams may vary.
8|’ i
9-9-1
\ A
2
%—%:
-8
8. a) Y 2 ¥
Xi¥=1 2te=l
X2 Y
Frg=1
X
- 5
X2 2
gp=1 §+2L§: 1
The graphs are all ellipses, wigiintercepts getting closer to
the origin, andk-intercepts moving farther from the origin.
b 2
) X2 LZ

N
NS

%

The graphs are all hyperbolas, wittintercepts moving farther
from the origin, and asymptotes with slopes getting less steep.
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14. a)

WY
5+1= 1

\ X

=

-8

/ 8

This is an ellipse with

x-interceptst5 and
y-interceptst4.

Thisis a hyperbola with

6~ 13

y-interceptst3 and
asymptotey = +3x.

e) y

N

Thisis an e

/-
_4Q-/4

o

¥i_
+5=1

llipse with

x-interceptst3 and
y-interceptst/6.

0) L)Y

T«

-4

This is a parabola with
vertex (0, 0). Its axis of

symmetry is

and it opens to the right.

of~——4

x= 3y

the-axis

b)

&C\\m
\ <

This is an ellipse with
x-interceptst4 and
y-interceptst6.

d y
) 4 .
\\\ ’/
\\ /,,
N 14
~ ’
A Y .
\\ ,/ X
8 0 .8
/, \\
, N
/, ‘\
4 2 2 \\
’ _4 X _L_ 1 N
36 6

This is a hyperbola with
x-interceptst6 and

asymptotey = +

f) ol

6
6

4

Thisis a h

2 Y2

29~ 25= "1

yperbola with

y-interceptst5 and

asymptotey

h) y=-2¢ [¥

= +5x

4

Thisisap

arabola with

vertex (0, 0). Its axis of

symmetry is

thg-axis

and it opens downward.
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i) y

BrARES
T

-4 9x2+y2:9

This is an ellipse with
x-interceptstl and
y-interceptst3.

15. a) y b) 8

T
= U

I

—4 9% +y?-36=0
This is an ellipse with This is an ellipse with
x-interceptst6 and x-interceptst2 and
y-interceptst2. y-interceptst6.
c d
) oY ) oY
2— ==
~ X2_4y2:36’," 3T X 4y2— 3?/‘

~
~3 ~d -
-
~So P S .
S P =~ -7
< <
- +
e X e X
<

-8 -8
This is a hyperbola with This is a hyperbola with
x-interceptst6 and y-interceptst3 and
— 41 — 41
asymptotey = £5x. asymptotey = £5X.
e) f)
2
X
-4 0 4
-2
5x2 +y2 = 20 / yP= 20 "\
This is an ellipse with This is a hyperbola with
x-interceptst2 and x-interceptst2 and
y-interceptst2+/5. asymptotey = +./5x.
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0)

h)

2 +3y-24=0 -3+ 24= 0~

This is an ellipse with
x-interceptst2+/3 and
y-interceptst2./2.

This is a hyperbola with

y-interceptst2+/2 and

asymptotey = i?x.

16. a) i) Y
X
-4 0 4
X2 +y*=0
-4
i) Y
X
-4 4
(x=y)*=0
-4

b) i) The plane would slice vertically through the vertex of the cone.

ii) The plane would pass through the vertex of the cone and run
parallel to a generator of the cone.

iii) The plane would be perpendicular to the axis of the cone and
intersect the vertex in a single point.

17. a) This design is a series of 26 ellipses and 1 circle of radius 3.5.
It is @ more complex version of the diagram in question 8 part a.
The x-intercepts range from0.25to0 +6.75 and move away from
(0, 0)in 0.25 unit steps. Correspondingly, faatercepts range
from £6.751t0 £0.25 and gradually move towards the origin
in 0.25 unit steps. Thus, the equation of the ellipses is

2. ¥ _1 wherea = 0.25.0.50, 0.75, .... 6.75.
a2  (7-a)?

b) This design is a series of 46 ellipses and 1 circle of radius 24. It is
very similar to the diagram in part a, but includes more equations.
Thex-intercepts range froml to +47 and move away from (0, 0)
in single unit steps. Correspondingly, thatercepts range from
+47 to £1 and gradually move towards the origin in single unit

. . 2, v
steps. Tﬁus, the equation of the elllpse§2—|3- G- 1,
wherea =1, 2, 3, ..., 47.
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212 212

18. The area will bel( (ag‘sz)> for part a anen((ag_bb2)> for part b.

20. Let the two equations of the parabolagioe a)? + by = ¢ and
(y - d)? + ex = f. Since thex term is squared in the first equation, its
axis of symmetry must be parallel with tp@xis. Similarly, the axis
of symmetry of the second equation is parallel withxtagis, given
that they term is squared. Thus, the axes of symmetry of these two
parabolas are perpendicular. Add the two equations.
(x-a)’+(y—-d?+ex+by=c+f
This is the equation of a circle with cenfeed) and that is horizontally
and vertically compressed. Thus, all points that satisfy the equations
of the two parabolas also satisfy the equation of the circle.

9.4 Exercises, page 548

2. a) Each equation represents the graph of a circle with radius 1. The
first equation has centf®, —4). The graph of the second equation
is a vertical translation of the first 2 units up. Its cent@,is-2).
Follow this pattern for the remaining 3 circles. The centres of all
of the graphs are of the for@, k), wherek = -4, -2, 0, 2, 4.

b) Each equation represents the graph of a circle with radius 2. The
first equation has cent(8, —2). The graph of the second equation
is a horizontal translation of the first 4 units left on the line
y = 2. Its centre ig4, —2). Follow this pattern for the remaining
3 circles. The centres of all of the graphs are of the {krm2),
wherek = -8, -4, 0, 4, 8.

3. a) A b) 4l
=42 6+
(x—94)2 +(y;1)2:1 7 tTg T
. /TN x
o )
-4 -4
This is an ellipse with This is an ellipse with
centre(4, -1) and centrg4, -1) and
vertices(1, -1), (7, -1), vertices(2, -1), (6, —1),
(4, 1),and(4, -3). (4, 2),and(4, -4).
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e)

Y x-4? (y+1)* _ 1
9 4 T

(x=4?  (y+1)?_
9 T 4 ~7

d y
!

. ’ X
> ’
of .76
,I >
>
_2 ,/ \\
bd A
7 N
1’ ~
\\
// S

This is a hyperbola with
centre(4, -1). Its vertices
are (1, -1), and (7,-1).

This is a hyperbola with
centréd, —1) and vertices
(2, -1), and (6,-1).

Its asymptotey = 2 3 11 Its asymptotes ang= —%x +5
andy = “Z*3, andy = 3x - 7.
f) 7
4 4%
“\ ( )2 ( r_,,1)2
\‘ E - 9 = ]_
\\ ! X
0 0 ‘\,\,' 9
_4 _4 I,'/_\\\\

This is a hyperbola with
centre(4, —1) and vertices
(4, 1) and(4, -3).1Its
asymptotes arg =
andy — 2X + 5

This is hyperbola with

centrgl, —1) and vertices
(4, 2)and(4, —4).1ts
=1 asymptotes arg=-3x+5
andy = x 7.

b) ] y
5)? -3
/X/\ (XIG) A )

(x=2)% , (y+3)?
16 + > 29 =1
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e)

e)

(x+3)2, (y+3)® _ y
18 t g -1

-4 ¢

|
=

’
G
O
’
‘
’
w

€2

A}
~

I
o

y
y+2=(x-3)

[e2)

X

( _5)2 \\\-
X16 -(y+2?=1

0\/6

4(x=3)>+9(y-2)2= 36

f)

Yoo -1

b)

~

[HEN

(x+1)*+

d

-3

\ .
-2
RN V

4

-1
y d
4
4
{4
7
’
/

\

3 ¥ (X 1)2+‘LL“3

f)

,\4

12y
6

y— 4= X+l2

b)

0 8

=2 0 % 4

4(x+1)*- (y—3)*=16



TABLE OF CONTENTS

ADDISON-WESLEY

Mathematics 12

Selected Solutions — Chapter 9

c) y d)
_X
e 2 6
3
-4
- S Vil 2_
/\_9\ | X2 -4y +2)y =24
(x+5)? - 4(y+4)* =[-36
e) S 2 f) y

ISURERRY
(x+5)%+6y*= 36

/

4x+2) = (y-5)

)2 =27

0) y h)
4y 1) = (x~2)?

/oo

-3 0f 3 6 of 3 9

9. a) These instructions apply to the TI-83 graphing calculator.

1. Enter the numbers20, -15, ..., 0, ... 15, 20 into L1.

2. Enter L1 +V( 4 - x%/16) into Y1 and Y1 + 2L1 into Y2.

3. Adjust the graphing window so that0 < x < 10 and
-25<y < 25.

b) These instructions apply to the TI-83 graphing calculator.

1. Enter the numbers30,-25, ..., 0, ... 25, 30 into L1.

2. Enter L1 +V(x* — 1) into Y1 and-Y1 + 2L1 into Y2.

3. Adjust the graphing window so that5 < x < 15 and
-30<y< 30.

Investigate, page 550

1. a) Graphs may vary.
i)

/[

0

2

AR +y2-16=0 AR +y2-16=0

— -1 1 3
A=2,6, 10 A=113

-
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i) y

A +y>-16=0,A=0
b) For A > 1, the equation represents an ellipse wiihterceptst4.

The graph ofAX? + y?> — 16 = 0 is a horizontal compression by a
factor of /A of the graph ok? + y?> — 16 = 0.

For0 < A < 1, the equation represents an ellipse wiihtercepts
+4. The graph oA’ + y?> - 16 = 0 is a horizontal expansion by a
factor of /A of the graph ok? + y> — 16 = 0.

For A = 0, the equation represents the two horizontal Iynest4.

4. The results would be different because they apply to the opposite
axis. Take the graphs in exercises 1, 2, and 3 and reflect them in
they = x line. These graphs represent solutions for the equation
X2+ Cy+F =0.

5. a) Graphs may vary.
i) y ii) y

£, .
) &)

x> +y?+Dx-16=0, X?+y?+Dx-16=0,
D=0 D=2, 6, 10

ﬁ
</

x> +y?>+Dx-16=0, D = -2, -6, -10

i)

a,%%m
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b) Graphs may vary.

i) y

X +y>+Ey-16=0
E=0
i)
9
6
3

q
3

X2+y?+Ey-16=0
E=-2, -6, -10

¢) For part a:

For D = 0: The equation represents a circle with centre (0, 0) and
radius 4.

ForD > 0: The graph ok? + y> + Dx - 16 = 0 is a translation

to the left and a vertical and horizontal expansion of the graph of
x°+y?-16=0.

ForD < 0: The graph ok? + y? + Dx — 16 = 0 is a translation

to the right and a vertical and horizontal expansion of the graph of
X2 +y?—16=0.

For part b:

For E = 0: The equation represents a circle with centre (0, 0) and
radius 4.

For E > 0: The graph ok? + y? + Ey— 16 = 0 is a translation

down and a vertical and horizontal expansion of the graph of
x°+y?-16=0.

ForE < 0: The graph o&? + y? + Ey - 16 = 0 is a translation

up and a vertical and horizontal expansion of the graph of

X2 +y?—16=0.
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6. a) Graphs may vary.

i) y ii)

(TN N
N

22 +3y°+Dx-16=0 22 +3y+Dx-16=0
D=2, 6, 10 D= -2, -6, -10

b) Graphs may vary.

ii)

X
-4/\-2 o] 2)\4
-2 2
X
-4 0 4
P =
22 +3y°+Ey-16=0 22+ 3% +Ey-16=0
E=2,6, 10 E=-2, -6, -10
ForD > 0: The graph oRx? + 3y? + Dx — 16 = 0 is a translation
to the left and a vertical and horizontal expansion of the graph of
2x2 +3y? - 16 = 0.
ForD < 0: The graph oRx? + 3y? + Dx — 16 = 0 is a translation
to the right and a vertical and horizontal expansion of the graph of
2x% +3y? - 16 = 0.
For part b:
For E = 0: The equation represents a circle with centre (0, 0) and
radius 4.
ForE > 0: The graph oPx? + 3y? + Ey - 16 = 0 is a translation
down and a vertical and horizontal expansion of the graph of
2x2 +3y? - 16 = 0.
For E < 0: The graph oRx? + 3y’ + Ey - 16 = 0 is a translation
up and a vertical and horizontal expansion of the graph of

¢ +3y2 - 16= 0.
\ gl”
0

i)

8. a) Graphs may vary.

S

i) y ii)
/x
4

-4 -8
AR -y -16=0 AR -y -16=0
— -1 1 3
A=2, 6, 10 A=113
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b) Graphs may vary.

i) N% ii)x
AN

-12
AC-y?+16=0 AR -y’ +16=0
A=2,6, 10 A=31.3.3
ii) y
2
X
-4 0 4
-2

AR -y +16=0,A=0

¢) For part a:
For A > 1: The graph oAX> - y> - 16 = 0 is a horizontal
compression by a factor @fA of the graph ok? - y* - 16 = 0.
For0 < A < 1: The graph ofAX? - y? - 16 = 0 is a horizontal
expansion by a factor afA of the graph ok® - y? - 16 = 0.
For A = 0: There are no points that satisfy the equation.
For part b:
ForA > 1: The graph ofAx% - y? + 16 = 0 is a horizontal
compression by a factor gfA of the graph ok? — y? + 16 = 0.
For0 < A < 1: The graph oAx? - y? + 16 = 0 is a horizontal
expansion by a factor afA of the graph ok® - y? + 16 = 0.
For A = 0: The graph is the two straight lings +4.

11. The results would be different because they apply to the opposite
axis. Take the graphs in exercises 8, 9, and 10 and reflect them in
they = x line. These graphs represent solutions for the equation
x>+ Cy*+F = 0.

12. a) Graphs may vary.

i) 1 8 y i) y

-8 0 8 /— 0 9

-8 -8

[ee)

X>—y?*+Dx-16=0 x>—y?+Dx-16=0
D=0 D=2, 6, 10
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1\

x> -y>+Dx-16=0,D = -2, -6, -10

b) Graphs may vary.

i) \ oY
X
-8 0 8
-8
x> —y*+Ey-16=0
E=0

X2 -y>+Ey-16=0
E=-2, -6, -8, -10
¢) For part a:

N\

For D = 0: The equation represents a hyperbola with vertices

(x4, 0) and asymptoteg = +x.

ForD > 0: The graph ok? - y? + Dx - 16 = 0 is a translation
to the left and a horizontal and vertical expansion of the graph of

X2 —y2-16=0.

ForD < 0: The graph ok? - y? + Dx - 16 = 0 is a translation
to the right and a horizontal and vertical expansion of the graph of

x? -y’ -16=0.
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For part b:

For E = 0: The equation represents a hyperbola with vertices
(x4, 0) and asymptoteg = +x.

For0 < E < 8: The graph ok? - y? + Ey - 16 = 0 is a translation
down and a horizontal and vertical expansion of the graph of
x? —y? - 16 = 0. The vertices of the hyperbola are on x&xis.
WhenE = 8, the graph is the two straight lings +x + 4. For

E > 8, the vertices of the hyperbola are on yhaxis.

ForE < 0: The graph ok?® - y? + Ey - 16 = 0 is a translation
up and a horizontal and vertical expansion of the graph of

x? —y? - 16 = 0. The vertices of the hyperbola are on x&xis.
WhenE = -8, the graph is the two straight lings= £x — 4. For
E < -8, the vertices of the hyperbola are on yrexis.

13. a) Graphs may vary.

i) oY ii) 4
X X
-12 0 12 -8 0 8
-8 -4
2X°-3y?+Dx-16=0 X% -3y +Dx-16=0
D=2 6,10 D =-2, -6, -10

b) Graphs may vary.

i) 7

2% -3y +Ey-16=0 X% -3y’ +Ey-16=0
D=2, 6, 10, 8/3, 20 D = -2, -6, -10, -8v/3, 20
¢) For part a:
ForD > 0: The graph oBx? — 2y? + Dx — 16 = 0 is a translation
to the left and a horizontal and vertical expansion of the graph of
3% -2y’ -16=0.
ForD < 0: The graph oBx? — 2y? + Dx — 16 = 0 is a translation
to the right and a horizontal and vertical expansion of the graph of
32 -2y’ -16=0.
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For part b:

For0 < E < 8/3: The graph oBx? - 2y + Ey- 16 =0is a
translation down and a horizontal and vertical expansion of the
graph of3x? — 2y? - 16 = 0. The hyperbola has a horizontal
transverse axis. Whdh = 8/3, the graph is the two straight lines
Jéx;4¢§ and _‘/éx,; 43 EorE > 83, the hyperbola has a
vertical transverse axis.

For —-8v/3 < E < 0: The graph oBx?> - 2y + Ey-16=0is a
translation up and a horizontal and vertical expansion of the graph
of X2 - y? - 16 = 0. The hyperbola has a horizontal transverse
axis. WherE = -8/3, the graph is the two straight lines
Jéx;4¢§ and _‘/éx,; 43 EorE < -84/3, the hyperbola has a

vertical transverse axis.

15. a) Graphs may vary.

i
i

Yy +4x+Ey+4=0
E=0 y2+4x+Ey+4=0
E=2, 6, 10

Y2 +4x+Ey+4=0
E=-2, -6, -10
b) Graphs may vary.

i) y ii)
-4 0 4
X
-4
-8
X2+4y+Dx+4=0 X2 +4y+Dx+4=0
D=0 D=2 6,10
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iii) y

w

[e2)

x>+4y+Dx+4=0,D=-2, -6, -10

¢) For part a:
For E = 0: The equation represents a parabola with vertéx (),
axis of symmetry th&-axis, and opening to the left.
ForE > 0: The graph of? + 4x + Ey + 4 = O is a translation
down and a vertical and horizontal expansion of the graph of
y2+4x+4=0.
For E < 0: The graph of? + 4x + Ey + 4 = O is a translation up
and a vertical and horizontal expansion of the graph of
y2+4x+4=0.
For part b:
For D = 0: The equation represents a parabola with vertex1(),
axis of symmetry thg-axis, and opening down.
ForD > 0: The graph ok? + 4y + Dx + 4 = 0 is a translation left
and a vertical and horizontal expansion of the graph of
X2+4y+4=0.
ForD < 0: The graph ok® + 4y + Dx + 4 = 0 is a translation
right and a vertical and horizontal expansion of the graph of
X°+4y+4=0.

9.5 Exercises, page 555

1.

a) b) Graphs may vary.

a)” a’

100x? + 25y~ 100= 0

Y SN

-8 0 8 -12 12
4x2+&¥0 xzkﬁ

-4 -4

d) If the coefficient of? is replaced with a negative number, the
equation represents a hyperbola with vertical transverse axis. If
the coefficient of? is replaced with a negative number, the

equation represents a hyperbola with horizontal transverse axis.
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2. a) Graphs may vary.
> y
4% + 25y~ 25= 0

-4 KGA 4X
4x% + 25y %z/o
-2

b) If the constant is replaced with a positive number, there are no
points that satisfy the equation, since 3 positive numbers cannot

sum to 0.
3. a) 4 y
7
~ rd
~ >
~ 7
~]-7 X
s
_4 ,// \\\ 4
/, \\
/, \\
/, \\
3 {
# I N

b) Graphs may vary.
y
>

-4

122 +3P=12

3x%+3y’-12=0
K
x
d) If the coefficient oi? is replaced with a negative number, there
are no points that satisfy the equation, since 3 negative numbers

cannot sum to 0. If the coefficient yfis replaced with a negative
number, the equation represents an ellipse.

4

4. a) Graphs may vary.
y

2¢ +3y1-8= 0.
-4 0
/=

2¢+3y4-18=0

b) If the constant is replaced with a positive number, the equation
represents a hyperbola with vertical transverse axis, since the
graph hag-intercepts and ng-intercepts.

AN




TABLE OF CONTENTS

ADDISON-WESLEY

Mathematics 12

i)

5. a) Graphs may vary.

4y

/=,

7. a) G
i)

iii)

-4
X*+Cy*-16=0,C=0

raphs may vary.

4y

-4

x>+ Cy¥-16=0
C=-2, -4, -6, 20

AN

-4
x> +CyY-16=0,C=0

i)

Selected Solutions — Chapter 9

HZa
c¥

1
2

16=0

3 1
4' 2" 4

b) ForC > 1, the graph is a vertical compression by a facto%f
of the graph ok® + y* — 16 = 0. For0 < C < 1, the graph is
a vertical expansion by a factor% of the graph of
x?+y? - 16 = 0. ForC = 0, the graph is the lines= +4.
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b) Graphs may vary.

=

X+ Cy+16=0 X*+Cy+16=0

-9 _4 -6 — - .3 _1 _1

C_ 21 4! 61 20 C— Z, i’ Z
¢) For part a:

For C < -1, the graph is a vertical compression by a facte\lfjgé
of the graph ok? + y?> — 16 = 0. For—1 < C < 0, the graph is

a vertical expansion by a factor = of the graph of

x? —y?-16=0. ForC = 0, the graph is the lines= +4.

For part b:

For C < -1, the graph is a vertical compression by a factor of
% of the graph ok? - y? + 16 = 0. For-1 < C < 0, the

graph is a vertical expansion by a facto B of the graph of
x? —y? - 16 = 0. ForC = 0, there are no points that satisfy the

equation.

a) 2y
s
X+9%-9=0
12
d) i) ii) y

2 -4 0 2
X +9y*+2x {18y +4=0

S
:
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10. b) i)

A +y?-25=0,A=1, 10, 100, 1000
ii)

N TN T

A +y?-25=0, A +y? - 25=0,
A=1,01 A =0.01, 0.001
¢) The graph becomes the two lines +5.

d) The graph becomes a hyperbola with vertical transverse axis and
vertices(z5, 0).

7N

Ax2-y?-25=0, A=1, 10, 100, 1000

8y 16y

el PN
\V/

/Tx

A
.

-16

AR -y?>-25=0 AR -y?-25=0
A=1,01 A =0.01, 0.001

¢) There are no points that satisfy the equation when the coefficient
of xis 0.

d) There are no points that satisfy the equation when the coefficient
of x is negative.
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14. a) x>+ Cy¥-25=0
y

I
W

WhenC = 0, there are no points that satisfy the equation.

12
%
-12
1

2 1

12 2
-3 1
C_Z’ Z’O
§ 1 %
X
-8 0 8
-4

Cc=-2, -5, -10, -20

IS

C=-2,-5, -10, -20

15. a) X*+4y*+F =0, F = -4, -16, -25, —100

12

jar>

=

-12

WhenF = 0, there are no points that satisfy the equation.
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b) X>—4y>+F =0

~—F—— ~_|_~
F=4,09, 25, 36 F=3,3 70

0

JA\
N&

g/
=4
R\

-1

L
1

-1
4’

o -blw

1
2!
16. a) X+ 4y? + Dx =

)
)

-0.25 -6

D= —%, _%, _% D =-2, -6, -10, -20
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b) x> —4y> +Dx =0
8

/—15 0 1
-8 1
_ _3 1 1
D=2, 6, 10, 20 D_Z’E'Z’O
1 al”

p=-1 -1 -3 D = -2, -6, -10, -20

1\

20. a) i) The graph is a horizontal line wi;hintercept—%.
ii) The graph is a vertical line wimintercept—%.

b) i) The graph is a horizontal line wi;hintercept—%.
ii) The graph is a parabola with horizontal axis of symmetry and

vertex(%é -F, %)
iii) The graph is a vertical line Wibhintercept—%.
iv) The graph is a parabola with vertical axis of symmetry and

D D2 _
vertex<ﬁ, A F).

¢) i) i)
2
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i) iv)

<P

Mathematical Modelling, page 558

6. a) Thex-coordinate is twice thg-coordinate.
¢) Answers may vary. The tangent was drawn using visual
estimation. Measurements may not have been accurate. Results
were rounded.
7. a) The width of the dish is 60 cm, so theoordinate oH is half
that, or 30. The depth is 7 cm, so theoordinate is 7.

b) Substitute (30, 7) into the equatigrr ax’.

7 = a(30)
- 7
a = 300 .
The equation iy = T
c) Substitute(Zp, p) into the equatioly = W)X
_ 7
P= 22

P’ -225=0

p(7p — 225)=0
p=0orp=22,

p cannot be O sp = 222,

d) The receiver should be located at the fo€syhose coordinates
are (0, %)

8. a) The coordinates dfl are<OI h)
b) Substﬂute(i, ) into the equatiory = ax’.

=)

_ 4h
AT e
The equation iy = 4—hx2
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¢) Substitute(2p, p) into the equatiory = :;_gxz_
p=2(2p)’°
2
p=0orp=-L.

p cannot be 0, sp = o

16n°
d) The 5Zeceiver should be locatedrFatwhose coordinates are

(0. %),

9.6 Exercises, page 563

4. b) 4y

3 \3}9

-4

5. A translation is represented by replackwith (x — a) andy
with (y — b).
Ax-a)?>+C(y-b?>+D(x-a)+Ey-b)+F=0
AX - 2Aax+ Aa? + Cy? - 2Cby+ Ct? + Dx - Da+ Ey— Eb+F =0
A% + Cy’ + (D - 2Aa)x + (E — 2Ch)y + A&’ + Cbt> —Da-Eb+F =0
From the translated equation, the expressigit+ Cy? does
not change.

6. No. The equation of a circle does not change when it is rotated about
its centre.

Problem Solving, page 565

1. a) P is a point outside the spheR¥; andPQ, are tangents to the top
sphere. ThuRF = PQ,. Similarly, PR, = PQ,, sincePF, andPQ,
are tangents to the bottom sphere.

b) PR + PR = PQ + PQ,

Since P is on the lin®,Q,, PQ, + PQ, = Q;Q,, which is constant.
Thus,PR + PF is constant.

2. a) Visualize a small sphere starting at the vertex of the cone. Expand
the sphere as you move it toward the plane, so it remains tangent to
the inside of the cone. It will eventually touch the plane in one spot,
that is, it will be tangent to the plane.

b) Visualize a large sphere starting below the plane. Compress the
sphere as you move it toward the plane, so it remains tangent to the
inside of the cone. It will eventually touch the plane in one spot,
that is, it will be tangent to the plane.
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3. a) i) The ellipse is expanded vertically and horizontally if the string is
longer, and compressed vertically and haorizontally if the string
is shorter.

ii) If the thumbtacks are farther apart, the ellipse is expanded
horizontally and compressed vertically. If the thumbtacks are
closer together, the ellipse is compressed horizontally and
expanded vertically.

b) For part i, the plane moves away from the vertex for a larger ellipse
and toward the vertex for a smaller ellipse. For part ii, the plane
becomes closer to parallel to the generator of the cone for the foci
farther apart and closer to perpendicular to the axis of the cone for
the foci closer together.

4. a) SincePF + PF, is constant for any point P, find the sum Rfa, 0).

PR=a-c
PR =a+c
Thus,PR +PR,=a-c+a+c¢

=2a
b) /(X -2 +y?+/(x+C)2+y? = 2a
) Vix=02+y2=2a~/(x+0)2 +y?
(x— )2 +y? = 48 — da/(x + C)2 + Y2 + (x + C)% +
4a,/(x + )2 + y2 = 4cx + 4P
ay/(x+c)2+y2=cx+a’
al[(x + €)? + y?] = AP + 2a’cx + a*
a’x? + 2a’cx + a’c® + a?y? = ¢ + 2a’cx + at

(@ - ?)x? + a%y? = a* - ac?
= a(@* - ¢c?)

G ¥ -1

d) Letb? = a2 - &
Thus,X—z += =
a

y2

2 . . . .
5. The graph of + = = 1 is a horizontal compression or expansion
a b

by a factor ofa and a vertical compression or expansion by a factor
of b of the graph ok? + y? = 1.

6. a) Find the perpendicular bisector of the major axis to find the minor
axis. Place the centre of the ellipse at the origin of a coordinate
grid. Let the coordinates of the foci Bgc, 0) andF,(-c, 0),
wherec > 0. Let the coordinates of the vertex on the posiieis
be B(0,b). Since B is a point on the ellip€f-; + BF, = 2a. By
symmetryBF; = BF,, soBF; = BF, = a. Thus, construct a right
triangleBF,0O with hypotenuséF; = a. The length ot is thus
Va2 - b2 Find F, similarly.

b) See part a.

7. A circle is formed when a plane intersects a cone perpendicular to its
axis. Tilt the plane up or down to form an ellipse.
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9 Review, page 568

2. a
) 4

ARTECE N
4 Q/ 4

-4

b) The graph oBx? + y? - 6 = 0 is an ellipse with centre (0, 0),
x-interceptst/2, andy-interceptst+/6.

d) i) d) ii)
4y 6y
32— 18x+y? -4y +25=0
/_3x2+16y2—2420
X
X
-2 0 6
-4 -2
3. a) y

c) y
42 -y =16
X
-8 0 8
-8
e) gl? f) ]Y
4x2 + 25y? = 100 4x% — 25y% = 100

X

il BN \ X
-8 ~_ | 7 8 —1% %
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4. From exercise 5 on page 563, the expression+ Cy? does not
change when the graph of a conic section is translated. Also, the type
of conic section does not change after a translation. Thus, translate
the graph ofAx2 + Cy? + Dx + Ey + F = 0 so thatD andE disappear.
For the new equation, the type of conic section depends only on
Ax2 + Cy2. Thus, in the original equation, the type of conic section
depends only oA + Cy?.

5. The conic sections defined By + Bxy+ Cy> + Dx+ Ey+F = 0
do not have vertical and horizontal axes. Their axes are rotated.

9 Cumulative Review, page 569

3. ¢) | assumed | could not draw a segment shorter than 1 mm. The side
lengths of the squares are in the se uen%s 1 1 . This
g q q 212 >3

. . . _ A
is f gefmﬁgrllc sequence wih= 1 andr = 7
W= (%)
th =1 mm, or 0.001 m -
. - (.1 .
| solved the equatiof.001= (ﬁ) to find n.
| took the logarithm of each side:
=(n- 1
log 0.0_21— (n-1)log NG
n=
Iogi
V2
=21
The sum of the side Iengths is
4(1) + 4( ) ( ) ( ) +..., which is a geometric

1 1
| found $; = M

1 —_
Nz
=13.65

series witha = 4 andr =

%_\H

N

|
(ST
o
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Selected Solutions — Chapter 9
J Y
— ﬂ_g ﬂy:%ﬁ%x

7. a) sin*x - cos*x = 2sirfx - 1

Left side = sin*x — cog'x
= (sir’x + cog X)(si’ X — cog X)
= (1)(sirfx — (1 - sirf x))
=2sifx-1
= Right side

b) 55X = cscx - sinx
se@x

Left side= £S5
seéx

B

— _sinx

[EnY

cogx
— cogx
sinx
— 1-sirPx
sinx
= CSCX — sInX
= Right side
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sinx + tanx —
c) T+ cosx — tanx

s ya — SinX + tanx
Left side= T+ o

. sinx
sinx +
COSX

1+ cosx

. cosx +1
sinx
_ COosx
- 1+ cosx
— Ssinx

COSX
= tanx

= Right side
COSX coSX  _
d) 1-sinx + 1+sinx 2sex

ida— _ COSX COSX
= 2 + :
Left side 1 - sinx 1+ sinx

= cOSX (1+SII’1X+1—SII’IX>

1 - siréx
— 2CO0X
cogx

= Right side
8. Explanations may vary. For part a:
| started with the left sidesin®x — cos'x, and factored the difference
of squares to gésir’ x + co€ x)(sir’ x — cogx), or
(1)(sirfx - (1 - sir’x)), using the Pythagorean identity. This
simplifies to2 sirf x — 1, which is equal to the right side.

15. The probability of left-eye dominant people is similar to the
probability of left-handed people.

21. a) y b) y

1652 + 9y = 144 2
4x2 - 25 = 100
SazaURase)

-12

c) d) y

Fai
ks
o o

9x2 — 25y? = —400
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y\zlxz +y2=20
X

4 y
32 -y>=18
X
-4 0 4
-4
4 y
8x% — 6yy/= 48
X
-4 0 4
-4

f)

y
3+ 4y% =36

Ty
M)
71X



