10.
11.

12.

13.

14.

15.

16.
17.

18.

a) 27 radians
b) 27 radians
c)  radians

}/=55in<x+§>+2

s senofes 2))

a) reflection in the x-axis, vertical stretch
by a factor of 19, vertical translation
9 units down

b) horizontal compression by a factor of
1 . .

0 horizontal translatlonl% to the left
10
11’
to the right,

¢) vertical compression by a factor of
m
9
vertical translation 3 units up

horizontal translation

d) reflection in the x-axis, reflection in the y-
axis, horizontal translation 77 to the right

a) A
4
3
2
1
0. == 1
-1 240 12 80 0
-2
-3
1,
=5
1
b J—
) 60
1
9 20
1
d J—
) 30

a) 27 radians

b) 27 radians

c)  radians

a) the radius of the circle in which the
bumblebee is flying

b) the time that the bumblebee takes to
fly one complete circle

) the height, above the ground, of the
centre of the circle in which the
bumblebee is flying

d) cosine function

T
P(m) = 7250 cos <" + 7750

S5t T
h = 30 si —r—— ]+ 150
(1) =3 sm<3 t 2) 5

a) 0 <x<5m, 10m < x< 157
b) 2.57m < x < 7.5,

1257 < x < 17.5m
c) 0 <x<25m,

7.5m <x < 12.57

1

=0,x==

a) x x B
1

b)x=—,x=2

8 8

3 7

) x=",x=—

8 8

Answers

19.

a)
b)

©
d)

x=és
4

the time between one beat of a person’s
heart and the next beat

140

—129

Chapter Self-Test, p. 378

i RN

N

y = secx
sec 2
y=108.5

about 0.31 °C per day

3 2
2T 00, 2T 113, and%

5

S5t
8

. ( +5_7T>
}/—smx 8

y=-30

a)

b)
©)

T
—3cos <—x> + 22
12
about 0.5 °C per hour
about 0 °C per hour

Cumulative Review Chapters 4-6,

pp.

SN AWN=

w

31.

32.

38

(d)
(b)
@
C)
@
(b)
@
(9
a)

b)
©
d)
a)

b)

<

C,

a)

0-383

9. (o) 17. (d) 25. (b)
10. (o) 18. (b) 26. (d)
1. ) 19. (b) 27. (a)
12. (a) 20. (b) 28. (o)
13. () 21. (d) 29. (b)
14. (o) 22. (o)
15. (d) 23. (a)
16. (a) 24. (d)
If x is the length in centimetres of a side
of one of the corners that have been cut
out, the volume of the box is
(50 — 2x) (40 — 2x)x cm’.
5 cmor 10 cm
x=74cm
3<x<128
The zeros of f(x) arex = 2 orx = 3.
The zero of g(x) is x = 3. The zero of

AL isx = 2. ) does not have any
g(x) f(x)

2er10s.

TAC) has a hole at x = 3; no asymptotes.
g(x)

g(x)

%has an asymptote atx = 2 and
y=0.

f(x). —v—2 g(x). - .
ER fo

Vertical compressions and stretches do

x=1;

not affect location of zeros; maximum
and minimum values are multiplied
by the scale factor, but locations are
unchanged; instantaneous rates of
change are multiplied by the scale
factor.

b)

Horizontal compressions and stretches
move locations of zeros, maximums,
and minimums toward or away from
the y-axis by the reciprocal of the scale
factor; instantaneous rates of change are
multiplied by the reciprocal of scale
factor.

Vertical translations change location of
zeros or remove them; maximum and
minimum values are increased or
decreased by the amount of the
translation, but locations are
unchanged; instantaneous rates of
change are unchanged.

Horizontal translations move location
of zeros by the same amount as the
translation; maximum and minimum
values are unchanged, but locations are
moved by the same amount as the
translation; instantaneous rates of
change are unchanged, but locations are
moved by the same amount as the
translation.

For y = cos x, the answer is the same as
in part a), except that a horizontal
reflection does not affect instantaneous
rates of change. For y = tan x, the
answer is also the same as in part a),
except that nothing affects the
maximum and minimum values, since
there are no maximum or minimum
values for y = tan x.

Chapter 7
Getting Started, p. 386

1.

a) 1

c) 8or—3 f)

To do this, you must show that the two

distances are equal:

Dy

De

=V G-
»=V(0-3)+ (6—5)2=%.

Since the distances are equal, the line

segments are the same length.

. 8 15 8
a) sind =-—,cosA=—,tan A = —,
17 17 15
1 1 1
cscA = —7, secA = —7, cotA = —5
8 15 8

b) 0.5 radians
c) 61.9°

NEL



5.

6.

NEL

A

b) % radians

sa(22)

<1
B\ =
2

c) 3777 radians

1 3
E\———2) -
(-5 (5
2 1
b) i) —% i) =2 i) —1  iv)2
a) If the angle x is in the second quadrant:
X 4
sinx = =;cosx = ——;
5 5
5 5 4
SCX = T;seCx = ——;cotx = ——.
3 4 3
If the angle x is in the fourth quadrant:
X 4 5
SiINX = —=;Co8X = —;CCx = ——;
5 5 3
S5 4
secx = 75 cotx = 3

b) If xis in the second quadrant, x = 2.5.
If x is in the fourth quadrant, x = 5.6.

a) true d) false
b) true e) true
c) false f) true

Perform a vertical stretch/compression
by a factor of | a|.

Y

1 . .
Use ‘Z‘ to determine the horizontal

stretch/compression.

Use a and # to determine whether
the function is reflected in the y-axis
or the x-axis.

Y

Perform a vertical translation of ¢ units
up or down.

Y

Perform a horizontal translation of
d units to the right or the left.

Lesson 7.1, pp. 392-393

1.

2.

5.

a) Answers may vary. For example:
y=cos(0 + 2m),y = cos(0 + 41),
y = cos (6 — 2m)

b) y = sin<0 + —:),}/ = sin<9 - —3277)
S5
= + =
y sm<9 B )

a) y = csc B is odd, csc (—0) = —csc 6;
y = sec is even, sec (—6) = sec 6;
y = cot B is odd, cot (—6) = —cot
b) y = cot (—6) is the graph of y = cot 6
reflected across the y-axis; y = — cot 6
is the graph of y = cot 6 reflected
across the x-axis. Both of these

transformations result in the same graph.

y = csc(—0) is the graph of y = csc 6
reflected across the y-axis; y = —csc 6 is
the graph of y = csc 6 reflected across
the x-axis. Both of these transformations
result in the same graph. y = sec(—6)
is the graph of y = sec 6 reflected across
the y-axis. This results in the same graph
asy = sec 0.

a) cos% c) cot% e) cos %T
b) sin% d) sinal—z f) cot%

a) csc = sec<z - 0);
2
sec @ = csc<z — 0);
2
cotf = tan(% — 0)
b) y = tan(g - 9) = tan(—(G - g)),

This is the graph of y = tan 6 reflected
T
2
right, which is identical to the graph of

y = cot 6.

)=l =)= (o)

This is the graph of y = csc 6 reflected
across the y-axis and translated Z to the

across the y-axis and translated = to the

right, which is identical to the graph of
y = sech.

1= (5 )= (o-3)

This is the graph of y = sec 0 reflected
across the y-axis and translated % to the

right, which is identical to the graph of

y = csch.
a) sin% d) cos%
b) —cosl e) —sina—w
12 8
c) tan% f) —tan%

a) Assume the circle is a unit circle. Let
the coordinates of Q be (x, y). Since P
and Q are reflections of each other in
the line y = x, the coordinates of P are
(9, x). Draw a line from P to the positive
x-axis. The hypotenuse of the new right

. T .
triangle makes an angle of (5 - 0) with
the positive x-axis. Since the x-coordinate

of Pis y, cos (% - 0) = y. Also, since

the y-coordinate of Qis y, sin 6 = y.

Therefore, cos (% - 0) = sin 6.

b) Assume the circle is a unit circle. Let
the coordinates of the vertex on the
circle of the right triangle in the first
quadrant be (x, y). Then sin 6 = y, so
—sin® = —y. The point on the circle

that results from rotating the vertex by
o
2
has coordinates (—, x), so

cos(% + 0) = —y. Therefore,

counterclockwise about the origin

cos(% + 0) = —sin6.

a) true

b) false; Answers may vary. For example:
Let O = g Then the left side is sin =,
or 1. The right side is —sin %, or —1.

¢) false; Answers may vary. For example:
Let & = 7. Then the left side is cos 7,

or — 1. The right side is — cos 5, or 1.
d) false; Answers may vary. For example:

Let 6 = g Then the left side is tan 3l,

%, The right side is tan g, or %

e) false; Answers may vary. For example:
Let & = 7. Then the left side is cot 3777,
or — 1. The right side is tan %, orl.

f) false; Answers may vary. For example:

Let 6 = g Then the left side is

or —

sin 5777, or 1. The right side is sin (—%),

or — 1.

Lesson 7.2, pp. 400-401

a) sin 3z b) cos 7x
a) tan 60°;\V/3 b) cos %,%
T
o 4 450 T _x
a) 30 45 d) 76
b) 30° — 45° e) 60° + 45°
T T
%673 23
VI4VE | VI- G
a) 7 d) 7
VI+VE VI- G
b) 7 e) 7
92+V3 f) -2+ V3
Answers 659
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1 1 14.
5 - -
a) B d) B
b) —\/5 e) ﬁ
2 3
o 1 f) —?
6. a) —sinx d) tanx
b) sin x e) —sinx
c) —sinx f) —tanx

7. a) sin(7 + x) is equivalent to sin x
translated 77 to the left, which is
equivalent to —sin x.

b)

cos (x + 3777) is equivalent to cos x

N2

translated%n to the left, which is

equivalent to sin x.

<

T\ . .
C) cos (X‘ + E) 18 equwalent to Cos x

translated% to the left, which is
equivalent to —sin x.

d) tan (x + ) is equivalent to tan x
translated 77 to the left, which is
equivalent to tan x.

e) sin (x — ) is equivalent to sin x
translated 77 to the right, which is
equivalent to —sin x.

f) tan (27 — x) is equivalent to
tan (—x), which is equivalent to tan x
reflected in the y-axis, which is
equivalent to — tan x.

VE-VE VI NG

8.
a) n d) n
b) -2+ V3 e —2 -3
“Vi- V6
92 h-2-v3
63 56
9 _
) 65 s
b - 2° o 16
65 63
33 56
9 "% b5
10, 323,323
325" 36

11. a) cos z—x
2

LT
= cos— cos x + sin — sin x
2 2
= (0)(cos x) + (1) (sinx)
=0+ sinx

=sinx

b) sin <z - x)
2 16.

=sin%cosx—cos%sinx
= (1) (cos x) — (0)(sin x)
=cosx — 0
= cosx
12. a) 0 b) —\V3sinx

13. tanf, cosf# 0,cosg # 0

Answers

660

S . J
Write sin # in terms of 7.

Y

Solve for x using the Pythagorean
theorem, x> + }/2 =2

Y

Since z e {O, %], choose the positive

value of x and determine cos 4.

Y

S . J
| Write sin & in terms of .

Y

Solve for x using the Pythagorean
theorem, x> + }/2 =2

Y

Since be {O

positive value of x and determine cos 4.

N %], choose the

Y

Use the formula
cos (@ + b) = cos acos b — sinasinb
to evaluate cos (z + b).

15.

See compound angle formulas listed on

p. 399.

The two sine formulas are the same,
except for the operators. Remembering that
the same operator is used on both the left
and right sides in both equations will help
you remember the formulas.

Similarly, the two cosine formulas are the
same, except for the operators.
Remembering that the operator on the left
side is the opposite of the operator on the
right side in both equations will help you
remember the formulas.

The two tangent formulas are the same,
except for the operators in the numerator
and the denominator on the right side.
Remembering that the operators in the
numerator and the denominator are
opposite in both equations, and that the
operator in the numerator is the same as
the operator on the left side, will help you
remember the formulas.

EEY
-9

(o=
() ()

17.
18.

19.

NIQ

A/:\v
o
2,
|
v

(=92

3)

0 2)

DYl

Yoo

et

w02 € 4 )

(3)
o))

-n(o(5)) + n((3)

=sin C + sin D
cotxcoty — 1

Nlb Nlb
—

QNlb Nlb

+

+
/FAA
Sdis |
S~ l\.)

S—— N
N

Il
—
>
—
/2\
=]

+
)
T
,:_i.

N
NS
TN

IS

N——

Q
=3
&

|

Il
—
[\
—
/N
2.
=]

2,
=]

|

N——

+ =
cor(x }l) cot x + coty

Lete C=x+ yandlet D = x — y.
cos C + cos D
= cos (x + y) + cos (x — y)
= COs X COs y — sin xsiny
+ cos x cos y + sin xsin y
= 2 cos x cos y

C+D x+yt+tx—y
2 2

C-D x+y—x+y
2 2 B

So cos C + cos D

<C+D> <C—D>
= 2 cos cos

2 2
Lete C=x+ yandlet D = x — y.
cos C — cos D

= cos (x + y) — cos (x — y)
= COs X COS y — sinxsiny

— (cos x cos y — sin xsin y)

= —2sinxsiny

C+D x+tytx—y
2 2 o

C—D x+ty—x+y
2 2 -

So cos C — cos D

) <C+D>_ <C—D>
= —2sin sin
2 2

Lesson 7.3, pp. 407-408

a) sin 10x d) tan 8x
b) cos 20 e) 2sin 260
c) cos 6x f) cos 0
7 \3

in 90° 1 d) cos—;—

a) sin 9! ) cos )
1

b) cos 600;5 e) cos 34 %

V3
f) sin 120% T

1
c) sin 3

o\!:]

NEL



10.

11.

NEL

a) 2 sin 26 cos 26
b) 2sin*(1.5x) — 1
2 tan (0.5x)
9 1 — tan?(0.5x)
d) cos’ 30 — sin’ 30
e) 25in(0.5x) cos (0.5x)
2 tan (2.56)

b 1 — tan®(2.50)
in 20 = A 20 = e
sin 260 = 25’ cos 260 = 25’
2 24
tan 20 = ——
7
sin 260 = —ﬁ, cos 20 = ﬁ,
625 625
6
tan 260 = _336
527
o 120 W
sin 260 = 169,cos = 6o
tan 260 = 120
119
. 24 7
sin 20 = ——, cos 20 = —,
25 25
260 2z
tan 20 = ——
7
1
a==
2
Jim can find the sine of T by using

8
the formula cos 2x = 1 — 2 sin® x and

isolating sin x on one side of the equation.
When he does this, the formula becomes

. 1 — cos 2. .
sinx = * %c. The cosine of%
. V2 . 1 - cosg
157, SO smg =*F/—13
2
_ i\/2 - \/i.
2
Since = is in the first quadrant, the sign of
8 q g

.. ..
sin g is positive.
Marion can find the cosine of % by using

the formula cos 2x = 2 cos® x — 1 and
isolating cos x on one side of the equation.
When she does this, the formula becomes

1 + cos 2x . T .
cosx = £V == The cosine of G is

1+ cos @
ﬁ,socos£=t ﬂ
2 12
2
V2+ V3

2
. T . . .
Since 1z isin the first quadrant, the sign of

==+

cos % is positive.

a) sin 4x
= (2) (2 sin x cos x) (cos 2x)
= (2)(2sinxcos x) (1 — 2sin’x)
= (4sinxcosx) (1 — 2sin’x)

= 4 sin x cos x — 8 sin’ x cos x

s 43 (_4)<3\/§
sin == = ——~ p
8w 4V3 < 3\/5)
sin— = ——— — | ———

3 4 2
W8T A3 <_6_\/5>
sin == = n n
8w 4V3 6V3
sin—— = ——— + ———

3 4 4
. 8w 2V3
sin— = ——

3 4
8w 3
sin— = ——

3 2

12. a) cos 26 = cos’ § — sin’ 6
sin 20 = 2 cos 6 sin 0
sin 30 = (sin 20 + 0)
= (2 cos @ sin 0) (cos 0)

+ (cos® @ — sin” 0) (sin 0)

=2 cos?Osin O + cos’ O sin O

— sin’
=3 cos?Osin @ — sin’

b) cos 26 = cos’ 6 — sin* @

sin 20 = 2 cos 6 sin 6

cos 30 = (cos 20 + 0)
(cos® 6 — sin* ) (cos 0)
— (2 cos 6 sin @) (sin 0)
= cos’ O — cos x sin® §
— 2cos O sin’ @
cos® @ — 3 cos 0 sin”

2 tan 0
c) tan 20 = m
tan 30 = (tan 260 + 0)
2tanf
_ lftan39+tan0
_ 2tan 6
! (1 — tan? 9) an 6
2tanf + tanf — tan’ 6
_ 1 — tan’6
1 —tan’0 — 2 tan’ 0
1 — tan’6
_ 3tanf — tan’ @
1 — 3tan’ 0
2 V3
13. a) ——— c) —
9 3 \/_
10V2
b) 7 d ——
9 27

14.

L . J
Write sin « in terms of .

!

Solve for x using the Pythagorean

theorem, x 2 +}/2 =2

i

Choose the negative value of x since

o .
agly,m, and determine cos a.

Y

. . X
| Write cos 4 in terms of 5.

!

Use the formula sin 22 = 2 sin 2 cos 2
to evaluate sin 24.

a) Use the formula sin 2x = 2 sin x cos x
to determine that
sin 2x

2 sin 2x

Then graph the function f(x) = B

sin x cos x =

by vertically compressing £ (x) = sin x
by a factor of % and horizontally

. . 1
compressing it by a factor of >

b) Use the formula cos 2x = 2 cos> x — 1
to determine that
2 cos’ x = cos 2x + 1.
Then graph the function
f(x) = cos 2x + 1 by horizontally
compressing f(x) = cos x by a factor of

1 . . . .
2 and vertically translating it 1 unit up.

Py

ISIER

2 tan x
c) Use the formula tan 2x = —— 5
1 — tan”x
. tan x tan 2x
to determine that — 35— = ———.
1 — tan”x 2

Answers 661
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16.

17.

18.

Then graph the function f(x) = %
by vertically compressing f(x) = tan x

by a factor of % and horizontally

. . 1
compressing it by a factor of 3

a) tan2 =rtn'y
-1
b) c032 L. cosfl}/
) cos ' x .
c = csc ' yor
2
cos ' x . 71<1>
=sin | —
2 y
d sin;1 x _ sec;}/ o
—1(1
sin~x _ cos (y)
2 4
T 5 31
a) x =—,—, or—
6 6 2
o m ST 3w
b)x =22 2 or 2t
) =P
) 2 tan 0
Y1+ an’e
b) 1 - tanj@
1 + tan” 6
c) tan O
d) tan 0

Mid-Chapter Review, p. 411

1.

662

1
a) cos 31677 d) cos 7?77
2
b) sin 777 e) sin 7
1
c) tan 19(;7 f) tan%T
y = 6sinx + 4

1
a) —cosx+—35inx
2 2

1
b)—cosx——asinx
2 2
1+ tanx

©)

1 — tanx

d)Tsinx—Ecosx

1 3.
a) —cosx + —sinx
2 2

tanx — V3

b V3 tan x

Answers

c) — cosx — ——sinx
2 2
d) —Esinx - Tcosx
1
5. a) V3 <) 5
b) 0 d) 1
6. a) tan 2x d) cos x
b) sin x €) V2(cos x — sin x)
c) sinx f) fanx 1
1+ tanx

7. 2\V3 cos(x + %)

1 V2
8. - —_
a) 3 c) B
b) - d -1
2
V11 2V10
9. a) ——— —_—
11 11
V110
) ————— d)
11 11
10. sin2x=%;c052x=—
25 25
11. sin2x=£
169
24

12. tan2x=—
7

Lesson 7.4, pp. 417-418

1. Answers may vary. For example,

V3

o _ 1 om_ V3
sm6 2,COSG .

2
2. a) f(x) =sinx

b) sin x = tan x cos x

sin x
C) tan x cos x = cos X

cos x
sin x Cos X )
=——— =sinx
cos x
d) The identity is not true when cos x = 0

sin x

because when cos x = 0, tan x, or
is undefined.

cos x”

5.

a) C; sin x cot x = cos x
b) D;1 — 2sinx = 2cos?x — 1

©) B; (sinx + cosx)? =1 + 2 sin x cos x

d) A; sec? x = sin® x + cos® x + tan’ x

a) sin x cot X = cos X
LS = sin x cot x

(sin x) <Cf)s x)
sin x

sin x cos x

sin x
= cos x
= RS
b)1 — 2sin’x = 2cos’x — 1
1 —2sin’x — 2cos’x+1=0
2 — 2sin*x— 2cos’x =0
2 — 2 (sin’x + cos’x) =0

2-2(1)=0
2-2=0
0=0

©) (sin x + cos x)> = 1 + 2 sin x cos x

LS = (sinx + cos x)?
= sin® x + 2 sin x cos x
+ cos’ x
= (sin® x + cos’ x)
+ 2 sin x cos x
=1+ 2sinxcosx
= RS
d) sec’ x = sin® x + cos’ x + tan’ x
RS = sin® x + cos’ x + tan® x
= (sin*x + cos’ x) + tan’ x
=1+ tan’x
cos’ x  sin’x
cos’x  cos’x
sin? x + cos? x
cos® x
1

COS2 X

= sec’ x
=1S

a) Answers may vary. For example,
T _ V3 1 _2V3

=5
6 27 cos T 3

Ccos - —

b) Answers may vary. For example,

1— (1)
=1-1=0

sec2<%> = (\/5)2 =2

¢) Answers may vary. For example,

w
1 — tan?|—
an 4

) <w ) . <3w>
sin| —+ 7| =sin(— | =—1
2 2

s . my .
cos| — |cos m + sin| — |sin 7T
<2> <2>

=(0)(=1) + (1)(0)
=0+0=0

5

NEL



cos x sin x

Ans . F le, 1
d) Answers may vary. For example O tanx — costx = —— — 1 (sin x + cos %) 1 cos x
o8 <2<z>) = cos <2_7T> - - o8 cos’x/\sin x
2 — cos” x .
’ ’ 1V3\? tan®x — cos’ x + cos’ x = w
1+ 2sin® T =1+ (2)| — 1 cos x sin x
3 2 =—5 —1—cos’x . 1
3 cos” x (sinx + cos x)| ————
-1+ (2)<_> + cos x . cos x sin x
4 1 sin x + cos x
2. =
=1+§=£ tan”x = -1 Cos x sin x
4 cos” x - -
5 , 1 cos? x siny + cosx _ sinx + cosx
tan’ x = - f f
=5 o x ol cos x sin x cos x sin x
— cos? 2 2 IR
6. Answers may vary. For example, cos 2x. tantx = 1$C d) an” B + cos” B + sin" B = s B
cos” x
Y s 2 1
sin” x 2 =
1 tan’ x = eI an" B + 1 o’ B
tan?x = tan’c an’B + 1 = sec? B
1 1 Since tan? B + 1 = sec? B is a known
n Py d) 1+ cosf + 1 — cos @ identity, tan® B + cos’ B + sin® B
— 1
v — 1~ cosd must equal o B
(1 + cos0) (1 — cos )
-1 T T
+ 1 + cosf e) sin<z+x>+sin<z—x>
. o (1 = cos0) (1 + cos 0) 3
7 1 —anlx o )Ccosgjm * 1 — cos @ 1+ cos 6 = V2 cosx;
= = T T
1 + tan’x sec? x 1 — cos* 6 1 — cos* 6 sin Z cos x + cos Z sin x
coszx—sinzx>< ) 1 —cosf + 1+ cosb
=—F— X cos”" x = 2. T T
cos? x 1 — cos’ 6 + sin— cos x — cos — sin x
_ 2 .2 2 4 4
= cos” x — sin” x -
= cos 2x 1 — cos’ 0 = V2 cos x;
2 T
_ =— 25in—cosx=\/§cosx;
8 IS= 1+ tanx RS = 1 — tanx sin2 0 4
1 + cotx cotx — 1 10. a) cosxtan’ x = sinx tan’ x V2
_1fanx _1l-unx cos xtan’ x  sin x tan’ x (2)<7> (cos x) = V2 cos x;
- 1 - 1 =
tan x @nx tan’® x tan® x \/5 cos X = \/5 cos x
_l+manx _ 1l —ranx Cos X tan x = sin x T T .
= anx+1 I —— sin x f) sin E—x cot 3+x = —sin x;
tan x tan x cos x< ) = sinx
= tanx = tan x COSVX ) g cos (% + x)
Since the right side and the left side are L, s )2 —snx ) 4 sin 3 X . (z ) = Tsinx;
allthanx_l*tanx sin” @ + cos” @ = cos” 6 + sin* 6 sm2+x
equal, T e T cotx — 1 sin® 0 + cos® 0 — sin® @ = cos® 0 - .
cos’ 0 — sin’ 0 + sin*6 — sin* @ <sin — cos x — cos — sin x)
D o+ s in? 0 + cos’ 0 — sin® 6 = cos” 0 2 2 >
cos” 0 + sin 6 cos 0 sin cos s 6 = cos - - 5
(cos O — sin 0) (cos 6 + sin 0) sin® 0 + cos® @ — sin® 6 — sin® 6 (cos; cos x — sin7y sinx . "
= o 2p a2 = —sinx;
(cos ) (cos 6 + sin 6) . o cos” 0 — sin" 0 sin% cos x + cos T sin x E
s 0 — sin cos* @ — sin® 6 = cos’ § — sin* @ 2. 2
T sl (cos® 6 + sin* 0) (cos” 6 — sin* 0) ((1) (cos x) = (0) (sin x)) L
cosf  sinf = cos’ f — sin’ 6§ « M) = —sinx
= o 9 st cos’ O + sin’ 0 = 1 (1)(cos x) + (0)(sin x),
1=1 0 — sinx
=1—rtanf cosx — 0)| ——— | = —sinx;
2 .9 . tan’x + 1 ( )<cosx+0>
b) LS = tan” x — sin” x ©) (sinx + cosx)| ——— .
sin? x tan x sin x )
=— —sin’x 1 1 (cos x)| — = —sin x;
cos’ x _ + cos x
. < 1 1) cosx  sinx —sinx = —sin x
= sin” x -
o (sin s + o8 5) sec x M. 2 cosZet 1 .
= sin® x(sec’ x — 1) tan x R sin 2x
= sin’ x tan” x _ sinx cos x 2cox— 141 — cotx
=RS _cosxsinx+sinxcosx 2 sin x cos x
So tan® x — sin® x = sin® x tan’ . 2 cos’ x
’ . 1 1 —————— = cotx
(sin x + cos x) 2 2 sin x cos x
cos” x/ \tan x
. cos x
_ sinx + cosx - = cotx
= sin x

cot x = cotx

Answers 663




b)

©)

d)

€)

f)

8

664

sin 2x
—— = cotx
1 — cos 2x
2 sin x cos x
———————— = cotx
1— (1 —2sin’x)

2 sin x cos x
————— 5, =cotx
1—1+2sin"x

2 sin x cos x
.—ZZCOIX
2sin” x
cos x
- = cot x
sin x

cot x = cot x
(sinx + cosx)? = 1 + sin 2x;
sin? x + sin x cos x + sin x cos x
+ cos’x = 1 + 2 sin x cos x;
sin? x + 2 sin x cos x + cos’ x
=1 + 2 sin x cos x;
(cos® x + sin® x) + 2 sinx cos x
=1 + 2 sin x cos x;
1+ 2sinxcosx =1 + 2sin xcos x
cos’ 0 — sin? 0 = cos 20
(cos® 6 + sin* 0) (cos® 6 — sin* 0)
= cos’ 6§ — sin’
(1) (cos* @ — sin? 0) = cos® 6 — sin® O

cos’ O — sin® @ = cos® § — sin’

h) csc 2x + cot 2x = cot x;
1 1
- + = cot x;
sin 2x  tan 2x
1 1
- = cot x;
2 sin x cos x 2 tan x
1 — tan®x
1 1 — tan’x
- = cot x;
2 sin x cos x 2 tan x
1 1 — tan’x
- - = cot x;
2 sin x Cos X oS x ’
Cos X
1 N (cos x) (1 — tan® x)
2 sin x cos x 2 sin x
cos x
- 5
sin x
1 + (cos x) (1 — tan® x) (cos x)

2 sin x cos x

2 sin x Cos X
_ (cosx) (2 cos x)
(sinx) (2 cos x)

2 sin x cos x

1 + (cos®x) (1 — tan’x)
2 sin x cos x
2 cos® x

T 2sinxcosx
1 cos? x — (tan® x) (cos® x)

2 sin x cos x

+ -
2 sin x cos x
2 cos’ x

= B 5
2 sin x cos x
2 .2
1 cos”x — sin” x

cot @ — tan 6 = 2 cot 260
cos  sinf _ ZM
sinf  cos 6 sin 26
cos’ 6 sin® 0
sin 6 cos 0 " cos 0 sin 0
_ cos 20
- (2)<2 cos 6 sin 9)
cos’ @ — sin’ @ __cos 20
sinfcosf  cos®sin6
cos 20 cos 20

cos 6 sin O - cos 6 sin 0
cotf + tan 6 = 2 csc 26

cos 6 . sin 6 _ 1
sinf  cos 6 sin 26
cos” @ sin’ O
sinf cos @  cos B sin 6
1
- (2)<2 cos 6 sin 9)
cos” O + sin® 6 _ 1
sinfcosf  cos®sin 6
1 1

cosOsinf  cos 6 sinf

1+ tanx T
——— = tan X+Z

w
1 +anx tanx + tan

Il —tanx 1 —tnxanZ

1+ tanx tanx + 1
l—tanx 1— (anx)(1)
1+ tanx 1+ tanx

l—tanx 1 —tanx

Answers

2 sin x cos x

1 + cos’x — sin’ x

2 sin x cos x
2 cos’ x

2 sin x cos x~
2 cos’ x

1 + cos’x — sin® x

- . H
2 sin x cos x 2 sin x cos x

2 cos® x

2 sin x cos x

2 sin x cos x

2 cos’ x 2 cos’ x

= B - B 5
2sinxcosx 2 sinxcos x
1 + cos’x — sin’x — 2 cos® x

2 sin x cos x
1 — sin’x — cos” x

- =0;
2 sin x cos x
1 — (sin® x + cos® x) 0
B = U
2 sin x cos x
T =0
2 sin x cos x
=0
2 sin x cos x
0=0
. 2 tan x .
i) — 5 =sin2x
1 + tan” x
2 tan x .
—  =sin2x
sec” x
2 tan x )
—— = sin 2x
1
cos” x

(2 tan x) (cos® x) = sin 2x

s
<ﬂ> (cos® x) = sin 2x

cos x
sin 2x = 2 sin x cos x

Since sin 2x = 2 sin x cos x is a known

. N 2 tan x .
identity, ———— must equal sin 2x.
1 — tan” x
. csc t
j) sec2t=——T—
csct— 2sint
1
1 sin #
cos 2¢ 1 .
— — 2sint
sin ¢
1
1 sin ¢
cos 2t 1 2 sin’ ¢
sin ¢ sin ¢
1
1 sin #
cos2t 1 — 2sin’r
sin #
1 1 sin ¢
cos2t sint 1 — 2sin’z
1 1
cos2t 1 — 2sin’¢
1 1
cos 2t cos 2t

1
k) csc260 = Esec9csc 6

5 (3)es)5)
sin 26 2/ \cos 0 /\sin 0
1
sin 20 2 cos 6 sin 6

1 1

2 sin 6 cos 6 - 2 sin 0 cos 6

I L_Zsintcost 2cos’t— 1
) cost sin # cos t
sinz  2sin tcos’ ¢
costsinf  sin £cost
(sin 7) (2 cos® t — 1)
cos £sin ¢
sint  2sin tcos’ ¢
cosfsinz  sinzcost
2 cos’ rsint — sin ¢
cos £sin ¢
sinzg  2sin tcos’ ¢
cosfsinz  sinzcost
2 cos’ £sin ¢ — sin ¢
sin 7 cos ¢
sint  2sin tcos’ ¢
costsin#  sin £cost
—2sin ¢ cos’ £ + sin ¢
sin £ cos ¢
sing  sing

costsint  costsin ¢

12.  Answers may vary. For example, an
equivalent expression is tan x.

U];

NEL



sin x + sin 2x

13. ———————————— =tanx
1 + cos x + cos 2x
sin x + 2 sin x cos x
— = tnx
1 + cosx + cos 2x
sin x(1 + 2 cos x)
—————————— =tanx
1 + cosx + cos 2x
sinx(1 + 2 cos x)
—————————— = tanx
cos x + (1 + cos 2x)
sin x(1 + 2 cos x)
— 5~ = tanx
cos x + 2 cos” x
sin x(1 + 2 cos x)
— - =tnx
cos x(1 + 2 cos x)
sin x
= tan x
cos x
tan x = tan x
14.
Definition Methods of Proof

A statement of the
equivalence of two

Examples

€os 2x + sin? x

cos2x + 1 = 2 cos® x

Both sides of the
equation must be

trigonometric shown to be
expressions equivalent through
graphing or

simplifying/rewriting.

Trigonometric—lw

Non-Examples

cos2x — 2sin*x =1

= cos? x cot? x + s x =1

15.

16.

17.

She can determine whether the equation

2 sin x cos x = cos 2x is an identity

by trying to simplify and/or rewrite

the left side of the equation so that it is
equivalent to the right side of the equation.
Alternatively, she can graph the functions
y = 2sinxcos xand y = cos 2x and see if
the graphs are the same. If they’re the
same, it’s an identity, but if they’re not the
same, it’s not an identity. By doing this she
can determine it’s not an identity, but she
can make it an identity by changing the
equation to 2 sin x cos X = sin 2x.

a) a=2b=1,c=1

b) a=-1,b=2,c= -2

cos4x + 4dcos2x + 3a=1,
b=4,.c=3

Lesson 7.5, pp. 426-428

1.

NEL

11
a) % d) %or 677
b) 777 e) 0,7, or 27

10.

11.
12.

c) zors—w f) zorz—w
6 6 3 3
a) 0 or 27 d)z?ﬂor%
b) = € %or%
c)zors—w f)zornw
3 3 6 6
) 2 ) x =2
a ) x=—
3
2

b) quadrantsIandII d) x = %and%
a) 2
b) quadrants II and III
c) 30°
d) x = 150° or 210°
a) 2
b) quadrants I and I1I
o 1.22
d) 6 = 1.22 or 4.36

T 5T
a) 0= ZorT
b) 6 = %or%
c 6= Zor 11677

4
d) 6= ?Wors?w

3m 5w
e 6= 4 or 4
f) 0= zor4—w

3 3

a) 6 = 210° or 330°

b) 6 = 131.8° or 228.2°

c) 6 = 56.3° or 236.3°

d) 6 = 221.8° or 318.2°

e) 6 = 78.5° or 281.5°

f) 6 = 116.6° or 296.6°

a) x = 0.520r 2.62

b) x = 0.52 0r 5.76

c) x = 1.050r5.24

d) x = 3.67 or5.76

a) x = 0.79 or3.93

b) x = 0.52 or 2.62

c) x = 0or6.28

d) x = 3.67 or 5.76

e) x = 1.160r5.12

f) x = 1.11 or 4.25

a) x = 0.39,1.18, 3.53, or 4.32

b) x = 0.13, 0.65, 1.70, 2.23, 3.27, 3.80,
4.84, or 5.37

c) x = 1.40, 1.75, 3.49, 3.84, 5.59, or
5.93

d) x = 0.59, 0.985, 2.16, 2.55, 3.73,
4.12,5.304, or 5.697

e) x = 1.05,2.09, 4.19, or 5.24

f) x = 1.05

from about day 144 to about day 221

1.86s < r< 4.14s;

9.86s < r<12.14s;

17.86s < +<20.14s

13.
14.

15.

16.

1.5

107 Br 2
0.5 /\(_W‘TZ)
X
3
2

0

—0.5 2

ki (51 _Jz)

' ) )

The value of f(x) = sin x is the same at x
and 77 — x. In other words, it is the same
at x and half the period minus x. Since the
period of f(x) = 25 sin%(x +20) — 55
is 100, if the function were not
horizontally translated, its value at x would
be the same as at 50 — x. The function is
horizontally translated 20 units to the left,
however, so it goes through half its period
from x = —20 tox = 30. At x = 3, the
function is 23 units away from the left end
of the range, so it will have the same value
atx = 30 — 23 orx = 7, which is

23 units away from the right end of the
range.

To solve a trigonometric equation
algebraically, first isolate the
trigonometric function on one side of the
equation. For example, the trigonometric
equation 5 cos x — 3 = 2 would become
5 cos x = 5, which would then become
cos x = 1. Next, apply the inverse of the
trigonometric function to both sides of

the equation. For example, the trigonometric
equation cos x = 1 would become
x=cos '1. Finally, simplify the
equation. For example, x = cos” ' 1 would
become x = 0 + 2w, where nel.

To solve a trigonometric equation
graphically, first isolate the trigonometric
function on one side of the equation. For
example, the trigonometric equation

5 cos x — 3 = 2 would become

5 cos x = 5, which would then become
cos x = 1. Next, graph both sides of the
equation. For example, the functions

f(x) = cos xand f(x) = 1 would both
be graphed. Finally, find the points where
the two graphs intersect. For example,
f(x) = cos xand f(x) = 1 would
intersect at x = 0 + 2n, where nel.
Similarity: Both trigonometric functions
are first isolated on one side of the
equation.

Differences: The inverse of a trigonometric
function is not applied in the graphical
method, and the points of intersection are
not obtained in the algebraic method.

Answers
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17.

18.

2m
x=0+ nﬂ',? + 2nmr, and

4
?ﬂ' + nm, where nel

) _mmsm 3w
a x—4,2, 4,or4
b)xzz,z,oﬁ_ﬂ

6 2 6

Lesson 7.6, pp. 435-437

1.

666

a) (sin6)(sinf — 1)

b) (cos — 1)(cos O — 1)

c) (B3sinf + 2)(sinf — 1)
d) (2cos —1)(2cos + 1)
e) (6sinx —2)(4sinx+ 1)
f) (7tanx + 8)(7tanx — 8)

V3 @ smom lw
a) y=*+—=x=—"—"—,or

3 6 6 6 6

3

b)}/=00r—1,x=0,77,777,0r277
) —oores L mmsT 5w
o y= orz—z,x—G,z, 6’01’ 2
d)y=0o0rz=1,x=0,m,o0r2mw
) 1 1
a) y=—or—
7739

b) x = 1.05, 1.91, 4.37, or 5.24
a) 0 = 90° or 270°
b) 6 = 0°, 180°, or 360°
c) 6 = 45° 135°,225° or 315°
d) 6 = 60°, 120°, 240°, or 300°
&) 6 = 30° 150°, 210°, or 330°
f) 6 = 45°, 135°,225° or 315°
a) x = 0°90°, 180°, 270°, or 360°
b) x = 0°,180°, or 360°
c) x = 90° or 270°
d) x = 60°, 90°, 120°, or 270°
e) x = 45° 135°, 225° or 315°
f) x = 90° or 180°

m m ST 3w

&) x =" o
3w
b) x = —

) x 5
c)x=0,5%,77,?,0r277
T 4w 5T

d)x—a, 3,01’ 3
e)x=za—ﬂ'5—wor7—ﬂ
4 47 47 4

f) x=0, W,orZﬂ'
a)9=%,77,0r5?77
b)0=%,5%,0r3777
c 0=
d)g_z 5_77

T6" 6
B) 0=%,2.82,577T,0r5.96

f) 6 = 0.73,2.41,3.99, or 5.44

Answers

10.

12.

13.

14.
15.

16.

117
6

S 7w

y T, T, 0r

5’
c) x= 0,096, 5.33, or 27

) x= T T 375 3w T
YTy s e 2%

m ST 7 1o
) X—O,Z,?,W,?,—G L or 27

a) x = %, 1.98, 4.30, OrS?W

2 4
b) x = 0.45,?”, % or5.83
c) x= %, 0.85,5%, or 2.29
m 7T 117
d) x = > e L or ‘
x = 0.15, 1.02,2.12, or 2.99
b=1+V3c=\V3
1
f=—
2
—km < d< 2?ﬂ'km,
4
i < d < Zkm
3 3
x =191 or 4.37
) 3w Sm
a) x =—or—
4 4

b) x = 3777 + 2nm ors% + 2n1r, where

nel
It is possible to have different numbers of
solutions for quadratic trigonometric
equations because, when factored, a
quadratic trigonometric equation
can be one expression multiplied by
another expression or it can be a single

expression squared. For example, the

. 1
equation cos? x + % cosx + 2 becomes

(cos x + 1)(cos x+ %) when

. . 2w
factored, and it has the solutions 5™

:md%’T in the interval 0 = x < 277,

In comparison, the equation

cos’x + 2cosx + 1 = 0 becomes

(cos x + 1)? when factored, and it has
only one solution, 7, in the interval

0 = x = 2. Also, different expressions
produce different numbers of solutions. For
example, the expression cos x + % produces

two solutions in the interval 0 < x < 27

2 4 _ 1
( 3 and 3 )because cosx = —5 for two

different values of x. The expression
cos x + 1, however, produces only one

17.

18.
19.

20.

solution in the interval 0 = x = 27 (),

because cos x = — 1 for only one value of x.
w57

=
—on T .37

x=0.72, > T, B ,or 5.56

x = 15°75°105° 165° 195°, 255°,

285°, or 345°
0 = 0.96

Chapter Review, p. 440

1.

. I
a) Answers may vary. For example, sin To-
b) Answers may vary. For example, cos 8777
¢) Answers may vary. For example, sin 6777
d) Answers may vary. For example, cos %
y=5cos(x) — 8
V3 .
a) —— cosx — —sinx
2 2
b) ——— cosx — —sin x
2 2
tanx + V3
¢ 1-V3anx
2
d) ———cosx — %smx
V3 V3
a) ——— b) —
3 2
1 V2
a) 2 ) — B
V3
b) > d V3
24
a) sin 2x = —, cos 2x = l,
25 25
24
tan 2x = —
7
2
b) sin 2x = —3—, cos 2x = —ﬂ,
625 625
336
tan 2x = ——
527
P - S 1)
c) sin 2x = 169,cos x 169’
120
tan 2x = ———
119
a) trigonometric identity
b) trigonometric equation
¢) trigonometric identity
d) trigonometric equation
cos® x )
— =1 —cos"x
cot’ x
cos” x )
57— = 1 — cos™x
cos” x
sin” x
(cos? x) (sin® x) )
5 =1—cosx
cos” x
sin? x = 1 — cos’ x
1 —cos’x=1=cos’x
NEL



10.

11.

12.

13.

2(sec* x — tan® x)

= sin 2x sec x
csc x
2(1) _ .
= sin 2x sec x
cs
2 .
= sin 2x sec x
csc x
2 sin x = sin 2x sec x
2 sin x cos x .
—— = sin 2xsec x
cos x
sin 2x )
— = sin 2x sec x
cos x
sin 2x sec x = sin 2x sec x
7w 1o
a) x =—or
6 6
S5t
b) x = — or =—
) x 4or 7
27 4w
c) x= or —
3 3
a) y= —2or2
T 57 7w 11w
b)x =722 T
R
m 7T 117
a) x =—,—,or
26 6
ek 7w 117
b)x=0,g,?,ﬂ',?, c o2
) x— T 27 4 7
AR
d) x = 0.95 or 4.09
T 3T
x , T, Or
2 2

Chapter Self-Test, p. 441

1.

v

NEL

1 — 2sinx

- + sin x = cos x
cos x + sin x

1 — 2sin’x ) )
—— + sinx — sinx
cos x + sin x
= cos x — sin x
1 — 2sin’x )
—————— = cosx — sinx
cos x + sin x
1 — 2sin’x = (cos x — sin x)
X (cos x + sin x)
cos 2x = (cos x — sin x)
X (cos x + sin x)
cos 2x = cos’ x — sin’ x
cos 2x = cos 2x
all real numbers x, where 0 = x = 27

T 117
a) x =—orx =——
6 6
2
b)x=—worx=5—w
3 3
oI TT
Qx="rorx="
a=2,b=1

t=7,11,19,and 23
Nina can find the cosine of ILJ by using

the formula
cos (x + y) = cosxcosy — sinxsin y.
The cosine of 77 is — 1, and the

N

. . 2 . .
cosine of 7777 is—=. Also, the sine of 7 is 0,

and the sine of 7777 is —ﬂ. Therefore,

2
Lwm _ ( +7_7T)
cos 4 = cos| T 4
=(-1x==)-(ox - ==
2 2
V2
2
__\V2
T2
7. x=331o0r6.12
s B 16
65 65
4 —
9. o —% 9 %
1 22
b) — d —
)9 )27
10. a)x=—5—77, —z,z,ors—ﬂ
3 33 3
47 27 2w 4w
b) x = —— —— —or—/
3 3°3 3
c) x= —mandm

Chapter 8

Getting Started, p. 446
1 1

1. a) Fab d) V125 =5
b) 1 e —VI21 = —11
2 2
o V36 =6 f) <3—7> =2
8 4
2. a) 37 =2187 d) 7* = 2401
b) (=2)* = e 8 =4
o 10°=1000 £ 4=Vi=2
3. a) 8’ d)xﬁ}/
1
b) _agbm e) —d*?
o 4)xP f) x
4. a)

D = {xeR},R = {yeR|y > 0},
y-intercept 1, horizontal
asymptote y = 0

b) it
404

30
20
104

wx

T3559
Lol

D = {xeR},R = {yeR|y > 0},
y-intercept 1, horizontal
asymptote y = 0

D = {xeR},R={yeR|y > -2},
y-intercept — 1, horizontal

asymptote y = —2

x+6
5. a) i)y= 3
i)y=*Vx+5

i) y = \3/%

iv)

b) The inverses of (i) and (iii) are functions.

6. a) 800 bacteria
b) 6400 bacteria
c) 209715200
d) 4.4 X 10

7. 12515 people

Diff.

same y-intercept
same shape
same horizontal
asymptote

both are always
positive

one is always increasing,
the other is always
decreasing

different end behaviour
reflections of each other
across the y-axis

Lesson 8.1, p. 451
1. a) x=4"0r f ' (x) = logsx

L 2

b) x=8orf '(x) = loggx

-3

Answers
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