Answers

Mathematics for College Technology 12 Study Guide and Exercise Book
Chapter 1 Trigonometric Ratios

1.1 Sine, Cosine, and Tangent of Special

Angles
1 o_\3 o 1
1. a)sin 30° —21, cos 30 21,tan 30 i
b) sin 45° = N cos 45° = o tan45° =1
¢) sin 60° = @, cos 60° = %, tan 60° = \/3
2. a) sin 0
0 Exact Calculator
0° 0 0
0 1
30 > 0.5
° 1
45 7 0.707...
60° g 0.866...
90° 1 1

b) Example: Some exact values are
identical to the calculated values.
Others are the same when evaluated.

3. a)
cos 0 tan 0
0 | Exact|Calculator| Exact |Calculator
0°| 1 1 0 0
ol V3 1
30 > 0.866... i 0.577...
1
45° N 0.707... 1 1
60°| 1 | 05 3 1.732...
90°| 0 0 undefined | undefined

b) Example: Some exact values are
identical to the calculated values.
Others are the same when evaluated.
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6.

4. 2)30°
P | o 3
b) sin 150 —7,0?5150 ==75
tan 150° = ——=
an \/§
a) y [_1 _1]
N2 A2
45°
0s 1
b) 45°
c)sin225°=*%,cos225°—*%,
tan 225° =1
a
) y [l ﬁ}
22
0.5
o
1\ —o0.5 0.s 1 *
- .5_
4
2 2

b) Example: 120°, 300°
V3

C) sin 240° =— 5 cos 240° = —

tan 240° = /3

d) Example: sin 120° =

tan 120° = —/3 ; sin 300° = —

NG

2

1
29

,cos 120° =—

V3

2>

cos 300° = %, tan 300° = —/3

1
27



7. Example: 14. A regular hexagon can be divided into
b) B(0.87, 0.5): 1 unit; 30° six equilateral triangles. Each equilateral
) i triangle can be divided into two triangles
0B (0',87’ 70-'5); I unit that have angle measures 30°, 60°, 90°.
d) 1 unit; equilateral Determine the exact height of one of these
e) OD: 0.87, BD: 0.5 smaller triangles.

f) OD is equal to the x-coordinates of B 600 = B
and B’; BD is equal to the y-coordinate sin 60° = 4 .
of B; B'D is equal to the y-coordinate h =4 sin 60°
of B'. _ 4( 3 )
g) The relationships in part f) remain. 3 \/_2
8. a)130 Vim Determ;ni tile area of the patio
b) 150 m ‘
9. a) 613 cm A= 12(%5}1)
b) 6 gm = 6(2)(2V3)
10. a) W ft = 24@
16 The area of the patio is 24V3 m2.
b) = ft
V2 15. b) Sign of Ratio
11.a)
Quadrant | Sine Cosine | Tangent
; I I Positive | Positive | Positive
m wa
I Positive | Negative | Negative
60° 111 Negative | Negative | Positive
b) Let /s represent the height, in metres, v Negative | Positive | Negative

from the top of the ladder to the ground.

We know the length of the hypotenuse 16.  cos 30° X sin 240° + sin 330°
and we want to find the length of the - (ﬁ ) % (_ﬁ) " (_l)
side opposite to 60°. Use the sine ratio. % ) 2 2
sin60°=% T4 1
Substi o B -3
ubstitute sin 60° = > - 4
3 _h 17. a) 30°, 330°
Sz 1‘ §f . b) 30°, 150°
olve for A.
. 3 18. 8.\5 m ,
2 33 19, 806 _ T
The top of the brace is - mup the cos X
wall. _y r
12.2\3 m TTXX
13.2) 5\2 km =Y
b) Pythagorean theorem; let d represent =tan 6
the distance between the boats. 20. sin? 6 + cos? 0 = (%)2 + (%)2
d=\52+ 52 _y+x
= @ 5 }"2
= 252 1
=52 1

The boats are 5V2 km apart.
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1.2 Sine, Cosine, and Tangent of Angles

1.

3.

4.

from 0° to 360°
2) 0.8480  b)—0.8098 ¢)0.5878
d)0.7193 ) 0.6691 ) 2.4751

g)—0.5317 h)—0.9848
a) sin 9=%,cos€=%,tan0=

b)sin6=%9,cosﬂ=—%,tan6:—%
1 7 _—i :z
¢)sin 6 = \/@,cose @,tane Z
d)sin@‘—\/g—l,cos()—%,tangz_%
e) sin 0 = Jg—g,cose—%,tanez_%
a)SiII@:%,cosB:—%,tan():_%
b)Sinf):—%,cos(?:%,tangz_%
C)Slnﬂ‘—m,cosﬂ——%,tanf):%
d)SiIl@_W,cosO:%,taHQ:%
e)SIHO__W,COSO_%,taHQ:_%
ing= -_4 __3
f)sin 6 = \/95—2,0050 \/5—27,tan0 5
g)smezmjcosg:_ﬁ,
tanGZ—%
h)SiIl@:—%,COSOZ%,taHQ:_%
a)cosAZ%,tanA:%
b)GivencosBZ—%,x:—s,andr:g.
x2+y2:r2
(=5 +y?=8
25+y2 =64
2 =39
y =139
In quadrant III, y is negative.
sinB:—g,tanB:@
c)sinC=\/%,cosC \/%
d)cosDZ@,tanD \/%
e)sinE———‘II?S,t E:_“TS
i)SinF:_icosF:i
V61’ V61
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. ___10 __3
g) sin G Ti09" cos G = 7709

h)sinH——@,ta H——%6
3. a)SinA=%,cosA=—g,tanA:—T31

b) sin B =1, cos B =0, tan B = undefined
. 1 1
= — = —— =—1
¢)sin C i cos C 7 tan C

3 1

d)sinD=—7,cosD=§,tanD=—\/§
e)sinEZ—%,cosEZg,tanEz—T31
f)sinFZ—g,cosF=*%,tanF=\/§

g)sinGZ—\/%,cosGZ—\/%,tanGZI

h)sinH=0,cosH=-1,tan H=10

6. a)sin 0=%,cos(9:%,tan9:%
b)i) (=8, 6)
i) (-8,-6)
iii) (8, —6)
¢)i) sin(180°— 6) = 3, cos(180°— ) =— £,
tan (180°— 6) =3

i) sin(180° + 6) =3, cos(180° + ) =~ 3.

tan (180° + 6) = 5
ii) sin(360° — 0) = — %, cos(360° —0) = %,
tan (360°~ ) =~ 3
d) The ratios are the same except for
the signs. The sine ratio is negative in
quadrants IIT and IV, the cosine ratio
is negative in quadrants II and III,

and the tangent ratio is negative in
quadrants II and IV.

7. a) Since sin A = {3 and A lies in

quadrant [, y =12 and r = 13.

Determine x.

P2 =242
132 = x2 + (12)?
169 = x2 + 144

25 =x?2
x=z5



can A =7 _
Since £ A lies in quadrant I, x = 5. 14.¢) Examplej}sm A=7Fcos A= %7

y tan A =

15.a)sin 0 = —\/%, cos 6= —%, tan 6 =1
b)sinGZ—%,cosGZ—\/%,tan6=2

c)sin6=—\/1i—7,cos(9:—\/%—7,tan0=4

(5,12)

x 16. The tangent ratio is equal to the slope of
the line through the terminal arm.
17.a) 8.7 m b) 5.0 m

1.3 Trigonometry of Angles
1. a) 0.8480, 0.8480

b) —0.4540, —0.4540

b) cos A = 3 tan A = % ¢) 1.6003, 1.6003
5 _12 d) —0.7660, ~0.7660
el e) 0.1392, 0.1392

¢) If the quadrant was not specified,
x could be +5 or — 5, so two cosine
ratios and two tangent ratios would
be possible.

f) 14.3007, 14.3007
g) 0.9063, 0.9063
h) —2.9042, —2.9042

. They are equal; the angles are related

8 sinB=24 tanp=-24 angles in quadrants in which the relevant
25 7 4 trigonometris ratio has the same sign.
9. sinC= 65 ¢ C= o . 21‘))) (())2?6% 3150
10. a) Example: Since sin A > 0 and : e
tan A <0, £A is located in quadrant II. ©) 0.7431; 48
40 d) -0.8391; 320°
b)cos A =—77 e) —0.9063; 205°
¢) quadrant III; cos A = — @ f) —1.4281; 125°
40 g) 0.6018; 53°
d) quadrant I'V; cos A = a1 h) 0.2250; 167°
11.cos D = J%_w tanD =-3 . a)sin 0= 0.5145, cos 6= 0.8575, tan 6= 0.6
12.2) 135° b) sin 0 = 0.8682, cos 6 = —0.4961,
b) 60° t'an 0=-1.75
¢) 45° ¢)sin 0 =—0.3162, cos 6 = —0.9487,
d) 310° tan 0 =0.3333
¢) 245° d) sin 6 =—-0.4472, cos 6 = 0.8944,
f) 130° tan 6 =—0.5
13.2) Yes: 180° - 135° = 360° — 315° e) sin 6 = 0.2873, cos 6 = 0.9578,

b) Yes; 360° —320° = 40°
¢) No; 215° —180° # 45°
d) Yes; 180° — 150° = 210° — 180°
e) Yes; 210° —180° = 360° —330°
f) No; 180° — 125° # 245° — 180°

tan 0 =0.3
f) sin 6 =-0.8137, cos 6 = —0.5812,
tan6=14
g) sin 0 = 0.6, cos # =—0.8, tan 6 =—0.75
h) sin 6 =—-0.8944, cos 6 =—0.4472,
tan 0 =2
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5. a)sin 80° = 0.9848, cos 80° = 0.1736,
tan 80° = 5.6713
b) sin 110° = 0.9397, cos 110° = —0.3420,
tan 110° = —2.7475
¢) sin 200° = —0.3420, cos 200° = —0.9397,
tan 200° = 0.3640
d) sin 324° = —0.5878, cos 324° = 0.8090,
tan 324° = —0.7265
e) sin 47° = 0.7314, cos 47° = 0.6820,
tan 47° = 1.0724
f) sin 192° =-0.2079, cos 192° = -0.9781,
tan 192° =0.2126
g) sin 217° =—-0.6018, cos 217° = —0.7986,
tan 217° = 0.7536
h) sin 345° = —0.2588, cos 345° = 0.9659,
tan 345° =—-0.2679
i) sin 13° =0.2250, cos 13° = (0.9744,
tan 13° = 0.2309
j) sin 270° = -1, cos 270° = 0,
tan 270° = undefined
6. a) 6 =060° 120°
b) 6 = 45°, 315°
¢) 6=60°, 240°
d) 6 =90°
e) 6 =30°, 330°
f) 6 = 45°,225°
7. Determine the reference angle in
quadrant I for which sin 0 = 73 .
Use the special triangles.
sin 6 = g when £ 6 = 60°.
Since the sine ratio is positive in

quadrants I and II, there is another
angle in quadrant II for which

sin 0 = g .
£.0=180°—-60°
= 120°

The angles are 60° and 120°.
8. 120°, 240°
9. 150°,330°
10. 135°, 315°
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11.a) y

T(3,4)

b) Example: Substitute the values
x=3and y =4into x>+ ) =r*to
determine that » = 5. Then, use the values
of x, y, and r to determine the three
primary trigonometric ratios for 2 B.

c) sinB=%,cosB=%,tanB=%

d) Example: Use the inverse of one of
the primary trigonometric ratios, for
example, 2B = tan! (%), and the fact
that 2B is in quadrant I to find the
measure of /B to the nearest degree.

e) /B =53°

f)SinBZ—%,cosB:%,tanB:_%
g)SinB:%,COSB:*%,tanB:—%
12.a) y
1
P(x, y)
> C
~

b) tan~! (0.4663) = 25°, so in quadrant III,
£.C =205°.



13.a) 0 =47°, 133°
¢) 6=120°, 300°
e) 6 =28° 332°
g) 0 =227° 313°
i) 0 = 68°, 248°
k) 6 =79°,281° 1) 6=3° 183°
14.2) 105° b) 170° ¢) 175°  d) 288°
15.a) cos A = 0.4062, tan A = 2.2498
b) sin B = 0.9767, tan B = —4.5535
¢) sin C =-0.9925, cos C =0.1219
16.a) 19°, 161° b) 55°,235° ¢) 138°, 222°
17. a) Since cos 0=§,x= I and r = 3.
Determine y.
242 = 2

b) 6 = 63°, 297°
d) 6= 72°, 108°
f) 6 = 45°, 225°
hy 6= 111°, 249°
i) 6= 252°, 288°

8
=

Therefore, sin 6 = 3 or sin 6 = —

b)Ifsin0=g

6=sin! g
=70.528...
=T71°

The sine ratio is positive in quadrants I

and II. When sin 6 = E 6 ="71°or 109°.

3a
Ifsin0=—§,

6 =sin"! (f ?)

=289.471...°
= 289°
The sine ratio is negative in

quadrants I1I and IV. When
sin 6 :—g, 6 = 251° or 289°.

18. a) Since S is a point on the terminal arm
of /A, x=-5and y =—6. Determine r.

(o)

o0
—~—

o

=52+ (67
=61
sinA=¥, cos A =, tanA=%
_—6 _=5 %6
V61 V61 =5
-6 -5 6
3 a9 5

b) Determine the reference angle, 6, in
quadrant I.

o= tan (9)
=50.194...°
= 50°
The point S(=5, —6) is in quadrant III.
LA =180°+ 26
= 180° + 50°
=230°
¢) From part a), sin A = — L. The sine
ratio is negative in quadrants III and I'V.
Since the point S(—5, —6) is in quadrant
I11, ~ B must be in quadrant IV. The
point T(5, —6) is on the terminal arm of
/B in quadrant I'V. Given T(5, —6),
x =5, and y =—6. From part a), r = V61.

sinB = > cosBZ% tan B =

| ==

7

6 5 ~6
ol YoT 5
RO o

d) Determine the reference angle, 6, in
quadrant I.

(V][

/60=tan! (%)

=50.194...°

= 50°
The point T(5, —6) is in quadrant IV.
/B =360°-2,6

=360°—50°

=310°

2x2-x-1=0
2x+1D(x-1)=0

x=-5or 1

b) If x=sin 6 is substituted into
2x%2—x—1=0, the result is
2sin?9—sin 6—1=0.

c) 2sin?0—sinH—1=0
2sin@+1)sinf—1)=0

sin 6 = —5or 1
When sin =3, 0= 210° or 330°,
When sin 6 =1, 6 = 90°.

19.a)
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20.a) 0°, 180°, 360°  b) 60°, 120°, 240°, 300°

21.sin 6 = A, cos 9=M;
\2a?% + 2b? \2a? + 2b?

a#b

1.4 Solving Problems Using Primary
Trigonometric Ratios

1. a)94m b) 15.1 m ¢) 13.1 km
d)94m e)32.3m f) 13.6 km
2. a)sin@Z%,cosOZ%,tanOZ%;0=37°
b)sinBZ—%,cosGZ%,tan(?:%;
L U S )
c)sm@—@,cose—@,tane—g,
0=067°
d)sin@Z%,cos@Z%,tan@Z%,
0=22°
e)sin 0 = 11?,)3,005021—63,tan9=%;
0= 63°
.15 _ 12 _5.
f)sm(ﬂ—m,cos()—m,tane—4,

0=>5I1°
3. a) £LC=54°,a=260m,c=21.1m
b) /F=42°,d=129cm, f=8.6 cm
¢) £LL=28° k=64km,/=34km
d) LR =90°¢=102m,r=169m
4. 39m
5. 54°
6. The lengths of any two sides or the
measure of one other angle and the
length of any side.
7. a)20cm

8. a)

b) 37°

720 72°
AH—11H B
b) 31 ft
9. 54m

¢) 65 ft
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10. a)

60°
0m A e
b)tan46°={l—(1) tan6°=%
h; = 10 tan 46° h, =10 tan 60°
=10.355... =17.320...
=104 =17.3

When the angle of inclination was

46°, the height of the water was

approximately 10.4 m. When the angle

of inclination was 60°, the height of the

water was approximately 17.3 m.
¢)17.3-104=6.9

The water climbed 6.9 min 15 s, so its

average speed was %, or 0.46 m/s.

11. Example: Measure a distance from the
base of the tower and measure the angle
of inclination to the top of the antenna.
Use the tangent ratio to calculate the
height to the top of the antenna.

12.5in 62° = 1g's

wy = 18.9 sin 62°
w=wy+ w,
=18.9 sin 62° + 12.6 sin 37°
=24.270...
=243
The patio is approximately 24.3 ft wide.

13.2) 8.6 km
b) 90°

14.a) 11.3 cm
b) 70°

15.a) 1.3 m
b) 3.9 m?

16.8.1 ft

17.23.7m

18.57.3 m

) w
sin 37° = +x2-

T 12.6
wy, = 12.6 sin 37°



19. a) Example: Since, AABD is isosceles,

/BAD = ZBDA, which is 45°. Use
this information to determine the
length of AB and then the height, BC,
of the cliff.

30V3

b) %) ft
20.11.0 m
21.14.0 ft
1.5 Solving Problems Using the Sine Law
1. a)15.2cm b) 11.3 m

¢) 43.5 km d) 14.7 m
2. a) §=23° b) 6=61°
3. a)104 m

b) 19.0 cm
4. a) ~,C=61°b=11.5km, ¢ =13.8 km
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b) /ZE=64°,¢e=79m, f=69m

¢) L) =66° 2L =62°,;=29.0cm

d)/P=28°,Q=117°,¢=57.5m

a) 7.8

b) no solution

a)3.1

b) two solutions

¢) /B =44° ,C=99° ¢="74cmor
/B =136° 2C=7°¢=09cm

a) one solution

b) 2Q =90°, ZR =60° r=9.2 km

Since two sides and one angle are known,

and since m < n, check for the ambiguous

case.

LS=m RS=nsin M
=6.7 =12.4sin 26°
=5.435...

LS > RS, so two triangles are possible.

Use the sine law to determine acute ZN;.
sin N} _ sin M
=T m

7l
sin N; _ in 26°
124 = 6.7 .
sin N = 12.4651;1 26
/N;=54.224..°
=542°

If £ N, =54.2°, determine 2 P,.
£P; =180°—(26° + 54.2°)
=99.8°

Determine p;.

Pr _ m
sin P; ~ sin M
P1 _ 6.7
sin 99.8° ~ sin 26°
p1 = 15.060...
=15.1

Determine obtuse £ N,.

£ N, =180°— 4N,
=180°—54.2°
=125.8°

If £N, =125.8°, determine 2 P,.
/P, =180°—(26° + 125.8°)
=28.2°
Determine p,.
Pr _ m
sinP, ~ sin M
P _ 6.7
sin 28.2° ~ sin 26°
py=7.223...
=172
In AMNP, the length of side p could be
approximately 7.2 cm or 15.1 cm.
a) Since b > ¢, only one triangle can be
constructed.
a=17.0cm
b) Since r < s and r > s sin R, two
triangles can be constructed.
t=98mortr=28m

. Determine the measure of 2 C.

£ C =180°—38°—42°
=100°
Detle)rmine the length of side b.
_ C

sin B~ sinC

b _ 10560
sin 42° ~ sin 100°
b= 10 560 sin 42°
sin 100°
b=7175.023...
b=7175.0

The length of side b is 7175 ft.
Determine the height, /2, of the mountain.
% = sin 38°
h = 7175 sin 38°

=4417.371...

= 44174
The height of the mountain is
approximately 4417.4 ft.
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11. Determine the angle at the beginning of 5. a) N
the delta.

£0=180° - 58°—47° A
=75° B 60°
Determine the length of the delta along 70°
) W E
the coastline. 0
x __80
sin 75° ~ sin 47° S
_ 80 sin 75° b) 4.5 km
~ sin47° A
= 105.658... 6. a)
= 105.7
The length of the delta along the coastline 49.4m 42.7m
is approximately 105.7 km.
12.2) ¢ 582m B
b) Determine ZA.
R+ E P
650 399 cos A = b
20 ft _49.4% + 42.7%> - 58.22
cos A = "5 5@ 7)
b) 10.7 ft LA =78°
13.a) Determine /2 B.
sin B _ sin 78°
12 fe 494 — 582
. 5 . _49.4 sin 78°
68 28 sin B = 587
b) 23.7 ft DLB = '5604c
14.2) 126.4 m b) 126.6 m ctermine ~ ¢

¢) Example: The calculated heights of the £C = 180778756

rocket are different; they depend on the 7 37in =46
accuracy of thq measurements of the 8. Ship A is N30°W and Ship B is S40°W.
angles of elevation of the rocket. Determine ~ ACB
15. 5111t £.C = (90° —30°) + (90° — 40°)
= 60° + 50°
1.6 Solving Problems Using the Cosine Law =110°
1. a)l40cm  b)19.6km  ¢)142m Determine the distance AB.
d) 7.4 cm e) 10.4 cm c2=a*+ b*—2ab cos C
2. a)86°  b)80° ¢ 131°  d)38° = 602 + 402 — 2(60)(40) cos 110°
3. a)12.2cm b) 8.8 m =6841.7
4. a) /B=90°, £C=42°,a=134cm c=282.7
b) £J=523° /K =59.4° £ L = 68.3° The distance is approximately 82.7 km.

¢) LP=47°,/Q=56°, /R =77°
d) LE=68°, /F=50°,d=115m
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9. Determine the distance BC. 2. a)
a*>=b*+ 2 —2bccos A
=32+ 52—2(3)(5) cos 25°

=6.810...
a=2.6
The distance is approximately 2.6 km.
10.10°
11. a) Example: Both calculations are correct.
b) B
2m 17 m
AL C
c) B
22 m
17 m
A C

d) Example: This is an example of
the ambiguous case. Since a < b,
calculate b sin A, which is 14.7. Since
a > b sin A, two triangles are possible.
Leslie used one triangle for her
calculations; Kelly used the other triangle.
12.2) 47.3 m b) 77.0 m
13.3.4 mm 14.1204m  15.98.6 km

Chapter 2 Sinusoidal Functions

2.1 Graphs of Sinusoidal Functions
1. (_ 13 ) v4 (0, 1)

|—
(™)

|
BN ov

|

|—

S
N [= ﬁl»—\
&
e
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y =sin x
x Exact Approximate
0° 0 0
o 1
30 3 0.500
1
45° 4 0.707
V2
60° @ 0.866
90° 1 1
120° @ 0.866
1
135° — 0.707
V2
o 1
150 3 0.500
180° 0 0
o 1 _
210 1 0.500
225° 1 ~0.707
V2
240° 7§ 0.866
270° -1 -1
300° ,@ 0.866
315° _ 1 —0.707
V2
330° - % ~0.500
360° 0 0

i~

Yy =sinx

0 30° 60° 90° 120° 150° 1808210° 240° 270° 300° 3305460° *
'

shape past 360°.

¢) Example: The graph will have the same
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4. a) y=cosx
x Exact Approximate
0° 1 1
\/ 30° \/T§ 0.866
b) Example: Press TRACE and use the 1
45° —= 0.707
cursor keys to move along the graph. Or, V2
press 2nd, GRAPH to view a table of 1
values. Or, press 2nd, TRACE, 1, enter 60° > 0.500
an x-value, and then press ENTER. 90° 0 0
¥ y=snx 120° ! ~0.500
x Approximate 2 ’
0° 0 o 1
135 - -0.707
30° 0.5 V2
45° 0.7071 150° - \/T§ 0.866
60° 0.8660
90° . 180° -1 -1
° 3
120° 0.8660 210 ’\/T_ -0.866
135° 0.7071 2050 1 0707
150° 0.5 V2
180° 0 240° -4 0.500
2100 _05 2700 0 0
225 -0.7071 300° % 0.500
240° —-0.8660
270° -1 315° % 0.707
300° —0.8660 NG
315° -0.7071 330° E 0.866
330° -0.5 360° 1 1
360 0 b)

¥y =cosx

d) The values are the same.

0 30° 60° 90°N120° 150° 180° 210° 2405,470° 300° 330° 360° *

¢) Example: The graph will have the same
shape past 360°.
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N/
N

b) Example: Press TRACE and use the
cursor keys to move along the graph. Or,
press 2nd, GRAPH to view a table of
values. Or, press 2nd, TRACE, 1, enter
an x-value, and then press ENTER.

)
y=cosx
X Approximate
0° 1
30° 0.8660
45° 0.7071
60° 0.5
90° 0
120° 0.5
135° —0.7071
150° —0.8660
180° -1
210° —0.8660
225° —0.7071
240° 0.5
270° 0
300° 0.5
315° 0.7071
330° 0.8660
360° 1

d) The values are the same.

6. a) Example: The graphs of y = sin x
and y = cos x have the same period,
amplitude, and maximum/minimum
values, but they have different x- and
y-intercepts.

b) Yes; each x-value corresponds with
exactly one y-value.

¢) Yes; each x-value corresponds with
exactly one y-value.

7. a)[ 71

y =sinx
y = cos x

0 30° 60° 90NJ120° 150° 1808210° 2405470° 300° 330460° *

b) 2

¢) The functions have the same values at
45° and 225° because the x-coordinates
are the same as the y-coordinates at
these points.

i~

Y = Cos x

30°60° 90°J20° 150° 180° 210° 2405470° 300° 330° 360° *
=1

A cosine function models the horizontal
displacement, because the horizontal
displacement starts at 1 m and decreases
to 0 m at 90°, a characteristic of the
cosine function.

y=sinx /-\ /-\
96° 188 Z7‘0° 350° 45‘0" 544° 63‘0“ 7p0° 81‘0° QOWSO"X

A sine function models the vertical
displacement, because the vertical
displacement starts at 0 m and increases
to 1 m at 90°, a characteristic of the
sine function.

tal Displacement (m)
o

b)

N

Vertical Displacement (m)
o

|
—
I
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t (m)

tal Displacement (i

y =sinx

0 36“ 66’ 92)" 120’ 15‘0" 18 21‘0° 24‘0" 27‘0" 360” 3?;0" 60° *
1

A sine function models the horizontal
displacement, because the horizontal

displacement starts at 0 and increases to 1,

a characteristic of the sine function.

}’7
90F 180° 2//0° 360° 45§° 540° 650° 720° 81§° 900° 9$0°1080°
g

A cosine function models the vertical
displacement, because the vertical
displacement starts at 1 and decreases
to 0, a characteristic of the cosine
function.
c)3
. In question 8, the horizontal displacement
was modelled by a cosine function. In this
case, the rotation was counterclockwise
and the angle was measured relative to the
horizontal. In question 9, the horizontal
displacement was modelled by a sine
function. In this case, the rotation was
clockwise and the angle was measured
relative to the vertical.
B BT TR L )

N/
N

ek F=-1.4i4z14

=
~
)

tal Displacement (m

=3

a) sinusoidal
b) There is a maximum of 2,
approximately 1.414, when x = 45°;

minimum of —\2, approximately —1.414,

when x = 225°.
©) V2
d)1
e) 135° and 315°
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f) Each x-intercept is the mean of the
x-coordinates of the maximum/
minimum on either side.

g) Add the coordinates of each point.

12. a) Pi=lsinliinz ﬁ:imﬁ
H=180 =0 H=180 =1

b) Example: Both graphs have the same
amplitude, maximum, minimum,
period, domain, and range, but they
have different x- and y-intercepts.

¢) Example: The relations y = (sin x)? and
¥ = (cos x)? are functions. Use the vertical
line test to show that a vertical line moved
from the left of the graph to the right
of either of the graphs will not intersect
the graph more than once for any of the
x-values.

2.2 Translations of Sinusoidal Functions

1. a)

b) The graph of g(x) is the image of f(x)
after a translation of 30° right, and /(x)
is the image of f(x) after a translation
of 60° left. The function g(x) has a

y-intercept of —0.5 and x-intercepts at 30°

and 210°, whereas A(x) has a y-intercept

of g and x-intercepts at 120° and 300°.

¢) The graph of p(x) will be the image
of f(x) after a translation of 15° right,
and ¢(x) will be the image of f{x) after
a translation of 45° left. The function
p(x) has a y-intercept of approximately
—25.9 and x-intercepts at 15° and 195°,

whereas ¢(x) has a y-intercept of \/%

and x-intercepts at 45° and 225°.



3.

4.

5.

d

AN
N

a’/\ﬁ
f\/

b) The graph of ¢(x) is the image of h(x)
after a translation of 1 up. The graph
of d(x) is the image of b(x) after a
translation of 2 down. The function
¢(x) has a y-intercept of 1 and an
x-intercept at 270°, whereas the
function d(x) has a y-intercept of —2
and no x-intercept.

¢) The graph of f(x) will be the image of
b(x) after a translation of 3 down. The
graph of g(x) will be the image of h(x)
after a translation of 4 up. The function
f(x) has a y-intercept of -3 and no
x-intercept, whereas the function
g(x) has a y-intercept of 4 and no
x-intercept.

d)m

m

a) 60°  b)-90° ¢)-30°
d)—45° €)90° f)45°
a)3{yeR,2<y<4}

b)4;{y e R,3<y<5}
¢)5{yeR,-6<y<—4}

d)-6;{yeR, -7<y<-5}
e)2:{yeR,3<y<-1}
HD1;{yeR0<y<2}

a) phase shift: left 46°; vertical shift: up 2
b) phase shift: left 72°; vertical shift: down 3

¢) phase shift: right 65°; vertical shift: up 4
d) phase shift: right 41°; vertical shift: down 5
e) phase shift: left 27°; vertical shift: down 6
f) phase shift: right 80°; vertical shift: up 1

. a) phase shift: right 32°; vertical shift: up 2

b) phase shift: left 55°; vertical shift: down 4
¢) phase shift: left 73°; vertical shift: down 7
d) phase shift: right 42°; vertical shift: up 3
e) phase shift: right 18°; vertical shift: down 1
f) phase shift: left 64°; vertical shift: down 2

. Example: First, determine the phase shift,

and then apply the phase shift to the
x-intercepts, the maxima, and the minima
of the basic function. Next, determine the
vertical shift and apply it to the key points.

. a) vertical shift: up 2

y

3 y=sinx +2
2]
H

0 96° l§0° 27‘00 3é0° 45‘0 54‘0” 650“ 7i0° x
i
b) phase shift: right 45°
5
2]
17 y = sin (x — 45°)

0 96° 'IS‘O" ‘0" Sé 4§O 54‘0" WO“ *
—1

-2

¢) phase shift: left 30°

y

y = cos (x + 30°)

0 ¢ léO“ 27‘0” 3éO° ‘U 54‘0“ 6‘30° 7iU° x
i
N
d) vertical shift: down 3
y
N
0 96“ 18‘0" 27‘00 3(;0° 4“50 54‘0” 650“ 72‘0;,x

2 y=cosx — 3
_3]
44
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9. a) phase shift: right 25°; vertical shift: up 1

y

y =sin (x —25°) +1

T T T T T T T T
0 90° 180°  270°  360° 450 540° 630° 720° %

b) phase shift: left 35°; vertical shift: down 2

y

14

0 90° 180°  270°  360° 450  540° 6300 720° %

14
_2/\/\/
3

y =sin (x + 35°)-2

¢) For function y = cos (x + 50°) — 3,
d =-50°, and ¢ = —3. Therefore, the
function has a phase shift left 50° and a
vertical shift down 3.

T T T T T T T T
0 90° 180°  270°  360° 450 540° 630°  720° %

2
_3\/\/\
—4 y =cos (x +50°) =3

d) phase shift: right 20°; vertical shift: up 4

y

5 y = cos (x — 20°) +4
34
2

1

T T T T T T T T
0 90° 180°  270°  360° 450 540° 630°  720°

e) phase shift: left 60°; vertical shift: down 2

y

T T T T T T T T
0 90° 180°  270°  360° 450 540° 630° 720°

4
2/_\/\/
3

Y = sin (x + 60°) — 2
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f) phase shift: left 45°; vertical shift: up 3

y = cos (x +45°) + 3

5]
o
N
N
N

T T T T T T T T
0 90° 180°  270°  360° 450 540° 630° 720° %

0. Example: If the constant is in brackets

11.

13.

14.

with the independent variable, it represents
a phase shift. If the constant is outside the
brackets, it represents a vertical shift.

a) y =sin (x + 58°) — 4

b) y=cos (x—67°)+ 5
¢)y=cos(x+41°)-8

d) y=sin(x—15° +2

y = sinx
' y = cos (x —90°)

The sine function is the same as a cosine
function that has been shifted right 90°.
Example:

a) y = sin (x — 60°); y = cos (x — 150°)

b) y =sin (x + 30°) + 1; y = cos (x —60°) + 1
¢) y=sin(x—45°)—2;y=cos(x—135°) -2
Example:

a) yi=risinin

L0

H=za0 Y=

b) i) The graph of y = vVsin x + 2 is the
graph of y = vsin x translated up
2 units.

ii) The graph of y = ysin (x — 60°) is the
graph of y = vsin x translated right
60°.



15. Example:
a) yi=ficesidn

M

H=ZE0 v=1
b) i) The graph of y = vcos x —3 is the
graph of y = vycos x translated down
3 units.
ii) The graph of y = ycos (x + 45°) is the
graph of y = vcos x translated left
45°,

2.3 Stretches, Compressions, and
Reflections of Sinusoidal Functions
1. a)3 b) 4 0}
03 e)3 f2
2. a) k: 2; period: 180°
b) k: 5; period: 72°
¢) k: —4; period: 90°
d) k: -3; period: 120°
e) k: L period: 720°
f) k: %; period: 600°
3. a) vertical stretch by a factor of 3;
horizontal compression by a factor of 1
p y 4
amplitude of 3; period of 90°
b) vertical stretch by a factor of 2;
horizontal compression by a factor of %;
amplitude of 2; period of 120°
¢) no vertical stretch; horizontal stretch by
a factor of 2; amplitude of 1; period
of 720°
d) vertical compression by a factor of %;
horizontal compression by a factor of
%; amplitude of %; period of 60°
e) vertical compression by a factor of %;
horizontal compression by a factor of %;
amplitude of %; period of 90°
f) vertical compression by a factor
of %; horizontal stretch by a factor of 3;

amplitude of %; period of 1080°

g) vertical stretch by a factor of 4;
horizontal stretch by a factor of 5;
amplitude of 4; period of 1800°
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h) vertical compression by a factor
of %; horizontal stretch by a factor of 4;
amplitude of %; period of 1440°

. Example: If 0 < a < 1, the graphs of

fix) = sin x and f(x) = cos x are
compressed vertically by a factor

of %. If a > 1, the graphs of f(x) = sin x
and f{x) = cos x are stretched vertically by
a factor of a. If a = —1, the graphs of

f(x) =sin x and f{x) = cos x are reflected
in the x-axis.

. Example: If 0 < k < 1, the graphs of

f(x) = sin x and f{x) = cos x are stretched
horizontally by a factor of k. If k£ > 1, the
graphs of f{(x) = sin x and f(x) = cos x are

compressed horizontally by a factor of %
If k =—1, the graphs of f{x) = sin x and
f(x) = cos x are reflected in the y-axis.

/\3 sin x

0 90° 18§°  270°  360° 450 54K 630°  7p0° *
—

—2

NEY

. a3

v lels

1
b) 5
¥
5]
H y= % cos x
0 90T ~480=—570°  360° 450 ~$40—"630° 720° *
]
a) 120°
y
11 y = sin 3x
T T T x
0 0° 18v270° 360°
_1_
b) 720°

i y=cos%x

0 360° 720° 1080° 1440°%
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8. a) amplitude: 3; period: 90°

Y
3]
2 y =3 sin 4x
1_
0 9pe 1$0° ¥
_1_
—2]
43_

b) amplitude: 1.5; period: 720°

N

y= |.5S|n‘2

0 36’})"\/()“ 105\/@0“
1

¢) amplitude: 2; period: 2160°

y
21
1\ y= ZC<>5 9/\ /

0 540° 1080° 1620° 2160°%
1
ey

d) amplitude: 7; period: 120°
= l cos (3x)

|
/\ v

OJ Neoe” 1200 Neo’ 2400

-1

9.a)/\ /\
VARV,

b) WIHOOIL
Amin=a
amax=1448
Ascl=9a
Ymin=-2
Yrax=2
Y=ol=.5
Aares=1

WTHOO
Anin=a
Anax=128
nscl=13
Yrin=-3.5
Yrax=3.5
Yeol=.5
nres=1

W I OO
#min=a
mmax=43268
Ascl=156
Ymin=-2.5
Ymax=2.5
Yeol=.3
Hres=1

RNWAW/
VARV
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WIHOIOL
Emin=E
Bmax=248
#=cl=15
Ymin=-. 79
Ymax=.r7ro
Veol=.5
wres=1

"N/
VARV,

10. a) x-intercepts and period do not change;
amplitude and maximum/minimum
values change; y-intercept changes for
y = cos x, but does not change for
y =sin x

b) x-intercepts and period change;
amplitude and maximum/minimum
values do not change; y-intercept may
change

11.y = 65sin % x; there is also a cosine
equation: y = 6¢os %(x -90°)
12.a2) y = %cos 2x
b) f(x) = —4 sin 2x
_ 1
¢) fix)= (cos X )

13. a) maximum: e minimum: — e amplitude: %;
period: 180°; domain: {x € R} ; range:
{y e R, —% <y< % }; x-intercept: 90°;
y-intercept: %

b) maximum: 4; minimum: —4; amplitude:

4; period: 180°; domain: {x € R};
range: {y € R, -4 <y <4 }; x-intercepts:
0°, 90°, and 180°; y-intercept: 0

¢) maximum: %; minimum: —%;

amplitude: %,perlod 1800°; domain:
{x € R}; range: {y € R, —%<y<3}

x-intercept: 900°; y-intercept: %

14. a) Example: The graphs of f{x) and g(x)
will intersect five times, at x = 0°, 120°,
360°, 600°, and 720°.

b) g(x) = sin (% x)
€) M=sinii

L
R

n=za0 =i




15. Example: The graphs of /i(x) and k(x) will

16. a) physical: y = sin ( 73

intersect seven times, at x = 0°, 120°, 240°,
360°, 480°, 600°, and 720°.
T=Cosiid

H=za0 =1

360° t);
emotional: y = sin (%go l);

intellectual: y = sin (32(3)0 t)

b) WTHOO
Anin=a
Anax=24
nscl=5
Yrmin=-1.5
Yrax=1.5
Y=cl=1
Ares=1

¢) Example: days 6, 75
d) Example: days 20, 61, 89

2.4 Combining Transformations of

Sinusoidal Functions

1. a)3 b) 4 01 d) 1
2. a) 180° b) 1080° ¢) 1440° d) 120°
3. a) amplitude: 5; period: 90°

b) amplitude: 2; period: 720°
¢) amplitude: %; period: 60°

d) amplitude: %; period: 480°

a) amplitude: 3; period: 180°; phase shift:
20° right; vertical shift: 5 units up

b) amplitude: 4; period: 120°; phase shift:
50° left; vertical shift: 2 units down

¢) amplitude: 2; period: 40°; phase shift:
40° left; vertical shift: 4 units up

d) amplitude: %; period: 900°; phase shift:
30° right; vertical shift: 1 unit down

a) amplitude: 8; period: 90°; phase shift:
45° left; vertical shift: 3 units down

b) amplitude: 5; period: 60°; phase shift:
38° right; vertical shift: 7 units up

¢) amplitude: 7; period: 12°; phase shift:
75° left; vertical shift: 5 units down

d) amplitude: %; period: 480°; phase shift:
67° right; vertical shift: 8 units up
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6. a) Example: Apply the amplitude of 4,

apply the vertical shift of 1 unit up, and
apply the horizontal compression by a
factor of 3

g(x) = 4sin Sx + 1

VUL

36“ 66 96“ iO“ 50” 1é ° 210° 24‘0“ 7‘0" 30‘0B 3 ‘0" 3 ‘0" *
—1
3

b) f(x): domain: {x € R}, range:
{y e R,~1 <y <1}; g(x): domain:
{x €e R}, range: {y e R,-3<y<5}
¢) h(x) = 4sin [S5(x + 30°)] + 1

= W R 2

o

[\

7. a) Example: Apply the amplitude of 3,

apply the vertical shift of 2 units down,
and apply the horizontal compression

by a factor of %

flx) = cos x

g(x) =3 cos4x — 2

b) f(x): domain: {x € R}, range:
peR -1<y<l}
g(x): domain: {x € R}, range:
{peR, -5<y<l}

¢) h(x) =3 cos[4(x—45°)]-2

Y

flx) = cos x hix) = 3 cos [4(x — 45°)] — 2

glx) =3 cosdx — 2
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8.

10.

11.

Example: Apply the amplitude of 3,
the vertical shift of 5 units up, and the

horizontal compression by a factor of %

Example: Apply the amplitude of 5, the
vertical shift of 2 units down, and the
horizontal compression by a factor of %
a) amplitude: 5; period: 120°; phase shift:
60° right; no vertical shift
b) maximum 5; minimum —5
¢) 30°; 90°
d) -5
a) Previously, equations have been written
with the number multiplying x outside
brackets. For example,
y =sin [3(x —45°)].
b) 30° to the right
Ascl=15
Ymin=-1.25

)
{TAWA
ARVERVE::- -

Hres=1

W THO0
“min=g
Amax=36A

d) Take a common factor of 2 from the
expression in the brackets.
y =sin [2(x - 30°)]

12. a) amplitude: 4; period: 180°; phase shift:

15° left; vertical shift: down 2 units
b) maximum: 2; minimum: —6
¢) 60°; 180°
d)o0

13. a) Apply the amplitude of 3, and translate

the function 90° to the right.

b) y-intercept: —3; x-intercepts: 90°, 270°;
maximum: 3; minimum: —3; period:
360°; amplitude: 3; domain: {x € R};
range: {y e R, -3<y<3}

g(x) = 3 sin (x — 90°)

TR b g

T T T T T T T T T T T T
0 }/6()" 90° 120° 150° 180° 210° 240° 270° 30(]“\»@0" x
—1

NN

Amax=136H
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14. a) Apply the vertical shift of 1 unit down,

and apply the horizontal compression

factor of %

b) y-intercept: 0; x-intercepts: 0°, 180°,
360°; maximum: 0; minimum: —2;
period: 180°; amplitude: 1; domain:

{x e R};range: {y e R,2<y <0}

o)

g(x) = cos 2x

T T T T T T T
180° 240° 240° 270° 300° 3 360°
-1

x

d) WIMOOL
Hmin=A
Emax=364
“scl=15
Ymin=-2.
Wmax=.5
Yzol=.5
Hres=1

3

15. a) Apply the amplitude of 4, the vertical

shift of 3 units up, the horizontal stretch

of factor 2, and translate the function

40° to the right.

b) maximum: 7; minimum: —1; period:
720°; amplitude: 4; domain: {x € R};
range: {y e R,-1<y <7}

©)

glx) = 4sin [%(x 3 400,] 13

TP P PR

i

T T T T T T T
90° 180°  270°  360° 450 40° 630°  720°

x

d) W IHOO
Amin=a
Amax=rz8
Ascl=43
Ymin= -2

A Yman=g
Y=ol=1]

Ares=1

16. a) Apply the amplitude of %, the vertical

shift of 2 units down, the horizontal

compression of factor %, and translate

50° left.

b) maximum: —1.5; minimum: —2.5; period:

120°; amplitude: %; domain: {x € R};

range: {y € R,—%Sys—%}




o 300 600 90° 120° 150° 180° *

N glx) = %cos [3(x +50°)] - 2

d) W IHOOL

Amin=a

nmax=136
17. Example: Start with y = cos x, then

necl=13
Ymin=-3
increase the amplitude to 15, shift the

“rmax=a
Vecl=1
Ares=1

graph vertically 2 units, and compress the

graph horizontally by a factor of 158
18. Answers may vary.
19. Answers may vary.

2.5 Representing Sinusoidal Functions
1. a) Example: The graphs are the same.
b) Example: The graphs are the same.
2. a) y = 3 sin 2x; yes, any function of the
form y = 3sin [2(x —d)] + ¢

b) amplitude: 3; period: 180°; maximum:
3 + ¢; minimum: —3 + ¢; y-intercept: 0 + ¢

¢)

= o

il
UV

3. a)y= 4 sin 2x no, only one equation is

possible.
b) amplitude: %; period: 720°;
1

maximum: %; minimum: 7 y-intercept:

0; x-intercepts: 0°, 360°, 720°

C y
) 0.59 1.1
yTgsinyx

0 90° 180°  270°
~0.59

360° TASO—5d0 6507 720° ©

4. a) Example: y = 6 cos 3x; any function of

the form y = 6 cos [3(x — d)]+ ¢

b) amplitude: 6; period: 120°; maximum:

6 + ¢; minimum: —6 + ¢; y-intercept:
6+c¢

5.

6.

7.

8.

a) Example: y = %cos % x; any function of
the form y = %cos [%(x— d)l +c

b) amplitude: %; period: 1080°; maximum:

% + ¢; minimum: —% + ¢; y-intercept:

1.,

a))§= 4sin[2(x +45°)]—1.5

b) y=4cos2x—1.5

¢) Example: The cosine function is easier
to use because there is no horizontal
shift.

d)

2‘\ 4 sin [2(x +45°)] — 7
14

0 30 6£)° 96° 12‘0" 5‘0"]8‘0""

a) Example: Plot the maximum point.
Since the period is 120°, there will be
another maximum at (150°, 3). There
is a minimum halfway between the
maxima. Since the amplitude is 5 and
the maximum is 3, the minimum is —7.
Plot a minimum point at (90°, —7). Join
the points with a smooth curve.

b) [ 3

¢)y=5sin3x—-2

d) y = 5 cos [3(x — 30°)] -2

a) W T HOOL
Amin=a
Amax=3H
wscl=3H
Ymin=-5
Ymax=5
Yeol=1
ares=1

The graph of f(x) is the same as the
graph of g(x) after a phase shift of 30°
right.

b) 30° right ¢) g(x)=4sin x
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9. The equation of the sine function is of
the form g(x) = a sin [k(x — d)], since the
sine function does not have a vertical shift.
The cosine function will have the same
amplitude and period as the sine function,
so a =4 and k = 3. Thus far the equation
is y = 4 cos [3(x — d)]. Determine the phase
shift. Sketch a graph of the sine function
to find d.

M=4sinLI0H- 3000 WIHOOL
Bmin=g

Anax=248
nacl=15

Ymin=-5

Ymax=5

Yazl=1
1=y

Ares=1

H=izn

Since the first maximum occurs at 60°, the
phase shift is 60° to the right, so d = 60°.
A cosine function that models this
function is y = 4 cos [3(x — 60°)].
10. f(x) = 5cos 2x
11. a) amplitude: 2; maximum: 1; minimum:
—3; vertical shift: 1 down; period: 720°;
phase shift: 45° right

by y=2sin | § (x—459| -1

12. a) Example: If the maximum is 6 and the
amplitude is 4, the minimum is —2 and
the vertical shift is up 2. If the maximum
is at 45° and the period is 180°, there is
no phase shift.

b ]

4

24

o] 30° 60° 90° ng‘o" i
_2_
©) y=4sin2x+2; y=4cos [2(x-45°)] + 2

13. 3= 3sin [2(x + 559)] - 5
14,y =1 cos [} (x+ 389 +2

15,y =Tsin [} (x +20%)| -3
16. y =3 cos [-4(x - 49°)] +2
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17.a) y = 3 sin 2x) + 2

b) y = 3 cos [2(x — 45°)] + 2

18. a) The minimum value is —2 and the

maximum value is 4. Determine the
amplitude, a.

_4-(2
)

_6

=2

=3

The amplitude is 3.

The period is 180° and the graph is
horizontally compressed by a factor

of %, sok=2.

The graph is shifted 45° to the right, so
d=45°.

The vertical shift is 1 unit up, so ¢ = 1.
The equation of the transformed graph
is y = 3 sin 2(x —45°)] + 1.

b) The equation of the sine function is of
the form g(x) = a sin [k(x — d)] + c.
The cosine function will have the
same amplitude and period as the
sine function, so ¢ = 3 and k = 2.
Therefore, the equation becomes
y =3 cos [2(x —d)] + c. Since the first
maximum occurs at 90°, the phase
shift is 90° left, so d = —-90°, and
therefore the equation becomes
¥y =3 cos [2(x +90°)] + ¢. The vertical
shift is 1 unit up, so ¢ = 1. A cosine
function that models this function is
y=3cos[2(x +90°)] + 1.

19.a) y = 5cos 30x + 13

b) y = 5 sin [30(x + 3)] + 13

90°(1 + 4
20. a) (d + %, a+ c), where 7 1s an
integer
90°(3 + 4
b) (d + %, c— a), where n is an
integer

n360°

21.a) (d +erat c), where 7 is an integer

°(1+
g+ 18020520 )

integer

, Where n is an



2.6 Solving Problems Involving Sinusoidal

1.

4.

Functions
a) Example: The graph models a periodic
function. The values along the vertical
axis are in a repeating pattern.
b) 11.5°C

¢) 360 days; the period represents one year.

d) Example: The temperature is less
variable.

a) LIHDal
Amin=A
Amax=2E
nscl=1
“Ymin=-5
“max=5
Mecl=1
Ares=1

Y1=EsinZ0CH-4al+2 /\

Y=z

n=in

b) maximum height: 7 m; minimum
height: -3 m

¢) high tide at 7 a.m. and 7 p.m.; low tide
at 1 a.m. and 1 p.m.

d)4.5m

e) Example: The amplitude, vertical shift,
and period are the same, but the phase
shift is increased by 3, which is % of the

period. A(t) = 5 cos [30(z — 7)] + 2

a)[ )

18

L
i

N
1

Temperature (° C)

|
Qo

—124

Month

b) Example: The graph appears to model a
periodic function. The values along the
vertical axis are repeated.

¢) Example: y = 18 sin[30(x — 2)]+ 6

a) maximum 700; minimum 300

b) maximum in February; minimum in
August

¢) 693

d) March, November

e) Example: There is low attendance
during the summer when school is not
in session.
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5. a) Example: The range is

{y € R, 1<y <4}, as shown by the
maximum and minimum in the graph;
the amplitude is 1.5, half of the
difference between the maximum and
minimum; the vertical shift is up 2.5.

b)3.6;100  ¢) y=1.5sin 100x + 2.5
- ) h(x)
0° 5
30° 9
60° 20
90° 35
120° 50
150° 61
180° 65
210° 61
240° 50
270° 35
300° 20
330° 9
360° 5
WIHDO Y4=Z05ini-000+ 35
Amin=g
Amax=36HE
#ecl=3A
“min=g
“max=re y};ﬁgﬁf
“acl=1H
Ares=1 wzag ¥=3E

The maximum height is 65 m and the
minimum height is 5 m.
b) The start of the first cosine wave is
at 180°, so the phase shift is 180° to
the right. The period, amplitude, and
vertical shift remain the same as in
the given sine function. A cosine
equation that models the height is
h(x) = 30 cos (x — 180°) + 35.
¢) The period is 360°. The diameter of the
Ferris wheel is 65 — 5, or 60 m.
Determine the distance travelled in one
revolution.
C=nd
=60n
There are 60 s in 1 min.
Determine the speed.
Speed = distance + time
=60n + 60
=n
=3.1
The speed of the rider is approximately
3.1 m/s.
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7. Example: The domainis {n € R, n >0}
because measurements may not been taken
prior to January 1, 2005. The range is
{d € R, 7 < d < 19} because the function
cannot give a d-value outside of this range.

8. a) y =60 sin 10 8007 + 10, k = 10 800

Determine the period, p.
_ 360°

P~k
_ _360°
~ 10800

1
~ 30

The period of the motion is % S.

b) The period gives the time for one
complete cycle, or revolution. The RPM
is the number of complete cycles in one
minute. Each cycle takes % s, so there
are 30 cycles per second. There are 60 s
in 1 min, so there are 30 X 60, or
1800 RPM.

¢) If the speed increased, the RPM would
increase. The period would decrease.
The coefficient on ¢ would increase.

d) The maximum is 70 mm and the
minimum is —50 mm. Determine the
amplitude, a.

_ 70— (-50)
)

=120

-2

=60
The amplitude is 60.

9. Example:
a)y=24cos[180(x—1)]+7
b)1s

10. Example:

a) y = 181 sin [30(x — 3)] + 189

b) domain: {x € R, I < x < 12} because the
data only covers one year; range:
{r e R, 8<y <370}

11. Example:

a) y =8 cos (x—225°)+9.2

b) y = 8 sin (x +225°) + 9.2

¢) The phase shift changes; in part a), the
shift is now 180° either left or right; in
part b), the shift is now 90° to the right.
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12. Example:
a) 12 breaths per minute
b) y = sin (30x)

13. Answers may vary.

14. Answers may vary.

15. Answers may vary.

16. approximately 61 cm

Chapter 3 Model With Vectors

3.1 Vectors
1. a) Scalar; time does not have a direction.
b) Vector; gravity has both magnitude and
direction.
¢) Scalar; temperature does not have a
direction.
d) Vector; velocity has both magnitude
and direction.
e) Scalar; there is no indication of
direction.
f) Vector; weight is a force downward due
to gravity.
g) Scalar; there is no indication of
direction.

2. a) N

A
I
!
I
I
I
:
: 500 km
I
I
I
I
I
!
t

500 km wes
b) N

\135"

400 N

400 N on a bearing of 315°



<

250 kb \°

250 km/h on a quadrant bearing of
S35°E
d) N

80° 50 mph U

50 mph on a bearing of 260°

3. a)scalar b) vector
¢) scalar d) vector
e) vector f) scalar

4. a)25 N on a bearing N40°E;
25 N [N40°E]

b) 8 m/s up; I_/) = 8 m/s [up]

5. a) N30°E b) S30°E
¢) S45°W d) N35°W
6. a) 140° b) 330°
¢) 240° d) 070°
7. Examples:
a)
N
~210°
L/
Scale
1 cm:40 km/h

b) N

Scale
1cm:2 m/s
060°
c) N
Scale R
1cm:25m 40
d) Scale
1cm:200 N

a) No; speed does not have a direction.

b) Yes; force has both magnitude and
direction.

¢) No; sound does not have a direction.

d) Yes; velocity has both magnitude and
direction.

e) Yes; displacement has both magnitude
and direction.

f) Yes; force has both magnitude and
direction.

g) No; mass does not have a direction.

h) No; time does not have a direction.

. Example:

a)i) 200 m/s on a bearing of 310°
ii) 125 m/s on a bearing of 130°
iii) 200 m/s on a bearing of 180°
b) i) 25 km on a quadrant bearing of
N35°W
ii) 10 km in the direction S35°E
iii) 25 km N35°
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10. a) Determine the final position, x km, of

the car:

x2 =72+ 242
=49 + 576
=625

x=25

The magnitude of the displacement
vector is 25 km.
b) Draw a diagram to represent the

situation.
N
7 km
0
24 km

_24
tan 6= A

= tan-1(24

6= tan ( 7 )
= 74°

The true bearing of the car’s
displacement vector is 90° + 74°,
or 164°,

¢) No, the distance is not the same as the
magnitude of the car’s displacement
vector. The car travelled 7 km to the
east and then 24 km south for a total
distance of 31 km.

11. a) Yes; the magnitude of two vectors can
be compared, and the magnitude of one
vector can be larger than the magnitude
of another vector.

b) No; the magnitude of two vectors
can be compared, but not the vectors
themselves.

¢) No; magnitude is a positive
measurement.

12. 2) DC
b) CB
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¢c)i) true ii) true
iii) true iv) false

13. Exam& .
a)i) CD ii) AE
iii) BD iv) BE

b)i) DB ii) CB
iii) GD iv) EB

14.(-5,-2),(-3,4),(2,2),(0,-7), (2,-1)

3.2 Components of Vectors
1. a) horizontal: 6.9 m/s; vertical: 9.8 m/s
b) horizontal: 459.6 N; vertical: 385.7 N
¢) horizontal: 15.8 cm/s; vertical: 12.3 cm/s
2. a) horizontal: 169.0 N; vertical: 362.5 N
b) X = 400 cos (90° — 25°)
3. a) horizontal: 47.0 N; vertical: 17.1 N
b) horizontal: 19.3 m/s; vertical: 23.0 m/s
¢) horizontal: 725.0 m; vertical: 338.1 m
d) horizontal: 75.2 N; vertical: 206.7 N

¢) Example: The values for the horizontal
component and the vertical component
are the same.

d) 300 cos 40° = 229.8; 300 sin 50° = 229.8

¢e) 300 cos 50° = 192.8; 300 sin 40° = 192.8

f) Example: The values for the horizontal
component and the vertical component
of a vector may be calculated using
either the angle to the horizontal with
the cosine ratio for the horizontal
component and the sine ratio for
the vertical component, or by using
the angle to the vertical that is the
complement of the angle to the
horizontal with the sine ratio for the
horizontal component and the cosine
ratio for the vertical component.



5. a)
450 N 7
42°
%
b) 3344 N ¢)301.1 N
6.
475N =
y
35.8°

X

horizontal: 385.3 N; vertical: 277.9 N
7. a) horizontal: 264.9 N; vertical: 140.8 N
b) More force would be required to push
the mower forward.
8. a) N

4

7 km

%

9 km
b) 11.4 km; 38°
9. a) horizontal: 50.9 N; vertical: 31.8 N
b) the angle would decrease; the vertical
force required would decrease
10. a) Determine the horizontal component:
IX| = 160 cos 15°
=154.5
The speed of the shadow is
approximately 154.5 mph.
b) Determine the vertical component:
‘)7] =160 sin 15°
=41.1
The rate of climb is approximately
41.1 mph.

Determine the height after 2 min,

L 4 eiohs — 1
ormh. Height = 41.1 X0

_41.1
— 30
=14

After 2 min, the height of the aircraft is

approximately 1.4 mi.

11.

12.

13.

14.

15.

16.

17.
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Draw a diagram to represent this situation.
N

4
4 km dkm

3 km

Determine d, the magnitude of the
displacement vector: d? = 3% + 42
=9+16
=25
d=5
Determine 6, the direction of the
displacement vector: tan 6 = %

6=tan! (%)

= 36.9°
The displacement of the ship can be
represented by a vector with magnitude
5 km and approximate direction S36.9°E.
Determine the eastern component:

73| = 50 sin 25.7°
=21.7
The eastern component is approximately

21.7 km.
Determine the northern component:

| Fy| = 50 cos 25.7°

=451
The northern component is approximately
45.1 km.
horizontal: 110.2 N; vertical: 68.9 N
a) horizontal: 29.1 m/s; vertical: 136.9 m/s
b) 2738.8 m
a) 32 909.0 kg'm/s south, 19 000 kg'm/s east
b) No, because we do not know the mass
of each car
force perpendicular to the surface of the
ramp: 123.6 N; force of friction, parallel to
the surface of the ramp: 40.2 N
a) 949 N, 284.7 N
b) 18.4°
¢) Yes, because the vertical and horizontal
magnitudes of the force would also
change
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3.3 Adding Vectors

1.

a) 8 cm

b) Tomi

) 3N

a) distance travelled: 140 m; displacement:
80 m

b) Different; the distance travelled is a
scalar quantity and has magnitude
140 m; the displacement is a vector
quantity, 80 m to the east.

¢) The vectors would need to be parallel
and in the same direction.

a) i)

iii)

b) The resultant vectors are the same.
atb+i=b+i+a=c+a+b

a) ég

b) AB

c) gé

d) BC
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a) They are the same.

b) The endpoints of the resultant are the
tail of the first vector aﬂ) the ﬂ)) of
the second vector. For AO + OC, the
resultant is AC.

a)b=d+¢

' b)e=f+d

a)ﬁ

b) BD

c) éB
a) HG

b) EF

¢) EG

d) 0

a) Join the tail of vector # to the tip of
vectorv.

N
+
<

.

#i=5N
Determine the magnitude of the
resultant vector, i + v:

@ +v)* = @)>*+ ()
— 52 + 72
=25+49
=74
u+v=2_8.6
The magnitude of the resultant vector
i + v is approximately 8.6 N.
b) Determine the direction of the resultant
vector, i +V:
Let 0 be the angle between vector # and
the resultant vector, @ + .

tan 6= %
6= tan! (%)
= 54.5°

The direction of the resultant vector is
approximately 54.5° counterclockwise
from the horizontal.

10. a) Complete the parallelogram that has

# and Vv as two of its sides and two
other sides @ and b, such that @ and i
are equivalent vectors and b and v are
equivalent vectors.



Join the tail of # to the tip of b to find
the resultant vector, u# + b.

a

Y

+

S
S

u=4m/s

Determine the magnitude of the
resultant vector, i + b:
@ +b) = @) + )

- 42 + 62

=16 + 36

=52
u+b=7172

The magnitude of the resultant vector
ii +b is approximately 7.2 m/s.

b) Determine the direction of the resultant

vector, u +V:
Let 6 be the angle between vector u
and the resultant vector i +b.

tan 0= %
6= tan! (g)
= 56.3°

The direction of the resultant vector is
approximately 56.3° counterclockwise
from the horizontal.

11. a) Join the tail of vector i to the tip of
vector V.

u=40N

Determine the angle between # and v:
0= 180° —38°
= 142°

Use the cosine law to determine the

magnitude of the resultant vector, u + v:

@@ +7V)> = @)>+()*— 26) ) cos 0
=402+ 60— 2(40)(60) cos 142°
= 8982.45

u+v=9438

The magnitude of the resultant vector

i +V is approximately 94.8 N.

b) Use the sine law to determine the
direction of the resultant vector, u +v:
Let « be the angle between vector # and
the resultant vector, u + V.

sin « _ sin 142°
60 — 9438
. _ 60 sin 142°
SIn o = W
a=229°

The direction of the resultant vector is
approximately 22.9° counterclockwise
from the horizontal.

12. a) 63.6 N
b) 28.8° counterclockwise from the
horizontal
13. a) 50° b) 15.3 km ¢) N37°E
14.46.1 N on a bearing of 160°
15. Example

a) i) AB—*OA+OB

ii) BC—*OB+OC OA+OA

iii) CA CO+OA+OB OB
1V)AB+BC——OA+OB+BO+OC

b)AB+BC ACandAC+ CA=0,
soAB+BC+CA=0

16. a) N3°W b) 2 h 15 min

17. Example: if i and v are parallel,
lii +v| = ii| + |¥|. For all other cases,
lii + 7| < |ii] + |¥| because the shortest
distance between two points is a straight
line.

18. Example: SA + AP will have the same
magnltude and direction as RC + CQ
so SP and RQ are e equivalent vectors.
Similarly, PB + BQ will have the same
magnitude and direction as SD + DR SO
PQ and SR are equivalent vectors.
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3.4 Subtracting Vectors

a) 20N
b)
¢)

2 m/s

a) AB=AC - BC

b)w =V — i

Op=qr,

d) YZ=XZ-XY

. Example: Add the resultant vector to the
opposite of the other known vector, to get
the third vector.

. a) BC

c) GE
. a) EB

b) CB
c) AB
d) AD
. Example
UV UO + OV
UV =0V + U0
UV =0V-0U
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8.

9.

=UO0+0OV
=i +7
__ TV
b) OW = UV
__TV_4,
¢) WO =-OW
=—(V — i)
=5 +i

a)W

u
d) XY =-UV
=—(V —u)
= +ii
—u -y
a) EG = AG - AE
b) CG = FG - FC
¢)HD = BH -DB_
d) CA =-EC-AE

10. 2) CB

b) DB
¢) CE
d) DE

11. Example BC BE - CE BC BD - CD,

12. ) F1

BC AC-AB:BC=AD -AB-CD
101.2 N on a bearing of 169°

b) Fi= 1 =125.3 N on a quadrant bearing of
N76°W

©) E)Z 94.6 N on a quadrant bearing of
S62°W

d) F,=23.2 N on a bearing of 110°

e) El)=232.7 N on a bearing of 081°
13.5T-5Q - QT = ST~ (5G+QT)
=ST-ST
=0

14. The expression is true when the angle

between vectors i and v is 90°.
v

Y
N
+
<

15. a) Example: If b goes south and & goes

S45°W, then b — ¢ will go east.

b) Example: If b goes N45°E and ¢ goes
N45°W, then b — ¢ will go east.

d) |¢| = 7.4 m/s on a bearing of S9°E



3.5 Solving Problems Involving Vectors

1.

a) 19.6 m; N39.0°E

b) 390.5 N; N39.8°E

¢) 65.3 km; S50.0°W

d) 32.3 km/h; N68.2°W

2) 26.3 N
b) 3253 N
a) 8.6 km
b) 144.5°
a) 215.4 km
b) N68.2°W
a) MM km/h
h 435 km/h .
b) 436.8 km/h, N84.7°F
0
a) N
30 km/h
A
i %330o
180 kmm| 240

b) Since 330° —240° = 90°, the vector
triangle is a right triangle.
Determine the magnitude of the

Rl:

resultant velocity,
I R® =1802 + 302
=33300

IR =182.5
Determine the direction of the resultant
velocity:
Let 6 represent the angle from the
resultant Velocity,?, to the wind
vector.

_ 180
tan 0 = ﬁ
—.-1(180
6 = tan (W)
= 80.5°

The direction of the wind is actually
150°. The bearing of Ris

150° + 80.5° = 230.5°.

The resultant velocity, which is

the airplane’s ground velocity, is
182.5 km/h on a bearing of 230.5°.

8. a) Draw a diagram of the situation.

68.3 km/h
0
218.7 km/h
Determine the magnitude of the
resultant velocity, the takeoff velocity:
R =218.72 + 68.3
=52494.58
I Rl=229.1
The magnitude of the takeoff velocity
is approximately 229.1 km/h.
Let 6 be the angle between the resultant
velocity and the ground.
Calculate the value of 6.

_ 683
tan 0= >7¢%

9= tan (83

=17.3°
The takeoff velocity is 229.1 km/h at an
angle of 17.3° counterclockwise from
the runway.
b) In 6 min the aircraft will travel

229.1 X 6%’ or 22.9 km and the

aircraft’s displacement will be 22.9 km
at an angle of approximately 17.3°
counterclockwise from the runway.
9. 4308.1 N; 68.2° above the horizontal
10.417.7 N; N42.1°E
11.665.7 m; N78.9°E
12.47.4 m; 15.1° from the sideline
13. a) 110°
b) 511 km/h on a quadrant bearing of
N33.2°E
14. 5.4 km on quadrant bearing of N2.7°E
15. a) 54 253 N b) 4422.8 N
16. 5.4 units; 292°

Chapter 4 Solve Exponential Equations

4.1 The Exponent Laws
1. 238 b6 ¢) (0.25)

2
T e) (3P 6 % uh?
1 _14 5 S
2. a) P b) c)v d) 7

1 4?2 m2n? 27h12
€) 7,6 Diees ® 79 W5
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10.

11.

12.

125
Wy=lx3=3 b
3
ayn _ (b\
©) (5) =(2)
a) 0.0625 b) —0.0977
¢) 136.3063 d) 1.9882
¢) -9.8415 f) 10.8536
2 11
a) x3 b) m!2
27 32 3
c) s20 d)u’ v2
1 1
&)~ H—n
P2 16¢?
Examples:

a) Applying the exponent laws or using a

- 1
-164
/16

-2

b) Applying the exponenlt laws orlusing a

calculator gives — (%)

calculator gives (%)7 = (%)j

-7

=zorl4
Example: They are both correct. It does
not matter which operation is done first.
Examples:

a);c_izx(sw b)z_zza(5*5)
S _ 40
x3_ 1 @ _
x7 7 x4 a
-

a) Parts 1), iii), and iv) are true for all
possible numbers.
b) part ii); positive and negative square

root; Vx? = | x|
a) 26 b) 43 X
¢) 82 d) 162

a) V100 or approximately 2.511
b) V/30 or approximately 1.763

¢) V2020r approximately 7.368
Example:

93 — (32)3
= 36

272 = (3%)?
= 36
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13.a) divide by 2 or multiply by 5

14.

b)

¢)
a)

b)

¢)

d)

e)

f)

g)

n 27 Result
3 23 8
2 22 4
1 21 2
0 20 1

1

_ -1 1
1 2 5

1

_ 2 1
2 2 4

1

_ -3 1
3 2 3

Example: They continue the pattern.

n \Nn n%
1 1
4 2 2
9 3 3
16 4 4

Example: The resul‘ﬁs are the same.

Conclusion: vt = n 2.

Example: This relationship is true for
all positive values of n. It is not possible
to determine the positive square root

of a negative integer in the real number
system.

n W n%
1 1 1
8 2 2

27 3 3
64 4 4

Example: The results1 are the same.

Conclusion: v/n =n?3.

Example: This relationship is true for all
values of n. It is possible to determine
the cube root of a negative integer or

a positive number in the real number
system.

Example: This relationship is true for
all exponent values that are in the real
number system.



-1 _0
15.3) V—3T[r h b) _(l)x _(l)x
b)r—3—V Y78/ |PTR) |y=0&
i Domain | (xR} | (xER} | (xER}
¢)2.6cm { = | R | ¢ R
YER, | vER, | WENR,
3750 Range
16.a) P = W y >0} y >0} y >0}
b) 2.3 kPa Asymptote | y =0 y=0 y=0
’ y-intercept 1 1 1
750 =
V= >3 y-value 1 1
when 3 5 0.8
d) 2.4 m? x=1
Rate of decreases | decreases | decreases
4.2 Solving Exponential Equations decrease fastest | faster fast
Graphically 3. a)tw
1. a) L 100
121 -
8- il i
4 ’ =i =1
y = 5% _
— Example: The graphs are reflections of
2.0 2 4 each other in the y-axis.
b) Example: 4~ = % and 1* =1 for any
b) y=2* y=5 | y=10* v
1 1
Do real number so 5 = (Z)
omai ER) | IXER} | IxER) 4. Example: As a gets larger, between 0 and
Range {yER, YER, | {y €ER, 1, the graph becomes more flat. Ata =1,
y >0} y>0} y >0} the graph is a horizontal line. As a gets
Asymptote =0 =0 =0 larger than 1, the graph becomes steeper
. 1 1 1 on the right side of the axis.
y-intercept 1\&=D
y-value when ) 5 0 5. a) Example: graph of y = (?)
x=1 b) Example: Yes; there are many
Rate of grows grows grows exponential functions with these
increase fast faster fastest properties.
6. a) Example: graph of y =2*2)

2. a) b) Example: Yes; there are many
exponential functions with these
properties.

7. y=3*
8. y=0.25"
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9. a)x=4

Inkerseckion
n=H f=H1

b) x =2

Inkerseckion
h="g

—

F=.0bazE

10. a) Example: x = 2.25 because 2> = 4 and

23 =8
b) x = 2.3

/
o

Inkerseckion
n=z.zz219z81 Iv=E

11.a)x=2 b)x=4
¢)x=3 d)x=0
e)x=-5 Hlx=2

12.2) 1Moo
amin=g
Bmax=3E
necl=2
Ymin=8
Ymax=5aE84
Yeo 1=584
Ares=1

Y=z Edad nzi™y

d)l:

Inkterseckion
pc e L L Iy e D

The population will exceed 4000 in the
year 2024.

e) If the population grew at 8% per year,
the function would be P = 2500 x 1.08".
If the population were to decrease by 5%
per year, the function would be
P =2500 % 0.95".

13.2) N = 2¢

b)MIHDDM
Amin=@
amax=18
HE

Ymin=8
Vmax=380
Y=z 1=54
Hres=1

Yi1=z2"n

¢) January 9
d) 11 days
14. a) Let v represent the value of the car after
nyears. v =25 000(0.8)"

b)mxnnnm

Y'min=8
Ymax=250848
VY= l= 1aaa
Ares=

FA=ZEOO0C0. B E

= Y=2EO0
b) The coefficient 2500 represents the
y-intercept on the exponential graph.
¢) In the context of this situation, 2500

5 —_—— VSR
represents the population of Smalltown

in the year 2000.
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b) The base of the exponential function is
greater than 1, indicating that the wheel
is speeding up.

¢) i) 1250 revolutions per minute

YA=Z000z B3 (2R

Inkerseckion
=10 Z10A51 JY=2E 0sm

After approximately 10.3 years, the car
will be worth 10% of its initial value.

d) During the first year, the car depreciates
by $5000. During the fifth year it h=1
depreciates by $2048. The value of the ii) 3125 revolutions per minute
car after each year is 80% of its value in
the previous year.

15.a)i) yi=ucziey (‘,'

]

F=1zEn

o Tl o 4 )

b IR, i 4 2R

H=l L 4.3 Solving Exponential Equations
ii) domain {x € R}, range {y ER, y > 0} Numerically

iii) no x-intercept; y-intercept = 4 1. a)3 b) 7
. — c)4 d)0
iv) y=0
v) interval of increase: {x € R} ) e; -3 3 2)3 )
b)i =- - . a) X = X ==
) i) =iy Ow=3 dym=2
e)x=-3 Hx=6
3. a)l.3
b) 1.2
¢) 0.8
K= Y=-.5 3
4. a) X = 3
ii) domain {x € R}, range {y €ER, y <0} b)x=—2
iii) no x-intercept; y-intercept = f% 03
iv) y=0 ©)x= 7
v) interval of decrease: {x € R} d) x =48
16. a) MO 5. a)x=1
Aamin=g b) L.S. =373 R.S. =81~
ﬁma:ifF? =37()-3 =81
scl=
L i = =3 =81
Vit
SC1l= —
weae=] LS. =R.S.

Therefore, the solution is x = 1.
P=Z0002 E1 IR ¢) You can use a graphing calculator and

the Intersect operation or a table of

values to verify your answer to part a).

n=l.EYEEREE _Y=3EPE.NNEL
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x 1.03*

Comment

200 369.355...

Too low. Try a
greater value.

235 1039.316...

Still too low, but
getting closer.

236 1070.495...

Too low, but close.

236.5 | 1086.434... | Close, but high.
This gives a

236.4 | 1083.228... |reasonable
approximation.

For 1.03¥ = 1083, the solution is

approximately 236.4.
7. x 2.05* Comment
15 | 474578... | Toolow Trya

greater value.

16 97 288.5... | Too high.

15.5] 67949.2... | Too low, but closer.

15.6 | 73006.2... | Too low, but closer.
This gives a

15.7| 78439.6... | reasonable
approximation.

For 2.05¥ = 78 440, the solution is

approximately 15.7.

t
8. a) 4 =50 (%)Z
b) 8.8 mg
¢) 12 days
7
9. 3
10.a) x =6
b) L.S. = 254 +3 R.S. = 125%
= D546 +3 = 1253
- 2524+3 - 12518
- 2527 — (53)18
- (52)27 — 554
- 554
L.S.=R.S.

Therefore, the solution is x = 6.
11. a) Example: The equations are identical

if a =2
byx=0,x=1
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12. 2) WIHDOW

L LU Rl P R L el o 1ol

n=n Y=z

b) Yes, this relation is a function. The
x-values do not repeat.

¢) parabola

d) (0, 0.2)

4.4 Points of Intersection

1.

2.

3.

a) (-5, 0.0016)

¢) (1,46 656)

a)x =2,y =409
b) (3, 5%
Example: No, the exponential equation
cannot be solved. The graphs of
y=4>*3and y = 2% 7 do not intersect.
When equating the exponents of a
common base, the variable term cancels
out.

a) y

b) (2, 5 764 801)
d) (7, 262 144)

b) (2, 4)
)x=2
d) Example: Solve using a common base.
e) Example: No; there is no common base.



S. a)MIHDDM

=8~ +1]

f=0 =3

b) (2, 729)

Inkerseckion
n=z

Y=r7ca
c)x=2
d) gx+1l=727x
32x+2 — 33.‘(
2x +2=3x
x=2

e) The results are the same.

6. a) WIMDOW
amin=-3
amax=5
awscl=1
Ymin=-1@
Ymax=S5H08
Yecl=188

ares=1

Inkerseckion
n=1 Y=&r

The point of intersection is (1, 27).

b) 3¥*t2=3x+24
3¥(3)2-3*=24
3¥(32-1)=24

3¥=3
x=1

. a) WD

IntgrFseckion
==z

Y=rzo

The point of intersection is (-3, 729).

b) 9¥=27**5
372,\‘ - 33x+ 15
2x=3x+15

x=-3
. Examples:

a) yi=z~y
n=n =1

b) vi=10"y
n=n =1

. x=-13
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10. a) To solve 2* *3 = 2¥ + 14, graph the
functions y =2**3and y =2+ 14
on the same set of axes on a graphing
calculator. Use the window settings
shown.

W MO

Yezl=1
Hres=1

Use the Intersect operation to
determine the point of intersection of
the two functions.

j?‘/

Inkgrseckion
n=l

Y=16

The two graphs intersect at the point

(1, 16).
b) 2X+¥3=2x+ 14
2¥(2%)-2v=14
2X23-1)=14
2¥7) =14
2X=2
x=1

¢) The x-coordinate of the point of
intersection of the graphs of the two
functions is the same as the solution of
the exponential equation.
11. a) Let n represent the number of years
after 2004. Let E represent the weekly
earnings, in dollars.

n E Ratio of the E-values
0 550.00

1 566.50 1.03

2 583.50 1.03

3 601.00 1.03

4 619.03 1.03
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The equation will be of the form
E = ab". Since successive E-values
increase by a factor of 1.03, b = 1.03.
Since the vertical intercept is 550,
a = 550. Therefore, the function that
models the data is £ = 550(1.03)".

b) The year 2012 is represented by n = 8.
E =550(1.03)}

= 696.72

Taylor’s weekly earnings in 2012 will be
$696.72.

¢) Use graphing technology to graph the
functions £ = 550(1.03)" and E = 850,
and determine the point of intersection.

! =

Inkerseckion
f=14.727 189 LY=BED

Taylor’s weekly earnings will surpass
$850 in 15 years.

12. a) Let n represent the number of years

after the car was purchased. Let V
represent the value of the car, in dollars.

n V Ratio of the V-values
1 12 000

2 9 600 0.8

3 7 680 0.8

4 6 140 0.8

5 4920 0.8

The equation will be of the form

V' = ab". Since successive V-values
decrease by a factor of 0.8, 5 =0.8.
To find the value of a, substitute the
coordinates of one point, such as
(1, 12 000), and the value of b into

V = a(0.8)".
V = a(0.8y"
12 000 = a(0.8)!
_ 12000
4=708
a=15000

Therefore, the function that models the
data is V=15 000(0.8)".



b) For the purchase price, substitute n = 0
into the function.
V=15 000(0.8)"
=15 000(0.8)°
=15000
The purchase price of the car was likely
$15 000.
¢) The year 2010 is represented by n = 8.
V=15 000(0.8)®
= 2516.58
The value of the car in 2012 will be
approximately $2516.58.

13.a) 157.9 kPa

b) 14 min
4.5 Logarithms
1. a)7° =343 b) 24 = 161
c)34=—1 d)2*6=m
e) 50 = | f) b*> = b’
2. Example: Since a2 = a, loga va = %
3. a)logs25=2 b) log, 64 = 6
¢) logy % =-2 d)logg1=0
¢) log 216 = 3 D logs (47)="3
4. a)7 b) 5
c)4 d)-3
e)3 f) 2
5. a)0
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b) Example: No. The algebraic expression
a’=1fora=0,s0log,1=0fora>0,
azl.

Example: A negative base with a

non-integer exponent is undefined, log, 0

has an infinite number of solutions, and

log, x only has meaning for x = 1, in which
case it has an infinite number of values.

a)i) 1 i) 1 i) 1

b) Example: Any base raised to the
exponent 1, is itself; log, a = 1.

a) 2 b) -1
)3 d) 4
e) -2 f) 6

9.

10.

11.

Examples:
2) 155 = 0.01

b) The format 0.01 is easier to use because
it is easier to enter on a calculator.

y
y =3
8- ¥
6_
4
2 y = logz x
T — K
4 - / 2 4 6 8§ 10¥
*2_
_4_
y =10* y = log x
=108 Y1=10a0H)
Sketch of the )V [
graph ' l’
H=l =1 =l =i
. eER
Domain cR X >
R
Range yER,

g >0} VER
x-intercept(s) none 1
y-intercept(s) 1 none
Vertical none =0
asymptote(s)

Horizontal -0 none
asymptote(s) Y
Intervals of ER
: (x ER} X ER,
increase x>0}
Intervals of

none none
decrease

12. Example: (8, 2); the graphs are reflections
of each other in the line y = x.

13. a) Example: Find a value of x that
approximates 5¥ = 13.

b) 1.6
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14.a) 1
b) Example: At y=0,x=1and at y =1,

x=7,s0atx = %,y is less than 0.
c)—-04
15.a) 3
b) i) 3 i) 3
¢) They are the same.
d) approximately 2.73
e) i) approximately 2.73
ii) approximately 2.73
f) They are the same.
g) You can evaluate log, 50 with a
calculator using common logarithms.
log 50
log?2 -
16.2) A = P(1.02)*
b) 17.5 years

Calculate

4.6 Solving Problems Using Logarithms

1. a)logs 14 b) loggy 7

) log% % d) log%(IS)
2. a)1.362 b) 1.369

¢) 0.565 d) —0.627

e) —1.661 f) —6.129
3. a)1.89 b) 0.58

¢) 1.90 d) 53.02

4. ) ¥1=104a0H)

n=1 Y=n
b) 1
¢) 10; 100
5. a) M=1030R 10 A02D
e
n=l [’:I:l
b) 0.5

¢) Example: x = 4 and x = 2; both result in
integral y-values, since x = 2.
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N9

13.3 days
a) A(¢) = 1000(1.05)
b) $1157.63
¢) 14.2 years
a) A(1) = 2000(1.0225)*
b) $2186.17
¢) approximately 20.6 years
a) To determine the pH of lemon
juice, substitute the hydronium ion
concentration for lemon juice into the
equation.
pH = -log [H"]
~log [0.01]
—(2)
=2
Therefore, the pH of lemon juice is 2.
b) To determine the concentration of
hydronium ions in milk, substitute
the pH for milk into the equation.
H = -log [H"]
6 = -log [H"]
-6 = log [H*]
106 = [H"]
0.000 001 = [H*]
Therefore, the hydronium
ion concentration in milk is
0.000 001 mol/L.

10. Let the sound level of the rock concert

speaker be 3; and the sound level of the
symphony, at its peak, be Bi.

Substitute 150 for B and 120 for B; in the
equation.

B2—PB1 = 1010g(1 )

150 — 120 = 10log (,—2)

ot 2]

1y
I

2
log(l—)
I
3 12
10 =1,

_ b
1000 = 7°

Therefore, the rock concert speaker
sound is 1000 times as intense as the
symphony sound at its peak.



11. Let the sound level of a shout be B,.

Substitute 60 for B; and 100 for % in the
equation. :

B>— B1 = 10log (%)

B>—60 = 10log 100

B2 =10log 100 + 60

B2=10(2) + 60

,32 =20+ 60

,32 =80
Therefore, the sound level of a shout is
80 decibels.

12. a) 3162 times as intense
b) 4

13.a) 48%

b) 17.7 years

¢) Example: [(1.04)!° — 1] represents the
increase in part a), and (1.04)! =2
represents when the investment will
double.

14. Example: If the half-life of an element
is 3 years, after 3 years, % of the original
amount will be left.

15.x=-2,x=5

16. Examples:

a) John Napier in 1614

b) pH, decibels, Richter scale,
astronomical apparent magnitude,
musical intervals

¢) 1970

Chapter 5 Polynomial Functions

5.1 Identifying Polynomial Functions
1. a)4 b)2 ¢S5 d)6 e0 H3
2. a3 b1l o2 d)4
3.a)2 b4 o0 d3 el HS
4. a) Yes; the x-values do not repeat.

b) Yes; the x-values do not repeat.

¢) Yes; the x-values do not repeat.

d) No; the x-values have more than one

y-value.
e) Yes; the x-values do not repeat.
f) Yes; the x-values do not repeat.
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11.

g) No; the x-values have more than one
y-value.

h) No; the x-values have more than one
y-value.

Example: The equation contains no

y-variable or the y-variable is squared.

a) Yes; each value of x is mapped onto
exactly one value of y.

b) Yes; each value of x is mapped onto
exactly one value of y.

¢) No; there are two y-values for x = 2.

d) No; there are two y-values for x = 1.

a) polynomial function

b) polynomial function

¢) exponential function

d) rational function

e) not a function

f) sinusoidal function

a) exponential function

b) polynomial function

¢) sinusoidal function

d) square root function

e) polynomial function

f) sinusoidal function

g) polynomial function

Example: No; the exponent is negative.

. Example: Yes, once it is expanded. The

factored form makes determining the

x-intercepts easy.

Examples:

a) These are polynomial functions of
degree 1.

b) The three graphs are of linear functions
with a positive slope, one x-intercept,
and one y-intercept. They all have the
same domain and range.

-4
W

As x — 0, y — o0; a8 X — —00, J — —o0,
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12. Examples: b) domain {r € R, 0 < r < 10};

a) These are polynomial functions, two of range {CER, 0< C<62.8}
degree 2 and one of degree 4. ¢) Example: Similarities: The functions
b) The graphs all appear to be parabolas are both linear, with positive leading
that open up. They all have the same coefficients. Both graphs pass through
domain. The range is restricted by the the origin, (0, 0).
minimum value. Differences: The graph of C(r) = 2nr
¢) has a restricted domain. All points
other than the point (0, 0) are different.
16.a) WINDOW
nmin=8
nmax=1a
=cl=1
Ymin=E
A ﬁma:ia:?ﬁla
SX — o, ) — 00; A8 X — —0, ) — o0, sCl=
13.2) _.I nres=1
=iz

Examples: =t Y=rH.5=9816 .
b) Each has one x-intercept and one b) domain {r € R, 0 < r < 10};
y-intercept. They all have the same range {C € R, 0< C<314.2}
domain and range. For all graphs, as ¢) Similarities: The functions are both
X — o, y — oo, and as x — —0, y — —oo. quadratic, with positive leading
¢) These graphs have no minimum or coefficients. Both graphs pass through
maximum value. The end behaviours the origin, (0, 0).
differ. Differences: The graph of A(r) = nr?
14. Example: For y = 2%, as x — 0, y — oo, has a restricted domain. All points
and as x — —oo, y — 0. For y = sin x, y has other than the point (0, 0) are different.

maximum and minimum values. Both
y =2%and y = sin x have different ranges 5.2 Graphs of Polynomial Functions

from the functions in questions 11, 12, 1. a)7
and 13. b) -5
15.2) WIHDOW ) 0.4
Hmin=0 1
wmax=18 d) i
wecl=] . .
Ymin=g 2. a) i) negative
322"1’":?@ ii) domain {x € R}; range {y € R}
Hres=1 iii) as x — —o0, y — o0;as X — 0, ) — —0
r— b) i) negative

ii) domain {x € R}; range{y ER, y <7}

iii) as x — —o0, y — —o0; a5 X — 00, y — —0
¢) i) positive

ii) domain {x € R}; range {y E R, y >3}

_______ﬂ—f’f iii)as x — —o0, y — o0; a8 X — 0, y — ©
L e, ik B | 1
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3.

4.

5.

6.

a) degree, 4, is even; leading coefficient, 3,
is positive; therefore, as x — —oo0, y — oo,
and as x — o0, y —

b) degree, 3, is odd; leading coefficient, 2,
is positive; therefore, as x — —oo,

y — —o,and as x — o, y —

¢) degree, 2, is even; leading coefficient, —5,
is negative; therefore, as x — —oo,

y— —oo,and as x — %, y — —oo

d) degree, 5, is odd; leading coefficient, —%,
is negative; therefore, as x — —oo, y — oo,
and as x — o, y — —©

e) degree, 1, is odd; leading coefficient, —4,
is negative; therefore, as x — —o0, y — oo,
and as x — w0, y — —o0

f) degree, 2, is even; leading coefficient, 3,
is positive; therefore, as x — —oo, y — oo,
and as x — o, y — o

a) 3; example: As x — —w, y — —0, as
X — o, y — oo, and the graph has three
x-intercepts.

b) 4; example: As x — —ow, y — oo, as
X — oo, y — oo, and has four x-intercepts.

¢) 2; example: As x — —o0, y — —o0, as
X — o0, y — —oo, and has two
x-intercepts.

d) 1; example: As x — —o0, y — 0, as

X — o0, y — —oo, and has one x-intercept.

a) positive; odd degree; as x — —oo,
y — —oo, and as x — o, y — o

b) positive; even degree; as x — —oo,
y — o, and as x — o, y — ©

¢) negative; even degree; as x — —oo,
y—>—oo,andasx—>oo,y—>—oo

d) negative; odd degree; as x — —oo,
y — oo, and as x — o, y — —o0

flx) = x?

=¥z
Sketch

H=i V=i
Degree 2
Type of Function quadratic
Domain {x e R}
Range ER y20)

End Behaviour

as X — —oo, y — o0;

asx — ®, y — ®©

f() =¥

="z
Sketch

LEL] Y=
Degree 3
Type of Function cubic
Domain {x e R}
Range {y € R}

End Behaviour

as x — —oo, y — —00;

as X — oo, ) — 0

flx) = x*

=¥y
Sketch

H=i V=i
Degree 4
Type of Function quartic
Domain {x e R}
Range Y ER.y20}

End Behaviour

as x — —oo0, y — o0;

asx — oo, y — o

a)
fx)=x

=i
Sketch

W= =i
Degree 1
Type of Function linear
Domain {x e R}
Range {y € R}
End Behaviour as X = 00, y = =

as X — oo, ) — 0

b) Example: The key features of the graphs
of f{x) = x and f(x) = x3 are the same.

¢) Example: The key features of the graphs
of f{x) = x?and f{x) = x* are the same.

. a) point symmetry about (0, 0)

b) line symmetry about x =0
¢) point symmetry about (0, 0)
d) line symmetry about x = 0
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8. Example: They have a negative leading
coefficient.

linear
{xe R}
{re R}

as X — —oo, ) — 00,

asx — oo, Yy — —»

quadratic
{xe R}
{reR,y<0}

as X — —oo, y — —0;

asx — o0, Yy — —0

{xe R}
{re R}

as X — —oo, y — o0,

asx — o0, Yy — —0
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¥1=-H"4

quartic
{x e R}
{reR,y<0}

as X — —o0, y — —00;

asx — o, y — —©

9. a)y =—x*+ 2x?— 3 is represented by

graph ii).
b) y = —x3—3x% + 2x — 1 is represented by
graph iv).
¢) y = x> + 2x% — 3x is represented by
graph 1).
d) y = x> —3x + 2 is represented by
graph iii).
P | | s |
-2 -3
-1 -1 2
0 1 2
1 3 2
2 5 2

4
-1 1 -3
0 0 -1 2
1 1 1 2
2 4 3 2




©) First Second Third
x | y |Differences | Differences | Differences
-2 1-8
-11]-1 7
0 0 1 -6
1] 1 1 0 6
2| 8 7 6 6
d) First Second Third
x | y |Differences | Differences | Differences
-2 16
-1 2 -14
0 -2 12
1| 2 -2 0 -12
2 (16 -14 -12 -12

e) The first differences of a linear function
are constant. The second differences of
a quadratic function are constant. The
third differences of a cubic function are
constant.

f) same sign

g) For any polynomial function of degree
n, the nth differences are equal to
anx(n—1) ... x2x1].

11. First Second | Third
x | y |Differences | Differences | Differences
3| %

21 37 =57

-1] 10 =27 30

0] 1 -9 18 =12
1| 2 -3 6 -12
2|11 -9 -6 -12
31-38 27 -18 -12

a) Since the third differences are equal, the
degree of the polynomial is 3.

b) Since the sign of the third difference
is negative, the sign of the leading
coefficient is negative.

12.
13.

14.

16.

17.

18.

¢) The value of the leading coefficient
is the value of a such that
“12=danxXm-1)--- X2 Xx1].
Substitute 3 for # in the equation.
—12=al3 x 2 x 1]

—12 = al6]
—12 = 6a
2=aqa

Therefore, the value of the leading
coefficient is —2.
a)4 b) positive

a)3

b) positive

¢)as x — —oo, Y — —00; AS X — 0, ) —> o0

d) The third differences are equal.

e) This is an odd-degree polynomial,
which has no maximum or minimum
value.

a)4

b) negative

€) as X — —o0, y — —00; AS X — 90, J — —00

d) The fourth differences are equal.

e) This is an even-degree polynomial with
a negative leading coefficient, so there is
a maximum value.

ol

. a) polynomial function of degree 2;

quadratic function

b) second differences

c) 2

d) The number of cameras sold must be
greater than or equal to zero.

e) The x-intercepts, 1 and 8, represent the
profit break-even points.

) $6000

a) S(r) = 15nr%; domain {r € R, r > 0};
range {SE R, > 0}; as x — o0, y —

b) V(r) = Tnr’; domain {r € R, r 2 0};
range {VER, V>0};as x — —o0, y —

Example: Since the leading coefficient is

positive, and the degree is odd, as x — —oo,

y — —oo, and as x — oo, y — .

Example: Because as x — —o0, y — —oo,

and as x — —o0, y — —o0, Or because as

X — o0, y — —oo, and as x — —o0, y — o0,

the graph must cross the x-axis.
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19. a) Example: Because as x — —oo and as
X — o0, y — —o0 O y — oo, there must
be either a maximum or minimum value
for y.

b) Example: If the leading coefficient is
positive, the degree is even, and the
minimum value is greater than zero,
there is no x-intercept. Similarly, if the
leading coefficient is negative, the degree
1s even, and the maximum is less than
zero, there is no x-intercept.

5.3 Comparing Polynomial Functions
1. a) i) W=cH+zaH+LNE-3)

o

n=n ¥=-8

ii) three x-intercepts; no maximum or
minimum point; one local maximum
and one local minimum point

iii) x =2, x =1, x = 3; the
x-intercepts fall where each factor is
equal to zero.

b) i) =-ciszaE+ZICH-10T

n=o Y=-B

ii) three x-intercepts; a maximum
point; one local maximum and one
local minimum point

iii) x =3, x =2, x = 1; the x-intercepts
fall where each factor is equal to zero.

€) i) T=CH+YIZCH-1IH-2]

/_%aj

=i Y=ug

ii) three x-intercepts; a minimum point;
one local maximum and one local
minimum point
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. a)yi=s

iii) x = -4, x = 1, x = 3; the x-intercepts
fall where each factor is equal to
zero.

d) i)

ii) two x-intercepts; no maximum
point; one local maximum point

iii) x = —1, x = 1; the x-intercepts fall
where each factor is equal to zero.

. a) degree: 3; positive

b) degree: 4; negative
¢) degree: 4; positive
d) degree: 4; negative

. a) x-intercepts: x = —3 (odd order),

x =—1 (odd order), x = 2 (odd order)
b) x-intercepts: x = —2 (even order),

x = 1 (even order)
¢) x-intercepts: x = —3 (even order),

x = 2 (odd order)
d) x-intercepts: x = —2 (odd order),

x =1 (odd order), x = 3 (even order)

. a) zeros: x = —3 (order 2), x = 1 (order 2),

x =3 (order 1)
b) zeros: x = -2 (order 3), x = 4 (order 2)
¢) zeros: x = —1 (order 2), x = 2 (order 1),
x = 3 (order 2)
d) zeros: x = —4 (order 1), x = 1 (order 3)

. Example: If the degree of the factor is

odd, the graph crosses the x-axis; if the
degree of the factor is even, the graph just
touches the x-axis.

. a)even

b) odd
¢) neither
d) neither

n=0 Y=0



M=nz 8. a)rti=n~z-u
H=0 (e K= Y=
=y x-intercepts: x =—1, x =0, x = 1;
no maximum or minimum point;
local maximum = 0.38;
local minimum = —0.38
b) i=4"z+H 228
n=n Y=
=8y
b Y=
x-intercepts: x =2, x=0,x=1;
- - no maximum or minimum point;

local maximum = 2.11;
local minimum = —0.63

b) f(x) = x: degree: 1; as x — —o0, y — —,
C) ¥=H"Z+EHT+TH-0

and as x — o, y —
f(x) = x?: degree: 2; as x — —o0, y — oo,
and as x — o0, y —
f(x) = x3: degree: 3; as x — —o0, y — —0,
and as x — o, y — o
f(x) = x*: degree: 4; as x — —0, y — oo, o -
and as x — o, y —

¢) Example: As x — —0, y — —o0, and as
X — 00,y — 00,

d) Example: As x — —o0, y — o0, and as
X — w0, Yy — oo,

e) Example: Prediction:
f(x) = x°: degree: 5; as x — —o0, y — —0,
and as x — o, y —
f(x) = x5 degree: 6; as x — —o0, y — oo,
and as x — o, y — o

f) ¥1=Hc

x-intercepts: x = -3, x = 1; no
maximum or minimum point;
local maximum = 0;
local minimum = —9.48

d) ¥i=-H"y+pNz-15

bHL Y=-1h8
x-intercepts: x =2, x = 2;
maximum = 0; local minimum = -16
. b) Example: The graph of a polynomial
of degree 4 has the same end behaviour
as the graph of a quadratic function,
but can have more x-intercepts and
a local maximum or minimum. The
graph of a polynomial of degree 5 has
b 3 the same end behaviour as the graph
of a cubic function, but can have more
x-intercepts, local maximums, and local
minimums.

n=n Y=
Y1=x"8

n=n =0
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10. a) yi=zx-1 ,V/
w=i %:-1

b) Each function has one x-intercept.
¢) The maximum number of x-intercepts
that a linear function can have is one.

Y

H=n F=-1

b) f(x) = 2x? — 1: two x-intercepts;
g(x) = 2x% one x-intercept;
h(x) = 2x? + 1: no x-intercepts

¢) The maximum number of x-intercepts
that a quadratic function can have is
two.

12. a) yy=p~z-zuz-1 /i
S

™

b) f(x) = x> — 2x? — 1: one x-intercept;
g(x) = x> — 2x% two x-intercepts;
h(x) = x3—2x? + 1: three x-intercepts
¢) The maximum number of x-intercepts
that a cubic function can have is three.

13)VM
n=0 W

b) f(x) = x*—2x? + 2: no x-intercepts;
g(x) = x*—2x? - 1: two x-intercepts;
h(x) = x* — 2x%: three x-intercepts;
k(x) = x*—2x2 + 0.5: four x-intercepts

¢) The maximum number of x-intercepts

that a quartic function can have is four.
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14.a) zeros: x =3, x=-2,x=2,x=3

b) even; satisfies the property that
J(=x) = f(x)

15.x=1.28

16. Example: For a function to be odd, it must
have point symmetry about the origin. If
a function has a constant term, it cannot
have point symmetry about the origin.

17. Example: Even functions can have a
constant term because a constant moves
the graph vertically up or down; the
function still has line symmetry about the
y-axis.

5.4 Evaluating Polynomial Functions
1. a)248
b) -4
c)8
d) -4
e)?2
f)-2
2. a)291
b) 1587
¢) 61
d) 613
e) 21
f)-3
3. 2)2.67
b) -0.83
) 10.5
d)—70.83
e)0
0.17
4. a)-7.33
b) 14.25
¢) 33
d) 81
e)—0.33
f) 5.67
5. a)5
b) 42
04
d) -84
6. a)71
b) 658
¢) 264
d) 8
e) 365
f)-5
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. a)i)0 ii)-5 idii)l iv)-5 v)4

b) Example: The y-intercept is the
constant term of the polynomial
function.

. a) i) Y1=Hy-zH~3+3H-5

n=0 \{'5

ii)-iv) y = -5
b) y=-5
- 2) WINDO

Amin

Hres=1
=0 02u"2+0 EXT+0, B+

n=r.44eH0BE LYS2EA916EY o

b) 1= -0.0z8>3+0.582+0 542

n=Y Y1078
10.72 bacteria per hour
©) =00 Z a0 ERE+0 B+

n=1t Y=E4y.k
54.5 bacteria per hour
d_H W™ 10h
h CnL I
7

11 41.zH

iz HE.4Y4

1z 49.08

1Yy Lo

itc Ey.t
wn=1Q

10.2) WINDOW

12.a)

n=A

15
~1=1
Ymin=@
Ymax=2A0A
Yezl=1
Ares=1

F1=HZE =2 R ZE=2H)

-

n=l00EE181 _YSREE P1EER

Ara

b) ¥=RiZE-zlIzE-2H]

n=110 Y=rEn

If x = 10, then V(x) = 750. The volume
of the box is 750 cm?.

¢) Substitute 10 for x in
V(x) = x(25 — 2x)(35 — 2x).

1(10) = 10(25 — 2(10))(35 — 2(10))

10(25 —20)(35 - 20)

10(5)(15)

=750
The volume of the box when the
side length of each square is 10 cm
is 750 cm?.

d) Use the table of values on the graphing
calculator. For the required volume of
the rectangular box to be 1875 cm?, the
size of the squares to be cut from each
box should be 5 cm.

11.2) V =2nr3

b) approximately 785 cm?
¢) approximately 3.2 cm

X
2x + 3
b) 4 = x(2x + 3)
¢) 44 m?

d) approximately 4.3 m
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13.2) f(2)=2,2(2)=2,1(2) =2

b) Example: The three values are the same.
The graphs of the three functions will
intersect at the point (2, 2).

c) ?1:3:-:-&\(\ /J(
H=Z { }é/
d)whenx=2,y=2

14.2) V5

b)1—16
c)2—87
d) 55

15.2) f(a) = a*> + 2a

b) f(x+2)=x>+6x+38
) f(x—3)=x>2—4x-3
d) f(x2 + 2x) = x* + 4x3 + 6x2 + 4x

5.5 Solving Problems Involving Polynomial

1.

Functions

a) 40.4 ft

b) 27.5 ft

¢) 0 ft

d) approximately 6.1 s

a)459m

b) 249.9 m

¢)10s

d) Example: Time cannot be negative.

a) $242 580

b) $264 000

¢) approximately 17 400

d) {n € R, 0 < n < 27}; where the graph is
above the x-axis in the first quadrant

a) 6146.6 L; 1633 L; 280 L

b) 28 min

¢) Example: The function allows you to
determine that the #-intercept will be 28.
So, the domainis {r € R, 0 < ¢ < 28}.

a) quartic function

b) fourth differences

c)asx — —oo, y — oo and as x — o, y — oo

d) Domain: {x € R, x > 0} ; the number of
cameras sold cannot be negative.
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. a) Since the degree of the polynomial is 3,

this is a cubic function.

b) Since the degree of the polynomial is 3,
the third differences are equal.

¢)asx — —oo, y — oo and as x — oo,
y — —o0

d) The domain is restricted to the interval
for which the graph of the function is
above the x-axis and is positive. The
domainis{r€ R, 0<¢<1.67}.

. a) 13000
b) 254 125
Amount of
Water
Time | Remaining First Second
(h) (L) Differences | Differences
0 17 750
16 280 —-1470
2 14 870 -1410 60
3 13520 —-1350 60
4 12 230 —-1290 60
5 11 000 —-1230 60

10. a) WINDOU

Since the second differences are equal,
the type of polynomial function that
best models this situation is a quadratic
function.

9. a)asx — —x, y — —oo, and as x — oo,

y — —0

b) 8.1 m

=0 ZH ez RT+ER+]

weE . YEZBRE
b) $25.90




11. a) y1= -y Bxz+zEH

n=y
b) 30.4 m
¢)21.6 m
d)5.1s

Y2l

YA=000Z > 240 04T +0, =1

=10 ¥=8
b) 9m
c)20s

13.a) 50 m

b) maximum height of 61.25 m occurs at
1.5s

¢) 10 m/s

d)5Ss

e)30 m

5.6 Factoring Polynomial Expressions

1.

2.

a) 72x>+3x—1)

b) a’(5a* - 16)

¢) 3b(b2 - 3)

d) 5h2(h - 3)

e) 412 (2u* +1?)

) 3m*(3m? — 2m + 4)

a) (x + y)(a +b)

b) (x + y)(c —d)

) (x + p)(x +y) = (x + )
d) (a—b)(a—b) = (a—b)?

. a) (x+2)(x + 9)

b) (j+3)(j+9)
o) (k+1)k+4)
d) (m—2)(m—5)
e(y-DHy—-4
) (r=2)(r—6)

ca)(x+3)(x-1)

b) (a—2)(a - 3)
c) (m+ 2)(m + 8)
d) (d+ 8)(d—3)
e) (w—10)(w + 3)
HB+3)b+S5)

.a) i) m+dHm+4)=(m+4)y>

i) (¢=5(q—35)=(¢-57
iii) (d + 10)(d + 10) = (d + 10)?
iv) (v-2)(v—-2) = (v—2)?
V) (s=6)(s—6) = (s—6)
vi) (r +3)(r + 3) = (r + 3)2
b) Example: a® + 2ab + b> = (a + b)? or
a’>—2ab + b> = (a— b)?

. a)3x2-3x—-18=3(x2—x—6)

=3(x+2)(x—3)
b) 4a2 —20a — 56 = 4(a® — 5a — 14)
=4(a+2)a—17)
) p? + 8p* + 15p = p(p* + 8p + 15)
=p(p+3)(p+5)
d) dm? — 9dm + 14d = d(m® — 9m + 14)
=dm—"T)(m-2)
e) 3ht> + 12ht + 9h = 3h(> + 4t + 3)
=3n(t+3)(t+1)
f) m312 — 9mt + 20m3 = m3(? — 91 + 20)
= m3(t— 5)(t — 4)

. Example: Her factored form is equal to

3(x + 2)(x — 3), but her factored form is
not fully factored.

a)3(x+6)(x—1)

b) 4a(a—1)(a—3)
¢) 5h(b*—3b + 4)
d) y(y—2)(y + 1)
e) 2m*(5Sm? + 2m—4)
f) 62(z* — 222 + 3)
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9. a)2m?*+ 1lm+12=2m?>+8m + 3m + 12

= 2m(m + 4) + 3(m + 4)

=(m+4)(2m+3)

b) 12¢>—a—6=12a>+8a—9a—6
=4a(3a+2)—303a+?2)
= Ba+ 2)(4a—3)

¢) 6m? + Tm—3=6m*—2m+9m—3

=2m(Bm—1)+33m—1)
=@Bm—-1)(2m+3)
d)4m> +5m—6=4m*+ 8m—3m—6
=4m(m +2)—3(m+2)
=(m+2)(4m-3)

€) 2022232+ 6=20z2-15z-8z+6

5z(4z—3)—2(4z-3)
=4z-3)(5z-2)

f) 85% —26b + 15 =8h>—20b—6b + 15
=4b(2b—5)—3(2b—-5)
=(2b—-5)4b-3)

10. a) length: (5x + 2); width: (3x + 4)

b)x=1

11. length: (x + 2); width: (x + 1); height: x

12. a) length: (3x + 1), width: (x + 3)

b) 16 m by 8 m

13. a) length: (3x + 4), width: (x + 7)

b) 28§ m by 15 m

14. a) length: (7x + 10), width: (3x + 5)

b) 150 yd by 65 yd

15. a) length: (7x + 1), width: (3x + 4)

b) 50 m by 25 m

¢)2.5m

16.a) h = —(5t + 2)(t —5)

b) 22 cm

17. Examples:

a) number sold: 20 — x or 40 — 2x

b) price per jacket: 36 + 2x or 18 + x

18.a) (x +2)(x + I)(x— 1)

b) (x + 3)(x + 2)(x - 2)

19.2) (x —2)(x +2)(x—1D)(x + 1)

b) (x = 2)(x + 1)(x = 3)(x + 2)

5.7 Difference of Squares of Polynomial
Expressions
1. a)(x+5)(x—5)
by +H -4
¢)(a+3)a—3)
d)(m+T7)m—17)
e)(b+1)b-1)
f) (d+ 6)(d—6)
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Ca)(l+e)l-e)

b)(5+h)(5-h)
9)O+q9O-9q)
d) (6 + n)(6—n)
e)(4+s)4—y)
D7+ )70

) (xty)(x—y)

b) (a + b)(a—b)
¢) (m+ n)(m—n)
d)(p+q9(p—q)
e)(stin(s—1)

f) (d+e)(d—e)

. a)(a+2c)(a—2c)

b) (h + 12y)(h—12y)
¢) (d + 3m)(d—3m)
d) (f+ 10e)(f— 10¢)
e) (b + 13w)(b—13w)
) (z + Tu)(z—Tu)

- a)(Tr+f)(Tr=f)

b) 8y + x)(8y —x)

¢) (16g + k)(16g — k)
d) (5m + ¢)(5m —¢)
e) (14/+ H(14j - 1)

f) (10m + d)(10m — d)

. a) (13x + 3y)(13x—3y)

b) (12m + Tn)(12m — Tn)
¢) (17a + 9b)(17a — 9b)

d) (4w + 19v)(dw —19v)
e) (16k + 15m)(16k —15m)
f) (621 + 5¢)(6h — 5¢)

. a) i) 2+ D(m+ Dm—-1)

ii) (m?+ 4)(m +2)(m—2)
i) (m? + 9)(m + 3)(m —3)
iv) (m? + 16)(m + 4)(m — 4)
b) Example:
m*— 625 = (m* + 25)(m + 5) (m - 5),
m*—1296 = (m? + 36)(m + 6) (m — 6)

. ) 1832 - 32)2 = 2(9x2 - 16)?2)

=203x +4y)(3x—4y)
b) ¢* — 25¢ = q(4* - 25)
=q(q+5)q—95)
¢) 16m — 64m3 = 16m(1 — 4m?)
= 16m(1 + 2m)(1 - 2m)
d) 9m2n? — 81m* = 9m?(n®> — 9Im?)
=9m3(n + 3m)(n — 3m)
e) 125a*b* — 5a*bh® = 5a*b*(25 — b?)
= 5a4b%(5 + b)(5 - b)
f) 36p%q* —4p> = 4p*(9¢* — 1)
=4p*(3¢* + DB 1)



9. a)a=80and b =2;
(80 + 2)(80 —2) = 6400 — 4 = 6396
b)i) (50 + 4)(50 —4) =2500— 16 = 2484
ii) (100 + 2)(100 —2) =10 000 — 4 = 9996
iii) (70 + 6)(70 — 6) = 4900 — 36 = 4864

3. a) yi=yz+yn+y

11.a) (5x + 4y)(5x — 4y)
b) (3a + 2b)(3a — 2b)
12.a)(a+b+x+y)a+tb-—x—-y)
b) (m+2n+a-3b)(m+2n—a+3b)
13.a) (x + 2)(x —2); (x + 3)(x - 3)
b)i) (x+5)(x—15)
ii) (x+6)(x-6)
iii) (x +V7) (x =7)
iv) (x +8) (x—8)
=(x+22) (x-2\2)

5.8 Intercepts of Polynomial Functions
1. a) f(x) = (x + 4)(x — 2); x-intercepts:
x=-4x=2
b) f(x) = (x + 3)(x — 3); x-intercepts:
x=-3,x=3
¢) f(x) = (x + 2)(x — 5); x-intercepts:
x=-2,x=5
d) f(x) = 2x + 5)(2x - 5);
x-intercepts: x = —%, X = %
2. a)f(x) = (3x +2)(4x - 1);
x-intercepts: x = f%, X = %
b) f(x) = (2x — 3)(4x — 5); x-intercepts:
¢) f(x) = x(x + 7)(x — 2); x-intercepts:
x=-T,x=0,x=2
d) f(x) = x(x + 1)(x — 1); x-intercepts:
x=-1,x=0,x=1

n="c =0

Example: The function is a perfect
square trinomial f{x) = (x + 2)?, which
has only one x-intercept, x = —2.

b) t1=Hz-EH+3 \-/

H=3 Y=n

Example: The function is a perfect
square trinomial f{x) = (x — 3)?, which
has only one x-intercept, x = 3.

¢) M=huz-1z5+8 l\/

n=1.F =0
Example: The function is a perfect
square trinomial f{x) = (2x — 3)2, which

has only one x-intercept, x = %
d) T1=9nz+ch+lE

B=-1.333333 [v=0

Example: The function is a perfect
square trinomial f{x) = (3x + 4)2, which
has only one x-intercept, x = — %

4. a) i) f(x) = 2(x — 3)(x —4); x-intercepts:

x=3,x=4
i) f{x) = 2(x + 9)(x - 2);
x-intercepts: x =9, x =2
b) A numerical common factor does not
affect the x-intercepts.
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8. a) The zeros of the function are —4, -2,
and 1. The zeros divide the x-axis into
intervals.

. a) i) M=zy~z-gY I

b) [ Test Interval Sign of f(x)
x<—4 -
w=n ¥=i x=-4 0
ii) x-intercepts: x = —2 (odd order), A< x<-2 +
x = 0 (odd order), x = 2 (odd order) Y= 0
b)i) *=3i~z-g4=z S
< -
x=1 0
x>1 +

n=i ¥=n
ii) x-intercepts: x = 0 (even order),
x = 3 (odd order)
6. a)yi=§~z-zHz-5H+E

¢) P1=CH-1 0+ I+ YD

Y

n=n =-H
9. a)x=-3, x=-1,x=2
b) Test Interval Sign of f(x)
x<-3 -
n=n Y=h x=-3 0
x-intercepts: -2, 1, 3 S n
b) fx) = (x + 2)(x — I)(x = 3) -
To find the x-intercepts algebraically, let x=-1 0
flx) =0. 1<x<2 +
0=(x+2)(x—D(x-3) x=2 0
x+2=0or x—1=0o0or x—3=0 >0 _

x=-2 x=1 x=3
Therefore, the x-intercepts of the
function are x =2, x =1, and x = 3.
¢) To determine the y-intercept,
substitute 0 for x in the function
fi(x) = x> —2x? - 5x% + 6 and evaluate.
f(0) =0°—-2(0)>-5(0) + 6 =i [
=6
Therefore, the y-intercept is y = 6.
. Example: Any numerical common factors
of a function will not be apparent from the
x-intercepts of the graph.

¢) M= -H-ZIH+1IZ0H+3)

|'|'=IE

10. a) The degree of the polynomial function
is 3. The leading coefficient is 1. The
leading coefficient is positive.

b) Since the polynomial function is of

degree 3 and has a leading coefficient
that is positive, as x — —o0, y — —oo,
and as x — o, y — oo,
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11. a) yq=g~z-yz I

12.

c¢)Lety=x(x+3)(x—1).
Substitute 0 for y, and solve for x.
0=x(x+3)(x—-1)
x=0 or x+3=0 or x—-1=0
x=-3 x=1
Therefore, the x-intercepts are —3, 0,
and 1.
Substitute 0 for x in y = x(x + 3)(x — 1),
and solve for y.
y=00+3)(0-1)
=0
Therefore, the y-intercept is 0.
d)T1=H“3+EH1-3H)

n=n [ =0

=0 Y=i
b) x-intercepts: x = 0 (even order),
x = 4 (odd order)
¢) real roots: x =0, x =4
d) Example: The real roots of an equation
are the x-intercepts of the equation.
a) Y= -H"z+16H

n=n Y= \

b) odd-degree function

¢) x-intercepts: x =—4, x =0, x =4

d)realroots: x=—-4,x=0,x=4

e) Example: The real roots of an equation
are the x-intercepts of the equation.

13. a) M=ik-EME+31z |

®=n T™=-1R
b)?1=‘2iH-13(H+23(H+33

f
n=n e

14.a) real roots: x =5, x =3, x=3,x=5
b) Example: The real roots of the
polynomial function are the same as
the x-intercepts of the graph of the
function.
15. Example: y = x> - 6x>—11x -6

Chapter 6 Solve Polynomial Equations
6.1 Simplifying Polynomial Expressions

1. a) 30de b) a*b? ¢) 12g%h*
d) 36b%* e)0.15¢%8 f) —24a’h?
2. 28x%°
3. a)4x%3 + 5x3)°
b) 2m*n* — 6m3n’
c) —g?h* — gh?
d) —15a*h> — 18a°b°
e) 12¢3¢? — 20c%¢*
a) 10x3 — 6x2 + 2x
b) —6x* — 15x3 + 9x?2
¢) abx* — acxy + axd
Example: Multiply each term in the first
binomial by each term in the second
binomial.
6. a)3x>+3x2-90
b) —2x% + 32x2- 126
¢) 2+ 62+ 16
d) 2k% + 20k> + 42

2—;x2+32—5x+6

432 +4x + 1
. 2x2+ 5x+3
0. tx? + 4nx + 4n

b

i

= o %o 2
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11.a) (R + r)(R—r) =n(R*~ Rr + Rr—1?) d) Example: Graph y = 12 and

= (R - 1?) y =6+ 5x + x? and determine the point
= nR2— 7?2 of intersection. Yes, the method would

Example: The area of a circle is A = nr2. work with original dimensions 4 ft by 5 ft.

The area of the top of the doughnut is: ~ 15-2) 6x7 + 36x + 52

Area = area of the outer circle — area of b) x° + 9x? + 26x + 24

the hole in the middle 16. a) 42nx” + 50mx + 121
= nR2 — 2 b) 36mx? + 69nx? + 34nx + 5n
b) 17.x -3y

18. a) 16mx? + 48mx + 367

' b) %ﬂ)ﬁ + 48nx? + 72nx + 3671

6.2 Strategies for Solving Polynomial

Equations
1. a)-1,0 b) 0, 2 ¢)—5,0
d)0,7 ©-3.0 D03
12.2) X2 + dxy - 21)2 2. ‘l‘)) .6
b) Y3+ 6x2y — 13xy2 — 42y3 ) Y1=nz-Ei-8
13.2x2 + 8x + 8
14.2) 3+ x), x>0
b) 2+ x), x>0 \[\_/
¢) Determine the area of the original
rectangular platform. =0 Y=
Area = length X width x-intercepts: —1 and 6
=3x%x2 ¢) Example: The roots of the polynomial
=6 equation are the same as the
Therefore, the area of the original x-intercepts of the graph of the
rectangular platform is 6 ft2. corresponding polynomial function.
The area of the new rectangular platform 3. a)-2, 1 b)-1, 4 c)—2,-1
is double the area of the original d)2,3 e)—7,2 H-7,9
rectangular platform, 6 X 2, or 12 ft2. 4. a)-3,8 b) -5, 2 ¢)—5,2
Find the dimensions of the new d)3,5 e)—2,6 )—5,7
rectangular platform. 5. Q) yi=znz-zu-1z
Area = length x width '\!ll E /{/
12=0CB+x)2+x)
12=6+ 5x + x?
X>+5x-6=0
(x+6)x—1)=0 - g
x+6=0 or x—1=0
x=-6 x=1 x-intercepts for f{x): =2 and 3;
Reject the negative answer. x-intercepts for g(x): 2 and 3
The amount that the length and width b) Example: The x-intercepts are the same.
must both be increased to double the ©)-2,3
area of the original platform is 1 ft. d) none
Therefore, the dimensions of the new 6. Example: Sandy should subtract 4 from
rectangular platform are 3 + 1, or 4 ft, both sides and then factor a difference of
by 2 + 1, or 3 ft. squares.
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9. a) Example: It is not in the form

ax? + bx + ¢ = 0. The equation must be
rewritten in the form ax? + bx + ¢ =0

before it can be factored.
37

D)

oh-3-1  i-31

10. a) f{x) = x(x —4), g(x) = x*(x — 4),

h(x)=x3(x—4)

b) wi=nz-yy /

w=n =i

F1=i*E=4Hz I

n=i =i
i B Bl F |
n=i =i

¢) Example: When the exponent on the
factor is odd, the graph of the function
crosses the x-axis. When the exponent
on the factor is even, the graph of the
function touches the x-axis.

d) Example: Since the degree is 3 and the
leading coefficient is positive, as
X — —o0, y — —oo, and as x — oo, y — oo,
The graph will cross the x-axis at x =0
and touch the x-axis at x = 1.
11. Example:
a) 2x3 + 6x2—20x=0
x>+ 3x2—10x =0 Divide cach term by 2.
x(x>+3x—10)=0 Remove the common
factor.
x(x + 5)(x—2)=0 Factor the trinomial.
Use the zero product property.
x=0 or x+5=0 or x—-2=0
x=-5 x=2
Therefore, the roots of the polynomial
equation are —5, 0, and 2.
To solve the equation graphically, graph
f(x) = 2x3 + 6x% — 20x and determine
the x-intercepts.
b) Graphing works in situations where the
equation cannot be factored.
12.a)-1, 1
b) -2
c)—4,-3,0
d-3,3
13.8 mm
14.2) 0 =52+ 5t + 10
b) There are two answers, t =—1 and 7 = 2.
Since time cannot be negative, only the
positive answer is admissible, 7 = 2. The
diver hits the water 2 s after diving off
the cliff.

6.3 Solving Equations of the Form x" = a
1. a)3 b) 3 NE
d)4 e)5 f)3
a)2 b) 3 c)2
d)5 e) 81 f) 16
a) 1.91

b) 2.87

) 7.62

d)3.62

e)9.24

f) 4.97

L

w
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4. a) Example:

Start with the polynomial equation

X3 =32.

Raise both sides to the exponent %

1 1
(x%)° =325
sx1 I
(x )= 32? Simplify.
x =325
x=2
b) Example: No, » must be a whole
number.

) yyzpa \}/

n=g =Y

—2 and 2; there are two values of x.

b) yi=y~z j
u=z / Y=H

2; there 1s one value of x.

a) w=hz

b) =n"z

f) Example: If # is an odd integer, there is

one solution to the polynomial equation
x"=a.

g) Example: The polynomial equation is

not defined when x = 0 and n = 0.

6. Examples:

H=0 Y=
For the polynomial function y = x?, the
domain is {x € R} and the range is
{yr ER, y > 0}. It is possible to solve the
polynomial equation x> = 15 because
15 is in the range of y = x2. It is not
possible to solve x> = —15 because —15 is

not in the range of y = x2.

H=i =i
For the polynomial function y = x3, the
domain is {x € R} and the range is
{y € R}. It is possible to solve the
polynomial equation x* = 15 because

15 is in the range of y = x3. It is also
possible to solve x3 = —15 because —15 is

€) wq=gy

H=z ¥=15

—2 and 2; there are two values of x.
d) yy=z-c

K=z II{ Y=zz

2; there is one value of x.

e) Example: If 7 is an even integer, there
are two solutions to the polynomial
equation x" = a.
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in the range of y = x3.
7. 2)2.08
b) +4.24
¢) 3.27
d) +6.86

8. a) yzzu-z j
=0 /




9.

b) Example: Similarities: The graphs
of the three functions have the same
domain {x € R} and the same range
{y € R}. The three graphs all extend
from quadrant III to quadrant I. The
graphs of the three functions all have
one real root. Differences: The three
graphs have different x-intercepts—the
x-intercept for the function y = (x + 3)3
is —3; the x-intercept for the function
y = x3is 0; the x-intercept for the
function y = (x — 3)? is 3. The function
y = x3is an odd function and has point
symmetry about the origin. The other
two functions are neither even nor odd.

i) -1
i) 2
iii) 5

d) i) predict: —4; check: —4
i) predict: 8; check: 8

a) 0.89

b) 0.47 and —0.47

10. Answers may vary.

6.4 Functions and Formulas

1.

2.

3.

4.

a) Example: The constant is n. The
variables are the area, 4, and the
radius, r.

b) 78.5 cm?

¢)3.3m

a) Example: The variables are the interest,
I, the principal, P, the rate, r, and the
time, t.

b) $150

¢) $112.50

a)ym=dv

b)v="

d

¢) 20 m?

a) a = \c> - b?
b) 6.9 cm
c)b=V2-a?
d) 7.5 cm

5. a) Example: The constant is k, the
rate of change of pressure as the
depth increases. The variables are P,
the pressure at a depth of / metres
underwater; P, the pressure at the
surface; and 4, the depth.

b) 12.5 kPa/m
6. a)183.3 cm?
b) 2.1 cm
¢)4.0cm
d)r
e)h
7. a) Isolate the variable a.

d= vt+%a12

IRNPR )
dl vt =5at
zatz=d*vt
at* = 2(d — vt)
at* =2d—2vt
a:M
2

1t
Substitute 480 for d, 0 for v, and

14 for ¢.
_2d-2vt
a==3

t
_2(480) —2(0)(14)
142

~960-0
196
_ 960

196
=49

Therefore, the acceleration of the racing

car is 4.9 m/s2.
b) Substitute 480 for d, 0 for v, and 14
for t.

d=vt+ %at2
480 = (0)(14) + a(14)?
480 =0 + %(19651)

480 = 984
480 _

98 — ¢
49 =gq

¢) Answers may vary.
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8. a) Example: The graph will be an
exponential function in the form

y = a(b)*.
D) yiztnnctnzing—

Hn=10 ¥=1z4.2916Y .

Yes; the prediction is correct.

¢) Example: The graph will be a linear
function in the form y = mx.

d) vi=n010z50°8

Hn=10 ¥=11.z1408z .

Yes; the prediction is correct.

9. No, 2[P(1 + i) # P(1 + i)2".

No, P[(1 +i)*"—1] # 2P[(1 +i)"—1].

10. a) Example: If the radius is kept constant,

then a linear function will be generated.
For example, if the radius is set at 3 m,
then the linear function is V(h) = 9nh.

b) Example: If the height is kept constant,
then a quadratic function will be
generated. For example, if the height is
set at 3 m, then the quadratic function
is V(r) = 3nh>.

11. Example: No. A symbol is not a variable;
n represents the same value wherever it is
used.

12. a)

¢) Example: The graph appears to model
an exponential function.
d)EKPEEQ
=gkl
a=18
b=.2

y =10(0.8)*

13. Answers may vary.

14.a) y = R(1.03)*, where R represents the
monthly rent, x represents the number
of years

b) $1066.50
¢) Answers may vary.
15. Answers may vary.
16. a) 35 086 735
b) and ¢) Answers may vary.

6.5 Solving Multi-Step Problems Using
Polynomial Equations
1. a)3m?
b) Example: 3.5 m?
2. a)l.2m?
b) 7 m?
¢) Example: nails and hinges
3. Example: For an area of 8.8 m?, I suggest
9 m? for the minimum amount of material.
4. a) Example: For an area of 42.625 ft?,
I suggest purchasing 80 tiles.
b) 8 boxes
$1260
6. a) The width of the deck is 8 ft. Each
piece of cedar decking is 6 in., or 0.5 ft
in width. Therefore, at least 16 pieces
that are 12 ft in length are required. The

i

2-h Time
Intervals

deck is 15 ft in length. An additional
3 ft is required to be added to each of

Amount of
Maedicine

in Patient’s
Body (mL)

Remaining | 10| 8| 6.4 5.12] 4.096| 3.276 8| 2.621 44| 2.097 152

the 16 boards that are 12 ft in length.
Therefore, an additional 3 X 16 or
48 ft of board length is required. This is

equivalent to four additional pieces of

b)
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decking that are 12 ft in length.

The total number of piecesis 16 + 4 or
20 pieces of wood, plus the purchase
of one additional piece of wood is
recommended.

Therefore, the minimum number of
pieces that Vaughn should purchase is
21 pieces of cedar decking.



b) Cost of the 21 pieces of cedar decking
is 21 x $18.75, or $393.75.
7. a)$2700
b) $2970
¢) Example: There are costs associated
with removing the old shingles, and
labour costs.
8. Agges=2%x73x%x45

=65.7

A =32%45+05%32% 13
=16.48

Afront =32x45- (2 X 3) +0.5x32x%x1.3
=10.48

Atotal = Asides + Aback + Afront
=65.7+16.48 + 10.48
=92.66
To allow for wastage, multiply the total
area by 1.10.
The total area of siding to be purchased is
92.66 x 1.10, or 101.926 m.
The total cost of the white vinyl siding is
101.926 x 10.25, or $1044.74.
9. a)425ft?
b)) Answers may vary.
10. a) Answers may vary.
b) Example: the number of coats of paint,
labour charge, expected percent of

waste
11.a)2 L b) $46.18
12.2) $133 802.35  b) $634.51
13.2) 6 b) $75
14. 3200 cm?

15. approximately 90.5 m?
16. and 17. Answers may vary.

Chapter 7 Solve Problems Involving
Geometry

7.1 Area of Two-Dimensional Objects

1. a) Example: One rounds to two decimal
places, another rounds to one to seven
decimal places, and a third rounds to
any number of decimal places.

b) Example: When a number is converted
from one unit, such as metres, to
another unit, such as feet, the more
decimal places you have in the
converted number, the more accurate
the answer is.

2. a)7.62m b) 96.52 cm
¢)274.32m d) 19.31 km
3. a)236.22 ft
b) 100.61 yd
¢) 17.72 in.
d) 161.56 miles
4. a)38.28m? b)96.77 cm?
¢) 100.33 m? d) 72.52 km?
5. a) 1290.32 cm?

b) 5.39 m?
¢) 102.84 m?
d) 7.28 ha
e) 246.05 km?
6. a) Square Square
Inches | Centimetres
10 64.45
20 129.03
30 193.55
40 258.06
50 322.58
b) I in.2 = 6.45 cm?
7. a) Square | Square
Metres Feet Metres Feet
1 3.281 1 10.764
2 6.562 2 21.528
3 9.843 3 32.292
4 13.123 4 43.056
5 16.404 5 53.820

b) Example: The number of square feet
per square metre is equal to the number
of feet per metre multiplied by
3.280 707 101. Since the number of feet
per metre is approximately
3.280 707 101, then the number of
square feet per square metre is equal to
the number of square metres multiplied
by 3.280 707 101 multiplied by
3.280 707 101, or the number of square
metres multiplied by 3.280 707 101
squared.

¢) 64.618 ft?

d) Example: Yes. The relationship could be
used to determine the number of square
feet in any number of square metres.

8. Answers may vary.
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9. a) Example: Since the units for the area of

the hanging will be square centimetres,
the radius must be multiplied by itself,
or squared. Janet should use 4 = nr2.
b) Example: Since the units for the
circumference will be centimetres, the
radius is not multiplied by itself, or

squared. Therefore, she should use

C=2mr.
¢) area: 706.9 cm?; circumference: 94.2 cm
10. 2) 8.8 m? b) 150 cm?
¢) 10 km? d)24.6in.2
e) 32.5 ft? f) 46 m?

11. ¢) Example: Sewer access hole covers are
usually round. A circle will not pass
through a circular hole that has the
same diameter.

d) Answers may vary.

12. a) Example: It is easier to convert the
dimensions first, and then calculate the
area.

b) $523.85

¢) Example: Laura should buy an
additional 10% of the vinyl flooring
for wastage.

13. Yes

14. area: 94.2 cm?; width: 5 cm; length:

18.8 cm
15.a) 14 fr

20 ft

b) Determine the distance, 4, in feet,
between the two parallel sides.
a=14,b=20,and 4 =102

A=tha+b)
102 = Sh(14 + 20)
204 = 34h
204 _
3g Tk
6=nh
The distance between the parallel sides
of the deck is 6 ft.
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¢) Example: A trapezoid and a rectangle
are similar in that they both have one
pair of parallel sides. A trapezoid
and a rectangle are different in that a
trapezoid may have at most two right
angles, while a rectangle has four right
angles.

d) The formula to calculate the area of a
trapezoid, 4 = 2(b, + by), is related to
the formula used to calculate the area
of a rectangle and a parallelogram.
Rewrite the formula.

4= %(51 + b))

A=h (b ‘2* b,)
The formula used to calculate the area
of a trapezoid is the height multiplied
by the average of the sum of the two
parallel sides.

e) The area of the deck is 102 ft2;

102 ft? = 9.476 m?%; 1 gallon of stain
covers 8 m?, so Bob needs 2 gallons of
stain.

16.a) thombus  b)454cm?  ¢) 70 in.?

17. a) 25 tiles b) $50.70

18.2240.7 m?

19.24 cm?
20. a) ] ]
x;m x;m
-x m- -Xx m-|
8 m
10 m
-x m- -Xx m-
x:m x:m
| |

b) Calculate the area of the flower garden.

Agarden =€{Xw

=10x8

=80
The area of the flower garden is 80 m?2.
Let the width of the grassy areca
surrounding the flower garden be x m,
x> 0.
Determine an expression to represent
the grassy area that will surround the
flower garden.



A

grassy area Afour corners

+ A

+ Atwo rectangles with side length 8 m
=4(x?) + 2(10x) + 2(8x)
=4x2 + 20x + 16x

two rectangles with side length 10 m

=4x% + 36x
Agrassy area Agarden
4x% + 36x = 80
4x2+36x—-80=0
X2 +9x-20=0

Use the quadratic formula.

9 97— 4(1)(20)
2(1)
_ 9 I6T
2

=-10.844...
=-10.8

9 +92 - 4(1)(-20)
e 2(1)
-9 ++161
2
1.844...

=1.8
Since x > 0, the width of the grassy
area that will surround the garden is
approximately 1.8 m.

21. a) Example: Divide the area into a
rectangle with length 8 ft and width 3 ft,
and a trapezoid with height 3 ft and side
lengths 8 ft and 6 ft.

b) Example: Divide the area into a square
with side length 6 ft, and a trapezoid
with height 2 ft and side lengths 6 ft and
3 ft.

¢) Example: Divide the area into a
rectangle with length 8 ft and width 3 ft,
a rectangle with length 6 ft and width
3 ft, and a triangle with base 2 ft and

x:

height 3 ft.
d) 45 ft?
22.19.1 ft2
23.a) 80.7 ft? b) 66.4%
24.2) 6814.2 cm? b) 81 tiles
25. a) 503.6 ft2 b) 46.8 m?

26. a) length: 7.5 in.; width: 3.75 in.; height:

5in.; height highest point: 9.8 in.
b) 228.6 in.?
¢) Answers will vary.
d) Answers will vary.

7.2 Surface Area of Three-Dimensional

1.

e

Objects
a) 45.4 ft?
b) 120.5 cm?
¢)93.71in.2
d) 184.6 m?
a) ft

E15 cm

b) 738 cm?

a) 347.5 cm?

b) $237.00

¢) Example: The formula would be
SA = nr? + 2nrh.

1024 in.%; 32 in.

a) 6.0 in.

b) No. The area of the vertical side of the
candle is halved, but the areas of the
top and bottom are unchanged.

Substitute SA = 2827 in SA = 4mr?.

4nr? = 2827

> _ 2827

"= g
=224.998...

r=+14.998...

Since r >0, r = 15.0.

The radius of the beach ball is
approximately 15.0 cm.

The diameter of the beach ball is double
the radius of the beach ball, so the
diameter is approximately 30.0 cm.
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10.

b) 47.5 ft?

¢) 190 ft%; by a factor of 4;
answers will vary.

d) 427.5 ft2, by a factor of 9;
answers will vary.

a) 153.91in.2

b) 615.8 in.2

C) SAsphere B~ 2SAsphere A

d) SAsphere B~ %SAsphere A

e) 38.5in.2

Yes. Example: There will be enough
material to fit over the section of the
cylindrical water pipe. The surface area of
the insulation is 1020 cm?, which is greater
than the surface area of the section of the
water pipe to be covered (1005.3 cm?).

a) Aoutside of bowl = 2mr?
= 21(30)>
= 5654.9
b) Ainside of bowl — 2mur?
= 2n(28)
=4926.0
¢) A,y = 1(30)2 — n(28)2
= 116n
= 364.4

d) Calculate the total area of exposed
wood.
SA = 5654.9 + 4926.0 + 364.4

=10945.3

Convert the surface area to square
inches.
10 945.3 cm? = 1696.5 in.2
Determine the percent of a bottle of oil
needed.

169.5 _

Reid will use more than 94% of a bottle
of oil.
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11.3540.2 cm?

12.a)

16 cm

I
LLL
I
LLL
1
T
1
T
#
.
N
[}
3

<12 cm—>

b) 467.6 m?

13.2a) 6415.1 cm?

b) 6.9 ft2
¢) Answers will vary.

14.115in.2
15.35.9 ft2
16.2) 7.2 ft

b) 179.2 f2

17.594.4 cm?
18.a) s = 18.7cm

b) 372.3 cm?
¢) 279.6 cm?

19.$431.46

7.3 Volume of Three-Dimensional Objects

1.
2.

3.a)

e

a) 5.7 m3

¢) 5.4 m?

a) 3001.7 ft®
¢) 12.7in.?

b) 1835.4 cm?
d) 56 633.8 cm?
b) 412.0 yd3
d) 10.6 ft3
Cubic Centimetres | Cubic Metres
1 0.000 001
2 0.000 002
3 0.000 003
4 0.000 004
5 0.000 005

b) Example: To convert from cubic
centimetres to cubic metres, divide the
number of cubic centimetres by
100 000. To convert from cubic metres
to cubic centimetres, multiply the
number of cubic metres by 100 000.

Answers will vary. 6.6 L

a) 3053.6cm’® b) 1.75in.’

d) 343 m3 e) 34.5 ft3

¢) 7854.0 f3



14.

904.8 cm?
8.2 cm
3.1yd?3

8 cm

.10 983.5 ft3

.a) 56 m* b) 51 m?
.a) 432 000 cm? b) 4.32 m3
. a) 40 cm

I I
x;m x;m
L x m— —x m-

«—(40 — 2x)Tcrn—>

(30 — 2x) cm 30 em

X m-— -x m—

I
x,m x m
| |

b) V' = x(40 — 2x)(30 — 2x)
¢) Example:
Press Y =. Type (40 — 2x)(30 — 2x).
Press WINDOW. Set Xmin =0,
Xmax =20, Xscl =1, Ymin = 0,
Ymax = 3500, and Yscl = 500.
Press GRAPH. Press 2nd, TRACE, 4.
Use the arrow keys to move to the left
of the maximum. Press ENTER.
Move the cursor to the right of the
maximum. Press ENTER, ENTER.
The maximum occurs when x = 6.56.
d) The maximum volume is 3032.3 cm?.
e) length: 40 — 2(5.65) = 28.7;
width: 30 — 2(5.65) = 18.7; height: 5.65
The dimensions of the box with
maximum volume are 28.7 cm by
18.7 cm by 5.7 cm.
a) Calculate the surface area of the front
of the office building.
Calculate the area of the rectangular
area at the front of the office building.
Arectangle =t{Xw
=28 %12
=336
Calculate the height of the triangular
portion using trigonometry.

Consider the right triangle with base 14 ft.

% = tan 30°
h =14 tan 30°
= 8.082...
= 8.1

Calculate the area of the triangular
portion.

1
Atriangle = jbh

=1aae.1)

=1134
The total area of the front of the office
building is the sum of the rectangular
and triangular areas at the front of the

building.

Atotal = Arectangle + Atriangle
=336+ 1134
= 449.4

The total surface area is 449.4 ft2.

Calculate the volume of the building.
V= SAtotal Xt

=449.4 x 50

=22470
The total volume of air in the building is
22 470 ft3.
According to the design specifications,
the ventilation system is required to
exchange the air every 40 min.
The ventilation system exchanges air at
the rate of 500 ft3/min.
In 40 min, the amount of air that will be
exchanged is 500 x 40 = 20 000 {t*>/min.
Since the amount of air in the office
building is 22 470 ft3, the ventilation
system does not satisfy the design
specifications.

b) The minimum air exchange rate that
would satisfy the design specifications:
562 ft3/min

15. a) Example: Container B will hold
more water because it is taller than
container A.

b) Container A: 141.4 cm?;

container B: 70.7 cm?; container A
16. Example: It would be better to use
package A. The volume of package A is

128 in.? and its surface area is 104 in.2.

The volume of package B is 100 in.? and

its surface area is 160 in.2. Package A will

hold more product, and it will be cheaper
to make since it has less surface area than

package B.
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17.b) 10 cm by 10 cm by 10 cm
¢) Cube; reasons may vary.
18. a) Sphere: 309.5 cm?; cube: 384 cm?; sphere
has smaller surface area.
b) Example: Spheres cannot be stacked.
¢) Example: Due to surface tension, a drop
of water has a near-spherical shape; a
sphere has the least possible surface area
to volume ratio.
19.a)2
b) 4
¢) V = nr?h, so increasing the radius by
factor 2 increases the volume by factor

22, or 4.
20.2
21. a) House A
Surface Area | 4,,, =8 x 8
=64
Asides:4xgx6
=192
S4 = Atop + Asides
=64+ 192
=256
Volume V={XwXh
=8X8X6
=384
Surface Areal | 756 - 384
Volume Ratio | = > - 3
=06
House B
Surface Area | 4,,, =8 X 16
=128
Asides:2><3><8
=48
Afront/back:2 X 3x16
=96
SA4 = Atop + Asides + Afront/back
=128 +48 + 96
=272
Volume V=¢{XwXh
=16x8x%x3
=384
Surface Areal | 777 - 384
Volume Ratio | = |7 = 24
=0.7083
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b) House A will have less heat gain and
heat loss than house B. The surface
area/volume ratio is less for house A
than for house B.

¢) Example: Other factors include the
temperature of the ground, air, or snow
with which the building is in contact;
the direction and speed of winds
blowing at the building; and the solar
radiation incident on the building.

22. Answers will vary.
23.2) 418.9 ft3
24.a)

b) 75%

10 cm

b) length: 39 cm; width: 26 cm;
height: 10 cm
¢) 2176.1 cm?
25.a) 7425 cm?
b) Answers will vary.
¢) 2123.9 cm?

7.4 Properties of Circles
1. a)ii) b) iv) 1)
e) viii) f)v) g) vi)
5.2cm

120°

7 in.

66.4 m?

a) 117.8 ft?

b) 97.5 ft?

¢) 20.3 ft?

7. a) Example: The fraction on the left side
represents the number of degrees in
the central angle, divided by the total
number of degrees in a circle. The
fraction on the right side represents the
arc length divided by the circumference
of the circle.

b) Example: The equation % =

d) iii)
h) vii)

SNk W

_a
2mr
can be obtained from the equation

a= 5055(2nr) by multiplying both
sides by 2mr.



A
TU"2

0
©) 360°
8. Example: % of the circle. There are
360° in a c(i)rg:le. Iln simplest form, the
fraction rzn0 = 7.
360° " 6
9. 18cm
10. 14 cm 3
11. a) distance = i (2m)(32)
=150.796...
Quinn ran approximately 150.8 m.
b) 3 X 360° = 270°
. 200°
¢) distance = 360° (2m)(32)
=111.701...
Isha ran approximately 111.7 m.
12. Dan: 37.7 in.%; Nadine: 31.4 in.%;
Vidak: 44.0 in.?
13.a)

flagstone

120°

b) Calculate the area of the patio that will

be concrete.

Since the sector that will be concrete is
two thirds of the area, the central angle

is 240°0.
=-_Y .2
A= 360° mr
= 240 n(12)?
= 301.6

The area of the patio that will be
concrete is approximately 301.6 ft2.

Calculate the volume of the sector of

concrete needed.

Convert the height of the concrete from

inches to feet.
Since there are 12 in. in 1 ft, 20 in. =
V=SAXh

=301.6 %3

= 502.666...
The volume of concrete needed is
approximately 502.7 ft3.

¢) Calculate the area of the patio that will
be flagstone.
Since the sector that will be flagstone is
one third of the area, the central angle
is 120°.
A= o2
360°

= 2300 x(12)2

=150.796...

The area of the patio that will be
flagstone is 150.8 ft2.

Calculate the volume of flagstone
needed.
Convert the height of the flagstone from
inches to feet.
Since there are 12 in.in 1 ft, 2 in. = % ft.
V=SAXh

= 150.8 X ¢

=25.133...
The volume of flagstone needed is
approximately 25.1 ft3.

14. Calculate the area of one segment.

The diameter of the tabletop is 107 cm,

so the radius is % or 53.5 cm.
1

_ T -

A —er(WO—mnO)
=1 (5357 [1355 (90°) — sin 90°]
= 816.880...

Therefore, the area of one segment is
approximately 816.9 cm?.
The total area that is hinged to fold down
is 816.9 x 2, or 1633.8 cm?.
Calculate the total area of the tabletop.
A =mr?

= n(53.5)?

=8992.023...
The total area of the circular table top is
approximately 8992.0 cm?.
Find the percent of the surface area that is
hinged to fold down.

1633.8 _
39920 X 100% = 18.169...

Approximately 18.2% of the area of the
tabletop is hinged to fold down.
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15. Answers will vary.
16.41 887.9 cm?
17.A = %nrz; answers will vary.

7.5 Investigating Properties of Circles

1.

2.

3.

S W

a) 40°
b) 59°
a) 3.7 cm
b) 11.2m
a)47°
b) 70°
a) 15m
b) 4.0 cm
11.2 in.
6.6 ft
Example: The measure of an inscribed
angle that is on the same side of a chord is
one half the measure of the central angle
that is subtended by the same chord.
B

N

Example:

Open The Geometer’s Sketchpad®.
Click on New Sketch.

Draw a circle with radius 4 cm.
Click on two points on the circle.

C

Label the two points on the circle A and B,

and the centre of the circle C.

Draw a line segment for the radius AC and

a line segment for the radius BC.
Click on point A and draw a tangent to
the circle at point A.

Click on point B and draw a tangent to the

circle at point B.

Label the point where the two tangent
lines intersect as point D.

Calculate the measure of ZCAD and

/ CBD to show that they are both equal
to 90°.
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Calculate the length AD and the length
BD to show that they are both equal to
7.66 cm.

Two tangents of equal length can be drawn
to a circle from a point that is outside the
circle.

B

9. a) Example:
Open The Geometer’s Sketchpad®.
Click on New Sketch.
Draw a circle with radius 4.98 cm.
Click on two points on the circle.
Label the two points on the circle A
and B, and the centre of the circle D.
Draw a line segment for the chord AB.
Determine the midpoint of chord AB.
Label the midpoint C.
Click on point C and draw a
perpendicular line through point C.
This line is the right bisector of chord AB.
The right bisector of chord AB passes
through point D(0.00, 0.00), which is
the centre of the circle.
Therefore, the right bisector of a chord
passes through the centre of the circle.

P o



b) Example:
Open The Geometer’s Sketchpad®.
Click on New Sketch.
Draw a circle with radius 4 cm.
Click on two points on the circle.
Label the two points on the circle A and B.
Determine the midpoint, C, of chord AB.
Join the centre of the circle, D, to the
midpoint, C, of chord AB.
Determine the measure of ZACD = 90°.
Therefore, a line drawn from the centre
of a circle to the midpoint of a chord is
perpendicular to the chord.

(4

10. Answers will vary.

X

11. Answers will vary.
D

>
@
=

12. Answers will vary.

b

13. Answers will vary.
14.16.3 km

15. Answers will vary.
16.23.6°; answers will vary.

7.6 Solving Problems Involving Properties
of Circles
1. a) B

5 em 10 cm

b) 11.2 cm
2. a) C
A

b) Example:
/. ACB = 90°, and line segment AB is
the diameter of the circle.
3. KL=PQ=3in.
4. a) /CED = ZCFD
b) Yes
5. a) Answers will vary.
b) Answers will vary.
6. a) A

S mi

b) 4.6 mi
183.3 m
4 in.
Example:
Determine the sum of the squares of sides
AB and AO.
AB? + AQ? =42+ 32
=16+9
=25
Determine the square of side OB.
OB? =52
=25
Since AB? + AO? = OB?, then ~OAB = 90°.
Therefore, AB is a tangent to the circular
area on the field at point A.

L ®A
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10. Calculate the length of CD.

CD?= AC? + AD?
CD? =52+ 122
CD?=25+ 144
CD? =169
CD =*+169
=+13
Since CD > 0, CD = 13 ft.
Calculate the area of AACD.

_1
A=Loi

=1 (5)12)

=30
The area of AACD is 30 ft2.
Calmlllate the area of ABCD.
A = 7 bh

=1(5)12)

=30
The area of ABCD is 30 ft2.

Calculate the total area of the two
triangular areas.
Area of AACD + Area of ABCD
=30+ 30
=60
The area of the two triangular areas is
60 ft2.

Calculate the area of the circle.
A =mr?
= n(5)?
= 78.539...
The area of the circle, with radius 5 ft,
is approximately 78.5 ft.

Calculate the area of sector ABC.

For angle 6, in AACD, the hypotenuse is
CD = 13 ft, the opposite side is AD = 12 ft,
and the adjacent side is AC = 5 ft.

tan 6, = 1—52
o= (2)
1 — tan 3
=67.4°

For angle 6, in ABCD, the hypotenuse
is CD = 13 ft, the opposite side is
BD = 12 ft, and the adjacent side is BC = 5 ft.
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Determine the central angle, 6, of the
sector.
0= 91 + 02
=67.4°+674°
=134.8°
Calculate the area of a sector.
A= 2 nr?
360°
= 138.8" sy
=29.408...
The area of sector ABC is approximately
29.4 ft2.
The sector is a common area for the circle
and the two triangles.
Calculate the area of the garden.
Area of the circle
+ Area of the two triangles
— Area of the sector
=78.5+60-29.4
=109.1
The area of the garden is 109.1 ft2.
11. blue area: 1.5in.%; green area: 1.5 in.?
12. Yes

13.1059.8 m

Practice Exam

1. A

2. C

3. C

4. A

5. B

6. D

7. B

8. A

9. D

10.D

11.B

12.sin 150° = 4, cos 150° = ;/g’
tan 150° = —\%

13.2) 38° b) 83° ¢) 66°

14.a) 144m b)25.6cm ¢)8.5km

15.2)2
b) 90°
¢) 50° horizontal to the left
d) 3 units down
e){x e R}
D{yeR,S5<y<-1}

16. a) S50°E b) 280°



17.

18.
19.
20.

21

23.
24.
25.

26.

27.

28.
29.

a) 75.0 N

b) 26.5°, counterclockwise from the
horizontal

a)5

3

a)4

1
b)ﬁ

b) 3

.dog, 16 =4
22,

a)3

b) positive

¢) Since the degree is 3 and the leading
coefficient is positive, as x — —oo,
y — —oo, and as X — oo, y — 0.

d) The third differences are equal.

e) domain {x € R}, range {y € R}

26

16x + 12

1.1 Canadian gallons

sin 6 =—

\/g—cosﬂ—\/: =-
6=310°

a)
J

20 m

(TToN

b) Yes. The vertical distance from the
ground to the underside of the bridge
is approximately 5.0 m. The height of
the truck is 4.3 m. The clearance will be
approximately 0.7 m.

/A =33.6° /B =50.7° 2C=95.7°

a) Apply the amplitude of 3, y = 3 sin x;
apply the vertical shift of 2 units
up, y = 3sin x + 2; apply the
horizontal compression of
factor %, y=3sin2x + 2;
translate the function 60° to the
right, g(x) = 3 sin [2(x — 60°)] + 2.

b) period 180°, amplitude 3, phase shift
60° to the right, range
PER -1<y<s}

©) Y1=Z5iniZil-E010+2

m\[m\

n=n '|'=' L] Ty

30.a)[ ¥

2 y=35in%x

0 180°  36§°  540°  7p0° *

b) [
y =4 cos [2(x + 45°)] —

ol 45° of° 135° 180° ¥

period 180°, amplitude 4, phase shift
45° to the left

31.2) <—5 >

280 N

b) 237.5N
32.2) 428.3 km
b) N74.7°E
33.1
34.2)

) 1484 N

4.

Inksrseckion
n=z =B

x=3
b) x=-2
35.a) A(r) = 5000(1.008 75)%
b) $5551.02
¢) yes
d) no
36. even; f(—x) = f(x)
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37.a) quartic b) fourth differences
¢) 15000 d) 25 368
38.a) 5x%)(y — 3x?)
b) (x +9)(x - 3)
¢) Bm + n)(m + Tn)
d) (m + 9)(m + 9) = (m + 9)?
e) 2a(a + 3)(a—-2)
f) (5x + Ty)(5x —Ty)
39. a) height: x; width: (x + 2); length: (x + 3)
b) height: 2 cm; width: 4 cm; length: 5 cm

40.2)-52 b-%3 o3}
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41.a) 3
b)asx — —o0, y — 0;as X — 0, y — —©
¢) x-intercepts: 0, 1, 2; y-intercept: 0
d) 4= -pezeznz-zu

n=o Y=
42.2a) 150.8 cm? b) 7.9 m
43.2) 26.2 m b) 226.9 cm?
44.15cm
45.5219.96

46. The resultant vector has a magnitude of 0.
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