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Regents Exam Notation

A code next to each Regents Question answer number indicates from which Common Core (CC) or
Next Generation (NG) Regents exam or sampler the question came. For example, CC AUG ‘18 [25]
means the question appeared on the August 2018 exam as question 25.



PRACTICE PROBLEMS

CHAPTER ).

LineaR FvnCcTions

1.1 Linear Systems in Three Variables [€0)

1. The first variable, x, is already isolated, so 2. x+3y+z=10 Eq.1
find the others by substitution: —X—-y—z=-2 Eq.2x -1
53)+4y=-9 Eq. 2 2y =8
15+4y=-9 y=4
4y = —24
y=-6 We have already isolated y, so substitute:
(4)—2z=2 Eq.3
—(3)+4(—6) —2z=-25 Eq.3 27 =2
—27 =2z =-25 z=1
-2z =2
z=-1 x+ @)+ (1) =2 Eq. 2
x=3,y=-6,z=-1 x =—3
x==-3,y=4z=1
3. 2x—4y+5z=-33 Eq.1 4, x—2y+3z=7 Eq.1
—2x+2y—-3z=19 Eq.3 4x +2y+22=8 Eq.2x2
—2y+2z=-14 5x +5z=15
—-y+z=-7 Result A x+z=3 Result A
4x —y=-5 Eq. 2 x—2y+3z=7 Eq. 1
—4x +4y—-6z=38 Eq.3x2 —3x+2y—2z=-10 Eq.3
3y —6z =233 Result B —2x +z=-3 Result B
-3y +3z=-21 Result A x 3 2x+2z=06 Result A x 2
3y—6z =233 Result B —2x+z=-3 Result B
—3z=12 3z=3
7 = —4 Z = 1
—y 4 (—4) = -7 Result A x+(1)=3 Result A
y = x=2
4x — (3) = =5 Eq.2 2)+y+ (1) =4 Eq.2
X = _1 y=-
e
x=—-,y=3,z=—4% x=2y=-1z=1




axt+bx+c=y
a(-1)?2+b(-1)+c=9
a(2?+b(2)+c=3
a(5)?+b(5) +c =15

a—b+c=9
da+2b+c=3
25a+5b+c =15

a—b+c=9
—4a—2b—c=-3
—3a—-3b=6
a+b=-2

a—b+c=9

—25a —5b—c=—-15
—24a — 6b = —6
4a+b=1

a+b=-2
—4a—bh=-1
—3a =-3
a=1

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

1D —-(-3)+c=9
c=5

y=x%2-3x+5

Eq. 1
Eq. 2
Eq.3

Eq. 1
Eq.2 x -1

Result A

Eq. 1
Eq.3 x-1

Result B

Result A
ResultB x -1

Result A

Eq. 1

axt+bx+c=y

a(-1)2+b(-1)+c=-2
a()?+b(1)+c=0
a2)?+b(2)+c=7

a—b+c=-2 Eq. 1
at+b+c=0 Eq.2
4a+2b+c=7 Eq. 3
a—b+c=-2 Eq.1
—-a—b—-—c=0 Eq.2 x -1
—2b =-2

b=1

a—(1)+c=-2 Eq.1
a+c=-1 Result A
4a+2(1)+c=7 Eq. 3
4a+c=5 Result B
a+c=-1 Result A
—4a—c = -5 Result B x -1
—3a=—6

a=2

2)-1)+c=-2 Eq.1
c=-3

y=2x>+x-3




CHAPTER 2.

TRRATIONAL EXPRESSIONS

214 Operations with Square Roots (€0)
1. 5V3+V3=6V3 2. 3V3+2/3=5V3
3. 4V3-2V3=2V3 4. 5V6+2V6 =7V6
5. 3V2+2V2=5V2 6. 5V2—4/2 =42
7. 6V2—3V2=3V2 8. 10vV2—+2 =92
9. S5V7+6V7=11V7 10. 30V2 + 6V2 = 36V2
11. 5-2V3+3V3+6=11++3 12. yV3 —4V2 = 3yV3 = —2yV3 — 442
13. v/90 = 3V10 14. V3600 — /144 = 60 — 12 = 48
15. 63/100 — 21/20 = 60 — 42+/5 16. 3vV98 + 124392 = 21V2 + 168V2 =
189v2
17.9—-5=14 18. 5v2—20+2 — 42 = —18 +/2
19. 10V18x7 = 10V9x6v/2x = 30x3v2x 20. 15,/2x6y2 = 15x3yV2
21. 9x — 18Vx + 9 22. 2= (x +V2) + (x - v2)°
2=x242x\V2+2+x2=2x V2 +2
c2=2x*>+4
c=V2x2 +4
23. V13 28 24/7
R L L
2 2
25. 5v/50 = 252 15v3 + 3v/3 1843
V2 26. V3 ‘/_= \/_= 63
3 3
- 4\/§—15\/§+10\/§_—\/§_ 28 3\/§+5\/§_8\/§_4
' V3 3 243 2v3
16v/21 30. /18x*y3 = 3x2y,/2
29. = = ~5VIZ = 83— 10V3 = -2V3 XTSIV

2.2 Rationalize Monomial Denominators [€0€)

3 (V7\ 37 2 (V2 2v2
L 5(7)-5 2 £(5)=F=v
, 35 (@)_3@_15\/5_3\/5 . 3—\/§(\/_§)_3\/§—\/ﬁ_3\/_—2\/€
" 2/10\V10/ 210 20 ~ 4 " V3 \y3/ 3 - 3




2 V2 22 (3 — = £
s Ex5 im(R) s o B E_E(2).L
2.3 Rationalize Binomial Denominators
V5 (7+\/§)_7\/§+5_7\/§+5 1 (3+\/7)_3+\/7_3+\/7
7-V5\7++5/)  49-5 44 3-vV7\34+7) 9-7 2
] 5 (4+\/ﬁ)_20+5x/ﬁ_ 4 (5+\/ﬁ)_20+4\/ﬁ_
" 4-V11\4++V11) 16-11 5-v13\5++13/ 25-13
20+5m—4+\/ﬁ 20 +4V13  5+413
- 12 3
s 2 (\/ﬁ—4)_\/2_8—4\/§_ . V3 (\/_—5)_3—5@_3—5\/5_
" V1a+4\V14-4) 14-16 " V3+5\W3-5/ 3-25  -22
2\7 — 42 3 -5V3
> =7+ 2V2 i
; 2—\/5(2—\/5)_4—4\/§+2_6—4\/§ o \/§+5(\/§+5)_3+10\/§+25_
C2+v2\2-v2/  4-2 2 " V3-5\W3+5/  3-25
=3-2V2 28+10v3  14+5V3
-22 11
9 V6 +8 (x/i—x/?)_ 10 Xy (\/E+x/7):xx/7+yx/§
" V2+V3\V2-v3/ CVx =y \Wx +4y X-y
Vi2 -Vi8+8V2-8V3
2-3 B
2V3-3v2+8V2-8V3
-1 -
—(5vV2-6v3) = 6v3 - 5V2
11. A=lw 12. A =%bh
22(\@2_1)“’ 8+12vZ =2 (6 + 2V2)h
W= = 8+12v2 = (3+2)h
2 (ﬁ+1)_2\/§+2_\/§+1 _8+12V2
Y- 1\Ws+1) T 4 T 2 3+42
h_8+12\/5(3—\/§)_24+28\/_—24_
 3+42 \3-v2/ 9-2 B
282
T=4\/§




CHAPTER 3.

QAUADRATIC FUNCTIONS

3.1 Factor a Trinomial by Grouping

1. 6x*+x—-2= 2. 12x*>+5x—-2=
6x2 —3x +4x —2 = 12x?> —-3x+8x—2 =
3x2x—1)+22x—-1) = 3x(4x —1)+2(4x—1) =
Bx+2)2x—-1) Bx+2)(4x—-1)

3. 12x?—-29x + 15 = 4. 6x%*—-11x+4 =
12x% —9x — 20x + 15 = 6x2 —3x —8x+4 =
3x(4x —3) —5(4x—-3) = 3x(2x—1)—4(2x—-1) =
(3x—5)(4x —3) Bx—4)2x—-1)

5. 15x?>+14x —8 = 6. —10x?—29x —10 =
15x% 4+ 20x — 6x — 8 = —10x% — 25x —4x — 10 =
5x(3x +4) —2(3x+4) = —5x(2x +5)—2(2x+5) =
(5x —2)(3x + 4) (=5x —2)(2x +5)

7. 4x%>+12x+9 = 8. First, write in standard form:

4x% + 6x + 6x +9 =
2x(2x+3)+32x+3) =
(2x+3)(2x +3)

The square rootis 2x + 3.

6x2 —57x — 30 =

6x% — 60x + 3x — 30 =
6x(x —10) + 3(x — 10) =
(6x +3)(x —10)

9. 2x*>+4+4x—-3x—6=
2x(x+2)—3(x+2) =
(2x—=3)(x+2)

So, (2x — 3)

3.2 Solve Quadratiecs with a = 1

1. 10x2+4+9x+2=0 2. 2x%2—-3x—-2=0
n4+9n+20=0 n?—-3n—-4=0
n+5)M+4)=0 n+1)(n—4)=0
n=-5 or n=-4 n=-1 or n=4

5 4 1 4
X=—— or x=—— X=—-o0or x=-
10 10 ) 2 2
1 2
-3 -32
3. 12x24+29x+15=0 4. 4x*>+109x+225=0

n?4+29m+180=0
n+20)(n+9)=0
n=-20 or n=-9

n? 4+ 1091 +900=0
(n+100)(n+9) =0
n=-100 or n=-9

100 9
X=——0r xXx=—-
4 4

25




5. ac=20and b =9,souse 5 and 4 6. ac=24andb = —14;use —12 and —2
10x?>+5x+4x+2=0 3x2—-12x—2x+8=0
5x2x+1)+22x+1)=0 3x(x—4)—2(x—4)=0
Gx+2)2x+1)=0 Bx—-2)(x—4)=0
5x+2=0 2x+1=0 3x—2=0 x—4=0

2 1 2
xX=-= xX=-= X =z x=4
5 2 3
1 2 2
-4 4

7. ac=—-4andb = -3,souse —4and 1 8. 4x(x—1)=15
2x2 —4x+x—-2=0 4x2% — 4x = 15
2x(x—2)+1(x—-2)=0 4x2 —4x—-15=0
Rx+1)(x-2)=0 ac = —60and b = —4; use 6 and —10
2x+1=0 x—2=0 4x>+6x—10x—15=0
y=—1 x =2 2x(2x+3)—-52x+3)=0

. 2 2x-5)2x+3) =0
{-32 2x—5=0  2x+3=0
5 3
X = - X =—-
25 2
3
-33

9. 4x*>+8x—-12=0 10. 3x2—-18x—-21=0
x>+2x—-3=0 x> —6x—7=0
, B B\ _ (2\? _ 2 D\ _ [ 6\ _
X% +2x =3 2) _(2) =1 X2 —6x=7 (2) _( 2) =9
x2+2x+1=3+1 x2—6x+9=7+9
(x+1)?*=4 (x—3)>=16
x+1=+V4=42 x—3=1V16 =14
x=-1x2 x=314
{-3,1} {—1,7}

11. 4x% 4+ 8x = 45 12. 3x2—=12x+2=0

2 2 2
x2 42 =25 (2) _(E) -1 x2—4x+§=0
Cyaxa1oBt gyt () = (<) =4
X X 4—: Z X X = 3 22 12_ > =
(X+1)2_:9 x2—4x+4=—§+—
—2n2 =1
x+l1=1[2=11 (x=2)"=3
10 30
9 5 2 2 2 \/_
33 x=247
30 V30
2-2,2+7)




—9+.,/92 —4(10)(2) —4 +./4% - 4(-3)(-1)
13. x = 14. x =
2(10) 2(-3)
_-9+V1 -9+1 _—4+V4 442
x_l 20 20 xl_ -6 -6
-3 1
—8 +/82 — 4(4)(-9) 12 +/(-12)%2 - 4(3)(2)
15. x = 16. x =
2(4) 2(3)
_ —8++208 -8+4V13 1+\/ﬁ _12J_m/120_12i2\/%_2+ﬂ
*= 8\/__\/§ T T2 *= ?/—_\/—6 Tt 3
13 13 30 30
{-1- -1 {2-72+7)
3.3 Graphs of Quadratic Functions
—(—8) —(—2)
1. = = -2 2. = = -1
X202 * 20D
y=-2(-2)2-8(-2)+3 =11 y=—(-12-2(-1)+1=2
x = —2and (—2,11) x = —land (—1,2)
3. For a parabola opening down, the 4. For a parabola opening up, the minimum

maximum value is at the vertex.
-6
= = 1
*T3253)
y = -3(1D)?*+6(1)—-2=1
Maximum is 1

value is at the vertex.
~(=20) _

2(5)
y=5(2)2-202)+14=-6
Minimum is -6

X =

[¢)]

10 | |5 0\./5 L1 10

-10

T
[&)]

10

-10 | .10

10




10

(&3]

-10 -5 0 5 10

10] |

,(n<

10

-10

1. (3

2. a=1 3. y=x%2+10x+21
h=—£=—3 y_21:x2+10x

2a 2 2
k=(-3)2+6(-3)+10=1 3) =(3) =25
y=(+3)?+1 y+4=x%+10x + 25
vertex: (-3,1) y+4=(x+5)?

y=((x+5)?—4
vertex: (-5,-4)

4, y=(x+5)?+3 5. y=-2(x—4)>-5
y=x+5x+5)+3 y=-2(x—-4)(x—4)—-5
y=x%+10x + 25+ 3 y=-2(x*—-8x+16)—5
y =x?+ 10x + 28 y=—-2x*+16x—-32-5

y = —2x% + 16x — 37

3.5 Focus and Directrix [€0)
1. Vertexis (2,—4)
_r_1.1_
P ™47 16
Since p > 0, the directrix is below the
vertex. Directrixisy = —4—-4 =-8

3+5
—Oandkz%z
p=3—4=-1
1 1
Qa=—=—-
4p 4
y=—x+4

11




2-4 2 = — 4y —
B 2 x*+6x+9=—-4y—-5+4+9
p=2-(1=3 (x +3)? = —4y + 4
=—=— (x+3)2—4=—4y
4p 12 1 3% 4 1
yzi(x—4)2—1 y——z(x+ )"+
12 Vertex is (—3,1)
P=ta™4" 'y
Since p < 0, the focus is 1 unit below the
vertex, at (—3,0), and the directrix is 1
unit above the vertex, at y = 2.
Vertex is (—1,2). 6. Vertexis (—3,1)
The equation of the directrix is The equation of the directrix is
y=k—p,soy=2—-2,ory=0 y=k—p,ory=6.
p=1—-(-3)=4 8. Vertexis (2,1).
(x—=2)?=16(y - 1) 4p=2,sop=%.
Focus is % unit above the vertex, at (2, g)
Directrixisy =k —p,ory = %

12




CHAPTER ‘.

C N | Set of Complex Numbers

Imaciunary NVMBERS

1. V=25=+25V-1=5i 2. V100V-1v3 = 10iv3

3. 2+V-12=2+V4/-1V3 = 4. —8+-VI6y—1V5 = -8+ 3iV5
2 +2iV3

5. V36Vx16V—1V5 = 6x%iV5 6. (31)° = (3%)(%) = 27(~i) = -27i

7. (2D* = (2YH0*) = 16(1) = 16 8. (—3)3i10 = (—27)(-1) = 27

4.2 Operations with Complex Numbers
1. 8—2i 2. 3+20)(2-10) =
6—3i+4i—2(-1) =
8+i
3. 3-7DB =70 = 4. (2VZ+50)(5vZ - 20) =
9-21i—21i+49(-1) = 20 — 4iV2 + 25iv2 — 10(—1) =
—40 —42i 30 + 21iv2
5. (-1+D)(-1+D(-1+i) = 6. B3)(2D*Q2+1i) =
(1—i—i—1(-1+10) = G- 2 +1i) =
(=20 (-1 +1i) = (-120)Q2 +10) =
2i —2(-1) = —24i — 12(-1) =
2 + 2i 12 — 24i
7. (x+Dx+)—-(x—-Dkx—-10)= 8. 2xi(i —4i%) =
(x24+2xi—1)— (x?—2xi—1) = 2xi(i +4) =
4xi —2x + 8xi
9. 3x%+48=3(x%+16) = 10. —9x2 —81=—-9(x2 +9) =
3(x + 4i)(x — 4i) —9(x + 3i)(x — 3iQ)
4.3 Imagqginary Roots
1. x=+V-25=+V25V—1=45i 2. x=1V-16 = £V16V—1 = *4i
{—5i,5i} {—4i,4i}
3. x=2(-18) = —27 4. x+2=+/=9
x = +V=27 = $3iv3 X+2=43
x=-243i

{-3i/3,3iV3}

13




5. x?—12x = —40 6. x%2+8x=-25
x?2 —12x + 36 = —40 + 36 x> +8x+16=-25+16
(x—6)2=-4 (x+4)2=-9
x—6=1V-4 x+4=+/-9
x=6%2i x=—4+3i
7. x?>—4x=-9 8. n+6n+12=0
X2 —4x+4=-9+4 n?+6n=-12
(x—2)2=-5 n+6n+9=-12+9
x—2=+V-5 (n+3)?%?=-3
x=2+iV5 n+3=+V-3=+iV3
n=-3+iV/3
x=-1 if
3
o —CIH/EH 4@ 3103 | =(£12) 1/(C12)7 - 4(H@5) _
' 2(1) 2 2 ' 2(4) B
iv/19 12 +v/-256 124160 3 .
* = =—+42i
2 8 8 2
11. 3x? —4x+5=0 12. =3x24+2x—-2=0
—CHHED2-4B)() 4 +V-ad ~(2) +/(@)2 - 4(=3)(=2) _-24V=20 _
2(3) 6 2(-3) - -6
412i\/H_2+i\/H —2i2ix/§_1+i\/§
6 3 3 -6 3 3
13. —2 — 3i (its conjugate) 14. (a + bi)(a — bi)
= a? — abi + abi — (bi)?
= a’ + b?
15. The roots are 1 — 2iv/2 and 1 + 2iv/2.

(x— (1-2v2)) (x - (1+2iv2)) = 0
(-D+2iv2) (- D - 20v2) = 0
(x—1)2—(2iv2)" =0
(x2-2x+1)—(-8)=0
x2=2x+9=0

f(x)=x2-2x+9

14




CHAPTER S. CIRCLES

5.4 Equations of Qircles
1. Centeris (5,—2); radius is V36 = 6. 2. Divide the equation by 3:
(x+1)2%2+y2=9
Center is (—1, 0) and radius is V9 = 3.
3. x+8)?2+(y—6)2=25 4. Circle B has its center at (0, —5), so the
center of circle 4 is (2, —2).
5. x2—6x+y +14y+42=0 6. Divide by 2:
x2—6x +y%+ 14y = —42 x2+2x+y2—10y—23=0
(x2—6x+9)+ (2 + 14y +49) = x%+2x+y?*—10y =23
—42+9+49 (x2+2x+ 1)+ (y? — 10y + 25) =
(x=3)2+(@y+7)?=16 23+ 1+ 25
Center is (3, —7), radius is V16 = 4. (x+1)*+ (@ —5)72=49
Center is (—1,5), radius is V49 = 7.
7. 8.
10 10
-10 -5 0 -10 5 N 5
-10 -10
5.2 Qircle-linear Systems
1. x2+(—x)?2=136 2. (x—1)?+@Bx)*=9
x?+x%2 =136 x2—2x+14+9x%2=9
2x% =36 10x2—-2x—8=0
x? =18 5x2—x—4=0
x = +V18 = £3v2

Forx = 3\/7,3/ =32
Forx = —3\/§,y = 3+/2
(3v2,-3v2) and (—3v2,3V2)

14/(-1)2-4(5)(-4) 1£9
= 26 =
x = {1,-0.8}
y =3(1) =3
y =3(—0.8) = —2.4
(1,3) and (—0.8, —2.4)

10
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3. x*+(—x+2)?=16 4. (x+2)?+(@x—-5-1)*=25

x>+ x?>—4x+4=16 (x+2)2+(2x—-6)2=25

2x% —4x =12 x*>+4x + 4+ 4x* —24x+ 36 = 25
x>—2x=6 5x2 —20x+15=0
x>—-2x+1=6+1 x>—4x+3=0

(x-—1)?%=7 x-3)(x-1)=0

x—1=+V7 x = {31}

12y y=2(3)-5=1
y=—(1+V7)+2=1-+7 y=2(1)-5=-3

y=—(1-V7)+2=1++7 (3,1) and (1,-3)

(1++v7, 1—+7)and

(1-v7, 1++7)
vz (e 4V = 6. —3y—6=6x
5. (x=2)%+ (2 * 4) ? y+2=-2x divideby-3
x? —dx+ 4+ x?—4x+16=9 y=—2x—2
2 2 _
(¥ 8+ 11=0 e et 164 4% 1 B 142 20
5x>—32x+44=0 multiply by 4 )Scxz =)(C) * ¥ B
n?—32n+220=0 X =0
n—22)(n—10)=0
£L=22)(()I‘ n=)10 y=-200)~-2=-2
2 10 (0,—2) one point of intersection:
x=—=44 or x=—=2 the line is tangent to the circle
y=>(44) =22 PN

y=:) =1

N
(4.4,2.2) and (2,1) ;;;;5::5/—:5:5
\ >
LN LA

7. x>+ (x—-6)2=16
x> +x%2—-12x +36 =16
2x2 —12x+20=0
x>—6x+10=0
x?>—6x=-10

10
x2—6x+9=-10+9 10 - 0 74
(x—3)*=-1 /
7.

x—3=+v-1
x=3%i
No real solutions, so the line and circle do not intersect.
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CHAPTER 6.

POLYNOMIAL FUNCTIONS

6.1 Operations with Functions

1. a)s(x)=13x—4
b) p(x) = 36x% — 11x — 5

2. a)d(x)=3x%+9%
b)g(x) =x+4

3. a)2x+6V3
b) 10xV3 + 15
2x+\/§(\/§)_2x\/§+3

5v3 \V3 15

c)

4. a)h(x)=2(x*-1)—-4(2x+4)+8
h(x) =2x>—-2—-8x—16+8
h(x) = 2x?> —8x — 10
b) 2x2 —8x—10=0
x> —4x—-5=0
x+1Dxx-5)=0

{_115}
5. a) P(x) =6x—170
b) 6x — 170 > 0
6x > 170
x > 28.33
Need to sell 29 headphones.
6.2 Long Division
1. 2.
5x—2 x—=2
x+1> 5x% +3x—2 3x+1> 3x% _5x+1
—(5X2 +5X) —(3x2 +x)
-2x—-2 —-6x+1
—(-2x-2) —(-6x-2)
0 3
Answer: x — 2 +
3x+1
3. 4,
x+2 2x+3
x2+x—6> X3 +3x% —4x-12 x2—4> 2x3 +3x% —8x—12
—(X3 +x2 —6x) —(Zx3 —8x)
2x% +2x —12 3x2 —12
—(2x2 +2x—12) —(3x2 —12)
0 0

17




2x5 + 3x3 + 4x2

5. 6.
X% +2x-2 X% +x+3
2x+3> 23 +7x% +2x 49 x-3) x3-2x*+0x-4
—(2x3+3x2) —(X3—3X2)
2 2
4x° +2x x“+0x
—(4x2+6x) (x2—3x)
—4x+9 3x—4
—(—4x-6) —(3x-9)
15 5
5
x> +2x -2+ x2+x+34+——
2x +3 x—3
7. 8.
X3 +2x%+3 , T 2x+3
TN I X —4x+1> 253 —5x2 + x =10
_(X6 +2x3) —(2x3—8x2+2x)

3x2 —x—-10

2
N — ~(3x* -12x+3)
2,3 ; 11x-13
X * gy X3
—(3x3 +6) Ot a1
0
6.3 Synthetic Division
1. 2.
2] 3-4-7 6 [4] 2 -5 -11 -4
6 4 -6 8 12 4
3 2-3]0 2 3 1]0
Ans: 3x2 +2x—3 Ans: 2x? +3x+1
3. 4,
1] 3 1 -6 2 [-2] 3 7-1 -5 5
3 4 -2 6 -2 6 -2
3 4-21]0 3 1-3 1]3

Ans: 3x2 +4x — 2

3
Ans: 3x3 +x%2—-3x+1+——
X+ 2
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2l 1 0-4 -4 8
2 4 0 -8
12 0-410

Ans: x3 4+ 2x% —4

6.
31 0-11 -1 7
-3 9 6 -15
1 -3 -2 5|-8

8
Ans: x3 —3x%2—-2x+5————
x+3

6.4 Remainder Theorem

1. f(=2)=(-2)2%+2(-2)2+(-2)+6
f(—2) = 4, so the remainder is 4.

This can be checked by synthetic division:

21 2 1 6
2 0 -2
1 0 1] 4

2. Substitute each a to see if P(a) = 0.
P(1)=1*-2(13)—-7(1%) +8(1) + 12
P(1) = 12, so the correct answer is (3)

3. Enter the equation into the calculator as Y;

and evaluate Y; (x) for each integer x
between —3 and 3.
P(-3)=0,P(-2)=0,P(—1) = —156,
P(0)=0,P(1) =0,P(2) = —40,and
P(3)=0

Therefore, the roots are {—3,-2,0,1,3}

a(x) 6
=3x+13 + —
-2 -2
Multlply both 51des by x —

a(x) =3x(x—2)+13(x — 2) +6
a(x) =3x>—6x+13x—26+6
a(x) =3x%+7x— 20

5.
a) (-4 +3(-4)?*+(-4)k—-24=0

b) Find the other factor by division:

—64+48—4k—24=0 [-4] 1 3 -10 -24
—40—-4k =0 4 4 24
ke =-10 1-1 -6 | 0
(x2—x—-6)(x+4)=0
x=-3)x+2)x+4)=0
(—4,-2,3)
6.5 Factor Polynomials

1. x%2(x+3)+2(x+3)
(x?2+2)(x+3)

2. 2x%(2x+5)—502x+5)
(2x? = 5)(2x+5)

3. x2(x+3)—4(x+3)
(x?2 —4)(x + 3)
x+2)(x—=2)(x+3)

4. x?(x—-2)—-9(x—2)
(x* =9 (x —2)
x+3)(x—=3)(x—2)

5 x2(x+2)—-(x+2)
(x2 = 1D(x +2)
x+DE-1D(x+2)

6. x?>(3x—5)—16(3x—75)
(x? —16)(3x = 5)
(x+4)(x—4)(3x—=5)
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7. a(a+b)+c(a+b) 8. a®+a*—ab-»b

(a+c)(a+b) a’(a+1)—b(a+1)
(a> = b)(a+1)

9. x*—x2-9x2+9 10. 8y* — 10y? — 28y? + 35
x2(x?—-1)—-9(x%-1) 2y2(4y? —5) — 7(4y%? = 5)
(x*=9x*-1) (2y* = 7)(4y* = 5)
x+3)x-3DNx+DH(x—-1)

11. a* — a®b?* — 4a?b? + 4b* 12, 2x* — 2x%y? + x2y? — y*
a2(a? — b%) — 4b2(a? — b?) 2x2(x2 — y2) + y2(x% — y?)
(a* — 4b*)(a® — b?) (2x* +y*)(x* —y?)

(a + 2b)(a — 2b)(a + b)(a — b) x2+yHx +y)(x—y)

13. x*(2x — 1) +5x?2(2x — 1) + 4(2x — 1)

(x*+5x2+4)(2x — 1)
(x*+x2+4x2+4)2x—1)
[x2(x% + 1) + 4(x? + 1)](2x — 1)
(x2+4)(x*+1)(2x — 1)

14, (x + 5)(x2 — 5x + 25) 15. (b + 4)(b® — 4b + 16)

16. (y — 6)(y? + 6y + 36) 17. (3x — 2)(9x% + 6x + 4)

18. 2(8x3 +27) = 19. (xy? — 4)(x%y* + 4xy? + 16)
2(2x +3)(4x% — 6x + 9)

20. (8x — 7y)(64x?% + 56xy + 49y?) 21. 2(x3 + 64y3) =

2(x + 4y)(x? — 4xy + 16y?)
22. Letu = 2x? 23. Letu=x—06
2u? —3u—2 x* —u?
Qu+1D(u-2) (x% +u)(x? —u)
(4x2% + 1)(2x% = 2) (x2+x—-6)(x>—x+6)
2(4x2 + 1) (x2 - 1) (x+3)(x—2)(x2—x+6)
24x2 + D(x+ D(x - 1)
24. We can factor out the GCF of 2 from the middle terms:
(x5 +2x)2+2(x°+2x)+ 1
Now letu = x° + 2x
u?+2u+1
u+1Du+1)
(x5 +2x+ 1D)(x>+2x+ 1)
6.6 Find Roots by Factoring
1. x(x2+x-2)=0 2. x?2(2x—-1)—-42x-1)=0

x(x+2)x—-1)=0
{—2,0,1}

x?2-4)2x—-1)=0
x+2)(x—-2)2x—-1)=0

&2
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+1,+2,+4,45,+£10, £20.
(-1)3-8(-1)?+11(-1)+20=0
f(=1) =0,so—1lisarootand (x + 1) isa
factor. By synthetic division,

-1 1 -8 11 20
~1 9 -20
1 -9 20| 0

(x + 1)(x? — 9x + 20)
x+Dxx—-—4)(x—5)
Roots are —1, 4, and 5.

4x2(2x+1)—-9(2x+1) =0 4, x3+5x2—4x—-20=0
(4x>—-9)(2x+1)=0 x?(x+5)—4(x+5)=0
2x+3)2x—-3)2x+1) =0 (x?2—4)(x+5) =0
{iE,_l} {+2,-5}
2’ 2
x2+1D)x*-4)=0 6. 3x(x*—16)=0
x*4+1=0o0rx>—4=0 3x(x2+4)(x?2-4)=0
{+2, +i} 3x(x?+4)(x+2)(x—2)=0
{0,+2, +2i}
x(x3+4x*>+4x+16) =0 8. 9x%(x—10) +64(x—10)=0
x(x?(x+4) +4(x+4)) =0 (9x* +64)(x —10) =0
x(x*+4)(x+4)=0 For the first factor, x? = —%4,
{0, _4; iZL} SO X = igl
f0.22]
x+1D)x-2)Bx+1)Bx—-2) = 10. x = -1+ 2i - x+1-2i=0
(x2—x—-2)Bx+1)(Bx—-2) = x=-1-2i - x+1+2i=0
(3x3—2x2—-7x—-2)(3x—2) = x =2 - x—2=0
9x* —12x3 —17x*> +8x + 4 (x+1-20(x+1+2))(x—-2)=
f(x) =9x*—12x3 —17x> +8x + 4 [(x +1)? - 2D?*|(x=-2) =
(x2+2x+5)(x—2) =
x3+x—10
To get a leading coefficient of 4, vertically
dilate the function by multiplying by 4:
g(x) = 4x3 + 4x — 40
6.7 Root Theorems
Possible roots are 2. Possible roots are +1,+2,+3,+6, + ;, + 2

3(1)*—-10(1)*+1+6=0
g(1)=0,solisarootand (x —1)isa
factor. By synthetic division,

1] 3-10 1 6
3 -7 -6
3 -7 -6]0

(x—1)(Bx2—=7x—-6)

(x—1)(3x%2 —9x + 2x — 6)

(x —1)(x —3)(3x + 2) [by grouping]
Roots are 1, 3, and — g
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3. Possible roots are
+1,+2,+3,+4, 16,18, +12, £24, i%, i;.
2(-2)3 —(-2)2-22(-2)—-24=0
h(—2) = 0,so-2isarootand (x + 2) isa
factor. By synthetic division,
2 -1 -22 24
-4 10 24
2-5-12 ] 0
(x +2)(2x% — 5x — 12)
(x + 2)(2x? — 8x + 3x — 12)
(x+2)(2x +3)(x —4) [by grouping]
Roots are -2, — %, and 4.

4. Possiblerootsare +1,+3,19, i%, + g, +

2-D*+ (-1)3-19(-1)?-9(-1)+9=0
f(=1) =0,so-1lisarootand (x + 1) isa
factor. By synthetic division,
2 1-19 -9 9
-2 1 18 -9
2 -1-18 9|0
(x+1)(2x3 —x2 —18x +9)
(x 4+ 1)(x* = 9)(2x — 1) [by grouping]
x+1D)(E+3)(x—3)2x—1)
Roots are —1,—3, 3, and %

N1 O

5. P(x) is cubic, so there are 3 roots.

P(x) has two sign changes, so there are at most 2 positive real roots.

P(—x) = —2x3 4+ 3x? + 10x + 1 has one sign change, so there is 1 negative real root.
Positive Real Roots | Negative Real Roots | Imaginary Roots | Total Roots
2 1 0 3
0 1 2 3

h(x) is a fifth-degree (quintic) polynomial, so there are 5 roots.

h(x) has 3 sign changes, so there are at most 3 positive real roots.
h(—x) = x° + x* + x® + x + 1 has no sign changes, so 0 negative real roots.

Positive Real Roots

Negative Real Roots

Imaginary Roots

Total Roots

3

0

2

5

1

0

4

5

6.8 Properties of Polynomial Graphs

1. Degree =5, leading coefficient = —3.

%
Y

Asx — —oo, f(x) — oo,
and as x — oo, f(x) - —oo

2. Degree = 4, leading coefficient = 5.

N| /7

Asx — —oo, f(x) — oo,
andas x = oo, f(x) = o0
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Degree = 4, leading coefficient = —16. 4. Degree = 7, leading coefficient = 1.
Asx —» —oo, f(x) = —oo, Asx - —oo, f(x) = —oo,
andasx — oo, f(x) » —o0 andasx — oo, f(x) > o
h(0) = —4(-2)(=5)* = 200, 6. k(0)=(0)(1)(4)* =0,
so the y-intercept is (0, 200). so the y-intercept is (0, 0).
x2=2=0 - x=1V2 5x=0 - x=0
Iy —5=0 — x=2 [double root] x?+1=0 - imaginary roots +i

_ 2 x+4=0 - x=-—4 |[doubleroot]
S0 thesx-lntercepts are (—V2,0), (v2,0), so the x-intercepts are (—4, 0) and (0, 0).
and (—, 0).

2
(—=2.31,0), (—0.76,0), and (0.57,0)
relative maximum at (3,5), 9. relative maximum at (—2.5,1.25),
relative minimum at (5, 1). relative minima at (=3, 0) and (-2, 0).
decreasing over 3 < x <5 decreasing over x < —3 and
increasing over x < 3andx > 5 —25<x <=2
increasing over 3 < x < —2.5 and
x> =2
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6.9

Graph Polynomial Funetions

1. x-interceptsat-2,0, and 3. 2. x-interceptsat-2,-1,and 1, with-1asa
y-intercept at f(0) = 0. double root.
Degree of 3 (odd), leading coefficient of 1 y-intercept at f(0) = —
(positive), so end behavior of Degree of 4 (even), leading coefficient of 2
/ (positive), so end behavior of
..m...?. f Top &
-10 | -5 [ | + | 10 -10 | -5 [ # [ | | 10
- 5
'l'-m""' c-1oy
3. c(x)=x3—-13x+12 4., q(x) =2x*+3x3—3x%2 - 2x
5.
f-2) f-1) f0) f[l) f[2)
“ _6\/ \/
-6 first
-8 -8 -8 second

Second degree (quadratic) function
f(x) = —4x*+6x+4
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f-:3) f-2) f-1) A0) A1) A2) f3)
65 0 -15 -16  -15 0 65

AVAVANVAVA VAN
65 15 1 1 15 65  first
VNV NV NV
50 14 2 14 50 second
36 12 12 36 third
v\
24 24 24 fourth

Fourth degree (quartic) function
gx) =x*—-16

6.10 Polynomial Transformations

(3)

(2)

(1)

Bw N e

The graph shifts 2 units to the rightand3 |5. g(x)=f(x—-2) =
units up. (x—=2)(x+2)(x—5)

Start with y = 2x* — 3x3 + x — 5.

For a vertical dilation by a factor of 3, multiply the equation by 3, giving us
y = 6x* —9x3 + 3x — 15.

To reflect over the y-axis, replace each x with —x, giving us

y =6(—x)*—9(—x)3 + 3(—x) — 15,or y = 6x* + 9x3 — 3x — 15.
Finally, translate 6 unit up by adding 6:

n(x) = 6x*+9x3—-3x—9

6.11 Systems of Polynomial Funetions

x2+2x—1=3x+5 2. y+3x=1 > y=-3x+1

x2—x—6=0 x> +7x+22=-3x+1

(x+2)(x—3)=0 x> +10x+21=0

x ={-2,3} x+7)(x+3)=0

y=3(=2)+5=-1 X ={-7,-3)

y=3(3) +5 = 14 y=—3(=7) +1=22

(—2,—1) and (3,14) y=-3(=3)+1=10
(=7,22) and (—3,10)
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X2 +2x=y+7 oy=x*+2x—-7 4, x3—6x+1=-2x+1
x?4+2x—-7=2x+1 x3—4x=0
x*>=8 x(x2—-4)=0
x=+/8 =422 x(x+2)(x—-2)=0
y=2(2v2) +1=1+42 x ={0,-22}
y=2(-2v2) +1=1-4v2 ;’f:éggﬁffs
(011)1 (_2!5)1 (21 _3)
y+2=3x->y=3x—-2 6. x3+5x2+2=7x>—-5x+2
x2—3x+9=3x—-2 x3—2x>+5x=0
Z—6x+11=0 x(x?—=2x+5)=0
2 _6x=-11 x=0 x2-2x+5=0
x?—6x+9=-11+9 x?—2x=-5
(x—3)?2=-2 x?—2x+1=-5+1
x—3=+/-2 (x —1)* = —4
x=3%iV2 x—1=14V-4
y=3(3+iv2)-2 ()2x=5(1;£2i
. =700)"—-50)+2=2
=7+ 3ivV2 Y
y_3(3_”,/\;§)_2 y=7(1+20)2—5(1+2i)+2=
Y= ! 7(1+4i—4)—5-10i +2 =
y=7-302 —21+ 28i — 3 — 10i = —24 + 18i
(3+i\/7,7+3i\/7)and y=7(1-20)?-5(1-20)+2=
(3-iv2,7 - 3iV2) 71-4i—4)-5+10i+2=
—21—-28i—3+10i = —-24 — 18i
(0,2), (1 + 2i,—24 + 18i), and
(1 — 2i,—24 — 18i)
8.
10
.............. (_2'5] 5 i i | i i i i
2.1) A
5 10 -10 -5 0
................ .5
-10 ' -10
(—4,1),(2,1) (—=2,5),(0,1),(2,-3)
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10.

10

-10 -5 o1 (0.0) 5 10

-10

(4,6)

(=2,0),(0,0),(1,3)

6.12 Polynomial ldentities (€0)

1. (x+a)(x+b)
=x?>+ax+ bx+ab
=x?+(a+b)x+ab

multiply the binomials
distributive property

2. (x*—-1)%+ (2x)?
=x*—2x% + 1 + (2x)?
=x*—2x% + 1 + 4x?

expand the square of the binomial
Power Rule

=x*+2x*+1 combine like terms
= (x? + 1)? rewrite as the square of a binomial
3. (a+b)3
=(a+b)(a+b)(a+Db) rewrite the cube as a product

= (a? + 2ab + b*)(a + b)
= a3+ a’b + 2a®b + 2ab? + ab?® + b3
= a3+ 3a?b + 3ab? + b3

multiply the first two binomials
multiply the trinomial and binomial
combine like terms

4. (a+b)?>+ (a—Db)?
= (a® + 2ab + b?) + (a® — 2ab + b?)
= 2a? + 2b?
= 2(a? + b?)

expand both squares of binomials
combine like terms
distributive property

5. (a+b)(a—Db)[(a+ b)?—2ab]
= (a + b)(a — b)(a® + 2ab + b? — 2ab)
= (a + b)(a —b)(a® + b?)
= (a? — b?)(a? + b?)
= a% — b*

expand the square of the binomial
combine like terms

express as a difference of two squares
express as a difference of two squares
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(x2 + y% +V2xy)(x? + y? —V2xy)
= x* + x2y? —\2x%y + multiply by distributing each term
x2y% + y* —2xy? +
V2x2y + V2xy? — 2x%y?
=x*+ y* combine like terms
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CHAPTER 7. RADICALS AND RATIONAL EXPONENTS
74 nth Roots
1. 11 2. 6
3. 291 4 42' _ 343
5. x2=25 6. x5 =13243
Vx2 = +4/25 x =3
x = =+5
7. Yx® = +%/46,656 8. Vx3=13/515
x =46 x ~ 8.02
9. 4y? 10. x*y53/y
11. ab?cV4a3b* 12, |x3|y*

7.2

Operations with Radicals

1.

2. 10310

912
3. 64=4

4. (V8)(3V6) — (2V3) =3V48 - 2V3
=613 -2V3 =433

3B) 53 6V8_ 6
Vo (3\/5) ? 2 4713 4753
6 (\/E) 6(\/5) 473 4
4—\/5 (%)3= 5 =3(\/§) =38
7.3 Solve Equations with Radicals
1. (Yx) =7 2. 3Yx =18
x = 343 ‘{/E=46
()" =6
x = 1,296
3. x—4=49 4, \2x—1=3
x =53 2x—1=9
x=5
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5. Y2x+3=3 6. (Vx—a) =b?
2x +3 =27 4= B
2x = 24 =B ta
x =12

7. x*—-3x+3=1 8. x+3=(x+23)?
x2=3x+2=0 x+3=x*2+6x+9
x—1Dx-2)=0 x2+5x+6=0
{1,2} x+2)(x+3)=0

{—2,—3}

9. 2x—4=(x—2)? 10. x2 = 4(2x —3)
2x —4=x*—4x+4 x?—8x+12=0
x> —6x+8=0 x—2)(x—6)=0
x-2)(x—-4)=0 {2,6}

{24}

11. 9x + 10 = x?2 12. 5x + 29 = (x + 3)?
x2—=9x—-10=0 5x+29=x%>+6x+9
x+1Dx-10)=0 x>+x—-20=0
{>1,10} -1is extraneous x+5xx—-4)=0

{>5,4} -5isextraneous

13. x3—2x2—-5=(x—1)3 14. 15x* + 81 = (2x)*
x3—2x2—-5=x3-3x2+3x—-1 15x* + 81 = 16x*
x2—3x—4=0 x*—81=0
x+1Dx—-4)=0 x* =81
{—1,4} {3,3} -3 isextraneous

15. \/x+4=2\/x—3+1 i 16. (Vx+4) = (\/5—_2)2
(Vx+4) =(x-3+1) X +4=5x—4V5x + 4
x+4=x—-3+2Vvx—-3+1 —4x = —4+/5x
2Vx—3=6 x =/5x
Vx—=3=3 x? = 5x

2 —
(m)2=3z x*—=5x=0
¥—3=9 x(x—5)—-0
Y =12 {0,5} 0 is extraneous

17. Wx+3+1)" = (V=2x)° 18. (Vx+1-Vx—4) =x—7
x+3+2Vx+3+1=-2x x+1-2Vx+IWx—4+x—4=x-7
2Vx+3=-3x—4 2Vx+1Vx—4=x+4
(2vVx +3)° = (=3x — 4)2 2Vx2 —3x—4=x+4
4(x +3) = 9x2 + 24x + 16 4(x? —3x—4) = (x +4)°
4x + 12 = 9x2 + 24x + 16 4x? —12x — 16 = x* + 8x + 16
9x% +20x +4 = 0 3x? —20x—32=0
n? +20n+36=0 n® —20n—96 =0
(n+18)(n+2) = 0 (n=24)(n+4) =0

n .
x=§={—2,7’g} —gis extraneous x=§={8,7/§} — 3 Is extraneous
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7.4 Graphs of Radical Functions

1. (1) 2. (2)

3. a) dilation by a factor of 2, translations 2 units left and 4 units down (in any order)
b) g(x) =2vx+2—-4

4,

400
670
781.8
867.7

2| 940
5| 1003.7

O I |W| o |\

=

(a)

(c) 670
(d)12

(b)

1000

750

500

&-

250

(12,940) |

(3,l670)

(0,400) |

20

7.5 Negqgative Exponents

1 = , 1 __1
- p? " (5x)%2 25x2
1 1 4, 272-20422=1_q144=3"
3. 1 +3—2= 15 4 4
2m3 6. 5x3
> T
n
_ 3bc o (53/)3 _ 125y3
5 ' 2x) = 8x3
3\2 2 _ 6
9. (3) -42=9 10. 52
372 (-2)3 8 1 25b%
11. — = =—= 12. — — =
(=2)73 32 9 52a3b=%* a3
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x
13. y_3 14. Y
X 3
7 _ _
15. y_z 16 3x " 4y5 3y°(2x3y~7)
2X ' (2x3y—7)—2 x4
3y°(4x6y~1%) 12x6y~° 12x2
4 P 9
7.6 Rational Exponents
4 7
1. xs 2. X4
1
3' 3x_§ 4‘. \/x_3
3 3 2
5 L(ﬂ)_ﬂ 27\73  (64\3 [(4\%® 16
=)- o () =@ -2
x X x 64 27 3 9
3 18y 3 1 L
xz X9 1753 17 27x4- 3 2\ 3 2
) X9 X9 xy_§
Vx17 3x9/y2
_1 1 1 1 2,76 4
2,,6 — — = —= 3.4 Y
9. (9x°y®)~2 9x2y6  3xy3 10. (xzy 3) =Xy =3
1 1 2
-5\5 9\ 5 6) 3
X 2 xX7\2 1 m 1 1 1
e R L S
x X m (M6)3 - m2 m*-m m
3 2 4 K] 5
Vx2 x3 x6 31 VxS +x3 x2+x3 x2 x3
136—=—1=—1 =x6=x2=\/} 14 3 - = 7 :—7-|——7:
\/} x6 x6 S“x x3 x3 x3
1 9
x6 x3 1 2
—qz+t7 :x6+x3:§/§+3\/x2
x6 x3
3 7
15. 2x% +5 = 133 16. x10 -y/x = 729
3 7 1
2x% =128 X10 - x2 =729
3 7 5
X4 =464 x(EJrB) =729
3\3 4 °
(x4) = 643 X5 =729
5
= 256 °\e >
X (x5)6 — +729
x = +243
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18
V= azwfbl
3

v
v
V_2 1
—=b*
V6
a12=b
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CHAPTER §. RATIONAL FUNCTIONS
84 Undefined Expressions
3
3. x2—-4=0 4. x2—4x-12=0
x* =4 x+2)(x—6)=0
x=1V4 =12
x ={-2,6}
5. 9—x%2=0 6. x2+5x—6=0
—x?=-9 T
5 x+6)(x—1)=0
x“=9
x =43 x = {=6,1}
7. x+2=0o0rx—1=0 8. 2x2+1=0
x ={-2,1} 2x% = -1
2 1
Xt =—=
2
x =+ —% (not real numbers)
The expression is defined for all possible
real values of x.

8.2 Simplify Rational Expressions

1. x+2 2. 2x*+3x+1
3. 3x—09x3 4, x*—9x%2+1
5. 3a’b? —6a 2x(x—6)
6. = 2x
Xx—5
; 25(x~5) 25 o “Br+7) 2
" (x+5)(x—~5) x+5 ©3x(xA+27) x
9 (xA5)(x+1) x+1 10 3x(3x—5y)  3x
" (x4+5)(x-5) x-5 " (B3x +5y)(3x—5y) 3x+5y
1 M(x—s)_x—s 12 (x+2)£x/—ﬂ’j_x+2
" ox(x+3) o« C(x-2)(x—~3) x-2
2(x2+5x—14) 2(x+7)(x-2) 3—-x —(x—3) 1
13. = = 14. = - =
4(x +7) 4(x A7) 2(x-3) 2(x—3) 2
X —2
2
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15 y—X _ —(x—y) _
'(x+31/)(x—y) (x +y)(x—7)

x+y

x(x—-9)  x(x—9) 1

5x(9 —x) —5x(x—~9) 5

16.

3yly-4) _ 3yQ—4) _ 3

y2(4-y) -y2(y—4) vy

17.

(xy +3)(xy - 3) _ (xy + 3)(xy—73) _

3—xy -(xy—=73)
—(xy+3)=-xy—3

18.

x2+8x+15 (xA4+5)(x+3)

20. Base: 14x + 21 —2(4x+6) = 6x+9

19. — = - x+3 6x+9  302%x+3) 3
14x +21 72%x+3) 7
£.3 Multiply and Divide Rational Expressions
. 7x% 9 3x ) 4x? 21y3 1 3y 3y
3 14x 1 2 2 " 7y2 20x* 1 5x2 5x2
3 x2 -1 4x? (x4+1D(x—-1) 4x? A 4x x2-1 4x (xA+D(x—~1)
' x x+1 x x+T " x-1 3x+3 x—1 3(xA4+T1)
x—1 4x 4x
—=4x(x—1) = 4x% — 4x -
1 1 3
xz_l x+3 6 x+2. 4x + 20
S Ti1 3x—3- "2 x2+6x+8
(x+TD(x~T) x+3 x+3 x+Z  4(x+5)  2(x+5)
x+T 3(x—~1) 3 2 x+4)(xA+2) x+4
2x + 10
X+ 4
; XxX+2 x%2+5x+4 g x2 -9 x
" 3x+3 2x+4 " x2+9x+18 x2-3x
x+Z2 (x+4)(x+T) x+4 (xA3)(x—~73) X 1
3(xA+1) 24+7) 6 (x+6)(x+3) x(x—~3) x+6
x 3x x x%2-9 x 2x x x%-16
9. - = . = 10. - = . =
x+3 x2-9 x+3 3x x+4 x2-16 x+4 2x
x (xA43)x-3) x-3 X .M(x_4):x_4
+3 3x — 3 x+7Z 2x 2
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" 9x > o 12x 3x+6 x*—4
" X2 4+12x+36 x2+6x "4x+12  x+3
2 2
9x XZtex 3x+6 x+3
x?+12x+36  12x 4x +12 x2 —4
9x 2 X
e+ 6)(x+6) szgj: SaAZ) | x+3
X+ x
4(x+3) (xA4+2)(x - 2)
3x2 3x2
_ 3 3
4(x+6) 4x + 24 4(.9(—2)_43(—8
2x%2 - 8x —42 «x?%-3x 3x2 +9x xz—x—6
13. . = 14. . =
6x2 x2 — x2+5x+6 x2 -9
2(xA+3)(x—7) x(x—~73) x—7 3x(x+473) MM 3x
62 (x4+3(x—~3) 3x (3 (x+2) (x+3)(x—3) x+3

X% +9x + 14 x2+x—56

15. =
x2 — 3x + 6
MM (x+8)M x+8
(A7) (x—~7) 3(x+72) 3
x2+2x—15 x% -5x—36
17 " =
—4x—-45 x%2+4+x-12
MM

A9 A3

2xX — 6 x% + 2x
16.

2x + 4 x2+2x—15

ZM x(xA7) X

2(xA472) (x+5)£x/—/3') xX+5

X2 +4x+3 2x%+4x3 x%+4x+4
18. . . =
2x2-x-10 x%2+43x x%2+43x+2
A xAT) 2x°(1+2x) (A2 (xA+27)
2x-5)(x+2) x(x+3) (xA+2)(x+T)
2x(2x 4+ 1)  4x?% 4 2x

2x-5  2x-5

8.4 Add and Subtract Rational Expressions

8 42
1. 2.
x+ 12 4
3. 4, —
2x + 4 5
2y+10=2M=2 ¢ x?2 6x+5 x%2+6x+5
y+5 A5 " x+1 x+1  x+1
(x +5)(xA+T)
=x+5
x+T1
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7. 2%-3-7-a%-band33-a”-b? 8. Factoras (x + 2)(x — 2) and (x + 2).
gives us an LCM of 22-33-7-a3- b?, or So, LCM is (x + 2)(x — 2).
756a3b?
9. Factor as 2x2, x(x + 1), and 10. Factoras (x + 4)(x — 1), (x — 1)?, and
3x(x? + 1). (x + 4)(x + 2).
So, LCM is 6x2(x + 1)(x? + 1). So, the LCM is (x — 1)%(x + 4)(x + 2).
11. LCMis 12 12. LCM is 5x
5x(2)+x(3)_10x+3x_13x 3(5) 2(x)_15 2x 15-2x
6 \2) 4\3) 12 12 12 x\5/ 5\x/ 5x 5x  5x
13. LCMis 21n 14. LCM is 2x
3(3) 7(7)_ 9 4-9_ 40 a(2)+b_2a+b_2a+b
7n\3/ 3n\7/ 21n 21n  21n x\2) 2x 2x 2x @ 2x
15. LCMis 3b 16. LCM is 12x?
E(i) 1(2)_3_(1 b 3a-b 7 (x) y (2)_ 7x 2y
b\3/ 3\b/ 3b 3b 3b 12x \x/ 6x2\2/ 12x2 12x2
7x — 2y
12x2
17, 2 _Y*S 18, —— 4 LCMis x(x + 5
"y-5 y2-25 "x(x+5) x+5 is x(x +5)
6 y+5 B 5 N X (x) _
y-5 (+5(@-5) x(x+5) x+5\x/
6 1 _ 5 5 xZ
y-5 y-5 y-5 x(x+5)+x(x+5)_
x*+5 x*+5
x(x+5) x2+5x
19 4x 3 20 6x(xA+T) N x+DHx+1)
T+ Dx-1) 2(x+1) " (AT (x - 2) 3x(x—2)
LCMis2(x + 1)(x — 1) 6X x+1D)(x+1)
4x (2) 3x (x - 1) (x—2) 3x(x —2)
(x+1D)(x-1)\2 2c+1) \x -1 LCMis 3x(x — 2)
2 _
8x — 3x 3x - 6X (Bx) N (x+1)(x+1) B
2(x3+ 21)(3;; 1) 23(x2+ 1igx -1) -2 \3x rc—2)
S Y Tr Al 1852 (x+Dx+1)
2(3x ; 1)1(316 - 2 -1 3x(x — 2) 3x(x —2)
Zox +1ix 19x2 +2x+1 19x2 +2x+1
2x2 -2 =

3x(x —2) 3x2% — 6x
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-5 3 -5 +2 3
21 22 XA (XEh), 2
1 y+2 1 y+2 y+2

a-1 1-a a-1 a-1
(y-5)y+2)+3 y2-3y-7 o _
V+2 oy 42 a-1
3x 9 3x 9 X 1 X 1
23. + = — = 24. — = - =
2Xx—6 6—2x 2x—6 2x-—6 x—1 2-2x x-1 2(1-x)
3x—9_3§x/—3’)_§ X N 1 X (2)+ 1
2x -6 2(x—3) 2 x-1 2(x-1) x-1\2) 2(x-1)

2x N 1 2x+1 2x+1
2(x—-1) 2(x-1) 2(x-1) 2x-2

8.5 Simplify Complex Fractions

x? 2x
1L Se=x?sloy?ox=y3 , y 2x 4x 2x y* y
x * ' 4—’2‘_31 ‘Y2 oy 4x 2
y
3. LCMisxy 4. LCMis x?
1,1 1
x+y(xy)_y+x 1_x_2(£)_x2—1_£x,+’1'5(x—1)_
1_1 Xy _y—x 1+§ x2 _x2+x_ XM B
x—1
x
5. LCMis(x+ 1)(x — 1) 6. LCMisx—5
__x_ 1 -5 -5
6 x_l((x+1)(x—1)): 1 1 (x 5)=1_%
4-——\(x+Dx-1 -5V x

6(x+1)(x—-1)—x(x+1) B
ax+Dx -1 —x(x-1)

6x>—-6—-x2—-x 5x2-x-6
4x2 —4—-x2+x 3x24+x-4
[Note: both the numerator and

denominator can be factored, but there are
no common factors.]
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8.6 Solve Rational Equations

1. 16(=)+16(3)=16(3) 2. 6(3)+6(3)=6(2)
x+4=8 3x+x=12
x =4 4x =12
x=3
3, 5(%x)+5(§):5(4) 4, 4Gx)+4(2)=4(§x)—4(6)
3x+2=20 3x +8 =5x—24
3x =18 32 =2x
xX=6 16 =x
5. 12(3x) =12 (Gx) +12(5) 6. 6n(2)-6n(3)=6n()
9x = 4x + 60 30 — 3n = 3
5x =60 —3n =-27
x =12 n=9
D@ sO5ED) 6 Q) @a(
6x+5=7x—-2 2—3x =26
7 =x —3x =24
x = -8
9. 6(2)+6(%)=6(5) 10. 21 (3) +21 (%) =21 (Z=2)
4x + x = 30 3+ 14x = 15x — 3
5x =30 6 =x
XxX=6

11.

6(5)+6 () =6

2x+3(x+1) =6x

12.

12x (%) —12x (’“1‘21) —12x (é)
32—x2+x=2

2x +3x +3 = 6x x*—x—-30=0

5x+3 =6x (x+5)(x—6)=0

3=x x = {—5,6}
13.4-%(x+3)=4(9) 14.5-§(x+2)=5(x—4)

3(x+3) =36 3(x+2)=5(x—-4)

3x+9 =36 3x +6 =5x—20

3x =27 26 = 2x

x=9 13=x

m 3(m -1\ _ ] _ 6 1

15. 10 (2) + 10 (32=2) = 10-2(m - 3) 16. x2(1) — x2 (F):xz (;)

2m+15(m —1) = 20(m — 3) X2 —6=x

2m+ 15m — 15 = 20m — 60
17m — 15 = 20m — 60

45 =3m

15=m

x2—x—6=0
x+2)(x—-3)=0
x ={-2,3}
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17.

x(x +2) [x4fz_1x_2= 1]

4x2 —12(x + 2) = x(x + 2)
4x% — 12x — 24 = x? + 2x
3x2 —14x—24=0
Bx+4)(x—-6)=0

ey

18.

3x(x+1)[i+i= 7]
3x X x+1
2+ 1) +12(x+ 1) = 21x
2x + 2+ 12x+ 12 = 21x
14x + 14 = 21x

14 = 7x

2=x

19.

3 2 4
3(x+3)(x—4) [m+x_4—g]
Ix—4)+6(x+3)=4x+3)(x—4)
9x — 36+ 6x + 18 = 4(x%? — x — 12)
15x — 18 = 4x% — 4x — 48
4x2—19x—-30=0
(4x+5)(x—6)=0

=5

20.
(e +5)(x—5) [+

9 50
x-5 (x+5)(x—5)]
x(x—5)+9(x+5) =50

x?> —5x +9x + 45 =50
x>+4x—-5=0

x+5)xx-1)=0

x = {>5,1}

—5 is an extraneous root, since
x+5=(-5)+5=0

21.
(x+3)(x -4 [;_‘4 -

1 28 ]
x+3  (x+3)(x—4)
x(x+3)—(x—4) =28
x*+3x—x+4=28

X2 +2x—24=0

22.

3
x(x+1)[£——=7]
X x+1
4(x+1)—3x=7x(x+1)
4x +4 —3x = 7x2 + 7x

7x*+6x—4=0
_ —6+{62—4(7)(-4) —61+V148

x+6)(x—4)=0 x = 2(7) 14
x={=6/4 —6+2v37 —3+y37
4 is an extraneous root. =
14 7
23. 3x[x;3+x:3=2] 24.x[x+§=2]
x>+ 3x+3x+9=6x x*+5=2x
x*+9=0 x*—2x=-5
x?=-9 x2—2x+1=-5+1
x=i3i (x_1)2:_4
x—1=+V-4
x—1==2i
x=1x2i
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8 3
25.x[x=2—;] 26.x[2x+;=—2]
x2=2x—-8 2x% 4+ 3 =—-2x
x? —2x=-8 2x24+2x+3=0
x2—2x+1=-8+1 Hx+2=0
(x—1)?%=-7 2 4 _23
x—1=4v—7 * x_lz 3 1
x—1=+iV7 XPtx+o=—41
— . 2
x=1+iV7 (x+l) —__5
2 4
Xx4+-=+[-2
2 4
2 2
8 5 6
27. 72x[£+—=0] 28.x2[2+—=—]
8 9x x2 X
9x% 4+ 64 =0 2x% 4+ 5 = 6x
2= o 2x% —6x = =5
9 ) :
et e x°—3x=—=
N9 x2—3x+2=-242
+8i 324 . 4
Xx=4+— A N
3 (x 2) 4
x—>=+ |=1
2 4
x—2=42
2 2
3+i
xziillorxz;
272 2

8.7 Model Rational Expressions and Equations

1 x—3+7 3
" x+7 4

4(x+4)=3(x+7)
4x +16 = 3x + 21
x=5

.- L2
Original fraction is =

64
2. x+—=16
* 64
x[x+7=16]
x% 464 =16x
x2—16x+64=0

(x—8)2=0
x=8
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5 7 6 7
—=—+43 4, - =
X 2x X Xx+2
5 7
2x[—=—+3] x(x+2)[ +——1]
X 2x
10 =7+ 6x 6(x +2)+7x =x(x+2)
3 =6x 13x + 12 = x? + 2x
x == x2—-11x—12=0
z (x+1)(x—-12)=0
X = {74,12}
Reject —1. Numbers are 12 and 14.
number of pets  _ 6. Written as a fraction, 2.25 = 2~ = 2,
number of students 1 1 4 4 4
132 +k Rp 2 9
36+ 4 4
= 9x(x + 3) [ = —]
22+ k x+3 9
36 + 4k = 2(22 + k) 9(x +3) +9x = 4x(x + 3)
36 + 4k = 44 + 2k 9x + 27 + 9x = 4x% + 12x
2k = 8 4x%2 —6x—-27=0
k=4 _ 64/(=6)2 —4(4)(-27) 61468
- 2(4) 8
Positive solution x = 3.5.
1 1 1 1 1 1
- +-=- 8. —+—=-
6 4 x 20 30 «x
1.1 1 1 1 1
12x[—+—=—] 60x —+—=—]
6 4 x 20 30 «x
2x +3x =12 3x 4+ 2x =60
5x =12 5x =60
=1 _24hrs x = 12 mins
5 12 x 50 = 600 mins or 10 hrs
1 1 1
Zp—=o 10, ——+ ===~
c 2c 5 x—5
1 1 1 1 1
10c |7+ 5. =] 6x(x—5>[— =4
10+5=2c 6x +6(x —5) = x(x —5)
15 = 2¢ 6x + 6x — 30 = x%2 — 5x
c=22=75hrs x2—17x+30=0
2
174172 - 4(1)(30) 17 +V169 _
x= 2(1) B 2 B
17+ 13
2
x ={},15}
Reject x = 2 becausex — 5 > 0.
Faster machine takes 15 — 5 = 10 hrs.

42




11. 12.
D R T D R T
40 4
moped 40 | x+ 20 upstream 4 5—-c
x + 20 5-c¢
15 16
bicycle 15 X — downstream | 16 | 5+c
X 5+4+¢
40 15 4 _ 16
x+20 x 5-c 5+4c
40x = 15(x + 20) 4(5+¢c)=16(5-0)
40x = 15x + 300 20 + 4c =80 — 16¢
25x =300 20c = 60
x =12 ¢ = 3 mph
Bicycle is 12 mph, moped is 32 mph
13. 14.
D R T D R T
1656 120
withwind | 1656 | x + 12 car 120 | x — 100
x+12 x —100
i 3168 120
against | 3168 | x — 12 train | 120 x| =
wind x—12 X
1656 _ (1) _ 3168 75 mins = hours
x+ 12 2 x—12 120 120 5
3312 3168 = - =
x+12 x—12 *OETI0 0 120 s
3312(x — 12) = 3168(x + 12) 4x(x —100) [T = —100 ;]

3312x — 39744 = 3168x + 38016
144x = 77760
x = 540 mph

480(x — 100) = 480x — 5x(x — 100)
480x — 48,000 = 480x — 5x2 + 500x
5x% — 500x — 48,000 = 0

x%—100x — 9,600 =0

(x —160)(x+60) =0

x = {160,=60} reject negative value
Train travels 160 mph.

8.8 Graphs of Rational Functions

1. x=-2andx=-9

2.

Thisisiny = ﬁ +k form.

Vertical asymptote at x = —1.
Horizontal asymptote aty = 3.
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3. Degrees of numerator and denominator 4. The degree of the numerator (1) is smaller
are equal (2), and leading coefficients are than the degree of the denominator (2).
both 1. Asymptoteisaty = % = 1. So, there is an asymptote at y = 0.

5. There is no horizontal asymptote because | 6. 2x+1=0
the degree of the numerator (2) is greater Vertical asymptote at x = — 1
than the degree of the denominator (1). . 2,

Horizontal asymptote aty = 5= 2.

7. (2) Vertical asymptotes at -3 and 3, which are the roots of x> — 9 = 0,and a
horizontal asymptote at 2.

8. 4x=0 9. x—1=0
x-interceptis 0 x-interceptis 1

4(0) 0-1 4
y-interceptis 0 y-interceptis "

10. x> +11x+18 =0 x?
(x+2)(x+9) =0 W7 71=
x-intercepts at —2 and —9 X2

2 =
h(O):O +11(0)+18:E ox + 1
02 + 3(0) 0 x*=2x+1
undefined x?-2x=1

There is no y-intercept

X2 —-2x+1=2

(x—1)?%=2
x—1=%v2
x=1%+2
x-intercepts at 1 + /2

2
) =—7/T"-1=-1
j(©) 2(0)+1

y-intercept at -1
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CHAPTER 9. EXPONENTIAL FUNCTIONS
9.1 Solve Simple Exponential Equations
1. 4* =64 2. 3*=81
4_x — 4_3 3x — 34
x =3 x =4
3. 5%=25 nN* _1
5X — 52 4. (2) "8 5
_ n* _ (1
x=2 ) =0
x =3
5. 2x+1 — 23 6 32x—2 — 34—
x+1=3 2x—2=4
X = x =3
7. 3¥3=30 8. 43%t5 = 42
x—3=0 3x+5=2
x=3 x=-1
9, 3Xt1 =727 10. (22)* = 23x1
3x+1 — 33 28 — 23x—1
x+1=3 8=3x-1
X = x=3
11. 2x =x+ 4 12. 2% = 22(x+1)
x=4 x=2(x+1)
X=2x+2
x=-2
13. 22% = 23%+1 14, 26X = px+5
2x =3x+1 6x=x+5
x=-1 x=1
15. 3%75 = 32(x~3) 16. 232 = 2%
x—5=2x—6 3x—6=x
x=1 x =3
17. 21 — 22x+1 18. 23(x—2) — 22x
1=2x+1 3x—6 =2x
x=0 x=6

9.2 Rewrite Exponential Expressions

1.

52X — (52)x = 25%

2. 10(1.1)5% = 10(1.15)* = 10(1.61051)*

3.

23x+2 — (23))6 . 22 — 4(8)x

4. 4(3)**! = 4(3)*(3!) = 12(3)*
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35x+1 35X+1

5. = == = 35x+1-2x _ 33x+1 6. 32x-3 _ = :;

= 33%.31 = 3(3%) = 3(27)*
7 s(45%7). 30 2715 gtves

1\ X 8. 16Y - 24y -

=5 (45) - (4%) - (3%)* 2454y — 75 — 33

= 5(v4)" - (16) - (27)*

= (5-16)(2%)(27%) = 80(54)*

1,3% 10. 2%+3 — 2% = 2%(23) — 2% = 2¥(23 — 1)

9. 4x=(4§) ,sok=4§=§/z

=7-2%sok=7

11. 2(29) = %(245) — i(mf) - i(mf‘m) - i(mf—z) (162) = i(mf—z) (256)

— 64 (16f‘2), sok = 64and b = 16.

9.3 Graphs of Exponential Functions

| 10

[&)]

S

40 | |5 | Of | || 10

—
[¢)]

| -10

2.

| 10

[&)] [

40 | |5 [ of | || 10

—
[¢)]

| -10
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10

-10 10 -10 0 10
5 -5
| -10 | -10
6.
10
1~
-10 > 0 10 -10 0 10
._5 ._5
10 10
8.
10 10
‘5 ‘5
-10 | ) 10 -10 | ) 10
-10 -10
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9.4 Exponential Reqression

1. y=(0.25)*
2. y=014)* 3. Enter (10,4.072) and (15, 5.197).
y = 2.5(1.05)*
4. y=6.162(0.796)* 5. f(x) =1548.977(1.126)*
f(10) = 5,079
6. Shift the data down by 70°, so enter the data as
L1 0 5 10 15 20
L2 140 108 84 65 50

This gives us y = 140(0.95)*. Shifting the function back up by adding 70° gives us f(x) =

140(0.95)* + 70. After 30 minutes, the coffee is f(30) = 100°.

9.5 Exponential Growth or Decay

1. (3) because the base of the exponent ¢ is 2. 500(0.75)° ~ $118.65
less than 1.
36 24
3. 1(1.08)10 =~ 17 feet 4. 250(0.85)3 ~ 68 mg
5. “every 30 seconds” means twice a minute 6. x(1 005)52—2 — 28 461.49
5000(1.10)%%° ~ 463,545,344 cells ' 2846149
x =————= $25,000
1.0052%6
t 18
7. f(t) =10(0.5)2 8. 278(0.5)ts = 0.27 MBq
9.6 Rate Conversion
1. a) 2% 2. a) 15%
b) 1.021z = ¥/T.0Z ~ 1.0017, or 0.17% b) *V1.15 ~ 1.00269, 50 0.27%
1+ 12t 365
= 4. 730.75 = 0.99921
3. P(1.033 ~ P(1.00271)™
(10337) ( ) 1-0.99921 = 0.00079, 50 0.08%
Note: m = 12t

9.7 Continuous Growth or Decay

1. f(t) = Pe™ 2. f(m) = Pe™
f(t) = 2501t f(m) = 18¢0-06m
f(5) =250V ~ 41 £(30) = 18e(000B0 = 109
3. A=Pet 4, A=Ppem
A =800e(®D10) ~ 5911 A =1000e11902) = 1,110,143,673
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A = Pe"t 6. A= Pe™
A = 8¢(0:009(20) ~ 9 g billion a) A = 170,000 00095 ~ 125939 km3
b) =22 ~ 0.74; 1 — 0.74 = 26% loss
A = Ppe't 8. A=Ppe"
257 = Pe(0:05)() 50,000 = Pe(0-08)(10)
257 50,000
P = m =~ 200 P = m = $22,466.45

49




CHAPTER )0.

LocariTims

101 Introduction to Logarithms
1. 4’x:64,50x:3 2 5x=Lsox=_3
125’
3. 6¥=1,s0x=0 4. k =log,1means2¥ =1,s0k =0
5. x=3%"=81 6. x=52=25 x=5
7. x+1=23 8. 5x—7=23
x+1=8 5 —-7=8
x=17 5x =15
x=3
9. logip(x+2)=4 10.
x+2=10* TT1
x 4+ 2 = 10,000 x | | 211 2] 4
X = 9,998 4 1 2
y |=2|-1]0 | 1] 2
11. log2=8—-55=25 12. log2t =22 - 338
I I, 10

1 . .
1—1 = 102%° =~ 316 times as intense
2

I . .
1—1 = 1038 =~ 6,310 times as intense
2

10.2 Graphs of Loq Functions

1. a) (3) b) (2) c) (1) d) (4)
2. g(x) =log(x+5)—2 3. glx)= %logz x+3
4. 5.
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6. y-interceptislog(0+1)+2=2 7. y-interceptis 2log,(0 +5) = 4.64
To find the x-intercept: To find the x-intercept:
logx+1)+2=0 2log,(x+5)=0
log(x +1) = -2 log,(x +5)=0
x+1=10"? x+5=20=1
x+1=0.01 x=—4
x =-0.99

8. log0 is undefined, so there is no 9. log(—5) is undefined, so there is no

y-intercept.

logx—2=0
logx =2
x =10% =100

y-intercept.
logs;(x —5)—3=0

log;(x —5)=3
x—5=3%3=27
x = 32

10.3 Properties of Loqgarithms

1. 2logx +logy 2. 3loga—logh
3. log2+1logx +3logy 4. %(logx+logy)
5. 2xlog4 + ilogy 6. log5(2x)* —log(x +1)° =
log5 + 2log(2x) — 3log(x + 1) =
log5+ 2log2 + 2logx — 3log(x + 1)
7. 2logz 10 —logs; 20 8. 3log,x +log,y—2logy,z
= log; 102 — log; 20 = logy, x: +log,, y — log,, 2*
X"y
_ 10? =logr——
= ]()gSE 72
=log; 5
1 _ 2logx 3lo
9. 2logx 2logy 10. 3g N 4gy
= logVx — logy? 2 3
) =§logx+zlogy
x
=10g? = log Vx2 + log /y3
=log(Vx2 - {/y3)
11. 10g3,000 —log3 = log>2= = 10g 1,000 = | 12. log; 8 +log; 2 = log,(8-2) =log, 16 = 4
3
14. (2)

13. (4) log(%) = log2 +log! — logT

log[P(1 + )] =log P + tlog(1 + 1)
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10.4 Use Logarithms to Solve Equations

1. log2* =log5 2. log16* =log88
xlog2 =log5 xlog16 = log 88
logs log 88
= 1222 ~ 2.32 = 12216 ~ 1.61
3. log13* =log76 4. log2* = 10gi
— 16
xlog13 =log76 3
B 10g76~169 xlogZzlogE
~ log13 log>
x =10—g126z —2.42
5. 20=9 6. 3*=13
xlog20 =log9 xlog3 =log13
log13
_ 1089 473 x =81 233
log 20 log3
7. 8 =7 8. log3% ! =1og20
log 8% =log 7 (2x —1) llog3 = log 20
= 20
xlog8 =log7 2x — 1 =821 27268
x=—87 5 0.94 log3
logg8 = 2x ~ 3.7268
x ~ 1.863
9. 3(5*t1) =125 10. 1200(1.024)t = 2400
gt = 128 (1.024)t = 2
125
log 5*** = log— log(1.024)t = log 2
125
(x+1)log5 = logT tlog1.024 = log 2
log%5 log2
x+1= Togs ~ 2317 = log 1022~ 29.2 weeks
x =~ 1.317
11. 95(0.90)t =5
t-5_1
(0.90)" = 5 = 19
tlog0.90 = 10g1—9
logi
t = —=—=~ 27.9 hours
log 0.90
12. 97.656 =2, 13. =2
5\* 9\ X
97.656 = (%) 1102 = ()

log97.656 = log 2.5*
log97.656 = xlog 2.5
1 .
_ 0897.656 ~ 50
log2.5

log110.2 = log 1.8*
log110.2 = xlog 1.8
1 .
_ 0g£110.2 ~ 8.0
log1.8
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14. 40,353,607 = (7%) (7:)

3x

40,353,607 =72

log 40,353,607 = log 732_x

log 40,353,607 = xlog 7
210g 40,353,607

- 3log7 -

X

15. 3.72(18)* = 25%

log [3.72(18)*] = log [25*]
log3.72 + log 18* = log 25*
log3.72 + xlog 18 = x log 25
log3.72 = xlog 25 — xlog 18
log3.72 = x(log 25 — log 18)
log3.72

X = ~

log 25 —log 18

10.5 Natural Logarithms

1. Sincelne* = x, this is simply graphed as the line y = x.
10
-10 - 10
-10
2. Ine*=1In15 3. Ine** =1n13
x=1In15= 2.71 2x =In13
In13
———"~128
4, 4e** =8 5 2050 _ 4x
e?x =2 ' 15005
Ine?* =1n2 1n%=1 4x
2x =1In2 1n 223°
In2 1500
X=—= 0.35 102950
x =—222~0.078
6. Usethe powerrule: alnx = Inx%. 7. Use the properties of logarithms:

Inx?=1n16

x> =16

x = [>4,4}

f(x) = Inx is restricted to x > 0,
so reject —4.

x =4

In(2x —3) +In(x + 2) = 2Inx
In[(2x — 3)(x + 2)] = Inx?

(2x —3)(x + 2) = x?
2x>+x—6 =x?
x’+x—-6=0
x+3)x—-2)=0

x ={>3,2} [reject x = =3]
x =2
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c(1) = 1000 = ae” -
c(7) = 12,000 = ae’”

1000
a =

e’

12,000
T er

1000 _ 12,000

or et
e’" 12,000
e™ 1000
et =12

»
»

oA

8. 2Inx=In9+Ine [lne =1] 9. Ine* =1n100%
Inx? =1n9e kt = 2t-1In100
x% =9e k=2In100 = 9.21
x = 3Ve ~ 495 [reject —3+/e]
10. 900 = 800e*" 11. 2a = ae®925t
1125 — e4r 2 — e0.0ZSt
In1.125 = Ine?” In2 = In %025t
In1.125 = 4r In2 = 0.025¢
— In112s 2.9% t = In2_ 28 hours
4 0.025
12. a) £(10) = 40e~002877(10) 4 g0 ~ 90°
£(20) = 40¢7002877(20) 4 60 ~ 82.5°
b) 70 = 40e~002877¢ 4 60
10 — 406_0'02877t
025 — e—0.02877t
In 0.25 = In 002877t
In0.25 = —0.02877t
—1.38629 =~ —0.02877t
t =~ 48 minutes
13. ¢(t) = ae™

In(e®") =1n12

6r =1n12
r="112 04142
1000 = ae”

1000 = qe%4142

__ 1000
T g0.4142

c(t) = 660.9¢04142t

~ 660.9
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CHAPTER ).

FINANCIAL APPLICATIONS

14 Periodic Compound Interest
0.04)\ (12)(3) 0.04) (365)(3)
1. A=500(1+%2) ~ $563.64 2. A=500(1+%2) ~ $563.74
3. a) 22 =0.0075 = 0.75% 4. a) 22~ 0.42%
4t 12t
b) A(t) = 2000 (1 +2) b) A(t) =850 (1+22)
A(5) =~ $2322.37 21 months = 1.75 years
A(1.75) = $927.56
5. a) f(t) = 2000(1.02)* 6. a) 0.001 x 365 = 0.365 = 36.5%
b) 2000(1.02)*(*%) ~ 2252 b) 100(1.001)3%% ~ $144
) (1.02)* — 1 ~ 0.0824 = 8.24% ¢) (1.001)3%5 — 1 ~ 1.44 = 44%
60 36520
7. 1403.60 = P (1+ %) 8. 1,000,000 = P (1+ 222
140360 1,000,000 = P(1.0001)7300
P =————=~$1,000.00 ] 000.000
(1+°%) = ————— ~ $481,926.58
12 (1.0001)7300 T
4t
9. (1+2%) =2 ————» log(1.01)* = log2

(1.01)% =2

4tlog1.01 =log?2
log2

=——= 17.4 years
4log1.01 y

0.06

12t
10. 8,000 (1 n ?) = 10,000

12t
(1 n %) =125
12
(1.005)12¢ = 1.25

log(1.005)?t =log 1.25

12t 1log 1.005 = log 1.25

log1.25
t=—2D222_ 137 years
12 log1.005

4t
11. 8,000(1+27) " =10,000
4t *
(1+%7) =125
(1.0175)% = 1.25

log(1.0175)*t = log 1.25

4tlog1.0175 = log 1.25
log1.25

=————= 3.2 years
4log1.0175

1.2 Continuous Compound Interest

1.

A = 5000e093®) = $5637.48

2. A = 550e(0:066)(10) = $1064.14

3.

a) 1000(1.025)3 ~ $1076.89

(12)(3)
b) 1000 (1 + 222 ~ $1077.80

c) 1000e(*025)(3) ~ $1077.88

4. 30,000 = pe(o.os)(e)

30,000

P=—g5 =~ $22.225
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5. A= Pe™ 6. A= Pe™
A et 3000 = 2500e5"
1.25 = o3 1.2 = 5"
In1.25 = Ine3" In1.2 =Ine>
In1.25 = 3r In 1.12 TZSr
In1.25 _ nl. ~ 3.6%
r=—"x74% r 6%

7. 90,000e%1%t = 80,000e%11¢
1.12560'10t — eO.llt

0.11t
1125 =2

eO.lOt
1.125 = %01t
In1.125 = 0.01¢

In1.125
t= ~ 11.8 years
0.01

1.3 Reqular Contributions

1. a) A=P( +7r)t =1000(1.04)> = $1,216.65
C—C(1+7r)" 200—200(1.04)°
b)V T—(1+n - (L.04) $1,083.26

c) F=A+V =1216.65+ 1083.26 = $2,299.91

0.03

2. Forpartsa)andb),1 +£ =1+ = 1.0075
nt
a) A=P (1 + %) = 5000(1.0075)%* = $5,982.07

C—C(1+5)™ 500 -500(1.0075)%*
b)V ==
1—-(1+5) 1-(1.0075)
¢) F=A+V =5982.07 + 13,094.24 = $19,076.30

= $13,094.24

1.4 Evaluate Loan Formulas

0.0025(1.0025)3¢60

(1.0025)360 — 1
0.0025(1.0025)360

(1.0025)360 — 1
She can reduce her payments by $106.

1. a) M = 300,000 - M =~ $1,265

b) M = 275,000 - M =~ $1,159

0.025 0.025\300
( 12 )(1+ 2 ) (0.00208)(1.00208)300

(1 N 0.025)300 _q = 650,000 (1.00208)300 — 1
12

2. M =650,000-

M =~ $2,915
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0.002(1.002)360
(1.002)360 — 1

1500 = (500,000 — x) -

1500 (10020 -1 _ 500,000
0.002(1.002)360 ’ x

— —1500 (1.002)7° — 1 £500,000
= 0.002(1.002)360 ’

x ~ 115,326.78, so he should make a down payment of $115,327.

0.03 0.03\
()@ +5)
0.03\™
(1 T2 ) -1

(0.0025)(1.0025)™

1386.50 = 250,000 -

1386.50 = 250,000 -

(1.0025)" — 1
(1.0025)™
1386.50 = 625 -
(1.0025)™ — 1
22184 — (1.0025)™
' ~ (1.0025)" - 1

2.2184(1.0025)" — 2.2184 = (1.0025)"
1.2184(1.0025)" = 2.2184

2.2184
(1.0025)" =

nlog1.0025 = log —
log2:2184 '
0812184
n=——-">"—"-"—
log 1.0025

~ 240 mos, or 20 yrs
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CHAPTER 12,  TRIGONOMETRIC FUNCTIONS

121 Trigonometric Ratios
1 (:Ot,élza—d]:zzl 2 CSCAzhy_p_E
) opp 4 2 ) opp 7
o_ 1 _i_ﬂ_ sin @ 2 1 V15
oS T 2 V2 4ol = =T E T T
4
o 1 1 3 o 1 1 2 2V3
5. cot60 =tancos — - 3 6. csc60 SN -GV 3
2
7. sec35° = ~ 1.221 8. csc35° =— ~ 1.743
cos 35° sin 35°
9. sin and cos are cofunctions, so 10. secx = ¢sc(90° — x), so
sinx = cos(90° — x). a=90-28=62°
Therefore, cos 20° =~ 0.9397.
11. a) 6 = 222 = 30°
b) cotd =%=%,soh=%xcot9
2
c) cot30° = V3,s0h = ?x
i =1 (B = B,
d) Ay =1bh =3 () ($x) = Tx
_(¥3.2) _3V3 2
e)AO—6(4x )— X
12.2 Radians
nr_r T, 180 _ 5h
1. a) 45 180—43rad 2. )6 - 30
n_>3" 5m 180 _ . o
b) 270 180—52 rad b) — = 225
s Jid 3T 180 o
c) 150 180" 6 re;d c) T = —108
T __m ST 180 _ 06
d) —210 80" o rad d) s =100
8w 180
e) — - — = 288°
5 T
. T _\/§~ _5_71' _;_ _
3. 51n(§)—7~0.866 4, csc( 6)_sin(—5?”)_ 2
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5. cofunctions of complementary angles are 6. O+ (9 n E) _r feofunctions]
equal, so 29 4T - 3. 2
S+x=2 [£ rad = 90°] y 2
6 T XT3 , rad = 20 = <
s s s _ l
¥=5 g =grad =%
7. L=7%-12=3m ~ 94 inches 8. L =2-4=8inches
4 — _
9 81=6-10 0 =?7Trad 10. 65 =57 r = 13 feet
12.3 Unit Circle
L (4 2. (2)
3. (4) o N
4. (2) (cos30 ,sm30)—(2 ,2)
> 6.
A A
310°
250°
—cos70° —sin 50°
7. tan50° [230°— 180° = 50° >
" L ] 8. sin135° =sin45° = \/2—_
. 4m . T NE) ] 3_71- 2_n _ 1y _ 3
9. sin—-=—sin>=—— 10. sin—-+cos—= 1+( 2)_ :
11. cos120° = — cos 60° = _§ 12. sin145° = sin 35° =~ 0.574
13. (= cos 30°, — sin 30°) = (_ﬁ, _1) 14. 400° — 360° = 40°
22 (cos 40°,5in 40°) ~ (0.766,0.643)

59




2.4 Solve Simple Trigonometriec Equations

1. cosezé 2. cosezﬁ
2
-1 (1 ° -1 V2 o
cosl(5)=60 cos (2)—45
3. cosg =2 4. cosfd =0.6
2 0s71(0.6) =~ 53°
COS_l (ﬁ) = 30° ms60 =~ 360° — 53° =~ 307°
2
mzs6 = 180° + 30° = 210°
5. Points are in Quadrants [ and IV 6. Points are in Quadrants Il and III
R = cos™1(0.25) = 75.5° R = cos™1(0.75) =~ 41.4°
360° — 75.5° = 284.5° 180° — 41.4° = 138.6° and
Solutions: 75.5° and 284.5° 180° + 41.4° = 221.4°
Solutions: 138.6° and 221.4°
7. Points are in Quadrants I and II 8. Points are in Quadrants IIl and IV
R =sin"1(0.99) ~ 81.9° R = sin—1 (1) ~ 19.5°
o __ o — o 3
Solutions: 1.9° and 98.1 180° + 10.5° = 199" and
360° — 19.5° = 340.5°
Solutions: 199.5° and 340.5°
12.5 Qircles of Any Radius
-3 3
=—_—=—= - —_ X —_ __2 —_
1. cot6 22 2. tanH—x—_z—l
3. =w/(—3)2+42=\/ﬁ:5 4. r=.(- 4)2+02—\/_ 4
4
sin@ = y=g sec9=—=—= -1
5. r=.(- 3)2+22 =413 6. r=,(—8)2+52=+/89
r r \/89
csc@——= secl =—=——
y x 8
7. =, (- 7)2+52—\/_ 8. r=4/324+(-7)2=+/58
i H_X_L_S\/_ 9—1__@
sin = =7a csc =" -
gt _ T __TT _r_Vs8
cos _T_ m_ 74 SGCH—;—?
tang =2=—2 cotf =>=—2
X 7 y 7
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In Quadrantl,x > 0andy > 0.
sinH=%,soy=4andr=5
x?+4%2=5%s0x=3

10. In QuadrantIV,x > 0and y < 0.
cosH =£ sox—\/_andr=2

3

cotf ===1 : Q_X___

y 4 sinf =—=—=

11. In QuadrantIll, x < 0and y < 0. 12. cos @ —f ox=+v2andr =3

r T
sec92—;,szox—2—2andr—5 (\/7) +y2 =32 50y = —7
(=2)°+y :3_'503’:_“'21 [reject y = N7 because y = sinf < 0]
sing =2 =— 22 tang_z__ﬁ__ﬂ

r 5 - \/E_ 2

13.

In Quadrant I, x < 0and y < 0.

tanf = %,sox =—-5andy =-3

524+ 32 =12, s0r =34

[reject r = —\/34 becauser > 0]
r V34

sec =—=——
X 5

14. In QuadrantIl,x < 0andy > 0.
cotf =§,sox =—3vy2andy =2

(=3v2)" +22 = r2, 507 = VZ2.

[rejectr = —V22 because r > 0]

_ y 2 2322 22
sinf == =——= =
r V22 22 11

15.

(x,y) = (rcosH rsin 0)
Zcos—=2 \/§and251n—=2

P(v3, 1)

=1

12.6 Pythaqorean ldentity

1. sin?6 =1—cos?0 2. cos?f =1-sin?0
2 2
sin29=1—G) Coszezl—(—g)
. 1 3
51n29=1—z=1 c0529=1—%=%
oa__ [3_ V8 _ 1 1 2
sinf = il cosf = — ST AT,
(sin is negative in Quadrant IV) (cos is negative in Quadrant III)
3. sin?6 =1-—cos?8 4. cos?6 =1-—sin?0
. N2 2
51n29=1—(§) c0529—1—(€)
Sin29=1—l=§ COS 9—1__ E
9 9 16 16
9 3 16 4
(sin is positive in QuadrantI) (cos is negative in Quadrant II)
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5. Ifsecf = 2,thencos@ = % 6. Ifcsc = —V/5,thensin6 = —%
2 2
in2g =1 — (1 2pg—_1_(-L
sinc8 =1 gz)s cos‘8 =1 (\/g)
sin29=1—Z=Z C0529=1—§=§
3 V3 4 2
sinf = — |-=—— - — [
2 > cosf - NG
(sin is negative in Quadrant IV) (cos is negative in Quadrant III)
gl __2__ 23 L
cse _Sil’le_ \/§_ 3 tanezﬂ——\/gzl
s _2 7 2
V5
7. cos’f=1-— (i)z 8. sin?0=1- (3)2
) 10 ) 9
cos?0=1—— = sin2f=1-—2="22
100 100 81 81
V19 65
cosf = To (cos is positive) sin@ = — e (sin is negative)

12.7 Simplify Trigonometric Expressions

1 COSX sinx 1 1
1. secxcotx = " — =——=2C(CSCX 2. tanxcscx = r—= =secx
cosx Ssinx sinx CosSXx SHTX cosx
3. sinxcosxtanx = sinf  sinf .
) 4. =—7—=5sin"6
. sinx . 9 csco -
sin x cosx - = sin“x sin 6
. .9 1 ) sin 6 .
5. sin“ 6 cscl = sin 0-ﬁ=sm9 6 tanf o5p s 1 1 — secd
" sinf® sinf cosO simd cosb
COoSsXx COsS Xx .
cotx .. COSx : — -sinx
7. — sin x — . m = CoS X cotxsinx _ six _ 2
cscx 1 siax 8. secx 1 = C0s™x
sSinx
COoS Xx
9 1-sin?0 cos?6 0 10 1-sin?x ces®x 1
. = = CoS . = =
cos @ cos @ cos2 x cosZx
sin? x + cos? x 1 5 12. cosx (cosx + 1) + sin*x =
11. , = =sec-x 2 .
1 -sin2x cosZx Cos“Xx + cosx + sin“ x =
cosx +1
13. cosx (secx —cosx) = 14. sin? x (1 + cot?x) =
1 _ .9 cos?x
cosx(———cosx )= sin®x (1 + ) =
cosx sinZ x
1 —cos?x = sinx sin?x +cos?x =1
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15 2-2sin?x 2(1-sin?x) 2cos?x 16. secx —tanxsinx =
' cosx cosx " cosx 1 sinx 1 sin2 x
2cosx — siny =———— =
COSX COSX COSX  COSX
1-sin?x cos?x
= = CO0S X
cosx cosx
17. csc? x (1 + sinx)(1 — sinx) = sinZx 1 sin? x—1
1 (1— sin?x) cos? x 2 18 tan’x-sec’x cos2x cos2x _ _coslx
sinZ x sIm*x) = sinZx cot™ x " cot?x—csc2x  cos?x 1 cos?2 x—1
sin2 x sin?x sin? x
cosZx
_cos?x 1 _
s x
s x

12.8 Graphs of Parent Triq Functions

1. 4 2. (3)
3. (3) 4. (4)
5. (2) 6. (4)

12.9 Trigonometric Transformations

1. amplitude is 2; period is 27
2. amplitude is 3; frequency is 2; each period has a length of
3. (3) 4. (2)
2 T 2n
5. p—m—z 6. f—?—z
2m 2 6
7. p_|2(—4)|_Z 8. f—?—ZTE ;—12
3
frequency is 4 frequencyis|2-3| =6
. . 2T n °
each period is 4 2 (or 90°) long each period is 2?” = g (or 60°) long
amplitude is 3. 3 1
amplitude is p
13. 6; The amplitude is 2 plus there is a 14. —5; The amplitude is 2 and there is a
vertical shift of 4. vertical shift of 3 units down.
(The negation of a does not affect the
amplitude; it merely reflects the graph over
the midline.]
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15. midlineisy =0

amplitude is 4
period is

phase shift is % to the right

16.

midlineisy = =5
amplitude is %

. . 2T
period is 5

phase shift is % to the left

17. (2)

18.

If the sine graph is shifted left by %, then it

will coincide with the cosine graph, so
h==1

>

12.10 Graph Trigonometric Functions

1.

w

y = 3sin2x

2.

y=4.cos.x—.2

10

[0)]

'
[&)]

-10

wm
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10

[¢)]

%

=21 | 2m
10

2 points of intersection.

g(%) = —2cos = 2-B-_3

10

10

Solve for x:

4cosx =2
1
cosx = -
2
x > cos™ !

1
r %
—Z<x<?t

3 3

12.11 Model Trigonometrie Functions

1.

(4)

2.

30 + 27 = 57 feet.

3.

= 6 seconds

wl:\|§

4,

2T
a) 1 cycle is—7 = 10 secs, so a 40-sec ride
5
would complete 4 revolutions.

b) Radius is 20 (the amplitude).
c) The base is 24 — 20 = 4 feet off the
ground.

65




Distance (d) in miles

d(t) =sint

Time (t) in minutes
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30

25

20

Price (%)

15

10

1980 1990 2000 2010
Year

The minimum value of the cosine function is -1.
10(—1) + 20 = 10, so the minimum price is $10.

The price is $10 when
10cos (3t) +20 = 10
10 cos (3t) = —10

Vi
cos (E t) =-1
cos 1(-1) =m,
so%t =mort =5 (year 1985).

2T

Each period is =7 = 10, so the price cycles every 10 years.

5
The minimum price of $10 occurs in 1985, 1995, and 2005.
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Temperature (°F)

90—

80—

70

60

Vﬁ 7 8 9 10 11 12 13 14 15 16 17
Time of Day (t)

t

8cost+ 78 =80
8cost =2

1
cost =

4
-11 & 1.3 (left of the interval)

Cos

L

Since the period is 2m, the graph intersects
y = 80 at:

x=2n+13=7.6

x=4n—-13~= 113

x =4t + 1.3 = 139

(See below)

90—

'( 21 éﬁj
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CHAPTER )3,

PROPERTIES OF FUNCTIONS

1314 Compare Functions
1. (3) (2) All of the others have a maximum of 1
3. g(x)andj(x). 4. h(x)and j(x).
log 0 and % are both undefined. Neither e* nor i can equal O for any x.
Both graphs have asymptotes at x = 0. Both graphs have asymptotes at y = 0.
5. b(0) =—-4 6. f(x)has 0 (roots are imaginary),
c(0) =-2 d(x)has1latx = -9,
a(0)=0 b(x) has 2 atx = {-2,2}
d0) =1 c(x)has3atx ={-2,—-1,1}
f(0) =2 a(x) has an infinite number

13.2 Even and 0dd Functions

1. even (all even powers of x including the 2. neither (odd powers of x except the
constant) constant)

3. odd 4. neither

5. even odd

7. (2) 8. (1

13.3 Algebraically Determine Even or 0dd (€€)

1. even 2. neither
f(=3) = (=0)* = 3(=0)? +7 = f(=3) = (—)° = 3(=2)* + 7 =
x*=3x2+7=f(x) —x>+3x3+7
3. odd 4. even
[0 =—=—==~f(x) f0) = =] =2=f0)
5. neither 6. odd
fex)=2%-1=—=-1 fex) = (-x)%+4  xP+4

(=03 - (=x)  —x3+x

2 ()=

—(x3-x) x3 —x

13.4 Inverse Funections

1. (2)
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= 2y +5
2. x=5y+2 3 = y
x—2=05y 3
x=2 3x =2y +5
5 3x—5=2y
_1()_x—2 3x—5_
fr) == > =Y
_1()_3x—5
fG) =—
2 1
4. x==3y 5. x=§y+2
3 1
—5X=Yy x—2=§y
Fl) =—2x 3(x-2)=y
3x—6=y
f7lx)=3x—-6
6. x=y2-5 7. x=(y—-2)3
x+5=y? Vx=y-2
VT =y Vr+2=y
f(x) =+Vx +5 f1) = Vx + 2
8. x=3"+1 9. x=log(y—2)+3
x—1=37 x—3=log(y—2)
log;(x — 1) = log5 3¥ 10073 =y — 2
logs(x —1) =y 106D 42 =y
fH(x) =logz(x — 1) Flx) = 10073 4 2
10. x = y 11.x=siny_—1
y+2 x+1=siny
xy+2)=y arcsin(x +1) =y
xy+2x=y p~1(x) = arcsin(x + 1)
2x =y —xy Note: parentheses are important here.
2x =y(1—x)
2x _
1-x
“1(y) = 2x
7@ =173
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12. a) x =2 13.a)2Vx+1—-1=0
b) x =y? -2 \/x+1=%
x+2= y2 x+1= L
Vx +2 = y ; 4
flx) =vVx +2 x=-—7

) : byx=2/y+1-1
L +1
L4 xT =,Jy+1
x+1\2
! y=(7) -t
’ = () -
) C)
- ») 3 ‘0/ > " B 104
! ! ! ! ! .24 1 ! ! ! ! ! !
,,,,,,,,, 5
-4
-10 -5
/7
| 7
| //
I
/ 5
; 5
/ {
/7
7/
7/
/
1 | -10y
13.5 Averaqe Rate of Change
139-79 60 49-139 -90 49-79 =30
1. a) =—=3 b =—=-9 =—=-1
80— 60 20 90 — 80 90 - 60 30
5.06 — 3.91 1.15 7.50 — 5.06 2.44
2. a) ===~ 0.096 ==— =~ 0.244

1999 — 1987 12

2009 — 1999 10

3. f(5)=5%2+2=27 4. f(=3)=(-3)2+10(-3)+16 = -5
f(15) = 152 + 2 = 227 f(3) =32+10(3)+16 =55
_227-27 200 _ _55-(=5) 60 _
k= 15—5_10_20 R_3—(—3)_6_10
5. f(-D=(CD*+2(-1)*=-1 6. f(f)=2 1=2
f()=1*+2(1%) =3 i
3-(-1) 4 f(—)=2 (=1) = -2
R=——=-=2 2
1-(-1) 2 —2-2 4
= 3T 1w = _
> 2
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13.6 Solutions to Equation of Two Functions

1. 2.
_ 10 10
y=2x*-3 _
y=2¥
{ 5 ...... { 5 .........
(0.82,1.76)
(-4.89,0.03) // y=log(x+5) +1
-10 -5 0 5 10 -10 0 5 10
(—0_.58,@( //(1.—1] _
y=2%-3 .
| I I A 1+ TN N S S S N S — — 1+ TN N S S S N S — —
-10 -10
Real solutions: x = {—0.58,1} Real solutions: x = {—4.89, 0.82}
3. 4.
10 | 10
y=:|x3+x| V‘-é—5_+x3 y=:’é—3+%2—2
! 5 ......... ! 5 .........
| y=vx+3 _
(-0.85,1.47) (2119,2.13)
(1,2) _
-10 -5 0 5 10 -10 -5 0 5 10
(—2.31,-1.39)
(+1.28,+1.53)
._5 ......... ._5 .......
-10 -10

Real solutions: x = {-0.85, 1}

Real solutions: x = {-2.31,-1.28,2.19}
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x ={0,4}

T
EENEEEEAP

/\(o,m (40) A

BT 10

__________ AERAEEEEEE
a0

a) Graph shown to the right.
Real solutions: x = {—2, 1}
b)x*+x3+x=x%2+2
xt+xd—-xt4+x-2=0
We know -2 and 1 are roots, so

[2] 1 1-1 1 -2
2 2-2 2
1-1 1-1]0
(x+2)(x*—x>4+x—-1)=0
M 1-1 1 -1
10 1
1 0 110

x+2)x-D*+1)=0
This leaves us x?> + 1 = 0,
which gives us x = +i.
Solutions are x = {—2,1, —i, i}

| \ g(x)=x%*+2
(+2,6) -
....... y ] I
flx) =x%+lx3 + x \ (1:3)
-10 5 5 10
.......... F-31 N N N A
-10
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13.7 Solutions 1o Inequality of Two Functions (NG)

1.

Solution: —1.5<x <2

2.

()

)|

9

Solution: x < 1

-10

Solution: x < —2orx =0

10 -5

| ﬁg(xy |

Solution: -2 <x<—-lorx>1
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CHAPTER VY.

4.1

Arithmetie Sequences

SEAQVENCES AND SERIES

a; =32andd =5
a, =a; +(n—-1)d
a,=32+n-1)-5

2. ay=24andd = -7
a, =a; +(n—-1)d
a, =24+ n-1)(-7)

a, =32+5n-5 ap,=24-7"n+7
a, =5n+27 a, =-7n+31
3. a1=—1andd=% 4. ap=a,+(n—-1d
a, =a, +(n—1d ag=21+(8-1)-9=284
an=—1+(n—1)-%
1 1
an=—1+5n—5
1,3
An =317
5 a,=a;+(n—1)d 6. ap,=0a;+n—1)d
a, =16+ (12 —1)-11 = 137 ao =35+ (9—1)-(=5) = =5
7. a,=a;+n—-1)d 8. ap=a1+n—-1)d
9. (6,10)and (21,55) 10. (4,-23) and (22, 49)
_55-10 45 _ d_49—(—23)_2_
T 21-6 15 T 22-4 18
a,=a; +(n—1)d a,=a;, +(n—1)d
10=a;,+(6—-1)-3 —23=a,+(4-1)-4
a1=_5 a1=_35
a, =a; +(n—1)d a, =a, +(n—1)d
a,=-5+n-1)-3 a,=-35+(n—-1)-4
a,=-5+3n-3 a, =-35+4n—4
a, =3n—38 a, = 4n—39
11. (3,29) and (15,53)
53-29 24
a) d= =—=
15-3 12
a,=a, +(n—-1)d b) a;o = 2(10) + 23 =43
29=a,+(3-1)-2 There are 43 seats in the tenth row.
29=a1+4
a1:25
a,=25+(n—-1)-2
a, =2n+ 23
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14.2 Geometric Sequences

1. a,=a;r"? 2. a,=a;r"1?
a, = 6(3)" 1 a, = 12(0.5)"1
6(3)" 12(0.5)™
=73 =05
a, =203)" a, = 24(0.5)"
3. a,=a;r"? 4, a, =aqr"?
a, = —2(—4)"1 a, = —1(=2)""?
—2(-4)" —-1(=2)"
== o=y
a, = 0.5(—4)" a, = 0.5(=2)"
5. a,=4(2.5)"1 6. a,=a;r*?!
_a(2.5)" s = 16(2)°1 = 16(2)8 = 4,096
=05
a, = 1.6(2.5)"
7. a, =a;r*1! 8. a,=a;r"?!
as = 12(=3)* = 972 a, = 8(1.5)° = 91.125
9. a,=a;r"? 10. a, = a;r™* 1!
a;s = 5(—2) = 81,920 (N _ (1\_6 _3
' a7—6( 2) _6(26)_64_32
(Using the calculator, a; = 0.09375.)
11. 12.
a) 1673 = 3645 a) r10-5— 112,640
, 135 3,520
T :327 TS — 32
r=v27=3 S
a67‘4 = a10 = 32=2
b) A9 = 3645(3)4 = 295,24‘5 a5T3 = ag
@, = a1 as = 3520(2)° = 28,160
135 = a,(3)371 b) a,=a;r"?
135 = a,(9) -
a, = 15 3520 = a,(2)
a, =153)" = 22 = 5(3)" 3520 = a,(16)
a, = 220
a, = 220(2)"1 = 292" _ 119(2)n
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14.3 Recursively Defines Sequences

1. a1=6 2. a1=8
a, =an_1+4 a, = 3a,_1
3. a1:16 4’. a1:3
a, = —0.5a,_4 a,=23)+1=7
a, =2(15)+1 =31
3,7,15,31
5. a1=3 6 a2=3+2=5
a,=2(3)—4=2 a;=5+3=8
a;=2(2)—4=0 a,=8+4=12
a, =2(0)—4=—4 3,5,8,12

3,2,0,—4

Neither; there is no common difference
nor common ratio.

7. ay=3(2)+2=8
as; =3(8) +3 =27
a, =3(27) +4 =85

8. a,=2(-3)—2=-8
as =2(—8)—3=-19
a, = 2(—19) — 4 = —42

2,8,27,85 —3,—8,—-19,—42
9. a, =2 10. a) a; = 40
a, = 3 a, = 8

a, = Qp_p " ay_q forn > 2

a, = %(an_z +a,_,) forn>2

b) 40, 8, 24,16, 20,18, 19, ...
First odd term is a-.

4.4 Sigma Notation

1. 3(2)+3(3)+34)+3(5)=
6+9+ 12+ 15 =42

2. 22-D+@*-1D+¢@*-1)+(5%2-1)
=3+8+15+24 =50

3. —2(1)+100—-2(2) +100—-2(3) +
100 — 2(4) + 100 — 2(5) + 100 =
—30+ 500 = 470

4, (224+2)+@*+2)+(@5+2) =
10 + 18 + 34 = 62

5 (2+1D)+@%*+2)+(3B%2+3)+
(4> +4)+ (5% +5) =
2+6+12+20+4+30=70

6. 2—-12+(2-2)2+12-3)%=
1+0+1=2

7. 3(2)°+3(2)1+3(2)? =
3+6+12=21

8. (-32+4+3)+(—4%2+4)+(-5%2+5) =
—6—12—-20=-38

9. (-1*—=1)+(-2*-2)+(-3*-3) =
—2-18-84=-104

10. 2-14+1)°4+ @22+ +
(2:3+1)2=1+5+49=55

11. (3)

12. (4)

13. (2)

14. (4)
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15. 13567(0) + 294 = 294
13567(1) + 294 = 13861
13567(2) + 294 = 27428
Sum is $41,583

14.5 Arithmetic Series

7

5
1L > (2k+1) D" (4k+3)
k=1 k=1
53+ 11 31
55:¥:35 57:M:133
6 n
3. D (4k+21) D (2k+3)
k=1 k=1
_ 6(25+45) 2n+3 =43
S¢ =—— =210 =20
20
> (2k+3)
k=1
n n
5 > (2k-1) 6. > (12k-1)
k=1 k=1
2n—1=139 12n-1=119
n =20 n=10
20 10
> (2k-1) S (12k-1) = 650
k=1 k=1
n n
7. D7k 8. > (8k+10)
k=1 k=1
7n = 105 8n+ 10 =122
n=15 n=14
15 14
> 7k = 840 > (8k+10) =980
k=1 k=1
n(a; +a,+(n-1)d n(a; +a;+(n-1)d
N 12( )d) 0. 5, =M 12( )d)
19(3+3+(19—-1)-7 20(5+5+(20-1)-9
19 = ( ( ) )=1,254 20 = ( ( ) )=1,810
2 2
n(ay +a,+(n-1)d n(ay +a,+(n-1)d
11'Sn:(1 12( )d) 12-Sn:(1 12( )d)
30(15+15+(30—-1)-2 21(18+18+(21—-1)-2
3 2( )2 _ 300 _ 2( ) _ o
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14.6 Geometrie Series

L Y73 2. Y (-2)""
k=1 n=1
_ 7
4 5, =2 _ 49149

7 i
D 9(4)" = 49,149
k=1

— L(_LL)S — L k-1
5 SB = 1 (_4) = —39,321 6. Z 10(2)
k=1
10(2)"1 = 5120
21 =512
log2™" 1 =log512
(n—1)log2 =log512
_log512
B log2 -
n=10
10
> 10(2)""
k=1
L n
k-1 k-1
7. X5 8. 3 6(5)
~(@"! =1024 6(5)" " = 93,750
n-1 —
2 o208 g5 = log 15,625
log 2"~! = log 2048 b D i
log 2043 C | _log1s625 _
g n = =
n—1= =11 Togs
log 2 _
n=12 n7—
E 1 k-1 3 6(5)F 1 = 117,186
> 5(2) ‘
P k=1
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CHAPTER IS,

PROBABILITY

151 Theoretical and Empirical Probability
1. 1 2. —=-—
4 10
3. —= 32 4. 3 — 1
22 11 6 2
1 23
5 = 6. =
6 29
6
7. 2= g LB_1
20 10 52 4
5 30
9. - 10. P(red) =—
8 90
) 31
P(white) = %0
29
P(blue) = 50
White is the most likely to be picked.
2,000 1 2
11. =— 12. — ==
80,000 40 20 5
13. The trials in this case are 100 products per 14. 20% = 2
month for 10 months, or 1,000. ' 10°
The empirical probability of a faulty bulb There are 10 numbers from 0 to 9, so any
20 1 two numbers (such as 0 and 1) can
157000~ 50° represent the event occurring.

15.2 Probability Involving And or Or

2.

5

4,

P(penorred) =

P(pen) + P(red) — P(red pen) =
6 9 4 11
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5. a)P(Aand B) =P(ANB) =
P({5,8) ===~
b) P(Aor B) =P(AUB) =

P({2,3,4,5,7,8,9}) = %

6. P(A)=0.05,P(B) =0.08, and
P(A and B) = 0.004
a) not mutually exclusive because
P(Aand B) # 0
b) P(Aor B) = 0.05 + 0.08 — 0.004 = 0.126

7. P(GorA)
=P(G) + P(A) —P(Gand A)
1. 9 5 15 3
20 20 20 20 4

50

50 1

500 10

9. P(AorB)=P(A)+P(B)—P(Aand B)
P(Aor B)+ P(Aand B) = P(A) + P(B)
P(Aand B) = P(A) + P(B) — P(Aor B)

[add P(A and B) to both sides]
[subtract P(A or B) from both sides]

15.3 Two-Way Frequency Tables

15
1. a) — = 13.3% of the students are
113

2. Given data in bold below.

) Coca-Cola | Sprite | Total
undecided. Table 16 14 | 30
b) Py 51.7% of the 9t graders are Garbage 34 8 42
72 3
3. a)P(F) = 20" 10 [from the Total row]
b) P(C) = % = % [from the Total column]

24 3
C)P(F|C)=5_—O

1

24 1

d) P(CIF) = = = 3
_ 24 _ 1
e) P(C and F) = 220" To

[from the first row]
[from the first column]

[from the one cell and the grand total]

f) P(FIC) =P(F) = % and P(C|F) = P(C) = § so they appear to be independent.
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4. [Itis helpful to calculate the totals first:

Dogs Cats Rabbits Total
Girls 53 72 25 150
Boys 62 28 40 130
Total 115 100 65 280

25 5

25 1

b) P(R|G) = 0T o

62+28 _ 90 _ 18

c) P(BI[Dor C) =

115+ 100 215 43

[from the first two columns]

15.4 Series of Events (€0)

[EN
W | =
X
NSlw
Il
N -

5
2. (1) ==
2 32

3 Exl:E 4. 0.95x%x0.93x0.98 = 87%
"4 2 8
5.
a) Z (see check marks above) b) g (all except the first leaf)
6.

a)3 b)4

7. P(at least one blue) =
1 — P(red or white on all 5 picks) =

1 1 1
8. —x—=
20 19 380
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5 2 5 2 1 1
SX=Z== 10. - x-=-
776 21 372 3
S x 2= P(S and M) &
27373 an o 15 1
4 3 2 12. P(M|S) =———= =L _—"_=
P(S) < 30
. P(H; and H,) = P(H,) - P(H,|H,) = 14. P(same suit) =
13 12 156 1 P(2Hs or 2Ds or 2Cs or 2Ss) =
——X—C == 1 1 1 1 4
52° 51 2652 17 —+—t+—=+—==—=
17 17 17 17 17

10 10 10 10 10_(10)5_ 32
"~ 3125

LA) =X —=X—X—X—=
25 25 25 25 25 \25
10 9 8 7 6 6
b) =X —X—=X—X—=—
25724 237 227 21 1265

. Let A = the patient has arthritis and H = the patient has hay fever.
We want to find P(A|H).

P(A) = 0.10, P(H) = 0.05,and P(H|A) = 0.07
P(Aand H) P(A) x P(H|A) (0.10)(0.07)

P(H) P(H) ~ (0.05)

P(A|H) = =0.14
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CHAPTER 6. Sranisncs

161 Data Collection

(4) 2. (2)

(2)

a) The control group of plants would receive the normal level of CO2 (300 ppm).
There should be two experimental groups, one which is exposed to 400 ppm and one
which is exposed to 500 ppm.

b) The independent variable is level of CO2 exposure.
The dependent variable is the rate of photosynthesis.

16.2 Bias

1.

(3)

Seniors or physics students may be biased by aspects of class scheduling specific to their
groups. Selecting only students from the cafeteria would omit students who have already
chosen not to eat there.

(4)

Allowing subjects to self-select their participation can lead to bias. Honors calculus
students may tend to spend more (or less) time on homework due to the nature of their
courses. Surveying only teenagers at a movie theater would omit other age groups as well
as people who don’t like to go to movie theaters.

(4)
People who attend a football game are more likely to prefer an increase in the sports budget
since they are sports fans.

(2) 5. (1)

16.3 Normal Distribution

1. 2.
S 2 o o0 1 2 3 3 2 9 o 1 2 s
70 80 90 700 770 720 730 7.00 7.25 7,50 7.75 200 225 280
3. 74+ 6 =80 4. 85-2(4) =77
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5. Theinterval from 115to 125is 1 standard | 6. 95% of the data is within 2 standard
deviation from the mean, which is about deviations from the mean, so this is the
68% of the data. interval between 66 — 2(4) = 58 and 66 +

2(4) = 74 inches.
7, %(80 —50) = 15 8. %(92 —78) =35
9, %(69—63) =15 10. SD =§(81—57):8
57 +8 =65
Mean = 65
(check: 81 — 2(8) = 65 V)
11. From 56 — 2(5) to 56 + 2(5), or between | 12. Interval is within 1 SD of the mean,
46 and 66. representing about 68% of the homes.
75 X 68% = 51 homes.
13. a) 50% 14. a) =(68%) + = (95%) = 81.5%
b) 68% L anor — 60 70 0
c) 2.5% b)5(100/0—99.7 %) = 0.15%

c) 0.15% x 424 = 0.636 = 1 student
d) 7 (68%) +5(99.7%) = 83.85%
83.85% X 424 = 355.5 = 356 students

16.4 Areas Under Normal Curves

1. normalcdf(60,73,65,5) =~ 0.787 2. normalcdf(620,1E99,500,100) =~ 0.115
3. normalcdf(54.3, 63.5,54.3, 4.6) = 48% 4. normalcdf(74, 82, 80, 4) = 0.62
5. normalcdf(80, 100,72,9) = 19% 6. normalcdf(12.5,1E99, 11, 1.5) = 0.16
7. normalcdf(3,1E99, 2.75,0.42) = 0.28 8. a)normalcdf(90, 1£99,75,8) = 3.04%
b) normalcdf(80, 90, 75,8) = 23.56%
c) normalcdf(—1E99, 60, 75, 8) = 3.04%
9. normalcdf (42,1E99, 35,2.8) ~ 0.62% 10. normalcdf(550,1E99,510,110) ~ .358

0.62% x 3000 =~ 19

0.358 x 1000 = 358

16.5 Plausible Outcomes

1. 5.6—2(0.2) and 5.6 + 2(0.2), or between 5.2 and 6.0.
Yes, 5.9 is within the margin of error.
2. CI =11.3095 + 2(0.7625), so the interval is approximately 9.78 to 12.83.

The claim is plausible because 10 is within this interval.
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16.6 Difference in Means [€0)

1.

a) 32-25=0.7

b) According to the graph, at least 18 of the 100 rerandomized groups (18%) showed a
mean difference of 1.0 or higher. Therefore, a mean difference of 0.7 is certainly within the
95% interval and is not statistically significant. There is no strong evidence of the success
of the drug despite an observed difference between the effects on the groups in the sample.

16.7 Estimate Population Parameters

ME=2(%)=2(%)z1.7

2. ME=2(%)= 2(%) ~ 0.04

1.
vn V50
s 1.5 _ (S _ 22\ _
3, ME:z(\/_ﬁ)=2(E)zO.42 4. ME=2(5)=2(F2=) =044
12.3 4 0.42 - (11.9,12.7) 10.5 + 0.44 - (10.1,10.9)
ZIlnt 1
InPt: Da I n;téData n
B [
Si12.3 %:10.5
n:>e & leve1:0.95
e
ZInt 1
(11.884-12.716) 210-@69’1-
x=12.3 x=10.5
n=50 n=100
|
S 10.2 S 2.5
5. ME =2 (ﬁ) =2 (ﬁ) = 2.04 6. ME =2 (ﬁ) =2 ~ 071
44.25 + 2.04 — (42,46) 12 +0.71 > (11.3,12.7)
5 — 245 _ 5 — 290 _
7. a)p = o0 = 0.7 8. a)p= =00 0.58
b)g=1-p=03 b)g=1—p =042
0 (0.7)(0.3) ~ 0.024 0 (0.58)(0.42) ~ 0.022
350 500
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N
9. ME =12 100 ~ (0.098

0.4—-0.098<p<0.4+0.098
Population proportion should fall within
the interval (0.30, 0.50).

NORMAL FLOAT AUTO REAL RADIAN MP n

10. p

5= 291
=383~ 0.330

_, [033)067)
ME =2 883~ 0.032

0.330 £ 0.031 - (0.30,0.36)

NORMAL FLOAT AUTO REAL RADIAN MP n

1-ProrZInt

1-PropZInt (0.29855, 0. 36056)
(0.30398, 0. 49602) $=0.3295583239
p=?ég n=883
n=
. _ 180
= —= = 0,
11. a) p 200 0.6 =60%

ME =2 /m ~ 0.057
300

0.60 £ 0.057 - (0.54, 0.66)

b) 222 ~ 0.64

1800

Yes, this is plausible because 0.64 falls within the 95% confidence interval.
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REGENTS QUESTIONS

CHAPTER ). LINEAR FUNCTIONS
1.1 Linear Systems in Three Variables [€0)
1. CCAUG‘16[23] Ans: 2 9. CCAUG ‘18 [33]
2. CCJAN‘18(3] Ans: 4 7y +7z=14 2(1)+(3)
3. CCJUN‘19 [23] Ans: 2 Jy’:zzjg
4. CCJAN ‘20 [18] Ans: 1 7y +21z = 28 42) + (3)
5. CCJUN ‘22 [8] Ans: 2 y—3z=—4
6. CCJUN ‘23 [11] Ans: 3 y=3z—4
7. CCSPR*‘15[10] z+2=3z—-4
7x + 7z =35 (D) +(2) 2z=6; z=13
x+z=5 y=0B)+2; y=5
4x + 10z = 62 (2)+(3) —4x + (5) + (3) = 16;
—4(x +z=05) —4x =8; x = -2
4x 410z = 62 10. CCJAN ‘19 [33]
6z = 42 Rewrite (3) as
z=7 —a+6b+2c=14
x+(7) =5x=-2 2b + 5¢ =21 (1) - (2)
(—2) + 3y + 5(7) = 45; 8b +3c =16 (2) +(3)
3y=12; y=4 4(2b + 5¢ = 21)
8. CCJUN ‘17 [33] 8b+3c =16
4y —4z =12 (1) +(3) 17¢ = 68
y—z=3 c=4 )
2y +4z=0 —2(1) +(2) 2b+5(4) =21; 2b=1; b=~
y+2z=0 a+4(2)+6(4) =23; a+26=23;
y = —27 2
(=22)—z=3;z=-1 a=-3
y—(-1) =3 y=2 11. CCAUG ‘23 [35]

x+2)+(-1)=1;,x=0
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8x+z=-6

6x+9z =12
2x+3z=4

—3(8x +z=-6)
2x+3z2=4

—22x =22

x=-1
8(—1)+z=-6;z=2
--D+y-3(2)=0y=5

(1) +2(2)
(1) -4(3)



CHAPTER & TRRATIONAL EXPRESSIONS

214 Operations with Square Roots (€0)

There are no Regents exam questions on this topic.

2.2 Rationalize Monomial Denominators [€0€)

There are no Regents exam questions on this topic.

2.3 Rationalize Binomial Denominators

There are no Regents exam questions on this topic.
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CHAPTER 8. AVADRATIC FUNCTIONS

3.1 Factor a Trinomial by Grouping

There are no Regents exam questions on this topic.

3.2 Solve Quadraties with az1{

1. CCAUG ‘22 [32]
2x%> —7x+4=11-2x
2x>—5x—7=0
2x*>+2x—7x—-7=0
2x(x+1)—-7(x+1)=0
Rx—-7)(x+1)=0
7
x={-13}
y=11—-2(-1) = 13
y=11-2(1)=4
7
(-1,13) and (,4)

3.3 Graphs of Quadratiec Functions

1. CCJAN‘19[22] Ans: 4
2. CCAUG ‘23 [5] Ans: 4

3.4 Veriex Form and Transformations

1. CCJUN‘18([8] Ans: 1

3.5 Focus and Direcetrix [€0C)

1. CCSPR15]2] Ans: 4 12. CCJUN 23 [23] Ans: 2

2. CCAUG16[19] Ans: 4 13. CCJAN’24 [9] Ans: 1

3. CCJUN ‘17 [17] Ans: 4 14. CCJUN ‘16 [30]

4. CCAUG ‘17 [6] Ans: 2 The vertex is (4, —3) and

5. CCJAN ‘18 [16] Ans: 1 p = 12 + 4 = 3. The x-coordinates of
the focus and the vertex are the same.

6. CCJUN"18[21] Ans: 4 Since p = 3, the focus is 3 units up from

7. CCAUG 18 [23] Ans: 4 the vertex, so the coordinates of the

8. CCJAN ‘19 [14] Ans: 3 focus are (4,0).

9. CCJUN ‘22 [13] Ans: 1

10. CCAUG 22 [12] Ans: 3

11. CC]JAN 23 [22] Ans: 4
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15.

16.

CCJUN 19 [35]

The x-coordinate of the vertex is %_5 =
—3, so the vertex is (4, —3).

P = Yrocus — Yvertex = -1+3=2

y = %(x —4)2 -3

CCJAN ‘20 [28]

The vertex is (3,6), which is 5 units up
from the focus, so the directrix is 5 units
above the vertexaty = 11.
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17. CCAUG ‘23 [30]

p is the difference of the y-values
between the focus and vertex:

P = Yrocus — Yvertex = 8-7=1

p is also the distance between the vertex
and directrix:

P = Yvertex — Ydirectrix

By substitution, 1 = 7 — y, so the
directrixis y = 6.



CHAPTER V. IMAGINARY NVMBERS

C N | Set of Complex Numbers

There are no Regents exam questions on this topic.

4.2 Operations with Complex Numbers

1. CCJUN ‘16 [3] Ans: 2 15. CCJAN ‘17 [25]
2. CCJUN‘17 [4] Ans: 2 8 - ;),(Jlr fZ;')((ll —,;') =
‘ — 4l l —1l) =

L aenEl

5. CCAUG‘18[15] Ans: 3 té. -Czc JAN 118 [25]
i =—1,not 1.

6. CCJAN'19[11] Ans: 1 6 + 10i — 4(—1) = 10 + 10i

7. CCJUN ‘19 [15] Ans: 1 17. CCAUG ‘19 [27]

8. CCJAN ‘20 [22] Ans: 1 — (V=9 -4) -3 =

9. CCJUN ‘22 [23] Ans: 4 LiBi—4)+3 =

10. CCAUG 22 [2] Ans: 4 s . 5
—-—2i+3==--2i

11. CCJAN 23[8] Ans: 3 2 2

12. CCJUN‘23[7] Ans: 3 18. EC 5A92G 'if)[zzg]

13. CCSPR‘15 [6] 252212 + 40xi? + 1612

(4-30)(5+2yi =5+ 2yi) _ 2 _
(4 — 30)(4yi) 25x ’ 40x — 16
16yi — 12yi? 19. CCJAN 24 [31]

2:6 3 2
12y + 16yi o N b ;;9%’
14. CCAUG ‘16 [27] x LT ey
xi(—6i)? = xi(36i%) = —36xi

4.3 Imaqginary Roots

1. CCFALL15 [4] Ans: 3 12. CCAUG ‘22 [8] Ans: 1
2. CCJUN 16 [12] Ans: 1 13. CCJAN ‘23 [10] Ans: 4
3. CCAUG16[1] Ans: 4 14. CCJAN 23 [24] Ans: 2
4. CCJAN17 [11] Ans: 4 15. CCJUN 23 [12] Ans: 1
5. CCJUN‘17 [7] Ans: 4 16. CCAUG ‘23 [8] Ans: 2
6. CCAUG 17 [3] Ans: 3 17. CCJAN'24[2] Ans: 2
7. CCAUG18[9] Ans: 3 18. CCJAN 24 [16] Ans: 3
8. CCJAN‘19 [5] Ans: 2 19. CCJUN ‘18 [27]

9. CCJAN‘19[9] Ans: 4 g = Z5EV52-4@@) _ 5 V39
10. CCJUN ‘19 [12] Ans: 4 2@ S
11. CCJAN ‘20 [20] Ans: 2
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20. CC]JUN 22 [25]
Yes, because the discriminant
b? —4ac = (—4)? — 4(1)(13) = —36s
negative.
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21. CCAUG 23 [27]
_ —5+/52-4(3)(8) _

2(3)

5
6

+

i

3

6



CHAPTER S. CIRCLES

5.4 Equations of Qircles

1. CCJUN‘16[19] Ans: 4

5.2 Qircle-linecar Systems

1. CCAUG ‘17 [19] Ans: 1 6. CCJAN ‘20 [35]
2. CCAUG ‘19 [16] Ans: 3 3(/ = —9)€2+ 1( 2
: — 224+ (—x+1-3)2=16
3. CCJAN’24[7 Ans: 4 x
JAN"24 7] ns (x—2)% +(—x—2)? = 16
4. CCJUN 165[33] X2 —4x + 4+ x*+4x+4 =16
y=-x 2x>+8 =16
(x—3)2+(—x+5+2)2=16 2x2 =8

x> —6x+9+x%2—14x+49 = 16
2x2 —20x+42=0
x>—10x+21=0
x=-3)x-7)=0

x={3,7}

x> =4

x =42
y=—(=2)+1=3;
y=—(3)+5=2; (=2,3)and (2,-1)
Y= —()45=-2 7. CCJUN 22 [36]
(3,2) and (7, —2) y=2x-=5

) x?+ (2x —5)? =25
5. CC AUG 18 [31] x2 + 4X2 —20x + 25 = 25
x? + (x —28)% =400

5 ; 3 5x2 —20x =0
x“+x*—56x+ 784 =400 Sx(x —4) = 0
x%2—28x+192=0 _ o0 _ _c.
(x —12)(x — 16) = 0 y=2(0)-5="5

y=2(4)-5=3
x ={12,16} (0,—5) and (4,3)

= (12) — 28 = —16;
- Emg e 15 8. CCJUN ‘23 [35] 2
(12,—16) and (16, —12) (c—2)"—(-2x+7 —3)" =20
(x—2)2+(-2x+4)*>=20
x?>—4x + 4+ 4x*> —16x + 16 = 20

5x2—20x =0
5x(x—4)=0
x = {0,4}

y==-2(00+7=7
y=-24)+7=-1
(0,7) and (4,-1)
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CHAPTER 6. POLYNOMIAL FUNCTIONS

6.1 Operations with Functions

1. CCJUN ‘16 [8] Ans: 4 8. CCJAN ‘18 [33]
2. CCJAN‘17[10] Ans: 3 (2x? 2+ x—=3)x-1) -
3. CCJUN‘17 [9] Ans: 2 [@x%+x =3) + (x = 1)] =
, _ (2x®> —2x“+x*—x—3x+3) —
4. CCJUN ‘18 [13] Ans: 1 (Zx? + 25— 4) =
5. CCAUG 18 [3] Ans: 4 2%3 —3x2 —6x + 7
6. CCJUN 22 [10] Ans: 3 9. CCJAN ‘23 [30]
7. CCAUG ‘23 [22] Ans: 3 (x3+2x—1)(x*+7) —3(x*—-5x) =

x>+ 7x3+2x3+14x —x%2 -7 —
3x* 4+ 15x =
x> —3x*+9x3 —x24+29x -7

6.2 Long Division

1. CCFALL ‘15 [3] Ans: 1 8. CCJUN‘18[29]
2. CCJUN ‘16 [14] Ans: 2 2d% +5a+2
3. CCAUG ‘17 [13] Ans: 1 3a_2) 603 +11d% — 4q—9
4, CCJAN‘18[9 Ans: 4
J ‘ [9] ns _(603_4612)
5. CCAUG‘19[10] Ans: 1
6. CCJUN ‘22 [18] Ans: 2 150° —4a
7. CCJUN ‘23 [13 Ans: 1
] [13] —(15a2—10a)
6a-9
—(6a—4)
-5

5
2a° +5a+2 —
3a-—2

9. CCJUN ‘19 [30]
p(xX)=(x—1D*+7)+5=
x3—x2+7x-2

6.3 Synthetic Division

1. CCAUG‘16[11] Ans: 2 6. CCJAN ‘23 [5] Ans: 1
2. CCAUG‘18[5] Ans: 3 7.  CCAUG 23 [2] Ans: 2
3. CCJAN‘20[7] Ans: 3 8. CCJAN'24[8] Ans: 2
4. CCJUN 22 [3] Ans: 1
5. CCAUG 22 [17] Ans: 2
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9. CCJAN ‘17 [32] 11. CCAUG 22 [35]

2l 3 7 -20 4 3 -4 2 -
6 26 12 32 136
3 13| 6 3 8 34135
3x + 13+ = 3x% + Bx + 34 +
10. CCJAN ‘19 [34] x = 4 isnotaroot because r(x) # 0.
1 2 4 -10
-2 0 -8
1 0 4 |-18
X34

x+2

6.4 Remainder Theorem

1. CCAUG ‘16 [21] Ans: 3 13. CCFALL ‘15 [15]
2. CCJAN ‘17 [20] Ans: 2 0= 6(—55)3 +§1§_5)2 = 52(5—5) +15
3. CCJUN ‘17 [11] Ans: 1 275 =72é)b+ 25b + 260 +1
4. CCAUG ‘17 [20] Ans: 2 b= 19
5. CCJAN18[19] Ans: 4 z(x) = 6x3 + 19x% — 52x + 15
6. CCJUN 18 [12] Ans: 3 By the Factor Theorem, since z(—5) =
7. CCJUN‘19[7] Ans: 4 0, then x + 5 is a factor of z(x).
8. CCJUN ‘22 [6] Ans: 2 6 19 =52 15
9. CCJAN 23 [7] Ans: 2 —30 5 -1I5
10. CCJUN ‘23 [3] Ans: 4 6 -11 3 [ 0
11. CC AUG ‘23 [20] Ans: 1 (x +5)(6x* —11x +3) = 0
12. CCSPR‘15[7] (r+5)Bx ~1)(2x=3) =0
By the Factor Theorem, x — a is a factor X = {_5'5’ 5}
of f(x) only when 14. CCJUN ‘16 [27]
f(a) =0. By the Factor Theorem, x — a is a factor
f(4) =2(4)°-5(4)°-11(4) -4 =0 of f(x) only when

f(a) =0.
2(5)%3 — 4(5)? = 7(5) — 10 = 105, so
x — 51is not a factor.

15. CCJUN ‘17 [25]
r(2)=02)2-4(12)*+412)—-6=-6
By the Factor Theorem, x — a is a factor
of f(x) only when f(a) = 0.
Since r(2) = —6, x — 2 is not a factor of

r(x).
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16. CC AUG ‘18 [34]
J(=1) = 2(=1)* = (-1)* = 35(-1)? +
16(—1) + 48
(=1 =0
By the Factor Theorem, since j(—1) = 0,
then x + 1 is a factor of j(x).
2 -1 =35 16 48
-2 3 32 -48
2 =3 =32 48 | 0
Factor by grouping:
2x3 —3x% —32x + 48
x?(2x —3) — 16(2x — 3)
(x? —16)(2x — 3)
(x+4)(x—4)(2x —3)
x+Dx+4)(x—-—4)2x—-3)=0
3
x={-1,-4,43
6.5 Factor Polynomials
1. CCFALL ‘15 [5] Ans: 4
2. CCAUG ‘16 [5] Ans: 3
3. CCAUG ‘16 [15] Ans: 3
4. CCJAN‘17 [3] Ans: 4
5. CCAUG ‘17 [15] Ans: 1
6. CCAUG ‘18 [14] Ans: 4
7.  CCJAN ‘19 [3] Ans: 1
8. CCJUN‘19[11] Ans: 2
9. CCAUG‘19[1] Ans: 2
10. CCAUG ‘19 [4] Ans: 2
11. CCJAN 20 [6] Ans: 3
12. CCJAN ‘23 [1] Ans: 1
13. CCJUN ‘23 [2] Ans: 3
14. CCJUN ‘23 [10] Ans: 2
15. CCFALL ‘15 [12]

The expression is of the form
u?—=5u—6o0r(u—6)u+1).
Letu = 4x% + 5x.

(4x% + 5x — 6)(4x% + 5x + 1)
(Ax—-3)(x+2)4x+ D(x+ 1)
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17.

18.

19.

20.

16.

17.

18.

19.

20.

21.

CC AUG 19 [29]

P(—2)=60and Q(—2) =0; (x +2)is
a factor of Q(x) by the Factor Theorem
since Q(—2) = 0.

CCJAN 10 [26]
m3)=33-32-53)—-3=0; x—3
is a factor of m(x) by the Factor
Theorem since m(3) = 0.

CCJUN 23 [28]

g(3)=0

32 +aB)?-53B3)+6=0

9a+18=0
_1s

9
a=-2

CCJAN 24 [26]

2(—4)3 +10(—4)? + 4(—4) — 16 = 0;
x + 4 is a factor by the Factor Theorem
since evaluating the expression for x =
—4 results in 0.

CCJUN ‘17 [27]
x?(4x—1)+4(M4x—1)
(x2+4)(4x — 1)

CCJAN ‘18 [28]
3x3+x2+3xy+y
x2Bx+1)+yBx+1)
(x2+y)(Bx +1)

CC AUG ‘18 [25]

(x?2 —6)(x% + 2)

CC JUN 22 [28]

—x(2x3 —x? —18x + 9)
—x[x?(2x — 1) = 9(2x — 1)]
—x(x?—=9)(2x—1)
—x(x+3)(x—3)(2x—1)
CC AUG 22 [26]
x?’(x—2)—9(x —2)

(x%2 = 9)(x — 2)
x+3)x—-3)(x—2)
CCJAN ‘23 [31]

(x2 —4)(x*—-1)
x+2)x—-2)(x+1)(x—1)



22. CCAUG 23 [25]
x2(2x —3)—9(2x — 3)
(x?2 —9)(2x — 3)
(x+3)(x—3)2x —-3)

23.

6.6 Find Roots by Factoring

1. CCJUN ‘16 [6] Ans:
2. CCAUG‘17 [8] Ans:
3. CCAUG ‘18 [21] Ans:
4. CCAUG ‘19 [21] Ans:
5. CCJAN ‘20 [19] Ans:
6. CCAUG ‘22 [6] Ans:
7.  CCJAN'24[3] Ans:

6.7 Root Theorems

N N B DD D

There are no Regents exam questions on this topic.

CCJAN '24 [25]

x2(x +4) —9(x + 4)
(x2 —=9)(x + 4)
x+3)x—-3)(x+4)

CCJUN 19 [33]
(4x% + 9)(2x + 3)(2x — 3);
No, because 4x2 + 9 = 0 leads to roots
of +3i

2
CCJAN ‘23 [25]
3(x34+4x2—-x—-4)=0
3(x2(x+4)—(x+4)) =0
3(x2—-1D(x+4)=0
{—4,—-1,1}

6.8 Properties of Polynomial Graphs

1. CCSPR‘15 [1] Ans:
2. CCJUN ‘16 [4] Ans:
3. CCJUN ‘16 [20] Ans:
4. CCJUN ‘17 [1] Ans:
5. CCAUG ‘17 [12] Ans:
6. CCJAN ‘18 [17] Ans:
7.  CCJUN ‘18 [16] Ans:
8. CCAUG ‘18 [4] Ans:
9. CCJAN‘19 [8] Ans:
10. CCJAN ‘19 [19] Ans:

=== N WS RN W

11.
12.
13.
14.
15.
16.
17.
18.
19.

98

CCJUN 19 [21] Ans: 4
CC AUG 19 [8] Ans: 2
CCJAN ‘20 [5] Ans: 3
CCJAN 23 [16] Ans: 2
CCJAN 23 [18] Ans: 2
CC AUG 23 [18] Ans: 4
CC AUG 23 [24] Ans: 2
CCJAN '24 [5] Ans: 1
CCJAN '24 [14] Ans: 2



6.9

Graph Polynomial Functions

[42]

CC AUG 16 [33]
0=x*(x+1)—4(x+1)
0=x*—4)(x+1)
0=(x+2)(x—-2)(x+1)
x={-2-1,2}

10 | 5

| -10
CCJAN ‘17 [29]

Various answers, such as

2 seere
ey

7

or
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5.

3. CCAUG ‘17 [32]

Various answers, such as

4.

(N_/
GIE

N

CCJAN ‘18 [31]

Various answers, such as

NN

e

CCJUN ‘18 [26]




6. CCAUG ‘18 [37] 9. CCAUG 22 [34]
P(x) =R(x) — C(x) = —330x3 +
9,000x2% — 67,000x + 167,000

100000

-
12 g
\
' 7 \
Fi
Sl \
0 5 10 15 20 q /
- /

0

maximum is 12.6 cu. in.
‘ ' 10. CCJUN ‘23 [33]
-100000 ‘ ' p(x) =(x—-2)(x—3)(x+6)
Least profitable at year 5 because there y

L50000+—+——+—1+——+—+—1—1+——+———t—rt b L

is a minimum at P(5). Most profitable N
at year 13 because there is a maximum
at P(13). \
7. CCJAN ‘19 [26] ety :\ e
A /A . 11. CCJAN’24[37]
AL/ Y

8.

LA

X

(7,78); the maximum profit is $78,000
when 7000 sweatshirts are sold;

x = 3,549 sweatshirts, when p(x) is
first greater than 0.

FEERERLPE

6.10 Polynomial Transformations

1. CCAUG ‘18 [17] Ans: 4
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2. CCJAN ‘18 [36]

fx) =x*(x +4)(x = 3)
gx)=fx+2)=x+2)?*(x+6)(x—1)

6.11 Systems of Polynomial Funetions

1. CCJUN ‘16 [22] Ans: 4 7.
2. CCAUG ‘16 [6] Ans: 3

3. CCJAN‘17[5] Ans: 4

4. CCJUN ‘18 [1] Ans: 2

5. CCJUN‘19 [3] Ans: 3

6. CCFALL ‘15 [7]

—2x+1=-2x*4+3x+1
2x>—=5x=0
x(2x—-5)=0

=03 :

6.12 Polynomial ldentities [€€)

1. CCAUG ‘16 [20] Ans: 4 12.
2. CCJAN ‘18 [6] Ans: 2

3. CCJUN ‘18 [22] Ans: 4

4, CCJUN ‘19 [2] Ans: 4

5. CCJAN 20 [3] Ans: 3

6. CCAUG ‘22 [19] Ans: 1

7.  CCJAN 23[11] Ans: 2 13.
8. CCJUN ‘23 [22] Ans: 4

9. CCJAN’24[17] Ans: 4

10. CCFALL‘15[11]

Let x and x + 1 represent the integers.
(x+1)?—x?2=x?+2x+1—x%=
2x+1
2x is an even integer, so 2x + 1 is an
odd integer.
11. CCJUN ‘16 [31]
1 x3+8 1 x3+9
1-I_x3+8_x3+8 x3+8 x3+8
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14.

CCAUG 19 [36]

x?—6x=-17
x2—6x+9=-17+9

(x—3)2=-8

x—3=42i\2

x=3+2iV2

A real solution would appear as a point
of intersection on the graph; since the
parabola and line do not intersect, the
solutions are imaginary.

CC AUG 23 [26]
x24+8x—-5=8x—4

x2—-1=0
x+1Dkx-1)=0
x={-1,1}

CCJAN “17 [33]

(1) 2x3—10x2+11x—7 =
(x—4)2x*+hx+3)+k

(2) 2x3 —10x2+11x—7 =

2x3 + hx? +3x —8x? —4hx — 12+ k
(3) —2x?2+8x+5=hx?—4hx + k
(4) So,h=—-2andk =5

CC AUG ‘17 [27]

(x? —y%)? + (2xy)?

= x* — 2x%y% + y* + (2xy)?

= x* — 2x%y% + y* + 4x?y?

= x* + 2x%y% + y*

= (x2 + y?)?

CCJAN 19 [27]

(a +b)3

= a3+ 3a?b + 3ab? + b3

= a3+ b3+ 3ab(a+b)

No. Erin’s shortcut only works if
3ab(a + b) = 0; thatis, only ifa = 0,
b=0,ora=—b>b.



CHAPTER 7.

7.1

nth Roots

There are no Regents exam questions on this topic.

7.2

1.

7.3

® NS W=

Operations with Radicals

CC AUG ‘22 [13] Ans: 1

RADICALS AND RATIONAL EXPONENTS

Solve Equations with Radicals

CCJUN ‘16 [5] Ans: 3 10.
CC AUG ‘17 [4] Ans: 2
CCJAN ‘18 [2] Ans: 3
CC AUG ‘18 [7] Ans: 3
CCJUN ‘19 [19] Ans: 2
CCJAN ‘20 [10] Ans: 2
CC AUG 23 [15] Ans: 3

CCSPR ‘15 [8]
Vx—=5=—x+7
x—5=x%—14x + 49
x?—15x+54=0
x—-6)(x—-9) =0

x ={6,9}

Reject x = 9 because
VO—-5+9#7.

xX=06

CC AUG 16 [35]

(\/Zx—7)2 = (5 —x)?
2x —7 = 25— 10x + x?
x>—12x+32=0
x—4)x-8)=0

x ={4,8} 12.

Reject x = 8 because

J2(8)—7+8=#5.
x =4
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11.

CCJAN ‘17 [37]
0=+t—2t+6
Vt=2t—6
(Vo) = (2t — 6)?
t = 4t? — 24t + 36
4t2 — 25t +36=0
4t—-9)(t—-4)=0

= (14

Reject t = 2 because 2 (2) -6<0.
4 4

Vi-2(1)4+6=5
V3-23)+6=+3
5—+3 =~ 3.268

327 mph

CCJUN 17 [30]
Vx—4=—x+6
x—4=x%*—12x+ 36
x>—13x+40=0
(x-5x-8)=0

x = {5,8}

8 is extraneous because
Vv8—4+-8+4+6

CCJUN ‘18 [33]

V6 —2x+x=2x+30-9
V6 —2x =x + 21

6 —2x = x% +42x + 441
x*>+44x +435=0
(x+29)(x+15)=0

x = {=29,—-15}

-29 is extraneous because

J6—2(=29) — 29 # 2(—14) — 9.



13.

14.

15.

CC JAN ‘19 [36]

3vx —2x = =5
3Vx=2x—75

9x = 4x?% — 20x + 25
4x2 —29x+25=0
(4x—-25)(x—-1)=0

=51 17.

1 is extraneous because

3v1—-2(1) # -5

CC AUG 19 [37]

B = 1.69+/30 + 4.45 — 3.49 ~ 6, which
is a steady breeze;

15 = 1.69vs + 4.45 — 3.49

18.49 = 1.69V/s + 4.45

2 s+ 445

1.69 )
(ﬂ) = s+ 4.45

1.69

s = (@)2 — 445 ~ 115

1.69
B values 0f 9.5 to 10.49 would round to

alo
9.5 = 1.69vs + 4.45 — 3.49 solves to

s =~ 55 and 19.

10.49 = 1.69vs + 4.45 — 3.49 solves to
s = 64, so the range is 55 to 64 mph

CCJUN 22 [34]

t =21 | 2L ~ 16.4;
9.81

9.81

9.6 = 21 |~
8

96 _ | L

2m 981

1528 ~ YL
3.132

4785 ~ /L
L =~229

16.

18.

CCAUG 22 [27]

4x +1 = (11 — x)?

4x +1=121—22x + x?
x?>—26x+120=0
(x—6)(x—-20)=0

x = {6,20}

20 is extraneous

CCJAN 23 [33]

V49 —10x = 2x — 5

49 — 10x = 4x? — 20x + 25
4x2 —10x —24 =0
2x2—5x—12=0
2x+3)(x—4)=0

x={34]
5 2
-3 is extraneous

CCJUN 23 [26]
3x+7=(x—1)2
3x+7=x2-2x+1
x>—-5x—6=0
x—6)(x+1)=0

x ={>1,6}

-1 is extraneous
CCJAN ’24 [34]

2x—6=2Vx—-1
x—3=vx—-1

(x—3)2=x-1
x>—6x+9=x-1
x>—7x+10=0
(x—-2)(x=5)=0
x ={2,5}

2 is extraneous

7.4 Graphs of Radical Functions

There are no Regents exam questions on this topic.

7.5 Negqgative Exponents

There are no Regents exam questions on this topic.
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7.6 Rational Exponents

1. CCJUN‘16[1] Ans: 4 22. CCAUG ‘18 [26]
2. CCJAN‘17[7] Ans: 2 207 _ - 7
3. CCJUN ‘17 [16] Ans: 4 252 B
4. CCAUG ‘17 [23] Ans: 4 23. CCJAN ‘19 [25]
5. CCJAN ‘18 [11] Ans: 4 ey _ i _xmi_ L %
6. CCJUN ‘18 [20] Ans: 2 HEC TR N
7.  CCAUG ‘18 [12] Ans: 3 24. CCJUN ‘19 [29]
8. CCJUN‘19[8] Ans: 1 No. (V2)(V23) = () (x5) =
9. CCAUG ‘19 [14] Ans: 4 s
10. CCJAN 20 [1] Ans: 1 25. CCAUG 19 [26]
11. CCJUN 22 [1] Ans: 1 The denominator of the rational
12. CCJAN 23 [12] Ans: 3 exponent represents the index of a root,
13. CCJUN ‘23 [6] Ans: 2 and the numerator of the rational
14. CCJUN 23 [20] Ans: 4 ke));fs)((e)nent represents the power of the
15. CCJAN '24 [13] Ans: 3 s 5
16. CCSPR15 [5] 9 = (V9) =243.
8 26. CCJAN ‘20 [25]
x_z =x7; x% =xY;y= % Yes. (pZn%)8 pSn* = p16n4p;n2 =
x3 1
17. CC AUG ‘16 [26] p'®n® = p'®n®[p
N 52 s 27. CCJUN 22 [30]
(35) _(\/g) = 3§/ﬁ=334=3§,soa=§.

18. CCJAN ‘17 [30]
6 6 28. CCAUG 22 [28]

3\s 3\5
(=) = (v°) U _10_7
x2 =y 8 , _84 8 —Z
19. CCJUN ‘17 [31] () =yzson=-1
1 1 2 3 5 «
(x;) (x;) - (xg) (xg) — e 29. CC ?UGEZB [351]
- X2 2 —
20. CCAUG ‘17 [25] T =S=xs
4 4 x3 x3
(-8 = (V=8) = (-2)* =16 30. CCJAN 24 [28]
21. CCJAN‘18[32] AT

— 10
, : Y =y3,s0n=—.
The denominator of the rational y 3
exponent represents the index of a root,

and the 4th root of 81 is 3 and 33 is 27.
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CHAPTER §. RATIONAL FUNCTIONS

84 Undefined Expressions

1. CCAUG ‘17 [1] Ans: 1

8.2 Simplify Rational Expressions

1.  CCJUN ‘17 [23] Ans: 4 8. CCJAN’24[12]

2. CCJAN‘18[18] Ans: 3 9. CCJUN 23 [31]

3. CCJUN‘18[3] Ans: 3 x®(2x +1) - 9(2x + 1)

(B-x

4. CCJAN ‘19 [21] Ans: 4 (2 9)(ox 4 1)

5. CCJAN ‘20 [23] Ans: 1 x(3 - x)
(x+3)(x—3)2x +1)

6. CCAUG 22 [15] Ans: 2 —

7. CCAUG ‘23 [21] Ans: 4 _(x+3)@x+1)

X

£.3 Multiply and Divide Rational Expressions

There are no Regents exam questions on this topic.

8.4 Add and Subtract Rational Expressions

1. CCAUG‘19[7] Ans: 2

8.5 Simplify Complex Fractions

There are no Regents exam questions on this topic.

8.6 Solve Rational Equations

1. CCFALL ‘15 [1] Ans: 4 12. CCJAN 24 [22]

2. CCAUG‘16[17] Ans: 3 13. CCJUN ‘16 [25]

3. CCJAN‘17[17] Ans: 1 3y [l_l __1
4. CCJUN‘17 [19] Ans: 1 gay
5. JAN'18[12] Ans: 1 x =4

6. CCJUN ‘18 [9] Ans: 4

7. CCJAN ‘19 [15] Ans: 3

8. CCAUG ‘19 [15] Ans: 4

9. CCAUG‘22[18] Ans: 3

10. CCJAN 23 [9] Ans: 3

11. CCJUN 23 [19] Ans: 1
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14. CCAUG ‘17 [33]
2

p

v+ -3 |2 -

2p2+12p +10 =10

p>+6p+5=0
P+5@E+1=0
{—5-1}
15. CCAUG ‘18 [29]
-3 1 X 1
AP = TR Y
x+3 2 6 2

—18+3(x +3) =
x(x+3)—-3(x+3)

—18+4+3x+9=x%243x—-3x—9

x2=3x=0
x(x—3)=0
{0,3}

p+3  p+3
3p(p+3)—2(p—5)=p(—5)
3p2+9p —2p+ 10 =p? —5p

|

16.

17.

18.

CC JUN ‘19 [26]
7 2 1
4x(x+ 1) [— — = —]
2x  x+1 4
14(x+1)—-8x=x(x+1)
14x + 14 —8x = x*> + x
x>—5x—14=0
x+2)(x—=7)=0
{_217}
CC JUN ‘22 [27]
2 3 4
n? |5+ 2 =]
2+3n=4
3n=2

2
n=-
3

CC AUG 23 [34]

1 X 4
(x—6)(x —2) [ﬁ ti2 = (x—6)(x—2)]
XxX—2+x>—6x=4
x2=5x—6=0
x+1D(x-6)=0
{_L 6}

8.7 Model Rational Expressions and Equations

CCJUN ‘16 [2

CCJUN ‘17 [

CCJUN ‘18]
[

A o

CCJAN ‘18 [27]
1 1 1

86 ¢t

1 1 1
24tb [§+E=E
3tb+4tb=24
7tb:24

] Ans:
22] Ans:
24] Ans:
CCJUN ‘19 [16] Ans:
CCAUG 22 [22] Ans:

N = W W W

7.

CCJAN 20 [37]
n(0) =§+§ =1.4; a(0) =2 = 3; the
antibiotic has a greater amountatt = 0.

wlvo

t+1+ 18 9
t+5 t2+8ff115_t1§"3 .
t+3)(t+5 [F5+ 7z = 53)

(t+3)(t+1)+18=9(t+5)

t> + 4t +3 418 = 9t + 45
t?—5t—-24=0

(t—8)(t+3) =0; (rejectt = —3)
drugs have the same amountatt = 8
hours.

8.8 Graphs of Rational Functions

There are no Regents exam questions on this topic.
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CHAPTER 9. EXPONENTIAL FUNCTIONS

9.1 Solve Simple Exponential Equations

1. CCJAN ‘23[26]
2

x+1

a = a3
2
x+1==
3

1

X =—=

3

9.2 Rewrite Exponential Expressions

1. CCAUG‘17[10] Ans: 3
2. CCJAN‘18([8] Ans: 4
3. CCAUG 22 [24] Ans: 1

9.3 Graphs of Exponential Functions

1. CCJUN ‘18 [2] Ans: 2 7. CCJAN 20 [27]
2. CCJUN ‘19 [6] Ans: 3 q(x) is a translation of p(x) by 3 units
3. CCJUN ‘19 [20] Ans: 1 to the rllght and 4 units up.
4. CCJUN ‘22 [5] Ans: 3 8. CCJAN'23[35]
5. CCAUG ‘22 [14] Ans: 3
6. CCJUN 17 [29] .
e SR T ;
- | | -
T ;
Tgm |
Asx = oo,c(x) » —o0
* RN Asx » —o0,c(x) = 2
U T R

9.4 Exponential Reqgression

1. CCJAN‘17[13] Ans: 3 4. CCJAN ‘18 [26]
2. CCJUN ‘18 [4] Ans: 2 D = 1.223(2.652)*
3. CCJUN ‘23 [14] Ans: 3 5. CCJUN22[32]

F(t) = 169.136(0.971)¢
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6.

CCJAN 23 [29]
y = 2.459(1.616)*

9.5 Exponential Growth or Decay

O 0 N oUW

o = W S,
B w N P o

2.6

o s W

9.7

CCJUN ‘16 [15] Ans: 4 15. CCFALL ‘15[17]

CC AUG ‘16 [13] Ans: 1 A(t) = 100(0.5)

CCJAN 17 [2] Ans: 1 tis time in years, and A(t) is the amount

CC JAN “18 [5] Ans: 4 of titanium-44 left after ¢ years.
A(10) — A(0) 89.58132 — 100

CCJAN 18 [23] Ans: 4 To—o0 o =

CCJAN 19 [20] Ans: 3 —1.041868

CC AUG ‘19 [3] Ans: 1 The estimated mass att = 40 is

CCJAN 20 [2] Ans: 3 100 — 40(—1.04'1868) ~ 58.3.

CCJUN 22 [11] Ans: 2 The actual mass 1sﬂ

CCAUGZ2[11]  Ans: 1 The estmated mass = 1o than the

CCJAN 23 [3] Ans: 4 actual mass.

CCJAN 23 [4] Ans: 2 16. CCJAN 20 [31]

CC AUG ‘23 [9] Ans: 1 B(t) = 100(2)%

CC AUG ‘23 [14] Ans: 3

Rate Conversion

CC SPR ‘15 [4] Ans: 2 7.  CCJUN ‘19 [24] Ans: 4

CCJUN ‘16 [21] Ans: 3 8. CCAUG ‘19 [24] Ans: 1

CCJUN ‘17 [13] Ans: 3 9. CCJUN ‘22 [24] Ans: 1

CCJUN ‘18 [23] Ans: 4 10. CCJAN 23 [23] Ans: 1

CCAUG ‘18 [8] Ans: 2 11. CCAUG ‘23 [11] Ans: 2

CCJAN 19 [6] Ans: 3 12. CC]JAN 24 [24] Ans: 1

Continuous Growth or Decay

CCJUN ‘17 [18] Ans: 2 4. CCJUN 23 [27]

CC JAN "24 [15] Ans: 4 P(t) is increasing; r = 0.0532 > 0; as

CC AUG 19 [33] longasr > 0, then e” > 1 and the

N(t) = 950e99475¢; the base of e is function is increasing.

used for continuous growth;
36 hours = 1.5 days; N(1.5) = 1020.
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CHAPTER 10. LOGARITHMS

101 General and Common Logarithms

1. CCJAN ‘17 [15] Ans: 3
2. CCJAN'24[4] Ans: 3

10.2 Graphs of Logq Functions

1. CCJUN ‘16 [18] Ans: 1 11. CCJUN ‘19 [27]
2. CCJUN ‘18[19] Ans: 4 o
3. CCAUG ‘18 [16] Ans: 2 5
4. CCJAN ‘19 [2] Ans: 1 A== e
5. CCJUN ‘22 [15] Ans: 4 pzens
6. CCAUG 22 [7] Ans: 4 o TTA ° ; g
7. CCJUN ‘23 [8] Ans: 1
8. CCAUG ‘16 [30] ?
0 =logyo(x —4)
10°=x—4 o
1=x—4 12. CCJAN ‘20 [34]
x=5 "
The x-intercept of h(x) is (2,0).
fhas the larger value. s

9. CCJUN ‘17 [35]

20

&

(13-1) | (290)
-40 -20 ol——" 20 40
(5-2)

Domain is (—o0, 2);
4o asymptote is x = 2.
13. CCAUG ‘23 [33]

4o
asx = —3,y - —0,and
asx — 0,y — oo, ’P\

10. CCJAN ‘19 [32] N

B

-3

/’ +. 4
5 © W

Asx - =3,y > 00; Asx > 00,y > —00
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10.3 Properties of Loqgarithms

There are no Regents exam questions on this topic.

10.4 Use Logarithms to Solve Equations

1. CCJUN‘18[14] Ans: 1
2. CCJAN 20 [9] Ans: 4
3. CCAUG ‘23 [6] Ans: 1
4. CCAUG 23 [17] Ans: 1
5. CCAUG ‘16 [34]

t
7 = 20(0.5)s0z

t
0.35 = (0.5)s0z

tlog0.5
log 0.35 = o8
8.02

_8.0210g0.35
- log 0.5 -

6. CCJUN ‘17 [37]

12

5

(a) 100 = 140 (3)"

() 10g (222) = 1og (2"

5 5
1og;=ﬁlog5

(c) 40 = 140 (3)"*"

log% = log G)Wt‘m

tlog%
log-=—7""—
&7 10.3002

103002 log>

t= ~ 18.6

1

logz

7. CCAUG ‘17 [36]
(a) y = 4.168(3.981)*
(b) 100 = 4.168(3.981)*

100

1ogm = xlog 3.981

100

log
x = —2168 995
log 3.981

8. CCAUG ‘17 [37]

sy t

o laps

10,000
»2(E)
vE)

: ;‘ Z;.mc m4yrs.;
28482.698(0.684)t =
22151.327(0.778)¢
28482.698 (0.778)t

22151.327 \0.684
28482.698 0.778
—=t10

22151.327 0.684

V(t) = Z(t) whent ~ 1.95.

At 1.95 years, the value of the car equals
the loan balance. Zach can cancel the
policy after 6 years because at that
point the value of the car is less than
$3,000.

9. CCJUN ‘19 [34]
t
s(t) = 200(0.5)
t

—~=(0.5)%
t
1og% = log(0.5)1s

t
-1= Ei(s)g(O.S)
t=- log(0.5) ~ 50

10. CC]JAN ‘20 [36]
y = 101.523(0.883)%;
29 = 101.523(0.883)*
.28565 = (0.883)*
log(.28565) = x10g(0.883)

x ~ 10.07 km
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11.

CC AUG ‘22 [33]
t
a) p(t) = 11,000(2)2
t
b) 1,000,000 = 11,000(2)zs

t

1000 —

—_— 220
11

log (%) = log 2%

10.5 Natural Logarithms

O 0N oUW

[ S
N = O

13.

CCJAN ‘17 [23] Ans: 1
CCJUN ‘17 [2] Ans: 1
CCJAN ‘18 [13] Ans: 3
CCJUN ‘18 [18] Ans: 1
CC AUG ‘18 [1] Ans: 4
CC AUG ‘18 [19] Ans: 3
CC AUG ‘19 [18] Ans: 4
CCJUN 22 [7] Ans: 1
CC AUG 22 [9] Ans: 4
CCJAN 23 [2] Ans: 2
CCJUN 23 [15] Ans: 3

CC FALL ‘15 [13]
(a) 100 = 325 + (68 — 325)e~2k

—225 = —257¢7%k

225
In— = -2k
257
225

n_
k = _L;W ~ 0.066
(b) T(7) = 325 — 257e70066(7) ~ 163
CCJUN ‘16 [32]
135,000 = 100,000e°"

1.35 = e°"
In1.35 =57

In1.35
- =~ 0.06 or 6%

r =

111

12.

14.

15.

CCJAN ‘23 [37]

T = (400 — 75)e~%0735t 4 75,
3257007355 4 75 ~ 300;

270 = (450 — 75)e~®" + 75

0.52 = e~

In0.52 =Ilne~ 8"

In0.52 = —8r

r = 0.0817;

325700735t 4 75 = 375700817t 4 75

-0.0735¢t — 375 ,-0.0817t
3257
_ 37 -
0.0735t — | =+ In e—0-0817¢

e

Ine

—0.0735¢t = In322 _ 0.0817¢
325

0.0082t = In>2
325

t=17

CC JUN ‘16 [37]
(a) A(t) = 800e~0347¢
B(t) = 400e 0231t

JOO 4t

gw—«r RN ‘_ A

)\
T

Lo """\Q T
LB T

(b) 8006_0'347t — 4006_0'231t

400 e—0.347t
2 — 0116t

In2 =0.116t

t=6

(c) 0.15 = ¢70:347¢
In0.15 = In e 0347t

In0.15 = —0.347t

t = In0.15 ~55
—-0.347

CCJAN ‘17 [28]

lnl

1590
decay.

is negative, so M(t) represents



16.

CCJAN ‘18 [29]
ZOe0.0St — 30€O'O3t

2
_e0.0St — e0.03t

e0.03t

© —0.02
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17. CCJUN ‘23 [30]
£049% — 75
Ine%4%% =1n 7.5
049x =In7.5

=75 . 4112
0.49




CHAPTER )). FINANCIAL APPLICATIONS

i1 Periodic Compound Interest

1. CCAUG‘16[22] Ans: 4 6. CCJAN ‘19 [37]

2. CCAUG“19[17] Ans: 4 (a) A(t) =318,000(1.07)°
3. CCJAN 20 [4] Ans: 1 (b)

4. CCAUG ‘16 [37]

(a) A(n) = 5,000(1.045)"

0.046)4n

B(n) = 5,000 (1 42
(b) B(6) — A(6) =
6578.87 — 6511.30 ~ 67.57

0.046)4"

10,000 = 5,000 (1 +20%

(c) 2 =1.0115*"
log2 = 4nlog1.0115

log 2
n=————
4log1.0115
5. CCJUN ‘18 [35]

C(6) = 63,000 (1 n

~ 15.2 yrs

0.0255)12t

12
0.0255

63,000 (1 +
12
100

(1.002125)12¢ = =
12t log(1.002125) = log%

12t
) = 100,000

lOgE

t =
121log1.002125

~ 18.14

1000

500

0 5 10 15 20

(c) 1,000,000 = 318,000(1.07)¢
1900 _ 1 o7t

*1% 600
log e tlog1.07

1000

— 318
log1.07

(c) The graph nearly intersects the point
(17,1000000)

~ 17 yrs

1.2 Continuous Compound Interest

CCJAN ‘18 [10]
CCJAN ‘19 [18]
CCJUN ‘19 [17]

CC AUG ‘18 [35]
2 — 0.0375¢

In2 = 0.0375¢
In2
t= ~ 18.5
0.0375

Ans: 1
Ans: 4
Ans: 2

W N e
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5.

CC AUG 23 [37]
4t
A(t) = 8000 (1 n %)
B(t) = 80000039
A(18) ~ 16,970.900
B(18) ~ 16,142.274
A(18) — B(18) ~ 828.63
24,000 = 8000e0-039

In3 = Ine%03%
In3 = 0.039¢

t =102 <282

0.039




1.3 Reqular Contributions

1. CCJUN ‘17 [24] Ans: 2 3. CCJAN’24 [23] Ans: 4
2. CCJUN ‘23 [24] Ans: 2

1.4 Evaluate Loan Formulas

1.  CCJUN‘22[9] Ans: 3 5. CCJAN ‘17 [36]
2. CCAUG23[16] Ans: 4 (a) 20,000 = PMT (M)
3. CCJAN’24[20] Ans: 2 Y 0oea0623
4. CCSPR‘15[9] PMT = 20,000 (—1_1.00625-60)
120,000(2248) (1 4 004" PMT =~ $ 400.76
720 = 0.048\" n 1-1.006257°0
(1+25°) -1 (b)21000—x=300('—)
720 = 480(1.004)7112 ’ 1 100625-50 0.00625
T (Lo00H)m -1 x = —300 (—) +21,000
15 = (1.004)" 0.00625
T (1.004)" -1 x ~ $6,028
1.5(1.004)™ — 1.5 = (1.004)™ 6. CCJUN ‘17 [34]
0.5(1.004)™ = 1.5 N=12x15= 180
1.004™" =3 _ £ 0.00305(1.00305)18°
nlog1.004 = log3 (a) M = 172,600 - — 0 ey
log3 M =~ $ 1,247
_ og 1004 ~ 275.2 months (b) 1100 = (172,600 — x) -
275.2 0.00305(1.00305)180
12 23 years 1.00305180 — 1
1.00305180 — 1
1100 (0.00305(1.00305)180) = 172,600 —x
1.00305180 — 1
x = —1100 (0.00305(1.00305)180)
+172,600
x ~ $20,407

7. CCJUN ‘18 [31]
137 250(0 036)(
6

12
03 )360

(1422

)360
~ $624
1
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CHAPTER 12,  TRIGONOMETRIC FUNCTIONS

121 Trigonometric Ratios

There are no Regents exam questions on this topic.

12.2 Radians

There are no Regents exam questions on this topic.

2.3 Unit Cirele

1. CCAUG ‘16 [16] Ans: 1 6. CCJAN ‘17 [27]

2. CCAUG17[7] Ans: 4 cscf = ——, and sin § on a unit circle
3. CCJAN ‘18 ]15] Ans: 1 represents the y value of a point on the
4, CCJUN‘22[19] Ans: 2 unit circle. )

5. CCAUG 22 [5] Ans: 4 Sincey = sin@. csc6 = 7.

7. CCJAN 23 [32]
m < 0 < 2m in Quadrants III and IV.
cos 6 is positive in Quadrants [ and IV.
Therefore, 8 must be in Quadrant IV.
tan @ is negative in Quadrant IV.

2.4 Solve Simple Trigonometriec Equations

There are no Regents exam questions on this topic.

12.5 Qircles of Any Radius

1.  CCSPR‘15[3] Ans: 1 8. CCJUN ‘18 [32]

2. CCJUN ‘16 [17] Ans: 1 r=v22+12=+5

3. CCAUG ‘19 [5] Ans: 1 sinf =% = ——

4. CCJAN 23 [20] Ans: 3 9. CCJUN ‘19 [28]

5. CCJUN ‘23 [4] Ans: 2 r =72 4+ 242 =+/625 =25

6. CCAUG ‘23 [12] Ans: 3 cosf = —%= _g
T

7.  CCJAN’24[21] Ans: 1

12.6 Pythaqorean ldentity

1. CCJAN ‘17 [4] Ans: 1

2. CCJUN ‘17 [12] Ans: 2

3. CCAUG‘18[11] Ans: 2
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4. CCAUG ‘16 [28]
sin?8 + (—0.7)2 =1

sin?6 = 0.51

sinf = +v0.51

Since 6 is in Quadrant I, sin# = v0.51
sinf _ v0.51

and tan 8 = - = ~ —1.02

osf -0.7

CCJAN “19 [31]
sin?0 4+ cos?6 =1

2
() +2=1

7
Cr2=1

49

t2 =2

49
Since 6 is in QuadrantIl, t = —g

12.7 Simplify Trigonometric Expressions

1. CCAUG ‘22 [29]

cotd = =
sin A
3
_3= 10
sin A
3
51nA=_£30
sind = 3)( 1)— L or vio
~ \v1o 3/ Y10 10

12.8 Graphs of Parent Triq Functions

1. CCJAN 20 [16] Ans: 4

12.9 Trigonometriec Transformations

1. CCFALL ‘15 [6] Ans: 4
2. CCJAN17[1] Ans: 2
3. CCJAN17[22] Ans: 3
4.  CCJUN ‘17 [6] Ans: 4
5. CCJUN 17 [8] Ans: 1
6. CCAUG ‘17 [5] Ans: 3
7. CCAUG ‘17 [18] Ans: 4
8. CCAUG ‘18[20] Ans: 1
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9.

10.
11.
12.
13.

CCJAN ‘19 [13] Ans: 1
CCJUN 22 [22] Ans: 2
CC AUG 22 [3] Ans: 2
CC AUG 22 [20] Ans: 4

CCJAN 18 [30]

q has the smaller minimum value for the
domain [—2,2].

h’s minimumis 2(—1) + 1 = —1and¢’s
minimum is —8.



12.10 Graph Trigonometrie Functions

1. CCJUN‘16[28] 4. CCAUG ‘19 [34]
i . I y = 2sin4x

g

2. CCAUG ‘17 [35] d
1+ 5. CCJUN 22 [31]
I :\
L T 31
A AN
2 S
N 5 N
Y- <<
3 [
-1) =
|
0 v "
Part a sketch is shifted g units right. ' b
6. CCAUG23[28
3. CCAUG ‘18 [30] (28]
y n
2 / - x
PRNVAR 2 A N| - -
o ::
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CCJAN '24 [36]
y =3sin2x + 2
y

0<x<%or%n<x<7r

12.11 Model Trigonometrie Functions

O 0N oUW e

N
w N = o

CCJUN ‘16 [13]
CCJUN ‘16 [24]
CC AUG ‘16 [10]
CCJUN ‘17 [15]
CCJAN ‘18 [4]

CCJUN ‘18 [10]
CC AUG ‘18 [22]
CCJAN ‘19 [7]

CCJUN ‘19 [22]
CC AUG ‘19 [12]
CCJUN 22 [20]
CCJAN 23 [13]
CCJUN 23 [5]

Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:

NN A A WR NN RN AW
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14.

15.

16.

CCSPR ‘15 [14]

Since the water level has a minimum of
-12 and a maximum of 12, the
amplitude is 12. The value of A is -12
since at 8:30 it is low tide. The time
from low to high tide is 6.5 hours, so the
period of the function is 13 hours. %ﬂ =
27T

13,so0B = —
13

So, f(t) = —12cos (i—z t).

i
i

Since the function is increasing from t =
13 to t = 19.5 (which corresponds to
9:30 pm to 4:00 am), fishing at 10:30
pm is recommended.

CC AUG ‘16 [25]

Amplitude, because the height of the
graph shows the volume of the air.
CCJUN 17 [28]

Period is g The wheel rotates once

2
every - second.



17.

18.

CCJAN ‘18 [37]

P(t)

150 +

";\/\/\/

The period of P is g which means the

T
1

patient’s blood pressure reaches a high
everyg second and a low every§

second. The patient’s blood pressure is
high because 144 over 96 is greater
than 120 over 80.

CCJUN 19 [37]
Period is 2n 2.5.
0.8
This means the wheel rotates once
every 2.5 seconds.

No, because the maximum of

£(t) = 26.
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19.

20.

21.

22.

CC AUG 19 [28]

250(1) + 2450 = 2700.

The maximum lung capacity of a person
is 2700 mL.

CC AUG ‘19 [30]

10.22l+2 — 605, 2.5-;-0.1 —
6.05—-1.3 =4.75
CCJAN ‘20 [30]

The period for A is
2(340 — 60) = 560; for B, it is 2(400 —
180) = 440; and for C, it is 2(380 —
60) = 640. Therefore, C’s period is the
longest.

CCJUN ‘23 [37]
. 2T
N(t) = 400 sin (? t) + 2400

6000—

1.3;

0 | B | T
0
Seconds

4 times



CHAPTER I3,

1314

1.
2.

Compare Functions

CCJAN ‘17 [19]
CCJUN 23 [9]

Ans:
Ans: 4

2

13.2 Ewven and 0dd Functions

1.
2.
3.

CC FALL ‘15 [2]
CC AUG ‘16 [14]
CCJUN ‘18 [6]

Ans:
Ans:
Ans:

3
1
2

o

PROPERTIES OF FUNCTIONS

CC AUG 23 [10] Ans: 4
CC AUG ‘19 [11] Ans: 2
CCJUN 23 [18] Ans: 1
CC AUG 23 [23] Ans: 2

13.3 Algebraically Determine Even or 0dd (€€)

1.

13.4 Inverse Functions

O 0N oUW

Uy
e

11.

CC AUG ‘17 [31]

CCJUN ‘16 [16]
CCJAN ‘17 [8]

CC AUG ‘17 [14]
CCJAN ‘18 [21]
CCJUN ‘18 [15]
CC AUG ‘18 [6]

CCJAN ‘19 [17]
CCJUN ‘19 [9]

CC AUG ‘19 [23]
CCJUN 22 [17]
CC AUG 22 [23]

Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:

W W NN WDN WD WD

j=x) = (—x)* - 3(—x)? -4 =x*—-3x2 -4
Since j(x) = j(—x), the function is even.

13.5 Averaqe Rate of Change

No e wN e

CCJAN ‘17 [21]
CCJAN ‘17 [24]
CCJUN ‘17 [21]
CC AUG ‘17 [9]
CCJUN ‘18 [7
CCJUN ‘19 [4
CC AUG ‘19 [22]

e

Ans:
Ans:
Ans:
Ans:
Ans:
Ans:
Ans:

W R R W W R D
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12.
13.
14.
15.
16.

10.
11.

CCJAN 23 [15] Ans: 3
CCJUN ‘23 [21] Ans: 3
CC AUG ‘23 [4] Ans: 3
CCJAN'24 [19] Ans: 2
CC FALL 15 [9]
x=@p-3)3+1
x—1=(y—-3)3
Vx—1=y-3
Vx—1+3=y
flx)=Yx—1+3
CC JAN ‘20 [12] Ans: 1
CC JUN 22 [12] Ans: 4
CCJUN 23 [1] Ans: 2
CC JUN “16 [36]
[ -f(-2) _80-125 _ 14 1oc
4-(-2)
9W —g(=2) _179-(49) _ 34
4-(-2) 6

g(x) has a greater rate of change



12.

13.

14.

CC AUG ‘16 [31]
15625 -56.25 150 _ .

70 — 50 20
Between 50-70 mph, each additional

mph in speed requires 7.5 more feet to
stop.
CCJUN 18 [36]
h(2) — h(1

( ; - 1( ) — _12
Use the calculator’s Calc — zero feature
to find where h(t) = 0, or:

12cos(§t)+8= 0

T 2
COS (g t) = — 5
Reference # is cos™?! G) ~ 0.8411
cos is negative in Q2 and Q3, so
~t=m— 08411 ~ 2.30 and

gt =1+ 08411 ~ 3.98

3(2.30)

gt = 2.30givesust = ~ 2.2

Y
Et = 3.98givesust = (398) ~

h(t) =0att = {2.2, 38}
CC AUG ‘18 [27]

p(8) —p(4) ~ 48.78
8—4

15.

16.

17.

18.

19.

20.

CCJAN ‘19 [30]
B

(11) - B(8) _101

11-8
The average monthly high temperature
decreases 10.1 degrees each month
from August to November.
CCJUN 19 [26]
13.9-94
—=15
4-1
The average rate of change in the
number of hours of daylight from
January 1 to April 1 is 1.5.
CCAUG 22 [25]
60 — 20
=20

4-2
CCJAN 23 [36]
B(10) — B(6

( 1()) 6( ) —3.88°/month
The average monthly high temperature
decreases about 4° each month from
June and October.

CC AUG ‘23 [32]
P(10.5) — P(0
PAOS) = PO) 16 76 fruit flies/day

10.5-0
CC JAN '24 [27]
V(7)—-V(2
% ~ $48/year

13.6 Solutions 1o Equation of Two Functions

O 0N oUW

O =
w N = o

CC AUG ‘16 [3] Ans: 2
CCJAN ‘17 [12] Ans: 2
CCJAN ‘17 [16] Ans: 2
CCJUN ‘17 [5] Ans: 2
CCJAN ‘18 [14] Ans: 1
CCJAN ‘19 [24] Ans: 4
CCJUN ‘19 [14] Ans: 4
CC AUG ‘19 [20] Ans: 2
CCJAN ‘20 [21] Ans: 2
CC AUG 22 [10] Ans: 1
CCJAN 23 [17] Ans: 3
CC AUG ‘23 [19] Ans: 2
CCJAN "24 [6] Ans: 3
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14.

CC FALL ‘15 [10]
{-5.17,—-1.13,1.75}




15. CCJUN ‘18 [37]
P(16) =log(16 — 4) =~ 1.1

2 4 6 8 10 12 14 16 18 20

Site Visits (in thousands)

14000
16. CCAUG ‘19 [32]

N
N

x = 3.3
17. CCJUN 22 [31]

=

3 solutions

18.

19.

20.

CC AUG ‘22 [37]

20

»

G

N

Average Wait Time

- g
N
N I~
7 ANBEY
N4 4| /\
4 - ==
. /
)
0 10 20 30 40 50 60 70 80 90 100
Number of Ci Service Rep

x = 35

4.0264 — 2.0812 =~ 2 min, which is the
difference in average wait time for
companies with 100 representatives
CCJUN ‘23 [36]

P(x) = 500(0.97)*

F(x) = 200e%02¢

x = 18; In 18 years, there will be the
same number of palm trees as
flamingos.

CCJAN '24 [35]

12t
A(t) = 4000 (1 + %)
4t
B(¢) = 3500 (1 + 04&)
8.4 years;

A(t) and B(t) intersectatt =~ 8.4.

13.7 Solutions 1o Inequality of Two Functions [NG)

There are no Regents exam questions on this topic.
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CHAPTER It. SEAQAVENCES AND SERIES

4.1 Arithmetic Sequences

1. CCJUN ‘17 [20] Ans: 3

2. CCAUG ‘17 [34]

6.25—2.25 4 _ $0.258 4
21 —5  ~1¢ - $0.25fine per day.

2.25 — 5(0.25) = $1 replacement fee.
a, =125+ (n—1)(0.25) or

a, = 0.25n+ 1.00

aeo = $16

14.2 Geometric Sequences

1. CCJAN ‘17 [14] Ans: 1 6. CCAUG ‘17 [30]
2. CCJAN ‘19 [4] Ans: 2 A1966 = 1.25 339 dz015 = 8.75
3. CCJUN‘19[10] Ans: 3 r201571966 = =
4. CCJAN 20 [17] Ans: 1 r* =7
49
5.  CCJAN’24[10] Ans: 3 =7 =~ 1.04
4 % growth

14.3 Recursively Defines Sequences

1. CCJUN ‘16 [10] Ans: 4 15. CCSPR‘15[11]
2. CCJUN ‘16 [23] Ans: 3 a;=x+1
3. CCAUG ‘16 [8] Ans: 1 az = xg’(c ++1i)
, _ a; = x“(x
4., CC AUG ‘16 [18] Ans: 3 a, = xn—l(x + 1)
5.  CCAUG ‘16 [24] Ans: 4 x"1=0orx+1=0
6. CCAUG ‘17 [24] Ans: 3 x = {0,—1}
7. CCJAN ‘18 [24] Ans: 3 16. CCJAN ‘17 [34]
8. CCAUG ‘18 [10] Ans: 4 Jillian’s plan, because distance increases
9. CCJAN ‘19 [16] Ans: 4 ZY O_HE 5“”6 each week.
‘ ) 1=
10. CCAUG ‘19 [9] Ans: 3 4, = a, | +1
11. CCJAN ‘20 [13] Ans: 4 a,=n+12
12. CCJUN 22 [21] Ans: 2 17. CCAUG ‘17 [29] :
13. CCAUG ‘22 [16] Ans: 4 a =4
14. CCJAN 23 [21] Ans: 2 an = 20,1 +1
a8 = 639
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18. CCJUN ‘18 [30] 21.

a1:3,a2:7,a3:15,a4:31
No, because there is no common ratio:
7 15

37 7
19. CCJUN ‘19 [31]
Common ratio isg =1.5

a1 = 6
a, = 1.5a,_4 22.
20. CCAUG ‘19 [31]
al = 4
an = 3a,-1
23.
4.4 Sigma Notation
There are no Regents exam questions on this topic.
14.5 Arithmetic Series
There are no Regents exam questions on this topic.
14.6 Geometrice Series
1. CCAUG16[9] Ans: 1 11.
2. CCAUG ‘17 [21] Ans: 4
3. CCJAN ‘18 [22] Ans: 2
4. CCAUG ‘18[13] Ans: 1 1
5. CCJUN ‘19 [5] Ans: 4 '
6. CCAUG 19 [2] Ans: 3
7. CCAUG 22 [21] Ans: 1
8. CCJAN 23 [6] Ans: 3
9. CCJUN 16 [34]
33,000 — 33,000(1.04)" 13.
Sn = 1-1.04
_az 15
Ss = 33,000 — 33,000(1.04) ~ 660,778.39

1-1.04

10. CCJAN 19 [29]

15 — 15(1.03)10
1-1.03

~ 171.958

S10 =

124

CCJUN ‘22 [37]
1.5%; P(t) = 92.2(1.015)%;

300 = 92.2(1.015)¢

390 _ 1015t

92.2 ;0
loga =t log 1.015

300

— %852
log1.015
CCJUN 23 [29]
. . 63 1
Common ratio is — ==
189 3
a, =189
1
an = gan—l
CCJAN 24 [30]
a1 = 12
ap, =0a,_.1+6

~ 79 years

CCJAN ‘20 [29]
__ 300 —300(1.2)"

Sn = 1-12
Sy =20220D 77876

CCJAN 20 [33]
a, = 100(0.8)"1
100 — 100(0.8)2°

SZO = 1_08 = 4’94.2

Sonja has 40 X 12 = 480 in of wire, so
she does not have enough
CCJUN 22 [26]
6—6(0.8)°
5, = 6= 60D
1-0.8

~ 20.17



CHAPTER IS. PROBABILITY

151 Theoretical and Empirical Probability

1. CCJAN ‘20 [24] Ans: 3 2. CCAUG ‘17 [28]
Since there are six flavors, each flavor
can be assigned a number, 1-6. Use the
simulation to see the number of times
the same number is rolled 4 times in a

row.
15.2 Probability Involving And or Or
1.  CCJUN ‘22 [4] Ans: 2 4. CCAUG ‘19 [25]
2. CCAUG23[7] Ans: 4 P(WorE)=PW)+P(E) -
‘ P(Wand E
3. CCJUN ‘16 [29] WandE) -
P(Sor M) = P(S) + P(M) — P(WorE)=—+_———=5¢
P(S and M)
974 _ 649 | 433
1376 1376 1376
_ 649 433 974 _ 108
" 1376 = 1376 1376 1376
15.3 Two-Way Frequency Tables
1. CCAUG16[7] Ans: 1 6. CCJUN ‘17 [32]
2. CCJAN 20 [11] Ans: 4 A student is more likely to jog if both
3. CCAUG23 [3] Ans: 1 siblings jog. _
4. CCFALL ‘15 [8] one jogs: % ~ 0.19.
Based on these data, the two events do both jog: oo 0.22.
not appe1a016‘ to be independent. 7. CCJUN ‘18 [25]
P(F) = 700 = 0.53, while 103 _ 103
54 110+103 213
P(FIT) = 5 = 00 8. CCJUN ‘19 [36]
P(F|R) == =0.39,and P(FIL) =2 P(F) =2
85 27’ 45’
P(F|C) = i 0.6. Since P(F|L) # P(F), the events are not
The probability of being female are not independent.
the same as the conditional 9. CCJUN ‘22 [29]
probabilities. This suggests that the P(bl|gl) = 01t 0.4
events are not independent. P(bl) = 0.123_?_ 0.26 = 0.4;
5. CCJAN 17 [31] Yes, because P(bl|gl) = P(bl)
No, because P(M|R) # P(M) 10. CCAUG 22 [31]
w07 a0 0387047 P(FICR) = 2 ~ 0.462;

P(F) = %2 ~ 0.488;

No, because P(F|CR) # P(F)
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11.

CCJUN 23 [35]

1200
—F =~ 0.373
1200 + 2016

Yes, because the probability of selecting
a supporter from all donors is the same:

1600~ 0.373
4288

15.4 Series of Events (€€)

O 0N oUW

CCJUN ‘16 [11] Ans: 1
CCJUN ‘17 [14] Ans: 2
CCJUN ‘18 [11] Ans: 4
CC AUG ‘18 [18] Ans: 2
CC AUG ‘18 [24] Ans: 4
CCJAN ‘19 [12] Ans: 2
CC AUG ‘19 [13] Ans: 2
CCJAN 20 [8] Ans: 4

CCSPR ‘15 [13]
This scenario can be modeled with a
Venn Diagram:

S=05

) -

Since P(Sor1) =0.2,P(Sorl) =0.8.
P(Sand 1) =P(S)+P()—P(Sorl) =
0.5+07-08=04

If Sand I are independent, P(S and I) =
P(S)-P(D).

However, 0.4 # (0.5)(0.7).

Therefore, salary and insurance have
not been treated independently.
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12.

10.

11.

12.

13.

14.

15.

CC JAN '24 [33]
B _003:2=02
1500 15

Let M = allergic to milk and
N = allergic to nuts. No, because
P(M) # P(M|N).

CC AUG 16 [32]

P(AorB) =P(A)+ P(B) — P(Aand B)
0.8=0.6+05—-P(AandB)

P(Aand B) = 0.3

A and B are independent since

P(Aand B) = P(A) X P(B)
0.3=0.6%x0.5

CCJAN 17 [35]

_ P(PandK) _ 0.019 _ 0
P(P|K) = P 0023 > 82.6%

A key club member has an 82.6%
probability of being enrolled in AP
Physics.

CC AUG ‘17 [26]
P(Wand D) _ 04

PWID) == 75— = 35~ 08
CCJAN ‘18 [34]

2 =242°_p(Mand))

108 4 459

P(M and)) = %
No, because 31 * 1, ue
459 7 47 459
CCJAN ‘19 [28]
P(Aand B) = P(A) - P(B|A) =
(0.8)(0.85) = 0.68
CCJAN 23 [27]
1 s 5
P(ANB)==-—

3 12 36



CHAPTER 6. Sranisnces

161 Data Collection

1. CCJAN 17 [6] Ans: 3 10. CCJUN ‘16 [26]
2. CCAUG“17[17] Ans: 2 Randomly assign participants to two
3. CCAUG'18[2] Ans: 2 groups. One group uses the toothpaste
) with ingredient X and the other group

4. CCJUN'19[1] Ans: 3 uses the toothpaste without ingredient
5. CCAUG 19 [6] Ans: 4 X
6. CCJAN 20 [15] Ans: 3 11. CCJAN ‘17 [26]
7. CCJUN 22 [16] Ans: 4 sample: pails of oranges; population:
8. CCAUG ‘22 [4] Ans: 2 truckload of oranges. It is likely that
9.  CCJAN ‘24 [1] Ans: 3 about 5% of all the oranges are

' ' unsatisfactory.
16.2 Bias
1. CCAUG 16 [2] Ans: 1 9. CCJUN ‘18 [28]
2. CCJUN ‘17 [3] Ans: 3 Self selection is a cause of bias because
3. CCJAN‘18[1] Ans: 4 people with more free time are more

) likely to respond.

4. CCJAN ‘19 [10] Ans: 2 10. CCJUN ‘23 [25]
5. CCJUN"2z[2] Ans: 3 Pick random names from a list of all
6. CCAUG722[1] Ans: 3 students and ask them what method of
7. CCJAN 23 [14] Ans: 4 payment they will use.
8. CCAUG ‘23 [1] Ans: 4

16.3 Normal Distribution

1. CCJUN ‘16 [9] Ans: 2 5. CCJUN ‘19 [18] Ans: 4
2. CCJAN ‘17 [18] Ans: 4 6. CCAUG ‘19 [19] Ans: 1
3. CCJAN ‘19 [1] Ans: 2 7. CCJUN ‘23 [16] Ans: 2
4. CCJAN ‘19 [23] Ans: 1

16.4 Areas Under Normal Curves

1. CCAUG ‘16 [4] Ans: 3
2. CCAUG ‘17 [11] Ans: 1
3. CCJAN‘18[7] Ans: 3
4. CCJUN‘“18[17] Ans: 2
5. CCJUN ‘22 [14] Ans: 1
6. CCJUN 23 [16] Ans: 4
7.  CCAUG 23 [13] Ans: 2
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CCFALL ‘15 [16]

normalcdf(510, 540, 480, 24) = 0.0994.
Use z-scores to compare the two sets of
data. Joanne’s score range corresponds

to 1.25 to 2.5 SD above the mean:
_ 510-480

zZ=—0—= 1.25
_ 5402—4480 _ ot
Calculating equivalent scores,
x—510
1.25 = ”
x = 535
x—510
25 = ”
x = 560

Maria must score in the
interval 535-560.

16.5 Plausible Outcomes

A

CCJUN ‘16 [7] Ans: 3
CCJUN ‘17 [10] Ans: 3
CCJAN ‘18 [20] Ans: 2
CCJUN ‘19 [13] Ans: 2
CCJAN ‘20 [14] Ans: 4

CCSPR15[12]

a) Yes. The margin of error = 25D =
2(0.062) = 0.124.

This indicates that 95% of the
observations fall within +0.124 of
0.247. So, plausible values would fall
into the interval (0.123,0.371). 9 out of
50, or 0.18, falls within this interval.

b) The company has evidence that the
population proportion could be at least
25%. As seen in the dot plot, it can be
expected to obtain a sample proportion
of 0.18 or less several times, even when
the population proportion is 0.25, due
to sampling variability. The results do
not provide enough evidence to suggest
that the true proportion is not at least
0.25, so the development of the product
should continue.
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10.

11.

12.

13.

10.

11.

12.

CCJUN 17 [26]

normalcdf(0, 8.25, 8,0.5) = 69%
CCAUG ‘18 [28]

normalcdf(200, 245, 225,18) ~ 0.784
1200 x 0.784 =~ 941

CC AUG 22 [30]

normalcdf(4, 199, 3.39,0.55) = 0.1337
0.1337 x 9256 = 1237

CCJAN ‘23 [28]

normalcdf(690,900, 680,120) =~ 43%
CCJAN '24 [29]
normalcdf(67,72,64.7,4.3) =~ 25%

CCJUN ‘16 [35]

0.602 + 2(0.066) ~ (0.47,0.73)

Since 0.50 falls within the 95% interval,
this supports the concern there may be
an even split.

CC AUG ‘16 [29]

Using a 95% level of confidence, u + 2
standard deviations, or 226 + 2(38),
sets the usual wait time as 150 to 302
seconds. 360 seconds is unusual.
CCJUN 17 [36]

0.506 + 2(0.078) = (0.35,0.66)

The 32.5% value falls below (outside of)
the 95% interval.

CCJAN ‘18 [35]

138.905 + 2(7.95) = (123,155)

No, since 125 (50% of 250) falls within
the 95% interval.

CCAUG ‘18 [32]

2(0.042) = 0.08

The percent of users making in-app
purchases will be within 8 percentage
points of 35%; that is, between 27% and
43%.

CCJAN 19 [35]

29.101 + 2(0.934) = (27.23,30.97)
Yes, since 30 falls within the 95%
interval.



13.

14.

15.

CCJUN 19 [32]

0.499 + 2(0.049) = (0.401,0.597)

No, since 0.43 falls within this interval,
Robin’s coin is likely not unfair.

CCAUG 19 [35]

0.301 + 2(0.058) = (0.185,0.417)

% =~ (.23, which is not unusual because
it falls within this interval.

CCJUN 22 [35]

0.651 + 2(0.034) = (0.58,0.72)

No, because % = 0.61 falls within this

interval.

16.6 Difference in Means [€0)

1.

CCJAN 17 [9]

CC FALL 15 [14] :
a) The mean difference between the
students’ final grades in group 1 and
group 2 is -3.64. This value indicates
that students who met with a tutor had
a mean final grade of 3.64 points less
than students who used an on-line
subscription.

b) If the observed difference -3.64 is the
result of the assignment of students to
groups alone, then a difference of -3.64
or less should be observed fairly
regularly in the simulation output.
However, a difference of -3 or less
occurs in only about 2% of the results.
Therefore, it is quite unlikely that the
assignment to groups alone accounts for
the difference; rather, it is likely that the
difference between the interventions
themselves accounts for the difference
between the two groups’ mean final
grades.

CC AUG ‘16 [36]

Some of the students who did not drink
energy drinks read faster than those
who did drink energy drinks.

17.7 — 19.1 = —1.4. Differences of —1.4

5
and less occur 223 or about 10% of the

Ans: 2

time, so the difference is not unusual.

129

16.

17.

18.

CCAUG 22 [36]

0.819 + 2(0.053) = (0.713,0.925)
Because 0.7 does not fall within this
interval.

CCJAN ‘23 [34]

% =0.10; P(2) = § = 0.20; No, because
0.10 occurs 21% of the time, which is
not unusual.

CCJUN 23 [32]

0.852 + 2(0.029) = (0.794,0.91)
No, because 0.88 falls within this
interval.

CCJUN ‘18 [34]

23—-18=5

X+ 20 =0.030 £ 2(1.548) =
(—3.066,3.126)

Yes, 5 is outside of the interval of the
middle 95%, so it is statistically
significant.

CC AUG ‘18 [36]

John found the means of the scores of
the two rooms and subtracted the
means. The mean score for the classical
room was 7 higher than the rap room
(82 — 75). Yes, only 4 of the 250 results
(1.6%) had a mean difference of 7 or
more, which is less than 5% and
therefore statistically significant. Itis
likely the difference was due to the
music.

CC AUG 23 [36]

X+ 20 =0.01+0.38=(-0.75,0.77)
No, since 0.6 falls within the 95%
interval.



16.7 Estimate Population Parameters

1. CCAUG16[12] Ans: 2 6. CCJAN’24 18] Ans: 3

2. CCAUG ‘17 [16] Ans: 2 7. CCJAN’24 [32]

3. CCAUG ‘17 [22] Ans: 1 =2 = 38%; About 38% of the high
4. CCJAN 23 [19] Ans: 4 school juniors in the population will
5. CCJAN’24 [11] Ans: 2 choose a four-year college.
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