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Section 1: Rational Equations and Inequalities

1) Solve the following equations

a)x1+01:x—2 b)iii=2x+l
10 = (x + 1)(x —2) x+3=(x-12x+1)
0=x*-x-12 0=2x2-2x-4
0=(x—-4)(x+23) 0=(x-2)(x+1)
x=40rx= -3 x=20rx= -1
Oty 4 N

3x+2  5x
3(5x) = 6(3x + 2) (x+5)x—-2)=(x—-4)(x+3)

2 _,2
15x = 18x + 12 x*+3x—-10=x"—x—-12

“3x =12 dx= -2
= _ 1}
x= —4 - 2
10 10
f) =6
2 5 7 x+3 3
e)_+___
X 3 X 3(10) + 10(x + 3) = 18(x + 3)

P -
32) + 560 = 3(7) 30 + 10x + 30 = 18x + 54

6+ 5x = 21
6 = 8x
x=3 3
*= 3
g)§+ A h)y;— — 6
X x+1 2x2—x—4
3(x + 1) +4x = 2x(x + 1) 322 —x—4) =6
0=2x>-5x-3 262 —x—-6=0
0=(x-3)(2x+1) (x=2)2x+3)=0
_ 1 3
X=30rx= — = X=20rx= — =
* 2 * 2

2) Solve the following rational inequalities using a factor table
6x

x+1
6x

x+1

6x —4(x + 1) S

x+1

2x — 4

X+ 1

X-intercept: x = 2; restriction: x # -1

a) >4

-4>0

0

Interval x< —1 —1<x<2 x>2

x—=2 - - +

x+1 - + +
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| overall + _

Solution: x < —10rx>2,ie. x € (- oo, — DU, )
byt > _1

2x+10 — x+3
11,
2x + 10 x+3
(x +3)—(2x + 10)

(2x +10)(x +3) ~

-x-=17

— >0
(2x + 10)(x + 3) —

X-intercept: x = - 7; restrictions: x # -5, -3

Interval x< =7 —7<x< =5

-5<x< =3

x> =3

-x-=7 + -

2x + 10 - -

x+3 - -

+ |+

overall + _

Solution: x < —70r -5<x< —3,i.e. x€ (-0, —7]U( -5, —3)

C) 2x — 3 > 2x +7
x+5 7 x-3
2x=3)(x—-3)—2x+ 7)(x+5) >0
(x + 5)(x—3) -
—26x — 26
Groa—3 >°
—26(x + 1)
Grsm—3 =°

x-intercept: x = - 1; restrictions: x # -5, 3

Interval x< =5 —5<x< -1

-1<x<3

x >3

x+1 - -

x+35 - +

x-3 - -

++ [+

overall + -

Solution: x < —=50r-1<x<3,i.e. x € (-0, —5U[ -1, 3)
d 1> 2

x -3 x+4

7(x +4) —2(x — 3)

G-+ 0

5x + 34
G-3)x+4d =

x-intercept: x = - 6.8; restrictions: x # -4, 3

Interval X< —68 —68<x< —4

-4 <x<3

x >3

5x + 34 - +

x-3 - -

x+4 - -

overall - +

++[+]+

Solution: —68 <x < —4 0r x> 3,i.e. x € [ - 68, —4U(3, )

e)xz—x—lz <0

x—-1
(x—4)(x+3) <0
x—1

X-intercepts: x = - 3, 4; restriction: x # 1

Interval x< =3 —3<x<1

l1<x<4

x> 4
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x+3 - + + +
x-1 - - + +
overall - + - +
Solution: x < -3 o0rl<x<4,ie. x € (—-o, —3)U(, 4)
6x% —5x +1
A R
Bx—-12x-1)
2x+1 <0
x-intercepts: x = 1, 1; restriction: x # -1
Interval x< -1 “lex<d f<x<d x> 1
3x-1 - - + +
2 -1 - - - +
2+ 1 - + + +
overall - + - +
Solution: x < — % oré <x< %,i.e. xe (_oo, _ —)u<§, %)
g) 2x ; 10 >x—5
210 1550
X
2x—10;x2+5x -0
—x2 + 7x — 10 -
X
—x=5x=-2)
X
x-intercepts: x = 2, 5; restriction: x # 0
Interval x<0 0<x<2 2<x<5 x>5
—(x=75) + + + -
x—2 - - + +
x - + + +
overall + - + -
Solution: x <0 or2<x<5,i.e. x € (- o, 0)UZ, 5)
Section 2: Average and Instantaneous Rates of Change
3) Consider the data below for a car tire with a leak:
Minutes after the leak began 0 5 10 15 20 25 30
Pressure of air in the tire in kilo- 400 335 295 255 295 195 170
pascals (kPa)

a) Calculate the average rate of change over the 30 minute interval. Explain the meaning of this rate using proper

units.
Ay 170 — 400  —230 kP .
=2 - =2~ 7 a/min
AX 30 -0 30 767 /

Over the 30-minute span, the tire lost 7.67 kPa of air each minute, on average.

b) Estimate the instantaneous rate of change at 5 minutes using a surrounding interval.

dy . 295-400 _ -105

x|~ "10-0 10

= — 105 kPa/min
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4) The graph to the right represents the escape of a vole that was frightened by a hawk flying by. Describe
the motion of the vole as suggested by the graph.

20 v 0 0 0 0 A

(1.210) (20,100

10

Distamce [m)

0 I TR R N NN NN (R (R MR
0 2 4 & 8 10 12 14 16 18 20 22

Time (5]

The vole starts at rest, sprints away very quickly from ¢ = 0 to ¢ = 4 seconds (a fast escape), then slows down consid-
erably between ¢ =4 and ¢ =12 seconds, and finally comes to a stop (distance stays constant) from ¢ = 12 seconds
onward.

a) What is the average speed of the vole on the intervals...

i) [0, 4]

8—-10 8
= ——_=-=2Im/S
m -0 I 2 /

ii) [4, 12]

10-8 2
- =2 _o025m/s
m= 5y =3 =025 M/

iii) [4, 20]

10-8 _ 2
- =2 m/s
m= S5 = 1o =0125m/

b) Estimate the instantaneous rate of change (speed) of the vole at 2 seconds. Use an average of 2 secant lines.

mfor[o, 2: 220 _ 1 m/s
2-0
8—2

—3m/s
4_23/

m for [2, 4]:

dy| 143 _.m/s

~

dx 2

x=2
5) For the function f(x) = x2 — 3x + 2
a) Calculate the average rate of change for the following intervals
i)-1<x<2
_f@-f(-1
=TS (oD

0-6
3
= =2

ify4<x<s
_f® -4
m= TR g
2-6
4
=9
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b) Use the graph of the function to estimate the instantaneous rate of change at x = 2 by drawing a tangent line and
calculating its slope.

8|_| | | | | | | | | | [
7 - -
6 — -
5 - -
4_ _
3 — 5.3 -
2 - -
' \_ -
a- . —
a - (2.0 -
2 - -
3 - -
4 - -
sL I e I e

S5 4 3 21 01 2 3 4 5 6 7 8

Ay 3-0 3
- _ 2z _ 2

T Ax 5-2 3

so P 4
dx

x=2

¢) Verify your answers from part b) by calculating the LIMIT of the secant slopes as you approach x = 2.

Interval Ay Ax Slope of secant = %
X
= f(2.5) - f(2
f25) - f2) sy _ 075
2<x<25 = 0750 T 05
=05 =15
=075
= f21) - f(2
fen -1 P _ 011
2<x<21 —011-0 ©01
=01 =11
=0.11
= f(2.01) - f(2
J@201) - f(2) ol _ 00101
2<x <201 — 0.0101 — 0 0.01
=0.01 =1.01
= 0.0101
= f(2.001) - f(2
2 < x < 2.001 = 0.001001 — 0 0.001
= 0.001 = 1.001

= 0.001001

Estimate of instantaneous rate of change at x =2 ...

dy
= o~

x=2

6) Use the data below for the temperature in degrees Celsius for a wood fire oven.

Time in 0 5 8 10 13 15 19 21 25
Minutes
Temp (°C) | 25 120 205 250 290 280 290 285 285

a) Find the average rate of change of the temperature between 0 and 25 minutes. Show proper units and notation.

Ay 285-25 260 °C /mi
= = = = =— =10. min
M=%~ 25-0 75 — 104 /

b) Estimate the instantaneous rate of change of the temperature at 10 minutes. Use 2 methods.

Method 1: surrounding interval
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dy N 2202205 85 _ 5 °C/min

dx 3-8 5

~
x=10

Method 2: average preceding & following

m for [8, 10]: 2292205 _ 45 _ » 5 °C/min
10-8 2
290 — 250 40 o .
m for [10, 13]: =2 ~ 133 °C/min
[ I === T ~ 133 /
dy L 225+133 0 °C /min
dx|y_io 2

Section 3: Newton Quotient

7) Find the equation of the derivative for each of the following functions. Also, find the instantaneous rate of
change for the function when x = -2 and x = 3.
a) f(x)=4x -1

Fix) = lim, _, 4(x + h) — ;11 —(4x-1)

fx) = limhéo%
fix) =4

f(=2)=4, f'3)=4
b) f(x) = 3x* —5x +2

3(x+ W) — 5+ h) + 2 — (3x% — 5x + 2)
h

f'(x) = lim,_,

, . 6xh + 3h? — 5h
f'x) = hmh—»of

flx)=6x-5
fl(=2= —-17, f'3) =13
Q) f(x) = —2x3 +3x2

, ) —20x + ) +3(x + b’ — (= 2x% + 3x3)
f'(x) = lim,_, 7

h( — 6x* — 6xh — 2h? + 6x + 3h)
h

f'G0) = lim,,_,
f'(x) = —6x*+ 6x

f(=2)= —36, f'3)= —36

8) Determine the equation of the tangent line at x = -2 for the function in part b) f(x) = 3x2 - 5x + 2

f(=2)=3(—2°-5(—2)+2=24,50 (-2, 24) is on the tangent line

f'(-=2)= -17, so slope of the tangent line is -17
y=mx+b

24= -17(-2)+b

b= -10

y= —17x - 10
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Section 4: Limits

9) Use the graph to find the following limits

4r

i i i
M) = [P EeEu-A)ins

a) limy o f(x)
= -2

b) lim,,_ef(x)
= -2

C) limy o+ f(x)
= -

d) limyo=f(x)

e) lim of(x)
= -

10) Evaluate each limit if it exists

. 3x2 +5x —2
2 b) limy, ,—5———
. —x% + 8x x*—2x -8
a) limy_,3
2x + 1 . Bx—-1(x+2)
5 = limy,_,—F—
_ =3 +803) (x —4)(x +2)
T2 +1 i, 3x1
15 - U2y 4
7 Gl et St
T —2-4 T -6 6
2 _ 4 x=073 5
Q) lim,_,~ 9 2x% — 5x
x—7 9
o x =D +7) =m0 55
= hmx—ﬁi
x =17 9
= limy_x + 7 = limys0 573
=7+7=14 _ 9 - _ 2
2(0) -5 5
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Answer Key
Da)-2ab)-120) ~4d) - Le)3H2gs 1k, 2
2)a)x< —lorx>2b)x< —-70r-5<x< —-3¢)x< -50r-1<x<3d)-68<x< —-40rx>3e)x< —-30rl<x<4f)

X < _%or%<x<%g)x<00r2<x<5

3) a) m = - 767 kPa/min, which means over the 30-minute interval, the tire lost 7.67 kPa of air pressure every
minute on average. b) % ~ — 105 kPa/min
X lx=s
4) a)i) m =2 m/sii) m = 0.25s m/s iii) m = 0.125 m/s b) % ~2m/s
Xlx=

~ 1

x=2

5)a)i)m= —Zii)m:9b)lc)?

6) a) m = 104 °C/min b) surrounding interval: % ~ 17 °C/min, average intervals: % ~ 179 °C/min

x=10 x=10
7)a) f(x)=4, f(-2)=4, ) =4Db) f(x)=6x-5, f(-2)= —17, f/(3) =13 C) f'(x) = —6x>+6x, f(—2)= =36, f(3) = — 36
8) y= —17x-10
9)a)-2b)-2¢)-xd)-xe) -
15 7 9
10) a) = b) : c) 14 d) -<
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