Problem Solving Template

m Rates of Change

p find the average rate of change of the function

@ g(t) =2 + cost
a. [0, 7] b. [—m, 7]

@R(e) = V46 + 1; [0,2]

%) Let f(t) = 1/tfort # 0.

a. Find the average rate of change of f with respect to  over the
intervals (i) from¢ = 2tot = 3, and (ii) fromt = 2tot = T.

2 2 | Limit of a Function and Limit Laws

Which of the following statements about the function y = f(x)
graphed here are true, and which are false?

a. llm f(x) exists. ?i

b. 'llm f(x)=0 . y= f(x)
c. lim flx) =

d. lim flx) =

e. 'llm f(x)=0 | £ 1 ;
f. 'Yll)rrio f(x) exists at every point x, in (—1 l) / \



g. Yll_rpl f(x) does not exist. / ~1 " \)

Cx If lim,—; f(x) = 5, must f be defined at x = 1? If it is, must
f(1) = 5? Can we conclude anything about the values of f at
x = 1?7 Explain.
If f(1) =35, must lim,, f(x) exist? If it does, then must
lim,—; f(x) = 5? Can we conclude anything about lim,— f(x)?
Explain.

Ex: lim —
— x=>3x +4x + 3

... V5h+4 -2



11171
h—0 h

s 1 + x + sinx
E//g lim

x—0 3cosx
Ex: V2 +12 — 4
—_ 1

x—2 X — 2

Suppose that lim,—., p(x) = 4, lim,—_, r(x) = 0, and
lim,—_, s(x) = —3. Find

a. l_l)rr_l2 (p(x) + r(x) + s(x))
b. E)rr_l2 p(x)r(x)-s(x)
c. E)n_lz(—4p(x) + 5r(x))/s(x)

P¥Y One-Sided Limits



_ — o — ———— —— o ———

Finding Limits Graphically
1. Which of the following statements about the function y = f(x)
graphed here are true, and which are false?

a. li'P,+ flx) =1 b. lirg_ f(x) =0

¢. lim f(x) =1 d. lim f(x) = lim f(x)
x— (" x—0" x—0*

e. lin}) f(x) exists. f. lin}) fx) =0

g. lin}) flx) =1 h. liml fx) =1

i. liml f(x) =0 J- lin;_ f(x) = 2

k. lim f(x)doesnotexist. L lim f(x) =0

x——1" x—2*

In Exercises 5 and 6, explain why the limits do not exist.

5. lim — 6. lim
x—0 |x| =1 x— 1



0, xr=0
5. Let f(x) = 1

siny, x> 0.

X

0, x=0
y= 1
sin—, x>0

X

a. Does lim,_ - f(x) exist? If so, what is it? If not, why not?
b. Does lim,_, f(x) exist? If so, what is it? If not, why not?

¢. Does lim,_,o f(x) exist? If so, what is it? If not, why not?

Finding One-Sided Limits Algebraically
Find the limits in Exercises 11-20.

_
15 Lim VIZ + 4h + V5
h—0* h
V6= VS +11h + 6
16. lim
h—0~ h
_ |x + 2| . |x + 2|
17. a. xll.lllz‘(x+3)x+2 b. xll’lllz_(x+3)x+2
Voxx - 1 Vox(x = 1
18. a. lim V20— b lim Yo * =D

x—1* IX - ll x—1- |1‘ - 1|



| sin x| ~ |sin x|

19. a. lim — b. lim —
x—0+ Sinx x—0- Sinx
20, s lim F—S08%, b. Lim =28 =1.
x—0* [cos x — 1] x—0" |cos x — 1|
f(x)
- If lim—— =1, find
E X 10 xz
f(x)
a. lim f(x b. Iim —/—
x—0 f( ) x—0 X

/Ed Iflimf(x)—_s—3 find lim f(x)
- x—2 x— 2 S x—2 e



£ X r [D] Suppose you have two linear functions f and g shown below.

Then lim @ is
z—a g(z)

(a) 2
(b) does not exist

(¢) not enough information

(d) 3







C«x It can be shown that the inequalities

{ x? _ _ xsinx
6 2 —2cosx
hold for all values of x close to zero. What, if anything, does
this tell you about
lim —~ sin x :
x—0 2 — 2cosx
Give reasons for your answer.

Let g(x) = Vi sin(1/x).

- X =9(’K),

[«
’_—-_‘_———‘
=

3ol

-1r _v=—\/.;

a. Does lim,—g+ g(x) exist? If so, what is it? If not, why not?
b. Does lim,—,o- g(x) exist? If so, what is it? If not, why not?

¢. Does limy—g g(x) exist? If so, what is it? If not, why not?



sin 0

Using olupo 0 - 1
Find the limits in Exercises 21-42.
21. lim sm\/§0 22. lim 30 ke (k constant)
60 \/50 t—0 1
2. I sin 3y 2 ) h
' .‘!l—% 4y - hl—'-n(}- sin 3
25, lim 202 26. lim —=-
x—0 ¥ ~ t—0 tant
) ) >
27. lin}) 'ICCOSSCSZ‘_‘ 28. lin}) 6x2(cot x)(csc 2x)
X—) & x—b
. 2 _ . .
29, lim * .+ X COS X 30. lim ¥ X + sinx
x—0 SINXCOSX =) 2x
™~ .1 — cos@ . X — XCOSX
31, Im——— 32. hmT
#—0 sin 260 x—0  sin” 3x
3. lim sin(l — cost) 34 Tim sin(.sin h)
t—0 | — cost h—0 sinh
. sin 6 . sinSx
35, lim, Gin 26 36. lim, i 4x
37. lim O cos @ 38. lim sin#@ cot 26
68—0 68—0
, . sin 3y cot Sy
39, Jim 403 40. 1i S

- m-—
x—0 sin &x y—0 ycotdy



