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Read Me First: Show al | essential work very neatly. Use
correct notation when presenting your conmputations and argunents.
Wite using conplete sentences. Renenber this: "=" denotes
"equal s" , "O" denotes "inplies" , and "<" denotes "is

equi val ent to". Since the answer really consists of all the
magi ¢ transformations, do not "box" your final results.

Communi cate. Show ne all the magic on the page.

1. (15 pts.) (a) (5 pts.) Carefully sketch both f(x) = 1n(x)
and g(x) = e* on the coordinate system bel ow. Label very
careful ly.

(b) (10 pts.) Evaluate each of the followng limts.

limln(x) = [imln(x) = -o
X — X - 0%

lime* = o lime*x =0

X - o X — —00

|im(1+£)x=e
X

X — ©

2. (10 pts.) 1f f(x) =%, find

f(x+h) - f(x)
. ,

and sinplify as nuch as possible algebraically. Kindly observe
that there are no limts of any sort being taken here.

1 1
f(x+h) -f(x) _ X+h X _ _ -1 - -
. . . TY7HTTY7'If h #0 after doing

t he obvi ous | egal al gebraic magic.
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3. (25 pts.) For each of the followng, find the limt if the
[imt exists. |If thelimt fails to exist, say so. Be as
preci se as possible here. [Wrk on the back of Page 1 of 4 if
you run out of room here.]

Co X2-x-2 _ 0 _
(@ M= =3=0
2
limX2X=2 _ |im (x+1) (x-2)
(b) X - -1 X2—1 X - -1 (X+l)(X—1)
- 1im x-2 _ 3
x -1 X-1 2
Lo xY2 -2 . 1 _ -1
o) N Z=— " "=~ =

Here, of course, you do the obvious "rationalize the nunerator™
song and dance.

(@ 1im 2 - lim 2 - 2
(e) |ir1n(20x2—4)1/2=(20(1)2_4)1/224

Silly 10 point Bonus Problem Let
f(x) =(In(x) -1n(3)) -(e*x-¢€), x>0.

Determ ne the open intervals where f(x) > 0 and the open
intervals where f(x) < 0.

The key thing, that you m ght guess by considering the
graphs, is that both the natural |og and the exponential are
"order preserving". [Later we shall say that they are
"increasing."] This allows you to say where each of the factors
is positive and where each is negative.

First,

In(x) -1n(3) >0 = In(x) >In(3) = x>3

and
In(x) -1In(3) <0 = In(x) <In(3) =« 0<x<3.
Next ,
ex-e>0 = ex>el! =« x>1
and
e*-e<0 - ex<el! = x<1.
Finally, by building a sign chart in our heads, we can see
Qoglzgag)f(x) > 0 when x € (0,1) or x € (3,), and f(x) < 0 when
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4. (15 pts.) Suppose t hat

EZX—XZ , 1f x>1
O i -
h(x) =E i , 1f x=1
04X -2 it x<1
0 3+x4
Eval uate each of the following easy limts.
(a) [imh(x) =1lim(2x-x2) = -oo
- o AxA-2 4_%
(b) [imh(x) =1im =lim =4
X — —00 X - -0 3+X4 X - —® +1
x4
(c) limh(x) =1lim(2x-x2) =0
X -2 X -2
. i AX4-2 _ -2
(@ Limneo =i e -
: , - - : i 4x4-2 _ 1
(e) learlnh(x) doesn’t exist since legnh(x) leEnW -
and limh(x) =lim(2x-x2?) = 1.
X - 1* X - 1
5. (10 pts.) Here are five trivial limts to eval uate:
(a) lim(-4) = -4
(b) Ihim(—nh) = —00
-TZ -Tt

(c) Iim

(d) Iim( -3 ):

(e) lime* =0
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6. (5 pts.) Using conplete sentences and appropriate notation,
provi de the precise mathematical definition of a function f //

A function f is a rule that associates a uni que output with
each input. |If the input is denoted by x, then the output is
denoted by f(x). [Note: The uniqueness of the output is
critical.] Definition 1.1.2.

7. (5 pts.) Express the follow ng function in piecew se
defined formw t hout using absol ute val ues:

F(x) = Ix-2]+ [x]

Ez—zx, X <0
:E 2 . 0<x<2
[2X-2 2 <X

after you carefully unwap the absol ute val ue functions.

8. (5 pts.) Express f(x) = 2-cos?(5x* as the conposition of
two functions g and h with f = geh, that is find g and h so that
f(x) = (geh)(x).

There are a nmultitude of appropriate g,h pairs. Here are a few

g(x) = 2x and h(x) = cos?(5x*; g(x) = 2-cos?(x) and h(x) = 5x*
g(x) = x and h(x) = 2-cos?(5x%; g(x) = 2-cos?(5x% and h(x) = x;
g(x) = 2-cos?(5x) and h(x) = x% g(x) = 2x? and h(x) = cos(5x*);

Undoubt ably, you can find a few nore. Each "check" requires
conmputing the conposition with the given pair. Check??

9. (10 pts.) Eval uate each of the followng thorny limts:
(a)

; 2 12 _ _ 1 4x + 4
LLQ][(X +4x+4) X] Ltg](x2+4x+4)“2-+x
4+i
=lim X
X — o 1+;+%)1/2+1
4 _
- = 2
by saying "Rationalize the nunerator.”™ O course, if you were

really paying attention algebraically, you may have handled this
nore easily by noting that

lim[ (x2+4x+4)Y2 - x] =lim(((x+2)) Y2 - x)
H =lim( [x+2] - x) =limx+2-x) = 2.
. (9+X)1/2—3 0 1 ) 1 .

(b) Ltg1 = LET )77 =3 6 after nmuttering the

usual "rationalize the nunerator" incantation.

Silly 10 point Bonus Problem Let
f(x) =(In(x) -1In(3)) -(ex-¢€e), x>0.

Determ ne the open intervals where f(x) > 0 and the open
intervals where f(x) < 0. [Wrk on the back of page 3 of 4.]
My answer is on Page 2 of 4 follow ng Problem 3.



