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I f  l im,*o /(") "Y
I imø-a 9(z) _, then
lim,*o f @) +lim,-" g(æ)
c l im,-o / (ø)  I im,- ,  9(ø)
I im"-o f  ( r ) l l im,-"g(z)  prdv ided l im,-"9(z)

l i m , - , ( / ( r ) ) n :
l im,-"(f  (r))t  /n
l i -
t t L L t I + a  v  -

l I l L r I+ø ú  - where r¿ is a positive integer.
limr*o 

"f 
:

key: exist ,  l im,-"( /(r)  f  S@)),  I im,r¿ c(f  (r)s(r))  ,

if n is a positive integer.
if rz is a positive integer (if rz is even then lim"-o /(") > 0).

2. (ajlFfl@ sþ)-6iø - ttren tim,-*J(rL< nm,* 9(ø), provided the limits exist. key:
l ,  n e a r ¿

(b) if /(r) 3 S@) S h(r) for r _, and lim"-o l@) : L : l im,-oå(ø), then lim,-o sþ) : _
key:  near  ø,  L

/ (z)  is  cont inuous at  ø i f  l im¡-¿-  l@) _bm,-¡  f  (æ).
If / and g are _, then so are f tg, f g and //9 (provided S@)
poìynomial, rational, root and trigonometric functions are continuous

key: : Í@): , continuous at a, f 0, in their domain ,
f '@) : l i t"/.-o -

key: X*+!þ)

U@)s@)) ' : key: f'@)S

f f@)ls@)) ' : key:
( 1 \  ( - n \ t -\ . , /  \ -  . /  -
(2 )  ( s i nz ) '  : key: cosø

key: - sin z
key: sec2 r
key:  secztanz
key: - csc2 ø
key :  - cscøco tø

(3 )  ( cos r ) ' :
(4)  ( tanr) '  :
(5) (sec ø)' :
( 6 )  ( co tø ) ' :

l r J  ( c s c r J ' :
o  d f
" '  d n J

, , / - \ \ -  d  d
ú \ & J )  -  

¿ u - ¿ r
k e y :  Í , u , u ( n ) , æ ,

10. The extreme vãfue theorem: If / is
[u,b] key: cts on [a,b],

then / attains maximum and minimum values in

lL If ,f has a local extreme vaìues at c, then./ '(c) key: :0 or does not exist
12.  I f  . /  is and .f' exists in then there exists a c Ç (a,ó) such that

. f , ( " ) :  
¡ (bà=t"@. key:  crs on [a,b] ,  (a,b)  ,

13. If - on la,b], then / is-rncreasrru onla,Ell
If - on [a,b], then / is decreasing on [a,b].
If _ on la,b], then / is concave upward on la,b].
I f  _on [a,b] ,  then /  is  concave downward on [a,b] .  key:  / /  > 0,  l '  <0,  f "  >0,  f "  <0,

1 4 ' 1 s t d e r i v a t i v e t e s t : S u p p o s e t h a t c i s a - n u m b e r o f a c o n t i n u o u s / .
(a) If f 

' changes from _ at c, then / has a local maximum at c.
(b) If /' changes from _ at c, then / has a local minimum at c.
(c) If / does not change sign at c, then / has _ local extreme at c.

key: crit ical , * to -, - to *, _ne_
15. 2nd derivative test: Suppose that ftt is continuous near c.

(a) If //(c) _ and f"(") - then / has a local minimum at c.

1 im, - "U@) lg@)) ,  t0 .  ï l im, - " f@)1" ,  l \ ¡m, - " f@))1 /n ,  c ,  a ,n ,  I ,

_)



16 .

(b) If / '(c) and Ì"k) _
key :  : 0 ,  )  0 ,  -  0 ,  <  0 ,

Guideline for sketching a curve:
1 :  _
o .

then / has a local maximum at c,

J :

4 :

o :
7: concavity and pts of inflection
8: sketch the curve key: 1: domain, 2:

local extreme values,
intercepts, 3:

i7. Guideline for finding globai extreme values of f (r): (1) solve

intervals of

and ; (3) compare _ at the points in (2) and look for extreme values.
key: f '(r):0, crit ical numbers, endpoints, /,

ll ¡@)¿": timn-æ Ði=r l@Ð _ where1".!@ar: l imn-æÐit!@i) where la+(i,-I)L.x,a*i\ .r l  and Aø : +
ÐT: t i :  , 'Ð7 : t  : n (n+ r ) (2n+r )16 .  key :  : \¿ - ,  r î  e ,  n (n+ r ) f2 . " ,  i 2  ,
Ê ¡þ)¿": - I: f @)d,n key: -J a  ¿  \  /

rb
Ja CAt, : key: c(b - a)

, ,  f o  r l - \ ¿ -  t  l c  t ( - t s -  -
" - '  J a  J  \ e . l q e  I  J b  L  \ * ) u a  

-

1 8 .
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27.

q a

(t ,l

otr If / is continuous on lø, ô], then Uï ¡(t)¿t), :

If ,F/ is continuous in [a, å], then jj Ft(r)dr :

26 .  ( 1 )  [  *dn :

f o r r €

*C, where n + -1 and C is a constant.

key: ler I C,

k e y :  m A f ( æ ) l M

lo, bl.
k e y :  f ( r ) ,  F ( b ) - F ( " ) .

( z )  [  k h :
(3) /
(4) [
(5 )  /
(6) ,l"
(7) [
(8) /

d,x:  -cosr  lC key:  s inø
dx:  s inr  *C key:  cosø
dr : tanx IC key: sec2 ø
d,x : - cot r lC key: csc2 z
d,r :  secr  lC key:  secztanr
d,æ : - csc r *C kev¡ csc ø cot r

lf u: s(r) is differentiable function whose range is r and / is continuous on 1, then

t! ¡tsr"Ds'rn)d,r: key: Ii[!], ¡f"¡¿".
Suppose that / is continuous on [-a, a].
I r  f  @):  f  ?r) ,  then / "o f  @)dr
I f  f  ( r) :  - Í?x),  then /"o f  @)dr: key: 2f f f@)ar,  o

2 9 .  T h e  a r e a  b e t w e e n  a :  f @ ) , y :  g ( t ) ,  r :  ø a n d r : b i s  A :
'  r b ' " ,  'key: J" l Í@) - s(x)ldr.

30. Let S be a solid that l ies between r:0, aîd ø: ö with crosssectional area,4(ø), then its volume is
t / - key: fi tçæ¡a".

31 . The volume of the solid obtained by rotating about the y-axis the region under the curve U : /(z) from
x , : a t o r : b i s V : due to dV :

i inear approximation: Í@) _ f@) + f ' (a)(x - a) key: ry
key: f '(r)dr

32.
ù J .

key: Ii f @)a"
H f _on fo, ô1, then f f @)ar > I! s@)d.". key: > s
If on la,bl, then m(b - a) < Il ¡@)¿" ! M(b - a).

; (2) list all -;I

differential: dy:

key:  [ ]Znxf( r )ch,  2t r rhd,r .


