Phlip Robbirs

Fout -Siof:e. ecIUdhon Y Y-Y, = m(x-x,)
Slope intercept equoction | Yy=mxrb

Distance Formula d-= .\j(_xz_x‘)z ,,_(5 -Y )z

Even £ 0dd Functions : |
A funchion s even £ FEx) = 56¢) and _9__9_151_ F 30 ‘:;("‘).

lntecvals :
al x<b Bounded ofaeh nterval (o‘; b)
8 < X Unbeunded apen interval (&, ©)
«<b  Unbounded open wterval (-w,b)
atxeb Bounded closed interval La,b]
A& x Unbounded clesed interval [ o, o]
x%<lb  Unbounded closed interval [-00, b]

Compesthien = (F29)(x)= f(3(x)
Shift Formulas  (€>0)

Verhical Shfts of 3=§'C><): 4= fx)+C (f-hr(:-{"s o) vp C unite)
Y= f(x)-C  (Shfts §63 down C units)

Horizontal  Shiffs of y=£0): Y= f(x-c) (Shbts $() nght C wnrts)
Y= £(x+C)  (Shfts £ left C vnits)

§+re+ch : Shank Formolas -(C>O)

Re\/;ew oWC Calcu(us Concep‘*’ S .
AP Calculus ‘ . March 20,1498
- Precalculus July 39 1998 Revised
~ rise. A Y
. - IS - 5 - 2" H|
S\ape- ms= o A X

Vertical Stretches and Shrinks of y= F6<):
Y= cfl) , c>]  Stretches the graph vertically by o Factor of C
J RN, . .
Y= c$lx), 0LeL| S8hrinks He Jraplq vcfhca,“j bd e facter ot C

Horzontal Shrinks and Strefches of Y= =) -
3= Flex) , €2l Shrinke the 3mph horczow,'ql\j
4= $lex), 0<Lek | Shretches Hie Sfa\Ph "\Dﬁz.on“'qu:} bﬂ a “‘\o.c‘}'or of | /C

a pac*'of 0" VC

Rdalcm§ (1998) | l
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L imits

The. Lim it o‘F 3C(x} as X AFPr‘oaches c equafst L.

- lim $09=L1L

X G

| x) = wm F(x)= L ewsts,
One - sided Limts : £ lim $69 =1 and Iim )= L then lg‘c§

x>c x=ct

Lim it Theorems :

Lirit of a £ $0=c¢ , then lm £(x)= ¢

Conetant Fupetion x> a

Addl+ion 'W"] [)c(") *3(K>J=' hm f()() * hm 3()() = F+G
xX—a x> a X-3>q

Svbtraction  lim [f(’d'j(x)}-—- himF(x) = him g(x) = F -G
. X=a X-a X ¥aq

J f(&)" X = \ x
MU\‘\‘rpllco{{“!on xi::l [ 3¢ >J [lm F >J[>!‘_>”: 3&)} =F.G
$g _ Jiyg 60 |

F
. = e 2 G #
| Dwision J;r;e ) I 309 G ( 0)
Preduct of
Conshark ard o L D Le-gta] - ¢ Jon 90y = <6
Powers lim [3?("‘)”} = [J_‘fi F67" = F"’
Roo“("s JK‘Z m = l !_V;’iq F (<) = ';’\ﬁ;'
Limid of Hhe [t ,0[3&)] = F[hm 3(’0] = f'(G)
Compasrf‘é _ X—>a x-3q ~

Con‘hnur}*yi A ‘punc:f'(on 30 1S (onﬁnuous on an mf‘ef\r’af t‘F

it s contynyous
at each point  of the tnterval.

Robbins (1938)
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_bimits

Discontinuties ©

f(x) ﬁl f(x) 4 f(x) 4
_1 a1
f(x) = f(x) = 71

© 1)
(o] x O” —; o / 4;
flx) = {;’ +1.x<0 (-1, —2}0/

x>0
Point Discontinuity

Infinite Discontinuity

Jump Discontinuity

The Intermediate Valve Theorem for Continuous Funchons

A fonchon tl-—:f'(x) that 15 continvove o a
closed m'f'cr“\/al EQ,E] -I»akes en g\/e,:(j value
between $(a) & £(b).

i Yo s between F(a) and f(b), then
Yo = §(¢) for some € m [a,b],

or ~
y ) =
1 The Sandwich Theorem
N Suppose that alx) £ §0)& h(x) for all x#cC
L \n Some interval about C and that
" [im 3G = lim hix)=L Then lim e = L.
X=>C X3 C X =>C
0 e *
Special Cases
lima*=1 a>0 lim(1+x)¥=¢ limr'_l=l
-0 -0 -0 x
i 9= tim (1+3) = im ™ =lna- >0
s e I
fim 422" _ limE— =1 gt _,
T r-1 Inx Tvm x p
limsin:c=l liml cos X 0 limtzm:c____l ~
-0 x 0 x -0 x
Robbins (1978) 3
& L y ﬁ‘&.
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‘ Derivatives
Derwotives deal with the rote of c‘nanﬂe in a funchon. Geomeﬂ—nm”y’ the
dervahive ges the dlope of the *nnjcn‘f' lne to the curve.

\_/
(a) First derivativeof y = f(x) with respect to xis defined as

Alternative notations are f’(x), dj}:) ,andy'. Ify=f(1),

& _df) _ .
d- da

(b) Second and higher derivatives of the same function are
d o
% = %(j—i) =L @l=y 2 %(%1’) =L [fo-(x)] = ()
KATES OF CHANGE
The average velocty of a bocij wioving odonj o line from fDSl‘hO" o= £(t) 1o €°5‘+‘°"7
seds=F(trat) s, diplacament As | £t +At) - $(£)

QV T -

travel time \ At At

"F*’“"’mews veloerty 1= the derwatve of position, or distance. I the position furction
e o ly woving aleng o lme 15 s=f(1), He ’oo:lﬂ's (metantaneous) veloc«fej of time t

& v(t)= S5 . lum F(EAL)- (L)
dt  Atso &

5}:@6& is the absolute- valve. of \fdocl{‘j.
Accelerction s +the derivatie of Va(oat‘f’ i a bodjfs Qosuhon at time t 12 s=3°(4:3,

Hien e bo&:j's accelerathon ot te +  1g a:-d—vz d’s .
dt = g¢2

The a\/efaja' rate of clnamje of o« fonction (=) over Haew mberval from x 4o
Xx+h g

£ Chage = £leh) = 569

Avera ge rate

The ({ne'anmneous) rate of chanje of § of x 1s te derivatve:

$9= Hx*hi' £

lthcH‘ Differentiation :
| Differentiate both sdes of the c:7ua'l/"lon with “’sf"a to x.
2. Colleet +the terms with dﬂ/clx on one. ade of +he equa‘fwn.

2. Factor ot /4
4. Solve for 4/, bﬂ dlvldanj,

Robbins (\998) 4
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- e - B
__A?Fhw"honf’ O-P Dﬁﬂva‘h ves The Procedure for Newton’s Method
‘“(ﬁ Rolle's Theorem 1. Guess a first approximation of a root for the equation f(x) =0. A
% gty graph of v = f (x) will help.
:&'If-a function f(x) is continuous in the closed interval graph of y = 1 (x) . P
“#'a, b] and is differentiable in the open interval (4. b) and 1. Use the first approximation to get a second. the second to get a
if f(a) = f(b), then there is at least one point (x = ¢) in third. and so on. To go from the nth approximation x, to the nex
(a, b) in which approximation x,4, use the formula v(
1 t - . - - I . f(xn)
ALYe; §o= 1
§ ( ) Xnp] = Xp — f (xn) ¢))
”('2)‘:13!"3“23'3 Theorem (first mean-value theorem) where f’(x,) is the derivative of f at x,,.
E lf a function f(x) is continuous in the closed interval .
g’—f {a, b] and is differentiable in the open interval (a, b), L'Hopital’s Rules
f*thcn there is at least one point (x = c) in (4, b.) in which f(x) and g(x)} are two continuous functions of x having
continuous derivatives at x.
E(b) g(ﬁ) - f ’(c) ¢ £ Yoor xaa 1s (6Xc0)
b-a ¢ 5(*)/3(&) bor xza 1€ % or w/m) (*'356" X2 a
" £%) or (@)(0), then
: lirmn —.-—‘3;(;)) hm .-—--; [:F() 0 )] l '(x‘)
3o WYX} x>a 4] v x)a(x
4 N) x\g’: 3 lm [ / (g()]
. ..
£ 30900 Brxra e woo,  1# S0 e x=a 16 0% o o0°
,f,("/’;----- N then o 1" dhen 34 S 0
i ’ 3(‘)' x. i
o [603 4 o L0~ 3]l 869 b e
0 - X t>a x-)a [ l/ r/j O‘D
‘ b
Summary of Curve-Sketchmg Techmques .
1. Compute f'(x) and f*(x). . ’ y = f(x) y = f(x)
2. Find all maximum and minimum points.
(a) Set f'(x) = 0 and solve for x. Suppose that f’(a@) = 0.
(i) If f"(a) > 0, the curveis concave up at x = 4, and so f(x) has a minimum
at x = a. The minimum point is (a, f(a)). y' > 0 => graph rises y' < 0= graph falls
(ii) If f*(a) < 0, the curve is concave down at x = g, and so f(x) has a from left to right; from left to right;
maximum at x = a. The maximum point is (g, f(a)).  maybewavy  may bewavy

(iii) If f"(@) = 0, examine f’(x) to the left and right of x = a in order to '

determine if the function changes from increasing to decreasing or vice ’ or
versa.
(b) Make a partial sketch of the graph near each point where f(x) has a horizontal
tangent line. .
3. Determine the concavity of f(x). : Y "
(a) Set f”(x) = 0 and solve for x. Suppose that f"(b) = 0. Next, test the con- )t;m? th” tc.oncave up 3&‘“: oh:’t‘f"“c‘:':v::“’n
cavity for x near to b. If the concavity changes at x = 5, then (5, f(b)) is an ughout; no waves; ugnout; no i

. . . . . aph may rise or fall h may rise or fall
inflection point. Otherwise the concavity at x = 5 is the same as at other Eraph may gy
nearby points. ‘

4. Consider other properties of the function and complete the sketch. 1
(a) If f(x) is defined at x = 0, the y-intercept is (0, £(0)).
(b) Does the partial sketch suggest that there are x-intercepts? If so, they are ' "
found by setting f(x) = 0 and solving for x. (Solve only in easy cases or | ; y'=0 and y" <0 =0 and y" >0

when a problem essentially requires you to calculate the x-intercepts.) ; ‘ loc n:&mh has loc n:?;,mh has
(c) Observe where f(x) is defined. Sometimes the function is given only for |
restricted values of x. Sometimes the formula for f(x) is meaningless for ;
certain values of x. i "
(d) Look for possible asymptotes. ' ! -
() Examine the formula for f(x). If some terms become insignificant as x . ‘ A or \‘/
gets large and if the rest of the formula gives the equation of a straight . i \ )
line, then that straight line is an asymptote. ‘ " . , ,
(ii) Suppose that there is some point a such that f(x) is defined for x near a y"changes sign gi;:azgg;:aph e’
but not at a (for example, 1/x at x = 0). If f(x) gets arbitrarily large £ . has local
(in the positive or negative sense) as x approaches a, then the vertical J Inflection point maximum or
line x = a is an asymptote for the graph. minimum

(e) Complete the sketch.

“Robbins (1998) B
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__Di#erenhaﬁon
o

| Derwatve of a comstant 1 S () =
T2 Constart Milhple Rle @ £ [K-$60] = K- 2 [$04)]
3. Sum Rile 5 [FO+300] = 2 [£0:)] + 2 [ 0]
4. General Poer Role 2 {[a0e]} - [ 46077+ 2 (a6
5. Froduct Rule : = [£69 96] = (9 9°Cx) + 30 £

R ) ol ()Fx) - £(x)g'(x
©. Quetient Rule : Ix %] ( )()— I L ['36(” J )

7 Cha: Qu( . éﬂ_ d g o
R TG ES o ST S e

8\ Cheun Qule (Prume Mo+a+tcn): g‘;‘ [QC(S()C))] = :?'(30(3) j’(x)

~ ) - 7
4. Fractional ExFone,m+S a‘ [x/”] = ';}‘X(/) }amé % [x%«] - _g_,x(/%) \

| , ’(x
0 T Repreal Riet (5] (B 00 - 22
(N Dnchf cn+1a+lnj '\'\ﬂe, T;“asonome+ftc Func:hong .

Zg-(-(smac} = coSs X f;(—(sm u)= cosu ;L_}
<L (eosx) = —sin % fL (cos )= - sinu S
2 (han )= sec?x S (fan W)® secu 9%
aé—- (estx) = —csc®X "cflx (cotu)= -csctu g
Lf.... (sec x)= Seex tanx ZTL (sec 1) = secutan o ad_ti_
. ad; (ese x) = ~cse.xeotx 2’ (e W) = —Cscu ¢c+udd:
Ro%tns(lQQ8) 6 )



lnf%yhls

mteqral 1s connected with the dea of arca o 4 v = 0 _
& nreg

Pus s expressed ‘03 the definite m*’earoj ofF o CUV‘C’HOV]_% =
2 Definite \n+e3_r_gﬂl‘

] j: :?(x)Ax=;£m:§(xc.\Ax : [\f?(x)dx]:; [F(&)li = F(b)- Fa) ; /

.
O g X; X3 Xy... Xi...Xeb x

The nuwbers o and b are called the lower and upper

lts  of mi'cjrahon , end [Q'L] 1s called the range of 1n+ejra+ma.
GeomeJtncaﬂj , the c!e'Fmdt m"cejv’a‘ of '{:(K) with rcspec{' to x, lbetueen
hrits %= a bo x=4& 18 the area bovnded lgj :?(_K)' He LSS AN
and the verticals %roudl\ the end ponts oF o and b,

Rules of Limits

A, = i f(xg)(x‘-x - x)
i=l

L=-5 L+5=T L-5=5 [=0
The {ndcf:xm?‘e fn+egr«! |

F(x) 15 an indefinite ln+£df‘a/ (antiderwatuwe) o F() F 5:5512_ = §x)

Qince the clerwa.‘.Lwe. oF FO)+ ¢
;(X) are included

s also ecfuq( 1o Jc(x), all nte

) grals of
N The expregsion LS $<)dx = F(K) '*‘C‘j

f\w 15 called Hhe m{-e&rand and C s an arb:'f’rarj constant
Bemuse O‘F -er. M<‘d‘f’ef‘mma

i of €, there 15 an infinte nupber
C<)+C, dt@ennj L’j ther ™ relahve pomﬂon_ to the X -axs.

\\. B
¥, oy, waly,

+ 4 +

S -~ N

i

wf w
!
)

TBC Me.an \/qfue —”\co(‘eh.] -pc‘- De-F‘nnle. ln-{-ega‘s | ?’[x‘dx=§+c

¥ § s contimous on the closed

M'{“eara.' [_q,b]"”ncn' at Some Po(n+ c in the
(M—arml [d,b]’

$o= Si §69dx

T})L FUnAam¢n+q‘ Theof‘cm o'p CUJCUIUS (‘)

£ € ctos on [40], then the fomchon FO= 20t hus 2 dermchue
a.!. ever Pom“’,m [O\,b], Mc; F = -é-— X =

N 'ﬁ?’ " dx L Fdt = 39
The Fundamental Thecren, .f Calevlus (2)
¥ 'f .I'S continueus ot

ev;:j pomt of [a, L] ad F g any antidervative of N
en [a, ‘O] , #le.n 5 v
- ' I% $60dx = Flo) - Fea)
Robbine (1498) | 7
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\ntearation © The Trmape zordal Rule and
g T

THE TRAPEZOIDAL RULE

To approximate

b
/ flx)dx,

use
h
T=-2~(.Vo +2y1+2y2+ - + 2Yno1 + Ya) 1¢))]
with [a, b] partitioned into n subinervals of length & = (b — a)/n.
SIMPSON'S RULE
To approximate Y
/ f(x) dx,
use
h a
§= '3’(}'0 + 4,Vl + 2}’2 + 4.\'3 + o+ ?-."'n-z + 4}'n-l -+ .yn) (5)

with [a, b] partitioned into an even number, n, of subintervals of length

h=(b-a)n
The y’s in Eq. (5) are the values of ¥y = f(x) at the partition
points

X=a, xy=a+h xa=a+2h ..., xpoy=a+@n-Dh b=x,

Simpson’s  Methed
Trapczmd area
(\ + ¥k
\ Pz
A %
N
i
A Y2
L x
H=a X X b—h—  x_ b=x,

The Trapezoidal Rule approximates short stretches of curve with line segments.
To estimate the area under the curve. we add the areas of the trapezoids formed
by joining the ends of these segments to the x-axis,

2
o} a x  |ho Yoy b

The y’s in Eq. (5) are the values of f at the points of subdivision.

The ln‘f'egfa.l as the . Limt of Riemann Sumsg

f(x)

A Riemann sum interpreted as
an algebraic sum of areas:

6
L fw)ax; =41+ (=) +(~A;)+H(— 4+ A+ 4

i-1

A

0 Xg

w1

U- Sub‘s‘h'i'u‘f‘:on‘ m Definte lrd“cs(‘a‘s

? S f(ﬁ("» a(x)clx=

B . e e e et 2

)
S 3 F(w)dy
g()

3 fnax = fon)x, + o + - + fomax,
is called a Riemann sum for JSon [a,b].
x .
wu=909; du= 9'()dx ’

Rebbins (1998)
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Inteqration
J

c
l‘ Lero Rue : j QCC‘)CIX =0
c
a b
Z Jn+eara+nn3 the other direction : Sbf(x)clx = - Ea Hx)dx
3. Constant Funchion Rule : jh kdx = k(b-a)
a

4. Constont Multigle Rile: " kftode= k [ $000dx

b b
5. Sum Role ¢ [ [969+309)de = [ s0gac [ g00ax

6_ D(@grgnce ?ule. . Si [5:(’() AJ(K)JAX = Si 'F(*:)dx - jb 3(&)&)&

X |
7 Expenential Rule : Ja x"dx = [nj-q Xnﬂ]b Lt a™")

a N+

i

. Domination Rule 80() 2 §(;<) on [-5\/ b] then 5:30‘)43( 2 Xh E(K>Cl><
&

b c ¢

_ lrntervel Addition Rule : 3 $(x)dx + 5\ $()dx = S $0)dx
. : a b a

10, Interval Subtrachon Rule: &‘: $lx)dx. - ji Hdx = j ; £ x

. anemhahm the (vd'eara[: j"—;(\f: f_(_tsclt>= g(u)gi_
([ 408t)= e - srss
\2. I"'}_ﬁjm“'"ﬁ #’\t, Tnjonome}mc_. Func_'{'to,ﬂs:

5605xdx = gsinx +C SCsczx dx = —cotx +C

jsmxdx = —pex +C Ssecx'!‘o, x

jseczxdx= tan x + C Sc_scx ot xde= =-csex +C
U ,

nZx
SLx L C

S <:os.'f"><c5é<= *%_('*'———-————-5\22)( +C Ssmzxclx = 'ﬁ“" p
Zobbins (17a8) ' - q
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Ru:‘loﬂ 0'€' Area bOUI‘!CICCL E()l Curves For regions like these, With espect to the y-axis :

..... et 11 e e e s T y ’ y y
184 with fec,p5¢,+ +o 'H“e. X—a(‘s’. | X’fl(}') .X=f;()’)
B—/ | AT a S Sy -
VALY l - - L
v fw))_ =" | = £ ‘
, \
i
|
% R, A= [1U0) —g0ldx. | | o e el
R b~ 0 T 0 !
AN _
0| a Xi-1 T b x use the formula
//'"\\./ \‘*—(W,,S(Wf)) ¥ =809 Area—-/d(f( )-—f( N d
ARNuE = A 1y 20y y.
Volume Piqr Parallel Crass sections :  Discs and Washers
THE Diskl METHOD
- b
olume of « 50}13 of Revolution ( abeut the x—ams) : V= fa-‘r [ac(x)]chx
Ve of a Solid of Revelohion (about fhe goapic): yo 09 2
grmesds v 1T 47,
THE WASHeR METHOD
L .
Washer method about x —axig : V= X = ([ 4e72- (96917 ) e
o,
Washer wmethed aboot Y-axs . \/:fj '\?([ F('j)]z* {6(3)]2)dj
Summary - = - Y Y
vmmary v S* my [(ou+cr radhus) - (inner fad«us)k_]d...
THE SHELL METHOD
d
Shell wrethed about X - g . V= S - -
b
shell methed about ~—asely * v 5 2 (x d
(3 - T\‘ - K
- N . x [ $09-396))
Summar\‘j: Ve jl__ Ztr(radtus of c‘uj(mc{er)( ket\jk‘*’ ot ijfcnderx d_
PARALLEL CRoss SECTIOMS
H the ¢ioss — sectional aea. ‘A(%, Varies cortinvevsl with % then we cun \cmcl
the  volume of Yo sid by m+e3m+mj Al from b b - —

b .
V= S Al()dx = (aVeraje. crmss - se chional area) (b-o)
o

Rolabm s (1398) | 10
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The Transcen dental Functions

THE V0GARITHM FUNCTION

Th- Natyral Lodofvuxm Fonchon :
N

[ nx = gt oo

Basic properties for ln x :

<
it
N

'xl ll
If0<x<l.lnx=J «drs-—j-dt
1 ¢ x !

gives the negative
of this area.

,Tl
Ifx>1lnx= L Td!

gives this area.

e
l. [ﬂO\X= lﬂq *—inx \ne-;g d%’l
a i
2. nx = lnha -Inx
3 1 | In | =0
A o x"= ninx log x = Anx
ina

S (nlx) =L (x79)

j"‘; [ In 3{@]'-‘3‘&3 -j—is(x):

/, K)
3

: !
Ifx=1,lnx= J‘l%dtzo

=0ifr=1

>0ifx>1

<0if0<x<1
y=lnx Inx

S‘%—-—' Inlu] +C

IV\'{'efaradﬁﬂJ %c, Tr(janome"’rec. Func‘hons us.mj H\e N&{‘LJ{“‘ Laj,,,HLLM Funetien ¢

\wg +an wda =

-In |eosul+ ¢ = In|secu|+ ¢

S)co"’ w du = In [s:nuf+c= - In lCScxl +C

Ssec wodw = |n l$cch+ hm! fC_'

Xc&kdg,: - In ‘CSCK+ Co"' ul +( = ‘"lCSCU\"CO+u_|+C_

Derwehves of Inverse Tf;jcnoma{—fuc Funchons :

-y |

f‘ an” = —e dw
*x 1-u? e
j tant w = [ . du
x [ +u* dx
— csc“ W= ‘ d
- . u.

\';‘A{"earals Leaclmg ‘o

du _ _ _ -t
m = Sn w+C g‘
Roblms (1998

d -t ! o
S Ww = - . S
dx Vicud  dx
v L B
l+u? dx
< sectw s .__..‘_l.____- -y
dx WmINCE-V de
Inverse Tr|3 . Functions :
du _ 4, dis L geett|u] +C
- N P RTE T —2e— < gec™ ul +
T+u? uNu*-|
i
- A T
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THE EXPONENTIAL FUNCTION
103ex=}n>< \¢ 5=[nx,‘”nen ed=x
The Notyral EAponen+‘a‘ Function &
ot S
! §(x> = e where, e=27182, J
Pv’cpefhes of EXFcnen+s . lnex’ % e(n % _ «
\ e’f.-ex’z - X, + X,
8 2 (eX)=eX
2 &1 . gXitx, ax
e 4 d d
l (%) == (e¥) S8 = 2t SR
3, e * €x dx(e) aw (¢ax T 2 ax
¢ . 4 | a
The Function d:o\x S w
xlr 4 = + C
F a5« a‘ocs\%ve_ numépr/ then a = na a du n e
Ex?onen"rm! Fole
'i‘;l L‘x’if‘* 4 u d
a>0, ¥ a%a=axln&’. ad-;au=a {n'\“j:i‘“
IOja& = x o %9 -
d /lnx \ ’
= (logqox) = =—( -2 o S
3 3&) dx ;na) A In x o 3T

The Leaw o‘é E)cfonenhu\ Ckanje

4y

Kodicactive De(o.xj Equection

Hal € Lxge. In 2
Y

for each Posrhve, m{-eaer n, (H—-éq—) Les ( 1+.l..)"+'

Robloins (1998) 12



Review of Calevlus Concepts Svpplement A

_Fret Derwahve Role:

Avgust 24,1998

it 'P,(a)>0f“"€” i) 15 increasing aF x=a. K ~F’(£O<OI ; " Maximom sl |
iti |
o then F9 15 decreasing ot x-a. .
eqative slope -
Second Dernodie Role: If £12)70, then 9 1s concave _ z ,Ps?éﬁ’e”eJ
i} . ero slope
- Vp ot x=a, I§ £(a)< O, the cecond dervahve rule gves no nfo, Mninom_ Negotve sope

Corditions on the denvatves

Desm{;'hbn of $6) at x=a Gmf"" o 4=F(X) near x=a

L F @ posr\'we
+ "(a) pos:-l'nfe

2. 1@ peitive

- £ ncaah\'e.

3 '@ neqotve
() pos«‘hvé

| 4 {'a) nejodwa

£4(a) ne.aa{'l ve

o~ Luca+tnq Extreme Ports 5 Critical \A\ue_s

£ Increasing

£ concave up

- B Increasing

F0 concave down
RX) Aecrcasmﬁ
69 concare up

£(x) decreasin 9

£69 concave down

N

N

}The. '}’an\éen‘i' lme’_ a"fd,a, maximum or minimuom pom'}‘ o’Fo\ {:unc'hon Q(K) has zero :‘.!o,':c.
¢ look for posszbfe, extreme POM+S of ‘P("‘B in% seﬁ‘ms £1(x) =0 and So|vm3 for x,
pftﬁ n ‘H‘la‘f’ vedue (3) of x imte the owjma.l ?unc:‘nan, -F(x),_;}—_o obtain the exact coordinates

of the extreme pout(s),

An extreme powt may be a maximum or mimmom Valve of the fondtion. The second derivahve

determines Cohcmfrly )

Locating InPlection Ponts

An znﬂe;:JJrzon pont of a fonction (<) can occor ot a valve of x for wheh £'(x) s zefo,

_ becavse. the cur 15 concave vp where f(x) 15 positive and concave down where (<) 1

hcsahve. Ah nflection Pom‘i-.ls the. pont where concav:+5 c}\qnjes.
_* Loock for posszb‘e inflection Pom‘l’s bj se‘H'mj 'F”(’()zQ and 5olt/m3 for x.

Robbins (1998)

Absolute maximum.
o No greater value of f anywhere.
Local maximum value, Also a local maximum.
No greater value of

Local minimum
| value. No smaller
| value of fnearby.

Absolute minimum value.

O o o e o s e

]
i
No smaller value i Local nrmmmn:ca| value. :
of fanywhere. Alsoa | | No smaller valup of |
local minimum. : | fnearby. ! !
I ' I I >x
a e d b
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Soupplement A -~

The First Derivative Test for Local Exireme Values
If f'(c) = 0 and the sign of f’ changes at c, then f has a local extreme -
value at x = ¢: ’
»
| The Second Derivative Test for Concavity f bas a local maximum if f’ changes from + to —. ;
| The graph of a twice-differentiable function y=f(x)is f has a local minimum if f* changes from — to +.
~ concave down on any interval where y” < 0, A
concave up on any interval where " > 0. The Second Derlvative Test for Local E)ﬁrome Values
If f'(c)=0and f"(c) <0, then f has a local maximum at x = c.
Curve Skeﬁhmg If f'(c) = 0 and £"(c) > 0, then f has a local minimum at x = c.
* Look for possible extreme pants of €< by ecﬁmj £(x)=0 and so!vmj for x.
,P\uj n that valve of x mte f09) o obtam exoct wordinotes. N
i PJUj in that same valve of x wito P ”(K) to obtain H’«e on .
* L ook "G)f‘ POSSJ ble, _Ldﬂﬁgﬂan_gami’i b\tj Jeﬂmj Pt’(") =0 and 50\\/{:13 ‘For‘ X.
Ve\oa“'}/ é Accelera"’ton .
x(¥)= Posrhon function
= ! = x"
V(‘t): Ve.\ocr"j ‘Fund‘lon a () vi(t) = % ®
a(t)= acceleraton fuachion »
. ) _ ,
Gallleos Formola: xt)=-Eat* Vot + x5 Vo imhal veloerty
X.°= Im‘hql k&a}\'\'
A Farﬁcle 15 at rest when v(#) =0 BE 328+ /s*

»A"mje value of {::B{:f:ﬂx)dx o AVemSe. rote of ckom&c = f_%):‘gf‘l

Intearation 5\3 Parts | |
* Ar}jgggcjhve ava ve,r5q"n}e.“m&‘anJ o‘F In‘l'cal‘q"‘lo,!’!,,fﬂm'*i,.Can“bt’.n qpphac(vfacedmn l'ﬁ'ejmlﬁ

~1s_known as \n+eﬂ6q+aan b\‘j parts. jqac(X),j’(X)dx = £6)g0x) _\Y-‘F’(x)j(x)ax'

The Integration-by-Parts Formula

/udv=uv—-/vdu.

.'-ﬂ\a for:mu\a ‘For 104763(‘61:5'{00 bﬁ Par+s ) o'o“fa-med MS_JB Qrom, 'I'L\C._.Prpducj" (_ulqe; ,-Sbr _/
dl@era*wchon, f;? (W) = fﬁ" Yt ,"'-_S';',‘ . ln'lesrxhhj bs\')\ ades 3“'{&5 uv=jv g%d)_c ff&a{-( dx
| ’jvdu +fwdv )

of, F u:il.'F(;‘() and V= j(x)J

Robbins (me)
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