CALCULUS LIMITS AND DERIVATIVES

LIMIT PROPERTIES DERIVATIVE FORMULAS DERIVATIVE NOTATION
Assume that the limits off(x) and g(x) exist as x approaches a. di (C) -0 If y = f(x), then the following are equivalent notations for the derivative.
, o , x dy _df _d
lim[f (x) £ g(0)] = lim £ (x) & lim g (x) 4 =Y =W == (f®)
lim[cf ()] = ¢ lim £ (x) dx
i(sinx) = cosx DERIVATIVE DEFINITION
lim[£ ()g(0)] = (lim £¢0) (lim g (o)) &
£(x) lim f(x) a(cosx) = —sinx if(x) £ = M
lim [ ] =a if 11m gx) =0 4 dx h
x-a|g(x) 11m gx) a(tan x) = sec?x
}Cgr}l[f(x)]" - Ll(l_r)r{lzf(x)] :—x(secx) =secxtanx ROWERHULE
< afr d
JlCi—I}Lll fe) = w/)l{l_l}’((llf(x) :—x(cotx) = —csc’x a(xn) =nx"t
d
FUNDAMENTAL LIMITS @ (e5ex) = —esexcotx PRODUCT RULE
limc=c di(Sin_lx) — = d
e . . dx 1 _’i a(f(x)g(x)) = flx)g' (x) + gl f'(x)
lim—=0and lim —=0 —(cos™'x) = —
x—>00 X——00 dx Ny
) * 4 e = * QUOTIENT RULE
fim, 5 = Oforanyp >0 o te a (f(x)> _90f' ) — W' ()
igrg xP = oo foranyp > 0 E(C(’t_lx) =TIt ax2 x\g(x) [g(x)]?
d 1
Jim_xP = coforevenpand lim xP = —co for odd p et = Va1 CHAIN RULE
X — X — d 1 d
igrg e o and xllr_noo e 0 a(csc‘ix) _ _m a(f(g(x))) - f’(g(x))g'(x)
)}Lrglnx—ooand llm Inx = - d
- a(é”‘) =e” DERIVATIVE PROPERTIES
;irg tan"tx = > and xg@w tan~tx = — > p p p
“ing 00 =prinb —(f0) +9@) = f () + 9@
. x dx dx
lim =1and lim =1 d 1
-0 0 6-0 sin 8 a(lnx)z; (x>0) i( B ())_i ()_i
liml—cosH_O d 1 ddx fO) - g d_dxfx dxg(x)
M ax (8D =3mmp >0 (@)= gf@
L’HOPITAL’S RULE CHAIN RULE FORMS
f(X)_O too . fx) . f'(x) i n_ n—1 .7
If i‘%ﬁ =3 Io then chl—r}}zg(x) }Hag S 2z 9@ =nlg()]*g'()
fGx) i g(x)

If 11m f)g(x) =0 (£o) then 11m flgx) = llm

~al/g(x) xoa 1/f(x)
If llm[f(x)]g(x) =09 or ° or 1% then llm [f(x)]g(x) = lim eMUF@I® _ limgC)Inlf )]

x-a

THE SQUEEZE THEOREM

If f(x) < g(x) < h(x) for all x near a (except possibly at a), and )lclr[;' fx) = chll‘% h(x) = L, then
limg(x) =1L
xX—a
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d
o (eg(x)) = eI g'(x)

d
_(bg(X)) = bg(")g’(x) Inb

, 9'(x)
—ln(g(x)) g'x) = rIe)
d g (x)
alogb(g(x)) - g(x)Inb

d

Esin(g(x)) = g'(x) cos(g(x))
d

acos(g(x)) = —g'(x) sin(g(x))

d !
—tan(g() = g'() sec? (9(x)

g'(x)
1+ [g(x)]?

;—xf(ax+b) =af(ax +b)

d -1 j—
atan (9) =




CALCULUS

INTEGRALS

COMMON CALCULUS 1 INTEGRALS

DEFINITE INTEGRAL DEFINITION

fkdx=kx+C fseczxdx=tanx+C
xn+1

fxn dx = +C (m#-1) fsecxtanxdxzsecx+C
n+1

b n
f(x)dx = lim f ) Ax

where Ax = bni and x, = a + kAx

FUNDAMENTAL THEOREM OF CALCULUS, PART |

fx‘ldx=fldx=IHIXI+C fcsczxdx=—cotx+C
x

fexdx=e"+c fcscxcotxdx=—cscx+c

dx

Assume f(x) is continuous on [a, b]. If F (x) is an antiderivative of f(x) on [a, b], then

b
f fG)dx = [FWIL = F(b) - F(a)

b* — cin-1
X Jy = — =sin" x+C
fb dx = np " ¢ V1 —x? FUNDAMENTAL THEOREM OF CALCULUS, PART Il
dx d x
dx = sinx + C f—=tan_1x+C _f =
fcosx x = sinx 1+ x2 i af(t)dt f(x)
i = fidx =sec”lx+C d [9»
fsmxdx =—cosx+C lx[VxZ =1 N af f®)dt = f(g(x))g’(x) (chain rule version)
BASIC INTEGRATION PROPERTIES MORE INTEGRATION PROPERTIES COMMON CALCULUS 2 INTEGRALS
b b b b b dx 1
J et getar= [ yeoacs [gwar ||| e < [ [ o= nlax + i+

b b
f cf (x)dx = cf fodx
J-af(x)dx =0

a ) If f(x) = g(x) for a < x < b, then
J. fodx = —f fodx

b a

c b c
f f)dx = f f)dx + J f)dx (a<b<c)

a a b

b
fkdx=k(b—a)

b
If f(x) = 0fora < x < b, then J-
a

fbf(x)dx > fbg(x)dx

Ifm< f(x) <Mfora<x < b,then

b
m(b —a) Sf fx)dx <M —a)

ftanxdx =In|secx| + C
f(x)dx =0
fsecx dx = In|secx + tanx| + C
fcotx dx = In|sinx| + C
fcscxdx = —In|cscx + cotx| + C

flnxdx =xlnx—x+C

1
ftan‘lxdx =xtan tx — Eln(l +x3)+C

INTEGRATION BY SUBSTITUTION

INTEGRATION BY PARTS

[ Flgtg G = [ £y au
or
b g
f f(9(0)g'(x)dx = j
a 9(@)
where u = g(x) and du = g'(x)dx

judv=uv—fvdu

or
(b

)
fw)du

[ rwg e = g - [ rwgeoax

Remember the acronym ILATE when choosing u.
Inverse Trig, Logarithmic, Algebraic, Trigonometric, Exponential

IL_ e (2) + ¢
JZz- ' \a
dx 1 x
M _Zan-i(Z
faz_l_xz—atan (a)+C
1
ff(kx)dx=EF(kx)+C

where F(x) is any antiderivative of f(x) and k is any
nonzero constant. For example,

1 1
f ek dx = Eek" + C and fsin(kx) dx = —Ecos(kx) +C

ARC LENGTH FORMULA TRIGONOMETRIC SUBSTITUTION
The arc length differentiable function y = f(x) over the interval [a, b] is given by EXPRESSION SUBSTITUTION EVALUATION
=asinf 2 2 qin2
b/—, b dyz 2 .2 x=asm a’ —a?sin? 6
L 1+ [f (x)]de=fa 1+(a) dx a x dx =acos6db =acos@
VOLUMES OF SOLIDS OF REVOLUTION a6
X =atan Va?+ a?tan? 0
b b va? + x?
DISK METHOD: f m(Radius)2dx = f rr(R(x))de dx = asec®6 do = asecf
a a
b Outer \2 Inner \? b 2 2
WASHER METHOD: fa m ((Radius) ~ (paiir) )dx = fa n((R))" - (r)”) dx x=asect ey —
b X2 — a2 B
_ Shell Shell dx = asecftan6 do =qtanf
SHELL METHOD: L 2 (Ra dius) (Height) dx




