LIMITS & DERIVATIVES CHEAT SHEET

COMMONDERIVATIVES

PROPERTIES OF LIMITS

lim[¢f ()] = ¢ lim £ (x)

lim [£(x) + g(0)] = lim £(x) + lim g(x)

d _, d _d
a(x) = T [af(x)] = a—— [f ()]
d —_ ny — n—-1
d—(ax) =a a(ax ) = nax
d _ !

d—(C) =0 E[f "= n[f )" f'(x)

dr1 n

g ] = T =~

lim[f(x)g(x)] = lim £ (x) lim g(x)

OO lim f(x)

DERIVATIVES OF TRIGONOMETRIC FUNCTIONS

d
o [F(g@®))] = f'(g(x))g'(x)

BASIC PROPERTIES OF DERTVATIVES

)lcl_r)rlll Fe) chi_r;?g(x) if ;lci—r%g(x) # 0 a[sin(x)] = COSX a[sec(x)] = secxtanx
11m [fCOT™ [llm f(x)] %[cos(x)] = —sinx T [csc(x)] = — cscx cotx
d d
LIMIT EVALUATIONS AT 4+c0 Tx [tan(x)] = sec®x Tx [cot(x)] = —csc?x
lim e* = o and lim e* =
X2+ DERIVATIVES OF EXPONENTIAL & LOGARITHMIC FUNCTIONS
;gglolnx—ooand llr(r)l Inx = — d ] ] d ] ]
. . a[e]ze a[a]=alna
ifr > 0: ,}I_{on_ =0 p p 1
—[In|x|] == —[lnx]=—,x>0
ifr>0&{vx>0[x"€eR}: lim on dx dx X
= )
Jim, x7 = oo for evenr Tlogr=—— | @I
xl_l)IIloo x" = o0 and xErpw x" = —ooforoddr p
LHOPLTAL'SRULE —[e@] = F0ef® | —[a/¥] = /@ lnaf ()
, d gx)f'(x)
0 0 o f f© || L] = foee In
900 0 oo MM My T o a7 1=7 0 ( fo TV m)
DERIVATIVE DEFINITION DERIVATIVES OF INVERSE TRIG FUNCTIONS
d o xR —f®) d 1 d. o1
a[f(x)] =f'(x) = }11_13(1) A a[sm tx] = N I [sec™tx] = —lxlx/xz_—l
PRODUCT RULE d 1 1 @ -1 — 1
—[cos™tx] = — P [esc™hx] = —
[F@@I = F @9 +f(0g () i — il xd il 1 _!
QUOTTENTRULE Gl A= |l =
A @ _ &gt~ f Z(x)g'(x) DERIVATIVES OF HYPERBOLIC FUNCTIONS
dx [g(x) [g(x)] i['h]— ) @l = cotenh
R -, [sinhx] = coshx -, [sechx] = —cothx cschx

[coshx] = sinhx | ~[cschx]
dx cosnx| = sSsinnx dx cschx

= —tanhxsechx

d
—[tanhx] = 1 — tanh?x
dx

lef (O]" = c[f'(x)]

[f(x) £ g(0)]" = f'(x) £ g'(x)

d
—[cothx] = —1 — coth?x
dx
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INTEGRALS OF TRIGONOMETRIC FUNCTIONS

fcosxdx=sinx+C fcscxcotxdx=—cscx+C
INTEGRATION CHEAT SHEET
INTEGRATION PROPERTIES f sinxdx = —cosx + C f secxtanxdx = secx + C
b b
facf(x)dx=cfaf(x)dx jseczxdxztanx+(] fcsczxdxz—cotx+C

b b b
[reotgwar=[ rwars [ gedx

fcotxdx=1n|sinx|+C fcscxdx=1n|cscx—cotx|+C

faf(x)dx =0

J-sinhxdx=coshx+C fcoshxdx=sinhx+C

Lbf(x)dx = —fbaf(x) dx

b c c Jtanxdx=ln|secx|+C
J-f(x)dx+f f(x)dxsz(x)dx
a b a

FUNDAMENTAL THEOREMOF CALCULUS f secxdx =In|secx +tanx]+¢
b
[ reoax = rot=re) - @ [ = Lians (B
a a? + x2 a a
where f is continuous on [a, b] and f' = F
1 dx = sin-1 X
DEFTNITE INTEGRAL DEFINITION | =it () +c
b n
| e dx = Jim kZ_lf (xi) PARTIAL FRACTIONS
_b-a RGO 4 4, Ay
where Ax = n and x; = a + khx Q(x) (ayx+by)  (azx +by) T (anx + by)’
where Q(x) = (ayx + by)(azx + by) ... (apx + by)
COMMON INTEGRALS N w4
n XMt Q(x) ayx+b;  (mx+b)? " (agx + b)"
f kdx =kx+C f x"dx = n+1 +C where a lilnear f;ctor éfQ(x)lis repeated rlz time;

R(x)  Ax+B

1 =
J—dx=ln|x|+C Jlnxdxlenx—x+C Q(x) ax*+bx+c
x where Q(x) has a factor ax? + bx + ¢, where b?> — 4ac < 0

m‘l'c Q(x) ax2+bx+c (axz+bx+c)2+m+(ax2+bx+c)"

px R(x)  Aix+B A,x + B, Apx + By
J-exdxzex+6 J’bxdxz
where Q(x) has a factor (ax? + bx + c), where b? — 4ac < 0

f ! g =lmjax+b+c INTEGRATIONBY PARTS
ax+ b a

1 1 1x—a Judvzuv—fvdu, wherevzjdv
[ - L=

x2 — q? 2a Ix+a

or [ 109w dx = fG900 - [ @900 ax
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1
f dx=ln|x+\/xzia2|
Vx2 4 a?

INTEGRALS OF SYMMETRICFUNCTIONS

INTEGRATIONBY SUBSTITUTION

If f is even [f(—x) = f(x)],then faf(x) dx =2 faf(x) dx
—a 0

g(b)

b
f f(g(x))g'(x) dx = ) du .
vihere u = g(x)and dugf)g,(x) dx If fis odd [f(—x) = —f(x)], then f_ f(X)dx=0




INTEGRATION & MULTIVARIATE CALCULUS
CHEAT SHEET

APPLICATIONS OF INTEGRATION

b
AREABETWEEN 2 CLRVES A= j If (x) — g(x)| dx
a

VOLUMEDEFINITION

n
b
lim ZA(x;)Ax - f A(x) dx
n—00 £ a
=1

INTEGRATIONBY TRIGONOMETRIC SUBSTITUTION

EXPRESSION SUBSTITUTION EVALUATION IDENTITYUSED
x =asinf .
Ja?z —x2 dx = acos 0 do Jaz —a?sin26 = acos 6 1 —sin®6 = cos® 6
— x =asecH ———
x? —a? dx = asecHtan6 do a’sec?f —a* =atan sec 0 —1=tan”0
x =atan@ 20 — cap?
va?+x2 dx = asec? 9 do va?+a?tan?0 = asech 1+ tan® 6 = sec” 0

STRATEGY FOR EVALUATING | sin™x cos™x dx

STRATEGY FOR EVALUATING [ tan™x sec™x dx

If nis odd

f sin™ x cos?k*1 x dx = f sin™ x (cos? x)* cos x dx

= f sin™ x (1 — sin? x)¥ cos x dx

Then substitute: u = sinx

If nis even

f tan™ x sec?k x dx = f tan™ x (sec? x)*¥ 1 sec? x dx

= f tan™ x (1 + tan® x)* 1 sec? x dx

Then substitute: u = tan x

If misodd

f sin?**1 x cos™ x dx = J(sin2 x)* cos™ x sin x dx

= f(l — cos? x)¥ cos™ x sin x dx

Then substitute: u = cosx

If n and m are even
Use the half angle identities:

1 1
sin?x = E(l —cos2x) and cos?x = 5(1 + cos 2x)

1
or this identity: sinx cosx = > sin 2x

If misodd

f tan?**1 x sec™ x dx
= f(tan2 x)*¥ sec™ ! x secx tan x dx

= f(secz x — 1) sec™ 1 x secx tanx dx

Then substitute: u = secx

PRODUCT IDENTITIES

DERTVATIVES OF VECTOR FUNCTIONS

sinA cosB
f sinmx cos nx dx 1
=5 [sin(4 — B) + sin(4 + B)]

L@ + vl =w'© +v©

d _ !
I [cu(®)] = cu'(t)

sinA sin B
f sinmx sinnx dx

= %[cos(a — B) — cos(4 + B)]

d
7 @u@®] = f'Ou@® + fOu'®)

cosAcosB
f cos mx cosnx dx

= % [cos(A — B) + cos(A + B)]

d
@ - vOl=w'(@®) - v@©) +u®) - v'e)

DEFINITE INTEGRAL OF A VECTOR FUNCTION

%[u(t) xv(t)] =u'(t) x v(t) + u(t) X v'(t)

d
= [u(F(O)] = F/OUW(f©®),  (chainrule)

f br(t) dt

([ o) ([[awa)i ([ o)
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