Math 141 HANDOUT

‘Fundamental Theorem of Calculus (FTC)‘

Let f: [a,b] — R be a continuous function.
Let F': [a,b] — R be a function.
e If F' is an antiderivative of f on [a,b] (i.e. F'(z) = f(x) for each x € [a, b]), then

/abf(x)dx = /abF’(x) dz = F(b) — F(a) .

o If F(z) = [ f(t)dt for each x € [a,b], then F is an antiderivative of f on [a, b], i.e.

Py =0, | [ 10a] = @,

| Basic Differentiation Rules]

If the functions y = f(x) and y = g(z) are differentiable at = and a and b are constants, then:
L. Dylaf(z) + bg(z)] = af'(z) + bg'(2)
2. Dy [f(2) - g(2)] = [f(x) - g(x) + flz) - ¢'(z)

3. D, [%} = [ g(w[;(;)]];(x) - 9'(=) provided  g(x) # 0

4. D, [f(z)]" = 7“[f(ac)]r_1 f'(x) provided reQ
If f is differentiable at x and g is differentiable at f(z), then:

5. Dy [g(f(2))] = ¢'(f(x)) f'(x)

‘Generalized Exponential and Logarithmic Functions with base a where a > 0 but a # 1‘

FTC

DERIVATIVES — INTEGRALS
1d d
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u dx
D, e = % — edu = e + C
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| TRIG and CALCULUS|

FTC

DERIVATIVES — INTEGRALS
: du :
D, sinu = cosu T cosudu =sinu + C
x
o du 2
D, tanu = sec” u T sec“udu = tanu + C
x
du
D, secu =secutanu T secutanudu =secu + C
x
chosu:—sinud—u /sinudu:—cosu + C
x
o du 2
D, cotu = —csc”u T csc“udu = —cotu + C
T
du
Dmcscu:—cscucotud— cscucotudu = —cscu + C
T
MORE INTEGRALS
/tanudu = —Injcosu| + C = In|secu|] + C
/cotudu = Inlsinu| + C = —lInfescu] + C
/secudu = lIn|secu + tanu| + C = —lIn|secu — tanu| + C
/cscudu = —lInfescu + cotu|] + C = Inlescu — cotu| + C
FTC
DERIVATIVES = INTEGRALS (a > 0)
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Natural Logarithm Fn. y =Inz AND Natural Exponential Fn. y = expx

x T dt

ng 2’ " nat. exp. fn. = inverse of the nat. log. fn.
1

In: (0,00) = (—00,00) exp: (—o00,00) — (0, 00)

y=Inz — T =expy

3 a unique e € R so thatlne =1 e "2 exp(z)
z,y>0&reQ r,yeER&reQ
e — g In(e”) =z
In1=0 e’ =1
In(zy) =lnz + Iny e ¥ = ety

x e’

In(—)=Inz — 1 — =Y
n(y) nzx ny ik
In(z") = r(Inx) (e*)" =e""

‘Generalized Exponential y = a” and Logarithmic y = log, = Functions‘

‘Withbaseawherea>0buta7é1 and b>0butb7é1‘

log, =In
f(z) = a® = e®na : (—00,00) = (0,00)
g(z) = log,x = the inverse of the fn. f(z)=a”" : (0,00) = (—00,00)
y = log, x = x = a’
Inx
log, b)(1 =1 1 - 7
(log, b)(logy, ¢) = log, ¢ = 08a? = —
r,y>0&relR r,yeR&reR&O<b#1
al%8a® = g log,(a®) = x
log,1=0 a®=1
log,(zy) = log, x + log,y a® a¥ = a"tY
x a”
2y = _ I 2
loga(y) - loga T loga Yy av =a
log,(z") = r(log, x) (a®)" =a™"
a a”
b)Y = a*b* d e 2
(ab) = b and (4 = &



di
cos = ad sinf = opPP tanf = @
hyp hyp ad]
sin x cosT 1 1
tanx = cotx - secxr = csCxr = —
cos T sin x cos T sin x
Basic Inverse Trig Functions
y=sinf <& stin_ly where —1<y<1 and %ﬂgegg
y=cosf <& chos_ly where —1<y<1 and 0<o0<m
y=tanf <& O=tan 'y where y€R and %ﬂ<9<g
y=cotf << O=cot ly where yelR and 0<b<m
y=sech < BO=sec 'y where ly| > 1 and O<0§7r,07éz
y=csc <& O=cscly where ly| > 1 and ;gGgg,@;ﬁO
Math 142

Integration by Parts:

fudv = uv—fvdu

cos(2x) = cos?

1
cos? r = +

2

T —sin“z
cos(2x)
2

Trig Identities|

cos(s +t) = cosscost —sinssint

cos(s —t) = cosscost +sinssint

IF INTEGRAND INVOLVES

a® — u?
a2+u2
u? — a?

sin(2z) = 2sinz cosx

2

sin“x =

1 — cos(2x)

2

sin(s + t) = sinscost + cos ssint

sin(s —t) = sinscost — cos ssint

‘ Trig Substitution ‘

= asinf

= qagtanf

= asech

s 0 = sin”
ey 9 = tan
s 0 = sec”

THEN MAKE THE SUBSTITUTION
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RESTRICTION ON 6
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