Trigonometric Identities:

Limit Definition of a Derivative| Alternate Definition (at a Point)

Each point is (cos(0),sin(0))
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Intermediate Value Theorem: If a and b are any two points in an

interval on which f is continuous, then f takes on every value between

f(a) and f(b).

Intermediate Value Theorem for Derivatives: If a and b are any two

points in an interval on which fis differentiable, then the derivative

f ' takes on every value between f'(a) and f'(b).

Average Rate of Change Instantaneous Rate of Change
of a function f on [a,b] of a function of fatx = a:

()= f(a) i FO=F@ _

b—a b>1  b—a

Mean Value Theorem (for Derivatives): If y = f(x) is continuous at

every point of the closed interval [a,b] and differentiable at every point

of its interior (a,b), then there is at least one point ¢ in (a,b) such that
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D (at some point "IROC" = "AROC")

Top 20 Integrals (1-10):

Top 20 Integrals (11-20):
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17)Itan2xdx= tanx—x+c
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Properties of Definite Integrals:

j).f(x) dx=—j.f(x) dx

j.f(x) dx=0

j)'k-f(x)dx=kj).f(x)dx

j).—f(x) dx =—j).f(x) dx

a

j).(f(x)ig(x))dx=j).f(x) dx + j).g(x)dx

j.f(x) dx=i‘f(x) dx+jf(x) dx

a

Improper Integrals, f(x) Continuous

Average Value of a Function on an Interval [a,b]:

b
Average Value of f(x) on [a,b] = bLIf (%) dx
—ad

Mean Value Theorem (for Definite Integrals):

If f is continuous on [a,b], then at some point ¢ in [a,b],

bia:!)‘f(x)dx

flc) =

(At some point, the function equals its average value on the interval.)

Fundamental Theorem of Calculus (Part 1):

d; d ,
- j f(t)dt=f(x) OR &!f(t) dt = u'f(u)

Fundamental Theorem of Calculus (Part 2):

j f(x) dx = F(b) - F(a) [F(x) is an antiderivative of f(x)]

Integration by Parts:

Iu dv= uv—IV du

f(x)g'(x) dx = f(x)g(x) — | £'(x)g(x) dx

Logistic Growth/Decay:

on |a,°°)!

Tf(x) dx =11)i_r)1;j.f(x) dx

Differential Equation: C;—P =kP(M-P)
t

Logistic Equation: P(t)= M

L’Hopital’s Rule for Indeterminate

Limits:

E) )
lim—— =lim——=
X—a g(x) X—a g (X)

14+ Ac

(k is the growth/decay constant)
(M is the carrying capacity)

(A is a constant you must solve for)

Exponential Growth/Decay:

-The population is growing the fastest when P

Differential Equation: j—y =ky
t

Exponential Growth Equation: y =y, e

is half of the carrying capacity!
-As t tends to infinity, the population tends to
the carrying capacity:

limP(t)=M

t—o0




Vdiscs about x-axis TCJ. f(X)2
d
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Vdiscs about y-axis = TEJ. f(y) dy
Volume (Shells):

d
\/shells about x-axis 211:]‘ y f(y) d}’

shells about y-axis

= 211:]1}( f(x) dx

Arc Length
b 2
&L= e (ﬂ) dx
a g dx
Arc Length (x a function ofy):

2
dx
L= j 1+(dyJ dy

Arc Length (Parameterized Curve):

S ROR

a function of x): Surface

Area (Rotate About x-axis): | Position, Velocity, and

Surface

SA = 2nif(x) /1+(%] dx

Surface Area (Rotate About y-axis):

SA = 2n[ (y) ’1+(?J dy
g y

Acceleration Vectors:

r(t) = (x(t), y(1))
v(t) = (x'(1),y'(1))
a(t) = (x"(t),y" (1))
Speed at time to:

|V(t0)| = «fx'(to )+ y'(to)2

Area (Rotate Parameterized

Curve About The x-axis):

Total Distance, t € [a,b]:

SA = znjy (d"j [j{] dt

b
Total Distance = I|v(t)| dt

Volume (Cross Sections):

Finding dy/dx (Slope) for a

Finding the Second Derivative

= [Jr, () + (v, (6))dt

cross sections L x—axis

=i'A(x) dx

d
Vcross sections | y—axis = IA(y) dy

Parametric Curve: (Parametrics): Displacement, t € [a,b]:
dx d dx ¢ ¢
For % # 0, we have: Lety'= &y’ then for % # 0: <J‘. v,(t) dt,.!.vz(t) dt>
dy dy’ Final Position, t € [a,bl:
dy _de (=, dly_d o de .
dx g dt &2 dx y % <x(a),y(a)>+ <J.v1(t) dt,IVz(t) dt>
dt dt '

Linearization:

If fis differentiable at x = a, then the
equation of the tangent line,

L(x) =f(a)+f'(a)(x—a),
defines the linearization of fata. The
standard linear approximation of f at a
is f(x)=

center of the approximation. This is

L(x) . The point x = a is the

just a Degree 1 Taylor Series

Newton’s Method for Approximating
a Solution to f(x) = 0

1. Guess a first approximation to a
solution of the equation f(x) = 0

2. Use the first approximation to get a
second, the second to get a third, and so
on, using the formula:

f(x,)

Euler’s Method for Approximating f(a):

1. Start at a point (x, y) specified by an initial condition.
2. Use the differential equation to find the slope dy/dx at
(x,y)

3. Move by a small increment, Ax, and use this to
determine Ay using Ay = (dy/dx)Ax.

4. Use the new point, (x + Ax, y + Ay), then repeat from
Step 2.

5. Continue until you have your approximation.

=x —
approximation of f at a!! n+l ! f '(X ) () | dy/dx | Ax | Ay = (dy/dx)Ax | (x+ Ax,y + Ay)
n

Geometric Series: Actual Error (Actual Minus Estimate):

ar T =a tar+ar’+ata T 4= |R“ (X)| = |f(X) -P, (X)|
Taylor Series f(;;lf (x) centered at x = a: LaGrange E(:rrl(jr Bourlld on[a,b:

f n+ (C)Xl]+
n f(n) a © f(n) a R <
fa)+f'(a)(x—a)+ ( )( a)z+...+%(X—a)“+...=Z%(x—a)” | “(X)| (n+1)!
. n=0 .

MacLaurin for f(x) (always centered atx =0):

(Pick ¢ to maximize £V (c))
Alternating Series:

The error is no more than the next term !

£"(0 £"(0 £(0 £(0
(oo Dy SO 0 S0,
3' n n=0
MacLaurin Series To Memorize (Part 1):
ER
=1+x+xX" 4+ +x" +... (Jx<1) Sin(x) = X — — 4 —— ..
1-x 31 51
—loxtx — ot (o) + (|x< 1) cos(x) = 1= % 4 X
1+x 2[ 41
x> x x" 'S 2 3
e =1+X+E+a+...+m+...=n=0n. (for all real x) ln(1+x)=x—x7+x?—

Convergence at Endpoints: When you have an infinite
series involving x, use Ratio Test to find an open interval

of convergence. Then use other tests at endpoints!

3 s
X X
tan™ (x) = x—?+——

5

MacLaurin Series To Memorize (Part 2):
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If lim

n—»e

L > 1: the series diverges.

L=1: test is inconclusive.

a
— =¢, then both

n
converge or diVCI'gC.

Ratio Test: Limit Comparison: Alternating Series Polar Coordinates:
a 1) Show terms alternate
. 4, i _n _ .
For lim,_,, | =" =L: If lim,,, i Oand 3b, 2) Show a_ >a_, x=rcosO| y=rsin0| r’ =x’+y’| tanO= %
o converges, then so does Zan. Show i -0
L < 1: the series converges. 3) Show lim, _,, |an| =

converges.

If so, then the series

Parameterize the Polar Equation r = f{0):
x(0) =£(0) cos(0)

p-series Test:

Geometric Series:

n® Term Test:

1
Zn—p converges if p>1 Za "

n=1

converges if |r| <1

If lim a #0,

n—»o0 “'n

then the series diverges.

y(0) = £(0)sin(6)
Finding dy/dx (Slope) for a Polar Curve:

Direct Comparison:
If Zc" converges and

a, <c,, then so does Za".
If Zd" diverges and
a, 2d,, then so does Za .

n

or diverge.

Integral Test:
If f(n)=a,

sequence, then Zan and
If(x) dx both converge

Telescoping Series:

is a decreasing Use partial fraction
decomposition to

separate into two

terms and cancel!

sequences, then group

dy
dy % dx
2 _-4av =20
d dx [dﬁj
de

Finding Area for a Polar Curve:

A—1B 2de—1ﬁf92de
_Ejo:r _51 ©)




