Function and Limits

0 ifa < 8
Az A . _
- ml:g:]oo Bl B ifor = ﬁ
+oo ifa >
. lim Sinlg(x) _ ; _
mlgnc Cogl@ T 1(zh£>ncg(x) B O)
s lim t‘l"( (x)) =1
T—e Cogl@)
. lim sin(z) _ 1
z—0 T
« lim fon(@
x—0 R
= lim "—:, =0
n—oo ™
Differentiation
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Second Derivative Test: f/(c) = 0, f”/(c) < 0 then
local max, f”/(c) > 0 local min.

L’Hopital’s Rule: Given ligl f(z) and g(z) =0 or £oo
x c
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Trigo Identities

1. sec?z — 1 =tan’z

2. csc?z —1=cot?z

3. sinAcos A = %Sil’l 2A

4. cos? A= %(1 + cos2A)

5. sin? A = %(1 — cos2A)

6. sin Acos B = %(sin(A + B) + sin(A — B)

7. cos Asin B = ;(%in(A + B) —sin(A — B)

8. cos Acos B = (COG(A + B) +cos(A — B)
9. sinAsinB = %(cos(A + B) —cos(A — B)

Integration
f(x) [ f(@)
tan ax L1n | sec(az)|
cotax 2 1n | cot(ax)|
sec ax Lin| sec(aac) + tan(ax)|
cscax = In|csc(az) 4 cot(az)|
T o tan 1 (552)
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Va2 —(z+b)? a
% ‘ xz+b+ta ‘
a?—(x+b)2 z+b—a

lr ] ‘ z+b—a ‘
(z+b)2—a? z+bta
Substitution [ f(g(z)) - ¢'(z)dz = [ f(u)du,u = g(x)

By Parts [uv'dez = uv — [ u/vdz, order: LIATE:

Differentiate to integrate

Application of Integration

about x axis

= Vol Disk: V = ﬂ.f: f(x)? — g(x)%dx

» Vol Shell: V = 2r [*z[f(z) — g(z)|dz (absolute!l)

= Length of curve: fab V14 f/(x)2dx

Vectors .
unit vector: p = ﬁ, E = O? — OA
ratio theorem
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Dot Product

L] 77 = a1b; + a2bs + azbs = |aHb‘COS@
malb=a-b=0

sal|lb=a-b=|a||b

Cross Product
(a2b3 — azbz) )

i ik
axb= a; a az| = —(albg — (l3b1)
b; ba b3 (a1b2 — a2by)

Area Parallelogram =
la x b|

la x b| = |al|b| sin @
alb=axb=|allb|
allb=axb=0

Projection
a ‘A compya = |b|cos = ﬁ
— ! projba, = compga - ﬁ =
o b N B ab
AANO = 1|04 x ON ON = g2a= b
Lines
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Planes

n= <(l7 b7 C>,'I" = <‘T7y7 Z>~,T'0<1UO,Z/0,CO>
Scalar: n-r =n-rg
Cartesian: ax + by +cz=d

Distance from Point to Plane

lazo+byo+czo—d|

Partial Derivatives
Chain Rule
flgrj(d)z de(:r() ,( ),

dt—azdtJFayd't

For z(s,t) = f(z(saf) L y(s, 1),

9z __ 0z Oz 4

ot — dx ot dy ot
6z_8z8f+8zf)y
ds Oz Os Oy Os

Arc Length of r(t): fd |7’ (t)|dt

Implicit Differentiation

Fp 0z __ Fy

9z
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F., oy — F,

Directional Derivative

Gradient vector at f(z,y)

Duf(x7 y) = <f¢7fy> : <a7b>
(Unit Vector)

Tangent Plane: (fz, fy —1)- (x — 20,y —y0,2 — 20) =

Critical Points

VS = fai+ fyi
= (forfy) = Vf i

fe =0and fy, =0, OR (f: or fy, does not exist)
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- any saddle point
0 any no conclusion

Double Integrals
Type |
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Polar Coordinates
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Surface Area

S = [[ry/f?+ [2+1dA, get in the form of

z = f(x,y) first
ODE
form change of variable
E=f@9) | [y = 1@ 2)do +C
Set v=4<
’_ (Y p
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Population Models

Noo = g N= Population Now
Malthus Logistic
N(t) = Nekt + =
k=B-D o+ (L - e B
_ Noo
N 14+( e —1)e— Bt
Uranium Decay into Thorium
_ —kyt 1. _In2 __
U(t) = Upe "t k = i, G = —kul
Thorium:
T(t) = 7,250 (e hut — e=het) 4L — kU — kT



Series

Geometric Series

oo -1
n—qar™ " a # 0 converges to
diverges otherwise

If series 307 |

7 when [r| <1,

s

an, is convergent, then lim a, =0
n—r oo
Tests

Decreasing function -> differentiate and see the range
where z < 0

Test Method

nt" term lim an # 0 or does not exist, then di-
n— oo
vergent

Integral f(n) = an is continuous, positive,
decreasing function Vz > 1 and
floo f(x)dx converges else divergent

p-series > nl,, convergent <> p > 1

Harmonic D = L divergent

Series

Ratio ifFacto- | 0> lim |%2+L| = [ < 1 abs. conver-

rial n—oo an

gent, > 1 divergent, = 1 inconclusive

Taylor and Maclaurin Series
If f has power series repr @ f = a,

Root i nth | 0 > lim {/a, = L < 1 abs. conver-
power n—o0
gent, > 1 divergent, = 1 inconclusive
Alternating | b, decreasing, lim b, = 0, then
series ) 1 noee .
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Comparison | > an and > b, s.t. an < b, Then if
Test >~ by convergent, Y a, convergent. If

>~ ay, divergent, > b, divergent

Power Series
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= Forall z

= converges if [z — a| < R and diverges if [t —a| > R
(R is radius of convergence)
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If power series >->° | cn(x — a)™ has radius of
convergence R > 0, then function f is differentiable on
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Useful Math

= Line: y — 1

2 '
= [Va? —a%de = % sinTH(2) +

= Y2=uL(

To—Tq T = xl)

gVa? —x?,x =

asin@,dx = acos0df,A
s Va2 + z?dx =
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— 322y + 3xy? — 93

o (z+y)% =3 + 322y + 3zy? + 43
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