Matrix Addition Matrix Multiplication (4 by 2 x 2 by 3 = 4 by 3)

{a bJ {e fJ_{a+e b+fJ
c d+g h_c+g d+h

b$ lai+bl aj+bm ak+bnd
dili Jj k$_fpi+dl cj+dm ck+dn§
f&#l m n&_#ei+ﬂ ej+ fim ek+ fné
1 foithi gj+hm gk+hnf
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Determinant (0O determinant means that the matrix is singular, and has no multiplicative inverse)

b aboc Ao fl

—ad—-bc d e fl=d° _!b‘ _+c‘ ¢
c d , h i g i g h

g h i

a b c d
o i h f g h |e g h |e f h e f g
- ilz i k ll=bi k Ij+ci j I|-di | k
non o n o mo p MmMmn p mn o

Row operations that preserve the determinant of a matrix (used for finding an inverse

na nb )
J (multiply a row or column by a number)

C

a+nc b+nd

c q (add a multiple of a row or column to another row or column)

(switch a pair of rows or columns)

Matrix Transpose Inverse through row operations (Ax =B -> x = A1B)
a b c a d g
d e fl=b e h A23 2 31 0/ ,, |2 31 0 , |1 1505 0
g h i c f i 14 5 4 50 1 0 -1-2 1 0 1/2 -1
| o 8 o#2.5 1.5') h_125 19
W 1 2 #Y %2 I 14

AAT=1=A"A AB! BA (usually)



Vector (or Cross) Product of 3D vectors

| ik
; ; ! I I I
a=<a,a,a,> b=<b,,b,b, > alb=|a, a @:Zy Zzi-..zx ZZJ:Jer Zyk
bx by bz y z X z X y

Scalar (or Dot/Inner) Product of 3D vectors (applies to 2D, 4D, 5D, etc...
| - 1 H
aib=ab +ab +ab, = |d|‘b‘cos(!) (theta is the angle between the tails of the vectors)

Vectors are perpendicular if the angle between them is 90° or the dot product is equal to 0

Equation of plane through 3 points
1) Points: (a, b, ¢), (d, e, f), (g, h, i)
2) Find 2 vectors in the plane by subtracting two points

td=<d! ae! bf!c> v=<g—-dh—ei-f>

3) Take the cross product (this gives you a vector that will be perpendicular or normal to the plane)

[ I J k Pl !
u'v=ju, u, ul=m"n+pk

X y z

<
<
<

4) The components of the normal vector happen to be coefficients of the linear terms in the equation!

mx+ny+pz+D=0

5) Plug in one of the three original points to solve for the D value

Probability Notation

la$ al  _a(a' D..(a' b+1) lag | a $ al

8 < T o b D) % *a' b P = e b




Common Probability Situations

Rearrangements of a line with n people: n!

Rearrangements of a circle of people: (n-1)!

Rearrangements of a bracelet (circle that can be flipped over):

Permutations of a word with repeating letters:

Binomial Theorem

Il n $

In$ In$ . ! :
+b n— nb0+ n lbl+___+ lbn 1
(@rb) =g v * 18 e 186

Log and Exponential Properties

(n—2)!
2

|etters!

aRepeats!bRepeats!...zRe peats!

N In$
#. 86

abac — ab+c acbc — (ab)c (ab)c - abc
log, (M) = log,(m) log(mn) = log(m) + log(n)
log, ()

Obn

xlog(m) = Iog(mx)

log,()=1 1og,()=0 log,(b)log,(c) = log, (b**©) = log,(c)

Geometric Series

k 1_ rk+1 k
Yar"=a limY ar" = a
n=0 l_r k_>°°,,:o 1—’"
Difference or Sum of nth powers
if n is odd: "+ Y= =Xy Ly -y

any positive integer n: (" y") = (x ! y)(xn!l+xn!2y+xn! 3y2 +...+xy”! 2 +yn!1)



Trig Identities

sin®(x)+ cos*(x) =1 tan”(x) +1 = sec’(x) 1+ cot®(x) = csc®(x)
sin(2x) = 2sin(x)cos(x) cog2x) = cos*(x)! sn*(x)

sin(x) = cog90- x) cos(X) =sin(90 ! x)

sin(—X) = —sin(Xx) cog—X) = cogX) tan(—x) = —tan(x)

. #2! & -
=Ad9n "ph) +V (t t t th T
y m(x ph)(+V (tangent and cotangent have Per)
Sn;!#l ng: lc—os(x) COS(E X) = HC—OiX)
2 V 2 2 V 2

sn(x £ y) =sn(x)coqy) £ Sn(y)coy x) cos(x £ y) =cos(x)cos(y)! sin(x)sin(y)

Polar Coordinates

X =rcogh) y=rsin(!) r=x"+y tan(') =2
X
Quadratic Root Properties Polynomial Remainder Property
y=ax +bx+c ! x+x2="9
' 1 X r "
a 2 _ )+ p(x) = g(x)(x! @)+
c x!la x! a

ey " p@=r

i.e. to find the remainder when dividing by x-a,
plug a into the function.

Polynomial Root Properties

-1 1
p(x)=ax"+a, x" +..+ax +a,
roots =r,.,r, n

no'n-1%"°

px)=a,(x"—(r+r,+..+ rn)x”_1 +(nr, +nn 4t rn_lrn)x”"2 + ...+ (nn..1))

sum of roots sum of pairwise product of

products of roots all roots



Un-nesting Radicals

V2+y/3=+a++b
2+J3=a+2Jab+b
2+~/3=(a+b)++/4ab

—a+b=2
— 3=4ab (solve for a and b)

Conics

Circle

(x! WY +(y! k) =7

locus of all points equidistant
from the center

Hyperbola
(x! h)z! (y! k)* 1
R<2 R/Z

Asymptotes: Y'! k:i%(X! h)

RX2+R2:f2

y

locus of points whose difference of
distances from foci is constant (either
equal to twice x radius or y radius)

Continued Radicals

x:\/y+\/y+\/yT...! xzm

Continued Fractions
this is also x

1
X=y+——r k////

I x=y+—
x

Ellipse

0, R,
RXZ R,Z

locus of points whose sum of distances from
foci is constant (equal to twice major radius)

major _radius’ = focal _length* + minor_radius’




Parabola

1
I k=+—(x! h)?
y 4f( )

latus rectum = 4f

locus of points whose distance from the
focus is equal to the distance from the directrix. f

(h.k)
f

directrix

Euler’s Equation:

cis(x) = cogx) +isin(x) = €”

De Moivre’s Formula:

(coqdx)+idgn(x))" = cognx)+isin(nx)

Random

Area of an ellipse: ! R.R,

Area of a Reqular Polygon (n = # of sides, s = side length)

1 1 180%
A==ns coty—
4 n &



