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Determinant

Determinant of order 2

a a, a, da,
= a,b, — a,b
bl b2 bl b2 1¥2 271
Determinant of order 3
a a, a + - o+
bl bz b3 — + —
C1 C2 C3 + — +
a, a, as
bz b3 bl b3 b1 bz
¢, C3 o Cs ¢, G
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Determinant

Determinant of order 3

a a, da, + — +
bl bz b3 — + —
a, a, a,
b, b, b, b, b, b,
C, C4 o C; ¢, G
h b, b b, b b, b
— 2 1 1.0y
C C C C C C
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Cross Product (1)

Determinant of order 3

a =qaqi+ a,j+ a;k
b =bji + b,j + bk
i j k
a Xb =|a a, a,
b, b, b
= (a,by — a;b,)i —

(alb3 - a3b1)i + (a1b2 - azb1)i
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Cross Product (2)

AZ AZ
k =(0,0, 1 a = (a, a,, az)
b j=01,0
= >y >y
i=(1,0,0) /
X X
i j k i j k
ixj=1]100 =k (™ normaltoi &j ™ jxi=[0 10 = —k
010 1 00
i j k i j k
Jxk=1010 =i {(mm normaltoj&k mm kxj=001 -
00 1 010
i j k i j k
kxi=1[0 01 =j m normaltok &i mm) ixk=|1 00 = —j
1 00 0 01
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Right Hand Rule

i j k i j k
ax b =|a a, a, b x a =|b;, b, b,
bl bz b3 al aZ a3

Normal direction n

n
a Y b ‘a/?\;
n
axhb Magnitude =  |la x b|| = ||a] ||b|| sin6
0
a b
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Line Equations (1)

Vector Equation r =r, + ta

Parameter
r, = (X, Yy Z,)

Direction Vector a = (a, a, ay)

Parametric Equation

X = X, + ta,
c , y =Yy, + ta,
omponen _
2_22+ta3 ta, = X — X,
ta, =y — VY,
ta3:Z—ZZ

Symmetric Equation

Elimination of parameter
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Line Equations (2)

o »

Direction Vector N

a

/V ta

r,

L
/ t=1.2 Parameter

X

A z
a
r
r,
/ >y
X
Direction Vector N

= 4 ta

L
/ t=1.7 Parameter
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Line Equations (3)

I A2
A Passing Point
o®®
00...
oo®® o’
r;
/ B / -
X X
Direction Vector N
a —
v ‘a r =r, + ta
Parameter
r
r, r, = (X; Y, Z,)
/ o 2= {416 0)
X
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Plane Equations (1)

Vector equation n-(r - r1> =0

Normal Vector r =(x,y,2)

r, = (X, Y1, Zy)
n = (a,b,c

r—-r,=X-Xy, Y-y, 2—-2;)

n = a, b, c)
Cartesian equation a(x—xl) + b(y_yl) + 0(2_21) =0
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Plane Equations (2)

Tesstsenesteey ﬂ T

Normal Vector

No Parameter
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Plane Equations (3)

/ >y / >y
n - (r-ry)=0
r=(x,y,2z)

n w r, = (Xy, Y1, Z1)
n = (a,b,c)

X
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Normal Vector & 3 Points

A Non-collinear " Non-collinear
3 points 3 points
.Pz r;
P1 ° rl Z
L

° =Y
P, r,

Graph of a plane

Line intersection of two planes

Point of intersection of a line and plane
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Normal Vector & 3 Points

z z
A Non-collinear A
3 points
.P3 r,
Pl () T'l Z
° >y >y

>y
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Vectors
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Vector Addition

A (2, 4) 2
b
a+b
(-1, 2) |a*P L, (x,, ¥1)
52 bl lall=+y;
b a
>
X X
(3+s, 2+t)
i
(s t)
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Vector Subtraction

(_1’ 2) a+b

ey
/

Q
\4 w
e
c“/v
N

= ¥
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Unit Vector

(_]-l 2)

y y
A b=(-1,2) A
lal=v3%+2%=113
(_11 2)
\ a=(3,2)
b( \ a _ b _
e S x
(3 2
—(m/ \/ﬁ>
_ 3% 2?
= —t+—
13 13
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Vector Magnitude

<

Ib|=V-1%+22=\5
la|=v3%+22=\13
b=(-1,2) a=(3,2)

x

a-b=3-1+2-2=-3+4=1
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Basis

|
=V
<V

v =3i+2j
1 0| _ o 1 1] _ o
a0+b1]—0:> a=b=0 a1+b_1l—0:> a=b=0
basis basis
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Vector Triple Product

ax(bxc)
~—>  Perpendicularto B X C

> Any vector perpendicular to b X C
lies in the plane perpendicular to b X C

— liesintheplaneof B and C

b xc
Perpendicular to the plane of /&'
mb +nc
0
ax(bxc) - mb+nc . ‘

(a-c)b —(a-b)c
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Scalar Triple Product

a=ai+a,j+ak
a * (b X C) 1 2] 3
b = bi+b,j+Db;k
c = cji+c,j+czk
i j k
b X ¢ = bl b2 b3 :ib2 b3 b1 b3 kbl b2
Ciy C C3 ©2 €1 G ¢ G
a-(bxc)= (aivajrak)[if’ b — jPi bl b b
C2 C3 Cl C3 C1 CZ
a a a
=ab2 b, b, b3+ b, b, :bl bz b3
1CZ C3 ¢, GCj c, C, 1 2 3
C; C Cj3
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Normal Vector & 3 Points

Az Non-collinear Az
3 points
i j k a a a a a a
axhbh-=|a a a = g ke
=2 73 b, b b, b b, b
b b. b 2 3 1 3 1 2
1 2 3
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Gram-Schmidt Orthogonalization Process

vV, =u,
u,-v
1
vV, = U, A
V'V,
u,v u,v
_ 3'V1 3'Vy
Va= Wy v Vi vy, Ve
1'V1 2'Vo
B u,vy| o (uyv,| o [ugv,
bt VAT R EVRETIN L EVREVI A
1'V1 2'V> 3'V3
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Normal Vector & 3 Points

Vectors (1A)

A Z

Non-collinear
3 points

26
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