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Vector is represented by a directed line segment.
Ex: AB with A(zo,yo, 20) and B(z1,y1, 21)-

AB =< 19— 21,52 —y1,22 — 21 > (1)
A_B = (:132 — :Cl);-l- (yg — yl)j+ (2’2 — Zl)E (2)
|AB| = /(22 — 21)% + (y2 — y1)2 + (22 — 21)? (3)

Two vectors are equal if they have the same length and direction. If
U =< uy,u9,u3 > and ¥ =< vy, v, v3 > are equal, then

Uy =vi, Uz =7v2, U3=7U3 (4)
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Vector algebra operations: @ =< w1, us, us >,0 =< v1,v2,v3 >, k is a
scalar:

e Ut V=< U1 :|:’U1,U2:b1)2,ﬂ3:i:1)3 >
0 ki =< k:ul, k?UQ, k?u;; >
For a vector #, it consists:
e || is the length
° % is a unit vector in the direction of @

Ex: Find |@, @ + g,d — 5,26, 3@ — 4b. Also find a unit vector that has
the same direction as @. @ =< 2,1,-2>b=<1,1,0 >.

@ =3, d+b=<3,2,—1>, d-b=<1,0,-2> 23=<4,2,—4>
(5)

33 —4b=<2,—1,-6 >, > (6)
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The dot product of & =< w1, us, us >,0 =< v1,v9,v3 >.

U = w101 + ugvg + usgvs (7)
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If the two vectors are orthogonal, then 4 - ¥ = 0.
The vector projection of @ onto .

projﬁﬁ 1—)»| 92
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The cross product
U X U = |ul]|v]sindni (10)
If 4@ and ¥ are not parallel, they determine a plane. 7 is perpendicular

to the plane by the right hand rule.
Nonzero vectors @ and ¢ are parallel if and only if & x ¥ = 0.

A
UX U= up U2 U3 (11)
v V2 U3

|ti x 9] is the area of a parallelogram.
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Ex: Find @ - 5,&’ x b. Verify that @

X b is orthogonal to_’both @ and b.

Also find the angle between @ and bd =< 2,-2,4> b=<—-1,1,2 >
d-b=4 (12)
@xb=<—-8,-8,0> (13)
ixb-da=0 (14)
axb-b=0 (15)

1

cosf) = 3 (16)

Ex: Find projzu with ¢ =< 1,1, -5 >, b=< 2,1,—1 >

8> 4- 4.
projzi = gz + 3/~ 35t (17)
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The standard parametrization of the line through Py(xo, yo, 20) parallel
to U = vlz + v9j —i—vgk is
r=xz0+tvy y=yo+itva z=2z9+tvg —o00<t<o0 (18)
An equation for a plane in space:
The plane through Py(zo, yo, z0) normal to 7 = Ai + Bj + Ck has
e vector equation 7 - PFpP =0
e component equation A(x — xg) + B(y — yo) + C(z — z9) =0
e simplified component equation
Ax+ By+ Cz=D = Axyg+ Byg+ Cz
The distance from a point S to a line in space through P parallel to .
|PS x 7
7]
The distance from a point to a plane.

If P is a point on a plane with 7, then the distance from a point S to a
plane is

d= (19)

d=|PS  —| (20)
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Ex: Find the parametric equations for the line passing through the
point (—2,4,10) and perpendicular to the plane 3z +y — 8z — 5 = 0.

r=-243t y=4+t, z=10-8t (21)

Ex: Find an equation for the plane passing through three points
P(0,1,1), Q(1,1,0) and R(1,0,1).

PQ=<1,0,—1> (22)
PQ=<1,-1,0> (23)
PQx PR=<—1,—-1,-1> (24)
—r—y—z=—2 (25)
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Ex: Find all first and second order derivatives for the function
f(x,y) =In(3z +y).

fo= g (26)
fv= sz—i?-JyQ @7
foa = (3;519@/2)2 (28)
Joy = (396;622)2 (29)
Jya = (31;622)2 (30)
o= @)
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