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Formula Sheet

Operator Tinstration Images of ey, €3, ¢3 Standard Matrix
Definition 0.1, A vector space (over R) consists of a set V' along with two operations: Orthogonal projection Tie) = T(1,0,0) = (1,0,0) 1 oo
an addition, ‘4, and a scalar multiplication, ‘", onte the xy-plane T(e) = 110, 1,0) = (0,1,0) LA
subject to the conditions that for all vectors bv, w, u € V and all scalars r, s € R: Ty Te) =T(.0.1) = ©,0,0) oo
(1) the set V is closed under vector addition, that is, v+ w € V' N
2) vector addition is commutative,v + w =w 4+ v Orthogonal projection o [ o o
g X 0,2
onto the xz-plane o :, ! 00 0
(3) vector addition is associative, (v +w)+u=v+ (w+u) =(x,0,z) kY 001
E
(4) there is a zero vector 0 € V such that v+ 0=v forall ve V
(5) each v € V has an additive inverse w € V such that w +v =0 o - _
Orthogonal projection T(er) = T(1.0.0) = (0,0, 0) 000
(6) the set V is closed under scalar multiplication, that is, r - v € V' onto the yz-planc T(e:) = T(0. 1,0) = (0,1,0) 010
Tix, y.2) = (0, v.2) Tle:) =T(0.0,1) = (0,0, 1) 0 0 1
(7) addition of scalars distributes over scalar multiplication, (r+s)-v=r-v+s-v
(8) scalar multiplication distributes over vector addition, r- (v4+w)=r-v+r -w
) L. ; ) ) Lo . Operator Hustration Rotation Equations Standard Matrix
(9) ordinary multiplication of scalars associates with scalar multiplication, (rs)-v =1 (s-v)
(10) multiplication by the scalar 1 is the identity operation, 1-v =v. )
Counterclockwise
rotation about the wy; =x |—l 0 0 W
Operator lustration Images of ¢y, ez, e3 Standard Matrix positive x-axis through wy = ycosf — sin 0 cosf —sinf
an angle & wi = ysinf + zcos# |_El siné  cosd J
Reflection about Tle)=T(1,0,0)=(1,0,0) ! 0 0
the xy-plane Tles) =T(0,1,0) = (0,1,0) 0 1 0
Tix,y,2) = (x,v,—1) Tlea) =T(0,0,1) = (0,0, =1) i 0 —1 Counterclockwise
. - i rotation about the wy = xcosf + zsinf cosf 0 sind
positive y-axis through ¥ 1] 1 0
an angle & wy = —xsinf) 4+ zcosd —siné 0 cos#
fx,
Reflection about Tie) =T(1.0,0)=(1,0,0) Lo 0
the xz-plane Tlex) = T(0.1,0) = (0, —1,0) 0 -1 0 Counterelockwise
X ion about the ) = xcosl — vsin 6 cosfl  —siné 0
) = (k. —v = Tles) = T(0,0, 1) = (0,0, 1) rotation & w X cosf — ysin
Tix. v,2) = (v, =y, 2) 3 o 0 1 positive z-axis through s = xsinf + y cos sinf cosd 0
an angle & w, 0 0 1
Reflection about Tie)=T(1,0,00=(—1,0,0) -1 0 0
the yz-plane Tles)=T(0,1,0)=(0,1,0) 010
Tl y2) = (=, v, 2) Tles) =T(0,0,1)=(0,0,1) 00 1




