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If a = (a1, as,a3) and b = (by, b, bs), then the cross product of a and b, denoted by
a x b, is defined as

i j k
axb=/la; ay as| = (azbs — azbe)i+ (agby — aibs)j + (a1by — azby )k
b1 by b3

The cross product a x b is a vector orthogonal to both vectors a and b.

Example 1. True/False.
(a) The cross product v x v =0 for any vector v.

False

(b) Suppose a and b are nonzero vectors. Then a x b # b x a. However, |a x b| = |b x a.
False

(c) Suppose a and b are nonzero vectors. Then (a+b) x (a—b) = a? — b2

True g:: aAx ca-») —)—bx/a——b) \
= q//((ofz" gxb + bxa - Mrg(éxa)_

y—2 1-—=z

The vector
3 5

(d) Consider a line given by parametric equations x + 2 =

(1,3,5) is a direction vector of the line.

(e) Consider that a plane Py is orthogonal to the line given by equations
r=—14+t y=2t z=3—3t.

’\5 ,
Then v = (2,4, —6) is a normal vector to the plane Py . <1, 2, "3> r'c @ mrmad
veclor. inece (? (¢ fﬂ/ﬂ//e/
False .
fo <, 2, "3)/ Y ¢S ﬂ'/J'O
a nirmad vector fo  the
plane .

Copyright (©) 2025 Math Learning Center Math 151 WIR 1: Page 1 of 8



TEXAS A&M UNIVERSITY
"’.:.I.l-.VI Math Learning Center MATH251 - Spring 25
' Week-In-Review 2

Example 2 (12.4). As shown in the figure below, let the vector a lies in the xy-plane and b
is a vector in the direction of k. Suppose |a| =5 and |b| = 4.

(1) Compute |a x b|— /@//A/ o1rn ® b

= (5)(4) (£in90)
- 20 antz

rené
me z - conpe
ans 1S zerD.
(II) Use the right hand rule to determine whether the components of a x b are positive,

negative, or zero.

Srnce axh s L Fo b, axsb lred on /ﬁfﬁf]—p/a/?e.
/3/ m'//u* hand ra/e/ ax b choudd ha e ;,, CUMFd/Mé’/veja(Z\M}
and 22 — co M/)onel' fo:r/\f*/'u.e .

Example 3 (12.4). Consider a triangle ABC with vertices A(0,0,0), B(1,2,0), and C' on
the y-axis. If the area of the triangle is 3/2, determine the coordinates of the vertex C.

AC0,0,0), B(J 2,00 Clo, }0) .

— >
AB = LKlL2z, 0y A =Ko,y 0
—> — ’ )

A xAc = | ' < K

M
Q

/ :Oc‘ﬁo\/l’f‘fk:/l(

e

2 aae/) = /
Srrea c;% the #’f/aﬂj/e = 2{/ B xrc/ =
2 = ( = = = 4 3
= = Qs = g= 7
§1 O 15 elrter (9,3.0) or (0,-3,0).
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Example 4 (12.4). Find unit vectors orthogonal to the plane passing through the points
A(1,0,0), B(0,1,2) and C(1,1,3).

e = =2 _ 7 C

AE = <ol L2y, AE=L0 05 ) <
R A4

g2 xac = [ ¢ Y K .

B /“ Y 9\/' _ kL , jo/ /A—_B%Xﬁ-?/:m:\/;//—

Unit- mrm al vectore to the plare are

o= 2 ABXA =t L (1,5
/B A A Ju

Example 5 (12.4). Determine whether the points A(0,1,2), B(2,1,0), C(—1,4,-3), and
D(4,1,-2) lie in the same plane. 777 4

—>

AB = < Q./J/—Z)
e = &1, 3 -5
AP =<K 4,0,~9)

|

A
—>

V'oldwm e af e /dm//é/e/@/\feél - /| AB . [ﬁk/}_@i)/

— 2 o —2
—) 3 -5
4 o -4
p— 2(—/2/0),—0(44-20),-2(0—/2) = O

Since the volume of fhe perallef. /p/‘/;ec/ (5 ZelD, the vectort nuultlie
/1 the same plane => the points midl fie in fhe Semve f/d/z&
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If P and Q) are two points on a line L, then the vector equation of the line segment
from P to () is given by

(@,y,7) = OP 4+ t(PO) = (1 - )OP +t00  0<t<1

Wo ,90 ZG
Example 6 (12.5). Suppose the line Ly passes through the point P(2,2,5) and is parallel to
the line ) 5
Ly: 2+45= % - ’Z; pVechor parallel % L, f¢
/ —
(a) Determine symmetric equations of the line L. V=< /, 3. 2> -
b

. . . a C
Drrection veclor of Ly = direchon yectorof L, = L1, 3 2>
<X, 9,27 = (2,2, 5> + £ 1,3, 2>

> x= 2+ f;/&: 24 36, ==5+ 2

(b) Find the point of intersection of the line Ly and the yz-plane (if any).
yzf/»p/ane::) X =0 -
jo/ 24 =0 = L= ~Z-

¥ =2 +3(-2) = —4

— _ — _ Toteneclion L, end yz-plare /1
== r+2( 2) N / —_> e % , [‘0/’4//)~

(¢) Show that the line Ly passes through the point Q(3,5,7), and determine an equation of
the line segment from P to Q.

(- 3 = ot = 2= t=1

J= 23 = 5 z= 6+2D="7.

2 &(35,7) /5 a pont o9 L, -
Eywﬁm of the [ine sefrunt PO (L 5 il

<91/;//z> - (\//é)<2/2/5—> +Z<3/F/7 y - = =
= Koo gt pab, 2-26+ 5E, TEEFTEY

— — 5 & oLt <s ).
%:ﬁ+f//—24—gk/z_b*2/ — )
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Example 7 (12.5). Determine whether the lines Ly and Lo are parallel, intersecting, or

skew. If they intersect, find the point of intersection. dlrection yectris !
_ — (
L1:$ 1:y+3:z;tt}//<3/57/ )
3 8
r—3 y—1 =z—-4
Loy = = =S
T2 -

Jince the directron Vecloas ¥, ard W, are not Pam//d/ Yo Lined
are NOT" parellel.
Faremeiric forme

’ Z:If—_
Z/, X = [+ 36, &’C’B{'Xt/
[Z geating corre ponding (Com poneyts)
(+34= 8—=2s_ (~3+85C= .
3 4 3(4 —94S) = /-5 ——
-3 4 22 — 225 = | —4S = —
nd [E=]

fabfff'/‘”/f% S=/,=0 /infv 424 =3-25
[+ 3(0) = 3~ 2C1)
/[ = / L=

fo/ the /x’ﬁg (ntersect at a /ar’/yt -

e posal g saferrectson t=0 =2 a=/(, y="%
0~

S’:,/—;> N — //

z =0

9/,: —3/ == O

YA e pornt c% Sy ferdectrdon of e lines 1< ([, -3, 0)
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Example 8 (12.5). Determine an equation of the plane passing through the points P(1,1,3)
and Q(2,1,5) and is perpendicular to the plane y = 2x + 3z — 4. > 2%-Y 5 3Z = - £

A normal f7 )%ef/lﬂ! ¢f/ 2x+3Z2-4 s ),= <2,-/, 3>

—

rFEA = < 1,9,2)

A nermal 10 fe f/ﬂ/)é /L

N\
" o= P‘Z%ﬁf/ sk /
0 =z
=
K
/7

—

. o b
— 2¢ +\/ — = <Q // _/>
Eguation of fhe plane s L LT-H Y-y, z-Z> —o
2,0, —IxeLa-/, Y-1, Z-3> =0 o143
200D F Ly-1) —(=z-3) =0
2 f—;&—z = 0

The distance D from the point Py(x1,y1,21) to the plane ax + by + cz +d =0 is

|CL(131 ol by1 +cz1 + d|

D =
vaz 4+ b2+ 2

Example 9 (12.5). Find the distance between the parallel planes 4z + 2y — z = 1 and
8r+4y —22=T. X J) Z

A/;nof on 4aA+ 24 -Z =/ . 210/00;0/2:4/\_7[0/0/,,)‘
Disfance bet! the pardlle| planes = Jyilence Pom (0,0,-1) to
the f/a/?e 3774—4y~.22—7:0

_ | ®lo) + 4¢6) ~2(-1) -7 ] _ ks

-
Vo8ir g2 4 (-202 v 1
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Example 10 (12.5). Consider two planes 3x —y + z =2 and 2x +y — z = 3.

(a) Find the acute angle between these two planes.
N~

(b) Find an equation of the line of intersection L of these two planes.

w A normal +o sx-Y+Z2 = 2 rsop,= <3 - ) >
A normed fo 2xAY-z= 215 n, = Lz, 0, -1D

—_—

-1/ 4
Co06 = U %  _  g-i -/ _ 4 = 0=cF [
- -/ _ ey
/0] I, Jir Jé Ve

@) 32’—/7‘2:2,:? z =2-3x+Yy-
S’uéff/‘ﬂ(ﬁy /Nt 2x +y— =z _ 3 i/l/ed

9 x + (/‘_2_,74._20(.——/":_3

C/?aﬂ//r/w 4=0 = == 2-3 D F+0 = —/.
ﬁ/ (9/0//0, o) — ( // 0, ’/) )_(’ a /70/,7/— a7 #e //‘/)2 073 (’/7)’2’)?90/720.
. ) >4 o7
A direction yectvorsr 7 A/ /S V= /7/>)( 7,
a J K . y
L :0&#5J+5K:<J/55->
3 — 7
2 /  —/

570/%/%5 line ! Lx yz> = <//0,//> + £L0,5 5>

x = // ;/:_ 5t ZzZ = —/ 4+ 5
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Example 11 (12.6). Identify and sketch the following quadric surfaces. /Fz

(a) 2° = y* + 2*

s P

R
Qc

(b)i2+y2—2x—2y—z+5:() ~
2% z =0
_22+L+y,g#4/ -z + 3=
2
(x -~ + (p-D"-zZ + 3 =0

= = = (-t DT 4 3

(c) 92° = 9y* + 2 =9 =0

QL__yZ_*E_Z _ )

7
2
> 2%, 2F = Ity
/ 7

cém,',y y=k,6 wt je[’ tvaced

6n =z - plane, whi'ch are e///‘fs' e
radicd 2
o red: VARG S 5

2.
Tn partrcales, J =0 => //Z +§_ =/

S= 22 => 2, z*_
4 3¢
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