
MATH 10C: Calculus III (Lecture B00)

mathweb.ucsd.edu/~ynemish/teaching/10c

Week 2:

homework 2 (due Monday, October 10)

survey on Canvas Quizzes (due Friday, October 7)

Today: The cross product

Next: Strang 2.4

:



The cross product

]ef- [et Û = Lui
,
Uz

,
Uz) and Û = (Vi

,
Va

, V3> .

Then the cross product of ié and Û is Vector

ÙXÛ =

=

Example
§ = < 1 , 2,3 } , § =L - I , 2,0 )

F
>
✗ J' =
=

F.ÎÎ / = , §:(Ê×Î)=



The cross product

Fact : Vector à ✗ Î is orthogonal to both û and it !

and the direction is

determined by the right - hand
rate

..fi >

↑ Indeed
,

à
v

À = < 1 , 2,3 > , À =L - I ,
Z

,
O )

, À × J' = { - G
'

,
-3

, 4)

Ê ✗ À =
=



Properties of the cross product

Exercise Î ✗ j' = < I. 0,03×4011,0> =

=

T'✗ j' = j' ✗ Î = È×Î=

Theorem 2.6 et Û
,
Û

,
À be vector in Rs

.

Then

( i ) à ✗ J' =

( ii ) à
>

✗ ( Î+Û)=

( iii ) ( ( Û×Î)=

(Iv ) Û✗Ô=Ô×Û= For prof expand
(x ) Û×Î= both sites in terms

(vi ) Ù:( J' ✗ À )= of components of -ûÂÛ



Properties of cross product
n general , (à ✗ Î ) ✗ À ≠ à ✗ ( J' ✗ À )

(îxï ) ✗ j' =
Îx (ÏÎ ) =

Example (a) Calcul ate (E) • ( (3J ) ✗ È + Î ✗ 1- 4) Î )

(E) ✗ ( (3J ) ✗ È +Î ✗ 1- 4) Î ) =
=

=

(b) Show that Û×Î is orthogonal to à and Û

Û • ( à
>

✗ I ) Ii
)

ii. ( à ✗ I ) =



Magnitude of the cross product

East .

1-et Û and I be vector in R? Then

Proust . Expand both sites using Components Û=<ai .ua .us)
J = < V ,

,
V2
,
V3)

theorem 2.7 Let Û and Û be vector
,
/et ⊖ be the

angle between them
.

Then

HÛ ✗ ÛII =

Proof From (*) Il Û×ÎN=

From Thm
. 2.4 ii. Î = Then

HÛH - HIN =



Geometricinterpretation

Summary : 1-et à and I be Vector in IR?

Then ûxii is a vector in Rs such that

• Û ✗ Î is orthogonal to both à and Î (right - hand rate)

• IIÛ ✗ ÎH = HÛ II. HIN - sino with ⊖ = angle between ù and I

Consider a parallelogram spanned by vector à and I
>

Î Area (LT) =

>

à

Conclusion : magnitude of Û ✗Î is quat to the



Example

1-et P=( 1,2 , 1) ,
0=(21-3,1) , 12=(0,01-1) be

the vertices on a triangle .

Find its area
.

2- ^ p=( 112,1 )
EO

j
0=(21-3,1)

• • R =/0,0 ,
- 1)

< x

PÔ =

,

PTR =

,

Area (A) =

PÔ ✗ ÎR =

,

HPÊ ✗ FR11 =



Volume of a para
/le lepiped

Three - dimensional

^
. - - -

- - - -

prism with six

forets that are

each parade /◦grams .

Volume =

Let à ,Î
,
À be Vector in IN

,

consider a para
/lelepiped

spanned by à ,Î , À .

Area of the base =

Height =



Volume of a para
/le lepiped

Definition The triple salar product of ûiû and À

is given by
Theorem 2.10 The volume of a para /lelepiped given by
Vector Û

,
Î

,
Ù is the absolute value of the triple

scalar product

Entame Find the volume of the parallélépipède with

adjacent edges ( spanned by ) Û=H , -2,17 ,
F-
- <413,27

,
Û = Lois

,
-2)

ÛXÛ =

,
i. (ÛXÙ ) = L- l , -2 , 1) • (4,81-20) =

11--1 Û . ( Î×Û ) / =



Summary
Dot ( salar ) product : Û • Û = Uiv , + Uzvz + Us V3

• charcuteries the angle ◦ ≤ ⊖ ≤ IT between Û and Û

ii. À = HÛHIIIÎHCOSO

Cross ( Vector ) product : ÛÂ=(Uavz - Uzvz)Î - (u , v3 - Usv,) j' + (UN≥ -UNDIÎ

• gives a Vector that is orthogonal to both in and Û

• its length gives the area of the parade /ogram spanned

by À and À HÛ ✗ Ill = IIÛHIIÛH - Sin ⊖

Triple salar product of Û
,
I and À : ii. (Ûxw )

• its absolu te value gives the volume of the

parcelle kpipedspannedbyu.is and Û
.



Least remarks

If you
know trow to Compute the determinant of a

3×3 matrix , then the cross product of E- (uiiua.us) and

Û = ( Vi , V2 , V3) can be Compute d as

î j' Î
ÙXÛ = / U ,

Ua Uz | = Î (Uzvz - Uzvz) -J (Ui V3 - Uz V1) + Î (UNZ - Uzvi )V , V2 V3

Similar /
y ,
the triple scaber product of Û -

- lui .ua .us )
,

E- (vi.vzivs)

and Û - (Wi , wz.ws ) can be completed ces

U , U2 V3

Ù . ( ÛXÙ ) = / v , V2 V3 /=U , / Vzwz - Vzwz ) - Uz (Viwz - VsWi) + Us (Viwz -V24 )
W , Wz Wz


