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9/2/18

Vectors, Lines and Planes - Lesson 1

The Vector Product and the Scalar Triple Product

LI

e Calculate the Vector Product of 2 vectors.
e Calculate the Scalar Triple Product of 3 vectors.

SC
e Vector Product Formulae.

e Determinants.
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The vector product (aka cross product) of 2 vectors a
and b is the vector,

axb = |al|blsin® n (vector form)

where n is a unit vector at right angles to both a and b,
and © is the angle from a to b. The 3 vectors a,b
and a x b form a right-handed system :

axb

The component form of the vector product of
a=ai+aj+a,kandb =b,i + b,j + b,k is,

a, b3 - Q3 bz

axb = a; b, - a,b;
albz - a, bl
Feb 1-11:10
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Vector Product Properties

For the unit vectors i, j and k:
ixj=k ixi=0
ixk=i ixji=0
kxi=j kxk=0

For any vectors a,b and c:

eaxa=20
eaxb=-(bxada

b +¢)=(@xb + (axg
e(@+bxc=(@xg)+ (bxg

e a x (

For any non-zero vectors a and b:

axb=20

a,b are parallel (a = kb, k € R)
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The scalar triple product of 3 vectors g,
b and c (in that order!) is the scalar,

al
[a.b.c] =ae( x¢c) =§ b, b, b,
c,

Feb 8-11:28
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Example 1

Find a x b for the following :

(a goes into the page)

a xb = |a||b]sin® n

axb = 3/2sin300° n

R axp-- 382,
Sep 12-14:22
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Example 2

find a x b.

If a=2i-5j+3kandb = 4i-11j - 7Kk,

2 4
axb = -5 X - 11
3 -7

=37 -3(-1)

axb = 3)4) - 2(-7)
(2)(-11) - (-5)4)
68
= axb = 26
-2
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Example 3

Find a unit vector in the directionof n if a,b and n forma
right-handed system of vectors, where,

a = 1 . b= -1 :
-1
1 1
aXxb = 1 X -1
-1 1
M@ - D1
axb= DM -MMQA)
MEH -

0
= axb = -2
-2

la x b|] = V8

A unit vector in the direction of n is,

1 0 1 X
—f -2 =|-— 1
A V2 1
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Example 4

Show that no value of p makes the vectors a = 2pi + j - 3k
and b = -7i + pj - k parallel.

-(8) ()
)

axb = 1
-3
-1 + 3p
axb = 21+2p
2p + 7

2p° +7 # 0(peR) = ax b+ 0= ab notparallel

Sep 12-14:22
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Example 5
Find [b,a,c] (= b (ClX_))lf = 3i+2) -k,
b=-2i+5kandc =-i+ j+ 4k

The vector product a x ¢ can be evaluated first and then
this 'dotted’ with b. Alternatively, the determinant formula

can be used.
b, b, b, -2 0 5
[QIQIE]: Gl 02 03 - 3 2 —1
c, C, -11 4
2 -1 3 -1 3 2
b,ac] = -2 -0
[b, a, c] l1 4| 4 4‘ 5|_1 1I
= [bac]=-28+1)-0+5@+2)

> |[b.a,c] =7

Sep 12-14:22
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AH Maths - MiA (2" Edn.)

e pg.284-5 Ex. 152 Q1aq,e,f.

e pg. 286-7 Ex.15.3
Qla,b,2c¢c,d, 8c.

e pg. 288-9 Ex.154 Q1,6.

10
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Ex. 15.2

Copy each diagram and add a X b in each case, indicating the magnitude and direction cleatly. The normal to
the plane occupied by a and b is indicated in each case and a statement is included to clarify the ambiguity

caused by optical illusion.

e f

b is nearer a comes out of the page a comes out of the page

Ex. 15.3

1 Evaluate

11 (0 (4
a |(lolx|1 b 2] %[5
0 0 3 6

2 Express PQ X PR in component form for each set of coordinates.

c P(0,5,3),Q(—1,2,—1),R(6,0,0) d P(—40,4), Q(0,3,2),R(—6,5, —3)

8 p,qandn form a right-handed system of vectors. Find the unit vector in the direction of n when p and q are

given by

Ex. 154

1 By evaluating both expressions, verify thata - (b X ¢) = (a X b) - ¢, given
a=2i+j+3kb=5i+3j—2kandc=—i+2j+ 4k

6 Givena=2i—j+3k,b=i+4j—2kandc= —i+2j+tk,

for what value oftisa-b X ¢ = 33?

Jun 19-11:45

February 09, 2018

1"



001 - The Vector Product and Scalar Triple Product.notebook February 09, 2018

Answers to AH Maths (MiA), pg. 284-5, Ex. 15.2

Answers to AH Maths (MiA), pg. 286-7, Ex. 15.3

1a 1 b 3V6
—11 —11
2 ¢ |—-27 d 32
23 26

8¢ -k

Answers to AH Maths (MiA), pg. 288-9, Ex. 15.4

[a—y

Verification, both equal 53.

6 1

Jun 1-11:51
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