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MULTIPLE PRODUCTS

SYNOPSIS

1. Scalar triple product: If a, b and ¢ non-zero vectors then the scalar product of
these vectors is given b_y.(BXE) or (QXB).EOr (Exa). betc..
i. [abc]=[bca]=[cab]=—[acb]=[bac]=-[cba]
i If a=(a, @ a) =ai +aj +ak, b= (b bb)=bi*¥bj + bk,
- i B B B (= VA= P TI
c=(C, C G)=Gi +&j +gk.Then[abc]=|b, b« byj=1a, b, c,.
Cl CZ C3 a3 b3 C3
Note: All of the above relations hold for all non zero or some of non zero vectors.
iii. [abc]=0ifa=borb=corc=a
iv. If [55 E] = then vectorsa, b andc are coplanar.
v. if [55 E] # 0 then vectors,-brandc are non coplanar.
Vi. [55 (_:] > 0 then vectora, b andctriad of right handed system.

Vii. [55 E] < 0 then vectors, b andctriad of left handed system.

viii.If a, b‘andc are the coterminous edges of a parallelepiped then its volume is given

asV |[55 E]lcu units.

ix. If OA= 5, OB = 5, andOC = ¢ then the volume of tetrahedron

OABC :% I[ab c]jcu units.
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x. If A, B, C and D are the vectors of a tetrahednmose P.V.s are, b, c andd then

its volume (V) is given a% |[AB AC AD ]|cu units.
1,- —— —— - .
V= 5 [[a— b a— ca— d]|cu units.

xi. If pointsa, b, c andd are coplanar theralb c]=[bcd]+[cad]+[ab'd].
xii. If a, b andc are coplanar thera[xb bxccxa] = 0.
xiii.lIf a + b + ¢ = Othena, b, c are coplanar.

xiv.If a, b andc are three mutually perpendicular unitvectors theh c] = +1.

|

xv. [ijk]=[]ki] ij]=1

[

[ikjl=[kjil=[jik]

-1

2. Cross Product of Three Vectors: For any three vectora, b and c then cross
product or vector product of these vectors arergi@eax (bxc), (axb) xc or

(bxc)xa etc.
i. ax(bxc)is vector quantity andajx (bxc)| = |[(bxc) xa|
ii. Ingeneralax (bxc)# (axb) x.c
iii. ax (bxc) = (axb) xc if a andc are collinear
ive.ax(bxc) = —(bxc) xa
V. (axb)xc=-cx(axb)= (a.c)b—(a.b)c=ax(bxc)

vi. If a, band care non zero vectors araix (bxc) = O then band care parallel (or

collinear) vectors.
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vii. If a, b andcare non zero and non parallel vectors tlen(bxc), bx (cxa)and

cx (axb) are non collinear vectors.
viii.If a, b andc are any three vectors thar{bxc) + bx (cxa)+ cx (axb)=0

ix. If a, b andc are any three vectors ther(bxc) + bx (cxa) + cx (axb) are

coplanar. [Since sum of these vectors is zero]

x. a(bxc) is vector lies in the plane @fand cor parallel to the plane dfandc.

3. Dot product of four vectors: The dot product of four vectoes, b, ¢ andd is given
as (axb).(cxd)=(a.c)b.d)— (a.d)(b.c)

ac ad
bc bd

SomeMeaning LessProducts: a . (b c)pa%b. (c.d) ax(b.c) and

(@.b)x(c.d) Etc.

4. Cross Product Of Four Vectors: If a, b, ¢ and d are any four vectors then

(axb) x (cxd) =[acd]b=[bcd]a=[abd]c —[abc]d

5. Reciprocal System Of Vectors: If a, b andc are non coplanar vectors then the

triad a, b, ¢ of vectors given bya = bxc b= X2 s axb s called
[abc] [abc] [abc]

reciprocal system vector triad af b andc.

If a, b andc is reciprocal system of vectors triad af, b andc then
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Self Reciprocal System: Let a, b, ¢ be three vectors. If the reciprocal system of

these vectors, b andc is a, b andc itself then the system of vectoss b_.and c

is called self reciprocal system of vectors.
Vector Equation of a Plane Using Scalar Triple Product:

Vector equation of a plane passing through thmeaollinear points having position

vectors a, b andc is

Ir —ab - ac—a|=0 (or)

r . (bxc+cxa+axb)=[abc]

Vector equation of a plane passing.through a gpant with P.V.a and parallel to
b,cis [r-abc]=0(or) [rbc]=[abc]

Vector equation of a plane-passing through thetpca, b and parallel toc is
[r-ab—ac]=0.

Length of perpendicular from origin to the plamatining the points, b andc is

|[bxc#cxa+axb]|
Vector equation of a plane passing through orgid pointsb, ¢ is [r b c¢] = 0.

The shortest distance between the skew lines

r=a+tbandr =c +sd is
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