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Session Objectives

> Scalar Triple Product
> Geometrical Interpretation

> Properties of Scalar Triple Product

> Vector Triple Product

> Class Exercise
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Scalar Triple Product

Let a, b, c be three vectors. Then, the scalar

product of a, b, cis denoted by [ b E] and is

defined as follows:
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Geometrical Interpretation

Let OA, OB and OC be the coterminous edges of a parallelopiped
such that OA=a, OB=b andOC =c.
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Cont.
Area of the parallelogram OADB = ‘ 5><I5‘

Let 0 be the angle between c and axb. Let 7 be a unit vector
along axb, then 0is also the angle between 7 and c.

[5 b E]:(éx B).E
= (Area of the parallelogram OADB) .

= (Area of the parallelogram OADB)(|ﬁ|‘E‘ cose)

= (Area of the parallelogram OADB)(‘E‘ COS O) [ A = 1]
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Cont.
= (Area of the parallelogram OADB)(OL)

[ ‘E‘ coso is the projection of c on ﬁ}

= (Area of the base of the parallelopiped)x(OL)

— —

= Volume of the parallelopiped with coterminous edges a, b, c
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Properties of Scalar Triple Product

1. For an orthonormal right -handed vector triad i, j and k

~n

' J=(fxﬁ).l2=l2.k=

Ja=(cxa)b or[a b ¢]=[b ¢ a]=[¢ a B]

3. The change of cyclic order of vectors in scalar triple product,
changes the sign of the value of the scalar triple product.

.e. [ab ¢]=-[6 ac|]=-[¢ ba]=-[acB]
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Cont.

4. Inscalar triple product the position of dot and cross can
be interchanged provided that the cyclic order of the
vectors remains same,

—

i.e. (éx B).E = (Bx E).é = 5.(5 c)

—>

a, b, c are coplanar < [5 b E] =0.

The scalar triple product of three vectoes is zero if
any two of them are equal.

—_ = —

i.e.[a a b]=0
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Cont.

7. If ais parallel or collinear to b, then a= b

.-.[5 b E]=[x6 b E]=x[b b E]=x.o=o.
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Scalar Triple Product in
Terms of Components

Let a=ayi+ayj+ask, b=byi+byj+bsk and c=cqi+cyj+csk
be three vectors, then

dy dy a3
b; by bs
G C G3
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Example -1

If a=i-2j+3k, b=2i-3j+k and c=3i +j- 2k, then find [5 b E].

Solution:[é b E]=

=1(6-1)+2(-4-3)+3(2+9)

=5-14+33=24
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Example -2

Find the volume of the parallelopiped whose coterminous edges
are represented by a=2i-3j+4k, b=i+2j-k and c = 2i - j+ 2k.

Solution:We have a=2i-3j+4k, b=i+2j-k and c=2i- j+2k.

The volume of the parallelopiped = [5 b E]

2 -3 4
1 2 -1
2 -1 2

2(4-1)+3(2+2)+4(-1-4)|

6+12-20|=|-2| =2 cubic units.
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Example -3
Show that the vectors i-2j+ 3k, - 2i + 3j- 4k and i - 3j+ 5k are coplanar.

Solution:Let a=i-2j+3k, b=-2i+3j-4k and c =i - 3j+5k.

—»

If 3, b, C are coplanar, then|a b E} =0.

1 -2 3
2 3 -4
1 -3 5

= 1(15 - 12) + 2(-10 + 4) + 3(6 - 3)

=3-12+9=0
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Example -4

Find the value of A such that the following vectors are coplanar:
a=2i-j+k, b=i+2j-3Kk, c=A1i+2Aj+5Kk.

—_ >

Solution : g, b, c are coplanar = [a b E] =0.

2 -1 1
1 2 -3
A A5

=2(10+31)+1(5+31)+1(A-21)=0

= 20+6A+5+31-1=0
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Example -5

Show that four points whose position vectors are
6i-7j, 16i-29j-4k, 3j-6k and 2i +5j+ 10k are coplanar.

Solution: Let A, B, C, D be the given points.

The given points will be coplanar < [AB AC AD] =0

AB = (16?-29}-4&)-(6?-7}) =107-22j-4k

R:’=(33-612)-(6?-73)=-6?+1oj-6|2

AD = (2?+5§+10|2)-(6?-73)= 47 +12j+10K
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Solution Cont.

10 -22 -4
[AB AC AD]= 6 10 -6
-4 12 10

=10(100+72)+22(-60-24)- 4(-72+40)

=1720-1848+128=0
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Example -6

—_— > —_ > — —>

Provethat[a+b b+c c+a] Z[é b

—_—> > —»

Solution: LHS = [a+b b+C c+a]
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Solution Cont.

= 5(5x6)+5(6x5)+5(6x5)+6(BXE)+B<BX5)+B(Exé)

ab E]+O+O+O+O+[é b C

—_ >

z[a b E] =RHS
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Vector Triple Product

Let a, b, c be three vectors, then the vectors

5><( b x E) and (5><|5)><E are called the vector

—_ > —

triple product of g, b, C.
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Example -7

Prove that ax (6 x E)

—
—

Solution:LHS=éx(BxE)+bx(Exé)+Cx(

={(a.¢)b-(a.b)

=(a.¢)b-(a.b)c+(a.b)c-(b.cla+(b.c)a-(a.c)b

=0=RHS
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Example -8

For any vector a, prove that Tx(éx |)+§x(éx})+l€x(éxl§) = 2a.

Solution:LHS=fx(éx?)+ix(éxi)+l2x(éxl2)
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Example -9

Provethat[axb bxc cxa]=[5 b E]Z.
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Solution Cont.
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Example -10
Ifa=i+2j+3k,b=2i-j+kandc=i+j-2k
show that (éxB)xE;téx(BxE).

Solution:

LHS = (axB)x = {cx(axb)| = ={(cB)a(ca)B} - (¢a)b—(cb)a

{(?+3 2k).(i +23+3k)}(2?-j+ k)

-{(I +3j-2 k).(ZI -+ k)}(l +2§+3I2)

=(1+2-6)(2i-j+k)-(2-1-2)(i+2j+3K)
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Solution Cont.
= (—6?+33-3 R)+(T+2§+3|2)

=-5i+5j

RHS = 3% (6% ) = (35)B - ()¢
= {(?+zj+3|2).(i+3-2 IZ)}(zf-j+ k)

-{(?+2§+3I2).(2?-i+ I%)}(Hi-z lZ)
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Solution Cont.
(1+2-6)(2i-]j+k)-(2-2+3)(i+j-2K)
=(-6?+3§-3 |2)-(3?+33-6 LZ)

=-9i+3k £LHS
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