26. Scalar Triple Product

Exercise 26.1
1 A. Question

Evaluate the following :

(i ]+ [iki]+[ki]]
Answer

Formula: -

(i)[ab¢] = d(bx¢) = b.(éx3) = &(3xb)

[k] + [iK] + [kij] = Gx.k + ((x k)i + (kxi).j
using Formula(i) and (iii)

= [ijk] + [iKi] + [Kj] = Bk + i1 + ]

= [ik] + [ki] + [kj] =1+1+1=3
therefore, using Formula (ii)

[1k] + [iK] + [kij] = 3

1 B. Question

Evaluate the following :

20 jk]+[ikj]+[kjai

Answer

we have

[27%] + [iK] + [ij] = @ixP.k + (ExP.j+ (kxj).20
using Formula (i}

= [21/k] + [kj] + [Kj] = 2kk + (). + (-9).21
using Formula (ii)

= [21k] + [ikj] + [Kj] = 2—-1-2
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= [25K] + [ikj] + [Kij] = -1
therefore,

[21k] + [iK] + [Kij] = —1

2 A. Question

Find [5 B E-I when

a=2i-3jb=i+j-k and ¢ =3i-k
Answer

Formula: -

ifi = a0 + a,j + az kb = byi + byj + bykand@ = i + c,j +

i . - 3 2 4
cskthen, [dbe] = [by b, by
€ € G
31 A2 di3
dzz  da3 d23
A1 Az 3| = (-1)'Trag|; . (12|,
(iiy1az; a3z 333 ik *

a 4
43143 21 zzl
( l) alS'lagl 3_32

Given: -

3=21-3b=1+j—kand€ = 31—k

using Formula(i)

. 2358 0O
[Ebé]l =1 1 -1
3 0 -1

now, using

dyy 32 Ay3
dz1 Az @dz3
d3y d3z Qg

daz  Az3 dzy daz
= (_1)11-13 I |+(—l)1+21 i |
lag; ag “12lagy ag
a,, a
1+3 21 dz2
+ (D Ay a |
d31 432

2(0-1-0)+3(-1+ 3)
=-2+6

=4

therefore,

[3be] = 4

2 B. Question

Find I:E E E-I when

a=i-2j+3k.b=2i+j-kandc=j+k

Answer

daz
d3z

| +
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Formula: -
a, a, ag
(VIFF = a,i+ a,j + az kb = byi + boj + bykandé = ¢;1 + c,j + cykthen[3bc] = |by b, Dby
G & G

dyy A4z dy3

dyz daz dz; dgz
d23 dzz dp3| = (—1)“’1311.[ | + (_1)1+2312-| l +

.. d daa 4 dan
(ii) |23, @22 asa 3z 33 31 d33
a a
_1)1+34 l 21 2z|
=1 3laz; ag
Given: -
a=1-2+3kb=21+j—kand?€ =7 + k
. 1 -2 3
[[e] =12 1 -1
0 1 1
now, using
dyy A1 Q3
dzy dzz dz3
dzy dzz @33
dss  das d- Aan
" 1+1 2 < 1+2 21 23
= (-1) a3 3 ':] + (-1)*7%ap,. | qw-l
d3z 43z dz;  dzz
T T
+ (-1)**3a H.I "|
( ) 13 331 33:

=1U1+1)+2(2+0)+ 3(2-0)

=2+4+6=12

therefore,
[3bE] = 12

3 A. Question

Find the volume of the parallelepiped whose coterminous edges are represented by the vectors:
a=2i+3j+4k.b=1+2j—-k.c=3i—j=2k

Answer

Formula : -

3 =ai+aj+a kb =Db,i+byj+bykand = c,i + . +

(i U
c;kthen,[abc] = |by b, b
€6 G G
dy1 dy2 di3
dzz dz3 dz; dz3
321 A2 3| = (-1)M*1ay.|, qnl + (DY ?anp |00 4 ,.| +
(”) 331 332 333 32 33 31 33

d .
1+3 21 22
(-1) al3'|a a [
31 932

Given: -
i=21+3b=1+2—-ke=3-5+ 2k
we know that the volume of parallelepiped whose three adjacent edges are

3,be is equal to |[abe]].
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we have
- 2 3 4
[abe] = 2 -1
3 -1 2
now, using

d31 @12 843
dzy dzz dpg

d3; d3z Qa3

dzz  dz3 dzy  da3
= (-Dt*1la,,. |+ —-1)1+23 |
( ) 11 332 333 ( ) 12 331 333
dz1 a2
+ (—1)1¥3a,..
( ) 13 331 332

2(4-1)-3(2+3)+4(-1-6)
=-37

therefore, the volume of the parallelepipad is [HBE] |=37] = 37cubic unit.

3 B. Question

Find the volume of the parallelepiped whose coterminous edges are represented by the vectors:

a=2i-3j+4kb=i+2j-k c=3i-j-2k

Answer
Formula : -
a, a, a,
()ifF = a,i + a,] + a; kb = byi + b,j + bykandé = ¢,i + ¢,j + c;kthen[abc] = [by b, by
G G G

dyy d32 dy3
dzy dzz A3
dgy d3z daz
dz;  daz
(—1)1*3a,.. I
3ag; ag;

a

22
22

(1)11

e 1 T

3 1+2 szl 23| 4
S (—1) dqs. | | or

3| 12a;3; a3

-
d=
3

(ii)

Given: -

=21-3jb=1+2j—-kE =3i—j + 2k

il

we know that the volume of parallelepiped whose three adjacent edges are

ab, ¢ is equal to HﬁE“

we have
- 2 =3 4
[3be] = 2 -1
3 -1 -2
now, using

a1 12 A3
dzy dpz da3
dzq dAgp Aag

= (-1)'*tay,.

dzz ﬁzsl 142
A3, dag + (-1) ap.

dpy  dpp
+ (-1)r*3 313-I331 I

azy 323'
dzy  das

daz

=2(-4-1)-3(-2+3)+4(-1-6)
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therefore, the volume of the parallelepiped is [bé] = |-35] = 35cubic unit.

3 C. Question

Find the volume of the parallelepiped whose coterminous edges are represented by the vectors:

Answer

Formula : -

(Difd = a,d + a,j + a; kb = by1 + b,j + b; kand?

a, a, a,
= ¢,i + c,f + c;kthen,[3bc] = |[by b, by
A1y @32 33
(i) |21 322 223
d3y dzp Aazz
322 3n3 - 321 dans
= (-1)1*1, | =l + —1)“‘aﬂ.| <=
(z8 1Az,  ass ( 120ag;  as3
Eon  ohm
+ (-1t 3a l < ""I
A 130az;  as
Given: -

=)

i=111b =25¢ = 3

we know that the volume of parallelepiped whose three adjacent edges are

3,b", ¢ is equal to |[abE]|.
we have
. 11. 0 0
[EE] =|o 2 o

0 0 13
now, using

dp; A1z 33
dz3 dz Qa3
d3y d3pz dag

dz2 az3
= (0 tan 2 B+ D 2ay,

dz; dz3
dzy a3

dzy  dzz
+ (=1 3 a..). I
( ) 13 331 agz

=11(26 -0)+ 0+ 0 =286

therefore, the volume of the parallelepiped is[a b €] = |286| = 286 cubic unit.

3 D. Question

Find the volume of the parallelepiped whose coterminous edges are represented by the vectors:
a=i+j+kb=i-j+kc=i+2j-k

Answer

Formula: -



(Dif3 = a,i + a,] + a3 kb = byT + byj + bykandé = ;i + c.j + c;Kthen[abe] =

dy9 432 Qi3

(i) [321 322 @23
d3; A3z Aaz;
das  doz dpy  daz
= (_1)”1311'I1 a I + (D Pan |y, I
dzz Q33 dzy Q33

dzy A3z
PN R N i
13fa;; ag

Given: -
i=i+j+kb=1+2{-ke=3-7+ 2k

we know that the volume of parallelepiped whose three adjacent edges are

a.bé is equal to |[abd]|-

we have

. 1 1 1

[Ebe] =1 -1 1
1 2 sl

now, using

dy; Q12 933
dzy dzz Az
dzq A3z @iz

+Cotraal 3
=1{1-2)-1(-1-1)+ 1(2 + 1)
=4
therefore, the volume of the parallelepiped is [EGE] = |4]
= 4 cubic unit.

4 A. Question

Show that each of the following triads of vectors is coplanar:
a=i+2j-Kk.b=31+2j+7k c=51+6]+5k

Answer

Formula : -

()ifd = a,d + a,j + a; kb = byI + b,j + bykand®

a; a, a,

-~ —
= ¢,1 + ;] + c;kthen, [ihc] = |by b, b;
€, G G

d31 A3z I3
dpy dzp dp3
d31 A3z Az

_ (71)1 +1 .

(if)

Az2 323' +(~1)1+2a Iﬂn a23|
12
dzz @iz dzy  dag

dz21
+ (-1)'*3%a I
- 13702z, as

dzz
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(iii)Three vectors a',b’, and c’are coplanar if and only if
a(bxd) =0

Given: -
i=1+2—kb=31+2+7ké =5+ 6] + 5k

we know that three vectora‘,E, ¢ are coplanar if their scalar triple product is zero

[z5¢] = o.

we have

. 1 2 —

[Eoe] =13 2 7
5 6 5

using

dyy dpz2 @43
dzy Az dag
d3y A3z QA3

Ay dag 2 day  dag
= (-1 *ta,,. 2|+ orrzag
dzz Q33 d31 43z
a o
1+3 21 22
4 | |
-1 A3l ay,;

= 1{10 - 42) - 2(15 - 35) - 1(18 - 10)

=0

Hence, the Given vector are coplanar.

4 B. Question

Show that each of the following triads of vectors is coplanar:
a=-4{-6j-2k.b=—d+4j+ 3k c=-8i-j+3k
Answer

Formula : -

(Dif3 = a,i + a,] + a; kb = byi + b,j + b kand¢

a, a, a,

~ -
= ¢, + c,f + czkthen,[abc] = |b; b, by
G G G

A3y 34z 333

(ii) 321 322 223
dz1 832 a3z
a Anq a a
_ 1+1 hz22 23 1+2 21 23
= (D a3 ]+ (a2
A3z 333 31 a3z

dzy dzz
+ (—1)**3a I I
1%la;y A

(iii) Three vectors 3, b, and ¢are coplanar ifand only if & (B X "c') =0

Given: -

i=—4i-6/—2kb = —1+4j+3k¢=-8i—]+ 3k

we know that three vectorj b, ¢ are coplanar if their scalar triple product is zero

[3be] = o.
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we have
- -4 -6 -2
[Ebe] = [-1 4 3
-8 -1 3
now, using

d31 12 A3
dzy dzz dzg

d3y d3z A3z
= (-D'*tay,.

dz1 a2
+ (—1)1*3a,..
( ) 13 331 332

Az22 323|+(_1);+za |321 da3
dz2 Az 120agy g3

-4(12 +13) +6(-3 + 24) - 2(1 + 32)
=0

hence, the Given vector are coplanar.

4 C. Question

Show that each of the following triads of vectors is coplanar:

d=i-2j+3k.b=-2i+3j—4k.é =i—3j- 3k

Answer
Formula : -
4, 4z 3
(1)ifd = a,1 + a,§ + a; kb = byi + b,j + bykand ¢ = ;i + c,j + c;k then, [3bc] = (b by by
€ G G

dyy A4z 33

(ii) (321 d22 Az
d3; A3z Adag
a . ] Tl Hkg
- 1+1 22 23 +2 21 23
s Ah A3, dag + (1) T b
= =)
a &,
1+3 21 22
+ (1) 313‘1331 a32|

(iii) Three vectors E,Batld ¢ are coplanar if and only if a.(Bx¢) = 0
Given: -
ia=1-2j+3kb = —2i+ 3j—4ke =1—-3j + 5k

we know that three vector 4,6, are coplanar if their scalar triple product is zero

[zb¢] = o.
we have
- 1 -2
[3be] = [-2 3 -4
1 -3 5

now, using



dyy A1 dy3
dpy  dzz dzz
dzy A3z Qag
= (-D**1ay,. 222 22
dzz

dzy 4z
+ (-1)' 3 a) |
137]a3; Qasz

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

=3-124+9=0

5 A. Question

Find the value of A so that the following vectors are coplanar.
a=i-j+kb=2i+j-k c=ni-j+2k

Answer

Formula : -

(Dif3 = a,f + a,] + a; kb = byi + b,j + b, kande

da; ap ag
= c,i + c,j + cykthen,[3bc] = |by b, by
C; € C;

d7 ;2 a3
dzy dpp da3
dzy dgz dzz

(ii)

d5 dog d- da4

— (_13y1+1 22 .:::I _131+2 21 ..JI

) tlag, g Y M2Jay; ag;
2 dsyy  dan
S-1)1+3 3 l i
B 1308z, ag;

(iii) Three vectors 3, b, and Zare coplanarifand only if 3. (TJ) xc) =0
Given: -
i=i-j+kb=21+j-ke=2a—-j+ 2k

we know that vector 3 b, ¢ are coplanar if their scalar triple product is zero

[zbe] = o.

we have

. 1 -1 1

Ee] =12 1 =1
A -1 A

now, using

dy1 Ay 33
dzy dzz Adzz
d3; d3z A3

a a a a
22 23 1+2 21 23
= (—=1)*1a,,. |+ -1) a0 |
( fag; a3 ( 12'[ag;, Qg3
a a
21 @22
+ (-1)t*3a I |
( 130a;; ai;

20=1A-1)+ 12A+ N +1(-2-A)
=20=A-14+3A-2-A

=20=3A-3
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5 B. Question

Find the value of A so that the following vectors are coplanar.
a=2i—j+kb=i+2j-3k.c=ni+2j+5k

Answer

Formula : -

()ifd = a,i + a,j + az kb = byT + b,j + bykandé

a;, a, 3a
= ¢,i + c,f + c;kthen,[3bc] = |by b, by
€, C €3

A3y d32 343
dzq dpz  dzz
dzy dgz Aazg

(ii)

dpp  daz day  daz
= (_1)1+1311. | + (_1)1+2312- ] a l
dgz dzz dzy  daz
dzy  dzz
+ (-1)**3al |
1%lazy ai;

(iii) Three vectors 3, band tare coplanarif and only if 5@ X "c') = i)
Given: -
3=21-j+ kb =1+ 2/-3k€ =21+ A + 5k

we know that vector 3 ] ¢ are coplanar if their scalar triple product is zero

[3be] = o.

we have

~ 2 S

[Ebe] =1 2 -3
A A 5

now, using

11 Q12 933
dpy dzz Azg
dzy dzz A3z

dzz dz3 dzy  dzg

= (-1)1*1a,. |-§- =1 2 |

=1 lagz A =D 1202z, Qs
dz; dx2
+ (-1)**+3a l |
( ) 13 331 337_

=0 =2(10 + 3\ + L(5 + 3A) + 1(A - 27)
=20=8A+25

—25
8

5 C. Question

Find the value of A so that the following vectors are coplanar.
a=i+2j-3k.b=3i+7j+k c=i=2j+2k

Answer

Formula : -
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(DIfF = a,0 + a,f + a; kb = b,1 + b,j + by kand

a, a, ag
= ¢,1 + ;] + c;kthen, [3bé] = |by b, b
€, €z &

a3y dyz d33
dpy dpp  Ang
d3y dgz Adgg
A2 daz dyy Az

= (_1)1+1311. 333| + (_1)1+2312' I

(if)

dzz dzy  daz
dzy7 dz2
+ (-1 3 a, |
13 M3z ag

(iii) Three vectors g, band care coplanar if and only if a. (B X E) =0

Given: -

)

i=1+2j-3kb=3t+Aj+ke=1+2 +2k

we know that vectorﬁ’,'ﬁ, ¢ are coplanar if their scalar triple product is zero

[3b¢] = o.

we have

- 1 24

[Ebe] =3 2 1
1 SRt

now, using

dy1 Q12 dy3
dzy Az Az3
dzy d3z a3

a5 Aag a- Ao

1+1 22 23 1+2 s 23

= (0 ra R 2+ Gt ran [ 00
dsy  das
+ (-1)1*3a | "|
D 1303z da

=20=1(2A-2)-2(6-1)-3(6 - A)
=20=5A-30

>A=6

5 D. Question

Find the value of A so that the following vectors are coplanar.

a=i+3.b=5k.c=nri—j

Answer
Formula : -
a; a, d,
(Dif3 = a,i + a,j + a; kb = byi + byj + bykandé = ¢, + c,f + cykthen[dbé] = [by b, b
G G G

dq1 Q4 g3
dzy Azz dzg

dzy A3z daz
dzz dzz dz;  dzz
= (-1)*1a,,. |-I- —1)1+23 ‘ < |
( 1Az,  as; ( 12']ag;  as;

a a
1+3 21 22
+ (_1) * 313'|a31 agzl

(if)
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(iii) Three vectors 3, b,and Zare coplanar if and only if . (1; X E) =0
Given: -
i=1+3jb=5k¢=2i—j

we know that vector 3 b, ¢ are coplanar if their scalar triple product is zero

[zbE] = o.

we have

_ 1 3 0

[Ee]l =0 o 5
A -1 0

now, using

dy1 Q12 Q3
dzy dp dpg
d3y dzz Adzz

— (-1 e e2a, [t 22|
Ay, 4y
+ el o
=20=1(0+5)-3(0-5A) + 0
=0=5+ 15A
= A = ::E
3
6. Question
Show that the four points having position vectors i —7j. 16i =19 j—4k. 3j— 6k. 2i+ 5j+ 10k are not
coplanar.
Answer
Formula : -
4 dx d;
()if3 = a,0 + a,] + a; kb = byl + baj + bykandé = ¢, + c,j + c;kthen[abe] = [by b, by
c; € €3

11 @32 a3

(ii) 321 322 223
dzy dzz daz
dz2 Q23 142 dzy Q23
= (—-1)t*1a,,. |-I- =i <rEAn v |
( ) 11 332 333 ( ) 12 331 333

a a
1+3 21 22
+ (_1) 313'1331 a32|

(iii)if0A = a,; + a,j + a;kand 0B = b,i + b,j + b;kthen 0B —0A = (b, —a,)i + (b, —a,)j + (b —ay)k

(iv) Three vectors 3,b,and ¢are coplanar if and only if 4. (b x ¢) = 0

Given: -
OA = 6i—7j,0B = 16i—19]— 4k OC = 3j—6k, 0D = 2i + 5 + 10k

—_—

AB = OB— OA = 10i— 12j— 4k

—_— =

AC = OC—0A = —61 + 10j— 6k
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AD = OD—0A = —4i + 12j + 10k

The four points are coplaner if vector AB,AC,AD are coplanar.

o 10 -12 -4
[AB.AC.AD] = [-6 10 -6
-4 12 10
now, using
d1 32 @3
dzy dzz dzg
dzy dzz d33
a a a,y, a
— (=1)1+1, . [|722 23|+ —i+z g, |02 23|
C ) 11 332 333 ( ) 12 331 333

azy 322'
d3y daz

+ (-1 3a,.
= 10(100 + 72) + 12( - 60 - 24) - 4( - 72 + 40) = 840
=0,
hence the point are not coplanar
7. Question
Show that the points A{- 1,4, - 3),B(3, 2, -5),C(- 3,8, -5)and D( - 3, 2, 1) are coplanar.

Answer

Formula: -

(i)ifd = a,i + a,j + a; kb = byi + b,j + bykand¢
a, a, a
b, b

= ¢,1 + ;] + cykthen, |3 E] = - 3‘
€, C; €3

437 &32 33

(i) [q21 322 323
dzy dzz da;
das  dag 1 dog
= (-1)**1a I *’i + (-1)** %a.. .0 _“l
lag; as; 12133, ag

a
+ (—1)**3a ] &
D 131as,

(iii) Three vectors 3,b, and Care coplanar ifand only if 3. (l_:f X E) =0

(iv)ifoA = ay; + a,f + a;kand OB = b,1 + b,j + byk then OB — 0A
= (by—a)i+ (b,—a,)] + (b;—ayk

Given: -

AB = position vector of B - position vector of A

= 4i—2] -2k

AC = position vector of ¢ - position vector of A

= —2i + 4] —2k

AD = position vector of ¢ - position vector of A

= -21—2] + 4k

The four pint are coplanar if the vector are coplanar.

thus,



B 4 -2 -2
|AB.AC.AD| =|-2 4 -2
-2 -2 4
now, using
d37 d32 A3
dpy Az dpg
dzy dzz dgz
dz2 33 142 dz1 3z3
= (-1)**1a,,. |+—1+a.| |
()10, 22 (D2 a, [ 22
dzy  daz
+ (-1 1”3-..] |
-1 13%ag; ay;

=4(16-4)+2(-8-4)-2(-44+8) =0
hence proved.

8. Question
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Show that four points whose position vectors are 6i = T_-l'-161? _19j _41;-‘3 1 _6k_ 2{ - 5] + 101} are coplanar.

Answer

Formula : -

()ifOA = a,; + a,] + a;kand OB = b,; + b,j + b,kthenOB —0& = (b, —a,)i + (b;—a,)j + (b; —ay)k

dyn @42 43

(i) [221 322 3z3
dzy dzp d33
O a A
= (—1)1+*1a,,. “'I + (-1)**2a,.. “‘l
( 1ag;  as; 120ag;  ag;
S
_q31+3 . 21 22
SIS 1) +° e N

(ii) Three vectorsa” ,b”,and ¢ are coplanar if and only ifa™.(b"x c”) =

(V) If3 = a,i + a,j + agkb = b,i + b.j + bykand¢ = ¢;i + c,j + czkthen,[abe] =

S
I

6i—7j,0B = 161 — 19— 4k OC = 3j— 6k, 0D = 2i—5j + 10k
AB = OB— 0A = 10i— 12j— 4k

AC = OC—0A = —6i + 10j —6k

AD = OD—0A = —4i + 2j + 10k

The four points are coplanar if the vector A, AD, AC are coplanar.

10 —12 —4
[AB.ACAD] = [-6 10 -6
-4 2 10

now, using

d; 8 a3
b, b, b;
GG G G
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dyy A1 dy3
dpy  dzz dzz
dzy A3z Qag
_ 1+1
= (-1) a3,

A, a
dz, a

dzy 4z
+ (-1)' 3 a |
12+ faz, Az

23
23
33

+ (-1 2%a,.

23|
d3; 43

= 10(100 + 12) + 12(-60 - 24) - 4(-12 + 40) = 0.

hence the point are coplanar

9. Question

Find the value of for which the four points with position vectors {i Ck4i+ 5:]' 2k 3+ g:if 4k and
i+ 4} + 4k are coplanar.

Answer

Formula : -

()if OA = ali + a2j + a3kand®B = b,; + b.j + b;kthen

0B-0A = (by —a)i + (b;—a,)j + (by — asjlﬁ:

d3; @32 A3
dpy dpy dps
dzy dzz Adzz

= (-)i+? di3-

(i)

dzz
dza> daz

dzy  dzz
+ (DR 7

(iii) Three vectors3 b, and ¢ are coplanar if and only if 3. (G SN 0

dp 4 d3
(iv) if3 = 2,1 + a,j + a; kb = byi + byj + by kand@ = c;i + c,j + c;kthen[abe] = [by b, b,
€ G G

Given: -

0A = —j— k,0B = 4i + 55— 2k 0C = 3i + 9] + 4k, 0D = —4i—4j + 4k
AB = OB—0A = 4 + 6§ + (A + 1)k

AC = OC—0A = 3i + 10j + 5k

AD = OD—0A = —4i + 5] + 5k

The four points are coplaner if vector AB,AC,AD are coplanar.

4 6 (A+1)
[AB"ACAD'] = |3 10 5

—4 5 5
now, using

d37 Q32 dy3
dzy dzz Az3
dzy d3zx d33
= (=1)'*1a,. :22 :23| + (~1)'*2a,, 221 Zzsl

d3> Q33 d3y  daz

dzy a2

+ (-1 ag |

dzy 43z

= 4(50 - 25) - 6(15 + 20) + (A + 1){(15 + 40) = 0.
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hence the point are coplanar

10. Question

Prove that: -

(a-b).{(b-c)x(c-a)j=0

Answer

Formula: -

()[abe] = A(bxE) = b.(Exd) = &.(Fxb)

()3x3 =bxb =¢xc =0

taking L.H.S

GE-8){E-)xE-D} = [E-B)B-)E-D]

using Formula (i}

= (@-b){(b-8)x@-3} = @xb-axc-bxb + bx¢)(E-3)

using Formula(ii)

= @E-0){P-xE-D) = Exb—3xc—0+ bxd).(F-3)

= (3-1).{(6-7) x (€-3)
= (@xb).¢-(@xb)a + (cxa)é—(Exd).3 + (bx¢c).¢
—(bxo).3

= (@-1b).{(b—¢) x @—3)} = [3bc] - [3b3] + [eac] - [¢ad] + [béc] — [pé)

= (3-b).{(b-¢) x (€-3)} = [abc] - [bcF]

= (@-b).{(b-¢) x (€-3)} = [abc] - [3be]

= @E-b){(b-)x@E-D}=0

= @E-b){0-IxE-D} =0

LHS =R.HS

11. Question

a. b and ¢ are the position vectors of points A, B and C respectively, prove that ! 3 w |y = hxc~cxga 152
vector perpendicular to the plane of triangle ABC.

Answer

if 3 represents the sides AB,
if b represent the sides BC,
if ¢ respresent the sidesAC of triangle ABC

3 % b is perpendicular to plane of triangle ABC. ...... (i)



b x g is perpendicular to plane of triangle ABC. ...... (ii)

€ x 3 is perpendicular to plane of triangle ABC. ...... (iii)

adding all the (i) + (ii) + (iii)

henceIxb + b xE + € x 3 is a vector perpendicular to the plane of the triangle ABC
12 A. Question

Let g =j+j+kb=1iandc=ci+c,j+c.k Then,

If ¢, =—1and ¢, = 2. find ¢, which makes 3 {, and ¢ coplanar.

Answer

Formula: -

dyp; dyp dy3

dpy dzz dz3

d3; dzp dag
_ 1+1
=(-1) d13.

M

o

[

(5]
r2R L W

dz

ds
_131+2 1
o | + (-12*2a,.

'1'1]
2 23
d3; dgz

oo

]
[ ]

a
+ (—1)1+3a I =1
( ) 13 331

(i)ifd = a,i + a,j + a;kb = b, + b.j + bykand¢

4 @
= ¢,1 + ;] + czkthen,[3bé] = |by b, b;
-

(ii1) Three vectors 3, b, and Zare coplanar if and only if 3. (B x¢) =0
Given: -

ib, ¢ are coplanar if

[2b¢] = o

1 1 1
1 0 0
€ G G

=0

11 1
100
1 2 ¢

= =0

now, using
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dyy A1 dy3
dpy Az dzz
dzy dzz A3z
322 a?"
= (-1)**1a,,. <l + (-1)**2a
lagz as
a a
_431+3 21 zzl
+( 1) 313'1331 332

=20-1(c3) + 1(2) =0
=2¢C3=2
12 B. Question

Leta:i—jj+k.B:i_ and é:C1i+C3j+C3k. Then,

If c, =
Answer
Formula: -
— - - o - -~ £ —
(Difd = a,7 + a,j + a; kb = b,i + b,j + bykandc
431 @32 A3
(ii) |321 Q22 a3
dgy dgp daz
Ly o .
= (D' a2 P # (D2,
COREN
_q131+3 21 22
+( 1) alS'lasl 33:|

(iii)Three vectors 3 b, and ¢ are coplanar if and only if3.

we know that3 b, ¢ are coplanar if

[3be] = 0
1 1 1
1 0 0|l=0
€ € G
1 1 1
= |1 0 0 =20
71 Cz 1
now, using
237 Q12 A3
dzy  dpz A2z
d3;3 dzz dzz
d- a
— 1+1 22 23 142
= (-1) di1]a,, assl + (-1 d12.
a a
_43y1+3 21 22|
+( 1) als‘|331 332

=20-1(cz) +1(2) =0
:’C3=2

13. Question

CLASS24

—1 and ¢, = 1. show that no value of ¢, can make 5_}, and ¢ coplanar.

a, a, a,
= ¢,i + o, + cykthen[3abd] = [by by Dby
G G G

(bxd) =0

dzy 323|

dzy  dzz

Find for which the points A(3, 2, 1), B(4, A, 5), C(4, 2, - 2) and D(6, 5, - 1) are coplanar.
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Answer
Formula: -
d; & 3
(DIfd = a,1 + a, + a; kb = by + byj + by kand ¢ = ¢,i + c,j + c;kthen[abg] = [by b, by
€ G GC3

37 @32 333
dpy dpp dp3
dzy dzz a3z

= (-*! di;.

(ii)

az2 a23| 142
A3, Qs +(-1) diz.

a d
: 1+3 21 d22
D alg'lan a32|

azy azal
dzy  daz

(iii) Three vectors 3,b and ¢ are coplanar if and only if 3. (E x¢) =0

(iv)ifOA = a,; + a,] + a;kand OB = by; + b,j + bykthen 0B — 0A
= (by—ay)i + (by—a,)j + (b; —ay)k

let position vector of
DA =3i+2f+k
position vector of
OB = 4i + Aj + 5k
position vector of
oc = 4i + 2j—2k
position vector of
oD = 6 + 5 —k

The four points are coplanar if the vector AR, AE,AB are coplanar

AB =1+ (A—2)j + 4k
AC =1+ 0j—3k
AD = 3i + 3j—2k
1 (A-2) 4

1 0 -3l=0
3 3 -2
now, using

dyp Ay A3
dz1 Q2 @dz3
dzy d3; dag
a a a a

_ 1+1 22 23 1+2 21 23

= (-1)**tay, | 333|+(-1) ays.| |

d3z dz; dzz
dy; dz
+ (-1t 3 a,,. ‘l
( 13 a3y ag,

=219 -(A-2)(-2+9)+4(3-0)=0
=7JA =35
=i=5

14. Question



If four points A, B, C and D with position vectors 4{ :_3:]' :—31::. 5+ \_] + “1\ 3+ 3jand 7

respectively are coplanar, then find the value of x.

Answer

Formula: -

()ifd = a,i + a,j + a; kb = byi + b,j + bykand ¢

= c,i + ¢,f + c;kthen, [EEE] =

dyy @12 343
dzy Azz 8z
dzy dzp dzz

= (-D'*1ay,.

(if)

dzz

a3z
az1

+ (-1 *3a,.
(: ) 13 331

a; a8 3ag
b; b, by
€ C GC3

323' dpy  dpg
It (S ] | <
A3z D 12lagy A3z
azzl
dzp

{iii) Three vectors 3,5, and € are coplanar if and only if &.(bx¢c) = 0

(iV)ifOA = a,; + a,] + a;kand OB = by; + b,j + b;kthen 0B — 04

= (by—ai + (b, —

let position vector of
0A = 4i + 3f + 3k
position vector of
OB = 5i + xj + 7k
position vector of
OC = 51 + 3j
position vector of

~

OD =7i+6] +k

a,)] + (b — ﬂsm

The four points are coplanar if the vector A5, AC, AD are coplanar

—

AB

Il

i+ (x—3)] + 4k,
AC =i + 0j—3k,

—s

AD = 31 + 3j—2k

1 (x—2) 4
1 0 -3 =0
3 3 -2
dyp dyz 43
dpy dzz Azz
d3y d3z Q33
a,
— (—1yl+1 22
= DT A sz
a
1+3 21
+ (1) al3'|a31

a d,y  Aa,
zal +(—1)? +2 as. 21 923
azz dzy QAaz

a22|

dszs

=219)-(x-2)(-24+9)+4(3)=0

=29-7x+14+12=0

=35 =7x
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=>2x=5
Very short answer

1. Question

Write the value of |:21 3] 4k]

Answer

The meaning of the notation [E'FE'] is the scalar triple product of the three vectors; which is computed as
7.(b xT)

So we have 2t (3f x 4k) = 21.12i=24 (jx k=1

2. Question
Write the value of [i+j j+k '_i]

Answer

—=

Herewe haveg — 14jh—f+kcé=k—1i

1 10
.0 xe)=|o 1 1=
gl

3. Question

Write the value of [1—1 | —1:: l-}— 1-|

Answer
sl 0
The value of the above product is the value of the matrix| o 1 —1| =0
= 1900 1
4. Question
Find the values of 'a’ for which the vectors g = - 2~ k. =ai + j~ 2k and 5 = j + 2j + al are coplanar.

Answer

Three vectors are coplanar iff (if and only if) 7~ (I,‘ X -5*) -0

1 2 1
Hence we have value of the matrix | 1 2|=0
1 2 a

We have 2a%-3a+1=0

2a2-2a-a+1=0

Solving this quadratic equation we get g =1, a =%

5. Question

Find the volume of the parallelepiped with its edges represented by the vectors 1 ._J i_ _']j and l—J— -[L
Answer

Volume of the parallelepiped with its edges represented by the vectorsa‘j’ Tis [E’FF] =a. (3' XC

’
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1 1 0
=1 2 0w
1 1 m

6. Question

If 3. b are non-collinear vectors, then find the value of [5 51}: + [5 BI:I + [( Bk]k

Answer
forany vectory
We have 7 = (F.0)i + (F.))j + (F.k)k

Replacing ()= x b

7. Question

If the vectors (sec? A) i + j+k. 1+ (sec”B)j+k. i+ ]+ (sec” C|kare coplanar, then find the value of

cosec?A A + cosec?B + cosec?C.

Answer
sec® A 1 1
For three vectors to be coplanar we have 1 soc? B 1 o
1 1 sec C
Which gives sec? A sec? B sec?C — sec?A — sec®B — sec?C+2 = 0 = 1)
SECZB i cosec~f-2 ......... {2)

cosartf—1
Substituting equation 2 in 1 we have
(cosec?A— 2)(cosec’B — 2)(cosec*C —2) cosec’A—2 cosec’B—2

(cosec2A— 1)(cosec?B — 1)(cosec2C — 1)  cosec2A—1 cosec?B—1
cosec*C —2

——————+2=0
cosec:B —1

Let cosec?A = x cosec?B = v and cosec®C = z

So we havew_ﬂ_ﬁ_ﬂ*_ 2=0
(x-1)(y—-1)(z-1) x-1 -1 =z-1

=(x-2){y-2)(z-2)-(x-2){y-1)(z-1)-(x-1){y-2)(z-1)-(x-1)(y-1)(2-2)+2(x-1)(y-1)(z-1)=0
Solving we have x+y+z=4
Hence cosec?A + cosec?B + cosec?C = 4

8. Question

3
-

For any two vectors of 3 and b of magnitudes 3 and 4 respectively, write the value of [5 bax B] +(( E) )

Answer
[E'ETE'] =a.(b x T)=ax (FE') the dot and cross can be interchanged in scalar triple product.

Let the angle between g* ;4 I’ vector be g

—

a.b= |dl|b|cos8 = 12 coso
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_ -2 _
[ahaxbl+(d b)Y =7 (@xfaxds)
=T x (F.(ﬁx!_}))

=(TxDb).(@xb)

= |(E'xa|][ﬁ'x3)|coso

= (ld||b|sin 8)2

=144 sin? B+144 cos? 8

=144(1)

=144

9. Question

=
—
L]
|
-1
[=ad}
gl
j=N)
| I
Il
~
=~
"
il
[ Fo— |
|
e
1=
1
<
ol
(=N
)
-
=
M
=
=
=
o
T
=
1]
<
9
=
D
Q
=4
e
+
1=

3a=2Aa
A=3
€=nc
t=

So,A+p=3+1
=4

10. Question

_ _ a.{bx€) b.(axq)
If 7. 1. ¢ are non-coplanar vectors, then find the value of

X
Answer

[@b'c]=a.(b'xc) =a x (b.c) the dot and cross can be interchanged in scalar triple product.

Also [E‘FE*] = [E'ﬁ‘j,"] = [b" ¢ @] teyclic permutation of three vectors does not change the value of the
scalar triple product)

@ c]=-[acD]

Using these results Z46>) | b.@x2) _ T(bxz)
(c'xa)b

+ -7 (b'x7) -0
c(axb)  @Exa)rb (exa)p

11. Question

Find z‘t.(ExE'): ifa=21i+j+3k.b=—-i+2j+kand g =3i+j+2k

Answer
2 1 3
a.(bxc)=|-1 2 1|=-10
3 1 2
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1. Question
Mark the correct alternative in each of the following:

If 3 lies in the plane of vectors;, and g, then which of the following is correct?

Answer
Here, g lies in the plane of vectorsf,’ and ¢, which means g, j; and ¢ are coplanar.
We know thatj x z is perpendicular to j; and ¢ .

Also dot product of two perpendicular vector is zero.

Since, g, . ¢ are coplanar, j y g is perpendicular to 4.

So,¢-(bx ¢)=0

= [@bé]=0

2. Question

Mark the correct alternative in each of the following:

=3,)fl=3is

The value of (E—ES—EE—EJ, where |7|=1,

A0
B.1
C.6
D. none of these

Answer

[i—bb— éé-d@] =[db— éé—d] — [Db— €€ — @]

— [@bEé-d] — [bEE-d] - [bbé-aA] + [DDE-d)
= [@bé] - [@bd] — [DéE] — [BEa]-0 + 0

[@bE]-0 — 0 — [bEd]

[@bé] - [@hé)
0

3. Question

Mark the correct alternative in each of the following:
If 7.5 ,¢ are three non-coplanar mutually perpendicular unit vectors, then f;?EE] is

A+l



B. 0 CLASS24

C.-2

D. 2

Answer

Here,g Lp Lcand|q] = |b] = |¢] = 1-
= @Xxb|l¢

= angle between gy and Fis g = g° or g = 180°-

[@bé] = (@xD) - ¢

|@|)1D|singii- ¢

1-1-1d4-¢

I

= |1]||C|cos@

1-1cosé

==+]
4. Question
Mark the correct alternative in each of the following:

If ; 527 5=7 ¢=p forsome non-zero vector 7 , then the value of [aac |, is

cC.o

D. none of these

Answer

Here.7 .4 =7-b=7-8=0
>7f1d,7fL1b,71¢

= d.p and ¢ are coplanar.

= [&'BE] =0

5. Question

Mark the correct alternative in each of the following:

For any three vector 3, b, ¢ the expression (a-5).|(5 ~c|-(c -a)| equals

D. none of these

Answer
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(@-D)- {(b-OX(@E-d}=[d—Dbb- é¢-d]

= [abé) - [@bal
=0
6. Question

Mark the correct alternative in each of the following:

_ a(b_Xey biave)
If 7, 5. ¢ are non-coplanar vectors, then ————-——— is
(cXa)b ¢|als|

A0
B. 2
C.1

D. none of these

Answer
d (b*x?)*+5'~(axa)_[ab‘5]+[ﬁaf]
(cxd)-b” é-(axb) [éab] [cab]

7. Question

Mark the correct alternative in each of the following:
Let 3 =a,i+asj+ask.b=Db;i+Dbyj=bsk and §=ci+c,j+csk be three non-zero vectors such that 2 is

a a a
1 2
a unit vector perpendicular to both & and 6. If the angle between d@and b isg, then bl b, b.| isequalto

¢ € Gy
A0
B.1

C &larlpl”
D. 3)af2[3|"

Answer



a, a; az)? o2
[bl b, bgl =|dbé]

= [ax)- ]

= |§[2]B]2 G) (" € is unit vector)

= () aelar

8. Question

Mark the correct alternative in each of the following:

CLASS24

If 7 =2i _3j+51; b =31_43 ~5kand ¢ =35{—3j— 2k. then the volume of the parallelepiped with

conterminous edges 5.5, 57, c~a IS

A2
B.1
C.-1
D.0

Answer

Letg = G+ b =5i —7j + 10k

F=b+¢c=8i—7] +3Ek

g=¢+da =71 -6 +3k

Now,the volume of the parallelepiped with conterminous edges g, fg is given by

V=[¢f3]
€, € &3 5 =7 10
=i = L|=|8 -7 3
g1 g2 Gz 7 —6

=5x (-21+18)+7x (24-21)+10x (-48+49) x

=5x {-3)+7x 3+10x 1
=-154+21+10
=16

9. Question

Mark the correct alternative in each of the following:

If [2a+452d |=i[aed |~ ubed then i+u=



A6
B. -6
C. 10
D.8

Answer

3

Macd] +p[béd] = [2d + 4b & d)
=[2déd]+[4bEd]
—2[déd]+4[béd)

Now, comparing the coefficient of |hs and rhs we get, A=2 and p=4
SN+ = 2+4

=6

10. Question

Mark the correct alternative in each of the following:

(abaxh +(a.b)

q

o

A ff

[@Daxb) + (@-b) = (@XDb) - (@xb) + (@-5)
= (@xB)° + (3-B)

= |al?|b)?sin? 0 + |a|?|b|?cos?8
= |a|?|b]*(sin? 8 + cos?8)

= |al?[b]?

11. Question

Mark the correct alternative in each of the following:

I the vectors 4 +11j+mk. 71+ 2j+ 6k and j + 5]+ 4k are coplanar, then m =

A. 0

B. 38
C.-10
D. 10

Answer

d=(411m)

CLASS24
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=

= (7026)

oy

= (1054)

Here, vector a, b, and ¢ are coplanar. 50, [¢° b”¢"] = 0-
4 11 m

[7 2 6] =0
1 5 4

- 4(8-30)-11(28-6)+m(35-2)=0

. 4(-22)-11(22)433m =0

~-88-242 +33m =0

“33m = 330

sm=10

12. Question

Mark the correct alternative in each of the following:

For non-zero vectors &, B and ¢ the relation | (d :--:B).CI =|a||b|

¢ | holds good, if

Ad.b=b.c=0

B.a.b=0=¢.a

Ca.b=b.t=¢.3=0

D.b.¢=¢.a=0

Answer

Letg = axbp”

|é] = |(1'||3|simr -------- {1) (" ais angle between & and B )

Then |(axb) - é| = |&-é|

= |€]|¢|cose (O is angle between € and € = B is angle between & XBand¢)
= |d||b|I¢]cosBsina { using (1))

Hence, |(axB) - ¢ = |a||b||¢] if and only if cosgsina = 1

if and only if cos8 = 1 and sina = 1

ifand only ifg = g and a :g

a= E:, & and B are perpendicular.

Also & is perpendicular to both dand 6.
8=0= C is perpendicular to both d and &
~ a, b, € are mutually perpendicular.

S 8 B=Be £=C~ 8=0

13. Question

Mark the correct alternative in each of the following:
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(@+b||b+8|X(d+b+F )=

= [@bé]+ 0+0+0+[d@éb]+ 0+[bEd]+ 0+0
=[@b &)+ [@éb] - [@ED]

=[@be]

14. Question

Mark the correct alternative in each of the following:

If 3,6,C are three non-caplanar vectors, then (5+5 <7 | (d+5|.X15+¢) equal.

=04+0+0+0+[pac]+ 0+0+0+[€Bal+[Ghc]+0+0

15. Question

Mark the correct alternative in each of the following:
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(a+26 =¢).\(a-b)X(a-b-¢ | is equal to

A. [555'.

—0-[abd]-[@bb]-[abé]+ [2baa]-[2bab]-[2baé]-[2bba]
+[26bb]+ [26b¢] - [adl+ [cab]+[¢dc]l +[éba]



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

