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The Learning App

EXERCISE 24

1. Find (5 x E] and |£ x 16| when
(i)

—_ ~

a=i—j+2kand b=2i+3j-4k

(i)
a=2i—j+3kand b=3i+5j-2k
(iii)

a=i—7j+7kand b=3i-2j+2k
w0 . _ . oA
a=4i+j-2kand b=3i+k
W A
a=3i+4jand b=i+j+k
Solution:

(1) It 15 given that

a=i—j+2k

b= 2i +3j — 4k

Here we know that

dxb= (a;bz —byaz)i+ (azh; —bza;)j+ (a;b; —byaz)k
E|_=]., Eg=—1=_a3=2

b1=2,b1=3= b_1=-4

By substituting the values we get

-
axhb

=(-21+8j+5k|
S0 we get
laxb] =/(-2)7+8% +52= ,fo3

(11) It 15 given that

a=2i—j+3k
b = 3i+ 5] — 2k
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Here we know that

3xb = (ayby—byay)i+ (agb; —bsa,)j+ (a;b, —bya,)k
a=2,a3=-1,33=3

b1=3,b1=5= b_1=—2.

By substituting the values we get

-
axhb

((m1x-2)-5%3)i+(3x3—-(-2)x2)j+(2x5-3 x (—1)k
= (—17)i + (13)j + (7)k

So we get

laxb|=,/(-17)2+ 132 4+ 72
=134/3

(111) It 1s given that
a=i—7j+7k

—

b=3i—-2j+2k

Here we know that

ixb= (az;bg —bjyaz)i+ (agby; —bzay)j+ (ayb; —byas )k
El|_=1,ﬂg=—'?,a3=?

b1=3,b1=-2, b3=2

By substituting the values we get

axb=((-7x2)—(—2)x 7)i+ (7x3—1x2)j+((-2) x 1 —3 x (-7)k
= (0)i 4 (19)j + (19)k

So we get

lax b| = ,/(0)% + 192 4 192

=192
(1v) It 1s given that
a=4i+j—2k
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—

b=3i+0j+k

Here we know that

axb = (ayb; —bya;)i+ (azb; —bsa,)j+ (a;b, —bya,)k

=4 a=13=-2

b1=3,b1=ﬂ= b3.= 1

By substituting the values we get
Axb=(1x1—-(0)x—2)i+(-2x3—-1x4)j+(4x0-3x 1Dk
=i—10j— 3k

S0 we get

lax b| = /12 + (=10)2 + (—3)?2
=+/110

(v) It 15 given that

d=3i+4j+ 0k

b=i+j+k
Here we know that

—3

Axb = (a,by —b,a;)i + (33b; —bza,)j+ (a,b, — bya,)k
a=3 ;=4 a3;=0

bi=lbh=1bh=1

By substituting the values we get

—

Axb=(4x1-1x0)i+(0x1—1%3)j+ (3x1—1x4k

=4i—3j— Kk

So we get

lax b| = /4% + (=3)2 + (—1)2
= V26

2 Findnif(21+6j+14k)x(i—-2j+7K)=5-
Solution:
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It 15 given that

a=2i+ 6j+ 14k

b=i—2A+ 7k

Here we know that

axb= (a,b; —b,a;)i+ (azb; —bsa;)j+ (a;b; —bya,)k

a[=2,ag=l5,33=14

blzl,bizlﬁb}:?

By substituting the values we get

Axb=(6%x7—(—A)x14)i+ (14 x 1 —2x 7)j+ (2 x (—A) — 1 X 6)k

3 xb = 0i + 0j + Ok

S0 we get

42+141=0

L=-3

s 5a=(-3i+4j-7k) and § =(6i+2j-3k), find (axb).
7 —

Verify that (i)ﬂ‘and[r ® EJI:'are perpendicular to each other

— —
and (ii) b and [? % b )are perpendicular to each other.
Solution:

It iz given that

a=-3i+4j— 7k

b= 6i +2j — 3k

Here we know that

axb = (abs —byag)i+ (aghy —bza,)j+ (a;b; —byay)k
ag=-3, ;=4 a3;=-7

bi=6,bh=2b=-3

By substituting the values we get

Axb=(4x(=3)—2x (=7))i+ ((-7) x6 — (—3) x (—=3)j + (—3) x 2 — 6 x D)k
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= 2i — 51j — 30k

_3 —

Hereif @ and( @ X b) are perpendicular to each other
3(3xb)=0

We get

3. (3xDb) = (—6) — (204) + (210) = 0

— —
Similarly if b and (Tf x b :' are perpendicular to each other

b.(3xb) = (12) — (102) + (90) = 0
Therefore, it 15 proved.

4. Find the value of:

(i)

(ix j).k +1.j

(i)

(jxk).i+j.k

(iii)
ix(j+k)+jxk+i)+kx(i+i)
Solution:

(1) It 15 grven that
(ixj)k+ij

We know that

ixj= kandij=0
So we get

(K).k+0=1

(ii) It is given that
(jxk)i+j.k

We know that
jxk=1iandjk=0

S0 we get

Cross, or Vector, Product of Vectors
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-(i)i+0=1
(GxkL.i+ik__{,9-_4

(iii) It is given that
ix(j+k)+ixk+i)+kxi+i)

We know that
ixk=—jixj=kijxk=ijxi=-kkxi=jkxj=-i
So we get

k—j+i—-k+j—i=0

_:..
5. Find the unit vectors perpendicular to both o and b when
(i)
a=3i+j-2kandb=2i+3j-k
(ii)
a=i-2j+3kandb=i+2j-k
(iii)

a=i+3j-2k and b=—i+3k

(iv)
a=4i+2j-kandb=i+4j-k
Solution:

_}
(1) Consider T as the vector perpendicular to o and b
So we get
r =k.{§’>< b) where k 1s scalar
It iz given that
a=3i+j—2k
b=12i+3j—k
We know that

3Axb= (asb; —byaz)i+ (azh; —bsa,)j+ (a;b, —bya)k
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a[=3,ag=l,33=—2

b1=2,b1=3=b_1=—1

By substituting the values
Axb=(1x-1-3x-2)i+(-2%x2—(-1)x3)j+(3x3—2x 1k

We get
_ 5i—1j+7k
5\-"5

lax b] =/(5)2 +(—1)% + (7)?
=53

So the unit vector perpendicular 15

5i-1j+7k

r=4+"—"—
5v3

_}
(11) Consider T as the vector perpendicular to @ and b

S0 we get

r =k.{§’>< b) where k 15 zcalar
It 15 given that
I=i-— 2] + 3k

—

b=i+2j—k

We know that

axb= (ayby —byay)i+ (agb; —bya,)j+ (a;by —bya, )k

blzl,b1:2: b_lz—].
By substituting the values

—

Axb=(-2x-1-2x3)i+(Bx1—(-1) x1)j+(1x2—(-2)x Dk

We get

_ —4i+dj+4k
43
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lax b] =/(—4)2+ (4)? + (4)?
=443

So the unit vector perpendicular 15

—it+j+k
r=+"L

Y3

(111) Consider T as the vector perpendicular to o and _EJ’
Sowe get
r =k.@’>< b) where k 13 scalar

It 15 grven that

a=i+3j—2k

b=—i+0j+3k

We know that

ixb= (a;by —bzaz)i+ (agby —bga;)j+ (a;b; —bya; )k
a[=1, Fig:ia;:—z
b1=— 1,b3=':|,b3=3

By substituting the values

Axb=(9—0)i+(2—3)j+(0—(—3)k
We get

_ 9i—j+3k
Vo1

lax bl =/(9)% + (-1)? + (3)
=4/91
So the unit vector perpendicular 13

9i—j+3k

T=+—
Y91

_}
(iv) Consider + as the vector perpendicular to W and b
So we get
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r :k-@):": b) where k 15 scalar
It 1s given that

i=4i+2j—k

—

b=1i+4j—k
We know that

—

dxb = (ajb; —byaz)i+ (agb; —bsay)j+ (a;b; —byas)k
] =4, Fig:la; =-1
b]_ =1,b1=4= b_1= -1

By substituting the values

—

Axb=(2x-1—(—1) x4)i+(—1x1—(-1)x4)j+ (4x4—1x2)k

We get

2i+3j+14k
v209

lax b] =/(2)2 + (3)% + (14)?

=+/209
So the unit vector perpendicular 13
F= iEi+?.j';141‘k

V209

6. Find the unit vectors perpendicular to the plane of the vectors
a=2i-6j-3kand b=4i+3j-k

Solution:

_}
Consider T as the vector perpendicular to @ and b
So we get
r :k'@) x b) where k 1s scalar
It is given that
a=2i—6j—3k

b=4i+3j—k
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We know that

axb= (ayby —byay)i+ (agb; —bsa,)j+ (a;by — bya,)k
a[=2,ﬂg=—ﬁ,a3=—3
b1:4,b1:3: b_lz—l

By substituting the values

—

Axb=(—6x%(—1)—3x(-3))i+(—3x4—(—1)x2)j+(2x3—4x(—6)k
We get

3i-2j+6k

7

la x b| =/(15)2 + (—10)2 + (30)2

1225
So the unit vector perpendicular 15
. 3i—2j+6k
r=+t———

7

7 Find a vector of magnltude 6 which is perpendlcular to both the vectors
a=4i—j+3kand b=-—2i+j-2k.
Solution:

_}
Consider 7 as the vector perpendicular to o and b

S0 we get

r =k.@)>< b} where k 15 scalar
Vector r 1s of magnitude 6

It 15 given that

3=4i— i+ 3k
b=—2i+j—2k

We know that
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g =4 a=-1,3=3
bl =—2,b1=1, h] =-2
By substituting the values

—

Axb=(-1x(-2)—1x3)i+ Bx(-2)— (-2) xDj+ (@ x1—(—-2) x (—1))k
We get

_ -2+
===

la x b =/(—1)2+ (2)% + (2)?
=3
So the unit vector perpendicular 15
—i+2j+ 2k

3
It 15 grven that r 15 of magnitude 6

r ==tk

1e. k=8

We get

P = 42(—i+2j+2k)

— —
8. Find a vector of magnitude 5 units, perpendicular to each of the vectors (? + b :' and (? — b :'

wrere a=(1+7+k) and b=(i+2j+3k]
Solution:

We know that
A+b=2i+3j+4k=1
i-b=0i—i—2k=m

_:'
Consider 7 as the vector perpendicular to | and i

So we get

=+ _ - -
F=k(lxm) where k 15 scalar
WVector r 1s of magnitude 5
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It 15 given that

[=2i+3j+4k

m=0i—j—2k

We know that

3xb= (ayb; —b,a,)i+ (agb; —bya))j+ (a;b, —bya)k
a;=2,3;,=3,a;=4

bi=0by=-1,b;=-2

By substituting the values

[xm=(-2)i+@)j+(-2)k

We get

_ —it+2j-k
VB

lax b| =/(=2)2+ (4)% + (—2)?
=24
So the unit vector perpendicular is
—i+2j—k

V6

It 15 given that r 15 of magnitude 5

r =tk

1e. k=5

We get

—i+2j—k

I'=+5(————
Y3

— — —
9. Find the angle between two vectors o and b with magnitudes 1 and 2 respectively and |i:1 = b| = N"E
Solution:

It 15 given that

m=13ndﬁ=g

Exb| =3
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We know that

—_—

|Zxb| =[a].]b[sin =3

So we get

m.ﬁsinﬁ =1x% 2 % sinf

On further simplification
2sinf = 4/3
We get
o—sin 1T
2 3

10, 1fa = {.’i‘ —j), b= {.3 3_12} and ¢ = {.? i— E} find avectorgwhich is perpendicular to

_}
both @ and b and for which ?7 =1.
Solution:

_:.,
Consider 7 as the vector perpendicular to o and b

S0 we get

d = k. (38 X b) where k is scalar
It 15 given that

d=i—]

b=0i+3j—k

We know that

ixb= (a;bg —byaz)i+ (aghy —bsa;)j+ (a;b; —byaz)k
d] = 1, dx = —1,513:‘]
b1=ﬂ,b1=3= b_1=—1

By substituting the values
ixb=(Di+Dj+ 3k
We get

_i+j+3k

BRGS
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lax b] =/(1)2 +(1)2 + (3)?
Vi
So the unit vector perpendicular 1s
(_;i ik 1+j+ 3k

T W11

It iz given that

11. If a=(4i+5j-k), b=(i-4j+sk)and ':=(3i+j_k],findavector?[whichis
— - -

perpendicular to both K74 and b and for which C - d=21

Solution:

_:..
Consider 7:15 the vector perpendicular to d and b

d=k.(3xDb) where k 15 a scalar
It 15 given that
a=4i+5 -k

—3

b=1i—4j+5k

We know that

—

ﬁ xb= { Elzbg _bzagji + {agbl — bgal)j + '[ albz — blaz)k
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a[=4, Eg=5,a3=—1
b1=1,b1=—4,b3=5

By substituting these values in the above equation
— = : =
3xb=21i-21j-21k
d =y 21i-21j-21k
We know that

d=21

Cal

c=3i+j—k

So we get
(3i4+j—k)k(21i-21j-21K)=21
On further calculation

63k —21k+21k=21

63k =21

k=173

By substituting the value of k in 711:3 get

A7
Taking 7 as common
g= Tii—1-k)

laxbl=(a-b s
12. Prove that |2 < b| =(a-b |tan & , where @ is the angle between  and b .
Solution:

Here we know that

— — a1

|a. b =[3]|[b|coss)|
Similarly

— — .

|a % b| = ||3|[b|sin6!
We know that

— —
|a x b
tant = ——
|a. b

Therefore, it is proved.
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- -~ -~

13. Write the value of p for which a = (31+2j+9k) gngb=(i+pj+3K) g parallel
vectors.
Solution:

If two vectors are parallel
ixb=0
It 15 given that

a=3i+2j+9k

—

b=i+pj+3k

We know that

3xb= (a,b; —byay)i+ (azb, —baa,)j+ (a;b, — bya,)k
a[=3, Eg=2,a3=9

b1:1,b1:p= b_1:3

By substituting the values

axb=(6-9p)i+(0)j+ (3p—2)k=0

We get

6—9p=0

Herep=2/3
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