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EXERCISE 23 PAGE: 1030
1. Find 3.b when

© .

a=1-2]+k and b =31—4;-2k

(i) ) ) ) ~ ) )
a=1i+2j+3kandb=-2j+4k
(iii) o ) ) )
a=1i—j+3skandb=3i-2k
Solution:

(i) It is given that

i=i-2j+k

b = 3i—4j— 2k

We can write 1t as

ib = (i-2j + K).(31—4—2k)

On further calculation
ab=(1x3)+(-2x -4 + (1 x-2)
So we get

ib=3+8-2=09

(ii) It is given that

—

a =1+ 2]+ 3k

b = 0i—2j + 4k

We can write 1t as

ib = (i+ 2 + 3k).(01—2j + 4k)

On further calculation

ab=(1x0 + (2x -2) + (3 x4
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(111) Tt 15 given that

—

a=1-j+ 5k
b = 31 + 0j— 2k

We can write 1t as

ib = (i—j + 5k).(31 + 0j—2k)
On further calculation

aib=(1x3+(-1x0) + (5 x —2)

_:;
2. Find the value of A for which @ and b are perpendicular, where
(i) I, .
a=2i+2j+k and b=(i-2j+3k)

(i)
a=3i—j+4kandb=—xi+3j+3k
(iii)
a=2i+4j—kandb=3i-2j+2k
(iv) ) ) g < )
a=3i+2j-skandb=-5j+2k
Solution:

(1) It 18 given that

i=21+2A+k

b =1-2j+ 3k

We know that the two vectors are perpendicular then the dot product 1s zero.

Here
N =T = s
a.b = |a||b|cosb = |a||b|-:crs§ =0

By substituting the values
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b= +A+0.(0-21+30 =0

It can be written as
ib=02x1D)+Ax-2)+(1x3)=0
On further simplification

ib=2-21+3=0

So we get

=2

d=5

(]

b2

(11) It 1s given that
i=231-7+ 4k
b = -2 + 3j + 3k

We know that the two vectors are perpendicular then the dot product 1s zero.

Here

- 7 =7 =T L

a.b = |a||b|cosh = |a||b||:055 =0

By substituting the values

3ib = (31—j + 4k).(-A + 3 + 3k = 0
It can be written as
ab=0GBx -+ (-1x3) +(4x3) =0
On further simplification
ib=-31—-3+12=0

S0 we get

§=3AL

A=9/3=3

(i) It is given that
i=2i+4-k
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b =3i—2] + Ak
We know that the two vectors are perpendicular then the dot product is zero.

Here

3D = [3]|blcosd = |§||ﬁ|cosg ~ 0

By substituting the values
ib=(21+4-k.31-21+ Ak =0

Ti can be written as
Ab=(2x3)+(4x-2)+(-1x1) =0
On further simplification

ib=-2+6-8=0

So we get

-2=h
h=-2
(1v) It 1s given that

-

3 =3i+ 2j—5k
b = —5] + Ak
We know that the two vectors are perpendicular then the dot product is zero.
Here

. =T = s

a.b = |a||b|cosh = |a||b|n:05§ =0

By substituting the values

ab = (31 + 2] —5K).(—5] + Ak) = 0

It can be written as
Aib=0GBx0)+(2x -5+ (-5xA) =0

On further simplification
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ib=-5A+0-10 = 0
So we get

-10=35A

hA=-10/5=-2

3. (i) Ifa + ET—

-~

Scalar, or Dot, Product of Vectors

and b = 31— + 2k , show that (ﬂ + } is perpendicular to (ﬂ —b ]

=1 3
(||)If‘c-]I (1 J- )andB (1+3j—5k) thenshowthat(ﬂ_ b)and(a—b)are

orthogonal.
Solution:

(1) It 1s given that

—

3 =1+ 2j—3k

b =3i—j+ 2k

We know that
a+b=1+2-3k+3—j+2k
On further calculation

i+b=4+j-k

Similarly

i-b =1+ 2j—-3k—(31—-7 + 2k
On further calculation

i-b = —21 + 3j—5k

Here we can write it as

G+ Db).(3—Db) = (41 + j—K).(-2i + 3j—5k)
So we get

=(4x-2)+(1=x3)+(-1%x-5)

=-8+3+5

=0

Hence, it 15 proved that the {E "'b} 15 perpendicular to (?_1 ~b ]
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(11) It 15 given that

3 =51—j—3k

b =1+ 3j— 5k
We know that

—

i+b=5-7-3k+1+3-5k
On further calculation

i+ b =60+2 -8k

Similarly

i—b =5—-7-3k—(+ 3j—5k
On further calculation

i-b = 4i—4j + 2k

Here we can write it as

G+ Db).(3-Db) = (61 + 2j—8K). (41— 4] + 2k)
So we get

=64+ (2x-4)+(-8x=2)

=24-8-16
=0

Hlt'.rv:tl:mt'.dr::ltpﬂ:m:lul::tcrf(E T E] and (5 ~b ] 15 Zero.

Hence, it 15 proved that the (E "'b} 15 orthogonal to (5 ~b ]

4.1f A= (i _j+?k}and b :(Si_j +?"12} then find the value of A so that (5 _E} and

(ﬂ —b ] are orthogonal vectors.
Solution:

Tt 15 given that
i=i-7+ 7k

b =5i—j+ Ak
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We know that

E+b)=1i—]+ 7k + 51—j + Ak
On further calculation

i+ b=6—2]+ (7 + 10k
Similarly

—

i-b=1-j+ 7k— (51— + Ak

On further calculation

i-b=—4i+ 0] + (7- Mk

Here we can write it as

G+ Db).(3-b) = (61— 2] + (7 + NR).(—41 + 0f + (7T—-1k)
So the product of two orthogonal vectors 18 zero
Ex-H+(-2=x0+[[T+1)=(7-1)]=0

-24+0+(49-35=0
On further calculation

5. Show that the vectors
2(2i+3j+6Kk).2(3i-6j+2K)and 2 (6i+2j-3k)

-~

are mutually perpendicular unit vectors.
Solution:

Conszider

1 -
a = ?{ET + 3] + 6k)
-1 -
b =—(31-6 + 2K

1 -
¢ =~ (61 + 21~ 3K)
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We know that

13l =1pl=1¢l=1

To prove:
ab=btc=3c=0
Let us consider LHS

e 1, . P ~
ab = ?(21 + 3] + 51{).?[31— 6] + 2k)
We get

- 6—18 + 12 0
= 10! ) =
Similarly
—— 1. . ~y 1. L -
b.t = 5(31—51 + zk).§(61 + 2§ —3k)
We get

- (18—12—-#6) 0
=25 =
And
. 1, . . ~y 1, .-
a.c = E(El + 3] + 61{).?(61 + 2j—3k)
We get

! (12 + 6 —18) 0
= 7 =

Here LHS = REHS

Therefore, 1t 15 proved that the vectors are mutually perpendicular umt vectors.

6letd=41+5]—kb=1i-4j+5k and ¢ =3i+j-k.

_:’
Find a vector 3 which is perpendicular to both @ and b, and is such that ?_rf = 21.
Solution:

It is given that
i=(4+5-k
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b = (i—4j + 5k)

il

=@Bi+j-k

Comsiderd = P1 T @ + rk

Here d is perpendicular to both @ and B
di=db=o0

By substituting the values

(pi + qj + 1k).(41 + 5—k) = 0

We get

Similarly
(pi + qf + 1k).(1— 4] + 5k) = 0

We get

It 13 given that

—_

d-c=21

Substituting the values

(pi + qj + 1k).(31 + j—k) = 21
We get

3ptq-r=21_ . (i)

By zolving the equations simultaneously
p=7.q=-Tandr=-7

It can be written as

—

d=pi+qf+ 1k =71-7]—-7k
By taking 7 as common
d=70-7-k)
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2 Letd = (21 + 3] + 2K) ;qb = (1 + 2] + k).

— —
Find the projection of (i) @ on b and (i) b on .
Solution:

It 15 given that

= (21 +3j+2k

b=(+2+k
We know that

il =VZ T 32 T 22
—VEIT9T 4
= 17

Similarly

bl =v1Z + 22 + 12
N
=6

It can be written as

|

3 =

)

I
2k

21 + 3 +
V17

So the projection of
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Fonbisab = (21 + 3j + 2k). l+2’+k
We get
24+6+2 10 546
T Ve Ve 3
In the same way
- 21+3]+2k

bonZisba = (i + 2j + k).

We get
_Z+6+2 10 10417
o V17 o V17 o 17

8. Find the projection of (81 + 1) jn the direction of (0 T 21 —2K)

Solution:
It 15 given that

= (81 +j)

= (i + 2j-2k)
We know that

bl =v1iZ + 27 + 22
_TFEF%F =9 =

It can be written as

E = = = —
bl 3
So the projection of (81 + jN)-:-n{:l + 2] - 2K) can be written as

(814‘ )l+2] 21{:

8+2+0
3

We get
=10/3

9. Write the projection of vector (I + 1 + K along the vector J.
Solution:
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It 15 given that
i=(@G(+j+k

—

b = (j)

We know that

bl =02 + 12 + 02

It can be written as

b2 _0

j
Bl 1

=l

So the projection of (i+j+k on J can be written as
(+7+k.()=1

3 = = — . . -~
10. (i) Find the projectionof @ on b ifa-b=8ang b = (21 + 6] + 3k)

(ii) Write the projection of the vector (I + 1) on the vector (0 — 1)
Solution:

(1) It 1s grven that
b = (21 + 6] + 3k)

We can write it as

bl=v2Z ¥ 62 + 32

=& +36+9=149 =7

5o the projection of @on b

| ol

_ =
—d.= =

=
~1 1w

(11) Tt 15 given that
a=0{0+19

b= (i—9)
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We can write it as

bl = /17 + (-1)

=J1+1=42
Here we get
b i-j
b = = = —
b V2

So the projection of (1 + 1) on -7
S T
(i+ ]).ﬁ = =0

W2

) —
11. Find the angle between the vectors @ and b , when
(i)

a—i—aj 3k and b = 31—4 k
(||) ) ) 3
a—31—J—"k and b =2i-2j+4k
(|||) )

a—l—Jar"db—J k

Solution:

(1) It 15 given that

3= (-2 + 3k

—

b = (3i—2j + k)

It can be written as

13l = /12 + (-2)7 + 32
=JVI+4+9 =414

Similarly

bl=32 + (—2)7 + 12
=9 +4+1=+14

We know that

Scalar, or Dot, Product of Vectors
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a.b = |3|[b|cosd

By substituting the values
(i—2j + 3k)(31— 2] + k) = V14V14coso
On further calculation
(3+4+3)=14cos b

It can be written as

cos B=10/14 =5/7

S0 we get

8 =cos-1({5/7)

(11) It 15 given that
i=(3+7j+ 2k
b = (2i—2j + 4k

It can be written as

3l = /32 + (1) + 22

=49+ 1+ 4 =414
Similarly

bl =27 + (—2)2 + 42

=44+ 4+ 16 = 24

We know that

3.b = |3||b|cosd

By substituting the values

(31 + 7 + 2k)(21— 2] + 4k) = V14y/24cosb
On further calculation

(6-2+8)=4336cos 8

It can be written as
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cos B = 124336 =/ (144/336)
So we get

6 =cos -4/ (3/7)

(111) It 1s given that
a=(1-J)
b=(G+k

It can be written as

13l =12 + (—1)2

=J1I+1=42
Similarly

bl = /(D2 + 12
—TF1- 12
We know that

ib = |§||E|n:058

By substituting the values

(i-1DG + k) = V2v2cos8
On further calculation

(-1)=2cosh

It can be written as

cosB=-1/2

So we get

8 =cos1(-1/2)

B=120¢

121f 2 = 0+ 2] =3K) jpqg b = G117 + 2K) ypen calculate the angle between (2?1 +b)

and(a+2b),
Solution:
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It 1s given that

i=(i+2-3k

b = (31— + 2k)
We know that
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a+2b=(1+2-3k + 2(31—j + 2k)

e

=71+ k

23 +b =201+ 2j-3k) + (31—j + 2k)

e

= 51 + 3j— 4k

S0 we get

13 + 2bl = /77 + (1)2
_ I T T = E0

123 + bl = /52 + (3)2 + (—4)2

=25 + 9 + 16 = /50

Here we get
3.b = |3||b|cosd

By substituting the values

(71 + k)(51 + 37— 4k) = V50v/50c0s8

On further calculation
(35 —4) =50 cos 8
We get

cos 8=31/50
B=cos1({31/50)

13. If? is a unit vector such that{f_ 3)-& + 3) = 8 , find | %] )

Solution:

It is given that @ is a unit vector

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

m BYJU'S RS Aggarwal Solutions for Class 12 Maths Chapter 23 —

The Learning App
We can write 1t as
ld| =1
We know that
(X—3).(X+3) =8
So we get
1%12-13]1%=8

By substituting the values

|%|2=8+1=9
We get
X[ =3

Scalar, or Dot, Product of Vectors

14. Find the angles which the vector @ = 31—-6j+2k makes with the coordinate axes.

Solution:
It 15 given that
a=3i—6j+2k

We can write it as

Jaz + b2 + 2 = /32 + (—6)2 + 22

=V9+36+4=+V49=7
We know that
Angle with the x-axis

a = EDS_l:'=
var+b?+c?
_q 3
= cos™ 1=
7

Angle with the v-axis

1

B = 0§ ——
va® +b% +c*

1

_1 -6
= C0s " —
7
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Angle with the z-axis

Y = cosT  ———
va +b2 +c?
_q 2
= cos 1=
7
So the angles of the vector are
3 —6 2
cos 1=, cos™1—, cos 1=
7 7 7

15. Show that the vector & = (1 +J+Kk) equally inclined to the coordinate axes.
Solution:

It iz given that

We know that

Vaz + b2 + ¢z = 12 + (1)2 + 12

=vVi+1+1=+3
Angle with the x-axis

1

o = o8 ——
var+hi+c?

= cos !

-
Lu'l|"'

Angle with the y-axis

1

B = cost———
va? +b?+c2

= cos !

-
Lu'l|"'

Angle with the z-axus

1

= I:GS_ _——]
Y var+b?+c?

= cos~ !

-
Lu'l|"'

Here
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a=p=y

Therefore, it is proved that the vector @ = ( i+j+k ) 15 equally inclined to the coordinate axes.

16. Find a vector @ of magnitude 5v2, making an angle 7/4 with x-axis, 7/2 with y-axis and an acute angle

0 with z-axis.
Solution:

It 15 given that

|d] = 5%2

Here we get
I=cosa=cosm4=1/42
m=cosf=cosm2=0
n=cosf

It can be written as
BE+ml+ni=1
By substituting the values

2
— + 02 +n*=1

V2

S0 we get
1 1
2
n“=1—--= -
2
Here

n=-d=4

Sl

We know that the vector makes an acute angle with z-axis

1
n=4+—
W 2

3= 10+ mj +nf)
By substituting the values

3 =5V2(1/421 + 1/42k)
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So we get
a=50 + k)

— . .

17. Find the angle between (a +b)ang(a—b ), if 3
b = (31 +j + 2k),
Solution:

Tt is given that

i= (21— + 3k

b = (31 +j + 2k)

We know that
i+b=(21—]+3Kk) + (31 +j+ 2k
= 51 + 5k

i-b = (20—j+3k)—(31 +j + 2k)

= —1-2] + k

So we get

3+ bl =52+ (5)?

— V25 + 25 = V50

i-bl = /D2 + (—2)7 + (1)?
—VIFTZ+1I=16

Here

3.b = |3|[b|cosd

By substituting the values

(51 + 5k)(—i—2j + k) = V50v6cos8
On further calculation

(- 5+35)=+300cos &

We get

(2i —j + 3k)
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cos6=0
0 =cos * (0)=mn/2
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