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NCERT Solutions Class 12 Maths Chapter 10

Vector Algebra

Question 1:
Represent graphically a displacement of 40km, 30° east of north.

Solution:

N Scale
N —

10km

P
40km
30,
W< 0 >E

v
S

OP represents the displacement of 40km, 30° north-east.

Question 2:
Classify the following measures as scalars and vectors.

(1) 10 kg (i1) 2 meters north-east (ii1) 40°
(iv) 40 watt (v) 107" coulomb (vi) 20m /s’
Solution:

(1) 10kg is a scalar.
(i1) 2 meters north-west is a vector.

(i) 40°is a scalar.
(iv) 40 watts is a scalar.

(v 107" Coulomb is a scalar.

(viy 20m/s’is a vector

Question 3:
Classify the following as scalar and vector quantities.

(1) time period (i1) distance (111) force
(iv) velocity (v) work done.
Solution:

(1) Time period is a scalar.
(i1) Distance is a scalar.

WWwWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

4

(i11) Force is a vector.
(iv) Velocity is a vector.
(v) Work done is a scalar.

Question 4:
In figure, identify the following vectors.

g
a
- —
d b
e —
¢
(1) Coinitial (i1) Equal (ii1) Collinear but not equal.

Solution:
()  Vectors a and 3 are coinitial.
(i)  Vectors » and d are equal.

(i11) Vectors a and ¢ are collinear but not equal.

Question 5:
Answer the following as true or false.

() a and —a are collinear.

(i) Two collinear vectors are always equal in magnitude.

(i) Two vectors having same magnitude are collinear.

(ivy Two collinear vectors having the same magnitude are equal.

Solution:

(i) True.
(i) False.
(iii) False.
(iv) False

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

4

EXERCISE 10.2

Question 1:
Compute the magnitude of the following vectors:

= 1= 1= 1~
- A oA ~ -7 A ~ ~ c:—-'+—- '——k
gobn gk B=9i-7j-0k B BhA
Solution:

= Jay + (1) +(1) =3
= J2F + (27 +(3) =A+ 4945 = &2

)l ) s

Question 2:
Write two different vectors having same magnitude.

]

|

o

Solution:
- -

Lot @=(i=27+3k) o b=(2i+j-3k)
o= JE+ (2 +3 =—vT7259 = VI
H:,/z’* +124(-3) =4+1+9 =114

But a’;t b‘

Question 3:
Write two different vectors having same direction.

Solution:
™ =F = T PST LT
Letpz(ﬂ”’”;) andq=(21+2j+5ﬂ

-
The DCs of P are
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1 1

T lFrer B
IS S
NN
- |

1
Pi1P4+1> B

The DCs of ¢ are

S Y
V242242 243
2 2
m: =
V22422422 243
2 2

n: —_
2222427 243

L
But p#4q

Question 4:

Find the values of x and y so that the vectors 2i+3/ and Xi+y/ are equal.

Solution:

It is given that the vectors 2i+3/ and Xi+ Y/ are equal.

Therefore,

— - -

2i+3j= xz'+yjl
On comparing the components of both sides

=x=2
=y=3

Question 5:

Find the scalar and vector components of the vector with initial point (2.1) and terminal point

(-5.7).

Solution:

Let the points be P(2,1) and 2(-5.7)

WWwWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

4

%5:(-::-2)_:;#(7—1)}

=-Ti+6]

So, the scalar components are =7 and 6, and

the vector components are —7i and 6/ .

Question 6:

=7 A ~ ~ -

Find the sum of the vectors a=i—2j+k, b= 2i- 4j+5k and c=i—6j+7k

Solution:

—_— b N

The given vectors are a=i-2j+k, b=“2=—4j +5k and c=i—6j+7k.

Therefore,
re=(1-2+1)i+(-2+4-6)j+(1+5-7)k
=0i- '} “k
=ik

Question 7:

=7 A ~

Find the unit vector in the direction of the vector @ =i+ j+ 2k

Solution:

=7 A ~

We have a—f"‘J"'Zk

Hence,
o =2
_JT+174
=J6

Therefore,

T A ~

PO :+;+2k
G
| R S 2"

=ﬁi+\/_}+\/_
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Question 8:

1,2,3)

Find the unit vector in the direction of vector %5, where P and Q are the points ( and

(4.5,6) respectively.

Solution:
We have the given points P(1,2.3) apd 9(4.5.6)
Hence,
PO=(4-1)i+(5-2)j+(6-3)k
=§i+§ i +§k
[i¢ BV

/7
=33
So, unit vector is
PO ﬂ+§j+§k
I
T e N
=EI+EJ+EI%

Question 9:

= A ~ — ”~ ~

For given vectors, @ =2i—j+2k and b=—i+j—k find the unit vector in the direction of the

vector a+b .

Solution:

-7 A ~ -7 A ~

The given vectors are @=2i—j+2k and b=—i+j—k
Therefore,
a+b=(2-1)i+(-1+1)j+(2-1)k
“1i+0j+1k

~ ~

=i+k

—
|a+f:r=\/]2+12 =2

Thus, unit vector is
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TF T F oA oA

a+b :£+k
|a+b N2
J 1~
=—i+—k
N RN

Question 10:

~ ~

Find a vector in the direction of vector 5i—j+2k which has magnitude 8 units.

Solution:

=7 A ~

Let a=51’—j+§k

Hence,
= S+ +(2)
=\25+1+4
=30
Therefore,

~ ~

Thus, a vector parallel to 5/ — j+2k with magnitude 8 units is
2, Simi+2
J30
40~, 8~ , 16~

= F— +
5o B0’ ko

k

Question 11:
Show that the vectors 2i —3j+4k and —4i+6/j—8k are collinear.

Solution:
We have a=§.i—§j+2k and b=—2-f+gj—§k
Now, -
b=-4i+6;-8k
=2(2i-3j+4
-3+
a

=2
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Since, b': Aa
Therefore, A =-2

So, the vectors are collinear.

Question 12:

Find the direction cosines of the vector Z+2; +3k

Solution:

=7 ~

Let a=i+2j+§k
Therefore,
|£J=\/12+22+32
=+/1+4+9
=14

1 3
Thus, the DCs of a are (m ’ ﬂ,\/l_‘l]

Question 13:

Find the direction of the cosines of the vectors joining the points A(1,2,-3) anq B(-1-21)
directions from A to B.

Solution:

The given points are A(1,2,-3) ang B(-1-21),

Therefore,

e

4B = (~1-1i+(-2-2] j+{1-(-3)
=-2i-4j+4k

b BT
=v4+16+16

=36

=6
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" (_E .
Thus, the DCs of 4B are \ 6’

Question 14:
Show that the vector i+ ./+k is equally inclined to the axis OX, OY and OZ.

Solution:

=7 A ~

Let a=i+j-:k

Therefore,
H P+ 41

=3

1 1 1
Thus, the DCs of a are (\E Jg’ﬁ]

Now, let @, and 7 be the angles formed by a with the positive directions of X, and z axes
respectively

Then,
1

1 1
COS0 =—F=,C05 0 =—F,C058Yy =—F
rosb=pesr=g

Hence, the vector is equally inclined to OX, OY and OZ.

Question 15:
Find the position vector of a point R which divides the line joining two points P and Q whose

position vectors are i+2j—k and —i+j+k respectively, in the ratio 2:1.
(i) Internally
(i1) Externally

Solution:
Position vectors of P and Q are given as:

OP=iv2jk and OO=—d% Lk

(i)  The position vector of R which divides the line joining two points P and Q internally in
the ratio 2:1 is
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i3 2(:iﬁj$k)+lii+ﬁj:k)
2+1

(—§i+§j+§k]+(i+§j:k)
) 3

Clivdjtk
3
=—If+fj+rk
3 3 3

(i)  The position vector of R which divides the line joining two points P and Q externally in the

ratio 2:1 is
2(:f$j$k)—1'(i+§j—"k)
Ok - 2-1
(—5i+§}‘+5k)~{i+§j:k)

1
— —§f+§k

Question 16:

Find the position vector of the mid-point of the vector joining the points P(2,3,4) and
Q(4s 13—2).

Solution:
The position vector of the mid-point R is

QB (20+3)+4k)+(4i+ /- 2k)
OR=
2
(2+4)i+(3+1) j+(4-2)k
2
=6i+4j+2k
2
=3i+2j+k

Question 17:
Show that the points A,B and C with position vectors, a=3i—4j-4k,b=2i—j+k and

¢=i—3j -5k respectively form the vertices of a right angled triangle.
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Solution:
Position vectors of points A, B, and C are respectively given as:

- LA ~ A

=0 4; 4k b=2i—j+k andC—I 3} Sk

Therefore,

{

:(2 3)1+( 1+4)J+(l+4)k

j+5k

(1 2):+( 3+1);+( -5- l)k
6k

(3 1):+( 4+3);+( 4+5)k

l»un

|
Il Il Il [l Il I|E
l >0lI>Q“J
(N +
‘ﬁlm ‘ﬁ‘

L"’.’Q
s

+
=

Now,

AB[ =(~1)" +32+52=1+9+25=35

EE

I
—_—

BC| =(=1)" +(=2) +(-6) =1+4+36=41

Il
(]

2+(—1)2 +12=4+1+1=6

|H’HF+‘%F:35+6

"

Thus, ABC is a right-angled triangle.

Also,

Question 18:
In triangle ABC which of the following is not true.

(A) 4B+ BC+C4=0
(B) AB+BC-AC=0
(C) 4B+BC-Cd=0
(D) 4B-CB+Cd=0

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

4

Solution:

A >'B

On applying the triangle law of addition in the given triangle, we have:

= AB+BC = AC (1)
B ge
=5 +%[g*+%1,§’=0 sl 2)

Hence, the equation given in option A is true.

Now, from equation (2)

Also,
=4 +)LBLE'+E‘£’=O
Iy OB
= AB-CB+CA=0

Hence, the equation given in option D is true

Now, consider the equation given in option C,

W™ WT LW
AB+ BC—-CA=0
= AB+ =CA -(3)

From equations (1) and (2)

= AC=CA4

= AC + =0
=24C=0

= =0
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Which is not true. So, the equation given in option C is incorrect.

Thus, the correct option is C.

Question 19:

If @ and & are two collinear vectors, then which of the following are incorrect?
(A b= ﬂ,a', for some scalar A

(B) a’= -i_'b‘

(¢)  the respective components of a and b are proportional.

(D) both the vectors a and b have same direction, but different magnitudes

Solution:

If @ and b are collinear vectors, they are parallel.

Therefore, for some scalar A
b=Aa

If A =41, then a=+b

- ~ ~

If a=a3£+a2_j+a;k and bzt';;f+b;j+b;k

Then,

-

:>b‘=la
:>I;:;i+b;j+b;k=,ﬂ,(a:f+a;;'+a;k)
= bi+h, j+bk=(Aa)i+(Aa,) j+(Aa; )k

Comparing the components of both the sides

= b] = )La,
_)

ﬁbz 2.3.612
-

= b3 = ;i..{L‘
Therefore,

Thus, the respective components of a and b are proportional.

However, a and » may have different directions.
Hence, that statement given in D is incorrect.

Thus, the correct option is D.
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EXERCISE 10.3

Question 1:

Find the angle between two vectors a and b with magnitude V3 and 2, respectively have

a.’b'= \/E

Solution:
It is given that
75
-
——
ab=46
Therefore,
= JE = \E x2cosf
NG
= cosf =
Ix2
= cosl =—
2
=6="1
4
Question 2:

Find the angle between the vectors i-2j+3k and 3i-2j+k.

Solution:

=7 A ~

Let a=i—2j+3k and b=3i-2j+k.

Hence,
|.;[=1/12+{—2)2+32 =V1+4+9=114
|!;T= P (2 +1P =V9+4+1=114
- e ~ ~ A A
ab=(i-2j+3k)(3i-2+k)
=1x3+(-2)(-2)+3x1
=3+4+3
=10
Therefore,
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=10=+/1414 cos0

4

= cos0 = E
14
=0 =cos’ [EJ
7

Question 3:

. A

Find the projection of the vector =/ on the vector i+ /

Solution:

7 A ~ 7 A ~

Leta=i—j and b=i+j

Projection of @ on b is

Question 4:

~ ~

Find the projection of vector i +3j+7k on the vector Ti— j+8k

Solution

7 A ~

Let a—:+3_;+7k and b= 7:—;+8k

Projection of a‘ on b is
ﬂ (ab) - J?z (D) +3(+7(8)
1

(7-3+ 56)

a9+ 1164
60
Ji1d

Question 5:

Show that each of the given three vectors is a unit vector which are manually perpendicular to

each other.
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%(ngjJrgk), 1(§i—(§j+§k), 1(3i+§j—§k)

7 7

Solution:

Let
-3 ~ ~ ~
a=%(2;+3;+6k)=%:+$j+gk
- ~ ~ ~
=%(3i—6j+2k)=%i—gj %k
T 6. 2. 3
C—;(6l+2]“3k)——l+?j—;k

Now,

T [2 ? f‘3J2 [6}2 4 9 36
al= o +| = +| — = ——|——-|——:]
7) \7 7) V49 49 49

T [3\2 6]2 (2)2 9 36 4
== +|-=| +[=| = —=+—=+—=1
7, U7 7 49 49 49
-
cl= —| == = |—4+—+—=1
7). &7 7 49 49 49

So, each of the vector is a unit vector.

Hence,
6 18 12

6) 6 2
R i [ e P = ()
[ 7} 777 49 49 49

6 3Y 2 18 12 6
[ O NPT, =0
[J(?]? 49 49 49

2 6 3 12 6 18
—+=X%X|—=|=—+—+—=0
77 ( ] 49 49 49

Tt &

o

B
I

X

>~
©
I

~Ne 2w g
b4

N 2 aw
+

W N g w

+
*

So, the vectors are mutually perpendicular to each other.

Question 6:

J, if (4 0)(a=5)=8 g lo[=8}[

Find H and

Solution:

It is given that (;+ g)(;_gﬁ =3 and H: SH
Therefore,
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=aa—-ab+ba-bb=28§

=l -ff =s
R
o -
:>6—3;:F;9

= b

4

T 63
—,

= b= 2
63

242
"3

74
_8x242
- a3
162
ENG

Now,

Question 7:

Evaluate the product (3';_ 55] (2‘;‘ 75}

Solution:

T - = - = T

(3a- 53] (2a+76)=3a2a'+ 30,75~ 5b.2a~5b.7b
N G e
=6aa+2lab—10ab—-35bb

o
=5\Er+11ab—35|5f

Question 8:

Find the magnitude of two vectors a and b‘, having the same magnitude and such that angle
1
between them is 60° and their scalar product is 2
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Solution:

Let 6 be the angle between aand b

1
It is given that ﬂ H "2 and 0=60°

Therefore,

4o

Question 9:

Find H, if for a unit vector a‘, (x

Solution:
2(3:—-5).(}:4—;):12
= o o

= xx+xa—-ax—aa=12

-
= |x —|a =12
-
= X
el
= x| =13
e d
= |x[=+/13

Question 10:

- ~

If a=2i+2j+3k b=—i+2j+k and c=3i+ are such that a +Ab is perpendicular to ¢, then

find the value of A .

Solution

- ~

We have @ =2i +2j+3k, b=-i+2j+k and ¢=3i+ are such that a+Ab is perpendicular to

C

Then,

—’—;].(;;]:12

7 A ~

LAY ~

;+/1?;,=(§i+§j+§k)+ﬂ,(:i+§j-:k)

(2—15i+(2+2&5j+(3+15k
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Now, . .
:>(a+itl:j.c=0
=[(2-A)i+(2+22) j+@+a)k |.(3i+ )
—3(2-2)+(2+24)+0(3+4)=0
= 6-34+2+24=0
= -A+8=0
=A=8

0

Question 11:

Show that |;[;+ H‘: is perpendicular to Hg’_ﬂg, for any non-zero vectors aand b

Solution:

(T -0 - 5 - 2
AR

Question 12:
If aa=0 and a.b =0, then what can be concluded above the vector & ?

Solution:
We have a.a=0 and ab=0

:>|;r=0
:H:O

Therefore, a is the zero vector

Hence,

Thus, any vector b can satisfy ab=0

Question 13:

If a,b,¢ are unit vectors such that a+ b+ ¢ =0 , find the value of ab+betea.
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Solution:

-

We have @,b,¢ are unit vectors such that a+bh+c=0

Therefore,
- = - = - -
|a+b+;r [a+b+gj (a+b+‘j

|_r+|£:r+|c_-r+2 ab+bc+c.a

0—1+l+l+2(a.b+b.c+c.a

- 3
(a.b+b.c+:c;j= ?

Question 14:

If either vector a=0 or b =0 , then ab=0. But the converse need not be true. Justify the
answer with an example.

Solution:

Let a=§f+ij+§k and bzgi—f-gj—gk

Therefore,
ab=2(3)+4(3)+3(-6)
—6+12-18
=0

|J= 22 +4%+3 =429
-

=az0

HW .

=h=0

Now,

So, the converse of the statement need not to be true.

Question 15:

If the vertices A, B, C of a triangle ABC are (1.2.3),(-1,0.0),(0.1,2) respectively, then find
LI .
ZABC . [ ZABC is the angle between the vectors B4 and %]

Solution:

Vertices of the triangle are 4(1,2,3), B(-1,0.0) 5pq C(0.1.2),
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Hence,
BA={1-(1)}i+(2-0)j +(3-0)k
=§r’+§j+§k
%:{0—(—1)}”(1—ojj+(2—ojk
Zitj+2k
%=(§i+§j+§k){f§j+§k)
=2x1+2x1+3x2

=2+2+6
=10

\g‘@\l\/zhzhzz
=J4+4+9

17
|gg")=\/1+1+22

=6
W:‘%ﬂ%ms(iﬁﬁ@)

Therefore,
=10 :Jﬁxﬁ(cosAABC)

10
= cos| £LABC) =
( ) V17 xJ6
10
= (£LABC)=cos'| —
( ) (\HOZ]

Question 16:

Show that the points A(1,2,7), B(2,6,3) and C(3.10-1) are collinear.

Solution:

The given points are

Hence,

A(1,2,7), B(2,6,3) ang C(3,10-1)
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AB=(2-1)i+(6-2)j+(3-T)k=i+4j-4k
BC =(3-2)i+(10-6) j+(~1-3)k = i+4 -4k
=(3—13i+(10—25j+(—1-7jk=§f+§j_§k
P+42+(-4) =1+16+16 =33
%T +42+(4 =V1+16+16 =433

%T V22 +8°+8% =J4+64+64 =233

Therefore,

AT
=233

-[4ef

Hence, the points are collinear.

Question 17:

~ ~

Show that the vectors 2i—j +k i~3j—5k and 3i-4j-4k form the vertices of a right angled

triangle.
Solution:
Let%n’ 2i— J-l-k 55’;!—3_}—%}( and %=§l—zj"£k
Hence,
4B =(1-2)i+(=3+1)j +(-5-1)k="i-2j -6k
= (3-1)i+(-4+3)j+(~4+5)k=2i~ j+k
=(2—35:‘+(-1+45j+(1+4jk=:i+§j+§k
> -5
= J(=1) +(=2) +(=6)" =V1+4+36 = Va1
g
EIB’]CE"r =2+ (1) 12 =411 =46
id
T (-1)° +32+5° =149+25=4/35
Therefore,

|515r +|%T=6+35

—41

|8
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Thus, AABC is a right-angled triangle.

Question 18:

If @ is a nonzero vector of magnitude ‘@’ and A a nonzero scalar, then Aa is a unit vector if

(A) 2=1 (B) A=-1 (€)@= o

Solution:

= |Aa|=1

:>[&|H=1

Hence the correct option is D.
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EXERCISE 10.4

Question 1:

Find ‘ax[;[ 1fﬂ—!—7j+7k andb 3: §j+§k

Solution:
We have, a;f—§j+$k and b=3i—§j+§k
Hence,

- - iJ k

axb=1 -7 7
3 =2 2

=i(=14+14)= j(2-21)+ k(-2 +21)
~19/+19

|¢?><z:[=,/(1f.v)2 +(19)°

2x(19)’
=192

Therefore,

Question 2:

Find a unit vector perpendicular to each of the vector a+56 and a—b, where a=3i +2j+2k

and b=£+2]—2k.

Solution:

We have a=§f+§j+§k and b;f+§j—§k_

Hence,
at+tbh=4i+ 4 J
- = . o5
a—h=2i+4k
Therefore,
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i J k
a—h;) a g)=4 4 0
2 0 4
=i(16)- J(16)+k( 8)
=16i — 16_; 8k

- -
’(a+b_j><(a—g)‘ = 162+ (-16) + (-8) =22 x8 + 22 x& + 8’
=82 +22 +1=89

=8x3=24

So, the unit vector is

Question 3:

If a unit vector a makes an angle 3 with i, 4 with J and an acute angle 6 with & , then find
0 and hence, the components of a.

Solution:

- ~

Let the unit vector 4 =@ i+a, j+ak

Then, |*

Now,
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cosZ = :>_l
3 H 4 2

COSE— = a —L
T

a
cos@ =|—T:> a, =cosf
a

Therefore,

= Ja +al +ai =1
:i{l):[i]z +cos’ 0 =1
2 2

1 1
= _+—+cos’0 =1
4 2

=3 4 cos0=1
4

05?0 =1-2=1
4 4

=>cos\9=l
2

3
Hence,
n 1
a3 =C05—=—
3 2

_n

[l 1
So, 3 and components of a are \2 ~2

b9 | =

)

Question 4:
Show that (a_;jx(ﬂ +?:j =2(axgj
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Solution:

LS =(a~b)x(a+d)
=(;Lb x;:(;ib xg’

e e T e I

=axa—-bxa+axb-bxb
S R

=04+axb+axb-0
—p =3

=2axh
= RHS

Question 5:

Find A and # if (§i+8j+2$k)x(i+ij+;:k)=0

Solution:
We have (ii+8j+23k)x(i+ij+ﬁk) =0
Therefore,

:(§i+8j+2$k)x(i+/{j+;:k) =0

~ ~

ik
=12 6 27/=0i+0j+0k
1 A wu

= i(6p—272)~ (21~ 27) + k(22— 6) = 0+ 0, + 0k

On comparing the corresponding components, we have:

6u—-274=0
2u-27=0
2L-6=0
Now,
2L-6=0=>1=3
2y—27=0=>y=%;
Question 6:

Given that a.b=0 and axb=0. What can you conclude about a and b?

Solution:
When ab=0
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Either H: 0 or H:O

Oralh (if [0 gng H*‘O)
When axb =0

Either’;[= O or H= 0
orallb (if [0 n ”’Tﬂ)
Since, a and b cannot be perpendicular and parallel simultaneously.

So, a=0 or b=0.

Question 7:

Let the vectors 4.b.¢ given as @i+a,j+ak bi+tbh j+bk ci+c,j+ck Then show that

-— -— -_— - -_— -
ax(b+5=axb+axc

Solution:
We have
a=a:i+a:j+a:k
b=bi+h,j+bk
c =c:i+c;j+c;k
Then,
(b+c-j =(b+¢)i+(b+¢,)j+(by+c)k
Now,

A ~ ~

. ‘ " | N
o _’;i ‘: j fiIzaz(b"'-|-c"’)_a3(b2-|-<:‘2):|_Jr|:al(b3"'cs)_as(‘-”1'4'(:1)]
1

ax(b+ a, a, |= N
b +c, b,+c, b+e| \ +k[a1(bz+cz)_az(b1+cl)]

? ~
ilab; +a,c, —ab, —ac, |+ j[-ab, —ac, +ab +ag, ]J

] +k[ab, +ac,—a,b —ax,]

Also,
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- — gk
.a><b=.af1 a, a,
b b, b
=i[a,b,—ab,|+ jlah —ab|+k[ab,—ah]
i ) Ak
- =

= i[a203 —a302]+ j[a301 —alc3]+.fc[r.zzc2 —azcl]

Therefore,
(;x l:j+ (:x c—j i Piﬁ[‘azb3 —ab,]+ {[.a._‘q —ab]+ [, ~an] ]
+ila,c, —ac, |+ jlae, —ac, |+ k[ac, —asc,]
_ (i [a,b; + a,c, —ash, —ayc, | J:j[—a,b3 =@ b ra ]]
o . -|:\J1:[c;vld‘)2 +ac, —a,b —azcl]
Thus,

ax(b+c—j=axb+axc

Hence proved.

Question 8:

If either a=0 or b'=0, then axh=0. Is the converse true? Justify your answer with an
example.

Solution:

Let a=51‘+§j+2k and b=:h‘+8j+§k

Therefore,
- — i Jj ok
axb=[2 3 4
468
= i(24-24)- j(16-16)+k(12-12)
=0
Now,

|<;[=\122+32+42 =29
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Thus,

a+0(
Also,

|z:[= J# +6>+8 =116
Thus,

b';tO

Hence, converse of the statement need not to be true.

Question 9:

Find the area of triangle with vertices A(1,1,2) B(2,3,5) and C(L5.5).

Solution:

Vertices of the triangle are A(1,1,2) B(2,3,5) and C(L5,5)

Hence,

AB=(2-1)i+(3-1)j+(5-2)k
=Ai+§j+§k
=(1-2)i+(5-3)j+(5-5)k
=li+2j

Therefore,
Area of the triangle B ARG s %|%: %T
Now,
i k
B 5 s
-1 2 0
Zi(6)-j(3)+k(2+2)
= —8f~§j+3k
N e
=\36+9+16
=61
Therefore,
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ar(A4BC) =

Question 10:
Find the area of the parallelogram whose adjacent sides are determined by the vector

= A ~

—1—_;+3k and b 21—7j+k

Solution:

b VN ~

We have =i F438 and Badi= <k

Hence,
- — iJ ok
axb=[{1 -1 3
2 -7 1

=i(=1+21)= j(1-6) +k(=7+2)
—20i+5/— 5k
axt{-\20 515
— J400+25+25
=152

Thus, the area of parallelogram is 152 square units.

Question 11:

J2
. s — J: —_— i t. . .
Let the vectors ¢ and b be such that H 3 and ‘ 3 ,then axb is a unit vector, if the angle

between a‘ and b is

T T T T
(A) 6 (B) 4 © 3 (D) 2
Solution:

2 -
L F-E g
We have H_:;, | 3 and |axl:{_l
Therefore,
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= “.«;ﬂb sin&‘ =1
= 3x ?x sinf@ =1

= sinf —L
V2

=9="
4

Question 12:

~ P\ ~
—i+—j+4k
Area of the rectangle having vertices A, B, C and D with position vectors e ,
w B m w g o < b
i +—j+4k i——j+4k —i——j+4k
: 2'; , : 2] and ! 2'j , respectively is
1
(A) 2 (B) ! (©) 2 (D) 4

Solution:

_ A[:i+rj+2k] B[f+l"j+1ik] c[;'—l";'+2k] D(:z‘—rj+3kj
We have vertices 2 , 2 , 2 and 2 .

Therefore,
%* ~o (1 1Y), on
—(141)i+| === |j+(4-4)k =2
(+)1+[2 ij+( ) i
115 . P
BC=(1—-1]E+(—i~le+[4—4)k=—~j
2 2
Now,
115301 A
ABxBC=[2 0 0
0 -1 0
—k(-2)
=2k
HE'L%JST: (-2)
=2

So, area of the rectangle is 2 square units.
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MISCELLANEOUS EXERCISE

Question 1:

Write down a unit vector in XY-plane, making an angle of 30° with the positive direction x-
axis.

Unit vector is 7 =cos8i+sin8j where 0 is angle with positive x-axis.
Therefore,
¥ =c0s30% +sin30°;
= ﬁz’ +—=j
2 2 J
Question 2:

Find the scalar components and magnitude of the vector joining the points * (%:%:%) and

Q(xzsyzﬂzz),

We have P(xl’yl‘zl) and Q(xzsyjazz)

Therefore,
PO=(x,-x)i (y —3)j+(z -2 )k

‘[[BT \/,\ - X, y }I) +(.72—z])2

Hence, the scalar components of the vector is {(”"3 —5)+(n-»)+(z -4 )} and magnitude of

the vector is \/(x’ ) +(1: - yl)2+(zz—z])3.

Question 3:
A girl walks 4 km towards west, then she walks 3 km in a direction 30° east of north and stops.
Determine the girl’s displacement from her initial point of departure.

Let O and B be the initial and final positions of the girl, respectively.
Then, the girl’s position can be shown by the below diagram:
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-}

‘i

g
?
J
\ L3

-
.
g
<

We have:
LT o
06
48 < il18(cos 60° +

NG

A 1 ~
=i3x—+ j3x—
2 J

2
3. 33,

=Zj+—
it

Bjsin 60°

By the triangle law of addition for vector,
OB-04+48
- 33
= [—41) [EI+—J’]
[ -4+ j +3—\é\ J
2
( -84 3] | 3J§~ .

) J

5. 33,

—i+
Hence, the girl’s displacement from her initial point of departure is 2 2 — ! .

Question 4:

Ifa=bt c‘, then is it true that H= H“LH‘? Justify your answer.

WWwWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

4

Solution:
In AABC

E’Bn;;:ﬁ=g and thLE:c

By triangle law of addition for vectors

a=b+c

By triangle inequality law of lengths
< f+ld

Hence, it is not true that H= HJF‘CT

Question 5:

x(;';j;k)

1S a unit vector.

Find the value of x for which

Solution:
We have a unit vector x(; +J +k)
Therefore,
= ‘x(i-:j-:k)‘ -1
=SJxXP+x7+x =1
=3x? =1
= \/gx =]

==

1
J3
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Question 6:

Find a vector of magnitude 5 units, and parallel to the resultant of the vectors a = 2i+ 3) k
and b=1—2]+k.

Solution:
We have a=§i+§j:k and b;I—ij-;:k

Hence,

- - -

c=a+b
=(2+1)i+(3-2)j+(-1+1)k
=3i1
N
=49+1

=10

Therefore,
: (5’31 -|:‘ j)

“’WFW

So, a vector of magnitude 5 and parallel to the resultant of @ and bis

i(c)=i5(7%(3i$j)]

_ W Jio
B

"‘“—J

Question 7:

= A ~ = A ~ = ~

If a—I+J+k b=2i~j+3k and c=i-2j+k find a unit vector parallel to the vector
2a—b+3a

Solution:

7 A ~ 7 A ~

We have ﬂ—I+J+k b= 2I—j+3k and c-!—2]+k

Therefore,
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2a—b+3c= 2(:‘J;‘ﬁk]—(ii—"j+§k]+3(r—2}$k)
=2i42j+2k—2i+ j—3k+3i-6j+3k
=3i-3j+2k
3 = -
|2a—b+3$= JBE+(-3) +22
=v9+9+4
=22

So, the required unit vector is

- - - ~

2a-b+3c  3i-3j+2k
|2a-b+3ci V22

Question 8:

Show that the points A(1,-2,-8),8(5,0.-2) and C(11.3.7) are collinear and find the ratio in

which B divides AC.

Solution:
We have points 4(1.-2.-8).8(5.0.-2) apq C(113.7)

Therefore,
I}y'ET:(5—15:’+(0+2A_;‘+(—2+85k=:¥i+§j+gk
BC =(11=5)i+(3-0) j +(7+2)k =6i+3/+%
=(11=1)i+(3+2) j+(7+8)k =10i+5j+15k
V7 =6+ 136 = V56 =241
|HPI=M=J36+9+81 =126 =34
|%T= V107 457 +157 =\100+25+225 = /350 = 5114
Now,

|ﬂ+|§5—[= 2J14 +314
=514

-4
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Thus, the points are collinear.

Let B divides AC in the ratio A :1

Therefore,
M 20¢+04
—(A+))
5 2,(1'if+§j+§k)+[i—§j—§k)

A+l
:>(;L+1)(3s'-§k)=11i1+3ij+?ik$f—§j—§k
= 5(a+1)i-2(A+1)k=(11a+1)i+(31-2) j+(72—-8)k

On equating the corresponding components, we get

= 5(A+1)=(112+1)
=5A+5=111+1
=61=4

2

=A==
3

Thus, the ratio 1s 2:3.

Question 9:
Find the position vector of a point R which divides the line joining two points P and Q whose

position vectors are (2a+g§ and (a-3?:j externally in the ratio 1:2. Also show that P is
midpoint of the line segment RQ.

Solution:
We have 551= 2a+b,55=a—3b

It is given that point R divides a line segment joining two points P and Q externally in the ratio
1:2.

Then, on using the section formula, we get:
1oy 2(2a+i:)~(a~—2;j
R =
2-1
S
4a+2b-a-3b
]

T

=3a+5b
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Hence, the position vector of R is 3a+5b

R
Thus, the position vector of midpoint of
00+ OF (a=3b)+(3a+35)

Thus, P is the midpoint of line segment RQ.

Question 10:

The two adjacent sides of a parallelogram are 2i—4/+5k and i~2j -3k . Find the unit vector
parallel to its diagonal. Also, find its area.

Solution:
Diagonal of a parallelogram is a+5

;+I?=(2+15:‘+(—4—25j+(5—35k
=3i-6j+2k

So, the unit vector parallel to the diagonal is

.«;c-i?_ §f—gj+§k
\a+b| (3 +(-6) +2°
_3i-6j+2k
J9+36+4
3i—6j+2k
7
1n, 2. 4
:;(31—61+2k)

Area of the parallelogram is |a Hq
Now,
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< =
- =
axh=[2 -4 5
| 2 -3
Zi(12410)= j(~6-5)+ k(4 +4)
=22i+11j
=11(:3.f$j)

a
|a+:;f:11\)'22+12:11\f§

So, area of parallelogram is 1145 square units.

Question 11:
Show that the direction cosines of a vector equally inclined to the axis OX, OY and OZ are

(5%

Solution:
Let a vector be equally inclined to OX, OY and OZ at an angle «

So, the DCs of the vectors are cosa ,cosa and cosc .

Therefore,
cos’ a+cos’ o +cos o =1

—3cos’a =1

) 1
= cos a:;

= coso =t—

1
3
i(L,L,L]
Thus, the DCs of the vector are 3 V3 V3.

Question 12:
Let a=i+4j+2k b=3i-2j+7k and c=2i—j+4k . Find a vector d which is perpendicular
to both a and 4, and cE:lS.

7 A ”~

Solution:
Let Eyzd:i+d;j+d;k
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Since, d is perpendicular to both a and b‘, we have

A=

=d, +4d,+2d,=0 (1)
And

db=0

=3d,-2d,+7d,=0  ...(2)

Also, it 1s given that

od <15

=2d,—d, +4d, =15 %)

On solving equations (1):(2) and (3), we get

160 5 70
b TSRS
Therefore,
160 5 70
= — ——j——k
3 3 3
1 a- A‘ ~
=§(160:-—5;—?0k)

Question 13:

~

The scalar product of the vector i+ j +k with a unit vector along the sum of vectors 2i +4j —5k

and Ai+2j+3k is equal to one. Find the value of 4.

Solution:

(§f+ﬁj—§k)+(ii+§j+§k)=(2+lji+gj—§k

Therefore, unit vector along (2:'-!- - 5k)+ ():1 ¥ %j +:ik) is o
(2+A)i+6j-2k  (2+A)i+6j-2k  (2+A)i+6j-2k

J(2+A)2+62+(_2)Z T Ja+a2+22 43644 JA2+4r+44

Scalar product of i+ j+k with this unit vector is 1.
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:$(P:j+k)[(2+l)P+6j Zk] .

N Ry
:>(2+/1)+6—2
A +4A+44
::nfm:/l+6

= AP +4A+44=(1+6)

= AT +4A+44= 07 +124+36
=81=8

=>i=1

4

=1

Question 14:
If @,b,c¢ are mutually perpendicular vectors of equal magnitudes, show that the vector a+btec

is inclined to @.,b.c

Solution:
Since, a,b.¢ are mutually perpendicular vectors of equal magnitudes
Therefore,
abh=bie=ea=0
And

7-A-H

Let a+b+c be inclined to a@.b,c at angles 6,-0,,6; respectively.

s AR S SN
atb+cla aa+ba+ca

a+b+c

-3 o o
ab+bb+cb
a+b+cb a+b+cb a+b+c

ac+bc+cc

k+b+cc

Since H= H= H’ cos 6, = cos, = cos b,

Thus, 6, =6, =0,
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Question 15:

- -
Prove that (a +l:5.(a e gj o Hl * HZ if and only 1f a and b are perpendicular, given @ #0,b#0,

Solution:

(o B} (a0l +fff
-5 o9 o o
=>a.a+ab+b.a+bb=‘c:r+‘gr

bl 1
:>‘c§F+2a.b+‘b =|c_zr+‘l;r
_)_’

=2ab=0
——

=ab=0

Thus, a and b are perpendicular.

Question 16:
If O is the angle between two vectors a and b, then a.b>0 only when

i i
0<0<=— 0<o<=

@ 2 (B) 2

(C) 0<O<m (D) 0<0<n

Solution:

abz0

:>|;“b cosf >0

= cosO =0 [‘-'HZOand Hzo]
—0<0<Z
2
T
0<0<—
Hence ab >0 if 2

Thus, the correct option is B.

Question 17:

Let « and b be two unit vectors and 0 is the right angle between them. Then a+5 is a unit
vector

3 T g 27
3 2

N

(A) (B) ©)
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Solution:

We have a and b , two unit vectors and 0 is the angle between them.

A-H-
Now, a+b is a unit vector if ";“ Jz 1

Therefore,
= (‘:"a'(;'a =1

- o o
=aga+ab+ba+bb=1

—3—
:>|;r+2a.b+‘gr =
:,12+2|a|5[cose+12=1

=1+2(1)(1)cosd +1=1

Then,

== cms{-}':—l
2

2
4

2w

o g 0=
Hence, a+b is a unit vector if 2

Thus, the correct option is D.

Question 18:

The value of ’i'(j >?k)*:‘“’i "(b:k)':k(f;j ) 18

(A) 0 (B) -1 €)1 (D) 3
Solution:
}'.(jQk)ﬁj.[fé‘k)iktf;j)QE.sif.(ij)J:;Ek

=1-1+1

=:1

Thus, the correct option is C.

Question 19:

If O is the angle between any two vectors a and b‘, then |;].f[=|axj.f[ when 0 is equal to
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(A) 0 (B) 4 (©) 2 (D) n

Solution:
Let 6 be the angle between two vectors a and b.

Then, without loss of generality, @ and b are non-zero vectors, so that |;[ and H are positive.
Now,
-

- |5ﬂb cosf =|.;nb sin@

= ¢o0sf =sinf

= tanf =1
—0="
4

So, |;3[=|;><}:[ when y =%

Thus, the correct option is B.
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