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1:

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

Solution:

Wt g = Fau

L )
Saiith

Here, vector OP represents the displacement of 40 km, 30° East of North.

2:
Classify the following measures as scalars and vectors.
(i) 10 kg (i) 2 meters north-west (iii) 40° (iv) 40 watt (v) 10™°coulomb (vi) 20m/ s?

Solution:
(1) 10 kg is a scalar quantity because it involves only magnitude.
(i) 2 meters north-west is a vector quantity as it involves both magnitude and direction.

(iii) 40’ is a scalar quantity as it involves only magnitude.
(iv) 40 watts is a scalar quantity as it involves only magnitude.

(v) 10" Coulomb is a scalar quantity as it involves only magnitude.
(vi) 20m/ s%is a vector quantity as it involves magnitude as well as direction.

3:
Classify the following as scalar and vector quantities.
(i) time period (ii) distance (iii) force (iv) velocity (v) work done

Solution:

(i) Time period is a scalar quantity as it involves only magnitude.

(i1) Distance is a scalar quantity as it involves only magnitude.

(ili) Force is a vector quantity as it involves both magnitude and direction.

(iv) Velocity is a vector quantity as it involves both magnitude as well as direction.
(V) Work done is a scalar quantity as it involves only magnitude.
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4:
In Figure, identify the following vectors.

(1) Co-initial (i) Equal (ii1) Collinear but not equal

Solution:
(i) Vectors a and d are co-initial because they have the same initial point.
(i) Vectors band d are equal because they have the same magnitude and direction.

(iii) Vectors a and C are collinear but not equal. This is because although they are
parallel, their directions are not the same.

5:
Answer the following as true or false:
(i) a and —aare collinear.

(i) Two collinear vectors are always equal in magnitude.
(iii) Two vectors having same magnitude are collinear.
(iv) Two collinear vectors having the same magnitude are equal.

Solution:

(i) True
Vectors a and —a can be parallel or coinciding vectors. Either way the vectors will
have same magnitude but opposite in direction and will be parallel to the same line..

(ii) False
Collinear vectors are those vectors that are parallel to the same line.

(ili) False
It is not necessary for two vectors having the same magnitude to be parallel to the same
line.

(iv) False
Two vectors are said to be equal if they have the same magnitude and direction,
regardless of the positions of their initial points.
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é:ompute the magnitude of the following ve]cftors: . .
d=1+]+k; b=2I-7]-3k; C:\/§f+\/§j—\/§k
Solution:
P P 1. 1. 1¢-
a:|+1+k,b:a—Jj—mgC:k@|+J§J—J§k

Magnitude of a vector v= pi + qj + rk is given by M \/( p)2 +(q)2 +(r)2 :

=) + () + (1) =3

4+49+9
=62
-\ %) (%) ()
I O
3 3 3

Write two different vectors having same magnitude.

Solution:
Consideré=(f+2j+3l2) and Ez( —]- IZ)

It can be observed that |§| —J1?+22+3 =1+4+9=1/14 and
b =2 +(- —J41+9=14

Hence, & and b are two different vectors having the same magnitude. The vectors are different
because they have different directions.

3:
Write two different vectors having same direction.

Solution:

Py

Consider p= ( j+ IZ) andq=(2f+2j+212).



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

L}
m BYJU'S NCERT Solution For Class 12 Maths Chapter 10 Vector Algebra

The Learning App

The direction cosines of p are given by,
1 1 1 1 1

1
I=—=_,m=—=—,n=—=—
JEiT 2 B E+LE B PP B
The direction cosines of g are given by
2 2 1 2 2

IZ = :—,m: = =
Joriori2 2B B ori2ti2 2B
2 2 1

J2+2+22 283 B

and n=

The direction cosines of p and ¢ are the same.
Hence, the two vectors have the same direction.

4.
Find the values of x and y so that the vectors 2i +3] and xi +yj are equal.

Solution:
The two vectors 21 +3] and xi +Yyj will be equal if their corresponding components are
equal. Hence, the required values of x and y are 2 and 3 respectively.

5:
Find the scalar and vector components of the vector with initial point (2, 1) and terminal

point (-5, 7).

Solution:
The vector with the initial point P (2, 1) and terminal point Q (—5, 7) can be given by,

PQ=(-5-2)i+(7-1)]

— PQ=-7i+6]

Hence, the required scalar components are —7 and 6 while the vector components are
—71+6].

6:
Find the sum of the vectorsa =i —2j+k, b =—2i +4]+5k and ¢ =i —6 ] — 7K.

Solution:
The given vectors are a=1—2j+k,b=-2i +4j+5k andc=i—6]—7k
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L a+b+c=(1-2+1)i +(-2+4-6)]+(1+5-7)k
=0/-4]-1k
=—4]-k

1
Find the unit vector in the direction of the vector a =i+ j+ 2k .

Solution:
The unit vector & in the direction of vector a =1+ | +2k

@ =N +L +2% =\1+1+4 =6

a I+j+2k

é:
o

+ j+ilg
6

%1

1oL
V6 6

8:
Find the unit vector in the direction of vector PQ, where P and Q are the points (1, 2, 3)
and (4, 5, 6) respectively.

Solution:
The given points are P (1, 2, 3) and Q (4, 5, 6).

PQ=(4-1)i +(5-2) ] +(6-3)k =31 +3] +3k
PO =3 +32+3 =019+ 9 =27 =33

Hence, the unit vector in the direction of PQ is

PQ _3i+3j+3K _ 1. A, 1g
T a8 B Ea
9:
For given vectors, a=2i — j+ 2k and b =—i + j—k , find the unit vector in the direction of the
vector a+b
Solution:
The given vectors areda=2i — j+2k andb =—i + j —K..
a=21—j+2k
b=—i+]j—k

s d+b=(2-D)i +(-1+1) j+(2-Dk =1 +0j+Kk =i +k
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‘é+5‘:mzx/§

Hence, the unit vector in the direction of (a’+b) is

(@+b) iak_1. 1,
‘a+5‘ 22 2
10:

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

Solution:
Leta =5 —j+2k

6 = /5% +(~1)° + 22 =25 +1+4 =30

é_i_ 5 — j+2k
o la B0
Hence, the vector in the direction of vector 51 — j+2k which has magnitude 8 units is given
by
84-8 51— j+2k
J30
40 o 8 2 16 ~
= I — ]+ k
J30© 30 30
11:

Show that the vectors 2f —3] +4k and —4i +6]—8k are collinear.

Solution:

Let a=21 —3]+4k and b=—4i +6]—8K.

It is observed that B:—4f+6j—8l€=—2(2f—3j+4l€)—
. b=2a

Where,

A=-2
Hence, the given vectors are collinear.

12:
Find the direction cosines of the vector 1 +2j +3k

Solution:
Let a=i+2j+3k.

la] =V1 +22+3 =1+4+9=114
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Hence, the direction cosines of a are (

1 2 3 J
V14’ 14" 14

13:
Find the direction cosines of the vector joining the points A(1, 2,—-3) and B(-1, —2,1)
directed from A to B.

Solution:
The given points are A(1, 2,—3) and B(-1, —2,1)

5 AB=(-1-1)i +(-2-2) j+(1—(-3))k
— AB=-2{ —4]+4K

‘ATB‘ = J(2) +(-4) +4* = J4+16+16 =36 =6

Hence, the direction cosines of ATB are —g,—ﬂ,ﬂ = —1,—3,2
6 6 3 33

14:
Show that the vector i + j+k is equally inclined to the axes OX, OY, and OZ.

Solution: Let
=THen, i + ] +k

| =VE 1+ =3

. 1 T i |
Therefore, the direction cosines of a are| —,—,— |.
[Jﬁ 3’3 j
Now, let a, B, and y be the angles formed by & with the positive directions of X, y, and z

axes. Then, we have

00504—i cos,é’—i COSy =—=

Hence, the given vector is equally inclined to axes 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 and respectively, in the ration 2:1

(i) internally
(i) externally

Solution:
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The position vector of point R dividing the line segment joining two points P and Q in the ratio
m: n is given by:
mb +na
m+n
mb +na
m-n

i. Internally:

ii. Externally:

Position vectors of P and Q are given as:

OP = {+2]—K and 0Q-= i +]+k

(i) The position vector of point R which divides the line joining two points P and Q
internally in the ratio 2:1 is given by:

S 2(—f+ j+l2)+l(f+2j—l2) (—2f+2]°+2|2)+(f+2]°—|2)

R: =
2+1 3
H+4j+k 1. 4. 1.
= —=1+—=J+=k
3 3 3 3

(i) The position vector of point R which divides the line joining two points P and Q
externally in the ratio 2:1 is given by,

S 2(—f+ j+|2)—1(f+2j—l2)

OR =
2-1

:(—2f+2j+2|2)—(f+2j—|2)

=31 +3K
Question 16:
Find the position vector of the mid-point of the vector joining the points P (2, 3, 4) and
Q@4,1,-2).
Solution:

The position vector of mid-point R of the vector joining points P (2, 3, 4) and Q (4, 1,
—2) is given by
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S (2?+3]+4I€)+(4f+ i—ZIZ)
OR =
2
C(2+4)i +(3+1) ]+ (4-2)K
B 2
6 +4]+2k
- 2
=3 +2]+k
17:

Show that the points A, B and C with position vectors,
a=3-4j-4k, b=2i— j+k and ¢ =i —3j -5k , respectively form the vertices of a right-
angled triangle.

Solution:
Position vectors of points A, B, and C are respectively given as:

a=3—-4j-4k, b=21—j+kandc =i -3j-5k
. AB=B-a=(2-3)i +(~1+4) +(1+4)k = +3] +5K
BC=C—b =(1-2)i +(-3+1) j +(-5-1)K =—i -2 —6K

CA=d-¢C

2

(3-1)i +(—4+3) j+(—4+5)k =2 — +k

=(-1)+3 +5° =1+9+25=35

=(-1)" +(-2)° +(-6)" =1+4+36 =41

2

‘CTA =2? +(—1)2 +1°=4+1+1=6

2 2

- S 2 —
AB| +|CA| =35+6=41=BC

Hence, ABC is a right-angled triangle.

18:
In triangle ABC which of the following is not true:
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Fig 10.18

A.AB+BC+CA=0
B.AB+BC-AC=0
C.AB+BC-CA=0

D.AB-CB+CA=0

Solution:

A B
On applying the triangle law of addition in the given triangle, we have:
AB+BC=AC ..
= AB+BC=-CA

= AB+BC+CA=0
The equation given in (A) is true.
AB + BC=AC
= AB+BC-AC=0
. The equation given in (B) is true.

From equation (2), we have:
AB-CB+CA=0

.". The equation given in (D) is true.
Now, consider the equation given in (C):
AB +BC-CA=0

= AB + BC=CA ...(3)
From equations (1) and (3), we have:

AC=CA
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—=AC=-AC

= AC+AC=0

= 2AC =0

— AC =0, which is not true.

Thus, the equation given in (C) is incorrect.
Hence, the correct answer is C.

19:
If & and b are two collinear vectors, then which of the following are incorrect:

ADb= /15., for some scalar A
a=+b
C. the respective components of & and b are not proportional
D. both the vectors & and b have same direction, but different magnitudes

Solution:
If & and b are two collinear vectors, then they are parallel.
Therefore, we have:

b=/1a (For some scalar 1)
IfA=%1,then a=+b
If 4= ai +a,] +a,k andb =bi +b, j +bk, then
b=Ja.
:>blf+b2j+b3I2:l(a1f+a2j+a3I2
=Dbi +b, ] +bk=(4a) +(1a,) ] + (1, )k
=b =1a,b, =1a,,b, =13,
b b _b_,
& A &
Thus, the respective components of & and b are proportional.

However, vectors a and b can have different directions.
Thus, the statement given in D is incorrect.

Hence, he correct answer is D.
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Exercise 10.3 Page: 447
1:
Find the angle between two vectors . and b with magnitudes /3 and 2, respectively having

ab =46

Solution:
It is given that,

El :\/5,‘5‘ —2and,ab

NG
Now we know that ab =|a| ‘6‘ cos &

,',\/6:\/§x2xc056
J6
\/§><2

:>cos€=i

N

= C0Sf =

=>0=—
4

Hence, the angle between the given vectors a and b is %

2:
Find the angle between the vectors i —2j+3k and 3i —2] +k

Solution:
The given vectorsare @ = i —2j+3k and b=3i —2j+k

&= 1P+ (22 +3 =1+4+9 =114
Ib| =3 +(-2)° +12 =+ 4+1=i4

Now,a.B=(f—2j+3l€)(3f—2j+|2)
~13+(-2)(-2)+3.1

=3+4+3

=10

Also, we know that ab =|a|\6\ cosé

10 =+/1414 cos 6

:>cos«9=E
14

=@ =cos* (§j
7

3:
Find the projection of the vector i — j on the vectori + j .



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

L}
m QLYJl{Aﬁ NCERT Solution For Class 12 Maths Chapter 10 Vector Algebra
Solution:
Let d = and b=
Now, prdjecjion of vecfor Fon b is given by,

1

\;‘(‘5) (W} 5D -0

Hence, the projection of vector aon b is 0.

Question 4:
Find the projection of the vector i +3]+7k on the vector 7i — j +8K .

Solution:
Let a= i+3]+7kandb =7i—j+8K.
Now, projection of vector aon b is given by,

1 1 7-3+56 60
‘b‘(ab) 72+(—l)2+82 {1(7)+3(_1)+7(8)}: J49+1+64 - 14

Question 5:
Show that each of the given three vectors is a unit vector:

%(2f+3j+6l2), %(3?—6]+2l€),%(6f+2j—3l€)

Also, show that they are mutually perpendicular to each other.

Solution:
Leté=1(2|+3j+6k) C §J+§I2
7 T
_ 30 6, 2~
b:l(su 6]+2k)=— —=J+=Kk,
7 T 7
1 ~ 2 A 6 2»\ 3;\
C==|61+2)-3k)==1+—=]—=K.
7 (61+20-3) =i +2 i
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. (ZT 3)2 6)2 4.9 36_
a=.l=| +|=| +|=]| = —
7 7 7 49 49 49
L3y (6 (2 9 36 4
7 7 7 49 49 49

_gjz %4 9
=

49 49 49
Thus, each of the given three vectors is a unit vector.

2 3+3 (—6) 6 2 6 18 12

7 )7 777729 a9 29"

~. 3 6 (—6) 2 2 (—3) 18 12 6
bC==X—4| — |[X=4=x| — |=— == - —
77 ) 7 7 7 49 49 49

3, ()Ll Nalog

77 77494949

Hence, the given three vectors are mutually perpendicular to each other

6:
Find [a] and [b|, if (a+b).(a~b)=8 and |a| =8Jp| .

Solution:
(a+b).(a-b)=8
b

:>g —B =8
— 2 512 - —
:>[8bj—b = {a:8b}
_)2 _)2
= 64|b| —|b| =8



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

m QLYJl{Aﬁ NCERT Solution For Class 12 Maths Chapter 10 Vector Algebra
P2
= 63b| =8
N 2
=|b :i
63
= B = % [Magnitude of a vector is non-negative]
_ [p[- 242
37
o 2| 8x2J2 1642
a|=8lb|= =
N7 3T
7

Evaluate the product. (33’ - 55) . (26 + 7b)

Solution:

(33—56).(2a+76)

34.24+34.7b —5b.23 —5b.7b

6a.da + 21a.b —104a.b — 35b.b

= 6[a[" + 1125 - 35[p|

8:
Find the magnitude of two vectors d and b , having the same magnitude and such that the

angle between them is 60" and their scalar product is %

Solution:
Let 0 be the angle between the vectors dandD .

It is given that |§| =‘6‘,§.B=%, and 4=60° ...(D)

We know that 3.0 = |§| ‘5‘ Cosd.
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% = aljo|60° [Using (1)]
1 2 1
=>==|a x>
2 2
- |a'|2 =1
=la|= ‘5‘ =1
9.

=[x -la] =12
= %[ -1=12 [|a] =1as a is a unit vector |
=% =13

- T3

If a=21+2]+3K,b=—i+2]+k andc =3+ ] are such that a+1b is perpendicular toc ,
then find the value of 1.

Solution:
The given vectors areda=2i +2j+3k,b =— +2j+Kk and ¢ =3 + j .

d+ b = (20 +2]+3K)+ A(-F +2]+K) =(2-2)T +(2+22) +(3+ A)K

If (a+ﬂﬁ)is perpendicular to C, then
o

=[(2+2)1+(2+22) j+(3+A)K | (37 + ) =0
= (2+4)+3+(2+24)1+(3+4)0=0
=6-31+2+21=0

=-1+8=0

=>A1=8
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11:
Show that:

|§|5+‘5‘§ is perpendicular to |§|5—Hé

For any two nonzero vectors a and b

=[af 6.5 [a||b|o.a +[o]|a|ab || aa
= B[ — B[ e
=0

Hence, (|§|5+‘5‘§)and.(|§|5—‘5‘ a)are perpendicular to each other

12:
Ifad=0and ab =0, then what can be concluded above the vector b ?

Solution:

It is given that a@=0and ab =0

Now, d.da=0 :>|E§L|2 =0=1a|=0

-.ais a zero vector.

Hence, vector b satisfying d.b = 0 can be any vector.

13:
If 4, b, C are unit vectors such that d+b +¢c=0 , find the value of ab+bc+ca .

Solution:

‘§+5+6‘2 =(é+5+6).(é+5+6) =|a° +‘5‘2 +[e +2(a’. +5.6+6.§)
Since, d+b +¢=0, we have
:>0:1+1+1+2(§.5+5.6+6.§)

-3

:>(a.|5+6.6+6.a)=7

14:
If either vectord =0orb =0, then &a.b =0. But the converse need not be true. Justify your answer
with an example.

Solution:
Consider = 2i +4j + 3k and b = 3i + 3j - 6k.
Then,
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d.0=23+43+3(-6)=6+12-18=0

We now observe that:

da=22 + 42 1 =29

- da#0

b = (3% +3° +(-6)" =54

~b=0

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

15:
If the vertices A, B, C ofatriangle ABCare (1, 2, 3), (-1, 0, 0), (0, 1, 2), respectively,

then find ZABC. [ ZABC is the angle between the vectors BA and §C]

Solution:
The vertices of AABCare givenas A(1, 2, 3),B (-1, 0, 0),andC (0, 1, 2),

Also, it is given that ZABC is the angle between the vectors BA and BC.

BA ={1—(—1)}i +(2-0) j+(3-0)k = 2 + 2] + 3K

BC ={0— (-1} +(1-0) j+(2-0)K = + j + 2K

BTA.B%C:(ZT+21°+3I<A).(|F+ j+2k)
=2x1+2x1+3x2=2+2+6=10

=22+ 22+ F¥ =41 4+9=\17
‘Bﬁc‘za\/1+1+22 -6

BA

.10 =17 x /6 cos (LABC)

cos(£ABC) = cos(£LABC) = 10

17 x6

= /ABC =cos™ (ﬁj

V102

—

BA

-

We know that: BTA. B%C = BC

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 A (1, 2, 7), B (2, 6, 3) and C (3, 10, —l)

- AB=(2-1)i +(6-2) j+(3-7)k =i +4] -4k

https:byjus.com
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N

BC=(3-2)i +(10-6) j+(-1-3)k =i +4] -4k
AC=(3-1)i +(10-2) j+(-1-7)k =2/ +8} -8K
AB|= 1+ 4° +(-4) = 1+16+16 =33
BC| = '+ 4 +(~4)’ =\1+16+16 =33

AC|=+[22+82+82 =J4+64+64 =233

Hence, the given points A, B, and C are collinear.

17:

Show that the vectors 2i — j+k, i —3]j—5k and 3i —4]—4k form the vertices of a right
angled triangle.

Solution:

Let vectors2i — j+K, 1 —3]j—5k and 3i +4j—4k be position vectors of points A, B, and C
respectively.

ie, OA=2{ — j+k OB={-3]j—5k, OC=3i—4]—4k
Now, vectors AB, B_)C, and ATC represent the sides of AABC.
e, OA=2f — j+k, OB=i—-3j-5K, OC=3f—4]j—4K

. AB=(1-2)i +(-3+1) j+(-5-1)k =—i —2j -6k

BC=(3-1)i +(-4+3) j+(-4+5)k =21 — j+k

AC=(2-3)i +(-1+4) j+(L+4)k =i +3]+5k

AB| = /(1) +(-2)° +(-6)° =L+ 4+36 =41

BC|= 22 +(-1) +1* =a+1+1=+6
AC|= (1) +3 +5° =1+ 9+ 25 = /35

2
+

— — 2
BC| +|AC

2 d
:6+35:41:‘AB

Hence, AABCis a right-angled triangle.
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18:
If d is a non-zero vector of magnitude ‘a’ and A a non-zero scalar, then 4 & is unit vector if
A 1=1 B) A=-1
(©) a=|4] (D) a=—
4]
Solution:
Vector Aa is a unit vector if |1a =1.
Now,
|28 =1
=14/|a|=1
1
=la|=— [4#0]
4]
1
=a=— a=a

. , . 1
Hence, vector Ad is a unit vector if a = m

The correct answer is D

https:byjus.com
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Exercise 10.4

Page: 454

1:
Find‘axﬁ‘, if 4= —7]+7kand b =31 —2j+2K

Solution:

We have,

a=1-7j+7k and b =37 —2j+2k

i ] kK
axb=[1 -7 7
3 -2 2

2

=1(-14+14)- j(2-21) +k(-2+21) =19 +19%
~JaixB| = (29)° +(29)" = [2x(19)" =19V2

2:

Find a unit vector perpendicular to each of the vector a+b anda—b, where
d=3+2j+2kandb =i+2j-2k

https:byjus.com
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Solution:
We have,

a=3+2j+2kandb =i+2j-2k
~d+b=4i+4], a-b =21 +4k

(a+5)x(a-b)|=y16° +(-16)" +(-8)’

=22 x82 + 22 %82 + 8
=822 +22+1
-89 =8x3=24
Hence, the unit vector perpendicular to each of the vectorsa+band a—bis given by the
relation,
N (a+b)x(a-b) _,161-16j-8k
|(a+b)<(a-p) 2
:iZI -2]-k
3
2:\ 2 2 1 2
=+—1F-JF=k
2N
3:

If a unit vectora makes angles % with T,% with j and an acute angle ¢ withk , then find &

and hence, the components of a

Solution:

Let unit vector & have (&,,a,,a,) components.
d=al+a,]+ak

Since & is a unit vector, |& =1

Also, it is given that & makes angles % with |% with J , and an acute angle 6 with K . Then,

we have:
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cosE=2
3 |4
1 -
=o=2 [la=1]
cosT =2
4 ||
== a=1
Also, cosé’:%
|l
= a, =C0sd
Now,
|a] =1

= Ja?+al+al =1
1 (1Y,
=|=| +|—=| +cos° =1
2 2
:>£+1+c0520=1
4 2
3 2
:>Z+cos 0=1

= 05’0 =1-

Nlw
N|F

:>cos«9:1:>0=Z
2 3

’ —COSZ—E
S, 377

N |-

N

Hence, Hzg and the components of & are (

N| -
N

4.
Show that

https:byjus.com
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— —

+axb-0

0+
2d

x
xb

5!
Find Aand u if (2?+6j+27|2)x(f+/1]+yl2):5

Solution:
(2f+6j+27|2)x(f+/1j+y|2)=6
P oK
=2 6 27/=01+0]+0k
1 1 u

=1 (6p—272)-](2u~27)+k(24-6)=0i +0] +0k
On comparing the corresponding components, we have:
6u—271=0

2u—27=0

24-6=0

Now,

2,-6=0=>1=3

2y—27:O:>y=%;

Hence, 4=3and ,u=2—27

6:
Giventhat ab=0and axb =0
What can you conclude about the vectoraandb ?

Solution:

ab=0

Then,

(i) Either |[a|=0o0r ‘5‘ =0,orda L B(in case d and b are non-zero)

axb=0

(i) Either [a]=0or ‘5‘ =0,or ais parallel toB(in case d and b are non-zero)

But, @ and b cannot be perpendicular and parallel simultaneously.
Hence, || =Oor‘5‘ =0.
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Let the vectorsa, b, c givenas ai +a,]+a,K,bi +b,j+bk,ci +c,j+ck

Then show that =ax(6+6)=ax6+ax6

- Solution:

a=al+a,]+ak,

b=bi+b,j+bk, c=ci+c,j+ck

(6+6):(bl+c1)f+(b2+c2) j+(b,+c; )k

o

Now, ax(5+6)a1

=i[a,b, +a,c, —aj,

™ ~

J K
& &

bl+cl b2+02 b3+C3
:f[az(b3+cs)_ae(bz+cz)]_j[ai(b3+cs)_as(b1+cl)]
+ k[, (b,+c,)-a, (b +c,)]
—a, ]+ j[-ab, —ac, +ah +agc,|
+ R[a1b2+a1c2—a2b1—a2c1] (1)
k
S
b,
+i[ba-ab]rk[ab-ah]  .(2)
k
8
C3

P
axb=la, a,
b b,
:f[azba asbz]
i
axC=la a,
c, G

=i[a,c, —aC, |+ I[ac —ac ] +K[ac, —a¢]

-(3)

On adding (2) and (3), we get:

(axb) (ax

C)=i[ah, +a,c, —ah,

—ac, |+ j[ba, +ac, —ab, —ac;]

+k[ab, +ac,~ah -ac]  ..(4)

Now, from (1) and (4), we have:
=§x(6+6)=§x6+a’x5

Hence, the given result is proved.

8:

If eithera =0 or b =0, then axb =0.
Is the converse true? Justify your answer with an example.

Solution:
Take any parallel non-zero vectors so thataxb =0.
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Leta=21+3]+4k,b=4i +6]+8K.
Then,
]
axb =2
4
It can now be observed that:

|é|:x/22+32+42 =29
~a=0
\6\: 4% 1 6% +82 =116

k
4|=1(24-24)- j(16-16)+k(12-12) =0i + 0] +0k
8

o W o,

|

~b=0
Hence, the converse of the given statement need not be true.

9:
Find the area of the triangle with vertices A (1, 1, 2), B (2, 3, 5) and C (1, 5, 5).

Solution:
The vertices of triangle ABC are given as A (1, 1 2),B (2, 3, 5) and C (1, 5, 5).

The adjacent sides ABand BC of AABC are given as:
AB =(2-1)i +(3-1) j+(5-2)K =1 +2] +3K
BC=(1-2) +(5-3) j+(5-5)k =—i +2]

Area of AABC = %‘KBX BC

i A
ABxBC=[l 2 3|=i(-6)-](3)+k(2+2)=—6i 3] +4k
-1 2 0
~|ABxBC| = |/(-6)" +(-3)" +4? =36+9-16 = /61

Jol

Hence, the area of AABC is Tl square units.

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

a =f —j+3kand b=4 -7 +

Solution:
The area of the parallelogram whose adjacent sides are & and b is ‘éx B‘.

https:byjus.com
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Adjacent sides are given as:

~

i k
~dx b= -1 3|=i(-1+21)- j(1-6)+k(-7+2)=20i +5] -5k
2 1

~|ax bl =202 +52 + 52 =400+ 25+ 25 =152
jax b=+ v

Hence, the area of the given parallelogram is 152 square units

11:

2

Let the vectors 4 and b be such that |§|=3and‘5‘:?, then @x b is a unit vector, if the

angle between a and b is

T T T T
A) 5 (B) 1 © 3 (D) 7

Solution:

It is given that |a| =3and ‘B‘Zg

We know thataxb = |é”5‘sin0 A, where is a unit vector perpendicular to both & and b and
@is the angle between & andb.

Now, ax b is a unit vector if ‘ax 5‘:1

lax b[=1

:>‘|a|‘5‘sin Hﬁ‘ =1

:>|a|‘5‘|sin 6|=1

2

:>3><?xsin6’:1

=sinf=—
J2
:>¢9:z
4

Hence, ax b is a unit vector if the angle between &and Bis% :

The correct answer is B.

12:
Area of a rectangle having vertices A, B, C, and D with position vectors
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—f+% j+4k, f+% j+ak, T - %j 4k and -i —%j+4k respectively is
1
A) 5 B)1
(C) 2 (D) 4
Solution:

The position vectors of vertices A, B, C, and D of rectangle ABCD are given as:

O_A):—f+%j+4|2, C;B:f+%j+4lz

N

OC=i-=j+4k O —Zj+4k

|\>||—\
il\)ll—‘

The adjacent sides ATB and BCof the given rectangle are given as:

KB=(1+1)|“+(%—%) j+(a—d)k =2

BC:(l—l)f+(—%—%j j+(4-4)k=-]

G -2

Now, it is known that the area of a parallelogram whose adjacent sides are

- |ABxBC

a andbis ‘é.'x B‘.

Hence, the area of the given rectangle is |ABx BC| = 2 square units.

The correct answer is C.

https:byjus.com
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Miscellaneous Exercise Page: 454
1:Write down a unit vector in XY-plane, making an angle of 30° with the positive direction of
X-axis.
Solution:

If Fis a unit vector in the XY-plane, then ¥ =cos i +siné] .
Here, @ is the angle made by the unit vector with the positive direction of the x-axis.
Therefore, for 8 =30".

F:003300f+sin300J°=£f+l i
2 2
Hence, the required unit vector is ?H% j

2.
Find the scalar components and magnitude of the vector joining the points
P, ¥1,2) and Q(X,, Y2, 2,).

Solution:
The vector joining the points P(x,, y;,z) and Q(X,, Y,, ,)can be obtained by,

P?) = Position vector of Q-Position vector of P

=(%—x)i+(¥,— 1) ] +(z,—2)k

‘Pb = \j(xz —x1)2 +(y, - yl)2 +(z, - 21)2

Hence, the scalar components and the magnitude of the vector joining the given points are
respectively {(x, —%,),(Y,—¥:).(z,—2)} and \j’(xz %)+ (Y, -%:) +(z,-2)

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.

Solution 3:
Let O and B be the initial and final positions of the girl respectively.
Then, the girl’s position can be shown as:

N
3

1

: B

1

1

TS
L/ 60°
W > E
A 4km o

Now, we have:

https:byjus.com
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OA=—4f

—

AB|cos60° { +|AB]sin60° ]

NE

=3><EIA+3><—J
2 2

AB =

+

2
By the triangle law of vector addition, we have:
OB =OA+AB

~ (~4f)+ Ghiq

Hence, the girl’s displacement from her initial point of departure is
5,30

2

f a=b+C, then is it true that || = |b| +|[c| 2Justify your answer.

Solution:
In AABC, let CB= a, CA= b, and AB=¢ (as shown in the following figure).

B —_— C
a

Now, by the triangle law of vector addition, we have d =b +¢.
It is clearly known that 4], |5| and [c| represent the sides of AABC.

Also, it is known that the sum of the lengths of any two sides of a triangle is greater than the
third side.

https:byjus.com
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~lal< ‘5‘ +|c|

Hence, it is not true that | :‘5‘+|6|

5:
Find the value of x for which x(f+ j+ IZ) is a unit vector

Solution:

x(f+ j+|€) is a unit vector if ‘x(f+ ]+I2) =1.
Now,

‘x(f+j+l€) =1

=SIXC+xX2+x2 =1
—=3x? =1

= 3x=1

1
=>X=*t—4
V3

Hence, the required value of x is +—.

1
NE

6:
Find a vector of magnitude 5 units, and parallel to the resultant of the vectors
a =2f +3j —kand b =f 2] +k

Solution:
We have,

Let ¢ be the resultant of a,bandc.

-C_E_(3f+j)
=i NI

Hence, the vector of magnitude 5 units and parallel to the resultant of vectors & and b is

3\/1_0f+@j
>+

2

+50 = 15.%(&% j)=+



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

]
m BYJ-U S NCERT Solution For Class 12 Maths Chapter 10 Vector Algebra

The Learning App

Solution:

We have,

d=i+]+k ,b=21—j+3k and c=i-
2a-b+3c= 2(?+j+l2) (2|—J+3I2)
=21 +2]+2k—21+ j—3k+31 —6]+3K
=31-3j+2k

\23—6+36\=,/32+(—3)2+22 =J9+9+4 =422
Hence, the unit vector along 28 —b + 3¢
2a-b+3c  3-3j+2k

3
l2a—b +3¢] 2 2

a

t‘

k.

3Cis
3j2
2=z

8:
Show that the points A (1, —2, —8), B (5, 0, —2) and C (11, 3, 7)are collinear,

and find the ratio in which B divides AC.

Solution:
The given points are A (1, -2, —8), B (5, 0, —2) and C (1 L, 3, 7)

o AB=(5-1)i +(0+2) j+(-2+8)k =4 + 2] +6k
BC = (11-5)i +(3-0) ] +(7+2)k =6i +3] +9K
AC = (11-1) +(3+2) j +(7+8)K =10i + 5] +15K
AB| =47 +27 +67 =16+ 4+36 = /56 = 214
BC| =6 +3° +9° = /36+9+81 = 126 =314
AC| =107 +57 +157 = /100 + 25+ 225 = /350 = 514

ATC = + B%C

Thus, the given points A, B, and C are collinear.
Now, let point B divide AC in the ratio A:1. Then, we have:

O—>B: A OC+AA

(A+1)
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:35f_2Q:Ql@if+3j+7ﬁ)+(f_2j_8ﬁ)
A+1

= (A+1)(51 - 2K) =114F + 34 + 74K +7 2] - 8K

=5(A+1)i —2(21+1)k =AU +1)i +(32-2) j+(7A-8)k
On equating the corresponding components, we get:
5(A+1)=111+1
=51+1=111+1
=61=4

4 2

SA=—=—
6 3

Hence, point B divides AC in the ratio 2: 3.

9:
Find the position vector of a point R which divides the line joining two points P and Q whose
position vectors are (23+5) and (5-35) externally in the ratiol: 2. Also, show that P is the

midpoint of the line segment RQ.

Solution:
It is given that OP = 23 +b,0Q = &-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:
2(2a+b)-(a-3b)
2-1

43 +2b—a+3b

1
—3a+5b

OR =

Therefore, the position vector of point R is 3d+5b
Position vector of the mid-point of RQ = —OQ;OR
(é-BB) + (3§+56)

2

-

P
Hence, P is the mid-point of the line segment RQ.

=23d+b

10:

https:byjus.com
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The two adjacent sides of a parallelogram are 2i —4]+5k andi—2j—3k .
Find the unit vector parallel to its diagonal. Also, find its area.

Solution:
Adjacent sides of a parallelogram are given as: a=2i —4j+5k andb =i —2j—3k
Then, the diagonal of a parallelogram is given by a+b
a+b=(2+1)i +(-4-2) j+(5-3)k =31 6]+ 2k
Thus, the unit vector parallel to the diagonal is

a+b  3i-6j+2k 3 -6j+2k 3-6j+2k
‘é+6‘_\/32+(_6)2+22 - Jo+36+4 7

—
_|_
~inN

>

.. Area of parallelogram ABCD = ‘é+5‘

jsb)
N B =
wWw o =

i
+b=[2 -
1

| (12+10)— j(-6-5)+k(—4+4)
221 +11]
11(2i + j)

\a+6\=11 22 112 =115

Hence, the area of the parallelogram is 115 square units

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

1 1 1

BEE

Solution:
Let a vector be equally inclined to axes OX, OY, and OZ at angle a.
Then, the direction cosines of the vector are COS ¢¢, COS ¢, and COS ¢x.

Now,
cos? a+c0s® ar +¢0s® o =1
—=3c0s’ a =1

1
=C0Sax =—f4

Ng

o : . I 1
Hence, the direction cosines of the vector which are equally inclined to the axes are ﬁ

-
Sl

https:byjus.com
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12:
Let da=i+4j+2k andb=31—2j+7k and =2 — j+4k.Find a vector d which is
perpendicular to both & and b , and ¢.d =15

Solution:
Let d =d,i +d,]+d.k

Since d is perpendicular to both dandb

da=0

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

db=0

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

Also, it is given that:

cd =15

=2d,-d,+4d, =15 ..(iii)

On solving (i), (ii) and (iii), we get:

d, = 160 ,d, =——=and d, __10
3 3 3

Lg=t0p 5 MOp 1 (16o| 5j—70|2)

3 37 3 3

Hence, the required vector is %(160f — Gij 70l2)

13:
The scalar product of the vector f+j+|2 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:

(2f+4j—5ﬁ)+(1f+2j+3ﬁ)

=(2+A)i +6]-2k

Therefore, unit vector along (2f+4j —5I2)+(/1f+ 2] +3I2) is given as:
(2+2)i+6j-2k _ (2+4)i+6]-2k _(2+4)i+6]-2K

J(2+4) +6% +(-2) Ja+ai+22+36+4 AP +a0+44

Scalar product of (i + j +K ) with this unit vector is 1.

i JQHZI(2+&)| +6) -2k _

A2 144+ 44
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(2+4)+6-2 1

_\erA)ro-<
SM:Z+6

= A +41+44=(A+6)

=S A2+ 40 +44= 22 +124+36
—81=8

=1=1
Hence, the value of A is 1.

14:
fa

a,b,care mutually perpendicular vectors of equal magnitudes, show that the vector
a+b+c isequally inclined to &,b and ¢ .

Solution:
Since &,b and ¢ are mutually perpendicular vectors, we have

ab=bc=ca=0. Itisgiventhat: |d|= ‘6‘ =|c|
Let vector a+b +¢ be inclined to &,b and ¢ at angles 6,,6,, andé, respectively.
Then, we have:

cosé, = (a+b+c)a _aa+ba+ca
‘a+b+qp| ‘ 6+‘ﬁ|
I 9
|a+b+|al [ba=ca=0]
__la
‘é+5+j
oy (@4B+C)8 abBhvch
2_w3+5+ﬂﬁ‘_‘§+5+ﬂw‘
)
b — _
\a+éld@\ |ab=cb=0]
__ P
‘é+5+d
%9_X3+5+5)5_aﬁ+6ﬁ+ce
" lavb+cfel  [a+b+clf
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~12
__ 1 [ac=bc=0
d+b+cjlc|
I
d+b+cC

Now as |d] :‘5‘ =|c], cos@, =cos6, =cosb,
£ 6,=6,=6,
Hence, the vector a-+b-+c is equally inclined toa,band c.

15:
Prove that, (a’+6).(a+6)=|a|2 +‘5‘2 if and only if &,b are perpendicular, given @+ 0,b =0

Solution:

aa+ab+ba+bb=|a’ + ‘5‘2 [ Distributivity of scalar products over addition ]
<|a’ +2ab +‘5‘2 =4’ +‘5‘2 [5.5 =b.a (Scalar product is commutative)]
<2db=0
<ab=0

.a and b are prerendicular. [a #0,b#0 (Given)]

16:

If O is the angle between two vectors a and b , then only when
(A)0<0<% (B)OSGS%

(C) 0<b<x (D) 0<o<x

Solution:

Let @ be the angle between two vectors aandb .
Then, without loss of generality, @and b are non-zero vectors so that
|| and ‘5‘ be positive

It is known that a.b :|é|‘5‘ cos &

-db>0
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= |é|‘5‘cos«9 >0
=c0s0 >0 [|é| and ‘5‘ are positive}

=0<0<

NN

T

Hence, ab >0 when 0< @< 5

The correct answer is B.

17:

Let & and b be two unit vectors and 9 is the angle between them. Then"@+D is a unit vector
if V4 V4 V4 27

A) == B) 6=— C) == D) 6=—

(o=, ®0=-3 ©0=5 (© 0=

Solution:

Letd and b be two unit vectors and 0 be the angle between them.
Then, [a|=|b|=1

Now, d+Db is a unit vector if ‘é+5‘ ~1.

2 — 2
=la|" +2ab +|b| =1
=1 +2d||p|cos 0+1° =1
=1+2.1.1cosf+1=1
1
=C0S0=—=
2

_z_ﬂ

3

. . . 2
Hence, a+b is a unit vector if 8= ?ﬂ

=40

The correct answer is D.

18:
The value of f.(]xl?)+ j.(fo)+l2.(fx j)is
A0 (®-1 (O1 (D)3

Solution:
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The correct answer is C.

19:
If 0 is the angle between any two vectors Z and b then ‘3.6‘ = ‘é X B‘When 0 is equal to

(A) 0 (B)% <c>§ D) z

Solution:

Let 0 be the angle between two vectors aand b

Then, without loss of generality, a and b are non-zero vectors, so
That |d| and ‘5‘ are positive.

2| =[x

:>|a|\6\ cos6*:|é|‘6‘sin0

= c0s@ =sind [|é| and ‘5| are positive}

=tanfd=1

—0==
4

Hence, ‘5.5‘ = |§x5‘ when 0 is equal to %

The correct answer is B.
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