NCERT Solutions for Class 12th Maths Chapter
10 — Vector Algebra

Exercise 10.1

Question 1:

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

Answer
Morth S
‘. >Cale
F
|0 km
L -t = East

\J

South

Here, vector I”Prne-[:zlrr:sents the displacement of 40 km, 30° East of North.

Question 2:

Classify the following measures as scalars and vectors.

(i) 10 kg (ii) 2 metres north-west (iii) 40°

(iv) 40 watt (v) 107** coulomb (vi) 20 m/s®

Answer

(i) 10 kg is a scalar quantity because it involves only magnitude.

(ii} 2 meters north-west is a vector quantity as it involves both magnitude and direction.
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(iv) 40 watts is a scalar quantity as it involves only magnitude.
(v) 107" coulomb is a scalar quantity as it involves only magnitude.

(vi) 20 m/s? is a vector quantity as it involves magnitude as well as direction.

Question 3:

Classify the following as scalar and vector quantities.

(i) time period (ii) distance (iii) force

(iv) velocity (v) work done

Answer

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

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

(iii) Force is a vector gquantity 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.

Question 4:

In Figure, identify the following vectors.

a
—

Y y
—_—
I

(i) Coinitial (ii) Equal (iii) Collinear but not equal

Answer

(i) Vectors dand 9 are coinitial because they have the same initial point.

(ii) vectors? and 9 are equal because they have the same magnitude and direction.

(iii) Vectors and € are collinear but not equal. This is because although they are

parallel, their directions are not the same.

Question 5:

Answer the following as true or false.
(i) @and ~9 are collinear.
(ii} 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.
Answer

(i) True.

Vectors @and 4 are parallel to the same line.

(ii) False.

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

Exercise 10.2

Question 1:
Compute the magnitude of the following vectors:
1 -

J,_.l‘+

- | =
J——k

3

d=i+j+k; b=2i-7j-3k; é=

-

Answer

The given vectors are:

[ + k

.1
C=—p=i
V3

d=i+j+k; b=2i-7j-3k a}i';_\:@

al= (1) +(1)* +(1) =3
Bl=\(2) +(-7) +(-3)

=4/62
3]G 15
= —+—+%=I

Question 2:
Write two different vectors having same magnitude.

Answer

Cunsidur;=(f—2}+3£) and b=(2i +j—3£).

It can be observed that H: JF +(=2) +3 =1+449 =14 and
B= 22+ 12 +(-3) = A+ 149 = 14,

Hence, ¢ and b 5re two different vectors having the same magnitude. The vectors are
different because thev have different directions.



Question 3:
Write two different vectors having same direction.

Answer
Consider p = (f+j+ .1.) and ¢ =|(2.-T +2)+ E.I'.)

The direction cosines of p are given by,

/= : _ ! m= I and n = : . :
e+ B3 Jrerer \f' JE+r+r 3

The direction cosines of ¢ are given by

/= 2 _ 2 1 o 2 _ 2 _

I

V222420 283 BT s 23 B
21

dn= — -
ana n = J-j ﬁ _Ji

The direction cosines of 7 and 4 are the same. Hence, the two vectors have the same

[ ]

I~J

direction.

Question 4:

.jf ¢ 'y 1'.
Find the values of x and y so that the vectors 2i +3j and xi + yj are equal

Answer

2 437 7
The two vectors 2 +3/ andxi +

X will be equal if their corresponding components are
equal.

Hence, the required values of x and y are 2 and 3 respectively.

Question 5:
Find the scalar and vector components of the vector with initial point (2, 1) and terminal
point (-5, 7).
Answer
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)Jj
= PQ=-7i+6
Hence, the required scalar components are -7 and & while the vector components are
~7i and 6.

Question 6:

Find the sum of the Vectorsl'.l:.'--:_f'l-k. bh=-2i +4j+5k and L'=J'-—'5_f--?k .



Answer

The given vectors are‘:' =i —2_;+J;. b= —2.':+4}+5£ and ¢ = .':—6_,.:'—?!;:

ca+b+é=(1-2+1)i +(-2+4-6) j+(1+5-7)k
=0-i—4j-1k
——4j-k

Question 7:

Find the unit vector in the direction of the 1~.re+::t+::+r‘ﬂ =1+] +2k.

Answer

=

i =

=i +J+2k is given by

The unit vector aj in the direction of vector |a| .

al=Vr+1+2" =Ji+1+4 =46
i_:+;+?k 1 iy _,"+
NN T T

Question 8:

La=

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

Answer

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

L PQ=(4-1)i +(5-2)j+(6-3)k =3 +3]+3k

PQ|=V3"+37 43 =10+9+9 =27 =33

Hence, the unit vector in the direction of Pois

PQ 343743k 1

N N
\mj\_ Wi GBS

Question 9:

k

For given vectors, 4~ 2=j+2k gnqg b==i+j-k , find the unit vector in the direction

of the vector d+b

Answer

e

The given vectors are = 2"r_»"""2"“'r:m«t:l‘lrJ =—i+j—k .

a=2i—-j+2%k

ho=—i+i-k



L

nasb=(2=1)i +(=141) j+(2=1)k =1 +0j +1k =i +k

|¢j+5‘=1jl3+|: =2

(E+E]
Hence, the unit vector in the direction of is
(ﬂ:+b)_;+k. _ ]’:+ 1 i:
|a'+f;| S22 h
Question 10:

5i— )+ 2%

Find a vector in the direction of vector which has magnitude 8 units.

Answer

Letd=5i - j +2k.

“lal=y5 (1) +2 =25+ 1+4 =130
. d _Si-j+2k

el = |a"| = Jﬁ

Hence, the vector in the direction of vector

Si—j+2k which has magnitude 8 units is

given by,

_40. 8 . 16
30 V307 30

Question 11:

Show that the vectors 2i =3/ +4k and —4i +6/ -8k are collinear.

Answer
Letd=2i 3] +4k and b = —4i + 6 -8k.
It is observed that b = —4i + 6 j — 8k = —2(2?—3j+4£] =23
~b=2Aa
where,
A==2

Hence, the given vectors are collinear.



Question 12:

Find the direction cosines of the vector / +2j +3k

Answer
Let;i=f+2}+3f;1
.'.|ﬁ|= |1+22+32 =+1+4+9 :,fﬁ

1

14"

£
?L,:

a are [
Hence, the direction cosines of

Question 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.
Answer
The given points are A (1, 2, -3)and B (-1, -2, 1).
L AB=(=1-1)i +(-2-2) j+{1-(-3)}k
— AB = -2/ -4 +4k

~[AB| = (-2) +(-4) +4* =JA¥T6+16=\36=6

2 44][1 22]
6" 6'6) \ 3 373/

Hence, the direction cosines of AB are [

Question 14:

s

Show that the vector ' T is equally inclined to the axes OX, OY, and OZ.

Answer
Letd=i+j+k.
Then,

PP+ =43

o (h5)

Mow, let a, B, and ybe the angles formed by d with the positive directions of x, v, and z

Therefore, the direction cosines of

dxXes.

1 1 I
cosa =——=,c08 1l =— cosy =—.
Then, we have "E ‘ﬁ ‘ﬁ

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

2 At Pk
whose position vectors are ! +4J kand —i+j+k

respectively, in the ration 2:1
(iy internally

(ii) externally

Answer

The position vector of point R dividing the line segment joining two points

P and Q in the ratio m: n is given by:

i Internally:

mb + na

m+n
ii. Externally:
mb — na
m-—n
Position vectors of P and Q are given as:
OP=i+2j—kand OQ=—i+ j+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,

-

o 2[—E+_E+1E)+|[f+2_}—£) (—2E+z_}+2£)+(f+z_}—k)

OR =
2+1 3
=—.|’+-'|-I|f+1£: =_15+4}_+IR-
3 3 3 3

(ii) 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,

2<i 4 jak)-1(i+2j-4)

OR = -~ =(—2f+2j+3£)—[5+2j—£)
=-3i +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).
Answer

The position vector of mid-point R of the vector joining points P (2, 3, 4) and Q (4, 1, -
2} is given by,

(2;’+3j+4£]+(45+j—2£)_ (2+4)i +(3+1) ] +(4-2)k
2 o 7

a—

OR =

A ediek



=\.n L o -n=3::+2’;_+k
'-'l‘ .

Question 17:

Show that the points A, B and C with position vectors, ¥ = 3i '43'4;",

b=2i-j+kandc=i-3j-5k, respectively form the vertices of a right angled triangle.

Answer

Position vectors of points A, B, and C are respectively given as:
G=3-4j—4k b=2i—j+kandé=i-3]-5k
G=3-4j-4k, b=2i—j+kandé=i-3]-5k
CAB=b-i=(2-3)i +(-1+4)j+(1+4)k=—i+3]+5k
BC=c-b=(1-2)i +(-3+1) j+(-5-1)k =i 2] -6k
E=(3-1)i +(—4+3) j+(—4+5)k=2i—j+k

)

i

==
I

S
|

=(-1) +3"+5 =1+9+25=35

IBC| = (1) +(-2) +(-6) =1+4+36=41
|(‘.A'|: =2 +(=1) 4P =4+1+1=6

.'.‘Aﬁr +‘CA_: =36+6=141 =‘BC'|:

Hence, ABC is a right-angled triangle.

Question 18:

In triangle ABC which of the following is not true:

A i
A. AB+BC+CA=0
B. AB+BC-AC=0
c. AB+BC-CA=0
p. AB-CB+CA =0

Answer

=
)



L

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

AB+BC = AC (1)

= AB+BC =-CA

= AB+BC+CA =0 -(2)

. The equation given in alternative A is true.
AB+BC = AC

= AB+BC-AC=0

. The equation given in alternative B is true.
From equation (2). we have:

AB-CB+CA=0

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

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

= AC =-AC

— AC+AC=0

= 2AC=0

— AC = 0, which is not true.

Hence, the equation given in alternative C is incorrect.

The correct answer is C.
Question 19:

If a and b are two collinear vectors, then which of the following are incorrect:
A. b Zlﬁ, for some scalar A

B. a= +h

C. the respective components of aand b gre proportional

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

Answer

1f @ and b are two collinear vectors, then they are parallel.

Therefore, we have:

b =Aa (For some scalar A)

']

IfA = +1, then d=1b



If a =a|:: + a:.} + a_;.ﬁ; and b=hi + b:.}' + b_JE. then
b = Aa.
= bi+b,j+ EJ_.,J'E = A[a,f +a,f +cJ_,,£)

= bi +b,j +bk =(Aa,)i +(1a, ) j+(2a, )k
= b, = Aa,.b, = da,.b, = Aa,

b b, b
— r

—_—=—t=—=4

a, a, a,

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

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

The correct answer is D.

Exercise 10.3

Question 1:

Find the angle between two vectors @ and b with magnitudesﬁand 2, respectively

having a-b=6 .
Answer

It is given that,
d|=3, |b|=2and, d-b =6

a-b =|alb|cos &
Mow, we know that .

.‘.JE=J§KEKCOSQ
J6

= cosfl =
J3x2
|
:‘;Lm.ﬁ'—ﬁ
==L
4

+|H

Hence, the angle between the given vectors dandbis4 .

Question 2:

Find the angle between the vectors i—2j+3kand 3i -2/ +k

Answer



The given vectors ared = i—2j+3kand b =3i-2j+k .

ld|= 1 +(-2) +3* =V1+4+9=14

bl =3 +(-2) +1* =Jo+4+1 =14

Now, d-b =(i -2 +3k) (3 -2j+k)
=1.3+(-2)(-2)+3.1
=3+4+3

=10

i b =|§||5‘cnsﬁ'
Also, we know that .

.‘.IU:xﬂmcnsH

::w.‘,u:nsl.'i':E
14

a3
oS -

Question 3:

- - A

Find the projection of the vector! ~/ on the vector’ T/ .

Answer

Let9=1—J andbz""'f.

Mow, projection of vectordonb is given by,

| | |
—\ab)=—=L1+(=1)(1})} =—=(1-1)=0
Hence, the projection of vector aong is 0.

Question 4:

Find the projection of the vector! +3j+7k on the uector?f —J+8k .

Answer

Lepd@=1+3]+Tk j  b=Ti—j+8k

Mow, projection of vector@on? is given by,

I - 7\ | 231 _ 7-3+56 _ 60
m(a.b)_\j?3+{_|]:+gi{l{ﬂ 3D ”8]} V4941464 114

Ouestinon 5:



Show that each of the given three vectors is a unit vector:
1 - A e ] A - -~ 1 - - -

1i5; . Y csiafY Yeiinse

?(J +3;+6k)*j(3.* 6.,r+.,k)*T(6.-+.d; 3!:)

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

Answer

6
7
’ [2)3 9 36 4
+ =, |—t—t—=
49 49 49

; 6 (2Y ( 3Y 36,
El=yl = | +[ =] +|-= +
7) \7 7 29297397

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

233[—]62618|2
x?+:-c————

777749 19 49

- . 3 6 (6] 2 2 -3 6
hc=—x—%|—|x—-4+—x| — |=——-—-—
77T \7) 7 ? 7)749 49 29
- . 6 2 2 3 [ 3] 18
Cd=—X—+—X—+— —_—
77 ? 7 7)1 49 49 49

Hence, the given three vectors are mutually perpendicular to each other.
Question 6:

Y E| a+b)-(a-b)=8 and d=3F|
F'|n1:l|a|and| . if[ ) ( ) | | .

Answer

=4 -ﬂE|=s
= (s}o]) -[e[ = [la| =86
= 64‘!’.' - J'Jrl2 =8




H3
= |b| = % [Magnitude of a vector is non-negative]
42
= b|= 22
W7
Lol 8x242  16V2
\al = 8[B| = -

W71 37

Question 7:

(3&—55)-(25+75]_

Evaluate the product
Answer
(3a-5b)-(2a+75)
=3G-2a+3a-7Th-5b-2a-5h-Th
=6d-d+21d-b-10d-b—35b-b
=6lal

af +11a-5-3s[6[
Question 8:

Find the magnitude of two vectors @ and b . having the same magnitude and such that

|
the angle between them is 60° and their scalar product is 2,

Answer
Let 8 be the angle between the vectorsd and b.

| =|p]. G-b =~.and 6= 60°. (1)
It is given that 2

i b =|&”E|msﬂ
We know that ;

.'.%=|ﬁ||ﬁ|msl5[]° [Using {]}]
T |

= —=la|] x=
2 2

= a| =

= a[ =[] =1

Question 9:

t'...-u-l|'f| i Fme - |ln;‘|-l.i-‘n+nra.' {f—ﬁ]r[?+5}=|2



roes 0 ru od WL veuLun

Answer

(3-a)-(¥+a)=12

=S¥ I¥+x-a-a-x-a-a=12
= |3’ -|al’ =12
::r|.i"|l—] =12 [|§|=I as a is a unit vectﬂr]

=3 =13

~|&[=13
Question 10:
@ = 2042/ 43k b=—i+2j+kand € =30+ 300 qych that @+ 4b is perpendicular to€
then find the value of A.

Answer

The given vectors are @ =21 + 2+ 3k, b=—i +2j+k, and ¢ =3i + ],
Now,

G+ 2b=(2+2]+3k)+ A(~i + 2]+ k)= (2-2)i +(2+22) j+(3+ A)k
If [ci+ }J;) 15 perpendicular to ¢, then

(@+2b)-=0.

=[(2-2)i +(2+22) j+(3+ 2)k |-(31+ 1) = 0
=(2-4)3+(2+24)1+(3+1)0=0

=0-3A+2+24=0

= -A+8=10

= A=8

Hence, the required value of A is 8.

Question 11:
lalb +|b|a alb - |b|a

Show that is perpendicular to , for any two nonzero vectorsd and b

Answer

(Jaf5 +[6]a )-(|al5 —[5]a)

=(a[ 66 ~[a||6 - +|¢||ala-5~[5[ d-a
=af*|[ -[5] |af

=0

|§|E+‘!;‘*

aand|§|5-l.‘;|ﬁ

Hence, are perpendicular to each other.



Question 12:

ifa-a=0anda-b = ﬂ, then what can be concluded about the vector? ?

Answer

It is given thatd-d=0anda-b =0
Now,

d-d=0=a =0=d=0

. d 1S a Zero vector.

Hence, vectorP sr:ltisﬁ,fing‘_""'3'3II =0can be any vector.

Question 14:

If either vectord ='ﬁ “TE = ﬁ . thend 5 =0, But the converse need not be true. Justify
your answer with an example.

Answer

Consider G =2i +4 j+3kand b =37 + 3] - 6k.

Then,

a-b =23+43+43(-6)=6+12-18=0

We now observe that:

d|=\2" + 4 +3 =29

a#0
|f§| = JBJ +37 +(=6) =54
~bh=0

Hence, the converse of the given statement need not 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 CJABC. [(JABC is the angle between the vectors BA and BC |
Answer
The vertices of AABC are givenas A (1, 2, 3),B (-1, 0, 0),and C (0, 1, 2).

Also. it is aiven that OABC is the anale between the vectors ﬁ and BC ;
BA = {1-(~1)}i +(2-0) j+(3-0)k = 2i +2j+3k
BC ={0—(=1)}i +(1-0) j+(2-0)k =i + j + 2k

—arall - N T X ik T -



Hﬁ-HL'=l£r’+2j+_iﬁ:J'l."+j+2krj=2*fl+2>fl+j>f1=I+2+h= 10
Bf‘t \l wl4+4+ \"r_
ﬁ\:q’nuf -J6

Mow, it is known that:

BA-BC = |BA||BC|cos(ZABC)
2 10=+/17x/6 cos( ZABC)
10
= cos| ZABC )= ———+=
A0~ 7%

= ZABC =cos” [ 10 ]

Ji02

Question 16:

Show that the points A (1, 2, 7), B (2, 6, 3) and C (3, 10, -1) are collinear.
Answer

The given points are A (1, 2, 7), B (2, 6, 3), and C (3, 10, -1).
~AB=(2-1)i +(6-2)j+(3-7)k=i+4) -4k

BC =(3-2)i +(10-6) j+(=1-3)k =i +4] -4k

AC =(3=1)i +(10=2) j+(-1-7)k =2i +8) -8k

AB|= I’ +4* +(4) =\1+16+16 =33

BC|= I +47 +(—4) =1716+16 =33

AC|=v2 +8 +8' =J4+64+64 =132=2/33

‘A(*| = |AB|+ |BL‘|

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

Question 17:

Show that the vectors - ~j+k, i-3j-5kand 3i -4 -4k form the vertices of a right
angled triangle.

Answer

Let vectors 2i—j+k, 1 =375k and 3i —4; -4k be position vectors of points A, B, and C

respectively.

ie.OA=2i—j+k OB=i-3j—5kand OC=3i —4) -4k

Mow, vectors AB,BC, and AC represent the sides of AABC.

i, OA =27~ j+k, OB=i-3j-5k, and OC =3i -4 -4k



SAB=(1-2)i+(-3+1)j+(-5-1)k=~-2] -6k
BC=(3-1)i +(-4+3)j+(-4+5)k=2i-j+k
AC=(2-3)i +(~1+4) j+(1+4)k =i +3]+5k
AB|=J(-1) +(-2) +(-6)" =V1+4+36 =41
BC|=2" +(~1) +F =J4+1+1=+6
AC|=\(-1y +3'+5 =139+25 =35

-
-

-[Bc g AC

:=ﬁ+35=41=‘AE

Hence, AABC is a right-angled triangle.
Question 18:

If9is a nonzero vector of magnitude ‘a’ and A a nonzero scalar, then A9 is unit vector if

(A)A=1(B)A=-1(C) a=||
o
o
Answer
Vector 44 is a unit vector ifl‘l&| =1
Now,
|Ad| =1
= [4l|al=1
|
= |d|=— [4#0]
4]
| .
— ] al=a
|
am—
Hence, vector 44 is a unit vector if |j‘| )

The correct answer is D,

Exercise 10.4

Question 1:

axb

Answer

We have,

a=i-7j+7k 4,qb =31 -2j+2k



axb=

L — e
b =~ s
o

=i(=14+14) - j(2-21)+k(-2+21)=19] +19%

= J19) £ (19) =2x(19) =192

axbh

s
wow

Question 2:

Find a unit vector perpendicular to each of the vector a+bzng “_b, where
a=3i+2j+2k  4b= i+2j-2k

Answer

We have,

5:35+2j+2£and5: f+2}'—2.’;

.'.{}+f;=4;+41;. a-b=2i+4k

(a+B)(a-5)=

-

k

J
4 0/=i(16)- j(16)+k(-8)=16i ~16/ - 8k
0

I

0
4

|(@+B)«(a-5) =16+ (-16)" +(-8)
V2 8 +2 <8 + 8

=822 +2° +1=8J9 =8x3=24

Hence, the unit vector perpendicular to each of the vectors a+banqa-b s given by the

relation,

=i(‘7+5 x(a-b) L 16i-16] -8k
@ )ar)

—12‘-_?_21:_%?:%}%&

Question 3:

T T

i.—

If a unit vector @ makes an angles 3with 4 with /and an acute angle 8 with k , then

find & and hence, the compounds of &,

Answer

Let unit vector 9 have (a,, 8,, ;) components.



O d=ai+a,j+ak

? al=1

since 9is a unit vector,

T = T
- —_ I,— - -
Also, it is given that @ makes angles 3with 4 with /, and an acute angle 8 with k.

Then, we have:

cosE=5
a
1 .
:*-§=a1 |:|a|= :|
cost=%2
4 la
= =g [la)=1]

Also, cosé = i
dl

=> a, =cosf

A - = ™

b | —
S

L
2" J2°

I[ [
Hence, 3 and the components of Eare

Question 4:

Chros that
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(a-B)x(a+5)=2(axb)

Answer

(d-5)x(a+b)

=(d-b)xa+(a-b)xb [By distributivity of vector product over addition
=dxa-bxa+dxb-bxb [ Again, by distributivity of vector product over addition]

=0+dxh+dxhb-0
—2ixh

Question 5:
2 +6+27k |\ x|i+Aj+uk)=0
Findﬂandpif( d ] (f i ) .

Answer

[2f+ﬁ}+2?f)x(f+ i}'+,u£) =0

i ]

=| 2 6 27 |=0i+0j+0k
I A u

= i(6u-272)-j(2u—-27)+k(24-6)=0i +0j + 0k

On comparing the corresponding components, we have:

6u—274=10

2u-27=0

2A-6=0

Now,

2A-6=0=>4=3

2,:1—2'}':{]:;;.{:2?7

A=3and u= E—T
Hence, 2

Question 6:

Given that @°b=0apnqaxb=0_\what can you conclude about the vectors aand b ?

Answer
a-b=0
Then,

. . . .
-l o~ 12l _a 20 L f e o T A Lo e e |



— L= o L0y I GEDC o dld o ail'e inu=Lcmwy
(i) Either 4] Uorl | , ar \ )
axb=0
N al=0 |5‘ =0 d|lb (in case a and b are nun-zﬂm]
(ii) Either or , ar

But, dand b cannot be perpendicular and parallel simultaneously.

al=0 |.-5‘ =

Hence, al or :

Question 7:

Let the vectors 9 D5 € given as@! * @/ tak, bi +b,j+bk, citejrek pon chon

that =dx(5+6)=dx5+&xé

Answer

We have,
a =a1f +a:}+a1£, b= b]f+b3j+b1#?, ¢ =c',f+c3}'+ cJE
{E +.:.-‘)={b1 +¢,)i+(by+c,) j+(b +c,)k
i 7 k
an,dx(ﬁ+5] a, a, a,
b+e, b,+c, b+c
="?['"z(b.l+“3}_”3(b:t+"1)]_}[”|(h3+"})_“J(b|+‘*‘1):|+£[ﬂ1(h1 +"1}_”: (bl+cl.):|

= f[ﬂ'zf}] +ayey —ah, —aye, |+ }[—alh] —ac, +ab +aye |+ i:[.f:c,.-‘:2 +ae, —ah —ay,| ..(1)

ik
axh= a a, a
b b b
= f[a,_.b; —a;b:]+j[h|a3 —alb,]+kﬁ[a,b= ~a.h] (2)
i J ok
axcé=|a, a, a,
g o G

=i[ae, —ae, )+ jlac, —age,)+k[ac, —ax,]  (3)
On adding (2) and (3), we get:
(E: X 5) - [E- X E) =i[ab, +a,c,—ab, —ae, |+ j[ba, +a.c, —ab —ac,)
+k[ab, +ae, —ab —ax,] (4)
Now, from (1) and (4), we have:

Exﬁr+51}=ﬁx5+§xf"



A r
Hence, the given result is proved.

Question 8:

If either @ =0grb= ﬂ, then ¥ xb=0 . Is the converse true? Justify your answer with an

example.

Answer

Take any parallel non-zero vectors so that”x‘h - []_

Letd=2i+3j+4k, b =4i +6]+8k.
Then,

k
4 =7(24-24)- j(16-16)+k(12-12) = 0i + 0] + 0k = 0
8

o e s

i
dxb=|2
4

It can now be observed that:
G = V27 +3° + 4% =29
na#0

|£\=J4f+53+3: =116

b0

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

Question 9:
Find the area of the triangle with vertices A (1, 1, 2}, B (2, 3, 5) and
C (1,5, 5).
Answer
The vertices of triangle ABC are givenas A (1,1, 2), B(2, 3, 5), and
C (1,5, 5).
The adjacent sides:ﬁ and BC of aaBC are given as:
Ap =(2-1)i+(3-1)j+(5-2)k=i+2j+3k
BC =(1-2)i +(5-3) j+(5-5)k=-i+2j
:l\AH‘ch‘\
Area of AABC 2
i j k
AB'xBC=1 2 3/=i(=6)-j(3)+k(2+2)=~6i -3)+4k
-1 2 0

~|AB xBC|= (~6)' +(-3) +4’ =36+9+16 =61



. i .
1S —— square units.
Hence, the area of AABC

Question 10:

Find the area of the parallelogram whose adjacent sides are determined by the vector
a=i-j+3kandb=2i-7j+k
Answer

- T EKE‘
The area of the parallelogram whose adjacent sides are @ and b is|

Adjacent sides are given as:

a=i-j+3kandb=2i-7j+k

ik
saxb=1 =1 3|=i(=1421)=j(1-6)+k(-7+2)=20i +5] - 5k
2 -7 1

axb|= J207 +5° £5° = J200+ 25+ 25 = 1542

Hence, the area of the given parallelogram isls‘ﬁ Square units_

Question 11:

V2

3 des =2
Let the vectors ¥ and b be such that |ﬂ| =3 andl 3 . then””‘b is a unit vector, if
the anale between 9 and b is
n n n n
(A) 6() 4(c) 3(p) 2
Answer
- = 2
‘@ =3 and ‘h| = V2
It is given that 3.

axb = il[B[sin 0

We know that . Where flis a unit vector perpendicular to both @ and

b and 6 is the angle between a andh .
—i) aXE :I

Now, @%b s a unit vector if‘ ‘ .

axb|=1

= |al[p|sin ol =1

— 1=l m al —



—_— Iﬂ'll”ll.‘.‘llll Lfl -1
=5 3x%x sin@ =1
= :;im'ﬁ-i‘—L

V2

—0="
4

n

Hence, axb is a unit vector if the angle between 4 and b is4,

The correct answer is B.

Question 12:

Area of a rectangle having vertices A, B, C, and D with position vectors

—f+l_}+4£.f+lf+4f.r:—l_f+4£ —f—l.}+4£
2 2 2 and respectively is
1

(A) 2(B)1

(c)2(D) 4

Answer

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

tﬁ=—f+%}+4;€, ("TB=£+%}+4JE. -:T:;_%;m_ @=_;_%;+4;;

The adjacent sides:ﬂi—ﬂ and BC of the given rectangle are given as:

ﬁ={1+l)f+(i—1]j+{4_4}£:25

B‘::{]"]f+(—;—];]j+[4—4}k=—;
i j ok

ABxBC=2 0 0=k(-2)=-2k
0 -1 0

[ABxAC[=(-2)" =2

Mow, it is known that the area of a parallelogram whose adjacent sides are
a and E-ISIHX'&|_

ABx ﬁl = 2 square unilts.

Henre the area nf the aiven rertannle ic
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The correct answer is C.
Miscellaneous Solutions

Question 1:
Write down a unit vector in XY¥-plane, making an angle of 30° with the positive direction
of x-axis.

Answer

If F is a unit vector in the XY-plane, then © = €08 Oi +sindj.

Here, 8 is the angle made by the unit vector with the positive direction of the x-axis.

Therefore, for 8 = 30°;

F=c0s30% +sin30°j =~=j +%J.-

.y
+
b | =

m|f_:;1

T ¥

Hence, the required unit vector is

Question 2:

Find the scalar components and magnitude of the vector joining the points
P(x,, ¥,z ) and Q(x,, y,, 2,)
Answer

The vector joining the pointsp{"" Yis ) and Q(x, ¥, 2,) can be obtained by,

F’tj = Position vector ol Q — Position vector of P
=(x-x );+(th _.Vl}j"'{:: _31.““
|ﬁj| - \l("': =% }: +(r, _."‘1]: +(z,-z, ):

Hence, the scalar components and the magnitude of the vector joining the given points

a

are respectively {[x: =6 ) -n)(z-3 }} and J{.‘c: -x) +(, _JW}: Hz -z ):

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.

Answer

Let O and B be the initial and final positions of the girl respectively.

Then, the girl's position can be shown as:

;



Yo

A 4k O

15
MNow, we have:
OA =—4i
AB=i |AB| cos 60° + j|AI§|sin 60°

By the triangle law of vector addition, we have:

OB =0A + AB

(i) [5:+i ]
(-4+2]5+%’
=[—3+3];+3;F}

2
_S5;,.33
2 2

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

Question 4:

. £, a =‘E|+ ¢
1fd=b+C thenis it true that| | | |? Justify your answer.

Answer

In AABC, let CB=d, CA=5, and AB=¢ (as shown in the following figure).




B 3 C
Mow, by the triangle law of vector addition, we haved =b+¢
al

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

- d| {|E|+|E|

|, and ||

It is clearly known that represent the sides of AABC.

., lal =[B]+ e
Hence, it is not true that .

Question 5:

r(f+.}'+kp)

Find the value of x for which is a unit vector.

Answer

1(f+;+k) _If‘.r(f+j+ff)|=l

is a unit vector

Now,
|.r[f+j+£:)=l
=V +x+x =1

3’ =1

=3x=1
=D x=%t—
J3

+
Hence, the required value of x is

&l-

Question 6:

Find a vector of magnitude 5 units, and parallel to the resultant of the vectors
G=2i+3j—kandb=i-2]j+k

Answer

We have,

d=2+3j—kandb=i-2j+k

Let€ be the resultant of @ and E

Then.

=d+b=(2+1) +(3-2)j+(-1+41)k=3i+]
al= R = e = e



Ll R (T — W ¢ &

E=i_(3f+j]

e o

W

Hence, the vector of magnitude 5 units and parallel to the resultant of vectors aandb g

. 1 e w3100 V10 -
+5. 6 =45 —— (34 ]) =+ + :
Jm( J) 2 2/

Question 7:

ad=i+j+k.b=2i-j+3kandc=i-2j+k , find a unit vector parallel to the

vector 2d —b +3¢
Answer

We have,

d=i+j+k. b=2i-j+3kandé=i-2j+k

2i—b+3¢ = 2(?+}+E]—(25—j+3§]+3(f—2}'+f)
=2i+2j+2k-2i+j-3k+3i—6j+3k
=3i-3j+2k

26 -5 +3¢|= |3 +(-3) +2° =\O+9+4 =22

Hence, the unit vector along 2a-b+3¢ is
2i-b+3¢ 3i-3j+2k 3.

3 .
- = = i-
\2:&-“35\ J22 2 27 2

2 i

Question 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.

Answer

The given points are A (1, -2, -8), B (5, 0, -2), and C (11, 3, 7).
S AB=(5-1)i +(0+2)j+(-2+8)k=4i +2] +6k

BC =(11-5)i +(3-0)j+(7+2)k=6i +3]+9%

AC=(11-1)7 +(3+2)j+(7+8)k =10 + 5] +15k

AB| =4 +27 +6° =16+ 4+36 =56 =214

BC| =6 +37 +97 =36+ 9+81 =126 =314
AC|=V10° +5° +15° =100+ 25+ 225 =350 =514

~|AC| =|AB +|BC]|




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

Mow, let point B divide AC in the ratio’l 4 Then, we have:

E_Aff+ﬁ
C(A+1)
7= zl(l If+3}+?f)+(f—2}-3£)

A+1
:>(;I+I)[Sf—2§):l]if+3ﬁj+?i£+f—2j—8§
=5(A+1)i =2(A+1)k=(112+1)i +(32-2) j +(72-8)k
On equating the corresponding components, we get:
5(A+1)=112+1
=52+5=114+I
= b64A=4
:¢-;{=—=E

6 3

Hence, point B divides AC in the rat'n:n2 :3

Question 9:

Find the position vector of a point R which divides the line joining two points P and Q
(2d+5 )and(a-35)
whose position vectors are externally in the ratio 1: 2. Also, show
that P is the mid point of the line segment RQ.

Answer

It is given that O =2d+b, 0Q= 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:

. 2(2a+b)-(a-3b) 4i+26-:i+3b

OR = =3G+5b
2-1 1

Therefore, the position vector of point R is3a+5b
O(j+DEf
Position vector of the mid-point of RQ = 2
(@-3b)+(3d+5b)
N 2

+b

1Y
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Hence, P is the mid-point of the line segment RQ.

Question 10:

2i —4j+5k -2j-3k

The two adjacent sides of a parallelogram are = and '
Find the unit vector parallel to its diagonal. Also, find its area.

Answer
Adjacent sides of a parallelogram are given as: a=2i—-4j+5k andb =i=2j-3k
Then, the diagonal of a parallelogram is given bva’*h .

G+b=(2+1)i +(—4-2)j+(5-3)k =31 -6]+2%k

Thus, the unit vector parallel to the diagonal is

d+b 3i-6j+2k  3i-6j+2k 3i-6j+2k 3. 6. 2
- —_ = - | = =—;——J+—k‘
|a+z-.-‘ S a(-6) 420 9+36+4 7 7 7777
. i
<. Area of parallelogram ABCD =

ik
ixh=2 -4 5

1 =2 =3

=i(12410)- j(-6-5)+k(-4+4)

=22i +11j

=11(2i + j)

.'.|&><!5‘=IN]22+12 =115

Hence, the area of the parallelogram is | I‘E square units.

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

1 I 1
are V3 V3T V3
Answer
Let a vector be equally inclined to axes OX, OY, and OZ at angle a.
Then, the direction cosines of the vector are cos g, cos g, and cos a.
Now,
cos’ @ +cos a+cos @=1

— 3cos  a =1

1
:}ﬂﬂﬂff:—c



Y3

Hence, the direction cosines of the vector which are equally inclined to the axes
1 I I
are V3 V303

Question 12:

Lot @=0+4]+2k, b=31-2j+Tk _  c=2i—j+4k

=

. Find a vector ¥ which is

perpendicular to both 9and b andged =15,

Answer

Lerd = d|f+d:}+d,iz_

sinced is perpendicular to both dandb , we have:

d-i=0
=d +4d,+2d, =0 )
And,
d-b=0
=3d, -2d,+7d,=0 (11)
Also, it is given that:
é-d=15
= 2d, —d, +4d, =15 (i)
On solving (i), (i}, and (iil), we get:
4 =224 - 2anda,--2

3 - 3 ' 3

5 160 5~ 70, 1 * =% mni
nd==ri-3] Tk-g(lﬁﬂ: 5] - 70k)

-

J J

! 160 -5 - 70k)
Hence, the required vector is 3 ;

Question 13:

The scalar product of the vector! T/ "'kw'lth a unit vector along the sum of vectors

2i +4j -5k and Al +2)+3k is equal to one. Find the value of 4 .

Answer
(2f+4_f—5£]+(4:'-+ 2_?+3:"E]
=(2+4)i +6] -2k

(27 +47-5k)+(Ai +2]+3k)



-

Therefore, unit vector along" : roA 'is given as:

(244)i+6j-2k  (244)i+6j-2k (2+2)i+6j-2%k

J2+2) +6 +(2) V4+4i427 43644 A +4iedd

(f+_}+§) S _

Scalar product of with this unit vector is 1.

(2+4)i +6j -2k
VA  +44+44
(2+i)+6—2

— = =
VAT +44+44

= VAT+4A+44 =4 +6

= A1 +4i+44=(1+6)

= A +44+44=1"+124+36

=>84=8

= A=1

:>(.3+.}'+i.:)

1

Hence, the value of A is 1.
Question 14:

If ”*b""‘are mutually perpendicular vectors of equal magnitudes, show that the vector

atb+cis equally inclined to abgnqce.

Answer

Since a. b, and ¢

a-b=b-¢=¢-a=0.
It is given that:
lal=|6|=[el

are mutually perpendicular vectors, we have

6. 8., and &

Let vector 4+D+€ pe inclined to a,b, and ¢ at angles ‘respectively.

Then, we have:

(a+6+40)d G.aih.are.a

cosf, = . — _
isbacla]  |a+h+c|a
_ a
cosd) =(E+E+E)'E=ff‘ﬁ‘+5~h‘+.j.;;
Y aeiae]E] abecfp
E|:

_ [F.he7h-nl



fa+b a3 L=
b
=|E+E+E|
(@+8+8)¢ GowBocvec

|E4—.ﬁ+E||E |ﬁ+h+E|E

_ . [a-c:E-c':u]

5|=‘b‘=|5| costd =cost, =cosd
MNow, asl \ ! : 3,

~0,=0,=0,

G+b+é . -
Hence, the vectol-( ]I'S equally inclined to a,b,and ¢

Question 15:

Prove that(a+5]i(5+5):‘al- +‘E‘-, if and only if a. EEII'E perpendicular,

given@# 0, b#0

Answer
(a+5).(a+b)=|a] + b
= d-d+d-b+b-d+h-b= |d|: +M2 [Distributivity of scalar products over addition

+
s

e a’ +2a-b +|f§r =ld| + |b| [a'r-b' =b-a (Scalar product is mmutaﬁve}]

&2i-b=0
e db=0
~.d and b are perpendicular. [d:r-ﬁ, h#0 {Given)]

Question 16:
If 8 is the angle between two vectors 9 and b, then abz0 only when

0<0<™ op<p<
(A) 2 (B) 2

(C} ﬂ{B{E[D} 0<B<n

Answer

Let 8 be the angle between two vectors dandb.



Then, without loss of generality, ¥ and b are non-zero vectors so

al and ‘b‘ are positive
that| | .

_ &vE=|&”E‘cmH
It is known that .

nab20
= dl|b|cos 020

=cos0 =20 [|a'| and |E| are pnsitivc]
—~0<h<t
2
n
- 0<f=<—
Hence, ab 20 when 2.

The correct answer is B.

Question 17:

Let and P be two unit vectors and# is the angle between them. Then a+bis a unit

vector if
9=" 9% g% g=2"
(A 4@ 30 2o 3
Answer

Let aand b be two unit vectors and& be the angle between them.
Then, |H‘=‘h‘=].

Now, a+b is a unit vector if|a+h‘ -l X
|&+E‘=I

= (a+b) =1

::»(;:+B].(;:+5)=l

= aa+ab+ba+bb=1

=:.‘a'+za.b+b'=1

:‘.:13+2|.:'rH£;|cns{}+13 =1

=1+2.1.1cos0+1=1



Hence, @+Dis a unit vector if 3.

The correct answer is D

Question 18:
The value of ;(ij)+J(IXk)+k[IXJ)

(A)o(B)-1(C)1(D)3

Answer

f.{jx£)+j.{fx£)+k’.[ij)

IS

The correct answer is C.

Question 19:

If 6 is the angle between any two vectors @and?, then when Bisequal to
n n
(A)o (B) 4(c) 2(D)n

Answer
Let & be the angle between two vectors dandb .

Then, without loss of generality, ¢ and b are non-zero vectors, so

dl and ‘b ‘ are positive

that

8-l

= |d||b|cos 0 =] 5| sin 0

= cos0 =sin0 |:|E| and |£5 | are pﬂsitivc]
= tanf =1

:a=£
4



P i —ip L
|£I.f:l =‘axb‘ 1
Hence, when Bisequal to = .

The correct answer is B.
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