NCERT Solutions for Class 12 Maths
Chapter 10 — Vector Algebra

Exercise 10.1

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

north.
Ans -
North
A P
40 km
309
West
« 5 P East
Y

South

2.

Classify the following measures as scalars and vectors.
(i) 10 kg (ii) 2 meters north-west
(iii) 40° (iv) 40 watt

(v) 10~1° coulomb (vi) 20 m/s?



Ans - (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.

(iii) 40° is a scalar quantity as it involves only magnitude.

(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.

3.

Classify the following as scalar and vector quantities.

(i) time period (ii) distance (iii) force
(iv) velocity (v) work done

Ans - (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 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.



In Fig (a square), identify the following vectors.

(i) Coinitial (i) Equal
(iii) Collinear but not equal
_ﬂ? e
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Ans - (i) Vectors d and d are co-initial because they have the
same initial point.

(ii) Vectors b and d 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.

5.

Answer the following as true or false.

(i) @ and —d 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.

Ans - (i) True. Vectors d and —d can be parallel or
coinciding vectors. In either case, the vectors will have the
same magnitude but opposing directions and be parallel to
the same line.

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

(iii) False. Two vectors of equal magnitude do not have to
be parallel to the same line.

(iv) False. Two vectors are said to be equal if they have the
same magnitude and direction, independent of the positions
of their starting points.



Exercise 10.2

1.

-

+ e
i— 7 - 3k

=g T o
|

ompute the magnitude of the following vectors:
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Ans: Magnitude of a vector say,a; = I +J; + k; is,
a5l =V (i)? + ()% + (ky)?

=3 = /P + 7+ (7 =3

F-D['E,

Ib] = /@22 + (=72 +(-3)> = V4 +49+ 9 = V62

For ¢,

Write two different vectors having same magnitude.



Ans - Let us assume 2 vectors 3 and b

d=1+2f +3k

b=21 — 75 — 3k

Magnitude of a vector say,. 3, = ; + 3 + k, is.,
a5l = V()2 + ()2 + (ky)?

=13 =J(1)2+(2)2+(3)2=V1+4+9=14

Now for ﬁ

b = @2+ (-1 + (32 =VA+1+9 = id

3.

Write two different vectors having same direction.
Ans - Let us assume the two vectors as,
p=1+7+kandg =21 +2j +2k

Direction cosines of the two vectors can be calculated as,

For p,
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It can be clearly observed that direction cosines obtained in
case of both the vectors p and g are same and therefore they
have got same direction but different vectors.

4.

Find the values of x and y so that the vectors 2i + 3j and
x1+yj are equal

Ans - Observe that it is required for the corresponding
coefficients of { and j to be equal in order to have two equal
vectors.

=xX=2y=3

5.

Find the scalar and vector components of the vector with
initial point (2, 1) and terminal point (— 5, 7).

Ans - Given initial and terminal point are (2, 1) and (-5, 7).

=>PQ=(-5-2i4+(7-1)j= -7t +6f

6.

Find the sum of the vectors with initial pointa =i — 2j +
kb=-2i+4j+5kandé=1i-6j — 7k



Ans - Sum of the vectors can be calculated as,

G+b+é=1—2j+k+(-20)+4)+5k+1—6]—T7k

1

=d+b+f=(1-24+1)i+(-24+4-6)j
+(1+5-7)k

sd+b+é=—4—k

7.

Ans - Unit vector in the direction of @ = 1 + j + 2k is
represented as @ and can be calculated as,

ld| =/ (2)2+(1)2+(2)* =6

2.
=—i+—j+—k

Loy 1
Ve e' e

Find the unit vector in the direction of the vector, P_}
where P and Q are the points (1, 2, 3) and (4, 5, 6)

respectively.
Ans - Given points P- (1,2,3) and Q - (4, 5, 6).
PQ=(4—1)+(5—2)j+ (6 —3)k =31 +3j+3k

Unit vector in the direction of PQ = 3 + 3j + 3k is
represented as PQ and can be calculated as

IPQ| = J(3)2+(3)2 + (3)2 =27 =343

_Pﬁ_ﬁ_3i+3j+3E_ii+ij+iE
) PQ| 3V3 V3 V3B

9.
For the given vectors 3 = 2i —j + 2k andb = —i+j + k
find the unit vector in the direction of the vector, a +_13.



Ans - Given vectors d = 21 — j + 2kand b = —1 +Jj+ k.
d+b=(2—- i+ (-1+1)j+2-Dk=1+k

Unit vector in the direction of 3+ b = { + k is represented
as a + b and can be calculated as

la+b|=/(1)>+ (02 +(1)2=vV2=2

—_

— a+hbh i+k 1i+1E
S 1 e r—— e p— y—
la + b| V2 A2 W2

10.

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

Ans - Assume the given vector as, @ = 5{ —j + 2k

Unit vector in the direction of @ = 51 — j + 2k is
represented as @ and can be calculated as

@] =/ (5)2 + (—1)2 + (2)2 =30
d G5i—j+2k 5 1 2

= = =——f——]F

|al V10 V10 410 10

Now, a vector in the direction of vector 57 — j 4+ 2k which
has magnitude 8 units can be calculated as,

k

8 16 -
i— + k
Ji0 Vi) T V1o
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11.

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



Ans - Assume given vector as, @ = 2i — 3j + 4k and
b=—4i+ 6] — 8k

Therefore, it can be observed that E_;: can be deduced in
terms of d as.

b = —4t+ 6] — 8k = —2(21 — 3] + 4k) = —2d
~b=2d

Value of A = —2 in this case and therefore the given two
vectors collinear.

12.

Find the direction cosines of the vector i + 2j + 3k.
Ans - Assume the given vectoras, @ =1+ 2j + 3k
= |d] =/(1)2 +(2)? + (3)* =14

Direction cosines of the vector can be calculated as,

( 1 2 3 )
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.

Ans - Given pointsare A (1, 2, —3) and B(—1,—-2,1)

~AB=(—1-Di+(—2-2)j+(1—(-3))k
= 21— 4j + 4k

= [4B| = V2P + (97 + (@7 =6

Hence, direction cosines of the vector can be calculated as,
-1 -2 2
( 3° 37 3)

14.



Show that the vector i + j + k is equally inclined to the axes
0X, OYand OZ.

Ans - Consider the given vectorasd =1 + j + k

= |d] =12+ (1)2+ (1) =3

Direction cosines of the vector can be calculated as,

: (l 1 L)

\V3'V3'B

Assume, , f and y to be the angles formed by @ with the
axes 0X, 0Y and OZ.

This shows that the given vector is equally inclined to the
the positive direction of all the three axes.

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 (ii) externally

Ans — (i) Observe that given position vectors of the two
points, Pand Q are, 0P =i+ 2j —kand 0Q = —i+j +k

Therefore, the position vector of R dividing the line joining
the two given points through an internal division in the

ratio of 2:1 can be calculated using the formula, m;::a

(where the ratio is represented by m: n) ,as shown below

ﬁ_2(—1‘+j+§)+1(i‘+2j‘—§)_—’r‘+4j+i%
B 241 N 3
i L E
3 3j 3




(ii) Observe that given position vectors of the two points, P
and Q are, OP =1 +2j—kand 00 = —i+j+k

Therefore, the position vector of R dividing the line joining
the two givenpoints through anextermal division in the

mb—

ratiof 2:1 can be calculated using the fomula,

nd
(where
n

the ratio is epresented by m:n) as shown below

— 2A—i+jrhk)—1(i+2j—k) -3i-k

OR = = —3f+ 3k
=] 1

16.

Find the position vector of the mid point of the vector
joining the points P(2, 3, 4) and Q(4, 1, -2).

Ans - Consider midpoint of vector joining the position

vectors of the two points, OP = 2i+ 3j + 4k and 00 = 4i +
j—2ktobeR.

Therefore, position vector of R dividing the line joining two
given points through an intermal division in the ratio of 1:1
can be calculated as,

— (2i+3j+4k)+(4i+j—2k) e6i+4j+2k
OR = =

1+1 2
—34+2j+k

17.

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



Ans - Position vectors of points A, B and C are,
d=31 —4j—4kb=20—fJ+kandd=1- 3j- 5k
Now, AB, BC and CA can be calculated as.

5|
I

b—d=02—-3)i+(1+49j+ Q1 +4)k
= —1+ 3] + 5k

BC=¢—b=(1—-2)+(-3+1)j+(-5-1k
= —1—2j—6k

CA=d—-2=0B-1)i+(—4+3)j+(—4+5)k
=20—j+k

Calculating squares of magnitudes we get,

|[AB|? = (—1)2+(3)2 4+ (5)2 =35

|IBCZ =(—1)2 + (—2)2 + (—6)2 =41

[EA]:= (20" + (1P +{1)* =6

Using Pythagoras theorem it can be shown that this triangle
is right-angled triangle as shown below,

|AB|2 + |CA|? = 354+ 6 = 41 = |BC|?

18.

In triangle ABC which of the following is not true:
(A)AB+BC+CA=0

(B) AB + BC - AC

E—— —

(C)AB+BC-CA =
(D)AB-CB + CB

=11}

l




Ans - Considering triangle law of addition we can write,
AB +BC = AC

= AB +BC =—CA

= AB+BC+CA=0

- Equation in (A) is true.

Again,

AB +BC =AC
=AB+BC—-AC=0

-~ Equation in (B) is true.
Again,

AB +BC = AC

= AB—CB+CA=0

-~ Equation in (D) is true.
Now, for the equation in (C),
AB +BC = AC

= AB + BC = —AC

= AB+BC+CA=0

= AB+BC—CA=0

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

19.



Ifa and B} are two collinear vectors, then which of the
following are incorrect

(A) b = Ad, for some scalar A.

(B)@ = +h

(C) the respective components of @ and b are not
proportional.

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

Ans-Ifd and b are collinear vectors then they are parallel.
b =id, for some scalar A.

Again, if 1 = +1,thend = +b

Ifd@ = a, + a,f + azk and b = byi + b,J + b,k then,
b=Ad

byi + b,j + bk = (a1 + a,j + azk)

= b1+ b,j + bsk = Aa i + Aa,j + Aak

= byr=day, b = das by = day

bk B b

= = =
fly, Q2 di

This shows that components of @ and b, are proportional
but the vectors can have different directions.

Hence, the statement in (D) is incorrect. Thus option D is
the correct answer.

Exercise 10.3

1.

Find the angle between two vectors d@ and b with
magnitude v'3 and 2, respectively having@. b = 6



Ans-Given |@] = v3and || = 2

d.b =16

Also, we know that

d.b= E&||§| cos 8, where @ is the angle between vectors.

=6 = 2\/3cos@

1

=cos0 =—

V2
p 18
=0 =—
4

Hence, the angle between the vectors is E.

2.

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

Ans - Let the given vectors be

d=1—2j+3k
b=31—2j+k
We know that

a.b= |Ei||f_;| cos 8, where @ is the angle between the
vectors

= (1—2j+3k).(31—2j+k)
= /12 +22 +32,/32 + 22 + 12

= 10 = 14 cos @
5

= cos™: (%)
=» Cos 7

Hence the angle between the vectors is 8 = cos™*! (g)

3.

Find the projection of the vector i — j on the vectori + j



Ans - Given we have vectors

-
i

i—jand
b=1+}
Now the projection of @ on bis given by

ib_(-.(+))
2 V2

Hence, the projection of { — joni+ jis 0.

4.

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

Ans - Given we have vectors.

o

d=1+3j+ 7kand
b=7t—j+8k

Now the projection of @ on bis given by

a.b  (i+3]+7k).(7i—j+8Kk)
|b| Viia

60
Hence, the projectionof i — joni+ jis Jiia”

5.

Show that each of the given three vectors Is a unit vector:
L s e Lo s sccciin oopusesic i
5(2L+3;+ﬁk}§[3r—ﬁ;+zk)§(ﬁr+z;—3k)

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



Ans - Let us have following notations
7d = 20+ 3] + 6k
7b = 3t — 6§ + 2k
7¢ = 61+ 2j — 3k

Its magnitude is given by

7a =22+ 32 + 62

Hence, the magnitude is 1, it isa unit vector

Similarly, magnitude of 7h is given by

7b = /32 4 62 + 22

Hence, the magnitude is 1, it is a unit vector.

Similarly, magnitude of 7¢ is given by

7c =462 +22+32
=-=1
= 7

Hence, the magnitude is 1, it is a unit vector

Now we will calculate the followings

= 7* _ 1 T _ Y
ﬂ.b—?(2E+3j+6k).(3i 6f +2k)=0
T _ E _ T _ £y
¢.b= ?{E-E—F?.j“ 3k).(3t—6j+2k) =0
&.E=%(2E+3}+5§).(6?+2}—3f{] —0

Hence, all these vectors are manually perpendicular.

6.
Find |d@| and |b|if(@ + b).(d — b) = 8 and |d@| = 8|b|



Ans - Given [&—:—E}.(&—B}) =8...... (1)
@ =8|p] ....(2)
Now from (1)

Also from (2)
5] (64—1) =8

4 8

8] =8 |
= ] = .
63

7.

Evaluate the product (3@ — SE)). (za+ ?E)

Ans - Given two vectors 3d — 5b and 23 + 7b

(3d —5b).(2d + 7b) = 6a® + 11d.b — 35b2

8.

Find the magnitude of two vectors @ and b Jhaving the same
magnitude and such that the angle between them is 60° and
their scalar productis ;1 >

Ans - Given & = 60°

yae 1

b= E

According to the question

1 S
a |d@||b| cos 60
o

= |d| = |B] =1



9.

Find |x| , ifor a unit vector @, (X — @). (¥ + a) = 12
Ans - Given |d| = 1

(X —d).(X+d)=12

= |%|2 — 1 = 12 (since |d| =1)

= |%] =13

10.
Ifd =2i+2j +3kb=—i+2j+k¢=3i+]aresuch
thatd + Ab perpendicular to c, then find the value of A.

Ans - Given vectors are

d =20+ 2j+ 3k

b=—i+2j+k

~d+db =2-DI+C+20)j+B -k

&=31+]

According to the question

(@+2b).(31+)) =0
=>((2—;1j£+{2+2&)}+{3—.1) k).3t+p=0
S A L AL 020
=6—-31+2+21=0

=8-—1=0

=>1=8

Hence we get 4 = 8.

11.

Show that: |a|b + |§|ﬁ is perpendidlar to |a|b — [E|EE, for

any two nonzero vectors a and b.



Ans - Let us suppose the two vectors as shown.

i = |a|b + |bld
% = |d|b — |bld
Now 7. & = (|d@|b + |b|d). (|d@|b — |b|)

= ii.% = |a@2[B|” — 1d?[B] =0

Hence proved.

12.

Ifd.@ = 0 and @ .b = 0, then what can be concluded above

the vector b?

Ans - Given two equations

d.a=0 (1)

a.b=0

Itis clear from the equation (1) that |a|* =0

-
Hence, b can be any vector

13.

—

Ifﬁj,?areurﬂtvecturs suchthatd + b + ¢ = 0, find the
valueof i.b + b.¢ + ¢.d
Ans - Given we have three unit vectors, a, E_; ¢ such that

# —

a+b+c=0

L

—

= (@+b+8&).(@+b+&)=0

s a?+b2+c2+2(db+bE+Ed)=0

14.



If eithera = 0 or E = 0 vector, then. But, the converse need
not be true. Justify your answer with an example.

Ans - Let us suppose two vectors as shown
d =20+ 4j + 3k

b =3t + 3§ — 6k

Now d.b = (2t + 4 + 3k). (31 + 3] — 6k)
=db=6+12—18=0

But clearly neithera = 0 norb = 0

15.

If the vertices A, B, C of a triangle ABC are (1,2,3), (-1,0,0)
and (0,1,2) respectively then find » ABC. [~ ABC is the angle
between the vectors BA and ﬁ]

Ans - Given that the vertices of AABC are
A(1,2,3)

B(—1,0,0)

€(0,1,2)

Now £ABC is the angle between BA and BC
- BA.BC = (21 + 2j + 3k). (1 + ] + 2k)

=5 10 = y’ﬁu’gcos ZABC

Hence, we found that £ABC = cos (i—ur)
V176

16.

Show that the points A (1,2,7), B(2,6,3) and €(3,10, —1)
are collinear



Ans - Given we have points as shown
A(1,2,7)

B(2,6,3)

€(3,10,—1)
AB=02-1Di+((6-2j+ (B3 -Nk
= AB =1+ 4f — 4k

BC =(3—2)i+ (10 —6)j+ (—1 — 3)k
= BC =1+ 4j — 4k
AC=(B-1Di+(10-2)j+ (-1-7)k
= AC = 21 + 8f — 8k

= AC = 2(f + 4f — 4k)

Clearly,

4€| = [5C] + |2

Hence, vectors are collinear.

17.

Show that the vectors 2i — j + k,i — 3j — 5k, 31 — 4j — 4k
forms the vertices of the right angled trlangle.



Ans - Given that

OA=20—j+k

0B =i—3j—5k

OC = 31 — 4j — 4k

Where 04, OB, OC are position vectors of A, B, C

AB = —i—2j — 6k

|4B| = (D2 + (22 + (-6)2 = V41

BC=2i—j+k

|BC| =22+ (—1)2+ 12 =+6

AC =1—3j—5k

|AC| = 12+ (—=3)2 + (-5)2 =35

Clearly [AC| + |BC| = V41 = [4B|

18.

If d is a non-zero vector of magnitude “a’ and A a nonzero
scalar, then Ad is unit vector if

(A)A=1 (B)A=-1
©a=] (D)a=1/A

Ans - Given we have a vector d and a scalar A
For Ad to be a unit vector
|JE&’ =

1

@=—
|4

Hence option D is the correct answer.

Exercise 10.4

1.



Find |[d x b|,if @ =i — 7j + 7Tk and b = 3i — 2j + 2k
Ans - Given vectors are

i=1-7j+7k

b=31—2j+ 2k

Then the cross-product between the vectors is given by

L 1B 7k
dxb=1 -7 7
3 2, 2

= i(—14 + 149+ —j(2—-21) + k(-2 + 21)

— 19§ + 19k.

= |@ x b| = /192 + 192
= /2 % 192

=192

2.

Find a unit vector perpendicular to each of the vector @ + b
andd — b, whered = 3i + 2j + 2kand b =i + 2§ — 2k
Ans - Given vectors are

d=31+21+2k

b=1+2j—2k

Adding and subtracting vectors successively, we get
d+b=4i+ 4§

d—b=2i+4f

=>(&+E)><(§—E_J})=

e N N
= O

i
4
2

= 161 — 16] — 8k.



Then, its magnitude will be,

(@ + D) x (& —b)| = J16% + (—16)2 + (—8)?
=22 x 82 +22 x 82 + 8?

_ey 1

=89
=8M3

— 24

Thus, unit vector perpendicular to each of the vectors
a+bandd— b is provided as,

_ @+h)a-h)
|(@+b)(d@—D)|
16i — 16j — 8k
24

[
I+

W —k
3

Il
I+

P F=] Tk

I

|+
| b
La | b
L | =

3.
If a unit vector d@ makes angles > with i, 7 withjandan

acute angle 8 with k, then find 8 and hence, the
componesnts of a.



Ans - Suppose the components of the given unit vector
d is (a,, a,, as)

Then, d@ = a1 + a,j + a;k
Also, || = 1 as d is a unit vector

Again, we are provided that, the vector 3 makes angles

T LT . =+ : 7
3 with L with 7and an acute angle & with k

= C05 — =

m 4
3 ld]

1 o s :
=5 =ay, sincedisa unit vector

m o
Also, cos 3 = —

la|

1
= —— = @5, SllCe d is a unit vector

V2

45
Now, let cosf = —

|a]

a, = cos @,since, |3 = 1

:~Jaf+a§+a§=l
(1)2(1)1 29— 1
== = cos“f =
2) "\y2

1+1+ =1
= —+—-+cos°0 =

4 2

= cosif=1—

o |
W |

p 1
= cosf =—
2

F m
=0 =—
3

T 1
Thus; ay = cog—==
3 2

w 1- 1 1
o B < and the components of vector a are (5 5 E)
Ll



4,

Show that (3 — b) x ( +b) = 2(3 + b)
Ans - Given cross-product can be written as
(3-Db)x (+b)

=(3- B] xd+ (3 - E) x b (using the distributive property
of vector product over addition)

dx3—-bx3+3xb—bxDb (Distributive property of

vector product over addition)

5.
Find A and pif (2i + 6j + 27k) x (i + 4j + uk)
Ans - Given vector equation can be written as,

(21 + 6] + 27k) x (1 + 4]+ uk) =0

S A
=12 6 27|=0i+0j+0k
1 A pu

= 1(6p — 274) — j(2u — 27) + k(24 — 6) = 01 + 0] + 0k

Comparing scalar components on both sides of the equation
we get,

i — 274 =0...0)

24— 2 F =0 iz 4L

FA—6 =10 ccu-ill)

Hence, on solving the equations (i), (ii) and (iii), we get

A=33ndp=%

6.

Given thatd.b = 0 and @ x b = 0. What can you conclude
about the vector @ and b?



Ans-Since, @ - b = 0, then we can say that either |@| = 0, or
|§ i =0 orthe vectorsd and b are perpendicular to each
other.

Again, since d X b = 0, it can be said that either |d| = 0, or

|E I = 0, or the vectors d and b are parallel to each other.

But, since the vectors cannot be perpendicular and parallel
at simultaneous, so the only possibility is either |d| = 0

0r|5|=l‘.}

7.

Let the vectors A, b, € givenas a,i + a,j + azk, byi + boj +
bsk, ¢;i + c,j + czk Then show that & x (f] +¢)=3ax b+
axe

Ans - Given vectors are

a} = Elli + Eﬂ + HEE,
E: = b1T+ bzi—l_baﬁ

&
C

c;1+ ¢+ ::EE

So, (b + &) = (by + et + (b, + )] + (by + )k
. i j k

ﬁ&X(bﬂ‘E)z Iy (] e

by 4z by¥cy by¥ieg

= t[a,(b; + ¢3) — az(b, + ;)]
—Jlai(b; +¢3) —as(b;, +¢4)]

+E[ﬁ1(bz + ;) —ax(by + ¢4)]

= i(a,b; + ayc3 — azb, —azcy)
+f{:—{11b3 s 'H.ICE + agbl + ﬂ.gcl)

-Hl?{ﬂ lbz + (111:'2 - azbl - QZCI) vem (i:}



Lot j ok
I:_i Xb= 4 0z dgz
by by by
= i(ab; — ﬂ3521+j(ﬂ351 —a,b;)
Also,
it j k
& * E — {11 &.2 (13
€1 €2 (3

= i(a,c; — ﬁzfz)A"'f (azc; —a;c;)

Now, add the equations (1i) and (iit). Then, it yields
(@xb)+(@x0d)

= l(ayb; + ayc; — azh; — asc;)
+Jj(bya; +ase; —a,b; — ayc3)
+k(ayb, + ayc, — ahy —aycy) ... (iV)
Then, the equations (i) and (iv) together implies that
ix(b+ &) =dxb+dxé

Hence proved.

8.

Ifeithera = 0 orb = 0, then @ x b = 0. Is the converse
true? Justify your answer with an example



Ans - Consider any parallel nonzero vectors so that
ixb=0

Let nonzero vectors be

d =210+ 3]+ 4k

b = 41+ 6§ + Bk

i j ok
2 3 4
4 6 8

= (24 — 24) — j(16 — 16) + k(12 — 12)

=l

=X

— 0t + 0j + 0k

Magnitudes of the vectors are given by

ld| =22 + 32 +42 =429

b| = V4 + 62 + 82 = V116.

Thus, observing the above results, it is found that a x b=0,

while @ # 0 and b = 0. Therefore, it is justified that 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).

Ans - AABC has vertices A (1,1,2),B(2,3,5) and C (1,5,5).
Adjacent sides of triangle AABC are AB and BC such that
AB=02-1Di+@B-1Dj+G-Dk=1t+2j+3k

BC=(1—2)i+(5—3)j+ (5—5)k =—1+2j.

v ow o 18§ R
ABXBC=|1 2 3
-1 2 0

— 1(—6)—j(3) + k(2 +2)
— —60— 3] + 4k.



|AB x BC| = [(=6)2 + (=3)? + 42
=36 +9 + 16 = 61.

= Area of the triangle AABC
_ L 3B x BT

2

1 —
=—X61

5 XV

Vel :
= T 5Q. units

10.

Find the area of the parallelogram whose adjacent sides are
determined by the vectorsa = i —j + 3k andb = 2i — 7j +
k

Ans - Let given vectors are

d=1—7+3k

b =gy 77 4 k such that they are the adjacent sides of the
parallelogram.

Cross-product between the vectors will be

a

Lok
dxb=1 —1 3
A

=(—1+2D)i—-(1—-6)j+ (-7 +2)k
— 201+ 5j — 5k

d x b| = /202 + 52 + 52
ldxb| =+

=+/400 + 25 + 25
= 151.5

Thus, the area of the parallelogram is 15v/2 square units.

11.



Let the vector @ and b be such that || = 3 and |_1;| = "E—E

then @ x b is unit vector, if the angle between @ and b is
®w* @ ©F o=

Ans-Given |d| = 3 and |b| =

vz
2

We know that @ x b = |Ei!|§|sin& - i where i is a unit

vector that is perpendicular to both the vectors @ and b; o
is the angle the vectors d and D.

; = T 4
Since, @ X b is unit vector,
5 —
= [dxb| =1
= ||@|[b[singn| = 1
Y

V2 o
=:;3><?><51n8=1

= sinf =

-

=0 =—
4

Hence, the correct answer is option B.

12.

Area of a rectangle having vertices A, B, C, and D with
position vectors —i+%i+4i{,i+§i+ 4k, i —,—f’]‘+4nkand
ol —%’]‘ + 4k respectively is

@®; ®  ©2 @



Ans - Position vectors of the vertices A, B, C, D of the
rectangle ABCD are such that

R

0A

I
1+ =+ 4k,
)

: 1. -
OB =1+]+4k,

sty 1 3
DC=E—EJ+4I¢, and

—

W
0D =—1—>] +4k

Adjacent sides of the rectangle ABCD are AB and BC such
that

E=(1+1)f+(%—%)j+{4—4)§=2}

1 1

BC=(1—-1)i+
1-1) (2 =

)j+(4—4)§=—j

Cross product between these two vectors will be,

e

ABXBC=|2 0 0
g —1

= k(-2)

= —2k

Since area of parallelogram having the adjacent sides @ and
bis |d x b|, so area of the rectangle ABCD is [AB x CD| = 2
square units.

Hence, the correct answer is option C.

Miscellaneous Exercise

1.

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



Ans - Unit vector is ¥ = cos#1 + sinfj where 6 is angle with
positive X axis.

V3

7 = c0s30°f + sin30°f = o

P
Ej
2.

Find the scalar components and magnitude of the vector
joining the points P(xy, y4,2,) andQ: (x3, 2, Zz2)

Ans-PQ = (; —x)) i+ (. —y1)j+ (22 _31)E

PQl =0, —x)2+ (0, —y)Z + (2, — 7,)°

3.

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

Ans-

AN
énj‘-t-@B
30° g
W s
< A —— o >
4 km
Ys
OA = —4i

AB = [|AB|cos60° + j[AB|sin60°



1 V3
=33 =R
R
3 33
_3, 98,
2 2

OB = 0A + AB

3. 343,
= {:—"-H) + (EE‘FTJ)

Ifd = b + ¢, then is it true that |d@| = [b| + |€|? Justify your
dNsSWer.

—

Ans-In AABC,CB

—

4,CA=DAB = ¢

@ = b + € by triangle law of addition for vectors.

|d@| < |B| + |&|, by triangle inequality law of lengths.

Hence, it’s not true that |d@| < |b| + ||

5.
Find the value of x for which x(i + j + k) unit vector.

Ans-|x(i+j+k)| =1

= Jx2+x2+x2=1

=43x2=1

1



6.

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

Ans-C=d+b=02+Di+(B -2+ (—1+ Dk =31+

I6] =32 +12=19+1=410

L& _(it))
I G T

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

and b isa +5(&) = +5 (%(314})) = i%ﬁfizij

7.

Mfd=i+j+k b=2i—j+3kand¢=i—2j+k finda
unit vector parallel to the vector 2d — b + 3.
Ans -

2d—b+3¢=2(t+j+k)— (21 —j+3k)+3(—2]+k)
=214 2j+2k—2i+j—3k+31—6j+ 3k

=31 —3j+ 2k

|2d —b+38| =32+ (32 +22=y9+9+4=+22

Thus, required unit vector is

2a—b+3¢ _31—-3j+2k _ 3 3 e lh
2a—B+38 V22 Y2 Y&z 22

8.

Show that the poinis A(1, - 2, - 8), B(5,0,-2) and C(11, 3,
7) are collinear, and find the ratio in which B divides AC.



Ans-AB = (5 — 1)1+ (0+2)j + (-2 + 8)k = 4f + 2j + 6k
BC = (11—5)i+ (3—0)j+ (7 + 2)k = 61+ 3j + 9%

AC = (11— 1Di+ (3+2)j + (7 + 8)k = 101 + 5§ + 15k
|AB| = /42 + 22+ 62 =16 + 4 + 36 = /56 = 2\/14

|BC| =62 +32+92 =36+ 9 + 81 =126 = 314

|AC| = /102 + 52 + 152 = /100 + 25 + 225 = /350
= 5V14

- [AC| = [AB| + [B¢|
So, the points are collinear.

AOC+0A
(A+1)

Let B divide AC in ratio A: 1. 08 =

A(111+ 37+ 7k) + (1 —j — 8k)
A1+1

= 5f— 2k =

= (A+1)50— 2k =111+ 34j + 7Ak + i — 2j — 8k
=51+ Di—2(A+ Dk
= (11A+ DI+ (34— 2)j + (74 —8)k

2
et
4Ty

So, the required rationis2: 3

9.

Find the position vector of a point R which divides the line
joining two points P and Q whose position vectors are

(2a@ + I_J)) and (@ — 3b) externally in the ratio 1 : 2. Also,
show that P is the mid point of the line segment RQ.



Ans-0P =2d+b,00 =d—3b
= _2(2d+b)—(@—3b) 4d+2b—d—3b

S 1 =3a+5b

SO, the position vector of R is 3ad + 55

0Q+0R

Position vector of midpoint of RQ =

_ (aV6) + (3d + 5b)
B 2
=2d+D

— 0P

Thus, P is midpoint of line segment RQ.

10.

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



Ans - Diagonal of a parallelogram is d + b
G+b=02+1Di+(-4—2)j+(B—3k=31—6f+2k

31 —6f + 2k
V32 + (—6)% + 22

==

d+b
|d@ + b
_3i—6j+2k

VI+36+4
31 — 6] + 2k
7

_3f 6 +2;’£
i ?’f 7

P
2 —4
1 2 -3
=1i(12+10) — j(—6 —5) + k(—4+4)

=221+ 11j

% )

.
axhb=

= 11(21 +))
~|@xb| = 1122+ 12 = 1145

Hence area of the parallelogram is 11+/5 sq units.

11.

Show that the direction cosines of a vector equally inclined
to the axes OX, OY and OZ are + (=, =,



Ans - Let a vector be equal inclined to OX, 0Y, and OZ at an
angle a

Direction cosines of the vector are cos «, cos o and cos .
cos?a+cosia+cosia=1

=3cosfa=1

5 1
= COS rx=§

1
= Cosa =+—

3

Hence direction cosines of vector are + (

ol I

r

1 l)
V3TNETRS

12.

Letd =i +4j+2kandb =3i—2j+ 7kandé = 2i —j +
4. Find a vector d which is perpendicular to both @ and b
and¢-d =15

-

Ans-d = d,i +d,j + d3k
d.3=0=d, +4d,+2d, =0
E.§=D::’3d1_2d2+?dg=[}

Solving these equations we get,

160 5 70
b3 b T3hT Ty
- 160 5 70, 1 -
d:r?rf+§j+?;k=§{Hm5+5r+HM)
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 A.



Ans-(2i+4j—5k) + (A0 +2j + 3k) = (2 + )i + 6] — 2k
So, unit vector along (21 + 4f — 5k) + (A1 + 2j + 3k)

B ((2+A]E+ 6] — ZE)
VAZ + 41 + 44

[i+j+f€)-({2 +A)1‘+6}‘—2k) _

VAZ + 41 + 44
2+4)+6-—-2
= =i
VAZ + 41 + 44

=>JA2+41+44=1+6

= A2 +41+44 = (1 +6)°

= A2 +41+44=12+121+36
= 8A—8

=]

14.

Ifd, b, ¢ are mutually perpendicular vectors of equal
magnitudes, show that the vector @ + b + ¢ is equally
inclined to @, b and ¢.

Ans-d.b=b.¢=¢.d=0
-
@] = |b| = €]

Let @+ b+ ¢beinclined to @, b and & at angles
8,. 6, and 8, respectively

(@+b+¢@)-d

cosé =
|d + b+ é||d|
_d-d+b-da+é-da_ j@* dl
ld+b+2|ld  |d+b+é||d |d+b+¢E|



cosf, = E _f} f)f
| cl|2]
— —— — -, 2 —
_db+bb+éb  |b |b|
l@+b+¢|p| |@+b+2|p| |d+b+7]
(@+b+7c)-¢
costly; = =
|ld + b+ ||
_@é+bé+cE €18
ld+b+2||é| |d+b+é|lé] |a+b+é

4 iy = =
Since, |d| = |b| = ||, cos, = cosf, = cosb,

15.

Prove that, (@ + b) - (@ +b) = |@]? + [b| ifand onlyifd,b
are perpendicular, givend = 0, b = 0.

So d and b are perpendicular.

16.

If @ is the angle between two vectors @ and b,then@. b = 0
only when

m
Ao<o< (B)0<6<

©o<6<m (D)0 <0<



Ans-db =0

= |@||b|cos8 = 0

= cos§ =0 = [|d =0and [b|=0]
ﬂ“:ﬁ“:n
: = o e
2
Lyt ik : T
ﬂ-bEUlfUEHﬂE

Hence correct answer is option B.

17.

Let @ and b be two unit vectors and @ is the angle between

them. Then @ + b is a unit vector if

@we-7 Bo-3 (O3

4 3

Ans-|d| = |b| =1

ld+b|=1
:v(ﬁ+5)){&+g)=l
—=d-d+d.b+b.d+b.b=1

— =, 2
= |d?+2d. b+ b =1
= 12 + 2|d||b|cos + 12 = 1

=214+211cos8+1=1

o 1
= cosf = —
2

2R 2m
So, @ + b is unit vector if 8 = =

Hence correct answer is option D.

18.

2w
(D)8 = e



Thevalueofi. (fx k) +j- (ixk)+ k- (ix])is
Ao (B)-1 ©1 (D)3
Ans-1-(Gxk)+j-(ixk)+k-(ix))

=104+ J.(—)) +k.k

=11 43

=1

Hence correct answer is option C.

19.

If @ is the angle between any two vectors d and b, then
|@b| = |d x b| when @ is equal to

(A)0 (B), ©3 (D)n

S

S =
Ans-|db| = |a x
= |d@|b| cos 8 = |d@||b|sin8

= cosf =sinf

=tanfd =1

5 T

=0 =—
4

Hence correct answer is option B.



