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Exercise 10.1

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

Solution

Ans:

(Image will be uploaded soon)

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

Question 2
Classify the following measures as scalars and vectors.

(i) 10 kg

(ii) 2 meters north-west
(iii) 40°

(iv) 40 watt

(v) 10~ coulomb

(vi) 20 m//s?

Solution

Ans: 10 kg is a scalar quantity because it involves only magnitude.
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Ans: 2 meters north-west is a vector quantity as it involves both magnitude and direction.

Ans: 40° is a scalar quantity as it involves only magnitude.

Ans: 40 watts is a scalar quantity as it involves only magnitude.

Ans: 10 Coulomb is a scalar guantity as it involves only magnitude.

Ans: 20 m/s2 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

Solution

Ans: Time period is a scalar quantity as it involves only magnitude.

Ans: Distance is a scalar quantity as it involves only magnitude.

Ans: Force is a vector quantity as it involves both magnitude and direction.

Ans: Velocity is a vector quantity as it involves both magnitude as well as direction.
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Ans: Work done is a scalar quantity as it involves only magnitude.

Question 4
In Figure, identify the following vectors.

(Image will be uploaded soon)

(i) Co-initial
(ii) Equal

(iii) Collinear but not equal

Solution

Ans: Vectors a and d are co-initial because they have the same initial point.

Ans: Vectors b and d are equal because they have the same magnitude and direction.

Ans: Vectors a and c 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) a and - a 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.
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Solution
Ans: 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.

Ans: False.

Collinear vectors are those vectors that are parallel to the same line.

Ans: False.

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

Ans: False.

Two vectors are said to be equal if they have the same magnitude and direction, regardless of the

positions of their initial points.

Exercise 10.2
Question 1
Compute the magnitude of the following vectors:

~ ~ ~ ~ “ —~
a=i4]4+kb=2i-7-3k¢ =

Solution

Ans: The given vectors are,

A ~ /\% ~ ~ AN
a=i+j+kb=2{-7-3k¢=
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Magnitude of a vector say,

a=n+h+k

. —
Again, for ¢,

=) @) ()

Question 2
Write two different vectors having the same magnitude.

Solution

Ans: Let us assume the two vectors to be,

and

Magnitude of a vector say,
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Therefore, the magnitude of the following vectors are,

B =)+ @+ (3P = VITAFI=Vd

%
Now, for b,

_>
|

=@+ (-1’ + (-3 =yAFTF9=yT

Both, vectors have got an equal magnitude that is 4/14 units but are completely different and not equal

vectors since they are going in different directions.

Question 3

Write two different vectors having the same direction.
Solution
Ans: Let us assume the two vectors as,
— 2 T T
p=i+j+k
and
— “ ~ ~
qg =21 +25 +2k
The direction cosines of the two vectors can be calculated as,

_>
In case of p,

1
m = = —
WPy V3
n = 1 = L
W25y V3
Now, for

al

ExameElite - examelite.com Page 6 of 55



ExamElite - Textbook Solutions examelite.com

l — 2 — 2 — L
@+ He? 23 V3
2 2 1
m _ _ = —
@@e? 23 V3
n — 2 _ 2 1

@@ 3 VB

It can be clearly observed that the direction cosines obtained in case of both the vectors thatis, p and q

are same and therefore they have got the same direction but different vectors.

Question 4
Find the values of x and y so that the vectors

2i +3j
and

xi + yj
are equal.
Solution

Ans: Observe that it is required for the corresponding coefficients of ¢ and jto be equal in order to have

two equal vectors.

Therefore,

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

('5’7)
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Solution

Ans: The given initial and terminal point are respectively, (2, 1) and

( - 5? 7)
Therefore, the vector is,
— 4 ~ 4 2
PQ=(-5-2)i+ (7-1)7=-T7i+6]
Question 6
. ey ., 2 s~ ° 2 =~ — 2 2 ~
Find the sum of the vectors with initial point a =1-2j) +k, b = -2i +4j+5kand ¢ =1-6j -7k

Solution

. . — 4 R A - “
Ans: The given vectors are respectively, a =1 — 25+ k, b = —2i¢ + 435+ bk and
T =i-6j—Tk
Therefore, the sum of the following vectors can be calculated as,

— ~ ~ ~ ~ ~ ~ ~ ~ ~
A+ b+ =i—2j+k+(—2i)+4)+5k +1i—6]— Tk

S>dad+b+c=01-2+1)i+(-2+4-6)j+(1+5-1)k
— ~ A
:>a+b+?:—4j—k:

Question 7

— 2 2 o
Find the unit vector in the direction of the vector a =1 + J + 2k.

Solution

Ans: The given vectors is, a =i + _} + 2k.
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. . . . . o ~ 2. ~
Therefore, the unit vector in the direction of the vector, thatis, a = ¢ + j + 2k is represented as a and

can be calculated as,

ol
I
—~~
[
~

[\
_|_
—~~
=
~
[\
+
[\
~—
[\
I
<
(=2}

)
I

il
5
E.
éll—‘

Question 8

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

Solution

Ans: The given points are P and @ which are (1, 2, 3)and (4, 5, 6) respectively.

—
Now, the vector PQ can be calculated as,

— ~ ~ ~ ~ ~ ~
PQ=(4—1)i+(5—-2)j+(6—3)k=3i+3j+3k

_> “ " N
Therefore, the unit vector in the direction of the vector, that is, PQ) = 3% + 37 + 3k is represented as

—

P(Q and can be calculated as,

PQ| =/ + 67 + (3 = vaT —3v3

PQ  3i+3j+3k 1 1 1
—_— 1 ~ ~ ~
AP = e —k
‘ PQ’ 3V3 3 V3 V3
Question 9
_> ~ ~ ~ _> ~ A ~
For the given vectors a = 2i-j + 2kand b = -1 4+ j + k, find the unit vector in the direction of the
—

vector, a + b.
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Solution
. . — < “ 7T - - ~ 2y .
Ans: It is given that the vectors are @ = 2¢ — j + 2kand b = —1 + j + krespectively.

Now, the vector a + b can be calculated as,

s ~ ~ A ~ ~
na+b=02-1)i+(-14+1)j+2-1)k=i+Ek

_—_> ~ A i —
Therefore, the unit vector in the direction of the vector, thatis, a + b = i + kis represented as a + b

and can be calculated as,

Question 10

Find a vector in the direction of the vector 51 - j + 2kwhich has magnitude 8 units.

Solution

— TN 2
Ans: Assume the given vector as, a = 5t — j + 2k.

. . . . . o ~ > ~
Therefore, the unit vector in the direction of the vector, thatis, a = 5t — j + 2k is represented as a and

can be calculated as,

@ =) + (-1 +(2) = V30

= = 1 — ]
’;7‘ V10 Vi V10~ 410

-4 =

Now, a vector in the direction of the vector 57 — 3 + 2kwhich has magnitude 8 units can be calculated

as,

Ko

L 2 ]; 40 - 8 ,\_+
= 1 — J
V10 V10 V10

S,s
(@]

Y L 1
Co0a = 1 —
V10 V10
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Question 11

Show that the vectors

21 - 3] + 4k
and

-4 + 6] - 8k
are collinear.
Solution
Ans: Assume the given vector as, 7 =27 — 33' + 4k and

b= di 67 — 8k

respectively.

- —
Therefore, it can be observed that b can be deduced in terms of a as,

- 2 ~ o % ~ 7 —
b :—4z+6]—8k:—2<2z—33+4k) — 24

Y —
b =Aa
The value of A = —2 in this case and therefore the given two vectors collinear.

Question 12
Find the direction cosines of the vector

i+2j+3k

Solution

Ans: Assume the given vector as, E) =i+ 23’ + 3k.

Therefore, the magnitude of the vector, that is, 7 = % + 23’ + 31% can be calculated as,
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W=+ @2+ (3) = VId

. . . . — 1 ~ A
Therefore, the direction cosines of the vector, thatis, a = % + 27 + 3k can be calculated as,

1 2 3
Jid Vi’ Vi |-

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.

Solution

Ans: Observe that the given points are, A (1, 2, —3)and B (—1, —2, 1).

—
Hence, the vector AB can be calculated as,

H R " R R R R
SJAB=(-1-1)i+(-2-2)j+(1—(-3)k=—21 —4j + 4k

— ~ ~ ~
Therefore, the magnitude of the vector, that is, AB = —2i — 4j + 4k can be calculated as,

’B‘ - \/(—2)2 +(-4)°+ @)’ =6

H " " "
Therefore, the direction cosines of the vector, thatis, AB = —2¢ — 45 + 4k can be calculated as,

-1 =2 2
30 73°3)

Question 14
Show that the vector i + ] + kis equally inclined to the axes OX, OYand OZ.

Solution

Ans: Consider the given vector as,

X
|
+
o
+
P b
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Therefore, the magnitude and the direction cosines of the vector, that is,

d=i+itk

can be calculated as,

@ =)+ P =v3

: (L B L)
“\F 3 5F)
Assume, «, £ and «y to be the angles formed by @ with the axes OX, OY andOZ.

cosy = —

cos g = 7

1 1
J.Coso = — —
V3’ V3’

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

Question 15
Find the position vector of a point Rwhich divides the line segment joining two points P and (Q whose
position vectors are 1 + 2j ~kand -1 + j + k respectively in the ratio 2:1

(i) internally

(ii) externally
Solution

Ans: Observe that the given position vectors of the two points, P and Qare,

___> “ " R
OP=i+2j—k

and

- 2 A
OoQ=—-1+j5+k

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

%
mernE>

in the ratio of 2 : 1 can be calculated using the formula, —,—

(where the ratio is represented by

m : n), as shown below,
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£_2<—i+j+k)+1(i+2j—k)__%+43+1%_—1¢+4A,+1
= 711 - 3 T3 T3y

Ans: Observe that the given position vectors of the two points, P and Qare,
H " “ R
OP=1i+2j—k

and

— A A
OQ=—-i1+j+k

Therefore, the position vector of R dividing the line joining the two given points through an external
4>

o . . b-nd o
division in the ratio of 2 : 1 can be calculated using the formula, % (where the ratio is represented

by m : n), as shown below,

= 2(—%+3+l%)—1(%+23—/%) T
o 2—-1 1

Question 16
Find the position vector of the midpoint of the vector joining the points P (2,3,4) and Q (4,1, - 2).

Solution

Ans: Consider the midpoint of the vector joining the position vectors of the two points,

— ~ ~ ~
OP = 2i + 35 + 4k

and

__> " R "
0Q = 4i + j — 2k

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

in the ratio of 1 : 1 can be calculated as,

. (2z‘+3j+4k>+(4i+j—2k) 614+ 2

R—

—3i+2j+k

1+1

Question 17

Show that the positions
A,B
and

C

— S 2 ~ N > o~ — ? o =~ .
with position vectors a =3i-4j-4k, b =2i-j+ kand ¢ =1-3j - 5k respectively form the

vertices of a right-angled triangle.
Solution
Ans: Observe that the position vectors of the points
A, B
and

C

~ ~ ~ —7 ~ ~ ~ ~ ~ ~
are,d —3i —4j — 4k, b =2i — j+ kandc =i —3j — 5k,

Now,
—_— —
AB, BC
and
—
cA

can be calculated as,

— =

SAB=b —a =(2-3)i+(—1+4)j+(1+4)k=—i+3j+5k
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—_— — - ~ ~ I % ~ 7
BC=c—-b=(1-2)i+(-3+1)j+(-5—-1)k=—i—2j— 6k
—% “ R " R R R
CA=d-¢c=0B-1)i+(-4+3)j+(-4+5)k=2i—j+k

Again, calculate the squares of magnitudesas shown below,
L |AB[ = (=1)" + (3)" + (5)" = 35
L IBOP = (—1)" + (=2)" + (—6)" = 41
s CAP =27 + (1) + (1) =6
Now, use Pythagoras theorem it can be shown that this triangle is right-angled triangle as shown below,

|AB|” + |CA|* = 35+ 6 = 41 = | BC|?

Question 18

In triangle ABC which of the following is not true:

A.
_— — =
AB+BC+CA=0

B.
—_— — =
AB+BC-AC=0

C.
— = 0 =
AB+BC-CA=0

D.
> > > —
AB-CB+CA=0

Solution
Ans:
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On considering the triangle law of addition for this triangle it can be observed that

> > >
= AB+BC+CA=0
Therefore, the equation in (A) is true.

Again,

. AB+ BC = AC

> > > —
= AB+BC —-AC=0
Therefore, the equation in (B) is true.

Again,

- AB+ BC = AC

y y >
= AB-CB+CA=0

Therefore, the equation in (D) is true.

Now, for the equation in (C) also,

. AB+ BC = AC
B Be— oA
= AB+ BC =—-CA

\
4

_>
:>AB—|—BC’-|—CA: 0
%

0

\

— AB+ BC — CA #

Therefore, the equation in (C) is incorrect and henceforth, it is the correct answer

ExameElite - examelite.com
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Question 19
_)

If a and b are two collinear vectors, then which of the following are incorrect. A.A.

A.
Y —
b =MX\a
, for some scalar
A
B.
— —
a ==1b
C.
the respective components of
_>
a
and
%
b
are not proportional.
D.
both the vectors
_>
a
and
_>
b
have same direction, but different magnitudes.
Solution
Ans: It can be observed that if
_>
a

ExameElite - examelite.com
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and
_>
b
are collinear vectors then, they are parallel.
- —
b =Xa
, for some scalar
A
Again, if
A= =+1

%
,then7::|:b.

— 0 g 2 Y 0 ~ ?
Again if is considered that, @ = a1t 4+ a2j + agskand b = b1t + b2j + b3k, then

%
b =\d

bli +b23 —|—b37{\1 = )\ (al% —|—a23 +a3]23>

= byi + bej + b3k = Aayi + Aasj + Aask
= by = Aay, by = Aas, bg = Aas

bbbk

= A
al a2 as

. . — - .
This shows that the respective components of @ and b , are proportional but the vectors can have

different directions.

Therefore, the statement in (D) is incorrect and henceforth, it is the correct answer.
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Exercise 10.3

Question 1

N —
Find the angle between two vectors a and b with magnitudes \/§ and 2, respectively having

%
a. b =+/6
Solution
Ans: It is given in the question that
@] =v3
_)
|-

_>
4. b =46
Also we know that
_>
b

e b :
a.b = ‘ a ) cos Bwhere 6 is the angle between the vectors

= /6 = 24/3cos 6

1
= cosf = —

V2

Y
Henc the angle between the vectors is 1

Question 2
Find the angle between the vectors i — 23 + 3k and 37 — 23’ +k

Solution
Ans: Let the given vectors be

a4 =1—27+3k

— ~ ~ ~
b =3i—2j+k

We know that

ExameElite - examelite.com
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- 7 - :
a.b b | cos Bwhere 8 is the angle between the vectors

o
a

- (%—23+3l%).(3%—23+1%) = V1222 1823 122 1
= 10 = 14 cosf

5
Hence, we found 6 = cos ™! (7>

Question 3

Find the projection of the vector i— 3 on the vector i + 3
Solution

Ans: Given we have vectors

ﬁzg—jand
A
b =14+

o -
Now the projection of a on b is given by

-7 (%—3).(%+3)
7,: V2

Hence, the projection of i— 3 on i + 3 is 0

Question 4
Find the projection of the vector i+ 33’ + 7k on the vector 77 — 3 + 8k

Solution

Ans: : Given we have vectors

_>:%+33+7I;:and

a
— ~ ~ ~
b =7i—j+8k
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o -
Now the projection of a on b is given by

-7 (%4—334—7%).(%—#33—%7%)

;j’ V114

60

Hence, the projection of i— 3 on i + 3 IS
v114

Question 5

Show that each of the given three vectors is a unit vector:
Lioa on a2 Yo 2o 02 L/ar 05 o3
?@z+w+ﬁ@,7@z—m+a@,?@z+n—3@

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

Solution
Ans: let us have following notations
7d = 2i + 35+ 6k
— A A A
7b =31 —675+ 2k
— 4 “ 7
7Tc =61 +25—3k
Its magnitude is given by

Ta = /22 + 3% + 6

= =1
=7

Hence, the magnitude is 1, it is a unit vector
_>
Similarly, magnitude of 7 b is given by
b = /3% + 6% + 22
=b=—=—=1
7

Hence, the magnitude is 1, it is a unit vector
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Similarly, magnitude of 7? is given by
Te =6+ 2% + 3

=1
=7

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

Now we will calculate the followings

1/ ~  ~ . N
4. b :7(2z’+3j+6k>.(3i—6j+2k> —0
— 1 ~ ~ N ~ ~ ~
<. b :7(6i+2j—3k).<3i—6j+2k) —0
1/ ~ -~ . A
7.?:7(2i+3j+6k>.(6i+2j—3k> —0

Hence, all these vectors are mutually perpendicular

Question 6
— — — —
Fina [ ana ] i (749 ) . (@~ ¥) =sana[] =83

Solution

Ans: Given in the question that

<7+7).<7—7>: ...... )

Now from (1)

2

)7]2_‘? 3

Also from (2)

2

%
’b (64— 1) =8

ExameElite - examelite.com
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? 8

= =4/

b=y

Hence, | a ‘ =8 i
’ o 63

Question 7

N — — —
Evaluate the product {3a —5b |.(2a+T75b

Solution

. . - .7 — T
Ans: We are given with two vectors 3a —5b and2a +7b

— — —
le(Kg—Sb).(23+7b>::&ﬂ+1fg.b—3%2

Question 8
N —
Find the magnitude of two vectors a and b , having the same magnitude and such that the angle

1
between them is 60° and their scalar product is D)

Solution

Ans: It is given in the question

9 = 60°
1
7.b:§

According to the question

> =275

:(ikﬁﬁkzl
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Question 9

Find ‘?‘ , if for a unit vector 7, (7 — _>> . (? + 7) =12
Solution
Ans: It is given that (7’ =1
(7 -7). (¢ + ) =12
= ‘?‘2 —1 =12 (since ’?‘ =1)

%
Hence, we found that ‘ T ) =13

Question 10

— 4 ~ s P 3 e ) — -
fa=21+2j4+3k, b =—i+2j+k, c =37+ j aresuchthat a + A b perpendicular to c ,then
find the value of A

Solution
Ans: The given vectors are

d =2 +2j + 3k

a
— A e s

b= —i+2j+k

— - 0 ~ 2
a+Ab =2-Ni+2+20)5+B =Nk

T =314

According to the question
— A oA
<7+Ab>.(3i+g‘) —0
= (@=Ni+@+205+6-NE). (3i+]7) =0

Hence, we found that A = 8
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Question 11

Show that:

—— - = —r— - = N —
la| b +| b | a is perpendicularto |a| b — | b | a For any two nonzero vectors a and b

Solution

Ans: Let us suppose the two vectors as shown

R=[d|v-|v|d
vou 7. % = ([ 0+ 8] 7). (|a] ¥ - [ 2] @)
=5 % = [af[o] - [2[¥] =o

Hence, proved

Question 12

— — — 7 Y
If a. a =0and a. b = 0, then what can be concluded above the vector b ?

Solution

Ans: Given we have two equations

It is clear from the equation (1) that ]a!2 =0

%
Hence, b can be any vector
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Question 13
— 77— . - 7 =
If a, b, c areunitvectors suchthat a + b + ¢

Solution

: : — 77 =
Ans: Given we have three unit vectors a, b, ¢ such that

Question 14

=0 ,findthevalueof?. b+ 0.

examelite.com

—
. a

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

example.
Solution
Ans: Let us suppose two vectors as shown
o =20 +4j + 3k
$\overrightarrow{b}=3\widehat{i}+3\widehat{j}-6\widehat{k}
— 7 . ~ ? . ~ ?
Now @. b — <2z+4j+3k) . (3z+3]—6k)
_>
= d.b=6+12-18=0

L= '
But clearly neither a = Onor b =0

Question 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 ZABC

ExameElite - examelite.com
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Solution

Ans: It is given that the vertices of AABC are
A(1,2,3)

B(-1,0,0)

C(0,1,2)

—_
Now L ABC(C'is the angle between BA and BC

—_— — N N “ ~ “ “
- BA.BC = (2i+2j+3k).(i+j+2k:)

= 10 = v/17+/6 cos ZABC

1
Hence, we found that ZABC = cos™! 0
V176

Question 16
Show that the points A (1,2,7), B(2,6,3)and C (3,10, —1) are collinear

Solution

Ans: Given we have points as shown

A(1,2,7)

B(2,6,3)

C (3,10, —1)

— “ ~ ~
- AB =1 +4j — 4k

—

- BC = (%+43—41§;)
.'.A—>C:2<%+4§'—4l§:>

Clearly,
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Hence, vectors are collinear

Question 17

Show that the vectors 27 — J + ki— 37 — 5k, 37 — 47 — 4k forms the vertices of the right angled
triangle

Solution

Ans: It is given in the question that
— ~ ~ ~
OA=2i—j+k

- 2 ~ 2

OB =1i—3j—5k

H " " "
OC = 3i — 4j — 4k

_—
Where OA, OB, OC are position vectors of A,B,C

Now

—> R R "
AB=—i —2j — 6k

AB| = (17 + (-2 + (-0P = VT

— ~ ~ ~
BC=-2i —j+k

—
’BC‘ = \/(—2)2 +(-1)*+12=6
H -
’AC" =+/35

— —
Clearly ‘AC‘ -+ ‘BC‘ = /41 = ‘AB‘

Hence, proved
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Question 18

examelite.com

% H H (1 7 % 1 H
If a is a non-zero vector of magnitude ‘a’ and )\ a non-zero scalar, then \ a is unit vector for what value

of A

Solution

Ans: Given we have a vector 3 and a scalar A
For \'d to be a unit vector

Ad|=1

_ 1
Hence, the value is|A\| = —
a

Exercise 10.4

Question 1
O
axb

G n ~ — ~ ~ ~
Find ,ifa=i—T7j+7kand b= 3i—2j+2k

Solution

Ans: The given vectors are

= et e ot 0t ol

a=i-7Tj+7k and b =3i-2j+2k.

Then the cross-product between the vectors is given by
\[{\vec{a}\times\vec{b}=\begin{vmatrix}

\hat{i} & \hat{j}& k\

1&-7&7\\

3&-2&2\

ExameElite - examelite.com
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\end{vmatrix}}\]

— i (—14+14)+ —j(2—21) + k(-2 +21)
= 19j + 19k.

Therefore,

@ x ?{ — V197 1 197

— /2 x 192
= 19+/2.

Question 2

—

: . _ = = a0t ,on
Find a unit vector perpendicular to each of the vector a + b and a — b, where a = 3i+2j+2k and

— . ~ —~
b=i+2j—2k.

Solution

Ans: The given vectors are

— ot At ot T a0t e

a=3i+2j+2k and b=142j-2k.

Then, adding and subtracting the vectors successively, we have
% A A % ~ ~

G4+ b =45 +4jand @ — b =27 + 4k,

Therefore, their cross-product,

$\left( \overrightarrow{a}+\overrightarrow{b} \right)\times \left( \overrightarrow{a}-\overrightarrow{b}
\right)=\left| \begin{matrix}

\widehat{i} & \widehat{j} & \widehat{k}

\\
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48&4&0\
2&0&4\\

\end{matrix} \right| $
=167 — 16 — 8k.

Then, its magnitude,

(#+3)3=9) -

:\/22><82—|—22><82+82

=822 4+22+1

N — - —
Thus, the unit vector perpendicular to each of the vectors a + b and a — b

is provided as,

= — —
(m b) (7_ b)‘
| 1611658k
=+ 24
2i—2j—k
+ 3
=+2i F2) F 3k
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Question 3
- —

. —
If a unit vector a makes angles 3

_>
the components of a.

Solution

Ans: Suppose the components of the given unit vector a is (al, as, a3).

Then, E) = a17AJ + ag}' + aglAc.

— — .
Also, ( a ) = 1 as a is a unit vector.

_)

examelite.com

with i, % with j and an acute angle 6 with k, then find 0 and hence,

. . — L L .
Again, we are provided that, the vector a makes angles % with 1, % with j and an acute angle 6 with

~

k. Therefore, it gives

. since a is a unit vector.
Also,

Qa;
cos T = =2

O

1 . — . .
= E = a9, SInce a Is a unit vector.

Now, let

cosh = =
||
= a3 = cos 6

Since,

_>
a(zl,so

:>\/a%+a§—|—a§:1
1) 2 1) 2
= <5> + <E) +cosd=1

1,1 29 _
= 7t 5 tcos0=1

ExameElite - examelite.com

s aq
COS — = ——
%
Pl
1
= —=a
2 1
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2g__1_3 _ 1
= cos“0 =1 T =1
icos&z%

Y
= 0= 3

— r_ 1
Thus,a3—cos3 = 3.

)

Do | =

3

5
N[ =
\._/

_>
Therefore, 8 = Z and the components of the vector a are (

Question 4
Show that

— — >
(?—b) x (?+b) =2 (?er).
Solution

Ans: The given cross-product can be written as

- 7 — - 7 'Y

= (a — b) X a + (a — b) X b, (using the distributive property of vector product over
addition)
=axa—bxa+axb— b x b, (Distributive property of vector product over addition)

— s = = =
=04+axb+axb-20

%

= 27 X b.
Question 5

~ ~ —~ ~ ~ ~ —
Find \ and 1 if <2i+6j—|—27k) x (i—|—)\j—|—pk) —0.
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Solution

Ans: The given vector equation can be written as,

~ ~ ~ ~ ~ ~ —
(2i+6j+27k) x <i+)\j+,uk) —0

$\Rightarrow \left| \begin{matrix}
\widehat{i} & \widehat{j} & \widehat{k}\\
2&6&27\\
1 & \lambda & \mu
\end{matrix} \right|=0\widehat{i}+0\widehat{j}+0\widehat{k}$

= i (6 — 27A) — j (21 — 27) + k (2X — 6) = 07 + 0 + Ok

Now, compare the scalar components both sides of the equation.

Then, it yields

6p —27A=0 . (i)
2u—27=0 .. (ii)
2A—-6=0 .. (iii)

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

)\:3and,u:277.

Question 6

N = I
Giventhat a - b=0and a x b= 0.

N —
What can you conclude about the vector a and b ?

ExameElite - examelite.com
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Solution

. —
Ans: Since, a - b = 0, then we can say that

. —
either ‘ a ‘ =0, or

— N — )
b | = 0, orthe vectors a and b are perpendicular to each other.

L = . .
Again, since @ X b = 0, so it can be said that

. —
either ‘ a ‘ =0, or

— N —
b | = 0, orthe vectors a and b are parallel to each other.

But, since the vectors cannot be perpendicular and parallel at simultaneous, so the only possibility is

either‘?‘ =0or ? =0.

Question 7

- 7 = A 3 ™~ : A =~ A 3 T~
Let the vectors a, b, c givenas aj;itazjtask, bji+b2j+bsk, cii+c2j+csk

— (T - —
Then show that a x (b—i—?) :?x b—|—§>>< C.

Solution
Ans: The given vectors are
— 2 A N
a =aji+agj+task,
— ~ ~ ~
b =byi+bsyj+bsk,
?:C11+C25+C3i{\.
- = A - ~
So,| b+ c |=(MBi4+c1)i+(ba+c2)j+ (b3 +c3)k

Then,

$ \overrightarrow{a}\times \left( \overrightarrow{b}+\overrightarrow{c} \right)=\left| \begin{matrix}

\widehat{i} & \widehat{j} & \widehat{k}\\
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{{a}_{1}} & {{a}_{2}} & {{a}_{3}} \\

{{b}_{1}+{{c}_{1}} & {{b}_{2}}+{{c}_{2}} & {{b}_{3}}+{{c}_{3}}

\end{matrix} \right| $

= i [az (b3 + c3) — ag (b2 + c2)] — j [a1 (b3 + c3) — ag (b1 + c1)] + ka1 (b2 + c2) — a2 (b1 + c1))]
= 1 (a2b3 + azcs — asb2 — asc2) + j (—a1bs — aics + asbr + asc1)

+k (a1by + ajcy — ashy —asey) ... (1)
Therefore,

\Noverrightarrow{a}\times \overrightarrow{b}=\left| \begin{matrix}

\widehat{i} & \widehat{j} & \widehat{k} \\

{{a}_{1}} & {{a}_{2}} & {{a}_{3}} \\

{{b}_{1}} & {{b}_{2}} & {{b}_{3}}

\end{matrix} \right|\]

= 'z (a2b3 - a3b2) + .} (a3b1 - albg) + ]Af (CL1b2 — a,2b1)

Also,

$\overrightarrow{a}\times \overrightarrow{c}=\left| \begin{matrix}

\widehat{i} & \widehat{j} & \widehat{k} \\
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{{a}_{1}} & {{a}_{2}} & {{a}_{3}} \\
{{c}_{1}} & {{c}_{2}} & {{c}_{3}}

\end{matrix} \right|$
=1 ((1263 — 0362) + j (a,3(31 — alcg) + k (a102 — a,261) ...... (iii)

Now, add the equations (ii) and (iii). Then, it yields

— ~ ~
(7 X b) + (7 X ?) =1 (a263 + asc3 — agbs — a302) + 3 (b1a3 + ager — arby — alcg)

~

+k (alb2 + ajco — asby — a2c1) ...... (iv)

Then, the equations (i) and (iv) together implies that
— - = A
axX|b+c)=axb+axc.

Thus, the required result has been proved.

Question 8

e s
a

- —
If either a=0 or b=20, then 0.

_>
x b=

Is the converse true? Justify your answer with an example.

Solution

: — 7
Ans: Consider any parallel non-zero vectors sothat a X b=0.

So, take the nonzero vectors
d =21 +3)+ 4k

— A N ~
and b =417+ 65 + 8k.

Therefore, the cross-product between the vectors,
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$ \overrightarrow{a}\times \overrightarrow{b}=\left| \begin{matrix}
\widehat{i} & \widehat{j} & \widehat{k} \\
2&3&4 \\
4&6&8

\end{matrix} \right| $

—i(24—24) — j (16 — 16) + k (12 — 12)
— 0% + 0] + Ok.

Then, the magnitudes of the vectors are given by

)7] — /27 132 142 — /20 and

_>
M: 4% 1+ 6% + 8% = \/116.

- = = — — — —
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.

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

Solution
Ans: The triangle ABC has the vertices A (1,1,2), B(2,3,5) and C (1,5,5).

-
The adjacent sides of the triangle A ABC are AB and BC such that
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— ~ ~
AB=(2-1)i+@B-1)j+(5-2)k=

and

— n N “ n N
BC=(1-2)i+(5-3)j+(—-5)k=—1i+2j.
Now, the cross-product between the vectors is given by

$\overrightarrow{AB}\times \overrightarrow{BC}=\left| \begin{matrix}

\widehat{i} & \widehat{j} & \widehat{k} \\
1&2&3 \
-1&2&0

\end{matrix} \right| $

=i (—6)—j(3)+k(2+2)

= —6i — 3j + 4k.

Therefore,

’AB x BC| = \/(—6)2 +(—3)% + 42

= 4/36+9+16

= 4/61.

Thus, the area of the triangle A ABC
. —_— —

)

= 3 x /61
V61

= —— square units.

ExameElite - examelite.com
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Question 10
Find the area of the parallelogram whose adjacent sides are determined by the vector

a=i—j+3k
— N A~
and b= 2i—7j+k.
Solution
Ans: The given vectors are
a=i-j+3k
7 At et T . .
and b =2i-7j+k such that they are the adjacent sides of the parallelogram.
Therefore, the cross-product between the vectors,

$\overrightarrow{a}\times \overrightarrow{b}=\left| \begin{matrix}
\widehat{i} & \widehat{j} & \widehat{k} \\
1&-1&3\
2&-7&1
\end{matrix} \right| $
=i(—1421)—5(1—6)+k(-7+2)

— 207 + 55 — bk.

Therefore, its magnitude,

%
7 x b‘:\/202+52+52

= 4/400 + 25 + 25
= 15/2.
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Thus, the area of the parallelogram is 15+/2 square units.

Question 11

Let the vectors ? and ﬁ be such that )?) = 3 and ‘g‘ _‘/?E Y
between ? and E) is

@z ®F ©3 (A5

Solution

Ans: We are provided that,

. —
Now, it is generally known that @ X b =

_ —
perpendicular to both the vectors a an

. — .
Slnce, a X b IS a unit vector, so

_>
b

%
= <]

sin Gﬁ‘ =1

= [d][®|[sinf] = 1

;»3><§><sin9:1

= sinf = —

< |-

= 0=

N E]

— .
Thus, the angle between the vectors a and b is

7(:3and‘b

7 vz
=

b m?

— N —
d b ;6@ is the angle the vectors a and b .
%
7 X b ‘ =1

N
s
R

Hence, the correct answer is option (b).

Question 12

Area of a rectangle having vertices A, B, C, and D with position vectors
— i-l— %j +4E, i-l—%j +4E, i— %j -|—4E and —i— %j -|—4E respectively is

ExameElite - examelite.com

sin @ - n, where 7 is a unit vector that is

examelite.com

= ,then a X b is a unit vector, if the angle
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(@) 3 (b) 1 (c) 2 (d) 4
Solution

Ans: The position vectors of the vertices A, B, C, D of the rectangle ABC'D are such that

_> " “ "
OA=—i+ 1j+4k

— N 14 ~
— ~ ~ ~
OC’:i—%j+4k,and
— ~ 1A ~
OD:—i—5j+4k:.

— —
The adjacent sides of the rectangle ABCD are AB and BC such that

—>_ z 1 1\= LY D
AB=(1+1)i+ (1-1)j+@-0k=2

—_— A 1 1\ ~ ~ ~
BC=(1-1)i+(-5-3)i+@-0k=-j
Therefore, the cross-product between these two vectors,

$\overrightarrow{AB}\times \overrightarrow{BC}=\left| \begin{matrix}
\widehat{i} & \widehat{j} & \widehat{k} \\
2&0&0 \\
0&-1&0

\end{matrix} \right| $

= k(-2)

— _9k.
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. . . > O e
Since, the area of a parallelogram having the adjacent sides a and b is|a X b |, sothe area of the

rectangle ABCD is

— —
AB x C’D‘ = 2 square units.

Thus, the correct answer is the option (c).

Miscellaneous Exercise

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

Solution

Ans: Unit vector is ¥ = cos 04 + sin 83, where 6 is angle with positive X axis.

. . 3. 1.
¥ = co0s30°% +sin30°j = gz + 7 '

Question 2

Find the scalar components and magnitude of the vector joining the points P (ml, Y1, zl) and
Q (2, Yo, 22)

Solution

g 2 ~ o
Ans:PQ = (2o —x1) i+ (yo —y1) j+ (22 — 21) k

PG = @2 — o)+ (- )’ + (22— )

Question 3

A girl walks 4 km towards the 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.
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Solution

Ans:

— A
OA = —44¢

— = L=
AB = i|AB| cos 60° + j|AB|sin 60°
V3

N 1 ~

3. 3v3.

:—1,—|——J

2 2

OB = OA + AB

= (—41) + (gz - 3—\2/§]>

3.  3v3.
(e d) i

—8+3\. 3V3.
(224

9 9

—5. 3.3.
33,

= —1

2 2

Question 4

If @ = b+ ¢, then is it true that |E>| = |b] + |€| 2 Justify your answer.
Solution
— — —
Ans: InAABC, CB=a, CA=b, AB=¢
i="> + ¢, by triangle law of addition for vectors.

@] < [b| +|c]|, by triangle inequality law of lengths.
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Hence, it's not true that || = |b| + ||

Question 5

Find the value of  for which z(% -+ j + k) unit vector.
Solution
Ans: |z(i +j+ k)| =1

2+ 24 r2=1

3x2 =1

= 3x=1

1
=>xr=+t—
V3

Question 6
Find a vector of magnitude 5 units, and parallel to the resultant of the vectors a = 27 + 33 — k and
b=i-2j+k
Solution
24+1)i+(B3-2)j+(-1+1Dk=3i+

El=vV3+1°=y/9+1=+10

o (3i47)
e e

€] V10

So, a vector of magnitude 5 and parallel to the resultant of @ and 3 is

A 1 s 3\/1_A V10 -~
+5(¢) = +5 <ﬁ(31+])>i 5 5

Ans: ¢ =d+ b = (
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Question 7
fGg=7%+j+k, b=2i—j+3kandé =7 — 2} + k, find a unit vector parallel to the vector
23 — b+ 3¢.

Solution
Ans: 26 —b+3¢ =2(i +j+ k) — (20 — j + 3k) + 3(1 — 2j + k)
—2i+2j+2k—2i+j—3k+3i — 65 + 3k

=37 —3j+ 2k

|2a—5+3c|:\/32 3’ +22=,0F9+4=+22

26 —b+3¢  3i-3j+2k 3 5 35, 24
|25,_B+35| V22 \/22 \/22 \/ﬁ

Thus ,required unit vector is

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.

Solution

— ~ ~ ~ ~ ~ ~
Ans: AB = (5—1)i + (0+2)j + (-2 + 8)k = 4i +2j + 6k
— ~ ~ N A A ~
BC=(11-5)i +(3—0)j+ (7T+2)k=06¢ +3j + 9k
_> " " R R R R
AC=(11-1)i+ (83+2)7+ (7+8)k =10t + 55 + 15k
—
|AB| = V4> + 22 + 6% = V16 + 4 + 36 = /56 = 21/14
—
IBC| = v/6%+3%>+9>= /3619 + 81 = /126 = 3\/14

—
|AC| = v/10? + 52 + 15% = /100 + 25 + 225 = /350 = 5/14

IAC| = |AB| + |BC|

So, the points are collinear.
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— AOC + OA
Let B divide AC inratio A : 1. OB = —+
(A+1)

A(11i 4 35 + 7k) + (i — 2 — 8k)
A+1

= (A +1)(5i — 2k) = 11Xi 4+ 3Xj + TAk + 1 — 25 — 8k

— 5i — 2k =

=5\ +1)i —2A+ 1Dk = (1IA+1)i + BA —2)7 + (TA — 8)k

= A==
3

So, the required ratio is 2:3

Question 9

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

Solution

— L e 5 =
Ans: OP =2a+b,0Q = a —3b

—  2(2a+b)—(@—3b) 4G+26—d—3b

OR = 51 = 1 = 3a + 5b

. e
So, the position vectorof Ris3a +5b

— —
0Q + OR

Position vector of midpoint of RQ = 5

(av/6) + (3d + 5b)
2

— 24+ b
—
= OP

Thus, P is midpoint of line segment RQ
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Question 10

The two adjacent sides of a parallelogram are 27 — 45 + 5kand i — 23 — 3k. Find the unit vector parallel
to its diagonal. Also, find its area.

Solution

Ans: Diagonal of a parallelogram is @ + b

d+b=(2+1)i+(-4-2)j+(5-3)k=3i -6+ 2k

So, the unit vector parallel to diagonal is

a+b 31 — 65 + 2k 3i —6j+2k 3i—6j+2k 3. 6., 2;
— = == :_7,__] J—
il 7 7 7T
\d + b| \/32+(—6)2+22 V9 +36+4
ik
axb=|2 -4 3
1 -2 -3

= i(12410) — j(—6 — 5) + k(—4 + 4)
— 227 + 115

=11(2i + j)

slax bl =11v22 +12 =115

So, the area of the parallelogram is 11+/5 sq units

Question 11

1
Show that the direction cosines of a vector equally inclined to the axes OX, OY and OZ are 7
3

1 1
V3 V3
Solution

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

So, the Direction Cosines of the vector are cos «, cos aand cos .

2

cos’a + cos’a + cos?a = 1
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= 3cos?a =1

1
= cosa = ——

V3

1 1 1

So, the DCs of the vector are

Question 12
Leta =i +4j + 2kand b = 37 — 2j + Tkand ¢ = 2i — j + 4k. Find a vector d which is

perpendicular to both @ and b and ¢ - d = 15
Solution

Ans:d = dyi +dyj + dsk
d.d=0=d +4ds +2d3 =0
d.b=0=3d, —2dy+7d3 =0

¢-d =15=2d; —dy + 4d; = 15

. _ 160 5 70
Solving these equations, we getd; = ——,dy = ——,d3 = ——
3 3 3
N S 1(160‘+5“+701§:)
B A R
Question 13

The scalar product of the vector i + 3 + l;:with a unit vector along the sum of vectors 2i + 43 — 51:: and
i + 23’ + 3kis equal to one. Find the value of \.

Solution
Ans: (2i + 45 — 5k) + (Ai + 2] + 3k) = (2 + \)i + 65 — 2k

(24 \)i + 65 — 2k
VA2 44\ + 44

So, unit vector along (2¢ + 45 — 5k) + (\i + 25 + 3k) is (
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A 24+ )i + 65 — 2k
(i+j+k:)-<( ) ’ )1

VA2 +4) + 44
(24X +6—2 )
V21 Ar+ 44

= VA2 4\ +44=X+6

= A2 44X+ 44 = () +6)?

= A2 44N +44 =)\ 4121 + 36
=8\ =28

=A=1

Question 14

examelite.com

If a, b, ¢ are mutually perpendicular vectors of equal magnitudes, show that the vector a + b + C is

equally inclined to a , b and ¢.
Solution
Ans:d.b=b.¢=¢.d=0
dl = [b] = [¢]

Leta + b + ¢ beinclined to a, b, ¢ at angles 601, 02, O3 respectively.

(G+b+¢)-d G d+b-a+c-a af> al
cosb, = — = — — & _ -
|+ b+ cllal @+ b+cllal [a+b+cllal  a+b+c
@+b+2)b  ab+0b+cb 5 b|
cos b = — — = - — = - — = S
la+b+c|lb] |a+b+¢|lb] |a+b+c|lb] |Ja+b+¢|
(@+b+¢)-¢  ac+bé+cc ik €]
0OS 3 = = = = = = = =
la + b+ ¢|c| la+b+¢cllc] Ja+b+clléc] |la+b+c|
Since, |d@| = |b] = |€] = cosb; = cosfy = cosbs, So, B, = 0, = 65
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Question 15

Prove that, (G + b) - (@ +

Solution

— —
—

Ans: (@ +b)-(a+b)=

— —
—

=a-a+a.b+b-a

- -2

= |@]* +2d . b+|D|
= 24.b=0

—~a.b=0

So @ and b are perpendicular.

Question 16

If 0 is the angle between two vectors a and b, then ab > 0 only when

A.

0<O<

| 3

0<f<m
D.

0<o<«
Solution
Ans:.".db >0

= |d@||b| cos 6 > 0

= cos@>0 - [|@>0and|b >0

ExameElite - examelite.com
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a-B>0if0<0<g
B

So the right answer is

Question 17

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

A.

m
6=—

4
B.

T
6=—

3
C.

T
0= —

2
D.

2m
="

3
Solution

22 am T2
= la*+2a.b+|b]"=1
= 12 4 2|d||b|cos 0+ 1% =1

=1+211cosf+1=1
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- | 7. . _ 27
So, a + b is unit vector if 0 = Y

The correct answer is D

Question 18
Thevalueof 7. (j x k) +7- (2 x k) + k- (¢ x J)is

a.0 b. -1 ¢1 d.3
Solution

Ans:

=i.i+j-(=j)+k.k
—1-1+1
=1

The correct answer is C.

Question 19

If 6 is the angle between any two vectors d and b, then |ab| = |a x b| when 6 is equal to

A.

~| N

ExameElite - examelite.com Page 54 of 55



ExamElite - Textbook Solutions

|y

Solution

= cosf = sin0

= tanf =1

The correct answer is B
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