' NCERT Solutions Class 12 Mathematics
m QLYJL! A§ Chapter 10: Vector Algebra

Miscellaneous Exercise Page No: 458

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

Solution:
Let us consider,

If ¥ is a unit vector in the XY-plane, then F=cosfi +sinfj.

Here, £ 1s the angle made by the unit vector with the positive direction of the x-axis.
Hence, for &= 307 we have:

F = cos30% +sin 3[}“’.}' =ij+%;

5.

—] _I}‘
Therefore, the required unit vector 1s 2

2. Find the scalar components and magnitude of the vector joining the points P (X1, Y1, z1) and Q
(Xz, Y2, 22).

Solution:

Firstly let us consider,

The vector joining the points P(x,, y,, z,) and Q(x,, ¥,. 2, )can be found out by:
P = Position vector of () — Position vector ol P

=(x-x)i+(3-2)i+(z-2)k
= f 2 2 2
PQ =~,|l,{.‘l::—x|] +(J"3_,V|] +{:: _zl]
Therefore, the scalar components and the magnitude of the vector joining the given points are respectively

{(xi —X }’{-V: pd ]'{22 —Z }} and \.IIII'[ X =X ]2 + {J’: -V ): + (:: =5 .}:

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

It is given that,

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

South
OA = -4
AB = f|ﬁ|cos 60° + | |ﬁ|sin 60°

By the Triangle law of vector addition, we have
OB = OA + AB

:(—4?)+(%f+%}]

5

Therefore, the gitl's displacement from her initial point of departure is
=5;,.33 5.

e

g 2

4.1f9=D+C thenis it true that 4= |b|+ 4 2 Justify your answer.
Solution:

It is given that,

In AABC. let CB=ga. CA =4, and AB = ¢ (as shown in the following figure).
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50, by the Triangle law of vector addition, we have

d, [5], and [¢]
And. we know that
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G=b+¢

represent the sides of AABC.

Also, 1t 15 known that the sum of the lengths of any two sides of a triangle 1s greater than the

third side.
~la< |h| +|é|

Therefore, it 1s not true that

| =B+ e

) ) x[f+ }'+k] _ )
5. Find the value of x for which ' - IS a unit vector.

Solution:
We know,

Given 'T(f + /4 k:] is a unit vector.
So. |t{;+}—£]‘= | _
Mo,
!_t'(f + }'+-ﬁf}|-l
= 3 =
Wxt+x+x* =1

L 2
Ix* =1

\EJ.'=]
|
=iﬁ

Therefore, the required value of v is + ;L
3

6. Find a vector of magnitude 5 units, and parallel to the resultant of the vectors

d=2i+3j-kandb=i-2j+#k

Solution:
Let us consider the,
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Given vectors,

G=2i+3j—kandb=i-2j+#k

Letz be the resultant of 5 and & -

Then,

::'=d+a.’f={2+1)f+ 3-2)j+(-1+1}k=3i+;

=3 +12 =9 +1 =410

+
¢ _(3+))
L0 =
Icl Jio
Therefore, the vector of magnitude 5 units and parallel to the resultant of vectors 3 and £ 18
A ] = = 3‘0@5 \Iﬁ >
tie=25-—|3i+j)=% t—.
\rﬁ( J) 2 2 i
7afd=1+j+k. b=2i—j+3kandc=i-2j+k , find a unit vector parallel to the vector
26-b+3¢ _
Solution:
Let us consider the given vectors,
Given,

d=i+j+k, b=2i—j+3kandé=i-2j+k

2i—b+36 = 2(;'“+}+§)-(2E—}+3E]+3{f—2}+£]
=2i+2]+2k—2i+ ] -3k+3i —6)+3k
=3i-3j+2k

i b +3¢| =3 +(-3) +2° =9 +9+4 =422

Therefore, the unit vector along 25 -5 + 3815

2di-b+3¢ 3i-3j+2k 3 . 3 5 2 -

- = =—i- j+ k.
|2.f;—e5+3¢:| J22 J2 2t 22

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:
Firstly let us consider,
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Given points are: A (1.-2.-8), B (5. 0.-2). and C (11,3, 7).

WAB=(5-1)i +(0+2) j+(-2+8)k=4i +2j + 6k
BC = (11-5)i +(3-0)j+(7+2)k =6i +3]+9%
AC=(11=1)i +(3+2) j+(7+8)k =10i +5] +15k
AB|=4? +27 +6" = 16+ 4+36 = 56 =214

BC| = V6" +37+97 =36+9+81 =126 =314
AC|=V107+5 +157 =100+ 25+225 =350 =5V14
~|Ac| =|aB|+[BC]
Therefore, the given points A, B, and C are collinear.
Now, let point B divide AC in the ratio Al So, we have:
. A0C +0A
(A+1)
A0 437 +7k)+(7 - 2] - 8%)
A+l
(A+1)(57-2k)= 1147 +34] + 72k +7 - 2] - 8k

5i =2k =

S(A41)i =2(A+1)k = (114 +1)i +(34-2)j +(72-8)k

On equating the corresponding components, we have:
5(A+1)=114+1
5A+5=114+1
6l=4
4.2

63
Therefore, point B divides AC in the mtio  2:3,

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

” (2 +b)and(a-35)
position vectors are
midpoint of the line segment RQ.
Solution:
We know,

"externally in the ratio 1: 2. Also, show that P is the
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OP =24 +b, U_{g=a—3£_

Given,
Also_ given that point B divides a line segment joining two points P and () externally in the
ratio 1: 2. So, on using the section formula, we have

. 2(2a+b)-(d-38) 4d+2b—a+3b

OR = =3a+5b
2-1 ]

Hence, the position vector of point R 1s 3a+5b
Now,

0Q +OR
Position vector of the mid-point of EQ = 2

Therefore, P 1s the mid-point of the line segment RQ).

10. The two adjacent sides of a parallelogram are > ~+/ ¥ gng 1 =2/ =3k

Find the unit vector parallel to its diagonal. Also, find its area.
Solution:
Firstly let us consider,

Adjacent sides of a parallelogram are given as: a=2i-4;+5k and? =i =2 -3k

We know that, the diagonal of a parallelogram 1s given by a+b
d+b=(2+1)i +(-4-2)j+(5-3)k =31 -6 +2k
Hence, the unit vector parallel to the diagonal is

d+b  3i-6j+2k _35—&}+2§_3f—&;+2£_3£ 65,2
7

|‘§+E| i «Jf +{_ﬁ}: +2? CJ9+36+4 7 7173 k.
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x b
So, the area of parallelogram ABCD = |-::r |

i ;' k
dxh=2 -4 5
1] -2 -3

=i (12+10)— j(-6-5)+k(—4+4)
,.,.:+]]j
=11(2i + )

s|axb|=12 +17 =1145
=
Therefore, the area of the parallelogram 1s N5 square unifs.

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

N S

Solution:

Firstly,

Let’s assume a vector to be equally inclined to axes OX, OY, and OZ at angle a.

Then, the direction cosines of the vector are cos «, cos a, and cos a.
Now, we know that

cos” & +¢0s @ +cos @ =1
JeosTa =1

1

3

Therefore, the direction cosines of the vector which are equally inclined to the axes are
I I 1

RENNENE

Hence proved.

COs0E =

12, Let @=1+4j 420 b=31 =2+ Tk gnqe=21 = J+4K Fing a vector 9 which is perpendicular

to both @and? , andcd =15,
Solution:
ASSume,

Letd =d,i+d, ] +dk.

Asd is perpendicular to both and? . we have:
d-a=0
d+4d,+2d,=0 (1)
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£l

d-b=0
3d, -2d,+7d,=0 ...(ii)
Also,_ given that:
é-d=15
2d -d,+4d, =15 ...(1ii)
On solving (1), (11), and (111), we obtain
5
d, =@.(L =—=and d, :—E
: B 3 ' 3

- 160. 5. TO0-~ 1 P P
Sl =—i——j——k=—(160i —57-T0k

“TRTIT3IT 3( F-5]-70k)

Therefore, the required vector 1s %{I 607 — 5} - ?ﬂk")

13. The scalar product of the vector’ +/ * K with a unit vector along the sum of

2i+4] =5k ;g Al +27+3k

vectors is equal to one. Find the value of 4.

Solution:

Let’s consider the

Sum of the given vectors is given by.

(27 +4]-5k)+(4i +2]+3k)

=(2+4)i+6j -2k

Hence, unit vector along[zf +4)- 5!?:]+{.—1f +2j+ 3!?) is given as:
(2+4)i+6j-2k  (2+A)i+6j-2k (2+4)i+6j-2k

J2+) +6 +(-2) V444242743644 VAT +4A+44

Scalar product of(f + i+ E\]with this unit vectoris 1.
(f+j+£]-(2+“f}f +6] -2k _
JAZ+al+44
(2+4)+6-2
JA +41+44 =216
A*+44444=(1+6)
A +4A+44=2"+124+36
B4 =R

A=1
Therefore, the valne of A s 1.

I

Y
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14. If %€ are mutually perpendicular vectors of equal magnitudes, show that the vector @ +5+¢

is equally inclined to “*” and .
Solution:

Lets assume,

Asd.b. and & are mutually perpendicular vectors, we have
a-b=b-c=c-a=0.

Given that:

l=[6]=e]

Let vector 54 p 4z beinclinedto 3 4, and & atangles &, @,, and &, respectively.

So. we have
(G+5+3)@ g.a+b.a+c.a
cost, = - = :
c.f+|".l+f_:|c.|"| ;i+h+é|u
2
_ 14 [b-a=c.a=0]
ld+b+¢lld
_
|a+h+q

(@+6+8)b  G.5+b-b+c-b
5|_ E+5+E¢E

la+b+élle
__

|E+E+d

Now, as|d|=|!:;|:|c’|__ cosf, = cosd, = cosb, .
-6 =8=

Therefore, the vector(a' +b+ E) is equally inclined toz 4 and & -
Hence proved.
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a+b).(a+b)=|a +|5 =z -
15. Prove thatta )(a } |a | | ,ifand only if % bare perpendicular,givenuiﬂ’ b=0
Solution:

It is given that

Required to prove:

(a+8).(a+B)=lal +[

G-i+d-b+b-d+b-b=al +[5[ [ Distributivity of scalar products over addition]
f +2a-b -+ =[af +|6| (-6 =b-a (Scalar product is commutative) |
2-b=0

i-bh=0

Therefore, g and b are perpendicular. [H 20, 5=0 (GWE"]}

Hence proved.

16. If @ is the angle between two vectors  and b , then abz0 only when

0<B<r n<g<’
(A) 2 (B)
(C}G{H{T{ m}ﬂiﬂiﬁ
Solution:
Explanation:

Let’s assume & to be the angle between two vectors ¢ and? .
Then, without loss of generality, ¥ and b are non-zero vectors so that
We alzo know, =

d| and |b| are positive

al |b' | cos &
So, .
Ga-b=0
dl b |cnsﬂ =)
cos@ = () [|ﬁ| and |5| are pn:rsitive]
n<h<t
2
- D<@t
Therefore, abz0 yhen 2

The correct answer 15 B.

17. Let @ and 7 be two unit vectors and @ is the angle between them. Then ¢ +b s a unit vector if

https://byjus.com
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a 4 ® 3 © 2 @®
Solution:
Explanation:

Let , and ; be two unit vectors andé be the angle between them.
Then, .-}| =|E-r| i}

Now, 54+ p IS a unit vector ifla+b|=1.
E:+£_1|:I

(EH—E)E =1

{5+5).(&+5]=I

aa+ab+ba+bhb=1

al +2ab+

bl =1

12+2 (}Hi_‘;|c059+13 =]
1+2.1.1cosB+1=1

c:r:rs.Hl:—l
5

0=

2n
-
. |

Sn— ) : 2n
Therefore, a + b 15 @ unit vector if § = =

Hence the correct answer is D.

P Fxk)+jlixk)+k(ix]

18. The value of (j ) j( ) [ Jr]is
(A0 (B) -1 ©)1 (D) 3
Solution:

Explanation:

It is given that,

?.(}xi]ff.(fﬂé%.l.:.[fx_ﬂ
=i-i+j(-j)+k-k
=1-j-j+]

=]1-1+1

=]
Hence the correct answer is C.
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| B o |aB|=[ax _
19. If @ is the angle between any two vectors ¥ and” , then when @ is equal to
T T
A) 0 B) — C) — D
(A) (B) 1 (€) 5 (D) ©
Solution:
Explanation:

Let 8 be the angle between two vectors ,andp .
Then, without loss of generality, ;and p are non-zero vectors, so that|d| and |b| are positive.

a-b|=|axb|

dl 5|c05{}:|ﬁ||5|sin{]

cos 0 =sin® [|E| and |E | are pasitivc}
tanf =1

0= o
4
Thus, ::ﬁ| = |Ex E| when Gisequal t:]%

So, the correct answer is B.
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