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CBSE NCERT Solutions for Class 12 Maths Chapter 10

Back of Chapter Questions

Exercise: 10.1

1. Represent graphically a displacement of 40 km, 30" east of north. [2 Marks]
Solution:
North
[ P |5°_|‘t'
10km
&
wf ¥
Weat - - Dy
(V]
L
South [1 Mark]
Here, vector OP represents the displacement of 40 km, 30° East of North. [1 Mark]

2. Classify the following measures as scalars and vectors. [1 Mark each]
(i) 10 kg
(i} 2 metres north-west
(iii) 40°
(iv) 40 watt
{v) 10~ coulomb

{vi) 20 m/s?
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Solution:

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

{iii) 40" is a scalar quantity as it involves only magnitude. [1 Mark]

(iv) 40 watts is a scalar quantity as it involves only magnitude. [1 Mark]

(v) 107 coulomb is a scalar quantity as it involves only magnitude. [1 Mark]

[vi) 20 m/s%is a vector quantity as it involves magnitude as well as direction.  [1 Mark]

3. Classify the following as scalar and vector quantities.  [1 Mark each]
(i) time period
(if} distance
(iii) force
(iv) velocity

(v) work done

Solution:

(i) Time period is a scalar quantity as it involves only magnitude. [1 Mark]
(i) Distance Is a scalar quantity as it involves only magnitude. [1 Mark]

(iii) Force Is a vector quantity as it involves both magnitude and direction. [1 Mark]

(iv) Velocity is a vector quantity as it involves both magnitude as well as direction. [1
Mark]

(v) Work done is a scalar quantity as it involves only magnitude. [1 Mark]

4. InFigure, identify the following vectors.[1 Mark each]
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-
o B
L
TI"
(i) Coinitial
(ii) Equal

(iif} Collinear but not equal

Solution:
(i) vectors a and dare coinitial because they have the same initial point. [1 Mark]
(i) Vectors bared equal because they have the same magnitude and direction. [1 Mark]

(iii) Vectors @ and b are collinear but not equal. This is because although they are parallel, their
directions are not the same. [1 Mark]

5. Answer the following as true or false. [1 Mark each]
(i) @ 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.

Solution:

(i} True.
Two vectors are collinear if they are parallel to line the same line.

—— ]
—p—s (]

b
*mw————nﬂ—nﬂ—ﬂ—ﬂ—*m

Vectors d and —d are parallel to the same line 1. [1 Mark]
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So, d and —d are collinear.

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

- | d

= | | t -+ E
-l-———————————————--hfn

Here, d and b are parallel to m
Hence, collinear.

But, @ and b are not equal in magnitude. [1 Mark]

(i) False.
Two or more vectors are collinear if they are parallel to the same line.

- } - Ei

b
a and b are equal in magnitude but not parallel to the same line

-

Hence, a and b are not collinear. [1 Mark]

(iv) False
Two or more vectors are equal if they have the same magnitude and same direction

Collinear vectors may have the same magnitude but are not equal.

Hence false. [1 Mark]
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Exercise: 10.2

Compute the magnitude of the following vectors:

" o TP | 1 1.
a=i+j+k;: b=2i-7j—-3k; c=—i+—]j——k

! 4 3 \'"EJ \.-"E
Solution:
= = S - - —b_ 2 g .-\.‘*_i L"_Ln
Givenvectorsarea=Ii+j+k; b=20—-7j 3k,c_ﬁ:+ﬁj Jk

Magnitude of d is |@] = /(1)2 + (1)2 + (1)2 =3

Hence, |d] = 3

Magnitude of b is [b| = \/(2)Z + (—=7)2 + (—3)2
—VET970

=62

Hence, |Er| = u@

magnitude of 15 12 = (&) + (&) + (-2)°

Hence, |€] = 1

Write two different vectors having same magnitude.

Solution:

Letd = (—i—2j+3k)and b = (2i + j — 3k)

Now, magnitude of d is |d| = /(—1)2 + (—2)2+ 32 =41+ 4+ 9 =+/14
b =y2Z+ 12+ (37 =VE+1+9="14

Hence, a and b

[4 Marks]

[1 Mark]

[1 Mark]

[1 Mark]

[1 Mark]

[2 Marks]

[1 Mark]

[1 Mark]
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Write two different vectors having same direction. [2 Marks]

Solution:
tet @ = (i+j+k)and b = (2i + 2] + 2k).

The direction cosines of a are given by,

1 1 1 1 1 1

s ——— == — g =r———=—— 1 Mark
YyiZ+1E+12 UE] viZ+12+12 v3 VIZ 412412 LE] [ ]
The direction cosines of b are given by,
N i e L L B i w1
VZE4ZE43E 33 43 V2i+zisz 23 T
2 2 1
Andn= ———— e 1 Mark
VaT+zZ+2T 243 43 [ ]

The direction cosines of d and E are the same. Hence, the two vectors have the same direction.

Find the values of x and y so that the vectors 2i + 3] and xi + ¥ are equal [1 Mark]

Solution:
The two vectors 2i + 3j and xi + ¥ will be equal if their corresponding components are equal.

Hence, the required values of x and y are 2 and 3 respectively. [1 Mark]

Find the scalar and vector components of the vector with initial point (2,1) and terminal point
(-5.7). [1 Mark]
Solution:

Let the given points be P(2,1) and @(-5, ?)

The vector with the initial point P(2, 1) and terminal point Q[— 5 ?} can be given by,

PQ = (-5—2)i+ (7 — 1)j [% Mark]
= PQ = —7i + 6j

Hence, the required scalar components are - 7 and 6 while the vector components are —7i and
’ 1
6f. [E Mark]
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c=i—6]—Tk [1 Mark]

Solution:

The given vectors area = i — 2§ + kb= —2i+4j+5kandc =i—6j — 7k

cd+b+e=(1-24+1i+(-2+4-6)j+(1+5-Nk [%Mark]

=0-i—4j—1-k

= —4j—k [% Mark]
7. Find the unit vector in the direction of the vector d@ = i + j + 2k. [1 Mark]

Solution:

The unit vector d in the direction of vector d = i + j + 2k.

@ =VIZ+ 12+ 22 =1+ 1+4=1+6 [%Mark]

ag=S oI _ 1, 18 2 Mark]

lal VB V& V& Ve z

8. Find the unit vector in the direction of vectur,P_Q', where P and @} are the points (1, 2, 3) and

(4,5, 6), respectively.

Solution:

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

“PQ=(4—-1)i+(5-2)j+(6—3)k =3i+3j+3k

PQ| =V3T+3Z+37=19+9+9=427=3\3

Hence, the unit vector in the direction Dfﬁj is

PQ _ 3t43)43k _ 1. 1.
Fa - w2 ATt

-

k

=

|

W
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9. For given vectors, d = 2i — j + 2k and b=—i + j — kfind the unit vector in the direction of the

vectord + b

Solution:

The given vectors are d = 2i — j + 2k and b=—i+ J—k

d=2i—j+2k

-~

b=—i+j—k

cd+b=2-DI+(14+0Dj+2-Dk=1i+0j+1k=i+k
|a +b| =12+ 12 =2

Hence, the unit vector in the direction of (& o E:I is

k

{@+b)  t+k
d+b|

| =

=]

1,
= EI+\-

va

[2 Marks]

[1 Mark]

[1 Mark]

10. Find a vector in the direction of vector 5f — j + 2k which has magnitude 8 units.[2 Marks]

Solution:

Letd =5j—j + 2k

aldl=y52+ (102 +22=V25+1+4=430

i i 51-)+2k
Sl=m =
d 30

[1 Mark]

Hence, the unit vector in the direction of vector 5§ — j + 2k which has magnitude 8 units is

given by,
s 51—;+2E) 40 8 . 16,
= = !

V30 V30 Y30’ Y30
_B(SF—FHE)
B V30
=?—i?-.i_;+%f_{'
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11. Show that the vectors 2i — 3j + 4k and —41 + 6] — 8k are collinear.  [2 Marks]

Solution:

Letd = 2i — 3] + 4k and b = —4i + 6] — 8k.

It is observed that b = —4i + 6] — 8k = —2(2f — 3] + 4k) = —2d [1 Mark]

»b=Ad

Where,

d=~2

Hence, the given vectors are collinear. [1 Mark]
12. Find the direction cosines of the vector i + 2j + 3k [1 Mark]

Solution:

Letd =i+ 2f + 3k

slal=vIZ+ 22+ 32 =Vi+4+9=V12 1 Mark
Z

2 3 1
Z.2). [ Mark]

) + 1
Hence, the direction cosines of a are (— = 2R
Vit 14 1a

13. Find the direction cosines of the vector joining the points A(I,Z. - 3] and E[— 1.—2,1) directed
fromAto B, [1 Mark]
Solution:
The given points are A(1,2,-3) and B(-1,- 2.1].
“AB=(-1-1+(-2-2)+{1-(-3)}k

= AB = —2i — 4] + 4k [; Mark]

#|AB| = (22 + (-2 + £ =VE+ 16+ 16 =V36=6
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Hence, the direction cosines of AB are (—%. = E.—) = (— .——.E). [% Mark]

Show that the vector i + j + k is equally inclined to the axes 0X, 0Y, and 0Z.[1 Mark]

Solution:

letd=i+j+k

Then,

@] =J12+124+12 =43

Therefore, the direction cosines of d are (—._ ; L._ ; l_) [l Mark]
v3 3 w3 Z

Mow, let a, #, and y be the angles formed by a with the positive directions of x, y, and z axes.

Then, we have

1 1 1
COS@t = ——=, COS5ff = —=,CO5y = =
CERaa
Hence, the given vector is equally inclined to axes 0X, OY, and OZ. [% Mark]

Find the position vector of a point R which divides the line joining two points P and } whose
position vectors are i + 2f — k and —i + §i k respectively, in the ration 2: 1

(1) internally

(i) externally

Solution:

The position vector of point R dividing the line segment joining two points P and () in the ratio
m: n is given by:

mb+nid

(i) Internally:m [1 Mark]
(i) Externally: m’z::ﬁ [1 Mark]

Position vectors of P and () are given as:
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OP=i+2j—kandOQ=—i+j+k
(i) The position vector of point R which divides the line joining two points P and @ internally in
the ratio 2: 1 is given by,
B 2(-i+j+k)+1(i+2j—k) (-2i+2j+2k)+(i+2f-k)
I 2+1 B 3

_—I+4J‘+.f|:___l- 4. 1z
=—F = 3;+3_;+3k [1 Mark]

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

ﬁ:2(—:+;+k2j:11[:+2j—::}

= —3i+ 3k [1 Mark]

= (-2t + 27+ 2k) — (1 +2f— k)

Find the position vector of the mid-point of the vector joining the points P(2, 3,4) and
Q(4.1,-2). [1 Mark]
Solution:

The position vector of mid-point R of the vector joining points P(2, 3,4) and 0[4. 1,- 2) is given
by,

OF = (2i+3]+ak)+aie]-2k) s (2+a)i+(3+1))+(a—2)k [l Mark]

z 2 z
= 5““2’”& =3i+2j+k [; Mark]
Show that the points 4, B and C with position vectors,
d=3i—4f —4k,b =21 —j+k and ¢ = [ — 3] — 5k respectively form the vertices of a right-
angled triangle. [2 Marks]

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

d=3i—4j—4k,b=2i—j+kandé=i—3f— 5k
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]

~AB=b-d=(2-3)i+(-144)j+ (1 +Dk=—-14+3j+5k
BC=¢—b=(1-2)i+(-34+1)j+(-5—1k=—-1-2j—6k
CA=d—-¢c=CB-1)i+(—4+3)j+(—4+5)k=2i—j+k
AR
A48 =D R =105 =35 [1 Mark]
— 2
|BC| = (-1 +(—2)*+(—6))=1+4+36=41
— 2
[CA] =254+ {-1P 4 1% =24 1+1 =6
et 2 et 3 = 2
~ |AB| +|CA| =36+6=41=|BC|

Hence, ABC is a right-angled triangle. [1 Mark]

18. In triangle ABC which of the following is not true: [4 Marks]

A

A.AB+BC+CA=10

I
=)

B.AB + BC — AC

I
=l

C.AB+BC-C

—

D.AB—CE+CA=20

Solution:

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

AB4+BC=AC ..(D)

B ]

=E+E=—C

=>AB+BC4+CA=0 ...(2)
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= The equation given in alternative A is true. [1 Mark]
AB + BC = AC

— E + ETf = R =0

~. The equation given in alternative B is true. [1 Mark]
From equation (2), we have:

AB—-CB+CA=0

~. The equation given in alternative D is true. [1 Mark]
MNow, 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

== ﬂ_lf + E =0

=2AC=0

= AC = _li which Is not true.

Hence, the equation given in alternative C is incorrect. [1 Mark]

The correct Answer is C.

If @ and b are two collinear vectors, then which of the following are incorrect:[4 Marks]
A. b = Ad, for some scalar A
B.d=+b

C. the respective components of @ and b are proportional

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

Solution:

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

b= (For some scalar 4) [1 Mark]

If @ = ayf + a,f + ask and b = byi + byj + b3k, then
b=2d

= byi + byj + byk = A(ayi + a,f + ask)

= byi + byj + bk = (Aa)i + (Aay)f + (Aaz)k

= by = day, b; = Aaz, b; = da;

g s dg
Thus, the respective components of d and b are proportional.
However, vectors d and 3 can have different directions.
Hence, the statement given in D is incorrect.

The correct Answer is D. [2 Marks]

Exercise: 10.3

Find the angle between two vectors @ and b and with magnitudes /3 and 2, respectively having
d-b=6. [2 Marks]

Solution:

It is given that,
@l = V3,|b| =2andd-b =6
d- b= |&||E|msﬁ‘

Now, we know that

=~ V6 =1+/3 x 2 x cosf [1 Mark]
g V6
= cosf =
V3 x2
. 1
= cosf = =
V2
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Hence, the angle between the given vectors @ and b i5%

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

Solution:

The given vectors ared = [ — 2j + 3k and b = 31 — 2f + k

ld] = 12+ (—-2)2+32 =41+ 4+9=414

b =37+ (—2)2+ 12 =0+ 4+ 1=112
Now, d - b = (i — 2j + 3k)(3i — 2j + k)
=13+ (-2)(-2)+3.1

=10

Also, we know that d - b = |&||E|cnsﬁ

= 10 = V14 14cosd

= E!—m
cos =

=3il-=ong ™S E)

Find the projection of the vector [ — j on the vector i + J.

Solution:
letd=i—jandb =1+ ].
Now, projection of vector d on bis given by,

vi+1

ﬁ(a b) =—=—={L1+ (D)W} ==(1-1)=0

Page 15 of 44

VIKRANTADAD=MY"

[1 Mark]

[2 Marks]

[1 Mark]

[1 Mark]

[1 Mark]

1
[E Mark]

[; Mark]
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Hence, the projection of vector @ on bis 0.
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Find the projection of the vector i + 3f + 7k on the vector 7 — j + 8k. [1 Mark]

Solution:
leta=i+3j+ 7kand b = 7i — j + Bk.

Now, projection of vector d on bis given by,

7—-3+56

&0

57(@B) = e (1) +3(-1) +7(8)} =

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

%[2I+ 3f + EE}.%[EE - 6§+ Zﬁ],;(ﬁf + 2j — 3k)

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

Solution:

tetd == (20+ 3]+ 6k) =1+ + 2k,
G oo X B B
b=§(3:—6;+2k}=§:—§;+§k
. 4 e E
c=§(5i+2}—3k]=§i+§f—§k

3= (2)2+(3)2+(6)2_ 4+9+36_1
=1 7 ) A P T T

2

- 3 62 (2% |9 36 4
= G (56 = et
A= @+ @ () = Ersen

Thus, each of the given three vectors is a unit vector.
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_,I-; 2 3+3 (—5_'_5 2 B IE+12 5
- = = 3 — — | — —_ - — —
P TN Nt g I T 50T 40" 48
2 3 6+(—6) 2+2 (—3) 18 12 6 5
f==x—F+|—|x-+=-x|—]|=——-——— =
S T T R e T T T
4 *—63(2+2x3+ —3) 5_12 6 IB_{]
SRR T 1) M ot e e
Hence, the given three vectors are mutually perpendicular to each other. [1 Mark]
6. Find
|| and |b|, if (@ +b) - (d — b) = 8 and |d| = 8]b]. [2 Marks]
Solution:

= |dj?—|b| =8
- - 2 "
= (8|p[) —|b] =8 [1d@l = 8|b[]
—0-2 —-2
= 64|b| —|b| =8
= 63|b| =8
) 8

= ' 8
= |b| = | zz [Magnitude of a vector is non-negative]

o 2'.-'5
= bl =35 [1 Mark]
- = 8x2Z  16/2
la] = E3|ﬁ"| = :ﬁ =37 [1 Mark]
7. Evaluate the product (3d — EE] -(2d + 7b). [1 Mark]
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Solution:
(3@ —5b) - (2d + 7b)
=3d-2d+3d-7b—5b-2da—5b-7b [%Mark]

—6d-d+21d-b—10d-b—35b-b

-3 - -2 1
= 6ld|* + 11d - b — 35|b| [5 Mark]

8. Find the magnitude of two vectors @ and b, having the same magnitude and such that the angle
1
between them is 60 and their scalar product is e [1 Mark]

Solution:

Let 8 be the angle between the vectors @ and b.

It is given that |d| = |b|,d - b =%,and5‘ =60" ...(1)

We know that @« b = |&||E||:GSH

23 = ldlldlcos60” [Using (1)] [; Mark]
1
= [
—— w —
iRl B
= ldl? =1
= |d| = [b] =1 [ Mark]
9. Find
|X| if for a unit vector d, (x — a) - (¥ + a) = 12. [1 Mark]
Solution:

(x—a) - (x+4d) =12

>F - i+¥f-d—d-¥—a-d=12 [%Mark]
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= |2 — |d]? = 12
= |£]2 — 1 = 12 [|d| = 1 as a is a unit vector]
= |#|% = 13

= 2] = V13 [ Mark]

10. Ifd = 2i + 2j 4+ 3k,b = —i+ 2j + k and é = 31 + j are such that @ + Ab is perpendicular to C,
then find the value of 4. [2 Marks]
Solution:

The given vectorsared = 2i + 2j + 3k, b = —i+ 2j + k and & = 31 + J.

Mow,

d+Ab = (2142 +3k) + A(=i + 2] + &) = (2 - Di+ (2 + 2] + 3 + Dk

if (d + AE) is perpendicular to €, then

(@+ap)-c=0 [1 Mark]
=[@-Di+@+20f+B+Dk]-@i+) =0

5 (2—A)3+Q2+20)1+(3+A)0=0

=6—344+24+24=10

=—44+8=0
=d1=8
Hence, the required value of A is 8, [1 Mark]

11. Show that:
|a|b + |b|a is perpendicular to |a|b — |E|E,

for any two nonzero vectors d and b [1 Mark]

Solution:
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(1dlb + |b|d) - (1d1b — |b|a)

= @%b -b—|@l|b|p - + |b|ldld - b — |b] d-d
= 1a[B[" — |8] 1al®

=10

Hence, |&|E + |f_;|ﬁ and |5|E re |B|_a' are perpendicular to each other.
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[; Mark]

[ Mark]

f,d-d=0anda- 5 = 0, then what can be concluded about the vector 3? [1 Mark]

Solution:
itis given thatd+d =0andd-b =0
Mow,

-

d-a=0=lal*=0=ldl=0

- d is a zero vector.

Hence, vector b satisfying a - b = 0 can be any vector,

If d, b, € are unit vectors such thatd + b + ¢ = 0,

—

find the valueofd -b+b-E+¢ - d

Solution:

[; Mark]

1
[E Mark]

[1 Mark]

la+b+é| =(@+b+¢)-(@+b+&)=|aP+ b +)é2+2(@-b+b-&+¢-a)

=0=1+1+1+2(a@-b+b-¢+¢-d)

::.{fi-E::+E:FrE+E-ﬁ)='?3

Page 20 of 44
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14. If either vector @ = 0 or b = 0, then d@ - b = 0. But the converse need not be true. Justify your
Answer with an example. [2 Marks]

Solution:

Consider @ = 21 + 4j + 3k and b = 31 + 3] — 6k.

Then,

G-b=23+43+43(-6)=6+12—-18=10 [1 Mark]
We now observe that:

@] = /22 + 42 + 32 = 29

a=0

|b] = /32 + 32+ (—6) = V54
#b#0

Hence, the converse of the given statement need not be true. [1 Mark]

15. If the vertices A, B, C of a triangle ABC are (1,2,3), ( 1.0 {]} (0,1,2), respectively, then find
£ABC. [£ABC is the angle between the vectors BA and BC ] [2 Marks]

Solution:

The vertices of AABC are given as 4(1,2,3), B(- 1,0,0), and €(0,1,2).

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

BA={1—-(—1)}i+(2-0)j+(3—0)k =2i+2j+3k
=0-(-Di+0Q-0)j+@2-0k=i+j+2k

~BA-BC=(20+2j+3k) - (i+]+2k)

=2x1+2x1+3%x2=2+2+6=10 [1 Mark]

BA| = V22 + 22+ 32 =Va+ 4+ 9 =V17

B =Vi+1+22=16

MNow, it is known that:
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BA - BC = |BA||BC|cos(£ABC)

+ 10 = V17 x VBeos(2ABC)

10
= cos(£ABC) = ———
': ) V17 x 6
= 2£ABC = cos™! ( a0 [1 Mark]
v 102

Show that the points A(1,2,7), B(2,6,3) and C(E‘.,lﬂ. - 1} are collinear. [2 Marks]

Solution:

The given points are A(1,2,7), B(2,6,3) and €(3,10,-1).
~AB=(2-1Di+(6-2j+@B-DNk=i+4j—4k
BC=(3-2)i+(10—-6)j+(—-1—3k=14+4j— 4k

AC=(3-1i+(10-2)f+ (-1-7)k = 2i + 8j — Bk [1 Mark]

|AB| = 12+ 82 + (-4 =Vy1+16+16 = V33

BC|= 12+ 42+ (—4)2 =TI+ 16+16=+33
|AC| = /22 +82 +82 = V3 + 64+ 64 = V132 = 233

Hence, the given points 4, B, and C are collinear. [1 Mark]

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

Solution:

Let vectors 2i — j + k, i — 3f — 5k and 3i — 4j — 4k be position vectors of points A, B, and €
respectively.

ie,0A=2i—j+kOB=i—-3j—5kandOC = 3i — 4] — 4k
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Now, vectors Eﬁ and E represent the sides of AABC.

le,0A=2i—j+k OB =i—3j—5kand OC = 3i — 4] — 4k.
~AB=(1-2)i+(-3+1)j+(-5—1)k =—i—2j— 6k

BC=(3-1)i+(—4+3)j+(—4+5)k=2i—j+k

AC=(2-3)i+(-1+4)j+(1+4k=—-1+3j+5k [1 Mark]

|AB| = J(-1)7 + (—2)2 + (—6)2 =V1 + 4+ 36 = V41

BC| = /22 + (12 + P =Va+1+1=16

|AC| = J(—1)2+32+52 =V1+ 9+ 25 =35
. — 2 — 2
= |BC| +|AC| =6+ 35=41= |AB|

Hence, AABC is a right-angled triangle. [1 Mark]

if @ is a nonzero vector of magnitude ‘a’ and A a nonzero scalar, then Ad Is unit vector

If [1 Mark]
(A)A=1

(B)A=-1

(C)a =l

(D)a=

Solution:

Vector Ad is a unit vector if |dd] = 1.

MNow,

12d| = 1

= lAlldl =1 [ Mark]
- e

= |aj = [4 =+ 0]

= a=—[ldl = a]
== e

e 1
Hence, vector Aa is a unit vector ifa = i
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1
The correct Answer is D. [E Mark]

Exercise: 10.4

Find
|@ x b|,ifd=1—7j+7kand b = 31 — 2j + 2k [1 Mark]
Solution:

= I J k
dxb=[1 -70%F
3 -2 8
= (=14 + 14) — j(2 — 21) + k(-2 4+ 21) = 19 + 19k [ Mark]
« |d % B| = J(19)7 + (19 = |2 x (19)% = 19V2 [% Mark]

Find a unit vector perpendicular to each of the vector a + bandd— E where

d=3i+2j+2kandb=1i+2j—2k [2 Marks]
Solution:
We have,

G=3i+2j+2kandb=i+2j— 2k

nd+b=4i+4j,d—b=2i+4k
” w [E X % 3 ,_
(@+b)x(d—b)=|4 4 o|=Ii(16)—j(16)+ k(—8) = 16i— 16j— 8k
2 0 4

|(@+5) x (- B)| = I ¥ 1677 + (87

=22 x 82 + 22 x 82 + 82
=8V22+2Z2+1=8J0=8x3=24 [1 Mark]
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Hence, the unit vector perpendicular to each of the vectors a + bandd— E is given by the
relation,

_ (@+b)x(a-b) g DO 16j — 8k
ST |(@+b)x(a-b) ~ 24
= iz“?"i - i%ﬁ%ji%ﬁ [1 mark]

If a unit vector d makes ang with 1'.% angle with j and an acute angle & with k, then find @ and
hence, the compounds of a. [4 Marks]

Solution:

Let unit vector a have (ay, a,, a;) components.
d = ayi + asf + azk

Since a is a unit vector,|d| = 1.

Also, it is given that d makes anglesgwlth E.Ewithj and an acute angle 8 with k. Then, we

have:
Ty

CDSE = E

=2=a [1d] = 1] [ Mark]
T d

CGSE = E

=L =a, [l = 1] [; Mark]
w2 F 4

iy
Also, cosf = ar

= a5 = cosf [% Mark]

MNow,

la] =1

1
= .ful! + azz + ai =1 [; Mark]

1y2 147
= | - +(—) +cost8 =1
(2] V2
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1 1 5
=>—+E+cus 8=1

4
3 X
= 4—+ cos“8 =1
= cos’f = 1—E=E
4 4

1 iy
= cosf = 5= g = 3

1
Ly = cusi i
Hence, # = gand the components of @ are (%%%) [2 Marks]
Show that
(@—b)x(d@+b)=2(d@xh) [1 Mark]
Solution:

(@—b)x(a+h)

= (a- E:] xd+(d— E) x b [By distributive of vector product over addition] [% Mark]

—dxd—bxa+daxb—bxb [Again, by distributivity of vector product over addition]
=0+dxb+dxb—0

=2d@xb [; Mark]
Find A and p if (2f + 6] + 2?;7:] X (1+4)+ ,ufc] =0. [2 Marks]

Solution:

(2t + 6f + 27k) x (i + 4] + pk) =0
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7| = 0i + 0j + 0k

= [(6u — 274) — j(2u— 27) + k(24 — 6) = 0i + 0f + Ok

On comparing the corresponding components, we have:

6u—274=0
2u—27=10
21—-6=20
MNow,

2d—6=0=4=3

27
2;:—2'.?":1}::,:::?

Hence A =3 and u =%.

6. Giventhatﬁ-gzﬂand&xgzﬁ.

What can you conclude about the vectors d and b?

Solution:

db=0

Then,

(i) Either || = 0 or |E-| =0,0rd L b (in case d and b are non-zero)
(ii) Either |a@| = 0 or |E| =0,ord | b {in case @ and b are non-zero)
But, a and b cannot be perpendicular and parallel simultaneously.

Hence, |d| = 0 or |E| =)

VIKRANTADAD=MY"

[1 Mark]

[1 Mark]

[1 Mark]

[; Mark]

[ Mark]

7. Let the vectors @, b, € given as a,i + a,] + ask, byi + bof + bak, ¢y + c3f + €3k
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Thenshowthat=d x (b4 ¢)=dxb+d x¢ [4 Marks]

Solution:
We have,
5 = ﬂ]f"‘ ﬂ2f+ ﬂ;E.E = bli +.E|2_F +f]3E,E= C1I+ C2f+ Cgﬁ
(E + E} = (bl +C1}i + {bz + f'z]j + {b:.; + Cg_}j&
2 i j k
Now, d X (b + ¢) |a, a; s
by+cy bty by+coy

= tlaz(bs + c3) = a3(b; + c3)] — jlai(bs + c3) — asa(b; + )]

+ klay (b + c3) — az(by + ¢4)]

= I[ﬂzb_‘; + QzCy — ﬂgbz — g Cz] +f[_ﬂ1b3 — 3l + ﬂ3b1 + ﬂgf'l] = E[ﬂlbz + ayCy — ﬂzbi o

azcy] ...(1) [1 Mark]
.k r
5 xh= a, a; a5
by by by
= f[ﬂzb_‘; = ﬂgbz] +j[h1ﬂ3 = ﬂ-l hg] i E[ﬂlbz =~ ﬂzbl] .an {2) [1 Mal‘k]
-
5 b4 E = a4y iz a5
€1 €z €3
= ilayc3 — aze;] + jlasc, —ajcal + klayc; — azey] ...(3) [1 Mark]

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

(@xB)+(d@xd)
= E[ﬂzlh + azc3 — azb; — azc;] + jbya; + ascy — a by — ay65)
+k[ﬂ1b2 +ﬂ1f2_ﬂ2b1 _ﬂzf-l] ...[4]

Now, from (1) and (4), we have:

ﬁx[E+E}=&xE+ExE

Hence, the given result is proved. [1 Mark]

8. Ifeitherd =0orb =0, thend x b = 0.
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Is the converse true? Justify your Answer with an example. [2 Marks]

Solution:

0.

Take any parallel non-zero vectors so that d x b

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

Then,
L |E gk N =
axb=|2 3 4/=i(24—24)—j(16 —16) + k(12— 12) =0i+0j+0k =0
4 6 B

It can now be observed that:

22437447 =20 [1 Mark]
nd=+0
B| = /47 + 62 1 82 = V116
2b#0
Hence, the converse of the given statement need not be true. [1 Mark]
Find the area of the triangle with vertices A(1,1,2),F(2,3,5) and C(1,5,5). [2 Marks]

Solution:

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

The adjacent sides AF and BC of AABC are given as:
AB=(2-1Di+(B3-1)j+(G-2)k=1i+2]+3k
BC=(1-2)i+(5-3)j+(5-5)k=—i42j [1 Mark]

Area of AABC = > |AE x BC|

T A < ;
ABxBC=|1 2 3|=i(—6)—j(3)+k(2+2)=—6i—3j+4k
-1 2 0
« |AB x BC| = \[(=6)2 + (—3)2 + 42 =36+ 9 + 16 = V61 [1 Mark]

61
Hence, the area of AABC is ”T square units.
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10. Find the area of the parallelogram whose adjacent sides are determined by the vectord = —
j4+3kandb=2i—-T7j+k. [2 Marks]

Solution:
The area of the parallelogram whose adjacent sides are d@ and bis |§ x E|
Adjacent sides are given as:

d=i—j4+3kandb=2i—T7j+k

+  lglomd - :
axb=|1 =1 3|=#—-1+21)—j(1—6)+ k(—7+2)=20f+ 5] — 5k[1 Mark]
Z Tl
|d@ x b| = /202 + 52 + 52 = V400 + 25 + 25 = 15v2
Hence, the area of the given parallelogram Is IEﬁsquare units. [1 Mark]

- =+ s iy Z Lo
11. Let the vectors @ and b be such that |a| = 3 and |b| = ‘T* then a ® b is a unit vector, if the

angle between a and b is [2 Marks]
(A) %
(8) 5
fols

(D)3

Solution:

vl

It is given that |a] = 3 and |E| = "’?

We know that @ X b = |§||E|sinﬂﬁ, where is a unit vector perpendicular to both a and band@
is the angle between d and b.

Mow, a X b is a unit vector if |ﬁ * E| =1
|& = E| =3

= |I&I|E|sinﬂﬁ| =1
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= ||11|B|sin6| = 1
=3x2xsing =1 [1 Mark]

= sinf =

il =

= =

= | o

Hence, a X b is a unit vector if the angle between dandb [55

The correct Answer is B. [1 Mark]

12. Area of a rectangle having vertices A, B, C, and D with position vectors —i + %f + 4k, + %j +
4k, i — %j + 4k and —i — %,‘F + 4k respectively is [2 Marks]
(A)3
(B) 1
(€) 2
(D) 4

Solution:

The position vectors of vertices 4, B, €, and D of rectangle ABCD are given as:

Rt e

Sy 1 o 1 = 1 4 1 5
DA = —F+Ef+4k.DE= E+Ej+4k,ﬂﬂ = T—§f+4k. D= —E—§j+ 4k
The adjacent sides AB and BC of the given rectangle are given as:

. 1 1 )
AB = (1+1]I+(§—E)j+{4—4}k:2i

BE= - D+ (- )1+ @~ HE=~] [1 Mark]
. e TR A
~ABxBC=|2 o0 o]l=k-2)=-2k

0 -1 0

AB x AC| = /(=22 =2

MNow, it is known that the area of a parallelogram whose adjacent sides are @ and bis |& * E|
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Hence, the area of the given rectangle is AB x BC| =2 square units.

The correct Answer is C. [1 Mark]

Miscellaneous exercise

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

Solution:
If 7 is a unit vector in the X¥-plane, then ¥ = cos 8] + sin 8.

Here, & is the angle made by the unit vector with the positive direction of the x-axis.
Therefore, for 8 = 30%: [% Mark]

. TR i )
r=l:|:}531]1+51n3{];=?f+§;

. E)
Hence, the required unit vector is = #T

ST, . 1
E+2 [EMark]

Find the scalar components and magnitude of the vector joining the points

P(xy, ¥y, z;).and Q(x2, ¥2, 22). [2 Marks]

Solution:

The vector joining the points P{xy, ¥4, 24 ).and Q(x2, ¥2, 2Z2)

ﬁ}' =Position vector of () —Position vector of P.

= (xz —x1)i + (2 — y1)j + (22 — z1)k [1 Mark]

|P_Q| =J(x;—x)2 + (v; —y,)? +(z; — 7)?

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

respectively {(x2 — x1), (¥2 — ¥1). (22 — z1)} and [ (x; — %)% + (y2 — 1)? + (22 — 21)?
[1 Mark]
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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. [2 Marks]

Solution:
Let @ and B be the initial and final positions of the girl respectively.

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

A
IoB
m'r*'_l*
W e Ei
TS

MNow, we have:

0A = —4i

AB = i|AB|cos60” + j|AB|sin60’

i [1 Mark]
By the triangle law of vector addition, we have:

OB = OA + AB

3. 3V3,

[ e
) AT

_(—B+3)“+3J§“
B il
_—5“+3~f§_
T g

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

=( 3] 33

=‘75r+lfj. [1 Mark]
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fd = b + ¢, then is it true that |d| = |I_:;| + || ? Justify your Answer, [2 Marks]

Solution:

— ey e

In AABC, letCB =d,CA=bandAB= ¢ (as shown in the following figure)

Now, by the triangle law of vector addition, we have d = b + ¢, [1 Mark]

It is clearly known that |a|, IEl and || represent the sides of AABC.

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

= ldl < |b| + I€]
Hence, it is not true that |d| = |E| + |€]. [1 Mark]
Find the value of x for which x[i i+ E] Is 3 unit vector. [1 Mark]

Solution:

x(i+]+k)isaunitvector if |x(i + f + k)| = 1.
Now,

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

s Vxltxi+xi=1

=.3x2=1

=\3x=1 [; Mark]
== -!-i

V3
Hence, the required value of x is + % [% Mark]
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Find a vector of magnitude 5 units, and parallel to the resultant of the vectors @ = 2i + 3j — k
andb=1i—2j+k. [2 Marks]
Solution:

We have,

d=2i+3—kandb=i—-2j+k

Let & be the resultant of @ and b.

Then,
E=d+b=02+1Di+B-2)j+(-1+Dk=3i+] [1 Mark]
LEl=4324+12=V0F1=V10
._ € _(8i+))
= C — — o=
el V1o
Hence, the vector of magnitude 5 units and parallel to the resultant of vectors a and bis
s T W EMETTH En
15 r—iE-?ﬁ{3t+;)—i T e [1 mark]
fa=i+j+ k.b=2i —j+3kand¢ = i— 2j + k, find a unit vector parallel to the vector
2d — b + 3¢, [2 Marks]
Solution:
We have,

G=i+j+kb=2i—j+3kandé=i-2j+k
2a-b+3¢=2(i+j+k)—(2i—j+3k)+3(i—2j + k)
=2i4+2j+2k—2i4+j—3k+3i—6j+3k

=3i—3j+ 2k [1 Mark]
|26 —b+3¢| =37+ (=372 +22=V0+9+4=V22

Hence, the unit vector along 2d — b + 3¢ is
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2d-b+3c  31-3)+2k - o 3 . Z2 o
S R e gy i a1
|zd—-b+3c| vZZ VZZ & 22 VizZ

Show that the points A{'l, -2, —E). E{E.D.— 2} and €(11,3,7) are collinear
which B divides AC.

Solution:

The given points are A(1,-2,-8),B(5,0,-2) and C(11,3,7).
~AB=(5—1)+(0+2)j+ (-2 +8)k = 4i+ 2] + 6k
BC=(11-5)i+ (3—0)j + (7 + 2)k = 6i + 3] + 9%k

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

|AB| =42 +22 +62 = VI6 + 4+ 36 = V56 = 2V14

BC| = y62 +32+ 92 = V36 + 9 + 81 = V126 = 3V14

|AC| = /102 + 52 + 152 = V100 + 25 + 225 = V350 = 5V14

- [AC]| = [AB) + [8¢]
Thus, the given points 4, B and C are collinear.
Mow, let point B divide AC in the ratio A: 1. Then, we have:
B A0C + 0A
(A+1)

A(11i + 37 + 7k) + (i — 2j — 8k)
A+1
= (A+ 1)(5i — 2k) = 1148 + 347 + 7k + 1 — 2j — 8k

= 5i—2k =

= 5(A+ 1)i—2(A+ Dk = (1124 1)i + (32 — 2)j + (74 — 8)k
On equating the corresponding components, we get:
5(Ai+1)=111+1

H51+5=11141

= bd=4

. & 8
EREE T
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Hence, point B divides AC in the ratio 2: 3. [1 Mark]

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

position vectors are (2d + E) and (& - 35} externally in the ratio 1: 2. Also, show that P is the
mid point of the line segment R{. [2 Marks]

Solution:

It is given that OP = 2d + b,0Q = d — 3b.

It is given that point R divides a line segment joining two points P and @ externally in the ratio
1: 2. Then, on using the section formula, we get:

== 2(2d+b)—(d-3B)  4d+2b-a+3b

OR = =3d45h [1 Mark]
2-1 1

Therefore, the position vector of point R is 3a + 5b

Position vector of the mid-point of RQ = ﬁ;ﬂn
_ (@a—3b)+(3d +5b)
2
=2d+b
= 0P
Hence, P is the mid-point of the line segment R(. [1 Mark]

The two adjacent sides of a parallelogram are 2i — 4j + 5k and i — 2] — 3k.

Find the unit vector parallel to its diagonal. Also, find its area. [2 Marks]

Solution:

Adjacent sides of a parallelogram are given as: 2i — 4j + Sk and i — 2j — 3k
Then, the diagonal of a parallelogram is given by a + b
d+b=02+1Di+(-4-2)j+(5-3Dk=3i—6j+2k

Thus, the unit vector parallel to the diagonal is
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d+b  31-6p+2k  3r-e)+2k  3r-e)+2k

la+B] — J3r(-er+22  JIFI6rE 7 %F _%JH'%E {4 Mark]
=~ Area of parallelogram ABCD = |ﬁ ® E|
. o 3 K
axb=|2 —4 5
1. =2 =3
=12+ 10) = j(—6 — 5) + k(—4 + 4)
= 22f + 11
= 11021+ J)
~ |d x b| = 122 1 =11yS
Hence, the area of the parallelogram is 11v5 sguare units. [1 Mark]

Show that the direction cosines of a vector equally inclined to the axes 0X,0Y and 0Z are
: %}T [1 Mark]
Solution:

Let a vector be equally inclined to axes 0X, Y and 0Z at angle «.

Then, the direction cosines of the vector are cos @, cos o and cos a.

Mow,

a=1

cos’a + cos’a + cos
= 3costa =1
1 1
= COSO = — [ Mark]
v3 ¥ 3

Hence, the direction cosines of the vector

=

which are equally inclined to the axes are —=,

W

[ Mark]

<
u.ﬂl =
!

1
ER

L
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12. letd =i+ 4j + 2k, b = 3i — 2j + 7Tk and & = 2i — j + 4k. Find a vector d which is
perpendicular to both @ and b, and . d = 15. [2 Marks]
Solution:

Letd = dqf + dyf + dak.

since d Is perpendicular to both @ and b

d-a=0

Sdy+4d, +2d;=0 ...(D)

And,

d-bh=0

=3d, —2d, +7ds =0 ...(ii) [1 Mark]

Also, it is given that:
d-d=15
= 2dy —dy +4d; =15  (iii)

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

SRl o8 L
E!.]_ = 3 ' dz 3 ﬂnﬂ dg 3
i=222 2 D% _ (1601 5j— 70k
sd="3-t-3l-z k=3 704
Hence, the required vector Is %{16{]!‘ =] — ?I]E]. [1 Mark]

13. The scalar product of the vector  + j + k with a unit vector along the sum of vectors 2i + 4j —
5k and i + 2j + 3k is equal to one. Find the value of A. [2 Marks]

Solution:

(2i + 47 — 5k) + (Ai + 2j + 3k)

=(2+A)i+6j—2k

Therefore, unit vector along [EI + 4 — EE) + {ii + 2j + 3#?} is given as:

(2+Ayi+6)-2k  (2+Ape6)—2k  (2+A0+6)-2k

Y2+ et +(-2)2 VE+EATAZ+36+4  VAZ+4A+a4

[1 Mark]
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Scalar product of (i + j + k) with this unit vector is 1.

. (2+2i+6j—2k
=&(E+j+k]~[ ey =1
VAZ 4+ 41+ 44
(2+2)+6-2
=2 =1
VA + 44 + 44
= VA2+4i444=2+6

= A2 +41+44=(1+6)°

= A2 +41+44=22+121+36
=8A=8
= e |

Hence, the value of 4 is 1. [1 Mark]

14. If d, b, ¢ are mutually perpendicular vectors of equal magnitudes, show that the vector a + b+
¢ is equally inclined to d, b and £. [4 Marks)
Solution:

Since d, b and ¢ are mutually perpendicular vectors, we haved-b=b-¢ = ¢ -a = 0. Itis given
that:|a| = |b| = |c].

P - ) STt ¥ 1
Let vector a + b + ¢ be inclined to a, b and c at angles &, 8, and G;respectively. [E Mark]

Then, we have:

p _(d+b+d)-d_a-a b-d+é-d
cosfy = - = =
YT la+ b +éal |d+b + &l
s
:% [5&:55:[]]
|ﬂ+b+c||ﬂ|
o ak
= @abed [1 Mark]
. (@+b+¢)-b d-b+b-b+é-b
COs = — —
T la+b+ép]  |a+b+4 B
5| s o
_| — [a b=c~b=[]]
n+b+c| |b|
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_ 5[
= Febed [1 Mark]
(a+5+c] ¢ d-é+b-é+é-¢
cosf; = = =
Iﬂ+f]+r:’||c| |a+b+c||r:[
117 e
e, [ﬂ C:f]'f':ﬂ]
|a + b+ c||r:|
-
= Ta+t+d] AV
Now, as |d| = |E| = |€], cosf; = cosO; = cosl;
E'l = Hz - 33
Hence, the vector (d + b+ ¢) is equally inclined to @, b and ¢. [% Mark]

—_ ¥ - == -2 s Ty —& —&
15. Prove that {:& + b) : (a + b} = lal* + |h| Jfand only if 4, b are perpendicular, givena = 0,b +
0. [2 Marks]

Solution:

- - - = R o - =2 :
d-d+d-b+b-da+b-b=|al®+ |b| [Distributivity of scalar products over addition]

I

-+ - = = 2 - - 2 -5 ¥ = -
e |dl?+2a-b+|b| =|d|>+|b| [d-b=b-d (Scalar product is commutative)][1 Mark]

d+«b=0

I

-b=10

0
=11

-~ dandb are perpendicular. [E #0,b+0 {Given}] [1 Mark]

16. If 8 is the angle between two vectors a and E, thend.h = 0 only when [1 Mark]
(A)0 < 8 <

m
2
T
z

B)0=f <

Call: +91 - 9686 - 083 - 421 Page 41 of 44 www.vikrantacademy.org




17.

VIKRANTADAD=MY"

o0<8<m

(Dj0<B<m

Solution:

Let & be the angle between two vectors @ and b.

Then, without loss of generality, a and b are non-zero vectors so that. || and |Er| are positive.
it is known that @ - b = |ﬁ||E|msB

£d-bz0

= |-:'1'||5|ms|5' =0

= cosf = 0 [|E1and|5[arepnsiﬁve] [% Mark]

e
=TSy

Hence,&-EEthenﬂEEEE.

1
The correct Answer is B. [E Mark]
Let @ and b be two unit vectors and 8 is the angle between them. Then a + b is a unit vector if
[2 Marks]
m
(A)g =1
A
(8)6 =1
=F
()8 ="1
2
(0)o ==
Solution:

Let @ and b be two unit vectors and & be the angle between them.
Then,|d| = |E| =1
Now, d + b is a unit vector if |f1' - E| =

ld+b|=1
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2

] =1

) (@+5)=1

=]

+

=4

=
=

~d-d+db+b-d+bb=1

=]

+

=4

4 o e
=ld*+2da-b+|b| =1
= 12 + 2|d||b|coss + 12 = 1
=1+211cosf +1=1

1
= cosf = -3

2m
= —
3

Hence, a + b is a unit vector if 8 = ETH

The correct Answer is D.

The value of £. (f x k) + J. (1 x k) + k.(I x j) is

(A) O
(8)-1
(€)1
(D) 3

Solution:

L(ixk)+j(ixk)+k(ix])

=i-i+j- (= +k -k

=1—j-j+1
=1-1+1
=%

The correct Answer is C.
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1
[E Mark]

1
[E Mark]

1
[E Mark]

1
[E Mark]

[2 Marks]

1
[E Mark]

1
[E Mark]
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19. If 8 is the angle between any two vectors d and E, then |& . 5| = |§ ¥ E|
when & is equal to [1 Mark]
(A) 0O
w
(B)
m
(C) 5

(D)

Solution:

Let & be the angle between two vectors @ and b.

Then, without loss of generality, @ and E_;are non-zero vectors, so that |a| and |E| are positive.
|d@-b| = |d x b

= |d||b|cos8 = |d||b|sin8

= cosf = sinf [I&Iand|E|arepc-sitive]

= tand = 1 [; Mark]
=8 E
4
Hence, |& . 5' = |§ » E| when @ is equal tﬂ;
The correct Answer is B. [% Mark]
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