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The vector OF represents the displacement of 40 km, 30 east of north.
1. Represent graphically a displacement of 40 km, 30° east of north. Solution:

2. Classify the following measures as scalars and vectors.
(i) 10 kg (i) 2 metres north-west (i) 40° (iv)
40 watt (v) 10~ coulomb (vi) 20 m/s?
Solution:

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

(if) 2 meters north-west is a vector quantity as it has both magnitude and direction.
(iii) 40° is a scalar quantity as it has only magnitude.

(iv) 40 watts is a scalar quantity as it has only magnitude.

(v) 107%° coulomb is a scalar quantity as it has only magnitude.

(vi) 20 m/s? is a vector quantity as it has both magnitude and direction.
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3. Classify the following as scalar and vector quantities.
(1) time period (ii) distance (iii) force
(iv) velocity (v) work done Solution:

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

(i1) Distance is a scalar quantity as it has only magnitude.

(iii) Force is a vector quantity as it has both magnitude and direction.

(iv) Velocity is a vector quantity as it has both magnitude as well as direction. (v) Work done is a scalar
quantity as it has only magnitude.

4. In Figure, identify the following vectors.

>
a
- N

=y
=

S
—
2

(i) Coinitial (ii) Equal (iii) Collinear but not equal Solution:
(1) Vectors d and 9 are coinitial because they have the same initial point.

(11) Vectors b andd are equal because they have the same magnitude and direction.
(111) 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.

Q) @ and~9 are collinear.

(i)  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.

Vectors @ and 4 are parallel to the same line.

(ii) False.

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

(i) False.

Two vectors having the same magnitude need not necessarily be parallel to the same line.
(iv) False.
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Only if the magnitude and direction of two vectors are the same, regardless of the positions of their initial
points the two vector are said to be equal.

Exercise 10.2 Page No: 440

1. Compute the magnitude of the following vectors:
-~ -~ -~ — - - A I - l A I -~
a=i+j+k: b=2i-T7j-3k: C=—=i+—F7f—Fk
! ' G'YETE
Solution:

Given vectors are:

G=i+j+k; b=2i-7j-3k; E=—i+

a| =17 + (1) +(1) =<3

Bl=(2) +(=7) +(-3)
_ 373959
=462
o) (&) ()
2 [N B by

3 3.3

2. Write two different vectors having same magnitude. Solution:
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Consider a = (, —2.}'+4/€) and b = (2,’ + -4k )
Rl e
It can be observed that éui = \jl' +(=2) +4" =1+4+16= V21and

Bl= 2" 41 +(-4) =Ja+1416= 21

Thus. a and b’ are two different vectors having the same magnitude. Here, the vectors are different as they have different directions.
3. Write two different vectors having same direction. Solution:

Consider ;—) = (f‘ + / + A) and ¢—1 = ('2:T + 2j + 2A)

The direction cosines of p are given by,
1 1 1 | I I

| —— m= =— andn= =

y bl Y ~ > Y Y 4 3 N - Y

JEAEHE N3 JPEPEr A3 VEE+1 B3
The direction cosines of ¢ are given by
2 2 I 2 2 I

S o — o i M p—— o

24192,.22 23 3 27420422 23 3

2 2 1

and n= =—

4. Find the values of x and y so that the vectors > +3/ and X/ + 1/ gre equal
Solution:

Given vectors 2 +3J/ and xi + 37 will pe equal only if their corresponding components are equal.
Thus, the required values of x and y are 2 and 3 respectively.

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

(-5, 7).

Solution:

The vector with initial point P (2, 1) and terminal point Q (-5, 7) can be shown as,
PQ=(-5-2)i +(7-1)j
PQ=-7i+6]

Thus, the required scalar components are —7 and 6 while the vector components are —7i and 6/.
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6. Find the sum of the vectors ¢ =1 =2/ +k. b==2i+4j+5k and ¢ =i =6/ =Tk g tion:

The given vectors are g =/ —2j+k, b=—2i +4]j+5k and ¢ =i 6] —Tk

Hence.
G+b+¢=(1-2+1) +(-2+4-6) j+(1+5-7)k
=0-i-4j-1-k
=-4j-k
7. Find the unit vector in the direction of the vector 7 -7 j4 24
Solution: '

The unit vector gin the direction of vector G =7 + j+ 2k is given by @ = 1.

So, |al
a|=vP+P+2* =1+1+4 =6
Thus.

a _f+_i+2k_ |

. I & 39 s
==t ==k
HT B A8 Wo W6

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

Given points are P (1. 2. 3)and Q (4. 5. 6).

So. PQ=(4-1)i+(5-2)j+(6-3)k=3i +3j+3k
IPQ|=V3?+3°+3° =0+9+9 =427 =33

Thus . the unit vector in the direction of W‘) is

PQ 3i+3j+3k 1. 1 . |1

- i+—F—j+ k
PQ V3

3B <8 B

G=2—j+2k__  b=—i+]

. -k . . o
9. For given vectors, , find the unit vector in the direction of the

vector d+b
Solution:
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Given vectors are G=2i — j+2kandp =—j+ j—k
a=2i—j+2k
b=—i+j—k
na+b=(2-1)i+(-141)j+(2-)k=1+0j+1k =i +k
ja+b|=NP+1 =2
Thus , the unit vector in the direction of (é+5)is
— =
(a+b) At ~ -~
= '*" =L% 4+ Lk,
|a+b

10. Find a vector in the direction of vector Si—j+2k which has magnitude 8 units. Solution:

Leta' 5i — j+2k.

|a| (-1 42 = 354144 =30
. a 5i- ‘/ +2k
a=—=—
|a'| \/36
Thus, the vector in the direction of vector5,’ i 2% which has magnitude 8 units is given by,
'5:’-_;+2/2J 40 -

si=3 T e i ek

=8[57—f+2k ]
30

_ W0z 8 o 16
B0 07 V30
11. Show that the vectors >/ —3/ +4k and —4i +6/ =8k 50 collinear.
Solution:

Let @ =2i—3]+4k and b =—4i +6 ] —8k.

It is seenthat b = —4:+6/-8A—-—7(7:-—3/+4A)=-—26
~b=1d

where.
A==2
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Therefore, the given vectors are collinear.
12. Find the direction cosines of the vector / * 2j+3k
Solution:

Letd=i+2]+3k.
The modulus is given by,

@ =V +22+3* = 1+4+9 =414

o : -~ Fi1 2 i3
Thus , the direction cosines of a are 3 ; .
' [ V14 14 14 J
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:

Given points are A (1, 2, -3) and B (-1, -2, 1).
Now,

AB =(-1-1)i +(-2-2) j+{1-(-3)} k
AB=-27—4j+4k

|AB|= J(-2) +(-4) +4° =VA+16+16 =36 =6

— : 2 44 1 22
Therefore, the direction cosines of Apgare (——,——.—) = ——,——.—].
' 6 66 3 33

4 -

14. Show that the vector itk is equally inclined to the axes OX, OY, and OZ.
Solution:

Letd=i+/+ k.
Then,
a|=vE+P+1* =3

T . O VI
Hence. the direction cosines of @ are y—= = .

e
Now, let a. 5, and y be the angles formed by d wyith the positive directions of x, v, and z axes.
| | ]
So, we have cos@=—=,cosff=—=,CO08)=—=.
V3 NE) V3

Therefore, the given vector 1s equally inclined to axes OX, OY, and OZ.

15. Find the position vector of a point R which divides the line joining two points P and Q whose position
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£ ?ﬁ_" _? n :
vectors are P47 kand —i+ j+k

(i) internally (ii)
externally
Solution:

respectively, in the ration 2:1

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

(V) Intemally: 5 4 ;15

m-+n

(1) Externally: b =na

m-—n
(ﬁ"=f+2}‘—lxt and (Y)=—f+ /+A
(i) The position vector of point R which divides the line joining two points P and Q internally in the ratio 2:1 is given by,
2(—i+_}'+£)+|(f+2_}‘-15) (—2i+2.}+2£)+(f+2]—/€)

2+1 - 3
_—I+4./+/\’ =—II:+4;+I/\:
3 3 3% 3
(ii) The position vector of point R which divides the line joining two points P and Q externally in the ratio 2:1 is given by,
2(—f+j’+lf)— l(f+2j‘—/\:)

2-1

OR =

OR =

=(-2+2j+2k)-(i+2]-k)
=-3i +3k

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

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

s (21:+3./’+4/\7)+(41:+_;—2/}) (2+4)f+(3+l)]+(4—2)/‘7
)R = ; _ : k

_6i+4]+2k
2

=3i+2j+k

17. Show that the points A, B and C with position vectors, a=3i—4;-4%
b=2i-j+kandé=i-3]-5k,

Solution:

respectively form the vertices of a right angled triangle.

Given position vectors of points A, B, and C are:
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G=3i-4j-4k, b=2i—j+kandé=i-3j-5k
ZAB=b—a=(2-3)i +(~1+4) j+(1+4)k =i +3]+5k

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

CA=a—-c=(3-1)i+(-4+3)j+(-4+5)k=2i- j+k
Now.

|ABf =(-1) +3* 45 =149+25=35
IBC| = (~1) +(=2)" +(~6) =1+ 4+36 =41

’(‘A|: =2 +(“1) I =d4+1+1=6

Hence.
—312 I 312 KRN
[AB| +|cA| =35+6=41=|BC

18. In triangle ABC (Fig 10.18) which of the following is not true:
(A) AB+BC+CA=0 C

(B) AB+BC-AC=0
(C) AB+BC—-AC=0

A >B

(D) AB—-CB+CA =0 Fig 10.18
Solution:
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Applving the tnangle law of addition in the given triangle. we get:

AB+BC = AC (1)
AB+BC =-CA
AB+BC+CA=0 (2)

.. The equation given in alternative A is true.

AB+BC = AC

= AB+BC-AC=0

. The equation given in alternative B is true.

From equation (2). we have:

AB-CB+CA =0

- The equation given in alternative D is true.

Now. consider the equation given in alternative C:

AB+BC-CA=0

= AB+BC=CA -(3)

From equations (1) and (3), we get:

AC=CA_

AC=-AC

AC+AC=0

2AC=0

AC = 0, which is not true.

Thus, the equation given in alternative C is incorrect.

The correct answer is C.
19, 1 d and b are two collinear vectors, then which of the following are
A b=1a incorrect:

+

a , for

some scalar A B.
C. the respective components of d ad}"e}'ﬁ)roportional

D. both the vectors 9H&%ame direction, but different magnitudes Solution:

If @ and b 3re two collinear vectors, then they are parallel.

So, we have;

b =A4a (For some scalar i)
Ifi==1 then d=1b

Ifa= u,f +a, )+ u‘;L: and b = b,f + b:‘}' + b_,k: then
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b = Ad.
bi+b,j+bk = /1("’1':+":;+"'F/;)

bi +byj+bk=(Aa,)i +(Aa ) j+(Aa)k
b, = Aa,.b, = Aa,.b, = Aq,
b b, b,

—_——_—— = A

a a, a

Hence, the respective componentsof aandb are proportional.

But, vectors aand b can have different directions.
Thus, the statement given in D is incorrect.

The correct answer is D.



www.edugrooss.com
EDUGROSS

WISDOMISING KNOWLEDGE

Exercise 10.3 Page No: 447
1. Find the angle between two vectors dand? with magnitudes \3 and 2, respectively having
ab=\6

Solution:

ld|= 3,
Now, we know thata - b =|ﬁ||1;|cos6’.
.'.J(g:\/gx2xcosfi

J6
J3x2

cost = —
2

b‘[:zand.d-/;:\/E

costd =

ﬁgl_.

=0=—

F =

Thus , the angle between the given vectors gand is X

2. Find the angle between the vectors’ — 2/ 3k and 31 =2/ +k
Solution:
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Given vectors are: 67=I"\—2j+3/:' and 5=3f.—2‘;+/$

la|= 1 +(2) +3* =T+ 439 =VIa

=y +(2) +F =7 aT=113

Now, d-b =(i-2j+3/€)(3f-2}+/€)
=1.3+(-2)(-2)+3.1

=34+443

=10
Also. we know thata-b = |c‘i[|h|cos¢9.

> 10= \/]—4\/1_400s6

c:os(‘)=m
14

0 =cos ' (—5)
7
;+j

3. Find the projection of the vector' * on the vector
Solution:

letg=i—jandp =i+ .
Now, projection of vector gonp is given by,
1

|b‘ (ab)= J_{ll (- )(1)}:%(1-1):0

Thus, the projection of vector gong is 0.

4. Find the projection of the vector’ *3/% 7K on the vector 7/ =/ + 8k
Solution:

Letg=i+3j+7kandp=7i—j+8k .
Now, projection of vector gony, is given by,

| | 7-3+56 60
——ab l7+> 1)+ 7(8)} =

5. Show that each of the given three vectors is a unit vector:
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%(2f+3]‘+6l;).%(3r 61+"k) (6"*‘)1 3k)

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

Solution:
Dea 3w 16
Leta 2 +37+6k)==i+= 4+ —k,
gk A
o W S-S S 2 2
h=7(.’l-6.[+2k)—;l——/+7k7
% l A __(): 2~ 3‘
c=7(6l+2_/—3k)—7l+—_j——7—k.
. 2Y 3]3 (6)’ 1 5 36
7 I Y A N
7 7 7 49 4‘) 4‘)
: 3y 6]3 (2)3 (9 36, 4 _
1h|= = | +|==| +| =
) 7 7 49 49 49
o I(6Y (2Y ( 3Y [36 4 9
L U DR W
7 7 7 49 49 49
Hence, each of the given three vectors is a unit vector.
.--2.3(—6]626]81-
a-b==x—+=x|— |+ ———t+—=0
7 7 7 7 49 49 49
26(—6)2 2[—3] 18 12 6 _
be==x—4| —|x=4=x| —|=——-—-—
7 A 7 7 A7 7 49 49 49
_._6223(—3)6 12 6 18
Cd=—X—+— + _— Y — = — —— —
F G g 7 7 49 49 49

Therefore, the given threee vectors are mutually perpendicular to each other.

|@| and |b| . if (@+b)-(@=b)=8 and|d|=8|b]|

Solution:

WWW.Cdllgl'DDSS.CO]]]
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|(7| —lb‘ =

(8lel) -[e[ - [l 8]

64[6[ ~[p| =3

63[p| =3

il
(13_

b= \/-;7 [Magnitude of a vector is non-negative]

D

o 22

=3

$8l5'=8x2\/§ A 162
N N

3G-5b)-(2d+7b
7. Evaluate the product( “ ) ( 2 )
Solution:

(3a-5b)-(2d+7b)
=3d-2a+3d-7h-5b-2a-5b-7h
=6d-d+2la-b-10a-b-35h-b
=6[af +11a-5 -35[p[

8. Find the magnitude of two vectorsd@ and b 'having the same magnitude and such that the angle
between them is 60° and their scalar product is %.
Solution:
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Let 6 be the angle between the vectors 5 and 4.

Itis given that|a| = :h | a-b= %.and 0 = 60°.

We know thatd-b =|dl[b|cos 6

—i—= |a||@| cos 60° [ Using (1) ]
| T
271 %3
|c7|2 =1
lal =[b|=1

¥ :
9. Find' ', if for a unit vector

Solution:

(F-d)-(F+a)=12
X-X+x-a—a-x—a-a=12

i '|'=12

|.’\:|2 -1=12 |:|ti| =1as a is a unit vector]
& =13

b

10, 1fG=20+2j+3k b=—i+2j+kand ¢ =3I+ J 5re gch that @ + 4b is perpendicular to€ , then

find the value of 4.
Solution:

a, (¥-a)-(¥+a)

WWW.Cdllgl'DDSS.CO]]]
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Given vectorsare @ =2/ +2/+3k, b=—i+2j+k, and ¢ =3i + /.

Now,
G+ b =(2i +2j+3k)+ A(~i + 2] +k)=(2-2)i +(2+22) j+ (3+ A)k
If (i} +2b ) 1s perpendicular to ¢. then

6-3A+2+24A=0
-A+8=0
A=8

fherefore. the required value of Ais 8.

b +[b|a _ b ~|b|a e
is perpendicular to , for any two nonzero vectorsd and b

11. Show that
Solution:

(la|5 +[5|a)-(|al5 -[5]a)

=|(i|25-5—|(i
_—I,—)-

(181 - +[Bjal a5 || @-a

b

a

=|a

Therefore, |dl|b + |I3 ld and|a|b —|5|ti are perpendicular to each other.

12, |1f@-@=0anda-b = 0 then what can be concluded about the vector b o
Solution:

Given, G-g=0anda-bh=0-
Now, ;
a-a=0=a[ =0=|da|=0

~.d is a zero vector.
Thus, vectorp, satisfying ;. = ¢ can be any vector.

13 15 % 2 A€ are unit vectors such that @+5+¢ =0 find the value of @-b+h-c+¢-a

Solution:
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So.
a ‘u+h +f}=(- 0
d-i+a-b+a-c=a-0 [ Distributivity of scalar product over addition |
. d-d =il d|cos0° =1
l+d-bh+a-c=0 (]) oo - >
) (@ is unit vector = |a| =1)
Next.

I;-(ti+5+(’)=h-0
b-ia+b-b+b-¢=b-0

b-d+1+b-¢=0 - (2) [b-b=1]

And.

é-(ii +b +E)=é-6

c-a+c-b+c-c=¢-0

é-a+é-h+1=0 . (3) [¢-¢=1]

From (1), (2) and (3),

(14db+a-c)+(b-d+1+b-c)+(¢-d+c-b+1)=0+0+0

(3+¢i b +¢ -u')+(¢i-5 +h -c‘)+(c: ca+h '(.:):0 [Scalar product 1s commutati\'e]

3+20ﬂ5+5f+64ﬂ=0

PP L o ow =3
u-h+h-c+c-u=7

14. If either vector ¢ = Oorb=0 , then a-b=0 . But the converse need not be true. Justify your
answer with an example.
Solution:
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Consider @ =2i +4j+3kand b =3i +3 ] - 6k.
Then. their dot product is given by:

a-b=23+43+3(-6)=6+12-18=0
Now. it's seen that

|a|=V2" +4° +3° =29

sa#0
}5|=,/33+33+(—6)3 =+/54
~bh#0

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

15. If the vertices A, B, C of a triangle ABC are (1, 2, 3), (-1, 0, 0), (0, 1, 2), respectively, then find

£ABC. [£ABC is the angle between the vectors BA and BC]
Solution:

The vertices of AABC are givenas A (1, 2, 3),B(-1,0,0),and C (0, 1, 2).
Also given, ~ABC is the angle between the vectors ga andBC -

BA ={1-(~1)}i +(2-0)j +(3-0)k =2/ +2/+3k
BC={0—(=1)}i +(1-0) j+(2-0)k =1 + ] + 2k
. BA-BC=(27+2]+3k)-(i+]+2k)=2x1+2x1+3x2=2+2+6 =10

BA|=2'+2' 43" =J4+4+9=\17
BC|=vI+1+2* =6

Now. we know that

BA-BC = |BA||BC|C05(LABC) .
- 10=17x6 cos( ZABC)
cos( ZABC) L)

“W7x\6

10
ZABC =cos"( J
V102

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

Given pointsare A (1, 2, 7), B (2, 6, 3), and C (3, 10, —-1). Now,
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AB=(2-1)i +(6-2)j+(3-7)k=i+4] -4k
BC=(3-2)i +(10=6) j+(-1-3)k =i +4] -4k
AC=(3-1)i +(10-2) j+(-1-7)k =2i +8] -8k
Now.

[AB|= 1" + 4 +(=4)" = Vi+16+16 =33

[ﬁ =\/i3 +4° +(—4)5 =1+16+16 =33

AC|=V2* +8° +8° = JA+64+64 =132 =233
~|AC| =[AB| + [BC]

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

17. Show that the vectors 2/ =/ + K. i =3/ =5k and 3/ =4/ =4k g5 m the vertices of a right angled
triangle. Solution:

Let vectors 2/ __}+/§, §= 3'}'_5/\7 and 3/ _4»}'_4/2 be position vectors of points A, B, and C respectively.
So.

OA=2i—j+k, OB=i-3]j—5k and OC =3/ —4 ] —4k

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

Hence.

AB=(1-2)i+(-3+1)j+(-5-1)k=—i -2/ -6k

BC=(3-1)i +(-4+3)j+(-4+5)k=2i-j+k

AC=(2-3)i +(=1+4) j+(1+4)k =—i +3]+5k

[AB|=(-1)" +(-2) +(-6)" =i+ d+36 = a1

BC| =2 +(-1) +1" =V4+1+1=6
IAC|=y(-1)" +3* +5* =1+9+25 =35

~|BC[ +[AC[ =6+35=41=|aB[
Therefore, AABC is a right-angled triangle.

a. . a
18. If“ is a nonzero vector of magnitude ‘@ and A a nonzero scalar. then 1

(A) k=1 B) A=-1 (C) a=Irl (D) a=UIAl is unit vector if

Solution:
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v —I.

Now
|Ad|=1
[l =1
y |
ld| = [2#0]
|4
| <
{3 S5 e al=da
I'{I I:l | ] :
Therefore. vector g is a unit vector ifa = V_I
The correct answer is D.
Exercise 10.4 Page No: 454
L Findlﬂ*’?‘ if a=i-7j+7k g qb=31-2j+2k
Solution:
We have,
a=i-T7j+7kandp =3i —2j+2
i ]k
axb=|1 -7 7
3 2

=i(~14414)= j(2-21)+k(-2+21)=19] +19k
Therefore,

laxB]|=J(19) +(19)° =\2x(19) =19v2

2. Find a unit vector perpendicular to each of the vector ¢ thanga- where a=3i+2]+2k gng

b= i+2j-2k _
Solution:

We have,
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a=3i+2j+2kandp= [+2j-2%
So. we have

a+b=4i +4j. a-b=2i + 4k

k

(a+b)x(a-b)=
Thus, B : .
(a+B)x(a-5) =16+ (~16)" + (-8)

=\f23><83+.’£3>ﬂ82+83

=8V22 427 +1=8J9 =8x3=24

Therefore. the unit vector perpendicular to each of the vectors ;4 p and, —p is given by the relation,
(éi+h )x((‘i—b) —1—'6; ~16] -8k

iJ
4 4 0|=i(16)-j(16)+k(-8)=16i —16/ -8k
2.0 4

(a+b)x(a-5) 24
v (v By S W LI
=t———=+—iF—jF-k
3 5 Tt g
X o >
3. If a unit vector @ makes an 3 with ’4With J anglesand an acute angle 6 withX | then

find @ and hence, the compounds ¢,
of Solution:
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Let unit vector , have (a4, a;, as) components.
= a=aji+a,j+ak
As g is a unit vector, |d|=1.

Also given, that ;, makes angleszwith i ,E with j , and an acute angle 6 with ;
3 4 X
Then. we have

a”+a," +a;” =1

3 ] oo

L+ reost=1
4 2
3,

—+cos 0=1
4

O =1= =
4

c056=l:>6=
)

-

4
X
3

S @y =Cos

w|A

-
3
Thus.g = " and the components of g are(l, —l« l]
3 2" J3" 2
4. Show that
(a-B)x(a+5)=2(axb)
Solution:
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Taking the LHS, we have
(d —b ) x (d + [5)
= (d -b ) xa +(a‘ -b ) xb [ By distributivity of vector product over addition]
=dxa—-bxa+dxb—bxb [ Again, by distributivity of vector product over addition
=0+adxb+daxb-0
=2 (;1 X b)

5. Find 4 and u if (2f+6]'+27k-)><(f+2]'+;1k.)=(~).

Solution:
Given,
(2f+64}'+271;)x(f+2]'+pl;)=6
i J ok
2 6 27 |=0i+0j+0k
1 A u

i(6u—272)-j(2u—27)+k(24—6)=0i +0j+0k
On comparing the corresponding components, we have
6u—274=0

2u—-27=0

24-6=0

Now,

2A-6=0=>A1=3 27

2,11—27=O:>,u=7

Thus, A =3 and,u=277.

a-b=07and*b=0 \What can you conclude about the vectors @1 2o

6. Given that
Solution:
Given,
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(i) Either |¢7| =) or[l;‘ =0,oralh (in case a and b are non-zero)
axbh=0

(ii) Either |a|=0 oril;l =0, 0rallb (in case a and b are non-zero)
But, 7 and p cannot be perpendicular and parallel simultaneously.
Therefore , |a| =0 or|b|=0.

b ai+a,j+ak, bi +b,j+bk, ci+c,j+ck

7. Let the vectors * 7 ¢ given as
dx(5+é)=dx5+dXé
that . Then show

Solution:

We have,
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a= a|f+a:}+¢13l;, b= b,l:+b2_;'+b]l;, ¢ =c',f+c':j+c'312
(15 +c')=(b, +6,)i +(by+¢,) j+(by+c,)k

i
Now,dx(é+c’) a, a, a,

b+e b+ bAte,
- ;[": (b +¢3)—ay (b, +¢, )]--;[al (b, +cy)—a, (b +e¢, ):I"' I;[al (by+c,)~a, (b +¢, )]

=i [azlx, +a,0, —ayb, —u“cI] +) [—a,b, —acy+ab +aye |+ l;[a,h} +a,c, —a,b, — a,¢, ] (1)

And.
N
dxb= a a, a
b b b
=i[ah, —ab, )+ j[ha,-ab]+k[ab,-a:b]  (2)
ook
axc=\a a a

& € G

=i[ae, —ae, )+ Jlae, —ac)+k[ac,—ae]  (3)
On adding (2) and (3), we get
(E; X [_J)— (;1 X Z) =i [a,b; +a,e,—ab, —a.c, |+ J [ba, +a.c, —ab, —ac,] +k [ab, +ac, —a,b —ay] (4)
From (1) and (4), we obtain
ax(b+¢)=axb+axé

- Hence proved.

. a= 0 b —. 0 7] Z = 6 . .
8. Ifeither ¢ 0 orb 0, then“*"” . Is the converse true? Justify your answer with an
example.
Solution:
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Take any parallel non-zero vectors so that axbh=0-
Letd=2i+3j+4k, b =4i +6]+8k.

Then,
i j k

axb=[2 3 4=i(24-24)-j(16-16)+k(12-12)=0i +0] + 0k = 0
46 8

Now. it's seen that

la|=v2* +3* +4* =29

na#0
|/;|=\/4:+63+82 =116
b0

Thus, 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). Solution:

GivenA (1. 1. 2). B(2. 3. 5)and C (1. 5, 5) are the vertices of triangle ABC.
The adjacent sides og and gC of AABC are given as:

AB =(2-1)i+(3-1)j+(5-2)k=7+2j+3k

BC =(1-2)i +(5-3)j+(5-5)k=~i+2]
Now.

Area of AABC =%!AB'xBC’

i
AB xBC=|1
-1

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

Therefore, the area of AABC g Vol square units.
5

=i(~6)-j(3)+k(2+2)=-6i -3 +4k

o N~
O W A

10. Find the area of the parallelogram whose adjacent sides are determined by the

vector 4=1—Jj+3kandb=2i-7j+k

Solution:




Www.edugl'ooss.com

EDUGROSS

WISDOMISING KNOWLEDGE

The area of the parallelogram whose adjacent sides are ; and b isla’ X b|
Now, the adjacent sides are given as:

;=:’—]‘+3I;alldl;=2f—7]+/€

i ]k
nadxb=|1 =1 3{=i(=1421)-j(1-6)+k(=7+2)=20i +5] -5k
3 4 A

a><5i=\/202+5-‘+52 = J400+25+25 =152

Therefore, the area of the given parallelogram is | 52 square units -
| V2

o 2 2 Bt "
11. Let the vectors ¢ and b be such that l"l =3 and' 3 thend@xb

between ¢ and 7 is

x X X &
6 4 3 2
AP @®B) *© 2D is a unit vector, if the angle
Solution:
Given, \d|=3 and |b|= %

We know thatdxb = |&|]5|sin &1, where 5 is a unit vector perpendicular to both
« and jand @ is the angle between ;4 and

Now. @} is @ unit vector ifldx B| =1.

ic? x5| =1

||¢7”5|sin 0:‘1‘ =1

b lsin 6] =1

2
3x—xsin@ =1
3

> 1
sinf =—
V2
0 =§
Thus, axb S @ unit vector if the angle between 4 and p isg,

So. the correct answer is B.
12. Area of a rectangle having vertices A, B, C, and D with position
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PeLjeak, Pt jedk, i-tjesk -i-Ljeak
2 2 2

vectors and
1
(C) 2 (D) 4 ) )
respectively is
Solution:

The position vectors of vertices A, B, C, and D of rectangle ABCD are given as:
OA=-i+2j+4k OB=i+ j+ 4k, OC=i-2j+4k, OD=—i- j+4k
The adjacent sides Ag and BC of the given rectangle are given as.

.~\B=(l+l)i+[:-i]j+(4—4)l§=2f

B(":(l-nh[-i-i)}+(4-4)£=—}
i
.'.ABxB(:=’2 0 O=k(-2)=-2k
0 -1 0
— —
- [AB x BC’:Q’

We know that, the area of parallelogram whose adjacent sides are a and b isgd xb|.
Thus, the area of the given rectangle is erx B_f’ =2 square units.
So. the correct answer is C.
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Miscellaneous Exercise Page No: 458

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

Solution:

If 7 is a unit vector in the XY-plane, then " ~ cos6i +sin 6.

Here, @ 1s the angle made by the unit vector with the positive direction of the x-axis.
Hence, for 8 = 30° we have:

i W izom s N3

F =c0s30°% +sin30°; = —\{;1 +

-

j

r | -

-

P+=7

I\)|&‘

| —

Therefore, the required unit vector 1s
2. Find the scalar components and magnitude of the vector joining the points P (X1, y1, z1) and Q
(X2, y2, z2). Solution:

The vector joining the points P(x,, ¥, z,) and Q(x,, ¥, z, )can be found out by:
Pé = Position vector of Q - Position vector of P
=(x,=x)i+(—3)i+(z. -2 )k
PQ = \/(-"2 -n) +(-y) +(z-2)
Therefore, the scalar components and the magnitude of the vector joining the given points are respectively

{(r=x)s(n=2)s(2: =2} and [(x, = x, ) + (3 =0 ) + (22 -2, )

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:

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 =—4i
AB = z’ml c0os 60° + j”m‘sin 60°

=IC3X—+.;3X~\—/-_3-
2 2
3: 33
=—i+——]
2 2
By the Triangle law of vector addition, we have
OB =0A + AB

Therefore. the gitl's displacement from her initial point of departure is

“5a 343 5
2 25 %
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- T - 1l = ,; .
4.1§4=b+C thenis it true thatlal I |+ i ? Justify your answer.
Solution:

In AABC. let CB=a. CA =b. and AB = ¢ (as shown in the following figure).

So, by the Triangle law of vector addition, we haved =b+C

. J

,and |¢
And, we know that N |( | represent the sides of AABC.

Also, it 1s known that the sum of the lengths of any two sides of a triangle 1s greater than the
third side.
~Jal <[p| +[ef

; lal =|5| +¢]
Therefore. it 1s not true that ;

-

5. Find the value of x for which x(i rI k) is a unit vector.
Solution:
Given ".(i +j+k ) is a unit vector.
So. l\(;+]+l:)| =1 -
Now,
lm(: + /+I€)|=l

Therefore. the required value of x is + —\}5

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

Solution:
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Given vectors, . )
a=2i+3j—-kandb=i-2j+k
Leté be the resultant of 7 and 5 -
Then, 7 .
F=a+b=(2+1)i+(3-2)j+(-1+1)k=3i+]
lel=J3 +1 =J9+1=410
L é (3[ +j)
kel Vo

Therefore, the vector of magnitude 5 units and parallel to the resultant of vectors ; and 4 i

: 2 i V10 -
15-c=15-L(3i+j)=i3‘/]—6' iﬂj.

J10 2 2

”a-1+J+k b= +3/\andc-1—7/+k

2“ ~b+3¢ , find a unit vector parallel to the vector
Solution:

Given, P A "
a=i+j+k,b=2i—j+3kandc=i-2j+k

2hi-b+3¢=2 f+]+/€)—(2i-j+3/€)+3(i—2}‘+/2)
=2i+2]+2k-2i+j-3k+3i —6]+3k
=3i-3j+2k

[2d-b+3¢|= {3 +(-3) +2° =O+9+4 =22

Therefore,the unit vector along 25-b+ 35 IS
2d-b+3¢ _3i-3j+2k 3 se 2 2

|2d-6+3i‘|_ J_ J_ J_ Y

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:
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Given pointsare: A (1,-2.-8). B (5.0,-2).and C (11,3, 7).
SAB=(5-1)i +(0+2) j+(-2+8)k=4i +2]+6k

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

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

AB|= V4" +27 +6" = J16+4+36 = /56 = 214

BC|= V6’ +3°+9° =\36+9+81 =126 =3V14
AC|=\10"+5° +15° =/100+25+225 = /350 = 5Vi4
~.|AC| = |AB| +|B(‘|

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

Now, let point B divide AC in the ratio Al So. we have:

OB = 20C +0A
(A+1)
520 - AP 43 7k)+(7 -2]-8k)

A+l
(zn)(si-z&):n|;.f+3,zj+7;./£ +i-2]-8k

5(A+1)i =2(A+1)k=(112+1)i +(32-2) j+(72-8)k

On equating the corresponding components, we have:
S(A41)=112+1
5A+5=11A+1
64=4
£ 42
6 3

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

2d+b)and(a-3b
position vectors are( “ )d (a )externally in the ratio 1: 2. Also, show that P is the mid
point of the line segment RQ.

Solution:
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Given,."OP =2a+b, OQ=a-3b .
Also, given that point R divides a line segment joining two points P and Q externally in the
ratio 1: 2. So, on using the section formula, we have

- 2(2ci+5)—((i-35) :4&+25—c7+35

OR = =3d+5h
2-1 1
Hence, the position vector of point R 1s 3a+5b ’
Now.
OQ +OR
Position vector of the mid-point of RQ = 2
(@-3b)+(3d+5b)
2
=2d+b

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

2 —4j+5k ’-7"-3/2
10. The two adjacent sides of a parallelogram are J gha|! —~/

Find the unit vector parallel to its diagonal. Also, find its area. Solutlon

: : ) G=21—47+5k b=i-27-3k
Adjacent sides of a parallelogram are given as: a=2i-4j+5k and b=i-2j-3k

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

a+b 3i-6j+2k  3i-6j+2k 3i-6j+2k

3
la+5|_\/31+(-6):+21—\/9+36+4 = =

\IHQ
=

S5
7’
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'd x b |
So, the area of parallelogram ABCD =
k

i
ixb=2 -4 5
I =2

~ (l“’+l0) J(=6-5)+k(-4+4)

.'.’ﬁxb|= 1 IJ?.‘ +12 =115

Therefore, the area of the parallelogram 1s BNE square units.

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

NENNCNCE

Solution:

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 «a, cos a, and cos a.

Now, we know that

cos’a+cos” a@+cos” =1

3cosa =1

COSa = L

NE)

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

NENNERNGS

a=i+4j+2/<.b=3i—2j+7kand<— ’+4/‘ 12. Let .Finda vector € which is

aand? i angcd =15 perpendicular to both Solution:
Letd =di +d,j + d:‘kA :

Asd is perpendicular to both@ and? . we have:

d-a=0

d +4d,+2d,=0 (i)
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And,
d-b=0
3d,-2d,+7d,=0 ..(i1)
Also, given that:
é-d=15
2d, -d, +4d, =15 ...(1il)
On solving (1), (11), and (111), we obtain
d, 2@.& =2 and d, = 20
3 3 : 3

[:-'2—0:’——5-}—212 = '(160?—5]‘—70/2)

- - -
)

Therefore. the required vector 1s %( 160i -5 - 701‘:)

13. The scalar product of the vector' t/ +(X/ith a unit vector along the sum of vectors and
igbdithl tTobne. Fifid'thé Vialue of £ .

Solution:
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Sum of the given vectors is given by.

(27 +4j-5k)+(Ai +2]+3k)

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

Hence, unit vector along(zf +4}'—5/€)+(/1f + 2_}'+3l§)is given as:
(2+44)i+6j-2k  (2+A)i+6]-2k (2+4)i+6j-2k

JO+AY +6 +(=2)  VA+4i+27+36+4 A +4i+44

Scalar product of( i+]+ If)with this unit vector is 1.

= - . axs t—?_k‘
(i+j+k)~(2+f)l+6‘] .

JA? +44+44
(2+4)+6-2

N roresrer i
21+4Z+44=(,{+6)2

A +4A+44=2" +122+36
84=8

A=1

Therefore, the value of Ais 1.

14. 1f D¢ gre mutually perpendicular vectors of equal magnitudes, show that the vector

R e . . !l —' H
a+b+cisequally inclined to %7 and®. selution:
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mutually perpendicular vectors, we have

Let vector 54 p +¢ beinclined to g 4, and ¢ at angles 6, 6., and @, respectively.
So. we have

(5+h+5)5_&iadia+aﬁ

|
r

cosf =

‘d+f;+c:||t}| - ii+l;+é“tig

| i UL&:E@:O]

__la

a+b+4

cost, = (@4845) 5 _G-h+b-b+é-h
©ola+b+clb|  la+b+cfp

Il
(Y]
—
=
27|
]
=y
S
]
o
—J

|&+5E“?

]

j@+b+¢|

Now, as|d| =|5l =|¢|. cos@ =cos8, =cosb, .

S =B =0

Therefore, the vector(iﬁ +b +E) is equally inclinedtog 5. and & -

15. Prove that(; H;).(;H b) 5 H_ +'5’-, if and only if a, [—’are perpendicular, given:’ #0, b# 0

Solution:
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Required to prove: i
(d +I§).(d+l§) =‘él~ +

G-d+d-b+b-d+b-b=|dl +[p [ Distributivity of scalar products over addition ]

2

b

d| +2d-b -f-{b-|2 =|a[ + |IVJ"J [d-b' =b-d (Scalar product is commutative)]
2i-b=0

da-h=0

Therefore, d and b are perpendicular. [" #0, b#0 (leen)]

16. If g is the angle between two vectors ¢ and b , then abz0

0<0<Z 0<o<t
(A) 2 (B) 2
(C)0<9<7t (D)OSGSH
only
when
Solution:

Let’s assume 6 to be the angle between two vectors ¢ and? .

) e B T al and IB ’ are positive
Then, without loss of generality, ¢ and b are non-zero vectors so thzttI | B

We also know, 5 p_ |¢'7‘||1;‘c059

So.

a-b=0

;a]ib cos@ =0

cos@=0 [|a| and {EI are positi\-'c}
0<o<Z

2
0<p<™
2 -

Therefore, ¢ 520 yhen
The correct answer 1s B.

17. Let 9 and b be two unit vectors andp is the angle between them. Then ¢ +b is a unit vector
g=T g=" 2 if

0=E 9:—
@a 4 (B) © 2 o 3

|

Solution:
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Let ; and j be two unit vectors andé be the angle between them.
Then, |a =[b[=1.

Now, 4+ p is a unit vector ifi;1+7;| =1.

P+a=l

(c—1+l;)2 =1

(;+5).(c;+5) =1

aa+ab+ba+bb=1

‘.

al +2ab+

bl =1

14 +2§23‘l5‘cos@+l: =1
1+2.1.1cos0+1=1

cos()=—l
7

0=

v 18]
w4

Therefore, a + b 1S @ unit vector if g = 2% ;

18. The value of is
(A)O (B)-1 €)1 (D)3
Solution:

Given,

f.(]xl?)+_}‘.(fxl€)+l?.(fx_}')
=f-f+j'~(—]‘)+l€~/§
=1-j-j+1

=]-1+1

=1
The correct answer is C.
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. S 5 ‘;1.1; = |;X7)‘
19. If g is the angle between any two vectors ¢ and? , then
T T
(A) 0 (B) Z (@) 5 (D) n
when @ is equal to
Solution:

Let 8 be the angle between two vectors ;andp .
Ihen, without loss of generality, ;and j are non-zero vectors, so that]zi| and |5 | are positive.

a-b|=|axb|
\ﬁ”l;’cos() =|5”5’sinO

are positi\-'c]

cosO =sin0 [|c7| and ‘5
tan® =1
s
4
Thus, I;I.i)| = ';1 x El when Gisequal to %

So. the correct answer is B.



