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Vector Algebra Exercise 10.1

Q1:
Represent graphically a displacement of 40 km, 30° east of north.
Answer

Nj:rth p Scale

10 km

$
=

West - # Last
(8]

 J
South

Here, vector D—P represents the displacement of 40 km, 30° East of North.

Q2:

Classify the following measures as scalars and vectors.

(i) 10 kg (ii) 2 metres north-west (iii) 40°

(iv) 40 watt (v) 107*° coulomb (vi) 20 m/s?

Answer

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

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

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

(v) 107" coulomb is a scalar quantity as it involves only magnitude.

(vi) 20 m/s? is a vector quantity as it involves magnitude as well as direction.



Q3:

Classify the following as scalar and vector quantities.

(i) time period (ii) distance (iii) force

(iv) velocity (v) work done

Answer

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

(ii) Distance is a scalar quantity as it involves only magnitude.

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

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

(v) Work done is a scalar quantity as it involves only magnitude.

Q4
In Figure, identify the following vectors.

w

Y

—

(i) Coinitial (ii) Equal (iii) Collinear but not equal

Answer
(i) Vectors a and d are coinitial because they have the same initial point.

(i) Vectors b and f}are equal because they have the same magnitude and direction.

(i) Vectorsa and ¢ are collinear but not equal. This is because although they are

parallel, their directions are not the same.

Q5
Answer the following as true or false.

(i) @ and —d are collinear.
(ii) Two collinear vectors are always equal in magnitude.
(iii) Two vectors having same magnitude are collinear.

(iv) Two collinear vectors having the same magnitude are equal.

Answer
(i) True.

Vectors @ and —a are parallel to the same line.
(ii) False.
Collinear vectors are those vectors that are parallel to the same line.

(iii) False.



Exercise 10.2

Q1:

Compute the magnitude of the following vectors:

= # A 2 = & e SR 5 1 A 1 - 1 -

a=i+j+k: b=2i-Tj-3k C=—pit+—pj——pk
A3 3 3

Answer

The given vectors are:

I R e o 1« 1
a=i+j+k; b=2i-Tj-3k C=—it—=j—— &
BB

al=\(1) +(1) +(1) =3

Bl=\(2) +(-7) +(-3)

=462

Q 2:
Write two different vectors having same magnitude.
Answer

Consider a = [E i, i 3&7) and b = (zf +] —31{-),

=] =5 e otag on
It can be observed that |a|=\[I' +(<2) +3" =1+ 4+9 = /14 and

_—_

b :JZJ +124+(=3)" =J4+1+9 =14,

Hence, a and b are two different vectors having the same magnitude. The vectors are

different because they have different directions.



Q 3:

Write two different vectors having same direction.

Answer
Consider p = [f +j+ :5:) and g = (Ef +2j+ Ei]

The direction cosines of p are given by,

| | |
m= =——_ andn= =

1 I
[= = R’ T E— = o s g
VE+1E+15 A3 vIE+F+17 3 vIE+1F +1°
The direction cosines of.:_,r are given by
2 2 I 2 2 1
= : = — II'_ — 3 f}r — - = = — — — 1
NE 42420 W3 S 22242 293 43

1
E :

ﬁ?_'“

=

et

]
Wy

2
and n= - - ==
V2242t 42t 24

L J-l

The direction cosines of E and ;rare the same. Hence, the two vectors have the same
direction.

Q 4:

Find the values of x and y so that the vectors 2/ +3 and xi + 1/ are equal

Answer

The two vectors 2:"+3}' and xi + u will be equal if their corresponding components are
equal.

Hence, the required values of x and y are 2 and 3 respectively.

Q 5:

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

Answer

The vector with the initial point P (2, 1) and terminal point Q (-5, 7) can be given by,
PO =(—5—2]r:+{?—1}_}‘

=PQ=-7i+6]

Hence, the required scalar components are -7 and 6 while the vector components are

—7i and 6/.



Q 6:

Find the sum of the vectors @ =f—2_;‘+1;. b =—Zf+4.;+5k1 and é=f—6_;’—?£.
Answer
The given vectors are =1 —-2j+k, b=-2i+4j+5k and ¢ =i -6 —Tk.
LA+ +E=(1-2+1)i +(-2+4-6)j+(1+5-7)k
=0-f-4j-1-k
=—4j-k

Q7:

Find the unit vector in the direction of the vector @ =i + Jr +2k.

Answer

. - . . b T R . . - a
The unit vector & in the direction of vector @ =i + j+ 2k is given by & =—.

&
d=vP+1+2* =1+1+4 =46

. d i+ f+2k | P |
Sl s =——=1

A

- +—j+—k

I N AN N 3

Q 8:
Find the unit vector in the direction of vector W}, where P and Q are the points
(1, 2, 3) and (4, 5, 6), respectively.
Answer
The given points are P (1, 2, 3) and Q (4, 5, 6).
PQ=(4-1)i +(5-2)j +(6-3)k=3i +3j +3k

PQl=v3 +3+3 =/9494+9=27=33

Hence, the unit vector in the direction of F} is

PO 3i+3j+3k 1 : 1 - 1
Qr:” J = i+—j+
PQ

n5 B B 4B

k




Qo:

For g ven vectors, E:EF—}+ 2k and | =—f+_}‘—.’§, fnd the unt vector nthe directon

of the vector d+h

Answer

The given vectors are @ =2i — j+2kandbh =—i + j—k
G=2—j+2k
5:_;4—}_&:
nab=(2=1)i +(=141)j+(2-1)k =17 +0j+1k =i +k

iz
%r;r+f:|=x.ll"+l“ =42

Hence, the unt vector nthe d recton of (a'-hf:;) is

[a+5)_:‘+ﬁ§ 1: 1,
Gg 2 2
Q 10:

Find avector n the drecton of vector Sf—j‘+ 2.1'.: wh ch has magntude 8 unts.

Answer

Letd =5i — j +2k.

“Ja|= 52 (1) +2 =V25+1+4 =30
" i_Sf—_}#Zk‘

Sd= |a| = \,"ﬁ

Hence, the vector n the drection of vector 5; — j + 2k whch has magntude 8 unts is

g ven by,
s - a
. 5 —j+2k 40 - 8 - lo -
Ba=8 = f———j+ I
[ V30 J 3 B0 Ao




Q11:

Show that the vectors 2/ — '5; +4k and —4i +6_;’-81€ are collinear,
Answer

Let@=2i-3]+4k and b =—4i +6 —8k.

It is observed that b = —4i +6j -8k =2(2/ 3] +4k) = —2a
~b=Ad

where,

A=-2

Hence, the given vectors are cdl near.

Q12:

Find the direction cosines of the vector {42 +3k
Answer

Letd=i+2]+3k.

{_il :\,‘134-2“'-#3: =+J1+4+9 = \/ﬁ

. . 0 1 : 3 0
Hence, the direct on cosines of a are [ mmmj
Q13:
Find the direction cosines of the vector joining the points A (1, 2, -3) and
B (-1, -2, 1) directed from A to B.
Answer
The givenpoints areA (1, 2, -3)and B (-1, -2,1).

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

[AB|= J(-2) +(-4) +4* =VA+T6+16 =36 =6

Hence, the direct on cosines of AB are (—



Q 14:

Show that the vector ; + j+k is equally inclined to the axes OX, OY, and OZ.

Answer

Letd=i+/+k.
Then,

N e i
al=+1"+1"+1° =+/3

N i A
Therefore, the direction cosines of a are [ o sl ]
V3 43 43

Now, let a, B, and ybe the angles formed by @ with the positive directions of x, y, and z
axes.
1 1

1
Then, we have cosa@ = —=,c0s ff = —=,c05 ) = —=.
M'E \-'E 3

a3

Hence, the given vector is equally inclined to axes OX, OY, and OZ.

Q 15:

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

whose position vectors are o 2_;-#5 and —r"+_,?+.4;T respectively, in the ration 2:1
(i) internally

(i) externally

Answer

The position vector of point R dividing the line segment joining two points

P and Q in the ratio m: n is given by:

i Internally:



mb + na
m+n

iii. Externally:

mb - na
m—n

Position vectors of P and Q are given as:
0—P=:’+2_}‘—A7 and (Y)z—ff}‘-i—f
(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,

5K - 2(—5+}'+i}::(f+2_}-£)=(—2§+2,f+2£})+(f+2_}'—.’f]

—i+4j+k y A 12
i+4dj =—li+ _;'+lk
3 3 3

]

D

(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+§)—l(f+2_}—&)

E =(-2+2j+2k)-(i +27-k)

OR =

=-3i +3k



Q 16:

Find the position vector of the mid point of the vector joinng the points P (2, 3, 4) andQ
(4, 1, - 2).

Answer

The posit on vector of mid-pont R of the vector joinng pointsP (2,3, 4) and Q (4, 1, -

2) is given by,
o (27 +3]+4E)+(41+]-28) (2+4)i +(341)j+(4-2)k
R = ; s :
_ G +4j42k 5 o
= 2 M “‘)‘
Q17:

Show that the points A, BandC wth post on vectors,ﬁ=3f—4}—4i¢:,

b= Ef—j+i§ and ¢ :5—3_}'—512, respectively form the vertices of a right angled triang e
Answer

Pos ton vectorsof Ponts A, BrandC are resPect velY9 ven as

G=3I-4j-4k b=2i-j+kandc=i-3]-5k

G=3i-4j-4k, b=2i-j+kandc=i-3]-5k

i =(2-3)i +(-1+4) j+(1+4)k =—F +3] +5k
BC=¢-b=(1-2)i +(-3+1) j+(-5-Dk=-i -2j -6k
CA=d-c=(3-1)i+(-4+3)j+(-4+5)k=2i - j+k

=
(|
> o
|
=1

[AB[ = (1) +3 +5 =149+25 235
[BC[ = (=1)* +(=2)" +(=6)" =1+4+36 =41
|CA'|: =2 +(=1) +P =4+1+1=6

~|AB[ +|CA| =36+6=41=|BC|

Hence, ABC s ardht-angedtrangle,

Q 18:

In trange ABCwhch of the follow ng s not true
o

A B

A. E+B_C:+Cj=|j
B. AB+BC-AC=0
C. AB+BC-CA=0

D AB-CB+CA=0



Answer

A B

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

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.
MNow, consider the equation given in alternative C:
AB+BC-CA =0

= AB+BC=CA A3}

From equations (1) and (3), we have:
AC=CA

= AC =-AC

— AC+AC =0

=2AC=0

= AC =0, which is not true.

Hence, the equation given in alternative C is incorrect.

The correct answer is C.



Q 19:

If @ and {;are two collinear vectors, then which of the following are incorrect:

I

A. b = Aa, for some scalar A

1

=}

i

o~

1
C. the respective components of g and g are proportional

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

Answer

If G and b are two collinear vectors, then they are parallel.

Therefore, we have:

h = Aa (For some scalar A)

IfA=+1, then d=+b.
fa=ai+a,j+ n‘.\ﬁ: and b="bi +b, ] +b.k. then
b = Ad.
= bi +b,j --b_._!i: E A(:nlf +n:.;'+a_.‘£:}
= bi+b,j+bk =(Aa,)i +(Aa, )_}—i—(;ia_;)!;
= b =Aa,b, = Aa,.b, = Aa,
b b, b

a a a,

Thus, the respective components of g and b are proportional.

However, vectors a and b can have different directions.
Hence, the statement given in D is incorrect.

The correct answer is D.



Exercise 10.3

Q1:

Find the angle between two vectorsdand b with magnitudes«.ﬁand 2, respectively

having ab= \JE
Answer
It is given that,

d|=+3, |p|=2and,a-6=6

Now, we know that d-b = ]d[lﬁ'cosﬂ.
-6 =3x2xcos8
J6

= cosl =
\.@xl
1
= C050 = —=
2
n
=>0=—

- - W
Hence, the angle between the given vectors d and b is E

Q 2:
Find the angle between the vectors ; — 2‘;'+ 3k and 3i — 2_}‘+AT

Answer

The given vectors are d = i —2_,;‘+3f; and b =3i — 2;+k



| =4f3 =J9+4+1=14
Now, b =(i—2j+3k)(37 -2j +k)
=1.3+(-2)(-2)+3.]

=3+443
=10

Also, we know that d-b = |¢'1'r[ib'|c059

lU=\/|—4MCOSlQ

10
= cosl =—
14

= @ =cos” (i]
7

Q 3:
Find the projection of the vectorf—j‘on the vector ; +}

Answer

S—

Let&zf—jand5:5+

Now, projection of vectordon i; is given by,

| B 1 1

—(db)=—{1.1+(-1)(1)} =—(1-1)=0
(a8) == 111D} =5 0-1)

2

Hence, the projection of vector g on bis 0.

Q 4:
Find the projection of the vectorf+3_;‘+?.&; on the vector '?f—_}'+8,{: i

Answer
Letﬁ=f+3j+?£andf;=?f—_}'+8§.

Now, projection of vectoraon Eis given by,



| S 1 - 7-34+3506 60
e IR N, (. W 8 O [, [ -
(&%) g JA9+1+64 114

Show that each of the given three vectors is a unit vector:
1y n LT I S S e G

—(2i+37 —3i-6i+2kY.—l6i P
AJ+H+%}A$ m+¢}4m+y 3k)

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

Answer
Ieta——(z_f+”+hﬁz):—:+;;+:£
1 - s 3. Ba 2.
—(3i —6j+2k)==i-=j+=k,
T( 4 ) 7 ?j 7
] -
=—|6i+2j-3k)==i+=j—=k.
?( i+2j-3k) g

)’ 4 9 36
= + =+ =
49 49 49

—t+ = —
49 49 49

[6]1 [zjf ( 31V [36 9
—| +| = #| —= —t—t—
i) 7 ?J 49 49 49

Thus, each of the given three vectors is a unit vector.

I 9 36 4

s 1 3 [ 6] 2 18 12
fd-bh=—x—+4—x— oy —=———+

7 ? 7 7) 777 49 49 49
.. 3 5 ( 6] 2 2 [ 3] 6
Tl e R [ o 0 R 7] [ P s Ol

rilk B O B S i W 49 49 49
SRe Gon A s 2,6 18_

i S ? 49 49 49

Hence, the given three vectors are mutually perpendicular to each other.



Q 6:
Find|d|and |F.='|, if(ci+a’::]-(d—.ﬁ;]=8 and |d| =E|.F:;|.

Answer

(a-6){a-5)=s

=aG-d-ab+b-a-b-b=8
=|af -[s[ =3

= (p) p s fid-of]

- 54|£|3 —|E|2 -8

= 63[p[ =3
_12 b

= ==

|h| J_ [Magnitude of a vector is non-negative|

=li|-27
iﬁ|:855|:3x2\5 5 ]6\5

NN )

Q7:
Evaluate the product (3&— 55)-(2d+ ?e‘;)-
Answer

(3d-5b)-(2d+75)

= 3G-2d +3a-7h - b -2d - 55 -7b
=6d-a+21d-b-10d-b-355 -5
= 6af +11a-5-355|



Q 8:

Find the magnitude of two vectors a and E, having the same magnitude and such that

1
the angle between them is 60° and their scalar product is .

2
Answer
Let 8 be the angle between the vectors g and b.
: o o= 1 .
It is given that |d|= F}|. d-b=—.and 6=60° (1)

We know that é-h =|d|;5|u:159

= |dl|d| cos 60° [ Using (1)]

b3 | =

I,

:}—:‘ﬂ| x=
?

=lal =1

= a|=|p|=1

Qo9:

Find |¥|, if for a unit vector d, (¥—d)-(¥+d)=12
Answer

(i-d)-(F+d)=12

=X xX+xa-—a-x—a-a=12

=% -|a" =12
= .r'|'1 -1=12 [|£f =1 as « is a unit \.-'ectcnr]
=% =13

- | =13



Q 10:

fa=2i+2]+ 3k, b = —f+2j+.ﬂ? and ¢ = 3/ + jare such that d+Abis perpendicular to ¢,
then find the value of A.

Answer

The given vectors are g = 2i+ 2}' +3k, b=—i+ 2; +k, and € =3/ Tj
MNow,

G+ 2b = (20 +2]+3k)+ A(~i + 2]+ k)= (2-2)i +(2+22) ]+ (3+ 2)k
It [.:? +Ab ) 15 perpendicular to £ then

(a+2b)-c=0.

=[(2-2)i+(2+22) j+(3+ )k |-(31 + ]) =0
=(2-2)3+(2+2A)1+(3+1)0=0

=6-34+2+24=0

= =A+8=0

= A=8

Hence, the required value of A is 8.

Q11:

Show that |d|h'+|h'|fi is perpendicular to |d|h —F} @, for any two nonzero vectors a and b

Answer

(|a|b +[5|a)-(|al5 - |6 )

=(af &5 ~[al|p| 5 - +|p[ala -5 ~|p[ a-a
=af l" [ laf

-0

Hence, |d|b + |b.|f5 and|d| b —lb'|n' are perpendicular to each other.



Q12:

Ifg-a=0anda b= (), then what can be concluded about the vector bh?
Answer

It is given that G-a=0and d-b =0

Now,

d-a=0=af =0=>|a|=0

S.d 1s a zero vector.

Hence, vector b satisfying g .h =0can be any vector.

Q 14:

If either vectora = D or 5 = 0, then a 1’; = (). But the converse need not be true. Justify
your answer with an example.

Answer

Consider @ =27 +4j+3kand b =3{ +3 ] - 6k.
Then,

a-b=23+43+3(-6)=6+12-18=0
We now observe that:
la|=V2 +4 +37 =29

La#0

";{ - vm =54

h=0

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

Q 15:

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

then find CJABC. [[JABC is the angle between the vectors BA and BC ]
Answer

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

Also, it is given that CJABC is the angle between the vectors BA andBC .



BA = 1-(—1)}7 +(2-0) j+(3-0)k =27 + 2+ 3k

C={0-(-Dji+
BA-BC=(21+2]+3k)-(7+]+2k)=2x142x1+3x2=2+2+6=10
BA| =22 +2°+3 =3+ 4+9 =17

5|~ IT 172 =6

Now, it is known that:

(1-0)+(2- ﬂ)ﬁ =i+ ]+2k

BA-BC =|BA||B{‘|¢05[4ABC}_
210 =17 %6 cos( ZABC)

10

= cos( ZABC) = g1
= ZABC = cos™' [?J

Q 16:

Show that the points A (1, 2, 7), B (2, 6, 3) and C (3, 10, -1) are collinear.
Answer

The given points are A (1, 2, 7), B (2, 6, 3), and C (3, 10, -1).

L AB=(2-1)i +(6-2) }+(3-?}f5=;‘“+4}—4£
BC =(3-2)i +(10-6) j+(- 1—) —i+4j-ak
AC=(3-1)+(10=2)j+(-1-7)k =27 +8/ -8k
AB|= 17 +47 +( —4":mz\f3_3

BC|= JE+42 +(—4) =J1+16+16 =33
AC|=¢?+&+&=M=@=2&
~|AC|=|AB|+ BC|

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



Q17:

Show that the vectors 2i — j +k, i —3j—5k and 3/ —4 ] — 4kform the vertces of a right
angled tr angle

Answer

Let vectors ?.f-_}'+£._ f—3,}’—5f and 3;-4_}—4!2 be position vectors of points A, B, and C
respectively.

ie.OA=2i—j+k OB=i-3j-5k and OC =3i -4 -4k

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

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

AB=(1-2)7 +(-3+1)j+(-5-1)k=—i -2] -6k
ﬁ‘z[.’i—l)f+(—4+3)f+(—4+5]£ =2j —_}'+J:-
AC=(2-3)i+(—1+4) J+(1+4)k =—i +3]+5k

IAB| = ((~1) +(-2)" +(-6)" =V1+4+36 =41

[BC| =2 +(~1)" +1° =Va+1+1=6

AC|=(-1) +3* +5* = 149425 =35

n

.‘.‘BC’:+‘AC|: =6+35=41=‘AE

Hence, AABC is a right-angled triangle,
Q 18:
Ifd s a nonzero vector of magnitude *a’ and A a nonzero scalar, then A gis unit vector if

(AA=1(B)A=-1(C)a=] (D) a=—

4|
Answer

Vector Ad s a unit vector f|4d|=1,

Now,
|4a| =1
= |Alla] =1
R
=>|a|=w [4#0]
—a= L [lr?l ] n‘]

2

= 1
Hence vector Ad isa unitvectorifa = m

The correct answer is D



Exercise 10.4

Q1:

Find |axB|, if a=i-7j+7kand b =3 -2 +2§.
Answer

We have,

a=i-7j+7kandb =37 -2]+2k
k

iy
2

i
l
c

axh=

[ T B

=i(~14414)= j(2-21)+k(-2+21) =19 +19%

)
JaxB=\(19) +(19) =y2x(19)" =19¥2

Q 2:

Find a unit vector perpendicular to each of the vector a+b and ;—f_], where
a=31+2j+2kandb= f+2j-2k

Answer

We have,

a=3+2j+2kandb= i+2j-2k
ca+b=4i +4], a-b=2 +4k

k
(a+b)x(a-5)= =i(16)— j(16)+ k(-8)=16i —16, —8k

[od o TR
o & -

]
4

|(@+B)x(a-B) =16 +(-16) +(-8)
22 X8 + 22 8 + 8

=822 122 41 =89 =8x3=24




Hence, the unit vector perpendicular to each of the vectors a+h and a—bis given by the
relation,

(fr+h x(fr b- + ,mj ]k
(cr+h]>< i — h| 24
Zr—lj—k L) I P
=1 S e
3 5 Talts
Q3:

T ~ IC - T
If a unit vector & makes an angles; with :',Ewith j and an acute angle 6 with k, then

find 6 and hence, the compounds of a.

Answer
Let unit vector @ have (a;, a,, az) components.

a=ai+a,j+ak

Since a is a unit vector, | =1.

— T - T = -
Also, it is given that @ makes angles; with hzwith J . and an acute angle 8 with £.

Then, we have:

T a,

COs— = —-
da

ﬁ% a, Hu| IJ
a,

cos—=—=
4

-
Also, cosf =—
e

=>a, =cosf



MNow,

§a|:1

=a’+a’ +a =1

:}1+ +cos B=1
4 2
"4
= +cos =1
; 1
=cos B=1--=—
4
:cosﬁ=—:>ﬁz£
2 3
1
a. =Cos—=—
3 2

| | |
Hence, # =% and the components of @ are [ J

2" 2’ 2

Q 4:

Show that

(a-B)x(a+5)=2(ax)

Answer

(d—f{)x(d+5]

= (d -b )x a+ (c’i -b ) x b [B}' distributivity of vector product over addttinn]
=dxa—bxa+dxb-bxb [Again, by distributivity of vector product over addition |

=O0+dxh+dxh—0

=2ax=h



Q5: |
Find A and p if (?-f+ﬁj+27£]x(f+ij—:;¢§)=f}_

Answer

(2;+6}+2?ﬁ:]x(5+ i}'+p1{:)=ﬂ

=

j
6 27 |=0i+0j+0k
A op

I
— B e

=1 (64—272)— j(2u—-27)+k(24-6)=0i +0j + 0k
On comparing the corresponding components, we have:
6u—274=0

204-27=0

24-6=0

Now,

2i-6=0=4=3

7
2,{:—2?:!]:%;.*:%

Hence, A =3 and = %

Q 6:

Given that a-h=0and axb=0. What can you conclude about the vectors Eandz?
Answer

ab=10
Then,

(i) Either a| =(or b" =0,0or g lh (in case a and b are nrm—zerc-)

;J'X:E:D

(ii) Either Er| =0or f;" =), or a ||f:; (in case a and b are m}n—zem)

But, & and b cannot be perpendicular and parallel simultaneously.

Hence, E;-|:(]or h":l[].



Q7:

Let the vectors d, b, ¢ given as a,f+a1_}+ @K, b,f-lrhzj-l-bﬂk, r,'lf+c3_;+c3£. Then show

that :dx(5+c:):dx5+dxé
Answer

We have,

a =u,f-—u:_;+u3ﬁ::, b=hi+bh,j+ bRJ;, E=cf+e,)+ .::3.5?

(5 Jrc-'):[b1 +¢,)i+(by+c,) j+(b+c, )k

i J k
Now, dx(5+c‘] a, da, a,

b+c b+e, b+c

= fl:u: (B +¢)-a (hz +¢, ):I—_,f I:u, [h_, +4c:5)—.ﬁj (b +¢, ]:|+§|:a] (g-,.2 +ey)—a, (hu +"~'L}:|

= f[azh_, +ay0; — b, —ayc, |+ j [-ab; —aie, +ash, +aye, |+ :E[a]hz +ac,—ah —ax] ..(1)

i I i’
dxb= a, da, 4,
b, b, b
=-;"[HJ?; —a}hz]+j[b,a} —c,'flb;]+Jfrﬂ[-:;ﬁh2 —a,b | (2)
i 7 ok
axc=\a, a a
[ A

=i[aye, —ae, ]+ j[ac, —agc; ) +k[ac, ~axe]  (3)
On adding (2) and (3), we get:
(;1 x .!_:r)+ [5 X Z) =i[ab, +aye, —ab, —ae, |+ j[ba, +ae, —ab —ac,]
rk[ab, +ae, —ab —ayz,] (4)
Now, from (1) and (4), we have:
dx[5+{7)=d>¢5+dxc’

Hence, the given result is proved.



Q 8:

If either @=0or b=}, then d@xh = 0. Is the converse true? Justify your answer with an
example.

Answer

Take any parallel non-zero vectors so that daxb=0.
Letd=2i+3]+4k, b =47 +6]+8k.
Then,

i
dxb=|2

k
4 =7(24-24)-j(16-16)+k(12-12) =0/ + 0] + 0k = 0
|4 8

= L P

It can now be observed that:
6] =2 +3 +47 =29
sd#0

b= Va6 +8 = V6
nbz0

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

Qo9:

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

Answer

The vertices of triangle ABC are givenas A (1, 1, 2), B (2, 3, 5), and
C(1,5,5).

The adjacent sides AB and BC of AABC are given as:

AB =(2-1)i +(3

)i+(5-2
j+(5-5

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

Jhk=—i+2j



Area of AABC = %|AB' X B('i|

B xBC=

— By
Ll

j
2 3|=i(-6)- j(3)+k(2+2)=—6i-3] +4k
2

[AB'xBC|= (-6) +(-3)" +4’ = V36+9+16 = 61

=

. 61 )
Hence, the area of AABC 'ST square units.

Q 10:
Find the area of the parallelogram whose adjacent sides are determined by the vector
a=i-j+3kandb=2{-Tj+k

Answer

The area of the parallelogram whose adjacent sides are a and his |dxb|.

Adjacent sides are given as:

a=i—j+3kandb=2i-7j+k

i] ok
ndxb=|1 =1 3 =i(=1421)=j{(1-6)+k(=7+2)=20i +5j -5k
2 -7 1

axﬁimfza? 152452 = 400125+ 25 =152

Hence, the area of the given parallelogram is 15\-@ square units.,



Q 11:

. = i - 2 .=
Let the vectors dand & be such that |d =3 and a’}| =T, then ax b is a unit vector, if
the angle between a and b is

T

(A)EBEC x
5()4()3('3)3

Answer

J2

=
o

It is given that d| =3 and ‘h|=

We know that & x b =|.:i”f:;|sinﬂf:r, where 7 is a unit vector perpendicular to both a and

b and 6 is the angle between aandb .

Now, Gxb is a unit vector if %dXE

axhl=1

= |E||E|siﬂ£?ﬁ =1

= d|b|lsin ] =1
g
:>3x£><sin§:]
3
—=5inf = :
) NG
==

&
4

- - —- T
Hence, @ = b is a unit vector if the angle between & and # is E

The correct answer is B.

Q12:
Area of a rectangle having vertices A, B, C, and D with position vectors

PO PO P ~ W -
e 5 JHak, i+ > Jj+dk, i——j+dkand —i --EI;'+4J¢ respectively is
1
(A) E(B) 1
(C)2 (D) 4

Answer



The position vectors of vertices A, B, C, and D of rectangle ABCD are given as:

OK =i+ j+4k OB =i+ j+ak, OC =i~ j+4k, OD=-i-j+4k

The adjacent sides AB and BC of the given rectangle are given as:

Aﬁ:{]+t}f+[ - ]_}‘+{4—4}f§:zf

'ﬁc}=(|_1]f+[_l__]_;+(4_4];2:_j

j

. ABxBC=[2 0
b S
|ABxAC| = yf(-2)" =2

Now, it is known that the area of a parallelogram whose adjacent sides are

dandb is |axp

Hence, the area of the given rectangle is ABxBC|=2 square units.

The correct answer is C.



Miscellaneous Solutions

Q1:
Write down a unit vector in XY-plane, making an angle of 30° with the positive direction
of x-axis.

Answer

If Fis a unit vector in the XY-plane, then 7 = cos @i +sin {};
Here, 6 is the angle made by the unit vector with the positive direction of the x-axis.
Therefore, for 6 = 30°:

¥ =cos30°% +sin 30‘:’}' = i+ ,l'

1d|ﬁ‘3—l

P |

3. 01-
Hence, the required unit vector is T:’ 3 E_;'

Q 2:

Find the scalar components and magnitude of the vector joining the points
P(x, ¥, z,) and Q(x,, ¥, z,)
Answer
The vector joining the pointsP(x,, y,, z,) and Q(x,, y,, z, ) can be obtained by,
Fﬁ = Position vector of QQ — Position vector of P

=(x,=x)i+(n =) +(z: -2 )k
PQ = \.I'II{-"": = "'l]J +(y: =¥ Jj +(2; —z,]]

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

are respectively {{.Tz -% ).(¥, —_L-',}.{z: e }} and \.l'f{-‘": =X ): +(¥ =¥ ]: "‘[3: = }: .



Q3:

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.

Answer

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

AN
. JFB
L -

W : E
——————

A 4 km 8]

Y

3

Now, we have:

OA = —4i

1l . B
=r'3><l+j3><-n—'
2 2

3. 33
==i+
577 1

By the triangle law of vector addition, we have:

j

OB =0A + AB
. Sh A_]

=(-4E)+ 5{1’7_{

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

S5 le
—1 K
2 R




Q4:

If @ = b +¢, then is it true that |d| :b| i |c:|? Justify your answer.
19] =}

Answer

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

B = C
]
Now, by the triangle law of vector addition, we have @ = b+¢.

It is clearly known that |

\ |b| 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.

|fi| < |f:l| + |c:|

Hence, it is not true that a=b|+|¢|
1] =]

Q

Find the value of x for which .\'[.J? + ; + k‘]is a unit vector.

Answer

J:[r?+_}'+£]is a unit vector if ,-:(f+j'+ﬁ;)| =1



|
Hence, the required value of x is iﬁ'

Qe6:

Find a vector of magnitude 5 units, and parallel to the resultant of the vectors
G=20+3j-kandb=1-2j+k
Answer
We have,
d=2+3j—kandb=i-2j+k
Let & be the resultant of @ and b.
Then,
E=a+b=(2+1) +(3-2)j+(-1+1)k =3 +]

z R
~JE =3+ =1 =410

oz {31' +J}
SLO=E—==

el o

Hence, the vector of magnitude 5 units and parallel to the resultant of vectors a and bis

W07 10 5

0i
Lk
2 2

t&ézﬁ-ﬁ(ahj):i




Q7:
Ifa= f+}+£- b= 2f—j+3kﬂ and ¢ :f—2j+f, find a unit vector parallel to the
vector 2 —b +3¢.

Answer

We have,

d=i+j+k, b=2—j+3kandé=i-2j+k

24— b +3¢ = 2(:‘“+}+E)—(2E—j+3£_]+3(f—2j+é]
=2i +2j+2k—27 + j-3k+3i -6 +3k
=3i-3j+2%

[2d -5 +3¢|= 3 +(-3) +2° =0 +9+4 =22

Hence, the unit vector along 2a ~b+3¢is
2i-b+3¢  3i-3j+2k 3 3 3 5. 2
2d—b+3¢] J22 J22i V22t 2

k.

Q8:

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.

Answer

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

BC=(11-5)i +(3-0)j+(7+2)k =6 +3j+9%
AC=(11=1)i +(3+2) j+(7+8)k =107 +5] +15k
AB|= V4 +27 46" =16+4+36 =56 = 2414

[BC| = V6" +3 +9° =\36+9+81 =126 =3J14

AC =10 +5" +15% =100+ 25+225 = /350 = 514

.'.|Mf| = nB'|+|BC'.|

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



Now, let point B divide AC in the ratio 4 :1. Then, we have:

. J0C+0A
e
v oo ﬂ,[l 1E+3j+?£);(f—2j-s£)

A+1
:j{1+|K5F—z£):11if?3i}+?1£+f—2j—3£
=5(2+1)i =2(A+1)k=(112+1)i +(32-2) ] +(72-8)k
On equating the corresponding components, we get:
5(A+1)=114+1
= SA+5=114+I

— 64 =4
.4 2
o l=—=—
6 3

Hence, point B divides AC in the ratio 2:3.

Qo9:

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

whose position vectors are[za' +br)und{d—3h.] externally in the ratio 1: 2. Also, show
that P is the mid point of the line segment RQ.

Answer

It is given that point R divides a line segment joining two points P and Q externally in

the ratio 1: 2. Then, on using the section formula, we get:

2(2d+b)-(a-3b) 4a+26-a+35 -

OR = =3a+5b
2=l 1

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

Position vector of the mid-point of RQ = M

-



=2d+b
-OP

Hence, P is the mid-point of the line segment RQ.

Q10:

The two adjacent sides of a parallelogram are 2i —4j +5kand i - 2}—3»% .

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

Answer

Adjacent sides of a parallelogram are given as: d@=2i —4+ 5k and b = P03k
Then, the diagonal of a parallelogram is given by d +b.

a+b=(2+41)i +(—4-2)j+(5-3)k =3I -6] +2k

Thus, the unit vector parallel to the diagonal is

G+b __3i-6j+2k _3i-6j+2k _3i-6j+2k _3. 65,2
7

|f?+5| _J31+(-ﬁ}-’+zl VO +36+4 7 7 7

-+ Area of parallelogram ABCD = ia’r < b

ik
dxbh=2 —4 5
. =3 -4

Pt

=i(12+10)— j(-6-5)+
=22f +]];
=11(2i + j)

.~.|a><b'|- V2 +12 =114/5

(—4+4)

P
Hence, the area of the parallelogram is 1 14/3 square units.



Q11:

Show that the direction cosines of a vector equally inclined to the axes OX, QY and OZ
1
are —,
J3

Answer

) b

‘\..'IE

Let a vector 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.
MNow,
cos’ @ +cos” o +cos’ @ =1
= 3cos’ ¢ =1
— COs5 0 = L.—

V3
Hence, the direction cosines of the vector which are equally inclined to the axes

1 I

]
are —. —=,
NERNNE RG]

Q1l2:
Let a =f+4.}'+2.€, b= 3f—2j+?f£ and ¢ = Ef—j‘+ 45;“. Find a vector ¢ which is

perpendicular to both a and E, and c.d = 15.

Answer
Let d = d,f + d:_; +d:!!;,

Since r}is perpendicular to both a and b , we have:

d-i=0

=d +4d,+2d, =0 A1)
And,

d-b=0

=3d, -2d,+7d,=0 . (il)

Also, it is given that:
§-d=15

= 2d, ~d, +4d, =15 ...(iii)



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

s el gt
3733

d="207 25 T2k~ (1600 -5} - 70k)
3 3 3 -

1 o A
Hence, the required vector is E[I 60i =57 - 70k ]

Q13:

The scalar product of the vectorf+}+£€with a unit vector along the sum of vectors

2.”+4}‘—5ﬁ2 and 4f+2j+3,t§ is equal to one. Find the value of 4.
Answer

(20 +4]-5k)+ (i +2]+3k)

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

Therefore, unit vector along(if +4)- 5£)+ (Af +2]+ Eﬁt] is given as:
(2+4)i+6j-2k  (2+A)i+6j-2k (2+A)i+6j-2k

\/{2+,1]-‘+ﬁz+[_2)? VA+40+ A7 43644 AP +4i+44

Scalar product of(f+_}'+f;)with this unit vector is 1.

:>(f+j+£]-{2+’f}f+6';_y; E
: \E+4f“|.+44

. {ZJT,{}Jrﬁ—E y

VAT +41+44

ﬁM:iﬂi

= A" +44+44=(41+6)

= A +4d+44= 1" +124+36

= B84=8

= A=1

-

Hence, the value of A is 1.



Q 14:

If ﬁ_]', E,Eare mutually perpendicular vectors of equal magnitudes, show that the vector
a+b+cis equally inclined to c_r,fl and E.

Answer

Sinced. b, and € are mutually perpendicular vectors, we have

d-b=b-c=¢-d=0,

It is given that:

a|=p|=le|

Let vector &+ b +¢ be inclined to @b, and & at angles &, #,, and &, respectively.
Then, we have:

(a+b+5)'a_&-a+5-a+a.a

Cos E?I =

|d+£+éW4_ d+5+4w
_af .
~|a+b+2lal [6-a=¢-a=0]
@
|J+§+q
cos (2, =(E+€+E)'j; =c£-h'+f.h'+{i.;;
- |“7"+‘b+5|”| a+b+c-[b
f.?r -
=|E£+Em [C b= h:g]
|e:.F+h-+¢'-|
t-nsf?:=(LE+{{+¢:)'{‘:=E~E+.§I,E+5_—
tolavprale |@+5 +2|¢]
E:‘ i
=|§+E+E||E [U'i-—f‘r (,_{]:I

__ g

|Ei+.ﬁ +E|



Now, as id‘ =|F:;| =|c’
~ 8, =6,=8,

, cosé =cosd, =cosd, .

Hence, the vector(fi +b +c:)is equally inclined to @, b, and 7.

Q 15:
Prove that (;; + E]{a 2 5} = |E 5 +f;!_, if and only if a, b are perpendicular,

given a :ﬂ, h#0.
Answer

-

(a+B).(a+B)=laf +]p

S d-d+d-b+b-d+b-b= |r;r'|1 +|h-|: [ Distributivity of scalar products over addition |
= u'|2 +2G-b+ a’:l| = d|? +|h_|'1 [dwhr =b-a (Scalar product is mmlnutativa]]
& 2d-b=0

e d-h=0

~.d and b are perpendicular. [d #0, b =0 [:Given]]

Q 16:

If 6 is the angle between two vectors a and E , then ab =0 only when

T

(A) D{H-:%(B) 0<B<

2

(CO) D<B<n(D)D=B<=x

Answer
Let 8 be the angle between two vectors aandb.

Then, without loss of generality, @ and # are non-zero vectors so

that |d@| and b| are positive,



It is known that G-h =|ﬁ[|5‘cus€-
nd-b20
= |d[|b|cos 620

=cosf20 [\Et] and ‘5‘ are positive]

=0=0=

o |2

Hence, 5.52{] when()<g<

| A

The comrect answer is B.

Q17:

Let a and b be two unit vectors and@ is the angle between them. Then a+b saunt

vector f

2n

me=E@ o==)p=2() g=2E
4 2 3

w A

Ansgver B
Let @ and b be two unit vectors and@ be the angle between them.

Then, a| =B =1
Now, a+bisa unit vector fi;?-i'a =1

‘;54-3'-—-]

::-(54-5)' =1
::-(EH-B).{E:-:-B):I
= aa+ab+ba+bb=1

4

v 2aB+[p

L]

=1

= |a

=1*+2/al|blcos+1° =1

=1+2.1.1cosO+1=1

= cosb=——
2
2
«Tl
=>0=—
3

Hence, 5+5 is aunit vector if ,9:2_I.
3

The correct answer is D.



Q18:

The value of a(;xk)+j(ka]+k[fx;]ls
(A)0(B)-1(C) 1(D) 3

Answer

J(Jxk)+;(ka)+k(1x;)
:f»f+j-(—j)+!€-£
=I~_;'-j'+l
=1-1+1

=1

The correct answer isC.

Q19:

If @is the angle between any two vectorsr} and E, then Q?Jl: ‘c;xi?) when 8 isequal to

(A)oB)E (@)X (D)n
: 2
Answer

Let 8 be th e angle between two vectors gandh

Then, without loss of generality, ;:and S are non-zero vectors, so
that |d| and |b‘ are positive

55‘ = ng‘

= |a| Elcos{) =|§H5!sin(}

= ¢c0s0 =sinO [|E:\ and |5‘ are posilivc]
=tanb=1
=>0="

18
when 6 sequal to Z

He nce El?) = ‘c}x!;

The correct answer isB
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