Exercise 10.1

Question 1:

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

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

Question 2:

Classify the following measures as scalars and vectors.

(i) 10 kg (ii) 2 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 invelves only magnitude.

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

Question 3:

Classify the following as scalar and vector quantities.

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

(iv) velocity (v) work done

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.

Question 4:

In Figure, identify the following vectors.
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Answer

(i) Vectors dand ¥ are coinitial because they have the same initial point.

(ii) vectors? and 9 are equal because they have the same magnitude and direction.

(iii) vectors9and € are collinear but not equal. This is because although they are

parallel, their directions are not the same.

Question 5:

Answer the following as true or false.

(i} d and —4 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 dand 4 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

Question 1:
Compute the magnitude of the following vectors:

a=i+j+ki b=2i-7j-3k E=T
3

=
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-
-

Answer

The given vectors are:
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Question 2:
Write two different vectors having same magnitude.

Answer

Cunsidcrc_a=(.5—2j+3£) :111d5=[2;7+j—3£).
It can be observed that H: JUP+(=2) +3" =1+ 449 = JI4and
=20+ 12 +(-3)" =JA+1+9 =14,

Hence, 9 and b 3¢ two different vectors having the same magnitude. The vectors are



different because they have different directions.

Question 3:
Write two different vectors having same direction.

Answer

Cunsider?y=[f+}+£) and&=(2f+2_;+2f).

The direction cosines of p are given by,

/= ! _ | m= I _ ! and n = ! I
e+ 30 e VB JE+r 41 3

The direction cosines of ¢ are given by

2 2 1 2 2 1
[ = = = L m= = =—=,
2i+22 42t 23 B 2'+2°+20 23 B

2 2 1

P

dn= - -
e J2P 428420 293 B

The direction cosines of 7 and 9 are the same. Hence, the two vectors have the same

[

direction.

Question 4:

.’T r] e ".
Find the values of x and y so that the vectors 2i +3) and xi + yj are equal

Answer

a3 = E
2 +3) and Xi + 3/ il pe equal if their corresponding components are

The two vectors
equal.

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

Question 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,
PQ=(-5-2)i+(7-1)/
= E =—7i +6.}'
Hence, the required scalar components are -7 and 6 while the vector components are
~7i and 6].

Question 6:

Find the sum of the vectors@=1—2J+k. b=-2i+4j+5k and ¢ =i -6j -7k _

Answer

The given vectors are? =f—2}+£. b= —2.5+4j+5£ and ¢ = :’—6_}'—?.&;

nath+e=(1-2+1)i +(-2+4-6)j+(1+5-7)k
=0-i-4j-1k
=—4j-k

Question 7:

=t % A
Find the unit vector in the direction of the vector? =/ +J+2k .

Answer

L]
|2L

-
(]



v —

H'H'M is given by

The unit vector aj in the direction of vector |a| .

@l =P +1P +2° =J1+1+4=6

L. d :+j+2k |

L R e i L
Question 8:

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

Answer

The given points are P (1, 2, 3)and Q (4, 5, &).

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

PQ|=V3 43743 =049+0 =27 =33

Hence, the unit vector in the direction of I:'Qis

PQ _3i+3j43k 1, 15 1
rQl 33 3 B

Question 9:

k

For given vectors, ¢~ 2i—j+2k gng b=-i+j-k , find the unit vector in the direction

of the vector d+b

Answer

The given vectors are a= ZJi_«"Jrz"l‘f:-ln(:lf"' =-i+j-k .

a= ’f—j+2£
b=—i+j—k
sash=(2=1)i 4 (=141)j+(2=)k=1+0j+ 1k =i +k

|d+5\=«.f|’+|’ =2

(a+5]
Hence, the unit vector in the direction of is
| -

(a'+b')_,-‘+;;_]_,
2R

Question 10:

5i —}"+2f£

Find a vector in the direction of vector which has magnitude 8 units.

Answer

Letd=>5i — j + 2k.

i =5 (1) +27 =25+ 1+4 =430

R_E_Sf’—j#ﬁ

Sd= |d| = T

Hence, the vector in the direction of vectorSi —J+2k

which has magnitude 8 units is

given by,
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40 8 5 16,
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Question 11:

Show that the vectors 2i =3/ +4k and —4i +6/ -8k are collinear.

Answer

Letd=2i—3j+4k and b = —4i + 6 - 8k.

It is observed that b = —4i +6}‘ ~8k = —2(2.3 - 3j‘ +4.’;) =-2d
sb=Ad

where,

A==2

Hence, the given vectors are collinear.

Question 12:

Find the direction cosines of the vector ' * 2j+3k

Answer
L-Bld’=f-+2}+3£'.
sla| =V +22 43 = 14449 =14

1

14

£l

)

£
5

2 [
Hence, the direction cosines of

Question 13:
Find the direction cosines of the vector joining the points A (1, 2, -3) and
B (-1, -2, 1) directed from A to B.
Answer
The given points are A (1, 2, -3)and B (-1, -2, 1).
L AB=(=1-1)i +(-2-2) j+ {1-(-3)} k
= AB=-2i -4j+4k

~JAB| = (-2) +(-4) +4 =JA516+16 =36 =6

2 44 [l 22]
6" 6'6]- 3" 373)

Hence, the direction cosines of AB are [

Question 14:

]

Show that the vector ' T/ ¥/ g equally inclined to the axes OX, OY, and OZ.

Answer
Letda=i+j+k.
Then,

@ =P+ +1P =3

. 11 1 ]
a are [_1_1_ .
Therefore, the direction cosines of Ji ﬁ Jg

MNow, let a, B, and ybe the angles formed by d with the positive directions of x, y, and z

dxes.

| 1
cos@¥ =—,cos ff =——,cosy = .
Theaen wa havwa J?_’ "ji ‘ \J"i
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Hence, the given vector is equally inclined to axes OX, OY, and OZ.

Question 15:

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

t AL e iak
whose position vectors are ! ¥4/ kand —i+j+k

respectively, in the ration 2:1
(i} internally
(ii) 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
ii. Externally:
mb - na
m—n
Position vectors of P and Q are given as:
UP=.5+2,;'—!; and U{jz—:’+}+.§
(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(—5+,}+!§)+ I[f+2}—!‘$) (—Zf +2_F+2£)+(f+2.}—kh)

OR
2+1 3
=-1+4.;+£— =—lf+4}'+|£
3 3 3 3

(i) 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,

o2 jeh)-a(i2)-A)

0 - =(-2i+2j+2k)-(i +2]-4)
=-3i +3k
Question 16:
Find the position vector of the mid point of the vector joining the points P (2, 3, 4) and Q
(4,1, -2).
Answer

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

(27 +37+4k)+(4i +7-2k) (2+4)i+(3+1) j+(4-2)k
2 - 7

-

OR =

=3

6 +4)+2k
- )

+2}+§

Question 17:

Show that the points A, B and C with position vectors, ¢ = 3i—4) -4k ,

b=2i-j+kandc=i-3j-5k, respectively form the vertices of a right angled triangle.
Answer

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

G=3-4j-4k, b=2i—j+kandé=i-3]-5k



G=3i-4j-4k, b=2i-j+kandé=i-3]-5k
FAB=b-a=(2-3)i +(-144) j+(1+4)k =i +3]+5k
BC=¢-b=(1-2)l+(-3+1)j+(-5-1)k=—i -2] -6k
E=(3-1)i+(—4+3)j+(—4+5)k=2—j+k

g

=
I

=T
|

=(-1) 43 +5" =1+9+25=35

|ﬁ|: = (1) +(=2) +(=6) =1+4+36=41
|CA'\: =24 (=1) +F =4+1+1=6
- |AB[ +[cA[ =36+6=41=BC|

Hence, ABC is a right-angled triangle.

Question 18:

In triangle ABC which of the following is not true:

A B

A. AB+BC+CA=0
B. AB+BC-AC=0
c. AB+BC-CA=0
p. 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.
Now, 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



— 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.
Question 19:

If a and b are two collinear vectors, then which of the following are incorrect:
A. b 2'15, for some scalar A

B. a= +h

C. the respective components of aandb 5re proportional

D. both the vectors aandb have same direction, but different magnitudes

Answer

1f @ and b zre two collinear vectors, then they are parallel.

Therefore, we have:

b=Aa (For some scalar A)

IfA = +1, then @=1b
If g = a,f + .f.-:.;r' + ajk" and b=bi + b:} + b.JE. then
b = Ad.
= bi +b,j+bk=A(ai+a,j+ak)
= bi +b,j+bk =(Aa,)i +(2a,) j+(Aa,)k
= b =Aa.b, = Aa,.b, = Aa,
b b, b

:,'b—:—':—:,;_
a, a, a,

Thus, the respective components of dand 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

Question 1:
Find the angle between two vectors @ and ? with magnitudes‘ﬁand 2, respectively
hav]nga‘b = J'E_:-

Answer

It is given that,
|rf| = sﬁ, |.-':| =2 and, a b= JE

a-b =|alp

cos @
MNow, we know that .

-6 =3x2xcosO

6
J3x2

S
V2

= cosll =

= cosf =



—0==1

n
Hence, the angle between the given vectors dandbis4.

Question 2:

Find the angle between the vectorsf' 2j+3k and 31 =2/ +k

Answer

The given vectors are¥ = i-2j+3kandb=3i-2j+k .

ld|= 1 +(=2) +3* =V1+4+9=14
|~ (2 +F AT =T
Now, b =(i-2j+3k)(3 -2j +k)
=1.3+(-2)(-2)+3.1
=3+4+3
=10

a-b =|ﬁ||5‘cns€
Also, we know that .

.‘.Iﬂ:-fl—-tl\irﬁcosﬂ

=:w.:':osnf?=m
14

a5
= ! = cos "=
s (2)

Question 3:

-

Find the projection of the vector! =/ on the vector! /.

Answer

Mow, projection of vector@onb is given by,

ﬁ(:iﬂ) =ﬁ{u NEY =%(1— 1)=0

Hence, the projection of vector aonb is 0.

Question 4:

Find the projection of the vector'- +3/+7k on the vector?j —J+8k .

Answer

Let@=1+3]+Tk ,  b=7i—]+8k

Mow, projection of vector@onb is given by,

7-3+56 60

| 1
a(a.b)zmgl{?hﬂ—lh?(8)}=J49+l+64=m

Question 5:

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

%(2f+ 3 +6£}.%(3f—6}+2£).%[6f +:1}-3£)



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

Answer

lie a2 2. 3. 6-
Letd=—(2 +3]+6k)==i+2j+2k,
a=3(@+3js6k)=3T43i43

E=%(3l-6j+2i2)=?:-g}'+;k,
E=$(6r+2}—3£)=—:+£;—%£.

49 49 19

; [6): [2]“ ( 3): 36 9
El=l=| +|=| +|-= %, 4.9 1
7 7 7 49 49 49

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

6

7

[2)3 9 36 4
N _

L 2.3 3 (-6),62 6 18 12
d-b=—x—4—x|—|[+-xz-=—-—+—=
77 7\.7) 77 49 49 49
. 3.6 (6] 2 2 (-3} 18 12 6 _
he==x—+|— |x=4=x| — |=————-—
77 7 77 7)) 49 49 49
__6223[—3]612618
Cd=s—X—+—X—+| — |[x—=—+———
77 77K 7)7 49 49 49

Hence, the given three vectors are mutually perpendicular to each other.
Question 6:

3 .';l i+b)(a-bh)=8and a'=R|E|
F'|nd|u|and| s '|f{ ) ( ) | | .

Answer

= JE [Magnitude of a vector is non-negative|

oglp 8222 1612
A== F

Question 7:

Evaluate the p»rodl_u:t(?“;r —55}-(25 ! ?5].

Answer

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



=3d-2a+3a-7h-5b-2d-5h-7h
=6d-d+2lda-b—10a-b-35b-b
=6fal +11d-6 - 35|p[
Question 8:

Find the magnitude of two vectorsd@ and b , 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@ and b.

| =|b|. d-b=,and 6 =60°. (1)

It is given that 2
We know th.=_|t5q’!J =|&”b|cns.9.
.'.%=|ﬁ||&'|ms&[]° [Using (l]]

1 1
===\ X—

2 2
=la|’ =1
= a|=[p|=1

Question 9:
Find|i|, if for a unit vectora' [f—&)-(i"+5]=l2.
Answer
(¥-da)(¥+a)=12
=S¥ X+x-a-a-x—-a-a=12
=¥ -|a|’ =12
=:r|.i"|l -1=12 [|ﬁ| =1 as a is a unit vector}
=i =13
~ |5 =13
Question 10:

[d=2i+2j+3k, b=—i+2j+kand ¢ =31+ o c.ch thatd+ 4P i perpendicular to€ ,

then find the value of A.

Answer

The given vcctorsarcr?=2f+2j‘+3ﬂ:. i;=—.:+2_,;+l1:. and ¢ =31 + .
Now,

i+ 2b =(20+2+3k)+ A(~i +2j+k)=(2-2)i +(2+22) j+(3+ 2)k
If (a+ .PJ;) is perpendicular to ¢, then

(@+4b)-c=0.

=[(2-2)i +(2+22) j+(3+2)k |-(31+ ) =0
=(2-4)3+(2424)1+(3+4)0=0

=>6-34+2+21=0

=>-A+8=0

= A=8

Hence, the required value of A is 8.



Question 11:

az:'+|.a"c; d£—|b'|a . T
| | | | , for any two nonzero vectors@ and b

Show that is perpendicular to

Answer
“filf; + |h‘a] (|n|h —|f;‘ti)

" b-b~l[b|5 -+ |p||ala -5 ~[5[ a-a

=|a'
= af e[ ~[e[ la
=0
lalb+|pla__|a|b~||a _
Hence, and are perpendicular to each other.

Question 12:

ia-a=0anda-b= 0, then what can be concluded about the vector? 2

Answer

It is given thatd-d =0 anda-b =0
Now,
d-d=0=ld =0=a=0

. d IS a Zero vector.

Hence, vector P srcltisf\_.'ing‘3HJ =0can be any vector.

Question 14:

If either vector @ =ﬁ UI'E = ﬁ . thena‘g =0, put the converse need not be true. Justify
your answer with an example.

Answer

Consider G =2 +4j+3kand b =37 +3 ] - 6.

Then,

E-5=2.3+4,3+3(—6}=6+12 ~18=0

We now observe that:

al=v2'+47 43 =429

sa#0
‘5| =3 +3 +(-6)" =54
~2bh=0

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

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

then find OJABC. [LJABC 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 JABC is the anale between the 's-fet:ti:nrsﬁ and BC .
BA = {1-(~1)}i +(2-0)j +(3-0)k =2/ + 2+ 3k

nre_fn f NI o AvIofe evE_ T T AL



BU = U = TSV T R =1 T2
ZBABC=(21+2j+3k)-(i +j+2k)=2x14+2x143x2=2+2+6=10
BA|=2"+27 13" =4+ 419 =17

BC|=v1+1+2" =6

Mow, it is known that:

BA-BC =[BA|[BC|cos( £ABC)

210=17 x\J6 cos( ZABC)
10

V17x6

= 4ABC=cos"[i]

J102

= cos( ZABC ) =

Question 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, €, 3), and C (3, 10, -1).

W 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 =2/ +8 -8k
‘A_.B|= JE+4 +(—4) =V1+16+16 =33
\ﬁ\=1/11+41+(-4)3 =J1+16+16 =33

AC| =T 48 8 = A+ 64 764 = i3 =253
|A('t| = |AB|+[BC|

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

Question 17:

2i—j+k, i-3j-5kand 3i -4

Show that the vectors J -4k form the vertices of a right

angled triangle.

Answer

Let vectors 2i—j+k, i=3j—5k and 3i -4/ -4k be position vectors of points A, B, and C

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

MNow, vectors E'B_C‘ and R represent the sides of AABC.
i, OA =2/~ j+k, OB=i-3]-5k and OC=3i -4 -4k
CAB=(1-2)i +(-3+1) j+(-5-1)k =~ -2/ -6k
ﬁ'=(3—l]f+(—4+3)}+{—4+5]£=2f—}‘+E

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

AB|= (-1 +(-2)" +(-6) =VI+4+36 =41

|ﬁ‘ =2 +(-1) +F =a+1+1=46
AC| = (1) +3° + 5 =\1+9+25 =35

.-.|Bc*r +|Aér —6435= 41=|Aér




Hence, AABC is a right-angled triangle.
Question 18:

If9is a nonzero vector of magnitude "a’ and A a nonzero scalar, then A9 is unit vector if

(A)A=1(B)A=-1(C) a=4|
G—L

o M

Answer

= Ad|=1
vector 44 is a unit vector '|f| | .

Now,
Aal=1
= |4lla|=1
g |
= |d| = W [4#0]
=a= ﬁ [|u| = u]
|
a=—
Hence, vector Ad is a unit vector if |l| .

The correct answer is D.

Exercise 10.4

Question 1:

axB| Goi-7jerk b =3-2j42k

Find
Answer

We have,

;zf-?}+?'£and5=lf—2j+2£
k

b =~ =
L

i
axb=|1 -
3

=i(-14+14) - j(2-21)+k(-2+21)=19/ +19%

“faxB=J19) < (19) =\2x(19) =19V2

Question 2:

Find a unit vector perpendicular to each of the vector a+bang “_b, where
a=3i+2j+2k j qb= i+2j-2k
Answer

We have,
a=3f+2j+2k—and5= f+2}'—2£

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

(a+B)x(a-)-

k

J
4 0|=i(16)- j(16)+k(-8)=16i 16, -8k
0

2 e o

0
4

“|(@+B)x(a-b) = 16+ (~16) + (-8)

1'1:..01 . a2 .0l . ol




=YWL KD tTL XD TO
=82 +2 +1=8/9=8x3=24

Hence, the unit vector perpendicular to each of the vectors a+banga—b s given by the

relation,

=i(‘7+5)"(‘_'5}= 167 16 -8k
(asi)e(ap)

-‘—“2‘-_?_&1%&%}%&

Question 3:

T L
- - b= . p
If a unit vector ¢ makes an angles 3with 4 with / and an acute angle 8 with k , then

find 8 and hence, the compounds of .

Answer

Let unit vector ¢ have (a,, 3., 8;3) components,

O d=aji+a,j+ak

) o ) al=1
since 9is a unit vector, l l .

T mw

i.—

Also, it is given that @ makes angles 3with 4 with / , and an acute angle 8 with k-

Then, we have:

Toa
cos— = —
3 a

=1l.a [la|=1]

2 -
d,
cos—=—=
4

Also, cosf = ﬂ
dl

= a, =cost

Now,

ja| =1

= Ja’+a,’ +a’ =1

= (%J +(%]2 +cos’B=1

:>1+]+¢0339=l
4 2
:‘:-i+c0539=1
4
:>CDSIB=|-E=l
4 4
::n;:raslihl=:'r|3=’r
2 3
n |1
d, =C08— = —
i 2



9:

Hence,

b | —
M

EQJH
-

and the components of aare[

W s

Question 4:

Show that

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

Answer

(a-F)<(a+)

=(d-b)xa+(d—b)xb [By distributivity of vector product over addition|
=dxa-bxa+dxb-bxb [ Again, by distributivity of vector product over addition |

=0+dxb+daxb-0
=2Gdxh

Question 5:

Find A and p (2?+6}+27£]x(f+1}+u§)=6.

Answer

[2::+6}+2?i:}><(f+ A}'+,u£] =0

P
=2 6 27 |=0i+0j+0k
I A u

= [ (6u—274) - 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=>4A=3

2u-27T=0= u=

(3]
0|13

A=3and u= 2—T
Hence, 2

Question 6:

Given that 4°0=0andaxb=0_what can you conclude about the vectors aand b ,

Answer
a-bh=0
Then,

|= 0 ‘E| =0 alb {in case @ and b are nnn-zem)
or \

(i) Either ja@

axb=0

ar
B a=0_[B|=0 b (incase a and b are non-zero)

(ii) Either or , ar

But, dand b cannot be perpendicular and parallel simultaneously.

lsl=0 |bl=0



Hence, ™ “or! |

Question 7:

a, b ai+ayj+ak, bi+b,j+bk, ci+c,j+ek

Let the vectors » € given as . Then show

=a'rx(5+c‘)=a‘x5+dxé
that

Answer

We have,
d =a1f +u:_,?+u,£:., b= b1;+b2j+b1£, ¢ =c,f+.:'2}'+ L'JE
(b+&)=(b+c,)i+(b,+c,) j+(b+e; )k
i j k
Nuw.dx(ﬁ+é] a a, a,
b+e b+e, bi+te
=.;[uz(b_,+c3:l—u3(b1+¢'1)]—}[ul{h]+c}}—a3[:b|+r:]):|+1:[a1(h1 +c2}—u= [hl+cL)]

= ;[azh] +aye, —ah, —aye, |+ }[—alh_, —agc, +ah +aye |+ J;[a::c,h2 +ac, —ah —ae,] ..(1)

i ik
Gxb= a a, a
b b b
=i[ab, -ab,]+ j[ba, -ab)+k[ab, -ab]  (2)
i] ok

axc=|a, a, a,

C, C.

.
G 2 3

=i[ae, ~ac,)+ j[ac —ac, ) +k[ac.-ac]  (3)
On adding (2) and (3), we get:
{Ez x 5) - (c_: X E) =i[ab, +ayc, —ab, —ac,)+ j[bha, +ac, —ab, —ac,]
+k[ab, +ac, —ab —ax,] (4)
Now, from (1) and (4), we have:
ax(b+é)=axb+axé
Hence, the given result is proved.

Question 8:

If either 4 =00rb=0, then“"b =0 . Is the converse true? Justify your answer with an
example.

Answer

Take any parallel non-zero vectors so that“xh = U.

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

Then,
iJok

axb=12 3 4=7(24-24)-j(16-16)+k(12-12) =0 + 0]+ 0k = 0
4 6 8

It can now be observed that:

la|=v2% +3* +4° =29
na#0

l6l= V& + 67 +8 =116



11
~b#0

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

Question 9:
Find the area of the triangle with vertices A (1, 1, 2}, B (2, 3, 5) and
C (1,5, 5).
Answer
The vertices of triangle ABC are given as A (1, 1, 2), B (2, 3, 5), and
C(1,5,5).
The adjacent sides AB and BC of aABC are given as:
Am =(2-1)i+(3-1)j+(5-2)k=i+2]j+3k
BC =(1-2)i +(5-3)j+(5-5)k=—i +2]
=1\AB'ch‘\

Area of AABC 2

i
AB xBC=|1

-1

- [AB xBC|= (-6) +(-3) +4" = 36+9+16 = V61

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

| S T S
= Ly &,

. 6l .
1s—— square units.
Hence, the area of AABC

Question 10:

Find the area of the parallelogram whose adjacent sides are determined by the vector
a=i-j+3kandh=2i-7j+k

Answer

The area of the parallelogram whose adjacent sides are aand b is|de|.
Adjacent sides are given as:

a=i-j+3kandb=2i-7j+k

- - -

iJ ok
saxb=1 =1 3/=i(=1421)- j{1-6)+k(~7+2)=20i + 5] -5k
2 -7 1

axb|= J20° +5° + 5 = J400+ 25+ 25 = 152

Hence, the area of the given parallelogram '|sls‘fE square units

Question 11:

1 V2
and 13 an = enind
Let the vectors Yand v be such that 3 , then@*® js 3 unit vector, if

the anale between ¢ and b is

T m om0
(a) 6(B) 4(c) 3(D) 2
Answer
@ =3 and \E\:E

3

Tt iz niven that



P LL L

axb =|d

.';|sin A - p
We know that , where Mis a unit vector perpendicular to both  and

b and @ is the angle between a and“' .

_ = axqﬂ
Now, @%b s a unit vector '|f‘ .

jaxb|=1

= || sin @[ =1
=>a|p||sin ] =1
ﬁSx%xsin&‘:I

|
=sinf=—
5 JE

—g="
4

n
Hence, axb is a unit vector if the angle between 4 and b is4.

The correct answer is B.

Question 12:

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

—f+l_}+4£.f+l}+4§.i-—lj+4£ —f—l_}+4£
2 2 2 and respectively is
1

(A) 2(B) 1

(©)2 (D)4

Answer

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

OA =i+ j+k, OB =i+ j+dk, OC =i j+4k, OD=—i -1 j+4k

The adjacent sides!’t—B and BC of the given rectangle are given as:

ﬁ=(1+l)f+(;—1]}+(4—4}£=2f

-

B{f:{l—l)f+(—l—';]j+[4—4)f?=—}'

2 2
i ]k
~ABxBC=2 0 0/=k(-2)=-2
0 -1 0

=J(-2) =2

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

|Exﬁ

I.'}xf;

gandb

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

The correct answer is C.
Miscellaneous Solutions



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

Answer

If Fis a unit vector in the XY-plane, then © = €08 i +sind).

Here, 6 is the angle made by the unit vector with the positive direction of the x-axis.
Therefore, for 8 = 30°:

— ot L o _ T ]
F=cos30% +sin30°; = > I+Ej

Vi. 1.
—i+=]
Hence, the required unit vector is 2 2

Question 2:

Find the scalar components and magnitude of the vector joining the points
P(x,. ¥ z) and Q(x,, »,, 2,)
Answer

P(-tls Y 7)) andQ(xl, Y3s 2,)

The vector joining the points can be obtained by,

Ptj = Position vector of Q — Position vector of P
=(x,—x)i+(3-3)i+(z-2)k

|ﬁj‘ = J(,rz -x ]: +( ¥, —}'1]: +(z, -2 ):

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

y

are respectively {I:J.‘_. =% )'(.V: =V }»':'-'3 —Z )} and J(I: =X ): +(J"£ =N ): +{:2 _:I)

Question 3:

A girl walks 4 km towards west, then she walks 3 km in a direction 302 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
E B
"“F\-\ Yy
w VA GDP =K
A dkm 0 o
“S

MNow, we have:
OA = —4i
AB=i ‘A}i|cns 60° + ‘}"ABI|sin 60°

V3

L
2

- -~ =



2 T AN K

=—f4+—o7/]
2T
By the triangle law of vector addition, we have:
OB = 0A + AB

(i) [5;+ij]
f4+‘y+5£j
[—8+3J;+§%§}

5

-5-3J1
2

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

5. 33 .

—_ _;

2 2

Question 4:

- o a =‘:’J|+ ¢
1fd=b+C  then is it true that | |? Justify your answer.
Answer

In AABC, let CB=d, CA=5, and AB=¢ (as shown in the following figure).

Mow, by the triangle law of vector addition, we haved =b+¢

H,ELmdp

It is clearly known that 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.
= <:|.-§|+|E|

|ﬂ=w+m

Hence, it is not true that

Question 5:

x[f+}'+.§)

Find the value of x for which is @ unit vector.

Answer

1[;+;+ﬁ:) ‘.‘cl{f+}+f£)|=l.

is a unit vector if

Now,
|.r(f +j+ k) =
=i+ x’ +x’ =1




Hence, the required value of x is 'ﬁ .

Question 6:

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

Answer

We have,

G=2+3j-kandb=i-2j+k

Let€ be the resultant of @ and 5

Then.

E=d+b=(2+1) +(3-2)j+(-1+1)k=3i+]

LJé[=V3 + 1P = o1 =410

. @ [3.!‘ +J']
c=—==
el Vio
Hence, the vector of magnitude 5 units and parallel to the resultant of vectors aandb g
. 10i 10 -
t5-c=15- 3V10 tJ_O .

ﬁ(sm):i 0]
Question 7:

4= f+j‘+j_:* b= 2‘?'}"'3“': and ¢ = ':'2»'?'”‘:, find a unit vector parallel to the
vectorza_g"’-”‘_:.

Answer

We have,

d=i+j+k. b=2i-j+3kandé=i-2]+k

2i—b+3¢ =2(+ j+k)-(21 - j+3k)+3(i -2]+k)
=20 +2]+2k-2i+j-3k+3i -6 +3k
=3i-3j+2k

265 +3c|= 3 +(-3) +2° =019+ 4 =22

Hence, the unit vector along 2a-b+3¢ is

2i-b+3é _3i-3j+2k _ 3 . 3 [
Ra-b+3 2 Vm2 y2'Tm

Question 8:

Show that the points A (1, -2, -8), B (5,0, -2) and C (11, 3, 7) are collinear, and find
the ratio in which B divides AC.

Answer

The given points are A (1, -2, -8), B (5, 0, -2), and C (11, 3, 7).

ZAB=(5-1)i +(0+2) j+(-2+8)k =4i +2] +6k
BC = (11-5)i +(3-0) j+(7+2)k =6 +3]+9%k
AC=(11-1)i+(3+2) j+(7+8)k =10i +5]+15k
AB| =47 +27 46" =\16+4+36 =56 =2\/14
|ﬁ‘= 6'+3 +9° =36+9+81 =+/126 =314

I=—=l e == = fFen == === = - =




|AL’|:\HU'+D' +107 =100+ 23+ 225 =+/330 =3v/14

|AC'

= ‘AB'|+‘B£;|
Thus, the given points A, B, and C are collinear.

Mow, let point B divide AC in the |'.E|t|'-:1"l i1 Then, we have:

. A0C+0A
BTy
s M 374 7k) (2] -8)

A+l
::,(,m)[s;‘—zs?): 1147 +34) + 70k +i -2 -8k
=5(2+1)i =2(A+1)k=(112+1)i +(32-2) j +(72-8)k
On equating the corresponding components, we get:

5(A+1)=112+1

= 5A+5=111+1
=6i=4
:a-ﬂ.:—:E

6 3

Hence, point B divides AC in the rat'u::2 :3.

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

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

Answer
It is given that OP=2d+b, OQ=a-3b
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) _da+2b-a+3b

OR = =3i+5h
2-1 1

Therefore, the position vector of point R is3d+5b
O(j+()[i
Paosition vector of the mid-point of RQ = 2
(a-38)+(3a+5b)
- 2

=2d+b
=OP

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

Question 10:

The two adjacent sides of a parallelogram are2f =4/ + Sk and ! -2j -3k .

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

Answer

Adjacent sides of a parallelogram are given as: d=2i-4j+5k andb =i=2j-3k

=S X



Then, the diagonal of a parallelogram is given by¥ ™¢ |
G+b=(2+1)i +(-4-2)j+(5-3)k =37 -6+ 2k

Thus, the unit vector parallel to the diagonal is

d+b 3i-6j+2k  3-6j+2k 3i-6j+2k 3. 6

>
a+B| [Fi(eyez or36sd 7 =777

| o
~- Area of parallelogram ABCD =

i j ok
ixh=[2 -4 5
1 =2 -3

=i(12410)— j(-6-5)+k(-4+4)
=22i +11j
=11(2i + )

.-.|&><f§\=||J22+12 =11J5

Hence, the area of the parallelogram is] l"@ square units.
Question 11:

Show that the direction cosines of a vector equally inclined to the axes OX, OY and OZ
4 1 1

are V3 V373

Answer

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

Then, the direction cosines of the vector are cos g, cos a, and cos ag.

Now,

cos’ @ +cos’ a+cos @ =1

= 3cos’ =1

= Ccosa =

-

=1

Hence, the
1 1 1

are\ﬁ‘ ﬁ’ E

irection cosines of the vector which are equally inclined to the axes

Question 12:

a=i+4]+2k b=31-2j+7k =20 j+4k

Let . Find a vector dwhich is

perpendicular to both @and b anded =15

Answer

L pd=di+dj+dk

sinced is perpendicular to both@and P , we have:

d-da=0

=d, +4d, +2d, =0 (i)
And,

d-b=0

= 3d,-2d,+7d, =0 (i)

Also, it is given that:

é-d=15



= 2d, ~d, +4d, =15 ...(iii)
On solving (i}, (ii), and (iii), we get:
70

4= 4 -2 anda=--12
3 3 3

o5.160- 5. 70, 1 LY
nd===i-3] qk-3(160: 5] - 70k}

! 160 -5 - 70k )
Hence, the required vector is 3 .

Question 13:

The scalar product of the vector! J +"r"w'|th a unit vector along the sum of vectors

2i +4j -5k and Al +2j+3k is equal to one. Find the value of 4.

Answer
(2f+4j—5£]+(if+ 2_,?+3!E]
=(2+4)i+6] -2k

(2f+4j—5;2]+(,1."+ ::j'+3;2]

Therefore, unit vector along is given as:

(244)i+6j-2k  (2+A)i+6j-2k (2+4)i+6j-2%k
J2HA) +6 (-2 VA+4i+07 43644 VAT +40+44

(f + fb f)
Scalar product of ' with this unit vector is 1.

(2+A4)i+6j-2k
T VAT +44+44 B
(2+44)+6-2
:m=i+ﬁ

= A2 +44+44=(1+6)’

= A +44+44=1"+121+36
=81=8

= A=1

:>(.-’+.}+IE)

= 1

Hence, the value of A is 1.
Question 14:

If “’b’care mutually perpendicular vectors of equal magnitudes, show that the vector

atb+cig equally inclined to abgnge

Answer

are mutually perpendicular vectors, we have
ab=b-c=¢-a=0,

It is given that:

i~k

&, &, and &

a,b, and ¢ ‘respectively.

Let vector 4+P+C pe inclined to at angles

Then, we have:

(i+5+2)-d G.a+b.g+c.a
cosH = ‘ =

i+b+éla  |a+b+d|a

=L [h.i=c.i=0l



|a+b+5|§ L B N
_ e
_‘5+5+e‘
cos =(-}+£+E)'E=rf'ﬁl+5-b‘+.f-};
: ‘a+5+€”5 a+5+g_|g
5 -7 =
|c-l+b-+E‘ |b‘ [.r..r J'J=t.-a‘)_(;:|
|ET
=‘L¢‘+5+L‘

(i+6+8)¢ Goewbcvec

Co08f, = F————F— =
|n' +h +c“c |a+h+c‘|c
e -
= [ac:b-c:ﬂ]
‘{ +6+1‘(
B ¢
‘F+E+F‘
J5‘|=|*" =IE| cost =cost, =cost
Naow, asl , 1 2 3,
~6,=0,=06,

a+b+é =i =
Hence, the vector( )is equally inclined to a,b, and ¢ .

Question 15:
(a+B)(a+b)=|a +[g

b b

Prove that , if and only if ¥ ?are perpendicular,

givend# 0. B#0_
Answer
(a+B)(a+5)=|a +

5

b

e d-d+da-b+b-d+bh-b= |d|: -u-|p':"2 [Distributivity of scalar products over addition ]

& |d’ +2d-b +|b": =ld" + |b‘ [a‘r-hv =b-d (Scalar product is mnunutau've}]

& 2i-b=0
e d-b=0
~.d and b are perpendicular. [d;ﬁ, b#0 {Given)]

Question 16:

If 8 is the angle between two vectors 9 and b, then abz0 only when

[}~:B~:£ DEB&E
(A) 2 () E
(C} G{B{I(D} D<B<x

Answer
Let 8 be the angle between two vectors dandbh.
Then, without loss of generality, 9and b are non-zero vectors so

a| and |B| are positive
enatll 4 P
a .



_ évE=|ﬁ||5‘cos9
It is known that .

na-b=0
= |a"||.';‘cns{}‘ =0
=cosf =0 [|a'| and |E‘ are pnsitive]
—0<0<t
2
. 0<a<™
Hence, abh 20 yhen 2,

The correct answer is B.

Question 17:

Let @and D be two unit vectors and8 is the angle between them. Then a+bis a unit

vector if
=" 9= =T g_27
w 4@ 30 2o 3
Answer

Let @and P be two unit vectors and@ be the angle between them.

Then, |a|=‘5‘ - ].

- T E-+5|=]
Now, @+Pis a unit vector if .

a+b|=1

=(a+B) =1
:>(&+B].(;r+f:)=l
=aa+ab+ba+bb=1

:\auz;m\sr:]

=1 +2|§r”5lcos{}+13 =1

=1+2.1.1cos0+1=1

1
= 080 =——
2
2n
=0=—
3
2n
- . g="=
Hence, a+bis a unit vector if 3,

The correct answer is D.

Question 18:
The value of ,(jxk)+4’(“‘k]+k[:x_;}

(A)o(B)-1(C)1(D)3

Answer
f.(}xf;)+}.{5x£)+£.[ij}
=ii4jo(=7)+k-k

is

=l—_,;‘-j+1

=1 _T11



=1

The correct answer is C.

Question 19:

- 5 |;’5 =|;XE‘
If 8 is the angle between any two vectors @and?, then
e n
(A)0 (B) 4(c) 2(D)n

Answer
Let 8 be the angle between two vectors dandb .
Then, without loss of generality, 9 and b are non-zero vectors, so

|¢i| and ‘b| are positive

that
G-bl = ‘.:'i * b‘
= |iil[b| cos 0 = a|B]|sin 0
=> c0s0 =sin0 [|E.r| and ‘5 | are posilivc]
=tan0=1
= 0= T
4
a| | = T
lab|=|axB _ n
when Bisequal to % .

Hence,

The correct answer is B.

when Bisequal to



