Class XII Chapter 10 - Vector Algebra Maths

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

Answer
North Scal
A p Scale
10 &km
04
=
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Y

South

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

Classify the following measures as scalars and vectors.

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

(iv) 40 watt (v) 10™*° 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) 1071° coulomb is a scalar quantity as it involves only magnitude.

(vi) 20 m/s2 is a vector quantity as it involves magnitude as well as direction.

Classify the following as scalar and vector quantities.

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

In Figure, identify the following vectors.

a

—

¢

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

(i) Vectors dand 9 are coinitial because they have the same initial point.
(ii) Vectors b and d are equal because they have the same magnitude and direction.

(iii) Vectors @and € are collinear but not equal. This is because although they
are parallel, their directions are not the same.

Answer the following as true or false.

(i) dand ~9are 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 9 are parallel to the same
line. (ii) False.

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




Compute the magnitude of the following vectors:
IR T ] w: b om
a=i+j+k. b=2i-T7j-3k: i+ J——=

B BB
Answer

The given vectors are:

¢};f+_}'+l;; 5:2:"—7,;‘—3&; E=—=i+ —,;—

al=\(1) +(1) +(1)" =3
b :\;(z')'+(—7)3+(—3)3
4+49+9
=62

A‘ ) [] \2+(| \2+[._I \2
WS \_\/S‘J By

I I
= [—+=—+==1
S

Write two different vectors having same magnitude.
Answer

Consider a=(i —2j+3k ) and b= (2? +J-3k).
1= ,’—
It can be observed that |a|= \fl‘ +(-2) +3" =J1+4+9=+14and

=2+ +(-3) =Ja+1+9 =14,

Hence, ¢ and b are two different vectors having the same magnitude. The vectors
are different because they have different directions.




Write two different vectors having same direction.

Answer
Consider ; = (f + ]+ A) and c; = (2/T +2]+ 2k )

The direction cosines of p are given by,

/ 1 I 1 I ad I I
R m= ==, dan=-—-= .

o » < > e 9 ok I y >

VEAE+1 V3T JPsrer B e+ B
The direction cosines of ¢ are given by
2 2 1 2 2 I

/,— —._____ — = .m= = —— ~'_ - —

V22427427 23 B V2042427 243 B

2 2 1

and n= =—=—,

|

V22423420 2Y3 3

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

el I
Find the values of x and y so that the vectors 2/ T3/ and X/ +j 5o

equal Answer

& fus & oa
The two vectors 2/ T3/ and Xi + 3/ \vi| be equal if their corresponding components
are equal.

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

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)]
=>PQ=-7i+6)
Hence, the required scalar components are -7 and 6 while the vector components are

~7i and 6.




Find the sum of the vectors

a=i-2j+k. b=-2i+4j+5kand c=i~-6j-Tk pncer

The given vectors are ¢ = i=2j+k. b==2i+4j+5kandc=i-6j-Tk

na+b+e=(1-241)i +(2+4-6) j+(1+5-7)k
=0-i—4j-1-k

=-4j-k

Find the unit vector in the direction of the vectora =i+ 2/".
Answer

a

The unit vector “in the direction of vector ¢ i+ /+ 2k i is given by d = | 1[
—— C
dl=vP +P+2 =1+1+4=46
. d i+ ‘+2k 1o 203
W, P = B el R ——J+—k

‘ci[ \/E \/5 V6 \/6

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.

Answer
The given points are P (1, 2, 3) and Q (4, 5, 6).
. PQ=(4 —1),+(w—ﬂ),+( —3)k=3i+3]+3k

POl =32 +32 437 =0+9+9 =27 =33

Hence, the unit vector in the direction of Qis

) 34343k _ 1. 1 - 12
PQ_)I+_1+)/\=_|_I.+_|_,,+_| i

PQ 33 B BT

L]




A -~

G=20—j+2k g b=—i+j—k

For given vectors, : , find the unit vector in the direction

of the vector @+ b
Answer

The given vectors are @ =2( —J+2Kkgng b =~i +Jj-k,

a=2i-j+2k
b=—-i+j—k
sa+vb=(2-1)i+(=1+1) j+(2-1)k =1 +0j + 1k =i +k

=VP+1F =42

la+b

(G+b
Hence, the unit vector in the direction of ( v)is

a+b ok p A
\@8) _i+k 1o 14

"H'b.i - \/5 2 \Jq

f_ o ) -:
Find a vector in the direction of vector > —J/+2k

units. Answer

which has magnitude 8

Let @ =5i — j +2k.

2= Isi1d =130

2B B
Hence, the vector in the direction of vectors' J+2k which has magnitude 8 units
is given by,
/ -~ - AN
" [ 51— j+2k 40 . 8 -~ 16 -
8a=8 i ‘: = — ./‘+ /—/‘
\ 30 ) 30 30 V30




\

E q( S5i -7+ 2k

o)
_ 40, 8 o 16,
30 V307 V30

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

Letd=2i—3j+4k and b = —4;+6';'—8/:.

It is observed that b = —4i +6 —8k = —2(2f - “a/+4/\) =-2d

sbh=Ad
where.
A==2

Hence, the given vectors are collinear.

Find the direction cosines of the vector [+2)+3k
Answer

Letd=i+2]+3k.

- (1 2 3 )
Hence, the direction cosines of a are ; 5=
\V14 " V14714 )

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=-2/ 4 +4k

~|AB| = J(<2)" +(-4) +4* =V4+16+16 =36 =6

-

— { 2 4\ g,
Hence, the direction cosines of ABare | -:,—i,i 1 ! ——
. 6 66/ L 3 3

LK

~

Show that the vector / +J+Kis equally inclined to the axes OX, QOY, and
OZ. Answer

Letda =i+ +k.
Then,

.| 12 .12 12 =Y
(Q=MI-+|+| =42

o4 1 1)
Therefore, the direction cosines of @ are | —=,—=,—= |.
W3 A3 N3

Now, let a, B, and ybe the angles formed by d with the positive directions of x, y, and
Z axes.
]

1

,Cos f=—=,cosy =—.

~ I
2 Va

@ﬂ_

Then, we havecosa =
Vl

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

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

/7+2_/A'—/xt and —i + /+A

whose position vectors are 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: nis given by:

i. Internally:




mb + na
m+n

ii. Externally:

mb - na

m-=n

Position vectors of P and Q are given as:
oP :/:+2_}'—/\7 and GQ =—i+ /+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+,}'+£)+|(i+34}'-£) (—3z’+3}'+2A?)—(f+:}'—£)

OR = =
2+1 3
~i+dj+k 1: 4x 1»
= = el G ol o
P ) J S =,

(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+]+/§)—l(f+2]—/f)

2-1

(-2 +2]+24)- (i +2) )

Find the position vector of the mid point of the vector joining the points P (2, 3, 4) and

Q (41 11 - 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,

s (‘21:+3./’+4/\T)+(41:+_;—2A7) i (2*4.);+(3+|).;+(4—2)/$

2 2

_6i+4j+2k
=TT s

3i+2j+k




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

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

Position vectors of points A, B, and C are respectively given as:
G=3-4]-4k, b=2i—j+kandé=7-3]-5k
G=3i—4j—4k, b=2i - j+kandé=7-3]-5k
WAB=b-d=(2-3)i +(-1+4)j+{14+4)k=—7 +3j+5k
BC=¢-b=(1-2)i +(-3+1) j+(-5-1)k =i -2 -6k
CA=d—&=(3-1)i +(-4+3) j+(-4+5)k=2i - j+k

)

CA“: =24 (-1) +1P =4+1+1=6

‘AB‘J +|CA

=3a+6=4u=|ﬁcf\’

Hence, ABC is a right-angled triangle.

In triangle ABC which of the following is not true:

C
A B

A. A—B+B—C+C7\:(')
o AB+BC-AC=0
C. AB+BC-CA=0

AB-CB+CA=0

o




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.




1f @ and b are two collinear vectors, then which of the following are incorrect:

A b= Ad  for some scalar A
B. a=1b

C. the respective components of aandb are proportional

D. both the vectors aand b haye same direction, but different
magnitudes Answer

1f @ and b are two collinear vectors, then they are parallel.
Therefore, we have:

b = Ad (For some scalar A)

If A = 1, then @ =+b .

If a = (III: + u_._}' + uﬁr"t and b=bi + h..‘].' + /,73/\:. then
b =Ad.

= b +[J:_;'+/,):/; = /'.((/,/: +(I3A}+(I:k: )

= bi+b,j+bk =(Aa,)i +(2a,) j +(Aa, )k

= b, =2a,b, = Aa,.b, = Aa,

b _ /)_ b,

- =—=A

a a, a

Thus, the respective components of a and b gre proportional.

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

The correct answer is D.




Find the angle between two vectors@and ? with magnitudes \'G and 2, respectively

— ==
having a-b=\6
. Answer

It is given that,

=2 and, i-bh= »..-"g

: e
‘a’: SR

cos .

Now, we know thata-b =|al|b

f | ey s
SAl6=+3x2xcosd

3
= cosfl = ,f
\;'|3K2
|
= cosf = —
2
T
— ﬁ':—
4

Hence, the angle between the given vectors d andb i

£9P5

Find the angle between the vectors | =2/ +3k and 3/ =2/ +&
Answer

wioaltaad B Y
The given vectors are” ~ ' 2y Ehud S =3 2’““;.
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-

dl=y1" +(-2) +3* =J1+4+9 =14

.

b= 3 +(2) +1* = o+ a1 =14
Now, d-b = (i-2j+3k)(3 -2j+£)
1.3+(-2)(-2)+3.1

=3+443
=10

Also, we know thata b =|d| b"cus@
~10=+1414 cos 6

10
= cosf = ]—

S
=f=cos'|=
7

SO

Find the projection of the vector! —/on the vector! * /.
Answer

Letd =i —Jandh =i +J,
Now, projection of vectorfon b is givenby,

‘(uh]-?:ll (- 1)(1)}:%(1-1)

B V2

]b

Hence, the projection of vector aonh is 0.

Find the projection of the vectori +37+ 7k on the
vector 7i — i +8k . Answer

Let5:1?+3]+7k andl):7;_-;+8k.

Now, projection of vectordon ¥ is given by,
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i-b)= L (D)3 ) 7®)) =2 = OO

I
A e

Question 5:

Show that each of the given three vectors is a unit vector:
Lopens wms goan Lpom soe o Fopn. sea v

Rifom: o N A fas s amy Lipos oA

7(-1 +.>«/+()/x).7(.>1 ()_]+_A).7(()l+_«] 3!()

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

Answer
I.eta:%(2;%3"}'*(&1]:E_?f#%}#%.‘?,
_-(ar—ﬁ;+”£) %r—%ﬂ-;i
¢=(67+2]-3k)=21+2 ]2k
L2V (3V (6) [+ 9 36
’anly'J,.‘ ! 7| +’ ‘ A

'ﬂ ﬁ
-2 () -5

\7,. Va9 29 a9 "
o I8 (2Y L (3Y_ 6, 4 9
‘—J[—}+|— +‘——|ﬁ—i =1
7, 7] 77) Va9 T19 10

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

2:.:.3: '3 (—6} 6 2 6 |8 I"
Gl e g | = | et S s
R S e 7 7 49 49 4()
3.6 ( ] 2 2 [ ) I8 12 6
b e="x—+¢ o | e S S
e 7 T 49 49 49
. 6 2 3 (—] | () 18
Cd=—X—F=—xX—+| — B
7 7 7 7 49 49 49

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




Class XII Chapter 10 - Vector Algebra

Maths

Question 6:

il analP| i¢(@+5)-(@~5)=8 and |a|=8[s]
Answer

(a-b)(a=F)-s

—G-i-idb+b-d-b-b=8

=laf -|pf =8

S s [l
- 64’5‘: —‘EI: g

= 63[b| =8
= Ib‘ -]
63
g[8
= |h‘ = \/E [Magnitude of a vector is non-negative]
oy S
= Ih‘ = —V—,:
3\;‘7
L 8x242 1642
al=8 b‘ =—==
31 37
Question 7:

(3a —515)-(2(5 + 7/5)
Evaluate the product .
Answer
(3a-5b)-(2a+75)
=3G-2Gd+3d-7h-5b-2a-5b-7b

=6a-a+21da-b—10d-b—-35b-b

= 6laf +11d-6-35[p[
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Find the magnitude of two vectors aandb , having the same magnitude and such that

|
the angle between them is 60° and their scalar product isE

Answer

Let 6 be the angle between the vectors @ and b.

It is given that ‘il =ibl. @b = %.and & = 60°. (l)
We know that G- =|d|[b|cos &
5 % =|d]|d|cos 60° [ Using (1)]
1
— |(1 X=
2 2
= é(i]: =]

=|a|=[|=1

Find ij"', if for a unit vector 9> (¥—d)-(¥+a)=12

Answer
(f—&)-(fﬂ?):l?_
=X X+x-a—-a-x—-a-a=12

= |7 ~|a|’ =12

(=

=¥ -1=12 [i¢11 =1 as a is a unit veclor]
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1@ =20 +2j+3k b=—i+2j+kand ¢ =3I+ Jare sych that@+ 48 is perpendicular
to¢ then find the value of A.

Answer

(o)

The given vectorsare @ =2i +2j+3k. b=—i+2j+k, and ¢ =3i + .

Now.
a+/:/>'=(2i+2_}+3/€)+/:(—i+2_}'+/(-)=(2—/:)i+(2+2/1)_}'+(‘3+/:)/5
If (c’i i ),5) 1s perpendicular to ¢. then

((7+/Zl§)-5:(')

=[(2-2)i +(2+22) j+(3+ A)k |-(37+ ])=0
=(2-1)3+(2+24)1+(3+4)0=0

=>6-34+2+24A=0

=>-A+8=0

=>A=8

Hence, the required value of A is 8.

Show that a6 + l/’|‘i is perpendicular told|b ~|bld , for any two nonzero vectors
aand b Answer
(}u}h+‘hla)(lulh—-‘hlu)

2
a-a

=\l -6 ~|al|p|5-a +|b||ala-5 ~[p

3|2 -2 2
—af Jpf - af
=0

'Qdib 4 }b‘d

tel 13°] =~
‘ la|b —ibgu
Hence, d !

an are perpendicular to each other.

ifa-a=0anda-b =0 then what can be concluded about the vector? ?
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Answer

It is given tha@-d=0anda-b=0.
Now,

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

S 1S a zZero vector.,

Hence, veotorb satisfying a-b= Ocan be any vector.

If either vector? =0orb =0, thena'b =O. But the converse need not be true.

Justify your answer with an example.

Answer

Consider G = 2i + 4/ +3kand b =37 + }/ —6k.
Then,
G-b=23+43+3(-6)=6+12-18=0

We now observe that:

a|=v2* +4+3* =29
a#0

9 o w o oa
B| =3 +3" +(-6)" =5

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

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]

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 ZABC is the angle between the vectors BA and BC.
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.:|_(_
_(_

BA =
BC =1{0

i +(2-0)j+(3-0)k=2i +2j+3k
)i +(1-0)j+(2-0)k =i + ] +2k

5 BA-BC=(2/+2]+3k)-(i+]+2)=2x1+2x1+3x2=2+2+6=10
B/\'E = \fm =J4+4+9=17

BC|=VI+1+2" =6

Now, it is known that:

BA-BC = [BA|[BC|cos(£ABC)

210 =17 x/6 cos( £ABC)

10

~N7x\6

{
:>4ABC:cos" 19 )
\

V102

= 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, 6, 3), and C (3, 10, -1).

S AB=(2-1)i +(6-2)j+(3-7)k=i+4]j-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
AB| =1’ +4° +(—4)’ =\1+16+16 =33

BT' :Jl" +4° +(—4): =J1+16+16 =+/33

AC| =2 +87 48" =JA+64+64 =132 =233
~.|AC|=|aB|+[BC|

Hence, the given points A, B, and C are collinear.
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Show that the vectors 2/ —/ * K. 1 =3/ =5k and 3i =4/ =4k ¢4 the vertices of a
right angled triangle.

Answer

2i—j+k, i-3j-5kand 3i -4/

Let vectors 4) -4k be position vectors of points A, B, and

C respectively.

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

Now, vectors AB.BC, and AC represent the sides of AABC.
i, OA=2i—j+k, OB=i-3]-5k, and OC =3i -4 —4k
W AB=(1-2)+(-3+1)j+(-5-1)k=—i -2] -6k

BCT:(S—I)/’+(—4+3)]' +(-4 +5)l\T =2i-j+k
AC=(2-3)i+(-1+4) j+(1+4)k =i +3]+5k

"

[AB| = {J(~1)’ +(-2)" +(=6) =VI+4+36 =41
[BC|=y2* +(~1)" +1* = A+ T+1=6
= -1y +3+5 =149+25 =35

[B(| 4 ‘Ac‘\’ = G455 =] = |AB‘?

;AC

Hence, AABC is a right-angled triangle.

If % a nonzero vector of magnitude ‘a’ and A a nonzero scalar, then A i€lunit vector if

1

(lleil (D) u:W

(AYA=1(B)A=-1(C)

Answer

jies: ) Aa
Vector 4 is a unit vector if' l




Now,

\Ad| =1
= |4||ld|=1
|
= l{F =— [/‘j # U]
4l
| ,
=dad= al=da

) . I
Hence, vector-d is a unit vector ifa = 7
The correct answer is D. )
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Find Exfm Jif a =f—7j‘+ Tk and b = 3?—2]‘4—2;’3 .
Answer

We have,

;:f_";'j-p?lfandf;: 3?—2}4—2»’;

ik
t})(l".;: 1 =7 7
§ =3 2
=7 (-14+14)= j(2-21)+k(-2+21)=19 +19%
faxB|=(19) +(19)" = 2x(19)" =192

Find a unit vector perpendicular to each of the vector a+bang "‘b,

where (-l=3lf+2‘/ﬁ+2/x:and/.‘)= ;+2}—2/\' ‘

Answer

We have,

(_;=3lf+2j+2/\:andz;: ;+2;—2/\

sa+b=4i+4j, a-b=2i +4k

j k
(a+B)x(a-)=

o = T

120 4
“a rb)x(a-b)= \g"i(f +(~16)" +(-8)’

= v'z] >:83 + 23 >18: ‘?'8:

—8v22+22+1=89=8x3=24

4 0|=i(16)-j(16)+k(-8)=16i —16] -8k




Hence, the unit vector perpendicular to each of the vectors atbang a-b s given by
the relation,

_ (,‘i”‘"")x(‘f"":)ﬁl(»f 16 -8k
|a+)x(a-8) 24
:iwztg,ﬁ%;i%,\t
D 2 2 D

— n : T - 1
If a unit vector ¥ makes an 3 Wwith ’*1 angles with J/ and an acute angle 6 with'f‘, then
find ® and hence, the compounds of & .
Answer

Let unit vector & have (a1, a2, a3) components.
a=aji+a,j+ak

; e . a =1
Since “is a unit vector, ! .

T ~ T -

Also, it is given that? makes anglesgwith IWICh Y , and an acute angle 6 with k-
Then, we have:

Tt a,
COS—=—
3 a
:>% aq, Uu’i IJ
I8 da,
cos—=—=
4 aJ
l !
= \;'3 =4, I]u; = 1]

a,
Also, cosd =—-.
a

= a, =cost




= —+—+c0s B=1

1
4
3
4

2
=" 4+cos’B=1
. 3 1
=cos'O=1-—=—
4 4
1 o
—cosl=—=0=—
) 3
n 1
od. =C08— = —
3

)
o -
See—

P |
Hence,ﬁ:% and the components of & are (-7 2

Question 4:
Show that

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

Answer

(@—b)x(a+b)

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

=0+dxh+dxb-0

=2axh

Question 5:

Find A and p if(2f+6j+27§)x(::+2]+/1i):6_




Answer
(21 +6]+ 27k)><(1 - 2_;+/1/;) =0
i J ok
=2 6 27 [=0i+0j+0k
1 A u
=i (6u-272)-j(2u—27)+k(24-6)=0i + 0] + 0k
On comparing the corresponding components, we have:
6u-274=0
2u-27=0
24-6=0
Now,

2A-6=0=1=3

2u-27T=0= u=

(§%) | '_:3

27
Hence, A=3 and u= R

Given that a-b=0andaxh=0. What can you conclude about the
vectorsaand b ? Answer

a-b=0
Then,

f,’ =0 h‘ =0 alb (in case a and b are non-zem)
(i) Either or , or
axb=0
I al=0 b } =0 allb (’in case a and b are n()n-/.ero)
(ii) Either or , or \

But,aﬁ_U b cannot be perpendicular and parallel simultaneously.

il=0 |b|=0
Hence, ’u| 0or ‘ .




Question 7:

a b, ¢ ai+a,jrak, bi +bj+bk, ci+e,jtek

Let the vectors 2 79iven as . Then show

=dx(b+c')=dxb+a'xc'
that
Answer

We have,
a= a,f +a:}'+u‘l€, b = bi +b:j+b1/€, é=ci +(.':j+c‘1/€
(b‘ +{:) = {b] +C1); +[bz +C_'-‘),J? +(b.1 +(-3 )Jﬁ
i ] k
Now, dx(.}i-ﬂ‘f] &, a, a,

b+e¢ by+e, b+

=i [u: (by+ey)—a, (b, +¢, ):l = f [al (b, +e,)—a, (b +¢ ):|+ k |:cr] (b, +¢,)—a, (b +¢ ):|

= f[a:,_h_1 +a,0; — b, —ayc, | 4-4;'[—(:11')1 —a6, +ayh +ac |+ k [ab, +ac, —ab —ae| ..(1)

ik
dxh= a, a,
b b, b

i[ab,~ab, ]+ j[ha, -ap)+k[abp,-ab]  (2)

- -

=] [a.c; —c?3czl+}[a3c, =me, | & fE[a,c:: —ae,]  (3)
On adding (2) and (3), we get:
(axb)+(axc)=i[ab, +ac,—ab,—ac, |+ i[ba, +ac, —ab —ac]
+k[ab, +ac, —ab, —ayc,] (4)
Now, from (1) and (4), we have:
ax(b+¢)=axb+axé

Hence, the given result is proved.




If either d =0orb = 0, then axb= 0. Is the converse true? Justify your answer with
an example.

Answer

Take any parallel non-zero vectors so that@*? =0,
Letd =27 +3]+4k, b =4i +6]+8k.

Then,

Tk e

dxb= 4| = f'"(l—'l—34)—_}'(1(:—16)+§{:[2— 12)=0i + 0] +0k =0
8

TE O =
=t

It can now be observed that:
la|=v2? + 3+ 4 =29
na#0

V).' =16 +8 =116
)

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

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

-

BC =(1-2)i +(5-3)j +(5-5)k=—i +2]




Area of AABC :HAB'XBCI
3| =i(=6)=j(3)+k(2+2)=-6 -3 ] +4k

i

AB xBC=|1

B b s
]

< |AB % BC|=/(-6) +(-3) +4’ =436 +9+16 = /61

61 .
Hence, the area of AABC1s —5  Square units.

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

Answer

The area of the parallelogram whose adjacent sides are 7 and h is

axb|, Adjacent sides are given as:

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

iJ ok
naxb=[1 =1 3/=i(=1421)=j(1-6)+k(=7+2)=20i +5] -5k
2 71

dxb|= J200 +5°+5 =400+ 25+ 25 =152

) 1542 DN,
Hence, the area of the given parallelogram |s]‘ Ve BOQUATE UDNES,

3]

|

i T lal=3 2 o5
Let the vectors % and b be such that ' and/?|= 3 thend*b is a unit vector, if

the angle between ¢ and ” is




LI
(A) () 4(©) 3(D)

Answer

oA

3 2
It is given thatd =3 and ‘bl = ‘E

dxb.:|u'|‘h.|sin()fz 3

We know that , where is a unit vector perpendicular to both # and

band 9 is the angle between ¥ and? .

SR,
Now, @ %2 is a unit vector if' .
(7x};’:l

:>-}ii||/; sin@n|=1

= al|b||sin 6] =1
\."E .
:SXszm():l

: ]
3511]9—ﬁ

—g=1
4

- z 1 T
Hence, 9*Pis a unit vector if the angle between ¢ and ” is
The correct answer is B.

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

'

s 1o a0 1o 202 1, & . -
Tz J+dk, i+ = J+ak, i——j+4kand —i J + 4k respectively is

2

-

]
(A) 5 (B) 1
(C) 2 (D)

4 Answer




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

f);i=-<f+l}+4l$, OB'=f+lj+4/\j. OC:=1?-J~}+4I$_ ()D‘=—1‘~1_}+4l\:
2° 2 2 2

The adjacent sidesAB and B_C.of the given rectangle are given as:

- ¢ 1 1
1’\B=(]+|)I+(2—2 ;

B(‘:(I—I)f+[—l—v

1’.‘
~ABxBC=[2 0 O0|=k(-2)=-2k
0 -1 0
ABxAC|=(-2)" =2

Now, it is known that the area of a parallelogram whose adjacent sides are
Gandb i ‘”"-’l_
Hence, the area of the given rectangle is

ABx BC“ = 2 square units. .
i v The correct answer is C.




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

Answer

If ¥ is a unit vector in the XY-plane, then /= €0s@i +sin .

Here, 0 is the angle made by the unit vector with the positive direction of the x-
axis. Therefore, for 8 = 30°:

]
|
) n

oo s AR .
F=c0s30°% +sin30°j=—"j +—j
. e 5

.l_

. . RS-
Hence, the required unit vector is—~i +

-

J

3 | —

r

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

Answer

The vector joining the pointsP(x,, y,, z,) and Q(x,, v,, z, )can be obtained by,
PQ = Position vector of Q — Position vector of P
("-: _‘tl);+(.r2 _."l).;*(:: -2z,)k

PQ|= \."("": =% ): +(v: =¥ ): +(z,-2 ):

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

(v —eNlo —v) (s —o\ (x —x P alv. = vV (s —= \
are respectively [(-‘: X, ). (> M,)-(-: ")’and\f('\f X ) +(y:=y) +(z -z).

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

W

Now, we have:
OA =—4i
AB =1|AB|cos 60°+ j|AB|sin 60°

By the triangle law of vector addition, we have:

OB = OA + AB
o [ B e
:(—4i)+‘—l+ L /']
A y -
(2
:(—4—:—’J;+J\[’;
A 2 2=
/—8+3J: 3\5@
= i+ ]
5 5
L 2 2
8o 3B
=—j+—o]
2 2. °

5- 3\‘6
e, J dnpe e f
2 2 °




BB e o lal=b|+lel, |
If , then is it true that ? Justify your answer.
Answer

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

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

) lal, ’b".und !c7| .
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.
Ja) <[B] +[e]

N |al ::h" +1¢|
Hence, it is not true that ! 3

_ , \(11,41\) _
Find the value of x for which /is a unit vector.
Answer

\(’ + / '0’/\:)is a unit vector if ‘([+/+A)l =)
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Now,

x(i+jek)=1

= \;"x“ txt+x° =1
= 3x? =1

2

= J3ix=1

'1[*

%]

— o &

4

Hence, the required value of x is*~
Y

w3

Find a vector of magnitude 5 units, and parallel to the resultant of the vectors
a= 2;+3.}'—l"' and b = f—2_}'+/€

Answer

We have,

a= 2/’+3]—I€ and b = :’—2]‘+/€
Let€ be the resultant of @ and b
Then,

J:u'.}.[).:(2+])f+(3—2)_;+(—l+l) Az‘;l‘-}-;

Hence, the vector of magnitude 5 units and parallel to the resultant of vectors aandb s

A [ o

) ar oy 3N10i | V10 -

+5-¢ =15- ,L(3i+j):i)\; £l J:
V10 ' . 2
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[fd=i+j+k b=2i—j+3kand¢=i-2j+k find a unit vector parallel to the

vector2d —b +3¢
. Answer
We have,

G=i+j+k b=2i-j+3kandé=7-2j+k
2a-+36=2{1 ]+ 4}~ 438)3(1 -2 )

=2i +2]+2k-2i+j-3k+3i -6j+3k

26 -5 +3¢| = 3 +(-3) +2° =9 +9+4 =22

Hence, the unit vector along2d —b +3¢ s

2i-b+3¢ _3i-3j+2k 3 B B %
Ra-b+3¢ V22 V220 V27 V22

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).
S AB=(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%

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

#+2°+6° =\16+4+36 =56 =214

BC|= V6" 73 +9" = V3679781 = VI%6 = 3411

]ACT

Al§| =

=|AB|+ §Bc‘y

Thus, the given points A, B, and C are collinear.
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Now, let point B divide AC in the ratioA: 1. Then, we have:

5 _ AOC+O0A

T (A1)

. ).(IIf+3]‘+7/€)+(f—2_}'—8/;)
=3I —2K '

A+1
:>(2+luﬁf—2£)=Ilzf*Bi}+72£+f~2]~8§
= 5(A+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
=>54+5=114+1

= 6A=4
. 4 2
S Al=—==
6 3

Hence, point B divides AC in the ratio2: 3.

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

whose position vectors are(?-‘i + h)““d(d = 3b)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:

o 2(2a+b)-(a-3b) 4av25-a+35 _

OR 3d+5h
2-1 1
Therefore, the position vector of point R is 3a+5b .
_0Q+O0R

Position vector of the mid-point of R
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rJ

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

[—4j+5k 4 1-2j-3k

) . 2
The two adjacent sides of a parallelogram are and
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=i-2j-3k Then, the diagonal of a parallelogram is given byd + 0
a+b=(2+1)i +(—4-2)j+(5-3)k =37 6] +2k
Thus, the unit vector parallel to the diagonal is

G+b _ 3i-6j+2k  3i-6j+2k 3i-6j+2k 3. 6, 2

‘5+5 \."I31+(—6]3+2i V9+36+4 7 7 701

-+ Area of parallelogram ABCD =‘a?xh'|

i ik
dxb=[2 -4 5
{ -8 &

= (12+10)— j(~6-5)+ k(-4 +4)
=22i +11;
=11(2i + )

3 . |3 2 f
,‘_‘uxb‘ 1IW22 +12 = 1145

=
Hence, the area of the parallelogram is VS square units.
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Show that the direction cosines of a vector equally inclined to the axes OX, OY and OZ

1 1 1
are —, —,

\/§ V3 W

Answer

w

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.

Now,
COS” @ +cos e +cos o =1

= 3cos  x =1

= Cosax =

-

o

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

1 1
are——, ——, |
V3T 3B

et @=i+4)+2k, b=3i-2j+Tk gnqc=2i—j+4k Find a vector ¢ which is

perpendicular to both aandb !
andc.d =15. Answer

Let d= di+ d:,/ﬁ+db;/\: ]

Sincet}is perpendicular to both Iaandl’; , we have:

d-a=0

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

d-b=0

=3d, —2d,+7d, =0 ..(ii)

Also, it is given that:

é-d=15

=2d -d,+4d, =15 ...(ii1)
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On solving (i), (ii), and (iii), we get:

5
d <19 g2 sngd w oD
] 3
Ld=207-25 1% - L1607 -57-70k)
b D o J

Hence, the required vector is — (I()()z «5/ - 7()1\)

The scalar product of the vector! +J+k with a unit vector along the sum of vectors

2i +4j -5k ahd Al +2]+3kig equal to one. Find the value
of 4. Answer
(2i+4]-5/€)+(,1i+2}+3/€)

=(2+2)i+6] -2k
Therefore, unit vector anng(Ef +4 - SA] +(;u° +27+ 31;‘]is given as:

(2+4)i +6]-2k (244)i+6j-2k (u;;}f;gj_zé'

J(2+4) +6 +(-2) V814012743644 JA+4i+4

Scalar product of(f .} —-";::.)With this unit vector is 1.

ﬁ((+;+£.] {.if.»t]1+6‘;—2)‘;=|

: «M +44+44
(?+4}+ﬁ

:\;’mzm

= A* +4Ai+44=(1+6)

= A +4A+44=41"+124+36

—81=8

= A=1

Hence, the value of A is 1.
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If “-"“’are mutually perpendicular vectors of equal magnitudes, show that the vector

a+b+cis equally inclined to

@b and ¢ Answer

Since a.b, and € are mutually perpendicular vectors, we have
d-b=b-¢=¢-a=0.

It is given that:

=[] =Je

Let vector @+0+€ pe inclined to 2> A4 € 5t angles

6,, 6,,and 6, respectively. Then, we have:

(6+5+¢)-d@ G.ag+5.a+¢.a

M|= G+b+8

cosfd = -
F+h+é

’u"

2

7 [b-a=c.a=0]
|d +h +(."‘ |.:.i|

__al

B |E+5+E‘
(a+b+c)-b

cos (), = ——

. _Lé-h'+h'-h‘+c'--h'
‘¢7+h+5‘5‘— G+b +Tl-

b

I

la+b+é

18]
]

|d+ﬁ+4

(“F+b‘+é)'c‘ _G-G+b-é+E-€

|

=h+£}5W? [-6=5-2=0]

élel — |a+b+e

@

|&+ﬁ+d




Now, as|d|= h

S0 =0, =6,

=|¢| ,cos6, =cosb, =cosé, .

Hence, the vector(d +b +c:) is equally inclined tai,h, and ¢ .

Prove that‘(ﬁJrB)_{EH;} e |;;2 ﬂﬁ" , if and only ifa, b are perpendicular,

given;nt{l b#0 .

Answer

(a+B).(a+b)=|a +[s]

cnbd+dﬁ+ﬂwLHL5=wr+Mr [ Distributivity of scalar products over addition |
= u""' +2G-b+ b‘ = ci|? + ‘b'l? [a' b=b-a (Scalar product is commutative):l
&2i-b=0

e d-h=0

~.d and b are perpendicular. [ci #0, b #0 (Given )]

If B is the angle between two vectors & and b , then abz OonIy when

) 0<o<Z(B)0<0<

ra | A

(C) 0<9<7I(D)
0=0=7 Answer

Let 6 be the angle between two vectors @ and b

Then, without loss of generality, ? and b are non-zero vectors so

la| and |b| are positive
that ’ .




It is known thata-h :la': h"uusﬁ.
nd-b=0

= d[|b|cos 0= 0

== cos & = () Uﬁ

and |5

are positi\-'cJ

Hence, 4620 when <@ < ';t
The correct answer is B.

Let “and P be two unit vectors and® is the angle between them. Then at+bis g
unit vector if

T T T 2
AB==B) B=—=(C)B==(D e —
(A) 4( ) 3( ) 2( ) 6 3
Answer

Let EIand If_’be two unit vectors and6 be the angle between them.

Then, |,

=]7)|=1'

e | . . a+b|=1
Now, 4+ b is a unit vector if ;
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&+H:m

= (a+5) =1
=(a+b).(a+b)=1

= aa+ab+ba+bh=1
=l +2a5+ 5 =1
=17 +2 L;H5|cosﬂ;—l: =1

=1+2.1.1cosB+1=1

2

Hence, a + b is a unit vector if @ =
-

. i
The correct answer is D.

The value of f.(']'x/\j)f}'.(fxlxj‘)+/\7.(l:><.;')i5
(A) 0 (B) -1 (C)1 (D)3

Answer

(k) (k) k(7 )
:1!1.+/.(—})+/\:/:

=1—j-j+1

=1-1+1

=1

The correct answer is C.

If 8 is the angle between any two vectors? and b , then

ab

= l(IXh‘

when 6 isequal to
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T m
(A) 0 (B) ;(C) 5 (D) n Answer
Let 8 be the angle between two vectors & and b
Then, without loss of generality, “and b are non-zero vectors, so
that 4| and ‘b.’ are positive

(i—b?ﬂdxb"

= |b|cos 0 = | |b|sin©
=>cosB =smnbd i|¢i and ‘b are posilivc]
= tanb =1
=0="
4
ab|=[ax} <

Hence, when 8 isequal to 4
The correct answer is B.




