CHAPTER - 10
VECTOR ALGEBRA

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

North
4

Scale

10 km

West - » Last
Q

 {

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.

I" l,

— e

&

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

(i) Vectors dand d 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 dand € 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.

0 dand —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.
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Vectors @and ~4 are parallel to the same

line. (ii) False.

Collinear vectors are those vectors that are parallel to the same line.
(iii) False.
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Exercise 10.2

Question 1:
Compute the magnitude of the following vectors:
d=i+j+k b=2i-7j-3k

Answer

The given vectors are:

R S T O : "
d=i+j+k; b=2i-7j- —3k; (':\/EH-\E'I—\EI(
al=\(1y +(1) +(1) =3

b|= \/2) +(=7) +(=3)

=v4+49+9

=62
o[ )

VW) W) L B

= ;+~+A=I

33

Question 2:

Write two different vectors having same magnitude.

Answer
Consider a= (i —2j+3k) and 5:(2f+]—3£-').
IP+(-2) +3° =144+ 9 =14 and

N e e

 kand |
It can be observed that o =

Hence, 4 and b are two different vectors having the same magnitude. The vectors
are different because they have different directions.

Question 3:
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Write two different vectors having same direction.

Answer
Consider p = (; + ]+ A) and g = (2f 42+ EA)

The direction cosines of p are given by,

/ I | 1 I d 1 |
= == m= =—=sad =~ =
> 5 3 2 y \ [ > >
JE+E BT JErer V3 JEHE 1 B
The direction cosines of ¢ are given by
2 2 I 2 2 I
[=—F——== B il e e
224084 o 23 /3 V2R 425427 243 A3
2 2 1
and 7= =—=—,

V22427420 23 B

The direction cosines of # @4 4 are the same. Hence, the two vectors have the
same direction.

Find the values of x and y so that the vectors =/ *3/ and xi + ¥/ 4.0

equal Answer

The two vectors 2 +3/ ad Xi + 3/ i pe 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)j

=PQ=-7i +6./.'

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

~7i and 6.
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Question 6:
Find the sum of the vectors
a=i-2j+k. b=-2i+4j+5kand c=i—-6]-Tk pncwer

The given vectors are =i —2j+k. b=-2i+4j+5kand c=i-6j-Tk

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

Question 7:

Find the unit vector in the direction of the vectora =i+j+2k .
Answer

» - A r . a
The unit vector @in the direction of vector @ =1+ /+2kis given byd = I—;I

.e-z;:J +P+2 =Ji+1+4=16

-

AL IR |y | gy 2 g
R s
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, 6), respectively.

Answer

The given points are P (1, 2, 3) and Q (4, 5, 6).
.'.P—Q=(4—l)f+(5—2)'}‘+(6—3)l\:=3f+3}'+31€
PQ =v3 +3 43 =J9+9+9 =27 =33

Hence, the unit vector in the direction of PQis
PQ 3i+3j+3k 1 I

l.
P W3 ﬁ "5
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Question 9:

- -~

b=—i+j—k

For given vectors, Nt /+ "l‘ and , find the unit vector in the direction

of the vector d@+b

Answer

-~

The given vectors are @ = 2( =/ +2k gng b=—i+ =k

u-../—/r 2%

h=—i+j—k
na+b=02-1)i+(=141) j+(2-)k=1i+0j +1k =i +k
la+b|=VF +1* =42

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

- [ X
(a+7)' ﬂ_l +LA

ld+l;’ V2 2 \ﬁ

Question 10:

i .. R
Find a vector in the direction of vector > —J +2k

units. Answer

which has magnitude 8

Letd=5i — j+2k.

=J2541+4 =430

5% 4 (=1)" +2?

. @ Si—j+2k

=== —

}d‘ \,f30
Hence, the vector in the direction of vector ’+"A which has magnitude 8 units
is given by,
. J[Si-j+2k) 40 . .
8a=8( L8 ‘: kT il
L 30 V30 V307 (30
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- 8(—_—5’7 a b 2% |
L V30
40 . 8 - 16

- i— Fick k
J30 30 V30

Show that the vectors ~ —3/ +4k and —4i +6/ -8k 5re collinear.

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

It is observed that b = —4i +6 —8k = —2(2f -3/ +4A"] ==2a

b=Aa
where.
A==2

Hence, the given vectors are collinear.

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

Answer
Letd=i+2]+3k.

slal =P +22 +32 = 14449 =414

~

(1 2 3

Hence, the direction cosines of a are

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).
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“AB=(—1-1)i +(-2-2) f+ {1-(3)}k
— AB=-2/ —4]+4k

~|AB|=\J(<2) +(~4) +4' =J4+16+16 =436 =6

44‘-_{_1 2
37 37

- . - AD 4/’ -)
Hence, the direction cosines of ABare| = —— —
\ 6 6 6/

Lo K
~ /

Show that the vector / +/+Kis equally inclined to the axes OX, OY, and
0OZ. Answer
Letda=i+j+k.

I'hen,

e |

(l‘—'-\l.’l “I.A:\’

Therefore, the direction cosines of a are

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

: os f} l 05 } l
€08 f=—=,C08y =—=,
BB

Then, we havecos@ =

oy

p=
\a2

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

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

i+27—kand —i+j+k

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: n is given by:

i. Internally:
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mb + na
m-+n
ii. Externally:
mb - na
m-n
Position vectors of P and Q are given as:
OP=i+2j-kand OQ=—i+ j+k
(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+ k) 1(i+2]—k) (2 +2]428)+(i+27-F)

OR =
241 3
“f+dj+k  1: 4x 15
= I 1./ :-1+1/+5A
3 3 Rl J

(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£)—l(f+2}'—/$') I "
e < ] e ¢ _7T ~ ‘._‘_ ) $ A “._

OR = S —( -1+-_/.-A) (/+-] A)

=—3i + 3k

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,
(20 +3]+4k)+(4i +7=2k)  (244)i +(3+1) j+(4-2)k

OR ="
2 2

6i +4]+2k 2 a s
=TT a2k
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Question 17:

Show that the points A, B and C with position vectors,F’ =3 —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=3-4j-8k, b=2i-j+kandé=i-3j-5k

" AB=b—a=(2-3)i +(-1+4)j+(1+4)k =—i +3] +5k
BC=c¢-b=(1-2)i +(-3+1)j+(-5-1)k=~i -2j-6k
CA=id—-é=(3-1)i+(-443)j+(—4+5)k=2i - j+k

[AB[ =(=1) +3 45 =1+9425=35

[BC[ =(=1)" +(<2)° +(-6) =1+4+36=41

4

'(’r\ = 2:+(—I):+I: =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. E+B_C-+C_A‘=6
B. A_.B'i—ﬁ‘—/\—(_‘:()

AB+BC-CA =0

@

D. A_B.-C_B.+C_A.=6
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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 ik )

. 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.




Class XII Chapter 10 - Vector Algebra Maths

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

A b=4a , for some scalar A
B, d=1b
C. the respective components of aand b gre proportional

D. both the vectors aand b have same direction, but different
maghnitudes Answer

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

Therefore, we have:

b = Ad (For some scalar A)

IfA = %1, then d=2%b

If a = ai+a,j+ (15/; and b = bi+b,j+ bjlg. then
b = Ad.

= b «bz_}'+b;/\f = /.(a,f+a:]+(/1/st)

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

b, :
=D —_—=—=—=A
a d, a.

Thus, the respective components of aandb are proportional.

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

The correct answer is D.
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Find the angle between two vectors@and? with magnitudes \5 and 2, respectively

having";'[’ =6
. Answer
It is given that,

— . fr
lal=+3. /'Iz 2and.a-b =6

Now, we know that A =il b cos b,
R =
v \,(‘ \"3'2"~’CO.\U

v
= CO0s 0 =—=
V3ix2
=5 COS ] = ~p=
]
Ve
n
=0 =—

= L8
Hence, the angle between the given vectors ¢ and® i% .

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

1]
ey

|
2
)
+
e
>)
o)
-
.
Do o

|
(5%
<

|
19
~
+
>

The given vectors are 4
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jd= P +(2) +3 =Vi+4+9 = I8

6= 3 +(-2 + 1 = o+ 4+1=i4

Nm\,u’-h:(i—:}'+3l£)(3f—2}+ﬂ
=|3+(-2)(-2)+3.]

‘__3-&4‘3
=10

Also, we know thatd b = ;‘i;;l;icm [z

.'.IO=\/I—4\/I_40059

:>cos(;7=l-Q
14

= f=cos’ [i)
7

Question 3:

Find the projection of the vector! =/ on the vectori "’./..
Answer
Letd =i—JandP =i+ ],
Now, projection of vector@onb is given by,

|
e

. | |
ih)=—11+(-1) (1) =—=(1-1)=0
( ) flfll ( )( )J \/’5( )
Hence, the projection of vector aon[; is 0.

Question 4:
Find the projection of the vectori +37+7k on the

vector 7/ — i +8k . Answer

Letd =1+3]+Tk jqb=Ti—j+8k

Now, projection of vectoraonb is given by,
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. 7-3+456 _ 60
a-h H(7)+3(=1)+7(8)} = =

‘h‘( ) \/7:+(—|):+8: t ( ) ( ) ( )’ \/491-]1'64 NARE!

Question 5:

Show that each of the given three vectors is a unit vector:
1 fon oo 2oy 1

ol o X ; 2 2
7(..1+3]+6k).7( —67+ k) ((u+ J= 3k)

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

Leta l("lf+’s.'+(k.) 21?4»3;' bA.
/ ==\ o ] — — -k
7 d 7' *3/%3
s (B 1Da
=—|3/ -6 +’A -—1——'+—L,
( ) 7777
lg,a a _ay 62 22 3
s =—(6f +2) -3k)==i+= j-=Ak.
¢=36i+2)-3k)=3i+3)-3

‘ﬂz“ Tq:{ﬁy_f4+9w36_
B V49 49 49

e [T ST () - T
\"-7; L 7J \7) Y49 49 49

] (2] +

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

]: 36,4 9 4

8.2 .
19 49 19

. 2 3 3 (-6 6.2 6 18 12
d-b==x=%=x| —=|+=X=—=—=-—+—=0
T 7 7 7 49 49 49
- _ 3.6 —6] 2 2 (—3) 18 12 6
be=—x—+|— |x=4+=X| — |z2—=-—==—= =0
7 (Y 7 7 (T A 49 49 49
R A A (—3) 6 l" 6 18
C@=—X—F—X—+| — —_——
g AR At (v 7)°7 49 49 49

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

Find‘aland'[;', if(d+5).(5—5)=8 and |d|=8|5|.
Answer

(a-)(a—b)=8

= d-d-ib+b-a-b-b=8

=|af -|6[ =8

:(8'6')3-§Iir -8 [[a[:s!ﬁ[]

= 64]5[ -|h”: -

=63 Ibl =8
= |hl 5 S

|h| J—_ [ Magnitude of a vector is non-negative]
%/7

=505

Question 7:

(3@-5b)-(2d +75)
Evaluate the product .
Answer

(3a-5h)-(2a+75)
=3d-26+3d-Th —5b-2a—5h-Th
=6d-a+21a-b—10a-b-35b-b
= 6laf +11d-b-35[p[
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Question 8:

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

|
the angle between them is 60° and their scalar product is4
Answer

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

It is given that |a|= h‘ b =%.und 6 =60°, (1)
We know that d-h = I('i{gb"cosl'?
o= |(7||H|cos()()“ [Using (l)]

o o =

L
:-—=|(I' XK=
2 2

:>id]: =]

=l =|5|=1

Question 9:

Findl'tl, if for a unit vector “:
Answer

(x—a)-(x+a)=12

> X X+x-a-a-x—a-a=12

= |7’ ~|a|’ =12

=¥’ -1=12 Uui =1as a is a unit vector]
=¥ =13

-
3

|\| =1
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Question 10:

176 =20 +2j+3k. b=~ +2j+k and ¢ =30 + ] 5re sych thatd+ 48 is perpendicular
toC , then find the value of A.

Answer

The given vectors are d =21 +2j+3k. b=—i+2j+k, and ¢ =3/ + J.
Now,

au:/;'=(2i+2,}+3/$)+)‘(-i+2j+/$)=(’2—/:)i+(2+2/:)]+(3+,2)/£
If (Fu /15) 1s perpendicular to €. then
(d+2p)-2=0

=[(2-2)i +(2+22) j+(3+ )k |-(3i + }) =0
=(2-2)3+(2+24)1+(3+2)0=0
=6-31+2+24=0

= ~A+8=0

=>A=8

Hence, the required value of A is 8.

Question 11:

Sl T g - el T |
Show that [d1b +fb|a is perpendicular to!d!? —;b!a , for any two nonzero vectors
i and b Answer

(1|5 +[pa)-(|a|5 - [5]a)

=|af -5 ~a|p ‘d-a

bed+blala-b-|o

=(af'[6] ~ B[ laf
=0

@b +[p|a__lalb-||a
Hence, and’ 1 are perpendicular to each other.

Question 12:

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

It is given thai-g=0andd-h=0.
Now,
a-a=0= J(I'|' = () :.:»iu'l =)

. @ 1S a Zero vector,

Hence, vectorb satisfyinga‘b =0can be any vector.

Question 14:

If either vectora =0orb =0, thena’b :O. But the converse need not be true.
Justify your answer with an example.

Answer

Consider G =2i +4j+3kand b =3i +3 ] —6k.

h
a-b=23+43+3(-6)=6+12-18=0

b

o

n,

We now observe that:

§ﬂ=d22+4:+3:=455

sazl
b= 3 +37 +(~6)" =54
h=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 £ABC. [ZABC 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={1-(=1)}i +(2-0) j+(3—-0)k =2i +2]+3k

BC={0—(-1)}i +(1-0)j+(2-0)k =i + j + 2k

5 BA-BC=(27+2]+3k)-(i+]+2k)=2x14+2x143%2=2+2+6=10
BA| =2 +2'+3' =J4+4+9 =17

—_—

Bc|=\/|+1+zl=\-’6

Now, it is known that:
BA-BC = [BA|[BC]cos(£ABC)
5 10=417x chos(AABC)

= ¢03( ZABC) =——#

S
:>4ABC=cos"'(l—(]
\

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] -4k
BC=(3-2)i +(10-6) j+(-1-3)k =i +4] -4k
AC=(3-1)7 +(10=2) j+(-1-7)k=2i +8] -8k

AB{= 1+ 4 +(~4)' =VI+16+16 =33
BC|= 1" + 4 +(~4)’ =VI¥16+16 =53

AC| =27 +8 +8° =3+ 64+64 =132 =233
~.|AC|=|AB|+ ‘B’(‘l

Hence, the given points A, B, and C are collinear.
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Question 17:

Show that the vectors 2/ —J/ + &, i =3/ =5k and 3i -4/

right angled triangle.

-4k form the vertices of a

Answer

R B RogE AR oy B g1
Let vectors 2 —J/+ K, i =3j=Skand 3i =4/ -4k o osition vectors of points A, B, and

C respectively.

i, 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=2i—j+k. OB=i—-3j—5k and OC=3i -4/ -4k
S AB=(1=-2)i+(=3+1) j+(-5-1)k=—i —2] -6k
BC=(3-1)i+(-4+3)j+(-4+5)k=2i-j+k

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

1 1 +

[AB| = (~1) +(-2)" +(-6)" =T+4+36 =41
[BE| =2 +(1) +F =JA+T+T =16

[rr— —
_—_\f(—l) +3+5 =J149+25 =/35

.-.|BC|: +|AC|: =6+35=4]= IABT

|iAC

Hence, AABC is a right-angled triangle.

Question 18:

If?is a nonzero vector of magnitude ‘a’ and A a nonzero scalar, then A is unit vector if

"3
|2

WA=1@)A=-1() "1 (o) =

Answer

;e . Adl=1
Vector 44 is a unit vector |f’ ' )
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Now,
I/'.u'j |
= |4jd|=1
— !u’| l/il [/'. P ()]
> da= IA'\ Huj = Ll:’

(A

T . . 1
Hence, vector Ad is a unit vector ifa = v
. |4
The correct answer is D.
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Exercise 10.4

Question 1:

Findi‘;xi;, iffprf—7}+'h&7andl:-:."i—.".;'éoIA7 .
Answer

We have,

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

i 7 k|
axb=|1 -7 7
3 =2 2

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

alaxd]=J(19) + (19)° = J2x(19)" =1942

Question 2:

Find a unit vector perpendicular to each of the vector a+h anda‘b,
where =31 +2j+2k ;b= i+2]-2k
Answer

We have,

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

s it g

i jok
a+b)x(a-b)=| 4 4 0[=i(16)- j(16)+k(-8)=16i —16 -8k
) )
2 0 4
.-.](mz;)x(a—f})i = Jl(r’ +(~16) +(-8)
— 22 %8 + 27 %8 + 8

=82+ 2 +1=8/9=8x3=24
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Hence, the unit vector perpendicular to each of the vectors athand a-b s given by
the relation,

., (@+b)x(d-b) 160 167 -8k

@+b)x(a-s) 24
D 2 2 D
T

= : T - 2
If a unit vector & makes an 3 with LZ angles with J/ and an acute angle 6 with/‘, then

find 8 and hence, the compounds of &,
Answer

Let unit vector € have (a1, a2, a3) components.

a=aji+a,j+ak

. = . lal=1
Since @is a unit vector, '

ot T A T - -
Also, it is given that¥ makes anglesgwith ’w&th /', and an acute angle 6 with k.
Then, we have:

T a
cOs b
J a
l HES
=5 =4 [gu’ IJ
nooa,
COsS—=—
4 a;

‘|
v
|
~
-
3
e
Qi
Il
| I

a,
Also, cosf = —..
a

= a, =cost
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Now.
lal =1

—

= Jo" +a, +a,” =1

3[%]?+(7|§)3+ms’n:|

1 1 A
= —+4—+c0s 0=1
4 2
3 .
= —+cos 0=
4
> 3 I
=cos' 0=1-==
4 4
| n
=cosb=-=0=
2 3
R
.'Alli:C()S-:
’ 3 2

| —

)

hx“‘
&

o —

o T b VI

Hence, g = ™ and the components of @ are ( . -
3

Question 4:
Show that

(a-B)x(a+8)=2(axB)

Answer

(d—h')x([wli)

= (a’ ) ) xa+ (a‘ -h ) xb [ By distributivity of vector product over addition ]
=dxa—bxa+dixb—bxb [Again, by distributivity of vector product over addition

=0+axb+iaxb—0

=2axh
Question 5:

Find A and p if(2f+6]+27l£)x(f+,i]+;zlf)=6_
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Answer

(2f+6}'+27l£)x(;+)&]+ylz)=(j

~
k)

7
=5 2 6 27 |=0i+0j+0k

Y

p

= i (6p-272)-j(2u—27)+k(24—6)=0i + 0]+ Ok

On comparing the corresponding components, we have:
6u~-274=0

2u4-27=0

2A-6=0

Now,

2A-6=0=.=3

2u-27T=0= u=

rJ
lal -

~

~J

Hence, A=3 and u=

™ |

Question 6:

Given that a-b=0andaxbh=0. What can you conclude about the

vectors@and b ? Answer

a-b=0
Then,

o 55] =) b‘ =0 alhb (in case a and b are non-zero)
(i) Either ° or , or

axb=0

o %ﬁ{ = 3[51 =0 all b (in case a and b are non-zero)
(ii) Either or! , or

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

=0 _|b|=0
! or .
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Question 7:

a, b

Pay ]+ c, bi+b,] ., i te, ] -k
Let the vectors @ aji+a,j+ak, bt +b,j+bk, ¢i+e,f+ek

* € given as . Then show

=dx(b+¢)=axb+axc
that
Answer

We have,

a=a,f+az_;'+a3k-,I;:b,f+b:j’+b3/€,5=c’,f+c‘:}+c'31\;

(b+¢)=(b+c,)i+(b+¢) i +(b +c,)k
iR

Now.dx(l;ﬂ:') a, a, a,

b+¢ by+c, b+c

=1'.[a: (b, +¢,)—a,(b, +c, ):I— ;’[ul(hj +¢,)—a, (b +¢ )]+I;[u,(h: +e¢,)—a, (b +¢ )]

=i[ah, +axe,~ab, -u“c:]«»j[-a,h‘ —a, +ab, +u‘c,]+ila,b2 +ac; —ah ~a,] ..(1)

i ]k
dxh= a a, a,
b b, b

= i[a_.h‘ - a;b,]-p }'[[;1(1; -(Ilh.,]+ I;[u,h, —a:h,] (2)
i ]k
axc=|a, a, a,

g & &

=i[ax, ~ae,]+ J[ac, —age; )+ k[ae, —ac]  (3)
On adding (2) and (3), we get:
(;:x B)—'r (;1 X E) =i[ab, +ae,—ab,—ac |+ i[ba, +ae, —ab —ac,]
+k[ab, +ac, —ab —ay] (4)
Now, from (1) and (4), we have:
ax(b+é)=dxb+axc

Hence, the given result is proved.
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If either d=0orb = 0, thenaxb = 0. Is the converse true? Justify your answer with
an example.

Answer

Take any parallel non-zero vectors so that@*2 =0

Leta =20 +3/+4k, b =4i +6]+8k.

I'hen,

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

It can now be observed that:

la|=v22 +3 +4* =29

naz0
|/§|=\/43+63 +8 =116
h=0

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@, 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 mand 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]
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Area of AABC = AR x B("'|

2
i j &

ABxBC=|1 2 3/=i(-6)-j(3)+k(2+2)=-6i-3]+4k
-1 2 0|

0|

2 /AB xBC =/(-6) +(-3) +4" = V36 +9+16 = J61

. NoOl .
Hence, the area of AABC1s & square units.

Question 10:

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

Ed"h‘ . Adjacent sides are given as:

a=i-]+ 3kandb = 2i 77 +k

ik

i
saxb=[1 <1 3=i(-1+21)=j(1-6)+k(~7+2)=20i +5] - 5k
2 =7 1

dxh =200 +5 +5 = J400+25+25 = 152

Hence, the area of the given parallelogram isls‘/i SGUATE WONS:

Question 11:

[;

2 o
!: —3—, thend@*b is a unit vector, if

- }—i. = 3 { I
Let the vectors @ and b be such that 19 and';”

the angle between “ and b is
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T om &
A) 6(8) 4(c) 3 (D) 2
Answer

|
It is given that @/ =3 and Ih; =

. <.
Ll ey

dxb = |d”l§’sin an
We know that

b and 8 is the angle between ¢ and? .

25l - : .fdxi”ﬂ
Now, 4 %2 is a unit vector if' .
axb|=1

:>%!d|15’sin()fr =1

= d|p|[sin 6| =1

N2
= 3x——xsinfd =1
b

; |
351“9—ﬁ

:>():E
4

. ~ = R
Hence, axbis a unit vector if the angle between ¢ and b isE.

The correct answer is B.

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

T [ [ PIRR. I

i~ﬁ/‘-4A.isﬂ/‘o4k.i 1/"M'and i i/‘-4krespectivelyis
1

() 5 (B) 1

(C) 2 (D)

4 Answer

, where is a unit vector perpendicular to both ¢ and
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The position vectors of vertices A, B, C, and D of rectangle ABCD are given as:

OA =i+ j4dk, OB=i+—j+4f, OC=7-L j+af, OB =—F-L j+di
2 2 2 2

The adjacent sides AB and BC of the given rectangle are given as:
- 2 1 2
AB=(1+I)H[ ] (4-4)k=

BC = (I—I)/+(—-]4-—] +(4- 4)k=-]

2 2
iPoJ ok
~ABxBC=[2 0 0|=k(-2)=-2%

0 -1 0

ABxAC|=(-2)" =2
Now, it is known that the area of a parallelogram whose adjacent sides are

dandb s ?”"h‘_
Hence, the area of the given rectangle is

ABx BC| = 2 square units
AR BC' = Square Umits. o correct answer is C.
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Write down a unit vector in XY-plane, making an angle of 30° with the positive
direction of x-axis.

Answer

If 7 is a unit vector in the XY-plane, then © = cos@i +sindj.

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

. a el v o \‘3 a -
r=c0s30% +sin30°j=—j +—
3 2>

l"
. . . YIP y
Hence, the required unit vector is——i+—J

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

Answer

The vector joining the pointsP(x;. y,. z,) and Q(x,, y,, z, )can be obtained by,
PQ = Position vector of Q — Position vector of P

=(x=x)i+(3 =) +(2:—2 )k
PQ = \‘"I(.r,. - X, )3 +(v; =¥ )2 +(z, -2 ):

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

(x, _-\'x)v(..": -%)(2:-2) \[(x: =X )2 +(n =y ) +(2;-3 )~

{ 1
are respectively | Iand

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

Now, we have:
OA =4/
AB=i EAE) cos 60° + | I\Bi sin 60°

| 3
=3% =+ J3IK—
2" 2
3. 343 .
=—j4+—7]
2 2

By the triangle law of vector addition, we have:

OB =0A +AB
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-‘_[; 4578 L. ?(Ilzib]fl(l .
If a=0%C thenisittruethat "' 1 ? Justify your answer.
Answer

In AABC, let CB=a, CA =bh. and AB = ¢ (as shown i the following figure)

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

_ ), [5|, and |¢] _
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.
~al < |b‘ +|¢]

N lal =B +¢
Hence, it is not true that' ' | .

_ _ .\'(f + o+ I\) _
Find the value of x for which ’ is a unit vector.
Answer

.\‘(vf+ j‘+l€)is a unit vector if;.\'(f+]+lf)} =1
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Now,

v\‘(fo /tk)i ]

= Jy3x* =1
— \/?.\ =]
|
S r=4t——
J3

]
Hence, the required value of X ist+=
J3

Question 6:

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

G=2i+3j-kandb=i-2j+k
Answer
We have,

b7 :2,’+3_}-—/€ and b :f—l_;'-”;

Let€ be the resultant of @ and 5
Then.
E=a+b=(2+1)i+(3-2)j+(-1+1)k

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

t5~é:15-—,':(3f+])=i

-
i

310 y J10 -

2 ¥
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Question 7:
1fd =i+ j+k. b=2i—j+3kand ¢ =i-2/+k find a unit vector parallel to the

vector 2d = b +3¢
. Answer
We have,

=i+ |+k, b 2f-}'+3lxand(;:i»2}+(

2‘;'-5*3‘:»'2(,’*)'.&) (2i- ;'315);3(; 2j+k)
=20 +2j+2k-2i+ j-3k+3i -6]+3k
=37 -3j+2k

[2d~b+3¢| = {3 +(3) +2' =919+ 4 =22

Hence, the unit vector along 2d —b +3¢ js

2i-b+3¢ 3i-3j+2k 3 % A F i
\25—5+3z:\ V22 22 W2 W

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).

S AB=(5-1)i +(042)j+(~2+8)k=4i +2] +6k
BC=(11-5)i +(3-0)j+(7+2)k=6i +3j+9%
AC=(11-1)i+(3+2) j+(7+8)k =10 +5]+15k
|AB| =4 +27 467 =\16+4+36 =56 =214

BC| = V6" +37 +9° =36+9+81 =126 =314

IAC| =107 +57 +15% =100+ 25+225 =350 =5V14
-.|AC

= !/\B" +IBC|

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:
;_ A0C+0A
(A+1)
- ).(Ilf+3_7+7l:')+(f—2]—8/;)
= 5i -2k =
A+l

= (2+1)(51 -2k )= 1120 +32] + 72k + -2] -8k

= 5(A+1)i —2(A+ )k =(11A+1)i +(32-2) ] +(72-8)k
On equating the corresponding components, we get:
5(A+1)=111+1

= 534+5=111+1

= 6A=4
. 4 2
P A=—=—
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(zd +h)and(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 OP=2d+b, 0Q=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(2a+8)-(a-3b) 4g+25-a+3b

OR = — : 2 | —=3d+5h

{9

Therefore, the position vector of point R is3a+5b .

0Q+OR

-

Position vector of the mid-point of RQ =
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(5-35y435+55)
2

=2d+b
- 0P
Hence, P is the mid-point of the line segment RQ.

Question 10:

) 0l = e - 2 -9 '. 2 2
The two adjacent sides of a parallelogram are =/ — 4/ +3K ang 1 =273k

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

Answer

Adjacent sides of a parallelogram are given as: @ = 2{ =4/ +5k ang
b=i-2]-3k Then, the diagonal of a parallelogram is given by‘7+b .
G+b=(2+1)i +(~4-2)j+(5-3)k =37 -6 +2k

Thus, the unit vector parallel to the diagonal is

a+h 3 -6]+2k 3-6j+2k 3i-6j+2k 3: 6. 2-
o o] ity =yt W ot e w s | et ~ k.
ja+b| 3 +(-6) +22 V9+36+4 7 7 L

-~ Area of parallelogram ABCD =?dwh'

i 7k
(iy/;':'.’ 4 5
| <2 -3

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

- ~ 4 ) fe
.'.‘uxh‘ =1 IN2 + 17 =11J5

Hence, the area of the parallelogram isl |‘/;square units.
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Show that the direction cosines of a vector equally inclined to the axes OX, OY and OZ

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 a, cos a, and cos a.
Now,

cos’ @ +cos’ @ +cos’ o =1

= 3cos =1

= CO0sa =

&=

(9]

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

| | 1
are—=, —&—=, &&=
\;[.’; \/3 \/'3 )

Let @=1+4j+2k, b=31=2/+Tk gnq¢ =21 — j+4k _Find a vector 4 which is

perpendicular to both aandb ,

andc.d =15. Answer
Let d=di+d,j+ (l:!le _

Since d is perpendicular to bothaandf; , we have:

d-a=0

=d +4d,+2d, =0 ..(1)
And,

d-h=0

=3d,-2d,+7d; =0 . 01)

Also, it is given that:
éd=15

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

d, =@,d, =—é and d, =—E
Fe gl g
i 1607 8% POE Lfeond (A0 o
nd =225 2 =~ (1607 - 57 - 704
gt g (008 - 70K

1 . o "
Hence, the required vector is ;(1601’ ~57 - 70k}

Question 13:

The scalar product of the vector! +/+ K with a unit vector along the sum of vectors

2i +4] =5k gng Al +2/+3kis equal to one. Find the value

of 4. Answer
(2f +4_}'—5/€)+(/1f + 2}'+3/§)

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

Therefore, unit vector along( 2 +4;- SIS)+(/’J +274 3k )is given as:

(2+4)i+6)-2k (24 4)i+6j-2k  (2+4)i+6]-2k

\X('—’+).)ﬂ+(r'+(—2)‘ VA+42+27 43644 VA +4i+44

Scalar product of(f + }'vlé)with this unit vector is 1.
(2+4)i+6j-2k
VA +41+44

(244)+6-2
— B —
VAT +44+44

A“+4i+44=4+6

7)([*#[?[) =]

=y
= A +44+44=(1+6)

S A+ 44+ 44 =1 +122+436
> 84 =8

= A=

Hence, the value of Ais 1.
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Question 14:

If “-[""are mutually perpendicular vectors of equal magnitudes, show that the vector

a+b+cis equally inclined to

a.band ¢ . Answer

Since@-P» and € 56 mutually perpendicular vectors, we have
d-b=b-c=¢-a=0.

It is given that:

\al=|p|=e]

Let vector @+5+€ pe inclined to @+ A4 € 5t angles
6, 6;, and 6, respectively. Then, we have:
(G+b+¢)d G.a+b-a+i-a

cOs ”l = -
p+h+;

la G+b+ld

I(l'" 35 gpen:
_lal (6.a=c-a=0
|¢i th+él|a

|u'

|u +hH <

(G+5+E)b  Ghsb-bec-b
cn'.sll: = — _ = — —
Pwh4th G+b+&-b

- m L‘,./. =&oh —.()J

1A

Iti b4 C

((l+h+c )'t GC+D T+ &
cosé, = - = -
ad+b 4+ &|E a+b+clid

el

l(l.-'i-,-‘.-‘k-t7 ‘tj

G- C=bc=0

¢

|ﬁ+b+i
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Now, as ¢i§ = lh’ =|E (COSH =cosf, =cosfl, -
| . -

L0 =0,=0,
Hence, the vector(& +b +'c’) is equally inclined tai.h, and & .
Question 15:

Prove that((}‘r };)_(‘} +b)= "(}‘: .Ip", ifand only ifa, b are perpendicular,

giveng 20, h#0 .

Answer
raz 5 A .2 i 2
(a : h).(a +b)—|a +ib|
& d-d+d-b+b-da+b-b= [d|2 +‘b": [Distribulivity of scalar products over addilion]
> :cii2 +2d-b+ .I;I" = :a'|"' 4 ib‘ [d -b =b-a (Scalar product is oommutative)]
& 2i-b=0
esdh=0
~.d and b are perpendicular. I:ci 20, bh#0 (Given)]
Question 16:

If 6 is the angle between two vectors ¢ and b , then abz0 only when

=

(A) 0<8< f (B) D<@ <"

e

(c) 0<8<m(p)
0=8=7 Answer

Let 6 be the angle between two vectors ¢ and b

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

\d| and |b
at”

are positive
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It is known thatd-h =|dl b cos &,
“a-b=20
- |allb cost? >0

r | = 1
= cosf 20 al and |b| are positive
[ I

T
= 0<0<—
-

i

Hence, @-b=0whenp <@g <

<A

The correct answer is B.

Let 9and ” be two unit vectors and® is the angle between them. Then atbisa

unit vector if

14

(©)0="(D) 0=

2n

(A)B="(B) O=
4

Answer

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

Then, ia

:]13‘:1

i . ) la+b|=1
Now, @+ P is a unit vector if .
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a+b|=1

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

= aa+ab+ba+bb=1
lal +2ab+B[ =1
=1 +2'.}H);|cm()+1' =1
= 1+2.1.1cos0+1 =]

|
= C0sH = —-
~

o
=N
=0 =—
3

. - 2
Hence, 4 + b is a unit vector if g = =X .
3

The correct answer is D.

Question 18:

The value of ;(/xA)+j(;xk)+A(fx])ls
(A)O(B)-1(C)1(D)3
Answer

“

(k)4 {ixk)+k(ix )

The correct answer is C.

Question 19:

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

55.5| = |; % 5\

when 0 isequal to
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oA

(A) 0 (B) rEt(C) (D) n Answer

Let 6 be the angle between two vectors ¢ and? .
Then, without loss of generality, ¢ and b are non-zero vectors, so

that || and |b

are positive
Gb =§ax5|

= |di[[b|cos 0 = d]|b|sin 0

= cosB=sind Dd‘ and !5 are positivc}
= tanf =1
= f="
4
Hence, when 8 isequal to 4

The correct answer is B.
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