Class XII Chapter 10 - Vector Algebra Maths

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

Answer

North &
A p Scale

10 km

West - » East

8]

Y

South

Here, vector opP 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) 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.

(i) dand —4are 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:
G=i+j+hks b=2i-7j-3k  =—pit—mj-—k

Answer

The given vectors are:

da=i+j+k; b=2i-7j-3k: ¢ =

Question 2:
Write two different vectors having same magnitude.

Answer

Consider a = (7 —2]+3k) and b= (27 + -3k).

It can be observed that :1“ - ,fl’ +(—2)') +3 =1+4+9 =14 and

b= 2t +12 4(=3) =A+1+9 =14,

Hence, ¢ 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 /—) = (; ++ A) and (—/ = (2[ +2)+ 2A)

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

l=————= m= = andn=—=
N 5 N ’ T ave, o eimis oy [ ? I > y N
JE+iP+r B JEAE 1 3 JE+E+1 B
The direction cosines of ¢ are given by
2 2 ] 2 2 ]
[= ==~ A L A - R
22 42%49% 243 /3 2542542 243 A3
2 2 1
and n= ==

V22420427 23 B

The direction cosines of ” @9 4 are the same. Hence, the two vectors have the
same direction.

Find the values of x and y so that the vectors 2/ *3J and xi + 3/ 5.0

equal Answer

5 Briac Al L
The two vectors 2/ +3J adXi + 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
c}=i.—2j'+l;. /;=—2f+4]'+5‘kT and c.-=f—6_}'—7l€ Answer
The given vectors are a=i-2j+k, b=-2i+4j+5k and ¢ =f-6_}~7/€_
na+b+c=(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 vector¥ = i+j+2k .
Answer

a~

. - 4 ); - a
The unit vector @in the direction of vector ¢ =/ *J+ <K s given byd =m.

dl=VP+P+2* =1+1+4=4/6

SA=E—=———=

] 2
- +— - +;
’a'l \[(; \,/(—) ’ 6 4 \[(;

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).

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

PQ|=3+37 +3 =9+9+9=127=3\3

Hence, the unit vector in the direction of PQis

) 3i+3j+3k i ki
PQ 3i+43j+3 -Li+ _+l

= = o
PQ| ENE] 3 BB
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Question 9:

b=—i+j—k

a=2i—j+2k 41

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

of the vector d@+bh

Answer

5=—f+j‘—k.

The given vectors are 9= 20 — j+2k and
G=2i-j+2k

b=—i+j—k

sa+b=(2=1)i+(=14+1) j+(2-1)k=1i +0j + k=i +k

la+b|=vE+1* =2

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

Question 10:

Find a vector in the direction of vector Si—j+2k

units. Answer

which has magnitude 8

Letd =5i — j +2k.

52 4(-1)" +2° =25 +1+4 =30

Ql

.d Si-j+2%
AT S —————
lal 30

Hence, the vector in the direction of vector5i —J+2k

is given by,

which has magnitude 8 units

- 8 . -
B0 ) o ol ko

2 ArY
. ofsi-je2k)
8a=8[ kL /“ B
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3 5i -}',’_+ 2k
V30

/

_ 40, 8 5 16
J30 307 30

‘.

Show that the vectors 2 —3/ +4k and —4i +6 -8k 5re collinear.

Answer

Let @ =2i—3j+4k and b =—4i +6 ] — 8k.

It is observed that b = —4/ +6 ) —8k = —Z(Zf =33 +4/;) =-2d

b=Aa
where.
A==2

Hence, the given vectors are collinear.

Find the direction cosines of the vector
Answer

Letd=i+2]+3k.

2+22+3 =\1+4+9=414

~a|=

= (1
Hence, the direction cosines of a are l \/_
V14

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).

i+2]+3k
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B =(=1-1)i +(-2-2) j+{1-(=3)}
— AB = —2f—4_}'+4k-

o |AB|=\J(<2)" +(~4) +4° =V4+16+16 =36 =6

- (S, 4 N 2
Hence, the direction cosines of ABare | _:__i,i - t_l _§.
L\ 6 66)

(PSR S
o -

Show that the vector | +/+Kis equally inclined to the axes OX, QY, and
0OZ. Answer

Letd =i+ +k.
Then,

-
V3

al=vIE+1I+1° =

11 1)

Therefore, the direction cosines of a are | —=
L3 A3

v‘_‘J]

J
/

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

5.005/?:—7,‘:03}/:

1
v 3 Nel

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

Then, we havecosa =

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

ry ~ % 21 ‘: s 'y " ):
whose position vectors are | T2/ —k and —i+j+k

(i) internally

respectively, in the ration 2:1

(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+j+k)+1(i+2]—k) (=20 +2]+2k)+(7+2]-k)

-

2+1 3

OR =

:~l+4./+/\':_]’:+4.}.+]’(’.‘
3 3 3 3

(ii) The position vector of point R which divides the line joining two points P and
Q externally in the ratio 2:1 is given by,
2(-i+;}+/€)-|(i+2\}-/€)

2-1

:(-2f+2_7+3’;)'(’7+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,

(20 43]+4k)+(4i+7-2k) (244) (3 +1)]+(4-2)k
()R= ’) = "
=()f+4'/1+2»(;=~)1:.*-,,:."£
: 3i+2)

e
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Question 17:

Show that the points A, B and C with position vectors,a =31 —4j -4k ,

b=2i—j+kandcé=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—d4j-4k, b=2i—j+kandé=7-3]-5k
u‘:v.f—4}'—4£ b=2i-j+kandé=i-3j-5k

“AB=b- ( 3}r+(—]+4);+(]+4)k=—;+1,+<}‘
B—Cz‘;““i:(] 2)i +(=3+1) j+(-5-1)k =—i -2 -6k
CA=d-¢ —(1—1) +(—4 3)»j+(—4+5)k=2j__j+k
.'.‘AB" =(-1) +3' +5* =149+25=35
|BCr =(=1) +(=2) +(-6) =1+4+36=4I
|CA'“ =2 4 (=1) +1 =4+1+1=6

“‘-\B|1 +

"=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
5 AB+BC-AC=0
C. !\—B+B_C‘—C_i\.=6

D. A—B—C—B+C—A=0
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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 -(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.
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1f @ and b are two collinear vectors, then which of the following are incorrect:
A b=4a , for some scalar A
B, d= +h

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)

If A = +1, then G ==%b

If a = aji+a,j+ aj/\t and b = bi+b,j+ b..\kn. then
b = Aa.

= blf +b:]+/)=/\t = /',(vulf +(Ij_;+(l-jsj )

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

= b, =Aa,b, = Aa,.b, = Aa,

b b b,

:}—lz——:——:/l

a a, 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 \/—3— and 2, respectively
having‘—"[; = \'{(_’
. Answer

It is given that,

J I’: - - - '.'_7
‘a‘: V3 lb|l=2and, a-bh =46

Now, we know that a b =|fi) bleos @

. 1"_ l’: s | —a
CoAb =3 x2xcos
[
Wb

x2

= cosfl =

]

N

i-

= o8t = ]

<
]

s, B = %
4

= L
Hence, the angle between the given vectors ¢ and? isj .

Find the angle between the vectors I—2j+3kand 3i -2 j+k
Answer

=~ _% 5% » T At AT
The given vectors are¥ =/~ =/ +3k and b =31 -2j+k .
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ld|= 12 +(2) +3 =V1+4+9 =114
Ib|= 3" +(-2)" +1* =O+4+1=114

Now, d@-b = (::’—zj+3/€)(_3f—bj+;2}

Ha“=

=1.3+(-2)(-2)+3.1
=3+443
=10

Also, we know that ) =‘d’§5‘ce‘156’

S I0= \/ﬁ\f]_élcos(?

= cosf = i
14
5
= @ =cos ' [—)
7
Question 3:

Find the projection of the vectori —Jon the vectori .
Answer

A -

Letd =I—JandD =i+,
Now, projection of vectoraonb is given by,
|

W(ci.ﬁ):ﬁ{l.l«»(—l)(l)}= 5(1-1=0

o o

I

Hence, the projection of vector donbis 0.

Question 4:

Find the projection of the vector;+3;+7/€ on the
vector7i — | +8k . Answer

Lotd@=i+3j+7k 5 gb=Ti-j+8k

Now, projection of vectordon? is given by,
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e | , 3 7-3+56 _ 60
‘"](a'b)_\pu(_”ug 3T TR~ Ja9+1+64  il4

Question 5:

Show that each of the given three vectors is a unit vector:
Lirenas migs zomvw Rerom: cug N X i

Rifam: o Xopge: & omy Aigos  ox

7(._1 +3) +()k). 7(.)1 6 +_k). 7(61 +2j 3k)

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

Answer
Letad=— (1+);+(}£}=E;+E}"+E}2
) 7 7 7
= 1 . ~ 3. 6 2.
b=—(3F-6j+2k)=2i-2j+2k,
(3 =67+ 2K) =337 +3
.ll" " £ A 6a 2; 3.\
E=—(6i+2j-3k)=oi+=j -2k
A6 +2] -3k =i+ 27—

V49 49 49

-] () -Forere-

n] 2 9 36 4
—— |+ = =]—=F+—+—=
T [?J 49 49 49

lr 452 [ -5 \2 e 58  a
[

_-233(-6](>2(11812
a-b=—=x—4+—x| — [+=x—=—-—
77 7\7) 7 7 49 49 49
. 3 6 (’—6) 2 2 (—3) I8 12 6
ht==x—4—|x=4—x| — |=———-—
7 7T \N7 VT 7% 7 49 49 49
.6223(—3)6|7618
C-d=—X—+—X—+| — g
7 7 77 \7) 7 49 49 49

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

Find|a|and’5|, if(d +b‘1)-(c‘i—b.)=8 and |a| =8|5| .

Answer
[.5‘5).(&—5)4
—=G-G=db+b-d-b-b=8

= |b =izs [Magnitude of a vector is non-negative|

o 22
N
8x 242 1642
ENCIRE NG

= [ o
Il’.?l—gub‘—

Question 7:

(3&—51'5)-(25+7b’)
Evaluate the product .
Answer

(35-513)-(25”5)
=3G-2d+3a-7b-5b-2a-5b-7h
=6d-d+21d-b—10d-b—-35b-b

= 6laf +11d-5-35[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 is,

Answer

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

It is given that |a|= /5(. a-b= %.and & =60°. sl
We know that g-h =|d[!l§ cos
. — = dl|d@|cos 60° [Llsing (l)]

1o | —
-

bl
:—=|d|'x—-
2 2

=l =1

= ](il — )5| =1

Question 9:

Find]’r|, if for a unit vector @ (¥—a)-(¥+a)=12
Answer

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

= X-X+x-a-a-x—-a-a=12

=[5 -Jaf' =12

= :_.\:[2 -1=12 Uzi] =1 as @ is a unit vector:l
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Question 10:

1FG =20 +2j+3k. b=~ +2j+k and ¢ =30 + ] 5re sych thatd+ 4l is perpendicular
toC , then find the value of A.

Answer

The given vectors are d = 2i + 2_}'+ 3%k, b=—i+ 2.} +k, and ¢ =3/ 7-_/
Now,

G+ b =(20+2]+3k)+ A= +2]+ k)= (2-2)i +(2+22) j+ (3+ )k
If ((7 + )J;) 1s perpendicular to ¢. then

(d+2b)-c=0.

=[(2-2)i +(2+22) j+(3+ )k |-(37 + j)=0

= (2-2)3+(2+24)1+(3+4)0=0
-+.

= 6-34+2+24A=10
= -A+8=0
= A=8

Hence, the required value of A is 8.
Question 11:

Show that Mb +I/’|d is perpendicular totdlb "lb|d , for any two nonzero vectors
Gand b Answer

(|al +‘6|ti)-(|&|5-‘5lti)

=(af &b ~[a|p|6-a +[B]ala -5 ~[5] d-a

SR T, LS
=|a| |/)| —|b| |a|
=0

@b +[p|a__|alb -||a _
Hence, and are perpendicular to each other.
Question 12:

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

Il
=

It is given thatg-g=0anda-b
Now,
d-a=0=|d =0=|d/=0

~.d 1S a Zero vector,

Hence, vectorb satisfyinga‘l7 =0can be any vector.

Question 14:

If either vectorazo orb =0, thena'b :0. But the converse need not be true.

Justify your answer with an example.

Answer

j—6k.

I

Consider @ =2i +4j+3kand b =3i +
Then,

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

We now observe that:

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-
{0-
“BA-BC=(2+2]+3k)-(7+]+2)=2x1+2x143x2=2+2+6=10

Bx’\‘: V2P 428 +3 = J4+449=\17
B_E‘=\/I+l+21 =6

Now, it is known that:

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

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

BA-BC =[BA|[BC|cos(£ABC)

2 10=17 /6 cos( ZABC)
10

V17xJ6

= ZABC =cos™ [ Y )
102

= 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).

.‘.AB=(2—I)f+(6—”)}‘+(3—7)/€=f+4]‘—4/€
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! +47 +(—4) =1+16+16 =33
[BC|= 1P +47 +(~4) =I+16+16 =33

AC| =2 +87 +8° = JA+64+64 =132 =233
-.|AC|=|AB|+ \B‘C\

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

Show that the vectors 2/ —J/ ks i =3/ =5k and 3i =4/ =4k ¢, the vertices of a

right angled triangle.
Answer

,-)T_‘. ': 7_-.'._-: 7_"‘._:’:
Let vectors 2/ —J K, i =3 =5k and 3i =4 -4k o 1 osition vectors of points A, B, and

C respectively.
i, OA=2i-j+k, OB=7i-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—-3j—5k, and OC=3i -4 -4k
< AB=(1-2)7 +(=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)f+(—l+4)]'+(l+4)l;=—f+3.;‘+5/:'
[AB|= (-1 +(=2)" +(-6)° =V1+4+36 =41
iBC|= 2 +(-1) +P =Ja+1+1=6

Y. —
= (1) +3"+5 =1+9+25 =35

n

A

.'.|BC|: +‘ACl: =6+35=41=|AB

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
1

(A) A=1 (B) A=-1 (C) (1=|/i| (D) U:l;.

Answer

)7 |Aal=1
Vector 44 is a unit vector if' )
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Now,
|/‘.§r| =]

=|4lfa|=1

= |d|=

.

I i

=da=

—

Hence, vector 4d is a unit vector ifa =

[4#0]
Jl=d]

1
14

The correct answer is D.
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Exercise 10.4

Question 1:

Find fwx.73|, if c_1=f—7_}‘+7£:and E=3?—2]’+2!§ .

Answer

We have,

a=f-7j+7kandb =3f -2} +2k

=’7(—]4+14]—}(_2—2I]+A"(—2+21}=I9j’+l‘91§

= J(19) +(19)° ={2x(19)’ =192

.‘.|uxb

Question 2:

Find a unit vector perpendicular to each of the vector a+b and‘—’"b,
where @=31+2j+2k ynqb= i+2j-2k
Answer

We have,

;=317+2.}A'+2/\:and[—’= ;+2.}—2k

-

i
(a+b)x(a=b)=| 4 4 0|=i(16)- j(16)+k(-8)=16i ~16 -8k
2 0

=\/;x8-+°-x8-+83
=8y2*+ 27 +1=89 =8x3=24
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Hence, the unit vector perpendicular to each of the vectors a+hand a-b s given by
the relation,

L a+b)x(a-5) _,16i-16]-8k

(a+b)x(a-p) ~ 24
J 2 2 D

= n : T A 2
If a unit vector ¢ makes an 3 with 1«; 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=ai+a,j+ak

Since 9is a unit vector, a|=1 .

= e AT A A
Also, it is given that? makes anglesywith ’w:fch /', and an acute angle 6 with k.
Then, we have:

T aq
COs — = —-
a
] 3
:>;:: aq, Uu[ — IJ
T a,
COS—=—=
27 Jd
| 4
= —==a, I:'at:l:l
V2

a,
Also, cosf =—..
a

= a, =cost
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Now,
idzl

=\a’+a’ +a’ =1

= —+—+cos 0=1
3 \
== —+cos B=1
4
. 3 1
=cos B=1-—=—
4 4
1
:>c058:—:>ﬁ=E
2 3
m 1
(‘.“:COS—:_
: % 2

- | | |
Hence,f;:f and the components of dare| —., —=, —
3 2742’ 2

Question 4:
Show that

(a—5)x(a+5)=2(axb)

Answer

(@—b)x(a+b)

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

=0+dxbh+axb—-0

=2dxh
Question 5:

Find A and p if(2f+6}+27l€)x(:’+,{j+;d€)=6_
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Answer

(2?+6»}'+27l;j)x(1:+},}'+/111:):(j

S~
=

6 27 |=0i+0j+0k
A u
=i (6u—-272)-j(2u—-27)+k(24—6)=0i +0 + 0k

Y
— D™

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

2u-27=0

24-6=0

Now,

2A-6=0=A=3

J

27

I

2u-2T=0= u=

(o ] |

. |

7

I

Hence, A =3 and u=

2 ‘

Question 6:

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

vectors@and b ? Answer

a-b=0
Then,
o ‘ﬁl =) b1 =0 alb (in case a and b are non-zero)
(i) Either ° or ' , or
axb=0
(il) Either _;a| = Oor ;b) = O’ or allb (m case a and b are non-/_ero)

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

Hence, a[ - Oor;b‘ - 0.
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Question 7:

a b, ¢ aji+a,j+ak, bi+b,j+bk, ci+c,j+ek

Let the vectors ** “* ™ given as . Then show

=ax(b+¢)=axb+axc
that
Answer

We have,

a=ai+a,j+ak, b=bi+b,j+bk, ¢=ci+c,j+ck

(b +€-:I) =(b +¢, );"'(bz +":).F+(b1 +C3)k‘

S
NUW,dX(E-&-é] a, da, a,

b+e bt+e b+

lI

[ (b, +c, (b +e, :| f[ul{h +c) aj(’b[+c]'):|+£|:a](b3+c3)—az(bl+cl}]

= [ Lby + a0, —agh a‘gcz] -O—J;'[—mh3 —a,c; b +ae ]+£[a]b,2 +ae; =ab — a;c’]] (l)

ik
dxb= a a a
b b b

f[a:b} —-a;h, ] +] [b, a, —ab, ] + kA[tt,bz - azb,] (2)

axé=|a, a, a

=1[aye, —ase, |+ j[ac —ac, ]+ .!E[ar,c2 —a,]  (3)
On adding (2) and (3), we get:
(;‘: X B)+ ((; x Z) =i[ab; + a,c,—ab,—ac, |+ j[ba, +ac, —ab —ac,]
+k[ab, +ac, —ab, —ayc,] (4)
Now, from (1) and (4), we have:
ax(b+2)=axbaanc

Hence, the given result is proved.
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If either d=0grb = 0, then‘—’Xb = 0. Is the converse true? Justify your answer with

an example.
Answer

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

Letd =20 +3]+4k, b =47 +6]+8k.

Then,
‘I J ok

ﬁx'f;z‘E 3 4/=7(24-24)-J(16-16)+k(12-12) =0/ + 0]+ 0k =
ﬁ 6 8

It can now be observed that:
la|=v2*+3*+4* =429
na#0

b|=V# +6 +8 =116
b0

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 given as A (1, 1, 2), B (2, 3, 5), and
C(1,5,5).

The adjacent sidesfm and BC of AABC are given as:

-

AB =(2-1)i+(3=1)j+(5-2)k =7 +2]+3%
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Area of AABC = %‘AB' x Bc’|

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

AB xBC=|1
~1

[ S T A

~|AB'xBC|= \/(-6) +(-3) +4* =36 +9+16 = 61

. 6l y
Hence, the area of AABC!ST 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

i ]k
axb=1 =1 3/=i(-1421)=j(1-6)+k(=7+2)=20i +5] -5k
2 -7 1

=18
4
=y
I
)

| =V20°+5° +5" =/400+25+25 =15

l,’; .
Hence, the area of the given parallelogram isls"" Squarc umits

31

T, thend@*b is a unit vector, if

al=3

Let the vectors ‘7and b be such that ' and'/’ =

the angle between “ and b is




Class XII Chapter 10 - Vector Algebra

Maths

T ™ W L
A) 6() 4(c) 3 (D) 2
Answer
It is given that \a/=3 and ’bi = —;2

axb ﬂdl‘h"sin On
We know that

b and 8 is the angle between ¢ and? .

axh o axb|=1
Now, @ %2 is a unit vector if!

a xl;' =1
= :}ij”l;’sin ();}‘ =1
= al|b||sin 6] =1

5]

:Sx\T'xsin(le

: ]
35]!10—$

:>()=E
4

- = =5 G
Hence, axbis 3 unit vector if the angle between ¢ and b isz.

The correct answer is B.

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

s la con 1w 2 1a = ; ne
—f + = Jdk, i+ = J+dk, i- = Jj+ 4k and —i f%‘j+4k respectively is

Fa .

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

4 Answer

, where is a unit vector perpendicular to both 4 and
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The position vectors of vertices A, B, C, and D of rectangle ABCD are given as:

(‘)A'=—17+;j+41\:._ OB':i‘+%]+4I\:. 06:1?—%_}+4A:. 0[)'=—l\—-;~j+4/\:

The adjacent sidesm and BC of the given rectangle are given as:

AB:(HI)H[;— ]/+(4—4)k=21
B0 =(1-1Fs [ =L =L VG a)i]
=(1-1)i 42 -1+ (4-4)i =]
A
~ABxBC=[2 0 0|=k(-2)=-24
0 -1 0

ABxAC|=[(-2)" =2

Now, it is known that the area of a parallelogram whose adjacent sides are
dandb s "'x"‘_

Hence, the area of the given rectangle is

ABx BC| = 2 squz .
AB BC' SCUATEMOIES The 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 © = €0s®i +sind}.

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

— > . A W . ]
F=c0s30% +s5in30°; = —itzJ

. . U
Hence, the required unit vector is——i+

- —

3 | -

Find the scalar components and magnitude of the vector joining the points
P(x,, » z,) and Q(x,, ¥, 2,)
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, _"'n)’:+(."z _."I)j"(z: —2 )k
I_’Q = \"I'(x: =X )J +(y: =y ): +(z, -2 ):

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

(6 =5). (=222} g =3 + 02 =2 ) +(z == )

{
are respectively !

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

: B

30"-"3\,:*
w . E

- >

A 4 km (8]
y
: S

Now, we have:
OA =—4i
AB=1i iAﬁ}cos 60° + A}'}Aﬁlsin 60°

V3

=,’3xl+;3x_'
/R 2
. 33
i+—
y o

re

| W

By the triangle law of vector addition, we have:

OB =OA +AB




Class XII Chapter 10 - Vector Algebra Maths

S la|=1b|+]|¢
ifa=b+c , then is it true that ' ' | ( I |? Justify your answer.
Answer

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

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

. oa‘ ‘Hl.and !c’| )
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]+]¢]

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

_ _ \(zf”l\) _
Find the value of x for which ‘ /is a unit vector.

Answer

\(z + /+A)|s a unit vector if_.\'(f+]+/f)‘ =1
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Now,

‘r(a+f+k)

=1

= 3x =
=Jixr=1

|
= x=%t—

]
Hence, the required value of x istﬁ

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,

G=2i+3j—kandb=i-2j+k

Let€ be the resultant of d@ and b

Then.

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

. I sl 3710/ 10 -
ta-c::ts~—_(3f+j):x"’ (li\ﬁj.
J10 2 2
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Question 7:

1fd=i+j+k. b=2i—j+3kandc=i- Jj+k , find a unit vector parallel to the

vector 2d —b +3¢

. Answer

We have,

u—r+;+k b= i—j43 )’;andc—e—jj+k

2a— [:+3v—”:+; k ( +3k)+3(z—2]+k]
:2;+2.]:—hk—;-_i+.;—3k+31—6_;+3k
=31 -3j+2

—
2i-b+3¢|= 3 +(-3) +2' =\B+9+4 =22

Hence, the unit vector along 2d —b +3¢ s
2i-b+3¢ 3i-3j+2k 3 . 3

4 = =—ij- j+ .
’2ci—b+3(':‘ 399 J22 227 22

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+(0+2)j+(-2+8)k=4i +2] +6k
BC=(11-5)7 +(3-0)j+(7+2)k=6i +3]+9%
AC=(11-1)i +(3+2)j+(7+8)k =10i + 5] +15k
|AB| =& +2° +6* =\16+4+36 = 56 = 2114
[BC|=6? +3° +9° = 36+9+81 = V126 =3V14
§AC‘=W=M=J§%=S@
~.|AC| = |AB|+[BC]

Thus, the given points A, B, and C are collinear.
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Now, let point B divide AC in the ratio4:1. Then, we have:

OF - AOC+0A
T (24))

gy A0} fi-27)
.I—_"t J !

A+l
= (2+1)(5i-2k) =147 +32] +7 2k +i -2 -8k
= 5(A+1)i =2(A+1)k=(112+1)i +(34-2) j +(72-8)k
On equating the corresponding components, we get:

5(A+1)=112+1
=52+5=11A+I

= 64A=4
-
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)*‘"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:

2(2+5)~(3-%) _4d+25-5+35 _
-1 I -

OR = 3d +5b

ro

Therefore, the position vector of point R is3d+5b .

Position vector of the mid-point of RQ ~0Q+OR
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(5-3/3)+(3a+55)

2

=2a+b

=OP

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

9

|

o I p 2. a% af
The two adjacent sides of a parallelogram are 2/ — 4/ +3K ang 1 =27 -3k

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

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

Thus, the unit vector parallel to the diagonal is

a+bh  3i-6j+2k _3.;‘-“(:‘}-4-2,5_3f'=-f:}«|-2£7_3g 64,24
|a+5 \J"'33+(-ﬁ)"+zi Jo+36+4 7 7 7771
-+ Area of parallelogram ABCD = a'xhl|

i j ok
ixbh=2 -4 5

| -2 -3

=i(12410)— j(-6-5)+k(-4+4)
=22i +11j

=1 |(2€+j)

.‘.‘éxf}"—' W2 +12 =115

=
Hence, the area of the parallelogram isl IS 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 —, —

V3B

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’ a+cos’ =1

= 3cos’a =1

= Ccosa = L

3

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

1
are——=, —&—, —F=
5B

Let a=1+4]+2k, b=31-2j+Tk anq¢=2i — J+4k Find a vector € which is

perpendicular to both aandb ,

andc.d =15. Answer
Let d=di+d,j+ d_;/\: _

Sinced is perpendicular to bothaandl; , we have:

d-a=0

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

d-b=0

=3d, -2d,+7d,=0 ..(11)

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:

S
d, =@.d., =—-—and d, L
§ 2k g g
-.J:'—6—°i—§}—19/€:1(160,’—5}—70/2)
3 37 3 3 ,

| T " A
Hence, the required vector is %-(I()()i -57- 7()k)

Question 13:

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

2i +4) =5k gng Al +2J+3Kis equal to one. Find the value

of 4. Answer

(27 +47-5k)+ (i +2]+3k)

=(2+A4)i+6j-2k

Therefore, unit vector anng(Ef +4)- Si;)+{,1f + va+3!g}is given as:

(2+4)i+6j-2k  (244)i+6j-2k (2+4)i+6j-2%k
J@+A) 6 +(-2) N4+42+27+36+4  VA+4A+4d

Scalar product of(f+_} +i;)with this unit vector is 1.
w22V 6T —2k
:(f+1'+k)v( ) J
‘ ToJA 444+ 44
24A4)+6-2
JEPAHE=2
A +42+44
SN FE Y I

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

= A rdA+44=1 +124+36
= 84=8
=4=1

Hence, the value of A is 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-¢=¢-a=0.

It is given that:

il-J-e

Let vector @+b+¢ be inclined to P> 14 € 3t angles

6,, 6,,and 6,

respectively. Then, we have:

(a+5+8)-@ sa+b.a+c.a

0s & = . = =
o i+ b +&l|d| d+h+él|a
. [b.a=zc.a=0]
|@-+5+&||dl
__la
|E+E+E

(5+5+E}5_a-5+5ﬁ+é4{

cosfl, = =
b

‘J+:‘?+E|E’ Gi+b+&l-

;:f

a5+ Jf]

-
=)
=y
Il
Tl
o>
Il
=

| S |

_ I
’d+5+é

(u+h+c}6 G-C+b-¢+E-8

cosf, = = = =
P lavb e d+b+7|2|
T
SR [aa:Ee:o]
@+6+¢l[c

g

|&+h+E
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Now, as\d|=‘b-| =|c: ,cosf =cosd, =cosd, .

5 ) =8, =4,
Hence, the vector(d +b +c') is equally inclined tai,b, and ¢ .
Question 15:

Prove that{;-j»j;)_(aJrB) =|E,-: +’B’2 , if and only ifa, b are perpendicular,

given;;;zfl, h#0 .

Answer

4

(a+8).(a+b)=|a] +[s

& d-d+da-b+b-d+b-b= |d|2 +‘h"2 [Dislribulivity of scalar products over addilion]
e lal* +2a-b+ h‘ = -u'|'1' + \l;;z [u’ -b=b-a (Scalar product is commutati\-'e)]
& 2d-b=0

e d-b=0

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

Question 16:

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

(A) 0<e<§(5) 0<0<

a3

(©) 0<9<7t(D)
0=6=7m Answer

Let 6 be the angle between two vectors ¢ and b

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

tfd! and !b’ are positive
a :
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It is known thaté-b = ]a’\ h"cos&
~d-b20
= |d| J§‘cos()20

= cos@ =0 Uc‘;\ and ‘5

are pos_iti\-‘e]

=0=f=<

I

B3| A

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

The correct answer is B.

Let @and ? be two unit vectors and® is the angle between them. Then atbhis 4

unit vector if

] T 2

(C)b=_(D) 8=

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

w |
ra
w|

Answer

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

Then, ;1‘ :‘B‘ =1

St ) _la +b|=1
Now, 4+bis a unit vector if .
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a+b|=1
=(a+b) =1

= (a+5)(a+5)=1

= aa+ab+ba+bb=1

=af +2a5+5 =1

=142 (;rHE; cosB+1° =1

=14+2.1.1cosB+1=1

1
= cos=——
~

ﬂ
. AT
===
-
2

n

Hence, a+ b is a unit vector if H=""
3

The correct answer is D.
Question 18:
The value of ,(,xA)+/(1xk)+A(1x;)|s

(A) 0 (B) -1 (C) 1 (D) 3

Answer

The correct answer is C.

Question 19:

If 8 is the angle between any two vectors 4 andb , then !

5] =[axj

when 0 isequal to
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T T
(A) 0 (B) E(C) 5 (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 la| and :b" are positive
a-b|= ‘dxl;\

= |al|b|cos 0 =|d] 5| sin 0

= c0s0 =sin0 Ud and ‘5 are posilivc]
= tanf =1
=0="
4
aB|=fax| x
Hence, when 8 isequal to 4

The correct answer is B.
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