( CHAPTER - 10 )

VECTOR ALGEBRA

SCALARS
A quantity which have magnitude but no direction, is called

Speed, Distance etc.

scalars.

VECTORS
A quantity which have magnitude as well as direction , is

Displacement, velocity etc.

called vector.

MAGNITUDE OF A VECTOR
The length of the vector AB or a is called the magnitude of AB
or a and it is represented by |AB| or |a]|.

Ifa:xi+yj+zl€,then|a|=\/m

Since, the length is never negative , so the
notation |a| <0 has no meaning.

Let @=i+2] then |d|=V/5.

VECTORS AND THEIR REPRESENTATION

<&——— Terminal point

A—> initial point

Vector quantities are specified by definite magnitude
and definite direction. A vector is generally

represented by a directed line segment, say AB. A is
called the initial point and B is called the terminal
point.



TYPES OF VECTORS:

(i) Zero vector: A vector of zero magnitude i.e. which
has the same initial and terminal point, is called
a zero vector. It is denoted by O. The direction of
zero vector is indeterminate.

(ii) Unit vector: A vector of unit magnitude in the

direction of a vector a is called unit vector along

»

a and is denoted by a, symbolically a=

QDI

Find the unit vector of d@ = 2i+2j-5k.
2i4+2j-5k
NGE

Solution: a =

(iii) Equal vectors: Two vectors are said to be equal
if they have the same magnitude, direction and
represent the same physical quantity.

If @ = b, then |d| = |b| but converse may
not be true.

let d=i—j+k , b=i+j+k be two
vectors . So , magnitude of d and b are
ld|=v3and|b|=v3.Butd = b

(iv) Collinear vectors: Two vectors are said to be
collinear if their directed line segments are
parallel irrespective of their directions.
Collinear vectors are also called parallel
vectors. If they have the same direction they
are named as like vectors otherwise unlike
vectors.

Symbolically, two non-zero vectors a anb are

collinear a=\b, where

A eR
a=ib o (a1f+a2]+a3lz): k(bﬁ+b2]+b3lz) <

if and only if,

a1 = 7\.b1, ag= 7\.b2, az = 7\.b3
QL &

- :_:7\‘
b, b, b,

Vectors @ = aqi +a,] + a;k and b =bqi +

bZ] + b312 are collinear if &= 3 =3
b, b, b,

Find if the given vectors are collinear vectors.
PP=i+j+k 00=-i-j-k

Solution: Two vectors are considered to be
collinear vectors if one vector is a scalar
multiple of the other vector.

Vector Q=-i-j-k=-(i+]+k)=-(Vector P)
= Vector Q is a scalar multiple of vector P.

(v) Coplanar vectors: A given number of vectors
are called coplanar if their line segments are
all parallel to the same plane.

“two vectors are always coplanar”.

If the initial point of a vector is not specified , then

it is called a free vector.

MULTIPICATION OF A VECTOR BY A SCALAR
If a is a vector and m is a scalar, then m is a vector
parallel to a whose magnitude is Im| times that of
a . This multiplication is called scalar multiplication.
If a2 and b are vectors and m, n are scalars, then :
(i) m (@) =(a) m=ma
(i) m (na)= n(ma) = (mn)a
(iii) (m+n) a=ma + na
(iv) m (a+b) = ma + mb
ADDITION OF VECTORS
B

o >

(i) If two vectors a andb are represented by OA and
OB , then their sum a+b is a vector

represented by OC , where OC is the diagonal
of the parallelogram OACB.

(i) a+b = b+a (commutative)
(iii)(@+b) +¢ =a+(b+c)

(iv) a+0=a=0+a

(associative)

(v) a+(-a) =0 =(-a)+a
(vi) |a+b|<|a|+|b]

(vii) [a-b|=]|a|-|b]|



The vector sum of three sides of a triangle taken in
orderis 0.

PARALLELOGRAM LAW OF VECTOR ADDITION

If two vectors are represented along the two
adjacent sides of a parallelogram, then their
resultant is represented by the diagonal of the sides.
If the sides OA and OC of parallelogram OABC
represent 04 and OC respectively, then we get 04 +

C — B
’_<

a A

Both laws of vector addition are equivalent to
each other.

POSITION VECTOR OF A POINT

Let O be a fixed origin, then the position vector of a
point P is the vector OP. If a2 and b are position
vectors of two points A and B, then

AB = b-3 = position vector (p.v.) of B — position
vector (p.v.) of A.

To Find a Vector when its Position Vectors of End
Points are Given:

Let a and b be the position vectors of end points A
and B respectively of a line segment AB.

Then, AB = Position vector of B — Positron vector of
A=0B-04A=D-d

Find the vector joining the points P(2,3,0)
and Q (-1,-2,-4) directed from P and Q.
Solution: Since the vector to be directed
from P to Q, clearly P is the initial point and
Q is the terminal points. So, the required
vector joining P and Q is the vector P, given
by

PQ = (-1-2)i +(-2-3)j+(-4-0)k

PQ = -3i -5 -4k

DISTANCE FORMULA

B(b)
b-a
A(a)

Distance between the two points A(3) and B(b) is AB
=|a-b]

SECTION FORMULA

If a and b are the position vectors of two points A
and B, then the p. v. of a point which divides AB in

na+mb
m+n

the ratio m: n is given byr =

Cases:

for internally OR = mbtnd
m+n

< ) ——— | —>

C i
Al R (OR) B (b)

mTJ—n

Q

For externally OR =
<—-~——-—nm —_—
N —F

= i

(@) B (B’] R(OR)

b

Position vector of mid-point of the line segment
a+b
2

joining end points A(d@) and B(b) is given by OR =

Position vector of mid point of AB =¥ Hence

EGHF is a parallelogram.

Consider two points P and Q with position
vectors OP =3a - 2b and 00 = a +

b . Find the position vector formula of a
point R which divides the line joining P and
Q in the ratio 2:1, (i) internally, and (ii)
externally.

Solution: Since point R divides PQ in the
ratio 2:1. we have, m =2 and n =1
(i) R divides PQ internally

From equation (2), we have 7 = % BT =
2(@+b)+(3@-2b) _ 5d
3 T3
(ii) R divides PQ externally
From equation (3), we have 7 = m:;za BiE =

2(@+b)—(3@-2b) _ ar



COMPONENTS OF VECTORS:
Let the position vector of P with reference to O is OP

==X+ yj + 7K, this form of any vector is-called
its component form. Here, x, y and z are called the

scalar components of # and, xi and zk are called the
vector components of # along the respective axes.

Two dimensions: If a point P in a plane has

coordinates (x, y), then OP = xi + yj, where  and j
are unit vectors along OX and OY-axes, respectively.
¥

F 3

? ___________ P{rl'{lj"l}

R

. o
Then, |0P| ={/(x2 + y?)
IMPORTANT RESULTS IN COMPONENT FORM

If d and b are any two vectors given in the component
form as d@ = a,i + a,j + ask and b = b,i + b,j + bsk .

Then , (a;,a,,a;) and (b ,b,,b3) are called direction
ratios of @ and b respectively .

(i) The sum of the vectors @ and b is given by d +
B = (al + bl)i + (az + bz)j + (a3 + b3)k

(i) The difference of the vectors @ and b is given
by d — b= (a; — byi+ (a; — by)j + (a; — bs)k

(iii) The vectors @ and b are equal iff a, =by,a, =
bz and a3 = b3

(iv) The multiplication of vector d@ by any scalar 4
is given by 1d = (Aa,)i + (Aa,)j + (Aaz)k

(v) ifa_bz_b_ , Then vector @ and b will be
a; az as

collinear.

(vi) If it is given that , l, m and n are direction
cosines of a vector , then li+mj+nl§ =
(cosa)i + (cos B)f + (cos Y)k is the unit vector in
the direction of that vector , where o ,p and Y
are the angle which the vector makes with x,
y and z — axis , respectively.

ANGLE BETWEEN TWO VECTORS

It is the smaller angle formed when the initial points
or the terminal points of the two vectors are brought
together.

Find the angle between the two vectors
2i + 3i + k, and 5i -2j + 3k.

Solution:

The two given vectors are:

@ =2i+3i +k,and b = 5i -2j + 3k

jal = VZ 437 + 12 = VT4

lbol = /52 + (=2)? + 3% = V38

Using the dot product we have a.b= 2.(5)
+3.(-2)+1.(3)=10-6+3=7

_ab _ 7
Cos 0 = R
— 17
6 = Cos (mm)

SCALAR PRODUCT OF TWO VECTORS
a. b=l |6| cosf, (0<0<n)

(i) If 0 is acute, then ab > 0 and if 0 is
obtuse, then ab < 0.

(i) a.b=0<alb (@=0,b=0)

(i) Maximum value of a.b is |a| |b]|

(iv) Minimum value of a.b is - |a]||b]|

GEOMETRICAL
PRODUCT

INTERPRETATION OF SCALAR

B(b)

@)

. >
CY
Let 4 andb be vectors represented by OA and OB

respectively. Let 0 be the angle between OA and OB
.Draw BL 1 OA and AM 1 OB

From AOBL and AOAM, we have OL = OB cos 0 and
OM = OA cosH

Here OL are known as projections of b ona and a

on b respectively.



Now, a.b =|a|b||cos0=|al(b|cos6) =|a| (OB
cos 0) =|al (OL)

= (Magnitude of b ) (Projection of a on 5)

Thus geometrically interpreted, the scalar product of

two vectors is the product of modulus of either
vector and the projection of the other in its direction.

(i) Projectionof aon b = a|t;)|b
(i a.b=b.a (commutative)
(i) a. (b+c)=a.b+a . ¢ (distributive)

(iv) (md). b= a.(mb) = m(@ . b), where m is a

J=j.k=k.i=o0
(vi) a . a
(vii) If @ =aqi +ap j+ag k and b=bqi +by] + bg

k, then @ .b =aqbq+agby +agbs
|a| = Ja°+a,’° +a,” , ‘6‘ = b’ +b,” +b,?

(viii)| a6 | = JaP +|bP + 2|a||b|cos6 , where 0

is the angle between the vectors
(ix) Any vectora can be written as a =

(a.i)h(a.])h(a.ﬁ)&.

Find the dot product of two vectors
having magnitudes of 6 units and 7 units,
and the angle between the vectors is 60°.
Solution:

The magnitudes of the two vectors are |a|
= 6, |b| = 7, and the angle between the
vectors is 6 = 60°

The dot product of the two vectors is:
d.b = lal.|b|. Cos 6

= (6).(7).Cos60°

= (6).(7).(1/2)

= (3).(7)

=21

VECTOR PRODUCT OF TWO VECTORS
() If a,b are two vectors and 0 is the angle
between them, then axb=|4a| | b | sind A
where 1 is the unit vector perpendicular to

both & and b such that a, b and A forms a
right handed screw system.

(ii) Geometrically |51 x5| = area of the
parallelogram whose two adjacent sides are

represented by a and b .

C

A

(not commutative)

(iii) axb=z=bxa
(iv) Ma)xb =a x Mb) m@xDb), where mis a
scalar.
(v) ax(b+c)=(axb) + (axc) (distributive)
(vij axb=0<a and b are parallel (collinear)
(@#0,b=0) ie a=Kb,
scalar.

(vii) ixi:jx]:llez:O ; ix]:lz, ]xlz:f, k x
i

where K is a

(viii) If @ = a;i +ap j+ag k andb =bqi + by | +
]k
bsk, then axb=|a, a, a,
b, b, b,
(ix) A vector of magnitude ‘r’ and perpendicular to
the plane of @ and b is im
|axb|
x) |If 0 is the angle between
‘é X 5‘

a and b, then sing = —_1
4 [¢

f a, band ¢ are the position vectors of 3
points A, B and C respectively, then the vector

(xi)

area of AABC =%(éx6 + bxC€ + €xa). The points

A, B and C are collinear if axbxbx¢+¢xa= 0
(xii) Area of any quadrilateral whose diagonal

vectors are d, and d, is given by :—2L ‘ d, x d, ‘

Finddxbifd=2i+kandb=1+j+k

. i j ok
Solution: dxb = |2 o 1| = i(0-1)-j(2-
1 1 1

10)+k(2-0) = -1 —j + 2k



PROJECTION OF A VECTOR

Let @ and b be two vectors represented by OA and
OB respectively and let 6 b the angle made by a with
directed line [ in the anti — clockwise direction.

Y-

!

b B8

The ,the projection of OA on the line [ is OB , which
is given by |0A|cos@ and the direction of b , called
projection vector, being the same ( or opposite ) to
that of the line [ , depending upon whether cos@ is
positive or negative.

Note

b =|0A|cos8.b = |G| cos8.b

= Projection of @ on b = %T and projection of

Ql
(S04

bond =

=

SCALAR TRIPLE PRODUCT (BOX PRODUCT)

(M

A C F

/G
a_~; VB
A D
The scalar triple product of three vectors

a, b and ¢ is defined as:

YOI

|c| , sin® . cos¢ where 6 is
the angle between a , b (i.e. & " b-9 )
X

b and ¢

and ¢ is the angle between a

:a‘b)qc/\ axb.c)also

written as [é b 6} and spelled as box product.

=¢).Itis (i.e.

(ii)

(iii)

(iv)
)

(vi)

(vii)

(viii)

(ix)

Scalar triple product geometrically represents
the volume of

the parallelopiped whose three coterminous
edges are

represented by a,b and ¢ ie. V=[a b ¢]

In a scalar triple product the position of dot
and cross can be interchanged i.e.

a.(bx¢) =(@xb).c =

a.(bxc)=-a.(cxb) ie.[abi]=-[ach]
If @=aqi+ay j+agk;b=bqi+byj+bgkand ¢
= cqi+ coj+ cgk, then [abc]=
a, a, a,
1 b2 b3
1 CZ C3
In general, if a=a/l+am+a,;
b=b,/+b,M+biand ¢ = ¢,/ + ¢, M + c,n
a, a, a,
then [éﬁé]z b, b, b, [?rﬁﬁ], where
c, C, C,

7, mand n are non-coplanar vectors.

If a,b and Care coplanar < [é b EJ =0
Scalar product of three vectors, two of which
are equal or parallelis 0 = [abc]=0

If a,b,¢ are non-coplanar, then[ab&] > 0 for

right handed system and [ab&]< 0 for left
handed system.

[P ] k=1 (i) [Ka bc] = K[a b ¢]
(iii) [(A+b)¢ d]=[acd]+[bc d]
(x) [é—B b-¢ E—é] = 0 and
[é+5 b+¢ 6+a] :2[566]
, |aa ab ac
(i) [ @b¢] =|ba bb be
€.a ¢.b &.c



QUESTIONS

Ql.

Q2.

Q3.

Q4.

Q5.

Q6.

Q7.

Q8.

Q9.

Q10.

[ |

letA=1+3+ak B=1+3j+BkC=1—2]+
3kand | B x Q| =5v3.1fAis perpendicular to Bthen
the maximum value of |/T| is

(a) V35 (b) V50
(c) V40 (d) V80
The scalar product of 5i + j — 3k and 3i — 4j + 7k is:
(a) 15 (b) -15
(c) 10 (d)-10
Find a unit vector in the direction of the vector (31 — 2] +
6Kk)

3. N 6 2 6
(a);l—;]-l—;k (b)—l+;] ;k

3. 2 . 6~

(C)—;l—;]—;k (d) None
Ifd = (21 — 4j + 5k) then  find the value of

A so that /1& may be a unit vector.
(@)= (b)A==

()1 = (d) None

1

f 55

1
t 3v5
Find a vector of magnitude 9 units in the direction of t"
he vector (=21 + 7 + 2k).
(a) —6i + 37 + 6k (b) —6i — 37 + 6k
(c) —61 — 3j — 6k (d) None
Find the position vector of the point which divides the join
of the points (23 — 3b) and (33 — 2b)
externally in the ratio 2: 3.
(a) —4b (b) -
(c)—2b (d) -
fa=(1—j+7k)andb = (51— +
2k) then find the value of 1 so that (3 + B) and

@- B) are orthogonal vectors.

(@)1 =13 (b) A = +2

(c)A =45 (d)1=47

Write the projection of the vector (i + f) on the vector
@=Dn.

(a)0 (b)T+]

(©i—j (d)1

If|d| = 2,|b| =3andd-b = 4, find |d — b|.

(a)5 (b) V5

(c)3 (d)V3

Find the unit vectors perpendicular to the plane of the
vectorsd = 2{ — 6] — 3k and b = 41 + 3] — 2k.
(a) £2 (30 — 2] — 6k) (b) + (3 + 2] + 6k)

Ql1.

Ql2.

Q13.

Q14.

Qis.

Qle.

Q17.

Q18.

Q19.

(c) i%(—?»i —2j—6k)  (d)None

Ifldl = 2,|b| = 7and (@ x b) = (31 + 2f +
612), find the angle between d and b

m? m?

(€5 (d)=

Find the values of x for which x(I + j +

k) is a unit vector.
1

(@x=+% (b)x =+
(©x=+% @x=t=

Find the vector equation of the plane through the point
i —j+2kand parallel to the lines #=—j+ 3k +

A2t —5j—k)and # = i — 3] + k + u(=5i + 4f)

(@)7-(4i+5/—17k)+27 =0

(b) 7 - (4i + 5] —17k) = 0

(c)7-(4i+5]—17k) +17 =0

(d) None

. > 1 . 1 . ~
Compute the magnitude of ¢ = NN - k
(@o (b) 3
(c)2 (d)1

Find the direction cosine of i + j + k

11 1 -1 -1 -1
(55 %) ®) (5% 7)

2 2 2 -2 -2 -2
(5 %%) @ (5% %)
For given vector d@ = 2i — j+ 2k and b=—-i+
find the unit vector in the direction of the vector d
(a) 51—k (b) 51+
(d) None of these

-k,
+b.

(c)f fj
(a—b) (a+5) =?
(a) 2(d x b)

—2(d x b)

(b) (@ x b)

(d) =(@x )

fd=1+j+kb=20—j+3kandé=1—-2]+

k, finda unit vector paraIIeI to the vector 2d@ — b + 3¢

(a )\/3—1 +TJ t&

(b)ﬁl +Ej -
i" _i" +

(C)\/ﬁl V22! 22

(d) None

Find the value of 4 when the projection of d = (Al +j +

4k) onb = (21 + 6] + 3k) is 4 units

(a)3 (b) 2
(c)5 (d)7



Q20.

Q21.

Q22.

Q23.

Q24.

Q2s.

Q26.

Q27.

Q28.

Q29.

Q30.

Werite the projection of the vector (i + j +
k) along the vector j.
(a)1
(€]

(b) @

(d) k

Find3- (b x &) whered = (2147 + 3k),b = (-1 +

2] + K)and ¢ = (31 +] + 2k)

(a)-5 (b) -7

(c)-9 (d)-10

Find the angle between two vectors d and

b with magnitudes 1 and 2 respectively, when |3 X Bl =

V3.
(a)

(c)%

(b) 3
2m
(d) 5

Write the value of 1- G xK) +j- i x k) + k- (i x7})
(a)-1 (b) 0
(c)1 (d) None

If 8 is the angle between 3 and b, and | - b| = |3 x
Bl then what is the value of 8 ?

(a) % (b) 3

©3F (d)3

Find the direction cosines of the vectora = (i + 2j +
3k)
-2 3

1
@& mm

(b)L’L’i

N T
O & = O 7% 757
Ifa=(21+4j—k)andb = (31— 2j +
AK) be such that@ 1 b then 4 =?

(a)2 (b) -2

(c)3 (d)-3

For any two vectors d and b, @x B)Z +@- B’)z =?
o2 R

(a) |B] (b) ld|?

(©1al?|p|” (d) None

The distance of point (2,1, —3) parallel to the vector
(21 + 3§ — 6k) from the plane 2x +y + z+ 8 = 0'is :
(a) 50 (b) 70

(c) 90 (d) 100

Given, vectors3 = 21+ 3j —kandb =j+ k. Let T be a
vector coplanar with the vectors @ and

bif T s toaand ii.b = 12, then
U isequalto:

(a) 21 + 8) + 16k
(c) —4i + 8j + 8k

perpendicular
(b) 41 + 4j + 16k
(d) —4i + 8] + 16k

the points A, B and C having position vectors (31 — 4] —
4k), (21 —j + k) and (i — 3j — 5k) are:

Q1.
Q2.

Q3.

Q4.

Q5.

Q1.

Q2.

Q3.

Q4.

Q5.

Q1.

Q2.
Q3.

Q4.

(a) vertices of a right-angled triangle
(b) are collinear

(c) No relation

(d) None

I SUBJECTIVE QUESTIONS I

Find unit vector of i — 2] +3k

Find values of x & y for which the vectors a=(x+2) |
—(x-y)j+k b=x-1)i+(@2x+y) ]| +2k are
parallel

If a=2i+3j+4k and b=i+j+k represent two
adjacent sides of a parallelogram, find unit vectors
parallel to the diagonals of the parallelogram.

The midpoint of two opposite sides of quadrilateral
and the midpoint of the diagonals are vertices of a
parallelogram. Prove using vectors.

Show by using distance formula that the points (4, 5, -
5), (0,-11, 3) and (2, -3,-1) are collinear.

I SUBJECTIVE QUESTIONS I

The vertices of a triangle are A(5, 4, 6), B(1, -1, 3) and
C(4, 3, 2). The internal bisector of ZBAC meets BC in D.
Find AD.

Find the value of p for which the vectors
a=3i+2]+9k and b=i+pj+3k are parallel ___.
Find the projection of the line joining (1, 2, 3) and (-1,

4, 2) on the line having direction  ratios 2, 3, -
6.

Find the volume of a parallelopiped whose sides are
given by —61 + 7j — 3k, —5{ + 7j— 3k and 7i —5j -3k

If the line through the points (4, 1, 2) and (5, A, 0) is
parallel to the line through the points (2, 1, 1) and (3, 3, —
1), find A.

I TRUE AND FALSE I

Distance between any two points (x1, y1, z1) and (xp,

Y2, ZZ) is given as \/(Xl —X, )2 + (yl - y2)2 + (21 - 22)2

Ifd=b,& |dl=|p|

by by b . >
If2=-2==2=k, Thenvectord and b will be non -
ay az as
collinear

If 0 is acute, then ab >0 and if 0 is obtuse, then ab <
0.



Q5.

Projectionof a on b = a+b

I ASSERTION AND REASONING I

Directions : (Q1 -5) In the following questions, A statement
of Assertion (A) is followed by a statement of Reason (R).

(a) Both A and R are true but R is the correct explanation of A
(b) Both A and R are true but R is Not the correct explanation

of A

(c) Aiis true but R is false
(d) Aiis false but R is true

Q1.

Q2.

Assertion (A) : The position of a particle in a
rectangular coordinate system is ( 3, 2, 5 ) .Then its
position vector be 2{ + 5j + 3k

Reason(R) : The displacement vector of the particle
that moves from point P(2, 3, 5) to point Q(3 ,4, 5) is
i+j

Assertion (A) : The direction of cosine of vector d =

N N =~ 2 4 -5
20+ 4j — 5k areﬁ,\/T_s '\/'T_S

Q3.

Q4.

Q5.

Reason (R) :A vector having zero magnitude and
arbitrary direction is called ‘ zero vector’ or ‘null
vector’.

&

Assertion (A): Letd = {+2j—kandb = -1+ ] —
be two vectors thend X b = b X @

Reason(R) : Let @ and b be two vectors then @ x b =
—(bxa)

Assertion (A) : The unit vector in the direction of
the sum of the vectors @ = 2i — j + 2k and b = —{ +
j+3kis \/%_ﬁi + \/%_6 k
Reason(R): A vector of unit magnitude in the direction

of a vector a is called unit vector along a and is

denoted by a, symbolically & = — .

Assertion (A) : A vector in the direction of a vector

5i — j + 2k which has a magnitude of 8 units is @ =
5i—j+2k

V30
Reason(R) : If a and b are position vectors of two

STY )

points A and B, then AB = b-a = position vector (p.
v.) of B — position vector (p. v.) of A.

Q1.

Q2.

Q3.

Q4.

[ w |

The points A(1, -1, - 5), B(3, 1, 3) and C(9, 1, -3) are the
vertices of-

(a) an equilateral triangle

(b) an isosceles triangle

(c) aright angled triangle

(d) none of these

The distance of a point P(x, y, z) from its image in xy
plane is-

(a) 2yl

(b) 2|z

(c) 2]x]

(d) 2/x% +y2 + 22

Find the ratio in which the segment joining the points
(2,4,5), (3,5, -4) is divided by the yz-plane.

(@)3:1

(b)2:3

(c)1:3

(d)1:2

If points A (3, 2, -4); B(5,4, -6) and C(9, 8,-10) are
collinear then B divides AC in the ratio-

(@)2:1 (b)1:2

(c)2:3 (d)3:2

Q5.

Q6.

Q7.

Qs.

Q9.

If the ZX- plane divides the line segment joining ( 1, -1,
5)and ( 2, 3, 4) in the ratio p:1, the p+1is equal to

(a)3 (b)3

4 3
(A3 (d);
Find the angle between two vectors d and b with
magnitude V3 and 2 respectively and d. b=+6
(a)45° (b)90°
(c)50° (d)30°
Let d=0+3j+7k and b=7i—j+8k , find the
projection of d on b

60 10
(a) Ve (b)ﬁ
JECHE T
OFm UEE

Find A when the scalar projection of @ = A% + j + 4k on
b=2i+ 6j + 3k is 4 units.
(@6

(7

Ifd =i+ 2j—3k andb = 31 —j + 2k, thend + b and
da—b

(a) Perpendicular to each other

(b)Parallel

(c)Non- collinear
(d)Collinear

(b) 5
(d)8



Q10. Distance of the point (x, y, z) from y-axis is-

Q1.

Q2.

Q3.

Q4.

Q5.

Q1.

Q2.

Q3.

Q4.

Q5.

Q1.

(a)y

(b) /x? +y?
(c) y? +22
(d) vz2 +x?

I SUBJECTIVE QUESTIONS I

ABCDE is a pentagon. Prove that the resultant of the
forces A—B,A—E,ﬁ:,ﬁ,ﬁ) and AC is 3. AC
Show that the points A(2, 3, 4), B(-1, 2,-3) and C(-4, 1,

-10) are collinear. Also find the ratio in which
C divides AB.

If the points P, Q,R,Sare (4,7,8),(-1,-2,1), (2, 3,4)
and (1,2,5) respectively, show that PQ and RS
intersect. Also find the point of intersection.

If a+ b+C=0,|a|=3, |b|=5 and|&|=6, find the angle
betweenaand b.

Find the values of x for which the angle between the
vectors @ = 2x2| +4x} + kand b =71 - 25 +x k is
obtuse.

I NUMERICAL TYPE QUESTIONS I

Ifa=1i+j+k and =24 - j + 3k, then Component of
balongaisA(i+j+k)A=

A vector of magnitude 9, which is perpendicular to
both the vectors i — 7j +7K and 3i —2j +2K is = %
(j+k) thenk=__ .

For any three vectors &, b, ¢, then dx (b +¢) +
bx@+a)+éx(@+b)=___.

Foranyvectora,then |axi|> + |ax][P+|axk[® =
P|a|> thenP=___.

The lines will be perpendicular if ajap + b1by + cqcp =

I TRUE AND FALSE I

If a ,b are two vectors and @ is the angle between

them, then @ x b = |d||b| cos 6 .7 where fi is the unit

Q2.

Q3.

Q4.

Q5.

vector perpendicular to both a and b such that

a, b and A forms a right handed screw system.

A given number of vectors are called coplanar if their
line segments are all parallel to the same plane

Ol

[é+5 b+¢ +é} = 2d.b.¢
The vectors 5.=—4i+8]—4i2, 6=4f—2j—2k\ and

+4 k are coplanar.
d)(@xc) - (b. )

=-2 i-2

¢
Ax{bx(@xd)} = (b . (axd)

I ASSERTION AND REASONING I

Directions : (Q1 -5) In the following questions, A statement

of Assertion

(R).
(a)

(b)

(0)
(d)

Q1.

Q2.

Q3.

Q4.

Q5.

(a) is followed by a statement of Reason

Both A and R are true but R is the correct explanation
of A

Both A and R are true but R is Not the correct
explanation of A

Ais true but R s false

Ais false but R is true

Assertion (a):Ifa, b and c are unit vectors, then
la—b|?>+|b —c|? + |c — al? does not exceed 9.
Reason(R):|a-b|2+|b-c|?2+|c—-a|?2=2(a2+ b2 +c?)
-2(axXxb+bXxc+cxa)
=2X%X3-2(axXxb+bXxc+cxa)
=6-{(a+b+c)2-a?-b2-c?}

=9-|la+b+c|2<10

Assertion (a):Leta,b, cbe distinct non - negative
numbers .If the vectors ai + aj + ck and ci + cj + bk

lie in a plane, the c is arithmetic mean of a and b
Reason (R): [(b+c)x(a+b+c)]isequal to 0

Assertion (a) : Let a, b and ¢ be vectors with
magnitudes 3, 4 and 5 respectivelyanda +b + c =0,
then the valuesofa.b+b.c+c.ais -25

Reason (R): The magnitudes of mutually
perpendicular forces a, b and c¢ are 2, 10 and 11,
respectively. Then the magnitude of its resultant is 15

Assertion  (a) : The sum of @ = 2i + 4j + 7k and
b= —20+3]+2kis7j + 9%k

Reason (R) : The sum of the vectors @ and b is given
byd+ b= (a, + b))l + (ay + by)j + (as + by)k
Assertion (a) : The vectors 2a—b+3¢ , a+b—2¢
and a+b — 3¢ are non-coplanar vectors.

Reason (R) : Four points 2a+3b-¢, a—2b+3¢,

3a+4b—2¢ and a—6b+6C are coplanar.



SOLUTIONS

S1.

S2.

S3.

S4.

S5.

S9.

(d)

(a)

(c)

(a)

(b)

MCQ I
A-B=0
1+94+af =0
aff =-10
i j ok
Bx(C= 3 B
1 -2 3

=i(9+28)—jB—-B) +k(-2-3)
IB x C|2 =75

= 9+280)*+B-p)?*+25=75
>p2+68+8=0

>p=-2,—-4
forB=—2,a=5andforﬁ=—4,a=§

S
For maximum value of |[A|?,at @ = 5

Therefore, maximum value of |/T| is
VI+9+25=+35

LetA=5i+j—3k
B=3i—-4j+7k
A-B=(5i+j—3k)-(3i—4j+7k)
=5-3+1- (-4 +(3) -7

=15-4-21
=-10 R
d=31—2j+6k
Lh= 3i-2j+6Kk
T Jriazie?

3. 2 A 6~
—;l—;] +;k
a=21—4j+5k
~ A3 =220 — 425 + 52k

For a unit vector, its magnitude equals to 1.
~|Aa) = \/(2/1)2 + 4D+ (B2 =1
=452 =1

2_ 1 _ 1
=4 _45_(3\/3)2

We know that,
@-b =|d||b|cos 6
= 4 = 6cos 0
=cos 6 =2/3

— -2 N - I
= la—b| =|d|*>+ |b|*> — 2|d||b|cos 8
-2
= ld—b| =22 +32—(2x2x3) x>
-2
>|d—-b| =4+9-8=5
$|&—BI=\/§

S6.

S7.

S8.

(d)

(c)

(a)

Let A be an arbitrary constant and the required
vectoris — 2Ai + Aj + 21k
For any vectora = a,1 + a,j+ a,k the

magnitude [3| = /a2 + a3 + a2

J(ZA)Z + )2+ 2H%*=9

=>34=9

=>1=3 R
Therefore, Required vector = —61 + 3] + 6k

The point dividing a line joining points a and b in a

ratio m:n internally or externally is given by

mb+na
——— respectively.

The position vector of the point dividing the line

externally
_ 2x(3d@-2b)—3x(2d-3D)

2-3
= —5b
i=1—j+7k
b=50—j+ak
(@+b)=1—j+7k+5i—j+2k
=>d+b=60—2]+(7+k
G—b=1—j+7k—(5i—j+Ak)

>d—b=—41+0j+ (7 - Dk
Now (@ + b) - (d — b) = (61 — 2j +
(7 + Dk) - (=40 + 0j + (7 — Dk)
Since these two vectors are orthogonal, their dot
product is zero
> (6X—4)+(—2x0)+((7+2) X

(7-2)=0
> 12=25
=>1=415
Let,
a=0+9
b=(@{-7)
b = V12 + (-1)?
b _iJ
b

=VI+1=+2

o

Bz
=~ The projection of i + jon (I — )
B_11_,

V22

iss(i+}) -

& =>4 =2x%3cos 0
= cos 6 =4/6



$10. (d) Lletd = (2i—6j—3k),b= (4i+3j—k)

@xh=lo s -3|=1[F 352 3+ Y
4 3 -1

=1(6+49) — (=2 +12) + k(6 + 24) = (15i — 10j + 30k)
= |d x b| = /(15)2 + (—10)2 + (30)% = v/225 + 100 + 900 = ¥1225 = 35

Hence, the required unit vector = TZ:;? = 5(31_325]%]() = i%(3i —2j + 6k)

$11. (a) Given:-|d| = 2,|b| = 7&ad x b = 30 + 2] + 6k
Let, ® = Angle between d and b
Now, [ Xb| =V32+ 22 + 62 =7

dxl;|=IdI|B|-sin9=>7=2x7><sin0=>sin9=%=>9=n

6

Now,

$12. (b) Thegiven vectorisd = xi + xj + xk.
It will be a unit vector if |d| = 1
2>Vx2+x24+x2=1=23x*=1
Sx=+—

V3

S13. (a) Therequired planeis:
F-7)-(bxd)=0

P k

2 -5 -1

-5 4 0 .

(0—-5)j+(8—25k=41+5]—17k

(F—@Bi—j+2k)-(4i+5/—-17k) =0

7 (41+5/—17k)—= (3 -4+ (=1)-5+2-(=17)) =0

7. (414+5/—17k)+27 =0

$14. (d) |5|=\/(vi§)2+(vl_§)2+(_vl_§)z = [3+3+35=1

S15. (a) Now, leta,f, andy be the angles formed by d with the positive directions of x, y, and z

cos a =— cos,B—1 cos y =—
K —wSY=gE

Nowb X d = =(0+4)—

$16. (b) Forgivenvectord = 2i—j+ 2k and b = e k
Therefore,d+b = (2 — (—1))i+ (-1 + 1j+ (2 — (-1)k

ld +b| =2
Thus unit vector in the direction of @ + b = IZ::I;I = \%i + %IQ
$17. (a)
(@—b)x (@+b)
=@-b)xd+@—-b)xb
=dxd—bxd+dxb—bxb
=0+dxb+dxb—0 {sincebxd=—adxb}
=2(@xb)
S18. (c)
G=1+j+kb=20—j+3kandé=1-2j+k
2a—b+3¢ =20+j+k)—Q@i—j+3k)+3(0-2/+k)
=20+2j+2k—2i+j—3k+3i—6]+3k

=31-3]+2k
|26 —b+3¢] =32+ (-3)2+22=9+9+4 =122



S19.

$20.

S21.

S22,

$23.

$24.

(c)

(a)

(d)

(a)

(c)

(a)

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

2d-b+3¢ _ 3i-3j+2k _ 3 . 3 , + 20

pa-be3dl | vz Nmb v T m
d=2A+]+4k o . aB
- .. _. projection of aon b is given by: =
b=2i+6f+3k Ib|

| b] = (2% + 6% 4 3%)'/2

|b| = (4436 +9)/2 = (49)1/2 =7

a unit vector in the direction of the sum of the vectors is given by:

~_ b 2i46)+3K

b 7

Now it is given that: d. b = 4

> (A +] +4k) - (FFE) = 4

=>21+6+(3x4)=28

=>1=(28-12-6)/2

=>1=10/2=5
projection of a on b is given by: %b the projection of the vector (i + j + k) along with vector j is:
(i+j+k)-j=0+1+ 0 =1 the projection of the vector (i + j + k) along the vector j is 1.

d=20+j+3k
b=—-i+2j+k
c=30+7+2k

. ~ ~ ij k
bx8=(—i+2j+k)x(3i+j+2k)=[_1 2 1]
3 1 2

k
1]=i(4—1)—j(—2—3)+1€(—1—6)=3i+5j—71€
2
3

3k) - Bi+5]—7k)=(2x3)+ (A x5+ (3x-7)

|b| =

Since, [a X b| = |@||b | sin @
Substituting the given values, we get:
=+v3=1x2xsin 6

=:~sint9=\/2—§
:gzsin‘lg
=0=60="1

w

We know that:

ixj=kjxk=ikxi=]
fxi=-kkxj=-iixk=—j
li=j-j=k-k=1
[-Gxk)+j-(ixk)+k-Gx))=
ti+j(D+k-k=1-1+1=1

It is given that:



$25.

S26.

§27.

§28.

$29.

(d)

(b)

(c)

(a)

(d)

|d xb|=|d-b

= |d||b|sin @ = |@||b|cos 6
= sin 8 = cos 6

=tan 6 =1

_ Vs
==tan"! 1 ==

4
Foravectord = af + bf + ck

Foravector d = ai + bj + ck

a b c
= —’m = , =
Vva2+b2+c? Va2+p24c? VaZ+b2+c?
. 1 11
V12422432 V1+4+9  V1d'
. 2 22
V12422432 V1+4+9 V14
n= 3 3 3
V12422432 VI+4+9 V14
1 2 3
Ans: —,—,—
Via’'V1a’ Via

Given:d =20+4j —k,b=31—2+Akandd L b
Formula to be used p - 4 = |pl|q| cos 8 where p
and { are two vectors
Tip - For perpendicular vectors, 8 = g i.e.
cos 8 = 0i.e.the dot product =0
Hence, @.bh = 0
2 QRi+4f—-k)-31—-2j+1k) =0
26—-8-1=0
> A=-2

(@ x b)2 + (@ - b)? = (ldl|b|sin 6)* + (ldl|b|cos 6)>
-2 -2
= |c'i|2|b| sin? 6 + |c'i|2|b| cos? 6

—,2
= |c'i|2|b| (sin? 6 + cos? 6)

Equation of line AB
X2 _ysl_z#8

2 3 -6
LetB (24 + 2,34+ 1,—64—3)

B satisfy plane2x + y+z+8 =0
22A4+2)+B1+1)—-61-3+8=0

A1=-10

B (—18,—29,57)
Distance AB = +/400 + 900 + 3600 = 70
LetT = u,i + u,j + ugk $30.
As U is coplanar with the vectors @ and b,

u; U Ug

2 3 -—-1|{=0

0o 1 1

4u; —2u, +2u3; =0
2u; —u, +u; =0...(1)

u-a=»0
= 2u; +3u, —u3; =0...(2)
u-b=12

=>u,+u;=12..(3)
Solving (1),(2) and (3),

u, = —4,u, =8,u; =16
Thus, U = —41 + 8] + 16k

A= 31— 4] — 4k
B=2i—j+k

C=1i-37—5k
~ AB

=(2t—j+k)— (3i—4j—4k)
= —1+3]+5k

~ BC
=(@{—-3j—-5k)—Qi—j+k)
=—1—2j—6k
~CA

= (31 — 4 — 4k) — (1 — 3] — 5k)
=2i—j+k



S1.

S2.

S3.

S4.

~AB-CA
= (-1+3j+5k) - (21 —j+k)
=-2-3+45

=0

The triangle is right-angled

I SUBJECTIVE QUESTIONS I

a=1i-2j+3k
if d= ai+aj+ak
then |a| = &, +a, +a,
a 1
! Al V@
- 2 - 3 -
i - =] +—=Kk
14 14
a and b are parallel if 2_y-—x _1
- 2x+y 2
x=-5y=-20
Let ABCD be a parallelogram such that AB =3
and BC =b.
Then, AB + BC = AC
— AC = a+b = 3i+4j+5k
|AC| = J9+16+25 = /50
AB + BD = AD
— BD = AD-AB = b-3a = —(i+2j+3k
)
|IBD| = J1+4+9 = 14
Unit vector along AC = ATC = L
| AC| J50
(37+4j+5l§)
and Unit vector along BD :2 - L
|BD| V14

(T + 2] + 3I2)
Let 3, b, ¢, d be the position vectors of vertices A,

B, C, D respectively.
Let E, F, G, H be midpoint of AB, CD, AC and BD
respectively

PV of E= &FP
2
PV of F= &1
2
p.v. of G =2+C
2
P.V. of H =2+
2
EG_ atc) a+b _ c-b
2 2 2
H—F:c+d_ b+d c-b
2 2 2

EG=HF
= EG||HF and EG = HF

S5. Let A=(4,5,-5),B=(0,-11,3),C=(2, -3, -1).
AB =

J(4—0) +(5+117 +(-5-3)° =+/336 = /4x84 = 2./84
BC = (0-2) +(-11+3)° +(3+17 =+/84

AC = \J(4—2) +(5+3)* +(-5+17 = /84

BC + AC=AB
Hence points A, B, C are collinear and C lies
between A and B.

I NUMERICAL TYPE QUESTIONS I

S1. (\/1530 )
8
AB =42 +5% 132 =52

AC= NP+ +4% =32
Since AD is the internal bisector of BAC
A(5, 4, 6)

B D C
(1,-1,3) 4,3,2)
. BD AB 5
'DC AC 3
. D divides BC internally in the ratio 5: 3
D - (5><4+3><1 5x3+3(-1) 5><2+3><3j
5+3 5+3 5+3

23 12 19
or,D=|—,—,—
(8 8’ 8}




2 2 2
. AD=J(5_zsj (- 22] o 22 - V1530
8 8 8 8

unit

S2.(§) vectors a = 3i+2j+9k and b = j+pj+3k

are parallel iff
E = g = 2 = 3 = g = p
1 P 3 o)
2
3
Let A=(1,2,3),B=(-1,4,2)
Direction ratios of the given line PQ
are 2,3,-6

2 +3+(-6) =7

.. direction cosines of PQ are 2 ,E - s
7 7 7
B
A
90°  90°
P L M Q
Projection of AB on PQ
= A (X = xq) + m(yg — yq7) + n(zo - z9)|
2 3 6 —4+6+6
= |E(1-N)+2@4-2)-2 (2-3) |=|—/—>22
S+ 2 )7(>‘ . ‘
8
7

S4. (528)
Let §=—6i+14j+10k , b=-51+7j-3k and
€=7i-5]-3k .
We know that the volume of a
parallelopiped whose three adjacent edges

are a b, ¢ is|[566]|
) -6 14 10

Now @bdcl = |5 7 3/=-6(-21
7 5 -3

- 15) =14(15 + 21) + 10(25 - 49) = -528

So required volume of the parallelopiped =

‘ @ b 6]‘ = | 528 | = 528 cubic units.
S5. (3) If the line through the points (4, 1, 2) and (5, A, 0) is
parallel to the line through the points (2, 1, 1) and
(3, 3,-1), find A.

S2. (b) Assertion (A) is correct
Direction cosine of @ = 2i + 4f — 5k are :

For parallel lines, Direction cosines must be equal .
-~ Direction cosine for 1t =5—-4,1—-1,0—
2=>1,k—1,-2

Direction cosine for 2™ =3-2,3-
1,-1-1>1,2,-2
wA—1=2=>21=3
I TRUE AND FALSE I

S1. (True)
By definition
Distance between any two points (x4, yq, z1)

and  (x9, yo, Z9) s

\/(Xl - Xz)z +(y1 _y2)2 +(21 _22)2

S2. (False)
If & = b, then |d| = |b|but converse may
not be true.
Example: Let d=i—j+k , b=1+j+k be
two vectors . So, magnitude of @ and b are
li|=v3and |b|=+v3.Butd #b

S3. (False)
If 2= b2

given as

=% = i, Then vector @ and b will
aq a as

be collinear
S4.(True)
a.b=l |6| cosf, (0<0<7)
(i) If 0 is acute, then ab > 0 and if 0 is
obtuse, then ab < 0.

S5. (True)
By definition

|
T

b

Projection of a on b =

I ASSERTION AND REASON I

S1. (d) Assertion (A) is wrong
The position of a particle in a rectangular
coordinate system is ( 3, 2, 50.Then its position
vector be 31 + 2 + 5k
Reason (R) is correct.
The displacement vector of the particle that
moves from point P( 2, 3, 5) to pointQ ( 3, 4, 5)
=B-2i+@—-3)]+G-5k
=i+

4 -5 4 -5

2
or —= ,— ,—
Va+16+25 ' 4+16+25 \4+16+25 Va5 ' /45 ’+/a5

Reason (R) : A vector having zero magnitude and arbitrary direction is called ‘ zero vector’ or ‘null

vector’. Thus R is correct.

A and R both are correct but R is not correct explanation of A.



S3.

Assertion (A) : Let d=1+2j—k and b=
—i+j—k be two vectors then dxb =b x d
ot 7k
axb=|1 2 —1l=11+2)—-j(-1-1)+
A -1 1 -1l
k(1 +2)=3i+2]+3k
. Poj ok
bxd=|-1 1 —=1|l=i(-2-D-ja+1+
1 2 -1

k(-=2—-1)=-3i—2j -3k

wdxb#bxad

Thus A is not true

Reason(R) : Let d and b be two vectors
thendxb = —(b X @)

R is the property of vectors , therefore R is
correct.

S4.

(d) Assertion (A) : Let d=5i—j+2k , |d =

.

d _ si—j+2k
V30
Hence the vector in direction of vector 5i —

V52 4+ (=1)2 +22 =4/30

7+ 2k which has magnitude of 8 units is

given by
G gy STz 40 8 . 16 g
Ba=8x—% = w7/ Tk

~ Ais not true.

Reason (R): If 3 and b are position vectors
of two points A and B, then AB = b-a =
position vector (p.v.) of B — position vector

(p.v.) of A.
R is true.

S1.

S2.

S3.

S4.

MCQ I

(a)

(b)

(b)

(b)

Given , A(1,-1,-5),B(3,1,3)and C(9, 1, -3)
“AB=,(1-32+(-1-1)2+(-5-3)2 =
V72
~BC=J(B3-92+(1-1)2+B+3)?2=
V72
“AC=1-92+(-1-1)2+(-5+3)% =
V72

~ AB=BC =AC

~ The points A, B and C are the vertices
of an equilateral triangle.

Distance of a point ( x, Yy, z) from xy -
plane is gibe by |z| .

Therefore , the distance of the point ( x,
y, z) from its image in xy — plane =2 | z|

Let the yz plane divide the line segment
joining the points (2,4, 5) and ( 3, -5,
4)ism:1.

Now , we know that on yz — plane the co

— ordinate of x is O
3m+2

Hence , y z - plane divide the line
segment joining the points (2, 4, 5) and
(3,-5,4)in 2: 3 externally.

Given that
Point A (3,2,-4),B(5, 4, -6) and C(9
,8,-10) are collinear

S5.

S6.

(c)

()

B must divide line segment AC in some
ratio externally and internally

We know that

Co -ordinate of point A ( x ,y ,z) that
divides line segment joining (x;,y:,2;)
and (x,,y,,2z;) inratiom : nis ( x,y ,z) =
(mx2+nx1 myz+ny1)

m+n ' m+n

Let point B(5 ,4, -6) divide line segment
A(3,2,-4) and C(9, 8, -10) in the ratio
k1

9k+3 8k+2 —10k—4
B(S .4,-6) = (ﬁ " k+1 " k41 )
Comparing x - coordinate of B
g — ki3
==
=>5k+5=9k+3
:k=l

2
Thus point B divides AC in the ratio1: 2

Let the point be given by (1, -1,5) and (
2,3, 4)
A point that divides the line joining these
2 points in the ration p : 1 given by
(2p+1 ’3p—1 '4p+5).
p+1 p+1 p+1

Since this point has to lie on the zZX -
plane ,so 3p - 1=0

1

:1+p=1+§=§
Let 6 be the angle between the vectors a
and b .

Given @.b =6 = |dl|b|cos6 = V6

= V3.2cos0 =6



S7.

S8.

S9.

S10.

S1.

S2.

V6 1

= c059=ﬁ=5=>c059=cos45°=>9=
45°
(@) Letd={+3/+7kandb=7i—j+8k
©db=17+3.(-1)+78=60
|b| =V72+ 1+ 64 = V114
The projection of @ on b = _0
|| 114
(b) The scalar projection of d@ on b= E—'T =4

=

Here ,d.bh=1.2.+1.6 +43 =21+ 18
And |b| =V2Z+ 62 + 32 =49 =7

“j“‘:zma:s

From (i) , we get

(a) Givend=1i+2j—3k and b =3i—j+ 2k,
»d+b=4i+j—k and d—b = —20+3j—
5k
<(a+B)(@-5)=0
Thus , the dot product of two non -zero
vectorsd+b and d—b is 0 , therefore ,

the vectors d+b and d—b are
perpendicular to each other.

(d) The given point (x,y,z)
Now distance of point ( x, y, z) from the y -axis i.e.,

(0,y,0)

-~ By distance formula

Distance

= (x =02+ —y)?+(z-0)?
N

I SUBJECTIVE QUESTIONS I

Let R be the resultant force

R = AB +AE +BC +DC +ED +

i

=(A—B +§3)+(A—E+ﬁ) +DC ) +

LBl

;Uio

= AC + AC + AC
— R = 3AC. Hence proved.
Given A= (2, 3,4),B=(-1,2,-3),C = (-

U >

4,1, —10).
A(2,3,4) B (-1, 2,-3)
Let C divide AB internally in the ratio k :
1, then
_(-k+2 2k+3 —3k+4) . k42 —
_(k+1’ k+1'  k+1 ) Tk+1

-4 = 3k=-6=> k=-2

S3.

S4.

For this value of Kk, 2k +3 =1, and
k+1
-3k+4 - _10
k+1

Since k < 0, therefore C divides AB
externally in the ratio 2 : 1 and points A,
B, C are collinear.

Let the lines PQ and RS intersect at point
A.
Let A divide PQ in the ratio X : 1, (A = -1)
-A+4 -20+7 A+8

. w(a)

then A = , )
A+l A+1 A+1

Let A divide RS in the ratio k : 1, then A
_(k+2 2k+3 5k+4 )
" k+1" k+1' k+1

S(1, 2, 5)

P4,7,8)

R(2, 3, 4)

Q(-1,-2,1)

From (a) and (b), we have,

A _KH2 gk h+ 4k + 4=k
A+1 k+1

+ 20 +k+2 =22k +31L -3k -2=0

...(C)

2T _KES k- on+Tk+T =

A+1 k+1

20k + 3L + 2k + 3 = 4Ak + 5L - 5k - 4
=0 ... (d)

k+8:5k+4 """ (5)
A+l k+1

Multiplying equation (c) by 2, and
subtracting from equation (d), we get — A
+k=0 or, A=Kk
Putting A = k in equation (c), we get 212
+3L-3L-2=0> A=1=k
Clearly A =k =1 satisfies egn. (5), hence
our assumption is correct.

[—1+4 -2+7 1+8j
A= or,

l ’

2 2 2

3 5 9
A==, 2, 2.
[2 2 2)

We have, a+b+¢=0 = a+b = -¢ =

(3+b) . (@+b) = (=&). (<¢)



S5.

S1.

S2.

- 12
=l =[a

51+B|2 +‘5‘2+25.b=
cf
|51|2+‘B‘2+2|a|‘5‘Cose=|5|2

9+25+2(c)(5)cosO=36 :cosG—%
:e=cos_1i
15

The angle 6 between vectors a and b is

] b o a.b
given by cos 0 = ——=
lallb]

a.b

Now, 0 is obtuse = cos <0 = m

<0 = 3a.b<0 [®al|b]|>0]
:>14x2—8x+x<0:>7x(2x—1)<
O:>x(2x—1)<0:>0<x<%

Hence, the angle between the given
vectors is obtuse if x € (0, 1/2)

I NUMERICAL TYPE QUESTIONS I

;)

Wi

C))

!

Component of b along & is (

Here a.b =2 -1+3=4and |a] =
Hence(# Jé=i ——(I +k
|a| 3
), then A = g
Let & = f—7]+7R and b = 3?—2]+2|2,
Then
i J Kk
axb=|1 -7 7|=(-14+14) -(2-21)
3 -2 2

(-2 +21) k = 19]+19k
laxb| = 1942

aXBJ _ 9

. Required vector = 19| —/——=
g [|axb|

(i+K)

S3.

S4.

S5.

S1.

S2.

S3.

S4.

(0) We have, @ x (b+¢) +b
(@+b)

X (C+a) +C x

= axb+axC+bxC+bxa+cxa+cxb
[Using distributive law]

= axb+axc+bxé-axb-axcé-bxé= 0
[Since bxa=— axb ]
(2) Leta = ai+a,j+ak. Then
axi = (ai+aj+ak) xi =ajdi=)+
ap (jxi)+tag(kxi) =-agk+a,j
= |axip =ap2 +aj?
axj = (ai+a,j+a,k) Xj =ak-a,i
2, +ag2

i+a,j+rak) Xk == aj+a,i
= |axk[? =212 +ay
|GxiF +|axiF + |axkP = a2 +ag’
+ a2 +ag? + a2 + ay2
=2 (a2 +ap2 +ag?) =2 |ap
(0) The lines will be perpendicular if ajay +

b1b2 + Cq1Co = 0

I TRUE AND FALSE I

If a, b are two vectors and 0 is the
angle then
a x 5=|€1| |5| sin0 A where n is

(False)

between them,

the unit vector perpendicular to
both & and b such that &, b and A
forms a right handed screw system.

(True) A given number of vectors are called
coplanar if their line segments are
all parallel to the same plane

(False) [a.5 b+c c+a]  =(a+H)
[(b+&)x(c+a)]= a+b|
[bxC+bxa+Exal.
=[ab¢|+[abc|=2[ab c|

-4 8 -4
(True) 3 b ¢ =|4 -2 -2| =-4(-8 -
-2 -2 4

4) - 8(16 — 4) — 4(-8 - 4) =0
So vectors , are coplanar



S5.

S1.

S2.

S3.

(True) We have, ax{bx(Cxd)}

d ¢—(b . &) d}
d) ¢}—ax{( . ¢) d}[by

= ax{{D .
=ax{b .
dist. law]

=( . d) (@xc)—(b . ) (Axd).

ASSERTION AND REASONING I

(c)

(d)

(b)

Assertion (A) : If a , b and c are unit
vectors , then |la—b|?>+|b —c|? + |c — al?
does not exceed 9.
la-Db?+|b-cl>+|c-al>?=2(a%+ b? + c?)
-2(axb+bxc+cxa)
=2x%x3-2(@axb+bxc+cxa)
=6-{(a+b+c)-a%- b2-c?
=9-la+b+c|?2<9

Thus A it true but R is false

Assertion (A):

a a c
1 0 1({=0

c ¢ b

> —ac—ab+ab+ c?2=0
> c?t=ab

Hence, c is the geometric mean of a and
b.

Thus A is false

Reason (R):

a.[(b+c)x(a+b+c)
=a.(bxa+bxb+bxc)+a.(cxa+
cxb+cxc)

= [aba] + [abb] + [a b c] + [aca] + [a ¢ b]
+[acc]
=0+0+[abc]+0-[abc]+0

=0

Thus R is true.

Assertion (A) : Sincea+b+c=0

On squaring both sides, we get

[a? + b2+ |c|?+2(a.b+b.c+c.a)=
0
>2(a.b+b.c+c.a)=-(9+16 + 25)
=>a.b+b.c+c.a=-25

Thus A is true.

Reason (R) R = V[2? + 102 + 117].

=+[4 + 100 + 121]

=15

Thus A and R are true but R is not correct
explanation of A.

s4. (a)

S5. (b)
=
=
=

Assertion (A) : The sum of d = 2i + 4] + 7k
and b = —2i + 3] + 2k is 7/ + 9k
Reason (R) : The sum of the vectors d
and b is given by d+ b= (a, +b)i+
(az + by)j + (az + b3)’€
Both A and R are true and R is correct
explanation of A.

Assertion (A) :

Let, the given vectors be coplanar.
Then one of the given vectors is
expressible in terms of the other two.

Let 2a-b+3¢ = x (5+5—26) +y
(5+5—3E) , for some scalars x and y.

= 2a-b+3C =(x+y)a +(x+y)b + (-

2x — 3y) ¢
=2=x+y,-1=x+yand3=-2x - 3y.
Solving first and third of these

equations, we get x =9 and y = -7.
Clearly these values do not satisfy the
second equation. Hence the given
vectors are not coplanar.

Thus A is true

Reason (R): Let the given four points be
P, Q, R and S respectively. These points

are coplanar if the vectors PQ, PR and

PS are coplanar. These vectors are
coplanar iff one of them can be
expressed as a linear combination of
other two.

Solet PQ =xPR +yPS

-a-5b+4¢ = x(é+5—6) + y
(—é—96+7é)

—a-5b+4C =(x—-y)a +(x-9y) b + (-
X+ 7y) ¢

X -y=-1,x-9=-5 -x+7y =4
[Equating coff. of &, b, ¢ on both sides]
Solving the first two equations of these
three equations, we get x=- 1 | y=1
2 2

These values also satisfy the third
equation. Hence the given four points are
coplanar.

Thus R is true.



