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VECTOR Q Magnitude : The distance between the
ints A and B is called th itude of th
0 A physical quantity having magnitude as well P .omts a.nd Bl ed_e magm udeotthe
as direction is called a vector. A vector is dlr_ected g segmrent AN, Ii ip slaneisd by
o represented by a line segment, denoted as | AB|.

+ ool AB or a. Here, point A is the initial point ()») gosition Vecdtor: Let P be any Po}ilnt in space,

&3 . , _ T aving coordinates (x, y, z) with respect to

83 and B is the terminal point of the vector AB . some fixed point O (0, 0, 0) as origin, then
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the vector OP having O as its initial point
and P as its terminal point is called the
position vector of the point P with respect to

O. The vector OP is usually denoted by r .
z

P(x,yz)

X

Magnitude of OP is,

OP|= \/x +y 2422

i.e.,|r|=\/x2+y +22.

In general, the position vectors of points A,
B, C, etc. with respect to the origin O are

denoted by a, b, ¢, etc. respectively.

Direction Cosines and Direction Ratios :
The angles o, B, Y made by the vector 7
with the positive directions of x, y and z-axes
respectively are called its direction angles.
The cosine values of these angles, i.e., cosaL,
cosf and cosy are called direction cosines of
the vector 7, and usually denoted by [, m and
n respectively.

Direction cosines of 7 are given as

X
I= ,m= ) .
2 2
+y +2° \/x +y +Z
4
n=
2+ +2°

The numbers Ir, mr and nr, proportional to

the direction cosines of vector r are called
direction ratios of the vector r and denoted
as a, b and c respectively.

ie,a=Ir, b=mrandc=nr
Note: P+ m?>+n*=1 and a* + b* + > # 1,
(in general).

TYPES OF VECTORS

D)

o
©

L Jd
CBSE-MATHEMATICS

Zero vector : A vector whose initial and
terminal points coincide is called a zero (or
null) vector. It cannot be assigned a definite
direction as it has zero magnitude and it is

denoted by the 0.

Unit Vector : A vector whose magnitude is
unity i.e., |a| =1.1Itis denoted by a .

Equal Vectors : Two vectors a and b

are said to be equal, written as a = b , iff

they have equal magnitudes and direction
regardless of the positions of their initial
points.

° Coinitial Vectors : Vectors having same
initial point are called co-initial vectors.

o Collinear Vectors : Two or more vectors are
called collinear if they have same or parallel
supports, irrespective of their magnitudes
and directions.

° Negative of a Vector : A vector having the
same magnitude as that of a given vector
but directed in the opposite sense is called

negative of the given vector i.e., BA = —AB.
ADDITION OF VECTORS
Q@ Triangle law: Let the c

N

vectors be aand b
so positioned such
that initial point of
one coincides with 4 -
terminal point of the

other. If a= AB, b=BC. Then the vector
a+ b isrepresented by the third side of AABC
.., AB+BC=AC

0 Parallelogram law : a C
If the two vectors a

Y
o]

and b are represented b
by the two adjacent
sides OA and OB
of a parallelogram

OACB, then their sum @ + b is represented
in magnitude and direction by the diagonal
OC of parallelogram OACB through their

common point O i.e., OA + OB = OC
Properties of Vector Addition
»  Vector addition is commutative i.e.,
a+b=b+a.
»  Vector addition is associative i.e.,
E+(E+E) = (E+5)+E.
» Existence of additive identity : The zero
vector acts as additive identity i.e.,

a+0=a=0+a for any vector a.
»  Existence of additive inverse : The negative

of aie.,—a acts as additive inverse i.e.,

a+ (—;1) =0= (—;1) +a for any vector a.
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EEEE QACL:\LI:TII\:LICATION OF A VECTOR BY A = (Xyi+ ¥y ]+ 2, ) — (.0 + 3y ] + 2, K)
+++ :(xz_xl)g"'(}’z_)’1)}"‘(22_21)]2

11 o Let a@ be a given vector and A be a given o 5 5 5
+++ scalar (a real number), then 7La is defined as - AR = \/(xZ —x) (=) (- a)

the multiplication of vector a by the scalar A. SECTION FORMULA

Its magnitude is Al times the modulus of

?L~| L2l @ Let A, Bbe two points such that
al = al .,

ai.e.,

Ad represents the unit vector in the direction .. = ] .
P ~ » The position vector r of the point P which

+44 . . i ~ OA = a and OB=b.

+ae Lireceon (_)f @ 1ssamea S thatof a if A >0 » The position vector r of the point P which
.o and opposite to that of a if A <0. divides the line segment AB internally in the
9 Note : If A = 1 , provided that a # 0, then . . ~ mb+na

g || ratio m : nis given by r = ———.

Ty m-+n

1o o

7

X 1

T

of die a= 4 divides the line segment AB externally in the
al -~ mb—na
COMPONENTS OF A VECTOR ratiom : nis given by r=—"—"=.
»  The position vector 7 of the mid-point of the

o Let O be the origin and P(x, y, z) be any point

in space. Let i, 7. k be unit vectors along line segment AB is given by r =
the X-axis, Y-axis and Z-axis respectively.
Then OP = xi + yj + zk, which is called the PRODUCT OF TWO VECTORS

a+b

: ‘ : component form of OP. Here x,yand zare (@) Scalar (or dot) product : The scalar (or dot)
A scalar components of OP and xi, y j, zk are product of two (non-zero) vectors a and b,
R vector components of OP. denoted by a - b (read as a dot b), is defined
4 QO If dand b are two given vectors as asa - b=|al |b|c059 = abcos6,
™Y _ A N A = N R i
.o d=aji+aj+azk and b=bji+b,j+bk where, a = |b| and6(0<9<n) is the
081 and A be any scalar, then angle between a and b.
3 > G+b=(a +b)i+(ay +b,)j+(a; + bk » Properties of Scalar Product :
> d-b=(a —b)i+(a,—b,)j+(a,—by)k (i)  Scalar productiscommutative: G-b=>b-
>  Aa=(ha))i+(ra,)j+(has)k (i) a-0=0
» a=bea =b,a,=b,and ay = by (iii) Scalar product is distributive over
» dand b are collinear iff addition :
bh_b_b_,y * G-(b+¢)=d-b+a-c
M Qo a3 e (G+b)-c=a-c+b-c
M VECTOR JOINING TWO POINT =~ -
. CTORJO G O POINIS (iv) Ma-b)=(rad)- b=a-(Ab), Abeany
PP Q® 1fP(x,y,2)and z Py vy 23) scalar.
e P, (x5, y5 z,) are (v) If ’f, }', f; are three unit vectors along
el any two points in three mutually perpendicular lines, then
’ P.(x z,) M A B
:EE: thespa(fe.th.enthe 1? l i-i=j-j= k-k= lal’ldl] ]k k-i=0
+++ vector jomning P, i (vi) Angle between two non-zero vectors
and P, is the P
vector PP, . dand b is given by cosf = Gl
Applying triangle law in AOP, P,, we get . a
OP, + PP, = OP, e, 0= cos_l( 42 J
lallo|

o Ji p—
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+4+4 (vii) Two non-zero vectors dandb are
4 mutually perpendicular if and only if
I11 — E _
TIT a-b=0
I I I — -
344 (viii)If = 0, then &-b = |allb]
1 I I - —
If0 = 7, then a-b=—lallB|
3 Q@ Projection of a vector on
bl ¢ a line : Let the vector
PO AB makes an angle 6, N I,
g with directed line /. p ¢
BN . . .
+3 Projection of AB on €=|AB|cose=AC=p.
M The vector p is called the projection vector.
X N
+++ Its magnitude is | pP|> which is known as
11T _— T
113 projection of vector AB.
Projection of a vector @ on b, is given as
ibie,—=(a-b).
b
0 Vector (or Cross) Product : The vector (or
et cross) product of two (non-zero) vectors
. ol aand b (in an assigned order), denoted
gy by a x b (read as a cross b ), is defined as
NN N — — —-] |— A
b axb=|a‘ |b| sinB#n where 6(0 < 6 < 7) is
gz the angle between a and b and nis a unit
11t vector perpendicular to both a and b.
: : :: » Properties of Vector Product :
)90 ¢ - ~
-+ (i) Non-commutative: a Xb =—-b XxXa
(i) Vector product is distributive over
addition :
ax(b+)=daxb+axc
(i) AM@xb)=(Ad)xb=ax(Ab), A be
. any scalar.
PO (iv) (M@)x(Ayb) =N A, (@xb)
5353 v) ixj=k, jxk=ikxi=]j
E EE : (vi) Two non-zero vectors a, b are collinear
o8 if and only if @ xb =0
Tl oo - ~ B
o Similarly, axa=0and ax(—a)=0, since
oo in the first situation 6 = 0 and in the
second one, 6 = 7, making the value of
sin O to be 0.
(vii) If @and b represent the adjacent sides
of a triangle as given in the figure. Then,
APTPRRRNRR 1

CBSE-MATHEMATICS

1
Area of triangle ABC = EAB -CD

_L1511a|sine =Ljaxb]
2 2

(viii) If @ and b represent D C
the adjacent sides of
a parallelogram as
given in the figure. A E B
Then, area of parallelogram ABCD = AB-DE
= |b||a|sin®=|axb|

(ix) If @ =a,i+a,)+ak,b =bi+b,j+bsk,

.
Pl

(x) Angle between two vectors a and b is
given by sinf = ltixz_’. |
lal|b|

i.e.,9=sin‘1[|ax§|)
|a|[b]

Scalar Triple Product : The scalar triple

product of any three vectors a,b and c is

written as E(B XE) or [E bel.
Coplanarity of Three Vectors : Three vectors
a, b and ¢ are coplanar iff a-(bxc)=0.
Volume of parallelopiped formed by
adjacent sides given by the three vectors

~

a= (a1f+a2}+a3k), b= (blf+b2}+ b3]2),

and ¢ = (clf+c2}+c3le), is |Ei-(ExE)|.

a, a, d
ie, [a-(bx2)=|p, b, b,
6 & G

For any three vectors _',B and ¢,
(i) [abcl=[bcal=[ca
(i) [abcl=—[ach] (i) [aab]=0

A\ E P

ACCENTS ECUCATIONAL PROMOTERS



Nﬂu 5

- W W T N SRR N N
I IR RN N RN NN
I E IR R RN NI

- W T w W T
I IR T IR NN N
S0P RDRARERE R
il o

b A e e o o
L L R R LR NN
SRR EERR R R RS v

0 J
CBSE

- i
T - JEE | HEET | CBSE

STUDY CIRt

EDUCATIONAL PRO

10.2 Some Basic Concepts

(1 mark)

1. Findavector a of magnitude 52, making
an angle of g with x-axis, g with y-axis and

an acute angle 0 with z-axis. (AI 2014)

2. If a unit vector a makes angles Ewith i

r with}' and an acute angle 6 with I;, then
4

find the value of 6. (Delhi 2013)
3. Find the magmtude of the vector

a=3i- 2]+6k (AI2011C)
10.3 Types of Vectors

(1 mark)

4. 'The value of p for which p(i + j+ k) is a unit

vector is
1
b J—
(@ 0 (b) 5
() 1 d) 3 (2020)

10.4 Addition of Vectors
(1 mark)

5. ABCD is a rhombus, whose dlagonals
intersect at E. Then EA+EB+EC+ED

equals
(a) O (b) AD
(c) 2BC (d) 2AD (2020)

6. Find the sum of the vectors a_;—21+k
b=—21+4]+5k and c—z—6] 7k.
(Delhi 2012)
7.  Find the sum of the following vectors :
G=i-3k b=2j—k ¢=2i-3j+2k
(Delhi 2012)

8. Find the sum of the following vectors :
a=i—2j,b=2i—3j,c=2i+3k (Delhi2012)

-MATHEMATICS

9. IfA,Band Carethevertices ofatriangle ABC,

then what is the value of AB+ BC + CA?
(Delhi 2011C)

10.5 Multiplication of a Vector by
a Scalar

(1 mark)

10. The position vector of two points A and B
are Ea:zf—}—é and OB =2f—j+21€,
respectively. The position vector of a point P
which divides the line segment joining A and
Bin the ratio 2 : 1 is (2020)

11. Find the position vector of a point which
divides the join of points with position
vectors d—2band 2d+b externally in the
ratio2: 1. (Delhi 2016)

12. Write the position vector of the point which
divides the join of points with position
vectors 3d — 2b and 2d + 3b in theratio 2:: 1.

(AI 2016)

13. Findtheunitvectorinthedirection ofthe sum

of the vectors 2i +3j—k and 4i —3j +2k -
(Foreign 2015)
14. Find a vector in the direction of ;1:;—2}'

that has magnitude 7 units.  (Delhi 2015C)

15. Write the direction ratios of the vector 3a +2b
where Ez:§+}—2fc and 3225—4}+512 .

(AI 2015C)

16. Write a unit vector in the direction of the

sum of the vectors @ =2i+ 2:1' -5k and

b=2i+j—7k. (Delhi 2014)

17. Find the value of "p” for which the vectors
3i +2j+9k and i —2pj + 3k are parallel.

(AI 2014)

18. Find a vector in the direction of vector

—-3j+ 6k which has magnitude 21 units.
(Foreign 2014)

\ STUDY CIRCLE

ACCENTS ECUCATIONAL PROMOTERS
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. e 19. Write a unit vector in the direction of vector = 32. Find a unit vector in the direction of
4 PQ, where P and Q are the points(1, 3, 0) d= 2f—3}'+6l€. (Delhi 2011C)
L1l . .
133 and (4, 5, 6) respectively. (Foreign 2014) 33 Find a unit vector in the direction of the
:::: 20. Write a vector in the direction of the vector vector a = 2§+ 33’+6]A<_ (AI2011C)
111 ¥y % % . .
i —2j+ 2k that has magnitude 9 units.
(Delhi 2014c) BTN (2 marks)
++ 4 21. Ifd=uxi+ 2} —zkand b =3i - y}' +k aretwo  34. Xand Y are two points with position vectors
. equal vectors, then write the value of x + y + z. 3a+b and a—3b respectively. Write the
Y (Delhi 2013) position vector of a point Z which divides the
B . . .
Lo 22. Write a unit vector in the direction of the sum line segment X¥'in the ratio 2: 1 externally.
EEEE of vectors G =2i — j+2k and b =—i + j + 3k. (AL2019)
+1+1 (Delhi 2013) (4 marks)
+4+4 23. Pand Q are two points with position vectors A& PP
- s o | . . 35. The two vectors j+k and 3i—j+4k
3@ —2b and d+b respectively. Write the .
- . ; e represent the two sides AB and AC,
position vector of a point R which divides the ] i
line segment PQ in the ratio 2 : 1 externally. respectively of a AABC. Find the length of
(AI 2013) the median through A.
) . . (Delhi 2016, Foreign 2015)
24. A and B are two points with position vectors
el 26 —35 and 65— respectively, Write the 36. Find a vector of magnitude 5 units and
e position vector of a point P which divides parallAeI t? Ehe res_ultaﬁmt f’f Athe NEEESE
o8 the line segment AB internally in the ratio a=21+3j—k and b=i-2j+k.
AR N
i . . ops
33 25. L and—M are two Eomts with position vectors 1 06 Product of Two Vectors
001 2d—b and ad +2b respectively. Write the
EE E : position vector of a point N which divides the (1 mark)
line segment LM in the ratio 2 : 1 externally. i &K
(A12013) 37. If the projection of a=i-2j+3k on
26. Find the scalar components of the vector b=2i+)k is zero, then the value of A is
AB with initial point A(2, 1) and terminal (@) 0 (b) 1
point B(-5, 7). (AI 2012) ©) -2 (d) =3 (2020)
- 27. Find a unit vector parallel to the sum of the .
O vectors i + }+k and 2i — 3] + 5. 38. The area of the parallelogram whose
+ e ol (Delhi 2012C) diagonals are 2i and -3k is square
Sy 28. Find a unit vector in the direction of the unlEs,
. vectord =3i —2j +6F. (AI12012C)  39. The value of A for which the vectors
ea 2i-Aj+k and i+2j-k hogonal i
aa 29. Write the direction cosines of the vector Gl A era =l mre orthogena. s
111 —2i + j —5k. (Delhi 2011) (2020)
-4 A acin oA .
30. For what value of ‘a; the vectors 27 — 3 + 4k 40. If i, j, k areunit vectors along three mutually
and ai + 6}' — 8k are collinear ? (Delhi 2011) perpendicular directions, then
31. Write a unit vector in the direction of the (@ i-j=1 (b) ixj=1
vector d=2i + ] +2k. (AI 2011) () i-k=0 (d) ixk=0 (2020)
—
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53.

41.

43.

44.

47.

48.

51.

52.

Find the magnitude of each of the two

vectors @ and b , having the same magnitude
such that the angle between them is 60° and

their scalar product is % . (2018)

Write the number of vectors of unit
length perpendicular to both the vectors
G=2i+j+2kandb=j+k. (AI 2016)
If @&b,care unit vectors such that
a+b+c = then write the value of
G-b+b-c+¢ (Foreign 2016)
-2 — 2
If |axb| +| i-b | =400 and |d|=5 then
write the value of |b] . (Foreign 2016)
If G=7i+j—4kandb=2i+6j+3k, then

find the projection of d on b .
(Delhi 2015, 2013C)
If 4, b and ¢ are mutually perpendicular unit
vectors, then find the value of |2a+b+c|.
(AI 2015)
Write a unit vector perpendicular to both the
vectors g :f+}+l€ and b =f+}'. (AI 2015)
Find the area of a parallelogram whose
adjacent sides are represented by the
vectors 2i —3k and 4 +2k. (Foreign 2015)

If @ and b are unit vectors, then what is the
angle between d and b so that \E i—b is
a unit vector ? (Delhi 2015C)
Find the projection of the
a =2f+3j’+2l€ on the vector b =2§+2j+]2,

(AI 2015C)

vector

Find the projection of vector i+ 3} + 7k

on the vector 2i —3j + 6k.  (Delhi 2014)

If Gandb are two unit vectors such that
G+b is also a unit vector, then find the angle

between dandb. (Delhi 2014)

If vectors dandb are such that,|g|=3,|p|=2%

and d@xbis a unit vector, then write the

angle between dand b. (Delhi 2014)

CBSE-MATHEMATICS

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

If Gand b are perpendicular vectors,

|&'+E|=13 and |@|=5, find the value of |E|
(AI 2014)

Write the projection of the vector i +}+I€

along the vector ;. (Foreign 2014)
Write the value of

ix(j+k)+jx(k+i)+kx(i+]). (Foreign 2014)

Write the projection of the vector
Ez’=2§—}'+1€ on the vector b =f+2]"'+212.

(Delhi 2014C)
If d and b are unit vectors, then find the angle

between dandb , given that (\/gc_f - l;) is a

unit vector. (Delhi 2014C)

Write the value of cosine of the angle which
the vector @ =i + j + k makes with y-axis.
(Delhi 2014C)

=3 and |Ei><l;|=12, find the
(AI 2014C)

If |al=8,
angle between d@andb .

Find the angle between x-axis and the vector

i+j+k. (AI 2014C)
Find | %], if for a unit vector a,
(¥-d)-(¥+d)=15 (AI 2013)

Write the value of A so that the vectors
d=2i+)\j+k and b=i—2j+3k are
perpendicular to each other.
(Delhi 2013C, AI 2012C)

For what value of A are the vectors 7 +2Aj +k
and 2i +}' — 3k are perpendicular?

(AI 2013C, 2011C, Delhi 2012C)
Write the projection of b+¢ond, where

d=2i—2]j+k,b=i+2j—2kand ¢=2i — j+4k.

(AI 2013C)
Find ‘A> when the projection of
a=\i+ j+4k on b=2i+6j+3k is 4 units.

(Delhi 2012)

Write the value of (f X }) k+1i- j. (AI2012)

\ STUDY CIRCLE
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68.
69.
70.

71.

72.

Write the value of (jéx ]);+}k (AI 2012)
Write the value of (Iex f)}+fk (AI 2012)

Write the angle between two vectors aand b
with magnitudes V3 and 2 respectively
having a - b = /6. (AI 2011)

Write the projection of the vector i — jon

the vector i+ j. (AI2011)

If |a|= V3 |b|=2 and angle between a and b
is 60°, find a-b. (Delhi 2011C)

mf(z marks)

73.

74.

75.

76.

77.

78.

Find a unit vector perpendicular to each of the
vectors @ and b and where @ =5 +6;—2k
and b=7i +6j+2k. (2020)
Show that for any two non-zero vectors
dand b, la+b|l=la-bliffdand b

perpendicular vectors.

are
(2020)

Show that the vectors 2i —j+k, 3i +7]+k
and 5i +6}+21€ form the sides of a right-
angled triangle. (2020)

If the sum of two unit vectors is a unit vector,
prove that the magnitude of their difference

is /3. (Delhi 2019)
Let @=i+2j—3k and b =3i —j+2k be
two vectors. Show that the vectors (Ei+l_:;)

and (@—b) are perpendicular to each other.
(AI 2019)

If 0 is the angle between two vectors
i—2j+3k and 3i—2j+k, find sin 6. (2018)

(4 marks)

79.

80.

If G=i+2j+3k b=2i+4j-5k
represent adjacent sides of a
parallelogram, find unit vectors parallel to
the diagonals of the parallelogram.  (2020)

and

two

Using vectors, find the area of the triangle
ABC with vertices A(1, 2, 3), B(2, -1, 4) and
C(4,5,-1) (2020, Delhi 2013, AI 2013)

CBSE-MATHEMATICS

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

A A A A A A A A A A A
If i+j+k,2i+5),3i+2j-3k andi—6j—k
respectively are the position vectors of points

A, B, C and D, then find the angle between
the straight lines AB and CD. Find whether

AB and CD are collinear or not. (Delhi 2019)

Let 3=4i+5j—k,b=i—4j+5k and
E=3§+}_fc . Find a vector 4 which is

perpendicular to both ¢and band d-d =21.
(2018)

If @ b, ¢ are mutually perpendicular
vectors of equal magnitudes, show that

the vector @+ b+¢ is equally inclined
to d, b and €. Also, find the angle which
d+ b+ ¢ makeswith @ or b or ¢ .
(Delhi 2017)
Show that the points A, B, C with position
vectors 2?—}+lz, 2—3} — 5k and 3i— 4}'—4]2
respectively, are the vertices of a right-angled
triangle. Hence find the area of the triangle.
(AI 2017)
The two adjacent sides of a parallelogram are
2i— 4}' —5k and 2i+ 2} +3k . Find the two
unit vectors parallel to its diagonals. Using

the diagonal vectors, find the area of the
parallelogram. (Al 2016)

If dxb=¢xdanddx¢=bxd,show
that d—d is parallel to b—¢, where d#d
and b#¢. (Foreign 2016)
If _r'=xf+y]”'+zl€, ﬁnd(FXf)-(Fx})+xy.
(Delhi 2015)
If G=i+2j+k b=2i+jand ¢ =3i—4j-5k,
then find a unit vector perpendicular to both
of the vectors (d —E) and (c—b). (AI2015)
Vectors @, b and ¢ aresuchthat @+b+¢=0
and |d|=3, E| =5 and |E| =7. Find the
angle between a and b. (Delhi 2014)

The scalar product of the vector @ =1 + j+ k
with a unit vector along the sum of vectors

b=2i+4j-5k and C=Ai+2j+3k is

A E P

ACCENTS ECUCATIONAL PROMOTERS



* )

- .’
aedeRe
adbdoner

Lil
L1l
Lil
44l
i
-ad

I W W I W W W W W N RSN Y
T IR ERRE RN RO
I TR R NN NN N ACE

ITIXIIIIEIEEEE N
TTITITIIINEEEREE R

e e R e . e
JITXRIEN RN NN
OB RBERRRER RS S
Wi

L .
NT - JEE | HEET | CBSE

STUDY CIR

S EDUCATIONAL PRO

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.
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equal to one. Find the value of A and hence
find the unit vector along b +¢. (AI2014)

Find a unit vector perpendicular to both
G+band @a—b where
(Foreign 2014)

of the vectors
d=i+j+kb=i+2j+3k.
If 51'221?—3}+I;,I_9' =—i+k, E=2j’—fc are
three vectors, find the area of the parallelogram
having diagonals ( + ) and (b + ¢).
(Delhi 2014C)
Find the vector p which is perpendicular to
both &=4f+5}—l€and B=f—4}+5]€ and
p-G =21, where §=3i+j—k. (AI2014C)
If dandb

|Ei+l; I =|d|, then prove that vector 2d + b
(Delhi 2013)

are two vectors such that

is perpendicular to vector b.

If Ei=;'\+f+llzand5= —12,

}'\ find a
b

and @ - ¢ = 3.
(Delhi 2013)

vector ¢, suchthata X ¢ =

If a =;—}+ 7k and b= 5;—}'+7JAC, then
find the value of A, so that @d+b and d—b
are perpendicular vectors. (AI2013)

If EE,I; . are three mutually perpendicular
vectors of the same magnitude, prove that
d+b+¢ is equally inclined with the vectors
d,bandt. (Delhi 2013C)
Dot product of a vector with vectors
i—j+k,2i+j-3k i+j+k are
respectively 4, 0 and 2. Find the vector.
(Delhi 2013C)

and

Find the values of A for which the angle
between the vectors @ =2A% i +4Aj+k and
b=7i - 2} + Ak is obtuse. (AI 2013C)

If @,bandcare three vectors such that
each one is perpendicular to the vector
obtained by sum of the other two and
| a |= 3,|b |: 4 and | ¢ | = 5, then prove that

|a+b+¢|=5V2. (AI 2013C)

101.

102.

103.

104.

105.

106.

107.

108.

109.

Ifd=3i—j and b =21?+}—312 then express
b inthe form b = b, + b, where b, || @ and

b, La. (AI2013C)

If 4, I;, ¢ are three vectors such that
|d|=5,|b|=12and|¢|=13and @ +b+¢ =0,
find the value of @-b +b-¢ +¢-a.

(Delhi 2012)
Let d=i+4j+2k,b=3i—2j+7kandc =2i— j+4k.
Find a vector p which is perpendicular to
both @ and b and p-c =18. (AI 2012)

If the sum of two unit vectors 4 and bis a
unit vector, show that the magnitude of their
difference is /3 . (Delhi 2012C)

Find a unit vector perpendicular to each
of the vectors d+b and a —E, where
G=3i+2j+2k and b =i +2j-2k.

(Delhi 2011)
If two vectors @ and b are such that
|d|=2,|b|=1and d-b=1, then find the
value of (3d —5b)-(2d + 7b). (Delhi 2011)
Using vectors, find the area of the triangle

with vertices A(1, 1, 2), B(2, 3,5) and C(1, 5, 5).
(AI2011)

If @,b and ¢ arethree mutually perpendicular
vectors of equal magnitude, show that

d+b+¢ is equally inclined to Ei,E and c.
Also find the angle. (Delhi 2011C)
If d@,b and ¢are three vectors such that
|a‘|=3,|E|:4 and |E|=S and each one
of them is perpendicular to the sum of the
other two, then find |Ei+ b+c |. (AI2011C)

10.7 Scalar Triple Product
(1 mark)

110.

111.

Find A, if the vectors a= i+ 3}‘ + IAc,

b=2i- } —kand ¢= Aj +3k are coplanar.
(Delhi 2015)

Find G-(bx¢c), if 5:2?+}+3]Ac,5=—§+2}'+fc

and ¢=3i+ j+2k. (AI 2014)
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m (2 marks)

112. Find the volume of the parallelepiped
whose adjacent edges are represented by

2&’,—5 and 3¢, where
Eizf—}+2]€, E=3f+4}—5]€ and

¢=2i—j+3k (2020)
113. If G=27+3j+k b=i-2j+kand
¢=-3i+j+2k find[@bcl. (Delhi 2019)

(4 marks)

114. Find the value of x, for which the four
points A(x, -1, -1), B(4, 5, 1), C(3, 9, 4) and
D(-4, 4, 4) are coplanar. (AI 2019)

115. Leta'=?+}'+12, b=i and E:clg+c2}+c3fc,
then

(a) Letc,=1andc,=2,find c; which makes

d, b and ¢ coplanar.
(b) Ifc,=-1and c; = 1, show that no value
of ¢, can make a4, band ¢ coplanar.
(Delhi 2017)

116. Find the value of A, if four points with position
vectors 3j+6j+9k, i+2j+3k 2i+3j+k

and 4i+ 6:1' +Ak are coplanar. (AI2017)

117.

118.

119.

120.

121.

122,

123.

Show that the vectors 4, b and ¢ are coplanar

ifi+b,b+cand ¢ +a are coplanar.
(Delhi 2016)

Find the value of A so that the four points A,
B, C and D with position vectors 4i +5}'+l€,

—j—k, 3i+Aj+4k and —4i +4]+4k

respectively are coplanar. (Delhi 2015C)

Prove that : [a,b+c,d]=[a,b,d]+[a,c.d].
(Al 2015C)

Prove that, for any three vectors 4, b, ¢
=2[@ b c] (Delhi2014)
Show that the four points A, B, C and D
with position vectors 4i +5] Ji i+k, - j k,

3i +9]+4k and 4(—: +]+k) respectively
(AI 2014)

[G+b b+¢C T+d]

are coplanar.

Show that the vectors a ,E ,C are coplanar if

and only if d +b,b+¢ and € +a are coplanar.
(Foreign 2014)

If the three vectors E,E and¢ are coplanar,

prove that the vectors d+b,b+¢ and ¢ +a

are also coplanar. (Delhi 2014C, 2013C)

Detailed Solutions /

Now, I? +m? +n* =1

T 1

1. Here, [ =cos—=—, m=cos£=0,
J2 2

n = cosO

Since, P+ m* +n* =1

1 1 1
—+0+cos’0=1 = cos’O=1——=—
2 2 2

=

1 T " 1
= cosf=—=0==" . n=cos—=——
V2 4 4

The vector of magnitude 542 s
a=5v2( l§+m}+nfc)

= SJ_[J_1+0]+\/1512)=5(f+12)

T 1 Tt 1
2. I=cos§=—,m=cosZ=—andn=c059

V2

-MATHEMATICS

=

=

3.

= \/32 +(=2)* +6°

1 1
—+—+nt=1l=n’*=
4 2

() (]

= n==

N | =

1
4

1
cosO==+—
2

But 0 is an acute angle (given).

1
0 =cos! (—)= L]
2 3

Here, a=3§—2}+6]2

Its magnitude = |g|

=9+4+36 =

49 =7.
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XK N . . R
eel 4. (b):Leta=(i+j+k)
$1t ivitk 1
, L i+
4+ So, unit vector of @ = —2— = —(i + +k)
133 Jreren G0
1 OB 1
+4+-4 The value of p is N
5. (a): EA+EB+EC+ED
++4 = EA+EB—EA—EB
+ae [As diagonals of a rhombus bisect each other]
‘e -5
.o
X 6. ﬂ1e gwen vectors are
XX B -
T4 a= 2]+k b——2:+4j+5k, c=i-6j—7k
+$4 Thelrsum =d+b+¢
112 A =
44 (1—2]+k)+(—21+4]+5k) (l—6j—7k)
=—4] —k.
7. Required sum=d +b + ¢
= (i—3k) + (2] — k) + (21 — 3] + 2k)
IS =3i—j —2k.
el 8. Required sum =gG+b+7¢
33 =(i—2])+(2i —3))+(2i + 3k) =5i —5] +3k.
EEEE 9. Let ABC be the given C
I3 trlangle
2 1
884 Now AB+ BC = AC
1l (By Triangle law) B
= AB+BC+CA=AC+CA=0
10. Required position vector of point P
128 - j-k)+2(21 - j+2k)
2+1
a2 B —}—]€+4E—2}+4I€
e 3
PR = %(65—3}43!@): 2 j+k
. 11. Required position vector
o0 i +b)—1G—2b) 4d+2b—a+2b
ool _2:-Qa+b)-1@—2b) _4a
H 21 1
+4++ =3d+4b
12. Required position vector
2(2a +3b)+1(3d—2b) _Ta+4b _T_ 4
— = =—da+—-b
2+1 3 3 3

0 J
CBSE-MATHEMATICS

k and b = 4i —

13. Let a=2i+3j— 3j+2k.

Then, the sum of the given vectors is
c=d+b=02+4)i+3-3)j+(-1+2)k=6i+k
and |Z|=|d@+b|=V6* +12 =36 +1=4/37

. ~ ¢ 6i+k 6
Unit vector, c =—

)]I

RGN r

14. A unit vector in the dlrectlon of d=i—2j

1—2]

1—2]
|a| VIZ +(= \/_

The required vector of magnitude 7 in the

ﬁ(f—Z})

15. G=i+j—2k;b=2i—4j+5k

isa=
directionof a=7-a=

. 3d+2b=3(i+ j—2k)+2(2i — 4] +5k)

= (3i+3j—6k)+(4i—8+10k) = 7i— 5] + 4k
The direction ratios of the vector

3a+2bare7,-5,4.
16. Refer to answer 13.
17. Let a=3i+2j+9% and b=i—2pj+3k
For a and b to be parallel, b = Aa.
=i—2pj+3k=A3i +2j+9k) =3Ai +2Aj+9Ak
= 1=3\-2p=2A3=9A

= 7L=landp=—k:—l

3 3

18. Letd=2i—3]j+6k.
The vector in the direction of @ with a magnitude
of 21 =21 xa

—3j+6k

2i
22+
2i-3j+6k . . _ o
SO 6 —9j+18k

.. Required vector =21x

=21x

19. We have P_(j = O_Q.—(ﬁ
=(4i+5]j+6k)—(i+3j)=3i+2j+6k

3i+2j+6k _ 3i+2j+6k
\/32 122462 7

\ st-c-:lw-
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XX N
11X 20. Refer to answer 18.
108 | -
$+4 21. Given,a=b
L1l A A A A A A
4+ = xi+2j—zk=3i-yj+k
08¢ S x=3,y=-2,z=-1
11t Hence, the valueof x + y + 2= 0
22. Refer to answer 13.
bR 23. Refer to answer 11.
+ 4 24. Refer to answer 12.
N 25. Refer to answer 11.
EEEE 26. Vector AB=OB—0A
tHt =(=5i+7])—(2i+j) =—7i +6j
+4-4 So, its scalar components are (-7, 6).
113
+++ 27. Letd=i+j+kandb=2i—-3j+5k
cd+b=(i+j+k)+(2i—3]j+5k)

=3i-2j+6k
Any vector parallel to @ + b
= Ad+b)=A3i—2]j+6k)
The unit vector in this direction

A(3i—2]+6k)

JBL? +(=20) + (612
M3i—2j+6k) _ 1.2 o~ o
= T 4 (3i-2j+6k
A7 7 2] 6k}

- W W W W v W W W
T I Y I S X EEENE N NN A
(I I XTI ERER O
kel 4

28. The given vector is @ = 3i— 2}' +6k

J32+ (2P +62 =7
A unit vector in the direction of vector 4 is

= lal =

. 1,2 2. 7
a=—:—=—43i—2;+6ﬂ
la| 7
+ s ] 29. We have, d=—2i + j—5k
PR Direction cosines of the given vector are
fa s ( -2 1
2sl WEP+ @2+ (57 V=27 + )2 + (=5
38! .
X X X
111 V(=2)2 + (1) + (=57
+11
-2 1 -5

- [J4+1+25’ Ja+1+25° J4+1+25)

*. Direction cosines are[ —2 ! = ]

B V307 V307 30
—

CBSE-MATHEMATICS

3j+4kand ai +6;] —8k

Two vectors are collinear if and only if,

30. We have, 2i —

a_b_a_, 2 _3_4_-1_,
a, bz c, a 6 —8 2

2 -1

= g=—4

a

31. G=2i+j+2k
lal = (2)? + (1) + (2)2

—Ja+1+4 =J9=3.

Required unit vector is g =|g=—21 +j+2k
2. 1, 2: a 2
=—i+—j+—k
3 3 3

32. Refer to answer 31.
33. Refer to answer 31.

34. Position vector which divides the line
segment joining points with position vectors
3@+b and @ —3b in the ratio 2 : 1 externally is

given by
2d—3b)-1(3d+b) 2d—6b—3d—b
2-1 B 1
=—a-7b

35. Take A to be as origin (0, 0, 0).
Coordinates of B are (0, 1, 1) and coordinates
of Care (3, -1, 4).

A(0,0,0)
A A A A A
j+k 3i—j+4k
B(0,1,1) D C(3,-1,4)

Let D be the mid point of BC and AD is a median
of AABC.

3 5
Coordinates of D are (5 , O,E )

3 2 5 2
So, length of AD= (5—0) +(0)2+(5_0)
Jg 2 _ _umts
4 4

2i+3j—k b=i-2j+k
+b=(2i+3j—12)+(1?—2}+’2)=3’?+}

\ !hc'lW‘.
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XX N - ~ ~ A
H3 la+bl=+32+12 = i j k
et A vector of magnitude 5 in the direction of Now, dxb=|2 1 2|=—i-2j+2k
111 - A A
4+ G p i Jatb)  5Gi+)) 011
:::: |Ei + E| J10 Unit vectors perpendicular to d and b are
37. (c):Here, G=1—2j+3k b=2i+1k g A2 (_1;_ 25, 2,;)

e Since, projection of @onb=0 \/(_1)2 +(=2)* +(2)° > :
-+ + e e So, there are two unit vectors perpendicular to the
.o = —0 = (1 —2j+3k)-(2i + k) _ given vectors.

oo | | J22 122 a _

v 2"+ 43. We have 4,b,c¢ are unit vectors.

Y 2+30 2 B

o0 ==0=2+34=0 =A= —5 Therefore, || =1,|b| = 1and[¢| =1

T Jarr T

Y _ _ s0, d+b +c =0 (given)

44 38. Given, two diagonals d; and d, are . _Ig
++ = la+b+¢|l =

2iand — 3k respectively.
ij ok

dixd,=[2 0 0[=i0)-j(—6-0)+k(0)=6]
00 -3

11= =
So, area of the parallelogram = E‘dl xd2|
1
= EXG = 3 sq. units

39. Let d=2i—Aj+k and b=i+2j—k
We know, @ and b are orthogonal iff i-b=0
=  Qi-Aj+k)-(+2j-k)=0

E...I..i.liiiiot;
(S0 RRROERERERE R &

= 2-2A-1=0=1-2A=0 = l:%

40. (c):Since, i }ie are mutually perpendicular.

PN

i-k=0

41. Given, |a |_|

Now, cosO=

\O
~
o

= cos60°="—"7%= =

[T XX SN RN N O A
[ I XTI RERN N e
Q)
T
o
oy
)
Il
W
S

42. Given, Ez’—2§+}'+2ic and B=}+i€

Unit vectors perpendicular to a and b are

L J
CBSE-MATHEMATICS

—~12 -
= |al+ 16l + e +2@-b+b-c+
= 1+1+142@G-b+b-c+c-d)
=3+2@G-b+b-¢+¢-a)=0

= (@ b+b-c+c-a)=-—

(S SR

axbl +la-sl" =400
= {|5||5|sin 9}2 +{|Ei||5|c039}2 = 400

= |Ei|2 |1_9.|2 sin’ B+|E|2 |E|2 cos> 0 = 400

= a6l = 400 = 25x |6 = 400 [ |d|=5]
-2 =
=>|b| =16 =>|b|=4
. Gb
45. Projection of d on b =ﬁ
_(7i+j—4k)-(2i+6j+3k) _14+6-12 8
7

J2r (6 +(3? 7

46. Here d,band ¢ are mutually perpendicular
unit vectors.

= |a|=|b|=|c|=1anda-b=b-c=c-a=0 ..(1)

+
S
—

|2a+b+c| =(2a+b+c).(2£:+f9

—44-G423-b+24-64+2b-4+b-b+b-e+2¢-a

=4|aP +|bP +|cP +4a-b+2b-c+4a-c

(- b-a=a-bc-a=a-c,c-b=b-c)

\ S!‘C'IW
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ool =412412412 [Using (1)]
1T
IL1I =6
L1l % s B
11T 3 |2a+b+c|=\/g.
0. g mo o o
E::: 47. Here, d=i+j+kandb=i+j
Vector perpendicular to both d and b is
- ij ok
133 axb=[1 1 1|=-i+j+0k=—i+]
. e 110
PG Unit vector perpendicular to both @ and b
‘e axb —1+]
TIY = b = \/_ l+])
ssl laxbl Jlaper
i
++4 48. Let d=2i—3k and b=4j+21< ~
The area of a parallelogram with a and b as its
adjacent sides is given by |d xb |
i j ok
Now, axb=[2 0 —-3|=12i—4j+8k
0 4 2
55 |axb|= \/(12)2 +(=4)% +(8)% = /144 +16 + 64
N NI
LS =1/224 =4+/14 sq. units.
11 49. Let O be the angle between the unit vectors 4
13 -
I3 and b.
1 Gl . s _ n
4+ .. cosO= f =d-b ¢ laf1=b]) ...(1)
|allb]
Now1=| 24— E‘
= 1—|\/5a bl ( 2d— b) (\/5&—5)
=2|aP —~2a-b-b-2a+|bP =2-2v2a-b+1
(-d-b=>b-a)
‘e =3-22a-b
s G 1 1 .
ye el d-b=—= = cos@=— [By using (1)]
XN \/E \/5
32 0 =m/4
2NN
o 50. Refer to answer 45.
o 51. Refer to answer 45.
111 - ol
22 52 Givenlal=1=1bl,la+5l=1

S la+bf =1 = @G+b)-@+b)=1
= G-d+da-b+b-a+b-b=1
= [aPsgab+bl =1 = 1495 b +1=1

0 J
CBSE-MATHEMATICS

=2a-b

=-1= 2|Zi|-|l;|c059 =-
= 2-1-1cosO=-1

1
= cose=—5:> 6 =120°
2

53. Given, |a|=3,|5|=5,|ax13|=1
1l 2 .
=>|a||b|sm9=1 = 3.—sin0 =1
=>~sin6=l =9=1
2 6
54. Given:da lb = d-b=0
Also, |d@| = 5 and |Ei+l;|=13
la+bf =132 = (a+b)-(a+b)=169

U

.G+d-b+b-a+b-b =169

U

t

la +0 +0+|l§|2 =169

=
= |6 = 169 —lal* =169 — 5> = 144

= |bl=

55. The projection of the vector (; + } + IAc) along
thevector} is (§+;'+1Ac)- ] =1

0% -11% 4 0%
56. We have,

ix(G+i)+ix(k+i)+kx(i+])
=ixj+ixk+jxk+jxi+hkxi+kx]

>

—k-j+i—-k+j—i=0.
57. Refer to answer 45.
58. Refer to answer 49.

59. Let 0 be the angle between the vector

a—1+]+k and y-axisie., b= ]
s cos0 = L_l.b. =(1+]+k)']
lal 5]

1
JE+2+2VE 3

60. Let angle between the vectors dand b be 6.

Given: l|d| = ,” = 3 and |&><5|=12
= |al-|5]-Isin6l =12 = 8x3sin6=12
=>sin9=£=l:>0=£.

24 2 6
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33 61. Here, a —z+]+kandvectoralongx axisis 7. 68. (kxj)-i+j-k=—i-i+j-k=—1+0=—
00 Angle between d and i is given b Y
83! M A 69. (kxi)-j+i-k=jj+0 =1+0=1
++ a.i (i+j+k)-i 1 - -
+4-4 cosO = = = — 70. Let O be the angle between a and b, then
1 2+12+12 412 V31 V3 5B
. a-b V6 3
080 =—=——= X—=
:»e=cos—1(i) allbl” V52" V5
333 3 _ V18 32 21
+ 44 62. Here(X—a)-(¥+a) =15, where d is unit 3x2 3x2 2 2
.o vector. a1 T
Ty O=cos —==0=—.
it =% X+%¥d-d-x-d-a=15 V2 4
N R NI ~ ~ -y ~ ~
34 =z -lal* =15 (-%-d=a-x) 71. Letd=i—jand b =i+
111 —
133 =z -1=15 (-lal=1 b=V +17 =1+1=2
:::: =lzf=16=4% = |3| =4 Also, d-b= (z—]) (1+])—1 it J };—}} 1-1=0
63. Here,d=2i+Aj+k and b=i—2j+3k tection of Hom = a-b 0 5
For is perpendicular to b, d-b = 0 trojéction ot 4ong = 15| \/5 B
:>(2:?+?\,]A'+l€)-(z?—2}+312)= 72. Here, |a|—\/_ |b|—2 and angle between
=2X1+A(-2)+1x3=0 a and b is 60°.
o  —2-2A+3=0 Now a-b=|a|-|b|- cos60° =v3x2x2: =+/3.
PO =>7L=E 2
Sedd 2 73. Here, a=5i+6j—2k and b=7i+6j+2k
- . -
sl 64. Refer to answer 63. Vector perpendicular to both @ and b is
+++ 65. Here,da=2i —2j+k ij ok
LAL . . n R " . N —- 3
.o b=i+2j—2kand ¢ =2i — j+4k axb=|5 6 -2
1l = A ~ 7 6 2
33 =  b+c=3i+j+2k x
++1 Projectionofl;—i-fonﬁ = 1(12+12)— j(10+14) + k(30— 42)

[ I TR IXEEEREN N e
i

- W W W w e == ==
[T I XX RN NN IO RO

_(b+e)a _(3i+]j+2k).(21 -2 +k)
|a| |2f_ A

_ 3x2+1x(=2)+2x1 :§:2
V22 + (=2 + 12 3

66. Here, a=Ai+ j+4k, b=2i+6]+3k
Given : Projection of aonb =4
@=4=> (Ni+ j+4k)- (21+6]+3k)
|| |27 + 6]+ 3k |

2A+6+12
= @ —=4

V22 +6% +32
= 2A+18=4x7
= 2A=28-18=10=A=05.

—

67. (ixj)k+i-j=kk+ij=1+0=1

CBSE-MATHEMATICS

= 24i —24]-12k = 12(2i 2] —k)
Unit vector perpendicular to both d@ and b

_dxb _ 24i-24j-12k _ 12(2i —2j—k)
lax bl \/576+576+144 V1296
12(2i —2 k) 1 . &

== A T i-2j-k

36 32k

74. For any two non-zero vectors a and b, we

have
G+bl=la-bl = la

= a’+b’+2a-b=a’+

= 4d-b=0 = a-b=0

-2 L -2
bl =| —b|
2_2d-b

S+

:hl

So, d@ and b are perpendicular vectors.

75. Let A(2i — j+k), B(3i +7j+k) and
C(51 +6]+2k)

Then, AB=(3-2)i +(7+1)j+(1-1)k=1+8]

sh: 20,
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AC=(5-2)i+(6+1)j+Q2—Dk=3i+7j+k

BC=(5-3)i+(6-7)j+(2-Dk=2i—j+k

Now, angle between AC and BC is given by
AC-BC _ 6—7+1
|acllBcl CJ9+49+1/4+1+1

= cos0=0 = ACLBC
So, A, B, C are the vertices of right angled triangle.

= cosO=

76. Given, a+b=2¢

= (a+b)-(a+b)=¢-¢

= a-4+a-b+b-b+b-a=¢-¢

= T4+ a-b+1+db=1

=2 a-b=—1 ..(i)

>

b) =(a-b)-(a-b)
=4-d—a-b—b-a+b-b=1-a-b—a-b+1
=2-24-b=2-(-1) [Using(i)]
=3

la-b|=3

77. Given,d=i+2j—3kandb=3i—j+2k
Now, d+b= 4/1}+3'—I/;

Also, a—b = 23 3/]\'— 5k

Now, (@+b)-(@—b)=(4i+ j—k)-(=2i+3j—5k)
=(4)(-2) + (1)) + (-1)(-5) =
Hence, (@+b)and (@—b) are perpendicular to
each other.

-8+3+5=0

78. Let a=i—2j+3k, b=3i—2j+k

Now, d-b=|d||b|cos®

= (i—2j+3k)-Gi-2j+R)=()? +(=2)* +(3)?

%\ 3)? +(=2)% +(1)? cosB

= 3+4+3=\/1—4><\/Ec039

= cos€)=E
4

. sinf@=+1- cos? \/ 100,

Tosiss
a6 _ 26
4 7

= sinO=

L J
CBSE-MATHEMATICS

79. Let d=i+2j+3k and b=2i +4j—5k
Then diagonal AC of the parallelogram is
b

p=d+b B C
= i+2j+3k+2i+4j-5k a@a
3i+6)—2k A<——>D

Therefore unit vector parallel to it is

S

p 31+6] 2k 1
LT ) 3it+6j-2k
5| Vo+36+4 ( J=20)

Now, diagonal BD of the parallelogram is
p=b-d=2i+4j-5k—i-2j-3k=i+2j-8k
Therefore unit vector parallel to it is
P i+2j-8k 1
| Ji+a+e64 69
80. Given, AABC with vertices
A(1,2,3)=i+2]+3k, B(2,-1,4)=
C(4,5-1)=4i+5j—k
Now TB=&3—O?=(2§—
=i-3j+k.

AC=0C—0A = (4i +5j—k)— (i +2j+3k)

(i+2j—8k)

—j+4k,

j+ak)—(i+2j+3k)

= 3i + 3] — 4k.

ik o
(ABxAC) =|1 -3 1|=9+7j+12k
3 3 —4

Hence, area of AABC
i —it Il e @ 4
= —[ABx ACl= =|9i + 7] +12k |
2 2
1 1
= —\9? +72 +12%2 = =[81+49 +144
3 )
274 sq. units

A A

81. Given, position vector of A = i ¥k

A A
Position vector of B= 2i +5j

Position vector of C = 3?+2?—-3£
Position vector of D = ;'\—6?—12

—_— A A A A A A A AN
. AB=(Qi+5j)—(i+j+k)=i+4j—k and

CD=(i —6j—k)—(3i +2j-3k)=—2i -8]+2k

Now |48l = (12 + (4 + (12 =18

\ I!'C'IW\\.
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=vV4+64+4

ICDl = J(=2) + (-8)% + (2)?

=72 =218

Let O be the angle between AB and CD.

_ AB-CD _(i+4j—k)-(-2i-8j+2k)
| AB||CD| (V18)(2\18)
_—2-32-2_-36_
36 36

= cosO=-1 = O=m
Since, angle between ABand CD is 180°.
ABand CD are collinear.

82. Let d=xi+yj+zk

Now, it is given that, d is perpendicular to

b=i—4j+5k and ¢=3i+j—k
. db=0and d-c=0

= x-4y+5z=0 ..(d)
and3x+y-2z=0 ...(ii)
Also, d -d@ = 21, where @ = 4i + 5] — k
= 4x+5y-2z=21 ...(iii)
Eliminating z from (i) and (ii), we get
16x+y=0 ..(iv)
Eliminating z from (ii) and (iii), we get
x+4y=21 (V)
Solving (iv) and (v), we get
eool 16

? 3 13
Putting the values of x and y in (i), we get z = =

. i =r i E} +13% isthe required vector.
3 3 3

83. |d|=|b|=|2| (Given) 6
and a-b=0,b-¢=0,¢-a=0 ..(ii)

Let (Zi b E) be inclined to vectors @ , b , ¢ by
angles o, 3 and y respectively. Then

@G+b+¢)a a-a+b-da+c-a
coso = o = =
a+b+c|a| la+b+cl al
al>+0+0
:m [Using(ii)]
__lal ...(iii)
|a+b +E|

0 J
CBSE-MATHEMATICS

...(iv)

Similarly, cosf =

(V)

and cosy=——+—
‘ a+b+c ’

From (i), (iii), (iv) and (v), we get
coso=cosP=cosy=a=pB=y
Hence, the vector d@ + b + C is equally inclined to

the vector @, b and ¢
Also the angle between them is given as

84. We have, A(2;—}‘+]A<),

C(3i—4]—4k)

Then, AB = (1-2)i+(-3+1)j+(=5—1)k
=—i-2j—6k

AC=(3-2)i+(—4+1)j+(-4—Dk=i-3j—5k

B(i—3j—5k) and

and BC=(3—1)i+(—4+3)j+(—4+5)k=2i—j+k

Now angle between AC and BC is given by

_ (AC)(BC) _ 2+3-5
|AC||BC| V1+9+25.V4+1+1

= cos0=0=BCL AC
So, A, B, C are vertices of right angled triangle.

COos

1, — —_—
Now area of AABC = El AC X BC |

g 5 3
=% i B =& =%|(—3—5)i—(1+10)j+(—1+6)k|
2 -1 1

=%|—8§—11}+sfc|

1 V210

~V64+121+25 = sq. units.
85. Let 4=2i—4j—5kand b =2i+2j+3k
B b &
[—1) —
a
A = D
b
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Then diagonal AC of the parallelogram is
p=ada+b
=2i—4]—5k+2i+2j+3k =4i-
Therefore, umt vector parallel to it is
p — 27 j- 2k 2i — j- k
1l J 16+4+4 J6
Now, diagonal BD of the parallelogram is
p=b-d=2i+2j+3k—2i+4j+5k=6j+8k
Therefore, unit vector parallel to it is

2] — 2k

P’ 6j+8k 6]+8k 3j + 4k
|7’ 36+64 10 5
i j k
Now, pxp’=|4 -2 -2
0 6 8

=i(-16+12) — j(32—0) + k(24— 0)

= —4i — 32 + 24k
|pxp’|
2

= 24/101 sq. units.

86. Two non zero vectors are parallel if and only
if their cross product is zero vector.

Area of parallelogram =

16 +1024+576

So, we have to prove that cross product of a — d
and b — ¢ is zero vector.

(G-d)x(b-¢)=(axb)-(Gxc)-(dxb)
Since, it is given that a x b=¢xdanddx
And, d xb =—b xd, d x¢
Therefore,

(@—d)x(b—c) = (Exd)—(bxd)+(bxd)—(c xd)=0

m+
—~~

=—¢xd

Hence, d —d is parallel to b — ¢, where
d#d and b #¢.

87. (7 xi)-(Fx J)+xy

=[(xi + yj + zk) xi]-[(xi + y j+ zk) X })]+ xy
=(—yIAc+z}')-(xlAc—z;)+xy =-xy+xy=0

88. Here, G=i+2j+k, b=2i+j, c=3i—4j-5k
wa-b=(+2j+k)-Qi+j)=—i+j+k
¢—b=(3i—4j-5k)-(2i+j)=i-5j—5k

Vector perpendicular to both a —b and ¢-bis

CBSE-MATHEMATICS

@G@-b)x@-b) =|-1 1 1
1 -5 -5
=(=5+5)i—(5-1)j+(5— 1)k = —4] + 4k
Unit vector perpendicular to both a — b and
c-b

_ —4j+ak  —4j+ak_—4j+4k 1, . -

= +k).
" ajrak] m PN RN A
89. Given @+b+c=0and |d|=3, |b|=5, |¢|=7

Wehave G+b+¢ =0

s i B = |a+13]2=|—5|2
12 =2 oy = 212

=>|a| +|b| +2(a-b)=|c|

= 9+25+2]d|[p|cos 6 = 49

= 2xX3x5xc0s0=49-34=15

15 1
= cosf=—=—
30 2

90. Here, a=i+j+k; b=2{+4j—5k and
g=A+2j+3k
=b+c=0Q+N)i+6j-2k

e O =E0°
3

The unit vector along b+¢ isp= _lzl_
|b+E|
_Q@+MN)i+6]—2k

- VA2 +40 + 44

2+A)i+6j—2k
\/(2+7»)2 36> 4 2)

Also, d.p =1 (Given)
Q+AM)+6-2
=

VAZ + 4\ + 44
= VA2 +4X+44 =LA +6

= A +4A+44=27%+ 121 +36
= SA=8=3A=1
The required unit vector
" (2+1)1+6] 2k
V1+4+44

91. Wehave d=i+j+k,b=i+2j+3k
Let F=a+b=2i+3]+4k

=1

1(3 i+6j—2k).

and p=d—b=—j—2k
A unit vector perpendicular to both 7 and pis
FXPp

|Fxp|

given as +

\ !hc'lW‘.
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i j k
Now, FXp=[2 3 4|=-2i+4j-2k
0o -1 =2
So, the required unit vector is
. (—2i +4j—2k) =¢(E—2}'+I€).
V(27 +42 +(<2)? V6
92. Here, d=2i —3j+k;b=—i+k;c=2j—k
a+b=(2i-3j+k)+(-i+k) =i-3j+2k,
b+c=(-i+k)+(2j—k)=—i+2j
ik
(G+b)x(b+c)=|1 -3 2|=-4i-2j—k
-1 2 0

". Area of a parallelogram whose diagonals are
d+band b+¢

=1|(a+E)><(E+

E)| =l|—4§—

1\/(—4) +(=2)* + (=1 —9 sq.units.

93. Refer to answer 82.

- |a|
=la+bl’ =|af = @+b)-@G+b)=aa
=d-d+d-b+b-da+b-b=d-a
=2i-b+b-b=0 [b-a=a-b]
= (2d+b)-b=0 = (2a+b) Lb
95. leena=zn+}+izand_.=}'—i;

Let E=xf+y}+zk

Nowwehave, d X¢c =b

= (E+}+iﬂc) (x1+yj+zk) } k
i j ok o

= |11 1|=j-k
X y z

= f(z—y)—}(z—x)+i€(y—x)=j’—i€

= z-y=0,x-z=landy-x=-1

= y=z,x-z=1,x-y=1 veene(1)
Also, we have d-¢ =3

= (i+j+k)-(xi+yj+zk)=3

= Xx+y+z=3

= x+x-1+x-1=3 [Using (i)]

L Jl
CBSE-MATHEMATICS

= 3x—2=3:}x:E’y=E,z:%
3 3 3

Hence, E=E§+£}'+Ek
3 3

3
96. Hered=i—j+7k ; b=5—j+Mk
na+b=6i-2j+(7+Mk

Gi—b=—4i +(7- Mk

For @ +b and d — b to be perpendicular,
@+56)-(@-6)=o0

= [6f —2j+(7+ Nk |- [4i + 7= k] =0
= 6xX(-4)+(7+A)x(7-A) =

= -24+49-1"=0>= M =25= A=4+5
97. Refer to answer 83.

98. Let the required vector be 7= xi+yj+ zk.
Also let,

d=i—j+ ]€,E=2f+}'—312 and E=f+}'+l€

Fd=4, 7 b=0 F-¢=2 (Given)
= x-y+z=4 ..(i)
2x+y-3z=0 ...(ii)
xX+y+z=2 ...(iii)

Now (iii) - (i) = 2y =-2= y=-1
From (ii) and (iii)
2x-3z-1=0,x+2z-3=0 = x=2,z=1
The required vector is 7 = 2i — j +k.
99. Here, @ = 2% +4Aj + k and
b=7i—2]+M\k
If 0 is the angle between the vectors @ and b,
ab

then cos@=——

2|
For 0 to be obtuse, cos® <0=>d-b <0
= (204 +4xj+k)-(7i —2j+2k)<0
=202 - 7+4A-(2)+1-A <0

= 14A> =7 <0 = A2A-1)<0
= FEitherA<0,2A-1>00rA>0,2A-1<0

|

i|=3|b|=4|c|=5 ..(i)
c)=0,b-(c+a)=0,c-(G+b)=0

ACCENTS ECUCATIONAL PROMOTERS

1 1
:Eitherl<0,l>50rk>0,l<5

First alternative is impossible.

1 1
TA>0,A< > ie,0 <A< 5 ie, N e ]0,

b | =

100. Given,
and a - (E +cC
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S d-b+ada-c+b-c+b-a+c-a+c-b
=0+0+0=0

=2(G-b)+2(b-8)+2G-a)=0 ..(ii)
Now g+ b+ =G+b+8) @G+5+8)
=G+b+c)-a+G+b+c) b+G+b+2)-¢
=d-da+b-a+c-d+a-b+b-b+c-b+a-c+b-¢
+cCc - C

=|af+|b[ +|c[ +2(a 5)+2(-2)+2(-a)
=32+4%+5%+0 [Using (i) and (ii)]
=50

|a+b+c|=5v2.

lOl.HereEz'=3f—}', E=21?+}'—312

We have to express : b = b, + b,, where

l;l IIﬁandI;z_La

Let b, = Ad = A(3i - }) and B, = xi + yj + 2k
Now b, La=1b,-d=0
=>(xf+y}'+zl€)-(3f—}')=0

= 3x-y=0 (i)
Now, b = b, + b,

= 2f + j—3k = M(3] = )+ (xi + yj + 2k)

On comparing, we get

2=3A+x
l==-A+y
and-3=z=2z=-3

] =x+3y=5 -..(i)

Solving (i) and (ii), we get x = —,y = %

le

L= Rk ol D =
2 2

Hence, b, = 7\.(32— }) = ';‘;— ';“}

~ 1a 3. =
and b, =—i+—j—3k

2 > 2]
102. We have,
lal=51bl=12,1¢1=13andda+b+c=0
2=|0p

= (G+b +¢) (Squaring on both sides)

= |af+|bP+|c+2la-b+b-c+c-al=
= 25+144+169+2[@-b+b-c+c-ad]l=
= 2[@-b+b-c+c-al=-338

= E+E-5+z-a:$=—169

0 J
CBSE-MATHEMATICS

103. Refer to answer 82.
104. Refer to answer 76.

105. Refer to answer 91.

—

106. Wehave |d| = 2, |E| =land a-b =

Now, (33 —5b) - (24 + 7b)

—6lal +21a-5-10a-5 - 355/’
=6|afP+11a-b-35|bf
=6(2)%+11(1) -35(1)>=24+11-35=0
107. Refer to answer 80.

108. Refer to answer 97.
Also the angle between them is given as

o= cos ™! L
|a+b+¢|

B=cos™ il li |
|a+b+¢c|)

¥ =cos™ &
|a+b+¢|

109. Refer to answer 100.

110. Since the vectors are coplanar.

1 3 1
2 =1 =1=0
0 A 3

= 1(-3+A)-3(6-0)+12A-0)=

= -3+A-18+2A=0

= 3A-21=0 = A=7

111. Here @ =2i + j+3k, b=—i +2j +k,
¢=3+j+2k

i j ok
Now, bxé=|-1 2 1|=3i+5j-7k
31 2

" G- (bx%) =(2i+j+3k) (31 +5] - 7k)
=2X3+1X5+3x%(-7)
=6+5-21=-10

112. Given, d=i-j+2k b=3i+4j-5k
¢=2i-j+3k A

2d =21 -2 +4k

—b=-31—4j+5k

3¢ =6i —3j+9k

AEP

ACCENTS
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o

2 -2 4
Now, 2d-(—bx3¢) =|-3 -4 5
6 -39
=2(-36 + 15) + 2(-27 - 30) + 4(9 + 24)
= 2(-21) - 2(57) + 4(33)
=-42-114+132=-24
Volume of parallelepiped
|2d-(—b x3¢)| =|-24| = 24 cubic units

111121110

. A A A . A A A
113. Given, a=2i+3j+k, b=i—-2j+k and

c=—-3i+j+2k

T IR TR R RN A A
T YIS R R RN N NI A

A
i k
1
2

=i (~4—-1)—j(2+3)+k(1-6)
=-5i—5j—5k
. G-(bx¢)=(2i+3j+k)-(=5i —5]—5k)
=_10-15-5=-30

114. Given points are A(x, -1, -1), B(4, 5, 1),
C(3, 9, 4) and D(~4, 4, 4).

—_— A A A
AB=(4-x)i+(5+1)j+(1+1k

T Y I EEREN NN A
ITITITIIIXXENENER R

A A A
=(4-x)i+6j+2k
AC=(G-x)i+©O+D]j+@+Dk
=(3-x)i +10]+5k
—_— A A A
AD=(-4-x)i+(4+1)j+(4+1)k
A A A
=—(4+x)i +5j+5k
The given points will be coplanar iff
[AB AC AD]=0
4—x 6 2
3—x 10 5(=0
—(44+x) 5 5
(4 - x)(50 — 25) - 6(15 - 5x + 20 + 5x)
+2(15-5x+40+10x) =0
(4 -x)(25) - 6(35) +2(55+5x) =0
100 — 25x - 210+ 110 + 10x =0
-15x=0
x=0

Now, [AB AC AD]=0 =

JTIRZTA RN RN NN
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115. We have, d=i+ j+k, b=i, C=ci+cyj+esk

(@ =Lc=2 . E=i+2j+ck

Given that a, b and € are coplanar

1 1 1
1 0 0|=0
I 2 ¢

= -1lc)+1(2)=0 = ¢3=2
b) c=-l,c=1 - €=cji—j+k

Let @, b and € are coplanar.

1 1 1
1 0 0=0
q -1 1

= -1(1)+1(-1) =0 = -2 =0, which is false.
So, no value of ¢, can make d, b and ¢ coplanar.

116. Let A, B, C, D be the given points. The given
points will be coplanar iff any one of the following
triads of vectors are coplanar.

AB, AC, AD ; BC, BA, BD etc.
If AB, AC, AD are coplanar, then their scalar triple
product [AB AC AD]= 0 where, A(3i + 6] + 9k),
BGi + 2} +3k), C(2i + 3} +k) and D(4i + 6} + Ak).
Now, AB = (i +2]+3k)— (3i + 6]+ 9k)
=—2i—4j—6k
AC=(2i+3j+k)—(3i+6j+9k)=—i—3j—8k
AD = (4i+6j+Ak) — (3i +6j+9k) = i +(A—9)k

2 -4 -6
[AB AC AD]=|-1 -3 -8 |=0
1 0 A-9

“2(3A+27)+4(-A+9+8)-6(0 +3)=0
23A-27)—4(A-17)-6(3) =0
6h—54-4A+68-18=0

2h-4=0= A=2

Leuy

117. Since, @ +b, b+¢and C+3a are coplanar.
G@+b)[B+e)x@+a)]=0
@+b)-[bxc+bxa+exc+cxal=0
@+b)-(bxc+bxa+cxa)=0 [ €xE=0]
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X E NI
+4-+ = G-(bx?)+ad-(bxad)+d-(xad)+b-(bx7c)
J 1 X - -
-5 +b-(bxd)+b-(Exad)=0
X 11
T3 I .
oot o 2[a-(bxd)]=0=a (bxe)=0
++4 ~

= 4@, band ¢ are coplanar.

118. Here position vectors of A, B, C and D are
D1 4i45j+k—j—k3i+)\j+4k and — 4] +4]+4k
+ 4 respectively.
St L B ik (4i+5j+k) = —4i—6]—2
¢4+ AC=(3i+2j+4k)—(4i +5j+k)=—i+(A—5)j+3k
K N
1t AD = (—4i + 4]+ ak)— (4i +5] + k) = —8i — j+ 3k
21 1
+++ For points A, B, C, D to be coplanar

& Vectors AB,AC,AD will be coplanar

& [AB AC AD]=0
—4 -6 -2
= |-1 A=-5 3|=0
-8 -1 3
=  —4(3A—15+3)+6(=3+24) - 2(1 + 81— 40) =0
= -12A+48+126+78-16A=0
= 28A=252=A=09.

119. We know that [;, b, c|= a- (sz)

- W W W v W
T Y I EEREN NN A
ITITITIIIXXENENER R

LHS.=[a,b+c,d] =a-[(b+c)xd]
=5-[EXEI+EX3] =;-(Ex3)+5-(gx3)
=[a,b,d]+[a,c,d] = R.H.S.

JTIRZTA RN RN NN
T IRZEE N RN NN
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Fy W W W w W w YW T

0 J
CBSE-MATHEMATICS

120. We have, [G+b b +¢ ¢ +d)
=(@+b)-{(b+¢)x(C+a)}
=(@+b)-{(bx?)+(bxad)+ (T XT)+(Zxa)}
=@+b) {(bx?)+(bxa)+(Exa) [ xE=0]
=d-(bxc)+ad-(bxa)+a-(Exa)+
) ) b-(bxc)+b-(bxa)+b-(cxd)
=[abcl+[bcal
['.- Scalar triple product with two equal vectors is 0]
=[d@ b cl+[db ¢ (- [béadl=[abq)
=2[d@b ¢l
121. Refer to answer 118.

122. If the vectors @ + b,b + ¢ and ¢ + d
are coplanar, then [G+b b+¢ ¢ +a] =0
o @+0) [G+a)x@+a]=0
<:>(Ei+5)-[5><6+5><a+6><5+5><a']:0
e (@+b) [bxc+bxa+0+cxadl=0
sabxe)+va-bxa)+a-Exa)

+b (bxc)+b (bxa)+b-(cxa)=0

*. The vectors d, b , € are coplanar.
Hence the vectors @,b,¢ are coplanar if and only
if d+b,b+¢ and ¢ + d are coplanar.

123. Refer to answer 122.
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